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Disclaimer 

EPA does not consider this internal planning document an official Agency dissemination of 
information under the Agency's Information Quality Guidelines, because it is not being used to 
formulate or support a regulation or guidance; or to represent a final Agency decision or position. 
This planning document describes the overall quality assurance approach that will be used during 
the research study. Mention of trade names or commercial products in this planning document 
does not constitute endorsement or recommendation for use. 

  
The EPA Quality System and the HF Research Study 

EPA requires that all data collected for the characterization of environmental processes and 
conditions are of the appropriate type and quality for their intended use.  This is accomplished 
through an Agency-wide quality system for environmental data.  Components of the EPA quality 
system can be found at http://www.epa.gov/quality/.  EPA policy is based on the national 
consensus standard ANSI/ASQ E4-2004 Quality Systems for Environmental Data and 
Technology Programs:  Requirements with Guidance for Use.  This standard recommends a 
tiered approach that includes the development and use of Quality Management Plans (QMPs).  
The organizational units in EPA that generate and/or use environmental data are required to have 
Agency-approved QMPs.  Programmatic QMPs are also written when program managers and 
their QA staff decide a program is of sufficient complexity to benefit from a QMP, as was done 
for the study of the potential impacts of hydraulic fracturing (HF) on drinking water resources.  
The HF QMP describes the program’s organizational structure, defines and assigns quality 
assurance (QA) and quality control (QC) responsibilities, and describes the processes and 
procedures used to plan, implement and assess the effectiveness of the quality system.   The HF 
QMP is then supported by project-specific QA project plans (QAPPs).  The QAPPs provide the 
technical details and associated QA/QC procedures for the research projects that address 
questions posed by EPA about the HF water cycle and as described in the Plan to Study the 
Potential Impacts of Hydraulic Fracturing on Drinking Water Resources (EPA/600/R-
11/122/November 2011/www.epa.gov/hydraulic fracturing).  The results of the research projects 
will provide the foundation for EPA’s 2014 study report.   

This QAPP provides information concerning the Wastewater Treatment and Waste Disposal 
Stage Projects of the HF water cycle as found in Figure 1 of the HF QMP and as described in the 
HF Study Plan.  Appendix A of the HF QMP includes the links between the HF Study Plan 
questions and those QAPPs available at the time the HF QMP was published. 

http://www.epa.gov/quality/
http://www.epa.gov/hydraulic
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A2.1  ACRONYMS/DEFINITIONS 

ADQ Audit of Data Quality 
ASQ American Society for Quality  
AWBERC Andrew W. Breidenbach Environmental Research Center 
CQA Certified Quality Auditor 
CQE Certified Quality Engineer 
DER Duplicate Error Rate 
DRO Diesel Range Organics 
EPA U.S. Environmental Protection Agency 
GRO Gasoline Range Organics 
HASP Health and Safety Plan 
HAZWOPER Hazardous Waste Operations and Emergency Response 
HF Hydraulic Fracturing 
HFWW Hydraulic Fracturing Wastewater 
IC Ion Chromatography 
ICP-OES Inductively Coupled Plasma-Optical Emission Spectrometer 
MDC Minimum Detectable Concentration 
MDL Method Detection Limit 
MS Matrix Spike 
MSD Matrix Spike Duplicate 
NRMRL National Risk Management Research Laboratory 
ORD Office of Research and Development 
ORISE Oak Ridge Institute for Science and Education 
OSHA Occupational Safety and Health Administration 
P.E. Professional Engineer 
PI Principal Investigator 
POTW Publicly Owned Treatment Works 
PRDL Project-Required Detection Limits 
QA Quality Assurance 
QAPP Quality Assurance Project Plan 
QC Quality Control 
QL Quantitation Limit 
QMP Quality Management Plan 
RCRA Resource Conservation and Recovery Act 
RPD Relative Percent Difference 
RSD Relative Standard Deviation 
SEM Scanning Electron Microscopy 
SHAW Shaw Environmental & Infrastructure, Inc. 
SHEM Safety, Health, and Environmental Management 
SOP Standard Operating Procedure 
SVOC Semi-volatile organic compound 
SWRI Southwest Research Institute 
TDS Total Dissolved Solids 
T&E Test and Evaluation 
TOC Total Organic Carbon 
TSA Technical System Assessment 
TSS Total Suspended Solids 
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VOC Volatile Organic Compound 
WA Work Assignment 
WW  Wastewater 
WSWRD Water Supply and Water Resources Division 
XAS  X-ray Absorption Spectroscopy 
XRD  X-ray Diffraction  
XRF   X-ray Fluorescence 
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A4 PROJECT/TASK ORGANIZATION 

The overall project management and distribution of responsibilities among the project personnel 
are described in this section.  Figure A4.1 shows the project organization chart and Table A4.1 
presents the project roles and responsibilities of the various project staff.   

Dr. John C. Ireland, U.S. Environmental Protection Agency (EPA), at the EPA Test and 
Evaluation (T&E) Facility in Cincinnati, Ohio serves as the Project Officer for EPA Contract 
No:  EP-C-09-041.   

Dr. Samuel Hayes, EPA Office of Research and Development (ORD)/National Risk 
Management Research Laboratory (NRMRL)/Water Supply and Water Resources Division 
(WSWRD) at the EPA Andrew W. Breidenbach Environmental Research Center (AWBERC) in 
Cincinnati, Ohio serves at the WSWRD Associate Division Director. 

Dr. Christopher A. Impellitteri, EPA ORD/NRMRL/WSWRD at EPA AWBERC is the 
principal investigator (PI) of the project.   Dr. Impellitteri is responsible for planning and 
coordination of field sample collection, transportation, processing and preservation, storage, 
distribution, preparation, analyses, data analyses and final report/manuscript preparation.  Dr. 
Impellitteri will also serve as Technical Research Lead and liaise with other parties including the 
Office of Water, utilities in EPA Region 3, ALS Environmental Radiochemistry Laboratory, 
EPA Region 7, and EPA Region 8.    

Mr. Craig L. Patterson, P.E., EPA ORD/NRMRL/WSWRD at the EPA T&E Facility is the 
EPA Work Assignment (WA) Manager of the project.  Mr. Patterson is responsible for overall 
technical direction of Work Assignment (WA) 3-02 and ensuring that the data deliverables 
received from Shaw Environmental & Infrastructure, Inc. (Shaw) under the EPA T&E Facility 
Contract satisfies the project objectives. 
   
Dr. John Olszewski, EPA ORD/NRMRL/WSWRD at EPA AWBERC serves as the EPA 
WSWRD Quality Assurance (QA) Manager is responsible for QA review of the Quality 
Assurance Project Plan (QAPP), conducting QA assessments, and QA review of all deliverables.    

Ms. Holly Ferguson, EPA ORD/NRMRL at EPA AWBERC serves as the NRMRL 
Environmental Technology Assessment, Verification and Outcomes QA Manager and is 
responsible for QA review of the QAPP, conducting QA assessments, and QA review of the final 
report.     

Mr. Kit Daniels, Ms. Dana Macke and Dr. Stephen Harmon, EPA ORD/NRMRL/WSWRD 
at EPA AWBERC serve as the EPA Project Scientists.  Mr. Daniels and Ms. Macke are 
responsible for collection, preservation, transportation, and distribution of field samples.  They 
are also responsible for maintaining a chain of custody form for the samples.  Mr. Daniels and 
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Ms. Macke will deliver samples to the EPA T&E Facility at the direction of the EPA WA 
Manager.  Mr. Stephen Harmon will perform x-ray diffraction (XRD), x-ray fluorescence (XRF), 
scanning electron microscopy (SEM) -energy dispersive x-ray spectroscopy, and x-ray 
absorption spectroscopy (XAS) analyses.    

Dr. Xuan Li with the Oak Ridge Institute for Science and Education (ORISE) stationed at EPA 
AWBERC will provide as needed support for XRD, XRF, SEM and XAS analyses. 

Mr. Barry Evans with EPA Region 7 serves as the primary point of contact for volatile organic 
compound (VOC) analysis that will be performed by Southwest Research Institute (SWRI), and 
will ensure that QAPP training is provided to responsible SWRI staff.  

Mr. Jesse Kiernan with EPA Region 8 serves as the primary point of contact for semi-volatile 
organic compound (SVOC), gasoline range organics (GRO), and diesel range organics (DRO) 
analyses, , and will ensure that QAPP training is provided to responsible Region 8 staff.  

Ms. Cindy White with EPA Region 4 serves as the primary point of contact for gross alpha/beta, 
radium 226, radium 228 and uranium analyses of sludge samples, and will ensure that QAPP 
training is provided to responsible Region 4 staff.  

Ms. Amy Wolf with ALS Environmental Radiochemistry Laboratory (ALS Environmental) in 
Fort Collins, CO, serves as the primary point of contact for gross alpha/beta, radium 226 and 
radium 228 analyses, and will ensure that QAPP training is provided to responsible ALS 
Environmental staff.  

Mr. Radha Krishnan, P.E., with Shaw serves as the Shaw Program Manager for the Shaw T&E 
Facility Contract and is responsible for overall project management, program coordination, and 
management review of Shaw deliverables to EPA.   

Mr. Steven Jones, ASQ CQA/CQE, with Shaw serves as the Shaw QA Manager for the Shaw 
T&E Facility Contract and is responsible for oversight of the Shaw Quality Management Plan 
(QMP) quality program implementation, QA review of documents and deliverables, providing 
guidance for and verifying implementation of quality program requirements as described in this 
QAPP, and conducting project assessments. Mr. Jones is also responsible for reviewing data 
received from ALS Environmental Radiochemistry Laboratory, SWRI (through EPA Region 7), 
and EPA Region 8.  Mr. Jones reports to the Shaw Corporate Quality Manager and is 
organizationally independent of the project. 

Mr. Paul C. Kefauver with Shaw serves at the Shaw Compliance and Permits Specialist for the 
Shaw T&E Facility Contract and is responsible for coordinating and maintaining facility-specific 
training records for the Shaw Team staff. 



WA 4-02 QAPP for Fate of Contaminants in HFWW Treatment 
Date: January 15, 2014 

Revision Number: 1 
Page 13 of 62 

 
Dr. Gune Silva with Shaw serves as the Shaw Project Leader for the Shaw T&E Facility 
Contract and is responsible for project planning and coordination of day-to-day activities that are 
conducted by the Shaw Team staff, and overseeing the activities conducted by the Shaw Team 
staff to ensure implementation of the requirements as stated in this QAPP.  Dr. Silva serves as 
the primary point of contact for all samples that are received at the EPA T&E Facility for sample 
processing/analysis.  The Shaw Project Leader is also responsible for coordinating the submittal 
of deliverables to the Shaw Program Manager and Shaw QA Manager for review, providing 
Shaw Team staff training on the requirements of this QAPP, maintaining project records, 
including chain of custody forms for received samples, preparation of samples for analysis, 
maintaining documentation for standard preparation and sample analysis, sample analysis, 
verifying that analytical data generated by the Shaw Team staff meet the requirements of this 
QAPP, data entry/reporting, and ensuring that deliverables are peer reviewed prior to submittal 
to EPA.   

Ms. Jill Webster, Ms. Nancy Shaw, Ms. Nicole Sojda, and Mr. Tim Kling with Shaw serve as 
Shaw Project Scientists.   Ms. Webster will perform total organic carbon (using TOC analyzer), 
anion analysis using Ion Chromatography (IC), ammonia, total dissolved solids (TDS) and total 
suspended solids (TSS) analyses. Ms. Webster is responsible for preparation of samples for 
analysis, maintaining documentation for standard preparation and sample analysis, implementing 
the quality assurance/quality control (QA/QC) requirements for sample analyses as specified in 
this QAPP, and data transferring/entering to Microsoft Excel.   Ms. Nancy Shaw, Ms. Nicole 
Sojda, and Mr. Tim Kling will provide as needed support for TDS and TSS analyses. 

Mr. John Brannon with Shaw serves as a Shaw Project Scientist.  Mr. Brannon is responsible 
for collection, preservation, transportation, and distribution of field samples.  He is also 
responsible for maintaining a chain of custody form for the samples.  Mr. Brannon will deliver 
samples to the EPA T&E Facility at the direction of the EPA WA Manager or the PI. 

Mr. Mark Domino with Industrial & Environmental Services, LLC, an on-site subcontractor to 
Shaw, serves as the Project Chemist.  Mr. Domino will perform metal analysis using Inductively 
Coupled Plasma-Optical Emission Spectrometer (ICP-OES).  Mr. Domino is responsible for 
preparation of samples for analysis, maintaining documentation for standard preparation and 
sample analysis, implementing the QA/QC requirements for sample analyses as specified in this 
QAPP, and data transferring to Microsoft Excel.            
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Table A4.1 Project Roles and Contact Information 

Name of Person/Affiliation Project Role Phone Number, email 

John C. Ireland, Ph.D./EPA T&E Facility Contract Project 
Officer 

513-569-7413, 
Ireland.John@epa.gov  

Samuel Hayes, Ph.D. /EPA WSWRD Associate Division 
Director 

513-569-7514, 
Hayes.Samuel@epa.gov  

Holly Ferguson/EPA 
NRMRL Environmental Technology 
Assessment, Verification and 
Outcomes Staff QA Manager 

513-569-7944, 
Ferguson.Holly@epa.gov  

Christopher A. Impellitteri, Ph.D./EPA PI 513-487-2872 
Impellitteri.Christoper@epa.gov 

Craig L. Patterson, P.E./EPA WA Manager 513-487-2805, 
Patterson.Craig@epa.gov 

John Olszewski, Ph.D./EPA WSWRD QA Manager 513-569-7481, 
Olszewski.John@epa.gov  

Kit Daniels/EPA Project Scientist 513-569-7018, 
Daniels.Kit@epa.gov  

Dana Macke/EPA Project Scientist 513-569-7570, Macke.Dana@epa.gov 

Stephen Harmon/EPA Project Scientist 513-569-7184 
Harmon.Steve@epa.gov 

Xuan Li, Ph.D./ORISE Post Doctoral Fellow/Scientist 513-569-7954 
Li.xuan@epa.gov 

Amy Wolf/ALS Environmental 
Radiochemistry Laboratory, Fort Collins, 

 

ALS Point of Contact for gross alpha/ 
beta, Radium 226 and Radium 228 

 

970-490-1511, 
Amy.Wolf@ALSGlobal.com 

Barry Evans/EPA, Region 7 Region 7 Point of Contact for SWRI 
VOC analysis 

913-581-5144, 
Evans.Barry@epa.gov 

Jesse Kiernan/EPA, Region 8 Region 8 Point of Contact for SVOC, 
GRO, and DRO analyses 

303-312-7767, 
Kiernan.Jesse@epa.gov 

Cindy White/ EPA, Region 4 
Region 4 Point of Contact for  gross 
alpha/ beta, Radium 226 /228 and 
Uranium analyses of sludge samples 

334-270-7052 
White.Cindy@epa.gov 

E. Radha Krishnan, P.E. /Shaw Program Manager/Project leadership/ 
peer review 

513-782-4730, 
Radha.Krishnan@cbifederalservices.com  

Steven Jones, ASQ CQA/CQE/ 
Shaw QA Manager 513-782-4655, 

Steven.Jones@cbifederalservices.com  

Paul C. Kefauver/Shaw Compliance and Permits Specialist 513-569-7057 
Kefauver.Paul@epa.gov 

Gune Silva, Ph.D./Shaw Project Leader 513-569-7853, 
Silva.Gune@epa.gov 

Jill Webster/Shaw Project Scientist  513-487-2822, 
Webster.Jill@epa.gov 

Nicole Sojda/Shaw Project Scientist 513-569-7996  
Nicole.Sojda@cbifederalservices.com 

Nancy Shaw/Shaw Project Scientist 513-569-7996 
Shaw.Nancy@epa.gov 

Tim Kling/Shaw Project Scientist 513-487-2819 
Timothy.Kling@cbifederalservices.com 

mailto:Ireland.John@epa.gov
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mailto:Impellitteri.Christoper@epa.gov
mailto:Patterson.Craig@epa.gov
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mailto:Macke.Dana@epa.gov
mailto:Harmon.Steve@epa.gov
mailto:Li.xuan@epa.gov
mailto:Amy.Wolf@ALSGlobal.com
mailto:Evans.Barry@epa.gov
mailto:Kiernan.Jesse@epa.gov
mailto:White.Cindy@epa.gov
mailto:Radha.Krishnan@cbifederalservices.com
mailto:Steven.Jones@cbifederalservices.com
mailto:Kefauver.Paul@epa.gov
mailto:Silva.Gune@epa.gov
mailto:Webster.Jill@epa.gov
mailto:Nicole.Sojda@cbifederalservices.com
mailto:Shaw.Nancy@epa.gov
mailto:Timothy.Kling@cbifederalservices.com
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A5 PROBLEM DEFINITION/BACKGROUND 

Hydraulic fracturing (HF) is widely used to extract oil, shale gas and coal bed methane.  This 
practice for oil and gas exploration causes major challenges for water consumption and 
management because it consumes a large volume of fresh water and generates the largest single 
stream of contaminated flow-back wastewater (WW).  Hence, the success of the HF technique is 
dependent on an efficient and cost-effective HF flow-back WW (or simply named HFWW) 
treatment technology.          

The HFWW generated at HF sites typically contains high levels of dissolved solids (including 
chloride and bromide salts) and heavy metals from natural sources as well as chemical additives 
from various stages of the HF process.  To remove aforementioned contaminants and total 
dissolved solids (TDS), HFWW is treated to varying degrees by both non-commercial and 
commercial facilities.  In the treatment process, HFWW is fed into the system as influent and 
contaminants removed or reduced water is discharged as effluent to the environment or re-use.  
However, many states and municipalities are still grappling with issues surrounding HFWW 
treatment because there are concerns about the treatability of HFWW.            

Commercial treatment facilities employ several chemical and non-chemical methods including 
chemical precipitation, evaporation/distillation, adsorption, ion-exchange, advanced oxidation, 
coagulation/flocculation, thermal, and filtration to treat HFWW.  The level of contaminants 
removal in HFWW, thus, can vary depending on the treatment processes.  The heterogeneity of 
constituents in groundwater, a part of the HFWW, makes the treatment process more challenging 
and difficult.  In addition, there will be a concentrated sludge, brine, or salt-cake which cannot be 
treated and must be disposed with known and unknown contaminants regardless of the treatment 
type.  Therefore, it is vital to evaluate the treatment process in terms of liquid (influent and 
effluent) and produced residuals for sustainable industry and cleaner environment.  

 A6 PROJECT/TASK DESCRIPTION 

Primary Objective – Assessment of the fate of various contaminants listed in Table A6.1 
within the HFWW treatment process for a total of three to five commercial treatment/ 
reuse plants. 

Name of Person/Affiliation Project Role Phone Number, email 

John Brannon/Shaw Project Scientist 513-569-7112  
Brannon.John@epa.gov 

Mark Domino/Shaw Subcontractor 
(Industrial & Environmental Services, LLC)  Project Chemist 513-569-7687 

Domino.Mark@epa.gov  

mailto:Brannon.John@epa.gov
mailto:Domino.Mark@epa.gov


WA 4-02 QAPP for Fate of Contaminants in HFWW Treatment 
Date: January 15, 2014 

Revision Number: 1 
Page 17 of 62 

 
Secondary Objective – Comparison of different EPA solid digestion techniques for metal 
recoveries at commercial treatment/ reuse plants.  

A6.1 Primary Objective (Task 1) – Assessment of the fate of various contaminants listed in 
Table A6.1 within the HFWW treatment process for a total of three to five commercial 
treatment/ reuse plants.   

The set objective will be achieved by collecting and analyzing HFWW influent, effluent, and 
sludge/residuals samples from 1) a total of three to five commercial HFWW treatment/ reuse 
plants. At each HFWW treatment/ reuse plant, influent samples will be collected from the first 
tank within the HFWW process (tap on side of tank) and effluent samples will be collected from 
the last tank within the HFWW process (tap on side of tank).  Sludge samples will also be 
collected at each treatment/ reuse plant within the HFWW process. 

HFWW influent and effluent samples from each site will be collected to determine the 
concentrations of the various analytes shown in Table A6.1.  The contaminants in HFWW 
influent may have one or more of the following effects within the treatment process: degradation, 
reaction with other contaminants, transformation and/or settling in sludge.  Additionally, the 
aforementioned processes could influence the formation of by-products.   However, no attempt 
will be made to quantify the by-products, as the overall objective will be to determine the ability 
of the treatment process to remove contaminants from the influent.  The fate of contaminants at 
the commercial treatment plants and reuse plants will be assessed by comparing the 
concentration/amounts of contaminants in HFWW influent and effluent.   

As outlined in Section A6.2, metal concentrations in sludge will be determined after digesting 
the sludge samples using three EPA methods for qualitative purposes.  There will be no attempt 
to quantify the total metal content in the sludge/solids by averaging the measured metal 
concentrations across the digestion methods.  In addition, sludge/residual samples (wet and 
dried/homogenized) will be analyzed for qualitative purposes for a selected set of metal analytes 
(barium, strontium, chromium, copper, and zinc) by XRD, XRF SEM-energy dispersive x-ray 
spectroscopy, and XAS.  Sludge samples will also be analyzed for Radium 226, Radium 228, 
Alpha, Beta as well as Uranium (Table B4.1).  Radioactive and metal speciation qualitative data 
will be used to characterize the sludge mineralogy and radioactivity.  This is important for 
assessing risk due to the potential mobility of the metals. Sample analyses will be carried out 
according to ASTM or established SOPs (Table B4.1).       

EPA-approved methods will be used for digestion of metals in influent and effluent samples 
prior to metals analysis.  Microwave assisted nitric acid digestion (EPA Method 3015A, 
Appendix A) will be used to determine total metal contaminants in HFWW influent and effluent 
samples.  HFWW samples from each site will also be analyzed for dissolved metals using EPA 
Method 3005A (Appendix B).  Due to differences of the digestion methods for recovering 
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certain analytes (further discussed in Section A6.2), it may not be possible to quantify all of the 
metal analytes listed in Table A6.1.  For the primary objective, metal analyte concentrations of 
HFWW liquid samples will not be reported if Performance Evaluation (PE) sample results fail 
for both digestion methods (EPA Methods 3005A and 3015A). Thus, a minimum of one liquid 
digestion method with passing PE (when there is a commercially available PE sample within the 
analytical range) is required to report metal analyte concentrations for both liquid digestion 
methods.  The reporting of metal concentrations data will also be dependent on the QC 
acceptance criteria for each analyte in each analytical batch.  In other words, the results for metal 
analytes reported for the primary objective will not only be dependent on passing PE samples for 
at least one digestion method, but also on associated QC acceptance criteria for each analyte in 
each analytical batch.  Metal analyte concentration results will be qualified if any QC failure 
occurs.            

Table A6.1 List of contaminants that will be evaluated for this study 

Contaminants CAS Number Measurement Importance 
Metals  
Aluminum 7429-90-5 Non-critical 
Antimony 7440-36-0 Non-critical 
Arsenic 7440-38-2 Critical 
Barium 7440-39-3 Critical 
Beryllium 7440-41-7 Non-critical 
Boron 1 7440-42-8 Critical 
Cadmium 7440-43-9 Non-critical 
Calcium 7440-70-2 Non-critical 
Cerium 7440-45-1 Non-critical 
Chromium 7440-47-3 Critical 
Cobalt 7440-48-4 Non-critical 
Copper 7440-50-8 Non-critical 
Iron 7460-89-6 Critical 
Lead 7430-92-1 Non-critical 
Lithium 7439-93-2 Non-critical 
Magnesium 7439-95-4 Critical 
Manganese 7439-96-5 Critical 
Mercury 7439-97-6 Non-critical 
Molybdenum 7439-98-7 Non-critical 
Nickel 7440-02-0 Non-critical 
Potassium 7440-09-7 Non-critical 
Selenium 7782-49-2 Non-critical 
Silver 7440-22-4 Non-critical 
Sodium 7440-23-5 Critical 
Strontium 7440-24-6 Critical 
Thallium 7440-28-0 Non-critical 
Tin 7440-31-5 Non-critical 
Titanium 7440-32-6 Non-critical 
Vanadium 7440-62-2 Non-critical 
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Contaminants CAS Number Measurement Importance 
Zinc 7440-66-6 Non-critical 
Anions 
Bromide 7726-95-6 Critical 
Chloride 16887-00-6 Critical 
Fluoride 7782-41-4 Non-critical 
Nitrate 84145-82-4 Non-critical 
Nitrite 14797-65-0 Non-critical 
Phosphate 98059-61-1 Non-critical 
Sulfate 7664-93-9 Non-critical 
General Chemistry Water Parameters 
Ammonia Non-critical 
Total Organic Carbon (TOC) Non-critical 
pH Non-critical 
Conductivity Non-critical 
TDS Non-critical 
TSS Non-critical 
Other Group of 

 
Chemicals/Parameters 

Radium 226/228 (aqueous) Critical 
Radium 226/228 (solid) Non-critical 
Gross alpha/ Gross beta Non-critical 
Diesel Range Organics (DRO) Non-critical 
Gasoline Range Organics (GRO) Non-critical 
Semi-volatile organic compounds (SVOCs) Non-critical 
Volatile Organic Compounds (VOCs) Non-critical 
X-ray Diffraction (XRD) Non-critical  
X-ray Fluorescence (XRF) Non-critical 
Scanning Electron Microscopy (SEM) Non-critical 
X-ray Absorption Spectroscopy (XAS) Non-critical 
Uranium Non-critical 
1.  Boron will not be determined for EPA Digestion Method 3052. 

A6.2 Secondary Objective (Task 2) - Comparison of different EPA solid digestion techniques 
for metal recoveries at commercial treatment/ reuse plants.  

There are several established digestion methods to quantify metal content in solids.  Some 
methods are less time-consuming than others but pose human health risks.  In addition, studies 
on the methods for the determination of metals in different matrices have reported varying 
recoveries.  Hence, identification of quick and accurate methods to quantify metal contaminants 
in HFWW residuals is important to help the fast growing industry while protecting the 
environment.  Thus, metal contaminants in HFWW residuals will be assessed and compared 
using several existing EPA sample digestion methods.   

In order to determine metal contaminants in the HFWW residuals, solid samples will be digested 
following EPA Method 3050B (hot plate assisted nitric/hydrochloric acid digestion) (Appendix 
C), EPA Method 3051A (microwave assisted nitric acid digestion) (Appendix D), and EPA 
Method 3052 (microwave assisted nitric/hydrofluoric acid digestion) (Appendix E). Note that 
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boron will not be determined for EPA Digestion Method 3052 due to potential dissolution of any 
borosilicate glass present using that method.  The metals shown in Table A6.1 can be analyzed 
within the quantification limits using ICP-OES, however, when samples contain refractory 
compounds, such as silicon dioxide, alumina, titanium dioxide and other oxides, they will not be 
dissolved and in some cases may sequester target metals  (EPA Method 3051A).  Additionally, 
the type and volume of acids used in each digestion method may impact the ability to quantify 
certain metals by ICP-OES.  For example, hydrochloric acid can improve the recovery of 
antimony, iron, aluminum and silver, but, the addition of HCl may limit the quantitation or 
increase the difficulties of quantitation of other analytes (EPA Method 3050).  For 
aforementioned reasons and knowing the complex composition of the samples and interactions 
during each digestion, quantification of each analyte listed in Table A6.1 may not be possible for 
each digestion method due to the sample matrix interferences (type and concentrations of 
analytes present in the matrix) and digestion method-specific limitations mentioned in this 
section.  Performance Evaluation samples will be analyzed prior to field sample analysis when 
analytes are commercially available within the analytical range of the laboratory used for this 
project and will provide additional insight on the ability to quantify each analyte by ICP-OES per 
solid digestion method.  In cases where the PE sample for a given analyte did not pass for any of 
the solid digestion methods being compared in this study, that analyte will not be reported.  In 
cases where the PE sample for a given analyte passes for at least one solid digestion method, or 
for which no commercially available PE sample was available, all three analytical results will be 
reported and compared.  For analytes without a commercially available PE sample, data usability 
for each analytical batch will be determined based on the associated QC acceptance criteria, 
which include the use of second source standards.  In all cases, data qualifiers will be applied to 
the results of HFWW sludge samples if any QC failure occurs.  The limitation of the digestion 
methods will provide additional information for the secondary objective on the comparison of 
different EPA solid digestion techniques for metal recoveries at commercial treatment/reuse 
plants, and for assessing the efficacy of the digestion methods used at the EPA T&E Facility 
laboratory for this study.  The limitation of the digestion methods will provide additional 
information for the secondary objective on comparison of different EPA solid digestion 
techniques for metal recoveries at commercial treatment/reuse plants, and for assessing the 
efficacy of the digestion methods used at the EPA T&E Facility laboratory for this study. The PE 
sample results that will be completed prior to field sample analysis will provide additional 
insight on the ability to quantify each analyte per digestion method.   

Each field collected wet HFWW sludge/residual sample received from the field sites (Site 1, 2, 3 
and 5) collected in the double-wrapped plastic bags per Table B1.1 will be thoroughly mixed in 
each respective plastic bag by inverting the sludge/residual sample in the bag multiple times by 
hand without opening the bag.  One half of the each field collected sludge/residual samples will 
be processed by oven drying at 60 ºC for 48 hours, then crushed using a clean mortar and pestle 
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prior to pass-through a 2 mm µm sieve and thoroughly mixed to obtain sample uniformity.  The 
mortar and pestle will be acid-washed (5% nitric acid) prior to and after each use.  The dried 
processed sample (dried/crushed/sieved) will then be stored in clean HDPE bottles.  Both the 
processed dry and unprocessed wet samples will be stored at 4˚C for analysis.  Aliquot of each 
wet samples will be analyzed for percent moisture in triplicate.  For each digestion method, the 
processed dry sludge/residual samples will be digested in triplicate in accordance with the 
respective methods.  An aliquot of both the processed dry and wet sludge/residual samples will 
be placed into clean HDPE bottles and delivered to EPA AWBERC in a cooler at 4±2 °C for 
qualitative XRD, XRF, SEM and XAS analyses.  Sub-samples for XAS analysis at the Argonne 
National Laboratory, Chicago, IL will be transported at 4±2 °C in a cooler/ice chest by the EPA 
AWBERC Project Scientists/PI.   An aliquot of wet sludge sample in clean HDPE bottles from 
each site will also be shipped to the EPA National Air Radiation Environmental Laboratory 
(NAREL) in Montgomery, Alabama by Shaw Project Leader for Radium 226, Radium 228, 
Alpha, Beta, and Uranium analyses.          

The impact of the three digestion techniques on recovery of metal contaminants for each 
treatment technique will be tested using ANOVA. Significant differences between/among means 
will be determined using protected Fisher's least significant difference test, only when results are 
significantly different. The SYSTAT (Systat for Windows, version 11) will be used to perform 
statistical analysis. Data from three digestion methods will be tabulated to present the measured 
concentrations of the various metal contaminants.   

 

A6.3   Project Schedule 

Activities for this WA will be performed from October 2012 to December 2013. The 
project schedule and main activities to be conducted are shown in Table A6.2. 

Table A6.2 Project Schedule 

 
Oct 2012 Dec 2012 Feb 2013 Apr 2013 Jun 2013 Aug 2013 Oct 2013 Dec 2013 Feb 2014 

QAPP Preparation 
   

        
Field Sampling 

     
    

Sample Analysis  
     

    
Data Verification/Validation 

     
    

Monthly Reports 
     

    
Report Writing 

     
    

Report Submission 
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A7 QUALITY OBJECTIVES AND CRITERIA 

This is an EPA NRMRL Category I research project.  In order to address the project objectives, 
generation of reliable data is vital.  It is widely known that environmental samples are 
heterogeneous and variable even at micro-scale.  Thus, the chances of controlling the variability 
in environmental samples will be difficult.  Sample collection utilizing homogenization with 
equal proportion, maintaining at the same oxidation/reduction status, preservation (acidification, 
oxygen-free condition) and storage at cold conditions (at ≤6°C) can help minimize further 
variability.  Additionally, the use of calibrated measuring and weight equipment, appropriate 
laboratory ware (e.g. not to use glassware for Si and B determination), unadulterated chemicals 
from the same vendor as well as maintaining quality control measures during sample analysis 
further strengthens the generation of reliable data.  The QA/QC and verification criteria for the 
analytical methods used during this project are discussed in Section B.   
 
A8 SPECIAL TRAINING/CERTIFICATION 

All personnel working at the EPA T&E Facility must have completed the Occupational Safety 
and Health Administration (OSHA) 40/24-hour Hazardous Waste Operations and Emergency 
Response (HAZWOPER) and Resource Conservation and Recovery Act (RCRA) 8-hour 
training.  In addition, personnel performing laboratory and field sampling activities will complete 
training required by the EPA Cincinnati Chemical Hygiene Plan.  The Health and Safety Plan 
(HASP) on file includes information on the project-specific safety training and requirements.  

As required by the EPA ORD Policies and Procedures Manual, Section 13.4, Quality Assurance/ 
Quality Control Practices for ORD Laboratories Conducting Research, analyst proficiency to 
perform sample analysis in accordance with an approved analytical method will be demonstrated 
and documented for the Shaw Team analysts to perform sample analysis in support of this WA.  
The following must be completed by the analyst to demonstrate proficiency with the analytical 
method: 1) performing valid initial calibrations, 2) performing MDL determinations, 3) 
demonstrating that their results meet all minimum QA/QC acceptance criteria as presented in the 
method document or the SOP including satisfactorily analyzing performance evaluation samples.  
The performance evaluation samples will be analyzed for all analytical methods prior to 
performing sample analysis under this QAPP.   

The EPA Region 8 laboratory is accredited by the National Environmental Laboratory 
Accreditation Program (NELAP) through the state of Texas, Southwest Research Institute.  The 
SWRI laboratory is NELAP accredited and ISO certified. The ALS Environmental laboratory in 
Fort Collins, CO holds a current Radioactive Materials Handling License from the state of 
Colorado, and is NELAC accredited in Utah, with over 18 total state accreditations, and is 
USDA licensed to accept samples from outside the United States (OCONUS). For the off-site 
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laboratories (ALS Environmental, SWRI and Region 8), training documentation and PE sample 
analyses are performed during accreditation. 

EPA T&E Facility-specific training documentation is maintained by the Shaw Compliance and 
Permits Specialist at the EPA T&E Facility for Shaw Team staff.  Safety training records for 
EPA and EPA contractor staff are maintained by the EPA Safety, Health, and Environmental 
Management (SHEM) Office at EPA AWBERC.  ALS Environmental, SWRI and Region 8 
analysts should have current Health and Safety training records.    

Staff training of QAPP responsibilities and requirements will be provided within one week of 
QAPP endorsement by the EPA QA Team.  The Shaw Project Leader will provide the training 
for the Shaw Team staff.  The points of contact for the respective off-site laboratories (ALS 
Environmental, Region 7 and Region 8) will ensure that QAPP requirements are communicated 
to responsible staff.     
 
A9 DOCUMENTS AND RECORDS  

Data collection efforts will not be initiated under this WA until this QAPP has been approved by 
EPA.  Upon approval, an electronic copy of this QAPP will be prepared and identified as a 
controlled document by approval signatures on Section A1, Title Approval Sheet.  The Shaw 
Project Leader will provide and/or make available the most current versions of this QAPP to all 
persons identified in Section A3, Distribution List. The Shaw Project Leader is responsible for 
ensuring that designated project personnel have the current version of the approved QAPP.  
Revisions and amendments to controlled WA documents (i.e., this QAPP and associated SOPs) 
will be reviewed and approved by the same process as the original.  Persons identified in Section 
A3, Distribution List, will be advised by the Shaw Project Leader of the updates by E-mail 
memorandum, during staff meetings, or other appropriate method as determined by the needs of 
the project.  Project staff will be responsible for destroying superseded versions of controlled 
documents upon notice.  

Field and laboratory paper records will be maintained in accordance with Section 13.2, Paper 
Laboratory Records, of the EPA ORD Policies and Procedures Manual.  The Shaw Project 
Leader will submit the raw data, including calculations and QA/QC requirements, electronically 
in Microsoft Excel format to the EPA WA Manager on monthly basis. Monthly progress reports 
will be generated by the Shaw Project Leader, reviewed by the Shaw Program Manager, and 
submitted to EPA every month.  Distribution of the monthly report to other agencies will be at 
the discretion of the EPA WA Manager.  The expected product of this research will be in a final 
report describing the analytical results of the samples analyzed.   

Raw data for sub-contracted and regional laboratories shall be included with the data reports.  
Calibration and QC data and results shall be included.  Field notebooks will be kept as well as 
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customized data entry forms if needed.  All information needed to confirm final reported data 
will be included. 

Records will be generated in both paper (hard copy) and electronic formats, and submitted in the 
format requested by the EPA WA Manager.  The following original documents generated in 
support of WA activities constitute records which will be managed by the Shaw Team: 

• Contract-required documents and deliverables; 
• WA-specific planning documents (i.e., Work Plan and this QAPP); 
• Documentation that supports fulfillment of WA-specific planning document 

requirements, including QA assessment reports; 
• Incoming WA-related correspondence from EPA; 
• Outgoing WA-related correspondence to EPA. 

Controlled access facilities that provide a suitable environment to minimize deterioration, 
tampering, damage, and loss will be used for the storage of records. Whenever possible, 
electronic records will be maintained on a secure network server that is backed up on a routine 
basis. Electronic records that are not maintained on a secure network server will be periodically 
backed up to a secure second source storage media, transferred to an archive media (e.g., 
compact discs, optical discs, magnetic tape, or equivalent), or printed. Electronic records that are 
to be transferred for retention will be transferred to an archive media or printed, as directed by 
EPA.  Original records generated under this WA will be retained permanently.  Records for 
archive will be stored at EPA T&E Facility Central Files, unless otherwise directed by the EPA 
WA Manager.   

Off-site laboratories will provide to the Shaw QA Manager complete data packages for samples 
analyzed (see QAPP Section D.2) in printed form, electronically, and/or on disk, including 
applicable Standard Operating Procedures used, relevant laboratory notebook pages, quantitation 
limits (reporting) and detection limits, and deviations from method.     
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SECTION B DATA GENERATION AND ACQUISITION 

 
Removal of contaminants in the HFWW treatment process will vary as a function of contaminant 
properties and treatment at commercial WW treatment/reuse facilities. Contaminants may be 
sequestered or degraded at various junctures within the treatment/reuse process.  To improve 
management of hazardous contaminants, determination of particular priority contaminants that 
are removed within the treatment process is imperative.  During the treatment process, some 
metal contaminants may not be removed/degraded and these will be assessed by measuring 
contaminant concentrations in HFWW influent, effluent and residuals.   
 
B1 SAMPLING PROCESS AND DESIGN  

HFWW samples collection, preservation and transportation from a total of three to five 
treatment/ reuse plant field sites to the EPA T&E Facility, ALS Environmental, SWRI and 
Region 8 will be performed by the EPA Project Scientist under the supervision and guidance of 
the EPA WA Manager and PI.  Contract staff may be tasked with accompanying the field 
sampling team of EPA for collecting the field samples.  Water used for field blanks, equipment 
blanks, and trip blanks will be taken from the EPA T&E Facility (Nanopure).  Water will be 
filled into a 5 L carboy and taken to the field.   

At each field site, pH and conductivity of both influent and effluent HFWW will be measured 
using portable HANNA or YSI pH/Conductivity meters prior to sample collection.  These 
parameters will be measured according to Standard Method 4500B (pH) and Standard Method 
2510B (conductivity).    

For the commercial HFWW treatment/reuse plants, influent samples will be collected from the 
first tank (tap on side of tank) and effluent samples will be collected from the last tank (tap on 
side of tank).  Sludge samples will be collected within the HFWW process (sampled with 
disposable gloves and placed into double-wrapped Ziploc plastic bags). 

The influent and effluent samples at the field sites will be collected directly into the sample 
containers after discarding the initial flow from the sampling port for 30 seconds.  Liquid 
samples collected for dissolved metals analysis will be filtered using a 0.45 micron filter attached 
to disposable syringes in the field, and then the filtrate preserved as shown in Table B1.1. Based 
on the HFWW treatment process and sample matrix variability, one field blank will be included 
per matrix (influent, effluent, and sludge/residuals) per day.  Sample containers, preservation, 
and holding times are shown in Table B1.1.  The collected samples will be shipped using cold 
preservation (ice or ice packs) in coolers/ice chest via courier (e.g., FedEx), overnight, to the 
appropriate laboratories with chain of custody forms and custody seals (Appendix F).  Samples 
collected for analysis at the EPA T&E Facility may also be field-preserved and transported on 
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the same day in a cooler/ice chest by the field sampling team to the EPA T&E Facility.  All 
samples will be packaged in accordance with the requirements stated in Section B.3. 

Samples will be shipped to ALS Environmental for Radium 226, Radium 228 and gross alpha 
and gross beta analysis.  These samples will be field-preserved by adding HNO3.     

ALS Environmental 
Radiochemistry Laboratory  
c/o Amy Wolf  
225 Commerce Drive  
Fort Collins, CO 80524 
Ph: 970-490-1511 

Samples will be shipped to SWRI for VOC analysis. Samples will be field-preserved using HCl 
to obtain a pH < 2.  Four trip blanks per cooler/ice chest are required for VOC samples.   

Southwest Research Institute (SWRI) 
ATTN: Herb Schattenberg, Division 01 
6220 Culebra Road 
San Antonio, TX 78238 
Ph: 210-522-3051 

No one should contact the SWRI lab directly but should contact Barry Evans (with EPA Region 
7) via work phone (913) 551-5144, cell phone (913) 709-7822, or email (Evans.Barry@epa.gov) 
and he will forward the information to Dean Dickerson at ARDL (prime contractor for this 
project) who will inform SWRI.  If it is urgent and Barry Evans is not available, then contact 
Dean Dickerson @ ARDL directly.  Dean’s phone number is (618) 244-3235, ext. 227 and his 
email is ddickerson@ardlinc.com.  

Samples will be shipped to EPA Region 8 for semi-volatile organic compounds, diesel range 
organic (DRO) and gasoline range organic (GRO) analyses.  DRO and GRO samples will be 
field-preserved using HCl.    

EPA Region 8 Lab 
c/o Jesse Kiernan  
16194 West 45th Drive 
Golden, CO 80403  
Ph: 303-312-7767 

All other samples (dissolved/total metals, ammonia nitrogen, TOC, anions, TDS, and TSS) will 
be shipped or transported to:  

EPA T&E Facility  
c/o Gune Silva 
1600 Gest Street,  
Cincinnati, Ohio 45204 
Ph: 513-569-7853   

mailto:Evans.Barry@epa.gov
mailto:ddickerson@ardlinc.com
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A portion of the dry and wet sludge samples from each site (Site 1, 2, 3, and 5) prepared at the 
EPA T&E Facility will be transferred to EPA AWBERC for XRD, XRF, SEM and XAS 
analyses (see Sections A6.1and 2). 

EPA AWBERC   
Stephen Harmon 
26 W. Martin Luther King Drive   
Cincinnati, Ohio 45268 
Ph: 513-569-7184  

Approximately 10 g of wet sludge samples from each site will also be shipped to EPA NAREL, 
Region 4 for Radium 226, Radium 228 and gross alpha, gross beta and Uranium analyses (see 
Section A6. 1 and 2). 

EPA NAREL   
Cindy White 
540S Morris Avenue   
Montgomery, AL, 36115 
Ph: 334 270 7052  

 
B2 SAMPLING METHODS 

Two sampling events covering the treatment/ reuse plant field sites are planned for this study, 
one event in June 2013 and one event in August 2013.  The quantities of sample to be collected 
for each matrix/analysis (including field/equipment blanks and trip blanks) are shown in Table 
B1.1, and reflect the number of samples needed per field site to complete all analyses for this 
study.  Samples will not be accepted by the laboratories on weekends or holidays, so sample 
collection will need to be planned so that samples are collected, shipped, and analyzed within 
holding times. Each sample container must have a sample label affixed to the container. Each 
sample label must be legibly written with indelible (i.e., waterproof) ink.  The information that is 
written on the sample label must match the information on the Chain of Custody (COC) form in 
Appendix F.  

Field QC samples will include field/equipment blanks, trip blanks, and temperature blanks.  

A field blank is a sample of Nanopure water poured into the container in the field, preserved and 
shipped to the laboratory with field samples.  For the dissolved metal samples that involve field 
filtration through a 0.45 µm filter, the field blank will be processed as a sample through the 
disposable filter setup, then preserved, to also serve as an equipment blank.   

A field duplicate is a duplicate environmental sample taken at the same time under identical 
circumstances to assess field sampling precision and homogeneity. Each sample is treated 
identically throughout field and laboratory analytical procedures.  Field duplicates will be 
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collected at a frequency of one per sampling site (either influent or effluent sample), and at least 
one influent and one effluent field duplicate sample will be collected during each field sampling 
event. 

A trip blank is an aliquot of reagent water that is taken from the laboratory to the sampling site 
and transported back to the laboratory without having been exposed to sampling procedures, 
typically analyzed only for volatile compounds. 

A temperature blank is a VOA vial or other small sample bottle filled with Nanopure water that 
is placed in each cooler. Upon arrival at the laboratory, the temperature of this vial is measured. 
The temperature blank is not analyzed and does not measure introduced contamination.  

Field personnel will notify each laboratory point of contact when samples are shipped to each of 
the laboratories and will notify the point of contact as soon as possible if a scheduled shipment 
has been cancelled.  
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Table B1.1 Sample Containers, Preservation and Holding Times 

Parameter Sample Containers 

Quantity of Influent 
and Effluent Samples  
(For analysis at EPA 

T&E Facility)  

Quantity of 
Samples 

(For analysis at ALS, 
SWRI, and Region 8) 

Preservation  
(All preservations will be 

carried out at each  
field site)   

Max. Holding Time 

Treatment/Reuse Facility Influent and Effluent  

Dissolved Metals1 

Two 1L Amber HDPE 1 x 1 L Influent  
1 x 1 L Effluent -- 

Filtered 0.45 µm, acidified using 
HNO3 to pH< 2, Cool  <6°C 

180 days (Hg only 28 
days) 

Two 1 L Amber HDPE for 
equipment blanks 

1 x 1 L Influent  
1 x 1 L Effluent -- 

One 1 L Amber HDPE for 
field duplicate2 

1 x 1 L 
(Influent or Effluent2) -- 

Total Metals  
 

Two 1 L HDPE Amber 1 x 1 L Influent  
1 x 1 L Effluent -- 

Unfiltered, acidified using HNO3 
to pH< 2, Cool  <6°C 

180 days (Hg only 28 
days) 

Two 1 L Amber HDPE field 
blanks 

1 x 1 L Influent  
1 x 1 L Effluent -- 

 One 1 L Amber HDPE for 
field duplicate2 

1 x 1 L 
(Influent or Effluent2) -- 

Ammonia Nitrogen (NH3-N) 

Two 100 mL Amber Glass 1 x 100 mL Influent  
1 x 100 mL Effluent -- 

HCl, pH<2; Cool  <6°C 28 days Two 100 mL Amber Glass 
Field blanks 

1 x 100 mL Influent  
1 x 100 mL Effluent -- 

One 100 mL Amber Glass for 
field duplicate2 

1 x 100 mL 
(Influent or Effluent2)  

Total Organic Carbon (TOC) 

Two 100 mL Amber Glass 1 x 100 mL Influent  
1 x 100 mL Effluent -- 

No headspace H3PO4, pH<2;  
Cool  <6°C 28 days Two 100 mL Amber Glass 

Field blanks 
1 x 100 mL Influent  
1 x 100 mL Effluent -- 

One 100 mL Amber HDPE 
for field duplicate2 

1 x 100 mL 
(Influent or Effluent2)  

Anions  

Two 100 mL HDPE Amber 1 x 100 mL Influent  
1 x 100 mL Effluent -- 

Cool  <6°C 28 days (NO3
-, NO2

- PO4 
48 hrs) 

Two 100 mL HDPE Field 
blanks 

1 x 100 mL Influent  
1 x 100 mL Effluent -- 

One 100 mL HDPE for field 
duplicate2 

1 x 100 mL 
(Influent or Effluent2) -- 
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Parameter Sample Containers 

Quantity of Influent 
and Effluent Samples  
(For analysis at EPA 

T&E Facility)  

Quantity of 
Samples 

(For analysis at ALS, 
SWRI, and Region 8) 

Preservation  
(All preservations will 

carried out at each 
field site)   

be 
 Max. Holding Time 

Total Dissolved Solids3  
(TDS) 

Three  1 L HDPE Amber  1 x 1 L Influent  
2 x 1 L Effluent -- Cool  <6°C 7 days  One 1 L Amber HDPE for 

2field duplicate  
1 x 1 L 

(Influent2) 

Total Suspended Solids3 
(TSS) 

Three  1 L HDPE Amber 1 x 1 L Influent  
2 x 1 L Effluent -- 

Cool  <6°C 7 days  One 1 L Amber HDPE for 
2field duplicate  

1 x 1 L 
(Influent2)  

Temperature blank  
(EPA T&E Facility) One 40 mL Vial 1  x 40 mL Vial 

cooler 
per -- Cool  <6°C Measure temperature 

upon receipt 

Radium 226 (aqueous) 

Two 1 L HDPE 1 x 1 L Influent  
1 x 1 L Effluent 

Acidified using HNO3 to  
pH< 2 180 days Two 1L HDPE for field 

blanks 
1 x 1 L Influent  
1 x 1 L Effluent 

One 1 L HDPE for field 1 x 1 L HDPE 
2duplicate  

-- 

(Influent or Effluent2) 

Radium 228 (aqueous) 

Two 1L HDPE 1 x 1 L Influent  
1 x 1 L Effluent 

Acidified using HNO3 to  
pH< 2 180 days Two 1L HDPE for field 

blanks 
1 x 1 L Influent  
1 x 1 L Effluent 

One 1 L HDPE for field 1 x 1 L HDPE 
2duplicate  (Influent or Effluent2) 

Gross Alpha/Beta (aqueous) 

Two 1L HDPE 1 x 1 L Influent  
1 x 1 L Effluent 

Acidified using HNO3 to  
pH< 2 180 days Two 1L HDPE for field 

blanks 
1 x 1 L Influent  
1 x 1 L Effluent 

One 1 L HDPE for field 
2duplicate   1 x 1 L HDPE 

(Influent or Effluent2) 

Volatile Organic Compounds 
(VOCs) 

Eight 40 mL amber glass vials 
with PTFE-faced septa  4 x 40 mL Influent 

4 x 40 mL Effluent 
HCl to pH <2 

No headspace, Cool  <6°C 

14 days 
Four 40mL amber glass vials 

for trip blanks  4 x 40 mL per cooler No headspace,  Cool  <6°C 

Eight 40mL amber glass vials 
for field blanks  4 x 40 mL Influent 

4 x 40 mL Effluent 
HCl to pH <2 

No headspace, Cool  <6°C 
Four 40mL amber glass vials 

2for field duplicate   4 x 40 mL  
(Influent or Effluent) 

HCl to pH <2 
No headspace, Cool  <6°C 
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Parameter Sample Containers 

Quantity of Influent 
and Effluent Samples  
(For analysis at EPA 

T&E Facility)  

Quantity of 
Samples 

(For analysis at ALS, 
SWRI, and Region 8) 

Preservation  
(All preservations will 

carried out at each 
field site)   

be 
 Max. Holding Time 

Temperature blank  
(SWRI) One 40 mL Vial -- 1  x 40 mL per cooler Cool  <6°C Measure temperature 

upon receipt 

Semi-volatile organic 
compounds (SVOCs) 

Two 1L amber glass bottles  1 x 1 L Influent  
1 x 1 L Effluent 

Cool 
 
<6°C 
 

 
7 days until extraction, 
30 days after extraction 

 

Two 1 L amber glass bottles 
for field blanks   1 x 1 L Influent  

1 x 1 L Effluent 
One 1 L amber glass bottle 

2for field duplicate   1 x 1 L amber bottle 
(Influent or Effluent2) 

Diesel Range Organics 
(DRO) 

Four 1L amber glass bottles  2 x 1 L Influent  
2 x 1 L Effluent 

HCl, pH<2; 
Cool <6°C 

7 days until extraction, 
40 days after extraction 

 
Two 1 L amber glass bottles 

for field blanks   1 x 1 L Influent  
1 x 1 L Effluent 

One 1 L amber glass bottle 
2for field duplicate   1 x 1 L amber bottle 

(Influent or Effluent2) 

Gasoline 
(GRO) 

Range Organics 
Four 40 mL amber glass vials  2 x 40 mL Influent  

2 x 40 mL Effluent  
No headspace; HCl, pH<2; 

refrigerate <6°C 
14 days Two 40 mL amber glass vials 

for field blanks   1 x 40 mL Influent  
1 x 40 mL Effluent 

One 40mL amber glass vials 
2for field duplicate   1 x 40 mL  

(Influent or Effluent) 
Temperature blank  
(EPA Region 8) One 40 mL Vial -- 1  x 40 mL per cooler Cool  <6°C Measure temperature 

upon receipt 
Treatment/Reuse Facility Solid Residues 
Metals (See Table A6.1), 
XRD4, XRF4, SEM4 and 
XAS4  Ra 2264, Ra2284, 

4Alpha4, Beta , U2344, U2354 
and U 2384 (solid) 

Double-wrapped plastic bags 500 g  Cool  <6°C 
No holding time 

requirement, but digest 
within 28 days 

1 For dissolved metals, samples will be filtered in the field using a 0.45 micron filter prior to preservation. 
2 Field duplicates will be collected at a frequency of one per sampling site (either influent or effluent sample), and at least one influent and one effluent field duplicate sample 

will be collected during each field sampling event. 
3 Additional effluent sample volumes are required for TSS and TDS analyses due to the anticipated lower solid content in the effluent samples.  
4  Aliquots from the 500 g sludge/residues samples will be collected in the laboratory for XRD, XRF, SEM, XAS analyses and EPA NAREL Ra 226, Ra 228, alpha, beta, U234, 

U235 and U238 analyses, separately (see Section A6.2). 
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B3 SAMPLE HANDLING AND CUSTODY 

Preservation of samples is required to retain integrity. The most common preservation techniques 
include pH adjustment and temperature control. Field personnel collecting HFWW treatment 
process samples will use EPA-recommended containers and adhere to EPA-recommended 
preservation techniques for the parameters of concern. Table B1.1 provides the sample 
containers, preservation requirements, and holding times for the parameters. Sample containers 
with appropriate preservation will be prepared at the EPA T&E Facility, and then taken to the 
field. 

A chain-of-custody (Appendix F) will be used to maintain a record of sample collection, transfer 
between personnel, shipment, analytical requests, and receipt by the laboratory. The following 
chain-of-custody procedures will be followed to guarantee sample custody documentation.  A 
sample will be considered under proper custody if (1) it is in actual physical possession of the 
responsible person; (2) it is in view of the responsible person; (3) is locked in a container 
controlled by the person; or (4) has been placed into a designated secure area by the responsible 
person. The COC will be sealed in a Ziploc bag and taped to the inside of the ice chest lid with 
the samples. Indelible ink will be used for all markings on the COC.  The original record will 
accompany the shipment. Each distinct sample will appear on a separate line.  Any writing errors 
made on the COC will be crossed out with a single line, initialed, dated and rewritten. 

Chain of Custody documentation must include: 

• site name (project name) 
• sampler's name/signature 
• sample ID (station number) 
• date and time of collection (recorded in 24 hour clock time) 
• type of sample (grab or composite) 
• sample description (station location) (indicate if sample has been filtered for 

dissolved components or if it is a field duplicate) 
•  number of containers 
• parameters requested (i.e., tests, methods) 
• sample tag numbers (in remarks) 
• date, time and signatures for sample receipt and transfer 

Containers will be double bagged via Ziploc bags.  Bagged containers will be placed in coolers 
with ice, and packed with appropriate packing material. Bagged ice or gel packs will be packed 
on top and around the samples to ensure samples remain at or below 6°C while in transit. 
Samples are not to be frozen.  The lid will be sealed with shipping tape and custody seals will be 
affixed to the cooler.  
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Coolers will be labeled with the origin and destination locations on a FedEx, or other common 
courier, airbill. Department of Transportation and/or courier approved shipping containers must 
be used, and loaded coolers shall not be heavier than 50 pounds.  Samples shall be identified in 
shipping paperwork as “environmental laboratory samples.”  Samples are to be shipped/ 
transported on the same day that they are collected.    

Field personnel who collect the samples are responsible for the care and custody of the samples 
until they are transferred or delivered to the delivery agent. A laboratory notebook will be used 
by the field sampling team to record the details of the field sampling event, including all 
information required for the samples.  A chain-of-custody form will accompany all samples. 
When transferring the samples, the individuals relinquishing and receiving the samples will sign, 
date, and note the time on the chain-of-custody form. 

All containers used to collect the samples will be labeled. This label will contain the site name, 
sample matrix, QC type (as applicable), type of analysis, date and time of sampling. A laboratory 
notebook will be used to record the details that will be signed, dated, and witnessed.  The 
collected samples will be analyzed as soon as possible for best results. At any rate, samples will 
be stored for a period not exceeding the maximum holding time (Table B1.1).   
      
B4 ANALYTICAL METHODS 

The analysis methods for the analytes in Table A6.1 are summarized in Table B4.1.  If analytical 
instrumentation software/hardware allows for data export, data from analytical equipment will be 
transferred to Microsoft Excel spreadsheets from each sample analysis sequence to minimize 
errors associated with data transcription.  

All analysis methods listed in Table B4.1 below will be implemented as specified by the 
appropriate method, with the exception of a modification to Section 7.6 of EPA SW-846 Method 
6010C (Appendix G).  For the HFWW project, 31 metal contaminants (Table A6.1) will be 
analyzed in three separate groups employing different plasma viewing options to minimize 
spectral interferences.  Group 1 (radial view) consists of 9 metals including Barium, Beryllium, 
Calcium, Iron, Lithium, Magnesium, Potassium, Sodium and Strontium.  Group 2 (axial view) 
consists of 15 metals including Aluminum, Arsenic, Cadmium, Cerium, Chromium, Cobalt, 
Copper, Lead, Manganese, Nickel, Selenium, Silver, Thallium, Vanadium, and Zinc. Group 3 
(either radial or axial view) consists of 5 metals including Antimony, Boron, Molybdenum, Tin 
and Titanium.   Mercury will be analyzed as a single analyte to maintain appropriate matrix 
match and to avoid generation of high volume of ICP-OES effluent containing mercury.  A 
solution of 2% (v/v) trace metal HNO3 containing 1 mg/L AuCl3 will be used for preparation of 
samples and standards.  The Au ion acts as a strong oxidizing agent that converts or maintains 
mercury ion in solution.   
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Table B4.1 Outline of Analysis Methods 

Parameter Measurement Laboratory Instrument Analytical Method 

HFWW and Residues 
Dissolved Metals Critical T&E Facility Hot plate or equivalent liquid 

digestion, as specified in Section 
7.2 of Method 3005A 

EPA Method 3005A 
(Appendix B) 

Total Metals Critical T&E Facility Microwave assisted liquid digestion EPA Method 3015A 
(Appendix A) 

Hot plate assisted solid digestion EPA Method 3050B 
(Appendix C) 

Microwave assisted solid digestion EPA Method 3051A 
(Appendix D) 

Microwave assisted solid digestion EPA Method 3052 
(Appendix E) 

Dissolved and Total Metals  Critical T&E Facility Perkin Elmer Trace analyzer ICP-
OES 

EPA Method 6010C 
(Appendix G) 

Anions  Critical T&E Facility Ion Chromatograph (IC), using AS-
9 Dionex chromatography column.  

EPA Method 300.1 
(Appendix H) 

Radium 226 (aqueous) Critical ALS 
Environmental 

Scintillation cell system EPA Method 903.1 
(Appendix I) 

Radium 228 (aqueous) Critical ALS 
Environmental 

Gas-flow proportional counting 
system 

EPA Method 904.0 
(Appendix J) 

Gross Alpha/Beta (aqueous) Non-critical ALS 
Environmental 

Gas-flow proportional counting 
system 

EPA Method 900.0 
(Appendix K) 

Volatile Organic 
Compounds (VOCs) 

Non-critical SWRI Gas Chromatography/Mass 
spectrometry (GC/MS) 

EPA SW-846 8260B 
(Appendix L) 

Semi-volatile Organic 
Compounds (SVOCs) 

Non-critical Region 8 Gas Chromatography/Mass 
spectrometry (GC/MS) 

EPA SW-846 8270D 
(Appendix M) 

Diesel Range Organics/ 
Gasoline Range Organics 

Non-critical Region 8 Gas Chromatography/Flame 
Ionization  Detector (GC/FID) 

EPA SW-846 8015C 
(Appendix N) 

Total Organic Carbon Non-critical T&E Facility Total Organic Carbon Analyzer 
(TOC) Persulfate-UV Oxidation  

EPA Method 415.3 
(Appendix O) 

Ammonia Nitrogen  
(NH3-N)  

Non-critical T&E Facility HACH DR2700 Colorimeter HACH Method 10200  
(Appendix P) 

pH Non-critical Field Sampling 
Sites 

HANNA or YSI Meters, 
temperature compensated  

(Standard Method 4500B 
(Appendix Q) 

Conductivity Non-critical Field Sampling 
Sites 

HANNA or YSI Meters, 
temperature compensated 

(Standard Method 2510B 
(Appendix R) 

Total Dissolved Solids 
(TDS) 

Non-critical T&E Facility Wet Chemistry Shaw T&E SOP 510 
(Appendix S) 

Total Suspended  Solids 
(TSS) 

Non-critical T&E Facility Wet Chemistry Shaw T&E SOP 509 
(Appendix T) 

Constituents of Ba, Cr, Cu, 
Sr, Zn  

Non-critical AWBERC X-ray diffraction ASTM D 934-80 
(Appendix U) 

Percent concentration of Ba, 
Cr, Cu, Sr, Zn  

Non-critical AWBERC X-ray fluorescence ASTM D2332 
(Appendix V) 

Particle size of elements 
between Ba and S  

Non-critical AWBERC Scanning Electron Microscopy ASTM E 1508 
(Appendix W) 

Chemical speciation Ba, Cr, 
Cu, Sr, Zn   

Non-critical Argonne National 
Laboratory 

X-ray absorption spectroscopy SOP-Dr Scheckel 
(Appendix X) 

Radium 226/228, Gross 
Alpha/Beta, U234, U235 and 
U238 (solid) 

Non-critical Region 4 Alpha spectrometric system 
consisting of multichannel analyzer 

NAREL AM/SOP 1 
(Appendix Y) 
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B5 QUALITY CONTROL 

Instruments/equipment will be maintained in accordance with the EPA ORD Policies and 
Procedures Manual, Section 13.4, Minimum Quality Assurance (QA)/Quality Control (QC) 
Practices for ORD Laboratories Conducting Research, and in accordance with the Standard 
Operating Procedures (SOPs) and analytical methods shown in Table B4.1, including the 
temperature monitoring requirements as specified in Section 13.4 (environmental conditions and 
sample storage) for laboratory support equipment. All analytical data will be collected in 
accordance with the QA/QC procedures specified in this QAPP.  Tables B5.1 (a-f) summarize 
the QA/QC checks, acceptance criteria, and corrective actions for the analysis to be conducted at 
each of the laboratories as well as the field sites.  The data quality indicators for the analyses are 
defined in Sections B5.1 through B5.4.  

If problems occur during analysis that cannot be resolved by the analyst, the laboratory point of 
contact will be notified immediately.  The laboratory point of contact will determine corrective 
action and the issue will be documented, at a minimum, in the laboratory notebook.   
 
B5.1 Precision 

Precision is how repeated measurements closely agree with each other. Laboratory duplicates 
and triplicates will be used to ensure precision.  

The relative percent difference (RPD) between duplicates will be calculated as follows: 

% 100
)21(5.0

21
×

+

−
=

CC
CC

RPD  

Where:    C1 = Concentration of the analyte in the sample 
                C2 = Concentration of the analyte in the matrix duplicate 

The relative standard deviation between replicates will be calculated as follows: 

% 100)( ×
′

=
y
SRSD  

Where:    S = Standard deviation 
                y′  = Mean of the replicates 
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B5.2 Accuracy 

Accuracy is the nearness of a test result to the true value (recovery). Both standard addition 
(spiking) and standard checks are common techniques for checking the accuracy. For matrix 
spikes, the percent recovery is calculated as follows:  

100)(% ×
−

=
Ca

CuCsR  

Where:    Cs = Concentration in spiked aliquot 
                Cu = Concentration in unspiked aliquot 
                Ca = Actual concentration of spike added 

For standard checks, the percent recovery will be calculated as follows: 

100% ×=
Ca
CmR  

Where:    Cm = measured concentration of the check standard 
                Ca = actual concentration of the check standard 
 
B5.3 Comparability 

Data comparability will be maintained through the use of defined and consistent sampling and 
analytical procedures.  
 
B5.4 Sensitivity 

Sensitivity is the capability of a method or instrument to discriminate between measurement 
responses representing different levels of the variable of interest. The minimum concentration 
will be determined by the method, thus the MDL is implemented (EPA, 1986).  MDLs for all 
analytes are calculated as outlined in CFR Title 40: Protection of the Environment Part 136-
Guidelines establishing test procedures for the analysis of pollutants, Appendix B to Part 136-
Definition and procedure for the determination of the Method Detection Limit-Revision 1.11.  
Positive results for analytes/compounds which are below the Quantitation Limit (QL) will be  
qualified and will not be included in statistical analyses. 

MDL is the lowest concentration that is different from zero with a 99% level of confidence. To 
determine the MDL, the lowest standard concentration or below used for the calibration will be 
injected seven times and the MDL will be calculated using the following equation: 

MDL = t(n-1, 1-α = 0.99) x S 
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Where:    n = the number of replicates 
               S = Standard deviation of the replicates 

The MDLs will be accepted only when MDL < spike concentration and MDL > 0.1 spike 
concentration except where there are not specified in the analytical method.  The estimated 
Project-Required Detection Limits (PRDLs) are calculated as ten times the appropriate MDL for 
each analyte (Table B5.2).  The MDLs and PRDLs will be used as guidance for determining the 
QLs for each group of analytes/compounds.  The lowest calibration standard concentration will 
serve as the quantitation limit (QL), below which, all results will be reported as estimated value 
with a “J” qualifier.  The QC acceptance criteria for the low-level calibration standard will be 
based on the criteria stated in each method.  It should be noted that data will not be reported less 
than the lowest calibration standard without qualification. 
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Table B5.1a Summary of EPA T&E Facility QA/QC Checks for metals, anions, TOC, ammonia, TSS, and TDS 

Parameter QC Type  Purpose QC  Method Frequency Acceptance Criteria 
Total and Dissolved 
Metals  
(EPA Method 6010C) 
 
 

Initial calibration Standardization of instrument Mixed calibration Standards and 
calibration blank 

Prior to each batch of analysis 
or after ICV failure 

Second order curve r2 ≥ 0.998  
(Section 10.4) 

Initial calibration 
verification (ICV)   

Assess the validity of the 
calibration curve 

Second (2nd) source  After initial calibration ±10 % of the analytes true value 
(Sections 10.3.2&10.3.3) 

Low-level initial 
calibration verification 
(LLICV) 

Assess instrument calibration Same source low-level check. After initial calibration ±30 % of the analytes true value 

(Section 10.3.3) 

Calibration Blanks 
(ICB & CCB) 

Assess whether there are any 
traces of analytes of interest 
in reagent water 

Acidified reagent water  

(2-5%)   

Following ICV (ICB) and 
following each continuing 
calibration verification (CCB)  

< low-level calibration standard (QL)  

(Sections 10.3.1.2 & 10.3.4) 

Continuing calibration 
verification (LLCCV 
and CCV) 

Assess whether the 
instrument is within 
acceptable calibration 
throughout period in which 
samples were analyzed 

Low-level and mid-point calibration 
point 

LLCCV at the end of the 
sample batch 

CCV after every 10 samples 
and at the end of the sample 
batch 

±30 % of the analytes true value for 
LLCCV  

±10 % of the analytes true value for 
CCV  

(Sections 10.3.1.2 & 10.3.4) 

Lower limit 
quantitation check 
(LLQC) 

Verify lower quantitation 
limits 

Same source prepared at  the lowest 
calibration standard concentration  

For each preparation method 
as part of each analyst’s initial 
demonstration of capability 
and after any significant 
changes in instrumentation 

±30 % of the analytes true value 

Interference check 
solution (ICS) 

Assess the level of other 
interferents  

Elements of interest at 0.5-1.0 mg/L One per batch after initial 
calibration 

±20 % of the analytes true value  

(Sections 4.2.9 & 4.6) 

Method Blank (MB)  Assess contamination 
introduced from containers 
and reagents, carried 
throughout the entire sample 

A volume of reagent water specific in 
the method  
(e.g. Method 3015A 45 mL)  

One per batch of sample 
preparation 

< low-level standard concentration 
(QL), or < 10% of the lowest sample 
concentration for each analyte in a 
given preparation batch, whichever is 
greater (Section 9.6).  
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Parameter QC Type  Purpose QC  Method Frequency Acceptance Criteria 

preparation and analysis 
process  
 
 
 
 

Laboratory control 
sample (LCS)  

Assess overall method used 
to extract analytes of interest, 
carried throughout the entire 
sample preparation and 
analysis process  

For liquid, Spike with mid-point 
concentration 
For solid, use standard reference 
material (SRMs)    

One per batch of sample 
preparation 

For liquid, ±20 % of the analytes true 
value;  
For solid (commercially prepared), 
manufacturer’s established acceptance 
criteria (Section 9.6) 

Matrix Spike (MS)/ Assess the accuracy in a A separate aliquot of the sample spiked One per sample matrix ±25 % of the analytes true value for 
Matrix Spike Duplicate given matrix with known concentrations of analytes MS and 20% RPD for MSD (Section 
(MSD) 9.8) 

Post digestion spike Assess MS/MSD failures Spike aliquot of post-digested sample  Analyzed only if there is an ±20 % of the analytes true value 
addition MS or MSD failure (Section 9.9.1) 

Laboratory duplicate  A precision measurement in a A separate aliquot of the sample carried One per batch ≤20% RPD for sample values (Section 
given matrix  through the complete preparation and 9.8) 

analytical procedure 

Dilution test Assess accuracy of  dilution Dilute the sample using reagent matrix  One per batch ±10 % of the original value for 1:5 
technique dilution (Section 9.9.2)  

Field duplicate Assess field sampling Duplicate sample collected in the field One per field sampling site ±30% RPD for sample results > 5x 
precision and homogeneity at the same time under identical QL  

circumstances 

Equipment blank (only Assess whether there are any Nanopure water filtered through 0.45 One blank per matrix  Concentrations that are greater than 
for dissolved metals) contamination during sample µm filter with preservatives the low-level standard concentration 

filtration should be investigated.  

Field blank  Assess contamination Nanopure water with preservatives One blank per matrix  Concentrations that are greater than 
introduced from containers, the low-level standard concentration 
environment and reagents should be investigated.  
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Parameter QC Type  Purpose QC  Method Frequency Acceptance Criteria 

Total Organic Carbon   
(EPA Method 415.3)  

Initial calibration Standardization of instrument Calibration A new calibration curve is 
generated when fresh 
standards are made and/or 
when CCCs fail  

Calibration curve must have R2 ≥ 
0.993 before proceeding with analysis  
(Section 10.2) 

Laboratory Blank (LB) Assess whether there are any  One LB with each analysis TOC must be ≤0.35 mg/L  
traces of analytes of interest batch (Section 9.9)  
in reagent water 
 
 
 
 
 

Continuing calibration Assess whether the A same source calibration standard Analysis of Low-CCC at the Low-CCC ±50% of the true value 
checks  (CCC) instrument is within 

acceptable calibration 
beginning of each batch. 
Subsequent CCCs analyzed (Sections 9.5 & 10.3.1) 

throughout period in which 
samples were analyzed 

after every 10 samples and 
after the last sample Mid-CCC ±20% of the true value  

(Sections 9.5 & 10.3.2) 

High-CCC ±15% of the true value 
(Sections 9.5 & 10.3.3) 

Field duplicate  Assess field sampling Two separate samples collected at the One per field sampling site ≤20% RPD for samples > 5x QL 
precision and homogeneity same time (Section 9.6) 

Laboratory fortified Assess matrix interference  Add known concentrations of analytes One LFM with each sample Recovery 70-130%  
sample matrix (LFM) to a sample matrix 

(Section 9.8) 
Quality control sample Assess the quality of the A second source different from the The QCS should be analyzed Analyzed value of 1-5 mg/L QCS 
(QCS) calibration standards and source of calibration standards immediately after calibration must be within ±20% of the true value 

laboratory instrument (Section 9.11) 
performance 

Field blank Assess contamination Nanopure water with preservatives One blank per WW sample Concentrations that are greater than 
introduced from containers, matrix the low-level standard concentration 
environment and reagents should be investigated. 
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Parameter QC Type  Purpose QC  Method Frequency Acceptance Criteria 

Anions 
(EPA Method 300.1) 

Initial calibration Standardization of instrument Calibration Once per sequence, after 
initial calibration check or 
continuing calibration check 
failure, or whenever fresh 
eluent is prepared 

Initial calibration needs to be verified 
with an initial calibration check and 
the QCS 
(Section 10.5) 

Initial calibration check Assess calibration curve  An individual calibration standard  Analyzed immediately after ±25 % of true value (QL to 10x QL) 
the calibration curve 

±15% of true value (>10x QL) 

(Section 10.5.1) 

Quality control sample Assess calibration standards A source of external to the lab and After initial calibration  ±15 % of true value  
(QCS) and laboratory instrument 

performance  
different from the source of calibration 

(Section 9.2.2) 

Instrument Assess instrument Peak Gaussian Factor (PGF) will be One per batch 0.8-1.15  
Performance Check performance calculated using initial calibration check (Section 9.3.3.1) 
(IPC) peak    

 
 

Continuing and end 
calibration check 

Assess whether the 
instrument 

is within acceptable 

An individual calibration standard  After every 10 samples ±25 % of true value (QL to 10x QL) 
±15 % of true value (Greater than 10x 
QL) 
(Section 10.5.1) 

calibration throughout period 
in which samples were 
analyzed 

Laboratory reagent Assess interferences in the An aliquot of reagent water   After every 10 samples and at <MDL  
blank (LRB) laboratory environment, 

reagents and the apparatus  
the end 

(Section 9.3.1)  

Field duplicates  Assess field sampling Two separate samples collected at the One per field sampling site <20% RPD for samples > 5x QL  
precision and homogeneity same time  

(Section 9.4.3.3) 

Surrogate Assess the performance of Add same concentration of surrogate With each calibration and Recovery of 90-115%  
instrument sample   
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Parameter QC Type  Purpose QC  Method Frequency Acceptance Criteria 

(Sections 7.5.1, 9.4.2.1 & 9.4.2.2) 

Laboratory duplicate Assess specifically laboratory Two sample aliquots taken in the One per batch <20% RPD  
procedures laboratory from a single sample  

(Section 9.4.3.3)  
Laboratory fortified Assess whether the laboratory An aliquot of reagent water  spiked with One per batch ±25% of true value (QL to 10x QL) 
blank (LFB) is capable of recovering 

analyte in blank matrix    
a known amount of analytes 

±15% of true value (>10x QL) 

(Section 9.3.2.2) 

Laboratory fortified Assess whether sample Add known concentrations of analytes One with each WW sample ±25% of the original value  
sample matrix (LFM) matrix contributes bias to the 

analytical results 
to sample   matrix  

(Section 9.4.1.4) 

Field blank Assess contamination Nanopure water One blank per WW sample Concentrations that are greater than 
introduced from containers, matrix the low-level standard concentration 
environment and reagents should be investigated. 

Ammonia 
(HACH Method 
10200) 

Initial calibration 
adjustment 

Standardization of instrument The factory prepared calibration curve 
is adjusted using a mid range calibration 
standard (0.2 mg/L) 

Initially, and if 
fails 

accuracy check Calibration is verified with a 
secondary standard set (0.1 ± 0.04 
0.4 ±0.06 mg/L)  

and 

Accuracy check Assess calibration 0.20 mg/L NH3-N solution Immediately after calibration 0.18-0.22 mg/L 

Laboratory blank Assess contamination in Disinfectant residual free nanopure One per sample batch <0.1 mg/L 
laboratory reagent water water  

Field blank Assess contamination Nanopure water with preservatives One blank per WW sample <0.1 mg/L 
introduced from containers, matrix 
environment and reagents 

Laboratory Duplicate Assess method precision Analyze 2 aliquots of the same sample One per batch ±20% RPD  
 

Field Duplicates Assess field sampling Duplicate sample collected in the field One per field sampling site ±30% RPD for sample results > 5x 
precision and homogeneity at the same time under identical QL 

circumstances 

Total Dissolved Solids  Method blank Assess contamination Glass fiber filtered 250 mL of reagent One blank sample per analysis <2 mg/L  
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Parameter QC Type  Purpose QC  Method Frequency Acceptance Criteria 

(T&E SOP 510) water batch (Section 11.1) 
Check standard Assess method accuracy Add 500 mg of dried NaCl and dilute to One per batch ±25% of known value  

1 L. 
(Section 11.3) 

Laboratory Duplicate Assess method precision Analyze 2 aliquots of the same sample  One per batch ±20% RPD  

(Section 11.3) 

Field Duplicates Assess both field and Duplicate sample collected in the field One per field sampling site ±30% RPD for sample results > 5x 
laboratory precision at the same time under identical QL 

circumstances 

Total Suspended 
Solids  (T&E SOP 
509) 

Laboratory blank Assess contamination Glass fiber filtered 250 mL of reagent 
water 

One blank per batch <2 mg/L  
(Section 11.1) 

Check standard Assess method accuracy Add 400 mg of dried activated charcoal One per batch ±25% of known value  
and dilute to 1 L with reagent water 

(Section 11.3) 
Laboratory duplicate  Assess method precision Analyze 2 aliquots of the same sample One per batch ±20% RPD  (Section 11.3) 

Field Duplicates Assess field sampling Duplicate sample collected in the field One per field sampling site ±30% RPD for sample results > 5x 
precision and homogeneity at the same time under identical QL 

circumstances 

Temperature Temperature Blanks Measure temperature of Water sample that is transported in One per cooler Record temperature; condition noted 
samples in the cooler. cooler to lab. on COC form 
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Table B5.1b Summary of Field QA/QC Checks for pH and conductivity 

Parameter QC Sample Purpose Method Frequency Acceptance Criteria/ Corrective Action 

pH 
(Standard 
Method 4500-H+ 
B) 

Calibration  Initial  using 2 pH buffer  
calibration solutions 

Prior to each batch of analysis 
per WW sample matrix 

Verify calibration with third pH buffer. Recalibrate if 
verification is outside of ± 0.1 pH unit acceptance criteria and 
re-check with third pH buffer.  Sample analysis cannot proceed 
without a passing third pH buffer calibration verification check. 

Third pH buffer Assess the calibration   3 pH units different from the 
second pH buffer 

Immediately after calibration 
and at the end of analytical 
batch 

± 0.1 pH unit of true pH buffer solution value  
(Section 4) 

Field duplicate Assess field sampling 
precision and 
homogeneity  

Duplicate sample collected in 
the field at the same time 
under identical circumstances 

One per field sampling site ± 0.2 pH units  between duplicate sample results  

Conductivity 
(Standard 
Method 2510B) 

Calibration  Read standard KCL solution Prior to each batch of analysis 1000 µS/cm @ 25oC calibration solution, 20 mL sachet (Section 
4) 

Field duplicate Assess field sampling 
precision and 
homogeneity 

Duplicate sample collected in 
the field at the same time 
under identical circumstances 

One per field sampling site ±30% RPD for sample results > 5x QL 

 
Table B5.1c Summary of ALS Environmental QA/QC requirements for Ra226 Ra228 Gross Alpha/Beta (from Case Study QAPP-PA) and Uranium 

(from National Air Radiation Environmental Laboratory (NAREL) SOP) 

QC Type Uranium 
(frequency; performance criteria) 

Radium-226 
(frequency; performance criteria) 

Radium-228 
(frequency, performance criteria) 

Gross Alpha/Beta 
(frequency, performance criteria) 

Method Blanks 1 per batch of 20 (or 5% frequency); 
<MDC 

1 per batch of 20 (or 5% frequency); 
<MDC 

1 per batch of 20 (or 5% frequency); 
<MDC 

5% with minimum of 1 per batch of 
samples; <MDC 

Blank Spikes (LCS) 1 per batch of 20 (or 5% frequency); 
Relative Standard Counting < 5% 

1 per batch of 20 (or 5% frequency); 
67-120% Recovery 

1 per batch of 20 (or 5% frequency); 
70-130% Recovery 

5% with minimum of 1 per batch; 
70-130% Recovery 

Laboratory 
Duplicates 

1 per batch of 20 ±30% RPD for sample 
results > 5x QL Minimum frequency of 10%; DER<2.13 

Minimum frequency of 10%. (Duplicate 
samples with activity levels <5X RL will 
not be assessed with RPD); DER<2.13 

10% with minimum of 1 per batch; 
DER<2.13 

Field Duplicates NA 1 per field sampling site; 
±30% RPD for sample results > 5x QL 

1 per field sampling site; 
±30% RPD for sample results > 5x QL 

1 per field sampling site; 
±30% RPD for sample results > 5x QL 

Matrix Spikes NA NA NA 5% with minimum of 1 per batch; 70-
130% Recovery 

Calibration 
 

NIST-traceable radionuclides solution; 
calibration performed at least annually 

NIST-traceable 226Ra solution; 
calibration performed at least annually 

Calibration with NIST-traceable 89Sr, i.e., 
comparable to the beta activity of  228Ac. 

Calibration NIST-traceable 241Am for 
gross alpha and 90Sr for beta 

Tracer/Carrier Limits NA 40-110% Recovery 40-110% Recovery NA 
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Table B5.1d Summary of SWRI QA/QC requirements for VOC (from Case Study QAPP-PA) 

QC Type Acceptance Criteria Frequency 

Instrument Calibration  
 

The acceptance criterion for the initial 
calibration requires RSD <15% or for 
alternate curve fits the correlation 
coefficient r≥0.990.  

Each time instrument is turned on or 
set up, after ICV or CCV failure, 
and after major instrument 
adjustment.  The lowest non-blank 
standard shall be set at the RL. 

System Performance Check (SPC) 
 

BFB Tune must meet tuning criteria in 
Table 4 of EPA Method 8260B. 
Minimum average response factors for the 
SPC compounds* must meet criteria 

Prior to sample analysis; beginning 
of each 12 hour shift. 

Initial Calibration Verification 
(second source) 75-125% Recovery Immediately after calibration. 

Continuing Calibration 
Verification  (CCV) 

%D<20% for analytes using RF; 
80-120% Recovery for analytes using 
curve fitting 

Every 12 hours.  

Surrogates 70-130% Recovery All blanks, QC samples, and 
samples. 

Internal Standards 

EICP area must not vary by more than a 
factor of 2 (-50 to +100%) of the mid-point 
calibration standard.  Retention time must 
not vary by more than 0.50 min of those in 
the mid-point calibration standard. 

All blanks, QC samples, and 
samples. 

Method Blank  
 

<RL 
<2xRL for methylene chloride, acetone, 
and 2-butanone 

After calibration standards. Every 
12 hours. 

Laboratory Control Sample  
 

70-130% Recovery 
60-140% Recovery for t-butyl alcohol, 
isopropyl alcohol, and ethanol 

Every 20 samples. 

Matrix Spike 
 

70-130% Recovery  
60-140% Recovery for t-butyl alcohol, 
isopropyl alcohol, and ethanol 

Every 20 samples. 

Laboratory Duplicates (MS/MSD)  RPD<30%  Every 20 samples. 
Field Duplicates ±30% RPD for sample results > 5x QL  One per field site. 

Trip Blanks (VOCs) <RL; if >RL, PI will determine if 
significant relative to sample data. 

Two in each cooler with VOA 
samples. 

Temperature Blanks Record temperature; condition noted on 
COC form One per cooler. 

Field Blanks 
Concentrations that are greater than the 
low-level standard concentration should be 
investigated. 

One blank per WW sample matrix. 

*SPC compounds minimum response factors (RF): 
 Chloromethane, min. RF = 0.10 
 1,1-Dichloroethane, min. RF = 0.10 
 Bromoform, min. RF = 0.10 
 1,1,2,2-Tetrachloroethane, min. RF = 0.30 
 Chlorobenzene, min. RF = 0.30  
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Table B5.1e Summary of Region 8 QA/QC requirements for Semi-volatiles, DRO and GRO 

(from Case Study QAPP-PA) 

QC Type Semi-volatiles DRO GRO Frequency 
Method Blanks 
 

<RL 
Preparation or Method 

Blank, one with each set of 
extraction groups.  

Calibration Blanks are also 
analyzed 

<RL 
Preparation or Method 

Blank 

<RL 
Preparation or Method 

Blank and IBL 

At least one per 
sample set 

Surrogate Spikes 
 

Limits based upon statistical 
study (rounded to 0 or 5) for 

the target compound 
analyses.  

60-140% of expected 
value 

70-130% of expected 
value 

Every field and 
QC sample 

Internal Standards 
Verification.   

Every sample, 
EICP area within -50% to 
+100% of last ICV or first 

CCV. 

NA NA Every field and 
QC sample 

Initial multilevel 
calibration 

ICAL: minimum of 6 levels 
(.25 -12.5 ug/L) , one is at 
the MRL (0.50 ug/L), prior 

to sample analysis (not 
daily) 

RSD≤20%, r2≥0.990 

ICAL: 10-500 ug/L 
RSD<20% or r2≥0.990 

 

ICAL: .25-12.5 ug/L 
for gasoline 

 (different range for 
other compounds) 

RSD<20% or r2≥0.990 

As required (not 
daily if pass ICV) 

Initial and 
Continuing 
Calibration Checks 
 

80-120% of expected value 80-120% of expected 
value 

80-120% of expected 
value 

At beginning of 
sample set, every 
tenth sample, and 
end of sample set 

Second Source 
Standards 
 

ICV1 
70-130% of expected value 

ICV1 
80-120% of expected 

value 

ICVs 
80-120% of expected 

value 

Each time 
calibration 
performed 

Laboratory Control 
Samples  

Statistical Limits from DoD 
LCS Study (rounded to 0 or 
5) or if SRM is used based 

on those certified limits 

Use an SRM: Values of 
all analytes in the LCS 
should be within the 

limits determined by the 
supplier. 

 
Otherwise 70-130% of 

expected value  

Use and SRM: Values 
of all analytes in the 

LCS should be within 
the limits determined 

by the supplier. 
 

Otherwise 70-130% of 
expected value 

One per 
analytical batch 

or every 20 
samples, 

whichever is 
greater 

Matrix Spikes  Same as LCS Same as LCS 70-130% of expected 
value  

One per WW 
sample matrix 

Matrix Spike/ Matrix 
Spike Duplicate 

% Recovery same as MS 
RPD < 30 

% Recovery same as 
MS, RPD < 25 

% Recovery same as 
MS, RPD < 25 

One per WW 
sample matrix 

Field Duplicates ±30% RPD for sample 
results > 5x QL 

±30% RPD for sample 
results > 5x QL 

±30% RPD for sample 
results > 5x QL 

One per field site 

Temperature Blanks Measure temperature of 
samples in the cooler. 

Water sample that is 
transported in cooler to 

lab. 

One per cooler. Record 
temperature; 

condition noted 
on COC form 

 



WA 4-02 QAPP for Fate of Contaminants in HFWW Treatment 
Date: January 15, 2014 

Revision Number: 1 
Page 47 of 62 

 
Table B5.1f Summary of QA/QC requirements for XRD, XRF, SEM and XAS qualitative analyses 

 

QC Type 
XRD XRF SEM XAS Frequency 

Initial 
Calibration 
Standard Check 

Standard Crystalline 
material whose “d” 
spacings are accurately 
known such as Quartz 
(Si),  
 
Errors of about ± 0.1° 
2 θ angle are accepted  
 

NIST 2780 for Sr, 
NIST 2782 for Ba 
Cr and both NIST 
2780/2782 for Cu 
and Zn as 
calibration 
standards  
 
± 30 % of certified 
value 

1) A spectrum 
from pure Al 
standards shall be 
calibrated on two 
X-ray peaks  
followed by pure 
Cu in the same 
spectrum  
 
2) Perform 
background 
subtraction method 
in the 
manufacturer’s 
software prior to 
calibration    
  . 
3) Use different 
analytical line 
when the 
interested element 
is only 10% to 
improve precision 
 
. 
 
 
 

1) Calibration with 
fluorescence requires at 
least one million counts.  
. 
2) A typical goal is 
between 60,000 to 
120,000 counts per 
second (cps). 
 
3) Calibration with 
energy requires a metal 
foil of interest.    
For example, Pb the 
energy is 13,035 eV.  If 
the measured value is 
off, the monochromator 
can be realigned via 
software to the correct 
energy. (Au) (11919 eV 
l-edge)" to "(Au) (11919 
eV L3 edge) 
 
4) When foil of exact 
metal is not possible, a 
reference foil that is 
close to interested metal 
energy should be used. 
For example, when As 
(11867 eV) foil is not 
possible, usually gold 
(Au) (11919 eV l-edge) 
is used.  
 
5) Use Athena software 
Autobk algorithm for 
background and 
normalization 
corrections.   

At the 
beginning of 
analysis for 
XRD, XRF and 
XAS 
 
At the 
beginning and 
after every 10 
sample for 
SEM 

Second Source 
Standards/ 
Reference 
Material 
 

Comparison of “d” 
spacings and intensities 
of the three strongest 
lines of Quartz 
 
± 30 % of expected 
intensities 

Internal standards 
may be used to 
provide direct 
comparison 
 
± 30 % of certified 
value 

Inter-laboratory 
metallurgical 
specimens to 
determine the 
precision  
 
N/A 

SRM (e.g. BaSO4, 
SrSO4, Cr2K2O7  and 
CrK2O4) will be 
analyzed for quantitative 
assessment 
 
N/A 

Each time after 
calibration  

Laboratory 
duplicates 

±30% RPD for sample 
results  

±30% RPD for 
sample results  

±30% RPD for 
sample results  

±30% RPD for sample 
results  

One per batch 
of 20 samples 
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Table B5.2 Established MDL and Estimated QL for Critical Parameters 

 

Contaminants MDL mg L-1 QL mg L-1 
Metals 
Arsenic 0.0063 0.1000 
Barium 0.0019 0.0125 
Boron 0.0471 0.5000 
Chromium 0.0027 0.1000 
Iron 0.0173 0.1250 
Magnesium 0.0018 0.0625 
Manganese 0.0023 0.1000 
Sodium 0.0107 0.5000 
Strontium 0.0024 0.0625 
Anions 
Bromide 0.0217 0.1000 
Chloride 0.0162 0.1000 
Other Group of Chemicals (pCi/L) 
Radium 226 (aqueous) 1 10.00 
Radium 228 (aqueous) 1 10.00 

Note: For each analyte, the lowest calibration standard concentration will serve as the quantitation limit (QL), below 
which, all results will be reported as estimated value with a “J” qualifier.  Actual MDLs and QLs will be included 
with the analytical reports for Metals, TOC, Anions, VOCs, SVOCs, DRO, and GRO analyses. 
 
B6 INSTRUMENT/EQUIPMENT TESTING, INSPECTION AND MAINTENANCE 

Testing, inspection and maintenance of equipment required for completion of analytical 
measurements will be conducted as needed to ensure proper operation.  Generally, variability in 
known concentration of analytes will be used to test and inspect the instruments.  All records are 
to be kept by the individual responsible for the equipment.  Maintenance will be performed by 
the manufacturer’s representative as needed. 
 
B7 INSTRUMENT/EQUIPMENT CALIBRATION FREQUENCY 

Instrument calibration frequency for the various analyses is discussed in Table B5.1 (a-f). 
 
B8 INSPECTION/ ACCEPTANCE OF SUPPLIES AND CONSUMABLES 

Supplies and consumables are listed in the attached method, and will be inspected upon receipt 
by the person that will be using the supplies and consumables.  Acceptance of these will be based 
upon visually determining that received material is consistent with project requirements, 
packaging is intact or there is no obvious damage to the received materials.  Items identified as 
damaged or contaminated will be declined.  Catalog number and batch number and expiry dates 
of supplies will be recorded in the general supplies/chemicals register.  Catalog number and 
batch number and expiry dates of standards used for each calibration will be recorded.   
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B9 NON-DIRECT MEASUREMENTS 

Non-direct data such as computer databases and programs will not be used in this study.  Interim 
summary reports will be prepared presenting the analytical results from the HFWW 
treatment/reuse plants.        
 
B10 DATA MANAGEMENT 

As stated in Section A.9, laboratory paper and electronic records will be maintained in 
accordance with Section A.9.  Data from each wet chemistry analysis will be recorded in a 
laboratory notebook or datasheet and each page will be dated and signed by the Shaw analyst(s) 
who performs the analysis.  Printed data from equipment runs will be filed separately in a three-
ring binder(s) and labeled “HFWW WA-3-02” with the name of the analyte, year and the month.  
Raw data will be kept as hard copies and computer files.  Raw data from chemical 
instrumentation will be retained as required by EPA Record Schedules 501 and 507 and will be 
backed up onto a separate external hard drive.  

If analytical instrumentation software/hardware allows for data export, raw instrument data will be 
automatically entered to Microsoft Excel spreadsheets. Microsoft Excel spreadsheets used for 
calculations and statistical analyses will be initially verified for accuracy by the analyst and then 
sent to a second reviewer.  For manually entered data, transcription will also be checked initially 
for errors by the analyst and then sent to a second analyst for review.  Final data will be 
expressed in units shown in Table B10.1. 

Table B10.1 Reporting Units 
Parameter Units 

Metals  mg/L, mg/kg 
Anions mg/L 
Radium 226/228 pCi/L 
Gross Alpha/Beta pCi/L 
Uranium pCi/L 
Volatile Organic Compounds (VOCs) µg/L 
Semi-Volatile Organic Compounds (SVOCs) µg/L 
Diesel Range Organics (DRO) µg/L 
Gasoline Range Organics (GRO) µg/L 
Total Organic Carbon (TOC) mg/L 
Ammonia Nitrogen (NH3-N) mg/L 
pH pH Units 
Conductivity µS/cm 
Total Dissolved Solids (TDS) mg/L 
Total Suspended Solids (TSS) mg/L 
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SECTION C ASSESSMENT AND OVERSIGHT 

C1 EPA ASSESSMENTS AND RESPONSE ACTIONS 

EPA will conduct readiness reviews, Technical Systems Audits (TSAs), Audits of Data Quality 
(ADQs), and Performance Evaluations (PEs) of Shaw activities.  The other labs were previously 
evaluated during other parts of overall research study.  Readiness reviews will be conducted 
prior to the collection of any field samples to ensure that all personnel, training, equipment, 
supplies, and procedures are available and acceptable for environmental data to be collected in 
accordance with the governing QAPP.  Acceptability or issues that were identified during 
readiness reviews will be communicated to the PI and EPA WA Manager via email.  TSAs and 
PEs will be conducted early in the project to allow for identification and correction of any issues 
that may affect data quality.  TSAs will be conducted on both field and laboratory activities.  
Laboratory TSAs will focus on the critical target analytes.  Detailed checklists, based on the 
procedures and requirements specified in this QAPP, related SOPs, and EPA Methods will be 
prepared and used during these TSAs.  These audits will be conducted by the EPA/NRMRL HF 
QA HF Team or by QA support contractors with oversight by the EPA/NRMRL QA HF Team.   

ADQs will be conducted on a representative sample of data for the critical target analytes.  These 
audits will be conducted by the EPA/NRMRL HF QA HF Team or by QA support contractors 
with oversight by the EPA/NRMRL QA HF Team.  See Section D1 for additional discussion on 
ADQs.   

PEs will be conducted on target analytes (shown in Table A6.1) for those that are available 
commercially such as those from ERA, A Waters Company (Golden, CO).  As part of the 
readiness review, PE samples must pass acceptably (as applicable) before any analysis can be 
done on project samples. 

Assessors do not have stop work authority; however, they can advise the PI if a stop work order 
is needed in situations where data quality may be significantly impacted, or for safety reasons.  
The PI makes the final determination as to whether or not to issue a stop work order. 

For TSA and ADQ reports that identify deficiencies requiring corrective action, the audited party 
must provide a written response to each Finding and Observation to the PI, which shall include a 
plan for corrective action and a schedule.  (If the audited party is a contractor, then the response 
shall be delivered to the EPA WA Manager who will ensure delivery to the PI.)  The PI is 
responsible for ensuring that audit findings are resolved.  The QA HF Team will review the 
written responses to determine their appropriateness.  If the audited party is other than the PI, 
then the PI shall also review and concur with the corrective actions.  The QA Management Team 
will track implementation and completion of corrective actions.  After all corrective actions have 
been implemented and confirmed to be completed; the QA HF Team shall send documentation to 
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the EPA WA Manager and his supervisor that the audit is closed.  Audit reports and responses 
shall be maintained by the EPA WA Manager in the project file and the QA HF Team in the QA 
files, including QLOG. 

C1.1   Assessments 

TSAs will be conducted on both field and laboratory activities.  Detailed checklists will based on 
the procedures and requirements specified in this QAPP, SOPs, and EPA Methods will be 
prepared and used during these TSAs.   One field TSA will be conducted.  It is anticipated this 
will take place during the first sampling event.  The laboratory audit will take place when 
samples are in the laboratory’s possession and in the process of being analyzed. 

Laboratory TSAs will focus on the critical target analytes and will be conducted on-site at the 
EPA T&E Facility laboratories run by Shaw contractors.  It is anticipated this will take place 
immediately following the first sampling event.   

ADQs will be conducted on a representative sample of data for the critical target analytes for 
several initial data packages and then for subsequent data packages as determined to be 
necessary by project personnel based on issues identified.  Additional ADQs will be performed 
as determined to be necessary by project participants. 

C1.2   Assessment Results and Reports 

At the conclusion of a TSA, a debriefing shall be held between the auditor and the PI or audited 
party to discuss the assessment results.  TSA and ADQ results will be documented in reports to 
the PI, the PIs first-line manager, and the WSWRD HF QA Manager and the ETAV QA 
Manager.  If any serious problems are identified that require immediate action, the QA Manager 
will verbally convey these problems at the time of the audit to the PI or audited party. 

The PI is responsible for responding to the reports as well ensuring that corrective actions are 
implemented in a timely manner to ensure that quality impacts to project results are minimal. 
 
C2 SHAW ASSESSMENTS AND RESPONSE ACTIONS 

The Shaw QA Manager will conduct assessments to verify compliance with the requirements of 
this QAPP.  Assessment activities include technical system assessments (TSAs), readiness 
reviews, and surveillances.  TSAs, readiness reviews, and surveillances are further discussed in 
Section 9.0 of the Shaw T&E Facility Contract QMP. Corrective actions that are implemented in 
response to assessment findings are documented and tracked in accordance with Section 11 of 
the Shaw QMP.  

EPA, at their discretion, may also conduct assessments to verify compliance with the 
requirements of this QAPP.  Assessment activities that may be conducted by EPA include the 
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submittal of PE samples (including double blind PE samples), and conducting TSAs and 
surveillances.  Shaw will fully cooperate with EPA for EPA-conducted assessments. 

C2.1   Performance Evaluation (PE) Samples 

If PE standards are available for the evaluation of the analytical methods described in this QAPP 
(shown in Table B4.1), the Shaw Team staff will analyze PE materials received from EPA. The 
EPA WSWRD QA Manager may also choose to submit PE standards for analysis as an 
independent assessment of Shaw’s performance for a particular analytical method.  The PE 
sample received will be treated and processed as a sample, and will be analyzed in accordance 
with the analytical methods shown in Table B4.1.  All documentation, including sample receipt 
and storage, raw data, verification and validation of results, are included in the project file, as 
appropriate.  Results will be internally reviewed by Shaw prior to submittal to EPA for approval 
and reporting. 

C2.2   Assessments 

The Shaw QA Manager will conduct project assessments (i.e., TSAs, readiness reviews, or 
surveillances) on a quarterly basis. Assessments will be conducted in accordance with Section 9 
of the Shaw QMP.  The data may also be assessed by use of a laboratory-focused TSA as 
detailed in the WA Quality document.  The TSA focuses on sample receipt and handling, method 
parameters, equipment maintenance and calibration, and/or data reduction requirements as 
specified in the WA Quality document. 

C2.3   Corrective Actions 

Deficiencies requiring corrective action will be documented on a Corrective Action Plan form 
by the Shaw Project Leader or designee and submitted to the Shaw QA Manager. Corrective 
actions will be implemented by Shaw Team staff or the Shaw Project Leader, as appropriate. 
The Shaw QA Manager will track corrective actions to closure and notify the Shaw Project 
Leader and Program Manager when closure of items is complete. 

C2.4 Reports to Management 

Assessment reports will contain the assessment ID; location; purpose and scope; assessment 
type; assessment date(s); persons contacted; activities observed; and assessment results. 
Assessment reports are prepared by the Shaw QA Manager and distributed to the Shaw Project 
Leader and Program Manager.  A response is prepared for QA assessment findings by the Project 
Leader to the Shaw QA Manager within 30 days, unless otherwise specified, after receipt of the 
final assessment report.  Corrective Action Plans are generated in response to assessment 
findings, logged and tracked by the Shaw QA Manager through closure.  When all findings of 
the assessment have been closed, notice is sent by the Shaw QA Manager to the Project Leader 
and Program Manager.    
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SECTION D DATA VALIDATION AND USABILITY 

D1 EPA DATA REVIEW, VERIFICATION, AND VALIDATION 

Criteria that will be used to accept, reject, or qualify data will include specifications presented in 
this QAPP, including the methods used and the measurement performance criteria presented in 
Table B.5.1 (a-e).  In addition, sample preservation and holding times will be evaluated against 
requirements provided in Table B.1.1. 

Data will not be released outside of NRMRL until all study data have been reviewed, verified 
and validated as described in this QAPP.  The PI is responsible for deciding when project data 
can be shared with interested stakeholders in conjunction with the NRMRL Lab Director’s 
approval. 

Data verification will evaluate data at the data set level for completeness, correctness, and 
conformance with the method.  Data verification will be done by those generating the data.  This 
will begin with the personnel in the field and the analysts in the laboratory, monitoring the 
results in real-time or near real-time.  The respective laboratories shall contact the PI and/or WA 
Manager upon detection of any data quality issues which significantly affect sample data.  They 
shall also report any issues identified in the data report, corrective actions, and their 
determination of impact on data quality.   

Data reports are reviewed by the PI and/or WA Manger for completeness, correctness, and 
conformance with QAPP requirements.  All sample results are verified by the PI to ensure they 
meet project requirements as defined in the QAPP and any data not meeting these requirements 
are either reanalyzed or appropriately qualified in the data summary prepared by the PI (or in the 
work assignment deliverables prepared by contractors that will be used by the PI).  See Section 
D3 for the Data Qualifiers.   The Contract Laboratory Program guidelines on organic (EPA, 
2008) and inorganic (EPA, 2010) methods data review are used as guidance in application of 
data qualifiers. 

Data validation is an analyte- and sample-specific process that evaluates the data against the 
project specifications as presented in the QAPP.  Data validation (i.e., audit of data quality) will 
be performed by a party independent of the data collection activity.  Data summaries for the 
critical analytes that have been prepared by the PI as well as laboratory data reports and raw data 
shall be provided to the QAM, who will coordinate the data validation.  The validation team shall 
evaluate data against the QAPP specifications.  NRMRL SOP #LSAS-QA-02-0, “Performing 
Audits of Data Quality” will be used as a guide for conducting the data validation.  The outputs 
from this process will include the validated data and the data validation report (ADQ Report).  
The report will include a summary of any identified deficiencies,   and a discussion on each 
individual deficiency and any effect on data quality and recommended corrective action.   
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D2 SHAW DATA REVIEW, VERIFICATION AND VALIDATION 

Data verification will be conducted in accordance with Shaw T&E SOP 102, Data Review and 
Verification: Bench-Level Review, Data Verification, Data Validation, and Peer Review.  
Validation is performed following the guidance provided in the EPA guidance document 
entitled, Guidance on Environmental Data Verification and Validation, EPA QA/G-8. 

Initial data assessment is conducted by an analyst who is knowledgeable regarding the WA 
Quality requirements.  The analyst determines that samples have been analyzed, calibration and 
QC data requirements have been met, and the data are ready for verification.  This assessment is 
documented on the cover of the data summary. 

Verification of 100% of the data is conducted by knowledgeable personnel other than the 
analyst, as assigned by the Shaw Project Leader.  This verification is documented on the cover of 
the data summary.  Data verification includes review of the data for completeness, correctness, 
and technical compliance as summarized below. 

• Completeness 

 The data package received contains the documentation listed in the data validation 
section (below). 

 Forms and other required information have been completed. 
 All expected samples and analyses were reported. 
 Relevant information for each analysis, including QC results and supporting 

documentation, are included in the data package. 

• Correctness 

 Results have been transcribed correctly to the reporting sheets. 
 Correct application of dilution factors. 
 Sample results are supported by valid QC. 
 Missing results and QC outliers have been noted. 

• Technical compliance 

 Sample hold times were met. 
 The correct analytical method was used for each analysis, as specified in the 

QAPP. 
 The samples were properly preserved in accordance with the requested method. 
 Calculations, QC frequencies, and acceptance criteria applied to the data are the 

same as those specified in this QAPP. 

Data validation of 10 percent of analytical data generated is conducted by qualified individuals 
(or organizations) that are sufficiently independent of those who performed the work, but are 
collectively equivalent in technical expertise.  Data validation is conducted to ensure that 
activities are technically adequate, competently performed, properly documented, and satisfy 
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established technical and quality requirements.  If significant errors are identified in this 10% 
check, additional data will be reviewed.   

Data validation tasks begin with a review of the QAPP requirements.  The data are submitted to 
the validator in "packets."  Each packet contains the data for one sampling event and the 
following information in the order given here (unless a different submittal packet is agreed to by 
the validator and the submitter): 

• General overview of the data, including information such as the number of samples, the 
matrix, a brief background on the site and/or system from which the samples originated, 
and any known problems with the data in general or with specific samples. An example 
Laboratory Data Summary Report is provided in Appendix Z.  

• Field, chain-of-custody, or other pre-analysis information 

• Standards data  

• Initial calibration data 

• Continuing calibration data 

• Blank data 

• Sample results, including raw data 

• QC data. 

Additional validation will be conducted if significant anomalies are detected during the 10 
percent review.  Significant anomalies may include missed holding times, calibration 
inconsistent with method and/or WA requirements, contaminated blank results, laboratory 
control samples outside control limits, replicate analysis outside RPD limits, matrix spike/matrix 
spike duplicate (MS/MSD) results outside recovery limits, or calculation errors. 
 
D3 DATA QUALIFICATION 

Data qualification is an integral component of data reporting, review and validation. During data 
reporting and review, qualifiers are applied to ensure the laboratory has provided data of known 
quality. During data validation, qualifiers are applied to alert the data end user to quality 
problems that may impact the usability of the data.  Data qualifiers may be assigned to particular 
sample results based on available information, including: laboratory QC summaries, exceeded 
holding times, unavoidable analytical interference, laboratory data summary information, etc.  
The data qualifiers and other data descriptors to be used in this project are below in Table D1.1 
and D1.2. 
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Table D1.1 Data Qualifiers 

Qualifier Definitions 

U The analyte was analyzed for, but not detected above the reported sample 
quantitation limit. 

J The analyte was positively identified; the associated numerical value is the 
approximate concentration of the analyte in the sample.  

J+ The result is an estimated quantity, but the result may be biased high. 

J- For both detected and non-detected results, the result is estimated but may 
be biased low. 

B 
The analyte is found in a blank sample above the quantitation limit, and 
the concentration in the sample is less than 10 times the concentration 
found in the blank. 

H The sample was prepared or analyzed beyond the specified holding time. 
Sample results may be biased low. 

* Relative percent difference of a field or lab duplicate is outside acceptance 
criteria. 

R 
The sample results are rejected due to serious deficiencies in the ability to 
analyze the sample and meet QC criteria. The presence or absence of the 
analyte cannot be confirmed. 

 

Table D1.2 Data Descriptors 

Descriptor Definitions 

NA Not Applicable (See QAPP) 

NR Not Reported by Laboratory or Field Sampling Team 

ND Not Detected 

NS Not Sampled 

 
 
 

 
Application Notes for Data Qualifiers: 

• If the analyte concentration was less than the Quantitation Limit (<QL), then 
the B qualifier will not be applied. 

 

• If both an analyte and an associated blank concentration are between the 
MDL and QL, then the sample results are reported as <QL and qualified with 
U. 

 
• For samples associated with high Matrix Spike recoveries, the J+ qualifier 

will not be applied if the analyte is less than the Quantitation Limit (<QL). 

 

• For samples associated with low Matrix Spike recoveries, the J- qualifier 
will be applied to the analyte with low recovery regardless of analyte 
concentration (< or > QL).  
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D4 RECONCILIATION WITH USER REQUIREMENTS 

The data will be evaluated to check if they conform to the QA objectives of the project.  A 
statistical assessment for accuracy and precision will be performed. All analyses will be required 
to meet data quality objectives before formulation of the interim reports.  The individual EPA 
Method or SOPs documenting an analysis will include a discussion of data verification, 
including ascertaining matrix effects and instrumental biases.  Where failures are observed in the 
individual methods, data will be marked as suspect.  
Characterization sample data will be presented in tabular format or in figures. All parameters 
will be reported along with the mean, standard deviation and range, when applicable. Tabular 
data summaries will be included in the main discussion of the reports.   
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METHOD 3015A


MICROWAVE ASSISTED ACID DIGESTION OF 
AQUEOUS SAMPLES AND EXTRACTS


SW-846 is not intended to be an analytical training manual.  Therefore, method
procedures are written based on the assumption that they will be performed by analysts who are
formally trained in at least the basic principles of chemical analysis and in the use of the subject
technology.


In addition, SW-846 methods, with the exception of required method use for the analysis
of method-defined parameters, are intended to be guidance methods which contain general
information on how to perform an analytical procedure or technique which a laboratory can use
as a basic starting point for generating its own detailed Standard Operating Procedure (SOP),
either for its own general use or for a specific project application.  The performance data
included in this method are for guidance purposes only, and are not intended to be and must
not be used as absolute QC acceptance criteria for purposes of laboratory accreditation.


1.0 SCOPE AND APPLICATION


1.1 This microwave method is designed to perform extraction using microwave heating
with nitric acid (HNO3), or alternatively, nitric acid and hydrochloric acid (HCl).  Since this
method is not intended to accomplish total decomposition of the sample, the extracted analyte
concentrations may not reflect the total content in the sample.  This method is applicable to the
microwave-assisted acid extraction/dissolution of available metals in aqueous samples, drinking
water, mobility-procedure extracts, and wastes that contain suspended solids for the following
elements:


Element CAS Registry No. a


*Aluminum (Al) 7429-90-5


*Antimony (Sb) 7440-36-0


Arsenic (As) 7440-38-2


*Barium (Ba) 7440-39-3


*Beryllium (Be) 7440-41-7


Boron (B) 7440-42-8


Cadmium (Cd) 7440-43-9


Calcium (Ca) 7440-70-2


*Chromium (Cr) 7440-47-3


Cobalt (Co) 7440-48-4


Copper (Cu) 7440-50-8


*Iron (Fe) 7439-89-6







Element CAS Registry No. a
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Lead (Pb) 7439-92-1


*Magnesium (Mg) 7439-95-4


Manganese (Mn) 7439-96-5


Mercury (Hg) 7439-97-6


Molybdenum (Mo) 7439-98-7


Nickel (Ni) 7440-02-0


Potassium (K) 7440-09-7


Selenium (Se) 7782-49-2


*Silver (Ag) 7440-22-4


Sodium (Na) 7440-23-5


Strontium (Sr) 7440-24-6


Thallium (Tl) 7440-28-0


*Vanadium (V) 7440-62-2


Zinc (Zn) 7440-66-6


a Chemical Abstract Service Registry Number


*Elements which typically require the addition of HCl for optimum recoveries. 
Other elements and matrices may be analyzed by this method if performance is
demonstrated for the analyte of interest, in the matrices of interest, at the
concentration levels of interest (see Sec. 9.0).


1.2 This method provides options for improving the performance for certain analytes,
such as antimony, iron, aluminum, and silver by the addition of hydrochloric acid, when
necessary.  It is intended to provide a rapid multi-element acid extraction prior to analysis so
that decisions can be made about materials and site clean-up levels, and as an estimate of
metal toxicity.  Digests produced by the method are suitable for analysis by inductively coupled
plasma mass spectrometry (ICP-MS), inductively coupled plasma atomic emission spectrometry
(ICP-AES), flame atomic absorption spectrophotometry (FLAA), and graphite furnace atomic
absorption spectrophotometry (GFAA).  However, the addition of HCl may limit the quantitation
methods, or increase the difficulties of quantitation with some techniques.


Due to the rapid advances in microwave technology, consult the manufacturer's
recommended instructions for guidance on their microwave digestion system.  This method is
generic and may be implemented using a wide variety of laboratory microwave equipment.


1.3 Prior to employing this method, analysts are advised to consult the determinative
method that may be employed in the overall analysis for additional information on quality control
procedures, development of QC acceptance criteria, calculations, and general guidance. 
Analysts also should consult the disclaimer statement at the front of the manual and the
information in Chapter Two for guidance on the intended flexibility in the choice of methods,
apparatus, materials, reagents, and supplies, and on the responsibilities of the analyst for
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demonstrating that the techniques employed are appropriate for the analytes of interest, in the
matrix of interest, and at the levels of concern.  


In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to Federal testing
requirements.  The information contained in this method is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgments necessary to generate
results that meet the data quality objectives for the intended application.


1.4 Use of this method is restricted to use by, or under supervision of, properly
experienced and trained personnel.  Each analyst must demonstrate the ability to generate
acceptable results with this method. 


2.0 SUMMARY OF METHOD


A representative aqueous sample is extracted with concentrated nitric acid or, optionally, 
concentrated nitric acid and concentrated hydrochloric acid, using microwave heating with a
suitable laboratory microwave unit.  The sample and acid(s) are placed in a fluorocarbon
polymer (such as PFA or TFM) or quartz microwave vessel or vessel liner.  The vessel is sealed
and heated in the microwave unit for a specified period of time.  After cooling, the vessel
contents are filtered, centrifuged, or allowed to settle and then diluted to volume and analyzed
by the appropriate determinative method.


3.0 DEFINITIONS


Refer to Chapter One, Chapter Three, and the manufacturer's instructions for definitions
that may be relevant to this procedure.


4.0 INTERFERENCES


4.1 Solvents, reagents, glassware, and other sample processing hardware may yield
artifacts and/or interferences to sample analysis.  All these materials must be demonstrated to
be free from interferences under the conditions of the analysis by analyzing method blanks. 
Specific selection of reagents and purification of solvents by distillation in all-glass systems may
be necessary.  Refer to each method for specific guidance on quality control procedures and to
Chapter Three for general guidance on the cleaning of glassware.  Also refer to the
determinative methods to be used for a discussion of interferences.


4.2 Digestion of samples which contain organics will create high pressures due to the
evolution of gaseous digestion products.  This may cause venting of the vessels with potential
loss of sample components and/or analytes.  When warranted by the potential reactivity of the
sample, a smaller sample size may be used, and the concentration for final calculations
adjusted, but a final water volume prior to addition of acid(s) of 45 mL is recommended.  A
volume of 45 mL is recommended in order to retain the heat characteristics of the calibration
procedure (if used).  Variations of the method, due to very reactive materials, are specifically
addressed in Sec. 11.3.3.  Limits of quantitation will change with sample quantity (dilution) and
with instrumentation.


4.3 Many samples can be dissolved by this method.  However, when the sample
contains suspended solids which are made up of refractory compounds, such as silicon dioxide,
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titanium dioxide, alumina, and other oxides, they will not be dissolved and in some cases may
sequester target analyte elements.  These bound elements are considered nonmobile in the
environment and are excluded from most aqueous pollutant transport mechanisms.


4.4 Samples that are highly reactive or contaminated may require dilution before
analysis.  If samples are diluted, then any dilutions must be accounted for in all subsequent 
calculations.  Highly reactive samples may also require pre-digestion in a hood to minimize the
danger of thermal runaway and excessively vigorous reactions.  


5.0 SAFETY


5.1 This method does not address all safety issues associated with its use.  The
laboratory is responsible for maintaining a safe work environment and a current awareness file
of OSHA regulations regarding the safe handling of the chemicals listed in this method.  A
reference file of material safety data sheets (MSDSs) should be available to all personnel
involved in these analyses.


5.2 The microwave unit cavity must be corrosion resistant and well ventilated.  All
electronics must be well protected against corrosion for safe operation.


CAUTION: There are many safety and operational recommendations specific to the model and
manufacturer of the microwave equipment used in individual laboratories.  A listing
of these specific suggestions is beyond the scope of this method.  The analyst is
advised to consult the equipment manual, the equipment manufacturer, and other
appropriate literature for proper and safe operation of the microwave equipment
and vessels.  For further details and a review of safety methods during microwave
sample preparation, see Ref. 4 and the documents listed in Sec. 13.3.


5.3 This method requires microwave transparent and reagent resistant materials such
as fluorocarbon polymers (examples are PFA and TFM) or quartz to contain acids and samples.
For higher pressure capabilities, the vessel may be contained within layers of different
microwave transparent materials for strength, durability, and safety.  The internal volume of the
vessel should be at least 100 mL, and the vessel must be capable of withstanding pressures of
at least 30 atm (435 psi), and capable of controlled pressure relief.  These specifications are to
provide an appropriate, safe, and durable reaction vessel of which there are many adequate
designs by many suppliers.


WARNING: The outer layers of vessels are frequently not as acid or reagent resistant as the
liner material.  In order to retain the specified performance and safety
requirements, these outer layers must not be chemically degraded or physically
damaged.  Routine examination of the vessel materials is necessary to ensure
their safe use.


WARNING: Another safety concern relates to the use of sealed containers without pressure
relief devices. Temperature is the important variable controlling the reaction. 
Pressure is needed to attain elevated temperatures, but must be safely contained. 
Some digestion vessels constructed from certain fluorocarbons may crack, burst,
or explode in the unit under certain pressures.  Only vessels approved by the
manufacturer of the microwave system being used are considered acceptable.


CAUTION: An aqueous sample must contain no more than 1% (V/V or g/V) oxidizable organic
material.  Upon oxidation, organic material, whether liquid or solid, contributes to
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gaseous digestion products.  Pressure build-up above the pressure limit will result
in venting of the closed digestion vessel.


WARNING: When acids such as nitric and hydrochloric are used to effect sample digestion in
microwave units in open or sealed vessel(s), there is the potential for acid vapors
released to corrode the safety devices that prevent the microwave magnetron from
shutting off when the door is opened.  This can result in operator exposure to
microwave energy.  Use of a laboratory-grade microwave equipment system with
isolated and corrosion resistant instrument components and safety devices
prevents this from occurring.  Users are therefore advised not to use domestic
(kitchen) type microwave ovens or sealed containers which are not equipped with
controlled pressure relief mechanisms for microwave acid digestions by this
method.  Use of laboratory-grade microwave equipment is needed to prevent
safety hazards.  For further details, see Ref. 4 and the documents listed in Sec.
13.3.


6.0 EQUIPMENT AND SUPPLIES


The mention of trade names or commercial products in this manual is for illustrative
purposes only, and does not constitute an EPA endorsement or exclusive recommendation for
use.  The products and instrument settings cited in SW-846 methods represent those products
and settings used during method development or subsequently evaluated by the Agency. 
Glassware, reagents, supplies, equipment, and settings other than those listed in this manual
may be employed provided that method performance appropriate for the intended application
has been demonstrated and documented.


This section does not list common laboratory glassware (e.g., beakers and flasks).


6.1 Microwave apparatus requirements


6.1.1 The temperature performance requirements necessitate the microwave
decomposition system to sense the temperature to within ± 2.5 EC and automatically
adjust the microwave field output power within 2 seconds of sensing.  Temperature
sensors should be accurate to ± 2 EC (including the final reaction temperature of 170 ± 5
EC).  Temperature feedback control provides the primary performance mechanism for the
method.  Due to the variability in sample matrix types and microwave digestion equipment
(i.e., different vessel types and microwave oven designs), temperature feedback control is
preferred for reproducible microwave heating.  For further details, consult the document
listed in Sec. 13.3.4.


Alternatively, for a specific vessel type, specific set of reagent(s), and sample type,
a calibration control mechanism can be developed similar to those described in previous
microwave methods (see Method 3051).  Through calibration of the microwave power for a
specific number and type of vessel, vessel load, and heat loss characteristics of a specific
vessel series, the reaction temperature profile described in Sec. 11.3.5 can be reproduced
(see document listed in Sec. 13.3.4).  The calibration settings are specific for the number
and type of vessel and microwave system being used, in addition to the specific reagent
combination being used.  Therefore, no specific calibration settings are provided in this
method.  These settings may be developed by using temperature monitoring equipment
for each specific set of microwave equipment and vessel type.  They may be used as
described in Methods 3052 and 3051.  In this circumstance, the microwave system
provides programmable power, which can be programmed to within ± 12 W of the required
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power.  Typical systems provide 600 W - 1200 W of power.  Calibration control provides
backward compatibility with older laboratory microwave systems which may not be
equipped for temperature monitoring or feedback control and with lower cost microwave
systems for some repetitive analyses.  Older vessels with lower pressure capabilities may
not be compatible (see Refs. 2, 3, and 4 and the documents listed in Secs. 13.3.3 and
13.3.4).


6.1.2 The accuracy of the temperature measurement system should be
periodically validated at an elevated temperature.  This can be done using a container of
silicon oil (a high temperature oil) and an external, calibrated temperature measurement
system.  The oil should be adequately stirred to ensure a homogeneous temperature, and
both the microwave temperature sensor and the external temperature sensor placed into
the oil.  After heating the oil to a constant temperature of 170 ± 5  EC, the temperature
should be measured using both sensors.  If the measured temperatures vary by more than
1 to 2  EC, the microwave temperature measurement system should be calibrated. 
Consult the microwave manufacturer’s instructions about the specific temperature sensor
calibration procedure (see Method 3052).


6.1.3 A rotating turntable is employed to ensure the homogeneous distribution
of microwave radiation within the unit.  The speed of the turntable should be a minimum of
3 rpm.  Other types of equipment that are used to assist in achieving uniformity of the
microwave field may also be appropriate.


6.2 Class A or appropriate mechanical pipette, volumetric flask, or graduated cylinder,
50- or 100-mL capacity or equivalent.


6.3 Filter paper, qualitative or equivalent.


6.4 Filter funnel, glass, polypropylene, or other appropriate material. 


6.5 Analytical balance, of appropriate capacity and resolution, meeting data quality
objectives.


7.0 REAGENTS AND STANDARDS


7.1 Reagent-grade chemicals must be used in all tests.  Unless otherwise indicated, it
is intended that all reagents conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available.  Other
grades may be used, provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.


7.2 All acids should be sub-boiling distilled and/or high purity where possible to
minimize blank levels due to metallic contamination.  Other grades may be used, provided it is
first ascertained that the reagent is of sufficient purity to permit its use without decreasing the
accuracy of the determination.  If the purity of a reagent is questionable, the reagent should be
analyzed to determine the level of impurities.  The reagent blank must be less than the lower
limit of quantitation in order to be used.


7.2.1 Concentrated nitric acid (HNO3)  --  The acid should be analyzed to
determine levels of impurity.  If the method blank is less than the lower limit of quantitation,
the acid can be used.
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7.2.2 Concentrated hydrochloric acid (HCl) --  The acid should be analyzed to
determine levels of impurity.  If the method blank is less than the lower limit of quantitation,
the acid can be used.


7.3 Reagent water --  Reagent water must be interference free.  All references to water
in the method refer to reagent water unless otherwise specified.  For further details, consult the
document listed in Sec. 13.3.1.


8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE


8.1 See the introductory material in Chapter Three, "Inorganic Analytes."


8.2 All sample containers must be prewashed with acids, water, and metal-free
detergents, if necessary, depending on the use history of the container (see the document listed
in Sec. 13.3.4).  Plastic and glass containers are both suitable.  For further information, see
Chapter Three.


8.3 Aqueous waste waters must be acidified to a pH < 2 with HNO3.


9.0 QUALITY CONTROL


9.1 Refer to Chapter One for additional guidance on quality assurance (QA) and
quality control (QC) protocols.  When inconsistencies exist between QC guidelines, method-
specific QC criteria take precedence over both technique-specific criteria and those criteria
given in Chapter One, and technique-specific QC criteria take precedence over the criteria in
Chapter One.  Any effort involving the collection of analytical data should include development
of a structured and systematic planning document, such as a Quality Assurance Project Plan
(QAPP) or a Sampling and Analysis Plan (SAP), which translates project objectives and
specifications into directions for those that will implement the project and assess the results. 
Each laboratory should maintain a formal quality assurance program.  The laboratory should
also maintain records to document the quality of the data generated.  All data sheets and quality
control data should be maintained for reference or inspection. 


9.2 Initial demonstration of proficiency


Each laboratory must demonstrate initial proficiency with each sample preparation and
determinative method combination it utilizes by generating data of acceptable accuracy and
precision for target analytes in a clean reference matrix.  This will include a combination of the
sample extraction method and the determinative method (a 6000 or 7000 series method).  The
laboratory must also repeat the demonstration of proficiency whenever new staff are trained or
significant changes in instrumentation are made.


9.2.1 Prepare the reference samples from a spiking solution containing each
analyte of interest.  The reference sample concentrate (spiking solution) may be prepared
from pure standard materials, or purchased as certified solutions.  If prepared by the
laboratory, the reference sample concentrate should be made using stock standards
prepared independently from those used for calibration.


9.2.2 The procedure for preparation of the reference sample concentrate is
dependent upon the method being evaluated.  Guidance for reference sample
concentrations for certain methods is listed in Sec. 9.2.4.  In other cases, the
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determinative methods may contain guidance on preparing the reference sample
concentrate and the reference sample.  In the absence of any other guidance, consult
Sec. 9.3.3 and prepare the spiking solution accordingly.


The concentration of target analytes in the reference sample may be adjusted to
more accurately reflect the concentrations that will be analyzed by the laboratory.  If the
concentration of an analyte is being evaluated relative to a regulatory limit or action level,
see Sec. 9.3.3 for information on selecting an appropriate spiking level.


9.2.3 To evaluate the performance of the total analytical process, the reference
samples must be handled in exactly the same manner as actual samples.  See the note in
Sec. 9.3.1 for important information regarding spiking samples.


9.2.4 Preparation of reference samples for specific determinative methods


The following sections provide guidance on the QC reference sample concentrates
for many determinative methods.  The concentration of the target analytes in the QC
reference sample for the methods listed below may need to be adjusted to more
accurately reflect the concentrations of interest in different samples or projects.  If the
concentration of an analyte is being evaluated relative to a regulatory limit or action level,
see Sec. 9.3.3 for information on selecting an appropriate spiking level.  In addition, the
analyst may vary the concentration of the spiking solution and the volume of solution
spiked into the sample.  However, because of concerns about the effects of the spiking
solution solvent on the sample, the total volume spiked into a sample should generally be
held to no more than 1 mL.  For any determinative method not listed below, the analyst
should consult Sec. 9.3.3 and is free to choose analytes and spiking concentrations
appropriate for the intended application.  See the note in Sec. 9.3.1 for important
information regarding spiking samples.


NOTE: All of the concentrations listed below refer to the concentration of the spiking
solution itself, not the concentration of the spiked sample.


9.2.4.1 Method 6010, Inorganic Elements by ICP-AES -- The QC
reference sample concentrate should contain each analyte at 1,000 mg/L in
reagent water with appropriate type(s) and volume(s) of acid(s).  See Method
6010.


9.2.4.2 Method 6020, Inorganic Elements by ICP-MS -- The QC
reference sample concentrate should contain each analyte at 1,000 mg/L in
reagent water with appropriate type(s) and volume(s) of acid(s).  See Method
6020.


9.2.4.2 Method 7000, Inorganic Elements by Flame AAS -- The QC
reference sample concentrate should contain each analyte at 1,000 mg/L in
reagent water with appropriate type(s) and volume(s) of acid(s).  See Method
7000.


9.2.4.3 Method 7010, Inorganic Elements by Graphite Furnace AAS --
The QC reference sample concentrate should contain each analyte at 1,000 mg/L
in reagent water with appropriat type(s) and volume(s) of acid(s).  See Method
7010.
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9.2.4.4 Method 7061, Arsenic by AA, Gaseous Hydride -- The QC
reference sample concentrate should contain arsenic at 1,000 mg/L in reagent
water with appropriate volume of concentrated nitric acid.  See Method 7061.


9.2.4.5 Method 7062, Antimony and Arsenic by AA, Borohydride
Reduction -- The QC reference sample concentrate should contain each analyte at
1,000 mg/L in reagent water with appropriate volume of concentrated nitric acid. 
See Method 7062.


9.2.4.5 Method 7063, Arsenic by ASV -- The QC reference sample
concentrate should contain mercury at 1,000 mg/L in reagent water with
appropriate volume of concentrated nitric acid.  Stock solutions are commercially
available as spectrophotometric standards.  See Method 7063.


9.2.4.6 Method 7470, Mercury in Liquid Waste by Manual Cold-Vapor
Technique -- The QC reference sample concentrate should contain mercury at
1,000 mg/L in reagent water with appropriate volume of concentrated nitric acid. 
Stock solutions are also commercially available as spectrophotometric standards. 
See Method 7470.


9.2.4.7 Method 7471, Mercury in Solid or Semisolid Waste by Manual
Cold-Vapor Technique -- The QC reference sample concentrate should contain
mercury at 1,000 mg/L in reagent water with appropriate volume of concentrated
nitric acid.  Stock solutions are also commercially available as spectrophotometric
standards.  See Method 7471.


9.2.4.8 Method 7472, Mercury by ASV -- The QC reference sample
concentrate should contain mercury at 1,000 mg/L in reagent water with
appropriate volume of concentrated nitric acid.  Stock solutions are also
commercially available as spectrophotometric standards.  See Method 7472.


9.2.4.9 Method 7473, Mercury by Thermal, Decomposition, 
Amalgamation, and AA -- The QC reference sample concentrate should contain 
mercury at 1,000 mg/L in reagent water with appropriate volume of concentrated
nitric acid.  Stock solutions are also commercially available as spectrophotometric
standards.  See Method 7473.  


9.2.4.10 Method 7474, Mercury by Atomic Fluorescence -- The QC
reference sample concentrate should contain  mercury at 1,000 mg/L in reagent
water with appropriate volume of concentrated nitric acid.  Stock solutions are also
commercially available as spectrophotometric standards.  See Method 7474.


9.2.4.11 Method 7741, Selenium by AA, Gaseous Reduction -- The QC
reference sample concentrate should contain selenium at 1,000 mg/L in reagent
water.  See Method 7741.


9.2.4.12 Method 7742, Selenium by AA, Borohydride Reduction -- The
QC reference sample concentrate should contain selenium at 1,000 mg/L in
reagent water.  See Method 7742.


9.2.5 Analyze at least four replicate aliquots of the well-mixed reference
samples by the same procedures used to analyze actual samples.  This will include a
combination of the sample preparation method and the determinative method (a 6000 or
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7000 series method).  Follow the guidance on data calculation and interpretation
presented in the determintive method.  


9.3 Sample quality control for preparation and analysis


9.3.1 Documenting the effect of the matrix should include the analysis of at
least one matrix spike and one duplicate unspiked sample or one matrix spike/matrix spike
duplicate pair per analytical batch.  The decision on whether to prepare and analyze
duplicate samples or a matrix spike/matrix spike duplicate must be based on a knowledge
of the samples in the sample batch.  If samples are expected to contain target analytes,
laboratories may use one matrix spike and a duplicate analysis of an unspiked field
sample.  If samples are not expected to contain target analytes, then laboratories should
use a matrix spike and matrix spike duplicate pair.  The consideration as to which sample
for a given batch is selected for QC analyses should be decided during the project
planning process and documented in an approved sampling and analysis plan.  The actual
sample selected for QC analyses should be representative of the entire matrix composition
for a given extraction batch, since data quality assumptions will likely be applied to all
batch samples based on compliance to the stated data quality objectives and meeting the
recommended precision and accuracy criteria.  Therefore, it is inappropriate to combine
dissimilar matrices in a single sample preparatory batch and expect to use a single set of
QC samples.  Sec. 9.3.3 provides guidance on establishing the concentration of the matrix
spike compounds in the sample chosen for spiking.  


The choice of analytes to be spiked should reflect the analytes of interest for the
specific project.  Thus, if only a subset of the list of target analytes provided in a
determinative method are of interest, then these would be the analytes of interest for the
project.  In the absence of project-specific analytes of interest, it is suggested that the
laboratory periodically change the analytes that are spiked with the goal of obtaining
matrix spike data for most, if not all, of the analytes in a given determinative method.  If
these compounds are not target analytes for a specific project, or if other compounds are
known to be of greater concern at a given site, then other matrix spike compounds should
be employed.


CAUTION: The utility of the data for the matrix spike compounds depends on the degree
to which the spiked compounds mimic the compounds already present in a
field sample.  Therefore, it is CRITICAL that any compounds added to a
sample are added to the sample aliquot PRIOR TO any additional processing
steps.  It is also CRITICAL that the spiked compounds be in the same
chemical form as the target compounds. 


9.3.2 A laboratory control sample (LCS) should be included with each analytical
batch.  The LCS consists of an aliquot of a clean (control) matrix similar to the sample
matrix and of the same weight or volume:  e.g., reagent water for the water matrix or sand
or soil for the solid matrix.  The LCS is spiked with the same analytes at the same
concentrations as the matrix spike, when appropriate.  When the results of the matrix
spike analysis indicate a potential problem due to the sample matrix itself, the LCS results
are used to verify that the laboratory can perform the analysis in a clean matrix.


9.3.3 The concentration of the matrix spike sample and/or the LCS should be
determined as described in the following sections.


9.3.3.1 If, as in compliance monitoring, the concentration of a specific
analyte in the sample is being checked against a regulatory limit or action level, the
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spike should be at or below the regulatory limit or action level, or 1 - 5 times the
background concentration (if historical data are available), whichever concentration
is higher.


9.3.3.2 If historical data are not available, it is suggested that an
uncontaminated sample of the same matrix from the site be submitted for matrix
spiking purposes to ensure that high concentrations of target analytes and/or
interferences will not prevent calculation of recoveries.


9.3.3.3 If the concentration of a specific analyte in a sample is not
being checked against a limit specific to that analyte, then the concentration of the
matrix spike should be at the same concentration as the reference sample (Sec.
9.2.4), near the middle of calibration range, or approximately 10 times the
quantitation limit in the matrix of interest.  It is again suggested that a background
sample of the same matrix from the site be submitted as a sample for matrix
spiking purposes.


9.3.4 Analyze these QC samples (the LCS and the matrix spikes or the optional
matrix duplicates) following the procedures in the determinative method.  Calculate and
evaluate the QC data as outlined in the determinative method.


9.3.5 Blanks -- The preparation and analysis of method blanks and other blanks
are necessary to track potential contamination of samples during the extraction and
analysis processes.  Refer to Chapter One for specific quality control procedures.


9.4 The laboratory must also have procedures for documenting the effect of the matrix
on method performance.  Refer to Chapter One and each determinative method for specific
guidance on developing method performance data. 


9.5 Periodically, the accuracy of the temperature measurement system used to control
the microwave equipment should be validated per Sec. 6.1.2.


9.6 (This step is not necessary if using temperature feedback control.)   Each day that
samples are extracted, the microwave-power calibration should be verified by heating 1 kg of
ASTM Type II water (at 22 ± 3 EC) in a covered, microwave-transparent vessel for 2 min at the
setting for 490 W and measuring the water temperature after heating per Sec. 10.5.  If the
power calculated (according to Sec. 12.0) differs from 490 W by more than ± 10 W, the
microwave settings should be recalibrated according to Sec. 10.0.


9.7 The choice of an acid or acid mixture for digestion will depend on the analytes of
interest and no single acid or acid mixture is universally applicable to all analyte groups. 
Whatever acid or acid mixture is employed, including those specifically listed in this method, the
analyst must demonstrate adequate performance for the analytes of interest, at the levels of
interest.  At a minimum, such a demonstration will encompass the initial demonstration of
proficiency described in Method 3500, using a clean reference matrix.  Method 8000 describes
procedures that may be used to develop performance criteria for such demonstrations as well
as for matrix spike and laboratory control sample results.   
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10.0 CALIBRATION AND STANDARDIZATION


The following sections provide information regarding the calibration of microwave
equipment.


NOTE: If the microwave unit uses temperature feedback control to control the performance
specifications of the method, then performing the calibration procedure is not
necessary.


10.1 Calibration is the normalization and reproduction of a microwave field
strength to permit reagent and energy coupling in a predictable and reproducible manner. 
It balances reagent heating and heat loss from the vessels and is equipment dependent
due to the heat retention and loss characteristics of the specific vessel.  Available power is
evaluated to permit the microwave field output in watts to be transferred from one
microwave system to another.


Use of calibration to control this reaction requires balancing output power, coupled
energy, and heat loss to reproduce the temperature heating profile given in Sec. 11.3.5. 
The conditions for each acid mixture and each batch containing the same specified
number of vessels must be determined individually.  Only identical acid mixtures and
vessel models and specified numbers of vessels may be used in a given batch.


10.2 For cavity type microwave equipment, calibration is accomplished by
measuring the temperature rise in 1 kg of water exposed to microwave radiation for a fixed
period of time.  The analyst can relate power (in watts) to the partial power setting of the
system.  The calibration format needed for laboratory microwave systems depends on the
type of electronic system used by the manufacturer to provide partial microwave power. 
Few systems have an accurate and precise linear relationship between percent power
settings and absorbed power.  Where linear circuits have been utilized, the calibration
curve can be determined by a three-point calibration method (see Sec. 10.4).  Otherwise,
the analyst must use the multiple point calibration method (see Sec. 10.3).  Assistance in
calibration and software guidance of calibration are available in Ref. 4 and the document
listed in Sec. 13.3.4.


10.3 Multiple-point calibration involves the measurement of absorbed power
over a large range of power settings.  Typically, for a 600 W unit, the following power
settings are measured: 100, 99, 98, 97, 95, 90, 80, 70, 60, 50, and 40% using the
procedure described in Sec. 10.5.  These data are clustered about the customary working
power ranges.  Non-linearity has been encountered at the upper end of the calibration. 
Non-linearity is primarily encountered when using older instrumentation, however, multi-
point calibration is recommended for use with all instrumentation when accurate and
precise temperature feedback control is not available.  If the system's electronics are
known to have nonlinear deviations in any region of proportional power control, it will be
necessary to make a set of measurements that bracket the power to be used.  The final
calibration point should be at the partial power setting that will be used in the test.  This
setting should be checked periodically to evaluate the integrity of the calibration.  If a
significant change is detected (± 10 W), then the entire calibration should be re-evaluated.


10.4 The three-point calibration involves the measurement of absorbed power
at three different power settings.  Power is measured at 100% and 50% using the
procedure described in Sec. 10.5.  From this 2-point line, determine the partial power
setting that corresponds to the power, in watts, specified in the procedure to reproduce the
heating profile specified in Sec. 11.3.6.  Measure the absorbed power at that partial power
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setting.  If the measured absorbed power does not correspond to the specified power
within ± 10 W, use the multiple-point calibration in Sec. 10.3.  This point should also be
used to periodically verify the integrity of the calibration.


10.5 Equilibrate a large volume of water to room temperature (22 ± 3 EC).  One
kg of reagent water is weighed (1,000.0 ± 0.1 g) into a fluorocarbon beaker or a beaker
made of some other material that does not significantly absorb microwave energy (glass
absorbs microwave energy and is not recommended).  The initial temperature of the water
should be 22 ± 3 EC measured to ± 0.05 EC.  The covered beaker is circulated
continuously (in the normal sample path) through the microwave field for 2 min at the
desired partial power setting with the system's exhaust fan on maximum (as it will be
during normal operation).  The beaker is removed and the water is vigorously stirred.  Use
a magnetic stirring bar inserted immediately after microwave irradiation (irradiating with the
stir bar in the vessel could cause electrical arcing) and record the maximum temperature
within the first 30 seconds to ± 0.05 EC.  Use a new sample for each additional
measurement.  If the water is reused (after making adjustments for any loss of weight due
to heating), both the water and the beaker must have returned to 22 ± 3 EC.  Three
measurements at each power setting should be made.


The absorbed power is determined by the following relationship:


P'
(K)(Cp)(m)(∆T)


t


Where:


P = the apparent power absorbed by the sample in watts (W) (joule sec-1)


K = the conversion factor for thermochemical calories sec-1 to watts (K= 4.184)


Cp = the heat capacity, thermal capacity, or specific heat (cal g-1 EC-1) of water


m = the mass of the water sample in grams (g)


∆T = the final temperature minus the initial temperature (EC)


t = the time in seconds (s)


Using the experimental conditions of 2   min (120 sec) and 1 kg (1000 g) of distilled
water (heat capacity at 25 EC is 0.9997 cal g-1 EC-1), the calibration equation simplifies to:


P ' ∆T 34.86


NOTE: Stable line voltage is necessary for accurate and reproducible calibration and
operation.  The line voltage should be within manufacturer's specification. 
During measurement and operation the line voltage should not vary by more
than ± 2 V (see the document listed in Sec. 13.3.4).  Electronic components in
most microwave units are matched to the system's function and output.  When
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any part of the high voltage circuit, power source, or control components in the
system have been serviced or replaced, it will be necessary to recheck the
system’s calibration.  If the power output has changed significantly (± 10 W),
then the entire calibration should be re-evaluated.


11.0 PROCEDURE


11.1 Temperature control of closed vessel microwave instruments provides the main
feedback control performance mechanism for the method.  Method control requires a
temperature sensor in one or more vessels during the entire digestion.  The microwave
decomposition system should sense the temperature to within ± 2.5 EC and permit adjustment
of the microwave output power within 2 seconds.


11.2 All digestion vessels and volumetric ware must be carefully acid washed and
rinsed with reagent water.  When switching between highly concentrated samples and low
concentrated samples, all digestion vessels (fluoropolymer or quartz liners) should be cleaned
by leaching with hot (greater than 80 EC, but less than boiling) hydrochloric acid (1:1) for a
minimum of two hours followed by hot (greater than 80 EC, but less than boiling) nitric acid (1:1)
for a minimum of two hours.  The vessels should then be rinsed with reagent water and dried in
a clean environment.  This cleaning procedure should also be used whenever the prior use of
the digestion vessels is unknown or cross contamination from prior sample digestions in vessels
is suspected.  Polymeric or glass volumetric ware and storage containers should be cleaned by
leaching with more dilute acids (approximately 10% V/V) appropriate for the specific material
used and then rinsed with reagent water and dried in a clean environment.


11.3 Sample digestion


11.3.1 Measure a 45 mL aliquot of a well-shaken, homogenized sample using an
appropriate volumetric measurement and delivery device, and quantitatively transfer the
aliquot to an appropriate vessel equipped with a controlled pressure relief mechanism. 
Samples that are highly reactive or contaminated may require dilution.  If samples are
diluted, then any dilutions must be accounted for in all subsequent calculations


11.3.2 Add 5 ± 0.1 mL of concentrated nitric acid or, alternatively, 4 ± 0.1 mL of
concentrated nitric acid and 1 ± 0.1 mL of concentrated hydrochloric acid to the vessel in a
fume hood (or fume exhausted enclosure).  The addition of concentrated hydrochloric acid
to the nitric acid is appropriate for the stabilization of certain analytes, such as Ag, Ba, and
Sb and high concentrations of Fe and Al in solution.  Improvements and optimal
recoveries of Sb and Ag upon addition of HCl have been described in the literature (see
the document listed in Sec. 13.3.4).  The addition of hydrochloric acid may, however, limit
the quantitation techniques or increase the difficulties of analysis for some quantitation
systems.


WARNING: The addition of hydrochloric acid must be in the form of concentrated
hydrochloric acid and not from a premixed combination of acids.  A build-up
of chlorine gas, as well as other gases, will result from a premixed acid
solution.  These gases may be violently released upon heating.  This is
avoided by adding the acid in the described manner.


WARNING: Toxic nitrogen oxide(s) and chlorine fumes are usually produced during
digestion.  Therefore, all steps involving open or the opening of microwave
vessels must be performed in a properly operating fume ventilation system.
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WARNING:  The analyst should wear protective gloves and face protection.


CAUTION: The use of microwave equipment with temperature feedback control is
needed to control any unfamiliar reactions that may occur during the leaching
of samples of unknown composition.  The leaching of these samples may
require additional vessel requirements such as increased pressure
capabilities.


11.3.3 The analyst should be aware of the potential for a vigorous reaction,
especially with samples containing suspended solids of easily oxidized organic species. 
When digesting a matrix of this type, a vigorous reaction upon the addition of reagent(s)
may present a safety hazard.  Do not leach this type of sample as described in this
method, due to the high potential for unsafe and uncontrollable reactions.  Instead, these
samples may be predigested in a hood, with the vessel loosely capped to allow gases to
escape, eliminating the hazard presented by rapid addition of thermal energy (MW power)
to a reactive mixture.  After predigestion, the samples may be digested according to the
procedures described in this method.


11.3.4 Seal the vessel according to the manufacturer's directions.  Properly
place the vessel in the microwave system according to the manufacturer's recommended
specifications and, when applicable, connect appropriate temperature and pressure
monitoring equipment to vessels according to manufacturer’s specifications.


11.3.5 This method is a performance-based method, designed to achieve or
approach consistent leaching of the sample through achieving specific reaction conditions. 
The temperature of each sample should rise to 170 ± 5 EC in approximately 10 min and
remain at 170 ± 5 EC for 10 min, or for the remainder of the 20-min digestion period (see
Refs 1, 2, and 3 and the document listed in Sec. 13.3.4).  Figure 1 shows the time vs.
temperature and pressure profiles for the leaching of three simulated wastewater samples
using this method (these data are presented for guidance purposes only).  The samples
are composed of approximately 0.35 g SRM 2704 (Buffalo River Sediment) mixed in 45
mL of double-deionized water.  The figure demonstrates the temperature and pressure
profiles for both the all-nitric digest (5 mL of concentrated nitric acid), and the nitric and
hydrochloric mixed-acid digest (4 mL of concentrated nitric acid and 1 mL of concentrated
hydrochloric acid).  Also shown is the profile for the heating of the wastewater sample
without addition of acids.  When using temperature feedback control, the number of
samples that may be simultaneously digested may vary, from one sample up to the
maximum number of vessels that can be heated by the magnetron of the microwave unit
according to the heating profile specified in this section.  The number will depend on the
power of the unit, the number of vessels, and the heat loss characteristics of the vessels
(see the document listed in Sec. 13.3.4).


11.3.5.1 Calibration control is applicable in reproducing this method
provided the power in watts versus time parameters are determined to reproduce
the specifications listed in Sec. 11.3.5.  The calibration settings will be specific to
the quantity of reagents, the number of vessels, and the heat loss characteristics of
the vessels (see the document listed in Sec. 13.3.4).  If calibration control is being
used, any vessels containing acids for analytical blank purposes are counted as
sample vessels.  When fewer than the recommended number of samples are to be
digested, the remaining vessels should be filled with 45 mL of water, and the acid
mixture added, so that the full complement of vessels is achieved.  This provides
an energy balance, since the microwave power absorbed is proportional to the total
absorbing mass in the cavity (see the document listed in Sec. 13.3.4).  Irradiate
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each group of vessels using the predetermined calibration settings.  (Different
vessel types should not be mixed.)


11.3.6 At the end of the microwave program, allow the vessels to cool for a
minimum of 5 min before removing them from the microwave system.  Cooling of the
vessels may be accelerated by internal or external cooling devices.  When the vessels
have cooled to near room temperature, determine if the microwave vessels have
maintained their seal throughout the digestion.  Due to the wide variability of vessel
designs, a single procedure is not appropriate.  For vessels that are sealed as discrete
separate entities, the vessel weight may be taken before and after digestion to evaluate
seal integrity.  If the weight loss of the sample exceeds 1% of the weight of the sample
and reagents, then the sample is considered compromised.  For vessels with burst disks,
a careful visual inspection of the disk, in addition to weighing, may identify compromised
vessels.  For vessels with resealing pressure relief mechanisms, an auditory or a physical
sign that can indicate whether a vessel has vented is appropriate.


11.3.7 Complete the preparation of the sample by venting microwave containers
in a fume hood before uncapping, so as to avoid a rush of acid vapor that may still be in
the headspace.  When sufficiently cool to handle, carefully uncap the vessels, using the
procedure recommended by the vessel manufacturer.  Quantitatively transfer the sample
to an acid-cleaned bottle.  If the digested sample contains particulates which may clog
nebulizers or interfere with injection of the sample into the instrument, the sample may be
centrifuged (Sec. 11.3.7.1), allowed to settle (Sec. 11.3.7.2), or filtered (Sec. 11.3.7.3).


11.3.7.1 Centrifugation:  Centrifugation at 2,000 - 3,000 rpm for 10 min
is usually sufficient to clear the supernatant.


11.3.7.2 Settling:  If undissolved material, such as SiO2, TiO2, or other
refractory oxides, remains, allow the sample to stand until the supernatant is clear. 
Allowing a sample to stand overnight will usually accomplish this.  If it does not,
centrifuge or filter the sample.


11.3.7.3 Filtering:  If necessary, the filtering apparatus must be
thoroughly cleaned and prerinsed with dilute (approximately 10% V/V) nitric acid. 
Filter the sample through qualitative filter paper into a second acid-cleaned
container.


11.3.8 The removal or reduction of the quantity of sample may be desirable for
concentration of analytes prior to analysis.  The chemistry and volatility of the analytes of
interest should be considered and evaluated when using this alternative (see Ref. 4 and
the document listed in Sec. 13.3.4).  Sample evaporation in a controlled environment with
controlled purge gas and neutralizing and collection of exhaust interactions is an
alternative where appropriate.  This manipulation may be performed in the microwave
system, if the system is capable of this function, or external to the microwave system in
more common apparatus.  This option must be tested and validated to determine analyte
retention and loss and should be accompanied by equipment validation possibly using the
standard addition method and standard reference materials.  For further information, see
Ref. 4, the document listed in Sec. 13.3.4, and Method 3052.


NOTE: The final solution typically requires nitric acid to maintain appropriate sample
solution acidity and stability of the elements.  Commonly, a 2% (v/v) nitric acid
concentration is desirable.  Waste minimization techniques should be used to
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capture reagent fumes.  This procedure should be tested and validated in the
apparatus and on standards before using on unknown samples.


11.3.9 Transfer or decant the sample into volumetric ware and dilute the digest
to a known volume.  The digest is now ready for analysis for elements of interest using
appropriate elemental analysis techniques.


12.0 DATA ANALYSIS AND CALCULATIONS


12.1 Calculations:  The concentrations determined are to be reported on the basis of the
actual volume of the original sample.  All dilutions must be taken into account when computing
the final results.


12.2 Prior to using this method, verify that the temperature sensing equipment is
properly reading temperature.  A procedure for verification is given in Sec. 6.1.2.  This will
establish the accuracy and precision of the temperature sensing equipment, which should be
carried throughout the statistical treatment of the quality assurance data.


12.3 In calibrating the microwave unit (Sec. 10.0), the power absorbed (for each power
setting) by 1 kg of reagent water exposed to 120 sec of microwave energy is determined by the
following expression:


Power (in watts) = (T1 - T2) (34.86)


Where:


T1 = Initial temperature of water (between 21 and 25 EC to nearest 0.1 EC)


T2 = Final temperature of water (to nearest 0.1 EC)


12.4 Plot the power settings against the absorbed power (calculated in Sec. 12.3) to
obtain a calibration relationship.  Alternatively, use a microwave calibration program to analyze
the calibration data (see Ref. 4 and the document listed in Sec. 13.3.4).  Interpolate the data to
obtain the instrument settings needed to provide the wattage levels specified in Sec. 12.3.


13.0 METHOD PERFORMANCE


13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance.  The data do not represent required performance goals for users of the
methods.   Instead, performance goals should be developed on a project-specific basis, and the
laboratory should establish in-house QC performance criteria for the application of this method.
These performance data are not intended to be and must not be used as absolute QC
acceptance criteria for purposes of laboratory accreditation.


13.2 The fundamental analytical validation of this method with nitric acid has been
performed (Ref. 3).  The results are shown in Tables 1a and 1b for guidance purposes only. 
Variations of this method including nitric acid and hydrochloric acid have also been published in
the literature (see the documents listed in Secs. 13.3.3 and 13.3.4).  The method has also been
tested on a variety of matrices, including two simulated wastewater matrices, one consisting of
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~ 0.35 g sediment (SRM 2704) mixed with 45 mL of double-deionized water, and the other
consisting of ~ 0.35 g of soil (SRM 4355) mixed with 45 mL of double-deionized water.  The
results are shown in Tables 2 and 3.  These data are presented for guidance purposes only.


13.3 The following documents may provide additional guidance and insight on this
method and technique:


13.3.1 1985 Annual Book of ASTM Standards, Vol. 11.01; "Standard
Specification for Reagent Water," ASTM, Philadelphia, PA, 1985, D1193-77.


 
13.3.2 Introduction to Microwave Sample Preparation: Theory and Practice


(Chapters 6 and 11), Kingston, H. M. and Jassie, L. B., Eds., ACS Professional Reference
Book Series, American Chemical Society, Washington, DC, 1988.


13.3.3 H. M. Kingston and P. J. Walter, "Comparison of Microwave Versus
Conventional Dissolution for Environmental Applications," Spectroscopy, Vol. 7 No. 9, 20-
27, 1992. 


13.3.4 H. M. Kingston, S. J. Haswell, Eds, "Environmental Microwave Sample
Preparation:  Fundamentals, Methods, and Applications," in Microwave Enhanced
Chemistry:  Fundamentals, Sample Preparation, and Applications, ACS Professional
Reference Book Series, American Chemical Society, Washington, DC  1997.


14.0 POLLUTION PREVENTION


14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity or toxicity of waste at the point of generation.  Numerous opportunities for pollution
prevention exist in laboratory operations.  The EPA has established a preferred hierarchy of
environmental management techniques that places pollution prevention as the management
option of first choice.  Whenever feasible, laboratory personnel should use pollution prevention
techniques to address their waste generation.  When wastes cannot be feasibly reduced at the
source, the Agency recommends recycling as the next best option.


14.2 For information about pollution prevention that may be applicable to laboratories
and research institutions, consult Less is Better: Laboratory Chemical Management for Waste
Reduction, available from the American Chemical Society's Department of Government
Relations and Science Policy, 1155 16th Street, NW, Washington, DC  20036,
http://www.acs.org.


15.0 WASTE MANAGEMENT


The Environmental Protection Agency requires that laboratory waste management
practices be conducted consistent with all applicable rules and regulations.  The Agency urges
laboratories to protect the air, water, and land by minimizing and controlling all releases from
hoods and bench operations, complying with the letter and spirit of any sewer discharge permits
and regulations, and by complying with all solid and hazardous waste regulations, particularly
the hazardous waste identification rules and land disposal restrictions.  For further information
on waste management, consult The Waste Management Manual for Laboratory Personnel
available from the American Chemical Society at the address listed in Sec. 14.2.
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17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA


The following pages contain the tables and figure referenced by this method.
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TABLE 1a


RECOVERY OF ANALYTES IN CERTIFIED REFERENCE MATERIAL WATER SAMPLES BY
ICP-OES AFTER DIGESTION BY METHOD 3015 (NITRIC ONLY):  RESULTS OF


VALIDATION STUDY (REF. 3)


TM-11a TM-12a T-95b T-107b T-109b


Element Mean 
± Std
Dev


Cert
Mean


Mean
± Std
Dev


Cert
Mean


Mean
±  Std
Dev


Cert
Mean


Mean
± Std
Dev


Cert
Mean


Mean
±  Std
Dev


Cert
Mean


Al 480 ± 
26


510 2800 ±
88


2687 210 ± 
19


220 120 ± 
31


113


As 13 ± 1 10.8 90 ± 11 81.5


Ba 140 ± 
23


450 2400 ±
70


2529 200 ± 
16


192


Be 11.3 ± 
0.5


11.0 26 ± 26 22.1


Ca 12000
± 783


11700 59000
± 999


35400


Cd 45 ± 2 40.8 240 ± 
8


237 12 ± 1 14.3 10 ± 2 12.1


Co 240 ± 
14


227 1150 ±
36


1067


Cr 64 ± 4 52.1 350 ± 
10


299 23 ± 23 13 30 ± 6 18.7


Cu 78 ± 4 46.3 320 ± 
9


288 42 ± 42 30 34 ± 4 21.4


Fe 290 ± 
16


249 1180 ±
43


1089 60  ± 9 52 130 ± 
7


106


K 5000 ±
784


4700 2600 ± 
383


2330


Mg 35000
± 1922


32800 2200 ± 
110


2100 10200
± 218


9310


Mn 61 ± 3 46.0 300 ± 
9


1089 53 ± 53 45 47 ± 3 34


Na 20000
±


10690


190000 2300 ± 
1056


20700 13800
± 516


120002
64


Ni 280 ± 
16


1290 ±
39


1234 61 ± 2 57


Pb 280 ± 
32


275 1360 ±
35


1326 30.1 ± 
0.2


26 39 ± 1 34.9


Se 65.97 ±
2.65


60.1 13 ± 13 11


V 530 ± 
26


491 2400 ±
61


2319


Zn 56 ± 3 55.4 520 ± 
9


314 31 ±  3 75.8 70  ±  4 74


a Semi-synthetic, aqueous certified reference material from Research and Applications Branch,
National Water Research Institute, Canada Centre for Inland Waters, Reference Materials -
Water
b USGS standard reference water sample
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TABLE 1b


RECOVERY OF ANALYTES IN EPA WATER ANALYSIS PERFORMANCE EVALUATION 
SAMPLES BY ICP-OES AFTER DIGESTION BY METHOD 3015 (NITRIC ONLY):  RESULTS


OF VALIDATION STUDY (REF. 3)


WP980 #1c WP980 #2c WS378 #12c


Element Mean ±
Std Dev 


Cert 
Mean


Mean ±
Std Dev


Cert 
Mean


Mean ±
Std Dev


Cert 
Mean


Sb 18.0 ± 0.5 16.92 110 ±  34 101.5


Tl 55 ±  2 50 7.0 ±  0.5 6.26


Ag 19 ±  5 46


c EPA water analysis performance evaluation samples, water pollution (WP) and water supply
(WS) series.
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TABLE 2


EXAMPLE COMPARISON OF ANALYTE RECOVERIES FROM “SIMULATED WASTEWATER”
MIXTURE OF ~ 0.35 G SRM 2704 (BUFFALO RIVER SEDIMENT) 


AND 45 ML DOUBLE-DEIONIZED WATER, USING BOTH DIGEST OPTIONS 
(REF. 5) 


Element 5 mL HNO3 
digest


4 mL HNO3 + 
1 mL HCl digest


Total Analyte
Concentration


Ag      0.31 ± 0.05 0.41 ± 0.09 ---*
B      23.8 ± 3.1 30.6 ± 8.3 ---*


Be      0.81 ± 0.13 0.91 ± 0.19 ---*
Co      12.0 ± 0.30 11.5 ± 0.98 14.0 ± 0.6
Hg ---- 1.49 ± 0.03 1.44 ± 0.07
Mo      2.97 ± 0.72 3.15 ± 0.28 ---*
Ni      39.6 ± 2.5 41.3 ± 1.7 44.1 ± 3.0
Sr      41.9 ± 1.3 49.0 ± 1.6 (130)
V      6.18 ± 2.5 14.6 ± 2.4 95 ± 4
Zn       418 ± 12 412 ± 31 438 ± 12


Results reported in µg/g analyte (mean ± 95% confidence limit).
Total concentrations are taken from NIST SRM Certificate of Analysis.
Values in parenthesis are reference concentrations.
Quantitative determinations made using Flame AA or ICPMS.
* The total concentration of this analyte in SRM 2704 is not certified.
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TABLE 3


EXAMPLE COMPARISON OF ANALYTE RECOVERIES FROM “SIMULATED WASTEWATER”
MIXTURE OF ~0.35 G  SRM 4355 (PERUVIAN SOIL) AND 


45 ML  DOUBLE-DEIONIZED WATER, USING BOTH DIGEST OPTIONS 
(REF. 5)


Element 5 mL HNO3 
digest


4 mL HNO3 + 
1 mL HCl digest


Total Analyte
Concentration


Ag 1.31 ± 0.12 1.62 ± 0.11 (1.9)*
B 32.9 ± 2.1 31.8 ± 2.7 (63)*


Co 10.5 ± 0.34 10.4 ± 0.41 14.8 ± 0.76
Mo 0.99 ± 0.06 1.1 ± 0.11 (1.7)*
Ni 12.2 ± 1.2 13.1 ± 1.9 (13)*
Pb 135 ± 4 136 ± 4 129 ± 26
Sb 3.7 ± 0.30 5.2 ± 0.53 14.3 ± 2.2
Sr 140 ± 6 143 ± 7 (330)


Results reported in µg/g analyte (mean ± 95% confidence limit).
Total concentrations are taken from NIST SRM Certificate of Analysis.
Quantitative determinations made using Flame AA or ICPMS
* Values in parenthesis are reference concentrations.
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FIGURE 1


THE TYPICAL TEMPERATURE AND PRESSURE PROFILE FOR THE HEATING OF A 
SIMULATED WASTEWATER SAMPLE  (~ 0.35 G OF SRM 2704 + 45 ML OF DOUBLE-


DEIONIZED WATER) USING BOTH DIGEST OPTIONS 
(5 ML OF HNO3 AND 4 ML OF HNO3 + 1 ML OF HCL)
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11.3.7.1 - 11.3.7.3
Centrifuge, settle or


filter sample.


10.1 Calibrate 
microwave equipment. *


11.3.2 Add 5 ±0.1 mL conc. HNO3 or,
alternatively, 4±0.1 mL conc. HNO3


and 1±0.1 mL conc. HCl.


11.3.1 Measure 45 mL aliquot of
sample into the digestion vessel.


11.2 Acid wash and water rinse all
digestion vessels and glassware.


11.3.3 Has
vigorous


reaction taken
place?


11.3.3 Sample may represent a
safety hazard.  Pre-digest sample


in a hood, with vessel loosely
capped to allow gases to escape,


before proceeding.


11.3.7 Transfer sample to
acid-cleaned bottle.


11.3.5 Heat samples according
to time vs pressure profiles.


11.3.4 Seal and place vessels in
microwave system.


11.3.6 Allow vessels to cool to
room temperature.


Have vessels
maintained
their seal?


11.3.8 Remove or reduce quantity of
sample by evaporation with controlled


purge gas.


Are particulates
present?


12.0 Calculate concentrations
based on original sample volume.


Start


Stop


Yes


No


YesNo


Yes


No


* Not necessary if using a unit equipped with temperature feedback control.


METHOD 3015A


MICROWAVE ASSISTED ACID DIGESTION OF AQUEOUS SAMPLES AND EXTRACTS
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METHOD 3005A


ACID DIGESTION OF WATERS FOR TOTAL RECOVERABLE OR
DISSOLVED METALS FOR ANALYSIS BY FLAA OR ICP SPECTROSCOPY


1.0  SCOPE AND APPLICATION
 


1.1 Method 3005 is an acid digestion procedure used to prepare surface
and ground water samples for analysis by flame atomic absorption spectroscopy
(FLAA) or by inductively coupled argon plasma spectroscopy (ICP).  Samples
prepared by Method 3005 may be analyzed by AAS or ICP for the following metals:


Aluminum Magnesium
Antimony** Manganese
Arsenic* Molybdenum
Barium Nickel
Beryllium Potassium
Cadmium Selenium*
Calcium Silver
Chromium Sodium
Cobalt Thallium
Copper Vanadium
Iron Zinc
Lead


* ICP only
**May be analyzed by ICP, FLAA, or GFAA


1.2 When analyzing for total dissolved metals filter the sample, at the
time of collection, prior to acidification with nitric acid.
 


2.0  SUMMARY OF METHOD
 


2.1 Total recoverable metals - The entire sample is acidified at the time
of collection with nitric acid.  At the time of analysis the sample is heated
with acid and substantially reduced in volume.  The digestate is filtered and
diluted to volume, and is then ready for analysis.


2.2 Dissolved metals - The sample is filtered through a 0.45-µm filter
at the time of collection and the liquid phase is then acidified at the time of
collection with nitric acid.  Samples for dissolved metals do not need to be
digested as long as the acid concentrations have been adjusted to the same
concentration as in the standards.


3.0  INTERFERENCES
 
   3.1 The analyst should be cautioned that this digestion procedure may not
be sufficiently vigorous to destroy some metal complexes.
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Precipitation will cause a lowering of the silver concentration and therefore an
inaccurate analysis.


4.0  APPARATUS AND MATERIALS 


4.1 Griffin beakers of assorted sizes or equivalent. 


4.2 Watch glasses or equivalent.


4.3 Qualitative filter paper and filter funnels.


4.4 Graduated cylinder or equivalent.


4.5  Electric hot plate or equivalent - adjustable and capable of
maintaining a temperature of 90-95 C.o


5.0  REAGENTS 


  5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise
indicated, it is intended that all reagents shall conform to the specifications
of the Committee on Analytical Reagents of the American Chemical Society, where
such specifications are available. Other grades may be used, provided it is first
ascertained that the reagent is of sufficiently high purity to permit its use
without lessening the accuracy of the determination.


5.2 Reagent Water.  Reagent water shall be interference free.  All
references to water in the method refer to reagent water unless otherwise
specified.  Refer to Chapter One for a definition of reagent water.


  5.3 Nitric acid (concentrated), HNO .  Acid should be analyzed to3


determine level of impurities.  If method blank is < MDL, then acid can be used.
 
  5.4 Hydrochloric acid (concentrated), HCl.  Acid should be analyzed to
determine level of impurities.  If method blank is < MDL, then acid can be used.


6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING


   6.1 All samples must have been collected using a sampling plan that
addresses the considerations discussed in Chapter Nine of this manual.
 
  6.2 All sample containers must be prewashed with detergents, acids, and
water.  Both plastic and glass containers are suitable.
 


6.3 Sampling


6.3.1 Total recoverable metals - All samples must be acidified at
the time of collection with HNO  (5 mL/L).3


6.3.2 Dissolved metals - All samples must be filtered through a
0.45-µm filter and then acidified at the time of collection with HNO  3
(5 mL/L).
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7.0  PROCEDURE


 7.1 Transfer a 100-mL aliquot of well-mixed sample to a beaker.


   7.2 For metals that are to be analyzed, add 2 mL of concentrated HNO  and3


5 mL of concentrated HCl.  The sample is covered with a ribbed watch glass or
other suitable covers and heated on a steam bath, hot plate or other heating
source at 90 to 95 C until the volume has been reduced to 15-20 mL.o


CAUTION: Do not boil.  Antimony is easily lost by volatilization from
hydrochloric acid media.


  7.3 Remove the beaker and allow to cool.  Wash down the beaker walls and
watch glass with water and, when necessary, filter or centrifuge the sample to
remove silicates and other insoluble material that could clog the nebulizer.
Filtration should be done only if there is concern that insoluble materials may
clog the nebulizer; this additional step is liable to cause sample contamination
unless the filter and filtering apparatus are thoroughly cleaned and prerinsed
with dilute HNO .3
 
  7.4 Adjust the final volume to 100 mL with reagent water.


8.0  QUALITY CONTROL 
 


8.1 All quality control measures described in Chapter One should be
followed.


  8.2 For each analytical batch of samples processed, blanks should be
carried throughout the entire sample preparation and analytical process.  These
blanks will be useful in determining if samples are being contaminated.  Refer
to Chapter One for the proper protocol when analyzing blanks.


   8.3 Replicate samples should be processed on a routine basis.  A
replicate sample is a sample brought through the whole sample preparation and
analytical process.  Replicate samples will be used to determine precision.  The
sample load will dictate the frequency, but 5% is recommended.  Refer to Chapter
One for the proper protocol when analyzing replicates.
 
  8.4 Spiked samples or standard reference materials should be employed to
determine accuracy.  A spiked sample should be included with each batch.  Refer
to Chapter One for the proper protocol when analyzing spikes.
 


9.0  METHOD PERFORMANCE


9.1 No data provided.
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METHOD 3050B


ACID DIGESTION OF SEDIMENTS, SLUDGES, AND SOILS


1.0  SCOPE AND APPLICATION


1.1 This method has been written to provide two separate digestion procedures, one for
the preparation of sediments, sludges, and soil samples for analysis by flame atomic absorption
spectrometry (FLAA) or inductively coupled plasma atomic emission spectrometry (ICP-AES) and
one for the preparation of sediments, sludges, and soil samples for analysis of samples by Graphite
Furnace AA (GFAA) or inductively coupled plasma mass spectrometry (ICP-MS).  The extracts from
these two procedures are not interchangeable and should only be used with the analytical
determinations outlined in this section.  Samples prepared by this method may be analyzed by ICP-
AES or GFAA for all the listed metals as long as the detecion limits are adequate for the required
end-use of the data.  Alternative determinative techniques may be used if they are scientifically valid
and the QC criteria of the method, including those dealing with interferences, can be achieved.
Other elements and matrices may be analyzed by this method if performance is demonstrated for
the analytes of interest, in the matrices of interest, at  the concentration levels of interest (See
Section 8.0). The recommended determinative techniques for each element are listed below:


                   FLAA/ICP-AES                    GFAA/ICP-MS


Aluminum Magnesium Arsenic
Antimony Manganese Beryllium
Barium Molybdenum Cadmium
Beryllium Nickel Chromium
Cadmium Potassium Cobalt
Calcium Silver Iron
Chromium Sodium Lead
Cobalt Thallium Molybdenum
Copper Vanadium Selenium
Iron Zinc Thallium
Lead
Vanadium


1.2 This method is not a total digestion technique for most samples.  It is a very strong
acid digestion that will dissolve almost all elements that could become “environmentally available.”
By design, elements bound in silicate structures are not normally dissolved by this procedure as they
are not usually mobile in the environment.  If absolute total digestion is required use Method 3052.


2.0  SUMMARY OF METHOD


2.1 For the digestion of samples, a representative 1-2 gram (wet weight) or 1 gram (dry
weight) sample is digested with repeated additions of nitric acid (HNO ) and hydrogen peroxide3


(H O ).2 2


2.2 For GFAA or ICP-MS analysis, the resultant digestate is reduced in volume while
heating and then diluted to a final volume of 100 mL. 


2.3 For ICP-AES or FLAA analyses, hydrochloric acid (HCl) is added to the initial
digestate and the sample is refluxed.  In an optional step to increase the solubility of some metals
(see Section 7.3.1:  NOTE), this digestate is filtered and the filter paper and residues are rinsed, first
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with hot HCl and then hot reagent water.  Filter paper and residue are returned to the digestion flask,
refluxed with additional HCl and then filtered again.  The digestate is then diluted to a final volume
of 100 mL.


2.4 If required, a separate sample aliquot shall be dried for a total percent solids
determination.


3.0  INTERFERENCES


3.1 Sludge samples can contain diverse matrix types, each of which may present its own
analytical challenge.  Spiked samples and any relevant standard reference material should be
processed in accordance with the quality control requirements given in Sec. 8.0 to aid in determining
whether Method 3050B is applicable to a given waste.


4.0  APPARATUS AND MATERIALS
 


4.1 Digestion Vessels - 250-mL.


4.2 Vapor recovery device (e.g., ribbed watch glasses, appropriate refluxing device,
appropriate solvent handling system).


4.3 Drying ovens - able to maintain 30EC + 4EC.


4.4 Temperature measurement device capable of measuring to at least 125EC with
suitable precision and accuracy (e.g., thermometer, IR sensor, thermocouple, thermister, etc.)


4.5 Filter paper - Whatman No. 41 or equivalent.


 4.6 Centrifuge and centrifuge tubes.


4.7 Analytical balance - capable of accurate weighings to 0.01 g.


4.8 Heating source - Adjustable and able to maintain a temperature of 90-95EC. (e.g., hot
plate, block digestor, microwave, etc.) 


4.9 Funnel or equivalent.


4.10 Graduated cylinder or equivalent volume measuring device. 


4.11 Volumetric Flasks - 100-mL.


5.0  REAGENTS


5.1 Reagent grade chemicals shall be used in all tests. Unless otherwise indicated, it is
intended that all reagents shall conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available. Other grades
may be used, provided it is first ascertained that the reagent is of sufficiently high purity to permit its
use without lessening the accuracy of the determination.  If the purity of a reagent is questionable,
analyze the reagent to determine the level of impurities.  The reagent blank must be less than the
MDL in order to be used.
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5.2 Reagent Water. Reagent water will be interference free.  All references to water in
the method refer to reagent water unless otherwise specified.  Refer to Chapter One for a definition
of reagent water.


5.3 Nitric acid (concentrated), HNO .  Acid should be analyzed to determine level of3


impurities.  If method blank is < MDL, the acid can be used.


5.4 Hydrochloric acid (concentrated), HCl.  Acid should be analyzed to determine level
of impurities.  If method blank is < MDL, the acid can be used.


5.5 Hydrogen peroxide (30%), H O .  Oxidant should be analyzed to determine level of2 2


impurities.  If method blank is < MDL, the peroxide can be used.


6.0  SAMPLE COLLECTION, PRESERVATION, AND HANDLING


6.1 All samples must have been collected using a sampling plan that addresses the
considerations discussed in Chapter Nine of this manual.
 


6.2 All sample containers must be demonstrated to be free of contamination at or below
the reporting limit.  Plastic and glass containers are both suitable.  See Chapter Three, Section 3.1.3,
for further information.


6.3 Nonaqueous samples should be refrigerated upon receipt and analyzed as soon as
possible.


6.4 It can be difficult to obtain a representative sample with wet or damp materials.  Wet
samples may be dried, crushed, and ground to reduce subsample variability as long as drying does
not affect the extraction of the analytes of interest in the sample. 


7.0  PROCEDURE


7.1 Mix the sample thoroughly to achieve homogeneity and sieve, if appropriate and
necessary, using a USS #10 sieve.  All equipment used for homogenization should be cleaned
according to the guidance in Sec. 6.0 to minimize the potential of cross-contamination.  For each
digestion procedure, weigh to the nearest 0.01 g and transfer a 1-2 g sample (wet weight) or 1 g
sample (dry weight) to a digestion vessel.  For samples with high liquid content, a larger sample size
may be used as long as digestion is completed.


NOTE: All steps requiring the use of acids should be conducted under a fume hood by
properly trained personnel using appropriate laboratory safety equipment.  The use of an acid
vapor scrubber system for waste minimization is encouraged.


7.2 For the digestion of samples for analysis by GFAA or ICP-MS, add 10 mL of 1:1
HNO , mix the slurry, and cover with a watch glass or vapor recovery device.  Heat the sample to3


95EC ± 5EC and reflux for 10 to 15 minutes without boiling.  Allow the sample to cool, add 5 mL of
concentrated HNO , replace the cover, and reflux for 30 minutes. If brown fumes are generated,3


indicating oxidation of the sample by HNO , repeat this step (addition of 5 mL of conc. HNO ) over3           3


and over until no brown fumes are given off by the sample indicating the complete reaction with
HNO .  Using a ribbed watch glass or vapor recovery system, either allow the solution to evaporate3


to approximately 5 mL without boiling or heat at 95EC ± 5EC without boiling for two hours.  Maintain
a covering of solution over the bottom of the vessel at all times.
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NOTE: Alternatively, for direct energy coupling devices, such as a microwave, digest
samples for analysis by GFAA or ICP-MS by adding 10 mL of 1:1 HNO , mixing the slurry and3


then covering with a vapor recovery device.  Heat the sample to 95EC ± 5EC and reflux for
5 minutes at 95EC ± 5EC without boiling.  Allow the sample to cool for 5 minutes, add 5 mL
of concentrated HNO , heat the sample to 95EC ± 5EC and reflux for 5 minutes at 95EC ±3


5EC.  If brown fumes are generated, indicating oxidation of the sample by HNO , repeat this3


step (addition of 5 mL concentrated HNO ) until no brown fumes are given off by the sample3


indicating the complete reaction with HNO .  Using a vapor recovery system, heat the sample3


to 95EC ± 5EC and reflux for 10 minutes at 95EC ± 5EC without boiling.     


7.2.1  After the step in Section 7.2 has been completed and the sample has cooled,
add 2 mL of water and 3 mL of 30% H O .  Cover the vessel with a watch glass or vapor2 2


recovery device and return the covered vessel to the heat source for warming and to start
the peroxide reaction.  Care must be taken to ensure that losses do not occur due to
excessively vigorous effervescence.  Heat until effervescence subsides and cool the vessel.


 
NOTE: Alternatively, for direct energy coupled devices: After the Sec.  7.2 “NOTE”
step has been completed and the sample has cooled for 5 minutes, add slowly 10 mL
of 30% H O . Care must be taken to ensure that losses do not occur due to2 2


excessive vigorous effervesence.  Go to Section 7.2.3.


  7.2.2  Continue to add 30% H O  in 1-mL aliquots with warming until the2 2


effervescence is minimal or until the general sample appearance is unchanged.


NOTE:  Do not add more than a total of 10 mL 30% H O .2 2


  7.2.3  Cover the sample with a ribbed watch glass or vapor recovery device and
continue heating the acid-peroxide digestate until the volume has been reduced to
approximately 5 mL or heat at 95EC ± 5EC without boiling for two hours.  Maintain a covering
of solution over the bottom of the vessel at all times. 


NOTE: Alternatively, for direct energy coupled devices: Heat the acid-peroxide
digestate  to 95EC ± 5EC in 6 minutes and remain at 95EC ± 5EC without boiling for
10 minutes.


7.2.4 After cooling, dilute to 100 mL with water.  Particulates in the digestate should
then be removed by filtration, by centrifugation, or by allowing the sample to settle.  The
sample is now ready for analysis by GFAA or ICP-MS.


7.2.4.1 Filtration - Filter through Whatman No. 41 filter paper (or
equivalent).  


7.2.4.2 Centrifugation - Centrifugation at 2,000-3,000 rpm for
10 minutes is usually sufficient to clear the supernatant.


7.2.4.3 The diluted digestate solution contains approximately 5% (v/v)
HNO .  For analysis, withdraw aliquots of appropriate volume and add any required3


reagent or matrix modifier.  


7.3 For the analysis of samples for FLAA or ICP-AES, add 10 mL conc. HCl to the sample
digest from 7.2.3 and cover with a watch glass or vapor recovery device.  Place the sample on/in
the heating source and reflux at 95 C ± 5EC for 15 minutes.o
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NOTE: Alternatively, for direct energy coupling devices, such as a microwave, digest
samples for analysis by FLAA and ICP-AES by adding 5 mL HCl and 10 mL H O to the2


sample digest from 7.2.3 and heat the sample to 95 C ± 5EC, Reflux at 95 C ± 5EC withouto      o


boiling for 5 minutes.


7.4 Filter the digestate through Whatman No. 41 filter paper (or equivalent) and collect
filtrate in a 100-mL volumetric flask. Make to volume and analyze by FLAA or ICP-AES.


NOTE: Section 7.5 may be used to improve  the solubilities and recoveries of antimony,
barium, lead, and silver when necessary.  These steps are optional and are not
required on a routine basis.


7.5 Add 2.5 mL conc. HNO  and 10 mL conc. HCl to a 1-2 g sample (wet weight) or 1 g3


sample (dry weight) and cover with a watchglass or vapor recovery device.  Place the sample on/in
the heating source and reflux for 15 minutes.  


7.5.1 Filter the digestate through Whatman No. 41 filter paper (or equivalent) and
collect filtrate in a 100-mL volumetric flask.  Wash the filter paper, while still in the funnel,
with no more than 5 mL of hot (~95EC) HCl, then with 20 mL of hot (~95EC) reagent water.
Collect washings in the same 100-mL volumetric flask.


7.5.2 Remove the filter and residue from the funnel, and place them back in the
vessel.  Add 5 mL of conc. HCl, place the vessel back on the heating source, and heat at
95EC ± 5EC until the filter paper dissolves.  Remove the vessel from the heating source and
wash the cover and sides with reagent water.  Filter the residue and collect the filtrate in the
same 100-mL volumetric flask.  Allow filtrate to cool, then dilute to volume.


NOTE:  High concentrations of metal salts with temperature-sensitive solubilities can
result in the formation of precipitates upon cooling of primary and/or secondary
filtrates.  If precipitation occurs in the flask upon cooling, do not dilute to volume.  


7.5.3 If a precipitate forms on the bottom of a flask, add up to 10 mL of
concentrated HCl to dissolve the precipitate.  After precipitate is dissolved, dilute to volume
with reagent water.  Analyze by FLAA or ICP-AES.


7.6 Calculations
  


7.6.1 The concentrations determined are to be reported on the basis of the actual
weight of the sample.  If a dry weight analysis is desired, then the percent solids of the
sample must also be provided.


 7.6.2 If percent solids is desired, a separate determination of percent solids must
be performed on a homogeneous aliquot of the sample.


8.0  QUALITY CONTROL


8.1 All quality control measures described in Chapter One should be followed.


8.2 For each batch of samples processed, a method blank should be carried throughout
the entire sample preparation and analytical process according to the frequency described in Chapter
One.  These blanks will be useful in determining if samples are being contaminated.  Refer to
Chapter One for the proper protocol when analyzing method blanks.
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 8.3 Spiked duplicate samples should be processed on a routine basis and whenever a
new sample matrix is being analyzed.  Spiked duplicate samples will be used to determine precision
and bias.  The criteria of the determinative method will dictate frequency, but 5% (one per batch) is
recommended or whenever a new sample matrix is being analyzed.  Refer to Chapter One for the
proper protocol when analyzing spiked replicates.
  


8.4 Limitations for the FLAA and ICP-AES optional digestion procedure.  Analysts should
be aware that the upper linear range for silver, barium, lead, and antimony may be exceeded with
some samples.  If there is a reasonable possibility that this range may be exceeded, or if a sample’s
analytical result exceeds this upper limit, a smaller sample size should be taken through the entire
procedure and re-analyzed to determine if the linear range has been exceeded.  The approximate
linear upper ranges for a 2 gram sample size:


    Ag   2,000 mg/kg
    As 1,000,000 mg/kg
    Ba       2,500 mg/kg
    Be 1,000,000 mg/kg
    Cd 1,000,000 mg/kg
    Co 1,000,000 mg/kg
    Cr 1,000,000 mg/kg
    Cu 1,000,000 mg/kg
    Mo 1,000,000 mg/kg
    Ni 1,000,000 mg/kg
    Pb      200,000 mg/kg
    Sb      200,000 mg/kg
    Se 1,000,000 mg/kg
    Tl 1,000,000 mg/kg
    V  1,000,000 mg/kg
    Zn 1,000,000 mg/kg


NOTE:  These ranges will vary with sample matrix, molecular form, and size.


9.0 METHOD PERFORMANCE


9.1 In a single laboratory, the recoveries of the three matrices presented in Table 2 were
obtained using the digestion procedure outlined for samples prior to analysis by FLAA and ICP-AES.
The spiked samples were analyzed in duplicate.  Tables 3-5 represents results of analysis of NIST
Standard Reference Materials that were obtained using both atmospheric pressure microwave
digestion techniques and hot-plate digestion procedures.
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TABLE 1


STANDARD RECOVERY (%) COMPARISON FOR
METHODS 3050A AND 3050Ba


Analyte METHOD 3050A METHOD 3050B w/optiona   a


 Ag 9.5 98
 As 86 102
 Ba 97 103
 Be 96 102
 Cd 101 99
 Co 99 105
 Cr 98 94
 Cu 87 94
 Mo 97 96
 Ni 98 92
 Pb 97 95
 Sb 87 88
 Se 94 91
 Tl 96 96
 V 93 103
 Zn 99 95


All values are percent recovery.  Samples: 4 mL of 100 mg/mL multistandard; n = 3.a
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TABLE 2


PERCENT RECOVERY COMPARISON FOR METHODS 3050A AND 3050B


Percent Recoverya,c


Analyte Sample 4435 Sample 4766 Sample HJ   Average  


3050A 3050B 3050A 3050B 3050A 3050B 3050A 3050B


Ag 9.8 103 15 89 56 93 27 95
As 70 102 80 95 83 102 77 100
Ba 85 94 78 95 b b 81 94
Be 94 102 108 98 99 94 99 97
Cd 92 88 91 95 95 97 93 94
Co 90 94 87 95 89 93 89 94
Cr 90 95 89 94 72 101 83 97
Cu 81 88 85 87 70 106 77 94
Mo 79 92 83 98 87 103 83 98
Ni 88 93 93 100 87 101 92 98
Pb 82 92 80 91 77 91 81 91
Sb 28 84 23 77 46 76 32 79
Se 84 89 81 96 99 96 85 94
Tl 88 87 69 95 66 67 74 83
V 84 97 86 96 90 88 87 93
Zn 96 106 78 75 b b 87 99


a - Samples: 4 mL of 100 mg/mL multi-standard in 2 g of sample.  Each value is percent recovery
and is the average of duplicate spikes.


b - Unable to accurately quantitate due to high background values.


c - Method 3050B using optional section.
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Table 3
Results of Analysis of Nist Standard Reference Material 2704


“River Sediment” Using Method 3050B (µg/g ± SD)


Element Hot-Plate Total Digestion


Atm. Pressure Atm. Pressure Microwave Atm. Pressure Microwave
Microwave Assisted Assisted Method with Assisted Method with
Method with Power Temperature Control Temperature Control 


Control (gas-bulb) (IR-sensor)


NIST Certified Values for


(µg/g ±95% CI)


Cu 101 ± 7 89 ± 1 98 ± 1.4 100 ± 2 98.6 ± 5.0


Pb 160 ± 2 145 ± 6 145 ± 7 146 ± 1 161 ± 17


Zn 427 ± 2 411 ± 3 405 ± 14 427 ± 5 438 ± 12


Cd NA 3.5 ± 0.66 3.7 ± 0.9 NA 3.45 ± 0.22


Cr 82 ± 3 79 ± 2 85 ± 4 89 ± 1 135 ± 5


Ni 42 ± 1 36 ± 1 38 ± 4 44 ± 2 44.1 ± 3.0


NA - Not Available


Table 4
Results of Analysis of NIST Standard Reference Material 2710


“Montana Soil (Highly Elevated Trace Element Concentrations)” Using Method 3050B 
(µg/g ± SD)


Element Hot-Plate Concentrations Using Total Digestion


Atm. Pressure Atm. Pressure Microwave Atm. Pressure Microwave
Microwave Assisted Method with Assisted Method with


Assisted Method Temperature Control Temperature Control 
with Power Control (gas-bulb) (IR-sensor)


NIST Leachable NIST Certified Values for


Method 3050 (µg/g ±95% CI)


Cu 2640 ± 60 2790 ± 41 2480 ± 33 2910 ± 59 2700 2950 ± 130


Pb 5640 ± 117 5430 ± 72 5170 ± 34 5720 ± 280 5100 5532 ± 80


Zn 6410 ± 74 5810 ± 34 6130 ± 27 6230 ± 115 5900 6952 ± 91


Cd NA 20.3 ± 1.4 20.2 ± 0.4 NA 20 21.8 ± 0.2


Cr 20 ± 1.6 19 ± 2 18 ± 2.4 23 ± 0.5 19 39*


Ni 7.8 ± 0.29 10 ± 1 9.1 ± 1.1 7 ± 0.44 10.1 14.3 ± 1.0


NA - Not Available * Non-certified values, for information only.
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Table 5
Results of Analysis of NIST Standard Reference Material 2711


“Montana Soil (Moderately Elevated Trace Element Concentrations)” Using Method 3050B 
(µg/g ± SD)


Element Assisted Method Assisted Method Hot-Plate Concentrations Using Total Digestion


Atm. Pressure
Microwave


Assisted Method
with Power Control


Atm. Pressure Atm. Pressure
Microwave Microwave NIST Leachable NIST Certified Values for


with Temperature with Temperature Method 3050 (µg/g ±95% CI)
Control (gas-bulb) Control (IR-sensor)


Cu 107 ± 4.6 98 ± 5 98 ± 3.8 111 ± 6.4 100 114 ± 2


Pb 1240 ± 68 1130 ± 20 1120 ± 29 1240 ± 38 1100 1162 ± 31


Zn 330 ± 17 312 ± 2 307 ± 12 340 ± 13 310 350.4 ± 4.8


Cd NA 39.6 ± 3.9 40.9 ± 1.9 NA 40 41.7 ± 0.25


Cr 22 ± 0.35 21 ± 1 15 ± 1.1 23 ± 0.9 20 47*


Ni 15  ± 0.2 17 ± 2 15 ± 1.6 16 ± 0.4 16 20.6 ± 1.1


NA - Not Available 
* Non-certified values, for information only.
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METHOD 3050B
ACID DIGESTION OF SEDIMENTS, SLUDGES, AND SOILS
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METHOD 3051A


MICROWAVE ASSISTED ACID DIGESTION OF 
SEDIMENTS, SLUDGES, SOILS, AND OILS


SW-846 is not intended to be an analytical training manual.  Therefore, method
procedures are written based on the assumption that they will be performed by analysts who are
formally trained in at least the basic principles of chemical analysis and in the use of the subject
technology.


In addition, SW-846 methods, with the exception of required method use for the analysis
of method-defined parameters, are intended to be guidance methods which contain general
information on how to perform an analytical procedure or technique which a laboratory can use
as a basic starting point for generating its own detailed Standard Operating Procedure (SOP),
either for its own general use or for a specific project application.  The performance data
included in this method are for guidance purposes only, and are not intended to be and must
not be used as absolute QC acceptance criteria for purposes of laboratory accreditation.


1.0 SCOPE AND APPLICATION


1.1 This microwave extraction method is designed to mimic extraction using
conventional heating with nitric acid (HNO3), or alternatively, nitric acid and hydrochloric acid
(HCl), according to EPA Method 200.2 and Method 3050.  Since this method is not intended to
accomplish total decomposition of the sample, the extracted analyte concentrations may not
reflect the total content in the sample.  This method is applicable to the microwave-assisted acid
extraction/dissolution‡ of sediments, sludges, soils, and oils for the following elements:


Element CAS Registry No. a


*Aluminum (Al) 7429-90-5


*Antimony (Sb) 7440-36-0


Arsenic (As) 7440-38-2


*Barium (Ba) 7440-39-3


*Beryllium (Be) 7440-41-7


Boron (B) 7440-42-8


Cadmium (Cd) 7440-43-9


Calcium (Ca) 7440-70-2


*Chromium (Cr) 7440-47-3


Cobalt (Co) 7440-48-4


Copper (Cu) 7440-50-8


*Iron (Fe) 7439-89-6







Element CAS Registry No. a
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Lead (Pb) 7439-92-1


*Magnesium (Mg) 7439-95-4


Manganese (Mn) 7439-96-5


Mercury (Hg) 7439-97-6


Molybdenum (Mo) 7439-98-7


Nickel (Ni) 7440-02-0


Potassium (K) 7440-09-7


Selenium (Se) 7782-49-2


*Silver (Ag) 7440-22-4


Sodium (Na) 7440-23-5


Strontium (Sr) 7440-24-6


Thallium (Tl) 7440-28-0


*Vanadium (V) 7440-62-2


Zinc (Zn) 7440-66-6


a Chemical Abstract Service Registry Number


 *Indicates elements which typically require the addition of HCl to achieve
equivalent results with Method 3050, as noted in Ref. 3.


‡Note:  For matrices such as certain types of oils, this method may or may not
provide total sample dissolution. For other matrices, such as soils and sediments,
it should be considered an extraction method. Other elements and matrices may
be analyzed by this method if performance is demonstrated for the analyte of
interest, in the matrices of interest, at the concentration levels of interest (see
Sec. 9.0).


1.2 This method is provided as an alternative to EPA Method 200.2 and Method 3050. 
This method provides options for improving the performance for certain analytes, such as
antimony, iron, aluminum, and silver by the addition of hydrochloric acid, when necessary.  It is
intended to provide a rapid multi-element acid extraction or dissolution prior to analysis so that
decisions can be made about materials and site cleanup levels, the need for TCLP testing of a
waste (see Method 1311), and whether a BDAT process is providing acceptable performance. 
Digests produced by the method are suitable for analysis by flame atomic absorption
spectrophotometry (FLAA), graphite furnace atomic absorption spectrophotometry (GFAA),
inductively coupled plasma atomic emission spectrometry (ICP-AES) and inductively coupled
plasma mass spectrometry (ICP-MS).  However, the addition of HCl may limit the quantitation
methods, or increase the difficulties of quantitation with some techniques.


Due to the rapid advances in microwave technology, consult your manufacturer's
recommended instructions for guidance on their microwave digestion system.
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1.3 Prior to employing this method, analysts are advised to consult the determinative
method that may be employed in the overall analysis for additional information on quality control
procedures, development of QC acceptance criteria, calculations, and general guidance. 
Analysts also should consult the disclaimer statement at the front of the manual and the
information in Chapter Two for guidance on the intended flexibility in the choice of methods,
apparatus, materials, reagents, and supplies, and on the responsibilities of the analyst for
demonstrating that the techniques employed are appropriate for the analytes of interest, in the
matrix of interest, and at the levels of concern.  


In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to Federal testing
requirements.  The information contained in this method is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgments necessary to generate
results that meet the data quality objectives for the intended application.


1.4 Use of this method is restricted to use by, or under supervision of, properly
personnel experienced and trained in the use of microwave digestion systems.  Each analyst
must demonstrate the ability to generate acceptable results with this method. 


2.0 SUMMARY OF METHOD


A representative sample is extracted and/or dissolved in concentrated nitric acid, or
alternatively, concentrated nitric acid and concentrated hydrochloric acid using microwave
heating with a suitable laboratory microwave unit.  The sample and acid(s) are placed in a
fluorocarbon polymer (PFA or TFM) or quartz microwave vessel or vessel liner.  The vessel is
sealed and heated in the microwave unit for a specified period of time.  After cooling, the vessel
contents are filtered, centrifuged, or allowed to settle and then diluted to volume and analyzed
by the appropriate determinative method.


3.0 DEFINITIONS


Refer to Chapter One, Chapter Three and the manufacturer's instructions for definitions
that may be relevant to this procedure.


4.0 INTERFERENCES


4.1 Solvents, reagents, glassware, and other sample processing hardware may yield
artifacts and/or interferences to sample analysis.  All of these materials must be demonstrated
to be free from interferences under the conditions of the analysis by analyzing method blanks. 
Specific selection of reagents and purification of solvents by distillation in all-glass systems may
be necessary.  Refer to each method to be used for specific guidance on quality control
procedures and to Chapter Three for general guidance on the cleaning of glassware.  Also refer
to the determinative methods to be used for a discussion of interferences.


4.2 Very reactive samples or volatile materials may create high pressures due to the
evolution of gaseous digestion products.  This may cause venting of the vessels with potential
loss of sample and/or analytes.  The complete decomposition of either carbonates, or carbon
based samples, may produce enough pressure to vent the vessel if the sample size is greater
than 0.25 g (depending on the pressure capability of the vessel).  Variations of the method to
accommodate very reactive materials are specifically addressed in Sec. 11.3.3.
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4.3 Many types of samples will be dissolved by this method.  A few refractory sample
matrix compounds, such as quartz, silicates, titanium dioxide, alumina, and other oxides may
not be dissolved and in some cases may sequester target analyte elements.  These bound
elements are considered non-mobile in the environment and are excluded from most aqueous
transport mechanisms of pollution.


4.4 Samples that are highly reactive or contaminated may require dilution before
analysis.  If samples are diluted, then any dilutions must be accounted for in all subsequent 
calculations.  Highly reactive samples may also require pre-digestion in a hood to minimize the
danger of thermal runaway and excessively vigorous reactions.  


5.0 SAFETY


5.1 This method does not address all safety issues associated with its use.  The
laboratory is responsible for maintaining a safe work environment and a current awareness file
of OSHA regulations regarding the safe handling of the chemicals listed in this method.  A
reference file of material safety data sheets (MSDSs) should be available to all personnel
involved in these analyses.


5.2 The microwave unit cavity must be corrosion resistant and well ventilated.  All
electronics must be protected against corrosion for safe operation.


CAUTION: There are many safety and operational recommendations specific to the model and
manufacturer of the microwave equipment used in individual laboratories.  A listing
of these specific suggestions is beyond the scope of this method.  The analyst is
advised to consult the equipment manual, the equipment manufacturer, and other
appropriate literature for proper and safe operation of the microwave equipment
and vessels.  For further details and a review of safety methods during microwave
sample preparation, see Ref. 3 and the document of Sec. 13.3.1.


5.3 This method requires microwave transparent and reagent resistant materials such
as fluorocarbon polymers (examples are PFA or TFM) or quartz to contain acids and samples. 
For higher pressure capabilities the vessel may be contained within layers of different
microwave transparent materials for strength, durability, and safety.  The internal volume of the
vessel should be at least 45 mL, and the vessel must be capable of withstanding pressures of at
least 30 atm (435 psi), and capable of controlled pressure relief.  These specifications are to
provide an appropriate, safe, and durable reaction vessel of which there are many adequate
designs by many suppliers.


WARNING: The reagent combination (9 mL nitric acid to 3 mL hydrochloric acid) results in
greater pressures than those resulting from the use of only nitric acid.  As
demonstrated in Figures 1 and 2, pressures of approximately 12 atm have been
reached during the heating of the acid mixture alone (no sample in the vessel). 
Pressures reached during the actual decomposition of a sediment sample (SRM
2704, a matrix with low organic content) have more than doubled when using the 9
mL nitric and 3 mL hydrochloric acid mixture.  These higher pressures necessitate
the use of vessels having higher pressure capabilities (30 atm or 435 psi). 
Matrices  having large organic content, such as oils, can produce approximately 25
atm of pressure inside the vessel (as described in Method 3052).
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WARNING: The outer layers of vessels are frequently not as acid or reagent resistant as the
liner material.  In order to retain the specified performance and safety
requirements, these outer layers must not be chemically degraded or physically
damaged.  Routine examination of the vessel materials is necessary to ensure
their safe use.


WARNING: Another safety concern relates to the use of sealed containers without pressure
relief devices. Temperature is the important variable controlling the reaction. 
Pressure is needed to attain elevated temperatures, but must be safely contained. 
Some digestion vessels constructed from certain fluorocarbons may crack, burst,
or explode in the unit under certain pressures.  Only vessels approved by the
manufacturer of the microwave system being used are considered acceptable.


WARNING: When acids such as nitric and hydrochloric are used to effect sample digestion in
microwave units in open vessel(s), or sealed vessel(s), there is the potential for
any released acid vapors to corrode the safety devices that prevent the microwave
magnetron from shutting off when the door is opened.  This can result in operator
exposure to microwave energy.  Use of a laboratory-grade microwave equipment
system with isolated and corrosion resistant safety devices prevents this from
occurring.  Use of laboratory-grade microwave equipment is needed to prevent
safety hazards.  For further details, consult Ref. 3 and the document listed in Sec.
13.3.1.


Users are therefore advised not to use domestic (kitchen) type microwave ovens or
sealed containers which are not equipped with controlled pressure relief
mechanisms for microwave acid digestions by this method.


6.0 EQUIPMENT AND SUPPLIES


The mention of trade names or commercial products in this manual is for illustrative
purposes only, and does not constitute an EPA endorsement or exclusive recommendation for
use.  The products and instrument settings cited in SW-846 methods represent those products
and settings used during method development or subsequently evaluated by the Agency. 
Glassware, reagents, supplies, equipment, and settings other than those listed in this manual
may be employed provided that method performance appropriate for the intended application
has been demonstrated and documented. 


This section does not list common laboratory glassware (e.g., beakers and flasks).


6.1 Microwave apparatus requirements


6.1.1 The temperature performance requirements necessitate the microwave
decomposition system to sense the temperature to within ± 2.5 EC and automatically
adjust the microwave field output power within 2 seconds of sensing.  Temperature
sensors should be accurate to ± 2 EC (including the final reaction temperature of 175 ± 5
EC).  Temperature feedback control provides the primary performance mechanism for the
method.  Due to the variability in sample matrix types and microwave digestion equipment
(i.e., different vessel types and microwave oven designs), temperature feedback control is
preferred for reproducible microwave heating.  For further details consult Ref. 3.


Alternatively, for a specific vessel type, specific set of reagent(s), and sample type,
a calibration control mechanism can be developed. Through calibration of the microwave
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power for a specific number and type of vessels, vessel load, and heat loss characteristics
of a specific vessel series, the reaction temperature profile described in Sec. 11.3.5 can
be reproduced.  The calibration settings are specific for the number and type of vessels
and microwave system being used, in addition to the specific reagent combination being
used.  Therefore, no specific calibration settings are provided in this method.  These
settings may be developed by using temperature monitoring equipment for each specific
set of microwave equipment and vessel type.  They may be used as previously described
in such methods as Methods 3015 and 3052.  In this circumstance, the microwave system
provides programmable power, which can be programmed to within ± 12 W of the required
power.  Typical systems provide a nominal 600 W to 1200 W of power.  Calibration control
provides backward compatibility with older laboratory microwave systems which may not
be equipped for temperature monitoring or feedback control and with lower cost
microwave systems for some repetitive analyses.  Older vessels with lower pressure
capabilities may not be compatible (see Refs. 1, 2, and 3 and the documents listed in
Secs. 13.3.3 and 13.3.5).


6.1.2 The accuracy of the temperature measurement system should be
periodically validated at an elevated temperature.  This can be done using a container of
silicon oil (a high temperature oil) and an external, calibrated temperature measurement
system.  The oil should be adequately stirred to ensure a homogeneous temperature, and
both the microwave temperature sensor and the external temperature sensor placed into
the oil.  After heating the oil to a constant temperature of 180 ± 5 EC, the temperature
should be measured using both sensors.  If the measured temperatures vary by more than
1 to 2 EC, the microwave temperature measurement system should be calibrated.  Consult
the microwave manufacturer’s instructions about the specific temperature sensor
calibration procedure.


6.1.3 A rotating turntable is employed to ensure the homogeneous distribution
of microwave radiation within the unit.  The speed of the turntable should be a minimum of
3 rpm.  Other types of equipment that are used to assist in achieving uniformity of the
microwave field may also be appropriate.


6.2 Filter paper, qualitative or equivalent.


6.3 Filter funnel, glass, polypropylene, or other appropriate material. 


6.4 Analytical balance, of appropriate capacity and resolution meeting data quality
objectives.


7.0 REAGENTS AND STANDARDS


7.1 Reagent-grade chemicals must be used in all tests.  Unless otherwise indicated, it
is intended that all reagents conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available.  Other
grades may be used, provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.


7.2 All acids should be sub-boiling distilled where possible to minimize the blank levels
due to metallic contamination.  Other grades may be used, provided it is first ascertained that
the reagent is of sufficient purity to permit its use without decreasing the accuracy of the
determination.  If the purity of a reagent is questionable, the reagent should be analyzed to
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determine the level of impurities.  The reagent blank must be less than the lower level of
quantitation in order to be used.


7.2.1 Concentrated nitric acid (HNO3) -- The acid should be analyzed to
determine levels of impurity.  If the method blank is less than the lower level of
quantitation, the acid can be used.


7.2.2 Concentrated hydrochloric acid (HCl) -- The acid should be analyzed to
determine levels of impurity.  If the method blank is less than the lower level of
quantitation, the acid can be used.


7.3 Reagent water -- Reagent water must be interference free.  All references to water
in this method refer to reagent water unless otherwise specified.  For further details, consult the
document listed in Sec. 13.3.2.


8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE


8.1 See the introductory material to Chapter Three, "Inorganic Analytes."


8.2 All sample containers must be prewashed with acids and water, and metal-free
detergents, if necessary, depending on the history of use of the container (Ref. 3).  Plastic and
glass containers are both suitable.  For further information, see Chapter Three.  


9.0 QUALITY CONTROL


9.1 Refer to Chapter One for additional guidance on quality assurance (QA) and
quality control (QC) protocols.  When inconsistencies exist between QC guidelines, method-
specific QC criteria take precedence over both technique-specific criteria and those criteria
given in Chapter One, and technique-specific QC criteria take precedence over the criteria in
Chapter One.  Any effort involving the collection of analytical data should include development
of a structured and systematic planning document, such as a Quality Assurance Project Plan
(QAPP) or a Sampling and Analysis Plan (SAP), which translates project objectives and
specifications into directions for those that will implement the project and assess the results. 
Each laboratory should maintain a formal quality assurance program.  The laboratory should
also maintain records to document the quality of the data generated.  All data sheets and quality
control data should be maintained for reference or inspection. 


9.2 Initial demonstration of proficiency


Each laboratory must demonstrate initial proficiency with each sample preparation and
determinative method combination it utilizes by generating data of acceptable accuracy and
precision for target analytes in a clean reference matrix.  This will include a combination of the
sample extraction method and the determinative method (a 6000 or 7000 series method).  The
laboratory must also repeat the demonstration of proficiency whenever new staff are trained or
significant changes in instrumentation are made.


9.2.1 Prepare the reference samples from a spiking solution containing each
analyte of interest.  The reference sample concentrate (spiking solution) may be prepared
from pure standard materials, or purchased as certified solutions.  If prepared by the
laboratory, the reference sample concentrate should be made using stock standards
prepared independently from those used for calibration.
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9.2.2 The procedure for preparation of the reference sample concentrate is
dependent upon the method being evaluated.  Guidance for reference sample
concentrations for certain methods is listed in Sec. 9.2.4.  In other cases, the
determinative methods may contain guidance on preparing the reference sample
concentrate and the reference sample.  In the absence of any other guidance, consult
Sec. 9.3.3 and prepare the spiking solution accordingly.


The concentration of target analytes in the reference sample may be adjusted to
more accurately reflect the concentrations that will be analyzed by the laboratory.  If the
concentration of an analyte is being evaluated relative to a regulatory limit or action level,
see Sec. 9.3.3 for information on selecting an appropriate spiking level.


9.2.3 To evaluate the performance of the total analytical process, the reference
samples must be handled in exactly the same manner as actual samples.  See the note in
Sec. 9.3.1 for important information regarding spiking samples.


9.2.4 Preparation of reference samples for specific determinative methods


The following sections provide guidance on the QC reference sample concentrates
for many determinative methods.  The concentration of the target analytes in the QC
reference sample for the methods listed below may need to be adjusted to more
accurately reflect the concentrations of interest in different samples or projects.  If the
concentration of an analyte is being evaluated relative to a regulatory limit or action level,
see Sec. 9.3.3 for information on selecting an appropriate spiking level.  In addition, the
analyst may vary the concentration of the spiking solution and the volume of solution
spiked into the sample.  However, because of concerns about the effects of the spiking
solution solvent on the sample, the total volume spiked into a sample should generally be
held to no more than 1 mL.  For any determinative method not listed below, the analyst
should consult Sec. 9.3.3 and is free to choose analytes and spiking concentrations
appropriate for the intended application.  See the note in Sec. 9.3.1 for important
information regarding spiking samples.


NOTE: All of the concentrations listed below refer to the concentration of the spiking
solution itself, not the concentration of the spiked sample.


9.2.4.1 Method 6010, Inorganic Elements by ICP-AES -- The QC
reference sample concentrate should contain each analyte at 1,000 mg/L in
reagent water with appropriate type(s) and volume(s) of acid(s).  See Method
6010.


9.2.4.2 Method 6020, Inorganic Elements by ICP-MS -- The QC
reference sample concentrate should contain each analyte at 1,000 mg/L in
reagent water with appropriate type(s) and volume(s) of acid(s).  See Method
6020.


9.2.4.2 Method 7000, Inorganic Elements by Flame AAS -- The QC
reference sample concentrate should contain each analyte at 1,000 mg/L in
reagent water with appropriate type(s) and volume(s) of acid(s).  See Method
7000.


9.2.4.3 Method 7010, Inorganic Elements by Graphite Furnace AAS --
The QC reference sample concentrate should contain each analyte at 1,000 mg/L
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in reagent water with appropriat type(s) and volume(s) of acid(s).  See Method
7010.


9.2.4.4 Method 7061, Arsenic by AA, Gaseous Hydride -- The QC
reference sample concentrate should contain arsenic at 1,000 mg/L in reagent
water with appropriate volume of concentrated nitric acid.  See Method 7061.


9.2.4.5 Method 7062, Antimony and Arsenic by AA, Borohydride
Reduction -- The QC reference sample concentrate should contain each analyte at
1,000 mg/L in reagent water with appropriate volume of concentrated nitric acid. 
See Method 7062.


9.2.4.5 Method 7063, Arsenic by ASV -- The QC reference sample
concentrate should contain mercury at 1,000 mg/L in reagent water with
appropriate volume of concentrated nitric acid.  Stock solutions are commercially
available as spectrophotometric standards.  See Method 7063.


9.2.4.6 Method 7470, Mercury in Liquid Waste by Manual Cold-Vapor
Technique -- The QC reference sample concentrate should contain mercury at
1,000 mg/L in reagent water with appropriate volume of concentrated nitric acid. 
Stock solutions are also commercially available as spectrophotometric standards. 
See Method 7470.


9.2.4.7 Method 7471, Mercury in Solid or Semisolid Waste by Manual
Cold-Vapor Technique -- The QC reference sample concentrate should contain
mercury at 1,000 mg/L in reagent water with appropriate volume of concentrated
nitric acid.  Stock solutions are also commercially available as spectrophotometric
standards.  See Method 7471.


9.2.4.8 Method 7472, Mercury by ASV -- The QC reference sample
concentrate should contain mercury at 1,000 mg/L in reagent water with
appropriate volume of concentrated nitric acid.  Stock solutions are also
commercially available as spectrophotometric standards.  See Method 7472.


9.2.4.9 Method 7473, Mercury by Thermal, Decomposition, 
Amalgamation, and AA -- The QC reference sample concentrate should contain 
mercury at 1,000 mg/L in reagent water with appropriate volume of concentrated
nitric acid.  Stock solutions are also commercially available as spectrophotometric
standards.  See Method 7473.  


9.2.4.10 Method 7474, Mercury by Atomic Fluorescence -- The QC
reference sample concentrate should contain  mercury at 1,000 mg/L in reagent
water with appropriate volume of concentrated nitric acid.  Stock solutions are also
commercially available as spectrophotometric standards.  See Method 7474.


9.2.4.11 Method 7741, Selenium by AA, Gaseous Reduction -- The QC
reference sample concentrate should contain selenium at 1,000 mg/L in reagent
water.  See Method 7741.


9.2.4.12 Method 7742, Selenium by AA, Borohydride Reduction -- The
QC reference sample concentrate should contain selenium at 1,000 mg/L in
reagent water.  See Method 7742.
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9.2.5 Analyze at least four replicate aliquots of the well-mixed reference
samples by the same procedures used to analyze actual samples.  This will include a
combination of the sample preparation method and the determinative method (a 6000 or
7000 series method).  Follow the guidance on data calculation and interpretation
presented in the determinative method.  


9.3 Sample quality control for preparation and analysis


9.3.1 Documenting the effect of the matrix should include the analysis of at
least one matrix spike and one duplicate unspiked sample or one matrix spike/matrix spike
duplicate pair per analytical batch.  The decision on whether to prepare and analyze
duplicate samples or a matrix spike/matrix spike duplicate must be based on a knowledge
of the samples in the sample batch.  If samples are expected to contain target analytes,
laboratories may use one matrix spike and a duplicate analysis of an unspiked field
sample.  If samples are not expected to contain target analytes, then laboratories should
use a matrix spike and matrix spike duplicate pair.  The consideration as to which sample
for a given batch is selected for QC analyses should be decided during the project
planning process and documented in an approved sampling and analysis plan.  The actual
sample selected for QC analyses should be representative of the entire matrix composition
for a given extraction batch, since data quality assumptions will likely be applied to all
batch samples based on compliance to the stated data quality objectives and meeting the
recommended precision and accuracy criteria.  Therefore, it is inappropriate to combine
dissimilar matrices in a single sample preparatory batch and expect to use a single set of
QC samples.  Sec. 9.3.3 provides guidance on establishing the concentration of the matrix
spike compounds in the sample chosen for spiking.  


The choice of analytes to be spiked should reflect the analytes of interest for the
specific project.  Thus, if only a subset of the list of target analytes provided in a
determinative method are of interest, then these would be the analytes of interest for the
project.  In the absence of project-specific analytes of interest, it is suggested that the
laboratory periodically change the analytes that are spiked with the goal of obtaining
matrix spike data for most, if not all, of the analytes in a given determinative method.  If
these compounds are not target analytes for a specific project, or if other compounds are
known to be of greater concern at a given site, then other matrix spike compounds should
be employed.


CAUTION: The utility of the data for the matrix spike compounds depends on the degree
to which the spiked compounds mimic the compounds already present in a
field sample.  Therefore, it is CRITICAL that any compounds added to a
sample are added to the sample aliquot PRIOR TO any additional processing
steps.  It is also CRITICAL that the spiked compounds be in the same
chemical form as the target compounds. 


9.3.2 A laboratory control sample (LCS) should be included with each analytical
batch.  The LCS consists of an aliquot of a clean (control) matrix similar to the sample
matrix and of the same weight or volume:  e.g., reagent water for the water matrix or sand
or soil for the solid matrix.  The LCS is spiked with the same analytes at the same
concentrations as the matrix spike, when appropriate.  When the results of the matrix
spike analysis indicate a potential problem due to the sample matrix itself, the LCS results
are used to verify that the laboratory can perform the analysis in a clean matrix.


9.3.3 The concentration of the matrix spike sample and/or the LCS should be
determined as described in the following sections.
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9.3.3.1 If, as in compliance monitoring, the concentration of a specific
analyte in the sample is being checked against a regulatory limit or action level, the
spike should be at or below the regulatory limit or action level, or 1 - 5 times the
background concentration (if historical data are available), whichever concentration
is higher.


9.3.3.2 If historical data are not available, it is suggested that an
uncontaminated sample of the same matrix from the site be submitted for matrix
spiking purposes to ensure that high concentrations of target analytes and/or
interferences will not prevent calculation of recoveries.


9.3.3.3 If the concentration of a specific analyte in a sample is not
being checked against a limit specific to that analyte, then the concentration of the
matrix spike should be at the same concentration as the reference sample (Sec.
9.2.4), near the middle of calibration range, or approximately 10 times the
quantitation limit in the matrix of interest.  It is again suggested that a background
sample of the same matrix from the site be submitted as a sample for matrix
spiking purposes.


9.3.4 Analyze these QC samples (the LCS and the matrix spikes or the optional
matrix duplicates) following the procedures in the determinative method.  Calculate and
evaluate the QC data as outlined in the determinative method.


9.3.5 Blanks -- The preparation and analysis of method blanks and other blanks
are necessary to track potential contamination of samples during the extraction and
analysis processes.  Refer to Chapter One for specific quality control procedures.


9.4 The laboratory must also have procedures for documenting the effect of the matrix
on method performance.  Refer to Chapter One and each determinative method for specific
guidance on developing method performance data. 


9.5 Periodically, the accuracy of the temperature measurement system used to control
the microwave equipment should be validated per Sec. 6.1.2.


9.6 (This step is not necessary if using temperature feedback control.)   Each day that
samples are extracted, the microwave-power calibration should be verified by heating 1 kg of
ASTM Type II water (at 22 ± 3 EC) in a covered, microwave-transparent vessel for 2 min at the
setting for 490 W and measuring the water temperature after heating per Sec. 10.5.  If the
power calculated (according to Sec. 12.0) differs from 490 W by more than ± 10 W, the
microwave settings should be recalibrated according to Sec. 10.0.


9.7 The choice of an acid or acid mixture for digestion will depend on the analytes of
interest and no single acid or acid mixture is universally applicable to all analyte groups. 
Whatever acid or acid mixture is employed, including those specifically listed in this method, the
analyst must demonstrate adequate performance for the analytes of interest, at the levels of
interest.  At a minimum, such a demonstration will encompass the initial demonstration of
proficiency described in Method 3500, using a clean reference matrix.  Method 8000 describes
procedures that may be used to develop performance criteria for such demonstrations as well
as for matrix spike and laboratory control sample results.   
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10.0 CALIBRATION AND STANDARDIZATION


The following sections provide information regarding the calibration of microwave
equipment.


NOTE: If the microwave unit uses temperature feedback control to control the performance
specifications of the method, then performing the calibration procedure is not
necessary.


10.1 Calibration is the normalization and reproduction of a microwave field strength to
permit reagent and energy coupling in a predictable and reproducible manner.  It balances
reagent heating and heat loss from the vessels and is equipment dependent due to the heat
retention and loss characteristics of the specific vessel.  Available power is evaluated to permit
the microwave field output in watts to be transferred from one microwave system to another.


Use of calibration to control this reaction requires balancing output power, coupled energy,
and heat loss to reproduce the temperature heating profile given in Sec. 11.3.5.  The conditions
for each acid mixture and each batch containing the same specified number of vessels must be
determined individually.  Only identical acid mixtures and vessel models and specified numbers
of vessels may be used in a given batch.


10.2 For cavity type microwave equipment, calibration is accomplished by measuring
the temperature rise in 1 kg of water exposed to microwave radiation for a fixed period of time. 
The analyst can relate power in watts to the partial power setting of the system.  The calibration
format needed for laboratory microwave systems depends on the type of electronic system used
by the manufacturer to provide partial microwave power.  Few systems have an accurate and
precise linear relationship between percent power settings and absorbed power.  Where linear
circuits have been utilized, the calibration curve can be determined by a three-point calibration
method (see Sec. 10.4).  Otherwise, the analyst must use the multiple point calibration method
(see Sec. 10.3).  Assistance in calibration and software guidance of calibration are available in
Ref. 3 and the document listed in Sec. 13.3.5.


10.3 The multiple point calibration involves the measurement of absorbed power over a
large range of power settings.  Typically, for a 600 W unit, the following power settings are
measured: 100, 99, 98, 97, 95, 90, 80, 70, 60, 50, and 40% using the procedure described in
Sec. 10.5.  These data are clustered about the customary working power ranges.  Non-linearity
has been encountered at the upper end of the calibration.  Non-linearity is primarily encountered
when using older instrumentation, however, multi-point calibration is recommended for use with
all instrumentation when accurate and precise temperature feedback control is not available.  If
the system's electronics are known to have nonlinear deviations in any region of proportional
power control, it will be necessary to make a set of measurements that bracket the power to be
used. The final calibration point should be at the partial power setting that will be used in the
test.  This setting should be checked periodically to evaluate the integrity of the calibration.  If a
significant change is detected (± 10 W), then the entire calibration should be re-evaluated.


10.4 The three-point calibration involves the measurement of absorbed power at three
different power settings.  Measure the power at 100% and 50% using the procedure described
in Sec. 10.5.  From this 2-point line, determine the partial power setting that corresponds to the
power, in watts, specified in the procedure to reproduce the heating profile specified in Sec.
11.3.5.  Measure the absorbed power at that partial power setting.  If the measured absorbed
power does not correspond to the specified power within ± 10 W, use the multiple point
calibration in Sec. 10.3.  This point should also be used to periodically verify the integrity of the
calibration.
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10.5 Equilibrate a large volume of water to room temperature (22 ± 3 EC).  One kg of
reagent water is weighed (1,000.0 ± 0.1 g) into a fluorocarbon beaker or a beaker made of
some other material that does not significantly absorb microwave energy (glass absorbs
microwave energy and is not recommended).  The initial temperature of the water should be 22
± 3 EC measured to ± 0.05 EC.  The covered beaker is circulated continuously (in the normal
sample path) through the microwave field for 2 min at the desired partial power setting with the
system's exhaust fan on maximum (as it will be during normal operation).  The beaker is
removed and the water vigorously stirred.  Use a magnetic stirring bar inserted immediately
after microwave irradiation (irradiating with the stir bar in the vessel could cause electrical
arcing) and record the maximum temperature within the first 30 seconds to ± 0.05 EC.  Use a
new sample for each additional measurement.  If the water is reused (after making adjustments
for any loss of weight due to heating), both the water and the beaker must have returned to 22 ±
3 EC.  Three measurements at each power setting should be made.


The absorbed power is determined by the following relationship:


P'
(K)(Cp)(m)(∆T)


t


Where:


P = the apparent power absorbed by the sample in watts (W) (joule/sec)


K = the conversion factor for thermochemical calories sec-1 to watts (K= 4.184)


Cp = the heat capacity, thermal capacity, or specific heat [cal/(g EC)] of water


m = the mass of the water sample in grams (g)


∆T = the final temperature minus the initial temperature (EC)


t = the time in seconds (s)


Using the experimental conditions of 2 minutes (120 sec) and 1 kg (1000 g) of distilled
water [heat capacity at 25 EC is 0.9997 cal/(g EC)], the calibration equation simplifies to:


P' ∆T 34.86


NOTE: Stable line voltage is necessary for accurate and reproducible calibration and
operation.  The line voltage should be within manufacturer's specification, and during
measurement and operation should not vary by more than ± 2 V (Ref. 3).  Electronic
components in most microwave units are matched to the system's function and output. 
When any part of the high voltage circuit, power source, or control components in the
system are serviced or replaced, it will be necessary to recheck the system’s
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calibration.  If the power output has changed significantly (± 10 W), then the entire
calibration should be re-evaluated.


11.0 PROCEDURE


11.1 Temperature control of closed vessel microwave instruments provides the main
feedback control performance mechanism for this method.  Method control requires a
temperature sensor in one or more vessels during the entire decomposition.  The microwave
decomposition system should sense the temperature to within ± 2.5 EC and permit adjustment
of the microwave output power within 2 sec.


11.2 All digestion vessels and volumetric ware must be carefully acid washed and
rinsed with reagent water.  When switching between high concentration samples and low
concentration samples, all digestion vessels (fluoropolymer or quartz liners) should be cleaned
by leaching with hot (1:1) hydrochloric acid (greater than 80 EC, but less than boiling) for a
minimum of two hours followed by hot (1:1) nitric acid (greater than 80 EC, but less than boiling)
for a minimum of two hours.  The vessels should then be rinsed with reagent water and dried in
a clean environment.  This cleaning procedure should also be used whenever the prior use of
the digestion vessels is unknown or cross contamination from prior sample digestions in vessels
is suspected.  Polymeric or glass volumetric ware and storage containers should be cleaned by
leaching with more dilute acids (approximately 10% V/V) appropriate for the specific material
used and then rinsed with reagent water and dried in a clean environment.


11.3 Sample digestion


11.3.1 Weigh a well-mixed sample to the nearest 0.001 g into an appropriate
vessel equipped with a controlled pressure relief mechanism.  For soils, sediments, and
sludges, use no more than 0.500 g.  For oil or oil contaminated soils, initially use no more
than 0.250 g.  When large samples of oil are necessary, the use of Method 3052, which
has sample scale-up options, is recommended.  If the sample can not be well mixed and
homogenized on an as received basis, then perform air or oven drying at 60 °C or less,
crushing, sieving, grinding, and mixing as necessary to homogenize the sample until the
subsampling variance is less than the data quality objectives of the analysis.  While proper
sample preparation generally produces great reduction in analytical variability, be aware
that in certain unusual circumstances there could be loss of volatile metals (e.g., Hg,
organometallics) or irreversible chemical changes ( e.g., precipitation of insoluble species,
change in valence state). 


11.3.2 Add 10 ± 0.1 mL concentrated nitric acid or, alternatively, 9 ± 0.1 mL
concentrated nitric acid and 3 ± 0.1 mL concentrated hydrochloric acid to the vessel in a
fume hood (or fume exhausted enclosure).  The addition of concentrated hydrochloric acid
to the nitric acid is appropriate for the stabilization of certain analytes, such as Ag, Ba, and
Sb and high concentrations of Fe and Al in solution.  Improvements and optimal
recoveries of antimony, iron, and silver from a variety of matrices upon addition of HCl are
demonstrated in Sec. 17.0, in Figures 3 through 7 (these data are provided for guidance
purposes only).  The addition of hydrochloric acid may, however, limit the quantitation
techniques or increase the difficulties of analysis for some quantitation systems.


WARNING: The addition of hydrochloric acid must be in the form of concentrated
hydrochloric acid and not from a premixed combination of acids as a buildup
of chlorine gas, as well as other gases, will result from a premixed acid
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solution.  These gases may be violently released upon heating.  This is
avoided by adding the acid in the described manner.


WARNING: Toxic nitrogen oxide(s) and chlorine fumes are usually produced during
digestion.  Therefore, all steps involving open or the opening of microwave
vessels must be performed in a properly operating fume ventilation system.


WARNING: The analyst should wear protective gloves and face protection.


CAUTION: The use of microwave equipment with temperature feedback control is
needed to control any unfamiliar reactions that may occur during the leaching
of samples of unknown composition.  The leaching of these samples may
require additional vessel requirements such as increased pressure
capabilities.


11.3.3 The analyst should be aware of the potential for a vigorous reaction,
especially with samples containing volatile or easily oxidized organic species.  When
digesting a matrix of this type, do not leach this type of sample as described in this
method, due to the high potential for unsafe and uncontrollable reactions.  Instead, these
samples may be predigested in a hood, with the vessel loosely capped to allow gases to
escape, eliminating the hazard presented by rapid addition of thermal energy (MW power)
to a reactive mixture.  After predigestion, the samples may be digested according to the
procedures described in this method.


11.3.4 Seal the vessel according to the manufacturer's directions.  Properly
place the vessel in the microwave system according to the manufacturer's recommended
specifications and, when applicable, connect appropriate temperature and pressure
sensors to vessels according to manufacturer’s specifications.


11.3.5 This method is compatible with a performance-based approach, designed
to achieve or approach consistent leaching of the sample through achieving specific
reaction conditions.  The temperature of each sample should rise to 175 ± 5 EC in
approximately 5.5 ± 0.25 min and remain at 175 ± 5 EC for 4.5 min, or for the remainder of
the 10-min digestion period (see Refs. 2, 3, and 4 and the document listed in Sec. 13.3.4). 
Figure 2 gives the time versus temperature and pressure profile for a standard sediment
sample (these data are presented for guidance purposes only).  When using temperature
feedback control, the number of samples that may be simultaneously digested may vary,
from one sample up to the maximum number of vessels that can be heated by the
magnetron of the microwave unit according to the heating profile specified previously in
this section.  The number will depend on the power of the unit, the number of vessels, and
the heat loss characteristics of the vessels (Ref. 3).


11.3.5.1 The pressure should peak between 5 and 10 min for most
samples (see Refs. 1 and 2 and the document listed in Sec. 13.3.4).  If the
pressure exceeds the pressure limits of the vessel, the pressure should be safely
and controllably reduced by the pressure relief mechanism of the vessel.


11.3.5.2 Calibration control is applicable in reproducing this method
provided the power in watts versus time parameters are determined to reproduce
the specifications listed in Sec. 11.3.5.  The calibration settings will be specific to
the quantity of reagents, the number of vessels, and the heat loss characteristics of
the vessels (see Ref. 3 and the document listed in Sec. 13.3.3).  If calibration
control is being used, any vessels containing acids for analytical blank purposes
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are counted as sample vessels.  When fewer than the recommended number of
samples are to be digested, the remaining vessels should be filled with the same
acid mixture to achieve the full complement of vessels.  This provides an energy
balance, since the microwave power absorbed is proportional to the total absorbing
mass in the cavity.  Irradiate each group of vessels using the predetermined
calibration settings.  (Different vessel types should not be mixed.)


11.3.6 At the end of the microwave program, allow the vessels to cool for a
minimum of 5 min before removing them from the microwave system.  Cooling of the
vessels may be accelerated by internal or external cooling devices.  When the vessels
have cooled to near room temperature, determine if the microwave vessels have
maintained their seal throughout the digestion.  Due to the wide variability of vessel
designs, a single procedure is not appropriate.  For vessels that are sealed as discrete
separate entities, the vessel weight may be taken before and after digestion to evaluate
seal integrity.  If the weight loss of sample exceeds 1% of the weight of the sample and
reagents, then the sample is considered compromised.  For vessels with burst disks, a
careful visual inspection of the disk, in addition to weighing, may identify compromised
vessels.  For vessels with resealing pressure relief mechanisms, an auditory or a physical
sign that can indicate whether a vessel has vented is appropriate.


11.3.7 Complete the preparation of the sample by venting microwave containers
in a fume hood before uncapping, so as to avoid a rush of acid vapor that may still be in
the headspace.  When sufficiently cool to handle, carefully uncap the vessels, using the
procedure recommended by the vessel manufacturer.  Quantitatively transfer the sample
to an acid-cleaned bottle.  If the digested sample contains particulates which may clog
nebulizers or interfere with injection of the sample into the instrument, the sample may be
centrifuged (Sec. 11.3.7.1), allowed to settle (Sec. 11.3.7.2), or filtered (Sec. 11.3.7.3).


11.3.7.1 Centrifugation -- Centrifugation at 2,000 - 3,000 rpm for 10 min
is usually sufficient to clear the supernatant.


11.3.7.2 Settling -- If undissolved material, such as SiO2, TiO2, or other
refractory oxides, remains, allow the sample to stand until the supernatant is clear. 
Allowing a sample to stand overnight will usually accomplish this.  If it does not,
centrifuge or filter the sample.


11.3.7.3 Filtering -- If necessary, the filtering apparatus must be
thoroughly cleaned and pre-rinsed with dilute (approximately 10% V/V) nitric acid. 
Filter the sample through qualitative filter paper into a second acid-cleaned
container.


11.3.8 The removal or reduction of the quantity of the nitric and hydrochloric
acids prior to analysis may be desirable.  The chemistry and volatility of the analytes of
interest should be considered and evaluated when using this alternative (Ref. 3). 
Evaporation to near dryness in a controlled environment with controlled purge gas and
neutralizing and collection of exhaust interactions is an alternative where appropriate. 
This manipulation may be performed in the microwave system, if the system is capable of
this function, or external to the microwave system in more common apparatus(s).  This
option must be tested and validated to determine analyte retention and loss and should be
accompanied by equipment validation possibly using the standard addition method and
standard reference materials.  This alternative may be used to alter either the acid
concentration and/or acid composition prior to analysis.  (For further information, see Ref.
3 and Method 3052).
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NOTE: The final solution typically requires nitric acid to maintain appropriate sample
solution acidity and stability of the elements.  Commonly, a 2% (v/v) nitric acid
concentration is desirable.  Waste minimization techniques should be used to
capture reagent fumes.  This procedure should be tested and validated in the
apparatus and on standards before using on unknown samples.


11.3.9 Transfer or decant the sample into volumetric ware and dilute the digest to a
known volume.  The digest is now ready for analysis for elements of interest using appropriate
elemental analysis techniques.


12.0 DATA ANALYSIS AND CALCULATIONS


12.1 Calculations -- The concentrations determined are to be reported on the basis of
the actual weight of the original sample.  All dilutions must be taken into account when
computing the final results.


12.2 Prior to using this method, verify that the temperature sensing equipment is
properly reading temperature.  A procedure for verification is given in Sec. 6.1.2.  This will
establish the accuracy and precision of the temperature sensing equipment, which should be
carried throughout the statistical treatment of the quality assurance data.


12.3 In calibrating the microwave unit (Sec. 10.0), the power absorbed (for each power
setting) by 1 kg of reagent water exposed to 120 seconds of microwave energy is determined by
the expression


Power (in watts) = (T1 - T2) (34.86)


Where:


T1 = Initial temperature of water (between 21 and 25 EC to nearest 0.1 EC)


T2 = Final temperature of water (to nearest 0.1 EC)


12.4 Plot the power settings against the absorbed power (calculated in Sec. 12.3) to
obtain a calibration relationship.  Alternatively, use a microwave calibration program to analyze
the calibration data (see Ref. 3 and the document listed in Sec. 13.3.5).  Interpolate the data to
obtain the instrument settings needed to provide the wattage levels specified in Sec. 12.3.


12.5 Calculate the sample dry-weight fraction as follows:


Dry-Wt fraction =   
W2 & W3


W1 & W3


Where:


W1 = Wt for sample + vessel, before drying, g
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W2 = Wt for sample + vessel, after drying, g


W3 = Wt for empty, dry vessel, g


12.6 Convert the extract concentration obtained from the instrument in mg/L to mg/kg
dry-weight of sample by:


Sample concentration =  C V D
W S


Where:


C = Concentration in extract (mg/L)


D = Dilution factor


S = Solid dry-weight fraction for sample, g/g


V = Volume of extract, mL x 0.001


W = Weight of undried sample extracted, g x 0.001


13.0 METHOD PERFORMANCE


13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance.  The data do not represent required performance criteria for users of
the methods.  Instead, performance criteria should be developed on a project-specific basis,
and the laboratory should establish in-house QC performance criteria for the application of this
method. These performance data are not intended to be and must not be used as absolute QC
acceptance criteria for purposes of laboratory accreditation.


13.2 The fundamental chemical basis of this method with and without HCl has been
compared with Method 3050 in several sources (see 13.3.4 and 13.3.6).  Several papers have
evaluated the leachability of NIST SRMs with this method (Ref. 1 and Sec. 13.3.5).  Evaluations
and optimizations of this method have been documented (Refs. 5 and 6), as well as additional
leaches performed on more matrices, which may be addressed in future papers.  This method
has been determined to be appropriate for enhancing recoveries of certain analytes.  This data
is contained in Sec. 17 of this method.  Matrices tested include SRM 2710 (Montana Soil -
Highly Elevated Concentrations), SRM 2704 (Buffalo River Sediment), and SRM 1084a (Wear
Metals in Oil).  Analytes demonstrating better recoveries upon addition of HCl include antimony,
iron, and silver.  These data are provided for guidance purposes only.


13.3 The following documents may provide additional guidance and insight on this
method and technique:


13.3.1 H. M. Kingston and L. B. Jassie, "Safety Guidelines for Microwave
Systems in the Analytical Laboratory," in Introduction to Microwave Acid Decomposition: 
Theory and Practice, Kingston, H.M. and Jassie, L.B., eds., ACS Professional Reference
Book Series, American Chemical Society, Washington, DC, 1988.
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13.3.2 1985 Annual Book of ASTM Standards, Vol. 11.01; "Standard
Specification for Reagent Water," ASTM, Philadelphia, PA, 1985, D1193-77.


 
13.3.3 Introduction to Microwave Sample Preparation: Theory and Practice,


Kingston, H. M. and Jassie, L. B., Eds., ACS Professional Reference Book Series,
American Chemical Society, Washington, DC, 1988.


13.3.4 H. M. Kingston and P. J. Walter, "Comparison of Microwave Versus
Conventional Dissolution for Environmental Applications," Spectroscopy, Vol. 7 No. 9, 20-
27, 1992. 


13.3.5 P. J. Walter, Special Publication IR4718:  Microwave Calibration
Program, 2.0 ed., National Institutes of Standards and Technology, Gaithersburg, MD,
1991.


13.3.6 H. M. Kingston, P. J. Walter, S. J. Chalk, E. M. Lorentzen, D. D. Link,
"Environmental Microwave Sample Preparation:  Fundamentals, Methods, and
Applications," in Microwave Enhanced Chemistry:  Fundamentals, Sample Preparation,
and Applications, ACS Professional Reference Book Series, American Chemical Society,
Washington, DC  1997.


14.0 POLLUTION PREVENTION


14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity or toxicity of waste at the point of generation.  Numerous opportunities for pollution
prevention exist in laboratory operations.  The EPA has established a preferred hierarchy of
environmental management techniques that places pollution prevention as the management
option of first choice.  Whenever feasible, laboratory personnel should use pollution prevention
techniques to address their waste generation.  When wastes cannot be feasibly reduced at the
source, the Agency recommends recycling as the next best option.


14.2 For information about pollution prevention that may be applicable to laboratories
and research institutions consult Less is Better: Laboratory Chemical Management for Waste
Reduction available from the American Chemical Society's Department of Government
Relations and Science Policy,1155 16th Street, NW, Washington, DC  20036,
http://www.acs.org.


15.0 WASTE MANAGEMENT


The Environmental Protection Agency requires that laboratory waste management
practices be consistent with all applicable rules and regulations.  The Agency urges laboratories
to protect the air, water, and land by minimizing and controlling all releases from hoods and
bench operations, complying with the letter and spirit of any sewer discharge permits and
regulations, and by complying with all solid and hazardous waste regulations, particularly the
hazardous waste identification rules and land disposal restrictions.  For further information on
waste management, consult The Waste Management Manual for Laboratory Personnel,
available from the American Chemical Society's Department of Government Relations and
Science Policy, 1155 16th Street, NW, Washington, DC  20036, (202) 872-4477.
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17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA


The following pages contain the tables and figures referenced by this method.
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TABLE 1


COMPARISON OF ANALYTE RECOVERIES FROM SRM 2704 (BUFFALO RIVER 
SEDIMENT)


 USING BOTH DIGEST OPTIONS


Element 10 mL HNO3
 digest


9 mL HNO3 + 
3 mL HCl digest


Total Analyte
Concentration


Cd 3.40 ± 0.34 3.62 ± 0.17 3.45 ± 0.22
Cr 84.7 ± 5.6 77.1 ± 12.6 135 ± 5
Ni 45.5 ± 5.9 42.2 ± 3.2 44.1 ± 3.0
Pb 163 ± 9 161 ± 17 161 ± 17


Elemental analysis was performed using either FAAS or ICP-MS. 
Results reported in µg/g analyte (mean ± 95% confidence limit).
Total concentrations are taken from NIST SRM Certificate of Analysis.
These data are provided for guidance purposes only.
Data taken from Refs. 6 and 7.


TABLE 2


COMPARISON OF ANALYTE RECOVERIES FROM SRM 4355 (PERUVIAN SOIL)
USING BOTH DIGEST OPTIONS


Element 10 mL HNO3
 digest


9 mL HNO3 + 
3 mL HCl digest


Total Analyte
Concentration


Cd 0.86 ± 0.16 0.85 ± 0.17 (1.50)
Cr 14.6 ± 0.47 19.0 ± 0.69 28.9 ± 2.8
Ni 9.9 ± 0.33 11.2 ± 0.44 (13)
Pb 124 ± 5.3 130 ± 3.6 129 ± 26


Elemental analysis was performed using either FAAS or ICP-MS. 
Results reported in µg/g analyte (mean ± 95% confidence limit).
Total concentrations are taken from NIST SRM Certificate of Analysis.
Values in parenthesis are reference concentrations.
These data are provided for guidance purposes only.
Data taken from Refs. 6 and 7.
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TABLE 3


COMPARISON OF ANALYTE RECOVERIES FROM SRM 1084a (WEAR METALS IN OIL)
USING BOTH DIGEST OPTIONS


Element 10 mL HNO3
 digest


9 mL HNO3 + 
3 mL HCl digest


Total Analyte
Concentration


Cu 91.6 ± 4.0 93.0 ± 2.6 100.0 ± 1.9
Cr 91.2 ± 3.3 94.3 ± 3.1 98.3 ± 0.8
Mg 93.2 ± 3.6 93.5 ± 2.8 99.5 ± 1.7
Ni 91.6 ± 3.9 92.9 ± 3.4 99.7 ± 1.6
Pb 104 ± 4.1 99.5 ± 5.1 101.1 ± 1.3


Elemental analysis was performed using either FAAS or ICP-MS. 
Results reported in µg/g analyte (mean ± 95% confidence limit).
Total concentrations are taken from NIST SRM Certificate of Analysis.
These data are provided for guidance purposes only.
Data taken from Refs. 6 and 7.







3051A - 23 Revision 1
February 2007


FIGURE 1


PRESSURE PROFILES FOR THE HEATING OF DIFFERENT RATIOS
OF NITRIC ACID TO HYDROCHLORIC ACID


Figure taken from Refs. 6 and 7.
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FIGURE 2


TEMPERATURE AND PRESSURE PROFILE 
FOR NIST SRM 2704 (BUFFALO RIVER SEDIMENT) 


USING DIFFERENT RATIOS OF NITRIC ACID TO HYDROCHLORIC ACID


Figure taken from Refs. 6 and 7.
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FIGURE 3


PERCENT RECOVERY OF ANTIMONY FROM NIST SRM 2710 (MONTANA SOIL) VERSUS
VARIOUS COMBINATIONS OF NITRIC AND HYDROCHLORIC ACIDS (N=6)


Figure taken from Refs. 6 and 7.
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FIGURE 4


PERCENT RECOVERY OF ANTIMONY FROM NIST SRM 2704 (BUFFALO RIVER SEDIMENT)
VERSUS VARIOUS COMBINATIONS OF NITRIC AND HYDROCHLORIC ACIDS(N=6)


Figure taken from Refs. 6 and 7.
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FIGURE 5


PERCENT RECOVERY OF IRON FROM NIST SRM 2704 (BUFFALO RIVER SEDIMENT)
VERSUS VARIOUS COMBINATIONS OF NITRIC AND HYDROCHLORIC ACIDS (N=6)


Figure taken from Refs. 6 and 7.
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FIGURE 6


PERCENT RECOVERY OF SILVER FROM NIST SRM 2710 (MONTANA SOIL) VERSUS
VARIOUS COMBINATIONS OF NITRIC AND HYDROCHLORIC ACIDS (N=6)


Figure taken from Refs. 6 and 7.
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FIGURE 7


PERCENT RECOVERY OF ANTIMONY AND IRON, RESPECTIVELY, FROM SRM 4355
(PERUVIAN SOIL) USING BOTH DIGEST OPTIONS
(10 ML HNO3  AND 9 ML HNO3 + 3 ML HCL ) (N=6)


Figure taken from Refs. 6 and 7.
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METHOD 3051A


MICROWAVE ASSISTED ACID DIGESTION OF SEDIMENTS, SLUDGES, SOILS, AND OILS
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METHOD 3052


MICROWAVE ASSISTED ACID DIGESTION OF SILICEOUS AND
ORGANICALLY BASED MATRICES


1.0 SCOPE AND APPLICATION


1.1 This method is applicable to the microwave assisted acid digestion of siliceous
matrices, and organic matrices and other complex matrices.  If a total decomposition analysis
(relative to the target analyte list) is required, the following matrices can be digested: ashes,
biological tissues, oils, oil contaminated soils, sediments, sludges, and soils. This method is
applicable for the following elements:


Aluminum Cadmium Iron Molybdenum Sodium
Antimony Calcium Lead Nickel Strontium
Arsenic Chromium Magnesium Potassium Thallium
Boron Cobalt Manganese Selenium Vanadium
Barium Copper Mercury Silver Zinc
Beryllium


Other elements and matrices may be analyzed by this method if performance is demonstrated for
the analyte of interest, in the matrices of interest, at the concentration levels of interest (see Sec.
8.0).


Note: This technique is not appropriate for regulatory applications that require the use of
leachate preparations (i.e., Method 3050, Method 3051, Method 1311, Method 1312, Method
1310, Method 1320, Method 1330, Method 3031, Method 3040).  This method is appropriate
for those applications requiring a total decomposition for research purposes (i.e., geological
studies, mass balances, analysis of Standard Reference Materials) or in response to a
regulation that requires total sample decomposition.


1.2 This method is provided as a rapid multi-element, microwave assisted acid digestion
prior to analysis protocol so that decisions can be made about the site or material.  Digests and
alternative procedures produced by the method are suitable for analysis by flame atomic absorption
spectrometry (FLAA), cold vapor atomic absorption spectrometry (CVAA), graphite furnace atomic
absorption spectrometry (GFAA), inductively coupled plasma atomic emission spectrometry (ICP-
AES), inductively coupled plasma mass spectrometry (ICP-MS) and other analytical elemental
analysis techniques where applicable.  Due to the rapid advances in microwave technology, consult
your manufacturer's recommended instructions for guidance on their microwave digestion system
and refer to this manual’s "Disclaimer" when conducting analyses using Method 3052.


1.3 The goal of this method is total sample decomposition and with judicious choice of
acid combinations this is achievable for most matrices (see Sec. 3.2).  Selection of reagents which
give the highest recoveries for the target analytes is considered the optimum method condition.
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2.0 SUMMARY OF METHOD


2.1 A representative sample of up to 0.5 g is digested in 9 mL of concentrated nitric acid
and usually 3 mL hydrofluoric acid for 15 minutes using microwave heating with a suitable laboratory
microwave system.  The method has several additional alternative acid and reagent combinations
including hydrochloric acid and hydrogen peroxide.  The method has provisions for scaling up the
sample size to a maximum of 1.0 g.  The sample and acid are placed in suitably inert polymeric
microwave vessels.  The vessel is sealed and heated in the microwave system.  The temperature
profile is specified to permit specific reactions and incorporates reaching 180 ± 5 ºC in approximately
less than 5.5 minutes and remaining at 180  ± 5 ºC for 9.5 minutes for the completion of specific
reactions (Ref. 1, 2, 3, 4).  After cooling, the vessel contents may be filtered, centrifuged, or allowed
to settle and then decanted, diluted to volume, and analyzed by the appropriate SW-846 method.


3.0 INTERFERENCES


3.1 Gaseous digestion reaction products, very reactive, or volatile materials that may
create high pressures when heated and may cause venting of the vessels with potential loss of
sample and analytes.  The complete decomposition of either carbonates, or carbon based samples,
may cause enough pressure to vent the vessel if the sample size is greater than 0.25 g.  Variations
of the method due to very reactive materials are specifically addressed in sections 7.3.4 and 7.3.6.1.


3.2 Most samples will be totally dissolved by this method with judicious choice of the acid
combinations.  A few refractory sample matrix compounds, such as TiO2


, alumina, and other oxides
may not be totally dissolved and in some cases may sequester target analyte elements. 


3.3 The use of several digestion reagents that are necessary to either completely
decompose the matrix or to stabilize specific elements may limit the use of specific analytical
instrumentation methods.  Hydrochloric acid is known to interfere with some instrumental analysis
methods such as flame atomic absorption (FLAA) and inductively coupled plasma atomic emission
spectrometry (ICP-AES).  The presence of hydrochloric acid may be problematic for graphite furnace
atomic absorption (GFAA) and inductively coupled plasma mass spectrometry (ICP-MS).
Hydrofluoric acid, which is capable of dissolving silicates, may require the removal of excess
hydrofluoric acid or the use of specialized non-glass components during instrumental analysis.
Method 3052 enables the analyst to select other decomposition reagents that may also cause
problems with instrumental analyses necessitating matrix matching of standards to account for
viscosity and chemical differences.


4.0 APPARATUS AND MATERIALS


4.1 Microwave apparatus requirements.


4.1.1 The temperature performance requirements necessitate the microwave
decomposition system sense the temperature to within ± 2.5EC and automatically adjust the
microwave field output power within 2 seconds of sensing.  Temperature sensors should be
accurate to ± 2EC (including the final reaction temperature of 180EC).  Temperature feedback
control provides the primary control performance mechanism for the method.  Due to the
flexibility in the reagents used to achieve total analysis, tempertuare feedback control is
necessary for reproducible microwave heating.
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Alternatively, for a specific set of reagent(s) combination(s), quantity, and specific vessel
type, a calibration control mechanism can be developed similar to previous microwave
methods (see Method 3051).  Through calibration of the microwave power, vessel load and
heat loss, the reaction temperature profile described in Section 7.3.6 can be reproduced.
The calibration settings are specific for the number and type of vessel used and for the
microwave system in addition to the variation in reagent combinations.  Therefore no specific
calibration settings are provided in this method.  These settings may be developed by using
temperature monitoring equipment for each specific set of equipment and reagent
combination.  They may only be used if not altered as previously described in other methods
such as 3051 and 3015.  In this circumstance, the microwave system provides
programmable power which can be programmed to within ± 12 W of the required power.
Typical systems provide a nominal 600 W to 1200 W of power (Ref. 1, 2, 5).  Calibration
control provides backward compatibility with older laboratory microwave systems without
temperature monitoring or feedback control and with lower cost microwave systems for some
repetitive analyses.  Older lower pressure vessels may not be compatible.


4.1.2 The temperature measurement system should be periodically calibrated at an
elevated temperature.  Pour silicon oil (a high temperature oil into a beaker and adequately
stirred to ensure a homogeneous temperature.   Place the microwave temperature sensor
and a calibrated external temperature measurement sensor into the beaker.  Heat the beaker
to a constant temperature of 180 ± 5°C.  Measure the temperature with both sensors.  If the
measured temperatures vary by more than 1 - 2°C, the microwave temperature
measurement system needs to be calibrated.  Consult the microwave manufacturer’s
instructions about the specific temperature sensor calibration procedure.


CAUTION:  The use of microwave equipment with temperature feedback control is
required to control the unfamiliar reactions of unique or untested reagent
combinations of unknown samples.  These tests may require additional vessel
requirements such as increased pressure capabilities.


4.1.3 The microwave unit cavity is corrosion resistant and well ventilated.  All
electronics are protected against corrosion for safe operation.


CAUTION: There are many safety and operational recommendations specific to the
model and manufacturer of the microwave equipment used in individual laboratories.
A listing of these specific suggestions is beyond the scope of this method and require
the analyst to consult the specific equipment manual, manufacturer, and literature for
proper and safe operation of the microwave equipment and vessels.


4.1.4 The method requires essentially microwave transparent and reagent resistant
suitably inert polymeric materials (examples are PFA or TFM suitably inert polymeric
polymers) to contain acids and samples. For higher pressure capabilities the vessel may be
contained within layers of different microwave transparent materials for strength, durability,
and safety.   The vessels internal volume should be at least 45 mL, capable of withstanding
pressures of at least 30 atm (30 bar or 435 psi), and capable of controlled pressure relief.
These specifications are to provide an appropriate, safe, and durable reaction vessel of
which there are many adequate designs by many suppliers.
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CAUTION:  The outer layers of vessels are frequently not as acid or reagent resistant
as the liner material and must not be chemically degraded or physically damaged to
retain the performance and safety required.  Routine examination of the vessel
materials may be required to ensure their safe use.


CAUTION: The second safety concern relates to the use of sealed containers without
pressure relief devices. Temperature is the important variable controlling the
reaction.  Pressure is needed to attain elevated temperatures, but must be safely
contained.  However, many digestion vessels constructed from certain suitably inert
polymerics may crack, burst, or explode in the unit under certain pressures.  Only
suitably inert polymeric (such as PFA or TFM and others) containers with pressure
relief mechanisms or containers with suitably inert polymeric liners and pressure
relief mechanisms are considered acceptable.


Users are therefore advised not to use domestic (kitchen) type microwave ovens or
to use inappropriate sealed containers without pressure relief for microwave acid
digestions by this method.  Use of laboratory-grade microwave equipment is required
to prevent safety hazards.  For further details, consult Reference 3 and 6.


4.1.5 A rotating turntable is employed to insure homogeneous distribution of
microwave radiation within most systems (Ref. 1).  The speed of the turntable should be a
minimum of 3 rpm.


CAUTION: Laboratories should not use domestic (kitchen) type microwave ovens for
this method. There are several significant safety issues.  First, when an acid such as
nitric is used to effect sample digestion in microwave units in open vessel(s), or
sealed vessels equipment, there is the potential for the acid gas vapor released to
corrode the safety devices that prevent the microwave magnetron from shutting off
when the door is opened.  This can result in operator exposure to microwave energy.
Use of a system with isolated and corrosion resistant safety devices prevents this
from occurring.


4.2 Volumetric ware, volumetric flasks, and graduated cylinders, 50 and 100 mL capacity
or equivalent.


4.3 Filter paper, qualitative or equivalent.


4.4 Filter funnel, polypropylene, polyethylene or equivalent.


4.5 Analytical balance, of appropriate capacity, with a ± 0.0001 g or appropriate precision
for the weighing of the sample.  Optionally, the vessel with sample and reagents may be weighed,
with an appropriate precision balance, before and after microwave processing to evaluate the seal
integrity in some vessel types.
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5.0 REAGENTS


5.1 All reagents should be of appropriate purity or high purity (acids for example, should
be sub-boiling distilled where possible) to minimize the blank levels due to elemental contamination.
All references to water in the method refer to reagent water (Ref. 7).  Other reagent grades may be
used, provided it is first ascertained that the reagent is of sufficient purity to permit its use without
lessening the accuracy of the determination.  If the purity of a reagent is questionable, analyze the
reagent to determine the level of impurities.  The reagent blank must be less than the MDL in order
to be used.


6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING


6.1 All samples must have been collected using a sampling plan that addresses the
considerations discussed in Chapter Nine of this manual.


6.2 All sample containers must be prewashed with detergents, acids, and water.  Plastic
and glass containers are both suitable.  See Chapter Three, Sec. 3.1.3 of this manual, for further
information.


6.3 Refer to Chapter Three for the appropriate holding times and storage conditions.


7.0 PROCEDURE 


7.1 Temperature control of closed vessel microwave instruments provides the main
feedback control performance mechanism for the method.  Control requires a temperature sensor
in one or more vessels during the entire decomposition.  The microwave decomposition system
should sense the temperature to within ± 2.5 C and permit adjustment of the microwave outputo


power within 2 seconds. 


7.2  All digestion vessels and volumetric ware must be carefully acid washed and rinsed
with reagent water.  When switching between high concentration samples and low concentration
samples, all digestion vessels (fluoropolymer liners only) should be cleaned by leaching with hot (1:1)
hydrochloric acid (greater than 80 C, but less than boiling) for a minimum of two hours followed witho


hot (1:1) nitric acid (greater than 80 C, but less than boiling) for a minimum of two hours and rinsedo


with reagent water and dried in a clean environment.  This cleaning procedure should also be used
whenever the prior use of the digestion vessels is unknown or cross contamination from vessels is
suspected.  Polymeric or glass volumetric ware (not used with HF) and storage containers should
be cleaned by leaching with more dilute acids (approximately 10% V/V) appropriate for the specific
plastics used and then rinsed with reagent water and dried in a clean environment.  To avoid
precipitation of silver, ensure that all HCl has been rinsed from the vessels.


7.3 Sample Digestion


7.3.1 Weigh a well-mixed sample to the nearest 0.001 g into an appropriate vessel
equipped with a pressure relief mechanism.  For soils, ash, sediments, sludges, and
siliceous wastes, initially use no more than 0.5 g.  For oil or oil contaminated soils, initially
use no more than 0.25 g.
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7.3.2 Add 9 ± 0.1 mL concentrated nitric acid and 3 ± 0.1 mL concentrated
hydrofluoric acid to the vessel in a fume hood.  If the approximate silicon dioxide content of
the sample is known, the quantity of hydrofluoric acid may be varied from 0 to 5 mL for
stoichiometric reasons.  Samples with higher concentrations of silicon dioxide (> 70%) may
require higher concentrations of hydrofluoric acid (>3 mL HF).  Alternatively samples with
lower concentrations of silicon dioxide (< 10% to 0%) may require much less hydrofluoric
acid (0.5 mL to 0 mL).  Examples are presented in Table 1, 2, 3, and 6.  Acid digestion
reagent combinations used in the analysis of several matrices, listed in Table 7, provide
guidance for the development of new matrix decomposition procedures.


7.3.3 The addition of other reagents with the original acids prior to digestion may
permit more complete oxidation of organic sample constituents, address specific
decomposition chemistry requirements, or address specific elemental stability and solubility
problems.


The addition of 2 ± 2 mL concentrated hydrochloric acid to the nitric and hydrofluoric acids
is appropriate for the stabilization of Ag, Ba, and Sb and high concentrations of Fe and Al in
solution.  The amount of HCl needed will vary depending on the matrix and the concentration
of the analytes.  The addition of hydrochloric acid may; however, limit the techniques or
increase the difficulties of analysis.   Examples are presented in Table 4.


The addition of hydrogen peroxide (30%) in small or catalytic quantities (such as 0.1 to 2 mL)
may aid in the complete oxidation of organic matter. 


The addition of water (double deionized) may (0 to 5 mL) improve the solubility of minerals
and prevent temperature spikes due to exothermic reactions.


NOTE:  Supporting documentation for the chemistry of this method has been
prepared in chapters 2 and 3 of reference 3.  It provides additional guidance and
documentation of appropriate reagent, matrix and analyte combinations that can be
employed in this method.


CAUTION:  Only one acid mixture or quantity may be used in a single batch in the
microwave to insure consistent reaction conditions between all vessels and
monitored conditions.  This limitation is due to the current practice of monitoring a
representative vessel and applying a uniform microwave field to reproduce these
reaction conditions within a group of vessels being simultaneously heated.


CAUTION:  Toxic nitrogen oxide(s), hydrogen fluoride, and toxic chlorine (from the
addition of hydrochloric acid) fumes are usually produced during digestion.
Therefore, all steps involving open or the opening of microwave vessels must be
performed in a properly operating fume ventilation system.


 
CAUTION:  The analyst should wear protective gloves and face protection and must
not at any time permit a solution containing hydrofluoric acid to come in contact with
skin or lungs. 
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CAUTION:  The addition of hydrochloric acid must be from concentrated hydrochloric
acid and not from a premixed combination of acids as a buildup of toxic chlorine and
possibly other gases will result from a premixed acid solution.  This will over
pressurize the vessel due to the release of these gases from solution upon heating.
The gas effect is greatly lessened by following this suggestion.


CAUTION:  When digesting samples containing volatile or easily oxidized organic
compounds, initially weigh no more than 0.10 g and observe the reaction before
capping the vessel.  If a vigorous reaction occurs, allow the reaction to cease before
capping the vessel.  If no appreciable reaction occurs, a sample weight up to 0.25
g can be used.


CAUTION:  The addition of hydrogen peroxide should only be done when the reactive
components of the sample are known.  Hydrogen peroxide may react rapidly and
violently on easily oxidizable materials and should not be added if the sample may
contain large quantities of easily oxidizable organic constituents.


7.3.4 The analyst should be aware of the potential for a vigorous reaction.  If a
vigorous reaction occurs upon the initial addition of reagent or the sample is suspected of
containing easily oxidizable materials, allow the sample to predigest in the uncapped
digestion vessel.  Heat may be added in this step for safety considerations (for example the
rapid release of carbon dioxide from carbonates, easily oxidized organic matter, etc.).  Once
the initial reaction has ceased, the sample may continue through the digestion procedure.


7.3.5 Seal the vessel according to the manufacturer's directions.  Properly place
the vessel in the microwave system according to the manufacturer's recommended
specifications and connect appropriate temperature and pressure sensors to vessels
according to manufacturer’s specifications.


7.3.6 This method is a performance based method, designed to achieve or
approach total decomposition of the sample through achieving specific reaction conditions.
The temperature of each sample should rise to 180 ± 5 ºC in approximately 5.5 minutes and
remain at 180 ± 5 ºC for 9.5 minutes.  The temperature-time and pressure-time profile are
given for a standard soil sample in Figure 1.  The number of samples simultaneously
digested is dependent on the analyst.  The number may range from 1 to the maximum
number of vessels that the microwave units magnetron can heat according to the
manufacturer’s or literature specifications (the number will depend on the power of the unit,
the quantity and combination of reagents,  and the heat loss from the vessels).


The pressure should peak between 5 and 15 minutes for most samples (Ref. 2, 3, 5).  If the
pressure exceeds the pressure limits of the vessel, the pressure will be reduced by the relief
mechanism of the vessel.


The total decomposition of some components of a matrix may require or the reaction kinetics
are dramatically improved with higher reaction temperatures.  If microwave digestion systems
and/or vessels are capable of achieving higher temperatures and pressures, the minimum
digestion time of 9.5 minutes at a temperature of at least 180 ± 5°C is an appropriate
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alternative.  This change will permit the use of pressure systems if the analysis verifies that
180°C is the minimum temperature maintained by these control systems.


7.3.6.1 For reactive substances, the heating profile may be altered for
safety purposes. The decomposition is primarily controlled by maintaining the
reagents at 180 ± 5°C for 9.5 minutes, therefore the time it takes to heat the samples
to 180 ± 5°C is not critical.  The samples may be heated at a slower rate to prevent
potential uncontrollable exothermic reactions.  The time to reach 180 ± 5 ºC may be
increased to 10 minutes provided that 180 ± 5 ºC is subsequently maintained for 9.5
minutes.  Decomposition profiles are presented in Figures 1 and 2.  The extreme
difference in pressure is due to the gaseous digestion products.


7.3.6.2 Calibration control is applicable in reproducing this method
provided the power in watts versus time parameters are determined to reproduce the
specifications listed in 7.3.6.  The calibration settings will be specific to the quantity
and combination of reagents, quantity of vessels, and heat loss characteristics of the
vessels (Ref 1).  If calibration control is being used, any vessels containing acids for
analytical blank purposes are counted as sample vessels and when fewer than the
recommended number of samples are to be digested, the remaining vessels should
be filled with the same acid mixture to achieve the full complement of vessels.  This
provides an energy balance, since the microwave power absorbed is proportional to
the total absorbed mass in the cavity (Ref. 1).  Irradiate each group of vessels using
the predetermined calibration settings.  (Different vessel types should not be mixed).


7.3.6.3 Pressure control for a specific matrix is applicable if instrument
conditions are established using temperature control.  Because each matrix will have
a different reaction profile, performance using temperature control must be
developed for every specific matrix type prior to use of the pressure control system.


7.3.7 At the end of the microwave program, allow the vessels to cool for a minimum
of 5 minutes before removing them from the microwave system.  When the vessels have
cooled to near room temperature, determine if the microwave vessels have maintained a
seal throughout the digestion.  Due to the wide variability of vessel designs, a single
procedure is not appropriate.  For vessels that are sealed as discrete separate entities, the
vessel weight may be taken before and after digestion to evaluate seal integrity.  If the weight
loss of sample exceeds 1% of the weight of the sample and reagents, then the sample is
considered compromised.  For vessels with burst disks, a careful visual inspection of the disk
may identify compromised vessels.  For vessels with resealing pressure relief mechanisms,
an auditory or sometimes a physical sign indicates a vessel has vented.


7.3.8 Complete the preparation of the sample by carefully uncapping and venting
each vessel in a fume hood.  Vent the vessels using the procedure recommended by the
vessel manufacturer.  Transfer the sample to an acid-cleaned bottle.  If the digested sample
contains particulates which may clog nebulizers or interfere with injection of the sample into
the instrument, the sample may be centrifuged, allowed to settle, or filtered.
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7.3.8.1 Centrifugation:  Centrifugation at 2,000 - 3,000 rpm for 10
minutes is usually sufficient to clear the supernatant.


7.3.8.2 Settling:  If undissolved material remains such as TiO , or2


other refractory oxides, allow the sample to stand until the supernatant is clear.
Allowing a sample to stand overnight will usually accomplish this.  If it does not,
centrifuge or filter the sample.


7.3.8.3 Filtering:  If necessary, the filtering apparatus must be
thoroughly cleaned and prerinsed with dilute (approximately 10% V/V) nitric acid.
Filter the sample through  qualitative filter paper into a second acid-cleaned
container.


7.3.9 If the hydrofluoric acid concentration is a consideration in the analysis
technique such as with ICP methods, boric acid may be added to permit the complexation
of fluoride to protect the quartz plasma torch. The amount of acid added may be varied,
depending on the equipment and the analysis procedure.  If this option is used, alterations
in the measurement procedure to adjust for the boric acid and any bias it may cause are
necessary.  This addition will prevent the measurement of boron as one of the elemental
constituents in the sample.  Alternatively, a hydrofluoric acid resistant ICP torch may be used
and the addition of boric acid would be unnecessary for this analytical configuration.  All
major manufacturers have hydrofluoric resistant components available for the analysis of
solutions containing hydrofluoric acid.


CAUTION:  The traditional use of concentrated solutions of boric acid can cause
problems by turning the digestion solution cloudy or result in a high salt content
solution interfering with some analysis techniques.  Dilute solutions of boric acid or
other methods of neutralization or reagent elimination are appropriate to avoid
problems with HF and the glass sample introduction devices of analytical
instrumentation.  Gentle heating often serves to clear cloudy solutions.  Matrix
matching of samples and standards will eliminate viscosity differences.


7.3.10 The removal or reduction of the quantity of the hydrochloric and hydrofluoric
acids prior to analysis may be desirable.  The chemistry and volatility of the analytes of
interest should be considered and evaluated when using this alternative.  Evaporation to
near dryness in a controlled environment with controlled pure gas and neutralizing and
collection of exhaust interactions is an alternative where appropriate.  This manipulation may
be performed in the microwave system, if the system is capable of this function, or external
to the microwave system in more common apparatus(s).  This option must be tested and
validated to determine analyte retention and loss and should be accompanied by equipment
validation possibly using the standard addition method and standard reference materials.
This alternative may be used to alter either the acid concentration and/or acid composition.
Note: The final solution typically requires nitric acid to maintain appropriate sample solution
acidity and stability of the elements.  Commonly, a 2% (v/v) nitric acid concentration is
desirable.  Examples of analysis performed with and without removal of the hydrofluoric acid
are presented in Table 5.  Waste minimization techniques should be used  to capture reagent
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fumes.  This procedure should be tested and validated in the apparatus and on standards
before using on unknown samples.


7.3.11 Transfer or decant the sample into volumetric ware and dilute the digest to
a known volume.  The digest is now ready for analysis for elements of interest using
appropriate elemental analysis techniques and/or SW-846 methods.


7.3.12 Sample size may be scaled-up from 0.1, 0.25, or 0.5 g to 1.0 g through a
series of 0.2g sample size increments.  Scale-up can produce different reaction conditions
and/or produce increasing gaseous reaction products.  Increases in sample size may not
require alteration of the acid quantity or combination, but other reagents may be added to
permit a more complete decomposition and oxidation of organic and other sample
constituents where necessary (such as increasing the HF for the complete destruction of
silicates).  Each step of the scale-up must demonstrate safe operation before continuing.


7.4 Calculations:  The concentrations determined are to be reported on the basis of the
actual weight of the original sample.


7.5 Calibration of Microwave Equipment


NOTE: If the microwave unit uses temperature feedback control to follow performance
specifications of the method, then the calibration procedure will not be necessary.


7.5.1 Calibration is the normalization and reproduction of a microwave field strength
to permit reagent and energy coupling in a predictable and reproducible manner.  It balances
reagent heating and heat loss from the vessels and is equipment dependent due to the heat
retention and loss characteristics of the specific vessel.  Available power is evaluated to
permit the microwave field output in watts to be transferred from one microwave system to
another.


Use of calibration to control this reaction requires balancing output power, coupled energy,
and heat loss to reproduce the temperature heating profile in section 7.3.6.  The conditions
for each acid mixture and each batch containing the same specified number of vessels must
be determined individually.  Only identical acid mixtures and vessel models and specified
numbers of vessels may be used in a given batch.


7.5.2 For cavity type microwave equipment, this is accomplished by measuring  the
temperature rise in 1 kg of water exposed to microwave radiation for a fixed period of time.
The analyst can relate power in watts to the partial power setting of the system.  The
calibration format required for laboratory microwave systems depends on the type of
electronic system used by the manufacturer to provide partial microwave power.  Few
systems have an accurate and precise linear relationship between percent power settings
and absorbed power.  Where linear circuits have been utilized, the calibration curve can be
determined by a three-point calibration method (7.5.4), otherwise, the analyst must use the
multiple point calibration method (7.5.3).
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7.5.3 The multiple point calibration involves the measurement of absorbed power
over a large range of power settings.  Typically, for a 600 W unit, the following power settings
are measured; 100, 99, 98, 97, 95, 90, 80, 70, 60, 50, and 40% using the procedure
described in section 7.5.5.  This data is clustered about the customary working power
ranges. Nonlinearity has been encountered at the upper end of the calibration.  If the
system's electronics are known to have nonlinear deviations in any region of proportional
power control, it will be necessary to make a set of measurements that bracket the power
to be used. The final calibration point should be at the partial power setting that will be used
in the test.  This setting should be checked periodically to evaluate the integrity of the
calibration.  If a significant change is detected (±10 W), then the entire calibration should be
reevaluated.


7.5.4 The three-point calibration involves the measurement of absorbed power at
three different power settings.  Measure the power at 100% and 50% using the procedure
described in section 7.5.5.   From the 2-point line calculate the power setting corresponding
to the required power in watts specified in the procedure.  Measure the absorbed power at
that partial power setting.  If the measured absorbed power does not correspond to the
specified power within ±10 W, use the multiple point calibration in 7.5.3.  This point should
also be used to periodically verify the integrity of the calibration.


7.5.5 Equilibrate a large volume of water to room temperature (23 ± 2 ºC).  One kg
of reagent water is weighed (1,000.0 g + 0.1 g) into a suitably inert polymeric beaker or a
beaker made of some other material that does not significantly absorb microwave energy
(glass absorbs microwave energy and is not recommended).  The initial temperature of the
water should be 23 ± 2 ºC measured to ± 0.05 ºC.  The covered beaker is  circulated
continuously (in the normal sample path) through the microwave field for 2 minutes at the
desired partial power setting with the system's exhaust fan on maximum (as it will be during
normal operation).  The beaker is removed and the water vigorously stirred.  Use a magnetic
stirring bar inserted immediately after microwave irradiation and record the maximum
temperature within the first 30 seconds to ± 0.05 ºC.  Use a new sample for each additional
measurement.  If the water is reused, both the water and the beaker must have returned to
23 ± 2 ºC.  Three measurements at each power setting should be made.


The absorbed power is determined by the following relationship:


 K  Cp  m )T
Equation 1 P =    __________


 t


 Where:


P = the apparent power absorbed by the sample in watts
(W, W = joule sec )-1


K = the conversion factor for thermochemical 
calories_sec  to watts (which equals 4.184)-1


Cp = the heat capacity, thermal capacity, or specific 
heat (cal g  ºC ) of water-1 -1
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m = the mass of the water sample in grams (g)
)T = the final temperature minus the initial temperature (ºC) 
t = the time in seconds (s)


Using the experimental conditions of 2 minutes and 1 kg of distilled water (heat
capacity at 25 ºC is 0.9997 cal g  ºC ) the calibration equation simplifies to:-1 -1


P = 34.86 )T


NOTE:  Stable line voltage is necessary for accurate and reproducible calibration and
operation.  The line voltage should be within manufacturer's specification, and during
measurement and operation should not vary by more than ±5 V.  Electronic components in
most microwave units are matched to the system's function and output.  When any part of
the high voltage circuit, power source, or control components in the system have been
serviced or replaced, it will be necessary to recheck the system’s calibration.  If the power
output has changed significantly (±10 W), then the entire calibration should be reevaluated.


8.0 QUALITY CONTROL


8.1 All quality control data must be maintained and available for reference or inspection
for a period  determined by all involved parties based on program or project requirements.  This
method is restricted to use by, or under supervision of, experienced analysts.  Refer to the
appropriate section of Chapter One for additional quality control guidance.


8.2 Duplicate samples should be processed on a routine basis.  A duplicate sample is
a sample brought through the whole sample preparation and analytical process.  A duplicate sample
should be processed with each analytical batch or every 20 samples, whichever is the greater
number.  A duplicate sample should be prepared for each matrix type (i.e., soil, sludge, etc.).


8.3 Spiked samples and/or standard reference materials should be included with each
group of samples processed or every 20 samples, whichever is the greater number.  A spiked
sample should also be included whenever a new sample matrix is being analyzed.


8.4 Blank samples should be prepared using the same reagents and quantities used in
sample preparation, placed in vessels of the same type, and processed with the samples.


9.0 METHOD PERFORMANCE


9.1 Precision:  Precision data for Method 3052 are presented in the tables of this method.
Tables 1 through 6 provide a summary of total elemental analysis.


9.2 The performance criteria are provided as an example in Figure 1.  The temperature
profile will be within ± 5 ºC of the mean of the temperature profile, but the pressure curve will vary
depending on the acid mixture and gaseous digestion products and the thermal insulating properties
of the vessel.  Figure 2 provides criteria for the digestion of an oil sample.
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FIGURE 1.  TYPICAL REACTION PROFILE FOR THE DIGESTION OF A SOIL (REF. 4 AND 8)


FIGURE 2.  TYPICAL REACTION PROFILE FOR THE DIGESTION OF AN OIL (REF. 8)
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TABLE 1
 ANALYSIS OF NIST SRM 2704 (COMPILATION OF REFS. 2 AND 3)a


BUFFALO RIVER SEDIMENT


Element
Analyzed Certified


(µg/g) (µg/g)


Arsenic (n=4) 23.4 ± 2.6 23.4 ± 0.8


Cadmium (n=6) 3.5 ± 1.2 3.45 ± 0.22


Chromium (n=6) 132.9 ± 1.3 135 ± 5


Copper (n=6) 98.0 ± 4.2 98.6 ± 5.0


Lead (n=6) 155 ± 9.2 161 ± 17


Mercury (n=4) 1.49 ± 0.14 1.44 ± 0.07


Nickel (n=6) 43.6 ± 3.9 44.1 ± 3.0


Phosphorus (n=4) 1.016 ± 0.016 mg/g 0.998 ± 0.028 mg/g


Selenium (n=4) 1.13 ± 0.9 (1.1)


Sulfur (n=4) 3.56 ± 0.16 -----


Thallium (n=4) 1.15 ± 0.22 1.2 ± 0.2


Uranium (n=4) 2.97 ± 0.04 3.13 ± 0.13


Zinc (n=6) 441.9 ± 0.8 438 ± 12


Digestion with 9 mL HNO  and 4 mL HF.  Temperature and pressure conditions are asa
3


described in Section 7.3.6 of this method and similar to Figure 1.  Data reported with 95%
confidence intervals.
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TABLE 2
ANALYSIS OF NIST SRM 2710 (REFS. 4 AND 3)a


MONTANA SOIL:  HIGHLY ELEVATED TRACE ELEMENT CONCENTRATIONS (n=6)


Element
Analyzed Certified


(µg/g) (µg/g)


Antimony 39.3 ± 0.9 b 38.4 ± 3.0


Cadmium 21.9 ± 0.7 a 21.8 ± 0.2


Chromium 34.0 ± 3.2 b


(39)


Copper 2902 ± 83 a 2950 ± 130


Lead 5425 ± 251 a 5532 ± 80


Nickel 13.5 ± 1.0 a 14.3 ± 1.0


Silver 36.6 ± 0.5 b
35.3 ± 1.5


Zinc 7007 ± 111 a 6952 ± 91


Digestion with either a. 9 mL HNO  and 4 mL HF or b. 9 mL HNO , 3 mL HF, & 2 mLa
3 3


HCl.  Temperature and pressure conditions are as described in Sec. 7.3.6 of this method
and similar to Figure 1.  Data reported with 95% confidence intervals.


TABLE 3
NIST SRM 2711 (REFS. 4 AND 3)


MONTANA SOIL: MODERATELY ELEVATED TRACE ELEMENT CONCENTRATIONS (n=6)


Element
Analyzed Certified


(µg/g) (µg/g)


Cadmium 40.5 ± 1.0 41.70 ± 0.25


Chromium 45.5 ± 1.0 (47)


Copper 106.8 ± 3.4 114 ± 2


Lead 1161 ± 49 1162 ± 31


Nickel 19.6 ± 0.9 20.6 ± 1.1


Silver 4.3 ± 1.0 4.63 ± 0.39


Zinc 342 ± 9.4 350.4 ± 4.8


Digestion with 9 mL HNO  and 4 mL HF.  Temperature and pressure conditions are asa
3


described in Sec. 7.3.6 of this method and similar to Figure 1.  Data reported with 95%
confidence intervals.
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TABLE 4
STABILIZATION AND RECOVERY OF ELEMENTS WITH HCl (REF. 3)  NIST SRM 2710a


MONTANA SOIL: HIGHLY ELEVATED TRACE ELEMENT CONCENTRATIONS (n=6)


Element
HNO  & HF HNO , HF & HCl Certified3


(µg/g) (µg/g) (µg/g)
3


Antimony 33.1 ± 2.1 39.3 ± 0.9 38.4 ± 3.0


Silver 10.6 ± 4.5 36.6 ± 0.5 35.3 ± 1.5


HNO  and HF - Digestion used 9 mL and 3 mL, respectively.a
3


HNO , HF, and HCl  - Digestion used 9 mL, 3 mL, and 2 mL respectively.  Temperature and3


pressure conditions are as described in Sec. 7.3.6 of this method and similar to Figure 1. 
Data reported with 95% confidence intervals.


TABLE 5
FUMING OFF HYDROFLUORIC ACID WITH MICROWAVE EVAPORATION SYSTEM (REF 3)a


MONTANA SOIL: HIGHLY ELEVATED TRACE ELEMENT CONCENTRATIONS (n=4)


Element
Direct Fumed Certified
(µg/g) (µg/g) (µg/g)


Antimony 39.3 ± 0.9 39.4 ± 0.9 38.4 ± 3.0


Cadmium 21.9 ± 0.7 23.3 ± 1.6 21.8 ± 0.2


Chromium 34.0 ± 3.2 32.4 ± 0.4 (39)


Copper 2902 ± 83 2870 ± 150 2950 ± 130


Lead 5425 ± 251 5502 ± 106 5532 ± 80


Nickel 13.5 ± 1.0 13.5 ± 0.8 14.3 ± 1.0


Silver 36.6 ± 0.5 38.9 ± 1.1 35.3 ± 1.5


Zinc 7007 ± 111 3992 ± 132 6952 ± 91


Direct - Digestion used 9 mL HNO  and 3 mL HCl or 9 mL HNO , 3 mL HF, and 2 mL HCla
3        3


Fumed - Digestion used 9 mL HNO  and 3 mL HCl followed by the removal of the HF. 3


Temperature and pressure conditions are as described in 7.3.6 of the method and similar to
Figure 1.  The digest solution was fumed in a microwave system under vacuum to ~1 mL
and 3 mL HCl added.  The digest solution was fumed to ~1 mL and 3 mL HNO  was added. 3


The solution was fumed for a final step to ~1 mL and quantitatively transferred and diluted to
final volume.  Data reported with 95% confidence intervals.
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TABLE 6
ANALYSIS OF NIST SRM 1084A (REF. 8) a


WEAR METALS IN OIL (100 ppm) (n=4)


Element
Analyzed Certified


(µg/g) (µg/g)


Chromium 98.1 ± 1.1 98.3 ± 0.8


Copper 1.2.4 ± 2.4 100.0 ± 1.9


Lead 99.2 ± 2.3 101.1 ± 1.3


Nickel 99.2 ± 2.4 99.7 ± 1.6


Silver 102.7 ± 2.2 101.4 ± 1.5


Digestion with 9 mL HNO  and 0.5 mL HF.  Temperature and pressure conditions are asa
3


described in Sec. 7.3.6 of this method and similar to Figure 2.  Data reported with 95%
confidence intervals.
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TABLE 7
DIGESTION PARAMETERS USED IN THE ANALYSIS OF SEVERAL MATRICES


BY METHOD 3052


Matrix HNO HF HCl3


Soil


NIST SRM 2710 9 mL 3 mL 0-2*mL
Highly Contaminated Montana Soil


NIST SRM 2711 9 3 0-2*
Moderately Contaminated Montana Soil


Sediment


NIST SRM 2704 9 3 0-2*
Buffalo River Sediment


Biological


NIST SRM 1566a 9 0 0
Oyster Tissue


NIST SRM 1577a 9 0 0
Bovine Liver


Botanical


NIST SRM 1515 9 0 0
Apple Leaves


NIST SRM 1547 9 0 0
Peach Leaves


NIST SRM 1572 9 0.5 0
Citrus Leaves


Waste Oil


NIST SRM 1084a 9 0.5 0-2*
Wear-Metals in Lubricating Oil


* HCl is added to stabilize elements such as Ag and Sb when they are analyzed.
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METHOD 3052
MICROWAVE ASSISTED ACID DIGESTION OF SILICEOUS AND ORGANICALLY BASED


MATRICES
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METHOD 6010C


INDUCTIVELY COUPLED PLASMA-ATOMIC EMISSION SPECTROMETRY


SW-846 is not intended to be an analytical training manual.  Therefore, method
procedures are written based on the assumption that they will be performed by analysts who are
formally trained in at least the basic principles of chemical analysis and in the use of the subject
technology.


In addition, SW-846 methods, with the exception of required method use for the analysis
of method-defined parameters, are intended to be guidance methods which contain general
information on how to perform an analytical procedure or technique which a laboratory can use
as a basic starting point for generating its own detailed Standard Operating Procedure (SOP),
either for its own general use or for a specific project application.  The performance data
included in this method are for guidance purposes only, and are not intended to be and must
not be used as absolute QC acceptance criteria for purposes of laboratory accreditation.


1.0 SCOPE AND APPLICATION
 


1.1 Inductively coupled plasma-atomic emission spectrometry (ICP-AES) may be used
to determine trace elements in solution.  With the exception of groundwater samples, all
aqueous and solid matrices need acid digestion prior to analysis.  Groundwater samples that
were prefiltered and acidified will not need acid digestion.  Samples which are not digested
need either an internal standard or should be matrix-matched with the standards.  If either
option is used, instrument software should be programmed to correct for intensity differences of
the internal standard between samples and standards.  Refer to Chapter Three, "Inorganic
Analytes," for a listing of digestion procedures that may be appropriate.  The following analytes
have been determined by this method:
 


Element Symbol CAS Number Element Symbol CAS Number


Aluminum Al 7429-90-5 Mercury Hg 7439-97-6


Antimony Sb 7440-36-0 Molybdenum Mo 7439-98-7


Arsenic As 7440-38-2 Nickel Ni 7440-02-0


Barium Ba 7440-39-3 Phosphorus P 7723-14-0


Beryllium Be 7440-41-7 Potassium K 7440-09-7


Boron B 7440-42-8 Selenium Se 7782-49-2


Cadmium Cd 7440-43-9 Silica SiO2 7631-86-9


Calcium Ca 7440-70-2 Silver Ag 7440-22-4


Chromium Cr 7440-47-3 Sodium Na 7440-23-5


Cobalt Co 7440-48-4 Strotium Sr 7440-24-6


Copper Cu 7440-50-8 Thallium TI 7440-28-0


Iron Fe 7439-89-6 Tin Sn 7440-31-5


Lead Pb 7439-92-1 Titanium Ti 7440-32-6


Lithium Li 7439-93-2 Vanadium V 7440-62-2







Element Symbol CAS Number Element Symbol CAS Number
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Magnesium Mg 7439-95-4 Zinc Zn 7440-66-6


Manganese Mn 7439-96-5
CAS Number:  Chemical Abstract Service Registry Number.


1.2 Table 1 lists all of the elements for which this method was validated.  The
sensitivity and the optimum and linear ranges for each element will vary with the wavelength,
spectrometer, matrix, and operating conditions.  Table 1 lists the recommended analytical
wavelengths and estimated instrumental detection limits (IDLs) for the elements in clean
aqueous matrices with insignificant background interferences.  Other elements and matrices
may be analyzed by this method if appropriate performance at the concentrations of interest
(see Sec. 9.0) is demonstrated.


1.3 Analysts should clearly understand the data quality objectives prior to analysis and
must document and have on file the required initial demonstration performance data described
in the following sections prior to using the method for analysis.


1.4 Prior to employing this method, analysts are advised to consult the each
preparative method that may be employed in the overall analysis (e.g., a 3000 series method)
for additional information on quality control procedures, development of QC acceptance criteria,
calculations, and general guidance.  Analysts also should consult the disclaimer statement at
the front of the manual and the information in Chapter Two for guidance on the intended
flexibility in the choice of methods, apparatus, materials, reagents, and supplies, and on the
responsibilities of the analyst for demonstrating that the techniques employed are appropriate
for the analytes of interest, in the matrix of interest, and at the levels of concern.  


In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to Federal testing
requirements.  The information contained in this method is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgments necessary to generate
results that meet the data quality objectives for the intended application.


1.5 Use of this method is restricted to use by, or under supervision of, spectroscopists
appropriately experienced and trained in the correction of spectral, chemical, and physical
interferences described in this method.  Each analyst must demonstrate the ability to generate
acceptable results with this method.


2.0 SUMMARY OF METHOD


2.1 Prior to analysis, samples must be solubilized or digested using the appropriate
sample preparation methods (see Chapter Three).  When analyzing groundwater samples for
dissolved constituents, acid digestion is not necessary if the samples are filtered and acid
preserved prior to analysis (refer to Sec. 1.1).


2.2 This method describes multielemental determinations by ICP-AES using sequential
or simultaneous optical systems and axial or radial viewing of the plasma.  The instrument
measures characteristic emission spectra by optical spectrometry.  Samples are nebulized and
the resulting aerosol is transported to the plasma torch.  Element-specific emission spectra are
produced by a radio-frequency inductively coupled plasma.  The spectra are dispersed by a
grating spectrometer, and the intensities of the emission lines are monitored by photosensitive
devices.  
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2.3 Background correction is required for trace element determination.  Background
emission must be measured adjacent to analyte lines on samples during analysis.  The position
selected for the background-intensity measurement, on either or both sides of the analytical
line, will be determined by the complexity of the spectrum adjacent to the analyte line.  The
position used should be as free as possible from spectral interference and should reflect the
same change in background intensity as occurs at the analyte wavelength measured. 
Background correction is not required in cases of line broadening where a background
correction measurement would actually degrade the analytical result.  The possibility of
additional interferences identified in Sec. 4.0 should also be recognized and appropriate
corrections made; tests for their presence are described in Secs. 9.6 and 9.7.  Alternatively,
users may choose multivariate calibration methods.  In this case, point selections for
background correction are superfluous since whole spectral regions are processed.


3.0 DEFINITIONS


Refer to Chapter One, Chapter Three, and the manufacturer's instructions for definitions
that may be relevant to this procedure.


4.0 INTERFERENCES


4.1 Solvents, reagents, glassware, and other sample processing hardware may yield
artifacts and/or interferences to sample analysis.  All these materials must be demonstrated to
be free from interferences under the conditions of the analysis by analyzing method blanks. 
Specific selection of reagents and purification of solvents by distillation in all-glass systems may
be necessary.  Refer to each method to be used for specific guidance on quality control
procedures and to Chapter Three for general guidance on the cleaning of glassware.  Also refer
to the preparative methods to be used for discussions on interferences.


4.2 Spectral interferences are caused by background emission from continuous or
recombination phenomena, stray light from the line emission of high concentration elements,
overlap of a spectral line from another element, or unresolved overlap of molecular band
spectra.  


4.2.1 Compensation for background emission and stray light can usually be
conducted by subtracting the background emission determined by measurements
adjacent to the analyte wavelength peak.  Spectral scans of samples or single element
solutions in the analyte regions may indicate when alternate wavelengths are desirable
because of severe spectral interference.  These scans will also show whether the most
appropriate estimate of the background emission is provided by an interpolation from
measurements on both sides of the wavelength peak or by measured emission on only
one side.  The locations selected for the measurement of background intensity will be
determined by the complexity of the spectrum adjacent to the wavelength peak.  The
locations used for routine measurement must be free of off-line spectral interference
(interelement or molecular) or adequately corrected to reflect the same change in
background intensity as occurs at the wavelength peak.  For multivariate methods using
whole spectral regions, background scans should be included in the correction algorithm. 
Off-line spectral interferences are handled by including spectra on interfering species in
the algorithm. 


4.2.2 To determine the appropriate location for off-line background correction,
the user must scan the area on either side adjacent to the wavelength and record the
apparent emission intensity from all other method analytes.  This spectral information must
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be documented and kept on file.  The location selected for background correction must be
either free of off-line interelement spectral interference or a computer routine must be
used for automatic correction on all determinations.  If a wavelength other than the
recommended wavelength is used, the analyst must determine and document both the
overlapping and nearby spectral interference effects from all method analytes and
common elements and provide for their automatic correction on all analyses.  Tests to
determine spectral interference must be done using analyte concentrations that will
adequately describe the interference.  Normally, 100 mg/L single-element solutions are
sufficient.  However, for analytes such as iron that may be found in the sample at high
concentration, a more appropriate test would be to use a concentration near the upper
limit of the analytical range  (refer to Chapter Three).  


4.2.3 Spectral overlaps may be avoided by using an alternate wavelength or
can be compensated for by equations that correct for interelement contributions. 
Instruments that use equations for interelement correction require that the interfering
elements be analyzed at the same time as the element of interest.  When operative and
uncorrected, interferences will produce false positive or positively biased determinations. 
More extensive information on interferant effects at various wavelengths and resolutions is
available in reference wavelength tables and books.  Users may apply interelement
correction equations determined on their instruments with tested concentration ranges to
compensate (off-line or on-line) for the effects of interfering elements.  Some potential
spectral interferences observed for the recommended wavelengths are given in Table 2. 
For multivariate calibration methods using whole spectral regions, spectral interferences
are handled by including spectra of the interfering elements in the algorithm.  The
interferences listed are only those that occur between method analytes.  Only
interferences of a direct overlap nature are listed.  These overlaps were observed with a
single instrument having a working resolution of 0.035 nm.


4.2.4 When using interelement correction equations, the interference may be
expressed as analyte concentration equivalents (i.e., false positive analyte concentrations)
arising from 100 mg/L of the interference element.  For example, if As is to be determined
at 193.696 nm in a sample containing approximately 10 mg/L of Al, according to Table 2,
100 mg/L of Al will yield a false positive signal for an As level equivalent to approximately
1.3 mg/L. Therefore, the presence of 10 mg/L of Al will result in a false positive signal for
As equivalent to approximately 0.13 mg/L.  The user is cautioned that other instruments
may exhibit somewhat different levels of interference than those shown in Table 2.  These
data are provided for guidance purposes only.  The interference effects must be evaluated
for each individual instrument, since the intensities will vary.


4.2.5 Interelement corrections will vary for the same emission line among
instruments because of differences in resolution, as determined by the grating, the
entrance and exit slit widths, and by the order of dispersion.  Interelement corrections will
also vary depending upon the choice of background correction points.  Selecting a
background correction point where an interfering emission line may appear should be
avoided when practical.  Interelement corrections that constitute a major portion of an
emission signal may not yield accurate data.  Users should continuously note that some
samples may contain uncommon elements that could contribute spectral interferences. 


4.2.6 The interference effects must be evaluated for each individual instrument,
whether configured as a sequential or simultaneous instrument.  For each instrument,
intensities will vary not only with optical resolution but also with operating conditions (such
as power, viewing height and argon flow rate).  When using the recommended
wavelengths, the analyst is required to determine and document for each wavelength the
effect from referenced interferences (Table 2) as well as any other suspected
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interferences that may be specific to the instrument or matrix.  The analyst is encouraged
to utilize a computer routine for automatic correction on all analyses.  


4.2.7 Users of sequential instruments must verify the absence of spectral
interference by scanning over a range of 0.5 nm centered on the wavelength of interest for
several samples.  The range for lead, for example, would be from 220.6 to 220.1 nm.  This
procedure must be repeated whenever a new matrix is to be analyzed and when a new
calibration curve using different instrumental conditions is to be prepared.  Samples that
show an elevated background emission across the range may be background corrected
by applying a correction factor equal to the emission adjacent to the line or at two points
on either side of the line and interpolating between them.  An alternate wavelength that
does not exhibit a background shift or spectral overlap may also be used.  


4.2.8 If the correction routine is operating properly, the determined apparent
analyte(s) concentration from analysis of each interference solution should fall within a
specific concentration range around the calibration blank.  The concentration range is
calculated by multiplying the concentration of the interfering element by the value of the
correction factor being tested and dividing by 10.  If after the subtraction of the calibration
blank the apparent analyte concentration falls outside of this range, in either a positive or
negative direction, a change in the correction factor of more than 10% should be
suspected.  The cause of the change should be determined and corrected and the
correction factor updated.  The interference check solutions should be analyzed more than
once to confirm a change has occurred.  Adequate rinse time between solutions and
before analysis of the calibration blank will assist in the confirmation.   


4.2.9 When interelement corrections are applied, their accuracy should be
verified daily, by analyzing spectral interference check solutions.  The correction factors or
multivariate correction matrices tested on a daily basis must be within the 20% criteria for
five consecutive days.  All interelement spectral correction factors or multivariate
correction matrices must be verified and updated every six months or when an
instrumentation change occurs, such as one in the torch, nebulizer, injector, or plasma
conditions.  Standard solutions should be inspected to ensure that there is no
contamination that may be perceived as a spectral interference.


4.2.10 When interelement corrections are not used, verification of absence of
interferences is required.  


4.2.10.1 One method to verify the absence of interferences is to use a
computer software routine for comparing the determinative data to established
limits for notifying the analyst when an interfering element is detected in the sample
at a concentration that will produce either an apparent false positive concentration
(i.e., greater than the analyte instrument detection limit), or a false negative analyte
concentration (i.e., less than the lower control limit of the calibration blank defined
for a 99% confidence interval).


4.2.10.2 Another way to verify the absence of interferences is to
analyze an interference check solution which contains similar concentrations of the
major components of the samples (>10 mg/L) on a continuing basis to verify the
absence of effects at the wavelengths selected.  These data must be kept on file
with the sample analysis data.  If the check solution confirms an operative
interference that is $20% of the analyte concentration, the analyte must be
determined using (1) analytical and background correction wavelengths (or
spectral regions) free of the interference, (2) by an alternative wavelength, or (3) by
another documented test procedure.
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4.3 Physical interferences are effects associated with the sample nebulization and
transport processes.  Changes in viscosity and surface tension can cause significant
inaccuracies, especially in samples containing high dissolved solids or high acid concentrations. 
If physical interferences are present, they must be reduced by diluting the sample, by using a
peristaltic pump, by using an internal standard, or by using a high solids nebulizer.  Another
problem that can occur with high dissolved solids is salt buildup at the tip of the nebulizer,
affecting aerosol flow rate and causing instrumental drift.  The problem can be controlled by
wetting the argon prior to nebulization, by using a tip washer, by using a high solids nebulizer,
or by diluting the sample.  Also, it has been reported that better control of the argon flow rate,
especially to the nebulizer, improves instrument performance.  This may be accomplished with
the use of mass flow controllers.  The test described in Sec. 9.9 will help determine if a physical
interference is present.


4.4 Chemical interferences include molecular compound formation, ionization effects,
and solute vaporization effects.  Normally, these effects are not significant with the ICP
technique, but if observed, can be minimized by careful selection of operating conditions
(incident power, observation position, and so forth), by buffering of the sample, by matrix
matching, and by standard addition procedures.  Chemical interferences are highly dependent
on matrix type and the specific analyte element.  The analyst is encouraged to review the
information in all of Sec. 4.0 to deal with the majority of interferences likely to be encountered
when using this method.  


 4.4.1 The method of standard additions (MSA) can be useful when certain
interferences are encountered.  Refer to Method 7000 for a more detailed discussion of
the MSA.


4.4.2 An alternative to using the method of standard additions is to use the
internal standard technique, which involves adding one or more elements that are both not
found in the samples and verified to not cause an interelement spectral interference to the
samples, standards, and blanks.  Yttrium or scandium are often used.  The concentration
should be sufficient for optimum precision, but not so high as to alter the salt concentration
of the matrix.  The element intensity is used by the instrument as an internal standard to
ratio the analyte intensity signals for both calibration and quantitation.  This technique is
very useful in overcoming matrix interferences, especially in high solids matrices.


4.5  Memory interferences result when analytes in a previous sample contribute to the
signals measured in a new sample.  Memory effects can result from sample deposition on the
uptake tubing to the nebulizer and from the build up of sample material in the plasma torch and
spray chamber.  The site where these effects occur is dependent on the element and can be
minimized by flushing the system with a rinse blank between samples.  The possibility of
memory interferences should be recognized within an analytical run and suitable rinse times
should be used to reduce them.  The rinse times necessary for a particular element must be
estimated prior to analysis.  This may be achieved by aspirating a standard containing elements
at a concentration ten times the usual amount or at the top of the linear dynamic range.  The
aspiration time for this sample should be the same as a normal sample analysis period, followed
by analysis of the rinse blank at designated intervals.  Note the length of time necessary for
reducing analyte signals to "equal to" or "less than" the lower limit of quantitation.  Until the
required rinse time is established, the rinse period should be at least 60 sec between samples
and standards.  If a memory interference is suspected, the sample must be reanalyzed after a
rinse period of sufficient length.  Alternate rinse times may be established by the analyst based
upon the project-specific DQOs.


4.6 Users are advised that high salt concentrations can cause analyte signal
suppressions and confuse interference tests.  If the instrument does not display negative
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values, fortify the interference check solution with the elements of interest at 0.5 to 1 mg/L and
measure the added standard concentration accordingly.  Concentrations should be within 20%
of the true spiked concentration or dilution of the samples will be necessary.  In the absence of
a measurable analyte, overcorrection could go undetected if a negative value is reported as
zero. 


4.7 The dashes in Table 2 indicate that no measurable interferences were observed
even at higher interferant concentrations.  Generally, interferences were discernible if they
produced peaks, or background shifts, corresponding to 2 to 5% of the peaks generated by the
analyte concentrations.


4.8 The calibration blank (Sec. 7.5.1) may restrict the sensitivity of the quantitation limit
or degrade the precision and accuracy of the analysis.  Consult Chapter Three for
recommended precautions and procedures necessary in reducing the magnitude and variability
of the calibration blank.


5.0 SAFETY


5.1 This method does not address all safety issues associated with its use. The
laboratory is responsible for maintaining a safe work environment and a current awareness file
of OSHA regulations regarding the safe handling of the chemicals specified in this method.  A
reference file of material safety data sheets (MSDSs) should be available to all personnel
involved in these analyses.


5.2 Concentrated nitric and hydrochloric acids are moderately toxic and extremely
irritating to skin and mucus membranes.  Use these reagents in a hood and if eye or skin
contact occurs, flush with large volumes of water.  Always wear safety glasses or a shield for
eye protection when working with these reagents.  Hydrofluoric acid is a very toxic acid and
penetrates the skin and tissues deeply if not treated immediately.  Injury occurs in two stages;
first, by hydration that induces tissue necrosis and then by penetration of fluoride ions deep into
the tissue and by reaction with calcium.  Boric acid and other complexing reagents and
appropriate treatment agents should be administered immediately.  Consult appropriate safety
literature and have the appropriate treatment materials readily available prior to working with
this acid.  See Method 3052 for specific suggestions for handling hydrofluoric acid from a safety
and an instrument standpoint.


5.3 Many metal salts are extremely toxic if inhaled or swallowed.  Extreme care must
be taken to ensure that samples and standards are handled properly and that all exhaust gases
are properly vented.  Wash hands thoroughly after handling.


5.4 The acidification of samples containing reactive materials may result in the release
of toxic gases, such as cyanides or sulfides.  For this reason, the acidification and digestion of
samples should be performed in an approved fume hood. 


6.0 EQUIPMENT AND SUPPLIES


6.1 Inductively coupled argon plasma emission spectrometer


6.1.1 Computer-controlled emission spectrometer with background correction.


6.1.2 Radio-frequency generator compliant with FCC regulations.
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6.1.3 Optional mass flow controller for argon nebulizer gas supply.


6.1.4 Optional peristaltic pump.


6.1.5 Optional autosampler.


6.1.6 Argon gas supply -- high purity.


6.2 Volumetric flasks of suitable precision and accuracy.


6.3 Volumetric pipets of suitable precision and accuracy.


7.0 REAGENTS AND STANDARDS


7.1 Reagent- or trace metals-grade chemicals must be used in all tests.  Unless
otherwise indicated, it is intended that all reagents conform to the specifications of the
Committee on Analytical Reagents of the American Chemical Society, where such
specifications are available.  Other grades may be used, provided it is first ascertained that the
reagent is of sufficiently high purity to permit its use without lessening the accuracy of the
determination.  If the purity of a reagent is in question, analyze for contamination.  If the
concentration of the contamination is less than the lower limit of quantitation, then the reagent is
acceptable. 
 


7.1.1 Hydrochloric acid (conc), HCl.
      


7.1.2 Hydrochloric acid HCl (1:1) --  Add 500 mL concentrated HCl to 400 mL
water and dilute to 1 L in an appropriately- sized beaker.


 
  7.1.3 Nitric acid (conc), HNO3.
 


7.1.4 Nitric acid, HNO3 (1:1) -- Add 500 mL concentrated HNO3 to 400 mL
water and dilute to 1 L in an appropriately-sized beaker.


7.2 Reagent water --  All references to water in the method refer to reagent water,
unless otherwise specified.  Reagent water must be free of interferences. 


7.3 Standard stock solutions may be purchased or prepared from ultra-high purity
grade chemicals or metals (99.99% pure or greater).   With several exceptions specifically
noted, all salts must be dried for 1 hr at 105 EC. 


CAUTION: Many metal salts are extremely toxic if inhaled or swallowed.  Wash hands
thoroughly after handling. 


Typical stock solution preparation procedures follow.  Concentrations are calculated based
upon the weight of pure metal added, or with the use of the element fraction and the weight of
the metal salt added.


NOTE: This section does not apply when analyzing samples prepared by Method 3040.


NOTE: The weight of the analyte is expressed to four significant figures for consistency with
the weights below because rounding to two decimal places can contribute up to 4%
error for some of the compounds.
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Concentration (ppm) ' weight (mg)
volume (L)


Concentration (ppm) ' weight (mg) x mole fraction
volume (L)


For metals:


For metal salts:


7.3.1 Aluminum solution, stock, 1 mL = 1000 µg of Al


Dissolve 1.000 g of aluminum metal, accurately weighed to at least four significant
figures, in an acid mixture of 4.0 mL of HCl (1:1) and 1.0 mL of concentrated HN03 in a
beaker. Warm beaker slowly to dissolve the metal.  When dissolution is complete, transfer
solution quantitatively to a 1000-mL volumetric  flask, add an additional 10.0 mL of HCl
(1:1) and dilute to volume with reagent water.


7.3.2 Antimony solution, stock, 1 mL = 1000 µg of Sb


Dissolve 2.6673 g of K(SbO)C4H4O6 (element fraction Sb = 0.3749), accurately
weighed to at least four significant figures, in reagent water, add 10 mL of HCl (1:1), and
dilute to volume in a 1000-mL volumetric flask with reagent water.


7.3.3 Arsenic solution, stock, 1 mL = 1000 µg of As


Dissolve 1.3203 g of As2O3 (element fraction As = 0.7574), accurately weighed to
at least four significant figures, in 100 mL of  reagent water containing 0.4 g of NaOH. 
Acidify the solution with 2 mL of concentrated HNO3 and dilute to volume in a 1000-mL
volumetric flask with reagent water.


7.3.4 Barium solution, stock, 1 mL = 1000 µg of Ba


Dissolve 1.5163 g of BaCl2 (element fraction Ba = 0.6595), dried at 250 EC for 2
hr, accurately weighed to at least four significant figures, in 10 mL of reagent water with
1 mL of HCl (1:1).  Add 10.0 mL of HCl (1:1) and dilute to volume in a 1000-mL volumetric
flask with reagent water.


7.3.5 Beryllium solution, stock, 1 mL = 1000 µg of Be


Do not dry. Dissolve 19.6463 g of BeSO4@4H2O (element fraction Be = 0.0509),
accurately weighed to at least four significant figures, in reagent water, add 10.0 mL of 
concentrated HNO3, and dilute to volume in a 1000-mL volumetric flask with reagent
water.


7.3.6 Boron solution, stock, 1 mL = 1000 µg of B


Do not dry.  Dissolve 5.716 g of anhydrous H3BO3 (B fraction = 0.1749),
accurately weighed to at least four significant figures, in reagent water and dilute in a 1-L
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volumetric flask with reagent water.  Transfer immediately after mixing in a clean
polytetrafluoroethylene (PTFE) bottle to minimize any leaching of boron from the glass
container.  The use of a non-glass volumetric flask is recommended to avoid boron
contamination from glassware.


7.3.7 Cadmium solution, stock, 1 mL = 1000 µg of Cd


Dissolve 1.1423 g of CdO (element fraction Cd = 0.8754), accurately weighed to
at least four significant figures, in a minimum amount of (1:1) HNO3.  Heat to increase the
rate of dissolution.  Add 10.0 mL of concentrated HNO3 and dilute to volume in a 1000-mL
volumetric flask with reagent water.


7.3.8 Calcium solution, stock, 1 mL = 1000 µg of Ca


Suspend 2.4969 g of CaCO3 (element Ca fraction = 0.4005), dried at 180 EC for
1 hr before weighing, accurately weighed to at least four significant figures, in reagent
water and dissolve cautiously with a minimum amount of (1:1) HNO3.  Add 10.0 mL of
concentrated HNO3 and dilute to volume in a 1000-mL volumetric flask with reagent water.


7.3.9 Chromium solution, stock, 1 mL = 1000 µg of Cr


Dissolve 1.9231 g of CrO3 (element fraction Cr = 0.5200), accurately weighed to
at least four significant figures, in reagent water.  When dissolution is complete, acidify
with 10 mL of concentrated HNO3 and dilute to volume in a 1000-mL volumetric flask with
reagent water.


7.3.10 Cobalt solution, stock, 1 mL = 1000 µg of Co


Dissolve 1.000 g of cobalt metal, accurately weighed to at least four significant
figures, in a minimum amount of (1:1) HNO3.  Add 10.0 mL of HCl (1:1) and dilute to
volume in a 1000-mL volumetric flask with reagent water.


7.3.11 Copper solution, stock, 1 mL = 1000 µg of Cu


Dissolve 1.2564 g of CuO (element fraction Cu = 0.7989), accurately weighed to
at least four significant figures, in a minimum amount of (1:1) HNO3.  Add 10.0 mL of
concentrated HNO3 and dilute to volume in a 1000-mL volumetric flask with reagent water.


7.3.12 Iron solution, stock, 1 mL = 1000 µg of Fe


Dissolve 1.4298 g of Fe2O3 (element fraction Fe = 0.6994), accurately weighed to
at least four significant figures, in a warm mixture of 20 mL HCl (1:1) and 2 mL of
concentrated HNO3.  Cool, add an additional 5.0 mL of concentrated HNO3, and dilute to
volume in a 1000-mL volumetric flask with reagent water.


7.3.13 Lead solution, stock, 1 mL = 1000 µg of Pb


Dissolve 1.5985 g of Pb(NO3)2 (element fraction Pb = 0.6256), accurately
weighed to at least four significant figures, in a minimum amount of (1:1) HNO3.  Add 10
mL (1:1) HNO3 and dilute to volume in a 1000-mL volumetric flask with reagent water.
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7.3.14 Lithium solution, stock, 1 mL = 1000 µg of Li


Dissolve 5.3248 g of lithium carbonate (element fraction Li = 0.1878), accurately
weighed to at least four significant figures, in a minimum amount of HCl (1:1) and dilute to
volume in a 1000-mL volumetric flask with reagent water.


7.3.15 Magnesium solution, stock, 1 mL = 1000 µg of Mg


Dissolve  1.6584 g of MgO (element fraction Mg = 0.6030), accurately weighed to
at least four significant figures, in a minimum amount of (1:1) HNO3.  Add 10.0 mL of (1:1)
concentrated HNO3 and dilute to volume in a 1000-mL volumetric flask with reagent water.


7.3.16 Manganese solution, stock, 1 mL = 1000 µg of Mn


Dissolve 1.00 g of manganese metal, accurately weighed to at least four
significant figures, in acid mixture (10 mL of concentrated HCl and 1 mL of concentrated
HNO3) and dilute to volume in a 1000-mL volumetric flask with reagent water.


7.3.17 Mercury solution, stock, 1 mL = 1000 µg of Hg


WARNING:  Do not dry, mercury is a highly toxic element.  


Dissolve 1.354 g of HgCl2 (Hg fraction = 0.7388) in reagent water.  Add 50.0 mL
of  concentrated HNO3 and dilute to volume in 1000-mL volumetric flask with reagent
water.


7.3.18 Molybdenum solution, stock, 1 mL = 1000 µg of Mo


Dissolve 1.7325 g of (NH4)6Mo7O24@4H2O (element fraction Mo = 0.5772),
accurately weighed to at least four significant figures, in reagent water and dilute to
volume in a 1000-mL volumetric flask with reagent water.


7.3.19 Nickel solution, stock, 1 mL = 1000 µg of Ni


Dissolve 1.000 g of nickel metal, accurately weighed to at least four significant
figures, in 10.0 mL of  hot concentrated HNO3, cool, and dilute to volume in a 1000-mL
volumetric flask with reagent water.


7.3.20 Phosphate solution, stock, 1 mL = 1000 µg of P


Dissolve 4.3937 g of anhydrous KH2PO4 (element fraction P = 0.2276),
accurately weighed to at least four significant figures, in water.  Dilute to volume in a 1000-
mL volumetric flask with reagent water.


7.3.21 Potassium solution, stock, 1 mL = 1000 µg of K


Dissolve 1.9069 g of KCl (element fraction K = 0.5244) dried at 110 EC,
accurately weighed to at least four significant figures, in reagent water, and dilute to
volume in a 1000-mL volumetric flask with reagent water.
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7.3.22 Selenium solution, stock, 1 mL = 1000 µg of Se


Do not dry.  Dissolve 1.6332 g of H2SeO3 (element fraction Se = 0.6123),
accurately weighed to at least four significant figures, in reagent water and dilute to
volume in a 1000-mL volumetric flask with reagent water.


7.3.23 Silica solution, stock, 1 mL = 1000 µg SiO2


Do not dry.  Dissolve 2.964 g of NH4SiF6, accurately weighed to at least four
significant figures, in 200 mL (1:20) HCl with heating at 85 EC to dissolve the solid.  Let
solution cool and dilute to volume in a 1000-mL volumetric flask with reagent water.  Store
in a PTFE container and protect from light.


7.3.24 Silver solution, stock, 1 mL = 1000 µg of Ag


Dissolve 1.5748 g of AgNO3 (element fraction Ag = 0.6350), accurately weighed
to at least four significant figures, in water and 10 mL of concentrated HNO3.  Dilute to
volume in a 1000-mL volumetric flask with reagent water.


7.3.25 Sodium solution, stock, 1 mL = 1000 µg of Na


Dissolve 2.5419 g of NaCl (element fraction Na = 0.3934), accurately weighed to
at least four significant figures, in reagent water. Add 10.0 mL of concentrated HNO3 and
dilute to volume in a 1000-mL volumetric flask with reagent water.


7.3.26 Strontium solution, stock, 1 mL = 1000 µg of Sr


Dissolve 2.4154 g of strontium nitrate (Sr(NO3)2) (element fraction Sr = 0.4140),
accurately weighed to at least four significant figures, in a 1000-mL flask containing 10 mL
of concentrated HCl and 700 mL of reagent water.  Dilute to volume with reagent water.


7.3.27 Thallium solution, stock, 1 mL = 1000 µg of Tl


Dissolve 1.3034 g of TlNO3 (element fraction Tl = 0.7672), accurately weighed to
at least four significant figures, in reagent water.  Add 10.0 mL of concentrated HNO3 and
dilute to volume in a 1000-mL volumetric flask with reagent water.


7.3.28 Tin solution, stock, 1 mL = 1000 µg of Sn


Dissolve 1.000 g of Sn shot, accurately weighed to at least 4 significant figures,
in 200 mL of HCl (1:1) with heating to dissolve the metal.  Let solution cool and dilute with
HCl (1:1) in a 1000-mL volumetric flask.


7.3.29 Vanadium solution, stock, 1 mL = 1000 µg of V


Dissolve 2.2957 g of NH4VO3 (element fraction V = 0.4356), accurately weighed
to at least four significant figures, in a minimum amount of concentrated HNO3.  Heat to
dissolve the metal.  Add 10.0 mL of concentrated HNO3 and dilute to volume in a 1000-mL
volumetric flask with reagent water.
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7.3.30 Zinc solution, stock, 1 mL = 1000 µg of Zn


Dissolve 1.2447 g of ZnO (element fraction Zn = 0.8034), accurately weighed to
at least four significant figures, in a minimum amount of dilute HNO3.  Add 10.0 mL of 
concentrated HNO3 and dilute to volume in a 1000-mL volumetric flask with reagent water.


7.3.31 Yttrium solution, stock, 1 mL = 1000 µg of Y


Dissolve 4.3081 g of Y(NO3)3C6H20 (element fraction Y = 0.2321), accurately
weighed to at least four significant figures, in a minimum amount of dilute HNO3.  Add 10.0
mL of concentrated HNO3 and dilute to volume in a 1000-mL volumetric flask with reagent
water.


7.4 Mixed calibration standard solutions


Prepare mixed calibration standard solutions (see Table 3) by combining appropriate
volumes of the stock solutions above in volumetric flasks.  Add the appropriate types and
volumes of acids so that the standards are matrix-matched with the sample digestates.  Prior to
preparing the mixed standards, each stock solution should be analyzed separately to determine
possible spectral interference or the presence of impurities.  Care should be taken when
preparing the mixed standards to ensure that the elements are compatible and stable together. 
Transfer the mixed standard solutions to FEP fluorocarbon or previously unused polyethylene or
polypropylene bottles for storage.  For all intermediate and working standards, especially low
level standards (i.e., <1 ppm), stability must be demonstrated prior to use.  Freshly-mixed
standards should be prepared, as needed, with the realization that concentration can change
with age.  (Refer to Sec. 10.3.1 for guidance on determining the viability of standards.)  Some
typical calibration standard combinations are listed in Table 3.


NOTE: If the addition of silver to the recommended acid combination initially results in a
precipitate, then add 15 mL of water and warm the flask until the solution clears.  Cool
and dilute to 100 mL with water.  For this acid combination, the silver concentration
should be limited to 2 mg/L.  Silver is stable under these conditions in a water matrix
for 30 days, if protected from the light.  Higher concentrations of silver require
additional HCl.


7.5 Blanks


Two types of blanks are required for the analysis of samples prepared by any method
other than Method 3040.  The calibration blank is used in establishing the analytical curve and
the method blank is used to identify possible contamination resulting from either the reagents
(acids) or the equipment used during sample processing including filtration. 
 


7.5.1 The calibration blank is prepared by acidifying reagent water to the same
concentrations of the acids found in the standards and samples.  Prepare a sufficient
quantity to flush the system between standards and samples.  The calibration blank will
also be used for all initial (ICB) and continuing calibration blank (CCB) determinations.


7.5.2 The method blank must contain all of the reagents in the same volumes
as used in the processing of the samples.  The method blank must be carried through the
complete procedure and contain the same acid concentration in the final solution as the
sample solution used for analysis (refer to Sec. 9.5). 


7.6 The initial calibration verification (ICV) standard is prepared by the analyst (or a
purchased second source reference material) by combining compatible elements from a
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standard source different from that of the calibration standard, and at concentration near the
midpoint of the calibration curve (see Sec. 10.3.3 for use).  This standard may also be
purchased.


7.7 The continuing calibration verification (CCV)  standard should be prepared in the
same acid matrix using the same standards used for calibration, at a concentration near the
mid-point of the calibration curve (see Sec. 10.3.4 for use).


7.8 The interference check solution is prepared to contain known concentrations of
interfering elements that will provide an adequate test of the correction factors.  Spike the
sample with the elements of interest, particularly those with known interferences at 0.5 to 1
mg/L.  In the absence of measurable analyte, overcorrection could go undetected because a
negative value could be reported as zero.  If the particular instrument will display overcorrection
as a negative number, this spiking procedure will not be necessary.


8.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING


See the introductory material to Chapter Three, "Inorganic Analytes."


9.0 QUALITY CONTROL
 


9.1 Refer to Chapter One for additional guidance on quality assurance (QA) and
quality control (QC) protocols.  When inconsistencies exist between QC guidelines, method-
specific QC criteria take precedence over both technique-specific criteria and those criteria
given in Chapter One, and technique-specific QC criteria take precedence over the criteria in
Chapter One.  Any effort involving the collection of analytical data should include development
of a structured and systematic planning document, such as a Quality Assurance Project Plan
(QAPP) or a Sampling and Analysis Plan (SAP), which translates project objectives and
specifications into directions for those that will implement the project and assess the results. 
Each laboratory should maintain a formal quality assurance program.  The laboratory should
also maintain records to document the quality of the data generated.  All data sheets and quality
control data should be maintained for reference or inspection. 


9.2 Refer to the 3000 series method to be used (e.g., Method 3005, 3010, 3015, 3031,
3040, 3050, 3051, or 3052) for appropriate QC procedures to ensure the proper operation of the
various sample preparation techniques.


9.3 Instrument detection limits (IDLs) are useful means to evaluate the instrument
noise level and response changes over time for each analyte from a series of reagent blank
analyses to obtain a calculated concentration.  They are not to be confused with the lower limit
of quantitation, nor should they be used in establishing this limit.  It may be helpful to compare
the calculated IDLs to the established lower limit of quantitation, however, it should be
understood that the lower limit of quantitation needs to be verified according to the guidance in
Sec. 10.0.


IDLs in µg/L can be estimated by calculating the average of the standard deviations of
three runs on three non-consecutive days from the analysis of a reagent blank solution with
seven consecutive measurements per day.  Each measurement should be performed as though
it were a separate analytical sample (i.e., each measurement must be followed by a rinse and/or
any other procedure normally performed between the analysis of separate samples).  IDLs 
should be determined at least every three months or at a project-specific designated frequency
and kept with the instrument log book. 
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9.4 Initial demonstration of proficiency


Each laboratory must demonstrate initial proficiency with each sample preparation (a 3000
series method) and determinative method combination it utilizes by generating data of
acceptable accuracy and precision for target analytes in a clean matrix.  If an autosampler is
used to perform sample dilutions, before using the autosampler to dilute samples, the laboratory
should satisfy itself that those dilutions are of equivalent or better accuracy than is achieved by
an experienced analyst performing manual dilutions.  The laboratory must also repeat the
demonstration of proficiency whenever new staff members are trained or significant changes in
instrumentation are made.


9.5 Dilute and reanalyze samples that exceed the linear dynamic range or use an
alternate, less sensitive calibration for which quality control data are already established.


9.6 For each batch of samples processed, at least one method blank must be carried
throughout the entire sample preparation and analytical process.  A method blank is prepared
by using a volume or weight of reagent water at the volume or weight specified in the
preparation method, and then carried through the appropriate steps of the analytical process. 
These steps may include, but are not limited to, prefiltering, digestion, dilution, filtering, and
analysis.  If the method blank does not contain target analytes at a level that interferes with the 
project-specific DQOs, then the method blank would be considered acceptable.  


In the absence of project-specific DQOs, if the blank is less than 10% of the lower limit of
quantitation check sample concentration, less than 10% of the regulatory limit, or less than 10%
of the lowest sample concentration for each analyte in a given preparation batch, whichever is
greater, then the method blank is considered acceptable.  If the method blank cannot be
considered acceptable, the method blank should be re-run once, and if still unacceptable, then
all samples after the last acceptable method blank should be reprepared and reanalyzed along
with the other appropriate batch QC samples.  These blanks will be useful in determining if
samples are being contaminated.  If the method blank exceeds the criteria, but the samples are
all either below the reporting level or below the applicable action level or other DQOs, then the
sample data may be used despite the contamination of the method blank.


9.7 Laboratory control sample (LCS)


For each batch of samples processed, at least one LCS must be carried throughout the
entire sample preparation and analytical process.  The laboratory control samples should be
spiked with each analyte of interest at the project-specific action level or, when lacking project-
specific action levels, at approximately mid-point of the linear dynamic range.  Acceptance
criteria should either be defined in the project-specifc planning documents or set at a laboratory
derived limit developed through the use of historical analyses.  In the absence of project-specific
or historical data generated criteria, this limit should be set at ± 20% of the spiked value. 
Acceptance limits derived from historical data should be no wider that ± 20%.  If the laboratory
control sample is not acceptable, then the laboratory control sample should be re-run once and,
if still unacceptable, all samples after the last acceptable laboratory control sample should be
reprepared and reanalyzed.


Concurrent analyses of standard reference materials (SRMs) containing known amounts
of analytes in the media of interest are recommended and may be used as an LCS.  For solid
SRMs, 80 -120% accuracy may not be achievable and the manufacturer’s established
acceptance criterion should be used for soil SRMs. 
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9.8 Matrix spike, unspiked duplicate, or matrix spike duplicate (MS/Dup or MS/MSD)


Documenting the effect of the matrix, for a given preparation batch consisting of similar
sample characteristics, should include the analysis of at least one matrix spike and one
duplicate unspiked sample or one matrix spike/matrix spike duplicate pair.  The decision on
whether to prepare and analyze duplicate samples or a matrix spike/matrix spike duplicate must
be based on a knowledge of the samples in the sample batch or as noted in the project-specific
planning documents.  If samples are expected to contain target analytes, then laboratories may
use one matrix spike and a duplicate analysis of an unspiked field sample.  If samples are not
expected to contain target analytes, laboratories should use a matrix spike and matrix spike
duplicate pair.


 For each batch of samples processed, at least one MS/Dup or MS/MSD sample set
should be carried throughout the entire sample preparation and analytical process as described
in Chapter One.  MS/MSDs are intralaboratory split samples spiked with identical concentrations
of each  analyte of interest. The spiking occurs prior to sample preparation and analysis.  An
MS/Dup or MS/MSD is used to document the bias and precision of a method in a given sample
matrix.


Refer to Chapter One for definitions of bias and precision, and for the proper data
reduction protocols.  MS/MSD samples should be spiked at the same level, and with the same
spiking material, as the corresponding laboratory control sample that is at the project-specific
action level or, when lacking project-specific action levels, at approximately mid-point of the
linear dynamic range.  Acceptance criteria should either be defined in the project-specifc
planning documents or set at a laboratory-derived limit developed through the use of historical
analyses per matrix type analyzed.  In the absence of project-specific or historical data
generated criteria, these limits should be set at ± 25% of the spiked value for accuracy and  20
relative percent difference (RPD) for precision.  Acceptance limits derived from historical data
should be no wider that ± 25% for accuracy and 20% for precision.  Refer to Chapter One for
additional guidance.  If the bias and precision indicators are outside the laboratory control limits,
if the percent recovery is less than 75% or greater than 125%, or if the relative percent
difference is greater than 20%, then the interference test discussed in Sec. 9.9 should be
conducted.  


9.8.1 The relative percent difference between spiked matrix duplicate or
unspiked duplicate determinations is to be calculated as follows:


where:


RPD = relative percent difference.
D1 = first sample value.
D2 = second sample value (spiked or unspiked duplicate).


9.8.2 The spiked sample or spiked duplicate sample recovery should be within
± 25% of the actual value, or within the documented historical acceptance limits for each
matrix.
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9.9 If less than acceptable accuracy and precision data are generated, additional
quality control tests (Secs. 9.9.1 and 9.9.2) are recommended prior to reporting concentration
data for the elements in this method.  At a minimum, these tests should be performed with each
batch of samples prepared/analyzed with corresponding unacceptable data quality results. 
These tests will then serve to ensure that neither positive nor negative interferences are
affecting the measurement of any of the elements or distorting the accuracy of the reported
values.  If matrix effects are confirmed, the laboratory should consult with the data user when
feasible for possible corrective actions which may include the use of alternative or modified test
procedures so that the analysis is not impacted by the same interference.


9.9.1 Post digestion spike addition


If the MS/MSD recoveries are unacceptable, the same sample from which the
MS/MSD aliquots were prepared should also be spiked with a post digestion spike. 
Otherwise, another sample from the same preparation should be used as an alternative.   
An analyte spike is added to a portion of a prepared sample, or its dilution, and should be
recovered to within 80% to 120% of the known value.  The spike addition should produce
a minimum level of 10 times and a maximum of 100 times the lower limit of quantitation.  If
this spike fails, then the dilution test (Sec. 9.9.2) should be run on this sample.  If both the
MS/MSD and the post digestion spike fail, then matrix effects are confirmed.


9.9.2 Dilution test


If the analyte concentration is sufficiently high (minimally, a factor of 10 above the 
lower limit of quantitation after dilution), an analysis of a 1:5 dilution should agree within ±
10% of the original determination.  If not, then a chemical or physical interference effect
should be suspected.


CAUTION: If spectral overlap is suspected, then the use of computerized compensation,
an alternate wavelength, or comparison with an alternate method is
recommended.


9.10 Ultra-trace analysis requires the use of clean chemistry preparation and analysis
techniques.  Several suggestions for minimizing analytical blank contamination are provided in
Chapter Three.


10.0 CALIBRATION AND STANDARDIZATION


10.1 Set up the instrument with proper operating parameters established as detailed
below.  The instrument should be allowed to become thermally stable before beginning (usually
requiring at least 30 minutes of operation prior to calibration).  For operating conditions, the
analyst should follow the instructions provided by the instrument manufacturer. 


10.1.1 Before using this procedure to analyze samples, data should be available
documenting the initial demonstration of performance.  The required data should
document the location of the background points being used for correction; the
determination of the linear dynamic ranges; a demonstration of the desired method
sensitivity and instrument detection limits; and the determination and verification of
interelement correction equations or other routines for correcting spectral interferences. 
These data should be generated using the same instrument, operating conditions, and
calibration routine to be used for sample analysis.  These data should be kept on file and
be available for review by the data user or auditor. 
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10.1.2 Sensitivity, instrumental detection limit, precision, linear dynamic range,
and interference corrections need to be established for each individual target analyte on
each particular instrument.  All measurements (both target analytes and constituents
which interfere with the target analytes) need to be within the instrument linear range
where the correction equations are valid. 


10.1.3 The lower limits of quantitation should be established for all wavelengths
utilized for each type of matrix analyzed and for each preparation method used and for
each instrument.  These limits are considered the lowest reliable laboratory reporting
concentrations and should be established from the lower limit of quantitation check sample
and then confirmed using either the lowest calibration point or from a low-level calibration
check standard.


10.1.3.1 Lower limit of quantitation check sample


The lower limit of quantitation check (LLQC) sample should be analyzed
after establishing the lower laboratory reporting limits and on an as needed basis
to demonstrate the desired detection capability.  Ideally, this check sample and the
low-level calibration verification standard will be prepared at the same
concentrations with the only difference being the LLQC sample is carried through
the entire preparation and analytical procedure.  Lower limits of quantitation are
verified when all analytes in the LLQC sample are detected within ± 30% of their
true value.  This check should be used to both establish and confirm the lowest
quantitation limit. 


10.1.3.2 The lower limits of quantitation determination using reagent
water represents a best case situation and does not represent possible matrix
effects of real-world samples.  For the application of lower limits of quantitation on
a project-specific basis with established data quality objectives, low-level matrix-
specific spike studies may provide data users with a more reliable indication of the
actual method sensitivity and minimum detection capabilities.


10.1.4 Specific recommended wavelengths are listed in Table 1.  Other
wavelengths may be substituted if they can provide the needed sensitivity and are
corrected for spectral interference.  Because of differences among various makes and
models of spectrometers, specific instrument operating conditions are not provided.  The
instrument and operating conditions utilized for determination must be capable of
providing data of acceptable quality for the specific project and data user.  The analyst
should follow the instructions provided by the instrument manufacturer unless other
conditions provide similar or better performance for a given task.  


For radial viewed plasma, operating conditions for aqueous solutions usually vary
from:


C 1100 to 1200 watts forward power, 
C 14 to 18 mm viewing height,
C 15 to 19 L/min argon coolant flow,
C 0.6 to 1.5 L/min argon nebulizer flow, 
C 1 to 1.8 mL/min sample pumping rate with a 1 minute preflush time and


measurement time near 1 sec per wavelength peak for sequential instruments
and a rinse time of 10 sec per replicate with a 1 sec per replicate read time for
simultaneous instruments.


For an axial viewed plasma, the conditions will usually vary from:
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C 1100 to 1500 watts forward power, 
C 15 to 19 L/min argon coolant flow, 
C 0.6 to 1.5 L/min argon nebulizer flow, 
C 1 to 1.8 mL/min sample pumping rate with a 1 minute preflush time and


measurement time near 1 sec per wavelength peak for sequential instruments
and a rinse time of 10 sec per replicate with a 1 sec per replicate read time for
simultaneous instruments.  


One recommended way to achieve repeatable interference correction factors is to
adjust the argon aerosol flow to reproduce the Cu/Mn intensity ratio at 324.754 nm and
257.610 nm respectively.  This can be performed before daily calibration and after the
instrument warm-up period.


10.1.5 Plasma optimization


The plasma operating conditions need to be optimized prior to use of the
instrument.   The purpose of plasma optimization is to provide a maximum signal to
background ratio for some of the least sensitive elements in the analytical array.  The use
of a mass flow controller to regulate the nebulizer gas flow or source optimization software
greatly facilitates the procedure.  This routine is not required on a daily basis, it is only
required when first setting up a new instrument, or following a change in operating
conditions.  The following procedure is recommended, or follow the manufacturer’s
recommendations.


10.1.5.1 Ignite the radial plasma and select an appropriate incident
radio frequency (RF) power.  Allow the instrument to become thermally stable
before beginning, about 30 to 60 minutes of operation.  While aspirating a 1000
µg/L solution of yttrium, follow the instrument manufacturer's instructions and
adjust the aerosol carrier gas flow rate through the nebulizer so a definitive blue
emission region of the plasma extends approximately from 5 to 20 mm above the
top of the load coil.  Record the nebulizer gas flow rate or pressure setting for
future reference.  The yttrium solution can also be used for coarse optical
alignment of the torch by observing the overlay of the blue light over the entrance
slit to the optical system.


10.1.5.2 After establishing the nebulizer gas flow rate, determine the
solution uptake rate of the nebulizer in mL/min by aspirating a known volume of a
calibration blank for a period of at least three minutes.  Divide the volume aspirated
by the time in minutes and record the uptake rate.  Set the peristaltic pump to
deliver that rate in a steady even flow.


10.1.5.3 Profile the instrument to align it optically as it will be used
during analysis.  The following procedure is written for vertical optimization in the
radial mode, but it also can be used for horizontal optimization.  


Aspirate a solution containing 10 µg/L of several selected elements.  As,
Se, Tl, and Pb are the least sensitive of the elements and most in need of
optimization.  However, other elements may be used, based on the judgement of
the analyst or project-specific protocols.  (V, Cr, Cu, Li and Mn also have been
used with success.)  Collect intensity data at the wavelength peak for each analyte
at 1 mm intervals from 14 to 18 mm above the load coil.  (This region of the plasma
is referred to as the analytical zone.)  Repeat the process using the calibration
blank.  Determine the net signal to blank intensity ratio for each analyte for each
viewing height setting.  Choose the height for viewing the plasma that provides the
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best net intensity ratios for the elements analyzed or the highest intensity ratio for
the least sensitive element.  For optimization in the axial mode, follow the
instrument manufacturer’s instructions.


10.1.5.4 The instrument operating conditions finally selected as being
optimum should provide the most appropriate instrument responses that correlate
to the desired target analyte sensitivity while meeting the minimum quality control
criteria noted in this method or as specified in the project-specific planning
documents.   


10.1.5.5 If the instrument operating conditions, such as incident power
or nebulizer gas flow rate, are changed, or if a new torch injector tube with a
different orifice internal diameter is installed, then the plasma and viewing height
should be re-optimized.


10.1.5.6 After completing the initial optimization of operating conditions,
and before analyzing samples, the laboratory should establish and initially verify an
interelement spectral interference correction routine to be used during sample
analysis with interference check standards that closely match the anticipated
properties of the expected sample matrices, i.e., for saltwater type matrices the
interference check standard should contain components that match the salinities of
the proposed sample matrix.  A general description of spectral interferences and
the analytical requirements for background correction, in particular, are discussed
in Sec. 4.2. 


10.1.5.7 Before daily calibration, and after the instrument warmup
period, the nebulizer gas flow rate should be reset to the determined optimized
flow.  If a mass flow controller is being used, it should be set to the recorded
optimized flow rate.  In order to maintain valid spectral interelement correction
routines, the nebulizer gas flow rate should be the same (< 2% change) from day
to day.


10.2 For operation with organic solvents, the use of the auxiliary argon inlet is
recommended, as is the use of solvent-resistant tubing, increased plasma (coolant) argon flow,
decreased nebulizer flow, and increased RF power, to obtain stable operation and precise
measurements. 


10.3 All analyses require that a calibration curve be prepared to cover the appropriate
concentration range based on the intended application and prior to establishing the linear
dynamic range.  Usually, this means the preparation of a calibration blank and mixed calibration
standard solutions (Sec. 7.4), the highest of which would not exceed the anticipated linear
dynamic range of the instrument.  Check the instrument calibration by analyzing appropriate QC
samples as follows.


10.3.1 Individual or mixed calibration standards should be prepared from known
primary stock standards every six months to one year as needed based on the
concentration stability as confirmed from the ICV analyses.  The analysis of the ICV, which
is prepared from a source independent of the calibration standards, is necessary to verify
the instrument performance once the system has been calibrated for the desired target
analytes.  It is recommended that the ICV solution be obtained commercially as a certified
traceable reference material such that an expiration date can be assigned.  Alternately,
the ICV solution can be prepared from an independent source on an as needed basis
depending on the ability to meet the calibration verification criteria.  If the ICV analysis is
outside of the acceptance criteria, at a minimum the calibration standards must be
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prepared fresh and the instrument recalibrated prior to beginning sample analyses. 
Consideration should also be given to preparing fresh ICV standards if the new calibration
cannot be verified using the existing ICV standard.


NOTE: This method describes the use of both a low-level and mid-level ICV standard
analysis.  For purposes of verifying the initial calibration, only the mid-level ICV
needs to be prepared from a source other than the calibration standards. 


10.3.1.1 The calibration standards should be prepared using the same
type of acid or combination of acids and at similar concentrations as will result in
the samples following processing.


10.3.1.2 The response of the calibration blank should be less than the
response of the typical laboratory lower limit of quantitation for each desired target
analyte.  Additionally, if the calibration blank response or continuing calibration
blank verification is used to calculate a theoretical concentration, this value should
be less than the level of acceptable blank contamination as specified in the
approved quality assurance project planning documents.  If this is not the case, the
reason for the out-of-control condition must be found and corrected, and the
sample analyses should not proceed or the previous ten samples should be
reanalyzed.


10.3.2 For the initial and daily instrument operation, calibrate the system
according to the instrument manufacturer’s guidelines using the mixed calibration
standards as noted in Sec. 7.4.  The calibration curve should be prepared daily with a
minimum of a calibration blank and a single standard at the appropriate concentration to
effectively outline the desired quantitation range.  The resulting curve should then be
verified with mid-level and low-level initial calibration verification standards as outlined in
Sec. 10.3.3.  


Alternatively, the calibration curve can be prepared daily with a minimum of a
calibration blank and three non-zero standards that effectively bracket the desired sample
concentration range.  If low-level as compared to mid- or high-level sample concentrations
are expected, the calibration standards should be prepared at the appropriate
concentrations in order to demonstrate the instrument linearity within the anticipated
sample concentration range.  For all multi-point calibration scenarios, the lowest non-zero
standard concentration should be considered the lower limit of quantitation.


NOTE: Regardless of whether the instrument is calibrated using only a minimum number
of standards or with a multi-point curve, the upper limit of the quantitation range
may exceed the highest concentration calibration point and can be defined as the
"linear dynamic" range, while the lower limit can be identified as the "lower limit of
quantitation limit" (LLQL) and will be either the concentration of the lowest
calibration standard (for multi-point curves) or the concentration of the low level
ICV/CCV check standard.  Results reported outside these limits would not be
recommended unless they are qualified as estimated.  See Sec. 10.4 for
recommendations on how to determine the linear dynamic range.  The guidance
in this section and Sec. 10.3.3 provide options for defining the lower limit of
quantitation. 


10.3.2.1 To be considered acceptable, the calibration curve should
have a correlation coefficient greater than or equal to 0.998.  When using a multi-
point calibration curve approach, every effort should be made to attain an
acceptable correlation coefficient based on a linear response for each desired
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target analyte.  If the recommended linear response cannot be attained using a
minimum of three non-zero calibration standards, consideration should be given to
adding more standards, particularly at the lower concentrations, in order to better
define the linear range and the lower limit of quantitation.  Conversely, the extreme
upper and lower calibration points may be removed from the multi-point curve as
long as three non-zero points remain such that the linear range is narrowed and
the non-linear upper and/or lower portions are removed.  As with the single point
calibration option, the multi-point calibration should be verified with both a mid- and
low-level ICV standard analysis using the same 90 - 110% and 70 - 130%
acceptance criteria, respectively. 


10.3.2.2 Many instrument software packages allow multi-point
calibration curves to be "forced" through zero.  It is acceptable to use this feature,
provided that the resulting calibration meets the acceptance criteria, and can be
verified by acceptable QC results.  Forcing a regression through zero should NOT
be used as a rationale for reporting results below the calibration range defined by
the lowest standard in the calibration curve.


10.3.3 After initial calibration, the calibration curve should be verified by use of
an initial calibration verification (ICV) standard analysis.  At a minimum, the ICV standard
should be prepared from an independent (second source) material at or near the mid-
range of the calibration curve.  The acceptance criteria for this mid-range ICV standard
should be ±10% of its true value.  Additionally, a low-level initial calibration verification
(LLICV) standard should be prepared, using the same source as the calibration standards,
at a concentration expected to be the lower limit of quantitation.  The suggested
acceptance criteria for the LLICV is ± 30% of its true value.  Quantitative sample analyses
should not proceed for those analytes that fail the second source standard initial
calibration verification.  However, analyses may continue for those analytes that fail the
criteria with an understanding these results should be qualified and would be considered
estimated values.  Once the calibration acceptance criteria is met, either the lowest
calibration standard or the LLICV concentration can be used to demonstrate the lower limit
of quantitation and sample results should not be quantitated below this lowest standard. 
In some cases depending on the stated project data quality objectives, it may be
appropriate to report these results as estimated, however, they should be qualified by
noting the results are below the lower limit of quantitation.  Therefore, the laboratory’s
quantitation limit cannot be reported lower than either the LLICV standard used for the
single point calibration option or the low calibration and/or verification standard used
during initial multi-point calibration.  If the calibration curve cannot be verified within these
specified limits for the mid-range ICV and LLICV analyses, the cause needs to be
determined and the instrument recalibrated before samples are analyzed.  The analysis
data for the initial calibration verification analyses should be kept on file with the sample
analysis data. 


10.3.4 Both the single and multi-point calibration curves should be verified at the
end of each analysis batch and after every 10 samples by use of a continuing calibration
verification (CCV) standard and a continuing calibration blank (CCB).  The CCV should be
made from the same material as the initial calibration standards at or near the mid-range
concentration.  For the curve to be considered valid, the acceptance criteria for the CCV
standard should be ±10% of its true value and the CCB should contain target analytes less
than the established lower limit of quantitation for any desired target analyte.  If the
calibration cannot be verified within the specified limits, the sample analysis must be
discontinued, the cause determined and the instrument recalibrated.  All samples following
the last acceptable CCV/CCB must be reanalyzed.  The analysis data for the CCV/CCB
should be kept on file with the sample analysis data.  
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The low-level continuing calibration verification (LLCCV) standard should also be
analyzed at the end of each analysis batch.  A more frequent LLCCV analysis, i.e., every
10 samples, may be necessary if low-level sample concentrations are anticipated and the
system stability at low end of the calibration is questionable.  In addition, the analysis of a
LLCCV on a more frequent basis will minimize the number of samples for re-analysis
should the LLCCV fail if only run at the end of the analysis batch.  The LLCCV standard
should be made from the same source as the initial calibration standards at the
established lower limit of quantitation as reported by the laboratory.  The acceptance
criteria for the LLCCV standard should be ± 30% of its true value.  If the calibration cannot
be verified within these specified limits, the analysis of samples containing the affected
analytes at similar concentrations cannot continue until the cause is determined and the
LLCCV standard successfully analyzed.  The instrument may need to be recalibrated or
the lower limit of quantitation adjusted to a concentration that will ensure a compliant
LLCCV analysis.  The analysis data for the LLCCV standard should be kept on file with the
sample analysis data.


10.4 The linear dynamic range is established when the system is first setup, or
whenever significant instrument components have been replaced or repaired,  and on an as
needed basis only after the system has been successfully calibrated using either the single or
multi-point standard calibration approach. 


 The upper limit of the linear dynamic range needs to be established for each wavelength
utilized by determining the signal responses from a minimum of three, preferably five, different
concentration standards across the range.  The ranges which may be used for the analysis of
samples should be judged by the analyst from the resulting data.  The data, calculations and
rationale for the choice of range made should be documented and kept on file.  A standard at
the upper limit should be prepared, analyzed and quantitated against the normal calibration
curve.  The calculated value should be within 10% (±10%) of the true value.  New upper range
limits should be determined whenever there is a significant change in instrument response.  At a
minimum, the range should be checked every six months.  The analyst should be aware that if
an analyte that is present above its upper range limit is used to apply an interelement
correction, the correction may not be valid and those analytes where the interelement correction
has been applied may be inaccurately reported.


NOTE: Many of the alkali and alkaline earth metals have non-linear response curves due to
ionization and self-absorption effects.  These curves may be used if the instrument
allows it; however the effective range must be checked and the second order curve fit
should have a correlation coefficient of 0.998 or better.  Third order fits are not
acceptable.  These non-linear response curves should be revalidated and/or
recalculated on a daily basis using the same calibration verification QC checks as a
linear calibration curve.  Since these curves are much more sensitive to changes in
operating conditions than the linear lines, they should be checked whenever there
have been moderate equipment changes.  Under these calibration conditions,
quantitation is not acceptable above or below the calibration standards.  Additionally,
a non-linear curve should be further verified by calculating the actual recovery of each
calibration standard used in the curve.  The acceptance criteria for the calibration
standard recovery should be ±10% of its true value for all standards except the lowest
concentration.  A recovery of ± 30% of its true value should be achieved for the lowest
concentration standard.


 
10.5 The analyst should (1) verify that the instrument configuration and operating


conditions satisfy the project-specific analytical requirements and (2) maintain quality control
data that demonstrate and confirm the instrument performance for the reported analytical
results. 
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Concentration (dry weight)(mg/kg) ' C x V
W x S


11.0 PROCEDURE


11.1 Preliminary treatment of most matrices is necessary because of the complexity and
variability of sample matrices.  Groundwater and other aqueous samples designated for a
dissolved metal determination which have been prefiltered and acidified will not need acid
digestion.  However, all associated QC samples (i.e., method blank, LCS and MS/MSD) must
undergo the same filtration and acidification procedures.  Samples which are not digested must
either use an internal standard or be matrix-matched with the standards.   Solubilization and
digestion procedures are presented in Chapter Three, "Inorganic Analytes."


11.2 Profile and calibrate the instrument according to the instrument manufacturer's
recommended procedures, using the typical mixed calibration standard solutions described in
Sec. 7.4.  Flush the system with the calibration blank (Sec. 7.5.1) between each standard or as
the manufacturer recommends.  (Use the average intensity of multiple exposures for both
standardization and sample analysis to reduce random error.)  The calibration curve should be
prepared as detailed in Sec. 10.3.2.


11.3 Regardless of whether the initial calibration is performed using a single high
standard and the calibration blank or the multi-point option, the laboratory should analyze an
LLCCV (Sec. 10.3.4).  For all analytes and determinations, the laboratory must analyze an ICV
and LLICV (Sec. 10.3.3) immediately following daily calibration.  It is recommended that a CCV 
LLCCV, and CCB (Sec. 10.3.4) be analyzed after every ten samples and at the end of the
analysis batch.


11.4 Rinse the system with the calibration blank solution (Sec. 7.5.1) before the analysis
of each sample.  The rinse time will be one minute.  Each laboratory may establish a reduction
in this rinse time through a suitable demonstration.   Analyze the samples and record the
results.


12.0 DATA ANALYSIS AND CALCULATIONS


12.1 The quantitative values must be reported in appropriate units, such as micrograms
per liter (µg/L) for aqueous samples and milligrams per kilogram (mg/kg) for solid samples.  If
dilutions were performed, the appropriate corrections must be applied to the sample values.   All
results should be reported with up to three significant figures. 


12.2 If appropriate, or required, calculate results for solids on a dry-weight
basis as follows:


(1) A separate determination of percent solids must be performed.


(2) The concentrations determined in the digest are to be reported on
the basis of the dry weight of the sample.







6010C - 25 Revision 3
February 2007


Where,


C = Digest Concentration (mg/L)
V = Final volume in liters after sample preparation
W = Weight in kg of wet sample


S = % Solids
          100


Calculations must include appropriate interference corrections (see Sec. 4.2 for
examples), internal-standard normalization, and the summation of signals at 206, 207, and 208
m/z for lead (to compensate for any differences in the abundances of these isotopes between
samples and standards).


12.3 Results must be reported in units commensurate with their intended use and all
dilutions must be taken into account when computing final results.


13.0  METHOD PERFORMANCE


13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance.  The data do not represent required performance criteria for users of
the methods.   Instead, performance criteria should be developed on a project-specific basis,
and the laboratory should establish in-house QC performance criteria for the application of this
method.  These performance data are not intended to be and must not be used as absolute QC
acceptance criteria for purposes of laboratory accreditation.


 13.2 In an EPA round-robin study, seven laboratories applied the ICP technique to acid-
digested water matrices that had been spiked with various metal concentrates.  Table 4 lists the
true values, the mean reported values, and the mean percent relative standard deviations. 
These data are provided for guidance purposes only.


13.3 Performance data for aqueous solutions and solid samples from a multilaboratory
study are provided in Tables 5 and 6.  These data are provided for guidance purposes only.


14.0 POLLUTION PREVENTION


14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity and/or toxicity of waste at the point of generation.  Numerous opportunities for pollution
prevention exist in laboratory operation.  The EPA has established a preferred hierarchy of
environmental management techniques that places pollution prevention as the management
option of first choice.  Whenever feasible, laboratory personnel should use pollution prevention
techniques to address their waste generation.  When wastes cannot be feasibly reduced at the
source, the Agency recommends recycling as the next best option.


14.2 For information about pollution prevention that may be applicable to laboratories
and research institutions consult Less is Better: Laboratory Chemical Management for Waste
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Reduction available from the American Chemical Society's Department of Government
Relations and Science Policy, 1155 16th St. NW, Washington, D.C. 20036, http://www.acs.org.


15.0 WASTE MANAGEMENT


The Environmental Protection Agency requires that laboratory waste management
practices be conducted consistent with all applicable rules and regulations.  The Agency urges
laboratories to protect the air, water, and land by minimizing and controlling all releases from
hoods and bench operations, complying with the letter and spirit of any sewer discharge permits
and regulations, and by complying with all solid and hazardous waste regulations, particularly
the hazardous waste identification rules and land disposal restrictions.  For further information
on waste management, consult The Waste Management Manual for Laboratory Personnel
available from the American Chemical Society at the address listed in Sec. 14.2.


16.0 REFERENCES


1. C. L. Jones, et al., "An Interlaboratory Study of Inductively Coupled Plasma Atomic
Emission Spectroscopy Method 6010 and Digestion Method 3050," EPA-600/4-87-032,
U.S. Environmental Protection Agency, Las Vegas, NV, 1987.


17.0 TABLES, DIAGRAMS, FLOW CHARTS, AND VALIDATION DATA


The following pages contain the tables referenced by this method.  A flow diagram of the
procedure follows the tables.
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TABLE 1


RECOMMENDED WAVELENGTHS AND ESTIMATED INSTRUMENTAL DETECTION LIMITS


Element Wavelengtha (nm) Estimated IDLb (µg/L)


Aluminum 308.215 30


Antimony 206.833 21


Arsenic 193.696 35


Barium 455.403 0.87


Beryllium 313.042 0.18


Boron 249.678 x2 3.8


Cadmium 226.502 2.3


Calcium 317.933 6.7


Chromium 267.716 4.7


Cobalt 228.616 4.7


Copper 324.754 3.6


Iron 259.940 4.1


Lead 220.353 28


Lithium 670.784 2.8


Magnesium 279.079 20


Manganese 257.610 0.93


Mercury 194.227 x2 17


Molybdenum 202.030 5.3


Nickel 231.604 x2 10


Phosphorus 213.618 51


Potassium 766.491 See note c


Selenium 196.026 50


Silica (SiO2) 251.611 17


Silver 328.068 4.7


Sodium 588.995 19


Strontium 407.771 0.28


Thallium 190.864 27


Tin 189.980 x2 17


Titanium  334.941 5.0


Vanadium 292.402 5.0


Zinc 213.856 x2 1.2
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TABLE 1
(continued)


a The wavelengths listed (where x2 indicates second order) are recommended because of their
sensitivity.  Other wavelengths may be substituted (e.g., in the case of an interference) if they
provide the needed sensitivity and are treated with the same corrective techniques for
spectral interference. 


b The estimated instrumental detection limits shown are provided for illustrative purposes only. 
Each laboratory must determine IDLs and MDLs, as necessary, for their specific application of
the method.  These IDLs represent radial plasma data and axial plasma IDLs may be lower.


c Highly dependent on operating conditions and plasma position.
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TABLE 2


POTENTIAL INTERFERENCES AND ANALYTE CONCENTRATION EQUIVALENTS (mg/L)
ARISING FROM INTERFERENCE AT THE 100-mg/L LEVEL


Analyte
Wavelenth


(nm)


Interferanta,b


Al Ca Cr Cu Fe Mg Mn Ni Ti V


Aluminum 308.215 -- -- -- -- -- -- 0.21 -- -- 1.4


Antimony 206.833 0.47 -- 2.9 -- 0.08 -- -- -- 0.25 0.45


Arsenic 193.696 1.3 -- 0.44 -- -- -- -- -- -- 1.1


Barium 455.403 -- -- -- -- -- -- -- -- -- --


Beryllium 313.042 -- -- -- -- -- -- -- -- 0.04 0.05


Cadmium 226.502 -- -- -- -- 0.03 -- -- 0.02 -- --


Calcium 317.933 -- -- 0.08 -- 0.01 0.01 0.04 -- 0.03 0.03


Chromium 267.716 -- -- -- -- 0.003 -- 0.04 -- -- 0.04


Cobalt 228.616 -- -- 0.03 -- 0.005 -- -- 0.03 0.15 --


Copper 324.754 -- -- -- -- 0.003 -- -- -- 0.05 0.02


Iron 259.940 -- -- -- -- -- -- 0.12 -- -- --


Lead 220.353 0.17 -- -- -- -- -- -- -- -- --


Magnesium 279.079 -- 0.02 0.11 -- 0.13 -- 0.25 -- 0.07 0.12


Manganese 257.610 0.005 -- 0.01 -- 0.002 0.002 -- -- -- --


Molybdenum 202.030 0.05 -- -- -- 0.03 -- -- -- -- --


Nickel 231.604 -- -- -- -- -- -- -- -- -- --


Selenium 196.026 0.23 -- -- -- 0.09 -- -- -- -- --


Sodium 588.995 -- -- -- -- -- -- -- -- 0.08 --


Thallium 190.864 0.30 -- -- -- -- -- -- -- -- --


Vanadium 292.402 -- -- 0.05 -- 0.005 -- -- -- 0.02 --


Zinc 213.856 -- -- -- 0.14 -- -- -- 0.29 -- --


a Dashes indicate that no interference was observed even when interferents were introduced at the following levels:  
Al at 1000 mg/L Cu at 200 mg/L Mn at  200 mg/L
Ca at 1000 mg/L Fe at 1000 mg/L Ti at 200 mg/L
Cr at 200 mg/L Mg at 1000 mg/L V at 200 mg/L


b The data shown above as analyte concentration equivalents are not the actual observed concentrations.  To obtain
those data, add the listed concentration to the interferant figure.


c Interferences will be affected by background choice and other interferences may be present.
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TABLE 3


MIXED STANDARD SOLUTIONS


Solution Elements


I Be, Cd, Mn, Pb, Se and Zn


II Ba, Co, Cu, Fe, and V


III As and Mo


IV Al, Ca, Cr, K, Na, Ni, Li, and Sr


V Aga, Mg, Sb, and Tl


VI P


a See the note in Sec. 7.4.
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TABLE 4


EXAMPLE ICP PRECISION AND ACCURACY DATAa


Sample No. 1 Sample No. 2 Sample No. 3


Elemen
t


True
Conc.
(µg/L)


Mean
Conc.
(µg/L)


RSDb 
(%)


Accuracyd


(%)


True
Conc.
(µg/L)


Mean
Conc.
(µg/L)


RSDb


(%)
Accuracyd


(%)


True
Conc.
(µg/L)


Mean
Conc.
(µg/L)


RSDb


(%)
Accuracyd


(%)
Be 750 733 6.2 98 20 20 9.8 100 180 176 5.2 98
Mn 350 345 2.7 99 15 15 6.7 100 100 99 3.3 99
V 750 749 1.8 100 70 69 2.9  99 170 169 1.1 99
As 200 208 7.5 104 22 19 23  86 60 63 17 105
Cr 150 149 3.8 99 10 10 18 100 50 50 3.3 100
Cu 250 235 5.1 94 11 11 40 100 70 67 7.9 96
Fe 600 594 3.0 99 20 19 15  95 180 178 6.0 99
Al 700 696 5.6 99 60 62 33 103 160 161 13 101
Cd 50 48 12 96 2.5 2.9 16 116 14 13 16 93
Co 700 512 10 73 20 20 4.1 100 120 108 21 90
Ni 250 245 5.8 98 30 28 11  93 60 55 14 92
Pb 250 236 16 94 24 30 32 125 80 80 14 100
Zn 200 201 5.6 100 16 19 45 119 80 82 9.4 102
Sec 40 32 21.9 80 6 8.5 42 142 10 8.5 8.3 85


These data are provided for guidance purposes only.
a Not all elements were analyzed by all laboratories.
b RSD = relative standard deviation.
c Results for Se are from two laboratories.
d Accuracy is expressed as the mean concentration divided by the true concentration times 100.
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TABLE 5


EXAMPLE ICP-AES PRECISION AND ACCURACY FOR AQUEOUS SOLUTIONS


Element Mean Conc. (mg/L) n RSD (%) Accuracy (%)


Al 14.8 8 6.3 100


Sb 15.1 8 7.7 102


As 14.7 7 6.4 99


Ba 3.66 7 3.1 99


Be 3.78 8 5.8 102


Cd 3.61 8 7.0 97


Ca 15.0 8 7.4 101


Cr 3.75 8 8.2 101


Co 3.52 8 5.9 95


Cu 3.58 8 5.6 97


Fe 14.8 8 5.9 100


Pb 14.4 7 5.9 97


Mg 14.1 8 6.5 96


Mn 3.70 8 4.3 100


Mo 3.70 8 6.9 100


Ni 3.70 7 5.7 100


K 14.1 8 6.6 95


Se 15.3 8 7.5 104


Ag 3.69 6 9.1 100


Na 14.0 8 4.2 95


Tl 15.1 7 8.5 102 


V 3.51 8 6.6 95


Zn 3.57 8 8.3 96


These performance values are independent of sample preparation because the labs analyzed
portions of the same solutions and are provided for illustrative purposes only.
n= Number of measurements.
Accuracy is expressed as a percentage of the nominal value for each analyte in acidified, multi-
element solutions.
These data are provided for guidance purposes only.
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TABLE 6


EXAMPLE ICP-AES PRECISION AND BIAS FOR SOLID WASTE DIGESTS


Spiked Coal Fly Ash
(NIST-SRM 1633a) Spiked Electroplating Sludge


Element


Mean
Conc.
(mg/L) n


RSD
(%)


Bias
(% AA)


Mean
Conc.
(mg/L) n


RSD
(%)


Bias
(% AA)


Al 330 8 16 104 127 8 13 110


Sb 3.4 6 73 96 5.3 7 24 120


As 21 8 83 270 5.2 7 8.6 87


Ba 133 8 8.7 101 1.6 8 20 58


Be 4.0 8 57 460 0.9 7 9.9 110


Cd 0.97 6 5.7 101 2.9 7 9.9 90


Ca 87 6 5.6 208 954 7 7.0 97


Cr 2.1 7 36 106 154 7 7.8 93


Co 1.2 6 21 94 1.0 7 11 85


Cu 1.9 6 9.7 118 156 8 7.8 97


Fe 602 8 8.8 102 603 7 5.6 98


Pb 4.6 7 22 94 25 7 5.6 98


Mg 15 8 15 110 35 8 20 84


Mn 1.8 7 14 104 5.9 7 9.6 95


Mo 891 8 19 105 1.4 7 36 110


Ni 1.6 6 8.1 91 9.5 7 9.6 90


K 46 8 4.2 98 51 8 5.8 82


Se 6.4 5 16 73 8.7 7 13 101


Ag 1.4 3 17 140 0.75 7 19 270


Na 20 8 49 130 1380 8 9.8 95


Tl 6.7 4 22 260 5.0 7 20 180


V 1010 5 7.5 100 1.2 6 11 80


Zn 2.2 6 7.6 93 266 7 2.5 101


These performance values are independent of sample preparation because the labs analyzed portions of
the same digests and are provided for illustrative purposes only.
n = Number of measurements.
Bias for the ICP-AES data is expressed as a percentage of atomic absorption spectroscopy (AA) data for
the same digests.
These data are provided for guidance purposes only.
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ERRATA COVER SHEET


ERRATA COVER SHEET TO U.S.EPA METHOD 300.1
April 27, 1999


The following were editorial changes which have been incorporated into U.S.EPA Method 300.1.  These
minor clarifications are incorporated into the body of this text as follows:


ERRATA #1 - 
An additional sentence was added to Section 4.1.1 reiterating the analyst’s responsibilities when
incorporating any method change, including modifying eluent strength, or any other method parameter. 
The additional sentence states, 


“...The analyst must verify that these changes do not negatively affect performance by repeating
and passing all the QC criteria in Section 9.” 


On this same theme, section 11.9, was also further clarified and specific precautions were added as
follows,


“...The analysts must verify that this dilution does not negatively affect performance by repeating
and passing all the QC criteria in Section 9.  As a specific precaution, upon dilution of the
carbonate eluent, a peak for bicarbonate may be observed within the retention time window for
bromate which will negatively impact the analysis.”


ERRATA #2  - 
An acronym in Section 9.3.2.2 for Laboratory Fortified Blank (LFB) was incorrectly identified as LRB. 
This typographical error was corrected.


ERRATA #3  - 
Clarifications and corrections were made to Section 9.4.1.5, 9.4.3.2 and 9.4.3.3.  These clarifications
pertain to data reportability for Laboratory Fortified Sample Matrices (LFM) as well as to analysis
continuation when Duplicate Sample QC acceptance criteria are not met. 


Section 9.4.1.5 clarifies and now specifies how to report data when the LFM recovery falls outside the
established control criteria by stating, 


“...the recovery problem encountered with the LFM is judged to be matrix induced and the results
for that sample and the LFM are reported with a “matrix induced bias” qualifier.”


  
Section 9.4.3.2 required the correction of a typographical reference by removing “%Diff” in the duplicate
sample acceptance criteria and replacing it with the defined RPD, indicating “relative percent difference”.


Section 9.4.3.3, also had a “%Diff” reference corrected with RPD and included clarification regarding
continuation of an analysis set when a duplicate analysis fails to meet the acceptance criteria.  This section
now reads,


“If the RPD fails to meet these criteria, the samples must be reported with a qualifier identifying
the sample analysis result as yielding a poor duplicate analysis RPD.  This should not be a
chronic problem and if it frequently recurs, (>20% of duplicate analysis) it indicates a problem
with the instrument or individual technique.”
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METHOD 300.1


DETERMINATION OF INORGANIC ANIONS IN DRINKING WATER
 BY ION CHROMATOGRAPHY


      
 


1. SCOPE AND APPLICATION 
 


1.1 This method covers the determination of the following inorganic anions in reagent
water, surface water, ground water, and finished drinking water.  As a result of
different specified injection volumes (See conditions in Tables 1A and 1B), these
anions are divided between the common anions listed in Part A and the inorganic
disinfection by-products listed in Part B.  These different injection volumes are
required in order to compensate for the relative concentrations of these anions in
drinking water and maintain good chromatographic peak shape throughout the
expected dynamic range of the detector.  Bromide is included in both Part A, due
to its importance as a common anion, as well as Part B due to its critical role as a
disinfection by-product precursor.


PART A.-- Common Anions
Bromide Nitrite
Chloride ortho-Phosphate-P
Fluoride Sulfate
Nitrate


PART B.-- Inorganic Disinfection By-products
Bromate Chlorite
Bromide Chlorate


1.2 The single laboratory Method Detection Limits (MDL, defined in Sect. 3.11) for
the above analytes are listed in Tables 1A, 1B and 1C.  The MDL for a specific
matrix may differ from those listed, depending upon the nature of the sample and
the specific instrumentation employed. 


1.2.1 In order to achieve comparable detection limits, an ion chromatographic
system must utilize suppressed conductivity detection, be properly
maintained and must be capable of yielding a baseline with no more than
5 nS noise/drift per minute of monitored response over the background
conductivity. 


1.3 This method is recommended for use only by or under the supervision of analysts
experienced in the use of ion chromatography and in the interpretation of the
resulting ion chromatograms.   


 
1.4 When this method is used to analyze unfamiliar samples for any of the above


anions, anion identification should be supported by the use of a fortified sample
matrix covering the anions of interest.  The fortification procedure is described in
Sect. 9.4.1.
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1.5 Users of the method data should state the data-quality objectives prior to analysis. 
Users of the method must demonstrate the ability to generate acceptable results
with this method, using the procedures described in Sect. 9.0. 


1.6 Bromide and nitrite react with most oxidants employed as disinfectants.  The
utility of measuring these anions in treated water should be considered prior to
conducting the analysis. 


 
2. SUMMARY OF METHOD
 


2.1 A small volume of sample, 10 uL for Part A and 50 uL for Part B, is introduced
into an ion chromatograph.  The anions of interest are separated and measured,
using a system comprised of a guard column, analytical column, suppressor
device, and conductivity detector. 


2.2 The ONLY difference between Parts A and B is the volume of sample analyzed
by the ion chromatographic system.  The separator columns and guard columns as
well as eluent conditions are identical.


3. DEFINITIONS


3.1 ANALYSIS BATCH -- A group of no more than 20 field samples (Field sample
analyses include only those samples derived from a field sample matrix.  These
include the initial and duplicate field samples as well as all Laboratory Fortified
Sample Matrices).  The analysis batch must include an Initial Calibration Check
Standard, an End Calibration Check Standard, Laboratory Reagent Blank, and a
Laboratory Fortified Blank.  Within an ANALYSIS BATCH, for every group of
ten field samples, at least one Laboratory Fortified Matrix (LFM) and either a
Field Duplicate, a Laboratory Duplicate or a duplicate of the LFM must be
analyzed.  When more than 10 field samples are analyzed, a Continuing
Calibration Check Standard must be analyzed after the tenth field sample analysis.


3.2 CALIBRATION STANDARD (CAL) -- A solution prepared from the primary
dilution standard solution or stock standard solutions and the surrogate analyte. 
The CAL solutions are used to calibrate the instrument response with respect to
analyte concentration.  


3.2.1 INITIAL CALIBRATION STANDARDS --  A series of CAL solutions
used to initially establish instrument calibration and develop calibration
curves for individual target anions.


3.2.2 INITIAL CALIBRATION CHECK STANDARD --  An individual CAL
solution, analyzed initially, prior to any sample analysis, which verifies
previously established calibration curves.


3.2.3 CONTINUING CALIBRATION CHECK STANDARD -- An individual
CAL solution which is analyzed after every tenth field sample analyses
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which verifies the previously established calibration curves and confirms
accurate analyte quantitation for the previous ten field samples analyzed.


3.2.4 END CALIBRATION CHECK STANDARD -- An individual CAL
solution which is analyzed after the last field sample analyses which
verifies the previously established calibration curves and confirms
accurate analyte quantitation for all field samples analyzed since the last
continuing calibration check.


3.3 FIELD DUPLICATES -- Two separate samples collected at the same time and
place under identical circumstances and treated exactly the same throughout field
and laboratory procedures.  Analyses of field duplicates indicate the precision
associated with sample collection, preservation and storage, as well as with
laboratory procedures. 


3.4 INSTRUMENT PERFORMANCE CHECK SOLUTION (IPC) -- A solution of
one or more method analytes, surrogates, or other test substances used to
evaluate the performance of the instrument system with respect to a defined set of
criteria.


3.5 LABORATORY DUPLICATE --  Two sample aliquots, taken in the laboratory
from a single sample bottle, and analyzed separately with identical procedures. 
Analyses of LD1 and LD2 indicate precision associated specifically with the
laboratory procedures, removing any associated variables attributed by sample
collection, preservation, or storage procedures.


3.6 LABORATORY FORTIFIED BLANK (LFB) -- An aliquot of reagent water or
other blank matrices to which known quantities of the method analytes are added
in the laboratory.  The LFB is analyzed exactly like a sample, and its purpose is to
determine whether the methodology is in control, and whether the laboratory is
capable of making accurate and precise measurements.


3.7 LABORATORY FORTIFIED SAMPLE MATRIX (LFM) -- An aliquot of an
environmental sample to which known quantities of the method analytes are added
in the laboratory.  The LFM is analyzed exactly like a sample, and its purpose is to
determine whether the sample matrix contributes bias to the analytical results.  The
background concentrations of the analytes in the sample matrix must be
determined in a separate aliquot and the measured values in the LFM corrected for
background concentrations.


3.8 LABORATORY REAGENT BLANK (LRB) -- An aliquot of reagent water or
other blank matrices that are treated exactly as a sample including exposure to all
glassware, equipment, solvents, reagents, and surrogates that are used with other
samples.  The LRB is used to determine if method analytes or other interferences
are present in the laboratory environment, the reagents, or the apparatus.
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3.9 LINEAR CALIBRATION RANGE (LCR) -- The concentration range over which
the instrument response is linear.


3.10 MATERIAL SAFETY DATA SHEET (MSDS) -- Written information provided
by vendors concerning a chemical's toxicity, health hazards, physical properties,
fire, and reactivity data including storage, spill, and handling precautions.


3.11 METHOD DETECTION LIMIT (MDL) -- The minimum concentration of an
analyte that can be identified, measured and reported with 99% confidence that the
analyte concentration is greater than zero.


3.12 MINIMUM REPORTING LEVEL (MRL) --  The minimum concentration that
can be reported for an anion in a sample following analysis.  This defined
concentration can be no lower than the concentration of the lowest calibration
standard and can only be used if acceptable quality control criteria for this standard
are met.


3.13 PERFORMANCE EVALUATION SAMPLE (PE) -- A certified solution of
method analytes whose concentration is unknown to the analyst.  Often, an aliquot
of this solution is added to a known volume of reagent water and analyzed with
procedures used for samples.  Results of analyses are used to determine
statistically the accuracy and precision that can be expected when a method is
performed by a competent analyst.


3.14 QUALITY CONTROL SAMPLE (QCS) -- A solution of method analytes of
known concentrations that is used to fortify an aliquot of LRB or sample matrix. 
The QCS is obtained from a source external to the laboratory and different from
the source of calibration standards.  It is used to check laboratory performance
with externally prepared test materials.


3.15 SURROGATE ANALYTE -- An analyte added to a sample, which is unlikely to
be found in any sample at significant concentration, and which is added directly to
a sample aliquot in known amounts before any sample processing procedures are
conducted.  It is measured with the same procedures used to measure other sample
components.  The purpose of the surrogate analyte is to monitor method
performance with each sample.


3.16 STOCK STANDARD SOLUTION (SSS) -- A concentrated solution containing
one or more method analytes prepared in the laboratory using assayed reference
materials or purchased from a reputable commercial source.


4. INTERFERENCES 
 


4.1 Interferences can be divided into three different categories:  direct
chromatographic coelution, where an analyte response is observed at very nearly
the same retention time as the target anion; concentration dependant coelution,
which is observed when the response of higher than typical concentrations of the
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neighboring peak overlap into the retention window of the target anion; and, ionic
character displacement, where retention times may significantly shift due to the
influence of high ionic strength matrices (high mineral content or hardness)
overloading the exchange sites in the column and significantly shortening target
analyte's retention times.  


4.1.1 A direct chromatographic coelution may be solved by changing columns,
eluent strength, modifying the eluent with organic solvents (if compatible
with IC columns), changing the detection systems, or selective removal of
the interference with pretreatment.  Sample dilution will have little to no
effect.  The analyst must verify that these changes do not negatively affect
performance by repeating and passing all the QC criteria in Section 9.  


4.1.2 Sample dilution may resolve some of the difficulties if the interference is
the result of either concentration dependant coelution or ionic character
displacement, but it must be clarified that sample dilution will alter your
Minimum Reporting Limit (MRL) by a proportion equivalent to that of
the dilution. Therefore, careful consideration of project objectives should
be given prior to performing such a dilution.  An alternative to sample
dilution, may be dilution of the eluent as outlined in 11.9. 


4.1.3 Pretreatment cartridges can be effective as a means to eliminate certain
matrix interferences.  Prior to using any pretreatment, the analyst should
be aware that all instrument calibration standards must be pretreated in
exactly the same manner as the pretreated unknown field samples.  The
need for these cartridges have been greatly reduced with recent advances
in high capacity anion exchange columns.


4.1.3.1 Extreme caution should be exercised in using these
pretreatment cartridges.  Artifacts are known to leach from
certain cartridges which can foul the guard and analytical
columns causing loss of column capacity indicated by
shortened retention times and irreproducible results. 
Frequently compare your calibration standard chromatograms
to those of the column test chromatogram (received when the
column was purchased) to insure proper separation and similar
response ratios between the target analytes is observed. 


4.2 Method interferences may be caused by contaminants in the reagent water,
reagents, glassware, and other sample processing apparatus that lead to discrete
artifacts or elevated baselines in an ion chromatogram.  These interferences can
lead to false positive results for target analytes as well as reduced detection limits
as a consequence of elevated baseline noise.


 
4.3 Samples that contain particles larger than 0.45 microns and reagent solutions that


contain particles larger than 0.20 microns require filtration to prevent damage to
instrument columns and flow systems.
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4.4 Any anion that is only weakly retained by the column may elute in the retention
time window of fluoride and potentially interfere.  At concentrations of fluoride
above 1.5 mg/L, this interference may not be significant, however, it is the
responsibility of the user to generate precision and accuracy information in each
sample matrix.


  
4.5 Close attention should be given to the potential for carry over peaks from one


analysis which will effect the proper detection of analytes of interest in a second,
subsequent analysis.  Normally, the elution of sulfate (retention time of 13.8 min.)
indicates the end of a chromatographic run, but, in the ozonated and chlorine
dioxide matrices, which were included as part of the single operator accuracy and
bias study (See Table 2B), a small response (200 nS baseline rise) was observed
for a very late eluting unknown peak at approximately 23 minutes.  Consequently,
a run time of 25 minutes is recommended to allow for the proper elution of any
potentially interferant late peaks.  It is the responsibility of the user to confirm
that no late eluting peaks have carried over into a subsequent analysis thereby
compromising the integrity of the analytical results.


4.6 Any residual chlorine dioxide present in the sample will result in the formation of
additional chlorite prior to analysis.  If any concentration of chlorine dioxide is
suspected in the sample, the sample must be purged with an inert gas (helium,
argon or nitrogen) for approximately five minutes or until no chlorine dioxide
remains.  This sparging must be conducted prior to ethylenediamine preservation
and at time of sample collection.


5. SAFETY


5.1 The toxicity or carcinogenicity of each reagent used in this method have not been
fully established.  Each chemical should be regarded as a potential health hazard
and exposure should be as low as reasonably achievable.  Cautions are included
for known extremely hazardous materials or procedures.


5.2 Each laboratory is responsible for maintaining a current awareness file of OSHA
regulations regarding the safe handling of the chemicals specified in this method. 
A reference file of Material Safety Data Sheets (MSDS) should be made available
to all personnel involved in the chemical analysis.  The preparation of a formal
safety plan is also advisable.


5.3 The following chemicals have the potential to be highly toxic or hazardous,
consult MSDS.


5.3.1 Sulfuric acid --  When used to prepared a 25 mN sulfuric acid regenerant
solution for chemical suppression using a Dionex Anion Micro Membrane
Suppressor (AMMS).
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6. EQUIPMENT AND SUPPLIES 


6.1 Ion chromatograph -- Analytical system complete with ion chromatograph and all
required accessories including syringes, analytical columns, compressed gasses
and a conductivity detector.  


 
6.1.1 Anion guard column: Dionex AG9-HC, 2 mm (P/N 52248), or


equivalent.  This column functions as a protector of the separator column. 
If omitted from the system the retention times will be shorter. 


 
 6.1.2 Anion separator column:  Dionex AS9-HC column, 2 mm (P/N 52244),


or equivalent.  The microbore (2 mm) was selected in the development of
this method as a means to tighten the bromate elution band and thus
reduce the detection limit. An optional column (2 mm or 4 mm) may be
used if comparable resolution of peaks is obtained, and the requirements
of Sect. 9.0 can be met.  The AS9-HC, 2 mm column using the conditions
outlined in Table 1A and 1B produced the separation shown in Figures 1
through 4. 


6.1.2.1 If a 4 mm column is employed, the injection volume should be
raised by a factor of four to 40 uL for Part A anions and 200
uL for Part B anions in order to attain comparable detection
limits.  A four fold increase in injection volume compensates
for the four fold increase in cross sectional surface area of the
4 mm standard bore column over the 2 mm microbore column. 


6.1.2.2 Comparable results can be attained using the Dionex, AS9-HC,
4 mm column.  MDLs for the part B, inorganic disinfection by-
products using this 4 mm column are displayed along with
analysis conditions in Table 1C. 


6.1.3 Anion suppressor device:  The data presented in this method were
generated using a Dionex Anion Self Regenerating Suppressor (ASRS,
P/N 43187).  An equivalent suppressor device may be utilized provided
comparable detection limits are achieved and adequate baseline stability is
attained as measured by a combined baseline drift/noise of no more than 5
nS per minute over the background conductivity.


6.1.3.1 The ASRS was set to perform electrolytic suppression at a
current setting of 100 mA using an external source DI water
mode.  Insufficient baseline stability was observed using the
ASRS in recycle mode.


6.1.4 Detector -- Conductivity cell (Dionex CD20, or equivalent) capable of
providing data as required in Sect. 9.2.
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6.2 The Dionex Peaknet Data Chromatography Software was used to generate all the
data in the attached tables.  Systems using a strip chart recorder and integrator or
other computer based data system may achieve approximately the same MDL's
but the user should demonstrate this by the procedure outlined in Sect. 9.2. 


6.3 Analytical balance, ±0.1 mg sensitivity.  Used to accurately weigh target analyte
salts for stock standard preparation.


6.4 Top loading balance, ±10 mg sensitivity.  Used to accurately weigh reagents to
prepare eluents.


6.5 Weigh boats, plastic, disposable - for weighing eluent reagents.


6.6 Syringes, plastic, disposable, 10 mL - used during sample preparation.


6.7 Pipets, Pasteur, plastic or glass, disposable, graduated, 5 mL and 10 mL.


6.8 Bottles, high density polyethylene (HDPE), opaque or glass, amber, 30 mL, 125
mL, 250 mL.  For sampling and storage of calibration solutions.  Opaque or
amber due to the photoreactivity of chlorite anion.


6.9 Micro beakers, plastic, disposable - used during sample preparation.


7. REAGENTS AND STANDARDS
 


7.1 Reagent water:  Distilled or deionized water, free of the anions of interest.  Water
should contain particles no larger than 0.20 microns. 


7.2 Eluent solution :  Sodium carbonate (CASRN 497-19-8) 9.0 mM.  Dissolve 1.91
g sodium carbonate (Na2CO3) in reagent water and dilute to 2 L.


7.2.1 This eluent solution must be purged for 10 minutes with helium prior to
use to remove dissolved gases which may form micro bubbles in the IC
compromising system performance and adversely effecting the integrity of
the data.


7.3 Stock standard solutions, 1000 mg/L (1 mg/mL):  Stock standard solutions may
be purchased as certified solutions or prepared from ACS reagent grade,
potassium or sodium salts as listed below, for most analytes.  Chlorite requires
careful consideration as outline below in 7.3.5.1.


 
7.3.1 Bromide (Br-) 1000 mg/L:  Dissolve 0.1288 g sodium bromide (NaBr,


CASRN 7647-15-6) in reagent water and dilute to 100 mL in a
volumetric flask.
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7.3.2 Bromate (BrO3
-) 1000 mg/L:  Dissolve 0.1180 g of sodium bromate


(NaBrO3, CASRN 7789-38-0) in reagent water and dilute to 100 mL in a
volumetric flask.


7.3.3 Chlorate (C103
-) 1000 mg/L:  Dissolve 0.1275 g of sodium chlorate


(NaC103, CASRN 7775-09-9) in reagent water and dilute to 100 mL in a
volumetric flask.


7.3.4 Chloride (Cl-) 1000 mg/L:  Dissolve 0.1649 g sodium chloride (NaCl,
CASRN 7647-14-5) in reagent water and dilute to 100 mL in a
volumetric flask. 


            
7.3.5 Chlorite (C102


-) 1000 mg/L:  Assuming an exact 80.0 % NaC102 is
amperometrically titrated from technical grade NaC102 (See Sect.
7.3.5.1).  Dissolve 0.1676 g of sodium chlorite (NaC102, CASRN 7758-
19-2) in reagent water and dilute to 100 mL in a volumetric flask.


7.3.5.1 High purity sodium chlorite (NaClO 2) is not currently
commercially available due to potential explosive instability. 
Recrystallization of the technical grade (approx. 80%) can be
performed but it is labor intensive and time consuming.  The
simplest approach is to determine the exact % NaClO 2 using
the iodometric titration procedure (Standard Methods, 19th
Ed., 4500-ClO2.C).  Following titration, an individual
component standard of chlorite must be analyzed to determine
if there is any significant contamination (greater than 1% of the
chlorite weight) in the technical grade chlorite standard from
any of the Part B components.  These contaminants will place
a high bias on the calibration of the other anions if all four Part
B components are mixed in an combined calibration solution. 
If these other anions are present as contaminants, a separate
chlorite calibration needs to be performed. 


7.3.6 Fluoride (F-) 1000 mg/L:  Dissolve 0.2210 g sodium fluoride (NaF,
CASRN 7681-49-4) in reagent water and dilute to 100 mL in a
volumetric flask.


 7.3.7 Nitrate (NO-
3-N) 1000 mg/L:  Dissolve 0.6068 g sodium nitrate (NaNO3,


CASRN 7631-99-4) in reagent water and dilute to 100 mL in a
volumetric flask.


                          
7.3.8 Nitrite (NO-


2-N) 1000 mg/L:  Dissolve 0.4926 g sodium nitrite (NaNO2,
CASRN 7632-00-0) in reagent water and dilute to 100 mL in a
volumetric flask.
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7.3.9 Phosphate (PO4
3--P) 1000 mg/L:  Dissolve 0.4394 g potassium


dihydrogenphosphate (KH2PO4, CASRN 7778-77-0) in reagent water
and dilute to 100 mL in a volumetric flask. 


  
7.3.10 Sulfate (SO4


2-) 1000 mg/L:  Dissolve 0.1814 g potassium sulfate (K2SO4,
CASRN 7778-80-5) in reagent water and dilute to 100 mL in a
volumetric flask. 


 NOTE: Stability of standards:  Stock standards (7.3) for most anions are
stable for at least 6 months when stored at 4oC.  Except for the
chlorite standard which is only stable for two weeks when stored
protected from light at 4oC, and nitrite and phosphate which are only
stable for 1 month when stored at 4oC.  Dilute working standards
should be prepared monthly, except those that contain chlorite, or
nitrite and phosphate which should be prepared fresh daily.


 
7.4 Ethylenediamine (EDA) preservation solution, 100 mg/mL: Dilute 2.8 mL of


ethylenediamine (99%) (CASRN 107-15-3) to 25 mL with reagent water. 
Prepare fresh monthly.


7.5 Surrogate Solution:  0.50 mg/mL dichloroacetate (DCA) prepared by dissolving
0.065 g dichloroacetic acid, potassium salt (Cl2CHCO2K, CASRN 19559-59-2) in
reagent water and dilute to 100 mL in a volumetric flask. 


7.5.1 Dichloroacetate is potentially present in treated drinking waters as the
acetate of the organic disinfection by product, dichloroacetic acid
(DCAA).  Typical concentrations of DCAA rarely exceed 50 ug/L,
which, for this worst case example, would represent only a five percent
increase in the observed response over the fortified concentration of 1.00
mg/L.  Consequently, the criteria for acceptable recovery (90% to 115%)
for the surrogate is weighted to 115% to allow for this potential
background.


7.5.2 Prepare this solution fresh every 3 months or sooner if signs of
degradation are present.


8. SAMPLE COLLECTION, PRESERVATION AND STORAGE


 8.1 Samples should be collected in plastic or glass bottles.  All bottles must be
thoroughly cleaned and rinsed with reagent water. Volume collected should be
sufficient to insure a representative sample, allow for replicate analysis, if
required, and minimize waste disposal.


 
8.2 Special sampling requirements and precautions for chlorite.


8.2.1 Sample bottles used for chlorite analysis must be opaque to protect the
sample from light.
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8.2.2 When preparing the LFM, be aware that chlorite is an oxidant and may
react with the natural organic matter in an untreated drinking water
matrix as a result of oxidative demand.  If untreated water is collected for
chlorite analysis, and subsequently used for the LFM, EDA preservation
will not control this demand and reduced chlorite recoveries may be
observed.


8.3 Sample preservation and holding times for the anions that can be determined by
this method are as follows:


PART A :  Common Anions
Analyte Preservation Holding Time
Bromide None required 28 days
Chloride None required 28 days
Fluoride None required 28 days
Nitrate-N Cool to 4oC 48 hours
Nitrite-N Cool to 4oC 48 hours 
ortho-Phosphate-P Cool to 4oC 48 hours 
Sulfate Cool to 4oC 28 days 


PART B :  Inorganic Disinfection By-products
Analyte Preservation Holding Time
Bromate 50 mg/L EDA 28 days
Bromide None required 28 days
Chlorate 50 mg/L EDA 28 days
Chlorite 50 mg/L EDA, Cool to 4oC 14 days


8.4 When collecting a sample from a treatment plant employing chlorine dioxide, the
sample must be sparged with an inert gas (helium, argon, nitrogen) prior to
addition of the EDA preservative at time of sample collection. 


8.5 All four anions, in Part B, can be analyzed in a sample matrix which has been
preserved with EDA.   Add a sufficient volume of the EDA preservation solution
(Sect. 7.4) such that the final concentration is 50 mg/L in the sample.  This would
be equivalent to adding 0.5 mL of the EDA preservation solution to 1 L of
sample. 


8.6 EDA is primarily used as a preservative for chlorite.  Chlorite is susceptible to
degradation both through catalytic reactions with dissolved iron salts and
reactivity towards free chlorine which exists as hypochlorous acid/hypochlorite
ion in most drinking water as a residual disinfectant.  EDA serves a dual purpose
as a preservative for chlorite by chelating iron as well as any other catalytically
destructive metal cations and removing hypochlorous acid/hypochlorite ion by
forming an organochloroamine.  EDA preservation of chlorite also preserves the
integrity of chlorate which can increase in unpreserved samples as a result of
chlorite degradation.  EDA also preserves the integrity of bromate concentrations
by binding with hypobromous acid/hypobromite which is an intermediate formed
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as by-product of the reaction of either ozone or hypochlorous acid/hypochlorite
with bromide ion.  If hypobromous acid/hypobromite is not removed from the
matrix further reactions may form bromate ion.


8.7 Degradation of ortho-phosphate has been observed in samples held at room
temperature for over 16 hrs (see table 3A).  Therefore, samples to be analyzed for
ortho-phosphate must not be held at room temperature for more than 12
cumulative hours.


9. QUALITY CONTROL


9.1 Each laboratory using this method is required to operate a formal quality control
(QC) program.  The requirements of this program consist of an initial
demonstration of laboratory performance, and subsequent analysis in each
analysis batch (Sect. 3.1) of a Laboratory Reagent Blank, Laboratory Fortified
Blank, Instrument Performance Check Standard, calibration check standards,
Laboratory Fortified Sample Matrices (LFM) and either Field, Laboratory or
LFM duplicate sample analyses.  This section details the specific requirements for
each of these QC parameters.  The laboratory is required to maintain performance
records that define the quality of the data that are generated.


9.2 INITIAL DEMONSTRATION OF PERFORMANCE 


9.2.1 The initial demonstration of performance is used to characterize
instrument performance (determination of accuracy through the analysis
of the QCS) and laboratory performance (determination of MDLs) prior
to performing analyses by this method.


9.2.2 Quality Control Sample (QCS) -- When beginning the use of this method,
on a quarterly basis or as required to meet data-quality needs, verify the
calibration standards and acceptable instrument performance with the
preparation and analyses of a QCS.  If the determined concentrations are
not within ± 15% of the stated values, performance of the determinative
step of the method is unacceptable.  The source of the problem must be
identified and corrected before either proceeding with the initial
determination of MDLs or continuing with on-going analyses.


9.2.3 Method Detection Limit (MDL) -- MDLs must be established for all
analytes, using reagent water (blank) fortified at a concentration of three
to five times the estimated instrument detection limit.(6)  To determine
MDL values, take seven replicate aliquots of the fortified reagent water
and process through the entire analytical method over at least three
separate days.  Perform all calculations defined in the method and report
the concentration values in the appropriate units.  Calculate the MDL as
follows:


MDL = (t) x (S)
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where, t = Student's t value for a 99% confidence level and a
standard deviation estimate with n-1 degrees of freedom
[t = 3.14 for seven replicates].


S = standard deviation of the replicate analyses.


9.2.3.1 MDLs should be determined every 6 months, when a new
operator begins work or whenever there is a significant change
in the background, or instrument response.


9.3 ASSESSING LABORATORY PERFORMANCE 


9.3.1 Laboratory Reagent Blank (LRB) -- The laboratory must analyze at least
one LRB with each analysis batch (defined Sect 3.1).  Data produced are
used to assess contamination from the laboratory environment.  Values
that exceed the MDL indicate laboratory or reagent contamination should
be suspected and corrective actions must be taken before continuing the
analysis.


9.3.1.1 If conducting analysis for the Part B anions, EDA must be
added to the LRB at 50 mg/L.  By including EDA in the LRB,
any bias as a consequence of the EDA which may be observed
in the field samples, particularly in terms of background
contamination, will be identified.


9.3.2 Laboratory Fortified Blank (LFB) -- The LFB should be prepared at
concentrations similar to those expected in the field samples and ideally at
the same concentration used to prepare the LFM. Calculate accuracy as
percent recovery (Sect. 9.4.1.3).  If the recovery of any analyte falls
outside the required concentration dependant control limits (Sect.
9.3.2.2), that analyte is judged out of control, and the source of the
problem should be identified and resolved before continuing analyses.


9.3.2.1 If conducting analysis for the Part B anions, EDA must be
added to the LFB at 50 mg/L.  The addition of EDA to all
reagent water prepared calibration and quality control samples
is required not as a preservative but rather as a means to
normalize any bias attributed by the presence of EDA in the
field samples.


9.3.2.2 Control Limits for the LFB


Concentration range Percent Recovery Limits
   MRL to 10xMRL 75 - 125 %


10xMRL to highest calibration level 85 - 115 %  
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9.3.2.2.1 These control limits only apply if the MRL is established within
a factor of 10 times the MDL.  Otherwise, the limits are set at
85% to 115%.


9.3.2.3 The laboratory must use the LFB to assess laboratory perfor-
mance against the required control limits listed in 9.3.2.2. 
When sufficient internal performance data become available
(usually a minimum of 20-30 analyses), optional control limits
can be developed from the percent mean recovery (x) and the
standard deviation (S) of the mean recovery.  These data can
be used to establish the upper and lower control limits as
follows:


                       UPPER CONTROL LIMIT = x + 3S
                        LOWER CONTROL LIMIT = x - 3S


The optional control limits must be equal to or better than
those listed in 9.3.2.2.  After each five to ten new recovery
measurements, new control limits can be calculated using only
the most recent 20-30 data points.  Also, the standard
deviation (S) data should be used to establish an on-going
precision statement for the level of concentrations monitored. 
These data must be kept on file and be available for review.


9.3.3 Instrument Performance Check Solution (IPC) -- The Initial Calibration
Check Standard is to be evaluated as the instrument performance check
solution in order to confirm proper instrument performance.  Proper
chromatographic performance must be demonstrated by calculating the
Peak Gaussian Factor (PGF), which is a means to measure peak
symmetry and monitoring retention time drift in the surrogate peak over
time.  Critically evaluate the surrogate peak in the initial calibration check
standard, and calculate the PGF as follows,


    1.83  x  W(1/2)
PGF = ----------------------- 


    W(1/10)


   where: W(1/2) is the peak width at half height 
W(1/10) is the peak width at tenth height


9.3.3.1 The PGF must fall between 0.80 and 1.15 in order to
demonstrate proper instrument performance.


9.3.3.2 The retention time for the surrogate in the IPC must be closely
monitored on each day of analysis and throughout the lifetime of
the analytical column.  Small variations in retention time can be
anticipated when a new solution of eluent is prepared but if
shifts of more than 2% are observed in the surrogate retention
time, some type of instrument problem is present. Potential
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problems include improperly prepared eluent, erroneous method
parameters programmed such as flow rate or some other system
problem. The chromatographic profile (elution order) of the
target anions following an ion chromatographic analysis should
closely replicate the profile displayed in the test chromatogram
that was shipped when the column was purchased. As a column
ages, it is normal to see a gradual shift and shortening of
retention times, but if after several years of use, extensive use
over less than a year, or use with harsh samples, this retention
time has noticeably shifted to any less than 80% of the original
recorded value, the column may require cleaning or
replacement.  Particularly if resolution problems are beginning
to become common between previously resolved peaks.  A
laboratory must retain a historic record of retention times for
the surrogate and all the target anions to provide evidence of an
analytical columns vitality.


9.4 ASSESSING ANALYTE RECOVERY AND DATA QUALITY


9.4.1 Laboratory Fortified Sample Matrix (LFM) -- The laboratory must add a
known amount of analyte to a minimum of 10% of the field samples
within an analysis batch.  The LFM sample must be prepared from a
sample matrix which has been analyzed prior to fortification. The analyte
concentration must be high enough to be detected above the original
sample and should adhere to the requirement of 9.4.1.2.  It is
recommended that the solutions used to fortify the LFM be prepared
from the same stocks used to prepare the calibration standards and not
from external source stocks.  This will remove the bias contributed by an
externally prepared stock and focus on any potential bias introduced by
the field sample matrix.


9.4.1.1 If the fortified concentration is less than the observed 
background concentration of the unfortified matrix, the
recovery should not be calculated.  This is due to the difficulty
in calculating accurate recoveries of the fortified concentration
when the native sample concentration is so high.


9.4.1.2 The LFM should be prepared at concentrations no greater than
five times the highest concentration observed in any field
sample.  If no analyte is observed in any field sample, the LFM
must be fortified no greater than five times the lowest
calibration level which as outlined in 12.2 is the minimum
reported level (MRL).  For example, if bromate is not detected
in any field samples above the lowest calibrations standard
concentration of 5.00 ug/L, the highest LFM fortified
concentration allowed is 25.0 ug/L.
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9.4.1.3 Calculate the percent recovery for each analyte, corrected for
concentrations measured in the unfortified sample.  Percent
recovery should be calculated using the following equation:


  Cs - C
    R =  --------  x 100


  s


where, R  = percent recovery.
Cs = fortified sample concentration
C  = sample background concentration
s  = concentration equivalent of analyte added to


sample.


9.4.1.4 Until sufficient data becomes available (usually a minimum of 20
to 30 analysis), assess laboratory performance against recovery
limits of 75 to 125%.  When sufficient internal performance data
becomes available develop control limits from percent mean
recovery and the standard deviation of the mean recovery.  The
optional control limits must be equal to or better than the
required control limits of 75-125%.


9.4.1.5 If the recovery of any analyte falls outside the designated LFM
recovery range and the laboratory performance for that analyte
is shown to be in control (Sect. 9.3), the recovery problem
encountered with the LFM is judged to be matrix induced and
the results for that sample and the LFM are reported with a
“matrix induced bias” qualifier.


9.4.2 SURROGATE RECOVERY --  Calculate the surrogate recovery from all
analyses using the following formula


  SRC
    R = ---------  x 100


  SFC


where, R  = percent recovery.
SRC = Surrogate Recovered Concentration
SFC = Surrogate Fortified Concentration


9.4.2.1 Surrogate recoveries must fall between 90-115% for proper
instrument performance and analyst technique to be verified.  The
recovery of the surrogate is slightly bias to 115% to allow for the
potential contribution of trace levels of dichloroacetate as the
halogenated organic disinfection by-product (DBP) dichloroacetic
acid (DCAA)  Background levels of this organic DBP are rarely
observed above 50 ug/L (0.05 mg/L) which constitutes only 5%
of the 1.00 mg/L recommended fortified concentration.


9.4.2.2 If the surrogate recovery falls outside the 90-115% recovery
window, a analysis error is evident and sample reanalysis is
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required.  Poor recoveries could be the result of imprecise sample
injection or analyst fortification errors.  


9.4.3 FIELD OR LABORATORY DUPLICATES --  The laboratory must
analyze either a field or a laboratory duplicate for a minimum of 10% of the
collected field samples or at least one with every analysis batch, whichever
is greater.  The sample matrix selected for this duplicate analysis must
contain measurable concentrations of the target anions in order to establish
the precision of the analysis set and insure the quality of the data.  If none
of the samples within an analysis batch have measurable concentrations, the
LFM should be employed as a laboratory duplicate.


9.4.3.1 Calculate the relative percent difference (RPD) of the initial
quantitated concentration (IC) and duplicate quantitated
concentration (Dc) using the following formula,


 (IC - Dc)
RPD = -------------- X 100


 ([IC + Dc]/2)


9.4.3.2 Duplicate analysis acceptance criteria


Concentration range RPD Limits
   MRL to 10xMRL +/- 20 %


          10xMRL to highest calibration level +/- 10 %  


9.4.3.3 If the RPD fails to meet these criteria, the samples must be
reported with a qualifier identifying the sample analysis result as
yielding a poor duplicate analysis RPD.  This should not be a
chronic problem and if it frequently recurs (>20% of duplicate
analyses) it indicates a problem with the instrument or individual
technique. 


9.4.4 Where reference materials are available, they should be analyzed to provide
additional performance data.  The analysis of reference samples is a
valuable tool for demonstrating the ability to perform the method
acceptably. 


9.4.5 In recognition of the rapid advances occurring in chromatography, the
analyst is permitted certain options, such as the use of different columns,
injection volumes, and/or eluents, to improve the separations or lower the
cost of measurements.  Each time such modifications to the method are
made, the analyst is required to repeat the procedure in Sect. 9.2 and
adhere to the condition of baseline stability found in Sect. 1.2.1.  


9.4.6 It is recommended that the laboratory adopt additional quality assurance
practices for use with this method.  The specific practices that are most
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productive depend upon the needs of the laboratory and the nature of the
samples.  Whenever possible, the laboratory should perform analysis of
quality control check samples and participate in relevant performance
evaluation sample studies.


10. CALIBRATION AND STANDARDIZATION


10.1 Establish ion chromatographic operating parameters equivalent to those indicated
in Tables 1A or 1B if employing a 2 mm column, Table 1C if employing a 4 mm
column. 


 
10.2 Estimate the Linear Calibration Range (LCR) -- The LCR should cover the


expected concentration range of the field samples and should not extend over
more than 2 orders of magnitude in concentration  (For example, if quantitating
nitrate in the expected range of 1.0 mg/L to 10 mg/L, 2 orders of magnitude
would permit the minimum and maximum calibration standards of 0.20 mg/L and
20 mg/L, respectively.) The restriction of 2 orders of magnitude is prescribed
since beyond this it is difficult to maintain linearity throughout the entire
calibration range.  


10.2.1 If quantification is desired over a larger range, then two separate
calibration curves should be prepared.  


10.2.2 For an individual calibration curve, a minimum of three calibration
standards are required for a curve that extends over a single order of
magnitude and a minimum of five calibration standards are required if the
curve covers two orders of magnitude. (For example, using the nitrate
example cited above in section 10.2, but in this case limit the curve to
extend only from 1.0 mg/L to 10 mg/L or a single order of magnitude.  A
third standard is required somewhere in the middle of the range. For the
calibration range of 0.20 mg/L to 20 mg/L, over two orders of
magnitude, five calibrations standards should be employed, one each at
the lower and upper concentration ranges and the other three
proportionally divided throughout the middle of the curve.)  


 
10.3 Prepare the calibration standards by carefully adding measured volumes of one or


more stock standards (7.3) to a volumetric flask and diluting to volume with
reagent water. 


           
10.3.1 For the Part B anions, EDA must be added to the calibration standards at


50 mg/L.  The addition of EDA to all reagent water prepared calibration
and quality control samples is required not as a preservative but rather as
a means to normalize any bias attributed by the presence of EDA in the
field samples.


10.3.2 Prepare a 10.0 mL aliquot of surrogate fortified calibration solution
which can be held for direct manual injection or used to fill an
autosampler vial.  Add 20 uL of the surrogate solution (7.5) to a 20 mL
disposable plastic micro beaker.  Using a 10.0 mL disposable pipet, place
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exactly 10.0 mL of calibration standard into the micro beaker and mix. 
The calibration standard is now ready for analysis.  The same surrogate
solution that has been employed for the standards should also be used in
the section 11.3.2 for the field samples.


10.4 Using a 2 mm column, inject 10 uL (Part A) or 50 uL (Part B) of each calibration
standard.  Using a 4 mm column, inject 50 uL (Part A) or 200 uL (Part B) of each
calibration standard.  Tabulate peak area responses against the concentration. 
The results are used to prepare calibration curves using a linear least squares fit
for each analyte.  Acceptable calibration curves are confirmed after reviewing the
curves for linearity and passing the criteria for the initial calibration check
standard in section 10.5.1. Alternately, if the ratio of response to concentration
(response factor) is constant over the LCR (indicated by < 15% relative standard
deviation (RSD), linearity through the origin can be assumed and the average
ratio or calibration factor can be used in place of a calibration curve,  


10.4.1 Peak areas are strongly recommended since they have been found to be
more consistent, in terms of quantitation, than peak heights.  Peak height
can tend to be suppressed as a result of high levels of common anions in a
given matrix which can compete for exchange sites.  Using peak areas, it
is the analyst responsibility to review all chromatograms to insure
accurate baseline integration of target analyte peaks since poorly drawn
baselines will more significantly influence peak areas than peak heights.


 10.5 Once the calibration curves have been established they must be verified prior to
conducting any sample analysis using an initial calibration check standard (3.2.2). 
This verification must be performed on each analysis day or whenever fresh eluent
has been prepared.  A continuing calibration check standard (3.2.3) must be
analyzed after every tenth sample and at the end of the analysis set as an end
calibration check standard (3.2.4).  The response for the initial, continuing and end
calibration check  must satisfy the criteria listed in 10.5.1.  If during the analysis set,
the response differs by more than the calibration verification criteria shown in
10.5.1., or the retention times shift more than ± 5% from the expected values for
any analyte, the test must be repeated, using fresh calibration standards.  If the
results are still outside these criteria, sample analysis must be discontinued, the
cause determined and/or in the case of drift, the instrument recalibrated.  All
samples following the last acceptable calibration check standard must be
reanalyzed.  


10.5.1 Control limits for calibration verification


Concentration range Percent Recovery Limits
   MRL to 10xMRL 75 - 125 %


10xMRL to highest calibration level 85 - 115 %  


 10.5.1.1 These control limits only apply if the MRL is established within
a factor of 10 times the MDL.  Otherwise, the limits are set at
85% to 115%.
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10.5.2 CALIBRATION VERIFICATION REQUIREMENT FOR PART B
As a mandatory requirement of calibration verification, the laboratory
MUST verify calibration using the lowest calibration standard as the
initial calibration check standard.


10.5.3 After satisfying the requirement of 10.5.2, the levels selected for the other
calibration check standards should be varied between a middle calibration
level and the highest calibration level.


11. PROCEDURE 
 


11.1 Tables 1A and 1B summarize the recommended operating conditions for the ion
chromatograph.  Included in these tables are estimated retention times that can be
achieved by this method.  Other columns,  chromatographic conditions, or
detectors may be used if the requirements of Sect. 9.2 are met. 


 
11.2 Check system calibration daily and, if required, recalibrate as described in Sect.


10. 


11.3 Sample Preparation


11.3.1 For refrigerated or samples arriving to the laboratory cold, ensure the
samples have come to room temperature prior to conducting sample
analysis by allowing the samples to warm on the bench for at least 1 hour.


11.3.2 Prepare a 10.0 mL aliquot of surrogate fortified sample which can be held
for direct manual injection or used to fill an autosampler vial.  Add 20 uL
of the surrogate solution (7.5) to a 20 mL disposable plastic micro beaker. 
Using a 10.0 mL disposable pipet, place exactly 10.0 mL of sample into
the micro beaker and mix.  Sample is now ready for analysis.


11.3.2.1 The less than 1% dilution error introduced by the addition of the
surrogate is considered insignificant.


11.4 Using a Luer lock, plastic 10 mL syringe, withdraw the sample from the  micro
beaker and attach a 0.45 um particulate filter (demonstrated to be free of ionic
contaminants) directly to the syringe.  Filter the sample into an autosampler vial
(If vial is not designed to automatically filter) or manually load the injection loop
injecting a fixed amount of well mixed sample.  If using a manually loaded
injection loop, flush the loop thoroughly between sample analysis using sufficient
volumes of each new sample matrix.  


11.5 Using a 2 mm column, inject 10 uL (Part A) or 50 uL (Part B) of each sample. 
Using a 4 mm column, inject 40 uL (Part A) or 200 uL (Part B) of each sample. 
Tabulate peak area responses against the concentration.  During this procedure,
retention times must be recorded.  Use the same size loop for standards and
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samples.  Record the resulting peak size in area units.  An automated constant
volume injection system may also be used. 


 
11.6 The width of the retention time window used to make identifications should be


based upon measurements of actual retention time variations of standards over the
course of a day.  Three times the standard deviation of a retention time can be
used to calculate a suggested window size for each analyte.  However, the
experience of the analyst should weigh heavily in the interpretation of
chromatograms. 


 
11.7 If the response of a sample analyte exceeds the calibration range, the sample may


be diluted with an appropriate amount of reagent water and reanalyzed.  If this is
not possible then three new calibration concentrations must be employed to create
a separate high concentration curve, one standard near  the estimated
concentration and the other two bracketing around an interval equivalent to ±
25% the estimated concentration.  The latter procedure involves significantly
more time than a simple sample dilution therefore, it is advisable to collect
sufficient sample to allow for sample dilution or sample reanalysis, if required.


 
11.8 Shifts in retention time are inversely proportional to concentration.  Nitrate,


phosphate and sulfate will exhibit the greatest degree of change, although all
anions can be affected.  In some cases this peak migration may produce poor
resolution or make peak identification difficult.  


11.9 Should more complete resolution be needed between any two coeluting peaks, the
eluent (7.2) can be diluted.  This will spread out the run, however, and will cause
late eluting anions to be retained even longer.  The analysts must verify that this
dilution does not negatively affect performance by repeating and passing all the QC
criteria in Section 9.  As a specific precaution, upon dilution of the carbonate
eluent, a peak for bicarbonate may be observed within the retention time window
for bromate which will negatively impact the analysis.


11.9.1 Eluent dilution will reduce the overall response of an anion due to
chromatographic band broadening which will be evident by shortened
and broadened peaks.  This will adversely effect the MDLs for each
analyte.


12. DATA ANALYSIS AND CALCULATIONS
 


12.1 Prepare a calibration curve for each analyte by plotting instrument response, as
peak area, against standard concentration.  Compute sample concentration by
comparing sample response with the standard curve.   If a sample has been
diluted, multiply the response by the appropriate dilution factor.


12.2 Report ONLY those values that fall between the lowest and the highest
calibration standards.  Samples with target analyte responses exceeding the
highest standard should be diluted and reanalyzed.  Samples with target analytes
identified but quantitated below the concentration established by the lowest
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calibration standard  should be reported as below  the minimum reporting limit
(MRL).


 
12.3 Report results for Part A anions in mg/L and for Part B anions in ug/L. 


 
12.4 Report NO2


-  as N
NO3


-  as N
HPO4


= as P
Br- in mg/L when reported with Part A 
Br- in ug/L when reported with Part B 


13. METHODS PERFORMANCE
 


13.1 Tables 1A, 1B, and 1C give the single laboratory (OW OGWDW TSC-
Cincinnati) retention times, standard conditions and MDL determined for each
anion included in the method.  MDLs for the Part A anions were determined in
reagent water on the 2 mm column (Table 1A).  MDLs for the Part B anions were
conducted not only in reagent water but also a simulated high ionic strength water
(HIW) on the 2 mm column (Table 1B) and in reagent water on the 4 mm column
(Table 1C).  HIW is designed to simulate a high ionic strength field sample.  It
was prepared from reagent water which was fortified with the common anions of
chloride at 100 mg/L, carbonate at 100 mg/L, nitrate at 10.0 mg/L as nitrogen,
phosphate at 10.0 mg/L as phosphorous, and sulfate at 100 mg/L.


     13.2 Tables 2A and 2B give the single laboratory (OW OGWDW TSC-Cincinnati)
standard deviation for each anion included in the method in a variety of waters for
the standard conditions identified in Table 1A and 1B, respectively.


13.3 Tables 3A and 3B shown stability data for the Part A and B anions, respectively. 
Each data point in these tables represent the mean percent recovery following
triplicate analysis.  These data were used to formulate the holding times shown in
Sect. 8.3.


14. POLLUTION PREVENTION


14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity or toxicity of waste at the point of generation.  Numerous opportunities
for pollution prevention exist in laboratory operation.  The EPA has established a
preferred hierarchy of environmental management techniques that places pollution
prevention as the management option of first choice.  Whenever feasible,
laboratory personnel should use pollution prevention techniques to address their
waste generation.  When wastes cannot be feasibly reduced at the source, the
Agency recommends recycling as the next best option.


14.2 Quantity of the chemicals purchased should be based on expected usage during its
shelf life and disposal cost of unused material.  Actual reagent preparation
volumes should reflect anticipated usage and reagent stability.
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14.3 For information about pollution prevention that may be applicable to  laboratories
and research institutions, consult "Less is Better: Laboratory Chemical
Management for Waste Reduction," available from the American Chemical
Society's Department of Government Regulations and Science Policy, 1155 16th
Street N.W., Washington D.C. 20036, 
(202) 872-4477.  


15. WASTE MANAGEMENT 


15.1 The Environmental Protection Agency requires that laboratory waste
management practices be conducted consistent with all applicable rules and
regulations.  Excess reagents, samples and method process wastes should be
characterized and disposed of in an acceptable manner.  The Agency urges
laboratories to protect the air, water, and land by minimizing and controlling all
releases from  hoods and bench operations, complying with the letter and spirit of 
any waste discharge permit and regulations, and by complying with all solid and
hazardous waste regulations, particularly the hazardous  waste identification rules
and land disposal restrictions.  For further information on waste management
consult the "Waste Management Manual for Laboratory Personnel," available
from the American Chemical Society at the address listed in Sect. 14.3.


16. REFERENCES  
 
 1. "Determination of Inorganic Disinfection By-Products by Ion Chromatography",


J. Pfaff, C. Brockhoff.  J. Am. Water Works Assoc., Vol 82, No. 4, pg 192. 


 2. Standard Methods for the Examination of Water and Wastewater,  Method
4110B, "Anions by Ion Chromatography", 18th Edition of Standard Methods
(1992). 


3. Dionex, System DX500 Operation and Maintenance Manual, Dionex Corp.,
Sunnyvale, California 94086, 1996. 


 
4. Method Detection Limit (MDL) as described in "Trace Analyses for


Wastewater," J. Glaser, D. Foerst, G. McKee, S. Quave, W. Budde,    
Environmental Science and Technology, Vol. 15, Number 12, page 1426,
December, 1981.


5. American Society for Testing and Materials. Test Method for Anions in Water by
Chemically-Suppressed Ion Chromatography D4327-91. Annual Book of
Standards, Vol 11.01 (1993). 


6. Code of Federal Regulations 40, Ch. 1, Pt. 136, Appendix B.


7. Hautman, D.P. & Bolyard, M. Analysis of Oxyhalide Disinfection By-products
and other Anions of Interest in Drinking Water by Ion Chromatography.  Jour. of
Chromatog., 602, (1992), 65-74.







300.1-25


8. Standard Methods for the Examination of Water and Wastewater,  Method 4500-
ClO 2,C "Amperometric Method I" (for the determination of Chlorine Dioxide),
19th Edition of Standard Methods (1995). 







300.1-26


17. TABLES, DIAGRAMS, FLOWCHARTS AND VALIDATION DATA


TABLE 1A.  CHROMATOGRAPHIC CONDITIONS AND METHOD DETECTION
                      LIMITS IN REAGENT WATER FOR THE COMMON ANIONS (PART
A).


MDL DETERMINATION


ANALYTE PEAK # (1)
RETENTION TIME


(MIN.)


Fort Conc,
mg/L


Number 
of


Replicates


DI
MDL
mg/L


Fluoride 1 2.53 0.020 7 0.009


Chloride 2 4.67 0.020 7 0.004


Nitrite-N 3 6.01 0.010 7 0.001


Surrogate:  DCA 4 7.03


Bromide 5 8.21 0.040 7 0.014


Nitrate-N 6 9.84 0.010 7 0.008


ortho-Phosphate-P 7 11.98 0.040 7 0.019


Sulfate 8 13.49 0.040 7 0.019


Standard Conditions:


Ion Chromatograph: Dionex DX500
Columns : Dionex AG9-HC / AS9-HC, 2 mm
Detector: Suppressed Conductivity Detector, Dionex CD20 
Suppressor: ASRS-I, external source electrolytic mode, 100 mA current
Eluent: 9.0 mM Na2CO3


Eluent Flow: 0.40 mL/min
Sample Loop: 10 uL


System Backpressure: 2800 psi
Background Conductivity: 22 uS


Recommended method total analysis time: 25 minutes


(1)  See Figure 1
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TABLE 1B. CHROMATOGRAPHIC CONDITIONS AND METHOD
DETECTION LIMITS IN BOTH REAGENT WATER AND HIGH
IONIC STRENGTH WATER FOR THE INORGANIC
DISINFECTION BY-PRODUCTS (PART B).


MDL DETERMINATION


ANALYTE PEAK # (1)
RETENTION


TIME
(MIN.)


Fort
Conc,
ug/L


Number 
of


Replicates


DI
MDL
ug/L


HIW(2)


MDL
ug/L


Chlorite 1 3.63 2.00 7 0.89 0.45


Bromate 2 4.19 2.00 7 1.44 1.28


Surrogate:
DCA


4 7.28


Bromide 5 8.48 2.00 7 1.44 2.51


Chlorate 6 9.28 2.00 7 1.31 0.78


Standard Conditions:


Ion Chromatograph: Dionex DX500
Columns : Dionex AG9-HC / AS9-HC, 2 mm
Detector: Suppressed Conductivity Detector, Dionex CD20 
Suppressor: ASRS-I, external source electrolytic mode, 100 mA current
Eluent: 9.0 mM Na2CO3


Eluent Flow: 0.40 mL/min
Sample Loop: 50 uL


System Backpressure: 2800 psi
Background Conductivity: 22 uS


Recommended method total analysis time: 25 minutes


(1)  See Figure 2 and 3


(2) HIW indicates High Ionic Strength Water which is a simulated drinking water prepared
from reagent water and fortified with chloride at 100 mg/L, carbonate at 100 mg/L,
nitrate at 10.0 mg/L as nitrogen, phosphate at 10.0 mg/L as phosphorous, and sulfate at
100 mg/L.
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TABLE 1C. CHROMATOGRAPHIC CONDITIONS AND METHOD
DETECTION LIMITS IN REAGENT WATER FOR THE
INORGANIC DISINFECTION BY-PRODUCTS USING AN
ALTERNATE 4 mm AS9-HC COLUMN (PART B).


MDL DETERMINATION


ANALYTE PEAK #
RETENTION


TIME
(MIN.)


Fort
Conc,
ug/L


Number 
of


Replicates


DI
MDL
ug/L


Chlorite 1 4.43 2.00 7 1.44


Bromate 2 5.10 2.00 7 1.32


Surrogate:
DCA


4 8.82


Bromide 5 10.11 2.00 7 0.98


Chlorate 6 10.94 2.00 7 2.55


Standard Conditions:


Ion Chromatograph: Dionex DX500
Columns : Dionex AG9-HC / AS9-HC, 4 mm
Detector: Suppressed Conductivity Detector, Dionex CD20 
Suppressor: ASRS-I, external source electrolytic mode, 300 mA current 
Eluent: 9.0 mM Na2CO3


Eluent Flow: 1.25 mL/min
Sample Loop: 200 uL


System Backpressure: 1900 psi
Background Conductivity: 21 uS


Recommended method total analysis time: 25 minutes
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TABLE 2A. SINGLE-OPERATOR PRECISION AND RECOVERY FOR THE
COMMON
                         ANIONS (PART A).


ANALYTE MATRIX


UNFORT
MATRIX
CONC.,


mg/L


FORT
CONC
mg/L


#
OF


REPLC
MEAN
mg/L


MEAN
%REC SD(n-1) %RSD


Fluoride RW <MDL(1) 2.00 9 1.79 89.7 0.02 1.18
SW 0.139 2.00 9 1.75 80.4 0.01 0.56
GW 0.280 2.00 9 1.97 84.3 0.02 0.85


CDW 0.807 2.00 9 2.59 89.0 0.01 0.46
Chloride RW 0.029 50.0 9 49.4 98.7 0.03 0.10


SW 12.1 50.0 9 58.7 93.3 0.04 0.10
GW 56.6 50.0 9 100. ---(2) 0.22 0.22


CDW 16.0 50.0 9 64.9 97.8 0.11 0.16
Nitrite-N RW <MDL 1.00 9 0.851 85.1 0.00 0.51


SW <MDL 1.00 9 0.780 78.0 0.00 0.40
GW 0.013 1.00 9 0.879 86.6 0.01 0.77


CDW <MDL 1.00 9 0.720 72.0 0.00 0.55
Bromide RW <MDL 0.500 9 0.480 96.1 0.00 0.92


SW 0.028 0.500 9 0.469 88.1 0.00 0.94
GW 0.153 0.500 9 0.634 96.3 0.00 0.52


CDW <MDL 0.500 9 0.431 86.2 0.01 1.28
Nitrate-N RW <MDL 10.0 9 9.50 95.0 0.01 0.14


SW 2.12 10.0 9 10.9 87.7 0.03 0.30
GW 0.016 10.0 9 9.64 96.3 0.03 0.27


CDW 1.64 10.0 9 10.9 92.4 0.04 0.41
Phosphate-P RW <MDL 10.0 9 9.62 96.2 0.01 0.14


SW <MDL 10.0 9 8.70 87.0 0.02 0.18
GW <MDL 10.0 9 6.12 61.2 0.28 4.66


CDW <MDL 10.0 9 9.15 91.5 0.04 0.42
Sulfate RW <MDL 50.0 9 44.8 89.5 0.05 0.11


SW 47.8 50.0 9 92.1 88.6 0.21 0.23
GW 105 50.0 9 154 ---(2) 0.60 0.39


CDW 57.8 50.0 9 105 ---(2) 0.33 0.32
Surrogate: RW ---- 5.00 9 5.12 102.3 0.50 0.49


SW ---- 5.00 9 5.09 102.3 1.12 1.09
GW ---- 5.00 9 5.16 101.8 0.67 0.66


CDW ---- 5.00 9 5.17 103.1 1.36 1.32


RW = Reagent Water GW =  Ground Water
SW = Surface Water CDW = chlorine dioxide treated finished drinking water 


(1) <MDL indicates less than method detection limit.
(2) Not calculated since amount fortified was less than unfortified native matrix concentration


(See 9.4.1.1.).
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TABLE 2B. SINGLE-OPERATOR PRECISION AND RECOVERY FOR THE
INORGANIC DISINFECTION BY-PRODUCTS (PART B).


ANALYTE MATRIX


UNFORT
CONC.
ug/L


FORT
CONC
ug/L


#
OF


REPLC
MEAN
ug/L


MEAN
%REC SD(n-1) %RSD


Chlorite RW <MDL(1) 100 9 96.2 96.2 0.95 0.99
500 9 523 105 3.13 0.60


HIW <MDL 100 9 102 102 2.19 2.15
500 9 520 104 3.64 0.70


SW <MDL 100 9 91.4 91.4 1.22 1.33
500 9 495 99.0 7.54 1.52


GW <MDL 100 9 92.9 92.9 1.65 1.77
500 9 490 98.1 3.40 0.69


ClW <MDL 100 9 87.4 87.4 0.59 0.68
500 9 485 97.1 6.36 1.31


CDW 292 100 9 396 ---(2) 1.64 0.41
500 9 811 104 4.00 0.49


O3W <MDL 100 9 84.4 84.4 0.46 0.54
500 9 481 96.1 3.24 0.67


Bromate RW <MDL 5.00 9 5.04 101 0.45 8.86
25.0 9 26.5 106 1.71 6.47


HIW <MDL 5.00 9 4.88 97.5 0.95 19.5
25.0 9 25.6 102 1.37 5.37


SW <MDL 5.00 9 4.46 89.2 0.58 13.0
25.0 9 26.3 105 1.10 4.18


GW <MDL 5.00 9 5.10 102 0.50 9.75
25.0 9 22.2 88.9 1.29 5.81


ClW <MDL 5.00 9 4.63 92.6 0.77 16.7
25.0 9 25.1 100 1.64 6.55


CDW <MDL 5.00 9 4.14 82.7 0.62 15.1
25.0 9 25.1 101 1.28 5.09


O3W 1.45 5.00 9 5.49 80.9 0.61 11.1
25.0 9 24.1 90.6 1.13 4.69


 RW =  Reagent Water GW =  Groundwater
HIW =  High Ionic strength Water ClW =   Chlorinated drinking water 


 [see note (2) in Table 1B] CDW = Chlorine dioxide treated drinking water
SW =  Surface Water O3W =  Ozonated drinking water


(1) <MDL indicates less than method detection limit.
(2) Not calculated since amount fortified was less than unfortified native matrix concentration (See


9.4.1.1.).
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TABLE 2B.  SINGLE-OPERATOR PRECISION AND RECOVERY FOR THE INORGANIC
                     DISINFECTION BY-PRODUCTS (PART B) (contd.).


ANALYTE MATRIX


UNFORT
CONC.
ug/L


FORT
CONC
ug/L


#
OF


REPLC
MEAN
ug/L


MEAN
%REC SD(n-1) %RSD


Bromide RW <MDL(1) 20.0 9 20.9 104 0.80 3.82
100 9 107 107 0.60 0.56


HIW 3.24 20.0 9 21.8 92.5 0.79 3.63
100 9 105 102 1.05 1


SW 31.0 20.0 9 51.3 ---(2) 0.97 1.9
100 9 140. 109 1.88 1.35


GW 151 20.0 9 172 ---(2) 0.78 0.45
100 9 265 ---(2) 2.18 0.82


ClW 16.3 20.0 9 39.3 115 0.64 1.62
100 9 125 109 2.00 1.6


CDW 11.5 20.0 9 34.4 115 0.76 2.22
100 9 125 113 1.24 0.99


O3W 39.8 20.0 9 65.4 ---(2) 3.67 5.61
100 9 153 113 1.00 0.65


Chlorate RW <MDL 100 9 98.3 98.3 0.80 0.82
500 9 520 104 4.15 0.8


HIW <MDL 100 9 86.1 86.1 1.47 1.7
500 9 502 100. 4.52 0.9


SW 3.18 100 9 102 98.3 1.57 1.55
500 9 513 102 7.11 1.39


GW <MDL 100 9 93.5 93.5 2.00 2.14
500 9 510 102 3.84 0.75


ClW 34.4 100 9 136 102 1.01 0.74
500 9 549 103 3.11 0.57


CDW 121 100 9 223 ---(2) 3.20 1.44
500 9 651 106 3.50 0.54


O3W 6.15 100 9 106 100 1.20 1.13
500 9 523 103 2.45 0.47


RW  =   Reagent Water GW    = Groundwater
HIW =  High Ionic strength Water ClW   =  Chlorinated drinking water 


  [see note (2) in Table 1B] CDW  = Chlorine dioxide treated drinking water
SW  =   Surface Water O3W  = Ozonated drinking water


(1) <MDL indicates less than method detection limit.
(2) Not calculated since amount fortified was less than unfortified native matrix concentration (See


9.4.1.1.).
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TABLE 2B. SINGLE-OPERATOR PRECISION AND RECOVERY FOR THE INORGANIC
DISINFECTION BY-PRODUCTS (PART B)(contd.).


ANALYTE MATRIX


FORT
CONC
mg/L


#
OF


REPLC
MEAN
mg/L


MEAN
%REC SD(n-1) %RSD


Surrogate: DCA RW 5.00 9 5.11 102 0.93 0.91
(see NOTE below) 4.98 99.5 0.69 0.69


HIW 5.00 9 5.00 100 0.79 0.79
4.96 99.2 1.76 1.78


SW 5.00 9 4.95 98.9 0.70 0.7
4.99 99.8 1.60 1.61


GW 5.00 9 5.12 102 0.50 0.49
5.13 103 0.50 0.49


ClW 5.00 9 5.15 103 1.73 1.68
5.13 103 1.12 1.09


CDW 5.00 9 5.01 100 1.02 1.02
5.04 101 1.08 1.07


O3W 5.00 9 4.99 99.8 0.70 0.7
5.11 101 0.53 0.52


  RW = Reagent Water  GW =  Groundwater
HIW = High Ionic strength Water  ClW =  Chlorinated drinking water 


[see note (2) in Table 1B] CDW = Chlorine dioxide treated drinking water
SW = Surface Water O3W = Ozonated drinking water


NOTE: The surrogate DCA was fortified at 5 mg/L but due to concerns about measuring trace
concentrations of bromide with such high concentration of the neighboring surrogate
peak, the recommended fortified concentration for the surrogate has been reduced to
1.00 mg/L.
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TABLE 3A. STABILITY STUDY RESULTS FOR THE COMMON ANIONS (PART A).


ANALYTE Preservative Matrix


UNFORT
CONC.
mg/L


FORT
CONC
mg/L


Analyte % Recovery


Day
0


Day
14


Day
28


See
Note


Fluoride None RW <MDL 2.00 89.8 88.3 88.4
SW 0.140 2.00 79.9 80.2 80.0
GW 0.280 2.00 84.7 87.8 87.0
CDW 0.929 2.00 82.9 83.6 81.6


Chloride None RW <MDL 50.0 98.8 99.1 98.1
SW 12.0 50.0 93.4 93.5 92.8
GW 56.6 50.0 87.6 87.6 86.5
CDW 16.0 50.0 97.9 98.4 97.8


Nitrite-N None RW <MDL 1.00 85.2 85.5 83.6
SW <MDL 1.00 77.8 76.6 11.9 (1)
GW <MDL 1.00 88.2 85.4 56.1 (1)
CDW <MDL 1.00 71.9 71.7 73.9 (2)


Bromide None RW <MDL 0.500 95.5 97.0 96.2
SW 0.028 0.500 87.5 88.3 86.7
GW 0.153 0.500 96.9 96.0 96.1
CDW <MDL 0.500 85.7 87.1 89.2 (2)


Nitrate-N None RW <MDL 10.0 94.9 94.7 94.2
SW 2.12 10.0 87.6 87.0 88.7
GW <MDL 10.0 96.5 96.5 95.5
CDW 1.64 10.0 92.3 93.3 91.9


Phosphate-P None RW <MDL 10.0 96.3 95.8 95.2
SW <MDL 10.0 86.9 86.4 85.1
GW <MDL 10.0 62.8 93.1 89.5 (3)
CDW <MDL 10.0 91.6 91.4 90.8


Sulfate None RW <MDL 50.0 89.6 89.3 89.1
SW 47.8 50.0 89.0 89.0 88.1
GW 105 50.0 97.5 97.3 96.5
CDW 57.8 50.0 94.3 94.9 93.8


NOTES:
(1) Degradation apparent.
(2) Analyte recovery will be adversely effected by reactions with free chlorine.
(3) Phosphate recovery on day 0 is believed to have been adversely effected by biological


degradation since the sample sat in the autosampler for 18 hrs prior to analysis
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TABLE 3B STABILITY STUDY RESULTS FOR THE INORGANIC DISINFECTION BY-
PRODUCTS  (PART B).


ANALYTE Preservative Matrix


UNFORT
CONC.
ug/L


FORT
CONC
ug/L


Analyte % Recovery


Day
0


Day
3


Day
10


Day
30


See
Note


Chlorite None RW <MDL 500 99.8 100 104 94.3
HIW <MDL 500 99.3 98.5 106 89.3
SW <MDL 500 92 88.5 82. 75.1 (1)
GW <MDL 500 93.9 94.5 96. 91.7
ClW <MDL 500 93.7 NA(1) 90. 84.7 (2,3)
CDW 286 500 98.6 101 91. 77.5 (1,3)
O3W <MDL 500 10 NA 82. 90.5 (2)


Chlorite EDA RW <MDL 500 101 101 104 95.3
HIW <MDL 500 98.4 98.7 104 95.4
SW <MDL 500 98.3 97.3 97. 92.7
GW <MDL 500 97.7 97.1 97. 92.6
ClW <MDL 500 98.9 NA 96. 92.6 (2)
CDW 297 500 103 107 102 94.5
O3W <MDL 500 105 NA 96. 91.9 (2)


Bromate None RW <MDL 25.0 93.6 94.1 110 96.1
HIW <MDL 25.0 100 86.0 105 87.7
SW <MDL 25.0 98.7 95.1 105 102
GW <MDL 25.0 79.4 92.4 77. 82.2
ClW <MDL 25.0 102 NA 101 103 (2)
CDW <MDL 25.0 104 96.8 98. 92.1
O3W 2.27 25.0 87.3 NA 84. 99.9 (2)


Bromate EDA RW <MDL 25.0 97.3 95.3 99. 102
HIW <MDL 25.0 86.9 86.1 107 91.2
SW <MDL 25.0 100 104 103 94.9
GW <MDL 25.0 83.2 101 88. 88.3
ClW <MDL 25.0 105 NA 101 102 (2)
CDW <MDL 25.0 117 97.3 98. 83.9
O3W 2.32 25.0 92.6 NA 84. 88.9 (2)


See bottom of next page for explanation of notes
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TABLE 3B.  STABILITY STUDY RESULTS FOR THE INORGANIC DISINFECTION
BY-PRODUCTS (PART B)(contd.)


ANALYTE Preservative Matrix


UNFORT
CONC.
ug/L


FORT
CONC
ug/L


Analyte % Recovery


Day
0


Day
3


Day
10


Day
30


See
Note


Bromide None RW <MDL 100 99.4 97.2 107 101
HIW <MDL 100 102 103 105 105
SW 30.6 100 102 97.1 107 99.1
GW 149 100 97.7 95.3 109 100
ClW 4.73 100 8.9 NA(1) 37. 11.4 (2,3)
CDW <MDL 100 5.78 23.1 38. 51.3 (3)
O3W 30.4 100 98.3 NA 120 108 (2)


Bromide EDA RW <MDL 100 98.4 98.6 107 100
HIW <MDL 100 104 103 106 105
SW 30.5 100 99.5 98.2 107 100
GW 149 100 100 97 114 97.7
ClW 11.9 100 101 NA 115 97.4 (2,3)
CDW 6.14 100 101 96.5 119 110 (3)
O3W 31.0 100 97.3 NA 122 102 (2)


Chlorate None RW <MDL 500 102 102 105 97.4
HIW <MDL 500 96.5 97.8 101 95.4
SW 5.84 500 99.8 97.8 100 96
GW <MDL 500 99.5 98.7 101 99.8
ClW 37.8 500 102 NA 104 98.2 (2)
CDW 125 500 102 99.9 104 99.6
O3W 8.34 500 100 NA 103 97.3 (2)


Chlorate EDA RW <MDL 500 104 98.6 103 97.3
HIW <MDL 500 97.3 103 100 95
SW 6.70 500 99.7 98.2 99. 95.6
GW <MDL 500 102 97 101 99.3
ClW 38.2 500 101 NA 102 96.1 (2)
CDW 123 500 102 96.5 105 97.7
O3W 8.62 500 98.4 NA 103 96.4 (2)


NOTES:
(1) Degradation in the unpreserved matrix is apparent.
(2) NA indicates "NOT ANALYZED" 
(3) Analyte recovery will be adversely effected by reactions with free chlorine.
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Figure 1. Chromatogram showing separation of the Part A common anions on the AS9-HC column.  
See Table 1A for analysis conditions.
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Figure 2 Chromatogram showing separation of the Part B inorganic DBPs and bromide on the AS9-HC
column.  See Table 1B for analysis conditions.
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Figure 3. Chromatogram of the inorganic DBPs and bromide (Part B) during the MDL determination in
reagent water.  See Table 1B for analysis conditions.







300.1-39


Figure 4. Chromatogram of the inorganic DBPs and bromide (Part B) in high ionic strength water (HIW).  See
Table 1B for analysis conditions.








         SECTION 7 RADIUM-226 IN DRINKING WATER
RADON EMANATION TECHNIQUE


       METHOD 903.1


1.0 Scope and Application


1.1 This method covers the measurement of radium-226 in a drinking water sample and
would be employed after the gross alpha or the gross radium alpha screening
technique had indicated possible non-compliance with the alpha radioactivity limits
set forth in the Safe Drinking Water Act, PL 93-523.  40 FR 34324.


1.2 This method is specific for radium-226, and is based on the emanation and
scintillation counting of radon-222, a daughter product of radium-226.


1.3  The detection limit for this method assures measuring radium-226 concentrations as
low as 0.1 pCi/L. 


2.0  Summary of Method


2.1  The radium-226 in the drinking water sample is concentrated and separated by
coprecipitation on barium sulfate.  The precipitate is dissolved in EDTA reagent,
placed in a sealed bubbler and stored for ingrowth of radon-222. After ingrowth, the
gas is purged into a scintillation cell.  When the short-lived radon-222 daughters are
in equilibrium with the parent (4h), the scintillation cell is counted for alpha activity.


2.2 The absolute measurement of radium-226 is effected by calibrating the scintillation cell
system with a standard solution of this nuclide.


3.0  Sample Handling and Preservation (see Sec. 3, Method 900.0). 


4.0 Interferences


4.1 There are no radioactive interferences in this method. 


5.0  Apparatus - See Appendix D for details and specifications.


5.1  Scintillation cell system.  (Figure 1.)


5.2 Radon emanation apparatus:
a) Radon bubbler -  (Figure 2.)
b) Scintillation cell -  (Figure 3.)


5.3  Electric hot plate 


5.4 Analytical balance







Figure 1.  Randon Emanation apparatus with scintillation cell







5.5 Centrifuge 


5.6 Glassware


6.0 Reagents


6.1 Distilled or deionized water. 


6.2 Ammonium hydroxide, 15N: NH OH (conc.), sp. gr. 0.90. 56.6%.4


6.3 Ascarite, drying reagent:  8-20 mesh.


6.4 Barium carrier, 16 mg/mL, standardized:  (see Sec. 6, Method 903.0). 


6.5 EDTA reagent, basic, (0.25M):  Dissolve 20g NaOH in 750 mL water, heat and slowly
add 93g disodium ethylenedinitriloacetate dihydrate, (Na C H O N .2H O) while2 10 14 8 2 2


stirring.  After the salt is in solution, filter through coarse filter paper and dilute to 1
liter.


6.6 Helium, gas.


6.7 Hydrochloric acid, 12N: HCl (conc.), sp. Gr. 1.19, 37.2%


6.8 Magnesium perchlorate, Mg(C10 ) : reagent grade4 2


6.9 Sodium hydroxide, 10N: Dissolve 40g NaOH in 50 mL water and dilute to 100 mL.


6.10 Standard radium-226 tracer solution:  preferably purchased from National Bureau of
Standards, Special Publication 260, 1978, SRM 4960.  Prepare stock dilution equivalent
to 50 pCi radium-226 per mL.


6.11 Sulfuric acid, 18N:  Carefully mix 1 volume 36N H SO  (conc.) With 1 volume of2 4


water.


6.12 Sulfuric acid, 0.1N: Mix 1 volume 18N H SO  with 179 volumes of water.2 4


7.0 Calibrations


7.1 The calibration constant of each scintillation cell must be determined using a
standardized radium-226 solution with a labeled cell and a specific photon counter. 
This is determined as follows:


7.1.1 Place 50 pCi of the radium-226 solution in a bubbler (50 pCi of radium-226 will
produce about 6 pCi radon-222 in 18 hours).  Attach the bubbler to the radon
assembly. (Fig. 1.)







Figure 2.  A typical radon bubbler







Figure 3.  A typical scintillation cell for radon counting







7.1.2 With the scintillation cell disconnected, bubble helium gas through the solution for 20
minutes to remove all radon-222.


7.1.3 Close both stopcocks on the bubbler to establish zero time for ingowth of radon-222.
(Refer to 9.2)  Set aside for approximately 18 hours.


7.1.4 Evacuate the scintillation cell and attach to the column and bubbler.


7.1.5 Proceed with steps 8.8 - 8.13, Radon Emanation Technique.


7.1.6. The calibration constant is determined from the radium-226 activity in the bubbler
and the ingrowth time of radon-222.


7.2. The calibration constant includes the de-emanation efficiency of the system, the
counting efficiency of the cell, and the alpha activity contributed by polonium-2l8 and
polonium-214, which will be in equilibrium with radon-222 when the sample is
counted 4 hours after the de-emanation.  A 100-minute counting time will be
sufficient for the standard and will eliminate the need to correct for decay of
radon-222, which occurs during counting.


7.3 The bubbler used for the radium-226 standardization should not be used for sample
analysis.  It should be set aside to be retained for future calibrations.  Each
scintillation cell should be calibrated periodically with the radium-226 standard to
ensure instrument quality control.


8.0 Procedure


8.1 To a 1000-mL drinking water sample, add 20 mL 12N HC1 and 2.0 mL barium carrier
and heat to boiling.


Note:  If there is solid matter in the sample, do not filter before starting analysis. 
Follow procedure steps through 8.4, then filter solution into a clean centrifuge tube. 
Add 1 mL (NH ) SO  (200 mg/mL) and stir thoroughly.  Add glacial (17.4N) acetic4 2 4


acid (CH COOH) until barium sulfate precipitates, then add 2 mL excess.  Digest in a3


hot water bath until precipitate settles.  Centrifuge and discard supernate.  Repeat
step 8.4 and continue with radium analysis.


8.2 Cautiously and with vigorous stirring, add 20 mL 18N H S0 . Digest 5 to 10 minutes2 4


and let precipitate settle overnight.  Decant and discard supernate,


8.3 Slurry the precipitate and transfer to a centrifuge tube with a minimum amount of
0.1N H SO .  Centrifuge and discard supernate.  Wash twice with 0.1 N H SO . 2 4 2 4


Centrifuge and discard washes.


8.4 Add 20 mL basic EDTA reagent, heat in a water bath and stir well. Add a few drops
10N NaOH if the precipitate does not readily dissolve.


8.5 Transfer the solution to a radon bubbler (Fig. 2).  Open both the upper and lower
stopcocks and de-emanate the solution by slowly passing helium gas through the
bubbler for about 20 minutes.







Note:  the volume of these bubblers is usually greater than 20 mL allowing for at least
a 1 cm air space between the bubbler and the stopper.  In those instances where the
solution volume exceeds the capacity of the bubbler, it will be necessary to continue
the boiling in the water bath until the volume is reduced.


8.6 Close the two stopcocks, and record time.  Store the solution for 4 to 8 days for
ingrowth of radon-222 (Fig. 4).


8.7 At the end of the storage period, fill the upper half of an absorption tube with
magnesium perchlorate and the lower half with ascarite.


Note: For minimizing corrections that would be required in subsequent calculations,
the voids above the bubbler must be kept very small.  Capillary tubing should be
used whenever possible, and the drying tube volume with the ascarite and
magnesium perchlorate must be kept to a minimum.  A typical system consists of a
drying tube 10 cm x 1.0 cm (I.D.), with each of the drying agents occupying 4 cm and
being separated by small glass wool plugs.  The column can be reused several times
before the chemicals need to be replaced.


8.8 Attach the tube to the radon bubbler and then attach the evacuated scintillation cell
(Fig. 3) to the tube.  Open the stopcock on the cell and check the assembly for leaks. 
Gradually open the outlet stopcock on the bubbler, and when the stopcock is fully
open and no further significant bubbling takes place, close the stopcock.


8.9 Adjust the helium gas pressure so that the gas flows at slightly above atmospheric
pressure.


8.10 Connect the hose to the bubbler inlet and gradually open the inlet stopcock using the
bubbling as a guide.  When the stopcock can be fully opened without a significant
amount of bubbling, the bubbler is essentially at atmospheric pressure again.


8.11 Open the outlet stopcock very slightly and allow bubbling to proceed at a rate,
determined by experience, such that 15 to 20 minutes are required to complete
de-emanation.


8.12 Toward the end of the de-emanation, when the vacuum is no longer effective,
gradually increase the helium gas pressure.  When the system is at atmospheric
pressure, shut off the helium gas, disconnect the tubing from the bubbler inlet and
close the inlet and outlet stopcocks of the cell and bubbler, and record time.  This is
the beginning of radon-222 decay and ingrowth of radon-222 daughters.







Figure 4. The growth of radon-222 from radium-226







8.13 Store the scintillation cell for at least 4 hours to ensure equilibrium between radon
and radon daughters.  Count the alpha scintillations from the cell in a radon counter
with a light-tight enclosure that protects the photomultiplier tube.  Record the
counting time to correct for the decay of radon-222.


Note:  After each analysis, flush the cell three times by evacuation and filling with
helium, and store filled with helium at atmospheric pressure.  This procedure
removes radon from the cell and prevents the build-up of radon daughter products. 
Before each analysis, the scintillation cell should be evacuated, filled with helium and
counted to ascertain the cell background.


9.0  Calculations


9.1 Calculate the radium-226 concentration, D, in picocuries per liter as follows:


where:


C = net count rate cpm


E =  calibration constant for the de-emanation system and the scintillation cell in
counts per minute/disintegrations per minute of radon-222, (see 9.2), 


V = liters of sample used


t  =  the elapsed time in days between the first and second de-emanations (steps1


8.6 and 8.12) and 8 is the decay constant of radon -222 (0.181 d- )1


t  = the time interval in hours between the second de-emanation and counting and2


8 is the decay constant of radon-222 (0.00755 hr )-l


t  =  the counting time in minutes and 8 is the decay constant of radon-222 (1.26 x3


10-  min  )4 -1


2.22 =  conversion factor from dpm/pCi.


9.2 The calibration constant, E, is determined by the following equation:


where:


C = net count rate, cpm


A = activity of radium-226 in the bubbler (dpm)


t  =  ingrowth time of radon-222 in hoursl







t  = decay time of radon-222 in hours occurring between de-emanation and counting2


8 = decay constant of radon-222, (0.00755 hour ).-1


10.0  Precision and Accuracy


A number of laboratories which participate in the EPA, EMSL-Las Vegas
intercomparison program for radium-226 in water used this method in their analyses
of water samples received in that program for the period 4/78 through 12/78.  Five
intercomparison studies for radium-226 in water were conducted during that period. 
Two of the five studies were "Performance Studies" in which the sample contained
other radionuclides.  In the other three studies the samples contained only
radium-226, radium-228 and their decay products.  The radium-226 concentrations in
the test samples for the five studies ranged from 3.7 to 9.2 pCi/L, all low level, which
should relate well to drinking water supplies.  Data from those five studies were used
for this precision and accuracy evaluation of the method.


10.1 The number of laboratories that participated in the five studies (labs that were called
and indicated that they used this method) ranged from 12 to 17 laboratories per
study.  The results from one laboratory in one study was rejected as an “outlier” as
determined by the T test (ASTM Standards, Part 31, page 15, 1978).  All laboratories
reported triplicate analyses for each study (one test sample per study).  The total
number of analyses for the five studies was 207 of which 174 were acceptable results
(within 3 sigma of the known value, 1 sigma being 15% of the known value).  This
calculates to be 84% acceptability of results as determined by this method.


10.2 A statistical evaluation of the data, from the five studies was made according to the
methods of Youden  and Steiner .  The coefficient of variation for within-laboratory(4) (5)


error ranged from 6.4% to 19% with an average of 10.2% for the five studies. The
coefficient of variation for systematic error between laboratories ranged from 14% to
18% with an average of 16.2% for the five studies.  The coefficient of variation for the
total error between laboratories based on a single analysis ranged from 16% to 26%
with
an average of 19.4% for the five studies.  A comparison of the grand average values
with the known values in a test for systematic error in a method gave a value for one
of the studies higher than the critical value, indicating a bias (low) for the method. 
However, values for the other four studies were well below the critical values,
indicating no bias for the method.
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SECTION 1
GROSS ALPHA AND GROSS BETA RADIOACTIVITY IN DRINKING WATER 


METHOD 900.0


1.0 Scope and Application


1.1 This method covers the measurement of gross alpha and gross beta particle activities
in drinking water.  The method is a screening technique for monitoring drinking
water supplies for alpha and beta particle activities according to the limits set forth
under the Safe Drinking Water Act, PL 93-523, 40 FR 34324, and thereby determining
the necessity for further analysis.


1.2 The method is applicable to the measurement of alpha emitters having energies above
3.9 megaelectronvolts (MeV) and beta emitters having maximum energies above 0.1
MeV.


1.3 The minimum limit of concentration to which this method is applicable depends on
sample size, counting system characteristics, background, and counting time.  The
National Primary Interim Drinking Water Regulations (NIPDWR) require a gross beta
detection limit of 4 pCi/L, an alpha detection limit of 1 pCi/L for compliance with
Part 141.15(a) and a gross alpha detection limit of 3 pCi/L for compliance with Part
141.15(b).


1.4 Since, in this method for gross alpha and gross beta measurement, the radioactivity of
the sample is not separated from the solids of the sample, the solids concentration is
very much a limiting factor in the sensitivity of the method for any given water
sample.  Also, for samples with very low concentrations of radioactivity such as from
drinking water sources, it is essential to analyze as large a sample aliquot as is needed
to give reasonable counting times in meeting the required sensitivities (detection
limits) indicated above.  The Regulations define sensitivity in terms of detection limits
Part 141.25(c) of the Regulations.


1.5 The largest sample aliquot that should be counted for gross alpha activity is that size
aliquot which gives a solids density thickness of 5 mg/cm  in the counting planchet. 2


For a 2-inch diameter counting planchet (20 cm ), an aliquot containing 100 mg of2


dissolved solids would be the maximum aliquot size for that sample which should be
evaporated and counted for gross alpha activity.


1.6 When the concentration of total dissolved solids (TDS) is known for a given water
sample and the alpha background and the counting efficiency of a given counting
system are known, the counting time that is needed to meet the required sensitivity (3
pCi/L) can be determined by equations given in Appendix C.


1.7 For the counting of gross beta activity in a water sample the TDS is not as limiting as
for gross alpha activity because beta particles are not stopped in solids as easily as are
alpha particles.  Very often a single sample aliquot is evaporated and counted for both
gross alpha and gross beta activity.  In that case the sample aliquot size would be
dictated by the solids limitations for alpha particles.  For water samples that are to be
counted for gross beta activity, equations in Appendix C can also be used to







determine the necessary counting time to meet a sensitivity for gross beta activity (4
pCi/L required by NIPDWR).


1.8 Radionuclides that are volatile under the sample preparation conditions of this
method will not be measured.  In some areas of the country the nitrated water solids
(sample evaporated with nitric acid present) will not remain at a constant weight after
being dried at 105°C for two hours and then exposed to the atmosphere before and
during counting.  Other radioactivities may also be lost during the sample
evaporation and drying at 105°C (such as some chemical forms of radioiodine).  Those
types of water samples need to be heated to a dull red heat for a few minutes to
convert the salts to oxides.  Sample weights are then usually sufficiently stable to give
consistent counting rates and a correct counting efficiency can then be assigned. 
Some radioactivities, such as the cesium radioisotopes, may be lost when samples are
heated to dull red color.  Such losses are limitations of the test method.


1.9 This method provides a rapid screening measurement to indicate whether specific
analyses are required.  For drinking waters with an extremely high solids content
(>500 ppm), method 900.1 is recommended.


2.0 Summary of Method


2.1 An aliquot of a preserved drinking water sample is evaporated to a small volume and
transferred quantitatively to a tared 2-inch stainless steel counting planchet.  The
sample residue is dried to constant weight, reweighed to determine dry residue
weight, then counted for alpha and/or beta radioactivity.


2.2 Counting efficiencies for both alpha and beta particle activities are selected according
to the amount of sample solids from counting efficiency vs sample solids standard
curves.


3.0 Sample Handling and Preservation


3.1 A representative sample must be collected from a free-flowing source of drinking
water,  and should be large enough so that adequate aliquots can be taken to obtain
the required sensitivity.


3.2 It is recommended that samples be preserved at the time of collection by adding
enough 1N HNO  to the sample to bring it to pH 2 (15 mL 1N HNO  per liter of3 3


sample is usually sufficient.)  If samples are to be collected without preservation, they
should be brought to the laboratory within 5 days, then preserved and held in the
original container for a minimum of 16 hours before analysis or transfer of the
sample.


3.3 The container choice should be plastic over glass to prevent loss due to breakage
during transportation and handling.


4.0 Interferences


4.1 Moisture absorbed by the sample residue is an interference as it obstructs counting







and self-absorption characteristics.  If a sample is counted in an internal proportional
counter, static charge on the sample residue can cause erratic counting, thereby
preventing an accurate count.


4.2 Non-uniformity of the sample residue in counting planchet interferes with the
accuracy and precision of the method.


4.3 Sample density on the planchet area should not be not more than 5 mg/cm  for gross2


alpha and not more than 10 mg/cm  for gross beta.2


4.4 When counting alpha and beta particle activity by a gas flow proportional counting
system, counting at the alpha plateau discriminates against beta particle activity,
whereas counting at the beta plateau is sensitive to alpha particle activity-present in
the sample. This latter effect should be determined and compensated for during the
calibration of the specific instrument being used.


5.0 Apparatus - See Appendix D for details and specifications. 


5.1  Gas-flow proportional counting system, or  


5.2 Scintillation detector system 


5.3 Stainless steel counting planchets


5.4 Electric hot plate


5.5 Drying oven


5.6 Drying lamp 


5.7  Glass desiccator 


5.8 Glassware 


5.9  Analytical balance


6.0 Reagents


All chemicals should be of "reagent-grade" or equivalent whenever they are
commercially available.


6.1 Distilled or deionized water having a resistance value between 0.5 and 2.0 megohms
(2.0 to 0.5 micromhos)/cm at 25°C.


6.2 Nitric acid, 1N:  Mix 6.2 mL 16N HNO  (conc.) with deionized or distilled water and3


dilute to 100 mL.


7.0 Calibrations







7.1 For absolute gross alpha and gross beta measurement, the detectors must be
calibrated to obtain the ratio of count rate to disintegration rate.  Americium-241
(used for alpha activity in the collaborative test of this method) has higher alpha
particle energy (5.49 MeV) than those emitted by the naturally occurring uranium and
radium-226 radionuclides but is close to the energy of the alpha particles emitted by
naturally occurring thorium-228 and radium-224.  Standards should be prepared in
the geometry and weight ranges to be encountered in these gross analyses.  It is,
therefore, the prescribed radionuclide for gross alpha calibration.  NBS or
NBS-traceable americium-241 is available from Standard Reference Materials Catalog,
NBS Special Publications 260, U.S. Department of Commerce (1976)  and from Quality
Assurance Branch, EMSL-LV, P.O. Box 15027, Las Vegas, Nevada 89114.


7.2 Strontium-90 and cesium-137 have both been used quite extensively as standards for
gross beta activity.  Standard solutions of each of these radionuclides are readily
available.  Cesium is volatile at elevated temperatures (above 450°C).  Some water
supplies have dissolved solids (salts) that, when converted to nitrate salts, are quite
hygroscopic and need to be converted to oxides by heating to red heat to obtain
sample aliquots that are weight-stable.  Sample weight stability is essential to gross
alpha and gross beta measurements to ensure the accuracy of the self-absorption
counting efficiency factor to be used for the samples.  Strontium-90 in equilibrium 
with its daughter yttrium-90 is the prescribed radionuclide for gross beta calibrations.


7.3 For each counting instrument to be used, the analyst should prepare separate alpha
and beta particle self-absorption graphs showing water sample residue weight (mg) vs
the efficiency factor (dpm/cpm), using standard alpha and beta emitter solutions and
tap water.  For the alpha graph standard, alpha activity is added to varying size
aliquots of tap water, such that the aliquot residue weight is varied between 0 and
100 mg (for a 2-inch counting planchet).  A similar graph is prepared  with standard
beta activity and tap water aliquots, varying the residue weight between 0 and 300
mg (for a 2-inch planchet).  If it is planned to use water sample aliquot volumes that
always contain 100 mg of dried water solids, then only the efficiency factor for that
residue weight needs to be established.


7.4 Tap water aliquots with added americium-241 or strontium-90 standard should be
acidified with a few mL 16N HNO , evaporated to a small volume in a beaker on a3


hot plate, transferred quantitatively in 5 mL portions or less to a tared counting
planchet, evaporated to dryness, and finally dried at 105°C for 2 hours (or flamed to a
red heat if dried solids appear to be noticeably hygroscopic).  Weight-stable aliquot
residues should then be alpha and/or beta counted until at least 10,000 total counts
have been accumulated.  A single set of reference standards prepared in this way can
be used for each counting instrument for separate graph preparations and can be
stored for reverification whenever needed.


8.0 Procedure


8.1 Transfer to a beaker an aliquot of a water sample of a volume size that contains no
more than 100 mg (for alpha only or alpha and beta determination) or 200 mg (for
beta only determination) of total water solids.  Evaporate the aliquot to near dryness
on a hot plate.  If water samples are known or suspected to contain chloride salts,







those chloride salts should be converted to nitrate salts before the sample residue is
transferred to a stainless steel planchet (Chlorides will attack stainless steel and
increase the sample solids and no correction can be made for those added solids). 
Chloride salts can be converted to nitrate salts by adding 5 mL portions of 16N HNO3


to the sample residue and evaporating to near dryness.  (Two treatments are usually
sufficient.)  Add 10 mL 1N HNO  to the beaker and swirl to dissolve the residue. 3


Quantitatively transfer the aliquot concentrate in small portions (not more than 5 mL
at a time) to a tared planchet, evaporating each portion to dryness.


8.2 Dry the sample residue in a drying oven at 105°C for at least 2 hours; cool in a
desiccator; weigh; and count.  Store the sample residue in a desiccator until ready for
counting.


8.3 Some types of water dissolved solids, when converted to nitrate salts, are quite
hygroscopic even after being dried at 105°C for two hours.  When such hygroscopic
salts are present with samples that are put into an automatic counting system, those
samples gain weight while they are waiting to be counted and inaccurate counting
data result.  When there is evidence of hygroscopic salts in sample counting
planchets, it is recommended that they be flamed to a dull red heat with a Meeker
burner for a few minutes to convert the nitrate salts to oxides before weighing and
counting.


8.4 Count for alpha and beta activity at their respective voltage plateaus.  If the sample is
to be recounted for reverification, store it in a desiccator.


Note: As long as counting chambers are capable of handling the same size planchet,
alpha and beta activity can be determined at their respective voltage plateaus
in the designated counting instruments.  Keep planchet in the desiccator until
ready to count because vapors from moist residue can damage detector and
window and an cause erratic measurements.  Samples may be counted for beta
activity immediately after drying; but alpha counting should be delayed at
least 72 hours until equilibrium has occurred.  If the gas-flow internal
proportional counter does not discriminate for the higher energy alpha pulses
at the beta plateau, the alpha activity must be subtracted from the beta plus
alpha activity.  This is particularly important for samples with high alpha
activity.


9.0 Calculations


9.1 Calculate the alpha radioactivity by the following equation:


where:







A = net alpha count rate (gross alpha count rate minus the background count rate)
at the alpha voltage plateau


C = alpha efficiency factor, read from graph of efficiency versus mg of water solids
per cm  of planchet area, (cpm/dpm)2


V = volume of sample aliquot, (mL)


2.22 =  conversion factor from dpm/pCi


9.2 Calculate the beta radioactivity by the following equations:


9.2.1 If there are no significant alpha counts when the sample is counted at the
alpha voltage plateau, the beta activity can be determined from the following
equation:


where :


B = net beta count rate (gross count rate minus the background count rate
at the beta voltage plateau)


D = beta efficiency factor, read from the graph of efficiency versus mg of
water solids per cm  of planchet area, (cpm/dpm)2


V =  volume of sample aliquot, (mL)


2.22 = conversion factor from dpm/pCi


9.2.2 When counting beta radioactivity in the presence of alpha radioactivity by
gas-flow proportional counting systems (at the beta plateau) alpha particles are
also counted.  Since alpha particles are more readily absorbed by increasing
sample thickness than beta particles, the alpha/beta count ratios vary with
increasing sample thickness.  Therefore, it is necessary to prepare a calibration
curve by counting standards containing americium-241 with increasing
thickness of solids on the alpha plateau and then on the beta plateau, plotting
the ratios of the two counts vs density thickness. The alpha amplification factor
(E) from that curve is used to correct the amplified alpha count on the beta
plateau.  When significant alpha activity is indicated by the sample count at
the alpha voltage plateau, the beta activity of the sample can be determined by
counting the sample at the beta voltage plateau and calculating the activity
from the following equation:







where:


B = (as defined above)


D = (as defined above)


A = (as defined above)


E = alpha amplification factor, read from the graph of the ratio of alpha
counted at the beta voltage/alpha counted at the alpha voltage vs
sample density thickness


  V= volume of sample aliquot, (mL)


2.22 = conversion factor from dpm/pCi.


9.3 Errors associated with the results of the analysis should also be reported.  (See
Appendix B for error and statistical calculations).


10.0 Precision and Accuracy


10.1 In an interlaboratory collaborative test of the method, three sets of samples were
analyzed by 18 laboratories for gross alpha and gross beta activity.  The samples were
prepared with dissolved water solids with known additions of americium-241 for
gross alpha and cesium-l37 for gross beta activity.  Sample series A contained only
americium-241 radioactivity, series B contained only cesium-137 radioactivity, and
series C contained both americium-241 and cesium-137 radioactivities.  Participating
laboratories were supplied with standard solutions of americium-241 and cesium-137
and blank solution of dissolved water solids for preparing sample self-absorption
curves.


10.2 The gross alpha data from two laboratories was rejected for the statistical analysis
because their scores in the ranked results of the laboratory averages were out of the
acceptable range for 18 laboratories.  The gross beta data from 3 laboratories were
rejected for the statistical analysis for the same reason.


10.3 The coefficients of variation for the combined within-laboratory precision for gross
alpha analysis of the 3 samples ranged from 7.4% to 12.2%.  The coefficients of
variation for the precision of the method between laboratories ranged from 11.5% to
14.6% for gross alpha analysis for the 3 samples.


10.4 The coefficients of variation for the combined within-laboratory precision for gross
beta analysis for the 3 samples ranged from 3.5% to 5.2%.  The coefficients of
variation for the precision between laboratories for gross beta analysis for the 3







samples ranged from 3.5% to 7.5%.  The coefficients of variation for the total error
between laboratories based on a single analysis ranged from 5.9% to 8.3% for gross
beta analysis of the 3 samples.


10.5 In the statistical test to detect method bias the calculated values for "t" were well
below the specified critical value for "t" for both gross alpha and gross beta analysis,
indicating no bias in the method.  Also, a comparison of the known values to the
grand average values shows a deviation of less than 10% for alpha activity for the 3
samples.  The same comparison for beta activity shows a deviation of less than 2% for
each of the 3 samples.


10.6 Whenever the same radioisotopes are present in standards and samples, acceptable
accuracy of measurement of alpha and beta activities would be expected.  Whenever
different radioisotopes are present in standards and samples, especially when
significantly different particle energies are involved, then any measurement of gross
alpha and gross beta activity in the sample will only be an estimation of the true
activities. Such an estimation can only serve to indicate the need for more specific
analyses.
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METHOD 8260B
VOLATILE ORGANIC COMPOUNDS BY GAS CHROMATOGRAPHY/


MASS SPECTROMETRY (GC/MS)


1.0 SCOPE AND APPLICATION


1.1 Method 8260 is used to determine volatile organic compounds in a variety of solid waste
matrices.  This method is applicable to nearly all types of samples, regardless of water content,
including various air sampling trapping media, ground and surface water, aqueous sludges, caustic
liquors, acid liquors, waste solvents, oily wastes, mousses, tars, fibrous wastes, polymeric
emulsions, filter cakes, spent carbons, spent catalysts, soils, and sediments.  The following
compounds can be determined by this method:


Appropriate Preparation Techniquea


 5030/ Direct
Compound CAS No. 5035 5031 5032 5021 5041 Inject.b


Acetone 67-64-1 pp c c nd c c
Acetonitrile 75-05-8 pp c nd nd nd c
Acrolein (Propenal) 107-02-8 pp c c nd nd c
Acrylonitrile 107-13-1 pp c c nd c c
Allyl alcohol 107-18-6 ht c nd nd nd c
Allyl chloride 107-05-1 c nd nd nd nd c
Benzene 71-43-2 c nd c c c c
Benzyl chloride 100-44-7 c nd nd nd nd c
Bis(2-chloroethyl)sulfide 505-60-2 pp nd nd nd nd c
Bromoacetone 598-31-2 pp nd nd nd nd c
Bromochloromethane 74-97-5 c nd c c c c
Bromodichloromethane 75-27-4 c nd c c c c
4-Bromofluorobenzene (surr) 460-00-4 c nd c c c c
Bromoform 75-25-2 c nd c c c c
Bromomethane 74-83-9 c nd c c c c
n-Butanol 71-36-3 ht c nd nd nd c
2-Butanone (MEK) 78-93-3 pp c c nd nd c
t-Butyl alcohol 75-65-0 pp c nd nd nd c
Carbon disulfide 75-15-0 pp nd c nd c c
Carbon tetrachloride 56-23-5 c nd c c c c
Chloral hydrate 302-17-0 pp nd nd nd nd c
Chlorobenzene 108-90-7 c nd c c c c
Chlorobenzene-d  (IS) c nd c c c c5


Chlorodibromomethane 124-48-1 c nd c nd c c
Chloroethane 75-00-3 c nd c c c c
2-Chloroethanol 107-07-3 pp nd nd nd nd c
2-Chloroethyl vinyl ether 110-75-8 c nd c nd nd c
Chloroform 67-66-3 c nd c c c c
Chloromethane  74-87-3 c nd c c c c
Chloroprene  126-99-8 c nd nd nd nd c
3-Chloropropionitrile 542-76-7 I nd nd nd nd pc


(continued)







CD-ROM 8260B - 2 Revision 2
December 1996


Appropriate Preparation Techniquea


 5030/ Direct
Compound CAS No. 5035 5031 5032 5021 5041 Inject.b


Crotonaldehyde 4170-30-3 pp c nd nd nd c
1,2-Dibromo-3-chloropropane 96-12-8 pp nd nd c nd c
1,2-Dibromoethane 106-93-4 c nd nd c nd c
Dibromomethane 74-95-3 c nd c c c c
1,2-Dichlorobenzene 95-50-1 c nd nd c nd c
1,3-Dichlorobenzene 541-73-1 c nd nd c nd c
1,4-Dichlorobenzene 106-46-7 c nd nd c nd c
1,4-Dichlorobenzene-d  (IS) c nd nd c nd c4


cis-1,4-Dichloro-2-butene 1476-11-5 c nd c nd nd c
trans-1,4-Dichloro-2-butene 110-57-6 pp nd c nd nd c
Dichlorodifluoromethane 75-71-8 c nd c c nd c
1,1-Dichloroethane 75-34-3 c nd c c c c
1,2-Dichloroethane 107-06-2 c nd c c c c
1,2-Dichloroethane-d  (surr) c nd c c c c4


1,1-Dichloroethene 75-35-4 c nd c c c c
trans-1,2-Dichloroethene 156-60-5 c nd c c c c
1,2-Dichloropropane 78-87-5 c nd c c c c
1,3-Dichloro-2-propanol 96-23-1 pp nd nd nd nd c
cis-1,3-Dichloropropene 10061-01-5 c nd c nd c c
trans-1,3-Dichloropropene 10061-02-6 c nd c nd c c
1,2,3,4-Diepoxybutane 1464-53-5 c nd nd nd nd c
Diethyl ether 60-29-7 c nd nd nd nd c
1,4-Difluorobenzene (IS) 540-36-3 nd nd nd nd c nd
1,4-Dioxane 123-91-1 pp c c nd nd c
Epichlorohydrin 106-89-8 I nd nd nd nd c
Ethanol 64-17-5 I c c nd nd c
Ethyl acetate 141-78-6 I c nd nd nd c
Ethylbenzene 100-41-4 c nd c c c c
Ethylene oxide 75-21-8 pp c nd nd nd c
Ethyl methacrylate 97-63-2 c nd c nd nd c
Fluorobenzene (IS) 462-06-6 c nd nd nd nd nd
Hexachlorobutadiene 87-68-3 c nd nd c nd c
Hexachloroethane 67-72-1 I nd nd nd nd c
2-Hexanone 591-78-6 pp nd c nd nd c
2-Hydroxypropionitrile 78-97-7 I nd nd nd nd pc
Iodomethane 74-88-4 c nd c nd c c
Isobutyl alcohol 78-83-1 pp c nd nd nd c
Isopropylbenzene 98-82-8 c nd nd c nd c
Malononitrile 109-77-3 pp nd nd nd nd c
Methacrylonitrile 126-98-7 pp I nd nd nd c
Methanol 67-56-1 I c nd nd nd c
Methylene chloride 75-09-2 c nd c c c c
Methyl methacrylate 80-62-6 c nd nd nd nd c
4-Methyl-2-pentanone (MIBK) 108-10-1 pp c c nd nd c
Naphthalene 91-20-3 c nd nd c nd c


(continued)







CD-ROM 8260B - 3 Revision 2
December 1996


Appropriate Preparation Techniquea


 5030/ Direct
Compound CAS No. 5035 5031 5032 5021 5041 Inject.b


Nitrobenzene 98-95-3 c nd nd nd nd c
2-Nitropropane 79-46-9 c nd nd nd nd c
N-Nitroso-di-n-butylamine 924-16-3 pp c nd nd nd c
Paraldehyde 123-63-7 pp c nd nd nd c
Pentachloroethane 76-01-7 I nd nd nd nd c
2-Pentanone 107-87-9 pp c nd nd nd c
2-Picoline 109-06-8 pp c nd nd nd c
1-Propanol 71-23-8 pp c nd nd nd c
2-Propanol 67-63-0 pp c nd nd nd c
Propargyl alcohol 107-19-7 pp I nd nd nd c
$-Propiolactone 57-57-8 pp nd nd nd nd c
Propionitrile (ethyl cyanide) 107-12-0 ht c nd nd nd pc
n-Propylamine 107-10-8 c nd nd nd nd c
Pyridine 110-86-1 I c nd nd nd c
Styrene 100-42-5 c nd c c c c
1,1,1,2-Tetrachloroethane 630-20-6 c nd nd c c c
1,1,2,2-Tetrachloroethane 79-34-5 c nd c c c c
Tetrachloroethene 127-18-4 c nd c c c c
Toluene 108-88-3 c nd c c c c
Toluene-d  (surr) 2037-26-5 c nd c c c c8


o-Toluidine 95-53-4 pp c nd nd nd c
1,2,4-Trichlorobenzene 120-82-1 c nd nd c nd c
1,1,1-Trichloroethane 71-55-6 c nd c c c c
1,1,2-Trichloroethane 79-00-5 c nd c c c c
Trichloroethene 79-01-6 c nd c c c c
Trichlorofluoromethane 75-69-4 c nd c c c c
1,2,3-Trichloropropane 96-18-4 c nd c c c c
Vinyl acetate 108-05-4 c nd c nd nd c
Vinyl chloride 75-01-4 c nd c c c c
o-Xylene 95-47-6 c nd c c c c
m-Xylene 108-38-3 c nd c c c c
p-Xylene 106-42-3 c nd c c c c


 See Sec. 1.2 for other appropriate sample preparation techniquesa


 Chemical Abstract Service Registry Numberb


c = Adequate response by this technique
ht = Method analyte only when purged at 80EC
nd = Not determined
I = Inappropriate technique for this analyte
pc = Poor chromatographic behavior
pp = Poor purging efficiency resulting in high Estimated Quantitation Limits
surr = Surrogate
IS = Internal Standard
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1.2 There are various techniques by which these compounds may be introduced into the
GC/MS system.  The more common techniques are listed in the table above.  Purge-and-trap, by
Methods 5030 (aqueous samples) and 5035 (solid and waste oil samples), is the most commonly
used technique for volatile organic analytes.  However, other techniques are also appropriate and
necessary for some analytes.  These include direct injection following dilution with hexadecane
(Method 3585) for waste oil samples; automated static headspace by Method 5021 for solid
samples; direct injection of an aqueous sample (concentration permitting) or injection of a sample
concentrated by azeotropic distillation (Method 5031); and closed system vacuum distillation (Method
5032) for aqueous, solid, oil and tissue samples.  For air samples, Method 5041 provides
methodology for desorbing volatile organics from trapping media (Methods 0010, 0030, and 0031).
In addition, direct analysis utilizing a sample loop is used for sub-sampling from Tedlar® bags
(Method 0040).  Method 5000 provides more general information on the selection of the appropriate
introduction method.


1.3 Method 8260 can be used to quantitate most volatile organic compounds that have
boiling points below 200EC.   Volatile, water soluble compounds can be included in this analytical
technique by the use of azeotropic distillation or closed-system vacuum distillation.  Such
compounds include low molecular weight halogenated hydrocarbons, aromatics, ketones, nitriles,
acetates, acrylates, ethers, and sulfides.  See Tables 1 and 2 for analytes and retention times that
have been evaluated on a purge-and-trap GC/MS system.  Also, the method detection limits for 25-
mL sample volumes are presented.  The following compounds are also amenable to analysis by
Method 8260:


Bromobenzene 1,3-Dichloropropane
n-Butylbenzene 2,2-Dichloropropane
sec-Butylbenzene 1,1-Dichloropropene
tert-Butylbenzene p-Isopropyltoluene
Chloroacetonitrile Methyl acrylate
1-Chlorobutane Methyl-t-butyl ether
1-Chlorohexane Pentafluorobenzene
2-Chlorotoluene n-Propylbenzene
4-Chlorotoluene 1,2,3-Trichlorobenzene
Dibromofluoromethane 1,2,4-Trimethylbenzene
cis-1,2-Dichloroethene 1,3,5-Trimethylbenzene


1.4 The estimated quantitation limit (EQL) of Method 8260 for an individual compound is
somewhat instrument dependent and also dependent on the choice of sample
preparation/introduction method.  Using standard quadrapole instrumentation and the purge-and-trap
technique, limits should be approximately 5 µg/kg (wet weight) for soil/sediment samples, 0.5 mg/kg
(wet weight) for wastes, and 5 µg/L for ground water (see Table 3).  Somewhat lower limits may be
achieved using an ion trap mass spectrometer or other instrumentation of improved design.  No
matter which instrument is used, EQLs will be proportionately higher for sample extracts and
samples that require dilution or when a reduced sample size is used to avoid saturation of the
detector.


1.5 This method is restricted to use by, or under the supervision of, analysts experienced in
the use of gas chromatograph/mass spectrometers, and skilled in the interpretation of mass spectra
and their use as a quantitative tool.
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2.0 SUMMARY OF METHOD


2.1 The volatile compounds are introduced into the gas chromatograph by the purge-and-trap
method or by other methods (see Sec. 1.2).  The analytes are introduced directly to a wide-bore
capillary column or cryofocussed on a capillary pre-column before being flash evaporated to a
narrow-bore capillary for analysis.  The column is temperature-programmed to separate the analytes,
which are then detected with a mass spectrometer (MS) interfaced to the gas chromatograph (GC).


2.2 Analytes eluted from the capillary column are introduced into the mass spectrometer via
a jet separator or a direct connection.  (Wide-bore capillary columns normally require a jet separator,
whereas narrow-bore capillary columns may be directly interfaced to the ion source).  Identification
of target analytes is accomplished by comparing their mass spectra with the electron impact (or
electron impact-like) spectra of authentic standards.  Quantitation is accomplished by comparing the
response of a major (quantitation) ion relative to an internal standard using a five-point calibration
curve.


2.3 The method includes specific calibration and quality control steps that supersede the
general requirements provided in Method 8000.


3.0 INTERFERENCES


3.1 Major contaminant sources are volatile materials in the laboratory and impurities in the
inert purging gas and in the sorbent trap.  The use of non-polytetrafluoroethylene (PTFE) thread
sealants, plastic tubing, or flow controllers with rubber components should be avoided, since such
materials out-gas organic compounds which will be concentrated in the trap during the purge
operation.  Analyses of calibration and reagent blanks provide information about the presence of
contaminants.  When potential interfering peaks are noted in blanks, the analyst should change the
purge gas source and regenerate the molecular sieve purge gas filter.  Subtracting blank values from
sample results is not permitted.  If reporting values without correcting for the blank results in what
the laboratory feels is a false positive result for a sample, the laboratory  should fully explained this
in text accompanying the uncorrected data.


3.2 Contamination may occur when a sample containing low concentrations of volatile
organic compounds is analyzed immediately after a sample containing high concentrations of volatile
organic compounds.  A technique to prevent this problem is to rinse the purging apparatus and
sample syringes with two portions of organic-free reagent water between samples.  After the analysis
of a sample containing high concentrations of volatile organic compounds, one or more blanks
should be analyzed to check for cross-contamination.  Alternatively, if the sample immediately
following the high concentration sample does not contain the volatile organic compounds present
in the high level sample, freedom from contamination has been established.


3.3 For samples containing large amounts of water-soluble materials, suspended solids, high
boiling compounds, or high concentrations of compounds being determined, it may be necessary to
wash the purging device with a soap solution, rinse it with organic-free reagent water, and then dry
the purging device in an oven at 105EC.  In extreme situations, the entire purge-and-trap device may
require dismantling and cleaning.  Screening of the samples prior to purge-and-trap GC/MS analysis
is highly recommended to prevent contamination of the system.  This is especially true for soil and
waste samples.  Screening may be accomplished with an automated headspace technique (Method
5021) or by Method 3820 (Hexadecane Extraction and Screening of Purgeable Organics).







CD-ROM 8260B - 6 Revision 2
December 1996


3.4 Many analytes exhibit low purging efficiencies from a 25-mL sample.  This often results
in significant amounts of these analytes remaining in the sample purge vessel after analysis.  After
removal of the sample aliquot that was purged, and rinsing the purge vessel three times with
organic-free water, the empty vessel should be subjected to a heated purge cycle prior to the
analysis of another sample in the same purge vessel.  This will reduce sample-to-sample carryover.


3.5 Special precautions must be taken to analyze for methylene chloride.  The analytical and
sample storage area should be isolated from all atmospheric sources of methylene chloride.
Otherwise, random background levels will result.  Since methylene chloride will permeate through
PTFE tubing, all gas  chromatography carrier gas lines and purge gas plumbing should be
constructed from stainless steel or copper tubing.  Laboratory clothing worn by the analyst should
be clean, since clothing previously exposed to methylene chloride fumes during liquid/liquid
extraction procedures can contribute to sample contamination.


3.6 Samples can be contaminated by diffusion of volatile organics (particularly methylene
chloride and fluorocarbons) through the septum seal of the sample container into the sample during
shipment and storage.  A trip blank prepared from organic-free reagent water and carried through
the sampling, handling, and storage protocols can serve as a check on such contamination.


3.7 Use of sensitive mass spectrometers to achieve lower detection level will increase the
potential to detect laboratory contaminants as interferences.


3.8 Direct injection - Some contamination may be eliminated by baking out the column
between analyses.  Changing the injector liner will reduce the potential for cross-contamination.  A
portion of the analytical column may need to be removed in the case of extreme contamination.  The
use of direct injection will result in the need for more frequent instrument maintenance.


3.9 If hexadecane is added to waste samples or petroleum samples that are analyzed, some
chromatographic peaks will elute after the target analytes.  The oven temperature program must
include a post-analysis bake out period to ensure that semivolatile hydrocarbons are volatilized.


4.0 APPARATUS AND MATERIALS


4.1 Purge-and-trap device for aqueous samples - Described in Method 5030.


4.2 Purge-and-trap device for solid samples - Described in Method 5035.


4.3 Automated static headspace device for solid samples - Described in Method 5021.


4.4 Azeotropic distillation apparatus for aqueous and solid samples - Described in Method
5031.


4.5 Vacuum distillation apparatus for aqueous, solid and tissue samples - Described in
Method 5032.


4.6 Desorption device for air trapping media for air samples - Described in Method 5041.


4.7 Air sampling loop for sampling from Tedlar® bags for air samples - Described in Method
0040.
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4.8 Injection port liners (HP Catalog #18740-80200, or equivalent) - modified for direct
injection analysis by placing a 1-cm plug of glass wool approximately 50-60 mm down the length of
the injection port towards the oven (see illustration below).  A 0.53-mm ID column is mounted 1 cm
into the liner from the oven side of the injection port, according to manufacturer's specifications.


4.9 Gas chromatography/mass spectrometer/data system


4.9.1 Gas chromatograph - An analytical system complete with a
temperature-programmable gas chromatograph suitable for splitless injection with appropriate
interface for sample introduction device.  The system includes all required accessories,
including syringes, analytical columns, and gases.  


4.9.1.1 The GC should be equipped with variable constant differential flow
controllers so that the column flow rate will remain constant throughout desorption and
temperature program operation.  


4.9.1.2 For some column configurations, the column oven must be cooled to
less than 30EC, therefore, a subambient oven controller may be necessary.


4.9.1.3 The capillary column is either directly coupled to the source or interfaced
through a jet separator, depending on the size of the capillary and the requirements of
the GC/MS system.


4.9.1.4 Capillary pre-column interface - This device is the interface between the
sample introduction device and the capillary gas chromatograph, and is necessary when
using cryogenic cooling.  The interface condenses the desorbed sample components and
focuses them into a narrow band on an uncoated fused-silica capillary pre-column.
When the interface is flash heated, the sample is transferred to the analytical capillary
column.


4.9.1.5 During the cryofocussing step, the temperature of the fused-silica in the
interface is maintained at -150EC under a stream of liquid nitrogen.  After the desorption
period, the interface must be capable of rapid heating to 250EC in 15 seconds or less to
complete the transfer of analytes.


4.9.2 Gas chromatographic columns


4.9.2.1 Column 1 - 60 m x 0.75 mm ID capillary column coated with VOCOL
(Supelco), 1.5-µm film thickness, or equivalent. 


4.9.2.2 Column 2 - 30 - 75 m x 0.53 mm ID capillary column coated with DB-624
(J&W Scientific), Rt -502.2 (RESTEK), or VOCOL (Supelco), 3-µm film thickness, orx


equivalent. 


4.9.2.3 Column 3 - 30 m x 0.25 - 0.32 mm ID capillary column coated with 95%
dimethyl - 5% diphenyl polysiloxane (DB-5, Rt -5, SPB-5, or equivalent), 1-µm filmx


thickness.  


4.9.2.4 Column 4 - 60 m x 0.32 mm ID capillary column coated with DB-624
(J&W Scientific), 1.8-µm film thickness, or equivalent.
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4.9.3 Mass spectrometer - Capable of scanning from 35 to 300 amu every 2 sec or
less, using 70 volts (nominal) electron energy in the electron impact ionization mode.  The
mass spectrometer must be capable of producing a mass spectrum for 4-Bromofluorobenzene
(BFB) which meets all of the criteria in Table 4 when 5-50 ng of the GC/MS tuning standard
(BFB) are injected through the GC.  To ensure sufficient precision of mass spectral data, the
desirable MS scan rate allows acquisition of at least five spectra while a sample component
elutes from the GC.


An ion trap mass spectrometer may be used if it is capable of axial modulation to reduce
ion-molecule reactions and can produce electron impact-like spectra that match those in the
EPA/NIST Library.  Because ion-molecule reactions with water and methanol in an ion trap
mass spectrometer may produce interferences that coelute with chloromethane and
chloroethane, the base peak for both of these analytes will be at m/z 49.  This ion should be
used as the quantitation ion in this case.  The mass spectrometer must be capable of
producing a mass spectrum for BFB which meets all of the criteria in Table 3 when 5 or 50 ng
are introduced.


4.9.4 GC/MS interface - Two alternatives may be used to interface the GC to the mass
spectrometer.


4.9.4.1 Direct coupling, by inserting the column into the mass spectrometer, is
generally used for 0.25 - 0.32 mm ID columns.


4.9.4.2 A jet separator, including an all-glass transfer line and glass enrichment
device or split interface, is used with a 0.53 mm column.  


4.9.4.3 Any enrichment device or transfer line may be used, if all of the
performance specifications described in Sec. 8.0 (including acceptable calibration at 50
ng or less) can be achieved.  GC/MS interfaces constructed entirely of glass or of
glass-lined materials are recommended.  Glass may be deactivated by silanizing with
dichlorodimethylsilane. 


4.9.5 Data system - A computer system that allows the continuous acquisition and
storage on machine-readable media of all mass spectra obtained throughout the duration of
the chromatographic program must be interfaced to the mass spectrometer.  The computer
must have software that allows searching any GC/MS data file for ions of a specified mass and
plotting such ion abundances versus time or scan number.  This type of plot is defined as an
Extracted Ion Current Profile (EICP).  Software must also be available that allows integrating
the abundances in any EICP between specified time or scan-number limits.  The most recent
version of the EPA/NIST Mass Spectral Library should also be available.


4.10 Microsyringes - 10-, 25-, 100-, 250-, 500-, and 1,000-µL.


4.11 Syringe valve - Two-way, with Luer ends (three each), if applicable to the purging device.


4.12 Syringes - 5-, 10-, or 25-mL, gas-tight with shutoff valve.


4.13 Balance - Analytical, capable of weighing 0.0001 g, and top-loading, capable of weighing
0.1 g.


4.14 Glass scintillation vials - 20-mL, with PTFE-lined screw-caps or glass culture tubes with
PTFE-lined screw-caps.
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4.15 Vials - 2-mL, for GC autosampler.


4.16 Disposable pipets - Pasteur.


4.17 Volumetric flasks, Class A - 10-mL and 100-mL, with ground-glass stoppers.


4.18 Spatula - Stainless steel.


5.0 REAGENTS


5.1 Reagent grade inorganic chemicals shall be used in all tests.  Unless otherwise indicated,
it is intended that all inorganic reagents shall conform to the specifications of the Committee on
Analytical Reagents of the American Chemical Society, where such specifications are available.
Other grades may be used, provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.


5.2 Organic-free reagent water - All references to water in this method refer to organic-free
reagent water, as defined in Chapter One.


5.3 Methanol, CH OH - Pesticide quality or equivalent, demonstrated to be free of analytes.3


Store apart from other solvents.


5.4 Reagent Hexadecane - Reagent hexadecane is defined as hexadecane in which
interference is not observed at the method detection limit of compounds of interest.  Hexadecane
quality is demonstrated through the analysis of a solvent blank injected directly into the GC/MS.  The
results of such a blank analysis must demonstrate that all interfering volatiles have been removed
from the hexadecane.


5.5 Polyethylene glycol, H(OCH CH ) OH - Free of interferences at the detection limit of the2 2 n


target analytes.


5.6 Hydrochloric acid (1:1 v/v), HCl - Carefully add a measured volume of concentrated HCl
to an equal volume of organic-free reagent water.


5.7 Stock solutions - Stock solutions may be prepared from pure standard materials or
purchased as certified solutions.  Prepare stock standard solutions in methanol, using assayed
liquids or gases, as appropriate.


5.7.1 Place about 9.8 mL of methanol in a 10-mL tared ground-glass-stoppered
volumetric flask.  Allow the flask to stand, unstoppered, for about 10 minutes or until all
alcohol-wetted surfaces have dried.  Weigh the flask to the nearest 0.0001 g.


5.7.2 Add the assayed reference material, as described below.


5.7.2.1 Liquids - Using a 100-µL syringe, immediately add two or more drops
of assayed reference material to the flask; then reweigh.  The liquid must fall directly into
the alcohol without contacting the neck of the flask.


5.7.2.2 Gases - To prepare standards for any compounds that boil below 30EC
(e.g., bromomethane, chloroethane, chloromethane, or vinyl chloride), fill a 5-mL valved
gas-tight syringe with the reference standard to the 5.0 mL mark.  Lower the needle to
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5 mm above the methanol meniscus.  Slowly introduce the reference standard above the
surface of the liquid.  The heavy gas will rapidly dissolve in the methanol.  Standards may
also be prepared by using a lecture bottle equipped with a septum.  Attach PTFE tubing
to the side arm relief valve and direct a gentle stream of gas into the methanol meniscus.


5.7.3 Reweigh, dilute to volume, stopper, and then mix by inverting the flask several
times.  Calculate the concentration in milligrams per liter (mg/L) from the net gain in weight.
When compound purity is assayed to be 96% or greater, the weight may be used without
correction to calculate the concentration of the stock standard.  Commercially-prepared stock
standards may be used at any concentration if they are certified by the manufacturer or by an
independent source.


5.7.4 Transfer the stock standard solution into a bottle with a PTFE-lined screw-cap.
Store, with minimal headspace and protected from light, at -10EC or less or as recommended
by the standard manufacturer.  Standards should be returned to the freezer as soon as the
analyst has completed mixing or diluting the standards to prevent the evaporation of volatile
target compounds.


5.7.5  Frequency of Standard Preparation


5.7.5.1  Standards for the permanent gases should be monitored frequently by
comparison to the initial calibration curve.  Fresh standards should be prepared if this
check exceeds a 20% drift.  Standards for gases usually need to be replaced after one
week or as recommended by the standard manufacturer, unless the acceptability of the
standard can be documented.  Dichlorodifluoromethane and dichloromethane will usually
be the first compounds to evaporate from the standard and should, therefore, be
monitored very closely when standards are held beyond one week.


5.7.5.2  Standards for the non-gases should be monitored frequently by
comparison to the initial calibration.  Fresh standards should be prepared if this check
exceeds a 20% drift.  Standards for non-gases usually need to be replaced after six
months or as recommended by the standard manufacturer, unless the acceptability of
the standard can be documented.  Standards of reactive compounds such as
2-chloroethyl vinyl ether and styrene may need to be prepared more frequently.


5.7.6 Preparation of Calibration Standards From a Gas Mixture


An optional calibration procedure involves using a certified gaseous mixture daily, utilizing
a commercially-available gaseous analyte mixture of bromomethane, chloromethane,
chloroethane, vinyl chloride, dichloro-difluoromethane and trichlorofluoromethane in nitrogen.
Mixtures of documented quality are stable for as long as six months without refrigeration.
(VOA-CYL III, RESTEK Corporation, Cat. #20194 or equivalent).


5.7.6.1 Before removing the cylinder shipping cap, be sure the valve is
completely closed (turn clockwise).  The contents are under pressure and should be used
in a well-ventilated area.


5.7.6.2 Wrap the pipe thread end of the Luer fitting with PTFE tape.  Remove
the shipping cap from the cylinder and replace it with the Luer fitting.


5.7.6.3 Transfer half the working standard containing other analytes, internal
standards, and surrogates to the purge apparatus.
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5.7.6.4 Purge the Luer fitting and stem on the gas cylinder prior to sample
removal using the following sequence:


a) Connect either the 100-µL or 500-µL Luer syringe to the inlet fitting
of the cylinder.


b) Make sure the on/off valve on the syringe is in the open position.


c) Slowly open the valve on the cylinder and withdraw a full syringe
volume.


d) Be sure to close the valve on the cylinder before you withdraw the
syringe from the Luer fitting.


e) Expel the gas from the syringe into a well-ventilated area.


f) Repeat steps a through e one more time to fully purge the fitting.


5.7.6.5 Once the fitting and stem have been purged, quickly withdraw the
volume of gas you require using steps 5.6.6.1.4(a) through (d).  Be sure to close the
valve on the cylinder and syringe before you withdraw the syringe from the Luer fitting.


5.7.6.6 Open the syringe on/off valve for 5 seconds to reduce the syringe
pressure to atmospheric pressure.  The pressure in the cylinder is ~30 psi.  


5.7.6.7 The gas mixture should be quickly transferred into the reagent water
through the female Luer fitting located above the purging vessel. 


NOTE: Make sure the arrow on the 4-way valve is pointing toward the female
Luer fitting when transferring the sample from the syringe.  Be sure to
switch the 4-way valve back to the closed position before removing the
syringe from the Luer fitting.


5.7.6.8 Transfer the remaining half of the working standard into the purging
vessel.  This procedure insures that the total volume of gas mix is flushed into the
purging vessel, with none remaining in the valve or lines.


5.7.6.9 The concentration of each compound in the cylinder is typically 0.0025
µg/µL.


5.7.6.10 The following are the recommended gas volumes spiked into 5 mL of
water to produce a typical 5-point calibration:


Gas Volume Calibration Concentration


40 µL 20 µg/L
100 µL 50 µg/L
200 µL 100 µg/L
300 µL 150 µg/L
400 µL 200 µg/L
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5.7.6.11 The following are the recommended gas volumes spiked into 25 mL of
water to produce a typical 5-point calibration:


Gas Volume Calibration Concentration


10 µL 1 µg/L
20 µL 2 µg/L
50 µL 5 µg/L


100 µL 10 µg/L
250 µL 25 µg/L


5.8 Secondary dilution standards - Using stock standard solutions, prepare secondary dilution
standards in methanol containing the compounds of interest, either singly or mixed together.
Secondary dilution standards must be stored with minimal headspace and should be checked
frequently for signs of degradation or evaporation, especially just prior to preparing calibration
standards from them.  Store in a vial with no headspace.  Replace after one week.  Secondary
standards for gases should be replaced after one week unless the acceptability of the standard can
be documented.  When using premixed certified solutions, store according to the manufacturer's
documented holding time and storage temperature recommendations.  The analyst should also
handle and store standards as stated in Sec. 5.7.4 and return them to the freezer as soon as
standard mixing or diluting is completed to prevent the evaporation of volatile target compounds.


5.9 Surrogate standards - The recommended surrogates are toluene-d ,8


4-bromofluorobenzene, 1,2-dichloroethane-d , and dibromofluoromethane.  Other compounds may4


be used as surrogates, depending upon the analysis requirements.  A stock surrogate solution in
methanol should be prepared as described above, and a surrogate standard spiking solution should
be prepared from the stock at a concentration of 50-250 µg/10 mL, in methanol.  Each sample
undergoing GC/MS analysis must be spiked with 10 µL of the surrogate spiking solution prior to
analysis.  If a more sensitive mass spectrometer is employed to achieve lower detection levels, then
more dilute surrogate solutions may be required.


5.10 Internal standards - The recommended internal standards are fluorobenzene,
chlorobenzene-d , and 1,4-dichlorobenzene-d .  Other compounds may be used as internal5   4


standards as long as they have retention times similar to the compounds being detected by GC/MS.
Prepare internal standard stock and secondary dilution standards in methanol using the procedures
described in Secs. 5.7 and 5.8.  It is recommended that the secondary dilution standard be prepared
at a concentration of 25 mg/L of each internal standard compound.  Addition of 10 µL of this
standard to 5.0 mL of sample or calibration standard would be the equivalent of 50 µg/L.  If a more
sensitive mass spectrometer is employed to achieve lower detection levels, then more dilute internal
standard solutions may be required.  Area counts of the internal standard peaks should be between
50-200% of the areas of the target analytes in the mid-point calibration analysis.


5.11 4-Bromofluorobenzene (BFB) standard - A standard solution containing 25 ng/µL of BFB
in methanol should be prepared.  If a more sensitive mass spectrometer is employed to achieve
lower detection levels, then a more dilute BFB standard solution may be required.


5.12 Calibration standards -There are two types of calibration standards used for this method:
initial calibration standards and calibration verification standards.  When using premixed certified
solutions, store according to the manufacturer's documented holding time and storage temperature
recommendations.
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5.12.1 Initial calibration standards should be prepared at a minimum of five different
concentrations from the secondary dilution of stock standards (see Secs. 5.7 and 5.8) or  from
a premixed certified solution.  Prepare these solutions in organic-free reagent water.  At least
one of the calibration standards should correspond to a sample concentration at or below that
necessary to meet the data quality objectives of the project. The remaining standards should
correspond to the range of concentrations found in typical samples but should not exceed the
working range of the GC/MS system.  Initial calibration standards should be mixed from fresh
stock standards and dilution standards when generating an initial calibration curve.


5.12.2 Calibration verification standards should be prepared at a concentration near the
mid-point of the initial calibration range from the secondary dilution of stock standards (see
Secs. 5.7 and 5.8) or from a premixed certified solution.  Prepare these solutions in
organic-free reagent water.  See Sec. 7.4 for guidance on calibration verification.


5.12.3 It is the intent of EPA that all target analytes for a particular analysis be included
in the initial calibration and calibration verification standard(s).  These target analytes may not
include the entire list of analytes (Sec. 1.1) for which the method has been demonstrated.
However, the laboratory shall not report a quantitative result for a target analyte that was not
included in the calibration standard(s).


5.12.4 The calibration standards must also contain the internal standards chosen for the
analysis.


5.13 Matrix spiking and laboratory control sample (LCS) standards - Matrix spiking standards
should be prepared from volatile organic compounds which are representative of the compounds
being investigated.  At a minimum, the matrix spike should include 1,1-dichloroethene,
trichloroethene, chlorobenzene, toluene, and benzene.  The matrix spiking solution should contain
compounds that are expected to be found in the types of samples to be analyzed.  


5.13.1 Some permits may require the spiking of specific compounds of interest,
especially if polar compounds are a concern, since the spiking compounds listed above would
not be representative of such compounds.  The standard should be prepared in methanol, with
each compound present at a concentration of 250 µg/10.0 mL.  


5.13.2 The spiking solutions should not be prepared from the same standards as the
calibration standards.  However, the same spiking standard prepared for the matrix spike may
be used for the LCS.


5.13.3 If a more sensitive mass spectrometer is employed to achieve lower detection
levels, more dilute matrix spiking solutions may be required.


5.14 Great care must be taken to maintain the integrity of all standard solutions.  It is
recommended all standards in methanol be stored at -10EC or less, in amber bottles with PTFE-lined
screw-caps.


6.0 SAMPLE COLLECTION, PRESERVATION, AND HANDLING


See the introductory material to this chapter, Organic Analytes, Sec. 4.1.  
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7.0 PROCEDURE


7.1 Various alternative methods are provided for sample introduction.  All internal standards,
surrogates, and matrix spiking compounds (when applicable) must be added to the samples before
introduction into the GC/MS system.  Consult the sample introduction method for the procedures by
which to add such standards.


7.1.1 Direct injection - This includes:  injection of an aqueous sample containing a very
high concentration of analytes; injection of aqueous concentrates from Method 5031
(azeotropic distillation); and injection of a waste oil diluted 1:1 with hexadecane (Method 3585).
Direct injection of aqueous samples (non-concentrated) has very limited applications.  It is only
used for the determination of volatiles at the toxicity characteristic (TC) regulatory limits or at
concentrations in excess of 10,000 µg/L.  It may also be used in conjunction with the test for
ignitability in aqueous samples (along with Methods 1010 and 1020), to determine if alcohol
is present at greater than 24%.


7.1.2 Purge-and-trap - This includes purge-and-trap for aqueous samples (Method
5030) and purge-and-trap for solid samples (Method 5035).  Method 5035 also provides
techniques for extraction of high concentration solid and oily waste samples by methanol (and
other water-miscible solvents) with subsequent purge-and-trap from an aqueous matrix using
Method 5030.


7.1.2.1 Traditionally, the purge-and-trap of aqueous samples is performed at
ambient temperature, while purging of soil/solid samples is performed at 40 C, too


improve purging efficiency.


7.1.2.2 Aqueous and soil/solid samples may also be purged at temperatures
above those being recommended as long as all calibration standards, samples, and QC
samples are purged at the same temperature, appropriate trapping material is used to
handle the excess water, and the laboratory demonstrates acceptable method
performance for the project.  Purging of aqueous samples at elevated temperatures (e.g.,
40 C) may improve the purging performance of many of the water soluble compoundso


which have poor purging efficiencies at ambient temperatures.


7.1.3 Vacuum distillation - this technique may be used for the introduction of volatile
organics from aqueous, solid, or tissue samples (Method 5032) into the GC/MS system.


7.1.4 Automated static headspace - this technique may be used for the introduction of
volatile organics from solid samples (Method 5021) into the GC/MS system.


7.1.5 Cartridge desorption - this technique may be for the introduction of volatile
organics from sorbent cartridges (Method 5041) used in the sampling of air.  The sorbent
cartridges are from the volatile organics sampling train (VOST) or SMVOC (Method 0031).


7.2 Recommended chromatographic conditions


7.2.1 General conditions


Injector temperature: 200 - 225EC
Transfer line temperature: 250 - 300EC
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7.2.2 Column 1 and Column 2 with cryogenic cooling (example chromatograms are
presented in Figures 1 and 2)


Carrier gas (He) flow rate: 15 mL/min
Initial temperature: 10EC, hold for 5 minutes
Temperature program: 6EC/min to 70EC, then 15EC/min to 145EC
Final temperature: 145EC, hold until all expected compounds


have eluted.


7.2.5 Direct injection - Column 2


Carrier gas (He) flow rate: 4 mL/min  
Column: J&W DB-624, 70m x 0.53 mm
Initial temperature: 40EC, hold for 3 minutes
Temperature program: 8EC/min 
Final temperature: 260EC, hold until all expected compounds


have eluted.
Column Bake out: 75 minutes
Injector temperature: 200-225EC 
Transfer line temperature: 250-300EC


7.2.6 Direct split interface - Column 4


Carrier gas (He) flow rate: 1.5 mL/min
Initial temperature: 35EC, hold for 2 minutes
Temperature program: 4EC/min to 50EC


10EC/min to 220EC
Final temperature: 220EC, hold until all expected compounds


have eluted
Split ratio: 100:1
Injector temperature: 125EC


7.3 Initial calibration


Establish the GC/MS operating conditions, using the following as guidance:


Mass range: 35 - 260 amu
Scan time: 0.6 - 2 sec/scan
Source temperature: According to manufacturer's specifications
Ion trap only: Set axial modulation, manifold temperature, and emission


current to manufacturer's recommendations


7.3.1 Each GC/MS system must be hardware-tuned to meet the criteria in Table 4 for
a 5-50 ng injection or purging of 4-bromofluorobenzene (2-µL injection of the BFB standard).
Analyses must not begin until these criteria are met.


7.3.1.1 In the absence of specific recommendations on how to acquire the
mass spectrum of BFB from the instrument manufacturer, the following approach has
been shown to be useful:  The mass spectrum of BFB may be acquired in the following
manner.  Three scans (the peak apex scan and the scans immediately preceding and
following the apex) are acquired and averaged.  Background subtraction is required, and
must be accomplished using a single scan no more than 20 scans prior to the elution of
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BFB.  Do not background subtract part of the BFB peak.  Alternatively, the analyst may
use other documented approaches suggested by the instrument manufacturer.


7.3.1.2 Use the BFB mass intensity criteria in Table 4 as tuning acceptance
criteria.  Alternatively, other documented tuning criteria may be used (e.g., CLP, Method
524.2, or manufacturer's instructions), provided that method performance is not
adversely affected.


NOTE: All subsequent standards, samples, MS/MSDs, LCSs, and blanks
associated with a BFB analysis must use identical mass spectrometer
instrument conditions.


7.3.2 Set up the sample introduction system as outlined in the method of choice (see
Sec. 7.1).  A different calibration curve is necessary for each method because of the
differences in conditions and equipment.  A set of at least five different calibration standards
is necessary (see Sec. 5.12 and Method 8000).  Calibration must be performed using the
sample introduction technique that will be used for samples.  For Method 5030, the purging
efficiency for 5 mL of water is greater than for 25 mL.  Therefore, develop the standard curve
with whichever volume of sample that will be analyzed.  


7.3.2.1 To prepare a calibration standard, add an appropriate volume of a
secondary dilution standard solution to an aliquot of organic-free reagent water in a
volumetric flask.  Use a microsyringe and rapidly inject the alcoholic standard into the
expanded area of the filled volumetric flask.  Remove the needle as quickly as possible
after injection.  Mix by inverting the flask three times only.  Discard the contents
contained in the neck of the flask.  Aqueous standards are not stable and should be
prepared daily.  Transfer 5.0 mL (or 25 mL if lower detection limits are required) of each
standard to a gas tight syringe along with 10 µL of internal standard.  Then transfer the
contents to the appropriate device or syringe.  Some of the introduction methods may
have specific guidance on the volume of calibration standard and the way the standards
are transferred to the device.


7.3.2.2 The internal standards selected in Sec. 5.10 should permit most of the
components of interest in a chromatogram to have retention times of 0.80 - 1.20, relative
to one of the internal standards.  Use the base peak ion from the specific internal
standard as the primary ion for quantitation (see Table 1).  If interferences are noted, use
the next most intense ion as the quantitation ion.


7.3.2.3 To prepare a calibration standard for direct injection analysis of waste
oil, dilute standards in hexadecane.


7.3.3 Proceed with the analysis of the calibration standards following the procedure in
the introduction method of choice.  For direct injection, inject 1 - 2 µL into the GC/MS system.
The injection volume will depend upon the chromatographic column chosen and the tolerance
of the specific GC/MS system to water.


7.3.4 Tabulate the area response of the characteristic ions (see Table 5) against the
concentration for each target analyte and each internal standard.  Calculate response factors
(RF) for each target analyte relative to one of the internal standards.  The internal standard
selected for the calculation of the RF for a target analyte should be the internal standard that
has a retention time closest to the analyte being measured (Sec. 7.6.2). 







RF '
As × Cis


Ais × Cs
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The RF is calculated as follows:


where:


A = Peak area (or height) of the analyte or surrogate.s


A = Peak area (or height) of the internal standard.is


C = Concentration of the analyte or surrogate.s


C = Concentration of the internal standard.is


7.3.5 System performance check compounds (SPCCs) - Calculate the mean RF for
each target analyte using the five RF values calculated from the initial (5-point) calibration
curve.  A system performance check should be made before this calibration curve is used.
Five compounds (the System Performance Check Compounds, or SPCCs) are checked for a
minimum average response factor.  These compounds are chloromethane; 1,1-dichloroethane;
bromoform; chlorobenzene; and 1,1,2,2-tetrachloroethane.  These compounds are used to
check compound instability and to check for degradation caused by contaminated lines or
active sites in the system.  Example problems include:


7.3.5.1 Chloromethane is the most likely compound to be lost if the purge flow
is too fast.


7.3.5.2 Bromoform is one of the compounds most likely to be purged very poorly
if the purge flow is too slow.  Cold spots and/or active sites in the transfer lines may
adversely affect response.  Response of the quantitation ion (m/z 173) is directly affected
by the tuning of BFB at ions m/z 174/176.  Increasing the m/z 174/176 ratio relative to
m/z 95 may improve bromoform response.


7.3.5.3 Tetrachloroethane and 1,1-dichloroethane are degraded by
contaminated transfer lines in purge-and-trap systems and/or active sites in trapping
materials.


7.3.5.4 The minimum mean response factors for the volatile SPCCs are as
follows:


Chloromethane 0.10
1,1-Dichloroethane 0.10
Bromoform 0.10
Chlorobenzene 0.30
1,1,2,2-Tetrachloroethane 0.30


7.3.6 Calibration check compounds (CCCs)


7.3.6.1 The purpose of the CCCs are to evaluate the calibration from the
standpoint of the integrity of the system.  High variability for these compounds may be
indicative of system leaks or reactive sites on the column.  Meeting the CCC criteria is
not a substitute for successful calibration of the target analytes using one of the
approaches described in Sec. 7.0 of Method 8000.


7.3.6.2 Calculate the standard deviation (SD) and relative standard deviation
(RSD) of the response factors for all target analytes from the initial calibration, as follows:







SD '
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where:


RF = RF for each of the calibration standardsi


&R&F = mean RF for each compound from the initial calibration
n = Number of calibration standards, e.g., 5


7.3.6.3 The RSD should be less than or equal to 15% for each target analyte.
However, the RSD for each individual Calibration Check Compound (CCC) must be equal
or less than 30%.  If the CCCs are not included in the list of analytes for a project, and
therefore not included in the calibration standards, refer to Sec. 7.0 of Method 8000.  The
CCCs are:


1,1-Dichloroethene Toluene
Chloroform Ethylbenzene
1,2-Dichloropropane Vinyl chloride


7.3.6.4 If an RSD of greater than 30% is measured for any CCC, then corrective
action to eliminate a system leak and/or column reactive sites is necessary before
reattempting calibration.


7.3.7 Evaluation of retention times - The relative retention times of each target analyte
in each calibration standard should agree within 0.06 relative retention time units.  Late-eluting
compounds usually have much better agreement.


7.3.8 Linearity of target analytes


7.3.8.1 If the RSD of any target analyte is 15% or less, then the response factor
is assumed to be constant over the calibration range, and the average response factor
may be used for quantitation (Sec. 7.7.2).


7.3.8.2 If the RSD of any target analyte is greater than 15%, refer to Sec. 7.0
of Method 8000 for additional calibration options. One of the options must be applied to
GC/MS calibration in this situation, or a new initial calibration must be performed.


NOTE: Method 8000 specifies a linearity criterion of 20% RSD.  That criterion
pertains to GC and HPLC methods other than GC/MS.  Method 8260
requires 15% RSD as evidence of sufficient linearity to employ an
average response factor.


7.3.8.3 When the RSD exceeds 15%, the plotting and visual inspection of a
calibration curve can be a useful diagnostic tool.  The inspection may indicate analytical
problems, including errors in standard preparation, the presence of active sites in the
chromatographic system, analytes that exhibit poor chromatographic behavior, etc.
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NOTE: The 20% RSD criteria in Method 8000 pertains to GC and HPLC
methods other than GC/MS.  Method 8260 requires 15% RSD.


7.4 GC/MS calibration verification - Calibration verification consists of three steps that are
performed at the beginning of each 12-hour analytical shift.


7.4.1 Prior to the analysis of samples or calibration standards, inject or introduce 5-50
ng of the 4-bromofluorobenzene standard into the GC/MS system.  The resultant mass spectra
for the BFB must meet the criteria given in Table 4 before sample analysis begins.  These
criteria must be demonstrated each 12-hour shift during which samples are analyzed.


7.4.2 The initial calibration curve (Sec. 7.3) for each compound of interest should be
verified once every 12 hours prior to sample analysis, using the introduction technique used
for samples.  This is accomplished by analyzing a calibration standard at a concentration near
the midpoint concentration for the calibrating range of the GC/MS.  The results from the
calibration standard analysis should meet the verification acceptance criteria provided in Secs.
7.4.4 through 7.4.7.


NOTE: The BFB and calibration verification standard may be combined into a single
standard as long as both tuning and calibration verification acceptance
criteria for the project can be met without interferences.


7.4.3 A method blank should be analyzed after the calibration standard, or at any other
time during the analytical shift, to ensure that the total system (introduction device, transfer
lines and GC/MS system) is free of contaminants.  If the method blank indicates contamination,
then it may be appropriate to analyze a solvent blank to demonstrate that the contamination
is not a result of carryover from standards or samples.  See Sec. 8.0 of Method 8000 for
method blank performance criteria.


7.4.4 System Performance Check Compounds (SPCCs)


7.4.4.1 A system performance check must be made during every 12-hour
analytical shift.  Each SPCC compound in the calibration verification standard must meet
its minimum response factor (see Sec. 7.3.5.4).  This is the same check that is applied
during the initial calibration.


7.4.4.2 If the minimum response factors are not met, the system must be
evaluated, and corrective action must be taken before sample analysis begins.  Possible
problems include standard mixture degradation, injection port inlet contamination,
contamination at the front end of the analytical column, and active sites in the column or
chromatographic system.  This check must be met before sample analysis begins.


7.4.5 Calibration Check Compounds (CCCs)


7.4.5.1 After the system performance check is met, the CCCs listed in Sec.
7.3.6 are used to check the validity of the initial calibration.  Use percent difference when
performing the average response factor model calibration.  Use percent drift when
calibrating using a regression fit model.  Refer to Sec. 7.0 of Method 8000 for guidance
on calculating percent difference and drift.


7.4.5.2 If the percent difference or drift for each CCC is less than or equal to
20%, the initial calibration is assumed to be valid.  If the criterion is not met (i.e., greater
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than 20% difference or drift), for any one CCC, then corrective action must be taken prior
to the analysis of samples.  If the CCC's are not included in the list of analytes for a
project, and therefore not included in the calibration standards, then all analytes must
meet the 20% difference or drift criterion.  


7.4.5.3 Problems similar to those listed under SPCCs could affect the CCCs.
If the problem cannot be corrected by other measures, a new five-point initial calibration
must be generated.  The CCC criteria must be met before sample analysis begins. 


7.4.6 Internal standard retention time - The retention times of the internal standards in
the calibration verification standard must be evaluated immediately after or during data
acquisition.  If the retention time for any internal standard changes by more than 30 seconds
from the that in the mid-point standard level of the most recent initial calibration sequence,
then the chromatographic system must be inspected for malfunctions and corrections must be
made, as required.  When corrections are made, reanalysis of samples analyzed while the
system was malfunctioning is required.  


7.4.7 Internal standard response - If the EICP area for any of the internal standards in
the calibration verification standard changes by a factor of two (-50% to + 100%) from that in
the mid-point standard level of the most recent initial calibration sequence, the mass
spectrometer must be inspected for malfunctions and corrections must be made, as
appropriate.  When corrections are made, reanalysis of samples analyzed while the system
was malfunctioning is required.


7.5 GC/MS analysis of samples


7.5.1 It is highly recommended that the sample be screened to minimize contamination
of the GC/MS system from unexpectedly high concentrations of organic compounds.  Some
of the screening options available utilizing SW-846 methods are automated headspace-GC/FID
(Methods 5021/8015), automated headspace-GC/PID/ELCD (Methods 5021/8021), or waste
dilution-GC/PID/ELCD (Methods 3585/8021) using the same type of capillary column.  When
used only for screening purposes, the quality control requirements in the methods above may
be reduced as appropriate.  Sample screening is particularly important when Method 8260 is
used to achieve low detection levels.


7.5.2 BFB tuning criteria and GC/MS calibration verification criteria must be met before
analyzing samples.


7.5.3 All samples and standard solutions must be allowed to warm to ambient
temperature before analysis.  Set up the introduction device as outlined in the method of
choice.  


7.5.4 The process of taking an aliquot destroys the validity of remaining volume of an
aqueous sample for future analysis.  Therefore, if only one VOA vial is provided to the
laboratory, the analyst should prepare two aliquots for analysis at this time, to protect against
possible loss of sample integrity.  This second sample is maintained only until such time when
the analyst has determined that the first sample has been analyzed properly.  For aqueous
samples, one 20-mL syringe could be used to hold two 5-mL aliquots.  If the second aliquot
is to be taken from the syringe, it must be analyzed within 24 hours.  Care must be taken to
prevent air from leaking into the syringe.
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7.5.5 Remove the plunger from a 5-mL syringe and attach a closed syringe valve.
Open the sample or standard bottle, which has been allowed to come to ambient temperature,
and carefully pour the sample into the syringe barrel to just short of overflowing.  Replace the
syringe plunger and compress the sample.  Open the syringe valve and vent any residual air
while adjusting the sample volume to 5.0 mL.  If lower detection limits are required, use a 25-
mL syringe, and adjust the final volume to 25.0 mL.


7.5.6 The following procedure may be used to dilute aqueous samples for analysis of
volatiles.  All steps must be performed without delays, until the diluted sample is in a gas-tight
syringe.


7.5.6.1 Dilutions may be made in volumetric flasks (10- to 100-mL).  Select the
volumetric flask that will allow for the necessary dilution.  Intermediate dilution steps may
be necessary for extremely large dilutions.


7.5.6.2 Calculate the approximate volume of organic-free reagent water to be
added to the volumetric flask, and add slightly less than this quantity of organic-free
reagent water to the flask.


7.5.6.3 Inject the appropriate volume of the original sample from the syringe into
the flask.  Aliquots of less than 1 mL are not recommended.  Dilute the sample to the
mark with organic-free reagent water.  Cap the flask, invert, and shake three times.
Repeat above procedure for additional dilutions.


7.5.6.4 Fill a 5-mL syringe with the diluted sample, as described in Sec. 7.5.5.


7.5.7 Compositing aqueous samples prior to GC/MS analysis


7.5.7.1 Add 5 mL of each sample (up to 5 samples are allowed) to a 25-mL
glass syringe.  Special precautions must be made to maintain zero headspace in the
syringe.  Larger volumes of a smaller number of samples may be used, provided that
equal volumes of each sample are composited.


7.5.7.2 The samples must be cooled to 4EC or less during this step to minimize
volatilization losses.  Sample vials may be placed in a tray of ice during the processing.


7.5.7.3 Mix each vial well and draw out a 5-mL aliquot with the 25-mL syringe.


7.5.7.4 Once all the aliquots have been combined on the syringe, invert the
syringe several times to mix the aliquots.  Introduce the composited sample into the
instrument, using the method of choice (see Sec. 7.1).


 7.5.7.5 If less than five samples are used for compositing, a proportionately
smaller syringe may be used, unless a 25-mL sample is to be purged.


7.5.8 Add 10 µL of the surrogate spiking solution and 10 µL of the internal standard
spiking solution to each sample either manually or by autosampler.  The surrogate and internal
standards may be mixed and added as a single spiking solution.  The addition of 10 µL of the
surrogate spiking solution to 5 mL of aqueous sample will yield a concentration of 50 µg/L of
each surrogate standard.  The addition of 10 µL of the surrogate spiking solution to 5 g of a
non-aqueous sample will yield a concentration of 50 µg/kg of each standard.
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If a more sensitive mass spectrometer is employed to achieve lower detection levels,
more dilute surrogate and internal standard solutions may be required.


7.5.9 Add 10 µL of the matrix spike solution (Sec. 5.13) to a 5-mL aliquot of the sample
chosen for spiking.  Disregarding any dilutions, this is equivalent to a concentration of 50 µg/L
of each matrix spike standard. 


7.5.9.1 Follow the same procedure in preparing the laboratory control sample
(LCS), except the spike is added to a clean matrix.  See Sec. 8.4 and Method 5000 for
more guidance on the selection and preparation of the matrix spike and the LCS.


7.5.9.2 If a more sensitive mass spectrometer is employed to achieve lower
detection levels, more dilute matrix spiking and LCS solutions may be required.


7.5.10 Analyze the sample following the procedure in the introduction method of choice.


7.5.10.1 For direct injection, inject 1 to 2 µL into the GC/MS system.  The volume
limitation will depend upon the chromatographic column chosen and the tolerance of the
specific GC/MS system to water (if an aqueous sample is being analyzed).  


7.5.10.2 The concentration of the internal standards, surrogates, and matrix
spiking standards (if any) added to the injection aliquot must be adjusted to provide the
same concentration in the 1-2 µL injection as would be introduced into the GC/MS by
purging a 5-mL aliquot.


NOTE: It may be a useful diagnostic tool to monitor internal standard retention
times and responses (area counts) in all samples, spikes, blanks, and
standards to effectively check drifting method performance, poor
injection execution, and anticipate the need for system inspection
and/or maintenance.


7.5.11 If the initial analysis of the sample or a dilution of the sample has a concentration
of any analyte that exceeds the initial calibration range, the sample must be reanalyzed at a
higher dilution.  Secondary ion quantitation is allowed only when there are sample interferences
with the primary ion.  


7.5.11.1 When ions from a compound in the sample saturate the detector, this
analysis must be followed by the analysis of an organic-free reagent water blank.  If the
blank analysis is not free of interferences, then the system must be decontaminated.
Sample analysis may not resume until the blank analysis is demonstrated to be free of
interferences.


7.5.11.2 All dilutions should keep the response of the major constituents
(previously saturated peaks) in the upper half of the linear range of the curve.  


7.5.12 The use of selected ion monitoring (SIM) is acceptable in situations requiring
detection limits below the normal range of full EI spectra.  However, SIM may provide a lesser
degree of confidence in the compound identification unless multiple ions are monitored for
each compound.
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7.6 Qualitative analysis


7.6.1 The qualitative identification of each compound determined by this method is
based on retention time, and on comparison of the sample mass spectrum, after background
correction, with characteristic ions in a reference mass spectrum.  The reference mass
spectrum must be generated by the laboratory using the conditions of this method.  The
characteristic ions from the reference mass spectrum are defined to be the three ions of
greatest relative intensity, or any ions over 30% relative intensity if less than three such ions
occur in the reference spectrum.  Compounds are identified as present when the following
criteria are met.


7.6.1.1 The intensities of the characteristic ions of a compound maximize in the
same scan or within one scan of each other.  Selection of a peak by a data system target
compound search routine where the search is based on the presence of a target
chromatographic peak containing ions specific for the target compound at a
compound-specific retention time will be accepted as meeting this criterion.


7.6.1.2 The relative retention time (RRT) of the sample component is within
± 0.06 RRT units of the RRT of the standard component.


  
7.6.1.3 The relative intensities of the characteristic ions agree within 30% of the


relative intensities of these ions in the reference spectrum.  (Example:  For an ion with
an abundance of 50% in the reference spectrum, the corresponding abundance in a
sample spectrum can range between 20% and 80%.) 


7.6.1.4 Structural isomers that produce very similar mass spectra should be
identified as individual isomers if they have sufficiently different GC retention times.
Sufficient GC resolution is achieved if the height of the valley between two isomer peaks
is less than 25% of the sum of the two peak heights.  Otherwise, structural isomers are
identified as isomeric pairs.


7.6.1.5 Identification is hampered when sample components are not resolved
chromatographically and produce mass spectra containing ions contributed by more than
one analyte.  When gas chromatographic peaks obviously represent more than one
sample component (i.e., a broadened peak with shoulder(s) or a valley between two or
more maxima), appropriate selection of analyte spectra and background spectra is
important.  


7.6.1.6 Examination of extracted ion current profiles of appropriate ions can aid
in the selection of spectra, and in qualitative identification of compounds.  When analytes
coelute (i.e., only one chromatographic peak is apparent), the identification criteria may
be met, but each analyte spectrum will contain extraneous ions contributed by the
coeluting compound.


7.6.2 For samples containing components not associated with the calibration
standards, a library search may be made for the purpose of tentative identification.  The
necessity to perform this type of identification will be determined by the purpose of the
analyses being conducted.  Data system library search routines should not use normalization
routines that would misrepresent the library or unknown spectra when compared to each other.


For example, the RCRA permit or waste delisting requirements may require the reporting
of non-target analytes.  Only after visual comparison of sample spectra with the nearest library
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searches may the analyst assign a tentative identification.  Use the following guidelines for
making tentative identifications:


(1) Relative intensities of major ions in the reference spectrum (ions greater than
10% of the most abundant ion) should be present in the sample spectrum.


(2) The relative intensities of the major ions should agree within ± 20%.  (Example:
For an ion with an abundance of 50% in the standard spectrum, the
corresponding sample ion abundance must be between 30 and 70%).


(3) Molecular ions present in the reference spectrum should be present in the
sample spectrum.


(4) Ions present in the sample spectrum but not in the reference spectrum should be
reviewed for possible background contamination or presence of coeluting
compounds.


(5) Ions present in the reference spectrum but not in the sample spectrum should be
reviewed for possible subtraction from the sample spectrum because of
background contamination or coeluting peaks.  Data system library reduction
programs can sometimes create these discrepancies.


7.7 Quantitative analysis


7.7.1 Once a compound has been identified, the quantitation of that compound will be
based on the integrated abundance from the EICP of the primary characteristic ion.   The
internal standard used shall be the one nearest the retention time of that of a given analyte.


7.7.2 If the RSD of a compound's response factors is 15% or less, then the
concentration in the extract may be determined using the average response factor (&R&F) from
initial calibration data (7.3.6).  See Method 8000, Sec. 7.0, for the equations describing internal
standard calibration and either linear or non-linear calibrations. 


7.7.3 Where applicable, the concentration of any non-target analytes identified in the
sample (Sec. 7.6.2) should be estimated.  The same formulae should be used with the
following modifications:  The areas A  and A  should be from the total ion chromatograms, andx  is


the RF for the compound should be assumed to be 1.


7.7.4 The resulting concentration should be reported indicating:  (1) that the value is
an estimate, and (2) which internal standard was used to determine concentration.  Use the
nearest internal standard free of interferences.


8.0 QUALITY CONTROL


8.1 Refer to Chapter One and Method 8000 for specific quality control (QC) procedures.
Quality control procedures to ensure the proper operation of the various sample preparation and/or
sample introduction techniques can be found in Methods 3500 and 5000.   Each laboratory should
maintain a formal quality assurance program.  The laboratory should also maintain records to
document the quality of the data generated.
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8.2 Quality control procedures necessary to evaluate the GC system operation are found in
Method 8000, Sec. 7.0 and include evaluation of retention time windows, calibration verification and
chromatographic analysis of samples.  In addition, instrument QC requirements may be found in the
following sections of Method 8260:


8.2.1 The GC/MS system must be tuned to meet the BFB specifications in Secs. 7.3.1
and 7.4.1.


8.2.2 There must be an initial calibration of the GC/MS system as described in Sec. 7.3.


8.2.3 The GC/MS system must meet the SPCC criteria described in Sec. 7.4.4 and the
CCC criteria in Sec. 7.4.5, each 12 hours.  


8.3 Initial Demonstration of Proficiency - Each laboratory must demonstrate initial proficiency
with each sample preparation and determinative method combination it utilizes, by generating data
of acceptable accuracy and precision for target analytes in a clean matrix.  The laboratory must also
repeat the following operations whenever new staff are trained or significant changes in
instrumentation are made.  See Method 8000, Sec. 8.0 for information on how to accomplish this
demonstration.


8.4 Sample Quality Control for Preparation and Analysis - The laboratory must also have
procedures for documenting the effect of the matrix on method performance (precision, accuracy,
and detection limit).  At a minimum, this includes the analysis of QC samples including a method
blank, matrix spike, a duplicate, and a laboratory control sample (LCS) in each analytical batch and
the addition of surrogates to each field sample and QC sample.


8.4.1 Before processing any samples, the analyst should demonstrate, through the
analysis of a method blank, that interferences from the analytical system, glassware, and
reagents are under control.  Each time a set of samples is analyzed or there is a change in
reagents, a method blank should be analyzed as a safeguard against chronic laboratory
contamination.  The blanks should be carried through all stages of sample preparation and
measurement.  


8.4.2 Documenting the effect of the matrix should include the analysis of at least one
matrix spike and one duplicate unspiked sample or one matrix spike/matrix spike duplicate pair.
The decision on whether to prepare and analyze duplicate samples or a matrix spike/matrix
spike duplicate must be based on a knowledge of the samples in the sample batch.  If samples
are expected to contain target analytes, then laboratories may use one matrix spike and a
duplicate analysis of an unspiked field sample.  If samples are not expected to contain target
analytes, laboratories should use a matrix spike and matrix spike duplicate pair.


8.4.3 A Laboratory Control Sample (LCS) should be included with each analytical batch.
The LCS consists of an aliquot of a clean (control) matrix similar to the sample matrix and of
the same weight or volume.  The LCS is spiked with the same analytes at the same
concentrations as the matrix spike.  When the results of the matrix spike analysis indicate a
potential problem due to the sample matrix itself, the LCS results are used to verify that the
laboratory can perform the analysis in a clean matrix.


8.4.4 See Method 8000, Sec. 8.0 for the details on carrying out sample quality control
procedures for preparation and analysis.
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8.5 Surrogate recoveries - The laboratory must evaluate surrogate recovery data from
individual samples versus the surrogate control limits developed by the laboratory.  See Method
8000, Sec. 8.0 for information on evaluating surrogate data and developing and updating surrogate
limits.


8.6 The experience of the analyst performing GC/MS analyses is invaluable to the success
of the methods.  Each day that analysis is performed, the calibration verification standard should be
evaluated to determine if the chromatographic system is operating properly.  Questions that should
be asked are:  Do the peaks look normal?  Is the response obtained comparable to the response
from previous calibrations?  Careful examination of the standard chromatogram can indicate whether
the column is still performing acceptably, the injector is leaking, the injector septum needs replacing,
etc.  If any changes are made to the system (e.g., the column changed), recalibration of the system
must take place.  


8.7 It is recommended that the laboratory adopt additional quality assurance practices for use
with this method.  The specific practices that are most productive depend upon the needs of the
laboratory and the nature of the samples.  Whenever possible, the laboratory should analyze
standard reference materials and participate in relevant performance evaluation studies.


9.0 METHOD PERFORMANCE


9.1 The method detection limit (MDL) is defined as the minimum concentration of a
substance that can be measured and reported with 99% confidence that the value is above zero.
The MDL actually achieved in a given analysis will vary depending on instrument sensitivity and
matrix effects.


9.2 This method has been tested using purge-and-trap (Method 5030) in a single laboratory
using spiked water.  Using a wide-bore capillary column, water was spiked at concentrations
between 0.5 and 10 µg/L.  Single laboratory accuracy and precision data are presented for the
method analytes in Table 6.  Calculated MDLs are presented in Table 1.


9.3 The method was tested using purge-and-trap (Method 5030) with water spiked at 0.1 to
0.5 µg/L and analyzed on a cryofocussed narrow-bore column.  The accuracy and precision data for
these compounds are presented in Table 7.  MDL values were also calculated from these data and
are presented in Table 2.


9.4 Direct injection (Method 3585) has been used for the analysis of waste motor oil samples
using a wide-bore column.  Single laboratory precision and accuracy data are presented in Tables
10 and 11 for TCLP volatiles in oil.  The performance data were developed by spiking and analyzing
seven replicates each of new and used oil.  The oils were spiked at the TCLP regulatory
concentrations for most analytes, except for the alcohols, ketones, ethyl acetate and chlorobenzene
which are spiked at 5 ppm, well below the regulatory concentrations.  Prior to spiking, the new oil
(an SAE 30-weight motor oil) was heated at 80EC overnight to remove volatiles.  The used oil (a
mixture of used oil drained from passenger automobiles) was not heated and was contaminated with
20 - 300 ppm of BTEX compounds and isobutanol.  These contaminants contributed to the extremely
high recoveries of the BTEX compounds in the used oil.  Therefore, the data from the deuterated
analogs of these analytes represent more typical recovery values.


9.5 Single laboratory accuracy and precision data were obtained for the Method 5035
analytes in three soil matrices: sand; a soil collected 10 feet below the surface of a hazardous
landfill, called C-Horizon; and a surface garden soil.  Sample preparation was by Method 5035.  Each
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sample was fortified with the analytes at a concentration of 4 µg/kg.  These data are listed in Tables
17, 18, and 19.  All data were calculated using fluorobenzene as the internal standard added to the
soil sample prior to extraction.  This causes some of the results to be greater than 100% recovery
because the precision of results is sometimes as great as 28%.


9.5.1 In general, the recoveries of the analytes from the sand matrix are the highest,
the C-Horizon soil results are somewhat less, and the surface garden soil recoveries are the
lowest.  This is due to the greater adsorptive capacity of the garden soil.  This illustrates the
necessity of analyzing matrix spike samples to assess the degree of matrix effects.


9.5.2 The recoveries of some of the gases, or very volatile compounds, such as vinyl
chloride, trichlorofluoromethane, and 1,1-dichloroethene, are somewhat greater than 100%.
This is due to the difficulty encountered in fortifying the soil with these compounds, allowing
an equilibration period, then extracting them with a high degree of precision.  Also, the garden
soil results in Table 19 include some extraordinarily high recoveries for some aromatic
compounds, such as toluene, xylenes, and trimethylbenzenes.  This is due to contamination
of the soil prior to sample collection, and to the fact that no background was subtracted.


9.6 Performance data for nonpurgeable volatiles using azeotropic distillation (Method 5031)
are included in Tables 12 to 16.


9.7 Performance data for volatiles prepared using vacuum distillation (Method 5032) in soil,
water, oil and fish tissue matrices are included in Tables 20 to 27.


9.8 Single laboratory accuracy and precision data were obtained for the Method 5021
analytes in two soil matrices: sand and a surface garden soil.  Replicate samples were fortified with
the analytes at concentrations of 10 µg/kg.  These data are listed in Table 30.  All data were
calculated using the internal standards listed for each analyte in Table 28.  The recommended
internal standards were selected because they generated the best accuracy and precision data for
the analyte in both types of soil.  


9.8.1 If a detector other than an MS is used for analysis, consideration must be given
to the choice of internal standards and surrogates.  They must not coelute with any other
analyte and must have similar properties to the analytes.  The recoveries of the analytes are
50% or higher for each matrix studied.  The recoveries of the gases or very volatile compounds
are greater than 100% in some cases.  Also, results include high recoveries of some aromatic
compounds, such as toluene, xylenes, and trimethylbenzenes.  This is due to contamination
of the soil prior to sample collection.


9.8.2 The method detection limits using Method 5021 listed in Table 29 were calculated
from results of seven replicate analyses of the sand matrix.  Sand was chosen because it
demonstrated the least degree of matrix effect of the soils studied.  These MDLs were
calculated utilizing the procedure described in Chapter One and are intended to be a general
indication of the capabilities of the method.


9.9 The MDL concentrations listed in Table 31 were determined using Method 5041 in
conjunction with Method 8260.  They were obtained using cleaned blank VOST tubes and reagent
water.  Similar results have been achieved with field samples.  The MDL actually achieved in a given
analysis will vary depending upon instrument sensitivity and the effects of the matrix.  Preliminary
spiking studies indicate that under the test conditions, the MDLs for spiked compounds in extremely
complex matrices may be larger by a factor of 500 - 1000.
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9.10 The EQL of sample taken by Method 0040 and analyzed by Method 8260 is estimated
to be in the range of 0.03 to 0.9 ppm (See Table 33).  Matrix effects may cause the individual
compound detection limits to be higher.
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TABLE 1


CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION LIMITS (MDL)
FOR VOLATILE ORGANIC COMPOUNDS ON WIDE-BORE CAPILLARY COLUMNS


Compound Retention Time (minutes) MDLd


Column 1 Column 2 Column 2' (µg/L)a  b  c


Dichlorodifluoromethane 1.35 0.70 3.13 0.10
Chloromethane 1.49 0.73 3.40 0.13
Vinyl Chloride 1.56 0.79 3.93 0.17
Bromomethane 2.19 0.96 4.80 0.11
Chloroethane 2.21 1.02 -- 0.10
Trichlorofluoromethane 2.42 1.19 6.20 0.08
Acrolein 3.19
Iodomethane 3.56
Acetonitrile 4.11
Carbon disulfide 4.11
Allyl chloride 4.11
Methylene chloride 4.40 2.06 9.27 0.03
1,1-Dichloroethene 4.57 1.57 7.83 0.12
Acetone 4.57
trans-1,2-Dichloroethene 4.57 2.36 9.90 0.06
Acrylonitrile 5.00
1,1-Dichloroethane 6.14 2.93 10.80 0.04
Vinyl acetate 6.43
2,2-Dichloropropane 8.10 3.80 11.87 0.35
2-Butanone --
cis-1,2-Dichloroethene 8.25 3.90 11.93 0.12
Propionitrile 8.51
Chloroform 9.01 4.80 12.60 0.03
Bromochloromethane -- 4.38 12.37 0.04
Methacrylonitrile 9.19
1,1,1-Trichloroethane 10.18 4.84 12.83 0.08
Carbon tetrachloride 11.02 5.26 13.17 0.21
1,1-Dichloropropene -- 5.29 13.10 0.10
Benzene 11.50 5.67 13.50 0.04
1,2-Dichloroethane 12.09 5.83 13.63 0.06
Trichloroethene 14.03 7.27 14.80 0.19
1,2-Dichloropropane 14.51 7.66 15.20 0.04
Bromodichloromethane 15.39 8.49 15.80 0.08
Dibromomethane 15.43 7.93 5.43 0.24
Methyl methacrylate 15.50
1,4-Dioxane 16.17
2-Chloroethyl vinyl ether --
4-Methyl-2-pentanone 17.32
trans-1,3-Dichloropropene 17.47 -- 16.70 -- 
Toluene 18.29 10.00 17.40 0.11
cis-1,3-Dichloropropene 19.38 -- 17.90 --
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TABLE 1 (cont.)


Compound Retention Time (minutes) MDLd


Column 1 Column 2 Column 2" (µg/L)a  b  c


1,1,2-Trichloroethane 19.59 11.05 18.30 0.10
Ethyl methacrylate 20.01
2-Hexanone 20.30
Tetrachloroethene 20.26 11.15 18.60 0.14
1,3-Dichloropropane 20.51 11.31 18.70 0.04
Dibromochloromethane 21.19 11.85 19.20 0.05
1,2-Dibromoethane 21.52 11.83 19.40 0.06
1-Chlorohexane -- 13.29 -- 0.05
Chlorobenzene 23.17 13.01 20.67 0.04
1,1,1,2-Tetrachloroethane 23.36 13.33 20.87 0.05
Ethylbenzene 23.38 13.39 21.00 0.06
p-Xylene 23.54 13.69 21.30 0.13
m-Xylene 23.54 13.68 21.37 0.05
o-Xylene 25.16 14.52 22.27 0.11
Styrene 25.30 14.60 22.40 0.04
Bromoform 26.23 14.88 22.77 0.12
Isopropylbenzene (Cumene) 26.37 15.46 23.30 0.15
cis-1,4-Dichloro-2-butene 27.12
1,1,2,2-Tetrachloroethane 27.29 16.35 24.07 0.04
Bromobenzene 27.46 15.86 24.00 0.03
1,2,3-Trichloropropane 27.55 16.23 24.13 0.32
n-Propylbenzene 27.58 16.41 24.33 0.04
2-Chlorotoluene 28.19 16.42 24.53 0.04
trans-1,4-Dichloro-2-butene 28.26
1,3,5-Trimethylbenzene 28.31 16.90 24.83 0.05
4-Chlorotoluene 28.33 16.72 24.77 0.06
Pentachloroethane 29.41
1,2,4-Trimethylbenzene 29.47 17.70 31.50 0.13
sec-Butylbenzene 30.25 18.09 26.13 0.13
tert-Butylbenzene 30.59 17.57 26.60 0.14
p-Isopropyltoluene 30.59 18.52 26.50 0.12
1,3-Dichlorobenzene 30.56 18.14 26.37 0.12
1,4-Dichlorobenzene 31.22 18.39 26.60 0.03
Benzyl chloride 32.00
n-Butylbenzene 32.23 19.49 27.32 0.11
1,2-Dichlorobenzene 32.31 19.17 27.43 0.03
1,2-Dibromo-3-chloropropane 35.30 21.08 -- 0.26
1,2,4-Trichlorobenzene 38.19 23.08 31.50 0.04
Hexachlorobutadiene 38.57 23.68 32.07 0.11
Naphthalene 39.05 23.52 32.20 0.04
1,2,3-Trichlorobenzene 40.01 24.18 32.97 0.03
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TABLE 1 (cont.)


Compound Retention Time (minutes) MDLd


Column 1 Column 2 Column 2" (µg/L)a  b  c


INTERNAL STANDARDS/SURROGATES


1,4-Difluorobenzene 13.26
Chlorobenzene-d 23.105


1,4-Dichlorobenzene-d 31.164


4-Bromofluorobenzene 27.83 15.71 23.63
1,2-Dichlorobenzene-d 32.30 19.08 27.254


Dichloroethane-d 12.084


Dibromofluoromethane --
Toluene-d 18.278


Pentafluorobenzene --
Fluorobenzene 13.00 6.27 14.06


Column 1 - 60 meter x 0.75 mm ID VOCOL capillary.  Hold at 10EC for 8 minutes, then programa


to 180EC at 4EC/min.


Column 2 - 30 meter x 0.53 mm ID DB-624 wide-bore capillary using cryogenic oven.  Hold atb


10EC for 5 minutes, then program to 160EC at 6EC/min.


Column 2" - 30 meter x 0.53 mm ID DB-624 wide-bore capillary, cooling GC oven to ambientc


temperatures.  Hold at 10EC for 6 minutes, program to 70EC at 10 EC/min, program to 120EC at
5EC/min, then program to 180EC at 8EC/min.


MDL based on a 25-mL sample volume.d
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TABLE 2


CHROMATOGRAPHIC RETENTION TIMES AND METHOD DETECTION LIMITS (MDL)
FOR VOLATILE ORGANIC COMPOUNDS ON NARROW-BORE CAPILLARY COLUMNS


Compound Retention Time (minutes) MDLb


Column 3 (µg/L)a


Dichlorodifluoromethane 0.88 0.11
Chloromethane 0.97 0.05
Vinyl chloride 1.04 0.04
Bromomethane 1.29 0.03
1,1-Dichloroethane 4.03 0.03
cis-1,2-Dichloroethene 5.07 0.06
2,2-Dichloropropane 5.31 0.08
Chloroform 5.55 0.04
Bromochloromethane 5.63 0.09
1,1,1-Trichloroethane 6.76 0.04
1,2-Dichloroethane 7.00 0.02
1,1-Dichloropropene 7.16 0.12
Carbon tetrachloride 7.41 0.02
Benzene 7.41 0.03
1,2-Dichloropropane 8.94 0.02
Trichloroethene 9.02 0.02
Dibromomethane 9.09 0.01
Bromodichloromethane 9.34 0.03
Toluene 11.51 0.08
1,1,2-Trichloroethane 11.99 0.08
1,3-Dichloropropane 12.48 0.08
Dibromochloromethane 12.80 0.07
Tetrachloroethene 13.20 0.05
1,2-Dibromoethane 13.60 0.10
Chlorobenzene 14.33 0.03
1,1,1,2-Tetrachloroethane 14.73 0.07
Ethylbenzene 14.73 0.03
p-Xylene 15.30 0.06
m-Xylene 15.30 0.03
Bromoform 15.70 0.20
o-Xylene 15.78 0.06
Styrene 15.78 0.27
1,1,2,2-Tetrachloroethane 15.78 0.20
1,2,3-Trichloropropane 16.26 0.09
Isopropylbenzene 16.42 0.10
Bromobenzene 16.42 0.11
2-Chlorotoluene 16.74 0.08
n-Propylbenzene 16.82 0.10
4-Chlorotoluene 16.82 0.06
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TABLE 2 (cont.)


Compound Retention Time (minutes) MDLb


Column 3 (µg/L)a


1,3,5-Trimethylbenzene 16.99 0.06
tert-Butylbenzene 17.31 0.33
1,2,4-Trimethylbenzene 17.31 0.09
sec-Butylbenzene 17.47 0.12
1,3-Dichlorobenzene 17.47 0.05
p-Isopropyltoluene 17.63 0.26
1,4-Dichlorobenzene 17.63 0.04
1,2-Dichlorobenzene 17.79 0.05
n-Butylbenzene 17.95 0.10
1,2-Dibromo-3-chloropropane 18.03 0.50
1,2,4-Trichlorobenzene 18.84 0.20
Naphthalene 19.07 0.10
Hexachlorobutadiene 19.24 0.10
1,2,3-Trichlorobenzene 19.24 0.14


Column 3 - 30 meter x 0.32 mm ID DB-5 capillary with 1 µm film thickness.a


MDL based on a 25-mL sample volume.b
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TABLE 3


ESTIMATED QUANTITATION LIMITS FOR VOLATILE ANALYTESa


Estimated Quantitation Limits


5-mL Ground Water 25-mL Ground water Low Soil/Sedimentb


Purge (µg/L) Purge (µg/L) µg/kg


5 1 5


Estimated Quantitation Limit (EQL) - The lowest concentration that can be reliably achieveda


within specified limits of precision and accuracy during routine laboratory operating conditions.
The EQL is generally 5 to 10 times the MDL.  However, it may be nominally chosen within
these guidelines to simplify data reporting. For many analytes the EQL analyte concentration
is selected for the lowest non-zero standard in the calibration curve. Sample EQLs are highly
matrix-dependent.  The EQLs listed herein are provided for guidance and may not always be
achievable.  See the following footnote for further guidance on matrix-dependent EQLs.


EQLs listed for soil/sediment are based on wet weight.  Normally data are  reported on a dryb


weight basis; therefore, EQLs will be higher, based on the percent dry weight in each sample.


Other Matrices Factorc


Water miscible liquid waste 50
High concentration soil and sludge 125
Non-water miscible waste 500


EQL = [EQL for low soil sediment (Table 3)] x [Factor].c


For non-aqueous samples, the factor is on a wet-weight basis.
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TABLE 4


BFB (4-BROMOFLUOROBENZENE) MASS INTENSITY CRITERIAa


m/z Required Intensity (relative abundance)


50 15 to 40% of m/z 95
75 30 to 60% of m/z 95
95 Base peak, 100% relative abundance
96 5 to 9% of m/z 95


173 Less than 2% of m/z 174
174 Greater than 50% of m/z 95
175 5 to 9% of m/z 174
176 Greater than 95% but less than 101% of m/z 174
177 5 to 9% of m/z 176


Alternate tuning criteria may be used, (e.g. CLP, Method 524.2, or manufacturers"a


instructions), provided that method performance is not adversely affected.
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TABLE 5


CHARACTERISTIC MASSES (m/z) FOR PURGEABLE ORGANIC COMPOUNDS


Primary Secondary
Characteristic Characteristic


Compound Ion Ion(s)


Acetone 58 43
Acetonitrile 41 40, 39
Acrolein 56 55, 58
Acrylonitrile 53 52, 51
Allyl alcohol 57 58, 39
Allyl chloride 76 41, 39, 78
Benzene 78 -
Benzyl chloride 91 126, 65, 128
Bromoacetone 136 43, 138, 93, 95
Bromobenzene 156 77, 158
Bromochloromethane 128 49, 130
Bromodichloromethane 83 85, 127
Bromoform 173 175, 254
Bromomethane 94 96
iso-Butanol 74 43
n-Butanol 56 41
2-Butanone 72 43
n-Butylbenzene 91 92, 134
sec-Butylbenzene 105 134
tert-Butylbenzene 119 91, 134
Carbon disulfide 76 78
Carbon tetrachloride 117 119
Chloral hydrate 82 44, 84, 86, 111
Chloroacetonitrile 48 75
Chlorobenzene 112 77, 114
1-Chlorobutane 56 49
Chlorodibromomethane 129 208, 206
Chloroethane 64 (49*) 66 (51*)
2-Chloroethanol 49 44, 43, 51, 80
Bis(2-chloroethyl) sulfide 109 111, 158, 160
2-Chloroethyl vinyl ether 63 65, 106
Chloroform 83 85
Chloromethane 50 (49*) 52 (51*)
Chloroprene 53 88, 90, 51
3-Chloropropionitrile 54 49, 89, 91
2-Chlorotoluene 91 126
4-Chlorotoluene 91 126
1,2-Dibromo-3-chloropropane 75 155, 157
Dibromochloromethane 129 127
1,2-Dibromoethane 107 109, 188
Dibromomethane 93 95, 174
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TABLE 5 (cont.)


Primary Secondary
Characteristic Characteristic


Compound Ion Ion(s)


1,2-Dichlorobenzene 146 111, 148
1,2-Dichlorobenzene-d 152 115, 1504


1,3-Dichlorobenzene 146 111, 148
1,4-Dichlorobenzene 146 111, 148
cis-1,4-Dichloro-2-butene 75 53, 77, 124, 89
trans-1,4-Dichloro-2-butene 53 88, 75
Dichlorodifluoromethane 85 87
1,1-Dichloroethane 63 65, 83
1,2-Dichloroethane 62 98
1,1-Dichloroethene 96 61, 63
cis-1,2-Dichloroethene 96 61, 98
trans-1,2-Dichloroethene 96 61, 98
1,2-Dichloropropane 63 112
1,3-Dichloropropane 76 78
2,2-Dichloropropane 77 97
1,3-Dichloro-2-propanol 79 43, 81, 49
1,1-Dichloropropene 75 110, 77
cis-1,3-Dichloropropene 75 77, 39
trans-1,3-Dichloropropene 75 77, 39
1,2,3,4-Diepoxybutane 55 57, 56
Diethyl ether 74 45, 59
1,4-Dioxane 88 58, 43, 57
Epichlorohydrin 57 49, 62, 51
Ethanol 31 45, 27, 46
Ethyl acetate 88 43, 45, 61
Ethylbenzene 91 106
Ethylene oxide 44 43, 42
Ethyl methacrylate 69 41, 99, 86, 114
Hexachlorobutadiene 225 223, 227
Hexachloroethane 201 166, 199, 203
2-Hexanone 43 58, 57, 100
2-Hydroxypropionitrile 44 43, 42, 53
Iodomethane 142 127, 141
Isobutyl alcohol 43 41, 42, 74
Isopropylbenzene 105 120
p-Isopropyltoluene 119 134, 91
Malononitrile 66 39, 65, 38
Methacrylonitrile 41 67, 39, 52, 66
Methyl acrylate 55 85
Methyl-t-butyl ether 73 57
Methylene chloride 84 86, 49
Methyl ethyl ketone 72 43
Methyl iodide 142 127, 141
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TABLE 5 (cont.)


Primary Secondary
Characteristic Characteristic


Compound Ion Ion(s)


Methyl methacrylate 69 41, 100, 39
4-Methyl-2-pentanone 100 43, 58, 85
Naphthalene 128 -
Nitrobenzene 123 51, 77
2-Nitropropane 46 -
2-Picoline 93 66, 92, 78
Pentachloroethane 167 130, 132, 165, 169
Propargyl alcohol 55 39, 38, 53
$-Propiolactone 42 43, 44
Propionitrile (ethyl cyanide) 54 52, 55, 40
n-Propylamine 59 41, 39
n-Propylbenzene 91 120
Pyridine 79 52
Styrene 104 78
1,2,3-Trichlorobenzene 180 182, 145
1,2,4-Trichlorobenzene 180 182, 145
1,1,1,2-Tetrachloroethane 131 133, 119
1,1,2,2-Tetrachloroethane 83 131, 85
Tetrachloroethene 164 129, 131, 166
Toluene 92 91
1,1,1-Trichloroethane 97 99, 61
1,1,2-Trichloroethane 83 97, 85
Trichloroethene 95 97, 130, 132
Trichlorofluoromethane 151 101, 153
1,2,3-Trichloropropane 75 77
1,2,4-Trimethylbenzene 105 120
1,3,5-Trimethylbenzene 105 120
Vinyl acetate 43 86
Vinyl chloride 62 64
o-Xylene 106 91
m-Xylene 106 91
p-Xylene 106 91
Internal Standards/Surrogates:


Benzene-d 84 836


Bromobenzene-d 82 1625


Bromochloromethane-d 51 1312


1,4-Difluorobenzene 114
Chlorobenzene-d 1175


1,4-Dichlorobenzene-d 152 115, 1504


1,1,2-Trichloroethane-d 1003


4-Bromofluorobenzene 95 174, 176
Chloroform-d 841


Dibromofluoromethane 113
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TABLE 5 (cont.)


Primary Secondary
Compound Characteristic Characteristic


Ion Ion(s)


Internal Standards/Surrogates
Dichloroethane-d 1024


Toluene-d 988


Pentafluorobenzene 168
Fluorobenzene 96 77


* Characteristic ion for an ion trap mass spectrometer (to be used when ion-molecule reactions
are observed).
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TABLE 6


SINGLE LABORATORY ACCURACY AND PRECISION DATA FOR
PURGEABLE VOLATILE ORGANIC COMPOUNDS IN WATER DETERMINED


WITH A WIDE-BORE CAPILLARY COLUMN (METHOD 5030)


Conc. Number Standard
Range of % Deviation


Compound (µg/L) Samples Recovery of Recovery RSDa  b


Benzene 0.1 - 10 31 97 6.5 5.7
Bromobenzene 0.1 - 10 30 100 5.5 5.5
Bromochloromethane 0.5 - 10 24 90 5.7 6.4
Bromodichloromethane 0.1 - 10 30 95 5.7 6.1
Bromoform 0.5 - 10 18 101 6.4 6.3
Bromomethane 0.5 - 10 18 95 7.8 8.2
n-Butylbenzene 0.5 - 10 18 100 7.6 7.6
sec-Butylbenzene 0.5 - 10 16 100 7.6 7.6
tert-Butylbenzene 0.5 - 10 18 102 7.4 7.3
Carbon tetrachloride 0.5 - 10 24 84 7.4 8.8
Chlorobenzene 0.1 - 10 31 98 5.8 5.9
Chloroethane 0.5 - 10 24 89 8.0 9.0
Chloroform 0.5 - 10 24 90 5.5 6.1
Chloromethane 0.5 - 10 23 93 8.3 8.9
2-Chlorotoluene 0.1 - 10 31 90 5.6 6.2
4-Chlorotoluene 0.1 - 10 31 99 8.2 8.3
1,2-Dibromo-3-Chloropropane 0.5 - 10 24 83 16.6 19.9
Dibromochloromethane 0.1 - 10 31 92 6.5 7.0
1,2-Dibromoethane 0.5 - 10 24 102 4.0 3.9
Dibromomethane 0.5 - 10 24 100 5.6 5.6
1,2-Dichlorobenzene 0.1 - 10 31 93 5.8 6.2
1,3-Dichlorobenzene 0.5 - 10 24 99 6.8 6.9
1,4-Dichlorobenzene 0.2 - 20 31 103 6.6 6.4
Dichlorodifluoromethane 0.5 - 10 18 90 6.9 7.7
1,1-Dichlorobenzene 0.5 - 10 24 96 5.1 5.3
1,2-Dichlorobenzene 0.1 - 10 31 95 5.1 5.4
1,1-Dichloroethene 0.1 - 10 34 94 6.3 6.7
cis-1,2-Dichloroethene 0.5 - 10 18 101 6.7 6.7
trans-1,2-Dichloroethene 0.1 - 10 30 93 5.2 5.6
1,2-Dichloropropane 0.1 - 10 30 97 5.9 6.1
1,3-Dichloropropane 0.1 - 10 31 96 5.7 6.0
2,2-Dichloropropane 0.5 - 10 12 86 14.6 16.9
1,1-Dichloropropene 0.5 - 10 18 98 8.7 8.9
Ethylbenzene 0.1 - 10 31 99 8.4 8.6
Hexachlorobutadiene 0.5 - 10 18 100 6.8 6.8
Isopropylbenzene 0.5 - 10 16 101 7.7 7.6
p-Isopropyltoluene 0.1 - 10 23 99 6.7 6.7
Methylene chloride 0.1 - 10 30    95 5.0 5.3
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TABLE 6 (cont.)


Conc. Number Standard
Range of % Deviation


Compound (µg/L) Samples Recovery of Recovery RSDa  b


Naphthalene 0.1 -100 31   104 8.6 8.2
n-Propylbenzene 0.1 - 10 31   100 5.8 5.8
Styrene 0.1 -100 39   102 7.3 7.2
1,1,1,2-Tetrachloroethane 0.5 - 10 24 90 6.1 6.8
1,1,2,2-Tetrachloroethane 0.1 - 10 30 91 5.7 6.3
Tetrachloroethene 0.5 - 10 24 89 6.0 6.8
Toluene 0.5 - 10 18 102 8.1 8.0
1,2,3-Trichlorobenzene 0.5 - 10 18 109 9.4 8.6
1,2,4-Trichlorobenzene 0.5 - 10 18 108 9.0 8.3
1,1,1-Trichloroethane 0.5 - 10 18 98 7.9 8.1
1,1,2-Trichloroethane 0.5 - 10 18 104 7.6 7.3
Trichloroethene 0.5 - 10 24 90 6.5 7.3
Trichlorofluoromethane 0.5 - 10 24 89 7.2 8.1
1,2,3-Trichloropropane 0.5 - 10 16 108 15.6 14.4
1,2,4-Trimethylbenzene 0.5 - 10 18 99 8.0 8.1
1,3,5-Trimethylbenzene 0.5 - 10 23 92 6.8 7.4
Vinyl chloride 0.5 - 10 18 98 6.5 6.7
o-Xylene 0.1 - 31 18 103 7.4 7.2
m-Xylene 0.1 - 10 31 97 6.3 6.5
p-Xylene 0.5 - 10 18 104 8.0 7.7


Recoveries were calculated using internal standard method.  The internal standard wasa


fluorobenzene.


Standard deviation was calculated by pooling data from three concentrations.b
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TABLE 7


SINGLE LABORATORY ACCURACY AND PRECISION DATA FOR
PURGEABLE VOLATILE ORGANIC COMPOUNDS IN WATER DETERMINED


WITH A NARROW-BORE CAPILLARY COLUMN (METHOD 5030)


Number Standard
Conc. of % Deviation


Compound (µg/L) Samples Recovery of Recovery RSDa  b


Benzene 0.1 7 99 6.2 6.3
Bromobenzene 0.5 7 97 7.4 7.6
Bromochloromethane 0.5 7 97 5.8 6.0
Bromodichloromethane 0.1 7 100 4.6 4.6
Bromoform 0.5 7 101 5.4 5.3
Bromomethane 0.5 7 99 7.1 7.2
n-Butylbenzene 0.5 7 94 6.0 6.4
sec-Butylbenzene 0.5 7 110 7.1 6.5
tert-Butylbenzene 0.5 7 110 2.5 2.3
Carbon tetrachloride 0.1 7 108 6.8 6.3
Chlorobenzene 0.1 7 91 5.8 6.4
Chloroethane 0.1 7 100 5.8 5.8
Chloroform 0.1 7 105 3.2 3.0
Chloromethane 0.5 7 101 4.7 4.7
2-Chlorotoluene 0.5 7 99 4.6 4.6
4-Chlorotoluene 0.5 7 96 7.0 7.3
1,2-Dibromo-3-chloropropane 0.5 7 92 10.0 10.9
Dibromochloromethane 0.1 7 99 5.6 5.7
1,2-Dibromoethane 0.5 7 97 5.6 5.8
Dibromomethane 0.5 7 93 5.6 6.0
1,2-Dichlorobenzene 0.1 7 97 3.5 3.6
1,3-Dichlorobenzene 0.1 7 101 6.0 5.9
1,4-Dichlorobenzene 0.1 7 106 6.5 6.1
Dichlorodifluoromethane 0.1 7 99 8.8 8.9
1,1-Dichloroethane 0.5 7 98 6.2 6.3
1,2-Dichloroethane 0.1 7 100 6.3 6.3
1,1-Dichloroethene 0.1 7 95 9.0 9.5
cis-1,2-Dichloroethene 0.1 7 100 3.5 3.7
trans-1,2-Dichloroethene 0.1 7 98 7.2 7.3
1,2-Dichloropropane 0.5 7 96 6.0 6.3
1,3-Dichloropropane 0.5 7 99 5.8 5.9
2,2-Dichloropropane 0.5 7 99 4.9 4.9
1,1-Dichloropropene 0.5 7 102 7.4 7.3
Ethylbenzene 0.5 7 99 5.2 5.3
Hexachlorobutadiene 0.5 7 100 6.7 6.7
Isopropylbenzene 0.5 7 102 6.4 6.3
p-Isopropyltoluene 0.5 7 113 13.0 11.5
Methylene chloride 0.5 7 97 13.0 13.4
Naphthalene 0.5 7 98 7.2 7.3
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TABLE 7 (cont.)


Number Standard
Conc. of % Deviation


Compound (µg/L) Samples Recovery of Recovery RSDa  b


n-Propylbenzene 0.5 7 99 6.6 6.7
Styrene 0.5 7 96 19.0 19.8
1,1,1,2-Tetrachloroethane 0.5 7 100 4.7 4.7
1,1,2,2-Tetrachloroethane 0.5 7 100 12.0 12.0
Tetrachloroethene 0.1 7 96 5.0 5.2
Toluene 0.5 7 100 5.9 5.9
1,2,3-Trichlorobenzene 0.5 7 102 8.9 8.7
1,2,4-Trichlorobenzene 0.5 7 91 16.0 17.6
1,1,1-Trichloroethane 0.5 7 100 4.0 4.0
1,1,2-Trichloroethane 0.5 7 102 4.9 4.8
Trichloroethene 0.1 7 104 2.0 1.9
Trichlorofluoromethane 0.1 7 97 4.6 4.7
1,2,3-Trichloropropane 0.5 7 96 6.5 6.8
1,2,4-Trimethylbenzene 0.5 7 96 6.5 6.8
1,3,5-Trimethylbenzene 0.5 7 101 4.2 4.2
Vinyl chloride 0.1 7 104 0.2 0.2
o-Xylene 0.5 7 106 7.5 7.1
m-Xylene 0.5 7 106 4.6 4.3
p-Xylene 0.5 7 97 6.1 6.3


Recoveries were calculated using internal standard method.  Internal standard wasa


fluorobenzene.
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TABLE 8


SURROGATE SPIKE RECOVERY LIMITS FOR WATER AND SOIL/SEDIMENT SAMPLES


Surrogate Compound Water Soil/Sediment


4-Bromofluorobenzene 86-115 74-121a


Dibromofluoromethane 86-118 80-120a


Toluene-d 88-110 81-1178
a


Dichloroethane-d 80-120 80-1204
a


Single laboratory data, for guidance only.a


TABLE 9


QUANTITY OF EXTRACT REQUIRED FOR ANALYSIS OF HIGH CONCENTRATION SAMPLES


Approximate Concentration Range Volume of Extracta


(µg/kg)


500 - 10,000 100 µL
1,000 - 20,000 50 µL
5,000 - 100,000 10 µL


25,000 - 500,000 100 µL of 1/50 dilutionb


Calculate appropriate dilution factor for concentrations exceeding this table.


The volume of solvent added to 5 mL of water being purged should be kept constant.  Therefore,a


add to the 5-mL syringe whatever volume of solvent is necessary to maintain a volume of 100 µL
added to the syringe.


Dilute an aliquot of the solvent extract and then take 100 µL for analysis.b
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TABLE 10


DIRECT INJECTION ANALYSIS OF NEW OIL AT 5 PPM (METHOD 3585)


Blank Spike
Compound Recovery (%) %RSD (ppm) (ppm)


Acetone 91 14.8 1.9 5.0
Benzene 86 21.3 0.1 0.5
n-Butanol*,** 107 27.8 0.5 5.0
iso-Butanol*,** 95 19.5 0.9 5.0
Carbon tetrachloride 86 44.7 0.0 0.5
Carbon disulfide** 53 22.3 0.0 5.0
Chlorobenzene 81 29.3 0.0 5.0
Chloroform 84 29.3 0.0 6.0
1,4-Dichlorobenzene 98 24.9 0.0 7.5
1,2-Dichloroethane 101 23.1 0.0 0.5
1,1-Dichloroethene 97 45.3 0.0 0.7
Diethyl ether 76 24.3 0.0 5.0
Ethyl acetate 113 27.4 0.0 5.0
Ethylbenzene 83 30.1 0.2 5.0
Hexachloroethane 71 30.3 0.0 3.0
Methylene chloride 98 45.3 0.0 5.0
Methyl ethyl ketone 79 24.6 0.4 5.0
MIBK 93 31.4 0.0 5.0
Nitrobenzene 89 30.3 0.0 2.0
Pyridine 31 35.9 0.0 5.0
Tetrachloroethene 82 27.1 0.0 0.7
Trichlorofluoromethane 76 27.6 0.0 5.0
1,1,2-Trichlorotrifluoroethane 69 29.2 0.0 5.0
Toluene 73 21.9 0.6 5.0
Trichloroethene 66 28.0 0.0 0.5
Vinyl chloride 63 35.2 0.0 0.2
o-Xylene 83 29.5 0.4 5.0
m/p-Xylene 84 29.5 0.6 10.0


* Alternate mass employed
** IS quantitation


Data are taken from Reference 9.
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TABLE 11


SINGLE LABORATORY PERFORMANCE
DATA FOR THE DIRECT INJECTION METHOD - USED OIL (METHOD 3585)


Blank Spike
Compound Recovery (%) %RSD (ppm) (ppm)


Acetone** 105 54 2.0 5.0
Benzene 3135 44 14 0.5
Benzene-d 56 44 2.9 0.56


n-Butanol** 100 71 12 5.0
iso-Butanol*,** 132 27 0 5.0
Carbon tetrachloride 143 68 0 0.5
Carbon tetrachloride- C 99 44 5.1 0.513


Carbon disulfide** 95 63 0 5.0
Chlorobenzene 148 71 0 5.0
Chlorobenzene-d 60 44 3.6 5.05


Chloroform 149 74 0 6.0
Chloroform-d 51 44 2.6 6.01


1,4-Dichlorobenzene 142 72 0 7.5
1,4-Dichlorobenzene-d 53 44 3.4 7.54


1,2-Dichloroethane** 191 54 0 0.5
1,1-Dichloroethene* 155 51 0 0.7
1,1-Dichloroethene-d 68 44 3.4 0.72


Diethyl ether** 95 66 0 5.0
Ethyl acetate*,** 126 39 0 5.0
Ethylbenzene 1298 44 54 5.0
Ethylbenzene-d 63 44 3.6 5.010


Hexachloroethane 132 72 0 3.0
Hexachloroethane- C 54 45 3.5 3.013


Methylene chloride** 86 65 0.3 5.0
Methyl ethyl ketone** 107 64 0 5.0
4-Methyl-2-pentanone (MIBK)** 100 74 0.1 5.0
Nitrobenzene 111 80 0 2.0
Nitrobenzene-d 65 53 4.0 2.05


Pyridine** 68 85 0 5.0
Pyridine-d ND -- 0 5.05


Tetrachloroethene** 101 73 0 0.7
Trichlorofluoromethane** 91 70 0 5.0
1,1,2-Cl F ethane** 81 70 0 5.03 3


Toluene 2881 44 128 5.0
Toluene-d 63 44 3.6 5.08


Trichloroethene 152 57 0 0.5
Trichloroethene-d 55 44 2.8 0.51
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TABLE 11 (cont.)


Blank Spike
Compound Recovery (%) %RSD (ppm) (ppm)


Vinyl chloride** 100 69 0 0.2
o-Xylene 2292 44 105 5.0
o-Xylene-d 76 44 4.2 5.010


m-/p-Xylene 2583 44 253 10.0
p-Xylene-d 67 44 3.7 10.010


* Alternate mass employed
** IS quantitation
ND =  Not Detected


Data are based on seven measurements and are taken from Reference 9.
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TABLE 12


METHOD DETECTION LIMITS (METHOD 5031)


Compound


MDL (µg/L) Concentration Factor


   Macro Macro Microa


Acetone  31 25-500 -


Acetonitrile  57 25-500 200


Acrolein  - - 100


Acrylonitrile  16 25-500 100


Allyl Alcohol    7 25-500 -


1-Butanol  - - 250


Crotonaldehyde  12 25-500 -


1,4-Dioxane  12 25-500 150


Ethyl Acetate  - - 100


Isobutyl alcohol    7 25-500 -


Methanol  38 25-500 140


Methyl Ethyl Ketone  16 25-500 -


2-Methyl-1-propanol  - - 250


n-Nitroso-di-n-butylamine  14 25-500 -


Paraldehyde  10 25-500 -


2-Picoline    7 25-500 -


1-Propanol  - - 240


Propionitrile  11 25-500 200


Pyridine    4 25-500 -


o-Toluidine  13 25-500 -


Produced by analysis of seven aliquots of reagent water spiked at 25 ppb at the listed compounds;a


calculations based on internal standard technique and use of the following equation:


MDL = 3.134 x Std. Dev. of low concentration spike (ppb).


When a 40-mL sample is used, and the first 100 µL of distillate are collected.b
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TABLE 13


TARGET COMPOUNDS, SURROGATES, AND INTERNAL STANDARDS (METHOD 5031)


Target Compound Surrogate Internal Standard


Acetone d -Acetone d -Isopropyl alcohol6 8


Acetonitrile d -Acetonitrile d -Isopropyl alcohol3 8


Acrylonitrile d -Isopropyl alcohol8


Allyl alcohol d -Dimethyl formamide7


Crotonaldehyde d -Isopropyl alcohol8


1,4-Dioxane d -1,4-Dioxane d -Dimethyl formamide8 7


Isobutyl alcohol d -Dimethyl formamide7


Methanol d -Methanol d -Isopropyl alcohol3 8


Methyl ethyl ketone d -Isopropyl alcohol8


N-Nitroso-di-n-butylamine d -Dimethyl formamide7


Paraldehyde d -Dimethyl formamide7


2-Picoline d -Dimethyl formamide7


Propionitrile d -Isopropyl alcohol8


Pyridine d -Pyridine d -Dimethyl formamide5 7


o-Toluidine d -Dimethyl formamide7
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TABLE 14


RECOMMENDED CONCENTRATIONS FOR CALIBRATION SOLUTIONS (METHOD 5031)


Compound Concentration(s) (ng/µL)


Internal Standards


d -benzyl alcohol 10.05


d -Diglyme 10.014


d -Dimethyl formamide 10.07


d -Isopropyl alcohol 10.08


Surrogates


d -Acetone 10.06


d -Acetonitrile 10.03


d -1,4-Dioxane 10.08


d -Methanol 10.03


d -Pyridine 10.05


Target Compounds


Acetone 1.0, 5.0, 10.0, 25.0, 100.0
Acetonitrile 1.0, 5.0, 10.0, 25.0, 100.0
Acrylonitrile 1.0, 5.0, 10.0, 25.0, 100.0
Allyl alcohol 1.0, 5.0, 10.0, 25.0, 100.0
Crotonaldehyde 1.0, 5.0, 10.0, 25.0, 100.0
1,4-Dioxane 1.0, 5.0, 10.0, 25.0, 100.0
Isobutyl alcohol 1.0, 5.0, 10.0, 25.0, 100.0
Methanol 1.0, 5.0, 10.0, 25.0, 100.0
Methyl ethyl ketone 1.0, 5.0, 10.0, 25.0, 100.0
N-Nitroso-di-n-butylamine 1.0, 5.0, 10.0, 25.0, 100.0
Paraldehyde 1.0, 5.0, 10.0, 25.0, 100.0
2-Picoline 1.0, 5.0, 10.0, 25.0, 100.0
Propionitrile 1.0, 5.0, 10.0, 25.0, 100.0
Pyridine 1.0, 5.0, 10.0, 25.0, 100.0
o-Toluidine 1.0, 5.0, 10.0, 25.0, 100.0
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TABLE 15


CHARACTERISTIC IONS AND RETENTION TIMES FOR VOCs (METHOD 5031)


Quantitation Secondary Retention
Compound Ion Ions Time (min)a  b


Internal Standards


d -Isopropyl alcohol 49 1.758


d -Diglyme 66 98,64 9.0714


d -Dimethyl formamide 50 80 9.207


Surrogates


d -Acetone 46 64,42 1.036


d -Methanol 33 35,30 1.753


d -Acetonitrile 44 42 2.633


d -1,4-Dioxane 96 64,34 3.978


d -Pyridine 84 56,79 6.735


d -Phenol 99 71 15.435
c


Target Compounds


Acetone 43 58 1.05
Methanol 31 29 1.52
Methyl ethyl ketone 43 72,57 1.53
Methacrylonitrile 67 41 2.38c


Acrylonitrile 53 52,51 2.53
Acetonitrile 41 40,39 2.73
Methyl isobutyl ketone 85 100,58 2.78c


Propionitrile 54 52,55 3.13
Crotonaldehyde 41 70 3.43
1,4-Dioxane 58 88,57 4.00
Paraldehyde 45 89 4.75
Isobutyl alcohol 43 33,42 5.05
Allyl alcohol 57 39 5.63
Pyridine 79 50,52 6.70
2-Picoline 93 66 7.27
N-Nitroso-di-n-butylamine 84 116 12.82
Aniline 93 66,92 13.23c


o-Toluidine 106 107 13.68
Phenol 94 66,65 15.43c


These ions were used for quantitation in selected ion monitoring.a


GC column: DB-Wax, 30 meter x 0.53 mm, 1 µm film thickness.  b


Oven program: 45EC for 4 min, increased to 220EC at 12EC/min.
Compound removed from target analyte list due to poor accuracy and precision.c
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TABLE 16


METHOD ACCURACY AND PRECISION BY MEAN PERCENT RECOVERY AND PERCENT
 RELATIVE STANDARD DEVIATION   (METHOD 5031 - MACRODISTILLATION TECHNIQUE)a


(Single Laboratory and Single Operator)


25 ppb Spike 100 ppb Spike 500 ppb Spike
Compound Mean %R %RSD Mean %R %RSD Mean %R %RSD


d -Acetone 66 24 69 14 65 166


d -Acetonitrile 89 18 80 18 70 103


d -1,4-Dioxane 56 34 58 11 61 188


d -Methanol 43 29 48 19 56 143


d -Pyridine 83 6.3 84 7.8 85 9.05


Acetone 67 45 63 14 60 14
Acetonitrile 44 35 52 15 56 15
Acrylonitrile 49 42 47 27 45 27
Allyl alcohol 69 13 70 9.7 73 10
Crotonaldehyde 68 22 68 13 69 13
1,4-Dioxane 63 25 55 16 54 13
Isobutyl alcohol 66 14 66 5.7 65 7.9
Methanol 50 36 46 22 49 18
Methyl ethyl ketone 55 37 56 20 52 19
N-Nitroso-di- 57 21 61 15 72 18
  n-butylamine
Paraldehyde 65 20 66 11 60 8.9
Picoline 81 12 81 6.8 84 8.0
Propionitrile 67 22 69 13 68 13
Pyridine 74 7.4 72 6.7 74 7.3
o-Toluidine 52 31 54 15 58 12


Data from analysis of seven aliquots of reagent water spiked at each concentration, using aa


quadrapole mass spectrometer in the selected ion monitoring mode.
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TABLE 17


RECOVERIES IN SAND SAMPLES FORTIFIED AT 4 µg/kg (ANALYSIS BY METHOD 5035)


Recovery per Replicate (ng) Mean
Compound 1 2 3 4 5 Mean RSD Rec


Vinyl chloride 8.0 7.5 6.7 5.4 6.6 6.8 13.0 34.2
Trichlorofluoromethane 13.3 16.5 14.9 13.0 10.3 13.6 15.2 68.0
1,1-Dichloroethene 17.1 16.7 15.1 14.8 15.6 15.9 5.7 79.2
Methylene chloride 24.5 22.7 19.7 19.4 20.6 21.4 9.1 107
trans-1,2-Dichloroethene 22.7 23.6 19.4 18.3 20.1 20.8 0.7 104
1,2-Dichloroethane 18.3 18.0 16.7 15.6 15.9 16.9 6.4 84.4
cis-1,2-Dichloroethene 26.1 23.1 22.6 20.3 20.8 22.6 9.0 113
Bromochloromethane 24.5 25.4 20.9 20.1 20.1 22.2 10.2 111
Chloroform 26.5 26.0 22.1 18.9 22.1 23.1 12.2 116
1,1,1-Trichloroethane 21.5 23.0 23.9 16.7 31.2 23.4 21.2 117
Carbon tetrachloride 23.6 24.2 22.6 18.3 23.3 22.4 9.4 112
Benzene 22.4 23.9 20.4 17.4 19.2 20.7 11.2 103
Trichloroethene 21.5 20.5 19.2 14.4 19.1 18.9 12.7 94.6
1,2-Dichloropropane 24.9 26.3 23.1 19.0 23.3 23.3 10.5 117
Dibromomethane 25.4 26.4 21.6 20.4 23.6 23.5 9.6 117
Bromodichloromethane 25.7 26.7 24.1 17.9 23.0 23.5 13.1 117
Toluene 28.3 25.0 24.8 16.3 23.6 23.6 16.9 118
1,1,2-Trichloroethane 25.4 24.5 21.6 17.7 22.1 22.2 12.1 111
1,3-Dichloropropane 25.4 24.2 22.7 17.0 22.2 22.3 12.8 112
Dibromochloromethane 26.3 26.2 23.7 18.2 23.2 23.5 12.5 118
Chlorobenzene 22.9 22.5 19.8 14.6 19.4 19.9 15.0 99.3
1,1,1,2-Tetrachloroethane 22.4 27.7 25.1 19.4 22.6 23.4 12.0 117
Ethylbenzene 25.6 25.0 22.1 14.9 24.0 22.3 17.5 112
p-Xylene 22.5 22.0 19.8 13.9 20.3 19.7 15.7 98.5
o-Xylene 24.2 23.1 21.6 14.0 20.4 20.7 17.3 103
Styrene 23.9 21.5 20.9 14.3 20.5 20.2 15.7 101
Bromoform 26.8 25.6 26.0 20.1 23.5 24.4 9.9 122
iso-Propylbenzene 25.3 25.1 24.2 15.4 24.6 22.9 16.6 114
Bromobenzene 19.9 21.8 20.0 15.5 19.1 19.3 10.7 96.3
1,2,3-Trichloropropane 25.9 23.0 25.6 15.9 21.4 22.2 15.8 111
n-Propylbenzene 26.0 23.8 22.6 13.9 21.9 21.6 19.0 106
2-Chlorotoluene 23.6 23.8 21.3 13.0 21.5 20.6 19.2 103
4-Chlorotoluene 21.0 19.7 18.4 12.1 18.3 17.9 17.1 89.5
1,3,5-Trimethylbenzene 24.0 22.1 22.5 13.8 22.9 21.1 17.6 105
sec-Butylbenzene 25.9 25.3 27.8 16.1 28.6 24.7 18.1 124
1,2,4-Trimethylbenzene 30.6 39.2 22.4 18.0 22.7 26.6 28.2 133
1,3-Dichlorobenzene 20.3 20.6 18.2 13.0 17.6 17.9 15.2 89.7
p-iso-Propyltoluene 21.6 22.1 21.6 16.0 22.8 20.8 11.8 104
1,4-Dichlorobenzene 18.1 21.2 20.0 13.2 17.4 18.0 15.3 90.0
1,2-Dichlorobenzene 18.4 22.5 22.5 15.2 19.9 19.7 13.9 96.6
n-Butylbenzene 13.1 20.3 19.5 10.8 18.7 16.5 23.1 82.4
1,2,4-Trichlorobenzene 14.5 14.9 15.7 8.8 12.3 13.3 18.8 66.2
Hexachlorobutadiene 17.6 22.5 21.6 13.2 21.6 19.3 18.2 96.3
1,2,3-Trichlorobenzene 14.9 15.9 16.5 11.9 13.9 14.6 11.3 73.1


Data in Tables 17, 18, and 19 are from Reference 15.
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TABLE 18
RECOVERIES IN C-HORIZON SOILS FORTIFIED AT 4 µg/kg (ANALYSIS BY METHOD 5035)


Recovery per Replicate (ng) Mean
Compound 1 2 3 4 5 Mean RSD Rec


Vinyl chloride 33.4 31.0 30.9 29.7 28.6 30.8 5.2 154
Trichlorofluoromethane 37.7 20.8 20.0 21.8 20.5 24.1 28.2 121
1,1-Dichloroethene 21.7 33.5 39.8 30.2 32.5 31.6 18.5 158
Methylene chloride 20.9 19.4 18.7 18.3 18.4 19.1 5.1 95.7
trans-1,2-Dichloroethene 21.8 18.9 20.4 17.9 17.8 19.4 7.9 96.8
1,1-Dichloroethane 23.8 21.9 21.3 21.3 20.5 21.8 5.2 109
cis-1,2-Dichloroethene 21.6 18.8 18.5 18.2 18.2 19.0 6.7 95.2
Bromochloromethane 22.3 19.5 19.3 19.0 19.2 20.0 6.0 100
Chloroform 20.5 17.1 17.3 16.5 15.9 17.5 9.2 87.3
1,1,1-Trichloroethane 16.4 11.9 10.7 9.5 9.4 11.6 22.4 57.8
Carbon tetrachloride 13.1 11.3 13.0 11.8 11.2 12.1 6.7 60.5
Benzene 21.1 19.3 18.7 18.2 16.9 18.8 7.4 94.1
Trichloroethene 19.6 16.4 16.5 16.5 15.5 16.9 8.3 84.5
1,2-Dichloropropane 21.8 19.0 18.3 18.8 16.5 18.9 9.0 94.4
Dibromomethane 20.9 17.9 17.9 17.2 18.3 18.4 6.9 92.1
Bromodichloromethane 20.9 18.0 18.9 18.2 17.3 18.6 6.6 93.2
Toluene 22.2 17.3 18.8 17.0 15.9 18.2 12.0 91.2
1,1,2-Trichloroethane 21.0 16.5 17.2 17.2 16.5 17.7 9.6 88.4
1,3-Dichloropropane 21.4 17.3 18.7 18.6 16.7 18.5 8.8 92.6
Dibromochloromethane 20.9 18.1 19.0 18.8 16.6 18.7 7.5 93.3
Chlorobenzene 20.8 18.4 17.6 16.8 14.8 17.7 11.2 88.4
1,1,1,2-Tetrachloroethane 19.5 19.0 17.8 17.2 16.5 18.0 6.2 90.0
Ethylbenzene 21.1 18.3 18.5 16.9 15.3 18.0 10.6 90.0
p-Xylene 20.0 17.4 18.2 16.3 14.4 17.3 10.9 86.3
o-Xylene 20.7 17.2 16.8 16.2 14.8 17.1 11.4 85.7
Styrene 18.3 15.9 16.2 15.3 13.7 15.9 9.3 79.3
Bromoform 20.1 15.9 17.1 17.5 16.1 17.3 8.6 86.7
iso-Propylbenzene 21.0 18.1 19.2 18.4 15.6 18.4 9.6 92.2
Bromobenzene 20.4 16.2 17.2 16.7 15.4 17.2 10.1 85.9
1,1,2,2-Tetrachloroethane 23.3 17.9 21.2 18.8 16.8 19.6 12.1 96.0
1,2,3-Trichloropropane 18.4 14.6 15.6 16.1 15.6 16.1 8.0 80.3
n-Propylbenzene 20.4 18.9 17.9 17.0 14.3 17.7 11.6 88.4
2-Chlorotoluene 19.1 17.3 16.1 16.0 14.4 16.7 9.2 83.6
4-Chlorotoluene 19.0 15.5 16.8 15.9 13.6 16.4 10.6 81.8
1,3,5-Trimethylbenzene 20.8 18.0 17.4 16.1 14.7 17.4 11.7 86.9
sec-Butylbenzene 21.4 18.3 18.9 17.0 14.9 18.1 11.8 90.5
1,2,4-Trimethylbenzene 20.5 18.6 16.8 15.3 13.7 17.0 14.1 85.0
1,3-Dichlorobenzene 17.6 15.9 15.6 14.2 14.4 15.6 7.9 77.8
p-iso-Propyltoluene 20.5 17.0 17.1 15.6 13.4 16.7 13.9 83.6
1,4-Dichlorobenzene 18.5 13.8 14.8 16.7 14.9 15.7 10.5 78.7
1,2-Dichlorobenzene 18.4 15.0 15.4 15.3 13.5 15.5 10.5 77.6
n-Butylbenzene 19.6 15.9 15.9 14.4 18.9 16.9 11.7 84.6
1,2,4-Trichlorobenzene 15.2 17.2 17.4 13.6 12.1 15.1 13.5 75.4
Hexachlorobutadiene 18.7 16.2 15.5 13.8 16.6 16.1 10.0 80.7
Naphthalene 13.9 11.1 10.2 10.8 11.4 11.5 11.0 57.4
1,2,3-Trichlorobenzene 14.9 15.2 16.8 13.7 12.7 14.7 9.5 73.2
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TABLE 19
RECOVERIES IN GARDEN SOIL FORTIFIED AT 4 µg/kg (ANALYSIS BY METHOD 5035)


Recovery per Replicate (ng) Mean
Compound 1 2 3 4 5 Mean RSD Rec


Vinyl chloride 12.7 10.9 9.8 8.1 7.2 9.7 20.2 48.7
Trichlorofluoromethane 33.7 6.4 30.3 27.8 22.9 24.2 39.6 121
1,1-Dichloroethene 27.7 20.5 24.1 15.1 13.2 20.1 26.9 101
Methylene chloride 25.4 23.9 24.7 22.2 24.2 24.1 4.4 120
trans-1,2-Dichloroethene 2.8 3.0 3.3 2.2 2.4 2.7 15.0 13.6
1,1-Dichloroethane 24.1 26.3 27.0 20.5 21.2 23.8 11.0 119
cis-1,2-Dichloroethene 8.3 10.2 8.7 5.8 6.4 7.9 20.1 39.4
Bromochloromethane 11.1 11.8 10.2 8.8 9.0 10.2 11.2 50.9
Chloroform 16.7 16.9 17.0 13.8 15.0 15.9 7.9 79.3
1,1,1-Trichloroethane 24.6 22.8 22.1 16.2 20.9 21.3 13.4 107
Carbon tetrachloride 19.4 20.3 22.2 20.0 20.2 20.4 4.6 102
Benzene 21.4 22.0 22.4 19.6 20.4 21.2 4.9 106
Trichloroethene 12.4 16.5 14.9 9.0 9.9 12.5 22.9 62.7
1,2-Dichloropropane 19.0 18.8 19.7 16.0 17.6 18.2 7.1 91.0
Dibromomethane 7.3 8.0 6.9 5.6 6.8 6.9 11.3 34.6
Bromodichloromethane 14.9 15.9 15.9 12.8 13.9 14.7 8.3 73.3
Toluene 42.6 39.3 45.1 39.9 45.3 42.4 5.9 212
1,1,2-Trichloroethane 13.9 15.2 1.4 21.3 14.9 15.9 17.0 79.6
1,3-Dichloropropane 13.3 16.7 11.3 10.9 9.5 12.3 20.3 61.7
Dibromochloromethane 14.5 13.1 14.5 11.9 14.4 13.7 7.6 68.3
Chlorobenzene 8.4 10.0 8.3 6.9 7.8 8.3 12.1 41.3
1,1,1,2-Tetrachloroethane 16.7 16.7 15.6 15.8 15.7 16.1 3.2 80.4
Ethylbenzene 22.1 21.4 23.1 20.1 22.6 21.9 4.8 109
p-Xylene 41.4 38.4 43.8 38.3 44.0 41.2 6.1 206
o-Xylene 31.7 30.8 34.3 30.4 33.2 32.1 4.6 160
Styrene 0 0 0 0 0 0 0 0
Bromoform 8.6 8.9 9.1 7.0 7.7 8.3 9.4 41.4
iso-Propylbenzene 18.1 18.8 9.7 18.3 19.6 18.9 3.5 94.4
Bromobenzene 5.1 5.4 5.3 4.4 4.0 4.8 11.6 24.1
1,1,2,2-Tetrachloroethane 14.0 13.5 14.7 15.3 17.1 14.9 8.5 74.5
1,2,3-Trichloropropane 11.0 12.7 11.7 11.7 11.9 11.8 4.5 59.0
n-Propylbenzene 13.4 13.3 14.7 12.8 13.9 13.6 4.7 68.1
2-Chlorotoluene 8.3 9.0 11.7 8.7 7.9 9.1 14.8 45.6
4-Chlorotoluene 5.1 5.4 5.5 4.8 4.5 5.0 7.9 25.2
1,3,5-Trimethylbenzene 31.3 27.5 33.0 31.1 33.6 31.3 6.8 157
sec-Butylbenzene 13.5 13.4 16.4 13.8 15.4 14.5 8.3 72.5
1,2,4-Trimethylbenzene 38.7 32.4 40.8 34.1 40.3 37.3 9.1 186
1,3-Dichlorobenzene 3.6 3.6 3.7 3.0 3.2 3.4 8.0 17.2
p-iso-Propyltoluene 14.7 14.1 16.1 13.9 15.1 14.8 5.2 73.8
1,4-Dichlorobenzene 3.0 3.5 3.3 2.6 2.8 3.0 10.2 15.0
1,2-Dichlorobenzene 3.6 4.3 4.0 3.5 3.6 3.8 8.3 19.0
n-Butylbenzene 17.4 13.8 14.0 18.9 24.0 17.6 21.2 88.0
1,2,4-Trichlorobenzene 2.8 2.9 3.3 2.6 3.2 3.0 8.5 15.0
Hexachlorobutadiene 4.8 4.0 6.1 5.6 6.0 5.3 15.1 26.4
Naphthalene 5.5 5.1 5.5 4.7 5.6 5.3 6.2 26.5
1,2,3-Trichlorobenzene 2.2 2.3 2.4 2.2 2.3 2.3 3.5 11.4
Data in Table 19 are from Reference 15.
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TABLE 20


VOLATILE ORGANIC ANALYTE RECOVERY FROM SOIL
USING VACUUM DISTILLATION (METHOD 5032)a


Soil/H O Soil/Oil Soil/Oil/H O2 2
b c


Recovery Recovery Recovery
Compound Mean RSD Mean RSD Mean RSD


Chloromethane 61 20 40 18 108 68
Bromomethane 58 20 47 13 74 13
Vinyl chloride 54 12 46 11 72 20
Chloroethane 46 10 41 8 52 14
Methylene chloride 60 2 65 8 76 11
Acetone INT INT 44 8e


Carbon disulfide 47 13 53 10 47 4
1,1-Dichloroethene 48 9 47 5 58 3
1,1-Dichloroethane 61 6 58 9 61 6
trans-1,2-Trichloroethane 54 7 60 7 56 5
cis-1,2-Dichloroethene 60 4 72 6 63 8
Chloroform 104 11 93 6 114 15
1,2-Dichloroethane 177 50 117 8 151 22
2-Butanone INT 36 38 INT
1,1,1-Trichloroethane 124 13 72 16 134 26
Carbon tetrachloride 172 122 INT INT
Vinyl acetate 88 11 INT
Bromodichloromethane 93 4 91 23 104 23
1,1,2,2-Tetrachloroethane 96 13 50 12 104 7
1,2-Dichloropropane 105 8 102 6 111 6
trans-1,3-Dichloropropene 134 10 84 16 107 8
Trichloroethene 98 9 99 10 100 5
Dibromochloromethane 119 8 125 31 142 16
1,1,2-Trichloroethane 126 10 72 16 97 4
Benzene 99 7 CONT CONT f


cis-1,3-Dichloropropene 123 12 94 13 112 9
Bromoform 131 13 58 18 102 9
2-Hexanone 155 18 164 19 173 29
4-Methyl-2-pentanone 152 20 185 20 169 18
Tetrachloroethene 90 9 123 14 128 7
Toluene 94 3 CONT CONT
Chlorobenzene 98 7 93 18 112 5
Ethylbenzene 114 13 CONT CONT
Styrene 106 8 93 18 112 5
p-Xylene 97 9 CONT CONT
o-Xylene 105 8 112 12 144 13
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Soil/H O Soil/Oil Soil/Oil/H O2 2
b c


Recovery Recovery Recovery
Compound Mean RSD Mean RSD Mean RSD


Surrogates


1,2-Dichloroethane 177 50 117 8 151 22
Toluene-d 96 6 79 12 82 68


Bromofluorobenzene 139 13 37 13 62 5


Results are for 10 min. distillations times, and condenser temperature held at -10EC.  A 30 m xa


0.53 mm ID stable wax column with a 1 µm film thickness was used for chromatography.
Standards and samples were replicated and precision value reflects the propagated errors.  Each
analyte was spiked at 50 ppb.   Vacuum distillation efficiencies (Method 5032) are modified by
internal standard corrections.  Method 8260 internal standards may introduce bias for some
analytes.  See Method 5032 to identify alternate internal standards with similar efficiencies to
minimize bias.


Soil samples spiked with 0.2 mL water containing analytes and then 5 mL water added to makeb


slurry.


Soil sample + 1 g cod liver oil, spiked with 0.2 mL water containing analytes.c


Soil samples + 1 g cod liver oil, spiked as above with 5 mL of water added to make slurry.d


Interference by co-eluting compounds prevented accurate measurement of analyte.e


Contamination of sample matrix by analyte prevented assessment of efficiency.f
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TABLE 21


VACUUM DISTILLATION EFFICIENCIES FOR VOLATILE ORGANIC ANALYTES
IN FISH TISSUE (METHOD 5032)a


Efficiency
Compound Mean (%) RSD (%)


Chloromethane N/Ab


Bromomethane N/Ab


Vinyl chloride N/Ab


Chloroethane N/Ab


Methylene chloride CONTc


Acetone CONTc


Carbon disulfide 79 36
1,1-Dichloroethene 122 39
1,1-Dichloroethane 126 35
trans-1,2-Trichloroethene 109 46
cis-1,2-Dichloroethene 106 22
Chloroform 111 32
1,2-Dichloroethane 117 27
2-Butanone INTd


1,1,1-Trichloroethane 106 30
Carbon tetrachloride 83 34
Vinyl acetate INTd


Bromodichloromethane 97 22
1,1,2,2-Tetrachloroethane 67 20
1,2-Dichloropropane 117 23
trans-1,3-Dichloropropene 92 22
Trichloroethene 98 31
Dibromochloromethane 71 19
1,1,2-Trichloroethane 92 20
Benzene 129 35
cis-1,3-Dichloropropene 102 24
Bromoform 58 19
2-Hexanone INTd


4-Methyl-2-pentanone 113 37
Tetrachloroethene 66 20
Toluene CONTc


Chlorobenzene 65 19
Ethylbenzene 74 19
Styrene 57 14
p-Xylene 46 13
o-Xylene 83 20
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Efficiency
Compound Mean (%) RSD (%)


Surrogates


1,2-Dichloroethane 115 27
Toluene-d 88 248


Bromofluorobenzene 52 15


Results are for 10 min. distillation times and condenser temperature held at -10EC.  Five replicatea


10-g aliquots of fish spiked at 25 ppb were analyzed using GC/MS external standard quantitation.
A 30 m x 0.53 mm ID stable wax column with a 1 µm film thickness was used for
chromatography.  Standards were replicated and results reflect 1 sigma propagated standard
deviation.


No analyses.b


Contamination of sample matrix by analyte prevented accurate assessment of analyte efficiency.c


Interfering by co-eluting compounds prevented accurate measurement of analyte.d
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TABLE 22


METHOD DETECTION LIMITS (MDL) FOR VOLATILE ORGANIC ANALYTES
IN FISH TISSUE (METHOD 5032)a


Method Detection Limit (ppb)
External Internal


Compound Standard Method Standard Method


Chloromethane 7.8 7.3
Bromomethane 9.7 9.8
Vinyl chloride 9.5 9.4
Chloroethane 9.2 10.0
Methylene chloride CONT CONTb b


Acetone CONT CONTb b


Carbon disulfide 5.4 4.9
1,1-Dichloroethene 4.0 5.7
1,1-Dichloroethane 4.0 3.5
trans-1,2-Dichloroethene 4.4 4.0
cis-1,2-Dichloroethene 4.7 4.1
Chloroform 5.6 5.0
1,2-Dichloroethane 3.3 3.2
2-Butanone INT INTc c


1,1,1-Trichloroethane 1.1 4.2
Carbon tetrachloride 3.2 3.5
Vinyl acetate INT INTc c


Bromodichloromethane 3.2 2.8
1,1,2,2-Tetrachloroethane 4.4 3.8
1,2-Dichloropropane 3.8 3.7
trans-1,3-Dichloropropene 3.4 3.0
Trichloroethene 3.1 4.0
Dibromochloromethane 3.5 3.2
1,1,2-Trichloroethane 4.4 3.3
Benzene 3.6 3.2
cis-1,3-Dichloropropene 3.5 3.0
Bromoform 4.9 4.0
2-Hexanone 7.7 8.0
4-Methyl-2-pentanone 7.5 8.0
Tetrachloroethene 4.3 4.0
Toluene 3.0 2.5
Chlorobenzene 3.3 2.8
Ethylbenzene 3.6 3.5
Styrene 3.5 3.3
p-Xylene 3.7 3.5
o-Xylene 3.3 4.7


Footnotes are on the following page.
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Values shown are the average MDLs for studies on three non-consecutive days, involving sevena


replicate analyses of 10 g of fish tissue spiked a 5 ppb.  Daily MDLs were calculated as three
times the standard deviation.  Quantitation was performed by GC/MS Method 8260 and
separation with a 30 m x 0.53 mm ID stable wax column with a 1 µm film thickness.


Contamination of sample by analyte prevented determination.b


Interference by co-eluting compounds prevented accurate quantitation.c
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TABLE 23


VOLATILE ORGANIC ANALYTES RECOVERY FOR WATER
USING VACUUM DISTILLATION (METHOD 5032)a


5 mL H O 20 mL H O 20 mL H O/Oil2   2   2
b   c


Recovery Recovery Recovery
Compound Mean RSD Mean RSD Mean RSD


Chloromethane 114 27 116 29 176 67
Bromomethane 131 14 121 14 113 21
Vinyl chloride 131 13 120 16 116 23
Chloroethane 110 15 99 8 96 16
Methylene chloride 87 16 105 15 77 6
Acetone 83 22 65 34 119 68
Carbon disulfide 138 17 133 23 99 47
1,1-Dichloroethene 105 11 89 4 96 18
1,1-Dichloroethane 118 10 119 11 103 25
trans-1,2-Dichloroethene 105 11 107 14 96 18
cis-1,2-Dichloroethene 106 7 99 5 104 23
Chloroform 114 6 104 8 107 21
1,2-Dichloroethane 104 6 109 8 144 19
2-Butanone 83 50 106 31 INTc


1,1,1-Trichloroethane 118 9 109 9 113 23
Carbon tetrachloride 102 6 108 12 109 27
Vinyl acetate 90 16 99 7 72 36
Bromodichloromethane 104 3 110 5 99 5
1,1,2,2-Tetrachloroethane 85 17 81 7 111 43
1,2-Dichloropropane 100 6 103 2 104 7
trans-1,3-Dichloropropene 105 8 105 4 92 4
Trichloroethene 98 4 99 2 95 5
Dibromochloroethane 99 8 99 6 90 25
1,1,2-Trichloroethane 98 7 100 4 76 12
Benzene 97 4 100 5 112 10
cis-1,3-Dichloropropene 106 5 105 4 98 3
Bromoform 93 16 94 8 57 21
2-Hexanone 60 17 63 16 78 23
4-Methyl-2-pentanone 79 24 63 14 68 15
Tetrachloroethene 101 3 97 7 77 14
Toluene 100 6 97 8 85 5
Chlorobenzene 98 6 98 4 88 16
Ethylbenzene 100 3 92 8 73 13
Styrene 98 4 97 9 88 16
p-Xylene 96 4 94 8 60 12
o-Xylene 96 7 95 6 72 14
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TABLE 23 (cont.)


5 mL H O 20 mL H O 20 mL H O/Oil2   2   2
b   c


Recovery Recovery Recovery
Compound Mean RSD Mean RSD Mean RSD


Surrogates


1,2-Dichloroethane 104 6 109 6 144 19
Toluene-d 104 5 102 2 76 78


Bromofluorobenzene 106 6 106 9 40 8


Results are for 10 min. distillation times, and condenser temperature held at -10EC.  A 30 m x 0.53a


mm ID stable wax column with a 1 µm film thickness was used for chromatography.  Standards
and samples were replicated and precision values reflect the propagated errors.  Concentrations
of analytes were 50 ppb for 5-mL samples and 25 ppb for 20-mL samples.  Recovery data
generated with  comparison to analyses of standards without the water matrix.


Sample contained 1 gram cod liver oil and 20 mL water.  An emulsion was  created by adding 0.2b


mL of water saturated with lecithin.


Interference by co-eluting compounds prevented accurate assessment of recovery.c
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TABLE 24


METHOD DETECTION LIMITS (MDL) FOR VOLATILE ORGANIC ANALYTES
USING VACUUM DISTILLATION (METHOD 5032) (INTERNAL STANDARD METHOD)a


Water Soil Tissue Oilb c d e


Compound (µg/L) (µg/kg) (µg/kg) (mg/kg)


Chloromethane 3.2 8.0 7.3 N/Af


Bromomethane 2.8 4.9 9.8 N/Af


Vinyl chloride 3.5 6.0 9.4 N/Af


Chloroethane 5.9 6.0 10.0 N/Af


Methylene chloride 3.1 4.0 CONT 0.05g


Acetone 5.6 CONT CONT 0.06g g


Carbon disulfide 2.5 2.0 4.9 0.18
1,1-Dichloroethene 2.9 3.2 5.7 0.18
1,1-Dichloroethane 2.2 2.0 3.5 0.14
trans-1,2-Dichloroethene 2.2 1.4 4.0 0.10
cis-1,2-Dichloroethene 2.0 2.3 4.1 0.07
Chloroform 2.4 1.8 5.0 0.07
1,2-Dichloroethane 1.7 1.5 3.2 0.06
2-Butanone 7.4 INT INT INTh h h


1,1,1-Trichloroethane 1.8 1.7 4.2 0.10
Carbon tetrachloride 1.4 1.5 3.5 0.13
Vinyl acetate 11.8 INT INT INTh h h


Bromodichloromethane 1.6 1.4 2.8 0.06
1,1,2,2-Tetrachloroethane 2.5 2.1 3.8 0.02
1,2-Dichloropropane 2.2 2.1 3.7 0.15
trans-1,3-Dichloropropene 1.5 1.7 3.0 0.05
Trichloroethene 1.6 1.7 4.0 0.04
Dibromochloromethane 1.7 1.5 3.2 0.07
1,1,2-Trichloroethane 2.1 1.7 3.3 0.05
Benzene 0.5 1.5 3.2 0.05
cis-1,3-Dichloropropene 1.4 1.7 3.0 0.04
Bromoform 1.8 1.5 4.0 0.05
2-Hexanone 4.6 3.6 8.0 INTh


4-Methyl-2-pentanone 3.5 4.6 8.0 INTh


Tetrachloroethene 1.4 1.6 4.0 0.10
Toluene 1.0 3.3 2.5 0.05
Chlorobenzene 1.4 1.4 2.8 0.06
Ethylbenzene 1.5 2.8 3.5 0.04
Styrene 1.4 1.4 3.3 0.18
p-Xylene 1.5 2.9 3.5 0.20
o-Xylene 1.7 3.4 4.7 0.07


Footnotes are found on the following page.
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Quantitation was performed using GC/MS Method 8260 and chromatographic separation witha


a 30 m x 0.53 mm ID stable wax column with a 1 µm film thickness.  Method detection limits
are the average MDLs for studies on three non-consecutive days.


Method detection limits are the average MDLs for studies of three non-consecutive days.  Dailyb


studies were seven replicated analyses of 5 mL aliquots of 4 ppb soil.  Daily MDLs were three
times the standard deviation. 


Daily studies were seven replicated analyses of 10 g fish tissue spiked at 5 ppb.  Daily MDLsc


were three times the standard deviation.  Quantitation was performed using GC/MS Method
8260 and chromatographic separation with a 30 m x 0.53 mm ID stable wax column with a 1
µm film thickness.  


Method detection limits are estimated analyzing 1 g of cod liver oil samples spiked at 250 ppm.d


Five replicates were analyzed using Method 8260.


No analyses.e


Contamination of sample by analyte prevented determination.f


Interference by co-eluting compounds prevented accurate quantitation.g
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TABLE 25


METHOD DETECTION LIMITS (MDL) FOR VOLATILE ORGANIC ANALYTES
(METHOD 5032) (EXTERNAL STANDARD METHOD)a


Water Soil Tissue Oilb c d e


Compound (µg/L) (µg/kg) (µg/kg) (mg/kg)


Chloromethane 3.1 8.6 7.8 N/Af g


Bromomethane 2.5 4.9 9.7 N/Af g


Vinyl chloride 4.0 7.1 9.5 N/Af g


Chloroethane 6.1 7.5 9.2 N/Af g


Methylene chloride 3.1 3.3 CONT 0.08h


Acetone 33.0 CONT CONT 0.12f h h


Carbon disulfide 2.5 3.2 5.4 0.19
1,1-Dichloroethene 3.4 3.8 4.0 0.19
1,1-Dichloroethane 2.3 1.7 4.0 0.13
trans-1,2-Dichloroethene 3.0 3.2 4.4 0.09
cis-1,2-Dichloroethene 2.4 2.7 4.7 0.08
Chloroform 2.7 2.6 5.6 0.06
1,2-Dichloroethane 1.6 1.7 3.3 0.06
2-Butanone 57.0 INT INT INTf i i i


1,1,1-Trichloroethane 1.6 2.4 1.1 0.08
Carbon tetrachloride 1.5 1.7 3.2 0.15
Vinyl acetate 23.0 INT INT INTf i i i


Bromodichloromethane 2.0 2.3 3.2 0.05
1,1,2,2-Tetrachloroethane 3.6 3.2 4.4 0.09
1,2-Dichloropropane 2.9 3.7 3.8 0.12
trans-1,3-Dichloropropene 2.3 2.4 3.8 0.08
Trichloroethene 2.5 3.0 3.1 0.06
Dibromochloromethane 2.1 2.9 3.5 0.04
1,1,2-Trichloroethane 2.7 2.8 4.4 0.07
Benzene 1.7 2.9 3.6 0.03
cis-1,3-Dichloropropene 2.1 2.5 3.5 0.06
Bromoform 2.3 2.5 4.9 0.10
2-Hexanone 4.6 4.6 7.7 INTi


4-Methyl-2-pentanone 3.8 3.9 7.5 INTi


Tetrachloroethene 1.8 2.6 4.3 0.12
Toluene 1.8 4.4 3.0 0.09
Chlorobenzene 2.4 2.6 3.3 0.07
Ethylbenzene 2.4 4.1 3.6 0.09
Styrene 2.0 2.5 3.5 0.16
p-Xylene 2.3 3.9 3.7 0.18
o-Xylene 2.4 4.1 3.3 0.08
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Method detection limits are the average MDLs for studies on three non-consecutive days.  Dailya


studies were seven replicate analyses of 5-mL aliquots of water spiked at 4 ppb.  Daily MDLs
were three times the standard deviation.


Daily studies were seven replicate analyses of 5-mL aliquots of water spiked at 4 ppb.  b


These studies were seven replicate analyses of 5-g aliquots of soil spiked at 4 ppb.  c


These studies were seven replicate analyses of 10-g aliquots of fish tissue spiked at 5 ppb.d


Method detection limits were estimated by analyzing cod liver oil samples spiked at 250 ppb.e


Five replicates were analyzed using Method 8260.  


Method detection limits were estimated by analyzing replicate 50 ppb standards five times overf


a single day.


No analyses.g


Contamination of sample by analyte prevented determination.h


Interference by co-eluting compound prevented accurate quantitation.I
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TABLE 26


VOLATILE ORGANIC ANALYTE RECOVERY FROM OIL
USING VACUUM DISTILLATION (METHOD 5032)a


Recovery
Compound Mean (%) RSD (%)


Chloromethane N/Ab


Bromomethane N/Ab


Vinyl chloride N/Ab


Chloroethane N/Ab


Methylene chloride 62 32
Acetone 108 55
Carbon disulfide 98 46
1,1-Dichloroethene 97 24
1,1-Dichloroethane 96 22
trans-1,2-Trichloroethene 86 23
cis-1,2-Dichloroethene 99 11
Chloroform 93 14
1,2-Dichloroethane 138 31
2-Butanone INTc


1,1,1-Trichloroethane 89 14
Carbon tetrachloride 129 23
Vinyl acetate INTc


Bromodichloromethane 106 14
1,1,2,2-Tetrachloroethane 205 46
1,2-Dichloropropane 107 24
trans-1,3-Dichloropropene 98 13
Trichloroethene 102 8
Dibromochloromethane 168 21
1,1,2-Trichloroethane 95 7
Benzene 146 10
cis-1,3-Dichloropropene 98 11
Bromoform 94 18
2-Hexanone INTc


4-Methyl-2-pentanone INTc


Tetrachloroethene 117 22
Toluene 108 8
Chlorobenzene 101 12
Ethylbenzene 96 10
Styrene 120 46
p-Xylene 87 23
o-Xylene 90 10
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Recovery
Compound Mean (%) RSD (%)


Surrogates


1,2-Dichloroethane 137 30
Toluene-d 84 68


Bromofluorobenzene 48 2


Results are for 10 min. distillation times and condenser temperature held at -10EC.  Five replicatesa


of 10-g fish aliquots spiked at 25 ppb were analyzed.  Quantitation was performed with a 30 m x
0.53 mm ID stable wax column with a 1 µm film thickness.  Standards and samples were
replicated and precision value reflects the propagated errors.  Vacuum distillation efficiencies
(Method 5032) are modified by internal standard corrections.  Method 8260 internal standards may
bias for some analytes.  See Method 5032 to identify alternate internal standards with similar
efficiencies to minimize bias.


Not analyzed.b


Interference by co-evaluating compounds prevented accurate measurement of analyte.c







CD-ROM 8260B - 71 Revision 2
December 1996


TABLE 27


METHOD DETECTION LIMITS (MDL) FOR VOLATILE ORGANIC ANALYTES
IN OIL (METHOD 5032)a


Method Detection Limit (ppb)
External Internal


Compound Standard Method Standard Method


Chloromethane N/A N/Ab b


Bromomethane N/A N/Ab b


Vinyl chloride N/A N/Ab b


Chloroethane N/A N/Ab b


Methylene chloride 80 50
Acetone 120 60
Carbon disulfide 190 180
1,1-Dichloroethene 190 180
1,1-Dichloroethane 130 140
trans-1,2-Dichloroethene 90 100
cis-1,2-Dichloroethene 80 70
Chloroform 60 70
1,2-Dichloroethane 60 60
2-Butanone INT INTc c


1,1,1-Trichloroethane 80 100
Carbon tetrachloride 150 130
Vinyl acetate INT INTc c


Bromodichloromethane 50 60
1,1,2,2-Tetrachloroethane 90 20
1,2-Dichloropropane 120 150
trans-1,3-Dichloropropene 80 50
Trichloroethene 60 40
Dibromochloromethane 40 70
1,1,2-Trichloroethane 70 50
Benzene 30 50
cis-1,3-Dichloropropene 60 40
Bromoform 100 50
2-Hexanone INT INTc c


4-Methyl-2-pentanone INT INTc c


Tetrachloroethene 120 100
Toluene 90 50
Chlorobenzene 70 60
Ethylbenzene 90 40
Styrene 160 180
p-Xylene 180 200
o-Xylene 80 70
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Method detection limits are estimated as the result of five replicated  analyses of 1 g cod livera


oil spiked at 25 ppb.  MDLs were calculated as three times the standard deviation.  Quantitation
was performed using a 30 m x 0.53 mm ID stable wax column with a 1 µm film thickness.  


No analyses.b


Interference by co-eluting compounds prevented accurate quantitation.c
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TABLE 28


INTERNAL STANDARDS FOR ANALYTES AND SURROGATES PREPARED USING EQUILIBRIUM HEADSPACE ANALYSIS
(METHOD 5021)


Chloroform-d 1,1,2-TCA-d Bromobenzene-d1 3 5


Dichlorodifluoromethane 1,1,1-Trichloroethane Chlorobenzene
Chloromethane 1,1-Dichloropropene Bromoform
Vinyl chloride Carbon tetrachloride Styrene
Bromomethane Benzene iso-Propylbenzene
Chloroethane Dibromomethane Bromobenzene
Trichlorofluoromethane 1,2-Dichloropropane n-Propylbenzene
1,1-Dichloroethene Trichloroethene 2-Chlorotoluene
Methylene chloride Bromodichloromethane 4-Chlorotoluene
trans-1,2-Dichloroethene cis-1,3-Dichloropropene 1,3,5-Trimethylbenzene
1,1-Dichloroethane trans-1,3-Dichloropropene tert-Butylbenzene
cis-1,2-Dichloroethene 1,1,2-Trichloroethane 1,2,4-Trimethylbenzene
Bromochloromethane Toluene sec-Butylbenzene
Chloroform 1,3-Dichloropropane 1,3-Dichlorobenzene
2,2-Dichloropropane Dibromochloromethane 1,4-Dichlorobenzene
1,2-Dichloroethane 1,2-Dibromoethane p-iso-Propyltoluene


Tetrachloroethene 1,2-Dichlorobenzene
1,1,2-Trichloroethane n-Butylbenzene
Ethylbenzene 1,2-Dibromo-3-chloropropane
m-Xylene 1,2,4-Trichlorobenzene
p-Xylene Naphthalene
o-Xylene Hexachlorobutadiene
1,1,2,2-Tetrachloroethane 1,2,3-Trichlorobenzene
1,2,3-Trichloropropane
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PRECISION AND MDL DETERMINED FOR ANALYSIS OF FORTIFIED SAND  (METHOD 5021)a


Compound % RSD MDL (µg/kg)


Benzene 3.0 0.34
Bromochloromethane 3.4 0.27
Bromodichloromethane 2.4 0.21
Bromoform 3.9 0.30
Bromomethane 11.6 1.3
Carbon tetrachloride 3.6 0.32
Chlorobenzene 3.2 0.24
Chloroethane 5.6 0.51
Chloroform 3.1 0.30
Chloromethane 4.1 3.5b


1,2-Dibromo-3-chloropropane 5.7 0.40
1,2-Dibromoethane 3.2 0.29
Dibromomethane 2.8 0.20
1,2-Dichlorobenzene 3.3 0.27
1,3-Dichlorobenzene 3.4 0.24
1,4-Dichlorobenzene 3.7 0.30
Dichlorodifluoromethane 3.0 0.28
1,1-Dichloroethane 4.5 0.41
1,2-Dichloroethane 3.0 0.24
1,1-Dichloroethene 3.3 0.28
cis-1,2-Dichloroethene 3.2 0.27
trans-1,2-Dichloroethene 2.6 0.22
1,2-Dichloropropane 2.6 0.21
1,1-Dichloropropene 3.2 0.30
cis-1,3-Dichloropropene 3.4 0.27
Ethylbenzene 4.8 0.47
Hexachlorobutadiene 4.1 0.38
Methylene chloride 8.2 0.62c


Naphthalene 16.8 3.4c


Styrene 7.9 0.62
1,1,1,2-Tetrachloroethane 3.6 0.27
1,1,2,2-Tetrachloroethane 2.6 0.20
Tetrachloroethene 9.8 1.2c


Toluene 3.5 0.38
1,2,4-Trichlorobenzene 4.2 0.44
1,1,1-Trichloroethane 2.7 0.27
1,1,2-Trichloroethane 2.6 0.20
Trichloroethene 2.3 0.19
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Compound % RSD MDL (µg/kg)


Trichlorofluoromethane 2.7 0.31
1,2,3-Trichloropropane 1.5 0.11
Vinyl chloride 4.8 0.45
m-Xylene/p-Xylene 3.6 0.37
o-Xylene 3.6 0.33


Most compounds spiked at 2 ng/g (2 µg/kg)a


Incorrect ionization due to methanolb


Compound detected in unfortified sand at >1 ngc
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TABLE 30


RECOVERIES IN GARDEN SOIL FORTIFIED AT 20 µg/kg (ANALYSIS BY METHOD 5021)


Recovery per Replicate (ng) Mean Recovery
Compound Sample 1 Sample 2 Sample 3 (ng) RSD (%)


Benzene 37.6 35.2 38.4 37.1 3.7 185a


Bromochloromethane 20.5 19.4 20.0 20.0 2.3 100
Bromodichloromethane 21.1 20.3 22.8 21.4 4.9 107
Bromoform 23.8 23.9 25.1 24.3 2.4 121
Bromomethane 21.4 19.5 19.7 20.2 4.2 101
Carbon tetrachloride 27.5 26.6 28.6 27.6 3.0 138
Chlorobenzene 25.6 25.4 26.4 25.8 1.7 129
Chloroethane 25.0 24.4 25.3 24.9 1.5 125
Chloroform 21.9 20.9 21.7 21.5 2.0 108
Chloromethane 21.0 19.9 21.3 20.7 2.9 104a


1,2-Dibromo-3-chloro-
  propane 20.8 20.8 21.0 20.9 0.5 104
1,2-Dibromoethane 20.1 19.5 20.6 20.1 2.2 100
Dibromomethane 22.2 21.0 22.8 22.0 3.4 110
1,2-Dichlorobenzene 18.0 17.7 17.1 17.6 2.1 88.0
1,3-Dichlorobenzene 21.2 21.0 20.1 20.8 2.3 104
1,4-Dichlorobenzene 20.1 20.9 19.9 20.3 2.1 102
Dichlorodifluoromethane 25.3 24.1 25.4 24.9 2.4 125
1,1-Dichloroethane 23.0 22.0 22.7 22.6 1.9 113
1,2-Dichloroethane 20.6 19.5 19.8 20.0 2.3 100
1,1-Dichloroethene 24.8 23.8 24.4 24.3 1.7 122
cis-1,2-Dichloroethene 21.6 20.0 21.6 21.1 3.6 105
trans-1,2-Dichloroethene 22.4 21.4 22.2 22.0 2.0 110
1,2-Dichloropropane 22.8 22.2 23.4 22.8 2.1 114
1,1-Dichloropropene 26.3 25.7 28.0 26.7 3.7 133
cis-1,3-Dichloropropene 20.3 19.5 21.1 20.3 3.2 102
Ethylbenzene 24.7 24.5 25.5 24.9 1.7 125
Hexachlorobutadiene 23.0 25.3 25.2 24.5 4.3 123
Methylene chloride 26.0 25.7 26.1 25.9 0.7 130a


Naphthalene 13.8 12.7 11.8 12.8 6.4 63.8a


Styrene 24.2 23.3 23.3 23.6 1.8 118
1,1,1,2-Tetrachloroethane 21.4 20.2 21.3 21.0 2.6 105
1,1,2,2-Tetrachloroethane 18.6 17.8 19.0 18.5 2.7 92.3
Tetrachloroethene 25.2 24.8 26.4 25.5 2.7 127
Toluene 28.6 27.9 30.9 29.1 4.4 146a


1,2,4-Trichlorobenzene 15.0 14.4 12.9 14.1 6.3 70.5
1,1,1-Trichloroethane 28.1 27.2 29.9 28.4 4.0 142
1,1,2-Trichloroethane 20.8 19.6 21.7 20.7 4.2 104
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TABLE 30 (cont.)


Recovery per Replicate (ng) Mean Recovery
Compound Sample 1 Sample 2 Sample 3 (ng) RSD (%)


Trichloroethene 26.3 24.9 26.8 26.0 3.1 130
Trichlorofluoromethane 25.9 24.8 26.5 25.7 2.7 129
1,2,3-Trichloropropane 18.8 18.3 19.3 18.8 2.2 94.0
Vinyl chloride 24.8 23.2 23.9 24.0 2.7 120
m-Xylene/p-Xylene 24.3 23.9 25.3 24.5 2.4 123
o-Xylene 23.1 22.3 23.4 22.9 2.0 115


Compound found in unfortified garden soil matrix at >5 ng.a
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TABLE 31


METHOD DETECTION LIMITS AND BOILING POINTS
FOR VOLATILE ORGANICS (ANALYSIS BY METHOD 5041)a


Detection Boiling
Compound Limit (ng) Point (EC)


Chloromethane 58 -24
Bromomethane 26 4
Vinyl chloride 14 -13
Chloroethane 21 13
Methylene chloride 9 40
Acetone 35 56
Carbon disulfide 11 46
1,1-Dichloroethene 14 32
1,1-Dichloroethane 12 57
trans-1,2-Dichloroethene 11 48
Chloroform 11 62
1,2-Dichloroethane 13 83
1,1,1-Trichloroethane 8 74
Carbon tetrachloride 8 77
Bromodichloromethane 11 88
1,1,2,2-Tetrachloroethane 23 146**


1,2-Dichloropropane 12 95
trans-1,3-Dichloropropene 17 112
Trichloroethene 11 87
Dibromochloromethane 21 122
1,1,2-Trichloroethane 26 114
Benzene 26 80
cis-1,3-Dichloropropene 27 112
Bromoform 26 150**


Tetrachloroethene 11 121
Toluene 15 111
Chlorobenzene 15 132
Ethylbenzene 21 136**


Styrene 46 145**


Trichlorofluoromethane 17 24
Iodomethane 9 43
Acrylonitrile 13 78
Dibromomethane 14 97
1,2,3-Trichloropropane 37 157**


total Xylenes 22 138-144**


Footnotes are found on the following page.
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TABLE 31 (cont.)


* The method detection limit (MDL) is defined in Chapter One.  The detection limits cited above
were determined according to 40 CFR, Part 136, Appendix B, using standards spiked onto
clean VOST tubes.  Since clean VOST tubes were used, the values cited above represent the
best that the methodology can achieve.  The presence of an emissions matrix will affect the
ability of the methodology to perform at its optimum level.


** Boiling Point greater than 130EC.  Not appropriate for quantitative sampling by Method 0030.
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TABLE 32


VOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES
ASSIGNED FOR QUANTITATION (METHOD 5041)


Bromochloromethane
1,4-Difluorobenzene


Acetone Benzene 
Acrylonitrile Bromodichloromethane 
Bromomethane Bromoform 
Carbon disulfide Carbon tetrachloride
Chloroethane Chlorodibromomethane 
Chloroform Dibromomethane 
Chloromethane 1,2-Dichloropropane 
1,1-Dichloroethane cis-1,3-Dichloropropene 
1,2-Dichloroethane trans-1,3-Dichloropropene 
1,2-Dichloroethane-d  (surrogate) 1,1,1-Trichloroethane4


1,1-Dichloroethene 1,1,2-Trichloroethane
Trichloroethene
trans-1,2-Dichloroethene
Iodomethane
Methylene chloride
Trichlorofluoromethane
Vinyl chloride


Chlorobenzene-d5


4-Bromofluorobenzene (surrogate)
Chlorobenzene
Ethylbenzene
Styrene
1,1,2,2-Tetrachloroethane
Tetrachloroethene
Toluene
Toluene-d  (surrogate)8


1,2,3-Trichloropropane
Xylenes
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TABLE 33


METHOD 0040 - COMPOUNDS DEMONSTRATED TO BE APPLICABLE TO THE METHOD 


Compound (EC) at 20EC (%) (ppm)


Boiling Condensation Estimated
Point Point Detection Limita


Dichlorodifluoromethane -30 Gas 0.20


Vinyl chloride -19 Gas 0.11


1,3-Butadiene -4 Gas 0.90


1,2-Dichloro-1,1,2,2-tetrafluoroethane 4 Gas 0.14


Methyl bromide 4 Gas 0.14


Trichlorofluoromethane 24 88 0.18


1,1-Dichloroethene 31 22 0.07


Methylene chloride 40 44 0.05


1,1,2-Trichloro-trifluoroethane 48 37 0.13


Chloroform 61 21 0.04


1,1,1-Trichloroethane 75 13 0.03


Carbon tetrachloride 77 11 0.03


Benzene 80 10 0.16


Trichloroethene 87 8 0.04


1,2-Dichloropropane 96 5 0.05


Toluene 111 3 0.08


Tetrachloroethene 121 2 0.03


Since this value represents a direct injection (no concentration) from the Tedlar® bag, thesea


values are directly applicable as stack detection limits.
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FIGURE 1
GAS CHROMATOGRAM OF VOLATILE ORGANICS
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FIGURE 2
GAS CHROMATOGRAM OF VOLATILE ORGANICS
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FIGURE 3
GAS CHROMATOGRAM OF VOLATILE ORGANICS
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FIGURE 4
GAS CHROMATOGRAM OF TEST MIXTURE
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METHOD 8260B
VOLATILE ORGANIC COMPOUNDS BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY


(GC/MS)
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METHOD 8270D


SEMIVOLATILE ORGANIC COMPOUNDS
BY GAS CHROMATOGRAPHY/MASS SPECTROMETRY (GC/MS)


SW-846 is not intended to be an analytical training manual.  Therefore, method
procedures are written based on the assumption that they will be performed by analysts who are
formally trained in at least the basic principles of chemical analysis and in the use of the subject
technology.


In addition, SW-846 methods, with the exception of required method use for the analysis
of method-defined parameters, are intended to be guidance methods which contain general
information on how to perform an analytical procedure or technique which a laboratory can use
as a basic starting point for generating its own detailed Standard Operating Procedure (SOP),
either for its own general use or for a specific project application.  The performance data
included in this method are for guidance purposes only, and are not intended to be and must
not be used as absolute QC acceptance criteria for purposes of laboratory accreditation.


1.0 SCOPE AND APPLICATION


1.1 This method is used to determine the concentration of semivolatile organic
compounds in extracts prepared from many types of solid waste matrices, soils, air sampling
media and water samples.  Direct injection of a sample may be used in limited applications. 
The following RCRA analytes have been determined by this method:


Appropriate Preparation Techniquesb


Compounds CAS Noa 3510 3520
3540/
3541 3550 3580


Acenaphthene 83-32-9 X X X X X
Acenaphthylene 208-96-8 X X X X X
Acetophenone 98-86-2 X ND ND ND X
2-Acetylaminofluorene 53-96-3 X ND ND ND X
1-Acetyl-2-thiourea 591-08-2 LR ND ND ND LR
Aldrin 309-00-2 X X X X X
2-Aminoanthraquinone 117-79-3 X ND ND ND X
Aminoazobenzene 60-09-3 X ND ND ND X
4-Aminobiphenyl 92-67-1 X ND ND ND X
3-Amino-9-ethylcarbazole 132-32-1 X X ND ND ND
Anilazine 101-05-3 X ND ND ND X
Aniline 62-53-3 X X ND X X
o-Anisidine 90-04-0 X ND ND ND X
Anthracene 120-12-7 X X X X X
Aramite 140-57-8 HS ND ND ND X
Aroclor 1016 12674-11-2 X X X X X
Aroclor 1221 11104-28-2 X X X X X
Aroclor 1232 11141-16-5 X X X X X
Aroclor 1242 53469-21-9 X X X X X
Aroclor 1248 12672-29-6 X X X X X
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Compounds CAS Noa 3510 3520
3540/
3541 3550 3580
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Aroclor 1254 11097-69-1 X X X X X
Aroclor 1260 11096-82-5 X X X X X
Azinphos-methyl 86-50-0 HS ND ND ND X
Barban 101-27-9 LR ND ND ND LR
Benzidine 92-87-5 CP CP CP CP CP
Benzoic acid 65-85-0 X X ND X X
Benz(a)anthracene 56-55-3 X X X X X
Benzo(b)fluoranthene 205-99-2 X X X X X
Benzo(k)fluoranthene 207-08-9 X X X X X
Benzo(g,h,i)perylene 191-24-2 X X X X X
Benzo(a)pyrene 50-32-8 X X X X X
p-Benzoquinone 106-51-4 OE ND ND ND X
Benzyl alcohol 100-51-6 X X ND X X
α-BHC 319-84-6 X X X X X
β-BHC 319-85-7 X X X X X
δ-BHC 319-86-8 X X X X X
γ-BHC (Lindane) 58-89-9 X X X X X
Bis(2-chloroethoxy)methane 111-91-1 X X X X X
Bis(2-chloroethyl) ether 111-44-4 X X X X X
Bis(2-chloroisopropyl) ether 39638-32-9 X X X X X
Bis(2-ethylhexyl) phthalate 117-81-7 X X X X X
4-Bromophenyl phenyl ether 101-55-3 X X X X X
Bromoxynil 1689-84-5 X ND ND ND X
Butyl benzyl phthalate 85-68-7 X X X X X
Captafol 2425-06-1 HS ND ND ND X
Captan 133-06-2 HS ND ND ND X
Carbaryl 63-25-2 X ND ND ND X
Carbofuran 1563-66-2 X ND ND ND X
Carbophenothion 786-19-6 X ND ND ND X
Chlordane (NOS) 57-74-9 X X X X X
Chlorfenvinphos 470-90-6 X ND ND ND X
4-Chloroaniline 106-47-8 X ND ND ND X
Chlorobenzilate 510-15-6 X ND ND ND X
5-Chloro-2-methylaniline 95-79-4 X ND ND ND X
4-Chloro-3-methylphenol 59-50-7 X X X X X
3-(Chloromethyl)pyridine
  hydrochloride


6959-48-4 X ND ND ND X


1-Chloronaphthalene 90-13-1 X X X X X
2-Chloronaphthalene 91-58-7 X X X X X
2-Chlorophenol 95-57-8 X X X X X
4-Chloro-1,2-phenylenediamine 95-83-0 X X ND ND ND
4-Chloro-1,3-phenylenediamine 5131-60-2 X X ND ND ND
4-Chlorophenyl phenyl ether 7005-72-3 X X X X X
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Compounds CAS Noa 3510 3520
3540/
3541 3550 3580
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Chrysene 218-01-9 X X X X X
Coumaphos 56-72-4 X ND ND ND X
p-Cresidine 120-71-8 X ND ND ND X
Crotoxyphos 7700-17-6 X ND ND ND X
2-Cyclohexyl-4,6-dinitro-phenol 131-89-5 X ND ND ND LR
4,4'-DDD 72-54-8 X X X X X
4,4'-DDE 72-55-9 X X X X X
4,4'-DDT 50-29-3 X X X X X
Demeton-O 298-03-3 HS ND ND ND X
Demeton-S 126-75-0 X ND ND ND X
Diallate (cis or trans)  2303-16-4 X ND ND ND X
2,4-Diaminotoluene 95-80-7 DC, OE ND ND ND X
Dibenz(a,j)acridine 224-42-0 X ND ND ND X
Dibenz(a,h)anthracene 53-70-3 X X X X X
Dibenzofuran 132-64-9 X X ND X X
Dibenzo(a,e)pyrene 192-65-4 ND ND ND ND X
1,2-Dibromo-3-chloropropane 96-12-8 X X ND ND ND
Di-n-butyl phthalate 84-74-2 X X X X X
Dichlone 117-80-6 OE ND ND ND X
1,2-Dichlorobenzene 95-50-1 X X X X X
1,3-Dichlorobenzene 541-73-1 X X X X X
1,4-Dichlorobenzene 106-46-7 X X X X X
3,3'-Dichlorobenzidine 91-94-1 X X X X X
2,4-Dichlorophenol 120-83-2 X X X X X
2,6-Dichlorophenol 87-65-0 X ND ND ND X
Dichlorovos 62-73-7 X ND ND ND X
Dicrotophos 141-66-2 X ND ND ND X
Dieldrin 60-57-1 X X X X X
Diethyl phthalate 84-66-2 X X X X X
Diethylstilbestrol 56-53-1 AW, OS ND ND ND X
Diethyl sulfate 64-67-5 LR ND ND ND LR
Dimethoate 60-51-5 HE, HS ND ND ND X
3,3'-Dimethoxybenzidine 119-90-4 X ND ND ND LR
Dimethylaminoazobenzene 60-11-7 X ND ND ND X
7,12-Dimethylbenz(a)-anthracene 57-97-6 CP ND ND ND CP
3,3'-Dimethylbenzidine 119-93-7 X ND ND ND X
α,α-Dimethylphenethylamine 122-09-8 ND ND ND ND X
2,4-Dimethylphenol 105-67-9 X X X X X
Dimethyl phthalate 131-11-3 X X X X X
1,2-Dinitrobenzene 528-29-0 X ND ND ND X
1,3-Dinitrobenzene 99-65-0 X ND ND ND X
1,4-Dinitrobenzene 100-25-4 HE ND ND ND X
4,6-Dinitro-2-methylphenol 534-52-1 X X X X X
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Compounds CAS Noa 3510 3520
3540/
3541 3550 3580
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2,4-Dinitrophenol 51-28-5 X X X X X
2,4-Dinitrotoluene 121-14-2 X X X X X
2,6-Dinitrotoluene 606-20-2 X X X X X
Dinocap 39300-45-3 CP, HS ND ND ND CP
Dinoseb 88-85-7 X ND ND ND X
Diphenylamine 122-39-4 X X X X X
5,5-Diphenylhydantoin 57-41-0 X ND ND ND X
1,2-Diphenylhydrazine 122-66-7 X X X X X
Di-n-octyl phthalate 117-84-0 X X X X X
Disulfoton 298-04-4 X ND ND ND X
Endosulfan I 959-98-8 X X X X X
Endosulfan II 33213-65-9 X X X X X
Endosulfan sulfate 1031-07-8 X X X X X
Endrin 72-20-8 X X X X X
Endrin aldehyde 7421-93-4 X X X X X
Endrin ketone 53494-70-5 X X ND X X
EPN 2104-64-5 X ND ND ND X
Ethion 563-12-2 X ND ND ND X
Ethyl carbamate 51-79-6 DC ND ND ND X
Ethyl methanesulfonate 62-50-0 X ND ND ND X
Famphur 52-85-7 X ND ND ND X
Fensulfothion 115-90-2 X ND ND ND X
Fenthion 55-38-9 X ND ND ND X
Fluchloralin 33245-39-5 X ND ND ND X
Fluoranthene 206-44-0 X X X X X
Fluorene 86-73-7 X X X X X
2-Fluorobiphenyl (surr) 321-60-8 X X X X X
2-Fluorophenol (surr) 367-12-4 X X X X X
Heptachlor 76-44-8 X X X X X
Heptachlor epoxide 1024-57-3 X X X X X
Hexachlorobenzene 118-74-1 X X X X X
Hexachlorobutadiene 87-68-3 X X X X X
Hexachlorocyclopentadiene 77-47-4 X X X X X
Hexachloroethane 67-72-1 X X X X X
Hexachlorophene 70-30-4 AW, CP ND ND ND CP
Hexachloropropene 1888-71-7 X ND ND ND X
Hexamethylphosphoramide 680-31-9 X ND ND ND X
Hydroquinone 123-31-9 ND ND ND ND X
Indeno(1,2,3-cd)pyrene 193-39-5 X X X X X
Isodrin 465-73-6 X ND ND ND X
Isophorone 78-59-1 X X X X X
Isosafrole 120-58-1 DC ND ND ND X
Kepone 143-50-0 X ND ND ND X
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Leptophos 21609-90-5 X ND ND ND X
Malathion 121-75-5 HS ND ND ND X
Maleic anhydride 108-31-6 HE ND ND ND X
Mestranol 72-33-3 X ND ND ND X
Methapyrilene 91-80-5 X ND ND ND X
Methoxychlor 72-43-5 X ND ND ND X
3-Methylcholanthrene 56-49-5 X ND ND ND X
4,4'-Methylenebis (2-chloroaniline) 101-14-4 OE, OS ND ND ND LR
4,4'-Methylenebis(N,N-dimethyl-
aniline)


101-61-1 X X ND ND ND


Methyl methanesulfonate 66-27-3 X ND ND ND X
2-Methylnaphthalene 91-57-6 X X ND X X
Methyl parathion 298-00-0 X ND ND ND X
2-Methylphenol 95-48-7 X ND ND ND X
3-Methylphenol 108-39-4 X ND ND ND X
4-Methylphenol 106-44-5 X ND ND ND X
Mevinphos 7786-34-7 X ND ND ND X
Mexacarbate 315-18-4 HE, HS ND ND ND X
Mirex 2385-85-5 X ND ND ND X
Monocrotophos 6923-22-4 HE ND ND ND X
Naled 300-76-5 X ND ND ND X
Naphthalene 91-20-3 X X X X X
1,4-Naphthoquinone 130-15-4 X ND ND ND X
1-Naphthylamine 134-32-7 OS ND ND ND X
2-Naphthylamine 91-59-8 X ND ND ND X
Nicotine 54-11-5 DC ND ND ND X
5-Nitroacenaphthene 602-87-9 X ND ND ND X
2-Nitroaniline 88-74-4 X X ND X X
3-Nitroaniline 99-09-2 X X ND X X
4-Nitroaniline 100-01-6 X X ND X X
5-Nitro-o-anisidine 99-59-2 X ND ND ND X
Nitrobenzene 98-95-3 X X X X X
4-Nitrobiphenyl 92-93-3 X ND ND ND X
Nitrofen 1836-75-5 X ND ND ND X
2-Nitrophenol 88-75-5 X X X X X
4-Nitrophenol 100-02-7 X X X X X
5-Nitro-o-toluidine 99-55-8 X X ND ND X
Nitroquinoline-1-oxide 56-57-5 X ND ND ND X
N-Nitrosodi-n-butylamine 924-16-3 X ND ND ND X
N-Nitrosodiethylamine 55-18-5 X ND ND ND X
N-Nitrosodimethylamine 62-75-9 X X X X X
N-Nitrosodiphenylamine 86-30-6 X X X X X
N-Nitrosodi-n-propylamine 621-64-7 X X X X X
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N-Nitrosomethylethylamine 10595-95-6 X ND ND ND X
N-Nitrosomorpholine 59-89-2 ND ND ND ND X
N-Nitrosopiperidine 100-75-4 X ND ND ND X
N-Nitrosopyrrolidine 930-55-2 X ND ND ND X
Octamethyl pyrophosphoramide 152-16-9 LR ND ND ND LR
4,4'-Oxydianiline 101-80-4 X ND ND ND X
Parathion 56-38-2 X X ND ND X
Pentachlorobenzene 608-93-5 X ND ND ND X
Pentachloronitrobenzene 82-68-8 X ND ND ND X
Pentachlorophenol 87-86-5 X X X X X
Phenacetin 62-44-2 X ND ND ND X
Phenanthrene 85-01-8 X X X X X
Phenobarbital 50-06-6 X ND ND ND X
Phenol 108-95-2 DC X X X X
1,4-Phenylenediamine 106-50-3 X ND ND ND X
Phorate 298-02-2 X ND ND ND X
Phosalone 2310-17-0 HS ND ND ND X
Phosmet 732-11-6 HS ND ND ND X
Phosphamidon 13171-21-6 HE ND ND ND X
Phthalic anhydride 85-44-9 CP, HE ND ND ND CP
2-Picoline (2-Methylpyridine) 109-06-8 X X ND ND ND
Piperonyl sulfoxide 120-62-7 X ND ND ND X
Pronamide 23950-58-5 X ND ND ND X
Propylthiouracil 51-52-5 LR ND ND ND LR
Pyrene 129-00-0 X X X X X
Resorcinol 108-46-3 DC, OE ND ND ND X
Safrole 94-59-7 X ND ND ND X
Strychnine 57-24-9 AW, OS ND ND ND X
Sulfallate 95-06-7 X ND ND ND X
Terbufos 13071-79-9 X ND ND ND X
1,2,4,5-Tetrachlorobenzene 95-94-3 X ND ND ND X
2,3,4,6-Tetrachlorophenol 58-90-2 X ND ND ND X
Tetrachlorvinphos 961-11-5 X ND ND ND X
Tetraethyl dithiopyrophosphate 3689-24-5 X X ND ND ND
Tetraethyl pyrophosphate 107-49-3 X ND ND ND X
Thionazine 297-97-2 X ND ND ND X
Thiophenol (Benzenethiol) 108-98-5 X ND ND ND X
Toluene diisocyanate 584-84-9 HE ND ND ND X
o-Toluidine 95-53-4 X ND ND ND X
Toxaphene 8001-35-2 X X X X X
1,2,4-Trichlorobenzene 120-82-1 X X X X X
2,4,5-Trichlorophenol 95-95-4 X X ND X X
2,4,6-Trichlorophenol 88-06-2 X X X X X
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Trifluralin 1582-09-8 X ND ND ND X
2,4,5-Trimethylaniline 137-17-7 X ND ND ND X
Trimethyl phosphate 512-56-1 HE ND ND ND X
1,3,5-Trinitrobenzene 99-35-4 X ND ND ND X
Tris(2,3-dibromopropyl) phosphate 126-72-7 X ND ND ND LR
Tri-p-tolyl phosphate 78-32-0 X ND ND ND X
O,O,O-Triethyl phosphorothioate 126-68-1 X ND ND ND X


a Chemical Abstract Service Registry Number
b See Sec. 1.2 for other acceptable preparation methods.


KEY TO ANALYTE LIST


AW = Adsorption to walls of glassware during extraction and storage.
CP = Nonreproducible chromatographic performance.
DC = Unfavorable distribution coefficient.
HE = Hydrolysis during extraction accelerated by acidic or basic conditions.
HS = Hydrolysis during storage potential.
LR = Low response.
ND = Not determined.
OE = Oxidation during extraction accelerated by basic conditions.
OS = Oxidation during storage potential.


X = Historically, adequate recovery can be obtained by this technique.  However, actual
recoveries may vary depending on the extraction efficiency, the number of
constituents being analyzed concurrently, and the analytical instrumentation. 


1.2 In addition to the sample preparation methods listed in the above analyte list,
Method 3535 describes a solid-phase extraction procedure that may be applied to the extraction
of semivolatiles from TCLP leachates (see Tables 16 and 17 of this method for performance
data).  Method 3542 describes sample preparation for semivolatile organic compounds in air
sampled by Method 0010 (see Table 11 of this method for surrogate performance data), Method
3545 describes an automated solvent extraction device for semivolatiles in solids (see Table 12
of this method for performance data), Method 3561 describes a supercritical fluid device for the
extraction of PAHs from solids (see Tables 13, 14, and 15 of this method for performance data),
and Method 3546 provides an extraction procedure employing commercially available
microwave equipment to extract semivolatiles while using less solvent and taking less time than
procedures such as a Soxhlet extraction (see Tables 19 through 23 of this method for the
applicable performance data).  (The tabulated data are provided for guidance purposes only.)


1.3 This method can be used to quantitate most neutral, acidic, and basic organic
compounds that are soluble in methylene chloride (or other suitable solvents provided that the
desired performance data can be generated) and are capable of being eluted, without
derivatization, as sharp peaks from a gas chromatographic fused-silica capillary column coated
with a slightly polar silicone.  Such compounds include polynuclear aromatic hydrocarbons,
chlorinated hydrocarbons and pesticides, phthalate esters, organophosphate esters,
nitrosamines, haloethers, aldehydes, ethers, ketones, anilines, pyridines, quinolines, aromatic
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nitro compounds, and phenols, including nitrophenols.  See Table 1 for a list of compounds and
their characteristic ions that have been evaluated.


In most cases, this method is not appropriate for the quantitation of multicomponent
analytes, e.g., Aroclors, Toxaphene, Chlordane, etc., because of limited sensitivity for those
analytes.  When these analytes have been identified by another technique, Method 8270 may
be appropriate for confirmation of the identification of these analytes when concentration in the
extract permits.  Refer to Methods 8081 and 8082 for guidance on calibration and quantitation
of multicomponent analytes such as the Aroclors, Toxaphene, and Chlordane.


1.4 The following compounds may require special treatment when being determined by
this method:


1.4.1 Benzidine may be subject to oxidative losses during solvent concentration
and its chromatographic behavior is poor.


1.4.2 Under the alkaline conditions of the extraction step from aqueous
matrices, α-BHC, γ-BHC, Endosulfan I and II, and Endrin are subject to decomposition. 
Neutral extraction should be performed if these compounds are expected to be present.


1.4.3 Hexachlorocyclopentadiene is subject to thermal decomposition in the
inlet of the gas chromatograph, chemical reaction in acetone solution, and photochemical
decomposition.


1.4.4 N-nitrosodimethylamine is difficult to separate from the solvent under the
chromatographic conditions described.


1.4.5 N-nitrosodiphenylamine decomposes in the gas chromatographic inlet
and cannot be separated from diphenylamine.  For this reason, it is acceptable to report
the combined result for n-nitrosodiphenylamine and diphenylamine for either of these
compounds as a combined concentration.


1.4.6 1,2-Diphenylhydrazine is unstable even at room temperature and readily
converts to azobenzene.  Given the stability problems, it would be acceptable to calibrate
for 1,2-diphenylhydrazine using azobenzene.  Under these poor compound separation
circumstances the results for either of these compounds should be reported as a
combined concentration. 


1.4.7 Pentachlorophenol, 2,4-dinitrophenol, 4-nitrophenol, benzoic acid, 
4,6-dinitro-2-methylphenol, 4-chloro-3-methylphenol, 2-nitroaniline, 3-nitroaniline,
4-nitroaniline, and benzyl alcohol are subject to erratic chromatographic behavior,
especially if the GC system is contaminated with high boiling material. 


1.4.8 Pyridine may perform poorly at the GC injection port temperatures listed
in this method.  Lowering the injection port temperature may reduce the amount of
degradation.  However, the analyst must use caution in modifying the injection port
temperature, as the performance of other analytes may be adversely affected.  Therefore,
if pyridine is to be determined in addition to other target analytes, it may be necessary to
perform separate analyses.  In addition, pyridine may be lost during the evaporative
concentration of the sample extract.  As a result, many of the extraction methods listed
above may yield low recoveries unless great care is exercised during the concentration
steps.  For this reason, analysts may wish to consider the use of extraction techniques
such as pressurized fluid extraction (Method 3545), microwave extraction (Method 3546),
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or supercritical fluid extraction, which involve smaller extract volumes, thereby reducing or
eliminating the need for evaporative concentration techniques for many applications.


1.4.9 Toluene diisocyanate rapidly hydrolyzes in water (half-life of less than 30
min).  Therefore, recoveries of this compound from aqueous matrices should not be
expected.  In addition, in solid matrices, toluene diisocyanate often reacts with alcohols
and amines to produce urethane and ureas and consequently cannot usually coexist in a
solution containing these materials.


1.4.10 In addition, analytes in the list provided above are flagged when there are
limitations caused by sample preparation and/or chromatographic problems.


1.5 The lower limits of quantitation for this method when determining an individual
compound are approximately 660 µg/kg (wet weight) for soil/sediment samples, 1-200 mg/kg for
wastes (dependent on matrix and method of preparation), and 10 µg/L for ground water
samples (see Table 2).  Lower limits of quantitation will be proportionately higher for sample
extracts that require dilution to avoid saturation of the detector.  The lower limits of quantitation
listed in Table 2 are provided for guidance and may not always be achievable. 


1.6 Prior to employing this method, analysts are advised to consult the base method
for each type of procedure that may be employed in the overall analysis (e.g., Methods 3500,
3600, 5000, and 8000) for additional information on quality control procedures, development of
QC acceptance criteria, calculations, and general guidance.  Analysts also should consult the
disclaimer statement at the front of the manual and the information in Chapter Two for guidance
on the intended flexibility in the choice of methods, apparatus, materials, reagents, and
supplies, and on the responsibilities of the analyst for demonstrating that the techniques
employed are appropriate for the analytes of interest, in the matrix of interest, and at the levels
of concern.  


In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to Federal testing
requirements.  The information contained in this method is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgments necessary to generate
results that meet the data quality objectives for the intended application.


1.7 Use of this method is restricted to use by, or under supervision of, personnel
appropriately experienced and trained in the use of gas chromatograph/mass spectrometers
and skilled in the interpretation of mass spectra.   Each analyst must demonstrate the ability to
generate acceptable results with this method.


2.0 SUMMARY OF METHOD


2.1 The samples are prepared for analysis by gas chromatography/mass spectrometry
(GC/MS) using the appropriate sample preparation (refer to Method 3500) and, if necessary,
sample cleanup procedures (refer to Method 3600).


2.2 The semivolatile compounds are introduced into the GC/MS by injecting the
sample extract into a gas chromatograph (GC) equipped with a narrow-bore fused-silica
capillary column.  The GC column is temperature-programmed to separate the analytes, which
are then detected with a mass spectrometer (MS) connected to the gas chromatograph.


2.3 Analytes eluted from the capillary column are introduced into the mass
spectrometer via a jet separator or a direct connection.  Identification of target analytes is
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accomplished by comparing their mass spectra with the electron impact (or electron impact-like)
spectra of authentic standards.  Quantitation is accomplished by comparing the response of a
major (quantitation) ion relative to an internal standard using an appropriate calibration curve for
the intended application.


2.4 This method includes specific calibration and quality control steps that supersede
the general recommendations provided in Method 8000.


3.0 DEFINITIONS


Refer to Chapter One and the manufacturer's instructions for definitions that may be
relevant to this procedure.


4.0 INTERFERENCES


4.1 Solvents, reagents, glassware, and other sample processing hardware may yield
artifacts and/or interferences to sample analysis.  All of these materials must be demonstrated
to be free from interferences under the conditions of the analysis by analyzing method blanks. 
Specific selection of reagents and purification of solvents by distillation in all-glass systems may
be necessary.  Refer to each method to be used for specific guidance on quality control
procedures and to Chapter Four for general guidance on the cleaning of glassware.  Also refer
to Method 8000 for a discussion of interferences.


4.2 Raw GC/MS data from all blanks, samples, and spikes must be evaluated for
interferences.  Determine if the source of interference is in the preparation and/or cleanup of the
samples and take corrective action to eliminate the problem.


4.3 Contamination by carryover can occur whenever high-concentration and
low-concentration samples are sequentially analyzed.  To reduce carryover, the sample syringe
must be rinsed with solvent between sample injections.  Whenever an unusually concentrated
sample is encountered, it should be followed by the analysis of solvent to check for cross-
contamination.


5.0 SAFETY


This method does not address all safety issues associated with its use.  The laboratory is
responsible for maintaining a safe work environment and a current awareness file of OSHA
regulations regarding the safe handling of the chemicals listed in this method.  A reference file
of material safety data sheets (MSDSs) should be available to all personnel involved in these
analyses.


6.0 EQUIPMENT AND SUPPLIES 


The mention of trade names or commercial products in this manual is for illustrative
purposes only, and does not constitute an EPA endorsement or exclusive recommendation for
use.  The products and instrument settings cited in SW-846 methods represent those products
and settings used during method development or subsequently evaluated by the Agency. 
Glassware, reagents, supplies, equipment, and settings other than those listed in this manual
may be employed provided that method performance appropriate for the intended application
has been demonstrated and documented. 
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This section does not list common laboratory glassware (e.g., beakers and flasks).


6.1 Gas chromatograph/mass spectrometer system
 


6.1.1 Gas chromatograph -- An analytical system equipped with a
temperature-programmable gas chromatograph suitable for splitless injection and all
required accessories, including syringes, analytical columns, and gases.  The capillary
column should be directly coupled to the source.


6.1.2 Column -- 30-m x 0.25-mm ID (or 0.32-mm ID) 0.25, 0.5, or 1-µm film
thickness silicone-coated fused-silica capillary column (J&W Scientific DB-5 or equivalent). 
The columns listed in this section were the columns used in developing the method.  The
listing of these columns in this method is not intended to exclude the use of other columns
that may be developed.  Laboratories may use these columns or other capillary columns
provided that the laboratories document method performance data (e.g., chromatographic
resolution, analyte breakdown, and sensitivity) that are appropriate for the intended
application.


6.1.3 Mass spectrometer 


6.1.3.1 Capable of scanning from 35 to 500 amu every 1 sec or less,
using 70 volts (nominal) electron energy in the electron impact ionization mode. 
The mass spectrometer must be capable of producing a mass spectrum for
decafluorotriphenylphosphine (DFTPP) which meets the criteria as outlined in Sec.
11.3.1. 


6.1.3.2 An ion trap mass spectrometer may be used if it is capable of
axial modulation to reduce ion-molecule reactions and can produce electron
impact-like spectra that match those in the EPA/NIST Library.  The mass
spectrometer must be capable of producing a mass spectrum for DFTPP which
meets the criteria as outlined in Sec. 11.3.1


6.1.4 GC/MS interface -- Any GC-to-MS interface may be used that gives
acceptable calibration points for each compound of interest and achieves acceptable
tuning performance criteria.  For a narrow-bore capillary column, the interface is usually
capillary-direct into the mass spectrometer source.


6.1.5 Data system -- A computer system should be interfaced to the mass
spectrometer.  The system must allow the continuous acquisition and storage on
machine-readable media of all mass spectra obtained throughout the duration of the
chromatographic program.  The computer should have software that can search any
GC/MS data file for ions of a specific mass and that can plot such ion abundances versus
time or scan number.  This type of plot is defined as an Extracted Ion Current Profile
(EICP).  Software should also be available that allows integrating the abundances in any
EICP between specified time or scan-number limits.  The most recent version of the
EPA/NIST Mass Spectral Library should also be available.


6.1.6 Guard column (optional) -- (J&W deactivated fused-silica, 0.25-mm ID x
6-m, or equivalent) between the injection port and the analytical column joined with
column connectors (Agilent Catalog No. 5062-3556, or equivalent).


6.2 Syringe -- 10-µL.
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6.3 Volumetric flasks, Class A -- Appropriate sizes equipped with ground-glass
stoppers.


6.4 Balance -- Analytical, capable of weighing 0.0001 g.


6.5 Bottles -- Glass equipped with polytetrafluoroethylene (PTFE)-lined screw caps or
crimp tops.


7.0 REAGENTS AND STANDARDS


7.1 Reagent-grade chemicals must be used in all tests.  Unless otherwise indicated, it
is intended that all reagents conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available.  Other
grades may be used, provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.  Reagents should be
stored in glass to prevent the leaching of contaminants from plastic containers.


7.2 Organic-free reagent water -- All references to water in this method refer to
organic-free reagent water.


7.3 Standard solutions


The following sections describe the preparation of stock, intermediate, and working
standards for the compounds of interest.  This discussion is provided as an example, and other
approaches and concentrations of the target compounds may be used, as appropriate for the
intended application.  See Method 8000 for additional information on the preparation of
calibration standards.


7.4 Stock standard solutions (1000 mg/L) -- Standard solutions can be prepared from
pure standard materials or purchased as certified solutions.


7.4.1 Prepare stock standard solutions by accurately weighing about 0.0100 g
of pure material.  Dissolve the material in pesticide quality acetone or other suitable
solvent and dilute to volume in a 10-mL volumetric flask.  Larger volumes can be used at
the convenience of the analyst.  When compound purity is assayed to be 96% or greater,
the weight may be used without correction to calculate the concentration of the stock
standard.  Commercially-prepared stock standards may be used at any concentration if
they are certified by the manufacturer or by an independent source.


7.4.2 Transfer the stock standard solutions into bottles equipped with PTFE-
lined screw-caps.  Store, protected from light, at #6 EC or as recommended by the
standard manufacturer.  Stock standard solutions should be checked frequently for signs
of degradation or evaporation, especially just prior to preparing calibration standards from
them.


7.4.3 Stock standard solutions must be replaced after 1 year or sooner if
comparison with quality control check samples indicates a problem.


7.4.4 It is recommended that nitrosamine compounds be placed together in a
separate calibration mix and not combined with other calibration mixes.  When using a
premixed certified standard, consult the manufacturer's instructions for additional
guidance.
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7.4.5 Mixes with hydrochloride salts may contain hydrochloric acid, which can
cause analytical difficulties.  When using a premixed certified standard, consult the
manufacturer's instructions for additional guidance.


7.5 Internal standard solutions -- The internal standards recommended are
1,4-dichlorobenzene-d4, naphthalene-d8, acenaphthene-d 10, phenanthrene-d10, chrysene-d12,
and perylene-d12 (see Table 5).  Other compounds may be used as internal standards as long
as the criteria in Sec. 11.3.2 are met. 


7.5.1 Dissolve 0.200 g of each compound with a small volume of carbon
disulfide.  Transfer to a 50-mL volumetric flask and dilute to volume with methylene
chloride so that the final solvent is approximately 20% carbon disulfide.  Most of the
compounds are also soluble in small volumes of methanol, acetone, or toluene, except for
perylene-d12.  The resulting solution will contain each standard at a concentration of 4,000
ng/µL.  Each 1-mL sample extract undergoing analysis should be spiked with 10 µL of the
internal standard solution, resulting in a concentration of 40 ng/µL of each internal
standard.  Store away from any light source at #6 EC when not in use (-10 EC is
recommended).  When using premixed certified solutions, store according to the
manufacturer's documented holding time and storage temperature recommendations.


7.5.2 If a more sensitive mass spectrometer is employed to achieve lower
quantitation levels, a more dilute internal standard solution may be required.  Area counts
of the internal standard peaks should be between 50-200% of the area of the target
analytes in the mid-point calibration analysis.


7.6 GC/MS tuning standard -- A methylene chloride solution containing 50 ng/µL of
decafluorotriphenylphosphine (DFTPP) should be prepared.  The standard should also contain
50 ng/µL each of 4,4'-DDT, pentachlorophenol, and benzidine to verify injection port inertness
and GC column performance.  Alternate concentrations may be used to compensate for
different injection volumes if the total amount injected is 50 ng or less.  Store away from any
light source at #6 EC when not in use (-10 EC is recommended).  If a more sensitive mass
spectrometer is employed to achieve lower quantitation levels, a more dilute tuning solution may
be necessary.  When using premixed certified solutions, store according to the manufacturer's
documented holding time and storage temperature recommendations.


7.7 Calibration standards -- A minimum of five calibration standards should be
prepared at different concentrations.  At least one of the calibration standards should
correspond to a sample concentration at or below that necessary to meet the data quality
objectives of the project.  The remaining standards should correspond to the range of
concentrations found in actual samples but should not exceed the working range of the GC/MS
system.  Each standard and/or series of calibration standards prepared at a given concentration
should contain all the desired project-specific target analytes for which quantitation and
quantitative results are to be reported by this method.  


7.7.1 It is the intent of EPA that all target analytes for a particular analysis be
included in the calibration standard(s).  These target analytes may not include the entire
list of analytes (Sec. 1.1) for which the method has been demonstrated.  However, the
laboratory shall not report a quantitative result for a target analyte that was not included in
the calibration standard(s).  


7.7.2 Each 1-mL aliquot of calibration standard should be spiked with 10 µL of
the internal standard solution prior to analysis.  All standards should be stored away from
any light source at #6 EC when not in use (-10 EC is recommended), and should be freshly
prepared once a year, or sooner if check standards indicate a problem.  The calibration
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verification standard should be prepared, as necessary, and stored at #6 EC.  When using
premixed certified solutions, store according to the manufacturer's documented holding
time and storage temperature recommendations.


7.8 Surrogate standards -- The recommended surrogates are phenol-d6,
2-fluorophenol, 2,4,6-tribromophenol, nitrobenzene-d5, 2-fluorobiphenyl, and p-terphenyl-d14. 
See Method 3500 for instructions on preparing the surrogate solutions.


NOTE: In the presence of samples containing residual chlorine, phenol-d6 has been known to
react to form chlorinated phenolic compounds that are not detected as the original
spiked surrogate.  Sample preservation precautions outlined in Chapter Four should
be used when residual chlorine is known to be present in order to minimize
degradation of deuterated phenols or any other susceptible target analyte.  


7.8.1 Surrogate standard check -- Determine what the appropriate
concentration should be for the blank extracts after all extraction, cleanup, and
concentration steps.  Inject this concentration into the GC/MS to determine recovery of
surrogate standards.  It is recommended that this check be done whenever a new
surrogate spiking solution is prepared.


NOTE: Method 3561 (SFE Extraction of PAHs) recommends the use of bromobenzene
and p-quaterphenyl to better cover the range of PAHs listed in the method.


7.8.2 If a more sensitive mass spectrometer is employed to achieve lower
quantitation levels, a more dilute surrogate solution may be necessary.


7.9 Matrix spike and laboratory control standards -- See Method 3500 for instructions
on preparing the matrix spike standard.  The same standard may be used as the laboratory
control standard (LCS) and the spiking solution should be the same source as used for the
initial calibration standards to restrict the influence of standard accuracy on the determination of
recovery through preparation and analysis.


7.9.1 Matrix spike check -- Determine what concentration should be in the
blank extracts after all extraction, cleanup, and concentration steps.  Inject this
concentration into the GC/MS to determine recovery.  It is recommended that this check
be done whenever a new matrix spiking solution is prepared.


7.9.2 If a more sensitive mass spectrometer is employed to achieve lower
quantitation levels, a more dilute matrix and LCS spiking solution may be necessary.


7.9.3 Some projects may require the spiking of the specific compounds of
interest, since the spiking compounds listed in Method 3500 would not be representative
of the compounds of interest required for the project.  When this occurs, the matrix and
LCS spiking standards should be prepared in methanol, with each compound present at a
concentration appropriate for the project.


7.10 Solvents -- Acetone, hexane, methylene chloride, isooctane, carbon disulfide,
toluene, and other appropriate solvents.  All solvents should be pesticide quality or equivalent.
Solvents may be degassed prior to use. 


8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE 


8.1 See the introductory material to Chapter Four, "Organic Analytes."
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8.2 Store the sample extracts at #6 EC, protected from light, in sealed vials (e.g.,
screw-cap vials or crimp-capped vials) equipped with unpierced PTFE-lined septa.


9.0 QUALITY CONTROL 


9.1 Refer to Chapter One for guidance on quality assurance (QA) and quality control
(QC) protocols.  When inconsistencies exist between QC guidelines, method-specific QC
criteria take precedence over both technique-specific criteria and those criteria given in Chapter
One, and technique-specific QC criteria take precedence over the criteria in Chapter One.  Any
effort involving the collection of analytical data should include development of a structured and
systematic planning document, such as a Quality Assurance Project Plan (QAPP) or a Sampling
and Analysis Plan (SAP), which translates project objectives and specifications into directions
for those that will implement the project and assess the results.  Each laboratory should
maintain a formal quality assurance program.  The laboratory should also maintain records to
document the quality of the data generated.  All data sheets and quality control data should be
maintained for reference or inspection. 


9.2 Refer to Method 8000 for specific determinative method QC procedures.  Refer to
Method 3500 or 5000 for QC procedures to ensure the proper operation of the various sample
preparation techniques.  If an extract cleanup procedure is performed, refer to Method 3600 for
the appropriate QC procedures.  Any more specific QC procedures provided in this method will
supersede those noted in Methods 8000, 5000, 3500, or 3600. 


9.3 Quality control procedures necessary to evaluate the GC system operation are
found in Method 8000 and include evaluation of retention time windows, calibration verification
and chromatographic analysis of samples.  In addition, discussions regarding the instrument QC
requirements listed below can be found in the referenced sections of this method:


• The GC/MS must be tuned to meet the recommended DFTPP criteria prior to the
initial calibration and for each 12-hr period during which analyses are performed. 
See Secs. 11.3.1 and 11.4.1 for further details. 


• There must be an initial calibration of the GC/MS system as described in Sec. 11.3. 
In addition, the initial calibration curve should be verified immediately after
performing the standard analyses using a second source standard (prepared using
standards different from the calibration standards).  The suggested acceptance
limits for this initial calibration verification analysis are 70 - 130%.  Alternative
acceptance limits may be appropriate based on the desired project-specific data
quality objectives.  Quantitative sample analyses should not proceed for those
analytes that fail the second source standard initial calibration verification. 
However, analyses may continue for those analytes that fail the criteria with an
understanding these results could be used for screening purposes and would be
considered estimated values. 


• The GC/MS system must meet the calibration verification acceptance criteria in
Sec. 11.4, each 12 hrs.  


• The RRT of the sample component must fall within the RRT window of the
standard component provided in Sec. 11.6.1.
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9.4 Initial demonstration of proficiency 


Each laboratory must demonstrate initial proficiency with each sample preparation and
determinative method combination it utilizes by generating data of acceptable accuracy and
precision for target analytes in a clean matrix.  The laboratory must also repeat the following
operations whenever new staff members are trained or significant changes in instrumentation
are made.  See Method 8000 for information on how to accomplish a demonstration of
proficiency.


9.5 Initially, before processing any samples, the analyst should demonstrate that all
parts of the equipment in contact with the sample and reagents are interference-free.  This is
accomplished through the analysis of a method blank.  As a continuing check, each time
samples are extracted, cleaned up, and analyzed, a method blank must be prepared and
analyzed for the compounds of interest as a safeguard against chronic laboratory
contamination.  If a peak is observed within the retention time window of any analyte that would
prevent the determination of that analyte, determine the source and eliminate it, if possible,
before processing the samples.  The blanks should be carried through all stages of sample
preparation and analysis.  When new reagents or chemicals are received, the lab should
monitor the preparation and/or analysis blanks associated with samples for any signs of
contamination.  It is not necessary to test every new batch of reagents or chemicals prior to
sample preparation if the source shows no prior problems.  However, if reagents are changed
during a preparation batch, separate blanks need to be prepared for each set of reagents.


9.6 Sample quality control for preparation and analysis 


The laboratory must also have procedures for documenting the effect of the matrix on
method performance (precision, accuracy, method sensitivity).  At a minimum, this should
include the analysis of QC samples including a method blank, a matrix spike, a duplicate, and a
laboratory control sample (LCS) in each analytical batch and the addition of surrogates to each
field sample and QC sample when surrogates are used.  Any method blanks, matrix spike
samples, and replicate samples should be subjected to the same analytical procedures (Sec.
11.0) as those used on actual samples.   


9.6.1 Documenting the effect of the matrix should include the analysis of at
least one matrix spike and one duplicate unspiked sample or one matrix spike/matrix spike
duplicate pair.  The decision on whether to prepare and analyze duplicate samples or a
matrix spike/matrix spike duplicate must be based on a knowledge of the samples in the
sample batch.  If samples are expected to contain target analytes, laboratories may use a
matrix spike and a duplicate analysis of an unspiked field sample.  If samples are not
expected to contain target analytes, then laboratories should use a matrix spike and matrix
spike duplicate pair.  Consult Method 8000 for information on developing acceptance
criteria for the MS/MSD.


9.6.2 A laboratory control sample (LCS) should be included with each analytical
batch.  The LCS consists of an aliquot of a clean (control) matrix similar to the sample
matrix and of the same weight or volume.  The LCS is spiked with the same analytes at
the same concentrations as the matrix spike, when appropriate.  When the results of the
matrix spike analysis indicate a potential problem due to the sample matrix itself, the LCS
results are used to verify that the laboratory can perform the analysis in a clean matrix. 
Consult Method 8000 for information on developing acceptance criteria for the LCS.


9.6.3 Also see Method 8000 for the details on carrying out sample quality
control procedures for preparation and analysis.  In-house method performance criteria for







8270D - 17 Revision 4
February 2007


evaluating method performance should be developed using the guidance found in Method
8000.


9.7 Surrogate recoveries


If surrogates are used, the laboratory should evaluate surrogate recovery data from
individual samples versus the surrogate control limits developed by the laboratory.  See Method
8000 for information on evaluating surrogate data and developing and updating surrogate limits. 
Procedures for evaluating the recoveries of multiple surrogates and the associated corrective
actions should be defined in an approved project plan.  


9.8 The experience of the analyst performing GC/MS analyses is invaluable to the
success of the methods.  Each day that analysis is performed, the calibration verification
standard should be evaluated to determine if the chromatographic system is operating properly. 
Questions that should be asked are:  Do the peaks look normal?  Is the response obtained
comparable to the response from previous calibrations?  Careful examination of the standard
chromatogram can indicate whether the column is still performing acceptably, the injector is
leaking, the injector septum needs replacing, etc.  When any changes are made to the system
(e.g., the column is changed, a septum is changed), see the guidance in Method 8000
regarding whether recalibration of the system must take place.


9.9 It is recommended that the laboratory adopt additional quality assurance practices
for use with this method.  The specific practices that are most productive depend upon the
needs of the laboratory and the nature of the samples.  Whenever possible, the laboratory
should analyze standard reference materials and participate in relevant performance evaluation
studies.


10.0 CALIBRATION AND STANDARDIZATION 


See Sec 11.3 for information on calibration and standardization.


11.0 PROCEDURE


11.1 Sample preparation


11.1.1 Samples are normally prepared by one of the following methods prior to
GC/MS analysis.


Matrix Methods


Air (particulates and sorbent resin) 3542
Water (including TCLP leachates) 3510, 3520, 3535
Soil/sediment 3540, 3541, 3545, 3546, 3550, 3560, 3561
Waste 3540, 3541, 3545, 3546, 3550, 3560, 3561,


3580 


11.1.2 In very limited applications, direct injection of the sample into the GC/MS
system with a 10-µL syringe may be appropriate.  The quantitation limit is very high
(approximately 10,000 µg/L).  Therefore, it is only appropriate where concentrations in
excess of 10,000 µg/L are expected.  
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11.2 Extract cleanup -- Cleanup procedures may not be necessary for a relatively clean
sample matrix, but most extracts from environmental and waste samples will require additional
preparation before analysis.  The specific cleanup procedure used will depend on the nature of
the sample to be analyzed and the data quality objectives for the measurements.  General
guidance for sample extract cleanup is provided in this section and in Method 3600.


Extracts may be cleaned up by any of the following methods prior to GC/MS analysis.


Analytes of Interest Methods


Aniline and aniline derivatives 3620
Phenols 3630, 3640, 8041a


Phthalate esters 3610, 3620, 3640
Nitrosamines 3610, 3620, 3640
Organochlorine pesticides 3610, 3620, 3630, 3640, 3660
PCBs 3620, 3630, 3660, 3665
Nitroaromatics and cyclic ketones 3620, 3640
Polynuclear aromatic hydrocarbons 3611, 3630, 3640
Haloethers 3620, 3640
Chlorinated hydrocarbons 3620, 3640
Organophosphorus pesticides 3620
Petroleum waste 3611, 3650
All base, neutral, and acid 
priority pollutants 3640


a Method 8041 includes a derivatization technique and a GC/ECD analysis, if
interferences are encountered on GC/FID.


11.3 Initial calibration


Establish the GC/MS operating conditions, using the following recommendations as
guidance.


Mass range: 35-500 amu
Scan time: #1 sec/scan
Initial temperature: 40 EC, hold for 4 min


 Temperature program: 40-320 EC at 10 EC/min
Final temperature: 320 EC, hold until 2 min after benzo[g,h,i]perylene elutes
Injector temperature: 250-300 EC
Transfer line temperature: 250-300 EC
Source temperature: According to manufacturer's specifications
Injector: Grob-type, splitless
Injection volume: 1-2 µL
Carrier gas: Hydrogen at 50 cm/sec or helium at 30 cm/sec
Ion trap only: Set axial modulation, manifold temperature, and emission


current to manufacturer's recommendations


Split injection is allowed if the sensitivity of the mass spectrometer is sufficient.


11.3.1 The GC/MS system must be hardware-tuned such that injecting 50 ng or
less of DFTPP meets the manufacturer's specified acceptance criteria or as listed in Table
3.  The tuning criteria as outlined in Table 3 were developed using quadrupole mass
spectrometer instrumentation and it is recognized that other tuning criteria may be more
effective depending on the type of instrumentation, e.g., Time-of-Flight, Ion Trap, etc.  In
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these cases it would be appropriate to follow the manufacturer’s tuning instructions or
some other consistent tuning criteria.  However, no matter which tuning criteria is selected,
the system calibration must not begin until the tuning acceptance criteria are met with the
sample analyses performed under the same conditions as the calibration standards.


11.3.1.1 In the absence of specific recommendations on how to acquire
the mass spectrum of DFTPP from the instrument manufacturer, the following
approach should be used:  Three scans (the peak apex scan and the scans
immediately preceding and following the apex) are acquired and averaged.  
Background subtraction is required, and must be accomplished using a single scan
acquired within 20 scans of the elution of DFTPP.  The background subtraction
should be designed only to eliminate column bleed or instrument background ions. 
Do not subtract part of the DFTPP peak or any other discrete peak that does not
coelute with DFTPP.


11.3.1.2 Use the DFTPP mass intensity criteria in the manufacturer's
instructions as primary tuning acceptance criteria or those in Table 3 as default
tuning acceptance criteria if the primary tuning criteria are not available. 
Alternatively, other documented tuning criteria may be used (e.g. CLP, or Method
625), provided that method performance is not adversely affected.  The analyst is
always free to choose criteria that are tighter than those included in this method or
to use other documented criteria provided they are used consistently throughout
the initial calibration, calibration verification, and sample analyses.


NOTE: All subsequent standards, samples, MS/MSDs, and blanks associated
with a DFTPP analysis must use the identical mass spectrometer
instrument conditions.


11.3.1.3 The GC/MS tuning standard solution should also be used to
assess GC column performance and injection port inertness.  Degradation of DDT
to DDE and DDD should not exceed 20%.  (See Method 8081 for the percent
breakdown calculation.)  Benzidine and pentachlorophenol should be present at
their normal responses, and should not exceed a tailing factor of 2 given by the
following equation:


TailingFactor
BC


AB
=


Where the peak is defined as follows:  AC is the width at 10% height; DE is the
height of peak and B is the height at 10% of DE.  This equation compares the
width of the back half of the peak to the width of the front half of the peak at 10% of
the height.  (See Figure 1 for an example tailing factor calculation.) 


11.3.1.4 If degradation is excessive and/or poor chromatography is
noted, the injection port may require cleaning.  It may also be necessary to break
off the first 6 to12 in. of the capillary column.  The use of a guard column (Sec.
6.1.6) between the injection port and the analytical column may help prolong
analytical column performance life.
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RF '
As × Cis


Ais × Cs


11.3.2 The internal standards selected in Sec. 7.5 should permit most of the
components of interest in a chromatogram to have retention times of 0.80-1.20 relative to
one of the internal standards.  Use the base peak ion from the specific internal standard
as the primary ion for quantitation (see Table 1).  If interferences are noted, use the next
most intense ion as the quantitation ion (e.g., for 1,4-dichlorobenzene-d4, use m/z 150 for
quantitation).


11.3.3 Analyze 1-2 µL of each calibration standard (containing the compounds
for quantitation and the appropriate surrogates and internal standards) and tabulate the
area of the primary ion against concentration for each target analyte (as indicated in Table
1).  A set of at least five calibration standards is necessary (see Sec. 7.7 and Method
8000).   Alternate injection volumes may be used if the applicable quality control
requirements for using this method are met.  The injection volume must be the same for all
standards and sample extracts.  Figure 2 shows a chromatogram of a calibration standard
containing base/neutral and acid analytes.  


11.3.4 Initial calibration calculations


Calculate response factors (RFs) for each target analyte relative to one of the
internal standards (see Table 5) as follows:


where:


As = Peak area (or height) of the analyte or surrogate.
Ais = Peak area (or height) of the internal standard.
Cs = Concentration of the analyte or surrogate, in µg/L.
Cis = Concentration of the internal standard, in µg/L.


11.3.4.1 Calculate the mean response factor and the relative standard
deviation (RSD) of the response factors for each target analyte using the following
equations.  The RSD should be less than or equal to 20% for each target analyte. 
It is also recommended that a minimum response factor for the most common
target analytes, as noted in Table 4, be demonstrated for each individual
calibration level as a means to ensure that these compounds are behaving as
expected.  In addition, meeting the minimum response factor criteria for the lowest
calibration standard is critical in establishing and demonstrating the desired
sensitivity.  Due to the large number of compounds that may be analyzed by this
method,  some compounds will fail to meet this criteria.  For these occasions, it is
acknowledged that the failing compounds may not be critical to the specific project
and therefore they may be used as qualified data or estimated values for screening
purposes.  The analyst should also strive to place more emphasis on meeting the
calibration criteria for those compounds that are critical project compounds, rather
than meeting the criteria for those less important compounds.
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mean RF ' RF '
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n&1


RSD '
SD
RF


× 100


RRT '
Retention time of the analyte


Retention time of the internal standard


where:


RFi = RF for each of the calibration standards
&R&F = mean RF for each compound from the initial calibration
n = Number of calibration standards, e.g., 5


11.3.4.2 If more than 10% of the compounds included with the initial
calibration exceed the 20% RSD limit and do not meet the minimum correlation
coefficient (0.99) for alternate curve fits, then the chromatographic system is
considered too reactive for analysis to begin.  Clean or replace the injector liner
and/or capillary column, then repeat the calibration procedure beginning with Sec.
11.3.


11.3.5 Evaluation of retention times -- The relative retention time (RRT) of each
target analyte in each calibration standard should agree within 0.06 RRT units. 
Late-eluting target analytes usually have much better agreement.


11.3.6 Linearity of target analytes -- If the RSD of any target analyte is 20% or
less, then the relative response factor is assumed to be constant over the calibration
range, and the average relative response factor may be used for quantitation (Sec.
11.7.2).


11.3.6.1 If the RSD of any target analyte is greater than 20%, refer to
Method 8000 for additional calibration options.  One of the options must be applied
to GC/MS calibration in this situation, or a new initial calibration must be
performed.  The average RF should not be used for compounds that have an RSD 
greater than 20% unless the concentration is reported as estimated. 


11.3.6.2 When the RSD exceeds 20%, the plotting and visual
inspection of a calibration curve can be a useful diagnostic tool.  The inspection
may indicate analytical problems, including errors in standard preparation, the
presence of active sites in the chromatographic system, analytes that exhibit poor
chromatographic behavior, etc.
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11.3.6.3 Due to the large number of compounds that may be analyzed
by this method, some compounds may fail to meet either the 20% RSD, minimum
correlation coefficient criteria (0.99), or the acceptance criteria for alternative
calibration procedures in Method 8000.  Any calibration method described in
Method 8000 may be used, but it should be used consistently.  It is considered
inappropriate once the calibration analyses are completed to select an alternative
calibration procedure in order to pass the recommended criteria on a case-by-case
basis.   If compounds fail to meet these criteria, the associated concentrations may
still be determined but they must be reported as estimated.  In order to report non-
detects, it must be demonstrated that there is adequate sensitivity to detect the
failed compounds at the applicable lower quantitation limit. 


11.4 GC/MS calibration verification -- Calibration verification consists of three steps that
are performed at the beginning of each 12-hr analytical shift.


11.4.1 Prior to the analysis of samples or calibration standards, inject 50 ng or
less of the DFTPP standard into the GC/MS system.  The resultant mass spectrum for
DFTPP must meet the criteria as outlined in Sec. 11.3.1 before sample analysis begins. 
These criteria must be demonstrated each 12-hr shift during which samples are analyzed.


11.4.2 The initial calibration function for each target analyte should be checked
immediately after the first occurrence in the region of the middle of the calibration range
with a standard from a source different from that used for the initial calibration.  The value
determined from the second source check should be within 30% of the expected
concentration.  An alternative recovery limit may be appropriate based on the desired
project-specific data quality objectives.  Quantitative sample analyses should not proceed
for those analytes that fail the second source standard initial calibration verification. 
However, analyses may continue for those analytes that fail the criteria with an
understanding these results could be used for screening purposes and would be
considered estimated values. 


11.4.3 The initial calibration (Sec. 11.3) for each compound of interest should be
verified once every 12 hrs prior to sample analysis, using the introduction technique and
conditions used for samples.  This is accomplished by analyzing a calibration standard
(containing all the compounds for quantitation) at a concentration either near the midpoint
concentration for the calibrating range of the GC/MS or near the action level for the
project.  The results must be compared against the most recent initial calibration curve
and should meet the verification acceptance criteria provided in Secs. 11.4.5 through
11.4.7.


NOTE: The DFTPP and calibration verification standard may be combined into a single
standard as long as both tuning and calibration verification acceptance criteria for
the project can be met without interferences. 


11.4.4 A method blank should be analyzed prior to sample analyses in order to
ensure that the total system (introduction device, transfer lines and GC/MS system) is free of
contaminants.  If the method blank indicates contamination, then it may be appropriate to
analyze a solvent blank to demonstrate that the contamination is not a result of carryover from
standards or samples.  See Method 8000 for information regarding method blank performance
criteria.
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11.4.5 Calibration verification standard criteria


11.4.5.1 Each of the most common target analytes in the calibration
verification standard should meet the minimum response factors as noted in Table
4.  This criteria is particularly important when the common target analytes are also
critical project-required compounds.  This is the same check that is applied during
the initial calibration.


11.4.5.2 If the minimum response factors are not met, the system
should be evaluated, and corrective action should be taken before sample analysis
begins.  Possible problems include standard mixture degradation, injection port
inlet contamination, contamination at the front end of the analytical column, and
active sites in the column or chromatographic system. 


11.4.5.3  All target compounds of interest must be evaluated using a
20% criterion.   Use percent difference when performing the average response
factor model calibration.  Use percent drift when calibrating using a regression fit
model.  Refer to Method 8000 for guidance on calculating percent difference and
drift.  


11.4.5.4 If the percent difference or percent drift for a compound is less
than or equal to 20%, then the initial calibration for that compound is assumed to
be valid.  Due to the large numbers of compounds that may be analyzed by this
method, it is expected that some compounds will fail to meet the criterion.  If the
criterion is not met (i.e., greater than 20% difference or drift) for more than 20% of
the compounds included in the initial calibration, then corrective action must be
taken prior to the analysis of samples.  In cases where compounds fail, they may
still be reported as non-detects if it can be demonstrated that there was adequate
sensitivity to detect the compound at the applicable quantitation limit.  For
situations when the failed compound is present, the concentrations must be
reported as estimated values. 


11.4.5.5 Problems similar to those listed under initial calibration could
affect the ability to pass the calibration verification standard analysis.  If the
problem cannot be corrected by other measures, a new initial calibration must be
generated.  The calibration verification criteria must be met before sample analysis
begins.


  11.4.5.6  The method of linear regression analysis has the potential for
a significant bias to the lower portion of a calibration curve, while the relative
percent difference and quadratic methods of calibration do not have this potential
bias.  When calculating the calibration curves using the linear regression model, a
minimum quantitation check on the viability of the lowest calibration point should
be performed by re-fitting the response from the low concentration calibration
standard back into the curve (see Method 8000 for additional details).  It is not
necessary to re-analyze a low concentration standard, rather the data system can
recalculate the concentrations as if it were an unknown sample.  The recalculated
concentration of the low calibration point should be within ± 30% of the standard’s
true concentration.  Other recovery criteria may be applicable depending on the
project’s data quality objectives and for those situations the minimum quantitation
check criteria should be outlined in a laboratory standard operating procedure, or a
project-specific Quality Assurance Project Plan.  Analytes which do not meet the
minimum quantitation calibration re-fitting criteria should be considered "out of
control" and corrective action such as redefining the lower limit of quantitation
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and/or reporting those "out of control" target analytes as estimated when the
concentration is at or near the lowest calibration point may be appropriate.


 
11.4.6 Internal standard retention time -- The retention times of the internal


standards in the calibration verification standard must be evaluated immediately after or
during data acquisition.  If the retention time for any internal standard changes by more
than 30 sec from that in the mid-point standard level of the most recent initial calibration
sequence, then the chromatographic system must be inspected for malfunctions and
corrections must be made, as required.  When corrections are made, reanalysis of
samples analyzed while the system was malfunctioning is required.


11.4.7 Internal standard response -- If the EICP area for any of the internal
standards in the calibration verification standard changes by a factor of two (-50% to
+100%) from that in the mid-point standard level of the most recent initial calibration
sequence, the mass spectrometer must be inspected for malfunctions and corrections
must be made, as appropriate.  When corrections are made, reanalysis of samples
analyzed while the system was malfunctioning is required.


11.5 GC/MS analysis of samples


11.5.1 It is highly recommended that sample extracts be screened on a GC/FID
or GC/PID using the same type of capillary column used in the GC/MS system.  This will
minimize contamination of the GC/MS system from unexpectedly high concentrations of
organic compounds.


11.5.2 Allow the sample extract to warm to room temperature.  Just prior to
analysis, add 10 µL of the internal standard solution to the 1 mL of concentrated sample
extract obtained from sample preparation.


11.5.3 Inject an aliquot of the sample extract into the GC/MS system, using the
same operating conditions that were used for the calibration (Sec. 11.3).  The volume to
be injected should include an appropriate concentration that is within the calibration range
of base/neutral and acid surrogates using the surrogate solution as noted in Sec. 7.8.  The
injection volume must be the same volume that was used for the calibration standards.


11.5.4 If the response for any quantitation ion exceeds the initial calibration
range of the GC/MS system, the sample extract must be diluted and reanalyzed. 
Additional internal standard solution must be added to the diluted extract to maintain the
same concentration as in the calibration standards (usually 40 ng/µL, or other
concentrations as appropriate, if a more sensitive GC/MS system is being used). 
Secondary ion quantitation should be used only when there are sample interferences with
the primary ion. 


NOTE: It may be a useful diagnostic tool to monitor internal standard retention times in
all samples, spikes, blanks, and standards to effectively check drifting, method
performance, poor injection execution, and anticipate the need for system
inspection and/or maintenance.  Internal standard responses (area counts) must
be monitored in all samples, spikes, blanks for similar reasons.  If the EICP area
for any of the internal standards in samples, spikes and blanks changes by a
factor of two (-50% to +100%) from the areas determined in the continuing
calibration analyzed that day, corrective action must be taken.  The samples,
spikes or blanks should be reanalyzed or the data should be qualified.
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Dwell Time for the Group
Scan Time (msec)


Total Ions in the Group
=


11.5.4.1 When ions from a compound in the sample saturate the
detector, this analysis should be followed by the analysis of an instrument blank
consisting of clean solvent.  If the blank analysis is not free of interferences, then
the system must be decontaminated.  Sample analysis may not resume until the
blank analysis is demonstrated to be free of interferences.  Contamination from
one sample to the next on the instrument usually takes place in the syringe.  If
adequate syringe washes are employed, then carryover from high concentration
samples can usually be avoided.


11.5.4.2 All dilutions should keep the response of the major
constituents (previously saturated peaks) in the upper half of the linear range of the
curve.


11.5.5 The use of selected ion monitoring (SIM) is acceptable for applications
requiring quantitation limits below the normal range of electron impact mass spectrometry. 
However, SIM may provide a lesser degree of confidence in the compound identification,
since less mass spectral information is available.  Using the primary ion for quantitation
and the secondary ions for confirmation set up the collection groups based on their
retention times.  The selected ions are nominal ions and most compounds have small
mass defect, usually less than 0.2 amu, in their spectra.  These mass defects should be
used in the acquisition table.  The dwell time may be automatically calculated by the
laboratory’s GC/MS software or manually calculated using the following formula.  The total
scan time should be less than 1,000 msec and produce at least 5 to 10 scans per
chromatographic peak.  The start and stop times for the SIM groups are determined from
the full scan analysis using the formula below:


Additional guidance for performing SIM analyses, in particular for PAHs and phenol target
analyte compounds, can be found in the most recent CLP semivolatile organic methods
statement of work (SOW).  See the SIM sections from the following CLP SOW for further
details: EPA CLP Organics SOW.  (Reference 14)


11.6 Analyte identification 


11.6.1 The qualitative identification of compounds determined by this method is
based on retention time and on comparison of the sample mass spectrum, after
background correction, with characteristic ions in a reference mass spectrum.  The
reference mass spectrum must be generated by the laboratory using the conditions of this
method.  The characteristic ions from the reference mass spectrum are defined as the
three ions of greatest relative intensity, or any ions over 30% relative intensity, if less than
three such ions occur in the reference spectrum.  Compounds are identified when the
following criteria are met.


11.6.1.1 The intensities of the characteristic ions of a compound must
maximize in the same scan or within one scan of each other.  Selection of a peak
by a data system target compound search routine where the search is based on
the presence of a target chromatographic peak containing ions specific for the
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target compound at a compound-specific retention time will be accepted as
meeting this criterion.


11.6.1.2 The RRT of the sample component is within ± 0.06 RRT units
of the RRT of the standard component.


11.6.1.3 The relative intensities of the characteristic ions agree within
30% of the relative intensities of these ions in the reference spectrum.  (Example: 
For an ion with an abundance of 50% in the reference spectrum, the corresponding
abundance in a sample spectrum can range between 20% and 80%.)  Use
professional judgement in interpretation where interferences are observed.


11.6.1.4 Structural isomers that produce very similar mass spectra
should be identified as individual isomers if they have sufficiently different GC
retention times.  Sufficient GC resolution is achieved if the height of the valley
between two isomer peaks is less than 50% of the average of the two peak
heights.  Otherwise, structural isomers are identified as isomeric pairs.  The
resolution should be verified on the mid-point concentration of the initial calibration
as well as the laboratory designated continuing calibration verification level if
closely eluting isomers are to be reported (e.g., benzo(b)fluoranthene and
benzo(k)fluoranthene).   


11.6.1.5 Identification is hampered when sample components are not
resolved chromatographically and produce mass spectra containing ions
contributed by more than one analyte.  When gas chromatographic peaks
obviously represent more than one sample component (i.e., a broadened peak with
shoulder(s) or a valley between two or more maxima), appropriate selection of
analyte spectra and background spectra is important.  


11.6.1.6 Examination of extracted ion current profiles of appropriate
ions can aid in the selection of spectra and in qualitative identification of
compounds.  When analytes coelute (i.e., only one chromatographic peak is
apparent), the identification criteria may be met, but each analyte spectrum will
contain extraneous ions contributed by the coeluting compound.


11.6.2 For samples containing components not associated with the calibration
standards, a library search may be made for the purpose of tentative identification.  The
necessity to perform this type of identification will be determined by the purpose of the
analyses being conducted.  Data system library search routines should not use
normalization routines that would misrepresent the library or unknown spectra when
compared to each other. 


For example, the RCRA permit or waste delisting requirements may require the
reporting of non-target analytes.  Only after visual comparison of sample spectra with the
nearest library searches may the analyst assign a tentative identification.  Guidelines for
tentative identification are:


(1) Relative intensities of major ions in the reference spectrum (ions > 10% of the
most abundant ion) should be present in the sample spectrum.


(2) The relative intensities of the major ions should agree within ± 30%. 
(Example:  For an ion with an abundance of 50% in the standard spectrum,
the corresponding sample ion abundance must be between 20 and 80%.)
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(3) Molecular ions present in the reference spectrum should be present in the
sample spectrum.


(4) Ions present in the sample spectrum but not in the reference spectrum should
be reviewed for possible background contamination or presence of coeluting
compounds.


(5) Ions present in the reference spectrum but not in the sample spectrum should
be reviewed for possible subtraction from the sample spectrum because of
background contamination or coeluting peaks.  Data system library reduction
programs can sometimes create these discrepancies.


11.7 Quantitation


11.7.1 Once a target compound has been identified, the quantitation of that
compound will be based on the integrated abundance of the primary characteristic ion
from the EICP.   


11.7.1.1 It is highly recommended to use the integration produced by
the software if the integration is correct because the software should produce more
consistent integrations.  However, manual integrations may be necessary when the
software does not produce proper integrations because baseline selection is
improper; the correct peak is missed; a coelution is integrated; the peak is partially
integrated; etc.  The analyst is responsible for ensuring that the integration is
correct whether performed by the software or done manually.   


11.7.1.2 Manual integrations should not be substituted for proper
maintenance of the instrument or setup of the method (e.g. retention time updates,
integration parameter files, etc). The analyst should seek to minimize manual
integration by properly maintaining the instrument, updating retention times, and
configuring peak integration parameters.


11.7.2 If the RSD of a compound's response factor is 20% or less, then the
concentration in the extract may be determined using the average response factor (&R&F)
from initial calibration data (Sec. 11.3.4).  See Method 8000 for the equations describing
internal standard calibration and either linear or non-linear calibrations. 


11.7.3 Where applicable, the concentration of any non-target analytes identified
in the sample (Sec. 11.6.2) should be estimated.  The same formula as in Sec. 11.3.4
should be used with the following modifications:  The areas Ax and Ais should be from the
total ion chromatograms, and the RF for the compound should be assumed to be 1.


11.7.4 The resulting concentration should be reported indicating that the value is
an estimate.  Use the nearest internal standard free of interferences.


11.7.5 Quantitation of multicomponent compounds (e.g., Toxaphene, Aroclors,
etc.) is beyond the scope of Method 8270.  Normally, quantitation is performed using a
GC/ECD, for example by using Methods 8081 or 8082.  However, this method (8270) may
be used to confirm the identification of these compounds, when the concentrations are at
least 10 ng/µL in the concentrated sample extract.


11.7.6 Quantitation of multicomponent parameters such as diesel range organics
(DROs) and total petroleum hydrocarbons (TPH) using the Method 8270 recommended
internal standard quantitation technique is beyond the scope of this method.  Typically,
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analyses for these parameters are performed using GC/FID or GC with a MS detector
capability that is available with Method 8015.  


11.7.7 Structural isomers that produce very similar mass spectra should be
quantitated as individual isomers if they have sufficiently different GC retention times. 
Sufficient GC resolution is achieved if the height of the valley between two isomer peaks is
less than 50% of the average of the two peak heights.  Otherwise, structural isomers are
identified as isomeric pairs.  The resolution should be verified on the mid-point
concentration of the initial calibration as well as the laboratory designated continuing
calibration verification level if closely eluting isomers are to be reported (e.g.,
benzo(b)fluoranthene and benzo(k)fluoranthene).  


12.0 DATA ANALYSIS AND CALCULATIONS 


See Sec. 11.7 and Method 8000 for information on data analysis and calculations.


13.0 METHOD PERFORMANCE


13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance.  The data do not represent required performance criteria for users of
the methods.   Instead, performance criteria should be developed on a project-specific basis,
and the laboratory should establish in-house QC performance criteria for the application of this
method.  These performance data are not intended to be and must not be used as absolute QC
acceptance criteria for purposes of laboratory accreditation.


13.2 Single laboratory initial demonstration of capability data were generated from five
replicate measurements using a modified continuous liquid-liquid extractor (Method 3520) with
hydrophobic membrane.  In this case only a single acid pH extraction was performed using the
CLP calibration criteria and the applicable CLP target analytes.  These data are presented in
Table 6.  Laboratories should generate their own acceptance criteria depending on the
extraction and instrument conditions.  (See Method 8000.)


13.3 Chromatograms from calibration standards analyzed with Day 0 and Day 7
samples were compared to detect possible deterioration of GC performance.  These recoveries
(using Method 3510 extraction) are presented in Table 7.  These data are provided for guidance
purposes only.


13.4 Method performance data using Method 3541 (automated Soxhlet extraction) are
presented in Tables 8 and 9.  Single laboratory accuracy and precision data were obtained for
semivolatile organics in a clay soil by spiking at a concentration of 6 mg/kg for each compound. 
The spiking solution was mixed into the soil during addition and then allowed to equilibrate for
approximately 1 hour prior to extraction.  The spiked samples were then extracted by Method
3541 (Automated Soxhlet).  Three extractions were performed and each extract was analyzed
by gas chromatography/mass spectrometry following Method 8270.  The low recovery of the
more volatile compounds is probably due to volatilization losses during equilibration.  These
data as listed were taken from Reference 7 and are provided for guidance purposes only.


13.5 Surrogate precision and accuracy data are presented in Table 10 from a field
dynamic spiking study based on air sampling by Method 0010.  The trapping media were
prepared for analysis by Method 3542 and subsequently analyzed by this method (8270).  
These data are provided for guidance purposes only. 
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13.6 Single laboratory precision and bias data using Method 3545 (pressurized fluid
extraction) for semivolatile organic compounds are presented in Table 11.  The samples were
conditioned spiked samples prepared and certified by a commercial supplier that contained 57
semivolatile organics at three concentrations (250, 2500, and 12,500 µg/kg) on three types of
soil (clay, loam and sand).  Spiked samples were extracted both by the Dionex Accelerated
Solvent Extraction system and by the Perstorp Environmental Soxtec™ (automated Soxhlet). 
The data in Table 11 represent seven replicate extractions and analyses for each individual
sample and were taken from Reference 9.  The average recoveries from the three matrices for
all analytes and all replicates relative to the automated Soxhlet data are as follows:  clay 96.8%,
loam 98.7% and sand 102.1%.  The average recoveries from the three concentrations also
relative to the automated Soxhlet data are as follows:  low - 101.2%, mid - 97.2% and high -
99.2%.  These data are provided for guidance purposes only.


13.7 Single laboratory precision and bias data using Method 3561 (SFE extraction of
PAHs with a variable restrictor and solid trapping material) were obtained for the method
analytes by the extraction of two certified reference materials (EC-1, a lake sediment from
Environment Canada and  HS-3, a marine sediment from the National Science and Engineering
Research Council of Canada, both naturally-contaminated with PAHs).  The SFE instrument
used for these extractions was a Hewlett-Packard Model 7680.  Analysis was by GC/MS. 
Average recoveries from six replicate extractions range from 85 to 148% (overall average of
100%) based on the certified value (or a Soxhlet value if a certified value was unavailable for a
specific analyte) for the lake sediment.  Average recoveries from three replicate extractions
range from 73 to 133% (overall average of 92%) based on the certified value for the marine
sediment.  The data are found in Tables 12 and 13 and were taken from Reference 10.  These
data are provided for guidance purposes only.


13.8 Single laboratory precision and accuracy data using Method 3561 (SFE extraction
of PAHs with a fixed restrictor and liquid trapping) were obtained for twelve of the method
analytes by the extraction of a certified reference material (a soil naturally contaminated with
PAHs).  The SFE instrument used for these extractions was a Dionex Model 703-M.  Analysis
was by GC/MS.  Average recoveries from four replicate extractions range from 60 to 122%
(overall average of 89%) based on the certified value.  The instrument conditions that were
utilized to extract a 3.4 g sample were as follows:  Pressure -- 300 atm; time -- 60 min.;
extraction fluid -- CO2; modifier -- 10% 1:1 (v/v) methanol/methylene chloride; Oven temperature
-- 80 EC; Restrictor temperature -- 120 EC; and, trapping fluid -- chloroform (methylene chloride
has also been used).  The data are found in Table 14 and were taken from Reference 11. 
These data are provided for guidance purposes only.


13.9 Tables 15 and 16 contain single-laboratory precision and accuracy data for solid-
phase extraction of TCLP buffer solutions spiked at two levels and extracted using Method
3535. These data are provided for guidance purposes only.


13.10 Table 17 contains multiple-laboratory data for solid-phase extraction of spiked
TCLP soil leachates extracted using Method 3535.  These data are provided for guidance
purposes only.


13.11 Tables 18 through 22 contain single-laboratory PAH recovery data for microwave
extraction of contaminated soils and standard reference materials using Method 3546.  These
data are provided for guidance purposes only.
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14.0 POLLUTION PREVENTION 


14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity and/or toxicity of waste at the point of generation.  Numerous opportunities for pollution
prevention exist in laboratory operations.  The EPA has established a preferred hierarchy of
environmental management techniques that places pollution prevention as the management
option of first choice.  Whenever feasible, laboratory personnel should use pollution prevention
techniques to address their waste generation.  When wastes cannot be feasibly reduced at the
source, the Agency recommends recycling as the next best option.


14.2 For information about pollution prevention that may be applicable to laboratories
and research institutions consult Less is Better: Laboratory Chemical Management for Waste
Reduction available from the American Chemical Society's Department of Government
Relations and Science Policy, 1155 16th St., N.W. Washington, D.C. 20036, http://www.acs.org.


15.0 WASTE MANAGEMENT 


The Environmental Protection Agency requires that laboratory waste management
practices be conducted consistent with all applicable rules and regulations.  The Agency urges
laboratories to protect the air, water, and land by minimizing and controlling all releases from
hoods and bench operations, complying with the letter and spirit of any sewer discharge permits
and regulations, and by complying with all solid and hazardous waste regulations, particularly
the hazardous waste identification rules and land disposal restrictions.  For further information
on waste management, consult The Waste Management Manual for Laboratory Personnel
available from the American Chemical Society at the address listed in Sec. 14.2.


16.0 REFERENCES


1. J. W. Eichelberger, L. E. Harris, and W. L. Budde, W.L., "Reference Compound to
Calibrate Ion Abundance Measurement in Gas Chromatography-Mass Spectrometry
Systems," Analytical Chemistry, 47, 995-1000, 1975.


2. P. Olynyk, W. L. Budde, and J. W. Eichelberger, "Method Detection Limit for Methods 624
and 625," unpublished report, October 1980.


3. "Interlaboratory Method Study for EPA Method 625-Base/Neutrals, Acids, and Pesticides,"
Final Report for EPA Contract 68-03-3102. 


4. J. A. Burke, "Gas Chromatography for Pesticide Residue Analysis:  Some Practical
Aspects," Journal of the Association of Official Analytical Chemists (AOAC), 48, 1037,
1965.


5. S. V. Lucas, R. A. Kornfeld, "GC-MS Suitability Testing of RCRA Appendix VIII and
Michigan List Analytes," U.S. Environmental Protection Agency, Environmental Monitoring
and Support Laboratory, Cincinnati, OH 45268, February 20, 1987, Contract No.
68-03-3224.


6. T. M. Engel, R. A. Kornfeld, J. S. Warner, and K. D. Andrews, "Screening of Semivolatile
Organic Compounds for Extractability and Aqueous Stability by SW-846, Method 3510,"
U.S. Environmental Protection Agency, Environmental Monitoring and Support Laboratory,
Cincinnati, OH 45268, June 5, 1987, Contract 68-03-3224.







8270D - 31 Revision 4
February 2007


7. V. Lopez-Avila (W. Beckert, Project Officer); "Development of a Soxtec Extraction
Procedure for Extraction of Organic Compounds from Soils and Sediments;"  U.S.
Environmental Protection Agency,  Environmental Monitoring and Support Laboratory, Las
Vegas, NV, October 1991; EPA 600/X-91/140.


8. J. Bursey, R. Merrill, R. McAllister, and J. McGaughey, "Laboratory Validation of VOST
and SemiVOST for Halogenated Hydrocarbons from the Clean Air Act Amendments List," 
Vol. 1 and 2, U.S. Environmental Protection Agency, EPA 600/R-93/123a and b, (NTIS PB
93-227163 and 93-27171), Research Triangle Park, NC, July 1993.


9. B. Richter, J. Ezzell, and D. Felix, "Single Laboratory Method Validation Report: Extraction
of Target Compound List/Priority Pollutant List BNAs and Pesticides using Accelerated
Solvent Extraction (ASE) with Analytical Validation by GC/MS and GC/ECD," Document
101124, Dionex Corporation, Salt Lake City, UT, June 16, 1994.


10. H. B. Lee, T. E. Peart, R. L. Hong-You, and D. R. Gere, "Supercritical Carbon Dioxide
Extraction of Polycyclic Aromatic Hydrocarbons from Sediments," J. Chromatography, A
653 83-91 (1993).


11. S. Warner, "SFE Extraction of PNAs from Solid Matrices Using the Dionex 703M SFE
Extractor and a Liquid Trap," EPA Region III, Central Regional Laboratory, 839 Bestgate
Road, Annapolis, MD 21401, December 12, 1994.


12. C. Markell, "3M Data Submission to EPA," letter to B. Lesnik, June 27, 1995.


13. USEPA Method 525.2, "Determination of Organic Compounds in Drinking Water by Liquid-
Solid Extraction and Capillary Column Gas Chromatography/Mass Spectrometry,"
Environmental Monitoring Systems Laboratory, Office of Research and Development, US
EPA, Cincinnati, OH, Revision 2.0, March 1995.
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17.0 TABLES, DIAGRAMS, FLOW CHARTS, AND VALIDATION DATA 


The following pages contain the tables and figures referenced by this method.
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TABLE 1


CHARACTERISTIC IONS FOR SEMIVOLATILE COMPOUNDS IN APPROXIMATE
RETENTION TIME ORDER a


Compound
Primary


Ion
Secondary Ion(s)


2-Picoline 93 66,92
Aniline 93 66,65
Phenol 94 65,66
Bis(2-chloroethyl) ether 93 63,95
2-Chlorophenol 128 64,130
1,3-Dichlorobenzene 146 148,111
1,4-Dichlorobenzene-d4 (IS) 152 150,115
1,4-Dichlorobenzene 146 148,111
Benzyl alcohol 108 79,77
1,2-Dichlorobenzene 146 148,111
N-Nitrosomethylethylamine 88 42,43,56
Bis(2-chloroisopropyl) ether 45 77,121
Ethyl carbamate 62 44,45,74
Thiophenol (Benzenethiol) 110 66,109,84
Methyl methanesulfonate 80 79,65,95
N-Nitrosodi-n-propylamine 70 42,101,130
Hexachloroethane 117 201,199
Maleic anhydride 54 98,53,44
Nitrobenzene 77 123,65
Isophorone 82 95,138
N-Nitrosodiethylamine 102 42,57,44,56
2-Nitrophenol 139 109,65
2,4-Dimethylphenol 122 107,121
p-Benzoquinone 108 54,82,80
Bis(2-chloroethoxy)methane 93 95,123
Benzoic acid 122 105,77
2,4-Dichlorophenol 162 164,98
Trimethyl phosphate 110 79,95,109,140
Ethyl methanesulfonate 79 109,97,45,65
1,2,4-Trichlorobenzene 180 182,145
Naphthalene-d8 (IS) 136 68
Naphthalene 128 129,127
Hexachlorobutadiene 225 223,227
Tetraethyl pyrophosphate 99 155,127,81,109
Diethyl sulfate 139 45,59,99,111,125
4-Chloro-3-methylphenol 107 144,142
2-Methylnaphthalene 142 141
2-Methylphenol 107 108,77,79,90
Hexachloropropene 213 211,215,117,106,141
Hexachlorocyclopentadiene 237 235,272
N-Nitrosopyrrolidine 100 41,42,68,69
Acetophenone 105 71,51,120
3/4-Methylphenolb 107 108,77,79,90







TABLE 1
(continued)


Compound
Primary


Ion
Secondary Ion(s)
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2,4,6-Trichlorophenol 196 198,200
o-Toluidine 106 107,77,51,79
2-Chloronaphthalene 162 127,164
N-Nitrosopiperidine 114 42,55,56,41
1,4-Phenylenediamine 108 80,53,54,52
1-Chloronaphthalene 162 127,164
2-Nitroaniline 65 92,138
5-Chloro-2-methylaniline 106 141,140,77,89
Dimethyl phthalate 163 194,164
Acenaphthylene 152 151,153
2,6-Dinitrotoluene 165 63,89
Phthalic anhydride 104 76,50,148
o-Anisidine 108 80,123,52
3-Nitroaniline 138 108,92
Acenaphthene-d10 (IS) 164 162,160
Acenaphthene 154 153,152
2,4-Dinitrophenol 184 63,154
2,6-Dinitrophenol 162 164,126,98,63
4-Chloroaniline 127 129,65,92
Isosafrole 162 131,104,77,51
Dibenzofuran 168 139
2,4-Diaminotoluene 121 122,94,77,104
2,4-Dinitrotoluene 165 63,89
4-Nitrophenol 139 109,65
2-Naphthylamine 143 115,116
1,4-Naphthoquinone 158 104,102,76,50,130
p-Cresidine 122 94,137,77,93
Dichlorovos 109 185,79,145
Diethyl phthalate 149 177,150
Fluorene 166 165,167
2,4,5-Trimethylaniline 120 135,134,91,77
N-Nitrosodi-n-butylamine 84 57,41,116,158
4-Chlorophenyl phenyl ether 204 206,141
Hydroquinone 110 81,53,55
4,6-Dinitro-2-methylphenol 198 51,105
Resorcinol 110 81,82,53,69
N-Nitrosodiphenylamine 169 168,167
Safrole 162 104,77,103,135
Hexamethyl phosphoramide 135 44,179,92,42
3-(Chloromethyl)pyridine hydrochloride 92 127,129,65,39
Diphenylamine 169 168,167
1,2,4,5-Tetrachlorobenzene 216 214,179,108,143,218
1-Naphthylamine 143 115,89,63
1-Acetyl-2-thiourea 118 43,42,76
4-Bromophenyl phenyl ether 248 250,141







TABLE 1
(continued)


Compound
Primary


Ion
Secondary Ion(s)
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Toluene diisocyanate 174 145,173,146,132,91
2,4,5-Trichlorophenol 196 198,97,132,99
Hexachlorobenzene 284 142,249
Nicotine 84 133,161,162
Pentachlorophenol 266 264,268
5-Nitro-o-toluidine 152 77,79,106,94
Thionazine 107 96,97,143,79,68
4-Nitroaniline 138 65,108,92,80,39
Phenanthrene-d10 (IS) 188 94,80
Phenanthrene 178 179,176
Anthracene 178 176,179
1,4-Dinitrobenzene 168 75,50,76,92,122
Mevinphos 127 192,109,67,164
Naled 109 145,147,301,79,189
1,3-Dinitrobenzene 168 76,50,75,92,122
Diallate (cis or trans) 86 234,43,70
1,2-Dinitrobenzene 168 50,63,74
Diallate (trans or cis) 86 234,43,70
Pentachlorobenzene 250 252,108,248,215,254
5-Nitro-o-anisidine 168 79,52,138,153,77
Pentachloronitrobenzene 237 142,214,249,295,265
4-Nitroquinoline-1-oxide 174 101,128,75,116
Di-n-butyl phthalate 149 150,104
2,3,4,6-Tetrachlorophenol 232 131,230,166,234,168
Dihydrosaffrole 135 64,77
Demeton-O 88 89,60,61,115,171
Fluoranthene 202 101,203
1,3,5-Trinitrobenzene 75 74,213,120,91,63
Dicrotophos 127 67,72,109,193,237
Benzidine 184 92,185
Trifluralin 306 43,264,41,290
Bromoxynil 277 279,88,275,168
Pyrene 202 200,203
Monocrotophos 127 192,67,97,109
Phorate 75 121,97,93,260
Sulfallate 188 88,72,60,44
Demeton-S 88 60,81,89,114,115
Phenacetin 108 180,179,109,137,80
Dimethoate 87 93,125,143,229
Phenobarbital 204 117,232,146,161
Carbofuran 164 149,131,122
Octamethyl pyrophosphoramide 135 44,199,286,153,243
4-Aminobiphenyl 169 168,170,115
Dioxathion 97 125,270,153
Terbufos 231 57,97,153,103







TABLE 1
(continued)
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α,α-Dimethylphenylamine 58 91,65,134,42
Pronamide 173 175,145,109,147
Aminoazobenzene 197 92,120,65,77
Dichlone 191 163,226,228,135,193
Dinoseb 211 163,147,117,240
Disulfoton 88 97,89,142,186
Fluchloralin 306 63,326,328,264,65
Mexacarbate 165 150,134,164,222
4,4'-Oxydianiline 200 108,171,80,65
Butyl benzyl phthalate 149 91,206
4-Nitrobiphenyl 199 152,141,169,151
Phosphamidon 127 264,72,109,138
2-Cyclohexyl-4,6-Dinitrophenol 231 185,41,193,266
Methyl parathion 109 125,263,79,93
Carbaryl 144 115,116,201
Dimethylaminoazobenzene 225 120,77,105,148,42
Propylthiouracil 170 142,114,83
Benz(a)anthracene 228 229,226
Chrysene-d12 (IS) 240 120,236
3,3'-Dichlorobenzidine 252 254,126
Chrysene 228 226,229
Malathion 173 125,127,93,158
Kepone 272 274,237,178,143,270
Fenthion 278 125,109,169,153
Parathion 109 97,291,139,155
Anilazine 239 241,143,178,89
Bis(2-ethylhexyl) phthalate 149 167,279
3,3'-Dimethylbenzidine 212 106,196,180
Carbophenothion 157 97,121,342,159,199
5-Nitroacenaphthene 199 152,169,141,115
Methapyrilene 97 50,191,71
Isodrin 193 66,195,263,265,147
Captan 79 149,77,119,117
Chlorfenvinphos 267 269,323,325,295
Crotoxyphos 127 105,193,166
Phosmet 160 77,93,317,76
EPN 157 169,185,141,323
Tetrachlorvinphos 329 109,331,79,333
Di-n-octyl phthalate 149 167,43
2-Aminoanthraquinone 223 167,195
Barban 222 51,87,224,257,153
Aramite 185 191,319,334,197,321
Benzo(b)fluoranthene 252 253,125
Nitrofen 283 285,202,139,253
Benzo(k)fluoranthene 252 253,125







TABLE 1
(continued)
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Chlorobenzilate 251 139,253,111,141
Fensulfothion 293 97,308,125,292
Ethion 231 97,153,125,121
Diethylstilbestrol 268 145,107,239,121,159
Famphur 218 125,93,109,217
Tri-p-tolyl phosphatec 368 367,107,165,198
Benzo(a)pyrene 252 253,125
Perylene-d12 (IS) 264 260,265
7,12-Dimethylbenz(a)anthracene 256 241,239,120
5,5-Diphenylhydantoin 180 104,252,223,209
Captafol 79 77,80,107
Dinocap 69 41,39
Methoxychlor 227 228,152,114,274,212
2-Acetylaminofluorene 181 180,223,152
4,4'-Methylenebis(2-chloroaniline) 231 266,268,140,195
3,3'-Dimethoxybenzidine 244 201,229
3-Methylcholanthrene 268 252,253,126,134,113
Phosalone 182 184,367,121,379
Azinphos-methyl 160 132,93,104,105
Leptophos 171 377,375,77,155,379
Mirex 272 237,274,270,239,235
Tris(2,3-dibromopropyl) phosphate 201 137,119,217,219,199
Dibenz(a,j)acridine 279 280,277,250
Mestranol 277 310,174,147,242
Coumaphos 362 226,210,364,97,109
Indeno(1,2,3-cd)pyrene 276 138,277
Dibenz(a,h)anthracene 278 139,279
Benzo(g,h,i)perylene 276 138,277
1,2:4,5-Dibenzopyrene 302 151,150,300
Strychnine 334 334,335,333
Piperonyl sulfoxide 162 135,105,77
Hexachlorophene 196 198,209,211,406,408
Aldrin 66 263,220
Aroclor 1016 222 260,292
Aroclor 1221 190 224,260
Aroclor 1232 190 224,260
Aroclor 1242 222 256,292
Aroclor 1248 292 362,326
Aroclor 1254 292 362,326
Aroclor 1260 360 362,394
α-BHC 183 181,109
β-BHC 181 183,109
δ-BHC 183 181,109
γ-BHC (Lindane) 183 181,109
4,4'-DDD 235 237,165







TABLE 1
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4,4'-DDE 246 248,176
4,4'-DDT 235 237,165
Dieldrin 79 263,279
1,2-Diphenylhydrazine 77 105,182
Endosulfan I 195 339,341
Endosulfan II 337 339,341
Endosulfan sulfate 272 387,422
Endrin 263 82,81
Endrin aldehyde 67 345,250
Endrin ketone 317 67,319
2-Fluorobiphenyl (surr) 172 171
2-Fluorophenol (surr) 112 64
Heptachlor 100 272,274
Heptachlor epoxide 353 355,351
Nitrobenzene-d5 (surr) 82 128,54
N-Nitrosodimethylamine 42 74,44
Phenol-d6 (surr) 99 42,71
Terphenyl-d14 (surr) 244 122,212
2,4,6-Tribromophenol (surr) 330 332,141
Toxaphene 159 231,233


IS  = internal standard
surr = surrogate
a The data presented are representative of DB-5 type analytical columns
b Compounds cannot be separated for quantitation
c Substitute for the non-specific mixture, tricresyl phosphate
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TABLE 2


EXAMPLE LOWER LIMITS OF QUANTITATION FOR SEMIVOLATILE ORGANICS


Lower Limits of Quantitationa


Compound
Ground water


(µg/L)
Low Soil/Sedimentb


(µg/kg)
Acenaphthene 10 660
Acenaphthylene 10 660
Acetophenone 10 ND
2-Acetylaminofluorene 20 ND
1-Acetyl-2-thiourea 1000 ND
2-Aminoanthraquinone 20 ND
Aminoazobenzene 10 ND
4-Aminobiphenyl 20 ND
Anilazine 100 ND
o-Anisidine 10 ND
Anthracene 10 660
Aramite 20 ND
Azinphos-methyl 100 ND
Barban 200 ND
Benz(a)anthracene 10 660
Benzo(b)fluoranthene 10 660
Benzo(k)fluoranthene 10 660
Benzoic acid 50 3300
Benzo(g,h,i)perylene 10 660
Benzo(a)pyrene 10 660
p-Benzoquinone 10 ND
Benzyl alcohol 20 1300
Bis(2-chloroethoxy)methane 10 660
Bis(2-chloroethyl) ether 10 660
Bis(2-chloroisopropyl) ether 10 660
4-Bromophenyl phenyl ether 10 660
Bromoxynil 10 ND
Butyl benzyl phthalate 10 660
Captafol 20 ND
Captan 50 ND
Carbaryl 10 ND
Carbofuran 10 ND
Carbophenothion 10 ND
Chlorfenvinphos 20 ND
4-Chloroaniline 20 1300
Chlorobenzilate 10 ND
5-Chloro-2-methylaniline 10 ND
4-Chloro-3-methylphenol 20 1300







TABLE 2
(continued)


Lower Limits of Quantitationa


Compound
Ground water


(µg/L)
Low Soil/Sedimentb


(µg/kg)
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3-(Chloromethyl)pyridine hydrochloride 100 ND
2-Chloronaphthalene 10 660
2-Chlorophenol 10 660
4-Chlorophenyl phenyl ether 10 660
Chrysene 10 660
Coumaphos 40 ND
p-Cresidine 10 ND
Crotoxyphos 20 ND
2-Cyclohexyl-4,6-dinitrophenol 100 ND
Demeton-O 10 ND
Demeton-S 10 ND
Diallate (cis or trans) 10 ND
Diallate (trans or cis) 10 ND
2,4-Diaminotoluene 20 ND
Dibenz(a,j)acridine 10 ND
Dibenz(a,h)anthracene 10 660
Dibenzofuran 10 660
Dibenzo(a,e)pyrene 10 ND
Di-n-butyl phthalate 10 ND
Dichlone NA ND
1,2-Dichlorobenzene 10 660
1,3-Dichlorobenzene 10 660
1,4-Dichlorobenzene 10 660
3,3'-Dichlorobenzidine 20 1300
2,4-Dichlorophenol 10 660
2,6-Dichlorophenol 10 ND
Dichlorovos 10 ND
Dicrotophos 10 ND
Diethyl phthalate 10 660
Diethylstilbestrol 20 ND
Diethyl sulfate 100 ND
Dimethoate 20 ND
3,3'-Dimethoxybenzidine 100 ND
Dimethylaminoazobenzene 10 ND
7,12-Dimethylbenz(a)anthracene 10 ND
3,3'-Dimethylbenzidine 10 ND
2,4-Dimethylphenol 10 660
Dimethyl phthalate 10 660
1,2-Dinitrobenzene 40 ND







TABLE 2
(continued)
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Ground water


(µg/L)
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(µg/kg)
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1,3-Dinitrobenzene 20 ND
1,4-Dinitrobenzene 40 ND
4,6-Dinitro-2-methylphenol 50 3300
2,4-Dinitrophenol 50 3300
2,4-Dinitrotoluene 10 660
2,6-Dinitrotoluene 10 660
Dinocap 100 ND
Dinoseb 20 ND
5,5-Diphenylhydantoin 20 ND
Di-n-octyl phthalate 10 660
Disulfoton 10 ND
EPN 10 ND
Ethion 10 ND
Ethyl carbamate 50 ND
Bis(2-ethylhexyl) phthalate 10 660
Ethyl methanesulfonate 20 ND
Famphur 20 ND
Fensulfothion 40 ND
Fenthion 10 ND
Fluchloralin 20 ND
Fluoranthene 10 660
Fluorene 10 660
Hexachlorobenzene 10 660
Hexachlorobutadiene 10 660
Hexachlorocyclopentadiene 10 660
Hexachloroethane 10 660
Hexachlorophene 50 ND
Hexachloropropene 10 ND
Hexamethylphosphoramide 20 ND
Indeno(1,2,3-cd)pyrene 10 660
Isodrin 20 ND
Isophorone 10 660
Isosafrole 10 ND
Kepone 20 ND
Leptophos 10 ND
Malathion 50 ND
Mestranol 20 ND
Methapyrilene 100 ND
Methoxychlor 10 ND







TABLE 2
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3-Methylcholanthrene 10 ND
Methyl methanesulfonate 10 ND
2-Methylnaphthalene 10 660
Methyl parathion 10 ND
2-Methylphenol 10 660
3-Methylphenol 10 ND
4-Methylphenol 10 660
Mevinphos 10 ND
Mexacarbate 20 ND
Mirex 10 ND
Monocrotophos 40 ND
Naled 20 ND
Naphthalene 10 660
1,4-Naphthoquinone 10 ND
1-Naphthylamine 10 ND
2-Naphthylamine 10 ND
Nicotine 20 ND
5-Nitroacenaphthene 10 ND
2-Nitroaniline 50 3300
3-Nitroaniline 50 3300
4-Nitroaniline 20 ND
5-Nitro-o-anisidine 10 ND
Nitrobenzene 10 660
4-Nitrobiphenyl 10 ND
Nitrofen 20 ND
2-Nitrophenol 10 660
4-Nitrophenol 50 3300
5-Nitro-o-toluidine 10 ND
4-Nitroquinoline-1-oxide 40 ND
N-Nitrosodi-n-butylamine 10 ND
N-Nitrosodiethylamine 20 ND
N-Nitrosodiphenylamine 10 660
N-Nitroso-di-n-propylamine 10 660
N-Nitrosopiperidine 20 ND
N-Nitrosopyrrolidine 40 ND
Octamethyl pyrophosphoramide 200 ND
4,4'-Oxydianiline 20 ND
Parathion 10 ND
Pentachlorobenzene 10 ND
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Pentachloronitrobenzene 20 ND
Pentachlorophenol 50 3300
Phenacetin 20 ND
Phenanthrene 10 660
Phenobarbital 10 ND
Phenol 10 660
1,4-Phenylenediamine 10 ND
Phorate 10 ND
Phosalone 100 ND
Phosmet 40 ND
Phosphamidon 100 ND
Phthalic anhydride 100 ND
2-Picoline ND ND
Piperonyl sulfoxide 100 ND
Pronamide 10 ND
Propylthiouracil 100 ND
Pyrene 10 660
Resorcinol 100 ND
Safrole 10 ND
Strychnine 40 ND
Sulfallate 10 ND
Terbufos 20 ND
1,2,4,5-Tetrachlorobenzene 10 ND
2,3,4,6-Tetrachlorophenol 10 ND
Tetrachlorvinphos 20 ND
Tetraethyl pyrophosphate 40 ND
Thionazine 20 ND
Thiophenol (Benzenethiol) 20 ND
o-Toluidine 10 ND
1,2,4-Trichlorobenzene 10 660
2,4,5-Trichlorophenol 10 660
2,4,6-Trichlorophenol 10 660
Trifluralin 10 ND
2,4,5-Trimethylaniline 10 ND
Trimethyl phosphate 10 ND
1,3,5-Trinitrobenzene 10 ND
Tris(2,3-dibromopropyl) phosphate 200 ND
Tri-p-tolyl phosphate(h) 10 ND
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a Sample lower limits of quantitation are highly matrix-dependent and those listed here are
provided for guidance and may not always be achievable.  


b Lower limits of quantitation listed for soil/sediment are based on wet weight.  When data are
reported on a dry weight basis, the lower limits will be higher based on the % dry weight of
each sample.  These lower limits are based on a 30-g sample and gel permeation
chromatography cleanup.


ND = Not Determined


NA = Not Applicable


Other Matrices Factorc


High-concentration soil and sludges by ultrasonic extractor 7.5
Non-water miscible waste 75


cLower limit of quantitation = (Lower limit of quantitation for low soil/sediment given above in
Table 2) x (Factor)
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TABLE 3


DFTPP KEY IONS AND ION ABUNDANCE CRITERIAa,b


Mass Ion Abundance Criteria


51 10-80% of Base Peak


68 < 2% of mass 69


70 < 2% of mass 69


127 10-80% of Base Peak


197 < 2% of mass 198


198 Base peak, or > 50% of Mass 442


199 5-9% of mass 198


275 10-60% of Base Peak


365 > 1% of mass 198


441 present but < 24% of mass 442


442 Base Peak, or > 50% of mass 198


443 15-24% of mass 442


a The majority of the data are taken from Reference 13 (Method 525.2).
b The criteria in this table are intended to be used as


default criteria for quadrupole instrumentation if
optimized manufacturer’s operating conditions are
not available.  Alternate tuning criteria may be
employed (e.g., CLP or Method 625), provided that
method performance is not adversely affected.  See
Sec. 11.3.1
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TABLE 4


RECOMMENDED MINIMUM RESPONSE FACTOR CRITERIA FOR INITIAL AND
CONTINUING CALIBRATION VERIFICATION USING THE SUGGESTED IONS


FROM TABLE 1


Semivolatile Compounds Minimum Response
Factor (RF)


Benzaldehyde 0.010


Phenol 0.800


Bis(2-chloroethyl)ether 0.700


2-Chlorophenol 0.800


2-Methylphenol 0.700


2,2'-Oxybis-(1-chloropropane) 0.010


Acetophenone 0.010


4-Methylphenol 0.600


N-Nitroso-di-n-propylamine 0.500


Hexachloroethane 0.300


Nitrobenzene 0.200


Isophorone 0.400


2-Nitrophenol 0.100


2,4-Dimethylphenol 0.200


Bis(2-chloroethoxy)methane 0.300


2,4-Dichlorophenol 0.200


Naphthalene 0.700


4-Chloroaniline 0.010


Hexachlorobutadiene 0.010


Caprolactam 0.010


4-Chloro-3-methylphenol 0.200


2-Methylnaphthalene 0.400


Hexachlorocyclopentadiene 0.050


2,4,6-Trichlorophenol 0.200


2,4,5-Trichlorophenol 0.200


1,1'-Biphenyl 0.010


2-Chloronaphthalene 0.800







TABLE 4
(continued)


Semivolatile Compounds Minimum Response
Factor (RF)
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2-Nitroaniline 0.010


Dimethyl phthalate 0.010


2,6-Dinitrotoluene 0.200


Acenaphthylene 0.900


3-Nitroaniline 0.010


Acenaphthene 0.900


2,4-Dinitrophenol 0.010


4-Nitrophenol 0.010


Dibenzofuran 0.800


2,4-Dinitrotoluene 0.200


Diethyl phthalate 0.010


1,2,4,5-Tetrachlorobenzene 0.010


4-Chlorophenyl-phenyl ether 0.400


Fluorene 0.900


4-Nitroaniline 0.010


4,6-Dinitro-2-methylphenol 0.010


4-Bromophenyl-phenyl ether 0.100


N-Nitrosodiphenylamine 0.010


Hexachlorobenzene 0.100


Atrazine 0.010


Pentachlorophenol 0.050


Phenanthrene 0.700


Anthracene 0.700


Carbazole 0.010


Di-n-butyl phthalate 0.010


Fluoranthene 0.600


Pyrene 0.600


Butyl benzyl phthalate 0.010


3,3'-Dichlorobenzidine 0.010


Benzo(a)anthracene 0.800







TABLE 4
(continued)


Semivolatile Compounds Minimum Response
Factor (RF)
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Chrysene 0.700


Bis-(2-ethylhexyl)phthalate 0.010


Di-n-octyl phthalate 0.010


Benzo(b)fluoranthene 0.700


Benzo(k)fluoranthene 0.700


Benzo(a)pyrene 0.700


Indeno(1,2,3-cd)pyrene 0.500


Dibenz(a,h)anthracene 0.400


Benzo(g,h,i)perylene 0.500


2,3,4,6-Tetrachlorophenol 0.010
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TABLE 5


SEMIVOLATILE INTERNAL STANDARDS WITH CORRESPONDING ANALYTES
ASSIGNED FOR QUANTITATION


1,4-Dichlorobenzene-d4 Naphthalene-d8 Acenaphthene-d10


Aniline Acetophenone Acenaphthene


Benzyl alcohol Benzoic acid Acenaphthylene


Bis(2-chloroethyl) ether Bis(2-chloroethoxy)methane 1-Chloronaphthalene


Bis(2-chloroisopropyl) ether 4-Chloroaniline 2-Chloronaphthalene


2-Chlorophenol 4-Chloro-3-methylphenol 4-Chlorophenyl phenyl ether


1,3-Dichlorobenzene 2,4-Dichlorophenol Dibenzofuran


1,4-Dichlorobenzene 2,6-Dichlorophenol Diethyl phthalate


1,2-Dichlorobenzene α,α-Dimethyl- Dimethyl phthalate


Ethyl methanesulfonate   phenethylamine 2,4-Dinitrophenol


2-Fluorophenol (surr) 2,4-Dimethylphenol 2,4-Dinitrotoluene


Hexachloroethane Hexachlorobutadiene 2,6-Dinitrotoluene


Methyl methanesulfonate Isophorone Fluorene


2-Methylphenol 2-Methylnaphthalene 2-Fluorobiphenyl  (surr)


4-Methylphenol Naphthalene Hexachlorocyclopentadiene


N-Nitrosodimethylamine Nitrobenzene 1-Naphthylamine


N-Nitroso-di-n-propylamine Nitrobenzene-d8 (surr) 2-Naphthylamine


Phenol 2-Nitrophenol 2-Nitroaniline


Phenol-d6 (surr) N-Nitrosodi-n-butylamine 3-Nitroaniline


2-Picoline N-Nitrosopiperidine 4-Nitroaniline


1,2,4-Trichlorobenzene 4-Nitrophenol


Pentachlorobenzene


1,2,4,5-Tetrachlorobenzene


2,3,4,6-Tetrachlorophenol


2,4,6-Tribromophenol (surr)


2,4,6-Trichlorophenol


2,4,5-Trichlorophenol


(surr) = surrogate
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TABLE 5
(continued)


Phenanthrene-d10 Chrysene-d12 Perylene-d12


4-Aminobiphenyl Benzidine Benzo(b)fluoranthene


Anthracene Benzo(a)anthracene Benzo(k)fluoranthene


4-Bromophenyl phenyl
ether


Bis(2-ethylhexyl) phthalate Benzo(g,h,i)perylene


Di-n-butyl phthalate Butyl benzyl phthalate Benzo(a)pyrene


4,6-Dinitro-2-methylphenol Chrysene Dibenz(a,j)acridine


Diphenylamine 3,3'-Dichlorobenzidine Dibenz(a,h)anthracene


Fluoranthene p-Dimethyl aminoazobenzene 7,12-Dimethylbenz(a)
anthracene


Hexachlorobenzene Pyrene Di-n-octyl phthalate


N-Nitrosodiphenylamine Terphenyl-d14 (surr) Indeno(1,2,3-cd) pyrene


Pentachlorophenol 3-Methylcholanthrene


Pentachloronitrobenzene


Phenacetin


Phenanthrene


Pronamide


(surr) = surrogate
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TABLE 6


EXAMPLE SINGLE LABORATORY PERFORMANCE DATAa


Compound
Test conc.


(µg/L)
 x& of 5


replicates
(µg/L)


% Recovery
of Avg.


Acenaphthene 50 46.7 93.4
Acenaphthylene 50 46.1 92.2
Aniline 50 8.3 16.7
Anthracene  50 48.4 96.8
Benzoic acid 50 43.7 87.4
Benz(a)anthracene 50 49.6 99.2
Benzo(b)fluoranthene 50 49.8 99.6
Benzo(k)fluoranthene 50 50.6 101
Benzo(a)pyrene 50 47.7 95.5
Benzo(g,h,i)perylene 50 52.6 105
Benzyl alcohol 50 44.4 88.8
Bis(2-chloroethyl) ether 50 44.2 88.4
Bis(2-chloroethoxy)methane 50 46.6 93.1
Bis(2-chloroisopropyl) ether 50 43.4 86.8
Bis(2-ethylhexyl) phthalate 50 50.2 100
4-Bromophenyl phenyl ether 50 48.6 97.2
Butyl benzyl phthalate 50 49.6 99.3
Carbazole 50 52.1 104
2-Chloroaniline 50 38.9 77.7
4-Chloro-3-methylphenol 50 47.3 94.6
2-Chloronaphthalene 50 45.3 90.8
2-Chlorophenol 50 43.1 86.2
4-Chlorophenyl phenyl ether 50 47.3 94.6
Chrysene 50 50.3 101
Dibenzofuran 50 47.4 94.7
Dibenz(a,h)anthracene 50 51.6 103
Di-n-butyl phthalate 50 50.5 101
1,2-Dichlorobenzene 50 35.8 71.6
1,3-Dichlorobenzene 50 33.3 66.7
1,4-Dichlorobenzene 50 34.4 68.7
3,3'-Dichlorobenzidine 50 32.0 64.0
2,4-Dichlorophenol 50 47.4 94.8
Diethyl phthalate 50 50.0 99.9
Dimethyl phthalate 50 48.5 97.0
2,4-Dimethylphenol 50 31.2 62.3
4,6-Dinitro-2-methylphenol 50 57.6 115
2,4-Dinitrophenol 50 58.7 117
2,4-Dinitrotoluene 50 51.3 103







TABLE 6
(continued)


Compound
Test conc.


(µg/L)
 x& of 5


replicates
(µg/L)


% Recovery
of Avg.
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2,6-Dinitrotoluene 50 50.2 100
Di-n-octyl phthalate 50 51.1 102
Fluoranthene 50 51.0 102
Fluorene 50 48.5 97.0
Hexachlorobenzene 50 49.0 97.9
Hexachlorobutadiene 50 34.7 69.5
Hexachlorocyclopentadiene 50 1.9 3.8
Hexachloroethane 50 29.9 58.8
Indeno(1,2,3-cd)pyrene 50 51.7 103  
Isophorone 50 47.1 94.3
2-Methylnaphthalene 50 44.7 89.4
2-Methylphenol 50 41.7 83.4
4-Methylphenol 50 42.6 85.2
Naphthalene 50 43.4 86.8
2-Nitroaniline 50 48.4 96.7
3-Nitroaniline 50 46.8 93.6
4-Nitroaniline 50 56.1 112
Nitrobenzene 50 47.1 94.1
2-Nitrophenol 50 47.3 94.6
4-Nitrophenol 50 55.4 111
N-Nitrosodiphenylamine 50 46.7 93.4
N-Nitroso-di-propylamine 50 44.6 89.3
Pentachlorophenol 50 56.9 114
Phenanthrene 50 49.7 99.4
Phenol 50 40.9 81.8
Pyrene 50 49.2 98.4
1,2,4-Trichlorobenzene 50 39.1 78.2
2,4,5-Trichlorophenol 50 47.7 95.4
2,4,6-Trichlorophenol 50 49.2 98.4


&x = Average recovery for five initial demonstration of capability measurements, in µg/L


a Extraction using acidic pH only with a modified continuous liquid-liquid extractor with hydrophobic membrane
according to Method 3520.  These values are for guidance only.  Appropriate derivation of acceptance criteria for
similar extraction conditions may result in much different recovery ranges.  See Method 8000 for information on
developing and updating acceptance criteria for method performance.
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TABLE 7


EXTRACTION EFFICIENCY AND AQUEOUS STABILITY RESULTS


Percent Recovery, Day 0 Percent Recovery, Day 7


Compound Mean RSD Mean RSD


3-Amino-9-ethylcarbazole 80 8 73 3


4-Chloro-1,2-phenylenediamine 91 1 108 4


4-Chloro-1,3-phenylenediamine 84 3 70 3


1,2-Dibromo-3-chloropropane 97 2 98 5


Dinoseb 99 3 97 6


Parathion 100 2 103 4


4,4'-Methylenebis(N,N-
dimethylaniline)


108 4 90 4


5-Nitro-o-toluidine 99 10 93 4


2-Picoline 80 4 83 4


Tetraethyl dithiopyrophosphate 92 7 70 1


Data taken from Reference 6.
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TABLE 8


MEAN PERCENT RECOVERIES AND PERCENT RSD VALUES FOR SEMIVOLATILE
 ORGANIC FROM SPIKED CLAY SOIL AND TOPSOIL BY AUTOMATED SOXHLET


 EXTRACTION (METHOD 3541) WITH HEXANE-ACETONE (1:1)a


Clay Soil Topsoil


Compound
Mean
Recovery


RSD Mean
Recovery


RSD


1,3-Dichlorobenzene 0 -- 0 --
1,2-Dichlorobenzene 0 -- 0 --
Nitrobenzene 0 -- 0 --
Benzal chloride 0 -- 0 --
Benzotrichloride 0 -- 0 --
4-Chloro-2-nitrotoluene 0 -- 0 --
Hexachlorocyclopentadiene 4.1 15 7.8 23
2,4-Dichloronitrobenzene 35.2 7.6 21.2 15
3,4-Dichloronitrobenzene 34.9 15 20.4 11
Pentachlorobenzene 13.7 7.3 14.8 13
2,3,4,5-Tetrachloronitrobenzene 55.9 6.7 50.4 6.0
Benefin 62.6 4.8 62.7 2.9
alpha-BHC 58.2 7.3 54.8 4.8
Hexachlorobenzene 26.9 13 25.1 5.7
delta-BHC 95.8 4.6 99.2 1.3
Heptachlor 46.9 9.2 49.1 6.3
Aldrin 97.7 12 102 7.4
Isopropalin 102 4.3 105 2.3
Heptachlor epoxide 90.4 4.4 93.6 2.4
trans-Chlordane 90.1 4.5 95.0 2.3
Endosulfan I 96.3 4.4 101 2.2
Dieldrin 129 4.7 104 1.9
2,5-Dichlorophenyl-4-nitrophenyl ether 110 4.1 112 2.1
Endrin 102 4.5 106 3.7
Endosulfan II 104 4.1 105 0.4
p,p'-DDT 134 2.1 111 2.0
2,3,6-Trichlorophenyl-4'-nitrophenyl ether 110 4.8 110 2.8
2,3,4-Trichlorophenyl-4'-nitrophenyl ether 112 4.4 112 3.3
Mirex 104 5.3 108 2.2


a The operating conditions for the Soxtec apparatus were as follows: immersion time 45 min; extraction time 45 min;
the sample size was 10 g; the spiking concentration was 500 ng/g, except for the surrogate compounds at 1000
ng/g, 2,5-Dichlorophenyl-4-nitrophenyl ether, 2,3,6-Trichlorophenyl-4-nitrophenyl ether, and 2,3,4-Trichlorophenyl-
4-nitrophenyl ether at 1500 ng/g, Nitrobenzene at 2000 ng/g, and 1,3-Dichlorobenzene and 1,2-Dichlorobenzene at
5000 ng/g.
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TABLE 9


SINGLE LABORATORY ACCURACY AND PRECISION DATA FOR THE EXTRACTION
OF SEMIVOLATILE ORGANICS FROM SPIKED CLAY BY


AUTOMATED SOXHLET (METHOD 3541)a


Compound Mean Recovery RSD
Phenol 47.8 5.6
Bis(2-chloroethyl)ether 25.4 13
2-Chlorophenol 42.7 4.3
Benzyl alcohol 55.9 7.2
2-Methylphenol 17.6 6.6
Bis(2-chloroisopropyl)ether 15.0 15
4-Methylphenol 23.4 6.7
N-Nitroso-di-n-propylamine 41.4 6.2
Nitrobenzene 28.2 7.7
Isophorone 56.1 4.2
2-Nitrophenol 36.0 6.5
2,4-Dimethylphenol 50.1 5.7
Benzoic acid 40.6 7.7
Bis(2-chloroethoxy)methane 44.1 3.0
2,4-Dichlorophenol 55.6 4.6
1,2,4-Trichlorobenzene 18.1 31
Naphthalene 26.2 15
4-Chloroaniline 55.7 12
4-Chloro-3-methylphenol 65.1 5.1
2-Methylnaphthalene 47.0 8.6
Hexachlorocyclopentadiene 19.3 19
2,4,6-Trichlorophenol 70.2 6.3
2,4,5-Trichlorophenol 26.8 2.9
2-Chloronaphthalene 61.2 6.0
2-Nitroaniline 73.8 6.0
Dimethyl phthalate 74.6 5.2
Acenaphthylene 71.6 5.7
3-Nitroaniline 77.6 5.3
Acenaphthene 79.2 4.0
2,4-Dinitrophenol 91.9 8.9
4-Nitrophenol 62.9 16
Dibenzofuran 82.1 5.9
2,4-Dinitrotoluene 84.2 5.4
2,6-Dinitrotoluene 68.3 5.8







Compound Mean Recovery RSD
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Diethyl phthalate 74.9 5.4
4-Chlorophenyl-phenyl ether 67.2 3.2
Fluorene 82.1 3.4
4-Nitroaniline 79.0 7.9
4,6-Dinitro-2-methylphenol 63.4 6.8
N-Nitrosodiphenylamine 77.0 3.4
4-Bromophenyl-phenyl ether 62.4 3.0
Hexachlorobenzene 72.6 3.7
Pentachlorophenol 62.7 6.1
Phenanthrene 83.9 5.4
Anthracene 96.3 3.9
Di-n-butyl phthalate 78.3 40
Fluoranthene 87.7 6.9
Pyrene 102 0.8
Butyl benzyl phthalate 66.3 5.2
3,3'-Dichlorobenzidine 25.2 11
Benzo(a)anthracene 73.4 3.8
Bis(2-ethylhexyl) phthalate 77.2 4.8
Chrysene 76.2 4.4
Di-n-octyl phthalate 83.1 4.8
Benzo(b)fluoranthene 82.7 5.0
Benzo(k)fluoranthene 71.7 4.1
Benzo(a)pyrene 71.7 4.1
Indeno(1,2,3-cd)pyrene 72.2 4.3
Dibenz(a,h)anthracene 66.7 6.3
Benzo(g,h,i)perylene 63.9 8.0
1,2-Dichlorobenzene 0 --
1,3-Dichlorobenzene 0 --
1,4-Dichlorobenzene 0 --
Hexachloroethane 0 --
Hexachlorobutadiene 0 --


a Number of determinations was three.  The operating conditions for the Soxtec apparatus were as follows:
immersion time 45 min; extraction time 45 min; the sample size was 10 g clay soil; the spike concentration was 6
mg/kg per compound.  The sample was allowed to equilibrate 1 hour after spiking.


Data taken from Reference 7.
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TABLE 10


PRECISION AND BIAS VALUES FOR METHOD 35421


Compound Mean Recovery Standard Deviation % RSD


2-Fluorophenol 74.6 28.6 38.3


Phenol-d5 77.8 27.7 35.6


Nitrobenzene-d5 65.6 32.5 49.6


2-Fluorobiphenyl 75.9 30.3 39.9


2,4,6-Tribromophenol 67.0 34.0 50.7


Terphenyl-d14 78.6 32.4 41.3


1 The surrogate values shown in Table 10 represent mean recoveries for surrogates in all
Method 0010 matrices in a field dynamic spiking study.
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TABLE 11


PRESSURIZED FLUID EXTRACTION (METHOD 3545) RECOVERY VALUES
AS PERCENT OF SOXTEC™


Clay Loam Sand Mean
Compound Low Mid High Low Mid High Low Mid High Rec.


Phenol 93.3 78.7 135.9 73.9 82.8 124.6 108.8 130.6 89.7 102.0
Bis(2-chloroethyl) ether 102.1 85.1 109.1 96.0 88.0 103.6 122.3 119.9 90.8 101.9
2-Chlorophenol 100.8 82.6 115.0 93.8 88.9 111.1 115.0 115.3 91.9 101.6
1,3-Dichlorobenzene 127.7 129.7 110.0 *364.2 129.9 119.0 *241.3 *163.7 107.1 120.6
1,4-Dichlorobenzene 127.9 127.0 110.5 *365.9 127.8 116.4 *309.6 *164.1 105.8 119.2
1,2-Dichlorobenzene 116.8 115.8 101.3 *159.2 113.4 105.5 *189.3 134.0 100.4 112.5
2-Methylphenol 98.9 82.1 119.7 87.6 89.4 111.0 133.2 128.0 92.1 104.7
Bis(2-chloroisopropyl)ether 109.4 71.5 108.0 81.8 81.0 88.6 118.1 148.3 94.8 100.2
o-Toluidine 100.0 89.7 117.2 100.0 *152.5 120.3 100.0 *199.5 102.7 110.3
N-Nitroso-di-n-propylamine 103.0 79.1 107.7 83.9 88.1 96.2 109.9 123.3 91.4 98.1
Hexachloroethane 97.1 125.1 111.0 *245.4 117.1 128.1 *566.7 147.9 103.7 118.6
Nitrobenzene 104.8 82.4 106.6 86.8 84.6 101.7 119.7 122.1 93.3 100.2
Isophorone 100.0 86.4 98.2 87.1 87.5 109.7 135.5 118.4 92.7 101.7
2,4-Dimethylphenol 100.0 104.5 140.0 100.0 114.4 123.1 100.0 *180.6 96.3 109.8
2-Nitrophenol 80.7 80.5 107.9 91.4 86.7 103.2 122.1 107.1 87.0 96.3
Bis(chloroethoxy)methane 94.4 80.6 94.7 86.5 84.4 99.6 130.6 110.7 93.2 97.2
2,4-Dichlorophenol 88.9 87.8 111.4 85.9 87.6 103.5 123.3 107.0 92.1 98.6
1,2,4-Trichlorobenzene 98.0 97.8 98.8 123.0 93.7 94.5 137.0 99.4 95.3 104.2
Naphthalene 101.7 97.2 123.6 113.2 102.9 129.5 *174.5 114.0 89.8 106.1
4-Chloroaniline 100.0 *150.2 *162.4 100.0 125.5 *263.6 100.0 *250.8 114.9 108.1
Hexachlorobutadiene 101.1 98.7 102.2 124.1 90.3 98.0 134.9 96.1 96.8 104.7
4-Chloro-3-methylphenol 90.4 80.2 114.7 79.0 85.2 109.8 131.6 116.2 90.1 99.7
2-Methylnaphthalene 93.2 89.9 94.6 104.1 92.2 105.9 146.2 99.1 93.3 102.1
Hexachlorocyclopentadiene 100.0 100.0 0.0 100.0 100.0 6.8 100.0 100.0 *238.3 75.8
2,4,6-Trichlorophenol 94.6 90.0 112.0 84.2 91.2 103.6 101.6 95.9 89.8 95.9
2,4,5-Trichlorophenol 84.4 91.9 109.6 96.1 80.7 103.6 108.9 83.9 87.9 94.1
2-Chloronaphthalene 100.0 91.3 93.6 97.6 93.4 98.3 106.8 93.0 92.0 96.2
2-Nitroaniline 90.0 83.4 97.4 71.3 88.4 89.9 112.1 113.3 87.7 92.6
2,6-Dinitrotoluene 83.1 90.6 91.6 86.4 90.6 90.3 104.3 84.7 90.9 90.3
Acenaphthylene 104.9 95.9 100.5 99.0 97.9 108.8 118.5 97.8 92.0 101.7
3-Nitroaniline *224.0 115.6 97.6 100.0 111.8 107.8 0.0 111.7 99.0 92.9
Acenaphthene 102.1 92.6 97.6 97.2 96.9 104.4 114.2 92.0 89.0 98.4
4-Nitrophenol 0.0 93.2 121.5 18.1 87.1 116.6 69.1 90.5 84.5 75.6
2,4-Dinitrotoluene 73.9 91.9 100.2 84.7 93.8 98.9 100.9 84.3 87.3 90.7







TABLE 11
(continued)


Clay Loam Sand Mean
Compound Low Mid High Low Mid High Low Mid High Rec.
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Dibenzofuran 89.5 91.7 109.3 98.5 92.2 111.4 113.8 92.7 90.4 98.8
4-Chlorophenyl phenyl ether 83.0 94.5 98.7 95.7 94.3 94.2 111.4 87.7 90.3 94.4
Fluorene 85.2 94.9 89.2 102.0 95.5 93.8 121.3 85.7 90.9 95.4
4-Nitroaniline 77.8 114.8 94.5 129.6 103.6 95.4 *154.1 89.3 87.5 99.1
N-Nitrosodiphenylamine 82.6 96.7 93.8 92.9 93.4 116.4 97.5 110.9 86.7 96.8
4-Bromophenyl phenyl ether 85.6 92.9 92.8 91.1 107.6 89.4 118.0 97.5 87.1 95.8
Hexachlorobenzene 95.4 91.7 92.3 95.4 93.6 83.7 106.8 94.3 90.0 93.7
Pentachlorophenol 68.2 85.9 107.7 53.2 89.8 88.1 96.6 59.8 81.3 81.2
Phenanthrene 92.1 93.7 93.3 100.0 97.8 113.3 124.4 101.0 89.9 100.6
Anthracene 101.6 95.0 93.5 92.5 101.8 118.4 123.0 94.5 90.6 101.2
Carbazole 94.4 99.3 96.6 105.5 96.7 111.4 115.7 83.2 88.9 99.1
Fluoranthene 109.9 101.4 94.3 111.6 96.6 109.6 123.2 85.4 92.7 102.7
Pyrene 106.5 105.8 107.6 116.7 90.7 127.5 103.4 95.5 93.2 105.2
3,3'-Dichlorobenzidine 100.0 *492.3 131.4 100.0 *217.6 *167.6 100.0 *748.8 100.0 116.5
Benzo(a)anthracene 98.1 107.0 98.4 119.3 98.6 104.0 105.0 93.4 89.3 101.5
Chrysene 100.0 108.5 100.2 116.8 93.0 117.0 106.7 93.6 90.2 102.9
Benzo(b)fluoranthene 106.6 109.9 75.6 121.7 100.7 93.9 106.9 81.9 93.6 99.0
Benzo(k)fluoranthene 102.4 105.2 88.4 125.5 99.4 95.1 144.7 89.2 78.1 103.1
Benzo(a)pyrene 107.9 105.5 80.8 122.3 97.7 104.6 101.7 86.2 92.0 99.9
Indeno(1,2,3-cd)pyrene 95.1 105.7 93.8 126.0 105.2 90.4 133.6 82.6 91.9 102.7
Dibenz(a,h)anthracene 85.0 102.6 82.0 118.8 100.7 91.9 142.3 71.0 93.1 98.6
Benzo(g,h,i)perylene 98.0 0.0 81.2 0.0 33.6 78.6 128.7 83.0 94.2 66.4
Mean 95.1 94.3 101.0 95.5 96.5 104.1 113.0 100.9 92.5


* Values greater than 150% were not used to determine the averages, but the 0% values were used.
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TABLE 12


SINGLE LABORATORY ACCURACY AND PRECISION FOR THE EXTRACTION OF PAHs
FROM A CERTIFIED REFERENCE SEDIMENT EC-1, USING METHOD 3561 


(SFE - SOLID TRAP)


Compound
Certified Value


(mg/kg)
SFE Valuea


(mg/kg)
Percent of


Certified Value
SFE
RSD


Naphthalene (27.9)b 41.3 ± 3.6 (148) 8.7


Acenaphthylene (0.8) 0.9 ± 0.1 (112) 11.1


Acenaphthene (0.2) 0.2 ± 0.01 (100) 0.05


Fluorene (15.3) 15.6 ± 1.8 (102) 11.5


Phenanthrene 15.8 ± 1.2 16.1 ± 1.8 102 11.2


Anthracene (1.3) 1.1 ± 0.2 (88) 18.2


Fluoranthene 23.2 ± 2.0 24.1 ± 2.1 104 8.7


Pyrene 16.7 ± 2.0 17.2 ± 1.9 103 11.0


Benz(a)anthracene 8.7 ± 0.8 8.8 ± 1.0 101 11.4


Chrysene (9.2) 7.9 ± 0.9 (86) 11.4


Benzo(b)fluoranthene 7.9 ± 0.9 8.5 ± 1.1 108 12.9


Benzo(k)fluoranthene 4.4 ± 0.5 4.1 ± 0.5 91 12.2


Benzo(a)pyrene 5.3 ± 0.7 5.1 ± 0.6 96 11.8


Indeno(1,2,3-cd)pyrene 5.7 ± 0.6 5.2 ± 0.6 91 11.5


Benzo(g,h,i)perylene 4.9 ± 0.7 4.3 ± 0.5 88 11.6


Dibenz(a,h)anthracene (1.3) 1.1 ± 0.2 (85) 18.2


a Relative standard deviations for the SFE values are based on six replicate extractions.


b Values in parentheses were obtained from, or compared to, Soxhlet extraction results which
were not certified.


Data are taken from Reference 10.
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TABLE 13


SINGLE LABORATORY ACCURACY AND PRECISION FOR THE EXTRACTION OF PAHs
FROM A CERTIFIED REFERENCE SEDIMENT HS-3, USING METHOD 3561


 (SFE - SOLID TRAP)


Compound
Certified Value


(mg/kg)
SFE Valuea


(mg/kg)
Percent of
Certified Value


SFE
RSD


Naphthalene 9.0 ± 0.7 7.4 ± 0.6 82 8.1


Acenaphthylene 0.3 ± 0.1 0.4 ± 0.1 133 25.0


Acenaphthene 4.5 ± 1.5 3.3 ± 0.3 73 9.0


Fluorene 13.6 ± 3.1 10.4 ± 1.3 77 12.5


Phenanthrene 85.0 ± 20.0 86.2 ± 9.5 101 11.0


Anthracene 13.4 ± 0.5 12.1 ± 1.5 90 12.4


Fluoranthene 60.0 ± 9.0 54.0 ± 6.1 90 11.3


Pyrene 39.0 ± 9.0 32.7 ± 3.7 84 11.3


Benz(a)anthracene 14.6 ± 2.0 12.1 ± 1.3 83 10.7


Chrysene 14.1 ± 2.0 12.0 ± 1.3 85 10.8


Benzo(b)fluoranthene 7.7 ± 1.2 8.4 ± 0.9 109 10.7


Benzo(k)fluoranthene 2.8 ± 2.0 3.2 ± 0.5 114 15.6


Benzo(a)pyrene 7.4 ± 3.6 6.6 ± 0.8 89 12.1


Indeno(1,2,3-cd)pyrene 5.0 ± 2.0 4.5 ± 0.6 90 13.3


Benzo(g,h,i)perylene 5.4 ± 1.3 4.4 ± 0.6 82 13.6


Dibenz(a,h)anthracene 1.3 ± 0.5 1.1 ± 0.3 85 27.3


a Relative standard deviations for the SFE values are based on three replicate extractions.


Data are taken from Reference 10.
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TABLE 14


SINGLE LABORATORY ACCURACY AND PRECISION FOR THE EXTRACTION OF PAHs
FROM A CERTIFIED REFERENCE SOIL SRS103-100, USING METHOD 3561


(SFE - LIQUID TRAP)


Compound
Certified Value


(mg/kg)
SFE Valuea


(mg/kg)
Percent of


Certified Value
SFE
RSD


Naphthalene 32.4 ± 8.2 29.55 91 10.5


2-Methylnaphthalene 62.1 ± 11.5 76.13 122 2.0


Acenaphthene 632 ± 105 577.28 91 2.9


Dibenzofuran 307 ± 49 302.25 98 4.1


Fluorene 492 ± 78 427.15 87 3.0


Phenanthrene 1618 ± 340 1278.03 79 3.4


Anthracene 422 ± 49 400.80 95 2.6


Fluoranthene 1280 ± 220 1019.13 80 4.5


Pyrene 1033 ± 285 911.82 88 3.1


Benz(a)anthracene 252 ± 8 225.50 89 4.8


Chrysene 297 ± 26 283.00 95 3.8


Benzo(a)pyrene 97.2 ± 17.1 58.28 60 6.5


Benzo(b)fluoranthene +
Benzo(k)fluoranthene


153 ± 22 130.88 86 10.7


a Relative standard deviations for the SFE values are based on four replicate extractions.


Data are taken from Reference 11.
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TABLE 15


SINGLE LABORATORY RECOVERY DATA FOR SOLID-PHASE EXTRACTION (METHOD 
3535) OF BASE/NEUTRAL/ACID EXTRACTABLES FROM SPIKED TCLP BUFFERS


LOW SPIKE LEVEL


Analyte
Spike
Level
(µg/L)


Buffer 1 (pH = 2.886) Buffer 2 (pH = 4.937)


Recovery (%) RSD Recovery (%) RSD


1,4-Dichlorobenzene 3,750 63 10 63 9


Hexachloroethane 1,500 55 6 77 4


Nitrobenzene 1,000 82 10 100 5


Hexachlorobutadiene 250 65 3 56 4


2,4-Dinitrotoluene 65 89 4 101 5


Hexachlorobenzene 65 98 5 95 6


o-Cresol 100,000 83 10 85 5


m-Cresol* 100,000 86 8 85 3


p-Cresol* 100,000 * * * *


2,4,6-Trichlorophenol 1,000 84 12 95 12


2,4,5-Trichlorophenol 200,000 83 11 88 3


Pentachlorophenol 50,000 82 9 78 9


Results from seven replicate spiked buffer samples.


* In this study, m-cresol and p-cresol co-eluted and were quantitated as a mixture of both
isomers. 


Data from Reference 12. 
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TABLE 16


SINGLE LABORATORY RECOVERY DATA FOR SOLID-PHASE EXTRACTION (METHOD
3535) OF BASE/NEUTRAL/ACID EXTRACTABLES FROM SPIKED TCLP BUFFERS


HIGH SPIKE LEVEL


Analyte
Spike
Level
(µg/L)


Buffer 1 (pH = 2.886) Buffer 2 (pH = 4.937)


Recovery (%) RSD Recovery (%) RSD


1,4-Dichlorobenzene 15,000 63 10 63 9


Hexachloroethane 6,000 54 7 46 7


Nitrobenzene 4,000 81 4 81 13


Hexachlorobutadiene 1,000 81 5 70 11


2,4-Dinitrotoluene 260 99 8 98 3


Hexachlorobenzene 260 89 8 91 9


o-Cresol* 400,000 92 15 90 4


m-Cresol* 400,000 95 8 82 6


p-Cresol* 400,000 82 14 84 7


2,4,6-Trichlorophenol 4,000 93 12 104 12


2,4,5-Trichlorophenol 800,000 93 14 97 23


Pentachlorophenol 200,000 84 9 73 8


Results from seven replicate spiked buffer samples.


* In this study, recoveries of these compounds were determined from triplicate spikes of the
individual compounds into separate buffer solutions.


Data from Reference 12.
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TABLE 17


RECOVERY DATA FROM THREE LABORATORIES FOR SOLID-PHASE EXTRACTION (METHOD 3535)
OF BASE/NEUTRAL/ACID EXTRACTABLES FROM SPIKED TCLP LEACHATES FROM SOIL SAMPLES


Buffer 1 pH = 2.886 Lab 1 Lab 2 Lab 3


Analyte
Spike 
Level


(µg/L)*
%R RSD n %R RSD n %R RSD n


o-Cresol 200,000 86 8 7 35.3 0.7 3 7.6 6 3


m-Cresol** -- 77 8 7 -- -- -- -- -- --


p-Cresol** -- -- -- -- -- -- -- 7.7 11 3


2,4,6-Trichlorophenol 2,000 106 6 7 96.3 3.9 3 44.8 5 3


2,4,5-Trichlorophenol 400,000 93 3 7 80.5 4.5 3 63.3 11 3


Pentachlorophenol 100,000 79 2 7 33.8 12.2 3 29.2 13 3


1,4-Dichlorobenzene 7,500 51 5 7 81.3 5.3 3 19.2 7 3


Hexachloroethane 3,000 50 5 7 66.2 2.1 3 12.6 11 3


Nitrobenzene 2,000 80 8 7 76.3 5.3 3 63.9 12 3


Hexachlorobutadiene 500 53 8 7 63.3 4.8 3 9.6 9 3


2,4-Dinitrotoluene 130 89 8 7 35.7 2.6 3 58.2 17 3


Hexachlorobenzene 130 84 21 7 92.3 1.6 3 71.7 9 3


(continued)
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TABLE 17
(continued)


Buffer 2 pH = 4.937 Lab 1 Lab 2 Lab 3


Analyte
Spike 
Level


(µg/L)*
%R RSD n %R RSD n %R RSD n


o-Cresol 200,00 97 13 7 37.8 4.5 3 6.1 24 3


m-Cresol** -- 83 4 7 -- -- -- 6.0 25 3


p-Cresol** -- -- -- -- -- -- -- -- -- --


2,4,6-Trichlorophenol 2,000 104 4 7 91.7 8.0 3 37.7 25 3


2,4,5-Trichlorophenol 400,000 94 4 7 85.2 0.4 3 64.4 10 3


Pentachlorophenol 100,000 109 11 7 41.9 28.2 3 36.6 32 3


1,4-Dichlorobenzene 7,500 50 5 7 79.7 1.0 3 26.5 68 3


Hexachloroethane 3,000 51 3 7 64.9 2.0 3 20.3 90 3


Nitrobenzene 2,000 80 4 7 79.0 2.3 3 59.4 6 3


Hexachlorobutadiene 500 57 5 7 60 3.3 3 16.6 107 3


2,4-Dinitrotoluene 130 86 6 7 38.5 5.2 3 62.2 6 3


Hexachlorobenzene 130 86 7 7 91.3 0.9 3 75.5 5 3


* 250-mL aliquots of leachate were spiked.  Lab 1 spiked at one-half these levels.


** m-Cresol and p-Cresol coelute.  Lab 1 and Lab 3 reported o-Cresol and the sum of — and p-Cresol.  Lab 2 reported the sum of all three
isomers of Cresol.


Data from Reference 12.
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TABLE 18


SINGLE-LABORATORY PAH ANALYSIS DATA FROM A REAL SOIL CONTAMINATED WITH
CREOSOTE, USING METHOD 3546


(MICROWAVE EXTRACTION)


Compound Concentration (µg/kg) RSD (%) REAC values (µg/kg)


Naphthalene 2,170 12.4 710,000


2-Methylnaphthalene 28,710 3.1 N/R


1-Methylnaphthalene 33,180 2.4 N/R


Biphenyl 13,440 6.0 N/R


2,6-Dimethylnaphthalene 52,990 3.8 N/R


Acenaphthylene 16,320 3.1 21,000


Acenaphthene 801,210 6.0 1,700,000


Fluorene 789,980 3.4 990,000


Phenanthrene 1,627,480 0.7 3,300,000


Anthracene 346,010 4.0 360,000


Benzo(a)anthracene 300,380 2.7 310,000


Fluoranthene 1,331,690 1.6 1,600,000


Pyrene 1,037,710 3.0 1,100,000


Chrysene 293,200 3.4 320,000


Benzo(b)fluoranthene 152,000 3.8 140,000


Benzo(k)fluoranthene 127,740 3.6 130,000


Benzo(e)pyrene 87,610 3.9 N/R


Benzo(a)pyrene 128,330 3.9 110,000


Perylene 35,260 4.3 N/R


Indeno(123-cd)pyrene 63,900 5.0 25,000


Dibenz(a,h)anthracene 17,290 6.9 N/R


Benzo(ghi)perylene 42,720 6.9 20,000


 *n = 4  


Soil samples obtained from US EPA Emergency Response Center archive bank through their contract
laboratory REAC (Edison, NJ).  The standard Soxhlet extraction procedures were performed by REAC
three years earlier; this long storage period is believed to account for the low naphthalene recovery data
in the present study


REAC data labeled N/R = not reported
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TABLE 19


SINGLE-LABORATORY PAH RECOVERY DATA FROM HS-5 MARINE SEDIMENT
MATERIALS, USING METHOD 3546 (MICROWAVE EXTRACTION)


Compound Certified
Value


(µg/kg)


Confidence
Interval
(µg/kg)


Recovery
(%)


Naphthalene 250 180 - 320 76


Acenaphthylene 150 * 107


Acenaphthene 230 130 - 330 61


Fluorene 400 300 - 500 63


Phenanthrene 5,200 4,200 - 6,200 72


Anthracene 380 230 - 530 84


Fluoranthene 8,400 5,800 - 10,000 81


Pyrene 5,800 4,000 - 7,600 69


Benzo(a)anthracene 2,900 1,700 - 4,100 53


Chrysene 2,800 1,900 - 3,700 76


Benzo(b)fluoranthene 2,000 1,000 - 3,000 84


Benzo(k)fluoranthene 1,000 600 - 1,400 137


Benzo(a)pyrene 1,700 900 - 2,500 52


Indeno(123-cd) pyrene 1,300 600 - 2,000 63


Dibenz(a,h)anthracene 200 100 - 300 125


Benzo(ghi)perylene 1,300 1000 - 1600 64


n = 3


* values not certified


The uncertainties represent 90% confidence intervals
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TABLE 20


SINGLE-LABORATORY PAH RECOVERY DATA FROM HS-4 MARINE SEDIMENT
MATERIALS, USING METHOD 3546 (MICROWAVE EXTRACTION)


Compound


Certified
Value


(µg/kg)


Confidence
Interval
(µg/kg)


Recovery
(%)


Naphthalene 150 * 54


Acenaphthylene 150 * 82


Acenaphthene 150 * 63


Fluorene 150 * 81


Phenanthrene 680 600 - 760 81


Anthracene 140 70 - 210 108


Fluoranthene 1250 1,150 - 1,350 84


Pyrene 940 820 - 1,060 85


Benzo(a)anthracene 530 470 - 580 78


Chrysene 650 570 - 730 84


Benzo(b)fluoranthene 700 550 - 850 84


Benzo(k)fluoranthene 360 310 - 410 156


Benzo(a)pyrene 650 570 - 730 73


Indeno(123-cd) pyrene 510 360 - 660 88


Dibenz(a,h)anthracene 120 70 - 170 117


Benzo(ghi)perylene 580 360 - 800 91


n = 3


* values not certified


The uncertainties represent 90% confidence intervals
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TABLE 21


SINGLE-LABORATORY PAH RECOVERY DATA FROM HS-3 MARINE SEDIMENT
MATERIALS, USING METHOD 3546 (MICROWAVE EXTRACTION)


Compound


Certified
Value


(µg/kg)


Confidence
Interval
(µg/kg)


Recovery
(%)


Naphthalene 9,000 8300 - 9,700 61


Acenaphthylene 300 200 - 400 199


Acenaphthene 4,500 3,000 - 6,000 80


Fluorene 13,300 10,200 -16,400 58


Phenanthrene 85,000 65000 -105,000 87


Anthracene 13,400 12,900 -13,900 48


Fluoranthene 60,000 51,000-69,000 91


Pyrene 39,000 30,000-48,000 86


Benzo(a)anthracene 14,600 12,600-16,600 78


Chrysene 14,100 12,100-16,100 91


Benzo(b)fluoranthene 7,700 6,500-8,900 101


Benzo(k)fluoranthene 2,800 800-4,800 275


Benzo(a)pyrene 7,400 3,000-7,000 74


Indeno(123-cd)pyrene 5,400 4,100-6,700 100


Dibenz(a,h)anthracene 1,300 800-1,800 118


Benzo(ghi)perylene 5,000 3,000-7,000 99


n = 3


* values not certified


The uncertainties represent 90% confidence intervals
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TABLE 22


SINGLE-LABORATORY PAH RECOVERY DATA FROM SRM 1941 MARINE SEDIMENT,
USING METHOD 3546 (MICROWAVE EXTRACTION)


Compound
Certified Value


(µg/kg)
Recovery


(%)


Naphthalene 1010 97.4


Fluorene 100 100.0


Phenanthrene 490 102.0


Fluoranthene 980 116.7


Pyrene 810 97.3


Benz(a)anthracene 430 89.8


Chrysene 380 130.3


Benzo(b)fluoranthene 740 95.8


Benzo(k)fluoranthene 360 130.2


Benz(e)pyrene 550 81.0


Benzo(a)pyrene 630 76.0


Perylene 450 72.4


Indeno(123-cd)pyrene 500 126.0


Dibenz(a,h)anthracene 110 78.7


Benz(ghi)perylene 530 85.2


n = 3


All RSDs < 10%
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FIGURE 1
TAILING FACTOR CALCULATION
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FIGURE 2
GAS CHROMATOGRAM OF BASE/NEUTRAL AND ACID CALIBRATION STANDARD
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METHOD 8015C


NONHALOGENATED ORGANICS BY GAS CHROMATOGRAPHY


SW-846 is not intended to be an analytical training manual.  Therefore, method
procedures are written based on the assumption that they will be performed by analysts who are
formally trained in at least the basic principles of chemical analysis and in the use of the subject
technology.


In addition, SW-846 methods, with the exception of required method use for the analysis
of method-defined parameters, are intended to be guidance methods which contain general
information on how to perform an analytical procedure or technique which a laboratory can use
as a basic starting point for generating its own detailed Standard Operating Procedure (SOP),
either for its own general use or for a specific project application.  The performance data
included in this method are for guidance purposes only, and are not intended to be and must
not be used as absolute QC acceptance criteria for purposes of laboratory accreditation.


1.0 SCOPE AND APPLICATION


1.1 This method may be used to determine the concentrations of various
nonhalogenated volatile organic compounds and semivolatile organic compounds by gas
chromatography.  The following RCRA compounds were quantitatively determined by this
method, using the preparative techniques indicated.


Appropriate Technique
Compound CAS No.a Purge-


and-
Trapb


Head-
spacee


Direct
Aqueous
Injection


Azeo.
Dist.c


Vacuum
Dist.d


Acetone 67-64-1 pp / ht x x x x
Acetonitrile 75-05-8 pp ne x x ne
Acrolein 107-02-8 pp ne x x x
Acrylonitrile 107-13-1 pp ne x x x
Allyl alcohol 107-18-6 ht ne x x ne
t-Amyl alcohol (TAA) 75-85-4 ht x ne ne x
t-Amyl ethyl ether (TAEE) 919-94-8 x/ ht x ne ne x
t-Amyl methyl ether (TAME) 994-05-8 x/ ht x ne ne x
Benzene 71-43-2 x x ne ne x
t-Butyl alcohol (TBA) 75-65-0 ht x x x x
Crotonaldehyde 123-73-9 pp ne x x ne
Diethyl ether 60-29-7 x ne x ne ne
Diisopropyl ether (DIPE) 108-20-3 x/ ht x ne ne x
Ethanol 64-17-5 I x x x x
Ethyl acetate 141-78-6 I x x x ne
Ethyl benzene 100-41-4 x x ne ne x
Ethylene oxide 75-21-8 I ne x x ne
Ethyl tert-butyl ether (ETBE) 637-92-3 x/ ht x ne ne x
Isopropyl alcohol (2-Propanol) 67-63-0 pp x x x ne







Appropriate Technique
Compound CAS No.a Purge-


and-
Trapb


Head-
spacee


Direct
Aqueous
Injection


Azeo.
Dist.c


Vacuum
Dist.d
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Methanol 67-56-1 I x x x ne
Methyl ethyl ketone (MEK, 
   2-Butanone)


78-93-3 pp x x x x


Methyl tert-butyl ether (MTBE) 1634-04-4 x/ ht x x ne x
N-Nitroso-di-n-butylamine 924-16-3 pp ne x x ne
Paraldehyde 123-63-7 pp ne x x ne
2-Pentanone 107-87-9 pp x x x ne
2-Picoline 109-06-8 pp ne x x ne
1-Propanol (n-Propyl alcohol) 71-23-8 pp x x x ne
Propionitrile (Ethyl cyanide) 107-12-0 ht ne x x ne
Pyridine 110-86-1 I ne x x ne
Toluene 108-88-3 x x ne ne x
o-Toluidine 95-53-4 I ne x x ne
o-Xylene 95-47-6 x x ne ne x
m-Xylene 108-38-3 x x ne ne x
p-Xylene 106-42-3 x x ne ne x


a Chemical Abstract Service Registry Number
b Purge-and-Trap (Methods 5030 or 5035)
c Azeotropic distillation (Method 5031)
d Vacuum distillation (Method 5032)
e Headspace (Method 5021)
x Adequate response using this technique
ht Method analyte only when purged at 80 EC (high temperature purge)
I Inappropriate technique for this analyte
ne Not evaluated
pp Poor purging efficiency, resulting in higher limits of quantitation.  Use of an alternative sample


preparative method is strongly recommended.  May be amenable to  purging at elevated
temperature.


1.2 This method may be applicable to the analysis of other analytes, including
triethylamine and petroleum hydrocarbons.  The petroleum hydrocarbons include gasoline
range organics (GRO) and diesel range organics (DRO).  The sample preparation techniques
are shown in the table below.


Appropriate Technique
Compound CAS No.a Purge-


and-Trap
Head-
space


Direct
Aqueous
Injection


Solvent
Extraction


Triethylamine 121-44-8 I ne x I
Gasoline range organics (GRO) -- x x x I
Diesel range organics (DRO) -- I x I x


a Chemical Abstract Service Registry Number
x: Adequate response using this technique; I: Inappropriate technique for this analyte;  
ne: Not evaluated
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1.2.1 This method was applied to the analysis of triethylamine in water samples
by direct aqueous injection onto a different GC column than is used for any other analytes. 
Descriptions of the GC column, temperature program, and performance data for
triethylamine are provided in this method (see Secs. 6.2.5 and 11.2.6, and Table 6).


1.2.2 GRO corresponds to the range of alkanes from C6 to C10 and a boiling
point range of approximately 60 EC - 170 EC (Reference 6).  DRO corresponds to the
range of alkanes from C10 to C28 and a boiling point range of approximately 170 EC - 430
EC (Reference 6).  The quantitative analyses of these fuel types are based on the
procedures described in Sec. 11.11.  The identification of specific fuel types may be
complicated by environmental processes such as evaporation, biodegradation, or when
more than one fuel type is present.  Methods from other sources may be more appropriate
for GRO and DRO, since these hydrocarbons are not regulated under RCRA.  Consult
State and local regulatory authorities for any specific regulatory requirements.


1.2.3 This method may be applicable to classes of analytes and to fuel types
and petroleum hydrocarbons other than those listed in Secs. 1.1 and 1.2.  However, in
order to be used for additional analytes, fuel types, or petroleum hydrocarbons, the analyst
must demonstrate that the gas chromatographic conditions, including the GC column, are
appropriate for the analytes of interest.  The analyst must also perform the initial
demonstration of proficiency described in Sec. 9.4 and Method 8000.  Expansion of this
method to other fuel types or petroleum hydrocarbons will also necessitate careful defining
of the boiling point range or carbon number range of the material and modification of the
quantitation approach to match such ranges.  Analysts are advised to consult authoritative
sources, such as the American Petroleum Institute (API), for relevant definitions of other
fuel types or petroleum fractions.


NOTE: Mention of the analyses of other fuel types and petroleum fractions does not
imply  a regulatory requirement for such analyses, using this or any other
method.


1.3 This method can also be used as a screening tool (for both volatile and
semivolatile organics) to obtain semiquantitative data to prevent overloading the GC/MS system
during quantitative analysis.  This may be accomplished using a purge-and-trap method (e.g.,
Method 5030), an automated headspace method (e.g., Method 5021), direct aqueous injection,
or by direct injection, if a solvent extraction method has been utilized for sample preparation. 
Single-point calibration is acceptable in this situation.  Performance data are not provided for
screening.


1.4 Prior to employing this method, analysts are advised to consult the base method
for each type of procedure that may be employed in the overall analysis (e.g., Methods 3500,
3600, 5000, and 8000) for additional information on quality control procedures, development of
QC acceptance criteria, calculations, and general guidance.  Analysts also should consult the
disclaimer statement at the front of the manual and the information in Chapter Two for guidance
on the intended flexibility in the choice of methods, apparatus, materials, reagents, and
supplies, and on the responsibilities of the analyst for demonstrating that the techniques
employed are appropriate for the analytes of interest, in the matrix of interest, and at the levels
of concern.  


In addition, analysts and data users are advised that, except where explicitly specified in a
regulation, the use of SW-846 methods is not mandatory in response to Federal testing
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requirements.  The information contained in this method is provided by EPA as guidance to be
used by the analyst and the regulated community in making judgments necessary to generate
results that meet the data quality objectives for the intended application.


1.5 This method is restricted for use by, or under the supervision of, analysts
appropriately experienced and trained in the use of a gas chromatograph and skilled in the
interpretation of gas chromatograms.  In addition, if this method is to be used for the analysis of
petroleum hydrocarbons, its use then should be limited to analysts experienced in the
interpretation of hydrocarbon data.  Each analyst must demonstrate the ability to generate
acceptable results with this method.


2.0 SUMMARY OF METHOD


2.1 This method provides gas chromatographic conditions for the detection of certain
nonhalogenated volatile and semivolatile organic compounds.


2.2 Depending on the analytes of interest, samples may be introduced into the GC by
a variety of techniques, including:


• Purge-and-trap (Methods 5030 or 5035)


• Equilibrium headspace (Method 5021)


• Direct injection of aqueous samples


• Injection of the concentrate from azeotropic distillation (Method 5031)


• Vacuum distillation (Method 5032)


• Following solvent extraction (Methods 3510, 3520, 3535, 3540, 3541, 3545,
3546, 3550,  3560, or other appropriate technique)


2.3 Groundwater or surface water samples generally need to be analyzed in
conjunction with Methods 5021, 5030, 5031, 5032, 3510, 3520, or other appropriate preparatory
methods to obtain the necessary lower limits of quantitation.  Method 3535 (solid-phase
extraction) may also be applicable to some of the target analytes, however, this method has not
been validated by EPA in conjunction with this determinative method.


2.4 Samples to be analyzed for diesel range organics may be prepared by an
appropriate solvent extraction method.


2.5 Gasoline range organics may be introduced into the GC/FID by purge-and-trap
(Methods 5030 and 5035), automated headspace (Method 5021), vacuum distillation (Method
5032), or other appropriate technique.


2.6 Triethylamine may be analyzed by direct injection of aqueous samples.  This
compound has not been found to be amenable to purge-and-trap techniques.
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2.7 An appropriate column and temperature program are used in the gas
chromatograph to separate the organic compounds.  Detection is achieved by a flame ionization
detector (FID).


2.8 This method allows the use of capillary or packed columns for the analysis and
confirmation of the non-halogenated individual analytes.  The GC columns and conditions listed
have been demonstrated to provide separation of those target analytes.  Other columns and
conditions may be employed, provided that the analyst demonstrates adequate performance for
the intended application.


2.9 The quantitative analyses of GRO and DRO are based on the definitions provided
in Sec. 1.2.2 and the procedures described in Sec. 11.11.  


2.10 Given the large number of components to be separated, fused-silica capillary
columns are necessary for the analysis of petroleum hydrocarbons, including GRO and DRO,
and are recommended for all other analytes.  A capillary column is also necessary for the
analysis of triethylamine.


3.0  DEFINITIONS


Refer to Chapter One and the manufacturer's instructions for definitions that may be
relevant to this procedure.


4.0 INTERFERENCES


4.1 Solvents, reagents, glassware, and other sample processing hardware may yield
artifacts and/or interferences to sample analysis.  All of these materials must be demonstrated
to be free from interferences under the conditions of the analysis by analyzing method blanks. 
Specific selection of reagents and purification of solvents by distillation in all-glass systems may
be necessary.  Refer to each method to be used for specific guidance on quality control
procedures and to Chapter Four for general guidance on the cleaning of glassware.


4.2 When analyzing for volatile organics, samples can be contaminated by diffusion of
volatile organics (particularly chlorofluorocarbons and methylene chloride) through the sample
container septum during shipment and storage.  A trip blank prepared from organic-free reagent
water and carried through sampling and subsequent storage and handling will serve as a check
on such contamination.


4.3 Contamination by carryover can occur whenever high-concentration and
low-concentration samples are analyzed in sequence.  To reduce the potential for carryover, the
sample syringe or purging device needs to be rinsed out between samples with an appropriate
solvent.  Whenever an unusually concentrated sample is encountered, it should be followed by
injection of a solvent blank to check for cross contamination.


4.3.1 Clean purging vessels with a detergent solution, rinse with distilled water,
and then dry in a 105 EC oven between analyses.  Clean syringes or autosamplers by
flushing all surfaces that contact samples using appropriate solvents.
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4.3.2 All glassware must be scrupulously cleaned.  Clean all glassware as soon
as possible after use by rinsing with the last solvent used.  This should be followed by
detergent washing with hot water, and rinses with tap water and organic-free reagent
water.  Drain the glassware and dry it in an oven at 130 EC for several hours or rinse it
with methanol and drain.  Store dry glassware in a clean environment.


4.4 The flame ionization detector (FID) is a non-selective detector.  There is a potential
for many non-target compounds present in samples to interfere with this analysis.  There is also
the potential for analytes to be resolved poorly, especially in samples that contain many
analytes. The data user should consider this and may wish to alter the target analyte list
accordingly. 


5.0 SAFETY


This method does not address all safety issues associated with its use.  The laboratory is
responsible for maintaining a safe work environment and a current awareness file of OSHA
regulations regarding the safe handling of the chemicals listed in this method.  A reference file
of material safety data sheets (MSDSs) should be available to all personnel involved in these
analyses. 


6.0 EQUIPMENT AND SUPPLIES


The mention of trade names or commercial products in this manual is for illustrative
purposes only, and does not constitute an EPA endorsement or exclusive recommendation for
use.  The products and instrument settings cited in SW-846 methods represent those products
and settings used during method development or subsequently evaluated by the Agency. 
Glassware, reagents, supplies, equipment, and settings other than those listed in this manual
may be employed provided that method performance appropriate for the intended application
has been demonstrated and documented. 


This section does not list common laboratory glassware (e.g., beakers and flasks).


6.1 Gas chromatograph -- Analytical system equipped with gas chromatograph
suitable for solvent injections, direct aqueous injection, headspace, vacuum distillation sample
introduction, or purge-and-trap sample introduction, and equipped with all necessary
accessories, including detectors, column supplies, recorder, gases, and syringes.  A data
system for measuring peak heights and/or peak areas is recommended.


6.2 Recommended GC columns


The choice of GC column will depend on the analytes of interest, the expected
concentrations, and the intended use of the results.  The packed columns listed below are
generally used for screening analyses.  The capillary columns are necessary for petroleum
hydrocarbon analyses and for triethylamine analyses and are recommended for all other
analyses.  


The columns listed in this section were the columns used to develop the method.  The
listing of these columns in this method is not intended to exclude the use of other columns that
are available or that may be developed.  The laboratory may use either the columns listed in this
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method or other columns and columns of other dimensions, provided that the laboratory
documents method performance data (e.g., chromatographic resolution, analyte breakdown,
and sensitivity) that are appropriate for the intended application.


6.2.1 Column 1 -- 8-ft x 0.1-in. ID stainless steel or glass column, packed with
1% SP-1000 on Carbopak-B 60/80 mesh or equivalent.


6.2.2 Column 2 -- 6-ft x 0.1-in. ID stainless steel or glass column, packed with
n-octane on Porasil-C 100/120 mesh (Durapak) or equivalent.


6.2.3 Column 3 -- 30-m x 0.53-mm ID fused-silica capillary column bonded with
DB-Wax (or equivalent), 1-µm film thickness.


6.2.4 Column 4 -- 30-m x 0.53-mm ID fused-silica capillary column chemically
bonded with 5% methyl silicone (DB-5, SPB-5, RTx, or equivalent), 1.5-µm film thickness.


6.2.5 Column 5 -- 30-m x 0.53-mm ID fused-silica capillary column bonded with
HP Basic Wax (or equivalent), 1-µm film thickness.  This column is used for triethylamine.


6.2.6 Wide-bore columns should be installed in 1/4-inch injectors, equipped
with deactivated liners designed specifically for use with these columns.


6.3 Detector -- Flame ionization (FID)


6.4 Sample introduction and preparation apparatus 


6.4.1 Refer to the 5000 series sample preparation methods for the appropriate
apparatus for purge-and-trap, headspace, azeotropic distillation, and vacuum distillation 
analyses.


6.4.2 Samples may also be introduced into the GC via injection of solvent
extracts or direct injection of aqueous samples.


6.5 Syringes


6.5.1 5-mL Luer-Lok glass hypodermic and 5-mL gas-tight syringe equipped
with a shutoff valve, for volatile analytes.


6.5.2 Microsyringes -- 10- and 25-µL equipped with a 0.006-in. ID needle
(Hamilton 702N or equivalent) and 100-µL.


6.6 Volumetric flasks, Class A -- Appropriate sizes equipped with ground-glass
stoppers.


6.7 Analytical balance -- 160-g capacity, capable of measuring to 0.0001 g.
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7.0 REAGENTS AND STANDARDS


7.1 Reagent-grade chemicals must be used in all tests.  Unless otherwise indicated, it
is intended that all reagents conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such specifications are available.  Other
grades may be used, provided it is first ascertained that the reagent is of sufficiently high purity
to permit its use without lessening the accuracy of the determination.  Reagents should be
stored in glass to prevent the leaching of contaminants from plastic containers.


7.2 Organic-free reagent water -- All references to water in this method refer to
organic-free reagent water, as defined in Chapter One.


7.3 Methanol, CH3OH, pesticide quality or equivalent -- Store away from other
solvents.


7.4 Fuels, e.g., gasoline or diesel -- Purchase from a commercial source.  Low-boiling
components in fuel evaporate quickly.  As applicable and available, obtain the fuel from the
leaking tank on site.


7.5 Alkane standard -- A standard containing a homologous series of n-alkanes for
establishing retention times (e.g., C10-C28 for diesel). 


7.6 Standard solutions


The following sections describe the preparation of stock, intermediate, and working
standards for the compounds of interest.  This discussion is provided as an example, and other
approaches and concentrations of the target compounds may be used, as appropriate for the
intended application.  See Method 8000 for additional information on the preparation of
calibration standards.


7.7 Stock standards -- Stock solutions may be prepared from pure standard materials
or purchased as certified solutions.  When methanol is a target analyte or when using
azeotropic distillation for sample preparation, standards should not be prepared in methanol. 
Standards must be replaced after 6 months or sooner, if comparison with check standards
indicates a problem.


7.8 Secondary dilution standards -- Using stock standard solutions, prepare secondary
dilution standards, as needed, that contain the compounds of interest, either singly or mixed
together.  The secondary dilution standards should be prepared at concentrations such that the
aqueous calibration standards prepared in Sec. 7.9 will bracket the working range of the
analytical system.  Secondary dilution standards should be stored with minimal headspace for
volatiles and should be checked frequently for signs of degradation or evaporation, especially
just prior to preparing calibration standards from them.


7.9 Calibration standards -- Prepare calibration standards at a minimum of five
different concentrations in organic-free reagent water (for purge-and-trap, direct aqueous
injection, azeotropic distillation, or vacuum distillation) or in methylene chloride (for solvent
injection) from the secondary dilution of the stock standards.  For headspace, prepare the
standards as directed in Method 5021.  One of the standards should be at or below the
concentration equivalent to the appropriate lower limit of quantitation for the project.  The
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remaining concentrations should correspond to the expected range of concentrations found in
real samples or should define the working range of the GC.  Each standard should contain each
analyte to be determined by this method (e.g., some or all of the compounds listed in Sec. 1.1
may be included).  In order to prepare accurate aqueous standard solutions, the following
precautions need to be observed:


7.9.1 Do not inject more than 20 µL of methanolic standards into 100 mL of
water.


7.9.2 Use a 25-µL Hamilton 702N microsyringe or equivalent (variations in
needle geometry will adversely affect the ability to deliver reproducible volumes of
methanolic standards into water).


7.9.3 Rapidly inject the primary standard into the filled volumetric flask. 
Remove the needle as fast as possible after injection.


7.9.4 Mix diluted standards by inverting the flask three times only.


7.9.5 Fill the sample syringe from the standard solution contained in the
expanded area of the flask (do not use any solution contained in the neck of the flask).


7.9.6 The negative pressure generated by pipettes makes them inappropriate
for routine use in the transfer of spiked solutions.  As such, use of pipettes to dilute or
transfer aqueous standards should be avoided.  When sample transfer is absolutely
necessary, (such as in the performance of headspace sample preparation for water
samples) only high quality, automatic pipettes should be used, and then with extreme
care.


7.9.7 Aqueous standards used for purge-and-trap analyses (Method 5030) are
not stable and should be discarded after 1 hr, unless held in sealed vials with zero
headspace.  If so stored, they may be held for up to 24 hrs.  Aqueous standards used for
azeotropic distillation (Method 5031) may be stored for up to a month in
polytetrafluoroethylene (PTFE)-sealed screw-cap bottles with minimal headspace, at #6
EC, and protected from light.


7.9.8 Standards for direct aqueous injection of triethylamine are prepared by
dissolving an appropriate weight of neat triethylamine in organic-free reagent water and
diluting to volume in a volumetric flask.


7.10 Internal standards (if internal standard calibration is used) -- To use this approach,
the analyst needs to select one or more internal standards that are similar in analytical behavior
to the compounds of interest.  The analyst needs to further demonstrate that the measurement
of the internal standard is not affected by method or matrix interferences.  Because of these
limitations, no internal standard can be suggested that is applicable to all samples.  The
following internal standards are recommended when preparing samples by azeotropic
distillation (Method 5031):  2-chloroacrylonitrile, hexafluoro-2-propanol, and
hexafluoro-2-methyl-2-propanol.


7.11 Surrogate standards -- Whenever possible, the analyst should monitor both the
performance of the analytical system and the effectiveness of the method in dealing with each
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sample matrix, by spiking each sample, standard, and blank with one or two surrogate
compounds which are not affected by method interferences.


8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE


8.1 See the introductory material to Chapter Four, "Organic Analytes," and Method
5035.


8.2 If the headspace technique is used, also see Method 5021.


9.0 QUALITY CONTROL


9.1 Refer to Chapter One for guidance on quality assurance (QA) and quality control
(QC) protocols.  When inconsistencies exist between QC guidelines, method-specific QC
criteria take precedence over both technique-specific criteria and those criteria given in Chapter
One, and technique-specific QC criteria take precedence over the criteria in Chapter One.  Any
effort involving the collection of analytical data should include development of a structured and
systematic planning document, such as a Quality Assurance Project Plan (QAPP) or a Sampling
and Analysis Plan (SAP), which translates project objectives and specifications into directions
for those that will implement the project and assess the results.  Each laboratory should
maintain a formal quality assurance program.  The laboratory should also maintain records to
document the quality of the data generated.  All  data sheets and quality control data should be
maintained for reference or inspection. 


9.2 Refer to Method 8000 for specific determinative method QC procedures.  Refer to
Methods 3500 and 5000 for QC procedures to ensure the proper operation of the various
sample preparation and/or sample introduction techniques.  If an extract cleanup procedure is
performed, refer to Method 3600 for the appropriate QC procedures.  Any more specific QC
procedures provided in this method will supersede those noted in Methods 8000, 3500, 5000, or
3600.
 


9.3 Quality control procedures necessary to evaluate the GC system operation are
found in Method 8000 and include evaluation of retention time windows, calibration verification
and chromatographic analysis of samples.


9.4 Initial demonstration of proficiency


Each laboratory must demonstrate initial proficiency with each sample preparation and
determinative method combination it utilizes, by generating data of acceptable accuracy and
precision for target analytes in a clean matrix.  If an autosampler is used to perform sample
dilutions, before using the autosampler to dilute samples, the laboratory should satisfy itself that
those dilutions are of equivalent or better accuracy than is achieved by an experienced analyst
performing manual dilutions.  The laboratory must also repeat the demonstration of proficiency
whenever new staff members are trained or significant changes in instrumentation are made. 
See Methods 5000 and 8000 for information on how to accomplish a demonstration of
proficiency.
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9.5 Initially, before processing any samples, the analyst should demonstrate that all
parts of the equipment in contact with the sample and reagents are interference-free.  This is
accomplished through the analysis of a method blank.  As a continuing check, each time
samples are extracted, cleaned up, and analyzed, and when there is a change in reagents, a
method blank should be prepared and analyzed for the compounds of interest as a safeguard
against chronic laboratory contamination.  If a peak is observed within the retention time window
of any analyte that would prevent the determination of that analyte, determine the source and
eliminate it, if possible, before processing the samples.  The blanks should be carried through
all stages of sample preparation and analysis.  When new reagents or chemicals are received,
the laboratory should monitor the preparation and/or analysis blanks associated with samples
for any signs of contamination.  It is not necessary to test every new batch of reagents or
chemicals prior to sample preparation if the source shows no prior problems.  However, if
reagents are changed during a preparation batch, separate blanks need to be prepared for each
set of reagents.


9.6 Sample quality control for preparation and analysis


The laboratory must also have procedures for documenting the effect of the matrix on
method performance (precision, accuracy, method sensitivity).  At a minimum, this should
include the analysis of QC samples including a method blank, a matrix spike, a duplicate, and a
laboratory control sample (LCS) in each analytical batch and the addition of surrogates to each
field sample and QC sample when surrogates are used.  Any method blanks, matrix spike
samples, and replicate samples should be subjected to the same analytical procedures (Sec.
11.0) as those used on actual samples.   


9.6.1 Documenting the effect of the matrix should include the analysis of at
least one matrix spike and one duplicate unspiked sample or one matrix spike/matrix spike
duplicate pair.  The decision on whether to prepare and analyze duplicate samples or a
matrix spike/matrix spike duplicate must be based on a knowledge of the samples in the
sample batch.  If samples are expected to contain target analytes, then laboratories may
use one matrix spike and a duplicate analysis of an unspiked field sample.  If samples are
not expected to contain target analytes, laboratories should use a matrix spike and matrix
spike duplicate pair.  Consult Method 8000 for information on developing acceptance
criteria for the MS/MSD.


9.6.2 A laboratory control sample (LCS) should be included with each analytical
batch.  The LCS consists of an aliquot of a clean (control) matrix similar to the sample
matrix and of the same weight or volume.  The LCS is spiked with the same analytes at
the same concentrations as the matrix spike, when appropriate.  When the results of the
matrix spike analysis indicate a potential problem due to the sample matrix itself, the LCS
results are used to verify that the laboratory can perform the analysis in a clean matrix. 
Consult Method 8000 for information on developing acceptance criteria for the LCS.


9.6.3 Also see Method 8000 for details on carrying out sample quality control
procedures for preparation and analysis.  In-house method performance criteria for
evaluating method performance should be developed using the guidance found in Method
8000.
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9.7 Surrogate recoveries 


If surrogates are used, the laboratory should evaluate surrogate recovery data from
individual samples versus the surrogate control limits developed by the laboratory.  See Method
8000 for information on evaluating surrogate data and developing and updating surrogate limits. 
Procedures for evaluating the recoveries of multiple surrogates and the associated corrective
actions should be defined in an approved project plan.


9.8. It is recommended that the laboratory adopt additional quality assurance practices
for use with this method.  The specific practices that are most productive depend upon the
needs of the laboratory and the nature of the samples.  Whenever possible, the laboratory
should analyze standard reference materials and participate in relevant performance evaluation
studies.


10.0 CALIBRATION AND STANDARDIZATION


See Secs. 11.3 through 11.5 for information on calibration and standardization.


11.0 PROCEDURE


11.1 Introduction/preparation methods


Various techniques are available for sample introduction.  All internal standards,
surrogates, and matrix spikes (when applicable) need to be added to samples before
introduction into the GC/FID system.  Consult the applicable sample introduction method
regarding when to add standards.


Other sample introduction techniques may be appropriate for specific applications and the
techniques described here also may be appropriate for other matrices and analytes.  Whatever
technique is employed, including those specifically listed below, the analyst must demonstrate
adequate performance for the analytes of interest.  At a minimum, such a demonstration will
encompass the initial demonstration of proficiency described in Sec. 9.6, using a clean
reference matrix.  Method 8000 describes procedures that may be used to develop performance
criteria for such demonstrations as well as for matrix spike and laboratory control sample
results.


11.1.1 Direct aqueous injection - This technique involves direct syringe injection
of an aliquot of an aqueous sample into the GC injection port.  This technique is applicable
to the following groups of analytes in this method.


11.1.1.1 Volatile organics (includes GRO)


This technique may involve injection of an aqueous sample containing a
very high concentration of analytes.  Direct injection of aqueous samples has very
limited application in the analysis of volatile organics.  It is only appropriate for the
determination of volatiles at the toxicity characteristic (TC) regulatory limits or at
concentrations in excess of 10,000 µg/L.  It may also be used in conjunction with
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the test for ignitability in aqueous samples (along with Methods 1010 and 1020) to
determine if alcohol is present at > 24%.


11.1.1.2 Triethylamine in aqueous samples


Triethylamine may be determined by injecting a portion of an aqueous
sample directly into the GC injection port.  This technique has been demonstrated
to be appropriate for samples containing low µg/L (ppb) concentrations of
triethylamine. 


11.1.2 Purge-and-trap of volatile organics (includes GRO)


This includes purge-and-trap for aqueous samples (Method 5030) and purge-and-
trap for solid samples (Method 5035).  Method 5035 also provides techniques for
extraction of solid and oily waste samples by methanol (and other water-miscible solvents)
with subsequent purge-and-trap from an aqueous matrix using Method 5030.  Normally,
purge-and-trap for aqueous samples is performed at ambient temperatures, while
soil/solid samples utilize a 40 EC purge to improve extraction efficiency.  Heated purge
may also be used to improve the purging of compounds with high solubilities in water,
particularly alcohols associated with fuel oxygenates such as TBA and TAA. 
Occasionally, there may be a need to perform a heated purge for aqueous samples to
lower detection limits; however, using a 25-mL sample will often provide the sensitivity
needed in most situations.


11.1.3 Azeotropic distillation


This technique exploits the ability of selected water-soluble organic compounds to
form binary azeotropes with water during distillation.  The organic compounds are
removed from the bulk water sample and concentrated in a distillate, as described in
Method 5031.  An aliquot of the distillate is then injected into the GC/FID.


11.1.4 Vacuum distillation of volatile organics


This technique employs a vacuum distillation apparatus to introduce volatile
organics from aqueous, solid, or tissue samples into the GC/FID system, as described in
Method 5032.


11.1.5 Automated static headspace


This technique employs a device that collects the volatile organics from the
headspace over a sample contained in a sealed vial and introduces them into the GC/FID
system, as described in Method 5021. 


11.1.6 Solvent injection


This technique involves the syringe injection of solvent extracts of aqueous
samples prepared by Methods 3510, 3520, 3535, or other appropriate technique, or
extracts of soil/solids prepared by Methods 3540, 3541, 3545, 3546, 3550, 3560, or other
appropriate technique.  It is applicable to many semivolatile organics, including DRO.
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CAUTION: Ultrasonic extraction (Method 3550) may not be as rigorous a method as the
other extraction methods for soil/solids.  This means that it is critical that the
method be followed explicitly to achieve an extraction efficiency which
approaches that of Soxhlet extraction.  Consult Method 3550 for information
on the critical aspects of this extraction procedure.


11.2 Suggested chromatographic conditions


Establish the GC operating conditions appropriate for the GC column being utilized and
the target analytes specified in the project plan.  Optimize the instrumental conditions for
resolution of the target analytes and sensitivity.  Suggested operating conditions are given
below for the columns recommended in Sec. 6.2.  The laboratory may use either the columns
listed in this method or other columns and columns of other dimensions, provided that the
laboratory documents method performance data (e.g., chromatographic resolution, analyte
breakdown, and sensitivity) that are appropriate for the intended application.


11.2.1 Column 1


Carrier gas (helium) flow rate: 40 mL/min
Temperature program:
    Initial temperature: 45 EC, hold for 3 min
    Program: 45 EC to 220 EC, at 8 EC/min
    Final temperature: 220 EC, hold for 15 min.


11.2.2 Column 2


Carrier gas (helium) flow rate: 40 mL/min
Temperature program:
   Initial temperature: 50 EC, hold for 3 min
   Program: 50 EC to 170 EC, at 6 EC/min
   Final temperature: 170 EC, hold for 4 min.


11.2.3 Column 3


Carrier gas (helium) flow rate: 15 mL/min
Temperature program:
   Initial temperature: 45 EC, hold for 4 min
   Program: 45 EC to 220 EC, at 12 EC/min
   Final temperature: 220 EC, hold for 3 min.


11.2.4 Column 4 (DRO)


Carrier gas (helium) flow rate: 5-7 mL/min
Makeup gas (helium) flow rate: 30 mL/min 
Injector temperature: 200 EC
Detector temperature: 340 EC
Temperature program:
   Initial temperature: 45 EC, hold for 3 min
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   Program: 45 EC to 275 EC, at 12 EC/min
   Final temperature: 275 EC, hold for 12 min.


11.2.5 Column 4 (GRO)


Carrier gas (helium) flow rate: 5-7 mL/min
Makeup gas (helium) flow rate: 30 mL/min 
Injector temperature: 200 EC
Detector temperature: 340 EC
Temperature program:
   Initial temperature: 45 EC, hold for 1 min
   1st Ramp: 45 EC to 100 EC at 5 EC/min
   2nd Ramp: 100 EC to 275 EC, at 8 EC/min
   Final temperature: 275 EC, hold for 5 min.


11.2.6 Column 5 (triethylamine only)


Carrier gas (helium) flow rate: 5 mL/min
Makeup gas (helium) flow rate: 30 mL/min 
Injector temperature: 200 EC
Detector temperature: 250 EC
Temperature program:
   Initial temperature: 110 EC
   Program: 110 EC to 175 EC, at 10 EC/min
   Final temperature: 175 EC, hold for 3 min.


11.3 Initial calibration


11.3.1 Set up the sample introduction system as outlined in the method of choice
(see Sec. 11.1).  A separate calibration is necessary for each sample introduction mode
because of the differences in conditions and equipment.  Establish chromatographic
operating parameters that provide instrument performance appropriate for the intended
application.  Prepare calibration standards using the procedures described above (see
Sec. 7.9).  The external standard technique is described below.  Analysts wishing to use
the internal standard technique should refer to Sec. 7.10 and Method 8000.


11.3.2 External standard calibration procedure for single-component analytes


11.3.2.1 For each analyte and surrogate of interest, prepare calibration
standards at a minimum of five different concentrations.  For headspace analysis,
the standards should be prepared in methanol or organic-free reagent water and
then spiked into the organic-free water in the headspace vial.  The spiking
solutions should be at concentrations which will dilute to the desired standard
concentrations when added into the organic-free water in the headspace vials. 
Otherwise, standards should be made by adding volumes of one or more stock
standards to a volumetric flask and diluting to volume with an appropriate solvent. 
One of the standards should be at a concentration at or below the lower limit of
quantitation necessary for the project (based on the concentration in the final
volume described in the preparation method, with no dilutions).  The
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Calibration Factor '
Total Area within Retention Time Range


Mass injected (nanograms)


concentrations of the other standards should correspond to the expected range of
concentrations found in real samples or should define the working range of the
detector.


11.3.2.2 Introduce each calibration standard using the technique that
will be used to introduce the actual samples into the gas chromatograph.  Tabulate
peak height or area responses against the mass injected.  Calculate the calibration
factor (CF) for each single-component analyte as described in Method 8000.


11.3.3 External standard calibration procedure for DRO and GRO


The calibration of DRO and GRO is markedly different from that for
single-component analytes.  In particular, the response used for calibration needs
to represent the entire area of the chromatogram within the retention time range for
the fuel type (DRO or GRO), including the unresolved complex mixture that lies
below the individual peaks.  See Sec. 11.11 for information on calculating this
area.


11.3.3.1 For each fuel type, prepare calibration standards at a minimum
of five different concentrations by adding volumes of one or more stock standards
to a volumetric flask and diluting to volume with an appropriate solvent (for
headspace analysis, follow the instructions in Sec. 11.3.2.1, above).  One of the
standards should be at a concentration at or below the lower limit of quantitation
necessary for the project (based on the concentration in the final volume described
in the preparation method, with no dilutions).  The concentrations of the other
standards should correspond to the expected range of concentrations found in real
samples or should define the working range of the detector.


NOTE: Whenever possible, the calibration should be performed using the specific
fuel that is contaminating the site (e.g., a sample of the fuel remaining in
the tank suspected of leaking).  Where such samples are not available or
not known, use recently purchased commercially-available fuel.  A
qualitative screening injection and GC run may be performed to identify
unknown fuels.


11.3.3.2 Introduce each calibration standard using the technique that
will be used to introduce the actual samples into the gas chromatograph. 
Determine the area of the response as described in Sec. 11.10.  Calculate the
calibration factor (CF) for each fuel type as shown below:


11.3.4 Calibration linearity


The linearity of the calibration must be assessed.  This applies to both the single-
component analytes and the fuel types.







8015C - 17 Revision 3
February 2007


11.3.4.1 If the percent relative standard deviation (%RSD) of the
calibration factors is less than 20% over the working range, then linearity through
the origin can be assumed, and the average calibration factor can be used in place
of a calibration curve.


11.3.4.2 If the RSD is more than 20% over the working range, linearity
through the origin cannot be assumed.  See Method 8000 for other calibration
options that may be employed, which may include a linear calibration not through
the origin or a non-linear calibration model (e.g., a polynomial equation).


11.4 Retention time windows


Single-component target analytes (see Sec. 1.1) are identified on the basis of
retention time windows.  GRO and DRO are distinguished on the basis of the ranges of
retention times for characteristic components in each type of fuel.


11.4.1 Before establishing retention time windows, make sure that the
chromatographic system is functioning reliably and that the operating parameters have
been optimized for the target analytes and surrogates in the sample matrix to be analyzed. 
Establish the retention time windows for single component target analytes using the
procedure described in Method 8000.


11.4.2 The retention time range for GRO is defined during initial calibration.  Two
specific gasoline components are used to establish the range, 2-methylpentane and 1,2,4-
trimethylbenzene.  Use the procedure described in Method 8000 to establish the retention
time windows for these two components.  The retention time range is then calculated
based on the lower limit of the RT window for the first eluting component and the upper
limit of the RT window for the last eluting component.


11.4.3 The retention time range for DRO is defined during initial calibration.  The
range is established from the retention times of the C10 and C 28 alkanes.  Use the
procedure described in Method 8000 to establish the retention time windows for these two
components.  The retention time range is then calculated based on the lower limit of the
RT window for the first eluting component and the upper limit of the RT window for the last
eluting component.


11.4.4 If this method is expanded to address other fuel types or petroleum
fractions, then the analyst needs to establish appropriate retention time ranges for the
boiling point range or carbon number range used to define each additional fuel type or
petroleum fraction.  Use the procedure described in Method 8000 to establish the retention
time windows.


11.5 Calibration verification


11.5.1 The initial calibration and retention times need to be verified at the
beginning of each 12-hr work shift, at a minimum.  When individual target analytes are
being analyzed, verification is accomplished by the analysis of one or more calibration
standards (normally mid-concentration, but a concentration at or near the action level may
be more appropriate) that contain all of the target analytes and surrogates.  When
petroleum hydrocarbons are being analyzed, verification is accomplished by the
measurement of the fuel standard and the hydrocarbon retention time standard. 
Additional analyses of the verification standard(s) throughout a 12-hr shift are strongly
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recommended, especially for samples that contain visible concentrations of oily material. 
See Method 8000 for more detailed information on calibration verification.


11.5.2 Calculate the % difference as detailed in Method 8000.  If the response
for any analyte is within ±20% of the response obtained during the initial calibration, then
the initial calibration is considered still valid, and the analyst may continue to use the mean
CF or RF values from the initial calibration to quantitate sample results.   If the response
for any analyte varies from the predicted response by more than ±20%, corrective action
must be taken to restore the system or a new calibration curve must be prepared for that
compound.


11.5.3 All target analytes, surrogates, and/or n-alkanes in the calibration
verification analyses need to fall within previously established retention time windows.  If
the retention time of any analyte does not fall within the established window, then
corrective action must be taken to restore the system or a new calibration curve must be
prepared for that compound.


11.5.4 Solvent blanks and any method blanks should be run with calibration
verification analyses to confirm that laboratory contamination does not cause false positive
results.


11.6 Gas chromatographic analysis


11.6.1 Samples are analyzed in a set referred to as an analytical sequence.  The
sequence begins with calibration verification followed by sample extract analyses. 
Additional analyses of the verification standard(s) throughout a 12-hr shift are strongly
recommended, especially for samples that contain visible concentrations of oily material. 
A verification standard is also necessary at the end of a set (unless internal standard
calibration is used).  The sequence ends when the set of samples has been injected or
when retention time and/or % difference QC criteria are exceeded.


If the criteria are exceeded, inspect the gas chromatographic system to determine
the cause and perform whatever maintenance is necessary before recalibrating and
proceeding with sample analysis.  All sample analyses performed using external standard
calibration need to be bracketed with acceptable data quality analyses (e.g., calibration
and retention time criteria).  Therefore, all samples that fall between the standard that
failed to meet the acceptance criteria and the preceding standard that met the acceptance
criteria need to be reanalyzed.  Samples analyzed using internal standard calibration need
not be bracketed (see Method 8000).


11.6.2 Samples are analyzed with the same instrument configuration as is used
during calibration.  When using Method 5030 for sample introduction, analysts are
cautioned that opening a sample vial or drawing an aliquot from a sealed vial (thus
creating headspace) will compromise samples analyzed for volatiles.  Therefore, it is
recommended that analysts prepare two aliquots for purge-and-trap analysis.  The second
aliquot can be stored for 24 hrs to ensure that an uncompromised sample is available for
analysis or dilution, if the analysis of the first aliquot is unsuccessful or if results exceed
the calibration range of the instrument.  Distillates from Method 5031 may be split into two
aliquots and held at 4 EC prior to analysis.  It is recommended that the distillate be
analyzed within 24 hrs of distillation.  Distillates should be analyzed within 7 days of
distillation.
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11.6.3 Sample concentrations are calculated by comparing the sample response
with the response from the initial calibration of the system (see Sec. 11.3).  Therefore, if
the sample response exceeds the limits of the initial calibration range, a dilution of the
sample or sample extract needs to be analyzed.  For volatile organic analyses of aqueous
samples, the dilution needs to be performed on a second aliquot of the sample which has
been properly sealed and stored prior to use and reanalysis.  Samples and/or sample
extracts should be diluted so that all peaks are on scale, as overlapping peaks are not
always evident when peaks are off scale.  Computer reproduction of chromatograms,
manipulated to ensure that all peaks are on scale over a 100-fold range, is acceptable as
long as calibration limits are not exceeded.  Peak height measurements are recommended
over peak area integration when overlapping peaks cause errors in area integration.


11.6.4 Tentative identification of a single-component analyte occurs when a
peak from a sample extract falls within the daily retention time window.  Confirmation may
be necessary on a second column or by GC/MS.  Since the flame ionization detector is
non-specific, it is highly recommended that GC/MS confirmation be performed on single-
component analytes unless historical data are available to support the identification(s). 
See Method 8000 for additional information on confirmation.


11.6.5 Second-column confirmation is generally not necessary for petroleum
hydrocarbon analysis.  However, if analytical interferences are indicated, analysis using
the second GC column may be necessary.  Also, the analyst needs to ensure that the
sample hydrocarbons fall within the retention time range established during the initial
calibration.


NOTE: The identification of fuels, especially gasoline, is complicated by their inherent
volatility.  The early eluting compounds in fuels are obviously the most volatile
and the most likely to have weathered unless the samples were taken
immediately following a spill.  The most highly volatile fraction of gasoline
constitutes 50% of the total peak area of a gasoline chromatogram.  This fraction
is the least likely to be present in an environmental sample or may be present at
only very low concentration in relation to the remainder of a gasoline
chromatogram.


11.6.6 The performance of the entire analytical system should be checked every 12 
hrs, using data gathered from analyses of blanks, standards, and samples.  Significant
peak tailing needs to be corrected.  Tailing problems are generally traceable to active sites
on the column, cold spots in a GC, the detector operation, or leaks in the system.  See
Sec. 11.8 for GC/FID system maintenance.  Follow manufacturer's instructions for
maintenance of the introduction device.


11.7 Screening


11.7.1 This method can be used with a single-point calibration for screening
samples prior to GC/MS analyses (e.g., Methods 8260 and 8270).  Such screening can
reduce GC/MS down-time when highly-contaminated samples are analyzed.


11.7.2 When this method is used for screening, it is recommended that the same
sample introduction device (e.g., purge-and-trap versus direct injection) that is used for the
subsequent GC/MS analyses also be used for the screening analysis.  This will improve
the correlation between the results and make the screening results more useful in
predicting those samples that may overload the GC/MS system.  However, other sample
introduction techniques may be employed as well.
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11.7.3 Establish that the system response and chromatographic retention times are
stable.  Analyze the high-point GC/MS calibration standard. 


11.7.4 Analyze samples or sample extracts.  Compare peak heights in the sample
chromatograms with the high-point standard to establish that no compound with the same
retention time as a target analyte exceeds the calibration range of the GC/MS system.  


CAUTION: The FID is much less sensitive to halogenated compounds than the MS
detector.  As a result, a simple peak height comparison for such compounds
in the GC/MS standard may underestimate the actual concentration of
halogenated compounds.  When using this method as a screening tool, such
an underestimate could lead to GC/MS results over the calibration range or
result in contamination of the GC/MS system.  Therefore, the analyst should
exercise caution when screening samples that also contain halogenated
compounds.


11.7.5 There are no formal QC requirements applied to screening analyses
using this method.  However, it is recommended that the high-point standard be run at
least once every 12  hrs to confirm the stability of the instrument response and
chromatographic retention times.  The analyst should consider the costs associated with
making the wrong decision from the screening results (e.g., GC/MS instrument down-time
and maintenance) and use appropriate judgment.


11.8 Instrument maintenance


11.8.1 Injection of sample extracts from waste sites often leaves a high boiling
residue in the injection port area, splitters (when used), and the injection port end of the
chromatographic column.  This residue affects chromatography in many ways (i.e., peak
tailing, retention time shifts, analyte degradation, etc.) and, therefore, instrument
maintenance is very important.  Residue buildup in a splitter may limit flow through one leg
and therefore change the split ratios.  If this occurs during an analytical run, the
quantitative data may be incorrect.  Proper cleanup techniques will minimize the problem
and instrument QC will indicate when instrument maintenance is necessary.


11.8.2 Recommended chromatograph maintenance


Corrective measures may need any one or more of the following remedial actions. 
Also see Method 8000 for additional guidance on corrective action for capillary columns
and the injection port.


11.8.2.1 Splitter connections -- For dual columns which are connected
using a press-fit Y-shaped glass splitter or a Y-shaped fused-silica connector,
clean and deactivate the splitter or replace with a cleaned and deactivated splitter. 
Break off the first few inches (up to one foot) of the injection port side of the
column.  Remove the columns and solvent backflush according to the
manufacturer's instructions.  If these procedures fail to eliminate the degradation
problem, it may be necessary to deactivate the metal injector body and/or replace
the columns.


11.8.2.2 Column rinsing -- Rinse the column with several column
volumes of an appropriate solvent.  Both polar and nonpolar solvents are
recommended.  Depending on the nature of the sample residues expected, the first
rinse might be water, followed by methanol and acetone; methylene chloride is a
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satisfactory final rinse and in some cases may be the only solvent necessary.  The
column should then be filled with methylene chloride and allowed to remain flooded
overnight to allow materials within the stationary phase to migrate into the solvent. 
The column is then flushed with fresh methylene chloride, drained, and dried at
room temperature with a stream of ultrapure nitrogen passing through the column.


11.9 Calculations and data handling


Results need to be reported in units commensurate with their intended use and all
dilutions need to be taken into account when computing final results.


11.10 The concentration of each analyte in the sample may be determined by calculating
the amount of standard purged or injected, from the peak response, using the  mean CF or RF
from the initial calibration, or another appropriate calibration model (see Method 8000).


11.11 While both diesel fuel and gasoline contain a large number of compounds that will
produce well-resolved peaks in a GC/FID chromatogram, both fuels contain many other
components that are not chromatographically resolved.  This unresolved complex mixture
results in the "hump" in the chromatogram that is characteristic of these fuels.  In addition,
although the resolved peaks are important for the identification of the specific fuel type, the area
of the unresolved complex mixture contributes a significant portion of the area of the total
response.


11.11.1 For the analysis of DRO, sum the area of all peaks eluting between C10
and C28.  This area is generated by projecting a horizontal baseline between the retention
times of C10 and C28.  


11.11.2 Because the chromatographic conditions employed for DRO analysis can
result in significant column bleed and a resulting rise in the baseline, it is appropriate to
perform a subtraction of the column bleed from the area of the DRO chromatogram.  In
order to accomplish this subtraction, analyze a methylene chloride blank during each 12-hr
analytical shift during which samples are analyzed for DRO.  Measure the area of this
chromatogram in the same fashion as is used for samples (see Sec. 11.11.1), by
projecting a horizontal baseline across the retention time range for DRO.  Then subtract
this area from the area measured for the sample and use the difference in areas to
calculate the DRO concentration, using the equations in Method 8000.


11.11.3 For the analysis of GRO, sum the areas of all peaks eluting between 2-
methylpentane and 1,2,4-trimethylbenzene.  This area is used to calculate the GRO
concentration, using the equations in Method 8000.  Column bleed subtraction is not
generally necessary for GRO analysis.


11.12 Refer to Method 8000 for the calculation formulae.  The formulae cover external
and internal standard calibration, aqueous and non-aqueous samples, and linear and non-linear
calibrations. 


12.0 DATA ANALYSIS AND CALCULATIONS


See Sec. 11.9 for information on data analysis and calculation.
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13.0 METHOD PERFORMANCE


13.1 Performance data and related information are provided in SW-846 methods only as
examples and guidance.  The data do not represent required performance criteria for users of
the methods.   Instead, performance criteria should be developed on a project-specific basis,
and the laboratory should establish in-house QC performance criteria for the application of this
method.  These performance data are not intended to be and must not be used as absolute QC
acceptance criteria for purposes of laboratory accreditation.


13.2 Example method performance data for non-purgeable volatiles prepared using the
azeotropic microdistillation technique from Method 5031 are included in Table 1 and 2 for
aqueous matrices and in Table 3 for solid matrices.  Typical chromatograms are included in
Figs. 4 and 5.  These data are for guidance purposes only.


13.3 Example method performance information are provided in Tables 4 and 5 for diesel
fuel spiked into soil as are chromatograms of GRO and DRO standards in Figures 1 to 3. 
These data are for guidance purposes only.


13.4 Table 6 contains example precision and bias data for the analysis of triethylamine. 
Reagent water was spiked with triethylamine at 1.0 µg/L and analyzed by direct aqueous
injection in a GC/FID equipped with an HP Basic Wax column (30-m x 0.53-mm ID).  These
data are for guidance purposes only.


13.5 Table 7 contains example single-laboratory data on the pressurized fluid extraction
of diesel range organics (DRO) from three types of soil (sand, loam, and clay).  The soils were
spiked at two levels of DRO, approximately 5 mg/kg each and approximately 2000 mg/kg. 
Seven replicates of each level and soil type were extracted using pressurized fluid extraction
(Method 3545), using a mixture of methylene chloride and acetone (1:1).  The data are taken
from Reference 8 and are for guidance purposes only.  This extraction technique may be
applicable to other analyte classes, fuel types, or petroleum fractions (see Sec. 1.2.3).


13.6 This method was the determinative technique used by one of the three laboratories
participating in the study of headspace analysis of oxygenated gasoline contaminated
groundwater samples.  Refer to the new version of Method 5021, which can be found at
http://www.epa.gov/epaoswer/hazwaste/test/pdfs/5021a_r1.pdf, for a discussion and the results
of that study.  These data are provided for guidance purposes only.


13.7 This method was used in combination with Method 5021 to analyze a standard with
several gasoline components, including MTBE and 2-methylpentane.  As can be seen from the
chromatogram in Figure 6, the two analytes were resolved quite well (column: Restek 502.2
105m x 0.53 um, 3 df).   See http://www.epa.gov/epaoswer/hazwaste/test/pdfs/5021a_r1.pdf for
more information.  These data are provided for guidance purposes only.  


14.0 POLLUTION PREVENTION


14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity and/or toxicity of waste at the point of generation.  Numerous opportunities for pollution
prevention exist in laboratory operations.  The EPA has established a preferred hierarchy of
environmental management techniques that places pollution prevention as the management
option of first choice.  Whenever feasible, laboratory personnel should use pollution prevention
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techniques to address their waste generation.  When wastes cannot be feasibly reduced at the
source, the Agency recommends recycling as the next best option.


14.2 For information about pollution prevention that may be applicable to laboratories
and research institutions consult Less is Better: Laboratory Chemical Management for Waste
Reduction available from the American Chemical Society's Department of Government
Relations and Science Policy, 1155 16th St., N.W. Washington, D.C. 20036, http://www.acs.org.


15.0 WASTE MANAGEMENT


The Environmental Protection Agency requires that laboratory waste management
practices be conducted consistent with all applicable rules and regulations.  The Agency urges
laboratories to protect the air, water, and land by minimizing and controlling all releases from
hoods and bench operations, complying with the letter and spirit of any sewer discharge permits
and regulations, and by complying with all solid and hazardous waste regulations, particularly
the hazardous waste identification rules and land disposal restrictions.  For further information
on waste management, consult The Waste Management Manual for Laboratory Personnel
available from the American Chemical Society at the address listed in Sec. 14.2.
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TABLE 1


EXAMPLE METHOD PERFORMANCE DATA FOR NON-PURGEABLE VOLATILES IN
GROUND WATER BY AZEOTROPIC MICRODISTILLATION (METHOD 5031)


Low
Concentrationa


Med.
Concentrationb


High
Concentrationc


Analyte Mean
Recd


%RSD Mean
Recd


%RSD Mean
Recd


%RSD


Acetonee 126 17 N/A -- N/A --
Acetonitrile 147 5 105 8 92 9
Acrolein 146 13 120 27 80 20
Acrylonitrile 179 7 143 28 94 21
1-Butanol 127 8 86 8 90 9
t-Butyl alcohol 122 7 N/A -- N/A --
1,4-Dioxane 124 16 96 10 99 8
Ethanol 152 10 N/A -- N/A --
Ethyl acetate 142 7 135 33 92 25
Ethylene oxide 114 10 N/A -- N/A --
Isobutyl alcohol 122 8 87 13 89 13
Isopropyl alcohol 167 13 N/A -- N/A --
Methanol 166 14 94 9 95 7
Methyl ethyl ketone 105 6 N/A -- N/A --
Methyl isobutyl ketone 66 4 N/A -- N/A --
2-Pentanone 94 3 N/A -- N/A --
1-Propanol N/A -- 91 7 91 7
Propionitrile 135 5 102 14 90 14
Pyridine 92 12 N/A -- N/A --


a 25 µg/L spikes, using internal standard calibration.
b 100 µg/L spikes, using internal standard calibration.
c 750 µg/L spikes, using internal standard calibration.
d Mean of 7 replicates.
e Problematic, due to transient laboratory contamination.
 
N/A = Data not available
These data are provided for guidance purposes only.
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TABLE 2


EXAMPLE METHOD PERFORMANCE DATA FOR NON-PURGEABLE VOLATILES
IN TCLP LEACHATE BY AZEOTROPIC MICRODISTILLATION (METHOD 5031)


Low
Concentrationa


Med.
Concentrationb


High
Concentrationc


Analyte Mean
Recd


%RSD Mean
Recd


%RSD Mean
Recd


%RSD


Acetonee 99 91 N/A -- N/A --
Acetonitrile 107 17 111 10 95 11
Acrolein 88 10 109 29 87 41
Acrylonitrile 133 13 123 29 103 38
1-Butanol 119 7 89 12 86 8
t-Butyl alcohol 70 31 N/A -- N/A --
1,4-Dioxane 103 20 103 16 102 7
Ethanol 122 13 N/A -- N/A --
Ethyl Acetate 164 12 119 29 107 41
Ethylene oxide 111 12 N/A -- N/A --
Isobutyl alcohol 115 4 86 13 82 13
Isopropyl alcohol 114 8 N/A -- N/A --
Methanol 107 10 102 6 N/A --
Methyl ethyl ketone 87 13 N/A -- N/A --
Methyl isobutyl ketone 78 13 N/A -- N/A --
2-Pentanone 101 8 N/A -- N/A --
1-Propanol N/A -- 98 10 89 7
Propionitrile 100 16 100 11 90 17
Pyridine 46 59 N/A -- N/A --


a 25 µg/L spikes, using internal standard calibration.
b 100 µg/L spikes, using internal standard calibration.
c 750 µg/L spikes, using internal standard calibration.
d Mean of 7 replicates.
e Problematic, due to transient laboratory contamination.


N/A = Data not available
These data are provided for guidance purposes only.
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TABLE 3


EXAMPLE METHOD PERFORMANCE DATA FOR NON-PURGEABLE VOLATILE
COMPOUNDS IN SOLID MATRICES BY AZEOTROPIC MICRODISTILLATION


(METHOD 5031)


Incinerator Ash Kaolin
Low Conc.a High Conc.b Low Conc.a High Conc.b


Mean
Recc


%RSD Mean
Recc


%RSD Mean
Recc


%RSD Mean
Recc


%RSD


Acrylonitrile 50 53 10 31 102 6 12 52
1-Butanol 105 14 61 12 108 5 58 25
t-Butyl alcohol 101 21 60 13 97 9 59 23
1,4-Dioxane 106 19 48 18 105 10 48 25


Ethanol 117 25 52 20 108 11 48 24
Ethyl acetate 62 19 39 12 90 5 41 25
Isopropyl alcohol 119 21 61 15 108 11 58 24
Methanol 55 53 33 28 117 17 37 22
Methyl ethyl ketone 81 21 40 12 91 8 42 20
Methyl isobutyl
ketone


68 11 57 14 71 5 55 23


2-Pentanone 79 13 54 10 91 5 54 19
Pyridine 52 24 44 20 50 10 49 31


a 0.5 mg/kg spikes, using internal standard calibration.
b 25 mg/kg spikes, using internal standard calibration.
c Mean of seven replicates.


These data are provided for guidance purposes only.
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TABLE 4


EXAMPLE RESULTS FROM ANALYSIS OF LOW AROMATIC DIESEL BY GC/FID
(5 replicates per test)


Spike Concentration Analysis Results
12.5 ppm ND
75 ppm 54 ± 7 ppm


105 ppm 90 ± 15 ppm
150 ppm 125 ± 12 ppm


1000 ppm 960 ± 105 ppm
ND = Not detected


Samples were prepared using 2-g aliquots of sandy loam soil spiked with
known amounts of low aromatic diesel.  Low aromatic diesel is sold in
California.  It was purchased for this study at a gas station in San Diego,
California.  Extractions were accomplished using methylene chloride as
a solvent (Method 3550, high concentration option).
These data are provided for guidance purposes only.


TABLE 5


EXAMPLE RESULTS FROM ANALYSIS OF DIESEL BY GC/FID
(5 replicates per test)


Spike Concentration Analysis Results
25 ppm 51 ± 6 ppm
75 ppm 76 ± 8 ppm


125 ppm 99 ± 5 ppm
150 ppm 160 ± 10 ppm


Samples were prepared using 10-g aliquots of sandy loam soil spiked
with known amounts of regular #2 diesel purchased at a gas station in
Northern Virginia.  Extractions were accomplished using methylene
chloride as a solvent (Method 3550).
These data are provided for guidance purposes only.
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TABLE 6


EXAMPLE TRIETHYLAMINE PERFORMANCE DATA FOR SPIKED REAGENT WATER
(Analyses by Direct Aqueous Injection)


Triethylamine Concentration (µg/L)


Spike Conc. Rep. 1 Rep. 2 Rep. 3 Rep. 4 Rep. 5 Rep. 6 Rep. 7 Mean
1.00 1.12 1.17 1.14 1.20 1.19 1.18 1.18 1.169


Mean Recovery   117%       S.D.      0.0288 µg/L     


The estimated lower limit of quantitation was derived from the analyses of seven aliquots of
water spiked at 1.00 µg/L, using external standard calibration, on a 30-m, 0.53-mm ID, HP Basic
Wax GC column.  A 1-µL injection volume was used.  Lower limits of quantitation provided
in SW-846 are for illustrative purposes and may not always be achievable.  Laboratories
should establish their own in-house lower limits of quantitation, if necessary to document
method performance.


Data are taken from Reference 7.
These data are provided for guidance purposes only.
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TABLE 7


EXAMPLE SINGLE-LABORATORY DATA FOR PRESSURIZED FLUID EXTRACTION (METHOD 3545) 
OF DIESEL RANGE ORGANICS FROM THREE SOIL MATRICES


DRO Concentration in mg/kg
Matrix and Spiking
Level


Rep. 1 Rep. 2 Rep. 3 Rep. 4 Rep. 5 Rep. 6 Rep. 7 Mean Mean
Recovery (%)


%RSD


Low Sand 3.2 8.2 5.9 6.3 7.0 7.7 6.4 6.4 127 25.4
Low Loam 6.5 6.0 7.9 5.1 6.9 9.5 6.4 6.9 138 20.7
Low Clay 4.3 5.8 5.7 8.6 5.4 7.5 7.6 6.4 128 23.6


High Sand 1850 1970 2030 2390 2210 2400 2430 2183 108 10.8
High Loam 1790 1870 1860 1970 1790 1990 1990 1894 94 4.7
High Clay 1910 1890 1990 2860 2880 2150 2040 2246 112 19.4


Low level samples were spiked with approximately 5 mg/kg of DRO.  


High level samples were spiked with approximately 2000 mg/kg of DRO.


Seven replicates of each sample were extracted and analyzed by GC/FID.


Data are taken from Reference 8.
These data are provided for guidance purposes only.
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FIGURE 1


EXAMPLE CHROMATOGRAM OF A 300 PPM GASOLINE STANDARD
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FIGURE 2


EXAMPLE CHROMATOGRAM OF A 30 PPM DIESEL STANDARD
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FIGURE 3


EXAMPLE CHROMATOGRAM OF A 30 PPM DIESEL STANDARD WITH THE 
BASELINE PROJECTED BETWEEN C10 AND C28
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FIGURE 4


EXAMPLE CHROMATOGRAM OF SEVERAL NONPURGEABLE VOLATILE COMPOUNDS IN
SPIKED REAGENT WATER USING AZEOTROPIC MICRODISTILLATION (METHOD 5031)


Mix 1:  Analytes distilled at 0.25 mg/L, internal standards at 2.5 mg/L


GC Column: J&W DB-Wax column with 0.53-mm ID


Temperature program: 30 EC for 2 min.
3 EC/min. to 100 EC and held for 0 min.
25 EC/min. to 200 EC and held for 4 min.







8015C - 35 Revision 3
February 2007


FIGURE 5


EXAMPLE CHROMATOGRAM OF SEVERAL NONPURGEABLE VOLATILE COMPOUNDS IN
SPIKED REAGENT WATER USING AZEOTROPIC MICRODISTILLATION (METHOD 5031)


Mix 2:  Analytes distilled at 0.25 mg/L, internal standards at 2.5 mg/L


GC Column: J&W DB-Wax column with 0.53-mm ID


Temperature program: 30 EC for 2 min.
3 EC/min. to 100 EC and held for 0 min.
25 EC/min. to 200 EC and held for 4 min.







8015C - 36 Revision 3
February 2007


FIGURE 6


EXAMPLE CHROMATOGRAM OF MULTI-COMPONENT MIXTURE
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METHOD 415.3
  DETERMINATION OF TOTAL ORGANIC CARBON AND SPECIFIC UV ABSORBANCE


AT 254 nm IN SOURCE WATER AND DRINKING WATER


1.0 SCOPE AND APPLICATION


1.1 This method provides procedures for the determination of total organic carbon (TOC),
dissolved organic carbon (DOC), and UV absorption at 254 nm (UVA) in source
waters and drinking waters.  The DOC and UVA determinations are used in the
calculation of the Specific UV Absorbance (SUVA).  For TOC and DOC analysis, the
sample is acidified and the inorganic carbon (IC) is removed prior to analysis for
organic carbon (OC) content using a TOC instrument system.  The measurements of
TOC and DOC are based on calibration with potassium hydrogen phthalate (KHP)
standards.  This method is not intended for use in the analysis of treated or untreated
industrial wastewater discharges as those wastewater samples may damage or
contaminate the instrument system(s).


 
1.2 The three (3) day, pooled organic carbon detection limit (OCDL) is based on the


detection limit (DL) calculation.1  It is a statistical determination of precision, and
may be below the level of quantitation.  The determination of OCDL is dependent on
the analytical instrument system’s precision, the purity of laboratory reagent water
(LRW), and the skill of the analyst.  Different TOC instrument systems have
produced significantly different OCDLs that range between 0.02 and 0.12 mg/L OC
for both TOC and DOC measurements.  Examples of these data can be seen in
Section 17, Table 17.1.  It should be noted that background levels of OC
contamination are problematic.  The minimum reporting level (MRL) for TOC and 
DOC will depend on the laboratory’s ability to control background levels (Sect. 4).


2.0 SUMMARY OF METHOD


2.1 In both TOC and DOC determinations, organic carbon in the water sample is oxidized
to produce carbon dioxide (CO2), which is then measured by a detection system. 
There are two different approaches for the oxidation of organic carbon in water
samples to carbon dioxide gas: (a) combustion in an oxidizing gas and (b) UV
promoted or heat catalyzed chemical oxidation with a persulfate solution.  Carbon
dioxide, which is released from the oxidized sample, is detected by a conductivity
detector or by a nondispersive infrared (NDIR) detector.  Instruments using any
combination of the above technologies may be used in this method.


2.2 Settleable solids and floating matter may cause plugging of valves, tubing, and the 
injection needle and/or injection port.  The TOC procedure allows the removal of
settleable solids and floating matter.  The suspended matter is considered part of the
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sample.  The resulting water sample is then considered a close approximation of the
original whole water sample for the purpose of TOC measurement.


 
2.3 The DOC procedure requires that the sample be passed through a 0.45-µm filter prior


to analysis to remove particulate OC from the sample.


2.4 The TOC and DOC procedures require that all IC be removed from the sample before
the sample is analyzed for organic carbon content.  If the IC is not completely
removed, significant error will occur.  The sample, which is then free from IC
interference, is injected into a TOC instrument system.  The organic carbon is
oxidized to CO2, which is released from the sample, detected, and reported as mg/L or
ppm TOC or DOC.


2.5 The UVA procedure requires that the sample be passed through a 0.45-µm filter and 
transferred to a quartz cell.  It is then placed in a spectrophotometer to measure the
UV absorbance at 254 nm and reported in cm-1.


2.6 The SUVA calculation requires both the DOC and UVA measurement.  The SUVA is
calculated by dividing the UV absorbance of the sample (in cm-1) by the DOC of the
sample (in mg/L) and then multiplying by 100 cm/M.  SUVA is reported in units of
L/mg-M.  The formula for the SUVA may be found in Section 12.2.


3.0 DEFINITIONS AND TERMS
NOTE: To assist the reader, a table of acronyms can be found in Section 3.20.


3.1 ANALYSIS BATCH - A set of samples prepared and analyzed on the same
instrument during a 24-hour period.  For a TOC/DOC analysis batch, the set may
contain: calibration standards, laboratory reagent blank and/or filter blanks, field
blank, field samples, laboratory fortified matrix sample, field duplicate sample, and
continuing calibration check standards.  For a UVA analysis batch, the set may
contain: filter blanks, field samples, field blank, field duplicate sample, and
spectrophotometer check solutions with associated blank.  An analysis batch is
limited to 20 field samples.  QC samples are not counted towards the 20 sample limit. 
QC requirements are summarized in Table 17.6.


3.2 BLANKS - Prepared from a volume of LRW (Sect. 3.9) and used as needed to fulfill
quality assurance requirements and to monitor the analytical system.


3.2.1 CALIBRATION BLANK (CB) - The calibration blank is a volume of LRW
that is treated with the same reagents used in the preparation of the calibration
standards.  The CB is a “zero standard” and is used to calibrate the TOC
instrument.  The CB is made at the same time as the calibration standards and
stored along with and under the same conditions as the calibration standards.
The CB is also used to monitor increases in organic background found in the
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calibration standards over time by analyzing it as a sample and comparing the
results with initial analysis of the CB. 


3.2.2 FIELD REAGENT BLANK (FRB) - A volume, equivalent to that which is
collected at a sample site, of LRW is placed in a sample bottle or vial.  A
second empty sample bottle or vial accompanies the LRW sample container to
the sample site.  At the sample site, the LRW is transferred into the empty
bottle or vial which then becomes the FRB.  The FRB is treated as a sample in
all respects including shipment from the sampling site, exposure to the
sampling site conditions, storage, preservation, and all analytical procedures. 
The purpose of the FRB is to determine if the TOC, DOC, and UVA
measurements of the samples collected in the field are free from interferences
or contamination as a result of the sample collection procedure and/or
transport of the sample(s) to the laboratory.  The FRB is optional and is
usually used when the laboratory suspects a problem in sample collection and
handling.


3.2.3 FILTER BLANK (FB) - The FB is an aliquot of LRW that is filtered and
analyzed using the same procedures as field samples undergoing DOC and
UVA determinations.  For DOC and UVA analyses, the FB serves as the LRB. 
The FB will give an indication of overall contribution of organic carbon
contamination from laboratory sources such as the LRW itself, labware
cleaning procedures, reagents, the filter apparatus, filter, and instrument
system(s).


3.2.4 LABORATORY REAGENT BLANK (LRB) - A volume of LRW that is
prepared with each sample set and is treated exactly as a TOC sample
including exposure to all glassware, plasticware, equipment, and reagents that
are used with other samples.  The LRB is used to determine if organic
contamination or other interferences are present in the laboratory environment,
reagents, apparatus, or procedures.  The LRB must be acidified and sparged
following the same procedure as is used to prepare the TOC sample(s). 


3.3 CALIBRATION SOLUTIONS - Calibration should be performed according to the
manufacturer’s operation manual.  The following solutions are used to calibrate the
TOC instrument system for TOC or DOC determinations (calibration solutions are
not used for UVA determination): 


3.3.1 ORGANIC CARBON PRIMARY DILUTION STANDARD (OC-PDS) - A
concentrated solution containing potassium hydrogen phthalate (KHP) in
LRW water that is prepared in the laboratory or is an assayed KHP standard
solution purchased from a commercial source.  The OC-PDS is used for the
preparation of organic carbon calibration standards (OC-CAL), continuing
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calibration check standards (CCC), and laboratory fortified matrix samples
(LFM). 


3.3.2 ORGANIC CARBON CALIBRATION STANDARD (OC-CAL) - A solution
prepared from the OC-PDS and diluted with LRW to various concentrations. 
The OC-CAL solutions are used to calibrate the instrument response with
respect to organic carbon concentration.


3.3.3 CONTINUING CALIBRATION CHECK (CCC) - An OC-CAL solution
which is analyzed periodically to verify the accuracy of the existing calibration
of the instrument (Sect. 10.3).


3.4 DISSOLVED ORGANIC CARBON (DOC) - Organic matter, contained in a water
sample that is soluble and/or colloidal, that can pass through a 0.45-µm filter.


3.5 FIELD DUPLICATES (FD1 and FD2) - Two separate samples collected at the same
time and place under identical circumstances, and treated exactly the same throughout
field and laboratory procedures.  Analyses of FD1 and FD2 give a measure of the
precision associated with sample collection, preservation, and storage, as well as
laboratory procedures.


3.6 INORGANIC CARBON (IC) - Carbon in water samples from non organic sources,
composed mainly from dissolved mineral carbonates and carbon dioxide.  IC can
interfere with the determination of TOC and DOC if it is not removed.


3.7 LABORATORY FORTIFIED BLANK (LFB) – An aliquot of LRW or other blank
matrix to which a known quantity of KHP is added in the laboratory.  The LFB is
subjected to the same preparation and analysis as a sample.  The purpose of the LFB
is to determine whether the methodology is in control, and whether the laboratory is
capable of making accurate and precise measurements.  For this method, a TOC LFB
is the same as a CCC (Sect. 10.3) and no additional LFB is required.  One LFB is
required with each DOC analysis batch.  No LFB is required for UVA analysis. 


3.8 LABORATORY FORTIFIED SAMPLE MATRIX (LFM) - An aliquot of a field 
sample to which a known quantity of KHP is added in the laboratory.  The LFM is
subjected to the same preparation and analysis as a sample, and its purpose is to
determine whether the sample matrix affects the accuracy of the TOC or DOC
analytical results.  The background concentration of organic carbon in the sample
matrix must be determined in a separate aliquot and the measured value in the LFM
corrected for background concentration.


3.9 LABORATORY REAGENT WATER (LRW) - The LRW may be distilled and/or
deionized (DI) water, or high pressure liquid chromatography (HPLC) reagent grade
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or equivalent water which is low in TOC concentration, meeting the requirements as
stated in Section 7.2.


3.10 MATERIAL SAFETY DATA SHEET (MSDS) - Written information provided by a
vendor describing a chemical’s toxicity, health hazards, physical and chemical
properties (flammability, reactivity, etc.), storage, handling, and spill precautions.


3.11 MINIMUM REPORTING LEVEL (MRL) - The minimum concentration of organic
carbon that can be reported as a quantified value in a sample following analysis.  This
concentration is determined by the background level of the analyte in the LRBs and
the sensitivity of the method to organic carbon.  See Section 9.10 for guidelines in the
establishment of the MRL. 


3.12 ORGANIC CARBON DETECTION LIMIT (OCDL) - The calculated minimum
concentration of a known amount of organic carbon (OC) added to the LRW that can
be identified, measured as either TOC or DOC, and reported with 99% confidence
that the OC concentration is greater than zero as per the procedure in Section 9.2.7.


3.13 ORGANIC CARBON (OC) - In this method, when a concentration or instrument
reading applies to either a TOC or DOC determination, the term “OC” may be used. 
For example, the LRB must not exceed 0.35 mg/L OC. 


3.14 ORGANIC MATTER - A mixture of organic compounds (carbon-carbon, carbon-
hydrogen bonded compounds) naturally occurring and/or man-made that are found in
source water used by drinking water utilities.  The quantity and quality of the OM in
source water is measured by TOC/DOC instrument systems or is measured by UVA.


3.15 QUALITY CONTROL SAMPLE (QCS) - A solution containing a known
concentration of an organic carbon compound(s) which is analyzed exactly like a
sample.  The QCS is obtained from a source external to the laboratory and is different
from the source used for preparing the calibration standards.  It is used to check
laboratory and instrument performance.


3.16 SOURCE WATER - Surface water or ground water that is used by a drinking water
utility to produce potable water for public consumption.


3.17 SPECIFIC UV ABSORBANCE AT 254 nm (SUVA) - A measure of DOC aromatic
content that is calculated by measuring the DOC and the UV absorbance at 254 nm of
a 0.45-µm filtered water sample.  SUVA is calculated according to the equation given
in Section 12.2.


3.18 TOTAL CARBON (TC) - A measure of the OC and IC contained in a water sample. 
In this method, IC is removed from the sample.  Therefore, the TC reported by a TOC
instrument system will be equal to the TOC or DOC measurement.
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3.19 TOTAL ORGANIC CARBON (TOC) - The gross amount of organic matter (carbon
not removed by the IC removal step) found in natural water.  Suspended particulate,
colloidal, and dissolved organic matter are a part of the TOC measurement.  For this
method, the TOC definition excludes the contribution of floating vegetative or animal
matter, and volatile organic matter found in source water.  Settleable solids consisting
of inorganic sediments and some organic particulate are not transferred from the
sample by the laboratory analyst and are not a part of the TOC measurement.


3.20 TABLE OF ACRONYMS


Acronym Term


CB calibration blank


CCC continuing calibration check


COMM-BKS
commercial spectrophotometer background
solution


COMM-SCS
commercial spectrophotometer check
solution


DOC dissolved organic carbon


FB filter blank


FD field duplicate


FRB field reagent blank


IC inorganic carbon


IDC initial demonstration of capability


KHP potassium hydrogen phthalate


LFB laboratory fortified blank


LFM laboratory fortified matrix


LRB laboratory reagent blank


LRW laboratory reagent water


MRL minimum reporting level


MSDS material safety data sheet


OC-CAL organic carbon calibration standard







Acronym Term
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OC-PDS organic carbon primary dilution standard


OCDL organic carbon detection limit


QCS quality control sample


SCS spectrophotometer check solution


SDWA Safe Drinking Water Act


SOP standard operating procedure


SUVA specific UV absorbance


TC total carbon


TOC total organic carbon


UVA UV absorbance


 
4.0 CONTAMINATION AND INTERFERENCES


4.1 SPECIAL CONSIDERATIONS FOR ONSITE UTILITY LABORATORIES -
Aerosols (foam and mist) from the operation of a water treatment plant contain 
organic carbon and will contaminate glassware, reagents, sample collection
equipment, and onsite laboratory equipment if they are exposed to air at the water
utility.  For an onsite laboratory, it is recommended that air be filtered and isolated
from organic fumes generated by petroleum products and combustion gases which
come from the operation of some water utility equipment.  Work traffic in the onsite
laboratory should be minimized as it may produce dust containing organic matter that
will result in the contamination of unprotected samples and laboratory equipment.


4.2 All glassware must be meticulously cleaned.  Wash glassware with detergent and tap
water, rinse with tap water followed by reagent water.  Non-volumetric glassware may
then be heated in a muffle furnace at 425 oC for 2 hours to eliminate interferences. 
Volumetric glassware should not be heated above 120 oC.  Alternate cleaning
procedures, such as acid rinsing and heating at lower temperatures, may be employed,
providing that these procedures are documented in a laboratory SOP and LRBs are
monitored as per Section 9.9.


4.3 Laboratory water systems have been known to contaminate samples due to bacterial
breakthrough from resin beds, activated carbon, and filters.  Laboratory water systems
should be maintained and monitored frequently for carbon background and bacterial
growth.  It is recommended that the LRW be filtered through a 0.22-µm filter
membrane to prevent bacterial contamination of TOC instrument systems, reagents,
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and samples.  The LRW, sample transfer (pipet), glassware, and sample bottles are the
principle source for organic background in the analytical system.  However, it is not
possible to control all sources of organic carbon contamination.  Therefore, this
method allows for instrument background correction or adjusting the zero reference
point of the instrument for organic carbon background that is found in the analytical
system. 2  There are many ways to correct for organic carbon background.  Consult the
instrument manufacturer’s operation manual for the instrument background correction
procedure.  Subtraction of LRB or FB measurements from TOC, DOC, or UVA
sample results is not allowed.


4.4 High concentrations of OC, both man-made and naturally occurring, can cause gross
contamination of the instrument system, changes in calibration, and damage to valves,
pumps, tubing, and other components.  It is recommended that analysis of a sample
known to have a concentration of OC > 10 mg/L OC be followed by the analysis of an
LRB.  It is highly recommended that known samples containing OC concentrations  
> 50 mg/L OC be diluted or not run on instruments used to analyze low-level drinking
water samples. 


4.5 Source waters containing ionic iron, nitrates, nitrites, and bromide have been reported
to interfere with measurements of UVA absorbance at 254 nm. 3  The concentration of
the interferences and their effect on the UVA cannot be determined as each unique
sample matrix may produce a different UVA response for the same concentration of
interference or combination of interferences.  This method does not treat or remove
these interferences.  Therefore, suspected or known interferences may affect results
and must be flagged in the SUVA result as “suspected UVA interferences.”


4.6 Chloride exceeding 250 mg/L may interfere with persulfate oxidation methods.4, 5  
Some instrument systems may require increased persulfate concentration and
extended oxidation times.  Consult with your instrument manufacturer’s
representative or instrument operation manual for instrument settings and reagent
strengths when analyzing samples containing high levels of chloride.


4.7 Inorganic carbon (IC) interferes with TOC and DOC measurements.  TOC instrument
bias due to incomplete IC removal has been reported.6, 7  If inorganic carbon is not
completely removed from the water sample, it will result in a positive or negative bias
depending on the way the instrument system calculates TOC (e.g., TOC =TC - IC, 
TC = TOC + IC, or TOC = TC).  When inorganic carbon (IC) is removed from the
sample prior to the TOC assay, as required in this method, TOC = TC and the method
bias is minimized.


5.0 SAFETY


5.1 Fast-moving source water, steep inclines, water conduits, and electrical hazards may
present special safety considerations for the sample collector.  The sample collector
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should be aware of any potential safety hazards and take necessary precautions while
collecting samples. 


5.2 Each chemical reagent used in this method should be regarded as a potential health
hazard.  Exposure to these compounds should be minimized and/or avoided by active
participation in safety planning and good laboratory practices.8  Each laboratory is
responsible for maintaining a current awareness file of OSHA regulations9 regarding
the safe handling of the chemicals specified in this method.  Material Safety Data
Sheets (MSDS) containing information on chemical and physical hazards associated
with each chemical should be made available to all personnel involved in the
chemical analysis.


5.3 Potassium persulfate is a strong oxidizing and corrosive reagent.  The analyst should
avoid eye and skin contact by wearing eye/face protection, powderless gloves and
laboratory clothing.  If body tissue comes in contact with this reagent, apply large
quantities of water for at least 15 minutes (see MSDS) while removing contaminated
clothing.  This reagent may cause delayed burns.  Seek immediate medical attention if
the area becomes irritated or burned.  This reagent can also cause a fire or explosion if
it is allowed to come in contact with combustible materials.  


5.4 Protect your hands by wearing laboratory disposable gloves during the preparation
and disposal of corrosive (acids and oxidants) laboratory reagents.  Do not reuse
laboratory gloves that have been discarded or are suspected of being contaminated.


6.0 EQUIPMENT AND SUPPLIES  
NOTE: Brand names, and/or catalog numbers are included for illustrative purposes
only.  No endorsement is implied.  Equivalent performance may be achieved using
apparatus, instrument systems, and reagents other than those that are illustrated
below.  The laboratory is responsible for the assurance that alternate products,
apparatus, instrument systems, and reagents demonstrate equivalent performance as
specified in this method.


6.1 FILTER APPARATUS - Nalgene® or Corning® 250 mL Filter System, 0.45-µm
Nylon (NYL) or Polyethersulfone (PES) Low Extractable Membrane/Polystyrene
Body with optional glass fiber prefilters (nominal 1 to 7 um).  Packaging and filter
apparatus are recyclable (NALGE-NUNC International: Nalgene Labware CAT.
numbers NYL: 153-0045, PES: 168-0045).  It is recommended that filter membranes
be hydrophilic 0.45-µm filter material.  


NOTE: Alternate filter membranes (e.g., polypropylene, silver or Teflon®), apparatus
technologies such as cartridges, reusable filter bodies, syringe filters, and their
associated syringes, peristaltic pumps or vacuum pumps may be selected.  The
complexity of an alternative filter apparatus is left to the analyst’s ingenuity
providing that the apparatus meets quality control and initial demonstration of
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capability requirements as stated in Section 9.3.2, and that FB requirements are met
(Sect. 9.9).  It is recommended that the analyst review the AWWA journal article
“Selecting filter membranes for measuring DOC and UV254”, Karanfil, et. al.10, prior
to the selection of an alternative filter membrane, apparatus, and wash procedure. 
Karanfil tested 11 filter membranes (0.45-µm pore size and 47-mm disc size)
representing four different manufacturers and seven different types of filter materials
for both desorption and adsorption.  Hydrophilic polyethersulfone (PES) filters
available from two manufacturers (Osmonics Micro-PES and Gelman Supor 450,
both 0.45 micron absolute pore size and 47-mm disc size) and a hydrophilic
polypropylene filter (Gelman GH Polypro, 0.45 micron absolute pore size and 47-mm
disc size) were found to be the best options among those tested in the study. 


6.2 INJECTION VIALS - Specially cleaned 40-mL glass vials, with cap and
polytetrafluoroethylene (PTFE)/silicone septa.  Eagle-Picher TOC Certified, Cat. No.
40C-TOC/LL, Eagle-Picher Technologies®.  These vials are specially cleaned by the
manufacturing process and certified to contain < 10 µg TOC.  Vials may be reused if
cleaned as per Section 4.2.  The PTFE/silicone septa once pierced by the sample
injector must be discarded. 


6.3 INSTRUMENT SYSTEMS - The TOC and UVA procedures allow for the use of
several different types or combinations of TOC instrumental system technologies.
Examples of typical TOC instrument systems, as well as a UV spectrophotometer, are
described below.  Data from these instruments may be found in Section 17.  Only one
TOC instrument is required to perform this method.


6.3.1 TOC INSTRUMENT 1: UV/Persulfate/Wet Oxidation with
Permeation/Conductivity Detection.  The Ionics-Sievers® 800 TOC analyzer
is based on UV catalyzed persulfate digestion to produce CO2, which is
detected by a membrane permeation/conductivity detector. 


6.3.2 TOC INSTRUMENT 2: Elevated Temperature/Catalyzed/Persulfate/Wet
Oxidation/Nondispersive Infrared Detection (NDIR).  The O.I. Analytical®
TOC Model 1010 is based on elevated temperature (95-100°C) catalyzed
persulfate digestion to produce CO2, which is then detected by an NDIR
detector.


6.3.3 TOC INSTRUMENT 3: UV/Low Temperature/Persulfate/Wet
Oxidation/NDIR.  The Tekmar-Dohrmann® Phoenix 8000 TOC analyzer is
based on UV catalyzed persulfate digestion to produce CO2, which is then
detected by an NDIR detector.


6.3.4 TOC INSTRUMENT 4: Catalyzed/Combustion Oxidation(680 °C)/NDIR. 
The Shimadzu® model TOC-5000A analyzer is based on a catalyzed
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combustion in air or oxygen reagent gas to produce CO2, which is then
detected by an NDIR detector.


6.3.5 TOC INSTRUMENT 5: High Temperature Combustion Oxidation/NDIR. 
The Thermo Environmental® ThermoGlasTM 1200 TOC is based on a dual
zone furnace with individually adjustable ovens from 700 to 1250 °C for final
high temperature combustion of the sample with air or oxygen reagent gas to
produce CO2, which is then detected by an NDIR detector.


6.3.6 UV SPECTROPHOTOMETER: The spectrophotometer is used for the UVA
determination only.  The spectrophotometer must be able to measure UVA
(254 nm), with an absorbance from 0.0045 to at least 1.0 cm-1 UVA, and
accommodates a sample cell with a path length of 1, 5, or 10 cm.


6.4 LABORATORY REAGENT WATER TREATMENT SYSTEM - The LRW used for
the development of this method was generated using a Millipore®, Milli-Q Plus
Ultra-Pure Water Treatment System with a 0.22-µm sterile pack filter capable of
producing organic carbon free (< 0.010 mg/L OC), ultrapure deionized water.11  The
maximum amount of OC allowed in the LRW for this method is 0.35 mg/L.  When
purchasing a treatment system for general laboratory use, it is recommended that a
system be purchased capable of producing LRW of the above stated quality in order
to be of use in other laboratory analyses. 


6.5 MUFFLE FURNACE - A muffle furnace capable of heating up to 425 °C. 


6.6 FIELD SAMPLE pH TEST - Sample pH indicator test strips, non-bleeding
(colorpHast® Indicator Strips 0 - 2.5, cat. 9580), EM Science, 480 Democrat Road,
Gibbstown, N.J. 08027.  Pocket pH test kits, pocket pH meters, or laboratory pH
meters are acceptable for field sample pH measurements. 


6.7 PIPET, DISPOSABLE TRANSFER - Large volume bulb (15mL), non-sterile, with
flexible long stem polyethylene transfer pipet.  “Sedi-Pet ™”, Fisher Scientific® Cat. 
13-711-36.  Pipets are used for sample transfer from the middle of a sample bottle
containing floating material (scum).


6.8 SAMPLE COLLECTION REAGENT BOTTLES - Specially cleaned, 1-L Boston
round glass bottles with cap.  Eagle-Picher TOC Certified, Cat. No. 112-01A/C TOC,
Eagle-Picher Technologies, LLC.  These bottles are specially cleaned by the
manufacturing process and certified to meet EPA OSWER Directive # 9240.0-05A
“Specifications And Guidance For Contaminant-Free Sample Containers 12/92.” 
Amber bottles are preferred, but clear glass bottles may be used if care is taken to
protect samples from light.  The laboratory may select glass bottles of any volume that
meet the utility and laboratory sample processing and quality control sampling needs. 
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Glass bottles may be reused after cleaning (see Sect. 4.2 for glassware cleaning
instructions) or discarded. 


6.9 SPARGE APPARATUS - N-EVAPTM, Nitrogen Evaporator System Model 111,
Organomation Associates Inc.  This apparatus is not used for its originally designed
purpose of evaporating sample extracts.  In this method, the apparatus is used as a
sparging device.  The stainless steel needles of the apparatus are lowered into the 40-
mL sample vials containing the TOC or DOC samples to remove inorganic carbon by
sparging with nitrogen gas. 


Alternately, some TOC auto-samplers provide a pre-sparging or membrane IC
removal option prior to injection of the sample into the TOC instrument system.  The
analyst is encouraged to utilize these instrument options, if available.  Another
alternative is for the laboratory analyst to fabricate a sparging apparatus.  For
example, an apparatus may consist of copper tubing from a regulated gas source,
connected to a needle valve used for gas flow control, a length of silicone tubing with
a glass Pasteur pipet inserted into the tubing and a ring stand with clamp for
positioning the pipet.  The Pasteur pipet is inserted into the sample bottle or vial to
remove inorganic carbon by sparging with nitrogen gas (Sect. 11.5).  The complexity
of the alternative sparging apparatus is left to the analyst’s ingenuity providing that
the apparatus meets quality control and initial demonstration of capability (IC
removal test) requirements as stated in Section 9.2.4. 


6.10 VACUUM SOURCE - Aspirator, air flow or water flow, hand-operated or low
pressure electric vacuum pump, providing a vacuum of 15 inches of mercury (Hg) or
better.  If an alternative choice is made, see note in Section 6.1.


6.11 VARIABLE PIPETTES - Programable automated pipettes.  Rainin Instrument®
EDP-Plus Pipette 10ml, Cat. No. EP-10 mL; EDP-Plus Pipette 1000 µL, Cat. No. EP-
1000; EDP-Plus Pipette 100 µL, Cat. No. EP-100, or manual variable pipets with
disposable tips having a calibrated range of 0 to 100-µL, 0 to 1000-µL, and 0 to 10
mL.


6.12 VOLUMETRIC FLASK AND PIPETS - All volumetric glassware used in this
method are required to be “Class A”.


6.13 WAVELENGTH VERIFICATION FILTER SET- Wavelength verification may be
provided by the instrument manufacturer, a scientific instrument service company, or
if this not practical, wavelength verification may be made by the laboratory using
certified spectrophotometric filter sets with values traceable to NIST.  Fisher
Scientific Cat. No. 14-385-335, Spectronic No. 333150.
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7.0 REAGENTS AND STANDARDS
NOTE: The chemicals required for this method must be at least reagent grade. 
Unless otherwise indicated, it is intended that all reagents shall conform to the
specifications of the Committee on Analytical Reagents of the American Chemical
Society (ACS) and/or ACS certified, when available.  Some instrument manufacturers
provide reagents specifically prepared for the optimum performance of their TOC
instruments and provide calibration services and/or calibration standards.  The
analyst is allowed to use these services or prepare reagents and/or standards
according to the instrument manufacturer’s operation manual.


7.1 COMPRESSED GASES – Carbon dioxide free Ultra High Purity (UHP) grade
nitrogen gas or an optional Ultra-low level TOC gas delivery system.  For combustion
based TOC systems, zero grade air and UHP grade oxygen may be needed.  The use
of lesser grades of compressed gases will result in high background noise in the TOC
instrument systems.  The TOC Instrument 1 described in Section 6.3.1. does not
require compressed gasses for operation.


7.2 LABORATORY REAGENT WATER (LRW) - Water that has a TOC reading of     
< 0.35 mg/L and < 0.01 cm-1 UVA.  Although the LRW TOC and UVA limits in this
method are 0.35 mg/L and 0.01 cm-1, respectively, the system specified in Section 6.4
is capable of producing better quality organic carbon free, ultrapure deionized water. 
For optimum performance, it is recommended that LRW with < 0.05 mg/L TOC and 
< 0.0045 cm-1 UVA be used for this method.  Alternatively, LRW may be purchased
(ACS HPLC grade or equivalent).


7.3 DISODIUM HYDROGEN PHOSPHATE, [Na2HPO4, CAS# 7558-79-4] -
Anhydrous, ACS grade or better.


7.4 O-PHOSPHORIC ACID (85%), [H3PO4, CAS# 7664-38-2] - ACS grade or better.


7.5 POTASSIUM DIHYDROGEN PHOSPHATE, [KH2PO4, CAS# 7778-77-0]-
Anhydrous, ACS grade or better.


7.6 POTASSIUM HYDROGEN PHTHALATE (KHP), [C8H5O4K, CAS# 877-24-7] -
Anhydrous, ACS grade or better.


7.7 REAGENT SOLUTIONS FOR WET CHEMICAL OXIDATION - It is assumed that
each instrument manufacturer has optimized reagent solutions for their respective
instruments and has provided the instructions for the preparation of reagents in the
instrument’s operation manual.  NOTE: TOC Instrument 1 does not require gas
sparge of reagents as the manufacture provides reagent packs for the operation of the
instrument.
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7.7.1 PERSULFATE REAGENT - Prepare this solution according to the instrument
manufacturer’s instructions or purchase the solution from the instrument
manufacturer.  If the laboratory prepares the solution, transfer the solution to
the instrument reagent bottle and cap.  It is recommended that this solution be
sparged gently with carbon dioxide free UHP grade nitrogen gas for
approximately 1 hour.  If the instrument system provides continuous sparge, it
is recommended that the reagent bottles be allowed to sparge for 10 minutes to
1 hour before operating the instrument.  Self contained reagent packs or other
types of reagent systems may not require reagent sparging.  Discard the
solution as per expiration time/date listed in the manufacturer’s operation
manual. 


7.7.2 PHOSPHORIC ACID SOLUTION - Prepare this solution according to the
instrument manufacturer’s instructions or purchase the solution from the
instrument manufacturer.  If the laboratory prepares the solution, transfer the
solution to the instrument reagent bottle and cap.  It is recommended that this
solution be sparged gently with carbon dioxide free UHP grade nitrogen gas
for approximately 1 hour.  If the instrument system provides continuous
sparge, it is recommended that the reagent bottles be allowed to sparge for 10
minutes to 1 hour before operating the instrument.  Self contained reagent
packs or other types of reagent systems may not require reagent sparging.  
Discard the solution as per expiration time/date listed in the manufacturer’s
operation manual.


7.8 STANDARD SOLUTIONS
NOTE: Consult with the instrument manufacturer or operation manual for the
recommended concentrated acid used for preservation of standard solutions.  The
concentrated acid used to preserve the standards is usually HCl, H2SO4, or H3PO4


depending upon the instrument operation manual recommendation.  The acid used for
the standards must be the same as the one used for the samples.  Standard solutions
may be alternatively prepared in larger or smaller volumes and concentrations as
needed for the calibration of instruments.  Standard solutions may be prepared by
gravimetric or volumetric techniques.  This section provides guidance for the
preparation of calibration solutions.  


7.8.1 INORGANIC CARBON PRIMARY TEST SOLUTION (IC-TEST)
REAGENTS


7.8.1.1 AMMONIUM CHLORIDE, [NH4Cl, CAS# 12125-02-9] - ACS grade
or better.


7.8.1.2 CALCIUM CHLORIDE DIHYDRATE, [CaCl2 C 2H2O, CAS# 10035-
04-8] - ACS grade or better.
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7.8.1.3 CALCIUM NITRATE TETRAHYDRATE, [Ca(NO3)2 C 4H2O, CAS#
13477-34-4] - ACS grade or better.


7.8.1.4 MAGNESIUM SULFATE HEPTAHYDRATE, [MgSO4 C 7H2O,
CAS# 10034-99-8] - ACS grade or better.


7.8.1.5 POTASSIUM CHLORIDE, [KCl, CAS# 7447-40-7] - ACS grade or
better.


7.8.1.6 SODIUM BICARBONATE, [NaHCO3, CAS# 144-55-8] - ACS grade
or better.


7.8.1.7 SODIUM CHLORIDE, [NaCl, CAS# 7647-14-5] - ACS grade or
better.


7.8.1.8 SODIUM-META SILICATE NONAHYDRATE, [Na2SiO3 C 9H2O,
CAS# 13517-24-3] 


7.8.1.9 SODIUM PHOSPHATE DIBASIC HEPTAHYDRATE, [Na2HPO4 C
7H2O, CAS# 7782-85-6] - ACS grade or better.


7.8.2 PREPARATION OF THE IC-TEST SOLUTION, 100 MG/L IC - This
solution is used in the performance of the IC removal sparging efficiency test
(Sect. 9.2.4 ).  The ionic content of the IC-TEST mixture solution was chosen
from a previous investigation in which the authors wanted to simulate waters
likely to be found in waste treatment plants.12  Because the inorganic salts are
not soluble in a single concentrated solution, prepare four separate stock
solutions by diluting each of the following to one liter with LRW: 
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FLASK
(1 L)


SALT WEIGHT
(g)


A magnesium sulfate heptahydrate, MgSO4 C 7H2O 2.565


B ammonium chloride, NH4Cl 0.594


calcium chloride dihydrate, CaCl2 C 2H2O 2.050


calcium nitrate tetrahydrate, Ca(NO3)2 C 4H2O 0.248


potassium chloride, KCl 0.283


sodium chloride, NaCl 0.281


C sodium bicarbonate, NaHCO3 2.806


sodium phosphate dibasic heptahydrate, Na2HPO4 C 7H2O 0.705


D sodium-meta silicate nonahydrate, Na2SiO3 C 9H2O 1.862


Prepare a 102.5 mg/L IC-TEST mixture, based on bicarbonate calculations
and impurities, by adding a 10-mL aliquot of each of the above solutions to a
40-mL vial.  Add 40 µL of H3PO4, HCl, or H2SO4, depending upon instrument
requirements (see note, Sect. 7.8), to the 40-mL injection vial.  An IC-TEST
mixture of approximately 100 mg/L was chosen to represent the extreme
inorganic carbon concentration the analyst may encounter.  Although the
mixture is turbid after preparation, clarification occurs after acidification.


7.8.3 ORGANIC CARBON PRIMARY DILUTION STANDARD (OC-PDS), 500
mg/L (1 mL = 0.5 mg OC) - Prepare an acid preserved (pH #2) OC-PDS by
pouring approximately 500 mL of LRW into a 1-liter volumetric flask, adding
1 mL of concentrated acid for preservation (see note, Sect. 7.8), carefully
transferring 1.063 g KHP into the LRW, stirring until it is dissolved, and then
diluting to the mark with LRW (1.0 mg KHP = 0.471 mg Organic Carbon). 
Transfer this solution to a marked amber glass reagent bottle and cap for
storage.  This solution does not require refrigeration for storage and is stable
for an indefinite period of time (6 months to a year).  Replace the OC-PDS if
the instrument system fails to pass the QCS requirements (Sect. 9.11).


7.8.4 ORGANIC CARBON CALIBRATION (OC-CAL) - At least 4 calibration
concentrations and the CB (i.e., a minimum of 5 total calibration points) are
required to prepare the initial calibration curve.  Prepare the calibration
standards over the concentration range of interest from dilutions of the OC-
PDS.  The calibration standards for the development of this method were
prepared as specified in the table below.  Calibration standards must be
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prepared using LRW preserved to pH # 2 with concentrated acid (see note,
Sect. 7.8).  Filtration of the CAL standards for DOC analysis is unnecessary,
since interferences from the filtration unit are monitored via the FB. 
Therefore, the OC-CAL may be applied to TOC or DOC determinations.  The
OC-CAL standards must be sparged, or otherwise treated for IC removal, like
a sample following the procedure in Section 11.5. 


PREPARATION OF CALIBRATION (OC-CAL) CURVE STANDARDS


CAL


 Level


Initial Conc. of


OC-PDS


(mg/L)


Vol. of 


OC-PDS


(mL)


Final Vol. of


 OC-CAL Std.


(mL)


Final Conc. of


OC- CAL Std.


(mg/L)


CB – 0 1000 – 


1 500 1.0 1000 0.5


2 500 2.0 1000 1.0


3 500 4.0 1000 2.0


4 500 10.0 1000 5.0


5 500 20.0 1000 10.0


6 * 500 5.0 100 25.0


7 * 500 10.0 100 50.0


* Note: OC-CAL 6 - 7 are optional calibration standards for use when
operating the instrument in a higher concentration range.


The calibration blank (CB) is a “0.0 mg/L OC ” standard which approximates
zero mg/L OC concentration plus the background carbon contributed from the
LRW.  The CB is stored and treated the same as all other calibration
standards.  When analyzed, the CB must not exceed 0.35 mg/L TOC.


7.8.5 Calibration standards may be stored at room temperature in amber glass
bottles (Sect. 6.8) and/or in a dark cabinet (if clear glass used) for a period of
30 days.  If stored OC-CALs are used to recalibrate the instrument during this
30 day period, the CB which has been stored with the OC-CALs must be
analyzed as a sample prior to recalibration.  The CB must not exceed 0.35
mg/L OC.  If the CB does not meet this criteria, the CB and OC-CALs may
have absorbed OC from the laboratory atmosphere and must be discarded.  


7.9 COMMERCIAL SPECTROPHOTOMETER CHECK SOLUTION (COMM-SCS) -
The laboratory may use a commercially prepared COMM-SCS for the purpose of
checking the performance of the spectrophotometer.  The analyst should purchase the
COMM-SCS in the absorbance range that is commonly observed for the samples
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analyzed.  The IN-SPEC™ optical standard and background solution for a 254 nm
spectrophotometric check is NIST traceable, and is available from GFS Chemicals,
PO Box 245, Powell, Ohio 43065.


7.9.1 COMMERCIAL SPECTROPHOTOMETER BACKGROUND SOLUTION
(COMM-BKS) - A background solution provided by the COMM-SCS
provider that is used to correct for stabilizing agents present in the COMM-
SCS.


7.10 LABORATORY PREPARED KHP-SPECTROPHOTOMETER CHECK
SOLUTIONS (KHP-SCS) - The laboratory may elect to prepare a KHP based
spectrophotometer check solution (KHP-SCS) for the purpose of checking the
performance of the spectrophotometer at the absorbance of the average UVA sample. 
This requires the preparation of a buffered KHP solution having a known
concentration and a known absorbance at 254 nm.  The analyst should prepare the
KHP-SCS that will provide an absorbance similar to the absorbance in the range (low,
mid, high) of the sample analyzed.  NOTE: If the phosphate buffer reagents used
below have been exposed to laboratory humidity, it is recommended that potassium
dihydrogen phosphate (KH2PO4) and disodium hydrogen phosphate (Na2HPO4) be
dried for 1 hour at 105°C.


7.10.1 KHP-SCS-BLANK - Prepare a 1-L volumetric flask containing approximately
500 mL of LRW.  Transfer and dissolve 4.08 g anhydrous KH2PO4 and 2.84 g
anhydrous Na2HPO4 in 500 mL.  Dilute to the mark with LRW and transfer to a
1-L amber glass bottle.


7.10.2 KHP-SCS - Prepare the KHP-SCS that will provide an absorbance similar to
the absorbance of the samples analyzed.  Prepare a 1-L volumetric flask
containing approximately 500 mL of LRW.  Transfer and dissolve 4.08 g
anhydrous KH2PO4 and 2.84 g anhydrous Na2 HPO4 into the 500 mL of LRW. 
From the example calculation, or table located below (Sect. 7.10.2.1), transfer
the amount of OC-PDS (in mL) needed to produce the representative
absorbance of the sample into the buffered KHP-SCS and dilute with LRW to
the 1 L mark.


7.10.2.1 KHP-SCS, CONCENTRATION CALCULATION - Standard
Method 5910 B provides for a spectrophotometer check using a
correlation equation which was based on the analyses of 40-samples
of KHP solution. 3  The correlation formula is as follows: UV254 =
0.0144 KHP + 0.0018. This formula may be algebraically solved for
the concentration of KHP, expressed as mg/L OC, needed to
produce a KHP-SCS for the observed sample absorbance as
follows:
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KHP-OC conc. = (UV254 !0.0018) ' 0.0144


Using the calculated KHP-OC concentration, determine the amount
of OC-PDS (Sect. 7.8.3, 1 mL = 0.5 mg OC) needed to produce a
known absorbance for the KHP-SCS.  For example, if you typically
run samples that have an average UVA equal to 0.08 cm-1, you can
calculate the KHP in the following manner:


 5.431 KHP mg/L as OC = (0.08 cm-1 UVA254 !0.0018) ' 0.0144


The 5.431 mg/L is the same as 5.431 mg/L KHP.  It follows that to
produce a 1-L KHP-SCS solution having a UVA absorbance of 0.08
cm-1, you will need 10.9 mL of OC-PDS as calculated below:


(5.431 KHP-SCS mg/L)(1000mL/L) / 500 OC-PDS mg/L = 10.9 mL of OC-PDS


In summary, 10.9 mL OC-PDS is needed to make a 1-L KHP-SCS
solution that will have a UVA absorbance of 0.08 cm-1. 


Alternately, the following table, which is based on the above
calculation, can be used.  From this table, cross reference the
amount of the OC- PDS (in mLs) needed to produce the desired
UVA for the KHP-SCS.  Transfer the required amount of OC-PDS
into a 1-L flask and dilute to the mark with LRW.


KHP-SCS Preparation


UVA@254nm
(cm -1)


ORGANIC
CARBON (mg/L)


OC-PDS (mL
added per liter of


LRW)


0.0738 5 10


 0.1458 10 20


 0.2898 20 40


 0.4338 30 60


7.10.3 Verify that the KHP-SCS-BLANK and the KHP-SCS buffered solutions are at 
pH 7.  Check the pH by placing a drop from the SCS bottle onto pH test paper. 
Do not put the pH paper into the SCS bottle.  Placing the pH paper in the 
bottle will contaminate the sample with organic carbon.  If this happens, the
spectrophotometer check solution must be discarded and a new solution
prepared in a clean bottle.  If the buffered KHP-SCSs are not at a pH of 7, the
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solution must be discarded and a new solution made.  Store these solutions at
approximately < 6 °C.  These solutions are not preserved.  In a sterile
environment these solutions may be stable for a month.  However, the shelf life
of these solutions may be shortened as a result of microbial growth. Therefore,
it is recommended that the above solutions be made fresh weekly and/or be
replaced if any significant change in absorbance is noted. 


8.0 SAMPLE COLLECTION, FILTRATION, AND HOLDING TIMES
NOTE: Consult with the instrument manufacturer or operation manual for the
recommended type of concentrated acid used for preservation of TOC or DOC
samples.  The concentrated acid used to preserve the sample is usually HCl, H2SO4, or
H3PO4 depending upon the instrument operation manual recommendation.  The acid
used for the standards must be the same as the one used for the samples.  Samples for
DOC and UVA analyses may be filtered in the field using alternate apparatus
technologies such as cartridges, reusable filter bodies, syringe filters, and their
associated syringes, peristaltic pumps or vacuum pumps providing that the filter blank
requirements are met (Sect. 9.9). 


8.1 SUVA SAMPLE COLLECTION - SUVA is determined by the analysis of a DOC
sample and a UVA sample, together called the SUVA sample set.  A single sample
may be collected and split for the DOC and UVA analyses or two individual samples
may be collected at the same time.  For example: if the sample is to be determined by
two separate laboratories (i.e., one lab determines UVA and a second lab determines
the DOC), the sample collector may collect two representative samples for shipment. 
A 1-L volume is recommended for the collection of DOC and UVA samples, but other
volumes may be collected depending on the sample volume needed for the filtration
apparatus used by the analyzing laboratory.  The SUVA sample set is collected in clean
glass bottles by filling the bottle almost to the top.  The sample set is NOT preserved
with acid at the time of collection.  The sample set is delivered as soon as possible to
the laboratory and should arrive packed in ice or frozen gel packs.  The sample set is
processed by the laboratory and stored at < 6 °C, until analysis.  If there is no visible
ice or the gel packs are completely thawed, the laboratory should report these
conditions to the data user.  Samples shipped that are improperly preserved, and/or do
not arrive at the laboratory within 48 hrs, cannot be used to meet compliance
monitoring requirements under the Safe Drinking Water Act (SDWA). 


8.1.1 The DOC sample must be filtered in the field or in the laboratory within 48
hours of sample collection according to the procedure detailed in Section 11.4
prior to acidification and analysis.  After filtration, the DOC sample is acidified
with 1 mL of concentrated acid per 1 L of sample or the sample is preserved by
drop wise adjustment to a pH < 2 (Sect. 8.3).  The DOC bottle is capped and
inverted several times to mix the acid and is stored at < 6 °C.  The sample must
be analyzed within 28 days from time of collection.
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8.1.2 The UVA sample must be filtered in the field or in the laboratory according to
the procedure detailed in Section 11.4.  The sample used for the UVA
determination is not acidified.  The UVA bottle is capped and stored at < 6 °C
for up to 48 hours from the time of collection.  The UVA sample must be
analyzed within 48 hours from the time of collection.


8.2 TOC SAMPLE COLLECTION - The typical sample volume collected may vary from
40 mL to 1 L of sample.  It is recommended that the sample collector coordinate the
size of collection volume with the needs of the analytical laboratory.  If the TOC
sample is collected in a 40-mL injection vial, it is acidified to pH < 2 by adding 2
drops of concentrated acid.  If the TOC sample is collected in a 1-L bottle, 1 mL of
concentrated acid is added or the sample is drop wise adjusted to a pH < 2 (Sect. 8.3). 
TOC samples must be acidified at the time of collection.  Cap the bottle or injection
vial and invert several times to mix the acid.  The sample is delivered as soon as
possible to the laboratory and should arrive packed in ice or frozen gel packs.  If there
is no visible ice or the gel packs are completely thawed, the laboratory should report
the conditions to the data user.  Samples shipped that are improperly preserved, and/or
do not arrive at the laboratory within 48 hrs, cannot be used for compliance monitoring
under the SDWA.  The sample is stored at < 6 °C, until analysis.  Stored and preserved
samples must be analyzed within 28 days from time of collection.  


8.3 SAMPLE pH CHECK - The pH of the preserved sample (DOC, TOC only) or filtrate
should be checked to ensure adequate acidification for the preservation.  This should
only be performed by an adequately trained sample collector.  Check the pH by placing
a drop from the sample onto pH test paper.  Do not put the pH paper into the sample
bottle.  Placing the pH paper in the sample bottle will contaminate the sample with
organic carbon.  If this happens, the sample or filtrate must be discarded and a new
sample collected. 


9.0 QUALITY CONTROL


9.1 Each laboratory using this method is required to operate a formal quality control (QC)
program.  QC requirements for TOC include: the initial demonstration of laboratory
capability (IDC) followed by regular analyses of continuing calibration checks (CCC),
independent quality control samples (QCS), laboratory reagent blanks (LRB), field
duplicates (FD), and laboratory fortified matrix samples (LFM).  For this method, a
TOC laboratory fortified blank (LFB) is the same as a CCC (Sect. 10.3) and no LFB is
required.  QC requirements for DOC include: the IDC followed by regular analyses of
CCCs, QCSs, filter blanks (FB), LFB, FDs, and LFMs.


For laboratories analyzing both TOC and DOC samples, only the DOC IDC
determination is required, as it is similar to, yet more rigorous than, the TOC IDC. 
The IDC must be performed the first time a new instrument is used and/or when a new
analyst is trained. 
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QC requirements for UVA analysis include: the performance of the IDC followed by
the regular analysis of spectrophotometer check solutions (SCS), FBs, and FDs.  For
UVA analysis, no LFB or DL determination is required.


The control of instrument background is crucial prior to the performance of the IDC. 
It is required that a critical evaluation be made of the instrument background 2


associated with an instrument system before proceeding with the IDC.  Once an
acceptable instrument background is established, it is safe to proceed with the IDC. 


In summary, this section describes the minimum acceptable QC program, and
laboratories are encouraged to institute additional QC practices to meet their specific
needs.  The laboratory must maintain records to document the quality of the data
generated.  All users of this method are encouraged to write their own SOPs stating
exactly how their lab executes the method.  A summary of QC requirements can be
found in Tables 17.5 and 17.6.


9.2 INITIAL DEMONSTRATION OF CAPABILITY FOR TOC DETERMINATION


9.2.1 INITIAL DEMONSTRATION OF LOW SYSTEM BACKGROUND - Before
any samples are analyzed, and any time a new set of reagents is used, prepare a
laboratory reagent blank (LRB) and demonstrate that it meets the criteria in
Section 9.9.  


9.2.2 INITIAL INSTRUMENT CALIBRATION VERIFICATION - Prior to the
analysis of the IDC samples, calibrate the TOC instrument as per Section 10.2. 
Verify calibration accuracy with the preparation and analysis of a QCS as
defined in Section 9.11.


9.2.3 INITIAL ORGANIC CARBON FLOW INJECTION MEMORY CHECK -
Inject the highest OC-CAL used, followed by two injections of the LRB.  If the
first LRB is > 0.35 mg/L OC and the second LRB is in QC compliance (i.e.,    
< 0.35 mg/L OC), a memory problem is indicated.  Therefore, an LRB may
need to be placed after every sample.  If the instrument system provides a rinse
or system flush with LRB between injections, activate the event control settings
and repeat this section.  If the memory problem persists, then an LRB must be
placed after every sample.


9.2.4 INORGANIC CARBON REMOVAL SPARGING EFFICIENCY TEST-
Various sample sparge times (3-10 minutes) and sparging flow rates have been
reported for the removal of IC. 13  A multi-laboratory study reported large
variations and positive bias in analyses of solutions of standards containing
even small amounts of IC, demonstrating the importance of IC removal.14 
Since IC must be removed in order to reduce interferences with the TOC and
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DOC quantitation, an IDC of the IC removal is performed.  Please note: any
manipulation of the sample may inadvertently introduce organic carbon from
the apparatus.


Prepare an inorganic carbon mixture, IC-TEST solution, as specified in Section
7.8.2.  Using the procedure outlined in Section 11.5, sparge at least three
portions of the acidified IC-TEST solution in the same manner, and of the same
volume, as field samples will be sparged.  After the IC-TEST solution is treated
by the IC removal apparatus, analyze the solution as an LRB for OC.  The IC
removal apparatus must produce an acceptable IC-TEST by meeting the LRB
requirements as stated in Section 9.9.  These IC removal parameters are then
used for all subsequent samples.  


The sparging time recommended in Section 11.5.2 is based on a sparging study
with an N2 flow rate of approximately 200 mL/min and a pH of 2.0.  The
following inorganic carbon concentration reduction was observed after the
external sparging of a 40-mL IC-TEST solution:


IC REMOVAL SPARGE EFFICIENCY STUDY


sparging time (minutes) 0 5 10 15 20


concentration IC
(mg/L), measured as


OC interference
102.5 6.11 0.611 0.049 0.044


The LRB during the above study was < 0.05 mg/L, thus a 20-minute sparge
time ensured that no measurable organic carbon remained in the sample.  


The above sparge efficiency table should be used only as a guide.  The analyst
may find that a higher flow rate may reduce the time necessary to remove the
inorganic carbon to a level at or near the TOC measurements found in the LRB. 
The IC-TEST solution is also used to test alternate IC removal apparatus that
remove IC by internal chemical treatment, alternate sparging procedures,
and/or membrane IC removal.  Any alternative procedure or IC removal
apparatus must be tested using the IC-TEST solution and meet the LRB
requirements as stated in Section 9.9.


9.2.5 INITIAL DEMONSTRATION OF ACCURACY - The initial demonstration of
accuracy consists of the analysis of five (5) LFBs analyzed as samples at a
concentration between 2 to 5 mg/L OC.  If DOC analysis is being performed,
the LFB must be filtered according to the procedure in Section 11.4.  The
average recovery between 2 to 5 mg/L OC must be within ±20% of the true
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value.  If ±20% of the true value is exceeded, identify and correct the problem
and repeat Sections 9.2.5 and 9.2.6.


9.2.6 INITIAL DEMONSTRATION OF PRECISION - Calculate the average
precision of the replicates in the Initial Demonstration of Accuracy (Sect.
9.2.5).  The RSD% must be no greater than 20%.  If the RSD% exceeds 20%,
identify and correct the problem and repeat Sections 9.2.5 and 9.2.6.


9.2.7 ORGANIC CARBON DETECTION LIMIT (OCDL) DETERMINATION -
The OCDL determination must be conducted over at least three (3) days with a
minimum of seven (n=7) replicate LFB analyses.  Before conducting the initial
OCDL, the OC-CAL-1 standard is used to estimate the starting concentration
for the OCDL study.  If DOC analyses are being performed, the low-level LFBs
must be filtered according to procedure in Section 11.4 prior to analysis for the
OCDL.  If the instrument can easily detect the OC-CAL-1 standard, the analyst
should lower the concentration to a level so that the LFB produces a signal 2 to
5 times the background noise level of the instrument.  It is recommended that
the LFB be fortified somewhere between 0.1 to 0.5 mg/L OC.  All available
instrument digits are carried for the OCDL calculation.  After completion of the
OCDL, the calculation is rounded up or down according to Standard Methods,
1050 B.15  The final result is reported in units used for the TOC or DOC
procedure and recorded to two significant figures in the instrument log book. 
Calculate the OCDL using the equation:


Organic Carbon Detection Limit = St( n - 1,  1 -  alpha  =  0.99) 


where:


t(n-1,1-alpha = 0.99) = Student's t value for the 99% confidence level with n-1 degrees
of freedom (t = 3.14 for 7 replicates)
n = number of replicates, and
S = standard deviation of replicate analyses.


If the initial OCDL exceeds 0.35 mg/L or the mean recovery of the LFB used in
the OCDL determination exceeds + 50% of the true value, then the OCDL
determination must be repeated. 


9.3 INITIAL DEMONSTRATION OF CAPABILITY FOR DOC DETERMINATION


9.3.1  Perform Sections 9.2.1 through 9.2.4 as prescribed for TOC.  
 


9.3.2 INITIAL DEMONSTRATION OF FILTER MEMBRANE SUITABILITY -
Filter membranes are capable of affecting DOC and UVA analyses either by
desorption (leaching) of DOC and UV-absorbing materials from the filters to
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the samples, or by adsorption (uptake) of DOC and UV-absorbing materials
from the samples onto the filters.  Filter membranes selected for DOC and
UVA measurements must not desorb nor adsorb significant DOC and UV-
absorbing materials.  Desorption is minimized by pre-washing selected filters
as described in Section 9.3.2.2.  Adsorption is minimized by filtering a portion
of the sample to waste before sample collection as described in Section 9.3.2.3. 
Because the filtration of relatively turbid samples may cause filters to clog, pre-
filtration may be necessary and pre-filter preparation is described in Section
9.3.2.1.  Due to the possibility of lot-to-lot variations in the levels of
contamination or adsorption, it is recommended that for each filter lot, the user
determine the amount of LRW needed to wash the filters and the amount of
sample that needs to be filtered and discarded prior to collection of filtrate
(filter-to-waste volume).  A minimum of three filters (from each new lot)
should be cleaned and checked for desorption/adsorption prior to using the
filters for actual samples.  This evaluation must be repeated when filters are
purchased from another manufacturer or when the type of filter being used is
changed.


9.3.2.1 PRE-FILTER PREPARATION - If the analyst anticipates that the UVA
and DOC sample will clog the 0.45-µm pore size filter membrane
before enough filtrate can be collected, glass fiber pre-filters without
organic binders may be used.  Karanfil et al 10 suggested cleaning the
pre-filter by heating to 550 °C for one hour, cooling to room
temperature, then washing it with 500 mL of LRW.  A 25-mL filter-to-
waste volume (Sect. 9.3.2.3) was also recommended.  The pre-filters
must be demonstrated as acceptable using the procedures described
below in Sections 9.3.2.2 and 9.3.2.3.  Depending on the design of the
filter apparatus, the analyst may be able to insert a pre-filter into the
filter apparatus.  The pre-filter and filter apparatus could then be
washed as a unit, following the procedure in Section 9.3.2.2.  Prefilter
adsorption and desorption may also be tested separately from the filter
membrane.


9.3.2.2 FILTER CLEANING - UV-absorbing materials and DOC are removed
from the filter and filter apparatus by passing LRW through the filter. 
The volume of LRW required depends on the type and disc size of the
filter.  For the filter apparatus used to generate the data in this method,
three successive rinses of 250 mL each (for a total of 750 mL) removed
UV-absorbing materials and DOC that could leach from the filter and
apparatus.  (The Karanfil 10 study found that a 500 mL wash was
sufficient to prepare the 47-mm disk filters recommended in their study
for DOC samples and a wash of 100 mL was sufficient for filters used
solely to prepare UVA samples.)  Acceptable cleaning is demonstrated
by analyzing filter blanks (Sects. 11.4.3, 11.6) and meeting the criteria
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in Section 9.9.  The volume of LRW required to obtain acceptable filter
blanks is then used to clean filters for analyses of all samples (Sect.
11.4).  Filters that cannot be cleaned to meet the referenced criteria
must not be used in the preparation of DOC and UVA samples.


9.3.2.3 FILTER-TO-WASTE VOLUME DETERMINATION - In order to
minimize the loss of sample onto the filter by adsorption, a portion of
the sample must be used to saturate the adsorption sites on the filter
after it is cleaned according to Section 9.3.2.2.  The amount of sample
filtrate that must be discarded prior to collecting filtrate for DOC and/or
UVA analyses will vary depending upon the type and size of filter and
the volume should be minimized in order to prevent filter clogging.  A
25-mL filter-to-waste volume was recommended when using the
hydrophilic polyethersulfone and hydrophilic polypropylene filters of
47-mm disc size studied by Karanfil et al 10 based on evaluations using
low-turbidity model waters prepared from preconcentrated humic and
fulvic materials.  


In this method, a low-turbidity (i.e., TOC = DOC) finished water
sample can be used in the filter-to-waste determination.  For
laboratories that are analyzing samples from a variety of sources, the
selected water should have a TOC concentration in the range of 1 to 3
mg/L.  For laboratories that only analyze samples from one source, the
selected water should be a finished water with the lowest TOC that is
generally observed (NOTE: Depending on the quality of the source
water, this could be water with a TOC concentration much higher than
the 1 to 3 mg/L recommended for laboratories that are analyzing
samples from a variety of sources.)


A series of at least three filtrates are collected in separate containers for
the filter-to-waste volume determination.  The volume of each filtrate is
determined based on the minimum volume required to make an
analytical determination.  For example, if the DOC analysis requires 30
mL, then a series of at least three successive 30-mL filtrates should be
collected.  For UVA, three successive 10-mL filtrates can be collected. 
If DOC and UVA analyses are to be performed on the same filtrate,
then the volume of each filtrate should be adjusted to provide the
minimum volume necessary to accommodate both analyses (in the
above example, three successive 40-mL washes).


Each filtrate is analyzed according to the procedure in Section 11 and
the concentration is compared to the concentration of the unfiltered
sample.  When the concentration of the filtrate is within ± 15% of the
concentration measured in the unfiltered sample, then the recommended
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filter-to-waste volume is the sum of the volumes of that filtrate and any
previous filtrates in the series.  For example, if the unfiltered sample
has a TOC concentration of 3.5 mg/L and the filtrate series (each filtrate
= 30 mL) have concentrations of 2.3, 3.2, and 3.4 mg/L, then a
minimum of 60 mL of sample should be filtered-to-waste prior to
collecting filtrate for DOC analyses.  It is recommended that the filter-
to-waste volume be determined by performing this test on at least three
filters from each lot and averaging the results.  Filters that require
large volumes of filter-to-waste should be avoided, because they will
be more subject to clogging prior to the collection of the necessary
volume of filtrate for analysis.  The filter-to-waste volume that is
determined in this section must be used in the filtration procedure
described in Section 11.4.4.


9.3.3 Perform Sections 9.2.5 through 9.2.7 using filtered LFBs.  The LFBs must be
prepared using the same procedure used to prepare samples (Sect. 11.4).


9.4 INITIAL DEMONSTRATION OF CAPABILITY FOR UVA DETERMINATION


9.4.1 INITIAL CHECK OF SPECTROPHOTOMETER PERFORMANCE - The UV
Spectrophotometer must be checked annually for 0 % transmittance,
wavelength accuracy, stray radiant energy, accuracy and linearity, and optical
alignment.  It is recommended that the instrument performance be verified
through the manufacturer or a scientific instrument service company.  If
independent verification of performance is not feasible, the laboratory may
acquire a certified spectrophotometric filter set and conduct the evaluation. 
Wavelength verification is made using certified spectrophotometric filter sets
with values traceable to NIST.  Using the filter set, test two wavelengths
between 220 and 340 nm.  The instrument performance should be recorded in
the instrument log and be used to monitor the spectrophotometer performance
over time.  Follow the instrument manufacturer’s operation manual when
measuring the acceptable wavelength transmittance limits.


9.4.2 Verify the spectrophotometer performance according to the procedure as
outlined in Section 10.4.


9.4.3 Conduct the filter membrane suitability study described in Section 9.3.2 for
UVA.


9.5 CONTINUING CALIBRATION CHECK (CCC) - With each analysis batch, analyze a
Low-CCC at or below the MRL (Sect. 9.10) prior to TOC or DOC sample analysis. 
Subsequent CCCs are analyzed after every ten samples and after the last sample.  The
concentrations should be rotated to cover the instrument calibration range. A Mid-
CCC is required during every analysis batch.  Acceptance criteria are as follows: Low-
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CCC, + 50% of true value; Mid-CCC, + 20% of true value; High-CCC, + 15% of true
value, see Section 10.3 for concentrations.


9.6 FIELD DUPLICATE (FD) - Within each analysis batch, a minimum of one set of field
duplicates must be analyzed (FD1 and FD2).  Sample homogeneity and the chemical
nature of the sample matrix can affect analyte recovery and the quality of the data. 
Duplicate sample analyses serve as a check on sampling and laboratory precision. 
Two samples are collected at the field site and are treated exactly alike. 


9.6.1 Calculate the relative percent difference (RPD) for duplicate measurements
(FD1 and FD2) using the equation:


9.6.2 Relative percent difference for field duplicates having an average concentration
of > 2 mg/L OC should fall in the range of < 20% RPD.  If field duplicates in
this concentration range exhibit an RPD greater than 20%, results should be
flagged and the cause for the greater difference (e.g. incomplete IC removal or
matrix interference), investigated.  UVA readings should be < 10% RPD.  
NOTE: Greater variability may be observed for samples with OC approaching
the OCDL.  


9.7 LABORATORY FORTIFIED BLANK (LFB) - Within each DOC analysis batch,
analyze an aliquot of reagent water or other blank matrix which has been fortified with
KHP at a concentration of 1-5 mg/L OC.  Recovery for the LFB must be within ±20%
of the true value.  One LFB is required with each DOC analysis batch.  For the DOC
analysis, an LFB is subjected to the same preparation and analysis as a sample,
including filtration (Sect. 11.4).  The LFB is not determined for the TOC or UVA
measurements.


9.8 LABORATORY FORTIFIED MATRIX (LFM) - Within each TOC or DOC analysis
batch, an aliquot of one field sample is fortified with an aliquot of the OC-PDS (Sect.
7.8.3).  The spike concentration used should result in an increase in the LFM
concentration of 50 to 200% of its measured or expected concentration.  Over time,
samples from all routine sample sources should be fortified.  For DOC analysis, the
LFM is filtered prior to acidification and analysis.


9.8.1 Calculate the percent spike recovery (%REC) using the equation:
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where
A = measured concentration in the fortified sample
B = measured concentration in the unfortified sample,
and
C = fortification concentration.


9.8.2 Recoveries may exhibit a matrix dependence.  If the LFM recovery falls outside
of 70 to 130% for any fortified concentration, the analyst should suspect that
inorganic carbon was not properly removed (Sect. 11.5) from the sample or that
contamination or matrix interference exists (Sect. 4) and can not be removed. 
If the source of the poor recovery can not be identified, the analyst should label
the sample report “suspect/contamination or matrix interference” to inform the
data user that the sample data quality is questionable but should not be rejected. 
Failure to meet the recovery criteria after repeated sampling may suggest that
the sample matrix may need further study.


9.9 LABORATORY REAGENT BLANK (LRB) AND FILTER BLANK (FB) - Within
each analysis batch, a minimum of one LRB must be analyzed.  For DOC and UVA
analysis, the FB serves as the LRB.  If more than one lot of filters is used in a DOC or
UVA analytical batch, a FB must be analyzed for each lot.  The analyst should be
aware that additional filter blanks, up to one for each sample, are required by some
regulations (e.g., 40 CFR 141.131(d)(4)(i)).  


The LRB or FB is used to assess contamination from the laboratory environment and
background contamination from the reagents used in sample processing and is treated
exactly the same as a sample.  The volume of the FB must be the same as the sample
volume.  If UVA is to be determined, the FB (UVA-FB) must have an absorbance of  
< 0.01 cm-1 UVA.  The LRB and/or the FB (DOC-FB) must be < 0.35 mg/L OC.  If
0.35 mg/L OC or 0.01 cm-1 UVA is exceeded, background carbon or reagent
contamination should be suspected.  The cause for significant changes in the LRB or
FB value must be identified and any determined source of contamination must be
eliminated.  For the FB, this may mean redetermination of filter membrane suitability
(Sect. 9.3.2).  The cause of the contamination and the corrective action used to remedy
the problem is then recorded in the instrument log for future reference.


9.10 MINIMUM REPORTING LEVEL (MRL) - The OCDL should not be used as the
MRL.  For TOC analysis, it is recommended that an MRL be established no lower than
the mean LRB measurement plus 3F, or two times the mean LRB measurement,
whichever is greater.  For DOC analysis, the FB is substituted for the LRB.  This value
should be calculated over a period of time, to reflect variability in the blank
measurements.  Although the lowest calibration standard for OC may be below
the MRL, the MRL for OC must never be established at a concentration lower
than the lowest OC calibration standard.
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9.11 QUALITY CONTROL SAMPLE (QCS) - During the analysis of the IDC (Sects. 9.2,
9.3), each time new OC-PDS solutions are prepared (Sect. 7.8.3), or at least quarterly,
analyze a QCS from a source different from the source of the calibration standards. 
The QCS is used to provide an independent verification of the method and the TOC
instrument system.  To verify the stock or calibration solutions by comparison with the
QCS, dilute the calibration solution and QCS to a concentration in the mid range of the
calibration curve (approx. 1 - 5 mg/L TOC) in the same manner that the OC-CAL
standards are made (Sect. 7.8.4).  Acceptable verification of the calibration is made
when the means of 3 analyses for both the calibration solution and QCS, having a
concentration range between 1 to 5 mg/L OC, agree to within ±20% of the true value. 
If the measured QCS concentration is not within ±20% of the true value, the
calibration solution must be remade and/or the source of the problem must be
determined and corrected.  Analysis of the QCS only applies to TOC and DOC
determination.


9.12 SPECTROPHOTOMETER CHECK REQUIREMENT - The performance of the
spectrophotometer is initially demonstrated using the procedure in Section 9.4.1.  The
day-to-day performance of the spectrophotometer is checked using KHP-SCS (Sect.
7.10) or a commercially available SCS (COMM-SCS, Sect. 7.9) according to the
procedure in Section 10.4.  


10.0 CALIBRATION AND STANDARDIZATION


10.1 INSTRUMENT SET UP AND OPTIMIZATION - Prior to calibrating the TOC
instrument, clean the instrument system with carbon dioxide free water and sparge
reagents with ultra high purity reagent gas as specified by the instrument manufacturer
to remove background carbon dioxide.  NOTE: TOC Instrument 1 does not require
reagent gas for operation.  Monitor the instrument background carbon dioxide levels
for at least 30 minutes or until the background signal reaches the manufacturer’s
recommended level.  The instrument should have a stable background and be free from
drift caused by CO2 contaminated gas or leaks in the system.  Adjust instrument
temperature, reagent gas and reagent pump flow settings according to the
manufacturer’s operation manual.  Some instruments may require reagent priming runs
to clean the flow injection system and reduce carbon background.  After the instrument
is judged to be stable, load the auto-injector or prepare to manually inject four LRB
samples and start the analysis.  The data collected from the first injection of LRB is
discarded and is considered a system cleanup blank.  The next three LRB injections
should produce consecutive readings that fall within 20% of their mean.  If these
conditions are met, the instrument is ready for calibration.  If not, use the OC-CAL-1
standard and repeat this section.  If the three injections of OC-CAL-1 do not produce
consecutive readings that fall within 20% of their mean, the instrument is not ready to
operate and maintenance must be performed according to the instrument operation
manual before proceeding. 
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10.2 CALIBRATION CURVE - A new calibration curve is generated when fresh standards
are made (Sect. 7.8.4) or when CCCs fall out of QC limits (Sect. 10.3).  Use a CB and
at least four OC-CAL standards that span the concentration range of the samples to be
analyzed.  For example, if the samples to be analyzed are low in concentration (a range
falling between 0.5 to 5 mg/L OC), prepare a calibration blank and a minimum of four
TOC calibration standards (CB, OC-CAL 1 - 4, see Sect. 7.8.4).  The lowest
concentration calibration standard must be at or below the MRL, which may depend on
system sensitivity.  Add an additional 40 µL of H3PO4, HCl, or H2SO4, depending upon
instrument requirements (Sect. 8.0), to the 40-mL injection vial(s).  Sparge the
calibration standards using the IC removal procedure in Section 11.5 prior to
calibrating the instrument.  Inject the standards from low to high concentration and
calibrate the instrument.  Be careful not to extend the calibration range over too wide
of a concentration range as flow injection memory may cause analytical error (Sect.
9.2.3).  The optional OC-CAL 6 - 7 may be used when operating the instrument in a
higher concentration range.  
NOTE: For instruments that have an internal calibration setting, the calibration is
checked by comparing the five point calibration curve with the internal calibration
point.  If the five point calibration curve does not agree with the internal calibration
using the CCC criteria in Section 10.3, the internal calibration of TOC instrument
must be reset by the manufacturer or adjusted by the analyst, following the
manufacturer’s operation manual.  


10.2.1 With the instrument in the ready mode, initiate the automated instrument
calibration routine as per the instrument manufacturer’s operation manual.  
The computer generated calibration curve must have r2 $ 0.993 before
proceeding with analyses.  Ideally the instrument calibration should be            
r2 $ 0.9995 for best results.  After the instrument system has been calibrated,
verify the calibration using the Continuing Calibration Check (CCC, Sect.10.3)
and QCS (Sect. 9.11).


10.2.2 Save the data from the initial calibration curve and record it in the laboratory
notebook or instrument log.  The initial calibration curve serves as a historical
reference so that future calibrations curves can be compared to determine if the
slope or sensitivity of calibration has changed.  If the slope or sensitivity of the
instrument changes such that QC requirements cannot be met, consult the
instrument manual or lab SOP for corrective action, which may include
instrument maintenance and recalibration.  


10.3 CONTINUING CALIBRATION CHECK (CCC) - Demonstration and documentation
of continuing calibration is required and must meet the requirements listed below.  The
CCC solutions are made up weekly or just prior to a sample run and are prepared in the
same manner as the OC-CALs (Sect. 7.8.4).  An analysis batch begins with the
analysis of a Low-CCC.  CCCs are analyzed every 10 samples and must also include a
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Mid-CCC.  Subsequent CCCs should alternate between low, medium, and high
concentrations, and must end the analysis batch.  In summary, at least one Low-CCC
and one Mid-CCC is analyzed with each analysis batch in order to verify the
calibration curve.  It is recommended that low, mid, and high CCCs be used to verify
the calibration curve over time.


10.3.1 Low-CCC - the concentration range may vary from as low as 2 times the
OCDL up to 0.7 mg/L OC.  The Low-CCC is used to verify the low end of the
calibration and must be at or below the MRL, which may depend on system
sensitivity.  The recovery for the Low-CCC must be within + 50% of the true
value. 


10.3.2 Mid-CCC - the concentration is varied between 1.0 mg/L to 5.0 mg/L OC. 
The purpose of this CCC is to verify the precision and accuracy at the
calibration range where critical source water treatment decisions are made. 
The Mid-CCC concentration may be varied to meet changing regulatory
requirements.  The Mid-range CCC must be within ±20% of the true value.  If
it is not, the TOC instrument system must be re-calibrated.


10.3.3 High-CCC - the concentration range is varied between 5 to 50 mg/L OC.  The
selection of the High-CCC should be near the concentration of the highest OC-
CAL standard used.  The purpose of this CCC is to bracket the concentration
the samples that are typically analyzed and to verify the upper range of the
calibration curve.  High-CCC must be within ±15% of the true value.  If it is
not, the TOC instrument system must be re-calibrated.


10.4 SPECTROPHOTOMETER PERFORMANCE CHECK - The performance of the
spectrophotometer is initially demonstrated using the procedure in Section 9.4.1.  The
day-to-day performance of the spectrophotometer is checked using KHP-SCS (Sect.
7.10) or a commercially available SCS (COMM-SCS, Sect. 7.9) prior to analyzing any
UVA samples using the procedure described below.


10.4.1 Using a transfer pipet fill the spectrophotometer cell with the COMM-BKS or
KHP-SCS-BLANK (Sects. 7.9.1, 7.10.1).  Use this solution to zero the
spectrophotometer.


10.4.2 After the spectrophotometer is zeroed, empty the cell, clean with LRW, rinse
with methanol, dry with N2 or reagent grade air, and fill it with the KHP-SCS
or COMM-SCS. 


10.4.3 Read the UVA of the KHP-SCS or COMM-SCS.  The reading must be within
10% of the expected absorbance value.  Record the absorbance of the KHP-
SCS or COMM-SCS in the spectrophotometer instrument logbook.  Empty the
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cell, clean with LRW, rinse with methanol, and dry with N2 or reagent grade
air. 


10.4.4 If the SCS absorbance criteria stated above cannot be met, discard the COMM-
SCS or the KHP-SCS and purchase new COMM-SCS or remake the KHP-
SCS.  Repeat Section 10.4.


11.0 PROCEDURE


11.1 TOC/DOC SAMPLE INTEGRITY EVALUATION - It is important to analyze a TOC
or DOC sample as directly and as soon as possible.  Sample handling and preparation
should be minimized.  Upon receiving the sample from the field, the analyst must
determine if the sample was treated and stored according to instructions found in
Section 8.


11.2 OPTIONAL TREATMENT FOR TOC/DOC SAMPLE MATRIX LOSS - Aquatic
humic substances precipitate at pH below 2 16, and may move to glass vessel walls or
instrument tubing.  If the analyst suspects that humic substances have precipitated
(which sometimes occurs in blackwaters)14 or flocked to the bottom of the sample
container, the sample is degassed by sparging to remove IC as directed in Section 11.5. 
The sample is then split into two portions.  One portion is left at a pH #2, and the pH
of the second portion is adjusted to pH 5 to 7 in order to increase the solubility of
hydrophobic matter in the sample.  Both samples are allowed to sit capped for ½ hour
before further sample processing.  These samples are treated in the same manner as
field duplicates (FD), Section 9.6.  The results of both split samples and corresponding
pH values should be reported to the data user. 


11.3 TOC SAMPLE PREPARATION - Remove the TOC sample from cold storage and
allow the sample to come to room temperature.  Determine if the sample has been
preserved by acidification to a pH #2 by placing some drops on pH paper or by
pouring some of the sample into a small beaker and checking it with a glass or solid-
state pH electrode.  Do Not put the pH paper or electrode into the sample bottle.  If the
pH is greater than 2, discard the sample. 


11.3.1 TYPICAL TOC SAMPLE PRE-TREATMENT - Samples that appear to be
low in particulate and suspended material are generally transferred directly to
the 40-mL injection vial.  If the sample appears to contain sediment or floating
material, allow the sample to sit for a minute or two to allow sediment material
to settle back to the bottom of the bottle.  After allowing the sample to settle, 
transfer the sample from the middle of the bottle using a disposable pipet to the
injection vial.  Add 40 µL of H3PO4, HCl, or H2SO4 depending upon instrument
requirements (Sect. 8.0) to the 40-mL injection vial and label it.


11.3.2 Proceed to Section 11.5, for IC removal.
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11.4 SUVA SAMPLE PREPARATION - If SUVA is not being determined, proceed to
Section 11.5.  The SUVA determination consists of paired sample analyses composed
of a DOC sample and a UVA sample.  DOC and UVA samples may be taken from the
same bottle, or may be taken from separate field duplicate bottles.  Remove the DOC
and UVA sample(s) from cold storage and allow them to come to room temperature. 
The laboratory is required to document any use of alternative filters, apparatus (see
note, Sect. 6.1), or changes in the SUVA sample preparation procedure.  All QC
requirements (Sect. 9) must be met.


11.4.1 Samples for DOC and UVA analysis are NOT acidified in the field.  The DOC
sample is acidified after filtration as described below and the UVA sample is
not acidified at all.  Determine if the sample(s) was accidentally preserved by
placing a few drops from the sample on pH paper or by pouring some of the
sample into a small beaker and checking it with a glass or solid-state pH
electrode.  Do Not put the pH paper or electrode into the sample bottle. 
Placing the pH paper or electrode into the sample bottle will contaminate the
sample solution with organic carbon.  If this happens, the sample must be
discarded.  If the UVA sample pH is #2, check to make sure that the sample is
actually for the UVA determination.  It is possible that this sample is a TOC or
filtered DOC sample and was mislabeled as a UVA sample.  If the sample set
was not mislabeled or switched but accidentally preserved, the sample must be
discarded.  The analyst must check the date and time of collection to ensure
that the sample holding times listed in Section 8.1 have been met.  


11.4.2 Filter Cleaning - Cleaning the filter apparatus, including the filter, removes
trace organic compounds that may have been left behind in the manufacturing
process.  This cleaning must be done immediately prior to sample filtration. 
Rinse the filter with LRW, using the cleaning procedure used to determine
filter membrane suitability (Sect. 9.3.2.2), including the cleaning of the pre-
filter if a pre-filter is necessary.


11.4.3 Filter Blank (FB) - Use a clean filter apparatus (prepared in Sect. 11.4.2) and
filter an aliquot of LRW into an injection vial for the DOC analysis and another
aliquot of LRW into a vial for UVA analysis (Figure 1).  FB volume must be
the same as the sample volume collected in Section 11.4.4.  During the
development of this method, approximately 250 mL of LRW was filtered and
aliquots were poured into two 40-mL injection vials and labeled as the DOC
and UVA FBs.  If the DOC and UVA analyses are coming from two separate
bottles, a filter apparatus will be needed for each bottle and an FB should be
prepared from each apparatus.  Add 40 µL of H3PO4, HCl, or H2SO4 (as
required by the various instrument types, Sect. 8.0) to the 40-mL DOC-FB
injection vial.  Do not acidify the UVA-FB injection vial.  These vials are
paired with the respective SUVA sample and retained for DOC-FB and UVA-
FB analyses.
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11.4.4 Sample Preparation - Reassemble the filter apparatus.  Pour enough sample
onto the filter to saturate any adsorption sites, as determined according to the
filter-to-waste procedure in Section 9.3.2.3.  Apply vacuum until no visible
water remains on the filter.  Remove the vacuum, swirl the apparatus with
sample filtrate, disassemble, and discard the sample filtrate rinse.  Reassemble
the filter apparatus and pour an additional aliquot of sample into the top of the
filter apparatus.  Attach the vacuum and retain the filtrate.  Pour one aliquot
into a 40-mL injection vial and label it to identify it as the DOC sample.  Pour
a second aliquot into a 40-mL injection vial and label it to identify it as the
UVA sample.  Add 40 µL of H3PO4, HCl, or H2SO4 to the 40-mL DOC
injection vial.  Do not acidify the UVA injection vial.  As with the DOC and
UV FBs (Sect. 11.4.3), separate filter apparatus may be used for the DOC and
UVA samples, in which case the filtrate need not be split into two aliquots. 
For a sample that is difficult to filter, an additional filter apparatus or the
optional pre-filter insert apparatus may be used.  The use of additional filters
may require the collection of additional FBs, collected as specified in Section
11.4.3.  The resulting additional DOC-FB, UVA-FB sample filtrates are
collected, their volumes composited and then placed into their respective
injection vials.


11.5 INORGANIC CARBON REMOVAL - All OC-CALs, TOC and DOC samples,
DOC-FBs, and LRBs must be treated to remove IC prior to OC analysis.  UVA
samples and UVA-FBs are not sparged with nitrogen gas or otherwise treated to
remove IC prior to analysis (See Figure 2).  The laboratory is required to document
any use of alternative IC removal apparatus (Sects. 6.9, 11.5.2) or changes in the IC
removal procedure.  All quality control requirements (Sect. 9.2.4) must be met. 
NOTE: If a sparging apparatus is used, it should be isolated from the organic
laboratory and be free of organic contaminants. 


11.5.1 CLEANING SPARGING APPARATUS: Before initial use and immediately
after each use, the sparging apparatus must be cleaned.  With the nitrogen
turned off, dip the stainless steel needles in a 40-mL injection vial containing
dilute acid (40 µL H3PO4, HCL, or H2SO4 per 40 mL LRW).  Take the needles
out of the dilute acid and turn the nitrogen back on to flush out any residual
dilute acid.  If disposable pipettes are used as part of the sparging apparatus,
discard the pipettes after each use instead of attempting to clean and reuse 
them.


11.5.2 SPARGING PROCEDURE: Submerge the apparatus needles used to sparge
the samples near the bottom of the 40-mL sample injection vial.  Data
generated for this method were generated by externally sparging the acidified
samples with nitrogen gas, at 100 to 200 mL/minute, for 20 minutes per 40-mL
sample injection vial.  Some instrument companies provide optional inorganic
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carbon removal apparatus that may produce an efficient means for the removal
of IC.  The laboratory must demonstrate sparging efficiency by the performance
of the IC removal sparging efficiency test (Sect. 9.2.4 ) and meeting the LRB
requirements as stated in Section 9.9.


11.6 SAMPLE ASSAY


11.6.1 TOC/DOC Sample Analysis - This is accomplished by placing into the
injection vial tray a series of 40-mL injection vials usually containing any or all
of the following types of samples: LRB, DOC-FB, CB, OC-CAL(s), CCC s
(Low, Mid or High concentration), field samples, FD1 & FD2, LRB between
samples if needed as specified in Section 9.2.3, LFB, LFM, and the QCS.  The
DOC-FB maximum allowable background concentration is 0.35 mg/L OC. 
The injection tray is placed into the instrument, the run is initiated, and the
results of analyses are recorded. 


11.6.2 UVA ANALYSES - If the spectrophotometer performance meets the SCS
absorbance criteria as stated in Section 10.4, zero the instrument with the
empty cell.  Next fill the cell with the UVA-FB and read the absorbance.  The 
UVA-FB’s maximum allowable background absorbance is 0.01 cm-1 UVA.  If
0.01 cm-1 UVA for the UVA-FB is exceeded, the cause must be identified and
any determined source of contamination must be eliminated.  The
spectrophotometer performance must then be rechecked (Sect. 10.4).  The
laboratory should also check the initial zero each time 10 samples have been
read.  Rinse the spectrophotometer cell with a small amount of the UVA
sample or UVA-FB by directly pipetting or pouring the sample into the
spectrophotometer cell and discarding the rinse.  Refill the spectrophotometer
cell, carefully clean the cell window, and place in the spectrophotometer cell
holder.  Alternatively, flow cells maybe used, filled and flushed as needed. 
Measure the UVA and record.  If field duplicates are collected, the FD1 & FD2
sample filtrates are also read and recorded. 


12.0 DATA ANALYSIS AND CALCULATION


12.1 TOC DIRECT READING: The TOC concentration is calculated by the automated
instrument system’s software.  Follow the instrument manufacturer’s operation manual
when making instrument response adjustments for instrument system blank
corrections.  The TOC calculation assumes that the sample has been properly
preserved, that only a trace amount of IC remains following the IC removal procedure,
and that any remaining IC will not contribute to the TOC measurement and result in a
calculation error.  Some instrument systems calculate TOC from the difference of the
total carbon (TC) minus the IC.  The analyst is reminded that the IC in the sample is
removed prior to sample analysis.  Therefore, the reported TC is equal to, and the same
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as, the TOC value (TOC =TC) and is read directly from the instrument’s computer or
printout.


12.2 SUVA CALCULATION:  Follow the instrument manufacturer’s operation manual
instructions when making instrument response adjustments for instrument system
blank correction.  As in the above TOC calculation, the analyst is reminded that the IC
of the DOC sample is removed prior to analysis.  After filtration, the TOC instrument
value is equal to the DOC.  The SUVA is then calculated from the DOC & UVA data
that results from the procedure as described above (Sects. 11.6.1, 11.6.2).  The UVA of
the sample in cm-1 is divided by the DOC of the sample, multiplied by 100 cm/M and
either reported in units of L/mg-M or as “SUVA”.  The SUVA is calculated as follows:


SUVA (L/mg-M) = UVA(cm-1) / DOC (mg/L) * 100 cm/M 


UVA Calculation: UVA = A /d 


where: 


UVA  = The calculated UV absorbance of the sample in
absorbance units (cm-1).


     
A = The measured UV absorbance at 254 nm of the


sample that is filtered through a 0.45-µm filter
media.


   d = The quartz cell path length in cm.


NOTE: A Filter Blank (FB) is used to monitor background carbon
contamination (Sect. 11.4.3) and is not subtracted from the DOC and
UVA measurements.


12.3 Calculations should utilize all available digits of precision, but final reported
concentrations should be rounded to two significant figures (one digit of uncertainty). 
The final calculation is rounded up or down according to Standard Methods 1050B.15 


13.0 METHOD PERFORMANCE
NOTE: Data presented in Section 17 are from single-laboratory determinations.   All
available digits were used for calculation and the calculations were rounded prior to
entry in the tables.  The data were reported to as many as three significant figures to
give the reader a better understanding of method performance.


13.1 Table 17.1 summarizes the 3-day organic carbon detection limit (OCDL) study for five
TOC instruments systems.  The DOC determination ranged from 0.02 to 0.08 mg/L
OCDL and the TOC determination ranged from 0.04 to 0.12 mg/L OCDL.  All source
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water samples reported in Section 13 and the Section 17 Tables were sparged for 20
minutes to remove inorganic carbon interferences.


13.2 Table 17.2 and associated sub-tables illustrate the single instrument precision and
accuracy for each of the five TOC instrument technologies.


13.3 Tables 17.3 and 17.4 illustrate the instrument differences and performances for five
TOC instruments analyzing seven different source water matrices.


13.4 In all cases, the TOC instruments had difficulty in analyzing the Saint Leon well water. 
The Saint Leon well water had a moderately high inorganic carbon content of
approximately 100 mg/L IC, and a low organic carbon content of 0.2 to 0.6 mg/L OC. 
The Saint Leon well water organic carbon content was near the organic carbon
detection limit.  The low OC concentration produced the greatest differences between
instrument responses.  For low TOC samples with high IC, differences between
instrument responses may be more apparent due to possible IC interference.


13.5 The TOC, DOC and SUVA procedures of this method are dependent on the operation
manual for the TOC instrument system and the UV spectrophotometer as provided by
the respective instrument manufacturers.  However, all performance criteria and
quality control requirements described in this method, as summarized in Tables 17.5
and 17.6, must be met.


14.0 POLLUTION PREVENTION


14.1 Pollution prevention encompasses any technique that reduces or eliminates the
quantity or toxicity of waste at the point of generation.  Numerous opportunities for
pollution prevention exist in laboratory operations.  The EPA has established a
preferred hierarchy of environmental management techniques that places pollution
prevention as the management option of first choice.  Whenever feasible, laboratory
personnel should use pollution prevention techniques to address their waste generation. 
When wastes cannot be feasibly reduced at the source, the Agency recommends
recycling as the next best option.


14.2 For information about pollution prevention that may be applicable to laboratories and
research institutions, consult Less is Better: Laboratory Chemical Management for
Waste Reduction, available from the American Chemical Society's Department of
Government Relations and Science Policy, 1155 16th Street N.W., Washington D.C.
20036, (202)872-4477. 


14.3 For recycle information, contact the US EPA, Pollution Prevention and WasteWise
program, http://www.epa.gov/wastewise/ .
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15.0 WASTE MANAGEMENT


15.1 The U.S. Environmental Protection Agency requires that laboratory waste management
practices be conducted consistent with all applicable rules and regulations.  The
Agency urges laboratories to protect the air, water, and land by minimizing and
controlling all releases from hoods and bench operations, complying with the letter and
spirit of any sewer discharge permits and regulations, and by complying with all solid
and hazardous waste regulations, particularly the hazardous waste identification rules
and land disposal restrictions.  For further information on waste management, consult
The Waste Management Manual for Laboratory Personnel, available from the
American Chemical Society at the address listed in Section 14.2.


15.2 The laboratory should consult with local authorities prior to disposal of any waste to 
publicly owned treatment works (POTW) and receive permission for that disposal.


16.0 REFERENCES







415.3 - 41


8. American Chemical Society, Committee on Chemical Safety.  Safety in Academic
Chemistry Laboratories, Vol. 2,  Accident Prevention for Faculty and Administrators, 7th


ed.; American Chemical Society: Washington, DC, 2003.


9. Occupational Exposure to Hazardous Chemicals in Laboratories.  Code of Federal
Regulations, Part 1910.1450, Title 29, 2001.


10. Karanfil, T.; Erdogan, I.; Schlautman, M. A.  Selecting Filter Membranes for Measuring
DOC and UV254.  J.—Am. Water Works Assoc. 2003, 95 (3), 86-100.


11. Standard Method 1080: Reagent-Grade Water.  In Standard Methods for the Examination
of Water and Wastewater, Eaton, A. D.; Clesceri, L. S.; Greenberg, A. E., Eds.; American
Public Health Association; Washington, DC, 1995; 19th ed.


12. Schaffer, R. B.; Van Hall, C. E.;  McDermott, G. N.; Barth, D.; Stenger, V. A.;  Sebesta,
S. J.; Griggs, S. H.  Application of a Carbon Analyzer in Waste Treatment.  J.—Water
Pollut. Control Fed. 1965, 37 (11), 1545-1566.


13. Van Hall, C. E.; Barth, D.; Stenger, V. A.  Elimination of Carbonates from Aqueous
Solutions Prior to Organic Carbon Determination.  Anal. Chem. 1965, 37 (6), 769-771. 


14. Kaplan, L.A.  Comparison of High-Temperature and Persulfate Oxidation Methods for
Determination of Dissolved Organic Carbon in Freshwaters.  Limnol. Oceanogr. 1992, 37
(5), 1119-1125.


15. Standard Method 1050B: Significant Figures.  In Standard Methods for the Examination
of Water and Wastewater, Eaton, A. D.; Clesceri, L. S.; Greenberg, A. E., Eds.; American
Public Health Association; Washington, DC, 1995; 19th ed.


16. Standard Method 5510: Aquatic Humic Substances.  In Standard Methods for the
Examination of Water and Wastewater, Eaton, A. D.; Clesceri, L. S.; Greenberg, A. E.,
Eds.; American Public Health Association; Washington, DC, 1995; 19th ed.







415.3 - 42


17.0 TABLES, DIAGRAMS, FLOWCHARTS, AND VALIDATION DATA


17.1 ORGANIC CARBON DETECTION LIMIT (OCDL)a


Dissolved Organic Carbon (DOC), mg/L


Instrument
Fortified 


Conc.b


Mean
Recovered


Conc.
%RSDc %RECd OCDL


1 0.130 0.155 11 119 0.054


2 0.125 0.116 22 93 0.082


3 0.250 0.249 4 100 0.035


4 0.130 0.125 5 96 0.018


5 0.250 0.233 9 93 0.068


Total Organic Carbon (TOC), mg/L


Instrument
Fortified


Conc.


Mean
Recovered


Conc.
%RSDc %RECd OCDL


1 0.130 0.159 14 122 0.071


2 0.125 0.145 26 116 0.118


3 0.250 0.259 8 104 0.061


4 0.130 0.130 9 100 0.036


5 0.250 0.251 7 100 0.059


a Organic Carbon Detection Limits were determined by analyzing 7 replicates over 3 days.
b LRW fortified as specified in the table.
c %RSD = percent relative standard deviation
d %REC = percent recovery


INSTRUMENT:
1: UV/Persulfate/Wet Oxidation with Permeation/Conductivity Detection
2: Elevated Temperature/Catalyzed/Persulfate/Wet Oxidation/Nondispersive 
   Infrared Detection (NDIR)
3: UV/Low Temperature/Persulfate/Wet Oxidation/NDIR
4: Catalyzed/Combustion Oxidation(680 °C)/NDIR
5: High Temperature Combustion Oxidation/NDIR
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17.2 SINGLE TOC INSTRUMENT PRECISION AND ACCURACY


17.2.1 TOC Instrument 1: UV/persulfate wet oxidation with
permeation/conductivity detection


Dissolved Organic Carbon, mg/La


Source
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.63 1.62 12.2 105


Shingobee R. 2.98 0.19 13.5 105


Bolten Well 1.27 0.00 12.0 107


Ohio R. (Fernbank) 2.79 0.36 13.6 108


Muddy Creek 3.81 0.15 14.6 108


Great Miami R. 3.18 0.00 13.7 104


Saint Leon Well 0.53 0.97 11.0 104


Total Organic Carbon, mg/La


Source 
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.73 0.33 12.1 103


Shingobee R. 3.16 0.18 13.0 98


Bolten Well 1.32 0.44 11.4 100


Ohio R. (Fernbank) 3.02 0.57 13.2 102


Muddy Creek 4.24 0.00 14.6 103


Great Miami R. 3.51 0.33 13.8 102


Saint Leon Well 0.66 0.52 11.1 104


 a  N = 3, samples fortified at 10mg/L OC using KHP
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17.2 SINGLE TOC INSTRUMENT PRECISION AND ACCURACY, cont’d.


17.2.2 TOC Instrument 2: Elevated temperature/catalyzed/persulfate wet
oxidation/NDIR


Dissolved Organic Carbon, mg/La


Source
Water


Unfortified
Sample Conc.


Fortified Sample Conc.


Mean Mean %REC


Boulder Creek 1.40 11.8 104


Shingobee R. 2.58 13.3 106


Bolten Well 1.04 12.6 105


Ohio R. (Fernbank) 2.41 13.3 108


Muddy Creek 3.25 14.3 110


Great Miami R. 2.68 13.4 107


Saint Leon Well 0.40 10.6 101


Total Organic Carbon, mg/La


Source 
Water


Unfortified
Sample Conc.


Fortified Sample Conc.


Mean Mean %REC


Boulder Creek 1.38 11.2 98


Shingobee R. 2.62 12.7 100


Bolten Well 1.05 11.4 103


Ohio R. (Fernbank) 2.46 13.1 106


Muddy Creek 3.41 13.8 104


Great Miami R. 2.89 13.2 103


Saint Leon Well 0.38 10.5 102


    a  N = 2, samples fortified at 10mg/L OC using KHP
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17.2 SINGLE TOC INSTRUMENT PRECISION AND ACCURACY, cont’d.


17.2.3 TOC Instrument 3: UV/low temperature/persulfate wet oxidation/NDIR


Dissolved Organic Carbon, mg/La


Source
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.52 1.81 11.5 100


Shingobee R. 2.71 1.10 13.2 104


Bolten Well 1.18 1.76 11.3 101


Ohio R. (Fernbank) 2.50 0.74 13.1 106


Muddy Creek 3.38 0.81 14.0 106


Great Miami R. 2.91 0.64 13.1 102


Saint Leon Well 0.56 0.88 10.7 101


Total Organic Carbon, mg/La


Source 
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.47 1.77 11.2 97


Shingobee R. 2.72 0.02 12.7 99


Bolten Well 1.16 2.45 11.0 98


Ohio R. (Fernbank) 2.58 1.01 12.6 100


Muddy Creek 3.18 1.28 13.5 103


Great Miami R. 2.92 1.01 13.0 101


Saint Leon Well 0.45 1.57 10.7 102
a  N = 3, samples fortified at 10 mg/L OC using KHP
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17.2 SINGLE TOC INSTRUMENT PRECISION AND ACCURACY, cont’d. 


17.2.4 TOC Instrument 4: Catalyzed, 680 °C combustion oxidation/NDIR


Dissolved Organic Carbon, mg/La


Source
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.54 5.75 11.4 98


Shingobee R. 2.71 3.18 12.4 97


Bolten Well 1.24 1.25 12.4 98


Ohio R. (Fernbank) 2.52 5.73 12.4 98


Muddy Creek 3.56 3.17 13.3 98


Great Miami R. 3.00 6.94 12.7 96


Saint Leon Well 0.38 27.4 10.1 98


Total Organic Carbon, mg/La


Source 
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.46 2.86 11 100


Shingobee R. 2.84 2.19 13 97


Bolten Well 1.12 1.70 11 100


Ohio R. (Fernbank) 2.81 1.79 13 100


Muddy Creek 4.04 2.02 14 96


Great Miami R. 3.42 1.66 14 101


Saint Leon Well 0.28 7.64 10 100


 a  N = 3, samples fortified at 10 mg/L OC using KHP
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17.2 SINGLE TOC INSTRUMENT PRECISION AND ACCURACY, cont’d.


17.2.5 TOC Instrument 5: High temperature combustion oxidation/NDIR


Dissolved Organic Carbon, mg/La


Source
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.21 1.18 11.0 98


Shingobee R. 2.29 1.15 12.0 97


Bolten Well 0.90 2.93 11.5 106


Ohio R. (Fernbank) 2.11 0.28 12.3 102


Muddy Creek 2.89 1.09 13.1 102


Great Miami R. 2.43 0.77 12.3 99


Saint Leon Well 0.38 27.4 10.0 96


Total Organic Carbon, mg/La


Source 
Water


Unfortified Sample
Conc.


Fortified Sample Conc.


Mean %RSD Mean %REC


Boulder Creek 1.26 6.02 11.0 97


Shingobee R. 2.45 0.84 12.1 97


Bolten Well 0.93 1.02 10.8 98


Ohio R. (Fernbank) 2.31 1.19 12.1 98


Muddy Creek 3.34 3.40 13.1 98


Great Miami R. 2.72 0.78 12.3 96


Saint Leon Wellb 0.32 N/A 10.0 97
a  N = 3, samples fortified at 10 mg/L OC using KHP


            b  N = 2 for this sample, N/A = not applicable
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17.3 PRECISION AND ACCURACY DATA FOR DOC AND SUVA MEASURED IN
SEVEN SOURCE WATERS ON FIVE INSTRUMENTSa


17.3.1 DOC Measurements for Seven Source Waters, Three Replicate
Instrument Injections on Five Instruments 


Dissolved Organic Carbon, mg/L, Unfortified Samples


Source Water
Inst
#1


Inst
#2


Inst
#3


Inst
#4


Inst
#5


Mean
Std
Dev


%RSD


Boulder Creek 1.64 1.40 1.52 1.54 1.21 1.46 0.17 11


Shingobee R. 2.98 2.58 2.71 2.71 2.29 2.66 0.25 9


Bolton Well 1.27 1.04 1.18 1.24 0.90 1.13 0.15 14


Ohio R. (Fernbank) 2.79 2.41 2.50 2.52 2.12 2.47 0.24 10


Muddy Creek 3.81 3.25 3.38 3.56 2.89 3.38 0.34 10


Great Miami R. 3.18 2.69 2.91 3.00 2.43 2.84 0.29 10


St. Leon Well 0.53 0.40 0.56 0.38 0.25 0.42 0.13 30


17.3.2 DOC Measurements for Seven Source Waters, Fortified with KHP, Three
Replicate Instrument Injections on Five Instruments


Dissolved Organic Carbon, mg/L, Samples Fortified at 10 mg/L OC


Source Water Inst #1 Inst #2 Inst #3 Inst #4 Inst #5 Mean
Std
Dev


%RSD %RECb


Boulder Creek 12.2 11.8 11.5 11.4 11.0 11.6 0.43 4 101


Shingobee R. 13.5 13.3 13.2 12.4 12.0 12.9 0.62 5 102


Bolton Well 12.0 11.5 11.3 11.2 11.5 11.5 0.31 3 104


Ohio R. (Fernbank) 13.6 13.2 13.1 12.4 12.3 12.9 0.54 4 105


Muddy Creek 14.6 14.3 14.0 13.3 13.1 13.9 0.62 5 105


Great Miami R. 13.7 13.4 13.1 12.7 12.3 13.0 0.55 4 102


St. Leon Well 11.0 10.5 10.7 10.1 10.0 10.5 0.40 4 100
a   For instrument identification (by type) see Section 6.3.
b  % Recovery calculated as described in Section 9.8.
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17.3 PRECISION AND ACCURACY DATA FOR DOC AND SUVA MEASURED IN
SEVEN SOURCE WATERS ON FIVE INSTRUMENTSa, cont’d.


17.3.3 Mean SUVA Calculation Based on the DOC Data in 17.3.1 for Five
Source Waters


Source Water
UVA
(cm-1)


SUVA b (L/mg-M)


Inst #1 Inst #2 Inst #3 Inst #4 Inst #5 Mean


Boulder Creek 0.4324 2.62 3.08 2.84 2.97 3.58 3.02


Shingobee R. 0.7440 2.50 2.88 2.75 2.77 3.25 2.83


Bolton Well 0.2364 1.86 2.28 2.01 1.91 2.62 2.14


Ohio R. (Fernbank) 0.7267 2.60 3.01 2.90 2.88 3.43 2.97


Muddy Creek 1.124 2.95 3.46 3.33 3.20 3.89 3.37


Great Miami R. 0.8948 2.81 3.33 3.07 3.05 3.69 3.19


St. Leon Well 0.0771 1.46 1.93 1.38 1.83 3.13 1.95
a  For instrument identification (by type) see Section 6.3.
b SUVA calculated as described in Section 12.2.
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17.4 PRECISION AND ACCURACY DATA FOR TOC MEASURED IN SEVEN
SOURCE WATERS ON FIVE INSTRUMENTSa


17.4.1 TOC Measurements for Seven Source Waters, Three Replicate Instrument
Injections on Five Instruments


Total Organic Carbon, mg/L, Unfortified Samples


Source Water Inst #1 Inst #2 Inst #3 Inst #4 Inst #5 Mean
Std
Dev


%RSD


Boulder Creek 1.73 1.38 1.47 1.46 1.26 1.46 0.17 12


Shingobee R. 3.16 2.62 2.72 2.84 2.45 2.76 0.26 10


Bolton Well 1.32 1.05 1.16 1.12 0.93 1.12 0.14 13


Ohio R. (Fernbank) 3.02 2.46 2.58 2.81 2.31 2.64 0.28 11


Muddy Creek 4.24 3.41 3.18 4.04 3.34 3.64 0.47 13


Great Miami R. 3.51 2.89 2.92 3.42 2.72 3.09 0.35 11


St. Leon Well 0.66 0.39 0.45 0.28 0.32 0.42 0.15 35


17.4.2 TOC Measurements for Seven Source Waters, Fortified with KHP, from
Replicate Instrument Injections on Five Instruments 


Total Organic Carbon, mg/L, Samples Fortified at 10 mg/L OC 


Source Water Inst #1 Inst #2 Inst #3 Inst #4 Inst #5 Mean
Std
Dev


%RSD %RECb


Boulder Creek 12.1 11.3 11.2 11.4 11.0 11.4 0.43 4 99


Shingobee R. 13.0 12.7 12.6 12.5 12.1 12.6 0.32 3 98


Bolton Well 11.4 11.4 11.0 11.2 10.8 11.1 0.28 3 100


Ohio R. (Fernbank) 13.2 13.1 12.6 12.8 12.1 12.8 0.45 4 101


Muddy Creek 14.6 13.8 13.5 13.7 13.1 13.7 0.54 4 101


Great Miami R. 13.8 13.2 13.0 13.6 12.3 13.2 0.59 5 101


St. Leon Well 11.1 10.5 10.7 10.2 10.0 10.5 0.41 4 101
a   For instrument identification (by type) see Section 6.3.
b   % Recovery calculated as described in Section 9.8.
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17.5 INITIAL DEMONSTRATION OF CAPABILITY (IDC) REQUIREMENTS
(SUMMARY) 


Method
Reference


Requirement Specification and
Frequency


Acceptance Criteria


Sects. 9.2.1,
9.9


Initial
Demonstration of
Low System
Background


Analyze LRB prior to
any other IDC
samples.


LRBs must be < 0.35 mg/L OC
and < 0.01 cm-1 UVA. 


Sects. 9.2.2,
9.11


Initial Calibration
Verification


After initial calibration
of TOC instrument
system a QCS sample
is used to verify
accuracy.


The analyzed value of a 1-5 mg/L
calibration standard must be
within  ±20% of the true value
before proceeding with the
method.


Sect. 9.2.3 Initial Organic
Carbon Flow
Injection Memory
Check


Analyze after Low
System Background 
requirement, but
before any other TOC
or DOC IDC samples. 


LRB injections after the highest
OC-CAL injection must be         
< 0.35 mg/L TOC.


Sect. 9.2.4 Inorganic Carbon
Removal


Prior to first analysis
of samples and
whenever the IC
removal procedure is
modified.


Analysis of the IC-TEST solution
after IC removal must result in a
concentration of < 0.35 mg/L IC,
measured as OC interference.


Sect. 9.2.5 Initial
Demonstration of
Accuracy


Analyze 5 replicate
LFBs (at 2-5 mg/L
OC). 


The average recovery must be
+20% of the true value.


Sect. 9.2.6 Initial
Demonstration of
Precision


Calculate precision of
the accuracy samples.


The %RSD must be < 20%.


Sect. 9.2.7 Organic Carbon
Detection Limit
(OCDL)
Determination


Analyze 7 replicate
LFBs over a period of
at least 3 days at a
concentration
estimated to be near
the DL.


The calculated OCDL must not
exceed 0.35 mg/L.  The mean
recovery of the LFBs used in the
OCDL determination must be
+50% of the true value. 







Method
Reference


Requirement Specification and
Frequency


Acceptance Criteria
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Sect. 9.3.2 Initial
Demonstration of
Filter Membrane
Suitability


Prior to the first use of
filters and whenever a 
manufacturer or filter
type is changed.


FB < 0.35 mg/L OC and/or 
< 0.01 cm -1 UVA.  Sample
filtrate OC within + 15% of
unfiltered sample OC.


Sect. 9.4.1 Initial
Spectrophotometer
Check


Prior to first
instrument use and
annually thereafter.


Test two wavelengths between
220 and 340 nm.  Check
manufacturer’s operation manual
for acceptance limits.


Sects. 9.4.2,
10.4


Spectrophotometer
Performance Check


Prior to analysis of
samples.


UVA within 10% of expected
absorbance value.  
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17.6 QUALITY CONTROL REQUIREMENTS (SUMMARY) 


Method
Reference


Requirement Specification and
Frequency


Acceptance Criteria


Sect. 9.9 Blanks One LRB with each TOC
analysis batch.  One FB
with each DOC and UVA
analysis batch.


TOC LRBs and DOC-FBs
must be < 0.35 mg/L OC. 
The UVA-FB must be < 0.01
cm-1 UVA.


Sect. 8.1 Holding Time,
SUVA


DOC - filtered and then
acidified within 48 hours of
collection.  Analyzed
within 28 days of time of
collection.


Stored at < 6 °C; preserved
with acid to pH < 2 after
filtration.  


UVA - filtered and
analyzed within 48 hours of
time of collection.


Not preserved with acid,
stored at < 6 °C.


Sect. 8.2 Holding Time,
TOC


TOC - analyze within 28
days from time of
collection.


Preserved at pH < 2 at the
time of collection, stored at 
< 6 °C. 


Sects. 9.2,
9.3, 9.4


Initial
Demonstration of
Capability (IDC) 


Performed whenever a new
instrument is set up or
when a new analyst is
trained.  


See Table 17.5.


Sect. 9.5,
10.3


Continuing
Calibration Checks


Analysis of Low-CCC (at
the MRL or below) at the
beginning of each analysis
batch. Subsequent CCCs
analyzed after every 10
samples and after the last
sample in the analysis
batch, rotating
concentrations to cover the
calibrated range of the
instrument.  Mid-CCC
required during each
analysis batch.


Low-CCC: + 50% of true
value.
Mid-CCC: + 20% of true
value.
High-CCC: + 15% of true
value.







Method
Reference


Requirement Specification and
Frequency


Acceptance Criteria
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Sect. 9.6 Field Duplicate
(FD) Analyses 


One FD is collected and
analyzed with each analysis
batch.


FD > 2 mg/L OC < 20%
RPD.  UVA < 10% RPD.


Sect. 9.7 Laboratory
Fortified Blank
(LFB) analysis


One LFB is analyzed with
every DOC analysis batch.  


Concentration of 1-5 mg/L
OC using KHP.  Recovery
must be within + 20% of true
value.


Sect. 9.8 Laboratory
Fortified Matrix
(LFM)


One LFM is analyzed with
every TOC or DOC
analysis batch. Spike
concentration should result
in an increase in the LFM
concentration of 50 to
200% of its measured or
expected concentration.


Recovery outside 70-130%
warrants investigation of
matrix effect.


Sect. 9.11 Quality Control
Sample (QCS)


The QCS is analyzed
during the IDC, after each
new calibration curve, each
time new calibration
solutions are prepared, or at
least quarterly.


The analyzed value of a 1-5
mg/L QCS must be within 
±20% of the true value.


Section
10.2


Calibration Curve A new calibration curve is
generated when fresh
standards are made and/or
when CCCs are out of QC
limits.


Calibration curve must have
r2 >  0.993 before proceeding
with analyses. 


Section
10.4


Spectrophotometer
performance check


The day to day performance
of the spectrophotometer is
checked using the COMM-
SCS and/or KHP-SCS prior
to analyzing any UVA
sample(s).


The UVA of the KHP-SCS or
COMM-SCS reading must be
within 10% expected
absorbance values.  Analysis
of LRW must result in UVA
of  < 0.01 cm-1.
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FIGURE 1: FILTER BLANK PREPARATION  


LRW


WASH FILTER*,
DISCARD


FILTER LRW*,
 DISPENSE INTO


40-ML VIALS


DESIGNATE AS
FILTER BLANK (FB)


                                                                                                                                                   


DOC - FB
ADD ACID
SPARGE


ANALYZE


UVA - FB
NO ACID


NO SPARGE
ANALYZE


*Using volume as determined in Section 9.3.2.
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FIGURE 2 : SAMPLE PREPARATION


WATER SAMPLE


                                                                                              
                                                                                


TOC DOC UVA


               


USING PRE - WASHED FILTERS
FILTER AND DISCARD FIRST PORTION* 


TO WASTE


          


 FILTER REMAINING SAMPLE


          


 DISPENSE INTO 40ML VIALS


         


TOC AND DOC-SAMPLE
ADD ACID
 SPARGE


ANALYZE


UVA-SAMPLE
NO ACID


NO SPARGE
ANALYZE


* Using volume as determined in Section 9.3.2.3.












Chloramine (Mono) and Free Ammonia, 10200 


How to use instrument-specific information
The Instrument-specific information table displays requirements that may vary between 
instruments. To use this table, select an instrument then read across to find the corresponding 
information required to perform this test.


Chloramine (Mono);
Nitrogen, Free Ammonia DOC316.53.01016


Indophenol Method1


1 U.S. Patent 6,315,950


Method 10200
(0.01–0.50 mg/L NH3–N; 0.04–4.50 mg/L Cl2) Powder Pillows
Scope and Application: For determining Free Ammonia and Monochloramine simultaneously in finished 
chloraminated water.


Test preparation


Table 71 Instrument-specific information


Instrument Sample cell Cell orientation Adapter


DR 6000 4864302 Orientation key toward user A23618


DR 5000 4864302 Orientation key toward user A23618


DR 3900 4864302 Orientation key inserted in adapter slot LZV846 (A)


DR 3800, DR 2800, DR 2700 5940506 1-cm (flat) path aligned with the arrow on the adapter LZV585 (B)


Before starting the test:


For more accurate chloramine results, determine a reagent blank value for each new lot of reagent, using deionized water in 
place of the sample. Subtract the reagent blank value from the final results or perform a reagent blank adjust.


In bright light conditions (e.g. direct sunlight) it may be necessary to close the cell compartment with the protective cover 
during measurements.


Dispose of reacted solutions according to local, state and federal regulation. Use the guidance given on the Material Safety 
Data Sheets to dispose of unreacted reagents. Consult local regulatory agencies for further disposal information.


Collect the following items:


Description Quantity


Free Ammonia Reagent Solution 1 drop


Monochlor F Reagent Pillows 2


Sample cell (see Instrument-specific information) 2


See Consumables and replacement items for reorder information.

Chloramine (Mono); Nitrogen, Free Ammonia
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Indophenol method, powder pillows


1. Select the 
Monochloramine test.
Insert an adapter if 
required (see Instrument-
specific information).


2. Fill two 1-cm cells to 
the 10-mL line with 
sample.
Label one cell “Free 
Ammonia” and one cell 
“Monochloramine”.


3. Wipe the 
monochloramine cell and 
insert it into the cell holder. 
See Instrument-specific 
information for cell 
orientation


4. ZERO the instrument.
The display will show:
0.00 mg/L Cl2 


5. Remove the cell and 
add the contents of one 
Monochlor-F pillow to the 
sample for 
monochloramine 
measurement. 


6. Cap and shake the 
cell about 20 seconds to 
dissolve.
A green color will develop 
if monochloramine is 
present.


7. Add one drop of Free 
Ammonia Reagent 
Solution to the cell for Free 
Ammonia measurement.


8. Cap the reagent bottle 
to maintain reagent 
performance and stability.


 66 Monochloramine LR


Stored Programs


Start
FA M


M


Zero


M M FA
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9. Cap and invert the 
Free Ammonia cell to mix.
If the sample becomes 
cloudy by the end of the 
reaction period, pretreat 
the sample and retest. See 
the Interferences section.


10. Start the instrument 
timer.
A 5-minute reaction period 
will begin.
Color development time 
depends on sample 
temperature. For accurate 
results allow the full 
reaction period to occur. 
See the Color 
development table


11. When the timer 
expires, wipe the 
Monochloramine cell and 
insert it into the cell holder.


12. READ the results in 
mg/L Monochloramine 
(as Cl2).
Leave the cell in the 
instrument.


13. Select the Free 
Ammonia test.
If Display Lock is on, the 
display will show “Store 
Data?”. Press YES or NO 
and continue.


14. With the 
monochloramine sample 
still in the cell holder, 
ZERO the instrument.
The display will show:
0.00 mg/L NH3–N f
Remove the 
monochloramine cell.


15. Add the contents of 
one Monochlor F pillow to 
the cell for the Free 
Ammonia measurement.
The reaction period in step 
10 must be complete 
before adding the 
Monochlor F to the cell for 
Free Ammonia 
measurement.


16. Cap and shake the 
cell about 20 seconds to 
dissolve the reagent.
A green color will form if 
monochloramine or 
ammonia is present.


Indophenol method, powder pillows (continued)


FA
M


Read


 388 N, Ammonia Free


Stored Programs


Exit


Start


Zero


FA FA
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Interferences
This method is intended for finished, chloraminated drinking water samples that have a 
measurable combined (total) chlorine disinfectant residual. Samples where the disinfectant 
residual has disappeared and samples which exhibit a chlorine demand may produce low 
ammonia test results. Blanks and ammonia standards analyzed without a disinfectant residual 
must be prepared using high quality, reagent grade water.


The substances listed in the Non-interfering substances table do not interfere in free ammonia 
determination at or below the stated concentration:


17. Start the instrument 
timer.
A 5-minute reaction period 
will begin.
Samples colder than 18 °C 
will require additional time. 
See the Color 
development table.


18. When the timer 
expires, insert the vial into 
the cell.


19. READ the results in 
mg/L NH3–N f.


Table 72 Non-interfering substances
Substance Maximum level tested


Aluminum 0.2 mg/L Al


Chloride 1200 mg/L Cl–


Copper 1 mg/L Cu


Iron 0.3 mg/L Fe


Manganese 0.05 mg/L Mn


Nitrate 10 mg/L NO3––N


Nitrite 1 mg/L NO2––N


Phosphate 2 mg/L o–PO4


Silica 100 mg/L SiO2


Sulfate 1600 ppm as SO42–


Zinc 5 ppm Zn


Indophenol method, powder pillows (continued)


FA
Read
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Samples containing high levels of both Total Hardness and Alkalinity may become cloudy after the 
addition of the Free Ammonia Reagent Solution. If this occurs by the end of the first reaction 
period, the sample for Free Ammonia measurement must be pretreated as follows:


Note: The sample for Monochloramine measurement does not need pretreatment.


1. Measure 10 mL of sample into the cell for Free Ammonia measurement.


2. Add the contents of one Hardness Treatment Reagent Powder Pillow to the sample.


3. Cap the cell and invert until the reagent is dissolved.


4. Remove the cap.


5. Continue with the analysis at step 2 using the pretreated sample as the Free Ammonia cell.


Color development time
Test results are strongly influenced by sample temperature. Both reaction periods in the 
procedure are the same and depend on the temperature of the sample. The reaction periods 
indicated in the procedure are for a sample temperature of 18–20 °C (64–68 °F). Adjust both 
reaction periods according to the Color development table. Samples can be read up to 15 minutes 
after the listed development times. 


Sampling and storage
Collect samples in clean glass bottles. Most reliable results are obtained when samples are 
analyzed as soon as possible after collection.


Accuracy check (Monochloramine, Program 66)
Required for accuracy check:


• Buffer Powder Pillow, pH 8.3


• Nitrogen, Ammonia Standard Solution, 100-mg/L as NH3–N


• Chlorine Solution Ampules, 50–70 mg/L


• 100-mL Class A volumetric flask


• Pipet, TenSette®, 0.1–1.0 mL and tips


Table 73 Color development
Sample temperature (°C) Sample temperature (°F) Development time (minutes)


5 41 10


7 45 9


9 47 8


10 50 8


12 54 7


14 57 7


16 61 6


18 64 5


20 68 5


23 73 2.5


25 77 2


greater than 25 greater than 77 2

Chloramine (Mono); Nitrogen, Free Ammonia
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• Pipet, Volumetric 2 mL and pipet bulb


• Organic-free water


Standard solution method
Important Note: Because of the strong buffer used in the preparation of this standard, it cannot be 


used for accuracy verification of the Free Ammonia test.


To check test accuracy, prepare the following 4.5-mg/L (as Cl2) monochloramine standard 
immediately before use.


1. Add the contents of one Buffer Powder Pillow, pH 8.3 to about 50-mL of organic-free water in a 
clean 100-mL Class A volumetric flask. Swirl to dissolve the powder.


2. Using a Class A volumetric pipet, transfer 2.00 mL of Nitrogen, Ammonia Standard Solution, 
100-mg/L as NH3–N into the flask.


3. Dilute to volume with organic-free water, cap and mix thoroughly. This is a 2.00-mg/L buffered 
ammonia standard.


4. Pipet 50.00 mL of the buffered ammonia standard into a clean 100-mL beaker. 
Add a stir bar.


5. Obtain a recent lot of Chlorine Solution Ampules, 50–70 mg/L, and note the actual free 
chlorine concentration for this lot.


6. Calculate the amount of Chlorine Solution to be added to the ammonia standard using the 
following equation:


7. Open an ampule and use a glass Mohr pipet to add the calculated amount of Chlorine Solution 
slowly to the ammonia standard, while mixing at medium speed on a stir-plate.


8. Allow the monochloramine solution to mix for 1 minute after all Chlorine Solution is added.


9. Quantitatively transfer the monochloramine solution to a clean 100-mL Class A volumetric 
flask. Dilute to the mark with organic-free water, cap, and mix thoroughly. This is a nominal 
4.5-mg/L (as Cl2) monochloramine standard.


10. Use this standard within 1 hour of preparation. Analyze according to the Low Range 
Monochloramine procedure described above.


11. To adjust the calibration curve using the reading obtained with the 4.5-mg/L standard solution, 
select Options>More>Standard Adjust from the instrument menu.


12. Turn on the Standard Adjust feature and accept the shown concentration. If an alternate 
concentration is used, enter the concentration and adjust the curve to that value.


Accuracy check (Free Ammonia, Program 388)
Required for accuracy check:


• Ammonium Nitrogen Standard, 10 mg/L as NH3-N 


• 100-mL plastic volumetric flask with stopper


• 50-mL mixing cylinders, three


• Pipet, TenSette®, 0.1–1.0 mL and tips


• Deionized water


mL chlorine solution required 455
free chlorine concentration
----------------------------------------------------------------------=

Chloramine (Mono); Nitrogen, Free Ammonia
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Dilution water is required when testing a diluted sample and preparing standard solutions. Dilution 
water must be free of ammonia, chlorine and chlorine demand. A convenient source is a 
recirculating, deionizer system with carbon filtration which produces 18 megaohm-cm water.


Standard Additions Method


1. After reading test results, leave the sample cell (unspiked sample) in the instrument. Verify the 
chemical form.


2. Select Options>More>Standard additions from the instrument menu.


3. Default values for standard concentration, sample volume, and spike volumes can be 
accepted or edited. After values are accepted, the unspiked sample reading will appear in the 
top row. See the user manual for more information.


4. Prepare three spiked samples. Measure 50 mL of sample into three 50-mL mixing cylinders.


5. Use the TenSette Pipet to add 0.3, 0.6, and 1.0 mL of Ammonium Nitrogen Standard, 10 mg/L 
as NH3-N to the three samples. Mix well.


6. Analyze each spiked sample starting with the 0.3 mL sample spike. Follow all steps in Method 
10200. Accept each standard additions reading by pressing READ. Each addition should 
reflect approximately 100% recovery.


7. After completing the sequence, press GRAPH to view the best-fit line through the standard 
additions data points, accounting for matrix interferences. Press IDEAL LINE to view the 
relationship between the sample spikes and the “Ideal Line” of 100% recovery.


Standard Solution Method


1. Prepare a 0.20 mg/L ammonia nitrogen standard by diluting 2.00 mL of the Ammonia Nitrogen 
Standard Solution, 10 mg/L, to 100 mL with dilution water. Or, using the TenSette Pipet, 
prepare a 0.20 mg/L ammonia nitrogen standard by diluting 0.4 mL of a Ammonia Nitrogen 
Voluette Standard Solution, 50 mg/L as NH3–N, to 100 mL with dilution water. Analyze the 
Standard Solution, following all steps in Method 10200.


2. To adjust the calibration curve using the reading obtained with the standard solution, select 
Options>More>Standard Adjust from the instrument menu.


3. Turn on the Standard Adjust feature and accept the displayed concentration. If an alternate 
concentration is used, enter the concentration and adjust the curve to that value.


Method performance


Program Standard
Precision


95% Confidence Limits of 
Distribution


Sensitivity
Concentration change
per 0.010 Abs change


66 2.60 mg/L Cl2 2.58–2.62 mg/L Cl2 0.04 mg/L Cl2
388 0.20 mg/L NH3–N 0.19–0.21 mg/L NH3–N 0.01 mg/L NH3–N

Chloramine (Mono); Nitrogen, Free Ammonia
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Summary of method
Monochloramine (NH2Cl) and free ammonia (NH3 and NH4+) can exist in the same water sample. 
Added hypochlorite combines with free ammonia to form more monochloramine. In the presence 
of a cyanoferrate catalyst, monochloramine in the sample reacts with a substituted phenol to form 
an intermediate monoimine compound. The intermediate couples with excess substituted phenol 
to form a green-colored indophenol, which is proportional to the amount of monochloramine 
present in the sample. Free ammonia is determined by comparing the color intensities, with and 
without added hypochlorite. Test results are measured at 655 nm.

Chloramine (Mono); Nitrogen, Free Ammonia
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Consumables and replacement items
Required reagents


Description Quantity/Test Unit Catalog number


Free Ammonia Reagent Set, includes: — 50/pkg 2879700


(1) 2802299, (1) 2877336


Free Ammonia Reagent Solution 1 drop 4 mL SCDB 2877336


Monochlor F Reagent Pillows 2 100/pkg 2802299


Recommended standards and reagents


Description Unit Catalog number


Buffer, pH 8.3 Powder Pillows 25/pkg 89868


Chlorine Standard Solution, 10-mL Voluette® Ampule, 50–75 mg/L 16/pkg 1426810


Chlorine Standard Solution, 2-mL PourRite® Ampule, 50–75 mg/L 20/pkg 1426820


Chlorine Standard Solution, 2-mL PourRite® Ampule, 25–30 mg/L 20/pkg 2630020


Hardness Treatment Reagent Pillows (1 per test) 50/pkg 2882346


Nitrogen Ammonia Standard Solution, 10 mg/L as NH3–N 500 mL 15349


Nitrogen Ammonia Standard Ampule, 50 mg/L as NH3–N, 10 mL 16/pkg 1479110


Nitrogen, Ammonia Standard Solution, 100-mg/L as NH3–N 500 mL 2406549


PourRite Ampule Breaker, for 2-mL ampules each 248460


Voluette Ampule Breaker, for 10-mL ampules each 2196800


Water, Organic-free 500-mL 2641549


Optional reagents and apparatus


Description Unit Catalog number


Beaker, 100 mL, Polypropylene each 108042


Beaker, 100 mL, Glass each 50042H


Cylinder, 50 mL, mixing each 2088641


Flask, volumetric, Class A, 100 mL each 1457442


Free Ammonia Reagent Set 250/pkg 2879701


Monochloramine/Free Ammonia Spec Check Kit each 2507500


Pipet Filler, safety bulb each 1465100


Pipet, TenSette®, 0.1 to 1.0 mL each 1970001


Pipet Tips, for TenSette Pipet 1970001 50/pkg 2185696


Pipet Tips, for TenSette Pipet 1970001 1000/pkg 2185628


Pipet, Mohr, Glass, 10 mL each 2093438


Pipet, volumetric, Class A, 2 mL each 1451536


Pipet, volumetric, Class A, 50 mL each 1451541


Scissors each 2883100


Stir Bar, octagonal each 2095352


Stirrer, magnetic each 2881200


Thermometer, –10 to 110 °C each 187701


Wipers, Disposable, 30 x 30 cm, 280/box box 2097000

Chloramine (Mono); Nitrogen, Free Ammonia
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4500-H+        PH VALUE*#(1)


4500-H+ A.        Introduction


1.  Principles
 Measurement of pH is one of the most important and frequently used tests in water


chemistry. Practically every phase of water supply and wastewater treatment, e.g., acid-base
neutralization, water softening, precipitation, coagulation, disinfection, and corrosion control, is
pH-dependent. pH is used in alkalinity and carbon dioxide measurements and many other
acid-base equilibria. At a given temperature the intensity of the acidic or basic character of a
solution is indicated by pH or hydrogen ion activity. Alkalinity and acidity are the acid- and
base-neutralizing capacities of a water and usually are expressed as milligrams CaCO3 per liter.


Buffer capacity is the amount of strong acid or base, usually expressed in moles per liter, needed
to change the pH value of a 1-L sample by 1 unit. pH as defined by Sorenson1 is −log [H+]; it is
the ‘‘intensity’’ factor of acidity. Pure water is very slightly ionized and at equilibrium the ion
product is 


[H+][OH–] = Kw                                     (1)


    = 1.01 × 10–14 at 25°C


and 


[H+] = [OH–] 
                  = 1.005 × 10–7 


where: 


            [H+] =   activity of hydrogen ions, moles/L, 
          [OH–] =   activity of hydroxyl ions, moles/L, and 
                Kw =   ion product of water. 


Because of ionic interactions in all but very dilute solutions, it is necessary to use the
‘‘activity’’ of an ion and not its molar concentration. Use of the term pH assumes that the activity
of the hydrogen ion, aH


+, is being considered. The approximate equivalence to molarity, [H+]


can be presumed only in very dilute solutions (ionic strength <0.1). 
A logarithmic scale is convenient for expressing a wide range of ionic activities. Equation 1


in logarithmic form and corrected to reflect activity is: 
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                 (−log10 aH+) + (−log10 aOH−) = 14                 (2) 


or 


pH + pOH = pKw 


where: 
      pH†#(2) =   log10 aH+ and 


            pOH =   log10 aOH−. 


Equation 2 states that as pH increases pOH decreases correspondingly and vice versa because
pKw is constant for a given temperature. At 25°C, pH 7.0 is neutral, the activities of the hydrogen


and hydroxyl ions are equal, and each corresponds to an approximate activity of 10–7 moles/L.
The neutral point is temperature-dependent and is pH 7.5 at 0°C and pH 6.5 at 60°C. 


The pH value of a highly dilute solution is approximately the same as the negative common
logarithm of the hydrogen ion concentration. Natural waters usually have pH values in the range
of 4 to 9, and most are slightly basic because of the presence of bicarbonates and carbonates of
the alkali and alkaline earth metals. 


2.  Reference
         1.    SORENSON, S. 1909. Uber die Messung und die Bedeutung der Wasserstoff ionen


Konzentration bei Enzymatischen Prozessen. Biochem. Z. 21:131.


4500-H+ B.        Electrometric Method


1.  General Discussion
a. Principle: The basic principle of electrometric pH measurement is determination of the


activ ity of the hydrogen ions by potentiometric measurement using a standard hydrogen
electrode and a reference electrode. The hydrogen electrode consists of a platinum electrode
across which hydrogen gas is bubbled at a pressure of 101 kPa. Because of difficulty in its use
and the potential for poisoning the hydrogen electrode, the glass electrode commonly is used.
The electromotive force (emf) produced in the glass electrode system varies linearly with pH.
This linear relationship is described by plotting the measured emf against the pH of different
buffers. Sample pH is determined by extrapolation.


 Because single ion activities such as aH
+ cannot be measured, pH is defined operationally on


a potentiometric scale. The pH measuring instrument is calibrated potentiometrically with an
indicating (glass) electrode and a reference electrode using National Institute of Standards and
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Technology (NIST) buffers having assigned values so that: 


pHB = − log10aH+ 


where: 
            pHB =   assigned pH of NIST buffer. 


The operational pH scale is used to measure sample pH and is defined as: 


where: 
              pHx =   potentiometrically measured sample pH, 


                  F =   Faraday: 9.649 × 104 coulomb/mole, 
                Ex =   sample emf, V, 


                Es =   buffer emf, V, 


                  R =   gas constant; 8.314 joule/(mole °K), and 
                  T =   absolute temperature, °K. 


NOTE: Although the equation for pHx appears in the literature with a plus sign, the sign of emf


readings in millivolts for most pH meters manufactured in the U.S. is negative. The choice of
negative sign is consistent with the IUPAC Stockholm convention concerning the sign of
electrode potential.1,2 


The activity scale gives values that are higher than those on Sorenson’s scale by 0.04 units: 


pH (activity) = pH (Sorenson) + 0.04 


The equation for pHx assumes that the emf of the cells containing the sample and buffer is due


solely to hydrogen ion activity unaffected by sample composition. In practice, samples will have
varying ionic species and ionic strengths, both affecting H+ activity. This imposes an
experimental limitation on pH measurement;  thus, to obtain meaningful results, the differences
between Ex and Es should be minimal. Samples must be dilute aqueous solutions of simple


solutes (<0.2M). (Choose buffers to bracket the sample.) Determination of pH cannot be made
accurately in nonaqueous media, suspensions, colloids, or high-ionic-strength solutions. 


b. Interferences: The glass electrode is relatively free from interference from color, turbidity,
colloidal matter, oxidants, reductants, or high salinity, except for a sodium error at pH > 10.
Reduce this error by using special ‘‘low sodium error’’ electrodes.
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 pH measurements are affected by temperature in two ways: mechanical effects that are
caused by changes in the properties of the electrodes and chemical effects caused by equilibrium
changes. In the first instance, the Nernstian slope increases with increasing temperature and
electrodes take time to achieve thermal equilibrium. This can cause long-term drift in pH.
Because chemical equilibrium affects pH, standard pH buffers have a specified pH at indicated
temperatures. 


Always report temperature at which pH is measured. 


2.  Apparatus
a. pH meter consisting of potentiometer, a glass electrode, a reference electrode, and a


temperature-compensating device. A circuit is completed through the potentiometer when the
electrodes are immersed in the test solution. Many pH meters are capable of reading pH or
millivolts and some have scale expansion that permits reading to 0. 001 pH unit, but most
instruments are not that precise.


 For routine work use a pH meter accurate and reproducible to 0.1 pH unit with a range of 0
to 14 and equipped with a temperature-compensation adjustment. 


Although manufacturers provide operating instructions, the use of different descriptive terms
may be confusing. For most instruments, there are two controls: intercept (set buffer, asymmetry,
standardize) and slope (temperature, offset); their functions are shown diagramatically in Figure
4500-H+:1 and  Figure 4500-H+:2. The intercept control shifts the response curve laterally to
pass through the isopotential point with no change in slope. This permits bringing the instrument
on scale (0 mV) with a pH 7 buffer that has no change in potential with temperature. 


The slope control rotates the emf/pH slope about the isopotential point (0 mV/pH 7). To
adjust slope for temperature without disturbing the intercept, select a buffer that brackets the
sample with pH 7 buffer and adjust slope control to pH of this buffer. The instrument will
indicate correct millivolt change per unit pH at the test temperature. 


b. Reference electrode consisting of a half cell that provides a constant electrode potential.
Commonly used are calomel and silver: silver-chloride electrodes. Either is available with
several types of liquid junctions.


 The liquid junction of the reference electrode is critical because at this point the electrode
forms a salt bridge with the sample or buffer and a liquid junction potential is generated that in
turn affects the potential produced by the reference electrode. Reference electrode junctions may
be annular ceramic, quartz, or asbestos fiber, or the sleeve type. The quartz type is most widely
used. The asbestos fiber type is not recommended for strongly basic solutions. Follow the
manufacturer’s recommendation on use and care of the reference electrode. 


Refill nonsealed electrodes with the correct electrolyte to proper level and make sure junction
is properly wetted. 


c. Glass electrode: The sensor electrode is a bulb of special glass containing a fixed
concentration of HCl or a buffered chloride solution in contact with an internal reference
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electrode. Upon immersion of a new electrode in a solution the outer bulb surface becomes
hydrated and exchanges sodium ions for hydrogen ions to build up a surface layer of hydrogen
ions. This, together with the repulsion of anions by fixed, negatively charged silicate sites,
produces at the glass-solution interface a potential that is a function of hydrogen ion activity in
solution.


 Several types of glass electrodes are available. Combination electrodes incorporate the glass
and reference electrodes into a single probe. Use a ‘‘low sodium error’’ electrode that can operate
at high temperatures for measuring pH over 10 because standard glass electrodes yield
erroneously low values. For measuring pH below 1 standard glass electrodes yield erroneously
high values; use liquid membrane electrodes instead. 


d. Beakers: Preferably use polyethylene or TFE*#(3) beakers. 


e. Stirrer: Use either a magnetic, TFE-coated stirring bar or a mechanical stirrer with inert
plastic-coated impeller.


f. Flow chamber: Use for continuous flow measurements or for poorly buffered solutions.


3.  Reagents
a. General preparation: Calibrate the electrode system against standard buffer solutions of


known pH. Because buffer solutions may deteriorate as a result of mold growth or contamination,
prepare fresh as needed for accurate work by weighing the amounts of chemicals specified in
Table 4500-H+:I, dissolving in distilled water at 25°C, and diluting to 1000 mL. This is
particularly important for borate and carbonate buffers. 


Boil and cool distilled water having a conductivity of less than 2 µmhos/cm. To 50 mL add 1
drop of saturated KCl solution suitable for reference electrode use. If the pH of this test solution
is between 6.0 and 7.0, use it to prepare all standard solutions. 


Dry KH2PO4 at 110 to 130°C for 2 h before weighing but do not heat unstable hydrated


potassium tetroxalate above 60°C nor dry the other specified buffer salts. 
Although ACS-grade chemicals generally are satisfactory for preparing buffer solutions, use


certified materials available from the National Institute of Standards and Technology when the
greatest accuracy is required. For routine analysis, use commercially available buffer tablets,
powders, or solutions of tested quality. In preparing buffer solutions from solid salts, insure
complete solution. 


As a rule, select and prepare buffer solutions classed as primary standards in Table
4500-H+:I; reserve secondary standards for extreme situations encountered in wastewater
measurements. Consult Table 4500-H+:II for accepted pH of standard buffer solutions at
temperatures other than 25°C. In routine use, store buffer solutions and samples in polyethylene
bottles. Replace buffer solutions every 4 weeks. 


b. Saturated potassium hydrogen tartrate solution: Shake vigorously an excess (5 to 10 g) of
finely crystalline KHC4H4O6 with 100 to 300 mL distilled water at 25°C in a glass-stoppered


bottle. Separate clear solution from undissolved material by decantation or filtration. Preserve for
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2 months or more by adding one thymol crystal (8 mm diam) per 200 mL solution.


c. Saturated calcium hydroxide solution: Calcine a well-washed, low-alkali grade CaCO3 in a


platinum dish by igniting for 1 h at 1000°C. Cool, hydrate by slowly adding distilled water with
stirring, and heat to boiling. Cool, filter, and collect solid Ca(OH)2 on a fritted glass filter of


medium porosity. Dry at 110°C, cool, and pulverize to uniformly fine granules. Vigorously shake
an excess of fine granules with distilled water in a stoppered polyethylene bottle. Let temperature
come to 25°C after mixing. Filter supernatant under suction through a sintered glass filter of
medium porosity and use filtrate as the buffer solution. Discard buffer solution when atmospheric
CO2 causes turbidity to appear.


d. Auxiliary solutions: 0.1N NaOH, 0.1N HCl, 5N HCl (dilute five volumes 6N HCl with one
volume distilled water), and acid potassium fluoride solution (dissolve 2 g KF in 2 mL conc
H2SO4 and dilute to 100 mL with distilled water).


4.  Procedure
a. Instrument calibration: In each case follow manufacturer’s instructions for pH meter and


for storage and preparation of electrodes for use. Recommended solutions for short-term storage
of electrodes vary with type of electrode and manufacturer, but generally have a conductivity
greater than 4000 µmhos/cm. Tap water is a better substitute than distilled water, but pH 4 buffer
is best for the single glass electrode and saturated KCl is preferred for a calomel and Ag/AgCl
reference electrode. Saturated KCl is the preferred solution for a combination electrode. Keep
electrodes wet by returning them to storage solution whenever pH meter is not in use.


 Before use, remove electrodes from storage solution, rinse, blot dry with a soft tissue, place
in initial buffer solution, and set the isopotential point (¶ 2a above). Select a second buffer within
2 pH units of sample pH and bring sample and buffer to same temperature, which may be the
room temperature, a fixed temperature such as 25°C, or the temperature of a fresh sample.
Remove electrodes from first buffer, rinse thoroughly with distilled water, blot dry, and immerse
in second buffer. Record temperature of measurement and adjust temperature dial on meter so
that meter indicates pH value of buffer at test temperature (this is a slope adjustment). 


Use the pH value listed in the tables for the buffer used at the test temperature. Remove
electrodes from second buffer, rinse thoroughly with distilled water and dry electrodes as
indicated above. Immerse in a third buffer below pH 10, approximately 3 pH units different from
the second; the reading should be within 0.1 unit for the pH of the third buffer. If the meter
response shows a difference greater than 0.1 pH unit from expected value, look for trouble with
the electrodes or potentiometer (see ¶ 5a and  ¶ 5b below). 


The purpose of standardization is to adjust the response of the glass electrode to the
instrument. When only occasional pH measurements are made standardize instrument before
each measurement. When frequent measurements are made and the instrument is stable,
standardize less frequently. If sample pH values vary widely, standardize for each sample with a
buffer having a pH within 1 to 2 pH units of the sample. 
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b. Sample analysis: Establish equilibrium between electrodes and sample by stirring sample
to insure homogeneity; stir gently to minimize carbon dioxide entrainment. For buffered samples
or those of high ionic strength, condition electrodes after cleaning by dipping them into sample
for 1 min. Blot dry, immerse in a fresh portion of the same sample, and read pH.


 With dilute, poorly buffered solutions, equilibrate electrodes by immersing in three or four
successive portions of sample. Take a fresh sample to measure pH. 


5.  Trouble Shooting
a. Potentiometer: To locate trouble source disconnect electrodes and, using a short-circuit


strap, connect reference electrode terminal to glass electrode terminal. Observe change in pH
when instrument calibration knob is adjusted. If potentiometer is operating properly, it will
respond rapidly and evenly to changes in calibration over a wide scale range. A faulty
potentiometer will fail to respond, will react erratically, or will show a drift upon adjustment.
Switch to the millivolt scale on which the meter should read zero. If inexperienced, do not
attempt potentiometer repair other than maintenance as described in instrument manual.


b. Electrodes: If potentiometer is functioning properly, look for the instrument fault in the
electrode pair. Substitute one electrode at a time and cross-check with two buffers that are about
4 pH units apart. A deviation greater than 0.1 pH unit indicates a faulty electrode. Glass
electrodes fail because of scratches, deterioration, or accumulation of debris on the glass surface.
Rejuvenate electrode by alternately immersing it three times each in 0.1N HCl and 0.1N NaOH.
If this fails, immerse tip in KF solution for 30 s. After rejuvenation, soak in pH 7.0 buffer
overnight. Rinse and store in pH 7.0 buffer. Rinse again with distilled water before use. Protein
coatings can be removed by soaking glass electrodes in a 10% pepsin solution adjusted to pH 1 to
2.


 To check reference electrode, oppose the emf of a questionable reference electrode against
another one of the same type that is known to be good. Using an adapter, plug good reference
electrode into glass electrode jack of potentiometer; then plug questioned electrode into reference
electrode jack. Set meter to read millivolts and take readings with both electrodes immersed in
the same electrolyte (KCl) solution and then in the same buffer solution. The millivolt readings
should be 0 ± 5 mV for both solutions. If different electrodes are used, i.e., silver: silver-chloride
against calomel or vice versa, the reading will be 44 ± 5 mV for a good reference electrode. 


Reference electrode troubles generally are traceable to a clogged junction. Interruption of the
continuous trickle of electrolyte through the junction causes increase in response time and drift in
reading. Clear a clogged junction by applying suction to the tip or by boiling tip in distilled water
until the electrolyte flows freely when suction is applied to tip or pressure is applied to the fill
hole. Replaceable junctions are available commercially. 


6.  Precision and Bias
 By careful use of a laboratory pH meter with good electrodes, a precision of ±0.02 pH unit


and an accuracy of ±0.05 pH unit can be achieved. However, ±0.1 pH unit represents the limit of
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accuracy under normal conditions, especially for measurement of water and poorly buffered
solutions. For this reason, report pH values to the nearest 0.1 pH unit. A synthetic sample of a
Clark and Lubs buffer solution of pH 7.3 was analyzed electrometrically by 30 laboratories with
a standard deviation of ±0.13 pH unit. 
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Endnotes
1 (Popup - Footnote)
* APPROVED BY STANDARD METHODS COMMITTEE, 1996.
2 (Popup - Footnote)
† p designates −log10 of a number.


3 (Popup - Footnote)
* Teflon or equivalent.
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2510        CONDUCTIVITY*#(1)


2510  A.        Introduction


 Conductivity, k, is a measure of the ability of an aqueous solution to carry an electric current.
This ability depends on the presence of ions; on their total concentration, mobility, and valence;
and on the temperature of measurement. Solutions of most inorganic compounds are relatively
good conductors. Conversely, molecules of organic compounds that do not dissociate in aqueous
solution conduct a current very poorly, if at all. 


1.  Definitions and Units of Expression
 Conductance, G, is defined as the reciprocal of resistance, R: 


where the unit of R is ohm and G is ohm−1 (sometimes written mho).  Conductance of a solution
is measured between two spatially fixed and chemically inert electrodes. To avoid polarization at
the electrode surfaces the conductance measurement is made with an alternating current signal.1


The conductance of a solution, G, is directly proportional to the electrode surface area, A, cm2,
and inversely proportional to the distance between the electrodes, L, cm. The constant of
proportionality, k, such that: 


is called ‘‘conductivity’’ (preferred to ‘‘specific conductance’’). It is a characteristic property of
the solution between the electrodes. The units of k are 1/ohm-cm or mho per centimeter.
Conductivity is customarily reported in micromhos per centimeter (µmho/cm). 


In the International System of Units (SI) the reciprocal of the ohm is the siemens (S) and
conductivity is reported as millisiemens per meter (mS/m); 1 mS/m = 10 µmhos/cm and 1 µS/
cm = 1 µmho/cm. To report results in SI units of mS/m divide µmhos/cm by 10. 


To compare conductivities, values of k are reported relative to electrodes with A = 1 cm2 and
L = 1 cm. Absolute conductances, Gs, of standard potassium chloride solutions between


electrodes of precise geometry have been measured; the corresponding standard conductivities,
ks, are shown in Table 2510:I. 
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The equivalent conductivity, Λ, of a solution is the conductivity per unit of concentration. As
the concentration is decreased toward zero, Λ approaches a constant, designated as Λ°. With k in
units of micromhos per centimeter it is necessary to convert concentration to units of equivalents
per cubic centimeter; therefore: 


Λ = 0.001k/concentration 


where the units of Λ, k, and concentration are mho-cm2/equivalent, µmho/cm, and equivalent/L,
respectively. Equivalent conductivity, Λ, values for several concentrations of KCl are listed in
Table 2510:I. In practice, solutions of KCl more dilute than 0.001M will not maintain stable
conductivities because of absorption of atmospheric CO2. Protect these dilute solutions from the


atmosphere. 


2.  Measurement
a. Instrumental measurements: In the laboratory, conductance, Gs, (or resistance) of a


standard KCl solution is measured and from the corresponding conductivity, ks, (Table 2510:I) a


cell constant, C, cm−1, is calculated:


 


Most conductivity meters do not display the actual solution conductance, G, or resistance, R;
rather, they generally have a dial that permits the user to adjust the internal cell constant to match
the conductivity, ks, of a standard. Once the cell constant has been determined, or set, the


conductivity of an unknown solution, 


ku = CGu 


will be displayed by the meter. 
Distilled water produced in a laboratory generally has a conductivity in the range 0.5 to 3


µmhos/cm. The conductivity increases shortly after exposure to both air and the water container. 
The conductivity of potable waters in the United States ranges generally from 50 to 1500


µmhos/cm. The conductivity of domestic wastewaters may be near that of the local water supply,
although some industrial wastes have conductivities above 10 000 µmhos/cm. Conductivity
instruments are used in pipelines, channels, flowing streams, and lakes and can be incorporated
in multiple-parameter monitoring stations using recorders. 


Most problems in obtaining good data with conductivity monitoring equipment are related to
electrode fouling and to inadequate sample circulation. Conductivities greater than 10 000 to 50
000 µmho/cm or less than about 10 µmho/cm may be difficult to measure with usual
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measurement electronics and cell capacitance. Consult the instrument manufacturer’s manual or
published references.1,5,6 


Laboratory conductivity measurements are used to:     
•  Establish degree of mineralization to assess the effect of the total concentration of ions on


chemical equilibria, physiological effect on plants or animals, corrosion rates, etc.     
•  Assess degree of mineralization of distilled and deionized water.     
•  Evaluate variations in dissolved mineral concentration of raw water or wastewater. Minor


seasonal variations found in reservoir waters contrast sharply with the daily fluctuations in
some polluted river waters. Wastewater containing significant trade wastes also may show a
considerable daily variation.     


•  Estimate sample size to be used for common chemical determinations and to check results of a
chemical analysis.     


•  Determine amount of ionic reagent needed in certain precipitation and neutralization reactions,
the end point being denoted by a change in slope of the curve resulting from plotting
conductivity against buret readings.     


•  Estimate total dissolved solids (mg/L) in a sample by multiplying conductivity (in micromhos
per centimeter) by an empirical factor. This factor may vary from 0.55 to 0.9, depending on the
soluble components of the water and on the temperature of measurement. Relatively high
factors may be required for saline or boiler waters, whereas lower factors may apply where
considerable hydroxide or free acid is present. Even though sample evaporation results in the
change of bicarbonate to carbonate the empirical factor is derived for a comparatively constant
water supply by dividing dissolved solids by conductivity.     


•  Approximate the milliequivalents per liter of either cations or anions in some waters by
multiplying conductivity in units of micromhos per centimeter by 0.01. 


b. Calculation of conductivity: For naturally occurring waters  that contain mostly Ca2+,


Mg2+, Na+, K+, HCO3
−, SO4


2−, and  Cl− and with TDS less than about 2500 mg/L, the


following  procedure can be used to calculate conductivity from measured  ionic concentrations.7


The abbreviated water analysis in Table 2510:II illustrates the calculation procedure. 
At infinite dilution the contribution to conductivity by different  kinds of ions is additive. In


general, the relative contribution of  each cation and anion is calculated by multiplying equivalent
conductances, λ°+ and λ°−, mho-cm2/equivalent, by concentration in  equivalents per liter and


correcting units. Table 2510:III contains  a short list of equivalent conductances for ions
commonly found  in natural waters.8 Trace concentrations of ions generally make  negligible
contribution to the overall conductivity. A temperature  coefficient of 0.02/deg is applicable to all


ions, except H+  (0.0139/deg) and OH− (0.018/deg). 
At finite concentrations, as opposed to infinite dilution, conductivity per equivalent decreases


with increasing concentration  (see Table 2510:I).  For solutions composed of one anion type and
one cation type, e.g., KCl as in Table 2510:I, the decrease in  conductivity per equivalent with
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concentration can be calculated,  ±0.1%, using an ionic-strength-based theory of Onsager.9


When  mixed salts are present, as is nearly always the case with natural  and wastewaters, the
theory is quite complicated.10 The following  semiempirical procedure can be used to calculate
conductivity for  naturally occurring waters: 


First, calculate infinite dilution conductivity (Table 2510:II,  Column 4): 


k° = ∑|zi|(λ°+i)(mMi) + ∑|zi|(λ°−i)(mMi) 


where: 
                |zi| =   absolute value of the charge of the i-th ion, 


            mMi =   millimolar concentration of the i-th ion, and 


    λ°+i, λ°−i =   equivalent conductance of the i-th ion. 


 


If mM is used to express concentration, the product, (λ°+)  (mMi) or (λ°−)(mMi), corrects the


units from liters to cm3. In this  case k° is 578.2 µmho/cm (Table 2510:II, Column 4). 
Next, calculate ionic strength, IS in molar units: 


IS = ∑zi
2(mMi)/2000 


The ionic strength is 15.33/2000 = 0.00767 M (Table 2510:II,  Column 5). 


Calculate the monovalent ion activity coefficient, y, using the  Davies equation for IS ≤ 0.5 M
and for temperatures from 20 to  30°C.9,11 


y = 10−0.5[IS1/2/(1 + IS1/2) − 0.3IS] 


In the present example IS = 0.00767 M and y = 0.91. 
Finally, obtain the calculated value of conductivity, kcalc, from: 


kcalc = k°y2 


In the example being considered, kcalc = 578.2 × 0.912 =  478.8 µmho/cm versus the reported


value as measured by the  USGS of 477 µmho/cm. 


For 39 analyses of naturally occurring waters,7,12 conductivities  calculated in this manner
agreed with the measured values to  within 2%. 
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2510 B.        Laboratory Method


1.  General Discussion
 See Section 2510A. 


2.  Apparatus
a. Self-contained conductivity instruments: Use an instrument capable of measuring


conductivity with an error not exceeding 1% or 1 µmho/cm, whichever is greater.


b. Thermometer, capable of being read to the nearest 0.1°C and covering the range 23 to
27°C. Many conductivity meters are equipped to read an automatic temperature sensor.


c. Conductivity cell:


1) Platinum-electrode type—Conductivity cells containing platinized electrodes are available
in either pipet or immersion form. Cell choice depends on expected range of conductivity.
Experimentally check instrument by comparing instrumental results with true conductivities of
the KCl solutions listed in Table 2510:I. Clean new cells, not already coated and ready for use,







Standard Methods for the Examination of Water and Wastewater


© Copyright 1999 by American Public Health Association, American Water Works Association, Water Environment Federation


with chromic-sulfuric acid cleaning mixture [see Section 2580B.3a2)] and platinize the
electrodes before use. Subsequently, clean and replatinize them whenever the readings become
erratic, when a sharp end point cannot be obtained, or when inspection shows that any platinum
black has flaked off. To platinize, prepare a solution of 1 g chloroplatinic acid, H2PtCl6⋅6H2O,


and 12 mg lead acetate in 100 mL distilled water. A more concentrated solution reduces the time
required to platinize electrodes and may be used when time is a factor, e.g., when the cell
constant is 1.0/cm or more. Immerse electrodes in this solution and connect both to the negative
terminal of a 1.5-V dry cell battery.  Connect positive side of battery to a piece of platinum wire
and dip wire into the solution. Use a current such that only a small quantity of gas is evolved.
Continue electrolysis until both cell electrodes are coated with platinum black. Save platinizing
solution for subsequent use. Rinse electrodes thoroughly and when not in use keep immersed in
distilled water. 


2) Nonplatinum-electrode type—Use conductivity cells containing electrodes constructed
from durable common metals (stainless steel among others) for continuous monitoring and field
studies. Calibrate such cells by comparing sample conductivity with results obtained with a
laboratory instrument. Use properly designed and mated cell and instrument to minimize errors in
cell constant. Very long meter leads can affect performance of a conductivity meter. Under such
circumstances, consult the manufacturer’s manual for appropriate correction factors if necessary. 


3.  Reagents
a. Conductivity water: Any of several methods can be used to prepare reagent-grade water.


The methods discussed in Section 1080 are recommended.  The conductivity should be small
compared to the value being measured.


b. Standard potassium chloride solution, KCl, 0.0100M: Dissolve 745.6 mg anhydrous KCl
in conductivity water and dilute to 1000 mL in a class A volumetric flask at 25°C and store in a
CO2-free atmosphere. This is the standard reference solution, which at 25°C has a conductivity


of 1412 µmhos/cm. It is satisfactory for most samples when the cell has a constant between 1 and


2 cm−1. For other cell constants, use stronger or weaker KCl solutions listed in Table 2510:I.
Care must be taken when using KCl solutions less than 0.001M, which can be unstable because
of the influence of carbon dioxide on pure water. For low conductivity standards, Standard
Reference Material 3190, with a certified conductivity of 25.0 µS/cm ± 0.3 µS/cm, may be
obtained from NIST. Store in a glass-stoppered borosilicate glass bottle.


4.  Procedure
a. Determination of cell constant: Rinse conductivity cell with at least three portions of


0.01M KCl solution. Adjust temperature of a fourth portion to 25.0 ± 0.1°C. If a conductivity
meter displays resistance, R, ohms, measure resistance of this portion and note temperature.
Compute cell constant, C:
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 C, cm–1 = (0.001412)(RKCl)[1 + 0.0191(t − 25)] 


where: 
            RKCl =   measured resistance, ohms, and 


                  t =   observed temperature, °C. 


Conductivity meters often indicate conductivity directly. Commercial probes commonly
contain a temperature sensor. With such instruments, rinse probe three times with 0.0100M KCl,


as above. Adjust temperature compensation dial to 0.0191 C−1. With probe in standard KCl
solution, adjust meter to read 1412 µmho/cm. This procedure automatically adjusts cell constant
internal to the meter. 


b. Conductivity measurement: Thoroughly rinse cell with one or more portions of sample.
Adjust temperature of a final portion to about 25°C. Measure sample resistance or conductivity
and note temperature to ±0.1°C.


5.  Calculation
 The temperature coefficient of most waters is only approximately the same as that of


standard KCl solution; the more the temperature of measurement deviates from 25.0°C, the
greater the uncertainty in applying the temperature correction. Report temperature-compensated
conductivities as ‘‘µmho/cm  25.0°C.’’ 


a. When sample resistance is measured, conductivity at 25°C is:


 


where: 
                  k =   conductivity, µmhos/cm, 


                  C =   cell constant, cm−1, 
                Rm =   measured resistance of sample, ohms, and 


                  t =   temperature of measurement. 


b. When sample conductivity is measured without internal temperature compensation
conductivity at 25°C is: 
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where: 
                km =   measured conductivity in units of µmho/cm at t°C, and other units are defined as


above. 


For instruments with automatic temperature compensation and readout directly in µmho/cm
or similar units, the readout automatically is corrected to 25.0°C. Report displayed conductivity
in designated units. 


6.  Precision and Bias
 The precision of commercial conductivity meters is commonly between 0.1 and 1.0%.


Reproducibility of 1 to 2% is expected after an instrument has been calibrated with such data as
is shown in Table 2510:I. 
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Endnotes
1 (Popup - Footnote)
* APPROVED BY STANDARD METHODS COMMITTEE, 1997.
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1.0 Scope and Applicability 
 


This standard operating procedure (SOP) establishes the guidelines for determining total dissolved 
solids (TDS) in water samples.   


 
2.0 Summary of Method 
 


A known quantity of well-mixed sample is filtered through a glass-fiber filter, and the filterable solids 
are collected.  The filtrate is placed into an evaporating dish and evaporated to dryness in an oven 
at 180oC until a constant mass is obtained.  The final dish mass subtracted from the initial dish 
mass represents the total dissolved solids in the sample. 


 
3.0 Definitions 


 
Analysis Batch – a set of samples prepared and analyzed together during a 24-hour period.  For 
purposes of this SOP, an analysis batch is limited to 10 field samples or the number specified in the 
project-specific Quality Assurance Project Plan (QAPP).  Quality control (QC) samples are not 
counted toward the 10 sample limit. 


 
4.0 Health and Safety Warnings 
 


4.1 Standard laboratory personal protective equipment (PPE) (i.e., lab coat, gloves, and safety 
glasses) is required.  In addition, any project-specific protective gear is required as described 
in the project-specific Health and Safety Plan. 


 
4.2 Appropriate heat-resistant PPE shall be worn when using and removing items from muffle 


furnaces and ovens. 
 


5.0 Cautions 
 


5.1 Keep evaporating dish dry and clean prior to use.  If possible, store in a desiccator until ready 
for use. 


 
5.2 Use caution when moving evaporating dishes with dried residue to avoid potential loss of 


residue. 
 


5.3 Verify that the suction flask is not connected to the vacuum pump in a manner where the 
filtrate is drawn into the vacuum pump. 


 
6.0 Interferences 
 


Excessive amounts of residue in the dish may form a water-entrapping crust.  To avoid this 
problem, reduce the sample volume so that no more than 200 mg of sample residue is collected.  
Highly mineralized waters may have hydroscopic content; these samples may require longer drying 
periods and must be weighed quickly. 


 
7.0 Personnel Qualifications 
 


The techniques of a first time analyst shall be reviewed by an experienced analyst prior to initiating 
this SOP alone.  During this review, the new analysts will be expected to demonstrate their 
capability to perform this analysis. 


 
8.0 Equipment and Supplies 


 
8.1 Balance, capable of weighing 0.1 mg 
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8.2 Desiccator with color-indicating desiccant 
 
8.3 Filtration apparatus 
 
8.4 Suction flask, of minimum capacity to collect all sample filtrate 
 
8.5 Tweezers 
 
8.6 Commercially prepared glass-fiber filter disks without organic binder, 2.2 cm to 12.5 cm 


diameter, 2.0 µm or smaller pore size.  Available through Fisher Scientific, Catalog Number 
09-735-56 or HACH, Product Number 2546100. 


 
8.7 Porcelain, platinum or high silica glass evaporating dishes, of minimum capacity to collect all 


sample filtrate 
 
8.8 Graduated cylinder(s) 
 
8.9 Oven capable of maintaining a controlled temperature of 180±2oC  
 
8.10 Pipettes 


 
8.11 Vacuum pump 


 
8.12 High Density Polyethylene (HDPE) plastic or glass containers, 1 Liter 


 
8.13 Dried NaCl 


 
8.14 Reagent water 


 
9.0 Procedure 
 


9.1 Instrument/Equipment Verification 
 


9.1.1 Maintain and verify the quality of analytical glassware in accordance with T&E SOP 
203, Analytical Glassware. 


 
9.1.2 Perform all balance checks, and mass measurements in accordance with T&E SOP 


508, Mass Determinations Using Analytical Balances. 
 


9.2 Preparation of Check Standard 
 


9.2.1 Unless otherwise specified, all reagents and standards need to be acquired, 
prepared, and maintained in accordance with T&E SOP 206, Reagents and 
Standards. 


 
9.2.2 Add 500 mg of dried NaCl to a 1 L HDPE plastic or glass container and dilute to 1 


Liter. 
 
9.2.3 Replace check standard solution after six months. 
 
9.2.4 Label the container with the preparation date, expiration date (six months from 


preparation date), and preparer’s initials. 
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9.3 Sample Collection, Handling, and Preservation 
 


9.3.1 Collect samples in High Density Polyethylene (HDPE) plastic or glass containers. 
 
9.3.2 A minimum sample volume of 250 mL is required for sample analysis; 1 L is 


recommended. 
 
9.3.3 Samples collected for analysis in accordance with this SOP shall be preserved at 


4±2oC immediately after collection and processed within 7 days after sample 
collection. 


 
9.4 Sample Analysis 
 


Note:  The residue collected on the glass-fiber filter disk during this procedure can be used to 
determine the Total Suspended Solids (TSS) concentration as described in T&E SOP 509, 
Total Suspended Solids.  


 
9.4.1 Determine the mass of a clean and dry evaporating dish and record the results on 


Attachment B, Datasheet for Total Dissolved Solids Analysis. 
 


9.4.2 Record the sample ID on the evaporating dish. 
 


9.4.3 Determine the appropriate sample volume to use.  Record the sample volume on 
Attachment B. The normal sample volume is 250 mL.   


 
9.4.3.1 If the filtration time exceeds 20 minutes, reduce the sample volume to 


obtain between 2.5 to 200 mg of residue.  
 
9.4.3.2 If there is no visible residue on the filter disk, increase the sample 


volume to obtain between 2.5 to 200 mg of residue, but do not go above 
1 L.  


 
9.4.4 Connect the vacuum pump to a clean suction flask and connect the suction flask to 


the filtration apparatus.  Verify that the suction flask is not connected to the vacuum 
pump in a manner where the filtrate is drawn into the vacuum pump.  


 
9.4.5 Place the pretreated glass-fiber filter disk, wrinkled side up, in the filter apparatus. 


 
9.4.6 Apply the vacuum.  
 
9.4.7 Seat the glass-fiber filter disk by wetting it with a little deionized water.  
 
9.4.8 Invert the sample several times to thoroughly mix.  Pour the appropriate sample 


volume into a graduated cylinder. 
 


9.4.9 Filter the sample through the filter disk.  
 
9.4.10 After the sample passes through the filter disk, wash the graduated cylinder, residue, 


and filter disk with three (3) successive 10 mL portions of reagent water.  Allow 
complete drainage between washings.  


 
9.4.11 Continue to apply a vacuum until all visible traces of water have been removed. 
 
9.4.12 Turn off the vacuum.  
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9.4.13 Disconnect the suction flask and transfer the filtrate to the evaporating dish.  Rinse 
the suction flask with three (3) successive 10 mL portions of reagent water, 
transferring each rinse from the suction flask to the evaporating dish.   


 
9.4.13.1 If the volume of filtrate exceeds the capacity of the evaporating dish, 


successive portions of filtrate can be later added to the evaporating 
dish after evaporation. 


 
9.4.14 Place the evaporating dish with the filtrate in an oven set at 180±2oC and evaporate 


to dryness.  Add any filtrate remaining from Step 9.4.13 and repeat the process until 
no filtrate remains. 


 
9.4.15 Continuing drying the evaporated sample for at least one (1) hour. 


 
9.4.16 Remove the evaporating dish with evaporated sample from the oven and place in a 


desiccator.  Allow to cool to room temperature.  
 
9.4.17 Weigh the evaporating dish and evaporated sample and record the mass on 


Attachment B, Datasheet for Total Dissolved Solids Analysis. 
 
9.4.18 Repeat Steps 9.4.15 through 9.4.17 until a constant mass is obtained.  Constant 


mass is achieved when the mass change in successive mass determinations is less 
than 4% or less than 0.5 mg.  


 
9.4.19 Once a constant mass has been achieved, record the final mass of the sample 


residue on Attachment B, Datasheet for Total Dissolved Solids Analysis. 
 


9.5 Data Analysis and Calculations 
 


9.5.1 TDS, mg/L = 
mLVolumeSample


BA
,


1000)( ×−
    


Where: 
 


A = Mass of evaporating dish + dried sample, mg. 
B = Mass of evaporating dish, mg. 


 
9.5.2 If the results are less than 2, report as “<2 mg/L”.  Report to the nearest whole mg/L. 


Record the results on Attachment B, Datasheet for Total Dissolved Solids Analysis. 
 
9.5.3 The relative percent difference (RPD) between duplicate sample analyses shall be 


less or equal to 20%.  If not, repeat the analyses.  
 


9.5.4 Draw a single line through any unused sample analysis fields on Attachment B, 
Datasheet for Total Dissolved Solids Analysis. 


 
10.0 Data and Records Management 
 


10.1 Attachment A contains a flow chart for total dissolved solids analysis. 
 
10.2 All original analytical documentation generated and prepared for the EPA shall be controlled 


in accordance with T&E SOP 101, Central Files. 
 
10.3 All data packages shall be assembled and reviewed per T&E SOP 102, Data Review and 


Verification. 
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11.0 Quality Control and Quality Assurance 
 


11.1 Analyze one blank sample per analysis batch.  The blank is prepared by filtering 250 mL of 
reagent water through a pre-treated glass-fiber filter and processing the blank filtrate with the 
samples.  The results for the blank shall be less than 2 mg/L.  If not, repeat the analysis. 


 
11.2 Analyze one check standard per analysis batch.  The check standard is processed as a 


sample and analyzed.  The acceptance criteria for check standard results must be within 
±25% of known value.  If an invalid check standard result is obtained, investigate causes for 
invalid results and check all calculations.  If possible, repeat analysis for affected samples. 


 
11.3 Analyze one duplicate sample per analysis batch.  The relative percent difference (RPD) 


between duplicate sample analyses shall be less or equal to 20%.  If not, repeat the analysis.  
 
11.4 Record the results of the blank, check standard and duplicate sample where indicated on 


Attachment B, Datasheet for Total Dissolved Solids Analysis.   
 
12.0 References 
 


12.1 American Public Health Association, 1998.  Standard Methods for the Examination of Water 
and Wastewater, 20th Edition, Method 2540-C Total Suspended Solids Dried at 103o-105oC. 


 
12.2 EPA, March 2001.  Guidance for Preparing Standard Operating Procedures (EPA QA/G-6), 


EPA/240/B-01/004, Office of Environmental Information. 
 


12.3 Guide to Environmental Analytical Methods, 3rd Edition.  Genium Publishing Corporation, 
Schenectady, NY. 


 
12.4 Shaw Environmental & Infrastructure, Inc., 2006.  EPA T&E Contract Administrative SOP 


101, Central Files. 
 


12.5 Shaw Environmental & Infrastructure, Inc., 2006.  EPA T&E Contract Administrative SOP 
102, Data Review and Verification. 


 
12.6 Shaw Environmental & Infrastructure, Inc., 2010.  EPA T&E Contract Technical SOP 203, 


Analytical Glassware. 
 


12.7 Shaw Environmental & Infrastructure, Inc., 2006.  EPA T&E Contract Technical SOP 206, 
Reagents and Standards. 


 
12.8 Shaw Environmental & Infrastructure, Inc., 2010.  EPA T&E Contract Technical SOP 508, 


Mass Determinations Using Analytical Balances. 
 


12.9 Shaw Environmental & Infrastructure, Inc., 2010.  EPA T&E Contract Technical SOP 509, 
Total Suspended Solids. 
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ATTACHMENT A 
TOTAL DISSOLVED SOLIDS ANALYSIS FLOW CHART 


 


Verify balance calibration per 
SOP 508, Mass Determinations 


Using Analytical Balances. 


Determine the mass of an empty 
evaporating dish. 


Has all sample 
filtrate been 
processed? 


Use Attachment B, Datasheet for 
TDS Analysis to record 


calibration and analysis data. 


File completed Attachment B 
with data package in accordance 


with T&E SOP 102, Data 
Review and Verification. 


Place evaporating dish with 
sample residue in oven for 1 


additional hour. 


Yes 


Filter sample and collect filtrate. 


Place sample filtrate in 
evaporating dish and evaporate 


filtrate in oven to dryness. 


Determine the mass of 
evaporating dish with sample 


residue. 


No 


Cool evaporating dish with 
sample residue in desiccator. 


Determine the mass of 
evaporating dish with sample 


residue. 


Cool evaporating dish with 
sample residue in desiccator. 


Has a constant 
mass been 
obtained? 


Yes 


No 
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ATTACHMENT B 
DATASHEET FOR TOTAL DISSOLVED SOLIDS ANALYSIS 


 
Analysis Date:     Work Assignment:      


         
Before Analysis - TDS Balance Check: 100.0000g   150.0000g    
After Analysis - TDS Balance Check: 100.0000g   150.0000g    


         


Standard prepared by adding 500mg dried NaCl to 1L volumetric flask and filling to volume with reagent water 
Chemical Distributer Lot # Mass used Concentration (mg/L) 


NaCl         
 


Sample ID Filter 
# 


Sample 
Volume (mL) 


Evaporating 
Dish (g) 


Evaporating Dish + residue TDS Result (mg/L)
1st (g) 2nd (g) 3rd (g) 


Blank 1             
Standard 2             
  3             
  4             
  5             
  6             
  7             
  8             
  9             
  10             
  11             
  12             
  13             


Balance Checks 100 g or 150 g             
 


Is Blank Recovery < 2.0mg/L?  Yes   No 


Is Standard Recovery within 25% of calculated values?  Yes   No 
 


Sample ID Sample Result Duplicate Result RPD 
    


 
Is Duplicate RPD < 20%?  Yes   No 


 
Comments:  
 
 


 
Analyst:   Date:  


Reviewed By:   Date:  
 












 
 
 
 


 


Total Suspended Solids (TSS) Analysis 


T&E SOP 509 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Revision Number:  2 


Revision Date:  11/25/2013 


  


EPA T&E Contract Technical
Standard Operating Procedure 











SOP 509, Total Suspended Solids 
Revision Number:  2 


 Date 11/25/2013 
Page 3 of 12 


 


  


Revision Summary 


Revision Name Date Description of Change 


0 Steven Jones 01/18/2006 Developed SOP.  


1 Jill Webster 12/08/2010 
Revised Sections 4 through 5, 9 
through 12, Attachments A and 
B. Updated references and 
wording as needed. 


2 Steven Jones 11/25/2013 


Revised Attachment B to 
change balance verification 
checks from 1g and 10g to 0.1g 
and 2g, added requirement for 
verifying the mass of 1 filter per 
batch, and added section for 
preparing glass-fiber filters.  
Revised procedure to align with 
Attachment B. 
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1.0 Scope and Applicability 
 


This standard operating procedure (SOP) establishes the guidelines for determining total suspended 
solids (TSS) in water samples.  


 
2.0 Summary of Method 
 


A known quantity of well-mixed sample is filtered through a glass-fiber filter, and the non-filterable 
solids are collected.  The residue collected on the filter is dried in an oven at 103o-105oC until a 
constant mass is obtained.  The mass of the residue represents the TSS in the sample. 


 
3.0 Definitions 
 


Analysis Batch – a set of samples prepared and analyzed together during a 24-hour period.  For 
purposes of this SOP, an analysis batch is limited to 10 field samples or the number specified in the 
project-specific Quality Assurance Project Plan (QAPP).  Quality control (QC) samples are not counted 
toward the 10 sample limit. 


 
4.0 Health and Safety Warnings 
 


4.1 Standard laboratory personal protective equipment (PPE) (i.e., lab coat, gloves, and safety 
glasses) is required.  In addition, any project-specific protective gear is required as described in 
the project-specific Health and Safety Plan. 


 
4.2 Appropriate heat-resistant PPE shall be worn when using and removing items from muffle 


furnaces and ovens. 
 


5.0 Cautions 
 


5.1 Keep glass-fiber filter disks and aluminum weighing pans dry and clean prior to use.  If possible, 
store in a desiccator until ready for use. 


 
5.2 Use caution when moving filter disks with dried residue to avoid potential loss of residue. 


 
5.3 Verify that the suction flask is not connected to the vacuum pump in a manner where the filtrate 


is drawn into the vacuum pump. 
 
6.0 Interferences 
 


Excessive amounts of non-filterable materials accumulating on the glass-fiber filter during filtration may 
form a water-entrapping crust.  To avoid this problem, reduce the sample volume so that no more than 
200 mg of sample residue is collected during filtration. 


 
7.0 Personnel Qualifications 
 


The techniques of a first time analyst shall be reviewed by an experienced analyst prior to initiating this 
SOP alone.  During this review, the new analyst will be expected to demonstrate their capability to 
perform this analysis. 


 
8.0 Equipment and Supplies 


 
8.1 Balance, capable of weighing 0.1 mg 


 
8.2 Dried Activated Charcoal 


 
8.3 Desiccator with color-indicating desiccant 
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8.4 Filtration apparatus 
 
8.5 Suction flask, of minimum capacity to collect all filtrate 
 
8.6 Tweezers 
 
8.7 Commercially prepared glass-fiber filter disks without organic binder, 2.2 cm to 12.5 cm 


diameter, 2.0 µm or smaller pore size.  Available through Fisher Scientific, Catalog Number 09-
735-56 or HACH, Product Number 2546100. 


 
8.8 Aluminum weighing pans 
 
8.9 Graduated cylinder(s) 
 
8.10 Oven capable of maintaining a controlled temperature of 103oC - 105oC 
 
8.11 Pipettes 
 
8.12 Vacuum pump 


 
8.13 High Density Polyethylene (HDPE) plastic or glass containers, 1 Liter 


 
8.14 Reagent water 


 
9.0 Procedure 
 


9.1 Instrument/Equipment Verification 
 


9.1.1 Maintain and verify the quality of analytical glassware in accordance with T&E SOP 203, 
Analytical Glassware. 


 
9.1.2 Perform all balance checks and mass measurements in accordance with T&E SOP 508, 


Mass Determinations Using Analytical Balances. 
 


9.2 Preparation of Check Standard 
 


9.2.1 Unless otherwise specified, all reagents and standards need to be acquired, prepared, 
and maintained in accordance with T&E SOP 206, Reagents and Standards. 


 
9.2.2 Add 400 mg of dried activated charcoal to a 1 L HDPE plastic or glass container and 


dilute to 1 L with reagent water. 
 
9.2.3 Prepare new check standard solution monthly. 
 
9.2.4 Label the container with the preparation date, expiration date (one month from 


preparation date), and preparer’s initials. 
 


9.3 Sample Collection, Handling, and Preservation 
 


9.3.1 Collect samples in High Density Polyethylene (HDPE) plastic or glass containers. 
 
9.3.2 A minimum sample volume of 250 mL is required for sample analysis; 1 L is 


recommended. 
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9.3.3 Samples collected for analysis in accordance with this SOP shall be preserved at 4±2oC 
immediately after collection and processed within 7 days after sample collection. 


 
9.4 NOTE: Prepared glass-fiber filters may be purchased commercially.  If commercially prepared 


filters are utilized in this procedure, simply record the tare weight on Attachment B, Datasheet for 
Total Suspended Solids Analysis and proceed to Section 9.5. 


 
9.4.1 Preparation of glass-fiber filter disks 


 
9.4.1.1 Assemble the filter apparatus. 
 
9.4.1.2 Insert the glass-fiber filter disk, wrinkled side up, in the filtration apparatus. 
 
9.4.1.3 Apply vacuum. 
 
9.4.1.4 Wash the glass-fiber filter disk with three (3) successive 20 mL portions of 


reagent water. 
 
9.4.1.5 Continue to apply the vacuum until the visible water has been removed.  Turn 


off the vacuum and discard the washings.  
 
9.4.1.6 Remove the top of the funnel and transfer the glass-fiber filter disk to an 


aluminum weighing pan. 
 
9.4.1.7 Place the aluminum weighing pan with the glass-fiber filter disk in an oven set 


between 103oC and 105oC overnight. 
 
9.4.1.8 Remove the aluminum weighing pan and glass-fiber filter disk from the oven 


and place in a desiccator.  Allow to cool to room temperature. 
 


9.5 Sample Analysis 
 


Note:  The filtrate from this procedure can be used to determine the Total Dissolved Solids 
(TDS) concentration as described in T&E SOP 510, Total Dissolved Solids.  


 
9.5.1 Prior to sample analysis, determine the accuracy of the weighing process by determining 


the weights of a “blank filter” (1 per batch). Remove one clean glass-fiber filter from the 
desiccator, weigh filter, and record the initial weight on Attachment B, Datasheet for 
Total Suspended Solids Analysis. 
 


9.5.2 Label aluminum weigh pans with the Filter # (see Attachment B). 
 


9.5.3 Record the Sample IDs on Attachment B, Datasheet for Total Suspended Solids 
Analysis. 
 


9.5.4 Re-weigh the “blank filter” and record the re-weight on Attachment B, Datasheet for 
Total Suspended Solids Analysis.  Any discrepancies between initial weight and re-
weight need to be resolved prior to sample analysis.   
 


9.5.5 Determine the appropriate sample volume to use.  Record the sample volume on 
Attachment B. The normal sample volume is 250 mL.  


 
9.5.5.1 If the filtration time exceeds 20 minutes, reduce the sample volume to obtain 


between 2.5 to 200 mg of residue.  
 







SOP 509, Total Suspended Solids 
Revision Number:  2 


 Date 11/25/2013 
Page 8 of 12 


 


  


9.5.5.2 If there is no visible residue on the filter disk, increase the sample volume to 
obtain between 2.5 to 200 mg of residue, but do not go above 1 L.  


 
9.5.6 Connect the vacuum pump to a suction flask and connect the suction flask to the 


filtration apparatus.  Verify that the suction flask is not connected to the vacuum pump in 
a manner where the filtrate is drawn into the vacuum pump. 


 
9.5.7 Place the pre-treated glass-fiber filter disk, wrinkled side up, in the filter apparatus. 


 
9.5.8 Apply the vacuum.  
 
9.5.9 Seat the glass-fiber filter disk by wetting it with a little deionized water.  
 
9.5.10 Invert the sample several times to thoroughly mix.  Pour the appropriate sample volume 


into a graduated cylinder. 
 


9.5.11 Filter the sample through the filter disk.  
 
9.5.12 After the sample passes through the filter disk, wash the graduated cylinder, residue, 


and filter disk with three (3) successive 10 mL portions of reagent water.  Allow complete 
drainage between washings.  


 
9.5.13 Continue to apply a vacuum until all visible traces of water have been removed. 
 
9.5.14 Turn off the vacuum.  
 
9.5.15 Remove the top of the funnel, carefully remove the filter disk with tweezers, and place 


the filter disk in its aluminum weighing pan.  
 
9.5.16 Place the aluminum weighing pan with the filter disk in an oven set between 103oC and 


105oC for one (1) hour.   
 
9.5.17 Remove the aluminum weighing pan and filter disk from the oven and place in a 


desiccator.  Allow to cool to room temperature.  
 
9.5.18 Weigh the filter disk and the aluminum weigh pan and record the mass on Attachment B. 
 
9.5.19 Repeat Steps 9.4.14 through 9.4.16 until a constant mass is obtained.  Constant mass is 


achieved when the mass change in successive mass determinations is less than 4% or 
less than 0.5 mg.  


 
9.5.20 Once a constant mass has been achieved, remove the filter disk from the aluminum 


weigh pan and weigh the filter disk with sample residue.  Record the final mass of the 
filter disk with sample residue on Attachment B, Datasheet for Total Suspended Solids 
Analysis. 


 
9.5.21 Verify all sample mass readings are bracketed by the analytical balance verification 


check range.  If any of the sample weight readings fall outside the analytical balance 
verification check range, perform an additional check to bracket the sample weight and 
record the standard weight used on Attachment B, Datasheet for Total Suspended 
Solids Analysis.   
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9.6 Calculations 


9.6.1 TSS, mg/L = 
mLmeSampleVolu


BA
,


1000)( ×−
  


Where: 
 


A = Mass of filter + dried residue, mg. 
B = Mass of filter, mg. 


 
9.6.2 If the results are less than 2, report as “<2 mg/L”.  Report to the nearest whole mg/L. 


Record the results on Attachment B, Datasheet for Total Solids Analysis. 
 
9.6.3 The relative percent difference (RPD) between duplicate sample analyses shall be less 


or equal to 20%.  If not, repeat the analyses.  
 


9.6.4 Draw a single line through any unused sample analysis fields on Attachment B, 
Datasheet for Total Suspended Solids Analysis. 


 
10.0 Data and Records Management 
 


10.1 Attachment A contains a flow chart for TSS analysis. 
 
10.2 All original analytical documentation generated and prepared for the EPA shall be controlled in 


accordance with T&E SOP 101, Central Files. 
 
10.3 All data packages shall be assembled and reviewed per T&E SOP 102, Data Review and 


Verification. 
 
11.0 Quality Control and Quality Assurance 
 


11.1 Analyze one method blank sample per analysis batch.  The method blank is prepared by filtering 
250 mL of reagent water through a pre-treated glass-fiber filter and processing the method blank 
with the samples.  The results for the method blank shall be less than 2 mg/L.  If not, repeat the 
analysis. 


 
11.2 Analyze one check standard per analysis batch.  The check standard is processed as a sample 


and analyzed.  The acceptance criteria for check standard results must be within ±25% of known 
value.  If an invalid check standard result is obtained, investigate causes for invalid results and 
check all calculations.  If possible, repeat analysis for affected samples. 


 
11.3 Analyze one laboratory duplicate sample per analysis batch.  Laboratory duplicates are 


prepared by using equal volumes of sample from the same container and processing/analyzing 
both aliquots as separate samples. The relative percent difference (RPD) between duplicate 
sample analyses shall be less or equal to 20%.  If not, repeat the analysis.  


 
11.4 Record the results of the method blank, check standard and duplicate sample where indicated 


on Attachment B, Datasheet for Total Suspended Solids Analysis.   
 
12.0 References 
 


12.1 American Public Health Association, 1998.  Standard Methods for the Examination of Water and 
Wastewater, 20th Edition, Method 2540-D Total Suspended Solids Dried at 103o-105oC. 


 
12.2 EPA, March 2001.  Guidance for Preparing Standard Operating Procedures (EPA QA/G-6), 


EPA/240/B-01/004, Office of Environmental Information. 
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12.3 Guide to Environmental Analytical Methods, 3rd Edition.  Genium Publishing Corporation, 
Schenectady, NY. 


 
12.4 Shaw Environmental & Infrastructure, Inc., 2006.  EPA T&E Contract Administrative SOP 101, 


Central Files. 
 


12.5 Shaw Environmental & Infrastructure, Inc., 2006.  EPA T&E Contract Administrative SOP 102, 
Data Review and Verification. 


 
12.6 Shaw Environmental & Infrastructure, Inc., 2010.  EPA T&E Contract Technical SOP 203, 


Analytical Glassware. 
 


12.7 Shaw Environmental & Infrastructure, Inc., 2010.  EPA T&E Contract Technical SOP 206, 
Reagents and Standards. 


 
12.8 Shaw Environmental & Infrastructure, Inc., 2010.  EPA T&E Contract Technical SOP 508, Mass 


Determinations Using Analytical Balances. 
 


12.9 Shaw Environmental & Infrastructure, Inc., 2010.  EPA T&E Contract Technical SOP 510, Total 
Dissolved Solids. 
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ATTACHMENT A 
TOTAL SUSPENDED SOLIDS ANALYSIS FLOW CHART 


 


 
 


  


Verify balance calibration per 
SOP 508, Mass Determinations 


Using Analytical Balances. 


Determine and record the mass 
of the glass fiber filter disk. 


Use Attachment B, Datasheet for 
TSS Analysis to record 


calibration and analysis data. 


Remove filter disk and residue 
from weigh pan and determine 
and record mass of filter disk 


and residue. 


Place weigh pan and filter disk 
with sample residue in oven for 


1 additional hour. 


Filter sample and collect residue 
on filter disk. 


Place filter disk with residue in 
weigh pan and dry in oven for 1 


hour. 


Determine the mass of weigh 
pan and filter disk with sample 


residue. 


Cool weigh pan and filter disk 
with sample residue in 


desiccator. 
Determine the mass of weigh 


pan and filter disk with sample 
residue. 


Cool weigh pan and filter disk 
with sample residue in 


desiccator. 


Has a constant 
mass been 
obtained? 


Yes 


No 


File completed Attachment B 
with data package in accordance 


with T&E SOP 102, Data 
Review and Verification. 
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ATTACHMENT B 
DATASHEET FOR TOTAL SUSPENDED SOLIDS ANALYSIS 


 
Analysis Date:   Work Assignment No:  


         
Before Analysis - Balance Check: 0.1000g   2.0000g    
After Analysis - Balance Check: 0.1000g   2.0000g    


Additional Checks- Balance Check: g  g    
         


Standard prepared by adding 400mg dried Activated Carbon to 1L volumetric flask and filling to volume with reagent water 


Chemical Distributor Lot # Mass used Conc. (mg/L) 
Activated Carbon         


         


Sample ID Filter 
# 


Sample 
Volume 


(mL) 
Filter 


disk (g) 


Filter disk+residue 
+weighing pan 


Filter disk 
+ residue 


(g) 


TSS 
Result 
(mg/L) 1st (g) 2nd (g) 3rd (g) 


Method Blank 1               
Check Standard 2               
  3               
  4               
  5               
  6               
  7               
  8               
  9               
  10               
  11               
  12               
  13               


 Blank Filter 
Filter # Initial weight (g) Re-weight (g) 


   
 
Do Blank Filter weights (initial and re-weight) agree?  Yes   No 


Is Method Blank Recovery < 2.0mg/L?  Yes   No 


Is Check Standard Recovery within 25% of calculated values?  Yes   No 
Laboratory Duplicate 


Sample ID Sample Result Duplicate Result RPD (%) 
    


 
Is Duplicate RPD < 20%?  Yes   No 


 


Comments:  
 


 
Analyst:   Date:  


Reviewed By:   Date:  
 












Designation: D 934 – 80 (Reapproved 2003) An American National Standard


Standard Practices for
Identification of Crystalline Compounds in Water-Formed
Deposits By X-Ray Diffraction 1


This standard is issued under the fixed designation D 934; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 These practices provide for X-ray diffraction analysis of
powdered crystalline compounds in water-formed deposits.
Two are given as follows:


Sections
Practice A—Camera 12 to 21
Practice B—Diffractometer 22 to 30


1.2 Both practices yield qualitative identification of crystal-
line components of water-formed deposits for which X-ray
diffraction data are available or can be obtained. Greater
difficulty is encountered in identification when the number of
crystalline components increases.


1.3 Amorphous phases cannot be identified without special
treatment. Oils, greases, and most organic decomposition
products are not identifiable.


1.4 The sensitivity for a given component varies with a
combination of such factors as density, degree of crystalliza-
tion, particle size, coincidence of strong lines of components
and the kind and arrangement of the atoms of the components.
Minimum percentages for identification may therefore range
from 1 to 40 %.


1.5 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to consult and
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.
Specific precautionary statements are given in Section 8 and
Note 20.


2. Referenced Documents


2.1 ASTM Standards:2


D887 Practices for Sampling Water-Formed Deposits
D933 Practice for Reporting Results of Examination and


Analysis of Water-Formed Deposits
D1129 Terminology Relating to Water
D1193 Specification for Reagent Water
D2331 Practices for Preparation and Preliminary Testing of


Water-Formed Deposits
E11 Specification for Wire Cloth Sieves for Testing Pur-


poses


3. Terminology


3.1 Definitions—For definitions of terms used in these
practices, refer to Terminology D 1129.


4. Summary of Practices


4.1 Powdered samples are irradiated with a monochromatic
X-ray beam of short wavelength (from about 0.05 to 0.25 nm).
The X rays interact with the atoms in the crystal and are
scattered in a unique diffraction pattern which produces a
fingerprint of the crystal’s atomic or molecular structure. The
analytical instrumentation used in X-ray diffraction includes
the powder camera and the diffractometer(1), (2), (3), (4),
(5). 3


5. Significance and Use


5.1 The identification of the crystalline structures in water-
formed deposits assists in the determination of the deposit
sources and mode of deposition. This information may lead to
measures for the elimination or reduction of the water-formed
deposits.


6. Purity of Reagents


6.1 Reagent grade chemicals shall be used in all tests.
Unless otherwise indicated, it is intended that all reagents shall
conform to the specifications of the Committee on Analytical
Reagents of the American Chemical Society, where such
specifications are available.4 Other grades may be used,


1 These practices are under the jurisdiction of ASTM Committee D19 on Water
and are the direct responsibility of Subcommittee D19.03 on Sampling of Water and
Water-Formed Deposits, Analysis of Water for Power Generation and Process Use,
On-Line Water Analysis, and Surveillance of Water.


Current edition approved July 3, 1980. Published November 1980. Originally
approved in 1947. Last previous edition approved in 1980 as D 934 – 80.


2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.


3 The boldface numbers in parentheses refer to the references listed at the end of
these practices.


4 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, seeAnalar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U.K., and theUnited States Pharmacopeia
and National Formulary, U.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
MD.
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provided it is first ascertained that the reagent is of sufficiently
high purity to permit its use without lessening the accuracy of
the determination.


6.2 Purity of Water— Unless otherwise indicated, reference
to water shall be understood to mean reagent water conforming
to Specification D 1193, Type II.


7. Sampling


7.1 Collect the sample in accordance with Practices D 887.
7.2 A suitable amount of sample should be obtained so that


it is representative of the deposit under investigation.
7.3 Deposits shall be removed and protected in such a way


that they remain as nearly as possible in their original states.


8. Safety Precautions


8.1 The potential danger of high-voltage and X-ray radia-
tion makes it mandatory for anyone operating X-ray apparatus
to be thoroughly familiar with basic safety precautions.


8.2 Place colorful signs displaying the international radia-
tion symbol near X-ray equipment.


8.3 When X-ray equipment is producing radiation, illumi-
nate a conspicuous light. There should be no X rays if the bulb
burns out. Equipment without this feature can be modified.


8.4 Use a portable counter periodically to test for leakage of
X rays from equipment. Lead or lead glass shielding is
sometimes needed. X rays of shorter wavelength require more
caution.


8.5 Film badges, dosimeters, or other monitoring devices
shall be worn by personnel who regularly work with X-ray
equipment.


9. Preliminary Testing of Analytical Sample


9.1 It may be advantageous and even necessary to perform
other analytical investigative methods to aid in the rapid
identification of crystalline components in water-formed de-
posits. For other testing methods refer to Practices D 2331.


10. Preparation of Sample


10.1 Apparatus—The apparatus used for preparing the
sample is as follows:


10.1.1 Mullite or Agate Mortar.
10.1.2 Sieves—A series of sieves from No. 100 mesh


(150-µm) to No. 325 mesh (45-µm) as specified in Specifica-
tion E 11.


10.1.3 Soxhlet Extractor.
10.2 Procedure—The following procedure is to be used in


preparing the sample:
10.2.1 Air-dry moist samples before grinding. If there is


special need to preserve the nature or composition of the
original deposit, special handling must be observed. Handle
deliquescent deposits in a dry-box atmosphere. Handle samples
subject to oxidation in an inert atmosphere.


10.2.2 If samples contain oil or grease, prepare a
chloroform-insoluble fraction by first drying the specimen for
1 h at 105°C and then extracting for 2 h using chloroform in a
Soxhlet extracting apparatus. Air-dry to remove solvent from
specimen.


10.2.3 Grind the sample in a mullite or agate (mechanical or
hand) mortar until approximately 98 % passes a No. 325 mesh


(45-µm) sieve (see Note 1). Remove fragments of fiber, wood,
and metal. If the specimen is not sufficiently brittle at ordinary
temperatures to be ground to a fine powder or if it is suspected
that certain crystallites may be plastically deformed during the
grinding, the deposit can be subjected to dry-ice temperatures
and then ground immediately. Grind hydrated samples under
alcohol, if indicated, to prevent structural damage.


NOTE 1—Most materials found in water-formed deposits are suffi-
ciently brittle to be reduced to 45 µm and this crystallite dimension will
generally give good identifiable diffraction patterns. However, it may not
always be practical or possible to reduce certain materials to 45 µm. Often
good diffraction results can be obtained from larger crystallite sizes (No.
200 mesh (75-µm) to No. 270 mesh (53-µm)). The only practical test for
proper grain size is in reproducibility of diffraction line intensities. The
ideal grain size may be in the subsieve range as small as 1 µm, but
reduction to this size may be impractical.


11. Selective Segregation of Analytical Sample


11.1 Chemical and Physical Treatment of Samples—
Depending on the contents of the sample, it may or may not be
necessary to concentrate or segregate components by chemical
or physical treatment (see Note 2). Many crystalline materials
produce sharp diffraction patterns and they are identifiable
when present to 1 or 2 % in a mixture. Other substances that
can be readily identified alone are difficult to detect in mixtures
even when they are present to the extent of 50%. Separation of
phases by density, acid solubility, or magnetic properties
followed by diffraction analysis of the separated phase(s) may
help to identify various deposit components. Separation treat-
ment is also helpful in resolving line coincidence in complex
mixtures. If concentration or segregation is not deemed neces-
sary, disregard any treatment and proceed in accordance with
Section 10. When treatment is necessary, use one or more of
the following chemical or physical treatments described in 11.2
to 11.7. It must be pointed out that the treatments provide no
absolute separation, but serve only to concentrate or partially
segregate specific components.


NOTE 2—It should be emphasized that water-formed deposits often
occur in clearly defined layers and that physical separation at the time of
sampling is more advantageous than later treatment.


11.2 Water-Insoluble Fraction—This treatment removes the
water soluble from the water insoluble components. Soluble
constituents would include most sodium, potassium, and
lithium compounds (see Note 3).


11.2.1 Weigh 0.5 g or more of sample that has been ground
and passed through a No. 100 mesh (150-µm) sieve. Add 100
mL of water to a beaker containing the powdered specimen.
Heat to boiling and then cool. Allow 30 min of reaction time,
filter through a 45-µm membrane filter, wash, and air-dry the
residue. Regrind to pass through a No. 325 mesh (45-µm)
sieve.


NOTE 3—The filtrate may be evaporated and the residue examined by
diffraction. Although the crystalline structure may have changed from the
original sample, it is often helpful in identifying simplified variations of
the original crystals. Sodium phosphate compounds found dispersed in
boiler deposits are often noncrystalline or are so complex that they are not
easily identified. The water soluble residue from these deposits after
evaporation is often more easily identified.
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11.3 Hydrochloric Acid-Insoluble Fraction—This treatment
removes carbonates, phosphates, and hydroxides. Partial de-
composition occurs to some silicates such as serpentine,
xonotlite, and analcite. Components such as anhydrite undergo
only partial dissolution.


11.3.1 Reagent—The reagent used for this treatment is as
follows:


11.3.1.1Hydrochloric Acid(1 + 6)—Mix 1 volume of con-
centrated HCl (sp gr 1.19) with 6 volumes of water.


11.3.2 Weigh approximately 0.5 g of the sample that has
been ground and passed through a No. 100 mesh (150-µm)
sieve. Add 100 ml of HCl (1 + 6) to a beaker containing the
powdered specimen. Allow 30 min of reaction time, filter
through a membrane filter, wash and air-dry the residue.
Regrind to pass through a No. 325 mesh (45-µm) sieve.


11.4 Nitric Acid-Insoluble Fraction—This treatment re-
moves all the components indicated in 11.3 in addition to
copper and most copper compounds.


11.4.1 Reagent—The reagent used for this treatment is as
follows:


11.4.1.1Nitric Acid (1 + 13)—Mix 1 volume of concen-
trated HNO3(sp gr 1.42) with 13 volumes of water).


11.4.2 Weigh 0.5 g or more of the sample which has been
ground and passed through a No. 100 mesh (150-µm) sieve.
Add 100 ml of HNO3(1 + 13) to a beaker containing the
powdered specimen. Allow 30 min of reaction time, filter
through a membrane filter, wash and air-dry the residue.
Regrind to pass through a No. 325 mesh (45-µm) sieve.


11.5 Density Fraction— This treatment separates com-
pounds in water-formed deposits which differ appreciably in
density such as copper oxide and calcite.


11.5.1 Weigh 0.5 g or more of sample that has been ground
and passed through a 100 mesh (150-µm) sieve. Add 100 mL
of water to a beaker containing the powdered specimen. Stir
the liquid with a mechanical stirrer, but do not use a magnetic
stirrer (Note 4). The denser particles will settle to the bottom
and the less dense particles will remain suspended. With
continued stirring, withdraw sufficient liquid and filter through
a membrane filter. Varying the speed of the stirrer will put more
or less of the powdered sample into suspension. Air-dry the
residue and regrind to pass through a No. 325 mesh (45-µm)
sieve.


NOTE 4—A magnetic stirrer would attract any particle that was mag-
netic and might prevent segregation of particles of different densities.


11.6 Magnetic and Nonmagnetic Fraction—This treatment
separates the magnetic components from the nonmagnetic
components such as magnetite from hydroxyapatite.


11.6.1 Weigh 0.5 g or more of sample that has been ground
and passed through a No. 325 mesh (45-µm) sieve. Add 100
mL of water to a beaker containing the powdered specimen.
Stir with a mechanical stirrer for several minutes and then
attach a magnet to the outside of the beaker (see Note 4). While
stirring continues, magnetic components will be attracted to the
area in front of the magnet, while the nonmagnetic components
will remain in suspension. After 30 min, pour off the liquid
while the magnet remains in place and filter. The residue
should be essentially nonmagnetic. Remove the magnet from
the side of the beaker, rinse the magnetic portion down the side


of the beaker, swirl, and filter. Air-dry the residues and regrind
to pass through a No. 325 mesh (45-µm) sieve.


11.7 Brittle Fraction— This treatment concentrates the
more brittle or friable components from those that are less
brittle or less friable such as calcite from silica.


11.7.1 Apparatus—The apparatus necessary for this treat-
ment is as follows:


11.7.1.1Electrical Mechanical Sieve Shaker.
11.7.2 Weigh 0.5 g or more of sample and hand grind in a


mullite mortar until the largest particle size is approximately 1
mm in diameter. Set up the sieve-shaker apparatus with four
different size sieves; No. 100 mesh (150-µm), No. 140 mesh
(105-µm), No. 200 mesh (75-µm) and No. 325 mesh (45-µm).
Shake the sample for several minutes and then collect the
various fractions from each sieve. The most friable portion of
the deposit should have passed to the bottom-most sieve. Each
fraction may be examined separately after regrinding to pass a
No. 325 mesh (45-µm) sieve.


PRACTICE A—CAMERA


12. Scope


12.1 This method covers the qualitative X-ray diffraction
analysis of powdered crystalline substances using photographic
film as the detector. The film-camera technique has the
advantage of being less expensive initially and less costly to
maintain. The camera practice permits the use of smaller
samples. Film cameras do not require the well-stabilized power
supply as electronic detection techniques do. Often faint
diffraction lines are more readily detected with film.


13. Summary of Practice A


13.1 Practice A utilizes the Debye-Scherrer type camera. In
this method a powdered sample is placed in the center of a
camera cylinder and a narrow film is wrapped around the inner
wall. A monochromatic X-ray beam is directed upon the
sample and the randomly oriented crystallites diffract the
incident beam into a set of concentric cones in accordance with
Bragg’sLaw (nl = 2d sin u). The interceptions of the diffrac-
tion cones on the positioned film strip result in curved lines on
that film. The spacings of these lines are used to identify the
crystalline material.


14. Interferences


14.1 Large particles in the powder mount give spotty or
discontinuous diffraction lines. A particle size that is too small
will cause broadening of the diffraction lines.


14.2 For certain elements the absorption of the X rays is
relatively high. This is especially true for the heavier elements
when longer wavelength X rays are used (see Note 5).
Therefore, larger samples of such elements can actually give
rise to fainter diffraction lines than would be obtained from a
smaller sample of the same element. Excessively large mounts
should be avoided if the elemental composition of the sample
has high absorption for a selected radiation.


NOTE 5—Values for absorption by different elements with various
commonly-used X-ray sources can be found in the International Crystal-
lographic Tables.
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14.3 The proper filters should be used to remove beta
radiation and to ensure essentially monochromatic radiation
from the target.


14.4 Preferred orientation of crystallites will produce dif-
fraction lines that are not of uniform intensity around the entire
circumference.


14.5 Fluorescent radiation should be avoided if possible
since it will obscure certain diffraction lines. This radiation
may be minimized by selecting the incident-beam wavelength
as far removed as possible from theK andL absorption edges
of metallic elements expected in the deposit. If a prominent
metallic element exists in the sample under investigation, a
target of the same metal should be used if possible.


NOTE 6—Copper radiation is not as satisfactory as other recommended
radiations for specimens containing considerable iron or iron bearing
compounds because of excessive fluorescence, which will produce fog-
ging on the film. However, copper targets are by far the most widely used
and most generally applicable.


15. Apparatus


15.1 Beta Filters—Free metals or metal oxides filters of
vanadium, manganese, iron, nickel, and zirconium. For the
choice of filter refer to the following list (see Note 7):
X-ray Target Material Filter


Chromium Vanadium
Iron Manganese
Cobalt Iron
Copper Nickel
Molybdenum Zirconium


NOTE 7—The filter shall be of sufficient thickness to reduce the
intensity of theKb radiation to 1/100 of theK a radiation. Monochromator
crystal attachments are available for many cameras which will eliminate
the use of beta filters and produce clean diffraction lines corresponding to
a single X-ray wavelength with low background.


15.2 Camera, Debye-Scherrer type usually 57.3 or 114.6
mm in diameter so that 1 mm of film equals 2 or 1 degs,
respectively. Features of the camera should include: (1) a
device to hold film flush against the cylinder, (2) a sample
holder with provision to center the mount, (3) a device for
rotating or oscillating sample, (4) a collimating system to
produce a narrow and nondivergent beam, and (5) a beam stop
or exit tube that prohibits the direct beam from exposing the
film or escaping into the room.4


15.3 X-ray Equipment5:
15.3.1 X-ray Generator, with stable high-voltage electrical


supply.
15.3.2 X-ray Generator Control Unit, containing the follow-


ing: (1) a milliammeter connected across the secondary circuit
to indicate current flow through the X-ray tube, (2) a warning
light in full view that indicates that X rays are being produced,
(3) an overload relay to trip the circuits when the tube current
exceeds normal operating values, (4) a pressure switch in the
water line to trip the circuits if the tube receives an insufficient
flow of cooling water, (5) an electric timer that will shut off the
unit at the end of a preset time, (6) a time totalizer that


indicates the total time the generator has been on, and (7)
interlocking safety switches that turn off the high voltage
circuit if the panels of the unit are opened.


15.4 Filtered Cooling Water System—Installed prior to
X-ray equipment.


15.5 X-ray Source— A number of X-ray targets are avail-
able that produceKa radiation of various desired wavelengths.
They include: Targets of chromium, iron, cobalt, copper, and
molybdenum.


16. Reagents and Material


16.1 Capillary Tubes— Diameter 0.1 to 1.0 mm thin-
walled, nonabsorbing glass or quartz. Also, fine glass fibers 0.1
to 0.5-mm diameter.


16.2 Collodion, gum tragacanth, or other suitable amor-
phous binders.


16.3 Film—X-ray film with the following characteristics:
(1) fine-grained texture and homogenous emulsion, (2) high
sensitivity for the wavelength of the selected radiation, (3) low
fogging and low expansion due to changes in temperature and
humidity. The film should be of the screenless type (see Note
8). All film should be handled and processed in accordance
with manufacturer’s recommendations.


NOTE 8—If molybdenum radiation is used, a screen-type film with the
fluorazure type intensifying screen may be used.


17. Preparation of Test Specimen


17.1 Prepare the powdered specimens in such a shape or
form as required by the camera used.


17.2 Common Mounts:
17.2.1 Rod Mount—A few milligrams of the powdered


sample are mixed with an amorphous binder such as collodion
or gum tragacanth and rolled into a rod 0.1 to 1.0-mm diameter.


17.2.2 Coated Glass Fiber Mount—A fine glass fiber is
dipped in collodion or some amorphous glue and rolled in the
powdered sample to coat the outer cylindrical surface. Photo-
graphs made with glass fibers usually show one or two diffused
halos at about 0.42 nm (see Note 9).


17.2.3 Capillary Mount— Small diametered nonabsorbing
glass tubes can be filled with the powdered sample and then
compacted by dropping through a 1 to2-ft (0.3 to 0.6-m) length
of small diameter glass tubing. The capillary can be sealed with
wax if desired to prevent hydration, oxidation, or carbonation
(see Note 9).


17.2.4 Ball Mount—A small amount of powdered sample is
mixed with collodion and rolled into a ball and then glued onto
a small glass fiber.


17.2.5 Wedge Mount— The powdered sample is pressed
into a wedge-shaped cavity which can be supported without a
binder.


NOTE 9—Glass fibers, and thin-walled tubes contribute scattering to the
diffraction pattern. Wall thicknesses of the capillary tubes and diameters of
fibers should be kept to minimum. Amorphous substances contribute
blackening of the film at low Bragg angles.


18. Calibration and Standardization


18.1 Prepare standard X-ray diffraction film patterns from
pure compounds and mixtures which are likely to occur in
water-formed deposits. These patterns can be compared with


5 The equipment listed is generally sold as a package by most manufacturers of
X-ray diffractometers. The International Union of Crystallography (I.C.Cr.) pub-
lishes an Index of Crystallographic Supplies and lists various suppliers.
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standard films which are available from various companies. An
alternative and more precise identification method is one in
which the d-spacings are obtained from carefully measured
diffraction angles and compared with published authenticated


data of interplaner spacings and relative intensities (see Note
10 and Note 11). Table 1 lists some of the more common
crystalline compounds found in water-formed deposits, and the
relative intensities of the three strongest lines.


TABLE 1 List of Common Crystalline Compounds Reported to be Found in Water-Formed Deposits


Three Strongest Lines Relative Intensity
ASTM
Index
Number


Mineral Name Formula


1.931 3.153 1.647 100 94 35 4-864 Fluorite CaF2


12.3 2.58 4.40 100 60 35 14-1 Sepiolite 2MgO·3SiO2·2H2O
9.04 4.57 2.86 100 100 100 9-497 Hopeite Zn3(PO4)2·4H2O
7.56 3.06 4.27 100 55 50 6-0046 Gypsum CaSO4·2H2O
7.17 1.49 3.58 100 90 80 14-164 Kaolinite Al2Si2O5(OH)4
6.80 2.97 2.71 100 67 67 3-0070 Viviante Fe3(PO4)2·8H2O
6.30 3.12 2.63 100 70 70 7-43 Ferrous hydrogen carbonate Fe(HCO3)2
6.26 3.29 2.47 100 90 80 8-98 Iron oxide hydrate FeO(OH)
6.11 3.16 2.35 100 65 53 5-0190 Boehmite a Al2(OOH)2
5.03 2.97 2.31 100 80 80 15-37 Mackinawite FeS
4.82 4.34 4.30 100 40 20 12-460 Gibbsite a Al(OH)3
4.47 5.46 3.97 100 90 70 16-699 Iron (II) sulfate hydrate FeSO4·4H2O
4.30 3.05 1.93 100 100 100 17-528 Monohydrocalcite CaCO3·H2O
4.18 2.69 2.45 100 30 25 17-536 Goethite FeO(OH)
4.05 2.49 2.84 100 20 13 11-695 Cristobalite (low) SiO2


3.72 3.68 2.15 100 53 28 5-0378 Witherite BaCO3


3.71 2.63 6.45 100 75 70 17-538 Nosean Na8Al6SO4(SiO4)6
3.69 2.61 2.13 100 60 60 2-0339 Noselite Na8Al6(SiO4)6SO4


3.58 3.30 3.73 100 100 100 13-192 Vaterite CaCO3


3.50 2.85 2.33 100 30 20 6-0226 Anhydrite CaSO4


3.44 4.84 3.11 100 90 90 12-226 Iron (II) sulfate hydrate FeSO4·H2O
3.44 3.10 2.12 100 97 80 5-0448 Barite BaSO4


3.43 5.61 2.93 100 80 70 7-363 Analcime (analcite) NaAl(SiO3)2·H2O
3.40 1.98 3.27 100 65 52 5-0453 Aragonite CaCO3


3.34 4.26 1.82 100 35 17 5-0490 Quartz (alpha) SiO2


3.19 4.61 3.61 100 67 40 3-0503 Cancrinite 3NaAlSiO4·CaCO3


3.07 2.04 1.95 100 85 85 10-488 Xonotlite Ca6Si6O17(OH)2
3.16 22.0 3.10 100 90 90 12-217 Gyrolite Ca4(Si6O15)(OH)2·3H2O
3.12 1.91 1.63 100 51 30 5-0566 Sphalerite ZnS
3.10 6.60 3.29 100 86 75 5-0555 Hemimorphite Zn4(OH)2Si2O7·H2O
3.04 2.41 2.57 100 50 45 16-818 Sodium silicate Na2SiO3


3.04 2.29 2.10 100 18 18 5-0586 Calcite CaCO3


3.00 6.01 2.80 100 95 50 14-453 Calcium sulfate hydrate 2CaSO4·H2O
3.00 3.20 3.07 100 50 50 2-0647 Calcium pyrophosphate Ca2P2O7


2.97 3.83 3.52 100 80 80 10-487 Wollastonite CaSiO3


2.97 3.30 2.73 100 98 63 5-0593 Celestite SrSO4


2.96 3.35 3.37 100 75 70 9-80 Calcium hydrogen orthophosphate CaHPO4


2.92 3.10 3.90 100 80 60 12-238 Pectolite NaCa2Si3O8OH
2.92 1.74 6.80 100 90 70 11-94 Foshagite Ca4Si3O9(OH)2
2.90 6.37 2.98 100 90 90 15-787 Acmite NaFeSi2O6


2.89 2.19 1.79 100 30 30 11-78 Dolomite CaMg(CO3)2
2.88 2.61 3.21 100 65 55 9-169 Whitlockite b Ca3(PO4)2
2.86 5.90 4.38 100 64 64 3-0705 Natrolite Na2Al2Si3O10·2H2O
2.86 3.69 5.06 100 85 75 10-399 Malachite CuCO3·Cu(OH)2
2.85 1.75 3.07 100 35 25 9-216 Gehlenite Ca2Al2SiO7


2.83 2.50 2.57 100 70 50 7-164 Olivine 2(Fe0.94Mg0.06)O·SiO2


2.82 2.66 3.87 100 100 63 1-0990 Meta Thenardite Na2SO4


2.82 1.99 1.63 100 55 15 5-0628 Halite NaCl
2.81 2.78 2.72 100 60 60 9-432 Hydroxyapatite Ca5(PO4)3(OH)
2.81 1.90 3.08 100 75 67 6-464 Covellite CuS
2.79 1.73 1.96 100 45 30 12-531 Siderite FeCO3


2.78 4.66 3.18 100 73 51 5-0631 Thenardite Na2SO4


2.78 3.78 2.58 100 80 80 2-0840 Burkeite Na6CO3(SO4)2
2.78 2.62 1.91 100 100 80 3-0751 a Sodium calcium orthophosphate CaNaPO4


2.77 2.37 2.75 100 62 61 8-448 Thermonatrite Na2CO3·H2O
2.69 1.69 2.51 100 60 50 13-534 Hematite Fe2O3


2.63 4.90 1.93 100 74 42 4-0733 Portlandite Ca(H)2
2.53 1.61 1.48 100 85 85 11-614 Magnetite Fe3O4


2.52 2.95 1.61 100 + 100 + 100 + 15-615 Maghemite Fe2O3(gamma)
2.52 2.32 2.53 100 96 49 5-0661 Tenorite CuO
2.50 7.25 3.62 100 60 60 11-386 Serpentine (Mg6Al)Si4Al)O10(OH)3
2.48 2.82 2.60 100 71 56 5-0664 Zincite ZnO
2.47 2.14 1.51 100 37 27 50667 Cuprite Cu2O
2.46 2.51 1.51 100 73 69 4-0768 Forsterite Mg2SiO4


2.63 2.83 3.49 100 97 81 8-492 Willemite Zn2SiO4
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TABLE 1 Continued


Three Strongest Lines Relative Intensity
ASTM
Index
Number


Mineral Name Formula


2.40 1.97 1.88 100 100 100 12-227 Chalcocite Cu2S
2.37 4.77 1.79 100 90 55 7-239 Brucite Mg(OH)2


2.15 2.49 1.52 100 80 60 6-0615 Wustite FeO
2.11 1.49 1.22 100 52 12 4-0829 Periclase MgO
2.09 2.41 1.48 100 91 57 4-0835 Bunsenite NiO
2.09 2.66 1.72 100 60 50 11-151 Troilite FeS
2.09 2.55 1.60 100 90 80 10-173 Corundum a Al2O3


2.09 1.81 1.28 100 46 20 4-0836 Copper Cu


Note—In some cases the same compound or mineral name may appear under several ASTM card numbers.
Ex: Troilite FeS 11-151


Troilite FeS 4-0832
In some instances this may indicate a synthetic product as opposed to a natural product. It would be recommended that when more than one ASTM card is listed


for a particular compound that the other cards be checked to determine which data are most closely related to the specific problem.


NOTE 10—The International Centre for Diffraction Data has established
a Powder Diffraction File which operates on an international basis and
cooperates closely with the Data Commission of the International Union
of Crystallography and the American Society for Testing and Materials
(ASTM). New data for over 1000 compounds are issued yearly.6


NOTE 11— A method of indexing the standard patterns is described by
Hanawalt, Rinn, and Frevel.7


19. Procedure for Taking Patterns


19.1 Place the mounted specimen in the camera as recom-
mended by the apparatus manufacturer. Line up the specimen
so that the diffracted beam will emerge from the specimen at
the axial center of the camera. Specimen centering devices are
available through the manufacturer.


19.2 Select the proper X-ray tube for the desired radiation
(see Note 12, Note 13, and Section 12.5). Do not touch the tube
windows.


NOTE 12—If costs prohibit the purchase of more than one X-ray tube,
one with a copper target will generally give the best results for the
majority of compounds.


NOTE 13—The proper care of X-ray tubes includes regular use to
prevent a gassy condition, cleaning the cooling water screens to prevent
flow blockage, carefully cleaning electrical contacts to make a good
electrical contact, and gentle handling.


19.3 Load with film and mount the camera on the X-ray unit
in front of the X-ray tube window in such a manner as to
produce a strong, uniform beam through the collimating
system. Shield the other tube windows to protect the operator
and prevent stray radiation from fogging the film during
exposure.


NOTE 14—There are several types of film loading in Debye-Scherrer
cameras, including Bradley-Jay, Van Arkle, Straumanis, and Wilson. The
Straumanis method, which is the most popular, contains mounting holes
for both the beam catcher and collimator.


19.4 Be sure all requirements specified by the manufacturer
have been fulfilled and that all safety precautions have been


taken before activating the X-ray tube. Apply the proper power
to the tube as specified by the manufacturer.


19.5 Expose the film by setting the timer for suitable period
of time. Exposure time depends upon several factors: (1)
crystal structure of deposit, (2) characteristic wavelength of
X-ray tube target, (3) the shape of the sample and type of
mount, (4) elemental composition of the material, (5) absorp-
tion coefficient for a given radiation, and (6) type of film.


19.5.1 Deposits with imperfect crystal structures usually
require longer exposure times. A denser phase of a compound
generally requires shorter exposure time.


19.6 After proper exposure, shut off apparatus power, re-
move camera and process the film in accordance with the film
manufacturer’s instructions.


NOTE 15—The exposure and development time of the film shall be such
that maximum contrast is obtained between pattern lines and film
background when using a good diffractor such as sodium chloride.


20. Identification of Patterns8


20.1 Place the pattern of the test specimen beside that of a
standard on a viewing light so that the corresponding edges of
the patterns come together and the centers of diffraction (Note
16) lie on the same vertical line. Visually scan the specimen
pattern for the strong lines occurring in the standard pattern.
Find by repeated trial the standard pattern whose strong lines
match strong lines of the specimen pattern when compared in
the above manner. The substance represented by the standard
pattern shall be considered to be a component of the test
specimen if at least the five strongest lines (Note 17) of the
standard pattern occur in the specimen pattern in the corre-
sponding positions and with the correct relative intensities.
When making this comparison, due regard must be given to the
possibility of increased intensity of certain lines because of the
superposition of lines of more than one component. Consider-
ing those lines of the specimen pattern not accounted for by the
above match, including those of greater than normal intensity,
repeat the matching with standard patterns until all the lines of
the specimen pattern are accounted for.


6 The data are available on cards, tapes, or in book form and can be purchased
from the International Centre for Diffraction Data, 1601 Park Lane, Swarthmore, PA
19081.


7 Hanawalt, J. D., Rinn, H., and Feevel, L. K., “Chemical Analysis by X-Ray
Diffraction,” Industrial Engineering Chemistry, Analytical Edition, IECHA, Vol 10,
1939.


8 A more thorough and comprehensive approach to pattern identification can be
found in X-ray Diffraction Procedures, by Klug and Alexander, 1954, pp. 396-402
(see Reference3).
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NOTE 16—The center of diffraction of the undeviated beam is found by
locating the mid-point between corresponding lines on either side of the
central spot.


NOTE 17—When other evidence, such as chemical analysis, spectro-
graphic analysis, microscopic or petrographic examination, supports the
finding of a component in a specimen, fewer lines may be considered to
constitute an identification.


20.2 When there are lines in the test specimen pattern that
cannot be matched by the available standard patterns, deter-
mine their interplanar spacings (see Note 18) and relative
intensities (see Note 19) on a film reader and measuring device.
Compare these values with published data, in the manner
described in 20.1, until a match is found, using the same
criteria as prescribed in 20.1.


NOTE 18—The interplanar spacings,d, may be determined by calcula-
tion from the following formula:


d 5 l/ [2 sin~180L/2pr!#


where:
d = interplanar spacing in angstrom units,
l = wavelength in angstrom units of the X rays em-


ployed,
L = distance on film in centimetres from center of dif-


fraction to the line being measured, and
r = radius of the camera in centimeters.


The interplanar spacings may also be determined by mea-
suring directly using a scale ruled in angstroms for the
camera-radiation combination used.


NOTE 19—The line intensities are estimated by comparison against a
set of lines prepared by exposure with constant radiation at multiples of
time required to produce a barely visible mark on the film.


21. Report


21.1 Results of this test shall be reported in accordance with
Practice D 933.


PRACTICE B—DIFFRACTOMETER


22. Scope


22.1 This practice is applicable to the identification of those
materials that exist in crystalline form or can be transformed
into a crystalline modification. Diffractometer methods have
the advantage over film methods by producing more accurate
intensity measurements and being less affected by highly
absorbing materials. In addition, with a properly aligned
instrument accurate diffraction angles can be obtained more
easily. The detectability limits are influenced by a number of
factors and practical limits of identification for the best cases
are usually stated as 1 to 2 % concentration of the constituent
present.


23. Summary of Practice


23.1 Practice B utilizes the powder diffractometer employ-
ing an electronic radiation detector. Several types of detectors
are available and include the Geiger, proportional, and scintil-
lation detectors. In this method, a powdered specimen is placed
in a holder provided by the equipment manufacturer and
subjected to radiation from a monochromatic X-ray beam. The
holder containing the specimen is rotated through an angle of


u deg while the detector receiving the diffracted beam is rotated
through 2 u deg. A random number of crystallites in the
powdered specimen will be so oriented that they will obey the
Bragg equationnl = 2d sin u. The intensity and the angle of
the diffracted beam can be either recorded on a strip chart or
digital printer. The data from the sample under investigation
may be evaluated by comparison with published data and
identification can be made. The recorded intensity pattern of a
certain deposit may provide some quantitative data, but often,
only experience with known types of deposits or using internal
standards can produce accurate quantitative results.


24. Interferences


24.1 Line coincidence can constitute a major source of
interference when examining materials where more than one
component is present. Comparison with relative reported
intensity values for a particular compound will sometimes
reveal whether an interference due to line coincidence is
present.


24.2 Preferred orientation of flaky or platelike crystallites
will produce undesirable intensity fluctuations. Further reduc-
tion of the crystallite size (<No. 325 mesh) or rotating the
specimen to increase the effective number of crystallite orien-
tations will often help stabilize intensities.


25. Apparatus


25.1 Sample Preparation Equipment(see Sections 10 and
11).


25.2 X-ray Equipment and Instrumentation4:
25.2.1 X-ray Generator and Control Unit—A generator


capable of supplying a regulated output of up to 60 kV and 50
mA with full wave rectification. (See 15.3.1 and 15.3.2.)


25.2.2 Detector-Geiger, proportional or scintillation type.
25.2.3 Electronic Panel— An electronic circuit that ampli-


fies pulses received from the detector and feeds them simulta-
neously into ratemeters, scalers or recorders, or both.


25.2.4 Goniometer—A wide range goniometer (angle mea-
suring device) with a 2u range to 165° and direct readability
to 0.01° 2u. Other important features should include variable
scanning speeds, adjustable receiving slits and an indepen-
dently adjustable sample holder.


25.2.5 Focusing Monochromator—A monochromator crys-
tal will eliminate the use of beta filters, reduce background
scatter, and discriminate against fluorescent radiation. If a
focusing monochromator is not used, beta filters will be
necessary. See 15.1. Both monochromators and beta filters
reduce observed intensities.


25.2.6 X-ray Source— A number of X-ray targets are
available that produceK a radiation of various desired wave-
lengths. They include: Cu, Mo, Fe, W, Cr, Ni, and Co.


26. X-Ray Equipment Preparation


26.1 Various calibrations of X-ray diffractometers are re-
quired prior to normal operation. Reference must be made to
the instruction manual of the equipment manufacturer.


27. Calibration and Standardization


27.1 The diffractometer is calibrated by running a standard
material whose “d” spacings are accurately known. Silicon,
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quartz, zinc oxide, gold, and other suitable crystalline materials
have been used for this purpose.


28. Procedure9


28.1 Sift the ground sample (See Sections 10 and 11) into
the sample holder and compact lightly. Add a slight excess of
material and then cover with a thin flat piece of glass or plastic
which is held firmly to the holder. Avoid excessive pressure in
packing to prevent the chances of orientation effects. The flat
piece of glass is removed and the powdered sample should now
present a smooth flat surface. Special techniques may be
required where preferred orientation is suspected. Reduction of
the crystallite size by regrinding may produce improvements or
diluting the powdered specimen with another powder which
has randomly shaped crystallites such as magnesium oxide.
Glass beads may also be used.


28.2 Turn on the recorder and electronic panel and allow
recommended warm-up time to attain stability. Install the
desired X-ray tube (see Note 13) and the proper beta filter (see
15.1) for this tube if a focusing monochromator is not used.
With the tube shutter in place activate the X-ray generator and
set voltage and amperage to values recommended for the
particular X-ray tube in use. Generators, electronic panels, and
recorders are usually left on in a continuous standby condition
if used daily. The proper receiving and divergence slits must be
selected for good delineation of the diffraction detail.10


NOTE 20—Precaution: Information on radiation hazards and safety
precautions associated with X-ray diffraction equipment can be found in
the NBS Handbook No. 89 and HEW report Morp. 68 to 14. Other
important sources of information include: Report of the International
Union of Crystallography, Commission of the American Crystallographic
Association, Report on Apparatus and Standards Committee of the
American Crystallographic Association, and Volume III of the Interna-
tional Tables for X-ray Crystallography. (See also Section 8).


28.3 Place the sample holder in the diffractometer and insert
the scatter shield.


28.4 The chart speed of the recorder, which has been
previously calibrated according to the manufacturer’s instruc-
tion manual, is set at1⁄4 in. (6 mm)/min with a time constant of
2 s. Mark the chart at some convenient interval such as every
5° 2 u as an example. Use an automatic degree marker.


28.5 Check to see that proper detector voltage is being
applied.


28.6 Set goniometer scan speed at 0.5° 2u/min. The
scanning speed can be increased to 1° 2u/min for most
qualitative analyses. Set vernier on goniometer at 5° 2u. Open
shutter at X-ray port. Active rotating specimen holder if so
equipped. Engage clutch of goniometer to start scan while
noting initial starting position on chart.


28.7 The sample is scanned to 90° 2u (see Note 21). Mark
the 2u° at convenient intervals along the base line of the chart
in order to simplify subsequent interpretation of data.


NOTE 21—The copper target is commonly used to scan samples
between 5° 2u (“d” spacing 17.673), and 90° 2u (“d” spacing 1.0902).
Since the “d” spacing is dependent upon the incident radiation wave-
length, the scanning range must be considered for each of the several
available targets.


28.8 Remove the chart and list the intensities of the peaks.
Convert the 2u values to “d” values from conversion tables
which list theKa wavelength of common targets.


29. Identification of Patterns8


29.1 There is no set procedure for the process of identifying
patterns of water-formed deposits. Certainly, a knowledge of
the history and origin of the sample would be an invaluable
beginning to the identification of certain components. Often
other investigative methods such as chemical and microscopi-
cal analysis aids in narrowing down the number of unknown
components. Segregation and concentration of components in
complex mixtures followed by a second X-ray analysis of that
particular portion is often helpful. Naturally, operator experi-
ence is an extremely important factor in identification. Certain
groups of “d” spacings would be readily recognized by a
knowledgeable and competent X-ray diffractionist.


29.2 The most common approach to identifying the major
crystalline components of a water-formed deposit is to look up
available diffraction data on components most likely to occur
in that particular sample (see Note 11). Comparison of “d”
spacings and intensities of the three strongest lines is usually
sufficient to identify most substances however, for confirma-
tion one should check the remainder of the listed “d” spacings.
Table 1 shows the three strongest lines and the relative
intensity values of crystalline compounds often found in
water-formed deposits. The table also lists the ASTM Index
Number and the common name of each mineral.


29.3 Relative intensity differences may indicate line coinci-
dence of another component. Chemical or physical segregation
may help in resolving this problem (see Section 11). Once the
known “d” spacings are accounted for, the remaining interpla-
nar spacings of other components can be more rapidly evalu-
ated. Because of errors of measurement in the “d” spacings it
is necessary to consider a small range of values on either side
of the observed value. Errors of about6 0.1° 2 u are not
unusual.


29.4 There is always the possibility of obtaining a crystal-
line pattern that has not yet been recorded in the file. Each year
new data on compounds are being issued and it is important
that diffraction files be kept up to date. Computer programming
of X-ray diffraction data is also becoming an important aid to
rapid identification of components. A typical diffraction file
card is shown in Fig. 1.


30. Report


30.1 Results of this test shall be reported in accordance with
Practice D 933.


31. Keywords


31.1 crystallographic examination; deposits; metal oxides;
scale


9 A more detailed method for mounting mineral powders can be found inX-ray
Diffraction Proceduresby Klug and Alexander, 1954, p. 300–302. The original
investigation was done by G. L. McCreery (see References3 and7).


10 For a better understanding of proper divergence and receiving slit widths, refer
to Handbook of X-rays, edited by Emmett F. Kaelble Chapter 9 (see Reference8).
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Designation: D 2332 – 84 (Reapproved 2003)


Standard Practice for
Analysis of Water-Formed Deposits by Wavelength-
Dispersive X-Ray Fluorescence1


This standard is issued under the fixed designation D 2332; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This practice covers X-ray spectrochemical analysis of
water-formed deposits.


1.2 The practice is applicable to the determination of
elements of atomic number 11 or higher that are present in
significant quantity in the sample (usually above 0.1 %).


1.3 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards: 2


D 887 Practices for Sampling Water-Formed Deposits
D 1129 Terminology Relating to Water
E 11 Specification for Wire Cloth Sieves for Testing Pur-


poses


3. Terminology


3.1 Definitions—For definitions of terms used in this prac-
tice, refer to Terminology D 1129.


4. Summary of Practice


4.1 The sample or its fusion with a suitable flux is powdered
and the powder is compacted (mounted). The mount is then
irradiated by an X-ray beam of short wavelength (high energy).
The characteristic X rays of the atom that are emitted or
fluoresced upon absorption of the primary or incident X rays
are dispersed, and intensities at selected wavelengths are


measured by sensitive detectors. Detector output is related to
concentration by calibration curves or charts.


4.2 The K spectral lines are used for elements of atomic
numbers 11 to 50. Whether the K or L lines are used for the
elements numbered 51 or higher depends on the available
instrumentation.


5. Significance and Use


5.1 Certain elements present in water-formed deposits are
identified. Concentration levels of the elements are estimated.


5.2 Deposit analysis assists in providing proper water con-
ditioning.


5.3 Deposits formed from or by water in all its phases may
be further classified as scale, sludge, corrosion products, or
biological deposits. The overall composition of a deposit or
some part of a deposit may be determined by chemical or
spectrographic analysis; the constituents actually present as
chemical substances may be identified by microscope or X-ray
diffraction studies. Organisms may be identified by micro-
scopical or biological methods.


6. Apparatus


6.1 Sample Preparation Equipment:
6.1.1 Fusion Crucibles, prepared from 25-mm (1-in.)


commercial-grade graphite rods. The dimensions shall be 29
mm (11⁄8 in.) high, an inside diameter of 19 mm (3⁄4 in.), and a
cavity 22 mm (7⁄8 in.) deep.


6.1.2 Pulverizers, including an agate or mullite mortar and
pestle, minimum capacity 25 ml.


6.1.3 Sieves—No. 100 (150-µm) and No. 270 (53-µm) as
specified in Specification E 11.


6.1.4 Compactors—A press, equipped with a gage enabling
reproducible pressure, is recommended.


6.2 Excitation Source (X-ray Tube:)
6.2.1 Stable Electrical Power Supply (61 %).
6.2.2 Source of high-intensity, short-wave-length X rays.
6.3 Sample Housing (Turret).
6.4 Spectrometer—Best resolution of the spectrometer and


best sensitivity are not simultaneously attainable; a compro-
mise is effected to give adequate values for each.


1 This practice is under the jurisdiction of ASTM Committee D19 on Water and
is the direct responsibility of Subcommittee D19.03 on Sampling of Water and
Water-Formed Deposits, Analysis of Water for Power Generation and Process Use,
On-Line Water Analysis, and Surveillance of Water.


Current edition approved Dec. 28, 1984. Published March 1985. Originally
published approved in 1965. Last previous edition approved in 1984 as D 2332 – 84.


2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.
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6.4.1 Collimating System.
6.4.2 Spectrogoniometer.
6.4.3 Analyzing Crystal and Holder—The choice of the


analyzing crystal is made on the basis of what elements must
be determined; for example, a gypsum or an ammonium
dihydrogen phosphate crystal can be used for determining
magnesium but lithium fluoride is much superior for copper
and iron (high-intensity diffracted secondary rays and conse-
quently greater sensitivity and potential precision). A salt,
sodium chloride (NaCl), crystal is frequently employed for
general use, being applicable over a broad range and producing
intense lines and medium broadening.


6.4.4 Counter-Tube Support.
6.5 Evacuating or Flushing System.
6.6 Measuring System:
6.6.1 Detector (of which the principal types are the Geiger


counter, scintillation counter, and flow-proportional counter).
6.6.2 Amplifiers (Including Preamplifier), Rate Meter, Re-


corder, Scaler, and Printout.
6.6.3 Zeroing, Gain, and Sequence Controls.


7. Reagents


7.1 Purity of Reagents—Reagent grade chemicals shall be
used in all tests. Unless otherwise indicated, it is intended that
all reagents shall conform to the specifications of the Commit-
tee on Analytical Reagents of the American Chemical Society,
where such specifications are available. 3 Other grades may be
used, provided it is first ascertained that the reagent is of
sufficiently high purity to permit its use without lessening the
accuracy of the determination.


7.2 Purity of Water—Unless otherwise indicated, references
to water shall be understood to mean reagent water conforming
to Specification D 1193 Type II.


7.3 Detector Gas, usual composition 90 % argon, 10 %
methane (other compositions are used); usually used with
flow-proportional counter for lines of longer wavelength (0.2
nm or greater).


7.4 Gallium Oxide, spectrographic grade (frequently used as
a convenient internal standard).


7.5 Helium Gas, commercial grade, for the spectrometer
flushing system, when vacuum or air paths are not used.


7.6 Sodium and Lithium Borates—(Na2B4O7 and Li2B4O7),
commonly used as fluxes for the sample.


8. Sampling


8.1 Collect the sample in accordance with Practices D 887.


9. Preparation of Sample


9.1 Reduce the entire sample of deposits to about 100 g
(drying, degreasing, and crushing if necessary) and grind this
subsample to a powder that will pass a No. 100 (150-µm) sieve.


9.2 Mix the powdered sample thoroughly and remove about
10 g for X-ray fluorescence testing (Note 1). Fuse a weighed
amount with a weighed amount of a suitable flux (2 to 10 g of
flux/g of sample) to present a reproducible surface composition
to the X-ray beam.


NOTE 1—At least semiquantitative results can be obtained more quickly
by compacting (mounting) the test portion (9.3 and 9.4) and proceeding in
accordance with Sections 10, 11, and 12. The decrease in sample
preparation will actually result in improved accuracy in some instances.


9.3 Grind not more than 10 g of the material prepared for
X-ray analysis (sample or fusion) to pass a No. 270 (53-µm
sieve).


9.4 Make duplicate wafers (or suitable mounts for the
particular equipment that will be used) by compacting the
powdered sample (precision and accuracy are improved by
briquetting). An internal standard is frequently added by fusion
to the material to be compacted. Some samples may require a
binder (generally organic and added in minimum concentra-
tion) for reproducible packing and a smooth surface.


10. Preparation of Apparatus


10.1 Follow the manufacturer’s instructions for the initial
assembly, conditioning, and preparation of the fluorescent
X-ray apparatus.


10.2 Follow the manufacturer’s instructions with respect to
control settings.


11. Excitation and Exposure


11.1 Position the mounted sample in the special chamber
provided for this purpose; avoid touching or otherwise con-
taminating the sample surface. Produce and record the spec-
trum at the setting or settings recommended for the instrument.
Prepare and analyze duplicate mounts for all samples (make
duplicate readings on each mount).


11.2 Radiation Measurements—Make radiation measure-
ments for each component of concern using Table 1 as a guide
to the frequencies of interest.


NOTE 2—See also Bureau of Mines Information Circular No. 7725,
which lists the 2-theta values for characteristic spectral lines when using
the analyzing crystals NaCl, lithium fluoride (LiF), and quartz.


3 Reagent Chemicals, American Chemical Society Specifications, American
Chemical Society, Washington, DC. For suggestions on the testing of reagents not
listed by the American Chemical Society, see Analar Standards for Laboratory
Chemicals, BDH Ltd., Poole, Dorset, U.K., and the United States Pharmacopeia
and National Formulary, U.S. Pharmaceutical Convention, Inc. (USPC), Rockville,
MD.


TABLE 1 Emission Spectra and Recommended Crystals


Element Recommended Crystal A Wave-
length B


Aluminum gypsum 8.320
Calcium lithium fluoride 3.353
Copper lithium fluoride 1.539
Iron lithium fluoride 1.934
Lead lithium fluoride 1.172 B


Magnesium gypsum 9.869
Phosphorus pentaerythritol tetraacetate 6.142
Potassium lithium fluoride 3.735
Silicon pentaerythritol tetraacetate 7.111
Sodium potassium acid phthalate 11.885
Sulfur pentaerythritol tetraacetate 5.362
Zinc lithium fluoride 1.434


A Updated to June, 1964; a production instrument, equipped with mounted
crystals, might conveniently use lithium fluoride, pentaerythritol tetraacetate, and
potassium acid phthalate.


B Emission wavelengths in kX units (1 kX unit = 1.002 Å); the wavelength for
lead is the L alpha-1 line and the others are averages of the K alpha-1 and -2 lines.
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12. Calibration and Standardization


12.1 Semiquantitative evaluations of the concentration of
each component may be obtained directly by reference to
standardization curves prepared from data obtained by expos-
ing samples containing known quantities of these components.


12.2 More accurate evaluations can be made by preparing
special standards containing the same components as the
sample in the ratios indicated by the semiquantitative determi-
nations. These special standards can frequently be used to
calculate correction factors for the calibration curves to mini-
mize interference effects of the other components of the
sample.


12.3 Internal standards may be used to provide direct
comparison.


13. Analytical Values


13.1 Average the results obtained for each component from
at least two exposures of each mounted sample. Use these
averaged values to read estimated concentrations from pre-
pared calibration curves, charts, or tables.


14. Statistical Values


14.1 Precision of Instrument—The precision of the instru-
ment shall be determined from replicate measurements (10 to


20) on a single prepared sample without moving the sample.
This precision shall be reported as the standard deviation of the
instrument and is obtained as the usual square root of the
summated deviations squared divided by 1 less than the
number of replicate measurements.


14.2 Precision of Technique—Calculate the standard devia-
tion of the method from duplicate measurements on 10 to 20
samples over at least 3 days, removing and resetting the sample
before each new series of measurements. The standard devia-
tion of this technique is the square root of the summated
deviations squared divided by 4 times the number of analyses.


14.3 Coefficient of variation of the practice is obtained by
multiplying the standard deviation by 100 and dividing by the
average concentration in percent.


15. Precision and Bias


15.1 A precision and bias statement is not applicable. Refer
to Sections 12 and 14 for estimation of element concentration
and evaluation of instrument-specific precision.


16. Keywords


16.1 deposits; elemental analysis; scale; X-ray fluorescence
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Designation: E 1508 – 98 (Reapproved 2003)


Standard Guide for
Quantitative Analysis by Energy-Dispersive Spectroscopy 1


This standard is issued under the fixed designation E 1508; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.


1. Scope


1.1 This guide is intended to assist those using energy-
dispersive spectroscopy (EDS) for quantitative analysis of
materials with a scanning electron microscope (SEM) or
electron probe microanalyzer (EPMA). It is not intended to
substitute for a formal course of instruction, but rather to
provide a guide to the capabilities and limitations of the
technique and to its use. For a more detailed treatment of the
subject, see Goldstein, et al.2 This guide does not cover EDS
with a transmission electron microscope (TEM).


1.2 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.


2. Referenced Documents


2.1 ASTM Standards:3


E 3 Methods of Preparation of Metallographic Specimens
E 7 Terminology Relating to Metallography3


E 673 Terminology Relating to Surface Analysis
E 691 Practice for Conducting an Interlaboratory Study to


Determine the Precision of a Test Method


3. Terminology


3.1 Definitions—For definitions of terms used in this guide,
see Terminologies E 7 and E 673.


3.2 Definitions of Terms Specific to This Standard:
3.2.1 accelerating voltage—the high voltage between the


cathode and the anode in the electron gun of an electron beam
instrument, such as an SEM or EPMA.


3.2.2 beam current—the current of the electron beam mea-
sured with a Faraday cup positioned near the specimen.


3.2.3 Bremsstrahlung—background X rays produced by
inelastic scattering (loss of energy) of the primary electron
beam in the specimen. It covers a range of energies up to the
energy of the electron beam.


3.2.4 critical excitation voltage—the minimum voltage re-
quired to ionize an atom by ejecting an electron from a specific
electron shell.


3.2.5 dead time—the time during which the system will not
process incoming X rays (real time less live time).


3.2.6 k-ratio—the ratio of background-subtracted X-ray
intensity in the unknown specimen to that of the standard.


3.2.7 live time—the time that the system is available to
detect incoming X rays.


3.2.8 overvoltage—the ratio of accelerating voltage to the
critical excitation voltage for a particular X-ray line.


3.2.9 shaping time—a measure of the time it takes the
amplifier to integrate the incoming charge; it depends on the
time constant of the circuitry.


3.2.10 spectrum—the energy range of electromagnetic ra-
diation produced by the method and, when graphically dis-
played, is the relationship of X-ray counts detected to X-ray
energy.


4. Summary of Practice


4.1 As high-energy electrons produced with an SEM or
EPMA interact with the atoms within the top few micrometres
of a specimen surface, X rays are generated with an energy
characteristic of the atom that produced them. The intensity of
such X rays is proportional to the mass fraction of that element
in the specimen. In energy-dispersive spectroscopy, X rays
from the specimen are detected by a solid-state spectrometer
that converts them to electrical pulses proportional to the
characteristic X-ray energies. If the X-ray intensity of each
element is compared to that of a standard of known composi-
tion and suitably corrected for the effects of other elements
present, then the mass fraction of each element can be
calculated.


5. Significance and Use


5.1 This guide covers procedures for quantifying the el-
emental composition of phases in a microstructure. It includes
both methods that use standards as well as standardless
methods, and it discusses the precision and accuracy that one


1 This guide is under the jurisdiction of ASTM Committee E04 on Metallography
and is the direct responsibility of Subcommittee E04.11 on X-Ray and Electron
Metallography.


Current edition approved Nov. 1, 2003. Published December 2003. Originally
approved in 1993. Last previous edition approved in 1998 as E 1508 – 98.


2 Goldstein, J. I., Newbury, D. E., Echlin, P., Joy, D. C., Romig, A. D., Jr., Lyman,
C. D., Fiori, C., and Lifshin, E.,Scanning Electron Microscopy and X-ray
Microanalysis, 2nd ed., Plenum Press, New York, 1992.


3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. ForAnnual Book of ASTM
Standardsvolume information, refer to the standard’s Document Summary page on
the ASTM website.
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can expect from the technique. The guide applies to EDS with
a solid-state X-ray detector used on an SEM or EPMA.


5.2 EDS is a suitable technique for routine quantitative
analysis of elements that are1) heavier than or equal to sodium
in atomic weight,2) present in tenths of a percent or greater by
weight, and3) occupying a few cubic micrometres, or more, of
the specimen. Elements of lower atomic number than sodium
can be analyzed with either ultra-thin-window or windowless
spectrometers, generally with less precision than is possible for
heavier elements. Trace elements, defined as <1.0 %,2 can be
analyzed but with lower precision compared with analyses of
elements present in greater concentration.


6. Test Specimens


6.1 Suitable specimens are those that are normally stable
under an electron beam and vacuum and are homogeneous
throughout the volume of X-ray production. If the specimen is
inhomogeneous at the micrometre level, then a truly quantita-
tive analysis is not possible, and a bulk technique such as X-ray
fluorescence should be used.


6.2 The concentration of each element to be analyzed
should equal or exceed about 0.1 wt %. Lower limits of
detection are possible with longer counting times, but the
precision of trace element analysis is poorer than when the
element is present at the percent level.


7. Specimen Preparation


7.1 Specimens for quantitative EDS analysis should be
prepared in accordance with standard metallographic or petro-
graphic techniques. Guidelines are given in Methods E 3. The
specimen must be flat in the region to be analyzed. This
requirement does not preclude scratches; however, any
scratches in the immediate vicinity of the analyzed region must
be insignificant with respect to the X-ray volume. The operator
must also be aware of the possibility of spurious X rays from
parts of the chamber, polishing compound elements, or from
adjacent phases or a combination thereof. Note that these
requirements for surface preparation preclude the quantitative
analysis of casual samples, such as unpolished surfaces like
fracture surfaces. Although data can be generated on these
casual surfaces, the results would be of significantly lower
precision with unpredictable variations.


7.2 Unetched or lightly etched specimens are preferred. If
they are etched, the operator must make sure that the compo-
sition in the region to be analyzed has not been altered and that
the region to be analyzed is flat.


7.3 Nonconducting specimens should be coated with a
conductive material to prevent charging. Lowering the accel-
erating voltage may reduce or eliminate the effect of charging
in some samples, but applying a conductive coating is still the
most common method. Evaporated carbon is usually the most
suitable coating material. Heavy metals such as gold that are
often used for SEM imaging are less suitable because they
heavily absorb X rays; if the coating is thick enough, X-ray
lines from those metals will be seen in the spectrum. If one is
analyzing carbon in the specimen, then aluminum makes a
good coating. The coatings are usually applied in thicknesses
of several tens of nanometres. Carbon that appears to be tan in
color on the specimen surface, or on a piece of filter paper in


the evaporator, is probably thick enough. For the most accurate
analysis, standards and unknowns should be coated at the same
time to assure equal coating thicknesses. Specimens mounted
in a nonconducting medium must make electrical contact with
the microscope stage. This is often accomplished by painting a
stripe of carbon or silver paint from the specimen to the
specimen holder.


8. Spectrum Collection


8.1 Calibration—The analyzer shall be calibrated on two
X-ray peaks or other methods implemented by the equipment
manufacturer in software to set the amplifier gain and offset.
Often aluminum and copper are used, and sometimes both the
K and L lines of copper are used. The two elements need not
be in the same specimen. A spectrum from pure aluminum
could be collected followed by pure copper in the same
spectrum. Software is usually available to calibrate the EDS
system, and one should consult the system manual for the
details of operation. To ensure reproducible results, calibration
should be checked periodically.


8.2 Operating Parameters:
8.2.1 The accelerating voltage of the SEM must be chosen


to provide an adequate overvoltage to excite the X-ray lines of
interest. An overvoltage that is too low will not sufficiently
excite X rays; one that is too high yields low spatial resolution
and causes absorption as X rays escape from deep within the
specimen. An overvoltage of at least 1.5 times the critical
excitation potential of the highest energy X-ray line analyzed is
recommended. When analyzing hard and soft X rays in the
same specimen, analyses at two voltages may be necessary. For
materials such as minerals and ceramics, which contain light
elements (that is, of low atomic number), 15 kV is usually a
good compromise. For many metals containing medium atomic
number elements, 20 to 30 kV is a good choice. Heavy
elements (those of higher atomic number) may be analyzed
using L or M lines, and so higher voltages are not necessary.
The actual accelerating voltage of the electron beam does not
always correspond with the voltage selected on the instrument.
It can be determined by expanding the vertical scale of the EDS
spectrum and observing the energy above which continuum X
rays do not occur.


8.2.2 Almost all elements can be analyzed using character-
istic X-ray lines in the range of 0–10 keV. This range contains
K lines of the first transition series (scandium–zinc (Sc-Zn)), L
lines of the second transition series plus the lanthanides, and M
lines of the third transition series plus the actinides. Accord-
ingly, most operators choose a 0–10 keV display at higher
display resolution rather than a 0–20 keV display at lower
resolution. Tables of X-ray energies can be found in various
texts, such as Goldstein, et al2 or Johnson and White.4


8.2.3 X-ray spatial resolution degrades with overvoltage,
because as the electrons penetrate deeper into the specimen, X
rays are generated from a larger volume. An approximation of


4 Johnson, G. G., Jr., and White, E. W.,X-Ray Emission Wavelengths and KeV
Tables for Nondiffractive Analysis, ASTM Data Series DS 46, ASTM, Philadelphia,
1970.
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the diameter of this tear-drop-shaped excitation volume, re-
ferred to as the X-ray range, can be obtained using the
following equation.5


R5 0.064~Eo
1.68 2 Ec


1.68!/r (1)


where:
R = the range in µm,
Eo = the accelerating voltage in kV,
Ec = the critical excitation potential in keV, and
r = the density in g/cm3.


More accurate interaction volumes can be computed by
Monte Carlo computer methods to generate random electron
trajectories, but Eq 1 provides a reasonable estimate for most
purposes.


8.2.4 The beam can be placed in the spot mode to form a
probe to analyze the minimum volume, or it can be scanned
over a homogeneous region to lower the electron dose at any
one point. Defocusing the beam or scanning it over an area of
varying composition does not provide an average composition,
because the correction factors applied to the intensity ratio are
themselves a function of composition.


8.2.5 The current in the electron beam determines the flux of
X rays that are generated. It does not affect spatial resolution
for X-ray analysis in the same way it detracts from electron
image resolution. Typically it is adjusted to keep the dead time
in the EDS system below 40 %. Dead times of 20 to 30 %
produce good spectra, whereas dead times above 40 % can lead
to spectra containing artifacts, such as those discussed in 8.3.1.
Maximum throughput, that is, the most X rays/real time, is
achieved at about 40 % dead time. Higher count rates can be
achieved by lowering the shaping time on the system amplifier
from about 10 µs, but spectral resolution will be lost. For
quantitative analysis, a shaping time of about 10 µs or greater
is used. The beam current must remain stable throughout the
analysis, because the counts collected are directly proportional
to the beam current. Thus, a 1 % upward drift in beam current
will produce a 1 % increase in all the reported mass fractions,
resulting in a reported total >100 %. For quantitative analysis
using standards, the beam current (not specimen current) must
be the same for both the specimen and the standards or one
must be normalized to the other.


8.2.6 The geometric configuration of the sample and detec-
tor, shown schematically in Fig. 1, also affects the analysis. The
number of X-ray photons that reach the detector is a function
of the solid angle and take-off angle, including the effect of
specimen and detector tilt. The count rate incident on an X-ray
detector is directly proportional to the size of the solid angle
defined as follows for a detector normal to the line of sight to
the specimen:


V 5 A/r2 (2)


where:
V = solid angle in steradians,
A = active area of the detector crystal; for example, 30


mm2, and
r = sample-to-detector distance, mm.


The larger the active area of the detector, the more counts
will be collected, but at the expense of spectral resolution.
Most detectors have a movable slide and can be brought closer
to the sample if a higher count rate at a given beam current is
needed. The take-off angle is defined as the angle between the
surface of the sample and a line to the X-ray detector. If the
sample is not tilted, the take-off angle is defined as follows:


c 5 arctan~W2 V!/S (3)


where:
c = take-off angle,
W = working distance,
V = vertical distance, and
S = spectrometer distance.


Working distance is measured in the microscope; its accu-
racy depends on the method used to measure it and the
specimen position. Vertical distance is the distance from the
bottom of the pole piece of the final lens to the centerline of the
detector; it usually can be measured within the microscope
with a ruler. Spectrometer distance is the horizontal distance
from the spectrometer to the beam; it is measured using the
scale provided by the manufacturer on the spectrometer slide.
All distances must be in the same units. The take-off angle
should be as high as possible to minimize absorption of X rays
within the specimen and maximize the accuracy of quantitative
analysis. If the specimen is tilted such that the beam is not
perpendicular to the specimen surface, an effective take-off
angle is used. There are several expressions in use by com-
mercial manufacturers to calculate this, and all produce similar
results if the tilt angle is not extreme. When analysis is
performed on a tilted specimen, the azimuthal angle between
the line from the analysis point to the EDS detector and the line


5 Andersen, C. A., and Hasler, M. F.,X-Ray Optics and Microanalysis, 4th Intl.
Cong. on X-Ray Optics and Microanalysis, Hermann, Paris, 1966, p. 310.


FIG. 1 Schematic Diagram of Electron Microscope System
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perpendicular to the stage tilt axis must be known. If standards
are used, they must be collected under the identical geometrical
conditions as the unknowns.


8.3 Spectral Artifacts:
8.3.1 There are a number of artifacts possible with EDS, and


these are discussed by Fiori, et al.6 Most of them are related to
detector electronics and are rarely seen in a properly function-
ing system. However, two artifacts that are commonly seen are
pulse pileup peaks and silicon escape peaks. Pileup peaks
occur when several X-ray photons reach the detector at the
same time, and the pulse processing electronics erroneously
record the sum of their energies rather than each one individu-
ally. Lowering the beam current to lower the count rate usually
eliminates the problem. Alternatively, the amplifier shaping
time can be decreased; this action will allow pulses to be
processed faster, but at the expense of degraded spectral
resolution.


8.3.2 A silicon escape peak occurs when an ionized atom of
silicon in the detector generates an X ray. If that X ray escapes
from the detector, its energy that would ordinarily have been
measured is lost. The result is a peak at 1.74 keV (Si Ka) below
the proper peak. This artifact is greatest at about 2 keV, near the
P Ka or Zr La peaks. The artifact cannot occur at energies
below the absorption edge of the Si K line, and it becomes
negligible at higher energies such as the Cu Ka line.


9. Quantification


9.1 Background Subtraction and Peak Deconvolution:
9.1.1 Before the proportionality between X-ray intensity


and elemental concentration can be calculated, several steps
are required to obtain the intensity ratio (k-ratio) between
unknown and standard. Or, if the standardless technique is
used, then a pure net intensity is required. A spectrum of X rays
generated by electrons interacting with the specimen contains
a background consisting of continuum X rays, often called
Bremsstrahlung. Observing the high-energy cutoff of the con-
tinuum, as noted in 8.2.1, gives the most accurate determina-
tion of the beam voltage, and this is the value that should be
used for quantitative analysis. If the voltage measured in this
manner is much lower than the voltage setting, it may be an
indication that the specimen is charging. The background in the
spectrum is not linear and simple interpolation is inadequate.
Two approaches to this problem commonly used in commercial
systems are background modeling and digital filtering. The
background models are based on known physics plus a suitable
correction for the real world. This method lets the user pass
judgment on the quality of the model by comparing the model
with the actual spectrum. The digital filter method treats the
background as a low frequency component of the spectrum and
mathematically sets it to zero. This method is not based on any
model and, therefore, is more general. It is also useful for the
light element region of the spectrum where the models were
never intended to be used; however, it does not take into


account absorption edges. Some software also allows the
operator to fit his own background.


9.1.2 The other step that must be accomplished before an
intensity ratio can be measured is peak deconvolution. EDS
detectors do not resolve all peaks. For example, the S Ka, Mo
La, and Pb Ma lines are all within about 50 eV of each other
and therefore are severely overlapped. Even though one cannot
see the individual components of a peak envelope in a
spectrum, there are computer methods of deconvolution. Two
methods in common use are1) the method of overlap factors
and 2) the method of multiple least squares. Both methods
work well, and they are usually combined with one of the
background subtraction methods in the manufacturer’s soft-
ware. One should consult the manufacturer’s instructions for
their use.


9.1.3 Although in most cases these computer methods
handle spectra well, the operator should be aware of conditions
that are difficult. For example, trace element analysis is
sensitive to background subtraction because the computer is
looking for a small peak above the continuum. Accordingly the
spectrum must be collected long enough to provide enough
statistics to discern small peaks. In like manner, deconvolution
routines work well in most cases, but not when the overlapped
lines arise from elements present in widely different concen-
trations. For example, if one element constitutes 90 % of the
specimen and the other element 10 %, precision will be greatly
degraded. In this situation use of a different analytical line may
be possible, or if not, a technique with higher spectral
resolution such as wavelength dispersive spectrometry is
indicated.


9.1.4 Once the background is subtracted and the peaks are
stripped of interferences, one can calculate their ratio to those
of similarly background-subtracted, deconvoluted standard
spectra. The unknowns and standards must have been collected
1) under the same geometrical configuration,2) at the same
accelerating voltage,3) at the same count rate per current unit,
and4) with the same processing algorithm.


9.1.5 Even standardless analysis requires background sub-
traction and peak deconvolution, but the intensity is calculated
from pure intensity curves and the ratio of peak integrals in the
unknown spectrum. Standardless analyses always total 100 %,
or some other value specified by the analyst. In normalizing the
total concentrations to 100 %, important information is lost. A
true mass total, as in analysis against standards, provides
information about the quality of the analysis. It calls attention
to problems such as elements not specified for analysis or
analysis of more than one phase under the beam. Analyses
totaling exactly 100 % should always be viewed with skepti-
cism, whether they be standardless or normalized standards
analyses. Whichever method is used, all elements present must
be specified even if some need not be analyzed. This is because
a correction is necessary to account for the effect of other
elements (the matrix) present in the specimen.


9.2 Matrix Corrections:
9.2.1 The k-ratio of an element is a starting estimate of that


element’s concentration. There are, however, effects of atomic
number, absorption, and fluorescence between the unknowns
and the standards. The atomic number or “Z” factor corrects for


6 Fiori, C. E., Newbury, D. E., and Myklebust, R. L., “Artifacts Observed in
Energy Dispersive X-ray Spectrometry in Electron Beam Instruments—A Caution-
ary Guide,”NIST Special Publication 604, Proceedings of the Workshop on Energy
Dispersive Spectrometry, National Institute of Standards and Technology, Gaithers-
burg, Maryland, 1981.
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differences in the number of X rays generated. The absorption
or “A” factor corrects for differences in the number of X rays
that escape the sample to be detected. The fluorescence or “F”
factor corrects for non-electron generated X rays, that is, those
fluoresced by other X rays. If the unknown and standard were
identical, each of these factors would equal one. There are
many such “ZAF” computer programs available, each one
using a set of fundamental parameters thought to give the best
results. The differences in the results each produces are usually
much less than the precision of the analysis.


9.2.2 There are also many computer programs using the“
phi-rho-z” method. These approach the problem of matrix
correction using more fundamental physics and sometimes
combine the effects of Z and A into one, but they too require a
set of fundamental parameters optimized to each program.
Many phi-rho-z programs claim greater accuracy because they
account for absorption better than the older ZAF programs.
Consequently, one would expect the most improvement using
a phi-rho-z method in light element analysis. However, in the
absence of light elements, it is unlikely that the accuracy of
most EDS analyses is limited by the matrix correction.


9.3 Reporting Results:
9.3.1 The analytical conditions are normally reported with


the elemental concentrations determined by EDS. These con-
ditions include the accelerating voltage, take-off angle and tilt,
and the analytical line (KLM) used. The report should also
specify whether standards or standardless methods were used,
what matrix corrections were applied, and whether any el-
emental concentrations were calculated by difference or by
stoichiometry. Additional items that may be reported include
what standards were used, if any, the beam current, and the Z,
A, and F factors. It would also be informative to mention the
type of window on the EDS detector, if other than a conven-
tional beryllium window. Concentrations are normally reported
to a tenth of a percent; although many computer programs
report more significant figures, they are rarely warranted.


10. Light Element Analysis


10.1 Light elements can be analyzed with an ultra-thin
window detector that provides better efficiency for the soft X
rays that light elements generate. Windowless detectors ap-
proach the theoretical highest efficiency of the detecting
crystal, but in the open position contaminants in the sample
chamber are free to condense on the cold crystal. Additionally,
in the windowless mode any light, such as from cathodolumi-
nescence, can be picked up by the crystal and will contribute to
the overall noise of the system. Quantitative light element
analysis is less precise than that of heavier elements, because
the count rate of soft X rays is lower. The minimum detect-
ability limit of light elements is also degraded because of the
lower peak-to-background ratios found with soft X rays. If the
stoichiometry of compounds containing light elements is
known, then calculation by stoichiometry is the most accurate
method. For example in silicates, analyzing silicon and multi-
plying by the gravimetric factor for SiO2 (2.14) is more
accurate than analyzing oxygen directly.


11. Standards


11.1 Suitable standards for EDS microanalysis must be1)
homogeneous at the micrometre level,2) of known composi-
tion as analyzed by an independent method, and3) stable under
the electron beam. For the highest accuracy, standards should
be as similar as possible to the unknowns to minimize matrix
effects. However, most matrix correction programs are suffi-
ciently accurate to permit the use of pure element standards.
Nevertheless, metals do not make good standards for nonmet-
als, and vice versa.


11.2 Standards may be obtained from microscopy suppliers,
the National Institute for Standards and Technology, or from
other microscopists. However, one of the best sources of
standards similar to the materials analyzed is one’s own
facility, if they are checked for homogeneity.


11.3 Standards can also be used to check the performance of
standardless programs. In many cases, the results are similar,
and the standardless method may be used for convenience.


12. Precision and Bias


12.1 Interlaboratory Test Program—An interlaboratory
study using two different metallurgical specimens was con-
ducted to determine the precision of energy-dispersive spec-
troscopy (EDS). Both specimens were analyzed by various
metal producers, EDS system manufacturers, and one univer-
sity. A total of nine laboratories participated in the study. Each
of the specimens was analyzed with a lithium-drifted silicon
detector using a set of standardized operating parameters after
an initial round-robin wherein parameters were selected by
each participant. Both sets of data are reported, and the
standardized operating parameters are listed in Table 1.


12.1.1 The specimens selected for the round-robin were
Type 308 stainless steel and INCONEL7 alloy MA 6000. To
ensure homogeneity, the Type 308 stainless steel specimens
were homogenized at 1975°F (1079°C) for one hour followed
by a water quench. This produced a 100 % austenitic structure.
This material was chosen as a routine analysis for iron,
chromium, and nickel. Some manganese was also present, but
because its Ka line overlaps the Cr Kb it was not required to
be reported, although some participants did. The alloy MA
6000 specimen was selected because of its inherent homoge-
neity and because it presented several analytical problems. The
alloy contained both high and low atomic number elements
necessitating the use of K, L, and M lines. There was also a
severe overlap between the M lines of tantalum and tungsten.
The presence of eight elements also added to the difficulty in
analyzing this material. The compositions of both alloys, as
determined by wet chemical analysis, are given in Table 2.


7 INCONEL is a registered trademark of Inco Alloys International.


TABLE 1 Standardized Operating Parameters for Second Round-
Robin Test Program


Accelerating voltage 20 kV
Acquisition time 200 s
Detector dead time '25 %
Take-off angle '40°
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12.1.2 Individual specimens of both materials were sent to
each of the nine participants, all of whom reported the
specimens to be homogeneous. Each participant was requested
to analyze five random areas in each specimen using a standard
beryllium window EDS detector and their own operating
parameters. The nominal composition of each specimen was
also included for reference. A second round-robin test program,
which required the use of a standard accelerating voltage,
detector dead time, take-off angle, and acquisition time, was
also initiated. It was requested that analyses by both standards
and standardless methods be reported.


12.2 Precision:
12.2.1 The results from the round-robin test program were


analyzed in accordance with Practice E 691 to develop repeat-
ability and reproducibility standard deviations (see Table 3 and
Table 4). The inherent precision of the EDS method is
controlled by counting statistics. Clearly, for a given overall
counting time, the relative precision associated with major
elements is greater than for minor or trace elements, insofar as
there are necessarily fewer counts in minor peaks. Practice
E 691 is used to analyze the round-robin data for consistency
and calculates intralaboratory repeatability and interlaboratory
reproducibility statistics. The 95 % repeatability and reproduc-
ibility, r and R, are defined by E 691 as 2.8 times the standard
deviations, Sr and SR, respectively. When these standard
deviations are divided by the mean concentration for each
element, the result is a measure of relative precision within and
between laboratories.


12.2.2 In the case of the Type 308 stainless steel, the 95 %
repeatability limit is 7 % of the mean value or better for each


elementSr
x̄ 5 0.64/9.435 0.068 for nickel), and about 2 %


is possible for iron present at 70 wt %. The 95 % reproduc-
ibility limit ranges from about 14 % to 3 %. Requiring set
parameters had little effect on the repeatability but improved
the reproducibility for chromium and iron, but not for nickel.
Standardless methods were about equivalent to those using
standards for this specimen. The results obtained from this
specimen represent a typical metallurgical microanalysis with
no unusual problems. As such, the precision obtained should be
representative of the technique. The interlaboratory reproduc-
ibility under standard conditions averaged 8.4 %, and the
standardless method averaged 6.2 % relative to the mean.


12.2.3 In the case of alloy MA 6000, the 95 % repeatability
values improve with increasing concentration with the excep-
tion of tantalum and tungsten. Those two elements are present


TABLE 2 Wet Chemical Analysis of Samples of Commercial Type 308 Stainless Steel and INCONEL Alloy MA 6000 Used in ASTM
Round Robin


Sample
Chemical Composition—Wt %


Tantalum Tungsten Chromium Titanium Aluminum Molybdenum Nickel Iron Manganese Y2O3


Commercial Type 308
Stainless Steel


— — 19.62 — — — 9.50 69.0 1.30 —


INCONEL Alloy MA 1.91 3.91 14.76 2.26 4.0 1.91 68.12 1.00 — 0.97
6000


TABLE 3 Precision Statistics of an Interlaboratory Study for
Quantitative Analysis by Energy Dispersive Spectroscopy


Quantitative EDS Analysis of Type 308 Stainless Steel with No Set Parameters


Elements x̄ Sr SR r R
Nickel 9.04 0.21 0.35 0.58 0.98
Chromium 20.48 0.27 0.87 0.77 2.43
Iron 70.47 0.68 2.44 1.90 6.84


Quantitative EDS Analysis of Type 308 Stainless Steel with Set Parameters


Elements x̄ Sr SR r R
Nickel 9.43 0.23 0.49 0.64 1.36
Chromium 20.31 0.23 0.47 0.65 1.32
Iron 69.41 0.38 1.05 1.06 2.95


Standardless Quantitative EDS Analysis of Type 308 Stainless Steel with Set
Parameters


Elements x̄ Sr SR r R
Nickel 9.23 0.22 0.29 0.60 0.82
Chromium 20.25 0.15 0.48 0.41 1.34
Iron 69.60 0.21 0.78 0.60 2.18


x̄ = cell average
Sr = repeatability standard deviation
SR = reproducibility standard deviation
r = repeatability limit
R = reproducibility limit


TABLE 4 Precision Statistics of an Interlaboratory Study for
Quantitative Analysis by Energy Dispersive Spectroscopy


Quantitative EDS Analysis of MA 6000 with No Set Parameters


Elements x̄ Sr SR r R
Iron 0.96 0.09 0.12 0.24 0.32
Tantalum 1.89 0.26 0.37 0.72 1.04
Titanium 2.36 0.26 0.26 0.72 0.72
Molybdenum 2.43 0.16 0.86 0.45 2.41
Tungsten 3.67 0.30 0.67 0.84 1.87
Aluminum 4.49 0.22 1.31 0.63 3.67
Chromium 15.33 0.33 0.49 0.92 1.38
Nickel 67.78 1.66 2.43 4.64 6.81


Quantitative EDS Analysis of Type MA 6000 with Set Parameters


Elements x̄ Sr SR r R
Iron 1.04 0.05 0.10 0.14 0.29
Tantalum 1.81 0.17 0.47 0.49 1.33
Molybdenum 2.02 0.07 0.12 0.20 0.34
Titanium 2.31 0.16 0.20 0.46 0.56
Tungsten 3.82 0.15 0.38 0.41 1.07
Aluminum 4.78 0.23 0.59 0.63 1.66
Chromium 15.07 0.33 0.46 0.91 1.30
Nickel 68.97 0.51 1.25 1.43 3.51
Standardless Quantitative EDS Analysis of MA 6000 with Set Parameters


Elements x̄ Sr SR r R
Iron 0.99 0.08 0.12 0.22 0.32
Molybdenum 1.96 0.11 0.53 0.31 1.49
Tantalum 1.98 0.15 1.19 0.42 3.34
Titanium 2.30 0.15 0.18 0.43 0.51
Tungsten 3.48 0.17 1.39 0.48 3.90
Aluminum 4.56 0.22 2.33 0.63 6.53
Chromium 15.31 0.23 0.56 0.64 1.55
Nickel 64.29 0.43 3.06 1.21 8.56


x̄ = cell average
Sr = repeatability standard deviation
SR = reproducibility standard deviation
r = repeatability limit
R = reproducibility limit
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at the level of a few percent and their lines are overlapped. The
occurrence of these two conditions together resulted in consid-
erably lower precision than for the other elements. The 95 %
reproducibility limit varied greatly when the parameters were
not specified, but improved with set parameters. It may be that
differences in background subtraction, peak deconvolution
method, matrix correction, and possibly geometric configura-
tion caused this. It was not possible to specify all of these
conditions because some are inherent to the system used.


12.2.4 The standardless method produced intralaboratory
repeatability results similar to the standards methods but
considerably less interlaboratory reproducibility, owing to the
different standardless routines in use by different manufactur-
ers. Although results of the standardless analyses were rather
good on the Type 308 stainless steel, they may be considerably
inferior on other types of specimens. On the MA6000 alloy, the
reproducibility among laboratories was much less than that of
the standards technique (R in Table 4). And even though the
average errors compared with the reference composition (Table
5) are not great, they are probably the result of positive and
negative errors among laboratories canceling each other. These
errors arise from the different ways various systems generate
the pure element intensities, rather than from differences in
ZAF or phi-rho-z matrix corrections. Accordingly, before
routinely using a standardless method for quantitative analysis,
it is important to validate the method for a particular class of
materials by comparing it against analysis with standards or
against a completely different quantitative technique, such as
X-ray fluorescence or wet chemical analysis if the specimen is
homogeneous. If the results are comparable, the standardless
method may be used for specimens of composition similar to
those on which it was validated.


12.2.5 Precision can usually be improved by acquiring more
counts in the spectrum if that is possible. Longer counting
times and increased beam current produce more counts. There
are practical limits, however, such as beam drift or carbon
contamination increasing on the specimen and causing the total
counts to be nonlinear with time. Decreasing the amplifier time
constant also increases count rate, but at the expense of


resolution. The 200s count specified for the round-robin was
intended to represent typical operating conditions, not the best
achievable precision.


12.3 Bias:
12.3.1 If the wet chemical analysis of each specimen (Table


2) is taken as an accepted reference value, the difference
between it and the concentration measured by EDS can be
determined. These values are given in Table 5. The EDS values
are the average of five measurements in each of nine labora-
tories. To the extent that this number of replicate analyses
averages out the effects of precision, the remaining error may
be attributed to bias. For the Type 308 stainless steel, the
average error was 0.7 % of the amount present—a value close
enough to zero to be insignificant. For the alloy MA 6000, the
average was 3.12 %. There are many potential sources of bias,
but the effect of each is hard to predict. Some sources of bias
that are under operator control are as follows.


12.3.1.1Geometric Configuration—This must be known
and reproducible among standards and unknown specimens.


12.3.1.2Standards—The composition of these must be
known accurately, and they must be homogeneous at the
micrometre level.


12.3.1.3 Electron Beam Current—This must be stable
throughout standard collection and unknown analysis or cor-
rected for instability through continuous monitoring with an
integrating picoammeter or beam current monitoring before
and after analysis if the drift is linear.


12.3.1.4Conductive Coating—This must be thick enough to
prevent changing of the specimen, yet thin enough so as not to
absorb X rays significantly. It should also be of similar
composition and thickness between the standards and the
unknowns.


12.3.2 Some sources of bias often not under operator
control are as follows.


12.3.2.1 Method of Background Subtraction and Peak
Deconvolution—These must use appropriate constants such as
detector efficiency for the specific detector being used, back-
ground fitting regions, filter width, and others.


TABLE 5 Comparison Between EDS and Reference Wet Chemical Analysis


Wet Chemistry No Set Parameters (% error) Set Parameters (% error) Standardless (% error)


Type 308 Stainless Steel
Nickel 9.50 9.04 (−4.84) 9.43 (−0.78) 9.23 (−2.84)
Chromium 19.62 20.48 (4.39) 20.31 (3.51) 20.25 (3.23)
Iron 69.00 70.48 (2.14) 69.41 (0.59) 69.60 (0.88)


Average error 0.56 % 1.11 % 0.42 %


Alloy MA 6000
Iron 1.00 0.96 (−4.24) 1.04 (3.67) 0.99 (−1.43)
Tantalum 1.91 1.88 (−1.30) 1.81 (−5.08) 1.96 (2.62)
Titanium 2.26 2.36 (4.30) 2.02 (−10.55) 1.98 (−12.18)
Molybdenum 1.91 2.43 (27.31) 2.31 (20.82) 2.30 (20.19)
Tungsten 3.91 3.67 (−6.02) 3.82 (−2.27) 3.48 (−11.11)
Aluminum 4.00 4.49 (12.16) 4.78 (19.38) 4.56 (13.91)
Chromium 14.76 15.33 (3.87) 15.07 (2.09) 15.31 (3.71)
Nickel 68.12 67.78 (−0.49) 68.97 (1.24) 64.28 (−5.63)


Average error 4.45 % 3.66 % 1.26 %


Average Error for Type 308 0.70 %
Average Error for MA 6000 3.12 %
Overall Average Error 1.91 %
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12.3.2.2Matrix Correction—This program is dependent on
the accuracy of many constants such as mass absorption
coefficients, mean ionization potentials, fluorescent yields, and
others.


12.3.2.3Standardless Programs—These are dependent on
the accuracy of the intensity curves built into them as well as
the sources of bias listed above.


12.4 Overall, when elements are present in major accounts,
an intralaboratory repeatability of 6 % or better and an inter-
laboratory reproducibility of 14 % or better are possible. With
trace elements, and especially with peak overlaps among trace


elements, precision is significantly degraded and more X-ray
counts must be collected. Most sources of bias are either
insignificant or under operator control, and the overall accu-
racy of the technique is better than64 % relative to the
reference composition.


13. Keywords


13.1 EDS; elemental analysis; energy-dispersive spectros-
copy; light element; matrix correction; microanalysis; phi-
rho-z; quantitative analysis; spectrum; standardless analysis;
standards; X ray; X-ray microanalysis; ZAF
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Fundamentals of X-ray Absorption Spectroscopy 
 
Introduction 
 
X-ray absorption fine structure (XAFS) refers to the interaction of how X-rays are absorbed by 
an atom at energies near and above the core-level binding energies of that particular atom.  
XAFS is the modulation of an atom’s X-ray absorption probability due to the chemical and 
physical state of the atom.  XAFS spectra are especially sensitive to the formal oxidation state, 
coordination chemistry, and the interatomic distances, coordination number and species of the 
atoms in the surrounding proximity of the selected element of interest.  As a result, XAFS 
provides a practical and simple way to determine the chemical state and local atomic structure 
for a selected atomic species.  XAFS can be used in a wide variety of systems and bulk physical 
environments.   
 
Since XAFS is an atomic probe, nearly all substances can be studied.  All elements have core 
shell electrons.  Crystallinity is not a factor for XAFS measurements making analysis of 
noncrytalline material, disordered compounds, and solutions feasible and attractive.  XAFS is 
capable of detection sensitivities of a few parts per million.  An important aspect from an 
environmental perspective is that XAFS is an in-situ spectroscopy allowing for the investigation 
of samples in their natural state. 
 
Though XAFS measurements can be simple, a complete understanding of XAFS involves a 
wonderful mixture of modern physics and chemistry and a complete mastery of the data analysis 
can be somewhat challenging.  Though the basic phenomena is well understood, an accurate 
theoretical treatment is fairly involved and, in some respects still an area of active research.   
 
 
X-Ray Absorption Fine Structure Spectroscopy 
 
X-ray Absorption Fine-Structure (XAFS) is the modulation of the x-ray absorption coefficient at 
energies near and above an x-ray absorption edge.  XAFS is also referred to as X-ray Absorption 
Spectroscopy (XAS) and is broken into 2 regimes (Figure 1): 
 


XANES - X-ray Absorption Near-Edge Spectroscopy 
EXAFS - Extended X-ray Absorption Fine-Structure 
 


which contain related, but slightly different information about an element’s local coordination 
and chemical state. 
 







Figure 1.  Location of XANES and EXAFS regions of an XAS spectrum.  The characteristic 
energy required to excite core level electrons is unique to each element and is known as the 
absorption edge or edge step. 
 
X-rays (light with wavelength 0.03 ≤ λ ≤ 12 Å or energy 1 ≤ E ≤ 500 keV) are absorbed by all 
matter through the photoelectric effect: An x-ray is absorbed by an atom, promoting a core-level 
electron (K, L, or M shell) out of the atom and into the continuum.  The atom is left in an excited 
state with an empty electronic level (a core hole).  The electron ejected from the atom is called 
the photoelectron.  When X-rays are absorbed by the photoelectric effect, the excited core-hole 
will relax back to a “ground state” of the atom.  A higher level core electron drops into the core 
hole, and a fluorescent X-ray or Auger electron is emitted. 
 


X-ray Fluorescence: An x-ray with energy equal to the difference of the core levels is 
emitted. 
Auger Effect: An electron is promoted into the continuum from another core level. 


 
X-ray fluorescence occurs at discrete energies that are characteristic of the absorbing atom, and 
can be used to identify the absorbing atom. 
 
The intensity of an X-ray beam as it passes through a material of thickness, t, is given by the 
absorption coefficient, μ: 
 


I = I0e−μt 
 
where I0 is the X-ray intensity hitting the material, and I is the intensity transmitted through the 
material.  The absorption coefficient depends strongly on X-ray energy, E, and atomic number, 
Z, and on the density, ρ, and atomic mass, A: 
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μ ≈ (ρZ4)/(AE3) 


 
In addition, μ has sharp absorption edges (Figure 1) corresponding to the characteristic core level 
energies of the atom.  The energies of the K-edge absorption edges go roughly as EK ~ Z2.  All 
elements with Z>18 have either a K-, or L-edge energies between 3 and 35 keV, which can be 
accessed at many synchrotron sources. 
 
 
X-ray Absorption Spectroscopy Data Collection 
 
While room-sized accelerators exist for conducting XAS studies, the intensity pales in 
comparison to accelerators found at synchrotron radiation facilities such as Department of 
Energy National Laboratories (Figure 2).  Figure 2 shows the Advanced Photon Source (APS) 
synchrotron radiation research facility at Argonne National Laboratory in the southeastern 
suburbs of Chicago, IL.  Applying components of Figure 2B to explain structures in Figure 2A, 
the operation of the APS synchrotron facility entails (A) production of electrons in a linear 
accelerator which are deposited into (B) the booster/injector ring to bring the electron packets 
near the speed of light.  The electron beam is then sent to the storage ring (C) from which 
beamlines (D) as either insertion devices, ID, or bending magnets, BM, are constructed for 
experimental research (E).  In-line with the research beamlines are monochromaters that tune the 
electron beam to selected energies via Bragg diffraction and must be capable of energy 
resolutions of ~ 1 eV at 10 keV.   


 
Figure 2. Aerial photo and architectural diagram of the Advanced Photon Source at Argonne 
National Laboratory, Chicago, IL. 
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XAS data collection can be divided into two realms: 1) configuration of beamline equipment and 
2) sample preparation.  XAS measures the energy dependence of the x-ray absorption 
coefficient, μ(E), at and above the absorption edge of a selected element.  μ(E) can be measured 
in two experimental configuration setups: 
 


Transmission: The absorption is measured directly by measuring what is transmitted 
through the sample (Figure 3): 
I = I0e−μ(E)t 
μ(E)t = ln(I/I0) 


 


Figure 3. Experimental configuration for transmission data collection. 
 
Fluorescence: The re-filling the deep core hole, is detected.  Typically the fluorescent x-
ray is measured (Figure 4). 
μ(E) ~ If /I0 


 
Figure 4. Experimental configuration for fluorescence data collection. 
 
Upon commencing a XAS scan to collect date, one has the option to use step-scan, continuous 
scan, or dispersive XAFS modes.  Typically, step-scan is used so that regions can be defined and 
specific time can be allocated at step to ensure adequate counts for statistical purposes. 
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Typical scan parameters for spectral regions for environmental samples include (Figure 5): 
A.  Sample pre-edge to get background trend 
      (Range  ~ -100eV to -20eV, 5 eV sampling) 
B.  Sample edge region 
      (-20eV to +40 eV, 1 eV) 
C.  EXAFS region  
      Uniform in k-space (to > 12 Å-1, sampling 0.05 Å-1) 
      Prefer increased integration time per point at high k 


 


Figure 5.  Standard raw XAFS spectra illustrating the three regions: (A) pre-edge, (B) edge step, 
and (C) EXAFS.  The XANES portion of the spectra contains all of edge step and small portions 
of the pre-edge and EXAFS regions (Figure 1). 
 
Sample preparation can be as crucial as data collection setup when attempting to collect quality 
data.  Although much imagination can be employed for sample preparation, many considerations 
must be examined to ensure that the integrity of the sample is maintained.  For example, with 
redox sensitive materials such as arsenic, one must be mindful of possible oxidation of arsenite 
either from oxygen in the air, as a result of materials in the sample holder, and over exposure of 
the electron beam.  Another important issue to evaluate for sample preparation is the adequacy of 
the beamline one chooses to conduct the experiments.  This can be overcome by first working 
out the absorption lengths of the material at the relevant energies.  One should check for 
beamlines with the needed energy range and focal properties for the intended samples.  If the X-
rays can get through the sample with only a few absorption lengths of attenuation, i.e. small, 
homogeneous particle sizes, one can consider transmission data collection which can be superior 
to fluorescence measurements.  However, the edge step must be large enough for a transmission 
measurement which is hampered by concentration of the element of interest.  Thus, if the sample 
is dilute or inhomogeneous, fluorescence data collection is better and most often employed. 
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If the energy is too low, absorption from air and windows can be a problem (a general rule is 
absorption energy decreases as atomic weight decreases so lighter elements such as chromium 
can have artifacts which heavier elements such as arsenic can avoid) but can be overcome by 
enclosing the sample and detection chambers in a non-ionizing gas environment.  Once an 
accurate understanding of detector limitations is accomplished for sample preparation, sample 
mounting should be designed with simplicity in mind. 
 
Placement of the sample within an experimental hutch at a synchrotron facility is outlined in 
Figures 3 and 4, for transmission and fluorescence data collection, respectively.  In both setups, 
the sample is placed after the Io detector which measures the intensity of the beam before 
interaction with the sample.  The only difference between sample mounting for transmission and 
fluorescence data collection is that the sample must be situated at a 45o angle to the incident 
electron beam for fluorescence mode (Figure 4) to allow maximum fluorescence detection to 
occur and minimize elastic scattering.  As such, a fluorescence detector for fluorescence data 
collection must be placed perpendicular to the electron beam and in line with the sample (Figure 
4).  While transmission data can be collected from samples offset of the penetrating beam, data 
quality is theoretically better by allowing the beam to pass directly through the sample placed 
perpendicular to the electron beam (Figure 3) with a suitable detector aligned with the electron 
beam (Figure 3) behind the sample. 
 
Sample holders can vary significantly but follow a basic design.  Sample holders can be as 
simple as smearing a solid material on the tacky side of tape and folding the tape back onto itself 
the secure the sample (Figure 6).  Another common sample holder is small block of non-reactive 
material with a depression or hole lathed into the holder which the sample is added with tape 
securing the opening (Figure 7).  This type of sample holder allows analysis of solids, slurries, 
and solutions.  The thickness and size of openings can be customized.  An adaptation of this 
sample holder in conjunction with a movable sample stages and automation software yields a 
basic autosampler (Figure 8) which permits all types of samples for analysis. 
 


  
Figure 6.  Solid sample sandwiched between Figure 7.  Sample backfilled into opening 
pieces of Kapton tape.     of a Teflon block and secured with tape. 
 







 
Figure 8.  Autosampler template for multi-sample analysis. 
 
Traditional spectroscopic sample holders, such as thin films and thin sections, are often 
employed as well for specialized projects but the above mentions methods are more suitable for 
typical environmental analyses.  However, some of the traditional holders are being examined 
for the purpose of biological specimens.  Although is some cases, a little imagination can 
accomplish complex science (Figure 9). 
 


 
Figure 9.  Fluorescence data collection of metal hyperaccumulation in plant leaves. 







 
Extended X-Ray Absorption Fine Structure Data Analysis 
 
Whether transmission or fluorescence data are collected, the data reduction and analysis are 
essentially the same.  The steps to data analysis are 1) to reduce the raw spectra (Figure 10) to k-
space (conversion of energy [eV] to wavelength [inverse distance]), 2) Fourier transform the k-
space data into R-space (conversion of wavelength to actual distance), and 3) XAFS data 
modeling.   
 


Figure 10.  Raw fluorescence data Pb sorption on ferrihydrite. 
 
Background correction of a raw spectrum involves assigning a baseline value of zero to the pre-
edge region and a normalized unity value of one to the EXAFS region (Figure 11). 
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Figure 11.  Background corrected spectra of Figure 10. 
 
The conversion of energy (E) to k-space (Figure 12) involves first the identification of the 
threshold energy, Eo, which is the energy maximum of the edge step.  Thereafter, one isolates the 
EXAFS region in terms of the wave behavior of the photoelectron (k) created in the absorption 
process by the equation: 
 


 
 
where E is energy, Eo is the absorption edge energy, ħ is Planck’s constant and m is the electron 
mass. 
 


Figure 12. k-space conversion of spectra in Figure 11. 
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By selecting and emphasizing (k-weighting) only positive k-space, one generates oscillations as 
a function of the photoelectron wave number also known as the (chi) χ(k)-function (Figure 13).  
The oscillations in Figure 13 correspond to different near-neighbor coordination shells which, 
after Fourier transformation (Figure 14), can be described by the EXAFS equation: 
 


 
 
Where f(k) and δ(k) are scattering properties of the atoms neighboring the excited atom, N is the 
number of neighboring atoms, R is the distance to the neighboring atom, and σ2 is the disorder in 
the neighbor distance.  Though complex in appearance, the EXAFS equation allows one to 
determine N, R, and σ2 if the scattering amplitude, f(k), and phase-shift, δ(k), are known.  Since 
f(k) and δ(k) depend on the Z of the neighboring atoms, EXAFS is also sensitive to the atomic 
species of the neighboring atom. 


Figure 13. The k3-weighted χ-function of Figure 12.  The oscillations describe the photoelectron 
wave number as the photoelectron constructively and destructively interacts with neighboring 
atoms around Pb. 
 
Now that the energy spectrum in Figure 11 is converted to k-space (Figure 13), one can Fourier 
transform the k-space data in R-space (distance).  The Fourier transformation is critical to XAFS 
analysis and is often the area of confusion for novice data analyzers.  Since the photoelectron 
effect causes backscattering in XAFS data collection, a phase shift causes real values of distance 
to be offset at least 0.5 Å when determining interatomic bond distances in the data modeling 
techniques.  For example, the protruding peak located at approximately 1.8 Å in Figure 14 for 
the Fourier transformed k-space data is actually determined to be 2.53 Å in the modeling 
procedure to follow. 
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Figure 14.  Radial distribution (or structure) function of Fourier transformed k-space data for 
Figure 13. 
 
The final step in EXAFS data analysis is modeling which is often the most complex and time 
consuming aspect of the procedure.  The most common method of modeling is to develop a 
library of fitting paths generated crystallographic parameters.  Figure 15 shows the crystalline 
unit cell parameters for magnetoplumbite, an iron oxide with small amounts of Pb in the 
structure.  A commercially available software program, ATOMS, is available for this purpose to 
record what and where the information was derived (title and notes sections), space group 
identity and unit cell angles (abc) of the phase, the ab-initio calculation sphere in angstroms 
(rmax), which element to centralize the calculation around (core), and the 3-dimensional 
positions (xyz) of each element with corresponding tags (Pb1, Fe2, etc). 
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title name:     magnetoplumbite
title formula:  PbFe_12O_19
title sites:    Pb1, Fe1-5, O1-5
title refer1:   Moore et al.(1989) Am. Min. 74, 1186-1194
title refer2:
title schoen:
title notes1:   Pb2+, Fe3+ oxidation state
title notes2:   modified from Moore et al's structure:
title notes3:   see notes below
space  p 63/m m c
a    = 5.873    c    = 23.007
rmax = 6.00
core = Pb1
atom
Pb     0.66667   0.33333   0.25000  Pb1
Fe     0.00000   0.00000 0.00000 Fe1
Fe     0.00000   0.00000 0.25000  Fe2
Fe     0.33333   0.66667   0.02730  Fe3
Fe     0.33333   0.66667   0.19000  Fe4
Fe     0.16900  -0.16900  -0.10900  Fe5
O      0.00000   0.00000 0.15100  O1
O      0.33333   0.66667  -0.05500  O2
O      0.18400  -0.18400   0.25000  O3
O      0.15500  -0.15500   0.05200  O4
O      0.50400  -0.50400   0.15000  O5
------
% notes:
% Moore et al put the Pb at (0.72,0.384,1/4), a site with 12j symmetry,
% and have an occupation of 1/6 for this site.  This is a large distortion
% of the Pb environment from the "normal" (2/3, 1/3, 1/4) position (with 2d
% symmetry) used here.
% Since fractional occupation is poorly defined in the context of local
% structure, it isn't supported in atoms.  So the point of high symmetry is
% needed (otherwise unphysically short Pb-Pb bonds are made).
% similarly, the Fe2 position has been moved from  (0,0,0.256) with an
% occupation of 1/2 to (0,0,1/4) with full occupation.
% the Pb-O and Fe-O near-neighbor distances for all 5 Fe sites agree
% fairly well with Moore et al.  


Figure 15. ATOMS input file for magnetoplumbite listing crystallographic information. 
 
This ATOMS input file is used to generate possible coordinations of elements within 
magnetoplumbite as a FEFF file (commercially available software) (Figure 16).  (NOTE: The 
XAS research user community is rather small and many software packages are available free of 
charge from the international experts.)  The FEFF program then uses this information to 
generate, via ab-initio calculations, fitting paths to describe the interatomic bond distances (R) 
and coordination numbers (N) with neighboring elements. 
 
 







Figure 16. FEFF file used to determine fitting paths for EXAFS modeling showing the 
interaction of a central Pb atom (Pb1) with two different oxygen atoms (O5 and O3) and three 
different iron atoms (Fe2, Fe5, and Fe4). 
 
Once theoretical fitting paths are generated, one can return to the radial distribution function 
(Figure 14) to conduct the actual fitting protocol.  Again, using one of several software packages 
for this procedure allows one to evaluate real data collected at a synchrotron facility relative to 
fitting paths from model data.  An overlay of the resulting model fit to the actual data shows the 
goodness of the model parameter fitting and determine the relevant information to understand the 
overall system in terms of the coordination environment (R and N) (Figure 17).  Figure 17 shows 
that Pb is octahedrally coordinated (N=6) with a bond distance of 2.53 Å to oxygen (Pb-O shell: 
oxygen is the first nearest neighbor) followed by Pb-Fe shell indicating a coordination number of 
approximately 2 and an interatomic bond distance of 3.67 Å.  The Pb-Fe data suggests a 
bidentate (2 bonds) outersphere (oxygen between the Pb and Fe atoms) sorption complex for Pb 
sorption on ferrihydrite. 


TITLE name:     magnetoplumbite TITLE formula:  PbFe_12O_19  TITLE sites:    Pb1, Fe1-5, O1-5  
TITLE refer1:   Moore et al.(1989) Am. Min. 74, 1186-1194  TITLE refer2:  TITLE schoen:  TITLE notes1:   
Pb2+, Fe3+ oxidation state  TITLE notes2:   modified from Moore et al's structure:  TITLE notes3:   see 
notes below


HOLE 4   1.0   *  Pb L3 edge  (13035.0 eV), second number is S0^2


*         mphase,mpath,mfeff,mchi
CONTROL   1      1     1     1
PRINT     1      1     1     3


RMAX        6.0


*CRITERIA     curved   plane
*DEBYE        temp     debye-temp
*NLEG         8


POTENTIALS
*    ipot Z  element


0   82   Pb        
1   82   Pb        
2   26   Fe        
3    8   O         


ATOMS                          * this list contains 84 atoms
*   x          y          z      ipot tag              distance


0.00000    0.00000 0.00000 0    Pb1              0.00000
1.65468    0.00003    2.30070  3    O5_1             2.83394


-0.82737   -1.43298    2.30070  3    O5_1             2.83394
1.65468    0.00003   -2.30070  3    O5_1             2.83394


-0.82737   -1.43298   -2.30070  3    O5_1             2.83394
-0.82737    1.43304    2.30070  3    O5_2             2.83397
-0.82737    1.43304   -2.30070  3    O5_2             2.83397
2.63123   -1.31552    0.00000  3    O3_1             2.94176


-0.17634   -2.93647    0.00000  3    O3_1             2.94176
2.63123    1.31558    0.00000  3    O3_2             2.94179


-2.45494   -1.62092    0.00000  3    O3_2             2.94179
-2.45494    1.62098    0.00000  3    O3_3             2.94182
-0.17634    2.93653    0.00000  3    O3_3             2.94182
1.69537   -2.93647    0.00000  2    Fe2_1            3.39074


-3.39080    0.00003    0.00000  2    Fe2_2            3.39080
1.69537    2.93653    0.00000  2    Fe2_2            3.39080
0.83581   -1.44767    3.24399  2    Fe5_1            3.64935
0.83581   -1.44767   -3.24399  2    Fe5_1            3.64935


-1.67167    0.00003    3.24399  2    Fe5_2            3.64937
0.83581    1.44772    3.24399  2    Fe5_2            3.64937


-1.67167    0.00003   -3.24399  2    Fe5_2            3.64937
0.83581    1.44772   -3.24399  2    Fe5_2            3.64937
3.39074    0.00006    1.38042  2    Fe4_1            3.66097


-1.69542   -2.93644    1.38042  2    Fe4_1            3.66097
3.39074    0.00006   -1.38042  2    Fe4_1            3.66097


-1.69542   -2.93644   -1.38042  2    Fe4_1            3.66097
-1.69542    2.93656    1.38042  2    Fe4_2            3.66106
-1.69542    2.93656   -1.38042  2    Fe4_2            3.66106







 
Figure 17.  Structural data derived from ab-initio calculated fitting paths for Pb sorption on 
ferrihydrite.  The red curve is the sample data reduced from a raw spectrum and the blue dots 
represent the fit from the modeled paths.  The fitting data can then determine coordination 
numbers (N) and interatomic bond distances (R). 
 
 
X-Ray Absorption Near Edge Spectroscopy Data Analysis 
 
The XANES portion of the spectrum (Figure 1) is a much larger signal than EXAFS which 
allows data collection for samples with lower concentrations and less than ideal sample 
conditions.  The XANES portion is typically limited to within the range of -100 eV to 300 eV.  
These values vary depending on the element of interest and shape of the spectrum.  The 
interpretation of XANES is complicated by the fact that there is not a simple chemical or 
physical description of the spectrum since XANES is uniquely different for each element; a 
fingerprint as an analogy.  However, there is significant chemical data in the XANES region, 
notably the formal valence and coordination environment.  The valence is identifiable by the 
position of the maximum edge energy by taking the derivative the XANES region (Figure 18).  
Typically, the energy difference between oxidation (valence) states of a given element can range 
significantly so, for example, identification of arsenite (As3+) and arsenate (As5+) can be easily 
distinguished (Figure 19).  In the case of aqueous Zn and ZnS in Figure 18, Zn in the divalent 
(2+) valence however there is a slight shift (1 eV) of the ZnS spectrum to a lower energy versus 
the Zn-O coordination of aqueous Zn.  One can clearly notice distinctly different shapes of the 
Zn XANES spectra which allows for understanding of the influence of ligand type (first nearest 
neighbor) (Zn-O and Zn-S) on the coordination environment.  For the As species in Figure 19, 
oxygen is the nearest neighbor for both resulting in similar spectra but offset in E due to different 
oxidation states.  Note that the higher oxidation state of arsenate is at a higher E value than 
arsenite.  This is intuitively correct when considering an oxidized atom will exert more effort to 
hang on to remaining electrons. 
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Pb-O Shell, N=6.1, R=2.53Å


Pb-Fe Shell, N=2.3, R=3.67Å







Figure 18.  XANES spectra (thin line) and derivative of XANES spectra (thick line) for aqueous 
Zn2+ (blue) and ZnS (red). 
 


Figure 19.  XANES spectra for arsenite (As3+ - blue) and arsenate (As5+ - red). 
 
While XANES data can provide information on the oxidation state and the first coordination 
shell, it does not provide the detailed information one can gain from EXAFS analysis.  However, 
not all cases require one to know the level of information provided by EXAFS.  XANES data 
analysis is significantly less labor intensive and in some cases can provide the level of 
information necessary to answer research questions. 
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Data Analysis of Complex, Heterogeneous Samples 
 
In many instances for environmental samples, the speciation of metals can result in multiple 
phases.  This can make data analysis difficult.  For example, EXAFS data analysis is providing 
information on the average coordination numbers and bond distances for a given shell.  When 
multiple species are present, these parameters are organized into one value that does not 
represent the complexity of the metal species.  The same problem arises when interpreting the 
coordination environment of metals for XANES data analysis.  To overcome this issue, one can 
apply a statistical fitting procedure that seeks to strip the multiple components of a sample 
spectrum into individual parts through the assistance of known reference spectra.  The two most 
common methods are linear combination fitting (LCF) and principle component analysis (PCA).  
LCF analysis of XANES and XAFS spectra (LCF-XANES and LCF-XAFS) is simple to apply to 
normalized XANES spectrum or the k2 or 3-weighted χ-function from EXAFS data reduction.  
The goal in this procedure is to accumulate enough relevant reference spectra that can explain 
and represent the unknown environmental sample.  Through use of available software, one 
selects an unknown spectrum to evaluate and multiple known reference spectra to fit against the 
unknown.  By repeating the procedure and removing nonessential reference spectra, one can gain 
a semi-quantitative analysis of the major metal species present in the unknown sample (Figure 
20).  Detailed information as collected in EXAFS analysis is not possible but identity of multiple 
species in the sample is accomplished. 
 


Figure 20.  Linear combination fitting of X-ray absorption near edge spectroscopy data (LCF-
XANES) for a sediment (Sediment1) sample with multiple Zn species.  The red curve is the 







sample data and the blue curve is the fitted result.  The LCF-XANES results indicate Zn 
speciation as 87% ZnS, 4% Zn sorbed to ferrihydrite, and 9% ZnFe2O4 (franklinite). 
 
For typical environmental samples, LCF-XANES and LCF-XAFS can be a very powerful tool to 
determine metal speciation when multiple phases are present via a fingerprinting method.  This 
method proves very effective in monitoring contaminated sites to evaluate changes in metal 
speciation either through in-situ amendments or monitored natural attenuation. 
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1.0 PURPOSE 


1.1 This standard operating procedure (SOP) describes a method for radiochemical analysis 
of actinides (americium, curium, neptunium, plutonium, thorium, and uranium) using 
extraction chromatography for the chemical separation of the analytes from a variety of 
environmental matrices, followed by alpha-particle spectrometry of the prepared source. 


2.0 SCOPE AND APPLICATION 


2.1 This method is applicable for the measurement of 
241


Am, 
238


Pu, 
239


Pu, 
227


Th, 
228


Th, 
230


Th, 
232


Th, 
234


U, 
235


U, and 
238


U, (and 
237


Np and 
243/244


Cm if desired) in a variety of 
environmental matrices, including water, soil, vegetation, air filters, and tissue. 


2.2 The detection and quantification capabilities of this method are functions of sample size, 
interferences, instrument backgrounds, counting efficiency, and counting time. The actual 
minimum detectable activity (MDA) for each sample may be different based on any of 
these variables. For clean water samples, using a 1 L sample and a 1000 minute count 
time, an MDA of 0.1 pCi/L for 


241
Am, 


238
Pu, 


239
Pu, 


230
Th, 


232
Th, 


234
U, 


235
U, and 


238
U is 


usual. An MDA of 0.2 pCi/L for 
227


Th and of 0.15 pCi/L for 
228


Th is usual. For soil 
samples, using a 0.5 g aliquant and a 1000 minute count, an MDA of 0.2 pCi/g is 
generally obtainable for 


241
Am, 


238
Pu, 


239
Pu, 


230
Th, 


232
Th, 


234
U, 


235
U, and 


238
U. An MDA of 


0.35 pCi/g for 
227


Th, and of 0.3 pCi/g for 
228


Th is obtainable. 


2.3 Summary of Method 


2.3.1 This procedure involves the use of a tandem arrangement of the TEVA
TM


 and 
TRU columns or resin cartridges (available from Eichrom Technologies) 
containing extraction chromatographic resins, which effectively separate and 
isolate Am, Pu, Th, U and Np from a variety of environmental matrices. The 
columns are stacked so that the effluent from the TEVA resin column flows into 
the TRU resin column. The oxidation states of the elements of interest in the load 
solution are as follows: Am


+3
, Np


+4
, Pu


+3
, Th


+4
, and U


+6
. Any Th or Np present in 


the sample will be retained on the TEVA resin, while any Am (and/or Cm), Pu, or 
U will pass through the TEVA resin column and be sorbed onto the TRU resin 
column. 


2.3.2 The tandem column arrangement will then be separated and the elements of 
interest will be selectively eluted. The elements of interest will then be 
coprecipitated as a fluoride, and radioassayed by alpha-particle spectrometry. 


2.3.3 If there is an analyte that is not requested for analysis there are steps within the 
procedure that can be altered to accommodate this without affecting the result of 
the other analyses. For example, if Th analysis is not requested, the use of the 
TEVA column is still necessary, but the elution, purification, and co-precipitation 
of Th is no longer necessary. Also, if U analysis is requested but Am and/or Pu is 
not, then the volume of solutions used to elute Am and Pu can be decreased 
without affecting the quality of the U analysis. Other scenarios do exist, such as 
omitting certain oxidation/reduction steps when only uranium is being analyzed. 


2.4 Interferences 


2.4.1 The 
234


Th tracer, if not prepared properly, could potentially contain uranium. 
Before the 


234
Th tracer is used it should be verified that there is no substantial 


uranium contamination which would lead to interferences in isotopic uranium 
analysis. 
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2.4.2 Actinides with unresolvable alpha energies such as 
241


Am and 
238


Pu, 
237


Np and 
234


U, 
232


U and 
228


Th, 
228


Th and 
241


Am, 
232


U and 
243


Am, and 
228


Th and 
238


Pu must 
be chemically separated to enable a reliable measurement. This method 
separates all of these isotopes effectively. 


2.4.3 The presence of Fe
+3


 can interfere with the retention of the actinides on the resin. 
Any Fe


+3
 that is present in the sample must be reduced to Fe


+2
 with the addition 


of ascorbic acid so that it will not interfere with desired chemical reactions. 


2.4.4 The presence of certain matrix constituents commonly associated with 
environmental samples, such as phosphates, sulfates, and oxalates, can cause 
interferences. The addition of Al


+3
 effectively complexes such ions so that they do 


not interfere with the analysis. In fact, the presence of Al
+3


 actually increases the 
retention factor of Am to the TRU column. There may be instances when 
increasing the Al


+3
 concentration in the nitric acid + aluminum nitrate load 


solution can be beneficial to radiochemical separation and recovery. If a higher 
concentration of Al


+3
 is needed, increase the amount of aluminum nitrate added 


in the preparation of the reagent in section 6.20. To achieve a 1 M concentration 


of aluminum nitrate, dissolve 376 g of aluminum nitrate nonahydrate in the same 
volume of other reagents listed. 


2.4.5 Neptunium and americium can not be run sequentially. Each must be analyzed 
using a separate aliquant. The tracer used for Am analysis is 


243
Am. The tracer 


used for Np analysis is 
239


Np, which is in equilibrium with 
243


Am. The 
239


Np yield 
is determined by beta counting. In order to achieve acceptable counting statistics 
the amount of 


239
Np added is equivalent to ~50 dpm of 


243
Am. 


3.0 DEFINITIONS 


3.1 assay batch - a set of test sources prepared by one analyst at the same time, following 
one analytical method, and delivered to the nuclear counting laboratory for the same 
nuclear counting procedure. 


3.2 carrier - a quantity of nonradioactive or nonlabeled material of the same chemical 
composition as its corresponding radioactive or labeled counterpart. When mixed with the 
corresponding radioactive labeled material, so as to form a chemically inseparable 
mixture, the carrier permits chemical (and some physical) manipulation of the mixture 
with less label or radioactivity loss than would be true for the undiluted label or 
radioactive material. 


3.3 Center for Environmental Radioanalytical Laboratory Science (CERLS) - the Center 
at NAREL responsible for analyzing samples for radioactive constituents and hazardous 
chemicals; formerly the Monitoring and Analytical Services Branch (MASB). 


3.4 control chart - a graph for monitoring the outputs of a process, such as an analytical 
measurement process, for the purpose of detecting conditions or trends adverse to 
quality. 


3.5 laboratory control sample (LCS) - an artificial sample generated by the analyst in the 
laboratory and spiked with a known amount of one or more analytes. After being spiked, 
the LCS is prepared and analyzed in the same manner as a normal sample, and the 
result of the measurement is compared to the known amount of analyte added to assess 
the bias of the measurement process. 


3.6 laboratory information management system (LIMS) - a database and software system 
used to manage radioanalytical data, monitor work processes, and produce reports. 
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3.7 material safety data sheet (MSDS) - a document that contains information on the 
potential health effects of exposure to chemicals or other potentially dangerous 
substances, and on safe working procedures workers should adhere to when handling 
chemical products. 


3.8 method blank - an artificial sample generated by the analyst in the laboratory, which is 
as free as possible of the analyte of interest. The method blank is prepared and analyzed 
in the same manner as a normal sample and alongside real samples, so that the result of 
the measurement may be used to assess low-level bias in the measurement process, 
such as that caused by contamination of reagents, as well as cross-contamination of 
samples. 


3.9 method detection limit (MDL) - A statistical analysis of a series of analytical data points 
to determine the concentration at which an analyte is able to be determined by a given 
method. 


3.10 minimum detectable activity (MDA) - the minimum activity of analyte in a laboratory 
sample that guarantees a specified high probability of detection, usually 95 %. 


3.11 National Air and Radiation Environmental Laboratory (NAREL) - the U.S. 
Environmental Protection Agency (EPA) Office of Radiation and Indoor Air’s (ORIA) 
laboratory located in Montgomery AL. 


3.12 National Institute of Standards and Technology (NIST) - the national standards body 
for the United States and a member organization of the International Organization for 
Standardization (ISO), formerly the National Bureau of Standards (NBS). 


3.13 NIST traceability - Reference standards that are used in a radiochemical laboratory shall 
be obtained from the National Institute of Standards and Technology (NIST), or suppliers 
who participate in supplying NIST standards or NIST traceable radionuclides. Any 
reference standards purchased outside the United States shall be traceable back to each 
country's national standards laboratory. Commercial suppliers of reference standards 
shall conform to ANSI N42.22 to assure the quality of their products. 


3.14 Quality Assurance (QA) Manager - the person with primary responsibility for overseeing 
NAREL's quality system. 


3.15 R value - the ratio of observed activity divided by the actual amount of added activity, a 
measure of recovery. 


3.16 Radiochemistry Data Coordinator (RDC) – person in CERLS who reviews analytical 
results, monitors the progress of analytical projects, and prepares data reports for clients. 


3.17 radiotracer (tracer) - a radioactive isotope of the analyte, or of a chemically similar 
element, a measured amount of which is added to each test portion to measure the 
chemical yield. 


3.18 replicate sample (duplicate) - an aliquant taken from one sample at the same time 
another aliquant is taken for normal preparation and analysis. Both aliquants are 
prepared and analyzed in the same manner. The analytical result for the second aliquant 
is compared to the result of the first aliquant to assess the precision of the measurement 
process. A duplicate sample should be processed with each analytical batch or every 
20 samples, whichever is greater. 


3.19 Safety, Health and Environmental Manager (SHEM) - the person with primary 
responsibility for overseeing NAREL's Health and Safety Program. 


3.20 standard operating procedure (SOP) - a document that describes in detail the steps for 
performing a routine task. 
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4.0 ROLES AND RESPONSIBILITIES 


4.1 Unless otherwise noted, the radiochemist is responsible for performing all steps of this 
procedure. These responsibilities include grouping samples into QC batches, performing 
chemical separations and recording all data in laboratory notebooks. 


4.2 Personnel in the Nuclear Counting Laboratory calibrate and maintain alpha-particle 
spectrometers, use them to analyze prepared samples, and perform the first review of 
analytical results. 


4.3 The NAREL Radiochemistry Data Coordinator (RDC) performs a second review of each 
analysis performed using this method. 


4.4 The NAREL QA Chemist is responsible for preparing 
230


Th, 
239


Pu, 
241


Am, and 
238


U spiking 
solutions. 


5.0 EQUIPMENT AND SUPPLIES 


5.1 Assorted glassware. 


5.2 Membrane filters, 25 mm diameter, 0.1 μm - 0.2 μm pore size. 


5.3 Suction filter apparatus for 25 mm membrane filters. 


5.4 Stainless steel planchets, 32 mm diameter. 


5.5 Petri dishes. 


5.6 Tweezers. 


5.7 Alpha spectrometric system consisting of multichannel analyzer, biasing electronics, 
printer, silicon surface barrier detectors, vacuum pump, and chamber. 


5.8 Calibrated analytical balance, readability 0.1 mg or less. 


5.9 Calibrated top-loading balance. 


5.10 Hot plates. 


5.11 Calibrated Eppendorf
®
 auto pipets, assorted volumes. 


5.12 Vacuum box (available from Eichrom Technologies). 


6.0 REAGENTS AND STANDARDS 


6.1 Reagent grade chemicals (or better) shall be used in all tests. 


6.2 Reagent water in this method is laboratory de-ionized water which is treated by a point of 
use filtration system to ≥18.0 MΩ∙cm resistivity (see the De-ionized Water System section 
in the Equipment chapter of the NAREL Radiochemistry Quality Assurance Manual) 
which is equivalent to ASTM Type 1, and shall be interference free. Analysis of a method 
blank must verify that the water is free from interferences. 


6.3 Aluminum nitrate nonahydrate, Al(NO3)3·9H2O, [CAS# 7784-27-2]. 


6.4 Ammonium hydrogen phosphate, (NH4)2HPO4, [CAS# 7783-28-0]. 


6.4.1 Ammonium hydrogen phosphate, (3.2 M): Dissolve 104 g of (NH4)2HPO4 in 
200 mL of water, heat gently to dissolve, and dilute to 250 mL with deionized 
water. 


6.5 Ammonium hydroxide, NH4OH, (concentrated), [CAS# 1336-21-6]. 
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6.6 Ammonium oxalate, (NH4)2C2O4·H2O, [CAS# 6009-70-7]. 


6.6.1 Ammonium oxalate (0.1 M): Add 14.2 g of ammonium oxalate to 900 mL of 
deionized water and dilute to 1 L with deionized water. 


6.7 Ascorbic acid, powder, C6H8O6, [CAS# 50-81-7]. 


6.8 Calcium nitrate tetrahydrate, Ca(NO3)2·4H2O, [CAS# 13477-34-4]. 


6.8.1 Calcium nitrate, (1.25 M): Dissolve 73.8 g of Ca(NO3)2·4H2O in 100 mL of water 
and dilute to 250 mL with deionized water. 


6.9 Cerium (III) nitrate hexahydrate, Ce(NO3)3 ·6H2O, [CAS# 10294-41-4]. 


6.10 Cerium +3 carrier: Dissolve 0.155 g cerium (III) nitrate hexahydrate in 50 mL of deionized 
water and dilute to 100 mL (0.5 mg/mL Ce


+3
). 


6.11 Denatured alcohol solution or equivalent, [CAS# 141-78-6]. 


6.12 Ferrous sulfamate, Fe(NH2SO3)2, [CAS# 14017-39-1], (0.6 M): Add 57 g of sulfamic acid 
to 150 mL of deionized water, heat to 70 °C, add 7 g of iron powder in small increments 
until dissolved. Filter, transfer to a flask and dilute to 200 mL with deionized water. 
Prepare fresh weekly or purchase from Strem Chemical Co, (1-800-647-8736), catalog 
# 93-2638 Iron (II) sulfamate 25-30 % aqueous solution. 


6.13 Hydrochloric acid, HCl, (concentrated, 12 M), [CAS# 7647-01-0]. 


6.13.1 Hydrochloric acid (6 M): Add 500 mL of concentrated HCl to 400 mL of deionized 
water and dilute to 1 L with deionized water. 


6.13.2 Hydrochloric acid (4 M): Add 333 mL of concentrated HCl to 500 mL of deionized 
water and dilute to 1 L with deionized water. 


6.13.3 Hydrochloric acid (1 M): Add 83 mL of concentrated HCl to 900 mL of deionized 
water and dilute to 1 L with deionized water. 


6.13.4 Hydrochloric acid (0.1M): Add 8.3 mL of concentrated HCl to 900 mL of deionized 
water and dilute to 1 L with deionized water. 


6.14 Hydrochloric acid (1 M) + oxalic acid (0.1 M) solution: Dissolve 12.6 g of oxalic acid in 
900 mL of 1 M HCl and dilute to 1 L with 1 M HCl. 


6.15 Hydrochloric acid (0.1 M) + hydrofluoric acid (0.05 M) + titanium chloride (0.03 M). Add 
15 mL of 20 % titanium chloride per 500 mL of 0.1 M HCl and 0.05 M hydrofluoric acid. 
Prepare fresh within 30 minutes of intended use. 


6.16 Hydrofluoric acid, HF, (concentrated, 29 M), [CAS# 7664-39-3]. 


6.16.1 Hydrofluoric acid (3 M): Add 52 mL of concentrated HF to 400 mL of deionized 
water and dilute to 500 mL with deionized water. 


6.17 Iron, powder, Fe, [CAS# 7439-89-6]. 


6.18 Isopropyl alcohol, C3H7OH, (95 %), [CAS# 67-63-0]. 


6.19 Nitric acid, HNO3, (concentrated, 16 M), [CAS# 7697-37-2]. 


6.19.1 Nitric acid (2.5 M): Add 156 mL of concentrated HNO3 to 800 mL of deionized 
water and dilute to 1 L with deionized water. 


6.20 Nitric acid (2.5 M) + aluminum nitrate (0.5 M) solution: Add 188 g of aluminum nitrate to 
500 mL of deionized water, mix to dissolve, add 156 mL of concentrated HNO3, and 
dilute to 1 L with deionized water. 
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6.21 Nitric acid (2.5 M) + sodium nitrite (0.1 M) solution: Dissolve 0.35 g of sodium nitrite in 
50 mL of 2.5 M HNO3. Prepare fresh solution daily. 


6.22 Oxalic acid dihydrate, H2C2O4·2H2O, (0.1 M) [CAS# 6153-56-6]. 


6.23 Perchloric acid, HClO4, (concentrated) [CAS# 7601-90-3]. 


6.24 Phenolphthalein, C20H14O4, [CAS# 77-09-8]. 


6.24.1 Phenolphthalein solution: Dissolve 1 g of phenolphthalein in 100 mL of 95 % 
isopropyl alcohol. 


6.25 Sodium nitrite, NaNO2, [CAS#: 7632-00-0]. 


6.26 Sulfamic acid, NH2SO3H, [CAS# 5329-14-6]. 


6.27 TEVA Resin prepacked column, or resin cartridge (available from Eichrom Technologies). 


6.28 Titanium (III) chloride, TiCl3, (10-15 % in hydrochloric acid) [CAS# 7705-07-9]. Replace 
within six months after opening. Store in amber bottle away from direct sunlight. 


6.29 Tracers, calibrated: 
243


Am, 
242


Pu, 
234


Th, and 
232


U. 
243


Am, 
242


Pu, and 
232


U are alpha 
emitters; 


234
Th is a beta emitter. 


6.30 TRU Resin prepacked column, or resin cartridge (available from Eichrom Technologies). 


6.31 Nickel foil [CAS# 7440-02-0]. 


7.0 SAFETY 


7.1 All procedures performed at NAREL must be conducted following the requirements 
detailed in the NAREL Chemical Hygiene Plan and the NAREL Radiation Safety Manual. 
Safety precautions associated with handling of chemical reagents, solutions, and all 
samples are the primary responsibility of the analyst. Any spills or accidents involving 
hazardous, corrosive, or toxic material must be immediately resolved. 


7.2 All NAREL laboratory personnel are expected to use good laboratory practices. Most of 
the safety training is provided by the SHEM officer. The analyst is expected to comply 
with all directives given by the SHEM officer, and must take necessary precautions to 
prevent exposure or injury to both self and co-workers. 


7.3 Unnecessary or prolonged exposure to laboratory chemicals should be avoided. 


7.4 Aluminum nitrate nonahydrate, Al(NO3)3·9H2O, [CAS# 7784-27-2], is a strong oxidizer; 
contact with other material may cause fire. Harmful if swallowed or inhaled. Causes 
irritation to skin, eyes and respiratory tract. Inhalation may result in coughing and 
shortness of breath. Ingestion may cause gastroenteritis and abdominal pain. Avoid 
contact with skin and eyes by using appropriate protective clothing and equipment. Use 
only with adequate ventilation. Keep separate from combustible, organic, or any other 
readily oxidizable materials. Store in a tightly closed container. 


7.5 Ammonium hydrogen phosphate (ammonium phosphate dibasic), (NH4)2HPO4, 
[CAS# 7783-28-0], causes irritation to skin, eyes and respiratory tract, and is harmful if 
swallowed or inhaled. Inhalation may result in coughing and shortness of breath. 
Ingestion may result in nausea, vomiting and diarrhea. Avoid contact with skin and eyes 
by using appropriate protective clothing and equipment. Use only with adequate 
ventilation. Store in a tightly closed container. 


7.6 Ammonium hydroxide, NH4OH, (concentrated), [CAS# 1336-21-6], is a poison and 
corrosive; may be fatal if swallowed or inhaled. Mist and vapor cause burns to every area 
of contact. Vapors and mists cause irritation to the respiratory tract; higher concentrations 
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can cause burns, pulmonary edema and death. Toxic: ingestion may cause corrosion to 
the esophagus and stomach with perforation and peritonitis; 3-4 mL may be fatal. Contact 
with skin causes irritation and burns. Contact with eyes by vapors causes irritation; 
splashes cause severe pain, eye damage, and permanent blindness. Avoid contact with 
skin and eyes by using appropriate protective clothing and equipment. Use only with 
adequate ventilation. Store in a tightly closed container; keep away from heat and direct 
sunlight. 


7.7 Ammonium oxalate, [(NH4)2C2O4·H2O], [CAS# 6009-70-7], is poisonous and may be fatal 
if inhaled or ingested. Contact with skin or eyes can cause severe irritation and pain and 
may cause burns. Ammonium oxalate must be kept in a tightly closed container and 
stored in a dry, ventilated area, away from incompatible substances such as strong acids. 
Wash hands thoroughly after use. 


7.8 Ascorbic acid, powder, C6H8O6, [CAS# 50-81-7], is relatively non-hazardous but may 
cause mild irritation to the respiratory tract if inhaled, and mild irritation to skin and eyes 
upon contact. Avoid contact with skin and eyes by using appropriate protective clothing 
and equipment. Use with adequate ventilation. Store in a tightly closed container; keep 
away from heat. 


7.9 Calcium nitrate tetrahydrate, Ca(NO3)2·4H2O, [CAS# 13477-34-4], is a strong oxidizer; 
contact with other material may cause fire. Causes irritation to skin, eyes and respiratory 
tract. Harmful if swallowed or inhaled. Inhalation may result in coughing and shortness of 
breath, ingestion may result in nausea, vomiting and diarrhea. Avoid contact with skin 
and eyes by using appropriate protective clothing and equipment. Use only with adequate 
ventilation. Keep separate from incompatibles, combustibles, organic or other readily 
oxidizable materials. Store in a tightly closed container. 


7.10 Cerium (III) nitrate hexahydrate, Ce(NO3)3 ·6H2O, [CAS# 10294-41-4], is a strong 
oxidizer; contact with other material may cause fire. Causes eye and skin irritation; may 
be harmful if absorbed through the skin. May cause respiratory tract irritation; may be 
harmful if inhaled. May cause irritation of the digestive tract. Avoid contact with skin and 
eyes by using appropriate protective clothing and equipment. Use only with adequate 
ventilation. Keep separate from incompatibles, combustibles, or other readily oxidizable 
materials. Hygroscopic. Store in a tightly closed container. 


7.11 Ethyl alcohol (ethanol), C2H5OH, [CAS# 64-17-5], is flammable as a liquid and as a 
vapor. Inhalation may cause drowsiness and irritation to the respiratory tract. Avoid skin 
and eye contact by using appropriate protective clothing. Use only in a well-ventilated 
area away from open flames and ignition sources. Store in containers approved for ethyl 
alcohol. 


7.12 Ferrous sulfamate, Fe(NH2SO3)2, is irritating to skin and eyes; may be irritating to the 
respiratory tract and may be harmful if swallowed. Avoid contact with skin and eyes by 
using appropriate protective clothing and equipment. Use with adequate ventilation. Store 
in a tightly closed container; keep away from heat and direct sunlight. 


7.13 Hydrochloric acid, HCl, [CAS# 7647-01-0], is harmful if swallowed, inhaled, or ingested. It 
can cause serious damage to eyes and skin. Ingestion can cause burns around the 
mouth, throat, and esophagus with irritation and pain. Hydrochloric acid causes chemical 
burns following contact with skin and eyes. Inhalation can cause toxic effects and may be 
fatal. Use hydrochloric acid only with adequate ventilation and appropriate protective 
clothing. Always release caps slowly to ensure slow dissipation of vapors. Store 
concentrated hydrochloric acid in the original container, securely sealed, in a cool, dry, 
well-ventilated area, away from alkaline materials, galvanized steel, and zinc. Avoid 
strong bases. Do not discharge into sewer or waterways. 
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7.14 Hydrofluoric acid, HF, [CAS# 7664-39-3], is a highly reactive chemical. It must be stored 
in plastic containers, and away from light, heat, and strong bases. Hydrofluoric acid is 
highly destructive to tissue and may be fatal if inhaled, swallowed, or absorbed through 
the skin. Hydrofluoric acid should be used only by persons trained and familiar with 
appropriate safety precautions. 


7.15 Iron, powder, Fe, [CAS# 7439-89-6], may cause irritation to eyes and the respiratory 
tract. Avoid inhalation and contact with eyes by using appropriate protective clothing and 
equipment. Use with adequate ventilation. Avoid dust formation and ignition sources. 
Store in a tightly closed container. 


7.16 Isopropyl alcohol (isopropanol), C3H7OH, [CAS# 67-63-0], is flammable and may be 
violently or explosively reactive. Ingestion can cause gastritis, nausea, vomiting, and 
diarrhea, as well as nervous system symptoms and lung damage. Isopropanol causes 
eye and skin irritation on exposure. Inhalation of vapors can cause drowsiness, dizziness, 
headaches, muscle weakness, seizures, and unconsciousness. Containers, even those 
that have been emptied, can contain explosive vapors. Unopened containers received 
from the manufacturer are safe to store for 18 months. Opened containers should not be 
stored for more than 12 months. Avoid all personal contact and use in a well ventilated 
area. Do not use aluminum or galvanized containers. Store in the original container away 
from heat and flame sources, and away from strong acids, acid anhydrides, and oxidizing 
agents. Do not discharge into sewers or waterways. 


7.17 Nitric acid, HNO3, [CAS# 7697-37-2], is poisonous, reactive, and a strong oxidizer. 
Contact with other materials may cause fire. It can cause burns to body tissues and may 
be fatal if ingested or inhaled. Vapors are irritating to eyes and mucous membranes. Use 
only with adequate ventilation and proper protective clothing and gloves. Nitric acid is 
incompatible with most substances, especially strong bases, metallic powders, carbides, 
and combustible organics. Store away from light and heat. 


7.18 Oxalic acid dihydrate, H2C2O4·2H2O, [CAS# 6153-56-6], is a poison and corrosive; may 
be fatal if swallowed or inhaled. Causes severe irritation and burns to skin, eyes, and 
respiratory tract. Harmful if inhaled or absorbed through skin. May cause kidney damage. 
Harmful if inhaled: can cause severe irritation and burns of nose, throat and respiratory 
tract. Toxic: ingestion may cause burns, nausea, severe gastroenteritis and vomiting, 
shock and convulsions. May cause renal damage; estimated fatal dose is 5-15 grams. 
Contact with skin can cause severe irritation and burns; may be absorbed through skin. 
Contact with eyes can cause severe irritation and may produce corrosive effects. Avoid 
contact with skin and eyes by using appropriate protective clothing and equipment. Use 
only with adequate ventilation. Store in a tightly closed container; keep away from heat 
and incompatibilities. 


7.19 Perchloric acid, HClO4, [CAS# 7601-90-3], is a strong oxidizer. It is explosive in the 
presence of heat, oxidizing materials, and organic materials. Contact with other material 
may cause a fire. It is corrosive and hygroscopic. Perchloric acid is severely corrosive to 
eyes and skin. It is toxic if inhaled or ingested and may cause burns to mouth, throat, and 
stomach. Perchloric acid may cause severe irritation of the respiratory tract if inhaled. Do 
not store perchloric acid near combustible materials; it increases the risk of fire and may 
aid combustion. Store in a cool, dry place in a tightly closed container and use only with 
adequate ventilation. Use perchloric acid only in a hood that is used exclusively for 
perchloric acid. Keep the hood clean and do not allow buildup of dried perchloric crystals 
in the hood. Solid crystals may undergo spontaneous and explosive decomposition. 
Always wear eye, skin, and clothing protection when using perchloric acid. Perchloric 
acid should be used only by persons trained and familiar with appropriate safety 
precautions. 
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7.20 Phenolphthalein, C20H14O4, [CAS# 77-09-8], is harmful if swallowed, a suspect cancer 
hazard. Nuisance dust; inhalation may cause coughing and sneezing. May cause slight 
irritation to eyes upon contact. Cathartic, even in small amounts (30-100 mg); 
ingestion/absorption may cause purging, collapse, blood pressure drop, or 
itching/ulcerous skin rash. Avoid contact with skin and eyes by using appropriate 
protective clothing and equipment. Use only with adequate ventilation. Store in a tightly 
closed container. 


7.21 Sodium nitrite, NaNO2, [CAS#: 7632-00-0], is a strong oxidizer; contact with other 
material may cause fire. Heat, shock, or contact with other material may cause fire or 
explosive decomposition. Harmful if swallowed, inhaled or absorbed through skin. 
Causes irritation to skin, eyes and respiratory tract. Toxic: inhalation causes irritation to 
the respiratory tract and systemic poisoning with symptoms paralleling indigestion. 
Ingestion can irritate the mouth, esophagus, stomach, etc.; excessive amounts affect the 
blood and blood vessels (estimated lethal dose 1-2 grams). Contact with skin and eyes 
causes irritation, redness, and pain; may be absorbed through skin, causing systemic 
poisoning. Avoid contact with skin and eyes by using appropriate protective clothing and 
equipment. Use only with adequate ventilation. Keep separate from incompatibles, 
combustibles, organic or any other readily oxidizable materials. Store in a tightly closed 
container away from heat. 


7.22 Sulfamic acid, NH2SO3H, [CAS# 5329-14-6], is corrosive to eyes and skin and may cause 
burns to mouth, throat, and stomach. Use only with adequate ventilation. Wear 
appropriate gloves and eye protection when using sulfamic acid. Store in tightly closed 
container in a cool, well-ventilated area. The generation of waste should be avoided or 
minimized wherever possible. Avoid dispersal of spilled material and runoff and contact 
with soil, waterways, drains, and sewers. 


7.23 Titanium chloride, TiCl3, [CAS# 7705-07-9], is a flammable solid and can cause severe 
eye and skin burns. Replace within six months after opening. Store in amber bottle away 
from direct sunlight. 


7.24 Material safety data sheets (MSDS) are available to all personnel involved in chemical 
analysis. It is the responsibility of each analyst to be familiar with chemicals used during 
an analysis. 


7.25 Refer to the NAREL Chemical Hygiene Plan for verification of appropriate safety and 
health practices. 


8.0 SAMPLE COLLECTION, PRESERVATION, AND STORAGE 


8.1 Soil samples can be shipped to the laboratory in either plastic or glass containers. No 
preservation is required. 


8.2 Water samples can be shipped in either plastic or glass containers. Nitric acid should be 
added to the sample in the field to bring the pH to less than 2. Upon receipt of the 
samples, NAREL staff checks the pH of each water sample for actinides analysis, and 
adjusts the pH as necessary. 


8.3 Special handling such as refrigeration or freezing may be required for samples of other 
matrices such as animal tissue or vegetation. 


8.4 Samples for actinides analysis do not require refrigeration during storage. 
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9.0 CALIBRATION AND STANDARDIZATION 


9.1 A detailed procedure for preparing the 
234


Th tracer is presented in NAREL Standard 
Operating Procedure for Preparing Thorium-234 Tracer Solutions (AMS/SOP-4). 


9.2 A detailed procedure for preparing the
 232


U tracer is presented in NAREL Standard 
Operating Procedure for Preparation of Self-Cleaning U-232 Tracer Solution 
(AMS/SOP-6). 


9.3 All fixed volume pipets used must be calibrated and checked in accordance with the 
NAREL Standard Operating Procedure for Calibration, Use, and Maintenance of Pipets 
(SE/SOP-4). 


9.4 All balances used must be calibrated and checked in accordance with the NAREL 
Standard Operating Procedure for Calibration of Balances (SE/SOP-1). 


9.5 All alpha spectrometers must be calibrated in accordance with the NAREL Standard 
Operating Procedure for Calibration and Use of Alpha Spectrometers Using AlphaVision 
(NC/SOP-8). 


10.0 PROCEDURE 


10.1 Sample Preparation: 


10.1.1 Measure the appropriate aliquant of sample for analysis. 


10.1.1.1 Since there is a limit to the total activity that can be placed in an alpha 
spectrometer chamber, samples for alpha-particle spectrometry should 
be analyzed first for gross alpha radiation if there is adequate sample 
available. 


10.1.1.2 The aliquant size in grams ashed (gash) for solid samples for actinides 
(except thorium, which uses a beta-emitting tracer) can be computed 
as follows: 


10.1.1.2.1 Subtract the alpha tracer activity in picocuries from 30 pCi. 


10.1.1.2.2 Divide the difference by the gross alpha concentration in 
pCi/gash. 


10.1.1.2.3 If the computed size is less than 0.25 gash, take an 
aliquant and perform a dilution to obtain the required 
amount. 


10.1.1.3 The aliquant size in milliliters for water samples for actinides (except 
thorium, which uses a beta-emitting tracer) is computed as follows: 


10.1.1.3.1 Subtract the alpha tracer activity in picocuries from 30 pCi. 


10.1.1.3.2 Divide the difference by the gross alpha concentration in 
pCi/mL to determine the volume of the aliquant. 


10.1.2 Add appropriate tracer(s). 


10.1.2.1 The procedure to prepare the 
234


Th tracer is documented in NAREL 
Standard Operating Procedure for Preparing Thorium-234 Tracer 
Solutions (AMS/SOP-4). The procedure for preparing 


232
U tracer is 


presented in NAREL Standard Operating Procedure for Preparation of 
Self-Cleaning U-232 Tracer Solution (AMS/SOP-6). Other tracers are 
distributed to analysts by the NAREL QA Manager. Their preparation 
and validation are described in NAREL Standard Operating Procedure 
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for Preparing and Validating Radiochemical Tracers, Spiking Solutions, 
and Calibration Solutions (QA/SOP-4). 


10.1.2.2 The activity of a 
232


U, 
242


Pu, 
243


Am added to a sample should be at 
least 4 dpm to ensure that the uncertainty in the yield will be small. The 
activity should not be more than 8 dpm. 


10.1.2.3 The 
234


Th tracer activity should be 2000 - 5000 cpm per sample. 


10.1.2.4 The 
239


Np tracer (beta-emitter) activity should be equivalent to 
~50 dpm of


 243
Am. 


10.1.2.5 NOTE: Standard procedure requires that appropriate tracer(s) be added 
to each sample before digestion or other preparation steps are begun. 
In rare circumstances, the analyst may digest the solid sample aliquant 
before adding the tracer(s), bring the dissolved sample to a measured 
volume, remove a measured portion of the solution as a sample, and 
then add tracer(s). This can be done when the total sample alpha 
activity as indicated by the gross alpha result is high enough that a 
very small soil aliquant must be taken to keep sample activity with 
tracer below 30 pCi. Measurement of such a small aliquant, with 
associated large uncertainty, is avoided by the digestion and dilution 
procedure. Similarly, if a sample result indicates probable matrix 
interference, the analyst may use the digestion and dilution process to 
minimize matrix effect for the repeat preparation and analysis. In any 
case where this procedure is used, the analyst must document fully the 
reason for the deviation from the SOP in the logbook and on the assay 
batch form. The RDC is then responsible for describing the deviation 
and its rationale in the report to the client. 


10.1.3 Preparation options: 


10.1.3.1 Preparation technique for hotplate digestion of solid samples. 


10.1.3.1.1 Weigh aliquant of solid sample (preferable ashed) into a 
Teflon beaker. 


10.1.3.1.2 Wet the sample aliquant with a small amount of water or 
dilute HNO3. 


10.1.3.1.3 Add appropriate tracer(s). 


10.1.3.1.4 Add 5 - 10 mL 16 M HNO3. 


10.1.3.1.5 Add 20 - 50 mL 29 M HF. 


10.1.3.1.6 Place on hotplate at medium-hot setting. Evaporate to 
dryness. 


10.1.3.1.7 Inspect the sample. If it appears silica remains then repeat 
HF treatment. If silica appears to be adequately removed 
from the sample, add ~5 mL 16 M HNO3 and evaporate to 
dryness. 


10.1.3.1.8 Add 5 - 10 mL 16 M HNO3 and 5 - 10 mL 12 M HCl. Place 
beaker on hotplate to dissolve residue. Transfer dissolved 
sample from Teflon beaker to a labeled glass beaker. 
Rinse the Teflon beaker with HNO3 and/or HCl, and 
combine with original sample. 
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10.1.3.1.9 Place beaker on hotplate. Evaporate to dryness. If the 
analyst determines that some organic material remains 
undigested in the sample, add 5 - 10 mL 16 M HNO3 and 
5 - 10 mL 12 M HClO4 and evaporate to dryness. 


10.1.3.1.10 Add 5 - 10 mL 16 M HNO3. Evaporate to dryness. 


10.1.3.1.11 Dissolve residue in 10 - 20 mL of load solution. Proceed to 
section 10.2. 


10.1.3.2 Preparation technique for digestion of water samples. 


10.1.3.2.1 Measure sample aliquant. 


10.1.3.2.2 Add appropriate tracers. 


10.1.3.2.3 Add 5 - 10 mL 16 M HNO3 and 5 - 10 mL 12 M HCl. Place 
sample on hotplate and evaporate to dryness. 


10.1.3.2.3.1 If it appears that the sample contains 
siliceous material as the sample volume 
decreases during evaporation, treatment 
with HF may be applicable. If so, transfer the 
sample to a Teflon beaker, add 20 - 50 mL 
29 M HF, and continue the digestion of the 
sample as described beginning with step 
10.1.3.1.6. 


10.1.3.2.3.2 If it appears that the sample contains 
organic material, treatment with HClO4 may 
be applicable. If so, see step 10.1.3.1.9. 


10.1.3.2.4 Add 5 - 10 mL 16 M HNO3. Evaporate to dryness. 


10.1.3.2.5 Dissolve residue in 10 - 20 mL of load solution. Proceed to 
section 10.2. 


10.1.3.3 Preparation techniques for the microwave assisted acid digestion of 
solid and semi-solid samples (soils, oils, or tissues) are described in 
the NAREL Standard Operating Procedure for Microwave Digestion of 
Samples for Actinide, Strontium, Radium, and Alpha/Beta Analyses 
(AMS/SOP-7). 


10.1.3.4 Calcium phosphate precipitation option for water samples. This option 
offers an efficient means for water sample preparation when a large 
sample volume (0.5 - 3 L) is required to achieve required detection 
limits. 


10.1.3.4.1 Add 0.5 mL of 1.25 M Ca(NO3)2 to each sample. 


10.1.3.4.2 Place the sample on a hotplate at a high setting. Heat the 
sample to a boil. Once the sample boils, lower the setting 
of the hotplate to a low-medium setting. 


10.1.3.4.3 Add ~3 drops of phenolphthalein indicator and 0.2 mL of 
3.2 M (NH4)2HPO4. 


10.1.3.4.4 Slowly add enough NH4OH to reach the phenolphthalein 
endpoint (pink) and begin the formation of the Ca3(PO4)2 
precipitate. Add a stir bar to the beaker, place the beaker 
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back on the hotplate, and allow to heat with stirring for at 
least 30 minutes. 


10.1.3.4.5 Remove the stir bar, and allow the precipitate time to settle 
(30 minutes to 2 hours) or centrifuge, so that the solution 
can be decanted. 


10.1.3.4.6 Decant the supernatant and discard as waste. 


10.1.3.4.7 Quantitatively transfer the precipitate to a centrifuge tube 
(either 50 mL or 250 mL tube), and spin at 2000 rpm for at 
least 2 minutes. 


10.1.3.4.8 Wash the precipitate with an amount of deionized water 
approximately twice the volume of the precipitate. Mix well 
and centrifuge. Discard the supernatant. 


10.1.3.4.9 If ammonia odor persists, repeat washing step. 


10.1.3.4.10 Dissolve the precipitate in 3 - 5 mL of 16 M HNO3, and 
transfer the solution to a beaker. Rinse the centrifuge tube 
with 2 - 3 mL of 16 M HNO3 and combine with the solution 
in the beaker. 


10.1.3.4.11 Place the beaker containing the sample on a hotplate on a 
medium setting and evaporate to dryness (do not bake). 


10.1.3.4.12 The sample is now ready for radiochemical separation. 
Proceed to step 10.2.1. 


10.2 Column or Cartridge Preparation: 


10.2.1 For each sample to be analyzed, place one TEVA resin and one TRU resin 
column in a tandem arrangement so that the effluent from the TEVA column 
flows into the TRU column. 


10.2.2 All draining steps in the procedure may make use of a vacuum box to speed up 
flow through the columns or cartridges. Generally the flow rate is set at 1 - 2 mL 
per minute. 


10.2.3 Condition the columns with 5 mL of 2.5 M HNO3. Allow them to drain. Discard the 
effluent. 


10.3 Chemical Separation: 


10.3.1 Dissolve the digested sample in 10 - 15 mL of the HNO3 + Al(NO3)3 solution. 
Visually inspect the sample to make sure there are not any residual solids 
remaining in the sample before it is poured onto the column. Even a small 
amount of residual matter can clog the frit on the column, making it difficult for 
the sample to flow through the column at an acceptable rate. If residual solids are 
present, take the appropriate steps to remove them (ex. Filtering or centrifuging). 
Add 2 mL of ferrous sulfamate solution. Ferrous sulfamate reduces Pu


+4
 to Pu


+3
 


to enable a clean Th/Pu separation. Ferrous sulfamate also reduces neptunium 
to Np


+4
. 


10.3.2 Add approximately 200 mg of ascorbic acid. Samples high in Fe
+3


 might require 
additional ascorbic acid. Swirl the sample to mix and allow the ascorbic acid to 
dissolve. Pour the sample solution into the reservoir on the top column of the 
tandem setup. 
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10.3.3 Rinse the beaker that contained the sample with 5 mL 2.5 M HNO3 and 1 mL of 
ferrous sulfamate. Add to the reservoir with sample solution currently on the 
column. Allow the sample to drain through both columns. Discard the effluent. 


10.3.4 Add 5 mL of 2.5 M HNO3 to the reservoir on the top column, and allow it to drain. 
Discard the effluent. 


10.3.5 Disconnect the two columns. From this point on the TEVA Resin and TRU resin 
columns will be run separately and simultaneously. 


10.4 Purification and Elution of Thorium and Neptunium: 


10.4.1 Rinse the TEVA column with 5 mL of 2.5 M HNO3. Discard the effluent. 


10.4.2 Place a clean 50 mL polypropylene centrifuge tube labeled with sample number 
and “Th” below the appropriate column/cartridge. 


10.4.3 Add 15 - 20 mL of 6 M HCl to each reservoir to elute the Th from the 
column/cartridge. Collect the effluent. 


10.4.4 Set solution containing the thorium strip aside for source preparation (step 10.6). 


10.4.5 Place a clean 50 mL polypropylene centrifuge tube labeled with sample number 
and “Np” below the appropriate column/cartridge. 


10.4.6 Add 15 - 20 mL of the Np strip solution (HCl + HF + TiCl3). Collect the effluent. 


10.4.7 Set solution containing the neptunium strip aside for source preparation (step 
10.6.7). 


10.4.8 Thorium and neptunium samples do not contain an alpha emitting tracer. For Th 
and Np samples a standard must be prepared for each assay batch taken to the 
Nuclear Counting Laboratory (NCL). The standard is prepared by adding an 
equal volume of tracer that was used with the samples into a 50 mL centrifuge 
tube or appropriate size beaker. Dilute the tracer to ~10-15 mL with 1 M HCl. Set 
aside until source preparation (section 10.6). The standard does not go through 
the radiochemical separation process. It is to be precipitated and filtered at the 
same time as the samples. The standard and samples are beta counted on 
proportional counters. The ratio of the sample to the standard counts is used to 
determine the radiochemical yield for Th and Np analysis. 


10.5 Purification and Elution of Americium, Plutonium, and Uranium: 


10.5.1 Rinse the TRU column with 5 mL of 2.5 M HNO3. Discard the effluent. 


10.5.2 Add 5 mL of HNO3 + NaNO2 to the column and allow it to drain through the 
column. Discard the effluent. This step changes the oxidation state of Pu from 
+3 to +4 to allow for separation of Am and Pu (Am remains at +3). 


10.5.3 Add 5 mL of 2.5 M HNO3 to the column to rinse out the NaNO2. Discard the 
effluent. 


10.5.4 Place a clean beaker or a 50 mL polypropylene centrifuge tube labeled with 
sample number and “Am” under each column/cartridge. 


10.5.5 Add ~20 mL of 4 M HCl to each column to elute the americium. (Discard the 
effluent if not analyzing for americium). 


10.5.6 Set the container with the americium strip aside for source preparation 
(step 10.6). 
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10.5.7 Place a clean beaker or 50 mL polypropylene centrifuge tube labeled with 
sample number and “Pu” under each column/cartridge. 


10.5.8 Add ~15 mL of the HCl + H2C2O4 solution to each column to elute the plutonium. 
Collect the effluent. 


10.5.9 Set the container with the plutonium strip aside for source preparation 
(step 10.6.7). 


10.5.10 Place a clean beaker or 50 mL polypropylene centrifuge tube labeled with 
sample number and “U” under each column. 


10.5.11 Add ~20 mL of 0.1 M (NH4)2C2O4 to each column to elute the uranium. Collect the 
effluent. 


10.5.12 Set the container with the uranium strip aside for source preparation 
(step 10.6.6). 


10.5.13 If the sample is suspected of being unusually high in Polonium (PUUA samples) 
the Po must be removed. If there is any 


210
Po in the sample it will conflict with the 


232
U ROI and cause a high 


232
U tracer recovery. Cut a piece of Nickel foil 


approximately 4-10 cm
2
. Put the piece of Ni foil directly into the strip solution 


containing the U fraction. Place the sample in a warm water bath (below boiling) 
for 1-2 hours to enable any Po in the sample to plate out on the Ni foil. Remove 
the Ni foil and proceed to step 10.6.6. 


10.6 Source Preparation: 


10.6.1 Place the americium and thorium fractions on a hotplate at medium heat, and 
evaporate to near dryness. 


10.6.2 Add 2 - 5 mL of 16 M HNO3 and 3 - 10 mL of 12 M perchloric acid to each beaker. 
This treatment will oxidize any extractant that might have been stripped from the 
resin. The presence of extractant deposited on the membrane filter will retard 
sample resolution. 


10.6.3 Evaporate to dryness. 


10.6.4 Add 3 - 5 mL of 12 M HCl to each beaker. Evaporate to near dryness. Do not 
bake. 


10.6.5 Add 10 - 15 mL of 1 M HCl to each beaker. If some extractant is visible in the 
sample then repeat the perchloric acid treatment. 


10.6.6 Add 0.2 - 0.5 mL of TiCl3 to uranium fractions only. The TiCl3 reduces U
+6


 to U
+4


 
to enable the uranium to be coprecipitated. 


10.6.7 Add 50 - 100 μg of Ce
+3


 carrier (e.g., 0.1 - 0.2 mL of a 500 ppm Ce
+3


 solution) to 
all beakers (Am, Pu, Np, Th, and U). 


10.6.8 Add 5 mL of 3 M HF to each beaker. Swirl gently to mix, and set aside for 
30 minutes to precipitate. 


10.6.9 Filter the solution through a 0.1 - 0.2 μm pore size membrane filter with the use 
of a microfiltration apparatus. 


10.6.10 Rinse the filter chimney with 5 mL of deionized water. 


10.6.11 Rinse the filter chimney with 5 mL of ethanol. 


10.6.12 Prepare a source by mounting the filter containing the precipitate on a 32 mm 
stainless steel planchet fixed with double-sided tape or glue. 
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10.6.13 Beta-count the source to measure 
234


Th or 
239


Np recovery, if analyzing for either 
thorium or neptunium. 


10.6.14 Submit the source to the nuclear counting laboratory for alpha-particle 
spectrometry. 


10.6.15 NOTE: Samples analyzed for thorium must be counted by the fifth night after the 
separation step. 


11.0 QUALITY CONTROL PROCEDURES 


11.1 Reference standards used to provide tracers, spiking solutions, standards, or calibration 
sources must be obtained from the National Institute of Standards and Technology 
(NIST) or suppliers who participate in supplying NIST standards or NIST traceable 
radionuclides. 


11.2 For each QC batch of up to 20 samples of the same matrix, the analyst must add the 
following quality control samples: 


11.2.1 method blank. 


11.2.2 laboratory control sample (LCS). 


11.2.2.1 At least one analyte must be included in any LCS. For analytical 
methods that measure more than one analyte, it is not necessary to 
include every analyte in the LCS; however, each analyte that is 
included must be evaluated. 


11.2.2.2 The activity of an analyte added to the LCS must be at least five times 
the normal expected minimum detectable activity (MDA) for that 
analyte and should be comparable to sample activities when sample 
activities in the batch are expected to be higher than five times the 
MDA. The spike level should be high enough to ensure that under 
expected measurement conditions, the relative standard counting 
uncertainty will not exceed 5 %. 


11.2.3 replicate sample (duplicate). 


11.3 Analysts are required to control chart results from blanks and laboratory control samples, 
and to observe the control charts for indicators of possible problems in the measurement 
system. LIMS software allows the analyst to input data points and to view and print the 
control charts. 


11.4 See the NAREL Radiochemistry Quality Assurance Manual (QA/QAM-1) for acceptance 
criteria for QC samples, and equations for calculating values for quality indicators. 


12.0 DATA ANALYSIS AND CALCULATIONS 


12.1 All equations shown here represent values of quantities, not numerical values. To 
calculate with numerical values, either use coherent units (e.g., SI units) or include the 
appropriate unit-conversion factors in the equations. 
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12.2 Chemical Yield: 


12.2.1 To calculate the chemical yield and associated standard uncertainty for an 
americium, plutonium, or uranium analysis, use the following equations. 
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where 


Y is the chemical yield, 
CST is the gross (sample) count in the tracer ROI, 
CBT is the background count in the tracer ROI, 
tS is the length of the sample counting period (usually 1000 min or more), 
tB is the length of the background counting period (usually 3000 min), 
ε is the alpha-particle detection efficiency, 
cT is the activity concentration of the tracer solution, 
VT is the volume of tracer solution added to the sample aliquant, 
DT is the decay factor for the tracer, which corrects for the decay of the 


tracer from its reference date and time through the counting period 
(see below), 


PT is the alpha-particle emission probability for the tracer ROI, and 
ξBT is the additional uncertainty of the background correction due to 


background instability in the tracer ROI (expressed as a count rate) 


12.2.2 The decay factor DT in 12.2.1 is calculated as follows. 
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where 


λT is the decay constant for the tracer radionuclide and 
tDT is the elapsed time from the tracer reference date and time to the 


midpoint of the counting period 


NOTE: It is acceptable to use the simpler equation DTTeT


t
D  instead of 


equation 3, because the omitted factor is nearly equal to 1 except in the case of 
very short-lived radionuclides or very long count times. The same type of 
simplification may be made to equation 14 below. 
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12.2.3 The chemical yield for a thorium analysis is measured using 
234


Th, a beta-emitter, 
as a tracer. To calculate the yield and associated standard uncertainty for a 
thorium analysis, use the following equations. 
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where 


Y is the yield, 
CSβ is the gross beta count for the sample source, 
CRβ is the gross beta count for the reference source, 
RBβ is the beta background count rate, 
tβ is the beta count time for the sample source and for the reference 


source, 
J is the index of dispersion for the 


234
Th+


234m
Pa count distribution 


(see below) 


12.2.4 Calculate the index of dispersion for the 
234


Th+
234m


Pa count distribution as 
follows. 
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where εβ = 0.50 (assumed 50 % beta detection efficiency), 
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and 


λTh is the radioactive decay constant for 
234


Th, 
λPa is the radioactive decay constant for 


234m
Pa, and 


tβ is the beta count time for the test source and reference source 


12.3 Activity: 


12.3.1 For americium, plutonium, or uranium, use the following equations to calculate 
the volumic or massic activity of each analyte, and the associated uncertainty. 
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where 


x is the volumic or massic activity of the analyte, 
CSA is the gross (sample) count in the analyte ROI, 
CBA is the background count in the analyte ROI, 
tS is the length of the sample counting period, 
tB is the length of the background counting period, 
ε is the alpha-particle detection efficiency, 
Y is the chemical yield (equation 1), 
VA is the size of the sample aliquant (e.g., volume or mass), 
DA is the decay factor for the analyte, which corrects for decay of the 


analyte from the reference date and time through the counting period 
(see below), 


PA is the alpha-particle emission probability for the analyte ROI, 
ξBA is the additional uncertainty of the background correction due to 


background instability in the analyte ROI (expressed as a count rate), 
and 


φS is the relative standard uncertainty due to subsampling 


If the aliquant size VA is a mass, then 
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where 


d = 0.1 cm, and 
mS is the mass of sample dissolved 


If the aliquant size is a volume or if it is 1 SAMP or 1 FILT, then φS = 0. 
In all other cases φS is assumed by default to be 0.05. 


12.3.2 For thorium isotopes, use the following equations to calculate the volumic or 
massic activity of each analyte, and the associated uncertainty. 
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12.3.3 The decay factor DA in 11.3.1 and 11.3.2 is calculated as follows. 
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where 


λA is the decay constant for the analyte and 
tDA is the elapsed time from the reference date and time to the midpoint of 


the counting period (tDA = tS / 2 if the reference date and time equals 


the start of counting) 


Equation 14 may also be simplified in the manner described in the note below 
Equation 3. 


12.4 For all analyses and isotopes, use the following equations to calculate the critical net 
count rate and the critical value of the massic or volumic activity. 
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where 


SC is the critical net count rate, 
xC is the critical massic or volumic activity, 
z0.95 is 1.645, the 95


th
 percentile of the standard normal distribution, and 


where all other symbols are as defined above. These critical values are calculated for 
each analysis and analyte. A detection decision for each analyte may be made by 
comparing the analyte’s net count rate to SC or by comparing its activity x to xC 


12.5 Use the following equation to calculate the minimum detectable activity (volumic or 
massic activity) for each analyte. 
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where 


xD is the minimum detectable activity, 
RBA is the background count rate in the analyte ROI, 
SC is an estimate of the critical net count rate calculated using equation 15 with 


CBA = RBAtB, and 
z0.95 is 1.645, the 95


th
 percentile of the standard normal distribution 


13.0 DATA REVIEW 


13.1 General Procedure: 


13.1.1 See NAREL Standard Operating Procedure for Review of Radiochemistry Data 
(DR/SOP-2) for general procedures for data review. 


13.1.2 The alpha-spectrometry system administrator or another person designated by 
the Nuclear Counting Laboratory Manager performs the first official review of 
actinide analysis results. However, the instrument operator should double-check 
his or her data entry for each analysis even if he or she is not the designated first 
reviewer. 
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13.1.3 If the spectrum is smeared, a recount should be requested of the counting room 
personnel. If upon recounting the spectrum is still smeared, the samples can be 
leached and coprecipitated again. 


13.1.4 If unknown peaks are in the spectrum, the peaks must be identified by the energy 
level. If the peaks are breakthrough because of high concentrations, the sample 
should be reanalyzed using a smaller amount of sample or more appropriate 
reagents. 


13.2 Actinide Data Review: 


13.2.1 The first reviewer checks the spectrum from each actinide analysis and judges 
the reasonableness of the results. These checks are based on the report and 
spectrum graph printed by commercial analysis software. The reviewer must note 
on the printout whenever one or more ROIs have been manually adjusted. 


13.2.2 The reviewer checks the data entry for each analysis by comparing the values 
printed on the report to the values written by the analyst on the assay batch form. 
He or she also checks that the source was placed at an appropriate shelf height 
in the alpha spectrometer and that the shelf height has been recorded correctly. 


13.2.3 The reviewer checks that each peak present in the spectrum is at the expected 
location within its ROI, and that peaks do not spill over significantly from one ROI 
into another. 


13.2.4 The reviewer checks that the background level for each ROI is below its 
pre-determined upper bound. Any ROI background that exceeds 60 counts in 
3000 minutes is unacceptable. An even lower limit of 20 counts in 3000 min has 
been established for the 


238
Pu, 


239
Pu, and 


241
Am ROIs. 


13.2.5 The reviewer checks that the calibration for the recorded shelf height has not 
expired. 


13.2.6 The reviewer checks that the chemical yield of the analysis meets the criteria 
described in the NAREL Radiochemistry Quality Assurance Manual (QA/QAM-1). 
If the yield does not meet the stated criteria, the reviewer must disapprove the 
analysis for reporting. See the NAREL Standard Operating Procedure for Review 
of Radiochemistry Data (DR/SOP-2) for further instructions in this case. 


13.2.7 The reviewer checks that the net activity for each analyte is not less than zero by 
an amount that is statistically significant at the 1 % level. If a result is less than 
zero by a statistically significant amount, the reviewer must qualify the result as 
“rejected.” See the NAREL Standard Operating Procedure for Review of 
Radiochemistry Data (DR/SOP-2) for further instructions in this case. 


13.2.8 The reviewer checks that the FWHM for any peak with adequate counting 
statistics does not exceed 100 keV. This check is performed whenever the net 
count for the peak is greater than three times its associated standard uncertainty. 


13.2.9 The reviewer completes the review when he or she runs Alpha-Review, an 
in house software system. The reviewer uses Alpha-Review to calculate results 
of actinide analyses and store them in the LIMS database. Alpha-Review 
automatically performs the objective tests described in paragraphs 13.2.4 - 8 and 
generates warnings for each failed test. The program also generates a printout 
for each completed analysis, showing raw data and results, any automatically 
generated warning messages, comments by the data reviewer, and the 
disposition selected by the reviewer (either approval or disapproval). 
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13.2.10 When the data review is complete, the Nuclear Counting Laboratory returns the 
assay batch form, the printouts from the commercial analysis software and 
Alpha-Review, and any other data sheets to the analyst. The reviewer initials and 
dates the printouts from the analysis software and Alpha-Review. The Alpha-
Review printout indicates whether the reviewer approved or disapproved the 
results for reporting. When results are disapproved, the program requires the 
reviewer to provide the reason or reasons in the form of a comment, which is 
shown on the software printout. 


13.2.11 The analyst double-checks the data entry performed by the Nuclear Counting 
Laboratory (NCL). This includes the sample number, aliquant size and units, 
tracer identification number, tracer reference date, tracer concentration, and 
amount of tracer used. The detector efficiency and matching shelf height will be 
compared to the list of detector efficiencies provided by the NCL. The analyst 
must also review the spectrum, results, yield, and count time and note any 
abnormalities. If abnormalities are recognized they should be discussed with the 
NCL personnel. Once the data has been reviewed appropriately, the analyst will 
initial and date the printouts from the analysis software, indicating agreement or 
disagreement with the judgment of the first reviewer. 


13.2.12 The RDC performs an independent final review of the results after they have 
been stored in the LIMS and the analyst has submitted all documentation. The 
RDC also initials and dates the software printouts and indicates agreement or 
disagreement with the judgment of the first reviewer. Differences of opinion must 
be resolved before the results may be reported. 


13.3 Americium: 


13.3.1 Since the alpha-particle energies for 
241


Am and 
243


Am are not widely separated, 
the reviewer examines each americium spectrum carefully for spillover from one 
ROI into another. 


13.3.2 Americium sources should never be analyzed on the topmost shelf in the 
spectrometer, because proximity to the detector tends to degrade peak 
resolution. The reviewer checks that the selected shelf height is appropriate for 
an americium source. 


13.4 Plutonium: 


13.4.1 Plutonium-238 is seldom found in environmental media at levels that are 
detectable by this method. NAREL commonly performs a confirmatory analysis 
for plutonium whenever the measured result for 


238
Pu exceeds its estimated 


3-sigma uncertainty. 


13.4.2 If the 
238


Pu activity in an unspiked sample is greater than its estimated 3-sigma 
expanded uncertainty, the reviewer must report the measured value to the 
Nuclear Counting Laboratory Team Leader and the RDC, and, if the sample is 
from the RadNet network, the reviewer must submit a RadNet Event Report. 


13.5 Thorium: 


13.5.1 In most solid samples, 
232


Th and 
228


Th occur in approximate equilibrium. 


13.5.2 Since a thorium analysis requires more data entry than other alpha-particle 
spectrometry analyses, the RDC should double-check the data entry of all dates 
and tracer values for thorium analyses. 
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13.6 Uranium: 


13.6.1 In most solid samples, 
234


U and 
238


U should exist in approximate radioactive 
equilibrium. In naturally occurring uranium, the 


235
U activity should be about 5 % 


of the activity of 
234


U or 
238


U. 


13.6.2 In water samples 
234


U and 
238


U may not be in equilibrium, but the 
235


U activity 
should still be much less than the activity of either 


234
U or 


238
U. 


13.6.3 If unusual ratios of uranium isotopes are measured, the reviewer should 
investigate and report the results to the Nuclear Counting Laboratory Team 
Leader. 


14.0 METHOD PERFORMANCE 


14.1 Method performance was evaluated in accordance with NAREL Standard Operating 
Procedure for Initial Evaluation of an Analytical Method (QA/SOP-3). 


14.2 Each year, analysts analyze performance test samples as a measure of continual 
monitoring of method performance. Results are on file with the NAREL QA Manager. 


14.3 Performance testing sample data: 


14.3.1 Total Uranium – all water samples: 


 Ref Date Rpt. 1 Rpt 2 Rpt 3 True Value %R 


ERA-Rad 52 02/17/03 51.47 50.72 52.42 53.70 96 


ERA-Rad 53 05/19/03 14.21 15.51 14.48 15.10 98 


EML 03/01/04 4.29 4.34 4.23 4.62 93 


ERA Rad-58 08/17/04 5.58 5.3 6.71 6.20 95 


ERA-RAD-56 2/17/04 33.26 30.77 32.52 33.00 98 


ERA Rad-62 08/16/05 4.29 4.58 4.2 4.45 98 


ERA Rad-65 4/10/06 69.3 66.8 65.5 69.10 97 


ERA Rad-66 7/10/06 40.5 39.4 40.1 40.30 99 


14.3.2 Thorium-230 – all water samples: 


Ref Date  Rpt Value True Value %R 


04/01/04 Th-230 2.4 2.76 87 


03/11/05 Th-230 2.269 2.44 93 


03/11/05 Th-230 7.025 6.51 108 


03/11/05 Th-230 2.404 2.44 99 


04/01/05 Th-230 1.619 1.73 94 


04/01/06 Th-230 1.7762 1.95 91 


14.3.3 Americium-241 – all water samples: 


Ref Date Rpt. 1 Rpt 2 Rpt 3 True Value %R 


09/01/03 8.39 8.27 8.55 8.760 96 


11/01/03 0.017   0.014 118 


12/01/03 0.462 0.593 0.6 0.578 95 


03/01/04 1.265 1.297 1.179 1.310 95 


04/01/04 1.42   1.530 93 


04/01/04 2.04   2.216 92 







UNCONTROLLED DOCUMENT Document: AM/SOP-1 
 Revision: 5 
 Date: 2011-07-19 
 Page: 24 of 27 


 


 


Ref Date Rpt. 1 Rpt 2 Rpt 3 True Value %R 


03/11/05 1.078   1.018 106 


03/11/05 1.098   1.018 108 


1/1/2006 1.26   1.300 97 


04/01/06 1.5524   1.560 100 


07/01/06 2.2   2.310 95 


14.3.4 Plutonium-238 – all water samples: 


Ref date Rpt. 1 Rpt 2 Rpt 3 True Value %R 


11/01/03 1.437   1.490 96 


03/01/04 1.073 1.027 1.058 1.100 96 


04/01/04 2.4   2.463 97 


04/01/04 1.59   1.700 94 


05/01/04 1.21   1.240 98 


04/01/05 1.853   1.972 94 


01/01/05 0.0185 0.0213 0.0229 0.018 116 


04/01/05 1.399   1.531 91 


01/01/06 0.936   1.000 94 


04/01/06 1.5576   1.712 91 


14.3.5 Plutonium-239/240 – all water samples: 


Ref date Rpt. 1 Rpt 2 Rpt 3 True Value %R 


03/11/05 2.612   2.660 98 


01/01/05 2.526 2.514 2.46 2.400 104 


11/01/03 2.157   2.390 90 


07/01/06 1.76   1.940 91 


15.0 POLLUTION PREVENTION 


15.1 Pollution prevention encompasses any technique that reduces or eliminates the quantity 
and/or toxicity of waste at the point of generation. Numerous opportunities for pollution 
prevention exist in laboratory operations. The EPA places pollution prevention as the 
management option of first choice. 


15.2 Volumes of prepared reagents are made in the smallest amounts consistent with sample 
batch sizes to minimize having to discard unused reagents. 


16.0 WASTE MANAGEMENT 


16.1 The EPA requires that laboratory waste management practices be conducted consistent 
with all applicable rules and regulations. It is the responsibility of each laboratory to 
assure adherence to EPA regulations. Specific information can be found in the NAREL 
Chemical Hygiene Plan. 


16.2 The waste stream generated from analyzing one sample for the previously described 
procedure is 25 mL of 12 M hydrochloric acid, 8 mL of 16 M nitric acid, 2 mL of 29 M 
hydrofluoric acid, 0.04 g of sodium nitrite, 0.19 g of oxalic acid, 2 g of aluminum nitrate, 
and 0.29 g of ammonium oxalate. 
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16.2.1 Acidic waste solutions are collected in a bucket, neutralized, and poured down 
the drain. 


17.0 REFERENCES 


17.1 Horwitz, E. Philip and Maxwell, Sherrod L., Separation and Preconcentration of Actinides 
by Extraction Chromatography Using a Supported Liquid Anion Exchanger: Application to 
the Characterization of High-Level Nuclear Waste Solutions, Analytica Chemica Acta, 
vol. 310, pp. 63-78, 1995. 


17.2 Horwitz, E. Philip, Separation and Preconcentration of Actinides from Acidic Media by 
Extraction Chromatography, Analytica Chemica Acta, vol. 281, pp.361-372, 1993. 


17.3 Boll, R.A. and Schweitzer, G.K., Sequential Separation Procedure for U, Th, Np, Pu, and 
Am, University of Tennessee, Knoxville, TN, 1994. 


17.4 NAREL Standard Operating Procedure for Preparing Thorium-234 Tracer Solutions 
(AMS/SOP-4). 


17.5 NAREL Standard Operating Procedure for Preparation of Self-Cleaning U-232 Tracer 
Solution (AMS/SOP-6). 


17.6 NAREL Standard Operating Procedure for Preparing and Validating Radiochemical 
Tracers, Spiking Solutions, and Calibration Solutions (QA/SOP-4). 


17.7 NAREL Chemical Hygiene Plan. 


17.8 NAREL Radiation Safety Manual (HS/M-1). 


17.9 NAREL Standard Operating Procedure for Calibration, Use, and Maintenance of Pipets 
(SE/SOP-4). 


17.10 NAREL Standard Operating Procedure for Maintenance and Use of Balances 
(SE/SOP-1). 


17.11 NAREL Standard Operating Procedure for Calibration and Use of Alpha Spectrometers 
Using AlphaVision (NC/SOP-8). 


17.12 NAREL Standard Operating Procedure for Microwave Digestion of Samples for Actinide, 
Strontium, Radium, and Alpha/Beta Analyses (AMS/SOP-7). 


17.13 NAREL Standard Operating Procedure for Initial Evaluation of an Analytical Method 
(QA/SOP-3). 


17.14 NAREL Radiochemistry Quality Assurance Manual (QA/QAM-1). 


17.15 NAREL Standard Operating Procedure for Review of Radiochemistry Data (DR/SOP-2). 


18.0 APPENDICES (TABLES, DIAGRAMS, AND FLOWCHARTS) 


18.1 Actinides Separation Scheme – Part 1. 


18.2 Actinides Separation Scheme – Parts 2 and 3. 
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Appendix 18.1 


 
ACTINIDES SEPARATION SCHEME – Part 1 


 
 


 


TEVA 
 


Th 
Np 


 


TRU 
 


Am 
Pu 
U 


1   2   3 


1 
2 
3 


With cartridges in series: 
 
1. Load solution: 


 2.5 M HNO3  / 0.5 M Al(NO3)3,  
 ferrous sulfamate, ascorbic acid. 
 Elements are loaded in the  
 following valence states: 


 Am+3 
 Pu+3 
 Th+4 
 U+6 
 Np+4 


 Discard eluent. 
 


2. Rinse with 2.5 M HNO3, ferrous 
 sulfamate. Discard eluent. 
 


3. Rinse with 2.5 M HNO3.  
 Discard eluent. 


  1  2  3 
Discard 
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Appendix 18.2 


 
ACTINIDES SEPARATION SCHEME – Parts 2 and 3 


 
 


 
 


TEVA 
 


Th 
Np 


TRU 
 


Am 
Pu 
U 


    
1 


1 
Discard 


    
2 


   
3 


 2 


Th 


3 


Np 


TEVA cartridge: 
 
1. Rinse with 2.5 M HNO3. Discard. 
 
2. Elute thorium with 6 M HCl. 
 
3. Elute neptunium with 0.1 M HCl / 


 0.5 M HF / 0.03 M TiCl. 


TRU Cartridge: 
 
1. Rinse with 2.5 M HNO3. 


 Oxidize Pu+3 to Pu+4 with  
 2.5 M HNO3 / 0.1 M NaNO2 . 
 Rinse with 2.5 M HNO3. 
 


2. Elute americium with 4 M HCl. 
 
3. Elute plutonium with 0.1 M HCl /  


 0.1M H2C2O4. 
 


4. Elute uranium with 0.1 M (NH4)2C2O4. 


1 


2 
3 


4 


1 
Discard 


   2 


Am 


 4 


U 


  3 


Pu 








MEMORANDUM (LABORATORY DATA REPORT)


EPA - General Parameters


In reply refer to: 12-LC98


To: Requestor Name From: Analyst Name


Lab: General Parameters


Thru: Boss Name Date: 11/27/2012
Another Name


Technical Directive No.: EPAGP421 Originator: Requestor Name
Task No.: 1.2H Copies: Another Name


Another Name
Another Name


Project/Sample Site:
Date Collected: Sample Set No.: xxxx, xxxx, xxxx, xxxx
Date Received: Sample Matrix: water
Date Analyzed: Analysis Type: Br, Cl, SO4,  F


No. Samples Analyzed: Sample Preparation: None


Method(s) Used :


Comments:


Quality control results met the criteria established in RSKSOP-276, Rev. 4.  The samples were analyzed using the Waters 
Capillary Ion Analyzer.  MDLs were determined on 9/24/2012. The principal investigator (P.I.) was notified that sample 
XXXX-1112 had one large fused peak as if it may have been acidified accidentally.  The P.I. advised the analyst to flag the 
sample as unusable.  A couple of the field blanks had some chloride and the P.I. was notified.


RSKSOP-276, Rev. 4 -  Determination of Major Anions in Aqueous Samples Using
Capillary Ion Electrophoresis With Indirect UV Detection and Empower 2 Software
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Laboratory: General Parameters


Technical Directive: XXXX


Analyst: Analyst Name Analytes Analytes Analytes Analytes


Codes 7726-95-6-BR Codes Codes Codes


Report Date: 11/27/12 Methods Methods Methods Methods


Unit Unit Unit Unit


MDL MDL MDL MDL


QL QL QL QL


Field Sample ID Lab Sample ID Date Analyzed Data DF Date Analyzed Data DF Date Analyzed Data DF Date Analyzed Data DF


(removed) 6764-1 11/13/2012 ND 1 11/13/2012 ND 1 11/13/2012 ND 1 11/13/2012 ND 1


6764-2 11/13/2012 ND 1 11/13/2012 ND 1 11/13/2012 ND 1 11/13/2012 ND 1


6764-3 - * - - * - - * - - * -


6764-4 11/13/2012 ND ^ 2 11/15/2012 122 6 11/13/2012 ND 1 11/13/2012 4.63 1


6764-5 11/13/2012 ND 1 11/15/2012 148 6 11/13/2012 BQL (0.754) 1 11/13/2012 3.29 1


6764-6 11/13/2012 ND 1 11/13/2012 9.37 1 11/15/2012 57.7 3 11/13/2012 0.456 1


6764-6 Lab dup 11/13/2012 ND (RPD=NA) 1 11/13/2012 9.27 (RPD=1.07) 1 11/15/2012 57.2 (RPD=0.870) 3 11/13/2012 0.432 (RPD=5.41) 1


6764-7 11/15/2012 ND 1 11/15/2012 4.36 1 11/15/2012 104 6 11/15/2012 0.360 1


6764-8 11/15/2012 ND 1 11/15/2012 9.57 1 11/15/2012 64.3 3 11/15/2012 1.03 1


6764-9 11/13/2012 ND 1 11/13/2012 7.11 1 11/15/2012 67.0 3 11/13/2012 BQL (0.166) 1


6764-10 11/13/2012 ND 1 11/13/2012 7.18 1 11/15/2012 66.7 3 11/13/2012 BQL (0.157) 1


6765-1 11/13/2012 ND 1 11/13/2012 BQL (0.964) 1 11/13/2012 ND 1 11/13/2012 ND 1


6765-2 11/13/2012 ND 1 11/13/2012 ND 1 11/13/2012 ND 1 11/13/2012 ND 1


6765-3 - * - - * - - * - - * -


6765-4 11/13/2012 ND 1 11/13/2012 9.17 1 11/15/2012 61.2 3 11/13/2012 2.46 1


6765-5 11/13/2012  ND ^ 3 11/15/2012 48.0 3 11/13/2012 ND 1 11/13/2012 3.82 1


6765-6 11/13/2012 ND 1 11/15/2012 89.7 3 11/13/2012 20.2 1 11/13/2012 2.55 1


6765-6 Lab dup 11/13/2012 ND (RPD=NA) 1 11/15/2012 89.6 (RPD=0.112) 3 11/13/2012 20.2 (RPD=0) 1 11/13/2012 2.55 (RPD=0) 1


6765-7 11/13/2012 ND 1 11/13/2012 6.51 1 11/13/2012 39.4 1 11/13/2012 0.587 1


6765-8 11/13/2012 BQL (0.213) 1 11/13/2012 1.16 1 11/13/2012 22.2 1 11/13/2012 BQL (0.152) 1


6765-9 11/13/2012 ND 1 11/13/2012 8.73 1 11/15/2012 64.4 3 11/13/2012 1.53 1


6769-1 - ## - - ## - - ## - - ## -


6769-2 11/13/2012 ND 1 11/15/2012 51.5 3 11/13/2012 2.45 1 11/13/2012 3.19 1


6769-3 11/13/2012 ND 1 11/15/2012 158 6 11/13/2012 BQL (0.313) 1 11/13/2012 8.72 1


6769-4 11/13/2012 ND 1 11/13/2012 14.5 1 11/13/2012 2.41 1 11/13/2012 2.04 1


6769-5 11/13/2012 ND 1 11/13/2012 ND 1 11/13/2012 ND 1 11/13/2012 ND 1


6769-6 11/13/2012 ND 1 11/13/2012 29.7 1 11/15/2012 110 3 11/13/2012 4.22 1


6769-6 Lab dup 11/13/2012 ND (RPD=NA) 1 11/13/2012 29.3 (RPD=1.36) 1 11/15/2012 110 (RPD=0) 3 11/13/2012 4.11 (RPD=2.64) 1


11/5/2012


Bromide (Br)


11/5/2012


11/5/2012


RSKSOP-276/4


16887-00-6


Chloride (Cl)


RSKSOP-276/4


11/5/2012


EPA - General Parameters


mg/L mg/L


** 0.167 ** 0.131


Analytical Results Report


Sample Data


Sulfate (as SO4)


Date Collected


11/5/2012


** 1.00


11/5/2012


11/6/2012


11/7/2012


11/5/2012


11/6/2012


11/6/2012


11/6/2012


11/7/2012


11/5/2012


mg/Lmg/L


** 0.047


** 0.200** 1.00


** 0.164


** 1.00


Fluoride (F)


7782-41-4


RSKSOP-276/4RSKSOP-276/4


14808-79-8


11/5/2012


11/7/2012


11/6/2012


11/6/2012


11/7/2012


11/6/2012


11/6/2012


11/6/2012


11/7/2012


11/5/2012


11/6/2012


11/7/2012


11/5/2012


11/7/2012
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Laboratory: General Parameters


Technical Directive: XXXX


Analyst: Analyst Name Analytes Analytes Analytes Analytes


Codes 7726-95-6-BR Codes Codes Codes


Report Date: 11/27/12 Methods Methods Methods Methods


Unit Unit Unit Unit


MDL MDL MDL MDL


QL QL QL QL


Field Sample ID Lab Sample ID Date Analyzed Data DF Date Analyzed Data DF Date Analyzed Data DF Date Analyzed Data DF


Bromide (Br)


RSKSOP-276/4


16887-00-6


Chloride (Cl)


RSKSOP-276/4


EPA - General Parameters


mg/L mg/L


** 0.167 ** 0.131


Analytical Results Report


Sample Data


Sulfate (as SO4)


Date Collected
** 1.00


mg/Lmg/L


** 0.047


** 0.200** 1.00


** 0.164


** 1.00


Fluoride (F)


7782-41-4


RSKSOP-276/4RSKSOP-276/4


14808-79-8


6769-7 - * - - * - - * - - * -


6776-1 11/13/2012 ND 1 11/13/2012 BQL (0.154) 1 11/13/2012 ND 1 11/13/2012 ND 1


6776-2 11/13/2012 ND 1 11/13/2012 ND 1 11/13/2012 ND 1 11/13/2012 ND 1


6776-3 - * - - * - - * - - * -


6776-4 11/13/2012 ND ^ 2 11/13/2012 18.7 1 11/15/2012 349 21 11/13/2012 2.34 1


6776-5 11/13/2012 ND 1 11/13/2012 12.0 1 11/15/2012 100 3 11/13/2012 6.23 1


6776-6 11/13/2012 ND 1 11/13/2012 12.2 1 11/15/2012 101 3 11/13/2012 6.27 1


6776-7 11/13/2012 ND 1 11/13/2012 11.3 1 11/15/2012 60.8 3 11/13/2012 1.63 1


6776-8 11/13/2012 ND 1 11/13/2012 15.2 1 11/15/2012 70.1 3 11/13/2012 1.44 1


6776-9 11/13/2012 ND 1 11/13/2012 25.7 1 11/15/2012 151 6 11/13/2012 7.28 1


6776-9 Lab dup 11/13/2012 ND (RPD=NA) 1 11/13/2012 25.4 (RPD=1.17) 1 11/15/2012 151 (RPD=0) 6 11/13/2012 7.31 (RPD=0.411) 1


Comments:


Notes:


11/8/2012


The measurement quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples within the calibration range.  MDL determinations were made on 9/24/2012.    ** MDL and QL should be multiplied by the same 
factor as the dilution factor for those samples that were diluted.  * An anion sample was not received.  ## - Unusable sample - the P.I. was notified that sample RBFBlk03-1112 had one large fused peak as if it may have been acidified accidentally.  The P.I. advised the analyst to flag the sample as 
unusable.  A couple of the field blanks had some chloride present and the P.I. was notified.   ̂- The bromide values for these samples were ND when analyzed without dilution, but the associated matrix spikes were low.  When diluted by 2X or 3X, the matrix spikes gave acceptable recoveries, 
therefore, those ND values were reported.


11/8/2012


11/8/2012


11/8/2012


11/8/2012


2.  " -"  denotes  that the information is not available or the analyte is not analyzed.


1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but below QL and the 
estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable.  All the results are corrected with dilution factors (DF), if applicable.  


11/8/2012


11/8/2012


11/8/2012


11/8/2012


11/8/2012


11/7/2012







Laboratory: General Parameters


Tech. Directive: EPAGP421


Analyst: Lynda Callaway Analytes


Codes


Report Date: 11/27/12 Methods


Unit


MDL


QL


QC Sample ID Additional ID Date Prepared Date Analyzed Data True Value % REC. Data True Value % REC. Data True Value % REC. Data True Value % REC.


MB1 RO Water Blank 11/13/2012 11/13/2012 ND - - ND - - ND - - ND - -


MB2 RO Water Blank 11/13/2012 11/13/2012 ND - - ND - - ND - - ND - -


MB3 RO Water Blank 11/13/2012 11/13/2012 ND - - ND - - ND - - ND - -


MB4 RO Water Blank 11/13/2012 11/13/2012 ND - - ND - - ND - - ND - -


MB1 RO Water Blank 11/15/2012 11/15/2012 ND - - ND - - ND - - ND - -


MB2 RO Water Blank 11/15/2012 11/15/2012 ND - - ND - - ND - - ND - -


SS1 ERA # 54 Minerals 7/2/2012 11/13/2012 - - - 61.2 62.8 97.5 28.2 28.3 99.6 2.04 1.99 103


SS3 ERA # 54 Minerals 7/2/2012 11/13/2012 - - - 62.1 62.8 98.9 28.1 28.3 99.3 1.96 1.99 98.5


SS5 ERA # 54 Minerals 7/2/2012 11/13/2012 - - - 62.0 62.8 98.7 28.1 28.3 99.3 1.93 1.99 97.0


SS1 ERA # 54 Minerals 7/2/2012 11/15/2012 - - - 60.3 62.8 96.0 27.5 28.3 97.2 2.02 1.99 102


SS3 ERA # 54 Minerals 7/2/2012 11/15/2012 - - - 60.5 62.8 96.3 28.0 28.3 98.9 2.08 1.99 105


SS4 ERA # 54 Bromide 7/27/2012 11/13/2012 2.43 2.57 94.6 - - - - - - - - -


SS2 ERA # 54 Bromide 7/27/2012 11/13/2012 2.50 2.57 97.3 - - - - - - - - -


SS4 ERA # 54 Bromide 7/27/2012 11/15/2012 2.59 2.57 101 - - - - - - - - -


SS6 ERA # 54 Bromide 7/27/2012 11/15/2012 2.62 2.57 102 - - - - - - - - -


CCC1 (1 br,cl,so4/ 0.2 f) mg/L 11/7/2012 11/13/2012 BQL (0.943) 1.00 94.3 1.01 1.00 101 1.05 1.00 105 0.202 0.200 101


CCC2 (5 br,cl,so4/ 1 f) mg/L 11/7/2012 11/13/2012 4.90 5.00 98.0 5.08 5.00 102 5.02 5.00 100 0.947 1.00 94.7


CCC3 (10 br,cl,so4/ 2 f) mg/L 11/7/2012 11/13/2012 9.86 10.0 98.6 9.93 10.0 99.3 9.88 10.0 98.8 2.05 2.00 103


CCC4 (25 br,cl,so4/ 5 f) mg/L 11/7/2012 11/13/2012 25.3 25.0 101 25.2 25.0 101 25.2 25.0 101 5.19 5.00 104


CCC5 (5 br,cl,so4/ 1 f) mg/L 11/7/2012 11/13/2012 4.98 5.00 99.6 5.08 5.00 102 5.03 5.00 101 1.08 1.00 108


CCC6 (25 br,cl,so4/ 5 f) mg/L 11/7/2012 11/13/2012 25.1 25.0 100 25.0 25.0 100 25.0 25.0 100 5.17 5.00 103


CCC1 (1 br,cl,so4/ 0.2 f) mg/L 11/7/2012 11/15/2012 BQL (0.942) 1.00 94.2 1.06 1.00 106 BQL (0.998) 1.00 99.8 BQL (0.196) 0.200 98.0


CCC2 (5 br,cl,so4/ 1 f) mg/L 11/7/2012 11/15/2012 5.02 5.00 100 5.05 5.00 101 4.98 5.00 99.6 0.973 1.00 97.3


CCC3 (10 br,cl,so4/ 2 f) mg/L 11/7/2012 11/15/2012 10.2 10.0 102 9.92 10.0 99.2 10.0 10.0 100 1.97 2.00 98.5


CCC4 (25 br,cl,so4/ 5 f) mg/L 11/7/2012 11/15/2012 25.0 25.0 100 24.4 25.0 97.6 24.6 25.0 98.4 4.98 5.00 99.6


CCC5 (50 br,cl,so4/ 10 f) mg/L 11/7/2012 11/15/2012 49.6 50.0 99.2 49.5 50.0 99.0 49.3 50.0 98.6 9.54 10.0 95.4


MS (spike IDs removed) 11/15/2012 11/15/2012 * 16.2 * ND (19.2) 84.4 * 35.8 * 20.3 (16.1) 96.3 - - - - - -


MS 11/13/2012 11/13/2012 - - - - - - 18.2 ND (19.2) 94.8 8.66 4.63 (3.85) 105


MS 11/15/2012 11/15/2012 17.8 ND (19.2) 92.7 21.9 4.36 (19.2) 91.4 * 33.0 * 17.3 (16.1) 97.5 4.07 0.360 (3.85) 96.4


MS 11/15/2012 11/15/2012 * 17.1 * ND (19.2) 89.1 * 33.7 * 16.0 (19.2) 92.2 - - - - - -


MS 11/13/2012 11/13/2012 - - - - - - 18.3 ND (19.2) 95.3 7.73 3.82 (3.85) 102


MS 11/13/2012 11/13/2012 18.7 ND (19.2) 97.4 32.5 14.5 (19.2) 93.8 21.4 2.41 (19.2) 98.9 6.33 2.04 (3.85) 111


MS 11/15/2012 11/15/2012 * 15.9 * ND (19.2) 82.8 - - - * 35.1 * 16.6 (19.2) 96.4 - - -


MS 11/13/2012 11/13/2012 - - - 35.8 18.7 (19.2) 89.1 - - - 6.50 2.34 (3.85) 108


MS Laboratory Control Spike 11/15/2012 11/15/2012 19.5 ND (19.2) 102 18.9 ND (19.2) 98.4 19.6 ND (19.2) 102 3.79 ND (3.85) 98.4


Comments:


Notes:


1. MB - Method Blank. CCC - Continuing Calibration Check.  A calibration standard analyzed within the batch of samples. LCS   - Laboratory Control Spike.  A laboratory blank spiked with analytes at known concentrations. MS - Matrix Spike. A field 
sample spiked with known concentrations of analytes. The field sample id is identified. SS    -  Samples obtained from the second sources are identified by their designated names. DUP - Field sample duplicate analysis.  A sample selected by the 
lab analyst to analyze as a duplicate. It is reported in the sample result section. % REC   - Percent Recovery. Calculated as the percentage of the results to the true values.  It equals to % accuracy for CCC.


0.047


The measurement quality objective (MQO) for the accuracy of continuing check standards is 90-110% accuracy.  The MQO for the recovery of matrix spike samples is 80-120% recovery. These objectives were met for the standards and spikes.  
The MQO for ERA 54 are recoveries of  85.2 - 115% for Cl,  79.5 - 118% for SO4, 81.4 - 119% for F, and 76.3 - 121% for Br.  The MQOs were met for the ERA samples.  Most of the  matrix spikes were prepared by adding 20 uL of a mixed 500 / 100 
mg/L standard into 0.5 mL of sample to yield spike concentrations of 19.2 mg/L for Cl, SO4 and Br and 3.85 mg/L for F.  A few matrix spikes for chloride and sulfate were prepared by adding 20 uL of a 500 mg/L standard into 0.6 mL to yield a spike 
concentration of 16.1 mg/L. The matrix  spike recovery was calculated according to the equation: %Recovery = 100* (Spiked sample concentration(Data) - Native Sample Concentration) / Spike Concentration.  * Matrix spike values are calculated 
and reported without the dilution factor applied.


mg/L


0.167


1.00


mg/Lmg/Lmg/L


0.200


0.164


1.00


0.131


1.00


EPA-General Parameters


Quality Control Data 


RSKSOP-276/4 RSKSOP-276/4


Fluoride (F)


Analytical Results Report


RSKSOP-276/4


14808-79-8 7782-41-4


Chloride (Cl)


16887-00-6


Sulfate (as SO4)


RSKSOP-276/4


Bromide (Br)


7726-95-6-BR
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Cover Letter

		MEMORANDUM		(LABORATORY DATA REPORT)

		EPA - General Parameters





										In reply refer to:				12-LC98



		To:				Requestor Name				From:				Analyst Name



										Lab:				General Parameters



		Thru:				Boss Name				Date:				11/27/12

						Another Name





		Technical Directive No.:				EPAGP421				Originator:				Requestor Name

		Task No.:				1.2H				Copies:				Another Name

														Another Name

														Another Name











		Project/Sample Site:

		Date Collected:								Sample Set No.:				xxxx, xxxx, xxxx, xxxx

		Date Received:								Sample Matrix:				water

		Date Analyzed:								Analysis Type:				Br, Cl, SO4,  F

		No. Samples Analyzed:								Sample Preparation:				None



		Method(s) Used :				RSKSOP-276, Rev. 4 -  Determination of Major Anions in Aqueous Samples Using

						Capillary Ion Electrophoresis With Indirect UV Detection and Empower 2 Software







		Comments:



		Quality control results met the criteria established in RSKSOP-276, Rev. 4.  The samples were analyzed using the Waters Capillary Ion Analyzer.  MDLs were determined on 9/24/2012. The principal investigator (P.I.) was notified that sample XXXX-1112 had one large fused peak as if it may have been acidified accidentally.  The P.I. advised the analyst to flag the sample as unusable.  A couple of the field blanks had some chloride and the P.I. was notified.















































































































































































































































































































































































































































































































































Data

		EPA - General Parameters

		Analytical Results Report



		Laboratory:		General Parameters



		Technical Directive:		XXXX								Sample Data



		Analyst:		Analyst Name						Analytes		Bromide (Br)				Analytes		Chloride (Cl)				Analytes		Sulfate (as SO4)						Analytes		Fluoride (F)

										Codes		7726-95-6-BR				Codes		16887-00-6				Codes		14808-79-8						Codes		7782-41-4

		Report Date:		11/27/12						Methods		RSKSOP-276/4				Methods		RSKSOP-276/4				Methods		RSKSOP-276/4						Methods		RSKSOP-276/4

										Unit		mg/L				Unit		mg/L				Unit		mg/L						Unit		mg/L

										MDL		** 0.167				MDL		** 0.131				MDL		** 0.164						MDL		** 0.047

										QL		** 1.00				QL		** 1.00				QL		** 1.00						QL		** 0.200

		Field Sample ID		Lab Sample ID		Date Collected				Date Analyzed		Data		DF		Date Analyzed		Data		DF		Date Analyzed		Data		DF		DF		Date Analyzed		Data		DF

		(removed)		6764-1		11/5/12				11/13/12		ND		1		11/13/12		ND		1		11/13/12		ND		1				11/13/12		ND		1

				6764-2		11/5/12				11/13/12		ND		1		11/13/12		ND		1		11/13/12		ND		1				11/13/12		ND		1

				6764-3		11/5/12				-		*		-		-		*		-		-		*		-				-		*		-

				6764-4		11/5/12				11/13/12		ND ^		2		11/15/12		122		6		11/13/12		ND		1				11/13/12		4.63		1

				6764-5		11/5/12				11/13/12		ND		1		11/15/12		148		6		11/13/12		BQL (0.754)		1				11/13/12		3.29		1

				6764-6		11/5/12				11/13/12		ND		1		11/13/12		9.37		1		11/15/12		57.7		3				11/13/12		0.456		1

				6764-6 Lab dup		11/5/12				11/13/12		ND (RPD=NA)		1		11/13/12		9.27 (RPD=1.07)		1		11/15/12		57.2 (RPD=0.870)		3				11/13/12		0.432 (RPD=5.41)		1

				6764-7		11/5/12				11/15/12		ND		1		11/15/12		4.36		1		11/15/12		104		6				11/15/12		0.360		1

				6764-8		11/5/12				11/15/12		ND		1		11/15/12		9.57		1		11/15/12		64.3		3				11/15/12		1.03		1

				6764-9		11/5/12				11/13/12		ND		1		11/13/12		7.11		1		11/15/12		67.0		3				11/13/12		BQL (0.166)		1

				6764-10		11/5/12				11/13/12		ND		1		11/13/12		7.18		1		11/15/12		66.7		3				11/13/12		BQL (0.157) 		1



				6765-1		11/6/12				11/13/12		ND		1		11/13/12		BQL (0.964)		1		11/13/12		ND		1				11/13/12		ND		1

				6765-2		11/6/12				11/13/12		ND		1		11/13/12		ND		1		11/13/12		ND		1				11/13/12		ND		1

				6765-3		11/6/12				-		*		-		-		*		-		-		*		-				-		*		-

				6765-4		11/6/12				11/13/12		ND		1		11/13/12		9.17		1		11/15/12		61.2		3				11/13/12		2.46		1

				6765-5		11/6/12				11/13/12		 ND ^		3		11/15/12		48.0		3		11/13/12		ND		1				11/13/12		3.82		1

				6765-6		11/6/12				11/13/12		ND		1		11/15/12		89.7		3		11/13/12		20.2		1				11/13/12		2.55		1

				6765-6 Lab dup		11/6/12				11/13/12		ND (RPD=NA)		1		11/15/12		89.6 (RPD=0.112)		3		11/13/12		20.2 (RPD=0)		1				11/13/12		2.55 (RPD=0)		1

				6765-7		11/6/12				11/13/12		ND		1		11/13/12		6.51		1		11/13/12		39.4		1				11/13/12		0.587		1

				6765-8		11/6/12				11/13/12		BQL (0.213)		1		11/13/12		1.16		1		11/13/12		22.2		1				11/13/12		BQL (0.152)		1

				6765-9		11/6/12				11/13/12		ND		1		11/13/12		8.73		1		11/15/12		64.4		3				11/13/12		1.53		1



				6769-1		11/7/12				-		##		-		-		##		-		-		##		-				-		##		-

				6769-2		11/7/12				11/13/12		ND		1		11/15/12		51.5		3		11/13/12		2.45		1				11/13/12		3.19		1

				6769-3		11/7/12				11/13/12		ND		1		11/15/12		158		6		11/13/12		BQL (0.313)		1				11/13/12		8.72		1

				6769-4		11/7/12				11/13/12		ND		1		11/13/12		14.5		1		11/13/12		2.41		1				11/13/12		2.04		1

				6769-5		11/7/12				11/13/12		ND		1		11/13/12		ND		1		11/13/12		ND		1				11/13/12		ND		1

				6769-6		11/7/12				11/13/12		ND		1		11/13/12		29.7		1		11/15/12		110		3				11/13/12		4.22		1

				6769-6 Lab dup		11/7/12				11/13/12		ND (RPD=NA)		1		11/13/12		29.3 (RPD=1.36)		1		11/15/12		110 (RPD=0)		3				11/13/12		4.11 (RPD=2.64)		1

				6769-7		11/7/12				-		*		-		-		*		-		-		*		-				-		*		-



				6776-1		11/8/12				11/13/12		ND		1		11/13/12		BQL (0.154)		1		11/13/12		ND		1				11/13/12		ND		1

				6776-2		11/8/12				11/13/12		ND		1		11/13/12		ND		1		11/13/12		ND		1				11/13/12		ND		1

				6776-3		11/8/12				-		*		-		-		*		-		-		*		-				-		*		-

				6776-4		11/8/12				11/13/12		ND ^		2		11/13/12		18.7		1		11/15/12		349		21				11/13/12		2.34		1

				6776-5		11/8/12				11/13/12		ND		1		11/13/12		12.0		1		11/15/12		100		3				11/13/12		6.23		1

				6776-6		11/8/12				11/13/12		ND		1		11/13/12		12.2		1		11/15/12		101		3				11/13/12		6.27		1

				6776-7		11/8/12				11/13/12		ND		1		11/13/12		11.3		1		11/15/12		60.8		3				11/13/12		1.63		1

				6776-8		11/8/12				11/13/12		ND		1		11/13/12		15.2		1		11/15/12		70.1		3				11/13/12		1.44		1

				6776-9		11/8/12				11/13/12		ND		1		11/13/12		25.7		1		11/15/12		151		6				11/13/12		7.28		1

				6776-9 Lab dup		11/8/12				11/13/12		ND (RPD=NA)		1		11/13/12		25.4 (RPD=1.17)		1		11/15/12		151 (RPD=0)		6				11/13/12		7.31 (RPD=0.411)		1







		Comments:

		The measurement quality objective for the precision of sample duplicates is a relative percent difference of <10.  This precision objective was met for the duplicate samples within the calibration range.  MDL determinations were made on 9/24/2012.    ** MDL and QL should be multiplied by the same factor as the dilution factor for those samples that were diluted.  * An anion sample was not received.  ## - Unusable sample - the P.I. was notified that sample RBFBlk03-1112 had one large fused peak as if it may have been acidified accidentally.  The P.I. advised the analyst to flag the sample as unusable.  A couple of the field blanks had some chloride present and the P.I. was notified.  ^ - The bromide values for these samples were ND when analyzed without dilution, but the associated matrix spikes were low.  When diluted by 2X or 3X, the matrix spikes gave acceptable recoveries, therefore, those ND values were reported.

		Notes:

		1.  If the parameter was detected above the quantitation limit (QL), the numeric result is reported; BQL denotes that the parameter was not detected at or above the quantitation limit; BQL ( ) denotes that the parameter was detected above the method detection limit (MDL) but below QL and the estimated numeric result is reported in parenthesis; ND denotes that the parameter was not detected at all; NA means not applicable.  All the results are corrected with dilution factors (DF), if applicable.  

		2.  " -"  denotes  that the information is not available or the analyte is not analyzed.





















































Page &P of &N




QC Data 

		EPA-General Parameters

		Analytical Results Report



		Laboratory:		General Parameters



		Tech. Directive:		EPAGP421												Quality Control Data 



		Analyst:		Lynda Callaway				Analytes		Bromide (Br)						Chloride (Cl)						Sulfate (as SO4)						Fluoride (F)

								Codes		7726-95-6-BR						16887-00-6						14808-79-8						7782-41-4

		Report Date:		11/27/12				Methods		RSKSOP-276/4						RSKSOP-276/4						RSKSOP-276/4						RSKSOP-276/4

								Unit		mg/L						mg/L						mg/L						mg/L

								MDL		0.167						0.131						0.164						0.047

								QL		1.00						1.00						1.00						0.200

		QC Sample ID		Additional ID		Date Prepared		Date Analyzed		Data		True Value		% REC.		Data		True Value		% REC.		Data		True Value		% REC.		Data		True Value		% REC.

		MB1		RO Water Blank		11/13/12		11/13/12		ND		-		-		ND		-		-		ND		-		-		ND		-		-

		MB2		RO Water Blank		11/13/12		11/13/12		ND		-		-		ND		-		-		ND		-		-		ND		-		-

		MB3		RO Water Blank		11/13/12		11/13/12		ND		-		-		ND		-		-		ND		-		-		ND		-		-

		MB4		RO Water Blank		11/13/12		11/13/12		ND		-		-		ND		-		-		ND		-		-		ND		-		-

		MB1		RO Water Blank		11/15/12		11/15/12		ND		-		-		ND		-		-		ND		-		-		ND		-		-

		MB2		RO Water Blank		11/15/12		11/15/12		ND		-		-		ND		-		-		ND		-		-		ND		-		-

		SS1		ERA # 54 Minerals		7/2/12		11/13/12		-		-		-		61.2		62.8		97.5		28.2		28.3		99.6		2.04		1.99		103

		SS3		ERA # 54 Minerals		7/2/12		11/13/12		-		-		-		62.1		62.8		98.9		28.1		28.3		99.3		1.96		1.99		98.5

		SS5		ERA # 54 Minerals		7/2/12		11/13/12		-		-		-		62.0		62.8		98.7		28.1		28.3		99.3		1.93		1.99		97.0

		SS1		ERA # 54 Minerals		7/2/12		11/15/12		-		-		-		60.3		62.8		96.0		27.5		28.3		97.2		2.02		1.99		102

		SS3		ERA # 54 Minerals		7/2/12		11/15/12		-		-		-		60.5		62.8		96.3		28.0		28.3		98.9		2.08		1.99		105

		SS4		ERA # 54 Bromide		7/27/12		11/13/12		2.43		2.57		94.6		-		-		-		-		-		-		-		-		-

		SS2		ERA # 54 Bromide		7/27/12		11/13/12		2.50		2.57		97.3		-		-		-		-		-		-		-		-		-

		SS4		ERA # 54 Bromide		7/27/12		11/15/12		2.59		2.57		101		-		-		-		-		-		-		-		-		-

		SS6		ERA # 54 Bromide		7/27/12		11/15/12		2.62		2.57		102		-		-		-		-		-		-		-		-		-

		CCC1		(1 br,cl,so4/ 0.2 f) mg/L		11/7/12		11/13/12		BQL (0.943)		1.00		94.3		1.01		1.00		101		1.05		1.00		105		0.202		0.200		101

		CCC2		(5 br,cl,so4/ 1 f) mg/L		11/7/12		11/13/12		4.90		5.00		98.0		5.08		5.00		102		5.02		5.00		100		0.947		1.00		94.7

		CCC3		(10 br,cl,so4/ 2 f) mg/L		11/7/12		11/13/12		9.86		10.0		98.6		9.93		10.0		99.3		9.88		10.0		98.8		2.05		2.00		103

		CCC4		(25 br,cl,so4/ 5 f) mg/L		11/7/12		11/13/12		25.3		25.0		101		25.2		25.0		101		25.2		25.0		101		5.19		5.00		104

		CCC5		(5 br,cl,so4/ 1 f) mg/L		11/7/12		11/13/12		4.98		5.00		99.6		5.08		5.00		102		5.03		5.00		101		1.08		1.00		108

		CCC6		(25 br,cl,so4/ 5 f) mg/L		11/7/12		11/13/12		25.1		25.0		100		25.0		25.0		100		25.0		25.0		100		5.17		5.00		103

		CCC1		(1 br,cl,so4/ 0.2 f) mg/L		11/7/12		11/15/12		BQL (0.942)		1.00		94.2		1.06		1.00		106		BQL (0.998)		1.00		99.8		BQL (0.196)		0.200		98.0

		CCC2		(5 br,cl,so4/ 1 f) mg/L		11/7/12		11/15/12		5.02		5.00		100		5.05		5.00		101		4.98		5.00		99.6		0.973		1.00		97.3

		CCC3		(10 br,cl,so4/ 2 f) mg/L		11/7/12		11/15/12		10.2		10.0		102		9.92		10.0		99.2		10.0		10.0		100		1.97		2.00		98.5

		CCC4		(25 br,cl,so4/ 5 f) mg/L		11/7/12		11/15/12		25.0		25.0		100		24.4		25.0		97.6		24.6		25.0		98.4		4.98		5.00		99.6

		CCC5		(50 br,cl,so4/ 10 f) mg/L		11/7/12		11/15/12		49.6		50.0		99.2		49.5		50.0		99.0		49.3		50.0		98.6		9.54		10.0		95.4

		MS		(spike IDs removed)		11/15/12		11/15/12		* 16.2		* ND (19.2)		84.4		* 35.8		* 20.3 (16.1)		96.3		-		-		-		-		-		-

		MS				11/13/12		11/13/12		-		-		-		-		-		-		18.2		ND (19.2)		94.8		8.66		4.63 (3.85)		105

		MS				11/15/12		11/15/12		17.8		ND (19.2)		92.7		21.9		4.36 (19.2)		91.4		* 33.0		* 17.3 (16.1)		97.5		4.07		0.360 (3.85)		96.4

		MS				11/15/12		11/15/12		* 17.1		* ND (19.2)		89.1		* 33.7		* 16.0 (19.2)		92.2		-		-		-		-		-		-

		MS				11/13/12		11/13/12		-		-		-		-		-		-		18.3		ND (19.2)		95.3		7.73		3.82 (3.85)		102

		MS				11/13/12		11/13/12		18.7		ND (19.2)		97.4		32.5		14.5 (19.2)		93.8		21.4		2.41 (19.2)		98.9		6.33		2.04 (3.85)		111

		MS				11/15/12		11/15/12		* 15.9		* ND (19.2)		82.8		-		-		-		* 35.1		* 16.6 (19.2)		96.4		-		-		-

		MS				11/13/12		11/13/12		-		-		-		35.8		18.7 (19.2)		89.1		-		-		-		6.50		2.34 (3.85)		108

		MS		Laboratory Control Spike		11/15/12		11/15/12		19.5		ND (19.2)		102		18.9		ND (19.2)		98.4		19.6		ND (19.2)		102		3.79		ND (3.85)		98.4



		Comments:

		The measurement quality objective (MQO) for the accuracy of continuing check standards is 90-110% accuracy.  The MQO for the recovery of matrix spike samples is 80-120% recovery. These objectives were met for the standards and spikes.  The MQO for ERA 54 are recoveries of  85.2 - 115% for Cl,  79.5 - 118% for SO4, 81.4 - 119% for F, and 76.3 - 121% for Br.  The MQOs were met for the ERA samples.  Most of the  matrix spikes were prepared by adding 20 uL of a mixed 500 / 100 mg/L standard into 0.5 mL of sample to yield spike concentrations of 19.2 mg/L for Cl, SO4 and Br and 3.85 mg/L for F.  A few matrix spikes for chloride and sulfate were prepared by adding 20 uL of a 500 mg/L standard into 0.6 mL to yield a spike concentration of 16.1 mg/L. The matrix  spike recovery was calculated according to the equation: %Recovery = 100* (Spiked sample concentration(Data) - Native Sample Concentration) / Spike Concentration.  * Matrix spike values are calculated and reported without the dilution factor applied.

		Notes:

		1. MB - Method Blank. CCC - Continuing Calibration Check.  A calibration standard analyzed within the batch of samples. LCS   - Laboratory Control Spike.  A laboratory blank spiked with analytes at known concentrations. MS - Matrix Spike. A field sample spiked with known concentrations of analytes. The field sample id is identified. SS    -  Samples obtained from the second sources are identified by their designated names. DUP - Field sample duplicate analysis.  A sample selected by the lab analyst to analyze as a duplicate. It is reported in the sample result section. % REC   - Percent Recovery. Calculated as the percentage of the results to the true values.  It equals to % accuracy for CCC.













































































































































































































