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Foreword 
The diffuse nature of nonpoint sources and the variety of pollutants generated by them create a challenge 
for their effective control requiring a systematic approach based on assessment, planning, 
implementation, and evaluation. Monitoring is an important component in all four of these activities. 
While substantial progress has been made since 1972 in the protection and enhancement of water quality, 
much work is still needed to identify nonpoint source management strategies that are both effective and 
economically achievable under a wide range of conditions. Lack of adequate information on best 
management approaches is the major obstacle in developing effective watershed management strategies. 
We are relearning previous lessons because we have failed to institutionalize previous lessons learned 
from intensive monitoring efforts from 1970 to the present. This version of the nonpoint source 
monitoring guide (guide) incorporates the monitoring lessons learned from the Rural Clean Water 
Program (RCWP), the Clean Water Act Section 319 National Nonpoint Source Monitoring Program 
(NNPSMP), and other efforts to provide a state-of-the-reference for monitoring nonpoint source projects. 
Monitoring plays an important role in addressing the need to evaluate our watershed management efforts 
and document the lessons learned so we can use them as a foundation for future management efforts. 

This guide is written primarily for those who develop and implement monitoring plans for watershed 
management projects, but it can also be used by those who wish to evaluate the technical merits of 
monitoring proposals they might sponsor. It is an update to the 1997 Monitoring Guidance for 
Determining the Effectiveness of Nonpoint Source Controls (EPA 841-B-96-004) and includes many 
references to that document. 

The style and technical level of this guidance are intended to make it accessible to both beginners and 
experts alike. Numerous real-world examples from RCWP and NNPSMP projects are provided to give 
the reader a true sense of the challenges faced by those who have monitored waters impacted by nonpoint 
sources. Included in the guidance document are many references to other related resource materials for 
those seeking additional or more detailed information. 

This guidance begins with an overview of the extent and types of nonpoint source problems reported by 
the States and Tribes. The overview is intended to provide perspective and set the stage for the chapters 
that follow. Subsequent chapters describe the basic steps involved in designing a nonpoint source 
monitoring plan, including sections and chapters devoted to biological, photopoint, and land use 
monitoring. A chapter that focuses on ways to address the many unique challenges associated with 
nonpoint source monitoring is also included. The chapter on data analysis describes and illustrates 
techniques ranging from exploratory data analysis to advanced statistical approaches for assessing the 
effectiveness of both individual best management practices and watershed projects. Pollutant load 
estimation methods are also described in detail. A chapter on quality assurance and quality control is then 
followed by a chapter addressing monitoring costs. 

Good monitoring design begins with a clear monitoring objective and an understanding of the water 
quality problem or concern addressed. Because problems and objectives vary, there is no single approach 
that can be applied to nonpoint source monitoring efforts. It is hoped this guidance provides a foundation 
that allows practitioners to design monitoring programs that meet their unique needs. 

Readers are encouraged to consult the many resources listed in this document. In addition to these resources, 
readers are urged to contact monitoring and quality assurance experts in academia and at the local, State, 
Tribal, and federal levels for assistance in developing monitoring plans and analyzing the collected data. 
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AA atomic absorption 

ac acre 

ac/ft acre-foot 

ACF autocorrelation function 

ADCP acoustic Doppler current profiler 

AFDM ash-free dry mass 

Ag silver 

Al aluminum 

ANCOVA analysis of covariance 

ANOVA analysis of variance 

APA acid/alkaline phosphatase activity 

ARIMA autoregressive integrated moving average 

As arsenic 

ATTAINS assessment TMDL tracking & implementation system 

Au gold 

BCG biological condition gradient 

BEACH beaches environmental assessment, closure and health 

BioK biological/habitat with kick net 

BMP best management practice 

BOD biochemical oxygen demand 

BOD5 5-day biochemical oxygen demand 

CADDIS causal analysis/diagnosis decision information system 

CAFO concentrated animal feeding operation 

CCA canonical correlation analysis and canonical correspondence analysis 

C-CAP coastal change analysis program 

Cd cadmium 

CEAP conservation effects assessment project 
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cfs cubic feet per second 

CI confidence interval 

Cl-1 chloride 

cm centimeter 

cms cubic meters per second 

Co cobalt 

COD chemical oxygen demand 

Cu copper 

CV coefficient of variation 

CWA Clean Water Act 

DBI diatom bioassessment index 

DD detectable difference 

DEM digital elevation model 

d.f. degree of freedom 

DIA digital image analysis 

DL detection limit 

DO dissolved oxygen 

DQO data quality objective 

EDA exploratory data analysis 

EDI equal discharge interval 

EMC event mean concentration 

EMMA environmental monitoring and measurement advisor 

EPA U.S. Environmental Protection Agency 

EPT Ephemeroptera-Plecoptera-Trichoptera 

EWI equal width interval 

Fe iron 

FSA Farm Service Agency 

ft feet 

ft3/s cubic feet per second 

GIS geographic information system 
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GPS global positioning system 

H2SO4 sulfuric acid 

ha hectare 

HBI Hilsenhoff Biotic Index 

Hg mercury 

HNO3 nitric acid 

IBI Index of Biological Integrity 

ICP inductively coupled plasma 

in inch 

IQR interquartile range 

IR integrated reporting 

IWL Izaak Walton League 

kg kilogram 

KS Kolmogorov-Smirnov 

L liter 

Li lithium 

LA load allocation 

LIA line-intersect analysis 

LID low impact development 

LiDAR light detection and ranging 

LOWESS locally weighted scatterplot smoothing 

LS-means least square means 

LSD least significant difference 

LULC land use/land cover 

m meter 

m3/s cubic meters per second 

MA moving average 

MAI macroinvertebrate aggregated index 

MBI macroinvertebrate biotic index 

MDC minimum detectable change 
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MDNR Maryland Department of Natural Resources 

mg milligram 

mi mile 

ml milliliter 

MLE maximum likelihood estimation 

mm millimeter 

MMI multimetric index 

Mn manganese 

MOS margin of safety 

MQO measurement quality objective 

mRPD median relative percent difference 

N nitrogen 

NAWQA national water-quality assessment program 

NELAC national environmental laboratory accreditation conference 

NEMI national environmental methods index 

NGO non-governmental organization 

NH3-N ammoniacal nitrogen 

Ni nickel 

NLCD national land cover dataset 

NNPSMP national nonpoint source monitoring program 

NO3 nitrate nitrogen 

NPDES national pollution discharge elimination system 

NPS nonpoint source 

NRCS Natural Resources Conservation Service 

NRI national resources inventory 

NRSA national rivers and streams assessment 

NSC nutrient and sediment grab samples 

NSL nutrient and sediment loads 

NWQI national water quality initiative 

O/E observed/expected 
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P phosphorus 

PACF partial autocorrelation function 

Pb lead 

PCA principal component analysis 

PDTG percent dominant taxa (generic level) 

PGDER Prince George’s County Department of Environmental Resources 

PIBI potential index of biological integrity 

POCIS polar organic chemical integrative samplers 

PPCC probability plot correlation coefficient 

PROC AUTOREG SAS procedure to estimate and forecast linear regression models for time series 
data 

QAP quality-assurance plan (USGS) 

QAPP quality assurance project plan 

QHEI qualitative habitat evaluation index 

QL quantitation limit 

QMP quality management plan 

RCB randomized complete block 

RCWP rural clean water program 

ROS regression on order statistics 

RPD relative percent difference 

RUSLE revised universal soil loss equation 

SA subjective analysis 

SAP sampling and analysis plan 

SAS SAS Institute, Inc. 

Sb antimony 

SCC suspended sediment concentration 

SIMPLE spatially integrated models for phosphorus loading and erosion 

SNT sondes for nutrients and turbidity 

SO4
-2 sulfate 

SOP standard operating procedure 
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SPARROW spatially referenced regressions on watershed attributes watershed modeling 
technique 

SRP soluble reactive phosphorus 

SSC suspended sediment concentration 

STEPL spreadsheet tool for estimating pollutant load 

STORET EPA’s storage and retrieval database for water quality, biological, and physical 
data 

SWAT soil and water assessment tool 

SWM statewide monitoring network 

SWP stormwater detention/retention pond 

TDS total dissolved solids 

TIGER topologically integrated geographic encoding and referencing 

TIR thermal infrared 

TKN total Kjeldahl nitrogen 

TMDL total maximum daily load 

TNTC too numerous to count 

TP total phosphorus 

TSS total suspended solids 

USDA U.S. Department of Agriculture 

USGS U.S. Geological Survey 

VIF variance inflation factor 

W/D width-to-depth ratio 

WLA waste load allocation 

WQS water quality standards 

WRTDS weighted regressions on time, discharge, and season 

WWTP wastewater treatment plant 

Zn zinc 
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