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Disclaimer

This document has not been through a formal external peer review process and does not 
necessarily reflect all of the most recent policies of the U.S. Environmental Protection Agency 
(EPA), in particular those now under development. The use of specific trade names or the 
identification of specific products or processes in this document is not intended to represent an 
endorsement by EPA or the U.S. government. Discussion of environmental statutes is intended 
for information purposes only; this is not an official guidance document and should not be relied 
upon to determine applicable regulatory requirements. 

This document contains the first part of a two-part report addressing environmental and human 
health issues associated with the production, use, and disposal of FR4 PCBs using current and 
emerging flame retardant technologies.  Part one provides an evaluation of the environmental 
and human health hazards associated with flame retarding chemicals during manufacturing and 

www.epa.gov/dfe.

use of the FR4 boards and a preliminary discussion and identification of end of life issues.  Part 
two of the report will present experimental data from the investigation of the thermal breakdown 
of boards and the byproducts formed under different combustion and pyrolysis conditions.  
These data may provide further insight into any issues that may arise, including possible end of 
life disposal issues.  It is anticipated that part two of the report will be completed in 2009.  This 
version of the report contains results from part one only and is considered incomplete until the 
results from part two are available.  

For More Information 

To learn more about the Design for the Environment (DfE) Flame Retardant in Printed Circuit 
Board Partnership or the DfE Program, please visit the DfE Program Web site at: 

To obtain copies of DfE Program technical reports, pollution prevention case studies, and project 

National Service Center for Environmental Publications
U.S. Environmental Protection Agency

P.O. Box 42419
Cincinnati, OH 45242
Phone: (513) 489-8190

(800) 490-9198
Fax: (513) 489-8695

E-mail: ncepimal@one.net
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Executive Summary

A broad-based stakeholder group joined with the Design for the Environment (DfE) Program in 
the U.S. Environmental Protection Agency’s (EPA’s) Office of Pollution Prevention and Toxics 
(OPPT) to form the Flame Retardants (FRs) in Printed Circuit Boards (PCBs) Partnership.  The 
partnership, which includes members of the electronics industry, flame retardants industry, 
environmental groups, academia, and others, came together to generate this report.  Participation 
of a diverse group of stakeholders has been critical to developing the information for this 
partnership.  The multi-stakeholder nature of the partnership led to a report that takes into 
consideration many diverse viewpoints, making the project richer both in approach and outcome. 

Goal of the Partnership and This Report 

The partnership developed the information in this report to advance understanding of the human 
health and environmental impacts of conventional and new flame-retardant materials that can 
provide fire safety for PCBs. This partnership report provides objective information that will 
help members of the electronics industry more efficiently factor human health and environmental 
considerations into decision-making when selecting flame retardants for PCB applications.  This 
report can also serve as a step toward developing a more comprehensive understanding of the 
human health and environmental implications of flame-retardant chemicals by noting gaps in the 
existing human health and environmental literature.  For example, future studies could be 
directed at key human health and environmental toxicological endpoints that are not yet 
adequately characterized. Additional testing could also be directed at improving understanding 
of fate and transport of flame-retardant chemicals during the most relevant life-cycle phases.

The objective of the partnership is not to recommend a single best flame retardant for PCB 
applications or to rank the evaluated flame retardants. In addition to information on 
environmental and human health impacts, performance and cost are critical in the final decision. 
The information in this report could be used in decision-making frameworks that address these 
critical elements. When using these flame-retardant chemical profiles, it is important to consider 
other life-cycle impacts, including exposure considerations. 

Fire Safety for Printed Circuit Boards (PCBs) 

PCBs are commonly found in consumer and industrial electronic products, including computers 
and cell phones. Manufacturers commonly produce PCBs with flame-retardant chemicals to help 
ensure fire safety. Currently, the majority of PCBs produced worldwide meet the V0 
requirements of the UL 94 fire safety standard.  This standard is usually achieved through the use 
of brominated epoxy resins in which the reactive flame retardant tetrabromobisphenol A 
(TBBPA) forms part of the polymeric backbone of the resin. These UL 94 V0 compliant boards 
are referred to as FR-4 boards, which must meet performance specifications as well as the fire 
safety standard.  While alternative flame-retardant materials are used in only a small percentage 
of FR-4 boards, the use of alternatives has been increasing over the past few years, and 
additional flame-retardant chemicals and laminate materials are under development. 
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Environmental and Human Health Hazard Information for Flame Retardant Chemicals 

The level of available human health and environmental information varies widely by flame-
retardant chemical.  Little information exists concerning many of the alternative flame-retardant 
materials.  More established chemicals, including TBBPA and silicon dioxide, are more fully 
characterized. To help address this discrepancy, and to increase the usefulness of this report, 
EPA used the tools and expertise of the New Chemicals Program to estimate the potential 
impacts of flame retardants when no experimental data were available. The partnership evaluated 
eight commercially available flame retardants for FR-4 laminate materials for PCBs:  TBBPA, 
DOPO, Fyrol PMP, aluminum hydroxide, Exolit OP 930, Melapur 200, silicon dioxide, and 
magnesium hydroxide.  TBBPA is used to make the epoxy resin base material in more than 90 
percent of FR-4 boards. Alternative flame-retardant materials are used in only 3 to 5 percent of 
the current FR-4 boards.  These chemicals were identified through market research and 
consultation with industry and iNEMI (the International Electronics Manufacturing Initiative) as 
potentially viable options for PCBs. The reaction products of epoxy resin with TBBPA, DOPO, 
and Fyrol PMP were also evaluated, because both TBBPA and DOPO undergo chemical 
reactions during manufacturing.  As a result, the reaction products of TBBPA, DOPO, Fyrol 
PMP, and other reactive flame retardants are present during the manufacturing process, and trace 
quantities may be locked in the PCB polymer matrix.  Chapter 4 qualitatively summarizes the 
toxicological hazard characteristics of the chemicals in each flame-retardant formulation.  
Chemical components making up less than 1 percent by weight of the flame-retardant 
formulation were not considered in this assessment.  A screening-level summary table (presented 
below as Table ES-1) is also presented in Chapter 4.  Table ES-1 shows relative hazard levels for 
nine human health effects, two aquatic toxicity effects, and two environmental fate endpoints.  
Selected flame retardants are presented according to their reactive or additive nature. 

Flame-retardant evaluations in this report are hazard assessments with considerations for 
exposure, not full risk assessments.  Whereas hazard measures a material’s inherent dangers, risk 
takes into account both hazard and the amount of material to which workers, the community, or 
the environment may come into contact (probability of exposure).  For example, a highly 
hazardous material may pose a low level of risk to human health and the environment if there is 
limited exposure, but a high level of risk if there is a high level of exposure.  Similarly, a less 
hazardous material may pose a high level of risk to human health and the environment if there is 

materials with little available information, hazard levels were projected based on chemical 
structure. This approach relies on structure activity relationships (SAR) analysis involving 
modeling techniques and professional judgment.  An explanation of EPA’s chemical assessment 
methodology and more detailed characteristics of the chemicals in each formulation are 
presented in Sections 4.1.2 and 4.2. 

Life Cycle Thinking and Exposure Considerations 

In addition to evaluating chemical hazards, this partnership agreed it was important to apply life-
cycle thinking to more fully understand the potential human health and environmental impacts of 
evaluated flame retardants.  Human health and environmental impacts can occur throughout the 
life cycle: from raw material extraction and chemical manufacturing, to laminate, PCB, and 
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electronic product manufacturing, to product use, and finally to the end of life of the material or 
product. Factors such as occupational best practices and raw material extraction and subsequent 
flame-retardant and laminate manufacturing, together with the physical and chemical properties 
of the flame retardants, can serve as indicators of a chemical’s likelihood to pose human health 
and environmental exposure concerns.  During later stages of the life cycle, from PCB 
manufacturing to end-of-life, human health and environmental exposure potential is highly 
dependent upon whether the flame retardant was incorporated additively or reactively into the 
resin system.  Chapter 5 explores these and other life-cycle considerations.  A range of 
information about life-cycle issues exists for each of the flame retardants, especially when 
comparing TBBPA to more recently developed and commercialized alternatives. The detailed 
chemical assessments in this report are focused only on the flame-retardant chemicals. Other 
chemicals, such as feedstocks used to make the flame retardants; chemicals used in 
manufacturing resins, laminate materials, and PCBs; and degradation products and combustion 
byproducts are only mentioned in the process descriptions.

Combustion and Pyrolysis Testing 

As part of this life-cycle thinking, the partnership decided that testing of FR-4 laminates and 
PCB materials is necessary to better understand the potential byproducts during product use and 
thermal end-of-life processes.  The University of Dayton Research Institute (UDRI) will conduct 
pyrolysis and combustion testing, which is scheduled to be completed in 2009.  The rationale and 
methods for this testing are described in Chapter 6, with more detailed methods and results to be 
published in an addendum to this report after test completion. 

Selecting Flame Retardants for PCBs 

The partnership recognizes that the human health and environmental impacts are important 
factors in selecting a flame retarding chemical or formulation to provide fire safety in a PCB.  
However, the partnership also believes other factors are important, such as flame-retardant 
effectiveness, electrical and mechanical performance, reliability, cost, and impacts on end-of-life 
emissions.  These elements are included in Chapter 7.  While the report focuses on human health 
and environmental attributes of each flame-retardant chemical, it is important to note that many 
of these flame-retardant chemicals must be used together in different combinations to meet the 

depending on the use of the PCB. The performance testing of commercially available halogen-
free flame-retardant materials to determine their key electrical and mechanical properties is the 
focus of a separate but complementary project being conducted by iNEMI.  This partnership has 
worked closely with iNEMI, as well as the High Density Packaging User Group (HDPUG).  In 
contrast to iNEMI, HDPUG is focused on building a database of existing information on 
halogen-free materials, including halogen-free flame retardants – both commercially available 
and in research and development. 
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1 Introduction
The electronics industry is engaging in a multi-stakeholder partnership with EPA’s Design for 
the Environment (DfE) Program to identify and evaluate commercially available flame retardants 
and their environmental, human health and safety, and environmental fate aspects in FR-4 
printed circuit boards (PCBs).  The majority of PCBs are classified as FR-4 (Flame Resistant 4), 
indicating that they meet certain performance criteria, as well as the V0 requirements of the UL 
(Underwriters Laboratories) 94 flammability testing standard.1  Currently, for more than 90 
percent of FR-4 PCBs, the UL 94 V0 requirement is met by the use of epoxy resins in which the 
reactive flame retardant tetrabromobisphenol A (TBBPA) forms part of the polymeric backbone 
of the resin. 

Alternative flame-retardant materials are used in only 3 to 5 percent of the current FR-4 boards, 
but additional alternative flame-retardant materials are under development.  Little information 
exists concerning the potential environmental and human health impacts of the materials that are 
being developed as alternatives to the brominated epoxy resins being used today.  Environmental 
and human health impacts can occur throughout the life cycle of a material, from development 
and manufacture, through product use, and finally at the end of life of the material or product. In 
addition to understanding the potential environmental and human health hazards associated with 
the reasonably anticipated use and disposal of flame-retardant chemicals, stakeholders have 
expressed a particular interest in understanding the combustion products that could be formed 
during certain end-of-life scenarios. 

A risk assessment conducted recently by the European Union did not find significant human 
health risk associated with reacted TBBPA in printed circuit boards.2  However, the potential 
environmental and health impacts of exported electronic waste (e-waste) are not fully 
understood. A large percentage of e-waste is sent to landfills or recycled through smelting to 
recover metals.  An unknown portion of the waste is recycled under unregulated conditions in 
certain developing countries, and the health implications of such practices are of concern.

This report aims to increase understanding of the potential environmental and human health 
impacts of printed circuit boards throughout their life cycle.  Information generated from this 
partnership will contribute to more informed decisions concerning the selection and use of 
flame-retardant materials and technologies and the disposal and recycling of e-waste.

1 FR-4 refers to the base material of the printed circuit board; namely, a composite of an epoxy resin reinforced with
a woven fiberglass mat.  UL 94 is an Underwriters Laboratories standard for flammability of plastic materials.
Within UL 94, V0 classification entails one of the highest requirements.
2 The EU results, while noteworthy, will not form the basis of this assessment, but rather should be viewed in
conjunction with the independent conclusions drawn in this assessment.
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1.1 Purpose of the Flame-Retardant Alternatives Analysis 

The partnership committee identified the overall purpose of this analysis as follows: 

� To identify and evaluate current and alternative flame retardants and their environmental, 
human health and safety, and environmental fate aspects in FR-4 printed circuit boards. 

� To allow industry and other stakeholders to consider environmental and human health 
impacts along with cost and performance of circuit boards as they evaluate alternative 
materials and technologies.  

1.2 Scope of the Flame-Retardant Alternatives Analysis 

The partnership will incorporate life-cycle thinking into the project as it explores the potential 
hazards associated with flame retardants and potential exposures throughout the life cycle of 
flame retardants used in FR-4 PCBs.  While the report focuses on flame retardants used in FR-4 
PCBs, these flame retardants may also be applicable in a wide range of PCBs constructed of 
woven fiberglass reinforced with thermoset resin. 

As appropriate, the scope will include aspects of the life cycle where public and occupational 
exposures could occur. For example, consideration of exposures from open burning or 
incineration at the end of life will be included, as will exposures from manufacturing and use.   

The following investigations were considered within the scope of the project: 

� An environmental, health, and safety (EHS) assessment of commercially available flame-
retardant chemicals and fillers for FR-4 laminate materials 

� An assessment of environmental and human health endpoints (environmental endpoints 
include ecotoxicity, fate, and transport) 

� A review of potential life-cycle concerns

� Combustion testing to compare the potential byproducts of concern from commercially 
available FR-4 laminates and PCB materials during offgassing and thermal end-of-life 
processes, including open burning, incineration, and smelting.   

The project’s scope will be limited to flame-retardant chemicals used in bare (i.e., unpopulated) 
FR-4 printed circuit boards. Other elements of PCBs (such as solder and casings) and chemicals 
in components often attached to PCBs to make an electronic assembly (such as cables, 
capacitors, connectors, and integrated circuits) will not be assessed. 

The report is intended to provide information that will allow industry and other stakeholders to 
evaluate environmentally safer alternatives for flame retardants in PCBs.  The report is organized 
as follows: 

1-2
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� Chapter 1 (Introduction): This chapter provides background to the Flame Retardants in 
Printed Circuit Boards partnership project including the purpose and scope of the 
partnership and of this report. 

� Chapter 2 (FR-4 Laminates): This chapter describes the characteristics, market for, and 
manufacturing process of FR-4 laminates and investigates possible next generation 
developments.  

� Chapter 3 (Chemical Flame Retardants for FR-4 Laminates): This chapter describes 
chemical flame retardants generally, as well as those specific flame retardants used in 
FR-4 laminates.  The next generation of flame-retardant chemicals is also discussed. 

� Chapter 4 (Evaluation of Flame Retardants): This chapter explains the chemical 
assessment methodology used in this report and summarizes the assessment of hazards 
associated with individual chemicals. 

� Chapter 5 (Potential Exposure to Flame Retardants and Other Life-cycle 
Considerations): This chapter discusses reasonably anticipated exposure concerns and 
identifies potential exposure pathways and routes associated with flame-retardant 
chemicals during each stage of their life cycle.   

� Chapter 6 (Combustion, Pyrolysis, and Offgassing Testing of FR-4 Laminates): This
chapter describes the rationale and methods for offgassing, combustion, and pyrolysis 
testing of PCB materials. 

� Chapter 7 (Considerations for Selecting Flame Retardants): This chapter addresses 
considerations for selecting alternative flame retardants based on environmental, 
technical, and economic feasibility.   

1-3
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1.2.1 Life-Cycle Stages Considered 

Figure 1-1: Exposure Pathways Considered During the Life Cycle of a PCB 
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Figure 1-1 above shows the life-cycle stages of a printed circuit board and the associated 
potential exposure pathways that will be examined in this report. In brief, the flame-retardant 
chemical is manufactured and then incorporated, either reactively or additively, into the epoxy 
resin. The epoxy resin is then applied to a woven fiberglass mat and hardened.  Layers of copper 
foil are attached to both sides of the reinforced resin sheet to form a laminate. Next, a printed 
circuit board is manufactured by combining several laminate layers that have had conductive 
pathways (i.e., circuits) etched into the copper foil.  The layers are then laminated together, and 
holes are drilled to connect circuits between layers and hold certain electronic components (e.g., 
connectors or resistors).  Once assembled, printed circuit boards are incorporated into various 
products by original equipment manufacturers (OEMs).  When the product is no longer in use, 
there are several end-of-life pathways that the product may take: landfilling, regulated 
incineration, unregulated incineration (or open burning), and recycling.  All of these life-cycle 
stages will be discussed in further detail in the subsequent chapters of this report. 

1.2.2 Aspects Beyond the Scope of This Assessment 

Although the analysis will explore hazard data associated with potential exposure scenarios, the 
partnership does not intend to conduct a full risk assessment, which would require a full 
exposure assessment along with the hazard assessment.  Likewise, the project will not be a 
complete life-cycle analysis, which inventories inputs and outputs from processes throughout the 
life cycle and evaluates the environmental impacts associated with those inputs and outputs. 
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Process chemicals (i.e., etching or washing solutions used in manufacturing PCBs) are not 
included in the scope of this assessment.  Although PCBs come in many varieties, the scope of 
this analysis is limited to FR-4 boards which meet the V0 requirements of the UL (Underwriters 
Laboratories) 94 standard. Boards of this type are used in consumer products such as computers 
and cell phones and make up a large portion of the PCBs used in consumer products.  The 
assessment may be useful beyond FR-4 boards to the extent that the same flame retardants are 
used in other laminates constructed of woven fiberglass reinforced with other thermoset resins 
such as phenolics. 

Finally, this assessment is not a technical evaluation of key electrical and mechanical properties 
of halogenated and halogen-free materials. These properties will be explored in a parallel 
assessment conducted by iNEMI (International Electronics Manufacturing Initiative). Together, 
the two reports will provide information on both the performance and environmental properties 
of the various materials being evaluated.  

1-5



DRAFT REPORT

2 FR-4 Laminates 
Flame Resistant 4 (FR-4) laminates are flame-retardant systems of woven glass reinforced with 
epoxy-like resin, notable for their resistance to heat, mechanical shock, solvents, and chemicals.  
Unlike lower grade laminates, a finished FR-4 laminate can obtain a V0 rating in the UL 94 test, 
a vertical burning test for flammability.  FR-4 laminates can be categorized as (1) high glass 
transition temperature (Tg) FR-4 laminates,3 (2) middle Tg FR-4 laminates,4 and (3) low Tg FR-4 
laminates.5  Within each of those categories, individual FR-4 laminates are differentiated through 
reference to their physical properties (e.g., rate of water absorption, flexural strength, dielectric 
constant, and resistance to heat). 

With the introduction of halogen-free FR-4 materials,6 a similar segmentation is emerging (e.g., 
high Tg halogen-free, low Tg halogen-free), leading to a multiplication of the number of FR-4 
materials available (Beard et al., 2006; Bergum, 2007).  As different formulations (different FR 
systems and different resin chemistries) result in different laminate properties, there can be 
different materials within one class (e.g., low Tg) having different performance (e.g., dielectrics, 
mechanics), thus addressing the different market needs. Such differences in performance are not 
specific to halogen-free materials and may also exist among brominated grades of the same Tg
class.

2.1 Overview of FR-4 Laminates Market (Prismark, 2006) 

In 2006, global printed circuit board production exceeded $45 billion.  PCBs are fabricated using 
a variety of laminate materials, including laminate, pre-impregnated material (prepreg), and 
resin-coated copper. In 2006, $7.66 billion of laminate materials were consumed globally.  
Laminate materials can be sub-segmented according to their composition, and include paper, 
composite, FR-4, high Tg FR-4, and specialty products (polytetrafluoroethylene (PTFE) and 
high-performance materials).   

� Paper and composite laminates represent 17.1 percent of the global laminate market in 
value. These materials are used as the basic interconnecting material for consumer 
applications.  The materials are low in cost, and their material characteristics are adequate 
for use in mainly low-end consumer products.   

� The workhorse laminate for the printed circuit board industry is FR-4.  In terms of value, 
approximately 70.4 percent of the material used in the industry is FR-4 glass-based 
laminate (including high Tg and halogen-free). This material provides a reliable and cost-
effective solution for the vast majority of designs.   

3 High glass transition temperature laminates have a Tg above 170°C.
4 Middle glass transition temperature laminates are usually considered to have a Tg of approximately 150°C.
5 Low glass transition temperature laminates are usually considered to have a Tg of 130°C and below.
6 In accordance with IEC-61249-2-21, this report defines “halogen-free materials” as materials that are �900ppm by
weight chlorine; �900ppm by weight bromine; and �1,500ppm maximum total halogens.
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� Many laminators offer halogen-free FR-4 laminate materials.  These materials are 
typically designed to be drop-in replacements for current halogenated materials, but they 
carry a price premium.  Halogen-free materials have been slowly gaining acceptance on a 
regional basis. 

� There are special applications that call for laminate materials with characteristics beyond 
the capability of FR-4.  These materials consist of special integrated circuit packaging 
substrates and materials for use in wireless or high-speed digital applications, including 
laminate containing bismaleimide-triazine (BT) resins, poly(p-phenylene oxide) (PPO), 
high-performance PTFE, and polyimide.   

Figure 2-1: 2006 Global PCB Laminate Market by Supplier 
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Figure 2-2: 2006 Global PCB Laminate Market by Material Type 
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Global sales of laminate materials in 2006 were estimated at $7.66 billion.  In terms of area 
production, it is estimated that more than 420.2 million square meters of laminate was 
manufactured to support the PCB industry in 2006.  The distribution of laminate sales 
geographically and the leading suppliers to each region are shown in Figures 2-3 and 2-4. 

Figure 2-3: 2006 Regional Laminate Sales into the Region 
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Figure 2-4: 2006 Laminate Sales by Region 
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2.2 Halogen-Free Laminate Market 

There has been a continuous increase in the demand for halogen-free material over the past few 
years. In 2003, the global halogen-free laminate market was approximately $60 million.  In 2004 
this market grew to $161 million, in 2005 it reached $239 million, and it is estimated at $307 
million for 2006. 

Most laminate suppliers now include halogen-free materials in their portfolio.  Pricing for 
halogen-free laminate is still higher than conventional material by at least 10 percent, and often 
by much more.  Tallying the production volumes of such leading laminate manufacturers as 
Hitachi Chemical, NanYa, Matsushita, ITEQ, Isola, Park Nelco, and others, Prismark has 
constructed a market segmentation, shown in Figure 2-5. 

Japan
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Figure 2-5: 2006 Global Halogen-Free Laminate Market 
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2.3 Current Research Efforts 

While demand for halogen-free laminates is increasing, there is currently a lack of information 
regarding their performance and environmental impact.  The International Electronics 
Manufacturing Initiative (iNEMI) and the High Density Packaging User Group (HDPUG) have 
taken on separate but complementary roles in helping to fill information gaps. 

The iNEMI project is focusing on performance testing of commercially available halogen-free 
materials to determine their electrical and mechanical properties.  The current list of laminate 
materials identified by iNEMI for further study includes nine laminate materials from seven 
different suppliers: 

� NanYa NPG-TL and NPG-170TL 
� Hitachi BE-67G(R) 
� TUC TU-742 
� MEW R1566W 
� ITEQ IT140G and IT155G 
� Shengyi S1155 
� Supresta FR Laminate 

While not in the final list for further study, the following laminates were also identified as 
promising candidates by iNEMI: 

� Isola DE156 and IS500 
� TUC TU-862 
� ITEQ IT170G 
� Nelco 4000-7EF 

Testing and evaluation of these laminate materials is currently under way. 
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In contrast to the iNEMI project, HDPUG is collecting existing data on halogen-free flame-
retardant materials; no performance testing will be conducted.  HDPUG is creating a database of 
information on the physical and mechanical properties of halogen-free flame-retardant materials, 
as well as the environmental properties of those materials.  The HDPUG project will take a broad 
look at flame-retardant materials, both ones that are commercially viable and in research and 
development.  The list of materials to be included in the database will be available later this year. 

Even though they are taking on different roles, HDPUG and iNEMI have been in contact with 

2.4

2.4.1

Br

each other, as well as this DfE partnership project, to ensure minimal duplication in scope.  The 
results of their efforts will help inform companies that want to select halogen-free laminate 
materials. 

Process for Manufacturing FR-4 Laminates  

This section describes general processes for manufacturing epoxy resins and laminates.  Specific 
chemicals and process steps can differ between manufacturers and intended use of the product. 

Epoxy Resin Manufacturing 

The process for making brominated epoxy resins that are used to make FR-4 laminates is shown 
below. Two different classes of oligomers (low molecular weight linear polymers) are in 
common use. The simplest are prepared by reacting TBBPA with a “liquid epoxy resin” (“X” is 
hydrogen in this case). The products (for example D.E.R.™ 530) have an Mn (number average 
molecular weight) of 800-1,000 g/mole and contain about 20 percent bromine by weight  After 
the oligomers are prepared, they are dissolved in a variety of solvents such as acetone or methyl 
ethyl ketone (2-butanone) to reduce the viscosity.  The Mw (average molecular weight) is 
typically about 2,000 g/mole. An excess of the epoxy resin is used, and therefore essentially all 
of the TBBPA is converted. 

OOOHHO O O

OOO
OH

O O O
n

+

heat + catalyst 

TBBPA
X

X

X

XBr

Br

X

X

X

XBr

Br

Br

Br

Br
'X'= Br or H 

In cases where it is desired to have an oligomer with a higher concentration of bromine, the 
liquid epoxy resin is replaced with a brominated epoxy resin (“X” = Br in the above structure).  
The products (D.E.R.™ 560 is a typical example) have similar molecular weights, but the 
content of bromine is higher (about 50 percent bromine by weight).  These “high-brominated” 
resins are typically used when other non-brominated materials must be added to the formulation 
(or “varnish”). 

2-6



DRAFT REPORT

In the past a large majority of laminate varnishes would be prepared by simply combining the 20 
weight percent brominated resin with 3 percent weight “dicy” (dicyandiamide) as a curing agent, 
along with additional solvent.  After the solvent was removed and the laminate pressed, the 
thermoset matrix would contain about 20 percent bromine by weight.  This is sufficient bromine 
to allow the thermoset matrix to pass the V0 performance requirements in the standard UL 94 
test. The cure chemistry of dicy is very complex and inadequately understood.  However, it is 
known to be capable of reacting with 4, 5, or even 6 epoxy groups. 

“Catalysts” such as 2-methylimidazole are used to increase the cure rate.  Imidazoles are not true 
catalysts: they initiate polymer chains, and become covalently bound to the matrix. 

A simplified representation of the final thermoset is shown below.  In a properly cured laminate 
all of the resin has become one molecule, meaning every atom is covalently linked into one 
three-dimensional structure.  This is desirable because it means that there are no leachable (or 
volatile) materials that can be released during the various procedures used to make a final printed 
circuit board. 

OO
OH OH

O O
OHn

Br

Br

Br

Br

polymer N N

N
CN

polymer polymer 

polymer 

With the advent of lead-free solders that melt at higher temperatures, phenolic hardeners (in 
place of dicy) are becoming more common.  Such formulations typically have higher 
decomposition temperatures.  A common phenolic hardener is an oligomer prepared from phenol 
and formaldehyde that has the structure shown below.  These “novolaks” typically have 2.5 to 
5.5 phenolic groups per molecule, which translates to Mn’s of 450 to 780 g/mole.  Bisphenol A 
novolak is also becoming increasingly common to boost the glass transition temperature. 

OH

CH2

OH

CH2

OH

n
The cross-linked matrix formed in this case is represented below.  The use of phenolic hardeners 
in the formulation has the effect of reducing the bromine concentration in the final cured resin.  
In some cases additional flame retardant is needed to meet the UL 94 V0 classification.  This is 
typically a solid additive such as alumina trihydrate (ATH) or other fillers.  Other methods are to 
mix in a fraction of the fully brominated resin that contains 50 percent bromine by weight.  
Finally, additional TBBPA and liquid epoxy resin can be mixed into the crosslinked matrix to 
increase the bromine concentration of the final cured resin, although it is unclear how common 
this practice is among epoxy resin manufacturers (Mullins, 2008). 

Br Br
polymer polymer 

OO OO O O Opolymer 
OH OH OHn

CH2

n
Br Br CH2
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This description does not cover all of the formulations used by laminate producers to meet their 
product specifications. Various epoxy novolaks can be added. 

The process of making epoxy resins containing alternative FRs is similar to the process used for 
making brominated epoxy resins.  In the case of phosphorus-based FRs, the epoxy resin is 
produced by reacting diglycidyl ether of bisphenol A (DGEBA) or an epoxy novolak with a 
stoichiometric deficiency of phosphorus flame retardant.  This gives a new resin containing both 
an epoxy group and covalently bound phosphorus.  Alternatively, a phosphorus-containing 
hardener can be prepared by condensing a phenolic compound with a phosphorus-containing
flame retardant.  For example, hydroquinone can condense with phosphorus-containing flame 
retardants in the presence of an oxidizing agent to give a hydroquinone-phosphorus compound.  
The laminator uses this hardener in conjunction with an epoxy resin (such as an epoxy novolak) 
and catalysts. A laminate can also be made halogen-free by using solid inorganic flame 
retardants (or fillers) to achieve the V0 requirement of the UL 94 fire safety standard.  A
phosphorus content of about 4 to 5 percent by weight in the laminate is generally sufficient to 
achieve the V0 requirement of the UL 94 fire safety standard. 

2.4.2 Laminate Manufacturing 

Most PCBs are composed of 1 to 16 conductive layers separated and supported by layers 
(substrates) of insulating material.  In a typical four-layer board design, internal layers are used 
to provide power and ground connections with all other circuit and component connections made 
on the top and bottom layers of the board. The more complex board designs have a large number 
of layers necessary for different voltage levels, ground connections, and circuit package formats. 

The basic layer of the printed circuit board is a woven fiberglass mat embedded with a flame-
resistant epoxy resin.  A layer of copper is often placed over this fiberglass/epoxy layer, using 
methods such as silk screen printing, photoengraving, or PCB milling to remove excess copper.  
Various conductive copper and insulating dielectric layers are then bonded into a single board 
structure under heat and pressure. The layers are connected together through drilled holes called 
vias, typically made with laser ablation or with tiny drill bits made of solid tungsten carbide.  
The drilled holes can then be plated with copper to provide conductive circuits from one side of 
the board to the other (How Products Are Made, 2006). 

Next, the outer surfaces of a PCB may be printed with line art and text using silk screening.  The 
silk screen, or “red print,” can indicate component designators, switch setting requirements, test 
points, and other features helpful in assembling, testing, and servicing the circuit board.  PCBs 
intended for extreme environments may also be given a conformal coat made up of dilute 
solutions of silicone rubber, polyurethane, acrylic, or epoxy, which is applied by dipping or 
spraying after the components have been soldered. This coat will prevent corrosion and leakage 
currents or shorting due to condensation. 

Once printed, components can be added in one of two ways.  In through-hole construction, 
component leads are electrically and mechanically fixed to the board with a molten metal solder, 
while in surface-mount construction, the components are soldered to pads or lands on the outer 
surfaces of the PCB. The parts of the circuit board to which components will be mounted are 
typically “masked” with solder in order to protect the board against environmental damage and 
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solder shorts. The solder itself was traditionally a tin-lead alloy, but new solder compounds are 
now used to achieve compliance with the Restriction of Hazardous Substances (RoHS) directive 
in the European Union (EU), which restricts the use of lead.  These new solder compounds 
include organic surface protectant, immersion silver, and electroless nickel with immersion gold 
coating (Oresjo and Jacobsen, 2005).  Tin-silver-copper alloys (SACs) have also been developed, 
some containing small amounts of an additional fourth element (IPC, 2005; Lasky, 2005). 

After construction, the PCB’s circuit connections are verified by sending a small amount of 
current through test points throughout the board.  The PCB is then ready to be packaged and 
shipped for use (Electronic Interconnect, 2007). 

2.5 Next Generation Research and Development 

Most research and development is oriented around improving the performance of FR-4 
laminates.  For example, manufacturers are seeking to improve the glass transition temperature 
(Tg) of FR-4 laminates in order to produce laminates better able to withstand heat.  A higher Tg is 
generally compatible with the use of lead-free solder, which often requires a higher soldering 
temperature (Thomas et al., 2005). Manufacturers often consider Tg together with the 
decomposition temperature (Td) when assembling lead-free assemblies.  Td is the temperature at 
which material weight changes by 5 percent.  Due to marketplace concerns over potential 
environmental impacts of TBBPA, such as the possible generation of dioxins and furans during 
combustion, the development of non-halogen flame retardants (discussed in Section 3.2) has also 
been a priority of manufacturers.  However, concerns over the human health and environmental 
impact, as well as the expense and performance of laminates containing these flame retardants, 
are still an issue. 

There are many types of FR-4 laminates under development that have a resin design different 
from the epoxy-based construction described above.  These typically include more thermally 
stable inflexible structures (such as biphenyl or naphthalene groups) and/or nitrogen heterocyclic 
structures (such as reacted-in triazine, oxazoline, or oxazine rings).  Another alternative to epoxy 
resin, polyimide resin, can be produced through condensation reactions between aromatic 
dianhydrides and aromatic diamines (Morose, 2006).  IF Technologies has manufactured an 
aliphatic liquid epoxy resin system produced from epoxidized plant oils and anhydrides that 
reduces emissions, decreases toxicity, and replaces bisphenol A and epichlorohydrin.  Other 
technologies in development use substances such as keratin, soybean oil, or lignin in the 
manufacturing process. 

Improvements in the lamination process are also being developed.  Technologies may soon 
enable the formation and multi-layering at room temperature of ceramic film on resin circuit 
boards, allowing for further multi-functionality, miniaturization, and cost reduction of electronic 
devices (PhysOrg, 2004). Laser drilling techniques will allow for the production of smaller 
microvias, which may allow for the creation of smaller circuit boards (Barclay, 2004).  Lasers 
can also be used for direct copper ablation, as they can quickly vaporize copper without 
damaging the epoxy and glass substrate (Lange, 2005). 
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3 Chemical Flame Retardants for FR-4 Laminates 
This chapter summarizes the general characteristics of flame retardants and associated 
mechanisms of flame retardancy. The flame-retardant chemicals currently used in printed circuit 
boards are also briefly introduced, with more detailed information about their potential exposure 
pathways, toxicity, and life-cycle considerations presented in later chapters. 

3.1 General Characteristics of Flame-Retardant Chemicals 

Fire occurs in three stages: (a) thermal decomposition, where the solid, or condensed phase, 
breaks down into gaseous decomposition products as a result of heat, (b) combustion chain 
reactions in the gas phase, where thermal decomposition products react with an oxidant (usually 
air) and generate more combustion products, which can then propagate the fire and release heat, 
and (c) transfer of the heat generated from the combustion process back to the condensed phase 
to continue the thermal decomposition process (Hirschler, 1992; Beyler and Hirschler, 2002). 

In general, flame retardants decrease the likelihood of a fire occurring and/or decrease the 
undesirable consequences of a fire (Lyons, 1970; Cullis and Hirschler, 1981).  The simplest way, 
in theory, of preventing polymer combustion is to design the polymer so that it is thermally very 
stable. Thermally stable polymers are less likely to thermally degrade, which prevents 
combustion from initiating.  However, thermally stable polymers are usually difficult and 
expensive to process, and do not typically perform well.  As a result, manufacturers use other 
methods, such as using flame-retardant chemicals, to impart flame-retardant properties to 
polymers. 

Flame retardants typically function by decreasing the release rate of heat (Hirschler, 1994), thus 
reducing the burning rate or flame spread of a fire, or by reducing smoke generation (Morose, 
2006). In the gas phase, flame retardants can interfere with free radical chain reactions, thereby 
reducing the tendency of the fire to propagate and spread.  Flame retardants can also act in the 
gas phase by cooling reactants and thereby decrease the rate of combustion.  In the condensed, or 
solid, phase flame retardants can act by forming a solid char (or a glassy layer), which interferes 
with the transfer of heat back from the gas phase to the condensed phase.  This inhibits or 
prevents further thermal decomposition. 

Typically, flame retardants contain one of the following seven elements: chlorine, bromine, 
aluminum, boron, nitrogen, phosphorus, or antimony (Lyons, 1970; Cullis and Hirschler, 1981; 
Hirschler, 1982).  There are, however, a number of replacements and synergists that are also 
effective. For example, aluminum (which is most often used as an oxide or hydroxide) can be 
replaced with magnesium hydroxide or by a magnesium salt.  In addition, some elements, such 
as zinc (often used as zinc borate or zinc stannate) and molybdenum (often used as ammonium 
molybdates), are effective primarily as smoke suppressants in mixtures of flame retardants. 

3.1.1 Flame-Retardant Classification 

Flame retardants are generally incorporated throughout the polymeric material, although they can 
also be coated on the external surface of the polymer to form a suitable protective barrier.  Flame 
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retardants can be classified, broadly speaking, into two types according to the method of 
incorporation:

� Reactive: Reactive flame retardants are incorporated into polymers via chemical 
reactions. The production of existing polymers is modified so that one or more 
unsubstituted reactant monomers is replaced with a substituted monomer containing 
flame-retardant heteroelements. The substituted monomers and their heteroelement 
components become an integral part of the resulting polymer structure.  Reactive flame 
retardants must be incorporated at an early stage of manufacturing, but once introduced 
they become a permanent part of the polymer structure. Once chemically bound, the 
reactive flame-retardant chemicals cease to exist as separate chemical entities.  Reactive 
flame retardants have a greater effect than additive flame retardants on the chemical and 
physical properties of the polymer into which they are incorporated. 

� Additive:  Additive flame retardants are incorporated into the compounds via physical 
mixing.  Compounds containing flame-retardant elements are mixed with existing 
polymers without undergoing any chemical reactions.  As a result, the polymer/additive 
mixture is less susceptible to combustion than the polymer alone.  Since additive flame 
retardants can be incorporated into the product up until the final stages of manufacturing, 
it is typically simpler for manufacturers to use additive flame retardants than reactive 
flame retardants. 

Due to the differing physical and chemical properties of flame-retardant chemicals, most are 
used exclusively as either reactive or additive flame retardants.  Both reactive and additive flame 
retardants can significantly change the properties of the polymers into which they are 
incorporated.  For example, they may change the viscosity, flexibility, density, and electrical 
properties, and may also increase the susceptibility of the polymers to photochemical and 
thermal degradation.  

Flame retardants can also be classified into four main categories according to chemical 
composition (IPC, 2003; and Morose, 2006): 

� Inorganic: This category includes silicon dioxide, metal hydroxides (e.g., aluminum 
hydroxide and magnesium hydroxide), antimony compounds (e.g., antimony trioxide), 
boron compounds (e.g., zinc borate), and other metal compounds (molybdenum trioxide).  
As a group, these flame retardants represent the largest fraction of total flame retardants 
in use. 

� Halogenated: These flame retardants are primarily based on chlorine and bromine.  
Typical halogenated flame retardants are halogenated paraffins, halogenated alicyclic and 
aromatic compounds, and halogenated polymeric materials.  Some halogenated flame 
retardants also contain other heteroelements, such as phosphorus or nitrogen.  When 
antimony oxide is used, it is almost invariably used as a synergist for halogenated flame 
retardants.  The effectiveness of halogenated additives, as discussed below, is due to their 
interference with the radical chain mechanism in the combustion process of the gas 
phase. Brominated compounds represent approximately 25 percent by volume of the 
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global flame-retardant production (Morose, 2006).  Chemically, they can be further 
divided into three classes: 

o Aromatic, including tetrabromobisphenol A (TBBPA), polybrominated diphenyl 
ethers (PBDEs), and polybrominated biphenyls. 

o Aliphatic
o Cycloaliphatic, including hexabromocyclododecane (HBCD). 

� Phosphorus-based: This category represents about 20 percent by volume of the global 
production of flame retardants and includes organic and inorganic phosphates, 
phosphonates, and phosphinates as well as red phosphorus, thus covering a wide range of 
phosphorus compounds with different oxidation states. There are also halogenated 
phosphate esters, often used as flame retardants for polyurethane foams or as flame-
retardant plasticizers but not commonly used in electronics applications (Hirschler, 1998; 
Green, 2000; Weil, 2004). 

� Nitrogen-based: These flame retardants include melamine and melamine derivatives 
(e.g., melamine cyanurate, melamine polyphosphate).  It is rare for flame retardants to 
contain no heteroatom other than nitrogen and to be used on their own. Nitrogen-
containing flame retardants are often used in combination with phosphorus-based flame 
retardants, often with both elements in the same molecule. 

3.1.2 Flame Retardant Modes of Action 

The burning of polymers is a complex process involving a number of interrelated and 
interdependent stages. It is possible to decrease the overall rate of polymer combustion by 
interfering with one or more of these stages.  The basic mechanisms of flame retardancy will 
vary depending on the flame retardant and polymer system. 

Flaming Combustion 

Chemical Inhibitors – Some flame retardants interfere with the first stage of burning, in which 
the polymer undergoes thermal decomposition and releases combustible gases.  Interference 
during this stage alters polymer breakdown in such a way as to change either the nature of 
released gases or the rate at which they are released.  The resulting gas/oxidant mixture may no 
longer be flammable. 

Fillers – A completely different mode of action is that exerted by inert solids incorporated into 
polymers. Such materials, known as fillers, absorb heat and conduct heat away by virtue of their 
heat capacity and thermal conductivity, respectively.  As a result, fillers keep polymers cool and 
prevent them from thermally decomposing.  The temperature is kept down even more effectively 
if the fillers decompose endothermically.  Since fillers act predominantly via a physical rather 
than a chemical process, large levels of fillers are needed. 

Protective Barriers – Some flame retardants cover the flammable polymer surface with a non-
flammable protective coating. This helps insulate the flammable polymer from the source of 
heat, thus preventing the formation of combustible breakdown products and their escape into the 
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gas phase. The non-flammable coating may also prevent gaseous oxidants (normally air or 
oxygen) from contacting the polymer surface.  Intumescent compounds, which swell as a result 
of heat exposure, lead to the formation of a protective barrier in which the gaseous products of 
polymer decomposition are trapped.  Alternatively, a non-flammable layer can be directly 
applied to the surface of the polymer to form a non-intumescent barrier coating.  Many 
phosphorus-containing compounds form such non-intumescent surface chars.  

Gaseous Phase Mechanisms – Flame-retardant chemicals can also inhibit combustion of the 
gaseous products of polymer decomposition.  These reactions are known as the gaseous flame 
reactions. As for condensed phase inhibition, there are several rather distinct possible modes of 
action.

In some cases, flame retardants lead to the release of reactive gaseous compounds into the 
combustion zone, which can replace highly active free radicals with less reactive free radicals.  
The less reactive free radicals slow the combustion process and reduce flame speed.  In other 
cases, flame retardants can cause the evolution of a small particle “mist” during combustion.  
These small particles act as “third bodies” that catalyze free-radical recombination and hence 
chain termination.  This mode of action is typical of halogenated flame retardants, which usually 
act by decomposing at high temperature to generate hydrogen chloride or hydrogen bromide.  
These compounds react with oxygenated radicals and inhibit gas phase combustion reactions 
(Cullis and Hirschler, 1981; Hirschler, 1982; Georlette et al., 2000).   

Flame-retardant chemicals can also operate by releasing relatively large quantities of inert gas 
during decomposition, which can change the composition and temperature of gaseous polymer 
decomposition products.  The resulting mixture of gaseous products and surrounding gaseous 
oxidants are no longer capable of propagating flame.  In some systems, when the polymer burns 
the flame-retardant chemical is released chemically unchanged as a heavy vapor, which 
effectively “smothers” the flame by interfering with the normal interchange of combustible 
gaseous polymer decomposition products and combustion air or oxygen.  This mode of action is 
typical of metal hydroxides, such as aluminum or magnesium hydroxide (Horn, 2000). 

Melting and Dripping – Some flame-retardant chemicals inhibit combustion by interfering with 
the transfer of heat from combustion back to the polymer.  Certain chemicals may promote 
depolymerization, which lowers the molecular weight of the polymer and facilitates melting.  As 
the burning melt drips away from the bulk of the polymer it carries with it a proportion of the 
heat that would otherwise contribute to polymer decomposition and volatilization.  By reducing 
the release of volatile decomposition products into the gas phase, these flame retardants reduce 
the amount of gaseous decomposition products available to feed the flame.  While enhanced 
melting should decrease flammability in theory, in practice droplets of burning molten polymer 
may help spread a fire to other combustible materials. 

Ablation – Combustion can also be retarded by coating or constructing the polymer in such a 
way that, when it burns, incandescent sections disintegrate from the original polymer and remove 
with them heat from the combustion zone.  This mechanism of action, known as ablation, is in a 
sense the solid phase parallel of liquid phase melting and dripping. A surface char layer is 
frequently formed, which isolates the bulk of the polymer material from the high temperature 
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environment. This charry layer remains attached to the substrate for at least a short period while 
a degradation zone is formed underneath it.  In this zone, the organic polymer undergoes melting, 
vaporization, oxidation, or pyrolysis. The ablative performance of polymeric materials is 
influenced by polymeric composition and structure, as well as environmental factors, such as 
atmospheric oxygen content.  Higher hydrogen, nitrogen, and oxygen content of the polymer 
increases the char oxidation rate; higher carbon content decreases the char oxidation rate 
(Levchik and Wilkie, 2000). 

Smoldering (Non-Flaming) Combustion 

Smoldering (non-flaming) combustion and the closely related phenomenon of glowing 
combustion occur primarily with high-surface area polymeric materials that break down during 
combustion to form a residual carbonaceous char (typically cellulosic materials).  In general, it is 
possible to inhibit non-flaming combustion either by retarding or preventing the initial 
breakdown of the polymer to form a char, or by interfering with the further combustion of this 
char. Boric acid and phosphates are the primary flame retardants used for preventing non-
flaming combustion of organic polymers.   

3.2 Flame-Retardant Chemicals Currently Used in FR-4 Laminates 

Over the last several years, the electronics industry has been increasingly focused on researching 
and developing halogen-free alternatives to TBBPA, due in large part to environmental concerns 
and the anticipation of possible regulatory actions in the European Union.  Several flame-
retardant chemicals are commercially available to meet fire safety standards for FR-4 laminates.  
Currently, the halogenated flame retardant TBBPA is used in approximately 90 percent of FR-4 
PCBs. The majority of halogen-free alternatives to TBBPA are based on phosphorus compounds 
that are directly reacted into the epoxy resin or combined with aluminum trioxide or other fillers 
(De Boysère and Dietz, 2005). This section briefly discusses TBBPA, dihydrooxaphospha-
phenanthrene (DOPO), Fyrol PMP, and four commonly used halogen-free fillers:  aluminum 
hydroxide, melamine polyphosphate, metal phosphinate, and silica.  In this report, these four 
fillers are also referred to as additive flame retardants. 

Reactive Flame-Retardant Chemicals 

TBBPA  

Br Br

OH OH
Br Br

TBBPA is a crystalline solid with the chemical formula C15H12Br4O2. TBBPA increases the 
glass transition temperature (Tg) of the epoxy resins, and enables the resin to achieve a UL 94 V0 
flammability rating. TBBPA is most commonly reacted into the epoxy resin through “chain 
extension,” meaning TBBPA is reacted with a molar excess of diglycidyl ether of bisphenol A 
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(DGEBA), or other similar epoxy.  Once the TBBPA is chemically bound, the finished epoxy 
resin typically contains about 18 to 21 percent bromine (Weil and Levchik, 2004). 

TBBPA is produced by several flame-retardant manufacturers.  According to HDPUG (2004) 
and Morose (2006), TBBPA’s market dominance is due primarily to its moisture resistance, 
thermal stability, cost-effectiveness, compatibility with the other components of PCBs, and 
ability to preserve the board’s physical properties.  Aside from PCBs, another primary 
application of TBBPA is its use as an additive flame retardant in the acrylonitrile-butadiene-
styrene (ABS) resins found in electronic enclosures of televisions and other products.

DOPO

O
P
O

H

DOPO is a hydrogenphosphinate made from o-phenyphenol and phosphorus trichloride. Similar 
to TBBPA, it can be chemically reacted to become part of the epoxy resin backbone.  DOPO was 
originally developed as a flame retardant for polyester textile fibers and also has applications as 
an antioxidant-type stabilizer (Weil and Levchik, 2004).  Due to DOPO’s higher cost (it costs 
nearly four times as much as TBBPA), its use has been limited by laminate manufacturers.  To 
decrease the cost of their formulations, some laminate manufacturers are using DOPO in 
combination with less expensive materials such as ATH and/or silica (Thomas et al., 2005) or 
along with more cost-effective compounds like metal phosphinates (De Boysère and Dietz, 
2005).

Fyrol PMP 

OH O
P

O

O

O
P

O

O

OH
n

Fyrol PMP is an aromatic phosphonate oligomer with high phosphorus content (17 to 18 
percent).  Similar to TBBPA and DOPO, Fyrol PMP can be chemically reacted to become part of 
the epoxy resin backbone. When reacted into a phenol-formaldehyde novolak epoxy, Fyrol PMP 
provides good flame retardancy at loadings as low as 20 percent (Weil, 2004). 
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Flame-Retardant Fillers 

Aluminum Hydroxide 

OH
While the current use of aluminum hydroxide (Al(OH)3) in FR-4 PCBs is relatively low, it 

HO
Al

OH

remains the largest volume flame retardant used worldwide, with an estimated 42 percent volume 
market share in 2006 (BCC, 2006).  Aluminum hydroxide is commonly referred to as alumina 
trihydrate (ATH) and is currently used to impart flame retardancy and smoke suppression in 
carpet backing, rubber products, fiberglass-reinforced polyesters, cables, and other products.  It 
is also used in the manufacture of a variety of items – antiperspirants, toothpaste, detergents, 
paper, and printing inks – and is used as an antacid. 

ATH is difficult to use alone to achieve the FR-4 rating of laminates, and as a result, high 
loadings relative to the epoxy resin, typically up to 60 to 70 percent by weight, are needed 
(Morose, 2006). ATH is most commonly used in FR-4 PCBs as a flame-retardant filler, in 
combination with DOPO or other phosphorus-based compounds.  When heated to 200-220°C, 
ATH begins to undergo an endothermic decomposition to 66 percent alumina and 34 percent 
water (Morose, 2006). It retards the combustion of polymers by acting as a “heat sink” – i.e., by 
absorbing a large portion of the heat of combustion (HDPUG, 2004).   

Melamine Polyphosphate  

P
O

OH O
P

OH

O

n

N N

N
H

+
NH2

NH2

NH2

O OH

Melamine polyphosphate, an additive-type flame retardant based on a combination of 
phosphorous and nitrogen chemistries, is typically used as crystalline powder and in combination 
with phosphorus-based compounds.  Its volume market share in 2006 was slightly more than 1 
percent (BCC, 2006) but is expected to increase as the demand for halogen-free alternatives 
increases. Similar to ATH, melamine polyphosphate undergoes endothermic decomposition but 
at a higher temperature (350°C).  It retards combustion when the released phosphoric acid coats 
and therefore forms a char around the polymer, thus reducing the amount of oxygen present at 
the combustion source (Special Chem, 2007).  Melamine polyphosphate does not negatively 
impact the performance characteristics of standard epoxy laminates, and functions best when 
blended with other non-halogen flame retardants (Kaprinidis, 2008).  Melamine polyphosphate 
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dissociates in water to form melamine cations and phosphate anions, both of which are shown in 
Table 4-1. 

Metal Phosphinates 

O

R1
Mn+P O-

R2 n
Flame retardants based on phosphinate chemistry are a relatively new class of halogen-free flame 
retardants on the market.  One such phosphinate-based flame retardant – Exolit OP930, produced 
by Clariant – is a fine-grained powder with high phosphorus content (23 to 24 percent) used as a 
filler in FR-4 laminates (De Boysère and Dietz, 2005).  It is designed primarily for use in FR-4 
laminate materials with Tg greater than 150°C (mid-range and high Tg applications). Like most 
phosphorus-based compounds, metal phosphinates achieve flame retardancy by forming a char 
barrier upon heating, thereby cutting off access to the oxygen needed for the combustion process.  
Due to its low density and high surface area, Exolit OP 930 cannot be used alone. It is typically 
used as a powerful synergist in combination with modified resins and sometimes other filler-type 
FRs.

Silica

Si
O

* O

* *

*n

Also known as silicon dioxide (SiO2), silica is characterized by its abrasion resistance, electrical 
insulation, and high thermal stability.  Silica is not a flame retardant in the traditional sense.  It 
dilutes the mass of combustible components, thus reducing the amount of FR necessary to pass 
the flammability test.  Silica is most commonly used in combination with novolak-type epoxy 
resins. For example, silica clusters can be reacted with phenolic novolak resins (the resin bonds 
to hydroxyl groups on the silica cluster) to form a silica-novolak hybrid resin (Patent Storm, 
2002). It can be used as an inert, low expansion material in both the epoxy resin and electronic 
circuit.  One drawback is its abrasiveness, which affects drilling operation during the PCB 
manufacturing process. 

Magnesium Hydroxide 
Mg OHOH

Magnesium hydroxide is functionally similar to ATH, in that it endothermically decomposes at 
high temperatures to produce an oxide (MgO) and water.  The absorption of heat retards the 
combustion of polymers, and the release of water may create a barrier that prevents oxygen from 
supporting the flame (Huber, 2007).  However, whereas ATH undergoes thermal decomposition 
at 200-220°C, magnesium hydroxide decomposes at approximately 330°C.  This allows 
manufacturers to use magnesium hydroxide when processing temperatures are too high for ATH 
(Morose). Just like for ATH, high loadings of magnesium hydroxide are required to achieve the 
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FR-4 rating. In many polymer systems, in order to reduce loadings, magnesium hydroxide is 
sometimes combined with more effective flame retardants, such as phosphorus (Morose, 2006). 

Other Chemicals 

Following is a brief description of other chemicals that can be used as flame retardants in FR-4 
PCBs but are not evaluated in this paper. 

Ammonium Polyphosphate 
Ammonium polyphosphate is an intumescent flame retardant, meaning that it swells when 
exposed to heat, and can be used in epoxies. However, it is not commonly used in electronic 
applications. At high temperatures (>250°C) ammonium polyphosphate decomposes into 
ammonia and polyphosphoric acid. When exposed to water, polyphosphate reacts to form 
monoammonium phosphate, a fertilizer (Chemische Fabrik Budenheim, 2007). 

Red Phosphorus 
Red phosphorus is produced from white phosphorus by heating white phosphorus in its own 
vapor to 250°C in an inert atmosphere.  It is fairly stable and is used in the manufacture of 
several products, such as matches, pesticides, and flame retardants (Lide, 1993; Diskowski and 
Hofmann, 2005).  Its main use as a flame retardant is in fiberglass-reinforced polyamides.  
Although it does function in epoxy resins, it is not recommended for electronic applications, 
because red phosphorus can form phosphine (PH3) and acidic oxides under hot and humid 
conditions (Clariant, 2002). The oxides can lead to metal corrosion, and hence electric defects 
can occur (Clariant, personal communication 2007). 

Antimony Oxide 
Antimony oxide, typically antimony trioxide (Sb2O3), can be used as a flame retardant in a wide 
range of plastics, rubbers, paper, and textiles. Antimony trioxide does not usually act directly as 
a flame retardant, but as a synergist for halogenated flame retardants.  Antimony trioxide 
enhances the activity of halogenated flame retardants by releasing the halogenated radicals in a 
stepwise manner.  This retards gas phase chain reactions associated with combustion, which 
slows fire spread (Hastie and McBee, 1975; Hirschler, 1982; Chemical Land 21, 2007). 

Melamine Cyanurate 
Melamine cyanurate is relatively cheap and highly available.  However, it is a poor flame 
retardant and requires high dosage (>40 percent weight) (Albemarle, 2007). 

3.3 Next Generation Research and Development of Flame-Retardant Chemicals 

Some companies are already offering halogen-free alternatives to TBBPA.  JJI Technologies, for 
example, is developing new activated, non-halogen flame-retardant formulations for PCBs – 
both additive and reactive. An activated flame retardant is one that provides enhanced flame 
retardancy through the incorporation of an activator, which may consist of either a char-forming 
catalyst or phase-transfer catalyst or both. Activated flame retardants may improve flame-
retarding features, including faster generation of char, higher char yield, denser char, self-
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extinguishing performance, thermal insulation, and lower smoke emissions (JJI Technologies, 
2007).

In addition to halogen-free alternatives to TBBPA, flame-retardant manufacturers are currently 
exploring ways to achieve a V0 rating in the UL 94 fire test result through the redesign of flame-
retardant chemicals and epoxy resin systems.  One of the largest areas of research and 
development involves the use of nanotechnology to impart flame retardancy and increased 
functionality to PCBs and other electronics products.  However, their technical and commercial 
viability is still limited, and their future use in commercial settings remains unknown. So far, 
only combinations of nano flame retardants with traditional flame retardants have met 
performance requirements.  In addition, these new nano-traditional flame-retardant combinations 
are only usable in certain polymer systems.   

One type of halogen-free nano flame retardant is being developed through the synthesis of 
ethylene-vinyl acetate (EVA) copolymers with nanofillers (or nanocomposites) made of 
modified layered silicates (Beyer, 2005).  Nanofillers are incorporated into the olefin polymer 
during the polymerization process by treating the surface of the nanofiller to induce hydrophobic 
tendencies. The hydrophobic nanofiller disperses in the olefin monomors, which then undergo 
polymerization and trap the nanofillers (Nanocor, 2007).  Nanocomposites can also incorporate 
aluminum into their structures, and can be combined with additive flame retardants, such as 
aluminum hydroxide (ATH), leading to a reduction of the total ATH content and a corresponding 
improvement in mechanical properties (Beyer, 2005).   
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4 Evaluation of Flame Retardants 
This section summarizes the toxicological and environmental fate aspects of TBBPA and each 
alternative flame-retardant chemical that is considered a viable substitute for TBBPA for FR-4 
PCBs. Chemical components less than 1 percent by weight were not considered in this 
assessment.  The characteristics of the chemicals in each formulation are summarized 
qualitatively in Section 4.1 using a relative ranking scheme, and more detailed characteristics of 
the chemicals in each formulation are presented in Section 4.2. This report does not include 
information on performance testing or cost. 

4.1 Summary of Flame Retardant Assessments 

These flame retardant evaluations are hazard assessments, not full risk assessments.  Whereas 
hazard measures a material’s inherent dangers, risk takes into account both hazard and the 
amount of material to which workers, the community, or the environment comes into contact 
(probability of exposure). In other words, risk = hazard x exposure.  This means that chemicals 
with high hazards do not necessarily pose a large risk.  However, evaluating exposure is an 
arduous and sometimes unnecessary task; if the hazard for a chemical is low, then risk is also 
probably low. For chemicals with moderate or high hazards, risk may be low, moderate, or high 
depending on exposure.  This report provides screening-level information for hazard, which 
could be combined with exposure information at a later date to calculate risk. 

Although this report does not evaluate exposure, Chapter 5 provides information for evaluating 
potential routes of exposure.  A full exposure assessment considers the quantity, frequency, 
duration, and route of exposure. In contrast, potential exposure only indicates the possibility of 
exposure, not the probability of exposure.  Physical, chemical, and environmental fate properties, 
as well as whether the chemical is incorporated reactively or additively into a polymer, serve as 
indicators of exposure potential.  Potential exposure indicates whether a certain route of exposure 
can occur; a full exposure assessment evaluates whether certain routes of exposure do occur and 
to what extent. Understanding the potential for exposure routes and pathways to occur is critical 
for conducting an exposure assessment. The concentration of a chemical in the mixture factors 
into the overall exposure assessment and, therefore, the potential risk associated with the 
commercial formulations of the flame-retardant alternatives.  

Table 4-1 summarizes the toxicological and potential exposure characteristics of the chemicals 
in each formulation considered in the alternatives analysis.  The table qualitatively summarizes 
toxicological endpoints for each chemical, including seven human health effects, two 
ecotoxicity effects, and two environmental endpoints.  Each of these endpoints is explained in 
Table 4-2. 

Each toxicological endpoint in Table 4-1 is assigned a rating of L, M, or H to indicate whether 
the chemical presents a low (L), moderate (M), or high (H) hazard.  If the L, M, or H indicator is 
colored, then the assignment was made using experimental data on the chemical.  If the L, M, or 
H indicator is italicized, then experimental data were not available for that chemical, and the 
assignment was estimated using structure activity relationships (SAR) analysis involving 
modeling techniques and professional judgment. 
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Table 4-2: Definitions of Toxicological and Environmental Endpoints 

Toxicological Category 
Toxicological 

Endpoint Definition 
Human Health Effects Cancer Hazard Any growth or tumor caused by abnormal and uncontrolled 

cell division. 
Skin Sensitizer Chemical that causes an allergic skin reaction characterized 

by the presence of inflammation; may result in cell death. 
Reproductive Adverse effects on the reproductive systems of females or 

males, including structural/functional alterations to the 
reproductive organs/system, the related endocrine system, 
mating, or fertility/reproductive success. 

Developmental Adverse effects on the developing organism (including 
structural abnormality, altered growth, or functional 
deficiency or death) resulting from exposure prior to 
conception (in either parent), during prenatal development, 
or postnatally up to the time of sexual maturation. 

Neurological Adverse effects on the central or peripheral nervous system. 
Systemic  Adverse effect (other than those listed separately) that is of 

either a generalized nature or that occurs at a site distant 
from the point of entry of a substance: a systemic effect 
requires absorption and distribution of the substance in the 
body. 

Genotoxicity Induction of genetic changes in a cell as a consequence of 
gene sequence changes (mutagenicity), or chromosome 
number/structure alterations. 

Ecotoxicity Adverse effects observed in living organisms that typically inhabit the wild.  The 
assessment focused on effects in aquatic organisms (fish, invertebrates, algae). 
Acute Short-term, in relation to exposure or effect.  Exposures are 

typically less than 96 hours. 
Chronic Effects observed after repeated exposures. 

Environmental Persistence Attribute of a substance that indicates how long it remains 
in the environment before degrading or becoming 
assimilated by biological organisms.  Screening 
assessments examine two types of degradation: 
biodegradation, which is degradation of material through 
microbial processes; and abiotic degradation, which is 
degradation of material through chemical reactions.  For the 
purposes of the screening, persistence is determined in air, 
water, soil, and sediment. 

Bioaccumulation Ability of living organisms to concentrate a substance 
obtained either directly from the environment or indirectly 
through its food.  Bioaccumulation is the sum of 
bioconcentration (the increase in the concentration of a 
chemical over that in an organism’s surroundings, such as 
water) and biomagnification (the increase in the 
concentration of a chemical over that in an organism’s 
diet).  For a screening assessment, the bioconcentration 
factor (BCF) is used to determine the potential for 
bioaccumulation. 
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4.1.1 Explanation of Chemical Assessment Methodology 

Chemical assessments reviewed toxicological characteristics for chemical components of the 
flame-retardant formulations that constituted more than 1 percent by mass of the flame retardant 
formulation.  This level of review involved a comprehensive analysis of both primary and 
secondary data, as described in detail in Sections 4.1.2 and 4.1.3.  A less comprehensive review 
was conducted for chemical components that constituted less than 1 percent by mass of the flame 
retardant, as well as other materials of potential concern associated with the life cycle of the 
flame retardants (see Section 4.3).  Information regarding characteristics that affect potential 
exposure was also compiled to complement the hazard assessments. 

The methodology used to identify and evaluate experimental values in this screening assessment 
followed a tiered approach.  For each chemical assessed, data were collected in a manner 
consistent with the High Production Volume (HPV) Chemical Challenge Program guidance on 
searching for existing chemical information and data. This process resulted in a comprehensive 
search of the literature for available experimental data.  This, in turn, led to the collection and 
review of articles from the scientific literature, industrial submissions, encyclopedic sources, and 
government reports.  In addition, data present in EPA databases (both public and confidential) 
were obtained for this project. Generally, foreign language (non-English) reports were not used 
unless they provided information that was not available from other sources. 

The experimental studies and collected data were then reviewed and evaluated for adequacy 
using a tiered approach with the following hierarchy: 

� One or more studies were conducted in a manner consistent with established testing 
guidelines

� Experimentally valid but non-guideline studies 
� Reported data without supporting experimental details 
� SAR methods for data gaps. 

Studies were then evaluated to establish if the hazard data were of sufficient quality to meet the 
requirements of the assessment process, as described in Section 4.1. 

Data were considered adequate to fully characterize an endpoint if they were obtained using the 
techniques identified in the HPV data adequacy guidelines.  Studies performed according to 
Harmonized EPA or Organisation for Economic Cooperation and Development (OECD) 
guidelines were reviewed to confirm that the study followed all required steps.  Experimental 
studies published in the open literature were reviewed for their scientific rigor and were also 
compared and contrasted to guideline studies to identify potential problems arising from 
differences in the experimental methodology.  Data from adequate, well-performed, 
experimental studies were used to assign hazard levels in preference to those reported in 
inadequate studies.  When multiple adequate studies were available for a given endpoint, any 
conflicts that were identified were addressed using a weight-of-evidence approach to 
characterize the endpoint whenever possible. It should be noted, however, that the screening-
level assessment followed the criteria used by the EPA New Chemicals Program for new 
chemicals submitted under the Toxic Substances Control Act (TSCA), which may have resulted 
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in a moderate hazard level for toxicity being assigned if there was a single, adequate study that 
was suggestive of potential adverse effects. 

Although experimental data from a guideline or well-performed experimental study was used 
preferentially, for some endpoints, information from secondary sources, Material Safety Data 
Sheets, or online databases (such as the National Library of Medicine’s Hazardous Substances 
Data Bank [HSDB]) could be applied successfully to the assessment process.  These evaluations 
considered the magnitude of the reported value relative to the criteria and cutoffs used in the 
assessment as well as the complexity of the endpoint.  For example, a melting point value may 
have been considered adequate if all values reported in the literature for this endpoint were in 
agreement with one another (but not necessarily identical), even though no experimental details 
were provided. Similarly, a boiling point value reported in only one source (without supporting 
experimental details) may have been considered adequate if its value was of a magnitude such 
that any conclusions were consistent with the requirements of the assessment (e.g., a high 
boiling, non-volatile material).  The complexity of the experimental method was a critical 
component of this determination.  Melting point determinations are relatively trivial techniques 
and may not require the same degree of review that is necessary for more complex experimental 
methods, such as aquatic toxicity or water solubility studies.  The level of analysis given to a 
particular endpoint is provided in the “Data Quality” column of the chemical summary 
assessment in Section 4.2, as appropriate. 

For three chemicals assessed in this project, silicon dioxide, aluminum hydroxide, and 
magnesium hydroxide, the literature review was limited primarily to available secondary sources 
because these chemicals were anticipated to have been reviewed previously.  Using high-quality 
secondary sources therefore maximized available resources and eliminated potential duplication 
of effort. However, more than one secondary source was typically used to verify reported 
values, which also reduced the potential for presenting a value that was transcribed incorrectly in 
the open literature.  For these three chemical substances, only a single source for the 
experimental value was usually referenced in the chemical summary assessment.  Typically, this 
was the data source consulted first. Although other sources might have also contained the same 
experimental value for an endpoint, effort was not focused on building a comprehensive list of 
these references, as it would not enhance the ability to reach a conclusion in the screening 
assessment.  If data for an endpoint could not be located in a secondary source for silicon dioxide 
or aluminum hydroxide, then the primary literature was searched, experimental studies were 
retrieved, and the assessment proceeded using the methodology discussed above. 

For additional information on data adequacy and HPV guidelines, please see: 

� HPV data adequacy guidelines: (http://www.epa.gov/chemrtk/pubs/general/datadfin.htm)

� HPV guidance on searching for existing chemical information and data: 
(http://www.epa.gov/chemrtk/pubs/general/srchguid.htm
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4.1.2 Explanation of Toxicological and Environmental Endpoints Rating 

The chemical assessments combine primary and secondary data on flame-retardant alternatives 
from six sources: (1) publicly available, measured (experimental) data obtained from a 
comprehensive literature review; (2) measured data from EPA OPPT confidential databases; 
(3) SAR-based estimations from the EPA New Chemical Program’s Pollution Prevention (P2) 
Framework and Sustainable Futures predictive methods; (4) estimations from the EPA Chemical 
Categories document, which groups chemicals with shared chemical functionality and 
toxicological properties into categories based on the EPA’s experience at evaluating chemicals 
under the New Chemicals Program; (5) professional judgment of EPA staff who identified 
experimental data on closely related analogs; and (6) confidential studies submitted by chemical 
manufacturers.  When experimental data were lacking, the expert judgment of scientists from 
EPA’s New Chemical Program was used to assess physical/chemical properties, environmental 
fate, aquatic toxicity, and human health endpoints. 

Criteria Used to Assign Hazard Levels 

Table 4-3 lists the criteria that were used to interpret the data collected in this document.  These 
criteria are used by the EPA New Chemicals Program to assign hazard levels to new chemicals 
submitted under TSCA.  EPA has published these criteria in several sources including USEPA 
(1992) and USEPA (1994). EPA New Chemicals Program persistence criteria have been 
published in the Federal Register (USEPA, 1999). 

Table 4-3: Criteria Used to Assign Hazard Levels 
Hazard Level Persistence Criteria 

High Half-life in water, soil, or sediment > 180 days 
Moderate Half-life in water, soil, or sediment between 60 and 180 days 

Low Half-life in water, soil, or sediment < 60 days 
Hazard Level Bioaccumulation Criteria 

High Bioconcentration factor (BCF) > 5,000 
Moderate BCF between 1,000 and 5,000 

Low BCF < 1,000 
Hazard Level* Aquatic Toxicity Criteria 

High Value is � 1 mg/L (chronic value <0.1 mg/L) 
Moderate Value is between 1 and 100 mg/L (chronic value 0.1 and 10 mg/L) 

Low Value is >100 mg/L (chronic value >10 mg/L) or log Kow is greater than 8 
Hazard Level Human Health Criteria 

High Evidence of adverse effects in human populations or conclusive evidence of 
severe effects in animal studies 

Moderate Suggestive animal studies, analog data, or chemical class known to produce 
toxicity; covers a broad range of concerns from in vitro studies with limited 
effects to many animal studies with substantial effects. 

Low No basis for hazard identified 
*If the water solubility is estimated, the chemical will not be considered to have “no effects at saturation” if the 
estimated value is within a factor of 10 percent of the cutoff value.  The hazard level will be considered low if “no 
effects at saturation” (below the solubility limit).  
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More information on the EPA New Chemicals Program criteria used to assign hazard levels can 
be found on the Sustainable Futures Initiative Web site: http://www.epa.gov/oppt/sf/.

There are many other hazard classification systems that can be applied to the experimental data 
listed in Section 4.2. Examples of these systems include: 

� Globally Harmonized System of Classification and Labeling of Chemicals (GHS): 
http://www.unece.org/trans/danger/publi/ghs/ghs_rev00/00files_e.html 

� EPA’s Office of Pesticide Programs (OPP) A comparison of the OPP criteria and GHS 
criteria: http://www.epa.gov/oppfead1/international/global/ghscriteria-
summary.pdf?OpenDocument 

� EU Dangerous Substance Directive: Links to the directive, annexes and all amendments 
can be found here: 
http://europa.eu.int/comm/environment/dansub/main67_548/index_en.htm 

� Annex 6 of the Directive lists the general labeling and classification requirements for 
dangerous substances and preparations: 
http://europa.eu.int/comm/environment/dansub/pdfs/annex6_en.pdf

� Canadian Hazardous Products Act (Canada), The Consumer Chemical Container 
Regulations: http://laws.justice.gc.ca/en/H-3/SOR-2001-269/text.html 

� The Controlled Products Regulations: http://laws.justice.gc.ca/en/H-3/SOR-88-
66/text.html 

Physical/Chemical Property Endpoints 

Physical/chemical properties provide basic information on the nature and characteristics of a 
chemical substance that are used throughout the screening assessment process.  These endpoints 
provide information required to assess potential environmental release, exposure, and 
partitioning as well as insight into the potential for adverse toxicological effects to be expressed. 
The physical/chemical property endpoints that appear in the chemical screening assessment are 
described below. For information on the key physical/chemical properties of flame retardants, 
please refer to Table 5-2. 

Molecular Weight (MW) 
The molecular weight is an intrinsic property of a chemical substance.  For discrete, monomeric 
chemical substances, the molecular weight is the sum of the atomic weights of all atoms making 
up a molecule and can be obtained directly from the molecular formula.  A molecular weight 
greater than 1,000 atomic mass units (amu) is typically used as a cutoff for assessing the 
properties described below. 

Polymeric substances do not have a unique molecular weight because these materials contain a 
distribution of components that depend on the monomers used, their molar ratios, the total 
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number of monomeric units in the polymer chain, and the manufacturing conditions.  The 
average molecular weight (also called the n-average molecular weight) is used in the assessment 
of polymers to account for this.  The average molecular weight of polymers is determined 
experimentally.  Those polymers with a molecular weight <1,000 are assessed using an 
appropriate representative structure that has a molecular weight that is less than or equal to the 
average molecular weight.  For polymers with an average molecular weight of >1,000 and 
significant amounts of low molecular weight material (>25 percent below 1,000 and >10 percent 
below 500), the low molecular components are assessed for their potential toxicity in order to 
identify any possible hazards for the most bioavailable fraction.  The properties for polymers 
with an average molecular weight >1,000 and minimal amounts of low molecular weight 
components (<25 percent below 1,000 and <10 percent below 500) are generally evaluated as a 
single high molecular weight material for each of the properties described below.  The presence 
of substantial amounts of unreacted monomers requires that the assessment consider these 
components for polymers of any molecular weight range. 

Melting Point (MP) and Boiling Point (BP) 
These two properties provide an indication of the physical state of the material.  Chemicals with 
a melting point >25 ºC are assessed as a solid.  Those with a melting point <25 ºC and a boiling 
point >25 ºC are assessed as a liquid and those with a boiling point <25 ºC are assessed as a gas.  
The physical state is used throughout the assessment, such as in the determination of potential 
routes of human and environmental exposure, as described in Section 5.2.  The melting and 
boiling points are also useful in determining the potential environmental fate, ecotoxicity, and 
human health hazards of the chemical.  For example, neutral organic compounds with high 
melting points generally have low water solubility and low rates of dissolution.  These properties 
influence a material’s bioavailability and are therefore taken into account in both the assessment 
process and the evaluation of experimental studies.  Similarly, chemicals with a low melting 
point also have a higher potential to be absorbed through the skin, gastrointestinal tract, and 
lungs.

Vapor Pressure (VP) 
The vapor pressure is useful in determining the potential for a chemical substance to volatilize to 
the atmosphere from dry surfaces; from storage containers; or during mixing, transfer, or 
loading/unloading operations (see Section 5.2).  In the assessment process, chemicals with a 
vapor pressure of <10-6 mm Hg have a low potential for inhalation exposure resulting from gases 
or vapors. The vapor pressure is also useful for determining the potential environmental fate of 
the substance. Those with a vapor pressure >10-4 mm Hg generally exist in the gas phase in the 
atmosphere; those with a vapor pressure between 10-4 and 10-8 mm Hg exist as a gas/particulate 
mixture; and those with a vapor pressure <10-8 mm Hg exist as a particulate.  The potential 
atmospheric degradation processes described below generally occur when a chemical exists in 
the gas phase. Gases in the atmosphere also have the potential to travel long distances from their 
original point of release. Materials in the liquid (aerosol) or solid (particulate) phases in the 
atmosphere generally undergo deposition to the Earth’s surface. 

4-9



DRAFT REPORT

Water Solubility (WS) 
The water solubility of a chemical provides an indication of its distribution between 
environmental compartments, potential for environmental exposure through release to aquatic 
compartments, and potential for human exposure through ingestion of drinking water.  It is also 
used extensively to determine potential human health and ecotoxicity hazards.  In general, 
chemicals with a water solubility of <10-3 mg/L have low concern for the expression of adverse 
effects, and potential aquatic and general population exposure due to their low bioavailability.
However, chemicals with a low bioavailability also tend to be more environmentally persistent. 

Chemicals with a water solubility >10,000 mg/L can be described within the context of the 
screening assessment as very soluble, those at 1,000–10,000 mg/L as soluble, 100–1,000 mg/L as 
moderately soluble, 0.1–100 mg/L as slightly soluble, and <0.1 mg/L as insoluble (noting that 
these guidelines are not followed consistently within the scientific literature).  Chemicals with 
higher water solubility are more likely to be transported into groundwater with runoff during 
storm events, be absorbed through the gastrointestinal tract or lungs, partition to aquatic 
compartments, and undergo atmospheric removal by rain washout, and they have a higher 
potential for human exposure through the ingestion of contaminated drinking water.  Chemicals 
with lower water solubility are generally more persistent and have a higher potential to 
bioconcentrate.  Chemicals that are essentially insoluble in water are typically of low human 
health, ecotoxicity, and bioaccumulation hazard because they tend not to be bioavailable 
(although the lack of bioavailability also tends to increase their environmental persistence). 

The water solubility of a substance is also used to evaluate the quality of experimental 
ecotoxicity and oral exposure human health studies as well as the reliability of ecotoxicity 
estimates.  If the water solubility of a substance is lower than the reported exposure dose in these 
experiments, then the study is likely to be regarded as inadequate due to potentially confounding 
factors arising from the presence of undissolved material.  For ecotoxicity estimates obtained 
using SAR, if the estimated toxicity is higher than a chemical’s water solubility (i.e., the 
estimated concentration in water at which adverse effects appear cannot be reached because it is 
above the material’s water solubility), then the chemical is described as having no effects at 
saturation (NES). When NES occurs, the material is considered to have a low ecotoxicity 
hazard.

While assessing the water solubility of a chemical substance, its potential to form a dispersion in 
an aqueous solution is also considered. Ideally, this information can be obtained from scientific 
literature. In the absence of experimental data, dispersibility can be determined from chemical 
structure and/or comparison to closely related analogs.  There are two general structural 
characteristics that lead to the formation of dispersions in water:  (1) chemicals that have both a 
hydrophilic (polar) head and a hydrophobic (non-polar) tail, and (2) relatively large molecules 
that have a large number of repeating polar functional groups (e.g., poly ethylene oxide).

The potential for a chemical to form a dispersion influences potential exposure, environmental 
fate, and toxicity. Dispersible chemicals have grater potential for human and environmental 
exposure, leachability, and aquatic toxicity than what might be anticipated based on the 
material’s water solubility alone.  None of the FRs assessed in this project are expected to form 
dispersions.
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Octanol/Water Partition Coefficient (Kow)
The octanol/water partition coefficient, commonly expressed as its log value (i.e., log Kow) is one 
of the most useful properties for performing a screening assessment.  The log Kow provides the 
partitioning between octanol and water, where octanol is used to mimic fat and other 
hydrophobic components of biological systems.  Chemicals with a log Kow <1 are highly soluble 
in water (hydrophilic), while those with a log Kow >4 are not very soluble in water 
(hydrophobic). A log Kow >8 indicates that the chemical is not readily bioavailable and is 
essentially insoluble in water. 

The log Kow can be used as a surrogate for the water solubility in a screening assessment and is 
frequently used to estimate the water solubility if an experimental value is not available.  It can 
also be used to estimate other properties important to the screening assessment, including 
bioconcentration and soil adsorption, and is a required input for SAR models used to estimate 
ecotoxicity values. 

Flammability (Flash Point) 
The flash point of a substance is defined as the minimum temperature at which it emits sufficient 
vapor to form an ignitable mixture with air.  Flash point can be used to identify hazards 
associated with the handling of volatile chemicals.  Substances with a flash point greater than 
37.8°C (100°F) are commonly referred to as non-flammable, as this is the flammability cutoff 
used in the shipping industry. It should be noted that, when using this definition, chemicals have 
been described as non-flammable when, in fact, they may form explosive mixtures in air. 

Explosivity
Limits of flammability may be used to quantify the potential for a chemical to form explosive 
mixtures in air.  The lower limit of flammability (LFL) is defined as the minimum concentration 
of a combustible substance that is capable of propagating a flame through a homogenous mixture 
in the presence of an ignition source.  The upper limit of flammability (UFL) is similarly defined 
as the highest concentration that can propagate a flame.  LFLs and UFLs are commonly reported 
as the volume percent or volume fraction of the flammable component in air at 25°C.
Knowledge that a material does not or is not expected to form explosive mixtures in air is also 
useful in identifying potential hazards associated with the manufacture and use of a chemical 
substance.

pH
This property refers to the pH of the solution resulting from the addition of a chemical substance 
to water. It is used primarily to identify potential hazards associated with dermal contact with a 
chemical or its aqueous solutions.  The corrosive nature of chemicals that form either strongly 
basic (high pH) or strongly acid (low pH) solutions is likely to be harmful to skin and other 
biological membranes.  Some experimental studies, such as biodegradation tests, require 
additional analysis for corrosive chemicals to determine if the tests were performed at 
concentrations that were sufficiently high to harm the microbial population (and, therefore, may 
be incorrectly identified as persistent in the environment).  For chemicals that form moderately 
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basic or acidic solutions in water, the pH of the resulting solution can be used in lieu of measured 
dissociation constant to help determine if a chemical will ionize under environmental conditions. 

Henry’s Law Constant (HLC) 
The Henry’s Law constant is the ratio of a chemical’s concentration in the gas phase to that in 
the liquid phase (at equilibrium).  In environmental assessments, the Henry’s Law constant is 
typically measured in water at 25°C.  The Henry’s Law constant provides an indication of a 
chemical’s volatility from water, which can be used to derive partitioning within environmental 
compartments and the amount of material removed by stripping in a sewage treatment plant.   
Henry’s Law constants of <10-7 atm-m3/mole indicate slow volatilization from water to air (the 
Henry’s Law constant for the volatilization of water from water is 10-7 atm-m3/mole) and values 
>10-3 atm-m3/mole indicate rapid volatilization from water to air.  To aid in determining the 
importance of volatilization, the screening assessment uses two models based on the Henry’s 
Law constant. These models determine the half-life for volatilization of a model river and a 
model lake. 

Sediment/Soil Adsorption/Desorption Coefficient (Koc)
The soil adsorption coefficient provides a measure of a chemical’s ability to sorb to the organic 
portion of soil and sediment. This provides an indication of the potential for the chemical to 
leach through soil and be introduced into groundwater, which may lead to human exposure 
through the ingestion of drinking water drawn from underground sources.  The soil adsorption 
coefficient also describes the potential for a chemical to partition from environmental waters to 
suspended solids and sediment.  Strong adsorption may impact other fate processes, such as the 
rate of biodegradation, by making the chemical less bioavailable.   

The soil adsorption coefficient, Koc, is normalized with respect to the organic carbon content of 
the soil. The cutoffs for the degree that a chemical is adsorbed to soil within the context of the 
screening assessment can be described qualitatively as very strong (>30,000), strong (>3,000), 
moderate (>300), low (>30), and negligible (<3).  When determining the potential for a chemical 
to adsorb to soil and suspended organic matter, the potential for a chemical to form irreversible 
chemicals bonds with humic acids also needs to be considered. 

Dissociation Constant in Water 
The dissociation constant in water provides the amount of the dissociated and undissociated 
forms of an acid, base, or organic salt in water.  Knowledge of the dissociation constant is 
required to assess the importance of the other physical/chemical properties used in the screening 
assessment.  As the percentage of ionization increases, the water solubility increases while the 
vapor pressure, Henry’s Law constant, and octanol/water partition coefficient decrease.  For 
acids and bases, the dissociation constant is expressed as the pKA and pKB, respectively.

Reactivity 
The potential for a substance to undergo irreversible chemical reactions in the environment can 
be used to assess persistence. The most important reaction considered in the screening 
assessment is hydrolysis, or the reaction of a chemical substance with water.  Because the rate of 
hydrolysis reactions can change substantially as a function of pH, studies performed in the pH 
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range typically found in the environment (pH 5-9) are considered.  The second reaction 
considered in the screening assessment is photolysis, the reaction of a chemical with sunlight.  
Both hydrolysis and photolysis are operative in air, water, and soil, while only hydrolysis is 
considered in sediment.  For the atmospheric compartment, persistence also includes the 
evaluation of oxidative gas-phase processes. These processes include the reaction with ozone, 
hydroxyl radicals, and nitrate radicals. 

Biodegradation
In the absence of rapid hydrolysis, biodegradation is typically the primary environmental 
degradation process. Determining the importance of biodegradation is, therefore, an important 
component of the screening assessment.  Biodegradation processes are divided into two types.
The first is primary biodegradation, in which a chemical substance is converted to another 
substance. The second is ultimate biodegradation, in which a chemical is completely 
mineralized to small building-block components (e.g., CO2 and water). Chemical substances that 
undergo rapid primary degradation but only slow ultimate biodegradation are considered to have 
stable metabolites in the screening assessment.   

Biodegradation processes can also be classified as either aerobic or anaerobic.  Aerobic 
biodegradation is an oxidative process that occurs in the presence of oxygen.  Anaerobic 
biodegradation is a reductive process that occurs only in the absence of oxygen.  Aerobic 
biodegradation is typically assessed for soil and water, while anaerobic biodegradation is 
assessed in sediment.  For determining the persistence hazard, the importance of both aerobic 
and anaerobic biodegradation as well as partitioning and transport in the environment are 
considered.

One aspect of the screening assessment is to determine the potential for biodegradation of a 
chemical substance within a sewage treatment plant.  In this assessment, the term “ready 
biodegradability” refers to a chemical’s potential to be removed in sewage treatment plants, 
which is typically determined in guideline laboratory studies.  Chemicals that are considered 
readily biodegradable in these studies undergo 60 percent removal in 28 days. 

Structure Activity Relationships Analysis 

If measured data pertaining to persistence, bioaccumulation, aquatic toxicity, or human health 
criteria are not available, they can be estimated with a SAR analysis.  SAR uses the molecular 
structure of a chemical to infer a physicochemical property, environmental fate attribute, and/or 
specific effect on human health or an environmental species.  These correlations may be 
qualitative (simple SAR) or quantitative (quantitative SAR, or QSAR).  Information on EPA’s 
use of SAR analysis has been published in USEPA (1994). 

SAR estimations for several physical and chemical properties were obtained using the models of 
EPA’s P2 Framework.  The P2 Framework is an approach to risk screening that incorporates 
pollution prevention principles in the design and development of chemicals.  These models are 
screening-level methods and are intended to be used when data are unavailable or need 
supplementation.  They are not intended to replace data from well-designed studies.  For 
physical/chemical properties and environmental fate parameters, estimates were obtained from 
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the Estimations Program Interface (EPI) for Windows (EPIWIN) suite methodology.  These 
methods were used to obtain melting point, boiling point, vapor pressure, octanol/water partition 
coefficient, water solubility, Henry’s Law constant, atmospheric oxidation rate, biodegradation 
potential, soil adsorption coefficient, bioconcentration factor, hydrolysis rate, volatilization rates, 
and removal in a sewage treatment plant as applicable.  For aquatic toxicity potential, EPA’s 
Ecological Structure Activity Relationships (ECOSAR) estimation program was used.  This 
methodology uses chemical structure to estimate toxicity of an industrial chemical to fish, 
invertebrates, and algae in the surface water to which the chemical has been discharged.  The 
program determines both acute (short-term) toxicity and, when available, chronic (long-term or 
delayed) toxicity.  The potential for a chemical to cause cancer in humans was estimated using 
OncoLogic. This program uses a decision tree based on the known carcinogenicity of chemicals 
with similar chemical structures, information on mechanisms of action, short-term predictive 
tests, epidemiological studies, and expert judgment.  All estimates obtained in this project were 
reviewed by EPA scientists with appropriate expertise.  The SAR methods with the EPI models 
were run for flame retardants that are discrete organic chemicals (or a suitable representative 
structure) with a molecular weight less than 1,000.  Estimates for inorganic chemicals and metal 
containing compounds were obtained using professional judgment, often employing an analog 
approach.

The persistence of a chemical substance in a screening assessment is based on determining the 
importance of removal processes that may occur once a chemical enters the environment.  As 
noted above, chemicals with a half-life of less than 60 days are expected to be of low hazard in 
regards to persistence.  The persistence screening assessment does not directly address the 
pathways in which a flame retardant might enter the environment (e.g., volatilization or disposal 
in a landfill) and focuses instead on the removal processes that are expected to occur once it is 
released into air, water, soil, or sediment.  Determining how a chemical enters the environment is 
typically a component of a complete exposure assessment or life-cycle analysis and is discussed 
in Section 3. Similarly, the persistence screening assessment does not address what might 
happen to a chemical substance throughout its life cycle, such as disposal during incineration of 
consumer or commercial products. 

Environmental removal processes are generally divided into two categories: chemical and 
biological. One of the most important chemical degradation processes is hydrolysis.  The 
importance of hydrolysis can be determined from experimental data (on both the compound of 
interest and closely related analogs) and by using the half-life obtained from the models within 
EPIWIN.  Photolysis may also be an important environmental removal process and was 
considered in this assessment when experimental data were available.  Estimation methods for 
photolysis are not available within EPA’s Sustainable Futures pilot project. 

Biodegradation is also considered in determining the persistence of a chemical substance in the 
environment.  If experimental data on the biodegradation of a chemical substance are not 
available, then the potential of the chemical to undergo this process can be assessed from the 
results of the EPIWIN models.  These models fall into three classes: 

1. Probability of rapid biodegradation models based on linear and non-linear regressions 
that estimate the probability that a chemical substance will degrade fast 
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2. Expert survey models – semi-quantitative models that determine the rate of ultimate 
and primary biodegradation 

3. Probability of ready biodegradability. 

The first set of models are useful for determining if a chemical substance has the potential to 
biodegrade quickly in the environment, but do not provide a quantitative indication of its half-
life. If a chemical is likely to biodegrade quickly, its half-life is expected to be less than 60 days, 
and it is therefore expected to have a low hazard for persistence.  The results of the estimates 
from the first set of models are used in concert with the semi-quantitative output from the second 
set of models, which include an ultimate and primary survey model for evaluating persistence. 
These models provide a numeric result, ranging from 1 to 5, as an indication of the amount of 
time required for complete mineralization (ultimate degradation) and removal of the parent 
substance (primary degradation) of the test compound.  The numeric result is converted to 
a more meaningful time frame for removal for the user based on the scheme presented in the 
following table.  The results from the ultimate degradation model can also be used to estimate 
the half-life for a chemical, which is also provided in Table 4-4. 

Table 4-4: Information for Estimating Half-Life 
Model Results for 

Primary and Ultimate Time for Removal 
Approximate Half-Life 

(Days, Based on Ultimate) 
>4.75 Hours 0.17 
4.75 to >4.25 Hours to Days 1.25
4.25 to >3.75 Days 2.33
3.75 to >3.25 Days to Weeks 8.67
3.25 to >2.75 Weeks 15
2.75 to >2.25 Weeks to Months 37.5
2.25 to >1.75 Months 60
�1.75 Recalcitrant 180 

The third set of models (also known as MITI models), and the ready biodegradability test that 
they correspond to, are more applicable to determining a chemical’s potential for removal in a 
sewage treatment plant than its persistence in the environment. 

When determining environmental persistence, screening assessments also consider the potential 
persistence of breakdown products resulting from biodegradation and chemical removal 
processes. This assessment is performed because of the potential for human and environmental 
exposure to persistent breakdown products. Breakdown products resulting from hydrolysis can 
be determined experimentally or by using professional judgment based on analogs with similar 
functional groups. Breakdown products may also be reported in experimental biodegradation 
tests or can be determined using professional judgment.  When the rate for ultimate degradation 
is much slower than that for primary degradation, there is potential for persistent breakdown 
products.
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Use of Endocrine Disruption Data 

Endocrine disruption studies were available for some but not all of the flame-retardant chemicals 
being assessed. Available studies are listed in the detailed chemical assessments in Section 4.2, 
as appropriate. However, endocrine disruption studies were not evaluated as part of the chemical 
assessments. 

The document Special Report on Environmental Endocrine Disruption:  An Effects Assessment 
and Analysis (http://cfpub.epa.gov/ncea/raf/recordisplay.cfm?deid=12462) describes EPA’s 
activities regarding endocrine disruption. This report was prepared under the auspices of EPA's 
Risk Assessment Forum, which brings together scientists from around the Agency to promote 
scientific consensus on risk assessment issues.  The report provides an overview of the current 
state of the science for endocrine disruption, and can serve as a resource to EPA and others 
seeking to understand the issue.  This report was requested by EPA’s Science Policy Council to 
serve as an interim assessment to inform Agency risk assessors of major findings and 
uncertainties and to serve as a basis for a Science Policy Council position statement.  Within the 
special report, the Science Policy Council’s Interim Position states that “Based on the current 
state of the science, the Agency does not consider endocrine disruption to be an adverse endpoint 
per se, but as a step that could lead to toxic outcomes, such as cancer or adverse reproductive 
effects, routinely considered in reaching regulatory decisions” and that “Evidence of endocrine 
disruption alone can influence priority setting for further testing and the assessment of results of 
this testing could lead to regulatory action if adverse effects are shown to occur.” 

The 1996 Food Quality Protection Act, which amended the Federal Food, Drug, and Cosmetic 
Act, directed EPA to develop a screening program, using appropriate validated test systems and 
other scientifically relevant information, to determine whether certain substances may have 
hormonal effects in humans.  In response, EPA established the Endocrine Disruptor Screening 
Program (EDSP; http://www.epa.gov/scipoly/oscpendo/index.htm). The EDSP is developing 
requirements for the screening and testing of thousands of chemicals for their potential to disrupt 
the endocrine system.  When complete, EPA will use these screening and testing approaches to 
set priorities and conduct further testing when warranted. 

The science related to measuring and demonstrating endocrine disruption is relatively new, and 
validated testing methods are still being developed.  The EDSP is using a two-tiered approach 
that includes initial screening followed by more in-depth testing when warranted 
(http://www.epa.gov/oscpmont/oscpendo/pubs/assayvalidation/index.htm). The Tier 1 screening 
battery is intended to identify chemicals with the potential to interact with the estrogen, 
androgen, or thyroid hormone systems through any of several recognized modes of action.  
Positive findings for Tier 1 tests screen for potential for an interaction with endocrine systems, 
but do not fully characterize the nature of possible effects in whole animals.  Tier 2 testing is 
intended to confirm, characterize, and quantify the effects for chemicals that interact with 
estrogen, androgen, and thyroid hormone systems.  These test methods must undergo a 4-stage 
validation process (protocol development, optimization/prevalidation, validation, and peer-
review) prior to regulatory acceptance and implementation.  Each of the Tier 1 and Tier 2 test 
methods is in a different stage of development and validation.  Information on the status of assay 
development and validation efforts for each assay in EPA’s Endocrine Disruptor Screening 
Program can be found at: 
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http://www.epa.gov/oscpmont/oscpendo/pubs/assayvalidation/status.htm. Once validated test 
methods have been established for screening and testing of potential endocrine disruptors, 
guidance must be developed for interpretation of these test results using an overall weight-of-
evidence characterization. 

4.1.3 References

U.S. EPA. 1992. Classification Criteria for Environmental Toxicity and Fate of Industrial 
Chemicals. Office of Prevention, Pesticides and Toxics, Chemical Control Division. 
Washington, DC. 

U.S. EPA. 1994. US EPA/EC Joint Project on the Evaluation of (Quantitative) Structure Activity 
Relationships. Office of Prevention, Pesticides and Toxic Substances. EPA 743R-94-001. 
Washington, DC. http://www.epa.gov/oppt/newchems/21ecosar.htm 

U.S. EPA. 1999. “Category for Persistent, Bioaccumulative, and Toxic New Chemical 
Substances.” Federal Register. 64(213): 60194-60204. November 4. 
http://www.epa.gov/fedrgstr/EPA-TOX/1999/November/Day-04/t28888.htm 

4-17



D
R

A
FT

 R
EP

O
R

T

4.
2

C
he

m
ic

al
 S

um
m

ar
y 

A
ss

es
sm

en
ts

 

4.
2.

1
T

et
ra

br
om

ob
is

ph
en

ol
 A

 

R
ec

or
d 

ID
:  

Te
tra

br
om

ob
is

ph
en

ol
 A

 
C

A
S 

N
o.

 7
9-

94
-7

 
M

W
: 

54
3.

88
 

M
F:

C
15

H
12

B
r 4O

2

Ph
ys

ic
al

 F
or

m
s:

 
N

ea
t:

 S
ol

id
 

B
r

B
r

B
r

B
r

O
H

O
H

U
se

:
Fl

am
e 

re
ta

rd
an

t, 
A

dd
iti

ve
 o

r 
R

ea
ct

iv
e 

(O
nl

y 
re

ac
tiv

e 
in

 P
C

B
s)

 
SM

IL
E

S:
 O

c1
c(

B
r)

cc
(c

c1
B

r)
C

(C
)(

C
)c

2c
c(

B
r)

c(
O

)c
(B

r)
c2

 
N

am
e:

Ph
en

ol
, 4

,4
'-(

1-
m

et
hy

le
th

yl
id

en
e)

bi
s[

2,
6-

di
br

om
o-

 
Sy

no
ny

m
s:

Te
tra

br
om

ob
is

ph
en

ol
 A

; T
B

B
PA

; 4
,4

’-
Is

op
ro

py
lid

en
eb

is
(2

,6
-d

ib
ro

m
op

he
no

l) 
L

ife
-C

yc
le

 C
on

si
de

ra
tio

ns
: 

TB
B

PA
 is

 u
se

d 
as

 b
ot

h 
an

 a
dd

iti
ve

 a
nd

 re
ac

tiv
e 

fla
m

e 
re

ta
rd

an
t i

n 
a 

w
id

e 
va

rie
ty

 o
f e

le
ct

ro
ni

c 
eq

ui
pm

en
t. 

 H
ow

ev
er

, i
n 

PC
B

s, 
TB

B
PA

is
 o

nl
y 

us
ed

 a
s a

 re
ac

tiv
e 

FR
 c

he
m

ic
al

.  
A

s i
nd

ic
at

ed
 in

 S
ec

tio
n 

3.
2,

 T
B

B
PA

 is
 m

os
t c

om
m

on
ly

 u
se

d 
as

 a
 re

ac
tiv

e 
fla

m
e 

re
ta

rd
an

t i
n 

PC
B

s a
nd

 is
 in

co
rp

or
at

ed
 in

to
 

th
is

 p
ro

du
ct

 th
ro

ug
h 

ch
em

ic
al

 re
ac

tio
ns

 w
ith

 th
e 

ep
ox

y 
re

si
n.

  P
ot

en
tia

l w
or

kp
la

ce
 e

xp
os

ur
es

 to
 d

us
t m

ay
 o

cc
ur

 d
ur

in
g 

ba
gg

in
g 

(m
an

uf
ac

tu
rin

g)
 a

nd
 m

ix
in

g 
(u

se
) 

pr
io

r t
o 

TB
B

PA
’s

 re
ac

tio
n 

w
ith

 th
e 

ep
ox

y 
re

si
n.

  T
he

 a
m

ou
nt

 o
f f

re
e 

TB
B

PA
 is

 g
en

er
al

ly
 a

nt
ic

ip
at

ed
 to

 b
e 

re
la

tiv
el

y 
lo

w
 w

he
n 

it 
is

 u
se

d 
as

 a
 re

ac
tiv

e 
fla

m
e 

re
ta

rd
an

t 
fo

r P
C

B
s a

lth
ou

gh
 q

ua
nt

ita
tiv

e 
da

ta
 o

n 
th

e 
am

ou
nt

 o
f f

re
e 

TB
B

PA
 p

re
se

nt
 in

 P
C

B
s i

s c
ur

re
nt

ly
 li

m
ite

d.
  T

he
 fo

llo
w

in
g 

st
ud

ie
s a

re
 re

pr
es

en
ta

tiv
e 

(a
ls

o 
se

e 
Se

ct
io

n 
6.

2)
. 

Se
lls

tro
m

 a
nd

 Ja
ns

so
n 

(1
99

5)
 fo

un
d 

ap
pr

ox
im

at
el

y 
0.

7 
m

ic
ro

gr
am

s p
er

 g
ra

m
 in

 a
 b

as
ic

 e
xt

ra
ct

io
n 

of
 P

C
B

 fi
lin

gs
 fr

om
 a

n 
of

f-
th

e-
sh

el
f p

ro
du

ct
 p

ur
ch

as
ed

 in
 

Sw
ed

en
 (a

pp
ro

xi
m

at
el

y 
4 

m
ic

ro
gr

am
s p

er
 g

ra
m

 T
B

B
PA

 u
se

d)
.  

In
 a

 m
or

e 
re

ce
nt

 st
ud

y 
(P

SB
 C

or
po

ra
tio

n,
 2

00
6)

, f
re

e 
TB

B
PA

 w
as

 n
ot

 d
et

ec
te

d 
in

 th
e 

ex
tra

ct
io

n 
of

 a
 

pr
ep

re
g 

sa
m

pl
e,

 b
ut

 fu
ll 

ex
pe

rim
en

ta
l d

et
ai

ls
 a

re
 u

nk
no

w
n 

at
 th

is
 ti

m
e.

 

TB
B

PA
 h

as
 b

ee
n 

de
te

ct
ed

 in
 th

e 
ai

r o
f e

le
ct

ro
ni

c 
re

cy
cl

in
g 

pl
an

ts
 (S

jo
di

n 
et

 a
l.,

 2
00

1,
 2

00
3)

, a
lth

ou
gh

 it
s p

re
se

nc
e 

in
 th

e 
ai

r o
f t

hi
s f

ac
ili

ty
 li

ke
ly

 a
ris

es
 fr

om
 

pr
od

uc
ts

 w
he

re
 it

 w
as

 u
se

d 
as

 a
n 

ad
di

tiv
e 

fla
m

e 
re

ta
rd

an
t. 

 S
tu

di
es

 o
n 

th
e 

re
le

as
e 

of
 T

B
B

PA
 fr

om
 P

C
B

s a
fte

r d
is

po
sa

l i
n 

la
nd

fil
ls

 w
er

e 
no

t a
va

ila
bl

e 
bu

t w
ou

ld
 li

ke
ly

 
be

 lo
w

 d
ue

 to
 th

e 
lo

w
 le

ve
ls

 o
f u

nr
ea

ct
ed

 T
B

B
PA

. 
Th

e 
po

te
nt

ia
l f

or
 T

B
B

PA
 a

nd
 o

th
er

 c
om

po
un

ds
 to

 b
e 

re
le

as
ed

 fr
om

 th
e 

in
ci

ne
ra

tio
n 

or
 o

pe
n 

bu
rn

in
g 

of
 P

C
B

s i
s 

di
sc

us
se

d 
in

 S
ec

tio
n 

6.
1.

 
R

is
k 

A
ss

es
sm

en
ts

:  
R

is
k 

as
se

ss
m

en
t c

om
pl

et
ed

 fo
r T

B
B

PA
 b

y 
Eu

ro
pe

an
 U

ni
on

 in
 2

00
6 

(E
ur

op
ea

n 
U

ni
on

, 2
00

6)
 

4-
18



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
PH

Y
SI

C
A

L
/C

H
E

M
IC

A
L

 P
R

O
PE

R
T

IE
S 

M
el

tin
g 

Po
in

t (
°C

) 
20

6 
(E

st
im

at
ed

) 
EP

I
18

1 
(M

ea
su

re
d)

 
W

H
O

, 1
99

5;
 A

lb
em

ar
le

 
C

or
po

ra
tio

n,
 1

99
9 

In
ad

eq
ua

te
, t

he
 su

bm
itt

er
 c

om
m

en
t 

in
di

ca
te

d 
th

at
 th

e 
m

ea
su

re
m

en
t w

as
 

pe
rf

or
m

ed
 o

n 
th

e 
co

m
m

er
ci

al
 p

ro
du

ct
 

w
hi

ch
 w

as
 n

ot
 1

00
%

 p
ur

e.
 

B
oi

lin
g 

Po
in

t (
°C

) 
D

ec
om

po
se

s a
t 3

16
 (M

ea
su

re
d)

 
St

en
ge

r, 
19

78
; W

H
O

, 1
99

5 
A

de
qu

at
e,

 T
B

B
PA

 w
ill

 d
ec

om
po

se
 

be
fo

re
 b

oi
lin

g 
ba

se
d 

on
 

m
ea

su
re

m
en

ts
 o

n 
th

e 
co

m
m

er
ci

al
 

pr
od

uc
t, 

w
hi

ch
 m

ay
 n

ot
 h

av
e 

be
en

 
10

0%
 p

ur
e.

 
V

ap
or

 P
re

ss
ur

e 
(m

m
 H

g)
 

<8
.9

x1
0-8

 (M
ea

su
re

d)
 

Le
zo

tte
 a

nd
 N

ix
on

, 2
00

1 
A

de
qu

at
e

<1
 (M

ea
su

re
d)

 
W

H
O

, 1
99

5;
 H

ar
dy

 a
nd

 S
m

ith
, 

19
99

In
ad

eq
ua

te

W
at

er
 S

ol
ub

ili
ty

 (g
/L

) 
1.

2x
10

-6
 (E

st
im

at
ed

) 
EP

I
8.

2x
10

-5

(p
H

 =
 7

.6
-8

.1
) 

(M
ea

su
re

d)

N
O

TO
X

, 2
00

0;
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

In
ad

eq
ua

te
, t

he
 m

ea
su

re
d 

w
at

er
 

so
lu

bi
lit

ie
s w

er
e 

de
pe

nd
en

t o
n 

th
e 

flo
w

 ra
te

s t
hr

ou
gh

 th
e 

co
lu

m
n.

  T
he

 
ca

us
e 

of
 th

e 
flo

w
 ra

te
 d

ep
en

de
nc

y 
is

 
un

kn
ow

n.
  T

he
 fl

ow
 ra

te
 d

ep
en

de
nc

y 
is

 n
ot

 c
au

se
d 

by
 a

 fa
ilu

re
 to

 re
ac

h 
eq

ui
lib

riu
m

, s
in

ce
 h

ig
he

r f
lo

w
 ra

te
s 

ga
ve

 h
ig

he
r s

ol
ub

ili
tie

s. 
 T

he
 sa

m
pl

es
 

w
er

e 
ce

nt
rif

ug
ed

 to
 re

m
ov

e 
di

sp
er

se
d 

TB
B

PA
. 

Th
e 

st
ud

y 
w

as
 p

ro
pe

rly
 

pe
rf

or
m

ed
, a

nd
 th

e 
ac

tu
al

 w
at

er
 

so
lu

bi
lit

y 
is

 p
ro

ba
bl

y 
ne

ar
 th

is
 ra

ng
e.

 
1.

48
x1

0-4
 a

t p
H

 5
 

1.
26

x1
0-3

 a
t p

H
 7

 
2.

34
x1

0-3
at

 p
H

 9
 (M

ea
su

re
d)

 

M
ac

G
re

go
r a

nd
 N

ix
on

, 2
00

2;
 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
In

ad
eq

ua
te

, t
he

 sa
m

pl
es

 w
er

e 
no

t 
as

se
ss

ed
 fo

r t
he

 p
re

se
nc

e 
of

 c
ol

lo
id

al
 

m
at

er
ia

l b
ef

or
e 

an
al

ys
is

. 

4-
19



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
7.

2x
10

-4
at

 1
5°

C
 

4.
16

x1
0-3

 a
t 2

5°
C

 1
.7

7x
10

-3
 a

t 3
5°

C
 

(M
ea

su
re

d)

W
H

O
, 1

99
5 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

 T
he

 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt 

su
bm

itt
ed

 to
 th

e 
W

H
O

. 
TB

D
C

om
m

en
te

r i
nd

ic
at

ed
 th

at
 a

 
w

at
er

-s
ol

ub
ili

ty
 st

ud
y 

w
ill

 b
e 

fin
is

he
d 

by
 th

e 
en

d 
of

 2
00

7.
 

C
om

m
en

te
r i

nd
ic

at
ed

 th
at

 a
 w

at
er

-
so

lu
bi

lit
y 

st
ud

y 
is

 b
ei

ng
 c

on
du

ct
ed

 to
 

ad
dr

es
s i

ss
ue

s w
ith

 p
re

vi
ou

s s
tu

di
es

. 
L

og
 K

ow
7.

2 
(E

st
im

at
ed

) 
EP

I

4.
5-

5.
3 

(M
ea

su
re

d)
 

W
H

O
, 1

99
5 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

 T
he

 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt 

su
bm

itt
ed

 to
 th

e 
W

H
O

.  

5.
90

3 
(M

ea
su

re
d)

 
M

ac
G

re
go

r a
nd

 N
ix

on
, 2

00
1;

 
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

A
de

qu
at

e

Fl
am

m
ab

ili
ty

 (F
la

sh
 P

oi
nt

) 
N

o
da

ta
E

xp
lo

si
vi

ty
D

us
t E

xp
lo

si
vi

ty
: 

M
ax

im
um

 E
xp

lo
si

on
 P

re
ss

ur
e 

(P
m

ax
) =

 
7.

7 
ba

r; 
M

ax
im

um
 R

at
e 

of
 P

re
ss

ur
e 

R
is

e 
(d

P/
dt

) m
ax

 =
 3

79
 b

ar
/s

; 
K

st
 V

al
ue

 =
 1

03
 b

ar
.m

/s
 (w

ea
k 

ex
pl

os
io

n)
 

(M
ea

su
re

d)

C
hu

rc
hw

el
l a

nd
 E

lli
s, 

20
07

; 
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

A
de

qu
at

e

pH
N

o
da

ta
pK

a
pK

a =
 9

.4
0 

(M
ea

su
re

d)
Le

zo
tte

 a
nd

 N
ix

on
, 2

00
2;

 
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

A
de

qu
at

e

pK
a1

 =
 7

.5
 a

nd
 p

K
a2

 =
 8

.5
 

(M
ea

su
re

d)
W

H
O

, 1
99

5 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 T

he
 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt 
su

bm
itt

ed
 to

 th
e 

W
H

O
. 

4-
20



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
E

N
V

IR
O

N
M

E
N

T
A

L
 F

A
T

E
 

T
ra

ns
po

rt
T

he
 e

st
im

at
ed

 w
at

er
 so

lu
bi

lit
y 

of
 1

.2
x1

0-6
 g

/L
, v

ap
or

 p
re

ss
ur

e 
of

 <
10

-6
 to

rr
, a

nd
 m

ea
su

re
d 

K
oc

 v
al

ue
s r

an
gi

ng
 

fr
om

 1
.1

x1
05  to

 2
.3

x1
06

in
di

ca
te

 th
at

 T
B

B
PA

 w
ill

 p
ar

tit
io

n 
pr

ed
om

in
an

tly
 to

 so
il 

an
d 

se
di

m
en

t. 
 T

he
 

es
tim

at
ed

 H
en

ry
’s

 L
aw

 c
on

st
an

t o
f 2

.3
1x

10
-1

3  a
tm

-m
3 /m

ol
e 

in
di

ca
te

s t
ha

t T
B

B
PA

 w
ill

 n
ot

 v
ol

at
ili

ze
 fr

om
 

w
at

er
 to

 th
e 

at
m

os
ph

er
e.

  T
he

 m
ea

su
re

d 
K

oc
 v

al
ue

s r
an

gi
ng

 fr
om

 1
.1

x1
05  to

 2
.3

x1
06  in

di
ca

te
s t

ha
t T

B
B

PA
 is

 
no

t a
nt

ic
ip

at
ed

 to
 m

ig
ra

te
 th

ro
ug

h 
so

il 
in

to
 g

ro
un

dw
at

er
 a

nd
 a

ls
o 

ha
s t

he
 p

ot
en

tia
l t

o 
ad

so
rb

 to
 se

di
m

en
t. 

H
en

ry
’s

 L
aw

 C
on

st
an

t –
 

H
L

C
 (a

tm
-m

3 /m
ol

e)
2.

31
x1

0-1
3  (E

st
im

at
ed

) 
EP

I

5.
6x

10
5  (E

st
im

at
ed

) 
EP

I
TB

B
PA

 is
 sh

ow
n 

to
 a

ds
or

b 
to

 so
il 

ba
se

d 
on

 la
bo

ra
to

ry
 so

il 
m

ob
ili

ty
 te

st
s. 

 T
B

B
PA

 
w

as
 n

ot
 e

lu
te

d 
fr

om
 th

e 
so

il 
co

lu
m

n 
af

te
r 

11
 p

or
e 

vo
lu

m
es

 w
er

e 
di

sp
la

ce
d.

  N
o 

qu
an

tit
at

iv
e 

va
lu

es
 fo

r t
he

 ra
te

 o
f s

oi
l 

m
ig

ra
tio

n 
w

er
e 

m
ea

su
re

d.
  (

M
ea

su
re

d)
 

La
rs

en
 e

t a
l.,

 2
00

1 
A

de
qu

at
e

Se
di

m
en

t/S
oi

l 
A

ds
or

pt
io

n/
D

es
or

pt
io

n
C

oe
ff

ic
ie

nt
 –

 K
oc

1.
1x

10
5  a

t 6
.8

%
 o

rg
an

ic
 c

ar
bo

n 
(M

ea
su

re
d)

2.
0x

10
5  a

t 2
.7

%
 o

rg
an

ic
 c

ar
bo

n 
(M

ea
su

re
d)

2.
3x

10
6  a

t 0
.2

5%
 o

rg
an

ic
 c

ar
bo

n 
(M

ea
su

re
d)

B
re

te
le

r, 
19

89
 

A
de

qu
at

e,
 th

e 
K

oc
 v

al
ue

s w
er

e 
ca

lc
ul

at
ed

 fr
om

 th
e 

re
po

rte
d 

K
d

va
lu

es
 a

nd
 th

e 
pe

rc
en

t o
rg

an
ic

 c
ar

bo
n 

fo
r e

ac
h 

se
di

m
en

t s
am

pl
e.

 

4-
21



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
B

io
ac

cu
m

ul
at

io
n 

 
L

O
W

: T
he

 m
ea

su
re

d 
fis

h 
B

C
Fs

 a
re

 le
ss

 th
an

 1
00

0.
 

Fi
sh

 B
C

F 
13

,5
50

 (E
st

im
at

ed
) 

EP
I

30
-4

85
 (C

yp
ri

nu
s c

ar
pi

o)
 (M

ea
su

re
d)

 
C

IT
I, 

19
92

; C
ER

IJ
, 2

00
7 

A
de

qu
at

e

A
 B

C
F 

(P
im

ep
ha

lu
s p

ro
m

el
as

) o
f 1

20
0 

w
as

 m
ea

su
re

d 
ba

se
d 

on
 to

ta
l 14

C
ra

di
oa

ct
iv

ity
; h

ow
ev

er
, e

xt
ra

ct
io

n 
an

d 
th

in
 la

ye
r c

hr
om

at
og

ra
ph

 o
f t

he
 re

si
du

e 
in

 
th

e 
bo

dy
 o

f t
he

 fi
sh

 d
et

er
m

in
ed

 th
at

 o
nl

y 
24

.9
%

 o
f t

he
 14

C
 ra

di
oa

ct
iv

ity
 w

as
 d

ue
 to

 
TB

B
PA

, w
ith

 th
e 

re
m

ai
nd

er
 d

ue
 to

 
m

et
ab

ol
ite

s, 
gi

vi
ng

 a
 B

C
F 

of
 3

00
 fo

r 
TB

B
PA

.
El

im
in

at
io

n 
ha

lf-
lif

e 
< 

24
 h

ou
rs

 fo
r t

ot
al

 
14

C
 ra

di
oa

ct
iv

ity
. (

M
ea

su
re

d)
 

Fa
ck

le
r, 

19
89

a;
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

A
de

qu
at

e

D
ap

hn
id

s B
C

F 
N

o
da

ta

G
re

en
 A

lg
ae

 B
C

F 
N

o
da

ta

E
ar

th
w

or
m

s B
C

F 
N

o
da

ta

M
et

ab
ol

is
m

 in
 fi

sh
 

N
o

da
ta

Pe
rs

is
te

nc
e 

M
O

D
E

R
A

T
E

:  
E

xp
er

im
en

ta
l a

er
ob

ic
 b

io
de

gr
ad

at
io

n 
st

ud
ie

s i
n 

so
il 

an
d 

se
di

m
en

t i
nd

ic
at

e 
th

at
 th

e 
ae

ro
bi

c 
pr

im
ar

y 
bi

od
eg

ra
da

tio
n 

ha
lf-

lif
e 

is
 le

ss
 th

an
 1

80
 d

ay
s, 

bu
t n

ot
 le

ss
 th

an
 6

0 
da

ys
.  

E
xp

er
im

en
ta

l a
na

er
ob

ic
 

bi
od

eg
ra

da
tio

n 
st

ud
ie

s i
n 

so
il 

an
d 

se
di

m
en

t i
nd

ic
at

e 
th

at
 th

e 
an

ae
ro

bi
c 

pr
im

ar
y 

bi
od

eg
ra

da
tio

n 
ha

lf-
lif

e 
is

 
le

ss
 th

an
 6

0 
da

ys
.  

M
in

er
al

iz
at

io
n 

un
de

r 
bo

th
 a

er
ob

ic
 a

nd
 a

na
er

ob
ic

 c
on

di
tio

ns
 in

 so
il 

an
d 

se
di

m
en

t i
s l

ow
, 

in
di

ca
tin

g 
th

at
 p

er
si

st
en

t d
eg

ra
da

tio
n 

pr
od

uc
ts

 a
re

 fo
rm

ed
.  

A
n 

ex
pe

ri
m

en
ta

l p
ho

to
ly

si
s h

al
f-

lif
e 

of
 2

4 
m

in
ut

es
 a

t p
H

 7
.4

 in
 w

at
er

 in
di

ca
te

s t
ha

t T
B

B
PA

 m
ay

 p
ho

to
ly

ze
 r

ap
id

ly
; h

ow
ev

er
, i

t i
s n

ot
 a

nt
ic

ip
at

ed
 to

 
pa

rt
iti

on
 si

gn
ifi

ca
nt

ly
 to

 w
at

er
.  

A
lth

ou
gh

 a
de

qu
at

e 
ex

pe
ri

m
en

ta
l d

at
a 

ar
e 

no
t a

va
ila

bl
e,

 d
eg

ra
da

tio
n 

of
 

T
B

B
PA

 b
y 

hy
dr

ol
ys

is
 is

 n
ot

 e
xp

ec
te

d 
to

 b
e 

si
gn

ifi
ca

nt
 a

s t
he

 fu
nc

tio
na

l g
ro

up
s p

re
se

nt
 o

n 
th

is
 m

ol
ec

ul
e 

do
 

no
t t

en
d 

to
 u

nd
er

go
 h

yd
ro

ly
ze

.  
T

he
 a

tm
os

ph
er

ic
 h

al
f-

lif
e 

fo
r 

th
e 

ga
s p

ha
se

 r
ea

ct
io

ns
 o

f T
B

B
PA

 is
 e

st
im

at
ed

 
at

 3
.6

 d
ay

s, 
th

ou
gh

 it
 is

 e
xp

ec
te

d 
to

 e
xi

st
 p

ri
m

ar
ily

 a
s a

 p
ar

tic
ul

at
e 

in
 a

ir
. 

W
at

er
A

er
ob

ic
B

io
de

gr
ad

at
io

n 
Pr

im
ar

y:
 w

ee
ks

-m
on

th
s (

Es
tim

at
ed

) 
EP

I

4-
22



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
U

lti
m

at
e:

 re
ca

lc
itr

an
t (

Es
tim

at
ed

) 
EP

I

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 R

iv
er

 
>1

 y
ea

r (
Es

tim
at

ed
) 

EP
I

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 L

ak
e 

>1
 y

ea
r (

Es
tim

at
ed

) 
EP

I

R
ea

dy
 B

io
de

gr
ad

ab
ili

ty
 N

o 
bi

od
eg

ra
da

tio
n 

w
as

 o
bs

er
ve

d 
ac

co
rd

in
g 

to
 a

 Ja
pa

ne
se

 M
IT

I t
es

t u
si

ng
 

TB
B

PA
 (1

00
 m

g/
L)

 in
 a

ct
iv

at
ed

 sl
ud

ge
 

(3
0 

m
g/

L)
 fo

r 2
 w

ee
ks

. (
M

ea
su

re
d)

 

C
IT

I, 
19

92
; C

ER
IJ

, 2
00

7 
A

de
qu

at
e

So
il

A
er

ob
ic

B
io

de
gr

ad
at

io
n 

A
er

ob
ic

 b
io

de
gr

ad
at

io
n 

of
 T

B
B

PA
 w

as
 

m
ea

su
re

d 
in

 th
re

e 
so

il 
ty

pe
s. 

 A
fte

r 6
4 

da
ys

, t
he

 a
m

ou
nt

 o
f 14

C
-T

B
B

PA
 in

 th
e 

so
il 

ra
ng

ed
 fr

om
 3

6 
to

 8
2%

. L
es

s t
ha

n 
6%

 
ap

pl
ie

d 
ra

di
oa

ct
iv

ity
 w

as
 re

co
ve

re
d 

as
 

C
O

2, 
su

gg
es

tin
g 

on
ly

 p
ar

tia
l 

bi
od

eg
ra

da
tio

n.
 (M

ea
su

re
d)

 

Fa
ck

le
r, 

19
89

b;
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

A
de

qu
at

e

A
 tr

an
sf

or
m

at
io

n 
st

ud
y 

in
 so

il 
ca

lc
ul

at
ed

 
an

 a
er

ob
ic

 D
T 5

0 o
f 5

.3
-7

.7
 d

ay
s f

or
 th

e 
so

il 
ex

tra
ct

s. 
Th

e 
di

sa
pp

ea
ra

nc
e 

ap
pe

ar
s 

to
 b

e 
pr

ed
om

in
an

tly
 d

ue
 to

 b
in

di
ng

 to
 so

il 
an

d 
no

t d
ue

 to
 b

io
de

gr
ad

at
io

n.
  

In
su

ff
ic

ie
nt

 m
at

er
ia

l w
as

 e
xt

ra
ct

ed
 to

 
id

en
tif

y 
th

e 
tra

ns
fo

rm
at

io
n 

pr
od

uc
ts

.  
A

fte
r 6

 m
on

th
s, 

17
.5

-2
1.

6%
 o

f t
he

 d
os

e 
w

as
 m

in
er

al
iz

ed
 in

 th
e 

ae
ro

bi
c 

so
ils

 a
nd

 
2.

5-
8.

4%
 in

 th
e 

an
ae

ro
bi

c 
so

ils
. 

(M
ea

su
re

d)

Sc
ha

ef
er

 a
nd

 S
te

nz
el

, 2
00

6a
 

In
ad

eq
ua

te
, t

he
 D

T 5
0 w

as
 c

al
cu

la
te

d 
fo

r t
he

 so
il 

ex
tra

ct
s;

 h
ow

ev
er

, t
he

 
m

aj
or

ity
 o

f t
he

 m
at

er
ia

l r
em

ai
ne

d 
bo

un
d 

to
 so

il 
an

d 
w

as
 n

ot
 e

xt
ra

ct
ed

.  
Th

e 
no

n-
ex

tra
ct

ab
le

 (b
ou

nd
) 

ra
di

oa
ct

iv
ity

 o
r r

es
id

ue
s i

n 
th

e 
so

il 
w

er
e 

no
t c

ha
ra

ct
er

iz
ed

 a
s c

al
le

d 
fo

r 
in

 th
e 

O
EC

D
 g

ui
de

lin
es

. 
Th

e 
ab

io
tic

 
de

gr
ad

at
io

n 
ra

te
 u

nd
er

 st
er

ile
 

co
nd

iti
on

s w
as

 n
ot

 e
st

im
at

ed
 a

s 
ca

lle
d 

fo
r i

n 
th

e 
O

EC
D

 g
ui

de
lin

es
.  

A
na

er
ob

ic
 c

on
di

tio
ns

 w
er

e 
no

t 
m

ai
nt

ai
ne

d 
in

 th
e 

an
ae

ro
bi

c 
tra

ns
fo

rm
at

io
n 

sa
m

pl
es

.  
 

4-
23



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
TB

B
PA

 sh
ow

ed
 1

.9
%

 re
sp

ira
tio

n 
in

hi
bi

tio
n 

of
 a

ct
iv

at
ed

 sl
ud

ge
 

m
ic

ro
or

ga
ni

sm
s. 

(M
ea

su
re

d)
 

Sc
ha

ef
er

 a
nd

 S
id

di
qu

i, 
20

02
; 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

In
 a

 te
st

 o
f t

he
 a

dv
er

se
 e

ff
ec

ts
 o

f T
B

B
PA

 
on

 th
e 

ni
tro

ge
n 

tra
ns

fo
rm

at
io

n 
ac

tiv
ity

 o
f 

so
il 

m
ic

ro
or

ga
ni

sm
s, 

a 
do

se
 d

ep
en

da
nt

 
re

sp
on

se
 p

at
te

rn
 w

as
 n

ot
 o

bs
er

ve
d.

 E
C

10
>1

00
0 

m
g/

kg
 so

il.
  (

M
ea

su
re

d)
 

Sc
ha

ef
er

 a
nd

 S
id

di
qu

i, 
20

05
; 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

A
na

er
ob

ic
B

io
de

gr
ad

at
io

n
A

na
er

ob
ic

 b
io

de
gr

ad
at

io
n 

of
 T

B
B

PA
 w

as
 

m
ea

su
re

d 
in

 th
re

e 
so

il 
ty

pe
s. 

A
fte

r 6
4 

da
ys

, t
he

 a
m

ou
nt

 o
f T

B
B

PA
 re

m
ai

ni
ng

 in
 

th
e 

so
ils

 ra
ng

ed
 fr

om
 4

3.
7 

to
 9

0.
6%

.  
Le

ss
 

th
an

 0
.5

%
 a

pp
lie

d 
ra

di
oa

ct
iv

ity
 w

as
 

re
co

ve
re

d 
as

 C
O

2, 
su

gg
es

tin
g 

on
ly

 p
ar

tia
l 

bi
od

eg
ra

da
tio

n.
 (M

ea
su

re
d)

 

Fa
ck

le
r, 

19
89

c;
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

A
de

qu
at

e

TB
B

PA
 d

eb
ro

m
in

at
io

n 
pr

od
uc

ts
 w

er
e 

is
ol

at
ed

 d
ur

in
g 

an
 e

nr
ic

hm
en

t p
ro

ce
ss

 in
 

an
 a

na
er

ob
ic

 se
m

i c
on

tin
uo

us
 b

at
ch

 
re

ac
to

r. 
(M

ea
su

re
d)

 

A
rb

el
i a

nd
 R

on
en

, 2
00

3 
A

de
qu

at
e

So
il 

B
io

de
gr

ad
at

io
n 

w
/ 

Pr
od

uc
t I

de
nt

ifi
ca

tio
n 

U
nd

er
 a

na
er

ob
ic

 c
on

di
tio

ns
, T

B
B

PA
 w

as
 

m
os

tly
 d

eh
al

og
en

at
ed

 w
ith

in
 1

0 
da

ys
, a

nd
 

co
m

pl
et

e 
de

ha
lo

ge
na

tio
n 

to
 b

is
ph

en
ol

 A
 

w
as

 a
ch

ie
ve

d 
af

te
r 4

5 
da

ys
.  

Th
e 

re
su

lti
ng

 
bi

sp
he

no
l A

 w
as

 n
ot

 d
eg

ra
de

d 
an

ae
ro

bi
ca

lly
 a

fte
r 3

 m
on

th
s. 

 D
i- 

an
d 

tri
br

om
ob

is
ph

en
ol

 A
 w

er
e 

ob
se

rv
ed

 a
s 

in
te

rm
ed

ia
te

s. 
U

nd
er

 a
er

ob
ic

 c
on

di
tio

ns
, b

is
ph

en
ol

 A
 

w
as

 d
eg

ra
de

d 
to

 4
-h

yd
ro

xy
be

nz
oi

c 
ac

id
 

an
d 

4-
hy

dr
ox

ya
ce

to
ph

en
on

e.
 (M

ea
su

re
d)

 

R
on

en
 a

nd
 A

be
lio

vi
ch

, 2
00

0 
A

de
qu

at
e

4-
24



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
Se

di
m

en
t/W

at
er

 
B

io
de

gr
ad

at
io

n
H

al
f-

liv
es

 o
f 4

8 
to

 8
4 

da
ys

 w
er

e 
de

te
rm

in
ed

 in
 a

n 
ae

ro
bi

c 
na

tu
ra

l r
iv

er
 

se
di

m
en

t/w
at

er
 te

st
 sy

st
em

.  
Le

ss
 th

an
 8

%
 

ap
pl

ie
d 

ra
di

oa
ct

iv
ity

 w
as

 re
co

ve
re

d 
as

 
C

O
2, 

su
gg

es
tin

g 
on

ly
 p

ar
tia

l 
bi

od
eg

ra
da

tio
n.

 (M
ea

su
re

d)
 

Fa
ck

le
r, 

19
89

d,
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

A
de

qu
at

e

A
n 

an
ae

ro
bi

c 
m

in
er

al
iz

at
io

n 
an

d 
tra

ns
fo

rm
at

io
n 

st
ud

y 
in

 fr
es

hw
at

er
 

aq
ua

tic
 se

di
m

en
t s

ys
te

m
s c

al
cu

la
te

d 
an

 
an

ae
ro

bi
c 

D
T 5

0 o
f 2

4-
28

 d
ay

s f
or

 th
e 

w
ho

le
 sy

st
em

.  
V

er
y 

lit
tle

 m
in

er
al

iz
at

io
n 

w
as

 o
bs

er
ve

d.
 T

he
 tr

an
sf

or
m

at
io

n 
pr

od
uc

ts
 in

cl
ud

ed
 b

is
ph

en
ol

 A
 a

nd
 3

 
un

id
en

tif
ie

d 
m

at
er

ia
ls

. (
M

ea
su

re
d)

 

Sc
ha

ef
er

 a
nd

 S
te

nz
el

, 2
00

6b
; 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

A
n 

an
ae

ro
bi

c 
m

in
er

al
iz

at
io

n 
an

d 
tra

ns
fo

rm
at

io
n 

st
ud

y 
in

 d
ig

es
te

r s
lu

dg
e 

ca
lc

ul
at

ed
 a

n 
an

ae
ro

bi
c 

D
T 5

0 o
f 1

9 
da

ys
. 

V
er

y 
lit

tle
 m

in
er

al
iz

at
io

n 
w

as
 o

bs
er

ve
d.

 
Th

e 
tra

ns
fo

rm
at

io
n 

pr
od

uc
ts

 in
cl

ud
ed

 
bi

sp
he

no
l A

 a
nd

 3
 u

ni
de

nt
ifi

ed
 m

at
er

ia
ls

. 
(M

ea
su

re
d)

Sc
ha

ef
er

 a
nd

 S
te

nz
el

, 2
00

6c
; 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

A
ir

A
tm

os
ph

er
ic

 H
al

f-
lif

e
3.

6 
da

ys
 (E

st
im

at
ed

) 
EP

I
R

ea
ct

iv
ity

Ph
ot

ol
ys

is
Ph

ot
ol

ys
is

 h
al

f-
liv

es
 in

 w
at

er
 o

f 1
6,

 2
4,

 
an

d 
35

0 
m

in
ut

es
 a

t p
H

 v
al

ue
s 1

0,
 7

.4
, a

nd
 

5.
5 

w
er

e 
m

ea
su

re
d 

un
de

r f
lu

or
es

ce
nt

 U
V

 
ra

di
at

io
n 

re
pr

es
en

tin
g 

en
vi

ro
nm

en
ta

l 
w

av
el

en
gt

hs
. 

(M
ea

su
re

d)
 

Er
ik

ss
on

 e
t a

l.,
 2

00
4 

A
de

qu
at

e

R
ep

or
te

d 
ha

lf-
liv

es
 in

 w
at

er
 o

f 6
.6

, 1
0.

2,
 

25
.9

, a
nd

 8
0.

7 
da

ys
 d

ur
in

g 
su

m
m

er
, 

sp
rin

g,
 fa

ll 
an

d 
w

in
te

r, 
re

sp
ec

tiv
el

y.
 

(M
ea

su
re

d)

W
H

O
, 1

99
5 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

 T
he

 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt 

su
bm

itt
ed

 to
 th

e 
W

H
O

.  

4-
25



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
A

 st
ud

y 
of

 T
B

B
PA

 o
n 

si
lic

a 
ge

l w
as

 
re

po
rte

d.
 T

he
 w

av
el

en
gt

h 
st

ud
ie

d 
w

as
 

to
o 

sh
or

t t
o 

de
riv

e 
an

y 
en

vi
ro

nm
en

ta
l 

co
nc

lu
si

on
s. 

(M
ea

su
re

d)
 

W
H

O
, 1

99
5 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

 T
he

 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt 

su
bm

itt
ed

 to
 th

e 
W

H
O

.  

H
yd

ro
ly

si
s

<1
 y

ea
r (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

Py
ro

ly
si

s
Pu

rif
ie

d 
TB

B
PA

 w
as

 p
yr

ol
iz

ed
 in

 o
pe

n 
qu

ar
tz

 tu
be

s a
t 7

00
, 8

00
, a

nd
 9

00
 ˚C

 fo
r 

10
 m

in
ut

es
 re

su
lti

ng
 m

ai
nl

y 
in

 m
on

o-
, d

i-
, t

ri-
 a

nd
 te

tra
-P

B
D

D
 a

nd
 P

B
D

F 
Th

e 
fo

rm
at

io
n 

of
 P

B
D

D
 a

nd
 P

B
D

F 
oc

cu
rr

ed
 

at
 0

.0
2,

 0
.1

6,
 a

nd
 0

.1
%

 fo
r 7

00
, 8

00
, a

nd
 

90
0

˚C
. (

M
ea

su
re

d)
 

Th
om

a 
et

 a
l.,

 1
98

6 
A

de
qu

at
e

B
io

m
on

ito
ri

ng
 

Se
ve

ra
l s

tu
di

es
 w

er
e 

fo
un

d 
re

la
te

d 
to

 b
io

m
on

ito
ri

ng
; h

ow
ev

er
, t

he
y 

w
er

e 
no

t r
ev

ie
w

ed
 a

s p
ar

t o
f t

hi
s 

as
se

ss
m

en
t. 

 S
in

ce
 T

B
B

PA
 is

 a
ls

o 
us

ed
 a

dd
iti

ve
ly

 fo
r 

A
B

S 
pl

as
tic

s, 
th

e 
so

ur
ce

 o
f T

B
B

PA
 in

 th
e 

bi
om

on
ito

ri
ng

 st
ud

ie
s c

an
no

t s
ol

el
y 

be
 a

tt
ri

bu
te

d 
to

 th
e 

us
e 

of
 T

B
B

PA
 in

 P
C

B
s. 

 In
 fa

ct
, t

he
 a

dd
iti

ve
 u

se
 

w
ou

ld
 b

e 
m

or
e 

lik
el

y 
to

 c
on

tr
ib

ut
e 

to
 le

ve
ls

 in
 th

e 
en

vi
ro

nm
en

t t
ha

n 
th

e 
re

ac
te

d 
ch

em
ic

al
. C

ita
tio

ns
 fo

r 
th

es
e 

st
ud

ie
s a

re
 in

cl
ud

ed
 a

t t
he

 e
nd

 o
f t

he
 r

ef
er

en
ce

 li
st

 fo
un

d 
at

 th
e 

en
d 

of
 th

is
 ta

bl
e.

  T
he

se
 st

ud
ie

s a
re

 p
ro

vi
de

d 
fo

r 
st

ak
eh

ol
de

rs
 to

 r
ev

ie
w

 a
nd

 c
on

si
de

r 
as

 a
pp

ro
pr

ia
te

. 

E
C

O
T

O
X

IC
IT

Y
 

E
C

O
SA

R
 C

la
ss

 
Ph

en
ol

s
A

cu
te

 T
ox

ic
ity

 
H

IG
H

:  
T

he
 m

ea
su

re
d 

L
C

50
 fo

r 
fis

h,
 th

e 
es

tim
at

ed
 L

C
50

 fo
r 

da
ph

ni
ds

 a
nd

 th
e 

es
tim

at
ed

 E
C

50
 fo

r 
gr

ee
n 

al
ga

e 
ar

e 
al

l l
es

s t
ha

n 
1 

m
g/

L
. 

14
-d

a 
LC

50
 =

 0
.2

91
 m

g/
L 

(E
st

im
at

ed
) 

EP
I 

R
ai

nb
ow

 tr
ou

t 9
6-

ho
ur

 L
C

50
 =

 0
.4

0 
m

g/
L 

(M
ea

su
re

d)
 

C
al

m
ba

ch
er

, 1
97

8 
A

de
qu

at
e

B
lu

eg
ill

 su
nf

is
h 

96
-h

ou
r L

C
50

 =
 0

.5
1 

m
g/

L 
(M

ea
su

re
d)

 
C

al
m

ba
ch

er
, 1

97
8 

A
de

qu
at

e

Fi
sh

 L
C

50

Fa
th

ea
d 

m
in

no
w

 9
6-

ho
ur

 L
C

50
 =

 0
.5

4 
m

g/
L 

(M
ea

su
re

d)
 

Su
rp

re
na

nt
, 1

98
8 

A
de

qu
at

e

4-
26



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
K

ill
ifi

sh
 4

8-
ho

ur
 L

C
50

 =
 8

.2
 m

g/
L 

(M
ea

su
re

d)
C

IT
I, 

19
92

 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

Le
po

m
is

 m
ac

ro
ch

ir
us

 9
6-

ho
ur

 N
O

EC
 =

 
0.

1 
m

g/
L 

(M
ea

su
re

d)
 

Si
m

on
se

n 
et

 a
l.,

 2
00

0 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

Sa
lm

o 
ga

ir
dn

er
i 9

6-
ho

ur
 N

O
EC

 =
 0

.1
8 

m
g/

L 
(M

ea
su

re
d)

 
Si

m
on

se
n 

et
 a

l.,
 2

00
0 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

 

Pi
m

ep
ha

le
s p

ro
m

el
as

 9
6-

ho
ur

 N
O

EC
 =

 
0.

26
 m

g/
L 

(M
ea

su
re

d)
 

Si
m

on
se

n 
et

 a
l.,

 2
00

0 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

O
nc

or
hy

nc
hu

s m
yk

is
s 9

6-
ho

ur
 L

C
50

 =
 

1.
1 

m
g/

L 
(M

ea
su

re
d)

 
B

la
nk

in
sh

ip
 e

t a
l.,

 2
00

3a
; 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
In

ad
eq

ua
te

, t
he

 e
ff

ec
t c

on
ce

nt
ra

tio
n 

is
 g

re
at

er
 th

an
 1

0 
tim

es
 th

e 
N

O
TO

X
, 2

00
0 

w
at

er
 so

lu
bi

lit
y.

 
D

ap
hn

id
 L

C
50

48
-h

r L
C

50
 =

 0
.7

42
 (E

st
im

at
ed

) 
EP

I

D
ap

hn
ia

 m
ag

na
 4

8-
ho

ur
 L

C
50

 =
 0

.9
6 

m
g/

L 
(M

ea
su

re
d)

 
M

or
ris

se
y,

 1
97

8 
In

ad
eq

ua
te

, t
he

 e
ff

ec
t c

on
ce

nt
ra

tio
n 

is
 g

re
at

er
 th

an
 1

0 
tim

es
 th

e 
N

O
TO

X
, 2

00
0 

w
at

er
 so

lu
bi

lit
y.

 

D
. m

ag
na

 4
8-

ho
ur

 L
C

50
 =

 0
.9

6 
m

g/
L 

(M
ea

su
re

d)
Si

m
on

se
n 

et
 a

l.,
 2

00
0 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

 

D
. m

ag
na

 4
8-

ho
ur

 L
C

50
 =

 9
60

 �
g/

L
(M

ea
su

re
d)

A
no

ny
m

ou
s, 

20
03

 
In

ad
eq

ua
te

,s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

D
. m

ag
na

 4
8-

ho
ur

 E
C

50
 =

 1
.8

 m
g/

L 
(M

ea
su

re
d)

B
la

nk
in

sh
ip

 e
t a

l.,
 2

00
3b

; 
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

In
ad

eq
ua

te
, t

he
 e

ff
ec

t c
on

ce
nt

ra
tio

n 
is

 g
re

at
er

 th
an

 1
0 

tim
es

 th
e 

N
O

TO
X

, 2
00

0 
w

at
er

 so
lu

bi
lit

y.
 

O
th

er
 F

re
sh

w
at

er
 In

ve
rt

eb
ra

te
 L

C
50

Ea
st

er
n 

oy
st

er
 9

6-
ho

ur
 L

C 5
0 =

 0
.0

98
 

m
g/

L 
(M

ea
su

re
d)

 
Su

rp
re

na
nt

, 1
98

9a
 

A
de

qu
at

e

Sa
ltw

at
er

 In
ve

rt
eb

ra
te

 L
C

50
M

ys
id

 sh
rim

p 
96

-h
ou

r L
C

50
 =

 0
.8

6-
1.

2 
m

g/
L 

(M
ea

su
re

d)
 

G
oo

dm
an

 e
t a

l.,
 1

98
8 

In
ad

eq
ua

te
, t

he
 e

ff
ec

t c
on

ce
nt

ra
tio

n 
is

 g
re

at
er

 th
an

 1
0 

tim
es

 th
e 

N
O

TO
X

, 2
00

0 
w

at
er

 so
lu

bi
lit

y.
 

4-
27



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
M

ys
id

 sh
rim

p 
96

-h
ou

r L
C

50
 =

 8
60

 �
g/

L
(M

ea
su

re
d)

G
oo

dm
an

 e
t a

l.,
 1

98
9 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

C
ra

ss
os

tr
ea

 v
ir

gi
ni

ca
 9

6-
ho

ur
 E

C
10

 =
 

2.
6
�g

/L
 (M

ea
su

re
d)

 
A

no
ny

m
ou

s, 
20

03
 

In
ad

eq
ua

te
,s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

G
re

en
 A

lg
ae

 E
C

50
96

-h
r E

C
50

 =
 0

.0
95

 (E
st

im
at

ed
) 

EP
I

Se
le

na
st

ru
m

 c
ap

ri
co

rn
ut

um
 E

C
50

> 
5.

6 
m

g/
L 

(M
ea

su
re

d)
 

G
id

di
ng

s, 
19

88
 

In
ad

eq
ua

te
, t

he
 e

ff
ec

t c
on

ce
nt

ra
tio

n 
is

 g
re

at
er

 th
an

 1
0 

tim
es

 th
e 

N
O

TO
X

, 2
00

0 
w

at
er

 so
lu

bi
lit

y.
 

Sk
el

et
on

em
a 

co
st

at
um

 7
2-

ho
ur

 E
C

50
 =

 
0.

09
-1

.1
4 

m
g/

L 
(M

ea
su

re
d)

 
W

al
sh

 e
t a

l.,
 1

98
7 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

Th
al

as
si

os
ir

a 
ps

eu
do

na
na

 7
2-

ho
ur

 E
C

50
= 

0.
13

-1
.0

 m
g/

L 
(M

ea
su

re
d)

 
W

al
sh

 e
t a

l.,
 1

98
7 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

72
-h

ou
r E

C
50

= 
0.

09
 m

g/
L 

(M
ea

su
re

d)
 

Si
m

on
se

n 
et

 a
l.,

 2
00

0 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.

S.
 c

ap
ri

co
rn

ut
um

 N
O

EC
 =

 5
,6

00
 ��

g/
L

(M
ea

su
re

d)
A

no
ny

m
ou

s, 
20

03
 

In
ad

eq
ua

te
,s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

C
hr

on
ic

 T
ox

ic
ity

 
H

IG
H

: T
he

 e
st

im
at

ed
 g

re
en

 a
lg

ae
 c

hr
on

ic
 v

al
ue

 is
 le

ss
 th

an
 0

.1
 m

g/
L

. 
Fi

sh
 C

hV
 

0.
04

4 
m

g/
L 

(E
st

im
at

ed
) 

EP
I

Fa
th

ea
d 

m
in

no
w

 N
O

EC
 =

 0
.1

6 
m

g/
L 

(M
ea

su
re

d)
Su

rp
re

na
nt

, 1
98

9b
 

A
de

qu
at

e

Fa
th

ea
d 

m
in

no
w

 M
A

TC
 =

 0
.2

2 
m

g/
L 

(M
ea

su
re

d)
Su

rp
re

na
nt

, 1
98

9b
 

A
de

qu
at

e

D
ap

hn
id

 C
hV

 
0.

03
5 

m
g/

L 
(E

st
im

at
ed

) 
EP

I
N

O
EC

(r
ep

ro
du

ct
io

n)
 =

 0
.3

0 
m

g/
L 

(M
ea

su
re

d)
Su

rp
re

na
nt

, 1
98

9c
 

A
de

qu
at

e

4-
28



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
N

O
EC

(s
ur

vi
va

l) 
= 

0.
98

 m
g/

L 
(M

ea
su

re
d)

Su
rp

re
na

nt
, 1

98
9c

 
In

ad
eq

ua
te

, t
he

 e
ff

ec
t c

on
ce

nt
ra

tio
n 

is
 g

re
at

er
 th

an
 1

0 
tim

es
 th

e 
N

O
TO

X
, 2

00
0 

w
at

er
 so

lu
bi

lit
y.

 
M

A
TC

 >
0.

98
 m

g/
L 

(M
ea

su
re

d)
 

Su
rp

re
na

nt
, 1

98
9c

In
ad

eq
ua

te
, t

he
 e

ff
ec

t c
on

ce
nt

ra
tio

n 
is

 g
re

at
er

 th
an

 1
0 

tim
es

 th
e 

N
O

TO
X

, 2
00

0 
w

at
er

 so
lu

bi
lit

y.
 

M
yt

ilu
s e

du
lis

 L
O

EC
 (s

he
ll 

le
ng

th
) =

 3
2 

�g
/L

, N
O

EC
 (s

he
ll 

le
ng

th
) =

 1
7 
�g

/L
(M

ea
su

re
d)

B
ro

w
n 

et
 a

l.,
 2

00
5 

A
de

qu
at

e
Sa

ltw
at

er
 In

ve
rt

eb
ra

te
 C

hV

M
. e

du
lis

 L
O

EC
 (w

et
 w

ei
gh

t) 
= 

12
6 

�g
/L

, N
O

EC
 (w

et
 w

ei
gh

t) 
= 

62
 �

g/
L

(M
ea

su
re

d)

B
ro

w
n 

et
 a

l.,
 2

00
5 

A
de

qu
at

e

0.
09

1 
m

g/
L 

(E
st

im
at

ed
) 

EP
I

G
re

en
 A

lg
ae

 C
hV

 
5.

6 
m

g/
L 

(M
ea

su
re

d)
 

G
id

di
ng

s, 
19

88
 

In
ad

eq
ua

te
, t

he
 e

ff
ec

t c
on

ce
nt

ra
tio

n 
is

 g
re

at
er

 th
an

 1
0 

tim
es

 th
e 

N
O

TO
X

, 2
00

0 
w

at
er

 so
lu

bi
lit

y.
 

C
hi

ro
no

m
us

 te
nt

an
s 1

4-
da

y 
N

O
EC

 =
 

22
8-

34
1 

m
g/

kg
 (s

ed
im

en
t);

 N
O

EC
 =

 
0.

03
9-

0.
04

6 
m

g/
L 

(in
te

rs
tit

ia
l w

at
er

) 
(M

ea
su

re
d)

B
re

te
le

r, 
19

89
 

A
de

qu
at

e

Lu
m

br
ic

ul
us

 v
ar

ie
ga

te
s w

ith
 2

%
 T

O
C

 
28

-d
ay

 E
C

50
= 

29
4 

m
g/

kg
 se

di
m

en
t d

ry
 

w
ei

gh
t (

dw
) (

M
ea

su
re

d)
 

K
ru

eg
er

 e
t a

l.,
 2

00
2a

 
A

de
qu

at
e

Se
di

m
en

t D
w

el
lin

g 
O

rg
an

is
m

s C
hV

 

L.
 v

ar
ie

ga
te

s w
ith

 2
%

 T
O

C
 2

8-
da

y 
LO

EC
 =

 1
51

 m
g/

kg
 se

di
m

en
t d

w
; 

N
O

EC
 =

 9
0 

m
g/

kg
 se

di
m

en
t d

w
 

(M
ea

su
re

d)

K
ru

eg
er

 e
t a

l.,
 2

00
2a

 
A

de
qu

at
e

4-
29



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
L.

 v
ar

ie
ga

te
s w

ith
 5

%
 T

O
C

 2
8-

da
y 

EC
50

 =
 4

05
 m

g/
kg

 se
di

m
en

t d
w

 
(M

ea
su

re
d)

K
ru

eg
er

 e
t a

l.,
 2

00
2b

 
A

de
qu

at
e

L.
 v

ar
ie

ga
te

s w
ith

 5
%

 T
O

C
 2

8-
da

y 
LO

EC
 =

 4
26

 m
g/

kg
 se

di
m

en
t d

w
; 

N
O

EC
 =

 2
54

 m
g/

kg
 se

di
m

en
t d

w
 

(M
ea

su
re

d)

K
ru

eg
er

 e
t a

l.,
 2

00
2b

 
A

de
qu

at
e

H
ya

le
lla

 a
zt

ec
a 

28
-d

ay
 E

C
50

 >
 1

00
0 

m
g/

kg
 se

di
m

en
t d

w
; L

O
EC

 =
 5

00
 

m
g/

kg
 se

di
m

en
t d

w
; N

O
EC

 =
 2

50
 

m
g/

kg
 se

di
m

en
t d

w
 (N

om
in

al
) 

(M
ea

su
re

d)

K
ru

eg
er

 e
t a

l.,
 2

00
6;

 S
ub

m
itt

ed
 

co
nf

id
en

tia
l s

tu
dy

 
A

de
qu

at
e

E
ar

th
w

or
m

 S
ub

ch
ro

ni
c 

T
ox

ic
ity

 
Ei

se
ni

a 
fe

tid
a,

 2
8-

da
y 

N
O

EC
 (s

ur
vi

va
l) 

= 
48

40
 m

g/
kg

 d
ry

 so
il;

 E
C

50
 >

48
40

 
m

g/
kg

 d
ry

 so
il;

 5
6-

da
y 

N
O

EC
 

(r
ep

ro
du

ct
io

n)
 =

 2
.1

1 
m

g/
kg

 d
ry

 so
il;

 
D

id
 n

ot
 b

io
ac

cu
m

ul
at

e 
in

 ti
ss

ue
 

(M
ea

su
re

d)

A
uf

te
rh

ie
de

 e
t a

l.,
 2

00
3 

A
de

qu
at

e

R
ep

ro
du

ct
iv

e 
T

ox
ic

ity
 to

 B
ir

ds
 

N
eg

at
iv

e 
fo

r r
ep

ro
du

ct
iv

e 
ef

fe
ct

s, 
Ja

pa
ne

se
 q

ua
il,

 o
ra

l, 
in

tra
ve

no
us

 a
nd

 
ov

o 
ex

po
su

re
 (M

ea
su

re
d)

 

H
al

ld
in

 e
t a

l.,
 2

00
1 

A
de

qu
at

e

N
eg

at
iv

e 
fo

r e
st

ro
ge

n-
lik

e 
ef

fe
ct

s i
n 

Ja
pa

ne
se

 q
ua

il 
(M

ea
su

re
d)

 
B

er
g 

et
 a

l.,
 2

00
1 

A
de

qu
at

e

N
eg

at
iv

e 
fo

r e
ff

ec
ts

 o
n 

se
xu

al
 b

eh
av

io
r 

or
 re

pr
od

uc
tiv

e 
or

ga
n 

m
or

ph
ol

og
y,

 
Ja

pa
ne

se
 q

ua
il 

(M
ea

su
re

d)
 

H
al

ld
in

 e
t a

l.,
 2

00
5 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

 

N
eg

at
iv

e 
fo

r e
nd

oc
rin

e 
ef

fe
ct

s, 
Ja

pa
ne

se
 

qu
ai

l a
nd

 d
om

es
tic

 c
hi

ck
en

 (M
ea

su
re

d)
 

A
no

ny
m

ou
s, 

20
03

 
In

ad
eq

ua
te

,s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

T
er

at
og

en
ic

ity
 in

 F
ro

g 
Em

br
yo

s 
N

eg
at

iv
e 

fo
r d

ev
el

op
m

en
t e

ff
ec

ts
, 

Xe
no

pu
s l

ae
vi

s e
m

br
yo

 (M
ea

su
re

d)
 

G
ar

be
r e

t a
l.,

 2
00

1 
A

de
qu

at
e

4-
30



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
H

U
M

A
N

 H
E

A
L

T
H

 E
FF

E
C

T
S 

T
ox

ic
ok

in
et

ic
s

A
 la

bo
ra

to
ry

 st
ud

y 
us

in
g 

hu
m

an
 sk

in
 in

di
ca

te
s T

B
B

PA
 is

 n
ot

 w
el

l a
bs

or
be

d 
th

ou
gh

 th
e 

sk
in

.  
T

he
 r

es
ul

ts
 

in
di

ca
te

d 
0.

73
%

 o
f t

he
 a

pp
lie

d 
do

se
 p

en
et

ra
te

d 
th

ro
ug

h 
th

e 
sk

in
.  

O
ra

l a
dm

in
is

tr
at

io
n 

to
 r

at
s s

ho
w

ed
 th

at
 

T
B

B
PA

 is
 r

ap
id

ly
 m

et
ab

ol
iz

ed
 a

nd
 e

lim
in

at
ed

 in
 th

e 
fe

ce
s (

>8
0%

). 
 T

B
B

PA
 a

nd
 m

et
ab

ol
ite

s w
er

e 
ob

se
rv

ed
 

in
 p

la
sm

a 
an

d 
tr

ac
es

 o
f T

B
B

PA
 a

nd
 m

et
ab

ol
ite

s w
er

e 
de

te
ct

ed
 in

 u
ri

ne
.  

T
he

 e
st

im
at

ed
 b

io
av

ai
la

bi
lit

y 
fo

llo
w

in
g 

or
al

 d
os

in
g 

is
 1

.6
%

.  
H

um
an

 v
ol

un
te

er
s h

ad
 n

o 
de

te
ct

ab
le

 T
B

B
PA

 in
 p

la
sm

a 
fo

llo
w

in
g 

in
ge

st
io

n 
of

 lo
w

 d
os

es
; h

ow
ev

er
, T

B
B

PA
 m

et
ab

ol
ite

s w
er

e 
de

te
ct

ed
.  

T
B

B
PA

 m
et

ab
ol

ite
s (

< 
0.

1%
 o

f t
he

 
ad

m
in

is
te

re
d 

do
se

) w
er

e 
al

so
 d

et
ec

te
d 

in
 th

e 
ur

in
e.

 
D

er
m

al
 A

bs
or

pt
io

n 
in

 v
itr

o 
H

um
an

 sp
lit

-th
ic

kn
es

s s
ki

n:
 A

bs
or

be
d 

do
se

 =
 0

.7
3%

 a
pp

lie
d 

do
se

 (1
4.

06
 

�g
/c

m
2 );

D
er

m
al

 d
el

iv
er

y 
= 

1.
60

%
 a

pp
lie

d 
do

se
 

(3
2.

05
�g

/c
m

2 ) (
M

ea
su

re
d)

 

R
op

er
, 2

00
5,

 S
ub

m
itt

ed
 

co
nf

id
en

tia
l s

tu
dy

 
A

de
qu

at
e

A
bs

or
pt

io
n,

D
is

tr
ib

ut
io

n,
M

et
ab

ol
is

m
  &

 
E

xc
re

tio
n

O
ra

l
O

ra
l D

os
in

g 
to

 R
at

: 
Fe

ca
l e

xc
re

tio
n 

= 
91

.7
%

 o
f d

os
e 

U
rin

e 
ex

cr
et

io
n 

= 
0.

3%
 o

f d
os

e 
R

es
id

ue
 in

 ti
ss

ue
 =

 2
%

 o
f d

os
e 

(P
rim

ar
ily

 la
rg

e 
an

d 
sm

al
l i

nt
es

tin
es

) 
O

ra
l D

os
in

g 
to

 B
ile

-d
uc

t C
an

nu
la

te
d 

R
at

:
Fe

ca
l e

xc
re

tio
n 

= 
26

.7
%

 o
f d

os
e 

B
ili

ar
y 

ex
cr

et
io

n 
= 

71
.3

%
 o

f d
os

e 
R

es
id

ue
 in

 ti
ss

ue
 <

 1
%

 o
f d

os
e 

Pr
im

ar
y 

m
et

ab
ol

ite
s:

 G
lu

cu
ro

ni
c 

ac
id

 
an

d 
su

lfa
te

 e
st

er
 c

on
ju

ga
te

s. 
O

ve
r 9

5%
 

of
 e

xt
ra

ct
ab

le
 fe

ca
l 14

C
 w

as
 p

ar
en

t 
TB

B
PA

 (M
ea

su
re

d)
 

H
ak

k 
et

 a
l.,

 2
00

0 
A

de
qu

at
e

H
um

an
: 

Pr
im

ar
y 

m
et

ab
ol

ite
s:

  
TB

B
PA

-g
lu

cu
ro

ni
de

TB
B

PA
-s

ul
fa

te
 

R
ou

te
 o

f e
lim

in
at

io
n:

 
U

rin
e:

 <
 0

.1
%

 (M
ea

su
re

d)
 

Sc
ha

ue
r e

t a
l.,

 2
00

6 
A

de
qu

at
e

4-
31



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
R

at
s:

Pr
im

ar
y 

m
et

ab
ol

ite
s:

  
TB

B
PA

-s
ul

fa
te

 
TB

B
PA

-g
lu

cu
ro

ni
de

R
ou

te
 o

f e
lim

in
at

io
n:

 
Fe

ce
s:

 >
80

%
 (M

ea
su

re
d)

 

Sc
ha

ue
r e

t a
l.,

 2
00

6 
A

de
qu

at
e

R
ec

ov
er

y 
of

 T
B

B
PA

 (m
ea

su
re

d 
as

 
ra

di
oa

ct
iv

ity
) f

ol
lo

w
in

g 
si

ng
le

 o
ra

l 
ad

m
in

is
tra

tio
n 

to
 ra

ts
: 

Fe
ce

s:
 9

0-
95

%
 

U
rin

e:
 <

 1
%

 
Ti

ss
ue

s:
 0

.4
%

 (M
ea

su
re

d)
 

R
ec

ov
er

y 
of

 T
B

B
PA

 (m
ea

su
re

d 
as

 
ra

di
oa

ct
iv

ity
) f

ol
lo

w
in

g 
re

pe
at

ed
 o

ra
l 

ad
m

in
is

tra
tio

n 
to

 ra
ts

 (1
, 5

 o
r 1

0 
da

ys
): 

Fe
ce

s:
 8

2-
98

%
 

U
rin

e:
 <

 0
.5

%
 

Ti
ss

ue
s:

 <
 1

%
 

U
ne

xc
re

te
d 

in
te

st
in

al
 c

on
te

nt
s:

 1
-1

0%
. 

Th
e 

ra
ts

 w
er

e 
sa

cr
ifi

ce
d 

24
 h

ou
rs

 a
fte

r 
th

e 
la

st
 d

os
e.

 (M
ea

su
re

d)
 

Fo
llo

w
in

g 
or

al
 a

dm
in

is
tra

tio
n 

of
 

14
C

-T
B

B
PA

 to
 ra

ts
, 4

7%
 a

nd
 5

1%
 o

f 
th

e 
do

se
 w

as
 e

xc
re

te
d 

in
 th

e 
bi

le
 

w
ith

in
 2

 h
ou

rs
, p

rim
ar

ily
 a

s 2
 

m
et

ab
ol

ite
s:

 T
B

B
PA

-g
lu

cu
ro

ni
de

 
an

d 
TB

B
PA

-d
ig

lu
cu

ro
ni

de
 

Es
tim

at
ed

 sy
st

em
ic

 b
io

av
ai

la
bi

lit
y 

af
te

r 
or

al
 d

os
in

g:
 1

.6
%

 

K
ue

st
er

 e
t a

l.,
 2

00
7 

A
de

qu
at

e

4-
32



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
A

cu
te

 T
ox

ic
ity

 
L

ow
: E

xp
er

im
en

ta
l s

tu
dy

 in
di

ca
te

s T
B

B
PA

, a
dm

in
is

te
re

d 
or

al
ly

 to
 r

at
s a

nd
 m

ic
e 

an
d 

de
rm

al
ly

 to
 r

ab
bi

ts
, 

do
es

 n
ot

 p
ro

du
ce

 su
bs

ta
nt

ia
l m

or
ta

lit
y 

at
 le

ve
ls

 u
p 

to
 5

0,
00

0 
an

d 
10

,0
00

 m
g/

kg
, r

es
pe

ct
iv

el
y.

 
A

cu
te

 L
et

ha
lit

y 
O

ra
l

R
at

 o
ra

l L
D

50
 >

50
,0

00
 m

g/
kg

 
(M

ea
su

re
d)

In
t. 

B
io

-R
es

., 
19

67
a 

  
A

de
qu

at
e

R
at

 o
ra

l L
D

50
 >

10
,0

00
 m

g/
kg

 
(M

ea
su

re
d)

H
ill

 T
op

, 1
96

6 
A

de
qu

at
e

R
at

 o
ra

l L
D

50
 >

50
00

 m
g/

kg
 (M

ea
su

re
d)

 
Ph

ar
m

ak
on

 e
t a

l.,
 1

98
1a

 
A

de
qu

at
e

M
ou

se
 o

ra
l L

D
50

 >
10

,0
00

 m
g/

kg
 

(M
ea

su
re

d)
IR

D
C

, 1
97

8a
 

A
de

qu
at

e

D
er

m
al

 
R

ab
bi

t d
er

m
al

 L
D

50
 >

20
00

 m
g/

kg
 

(M
ea

su
re

d)
Ph

ar
m

ak
on

 e
t a

l.,
 1

98
1b

 
A

de
qu

at
e

R
ab

bi
t d

er
m

al
 L

D
50

 >
10

,0
00

 m
g/

kg
 

(M
ea

su
re

d)
H

ill
 T

op
, 1

96
6 

A
de

qu
at

e

In
ha

la
tio

n
R

at
 1

-h
ou

r i
nh

al
at

io
n 

LC
50

 >
1,

26
7 

pp
m

 
(M

ea
su

re
d)

H
ill

 T
op

, 1
96

6 
In

ad
eq

ua
te

, m
et

ho
do

lo
gi

ca
l 

de
fic

ie
nc

ie
s (

la
ck

 o
f a

na
ly

si
s o

f t
he

 
te

st
 a

tm
os

ph
er

e 
an

d 
st

ab
ili

ty
 o

f t
he

 
te

st
 c

om
po

un
d)

 ra
is

e 
un

ce
rta

in
tie

s 
as

 to
 th

e 
re

lia
bi

lit
y 

of
 th

is
 st

ud
y.

 

R
at

, m
ou

se
, g

ui
ne

a 
pi

gs
 8

-h
ou

r a
er

os
ol

 
in

ha
la

tio
n 

LC
50

 >
0.

5 
m

g/
L 

(M
ea

su
re

d)
 

In
t. 

B
io

-R
es

., 
19

67
b 

In
ad

eq
ua

te
, d

ue
 to

 sh
or

t 
ob

se
rv

at
io

n 
pe

rio
d 

an
d 

be
ca

us
e 

th
e 

pa
rti

cl
e 

si
ze

 o
f t

he
 a

er
os

ol
 w

as
 n

ot
 

m
ea

su
re

d.
 

O
th

er
 A

cu
te

 
E

ff
ec

ts
 

E
ye

 Ir
ri

ta
tio

n 
M

in
im

al
 ir

rit
at

io
n,

 ra
bb

its
 (M

ea
su

re
d)

  
H

ill
 T

op
, 1

96
6 

A
de

qu
at

e

N
on

-ir
rit

at
in

g,
 ra

bb
its

 (M
ea

su
re

d)
 

In
t. 

B
io

-R
es

., 
19

67
c 

A
de

qu
at

e

N
on

-ir
rit

at
in

g,
 ra

bb
its

 (M
ea

su
re

d)
 

Ph
ar

m
ak

on
 e

t a
l.,

 1
98

1c
 

A
de

qu
at

e

4-
33



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
N

on
-ir

rit
at

in
g,

 h
um

an
s (

M
ea

su
re

d)
 

Je
ss

up
 e

t a
l.,

 1
97

8;
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

A
de

qu
at

e

Ir
rit

at
in

g,
 ra

bb
its

, 2
1-

da
y 

re
pe

at
ed

 
de

rm
al

 to
xi

ci
ty

 a
ss

ay
, d

er
m

al
 e

ry
th

em
a 

(M
ea

su
re

d)

IR
D

C
, 1

97
9 

A
de

qu
at

e

N
on

-ir
rit

at
in

g,
 ra

bb
its

 (M
ea

su
re

d)
 

Ph
ar

m
ak

on
 e

t a
l.,

 1
98

1d
 

A
de

qu
at

e 

D
er

m
al

 Ir
ri

ta
tio

n 

N
on

-ir
rit

at
in

g,
 ra

bb
its

 (M
ea

su
re

d)
 

H
ill

 T
op

, 1
96

6 
A

de
qu

at
e

Sk
in

 S
en

si
tiz

at
io

n 
L

O
W

: N
eg

at
iv

e 
fo

r 
sk

in
 se

ns
iti

za
tio

n 
in

 h
um

an
s a

nd
 g

ui
ne

a 
pi

gs
. 

N
on

-s
en

si
tiz

in
g,

 h
um

an
s (

M
ea

su
re

d)
 

Je
ss

up
 e

t a
l.,

 1
97

8;
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

A
de

qu
at

e

N
on

-s
en

si
tiz

in
g,

 g
ui

ne
a 

pi
gs

 
(M

ea
su

re
d)

Ph
ar

m
ak

on
 e

t a
l.,

 1
98

1e
 

A
de

qu
at

e 

N
on

-s
en

si
tiz

in
g,

 g
ui

ne
a 

pi
gs

 
(M

ea
su

re
d)

IR
D

C
, 1

97
8b

 
A

de
qu

at
e

R
ep

ro
du

ct
iv

e 
E

ff
ec

ts
 

L
O

W
: A

n 
ex

pe
ri

m
en

ta
l s

tu
dy

 in
di

ca
te

s T
B

B
PA

, a
dm

in
is

te
re

d 
or

al
ly

 to
 r

at
s, 

pr
od

uc
es

 n
o 

ad
ve

rs
e 

ef
fe

ct
s 

on
 r

ep
ro

du
ct

iv
e 

pe
rf

or
m

an
ce

 o
r 

ou
tc

om
es

 a
t l

ev
el

s u
p 

to
 1

00
0 

m
g/

kg
/d

ay
.  

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

C
om

bi
ne

d 
R

ep
ea

te
d 

D
os

e 
w

ith
 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

R
ep

ro
du

ct
io

n 
an

d 
Fe

rt
ili

ty
 E

ff
ec

ts
 

20
-W

ee
k,

 2
-g

en
er

at
io

n 
re

pr
od

uc
tiv

e 
as

sa
y,

 ra
ts

, o
ra

l g
av

ag
e,

 n
o 

ef
fe

ct
s o

n 
re

pr
od

uc
tiv

e 
pe

rf
or

m
an

ce
 o

r o
ut

co
m

es
, 

N
O

A
EL

 =
 1

00
0 

m
g/

kg
/d

ay
 (M

ea
su

re
d)

 

M
PI

 R
es

ea
rc

h 
an

d 
Sc

hr
oe

de
r, 

20
02

b 
A

de
qu

at
e

4-
34



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
D

ev
el

op
m

en
ta

l E
ff

ec
ts

 
M

O
D

E
R

A
T

E
: N

on
st

an
da

rd
 e

xp
er

im
en

ta
l s

tu
di

es
 in

di
ca

te
 T

B
B

PA
, a

dm
in

is
te

re
d 

or
al

ly
 to

 m
ic

e,
 p

ro
du

ce
s 

ad
ve

rs
e 

he
pa

tic
 e

ff
ec

ts
 a

t 1
40

.5
 m

g/
kg

/d
ay

 d
ur

in
g 

ge
st

at
io

n 
an

d 
37

9.
9 

m
g/

kg
/d

ay
 d

ur
in

g 
la

ct
at

io
n.

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

C
om

bi
ne

d 
R

ep
ea

te
d 

D
os

e 
w

ith
 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

Pr
en

at
al

 D
ev

el
op

m
en

t 
N

eg
at

iv
e 

in
 1

0-
da

y 
(G

D
 6

-1
5)

 
de

ve
lo

pm
en

ta
l s

tu
dy

, r
at

, o
ra

l g
av

ag
e,

 
fe

ta
l N

O
A

EL
 =

 1
0,

00
0 

m
g/

kg
/d

ay
 

(M
ea

su
re

d)

IR
D

C
, 1

97
8c

 
A

de
qu

at
e

N
eg

at
iv

e 
in

 1
9-

da
y 

(G
D

 0
-1

9)
 

de
ve

lo
pm

en
ta

l s
tu

dy
, r

at
, o

ra
l g

av
ag

e,
 

fe
ta

l N
O

A
EL

 =
 1

00
0 

m
g/

kg
/d

ay
 

(M
ea

su
re

d)

M
PI

 R
es

ea
rc

h 
an

d 
Sc

hr
oe

de
r, 

20
01

A
de

qu
at

e

Po
si

tiv
e 

in
 n

on
st

an
da

rd
 a

ss
ay

 fo
r 

ge
st

at
io

na
l p

lu
s l

ac
ta

tio
na

l e
xp

os
ur

e,
 

m
ou

se
, d

ie
t, 

fo
ca

l h
ep

at
oc

yt
e 

ne
cr

os
is

 
an

d 
en

la
rg

em
en

t o
f h

ep
at

oc
yt

es
 in

 
fe

m
al

e 
pu

ps
 e

xp
os

ed
 a

t L
O

A
EL

 o
f 

14
0.

5 
m

g/
kg

/d
ay

 d
ur

in
g 

ge
st

at
io

n 
an

d 
37

9.
9 

m
g/

kg
/d

ay
 d

ur
in

g 
la

ct
at

io
n.

 
(M

ea
su

re
d)

Ta
da

 e
t a

l.,
 2

00
6 

A
de

qu
at

e

Po
st

na
ta

l D
ev

el
op

m
en

t 
Po

si
tiv

e 
in

 n
on

st
an

da
rd

 a
ss

ay
 fo

r 
po

st
na

ta
l e

xp
os

ur
e 

(P
N

D
 4

-2
1)

, r
at

, o
ra

l 
ga

va
ge

, k
id

ne
y 

ef
fe

ct
s, 

ne
w

bo
rn

 ra
ts

 
LO

A
EL

 =
 2

00
 m

g/
kg

/d
ay

, N
O

A
EL

 =
 

40
 m

g/
kg

/d
ay

; I
n 

5-
w

ee
k 

ol
d 

ra
ts

 d
os

ed
 

fo
r 1

8 
da

ys
,  

no
 e

ff
ec

ts
 w

er
e 

ob
se

rv
ed

 a
t 

60
00

 m
g/

kg
/d

ay
. (

M
ea

su
re

d)
 

Fu
ku

da
 e

t a
l.,

 2
00

4 
A

de
qu

at
e.

W
hi

le
 re

na
l e

ff
ec

ts
 w

er
e 

no
te

d 
in

 o
ff

sp
rin

g,
 si

m
ila

r e
ff

ec
ts

 
w

er
e 

no
t n

ot
ed

 in
 ra

ts
 o

f t
he

 sa
m

e 
sp

ec
ie

s d
ur

in
g 

a 
2-

ge
ne

ra
tio

n 
re

pr
od

uc
tiv

e 
to

xi
ci

ty
 a

ss
ay

 a
t d

os
es

 
up

 to
 1

,0
00

 m
g/

kg
-b

w
/d

ay
. 

Th
e 

N
O

A
EL

 fo
r o

ff
sp

rin
g 

po
st

na
ta

l 

4-
35



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
de

ve
lo

pm
en

t s
ho

ul
d 

be
 c

on
si

de
re

d 
to

 b
e 

1,
00

0 
m

g/
kg

-b
w

/d
ay

 (S
ee

 
R

ep
ro

du
ct

io
n 

an
d 

Fe
rti

lit
y 

Ef
fe

ct
s 

ab
ov

e)
.

C
ar

ci
no

ge
ni

ci
ty

L
O

W
: B

as
ed

 o
n 

st
ru

ct
ur

e-
ac

tiv
ity

 r
el

at
io

ns
hi

ps
 a

nd
 fu

nc
tio

na
l p

ro
pe

rt
ie

s, 
O

nc
oL

og
ic

 e
st

im
at

es
 in

di
ca

te
 a

 
lo

w
 c

ar
ci

no
ge

ni
ci

ty
 h

az
ar

d.
 

 
O

nc
oL

og
ic

 R
es

ul
ts

M
ar

gi
na

l (
Es

tim
at

ed
) 

O
nc

oL
og

ic
C

ar
ci

no
ge

ni
ci

ty
 (R

at
 

an
d 

M
ou

se
) 

N
o

da
ta

C
om

bi
ne

d 
C

hr
on

ic
 

T
ox

ic
ity

/
C

ar
ci

no
ge

ni
ci

ty

N
o

da
ta

Im
m

un
ot

ox
ic

ity
L

O
W

: E
xp

er
im

en
ta

l s
tu

di
es

 in
di

ca
te

 T
B

B
PA

, a
dm

in
is

te
re

d 
or

al
ly

 to
 r

at
s, 

pr
od

uc
es

 n
o 

ad
ve

rs
e 

ef
fe

ct
s o

n 
th

e 
th

ym
us

 o
r 

sp
le

en
 a

t l
ev

el
s u

p 
to

 1
,0

00
 m

g/
kg

/d
ay

. 
Im

m
un

e 
Sy

st
em

 E
ff

ec
ts

 
90

-D
ay

, r
at

, o
ra

l g
av

ag
e,

 n
o 

hi
st

op
at

ho
lo

gy
 o

f t
hy

m
us

 o
r s

pl
ee

n,
 

N
O

A
EL

 =
 1

00
0 

m
g/

kg
/d

ay
 (M

ea
su

re
d)

 

M
PI

 R
es

ea
rc

h 
an

d 
Sc

hr
oe

de
r, 

20
02

a
A

de
qu

at
e

N
eu

ro
to

xi
ci

ty
L

O
W

: E
xp

er
im

en
ta

l s
tu

di
es

 in
di

ca
te

 T
B

B
PA

, a
dm

in
is

te
re

d 
or

al
ly

 to
 r

at
s, 

pr
od

uc
es

 n
o 

ad
ve

rs
e 

ne
ur

ot
ox

ic
 

ef
fe

ct
s i

n 
ad

ul
ts

 o
r 

du
ri

ng
 d

ev
el

op
m

en
t a

t l
ev

el
s u

p 
to

 1
,0

00
 m

g/
kg

/d
ay

. 
A

cu
te

 a
nd

 2
8-

da
y 

D
el

ay
ed

 N
eu

ro
to

xi
ci

ty
 

of
 O

rg
an

op
ho

sp
ho

ru
s 

Su
bs

ta
nc

es
 (H

en
) 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
 S

cr
ee

ni
ng

 
B

at
te

ry
 (A

du
lt)

 
90

-D
ay

 re
pe

at
ed

-d
os

e 
st

ud
y,

 ra
t, 

or
al

 
ga

va
ge

, n
o 

cl
in

ic
al

 si
gn

s o
r 

ne
ur

oh
is

to
pa

th
ol

og
y,

 N
O

A
EL

 =
 1

00
0 

m
g/

kg
/d

ay
 (M

ea
su

re
d)

 

M
PI

 R
es

ea
rc

h 
an

d 
Sc

hr
oe

de
r, 

20
02

a
A

de
qu

at
e

D
ev

el
op

m
en

ta
l 

N
eu

ro
to

xi
ci

ty
D

ev
el

op
m

en
ta

l n
eu

ro
to

xi
ci

ty
 a

nd
 

ne
ur

op
at

ho
lo

gy
 a

ss
ay

, r
at

s, 
or

al
 g

av
ag

e,
 

no
 si

gn
ifi

ca
nt

 e
ff

ec
ts

 in
 F

2 
pu

ps
, 

N
O

A
EL

 =
 1

00
0 

m
g/

kg
/d

ay
 (M

ea
su

re
d)

 

M
PI

 R
es

ea
rc

h 
an

d 
Sc

hr
oe

de
r, 

20
02

b 
A

de
qu

at
e

4-
36



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
20

-W
ee

k 
2-

ge
ne

ra
tio

n 
re

pr
od

uc
tiv

e 
to

xi
ci

ty
 a

ss
ay

, r
at

, o
ra

l g
av

ag
e,

 n
o 

cl
in

ic
al

 si
gn

s a
nd

 n
o 

br
ai

n 
w

ei
gh

t 
ef

fe
ct

, N
O

A
EL

 =
 1

00
0 

m
g/

kg
/d

ay
 

(M
ea

su
re

d)

M
PI

 R
es

ea
rc

h 
an

d 
Sc

hr
oe

de
r, 

20
02

b 
 

A
de

qu
at

e

Si
ng

le
 n

eo
na

ta
l d

os
e,

 m
ic

e,
 n

o 
si

gn
ifi

ca
nt

 e
ff

ec
ts

, N
O

A
EL

 =
 0

.7
5 

m
g/

kg
 (M

ea
su

re
d)

 

Er
ik

ss
on

 e
t a

l.,
 2

00
1 

In
ad

eq
ua

te
, m

et
ho

do
lo

gi
ca

l 
de

fic
ie

nc
ie

s (
si

ng
le

 d
os

e,
 u

se
 o

f 
on

ly
 m

al
es

, u
se

 o
f n

on
-s

ta
nd

ar
d 

te
st

 
sp

ec
ie

s)
 ra

is
e 

un
ce

rta
in

tie
s a

s t
o 

th
e 

re
lia

bi
lit

y 
of

 th
is

 st
ud

y.
 

G
en

ot
ox

ic
ity

L
O

W
: E

xp
er

im
en

ta
l s

tu
di

es
 in

di
ca

te
 th

at
 T

B
B

PA
 is

 n
ot

 g
en

ot
ox

ic
 to

 b
ac

te
ri

al
, m

am
m

al
ia

n,
 o

r 
ye

as
t c

el
ls

 
in

 v
itr

o.
 

G
en

e 
M

ut
at

io
n 

in
 v

itr
o 

N
eg

at
iv

e,
 A

m
es

 A
ss

ay
 (M

ea
su

re
d)

 
M

ic
ro

bi
ol

og
ic

al
 A

ss
oc

ia
te

s, 
19

81
A

de
qu

at
e

N
eg

at
iv

e,
 A

m
es

 A
ss

ay
 (M

ea
su

re
d)

 
SR

I e
t a

l.,
 1

97
6 

A
de

qu
at

e

N
eg

at
iv

e,
 A

m
es

 A
ss

ay
 (M

ea
su

re
d)

 
Li

tto
n 

B
io

ne
tic

s, 
19

77
 

A
de

qu
at

e

N
eg

at
iv

e,
 A

m
es

 A
ss

ay
 (M

ea
su

re
d)

 
Li

tto
n 

B
io

ne
tic

s, 
19

76
 

A
de

qu
at

e

N
eg

at
iv

e,
 m

ito
tic

 g
en

e 
co

nv
er

si
on

 a
ss

ay
 

in
 y

ea
st

 (S
ac

ch
ar

om
yc

es
 c

er
ev

es
ia

e 
D

3)
(M

ea
su

re
d)

SR
I e

t a
l.,

 1
97

6 
A

de
qu

at
e

N
eg

at
iv

e,
 m

ito
tic

 g
en

e 
co

nv
er

si
on

 a
ss

ay
 

in
 y

ea
st

 (S
. c

er
ev

es
ia

e 
D

4)
 (M

ea
su

re
d)

 
Li

tto
n 

B
io

ne
tic

s, 
19

77
 

A
de

qu
at

e

N
eg

at
iv

e,
 m

ito
tic

 g
en

e 
co

nv
er

si
on

 a
ss

ay
 

in
 y

ea
st

 (S
. c

er
ev

es
ia

e 
D

4)
 (M

ea
su

re
d)

 
Li

tto
n 

B
io

ne
tic

s, 
19

76
 

A
de

qu
at

e

4-
37



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
G

en
e 

M
ut

at
io

n 
in

 v
iv

o 
N

o
da

ta
C

hr
om

os
om

al
A

be
rr

at
io

ns
 in

 v
itr

o 
N

eg
at

iv
e,

 c
hr

om
os

om
al

 a
be

rr
at

io
n 

in
 

hu
m

an
 ly

m
ph

oc
yt

es
 (M

ea
su

re
d)

 
G

ud
i a

nd
 B

ro
w

n,
 2

00
1 

A
de

qu
at

e

C
hr

om
os

om
al

A
be

rr
at

io
ns

 in
 v

iv
o 

N
o

da
ta

D
N

A
 D

am
ag

e 
an

d 
R

ep
ai

r
N

o
da

ta

O
th

er
 (M

ito
tic

 G
en

e 
C

on
ve

rs
io

n)
N

o
da

ta

4-
38



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
Sy

st
em

ic
 E

ff
ec

ts
 

L
O

W
: E

xp
er

im
en

ta
l s

tu
di

es
 in

di
ca

te
 th

at
 T

B
B

PA
, a

dm
in

is
te

re
d 

or
al

ly
 to

 r
at

s, 
pr

od
uc

es
 d

ec
re

as
ed

 b
od

y 
w

ei
gh

t a
nd

 m
or

ta
lit

y 
at

 le
ve

ls
 o

f 1
0,

00
0 

m
g/

kg
/d

ay
. 

10
-D

ay
 d

ev
el

op
m

en
ta

l s
tu

dy
, r

at
, o

ra
l 

ga
va

ge
, m

at
er

na
l c

lin
ic

al
 si

gn
s, 

m
or

ta
lit

y,
 re

du
ce

d 
bo

dy
 w

ei
gh

t g
ai

n,
 

N
O

A
EL

 =
 3

00
0 

m
g/

kg
/d

ay
, L

O
A

EL
 =

 
10

,0
00

 m
g/

kg
/d

ay
  (

M
ea

su
re

d)
 

IR
D

C
, 1

97
8c

 
A

de
qu

at
e

21
-D

ay
 re

pe
at

ed
-d

os
e 

st
ud

y,
 ra

bb
it,

 
de

rm
al

, n
o 

sy
st

em
ic

 e
ff

ec
ts

 (N
O

A
EL

 =
 

25
00

 m
g/

kg
/d

ay
), 

bu
t d

er
m

al
 e

ry
th

em
a,

 
N

O
A

EL
 =

 1
00

 m
g/

kg
/d

ay
, L

O
A

EL
 =

 
50

0 
m

g/
kg

/d
ay

 (M
ea

su
re

d)
 

IR
D

C
, 1

97
9 

A
de

qu
at

e

28
-D

ay
 re

pe
at

ed
-d

os
e 

st
ud

y,
 ra

t, 
di

et
, 

no
 tr

ea
tm

en
t-r

el
at

ed
 e

ff
ec

ts
, N

O
A

EL
 =

 
98

 m
g/

kg
/d

ay
 (0

.1
%

) (
M

ea
su

re
d)

 

IR
D

C
, 1

97
2 

In
ad

eq
ua

te
, t

he
 h

ig
h 

do
se

 w
as

 
re

la
tiv

el
y 

lo
w

 a
nd

 fa
ile

d 
to

 e
lic

it 
to

xi
ci

ty
. 

90
-D

ay
 re

pe
at

ed
-d

os
e 

st
ud

y,
 ra

t, 
ga

va
ge

, N
O

A
EL

 =
 1

00
0 

m
g/

kg
/d

ay
 

(M
ea

su
re

d)

M
PI

 R
es

ea
rc

h 
an

d 
Sc

hr
oe

de
r, 

20
02

a
A

de
qu

at
e

90
-D

ay
 re

pe
at

ed
-d

os
e 

st
ud

y,
 ra

t, 
di

et
, 

no
 sy

st
em

ic
 e

ff
ec

ts
, N

O
A

EL
 =

 1
00

 
m

g/
kg

/d
ay

 (M
ea

su
re

d)
 

Q
ua

st
 a

nd
 H

um
is

to
n,

 1
97

5 
In

ad
eq

ua
te

, t
he

 h
ig

he
st

 d
os

e 
te

st
ed

 
w

as
 re

la
tiv

el
y 

lo
w

. 

20
-W

ee
k 

re
pr

od
uc

tiv
e 

to
xi

ci
ty

 a
ss

ay
, 

ra
t, 

or
al

 g
av

ag
e,

 n
o 

sy
st

em
ic

 e
ff

ec
ts

 in
 P

 
or

 F
1 

m
al

es
 a

nd
 fe

m
al

es
, N

O
A

EL
 =

 
10

00
 m

g/
kg

/d
ay

 (M
ea

su
re

d)
 

M
PI

 R
es

ea
rc

h 
an

d 
Sc

hr
oe

de
r, 

20
02

b 
A

de
qu

at
e

18
-D

ay
 re

pe
at

ed
-d

os
e 

st
ud

y,
 ra

t, 
or

al
 

ga
va

ge
, n

o 
ki

dn
ey

 e
ff

ec
ts

, N
O

A
EL

 =
 

6,
00

0 
m

g/
kg

/d
ay

 (M
ea

su
re

d)
 

Fu
ku

da
 e

t a
l.,

 2
00

4 
A

de
qu

at
e

14
-D

ay
 re

pe
at

ed
-d

os
e 

st
ud

y,
 ra

t, 
ae

ro
so

l 
in

ha
la

tio
n,

 sa
liv

at
io

n,
 a

nd
 n

as
al

 
di

sc
ha

rg
e,

 L
O

A
EL

 =
 2

 m
g/

L 
(M

ea
su

re
d)

IR
D

C
, 1

97
5 

In
ad

eq
ua

te
, p

ar
tic

le
 d

ia
m

et
er

s w
er

e 
no

t m
ea

su
re

d.
 

4-
39



D
R

A
FT

 R
EP

O
R

T

T
et

ra
br

om
ob

is
ph

en
ol

 A
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
E

nd
oc

ri
ne

 D
is

ru
pt

io
n 

Se
ve

ra
l s

tu
di

es
 w

er
e 

fo
un

d 
re

la
te

d 
to

 e
nd

oc
ri

ne
 d

is
ru

pt
io

n;
 h

ow
ev

er
, t

he
y 

w
er

e 
no

t r
ev

ie
w

ed
 a

s p
ar

t o
f t

hi
s 

as
se

ss
m

en
t. 

 E
PA

 is
 n

ot
 m

ak
in

g 
a 

ju
dg

m
en

t a
s t

o 
en

do
cr

in
e 

di
sr

up
tio

n 
po

te
nt

ia
l. 

 C
ita

tio
ns

 fo
r 

th
es

e 
st

ud
ie

s a
re

 in
cl

ud
ed

 a
t t

he
 e

nd
 o

f t
he

 r
ef

er
en

ce
 li

st
 fo

un
d 

at
 th

e 
en

d 
of

 th
is

 ta
bl

e.
  T

he
se

 st
ud

ie
s a

re
 

pr
ov

id
ed

 fo
r 

st
ak

eh
ol

de
rs

 to
 r

ev
ie

w
 a

nd
 c

on
si

de
r 

as
 a

pp
ro

pr
ia

te
. 

4-
40



DRAFT REPORT

References for TBBPA 

Albemarle Corporation. Saytex CP-2000 flame retardant technical data sheet. Baton Rouge, LA, 
1999.

Anonymous. Tetrabromobisphenol A.  Beratergremium fuer umweltrelevante Altstoffe (BUA) 
2003, 239, 122. [RISKLINE]. 

Arbeli, Z.; Ronen, Z. Enrichment of a microbial culture capable of reductive debromination of 
the flame retardant tetrabromobisphenol A, and identification of the intermediate 
metabolites produced in the process. Biodegradation 2003, 14, 285-395. 

Aufterhiede, J.; et al.  ABC Study Number 47014 & Wildlife International Project No. 439C-
131.  ABC Laboratories, Inc.: Columbia, Missouri; Wildlife International Ltd.: Easton, 
MD, 2003. 

Berg, C.; Halldin, K.; Brunstrom, B. Effects of bisphenol A and tetrabromobisphenol A on sex 
organ development in quail and chicken embryos. Environ. Toxicol. Chem. 2001, 20 (12), 
2836-2840.

Blankinship, A.; van Hoven, R.; Krueger, H. (2003a). Tetrabromobisphenol A: A 96-Hour Flow-
Through Acute Toxicity Test With the Rainbow Trout (Oncorhynchus mykiss); Project 
No: 439A-123; Wildlife International, Ltd.: Easton, MD. 

Blankinship, A.; van Hoven, R.; Krueger, H. (2003b). Tetrabromobisphenol A: A 48-Hour Flow-
Through Acute Toxicity Test With the Cladoceran (Daphnia magna); Project No: 439C-
124; Wildlife International, Ltd.: Easton, MD. 

Breteler, R. The subchronic toxicity of sediment-sorbed tetrabromobisphenol A in the sediment 
midge (Chironomus tentans) under flow-through conditions; SLS No. 89-08-3067; 
Springborn Laboratories, Inc: Wareham, MA, 1989. 

Brown, R.; Smyth, D.; Kent, S. TBBPA: Determination of Effects on the Growth of the Common 
Mussel Mytilus Edulis; Report Number BL8004/B; Brixham Environmental Laboratory: 
Brixham, UK, 2005. 

Calmbacher, C. The Acute Toxicity of fmbp4a (tetrabromobisphenol A) to the rainbow trout, 
Salmo gairdneri; Union Carbide Corporation: Tarrytown, NY, 1978. 

Churchwell, D. B.; Ellis, A. Process Safety Test Results and Interpretation; Report Number 
R/6941/0507/SS; Chilworth Technology: Plainsboro, NJ, 2007.

CERIJ (Chemicals Evaluation and Research Institute, Japan). Search at query page by CAS 
registry number at http://qsar.cerij.or.jp/cgi-bin/QSAR/e_r_text_query.cgi (accessed July 
25, 2007). 

4-41



DRAFT REPORT

CITI. Biodegradation and bioaccumulation data of existing chemicals based on the CSCL Japan. 
Compiled under the supervision of Chemical Products Safety Division, Basic Industries 
Bureau, Ministry of International Trade & Industry, Japan; Chemicals Inspection & 
Testing Institute, Japan. Ed.; Japan Chemical Industry Ecology- Toxicology & 
Information Center: 1992. 

EPI (EPIWIN/EPISUITE) Estimations Programs Interface for Windows, Version 3.20. U.S. 
Environmental Protection Agency: Washington D.C. 
http://www.epa.gov/opptintr/exposure/.

Eriksson, P.; Jakobsson, E.; Fredriksson, A. Brominated flame retardants: A novel class of 
developmental neurotoxicants in our environment? Environ. Health Perspect. 2001, 109,
903-908.

Eriksson, J.; Rahm, S.; Green, N.; Bergman, A.; Jakobsson, E. Photochemical transformations of 
tetrabromobisphenol A and related phenols in water. Chemosphere 2004, 54, 117-126. 

European Union. European Union Risk Assessment Report: 2,2’,6,6’-Tetrabromo-4,4’-
Isopropylidenediphenol (Tetrabromobisphenol-A or TBBP-A); Final Report, 2006. 

Fackler, P. (1989a). Bioconcentration and Elimination of 14C-Residues by Fathead Minnows 
(Pimephales promelas) Exposed to Tetrabromobisphenol A; SLS Report # 89-3-2952; 
Springborn Life Sciences, Inc.: Wareham, MA. 

Fackler, P. (1989b). Determination of the Biodegradability of Tetrabromobisphenol A in Soil 
under Aerobic Conditions; SLS Report: 88-11-2848; Springborn Life Sciences, Inc.: 
Wareham, MA. 

Fackler, P. (1989c). Determination of the Biodegradability of Tetrabromobisphenol A in Soil 
Under Anaerobic Conditions; SLS Report: 88-11-2849; Springborn Life Sciences, Inc.: 
Wareham, MA. 

Fackler, P. (1989d). Tetrabromobisphenol A - Determination of the Biodegradability in 
Sediment/Soil Microbial System. SLS Report: 89-8-3070, Springborn Laboratories, Inc.: 
Wareham, MA. 

Fukuda, N.; Ito, Y.; Yamaguchi, M.; et al. Unexpected nephrotoxicity induced by 
tetrabromobisphenol A in newborn rats. Toxicol. Lett. 2004, 150, 145-155. 

Garber, E. A. E.; Larsen, G. L.; Hakk, H.; Bergman, A. In the 2nd International Workshop on 
Brominated Flame Retardants, Proceedings of the BFRs 2001, Stockholm, SE, 2001; p 
269-262.

Giddings, J. Toxicity of tetrabromobisphenol A to the freshwater green alga Selenastrum 
capricornutum; SLS Report No 88-10-2828; Springborn Life Sciences, Inc.: Wareham, 
MA, 1988. 

4-42



DRAFT REPORT

Goodman, L.; Cripe, G.; Moody, P.; Halsell, D. Acute Toxicity of Malathion, 
Tetrabromobisphenol A and Tributyltin Chloride to Mysids (Mysidopses bahia) of Three 
Ages. Bull. Environ. Contam. Toxicol. 1988, 41, 746-753. 

Goodman, L. R.; Cripe, G. M.; Moody, P. H.; Halsell, D. G. Acute toxicity of malathion, 
tetrabromobisphenol-A, and tributyltin chloride to mysids (‘Mysidopsis bahia’) of three 
ages. Govt Reports Announcements 1989, Index (GRA&I), (20 [NTIS]). 

Gudi, R.; Brown, C. M. In Vitro Mammalian Chromosome Aberration Test. Study No 
AA47:V.341.BTL., Fiche OTS0574261, Document No. 88020000022; Bioreliance, 
American Chemistry Council: Produced October 15, 2001, Submitted January 22, 2002 
to TSCA section 8E. 

Hakk, H.; Larsen, G.; Bergman, A; Orn, U. Metabolism excretion and distribution of the flame 
retardant tetrabromobisphenol-A in conventional and bile-duct cannulated rats. 
Xenobiotica 2000, 30 (9), 881-890. 

Halldin, K.; Berg, C.; Bergman, A.; Brandt, I.; Brunstrom, B. Distribution of bisphenol A and 
tetrabromobisphenol A in quail eggs, embryos and laying birds and studies on 
reproduction variables in adults following in ovo exposure. Arch. Toxicol. 2001, 75, 597-
603.

Halldin, K.; Axelsson, J.; Brunstrom, B. Effects of endocrine modulators on sexual 
differentiation and reproductive function in male Japanese quail. Brain Res. Bull. 2005,
65, 211-218. 

Hardy, M. L.; Smith, R. L. Division of Environmental Chemistry Preprints of Extended 
Abstracts. 1999, 39, 191-194. 

Hill Top (Hill Top Research, Inc.). Acute toxicity and irritation studies on tetrabromobisphenol-
A.; Fiche OTS0206828, Document No. 878216105; Great Lakes Chemical Corporation:  
Produced June 28, 1966, Submitted August 1, 1985 to TSCA section 8D. 

Int. Bio-Res. (International Bio-Research, Inc.) (1967a). Acute oral toxicity of 
tetrabromobisphenol A to rats; Fiche OTS0206828, Document No. 878216122; Great 
Lakes Chemical Corporation: Produced August, 1967, Submitted August 1, 1985 to 
TSCA section 8D. 

Int. Bio-Res. (1967b). Acute inhalation toxicity study of tetrabromobisphenol A; Fiche 
OTS0206828, Document No. 878216120; Great Lakes Chemical Corporation: Produced 
August, 1967, Submitted August 1, 1985 to TSCA section 8D.   

Int. Bio-Res. (1967c). Acute eye irritation study on rabbits of tetrabromobisphenol A; Fiche 
OTS0206828, Document No. 878216121; Great Lakes Chemical Corporation: Produced 
August, 1967, Submitted August 1, 1985 to TSCA section 8D.   

4-43



DRAFT REPORT

IRDC (International Research and Development Corporation). Goldenthal, E. I.; Geil, R. G.; 
Tetrabromobisphenol A: twenty-eight day toxicity study in rats; Study 274-010, Fiche 
OTS0206828, Document No. 878216125; Great Lakes Chemical Corporation: Produced 
December 22, 1972, Submitted August 1, 1985 to TSCA section 8D.   

IRDC. Tetrabromobisphenol A: Fourteen day inhalation toxicity study in rats; Study 274-021, 
Fiche OTS0206828, Document No. 878216124; Great Lakes Chemical Corporation: 
Produced May 14, 1975, Submitted August 1, 1985 to TSCA section 8D.   

IRDC (1978a). Tetrabromobisphenol A: acute oral toxicity (LD50) study in mice; Study 163-
581, Fiche OTS0206828. Document No. 878216111. Great Lakes Chemical 
Corporation: Produced May 18, 1978, Submitted August 1, 1985 to TSCA section 8D.   

IRDC (1978b). Tetrabromobisphenol A: dermal sensitization study in the albino guinea pig; 
Study 163-582, Fiche OTS0206828, Document No. 878216110; Great Lakes Chemical 
Corporation: Produced May 11, 1978, Submitted August 1, 1985 to TSCA section 8D. 

IRDC (1978c). Tetrabromobisphenol A: pilot teratology study in rats; Study 163-546, Fiche 
OTS0206828, Document No. 878216109; Great Lakes Chemical Corporation: Produced 
April 6, 1978, Submitted August 1, 1985 to TSCA section 8D. 

IRDC. BP-4A: Three-week dermal toxicity study in rabbits; Study 163-549, Fiche OTS0206828, 
Document No. 878216114; Great Lakes Chemical Corporation: Produced February 16, 
1979, Submitted August 1, 1985 to TSCA section 8D. 

Jessup, D. C.; Epstein, W. L.; Powell, D. Modified Draize Multiple Insult Test in Humans.
International Research and Development Corporation: 1978. 

Krueger, et al. (2002a). Tetrabromobisphenol A: A Prolonged Sediment Toxicity Test With 
Lumbriculus Variegatus Using Spiked Sediment With 2% Total Organic Carbon; Project 
Number: 439a-115; Wildlife International, Ltd.: Easton, MD. 

Krueger, et al (2002b). Tetrabromobisphenol A: A Prolonged Sediment Toxicity Test With 
Lumbriculus Variegatus Using Spiked Sediment With 5% Total Organic Carbon; Project 
Number: 439A-116; Wildlife International, Ltd.: Easton, MD, 2002. 

Krueger, H.; Thomas, S.; Kendall, T. Tetrabromobisphenol A (TBBPA): A Prolonged Sediment 
Toxicity Test With Hyalella azteca Using Spiked Sediment; Project No: 439A-131; 
Wildlife International, Ltd.: Easton, MD, 2006. 

Kuester R. K.; Sólyom A. M.; Rodriguez V. P.; Sipes I. G.  The Effects of Dose, Route, and 
Repeated Dosing on the Disposition and Kinetics of Tetrabromobisphenol A in Male F-
344 Rats Toxicol. Sci. 2007, 96, 237-245. 

4-44



DRAFT REPORT

Larsen; et al. In the 2nd International Workshop on Brominated Flame Retardants. Proceedings 
of BFRs 2001, Stockholm, SE, 2001, pp 213-215. 

Lezotte, F.; Nixon, W. Determination of the vapor pressure of tetrabromobisphenol A using the 
spinning rotor gauge method; Project Number 439C-128.; Wildlife International, Ltd.: 
Easton, MD, 2001. 

Lezotte, F; Nixon, W. Determination of the Dissociation Constant of Tetrabromobisphenol A; 
Project Number: 439C-130; Wildlife International, Ltd.: Easton, MD, 2002. 

Litton Bionetics (Litton Bionetics, Incorporated). Mutagenicity evaluation of compound 279-
227-2, Final Report; Fiche OTS0206828, Document No. 878216123; Great Lakes 
Chemical Corporation: Produced May 25, 1976, Submitted August, 1, 1985 to TSCA 
section 8D. 

Litton Bionetics. Mutagenicity evaluation of tetrabromobisphenol-A (BP4-A), Final Report; 
Fiche OTS0206828, Document No. 878216106; Great Lakes Chemical Corporation: 
Produced December, 1977, Submitted August, 1, 1985 to TSCA section 8D.

MacGregor, J.; Nixon, W. Determination of the n-octanol/water partition coefficient of 
tetrabromobisphenol A; Project No: 439C-129; Wildlife International, Ltd.: Easton, MD, 
2001.

MacGregor, J.; Nixon, W. Determination of water solubility of tetrabromobisphenol A; Project 
Number 439C-132; Wildlife International, Ltd.: Easton, MD, 2002. 

Microbiological Associates. Activity of T1685 [Saytex RB-100] in the Salmonella/microsomal
assay for bacterial mutagenicity (Final Report); Fiche OTS0206861, Document No. 
878216193; Ethyl Corporation: Produced July 2, 1981, Submitted September 16, 1985 to 
TSCA Section 8D. 

Morrissey, A. The acute toxicity of fmbp4a (tetrabromobisphenol A) to the water flea, Daphnia 
magna Straus. Union Carbide Corporation Environmental Services: Tarrytown, NY, 
1978.

MPI Research; Schroeder, R. An oral prenatal developmental toxicity study with 
tetrabromobisphenol A in rats; Study number 474-005, Fiche OTS0574261, Document 
No. 8802000022; Brominated Flame Retardant Industry Panel of the American 
Chemistry Council: Produced September 20, 2001, Submitted to TSCA Section 8E.   

MPI Research; Schroeder, R. (2002a). A 90-day oral toxicity study of tetrabromobisphenol A in 
rats with a recovery group. Study number 474-006. (As described in a robust summary 
in Albermarle, 2005). 

MPI Research; Schroeder, R. (2002b). An oral two generation reproductive, fertility, and 
developmental neurobehavioral study of tetrabromobisphenol A in rats; Study number 
474-004, Fiche OTS, Document No. 88030000056; Brominated Flame Retardant 

4-45



DRAFT REPORT

Industry Panel of the American Chemistry Council: Produced December 11, 2002, 
Submitted January 28, 2003 to TSCA Section 8E. 

NOTOX. Determination of the Water Solubility of Tetrabromobisphenol A; Project No. 292804; 
NOTOX B. V.: Hertogenbosch, 2000. 

OncoLogic. U.S. EPA and LogiChem, Inc. 2005, Version 6.0. 

Pharmakon; Mallory, V. T.; Naismith, R. W.; Matthews, R. J. (1981a). Acute oral toxicity study 
in rats (14 day): Tetrabromobisphenol A (Lot #R6/FD2); Study No. PH 402-ET-001-81, 
Fiche OTS0206861, Document No. 87216194; Ethyl Corporation: Produced April 30, 
1981, Submitted September 16, 1985 to TSCA Section 8D.   

Pharmakon; Mallory, V. T.; Naismith, R. W.; Matthews, R. J. (1981b). Acute dermal toxicity test 
in rabbits: Tetrabromo bisphenol-A Lot #R6/FD2; Study No. PH 422-ET-01-81, Fiche 
OTS0206861, Document No. 878216195; Ethyl Corporation: Produced April 29, 1981,
Submitted September 16, 1985 to TSCA section 8D.   

Pharmakon; Mallory, V. T.; Naismith, R. W.; Matthews, R. J. (1981c) Acute eye irritation in 
rabbits: Tetrabromo bisphenol-A Lot #R6/FD2; Study No. PH 421-ET-001-81, Fiche 
OTS020681, Document No. 87216197; Produced April 23, 1981.  Submitted September 
16, 1985 by Ethyl Corporation to TSCA section 8D.   

Pharmakon; Mallory, V. T.; Naismith, R. W.; Matthews, R. J. (1981d). Primary dermal irritation 
study in rabbits (IRIG/FIFRA): Tetrabromobisphenol A Lot #R6/FD2; Study No. PH 
420-ET-001-81, Fiche OTS0206861, Document No. 878216191; Ethyl Corporation: 
Produced April 24, 1981, Submitted September 16, 1985 to TSCA section 8D.   

Pharmakon; Mallory, V. T.; Naismith, R. W.; Matthews, R. J. (1981e). Delayed contact 
hypersensitivity in guinea pigs: Tetrabromo bisphenol-A Lot # R6/FD2; Study No. PH 
424-ET-001-81, Fiche OTS0206861, Document No. 878216196; Ethyl Corporation: 
Produced June 15, 1981, Submitted September 16, 1985 to TSCA section 8D.   

PSB Corporation 2006. 1 Science Park Drive, Singapore 118221. Unpublished results of testing 
done to detect free TBBPA from extraction of prepreg sample Nelco N4000-6. 

Quast, J. P.; Humiston, C. G. Results of a 90-day toxicological study in rats given 
tetrabromobishphenol A in the diet; Fiche OTS0206824, Document No. 878216066; 
Dow (Dow Chemical Company): Produced July 11, 1975. Submitted July 24, 1985 to 
TSCA section 8D. 

Ronen, Z.; Abeliovich, A. Anaerobic-aerobic process for microbial degradation of
tetrabromobisphenol A. Appl. Environ. Microbiol. 2000, 66, 2372-2377.

4-46



DRAFT REPORT

Roper, C. S. The In Vitro Percutaneous Absorption of Radiolabelled Tetrabromobisphenol A 
(TBBPA) Through Human Skin; Report Number 25032; Inveresk: Tranent, Scotland, UK, 
2005.

Schaefer, E.; Siddiqui, A. Tetrabromobisphenol A: An Activated Sludge, Respiration Inhibition 
Test; Project No: 439E-107A; Wildlife International, Ltd.: Easton, MD, 2002. 

Schaefer, E.; Siddiqui, A. Tetrabromobisphenol A: Soil Microorganisms: Nitrogen 
Transformation Test; Project No: 439E-109; Wildlife International, Ltd.: Easton, MD, 
2005.

Schaefer, E.; Stenzel, J. (2006a). Tetrabromobisphenol A: Aerobic and Anaerobic 
Transformation in Soil; Project No: 439E-112; Wildlife International, Ltd.: Easton, MD. 

Schaefer, E.; Stenzel, J. (2006b). Anaerobic Transformation of Radiolabeled (14C)
Tetrabromobisphenol A in Freshwater Aquatic Sediment Systems; Project No: 439E-110; 
Wildlife International, Ltd.: Easton, MD. 

Schaefer, E.; Stenzel, J. (2006c). Mineralization and Transformation of Radiolabeled 
(14C)Tetrabromobisphenol A in Anaerobic Digester Sludge; Project No: 439E-111; 
Wildlife International, Ltd.: Easton, MD. 

Schauer U. M. D.; Völkel W.; Dekant, W. Toxicokinetics of Tetrabromobisphenol A in Humans 
and Rats after Oral Administration. Toxicol. Sci. 2006, 91, 49-58. 

Sellstrom, U.; Jansson, B. Analysis of tetrabromobisphenol A in a product and environmental 
samples. Chemosphere 1995, 31 (4), 3085-3092. 

Simonsen, F. A.; Stavnsbjerg M; Møller LM; Madsen T. Brominated flame retardants; toxicity 
and ecotoxicity; Environmental Project No. 568; Centre for Integrated Environment and 
Toxicology: 2000. 

Sjodin, A.; Carlsson, H.; Thuresson, K.; Sjolin, S.; Bergman, A.; Ostman, C. Flame retardants in 
indoor air at an electronics recycling plant and at other work environments. Environ. Sci. 
Technol 2001, 35 (3): 448-454. 

Sjodin, A.; Patterson, D.; Bergman, A. A review on human exposure to brominated flame 
retardants – particularly polybrominated diphenyl ethers.  Environment International 
2003, 29, 829-839. 

SRI (Stanford Research Institute); Simmons, V. F.; Poole, D. C. In vitro microbiological 
mutagenicity studies of Dow Chemical Company compounds. Final Report; Fiche 
OTS0515942, Document No. 86-870002152; Dow Chemical Company: Produced August 
6, 1976, Submitted September 4, 1987 to TSCA section 8D.   

4-47



DRAFT REPORT

Stenger, V. A. Bromine compounds. In Kirk-Othmer Encyclopedia of Chemical Technology, 3rd

Edition. Wiley-Interscience: New York, NY, 1978, pp 243-263. 

Surprenant, D. Acute toxicity of tetrabromobisphenol A to fathead minnow (Pimephales 
promelas) under flow-through conditions; SLS Report #88-10-2834; Springborn Life 
Sciences, Inc: Wareham, MA, 1988.   

Surprenant, D. (1989a). The acute toxicity of tetrabromobisphenol A to the Eastern oyster; 
Report #89-1-2898; Springborn Life Sciences, Inc: Wareham, MA. 

Surprenant, D. (1989b). The toxicity of tetrabromobisphenol A (TBBPA) to fathead minnow 
(Pimephales promelas) embryos and larvae; SLS Study No. 89-2-2937; Springborn Life 
Sciences, Inc: Wareham, MA. 

Surprenant, D. (1989c). The chronic toxicity of tetrabromobisphenol A (TBBPA) to Daphnia 
magna under flow-through conditions; SLS Study No. 89-01-2925; Springborn Life 
Sciences, Inc: Wareham, MA, 1989 

Tada, Y.; Fujitani, T.; Yano, N.; et al. Effects of tetrabromobisphenol A, a brominated flame 
retardant, in ICR mice after prenatal and postnatal exposure. Food Chem. Toxicol. 2006,
44 (8), 1408-1413. 

Thoma, H.; et al. Polybrominated dibenzodioxins and furans from the pyrolysis of some flame 
retardants. Chemosphere 1986, 15, 649-652. 

Walsh, G.; Yoder, M.; McLaughlin, L.; Lores, E. Responses of marine unicellular algae to 
brominated organic compounds in six growth media. Ecotoxicol. Environ. Safe. 1987, 14,
215-222.

WHO (World Health Organization Working Group). Tetrabromobisphenol A. Environ. Health 
Crit. 1995, 172, 23-64. 

References for Endocrine Disruption Effects for TBBPA 

Berg, C.; Halldin, K.; Brunstrom, B. Effects of bisphenol A and tetrabromobisphenol A on sex 
organ development in quail and chicken embryos.  Environ. Toxicol. Chem. 2001, 20
(12), 2836-40. 

Bergman, Å.; Brouwer, A.; Ghosh, M.; et al. Risk of endocrine contaminants (RENCO).  Aims 
and a summary of initial results. Organohalogen Compd. 1997, 34, 396-401. 

Bilmen, J. G.; Wootton, L. L.; Godfrey, R. E.; et al. Inhibition of SERCA Ca2+ pumps by 2-
aminoethoxydiphenyl borate (2-APB):  2-APB reduces both Ca2+ binding and 
phosphoryl transfer from ATP, by interfering with the pathway leading to the Ca2+-
binding sites. Eur. J. Biochem. 2002, 269, 3678-3687. 

4-48



DRAFT REPORT

Birnbaum, L. S.; Staskal, D. F. Brominated flame retardants: Cause for concern?. Environ.
Health Perspect. 2004, 112 (1), 9-17.

Buitenhuis, C.; Cenijn, P. C.; van Velzen, M.; et al. Effects of prenatal exposure to hydroxylated
PCB metabolites and some brominated flame retardants on the development of rats. 2004,
Organohalogen Compd. 66, 3537-3543.

Canton, R. F.; Letcher, R.; Sanderson, T.; et al. Effects of brominated flame retardants on 
activity of the steroidogenic enzyme aromatase (CYP19) in H295R human adrenocortical 
carcinoma cells in culture. Organohalogen Compd 2003, 61, 104-106. 

Canton, R. F.; Sanderson, T.; Nijmeijer, S.; et al. In vitro effects of selected brominated flame 
retardants on the adreno cortical enzyme (CYP17): A novel endocrine mechanism of 
action? Organohalogen Compd. 2004, 66, 3023-3027. 

Canton, R. F.; Sanderson, J. T.; Letcher, R. J.; et al. Inhibition and induction of aromatase 
(CYP19) activity by brominated flame retardants in H295R human adrenocortical 
carcinoma cells. Toxicol. Sci. 2005, 88 (2), 447-55. 

Christiansen, L. B.; Pedersen, K. L.; Pedersen, S. N.; et al. In vivo comparison of xenoestrogens 
using rainbow trout vitellogenin induction as a screening system. Environ. Toxicol.
Chem. 2000, 19 (7), 1867-1874. 

Coleman, K. P.; Toscano, W. A., Jr; Wiese, T. E. QSAR models of the in vitro estrogen activity 
of bisphenol A analogs. QSAR Comb. Sci. 2003, 22 (1), 78-88. 

Darnerud, P. O. Toxic effects of brominated flame retardants in man and in wildlife. Environ.
Int. 2003, 29 (6), 841-53. 

Dyer, J. L.; Khan, S. Z.; Bilmen, J. G.; et al. Curcumin: A new cell-permeant inhibitor of the 
inositol 1,4,5-trisphosphate receptor. Cell Calcium 2002, 31, 45-52. 

Dyer, J. L.; Mobasheri, H.; Lea, E. J. A.; et al. Differential effects of PKA on the Ca2+ transients 
of the type I and III InsP3 receptors. Biochem. Biophys. Res. Comm. 2003, 302, 121-126. 

Eriksson, P.; Jakobsson, E.; Fredriksson, A. Developmental neurotoxicity of brominated flame-
retardants, polybrominated diphenyl ethers, and tetrabromo-bis-phenol A.  
Organohalogen Compd. 1998, 35, 375-377. 

Ghisari, M.; Bonefeld-Jorgensen, E. C. Impact of environmental chemicals on the thyroid
hormone function in pituitary rat GH3 cells. Mol. Cell. Endocrinol. 2005, 244 (1-2), 31-
41.

Halldin, K.; Berg, C.; Bergman, A.; et al. Distribution of bisphenol A and tetrabromobisphenol A
in quail eggs, embryos and laying birds and studies on reproduction variables in adults
following in ovo exposure. Arch. Toxicol. 2001, 75 (10), 597-603.

4-49



DRAFT REPORT

Halldin, K.; Axelsson, J.; Brunstrom, B. Effects of endocrine modulators on sexual 
differentiation and reproductive function in male Japanese quail. Brain Res. Bull. 2005,
65 (3), 211-8. 

Jagnytsch, O.; Opitz, R.; Lutz, I.; et al. Effects of tetrabromobisphenol A on larval development 
and thyroid hormone-regulated biomarkers of the amphibian Xenopus laevis. Environ.
Res. [Epub ahead of print] 2005, (Nov 13). 

Kester, M. H. A.; Bulduk, S.; van Toor, H.; et al. Potent inhibition of estrogen sulfotransferase 
by hydroxylated metabolites of polyhalogenated aromatic hydrocarbons reveals 
alternative mechanism for estrogenic activity of endocrine disrupters. J. Clin. Endocrinol. 
Metab. 2002, 87 (3), 1142-1150. 

Khan, S. Z.; Kirk, C. J.; Michelangeli, F. Alkylphenol endocrine disrupters inhibit IP3-sensitive 
Ca2+ channels. Biochem. Biophys. Res. Commun. 2003, 310 (2), 261-6. 

Kirk, C. J.; Bottomley, L.; Minican, N.; et al. Environmental endocrine disrupters dysregulate 
estrogen metabolism and Ca2+ homeostasis in fish and mammals via receptor-
independent mechanisms. Comp. Biochem. Physiol. A Mol. Integr. Physiol. 2003, 135
(1), 1-8. 

Kitamura, S.; Jinno, N.; Ohta, S.; et al. Thyroid hormonal activity of the flame retardants 
tetrabromobisphenol A and tetrachlorobisphenol A. Biochem. Biophys. Res. Commun.
2002, 293 (1), 554-9. 

Kitagawa, Y.; Takatori, S.; Oda, H.; et al. Detection of thyroid hormone receptor-binding 
activities of chemicals using a yeast two-hybrid assay. J. Health Sci. 2003, 49 (2), 99-
104.

Kitamura, S.; Kato, T.; Iida, M.; et al. Anti-thyroid hormonal activity of tetrabromobisphenol A, 
a flame retardant, and related compounds: Affinity to the mammalian thyroid hormone 
receptor, and effect on tadpole metamorphosis. Life Sci. 2005, 76 (14), 1589-601. 

Kitamura, S; Suzuki, T; Sanoh, S; et al. Comparative study of the endocrine-disrupting activity 
of bisphenol A and 19 related compounds. Toxicol. Sci. 2005, 84 (2), 249-59. 

Koerner, W.; Hanf, V.; Schuller, W.; et al. Validation and application of a rapid in-vitro assay 
for assessing the estrogenic potency of halogenated phenolic chemicals. Organohalogen
Compd. 1996, 27, 297-302. 

Koerner, W.; Hanf, V.; Schuller, W.; et al. Validation and application of a rapid in vitro assay for 
assessing the estrogenic potency of halogenated phenolic chemicals. Chemosphere 1998,
37 (9-12), 2395-2407. 

4-50



DRAFT REPORT

Koshiishi, I.; Wakamatsu, S.; Murahashi, T.; et al. Evaluation of endocrine-disrupting activity of
multiple contaminated samples using E-screen test. Mizu. Kankyo. Gakkaishi. 2003, 26
(11), 769-773.

Kuroki, H.; Sakoda, S.; Nakaoka, H.; et al. Anti-thyroid hormonal activity of the flame
retardants, tetrabromobisphenol A and related compounds by a yeast two-hybrid assay.
Organohalogen Compd. 2002, 56, 119-121.

Kuruto-Niwa, R.; Terao, Y.; Nozawa, R. Identification of estrogenic activity of chlorinated 
bisphenol A using a GFP expression system. Environ. Toxicol. Pharmacol. 2002, 12 (1), 
27-35.

Legler, J.; Cenijn, P.; Malmberg, T.; et al. Determination of the endocrine disrupting potency of 
hydroxylated PCBS and flame retardants with in vitro bioassays. Organohalogen Compd. 
2002, 56, 53-56. 

Longland, C. L.; Mezna, M.; Michelangeli, F. The mechanism of inhibition of the Ca2+-ATPase 
by Mastoparan. J. Biol. Chem. 1999, 274, 14799-14805. 

Marchesini, G. R.; Meulenberg, E.; Haasnoot, W.; et al. Biosensor recognition of thyroid-
disrupting chemicals using transport proteins. Anal. Chem. 2006, 78 (4), 1107-1114. 

Meerts, I. A. T. M.; Letcher, R. J.; Hoving, S.; et al. In vitro estrogenicity of polybrominated 
diphenyl ethers, hydroxylated PBDEs, and polybrominated bisphenol A compounds. 
Environ. Health Perspect. 2001, 109 (4), 399-407. 

Mekenyan, O.; Kamenska, V.; Serafimova, R.; et al. Development and validation of an average 
mammalian estrogen receptor-based QSAR model.  SAR QSAR Environ. Res. 2002, 13
(6), 579-595. 

Miller, D.; Wheals, B. B.; Beresford, N.; et al. Estrogenic activity of phenolic additives 
determined by an in vitro yeast bioassay. Environ. Health Perspect. 2001, 109 (2) 133-
138.

Nishihara, T.; Nishikawa, J.; Kanayama, T.; et al. Estrogenic activities of 517 chemicals by yeast 
two-hybrid assay. J. Health Sci. 2000, 46 (4), 282-298. 

Ogunbayo, O. A.; Jensen, K. T.; Michelangeli, F. The interaction of the brominated flame 
retardant: tetrabromobisphenol A with phospholipid membranes. Biochim. Biophys. Acta. 
2007, 1768 (6), 1559-66.

Olsen, C. M.; Meussen-Elholm, E. T.; Samuelsen, M.; et al. Effects of the environmental
oestrogens bisphenol A, tetrachlorobisphenol A, tetrabromobisphenol A, 4-
hydroxybiphenyl and 4,4'-dihydroxybiphenyl on oestrogen receptor binding, cell
proliferation and regulation of oestrogen sensitive proteins in the human breast cancer
cell line MCF-7. Pharmacol. Toxicol. 2003, 92 (4), 180-8.

4-51



DRAFT REPORT

Owens, C.; Lambright, C.; Bobseine, K.; et al. Identification of Estrogenic Compounds Emitted 
from the Combustion of Computer Printed Circuit Boards in Electronic Waste. Environ.
Sci. Technol. 2007, 10.1021/es071425p

Rahman, F.; Langford, K. H.; Scrimshaw, M. D.; et al. Polybrominated diphenyl ether (PBDE) 
flame retardants. Sci. Total Environ. 2001, 275 (1-3), 1-17. 

Rehmann, K.; Schramm, K. W.; Kettrup, A. A. Applicability of a yeast estrogen screen for the 
detection of estrogen-like activities in environmental samples. Chemosphere 1999, 38
(14), 3303-3312. 

Roy, P; Salminen, H.; Koskimies, P.; et al. Screening of some anti-androgenic endocrine 
disruptors using a recombinant cell-based in vitro bioassay. J. Steroid Biochem. Mol. 
Biol. 2004, 88 (2),157-166. 

Sakai, H.; Yamada-Okabe, T.; Kashima, Y.; et al. Effects of brominated flame retardants on 
transcriptional activation mediated by thyroid hormone receptor. Organohalogen
Compounds 2003, 61, 215-218. 

Samuelsen, M.; Olsen, C.; Holme, J. A.; et al. Estrogen-like properties of brominated analogs of 
bisphenol A in the MCF-7 human breast cancer cell line. Cell. Biol. Toxicol. 2001, 17 (3), 
139-51.

Schuur, A.; Legger, F. F.; van Meeteren, M. E.; et al. In vitro inhibition of thyroid hormone 
sulfation by hydroxylated metabolites of halogenated aromatic hydrocarbons. Chem. Res. 
Toxicol. 1998, 11 (9), 1075-1081. 

Shiraishi, F.; Shiraishi, H.; Nishikawa, J.; et al. Development of simple operational estrogenicity 
assay system using yeast two-hybrid system. Kankyo Kagaku 2000, 10 (1), 57-64. 

Tada, Y.; Sakamoto, Y.; Yano, N.; et al. Effects of neonatal exposure of tetrabromobisphenol A, 
a flame retardant, in the reproductive organ of SD male rats.  Tokyo-to Kenko Anzen 
Kenkyu Senta Kenkyu Nenpo 2005, 55, 331-334. 

van der Ven, L.; Lilienthal, H.; Piersma, A.; et al. Endocrine disrupting and neurobehavioural 
effects of the brominated flame retardant tbbpa in a reproduction study in rats. Reprod.
Toxicol. 2005, 20 (3), 486-487. 

Vos, J. G.; Becher, G.; van den Berg, M.; et al. Brominated flame retardants and endocrine 
disruption. Pure Appl. Chem. 2003, 75 (11-12), 2039-2046. 

Wollenberger, L.; Dinan, L.; Breitholtz, M. Effects of brominated flame retardants on two 
marine copepod species, Acartia tonsa and Nitocra spinipes, and on the ecdysteroid-
responsive Drosophila melanogaster BII-cell-line. Organohalogen Compd. 2002, 57,
451-454.

4-52



DRAFT REPORT

References for Biomonitoring of TBBPA 

Berman, A.: Athanasiadou, M.; Wehler, E. K.; et al. 1999. Polybrominated environmental 
pollutants: Human and wildlife exposures. In: Organohalogen Compounds 43 (Dioxin 
99, 19th Int. Halogen Environ Org Pollut, 89-92. 

Cariou, R.; Antignac, J-P.; Marchand, P.; et al.  2005. New multiresidue analytical method 
dedicated to trace level measurement of brominated flame retardants in human biological 
matrices. J Chromatogr A 1100 (2), 144-152. 

DeCarlo, V. J. 1979. Studies on brominated chemicals in the environment. Ann NY Acad. Sci.  
320, 678-681. 

Dewitt, C. A. 2002. An overview of brominated flame retardants in the environment.  
Chemosphere 46, 583-624. 

Dewitt, C. A.; Mehran, A.; Muir, D. C. G.; 2006. Levels and trends of brominated flame 
retardants in the Arctic. Chemosphere 64 (2), 209-233. 

Geyer, H. J.; Rimkus, G. G.; Scheunert, I.; et al. 2000. Bioaccumulation and occurrence of 
endocrine-disrupting chemicals (EDCS), persistent organic pollutants (POPS), and other 
organisms including humans. In: Handbook of Environmental Chemistry, Vol 2, Part J, 
Beek B., Ed. Berlin, Germany, pp. 1-166. 

Jakobsson, K.; Thuresson, K.; Rylander, L.; et al. 2002. Exposure to polybrominated diphenyl 
ethers and tetrabromobisphenol A among computer technicians. Chemosphere 46:709-
716.

Morris, S.; Allchin, C. R.; Zegers, B. N.; et al. 2004. Distribution and fate of HBCD and TBBPA 
brominated flame retardants in North Sea estuaries and aquatic food webs. Environ. Sci. 
Technol. 38 (21), 5497-5504. 

Sjodin, A.; Patterson, D. G.; Bergman, A. 2003. A review of human exposure to brominated 
flame retardants- particularly polybrominated diphenyl ethers. Environ. Int. 29:829-839. 

Solomon, M. 2005. [Brominated flame retardants – status quo in risk discussion] (German)  
Umweltmedizin in Forschung und Praxis 10 (3), 183-197. 

Thomsen, C.; Lundanes, E.; Becher, G. 2002. Brominated flame retardants in archived serum 
samples from Norway: A study on temporal trends and the role of age. Environ. Sci. 
Technol. 36, 1414-1418. 

Veltman, K.; Hendriks, J.; Huijbregts, M.; et al. 2005. Accumulation of organochlorines and 
brominated flame retardants in estuarine and marine food chains: Field measurements 
and model calculations. Mar Pollut. Bull. 50 (10), 1085-1102. 

4-53



DRAFT REPORT

von der Trenck, K. T.; Schilling, F.; Schmidt, D. 2007. [Bioindication with peregrine falcons:
New results from Baden-Wueerttemberg] (German) Umweltwissenschaften und 
Schadstoff-Forschung 19 (2), 75-82. 

Watanabe, I.; Kashimoto, T.; Tatsukawa, R. 1983. Identification of the flame retardant 
tetrabromobisphenol A in the river sediment and mussel collected in Osaka. Bull. 
Environ. Contam. Toxicol. 31, 48-52. 

4-54



D
R

A
FT

 R
EP

O
R

T

4.
2.

2
D

.E
.R

. 5
38

R
ec

or
d 

ID
: 

D
.E

.R
. 5

38
 

C
A

S 
N

o.
 2

62
65

-0
8-

7 
M

W
: 

90
0 

(M
ea

su
re

d)
 

M
F:

C
39

H
40

B
r 4O

7 a
s s

ho
w

n 
w

ith
 

n 
= 

1 
(M

W
 =

 9
40

) 
Ph

ys
ic

al
 F

or
m

s:
 

So
lid

O
O

O
O

O
O

O
H

B
r

B
r

B
r

Br

n

U
se

: 
Fl

am
e-

re
ta

rd
an

t r
es

in
, 

R
ea

ct
iv

e

SM
IL

E
S:

O
1C

C
1C

O
c2

cc
c(

cc
2)

C
(C

)(
C

)c
3c

cc
(c

c3
)O

C
C

(O
)C

O
c4

c(
B

r)
cc

(c
c4

B
r)

C
(C

)(
C

)c
5c

c(
B

r)
c(

c(
B

r)
c5

)O
C

C
6C

O
6 

as
 sh

ow
n 

w
ith

 n
 =

 1
 

N
am

e:
Ph

en
ol

, 4
,4

'-(
1-

m
et

hy
le

th
yl

id
en

e)
bi

s[
2,

6-
di

br
om

o-
, p

ol
ym

er
 w

ith
 (c

hl
or

om
et

hy
l)o

xi
ra

ne
 a

nd
 4

,4
'-(

1-
m

et
hy

le
th

yl
id

en
e)

bi
s[

ph
en

ol
] (

Th
e 

re
ac

tio
n 

pr
od

uc
t 

of
 T

B
B

PA
) 

Sy
no

ny
m

s:
D

.E
.R

. 5
38

 
L

ife
-C

yc
le

 C
on

si
de

ra
tio

ns
: 

A
 li

fe
 c

yc
le

 a
ss

es
sm

en
t o

f D
.E

.R
. 5

38
 su

gg
es

ts
 th

at
 p

ot
en

tia
l r

el
ea

se
s t

o 
th

e 
en

vi
ro

nm
en

t f
ro

m
 it

s u
se

 in
 P

C
B

s m
ay

 o
cc

ur
 d

ur
in

g 
du

st
-f

or
m

in
g 

op
er

at
io

ns
 d

ur
in

g 
its

 m
an

uf
ac

tu
re

 o
r s

ub
se

qu
en

t l
oa

di
ng

/u
nl

oa
di

ng
, t

ra
ns

fe
r, 

or
 m

ix
in

g 
op

er
at

io
ns

 (t
ho

se
 th

at
 o

cc
ur

 b
ef

or
e 

its
 in

co
rp

or
at

io
n 

in
to

 th
e 

la
m

in
at

e 
or

 P
C

B
). 

 In
cr

ea
se

d 
he

al
th

 h
az

ar
ds

 fo
r t

hi
s r

ea
ct

io
n 

pr
od

uc
t a

ris
e 

fr
om

 th
e 

ep
ox

y 
fu

nc
tio

na
l g

ro
up

s p
re

se
nt

 o
n 

th
e 

po
ly

m
er

 m
ol

ec
ul

es
.  

Th
er

e 
m

ay
 b

e 
un

re
ac

te
d 

D
.E

.R
. 5

38
 p

re
se

nt
 in

 th
e 

la
m

in
at

e 
an

d 
su

bs
eq

ue
nt

ly
, t

he
 P

C
B

s p
ro

du
ce

d.
  T

he
 a

m
ou

nt
 o

f f
re

e 
D

.E
.R

. 5
38

 is
 g

en
er

al
ly

 a
nt

ic
ip

at
ed

 to
 b

e 
lo

w
 g

iv
en

 th
at

 
it 

is
 in

co
rp

or
at

ed
 a

s a
 re

ac
tiv

e 
fla

m
e 

re
ta

rd
an

t a
lth

ou
gh

 q
ua

nt
ita

tiv
e 

da
ta

 o
n 

th
e 

am
ou

nt
 o

f f
re

e 
m

at
er

ia
l t

ha
t m

ay
 b

e 
pr

es
en

t a
re

 c
ur

re
nt

ly
 n

ot
 a

va
ila

bl
e.

 

D
.E

.R
. 5

38
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
PH

Y
SI

C
A

L
/C

H
E

M
IC

A
L

 P
R

O
PE

R
T

IE
S 

M
el

tin
g 

Po
in

t (
°C

) 
N

o
da

ta
B

oi
lin

g 
Po

in
t (

°C
) 

>4
00

 (E
st

im
at

ed
) 

EP
I

V
ap

or
 P

re
ss

ur
e 

(m
m

 H
g)

 
<1

0-6
 (E

st
im

at
ed

) 
EP

I
W

at
er

 S
ol

ub
ili

ty
 (g

/L
) 

<1
0-6

 (E
st

im
at

ed
) 

EP
I

L
og

 K
ow

11
 (E

st
im

at
ed

) 
EP

I
Fl

am
m

ab
ili

ty
 (F

la
sh

 P
oi

nt
) 

N
o

da
ta

E
xp

lo
si

vi
ty

N
o

da
ta

pH
N

o
da

ta
D

is
so

ci
at

io
n 

co
ns

ta
nt

 in
 w

at
er

 
N

o 
da

ta
 

4-
55



D
R

A
FT

 R
EP

O
R

T

D
.E

.R
. 5

38
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
E

N
V

IR
O

N
M

E
N

T
A

L
 F

A
T

E
 

T
ra

ns
po

rt
T

he
 e

st
im

at
ed

 n
eg

lig
ib

le
 w

at
er

 so
lu

bi
lit

y,
 th

e 
es

tim
at

ed
 n

eg
lig

ib
le

 v
ap

or
 p

re
ss

ur
e 

an
d 

th
e 

es
tim

at
ed

 K
oc

of
 >

10
0,

00
0 

in
di

ca
te

 th
at

 th
is

 p
ol

ym
er

 is
 a

nt
ic

ip
at

ed
 to

 p
ar

tit
io

n 
pr

ed
om

in
an

tly
 to

 so
il 

an
d 

se
di

m
en

t. 
 

T
he

 e
st

im
at

ed
 H

en
ry

’s
 L

aw
 C

on
st

an
t o

f <
10

-8
 a

tm
-m

3 /m
ol

e 
in

di
ca

te
s t

ha
t i

t i
s n

ot
 e

xp
ec

te
d 

to
 v

ol
at

ili
ze

 
fr

om
 w

at
er

 to
 th

e 
at

m
os

ph
er

e.
  T

he
 e

st
im

at
ed

 K
oc

 o
f >

10
0,

00
0 

in
di

ca
te

s t
ha

t i
t i

s n
ot

 a
nt

ic
ip

at
ed

 to
 

m
ig

ra
te

 fr
om

 so
il 

in
to

 g
ro

un
dw

at
er

 a
nd

 a
ls

o 
ha

s t
he

 p
ot

en
tia

l t
o 

ad
so

rb
 to

 se
di

m
en

t. 
H

en
ry

’s
 L

aw
 C

on
st

an
t –

 
H

L
C

 (a
tm

-m
3 /m

ol
e)

<1
0-8

 (E
st

im
at

ed
) 

EP
I

 
Se

di
m

en
t/S

oi
l 

A
ds

or
pt

io
n/

D
es

or
pt

io
n

C
oe

ff
ic

ie
nt

 –
 K

oc

>1
00

,0
00

 (E
st

im
at

ed
) 

EP
I

B
io

ac
cu

m
ul

at
io

n 
 

L
O

W
: 

T
he

 e
st

im
at

ed
 B

C
F 

in
 fi

sh
 is

 le
ss

 th
an

 5
00

. 
Fi

sh
 B

C
F 

3.
2 

(E
st

im
at

ed
) 

EP
I

D
ap

hn
id

s B
C

F 
 

N
o 

da
ta

G
re

en
 A

lg
ae

 B
C

F 
 

N
o 

da
ta

O
ys

te
rs

 B
C

F
 

N
o 

da
ta

E
ar

th
w

or
m

s B
C

F 
 

N
o 

da
ta

M
et

ab
ol

is
m

 in
 fi

sh
 

 
N

o 
da

ta
Pe

rs
is

te
nc

e 
M

O
D

E
R

A
T

E
: 

A
lth

ou
gh

 e
xp

er
im

en
ta

l d
at

a 
ar

e 
no

t a
va

ila
bl

e,
 e

st
im

at
es

 in
di

ca
te

 th
at

 th
e 

ha
lf 

liv
es

 fo
r 

pr
im

ar
y 

an
d 

ul
tim

at
e 

ae
ro

bi
c 

bi
od

eg
ra

da
tio

n 
ar

e 
ex

pe
ct

ed
 to

 b
e 

gr
ea

te
r 

th
an

 6
0 

da
ys

.  
T

he
 e

st
im

at
ed

 
de

gr
ad

at
io

n 
ha

lf 
lif

e 
by

 h
yd

ro
ly

si
s i

s a
ls

o 
ex

pe
ct

ed
 to

 b
e 

gr
ea

te
r 

th
an

 6
0 

da
ys

.  
D

eg
ra

da
tio

n 
of

 th
is

 
po

ly
m

er
 b

y 
di

re
ct

 p
ho

to
ly

si
s i

s n
ot

 e
xp

ec
te

d 
to

 b
e 

si
gn

ifi
ca

nt
 a

s t
he

 fu
nc

tio
na

l g
ro

up
s p

re
se

nt
 d

o 
no

t 
te

nd
 to

 u
nd

er
go

 th
es

e 
re

ac
tio

ns
 u

nd
er

 e
nv

ir
on

m
en

ta
l c

on
di

tio
ns

.  
T

he
 a

tm
os

ph
er

ic
 h

al
f l

ife
 is

 e
st

im
at

ed
 

to
 b

e 
le

ss
 th

an
 2

 d
ay

s;
 h

ow
ev

er
, i

t i
s n

ot
 a

nt
ic

ip
at

ed
 to

 p
ar

tit
io

n 
si

gn
ifi

ca
nt

ly
 to

 a
ir

. 
W

at
er

A
er

ob
ic

bi
od

eg
ra

da
tio

n
Pr

im
ar

y:
  M

on
th

s (
Es

tim
at

ed
) 

U
lti

m
at

e:
  R

ec
al

ci
tra

nt
 (E

st
im

at
ed

) 
EP

I

W
at

er
-le

ac
ha

te
s o

f t
he

 p
ol

ym
er

 
in

hi
bi

te
d 

ba
ct

er
ia

l g
ro

w
th

 b
y 

8%
 

(M
ea

su
re

d)
.

Sh
el

l O
il 

C
o.

, 1
99

0 
In

ad
eq

ua
te

.  
Th

e 
st

ud
y 

w
as

 
pe

rf
or

m
ed

 o
n 

w
at

er
-le

ac
ha

te
s o

f 
th

e 
po

ly
m

er
, a

nd
 n

ot
 o

n 
th

e 
po

ly
m

er
 it

se
lf.

  G
iv

en
 th

e 
lo

w
 

w
at

er
 so

lu
bi

lit
y 

of
 th

e 
po

ly
m

er
, i

t 
is

 n
ot

 a
nt

ic
ip

at
ed

 to
 b

e 
pr

es
en

t i
n 

4-
56



D
R

A
FT

 R
EP

O
R

T

D
.E

.R
. 5

38
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
th

e 
le

ac
ha

te
. 

A
na

er
ob

ic
 b

io
de

gr
ad

at
io

n 
N

o
da

ta
V

ol
at

ili
za

tio
n 

H
al

f-
lif

e 
fo

r 
M

od
el

 R
iv

er
 

>1
 y

ea
r (

Es
tim

at
ed

) 
EP

I

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 L

ak
e 

>1
 y

ea
r (

Es
tim

at
ed

) 
EP

I

R
ea

dy
 B

io
de

gr
ad

ab
ili

ty
 

N
ot

 re
ad

y 
bi

od
eg

ra
da

bl
e 

(E
st

im
at

ed
) 

EP
I 

So
il 

bi
od

eg
ra

da
tio

n 
w

/ 
pr

od
uc

t i
de

nt
ifi

ca
tio

n 
N

o
da

ta
So

il

Se
di

m
en

t/w
at

er
 

bi
od

eg
ra

da
tio

n
N

o
da

ta

A
ir

 
A

tm
os

ph
er

ic
 H

al
f-

lif
e

1.
4 

ho
ur

s (
Es

tim
at

ed
) 

EP
I

G
iv

en
 th

at
 th

is
 c

om
po

un
d 

is
 

an
tic

ip
at

ed
 to

 e
xi

st
 a

s a
 so

lid
 

pa
rti

cu
la

te
 in

 th
e 

at
m

os
ph

er
e,

 
de

gr
ad

at
io

n 
by

 g
as

-p
ha

se
 

re
ac

tio
ns

 a
re

 n
ot

 e
xp

ec
te

d 
to

 b
e 

im
po

rta
nt

 re
m

ov
al

 p
ro

ce
ss

es
. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t) 
Ph

ot
ol

ys
is

N
o

da
ta

H
yd

ro
ly

si
s

H
al

f-
lif

e 
= 

m
on

th
s (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

R
ea

ct
iv

ity

Py
ro

ly
si

s
N

o
da

ta
B

io
m

on
ito

ri
ng

 
N

o 
da

ta
 

E
C

O
T

O
X

IC
IT

Y
 

E
C

O
SA

R
 C

la
ss

 
D

ie
po

xi
de

s
A

cu
te

 T
ox

ic
ity

 
L

O
W

: 
B

as
ed

 o
n 

th
e 

m
ol

ec
ul

ar
 w

ei
gh

t a
nd

 b
y 

an
al

og
y 

to
 st

ru
ct

ur
al

ly
 si

m
ila

r 
po

ly
m

er
s a

s d
es

cr
ib

ed
 in

 
th

e 
E

PA
 C

he
m

ic
al

 C
at

eg
or

ie
s d

oc
um

en
t. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

Fi
sh

 L
C

50
N

ES
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

D
ap

hn
id

 L
C

50
N

ES
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

G
re

en
 A

lg
ae

 E
C

50
N

ES
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

4-
57



D
R

A
FT

 R
EP

O
R

T

D
.E

.R
. 5

38
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
C

hr
on

ic
 T

ox
ic

ity
 

L
O

W
: I

ns
ol

ub
le

 n
on

io
ni

c 
po

ly
m

er
s a

re
 n

ot
 e

xp
ec

te
d 

to
 b

e 
to

xi
c 

un
le

ss
 th

e 
m

at
er

ia
l i

s i
n 

th
e 

fo
rm

 o
f 

fin
el

y 
di

vi
de

d 
pa

rt
ic

le
s. 

M
os

t o
ft

en
, t

he
 to

xi
ci

ty
 o

f f
in

el
y 

di
vi

de
d 

po
ly

m
er

 p
ar

tic
le

s d
oe

s n
ot

 d
ep

en
d 

on
 

sp
ec

ifi
c 

re
ac

tiv
e 

st
ru

ct
ur

al
 fe

at
ur

es
, b

ut
 o

cc
ur

s f
ro

m
 o

cc
lu

si
on

 o
f r

es
pi

ra
to

ry
 o

rg
an

s s
uc

h 
as

 g
ill

s. 
 D

ue
 

to
 th

e 
lo

w
 w

at
er

 so
lu

bi
lit

y 
of

 th
is

 p
ol

ym
er

, t
he

re
 a

re
 e

xp
ec

te
d 

to
 b

e 
no

 e
ff

ec
ts

 a
t s

at
ur

at
io

n.
 

Fi
sh

 C
hV

 
N

ES
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

D
ap

hn
id

 C
hV

 
N

ES
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

G
re

en
 A

lg
ae

 C
hV

 
N

ES
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

H
U

M
A

N
 H

E
A

L
T

H
 E

FF
E

C
T

S 
A

bs
or

pt
io

n
A

bs
or

pt
io

n 
is

 e
xp

ec
te

d 
to

 b
e 

po
or

 b
y 

al
l r

ou
te

s f
or

 th
e 

lo
w

 m
ol

ec
ul

ar
 

w
ei

gh
t f

ra
ct

io
n.

 (
Es

tim
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

B
as

ed
 o

n 
th

e 
m

ol
ec

ul
ar

 w
ei

gh
t a

nd
 b

y 
an

al
og

y 
to

 st
ru

ct
ur

al
ly

 si
m

ila
r 

po
ly

m
er

s. 
(P

ro
fe

ss
io

na
l 

ju
dg

m
en

t)
A

cu
te

 L
et

ha
lit

y 
O

ra
l

R
at

 o
ra

l L
D

50
 >

 3
66

3 
m

g/
kg

 
(E

st
im

at
ed

, C
on

fid
en

tia
l A

na
lo

g)
 

Su
bm

itt
ed

 C
on

fid
en

tia
l 

Es
tim

at
io

n 
D

er
m

al
 

R
ab

bi
t L

D
50

> 
20

00
 m

g/
kg

 
(E

st
im

at
ed

, C
on

fid
en

tia
l A

na
lo

g)
 

Su
bm

itt
ed

 C
on

fid
en

tia
l 

Es
tim

at
io

n 
In

ha
la

tio
n

N
o

da
ta

O
th

er
 A

cu
te

 
E

ff
ec

ts
 

E
ye

 Ir
ri

ta
tio

n 
N

o
da

ta
D

er
m

al
 Ir

ri
ta

tio
n 

N
o

da
ta

Sk
in

 S
en

si
tiz

at
io

n 
M

O
D

E
R

A
T

E
:  

Po
si

tiv
e 

fo
r 

sk
in

 se
ns

iti
za

tio
n 

in
 g

ui
ne

a 
pi

gs
. 

St
ro

ng
 se

ns
iti

ze
r, 

gu
in

ea
 p

ig
s 

(M
ea

su
re

d)
Sh

el
l O

il 
C

o.
, 1

99
0 

A
de

qu
at

e

R
ep

ro
du

ct
iv

e 
E

ff
ec

ts
 

M
O

D
E

R
A

T
E

: 
Fo

r 
th

e 
lo

w
 m

ol
ec

ul
ar

 w
ei

gh
t o

lig
om

er
s o

f t
he

 p
ol

ym
er

 (<
1,

00
0)

, b
y 

an
al

og
y 

to
 

co
m

po
un

ds
 w

ith
 si

m
ila

r 
fu

nc
tio

na
l g

ro
up

s a
s d

es
cr

ib
ed

 in
 th

e 
E

PA
 C

he
m

ic
al

 C
at

eg
or

ie
s d

oc
um

en
t.

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

R
ep

ro
du

ct
io

n/
 

de
ve

lo
pm

en
ta

l t
ox

ic
ity

 
sc

re
en

 

N
o

da
ta

C
om

bi
ne

d 
re

pe
at

ed
 d

os
e 

w
ith

re
pr

od
uc

tio
n/

de
ve

lo
p-

m
en

ta
l t

ox
ic

ity
 sc

re
en

 

N
o

da
ta

4-
58



D
R

A
FT

 R
EP

O
R

T

D
.E

.R
. 5

38
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
R

ep
ro

du
ct

io
n 

an
d 

fe
rt

ili
ty

 
ef

fe
ct

s 
N

o
da

ta

D
ev

el
op

m
en

ta
l E

ff
ec

ts
 

M
O

D
E

R
A

T
E

: 
Fo

r 
th

e 
lo

w
 m

ol
ec

ul
ar

 w
ei

gh
t o

lig
om

er
s o

f t
he

 p
ol

ym
er

 (<
1,

00
0)

, b
y 

an
al

og
y 

to
 

co
m

po
un

ds
 w

ith
 si

m
ila

r 
fu

nc
tio

na
l g

ro
up

s a
s d

es
cr

ib
ed

 in
 th

e 
E

PA
 C

he
m

ic
al

 C
at

eg
or

ie
s d

oc
um

en
t.

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

R
ep

ro
du

ct
io

n/
de

ve
lo

p-
m

en
ta

l t
ox

ic
ity

 sc
re

en
 

N
o

da
ta

C
om

bi
ne

d 
re

pe
at

ed
 d

os
e 

w
ith

 r
ep

ro
du

ct
io

n/
de

ve
l-

op
m

en
ta

l t
ox

ic
ity

 sc
re

en
 

N
o

da
ta

Pr
en

at
al

 d
ev

el
op

m
en

t 
N

o
da

ta
C

ar
ci

no
ge

ni
ci

ty
M

O
D

E
R

A
T

E
: 

Fo
r 

th
e 

lo
w

 m
ol

ec
ul

ar
 w

ei
gh

t o
lig

om
er

s o
f t

he
 p

ol
ym

er
 (<

1,
00

0)
, b

y 
an

al
og

y 
to

 
co

m
po

un
ds

 w
ith

 si
m

ila
r 

fu
nc

tio
na

l g
ro

up
s a

s d
es

cr
ib

ed
 in

 th
e 

E
PA

 C
he

m
ic

al
 C

at
eg

or
ie

s d
oc

um
en

t.
(P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 
 

O
nc

oL
og

ic
 R

es
ul

ts
N

o
da

ta
C

ar
ci

no
ge

ni
ci

ty
 (r

at
 a

nd
 

m
ou

se
)

N
o

da
ta

C
om

bi
ne

d 
ch

ro
ni

c 
to

xi
ci

ty
/ c

ar
ci

no
ge

ni
ci

ty
 

N
o

da
ta

Im
m

un
ot

ox
ic

ity
L

O
W

: 
B

as
ed

 o
n 

th
e 

m
ol

ec
ul

ar
 w

ei
gh

t a
nd

 b
y 

an
al

og
y 

to
 st

ru
ct

ur
al

ly
 si

m
ila

r 
po

ly
m

er
s a

s d
es

cr
ib

ed
 in

 
th

e 
E

PA
 C

he
m

ic
al

 C
at

eg
or

ie
s d

oc
um

en
t. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

Im
m

un
e 

sy
st

em
 e

ff
ec

ts
 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
L

O
W

: 
B

as
ed

 o
n 

th
e 

m
ol

ec
ul

ar
 w

ei
gh

t a
nd

 b
y 

an
al

og
y 

to
 st

ru
ct

ur
al

ly
 si

m
ila

r 
po

ly
m

er
s a

s d
es

cr
ib

ed
 in

 
th

e 
E

PA
 C

he
m

ic
al

 C
at

eg
or

ie
s d

oc
um

en
t. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

A
cu

te
 a

nd
 2

8-
da

y 
de

la
ye

d 
ne

ur
ot

ox
ic

ity
 o

f 
or

ga
no

ph
os

ph
or

us
 

su
bs

ta
nc

es
 (h

en
) 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
 sc

re
en

in
g 

ba
tt

er
y 

(a
du

lt)
 

N
o

da
ta

D
ev

el
op

m
en

ta
l 

ne
ur

ot
ox

ic
ity

N
o

da
ta

4-
59



D
R

A
FT

 R
EP

O
R

T

D
.E

.R
. 5

38
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
G

en
ot

ox
ic

ity
M

O
D

E
R

A
T

E
: 

W
ei

gh
t o

f e
vi

de
nc

e 
su

gg
es

ts
 th

at
 th

e 
po

ly
m

er
 w

ill
 e

xh
ib

it 
ge

no
to

xi
ci

ty
 b

as
ed

 o
n 

a 
po

si
tiv

e 
A

m
es

 A
ss

ay
, M

ou
se

 L
ym

ph
om

a 
T

es
t a

nd
 S

is
te

r 
C

hr
om

at
id

 E
xc

ha
ng

e 
A

ss
ay

 su
bm

itt
ed

 fo
r 

a 
cl

os
el

y 
re

la
te

d 
an

al
og

, d
es

pi
te

 a
 n

eg
at

iv
e 

A
m

es
 A

ss
ay

 fo
r 

th
e 

po
ly

m
er

.  
N

eg
at

iv
e,

 A
m

es
 A

ss
ay

 (M
ea

su
re

d)
 

Sh
el

l O
il 

C
o.

, 1
99

1 
A

de
qu

at
e

Po
si

tiv
e,

 A
m

es
 A

ss
ay

 (M
ea

su
re

d,
 

C
on

fid
en

tia
l A

na
lo

g)
 

Su
bm

itt
ed

 C
on

fid
en

tia
l S

tu
dy

 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 w

er
e 

no
t a

va
ila

bl
e.

 

G
en

e 
m

ut
at

io
n 

in
 v

itr
o 

Po
si

tiv
e,

 m
ou

se
 ly

m
ph

om
a 

te
st

 
(M

ea
su

re
d,

 C
on

fid
en

tia
l A

na
lo

g)
 

Su
bm

itt
ed

 C
on

fid
en

tia
l S

tu
dy

 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 w

er
e 

no
t a

va
ila

bl
e.

 
G

en
e 

m
ut

at
io

n 
in

 v
iv

o 
N

o
da

ta
C

hr
om

os
om

al
 a

be
rr

at
io

ns
 

in
 v

itr
o 

Po
si

tiv
e,

 si
st

er
 c

hr
om

at
id

 e
xc

ha
ng

e 
as

sa
y 

(M
ea

su
re

d,
 C

on
fid

en
tia

l 
A

na
lo

g)

Su
bm

itt
ed

 C
on

fid
en

tia
l S

tu
dy

 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 w

er
e 

no
t a

va
ila

bl
e.

 

C
hr

om
os

om
al

 a
be

rr
at

io
ns

 
in

 v
iv

o 
N

o
da

ta

D
N

A
 d

am
ag

e 
an

d 
re

pa
ir

 
N

o
da

ta
O

th
er

 (M
ito

tic
 G

en
e 

C
on

ve
rs

io
n)

N
o

da
ta

Sy
st

em
ic

 E
ff

ec
ts

 
L

O
W

: 
B

as
ed

 o
n 

th
e 

m
ol

ec
ul

ar
 w

ei
gh

t a
nd

 b
y 

an
al

og
y 

to
 st

ru
ct

ur
al

ly
 si

m
ila

r 
po

ly
m

er
s a

s d
es

cr
ib

ed
 in

 
th

e 
E

PA
 C

he
m

ic
al

 C
at

eg
or

ie
s d

oc
um

en
t. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

N
o

da
ta

E
nd

oc
ri

ne
 D

is
ru

pt
io

n 
N

o 
da

ta
 

4-
60



DRAFT REPORT 

References for D.E.R. 538 

EPA (2002). TSCA New Chemicals Program (NCP) Chemical Categories. Washington, DC, 
http://www.epa.gov/oppt/newchems/pubs/cat02.pdf. Accessed on October 9, 2008. 

EPI (EPIWIN/EPISUITE) Estimations Programs Interface for Windows, Version 3.20. U.S. 
Environmental Protection Agency: Washington D.C 
http://www.epa.gov/opptintr/exposure/.

Shell Oil Co. Bacterial mutagenicity studies with epikote 1145-B-70 with cover letter sheets and 
letter dated 010891; Fiche OTS0528781; Shell Oil Company: Submitted January 15, 
1991 to TSCA section 8D. 

Shell Oil Co. Toxicolgy of resins: The skin sensitizing potential of “epikote” 1120-B-80. In 
Letter from Shell Oil Company to US EPA regarding the submission of multiple 8D 
studies (30 studies enclosed) with attachments; Fiche  OTS0526023; Shell Oil Company: 
Submitted May 25, 1990 to TSCA section 8D.  

4-61



D
R

A
FT

 R
EP

O
R

T

4.
2.

3
D

O
PO

D
O

PO
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
PH

Y
SI

C
A

L
/C

H
E

M
IC

A
L

 P
R

O
PE

R
T

IE
S 

11
7 

(M
ea

su
re

d)
 

C
he

rn
ys

he
v 

et
 a

l.,
 1

97
2 

A
de

qu
at

e
M

el
tin

g 
Po

in
t (

°C
) 

12
2 

(M
ea

su
re

d)
 

C
ha

ng
 e

t a
l.,

 1
99

8 
A

de
qu

at
e

20
0 

at
 5

 to
rr

 (M
ea

su
re

d)
 

In
te

rn
at

io
na

l R
es

ou
rc

es
, 2

00
1 

A
de

qu
at

e
B

oi
lin

g 
Po

in
t (

°C
) 

35
9 

at
 7

60
 m

m
 H

g 
(E

xt
ra

po
la

te
d)

 
M

cE
nt

ee
 

Th
e 

bo
ili

ng
 p

oi
nt

 a
t 7

60
 m

m
 H

g 
w

as
 e

xt
ra

po
la

te
d 

fr
om

 th
e 

m
ea

su
re

d 
bo

ili
ng

 p
oi

nt
 a

t r
ed

uc
ed

 
pr

es
su

re
 u

si
ng

 N
O

M
O

5.
 

R
ec

or
d 

ID
: 

D
O

PO
 

C
A

S 
N

o.
  3

59
48

-2
5-

5 
M

W
:

21
6.

18
 

M
F:

C
12

H
9O

2P
O

PO
H

Ph
ys

ic
al

 F
or

m
s:

 S
ol

id

U
se

:
Fl

am
e 

re
ta

rd
an

t, 
R

ea
ct

iv
e 

SM
IL

E
S:

 O
=P

1c
2c

cc
cc

2c
3c

cc
cc

3O
1 

N
am

e:
6H

-D
ib

en
z[

c,
e]

[1
,2

]o
xa

ph
os

ph
or

in
, 6

-o
xi

de
 

Sy
no

ny
m

s:
D

O
P;

 D
O

PP
O

; 9
,1

0-
D

ih
yd

ro
-9

-o
xa

-1
0-

ph
os

ph
ap

he
na

nt
hr

en
e-

10
-o

xi
de

  
L

ife
-C

yc
le

 C
on

si
de

ra
tio

ns
: 

Po
te

nt
ia

l h
um

an
 a

nd
 e

nv
iro

nm
en

ta
l e

xp
os

ur
e 

to
 D

O
PO

 m
ay

 o
cc

ur
 th

ro
ug

h 
du

st
-f

or
m

in
g 

op
er

at
io

ns
 fr

om
 it

s m
an

uf
ac

tu
re

 o
r d

ur
in

g 
lo

ad
in

g/
un

lo
ad

in
g,

 tr
an

sf
er

, o
r m

ix
in

g 
op

er
at

io
ns

 d
ur

in
g 

its
 m

an
uf

ac
tu

re
 o

r f
or

m
ul

at
io

n.
  A

s r
ea

ct
iv

e 
fla

m
e 

re
ta

rd
an

t, 
it 

is
 n

ot
 a

nt
ic

ip
at

ed
 to

 b
e 

re
le

as
ed

 fr
om

 
la

m
in

at
es

 a
nd

 P
C

B
s t

hr
ou

gh
 e

xt
ra

ct
iv

e 
or

 d
es

tru
ct

iv
e 

(e
.g

., 
sh

re
dd

in
g)

 p
ro

ce
ss

es
.  

Its
 e

xt
ra

po
la

te
d 

va
po

r p
re

ss
ur

e 
su

gg
es

ts
 th

at
 D

O
PO

 h
as

 a
t l

ea
st

 so
m

e 
po

te
nt

ia
l 

to
 v

ol
at

ili
ze

 a
t e

le
va

te
d 

te
m

pe
ra

tu
re

s. 
 It

s e
st

im
at

ed
 w

at
er

 so
lu

bi
lit

y 
su

gg
es

ts
 th

at
 it

 m
ay

 m
ig

ra
te

 w
ith

 th
e 

m
ov

em
en

t o
f w

at
er

 a
nd

 h
as

 so
m

e 
po

te
nt

ia
l t

o 
en

te
r 

gr
ou

nd
w

at
er

. 

4-
62



D
R

A
FT

 R
EP

O
R

T

D
O

PO
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
35

4 
(E

st
im

at
ed

) 
EP

I
5 

at
 2

00
°C

 (M
ea

su
re

d)
 

In
te

rn
at

io
na

l R
es

ou
rc

es
, 2

00
1 

A
de

qu
at

e 

2.
2x

10
-5

at
 2

5°
C

 (E
xt

ra
po

la
te

d)
 

M
cE

nt
ee

 
Th

e 
va

po
r p

re
ss

ur
e 

at
 2

5°
C

 w
as

 
ex

tra
po

la
te

d 
fr

om
 th

e 
m

ea
su

re
d 

va
po

r p
re

ss
ur

e 
at

 e
le

va
te

d 
te

m
pe

ra
tu

re
 u

si
ng

 N
O

M
O

5.
 

V
ap

or
 P

re
ss

ur
e 

(m
m

 H
g)

 

1.
3x

10
-5

(E
st

im
at

ed
) 

EP
I 

W
at

er
 S

ol
ub

ili
ty

 (g
/L

) 
0.

51
(E

st
im

at
ed

) 
EP

I 
L

og
 K

ow
1.

87
 (E

st
im

at
ed

) 
EP

I
Fl

am
m

ab
ili

ty
 (F

la
sh

 P
oi

nt
) 

N
o

da
ta

E
xp

lo
si

vi
ty

N
o

da
ta

pH
N

o
da

ta
D

is
so

ci
at

io
n 

co
ns

ta
nt

 in
 w

at
er

 
Th

e 
su

bs
ta

nc
e 

do
es

 n
ot

 c
on

ta
in

 
fu

nc
tio

na
l g

ro
up

s t
ha

t w
ou

ld
 b

e 
ex

pe
ct

ed
 to

 io
ni

ze
. 

E
N

V
IR

O
N

M
E

N
T

A
L

 F
A

T
E

 
T

ra
ns

po
rt

T
he

 e
st

im
at

ed
 w

at
er

 so
lu

bi
lit

y 
of

 0
.5

1 
g/

L
 a

nd
 th

e 
ex

tr
ap

ol
at

ed
 v

ap
or

 p
re

ss
ur

e 
of

 2
.2

x1
0-5

 m
m

 H
g 

in
di

ca
te

 th
at

 D
O

PO
 w

ill
 p

ar
tit

io
n 

pr
ed

om
in

an
tly

 to
 so

il 
an

d 
w

at
er

.  
T

he
 e

st
im

at
ed

 H
en

ry
’s

 L
aw

 
C

on
st

an
t o

f 5
.4

x1
0-8

 a
tm

-m
3 /m

ol
e 

in
di

ca
te

s t
ha

t D
O

PO
 d

oe
s n

ot
 si

gn
ifi

ca
nt

ly
 v

ol
at

ili
ze

 fr
om

 w
at

er
 to

 th
e 

at
m

os
ph

er
e.

  T
he

 e
st

im
at

ed
 K

oc
 o

f 4
5.

6 
in

di
ca

te
s t

ha
t D

O
PO

 h
as

 th
e 

po
te

nt
ia

l t
o 

m
ig

ra
te

 fr
om

 so
il 

in
to

 
gr

ou
nd

w
at

er
 a

nd
 is

 n
ot

 a
nt

ic
ip

at
ed

 to
 st

ro
ng

ly
 a

ds
or

b 
to

 se
di

m
en

t. 
H

en
ry

’s
 L

aw
 C

on
st

an
t –

 
H

L
C

 (a
tm

-m
3 /m

ol
e)

5.
4x

10
-8

(E
st

im
at

ed
) 

EP
I 

 
Se

di
m

en
t/S

oi
l A

ds
or

pt
io

n/
D

es
or

pt
io

n
C

oe
ff

ic
ie

nt
 –

 K
oc

45
.6

 (E
st

im
at

ed
) 

EP
I

4-
63



D
R

A
FT

 R
EP

O
R

T

D
O

PO
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
B

io
ac

cu
m

ul
at

io
n 

 
L

O
W

: 
T

he
 e

st
im

at
ed

 B
C

F 
in

 fi
sh

 is
 le

ss
 th

an
 5

00
. 

Fi
sh

 B
C

F 
5.

4 
(E

st
im

at
ed

) 
EP

I
D

ap
hn

id
s B

C
F 

 
N

o 
da

ta
G

re
en

 A
lg

ae
 B

C
F 

 
N

o 
da

ta
O

ys
te

rs
 B

C
F

 
N

o 
da

ta
E

ar
th

w
or

m
s B

C
F 

 
N

o 
da

ta
M

et
ab

ol
is

m
 in

 fi
sh

 
 

N
o 

da
ta

Pe
rs

is
te

nc
e 

L
O

W
: 

E
st

im
at

es
 in

di
ca

te
 th

at
 th

e 
ha

lf-
lif

e 
fo

r 
pr

im
ar

y 
an

d 
ul

tim
at

e 
ae

ro
bi

c 
bi

od
eg

ra
da

tio
n 

of
 D

O
PO

 in
 

w
at

er
 is

 le
ss

 th
an

 6
0 

da
ys

.  
A

lth
ou

gh
 e

xp
er

im
en

ta
l d

at
a 

ar
e 

no
t a

va
ila

bl
e 

fo
r 

ot
he

r 
re

m
ov

al
 p

ro
ce

ss
es

 o
r 

en
vi

ro
nm

en
ta

l c
om

pa
rt

m
en

ts
, d

eg
ra

da
tio

n 
of

 D
O

PO
 b

y 
hy

dr
ol

ys
is

 o
r 

di
re

ct
 p

ho
to

ly
si

s a
re

 n
ot

 e
xp

ec
te

d 
to

 b
e 

si
gn

ifi
ca

nt
 a

s t
he

 fu
nc

tio
na

l g
ro

up
s p

re
se

nt
 o

n 
th

is
 m

ol
ec

ul
e 

do
 n

ot
 te

nd
 to

 u
nd

er
go

 th
es

e 
re

ac
tio

ns
 

un
de

r 
en

vi
ro

nm
en

ta
l c

on
di

tio
ns

. 
T

he
 a

tm
os

ph
er

ic
 h

al
f-

lif
e 

fo
r 

D
O

PO
 is

 e
st

im
at

ed
 a

t <
2 

da
ys

 a
lth

ou
gh

 it
 

is
 n

ot
 a

nt
ic

ip
at

ed
 to

 p
ar

tit
io

n 
si

gn
ifi

ca
nt

ly
 to

 a
ir

. 
W

at
er

A
er

ob
ic

 B
io

de
gr

ad
at

io
n 

Pr
im

ar
y:

  D
ay

s-
w

ee
ks

 (E
st

im
at

ed
) 

U
lti

m
at

e:
  W

ee
ks

-m
on

th
s (

Es
tim

at
ed

) 

EP
I

EP
I

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 R

iv
er

 
>1

 y
ea

r (
Es

tim
at

ed
) 

EP
I

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 L

ak
e 

>1
 y

ea
r (

Es
tim

at
ed

) 
EP

I

R
ea

dy
 B

io
de

gr
ad

ab
ili

ty
 

N
ot

 re
ad

y 
bi

od
eg

ra
da

bl
e 

(E
st

im
at

ed
) 

EP
I

So
il

A
na

er
ob

ic
 B

io
de

gr
ad

at
io

n 
N

o
da

ta

So
il 

B
io

de
gr

ad
at

io
n 

w
/ 

Pr
od

uc
t I

de
nt

ifi
ca

tio
n 

N
o

da
ta

Se
di

m
en

t/W
at

er
 

B
io

de
gr

ad
at

io
n

N
o

da
ta

A
ir

A
tm

os
ph

er
ic

 H
al

f-
lif

e
1.

8 
da

ys
 (E

st
im

at
ed

) 
EP

I

4-
64



D
R

A
FT

 R
EP

O
R

T

D
O

PO
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
B

io
m

on
ito

ri
ng

 
N

o 
da

ta
 

Ph
ot

ol
ys

is
N

ot
 a

 si
gn

ifi
ca

nt
 fa

te
 p

ro
ce

ss
 

(E
st

im
at

ed
) 

B
oe

th
lin

g 
an

d 
M

ck
ay

, 2
00

0;
 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
Th

e 
su

bs
ta

nc
e 

do
es

 n
ot

 c
on

ta
in

 
fu

nc
tio

na
l g

ro
up

s t
ha

t w
ou

ld
 b

e 
ex

pe
ct

ed
 to

 a
bs

or
b 

lig
ht

 a
t 

en
vi

ro
nm

en
ta

lly
 si

gn
ifi

ca
nt

 
w

av
el

en
gt

hs
.

H
yd

ro
ly

si
s

N
ot

 a
 si

gn
ifi

ca
nt

 fa
te

 p
ro

ce
ss

 
(E

st
im

at
ed

) 
B

oe
th

lin
g 

an
d 

M
ck

ay
, 2

00
0;

 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

Th
e 

su
bs

ta
nc

e 
do

es
 n

ot
 c

on
ta

in
 

fu
nc

tio
na

l g
ro

up
s t

ha
t w

ou
ld

 b
e 

ex
pe

ct
ed

 to
 h

yd
ro

ly
ze

 re
ad

ily
 u

nd
er

 
en

vi
ro

nm
en

ta
l c

on
di

tio
ns

. 

R
ea

ct
iv

ity

Py
ro

ly
si

s
N

o
da

ta

E
C

O
T

O
X

IC
IT

Y
 

E
C

O
SA

R
 C

la
ss

es
 

Es
te

rs
, E

st
er

s (
ph

os
ph

at
e)

 
A

cu
te

 T
ox

ic
ity

 
M

O
D

E
R

A
T

E
:  

T
he

 e
st

im
at

ed
 L

C
50

 fo
r 

gr
ee

n 
al

ga
e,

 th
e 

m
os

t s
en

si
tiv

e 
sp

ec
ie

s, 
is

 b
et

w
ee

n 
1 

m
g/

L
 a

nd
 1

00
 

m
g/

L
. 

96
-h

ou
r L

C
50

= 
20

 m
g/

L 
(E

st
im

at
e)

 
EP

I
Fi

sh
 L

C
50

48
-h

ou
r L

C
50

= 
37

0 
m

g/
L 

(M
ea

su
re

d)
 

W
et

to
n,

 1
99

9 
A

de
qu

at
e

D
ap

hn
id

 L
C

50
48

-h
ou

r L
C

50
= 

23
0 

m
g/

L 
(E

st
im

at
e)

 
EP

I 
G

re
en

 A
lg

ae
 E

C
50

96
-h

ou
r E

C
50

= 
3.

0 
m

g/
L 

(E
st

im
at

e)
 

EP
I 

C
hr

on
ic

 T
ox

ic
ity

 
M

O
D

E
R

A
T

E
:  

T
he

 e
st

im
at

ed
 c

hr
on

ic
 v

al
ue

 fo
r 

gr
ee

n 
al

ga
e,

 th
e 

m
os

t s
en

si
tiv

e 
sp

ec
ie

s, 
is

 b
et

w
ee

n 
0.

1 
m

g/
L

 a
nd

 1
0 

m
g/

L
. 

Fi
sh

 C
hV

 
16

 m
g/

L 
(E

st
im

at
e)

 
EP

I
D

ap
hn

id
 C

hV
 

23
 m

g/
L 

(E
st

im
at

e)
 

A
cu

te
 to

 c
hr

on
ic

 ra
tio

 o
f 1

0 
G

re
en

 A
lg

ae
 C

hV
 

2.
4 

m
g/

L 
(E

st
im

at
e)

 
EP

I

4-
65



D
R

A
FT

 R
EP

O
R

T

D
O

PO
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
H

U
M

A
N

 H
E

A
L

T
H

 E
FF

E
C

T
S 

A
bs

or
pt

io
n

A
bs

or
pt

io
n 

of
 n

ea
t s

ol
id

 n
eg

lig
ib

le
 

th
ro

ug
h 

sk
in

.  
A

bs
or

pt
io

n 
in

 so
lu

tio
n 

m
od

er
at

e 
th

ro
ug

h 
sk

in
.  

A
bs

or
pt

io
n 

m
od

er
at

e 
th

ro
ug

h 
lu

ng
s a

nd
 G

I t
ra

ct
.  

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
Es

tim
at

ed
 b

as
ed

 o
n 

ph
ys

ic
al

/c
he

m
ic

al
 p

ro
pe

rti
es

 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

B
as

ed
 o

n 
cl

os
el

y 
re

la
te

d 
an

al
og

s w
ith

 si
m

ila
r 

st
ru

ct
ur

es
, f

un
ct

io
na

l g
ro

up
s, 

an
d 

ph
ys

ic
al

/c
he

m
ic

al
 p

ro
pe

rt
ie

s. 
(P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 
A

cu
te

 L
et

ha
lit

y 
O

ra
l

M
ou

se
 (m

al
e)

 o
ra

l L
D

50
 =

 6
49

0 
m

g/
kg

, 
M

ou
se

 (f
em

al
e)

 o
ra

l L
D

50
 =

 7
58

0 
m

g/
kg

 (M
ea

su
re

d)
 

In
te

rn
at

io
na

l R
es

ou
rc

es
, 2

00
1 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

 

D
er

m
al

 
N

o
da

ta
In

ha
la

tio
n

N
o

da
ta

O
th

er
 A

cu
te

 
E

ff
ec

ts
 

E
ye

 Ir
ri

ta
tio

n 
N

o
da

ta
D

er
m

al
 Ir

ri
ta

tio
n 

N
o

da
ta

Sk
in

 S
en

si
tiz

at
io

n 
L

O
W

: 
B

as
ed

 o
n 

cl
os

el
y 

re
la

te
d 

an
al

og
s w

ith
 si

m
ila

r 
st

ru
ct

ur
es

, f
un

ct
io

na
l g

ro
up

s, 
an

d 
ph

ys
ic

al
/c

he
m

ic
al

 p
ro

pe
rt

ie
s. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

N
on

-s
en

si
tiz

in
g 

Le
is

ew
itz

 e
t a

l.,
 2

00
0 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e 

R
ep

ro
du

ct
iv

e 
E

ff
ec

ts
 

L
O

W
: 

B
as

ed
 o

n 
cl

os
el

y 
re

la
te

d 
an

al
og

s w
ith

 si
m

ila
r 

st
ru

ct
ur

es
, f

un
ct

io
na

l g
ro

up
s, 

an
d 

ph
ys

ic
al

/c
he

m
ic

al
 p

ro
pe

rt
ie

s. 
(P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 
R

ep
ro

du
ct

io
n/

 
D

ev
el

op
m

en
ta

l T
ox

ic
ity

 
Sc

re
en

N
o

da
ta

C
om

bi
ne

d 
R

ep
ea

te
d 

D
os

e 
w

ith
 R

ep
ro

du
ct

io
n/

 
D

ev
el

op
m

en
ta

l T
ox

ic
ity

 
Sc

re
en

N
o

da
ta

R
ep

ro
du

ct
io

n 
an

d 
Fe

rt
ili

ty
 

E
ff

ec
ts

 
N

o
da

ta

4-
66



D
R

A
FT

 R
EP

O
R

T

D
O

PO
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
D

ev
el

op
m

en
ta

l E
ff

ec
ts

 
L

O
W

: 
B

as
ed

 o
n 

cl
os

el
y 

re
la

te
d 

an
al

og
s w

ith
 si

m
ila

r 
st

ru
ct

ur
es

, f
un

ct
io

na
l g

ro
up

s, 
an

d 
ph

ys
ic

al
/c

he
m

ic
al

 p
ro

pe
rt

ie
s. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

C
om

bi
ne

d 
R

ep
ea

te
d 

D
os

e 
w

ith
 R

ep
ro

du
ct

io
n/

 
D

ev
el

op
m

en
ta

l T
ox

ic
ity

 
Sc

re
en

N
o

da
ta

Pr
en

at
al

 D
ev

el
op

m
en

t 
N

o
da

ta
C

ar
ci

no
ge

ni
ci

ty
L

O
W

: 
B

as
ed

 o
n 

st
ru

ct
ur

e-
ac

tiv
ity

 r
el

at
io

ns
hi

ps
 a

nd
 fu

nc
tio

na
l p

ro
pe

rt
ie

s, 
O

nc
oL

og
ic

 e
st

im
at

es
 lo

w
 

ca
rc

in
og

en
ic

ity
 fo

r 
th

e 
ne

ar
es

t a
na

lo
g 

it 
co

ul
d 

as
se

ss
, p

he
ny

lp
ho

sp
hi

ni
c 

ac
id

, p
he

ny
l e

st
er

. 
O

nc
oL

og
ic

 R
es

ul
ts

 
Lo

w
 (E

st
im

at
ed

) 
O

nc
oL

og
ic

Es
tim

at
ed

 fo
r t

he
 a

na
lo

g 
ph

en
yl

ph
os

ph
in

ic
 a

ci
d,

 p
he

ny
l 

es
te

r.
C

ar
ci

no
ge

ni
ci

ty
 (R

at
 a

nd
 

M
ou

se
)

N
o

da
ta

C
om

bi
ne

d 
C

hr
on

ic
 

T
ox

ic
ity

/ C
ar

ci
no

ge
ni

ci
ty

 
N

o
da

ta

Im
m

un
ot

ox
ic

ity
L

O
W

: 
B

as
ed

 o
n 

cl
os

el
y 

re
la

te
d 

an
al

og
s w

ith
 si

m
ila

r 
st

ru
ct

ur
es

, f
un

ct
io

na
l g

ro
up

s, 
an

d 
ph

ys
ic

al
/c

he
m

ic
al

 p
ro

pe
rt

ie
s. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

Im
m

un
e 

Sy
st

em
 E

ff
ec

ts
 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
L

O
W

: 
B

as
ed

 o
n 

cl
os

el
y 

re
la

te
d 

an
al

og
s w

ith
 si

m
ila

r 
st

ru
ct

ur
es

, f
un

ct
io

na
l g

ro
up

s, 
an

d 
ph

ys
ic

al
/c

he
m

ic
al

 p
ro

pe
rt

ie
s. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

A
cu

te
 a

nd
 2

8-
da

y 
D

el
ay

ed
 

N
eu

ro
to

xi
ci

ty
 o

f 
O

rg
an

op
ho

sp
ho

ru
s

Su
bs

ta
nc

es
 (H

en
) 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
 S

cr
ee

ni
ng

 
B

at
te

ry
 (A

du
lt)

 
N

o
da

ta

4-
67



D
R

A
FT

 R
EP

O
R

T

D
O

PO
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
D

ev
el

op
m

en
ta

l 
N

eu
ro

to
xi

ci
ty

N
o

da
ta

G
en

ot
ox

ic
ity

L
O

W
: 

E
xp

er
im

en
ta

l s
tu

di
es

 in
di

ca
te

 th
at

 D
O

PO
 is

 n
ot

 g
en

ot
ox

ic
 to

 b
ac

te
ri

a 
or

 m
am

m
al

ia
n 

ce
lls

 in
vi

tr
o.

G
en

e 
M

ut
at

io
n 

in
 v

itr
o 

N
eg

at
iv

e 
in

 A
m

es
 a

ss
ay

 
H

ac
hi

ya
, 1

98
7 

A
de

qu
at

e
G

en
e 

M
ut

at
io

n 
in

 v
iv

o 
N

o
da

ta
C

hr
om

os
om

al
 A

be
rr

at
io

ns
 

in
 v

itr
o 

N
eg

at
iv

e 
in

 C
hi

ne
se

 h
am

st
er

 lu
ng

 c
el

ls
 

w
ith

 a
nd

 w
ith

ou
t a

ct
iv

at
io

n 
R

yu
 e

t a
l.,

 1
99

4 
A

de
qu

at
e

C
hr

om
os

om
al

 A
be

rr
at

io
ns

 
in

 v
iv

o 
N

o
da

ta

D
N

A
 D

am
ag

e 
an

d 
R

ep
ai

r 
N

o
da

ta
O

th
er

 (M
ito

tic
 G

en
e 

C
on

ve
rs

io
n)

N
o

da
ta

Sy
st

em
ic

 E
ff

ec
ts

 
L

O
W

: 
B

as
ed

 o
n 

cl
os

el
y 

re
la

te
d 

an
al

og
s w

ith
 si

m
ila

r 
st

ru
ct

ur
es

, f
un

ct
io

na
l g

ro
up

s, 
an

d 
ph

ys
ic

al
/c

he
m

ic
al

 p
ro

pe
rt

ie
s. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

U
ns

pe
ci

fie
d 

du
ra

tio
n 

re
pe

at
ed

-d
os

e 
st

ud
y,

 ra
t, 

or
al

 d
ie

t, 
ef

fe
ct

s o
n 

“f
ee

d 
re

qu
ire

m
en

t r
at

io
,”

 L
O

A
EL

 =
 1

.5
%

 
di

et
, N

O
A

EL
= 

0.
6%

 d
ie

t 

O
ta

ki
 e

t a
l.,

 1
97

4 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

E
nd

oc
ri

ne
 D

is
ru

pt
io

n 
N

o 
da

ta
 

4-
68



DRAFT REPORT 

References for DOPO 

Leisewitz, A.; Kruse, H.; Schramm, E. Substituting Environmentally Relevant Flame Retardants: 
Assessment Fundamentals. [Online] Deutsche (DE) Bundesministerium für Umwelt, 
Naturschutz und Reaktorsicherheit (BMU, Federal Ministry for the Environment, Nature 
Conservation and Nuclear Safety), 2000. 
http://www.oekorecherche.de/english/berichte/volltext/Flame%20Retardants.pdf.

Boethling, R. S.; Mackay, D. Handbook of property estimation methods for chemicals:
Environmental and health sciences. Lewis Publishers: Boca Raton, FL, 2000. 

Chang, T. C.; Wu, K. H.; Wu, T. R.; Chiu, Y. S. Phosphorus, sulfur silicon. Relat. Elem. 1998,
139, 45-56. 

Chernyshev, E. A.; et al. J. Gen. Chem. 1972, 42, 88-90, Zh.Obshch. Khim. 1972, 42, 93-96. 

EPI (EPIWIN/EPISUITE) Estimations Programs Interface for Windows, Version 3.20. U.S. 
Environmental Protection Agency: Washington, DC. 
http://www.epa.gov/opptintr/exposure/.

Hachiya, N. Evaluation of chemical genotoxicity by a series of short term tests. Akita Igaku 
1987, 14 (2), 269-292. 

International Resources. Material Safety Data Sheet. 2001. 

McEntee, T. E. PC-Nomograph — Programs to enhance PC-GEMS estimates of physical 
properties for organic chemicals. Version 2.0 – EGA/CGA. The Mitre Corporation, MS-
DOS: 12/4/87. 

OncoLogic. U.S. EPA and LogiChem, Inc.: 2005, Version 6.0. 

Otaki, H.; Noro, H.; Takagi, H.; et al. Chronic toxicity experiment of HCA; Experiment report 
no. 3060037; Unpublished report prepared by Nippon Science Feed Association in 
cooperation with Nippon Food Analysis Center for Sanko Co., Ltd.: Tokyo Branch, 1974. 

Ryu, J. C.; Lee, S.; Kim, K. R.; Park, J. Evaluation of the genetic toxicity of synthetic chemicals 
(I). Chromosomal aberration test on Chinese hamster lung cells in vitro. Environ. Mutag. 
Carcinog. 1994, 14 (2), 138-144. 

Wetton, P. M. Acute Toxicity to Killifish (Oryzias latipes); SPL Project No. 1139/072; 
Unpublished report prepared by Safepharm Laboratories Limited. Sanko Co., Ltd.: 1999. 

4-69



D
R

A
FT

 R
EP

O
R

T

4.
2.

4
D

ow
 X

Z-
92

54
7 

R
ec

or
d 

ID
: 

D
ow

 X
Z-

92
54

7 
C

A
S 

N
o.

 
M

W
:

>1
,0

00
 (E

st
im

at
ed

) 
M

F:
Ph

ys
ic

al
 F

or
m

s:
 

So
lid

U
se

: 
Fl

am
e-

re
ta

rd
an

t r
es

in
, 

R
ea

ct
iv

e
SM

IL
E

S:
N

am
e:

Th
e 

re
ac

tio
n 

pr
od

uc
t o

f a
n 

ep
ox

y 
ph

en
yl

 n
ov

ol
ak

 w
ith

 D
O

PO
 

Sy
no

ny
m

s:
L

ife
-C

yc
le

 C
on

si
de

ra
tio

ns
: P

ot
en

tia
l r

el
ea

se
s o

f D
ow

 X
Z-

92
54

7 
to

 th
e 

en
vi

ro
nm

en
t f

ro
m

 it
s u

se
 in

 P
C

B
s m

ay
 o

cc
ur

 a
s f

ug
iti

ve
 e

m
is

si
on

 fr
om

 d
us

t-f
or

m
in

g 
op

er
at

io
ns

 d
ur

in
g 

its
 m

an
uf

ac
tu

re
 o

r s
ub

se
qu

en
t l

oa
di

ng
/u

nl
oa

di
ng

, t
ra

ns
fe

r, 
or

 m
ix

in
g 

op
er

at
io

ns
 d

ur
in

g 
th

e 
pr

od
uc

tio
n 

of
 re

si
ns

 o
r l

am
in

at
es

.  
Th

e 
am

ou
nt

 o
f 

D
ow

 X
Z-

92
54

7,
 a

 fl
am

e-
re

ta
rd

ed
 e

po
xy

 re
si

n,
 th

at
 m

ay
 b

e 
re

le
as

ed
 fr

om
 la

m
in

at
es

 o
r P

C
B

s d
ur

in
g 

th
ei

r p
ro

du
ct

io
n 

an
d 

op
er

at
io

na
l s

ta
ge

s h
as

 n
ot

 b
ee

n 
de

te
rm

in
ed

 q
ua

nt
ita

tiv
el

y;
 h

ow
ev

er
, i

ts
 lo

w
 v

ap
or

 p
re

ss
ur

e 
in

di
ca

te
s t

ha
t i

s n
ot

 li
ke

ly
 to

 u
nd

er
go

 d
ire

ct
 v

ol
at

ili
za

tio
n.

  I
nc

re
as

ed
 h

ea
lth

 h
az

ar
ds

 fo
r t

hi
s r

ea
ct

io
n 

pr
od

uc
t a

ris
e 

fr
om

 th
e 

ep
ox

y 
fu

nc
tio

na
l g

ro
up

s p
re

se
nt

 o
n 

th
e 

po
ly

m
er

 m
ol

ec
ul

es
. D

ow
 X

Z-
92

54
7 

m
ay

 b
e 

re
le

as
ed

 fr
om

 P
C

B
s d

ur
in

g 
its

 d
is

po
sa

l o
r r

ec
yc

lin
g,

 
po

te
nt

ia
lly

 th
ro

ug
h 

du
st

-f
or

m
in

g 
op

er
at

io
ns

 (s
uc

h 
as

 th
e 

sh
re

dd
in

g 
of

 P
C

B
s)

.  
Le

ac
hi

ng
 fr

om
 P

C
B

s d
ep

os
ite

d 
in

 la
nd

fil
ls

 is
 n

ot
 li

ke
ly

 g
iv

en
 it

s l
ow

 w
at

er
 

so
lu

bi
lit

y.
  

D
ow

 X
Z-

92
54

7 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

PH
Y

SI
C

A
L

/C
H

E
M

IC
A

L
 P

R
O

PE
R

T
IE

S 
M

el
tin

g 
Po

in
t (

°C
) 

89
 (M

ea
su

re
d,

 C
on

fid
en

tia
l) 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e 

B
oi

lin
g 

Po
in

t (
°C

) 
> 

40
0 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
V

ap
or

 P
re

ss
ur

e 
(m

m
 H

g)
 

<1
0-6

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
W

at
er

 S
ol

ub
ili

ty
 (g

/L
) 

<1
0-6

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
L

og
 K

ow
N

o
da

ta
Fl

am
m

ab
ili

ty
 (F

la
sh

 P
oi

nt
) 

N
o

da
ta

E
xp

lo
si

vi
ty

N
o

da
ta

pH
N

o
da

ta
D

is
so

ci
at

io
n 

co
ns

ta
nt

 in
 w

at
er

 
Th

is
 p

ol
ym

er
 d

oe
s n

ot
 c

on
ta

in
 

fu
nc

tio
na

l g
ro

up
s t

ha
t w

ou
ld

 b
e 

ex
pe

ct
ed

 to
 io

ni
ze

. 

4-
70



D
R

A
FT

 R
EP

O
R

T

D
ow

 X
Z-

92
54

7 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

E
N

V
IR

O
N

M
E

N
T

A
L

 F
A

T
E

 
T

ra
ns

po
rt

T
he

 e
st

im
at

ed
 n

eg
lig

ib
le

 w
at

er
 so

lu
bi

lit
y 

an
d 

es
tim

at
ed

 n
eg

lig
ib

le
 v

ap
or

 p
re

ss
ur

e 
in

di
ca

te
 th

at
 th

is
 

po
ly

m
er

 is
 a

nt
ic

ip
at

ed
 to

 p
ar

tit
io

n 
pr

ed
om

in
an

tly
 to

 so
il 

an
d 

se
di

m
en

t. 
 T

he
 e

st
im

at
ed

 H
en

ry
’s

 L
aw

 
C

on
st

an
t o

f <
10

-8
 a

tm
-m

3 /m
ol

e 
in

di
ca

te
s t

ha
t i

t i
s n

ot
 e

xp
ec

te
d 

to
 v

ol
at

ili
ze

 fr
om

 w
at

er
 to

 th
e 

at
m

os
ph

er
e.

  T
he

 e
st

im
at

ed
 K

oc
 o

f >
10

,0
00

 in
di

ca
te

s t
ha

t i
t i

s n
ot

 a
nt

ic
ip

at
ed

 to
 m

ig
ra

te
 fr

om
 so

il 
in

to
 

gr
ou

nd
w

at
er

 a
nd

 a
ls

o 
ha

s t
he

 p
ot

en
tia

l t
o 

ad
so

rb
 to

 se
di

m
en

t. 
H

en
ry

’s
 L

aw
 C

on
st

an
t –

 
H

L
C

 (a
tm

- m
3 /m

ol
e)

<1
0-8

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

Se
di

m
en

t/S
oi

l 
A

ds
or

pt
io

n/
D

es
or

pt
io

n
C

oe
ff

ic
ie

nt
 –

 K
oc

>1
0,

00
0 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

B
io

ac
cu

m
ul

at
io

n 
 

L
O

W
: 

B
y 

an
al

og
y 

to
 si

m
ila

r 
po

ly
m

er
s, 

th
e 

la
rg

e 
si

ze
, n

eg
lig

ib
le

 w
at

er
 so

lu
bi

lit
y 

an
d 

po
or

 
bi

oa
va

ila
bi

lit
y 

in
di

ca
te

 th
at

 th
is

 p
ol

ym
er

 sh
ou

ld
 b

e 
of

 lo
w

 h
az

ar
d 

fo
r 

bi
oa

cc
um

ul
at

io
n.

 
Fi

sh
 B

C
F 

<1
00

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

D
ap

hn
id

s B
C

F 
 

N
o 

da
ta

G
re

en
 A

lg
ae

 B
C

F 
 

N
o 

da
ta

O
ys

te
rs

 B
C

F
 

N
o 

da
ta

E
ar

th
w

or
m

s B
C

F 
 

N
o 

da
ta

M
et

ab
ol

is
m

 in
 fi

sh
 

 
N

o 
da

ta
Pe

rs
is

te
nc

e 
H

IG
H

: 
A

lth
ou

gh
 e

xp
er

im
en

ta
l d

at
a 

ar
e 

no
t a

va
ila

bl
e,

 b
y 

an
al

og
y 

to
 si

m
ila

r 
po

ly
m

er
s, 

th
is

 p
ol

ym
er

 is
 

ex
pe

ct
ed

 to
 b

e 
re

ca
lc

itr
an

t t
o 

bi
od

eg
ra

da
tio

n.
  D

eg
ra

da
tio

n 
of

 th
is

 p
ol

ym
er

 b
y 

hy
dr

ol
ys

is
 o

r 
di

re
ct

 
ph

ot
ol

ys
is

 is
 n

ot
 e

xp
ec

te
d 

to
 b

e 
si

gn
ifi

ca
nt

 a
s t

he
 fu

nc
tio

na
l g

ro
up

s p
re

se
nt

 d
o 

no
t t

en
d 

to
 r

ea
di

ly
 

un
de

rg
o 

th
es

e 
re

ac
tio

ns
 u

nd
er

 e
nv

ir
on

m
en

ta
l c

on
di

tio
ns

. 
W

at
er

A
er

ob
ic

 b
io

de
gr

ad
at

io
n 

R
ec

al
ci

tra
nt

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
B

y 
an

al
og

y 
to

 si
m

ila
r p

ol
ym

er
s, 

th
is

 
po

ly
m

er
 is

 e
xp

ec
te

d 
to

 b
e 

re
ca

lc
itr

an
t t

o 
bi

od
eg

ra
da

tio
n.

 
A

na
er

ob
ic

bi
od

eg
ra

da
tio

n
R

ec
al

ci
tra

nt
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

B
y 

an
al

og
y 

to
 si

m
ila

r p
ol

ym
er

s, 
th

is
 

po
ly

m
er

 is
 e

xp
ec

te
d 

to
 b

e 
re

ca
lc

itr
an

t t
o 

bi
od

eg
ra

da
tio

n.
 

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 R

iv
er

 
>1

 y
r (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

4-
71



D
R

A
FT

 R
EP

O
R

T

D
ow

 X
Z-

92
54

7 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 L

ak
e 

>1
 y

r (
Es

tim
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

R
ea

dy
 B

io
de

gr
ad

ab
ili

ty
 

N
ot

 re
ad

y 
bi

od
eg

ra
da

bl
e 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
B

y 
an

al
og

y 
to

 si
m

ila
r p

ol
ym

er
s, 

th
is

 
po

ly
m

er
 is

 e
xp

ec
te

d 
to

 b
e 

re
ca

lc
itr

an
t t

o 
bi

od
eg

ra
da

tio
n.

 
So

il
So

il 
bi

od
eg

ra
da

tio
n 

w
/ 

pr
od

uc
t i

de
nt

ifi
ca

tio
n 

N
o

da
ta

Se
di

m
en

t/w
at

er
 

bi
od

eg
ra

da
tio

n
N

o
da

ta

A
ir

A
tm

os
ph

er
ic

 H
al

f-
lif

e
N

o
da

ta
R

ea
ct

iv
ity

Ph
ot

ol
ys

is
N

ot
 a

 si
gn

ifi
ca

nt
 fa

te
 p

ro
ce

ss
 

(E
st

im
at

ed
) 

B
oe

th
lin

g 
an

d 
M

ac
K

ay
, 2

00
0;

 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

Th
is

 p
ol

ym
er

 d
oe

s n
ot

 c
on

ta
in

 
fu

nc
tio

na
l g

ro
up

s t
ha

t w
ou

ld
 b

e 
ex

pe
ct

ed
 to

 a
bs

or
b 

lig
ht

 a
t 

en
vi

ro
nm

en
ta

lly
 si

gn
ifi

ca
nt

 
w

av
el

en
gt

hs
.

H
yd

ro
ly

si
s

>1
 m

o 
(E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

W
hi

le
 th

is
 p

ol
ym

er
 c

on
ta

in
s a

 
fu

nc
tio

na
l g

ro
up

 w
ith

 th
e 

po
te

nt
ia

l 
to

 h
yd

ro
ly

ze
, t

hi
s g

ro
up

 d
oe

s n
ot

 
re

ad
ily

 h
yd

ro
ly

ze
 u

nd
er

 
en

vi
ro

nm
en

ta
l c

on
di

tio
ns

.  
Th

e 
lo

w
 

w
at

er
 so

lu
bi

lit
y 

of
 th

is
 p

ol
ym

er
 w

ill
 

fu
rth

er
 d

ec
re

as
e 

th
e 

ra
te

 o
f 

hy
dr

ol
ys

is
.  

Py
ro

ly
si

s
N

o 
da

ta
 

B
io

m
on

ito
ri

ng
 

N
o 

da
ta

 

E
C

O
T

O
X

IC
IT

Y
 

E
C

O
SA

R
 C

la
ss

 
N

o 
da

ta
 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

In
so

lu
bl

e 
no

ni
on

ic
 p

ol
ym

er
s a

re
 n

ot
 e

xp
ec

te
d 

to
 b

e 
to

xi
c 

to
 a

qu
at

ic
 sp

ec
ie

s u
nl

es
s t

he
 m

at
er

ia
l i

s 
in

 th
e 

fo
rm

 o
f f

in
el

y 
di

vi
de

d 
pa

rt
ic

le
s. 

 M
os

t o
ft

en
, t

he
 to

xi
ci

ty
 o

f f
in

el
y 

di
vi

de
d 

po
ly

m
er

 p
ar

tic
le

s d
oe

s 
no

t d
ep

en
d 

on
 sp

ec
ifi

c 
re

ac
tiv

e 
st

ru
ct

ur
al

 fe
at

ur
es

, b
ut

 o
cc

ur
s f

ro
m

 o
cc

lu
si

on
 o

f r
es

pi
ra

to
ry

 o
rg

an
s 

su
ch

 a
s g

ill
s. 

Fo
r 

su
ch

 p
ar

tic
le

s, 
to

xi
ci

ty
 ty

pi
ca

lly
 o

cc
ur

s a
t h

ig
h 

co
nc

en
tr

at
io

ns
.  

D
ue

 to
 th

e 
lo

w
 w

at
er

 
so

lu
bi

lit
y 

of
 th

is
 p

ol
ym

er
, t

he
re

 a
re

 e
xp

ec
te

d 
to

 b
e 

no
 e

ff
ec

ts
 a

t s
at

ur
at

io
n 

(N
E

S)
. 

4-
72



D
R

A
FT

 R
EP

O
R

T

D
ow

 X
Z-

92
54

7 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

Fi
sh

 L
C

50
>1

00
 m

g/
L 

or
 N

ES
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

D
ap

hn
id

 L
C

50
>1

00
 m

g/
L 

or
 N

ES
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

G
re

en
 A

lg
ae

 E
C

50
>1

00
 m

g/
L 

or
 N

ES
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

C
hr

on
ic

 T
ox

ic
ity

 
L

O
W

: 
In

so
lu

bl
e 

no
ni

on
ic

 p
ol

ym
er

s a
re

 n
ot

 e
xp

ec
te

d 
to

 b
e 

to
xi

c 
to

 a
qu

at
ic

 sp
ec

ie
s u

nl
es

s t
he

 m
at

er
ia

l i
s 

in
 th

e 
fo

rm
 o

f f
in

el
y 

di
vi

de
d 

pa
rt

ic
le

s. 
 M

os
t o

ft
en

, t
he

 to
xi

ci
ty

 o
f f

in
el

y 
di

vi
de

d 
po

ly
m

er
 p

ar
tic

le
s d

oe
s 

no
t d

ep
en

d 
on

 sp
ec

ifi
c 

re
ac

tiv
e 

st
ru

ct
ur

al
 fe

at
ur

es
, b

ut
 o

cc
ur

s f
ro

m
 o

cc
lu

si
on

 o
f r

es
pi

ra
to

ry
 o

rg
an

s 
su

ch
 a

s g
ill

s. 
Fo

r 
su

ch
 p

ar
tic

le
s, 

to
xi

ci
ty

 ty
pi

ca
lly

 o
cc

ur
s a

t h
ig

h 
co

nc
en

tr
at

io
ns

.  
D

ue
 to

 th
e 

lo
w

 w
at

er
 

so
lu

bi
lit

y 
of

 th
is

 p
ol

ym
er

, t
he

re
 a

re
 e

xp
ec

te
d 

to
 b

e 
no

 e
ff

ec
ts

 a
t s

at
ur

at
io

n.
 

Fi
sh

 C
hV

 
>1

0 
m

g/
L 

or
 N

ES
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

D
ap

hn
id

 C
hV

 
>1

0 
m

g/
L 

or
 N

ES
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

G
re

en
 A

lg
ae

 C
hV

 
>1

0 
m

g/
L 

or
 N

ES
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

H
U

M
A

N
 H

E
A

L
T

H
 E

FF
E

C
T

S 
A

bs
or

pt
io

n
Ty

pi
ca

lly
, p

ol
ym

er
s w

ith
 m

ol
ec

ul
ar

 
w

ei
gh

ts
 g

re
at

er
 th

an
 1

,0
00

 a
re

 
co

ns
id

er
ed

 to
 b

e 
of

 li
m

ite
d 

bi
oa

va
ila

bi
lit

y.
 B

as
ed

 o
n 

th
e 

ph
ys

ic
al

/c
he

m
ic

al
 p

ro
pe

rti
es

, 
ab

so
rp

tio
n 

is
 e

xp
ec

te
d 

to
 b

e 
ne

gl
ig

ib
le

 b
y 

al
l r

ou
te

s f
or

 th
e 

ne
at

 
m

at
er

ia
l a

nd
 p

oo
r b

y 
al

l r
ou

te
s f

or
 th

e 
lo

w
 m

ol
ec

ul
ar

 w
ei

gh
t f

ra
ct

io
n 

if 
in

 
so

lu
tio

n.
 (

Es
tim

at
ed

) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

T
ho

ug
h 

th
e 

av
ai

la
bl

e 
ex

pe
ri

m
en

ta
l s

tu
di

es
 a

re
 n

ot
 su

ff
ic

ie
nt

 to
 a

ss
es

s a
cu

te
 to

xi
ci

ty
, t

he
 w

ei
gh

t 
of

 e
vi

de
nc

e 
in

di
ca

te
s t

ha
t w

he
n 

ad
m

in
is

te
re

d 
or

al
ly

 a
nd

 d
er

m
al

ly
 to

 r
at

s, 
th

is
 p

ol
ym

er
 d

oe
s n

ot
 p

ro
du

ce
 

su
bs

ta
nt

ia
l m

or
ta

lit
y 

at
 le

ve
ls

 u
p 

to
 2

,0
00

 m
g/

kg
. 

A
cu

te
 L

et
ha

lit
y 

O
ra

l
R

at
, o

ra
l L

D
50

 >
20

00
 m

g/
kg

 
(M

ea
su

re
d,

 C
on

fid
en

tia
l) 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

D
er

m
al

 
R

at
, d

er
m

al
 L

D
50

 >
20

00
 m

g/
kg

 
(M

ea
su

re
d,

 C
on

fid
en

tia
l) 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

R
at

, d
er

m
al

 L
D

50
 >

20
00

 m
g/

kg
 

(M
ea

su
re

d,
 C

on
fid

en
tia

l) 
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

 
In

ha
la

tio
n

N
o

da
ta

4-
73



D
R

A
FT

 R
EP

O
R

T

D
ow

 X
Z-

92
54

7 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

O
th

er
 A

cu
te

 
E

ff
ec

ts
 

E
ye

 Ir
ri

ta
tio

n 
N

eg
at

iv
e,

 ra
bb

its
 (M

ea
su

re
d,

 
C

on
fid

en
tia

l)
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

A
de

qu
at

e

N
eg

at
iv

e,
 ra

bb
its

 (M
ea

su
re

d,
 

C
on

fid
en

tia
l)

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

D
er

m
al

 Ir
ri

ta
tio

n 
N

eg
at

iv
e,

 ra
bb

its
 (M

ea
su

re
d,

 
C

on
fid

en
tia

l)
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

A
de

qu
at

e

Po
si

tiv
e,

 ra
bb

its
 (M

ea
su

re
d,

 
C

on
fid

en
tia

l)
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

 
Sk

in
 S

en
si

tiz
at

io
n 

M
O

D
E

R
A

T
E

:  
Po

si
tiv

e 
fo

r 
sk

in
 se

ns
iti

za
tio

n 
in

 g
ui

ne
a 

pi
gs

. 

Se
ns

iti
zi

ng
, g

ui
ne

a 
pi

gs
 (M

ea
su

re
d,

 
C

on
fid

en
tia

l)
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

A
de

qu
at

e

R
ep

ro
du

ct
iv

e 
E

ff
ec

ts
 

M
O

D
E

R
A

T
E

: 
Fo

r 
th

e 
lo

w
 m

ol
ec

ul
ar

 w
ei

gh
t o

lig
om

er
s o

f t
he

 p
ol

ym
er

 (<
1,

00
0)

, b
y 

an
al

og
y 

to
 

co
m

po
un

ds
 w

ith
 si

m
ila

r 
fu

nc
tio

na
l g

ro
up

s. 
 (P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 
R

ep
ro

du
ct

io
n/

 
de

ve
lo

pm
en

ta
l t

ox
ic

ity
 

sc
re

en
 

N
o

da
ta

C
om

bi
ne

d 
re

pe
at

ed
 

do
se

 w
ith

 
re

pr
od

uc
tio

n/
de

ve
lo

pm
 

en
ta

l t
ox

ic
ity

 sc
re

en
 

N
o

da
ta

R
ep

ro
du

ct
io

n 
an

d 
fe

rt
ili

ty
 e

ff
ec

ts
 

N
o

da
ta

D
ev

el
op

m
en

ta
l E

ff
ec

ts
 

M
O

D
E

R
A

T
E

: 
Fo

r 
th

e 
lo

w
 m

ol
ec

ul
ar

 w
ei

gh
t o

lig
om

er
s o

f t
he

 p
ol

ym
er

 (<
1,

00
0)

, b
y 

an
al

og
y 

to
 

co
m

po
un

ds
 w

ith
 si

m
ila

r 
fu

nc
tio

na
l g

ro
up

s. 
 (P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 
R

ep
ro

du
ct

io
n/

 
de

ve
lo

pm
en

ta
l t

ox
ic

ity
 

sc
re

en
 

N
o

da
ta

C
om

bi
ne

d 
re

pe
at

ed
 

do
se

 w
ith

 
re

pr
od

uc
tio

n/
de

ve
l-

op
m

en
ta

l t
ox

ic
ity

 
sc

re
en

 

N
o

da
ta

Pr
en

at
al

 d
ev

el
op

m
en

t 
N

o
da

ta

4-
74



D
R

A
FT

 R
EP

O
R

T

D
ow

 X
Z-

92
54

7 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

C
ar

ci
no

ge
ni

ci
ty

M
O

D
E

R
A

T
E

: 
Fo

r 
th

e 
lo

w
 m

ol
ec

ul
ar

 w
ei

gh
t o

lig
om

er
s o

f t
he

 p
ol

ym
er

 (<
1,

00
0)

, b
y 

an
al

og
y 

to
 

co
m

po
un

ds
 w

ith
 si

m
ila

r 
fu

nc
tio

na
l g

ro
up

s. 
 (P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 
O

nc
oL

og
ic

 R
es

ul
ts

 
N

o
da

ta
C

ar
ci

no
ge

ni
ci

ty
 (r

at
 

an
d 

m
ou

se
) 

N
o

da
ta

C
om

bi
ne

d 
ch

ro
ni

c 
to

xi
ci

ty
/c

ar
ci

no
ge

ni
ci

ty
N

o
da

ta

Im
m

un
ot

ox
ic

ity
L

O
W

: 
B

y 
an

al
og

y 
to

 st
ru

ct
ur

al
ly

 si
m

ila
r 

po
ly

m
er

s. 
 (P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 

Im
m

un
e 

sy
st

em
 e

ff
ec

ts
 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
L

O
W

: 
B

y 
an

al
og

y 
to

 st
ru

ct
ur

al
ly

 si
m

ila
r 

po
ly

m
er

s. 
 (P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 
A

cu
te

 a
nd

 2
8-

da
y 

de
la

ye
d 

ne
ur

ot
ox

ic
ity

 
of

 o
rg

an
op

ho
sp

ho
ru

s 
su

bs
ta

nc
es

 (h
en

) 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
 sc

re
en

in
g 

ba
tt

er
y 

(a
du

lt)
 

N
o

da
ta

D
ev

el
op

m
en

ta
l 

ne
ur

ot
ox

ic
ity

N
o

da
ta

G
en

ot
ox

ic
ity

M
O

D
E

R
A

T
E

: 
Fo

r 
th

e 
lo

w
 m

ol
ec

ul
ar

 w
ei

gh
t o

lig
om

er
s o

f t
he

 p
ol

ym
er

 (<
1,

00
0)

, b
y 

an
al

og
y 

to
 

co
nf

id
en

tia
l s

tu
di

es
 su

bm
itt

ed
 o

n 
a 

cl
os

el
y 

re
la

te
d 

an
al

og
. (

Pr
of

es
si

on
al

 ju
dg

m
en

t)
 

G
en

e 
m

ut
at

io
n 

in
 v

itr
o 

N
o

da
ta

G
en

e 
m

ut
at

io
n 

in
 v

iv
o 

N
o

da
ta

C
hr

om
os

om
al

ab
er

ra
tio

ns
 in

 v
itr

o 
N

o
da

ta

C
hr

om
os

om
al

ab
er

ra
tio

ns
 in

 v
iv

o 
N

o
da

ta

D
N

A
 d

am
ag

e 
an

d 
re

pa
ir

N
o

da
ta

O
th

er
 (M

ito
tic

 G
en

e 
C

on
ve

rs
io

n)
N

o
da

ta

Sy
st

em
ic

 E
ff

ec
ts

 
L

O
W

: 
B

y 
an

al
og

y 
to

 st
ru

ct
ur

al
ly

 si
m

ila
r 

po
ly

m
er

s. 
 (P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 
N

o
da

ta

4-
75



D
R

A
FT

 R
EP

O
R

T

D
ow

 X
Z-

92
54

7 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

E
nd

oc
ri

ne
 D

is
ru

pt
io

n 
N

o 
da

ta
 

4-
76



DRAFT REPORT 

References for Dow XZ-92547 

Boethling, R. S.; Mackay, D. Handbook of property estimation methods for chemicals: 
Environmental and health sciences. Lewis Publishers: Boca Raton, FL, 2000. 

4-77



D
R

A
FT

 R
EP

O
R

T 

4.
2.

5
Fy

ro
l P

M
P 

Fy
ro

l P
M

P 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

PH
Y

SI
C

A
L

/C
H

E
M

IC
A

L
 P

R
O

PE
R

T
IE

S 
M

el
tin

g 
Po

in
t (

°C
) 

52
 (M

ea
su

re
d,

 C
on

fid
en

tia
l) 

A
de

qu
at

e
B

oi
lin

g 
Po

in
t (

°C
) 

>4
00

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
V

ap
or

 P
re

ss
ur

e 
(m

m
 H

g)
 

<1
0-6

(E
st

im
at

ed
)  

Pr
of

es
si

on
al

 ju
dg

m
en

t 
W

at
er

 S
ol

ub
ili

ty
 (g

/L
) 

<1
0-6

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
L

og
 K

ow
N

o
da

ta
Fl

am
m

ab
ili

ty
 (F

la
sh

 P
oi

nt
) 

N
o

da
ta

E
xp

lo
si

vi
ty

N
o

da
ta

pH
N

o
da

ta
D

is
so

ci
at

io
n 

C
on

st
an

t i
n 

W
at

er
 

N
o

da
ta

R
ec

or
d 

ID
:  

Fy
ro

l P
M

P 
 

C
A

S 
N

o.
 

M
W

:
>1

,0
00

 (M
ea

su
re

d)
 

M
F:

Ph
ys

ic
al

 F
or

m
s:

 S
ol

id
O

H
O

P
OO

O
P

O O

O
H

n
U

se
:

Fl
am

e 
re

ta
rd

an
t, 

R
ea

ct
iv

e 

SM
IL

E
S:

N
am

e:
 A

ry
l a

lk
yl

ph
os

ph
on

at
e,

 P
ol

y(
m

-p
he

ny
le

ne
 m

et
hy

lp
ho

sp
ho

na
te

) 
Sy

no
ny

m
s:

 F
yr

ol
fle

x 
PM

P 
L

ife
-C

yc
le

 C
on

si
de

ra
tio

ns
: 

Po
te

nt
ia

l r
el

ea
se

s o
f F

yr
ol

 P
M

P 
to

 th
e 

en
vi

ro
nm

en
t f

ro
m

 it
s u

se
 in

 P
C

B
s m

ay
 o

cc
ur

 a
s f

ug
iti

ve
 e

m
is

si
on

 fr
om

 d
us

t-f
or

m
in

g 
op

er
at

io
ns

 d
ur

in
g 

its
 m

an
uf

ac
tu

re
 o

r s
ub

se
qu

en
t l

oa
di

ng
/u

nl
oa

di
ng

, t
ra

ns
fe

r, 
or

 m
ix

in
g 

op
er

at
io

ns
 d

ur
in

g 
th

e 
pr

od
uc

tio
n 

of
 re

si
ns

 o
r l

am
in

at
es

.  
Th

e 
am

ou
nt

 o
f 

Fy
ro

l P
M

P,
 a

n 
ad

di
tiv

e 
fla

m
e 

re
ta

rd
an

t, 
w

hi
ch

 m
ay

 b
e 

re
le

as
ed

 fr
om

 re
si

ns
, l

am
in

at
es

, o
r P

C
B

s d
ur

in
g 

th
ei

r p
ro

du
ct

io
n 

an
d 

op
er

at
io

na
l s

ta
ge

s, 
ha

s n
ot

 b
ee

n 
de

te
rm

in
ed

 q
ua

nt
ita

tiv
el

y;
 h

ow
ev

er
, i

ts
 lo

w
 v

ap
or

 p
re

ss
ur

e 
in

di
ca

te
s t

ha
t i

s n
ot

 li
ke

ly
 to

 u
nd

er
go

 d
ire

ct
 v

ol
at

ili
za

tio
n.

  T
hi

s a
ss

es
sm

en
t c

on
si

de
re

d 
lo

w
er

 
m

ol
ec

ul
ar

 w
ei

gh
t (

<5
00

) c
om

po
ne

nt
s t

ha
t m

ay
 b

e 
pr

es
en

t i
n 

th
e 

po
ly

m
er

ic
 m

ix
tu

re
.  

Fy
ro

l P
M

P 
m

ay
 b

e 
re

le
as

ed
 fr

om
 P

C
B

s d
ur

in
g 

its
 d

is
po

sa
l o

r r
ec

yc
lin

g,
 

po
te

nt
ia

lly
 th

ro
ug

h 
du

st
-f

or
m

in
g 

op
er

at
io

ns
 (s

uc
h 

as
 th

e 
sh

re
dd

in
g 

of
 P

C
B

s)
.  

Le
ac

hi
ng

 fr
om

 P
C

B
s d

ep
os

ite
d 

in
 la

nd
fil

ls
 is

 n
ot

 li
ke

ly
 g

iv
en

 it
s l

ow
 w

at
er

 
so

lu
bi

lit
y.

  

4-
78



D
R

A
FT

 R
EP

O
R

T

Fy
ro

l P
M

P 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

E
N

V
IR

O
N

M
E

N
T

A
L

 F
A

T
E

 
T

ra
ns

po
rt

T
he

 e
st

im
at

ed
 n

eg
lig

ib
le

 w
at

er
 so

lu
bi

lit
y 

an
d 

es
tim

at
ed

 n
eg

lig
ib

le
 v

ap
or

 p
re

ss
ur

e 
in

di
ca

te
 th

at
 th

is
 

po
ly

m
er

 is
 a

nt
ic

ip
at

ed
 to

 p
ar

tit
io

n 
pr

ed
om

in
an

tly
 to

 so
il 

an
d 

se
di

m
en

t. 
 T

he
 e

st
im

at
ed

 H
en

ry
’s

 L
aw

 
C

on
st

an
t o

f <
10

-8
 a

tm
-m

3 /m
ol

e 
in

di
ca

te
s t

ha
t i

t i
s n

ot
 e

xp
ec

te
d 

to
 v

ol
at

ili
ze

 fr
om

 w
at

er
 to

 th
e 

at
m

os
ph

er
e.

  T
he

 e
st

im
at

ed
 K

oc
 o

f >
10

,0
00

 in
di

ca
te

s t
ha

t i
t i

s n
ot

 a
nt

ic
ip

at
ed

 to
 m

ig
ra

te
 fr

om
 so

il 
in

to
 

gr
ou

nd
w

at
er

 a
nd

 a
ls

o 
ha

s t
he

 p
ot

en
tia

l t
o 

ad
so

rb
 to

 se
di

m
en

t.
 

H
en

ry
’s

 L
aw

 
C

on
st

an
t –

 H
L

C
 

(a
tm

-m
3 /m

ol
e)

 

<1
0-8

 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

 
Se

di
m

en
t/S

oi
l 

A
ds

or
pt

io
n/

D
es

or
pt

io
n

C
oe

ff
ic

ie
nt

 –
 K

oc

>1
00

,0
00

Pr
of

es
si

on
al

ju
dg

m
en

t 

B
io

ac
cu

m
ul

at
io

n 
 

L
O

W
: 

B
y 

an
al

og
y 

to
 si

m
ila

r 
po

ly
m

er
s, 

th
e 

la
rg

e 
si

ze
, n

eg
lig

ib
le

 w
at

er
 so

lu
bi

lit
y 

an
d 

po
or

 
bi

oa
va

ila
bi

lit
y 

in
di

ca
te

 th
at

 th
is

 p
ol

ym
er

 sh
ou

ld
 b

e 
of

 lo
w

 h
az

ar
d 

fo
r 

bi
oa

cc
um

ul
at

io
n.

 
Fi

sh
 B

C
F 

<1
00

Pr
of

es
si

on
al

 ju
dg

m
en

t 
D

ap
hn

id
s B

C
F 

N
o

da
ta

G
re

en
 A

lg
ae

 B
C

F 
 

N
o 

da
ta

O
ys

te
rs

 B
C

F
 

N
o 

da
ta

E
ar

th
w

or
m

s B
C

F 
 

N
o 

da
ta

M
et

ab
ol

is
m

 in
 F

is
h 

 
N

o 
da

ta
Pe

rs
is

te
nc

e 
H

IG
H

: 
A

lth
ou

gh
 e

xp
er

im
en

ta
l d

at
a 

ar
e 

no
t a

va
ila

bl
e,

 b
y 

an
al

og
y 

to
 si

m
ila

r 
po

ly
m

er
s, 

th
is

 p
ol

ym
er

 is
 

ex
pe

ct
ed

 to
 b

e 
re

ca
lc

itr
an

t t
o 

bi
od

eg
ra

da
tio

n.
  D

eg
ra

da
tio

n 
of

 th
is

 p
ol

ym
er

 b
y 

hy
dr

ol
ys

is
 o

r 
di

re
ct

 
ph

ot
ol

ys
is

 is
 n

ot
 e

xp
ec

te
d 

to
 b

e 
si

gn
ifi

ca
nt

 a
s t

he
 fu

nc
tio

na
l g

ro
up

s p
re

se
nt

 d
o 

no
t t

en
d 

to
 u

nd
er

go
 th

es
e 

re
ac

tio
ns

 u
nd

er
 e

nv
ir

on
m

en
ta

l c
on

di
tio

ns
. 

W
at

er
A

er
ob

ic
B

io
de

gr
ad

at
io

n
R

ec
al

ci
tra

nt
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

B
y 

an
al

og
y 

to
 si

m
ila

r p
ol

ym
er

s, 
th

is
 p

ol
ym

er
 is

 e
xp

ec
te

d 
to

 b
e 

re
ca

lc
itr

an
t t

o 
bi

od
eg

ra
da

tio
n.

 
A

na
er

ob
ic

B
io

de
gr

ad
at

io
n

R
ec

al
ci

tra
nt

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
B

y 
an

al
og

y 
to

 si
m

ila
r p

ol
ym

er
s, 

th
is

 p
ol

ym
er

 is
 e

xp
ec

te
d 

to
 b

e 
re

ca
lc

itr
an

t t
o 

bi
od

eg
ra

da
tio

n.
 

4-
79



D
R

A
FT

 R
EP

O
R

T

Fy
ro

l P
M

P 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 R

iv
er

 
>1

 y
ea

r (
Es

tim
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 L

ak
e 

>1
 y

ea
r (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

R
ea

dy
B

io
de

gr
ad

ab
ili

ty
 

N
ot

 re
ad

y 
bi

od
eg

ra
da

bl
e 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
B

y 
an

al
og

y 
to

 si
m

ila
r p

ol
ym

er
s, 

th
is

 p
ol

ym
er

 is
 e

xp
ec

te
d 

to
 b

e 
re

ca
lc

itr
an

t t
o 

bi
od

eg
ra

da
tio

n.
 

So
il

So
il 

B
io

de
gr

ad
at

io
n 

w
/ P

ro
du

ct
 

Id
en

tif
ic

at
io

n

 
N

o 
da

ta

Se
di

m
en

t/W
at

er
 

B
io

de
gr

ad
at

io
n

 
N

o 
da

ta

A
ir

A
tm

os
ph

er
ic

 H
al

f-
lif

e
 

N
o 

da
ta

R
ea

ct
iv

ity
Ph

ot
ol

ys
is

N
ot

 a
 si

gn
ifi

ca
nt

 fa
te

 p
ro

ce
ss

 
(E

st
im

at
ed

) 
B

oe
th

lin
g 

an
d 

M
ck

ay
, 2

00
0;

 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

Th
is

 p
ol

ym
er

 d
oe

s n
ot

 c
on

ta
in

 
fu

nc
tio

na
l g

ro
up

s t
ha

t w
ou

ld
 b

e 
ex

pe
ct

ed
 to

 a
bs

or
b 

lig
ht

 a
t 

en
vi

ro
nm

en
ta

lly
 si

gn
ifi

ca
nt

 
w

av
el

en
gt

hs
.

H
yd

ro
ly

si
s

>1
 y

ea
r (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

Th
is

 p
ol

ym
er

 d
oe

s n
ot

 c
on

ta
in

 
fu

nc
tio

na
l g

ro
up

s t
ha

t w
ou

ld
 b

e 
ex

pe
ct

ed
 to

 h
yd

ro
ly

ze
 u

nd
er

 
en

vi
ro

nm
en

ta
l c

on
di

tio
ns

.  
Py

ro
ly

si
s

 
N

o 
da

ta
B

io
m

on
ito

ri
ng

 
N

o 
da

ta
 

E
C

O
T

O
X

IC
IT

Y
 

E
C

O
SA

R
 C

la
ss

 
N

o 
da

ta
 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

In
so

lu
bl

e 
no

ni
on

ic
 p

ol
ym

er
s a

re
 n

ot
 e

xp
ec

te
d 

to
 b

e 
to

xi
c 

un
le

ss
 th

e 
m

at
er

ia
l i

s i
n 

th
e 

fo
rm

 o
f 

fin
el

y 
di

vi
de

d 
pa

rt
ic

le
s. 

M
os

t o
ft

en
, t

he
 to

xi
ci

ty
 o

f f
in

el
y 

di
vi

de
d 

po
ly

m
er

 p
ar

tic
le

s d
oe

s n
ot

 d
ep

en
d 

on
 

sp
ec

ifi
c 

re
ac

tiv
e 

st
ru

ct
ur

al
 fe

at
ur

es
, b

ut
 o

cc
ur

s f
ro

m
 o

cc
lu

si
on

 o
f r

es
pi

ra
to

ry
 o

rg
an

s s
uc

h 
as

 g
ill

s. 
 F

or
 

su
ch

 p
ar

tic
le

s, 
to

xi
ci

ty
 ty

pi
ca

lly
 o

cc
ur

s a
t h

ig
h 

co
nc

en
tr

at
io

ns
.  

D
ue

 to
 th

e 
lo

w
 w

at
er

 so
lu

bi
lit

y 
of

 th
e 

po
ly

m
er

, t
he

re
 a

re
 e

xp
ec

te
d 

to
 b

e 
no

 e
ff

ec
ts

 a
t s

at
ur

at
io

n.
 

Fi
sh

 L
C

50
>1

00
 m

g/
L 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

4-
80



D
R

A
FT

 R
EP

O
R

T

Fy
ro

l P
M

P 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

D
ap

hn
id

 L
C

50
>1

00
 m

g/
L 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
G

re
en

 A
lg

ae
 E

C
50

>1
00

 m
g/

L 
(E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

C
hr

on
ic

 T
ox

ic
ity

 
L

O
W

: 
In

so
lu

bl
e 

no
ni

on
ic

 p
ol

ym
er

s a
re

 n
ot

 e
xp

ec
te

d 
to

 b
e 

to
xi

c 
un

le
ss

 th
e 

m
at

er
ia

l i
s i

n 
th

e 
fo

rm
 o

f 
fin

el
y 

di
vi

de
d 

pa
rt

ic
le

s. 
M

os
t o

ft
en

, t
he

 to
xi

ci
ty

 o
f f

in
el

y 
di

vi
de

d 
po

ly
m

er
 p

ar
tic

le
s d

oe
s n

ot
 d

ep
en

d 
on

 
sp

ec
ifi

c 
re

ac
tiv

e 
st

ru
ct

ur
al

 fe
at

ur
es

, b
ut

 o
cc

ur
s f

ro
m

 o
cc

lu
si

on
 o

f r
es

pi
ra

to
ry

 o
rg

an
s s

uc
h 

as
 g

ill
s. 

 F
or

 
su

ch
 p

ar
tic

le
s, 

to
xi

ci
ty

 ty
pi

ca
lly

 o
cc

ur
s a

t h
ig

h 
co

nc
en

tr
at

io
ns

.  
D

ue
 to

 th
e 

lo
w

 w
at

er
 so

lu
bi

lit
y 

of
 th

e 
po

ly
m

er
, t

he
re

 a
re

 e
xp

ec
te

d 
to

 b
e 

no
 e

ff
ec

ts
 a

t s
at

ur
at

io
n.

 
Fi

sh
 C

hV
 

>1
0 

m
g/

L 
(E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

D
ap

hn
id

 C
hV

 
>1

0 
m

g/
L 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
G

re
en

 A
lg

ae
 C

hV
 

>1
0 

m
g/

L 
(E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

H
U

M
A

N
 H

E
A

L
T

H
 E

FF
E

C
T

S 
A

bs
or

pt
io

n
Ty

pi
ca

lly
, p

ol
ym

er
s w

ith
 m

ol
ec

ul
ar

 
w

ei
gh

ts
 g

re
at

er
 th

an
 1

00
0 

ar
e 

co
ns

id
er

ed
 to

 b
e 

of
 li

m
ite

d 
bi

oa
va

ila
bi

lit
y.

 B
as

ed
 o

n 
th

e 
ph

ys
ic

al
/c

he
m

ic
al

 p
ro

pe
rti

es
, 

ab
so

rp
tio

n 
is

 e
xp

ec
te

d 
to

 b
e 

ne
gl

ig
ib

le
 

by
 a

ll 
ro

ut
es

 fo
r t

he
 n

ea
t m

at
er

ia
l a

nd
 

po
or

 b
y 

al
l r

ou
te

s f
or

 th
e 

lo
w

 m
ol

ec
ul

ar
 

w
ei

gh
t f

ra
ct

io
n 

if 
in

 so
lu

tio
n.

  
(E

st
im

at
ed

) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

B
as

ed
 o

n 
th

e 
m

ol
ec

ul
ar

 w
ei

gh
t a

nd
 b

y 
an

al
og

y 
to

 st
ru

ct
ur

al
ly

 si
m

ila
r 

po
ly

m
er

s. 
(P

ro
fe

ss
io

na
l 

ju
dg

m
en

t)
A

cu
te

 L
et

ha
lit

y 
O

ra
l

N
o

da
ta

D
er

m
al

 
N

o
da

ta
In

ha
la

tio
n

N
o

da
ta

O
th

er
 A

cu
te

 
E

ff
ec

ts
 

E
ye

 Ir
ri

ta
tio

n 
N

eg
at

iv
e,

 ra
bb

its
 (M

ea
su

re
d,

 
C

on
fid

en
tia

l)
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

 
D

er
m

al
 Ir

ri
ta

tio
n 

N
o

da
ta

Sk
in

 S
en

si
tiz

at
io

n 
L

O
W

: 
N

eg
at

iv
e 

fo
r 

sk
in

 se
ns

iti
za

tio
n 

in
 g

ui
ne

a 
pi

gs
. 

N
on

-s
en

si
tiz

in
g,

 g
ui

ne
a 

pi
gs

 
(M

ea
su

re
d,

 C
on

fid
en

tia
l) 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

4-
81



D
R

A
FT

 R
EP

O
R

T

Fy
ro

l P
M

P 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

R
ep

ro
du

ct
iv

e 
E

ff
ec

ts
 

L
O

W
: 

B
as

ed
 o

n 
th

e 
m

ol
ec

ul
ar

 w
ei

gh
t a

nd
 b

y 
an

al
og

y 
to

 st
ru

ct
ur

al
ly

 si
m

ila
r 

po
ly

m
er

s. 
(P

ro
fe

ss
io

na
l 

ju
dg

m
en

t)
R

ep
ro

du
ct

io
n/

 
D

ev
el

op
m

en
ta

l 
T

ox
ic

ity
 S

cr
ee

n 

N
o

da
ta

C
om

bi
ne

d 
R

ep
ea

te
d 

D
os

e 
w

ith
 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l 

T
ox

ic
ity

 S
cr

ee
n 

N
o

da
ta

R
ep

ro
du

ct
io

n 
an

d 
Fe

rt
ili

ty
 E

ff
ec

ts
 

N
o

da
ta

D
ev

el
op

m
en

ta
l E

ff
ec

ts
 

L
O

W
: 

B
as

ed
 o

n 
th

e 
m

ol
ec

ul
ar

 w
ei

gh
t a

nd
 b

y 
an

al
og

y 
to

 st
ru

ct
ur

al
ly

 si
m

ila
r 

po
ly

m
er

s. 
(P

ro
fe

ss
io

na
l 

ju
dg

m
en

t)
R

ep
ro

du
ct

io
n/

 
D

ev
el

op
m

en
ta

l 
T

ox
ic

ity
 S

cr
ee

n 

N
o

da
ta

C
om

bi
ne

d 
R

ep
ea

te
d 

D
os

e 
w

ith
 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l 

T
ox

ic
ity

 S
cr

ee
n 

N
o

da
ta

Pr
en

at
al

 D
ev

el
op

m
en

t 
N

o
da

ta
C

ar
ci

no
ge

ni
ci

ty
L

O
W

: 
B

as
ed

 o
n 

th
e 

m
ol

ec
ul

ar
 w

ei
gh

t a
nd

 b
y 

an
al

og
y 

to
 st

ru
ct

ur
al

ly
 si

m
ila

r 
po

ly
m

er
s. 

(P
ro

fe
ss

io
na

l 
ju

dg
m

en
t)

O
nc

oL
og

ic
 R

es
ul

ts
 

N
o

da
ta

C
ar

ci
no

ge
ni

ci
ty

 (R
at

 
an

d 
M

ou
se

) 
N

o
da

ta

C
om

bi
ne

d 
C

hr
on

ic
 

T
ox

ic
ity

/
C

ar
ci

no
ge

ni
ci

ty

N
o

da
ta

4-
82



D
R

A
FT

 R
EP

O
R

T

Fy
ro

l P
M

P 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

Im
m

un
ot

ox
ic

ity
L

O
W

: 
B

as
ed

 o
n 

th
e 

m
ol

ec
ul

ar
 w

ei
gh

t a
nd

 b
y 

an
al

og
y 

to
 st

ru
ct

ur
al

ly
 si

m
ila

r 
po

ly
m

er
s. 

(P
ro

fe
ss

io
na

l 
ju

dg
m

en
t)

 
Im

m
un

e 
Sy

st
em

E
ff

ec
ts

 
N

o
da

ta

N
eu

ro
to

xi
ci

ty
L

O
W

: 
B

as
ed

 o
n 

th
e 

m
ol

ec
ul

ar
 w

ei
gh

t a
nd

 b
y 

an
al

og
y 

to
 st

ru
ct

ur
al

ly
 si

m
ila

r 
po

ly
m

er
s. 

(P
ro

fe
ss

io
na

l 
ju

dg
m

en
t)

A
cu

te
 a

nd
 2

8-
da

y 
D

el
ay

ed
 N

eu
ro

to
xi

ci
ty

 
of

 O
rg

an
op

ho
sp

ho
ru

s 
Su

bs
ta

nc
es

 (H
en

) 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
Sc

re
en

in
g 

B
at

te
ry

 
(A

du
lt)

N
o

da
ta

D
ev

el
op

m
en

ta
l 

N
eu

ro
to

xi
ci

ty
N

o
da

ta

G
en

ot
ox

ic
ity

L
O

W
: 

B
as

ed
 o

n 
th

e 
m

ol
ec

ul
ar

 w
ei

gh
t a

nd
 b

y 
an

al
og

y 
to

 st
ru

ct
ur

al
ly

 si
m

ila
r 

po
ly

m
er

s. 
(P

ro
fe

ss
io

na
l 

ju
dg

m
en

t)
G

en
e 

M
ut

at
io

n 
in

 
vi

tr
o

N
o

da
ta

G
en

e 
M

ut
at

io
n 

in
 v

iv
o 

N
o

da
ta

C
hr

om
os

om
al

A
be

rr
at

io
ns

 in
 v

itr
o 

N
o

da
ta

C
hr

om
os

om
al

A
be

rr
at

io
ns

 in
 v

iv
o 

N
o

da
ta

D
N

A
 D

am
ag

e 
an

d 
R

ep
ai

r
N

o
da

ta

O
th

er
 (M

ito
tic

 G
en

e 
C

on
ve

rs
io

n)
N

o
da

ta

Sy
st

em
ic

 E
ff

ec
ts

 
L

O
W

: 
B

as
ed

 o
n 

th
e 

m
ol

ec
ul

ar
 w

ei
gh

t a
nd

 b
y 

an
al

og
y 

to
 st

ru
ct

ur
al

ly
 si

m
ila

r 
po

ly
m

er
s. 

(P
ro

fe
ss

io
na

l 
ju

dg
m

en
t)

N
o

da
ta

E
nd

oc
ri

ne
 D

is
ru

pt
io

n 
N

o 
da

ta
 

4-
83



DRAFT REPORT 

References for Fyrol PMP 

Boethling, R. S.; Mackay, D. Handbook of property estimation methods for chemicals: 
Environmental and health sciences; Lewis Publishers: Boca Raton, FL, 2000. 

4-84



D
R

A
FT

 R
EP

O
R

T

4.
2.

6
R

ea
ct

io
n 

Pr
od

uc
t o

f F
yr

ol
 P

M
P 

w
ith

 B
is

ph
en

ol
 A

, P
ol

ym
er

 w
ith

 E
pi

ch
lo

ro
hy

dr
in

 

R
ec

or
d 

ID
: 

C
A

S 
N

o.
 

M
W

: 
>1

00
0 

(E
st

im
at

ed
) 

M
F:

Ph
ys

ic
al

 F
or

m
s:

 
So

lid
O

O
O

O
P

O
O

O
H

O
O

O

O
O

O
O

O
O

O
O

O
P

O
O

O
H

n
n

n

n

m

U
se

: 
Fl

am
e-

re
ta

rd
an

t r
es

in
, 

R
ea

ct
iv

e

SM
IL

E
S:

N
am

e:
 R

ea
ct

io
n 

pr
od

uc
t o

f F
yr

ol
 P

M
P 

w
ith

 b
is

ph
en

ol
 A

, p
ol

ym
er

 w
ith

 e
pi

ch
lo

ro
hy

dr
in

 (R
ep

re
se

nt
at

iv
e 

Fy
ro

l P
C

B
 R

es
in

)
Sy

no
ny

m
s:

R
ep

re
se

nt
at

iv
e 

Fy
ro

l P
C

B
 R

es
in

 
L

ife
-C

yc
le

 C
on

si
de

ra
tio

ns
: 

A
 li

fe
 c

yc
le

 a
ss

es
sm

en
t o

f t
he

 re
ac

tio
n 

pr
od

uc
t o

f t
hi

s r
ep

re
se

nt
at

iv
e 

re
si

n 
su

gg
es

ts
 th

at
 p

ot
en

tia
l r

el
ea

se
s t

o 
th

e 
en

vi
ro

nm
en

t f
ro

m
 

its
 u

se
 in

 P
C

B
s m

ay
 o

cc
ur

 d
ur

in
g 

du
st

-f
or

m
in

g 
op

er
at

io
ns

 d
ur

in
g 

its
 m

an
uf

ac
tu

re
 o

r s
ub

se
qu

en
t l

oa
di

ng
/u

nl
oa

di
ng

, t
ra

ns
fe

r, 
or

 m
ix

in
g 

op
er

at
io

ns
 (t

ho
se

 th
at

 
oc

cu
r b

ef
or

e 
its

 in
co

rp
or

at
io

n 
in

to
 th

e 
la

m
in

at
e 

or
 P

C
B

). 
 In

cr
ea

se
d 

he
al

th
 h

az
ar

ds
 fo

r t
hi

s r
ea

ct
io

n 
pr

od
uc

t a
ris

e 
fr

om
 th

e 
ep

ox
y 

fu
nc

tio
na

l g
ro

up
s p

re
se

nt
 o

n 
th

e 
po

ly
m

er
 m

ol
ec

ul
es

.  
Th

er
e 

m
ay

 b
e 

un
re

ac
te

d 
re

ac
tio

n 
pr

od
uc

t o
f t

hi
s r

ep
re

se
nt

at
iv

e 
re

si
n 

pr
es

en
t i

n 
th

e 
la

m
in

at
e 

an
d 

su
bs

eq
ue

nt
ly

, t
he

 P
C

B
s p

ro
du

ce
d.

  T
he

 
am

ou
nt

 o
f f

re
e 

re
ac

tio
n 

pr
od

uc
t o

f t
hi

s r
ep

re
se

nt
at

iv
e 

re
si

n 
is

 g
en

er
al

ly
 a

nt
ic

ip
at

ed
 to

 b
e 

lo
w

 g
iv

en
 th

at
 it

 is
 in

co
rp

or
at

ed
 a

s a
 re

ac
tiv

e 
fla

m
e 

re
ta

rd
an

t a
lth

ou
gh

 
qu

an
tit

at
iv

e 
da

ta
 o

n 
th

e 
am

ou
nt

 o
f f

re
e 

m
at

er
ia

l t
ha

t m
ay

 b
e 

pr
es

en
t a

re
 c

ur
re

nt
ly

 n
ot

 a
va

ila
bl

e.
 

R
ea

ct
io

n 
pr

od
uc

t o
f F

yr
ol

 P
M

P 
w

ith
 b

is
ph

en
ol

 A
, p

ol
ym

er
 w

ith
 e

pi
ch

lo
ro

hy
dr

in
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
PH

Y
SI

C
A

L
/C

H
E

M
IC

A
L

 P
R

O
PE

R
T

IE
S 

M
el

tin
g 

Po
in

t (
°C

) 
N

o
da

ta
B

oi
lin

g 
Po

in
t (

°C
) 

>4
00

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
V

ap
or

 P
re

ss
ur

e 
(m

m
 H

g)
 

<1
0-6

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
W

at
er

 S
ol

ub
ili

ty
 (g

/L
) 

<1
0-6

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
L

og
 K

ow
N

o
da

ta
Fl

am
m

ab
ili

ty
 (F

la
sh

 P
oi

nt
) 

N
o

da
ta

E
xp

lo
si

vi
ty

N
o

da
ta

pH
N

o
da

ta

4-
85



D
R

A
FT

 R
EP

O
R

T

R
ea

ct
io

n 
pr

od
uc

t o
f F

yr
ol

 P
M

P 
w

ith
 b

is
ph

en
ol

 A
, p

ol
ym

er
 w

ith
 e

pi
ch

lo
ro

hy
dr

in
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
E

N
V

IR
O

N
M

E
N

T
A

L
 F

A
T

E
 

T
ra

ns
po

rt
T

he
 e

st
im

at
ed

 n
eg

lig
ib

le
 w

at
er

 so
lu

bi
lit

y,
 th

e 
es

tim
at

ed
 n

eg
lig

ib
le

 v
ap

or
 p

re
ss

ur
e 

an
d 

th
e 

es
tim

at
ed

 
K

oc
 o

f >
10

0,
00

0 
in

di
ca

te
 th

at
 th

is
 p

ol
ym

er
 is

 a
nt

ic
ip

at
ed

 to
 p

ar
tit

io
n 

pr
ed

om
in

an
tly

 to
 so

il 
an

d 
se

di
m

en
t. 

T
he

 e
st

im
at

ed
 H

en
ry

’s
 L

aw
 C

on
st

an
t o

f <
10

-8
 a

tm
-m

3 /m
ol

e 
in

di
ca

te
s t

ha
t i

t i
s n

ot
 e

xp
ec

te
d 

to
 v

ol
at

ili
ze

 fr
om

 w
at

er
 to

 th
e 

at
m

os
ph

er
e.

  T
he

 e
st

im
at

ed
 K

oc
 o

f >
10

0,
00

0 
in

di
ca

te
s t

ha
t i

t i
s n

ot
 

an
tic

ip
at

ed
 to

 m
ig

ra
te

 fr
om

 so
il 

in
to

 g
ro

un
dw

at
er

 a
nd

 a
ls

o 
ha

s t
he

 p
ot

en
tia

l t
o 

ad
so

rb
 to

 se
di

m
en

t. 
H

en
ry

’s
 L

aw
 C

on
st

an
t –

 
H

L
C

 (a
tm

- m
3 /m

ol
e)

<1
0-8

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

 
Se

di
m

en
t/S

oi
l 

A
ds

or
pt

io
n/

D
es

or
pt

io
n

C
oe

ff
ic

ie
nt

 –
 K

oc

>1
00

,0
00

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

D
is

so
ci

at
io

n 
co

ns
ta

nt
 in

 
w

at
er

Th
is

 p
ol

ym
er

 d
oe

s n
ot

 c
on

ta
in

 
fu

nc
tio

na
l g

ro
up

s t
ha

t w
ou

ld
 b

e 
ex

pe
ct

ed
 to

 io
ni

ze
. 

B
io

ac
cu

m
ul

at
io

n 
 

L
O

W
: 

B
y 

an
al

og
y 

to
 si

m
ila

r 
po

ly
m

er
s, 

th
e 

la
rg

e 
si

ze
, n

eg
lig

ib
le

 w
at

er
 so

lu
bi

lit
y 

an
d 

po
or

 
bi

oa
va

ila
bi

lit
y 

in
di

ca
te

 th
at

 th
is

 p
ol

ym
er

 sh
ou

ld
 b

e 
of

 lo
w

 c
on

ce
rn

 fo
r 

bi
oa

cc
um

ul
at

io
n.

 
Fi

sh
 B

C
F 

<1
00

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

D
ap

hn
id

s B
C

F 
 

N
o 

da
ta

G
re

en
 A

lg
ae

 B
C

F 
 

N
o 

da
ta

O
ys

te
rs

 B
C

F
 

N
o 

da
ta

E
ar

th
w

or
m

s B
C

F 
 

N
o 

da
ta

M
et

ab
ol

is
m

 in
 fi

sh
 

 
N

o 
da

ta
Pe

rs
is

te
nc

e 
H

IG
H

: 
A

lth
ou

gh
 e

xp
er

im
en

ta
l d

at
a 

ar
e 

no
t a

va
ila

bl
e,

 b
y 

an
al

og
y 

to
 si

m
ila

r 
po

ly
m

er
s, 

th
is

 p
ol

ym
er

 
is

 e
xp

ec
te

d 
to

 b
e 

re
ca

lc
itr

an
t t

o 
bi

od
eg

ra
da

tio
n.

 D
eg

ra
da

tio
n 

of
 th

is
 p

ol
ym

er
 b

y 
hy

dr
ol

ys
is

 o
r 

di
re

ct
 

ph
ot

ol
ys

is
 is

 n
ot

 e
xp

ec
te

d 
to

 b
e 

si
gn

ifi
ca

nt
 a

s t
he

 fu
nc

tio
na

l g
ro

up
s e

xp
ec

te
d 

to
 b

e 
pr

es
en

t d
o 

no
t t

en
d 

to
 r

ea
di

ly
 u

nd
er

go
 th

es
e 

re
ac

tio
ns

 u
nd

er
 e

nv
ir

on
m

en
ta

l c
on

di
tio

ns
. 

W
at

er
A

er
ob

ic
 b

io
de

gr
ad

at
io

n 
R

ec
al

ci
tra

nt
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

B
y 

an
al

og
y 

to
 si

m
ila

r p
ol

ym
er

s, 
th

is
 p

ol
ym

er
 is

 e
xp

ec
te

d 
to

 b
e 

re
ca

lc
itr

an
t t

o 
bi

od
eg

ra
da

tio
n.

 
A

na
er

ob
ic

 b
io

de
gr

ad
at

io
n 

R
ec

al
ci

tra
nt

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
B

y 
an

al
og

y 
to

 si
m

ila
r p

ol
ym

er
s, 

th
is

 p
ol

ym
er

 is
 e

xp
ec

te
d 

to
 b

e 
re

ca
lc

itr
an

t t
o 

bi
od

eg
ra

da
tio

n.
 

4-
86



D
R

A
FT

 R
EP

O
R

T

R
ea

ct
io

n 
pr

od
uc

t o
f F

yr
ol

 P
M

P 
w

ith
 b

is
ph

en
ol

 A
, p

ol
ym

er
 w

ith
 e

pi
ch

lo
ro

hy
dr

in
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
V

ol
at

ili
za

tio
n 

H
al

f-
lif

e 
fo

r 
M

od
el

 R
iv

er
 

>1
 y

ea
r (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 L

ak
e 

>1
 y

ea
r (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

R
ea

dy
 B

io
de

gr
ad

ab
ili

ty
 

N
ot

 re
ad

y 
bi

od
eg

ra
da

bl
e 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
B

y 
an

al
og

y 
to

 si
m

ila
r p

ol
ym

er
s, 

th
is

 p
ol

ym
er

 is
 e

xp
ec

te
d 

to
 b

e 
re

ca
lc

itr
an

t t
o 

bi
od

eg
ra

da
tio

n.
 

So
il

So
il 

bi
od

eg
ra

da
tio

n 
w

/ 
pr

od
uc

t i
de

nt
ifi

ca
tio

n 
N

o
da

ta

Se
di

m
en

t/w
at

er
 

bi
od

eg
ra

da
tio

n
N

o
da

ta

A
ir

A
tm

os
ph

er
ic

 H
al

f-
lif

e
N

o
da

ta
R

ea
ct

iv
ity

Ph
ot

ol
ys

is
N

ot
 a

 si
gn

ifi
ca

nt
 fa

te
 p

ro
ce

ss
 

(E
st

im
at

ed
) 

B
oe

th
lin

g 
an

d 
M

ac
ka

y,
 2

00
0;

 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

Th
is

 p
ol

ym
er

 d
oe

s n
ot

 c
on

ta
in

 
fu

nc
tio

na
l g

ro
up

s t
ha

t w
ou

ld
 b

e 
ex

pe
ct

ed
 to

 a
bs

or
b 

lig
ht

 a
t 

en
vi

ro
nm

en
ta

lly
 si

gn
ifi

ca
nt

 
w

av
el

en
gt

hs
.

H
yd

ro
ly

si
s

H
al

f-
lif

e 
= 

m
on

th
s (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

Py
ro

ly
si

s
N

o
da

ta
E

nd
oc

ri
ne

 D
is

ru
pt

io
n 

N
o 

da
ta

 

E
C

O
T

O
X

IC
IT

Y
 

E
C

O
SA

R
 C

la
ss

 
Ep

ox
id

es
N

o 
da

ta
 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

B
as

ed
 o

n 
th

e 
m

ol
ec

ul
ar

 w
ei

gh
t a

nd
 b

y 
an

al
og

y 
to

 st
ru

ct
ur

al
ly

 si
m

ila
r 

po
ly

m
er

s a
s d

es
cr

ib
ed

 
in

 th
e 

E
PA

 C
he

m
ic

al
 C

at
eg

or
ie

s d
oc

um
en

t. 
(P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 
Fi

sh
 L

C
50

N
ES

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
D

ap
hn

id
 L

C
50

N
ES

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
G

re
en

 A
lg

ae
 E

C
50

N
ES

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
C

hr
on

ic
 T

ox
ic

ity
 

L
O

W
: I

ns
ol

ub
le

 n
on

io
ni

c 
po

ly
m

er
s a

re
 n

ot
 e

xp
ec

te
d 

to
 b

e 
to

xi
c 

un
le

ss
 th

e 
m

at
er

ia
l i

s i
n 

th
e 

fo
rm

 o
f 

fin
el

y 
di

vi
de

d 
pa

rt
ic

le
s. 

M
os

t o
ft

en
, t

he
 to

xi
ci

ty
 o

f f
in

el
y 

di
vi

de
d 

po
ly

m
er

 p
ar

tic
le

s d
oe

s n
ot

 d
ep

en
d 

on
 sp

ec
ifi

c 
re

ac
tiv

e 
st

ru
ct

ur
al

 fe
at

ur
es

, b
ut

 o
cc

ur
s f

ro
m

 o
cc

lu
si

on
 o

f r
es

pi
ra

to
ry

 o
rg

an
s s

uc
h 

as
 g

ill
s. 

 
D

ue
 to

 th
e 

lo
w

 w
at

er
 so

lu
bi

lit
y 

of
 th

is
 p

ol
ym

er
, t

he
re

 a
re

 e
xp

ec
te

d 
to

 b
e 

no
 e

ff
ec

ts
 a

t s
at

ur
at

io
n.

 
Fi

sh
 C

hV
 

N
ES

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

4-
87



D
R

A
FT

 R
EP

O
R

T

R
ea

ct
io

n 
pr

od
uc

t o
f F

yr
ol

 P
M

P 
w

ith
 b

is
ph

en
ol

 A
, p

ol
ym

er
 w

ith
 e

pi
ch

lo
ro

hy
dr

in
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
D

ap
hn

id
 C

hV
 

N
ES

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
G

re
en

 A
lg

ae
 C

hV
 

N
ES

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

H
U

M
A

N
 H

E
A

L
T

H
 E

FF
E

C
T

S 
A

bs
or

pt
io

n
A

bs
or

pt
io

n 
is

 e
xp

ec
te

d 
to

 b
e 

ne
gl

ig
ib

le
 th

ro
ug

h 
th

e 
sk

in
 a

s t
he

 
ne

at
 m

at
er

ia
l a

nd
 p

oo
r t

hr
ou

gh
 th

e 
sk

in
 a

s a
 so

lu
tio

n.
 A

bs
or

pt
io

n 
is

 
ex

pe
ct

ed
 to

 b
e 

po
or

 th
ro

ug
h 

th
e 

lu
ng

s a
nd

 G
I t

ra
ct

 fo
r a

ny
 lo

w
 

m
ol

ec
ul

ar
 w

ei
gh

t s
pe

ci
es

 b
as

ed
 o

n 
th

e 
ph

ys
ic

al
/c

he
m

ic
al

 p
ro

pe
rti

es
.  

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

B
as

ed
 o

n 
th

e 
m

ol
ec

ul
ar

 w
ei

gh
t a

nd
 b

y 
an

al
og

y 
to

 st
ru

ct
ur

al
ly

 si
m

ila
r 

po
ly

m
er

s. 
(P

ro
fe

ss
io

na
l 

ju
dg

m
en

t)
A

cu
te

 L
et

ha
lit

y 
O

ra
l

N
o

da
ta

D
er

m
al

 
N

o
da

ta
In

ha
la

tio
n

N
o

da
ta

O
th

er
 A

cu
te

 
E

ff
ec

ts
 

E
ye

 Ir
ri

ta
tio

n 
N

o
da

ta
D

er
m

al
 Ir

ri
ta

tio
n 

N
o

da
ta

Sk
in

 S
en

si
tiz

at
io

n 
L

O
W

: 
Po

or
 a

bs
or

pt
io

n 
in

di
ca

te
s t

ha
t t

hi
s p

ol
ym

er
 sh

ou
ld

 b
e 

of
 lo

w
 c

on
ce

rn
 fo

r 
sk

in
 se

ns
iti

za
tio

n.
  

H
ow

ev
er

, t
hi

s p
ol

ym
er

 m
ay

 h
av

e 
th

e 
po

te
nt

ia
l f

or
 sk

in
 se

ns
iti

za
tio

n 
if 

it 
is

 a
bs

or
be

d 
th

ro
ug

h 
th

e 
sk

in
; 

si
gn

ifi
ca

nt
 a

m
ou

nt
s o

f l
ow

 m
ol

ec
ul

ar
 w

ei
gh

t s
pe

ci
es

 in
cr

ea
se

s t
he

 p
ro

ba
bi

lit
y 

th
at

 th
e 

po
ly

m
er

 w
ill

 b
e 

ab
so

rb
ed

 th
ro

ug
h 

th
e 

sk
in

. 
N

o
da

ta
R

ep
ro

du
ct

iv
e 

E
ff

ec
ts

 
M

O
D

E
R

A
T

E
: 

Fo
r 

th
e 

lo
w

 m
ol

ec
ul

ar
 w

ei
gh

t o
lig

om
er

s o
f t

he
 p

ol
ym

er
 (<

1,
00

0)
, b

y 
an

al
og

y 
to

 
co

m
po

un
ds

 w
ith

 si
m

ila
r 

fu
nc

tio
na

l g
ro

up
s a

s d
es

cr
ib

ed
 in

 th
e 

E
PA

 C
he

m
ic

al
 C

at
eg

or
ie

s d
oc

um
en

t. 
(P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 
R

ep
ro

du
ct

io
n/

 
de

ve
lo

pm
en

ta
l t

ox
ic

ity
 

sc
re

en
 

N
o

da
ta

C
om

bi
ne

d 
re

pe
at

ed
 d

os
e 

w
ith

 r
ep

ro
du

ct
io

n/
 

de
ve

lo
pm

en
ta

l t
ox

ic
ity

 

N
o

da
ta

4-
88



D
R

A
FT

 R
EP

O
R

T

R
ea

ct
io

n 
pr

od
uc

t o
f F

yr
ol

 P
M

P 
w

ith
 b

is
ph

en
ol

 A
, p

ol
ym

er
 w

ith
 e

pi
ch

lo
ro

hy
dr

in
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
sc

re
en

 
R

ep
ro

du
ct

io
n 

an
d 

fe
rt

ili
ty

 
ef

fe
ct

s 
N

o
da

ta

D
ev

el
op

m
en

ta
l E

ff
ec

ts
 

M
O

D
E

R
A

T
E

: 
Fo

r 
th

e 
lo

w
 m

ol
ec

ul
ar

 w
ei

gh
t o

lig
om

er
s o

f t
he

 p
ol

ym
er

 (<
1,

00
0)

, b
y 

an
al

og
y 

to
 

co
m

po
un

ds
 w

ith
 si

m
ila

r 
fu

nc
tio

na
l g

ro
up

s a
s d

es
cr

ib
ed

 in
 th

e 
E

PA
 C

he
m

ic
al

 C
at

eg
or

ie
s d

oc
um

en
t.

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

R
ep

ro
du

ct
io

n/
de

ve
lo

p-
m

en
ta

l t
ox

ic
ity

 sc
re

en
 

N
o

da
ta

C
om

bi
ne

d 
re

pe
at

ed
 d

os
e 

w
ith

 r
ep

ro
du

ct
io

n/
de

ve
l-

op
m

en
ta

l t
ox

ic
ity

 sc
re

en
 

N
o

da
ta

Pr
en

at
al

 d
ev

el
op

m
en

t 
N

o
da

ta
C

ar
ci

no
ge

ni
ci

ty
M

O
D

E
R

A
T

E
: 

Fo
r 

th
e 

lo
w

 m
ol

ec
ul

ar
 w

ei
gh

t o
lig

om
er

s o
f t

he
 p

ol
ym

er
 (<

1,
00

0)
, b

y 
an

al
og

y 
to

 
co

m
po

un
ds

 w
ith

 si
m

ila
r 

fu
nc

tio
na

l g
ro

up
s a

s d
es

cr
ib

ed
 in

 th
e 

E
PA

 C
he

m
ic

al
 C

at
eg

or
ie

s d
oc

um
en

t.
(P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 
 

O
nc

oL
og

ic
 R

es
ul

ts
N

o
da

ta
C

ar
ci

no
ge

ni
ci

ty
 (r

at
 a

nd
 

m
ou

se
)

N
o

da
ta

C
om

bi
ne

d 
ch

ro
ni

c 
to

xi
ci

ty
/ 

ca
rc

in
og

en
ic

ity
 

N
o

da
ta

Im
m

un
ot

ox
ic

ity
L

O
W

: 
B

as
ed

 o
n 

th
e 

m
ol

ec
ul

ar
 w

ei
gh

t a
nd

 b
y 

an
al

og
y 

to
 st

ru
ct

ur
al

ly
 si

m
ila

r 
po

ly
m

er
s a

s d
es

cr
ib

ed
 

in
 th

e 
E

PA
 C

he
m

ic
al

 C
at

eg
or

ie
s d

oc
um

en
t. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

Im
m

un
e 

sy
st

em
 e

ff
ec

ts
 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
L

O
W

: 
B

as
ed

 o
n 

th
e 

m
ol

ec
ul

ar
 w

ei
gh

t a
nd

 b
y 

an
al

og
y 

to
 st

ru
ct

ur
al

ly
 si

m
ila

r 
po

ly
m

er
s a

s d
es

cr
ib

ed
 

in
 th

e 
E

PA
 C

he
m

ic
al

 C
at

eg
or

ie
s d

oc
um

en
t. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

A
cu

te
 a

nd
 2

8-
da

y 
de

la
ye

d 
ne

ur
ot

ox
ic

ity
 o

f 
or

ga
no

ph
os

ph
or

us
 

su
bs

ta
nc

es
 (h

en
) 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
 sc

re
en

in
g 

ba
tt

er
y 

(a
du

lt)
 

N
o

da
ta

D
ev

el
op

m
en

ta
l 

ne
ur

ot
ox

ic
ity

N
o

da
ta

4-
89



D
R

A
FT

 R
EP

O
R

T

R
ea

ct
io

n 
pr

od
uc

t o
f F

yr
ol

 P
M

P 
w

ith
 b

is
ph

en
ol

 A
, p

ol
ym

er
 w

ith
 e

pi
ch

lo
ro

hy
dr

in
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
G

en
ot

ox
ic

ity
M

O
D

E
R

A
T

E
: 

W
ei

gh
t o

f e
vi

de
nc

e 
su

gg
es

ts
 th

at
 th

e 
po

ly
m

er
 w

ill
 e

xh
ib

it 
ge

no
to

xi
ci

ty
 b

as
ed

 o
n 

a 
po

si
tiv

e 
A

m
es

 A
ss

ay
, M

ou
se

 L
ym

ph
om

a 
T

es
t a

nd
 S

is
te

r 
C

hr
om

at
id

 E
xc

ha
ng

e 
A

ss
ay

 su
bm

itt
ed

 fo
r 

a 
cl

os
el

y 
re

la
te

d 
an

al
og

, d
es

pi
te

 a
 n

eg
at

iv
e 

A
m

es
 A

ss
ay

 fo
r 

th
e 

po
ly

m
er

.  
A

na
lo

gy
 to

 c
om

po
un

ds
 w

ith
 

si
m

ila
r 

fu
nc

tio
na

l g
ro

up
s a

ls
o 

su
gg

es
ts

 th
at

 th
e 

lo
w

 m
ol

ec
ul

ar
 w

ei
gh

t o
lig

om
er

s o
f t

he
 p

ol
ym

er
 

(<
1,

00
0)

 m
ay

 e
xh

ib
it 

m
ut

ag
en

ic
ity

 a
s d

es
cr

ib
ed

 in
 th

e 
E

PA
 C

he
m

ic
al

 C
at

eg
or

ie
s d

oc
um

en
t. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

N
o

da
ta

N
o

da
ta

G
en

e 
m

ut
at

io
n 

in
 v

itr
o 

N
o

da
ta

G
en

e 
m

ut
at

io
n 

in
 v

iv
o 

N
o

da
ta

C
hr

om
os

om
al

 a
be

rr
at

io
ns

 
in

 v
itr

o 
N

o
da

ta

C
hr

om
os

om
al

 a
be

rr
at

io
ns

 
in

 v
iv

o 
N

o
da

ta

D
N

A
 d

am
ag

e 
an

d 
re

pa
ir

 
N

o
da

ta
O

th
er

 (M
ito

tic
 G

en
e 

C
on

ve
rs

io
n)

N
o

da
ta

Sy
st

em
ic

 E
ff

ec
ts

 
L

O
W

: 
B

as
ed

 o
n 

th
e 

m
ol

ec
ul

ar
 w

ei
gh

t a
nd

 b
y 

an
al

og
y 

to
 st

ru
ct

ur
al

ly
 si

m
ila

r 
po

ly
m

er
s a

s d
es

cr
ib

ed
 

in
 th

e 
E

PA
 C

he
m

ic
al

 C
at

eg
or

ie
s d

oc
um

en
t. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 N

o
da

ta
E

nd
oc

ri
ne

 D
is

ru
pt

io
n 

N
o 

da
ta

 

4-
90



DRAFT REPORT

References for Reaction product of Fyrol PMP with bisphenol A, polymer 
with epichlorohydrins 

Boethling, R. S.; Mackay, D. Handbook of property estimation methods for chemicals: 
Environmental and health sciences; Lewis Publishers: Boca Raton, FL, 2000. 

EPA (2002). TSCA New Chemicals Program (NCP) Chemical Categories. Washington, DC, 
http://www.epa.gov/oppt/newchems/pubs/cat02.pdf. Accessed on October 9, 2008. 

4-91



D
R

A
FT

 R
EP

O
R

T

4.
2.

7
A

lu
m

in
um

 H
yd

ro
xi

de
 

A
lu

m
in

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

PH
Y

SI
C

A
L

/C
H

E
M

IC
A

L
 P

R
O

PE
R

T
IE

S 
D

ec
om

po
se

s a
t a

pp
ro

xi
m

at
el

y 
20

0 
(M

ea
su

re
d)

Eu
ro

pe
an

, 2
00

0 
A

de
qu

at
e

D
ec

om
po

se
s a

t a
pp

ro
xi

m
at

el
y 

15
0-

22
0 

to
 A

l 2O
3 a

nd
 H

2O
 (M

ea
su

re
d)

 
Eu

ro
pe

an
, 2

00
0 

A
de

qu
at

e

M
el

tin
g 

Po
in

t (
°C

) 

D
ec

om
po

se
s (

lo
se

s w
at

er
) a

t 3
00

 
(M

ea
su

re
d)

Le
w

is
, 2

00
0 

A
de

qu
at

e

B
oi

lin
g 

Po
in

t (
°C

) 
Th

e 
su

bs
ta

nc
e 

is
 e

xp
ec

te
d 

to
 

de
co

m
po

se
 b

ef
or

e 
bo

ili
ng

. (
Es

tim
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

V
ap

or
 P

re
ss

ur
e 

(m
m

 H
g)

 
<1

0-6
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

In
so

lu
bl

e 
in

 w
at

er
 (E

st
im

at
ed

) 
Li

de
, 2

00
5-

20
06

 
W

at
er

 S
ol

ub
ili

ty
 (g

/L
) 

Pr
ac

tic
al

ly
 in

so
lu

bl
e 

in
 w

at
er

 
M

er
ck

, 2
00

1 

R
ec

or
d 

ID
:  

A
lu

m
in

um
 H

yd
ro

xi
de

 
C

A
S 

N
o.

 2
16

45
-5

1-
2 

M
W

:
78

.0
1

M
F:

A
lH

3O
3

Ph
ys

ic
al

 F
or

m
s:

 S
ol

id
 

H
O

A
l

O
H

O
H

U
se

:
Fl

am
e 

re
ta

rd
an

t, 
ad

di
tiv

e 
SM

IL
E

S:
 O

[A
l](

O
)O

 
N

am
e:

A
lu

m
in

um
 h

yd
ro

xi
de

 
Sy

no
ny

m
s:

A
lu

m
in

um
 tr

io
xi

de
, G

ib
bs

ite
, B

ay
er

si
te

, N
or

ds
tra

nd
ite

, A
lu

m
in

um
 tr

ih
yd

ra
te

 
L

ife
-C

yc
le

 C
on

si
de

ra
tio

ns
: 

Po
te

nt
ia

l r
el

ea
se

s o
f a

lu
m

in
um

 h
yd

ro
xi

de
 to

 th
e 

en
vi

ro
nm

en
t f

ro
m

 it
s u

se
 in

 P
C

B
s s

ug
ge

st
s t

ha
t i

t m
ay

 o
cc

ur
 a

s a
 fu

gi
tiv

e 
em

is
si

on
th

ro
ug

h 
du

st
-f

or
m

in
g 

op
er

at
io

ns
 re

su
lti

ng
 fr

om
 it

s m
an

uf
ac

tu
re

 o
r d

ur
in

g 
lo

ad
in

g/
un

lo
ad

in
g,

 tr
an

sf
er

, o
r m

ix
in

g 
op

er
at

io
ns

.  
A

fte
r i

nc
or

po
ra

tio
n 

in
to

 th
e 

re
si

n 
an

d/
or

 th
e 

la
m

in
at

e,
 p

ot
en

tia
l e

xp
os

ur
e 

to
 fi

ne
ly

 d
iv

id
ed

 a
lu

m
in

um
 h

yd
ro

xi
de

 p
ar

tic
ul

at
es

 is
 n

ot
 e

xp
ec

te
d 

du
rin

g 
th

e 
re

m
ai

nd
er

 o
f t

he
 o

pe
ra

tio
na

l s
ta

ge
s o

f t
he

 
PC

B
 li

fe
 c

yc
le

.  
A

lu
m

in
um

 h
yd

ro
xi

de
 p

ar
tic

ul
at

es
 m

ay
 a

ls
o 

be
 re

le
as

ed
 d

ur
in

g 
th

e 
di

sp
os

al
 p

ha
se

 o
f t

he
 li

fe
 c

yc
le

 w
he

re
 th

ey
 c

an
 b

ec
om

e 
m

ob
ili

ze
d 

th
ro

ug
h 

di
re

ct
 in

te
rv

en
tio

n 
pr

oc
es

se
s (

su
ch

 a
s s

hr
ed

di
ng

 o
pe

ra
tio

ns
). 

 T
he

 im
pa

ct
 o

f a
lu

m
in

um
 h

yd
ro

xi
de

 in
 sm

el
tin

g 
op

er
at

io
ns

 n
ee

ds
 to

 b
e 

in
ve

st
ig

at
ed

 fu
rth

er
 d

ue
 to

 
co

nc
er

ns
 a

bo
ut

 im
pa

ct
s o

n 
sl

ag
s. 

4-
92



D
R

A
FT

 R
EP

O
R

T

A
lu

m
in

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

(E
st

im
at

ed
) 

Pr
ac

tic
al

ly
 in

so
lu

bl
e 

in
 w

at
er

 
(E

st
im

at
ed

) 
Le

w
is

, 2
00

0 

0.
00

15
 g

/L
 a

t 2
0 

˚C
 (M

ea
su

re
d)

 
Eu

ro
pe

an
, 2

00
0 

A
de

qu
at

e
0.

01
5 

m
g/

L 
at

 2
0 

˚C
 (M

ea
su

re
d)

 
Eu

ro
pe

an
, 2

00
0 

A
de

qu
at

e
L

og
 K

ow
N

o
da

ta
Fl

am
m

ab
ili

ty
 (F

la
sh

 P
oi

nt
) 

N
ot

 fl
am

m
ab

le
  

(E
st

im
at

ed
) 

Eu
ro

pe
an

, 2
00

0 

E
xp

lo
si

vi
ty

N
ot

 e
xp

lo
si

ve
 (E

st
im

at
ed

) 
Eu

ro
pe

an
, 2

00
0 

pH
N

o
da

ta
D

is
so

ci
at

io
n 

C
on

st
an

t i
n 

W
at

er
 

N
o

da
ta

E
N

V
IR

O
N

M
E

N
T

A
L

 F
A

T
E

 
T

ra
ns

po
rt

A
lth

ou
gh

 th
e 

be
ha

vi
or

 o
f a

lu
m

in
um

 sa
lts

 u
nd

er
 e

nv
ir

on
m

en
ta

l c
on

di
tio

ns
 is

 d
ep

en
de

nt
 o

n 
th

e 
ch

ar
ac

te
ri

st
ic

s o
f t

he
 lo

ca
l e

nv
ir

on
m

en
t (

pr
ed

om
in

at
el

y 
pH

), 
tr

an
sp

or
t o

f t
he

 a
lu

m
in

um
 (I

II
) s

pe
ci

es
 is

 
an

tic
ip

at
ed

 to
 b

e 
do

m
in

at
ed

 b
y 

le
ac

hi
ng

 th
ro

ug
h 

so
il,

 r
un

of
f t

o 
aq

ue
ou

s e
nv

ir
on

m
en

ts
; a

ds
or

pt
io

n 
an

d/
or

 p
re

ci
pi

ta
tio

n 
of

 th
e 

m
et

al
 io

n 
on

to
 so

il 
or

 se
di

m
en

t;
 a

nd
 w

et
 a

nd
 d

ry
 d

ep
os

iti
on

 d
us

t p
ar

tic
ul

at
es

 
in

 a
ir

 to
 la

nd
 o

r 
su

rf
ac

e 
w

at
er

. 
V

ol
at

ili
za

tio
n 

of
 th

is
 io

ni
c 

co
m

po
un

d 
fr

om
 e

ith
er

 w
et

 o
r 

dr
y 

su
rf

ac
es

 is
 

no
t e

xp
ec

te
d 

to
 b

e 
an

 im
po

rt
an

t f
at

e 
pr

oc
es

s. 
 N

ev
er

th
el

es
s, 

th
e 

en
vi

ro
nm

en
ta

l f
at

e 
of

 th
is 

co
m

po
un

d 
w

ill
 

be
 d

ep
en

de
nt

 o
n 

its
 p

H
 d

ep
en

de
nt

 d
is

so
ci

at
io

n,
 a

nd
 th

es
e 

da
ta

 a
re

 n
ot

 a
va

ila
bl

e.
 

H
en

ry
’s

 L
aw

 C
on

st
an

t –
 

H
L

C
 (a

tm
-m

3 /m
ol

e)
<1

0-8
(E

st
im

at
ed

) 
Pr

of
es

si
on

al
ju

dg
m

en
t 

 
Se

di
m

en
t/S

oi
l A

ds
or

pt
io

n/
D

es
or

pt
io

n
C

oe
ff

ic
ie

nt
 –

 K
oc

>1
05  (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t  

B
io

ac
cu

m
ul

at
io

n 
 

L
O

W
: 

A
lu

m
in

um
 h

yd
ro

xi
de

 is
 n

ot
 e

xp
ec

te
d 

to
 b

e 
bi

oa
cc

um
ul

at
iv

e.
 

Fi
sh

 B
C

F 
<5

00
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t  

D
ap

hn
id

s B
C

F 
N

o
da

ta

4-
93



D
R

A
FT

 R
EP

O
R

T

A
lu

m
in

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

G
re

en
 A

lg
ae

 B
C

F 
N

o
da

ta

O
ys

te
rs

 B
C

F 
N

o
da

ta

E
ar

th
w

or
m

s B
C

F 
 

N
o 

da
ta

M
et

ab
ol

is
m

 in
 fi

sh
 

 
N

o 
da

ta
Pe

rs
is

te
nc

e 
H

IG
H

: 
A

s a
 fu

lly
 o

xi
di

ze
d 

in
or

ga
ni

c 
m

at
er

ia
l, 

al
um

in
um

 h
yd

ro
xi

de
 is

 n
ot

 e
xp

ec
te

d 
to

 b
io

de
gr

ad
e,

 
ox

id
iz

e 
in

 a
ir

, o
r 

un
de

rg
o 

hy
dr

ol
ys

is
 u

nd
er

 e
nv

ir
on

m
en

ta
l c

on
di

tio
ns

.  
A

lu
m

in
um

 h
yd

ro
xi

de
 d

oe
s n

ot
 

ab
so

rb
 li

gh
t a

t e
nv

ir
on

m
en

ta
lly

 r
el

ev
an

t w
av

el
en

gt
hs

 a
nd

 is
 n

ot
 e

xp
ec

te
d 

to
 p

ho
to

ly
ze

.  
N

o 
de

gr
ad

at
io

n 
pr

oc
es

se
s f

or
 a

lu
m

in
um

 h
yd

ro
xi

de
 u

nd
er

 ty
pi

ca
l e

nv
ir

on
m

en
ta

l c
on

di
tio

ns
 w

er
e 

id
en

tif
ie

d.
 

W
at

er
A

er
ob

ic
 B

io
de

gr
ad

at
io

n 
R

ec
al

ci
tra

nt
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t  

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 R

iv
er

 
>1

 y
ea

r (
Es

tim
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t  

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 L

ak
e 

>1
 y

ea
r (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t  

R
ea

dy
 B

io
de

gr
ad

ab
ili

ty
 

N
ot

 re
ad

y 
bi

od
eg

ra
da

bl
e 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

So
il

A
na

er
ob

ic
 B

io
de

gr
ad

at
io

n 
R

ec
al

ci
tra

nt
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t  

So
il 

B
io

de
gr

ad
at

io
n 

w
/ 

Pr
od

uc
t I

de
nt

ifi
ca

tio
n 

N
o

da
ta

Se
di

m
en

t/W
at

er
 

B
io

de
gr

ad
at

io
n

N
o

da
ta

A
ir

A
tm

os
ph

er
ic

 H
al

f-
lif

e
>1

 y
ea

r (
Es

tim
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

R
ea

ct
iv

ity
Ph

ot
ol

ys
is

N
ot

 a
 si

gn
ifi

ca
nt

 fa
te

 p
ro

ce
ss

 
(E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

A
lu

m
in

um
 h

yd
ro

xi
de

 d
oe

s n
ot

 
ab

so
rb

 U
V

 li
gh

t a
t e

nv
iro

nm
en

ta
lly

 
re

le
va

nt
 w

av
el

en
gt

hs
 a

nd
 is

 n
ot

 
ex

pe
ct

ed
 to

 u
nd

er
go

 p
ho

to
ly

si
s. 

4-
94



D
R

A
FT

 R
EP

O
R

T

A
lu

m
in

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

H
yd

ro
ly

si
s

>1
 y

ea
r (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

A
lu

m
in

um
 h

yd
ro

xi
de

 is
 a

 fu
lly

 
ox

id
iz

ed
 in

or
ga

ni
c 

m
at

er
ia

l a
nd

 is
 

no
t e

xp
ec

te
d 

to
 u

nd
er

go
 h

yd
ro

ly
si

s. 
Py

ro
ly

si
s

N
ot

 a
 si

gn
ifi

ca
nt

 fa
te

 p
ro

ce
ss

 
(E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

A
lu

m
in

um
 h

yd
ro

xi
de

 is
 a

 fu
lly

 
ox

id
iz

ed
 in

or
ga

ni
c 

m
at

er
ia

l a
nd

 is
 

no
t e

xp
ec

te
d 

to
 u

nd
er

go
 p

yr
ol

ys
is

. 
B

io
m

on
ito

ri
ng

 
N

o 
da

ta
 

E
C

O
T

O
X

IC
IT

Y
 

E
C

O
SA

R
 C

la
ss

 
N

o 
da

ta
 

A
cu

te
 T

ox
ic

ity
 

H
IG

H
: 

T
he

 m
ea

su
re

d 
da

ph
ni

d 
an

d 
gr

ee
n 

al
ga

e 
E

C
50

 v
al

ue
s, 

no
t i

nc
lu

di
ng

 th
os

e 
th

at
 a

re
 a

bo
ve

 th
e 

w
at

er
 so

lu
bi

lit
y 

lim
it,

 a
re

 <
1.

0 
m

g/
L

. 
Fi

sh
 L

C
50

Sa
lm

o 
tr

ut
ta

 9
6-

hr
 N

O
EC

 >
 1

00
 m

g/
L 

(M
ea

su
re

d)
Eu

ro
pe

an
, 2

00
0 

In
ad

eq
ua

te
, t

he
 e

ff
ec

t c
on

ce
nt

ra
tio

n 
is

 g
re

at
er

 th
an

 th
e 

m
ea

su
re

d 
w

at
er

 
so

lu
bi

lit
y.

 
D

ap
hn

id
 L

C
50

D
ap

hn
ia

 m
ag

na
 4

8-
hr

 E
C

50
 =

 0
.8

24
0 

m
g/

L 
(M

ea
su

re
d)

 
TS

C
A

TS
, 1

99
6 

A
de

qu
at

e

D
ap

hn
ia

 m
ag

na
 4

8-
hr

 N
O

EC
 >

 1
00

 
m

g/
L 

(M
ea

su
re

d)
 

Eu
ro

pe
an

, 2
00

0 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e,
 a

nd
 

th
e 

ef
fe

ct
 c

on
ce

nt
ra

tio
n 

is
 g

re
at

er
 

th
an

 th
e 

m
ea

su
re

d 
w

at
er

 so
lu

bi
lit

y.
 

G
re

en
 A

lg
ae

 E
C

50
Se

le
na

st
ru

m
 c

ap
ri

co
rn

ut
um

 9
6-

hr
 E

C
50

= 
0.

65
60

 m
g/

L 
(M

ea
su

re
d)

 
TS

C
A

TS
, 1

99
6 

A
de

qu
at

e

Se
le

na
st

ru
m

 c
ap

ri
co

rn
ut

um
 7

2-
hr

N
O

EC
 >

 1
00

 m
g/

L 
(M

ea
su

re
d)

 
Eu

ro
pe

an
, 2

00
0 

In
ad

eq
ua

te
, t

he
 e

ff
ec

t c
on

ce
nt

ra
tio

n 
is

 g
re

at
er

 th
an

 th
e 

m
ea

su
re

d 
w

at
er

 
so

lu
bi

lit
y.

 
C

hr
on

ic
 T

ox
ic

ity
 

M
O

D
E

R
A

T
E

: 
T

he
 m

ea
su

re
d 

fis
h 

an
d 

da
ph

ni
d 

ch
ro

ni
c 

va
lu

es
 a

re
 b

et
w

ee
n 

0.
1 

an
d 

10
 m

g/
L

. 
Fi

sh
 C

hV
 

Pi
m

ep
ha

le
s p

ro
m

el
as

 4
2-

da
 N

O
EC

 =
 

0.
10

2 
m

g/
L,

 L
O

EC
 =

 0
.2

09
 m

g/
L 

(M
ea

su
re

d)

TS
C

A
TS

, 1
99

6 
A

de
qu

at
e

4-
95



D
R

A
FT

 R
EP

O
R

T

A
lu

m
in

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

D
ap

hn
id

 C
hV

 
D

ap
hn

ia
 m

ag
na

 2
1-

da
 N

O
EC

 =
 0

.0
91

 
m

g/
L,

 L
O

EC
 =

 0
.1

97
 m

g/
L 

(M
ea

su
re

d)
 TS

C
A

TS
, 1

99
6 

A
de

qu
at

e

G
re

en
 A

lg
ae

 C
hV

 
N

o
da

ta

H
U

M
A

N
 H

E
A

L
T

H
 E

FF
E

C
T

S 
A

bs
or

pt
io

n
A

fte
r r

at
s w

er
e 

ex
po

se
d 

to
 a

lu
m

in
um

 
hy

dr
ox

id
e 

in
 d

rin
ki

ng
 w

at
er

 fo
r 1

0 
w

ee
ks

, a
lu

m
in

um
 a

cc
um

ul
at

ed
 in

 
in

te
st

in
al

 c
el

ls
 b

ut
 n

ot
 in

 o
th

er
 ti

ss
ue

s. 
 

(M
ea

su
re

d)

N
at

io
na

l, 
20

06
 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 

In
 m

et
ab

ol
ic

 st
ud

ie
s i

n 
hu

m
an

s, 
12

%
 o

f 
an

 o
ra

l l
oa

d 
of

 a
lu

m
in

um
 h

yd
ro

xi
de

 
w

as
 re

ta
in

ed
, b

ut
 a

bs
or

pt
io

n 
w

as
 n

ot
 

ca
lc

ul
at

ed
. 

(M
ea

su
re

d)
 

N
at

io
na

l, 
20

06
 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 

Th
e 

ab
so

rb
ed

 fr
ac

tio
n 

of
 a

lu
m

in
um

 
hy

dr
ox

id
e 

in
 tw

o 
hu

m
an

 m
al

es
 d

os
ed

 
or

al
ly

 w
as

 0
.0

1%
. 

(M
ea

su
re

d)
 

N
at

io
na

l, 
20

06
 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 

A
du

lt 
hu

m
an

s w
ith

 re
na

l f
ai

lu
re

 w
ho

 
in

ge
st

ed
 1

.5
 –

 3
.0

 g
 a

lu
m

in
um

 
hy

dr
ox

id
e 

pe
r d

ay
 fo

r 2
0-

32
 d

ay
s 

ab
so

rb
ed

 b
et

w
ee

n 
10

0 
an

d 
56

8 
m

g 
al

um
in

um
 p

er
 d

ay
 (7

-1
9%

 o
f t

he
 d

os
e,

 
M

ea
su

re
d)

N
at

io
na

l, 
20

06
 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

A
lu

m
in

um
 h

yd
ro

xi
de

 is
 e

st
im

at
ed

 to
 b

e 
of

 lo
w

 h
az

ar
d 

fo
r 

ac
ut

e 
to

xi
ci

ty
 b

as
ed

 o
n 

pr
of

es
si

on
al

 
ju

dg
m

en
t, 

co
m

pa
ri

so
n 

to
 a

na
lo

go
us

 a
lu

m
in

um
 c

om
po

un
ds

, a
nd

 th
e 

re
su

lts
 o

f a
n 

in
ad

eq
ua

te
 

ex
pe

ri
m

en
ta

l s
tu

dy
 su

gg
es

tin
g 

an
 L

D
50

 >
 1

,0
00

 m
g/

kg
. 

A
cu

te
 L

et
ha

lit
y 

O
ra

l
R

at
 o

ra
l L

D
50

 >
 5

00
0 

m
g/

kg
 b

w
 

(M
ea

su
re

d)
Eu

ro
pe

an
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
D

er
m

al
 

N
o

da
ta

In
ha

la
tio

n
N

o
da

ta

4-
96



D
R

A
FT

 R
EP

O
R

T

A
lu

m
in

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

O
th

er
 A

cu
te

 
E

ff
ec

ts
 

E
ye

 Ir
ri

ta
tio

n 
N

ot
 ir

rit
at

in
g,

 ra
bb

its
 (M

ea
su

re
d)

 
Eu

ro
pe

an
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
D

er
m

al
 Ir

ri
ta

tio
n 

N
ot

 ir
rit

at
in

g,
 ra

bb
its

 (M
ea

su
re

d)
 

Eu
ro

pe
an

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Sk
in

 S
en

si
tiz

at
io

n 
L

O
W

: 
A

lu
m

in
um

 h
yd

ro
xi

de
 is

 n
ot

 e
st

im
at

ed
 to

 c
au

se
 sk

in
 se

ns
iti

za
tio

n 
ba

se
d 

on
 p

ro
fe

ss
io

na
l j

ud
gm

en
t 

an
d 

co
m

pa
ri

so
n 

to
 a

na
lo

go
us

 a
lu

m
in

um
 c

om
po

un
d.

 
N

o
da

ta
R

ep
ro

du
ct

iv
e 

E
ff

ec
ts

 
L

O
W

: 
A

lu
m

in
um

 h
yd

ro
xi

de
 is

 e
st

im
at

ed
 to

 b
e 

of
 lo

w
 h

az
ar

d 
fo

r 
re

pr
od

uc
tiv

e 
ef

fe
ct

s b
as

ed
 o

n 
pr

of
es

si
on

al
 ju

dg
m

en
t a

nd
 c

om
pa

ri
so

n 
to

 a
na

lo
go

us
 a

lu
m

in
um

 c
om

po
un

ds
. 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

C
om

bi
ne

d 
R

ep
ea

te
d 

D
os

e 
w

ith
 R

ep
ro

du
ct

io
n/

 
D

ev
el

op
m

en
ta

l T
ox

ic
ity

 
Sc

re
en

N
o

da
ta

R
ep

ro
du

ct
io

n 
an

d 
Fe

rt
ili

ty
 

E
ff

ec
ts

 
N

o
da

ta

D
ev

el
op

m
en

ta
l E

ff
ec

ts
 

L
O

W
: 

A
lu

m
in

um
 h

yd
ro

xi
de

 d
oe

s n
ot

 sh
ow

 d
ev

el
op

m
en

ta
l t

ox
ic

ity
 w

he
n 

ad
m

in
is

te
re

d 
or

al
ly

 to
 r

at
s o

r 
m

ic
e 

at
 d

os
e 

le
ve

ls
 u

p 
to

 2
66

 m
g/

kg
/d

ay
. 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

C
om

bi
ne

d 
R

ep
ea

te
d 

D
os

e 
w

ith
 R

ep
ro

du
ct

io
n/

 
D

ev
el

op
m

en
ta

l T
ox

ic
ity

 
Sc

re
en

N
o

da
ta

Pr
en

at
al

 D
ev

el
op

m
en

t 
M

ou
se

, o
ra

l, 
no

 d
ev

el
op

m
en

ta
l e

ff
ec

ts
, 

N
O

A
EL

 =
 2

66
 m

g/
kg

/d
ay

 (H
ig

he
st

 
do

se
 te

st
ed

, M
ea

su
re

d)
 

D
om

in
go

 e
t a

l.,
 1

98
9 

A
de

qu
at

e

4-
97



D
R

A
FT

 R
EP

O
R

T

A
lu

m
in

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

M
ou

se
, o

ra
l, 

N
O

A
EL

 =
 2

68
 m

g/
kg

/d
ay

 
(H

ig
he

st
 d

os
e 

te
st

ed
, M

ea
su

re
d)

 
G

om
ez

 e
t a

l.,
 1

98
9 

In
ad

eq
ua

te
, a

bs
tra

ct
 o

nl
y 

M
ou

se
, o

ra
l, 

N
O

A
EL

 =
 3

00
 m

g/
kg

/d
ay

 
(O

nl
y 

do
se

 te
st

ed
, M

ea
su

re
d)

 
C

ol
om

in
a 

et
 a

l.,
 1

99
4 

In
ad

eq
ua

te
, a

bs
tra

ct
 o

nl
y 

R
at

, o
ra

l, 
N

O
A

EL
 =

 7
68

 m
g/

kg
/d

ay
 

(H
ig

he
st

 d
os

e 
te

st
ed

, M
ea

su
re

d)
 

G
om

ez
 e

t a
l.,

 1
99

0 
In

ad
eq

ua
te

, a
bs

tra
ct

 o
nl

y 

R
at

, o
ra

l, 
N

O
A

EL
 =

 3
84

 m
g/

kg
/d

ay
 

(O
nl

y 
do

se
 te

st
ed

, M
ea

su
re

d)
 

Ll
ob

et
 e

t a
l.,

 1
99

0 
In

ad
eq

ua
te

, a
bs

tra
ct

 o
nl

y 

C
ar

ci
no

ge
ni

ci
ty

L
O

W
: 

A
lu

m
in

um
 h

yd
ro

xi
de

 is
 e

st
im

at
ed

 to
 b

e 
of

 lo
w

 h
az

ar
d 

fo
r 

ca
rc

in
og

en
ic

ity
 b

as
ed

 o
n 

pr
of

es
si

on
al

 
ju

dg
m

en
t a

nd
 c

om
pa

ri
so

n 
to

 a
na

lo
go

us
 a

lu
m

in
um

 c
om

po
un

ds
. 

O
nc

oL
og

ic
 R

es
ul

ts
 

N
o

da
ta

C
ar

ci
no

ge
ni

ci
ty

 (R
at

 a
nd

 
M

ou
se

)
N

o
da

ta

C
om

bi
ne

d 
C

hr
on

ic
 

T
ox

ic
ity

/ C
ar

ci
no

ge
ni

ci
ty

 
N

o
da

ta

Im
m

un
ot

ox
ic

ity
M

O
D

E
R

A
T

E
: 

A
lu

m
in

um
 h

yd
ro

xi
de

 is
 e

st
im

at
ed

 to
 b

e 
of

 m
od

er
at

e 
ha

za
rd

 fo
r 

im
m

un
ot

ox
ic

ity
 b

as
ed

 o
n 

pr
of

es
si

on
al

 ju
dg

m
en

t a
nd

 c
om

pa
ri

so
n 

to
 a

na
lo

go
us

 a
lu

m
in

um
 c

om
po

un
ds

. 
Im

m
un

e 
Sy

st
em

 E
ff

ec
ts

 
6-

W
ee

k 
H

um
an

, o
ra

l, 
LO

A
EL

 =
 2

5 
m

g 
A

l/k
g/

da
y 

(R
ed

uc
tio

n 
in

 p
rim

ed
 

cy
to

to
xi

c 
T-

ce
lls

, o
nl

y 
do

se
 te

st
ed

, 
M

ea
su

re
d)

A
TS

D
R

, 2
00

6 
In

ad
eq

ua
te

, t
he

 to
xi

co
lo

gi
ca

l 
si

gn
ifi

ca
nc

e 
of

 th
e 

fin
di

ng
 is

 
un

kn
ow

n.
 

N
eu

ro
to

xi
ci

ty
M

O
D

E
R

A
T

E
: 

A
lu

m
in

um
 h

yd
ro

xi
de

 is
 e

st
im

at
ed

 to
 b

e 
of

 m
od

er
at

e 
ha

za
rd

 fo
r 

ne
ur

ot
ox

ic
ity

 b
as

ed
 o

n 
av

ai
la

bl
e 

ex
pe

ri
m

en
ta

l d
at

a.
 

A
cu

te
 a

nd
 2

8-
da

y 
D

el
ay

ed
 

N
eu

ro
to

xi
ci

ty
 o

f 
O

rg
an

op
ho

sp
ho

ru
s

Su
bs

ta
nc

es
 (H

en
) 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
 S

cr
ee

ni
ng

 
B

at
te

ry
 (A

du
lt)

 
30

-d
ay

 R
at

, o
ra

l d
ie

t, 
no

 si
gn

ifi
ca

nt
 

ef
fe

ct
s n

ot
ed

, N
O

A
EL

 =
 1

,2
52

 m
g 

A
l/k

g/
da

y 
(M

ea
su

re
d)

 

A
TS

D
R

, 2
00

6 
A

de
qu

at
e

4-
98



D
R

A
FT

 R
EP

O
R

T

A
lu

m
in

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

90
-d

ay
 R

at
, o

ra
l g

av
ag

e,
 im

pa
ire

d 
le

ar
ni

ng
 in

 a
 la

by
rin

th
 m

az
e 

te
st

, 
LO

A
EL

 =
 3

5 
m

g 
A

l/k
g/

da
y 

as
 

al
um

in
um

 h
yd

ro
xi

de
 w

ith
 c

itr
ic

 a
ci

d 
(M

ea
su

re
d)

A
TS

D
R

, 2
00

6 
A

de
qu

at
e

D
ev

el
op

m
en

ta
l 

N
eu

ro
to

xi
ci

ty
N

o
da

ta

G
en

ot
ox

ic
ity

L
O

W
: 

A
lu

m
in

um
 h

yd
ro

xi
de

 is
 e

st
im

at
ed

 to
 b

e 
of

 lo
w

 h
az

ar
d 

fo
r 

ge
no

to
xi

ci
ty

 b
as

ed
 o

n 
pr

of
es

si
on

al
 

ju
dg

m
en

t a
nd

 c
om

pa
ri

so
n 

to
 a

na
lo

go
us

 a
lu

m
in

um
 c

om
po

un
ds

. 
G

en
e 

M
ut

at
io

n 
in

 v
itr

o 
N

o
da

ta
G

en
e 

M
ut

at
io

n 
in

 v
iv

o 
N

o
da

ta
C

hr
om

os
om

al
 A

be
rr

at
io

ns
 

in
 v

itr
o 

N
o

da
ta

C
hr

om
os

om
al

 A
be

rr
at

io
ns

 
in

 v
iv

o 
N

o
da

ta

D
N

A
 D

am
ag

e 
an

d 
R

ep
ai

r 
N

o
da

ta
O

th
er

 (S
is

te
r 

C
hr

om
at

id
 

E
xc

ha
ng

e,
 C

el
l 

T
ra

ns
fo

rm
at

io
n,

 e
tc

.) 

N
o

da
ta

Sy
st

em
ic

 E
ff

ec
ts

 
L

O
W

: 
A

n 
ex

pe
ri

m
en

ta
l s

tu
dy

 in
di

ca
te

s t
ha

t, 
ad

m
in

is
te

re
d 

or
al

ly
 to

 r
at

s, 
al

um
in

um
 h

yd
ro

xi
de

 d
oe

s n
ot

 
sh

ow
 a

dv
er

se
 e

ff
ec

ts
 a

t l
ev

el
s u

p 
to

 1
4,

47
0 

pp
m

/d
ie

t. 
28

-d
ay

 R
at

 (m
al

e)
, o

ra
l d

ie
t, 

no
 

sy
st

em
ic

 e
ff

ec
ts

 n
ot

ed
, N

O
A

EL
 =

 
14

,4
70

 p
pm

/d
ie

t (
M

ea
su

re
d)

 

H
ic

ks
 e

t a
l.,

 1
98

7 
A

de
qu

at
e

E
nd

oc
ri

ne
 D

is
ru

pt
io

n 
N

o 
da

ta
 

4-
99



DRAFT REPORT 

References for Aluminum Hydroxide 

ATSDR (Agency for Toxic Substances and Disease Registry). Draft Toxicological Profile for 
Aluminum. [Online] U.S. Department of Health and Human Services: September 2006. 
http://www.atsdr.cdc.gov/toxprofiles/tp22.pdf.

Colomina, M. T.; Gomez, M.; Domingo, J. L.; Corbella, J. Lack of maternal and developmental 
toxicity in mice given high doses of aluminium hydroxide and ascorbic acid during 
gestation. Pharmacol Toxicol. 1994, 74, 4-5, 236-239 (Abstract Only). 

Domingo, J. L.; Gomez, M.; Bosque, M. A.; Corbella, J. Lack of Teratogenicity of Aluminum 
Hydroxide in Mice. Life Sciences. 1989, 45 (3), 243-247. 

European Commission – European Chemicals Bureau. IUCLID Dataset. 2000. 

Gomez, M.; Domingo, J. L.; Bosque, A.; Paternain, J. L.; Corbella, J. Teratology study of 
aluminum hydroxide in mice. The Toxicologist 1989, 9 (1), 273 (Abstract Only). 

Gomez, M.; Bosque, M. A.; Domingo, J.; Llobet, J. M.; Corbella, J. Evaluation of the maternal 
and developmental toxicity of aluminum from high doses of aluminum hydroxide in rats. 
Veterinary and Human Toxicology 1990, 32 (6), 545-548 (Abstract Only). 

Hicks, J. S.; Hackett, D. S.; Sprague, G. L. Toxicity and Aluminium Concentration in Bone 
Following Dietary Administration of Two Sodium Aluminium Phosphate Formulations 
in Rats. Food Chem. Toxic. 1987, 25 (7), 533-538. 

National Library of Medicine. Hazardous Substances Data Bank.
http://toxnet.nlm.nih.gov/cgi-bin/sis/htmlgen?HSDB, Aluminum Hydroxide  
(accessed December, 2006). 

Lewis, R. L., Sr. Sax’s Dangerous Properties of Industrial Materials, 10th ed.; John Wiley & 
Sons, Inc.: New York, 2000. 

Lide, D. R, ed. CRC Handbook of Chemistry and Physics, 86th edition, 2005/06; CRC Press 
Taylor & Francis: Boca Raton, FL. 

Llobet, J. M.; Gomez, M.; Domingo, J. L.; Corbella, J. Teratology studies of oral aluminum 
hydroxide, aluminum citrate, and aluminum hydroxide together with citric acid in rats. 
Teratology 1990, 42 (2), 27A (Abstract Only). 

Merck Index, 13th ed.; O’Neil, Ed.; Merck & Co., Inc.: Whitehouse Station, NJ, 2001.   

TSCATS. DuPont Central Research and DE 8(e)/FYI Submission ID Number 8EHQ-0496-
13616A; 1996. 

4-100



D
R

A
FT

 R
EP

O
R

T

4.
2.

8
E

xo
lit

 O
P 

93
0 

R
ec

or
d 

ID
: 

Ex
ol

it 
O

P 
93

0 
C

A
S 

N
o.

 2
25

78
9-

38
-8

 
M

W
: 

39
0.

27
 g

/m
ol

e 
M

F:
3 

C
4H

11
PO

2 .
 A

l 
Ph

ys
ic

al
 F

or
m

s:
 S

ol
id

Al
3+P OO

P
O

O
P

O

O

U
se

:
Fl

am
e 

re
ta

rd
an

t, 
ad

di
tiv

e 

SM
IL

E
S:

 C
C

P(
=O

)(
C

C
)O

[A
l](

O
P(

=O
)(

C
C

)C
C

)O
P(

=O
)(

C
C

)C
C

 
N

am
e:

Ph
os

ph
in

ic
 a

ci
d,

 d
ie

th
yl

-, 
al

um
in

um
 sa

lt 
Sy

no
ny

m
s:

 E
xo

lit
 O

P 
93

0,
 A

lu
m

in
iu

m
 D

ie
th

yl
ph

os
ph

in
at

e,
 A

lu
m

in
iu

m
 tr

is
(d

ie
th

yl
ph

os
ph

in
at

e)
 

L
ife

-C
yc

le
 C

on
si

de
ra

tio
ns

: 
Po

te
nt

ia
l h

um
an

 a
nd

 e
nv

iro
nm

en
ta

l e
xp

os
ur

e 
to

 E
xo

lit
 O

P9
30

 m
ay

 o
cc

ur
 th

ro
ug

h 
du

st
-f

or
m

in
g 

op
er

at
io

ns
 fr

om
 it

s m
an

uf
ac

tu
re

 o
r 

du
rin

g 
lo

ad
in

g/
un

lo
ad

in
g,

 tr
an

sf
er

, o
r m

ix
in

g 
op

er
at

io
ns

.  
A

s a
n 

ad
di

tiv
e 

fla
m

e 
re

ta
rd

an
t, 

it 
m

ay
 a

ls
o 

be
 re

le
as

ed
 fr

om
 la

m
in

at
es

 a
nd

 P
C

B
s. 

 A
fte

r i
nc

or
po

ra
tio

n 
in

to
 th

e 
re

si
n 

an
d/

or
 th

e 
la

m
in

at
e,

 p
ot

en
tia

l r
el

ea
se

s o
f E

xo
lit

 O
P9

30
 d

ur
in

g 
th

e 
us

ef
ul

 li
fe

 c
yc

le
 o

f P
C

B
s i

s n
ot

 a
nt

ic
ip

at
ed

, e
xc

ep
t b

y 
an

 e
xt

ra
ct

iv
e 

pr
oc

es
se

s u
po

n 
co

nt
ac

t w
ith

 w
at

er
. 

Po
te

nt
ia

l r
el

ea
se

s o
f E

xo
lit

 O
P9

30
 p

ar
tic

ul
at

es
 d

ur
in

g 
th

e 
di

sp
os

al
 o

f P
C

B
s m

ay
 a

ris
e 

du
rin

g 
th

e 
di

sp
os

al
 p

ha
se

 o
f t

he
 li

fe
 c

yc
le

 v
ia

 sh
re

dd
in

g 
or

 o
th

er
 o

pe
ra

tio
ns

 w
he

re
 it

 m
ay

 b
ec

om
e 

m
ob

ili
ze

d.
  I

ts
 w

at
er

 so
lu

bi
lit

y 
su

gg
es

ts
 th

at
 it

 m
ay

 a
ls

o 
m

ig
ra

te
 fr

om
 P

C
B

s d
ep

os
ite

d 
in

 la
nd

fil
ls

 u
po

n 
co

nt
ac

t w
ith

 
w

at
er

.

E
xo

lit
 O

P 
93

0 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

PH
Y

SI
C

A
L

/C
H

E
M

IC
A

L
 P

R
O

PE
R

T
IE

S 
D

ec
om

po
se

s 3
15

 (M
ea

su
re

d,
 

C
on

fid
en

tia
l)

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e 

D
ec

om
po

se
s 3

00
 (M

ea
su

re
d,

 
C

on
fid

en
tia

l)
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

A
de

qu
at

e 

M
el

tin
g 

Po
in

t (
°C

) 

D
ec

om
po

se
s 3

30
 (M

ea
su

re
d)

 
D

e 
B

oy
sè

re
 a

nd
 D

ie
tz

, 2
00

5 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

4-
10

1



D
R

A
FT

 R
EP

O
R

T

E
xo

lit
 O

P 
93

0 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

D
ec

om
po

se
s >

30
0 

(M
ea

su
re

d)
 

C
la

ria
nt

, 2
00

7
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

>4
00

 (M
ea

su
re

d)
 

N
IC

N
A

S,
 2

00
5;

 S
ub

m
itt

ed
 

co
nf

id
en

tia
l s

tu
dy

 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

B
oi

lin
g 

Po
in

t (
°C

) 
A

s a
n 

or
ga

ni
c 

sa
lt,

 th
e 

su
bs

ta
nc

e 
is

 
ex

pe
ct

ed
 to

 d
ec

om
po

se
 b

ef
or

e 
bo

ili
ng

 
(E

st
im

at
ed

) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

V
ap

or
 P

re
ss

ur
e 

(m
m

 H
g)

 
<0

.0
00

00
1 

(E
st

im
at

ed
)  

Pr
of

es
si

on
al

 ju
dg

m
en

t 
W

at
er

 S
ol

ub
ili

ty
 (g

/L
) 

2.
5

(M
ea

su
re

d,
 C

on
fid

en
tia

l) 
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 E

xo
lit

 
O

P 
93

0 
ha

s l
ow

 w
et

ta
bi

lit
y 

an
d 

ve
ry

 
sl

ow
 d

is
so

lu
tio

n.
 T

hi
s g

iv
es

 a
 

ki
ne

tic
al

ly
 c

on
tro

lle
d 

so
lu

bi
lit

y 
of

 <
 1

 
m

g/
L 

by
 g

ui
de

lin
e 

92
/6

9/
EE

C
 A

.6
.  

If
 

Ex
ol

it 
O

P 
93

0 
is

 fo
rm

ed
 b

y 
pr

ec
ip

ita
tio

n 
of

 a
 so

lu
bl

e 
sa

lt,
 th

e 
re

m
ai

ni
ng

 e
qu

ili
br

iu
m

 so
lu

bi
lit

y 
of

 
2.

5 
g/

L 
is

 fo
un

d,
 w

hi
ch

 c
an

 b
e 

as
su

m
ed

 to
 b

e 
th

e 
tru

e 
lim

it 
of

 
so

lu
bi

lit
y 

un
de

r i
de

al
 c

on
di

tio
ns

. 
<0

.0
01

 (M
ea

su
re

d)
 

N
IC

N
A

S,
 2

00
5;

 S
ub

m
itt

ed
 

co
nf

id
en

tia
l s

tu
dy

 
A

de
qu

at
e,

 E
xo

lit
 O

P 
93

0 
ha

s l
ow

 
w

et
ta

bi
lit

y 
an

d 
ve

ry
 sl

ow
 d

is
so

lu
tio

n.
  

Th
is

 g
iv

es
 a

 k
in

et
ic

al
ly

 c
on

tro
lle

d 
so

lu
bi

lit
y 

of
 <

 1
 m

g/
L 

by
 g

ui
de

lin
e 

92
/6

9/
EE

C
 A

.6
.  

If
 E

xo
lit

 O
P 

93
0 

is
 

fo
rm

ed
 b

y 
pr

ec
ip

ita
tio

n 
of

 a
 so

lu
bl

e 
sa

lt,
 th

e 
re

m
ai

ni
ng

 e
qu

ili
br

iu
m

 
so

lu
bi

lit
y 

of
 2

.5
 g

/L
 is

 fo
un

d,
 w

hi
ch

 
ca

n 
be

 a
ss

um
ed

 to
 b

e 
th

e 
tru

e 
lim

it 
of

 
so

lu
bi

lit
y 

un
de

r i
de

al
 c

on
di

tio
ns

. 
L

og
 K

ow
-0

.4
4 

(E
st

im
at

ed
) 

St
ue

r-
La

ur
id

se
n 

et
 a

l.,
 2

00
7;

 
B

ea
rd

 a
nd

 M
ar

zi
, 2

00
5 

4-
10

2



D
R

A
FT

 R
EP

O
R

T

E
xo

lit
 O

P 
93

0 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

Fl
am

m
ab

ili
ty

 (F
la

sh
 P

oi
nt

) 
N

ot
 re

ad
ily

 c
om

bu
st

ib
le

 a
cc

or
di

ng
 to

 
gu

id
el

in
e 

96
/6

9/
EE

C
, t

es
t A

. 1
0.

 
(M

ea
su

re
d,

 C
on

fid
en

tia
l) 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

N
o 

se
lf-

ig
ni

tio
n 

be
lo

w
 4

02
°C

 (M
ea

su
re

d,
 

C
on

fid
en

tia
l)

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

E
xp

lo
si

vi
ty

N
o

da
ta

pH
4.

0 
(M

ea
su

re
d)

 
B

ea
rd

 a
nd

 M
ar

zi
, 2

00
5 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

 
D

is
so

ci
at

io
n 

C
on

st
an

t i
n 

W
at

er
 

D
is

so
ci

at
es

 w
ith

in
 2

4 
ho

ur
s a

t p
H

 4
.5

 
du

rin
g 

M
IT

I t
es

t (
M

ea
su

re
d)

 
N

IC
N

A
S,

 2
00

5;
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

In
ad

eq
ua

te
, a

va
ila

bl
e 

da
ta

 su
gg

es
t 

th
at

 th
is

 c
om

po
un

d 
is

 li
ke

ly
 to

 
di

ss
oc

ia
te

 u
nd

er
 e

nv
iro

nm
en

ta
l 

co
nd

iti
on

s. 
H

ow
ev

er
, i

ts
 p

ot
en

tia
l f

or
 

di
ss

oc
ia

tio
n 

as
 a

 fu
nc

tio
n 

of
 p

H
 w

ill
 

ha
ve

 a
 si

gn
ifi

ca
nt

 in
flu

en
ce

 o
n 

its
 

en
vi

ro
nm

en
ta

l f
at

e.
  A

va
ila

bl
e 

da
ta

 
ar

e 
no

t a
de

qu
at

e 
to

 a
ss

es
s i

ts
 

di
ss

oc
ia

tio
n 

un
de

r t
yp

ic
al

 
en

vi
ro

nm
en

ta
l c

on
di

tio
ns

. 

E
N

V
IR

O
N

M
E

N
T

A
L

 F
A

T
E

 
T

ra
ns

po
rt

A
lth

ou
gh

 th
e 

be
ha

vi
or

 o
f m

et
al

 sa
lts

 u
nd

er
 e

nv
ir

on
m

en
ta

l c
on

di
tio

ns
 is

 d
ep

en
de

nt
 o

n 
th

e 
ch

ar
ac

te
ri

st
ic

s 
of

 th
e 

lo
ca

l e
nv

ir
on

m
en

t (
pr

ed
om

in
at

el
y 

pH
), 

tr
an

sp
or

t o
f b

ot
h 

th
e 

m
et

al
 sp

ec
ie

s a
nd

 th
e 

or
ga

ni
c 

an
io

n 
is

 
an

tic
ip

at
ed

 to
 b

e 
do

m
in

at
ed

 b
y 

le
ac

hi
ng

 th
ro

ug
h 

so
il,

 r
un

of
f t

o 
aq

ue
ou

s e
nv

ir
on

m
en

ts
; a

ds
or

pt
io

n 
an

d/
or

 
pr

ec
ip

ita
tio

n 
of

 th
e 

m
et

al
 io

n 
on

to
 so

il 
or

 se
di

m
en

t;
 a

nd
 w

et
 a

nd
 d

ry
 d

ep
os

iti
on

 d
us

t p
ar

tic
ul

at
es

 in
 a

ir
 to

 
la

nd
 o

r 
su

rf
ac

e 
w

at
er

. 
V

ol
at

ili
za

tio
n 

of
 th

is
 io

ni
c 

co
m

po
un

d 
fr

om
 e

ith
er

 w
et

 o
r 

dr
y 

su
rf

ac
es

 is
 n

ot
 

ex
pe

ct
ed

 to
 b

e 
an

 im
po

rt
an

t f
at

e 
pr

oc
es

s. 
N

ev
er

th
el

es
s, 

th
e 

en
vi

ro
nm

en
ta

l f
at

e 
of

 th
is

 o
rg

an
ic

 sa
lt 

w
ill

 b
e 

de
pe

nd
en

t o
n 

its
 p

H
 d

ep
en

de
nt

 d
is

so
ci

at
io

n,
 a

nd
 th

es
e 

da
ta

 a
re

 n
ot

 a
va

ila
bl

e.
 

H
en

ry
’s

 L
aw

 C
on

st
an

t 
– 

H
L

C
 (a

tm
-m

3 /m
ol

e)
<1

0-7
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

B
as

ed
 o

n 
an

al
og

y 
to

 m
et

al
 sa

lts
 th

at
 

di
ss

oc
ia

te
 u

nd
er

 e
nv

iro
nm

en
ta

l 
co

nd
iti

on
s.

4-
10

3



D
R

A
FT

 R
EP

O
R

T

E
xo

lit
 O

P 
93

0 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

 
Se

di
m

en
t/S

oi
l 

A
ds

or
pt

io
n/

 D
es

or
pt

io
n 

C
oe

ff
ic

ie
nt

 –
 K

oc

 
N

o 
da

ta

B
io

ac
cu

m
ul

at
io

n 
 

G
iv

en
 th

e 
ub

iq
ui

to
us

 p
re

se
nc

e 
of

 m
et

al
 sa

lts
 in

 th
e 

en
vi

ro
nm

en
t, 

an
d 

th
e 

io
ni

c 
na

tu
re

 o
f t

hi
s c

om
po

un
d,

 it
 

is
 n

ot
 a

nt
ic

ip
at

ed
 to

 a
pp

re
ci

ab
ly

 b
io

co
nc

en
tr

at
e.

 
Fi

sh
 B

C
F 

<1
00

0 
(E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

B
as

ed
 o

n 
an

al
og

y 
to

 m
et

al
 sa

lts
 th

at
 

di
ss

oc
ia

te
 u

nd
er

 e
nv

iro
nm

en
ta

l 
co

nd
iti

on
s a

nd
 th

e 
ub

iq
ui

to
us

 n
at

ur
e 

of
 su

ch
 sa

lts
 in

 th
e 

en
vi

ro
nm

en
t. 

D
ap

hn
id

s B
C

F 
N

o
da

ta

G
re

en
 A

lg
ae

 B
C

F 
N

o
da

ta

O
ys

te
rs

 B
C

F 
N

o 
da

ta
 

E
ar

th
w

or
m

s B
C

F 
N

o
da

ta

M
et

ab
ol

is
m

 in
 F

is
h 

 
N

o 
da

ta
Pe

rs
is

te
nc

e 
H

IG
H

:  
Fo

r 
th

e 
or

ga
ni

c 
co

un
te

r 
io

n,
 e

st
im

at
es

 in
di

ca
te

 th
at

 th
e 

ha
lf-

lif
e 

fo
r 

ul
tim

at
e 

ae
ro

bi
c 

bi
od

eg
ra

da
tio

n 
in

 w
at

er
 is

 le
ss

 th
an

 6
0 

da
ys

. 
H

ow
ev

er
, t

he
 m

et
al

 io
n 

is
 e

xp
ec

te
d 

to
 b

e 
re

ca
lc

itr
an

t t
o 

bi
od

eg
ra

da
tio

n 
or

 o
th

er
 ty

pi
ca

l e
nv

ir
on

m
en

ta
l r

em
ov

al
 p

ro
ce

ss
es

. 
W

at
er

A
er

ob
ic

 B
io

de
gr

ad
at

io
n 

O
rg

an
ic

 c
ou

nt
er

 io
n:

 
Pr

im
ar

y:
  d

ay
s-

w
ee

ks
 (E

st
im

at
ed

) 
U

lti
m

at
e:

  w
ee

ks
 (E

st
im

at
ed

) 

EP
I

M
et

al
 io

n:
 

R
ec

al
ci

tra
nt

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

N
ot

 in
he

re
nt

ly
 b

io
de

gr
ad

ab
le

 (M
ea

su
re

d)
 S

tu
er

-L
au

rid
se

n 
et

 a
l.,

 2
00

7 
In

ad
eq

ua
te

,s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nc

en
tra

tio
ns

 w
er

e 
no

t a
va

ila
bl

e.
 

A
na

er
ob

ic
B

io
de

gr
ad

at
io

n
D

id
 n

ot
 b

io
de

gr
ad

e 
(M

ea
su

re
d)

 
St

ue
r-

La
ur

id
se

n 
et

 a
l.,

 2
00

7 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 R

iv
er

 
>1

 y
ea

r (
Es

tim
at

ed
) 

EP
I

Es
tim

at
e 

w
as

 o
bt

ai
ne

d 
fo

r t
he

 n
eu

tra
l 

fo
rm

 o
f t

he
 o

rg
an

ic
 c

ou
nt

er
 io

n 
al

th
ou

gh
 th

e 
ot

he
r i

on
ic

 sp
ec

ie
s 

4-
10

4



D
R

A
FT

 R
EP

O
R

T

E
xo

lit
 O

P 
93

0 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

ar
is

in
g 

fr
om

 io
ni

za
tio

n 
ar

e 
al

so
 n

ot
 

an
tic

ip
at

ed
 to

 v
ol

at
ili

ze
 fr

om
 

en
vi

ro
nm

en
ta

l w
at

er
s (

Pr
of

es
si

on
al

 
ju

dg
m

en
t).

 
V

ol
at

ili
za

tio
n 

H
al

f-
lif

e 
fo

r 
M

od
el

 L
ak

e 
>1

 y
ea

r (
Es

tim
at

ed
) 

EP
I

Es
tim

at
e 

w
as

 o
bt

ai
ne

d 
fo

r t
he

 n
eu

tra
l 

fo
rm

 o
f t

he
 o

rg
an

ic
 c

ou
nt

er
 io

n 
al

th
ou

gh
 th

e 
ot

he
r i

on
ic

 sp
ec

ie
s 

ar
is

in
g 

fr
om

 io
ni

za
tio

n 
ar

e 
al

so
 n

ot
 

an
tic

ip
at

ed
 to

 v
ol

at
ili

ze
 fr

om
 

en
vi

ro
nm

en
ta

l w
at

er
s (

Pr
of

es
si

on
al

 
ju

dg
m

en
t).

 
R

ea
dy

 B
io

de
gr

ad
ab

ili
ty

 N
ot

 re
ad

ily
 b

io
de

gr
ad

ab
le

 (M
ea

su
re

d)
N

IC
N

A
S,

 2
00

5;
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

A
de

qu
at

e

N
ot

 re
ad

ily
 b

io
de

gr
ad

ab
le

 (M
ea

su
re

d)
 

St
ue

r-
La

ur
id

se
n 

et
 a

l.,
 2

00
7 

In
ad

eq
ua

te
,s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nc
en

tra
tio

ns
 w

er
e 

no
t a

va
ila

bl
e.

 
So

il
A

er
ob

ic
 B

io
de

gr
ad

at
io

n 
R

es
pi

ra
tio

n 
in

hi
bi

tio
n 

of
 a

ct
iv

at
ed

 sl
ud

ge
 

m
ic

ro
or

ga
ni

sm
s L

C
50

 =
 1

96
8 

m
g/

L,
 

N
O

EC
 =

 4
83

 m
g/

L.
 (M

ea
su

re
d)

 

N
IC

N
A

S,
 2

00
5;

 S
ub

m
itt

ed
 

co
nf

id
en

tia
l s

tu
dy

 
A

de
qu

at
e

So
il 

B
io

de
gr

ad
at

io
n 

w
/ 

Pr
od

uc
t I

de
nt

ifi
ca

tio
n 

N
o

da
ta

Se
di

m
en

t/w
at

er
 

B
io

de
gr

ad
at

io
n

N
o

da
ta

A
ir

A
tm

os
ph

er
ic

 H
al

f-
lif

e
4.

6 
da

ys
 (E

st
im

at
ed

) 
EP

I
Es

tim
at

e 
ob

ta
in

ed
 fo

r t
he

 g
as

-p
ha

se
 

re
ac

tio
n 

of
 th

e 
ne

ut
ra

l f
or

m
 o

f t
he

 
or

ga
ni

c 
co

un
te

r i
on

 w
ith

 h
yd

ro
xy

l 
ra

di
ca

ls
. 

G
iv

en
 th

at
 th

is
 c

om
po

un
d 

is
 

an
tic

ip
at

ed
 to

 e
xi

st
 a

s a
 so

lid
 

pa
rti

cu
la

te
 in

 th
e 

at
m

os
ph

er
e,

 

4-
10

5



D
R

A
FT

 R
EP

O
R

T

E
xo

lit
 O

P 
93

0 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

de
gr

ad
at

io
n 

by
 g

as
-p

ha
se

 re
ac

tio
ns

 
ar

e 
no

t e
xp

ec
te

d 
to

 b
e 

im
po

rta
nt

 
re

m
ov

al
 p

ro
ce

ss
es

 (P
ro

fe
ss

io
na

l 
ju

dg
m

en
t).

 
R

ea
ct

iv
ity

Ph
ot

ol
ys

is
N

ot
 a

 si
gn

ifi
ca

nt
 fa

te
 p

ro
ce

ss
 (E

st
im

at
ed

) 
B

oe
th

lin
g 

an
d 

M
ac

ka
y,

 2
00

0 
Th

e 
su

bs
ta

nc
e 

do
es

 n
ot

 c
on

ta
in

 
fu

nc
tio

na
l g

ro
up

s t
ha

t w
ou

ld
 b

e 
ex

pe
ct

ed
 to

 a
bs

or
b 

lig
ht

 a
t 

en
vi

ro
nm

en
ta

lly
 si

gn
ifi

ca
nt

 
w

av
el

en
gt

hs
 (P

ro
fe

ss
io

na
l j

ud
gm

en
t).

 
H

yd
ro

ly
si

s
St

ab
le

 to
 h

yd
ro

ly
si

s (
M

ea
su

re
d)

 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

M
et

al
 sa

lts
 fo

rm
 a

 v
ar

ie
ty

 o
f 

hy
dr

ox
yl

at
io

n 
pr

od
uc

ts
 a

s a
 fu

nc
tio

n 
of

 
pH

. 
H

yd
ro

ly
si

s o
f t

he
 o

rg
an

ic
 c

ou
nt

er
 

io
n 

is
 n

ot
 e

xp
ec

te
d 

to
 b

e 
a 

si
gn

ifi
ca

nt
 

fa
te

 p
ro

ce
ss

 (E
st

im
at

ed
) 

B
oe

th
lin

g 
an

d 
M

ac
ka

y,
 2

00
0 

Es
tim

at
es

 b
as

ed
 o

n 
an

al
og

y 
to

 si
m

ila
r 

m
et

al
 sa

lts
 c

on
ta

in
in

g 
or

ga
ni

c 
co

un
te

rio
ns

 (P
ro

fe
ss

io
na

l j
ud

gm
en

t).
 

Py
ro

ly
si

s
M

aj
or

 p
ro

du
ct

s a
re

 d
ie

th
yl

ph
os

ph
in

ic
 

ac
id

, e
th

yl
ph

os
ph

on
ic

 a
ci

d,
 p

ho
sp

ho
ric

 
ac

id
, a

nd
 th

ei
r r

es
pe

ct
iv

e 
sa

lts
 

(M
ea

su
re

d)

B
ea

rd
 a

nd
 M

ar
zi

, 2
00

5 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

B
io

m
on

ito
ri

ng
 

N
o 

da
ta

 

E
C

O
T

O
X

IC
IT

Y
 

E
C

O
SA

R
 C

la
ss

 
N

o 
da

ta
 

A
cu

te
 T

ox
ic

ity
 

M
O

D
E

R
A

T
E

: 
T

he
 m

ea
su

re
d 

gr
ee

n 
al

ga
e 

E
C

50
 is

 b
et

w
ee

n 
1 

an
d 

10
0 

m
g/

L.
  F

or
 fi

sh
 a

nd
 d

ap
hn

ia
, n

o 
le

th
al

ity
 w

as
 o

bs
er

ve
d 

up
 to

 th
e 

lim
it 

of
 so

lu
bi

lit
y 

fo
r 

th
e 

st
ud

y.
 

Fi
sh

 L
C

50
Ze

br
a 

fis
h 

96
-h

ou
r L

C
50

 >
11

 m
g/

L 
(M

ea
su

re
d)

N
IC

N
A

S,
 2

00
5;

 S
ub

m
itt

ed
 

co
nf

id
en

tia
l s

tu
dy

 
A

de
qu

at
e

Ze
br

a 
fis

h 
96

-h
ou

r L
C

50
 >

9.
2 

m
g/

L 
(M

ea
su

re
d,

 C
on

fid
en

tia
l) 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

4-
10

6



D
R

A
FT

 R
EP

O
R

T

E
xo

lit
 O

P 
93

0 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

D
ap

hn
ia

 m
ag

na
 4

8-
ho

ur
 L

C
50

 >
33

.7
 

m
g/

L 
(M

ea
su

re
d)

 
N

IC
N

A
S,

 2
00

5;
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

A
de

qu
at

e
D

ap
hn

id
 L

C
50

D
ap

hn
ia

 m
ag

na
 4

8-
ho

ur
 L

C
50

 >
33

 m
g/

L 
(M

ea
su

re
d,

 C
on

fid
en

tia
l) 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e 

Sc
en

ed
es

m
us

 su
bs

pi
ca

tu
s 7

2-
ho

ur
 E

bC
50

of
 6

0 
m

g/
L 

 (M
ea

su
re

d)
 

Sc
en

ed
es

m
us

 su
bs

pi
ca

tu
s 7

2-
ho

ur
 E

rC
50

of
 7

6 
m

g/
L 

(M
ea

su
re

d)
 

N
IC

N
A

S,
 2

00
5;

 S
ub

m
itt

ed
 

co
nf

id
en

tia
l s

tu
dy

 
A

de
qu

at
e

G
re

en
 A

lg
ae

 E
C

50

72
-h

ou
r E

C
50

 =
 5

0m
g/

L 
(M

ea
su

re
d,

 
C

on
fid

en
tia

l)
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

A
de

qu
at

e 

C
hr

on
ic

 T
ox

ic
ity

 
M

O
D

E
R

A
T

E
:  

T
he

 e
st

im
at

ed
 g

re
en

 a
lg

ae
 C

hV
 is

 b
et

w
ee

n 
0.

1 
m

g/
L

 a
nd

 1
0 

m
g/

L
. 

Fi
sh

 C
hV

 
48

 m
g/

L 
(E

st
im

at
ed

, C
on

fid
en

tia
l) 

D
ap

hn
id

 C
hV

 
D

ap
hn

ia
 m

ag
na

 2
1-

da
y 

EC
50

 =
 2

2.
3 

m
g/

L 
fo

r i
m

m
ob

ili
ty

 (M
ea

su
re

d)
 

D
ap

hn
ia

 m
ag

na
 2

1-
da

y 
EC

50
 =

 4
6.

2 
m

g/
L 

fo
r r

ep
ro

du
ct

io
n 

(M
ea

su
re

d)
 

D
ap

hn
ia

 m
ag

na
 2

1-
da

y 
LO

EC
 =

 3
2 

m
g/

L 
fo

r i
m

m
ob

ili
ty

 a
nd

 re
pr

od
uc

tio
n 

(M
ea

su
re

d)
D

ap
hn

ia
 m

ag
na

 2
1-

da
y 

N
O

EC
 =

 1
0 

m
g/

L 
fo

r i
m

m
ob

ili
ty

 a
nd

 re
pr

od
uc

tio
n 

(M
ea

su
re

d)

N
IC

N
A

S,
 2

00
5;

 S
ub

m
itt

ed
 

co
nf

id
en

tia
l s

tu
dy

 
A

de
qu

at
e

1.
4 

m
g/

L 
(E

st
im

at
ed

, C
on

fid
en

tia
l) 

G
re

en
 A

lg
ae

 C
hV

 
1.

8 
m

g/
L 

(M
ea

su
re

d,
 C

on
fid

en
tia

l) 
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

A
de

qu
at

e 

4-
10

7



D
R

A
FT

 R
EP

O
R

T

E
xo

lit
 O

P 
93

0 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

H
U

M
A

N
 H

E
A

L
T

H
 E

FF
E

C
T

S 
A

bs
or

pt
io

n
A

bs
or

pt
io

n 
as

 n
ea

t s
ol

id
 n

eg
lig

ib
le

 
th

ro
ug

h 
sk

in
. 

A
bs

or
pt

io
n 

go
od

 th
ro

ug
h 

lu
ng

s. 
A

bs
or

pt
io

n 
go

od
 th

ro
ug

h 
G

I t
ra

ct
. 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
Es

tim
at

es
 b

as
ed

 o
n 

ph
ys

ic
al

/c
he

m
ic

al
 

pr
op

er
tie

s a
nd

 a
na

lo
gs

. 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

E
xp

er
im

en
ta

l s
tu

di
es

 in
di

ca
te

 th
at

 E
xo

lit
 O

P 
93

0,
 a

dm
in

is
te

re
d 

or
al

ly
 a

nd
 d

er
m

al
ly

 to
 r

at
s, 

do
es

 
no

t p
ro

du
ce

 su
bs

ta
nt

ia
l m

or
ta

lit
y 

at
 le

ve
ls

 u
p 

to
 2

,0
00

 m
g/

kg
. 

A
cu

te
 L

et
ha

lit
y 

O
ra

l
R

at
 o

ra
l L

D
50

 >
20

00
 m

g/
kg

 (M
ea

su
re

d)
 

N
IC

N
A

S,
 2

00
5;

 S
ub

m
itt

ed
 

co
nf

id
en

tia
l s

tu
dy

 
A

de
qu

at
e

D
er

m
al

 
R

at
 d

er
m

al
 L

D
50

 >
20

00
 m

g/
kg

 
(M

ea
su

re
d)

N
IC

N
A

S,
 2

00
5;

 S
ub

m
itt

ed
 

co
nf

id
en

tia
l s

tu
dy

 
A

de
qu

at
e

In
ha

la
tio

n
N

o
da

ta
O

th
er

 A
cu

te
 E

ff
ec

ts
 E

ye
 Ir

ri
ta

tio
n 

Sl
ig

ht
ly

 ir
rit

at
in

g,
 ra

bb
its

 (M
ea

su
re

d)
N

IC
N

A
S,

 2
00

5;
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

A
de

qu
at

e

N
ot

 ir
rit

at
in

g,
 ra

bb
its

 (M
ea

su
re

d,
 

C
on

fid
en

tia
l)

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

D
er

m
al

 Ir
ri

ta
tio

n 
N

on
-ir

rit
at

in
g,

 ra
bb

it 
(M

ea
su

re
d)

 
N

IC
N

A
S,

 2
00

5;
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

A
de

qu
at

e

Sk
in

 S
en

si
tiz

at
io

n 
L

O
W

: 
N

eg
at

iv
e 

fo
r 

sk
in

 se
ns

iti
za

tio
n 

in
 g

ui
ne

a 
pi

gs
. 

N
on

-s
en

si
tiz

in
g,

 g
ui

ne
a 

pi
gs

 (M
ea

su
re

d)
 

N
IC

N
A

S,
 2

00
5;

 S
ub

m
itt

ed
 

co
nf

id
en

tia
l s

tu
dy

 
A

de
qu

at
e

R
ep

ro
du

ct
iv

e 
E

ff
ec

ts
 

L
O

W
: 

E
xo

lit
 O

P 
93

0 
is

 e
st

im
at

ed
 to

 b
e 

of
 lo

w
 h

az
ar

d 
fo

r 
re

pr
od

uc
tiv

e 
ef

fe
ct

s r
es

ul
tin

g 
fr

om
 th

e 
pr

es
en

ce
 

of
 a

 b
io

av
ai

la
bl

e 
m

et
al

 sp
ec

ie
s, 

by
 p

ro
fe

ss
io

na
l j

ud
gm

en
t b

as
ed

 o
n 

a 
co

m
pa

ri
so

n 
to

 a
na

lo
go

us
 m

et
al

 sa
lts

. 
 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

4-
10

8



D
R

A
FT

 R
EP

O
R

T

E
xo

lit
 O

P 
93

0 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

C
om

bi
ne

d 
R

ep
ea

te
d 

D
os

e 
w

ith
 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

R
ep

ro
du

ct
io

n 
an

d 
Fe

rt
ili

ty
 E

ff
ec

ts
 

N
o

da
ta

D
ev

el
op

m
en

ta
l E

ff
ec

ts
 

M
O

D
E

R
A

T
E

: 
E

xo
lit

 O
P 

93
0 

is
 e

st
im

at
ed

 to
 b

e 
of

 m
od

er
at

e 
ha

za
rd

 fo
r 

de
ve

lo
pm

en
ta

l e
ff

ec
ts

 r
es

ul
tin

g 
fr

om
 th

e 
pr

es
en

ce
 o

f a
 b

io
av

ai
la

bl
e 

m
et

al
 sp

ec
ie

s, 
by

 p
ro

fe
ss

io
na

l j
ud

gm
en

t b
as

ed
 o

n 
a 

co
m

pa
ri

so
n 

to
 

an
al

og
ou

s m
et

al
 sa

lts
. 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

C
om

bi
ne

d 
R

ep
ea

te
d 

D
os

e 
w

ith
 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

Pr
en

at
al

 D
ev

el
op

m
en

t 
N

o
da

ta
C

ar
ci

no
ge

ni
ci

ty
L

O
W

: 
E

xo
lit

 O
P 

93
0 

is
 e

st
im

at
ed

 to
 b

e 
of

 lo
w

 h
az

ar
d 

fo
r 

ca
rc

in
og

en
ic

ity
 b

as
ed

 o
n 

co
m

pa
ri

so
n 

to
 

an
al

og
ou

s m
et

al
 sa

lts
 a

nd
 p

ro
fe

ss
io

na
l j

ud
gm

en
t. 

O
nc

oL
og

ic
 R

es
ul

ts
 

N
o

da
ta

C
ar

ci
no

ge
ni

ci
ty

 (R
at

 
an

d 
M

ou
se

) 
N

o
da

ta

C
om

bi
ne

d 
C

hr
on

ic
 

T
ox

ic
ity

/
C

ar
ci

no
ge

ni
ci

ty

N
o

da
ta

4-
10

9



D
R

A
FT

 R
EP

O
R

T

E
xo

lit
 O

P 
93

0 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

Im
m

un
ot

ox
ic

ity
M

O
D

E
R

A
T

E
: 

E
xo

lit
 O

P 
93

0 
is

 e
st

im
at

ed
 to

 b
e 

of
 m

od
er

at
e 

ha
za

rd
 fo

r 
im

m
un

ot
ox

ic
ity

, d
ue

 to
 th

e 
pr

es
en

ce
 o

f a
 b

io
av

ai
la

bl
e 

m
et

al
 sp

ec
ie

s, 
ba

se
d 

on
 c

om
pa

ri
so

n 
to

 a
na

lo
go

us
 m

et
al

 sa
lts

 a
nd

 p
ro

fe
ss

io
na

l 
ju

dg
m

en
t.

Im
m

un
e 

sy
st

em
 e

ff
ec

ts
 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
M

O
D

E
R

A
T

E
: 

E
xo

lit
 O

P 
93

0 
is

 e
st

im
at

ed
 to

 b
e 

of
 m

od
er

at
e 

ha
za

rd
 fo

r 
ne

ur
ot

ox
ic

ity
, d

ue
 to

 th
e 

pr
es

en
ce

 
of

 a
 b

io
av

ai
la

bl
e 

m
et

al
 sp

ec
ie

s, 
ba

se
d 

on
 c

om
pa

ri
so

n 
to

 a
na

lo
go

us
 m

et
al

 sa
lts

 a
nd

 p
ro

fe
ss

io
na

l j
ud

gm
en

t. 
A

cu
te

 a
nd

 2
8-

da
y 

D
el

ay
ed

 N
eu

ro
to

xi
ci

ty
 

of
 O

rg
an

op
ho

sp
ho

ru
s 

Su
bs

ta
nc

es
 (H

en
) 

R
at

 N
O

A
EL

 =
 1

00
0 

m
g/

kg
 (M

ea
su

re
d)

 
B

ea
rd

 a
nd

 M
ar

zi
, 2

00
5 

In
ad

eq
ua

te
, s

tu
dy

 d
et

ai
ls

 a
nd

 te
st

 
co

nd
iti

on
s w

er
e 

no
t a

va
ila

bl
e.

 

N
eu

ro
to

xi
ci

ty
 S

cr
ee

ni
ng

 
B

at
te

ry
 (A

du
lt)

 
N

o
da

ta

D
ev

el
op

m
en

ta
l 

N
eu

ro
to

xi
ci

ty
N

o
da

ta

G
en

ot
ox

ic
ity

L
O

W
: 

E
xp

er
im

en
ta

l s
tu

di
es

 in
di

ca
te

 th
at

 E
xo

lit
 O

P 
93

0 
is

 n
ot

 g
en

ot
ox

ic
 to

 b
ac

te
ri

al
 o

r 
m

am
m

al
ia

n 
ce

lls
 

in
 v

itr
o.

G
en

e 
M

ut
at

io
n 

in
 v

itr
o 

N
eg

at
iv

e,
 A

m
es

 A
ss

ay
 (M

ea
su

re
d)

 
N

IC
N

A
S,

 2
00

5;
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

A
de

qu
at

e

G
en

e 
M

ut
at

io
n 

in
 v

iv
o 

N
o

da
ta

C
hr

om
os

om
al

A
be

rr
at

io
ns

 in
 v

itr
o 

N
eg

at
iv

e,
 c

hr
om

os
om

al
 a

be
rr

at
io

ns
 in

 
C

H
L 

ce
lls

 (M
ea

su
re

d)
 

N
IC

N
A

S,
 2

00
5;

 S
ub

m
itt

ed
 

co
nf

id
en

tia
l s

tu
dy

 
A

de
qu

at
e

C
hr

om
os

om
al

A
be

rr
at

io
ns

 in
 v

iv
o 

N
o

da
ta

D
N

A
 D

am
ag

e 
an

d 
R

ep
ai

r
N

o
da

ta

O
th

er
 (M

ito
tic

 G
en

e 
C

on
ve

rs
io

n)
N

o
da

ta

4-
11

0



D
R

A
FT

 R
EP

O
R

T

E
xo

lit
 O

P 
93

0 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

Sy
st

em
ic

 E
ff

ec
ts

 
L

O
W

: 
E

xp
er

im
en

ta
l s

tu
di

es
 in

di
ca

te
 th

at
 E

xo
lit

 O
P 

93
0,

 a
dm

in
is

te
re

d 
or

al
ly

 to
 r

at
s, 

pr
od

uc
es

 n
o 

ad
ve

rs
e 

ef
fe

ct
s a

t l
ev

el
s u

p 
to

 1
,0

00
 m

g/
kg

/d
ay

. 
28

-d
ay

 N
O

A
EL

 =
 1

00
0 

m
g/

kg
/d

ay
, r

at
s 

(M
ea

su
re

d)
N

IC
N

A
S,

 2
00

5;
 S

ub
m

itt
ed

 
co

nf
id

en
tia

l s
tu

dy
 

A
de

qu
at

e

E
nd

oc
ri

ne
 D

is
ru

pt
io

n 
N

o 
da

ta
 

4-
11

1



DRAFT REPORT 

References for Exolit OP 930 

Beard, A; Marzi, T. New phosphorus based flame retardants for E&E applications: A case 
study on their environmental profile in view of European legislation on chemicals and 
end-of-life (REACH), WEEE, RoHS). In Addcon 2005, September 20-21, 2005, 
Hamburg, Germany. Available online at http://www.flammschutz-
online.de/news/downloads/over_german/addcon_ecoprofile_frs_handout.pdf.

Boethling, R.S.; Mackay, D. Handbook of property estimation methods for chemicals: 
Environmental and health sciences; Lewis Publishers: Boca Raton, FL, 2000. 

Clariant. Exolit OP 930 Product Data Sheet; 2007. 

De Boysère, J.; Dietz, M. Halogen-free flame retardants for electronic applications. OnBoard 
Technology. [Online] 2005, 20. http://www.onboard-
technology.com/pdf_febbraio2005/020505.pdf.

EPI (EPIWIN/EPISUITE) Estimations Programs Interface for Windows, Version 3.20. U.S. 
Environmental Protection Agency: Washington, DC. 
http://www.epa.gov/opptintr/exposure/.

NICNAS (National Industrial Chemicals Notification and Assessment Scheme). Full public 
report on chemical in Exolit OP 1312. [Online] September 2005. 
http://www.nicnas.gov.au/publications/CAR/new/Std/stdFULLR/std1000FR/std1168 
FR.pdf.

Stuer-Lauridsen, F.; Karl-Heinz, C.; Andersen, T. T. Health and Environmental Assessment 
of Alternatives to Deca-BDE in Electrical and Electronic Equipment; Environmental 
Project No. 1142; [Online] Danish Ministry for the Environment, Danish 
Environmental Protection Agency: 2007. 
http://www2.mst.dk/Udgiv/publications/2007/978-87-7052-351-
6/html/default_eng.htm.

4-112



D
R

A
FT

 R
EP

O
R

T

4.
2.

9
M

el
ap

ur
 2

00
 

R
ec

or
d 

ID
: 

M
el

ap
ur

 2
00

 
C

A
S 

N
o.

 2
18

76
8-

84
-4

 
M

W
: >

1,
00

0 
(M

ea
su

re
d,

 
C

on
fid

en
tia

l)
M

F:
H

, O
, P

 . 
x 

C
3H

6N
6

Ph
ys

ic
al

 F
or

m
s:

 S
ol

id

PO

O
H

O
P

O
H

O

n

N
N

NH
+

N
H

2
N

H
2

N
H

2

O
O

H
U

se
:

Fl
am

e 
re

ta
rd

an
t, 

ad
di

tiv
e 

SM
IL

E
S:

N
am

e:
Po

ly
ph

os
ph

or
ic

 a
ci

ds
, c

om
po

un
ds

 w
ith

 m
el

am
in

e 
Sy

no
ny

m
s:

M
el

ap
ur

 2
00

 
L

ife
-C

yc
le

 C
on

si
de

ra
tio

ns
: 

Po
te

nt
ia

l h
um

an
 a

nd
 e

nv
iro

nm
en

ta
l e

xp
os

ur
e 

to
 M

el
ap

ur
 2

00
 m

ay
 o

cc
ur

 th
ro

ug
h 

du
st

-f
or

m
in

g 
op

er
at

io
ns

 fr
om

 it
s m

an
uf

ac
tu

re
 o

r 
du

rin
g 

lo
ad

in
g/

un
lo

ad
in

g,
 tr

an
sf

er
, o

r m
ix

in
g 

op
er

at
io

ns
.  

A
s a

n 
ad

di
tiv

e 
fla

m
e 

re
ta

rd
an

t, 
it 

m
ay

 a
ls

o 
be

 re
le

as
ed

 fr
om

 la
m

in
at

es
 a

nd
 P

C
B

s. 
 A

fte
r i

nc
or

po
ra

tio
n 

in
to

 th
e 

re
si

n 
an

d/
or

 th
e 

la
m

in
at

e,
 p

ot
en

tia
l e

xp
os

ur
e 

po
te

nt
ia

l r
el

ea
se

s o
f M

el
ap

ur
 2

00
 d

ur
in

g 
th

e 
us

ef
ul

 li
fe

 c
yc

le
 o

f P
C

B
s i

s n
ot

 a
nt

ic
ip

at
ed

, e
xc

ep
t b

y 
an

 
ex

tra
ct

iv
e 

pr
oc

es
se

s u
po

n 
co

nt
ac

t w
ith

 w
at

er
.  

Po
te

nt
ia

l r
el

ea
se

s o
f M

el
ap

ur
 2

00
 p

ar
tic

ul
at

es
 d

ur
in

g 
th

e 
di

sp
os

al
 o

f P
C

B
s m

ay
 a

ris
e 

du
rin

g 
th

e 
di

sp
os

al
 p

ha
se

 o
f 

th
e 

lif
e 

cy
cl

e 
vi

a 
sh

re
dd

in
g 

or
 o

th
er

 o
pe

ra
tio

ns
 w

he
re

 it
 m

ay
 b

ec
om

e 
m

ob
ili

ze
d.

  I
ts

 w
at

er
 so

lu
bi

lit
y 

su
gg

es
ts

 th
at

 it
 m

ay
 a

ls
o 

m
ig

ra
te

 fr
om

 P
C

B
s d

ep
os

ite
d 

in
 

la
nd

fil
ls

 u
po

n 
co

nt
ac

t w
ith

 w
at

er
. 

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

PH
Y

SI
C

A
L

/C
H

E
M

IC
A

L
 P

R
O

PE
R

T
IE

S 
M

el
ap

ur
 2

00
 

> 
40

0 
(M

ea
su

re
d,

 C
on

fid
en

tia
l) 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

M
el

tin
g 

Po
in

t (
°C

) 
> 

40
0 

(M
ea

su
re

d)
 

A
us

tra
lia

, 2
00

6 
A

de
qu

at
e

B
oi

lin
g 

Po
in

t (
°C

) 
A

s a
n 

or
ga

ni
c 

sa
lt,

 th
e 

po
ly

m
er

 is
 

ex
pe

ct
ed

 to
 d

ec
om

po
se

 b
ef

or
e 

bo
ili

ng
 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

4-
11

3



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

V
ap

or
 P

re
ss

ur
e 

(m
m

 H
g)

 
<1

0-6
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

W
at

er
 S

ol
ub

ili
ty

 (g
/L

) 
20

 (M
ea

su
re

d,
 C

on
fid

en
tia

l) 
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

A
de

qu
at

e
20

(M
ea

su
re

d)
A

us
tra

lia
,2

00
6

A
de

qu
at

e
L

og
 K

ow
N

o
da

ta
Fl

am
m

ab
ili

ty
 (F

la
sh

 P
oi

nt
) 

N
ot

 h
ig

hl
y 

fla
m

m
ab

le
 (M

ea
su

re
d,

 
C

on
fid

en
tia

l)
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

A
de

qu
at

e

E
xp

lo
si

vi
ty

N
ot

 a
 p

ot
en

tia
l e

xp
lo

si
ve

 (M
ea

su
re

d,
 

C
on

fid
en

tia
l)

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

N
ot

 a
 p

ot
en

tia
l e

xp
lo

si
ve

 (M
ea

su
re

d)
 

A
us

tra
lia

, 2
00

6 
A

de
qu

at
e

pH
N

o
da

ta
D

is
so

ci
at

io
n 

co
ns

ta
nt

 in
 w

at
er

 
M

el
ap

ur
 2

00
 

N
o 

da
ta

Po
ly

ph
os

ph
or

ic
 a

ci
d 

N
o

da
ta

M
el

am
in

e
pK

a =
 5

.0
0 

(M
ea

su
re

d)
 

Li
de

, 2
00

0 
A

de
qu

at
e

E
N

V
IR

O
N

M
E

N
T

A
L

 F
A

T
E

 
T

ra
ns

po
rt

M
el

ap
ur

 2
00

 h
as

 a
 h

ig
h 

m
ea

su
re

d 
w

at
er

 so
lu

bi
lit

y 
of

 2
0 

g/
L

 a
nd

 c
on

ta
in

s a
ro

m
at

ic
 a

m
in

es
, w

hi
ch

 te
nd

 
to

 b
on

d 
w

ith
 h

um
ic

 m
at

te
r 

in
 so

il.
  T

he
re

fo
re

, i
t c

an
 b

e 
ex

pe
ct

ed
 to

 p
ar

tit
io

n 
pr

ed
om

in
at

el
y 

to
 w

at
er

, 
so

il 
an

d 
se

di
m

en
t. 

It
 is

 n
ot

 a
nt

ic
ip

at
ed

 to
 m

ig
ra

te
 fr

om
 so

il 
in

to
 g

ro
un

dw
at

er
.  

A
s a

 p
ol

ym
er

 sa
lt,

 
vo

la
til

iz
at

io
n 

fr
om

 e
ith

er
 w

et
 o

r 
dr

y 
su

rf
ac

es
 is

 n
ot

 e
xp

ec
te

d 
to

 b
e 

an
 im

po
rt

an
t f

at
e 

pr
oc

es
s. 

M
el

ap
ur

 2
00

 
H

en
ry

’s
 L

aw
 C

on
st

an
t 

– 
H

L
C

 (a
tm

- m
3 /m

ol
e)

<1
0-8

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

Se
di

m
en

t/S
oi

l 
A

ds
or

pt
io

n/
D

es
or

pt
io

n 
C

oe
ff

ic
ie

nt
 

– 
K

oc

<1
,0

00
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

A
ro

m
at

ic
 a

m
in

es
 fo

rm
 c

ov
al

en
t 

bo
nd

s t
o 

hu
m

ic
 m

at
te

r i
n 

so
ils

 a
nd

 
se

di
m

en
ts

, b
in

di
ng

 ir
re

ve
rs

ib
ly

. 

B
io

ac
cu

m
ul

at
io

n 
 

L
O

W
:

B
as

ed
 o

n 
th

e 
re

la
tiv

el
y 

hi
gh

 w
at

er
 so

lu
bi

lit
y 

of
 M

el
ap

ur
 2

00
 (2

0g
/L

), 
th

e 
B

C
F 

is
 e

xp
ec

te
d 

to
 b

e 
<1

00
0.

 (P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 M

el
ap

ur
 2

00
 

Fi
sh

 B
C

F 
<1

00
0

Pr
of

es
si

on
al

ju
dg

m
en

t 

4-
11

4



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

D
ap

hn
id

s B
C

F 
 

N
o 

da
ta

G
re

en
 A

lg
ae

 B
C

F 
 

N
o 

da
ta

O
ys

te
rs

 B
C

F
 

N
o 

da
ta

E
ar

th
w

or
m

s B
C

F 
 

N
o 

da
ta

M
et

ab
ol

is
m

 in
 fi

sh
 

 
N

o 
da

ta
Po

ly
ph

os
ph

or
ic

 a
ci

d 
Fi

sh
 B

C
F 

 
N

o 
da

ta
D

ap
hn

id
s B

C
F 

 
N

o 
da

ta
G

re
en

 A
lg

ae
 B

C
F 

 
N

o 
da

ta
O

ys
te

rs
 B

C
F

 
N

o 
da

ta
E

ar
th

w
or

m
s B

C
F 

 
N

o 
da

ta
M

et
ab

ol
is

m
 in

 fi
sh

 
 

N
o 

da
ta

M
el

am
in

e
Fi

sh
 B

C
F 

<3
.8

 fo
r 0

.2
 m

g/
L 

m
el

am
in

e 
an

d 
<0

.3
8 

fo
r 2

 m
g/

L 
m

el
am

in
e 

(C
yp

ri
nu

s
ca

rp
io

)
(M

ea
su

re
d)

SI
D

S,
 1

99
9;

 IU
C

LI
D

, 2
00

0a
 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 

D
ap

hn
id

s B
C

F 
N

o
da

ta
G

re
en

 A
lg

ae
 B

C
F 

 
N

o 
da

ta
O

ys
te

rs
 B

C
F

 
N

o 
da

ta
E

ar
th

w
or

m
s B

C
F 

 
N

o 
da

ta
M

et
ab

ol
is

m
 in

 fi
sh

 
 

N
o 

da
ta

Pe
rs

is
te

nc
e 

M
O

D
E

R
A

T
E

: 
M

el
ap

ur
 2

00
 is

 e
xp

ec
te

d 
to

 sh
ow

 m
od

er
at

e 
pe

rs
is

te
nc

e 
in

 th
e 

en
vi

ro
nm

en
t b

as
ed

 o
n 

th
e 

da
ta

 fo
r 

m
el

am
in

e.
 T

he
 w

ei
gh

t o
f e

vi
de

nc
e 

su
gg

es
ts

 th
at

 m
el

am
in

e 
w

ill
 n

ot
 b

io
de

gr
ad

e 
ra

pi
dl

y.
D

eg
ra

da
tio

n 
of

 m
el

am
in

e 
by

 h
yd

ro
ly

si
s o

r 
di

re
ct

 p
ho

to
ly

si
s i

s n
ot

 e
xp

ec
te

d 
to

 b
e 

si
gn

ifi
ca

nt
 a

s t
he

 
fu

nc
tio

na
l g

ro
up

s p
re

se
nt

 o
n 

th
is

 m
ol

ec
ul

e 
do

 n
ot

 te
nd

 to
 u

nd
er

go
 th

es
e 

re
ac

tio
ns

 u
nd

er
 e

nv
ir

on
m

en
ta

l 
co

nd
iti

on
s. 

Po
ly

ph
os

ph
or

ic
 a

ci
d 

is
 e

xp
ec

te
d 

to
 sh

ow
 lo

w
 p

er
si

st
en

ce
 in

 th
e 

en
vi

ro
nm

en
t. 

 T
he

 w
ei

gh
t o

f 
ev

id
en

ce
 su

gg
es

ts
 th

at
 p

ol
yp

ho
sp

ho
ri

c 
ac

id
 w

ill
 h

yd
ro

ly
ze

 u
nd

er
 e

nv
ir

on
m

en
ta

l c
on

di
tio

ns
. 

M
el

ap
ur

 2
00

 
W

at
er

A
er

ob
ic

bi
od

eg
ra

da
tio

n
N

o
da

ta

A
na

er
ob

ic
bi

od
eg

ra
da

tio
n

N
o

da
ta

4-
11

5



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 R

iv
er

 
N

o
da

ta

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 L

ak
e 

>1
 y

r (
Es

tim
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

R
ea

dy
B

io
de

gr
ad

ab
ili

ty
 

>1
 y

r (
Es

tim
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

So
il

So
il 

bi
od

eg
ra

da
tio

n 
w

/ 
pr

od
uc

t i
de

nt
ifi

ca
tio

n 
N

o
da

ta

Se
di

m
en

t/w
at

er
 

bi
od

eg
ra

da
tio

n
N

o
da

ta

A
ir

A
tm

os
ph

er
ic

 H
al

f-
lif

e
N

o
da

ta
R

ea
ct

iv
ity

Ph
ot

ol
ys

is
N

o
da

ta
H

yd
ro

ly
si

s
N

o
da

ta
Py

ro
ly

si
s

N
o

da
ta

Po
ly

ph
os

ph
or

ic
 a

ci
d 

W
at

er
A

er
ob

ic
bi

od
eg

ra
da

tio
n

N
o

da
ta

A
na

er
ob

ic
bi

od
eg

ra
da

tio
n

N
o

da
ta

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 R

iv
er

 
>1

 y
r (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 L

ak
e 

>1
 y

r (
Es

tim
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

R
ea

dy
B

io
de

gr
ad

ab
ili

ty
 

N
o

da
ta

So
il

So
il 

bi
od

eg
ra

da
tio

n 
w

/ 
pr

od
uc

t i
de

nt
ifi

ca
tio

n 
N

o
da

ta

Se
di

m
en

t/w
at

er
 

bi
od

eg
ra

da
tio

n
N

o
da

ta

4-
11

6



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

A
ir

A
tm

os
ph

er
ic

 H
al

f-
lif

e
N

o
da

ta
R

ea
ct

iv
ity

Ph
ot

ol
ys

is
N

ot
 a

 si
gn

ifi
ca

nt
 fa

te
 p

ro
ce

ss
 

(E
st

im
at

ed
) 

B
oe

th
lin

g 
an

d 
M

ck
ay

, 2
00

0;
 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
Th

e 
su

bs
ta

nc
e 

do
es

 n
ot

 c
on

ta
in

 
fu

nc
tio

na
l g

ro
up

s t
ha

t w
ou

ld
 b

e 
ex

pe
ct

ed
 to

 a
bs

or
b 

lig
ht

 a
t 

en
vi

ro
nm

en
ta

lly
 si

gn
ifi

ca
nt

 
w

av
el

en
gt

hs
.

H
yd

ro
ly

si
s

Th
e 

ha
lf-

lif
e 

fo
r t

he
 fo

rm
at

io
n 

of
 

ph
os

ph
or

ic
 a

ci
d 

is
 se

ve
ra

l d
ay

s a
t 

25
°C

. 
(M

ea
su

re
d)

 

K
irk

-O
th

m
er

, 2
00

5 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

A
t n

eu
tra

l p
H

, t
he

 h
yd

ro
ly

si
s o

f l
in

ea
r 

lo
ng

-c
ha

in
 p

ol
yp

ho
sp

ha
te

s t
o 

sh
or

te
r 

ch
ai

ns
 h

as
 a

 h
al

f-
lif

e 
ar

ou
nd

 2
0 

da
ys

.  
(M

ea
su

re
d)

Sp
an

gg
or

d 
et

 a
l.,

 1
98

5 
In

ad
eq

ua
te

, s
tu

dy
 d

et
ai

ls
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t a
va

ila
bl

e.
 

H
yd

ro
ly

si
s o

cc
ur

s i
n 

2 
m

on
th

s a
t 

20
°C

. 
(M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0b

 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Py
ro

ly
si

s
N

o
da

ta
M

el
am

in
e

W
at

er
A

er
ob

ic
bi

od
eg

ra
da

tio
n

Pr
im

ar
y:

  d
ay

s-
w

ee
ks

 (E
st

im
at

ed
) 

EP
I

U
lti

m
at

e:
  w

ee
ks

-m
on

th
s (

Es
tim

at
ed

) 
EP

I
16

%
 re

m
ov

al
 a

fte
r 2

0 
da

ys
 w

ith
 

ac
tiv

at
ed

 sl
ud

ge
, 1

4%
 re

m
ov

al
 a

fte
r 

10
 d

ay
s w

ith
 a

da
pt

ed
 sl

ud
ge

 
(M

ea
su

re
d)

SI
D

S,
 1

99
9 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 

0%
 re

m
ov

al
 a

fte
r 2

8 
da

ys
 w

ith
 

ac
tiv

at
ed

 sl
ud

ge
 (M

ea
su

re
d)

 
SI

D
S,

 1
99

9 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

0%
 re

m
ov

al
 a

fte
r 1

4 
da

ys
 w

ith
 

ac
tiv

at
ed

 sl
ud

ge
 (M

ea
su

re
d)

 
SI

D
S,

 1
99

9 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

<3
0%

 re
m

ov
al

 a
fte

r 1
4 

da
ys

 w
ith

 
ac

tiv
at

ed
 sl

ud
ge

 (M
ea

su
re

d)
 

SI
D

S,
 1

99
9 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
<1

%
 re

m
ov

al
 a

fte
r 5

 d
ay

s w
ith

 a
n 

ad
ap

te
d 

in
oc

ul
um

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0a
 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
0%

 re
m

ov
al

 a
fte

r 1
4 

da
ys

 w
ith

 
ac

tiv
at

ed
 sl

ud
ge

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0a
 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 

4-
11

7



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

<3
0%

 re
m

ov
al

 a
fte

r 1
4 

da
ys

 w
ith

 
ac

tiv
at

ed
 sl

ud
ge

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0a
 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
<2

0%
 re

m
ov

al
 a

fte
r 2

0 
da

ys
, 1

4%
 

re
m

ov
al

 a
fte

r 1
0 

da
ys

 w
ith

 a
da

pt
ed

 
in

oc
ul

um
 (M

ea
su

re
d)

 

IU
C

LI
D

, 2
00

0a
 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 

A
na

er
ob

ic
bi

od
eg

ra
da

tio
n

0-
8.

9%
 n

itr
ifi

ca
tio

n 
w

as
 o

bs
er

ve
d 

af
te

r 2
8 

da
ys

 in
cu

ba
tio

n 
w

ith
 b

ac
te

ria
 

in
 W

eb
st

er
 si

lty
 c

la
y 

lo
am

 u
nd

er
 

an
ae

ro
bi

c 
co

nd
iti

on
s (

M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0a
 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 R

iv
er

 
>1

 y
r (

Es
tim

at
ed

) 
EP

I

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 L

ak
e 

>1
 y

r (
Es

tim
at

ed
) 

EP
I

R
ea

dy
B

io
de

gr
ad

ab
ili

ty
 

N
ot

 re
ad

y 
bi

od
eg

ra
da

bl
e 

(E
st

im
at

ed
) 

EP
I

So
il

So
il 

bi
od

eg
ra

da
tio

n 
w

/ 
pr

od
uc

t i
de

nt
ifi

ca
tio

n 
N

o
da

ta

Se
di

m
en

t/w
at

er
 

bi
od

eg
ra

da
tio

n
N

o
da

ta

A
ir

A
tm

os
ph

er
ic

 H
al

f-
lif

e
N

o
da

ta

R
ea

ct
iv

ity
Ph

ot
ol

ys
is

N
ot

 a
 si

gn
ifi

ca
nt

 fa
te

 p
ro

ce
ss

 
(E

st
im

at
ed

) 
B

oe
th

lin
g 

an
d 

M
ck

ay
, 2

00
0;

 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

Th
e 

su
bs

ta
nc

e 
do

es
 n

ot
 c

on
ta

in
 

fu
nc

tio
na

l g
ro

up
s t

ha
t w

ou
ld

 b
e 

ex
pe

ct
ed

 to
 a

bs
or

b 
lig

ht
 a

t 
en

vi
ro

nm
en

ta
lly

 si
gn

ifi
ca

nt
 

w
av

el
en

gt
hs

.
H

yd
ro

ly
si

s
N

ot
 a

 si
gn

ifi
ca

nt
 fa

te
 p

ro
ce

ss
 

(E
st

im
at

ed
) 

B
oe

th
lin

g 
an

d 
M

ck
ay

, 2
00

0;
 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
Th

e 
su

bs
ta

nc
e 

do
es

 n
ot

 c
on

ta
in

 
fu

nc
tio

na
l g

ro
up

s t
ha

t w
ou

ld
 b

e 
ex

pe
ct

ed
 to

 h
yd

ro
ly

ze
 re

ad
ily

 u
nd

er
 

en
vi

ro
nm

en
ta

l c
on

di
tio

ns
. 

Py
ro

ly
si

s
N

o
da

ta
B

io
m

on
ito

ri
ng

 
N

o 
da

ta
 

4-
11

8



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

E
C

O
T

O
X

IC
IT

Y
 

E
C

O
SA

R
 C

la
ss

 
N

o 
da

ta
 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

M
el

ap
ur

 2
00

 is
 e

xp
ec

te
d 

to
 b

e 
of

 lo
w

 h
az

ar
d 

fo
r 

lo
w

 a
cu

te
 to

xi
ci

ty
 to

 a
qu

at
ic

 o
rg

an
is

m
s b

as
ed

 
on

 th
e 

da
ta

 fo
r 

m
el

am
in

e.
  F

or
 m

el
am

in
e,

 th
e 

w
ei

gh
t o

f e
vi

de
nc

e 
su

gg
es

ts
 th

at
 th

e 
ac

ut
e 

va
lu

es
 a

re
 >

 
10

0 
m

g/
L

.  
Fo

r 
M

el
ap

ur
 2

00
, n

o 
ef

fe
ct

s w
er

e 
ob

se
rv

ed
 a

t t
he

 h
ig

he
st

 c
on

ce
nt

ra
tio

n 
te

st
ed

 (3
.0

 m
g/

L
). 

 
M

el
ap

ur
 2

00
 d

oe
s n

ot
 c

au
se

 e
ut

ro
ph

ic
at

io
n.

 
M

el
ap

ur
 2

00
 

Fi
sh

 L
C

50
 

N
o 

da
ta

D
ap

hn
id

 L
C

50
 

N
o 

da
ta

G
re

en
 A

lg
ae

 E
C

50
Se

le
na

st
ru

m
 c

ap
ri

co
rn

ut
um

 9
6-

ho
ur

EC
50

 >
 3

.0
 m

g/
L 

(M
ea

su
re

d,
 

C
on

fid
en

tia
l);

 9
6-

ho
ur

 N
O

EC
 =

 3
.0

 
m

g/
L 

(M
ea

su
re

d,
 C

on
fid

en
tia

l) 

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

Se
le

na
st

ru
m

 c
ap

ri
co

rn
ut

um
 9

6-
ho

ur
EC

50
 >

 3
.0

 m
g/

L 
(M

ea
su

re
d)

; 9
6-

ho
ur

 
N

O
EC

 =
 3

.0
 m

g/
L 

(M
ea

su
re

d)
 

A
us

tra
lia

, 2
00

6 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

In
 a

 9
6-

hr
 c

on
tro

l g
ro

w
th

 te
st

 
(S

el
en

as
tr

um
 c

ap
ri

co
rn

ut
um

),
M

el
ap

ur
 2

00
 c

au
se

s i
nc

re
as

ed
 a

lg
al

 
gr

ow
th

, b
ut

 g
ro

w
th

 is
 9

5%
 le

ss
 th

an
 

gr
ow

th
 in

 st
an

da
rd

 m
ed

iu
m

 w
ith

 
ad

eq
ua

te
 P

. 
Th

is
 in

di
ca

te
s t

ha
t 

M
el

ap
ur

 2
00

 is
 n

ot
 a

 g
oo

d 
so

ur
ce

 o
f P

 
fo

r a
lg

al
 g

ro
w

th
 a

nd
 d

oe
s n

ot
 c

au
se

 
eu

tro
ph

ic
at

io
n.

 (M
ea

su
re

d,
 

C
on

fid
en

tia
l)

Su
bm

itt
ed

 c
on

fid
en

tia
l s

tu
dy

 
A

de
qu

at
e

Po
ly

ph
os

ph
or

ic
 a

ci
d 

Fi
sh

 L
C

50
 

N
o 

da
ta

D
ap

hn
id

 L
C

50
 

N
o 

da
ta

G
re

en
 A

lg
ae

 E
C

50
 

N
o 

da
ta

M
el

am
in

e
Fi

sh
 L

C
50

Le
uc

is
cu

s i
du

s m
el

an
ot

us
 4

8-
ho

ur
 

LC
50

 >
 5

00
 m

g/
L 

(M
ea

su
re

d)
 

SI
D

S,
 1

99
9 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 

4-
11

9



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

O
ry

zi
as

 la
tip

es
 4

8-
ho

ur
 L

C
50

 =
 1

00
0 

m
g/

L 
(M

ea
su

re
d)

 
SI

D
S,

 1
99

9 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Po
ec

ili
a 

re
tic

ul
at

a 
96

-h
ou

r L
C

50
>

30
00

 m
g/

L 
(M

ea
su

re
d)

 
SI

D
S,

 1
99

9 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Po
ec

ili
a 

re
tic

ul
at

a 
44

00
 m

g/
L 

do
se

 
le

th
al

 to
 <

10
%

 (M
ea

su
re

d)
 

SI
D

S,
 1

99
9 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
D

ap
hn

id
 L

C
50

D
ap

hn
ia

 m
ag

na
 4

8-
ho

ur
 L

C
50

 >
 2

00
0 

m
g/

L 
(M

ea
su

re
d)

 
SI

D
S,

 1
99

9 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

G
re

en
 A

lg
ae

 E
C

50
Sc

en
ed

es
m

us
 p

an
no

ni
cu

s 4
-d

ay
 E

C
50

= 
94

0 
m

g/
L 

(M
ea

su
re

d)
; 4

-d
ay

 N
O

EC
 

= 
32

0 
m

g/
L 

(M
ea

su
re

d)
 

SI
D

S,
 1

99
9 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 

C
hr

on
ic

 T
ox

ic
ity

 
L

O
W

: 
M

el
ap

ur
 2

00
 is

 e
xp

ec
te

d 
to

 b
e 

of
 lo

w
 h

az
ar

d 
fo

r 
ch

ro
ni

c 
to

xi
ci

ty
 to

 a
qu

at
ic

 o
rg

an
is

m
s b

as
ed

 o
n 

th
e 

da
ta

 fo
r 

m
el

am
in

e.
  F

or
 m

el
am

in
e,

 th
e 

w
ei

gh
t o

f e
vi

de
nc

e 
su

gg
es

ts
 th

at
 th

e 
ch

ro
ni

c 
va

lu
es

 a
re

 >
 1

0 
m

g/
L

. 
M

el
ap

ur
 2

00
 

Fi
sh

 C
hV

 
 

N
o 

da
ta

D
ap

hn
id

 C
hV

 
 

N
o 

da
ta

G
re

en
 A

lg
ae

 C
hV

 
 

N
o 

da
ta

Po
ly

ph
os

ph
or

ic
 a

ci
d 

Fi
sh

 C
hV

 
 

N
o 

da
ta

D
ap

hn
id

 C
hV

 
 

N
o 

da
ta

G
re

en
 A

lg
ae

 C
hV

 
 

N
o 

da
ta

M
el

am
in

e
Fi

sh
 C

hV
 

Jo
rd

an
el

la
 fl

or
id

ae
 3

5-
da

y 
N

O
EC

 �
10

00
 m

g/
L 

(M
ea

su
re

d)
 

SI
D

S,
 1

99
9 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Sa

lm
o 

ga
ir

dn
er

i N
O

EC
 

(m
ac

ro
sc

op
ic

) =
 5

00
 m

g/
L 

(M
ea

su
re

d)
; N

O
EC

 (m
ic

ro
sc

op
ic

) <
 

12
5 

m
g/

L 
(M

ea
su

re
d)

 

SI
D

S,
 1

99
9 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 

D
ap

hn
id

 C
hV

 
D

ap
hn

ia
 m

ag
na

 2
1-

da
y 

LC
50

 =
 3

2-
56

 
m

g/
L,

 2
1-

da
y 

LC
10

0 
= 

56
 m

g/
L,

 2
1-

da
y 

N
O

EC
 =

 1
8 

m
g/

L 
(M

ea
su

re
d)

 

SI
D

S,
 1

99
9 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 

G
re

en
 A

lg
ae

 C
hV

 
N

o
da

ta

4-
12

0



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

H
U

M
A

N
 H

E
A

L
T

H
 E

FF
E

C
T

S 
A

bs
or

pt
io

n
Lo

w
 fo

r a
ll 

ro
ut

es
. (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t. 

Es
tim

at
es

 b
as

ed
 o

n 
ph

ys
ic

al
/c

he
m

ic
al

 p
ro

pe
rti

es
. 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

M
el

ap
ur

 2
00

 is
 e

xp
ec

te
d 

to
 b

e 
of

 lo
w

 h
az

ar
d 

fo
r 

ac
ut

e 
to

xi
ci

ty
 b

as
ed

 o
n 

ev
id

en
ce

 m
ea

su
re

d 
fo

r 
M

el
ap

ur
 2

00
, p

ho
sp

ho
ri

c 
ac

id
s a

nd
 m

el
am

in
e.

 T
he

 w
ei

gh
t o

f e
vi

de
nc

e 
in

di
ca

te
s t

ha
t w

he
n 

ad
m

in
is

te
re

d 
or

al
ly

 a
nd

 d
er

m
al

ly
 to

 r
at

s, 
m

ic
e 

an
d 

ra
bb

its
, M

el
ap

ur
 2

00
, p

ol
yp

ho
sp

ho
ri

c 
ac

id
 a

nd
 

m
el

am
in

e 
do

 n
ot

 p
ro

du
ce

 su
bs

ta
nt

ia
l m

or
ta

lit
y 

at
 le

ve
ls

 u
p 

to
 1

,0
00

 m
g/

kg
. 

M
el

ap
ur

 2
00

 
R

at
 (G

av
ag

e)
 L

D
50

 >
2,

00
0 

m
g/

kg
 

b.
w

. (
M

ea
su

re
d)

 
R

C
C

 L
td

, 2
00

5 
A

de
qu

at
e

R
at

 L
D

50
 >

20
00

 m
g/

kg
 b

.w
. 

(M
ea

su
re

d)
N

O
TO

X
 B

.V
., 

19
98

 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

R
at

 (G
av

ag
e)

 L
D

50
 >

2,
00

0 
m

g/
kg

 
b.

w
. (

M
ea

su
re

d,
 C

on
fid

en
tia

l) 
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

A
de

qu
at

e 

O
ra

l

R
at

 L
D

50
 >

20
00

 m
g/

kg
 b

.w
. 

(M
ea

su
re

d,
 C

on
fid

en
tia

l) 
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

D
er

m
al

 
N

o
da

ta

A
cu

te
 L

et
ha

lit
y 

In
ha

la
tio

n
N

o
da

ta
Sl

ig
ht

ly
 Ir

rit
at

in
g 

(M
ea

su
re

d)
 

N
O

TO
X

 B
.V

., 
19

98
 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 
E

ye
 Ir

ri
ta

tio
n 

Sl
ig

ht
ly

 Ir
rit

at
in

g 
(M

ea
su

re
d,

 
C

on
fid

en
tia

l)
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 
N

ot
 Ir

rit
at

in
g 

(M
ea

su
re

d)
 

N
O

TO
X

 B
.V

., 
19

98
 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 
D

er
m

al
 Ir

ri
ta

tio
n 

N
ot

 Ir
rit

at
in

g 
(M

ea
su

re
d,

 
C

on
fid

en
tia

l)
Su

bm
itt

ed
 c

on
fid

en
tia

l s
tu

dy
 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 
Sk

in
 S

en
si

tiz
at

io
n 

L
O

W
: 

M
el

ap
ur

 2
00

 is
 n

ot
 e

xp
ec

te
d 

to
 b

e 
a 

sk
in

 se
ns

iti
ze

r 
ba

se
d 

on
 th

e 
da

ta
 fo

r 
m

el
am

in
e.

 

O
th

er
 A

cu
te

 
E

ff
ec

ts
 

N
o

da
ta

4-
12

1



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

Po
ly

ph
os

ph
or

ic
 A

ci
d 

A
cu

te
 L

et
ha

lit
y 

O
ra

l
A

n 
or

al
 a

cu
te

 to
xi

ci
ty

 te
st

 w
as

 
co

nd
uc

te
d 

th
at

 re
su

lte
d 

in
 a

 L
D

50
 o

f 
40

00
 m

g/
kg

.  
Th

e 
te

st
 su

bs
ta

nc
e 

w
as

 
id

en
tif

ie
d 

as
 p

ol
yp

ho
sp

ha
te

s, 
an

d 
w

as
 

de
sc

rib
ed

 a
s c

on
ta

in
in

g 
1/

3 
K

ur
ro

l’s
 

po
ta

ss
iu

m
 sa

lt 
an

d 
2/

3 
py

ro
ph

os
ph

at
e 

 
(M

ea
su

re
d)

A
R

ZN
A

D
, 1

95
7 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

D
er

m
al

 
N

o
da

ta
In

ha
la

tio
n

N
o

da
ta

O
th

er
 A

cu
te

 
E

ff
ec

ts
 

E
ye

 Ir
ri

ta
tio

n 
N

o
da

ta
D

er
m

al
 Ir

ri
ta

tio
n 

N
o

da
ta

Sk
in

 S
en

si
tiz

at
io

n 
 

N
o 

da
ta

M
el

am
in

e
A

cu
te

 L
et

ha
lit

y 
O

ra
l

R
at

 L
D

50
 =

 3
,1

61
 m

g/
kg

 (m
al

e)
, 3

,8
28

 
m

g/
kg

 (f
em

al
es

) (
M

ea
su

re
d)

 
N

TP
, 1

98
3;

 M
el

ni
ck

 e
t a

l.,
 

19
84

A
de

qu
at

e

M
ou

se
 L

D
50

= 
3,

29
6 

m
g/

kg
 (m

al
e)

, 
7,

01
4 

m
g/

kg
 (f

em
al

e)
 (M

ea
su

re
d)

 
N

TP
, 1

98
3;

 M
el

ni
ck

 e
t a

l.,
 

19
84

A
de

qu
at

e

M
ou

se
 L

D
50

= 
45

50
 m

g/
kg

 
(M

ea
su

re
d)

Tr
oc

hi
m

ow
ic

z 
et

 a
l.,

 2
00

1;
 

A
m

er
ic

an
 C

ya
na

m
id

 
C

om
pa

ny
, 1

95
5;

 M
ay

, 1
97

9 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

R
at

 L
D

50
 =

 3
16

0 
m

g/
kg

 (m
al

e)
 a

nd
 

38
50

 m
g/

kg
 (f

em
al

e)
 (M

ea
su

re
d)

 
Tr

oc
hi

m
ow

ic
z 

et
 a

l.,
 2

00
1 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 
R

at
 L

D
50

 >
64

00
 m

g/
kg

 b
.w

. 
(M

ea
su

re
d)

B
A

SF
, 1

96
9 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 
LD

50
� 

48
00

 m
g/

kg
 b

.w
. (

M
ea

su
re

d)
 

H
oe

ch
st

 A
G

, 1
96

3
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

D
er

m
al

 
R

ab
bi

t L
D

50
> 

1,
00

0 
m

g/
L 

(M
ea

su
re

d)
U

nk
no

w
n,

 1
99

0 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

In
ha

la
tio

n
R

at
 L

C
50

 >
 sa

tu
ra

te
d 

va
po

r 
(M

ea
su

re
d)

B
A

SF
, 1

96
9 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 
R

at
 L

C
50

 >
 m

el
am

in
e 

du
st

 e
nr

ic
he

d 
ai

r (
M

ea
su

re
d)

 
B

A
SF

, 1
96

9 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

4-
12

2



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

R
at

 L
C

50
 =

 3
.2

48
 m

g/
L 

(M
ea

su
re

d)
 

U
ba

id
ul

la
je

v 
et

 a
l.,

 1
99

3 
In

ad
eq

ua
te

, t
he

 st
ud

y 
de

ta
ils

, i
f 

pr
es

en
t, 

w
er

e 
no

t t
ra

ns
la

te
d 

in
to

 
En

gl
is

h.
M

ic
e 

LD
50

 =
 1

12
 m

g/
kg

 b
.w

. 
(M

ea
su

re
d)

R
ut

ty
 a

nd
 C

on
no

rs
, 1

97
7 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 
In

tr
ap

er
ito

ne
al

 

M
ic

e 
LD

50
 =

 8
00

 m
g/

kg
 b

.w
. 

(M
ea

su
re

d)
B

A
SF

, 1
96

9 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

R
at

 1
4-

da
y 

di
et

ar
y 

su
b-

ac
ut

e 
LO

A
EL

 
= 

10
00

0 
pp

m
 (5

00
 m

g/
kg

/d
ay

)1  in
 

m
al

es
 b

as
ed

 o
n 

cr
ys

ta
l f

or
m

at
io

n 
in

 
th

e 
ur

in
ar

y 
bl

ad
de

r, 
an

d 
15

00
0 

pp
m

 
(7

50
 m

g/
kg

/d
ay

) 7  in
 fe

m
al

es
 b

as
ed

 o
n 

m
ea

n 
bo

dy
w

ei
gh

t d
ep

re
ss

io
n 

(M
ea

su
re

d)

N
TP

, 1
98

3;
 M

el
ni

ck
 e

t a
l.,

 
19

84
A

de
qu

at
e

M
ic

e 
14

-d
ay

 d
ie

ta
ry

 su
b-

ac
ut

e 
LO

A
EL

 =
 3

00
00

 p
pm

 (3
,9

00
 

m
g/

kg
/d

ay
) 1

 ba
se

d 
on

 c
ry

st
al

 
fo

rm
at

io
n 

in
 th

e 
ur

in
ar

y 
bl

ad
de

r 
(M

ea
su

re
d)

N
TP

, 1
98

3;
 M

el
ni

ck
 e

t a
l.,

 
19

84
A

de
qu

at
e

O
ra

l

R
at

 1
4-

da
y 

di
et

ar
y 

su
b-

ac
ut

e 
LO

A
EL

 
= 

1.
2%

 (1
20

00
 p

pm
; 6

00
 m

g/
kg

/d
ay

)1

ba
se

d 
on

 u
nq

ua
nt

ifi
ab

le
 c

al
cu

li 
in

 th
e 

ur
in

ar
y 

bl
ad

de
r (

M
ea

su
re

d)
 

R
TI

, 1
98

3 
In

ad
eq

ua
te

, t
he

 d
os

e 
le

ve
ls

 w
er

e 
in

su
ff

ic
ie

nt
 fo

r e
nd

po
in

t 
de

te
rm

in
at

io
n.

 

M
ou

se
 5

-d
ay

 L
D

10
 =

 7
62

 m
g/

kg
/d

ay
 

(m
al

e)
 (M

ea
su

re
d)

 
La

ke
 e

t a
l.,

 1
97

5 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

Su
b-

A
cu

te
L

et
ha

lit
y

In
tr

ap
er

ito
ne

al
 

R
at

, M
ou

se
 L

D
50

 >
 5

00
 m

g/
kg

/d
ay

 
(M

ea
su

re
d)

Ph
ili

ps
 a

nd
 T

hi
er

sc
h,

 1
95

0 
A

de
qu

at
e 

O
th

er
 A

cu
te

 
E

ff
ec

ts
 

E
ye

 Ir
ri

ta
tio

n 
N

on
- i

rr
ita

tin
g 

to
 ra

bb
it 

ey
es

 
(M

ea
su

re
d)

B
A

SF
, 1

96
9 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

7
B

as
ed

 o
n 

a 
fo

od
 fa

ct
or

 re
fe

re
nc

e 
va

lu
e 

of
 0

.0
5 

fo
r r

at
s a

nd
 0

.1
3 

fo
r m

ic
e.

 

4-
12

3



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

N
on

- i
rr

ita
tin

g 
to

 ra
bb

it 
ey

es
 

fo
llo

w
in

g 
0.

5 
m

L 
of

 1
0%

 m
el

am
in

e 
(M

ea
su

re
d)

Tr
oc

hi
m

ow
ic

z 
et

 a
l.,

 2
00

1;
 

A
m

er
ic

an
 C

ya
na

m
id

 
C

om
pa

ny
, 1

95
5 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

M
ild

 ir
rit

an
t t

o 
ra

bb
it 

ey
es

 fo
llo

w
in

g 
ex

po
su

re
 to

 3
0 

m
g 

of
 d

ry
 p

ow
de

r 
(M

ea
su

re
d)

Tr
oc

hi
m

ow
ic

z 
et

 a
l.,

 2
00

1;
 

A
m

er
ic

an
 C

ya
na

m
id

 
C

om
pa

ny
, 1

95
5 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

Sl
ig

ht
ly

 ir
rit

at
in

g 
to

 ra
bb

it 
ey

es
 

(M
ea

su
re

d)
M

ar
ho

ld
, 1

97
2 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 
D

er
m

al
 Ir

ri
ta

tio
n 

N
ot

 ir
rit

at
in

g 
to

 ra
bb

it 
sk

in
s a

cc
or

di
ng

 
to

 O
EC

D
 T

G
 4

04
 (M

ea
su

re
d)

 
R

ijc
ke

n,
 1

99
5 

A
de

qu
at

e

N
ot

 ir
rit

at
in

g 
to

 ra
bb

it 
sk

in
s 

(M
ea

su
re

d)
B

A
SF

, 1
96

9 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

N
ot

 ir
rit

at
in

g 
to

 ra
bb

it 
sk

in
s 

(M
ea

su
re

d)
Tr

oc
hi

m
ow

ic
z 

et
 a

l.,
 2

00
1;

 
A

m
er

ic
an

 C
ya

na
m

id
 

C
om

pa
ny

, 1
95

5 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

N
ot

 ir
rit

at
in

g 
to

 ra
bb

it 
sk

in
s 

(M
ea

su
re

d)
Tr

oc
hi

m
ow

ic
z 

et
 a

l.,
 2

00
1;

 
Fa

ss
et

, e
t a

l.,
 1

96
3/

19
81

 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

Sk
in

 S
en

si
tiz

at
io

n 
L

O
W

: 
W

ei
gh

t o
f e

vi
de

nc
e 

su
gg

es
ts

 th
at

 m
el

am
in

e 
is

 n
ot

 se
ns

iti
zi

ng
 to

 g
ui

ne
a 

pi
gs

 o
r 

hu
m

an
s. 

N
o 

ev
id

en
ce

 o
f p

rim
ar

y 
de

rm
al

 
irr

ita
tio

n 
or

 se
ns

iti
za

tio
n 

in
 a

 h
um

an
 

pa
tc

h 
te

st
 (M

ea
su

re
d)

 

Tr
oc

hi
m

ow
ic

z 
et

 a
l.,

 2
00

1;
 

A
m

er
ic

an
 C

ya
na

m
id

 
C

om
pa

ny
, 1

95
5 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

N
on

-s
en

si
tiz

in
g 

to
 g

ui
ne

a 
pi

gs
 

(M
ea

su
re

d)
Tr

oc
hi

m
ow

ic
z 

et
 a

l.,
 2

00
1;

 
Fa

ss
et

 e
t a

l.,
19

63
/1

98
1 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 
A

cu
te

 M
et

ab
ol

is
m

/ 
E

xc
re

tio
n

M
el

am
in

e 
w

as
 fo

un
d 

to
 b

e 
a 

po
te

nt
 

di
ur

et
ic

 in
 ra

ts
. 

A
t d

os
es

 g
re

at
er

 th
an

 
1 

m
M

/k
g,

 1
40

%
 to

 1
60

%
 o

f f
lu

id
 fe

d 
w

as
 e

xc
re

te
d 

al
on

g 
w

ith
 c

ry
st

al
ur

ia
.  

(M
ea

su
re

d)

Li
ps

ch
itz

 a
nd

 H
ad

id
ia

n,
 1

94
4 

A
de

qu
at

e,
 n

on
-g

ui
de

lin
e 

st
ud

y 

A
cu

te
 M

et
ab

ol
is

m
/ 

E
xc

re
tio

n
In

cr
ea

se
d 

ou
tp

ut
 o

f b
ot

h 
w

at
er

 a
nd

 
N

aC
l w

as
 n

ot
ed

 in
 d

og
s r

ec
ei

vi
ng

 1
25

 
m

g/
kg

 m
el

am
in

e,
 a

s w
el

l a
s a

n 
in

cr
ea

se
 in

 th
e 

am
ou

nt
 o

f r
ed

 c
el

ls
 p

er
 

vo
lu

m
e 

of
 b

lo
od

 th
e 

da
y 

af
te

r d
os

in
g.

  
C

ry
st

al
lu

ria
 w

as
 n

ot
ed

 (M
ea

su
re

d)
 

Li
ps

ch
itz

 a
nd

 S
to

ke
y,

 1
94

5 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

4-
12

4



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

R
at

s e
xc

re
te

d 
sl

ig
ht

ly
 a

ci
di

c 
ur

in
e,

 
eq

ua
l t

o 
13

1.
6%

 o
f t

he
 fl

ui
d 

ad
m

in
is

te
re

d,
 6

-h
ou

rs
 fo

llo
w

in
g 

do
si

ng
 o

f 2
50

 m
g/

kg
 m

el
am

in
e.

 
C

ry
st

al
lu

ria
 w

as
 n

ot
ed

, a
nd

 c
ry

st
al

s 
w

er
e 

co
m

po
se

d 
of

 a
n 

in
so

lu
bl

e 
di

m
el

am
in

e 
m

on
os

ph
op

ha
te

 th
at

 
eq

ua
te

d 
to

 a
pp

ro
xi

m
at

el
y 

50
 p

er
ce

nt
 

of
 th

e 
m

el
am

in
e 

fe
d.

  (
M

ea
su

re
d)

 

Li
ps

ch
itz

 a
nd

 S
to

ke
y,

 1
94

5 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 in
 th

e 
fa

ta
l 

do
se

 o
f d

ig
ita

lis
 st

an
da

rd
 p

ow
de

r w
as

 
fo

un
d 

be
tw

ee
n 

ca
ts

 fe
d 

25
0 

m
g/

kg
 

an
d 

do
gs

 fe
d 

12
5 

m
g/

kg
 m

el
am

in
e.

  
(M

ea
su

re
d)

Li
ps

ch
itz

 a
nd

 S
to

ke
y,

 1
94

5 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

Th
e 

el
im

in
at

io
n 

ph
as

e 
ha

lf-
lif

e 
ca

lc
ul

at
ed

 fr
om

 p
la

sm
a 

da
ta

 w
as

 2
.7

-
ho

ur
s, 

an
d 

th
e 

ur
in

ar
y 

ha
lf-

lif
e 

w
as

 
3.

0-
ho

ur
s. 

Th
e 

re
na

l c
le

ar
an

ce
 w

as
 

de
te

rm
in

ed
 to

 b
e 

2.
5 

m
L/

m
in

.  
(M

ea
su

re
d)

M
as

t e
t a

l.,
 1

98
3 

A
de

qu
at

e,
 n

on
-g

ui
de

lin
e 

st
ud

y 

R
ep

ro
du

ct
iv

e 
E

ff
ec

ts
 

L
ow

: 
B

y 
an

al
og

y 
to

 st
ru

ct
ur

al
ly

 si
m

ila
r 

po
ly

m
er

s. 
(P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 
M

el
ap

ur
 2

00
 

R
ep

ro
du

ct
io

n/
 

de
ve

lo
pm

en
ta

l t
ox

ic
ity

 
sc

re
en

 

N
o

da
ta

C
om

bi
ne

d 
re

pe
at

ed
 

do
se

 w
ith

 
re

pr
od

uc
tio

n/
de

ve
lo

pm
e 

nt
al

 to
xi

ci
ty

 sc
re

en
 

N
o

da
ta

R
ep

ro
du

ct
io

n 
an

d 
fe

rt
ili

ty
 e

ff
ec

ts
 

N
o

da
ta

4-
12

5



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

Po
ly

ph
os

ph
or

ic
 A

ci
d 

R
ep

ro
du

ct
io

n/
 

de
ve

lo
pm

en
ta

l t
ox

ic
ity

 
sc

re
en

 

N
o

da
ta

C
om

bi
ne

d 
re

pe
at

ed
 

do
se

 w
ith

 
re

pr
od

uc
tio

n/
de

ve
lo

pm
e 

nt
al

 to
xi

ci
ty

 sc
re

en
 

N
o

da
ta

R
ep

ro
du

ct
io

n 
an

d 
fe

rt
ili

ty
 e

ff
ec

ts
 

N
o

da
ta

M
el

am
in

e
R

ep
ro

du
ct

io
n/

 
de

ve
lo

pm
en

ta
l t

ox
ic

ity
 

sc
re

en
 

N
o

da
ta

C
om

bi
ne

d 
re

pe
at

ed
 

do
se

 w
ith

 
re

pr
od

uc
tio

n/
de

ve
lo

p-
m

en
ta

l t
ox

ic
ity

 sc
re

en
 

N
o

da
ta

R
ep

ro
du

ct
io

n 
an

d 
fe

rt
ili

ty
 e

ff
ec

ts
 

R
ep

ro
du

ct
iv

e 
dy

sf
un

ct
io

n 
w

as
 

ob
se

rv
ed

 a
t 0

.5
 m

g/
m

3  a
nd

 in
cl

ud
ed

 
ef

fe
ct

s o
n 

sp
er

m
at

og
en

es
is

 (g
en

et
ic

 
m

at
er

ia
l, 

sp
er

m
 m

or
ph

ol
og

y,
 m

ot
ili

ty
, 

an
d 

co
un

t),
 e

ff
ec

ts
 o

n 
th

e 
em

br
yo

/fe
tu

s (
fe

ta
l d

ea
th

), 
pr

e-
im

pl
an

ta
tio

n 
m

or
ta

lit
y 

(r
ed

uc
tio

n 
in

 
th

e 
nu

m
be

r o
f i

m
pl

an
ts

 p
er

 fe
m

al
e)

, 
an

d 
to

ta
l n

um
be

r o
f i

m
pl

an
ts

 p
er

 
co

rp
or

a 
lu

te
a.

 (
M

ea
su

re
d)

 

U
ba

id
ul

la
je

v 
et

 a
l.,

 1
99

3 
In

ad
eq

ua
te

, t
he

 st
ud

y 
de

ta
ils

, i
f 

pr
es

en
t, 

w
er

e 
no

t t
ra

ns
la

te
d 

in
to

 
En

gl
is

h.

D
ev

el
op

m
en

ta
l E

ff
ec

ts
 

L
O

W
: 

M
el

ap
ur

 2
00

 is
 e

xp
ec

te
d 

to
 b

e 
of

 lo
w

 h
az

ar
d 

fo
r 

de
ve

lo
pm

en
ta

l e
ff

ec
ts

 b
as

ed
 o

n 
th

e 
da

ta
 fo

r 
m

el
am

in
e.

  F
or

 m
el

am
in

e,
 n

o 
ad

ve
rs

e 
ef

fe
ct

s o
n 

ge
st

at
io

na
l p

ar
am

et
er

s a
nd

 n
o 

si
gn

s o
f d

ev
el

op
m

en
ta

l 
to

xi
ci

ty
, a

nd
 o

nl
y 

m
in

or
 e

ff
ec

ts
 o

n 
th

e 
fe

tu
se

s o
r 

lit
te

rs
 w

er
e 

no
te

d.
 

4-
12

6



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

M
el

ap
ur

 2
00

 
R

ep
ro

du
ct

io
n/

de
v-

el
op

m
en

ta
l t

ox
ic

ity
 

sc
re

en
 

N
o

da
ta

C
om

bi
ne

d 
re

pe
at

ed
 

do
se

 w
ith

 
re

pr
od

uc
tio

n/
de

ve
l-

op
m

en
ta

l t
ox

ic
ity

 sc
re

en
 

N
o

da
ta

Pr
en

at
al

 d
ev

el
op

m
en

t 
N

o
da

ta
Po

ly
ph

os
ph

or
ic

 A
ci

d 
R

ep
ro

du
ct

io
n/

de
v-

el
op

m
en

ta
l t

ox
ic

ity
 

sc
re

en
 

N
o

da
ta

C
om

bi
ne

d 
re

pe
at

ed
 

do
se

 w
ith

 
re

pr
od

uc
tio

n/
de

ve
l-

op
m

en
ta

l t
ox

ic
ity

 sc
re

en
 

N
o

da
ta

Pr
en

at
al

 d
ev

el
op

m
en

t 
N

o
da

ta
M

el
am

in
e

R
ep

ro
du

ct
io

n/
de

v-
el

op
m

en
ta

l t
ox

ic
ity

 
sc

re
en

 

N
o

da
ta

C
om

bi
ne

d 
re

pe
at

ed
 

do
se

 w
ith

 
re

pr
od

uc
tio

n/
de

ve
l-

op
m

en
ta

l t
ox

ic
ity

 sc
re

en
 

N
o

da
ta

4-
12

7



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

Pr
en

at
al

 d
ev

el
op

m
en

t 
Si

gn
s o

f m
at

er
na

l t
ox

ic
ity

 a
t 1

36
 

m
g/

kg
 b

.w
. i

nc
lu

de
d 

de
cr

ea
se

d 
bo

dy
 

w
ei

gh
t a

nd
 fe

ed
 c

on
su

m
pt

io
n,

 
he

m
at

ur
ia

 (2
3/

25
 ra

ts
), 

in
dr

aw
n 

fla
nk

s 
(7

/2
5 

ra
ts

), 
an

d 
pi

lo
er

ec
tio

n 
(1

/2
5 

ra
ts

). 
N

o 
ad

ve
rs

e 
ef

fe
ct

s o
n 

ge
st

at
io

na
l p

ar
am

et
er

s a
nd

 n
o 

si
gn

s o
f 

de
ve

lo
pm

en
ta

l t
ox

ic
ity

 w
er

e 
no

te
d.

  
(M

ea
su

re
d)

H
el

lw
ig

 e
t a

l.,
 1

99
6 

A
de

qu
at

e

N
on

st
an

da
rd

de
ve

lo
pm

en
ta

l t
ox

ic
ity

  
O

nl
y 

m
in

or
 e

ff
ec

ts
 o

n 
th

e 
fe

tu
se

s o
r 

lit
te

rs
, i

nc
lu

di
ng

 a
 n

on
-s

ig
ni

fic
an

t 
in

cr
ea

se
 in

 a
ds

or
pt

io
ns

 in
 th

e 
gr

ou
p 

tre
at

ed
 o

n 
th

e 
4th

 a
nd

 5
th
 d

ay
s o

f 
ge

st
at

io
n,

 w
er

e 
ob

se
rv

ed
. 

(M
ea

su
re

d)
 

Th
ie

rs
ch

, 1
95

7 
In

ad
eq

ua
te

,s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

C
ar

ci
no

ge
ni

ci
ty

L
O

W
: 

M
el

ap
ur

 2
00

 is
 e

xp
ec

te
d 

to
 b

e 
of

 lo
w

 h
az

ar
d 

fo
r 

ca
rc

in
og

en
ic

ity
 b

as
ed

 o
n 

th
e 

da
ta

 fo
r 

m
el

am
in

e.
  F

or
 m

el
am

in
e,

 F
D

A
’s

 C
an

ce
r 

A
ss

es
sm

en
t C

om
m

itt
ee

, i
n 

co
nj

un
ct

io
n 

w
ith

 th
e 

U
.S

. E
PA

, 
co

nc
lu

de
d 

th
at

 m
el

am
in

e 
w

as
 n

ot
 a

 c
ar

ci
no

ge
n,

 a
nd

 th
at

 in
ci

de
nc

e 
of

 b
la

dd
er

 n
eo

pl
as

ia
 w

as
 a

 r
es

ul
t o

f 
m

ec
ha

ni
ca

l d
am

ag
e 

du
e 

to
 th

e 
pr

od
uc

tio
n 

of
 st

on
es

 in
 th

e 
bl

ad
de

r 
(T

he
 F

ed
er

al
 R

eg
is

te
r 

of
 A

pr
il 

27
, 

19
84

 (4
9 

FR
 1

81
20

))
; h

ow
ev

er
, t

hi
s c

on
cl

us
io

n 
is

 b
as

ed
 o

n 
te

st
 d

at
a 

th
at

 in
di

ca
te

d 
m

el
am

in
e 

w
as

 n
on

-
ge

no
to

xi
c.

 I
n 

co
nt

ra
st

 to
 th

e 
ne

ga
tiv

e 
fin

di
ng

s f
or

 g
en

ot
ox

ic
ity

 th
at

 w
er

e 
av

ai
la

bl
e 

at
 th

e 
tim

e 
of

 
pu

bl
ic

at
io

n 
of

 th
e 

2-
ye

ar
 b

io
as

sa
y 

of
 m

el
am

in
e 

(1
98

3)
 a

nd
 th

e 
FD

A
/E

PA
 c

on
cl

us
io

n 
ab

ou
t t

he
 

m
ec

ha
ni

sm
 o

f m
el

am
in

e 
bl

ad
de

r 
ca

rc
in

og
en

ic
ity

, s
ub

se
qu

en
t s

tu
di

es
 c

on
du

ct
ed

 b
y 

N
T

P 
(1

98
8 

an
d 

19
89

) r
ep

or
te

d 
po

si
tiv

e 
re

su
lts

 fo
r 

an
 in

 v
iv

o 
ch

ro
m

os
om

al
 a

be
rr

at
io

n 
as

sa
y 

an
d 

an
 in

 v
iv

o 
si

st
er

 
ch

ro
m

at
id

 e
xc

ha
ng

e 
as

sa
y.

  T
he

se
 p

os
iti

ve
 d

at
a,

 a
nd

 th
e 

ab
se

nc
e 

of
 in

 v
itr

o 
ge

no
to

xi
ci

ty
 te

st
in

g 
us

in
g 

a 
m

et
ab

ol
ic

 a
ct

iv
at

io
n 

sy
st

em
 fr

om
 b

la
dd

er
 e

pi
th

el
ia

l c
el

ls
 (r

ef
er

 to
 th

e 
ge

no
to

xi
ci

ty
 c

on
cl

us
io

n)
, 

in
tr

od
uc

e 
un

ce
rt

ai
nt

y 
in

 th
e 

co
nc

lu
si

on
 o

f l
ow

 p
ot

en
tia

l f
or

 c
ar

ci
no

ge
ni

ci
ty

. 
M

el
ap

ur
 2

00
 

O
nc

oL
og

ic
 R

es
ul

ts
N

o
da

ta
C

ar
ci

no
ge

ni
ci

ty
 (r

at
 

an
d 

m
ou

se
) 

N
o

da
ta

C
om

bi
ne

d 
ch

ro
ni

c 
to

xi
ci

ty
/ c

ar
ci

no
ge

ni
ci

ty
 

N
o

da
ta

Po
ly

ph
os

ph
or

ic
 A

ci
d

 
O

nc
oL

og
ic

 R
es

ul
ts

N
o

da
ta

4-
12

8



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

C
ar

ci
no

ge
ni

ci
ty

 (r
at

 
an

d 
m

ou
se

) 
N

o
da

ta

C
om

bi
ne

d 
ch

ro
ni

c 
to

xi
ci

ty
/ c

ar
ci

no
ge

ni
ci

ty
 

N
o

da
ta

M
el

am
in

e
 

O
nc

oL
og

ic
 R

es
ul

ts
M

ar
gi

na
l (

Es
tim

at
ed

) 
O

nc
oL

og
ic

Si
gn

ifi
ca

nt
 fo

rm
at

io
n 

of
 tr

an
si

tio
na

l 
ce

ll 
ca

rc
in

om
as

 in
 th

e 
ur

in
ar

y 
bl

ad
de

r 
of

 m
al

e 
ra

ts
 a

nd
 si

gn
ifi

ca
nt

 c
hr

on
ic

 
in

fla
m

m
at

io
n 

in
 th

e 
ki

dn
ey

 o
f d

os
ed

 
fe

m
al

e 
ra

ts
 w

er
e 

ob
se

rv
ed

.  
C

ar
ci

no
m

a 
fo

rm
at

io
n 

w
as

 
si

gn
ifi

ca
nt

ly
 c

or
re

la
te

d 
w

ith
 th

e 
in

ci
de

nc
e 

of
 b

la
dd

er
 st

on
es

. 
A

 
tra

ns
iti

on
al

-c
el

l p
ap

ill
om

a 
w

as
 

ob
se

rv
ed

 in
 th

e 
ur

in
ar

y 
bl

ad
de

r o
f a

 
si

ng
le

 h
ig

h 
do

se
 m

al
e 

ra
t, 

an
d 

co
m

po
un

d 
re

la
te

d 
le

si
on

s w
er

e 
ob

se
rv

ed
 in

 th
e 

ur
in

ar
y 

tra
ct

 o
f d

os
ed

 
an

im
al

s. 
B

as
ed

 o
n 

th
e 

m
ec

ha
ni

ca
l 

na
tu

re
 o

f t
um

or
 fo

rm
at

io
n,

 F
D

A
 a

nd
 

EP
A

 c
on

si
de

re
d 

m
el

am
in

e 
no

n-
ca

rc
in

og
en

ic
. 

(M
ea

su
re

d)
 

N
TP

, 1
98

3;
 M

el
ni

ck
 e

t a
l.,

 
19

84
; H

uf
f, 

19
84

 
A

de
qu

at
e

C
ar

ci
no

ge
ni

ci
ty

(c
on

t.)
C

ar
ci

no
ge

ni
ci

ty
 (r

at
 

an
d 

m
ou

se
) 

In
cr

ea
se

d 
in

ci
de

nc
e 

of
 a

cu
te

 a
nd

 
ch

ro
ni

c 
in

fla
m

m
at

io
n 

an
d 

ep
ith

el
ia

l 
hy

pe
rp

la
si

a 
of

 th
e 

ur
in

ar
y 

bl
ad

de
r w

as
 

ob
se

rv
ed

 in
 m

al
e 

m
ic

e.
  B

la
dd

er
 

st
on

es
 a

nd
 c

om
po

un
d 

re
la

te
d 

le
si

on
s 

w
er

e 
ob

se
rv

ed
 in

 th
e 

ur
in

ar
y 

tra
ct

 o
f 

te
st

 a
ni

m
al

s. 
 M

el
am

in
e 

w
as

 n
ot

 
co

ns
id

er
ed

 c
ar

ci
no

ge
ni

c.
 (

M
ea

su
re

d)
 

N
TP

, 1
98

3;
 M

el
ni

ck
 e

t a
l.,

 
19

84
; H

uf
f, 

19
84

 
A

de
qu

at
e

4-
12

9



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

M
el

am
in

e-
in

du
ce

d 
pr

ol
ife

ra
tiv

e 
le

si
on

s o
f t

he
 ra

t u
rin

ar
y 

tra
ct

 w
er

e 
di

re
ct

ly
 d

ue
 to

 th
e 

irr
ita

tiv
e 

st
im

ul
at

io
n 

of
 c

al
cu

li,
 a

nd
 n

ot
 to

 
m

ol
ec

ul
ar

 in
te

ra
ct

io
ns

 b
et

w
ee

n 
m

el
am

in
e 

or
 it

s m
et

ab
ol

ite
s w

ith
 th

e 
bl

ad
de

r e
pi

th
el

iu
m

. (
M

ea
su

re
d)

   

O
ku

m
ur

a 
et

 a
l.,

 1
99

2 
A

de
qu

at
e 

W
at

er
 in

ta
ke

, u
se

d 
as

 a
n 

in
de

x 
of

 
ur

in
ar

y 
ou

tp
ut

, w
as

 in
cr

ea
se

d 
by

 N
aC

l 
tre

at
m

en
t. 

C
al

cu
lu

s f
or

m
at

io
n 

re
su

lti
ng

 fr
om

 m
el

am
in

e 
ad

m
in

is
tra

tio
n 

w
as

 su
pp

re
ss

ed
 d

os
e-

de
pe

nd
en

tly
 b

y 
th

e 
si

m
ul

ta
ne

ou
s 

N
aC

l t
re

at
m

en
t. 

 T
he

 m
ai

n 
co

ns
tit

ue
nt

s o
f c

al
cu

li 
w

er
e 

m
el

am
in

e 
an

d 
ur

ic
 a

ci
d 

(to
ta

l c
on

te
nt

s 6
1.

1–
 

81
.2

%
). 

Th
e 

re
su

lts
 in

di
ca

te
 th

at
 

m
el

am
in

e-
in

du
ce

d
pr

ol
ife

ra
tiv

e
le

si
on

s o
f t

he
 u

rin
ar

y 
tra

ct
 o

f r
at

s 
w

er
e 

di
re

ct
ly

 d
ue

 to
 th

e 
irr

ita
tiv

e 
st

im
ul

at
io

n 
of

 c
al

cu
li,

 a
nd

 n
ot

 
m

ol
ec

ul
ar

 in
te

ra
ct

io
ns

 b
et

w
ee

n 
m

el
am

in
e 

its
el

f o
r i

ts
 m

et
ab

ol
ite

s w
ith

 
th

e 
bl

ad
de

r e
pi

th
el

iu
m

. 
(M

ea
su

re
d)

 

O
ga

sa
w

ar
a 

et
 a

l.,
 1

99
5 

A
de

qu
at

e 

A
s a

n 
in

iti
at

or
, m

el
am

in
e 

ca
us

ed
 n

o 
si

gn
ifi

ca
nt

 in
cr

ea
se

 in
 p

ap
ill

om
as

 p
er

 
m

ou
se

 w
he

n 
co

m
pa

re
d 

to
 c

on
tro

ls
.  

(M
ea

su
re

d)

Pe
rr

el
la

 a
nd

 B
ou

tw
el

l, 
19

83
 

A
de

qu
at

e,
 n

on
-g

ui
de

lin
e 

st
ud

y 

4-
13

0



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

D
iff

us
e 

pa
pi

lla
ry

 h
yp

er
pl

as
ia

 o
f t

he
 

bl
ad

de
r e

pi
th

el
iu

m
 a

nd
 b

la
dd

er
 c

al
cu

li 
w

er
e 

ob
se

rv
ed

 in
 a

ll 
m

el
am

in
e 

tre
at

ed
 

ra
ts

. 
El

ev
at

ed
 sp

er
m

id
in

e/
sp

er
m

in
e 

N
1 -a

ce
ty

ltr
an

sf
er

as
e 

(S
A

T)
 a

ct
iv

ity
 

fo
llo

w
in

g 
m

el
am

in
e 

tre
at

m
en

t w
as

 
co

ns
id

er
ed

 to
 b

e 
an

 in
di

ca
to

r o
f c

el
l 

pr
ol

ife
ra

tio
n.

 (
M

ea
su

re
d)

 

M
at

su
i-Y

ua
sa

 e
t a

l.,
 1

99
2 

A
de

qu
at

e,
 n

on
-g

ui
de

lin
e 

st
ud

y 

D
ec

re
as

ed
 a

nt
itu

m
or

 a
ct

iv
ity

 w
as

 
co

rr
el

at
ed

 w
ith

 in
cr

ea
si

ng
 

de
m

et
hy

la
tio

n;
 m

el
am

in
e 

w
as

 
co

ns
id

er
ed

 in
ac

tiv
e 

as
 a

n 
an

tit
um

or
 

dr
ug

. 
(M

ea
su

re
d)

 

R
ut

ty
 a

nd
 C

on
no

rs
, 1

97
7 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

In
 a

n 
in

 v
itr

o 
cy

to
to

xi
ci

ty
 st

ud
y 

in
 

cu
ltu

re
d 

A
D

J/
PC

6 
pl

as
m

ac
yt

om
a 

as
ci

te
s t

um
or

 c
el

ls
 th

e 
ID

50
 w

as
 4

70
 

ug
/m

L 
af

te
r 7

2-
ho

ur
s o

f t
re

at
m

en
t. 

 
(M

ea
su

re
d)

R
ut

ty
 a

nd
 A

be
l, 

19
80

 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

 
C

om
bi

ne
d 

ch
ro

ni
c 

to
xi

ci
ty

/ c
ar

ci
no

ge
ni

ci
ty

 
N

o 
ef

fe
ct

s w
er

e 
ob

se
rv

ed
 in

 ra
ts

 fe
d 

10
00

 p
pm

 o
f m

el
am

in
e.

  F
ou

r o
f t

he
 

10
 ra

ts
 fe

d 
10

,0
00

 p
pm

 m
el

am
in

e 
ha

d 
bl

ad
de

r s
to

ne
s a

ss
oc

ia
te

d 
w

ith
 th

e 
de

ve
lo

pm
en

t o
f b

en
ig

n 
pa

pi
llo

m
as

.  
(M

ea
su

re
d)

A
no

ny
m

ou
s, 

19
58

 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

In
cr

ea
se

d 
in

ci
de

nc
e 

of
 u

rin
ar

y 
bl

ad
de

r 
st

on
es

 (6
/2

0 
ra

ts
) w

as
 n

ot
ed

 in
 th

e 
10

00
0 

pp
m

 d
os

e 
gr

ou
p,

 a
nd

 w
as

 
as

so
ci

at
ed

 w
ith

 a
n 

in
cr

ea
se

 in
 b

en
ig

n 
pa

pi
llo

m
at

a.
  T

he
 N

O
A

EL
 w

as
 

de
te

rm
in

ed
 to

 b
e 

10
00

 p
pm

 (6
7 

m
g/

kg
). 

 (M
ea

su
re

d)
 

A
m

er
ic

an
 C

ya
na

m
id

 
C

om
pa

ny
, 1

95
5 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

Im
m

un
ot

ox
ic

ity
L

O
W

: 
B

y 
an

al
og

y 
to

 st
ru

ct
ur

al
ly

 si
m

ila
r 

po
ly

m
er

s. 
(P

ro
fe

ss
io

na
l j

ud
gm

en
t)

 
M

el
ap

ur
 2

00
 

Im
m

un
e 

sy
st

em
 e

ff
ec

ts
 

N
o

da
ta

4-
13

1



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

Po
ly

ph
os

ph
or

ic
 a

ci
d 

Im
m

un
e 

sy
st

em
 e

ff
ec

ts
 

N
o

da
ta

M
el

am
in

e
Im

m
un

e 
sy

st
em

 e
ff

ec
ts

 
N

o
da

ta
N

eu
ro

to
xi

ci
ty

L
O

W
: 

B
y 

an
al

og
y 

to
 st

ru
ct

ur
al

ly
 si

m
ila

r 
po

ly
m

er
s. 

(P
ro

fe
ss

io
na

l j
ud

gm
en

t)
 

M
el

ap
ur

 2
00

 
A

cu
te

 a
nd

 2
8-

da
y 

de
la

ye
d 

ne
ur

ot
ox

ic
ity

 o
f 

or
ga

no
ph

os
ph

or
us

 
su

bs
ta

nc
es

 (h
en

) 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
 sc

re
en

in
g 

ba
tt

er
y 

(a
du

lt)
 

N
o

da
ta

D
ev

el
op

m
en

ta
l 

ne
ur

ot
ox

ic
ity

N
o

da
ta

Po
ly

ph
os

ph
or

ic
 a

ci
d 

A
cu

te
 a

nd
 2

8-
da

y 
de

la
ye

d 
ne

ur
ot

ox
ic

ity
 o

f 
or

ga
no

ph
os

ph
or

us
 

su
bs

ta
nc

es
 (h

en
) 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
 sc

re
en

in
g 

ba
tt

er
y 

(a
du

lt)
 

N
o

da
ta

D
ev

el
op

m
en

ta
l 

ne
ur

ot
ox

ic
ity

N
o

da
ta

M
el

am
in

e
A

cu
te

 a
nd

 2
8-

da
y 

de
la

ye
d 

ne
ur

ot
ox

ic
ity

 o
f 

or
ga

no
ph

os
ph

or
us

 
su

bs
ta

nc
es

 (h
en

) 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
 sc

re
en

in
g 

ba
tt

er
y 

(a
du

lt)
 

N
o

da
ta

D
ev

el
op

m
en

ta
l 

ne
ur

ot
ox

ic
ity

N
o

da
ta

4-
13

2



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

G
en

ot
ox

ic
ity

M
O

D
E

R
A

T
E

: 
M

el
ap

ur
 2

00
 is

 e
xp

ec
te

d 
to

 b
e 

of
 m

od
er

at
e 

ha
za

rd
 fo

r 
ge

no
to

xi
ci

ty
 b

as
ed

 o
n 

th
e 

da
ta

 
fo

r 
m

el
am

in
e.

  F
or

 m
el

am
in

e,
 p

os
iti

ve
 r

es
ul

ts
 w

er
e 

ob
se

rv
ed

 in
 in

 v
iv

o 
ch

ro
m

os
om

e 
ab

er
ra

tio
n 

an
d 

si
st

er
 c

hr
om

at
id

 e
xc

ha
ng

e 
as

sa
ys

 c
on

du
ct

ed
 b

y 
N

T
P 

in
 1

98
8 

an
d 

19
89

.  
A

va
ila

bl
e 

in
 v

itr
o 

ge
no

to
xi

ci
ty

 
te

st
in

g 
w

as
 c

on
du

ct
ed

 w
ith

 m
et

ab
ol

ic
 a

ct
iv

at
io

n 
sy

st
em

s f
ro

m
 th

e 
liv

er
.  

N
T

P 
su

gg
es

ts
 th

is
 m

ay
 n

ot
 

ac
co

un
t f

or
 p

ot
en

tia
l a

ct
iv

at
io

n 
fr

om
 b

la
dd

er
 e

pi
th

el
ia

l c
el

ls
, w

hi
ch

 is
 th

e 
ta

rg
et

 o
rg

an
.  

Pr
op

os
ed

 
ge

no
to

xi
ci

ty
 te

st
in

g 
us

in
g 

a 
m

et
ab

ol
ic

 a
ct

iv
at

io
n 

sy
st

em
 fr

om
 b

la
dd

er
 e

pi
th

el
ia

l c
el

ls
 (N

T
P,

 1
98

3)
 w

as
 

ne
ve

r 
co

nd
uc

te
d 

(P
er

so
na

l C
om

m
un

ic
at

io
n,

 2
00

7a
,b

). 
M

el
ap

ur
 2

00
 

G
en

e 
m

ut
at

io
n 

in
 v

itr
o 

N
o

da
ta

G
en

e 
m

ut
at

io
n 

in
 v

iv
o 

N
o

da
ta

C
hr

om
os

om
al

ab
er

ra
tio

ns
in

 v
itr

o 
N

o
da

ta

C
hr

om
os

om
al

ab
er

ra
tio

ns
in

 v
iv

o 
N

o
da

ta

D
N

A
 d

am
ag

e 
an

d 
re

pa
ir

N
o

da
ta

O
th

er
 (M

ito
tic

 G
en

e 
C

on
ve

rs
io

n)
N

o
da

ta

Po
ly

ph
os

ph
or

ic
 A

ci
d 

G
en

e 
m

ut
at

io
n 

in
 v

itr
o 

N
o

da
ta

G
en

e 
m

ut
at

io
n 

in
 v

iv
o 

N
o

da
ta

C
hr

om
os

om
al

ab
er

ra
tio

ns
in

 v
itr

o 
N

o
da

ta

C
hr

om
os

om
al

ab
er

ra
tio

ns
in

 v
iv

o 
N

o
da

ta

D
N

A
 d

am
ag

e 
an

d 
re

pa
ir

N
o

da
ta

O
th

er
 (M

ito
tic

 G
en

e 
C

on
ve

rs
io

n)
N

o
da

ta

M
el

am
in

e
 

G
en

e 
m

ut
at

io
n

in
 v

itr
o 

B
ac

te
ria

l f
or

w
ar

d 
m

ut
at

io
n 

as
sa

y:
 

N
eg

at
iv

e 
w

ith
 a

nd
 w

ith
ou

t l
iv

er
 

ac
tiv

at
io

n 
(M

ea
su

re
d)

 

H
aw

or
th

 e
t a

l.,
 1

98
3;

 
N

C
I/N

TP
, 2

00
7 

A
de

qu
at

e

4-
13

3



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

B
ac

te
ria

l f
or

w
ar

d 
m

ut
at

io
n 

as
sa

y:
 

N
eg

at
iv

e 
(M

ea
su

re
d)

 
Se

ile
r, 

19
73

 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

B
ac

te
ria

l r
ev

er
se

 m
ut

at
io

n 
as

sa
y:

 
N

eg
at

iv
e 

w
ith

 a
nd

 w
ith

ou
t l

iv
er

 
ac

tiv
at

io
n 

(M
ea

su
re

d)
 

Lu
sb

y 
et

 a
l.,

 1
97

9 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

B
ac

te
ria

l r
ev

er
se

 m
ut

at
io

n 
as

sa
y:

 
N

eg
at

iv
e 

w
ith

 a
nd

 w
ith

ou
t 

un
sp

ec
ifi

ed
 m

et
ab

ol
ic

 a
ct

iv
at

io
n 

(M
ea

su
re

d)

M
as

t e
t a

l.,
 1

98
2a

 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

In
 v

itr
o 

m
ou

se
 ly

m
ph

om
a 

te
st

: 
N

eg
at

iv
e 

w
ith

 a
nd

 w
ith

ou
t l

iv
er

 
ac

tiv
at

io
n 

(M
ea

su
re

d)
 

M
cG

re
go

r e
t a

l.,
 1

98
8;

 
N

C
I/N

TP
, 2

00
7 

A
de

qu
at

e

C
H

O
/H

G
PR

T 
fo

rw
ar

d 
m

ut
at

io
n 

as
sa

y:
 N

eg
at

iv
e 

w
ith

 a
nd

 w
ith

ou
t 

liv
er

 a
ct

iv
at

io
n 

(M
ea

su
re

d)
 

M
as

t e
t a

l.,
 1

98
2a

 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

G
en

e 
m

ut
at

io
n 

in
 v

iv
o 

In
 v

iv
o 

m
ou

se
 m

ic
ro

nu
cl

eu
s t

es
t: 

Th
e 

in
iti

al
 te

st
 g

av
e 

a 
po

si
tiv

e 
tre

nd
 

(P
=0

.0
03

) f
or

 c
hr

om
os

om
al

 d
am

ag
e;

 
ho

w
ev

er
, b

ot
h 

pe
rip

he
ra

l b
lo

od
 

sm
ea

rs
 a

nd
 th

e 
re

pe
at

 b
on

e 
m

ar
ro

w
 

te
st

 w
er

e 
ne

ga
tiv

e.
  T

he
 o

ve
ra

ll 
co

nc
lu

si
on

 w
as

 th
at

 m
el

am
in

e 
do

es
 

no
t i

nd
uc

e 
ch

ro
m

os
om

al
 d

am
ag

e.
  

(M
ea

su
re

d)

Sh
el

by
 e

t a
l.,

 1
99

3;
 N

TP
, 

19
83

A
de

qu
at

e

In
 v

iv
o 

m
ou

se
 m

ic
ro

nu
cl

eu
s t

es
t: 

N
eg

at
iv

e 
w

ith
ou

t a
ct

iv
at

io
n 

(M
ea

su
re

d)

M
as

t e
t a

l.,
 1

98
2b

 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

C
hr

om
os

om
al

ab
er

ra
tio

ns
in

 v
itr

o 
In

 v
itr

o 
ch

ro
m

os
om

al
 a

be
rr

at
io

ns
 te

st
:  

N
eg

at
iv

e 
in

 C
hi

ne
se

 h
am

st
er

 o
va

ry
 

ce
lls

 (C
H

O
) w

ith
 a

nd
 w

ith
ou

t l
iv

er
 

ac
tiv

at
io

n 
(M

ea
su

re
d)

 

N
C

I/N
TP

, 2
00

7;
 G

al
lo

w
ay

 e
t 

al
., 

19
87

 
A

de
qu

at
e

In
 v

itr
o 

si
st

er
 c

hr
om

at
id

 e
xc

ha
ng

e 
as

sa
y:

  N
eg

at
iv

e 
in

 C
hi

ne
se

 h
am

st
er

 
ov

ar
y 

ce
lls

 (C
H

O
) w

ith
 a

nd
 w

ith
ou

t 

N
C

I/N
TP

, 2
00

7;
 G

al
lo

w
ay

 e
t 

al
., 

19
87

 
A

de
qu

at
e

4-
13

4



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

liv
er

 a
ct

iv
at

io
n 

(M
ea

su
re

d)
 

In
 v

itr
o 

si
st

er
 c

hr
om

at
id

 e
xc

ha
ng

e 
as

sa
y:

  N
eg

at
iv

e 
in

 C
hi

ne
se

 h
am

st
er

 
ov

ar
y 

ce
lls

 (C
H

O
) w

ith
 a

nd
 w

ith
ou

t 
liv

er
 a

ct
iv

at
io

n 
(M

ea
su

re
d)

 

M
as

t e
t a

l.,
 1

98
2a

 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

C
hr

om
os

om
al

ab
er

ra
tio

ns
in

 v
iv

o 
In

 v
iv

o 
ch

ro
m

os
om

e 
ab

er
ra

tio
ns

 te
st

 
in

 m
ic

e:
 P

os
iti

ve
 (M

ea
su

re
d)

 
N

C
I/N

TP
, 2

00
7 

A
de

qu
at

e

In
 v

iv
o 

si
st

er
 c

hr
om

at
id

 e
xc

ha
ng

e 
as

sa
y 

in
 m

ic
e:

  P
os

iti
ve

 (M
ea

su
re

d)
 

N
C

I/N
TP

, 2
00

7 
A

de
qu

at
e

D
N

A
 d

am
ag

e 
an

d 
re

pa
ir

In
 v

iv
o 

an
d 

in
 v

itr
o 

un
sc

he
du

le
d 

D
N

A
 

sy
nt

he
si

s (
U

D
S)

 te
st

:  
N

on
e 

of
 th

e 
te

st
ed

 c
he

m
ic

al
s, 

in
cl

ud
in

g 
m

el
am

in
e,

 
w

er
e 

ge
no

to
xi

c 
he

pa
to

ca
rc

in
og

en
s i

n 
th

e
in

 v
iv

o 
as

sa
y,

 a
nd

 m
el

am
in

e 
w

as
 

ne
ga

tiv
e 

fo
r U

D
S 

in
 th

e 
in

 v
itr

o 
as

sa
y 

(M
ea

su
re

d)

M
irs

al
is

 e
t a

l.,
 1

98
3 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

SO
S/

um
u 

te
st

: 
N

eg
at

iv
e 

fo
r i

ts
 a

bi
lit

y 
to

 re
su

lt 
in

 D
N

A
 d

am
ag

e 
an

d 
in

du
ce

 
th

e 
ex

pr
es

si
on

 o
f t

he
 u

m
u 

op
er

on
 

(M
ea

su
re

d)

R
ei

ff
er

sc
he

id
 a

nd
 H

ei
l, 

19
96

 
A

de
qu

at
e,

 n
on

-g
ui

de
lin

e 
st

ud
y 

D
N

A
 sy

nt
he

si
s-

in
hi

bi
tio

n 
te

st
 in

 H
el

a 
S3

 c
el

ls
: 

In
hi

bi
ts

 D
N

A
 sy

nt
he

si
s b

y 
50

%
 (D

I 50
) a

t g
re

at
er

 th
an

 3
00

 μ
M

 
(M

ea
su

re
d)

H
ei

l a
nd

 R
ei

ff
er

sc
he

id
, 1

99
2 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

O
th

er
 (M

ito
tic

 G
en

e 
C

on
ve

rs
io

n)
Se

x-
lin

ke
d 

re
ce

ss
iv

e 
le

th
al

/re
ci

pr
oc

al
 

tra
ns

lo
ca

tio
n:

 R
es

ul
ts

 w
er

e 
co

ns
id

er
ed

 e
qu

iv
oc

al
 b

as
ed

 o
n 

0.
18

%
 

an
d 

0.
36

%
 to

ta
l l

et
ha

ls
 fo

llo
w

in
g 

or
al

 
an

d 
in

je
ct

io
n 

ex
po

su
re

, r
es

pe
ct

iv
el

y,
 

co
m

pa
re

d 
to

 c
on

tro
l t

ot
al

 le
th

al
s o

f 
0.

07
%

 fo
r o

ra
l a

nd
 0

.0
9%

 fo
r 

in
je

ct
io

n 
(M

ea
su

re
d)

 

N
C

I/N
TP

, 2
00

7 
A

de
qu

at
e

4-
13

5



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

D
ro

so
ph

ila
 M

ul
le

r-
5 

te
st

: N
eg

at
iv

e 
fo

r m
ut

ag
en

ic
ity

 (M
ea

su
re

d)
 

R
oh

rb
or

n,
 1

95
9 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 
D

ro
so

ph
ila

 m
el

an
og

as
te

r S
ex

-li
nk

ed
 

re
ce

ss
iv

e 
le

th
al

: N
o 

m
ut

ag
en

ic
 e

ff
ec

ts
 

w
er

e 
ob

se
rv

ed
. (

M
ea

su
re

d)
 

Lu
er

s a
nd

 R
oh

rb
or

n,
 1

96
3 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

In
 v

itr
o 

flo
w

 c
yt

om
et

ric
 (F

C
M

) D
N

A
 

re
pa

ir 
as

sa
y:

 N
eg

at
iv

e 
fo

r g
en

ot
ox

ic
 

ef
fe

ct
s (

M
ea

su
re

d)
 

Se
ld

on
 e

t a
l.,

 1
99

4 
A

de
qu

at
e,

 n
on

-g
ui

de
lin

e 
st

ud
y 

M
ic

ro
sc

re
en

 a
ss

ay
: P

os
iti

ve
 fo

r 
ge

ne
tic

 to
xi

ci
ty

 in
 E

.c
ol

i W
P2

s 
(M

ea
su

re
d)

R
os

sm
an

 e
t a

l.,
 1

99
1 

A
de

qu
at

e,
 n

on
-g

ui
de

lin
e 

st
ud

y 

G
ro

w
th

 a
nd

 g
en

ot
ox

ic
 e

ff
ec

ts
 to

 
ba

ct
er

ia
 (S

al
m

on
el

la
 ty

ph
im

ur
iu

m
) 

an
d 

ye
as

t (
Sa

cc
ha

ro
m

yc
es

 
ce

re
vi

si
ae

):
  N

on
-m

ut
ag

en
ic

 in
 

S.
ty

ph
im

ur
iu

m
 w

ith
 o

r w
ith

ou
t S

-9
 

m
ix

. 
Th

e 
gr

ow
th

 o
f e

ig
ht

 o
ut

 o
f n

in
e 

st
ra

in
s t

es
te

d 
w

as
 d

el
ay

ed
 b

y 
10

 m
M

 
m

el
am

in
e 

du
rin

g 
24

 h
r c

ul
tiv

at
io

n.
  

S.
ce

re
vi

si
ae

 st
ra

in
 w

as
 te

st
ed

, a
nd

 d
id

 
no

t r
ec

ov
er

 it
s g

ro
w

th
 fo

llo
w

in
g 

48
-

ho
ur

 c
ul

tiv
at

io
n.

  (
M

ea
su

re
d)

 

Is
hi

w
at

a 
et

 a
l.,

 1
99

1 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

Sy
st

em
ic

 E
ff

ec
ts

 
M

O
D

E
R

A
T

E
: 

M
el

ap
ur

 2
00

 is
 e

xp
ec

te
d 

to
 b

e 
of

 m
od

er
at

e 
ha

za
rd

 fo
r 

sy
st

em
ic

 e
ff

ec
ts

 b
as

ed
 o

n 
th

e 
da

ta
 fo

r 
m

el
am

in
e.

  F
or

 m
el

am
in

e,
 th

e 
de

te
rm

in
at

io
n 

is
 b

as
ed

 o
n 

a 
do

se
-d

ep
en

da
nt

 in
ci

de
nc

e 
of

 
ur

in
ar

y 
bl

ad
de

r 
ca

lc
ul

i a
nd

 u
ri

na
ry

 b
la

dd
er

 h
yp

er
pl

as
ia

, a
nd

 c
lin

ic
al

 si
gn

s o
f p

ilo
-e

re
ct

io
n,

 le
th

ar
gy

, 
bl

oo
dy

 u
ri

ne
 sp

ot
s i

n 
th

e 
ca

ge
 a

nd
 o

n 
th

e 
pe

la
ge

 o
f a

ni
m

al
s, 

an
d 

ch
ro

m
od

ac
ry

or
rh

ea
.  

T
he

 L
O

A
E

L
 

w
as

 d
et

er
m

in
ed

 to
 b

e 
47

5 
m

g/
kg

/d
ay

. 
M

el
ap

ur
 2

00
 

N
o

da
ta

4-
13

6



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

Po
ly

ph
os

ph
or

ic
 A

ci
d

 
R

ep
ea

te
d-

D
os

e 
R

at
 R

ep
ea

te
d-

D
os

e 
To

xi
ci

ty
 S

tu
dy

: 
A

n 
or

al
 re

pe
at

ed
-d

os
e 

to
xi

ci
ty

 te
st

 in
 

ra
ts

 re
su

lte
d 

in
 a

 T
D

Lo
 o

f 4
50

 g
/k

g.
 

Th
e 

te
st

 su
bs

ta
nc

e 
w

as
 id

en
tif

ie
d 

as
 

po
ly

ph
os

ph
at

es
, a

nd
 w

as
 d

es
cr

ib
ed

 a
s 

co
nt

ai
ni

ng
 1

/3
 K

ur
ro

l’s
 p

ot
as

si
um

 sa
lt 

an
d 

2/
3 

py
ro

ph
os

ph
at

e.
  T

ox
ic

 e
ff

ec
ts

 
in

cl
ud

ed
 c

ha
ng

es
 in

 li
ve

r w
ei

gh
t, 

ch
an

ge
s i

n 
tu

bu
le

s (
in

cl
ud

in
g 

ac
ut

e 
re

na
l f

ai
lu

re
, a

cu
te

 tu
bu

la
r n

ec
ro

si
s)

, 
an

d 
w

ei
gh

t l
os

s o
r d

ec
re

as
ed

 w
ei

gh
t 

ga
in

. 
(M

ea
su

re
d)

 

A
R

ZN
A

D
, 1

95
7 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

M
el

am
in

e
 

R
ep

ea
te

d-
D

os
e 

R
at

 2
8-

D
ay

 D
ie

ta
ry

 T
ox

ic
ity

 S
tu

dy
:  

C
lin

ic
al

 si
gn

s i
nc

lu
de

d 
a 

do
se

-r
el

at
ed

 
in

cr
ea

se
 in

 p
ilo

-e
re

ct
io

n,
 le

th
ar

gy
, 

bl
oo

dy
 u

rin
e 

sp
ot

s i
n 

th
e 

ca
ge

 a
nd

 o
n 

th
e 

pe
la

ge
 o

f a
ni

m
al

s, 
an

d 
ch

ro
m

od
ac

ry
or

rh
ea

.  
Th

e 
in

ci
de

nc
e 

of
 

ur
in

ar
y 

bl
ad

de
r c

al
cu

li 
an

d 
ur

in
ar

y 
bl

ad
de

r h
yp

er
pl

as
ia

 in
 tr

ea
te

d 
an

im
al

s 
w

as
 d

os
e 

de
pe

nd
an

t, 
w

ith
 a

 
si

gn
ifi

ca
nt

 re
la

tio
ns

hi
p 

be
tw

ee
n 

th
e 

ca
lc

ul
i a

nd
 h

yp
er

pl
as

ia
. 

C
al

cu
li 

co
m

po
si

tio
n 

in
di

ca
te

d 
th

e 
pr

es
en

ce
 o

f 
an

 o
rg

an
ic

 m
at

rix
 c

on
ta

in
in

g 
m

el
am

in
e,

 p
ho

sp
ho

ru
s, 

su
lfu

r, 
po

ta
ss

iu
m

, a
nd

 c
hl

or
id

e.
  C

ry
st

al
s o

f 
di

m
el

am
in

e 
m

on
op

ho
sp

ha
te

 w
er

e 
id

en
tif

ie
d 

in
 th

e 
ur

in
e.

  T
he

 N
O

A
EL

 
w

as
 e

st
im

at
ed

 to
 b

e 
20

00
 p

pm
 (2

40
 

m
g/

kg
/d

ay
), 

ex
cl

ud
in

g 
th

e 
ob

se
rv

ed
 

in
cr

ea
se

 in
 w

at
er

 c
on

su
m

pt
io

n 
an

d 
th

e 

R
TI

, 1
98

3 
A

de
qu

at
e

4-
13

7



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

in
ci

de
nc

e 
of

 c
ry

st
al

lu
ria

.  
Th

e 
LO

A
EL

 w
as

 d
et

er
m

in
ed

 to
 b

e 
4,

00
0 

pp
m

 (4
75

 m
g/

kg
/d

ay
) b

as
ed

 o
n 

th
e 

fo
rm

at
io

n 
of

 c
al

cu
lu

s. 
 (M

ea
su

re
d)

 
R

ab
bi

t a
nd

 D
og

 2
8-

D
ay

 D
ie

ta
ry

 
To

xi
ci

ty
 S

tu
dy

: 
N

o 
si

gn
ifi

ca
nt

 ri
se

 in
 

th
e 

bo
dy

 te
m

pe
ra

tu
re

 o
f r

ab
bi

ts
 w

as
 

no
te

d.
 G

ro
ss

 h
is

to
lo

gi
ca

l 
ex

am
in

at
io

n 
of

 th
e 

he
ar

t, 
lu

ng
, l

iv
er

, 
sp

le
en

, t
hy

ro
id

, p
an

cr
ea

s, 
in

te
st

in
es

, 
ki

dn
ey

s a
nd

 b
la

dd
er

 d
id

 n
ot

 sh
ow

 
pa

th
ol

og
ic

al
 c

ha
ng

es
.  

A
 z

on
e 

of
 fa

t 
w

as
 fo

un
d 

in
 th

e 
in

ne
r p

ar
t o

f t
he

 
re

na
l c

or
te

x 
in

 tw
o 

do
gs

, b
ut

 a
ls

o 
in

 
th

e 
ki

dn
ey

s o
f 3

 c
on

tro
l d

og
s. 

(M
ea

su
re

d)

Li
ps

ch
itz

 a
nd

 S
to

ke
y,

 1
94

5 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

R
at

 2
8-

da
y 

D
ie

ta
ry

 T
ox

ic
ity

 S
tu

dy
:  

In
ci

de
nc

e 
an

d 
si

ze
 o

f b
la

dd
er

 st
on

es
 

w
er

e 
di

re
ct

ly
 re

la
te

d 
to

 th
e 

am
ou

nt
 o

f 
su

bs
ta

nc
e 

ad
m

in
is

te
re

d.
  T

he
 la

rg
er

 
st

on
es

 w
er

e 
fo

un
d 

to
 b

e 
un

ch
an

ge
d 

m
el

am
in

e 
in

 a
 m

at
rix

 o
f p

ro
te

in
, u

ric
 

ac
id

 a
nd

 p
ho

sp
ha

te
.  

Th
e 

lo
w

es
t e

ff
ec

t 
do

se
 (L

ED
) w

as
 c

on
si

de
re

d 
to

 b
e 

15
00

 p
pm

 (~
12

5 
m

g/
kg

)8  in
 m

al
es

.  
(M

ea
su

re
d)

A
m

er
ic

an
 C

ya
na

m
id

 
C

om
pa

ny
, 1

98
4 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

8  C
al

cu
la

te
d 

ba
se

d 
on

 th
e 

hi
gh

es
t d

os
e 

le
ve

l 
of

 4
28

0 
pp

m
, w

hi
ch

 c
or

re
sp

on
de

d 
to

 3
57

 m
g/

kg
. 

4-
13

8



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

R
at

 9
0-

da
y 

D
ie

ta
ry

 T
ox

ic
ity

 S
tu

dy
:  

O
ne

 m
al

e 
ra

t r
ec

ei
vi

ng
 1

80
00

 p
pm

 
an

d 
tw

o 
m

al
es

 re
ce

iv
in

g 
6,

00
0 

pp
m

 
di

ed
. 

M
ea

n 
bo

dy
 w

ei
gh

t g
ai

n 
an

d 
fe

ed
 c

on
su

m
pt

io
n 

w
er

e 
re

du
ce

d.
  

St
on

es
 a

nd
 d

iff
us

e 
ep

ith
el

ia
l 

hy
pe

rp
la

si
a 

in
 th

e 
ur

in
ar

y 
bl

ad
de

rs
 

w
er

e 
ob

se
rv

ed
.  

Fo
ca

l e
pi

th
el

ia
l 

hy
pe

rp
la

si
a 

w
as

 o
bs

er
ve

d 
in

 o
nl

y 
1 

m
al

e.
 A

 se
co

nd
 a

nd
 th

ird
 1

3-
w

ee
k 

re
pe

at
ed

 d
os

e 
to

xi
ci

ty
 st

ud
y 

w
as

 
co

nd
uc

te
d 

in
 ra

ts
 a

t a
 d

os
e 

ra
ng

e 
of

 
75

0 
to

 1
80

00
 p

pm
 in

 o
rd

er
 to

 
de

te
rm

in
e 

th
e 

N
o 

O
bs

er
ve

d 
A

dv
er

se
 

Ef
fe

ct
 L

ev
el

; h
ow

ev
er

, b
la

dd
er

 st
on

es
 

w
er

e 
ob

se
rv

ed
 a

t a
ll 

do
se

 le
ve

ls
. 

A
t 

18
00

0 
pp

m
, s

to
ne

s o
cc

ur
re

d 
in

 d
ie

ts
 

w
ith

 a
nd

 w
ith

ou
t t

he
 a

dd
iti

on
 o

f 
am

m
on

iu
m

 c
hl

or
id

e.
  (

M
ea

su
re

d)
  

N
TP

, 1
98

3;
 M

el
ni

ck
 e

t a
l.,

 
19

84
A

de
qu

at
e

4-
13

9



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

M
ou

se
 9

0-
da

y 
D

ie
ta

ry
 T

ox
ic

ity
 

St
ud

y:
  A

 si
ng

le
 fe

m
al

e 
m

ou
se

 d
ie

d 
af

te
r r

ec
ei

vi
ng

 9
00

0 
pp

m
.  

M
ea

n 
bo

dy
 

w
ei

gh
t g

ai
n 

re
la

tiv
e 

to
 c

on
tro

ls
 w

as
 

de
pr

es
se

d.
 T

he
 in

ci
de

nc
e 

of
 m

ic
e 

w
ith

 b
la

dd
er

 st
on

es
 w

as
 d

os
e-

re
la

te
d 

an
d 

w
as

 g
re

at
er

 in
 m

al
es

 th
an

 in
 

fe
m

al
es

.  
Si

xt
y 

pe
rc

en
t o

f m
ic

e 
ha

vi
ng

 b
la

dd
er

 u
lc

er
s a

ls
o 

ha
d 

ur
in

ar
y 

bl
ad

de
r s

to
ne

s. 
B

la
dd

er
 u

lc
er

s w
er

e 
m

ul
tif

oc
al

 o
r a

ss
oc

ia
te

d 
w

ith
 

in
fla

m
m

at
io

n 
(c

ys
tit

is
). 

 E
pi

th
el

ia
l 

hy
pe

rp
la

si
a 

an
d 

bl
ad

de
r s

to
ne

s w
er

e 
ob

se
rv

ed
 to

ge
th

er
 in

 2
 m

ic
e.

  A
ls

o,
 

ep
ith

el
ia

l c
el

l a
ty

pi
a 

w
as

 se
en

.  
N

o 
ob

se
rv

ed
 a

dv
er

se
 e

ff
ec

ts
 w

er
e 

no
te

d 
at

 6
00

0 
pp

m
. (

M
ea

su
re

d)
 

N
TP

, 1
98

3;
 M

el
ni

ck
 e

t a
l.,

 
19

84
A

de
qu

at
e

D
og

 1
-Y

ea
r D

ie
ta

ry
 T

ox
ic

ity
 S

tu
dy

:  
C

ry
st

al
lu

ria
 st

ar
te

d 
60

 to
 9

0 
da

ys
 in

to
 

tre
at

m
en

t, 
an

d 
pe

rs
is

te
d 

du
rin

g 
th

e 
st

ud
y 

pe
rio

d.
 N

o 
ot

he
r e

ff
ec

ts
 

at
tri

bu
ta

bl
e 

to
 m

el
am

in
e 

w
er

e 
ob

se
rv

ed
. 

(M
ea

su
re

d)
 

A
m

er
ic

an
 C

ya
na

m
id

 
C

om
pa

ny
, 1

95
5 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 
C

hr
on

ic

R
at

 3
0-

M
on

th
 D

ie
ta

ry
 T

ox
ic

ity
 

St
ud

y:
  N

ei
th

er
 a

cc
um

ul
at

io
n 

of
 

ca
lc

ul
i n

or
 a

ny
 tr

ea
tm

en
t-r

el
at

ed
 

ur
in

ar
y 

bl
ad

de
r l

es
io

ns
 w

er
e 

fo
un

d.
 

(M
ea

su
re

d)

M
as

t e
t a

l.,
 1

98
2c

 
In

ad
eq

ua
te

, s
uf

fic
ie

nt
 st

ud
y 

de
ta

ils
 

w
er

e 
no

t a
va

ila
bl

e.
 

4-
14

0



D
R

A
FT

 R
EP

O
R

T

M
el

ap
ur

 2
00

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

R
at

 2
4 

to
 3

0-
M

on
th

 D
ie

ta
ry

 T
ox

ic
ity

 
St

ud
y:

  A
 d

os
e 

re
la

te
d 

tre
nd

 fo
r 

di
la

te
d 

gl
an

ds
 in

 g
la

nd
ul

ar
 g

as
tri

c 
m

uc
os

a 
an

d 
in

fla
m

m
at

io
n 

in
 n

on
 

gl
an

du
la

r g
as

tri
c 

m
uc

os
a 

w
as

 
ob

se
rv

ed
. 

U
rin

ar
y 

bl
ad

de
r c

al
cu

li 
fo

rm
at

io
n 

w
as

 n
ot

 o
bs

er
ve

d.
  

(M
ea

su
re

d)

A
m

er
ic

an
 C

ya
na

m
id

 
C

om
pa

ny
, 1

98
3 

In
ad

eq
ua

te
, s

uf
fic

ie
nt

 st
ud

y 
de

ta
ils

 
w

er
e 

no
t a

va
ila

bl
e.

 

E
nd

oc
ri

ne
 D

is
ru

pt
io

n 
N

o 
da

ta
 

4-
14

1



DRAFT REPORT 

References for Melapur 200 

American Cyanamid Company. Melamine: acute and chronic toxicity; Report 55-21, 
Unpublished data, 1955. 

American Cyanamid Company. 2-Year chronic feeding study of melamine in Fischer 344 rats.
Unpublished data by Hazelton Raltech Report for American Cyanamid Company, 1983. 
(Unpublished data referenced by Melamine OECD SIDS document). 

American Cyanamid Company. Summary of company study; 1984. 

Anonymous. AERO Melamine, In-House publication. American Cyanamid Company: Wayne, 
NJ, 1958 (as cited in TSCA Section 8(e) Substantial Risk Notice. 1992. U.S. EPA. 
8EHQ-0192-1995).

ARZNAD Arzneimittel-Forschung. Drug Research; Verlag, Cantor, ed.; 1957, 7, 172. (as stated 
on the RTECS document for Polyphosphates (RTECS # TR4950000)) 

Australia (AU) National Industrial Chemicals Notification and Assessment Scheme (NICNAS).  
Melapur 200 and Polymer in Exolit OP 1312. [Online]; Australia Department of Health 
and Aging: 2006 
http://www.nicnas.gov.au/publications/CAR/new/Ltd/LtdFULLR/ltd1000FR/ltd1282FR. 
pdf.

BASF AG, Department of Toxicology. (XIX/5). Unpublished data, 1969 (as cited in Melamine 
OECD SIDS document and Melamine IUCLID document). 

Boethling, R. S.; Mackay, D. Handbook of property estimation methods for chemicals: 
Environmental and health sciences; Lewis Publishers: Boca Raton, FL, 2000. 

EPI (EPIWIN/EPISUITE) Estimations Programs Interface for Windows, Version 3.20. U.S. 
Environmental Protection Agency: Washington, DC. 
http://www.epa.gov/opptintr/exposure/.

Fasset, D. W; Roudabush, R. L. Unpublished Data, Lab. of Ind. Med., Eastman Kodak Co: 
1963/1981. (Unpublished data referenced by Melamine OECD SIDS document and 
Trochimowicz, 2001) 

Galloway, S. M; Armstrong, M. J; Reuben, C.; Colman, S.; Brown, B.; Cannon, C.; Bloom, A. 
D.; Nakamura, F.; Ahmed, M.; Duk, S.; Rimpo, J.; Margolin, B. H; Resnick, M. A.; 
Anderson, B.; Zeiger, E. Chromosome Aberrations and Sister Chromatid Exchanges in 
Chinese hamster ovary cells: evaluations of 108 chemicals. Environ. Mol. Mutagen.
1987, 10(suppl. 10), 1-175. 

Haworth, S.; Lawlor, T.; Mortelmans, K.; Speck, W.; Zeiger, E. Salmonella Mutagenicity Test 
Results for 250 Chemicals. Environ. Mutagen. 1983, Suppl. 1, 3-142. 

4-142



DRAFT REPORT

Heil, J.; Reifferscheid, G. Detection of mammalian carcinogens with an immunological DNA 
synthesis-inhibition test. Carcinogenesis 1992, 13 (12), 2389-2394. 

Hellwig, J.; Gembrandt, C.; Hildebrandt, B. Melamine – Prenatal toxicity in Wistar rats after 
oral administration (diet); Project No. 32R0242/94007; 1996. (as cited in Melamine 
OECD SIDS document). [also cited as BASF AG, Department of Toxicology: 
unpublished report, (32RO242/94007), 04.15.1996, sponsors: Agrolinz, A-4021 Linz, 
Austria; Basf AG, Ludwigshafen, Germany]. 

Hoechst, A. G. Unveroffentl. Unters. Ber. 1963, 5 (7). (Cited in Melamine IUCLID document.) 

Huff, J. E. Carcinogenesis Results on Seven Amines, Two Phenols, and One Diisocyanate 
Usedin Plastics and Synthetic Elastomers. Ind. Haz. Plast. Syth. Elast. 1984. 

Ishiwata, H.; Sugita, T.; Kozaki, M.; Maekawa, A. Inhibitory effects of melamine on the growth 
and physiological activities of some microorganisms. J. Food Hyg. Soc. Japan. 1991, 32
(5), 408-413. 

IUCLID. Dataset for Melamine. (2000a). European Commission – European Chemicals Bureau.  

IUCLID. Dataset for Polyphosphoric Acids. (2000b). European Commission – European 
Chemicals Bureau. 

Kirk-Othmer; Gard, D. R. Phosphoric Acids and Phosphates. [Online], July 15, 2005. 

Lake, L. M; Grundon, E. E; Johnson, B. M. Toxicity and Antitumor Activity of 
Hexamethylmelamine and Its N-Demethylated Metabolites in Mice with Transplantable 
Tumors. Cancer Res. 1975, 35, 2858-2863. 

Lide, D. R. CRC Handbook of Chemistry and Physics, 81st ed. 2000/01. CRC Press. 

Lipschitz, W. L.; Hadidian, Z. Amides, amines and related compounds as diuretics. J.
Pharmacol. Exp. Therap. 1944, 81, 84-94. 

Lipshitz, W. L; Stokey, E. The mode of action of three new diuretics: Melamine, Adenine and 
Formoguanamine. J. Pharmacol. Exp. Therap. 1945, 83, 235-249. 

Luers, H.; Rohrborn, G. The mutagenic activity of ethylenimine derivatives with different 
numbers of reactive groups. In Genetic Today, Proceedings of the 11th International 
Congress, 1963; Vol 1, pp 64-65. 

Lusby, A. F; Simmons, Z.; McGuire, P. M. Variation in Mutagenicity of s-Triazine Compounds 
Tested on Four Salmonella Strains. Envirn. Mutag. 1979, 1, 287-290. 

4-143



DRAFT REPORT

Marhold, J. V. Sbornik vysledku toxixologickeho vysetreni latek a pripravku. Institut Pro 
Vychovu Vedoucicn Pracovniku Chemickeho Prumyclu Praha: Czechoslovakia, 1972; 
pp. 153 (in Czechoslovakian). (as found in the RTECS and IUCLID documents). 

Mast, R. W.; Friedman, M. A.; Finch, R. A (1982a). Mutagenicity testing of melamine. 
Toxicologist, 2, 172. 

Mast, R. W.; Naismith, R. W.; Friedman, M. A. (1982b). Mouse micronucleus assay of 
melamine. Envirn. Mutag., 4, 340-341. 

Mast, R. W.; Boyson, B. G.; Giesler, P. J.; Reno, F. E.; Friedman, M. A. (Mast, 1982c). 
Evaluation of the Chronic Toxicity of Melamine in a 30 Month Fischer 344 Rat Feeding 
Study. Society of Toxicology Abstract: 1982. (Cited in TSCA Section 8(e) Substantial 
Risk Notice. 1992. U.S. EPA. 8EHQ-0192-1995). 

Mast, R.W; Jeffcoat, A. R; Sadler, B. M; Kraska, R. C; Friedman, M. A. Metabolism, disposition 
and excretion of [14C]melamine in male Fischer 344 rats. Food Chem Toxicol. 1983, 21
(5), 807-810. 

Matsui-Yuasa, I.; Otani, S.; Yano, Y.; Takada, N.; Shibata, M.; Fukushima S. 
Spermidine/Spermine N1-Acetyltransferase, a new Biochemical Marker for Epithelial 
Proliferation in Rat Bladder. Jpn. J. Cancer Res. 1992, 83, 1037-1040. 

May, D. R. Cyanamids. In Kirk-Othmer encyclopedia of chemical technology, 3rd ed.; John 
Wiley and Sons: New York, 1979; Vol 7, pp 291-306. [data also cited as Patel, B. K. 
2000. Cyanamids. In Kirk-Othmer encyclopedia of chemical technology, Online ed., 
posting date: December 4, 2000.] Note: data not cited. 

Mirsalis, .J; Tyson, K.; Beck, J.; Loh, F.; Steinmetz, K.; Contreras, C.; Austere, L.; Martin, S.; 
Spalding, J. Induction Of Unscheduled DNA Synthesis (UDS) In Hepatocytes Following 
In Vitro And In Vivo Treatment. Environ. Mutagen. 1983, 5, 482. 

McGregor, D. B; Brown, A.; Cattanach, P.; Edwards, I.; McBride, D.; Riach, C.; Caspary, W. J.  
Responses of the L5178Y tk+/tk- Mouse Lymphoma Cell Forward Mutation Assay: III. 
72 Coded Chemicals. Environ. Mol. Mutagen. 1988, 12, 85-154. 

Melnick, R. L; Boorman, G. A; Haseman, J. K; Montali, R. J; Huff, J.  1984. Urolithiasis and 
Bladder Carcinogenicity of Melamine in Rodents. Toxicol. Appl. Pharmacol. 1984, 72,
292-303.

National Cancer Institute/National Toxicology Program (NCI/NTP). Carcinogenesis Technical 
Report Series, Melamine. U.S. Department of Health and Human Services. http://ntp-
apps.niehs.nih.gov/ntp_tox/index.cfm?fuseaction=ntpsearch.searchresults&searchterm=1 
08-78-1 TR-245 Y83. (Accessed July, 2007). 

4-144



DRAFT REPORT

National Industrial Chemicals Notification and Assessment Scheme. Full public report on 
Melapur 200 and Polymer in Exolit OP 1312. [Online], Sydney, Australia, 2006. 
http://www.nicnas.gov.au/publications/CAR/new/Ltd/LtdFULLR/ltd1000FR/ltd1282FR. 
pdf.

National Toxicological Program (NTP). NTP Carcinogenesis Bioassay of Melamine (CAS No. 
108-78-1) in F344/N Rats and B6C3F1 Mice (Feed Study); TR No. 245; National 
Toxicological Program: Research Triangle Park, NC, 1983. 

NOTOX B.V. Screening Tests for Primary Skin and Eye Irritation in the rabbit and Acute Oral 
Toxicity in the Rat; Test Report Number 221941 and 221952;, Unpublished report, DSM 
Melapur (Sponsor): Hertogenbosch, The Netherlands, 1998. (Unpublished report, 
accessed through AU NICNAS, 2006). 

Ogasawara, H.; Imaida, K.; Ishiwata, H.; et al. Urinary bladder carcinogenesis induced by 
melamine in F344 male rats: correlation between carcinogenicity and urolith formation. 
Carcinogenesis 1995, 16, 2773-2777. 

Okumura, M.; Hasegawa, R.; Shirai, T.; et al. Relationship between calculus formation and 
carcinogenesis in the urinary bladder of rats administered the non-genotoxic agents, 
thymine or melamine. Carcinogensis 1992, 13 (6), 1043-1045. 

OncoLogic. U.S. EPA and LogiChem, Inc.: 2005, Version 6.0. 

Perrella, F. W; Boutwell, R. K. Triethylenemelamine: an initiator of two-stage carcinogenesis in 
mouse skin which lacks the potential of a complete carcinogen. Cancer Lett. 1983, 21 (1), 
37-41.

Philips, F. S; Thiersch, J. B. The nitrogen mustard-like actions of 2,4,6-Tris(ethylenimino)-S-
triazine and other Bis(ethylenimines). J. Pharmacol. Exp. Therap. 1950, 100 (4), 398-
407.

RCC Ltd. Acute Oral Toxicity Study in Rats; Test Report Number A 18685; Unpublished report, 
Ciba Specialty Chemicals Inc. (Sponsor): Toxicology, Fullinsdorf, Switzerland, 2005. 
Unpublished report, accessed through AU NICNAS, 2006. 

Reifferscheid G.; Heil, J. Validation of the SOS/umu test using test results of 486 chemicals and 
comparison with the Ames test and carcinogenicity data. Mutat. Res. 1996, 369, 129-145. 

Research Triangle Institute (RTI). Evaluation of Urolithiasis Inductionby Melamine (CAS No. 
108-78-1) in Male Weanling Fischer 344 Rats. Parts I and II: In-Life Observations, 
Necropsy, and Histopathology of Urinary Bladders and Analysis of Plasma, Urine and 
Calculi. RTI: Research Triangle Park, N.C., 1983. [Additional citations for the above 
reference include the following: TSCA Section 8(e) Substantial Risk Notice. 2004. US 
EPA. TSCATS 8EHQ-0192-1995A. http://www.epa.gov/oppt/tsca8e; American 
Cyanamid Co. 1982. Evaluation of Urolithiasis by Melamine (CAS No. 108-78-1) in 
Male Weanling Fischer 344 Rats. Unpublished data]. 

4-145



DRAFT REPORT

Rijcken, W. R. P. Primary skin irritation/corrosion study with melamine in the rabbit;
Confidential NOTOX project 146205 for DSM Melamine; 1995. (Cited in Melamine 
OECD SIDS document). 

Rohrborn, G. Mutation tests with melamine and trimethylolmelamine. Dros. Info. Serv. 1959, 33,
156 (reference cites an abstract). 

Rutty, C. J; Connors, T. A. In vitro studies with hexamethylmelamine. Biochem. Pharmacol.
1977, 26 (24), 2385-2391. 

Rutty, C. J; Abel, G. In vitro cytotoxicity of the methylmelamines. Chem. Biol. Interact. 1980,
29 (2), 235-246. 

Rossman, T. G.; Molina, M.; Meyer, L.; Boone, P; Klein, C.B.; Wang, Z; Li, F; Lin, W.C; 
Kinney, P.L. Performance of 133 compounds in the lambda prophage induction endpoint 
of the Microscreen assay and a comparison with S.typhimurium mutagenicity and rodent 
carcinogenicity assays. Mutat. Res. 1991, 260, 349-367. 

Seiler, J. P. A survey on the Mutagenicity of Various Pesticides. Experientia. 1973, 29, 622-623. 

Seldon, J. R.; Dolbeare, F.; Clair, J. H.; Miller, J. E.; Mcgettigan, K.; Dijohn, J. A.; Dysart, G. 
R.; Deluca, J. G. Validation of a Flow Cytometric In Vitro DNA Repair (UDS) Assay in 
Rat Hepatocytes. Mutat. Res. 1994, 315, (2), 147-167. 

Shelby, M. D.; Erexson, G. L.; Hook, G. J.; Tice, R. R. Evaluation of a Three-Exposure Mouse 
Bone Marrow Micronucleus Protocol: Results With 49 Chemicals. Environ. Mol. 
Mutagen. 1993, 21, 160-179. 

SIDS. Full SIDS Dossier on the HPV Phase 2 Chemical Melamine. Sponsor Country: Austria: 
1999.

Spanggord, R.; Rewick, R.; Tsong-Wen, C.; Wilson, R.; Podoll, R. T.; Mill, T.; Parnas, R.; Platz, 
R.; Roberts, D. Environmental Fate of White Phosphorus/Felt and Red 
Phosphorus/Butyl Rubber Military Smoke Screens.  U.S. Army Medical Research and 
Development Command: Fort Detrick, Frederick, MD, 1985. 

Thiersch, J. B. The Effect Of 6-Mercaptopurine On The Rat Fetus And On Reproduction Of The 
Rat. Ann. N.Y. Acad. Sci. 1954, 60, 220-227. 

Thiersch, J. B. Effect of 2,4,6, Triamino-“S”-Triazine (TR), 2,4,6 “Tris” (Ethyleneimino)-“S”-
Triazine (TEM) and N, N’, N”-Triethylenephosphoramide (TEPA) on Rat Litter in Utero. 
Proceedings of the Society for Experimental Biology and Medicine, 1957; p 94. 

Trochimowicz, H. J.; Kennedy, G. L.; Krivanek, N. D.; Alkylpyridines and Miscellaneous 
Organic Nitrogen Compounds. [Online] Patty's Toxicology: 2001. [DOI: 
10.1002/0471435139.tox060].

4-146



DRAFT REPORT

Ubaidullajev, R. U; et al., Gigiena i Sanitariya, 1993, 58, 14-16 (in Russian).

Unknown. Acute toxicity data. J.American College Toxicol. 1990, 1, 100.

4-147



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

4.
2.

10

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
PH

Y
SI

C
A

L
/C

H
E

M
IC

A
L

 P
R

O
PE

R
T

IE
S 

M
el

tin
g 

Po
in

t (
°C

) 
17

10
 (M

ea
su

re
d)

 
Le

w
is

, 1
99

9 
A

de
qu

at
e

B
oi

lin
g 

Po
in

t (
°C

) 
22

30
 (M

ea
su

re
d)

 
Le

w
is

, 1
99

9 
A

de
qu

at
e

V
ap

or
 P

re
ss

ur
e 

(m
m

 H
g)

 
<1

0-6
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

0.
12

 fo
r a

m
or

ph
ou

s, 
fin

el
y 

di
vi

de
d 

si
lic

a 
(M

ea
su

re
d)

A
le

xa
nd

er
 e

t a
l.,

 1
95

4 
A

de
qu

at
e

W
at

er
 S

ol
ub

ili
ty

 (g
/L

) 

0.
15

 fo
r q

ua
rtz

 a
nd

 a
m

or
ph

ou
s, 

fin
el

y 
di

vi
de

d 
si

lic
a 

(M
ea

su
re

d)
 

Fl
ör

ke
 e

t a
l.,

 2
00

0 
A

de
qu

at
e

R
ec

or
d 

ID
:  

Si
lic

on
 D

io
xi

de
 

C
A

S 
N

o.
 1

12
94

5-
52

-5
 

M
W

:
60

.0
9

M
F:

(S
iO

2) n
Ph

ys
ic

al
 F

or
m

s:
 

N
ea

t:
 S

ol
id

 

Si
O

*
O

*
* *

n

U
se

:
Fl

am
e 

re
ta

rd
an

t, 
ad

di
tiv

e 
SM

IL
E

S:
N

am
e:

Si
lic

on
 d

io
xi

de
 (f

in
el

y 
di

vi
de

d 
am

or
ph

ou
s s

ili
ca

 is
 ty

pi
ca

lly
 u

se
d 

fo
r f

la
m

e 
re

ta
rd

an
ts

) 
Sy

no
ny

m
s:

Si
lic

a,
 a

m
or

ph
ou

s, 
fu

m
ed

 (1
12

94
5-

52
-5

); 
Si

lic
a 

(7
63

1-
86

-9
); 

Si
lic

a,
 v

itr
eo

us
 (6

06
76

-8
6-

0)
; S

ili
ca

, c
ry

st
al

lin
e,

 c
ris

to
ba

lit
e 

(1
44

64
-4

6-
1)

, S
ili

ca
, 

cr
ys

ta
lli

ne
, t

rip
ol

i (
13

17
-9

5-
9)

; S
ili

ca
, c

ry
st

al
lin

e,
 tr

id
ym

ite
 (1

54
68

-3
2-

3)
; S

ili
ca

, a
m

or
ph

ou
s, 

si
lic

a 
ge

l (
11

29
26

-0
0-

8)
; S

ili
ca

, a
m

or
ph

ou
s, 

di
at

om
ac

eo
us

 e
ar

th
 

(6
17

90
-5

3-
2)

; S
ili

ca
, a

m
or

ph
ou

s, 
flu

x-
ca

lc
in

ed
 d

ia
to

m
ac

eo
us

 e
ar

th
 (6

88
55

-5
4-

9)
; Q

ua
rtz

 (1
48

08
-6

0-
7)

; S
an

d 
L

ife
-C

yc
le

 C
on

si
de

ra
tio

ns
:  

Po
te

nt
ia

l h
ea

lth
 c

on
ce

rn
s f

or
 si

lic
on

 d
io

xi
de

 a
re

 li
m

ite
d 

to
 e

ff
ec

ts
 o

n 
th

e 
lu

ng
 a

nd
 a

ris
e 

fr
om

 th
e 

in
ha

la
tio

n 
of

 fi
ne

ly
 d

iv
id

ed
pa

rti
cu

la
te

s t
ha

t a
re

 g
en

er
al

ly
 le

ss
 th

an
 1

0 
m

ic
ro

ns
 in

 d
ia

m
et

er
. O

th
er

 a
dv

er
se

 e
ff

ec
ts

 a
re

 li
ke

ly
 li

nk
ed

 to
 th

e 
po

te
nt

ia
l a

dv
er

se
 lu

ng
 e

ff
ec

ts
 fr

om
 re

sp
ira

bl
e,

 p
oo

rly
 

so
lu

bl
e 

pa
rti

cu
la

te
s. 

A
ss

es
sm

en
t o

f t
he

 li
fe

 c
yc

le
 fo

r t
he

 u
se

 o
f t

hi
s c

om
po

un
d 

in
 P

C
B

s s
ug

ge
st

s t
ha

t i
nh

al
at

io
n 

ex
po

su
re

 to
 fi

ne
ly

 d
iv

id
ed

 si
lic

on
 d

io
xi

de
 

pa
rti

cu
la

te
s m

ay
 p

ot
en

tia
lly

 o
cc

ur
 th

ro
ug

h 
du

st
-f

or
m

in
g 

op
er

at
io

ns
 fr

om
 it

s m
an

uf
ac

tu
re

 o
r d

ur
in

g 
lo

ad
in

g/
un

lo
ad

in
g,

 tr
an

sf
er

, o
r m

ix
in

g 
op

er
at

io
ns

.  
A

fte
r 

in
co

rp
or

at
io

n 
in

to
 th

e 
re

si
n 

an
d/

or
 th

e 
la

m
in

at
e,

 p
ot

en
tia

l i
nh

al
at

io
n 

ex
po

su
re

 to
 fi

ne
ly

 d
iv

id
ed

 si
lic

on
 d

io
xi

de
 p

ar
tic

ul
at

es
 is

 n
ot

 a
nt

ic
ip

at
ed

 d
ur

in
g 

th
e 

re
m

ai
nd

er
 

of
 th

e 
op

er
at

io
na

l s
ta

ge
s o

f t
he

 P
C

B
 li

fe
 c

yc
le

.  
Fi

ne
ly

 d
iv

id
ed

 si
lic

on
 d

io
xi

de
 p

ar
tic

ul
at

es
 th

at
 a

re
 le

ss
 th

an
 1

0 
m

ic
ro

ns
 m

ay
 a

ls
o 

be
 re

le
as

ed
 to

 th
e 

ai
r d

ur
in

g 
th

e 
di

sp
os

al
 p

ha
se

 o
f t

he
 li

fe
 c

yc
le

 w
he

re
 th

ey
 c

an
 b

ec
om

e 
m

ob
ili

ze
d 

th
ro

ug
h 

di
re

ct
 in

te
rv

en
tio

n 
pr

oc
es

se
s (

su
ch

 a
s s

hr
ed

di
ng

 o
pe

ra
tio

ns
).

4-
14

8



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
0.

01
2 

fo
r q

ua
rtz

 (M
ea

su
re

d)
 

V
er

m
a,

 2
00

0 
A

de
qu

at
e

0.
01

1 
fo

r q
ua

rtz
 (M

ea
su

re
d)

 
V

er
m

a,
 2

00
0 

A
de

qu
at

e
0.

00
66

 fo
r q

ua
rtz

 (M
ea

su
re

d)
 

V
er

m
a,

 2
00

0 
A

de
qu

at
e

0.
07

0 
fo

r a
m

or
ph

ou
s s

ili
ca

 (M
ea

su
re

d)
K

EM
I, 

20
06

 
A

de
qu

at
e

0.
00

6 
fo

r q
ua

rtz
 (M

ea
su

re
d)

 
K

EM
I, 

20
06

 
A

de
qu

at
e

Pr
ac

tic
al

ly
 in

so
lu

bl
e 

(E
st

im
at

ed
) 

M
er

ck
, 1

99
6 

A
de

qu
at

e
In

so
lu

bl
e 

fo
r a

m
or

ph
ou

s a
nd

 c
ry

st
al

lin
e 

(E
st

im
at

ed
) 

Li
de

, 2
00

0 
A

de
qu

at
e

In
so

lu
bl

e 
fo

r f
um

ed
, a

m
or

ph
ou

s a
nd

 
cr

ys
ta

lli
ne

 si
lic

a 
(E

st
im

at
ed

) 
Le

w
is

, 1
99

9 
A

de
qu

at
e

L
og

 K
ow

N
o

da
ta

Fl
am

m
ab

ili
ty

 (F
la

sh
 P

oi
nt

) 
>1

00
0 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
Th

e 
fla

sh
 p

oi
nt

 m
us

t b
e 

gr
ea

te
r t

ha
n 

th
e 

m
el

tin
g 

po
in

t. 
E

xp
lo

si
vi

ty
Si

lic
on

 d
io

xi
de

 is
 a

 fu
lly

 o
xi

di
ze

d 
in

or
ga

ni
c 

m
at

er
ia

l a
nd

 is
 n

ot
 e

xp
ec

te
d 

to
 

be
 e

xp
lo

si
ve

.  
(E

st
im

at
ed

) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

pH
3.

6-
4.

5 
fo

r 4
%

 a
qu

eo
us

 su
sp

en
si

on
 o

f 
fu

m
ed

 si
lic

a 
(M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

A
de

qu
at

e

3.
5-

9 
fo

r 5
%

 a
qu

eo
us

 su
sp

en
si

on
 o

f w
et

 
pr

oc
es

s s
ili

ca
s (

M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
A

de
qu

at
e,

 th
e 

pH
 v

al
ue

s o
f 2

0 
di

ff
er

en
t t

yp
es

 o
f w

et
 p

ro
ce

ss
 si

lic
as

, 
id

en
tif

ie
d 

on
ly

 b
y 

tra
de

 n
am

es
, f

al
l 

w
ith

in
 th

is
 ra

ng
e.

   
D

is
so

ci
at

io
n 

C
on

st
an

t i
n 

W
at

er
 

N
o

da
ta

4-
14

9



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
E

N
V

IR
O

N
M

E
N

T
A

L
 F

A
T

E
 

T
ra

ns
po

rt
T

he
 lo

w
 w

at
er

 so
lu

bi
lit

y,
 th

e 
es

tim
at

ed
 v

ap
or

 p
re

ss
ur

e 
of

 <
10

-6
to

rr
, e

st
im

at
ed

 K
oc

 o
f >

10
5  a

nd
 e

st
im

at
ed

 
H

en
ry

’s
 L

aw
 C

on
st

an
t o

f <
10

-8
 a

tm
-m

3 /m
ol

e 
in

di
ca

te
 th

at
 si

lic
on

 d
io

xi
de

 w
ill

 b
e 

re
la

tiv
el

y 
im

m
ob

ile
 in

 th
e 

en
vi

ro
nm

en
t (

w
ith

 th
e 

ex
ce

pt
io

n 
of

 si
lic

on
 d

io
xi

de
 d

us
t i

n 
th

e 
at

m
os

ph
er

e)
.

Si
lic

on
 d

io
xi

de
 is

 a
 c

om
po

ne
nt

 
of

 sa
nd

, s
oi

l, 
an

d 
se

di
m

en
t. 

H
en

ry
’s

 L
aw

 C
on

st
an

t 
– 

H
L

C
 (a

tm
-m

3 /m
ol

e)
<1

0-8
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

 
Se

di
m

en
t/S

oi
l 

A
ds

or
pt

io
n/

 D
es

or
pt

io
n 

C
oe

ff
ic

ie
nt

 –
 K

oc

>1
05  (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

B
io

ac
cu

m
ul

at
io

n 
 

L
O

W
: 

Si
lic

on
 d

io
xi

de
 is

 n
ot

 e
xp

ec
te

d 
to

 b
e 

bi
oa

cc
um

ul
at

iv
e.

 
Fi

sh
 B

C
F 

<5
00

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

D
ap

hn
id

s B
C

F 
 

N
o 

da
ta

G
re

en
 A

lg
ae

 B
C

F 
 

N
o 

da
ta

O
ys

te
rs

 B
C

F
 

N
o 

da
ta

E
ar

th
w

or
m

s B
C

F 
 

N
o 

da
ta

M
et

ab
ol

is
m

 in
 fi

sh
 

 
N

o 
da

ta
Pe

rs
is

te
nc

e 
H

IG
H

: 
A

s a
 fu

lly
 o

xi
di

ze
d 

in
or

ga
ni

c 
m

at
er

ia
l, 

si
lic

on
 d

io
xi

de
 is

 n
ot

 e
xp

ec
te

d 
to

 b
io

de
gr

ad
e,

 o
xi

di
ze

 in
 a

ir
, 

or
 u

nd
er

go
 h

yd
ro

ly
si

s u
nd

er
 e

nv
ir

on
m

en
ta

l c
on

di
tio

ns
.  

Si
lic

on
 d

io
xi

de
 d

oe
s n

ot
 a

bs
or

b 
lig

ht
 a

t 
en

vi
ro

nm
en

ta
lly

 r
el

ev
an

t w
av

el
en

gt
hs

 a
nd

 is
 n

ot
 e

xp
ec

te
d 

to
 p

ho
to

ly
ze

.  
N

o 
de

gr
ad

at
io

n 
pr

oc
es

se
s f

or
 

si
lic

on
 d

io
xi

de
 u

nd
er

 ty
pi

ca
l e

nv
ir

on
m

en
ta

l c
on

di
tio

ns
 w

er
e 

id
en

tif
ie

d.
 

W
at

er
A

er
ob

ic
 B

io
de

gr
ad

at
io

n 
R

ec
al

ci
tra

nt
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 R

iv
er

 
>1

 y
ea

r (
Es

tim
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 L

ak
e 

>1
 y

ea
r (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

4-
15

0



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
R

ea
dy

 B
io

de
gr

ad
ab

ili
ty

 N
ot

 re
ad

y 
bi

od
eg

ra
da

bl
e 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
So

il
A

na
er

ob
ic

B
io

de
gr

ad
at

io
n

R
ec

al
ci

tra
nt

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

So
il 

B
io

de
gr

ad
at

io
n 

w
/ 

Pr
od

uc
t I

de
nt

ifi
ca

tio
n 

N
o

da
ta

Se
di

m
en

t/W
at

er
 

B
io

de
gr

ad
at

io
n

N
o

da
ta

A
ir

A
tm

os
ph

er
ic

 H
al

f-
lif

e
>1

 y
ea

r (
Es

tim
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
R

ea
ct

iv
ity

Ph
ot

ol
ys

is
N

ot
 a

 si
gn

ifi
ca

nt
 fa

te
 p

ro
ce

ss
 (E

st
im

at
ed

) P
ro

fe
ss

io
na

l j
ud

gm
en

t 
Si

lic
on

 d
io

xi
de

 d
oe

s n
ot

 a
bs

or
b 

U
V

 
lig

ht
 a

t e
nv

iro
nm

en
ta

lly
 re

le
va

nt
 

w
av

el
en

gt
hs

 a
nd

 is
 n

ot
 e

xp
ec

te
d 

to
 

un
de

rg
o 

ph
ot

ol
ys

is
. 

H
yd

ro
ly

si
s

>1
 y

ea
r (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

Si
lic

on
 d

io
xi

de
 is

 a
 fu

lly
 o

xi
di

ze
d 

in
or

ga
ni

c 
m

at
er

ia
l a

nd
 is

 n
ot

 e
xp

ec
te

d 
to

 u
nd

er
go

 h
yd

ro
ly

si
s. 

Py
ro

ly
si

s
N

ot
 a

 si
gn

ifi
ca

nt
 fa

te
 p

ro
ce

ss
 (E

st
im

at
ed

) P
ro

fe
ss

io
na

l j
ud

gm
en

t 
Si

lic
on

 d
io

xi
de

 is
 a

 fu
lly

 o
xi

di
ze

d 
in

or
ga

ni
c 

m
at

er
ia

l a
nd

 is
 n

ot
 e

xp
ec

te
d 

to
 u

nd
er

go
 p

yr
ol

ys
is

. 
B

io
m

on
ito

ri
ng

 
N

o 
da

ta
 

E
C

O
T

O
X

IC
IT

Y
 

E
C

O
SA

R
 C

la
ss

 
N

o 
da

ta
 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

T
he

 e
st

im
at

ed
 fi

sh
 a

nd
 d

ap
hn

id
 L

C
50

s a
nd

 th
e 

gr
ee

n 
al

ga
e 

E
C

50
ar

e 
al

l >
10

0 
m

g/
L

. 
Fi

sh
 L

C
50

>1
00

 m
g/

L 
(E

st
im

at
ed

, C
on

fid
en

tia
l) 

A
de

qu
at

e

Br
ac

hy
da

ni
o 

re
ri

o 
LC

50
 =

 5
00

0 
m

g/
L 

(M
ea

su
re

d)
IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
D

ap
hn

id
 L

C
50

>1
00

 m
g/

L 
(E

st
im

at
ed

, C
on

fid
en

tia
l) 

A
de

qu
at

e

4-
15

1



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
C

er
io

da
ph

ni
a 

du
bi

a 
EC

50
 c

a.
 7

60
0 

m
g/

L 
(M

ea
su

re
d)

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

G
re

en
 A

lg
ae

 E
C

50
>1

00
 m

g/
L 

(E
st

im
at

ed
, C

on
fid

en
tia

l) 
A

de
qu

at
e

Se
le

na
st

ru
m

 c
ap

ri
co

rn
ut

um
 E

C
50

 =
 4

40
 

m
g/

L 
(M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
C

hr
on

ic
 T

ox
ic

ity
 

L
O

W
: 

T
he

 e
st

im
at

ed
 fi

sh
, d

ap
hn

id
, a

nd
 g

re
en

 a
lg

ae
 c

hr
on

ic
 v

al
ue

s a
re

 a
ll 

>1
0 

m
g/

L
. 

Fi
sh

 C
hV

 
>1

0 
m

g/
L 

(E
st

im
at

ed
, C

on
fid

en
tia

l) 
A

de
qu

at
e

D
ap

hn
id

 C
hV

 
>1

0 
m

g/
L 

(E
st

im
at

ed
, C

on
fid

en
tia

l) 
A

de
qu

at
e

G
re

en
 A

lg
ae

 C
hV

 
>1

0 
m

g/
L 

(E
st

im
at

ed
, C

on
fid

en
tia

l) 
A

de
qu

at
e

H
U

M
A

N
 H

E
A

L
T

H
 E

FF
E

C
T

S 
A

bs
or

pt
io

n
N

o
da

ta
A

cu
te

 T
ox

ic
ity

 
L

O
W

: W
ei

gh
t o

f e
vi

de
nc

e 
an

d 
pr

of
es

si
on

al
 ju

dg
m

en
t s

ug
ge

st
 th

at
 n

ei
th

er
 a

m
or

ph
ou

s n
or

 c
ry

st
al

lin
e 

si
lic

on
 d

io
xi

de
 is

 a
cu

te
ly

 to
xi

c 
w

he
n 

ad
m

in
is

te
re

d 
vi

a 
or

al
, d

er
m

al
, o

r 
in

ha
la

tio
n 

ro
ut

es
.  

A
cu

te
 L

et
ha

lit
y 

O
ra

l
LD

50
 (r

at
) >

15
,0

00
 m

g/
kg

 (M
ea

su
re

d)
 

IU
C

LI
D

,2
00

0
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

LD
50

 (r
at

) >
20

,0
00

 m
g/

kg
 (M

ea
su

re
d)

 
IU

C
LI

D
,2

00
0

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
LD

50
 (r

at
) >

20
,0

00
 m

g/
kg

 (M
ea

su
re

d)
 

IU
C

LI
D

,2
00

0
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

4-
15

2



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
LD

50
 (m

al
e 

ra
t) 

>5
00

0 
m

g/
kg

 (M
ea

su
re

d)
 IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
LD

0 (
ra

t) 
>3

30
0 

m
g/

kg
 (M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
LD

0 (
ra

t) 
>5

11
0 

m
g/

kg
 (M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
LD

0 (
ra

t) 
>5

00
0 

m
g/

kg
 (M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
LD

0 (
m

al
e 

ra
t) 

>5
62

0 
m

g/
kg

 (M
ea

su
re

d)
 I

U
C

LI
D

,2
00

0
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

LD
0 (

ra
t) 

>3
30

0 
m

g/
kg

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

LD
0 (

ra
t) 

>3
1,

60
0 

m
g/

kg
 (M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 

4-
15

3



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
LD

0 (
ra

t) 
>2

0,
00

0 
m

g/
kg

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

LD
0 (

ra
t) 

>2
0,

00
0 

m
g/

kg
 (M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
LD

0 (
ra

t) 
>1

0,
00

0 
m

g/
kg

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

LD
0 (

ra
t) 

>1
0,

00
0 

m
g/

kg
 (M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
LD

0 (
ra

t) 
>4

0,
00

0 
m

g/
kg

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

LD
0 (

ra
t) 

>5
00

0 
m

g/
kg

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

LD
0 (

ra
t) 

>5
00

0 
m

g/
kg

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

D
er

m
al

 
LD

50
 (r

ab
bi

t) 
>2

00
0 

m
g/

kg
 (M

ea
su

re
d)

 
IU

C
LI

D
,2

00
0

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 

4-
15

4



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
LD

50
 (r

ab
bi

t) 
>5

00
0 

m
g/

kg
 (M

ea
su

re
d)

 
IU

C
LI

D
,2

00
0

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
LD

50
 (r

ab
bi

t) 
>5

00
0 

m
g/

kg
 (M

ea
su

re
d)

 
IU

C
LI

D
,2

00
0

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
LD

50
 (r

ab
bi

t) 
>5

00
0 

m
g/

kg
 (M

ea
su

re
d)

 
IU

C
LI

D
,2

00
0

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
LD

50
 (r

ab
bi

t) 
>5

00
0 

m
g/

kg
 (M

ea
su

re
d)

 
IU

C
LI

D
,2

00
0

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
In

ha
la

tio
n

4-
H

ou
r L

C
0 (

ra
t) 

>0
.1

39
 m

g/
L 

(M
ea

su
re

d)
IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
4-

H
ou

r L
C

0 (
ra

t) 
>0

.6
91

 m
g/

L 
(M

ea
su

re
d)

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

7-
H

ou
r L

C
0 (

ra
t) 

>3
.1

 m
g/

L 
(M

ea
su

re
d)

 
IU

C
LI

D
,2

00
0

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
1-

H
ou

r L
C

50
(r

at
) >

2.
2 

m
g/

L 
(M

ea
su

re
d)

 I
U

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 

4-
15

5



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
El

ev
en

 st
ud

y 
su

m
m

ar
ie

s i
nd

ic
at

in
g 

no
t 

irr
ita

tin
g 

to
 th

e 
ra

bb
it 

ey
e 

(M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

Sl
ig

ht
ly

 ir
rit

at
in

g,
 ra

bb
its

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

E
ye

 Ir
ri

ta
tio

n 

Sl
ig

ht
ly

 ir
rit

at
in

g,
 h

um
an

s (
M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
N

in
e 

st
ud

y 
su

m
m

ar
ie

s i
nd

ic
at

in
g 

no
t 

irr
ita

tin
g 

to
 ra

bb
it 

sk
in

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

D
er

m
al

 Ir
ri

ta
tio

n 

N
ot

 ir
rit

at
in

g,
 h

um
an

s (
M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
Sk

in
 S

en
si

tiz
at

io
n 

L
O

W
: 

A
n 

un
pu

bl
is

he
d 

st
ud

y 
an

d 
pr

of
es

si
on

al
 ju

dg
m

en
t i

nd
ic

at
e 

th
at

 n
ei

th
er

 a
m

or
ph

ou
s n

or
 c

ry
st

al
lin

e 
si

lic
on

 d
io

xi
de

 w
ill

 c
au

se
 sk

in
 se

ns
iti

za
tio

n 
in

 g
ui

ne
a 

pi
gs

. 

O
th

er
 A

cu
te

 E
ff

ec
ts

 

N
ot

 se
ns

iti
zi

ng
 in

 a
 g

ui
ne

a 
pi

g 
m

ax
im

iz
at

io
n 

te
st

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

4-
15

6



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
R

ep
ro

du
ct

iv
e 

E
ff

ec
ts

 
L

O
W

: 
A

n 
un

pu
bl

is
he

d 
st

ud
y 

an
d 

pr
of

es
si

on
al

 ju
dg

m
en

t i
nd

ic
at

e 
th

at
 n

ei
th

er
 a

m
or

ph
ou

s n
or

 c
ry

st
al

lin
e 

si
lic

on
 d

io
xi

de
 is

 li
ke

ly
 to

 p
ro

du
ce

 r
ep

ro
du

ct
iv

e 
ef

fe
ct

s. 
R

ep
ro

du
ct

io
n/

 
D

ev
el

op
m

en
ta

l T
ox

ic
ity

 
Sc

re
en

N
o

da
ta

C
om

bi
ne

d 
R

ep
ea

te
d 

D
os

e 
w

ith
 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

R
ep

ro
du

ct
io

n 
an

d 
Fe

rt
ili

ty
 E

ff
ec

ts
 

O
ne

-g
en

er
at

io
n 

or
al

 d
ie

ta
ry

 re
pr

od
uc

tiv
e 

to
xi

ci
ty

 st
ud

y,
 ra

ts
, N

O
A

EL
 (p

ar
en

ta
l 

an
d 

of
fs

pr
in

g)
 >

49
7 

m
g/

kg
/d

ay
, n

o 
cl

in
ic

al
 sy

m
pt

om
s, 

be
ha

vi
or

 o
r 

de
ve

lo
pm

en
ta

l c
ha

ng
es

, o
r c

ha
ng

es
 in

 
pu

ps
 w

er
e 

ob
se

rv
ed

. 
(M

ea
su

re
d)

 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

D
ev

el
op

m
en

ta
l E

ff
ec

ts
 

L
O

W
: 

W
ei

gh
t o

f e
vi

de
nc

e 
an

d 
pr

of
es

si
on

al
 ju

dg
m

en
t s

ug
ge

st
 th

at
 n

ei
th

er
 a

m
or

ph
ou

s n
or

 c
ry

st
al

lin
e 

si
lic

on
 d

io
xi

de
 is

 a
 d

ev
el

op
m

en
ta

l t
ox

ic
an

t w
he

n 
ad

m
in

is
te

re
d 

or
al

ly
. 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

.

C
om

bi
ne

d 
R

ep
ea

te
d 

D
os

e 
w

ith
 

R
ep

ro
du

ct
io

n/
 

D
ev

el
op

m
en

ta
l T

ox
ic

ity
 

Sc
re

en

N
o

da
ta

.

Pr
en

at
al

 D
ev

el
op

m
en

t 
O

ra
l g

av
ag

e 
de

ve
lo

pm
en

ta
l t

ox
ic

ity
 

st
ud

y,
 ra

ts
, N

O
A

EL
 (m

at
er

na
l a

nd
 fe

ta
l) 

>1
35

0 
m

g/
kg

/d
ay

, n
o 

ob
se

rv
ab

le
 e

ff
ec

ts
 

on
 m

at
er

na
l o

r f
et

al
 su

rv
iv

al
 o

r 
de

ve
lo

pm
en

t  
(M

ea
su

re
d)

 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

4-
15

7



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
O

ra
l g

av
ag

e 
de

ve
lo

pm
en

ta
l t

ox
ic

ity
 

st
ud

y,
 m

ic
e,

 N
O

A
EL

 (m
at

er
na

l a
nd

 fe
ta

l) 
>1

34
0 

m
g/

kg
/d

ay
, n

o 
ob

se
rv

ab
le

 e
ff

ec
ts

 
on

 m
at

er
na

l o
r f

et
al

 su
rv

iv
al

 o
r 

de
ve

lo
pm

en
t  

(M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

O
ra

l g
av

ag
e 

de
ve

lo
pm

en
ta

l t
ox

ic
ity

 
st

ud
y,

 ra
bb

its
, N

O
A

EL
 (m

at
er

na
l a

nd
 

fe
ta

l) 
>1

60
0 

m
g/

kg
/d

ay
, n

o 
ob

se
rv

ab
le

 
ef

fe
ct

s o
n 

m
at

er
na

l o
r f

et
al

 su
rv

iv
al

 o
r 

de
ve

lo
pm

en
t (

M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

O
ra

l g
av

ag
e 

de
ve

lo
pm

en
ta

l t
ox

ic
ity

 
st

ud
y,

 h
am

st
er

, N
O

A
EL

 (m
at

er
na

l a
nd

 
fe

ta
l) 

>1
60

0 
m

g/
kg

/d
ay

, n
o 

ob
se

rv
ab

le
 

ef
fe

ct
s o

n 
m

at
er

na
l o

r f
et

al
 su

rv
iv

al
 o

r 
de

ve
lo

pm
en

t (
M

ea
su

re
d)

 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

C
ar

ci
no

ge
ni

ci
ty

H
IG

H
: 

E
xp

os
ur

e 
to

 c
ry

st
al

lin
e 

si
lic

a 
ha

s b
ee

n 
as

so
ci

at
ed

 w
ith

 in
cr

ea
se

d 
ca

rc
in

og
en

ic
 p

ot
en

tia
l i

n 
se

ve
ra

l 
ep

id
em

io
lo

gi
ca

l i
nv

es
tig

at
io

ns
. 

 
O

nc
oL

og
ic

 R
es

ul
ts

H
ig

h-
m

od
er

at
e 

(E
st

im
at

ed
) 

O
nc

oL
og

ic
 

C
ar

ci
no

ge
ni

ci
ty

 (R
at

an
d 

M
ou

se
) 

A
m

or
ph

ou
s S

ili
ca

 
Sl

ig
ht

ly
 in

cr
ea

se
d 

in
ci

de
nc

e 
of

 in
tra

-
ab

do
m

in
al

 ly
m

ph
os

ar
co

m
as

 w
as

 re
po

rte
d 

af
te

r i
nt

ra
pe

rit
on

ea
l i

nj
ec

tio
n 

of
 

di
at

om
ac

eo
us

 e
ar

th
 to

 m
ic

e.
 

Su
bc

ut
an

eo
us

 a
nd

 o
ra

l a
dm

in
is

tra
tio

n 
in

 
m

ic
e 

pr
od

uc
ed

 n
o 

in
cr

ea
se

 in
 tu

m
or

s 
(M

ea
su

re
d)

IA
R

C
, 1

99
7 

A
de

qu
at

e

O
ra

l a
dm

in
is

tra
tio

n 
of

 fo
od

-g
ra

de
, 

m
ic

ro
ni

ze
d,

 a
m

or
ph

ou
s s

ili
ca

 to
 ra

ts
 a

nd
 

m
ic

e 
w

as
 n

eg
at

iv
e 

fo
r t

um
or

ig
en

es
is

.  
(M

ea
su

re
d)

IA
R

C
, 1

99
7 

A
de

qu
at

e

4-
15

8



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
In

tra
pl

eu
ra

l i
m

pl
an

ta
tio

n 
of

 sy
nt

he
tic

 
am

or
ph

ou
s s

ili
ca

 w
as

 n
eg

at
iv

e 
fo

r 
tu

m
or

ig
en

es
is

.  
(M

ea
su

re
d)

 

IA
R

C
, 1

99
7 

A
de

qu
at

e

C
ry

st
al

lin
e 

Si
lic

a 
Se

ve
ra

l e
pi

de
m

io
lo

gi
ca

l i
nv

es
tig

at
io

ns
 

ha
ve

 sh
ow

n 
an

 e
xc

es
s c

an
ce

r r
is

k 
fo

llo
w

in
g 

w
or

kp
la

ce
 in

ha
la

tio
na

l 
ex

po
su

re
 to

 q
ua

rtz
 a

nd
 c

ris
to

ba
lit

e.
 

(M
ea

su
re

d)

IA
R

C
, 1

99
7 

A
de

qu
at

e

Th
or

ac
ic

 a
nd

 a
bd

om
in

al
 m

al
ig

na
nt

 
ly

m
ph

om
as

, p
rim

ar
ily

 o
f t

he
 h

is
tio

cy
tic

 
ty

pe
 (M

LH
T)

 w
er

e 
fo

un
d 

fo
llo

w
in

g 
in

tra
pl

eu
ra

l o
r i

nt
ra

pe
rit

on
ea

l i
nj

ec
tio

ns
 

of
 se

ve
ra

l t
yp

es
 o

f q
ua

rtz
 to

 ra
ts

.  
(M

ea
su

re
d)

IA
R

C
, 1

99
7 

A
de

qu
at

e

Fo
ur

 e
xp

er
im

en
ts

 in
 ra

ts
 b

y 
in

ha
la

tio
n 

of
 

qu
ar

tz
 a

nd
 fo

ur
 e

xp
er

im
en

ts
 in

 ra
ts

 b
y 

in
tra

tra
ch

ea
l i

ns
til

la
tio

n 
of

 q
ua

rtz
 

pr
od

uc
ed

 in
cr

ea
se

d 
in

ci
de

nc
es

 o
f 

ad
en

oc
ar

ci
no

m
as

 a
nd

 sq
ua

m
ou

s-
ce

ll 
ca

rc
in

om
as

 o
f t

he
 lu

ng
s. 

 (M
ea

su
re

d)
 

IA
R

C
, 1

99
7 

A
de

qu
at

e

U
ns

pe
ci

fie
d 

Si
lic

a 
N

eg
at

iv
e 

10
3-

w
ee

k 
or

al
 d

ie
ta

ry
 

ca
rc

in
og

en
ic

ity
 st

ud
y 

in
 ra

ts
, N

O
A

EL
 =

 
5%

 d
ie

t (
M

ea
su

re
d)

 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

N
eg

at
iv

e 
93

-w
ee

k 
or

al
 d

ie
ta

ry
 

ca
rc

in
og

en
ic

ity
 st

ud
y 

in
 m

ic
e,

 N
O

A
EL

 =
 

5%
 d

ie
t (

M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

4-
15

9



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
C

om
bi

ne
d 

C
hr

on
ic

 
T

ox
ic

ity
/

C
ar

ci
no

ge
ni

ci
ty

N
o

da
ta

Im
m

un
ot

ox
ic

ity
H

IG
H

: 
Su

bj
ec

ts
 th

at
 d

ev
el

op
 si

lic
os

is
 fo

llo
w

in
g 

ex
po

su
re

 to
 c

ry
st

al
lin

e 
si

lic
a 

ha
ve

 in
cr

ea
se

d 
nu

m
be

rs
 o

f 
m

ac
ro

ph
ag

es
 in

 th
e 

lu
ng

s. 
C

ry
st

al
lin

e 
Si

lic
a 

H
um

an
 su

bj
ec

ts
 w

ith
 si

lic
os

is
 h

av
e 

in
cr

ea
se

d 
m

ac
ro

ph
ag

es
 a

nd
 ly

m
ph

oc
yt

es
 

in
 th

e 
lu

ng
s, 

bu
t m

in
im

al
 in

cr
ea

se
s i

n 
ne

ut
ro

ph
ils

. 
(M

ea
su

re
d)

 

IA
R

C
, 1

99
7 

A
de

qu
at

e

C
ry

st
al

lin
e 

si
lic

a 
de

po
si

te
d 

in
 th

e 
lu

ng
s 

ca
us

es
 m

ac
ro

ph
ag

e 
in

ju
ry

 a
nd

 a
ct

iv
at

io
n 

(s
pe

ci
es

 n
ot

 st
at

ed
). 

 (M
ea

su
re

d)
 

IA
R

C
, 1

99
7 

A
de

qu
at

e

C
ry

st
al

lin
e 

si
lic

a 
re

su
lts

 in
 in

fla
m

m
at

or
y 

ce
ll 

re
cr

ui
tm

en
t i

n 
a 

do
se

-d
ep

en
de

nt
 

m
an

ne
r (

sp
ec

ie
s n

ot
 sp

ec
ifi

ed
). 

 
(M

ea
su

re
d)

IA
R

C
, 1

99
7 

A
de

qu
at

e

Im
m

un
e 

Sy
st

em
 E

ff
ec

ts
 

In
 v

itr
o 

st
ud

ie
s s

ho
w

 th
at

 c
ry

st
al

lin
e 

si
lic

a 
ca

n 
st

im
ul

at
e 

th
e 

re
le

as
e 

of
 

cy
to

ki
ne

s a
nd

 g
ro

w
th

 fa
ct

or
s f

ro
m

 
m

ac
ro

ph
ag

es
 a

nd
 e

pi
th

el
ia

l c
el

ls
; s

om
e 

ev
id

en
ce

 e
xi

st
s t

ha
t t

he
se

 e
ff

ec
ts

 o
cc

ur
 in

vi
vo

 (s
pe

ci
es

 n
ot

 sp
ec

ifi
ed

). 
 (M

ea
su

re
d)

 

IA
R

C
, 1

99
7 

A
de

qu
at

e

4-
16

0



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
Ex

po
su

re
 o

f r
at

s t
o 

hi
gh

 c
on

ce
nt

ra
tio

ns
 

of
 q

ua
rtz

 le
ad

s t
o 

re
cr

ui
tm

en
t o

f 
ne

ut
ro

ph
ils

, m
ar

ke
d 

pe
rs

is
te

nt
 

in
fla

m
m

at
io

n,
 a

nd
 p

ro
lif

er
at

iv
e 

re
sp

on
se

s 
of

 th
e 

ep
ith

el
iu

m
.  

(M
ea

su
re

d)
 

IA
R

C
, 1

99
7 

A
de

qu
at

e

N
eu

ro
to

xi
ci

ty
L

O
W

: 
Fo

r 
al

l p
ot

en
tia

l r
ou

te
s o

f e
xp

os
ur

e 
by

 a
na

lo
gy

 to
 si

m
ila

r 
m

at
er

ia
ls

 (P
ro

fe
ss

io
na

l j
ud

gm
en

t)
. 

A
cu

te
 a

nd
 2

8-
da

y 
D

el
ay

ed
 N

eu
ro

to
xi

ci
ty

 
of

 O
rg

an
op

ho
sp

ho
ru

s 
Su

bs
ta

nc
es

 (H
en

) 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
 S

cr
ee

ni
ng

 
B

at
te

ry
 (A

du
lt)

 
N

o
da

ta

D
ev

el
op

m
en

ta
l 

N
eu

ro
to

xi
ci

ty
N

o
da

ta

G
en

ot
ox

ic
ity

H
IG

H
: 

In
 v

iv
o 

ex
po

su
re

 to
 c

ry
st

al
lin

e 
si

lic
a 

du
st

 in
du

ce
d 

ch
ro

m
os

om
al

 a
be

rr
at

io
ns

 a
nd

 si
st

er
 c

hr
om

at
id

 
ex

ch
an

ge
 in

 p
er

ip
he

ra
l b

lo
od

 ly
m

ph
oc

yt
es

.  
C

ry
st

al
lin

e 
si

lic
a 

al
so

 in
du

ce
s s

is
te

r 
ch

ro
m

at
id

 e
xc

ha
ng

e 
in

 
co

-c
ul

tu
re

s o
f h

um
an

 ly
m

ph
oc

yt
es

 a
nd

 m
on

oc
yt

es
. 

G
en

e 
M

ut
at

io
n 

in
 v

itr
o 

A
m

or
ph

ou
s S

ili
ca

 
N

eg
at

iv
e 

in
 S

al
m

on
el

la
 ty

ph
im

ur
iu

m
 a

nd
 

Es
ch

er
ic

hi
a 

co
li 

m
ut

ag
en

ic
ity

 a
ss

ay
 

(M
ea

su
re

d)

IA
R

C
, 1

98
7 

A
de

qu
at

e

C
ry

st
al

lin
e 

Si
lic

a 
D

ire
ct

 tr
ea

tm
en

t o
f e

pi
th

el
ia

l c
el

ls
 w

ith
 

qu
ar

tz
in

 v
itr

o 
di

d 
no

t c
au

se
 H

PR
T 

m
ut

at
io

n.
  (

M
ea

su
re

d)
 

IA
R

C
, 1

98
7 

A
de

qu
at

e

N
eg

at
iv

e 
in

 S
al

m
on

el
la

 ty
ph

im
ur

iu
m

 a
nd

 
Es

ch
er

ic
hi

a 
co

li 
m

ut
ag

en
ic

ity
 a

ss
ay

 
(M

ea
su

re
d)

IA
R

C
, 1

99
7 

A
de

qu
at

e

4-
16

1



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
U

ns
pe

ci
fie

d 
Si

lic
a 

N
eg

at
iv

e 
in

 fi
ve

 S
al

m
on

el
la

 ty
ph

im
ur

iu
m

 
an

d
Es

ch
er

ic
hi

a 
co

li 
m

ut
ag

en
ic

ity
 a

ss
ay

s 
(M

ea
su

re
d)

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

N
eg

at
iv

e 
in

 S
ac

ch
ar

om
yc

es
 c

er
ev

is
ia

 
m

ut
ag

en
ic

ity
 a

ss
ay

. (
M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
N

eg
at

iv
e 

in
 H

G
PR

T 
as

sa
y 

in
 C

hi
ne

se
 

ha
m

st
er

 o
va

ry
 c

el
ls

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

C
ry

st
al

lin
e 

Si
lic

a
G

en
e 

M
ut

at
io

n 
in

 v
iv

o 
Ep

ith
el

ia
l c

el
ls

 fr
om

 th
e 

lu
ng

s o
f r

at
s 

in
tra

tra
ch

ea
lly

 e
xp

os
ed

 to
 q

ua
rtz

 sh
ow

ed
 

H
PR

T 
ge

ne
 m

ut
at

io
ns

.  
(M

ea
su

re
d)

 

IA
R

C
, 1

99
7 

A
de

qu
at

e

A
m

or
ph

ou
s S

ili
ca

C
hr

om
os

om
al

A
be

rr
at

io
ns

 in
 v

itr
o 

Po
si

tiv
e 

fo
r m

ic
ro

nu
cl

ei
 fo

rm
at

io
n 

in
 

m
am

m
al

ia
n 

ce
lls

 in
 v

itr
o 

(M
ea

su
re

d)
 

IA
R

C
, 1

98
7 

A
de

qu
at

e

4-
16

2



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
C

ry
st

al
lin

e 
Si

lic
a 

In
du

ce
s m

ic
ro

nu
cl

ei
 in

 S
yr

ia
n 

ha
m

st
er

 
em

br
yo

 c
el

ls
, C

hi
ne

se
 h

am
st

er
 lu

ng
 V

79
 

ce
lls

, a
nd

 h
um

an
 e

m
br

yo
ni

c 
lu

ng
 H

el
 

29
9 

ce
lls

 in
 v

itr
o,

 b
ut

 n
eg

at
iv

e 
fo

r 
in

du
ci

ng
 c

hr
om

os
om

al
 a

be
rr

at
io

ns
 

(M
ea

su
re

d)

IA
R

C
, 1

99
7 

A
de

qu
at

e

U
ns

pe
ci

fie
d 

Si
lic

a 
N

eg
at

iv
e 

fo
r c

hr
om

os
om

al
 a

be
rr

at
io

ns
 in

 
C

hi
ne

se
 h

am
st

er
 o

va
ry

 c
el

ls
 (M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 a

nd
 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t p

ro
vi

de
d.

 
Th

e 
or

ig
in

al
 st

ud
y 

w
as

 in
 a

n 
un

pu
bl

is
he

d 
re

po
rt.

 
N

eg
at

iv
e 

fo
r c

hr
om

os
om

al
 a

be
rr

at
io

ns
 in

 
hu

m
an

 e
m

br
yo

ni
c 

lu
ng

 c
el

ls
 (W

i-3
8)

 
(M

ea
su

re
d)

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

C
hr

om
os

om
al

A
be

rr
at

io
ns

 in
 v

iv
o 

C
ry

st
al

lin
e 

Si
lic

a 
In

du
ce

d 
ch

ro
m

os
om

al
 a

be
rr

at
io

ns
 in

 
hu

m
an

 p
er

ip
he

ra
l b

lo
od

 ly
m

ph
oc

yt
es

 
fo

llo
w

in
g

in
 v

iv
o 

ex
po

su
re

 to
 d

us
t 

co
nt

ai
ni

ng
 c

ry
st

al
lin

e 
si

lic
a 

(M
ea

su
re

d)
 

IA
R

C
, 1

99
7 

A
de

qu
at

e

Q
ua

rtz
 d

id
 n

ot
 in

du
ce

 m
ic

ro
nu

cl
ei

 in
 

m
ic

e
in

 v
iv

o.
 (

M
ea

su
re

d)
 

IA
R

C
, 1

99
7 

A
de

qu
at

e

U
ns

pe
ci

fie
d 

Si
lic

a 

N
eg

at
iv

e 
fo

r c
hr

om
os

om
al

 a
be

rr
at

io
ns

 in
 

tw
o 

as
sa

ys
 fo

llo
w

in
g 

si
ng

le
 a

nd
 su

ba
cu

te
 

or
al

 g
av

ag
e 

ad
m

in
is

tra
tio

n 
to

 ra
ts

 
(M

ea
su

re
d)

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

D
N

A
 D

am
ag

e 
an

d 
R

ep
ai

r
N

o
da

ta

4-
16

3



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
C

ry
st

al
lin

e 
Si

lic
a 

Tr
id

ym
ite

 in
du

ce
d 

si
st

er
 c

hr
om

at
id

 
ex

ch
an

ge
 in

 c
o-

cu
ltu

re
s o

f h
um

an
 

ly
m

ph
oc

yt
es

 a
nd

 m
on

oc
yt

es
.  

(M
ea

su
re

d)

IA
R

C
, 1

99
7 

A
de

qu
at

e

In
du

ce
d 

si
st

er
 c

hr
om

at
id

 e
xc

ha
ng

e 
in

 
hu

m
an

 p
er

ip
he

ra
l b

lo
od

 ly
m

ph
oc

yt
es

 
fo

llo
w

in
g

in
 v

iv
o 

ex
po

su
re

 to
 d

us
t 

co
nt

ai
ni

ng
 c

ry
st

al
lin

e 
si

lic
a 

(M
ea

su
re

d)
 

IA
R

C
, 1

99
7 

A
de

qu
at

e

Tw
o 

qu
ar

tz
 sa

m
pl

es
 in

du
ce

d 
m

or
ph

ol
og

ic
al

 tr
an

sf
or

m
at

io
n 

in
 S

yr
ia

n 
ha

m
st

er
 c

el
ls

 in
 v

itr
o.

 (
M

ea
su

re
d)

IA
R

C
, 1

99
7 

A
de

qu
at

e

Fi
ve

 q
ua

rtz
 sa

m
pl

es
 in

du
ce

d 
tra

ns
fo

rm
at

io
n 

in
 B

A
LB

/c
-3

T3
 c

el
ls

 in
vi

tr
o.

 (
M

ea
su

re
d)

 

IA
R

C
, 1

99
7 

A
de

qu
at

e

U
ns

pe
ci

fie
d 

Si
lic

a 
N

eg
at

iv
e 

in
 tw

o 
do

m
in

an
t l

et
ha

l a
ss

ay
s 

in
 ra

ts
 fo

llo
w

in
g 

or
al

 g
av

ag
e 

ad
m

in
is

tra
tio

n 
(M

ea
su

re
d)

 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

O
th

er
 (S

is
te

r 
C

hr
om

at
id

 E
xc

ha
ng

e,
 

C
el

l T
ra

ns
fo

rm
at

io
n,

 
et

c.
)

N
eg

at
iv

e 
un

sc
he

du
le

d 
D

N
A

 sy
nt

he
si

s 
as

sa
y 

in
 p

rim
ar

y 
ra

t h
ep

at
oc

yt
es

 
(M

ea
su

re
d)

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

4-
16

4



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
Sy

st
em

ic
 E

ff
ec

ts
 

H
IG

H
: 

E
xt

en
de

d 
w

or
kp

la
ce

 e
xp

os
ur

e 
to

 a
m

or
ph

ou
s a

nd
 c

ry
st

al
lin

e 
si

lic
a 

in
du

ce
d 

si
lic

os
is

 in
 h

um
an

s. 
  

A
m

or
ph

ou
s S

ili
ca

 
Si

lic
os

is
 in

 h
um

an
s f

ol
lo

w
in

g 
ex

te
nd

ed
 

w
or

kp
la

ce
 e

xp
os

ur
e 

(M
ea

su
re

d)
 

N
IO

SH
, 1

97
8b

 
A

de
qu

at
e

13
-W

ee
k 

in
ha

la
tio

n 
st

ud
y,

 ra
ts

, L
O

A
EL

 
= 

1 
m

g/
m

3 , i
nc

re
as

ed
 lu

ng
 w

ei
gh

t, 
fo

ca
l 

in
te

rs
tit

ia
l f

ib
ro

si
s, 

pu
lm

on
ar

y 
in

fla
m

m
at

io
n,

 a
nd

 p
ul

m
on

ar
y 

gr
an

ul
om

as
 (M

ea
su

re
d)

 

R
eu

ze
l e

t a
l.,

 1
99

1 
A

de
qu

at
e

B
io

ge
ni

c 
si

lic
a 

fib
er

s i
nd

uc
ed

 o
rn

ith
in

e 
de

ca
rb

ox
yl

as
e 

ac
tiv

ity
 o

f e
pi

de
rm

al
 c

el
ls

 
in

 m
ic

e 
fo

llo
w

in
g 

to
pi

ca
l a

pp
lic

at
io

n 
(M

ea
su

re
d)

IA
R

C
, 1

99
7 

A
de

qu
at

e

1-
Y

ea
r i

nh
al

at
io

n 
st

ud
y,

 ra
bb

its
, L

O
A

EL
 

<5
3 

m
g/

m
3 , p

ro
gr

es
si

ve
 fu

nc
tio

na
l 

in
ca

pa
ci

ta
tio

n,
 e

m
ph

ys
em

a,
 p

ul
m

on
ar

y 
va

sc
ul

ar
 o

bs
tru

ct
io

n,
 b

lo
od

 p
re

ss
ur

e 
ch

an
ge

s, 
m

ur
al

 c
el

lu
la

r i
nf

ilt
ra

tio
n,

 
pe

rib
ro

nc
hi

ol
ar

 c
el

lu
la

r c
at

ar
rh

, 
pe

riv
as

cu
la

r c
el

lu
la

r n
od

ul
es

, d
uc

ta
l 

st
en

os
is

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

27
-M

on
th

 in
ha

la
tio

n 
st

ud
y,

 ra
bb

it,
 

LO
A

EL
 =

 2
8 

m
g/

m
3 , d

ys
pn

ea
, c

ya
no

si
s, 

sh
or

tn
es

s o
f b

re
at

h,
 e

m
ph

ys
em

a,
 v

as
cu

la
r 

st
en

os
is

, a
lv

eo
la

r c
el

l i
nf

ilt
ra

tio
n,

 
sc

le
ro

si
s, 

gr
an

ul
om

at
os

is
, l

es
io

ns
 in

 th
e 

liv
er

, s
pl

ee
n,

 a
nd

 k
id

ne
y 

(M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

C
ry

st
al

lin
e 

Si
lic

a 
Si

lic
os

is
 in

 h
um

an
s f

ol
lo

w
in

g 
ex

te
nd

ed
 

w
or

kp
la

ce
 e

xp
os

ur
e 

(M
ea

su
re

d)
 

N
IO

SH
, 1

97
8a

 
A

de
qu

at
e

4-
16

5



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
2-

Y
ea

r i
nh

al
at

io
n 

st
ud

y,
 ra

ts
, L

O
A

EL
 =

 
1 

m
g/

m
3 , s

ub
pl

ue
ra

l a
nd

 p
er

ib
ro

nc
hi

al
 

fib
ro

si
s, 

fo
ca

l l
ip

op
ro

te
in

os
is

 c
ho

le
st

er
ol

 
cl

ef
ts

, e
nl

ar
ge

d 
ly

m
ph

 n
od

es
, 

gr
an

ul
om

at
ou

s l
es

io
ns

 in
 th

e 
w

al
ls

 o
f 

la
rg

e 
br

on
ch

i (
M

ea
su

re
d)

 

R
ic

e,
 2

00
0 

A
de

qu
at

e

6-
M

on
th

 in
ha

la
tio

n 
st

ud
y,

 ra
ts

, L
O

A
EL

 
= 

2 
m

g/
m

3 , i
nc

re
as

ed
 c

ol
la

ge
n 

an
d 

el
as

tin
 c

on
te

nt
 in

 th
e 

lu
ng

s, 
in

du
ce

d 
ty

pe
 

II
 c

el
l h

yp
er

pl
as

ia
 in

 a
lv

eo
la

r 
co

m
pa

rtm
en

t a
nd

 in
tra

ly
m

ph
at

ic
 

m
ic

ro
gr

an
ul

om
as

 a
ro

un
d 

br
on

ch
io

le
s 

(M
ea

su
re

d)

R
ic

e,
 2

00
0 

A
de

qu
at

e

6-
M

on
th

 in
ha

la
tio

n 
st

ud
y 

pl
us

 6
-m

on
th

 
re

co
ve

ry
/in

cu
ba

tio
n 

pe
rio

d,
 ra

ts
, L

O
A

EL
 

= 
2 

m
g/

m
3 , i

nc
re

as
ed

 lu
ng

 w
ei

gh
t, 

in
cr

ea
se

d 
co

lla
ge

n,
 e

la
st

in
, D

N
A

, a
nd

 
pr

ot
ei

n 
co

nt
en

t o
f l

un
gs

 fo
llo

w
in

g 
in

cu
ba

tio
n/

re
co

ve
ry

 p
er

io
d 

(M
ea

su
re

d)
 

R
ic

e,
 2

00
0 

A
de

qu
at

e

U
ns

pe
ci

fie
d 

Si
lic

a 
14

-D
ay

 in
ha

la
tio

n 
st

ud
y,

 ra
ts

, L
O

A
EL

 
<0

.0
17

 m
g/

L,
 re

sp
ira

to
ry

 d
is

tre
ss

, 
in

cr
ea

se
d 

lu
ng

 w
ei

gh
t, 

de
cr

ea
se

d 
ki

dn
ey

 
an

d 
liv

er
 w

ei
gh

ts
, d

os
e-

de
pe

nd
en

t 
ch

an
ge

s i
n 

lu
ng

 c
ha

ra
ct

er
is

tic
s (

pa
le

, 
sp

ot
te

d,
 sp

on
gy

, a
lv

eo
la

r i
nt

er
st

iti
al

 
pn

eu
m

on
ia

, e
ar

ly
 g

ra
nu

lo
m

at
a)

 
(M

ea
su

re
d)

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

4-
16

6



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
13

-W
ee

k 
in

ha
la

tio
n 

st
ud

y,
 ra

ts
, L

O
A

EL
 

<0
.0

01
 m

g/
L,

 in
cr

ea
se

d 
re

sp
ira

tio
n 

ra
te

, 
he

m
at

ol
og

ic
al

 e
ff

ec
ts

, s
w

ol
le

n 
an

d 
sp

ot
te

d 
lu

ng
s, 

in
cr

ea
se

d 
lu

ng
 w

ei
gh

t, 
in

cr
ea

se
d 

co
lla

ge
n 

co
nt

en
t i

n 
lu

ng
s, 

en
la

rg
ed

 m
ed

ia
st

in
al

 ly
m

ph
 n

od
e,

 
ac

cu
m

ul
at

io
n 

of
 a

lv
eo

la
r m

ac
ro

ph
ag

es
, 

gr
an

ul
ar

 m
at

er
ia

l, 
ce

llu
la

r d
eb

ris
, f

oc
al

 
in

te
rs

tit
ia

l f
ib

ro
si

s, 
ch

ol
es

te
ro

l c
le

fts
, a

nd
 

ga
nu

lo
m

a-
lik

e 
le

si
on

s (
M

ea
su

re
d)

 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

13
-W

ee
k 

in
ha

la
tio

n 
st

ud
y,

 ra
ts

, L
O

A
EL

 
= 

0.
03

5 
m

g/
L,

 d
ec

re
as

ed
 b

od
y 

w
ei

gh
t, 

in
cr

ea
se

d 
lu

ng
 a

nd
 th

ym
us

 w
ei

gh
t, 

sw
ol

le
n 

an
d 

sp
ot

te
d 

lu
ng

s, 
en

la
rg

e 
m

ed
is

tin
al

 ly
m

ph
 n

od
e,

 in
cr

ea
se

d 
nu

m
be

rs
 o

f a
lv

eo
la

r m
ac

ro
ph

ag
es

, i
nt

ra
-

al
ve

ol
ar

 le
uk

oc
yt

es
, a

nd
 se

pt
al

 
ce

llu
la

rit
y,

 fo
ca

l n
ec

ro
si

s, 
an

d 
sl

ig
ht

 
at

ro
ph

y 
of

 n
as

al
 e

pi
th

el
iu

m
  (

M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

14
-D

ay
 in

ha
la

tio
n 

st
ud

y,
 ra

ts
, L

O
A

EL
 

<0
.0

46
 m

g/
L,

 re
sp

ira
to

ry
 d

is
tre

ss
, 

in
cr

ea
se

d 
lu

ng
 w

ei
gh

t, 
de

cr
ea

se
d 

liv
er

 
w

ei
gh

ts
, d

os
e-

de
pe

nd
en

t c
ha

ng
es

 in
 lu

ng
 

ch
ar

ac
te

ris
tic

s (
pa

le
, s

po
tte

d,
 sp

on
gy

, 
al

ve
ol

ar
 in

te
rs

tit
ia

l p
ne

um
on

ia
, e

ar
ly

 
gr

an
ul

om
at

a)
, a

cc
um

ul
at

io
n 

of
 a

lv
eo

la
r 

m
ac

ro
ph

ag
es

 a
nd

 p
ar

tic
ul

at
e 

m
at

er
ia

l i
n 

lu
ng

s (
M

ea
su

re
d)

 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

U
p 

to
 1

 y
ea

r i
nh

al
at

io
n 

st
ud

y,
 ra

ts
, 

LO
A

EL
 <

0.
04

5 
m

g/
L,

 e
nl

ar
ge

d 
an

d 
di

sc
ol

or
ed

 ly
m

ph
 n

od
es

, p
er

iv
as

cu
la

r a
nd

 
pe

rib
ro

nc
hi

ol
ar

 d
us

t c
el

l g
ra

nu
lo

m
a,

 
ne

cr
ot

ic
 c

el
ls

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

4-
16

7



D
R

A
FT

 R
EP

O
R

T

Si
lic

on
 D

io
xi

de
 

PR
O

PE
R

T
Y

/E
N

D
PO

IN
T

 
D

A
T

A
R

E
FE

R
E

N
C

E
 

D
A

T
A

 Q
U

A
L

IT
Y

 
13

-W
ee

k 
or

al
 d

ie
ta

ry
 st

ud
y,

 ra
ts

, L
O

A
EL

 
>8

%
 d

ie
t (

hi
gh

es
t d

os
e 

te
st

ed
), 

no
 

cl
in

ic
al

 si
gn

s o
r o

th
er

 fi
nd

in
gs

 
(M

ea
su

re
d)

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

6-
M

on
th

 o
ra

l d
ie

ta
ry

 st
ud

y,
 ra

ts
, L

O
A

EL
 

>4
97

 m
g/

kg
/d

ay
 (h

ig
he

st
 d

os
e 

te
st

ed
), 

no
 

cl
in

ic
al

 si
gn

s o
r o

th
er

 fi
nd

in
gs

 
(M

ea
su

re
d)

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

14
-D

ay
 o

ra
l d

ie
ta

ry
 st

ud
y,

 ra
ts

, L
O

A
EL

 
>2

4,
20

0 
m

g/
kg

/d
ay

 (h
ig

he
st

 d
os

e 
te

st
ed

), 
no

 c
lin

ic
al

 si
gn

s o
r o

th
er

 fi
nd

in
gs

 
(M

ea
su

re
d)

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

4-
W

ee
k 

or
al

 d
ie

ta
ry

 st
ud

y,
 d

og
, L

O
A

EL
 

>8
00

 m
g/

kg
 (h

ig
he

st
 d

os
e 

te
st

ed
), 

no
 

cl
in

ic
al

 si
gn

s o
r o

th
er

 fi
nd

in
gs

 
(M

ea
su

re
d)

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 a
nd

 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t p
ro

vi
de

d.
 

Th
e 

or
ig

in
al

 st
ud

y 
w

as
 in

 a
n 

un
pu

bl
is

he
d 

re
po

rt.
 

E
nd

oc
ri

ne
 D

is
ru

pt
io

n 
N

o 
da

ta
 

4-
16

8



OncoLogic. Version 6.0.; U.S. EPA and LogiChem, Inc.: 2005.   

DRAFT REPORT

References for Silicon Dioxide 

Alexander, G. B.; Heston, W. M.; Iler, R. K. J. Phys. Chem. 1954, 58, 453-455. 

Flörke, O. W.; Graetsch, H.; Brunk, F.; et al. Silica. In Ullmann's Encyclopedia of Industrial 
Chemistry. John Wiley & Sons: New York, NY, 2000. 

IARC (International Agency for Research on Cancer). Silica. IARC Monographs on the 
Evaluation of the Carcinogenic Risk of Chemicals to Humans 1987, 42, 39-143 (Abstract 
only).

IARC. Summaries & Evaluations - Silica. 1997, 68.
http://www.inchem.org/documents/iarc/vol68/silica.htm.

IUCLID. Dataset for Silicon Dioxide, Chemically Prepared. European Commission – European 
Chemicals Bureau: Created February 19, 2000. 

KEMI. Information on Substances, Silicon Dioxide. [Online] Swedish Chemicals Agency: 2006.  
http://apps.kemi.se/flodessok/floden/kemamne_eng/kiseldioxid_eng.htm.

Lewis, R. J. Sax's Dangerous Properties of Industrial Materials, 10th ed.; John Wiley & Sons 
Inc: New York, NY, 1999; Vol. 1-3. 

Lide, D. R., ed. CRC Handbook of Chemistry and Physics, 81st edition; CRC Press: Boca Raton, 
FL.

Merck Index, 12th ed.; Merck & Co. Inc.: Whitehouse Station, NJ, 1996. 

NIOSH (National Institute for Occupational Safety and Health) (1978a). Occupational Health 
Guideline for Crystalline Silica. http://www.cdc.gov/niosh/pdfs/0553.pdf. 

NIOSH (1978b). Occupational Health Guideline for Amorphous Silica. [Online] 1978. 
http://www.cdc.gov/niosh/pdfs/0552.pdf.

Reuzel, P. G. J.; Bruijntjes, J. P.; Feron, V. J.; Wouterse, R. A. Subchronic Inhalation Toxicity of 
Amorphous Silicas and Quartz Dust in Rats.  Food Chem. Toxicol. 1991, 29, (5), 341-354 
(Abstract only). 

Rice, F. Concise International Chemical Assessment Document (CICAD) - Crystalline Silica, 
Quartz. No. 24. United Nations Environment Programme; International Labour 
Organization; World Health Organization: 2000. 
http://www.who.int/ipcs/publications/cicad/en/cicad24.pdf.

4-169



DRAFT REPORT

Verma, P. Revised Quartz Solubility Temperature Dependence Equation Along the Water-Vapor 
Saturation Curve; Proceedings of the World Geothermal Congress Kyushu-Tohoku, 
Japan, May 28 – June 10, 2000. 

4-170



R
ec

or
d 

ID
:  

M
ag

ne
si

um
 H

yd
ro

xi
de

 
C

A
S 

N
o.

 1
30

9-
42

-8
 

M
W

:
58

.3
2

M
F:

M
gH

2O
2

Ph
ys

ic
al

 F
or

m
s:

 S
ol

id
M

g 
O

H
O

H

U
se

: 
Fl

am
e 

re
ta

rd
an

t, 
ad

di
tiv

e 
SM

IL
E

S:
 O

[M
g]

O
 

N
am

e:
M

ag
ne

si
um

 h
yd

ro
xi

de
 

Sy
no

ny
m

s:
B

ru
ci

te
, M

ilk
 o

f M
ag

ne
si

a 
L

ife
-C

yc
le

 C
on

si
de

ra
tio

ns
: 

Po
te

nt
ia

l r
el

ea
se

s o
f m

ag
ne

si
um

 h
yd

ro
xi

de
 to

 th
e 

en
vi

ro
nm

en
t f

ro
m

 it
s u

se
 in

 P
C

B
s s

ug
ge

st
s t

ha
t i

t m
ay

 o
cc

ur
 a

s a
 fu

gi
tiv

e 
em

is
si

on
 th

ro
ug

h 
du

st
-f

or
m

in
g 

op
er

at
io

ns
 re

su
lti

ng
 fr

om
 it

s m
an

uf
ac

tu
re

 o
r d

ur
in

g 
lo

ad
in

g/
un

lo
ad

in
g,

 tr
an

sf
er

, o
r m

ix
in

g 
op

er
at

io
ns

.  
A

fte
r i

nc
or

po
ra

tio
n 

in
to

 
th

e 
re

si
n 

an
d/

or
 th

e 
la

m
in

at
e,

 p
ot

en
tia

l e
xp

os
ur

e 
to

 fi
ne

ly
 d

iv
id

ed
 m

ag
ne

si
um

 h
yd

ro
xi

de
 p

ar
tic

ul
at

es
 is

 n
ot

 e
xp

ec
te

d 
du

rin
g 

th
e 

re
m

ai
nd

er
 o

f t
he

 o
pe

ra
tio

na
l 

st
ag

es
 o

f t
he

 P
C

B
 li

fe
 c

yc
le

.  
M

ag
ne

si
um

 h
yd

ro
xi

de
 p

ar
tic

ul
at

es
 m

ay
 a

ls
o 

be
 re

le
as

ed
 d

ur
in

g 
th

e 
di

sp
os

al
 p

ha
se

 o
f t

he
 li

fe
 c

yc
le

 w
he

re
 th

ey
 c

an
 b

ec
om

e 
m

ob
ili

ze
d 

th
ro

ug
h 

di
re

ct
 in

te
rv

en
tio

n 
pr

oc
es

se
s (

su
ch

 a
s s

hr
ed

di
ng

 o
pe

ra
tio

ns
). 

D
R

A
FT

 R
EP

O
R

T

M
ag

ne
si

um
 H

yd
ro

xi
de

4.
2.

11

M
ag

ne
si

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

PH
Y

SI
C

A
L

/C
H

E
M

IC
A

L
 P

R
O

PE
R

T
IE

S 
M

el
tin

g 
Po

in
t (

°C
) 

D
ec

om
po

se
s a

t 
35

0
˚C

 to
 M

gO
 a

nd
 H

2O
 (M

ea
su

re
d)

 
Le

w
is

, 2
00

0 
A

de
qu

at
e

D
ec

om
po

se
s a

t 
35

0
˚C

 (M
ea

su
re

d)
 

Le
w

is
, 1

99
7 

A
de

qu
at

e

D
ec

om
po

se
s a

t 
35

0
˚C

 (M
ea

su
re

d)
 

H
od

gm
an

, 1
95

9 
A

de
qu

at
e

D
ec

om
po

se
s a

t 
38

0
˚C

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
A

de
qu

at
e

35
0 

(M
ea

su
re

d)
 

A
ld

ric
h,

 2
00

6 
A

de
qu

at
e

35
0 

(M
ea

su
re

d)
 

Li
de

, 2
00

0 
A

de
qu

at
e

B
oi

lin
g 

Po
in

t (
°C

) 
Th

e 
su

bs
ta

nc
e 

w
ill

 d
ec

om
po

se
 b

ef
or

e 
bo

ili
ng

. (
M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

A
de

qu
at

e

V
ap

or
 P

re
ss

ur
e 

(m
m

 H
g)

 
<1

0-6
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

W
at

er
 S

ol
ub

ili
ty

 (g
/L

) 
0.

00
9 

at
 1

8 
°C

 (M
ea

su
re

d)
 

H
od

gm
an

, 1
95

9 
A

de
qu

at
e

0.
04

 a
t 1

00
 °C

 (M
ea

su
re

d)
 

H
od

gm
an

, 1
95

9 
A

de
qu

at
e

0.
00

9 
at

 1
8 

°C
 (M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

A
de

qu
at

e

4-
17

1



D
R

A
FT

 R
EP

O
R

T

M
ag

ne
si

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

0.
00

1 
at

 2
0 

°C
 (M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

A
de

qu
at

e
0.

00
6 

at
 2

0 
°C

 (M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
A

de
qu

at
e

<0
.0

08
 a

t 2
0 

°C
 (M

ea
su

re
d)

 
IU

C
LI

D
, 2

00
0 

A
de

qu
at

e
L

og
 K

ow
N

o
da

ta
Fl

am
m

ab
ili

ty
 (F

la
sh

 P
oi

nt
) 

N
ot

 fl
am

m
ab

le
  

(E
st

im
at

ed
) 

IU
C

LI
D

, 2
00

0 

E
xp

lo
si

vi
ty

N
ot

 e
xp

lo
si

ve
 (E

st
im

at
ed

) 
IU

C
LI

D
, 2

00
0 

pH
9.

5-
10

.5
 (M

ea
su

re
d)

 
M

er
ck

, 1
99

6 
A

de
qu

at
e

E
N

V
IR

O
N

M
E

N
T

A
L

 F
A

T
E

 
T

ra
ns

po
rt

T
he

 lo
w

 w
at

er
 so

lu
bi

lit
y,

 th
e 

es
tim

at
ed

 v
ap

or
 p

re
ss

ur
e 

of
 <

10
-6

to
rr

, e
st

im
at

ed
 K

oc
 o

f >
10

5  a
nd

 
es

tim
at

ed
 H

en
ry

’s
 L

aw
 C

on
st

an
t o

f <
10

-8
 a

tm
-m

3 /m
ol

 in
di

ca
te

 th
at

 m
ag

ne
si

um
 h

yd
ro

xi
de

 w
ill

 b
e 

re
la

tiv
el

y 
im

m
ob

ile
 in

 th
e 

en
vi

ro
nm

en
t. 

 M
ag

ne
si

um
 h

yd
ro

xi
de

 is
 a

 m
in

er
al

 fo
un

d 
na

tu
ra

lly
 in

 th
e 

en
vi

ro
nm

en
t.

 
H

en
ry

’s
 L

aw
 

C
on

st
an

t –
 H

L
C

 
(a

tm
-m

3/
m

ol
e)

 

<1
0-8

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

ju
dg

m
en

t 

 
Se

di
m

en
t/S

oi
l 

A
ds

or
pt

io
n/

D
es

or
pt

i
on C

oe
ff

ic
ie

nt
 –

 K
oc

>1
05  (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t  

 
D

is
so

ci
at

io
n 

co
ns

ta
nt

in
 w

at
er

 
N

o
da

ta

B
io

ac
cu

m
ul

at
io

n 
 

L
O

W
: 

M
ag

ne
si

um
 h

yd
ro

xi
de

 is
 n

ot
 e

xp
ec

te
d 

to
 b

e 
bi

oa
cc

um
ul

at
iv

e.
 

Fi
sh

 B
C

F 
<5

00
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t  

D
ap

hn
id

s B
C

F 
N

o
da

ta
G

re
en

 A
lg

ae
 B

C
F 

N
o

da
ta

O
ys

te
rs

 B
C

F 
N

o
da

ta
E

ar
th

w
or

m
s B

C
F 

 
N

o 
da

ta
M

et
ab

ol
is

m
 in

 fi
sh

 
 

N
o 

da
ta

4-
17

2



D
R

A
FT

 R
EP

O
R

T

M
ag

ne
si

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

Pe
rs

is
te

nc
e 

H
IG

H
: 

A
s a

 fu
lly

 o
xi

di
ze

d 
in

or
ga

ni
c 

m
at

er
ia

l, 
m

ag
ne

si
um

 h
yd

ro
xi

de
 is

 n
ot

 e
xp

ec
te

d 
to

 b
io

de
gr

ad
e,

 
ox

id
iz

e 
in

 a
ir

, o
r 

un
de

rg
o 

hy
dr

ol
ys

is
 u

nd
er

 e
nv

ir
on

m
en

ta
l c

on
di

tio
ns

.  
M

ag
ne

si
um

 h
yd

ro
xi

de
 d

oe
s n

ot
 

ab
so

rb
 li

gh
t a

t e
nv

ir
on

m
en

ta
lly

 r
el

ev
an

t w
av

el
en

gt
hs

 a
nd

 is
 n

ot
 e

xp
ec

te
d 

to
 p

ho
to

ly
ze

. 
N

o 
de

gr
ad

at
io

n 
pr

oc
es

se
s f

or
 m

ag
ne

si
um

 h
yd

ro
xi

de
 u

nd
er

 ty
pi

ca
l e

nv
ir

on
m

en
ta

l c
on

di
tio

ns
 w

er
e 

id
en

tif
ie

d.
W

at
er

A
er

ob
ic

bi
od

eg
ra

da
tio

n
R

ec
al

ci
tra

nt
 (E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t  

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 R

iv
er

 
>1

 y
ea

r (
Es

tim
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t  

V
ol

at
ili

za
tio

n 
H

al
f-

lif
e 

fo
r 

M
od

el
 L

ak
e 

>1
 y

ea
r (

Es
tim

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

R
ea

dy
B

io
de

gr
ad

ab
ili

ty
 

N
ot

 re
ad

y 
bi

od
eg

ra
da

bl
e 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t  

So
il

A
na

er
ob

ic
bi

od
eg

ra
da

tio
n

R
ec

al
ci

tra
nt

 (E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t  

So
il 

bi
od

eg
ra

da
tio

n 
w

/ p
ro

du
ct

 
id

en
tif

ic
at

io
n

N
o

da
ta

Se
di

m
en

t/w
at

er
 

bi
od

eg
ra

da
tio

n
N

o
da

ta

A
ir

A
tm

os
ph

er
ic

 H
al

f-
lif

e
>1

 y
ea

r (
Es

tim
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 

R
ea

ct
iv

ity
Ph

ot
ol

ys
is

N
ot

 a
 si

gn
ifi

ca
nt

 fa
te

 p
ro

ce
ss

 
(E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

M
ag

ne
si

um
 h

yd
ro

xi
de

 d
oe

s n
ot

 
ab

so
rb

 U
V

 li
gh

t a
t 

en
vi

ro
nm

en
ta

lly
 re

le
va

nt
 

w
av

el
en

gt
hs

 a
nd

 is
 n

ot
 e

xp
ec

te
d 

to
 u

nd
er

go
 p

ho
to

ly
si

s. 
H

yd
ro

ly
si

s
N

ot
 a

 si
gn

ifi
ca

nt
 fa

te
 p

ro
ce

ss
 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t 
M

ag
ne

si
um

 h
yd

ro
xi

de
 is

 a
 fu

lly
 

ox
id

iz
ed

 in
or

ga
ni

c 
m

at
er

ia
l a

nd
 is

 
no

t e
xp

ec
te

d 
to

 u
nd

er
go

 
hy

dr
ol

ys
is

. 
Py

ro
ly

si
s

N
ot

 a
 si

gn
ifi

ca
nt

 fa
te

 p
ro

ce
ss

 
(E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t 

4-
17

3



D
R

A
FT

 R
EP

O
R

T

M
ag

ne
si

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

E
C

O
T

O
X

IC
IT

Y
 

E
C

O
SA

R
 C

la
ss

 
A

cu
te

 T
ox

ic
ity

 
L

O
W

: 
T

he
 e

st
im

at
ed

 L
C

50
va

lu
es

 fo
r 

al
l o

f t
he

 sp
ec

ie
s i

n 
th

e 
st

an
da

rd
 to

xi
ci

ty
 p

ro
fil

e 
ar

e 
gr

ea
te

r 
th

an
 

10
0 

m
g/

L
. 

Fi
sh

 L
C

50
96

-h
ou

r L
C

50
= 

11
10

 m
g/

L 
(E

st
im

at
ed

) 
M

ou
nt

 e
t a

l.,
 1

99
7 

Es
tim

at
ed

 fr
om

 th
e 

m
ea

su
re

d 
LC

50
s f

or
 M

gC
l 2 

an
d 

M
gS

O
4,

m
od

ifi
ed

 b
y 

a 
m

ol
ec

ul
ar

 w
ei

gh
t 

ad
ju

st
m

en
t f

or
 M

g(
O

H
) 2

.

D
ap

hn
id

 L
C

50
48

-h
ou

r L
C

50
= 

64
8 

m
g/

L 
(E

st
im

at
ed

) 
M

ou
nt

 e
t a

l.,
 1

99
7;

 
B

ie
si

ng
er

 a
nd

 C
hr

is
te

ns
en

, 
19

72

Es
tim

at
ed

 fr
om

 th
e 

m
ea

su
re

d 
LC

50
s f

or
 M

gC
l 2 

an
d 

M
gS

O
4,

m
od

ifi
ed

 b
y 

a 
m

ol
ec

ul
ar

 w
ei

gh
t 

ad
ju

st
m

en
t f

or
 M

g(
O

H
) 2

.

G
re

en
 A

lg
ae

 E
C

50
96

-h
ou

r E
C

50
= 

21
11

 m
g/

L 
(E

st
im

at
ed

) 
Pr

of
es

si
on

al
 ju

dg
m

en
t  

Es
tim

at
ed

 u
si

ng
 a

n 
ac

ut
e 

to
 

ch
ro

ni
c 

ra
tio

 o
f 4

. 
O

th
er

 In
ve

rt
eb

ra
te

 L
C

50
G

am
m

ar
us

 la
cu

st
ri

s L
C

50
 =

 6
4.

7 
m

g/
L 

(M
ea

su
re

d)
O

’C
on

ne
ll 

et
 a

l.,
 2

00
4 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 

an
d 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t 

pr
ov

id
ed

.  
 

C
hr

on
ic

 T
ox

ic
ity

 
L

O
W

: T
he

 e
st

im
at

ed
 c

hr
on

ic
 v

al
ue

s a
re

 a
ll 

gr
ea

te
r 

th
an

 1
0 

m
g/

L
. 

Fi
sh

 C
hV

 
40

3 
m

g/
L 

(E
st

im
at

ed
) 

Pr
of

es
si

on
al

 ju
dg

m
en

t
Es

tim
at

ed
 u

si
ng

 a
n 

ac
ut

e 
to

 
ch

ro
ni

c 
ra

tio
 o

f 3
.3

.  
Th

is
 ra

tio
 is

 
fo

r d
ap

hn
id

s a
nd

 h
as

 n
ot

 b
ee

n 
va

lid
at

ed
 fo

r u
se

 w
ith

 fi
sh

. 
D

ap
hn

id
 C

hV
 

19
7 

m
g/

L 
(E

st
im

at
ed

) 
Su

te
r, 

19
96

 
Es

tim
at

ed
 fr

om
 th

e 
m

ea
su

re
d 

C
hV

 fo
r M

g2+
 io

n,
 m

od
ifi

ed
 b

y 
a 

m
ol

ec
ul

ar
 w

ei
gh

t a
dj

us
tm

en
t f

or
 

M
g(

O
H

) 2
.

G
re

en
 A

lg
ae

 C
hV

 
52

8 
m

g/
L 

(E
st

im
at

ed
) 

EC
O

TO
X

 d
at

ab
as

e 
Es

tim
at

ed
 fr

om
 th

e 
m

ea
su

re
d 

N
O

EC
 a

nd
 L

O
EC

 fo
r M

gS
O

4,
m

od
ifi

ed
 b

y 
a 

m
ol

ec
ul

ar
 w

ei
gh

t 
ad

ju
st

m
en

t f
or

 M
g(

O
H

) 2
.

4-
17

4



D
R

A
FT

 R
EP

O
R

T

M
ag

ne
si

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

H
U

M
A

N
 H

E
A

L
T

H
 E

FF
E

C
T

S 
A

bs
or

pt
io

n
A

bo
ut

 5
-1

5%
 o

f i
ng

es
te

d 
m

ag
ne

si
um

 is
 

ab
so

rb
ed

 a
nd

 th
is

 is
 re

ad
ily

 e
xc

re
te

d 
in

 
th

e 
ur

in
e,

 if
 k

id
ne

y 
fu

nc
tio

n 
is

 n
or

m
al

.  
(M

ea
su

re
d)

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 
an

d 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t 
pr

ov
id

ed
.  

 

A
cu

te
 T

ox
ic

ity
 

L
O

W
: 

W
ei

gh
t o

f e
vi

de
nc

e 
su

gg
es

ts
 th

at
 m

ag
ne

si
um

 h
yd

ro
xi

de
 is

 o
f l

ow
 c

on
ce

rn
 fo

r 
ac

ut
e 

to
xi

ci
ty

.  
M

ag
ne

si
um

 h
yd

ro
xi

de
 is

 c
at

eg
or

iz
ed

 b
y 

th
e 

U
.S

. F
oo

d 
an

d 
D

ru
g 

A
dm

in
is

tr
at

io
n 

(F
D

A
) a

s a
 G

en
er

al
ly

 
R

ec
og

ni
ze

d 
A

s S
af

e 
(G

R
A

S)
 fo

od
 in

gr
ed

ie
nt

. 
A

cu
te

 L
et

ha
lit

y 
O

ra
l

R
at

 o
ra

l L
D

50
 =

 8
50

0 
m

g/
kg

 b
w

 
(M

ea
su

re
d)

Le
w

is
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 

an
d 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t 

pr
ov

id
ed

.  
 

M
ou

se
 o

ra
l L

D
50

 =
 8

50
0 

m
g/

kg
 b

w
 

(M
ea

su
re

d)
Le

w
is

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 
an

d 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t 
pr

ov
id

ed
.  

 
H

um
an

 in
fa

nt
 o

ra
l T

D
Lo

 (b
eh

av
io

ra
l) 

= 
27

47
 m

g/
kg

 b
w

 (M
ea

su
re

d)
 

Le
w

is
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 

an
d 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t 

pr
ov

id
ed

.  
 

Pr
ob

ab
le

 h
um

an
 o

ra
l l

et
ha

l d
os

e 
= 

5-
15

 
g/

kg
 b

w
 (E

st
im

at
ed

) 
H

SD
B

, 2
00

8 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 
an

d 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t 
pr

ov
id

ed
.  

 
D

er
m

al
 

N
o

da
ta

In
ha

la
tio

n
N

o
da

ta
O

th
er

 A
cu

te
 

E
ff

ec
ts

 
E

ye
 Ir

ri
ta

tio
n 

M
od

er
at

el
y 

irr
ita

tin
g 

to
 ra

bb
it 

ey
es

.  
(M

ea
su

re
d)

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 
an

d 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t 
pr

ov
id

ed
.  

 
A

dm
in

is
tra

tio
n 

of
 m

ilk
 o

f m
ag

ne
si

a 
tw

ic
e 

a 
da

y 
fo

r 3
-4

 d
ay

s c
au

se
d 

da
m

ag
e 

to
 c

or
ne

al
 e

pi
th

el
iu

m
 o

f r
ab

bi
t e

ye
s;

 
ho

w
ev

er
, e

ff
ec

ts
 d

is
ap

pe
ar

ed
 w

ith
in

 2
-

3 
da

ys
.  

(M
ea

su
re

d)
 

H
SD

B
, 2

00
8 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 

an
d 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t 

pr
ov

id
ed

.  
 

D
er

m
al

 Ir
ri

ta
tio

n 
N

o
da

ta

4-
17

5



D
R

A
FT

 R
EP

O
R

T

M
ag

ne
si

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

Sk
in

 S
en

si
tiz

at
io

n 
L

O
W

: 
M

ag
ne

si
um

 h
yd

ro
xi

de
 is

 n
ot

 e
st

im
at

ed
 to

 c
au

se
 sk

in
 se

ns
iti

za
tio

n 
ba

se
d 

on
 p

ro
fe

ss
io

na
l 

ju
dg

m
en

t.
N

o
da

ta

R
ep

ro
du

ct
iv

e 
E

ff
ec

ts
 

L
O

W
: 

B
as

ed
 a

 n
on

st
an

da
rd

 e
xp

er
im

en
ta

l s
tu

dy
 in

di
ca

tin
g 

m
ag

ne
si

um
 h

yd
ro

xi
de

 p
ro

du
ce

s n
o 

ad
ve

rs
e 

ef
fe

ct
s o

n 
re

pr
od

uc
tiv

e 
pe

rf
or

m
an

ce
 o

r 
ou

tc
om

es
 a

t l
ev

el
s u

p 
to

 9
6 

m
g/

kg
/d

ay
 o

f M
g2+

 io
n 

an
d 

pr
of

es
si

on
al

 ju
dg

em
en

t, 
m

ag
ne

si
um

 h
yd

ro
xi

de
 is

 e
xp

ec
te

d 
to

 b
e 

of
 lo

w
 c

on
ce

rn
 fo

r 
re

pr
od

uc
tiv

e 
ef

fe
ct

s. 
 

R
ep

ro
du

ct
io

n/
 

de
ve

lo
pm

en
ta

l
to

xi
ci

ty
 sc

re
en

 

10
-d

ay
 (G

D
 6

-1
5)

 
re

pr
od

uc
tiv

e/
de

ve
lo

pm
en

ta
l s

tu
dy

 o
n 

M
gC

l 2,
 ra

t, 
or

al
, n

o 
m

at
er

na
l o

r 
re

pr
od

uc
tiv

e 
ef

fe
ct

s, 
N

O
A

EL
 >

 9
6 

m
g/

kg
/d

ay
 fo

r M
g 

2+
 io

n.
 (M

ea
su

re
d)

 

N
A

S,
 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 

an
d 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t 

pr
ov

id
ed

.  
 

C
om

bi
ne

d 
re

pe
at

ed
 

do
se

 w
ith

 
re

pr
od

uc
tio

n/
de

ve
lo

p 
m

en
ta

l t
ox

ic
ity

 sc
re

en
 

N
o

da
ta

R
ep

ro
du

ct
io

n 
an

d 
fe

rt
ili

ty
 e

ff
ec

ts
 

N
o

da
ta

D
ev

el
op

m
en

ta
l E

ff
ec

ts
 

L
O

W
: 

B
as

ed
 o

n 
w

ei
gh

t o
f e

vi
de

nc
e 

fr
om

 a
 n

on
st

an
da

rd
 e

xp
er

im
en

ta
l s

tu
dy

 in
di

ca
tin

g 
m

ag
ne

si
um

 
hy

dr
ox

id
e 

pr
od

uc
es

 n
o 

ad
ve

rs
e 

ef
fe

ct
s o

n 
re

pr
od

uc
tiv

e 
pe

rf
or

m
an

ce
 o

r 
ou

tc
om

es
 a

t l
ev

el
s u

p 
to

 9
6 

m
g/

kg
/d

ay
 o

f M
g2+

 io
n 

an
d 

an
 e

xp
er

im
en

ta
l s

tu
dy

 fr
om

 a
 se

co
nd

ar
y 

so
ur

ce
 sh

ow
in

g 
no

 e
ff

ec
t o

n 
hu

m
an

 n
ew

bo
rn

s, 
m

ag
ne

si
um

 h
yd

ro
xi

de
 is

 e
xp

ec
te

d 
to

 b
e 

of
 lo

w
 c

on
ce

rn
 fo

r 
re

pr
od

uc
tiv

e 
ef

fe
ct

s. 
R

ep
ro

du
ct

io
n/

 
de

ve
lo

pm
en

ta
l

to
xi

ci
ty

 sc
re

en
 

10
-d

ay
 (G

D
 6

-1
5)

 
re

pr
od

uc
tiv

e/
de

ve
lo

pm
en

ta
l s

tu
dy

 o
n 

M
gC

l 2,
 ra

t, 
or

al
, n

o 
m

at
er

na
l o

r 
re

pr
od

uc
tiv

e 
ef

fe
ct

s, 
N

O
A

EL
 >

 9
6 

m
g/

kg
/d

ay
 fo

r M
g 

2+
 io

n.
 (M

ea
su

re
d)

 

N
A

S,
 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 

an
d 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t 

pr
ov

id
ed

.  
 

C
om

bi
ne

d 
re

pe
at

ed
 

do
se

 w
ith

 
re

pr
od

uc
tio

n/
 

de
ve

lo
pm

en
ta

l
to

xi
ci

ty
 sc

re
en

 

R
ep

ea
te

d-
do

se
/d

ev
el

op
m

en
ta

l s
tu

dy
 

(3
rd

 tr
im

es
te

r)
, h

um
an

s, 
no

 e
ff

ec
t o

n 
ne

w
bo

rn
s e

xc
ep

t s
lig

ht
ly

 in
cr

ea
se

d 
bo

dy
 w

ei
gh

t a
nd

 h
yp

er
m

ag
ne

si
um

em
ia

. 
C

or
d 

se
ru

m
 M

g 
le

ve
ls

 re
po

rte
d 

to
 b

e 

H
SD

B
, 2

00
8 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 

an
d 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t 

pr
ov

id
ed

.  
 

4-
17

6



D
R

A
FT

 R
EP

O
R

T

M
ag

ne
si

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

70
-1

00
%

 o
f m

at
er

na
l l

ev
el

s (
po

te
nt

ia
lly

 
ca

us
in

g 
ne

ur
ol

og
ic

al
 d

ep
re

ss
io

n 
in

 
ne

on
at

e,
 c

ha
ra

ct
er

iz
ed

 b
y 

re
sp

ira
to

ry
 

de
pr

es
si

on
, m

us
cl

e 
w

ea
kn

es
s, 

de
cr

ea
se

d 
re

fle
xe

s)
.  

Pr
ol

on
ge

d 
m

ag
ne

si
um

 tr
ea

tm
en

t d
ur

in
g 

pr
eg

na
nc

y 
m

ay
 b

e 
as

so
ci

at
ed

 w
ith

 m
at

er
na

l a
nd

 
fe

ta
l h

yp
oc

al
ce

m
ia

 a
nd

 a
dv

er
se

 e
ff

ec
ts

 
on

 fe
ta

l b
on

e 
m

in
er

al
iz

at
io

n.
  

(M
ea

su
re

d)
Pr

en
at

al
 d

ev
el

op
m

en
t 

N
o

da
ta

C
ar

ci
no

ge
ni

ci
ty

L
O

W
: 

E
xp

er
im

en
ta

l s
tu

di
es

 a
nd

 st
ru

ct
ur

e-
ac

tiv
ity

 r
el

at
io

ns
hi

ps
 in

di
ca

te
 th

at
 m

ag
ne

si
um

 h
yd

ro
xi

de
 

is
 o

f l
ow

 c
on

ce
rn

 fo
r 

ca
rc

in
og

en
ic

ity
. 

O
nc

oL
og

ic
 R

es
ul

ts
 

Lo
w

 fo
r m

ag
ne

si
um

 (E
st

im
at

ed
) 

O
nc

oL
og

ic
C

ar
ci

no
ge

ni
ci

ty
 (r

at
 

an
d 

m
ou

se
) 

5-
w

ee
k,

 re
pe

at
ed

-d
os

e/
ca

rc
in

og
en

ic
ity

 
st

ud
y,

 d
ie

t, 
ra

t, 
de

cr
ea

se
d 

ca
rc

in
og

en
-

in
du

ce
d 

in
cr

ea
se

 in
 D

N
A

 sy
nt

he
si

s i
n 

th
e 

la
rg

e 
bo

w
el

 e
pi

th
el

ia
l c

el
ls

, 
N

O
A

EL
 >

 2
00

0 
pp

m
 (a

pp
ro

xi
m

at
el

y 
10

0 
m

g/
kg

/d
ay

). 
(M

ea
su

re
d)

 

B
IB

R
A

, 1
99

3 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 
an

d 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t 
pr

ov
id

ed
.  

 

C
om

bi
ne

d 
ch

ro
ni

c 
to

xi
ci

ty
/

ca
rc

in
og

en
ic

ity
 

96
-w

ee
k 

ch
ro

ni
c 

to
xi

ci
ty

/c
ar

ci
no

ge
ni

ci
ty

 st
ud

y 
on

 
M

gC
l 2,

 o
ra

l, 
m

ou
se

, n
o 

si
gn

ifi
ca

nt
 

di
ff

er
en

ce
s i

n 
tu

m
or

 in
ci

de
nc

e 
be

tw
ee

n 
tre

at
ed

 a
nd

 c
on

tro
l a

ni
m

al
s e

xc
ep

t f
or

 
do

se
-r

el
at

ed
 d

ec
re

as
e 

in
 th

e 
in

ci
de

nc
e 

of
 h

ep
at

oc
el

lu
la

r c
ar

ci
no

m
as

 in
 m

al
es

.  
(M

ea
su

re
d)

K
ur

at
a 

et
 a

l.,
 1

98
9 

A
de

qu
at

e

22
7-

da
y,

 c
hr

on
ic

 to
xi

ci
ty

/ 
ca

rc
in

og
en

ic
ity

 st
ud

y,
 d

ie
t, 

ra
t, 

de
cr

ea
se

d 
nu

m
be

r o
f c

ol
on

 tu
m

or
s i

n 
ra

ts
 p

re
tre

at
ed

 w
ith

 a
 k

no
w

n 
co

lo
n 

ca
rc

in
og

en
, N

O
A

EL
 >

 5
0 

m
g/

kg
/d

ay
. 

(M
ea

su
re

d)

B
IB

R
A

, 1
99

3 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 
an

d 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t 
pr

ov
id

ed
.  

 

4-
17

7



D
R

A
FT

 R
EP

O
R

T

M
ag

ne
si

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

16
-w

ee
k 

ca
rc

in
og

en
ic

ity
 st

ud
y,

 d
ie

t, 
ra

t, 
in

hi
bi

to
ry

 e
ff

ec
ts

 o
n 

co
lo

n 
ca

rc
in

og
en

es
is

, c
ar

ci
no

ge
n-

in
du

ce
d 

ex
pr

es
si

on
 o

f c
-m

yc
 p

ro
to

-o
nc

og
en

e 
an

d 
ce

ll 
pr

ol
ife

ra
tio

n,
 N

O
A

EL
 =

 0
.2

%
. 

(M
ea

su
re

d)

W
an

g 
et

 a
l.,

 1
99

3 
A

de
qu

at
e

In
ha

la
tio

n 
ex

po
su

re
 o

f m
al

e 
ra

ts
 to

 
sh

or
t (

4.
9 

x 
0.

31
 m

m
) o

r l
on

g 
(1

2 
x 

0.
44

 m
m

) M
gS

O
4/5

M
g(

O
H

) 2
 3

H
20

fil
am

en
ts

 fo
r 6

 h
r/d

ay
, 5

 d
ay

/w
k 

fo
r u

p 
to

 1
 y

ea
r d

id
 n

ot
 in

cr
ea

se
 th

e 
in

ci
de

nc
e 

of
 a

ny
 tu

m
or

 ty
pe

s i
n 

an
im

al
s 

sa
cr

ifi
ce

d 
1 

da
y 

or
 1

 y
ea

r a
fte

r 
ce

ss
at

io
n 

of
 e

xp
os

ur
e.

 (
M

ea
su

re
d)

 

N
A

S,
 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 

an
d 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t 

pr
ov

id
ed

.  
 

Im
m

un
ot

ox
ic

ity
L

O
W

: 
M

ag
ne

si
um

 h
yd

ro
xi

de
 is

 e
xp

ec
te

d 
to

 b
e 

of
 lo

w
 h

az
ar

d 
fo

r 
im

m
un

ot
ox

ic
ity

 b
as

ed
 o

n 
pr

of
es

si
on

al
 ju

dg
m

en
t. 

 
Im

m
un

e 
sy

st
em

 
ef

fe
ct

s 
N

o
da

ta

N
eu

ro
to

xi
ci

ty
L

O
W

: 
M

ag
ne

si
um

 h
yd

ro
xi

de
 is

 e
xp

ec
te

d 
to

 b
e 

of
 lo

w
 h

az
ar

d 
fo

r 
ne

ur
ot

ox
ic

ity
 b

as
ed

 o
n 

pr
of

es
si

on
al

 
ju

dg
m

en
t.

A
cu

te
 a

nd
 2

8-
da

y 
de

la
ye

d 
ne

ur
ot

ox
ic

ity
 

of
 o

rg
an

op
ho

sp
ho

ru
s 

su
bs

ta
nc

es
 (h

en
) 

N
o

da
ta

N
eu

ro
to

xi
ci

ty
sc

re
en

in
g 

ba
tt

er
y 

(a
du

lt)

N
o

da
ta

D
ev

el
op

m
en

ta
l 

ne
ur

ot
ox

ic
ity

N
o

da
ta

G
en

ot
ox

ic
ity

L
O

W
: 

A
n 

ex
pe

ri
m

en
ta

l s
tu

dy
 fr

om
 se

co
nd

ar
y 

so
ur

ce
s i

nd
ic

at
es

 th
at

 m
ag

ne
si

um
 h

yd
ro

xi
de

 is
 n

ot
 

ge
no

to
xi

c 
to

 b
ac

te
ri

a.
 

 
G

en
e 

m
ut

at
io

n
in

vi
tr

o
N

eg
at

iv
e,

 A
m

es
 A

ss
ay

 in
 S

al
m

on
el

la
an

d
E.

 c
ol

i (
M

ea
su

re
d)

B
IB

R
A

, 1
99

3 
Se

co
nd

ar
y 

so
ur

ce
.  

O
nl

y 
3 

st
ra

in
s 

of
 S

al
m

on
el

la
 w

er
e 

te
st

ed
; c

ur
re

nt
 

re
gu

la
to

ry
 g

ui
de

lin
es

 su
gg

es
t t

ha
t 

4-
17

8



D
R

A
FT

 R
EP

O
R

T

M
ag

ne
si

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

at
 le

as
t 4

 st
ra

in
s b

e 
us

ed
 in

 A
m

es
 

te
st

s. 
St

ud
y 

de
ta

ils
 a

nd
 te

st
 

co
nd

iti
on

s w
er

e 
no

t p
ro

vi
de

d.
 

G
en

e 
m

ut
at

io
n 

in
 

vi
vo

N
o

da
ta

C
hr

om
os

om
al

ab
er

ra
tio

ns
 in

 v
itr

o 
N

o
da

ta

C
hr

om
os

om
al

ab
er

ra
tio

ns
 in

 v
iv

o 
N

o
da

ta

D
N

A
 d

am
ag

e 
an

d 
re

pa
ir

N
o

da
ta

O
th

er
 (M

ito
tic

 G
en

e 
C

on
ve

rs
io

n)
N

o
da

ta

Sy
st

em
ic

 E
ff

ec
ts

 
L

O
W

: E
xp

er
im

en
ta

l s
tu

di
es

 in
di

ca
te

 m
ag

ne
si

um
 io

ns
 p

ro
du

ce
 n

o 
ad

ve
rs

e 
sy

st
em

ic
 e

ff
ec

ts
 in

 r
at

s o
r 

m
ic

e 
at

 m
ag

ne
si

um
 le

ve
ls

 e
qu

iv
al

en
t t

o 
ov

er
 1

,0
00

 m
g/

kg
/d

ay
 m

ag
ne

si
um

 h
yd

ro
xi

de
. 

96
-w

ee
k 

re
pe

at
ed

-d
os

e 
st

ud
y 

fo
r 

M
gC

l 2,
 m

ou
se

, o
ra

l, 
de

cr
ea

se
d 

bo
dy

 
w

ei
gh

t g
ai

n,
 in

cr
ea

se
d 

fo
od

/w
at

er
 

co
ns

um
pt

io
n 

an
d 

in
cr

ea
se

d 
re

la
tiv

e 
br

ai
n,

 h
ea

rt 
an

d 
ki

dn
ey

 w
ei

gh
ts

 in
 h

ig
h 

do
se

 fe
m

al
es

, n
o 

ef
fe

ct
s i

n 
m

al
es

, 
fe

m
al

e 
LO

A
EL

 =
 4

70
 m

g/
kg

/d
ay

 fo
r 

M
g

2+
 io

n.
 (M

ea
su

re
d)

 

K
ur

at
a 

et
 a

l.,
 1

98
9 

A
de

qu
at

e

90
-d

ay
 re

pe
at

ed
-d

os
e 

st
ud

y 
fo

r M
gC

l 2,
m

ou
se

, o
ra

l, 
de

cr
ea

se
d 

bo
dy

 w
ei

gh
t 

ga
in

 in
 m

al
es

 a
nd

 fe
m

al
es

, r
en

al
 tu

bu
la

r 
va

cu
ol

at
io

n 
in

 m
al

es
, L

O
A

EL
 =

 6
50

 
m

g/
kg

/d
ay

 fo
r M

g2+
 io

n.
 (M

ea
su

re
d)

 

N
A

S,
 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 

an
d 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t 

pr
ov

id
ed

.  
 

4-
17

9



D
R

A
FT

 R
EP

O
R

T

M
ag

ne
si

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

90
-d

ay
 re

pe
at

ed
-d

os
e 

st
ud

y 
fo

r M
gC

l 2,
m

ou
se

, o
ra

l, 
de

cr
ea

se
d 

bo
dy

 w
ei

gh
t 

ga
in

, r
en

al
 tu

bu
la

r v
ac

uo
la

tio
n 

in
 

m
al

es
, f

em
al

e 
N

O
A

EL
 =

 5
87

 
m

g/
kg

/d
ay

 fo
r M

g2+
io

n,
 m

al
e 

N
O

A
EL

 
= 

42
0 

m
g/

kg
/d

ay
 fo

r M
g2+

 io
n.

 
(M

ea
su

re
d)

N
A

S,
 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 

an
d 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t 

pr
ov

id
ed

.  
 

32
-w

ee
k 

re
pe

at
ed

-d
os

e 
st

ud
y,

 ra
t, 

or
al

 
(d

ie
ta

ry
), 

no
 e

ff
ec

ts
 o

n 
bo

dy
 w

ei
gh

t o
r 

liv
er

 w
ei

gh
t w

he
n 

ad
m

in
is

te
re

d 
at

 1
00

0 
pp

m
 (a

pp
ro

xi
m

at
el

y 
50

 m
g/

kg
/d

ay
). 

(M
ea

su
re

d)

B
IB

R
A

, 1
99

3 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 
an

d 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t 
pr

ov
id

ed
.  

 

In
ha

la
tio

n 
ex

po
su

re
 o

f m
al

e 
ra

ts
 to

 
sh

or
t (

4.
9 

x 
0.

31
 m

m
) o

r l
on

g 
(1

2 
x 

0.
44

 m
m

) M
gS

O
4/5

M
g(

O
H

) 2
 3

H
20

fil
am

en
ts

 fo
r 6

 h
r/d

ay
, 5

 d
ay

/w
k 

fo
r u

p 
to

 1
 y

ea
r e

xh
ib

ite
d 

a 
sl

ig
ht

 in
cr

ea
se

d 
in

 
th

e 
in

ci
de

nc
e 

of
 p

ul
m

on
ar

y 
le

si
on

s 1
 

ye
ar

 a
fte

r c
es

sa
tio

n 
of

 e
xp

os
ur

e.
  

H
is

to
pa

th
ol

og
ic

al
 e

xa
m

in
at

io
n 

re
ve

al
ed

 
a 

sl
ig

ht
 in

cr
ea

se
 in

 se
gm

en
ta

l 
ca

lc
ifi

ca
tio

n 
of

 th
e 

pu
lm

on
ar

y 
ar

te
ry

 
an

d 
th

ic
ke

ni
ng

 o
f t

he
 lu

ng
 p

le
ur

a 
in

 ra
ts

 
ex

po
se

d 
to

 b
ot

h 
sh

or
t a

nd
 lo

ng
 

fil
am

en
ts

 fo
r 4

 w
ee

ks
 o

r 1
 y

ea
r. 

 T
he

re
 

w
er

e 
no

 e
ff

ec
ts

 o
n 

su
rv

iv
al

 o
r b

od
y,

 
lu

ng
, l

iv
er

, k
id

ne
y 

an
d 

sp
le

en
 w

ei
gh

ts
 

of
 a

ni
m

al
s s

ac
rif

ic
ed

 1
 d

ay
 o

r 1
 y

ea
r 

fo
llo

w
in

g 
a 

1-
ye

ar
 e

xp
os

ur
e 

pe
rio

d.
  

(M
ea

su
re

d)

N
A

S,
 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 

an
d 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t 

pr
ov

id
ed

.  
 

4-
w

ee
k 

re
pe

at
ed

-d
os

e 
st

ud
y,

 o
ra

l, 
hu

m
an

, 4
00

 m
g/

da
y,

 d
ia

rr
he

a,
 

ab
do

m
in

al
 d

is
co

m
fo

rt,
 in

cr
ea

se
d 

se
ru

m
 

m
ag

ne
si

um
 le

ve
ls

.  
(M

ea
su

re
d)

 

B
IB

R
A

, 1
99

3 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 
an

d 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t 
av

ai
la

bl
e.

4-
18

0



D
R

A
FT

 R
EP

O
R

T

M
ag

ne
si

um
 H

yd
ro

xi
de

 
PR

O
PE

R
T

Y
/E

N
D

PO
IN

T
 

D
A

T
A

R
E

FE
R

E
N

C
E

 
D

A
T

A
 Q

U
A

L
IT

Y
 

H
um

an
 S

ys
te

m
ic

 E
ff

ec
ts

:  
ch

lo
rin

e 
le

ve
l c

ha
ng

es
, c

om
a,

 so
m

no
le

nc
e.

 
(M

ea
su

re
d)

Le
w

is
, 2

00
0 

Se
co

nd
ar

y 
so

ur
ce

, s
tu

dy
 d

et
ai

ls
 

an
d 

te
st

 c
on

di
tio

ns
 w

er
e 

no
t 

av
ai

la
bl

e.
R

ep
ea

te
d 

us
e 

in
 h

um
an

s m
ay

 ra
re

ly
 

ca
us

e 
re

ct
al

 st
on

es
 c

om
po

se
d 

of
 

m
ag

ne
si

um
 c

ar
bo

na
te

 a
nd

 m
ag

ne
si

um
 

hy
dr

ox
id

e.
  (

M
ea

su
re

d)
 

IU
C

LI
D

, 2
00

0 
Se

co
nd

ar
y 

so
ur

ce
, s

tu
dy

 d
et

ai
ls

 
an

d 
te

st
 c

on
di

tio
ns

 w
er

e 
no

t 
av

ai
la

bl
e.

E
nd

oc
ri

ne
 D

is
ru

pt
io

n 
N

o 
da

ta
 

4-
18

1



FL: CRC Press. 

Merck Index, 12th ed.; Merck & Co. Inc.: Whitehouse Station, NJ, 1996. 

DRAFT REPORT

References for Magnesium Hydroxide 

Aldrich 2006. 2007-2008 Handbook of Fine Chemicals. Milwaukee, WI: Aldrich Chemical Co. 

BIBRA International 1993. Toxicity Profile: Magnesium Hydroxide, 1st ed. Great Britain: 
BIBRA.

Biesinger, K. E.; Christensen, G. M. (1972). Effects of Various Metals on Survival, Growth, 
Reproduction and Metabolism of Daphnia magna. J. Fish Res. Board Can. 29(12):1691-
1700.

ECOTOX database. U.S. Environmental Protection Agency. http://cfpub.epa.gov/ecotox/.
(Accessed July 3, 2008). 

Hodgman, C. D., ed. 1959. 1959-1960 CRC Handbook of Chemistry and Physics, 41st ed. 
Cleveland, OH: Chemical Rubber Publishing Company. 

HSDB (Hazardous Substances Data Bank). http://toxnet.nlm.nih.gov/ (Accessed June 24, 2008) 

IUCLID 2000. Dataset for magnesium hydroxide. International Uniform Chemical Information 
Database. European Commission – European Chemicals Bureau. February 18, 2000. 

Kurata, Y.; Tamano, S.; Shibata, M.-A.; Hagawara, A.; Fukushima, S.; Ito, N. 1989. Lack of 
carcinogenicity of magnesium chloride in a long-term feeding study in B6C3F1 mice.  
Food Chem. Toxicol. 27(9):559-563. 

Lewis, R. J. Sr., ed. 1997. Hawley's Condensed Chemical Dictionary. 13th ed. New York, NY:  
John Wiley & Sons, Inc., p. 691. 

Lewis, R. J., Sr., ed. 2000. Sax’s Dangerous Properties of Industrial Materials, 10th ed. New 
York: John Wiley & Sons, Inc. 

Lide, D. R., ed. 2000. 2000-2001 CRC Handbook of Chemistry and Physics, 81st ed. Boca Raton, 

Mount, D. R.; Gulley, D. D.; Hockett, J. R.; Garrison, T. D.; Evans, J. M. 1997. Statistical 
Models to Predict the Toxicity of Major Ions to Ceriodaphnia dubia, Daphnia magna and 
Pimephales promelas (Fathead Minnows). Environ. Toxicol. Chem. 16:2009-2019. 

NAS (National Academy of Sciences) 2000. Toxicological Risks of Selected Flame-Retardant 
Chemicals. Washington, DC: The National Academies Press, p. 131-145.  
http://www.nap.edu/openbook.php?record_id=9841&page=139#p2000a45a9960139001.
(Accessed June 23, 2008). 

4-182



DRAFT REPORT

O’Connell, et al. 2004. DfE Phase II Rev 0.6. Scottsdale, AZ: HDP User Group International, 
Inc. http://www.dell.com/downloads/global/corporate/environ/HDPUG_DfE_2.pdf 
(Accessed June 23, 2008). 

OncoLogic 2005. U.S. EPA and LogiChem, Inc. Version 6.0. 

Suter, G. W. II. (1996). Toxicological Benchmarks for Screening Contaminants of Potential 
Concern for Effects on Freshwater Biota. Environ. Toxicol. Chem. 15, 1232-1241. 

Wang, A.; Yoshimi, N.; Tanaka, T.; Mori, H. 1993. Inhibitory effects of magnesium hydroxide 
on c-myc expression and cell proliferation induced by methylazoxymethanol acetate in rat 
colon. Cancer Lett. 75:73-78. 

4-183



presents a simplified life cycle for a flame-retardant chemical used in a PCB, and Table 5-1 
summarizes the potential exposure routes that can occur during each of these life-cycle stages.
The remaining sections of Chapter 5 discuss the information summarized in Figure 5-1 and Table 
5-1 in more detail. 

DRAFT REPORT

5 Potential Exposure to Flame Retardants and Other Life-
Cycle Considerations 

Many factors must be considered to evaluate the risk to human health and the environment posed 
by any flame-retardant chemical.  Risk is a function of two parameters, hazard and exposure.  
The hazard associated with a particular substance or chemical is its potential to impair human 
health, safety, or ecological health. While some degree of hazard can be assigned to most 
substances, the toxicity and harmful effects of other substances are not fully understood.  The 
exposure potential of a given substance is a function of the exposure route (inhalation, ingestion, 
and dermal), the concentration of the substance in the contact media, and the frequency and 
duration of the exposure. 

The purpose of this chapter is to identify the highest priority routes of exposure to flame-
retardant chemicals used in PCBs.  In Sections 5.1 through 5.4, this chapter provides general 
background regarding potential exposure pathways that can occur during different life-cycle 
stages, discusses factors that affect exposure potential in an industrial setting, provides process 
descriptions for the industrial operations involved in the PCB manufacturing supply chain 
(identifying the potential primary release points and exposure pathways) and discusses potential 
consumer and environmental exposures.  Following this general discussion, Section 5.5 
highlights life-cycle considerations for the seven flame retardants evaluated by this partnership.  
The chapter is intended to help the reader identify and characterize the exposure potential of 
flame-retardant chemicals based on factors including physical and chemical properties and 
reactive versus additive incorporation into the epoxy resin.  The information presented in this 
chapter should be considered with the chemical-specific hazard analysis presented in Chapter 4.

Exposure can occur at many points in the life cycle of a flame-retardant chemical.  There is a 
potential for occupational exposures during industrial operations; exposure to consumers while 
the flame-retarded product is being used; and exposure to the general population and 
environment when releases occur from product disposal or end-of-life recycling.  Figure 5-1 
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Figure 5-1: Life Cycle of Flame-Retardant Chemicals in PCBs 
(example w th TBBPA as reactive FR) 
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Table 5-1: Potential Exposure to Flame-Retardant Chemicals throughout Their Life Cycle in PCBs 

Reactive FRs 
Manufacture: Chemical 
manufacture, resin 
formulation 

Manufacture emissions will vary based on manufacturing practices and physical/ chemical 
properties; direct exposure is possible because the neat chemical is handled. 

Prepreg and laminate Cutting of material can release minor amounts of dust that contains epoxy resin. Reactive 
production FRs are part of the polymer (chemically bound), and only trace amounts of unreacted FR are 

anticipated to remain in the polymer matrix. Trace quantities are currently unknown* and/or 
will vary based on manufacturing methods and processes. 

PCB manufacturing Remaining, unreacted flame retardant may offgas; PCB manufacturing processes, such as 
and assembly drilling, edging, and routing, cut into the base material. In electronic assembly, some 

soldering processes could induce thermal stress on resins, which could yield degradation 
products. Testing is needed to determine the potential for formation of these products. 

Use Only residual unreacted flame retardant is available to offgas during use.  In order for 
exposure to occur, offgassing from residual unreacted flame retardant would have to escape 
product casing. Testing is needed to determine exposure potential. 

End of Life Disassembly / Recycling: Disassembling electronics and shredding PCBs can release dust 
that contains epoxy resin.  Reactive FRs are chemically bound to the polymer; however, 
levels of exposure and any subsequent effects of exposure to the reacted flame retardant 
products during the disposal phase of the life cycle, in which FRs may become mobilized 
through direct intervention processes, such as shredding, are unknown. 
Landfill: Testing needs to be conducted to determine exposure potential from leaching from 
PCBs.
Incineration: Combustion byproducts need to be considered (see combustion experiments). 
Smelting: Combustion byproducts need to be considered (see combustion experiments). 
Open Burning: Combustion byproducts need to be considered (see combustion experiments). 

Additive FRs 
Manufacture: Chemical 
manufacture, resin 
formulation 

Manufacture emissions will vary based on manufacturing practices and physical/ chemical 
properties; direct exposure is possible because the neat chemical is handled. 

Prepreg and laminate 
production 

Cutting of material can release minor amounts of dust that contains epoxy resin. Additive 
FRs are not chemically bound to the polymer, and their potential to offgas or leach out of the 
product is not known. Physical/chemical properties, such as vapor pressure and water 
solubility, may contribute to the potential for exposure to these chemicals. 

PCB manufacturing Additive flame retardant may offgas; PCB processes, such as drilling, edging, and routing, 
and assembly cut into the base material. In electronic assembly, reflow or wave soldering processes could 

induce thermal stress on resins, which could yield offgas products. Physical/chemical 
properties, such as vapor pressure and water solubility, may contribute to the potential for 
exposure to these chemicals. 

Use Although flame retardants are embedded in the polymer matrix, testing needs to be 
conducted to better understand the offgassing potential of additive flame retardants. Dermal 
exposure is not anticipated since the FRs are embedded in the polymer matrix. 

End of Life Disassembly/Recycling: Disassembling electronics and shredding PCBs can release dust that 
contains epoxy resin. Additive FRs are not chemically bound to the polymer and can be 
released through the dust. Physical/chemical properties, such as vapor pressure, may 
contribute to the potential for exposure to these chemicals. 
Landfill: Testing needs to be conducted to determine exposure potential from leaching from 
PCBs.
Incineration: Combustion byproducts need to be considered (see combustion experiments). 
Smelting: Combustion byproducts need to be considered (see combustion experiments). 
Open Burning: Combustion byproducts need to be considered (see combustion experiments). 

*For TBBPA, Sellstrom and Jansen (1995) found about 0.7 micrograms of residual (or “free”) TBBPA per 
gram of PCB. 
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release, exposure, and partitioning, as well as insight into a chemical’s likelihood to cause 
adverse toxicological effects, can be found in Section 4.1.2, Physical/Chemical Property 
Endpoints. More detailed information on physical, chemical, and fate properties of each flame-
retardant chemical can be found in the full chemical summary assessments in Section 4.2. 

DRAFT REPORT

5.1 Potential Exposure Pathways and Routes (General) 

The risk associated with a given chemical or substance is largely dependent on how the exposure 
potentially occurs.  For example, the toxicological effects associated with inhaling the chemical 
are different from those associated with ingesting the chemical through food or water. As a 
result, exposure is typically characterized by different pathways and routes.

An exposure pathway is the physical course a chemical takes from the source of release to the 
organism that is exposed. The exposure route is how the chemical gets inside the organism. The 
three primary routes of exposure are inhalation, dermal absorption, and ingestion.  Depending on 
the hazard of the chemical, exposure from only one or perhaps all three routes may result in risk.  

Expected environmental releases and potential exposure routes of chemicals are dependent upon 
their physical and chemical properties.  For example, a highly volatile liquid can readily 
evaporate from mix tanks, potentially resulting in fugitive air releases and potential exposures to 
workers who breathe the vapors, while chemicals manufactured as solids may expose workers to 
fugitive dust that may be generated, but are unlikely to generate vapors.  Each potential exposure 
route, along with appropriate endpoints, should be evaluated independently.  Endpoints are the 
specific toxicological effect, such as cancer, reproductive harm, or organ/tissue damage. There 
are circumstances when a chemical has serious effects for a given endpoint, but due to physical 
and chemical properties as well as environmental fate, there is minimal potential for the chemical 
to be transported from the release point to the endpoint. This may essentially eliminate the 
potential pathway and route of exposure and, therefore, eliminate the associated risk. 

Table 5-2 highlights key physical, chemical, and fate properties that affect the likelihood for 
exposure to occur: the physical state of the chemical, vapor pressure, water solubility, 
dispersibility, log Kow The relevance of each physical, chemical, and fate 

descriptions of these properties and how they can be used to assess potential environmental 
property, as well as its impact on exposure potential, is summarized in Table 5-2.  Detailed 

, BCF, and persistence.  
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may be manufactured as a solid powder, indicating a potential exposure to dust. However, it may 
be formulated into solution before any workers come in contact with it, thereby eliminating 
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5.2 Potential Occupational Releases and Exposures 

The unit operations associated with each part of the PCB manufacturing supply chain result in a 
unique set of potential release points and occupational exposures to flame-retardant chemicals. 
This section provides a general overview of occupational pathways and routes of exposure, and 
then identifies the specific processes and corresponding potential release and exposure points for 
the unit operations associated with the manufacturing of flame retardants, epoxy resins, 
laminates, and PCBs. It should be noted that many of the potential occupational exposures 
identified here have been reduced or eliminated by the use of engineering controls and personal 
protective equipment. Also, the level of exposure will vary considerably between workers and 
the general population. Some releases will only result in exposure for workers, while other 
releases result in exposures for the environment and the general population. Therefore, a risk 
evaluation should address occupational exposures separately from environmental and general 
population exposures. 

Inhalation Exposures 

The physical state of the chemical during chemical manufacturing and downstream processing 
significantly affects the potential for inhalation exposure of workers. In particular, the physical 
state can result in three types of inhalation exposures that should be evaluated.

Dust: Chemicals that are manufactured, processed, and used as solids have the potential to result 
in occupational exposure to fugitive dusts. The potential for fugitive dust formation depends on 
whether the solid chemical is handled in the crystalline form, as an amorphous solid, or as a fine 
powder, as well as the particle size distribution and solids handling techniques. If there is 
exposure to dust, the level of exposure is directly proportional to the concentration of chemical in 
the particulate form. Therefore, a flame retardant that is used at a lower concentration results in a 
decreased exposure from this pathway and route (assuming that an equivalent amount of dust is 
inhaled).

When assessing occupational exposures to flame-retardant chemicals, it is important to note the 
physical state of the chemical at the potential point of release and contact. The pure chemical 

inhalation exposure to dust as a potential route.  It is also important to note that the size of the 
dust particles may have a profound influence on the potential hazards associated with inhalation 
exposures for those materials that are not anticipated to be absorbed in the lungs.  For these 
materials, the potential hazards are typically associated with smaller, respirable particles 
(generally those less than 10 microns in diameter). 

Vapor: Exposure to vapors can occur when liquid chemicals volatilize during manufacturing, 
processing, and use. Most chemical manufacturing operations occur in closed systems that 
contain vapors.  However, fugitive emissions are expected during open mixing operations, 
transfer operations, and loading/unloading of raw materials. More volatile chemicals volatilize 
more quickly and result in greater fugitive releases and higher occupational exposures than less 

5-8



quantities. On the other hand, ingestion during consumer use and to the general population is 
often as significant as or more important than the inhalation and dermal routes. If persistent and 
bioaccumulative compounds get into the environment and build up in the food chain, they can 
become a significant exposure concern.  
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volatile chemicals. Therefore, vapor pressure is a key indicator of potential occupational 
exposures to vapors. 

Mist: Both volatile and non-volatile liquids can result in inhalation exposure if manufacturing or 
use operations result in the formation of mist. It is unlikely that flame-retardant chemicals used 
in PCBs will be applied as a mist. 

Dermal Exposures 

Occupational dermal exposure is also affected by the physical state of the chemical at the point 
of release and contact. For example, the likelihood of liquids being splashed or spilled during 
sampling and drumming operations is different than for similar operations involving polymerized 
solids, powders, or pellets. Dermal exposure is also generally assumed to be proportional to the 
concentration of chemical in the formulation. For example, the dermal exposure from contacting 
a pure chemical is greater than the exposure from contacting a solution that contains only 10 
percent of the chemical. Screening-level evaluations of occupational dermal exposure can be 
based on the worker activities involving the chemical. For example, there may be significant 
exposure when workers handle bags of solid materials during loading and transfer operations. 
Maintenance and cleanup activities during shutdown procedures, connecting transfer lines, and 
sampling activities also result in potential dermal exposures. 

Ingestion Exposures 

Occupational exposures via ingestion typically occur unintentionally when workers eat food or 
drink water that has become contaminated with chemicals. Several pathways should be 
considered. Often the primary pathway is poor worker hygiene (eating, drinking, or smoking 
with unwashed hands.) First, dust particles may spread throughout the facility and settle (or 
deposit) on tables, lunchroom surfaces, or even on food itself.  Vapors may similarly spread 
throughout the facility and may adsorb into food and drinking water.  Another potential pathway 
for ingestion occurs from dust particles that are too large to be absorbed through the lungs. These 
“non-respirable particles” are often swallowed, resulting in exposures from this route. While 
ingestion is considered to be a realistic route of exposure to workers, it is often considered less 
significant when compared to inhalation and dermal exposures, based on the relative exposure 

5.2.1 Flame Retardant and Epoxy Resin Manufacturing 

The specific unit operations, operating conditions, transfer procedures, and packaging operations 
vary with the manufacture of different flame-retardant and resin chemicals. Potential releases 
and occupational exposures will depend on each of these parameters. While it is outside the 
scope of this report to identify and quantify the releases and exposures associated with individual 
chemicals, this section presents a general description of typical chemical manufacturing 
processes and identifies potential releases. 
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Figure 5-2 presents a generic process flow diagram for epoxy resin manufacturing. Production 
volumes and batch sizes associated with flame-retardant and epoxy resin chemicals typically 
require the raw materials to be stored in large tanks or drums until use. The first step in most 
epoxy resin manufacturing processes for standard FR-4 materials is to load the raw materials into 
some type of reactor or mix tanks – as shown in Figure 5-2, the tanks labeled as liquid epoxy 
resin (LER) and reactive flame retardant (e.g. TBBPA) hopper. Next, large-quantity liquids are 
typically pumped into the reactor, and small-quantity raw materials may be manually introduced 
or carefully metered via automated systems. Releases may occur from these operations, but 
occupational exposure potential is typically small due to the number of safety procedures and 
engineering controls in place. 

Throughout the resin manufacturing process, there are several release points that may pose an 
exposure risk to workers:  packaging operations, leaks from pumps and tanks, fugitive emissions 
from equipment, cleaning of process equipment, and product sampling activities.  Additionally, 
crude or finished products are often stored on-site in drums, day-tanks, or more permanent 
storage vessels until the flame-retarded epoxy resin is packaged and shipped to the laminator. 
The transfer and packaging operations, as well as any routine and unplanned maintenance 
activities, may result in releases of and exposures to hazardous chemicals. 
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Figure 5-2: Epoxy Resin Manufacturing Process 
(example with TBBPA as reactive FR) 
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5.2.2 Laminate and Printed Circuit Board Manufacturing 

The laminate and PCB manufacturing processes, summarized in Figures 5-3 and 5-4, can result 
in occupational exposures to process chemicals if protective measures are not put in place. The 
potential release of FR chemicals from laminates is not known, but is probably very low, if there 
is any at all. As shown in Figure 5-3, the laminator combines the flame-retarded epoxy resin 
with a curing agent (or hardener) and a catalyst in a mix tank as a first step of the laminate 
manufacturing process.  From there, woven fiberglass mats are embedded with the epoxy resin, 
resulting in prepreg sheets. A copper clad laminate (CCL) is then assembled by layering the 
prepreg sheets with copper sheets and stainless steel caul plates, as shown in Figure 5-3.  The 
finished CCL is then shipped to the PCB manufacturing facility.   

As summarized in Figure 5-4, PCB manufacturing involves numerous chemical and 
electrochemical processes to cut, drill, clean, plate, and etch conductive pathways.  Almost all of 
these processes involve immersion of equipment or work pieces into a series of process baths, 
with each bath followed by a rinsing step.  For example, the process of drilling holes in the PCB 
involves a series of individual steps, including cleaning (or desmearing) the holes with chemicals 
or gas plasma and plating the holes with copper, and each step requires at least one process bath 
and rinsing. 

safe work practices. 

Many PCB manufacturers have implemented relatively simple techniques to reduce the amount 
of chemicals that enter wastewater, such as withdrawing equipment from tanks slowly to allow 
maximum drainage back into the process tank (CA EPA, 2005).  Most manufacturing facilities 
prevent worker exposure through use of engineering controls, personal protective equipment, and 
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Figure 5-3: Laminate Manufacturing Process 

5-13



DRAFT REPORT 

Figure 5-4: Printed Circuit Board Manufacturing Process  

5.2.3 Best Practices 

Incorporating best practices into the manufacturing process can reduce the potential for 
exposure. The Bromine Science and Environmental Forum (BSEF) set up the Voluntary 
Emissions Control Action Programme (VECAP) “to manage, monitor and minimize industrial 
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discussed in the following sections. Important chemical-specific factors that may help the reader 
compare potential exposure between various flame-retardant alternatives are also discussed. 
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emissions of brominated flame retardants into the environment through partnership with Small 
and Medium-sized Enterprises.”  The program started with decabromodiphenylether in Europe.  
VECAP members follow six central steps to continually improve their processes and reduce 
emissions:  (1) commitment to the VECAP code of good practices, (2) self-audit, (3) mass 
balance, (4) baseline emissions survey, (5) emissions improvement plan, and (6) implementation 
and continuous improvement (BSEF, 2007).   

ISO, the International Organization for Standardization, has also developed a series of 
environmental management standards under the 14000 label.  ISO 14000 standards establish a 
“holistic, strategic approach” for continually reducing negative environmental impacts.  They are 
intended to cover a wide range of operations, and thus are not specific to brominated flame 
retardants (ISO, 2007). 

5.3 Potential Consumer and General Population Exposures 

Exposures to consumers and the environment are different from exposures to workers and should 
be evaluated separately for a number of reasons. Occupational exposures typically result from 
direct contact with chemicals at relatively high concentrations while workers are conducting 
specific tasks. Conversely, consumers may be exposed over a much longer period, but to a much 
smaller level because the chemical is incorporated into the product. Also, the general population 
and the environment will be exposed via different pathways and routes from workers and 
consumers. For example, a person who does not own a product containing a flame-retarded PCB 
may still be exposed if the chemical leaches from the disposed product into the drinking water 
supply. Once in the water supply, groundwater, or surface water, it can be ingested by people or 
consumed by fish and other animals. Similarly, if the chemical is released to the atmosphere 
during manufacture, use, or disposal, it may settle out on food crops and be ingested directly by 
people, or by cattle or other livestock. If the chemical is bioaccumulative, it may concentrate in 
the animal and reach people through the food chain. For these reasons, exposure to the 
environment and the general population should be assessed independently from occupational 
exposure.

A quantitative exposure assessment is outside the scope of this report. However, the primary 
pathways and routes from environmental, general population, and consumer exposures are 

5.3.1 Physical and Chemical Properties Affecting Exposures 

As previously discussed, the physical and chemical properties of a chemical often determine the 
pathways and routes of exposure. In addition, the physical and chemical properties will affect 
how the chemical becomes distributed in the environment once it is released, which will, in turn, 
influence the potential for the chemical to be transported from the release point to the receptor. 

Additive Versus Reactive Flame Retardants 

As discussed in Chapter 3, flame-retardant chemicals can be classified as either additive or 
reactive. Additive flame retardants are added to a manufactured product without bonding or 
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matter in soil or water, or lipids in organisms like fish).  A high partition coefficient value means 
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reacting with the product, whereas reactive flame retardants are chemically reacted into the raw 
materials that are used to make the final product.  Most PCBs currently use reactive TBBPA, 
which loses the identity of the starting monomer material during polymerization.  Because they 
are chemically bound to PCBs, reactive flame retardants are much less likely to pose 
occupational, consumer, or environmental exposure concerns than additive flame retardants.  
Moreover, the polymerization processes are typically conducted in totally enclosed systems, thus 
minimizing the potential for occupational exposure. It should be noted, however, that reactive 
chemicals or close analogues could be released from the finished product if a portion of the 
chemicals is not completely reacted during the polymerization process.  According to a 1995 
study, a trace amount of starting TBBPA material is unreacted after polymerization (4 
micrograms per gram) (Sellstrom and Jansson, 1995). 

Properties Affecting Transport in the Environment 

If a chemical is released into the environment, either from the finished PCB or directly from an 
industrial facility, there still may not be significant exposures unless there is a potential for the 
chemical to travel from the source to the receptor. Primary mechanisms of transport include the 
water supply and air dispersion. Many factors affect movements of chemicals throughout these 
media. However, a few chemical properties can provide a good screening-level indication of 
which pathway(s) a chemical is likely to take.  

Water solubility is an indicator of the amount of chemical that will dissolve in aqueous solutions. 
Chemicals with high water solubility will readily dissolve. This indicates a potential for the 
chemical to be transported long distances in rainwater and surface water runoff from the point of 
release. High water solubility also means the chemical is less likely to settle or precipitate as a 
solid at the bottom of a receiving stream; it may become dispersed throughout a drinking water 
supply that is eventually ingested by the general population. 

Octanol/Water Partition Coefficient (Log Kow)
The log Kow is a chemical-specific parameter that reflects the hydrophobicity of the chemical, 
meaning the tendency for the chemical to partition from water to organic phases (e.g., organic 

Water Solubility 

that the chemical is more soluble in octanol than in water, while a low partition coefficient value 
means that the chemical is more soluble in water than in octanol.  Some chemicals may initially 
be released on the ground; however, they are quickly absorbed by organic materials in the soil. In 
this instance, the chemical may never be transported to a water supply. Chemicals that readily 
dissolve in water are more likely to find their way to an underground water supply. The 
octanol/water partition coefficient can be used to evaluate potential aquatic exposure and 
potential exposure of the general population via ingestion. 

Vapor Pressure 
Vapor pressure can be used to assess the amount of chemical that vaporizes into the gas phase 
(from solution or from a finished article). Similarly, the Henry’s Law Constant indicates the 
amount of chemical that will volatilize from an aqueous solution. A high vapor pressure and 
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manner in which the product is used.  However, at the moment little information exists in the 
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Henry’s Law Constant indicates a higher potential for the chemical to enter the vapor phase and 
be transported long distances through ambient air. These parameters can be used to evaluate 
potential exposure of the general population via inhalation.

Persistence and Bioaccumulation 

If a chemical is released, there still may be little or no potential for environmental and general 
population exposures. This potential is affected by the fate of the chemical in the environment 
and its ability for uptake by the receptor organism. Two parameters affecting fate components of 
the exposure pathway are persistence and bioaccumulation.  

Persistence
Many natural phenomena can degrade or destroy chemicals. Factors that can contribute to 
degradation include exposure to light, reactivity with air and water, and microbial activity. The 
ability of a chemical to persist in the environment can be measured by its half-life. This is the 
amount of time required for half of the chemical to be degraded. The half-life can be measured 
(or estimated) for different media (e.g., half-life in air and half-life in water). Chemicals with a 
very long half-life are said to be persistent. Half-life can be used to describe the persistence of 
chemicals, as well as their expected degradation products.

The toxicological effects exhibited for some endpoints depend on the ability of the chemical to 
be absorbed in tissue, and remain for extended periods of time. This general concept is referred 
to as bioaccumulation. Chemicals that are highly bioaccumulative pose greater concerns. 
Bioaccumulation can be measured or estimated by analyzing a number of parameters, including 
the fish bioconcentration factor (BCF). BCFs can be used to evaluate the bioaccumulation 
potential of chemicals. 

5.3.2 Consumer Use and End-of-Life Analysis 

Consumer Use 

The nature of exposure to PCBs during use will vary with the composition of the product and the 

Bioaccumulation

literature about the emissions potential of alternative flame retardants from the use of electronic 
products. Similarly, little to no research has addressed whether the type of flame retardants used 
in PCBs potentially affects these emissions. 

Several studies have examined the potential of brominated flame retardants to volatilize or offgas 
from electronic devices.  A study conducted by the German laboratory ERGO, which 
investigated offgassing potential of TBBPA from computers under both real-world conditions 
and chamber conditions, found that all emissions of TBBPA were associated with the housing 
material (additive application of TBBPA), none with the printed circuit boards (reactive 
application of TBBPA) (HDPUG, 2004).  The German Federal Institute of Materials Testing also 
conducted chamber emission testing of flame retardants from electronic articles and construction 
products. They found very low emissions, even at the elevated operating temperatures of 
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remanufacture or refurbishment (OSW 2, 2007). Of the e-waste shipped overseas, an unknown 
portion is disassembled and recycled under largely unregulated conditions.  The following 
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computers (Kemmlein et al., 2003).  Beard and Marzi (2006) investigated the offgassing 
potential of thermoplastic polymers containing phosphorus-based and brominated FRs by 
simulating extreme indoor car heat conditions as a worst case scenario; the study found very low 
levels of volatilization (0 to 6 mg/kg). 

Without further information on the exposure potential associated with printed circuit board use, 
the differences between flame-retardant alternatives cannot be estimated.  Additive flame 
retardants, which are not commonly used in PCBs, are more likely to generate emissions than 
reactive flame retardants.  However, for additive flame retardants the potential for offgassing is 
directly related to the volatility of the chemical (vapor pressure), which again is related to 
molecule size and weight. 

End-of-Life Pathways 

The amount of electronic waste generated annually in the United States is growing rapidly.
According to a recent EPA study, the amount of electronic products either recycled or disposed 
of annually increased from an estimated 1.1 million tons in 1999 to 2.2 million tons in 2005 
(OSW 1, 2007).  While electronics represent less than 2 percent of the total municipal solid 
waste stream, electronics contain many toxic substances that can adversely affect the 
environment and human health (OSW 1, 2007). 

In the United States, used electronic goods are typically purchased by equipment handlers, such 
as brokers and liquidation or auction services, or by equipment processors, such as refurbishers 
and recyclers. Most used electronic goods then undergo a series of tests to determine their 
condition. If a device is in good condition, it is reused either in part or in whole.  Devices not in 
satisfactory condition become e-waste, and are sent to demanufacturing and destruction facilities 
where raw materials are either disposed of or recycled. 

The manner in which electronic waste is disposed of or recycled determines the potential 
environmental and human health impacts.9  A recent EPA study indicates that 15 to 20 percent of 
e-waste is recycled, and 80 to 85 percent is disposed of (includes landfill and incineration) (OSW 
1, 2007). Of the e-waste that is recycled, a portion is shipped overseas.  For example, 61 
percent, or 107,500 tons of cathode ray tubes (CRTs) were shipped overseas in 2005 for 

sections describe disassembly and recycling practices typical of unregulated overseas conditions 
and summarize the nature of their potential impact. 

Recycling
As Figure 5-5 shows, the PCB recycling process can involve both thermal processing, such as 
smelting to recover precious metals, and nonthermal processing, such as disassembly, shredding, 
separation, and chemical treatment.  The potential level of exposure to workers and the general 
population that results from these processes will vary depending on the type of operation 

9 According to a 2005 UN report, up to 50 million metric tons of e-waste is generated annually.  In the United States, 
the amount of e-waste is increasing at three times the rate of general waste.  http://www.rrcap.unep.org/policy2/13-
Annex%204a-e-wastes%20SEPD2.pdf; http://news.yahoo.com/s/nm/20070611/lf_nm/china_ewaste_dc. 
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employed.  Many recycling operations employ these methods in safe conditions that minimize 
the potential for exposure, and recover valuable metals that are part of finished boards. 

Figure 5-5: Sketch of the PCB Recycling Process (Li et al., 2004) 

The thermal process of smelting separates valuable metals, such as gold, silver, platinum, 
palladium, selenium, and copper, from impurities in PCBs (Figure 5-6).  The process operates by 
heating PCBs in a furnace to about 1,200 to 1,250°C in the presence of a reducing agent, which 
is usually carbon from fuel oil or the organic portion of PCBs.  Silicate, such as silicon dioxide, 
is also added to help control reaction temperatures, and excess process gases are burned and 
purified to remove contaminants (Kindesjo, 2002).  Therefore, silicon dioxide based FRs are 
beneficial to the smelting process (Lehner, 2008). 

Figure 5-6: Smelting Process (Kindesjo, 2002) 
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The smelting process generates two layers inside the furnace, a top layer of slag and a bottom 
layer of “black copper.” The bottom black copper layer can be directly sent to a copper recovery 
unit, such as a copper converter or leaching and electrowinning facility (Umicore, 2005).  The 
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New Delhi, India, and found elevated levels of lead, tin, copper, cadmium, antimony, PBDEs, 
and polychlorinated biphenyls (Greenpeace, 2005). 
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top layer of slag is further processed to separate metals from impurities.  After slag processing is 
complete, leftover slag is deposited in impoundment areas (Kindesjo, 2002). 

In the absence of proper control equipment, the smelting process may pose risks to workers and 
the public through exposure to toxic chemicals.  Halogenated flame retardants, for example, can 
lead to the formation of dioxins during the smelting process if proper safety measures are not 
installed (Umicore, 2006).  However, the three primary smelters in the world – Boliden, 
Umicore, and Noranda – have learned how to operate with high loads of halogenated electronic 
scrap and effectively control emissions of dioxins and furans, mercury, antimony, and other toxic 
substances. In addition to the potential emission of toxic chemicals, high operating temperatures 
may create occupational hazards.  High loads of bromine or chlorine may induce corrosion of 
gas-cleaning equipment.  In sensitive areas, a process step for halogenide recovery may need to 
be added (Lehner, 2008). 

In contrast to the recycling practices described above, a large portion of the e-waste shipped 
overseas to China, India, Pakistan, and other developing countries is subjected to unregulated 
recycling practices that may pose significant exposure concerns.  Much of the PCB waste in 
unregulated operations is subject to open burning and acid leaching to recover precious metals.  
The Basel Action Network (BAN), which has visited open burning sites in Asia, reports that the 
general approach to recycling a circuit board first involves a de-soldering process.  The PCBs are 
placed on shallow wok-like grills that are heated underneath by a can filled with ignited coal. In 
the wok-grill is a pool of molten lead-tin solder. The PCBs are placed in the pooled solder and 
heated until the chips are removable, and then the chips are plucked out with pliers and placed in 
buckets. The loosened chips are then sorted between those valuable for re-sale and those to be 
sent to the acid chemical strippers for gold recovery. After the de-soldering process, the stripped 
circuit boards go to another laborer who removes small capacitors and other less valuable 
components for separation with wire clippers. After most of the board is picked over, it then goes 
to large scale burning or acid recovery operations.  It is this final burning process that potentially 
emits substantial quantities of harmful heavy metals, dioxins, beryllium, and polycyclic aromatic 
hydrocarbons (PAHs) (BAN and SVTC, 2002). The chemicals released through these processes 
can be inhaled by workers or could leach into the soil and water surrounding the area.
Greenpeace recently collected industrial wastes, indoor dusts, soils, river sediments, and 
groundwater samples from more than 70 industrial units and dump sites in Guiyu, China, and 

In terms of the size of the population potentially at risk from open burning practices, the local 
government Web site of Guiyu reported that the city processes 1.5 million tons of e-waste every 
year, resulting in $75 million in revenue (Johnson, 2006). The People’s Daily, the state-run 
newspaper, reported last year that Guiyu’s more than 5,500 e-waste businesses employed more 
than 30,000 people, and state media estimated that almost 9 out of 10 people in Guiyu suffered 
from problems with their skin, nervous, respiratory, or digestive systems, which may be linked to 
these practices (Chisholm and Bu, 2007). 
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In order to better understand the effects of combustion processes, the relationship between 
specific combustion scenarios and the release of specific quantities of harmful substances has 
been further analyzed as part of this project.  The results of these tests are presented in Chapter 6. 

Landfills
Electronic waste sent to a landfill can lead to the creation of leachate (i.e., the mixture of 
rainwater and liquids within the waste).  This leachate has the potential to seep into the ground or 
drain into nearby surface water, where it could affect the environment and have a negative 
impact on food and water supplies. 

To date, most leachability studies in the literature have focused on the potential for discarded 
electronic devices to leach lead and other heavy metals.  A relatively small number of these 
studies have investigated leachability potential of brominated flame retardants (BFRs), and in 
general, have found either no or very small concentrations of brominated compounds in the 
leachate. When BFRs are added versus reacted into the resin system, the potential for the BFRs 
to leach from PCBs is much greater (KemI, 1995). 

A recent study conducted by Beard and Marzi (2006) investigated the leachability potential of 
phosphorus-based and brominated flame retardants from thermoplastic polymers and found that 
small amounts of phosphorus and bromine respectively leached from the polymer.  Another 
study (Yoneda et al., 2002) reported that a small amount of phosphate ions leached from a 
Fujitsu-developed dielectric material consisting of a bisphenol-A epoxy with an additive type 
organic phosphate in hot water and aqueous alkaline solutions.  When Fujitsu developed and 
tested a dielectric material consisting of a naphthalene-based epoxy with reactive-type organic 
phosphate, no phosphate ions leached from the material. 

Aside from the studies referenced above, little information exists in the literature about the 
leachability potential of alternative flame retardants in landfill environments.  Similarly, little to 
no research has addressed whether the type of flame retardants used in PCBs potentially affects 
the leachability of heavy metals. 

5.4 Methods for Assessing Exposure 

environmental exposure can be evaluated for flame-retardant chemicals.  The EU risk assessment 
consists of two parts: the human health assessment, which was finalized in 2006, and the 
environmental assessment, which is currently in draft form.  As part of the human health and 
environmental risk assessments, exposure assessments have been conducted to estimate the 
levels of TBBPA released in occupational settings and in the general environment.  In both, the 
EU differentiated between reactive and additive TBBPA and considered different stages of the 
life cycle when estimating releases.  While the results of the EU risk assessment are not being 
used as part of this partnership project, Tables 5-3 and 5-4 highlight some of the key methods 
and assumptions used to estimate emissions of TBBPA used as a reactive flame retardant in 
epoxy and other resins. 
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In the human health exposure assessment, the term exposure is used to denote personal exposure 
without the use of any personal protective equipment.  The EU used both measured and predicted 
exposure data. Given the lack of TBBPA exposure data, the United Kingdom (UK) Health and 
Safety Executive (HSE) commissioned sampling studies within the UK at four sites:  two sites 
involved in the production of polymers where TBBPA is incorporated into the finished product 
(one of which manufactures resin laminates), and two sites where polymer products are recycled. 
The EU supplemented the measured exposure data with predicted data from the EASE 
(Estimation and Assessment of Substance Exposure) model, which is widely used across the EU 
for occupational exposure assessment of new and existing chemicals.   

Table 5-3: Human Health Exposure Assessment (EU Risk Assessment, 2006) 
Life-Cycle 

Stage Key Methods/Assumptions Source of Data 

Production 
of laminates 

Inhalation exposure:
HSE visited a manufacturing facility of copper/resin laminates used for PCBs in 2002 
to measure personal inhalation exposure.  Used one personal sampler during the 
bromination step and multiple personal and static samplers during other steps of the 
laminate process.  Due to uncertainty surrounding the measured estimates, EU used 
EASE model to estimate “typical” and “worst-case” inhalation values for bromination 
and other laminate production steps. 
Dermal exposure:
EASE model used to estimate “typical” and “worst-case” dermal values for 
bromination and other laminate production steps. 

Sampling results 
from 2002 study at 
UK laminate 
manufacturing 
facility; EASE model 

Computer 
recycling

Inhalation exposure:
HSE visited recycling facility where PCBs are shredded and exported for recovery of 
precious metals in 2002. Used personal and static samplers during shift.  EU used 
EASE model to estimate “typical” and “worst-case” inhalation exposures. 
Dermal exposure:
EASE model used to estimate dermal exposure values.  Predicted to be very low; 
consequently, dermal exposure values not used by EU in exposure assessment. 

Sampling results 
from 2002 study at 
UK recycling facility; 
EASE model 

PCB
Assembly 

Inhalation exposure:
Results of Sjodin et al., 2001 study, which measured levels of TBBPA in a factory that 
assembles PCBs, used to establish “typical” and “worst-case” inhalation values. 
Dermal exposure:
Dermal exposure assumed to be negligible given the low levels of free TBBPA in 
PCBs.

Sjodin et al., 2001; 
professional 
judgment of risk 
assessors

Office
environment 

Inhalation exposure:
Results of Sjodin et al., 2001 study, which measured levels of TBBPA in a factory that 
assembles PCBs, used to establish “typical” and “worst-case” inhalation values. 
Dermal exposure:
Dermal exposure assumed to be negligible given the low levels of free TBBPA in 
PCBs.

Sjodin et al., 2001; 
professional 
judgment of risk 
assessors

Plastic
recycling

Inhalation exposure:
EASE model used to predict “typical” and “worst-case” inhalation values. 
Dermal exposure:
EASE model predicted dermal exposure to be very low; consequently, dermal 
exposure values not used by EU in exposure assessment. 

EASE model 

Consumer 
exposure 

EU concluded that consumer exposure to TBBPA is likely to be insignificant, and that 
any attempt to quantify it would result in significant errors due to the small exposure 
levels anticipated. 

Professional 
judgment of risk 
assessors

Indirect 
exposure via 
environment 

EUSES 2.0 model used to estimate the concentrations of TBBPA in food, air, and 
drinking water. 

EUSES 2.0 model 
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Life-Cycle 
Stage Key Methods/Assumptions EU Data Source 

Production Emissions associated with production not considered in the risk assessment since no 
TBBPA currently produced in the EU. 

--

Total amount of TBBPA used in the EU estimated at 6,500 tonnes per year, of which 
90% (or 5,850 tonnes per year) assumed to be reactive flame retardant in epoxy and 
other resins. 

2003 consumption 
data from EFRA and 
EBFRIP

Default emissions factor of 0.001% to air and 0.001% to water used due to a lack of 
specific release information for EU sites. 

Technical Guidance 
Document 2003 

Use / 
Processing

Levels of residual TBBPA present in finished epoxy resins assumed to be <0.02% by 
weight of the resin, or <0.06% of the amount of TBBPA used to make the resin. 

Information reported 
by Industry as part of 
survey; no references 
provided 

Releases associated with finished products based on estimated volume of TBBPA used 
as a reactive FR in finished products, as well as estimate that 0.06% of the amount of 
TBBPA used to make epoxy resin is present, or free, for release. 

Information reported 
by Industry as part of 
survey; no references 
provided 

Amount leached from products over their lifetime is assumed to be very low for 
purposes of this risk assessment. 

Professional 
judgment of EU risk 
assessors

A yearly emission factor of 8.0x10-5 % (of the residual amount of TBBPA in polymers) 
due to volatilization used.  Assumed that reactive FRs volatilize at same release factor 
as additive FRs. 

Emissions data from 
ERGO 2002  

Lifetime of 
Products 

No loss of residual TBBPA through wear and weathering is assumed over the lifespan 
of products where TBBPA is used as a reactive FR. 

Professional 
judgment of EU risk 
assessors

Recycling
and Disposal 

Emissions of TBBPA from the collection, separation, and regrinding of PCBs (or other 
plastics where TBBPA is used as a reactive FR) assumed to be limited. 

Professional 
judgment of EU risk 
assessors

Chemical Life-Cycle Considerations 
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In the environmental exposure assessment, the EU estimated environmental releases using 
industry-specific information, supplemented by defaults for lifecycle stages where sufficient 
industry-specific information was unavailable. These are used together with fate and behavior 
data to derive predicted environmental concentrations (PECs) in different media. The specific 
methods used in the PEC calculations are described in the EU’s Technical Guidance Document 
on Risk Assessment, last revised in 2003 (EU Technical Guidance Document, 2003). 

Table 5-4: Environment Exposure Assessment (EU Risk Assessment, 2007 draft) 

5.5

This section discusses the environmental and human health impacts for each of the seven flame 
retardants that can occur throughout the life cycle:  from raw material extraction and 
manufacture, through product use, and finally at end of life of the material or product.  For each 
stage of the chemical’s life cycle, this section addresses potential exposure concerns for workers, 
the general population, and the environment.  It should be noted that a greater level of 
information exists for TBBPA as compared to the more recently developed flame-retardant 
alternatives. 
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can include the use of caustic neutralizers. 

TBBPA is commercially produced by Albemarle Corporation (Magnolia, AR) and Chemtura (El 
Dorado, AR). Both corporations use proprietary processes that do not yield methyl bromide 
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5.5.1 TBBPA

Tetrabromobisphenol A (TBBPA) is used as both an additive and reactive flame retardant in a 
wide variety of electronic equipment.  As discussed in Section 3.2, TBBPA is most commonly 
used as a reactive flame retardant in PCBs and is incorporated through chemical reactions with 
the epoxy resin. 

Raw Material Extraction 

Bromine is produced from salt brines in the United Stated and China, from the Dead Sea in Israel 
and Jordan, and from ocean water in Wales and Japan (BSEF, 2007).  Bromine is typically 
isolated via a series of redox reactions involving chlorine, sulfur dioxide and acid (MIT, 2003; 
York, 2007). During these reactions the seawater is acidified and then chlorinated to oxidize 
bromide to elemental bromine.  At this stage, the bromine is not concentrated enough to 
practically collect and liquify, so sulfur dioxide is added to reduce the bromine to hydrobromic 
acid. Chlorine is then added to re-oxidize hydrobromic acid to elemental bromine.  At this point, 
bromine gas is collected and condensed (Grebe et al., 1942).  While caustic substances are 
involved in these processes, they are typically contained in an enclosed tower, which mitigates 
worker exposure and environmental release. 

Manufacture of Flame Retardant, Laminate, and PCB 

TBBPA is produced by brominating bisphenol A (BPA) in the presence of solvent.  This reaction 
is highly exothermic, and no catalyst is required.  Co-products will depend on the solvent used 
and the process conditions. The use of some solvents results in co-products, while the use of 
other solvents does not result in co-products.  Co-products are typically either sold as products or 

Methanol and n-propanol are two examples of solvents that lead to the formation of co-products.  
Use of methanol produces methyl bromide, and use of n-propanol produces n-propyl bromide 
(Noonan, 2000). These co-products are typically removed through purification processes that 

disposed of as wastes. 

(Haneke, 2002). 

While commercially employed bromination processes are proprietary, most involve bromination 
of bisphenol A. Figure 5-7 gives a general overview of the main chemicals and reactions 
involved in TBBPA production. Please note that Figure 5-7 is a general outline of processes 
involved, and is not a complete list of chemicals or process steps. 
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possible to add TBBPA to the varnish rather than pre-reacting it with an epoxy (as is done to 
make D.E.R.438).  Even though all of the TBBPA should react, there is more potential to have 
unreacted TBBPA present when it is added to the varnish.  It is not known how common this 
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Figure 5-7: Common Reactants and Processes Involved in TBBPA 

Process 1 Process 2 Process 3
Benzene Phenol Bisphenol A TBBPA 

Acetone Bromine Propylene

Process (1): Cumene hydroperoxide rearrangement involving benzene and propylene to form phenol – this is the 
most common industrial process for producing phenol, accounting for approximately 97 percent of phenol 
production. Acetone is also formed as a coproduct (Plotkin 2006). Process (2): Condensation reaction between 
phenol and acetone to produce bisphenol A. Process (3): Bromination of bisphenol A to produce TBBPA.  In the 
absence of an oxidant, HBr would be produced as a coproduct.  Hydrogen peroxide can be used to convert HBr back 
to Br2, forming water and avoiding this problem. 

While Figure 5-7 presents an overview of common reactants and processes involved in TBBPA 
production, there are also other processes that can be involved in producing TBBPA.  To analyze 
the hazards associated with the production of any given TBBPA product, one would have to 
trace the line of production and identify which methods were used and what chemicals were 
involved, including catalysts, solvents, and other reagents. 

Potential exposure to or release of TBBPA particulates may occur during manufacture or 
subsequent loading/unloading, transfer, or mixing operations (those that occur before its 
incorporation into the epoxy resin).  When TBBPA is used as a reactive flame retardant, there 
may be unreacted (or free) TBBPA left over in the resin, leading to the presence of free TBBPA 
in the laminate and subsequently produced PCBs.  The amount of free TBBPA is anticipated to 
be relatively low when it is used as a reactive flame retardant, although quantitative data on the 
amount of free TBBPA present in PCBs are currently limited.  Sellstrom and Jansson (1995) 
found approximately 0.7 micrograms per gram in a basic extraction of PCB filings from an off-
the-shelf product purchased in Sweden (approximately 4 micrograms per gram TBBPA used).  

the results have not yet been published (PSB Corporation, 2006).
Recent studies have been conducted by Nelco to investigate the amount of residual TBBPA, but 

One complication is that it is 

practice is. 

D.E.R. 538, the reaction product of TBBPA with an epoxy resin, may be released to the 
environment from its use in PCBs through dust-forming operations during its manufacture or 
subsequent loading/unloading, transfer, or mixing operations (those that occur before its 
incorporation into the laminate or PCB).  Increased health hazards for this reaction product arise 
from the epoxy functional groups present on the polymer molecules.  There may be unreacted 
D.E.R. 538 present in the laminate and, subsequently, the PCBs produced.  The amount of free 
D.E.R. 538 is generally anticipated to be low given that it is incorporated as a reactive flame 
retardant, although quantitative data on the amount of free material that may be present are 
currently not available. 

Bisphenol A, the unbrominated precursor to TBBPA, may also pose potential hazards to human 
health and the environment.  The European Union’s risk assessment of bisphenol A in 2003 
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concluded that for occupational exposures, “there is a need for limiting the risk” to workers 
based on eye and respiratory tract irritation, effects on the liver, and reproductive toxicity (effects 
on fertility and on development) during the manufacture of BPA and epoxy resins, as well as 
concerns for skin sensitization in all occupational exposure scenarios where there is a potential 
for skin contact (EU, 2003). For workers, consumers, and the general public, the EU concluded 
that further information and/or testing is needed in relation to developmental toxicity at low 
doses. The EU also assessed environmental hazards, concluding that further information is 
needed on the risk of BPA production to aquatic and terrestrial organisms, as well as the risk of 
epoxy resin production on aquatic organisms (EU, 2003).  

Use and End of Life 

Since TBBPA is reacted with an epoxy resin to form D.E.R. 538, which is then reacted with a 
hardener to form a crosslinked polymer low levels of unreacted TBBPA and D.E.R. 538 may 
remain in trace concentrations in PCBs; release of these low levels could theoretically occur 
during the use and disposal of PCBs.  Because TBBPA is difunctional, there is less potential for 
release compared to DOPO, which is monofunctional, and more potential for release compared 
to Fyrol PMP, which is tetrafunctional. TBBPA has been detected in the air of electronic 
recycling plants (Sjodin et al., 2001, 2003), although these facilities also recycled products where 
TBBPA is used as an additive flame retardant.  Although its water solubility is low under neutral 
conditions, free TBBPA could also be released from PCBs in landfills that come in contact with 
basic leachate. However, unlike other brominated flame retardants, TBBPA is not very stable in 
air under basic conditions.  In addition, there is potential for emissions of brominated dioxins and 
furans or other byproducts when products containing TBBPA are combusted during end-of-life 
processes. Levels of exposure and any subsequent effects of exposure to the reacted flame 
retardant products during the disposal phase of the life cycle, in which flame retardants may 
become mobilized through direct intervention processes, such as shredding, are unknown. 

5.5.2 DOPO

Raw Material Extraction 

Phosphorus is usually obtained from phosphate rock, which contains the mineral apatite, an 
impure tri-calcium phosphate.  Large deposits of phosphate rock are found in Russia, Morocco, 
Florida, Tennessee, Utah, Idaho, and elsewhere (Lide, 1993).  By one process, tri-calcium 
phosphate, the essential ingredient of phosphate rock, is heated in the presence of carbon and 
silica in an electric furnace or fuel-fired furnace.  Elementary phosphorus is liberated as vapor 
and may be collected under water (Lide, 1993).  While elementary phosphorus can form a 
diatomic molecule with a triple bond, it more readily forms a tetrahedral P4 molecule. P4, also 
called white or yellow phosphorus, exists in the gas phase and also as a waxy solid and viscous 
liquid. The degree of purity determines the “whiteness” of the phosphorus.  At room 
temperature, phosphorus can exist in an amorphous or semi-crystalline state, called red 
phosphorus, which is produced from white phosphorus by extended heating in an inert 
atmosphere (Calvert, 2004). 
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Some phosphorus-based flame retardants are based on phosphate esters derived from yellow 
phosphorus. Approximately 80 percent of the global phosphorus is mined in China in the form 
of phosphate ore (Shigeru, 2007). Yellow phosphorus produced from phosphorus ore co-
produces arsenic, mercury, lead and other heavy metals as impurities that should be well 
controlled and treated before disposal of wastewater.  If Chinese producers of yellow phosphorus 
appropriately treat their wastewater, then there is little concern for environmental and human 
health effects. However, improperly treated wastewater can lead to major adverse environmental 
impacts (Shigeru, 2007). 

Manufacture of Flame Retardant, Laminate, and PCB 

Chemistry that can be used to make DOPO is shown below.  The byproducts of this chemistry 
are salts of the Lewis acid (such as aluminum chlorohydrates) and NaCl from the second step.  

Further chemistry must be performed to react DOPO into the thermoset backbone.  The largest 
manufacturer of organophosphorus flame retardants for electrical laminates is currently Tohto-
Kasei. The details of their product are not known, but it is widely thought that their product is 
“DOPO-HQ”, or the adduct of DOPO with hydroquinone as shown below.  This phenolic is then 
combined with an epoxy novolak and a catalyst in a solvent to make a varnish suitable for 
electrical laminates.  Fillers are typically added to these formulations primarily to reduce costs.  

Potential human and environmental exposure to DOPO may occur through dust-forming 
operations from its manufacture or during loading/unloading, transfer, or mixing operations. 

Dow XZ-92547, the reaction product of DOPO with an epoxy phenyl novolak, may be released 
from PCBs as a fugitive emission during manufacture of resins and laminates, or during 
subsequent loading/unloading, transfer, or mixing operations.  The amount of Dow XZ-92547 
that may be released from laminates or PCBs during their production and operational stages has 
not been determined quantitatively; however, the low vapor pressure of Dow XZ-92547 indicates 
that it is not likely to undergo direct volatilization.  Increased health hazards for this reaction 
product arise from the epoxy functional groups present on the polymer molecules. 

Use and End of Life 

As a reactive flame retardant, DOPO is not expected to be released from laminates.  Its vapor 
pressure suggests that it has at least some potential to volatilize at elevated temperatures.  
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that may be present are currently not available.  Increased health hazards for this reaction product 
arise from the epoxy functional groups present on the polymer molecules. 
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Potential releases of DOPO particulates from PCBs may arise during the disposal phase of the 
life cycle via shredding or other operations where it may become mobilized.  DOPO’s water 
solubility suggests that it may migrate from PCBs deposited in landfills if contact with water 
ensues. Release of DOPO during the open burning of PCBs may also lead to environmental 
exposures. Because it is monofunctional, there is more potential for release compared to 
TBBPA, which is difunctional. DOPO may be released from PCBs during disposal or recycling, 
and potentially through dust-forming operations, such as PCB shredding.  Leaching of Dow XZ-
92547 from PCBs deposited in landfills is not likely given its low water solubility, high 
molecular weight and functionality.  Leaching of DOPO is more likely given its relatively low 
molecular weight and because it is bound to the polymer by only one covalent bond.  DOPO also 
oxidizes to a species containing a P-OH group in place of the P-H group.  The toxicological 
properties of this species are unknown.  Levels of exposure and any subsequent effects of 
exposure to the reacted flame retardant products during the disposal phase of the life cycle, in 
which flame retardants may become mobilized through direct intervention processes, such as 
shredding, are unknown. 

5.5.3 Fyrol PMP 

Raw Material Extraction 

For a description of phosphorus extraction, please refer to the above entry for DOPO. 

Manufacture of Flame Retardant, Laminate, and PCB 

No information regarding the manufacture of Fyrol PMP was available at the time of publication 
due to the chemical’s proprietary nature. 

The reaction product of Fyrol PMP with resin has the potential to be released to the environment 
as a result of dust-forming operations during its manufacture or subsequent loading/unloading, 
transfer, or mixing operations (those that occur before its incorporation into the laminate or 
PCB). Unreacted reaction product may be present in the laminate and subsequently, the PCBs 
produced. The amount of free reaction product is generally anticipated to be low given that it is 
incorporated as a reactive flame retardant, but quantitative data on the amount of free material 

Use and End of Life 

As a reactive flame retardant, Fyrol PMP is not expected to be released from laminates, and its 
low vapor pressure indicates that it is not likely to undergo direct volatilization.  When PCBs are 
openly burned, it is possible that high temperatures could break the phosphorous-carbon bonds 
that hold Fyrol PMP to the crosslinked resin, which may result in the release of Fyrol PMP to the 
environment.  Because it is tetrafunctional, Fyrol PMP is less likely to be released than TBBPA 
or DOPO, which are, respectively, difunctional and monofunctional.  Even so, Fyrol PMP may 
be released from PCBs during its disposal or recycling, potentially through dust-forming 
operations, such as the shredding of PCBs. It is unlikely that the Fyrol PMP reaction product 
will leach from PCBs deposited in landfills given its low water solubility, high molecular weight, 
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Böhmite and Diaspore: AlO(OH) + NaOH + H2O � Na+ Al(OH)4
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and hydrolytic instability.  However, it is possible that methyl phosphonate may leach out of 
PCBs due to hydrolysis of phenol-phosphonate bonds.  Exposure to the reacted flame retardant 
products during the disposal phase of the life cycle, in which flame retardants may become 
mobilized through direct intervention processes, such as shredding, is unknown. 

5.5.4 Aluminum Hydroxide 

Raw Material Extraction 

Aluminum is one of the most plentiful elements in the Earth’s crust, and is usually present as 
bauxite ore. Bauxite can contain three different aluminum minerals, including gibbsite 
(Al(OH)3), and böhmite and diaspore (different crystalline structures of AlO(OH)).  Bauxite ore 
also typically contains clay, silt, iron oxides, and iron hydroxides.  The majority of bauxite is 
mined from surface deposits, but some is excavated from underground deposits (International 
Aluminium, 2000).  Nearly all of the bauxite consumed in the United States is imported (EPA, 
2007).

Manufacture of Flame Retardant, Laminate, and PCB 

Once bauxite is recovered from deposits and broken into manageable pieces, it is shipped to a 
processing facility where it goes through the Bayer process.  During this process, the bauxite ore 
is washed, ground, and dissolved with caustic sodium hydroxide.  While the end product of the 
Bayer process is alumina (Al2O3), aluminum hydroxide (Al(OH)3) can be isolated following the 
precipitation step (see process steps below) (International Aluminium, 2000).  More than 90 
percent of domestic bauxite conversion to alumina occurs at refineries in Louisiana and Texas 
(EPA, 2007). 

Bayer process steps: 
1) Digestion—bauxite ore treated with heated sodium hydroxide solution to form sodium 

aluminate: 

Gibbsite: Al(OH)3 + NaOH � Na+ Al(OH)4
-

-

2) Clarification—insoluble impurities (red mud) are separated from the suspension. 

3) Precipitation—aluminum hydroxide crystals are added to the solution to seed the 
precipitation of aluminum hydroxide crystals: 

-Na+ Al(OH)4 � Al(OH)3 + NaOH 

4) Calcification—the agglomerates of aluminum hydroxide are calcinated to produce pure 
alumina. (Note that while this step is included in the Bayer process, it is not relevant to 
the production of aluminum hydroxide; however, this is the reaction that occurs when 
aluminum hydroxide acts as a flame retardant.) 
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No additional information regarding the manufacture of Exolit OP930 was available at the time 
of publication due to the chemical’s proprietary nature. 
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2Al(OH)3 � Al2O3 + 3H2O

During clarification, clay, silt, iron oxides, iron hydroxides, and other non-aluminum 
components are removed from the bauxite ore.  These components are disposed of as “red mud,” 
which is highly alkaline (pH � 13), and can be hazardous to human health and the environment.  
Red mud is viewed as a corrosive and hazardous substance requiring careful handling (Liu et al.,
2007). While there are methods to reduce the hazard of red mud, its disposal can still be 
problematic. 

Use and End of Life 

Once aluminum hydroxide is produced, it can be released into the environment as a fugitive 
emission during loading/unloading, transfer, or mixing operations.  After incorporation into a 
PCB resin and/or the laminate, potential exposure to finely divided aluminum hydroxide 
particulates is not expected during the remainder of the operational stages of the PCB life cycle.  
Aluminum hydroxide particulates may also be released during the disposal phase of the life cycle 
where they can become mobilized through direct intervention processes (such as shredding 
operations). The impact of aluminum hydroxide in smelting operations needs to be investigated 
further due to concerns about impacts on slags.  Aluminum hydroxide thermally degrades to 
alumina in the smelting process.  Alumina has a limited solubility in smelter slags. If large 
concentrations are added, this may lead to either increased slag volumes or higher operational 
temperatures, which lead to increased energy consumption (Lehner, 2008).  

5.5.5 Exolit OP930 

Raw Material Extraction 

For a description of phosphorus extraction, please refer to the above entry for DOPO. 

Manufacture of Flame Retardant, Laminate, and PCB 

Potential human and environmental exposure to Exolit OP930 may occur through dust-forming 
operations from its manufacture or during loading/unloading, transfer, or mixing operations. 

Use and End of Life 

As an additive flame retardant, Exolit OP930 may also be released from laminates and PCBs.  
After incorporation into the resin and/or the laminate, potential releases of Exolit OP930 during 
the useful life cycle of PCBs is not anticipated, except by an extractive processes upon contact 
with water. Potential releases of Exolit OP930 particulates during the disposal of PCBs may 
arise during the disposal phase of the life cycle via shredding or other operations where it may 
become mobilized.  Its water solubility suggests that it may also migrate from PCBs deposited in 
landfills upon contact with water. 
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to 20,000 pounds per square inch and at temperatures of 250°C to 450°C (Lujan).  In some cases, 
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5.5.6 Melapur 200 

Raw Material Extraction 

For a description of phosphorus extraction, please refer to the above entry for DOPO. 

Manufacture of Flame Retardant, Laminate, and PCB 

A two-step process is typically used to prepare melamine polyphosphate (Patent Storm, 2002). In 
the first step, melamine, urea, and an aqueous orthophosphoric acid solution (containing at least 
40 wt percent orthophosphoric acid) are combined, mixed, and dehydrated to produce a powdery 
product. In the second step, this powdery product is heated to between 240 and 340°C for 0.1 to 
30 hours to obtain melamine polyphosphate (Patent Storm, 2002) 

Potential human and environmental exposure to Melapur 200 may occur through dust-forming 
operations from its manufacture or during loading/unloading, transfer, or mixing operations.  As 
an additive flame retardant, it may also be released from laminates and PCBs.   

Use and End of Life 

After incorporation into the resin and/or the laminate, potential releases of Melapur 200 during 
the useful life cycle of PCBs is not anticipated, except by an extractive process upon contact with 
water. Potential releases of Melapur 200 particulates during the disposal of PCBs may arise 
during the disposal phase of the life cycle via shredding or other operations where it may become 
mobilized. Its water solubility suggests that it may also migrate from PCBs deposited in landfills 
upon contact with water. 

5.5.7 Silicon Dioxide  

Raw Material Extraction and Manufacture 

Silicon dioxide, or silica (sand), is a naturally occurring compound.  It is usually mined with 
open pit or dredging mining methods, which have limited environmental impact (USGS, 2007).  
Silicon dioxide can also be made synthetically in autoclaves under pressures ranging from 1,500 

silicon dioxide is synthesized by adding an acid to a wet alkali silicate solution to precipitate 
amorphous silicate, which is then filtered, washed, and dried (Degussa, 2007).  The conditions in 
which silicon dioxide is formed, such as temperature and pressure, determine its structural 
properties, such as whether it is amorphous or crystalline.  The structure of silicon dioxide, in 
turn, affects its potential to cause harm to the environmental and human health. 

Potential health concerns arise from the inhalation of finely divided particulates that are 
generally less than 10 microns in diameter.  The potential health concerns for silicon dioxide, a 
poorly soluble respirable pariciulate, arise from effects on the lungs as well as other effects that 
may be linked to an adverse effect on the lungs.  Assessment of the life cycle for the use of this 
compound in PCBs suggests that inhalation exposure to finely divided silicon dioxide 
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CaCl2 + MgCl2 + (CaO�MgO) + 2H2O 	 2Mg(OH)2 + 2CaCl2 + H2O
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particulates may potentially occur through dust-forming operations from its manufacture or 
during loading/unloading, transfer, or mixing operations.   

Use and End of Life 

After incorporation into the resin and/or the laminate, potential inhalation exposure to finely 
divided silicon dioxide particulates is not anticipated during the remainder of the operational 
stages of the PCB life cycle. Finely divided silicon dioxide particulates that are less than 10 
microns may also be released to the air during the disposal phase of the life cycle, where they 
can become mobilized through direct intervention processes (such as shredding operations).  In 
the smelting process, silicon dioxide-based FRs are preferred since silicon dioxide is used as a 
flux in the process (Lehner, 2008). 

5.5.8 Magnesium Hydroxide 

Raw Material Extraction 

There are several million tons of mineral magnesium hydroxide, called brucite, in the earth’s 
crust around the world (USGS, 2008; Amethyst, 2008).  However, magnesium hydroxide is 
typically recovered from seawater and magnesia-bearing brines, which constitutes an even 
greater and more readily available resource than brucite.  In 2007, magnesium oxide and other 
magnesia compounds (including magnesium hydroxide) were recovered from seawater by three 
companies in California, Delaware, and Florida; from well brines by two companies in 
Michigan; and from lake brines by two companies in Utah (USGS, 2008). 

Manufacture of Flame Retardant, Laminate, and PCB 

Recovering magnesium hydroxide from brine and seawater typically involves the addition of 
lime calcined dolime (CaO�MgO), which is obtained from a mineral source such as dolomitic 
limestone (CaMg(CO3)2). Magnesium-bearing brine and seawater contain varying 
concentrations of calcium chloride (CaCl2) and magnesium chloride (MgCl2), which are mixed 
with appropriate concentrations of calcined dolime and water (if necessary) to facilitate the 
following reaction (Martin, 2008): 

The resulting magnesium hydroxide exists as solid particles suspended in an aqueous phase 
containing dissolved calcium chloride.  The magnesium hydroxide particles settle to the bottom 
of the aqueous suspension, where they are separated, filtered, and washed to remove chlorides 
(Martin, 2008). 

Hydrated lime (Ca(OH)2) can also be used to precipitate magnesium hydroxide via the following 
reaction (NIEHS, 2001): 

Ca(OH)2 + MgCl2 	 Mg(OH)2 + CaCl2
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BSEF (Bromine Science and Environmental Forum). VECAP.  
http://www.bsef.com/product_stew/vecap/ (accessed 2007). 
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Potential human and environmental exposure to magnesium hydroxide may occur through dust-
forming operations from its manufacture, or during loading/unloading, transfer, or mixing 
operations. As an additive flame retardant, it may also be released from laminates and PCBs.   

Use and End of Life 

After incorporation into the resin and/or the laminate, potential exposure to finely divided 
magnesium hydroxide particulates is not expected during the remainder of the operational stages 
of the PCB life cycle. Magnesium hydroxide particulates may also be released during the 
disposal phase of the life cycle where they can become mobilized through direct intervention 
processes, such as shredding operations.  The impact of magnesium hydroxide in smelting 
operations needs to be investigated further due to concerns about impacts on slags.  Magnesium
hydroxide thermally degrades to magnesium oxide in the smelting process.  However, 
magnesium oxide has a limited solubility in smelter slags. If large concentrations are added, this 
may lead to either increased slag volumes or higher operational temperatures, which lead to 
increased energy consumption (Lehner, 2008). 
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6 Combustion, Pyrolysis and Offgassing Testing of FR-4 
Boards

As discussed in Section 5.3.2, little information exists about the combustion and pyrolysis 
products that could be formed during end-of-life scenarios.  The stakeholders of this partnership 
have decided that testing of FR-4 laminates and PCB materials is warranted to learn more about 
potential byproducts during product use (e.g., leachability and offgassing) and thermal end-of-
life processes (e.g., open burning, incineration, offgassing, and smelting). 

This chapter describes the rationale and methods for offgassing, combustion, and pyrolysis 
testing of PCB materials.  The University of Dayton Research Institute (UDRI), which has been 
involved in studying thermal processes for the last three decades and has experience with the 
brominated materials used as flame retardants in PCB manufacturing, will lead the testing.
EPA’s Office of Research and Development (ORD) will supplement UDRI’s testing by directing 
the analysis for dioxins/furans and metals.  Testing is scheduled to be completed in 2009.  
Leachability testing will not be conducted as part of this partnership project given the lack of 
suitable analytical methods to study the leachability potential of alternative flame retardants in 
landfill environments.   

The following stakeholders are funding the combustion testing that will be conducted by UDRI: 
� Boliden
� Supresta
� ITEQ
� Hewlett-Packard
� Clariant
� Ciba Specialty Chemicals 
� Sony
� Intel 
� Isola
� Dell
� Fujitsu-Siemens 
� Bromine Science and Environmental Forum (BSEF) 
�
� IBM
� Nabeltec

6.1 Combustion and Pyrolysis Testing 

This section explains the rationale for combustion testing, and describes test methods and 
materials. 

6.1.1 Rationale

The overall goal of the combustion testing component of this partnership project is to compare 
the combustion byproducts from FR-4 laminates and PCB materials during potential thermal 
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end-of-life processes, including open burning, incineration, and smelting.  This testing will be a 
first step in providing industry with a comparative analysis of combustion byproducts from these 
materials, which will, in turn, help to identify what further studies are needed to better 
understand these byproducts in real-world scenarios.  Moreover, this testing will help to advance 
decision making on the selection of flame-retardant materials and environmentally acceptable 
end-of-life thermal disposal process. 

6.1.2 Methods

UDRI will lead the combustion and pyrolysis testing and analysis of byproducts, supplemented 
by EPA ORD-directed analysis for dioxins/furans and metals.  The testing methodology was 
developed through an ongoing collaboration among UDRI and stakeholders of this partnership.  
The testing will take place in two phases:  Phase 1 will evaluate the ability of proposed test 
methods to predict thermal decomposition products of a small number of laminates and establish 
experimental methods and conditions; Phase 2 will expand upon Phase 1 by testing both 
laminates and populated PCBs at experimental conditions established in Phase 1.  The laminates 
in Phase 1 and the laminates and populated PCBs in Phase 2 will be tested under a number of 
different temperature and atmosphere conditions to predict combustion and pyrolysis products 
that could occur across various end-of-life scenarios. 

�
�
�
�
� Supresta FR Laminate

Table 6-1 summarizes the methodology for both phases of the combustion and pyrolysis testing.  
A more detailed description of the methodology will be made available with the testing results in 
2009.

6.1.3 Test Materials 

The following laminates are being considered for testing under Phases 1 and 2.  In addition, a 
non flame-retarded laminate will be tested in both phases to serve as a baseline. 

� NanYa (NPG-TL, NPG-170TL) 
� Hitachi BE-67G(R) 
� Isola (DE156 and IS500) 
� TUC (TU-862 and TU-742) 

Before the combustion and pyrolysis testing begins, EPA ORD will conduct X-ray fluorescence 
(XRF) analysis of each laminate to determine its elemental composition.  The subset of laminates 
for inclusion in Phases 1 and 2 will be selected to ensure a broad range of compositions.  After 
Phase 1 is completed, UDRI will review the data with sponsors to determine the best way to 
proceed with Phase 2. In Phase 2, populated boards will be simulated by combining laminates 
with components removed from conventional boards.   

6-2



DRAFT REPORT 

Table 6-1: Summary of Combustion Testing Methodology 
Phase 1 Phase 2 

Goal: � To evaluate the ability of proposed test 
methods to predict thermal degradation 
products of laminates, and to establish 
experimental methods/conditions for 
Phase 2 testing 

� To expand quartz tube and cone-
calorimeter testing to other candidate 
laminates 

Test � XRF analysis to determine elemental � XRF analysis to determine elemental 
Methods: composition (performed by EPA ORD) 

� TGA to determine pyrolysis 
temperatures 

� Pyrolysis/quartz tube reactor system 

� Cone calorimeter  

composition (performed by EPA 
ORD)

� TGA to determine pyrolysis 
temperatures 

� Pyrolysis/quartz tube reactor system 

� Cone calorimeter 

# of Test 
Vehicles:

� 3 laminates (TBBPA laminate, 
phosphorus-based laminate, and non-
flame-retardant laminate) 

� 6 laminates (2 from Phase 1, + 4 of 
varying composition) + 6 populated 
boards

Sample � 10 mg samples for quartz tube reactor � 10 mg samples for quartz tube 
Size:

� 3” x 3” x approximately 0.5” samples 
for cone calorimeter 

reactor

� 3” x 3” x approximately 0.5” 
samples for cone calorimeter 

Test � For quartz tube:  4 different � For quartz tube:  5 temperature/ 
Conditions temperature/atmosphere conditions 

� For cone calorimeter:  2 different 
temperature/atmosphere conditions: 
moderately high and highest possible 
temperatures (based on quartz tube 
results) and 2 combustion atmospheres 
(air or nitrogen) 

atmosphere conditions  

� For cone calorimeter:  moderately 
high and highest possible 
temperatures (based on quartz tube 
results) and 2 combustion 
atmospheres (air or nitrogen) 

Replicates � For quartz tube:  2 conditions with no 
replicates, and 2 conditions with 2 
replicates each 

� For cone calorimeter:  1 condition with 
no replicates, and 1 condition with 2 
replicates

� To be determined based on Phase 1 
results

Analytical � Gas chromatography-mass � GC-MS analysis 
Method: spectrometry (GC-MS) analysis 

� Inductively coupled plasma-mass 
spectrometry methods for 
phosphorus or aluminum-containing 
compounds (performed by EPA 
ORD)
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6.2 Offgassing

This section explains the importance of offgassing tests, and briefly discusses the assessment 
methods that will be used. 

6.2.1 Rationale

Little information exists in the literature about the offgassing potential of alternative flame 
retardants from electronic products.  Similarly, little to no research has addressed whether the 
type of flame retardants used in PCBs potentially affects offgassing of heavy metals during 
product use or thermal end-of-life treatment.  Testing is needed to provide a comparative 
analysis of byproducts of concern that “offgas,” or volatize, from FR-4 laminates and PCBs 
during product use and recycling processes. 

The stakeholders of this partnership have worked collaboratively with UDRI to identify a testing 
approach for offgassing, which is presented below. As of the writing of this report, however, the 
offgassing testing has been put on hold due to a lack of sufficient funding. 

6.2.2 Methods

If sufficient funds are raised, UDRI will conduct the offgassing testing at temperatures that 
approximate offgassing potential during product use and shredding of PCBs that often occurs as 
part of the recycling process.  Table 6-2 summarizes the methodology for offgassing testing. A
more detailed description of the methodology will be made available with the testing results in 
2009.

Table 6-2: Summary of Offgassing Testing Methodology 
Offgassing

Goal: � To run tests at temperatures that approximate offgassing during product use 
and shredding of PCBs 

Test
Methods:

� Place entire PCBs into sealed vessels that have septum sampling ports 

# of Test 
Vehicles:

� 5 (brominated epoxy laminate + 4 halogen-free laminates and/or PCBs) 

Sample 
Size:

� Full-size laminates and/or PCBs 

Test
Conditions

� 4 temperatures between 25 and 200°C 

Analytical 
Method

� Solid phase microextraction with GC-MS analysis 

6.3 Results (PENDING) 

6-4



effects, and genotoxicity. Chemical exposure to humans can occur through the skin, inhalation, 

DRAFT REPORT

7 Considerations for Selecting Flame Retardants
Multiple factors must be considered when selecting an appropriate chemical flame retardant.  In 
addition to flame retardancy properties and health and environmental considerations, the flame-
retarded PCB must meet all required technical specifications.  The epoxy resins used for PCBs 
are complex chemical formulations. Therefore, a drop-in exchange of flame retardant is usually 
not possible, and some adjustment of the overall formulation is required. Small changes in 
formulations can significantly affect the manufacturability and performance of PCBs.  
Additionally, the laminate containing the selected flame retardant should be compatible with 
existing PCB production and processing equipment.  Finally, the resulting laminate formulation 
must be economically competitive. The cost comparison should not be limited to the flame 
retardant itself, but rather on the complete laminate formulation or the resulting PCB.  

This partnership recognizes the significance of considering practical alternatives.  The 
information in this report focuses on human health and environmental attributes and should be 
weighed with cost and performance information when selecting alternatives. 

7.1 Positive Human Health and Environmental Attributes 

This section identifies a set of positive attributes that companies should consider when 
formulating or selecting a flame retardant that will meet or exceed existing flammability 
standards.  These attributes are linked to different aspects of what might happen to a chemical 
substance during its life cycle. While ensuring that fire-safety standards are met, the following 
desirable human health and environmental chemical characteristics and attributes, relevant to 
many flame-retardant chemicals, should be considered general “rules of thumb.”  These general 
rules of thumb should be applied to both flame retardant chemicals and any of their 
decomposition byproducts described in chapter 6. 

7.1.1 Low Human Health Hazard and Low Exposure Potential 

The overall risk posed to human health is a combination of hazard and exposure.  Chemical 
hazards to human health include acute toxicity, skin sensitization, carcinogenicity, 
immunotoxicity, reproductive effects, developmental effects, neurological effects, systemic 

and ingestion, and is affected by several physiochemical factors, such as melting point, boiling 
point, vapor pressure, water solubility, octanol/water partition coefficient, and Henry’s law 
constant.

7.1.2 Low Ecotoxicity 

Ecotoxicity measures adverse effects observed in living organisms that typically inhabit the wild, 
specifically aquatic organisms (fish, invertebrates, algae).  Toxic effects are generally expressed 
as the lethal concentration for 50 percent of the study sample (LC50) or the lethal dose for 50 
percent of the study sample (LD50). Since chemicals can have different short-term and long-term 
affects, acute ecotoxicity (typically less than 96 hours) and chronic (repeated-exposure) 
ecotoxicity should both be considered in choosing a chemical flame retardant. 
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7.1.3 Readily Degradable: Low Persistence 

Persistence describes the tendency of a chemical to resist degradation and removal from 
environmental settings, such as air, water, soil, and sediment.  Chemical degradation in the 
environment either occurs through chemical reactivity with its surroundings or through 
biodegradation by microorganisms.  Chemical reactivity is most commonly a result of hydrolysis 
(reactions with water), though photolysis (reactions with sunlight) and oxidative gas-phase 
processes may also play a role.  In the absence of rapid chemical reactivity, biodegradation is the 
primary process that causes degradation.  Biodegradation can occur in aerobic settings via 
oxidative processes and in anaerobic settings via reductive processes.  Depending on the 
organism and chemical substrate combination, chemicals may degrade into other chemical 
substances or may be completely mineralized into small building blocks (e.g., CO2 and water). 

Typically, the environmental profile of a chemical improves with its rate of biodegradation.
According to the OECD, a chemical is readily biodegradable if, in a 28-day test, it biodegrades 
60 percent or more within 10 days of the time when degradation first reaches 10 percent (70 
percent for DOC-based tests).  There are two main features of readily biodegradable substances.
Hydrophobic components composed of unsaturated linear alkyl chains (straight chain carbon 
molecules) biodegrade more rapidly under aerobic conditions in sewage treatment plants and the 
environment than highly branched chains.  Also, hydrophobic and hydrophilic components that 
are linked by an easily biodegradable group like a carboxylic acid ester will separate the 
hydrophobe from the hydrophile during the first step through aerobic biodegradation (i.e., ester 
hydrolysis).

Keep in mind that while the rate of degradation is important, it is equally important to be aware 
of the byproducts formed through the degradation process.  In some cases, the products of 
biodegradation might be more toxic and persistent than the parent compound.  It is also 
important to note that the technical requirements for flame retardants in PCBs, mainly high 
temperature and hydrolysis stability, make it impossible to use flame retardants of low chemical 
stability (see Section 7.2). 

7.1.4 Low Bioaccumulation: High Log Kow (>8); Large Molecule 

Quantified, chemical-specific BCFs are often not available; however, this property can be 
estimated by correlating it with another readily-available parameter – the octanol/water partition 
coefficient (Kow). In general, a log Kow of 3.5 to 5 corresponds to BCFs of approximately 1,000 
to 5,000. Both ranges represent a moderate to high bioaccumulation potential.  Note that as the 
log Kow increases above 8, the bioaccumulation potential decreases. 

The potential for a molecule to be absorbed and harm an organism is less when the molecule is 
larger than a certain size.  Molecules with the following characteristics are not available for 
passive uptake through the respiratory membranes of aquatic organisms: (a) molecules with 
hydrophilic components having large cross-sectional diameters (larger than 10 Å), or (b) neutral 
and anionic surfactants with molecular weights greater than 1,000 Daltons.  (Large diameters or 
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the overall function and marketability of flame retardants and PCBs and should be considered 
jointly with the human health and environmental attributes described above. 

7.2.1 Flame Retardant Effectiveness and Reliability 
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high molecular weights will limit toxicity to surface effects only and will prevent systemic 
effects.)

In addition, high molecular weight molecules (greater than 1,000 Daltons) tend to be less volatile 
and therefore, may exhibit less of a potential for inhalation exposure to vapors during 
manufacturing and processing of PCB epoxies and laminates.  If exposure occurs, high 
molecular weight molecules are less likely to be absorbed, therefore limiting potential for 
adverse effects to be expressed. 

7.1.5 Reactive Flame Retardants 

Even if a chemical has negative human health and environmental attributes, concerns may be 
mitigated if the chemical is permanently incorporated into a commercial product.  In this case, 

7.2 Other Considerations 

the potential for direct exposure to the chemical is greatly decreased or eliminated.  Reactive 
flame retardants are incorporated into the PCB epoxy and laminate during the early stages of 
manufacturing, resulting in a loss of the chemical identity of the flame retardants.  Additives are 
mixed throughout the formulation but are not chemically bound.  Therefore, additives have a 
much higher potential to migrate, or leach, from the product into the environment under normal 
conditions.

In the case of TBBPA, it is reacted into the epoxy resin to form a brominated epoxy before the 
laminate production process begins.  This brominated epoxy is the actual flame retardant that 
provides the fire safety to the PCBs. Studies have shown that levels of free, unreacted TBBPA 
in the brominated epoxy are extremely low.  As referenced earlier in the report, one study by 
Sellstrom and Jansson extracted and analyzed filings from a PCB containing a brominated epoxy 
based on TBBPA. The study found that only 4 micrograms of TBBPA were unreacted for each 
gram of TBBPA used to make the PCB (Sellstrom and Jansson, 1995). 

This section identifies performance and economic attributes that companies should consider 

The primary purpose of all flame retardants is to prevent and control fire.  According to the 
National Fire Protection Association, there were 1,602,000 fires reported in the United States in 
2005, causing 3,675 civilian deaths, 17,925 civilian injuries, 87 firefighter deaths, and $10.7 
billion in property damage (NFPA, 2007).  Effective flame retardants are needed to further 
reduce fire incidents and associated injuries, deaths, and property damage.  The fire safety 
requirements (e.g., a classification like UL 94 V0) determine the necessary level of flame 
retardant that needs to be added to a resin. Formulations are optimized for cost and performance, 
so that it can be equally viable to use a low amount of an expensive, highly efficient flame 
retardant or a higher amount of a less expensive, less efficient material. 
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Reliability is another aspect to consider in choosing a flame retardant.  PCBs are used for many 
purposes, including telecommunications, business, consumer, and space applications.  The 
environmental stresses associated with each application may be different, and so an ideal flame 
retardant should be reliable in a variety of situations. Resistance to hydrolysis and photolysis, 
for example, can influence the long-term reliability of a chemical flame retardant.  For some 
applications, it may be necessary for the flame retardant to be resistant against acidic, alkali, and 
oxidative substances. These chemically demanding requirements have a direct effect on the 
persistence of flame retardants (see Section 7.1). 

7.2.2 Epoxy/Laminate Properties 

Small changes in a flame-retardant formulation can significantly affect the manufacturability and 
performance of PCB epoxies and laminates.  In choosing a flame retardant for use in a PCB, it is 
important to consider how the flame retardant will affect key properties of the PCB epoxy and 
laminate, including glass transition temperature (Tg), mechanics (e.g., warpage, fracture 
toughness, flexural modulus), electrics, ion migration, water uptake (moisture diffusivity), resin-
glass or resin-copper interface, color, and odor. 

Changes in these properties can affect the manufacturability and overall performance of the PCB.  
The glass transition temperature, for example, is particularly important for manufacturing lead-
free PCBs. Due to the higher soldering temperatures required for lead-free PCBs, epoxy and 
laminate glass transition temperatures must be high enough to prevent delamination of the PCB.  
Mechanical properties can also alter the manufacturing process by impacting the ability to drill 
through the laminate. 

Changes in a flame-retardant formulation can also affect overall epoxy and laminate 
performance.  Increased moisture diffusivity, for example, can reduce the laminate and overall 
PCB reliability. Changes to moisture diffusivity, as well as any other parameter that may affect 
the electrical properties of the PCB should be considered.  If the PCB cannot operate properly, 
any benefits associated with less hazardous flame retardants are irrelevant.  As referenced in 
Section 2.2, iNEMI is currently conducting performance testing of commercially available 
halogen-free materials to determine their electrical and mechanical properties. 

7.2.3 Economic Viability 

To ensure economic viability, flame retardants must be easy to process and cost-effective in 
high-volume manufacturing conditions.  Ideally the alternative should be compatible with 
existing process equipment at PCB manufacturing facilities. If it is not, the plants will be forced 
to modify their processes and potentially to purchase new equipment.  The ideal alternative 
would be a drop-in replacement that has similar physical and chemical properties such that 
existing storage and transfer equipment as well as PCB production equipment can be used 
without significant modifications. 

The four steps in the FR-4 manufacturing process that typically differ between halogenated and 
halogen-free materials are pressing, drilling, desmearing, and solder masking (Bergendahl, 
2004). As a result, manufacturing and processing facilities may need to invest in new equipment 
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in order to shift to alternatives FRs.  In addition, daily operation costs may be different for the 
new process steps required to manufacture PCBs with alternative FRs. 

Flame-retardants that are either more expensive per pound or require more flame retardant per 
unit area to meet the fire safety standards will increase the PCB’s raw material costs. In this 
situation, a PCB manufacturer will attempt to pass the cost on to its customers (e.g., computer 
manufacturers), who will subsequently pass the cost on to consumers. However, the price 
premium significantly diminishes over the different stages of the value chain.  For an alternative 
laminate, the price may be up to 20 to 50 percent higher per square meter, but for the final 
product (e.g., a personal computer), the price premium can be less than 1 percent. 

7.2.4 Smelting Practices 

Changes in flame-retardant formulation may also have implications for smelting processes.  
Smelters have had to adapt their practices over time to respond to changing compositions and 
types of electronic scrap as well as regulatory requirements (e.g., WEEE directive).  As 
discussed in Section 5.3.2, smelters process PCB materials through complex, high-temperature 
reactions to recover precious and base metals (e.g., gold, silver, platinum, palladium and 
selenium, copper, nickel, zinc, lead).  Primary smelters in the world (e.g., Boliden, Umicore, and 
Noranda) have learned how to operate with high loads of halogenated electronic scrap and 
effectively control emissions of dioxins and furans, mercury, antimony, and other toxic 
substances.

The consequences associated with the increased use of alternative flame retardants in FR-4 PCBs 
from a smelting perspective are largely unknown, although combustion and pyrolysis testing 
results described in chapter 6 may help elucidate possible impacts, and some predictions can be 
made based on past and current practices.  For example, the flame-retardant fillers silicon 
dioxide and aluminum hydroxide are not expected to pose problems given that smelters routinely 
process silicon dioxide and aluminum hydroxide because they are found in other feedstock.  
Silicon dioxide is also beneficial in that it is used to flux the slag formed through the smelting 
process. Aluminum oxide, derived from either metallic aluminum or from aluminum oxide or 
hydroxide, can be tolerated in limited amounts.  However, aluminum oxides are less effective 
than brominated flame retardants, so a greater load of aluminum oxide is needed to achieve 

feedstock weight (Lehner, 2008). Since the slag used in base metals metallurgy have a limited 
solubility for Al2O3, completely replacing brominated flame retardants with aluminum oxide 
flame retardants would challenge the smelters’ recovery or energy balance.  A substantial 
increase in aluminum load would force smelters to use higher temperatures to overcome higher 
liquid temperatures, or experience higher slag losses as a result of adding slag for dilution.  The 
added slag contains small, but measurable, contents of precious and base metals. 

Phosphorus-based flame retardants are not expected to significantly change the composition of 
the slag product or cause significant problems.  However, formation of phosphine (PH3) from 
phosphorus-based FRs, and acrolein, hydrogen cyanide, and PAH from nitrogen-based FRs, is 
possible since most smelters operate under highly reducing conditions.  Furthermore, little to no 
information is available in the literature on the combustion byproducts of phosphorus-based 
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flame retardants under normal combustion conditions or elevated temperatures approaching 
those found in incinerators or smelters.  As is standard practice, smelters will need to 
continuously evaluate if and how changes in flame-retardant formulation, as well as the overall 
composition of PCBs, will affect their operating procedures and health and safety practices. 
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