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EXECUTIVE SUMMARY

The U.S. Consumer Product Safety Commission (CPSC or Commission) received a request from
the American Academy of Pediatrics, American Medical Women's Association, Consumer
Federation of America, Consumers Union, Earthjustice, Green Science Policy Institute,
International Association of Fire Fighters, Kids in Danger, Philip J. Landrigan, M.D., M.P.H.,
League of United Latin American Citizens, Learning Disabilities Association of America
National Hispanic Medical Association, and Worksafe (petitioners) to promulgate a rule under
the Federal Hazardous Substances Act (FHSA) prohibiting certain products containing non-
polymeric, additive organohalogen flame retardants (OFRs). Specifically, the Petition asks the
Commission to declare that children’s products, upholstered furniture, mattresses/mattress pads,
and casings surrounding electronics are banned hazardous substances if they contain any non-
polymeric, additive, OFR. The petitioners claim that, due to their inherent physico-chemical
properties, additive OFRs as a class (1) are toxic, (2) migrate out of products regardless of how
the product is used, leading to widespread human exposure, and therefore, (3) present a serious
public health concern and risk of adverse health impacts. In addition, the petitioners claim that
warning labels are not adequate to prevent or control exposure, and the use of these chemicals is
not required by any legally binding flammability standard in the four product categories. The
petitioners asked the CPSC to issue a rule under the FHSA, and staff provides a discussion of the
FHSA requirements.

This briefing memorandum provides, to the extent available, existing or readily obtained
information concerning the hazard, market, estimate of risk, annual cost to society, existing
standards and activities, past agency action, feasibility of the petitioners’ request, and a
discussion of the Commission’s options to grant, deny, or defer the Petition.

Staff considers OFRs to represent a broad class of chemicals defined largely by their functional
use and the presence of a halogen, such as a bromine or chlorine (Tab B). The limited data on
OFRs show varying toxicity and exposure potential among individual OFR compounds. These
varying properties of individual OFR compounds indicate that OFRs, in fact, represent several
subclasses of chemicals that should be examined separately. Due to the varying toxicological
properties among OFR subclasses (and even within those subclasses) and because of the many
data gaps relating to toxicity, staff believes that insufficient data exist to assess OFRs as a class
under the FHSA, and one cannot conclude that they all would be considered “hazardous
substances.”

Although there are studies demonstrating human exposure to OFRs, most of the studies cited by
the petitioners cannot be linked to specific products (Tab B). Human biomonitoring data (HBM)
also demonstrate that exposure and uptake occur. However, the mere presence of a chemical
(including those that may be considered toxic under the FHSA) in a person’s blood or urine is
not enough to demonstrate that an adverse health effect or disease may occur because levels may
indicate exposures that are too low to cause these effects in humans. HBM and environmental
data, such as dust, do not reveal the source of the exposure. Rather, both types of data represent
exposure from all sources (including food and vehicles). Thus, it is not possible to determine
that adverse health effects result from exposure to OFRs in the specific products in these
categories that the petitioners identify.
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The petitioners ask the Commission to conclude that OFRs, where limited or no data are
available, possess the same toxicity and exposure potential as OFRs for which data exist and to
use these conclusions to determine that products in these four product categories are “banned
hazardous substances” if they contain any OFRs (Tab B). The Commission’s chronic hazard
guidelines discuss the use of surrogate data' in the context of exposure assessment. However,
the guidelines do not address the use of surrogate data for determining toxicity of a chemical
where no toxicity data are available. The guidelines indicate that surrogate exposure data may be
used in limited circumstances including identifying whether more data are needed and whether
additional studies are necessary; however, this data cannot be used to determine the exposure
potential of an unstudied OFR for regulatory decision making because chemical specific data
would be needed for a robust assessment to support a regulation. Currently, staff considers the
tools available to assess the toxicity of a chemical, without data specific to that chemical, are too
limited to allow surrogate data to be used for toxicological assessments for regulatory decisions.
Therefore, since the limited toxicity and exposure data on OFRs show variation in toxicity under
the FHSA and in exposure potential, OFRs could not be assessed at the class level by staff to
conclude that all products defined by the petitioners with OFRs were hazardous substances under
the FHSA.

Staff evaluated mandatory, voluntary, and international standards for the four product categories
in the Petition. OFRs are not specifically required for any of the mandatory or voluntary
standards reviewed (Tabs C and D). According to the petitioners, OFRs are used extensively in
these four product categories. The petitioners cited a number of studies showing the presence of
OFRs in products. Many of the studies cited by the petitioners are older studies. Additionally,
staff has indications that OFR use is changing. Given recent state regulations and actions by the
Environmental Protection Agency (EPA) and the European Union, statements by manufacturers
about OFR use in some of these product categories, and results from current CPSC staff testing
of children’s products, OFRs may not be used in these product categories as extensively as the
petitioners assert.

Staff discussed the complexity of developing test methods for an unknown set of OFRs and
market survey and compliance testing feasibility in these four product categories (Tab E). As
stated by the petitioners, the number and identities of all OFRs currently in use are unknown.
Staff estimated that it could take years and considerable staff resources to develop test protocols
to analyze OFRs and perform a marketplace survey to support rulemaking if the Petition were
granted.

Staff considered the economic implications of the rule that the petitioners request (Tab F). With
the vast number of OFRs and products potentially affected, staff does not have sufficient
information to assess the possible economic impact of such a rule. However, staff notes that any
rule that bans the use of these OFR chemicals in children’s products would require
manufacturers to certify based on third party testing that each children’s product does not contain

" Exposure data derived from chemicals with similar properties, such as structure, reactivity, or volatility, as the
chemical of interest.
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these chemicals, regardless of whether OFRs were used in their products. Depending on the
scope of the rule or testing requirements, third party testing costs could be high.

Staff evaluated the consumer incidents specifically associated with adverse health effects related
to the presence of OFRs in the four product categories (Tab G). Insufficient data are available in
CPSC’s databases to evaluate consumer incidents associated with OFR use in these categories.

Staff Recommendation

Based on the available information provided by the petitioners and information presented in the
briefing package, staff recommends that the Commission deny the Petition for the following
reason:

e Insufficient toxicological and exposure data supporting the Petition. The petitioners
assert that OFRs should be handled as a class because OFRs as a class have similar
physico-chemical properties. However, even the limited data on OFRs show varying
toxicity and exposure potential among individual OFR compounds. These varying
properties of individual OFR compounds indicate that OFRs, in fact, represent several
subclasses of chemicals that should be examined separately. However, even then,
individual compounds within the same subclass may differ in the effects that they cause,
their potency, mechanism of action, and bioaccumulation potential. Petitioners also
assert that exposure to OFRs occurs through consumers’ exposure to household dust.
The presence of OFR chemicals in household dust does not establish a link to the four
product categories that the petitioners identify. Petitioners have not submitted data
establishing this connection, and staff is not aware of such information.

The FHSA requires consideration of the connection between the toxicity of a substance,
exposure to that substance through customary and reasonably foreseeable use of a
product, and resulting substantial personal injury or substantial illness associated with the
exposure. In the absence of data showing toxicity of all of these OFRs under the FHSA
and uniformity in exposure patterns relating to the use of products in these four
categories, one cannot conclude that all products in the four categories containing any
OFRs are “hazardous substances.” Because petitioners have not submitted such data, and
such data is not currently otherwise available, staff recommends that the Commission
deny the petition and not proceed with the FHSA rulemaking that the petitioners request.

Based on other information provided in the Petition, additional reasons for staff’s
recommendation include ongoing market and regulatory changes affecting the potential
presence of OFRs in these four product categories and the significant resources that would be
required to develop the rule that the petitioners request. Independent of the Petition, staff has
been working to assess the presence of and exposure to OFRs and will continue the ongoing FR
work in the operating plan, with voluntary standards organizations, and coordinating with other
federal agencies.
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TO : The Commission
Todd A. Stevenson, Secretary

THROUGH : Mary T. Boyle, General Counsel
Patricia H. Adkins, Executive Director
DeWane Ray, Deputy Executive Director for Safety Operations

FROM : George A. Borlase, Ph.D., P.E., Assistant Executive Director
Office of Hazard Identification and Reduction

Melanie B. Biggs, Ph.D., Project Manager
Directorate for Health Sciences

SUBJECT Petition requesting rulemaking to protect against consumer products
containing additive organohalogen flame retardants (HP 15-1)

1. Introduction

On July 1, 2015, the American Academy of Pediatrics, American Medical Women's Association,
Consumer Federation of America, Consumers Union, Earthjustice, Green Science Policy
Institute, International Association of Fire Fighters, Kids in Danger, Philip J. Landrigan, M.D.,
M.P.H., League of United Latin American Citizens, Learning Disabilities Association of
America, National Hispanic Medical Association, and Worksafe (petitioners) petitioned the
Commission to promulgate a rule prohibiting certain products containing organohalogen flame
retardants (OFRs). The petitioners requested that the U.S. Consumer Product Safety
Commission (CPSC or Commission) initiate rulemaking under the Federal Hazardous
Substances Act (FHSA) declaring that children’s products, furniture, mattresses/mattress pads,
and casings surrounding electronics are banned hazardous substances if they contain any non-
polymeric, additive, OFR. The Office of the General Counsel docketed the request as a Petition,
HP 15-1 (see Tab A). The Commission published a request for public comment on this Petition
in the Federal Register on August 16, 2015 (80 FR 50238). The Commission also published a
notice of opportunity for oral presentation of comments in the Federal Register on October 26,
2015 (80 FR 65174). This Federal Register notice also extended the comment period from
October 19, 2015 to January 19, 2016, in response to outside requests. Two more Federal
Register notices were published for corrections to previous notices or providing more
information (80 FR 75955 and 80 FR 77591).
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CPSC staff prepared this briefing package in response to the Petition. The briefing package
provides the Commission with information relevant to the Petition, including a review of the
public comments received in response to the Federal Register notices, and a discussion of
options for Commission consideration in light of existing data.

2. lIssue

The petitioners claim that, due to their inherent physico-chemical properties, additive OFRs, as a
class, (1) are toxic, (2) migrate out of products regardless of how the product is used, leading to
widespread human exposure, and therefore, (3) present a serious public health concern and risk
of adverse health impacts. The petitioners asked for a rule that covers four product categories
(children’s products, furniture, mattresses/mattress pads, and casings surrounding electronics).
The petitioners state that these products are used daily by most consumers and that many of these
products contain measurable OFRs. The petitioners claim that:

1. These flame retardants (FRs) must be regulated as a class when used in consumer products so
that consumers are not exposed to regrettable substitutions, using one harmful FR for
another.

2. Consumers cannot be advised on how to use these products in a way to eliminate exposures
and that warning labels are not adequate to prevent or control exposure.

3. This exposure presents a serious public health concern because these chemicals have been
associated with many adverse health impacts, such as reproductive impairment, endocrine
disruption, and neurological impairment.

4. The use of these chemicals is not required by any legally binding flammability standard in
the four product categories, and

5. Each foreseeable way that these four categories of products are used can pose a risk of harm
to consumers if OFRs are added to them.

Based on these claims, the petitioners asked the Commission to promulgate regulations under the
FHSA to declare:

e any durable infant or toddler product, children's toy, child care article or other children's
product (other than children's car seats) that contains additive OFRs, is a "banned hazardous
substance,"

e any article of upholstered furniture sold for use in residences and containing additive OFRs is
a "hazardous substance" and a "banned hazardous substance,"

e any mattress or mattress pad with additive OFRs is a "hazardous substance" and a "banned
hazardous substance," and

e any electronic device with additive OFRs in its plastic casing is a "hazardous substance" and
a "banned hazardous substance."

3. The Framework for Considering a Petition

The Commission’s petition regulations state factors for the Commission to consider when
deciding whether to grant or deny a petition:
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1) Whether the product that is the subject of the petition presents an unreasonable risk of
injury;

2) Whether a rule is reasonably necessary to eliminate or reduce the risk of injury; and

3) Whether failure to initiate rulemaking would expose the petitioner or others to the risk of
injury that the petitioner alleges the product presents.

These considerations are geared more towards the determinations that the Commission would
make to issue a consumer product safety rule under the Consumer Product Safety Act (CPSA).
For this Petition, however, the Commission should consider the determinations needed under the
FHSA. The petition regulations also state that when considering these factors, the Commission
will consider the petition in relation to the agency’s priorities as stated in the CPSC’s Policy on
Establishing Priorities and the Commission’s resources available for rulemaking. 16 C.F.R.§
1051.9(a).

4. Product Description

The four product categories associated with this Petition are children’s products, furniture,
mattresses/mattress pads, and casings surrounding electronics. Petitioners define these products
as follows: Children’s products include any durable infant or toddler product,” children's toy,>
child care article/or other children's product,* other than children's car seats. Furniture includes
any article of upholstered furniture” sold for use in residences. Mattresses® includes products
intended or promoted for sleeping upon whose ticking is filled with a resilient material. A
mattress pad’ is a thin mat, cushion, or ticking filled with resilient material that is used on the top
of a mattress. Electronics includes any consumer electronic device with a plastic casing
surrounding it.

FRs are chemicals added to natural and synthetic materials to improve their resistance to
ignition, reduce flame spread or burning rate after ignition occurs.® Thus, FRs reduce the risk of
injury from fires, and in many situations, provide additional time to escape from fires.” FRs are
used in many consumer products, such as building materials, furniture, plastics, electronics
equipment, and textiles. Additive FRs are typically applied to foams, textiles, and polymers
before, during, or after production, and before manufacturing of the end product. Additive FRs
are not chemically bound to the substrate and may be released from the product, thereby leading
to potential human and environmental exposures. The petitioners are concerned with additive

? As it is defined in 15 U.S.C. § 2056a(f).

? As it is defined in 15 U.S.C. § 2057¢(g)(1)(B).

* As it is defined in 16 C.F.R. § 1200.2(a)(1).

> As it is defined in the CPSC's notice of proposed rulemaking proposing a "Standard for the Flammability of
Residential Upholstered Furniture,"73 Fed. Reg. 11702 (March 4, 2008), Proposed 16 C.F.R. § 1634.2(a).

% As it is defined in 16 C.F.R. § 1632.1(a).

7 As it is defined in 16 C.F.R. § 1632.1(b).

¥ WHO, 1998. Environmental Health Criteria, 209. ISBN 92-4-157209-4; 209 (0). 1998

’ IPCS, 1997. Environmental health criteria for flame retardants: A general introduction. Vol. 192; WHO, 1998.
Environmental Health Criteria, 209.
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FRs that contain halogens, such as bromine or chlorine. This Petition covers these four product
categories that contain non-polymeric, additive, OFRs.

5. FHSA™Y

The petitioners asked the CPSC to promulgate a rule under the FHSA to declare that children’s
products, upholstered furniture, mattresses/mattress pads, and casings surrounding electronics are
banned hazardous substances if they contain any non-polymeric, additive, OFR. The FHSA
requires cautionary labeling for hazardous substances intended or packaged in a form suitable for
use in the household or by children. Under the FHSA, to ban a substance, the Commission must
determine that the hazard posed by the presence or use of the substance in the product is such
that the labeling required by the FHSA would not protect the public health and safety. However,
a toy or other article intended for use by children that is, bears, or contains a hazardous substance
that a child can access is a “banned hazardous substance” under the FHSA, regardless of
labeling. 15 U.S.C. § 1261(q)(1). To be considered a "hazardous substance" under the FHSA, a
substance or product must satisfy a two-part definition. First, the substance or product must be
“toxic,” as defined under the FHSA, or present one of the other hazards enumerated in the
statute.!’ Second, the substance or product must have the potential to cause substantial personal
injury or substantial illness during or as a result of customary or reasonably foreseeable handling
or use, including ingestion by children. 15 U.S.C. § 1261(f)(1)(A). In other words, the
determination that an item is a “hazardous substance” is risk based. When assessing whether a
household product is a hazardous substance under the FHSA (and thus, would require cautionary
labeling), CPSC staff considers the customary and reasonably foreseeable use of the product, the
formulation of the product, and any adverse health effects associated with the exposure,
including toxicity.

The use of surrogate exposure data when no exposure data exist for a chemical is discussed in
the Commission’s chronic hazard guidelines (CPSC, 1992). The guidelines indicate that
surrogate exposure data may be used in limited circumstances, including identifying if more data
are needed and whether additional studies are necessary. These guidelines do not address the use
of surrogate data for determining toxicity of a chemical where no toxicity data are available.
Surrogate exposure data have not been used extensively by the Commission, and the chronic
hazard guidelines state it “should only be used when data concerning a chemical of interest is
sparse or unavailable and when there is a reasonable assurance that the surrogate data will
accurately represent the chemical of interest” (CPSC, 1992).

6. Health Sciences Assessment (TAB B)

The Directorate for Health Sciences (HS) staff provides a discussion on how the CPSC addresses
risk to consumers from exposure to substances in consumer products under the FHSA. HS staff
also discusses assessing OFRs as a class, in terms of toxicity and exposure information on
studied OFR chemicals, existing data gaps in this information, and the scope of the Petition. The

12 See Tab B.
! Other hazards enumerated in the statute include corrosive, an irritant, a strong sensitizer, flammable or
combustible, or generates pressure through decomposition, heat or other means.
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first step in the risk assessment process is hazard identification, that is, to review the available
toxicity data for each chemical under consideration and determine whether the chemical is
“toxic” under the FHSA. The FHSA defines the term “toxic” to apply to any substance that has
the capacity to produce personal injury or illness through ingestion, inhalation, or absorption
through any body surface. 15 U.S.C. § 1261(g). Thus, the FHSA applies to both acute and
chronic toxicities. If a substance is determined to be “toxic” under the FHSA due to acute or
chronic toxicity, then a quantitative assessment of exposure and risk is performed to determine
whether the chemical may be a “hazardous substance” under the FHSA, which includes
consideration of dose response, bioavailability, and exposure.

OFRs as a Class of Chemicals

Staff considers that OFRs represent a broad class of chemicals defined largely by their functional
use and the presence of a halogen, such as a bromine or chlorine. The limited data on OFRs
show varying toxicity and exposure potential among individual OFR compounds. These varying
properties of individual OFR compounds indicate that OFRs, in fact, represent several subclasses
of chemicals, and one cannot conclude that they all would be considered “hazardous substances”
under the FHSA. Examples of these subclasses are discussed in Tab B, and include
polybrominated diphenyl ethers (PBDEs), brominated aromatic FRs, brominated aliphatic FRs,
and chlorinated alkyl phosphates.

Toxicity Data

Petitioners state that exposure to any chemical in the OFR class poses human health risks, and
they present information about specific OFRs that present risks to human health. However, to
ban products containing OFRs as a class, the Commission would need to conclude that every
OFR is toxic under the FHSA.

Under CPSC’s chronic hazard guidelines, a conclusion that a chemical is “probably toxic to
humans” must be supported by either sufficient evidence in animal studies or limited evidence in
humans. When examining OFRs at the class or subclass level, however, toxicological properties
of individual OFRs are not uniform and show variation in their potential health effects and in
their potential toxicity under the FHSA. As shown in Table 2 in Tab B, OFRs that are
structurally similar affect different endpoints and have greater or lesser toxicity under the FHSA,
For example, while most brominated FRs show effects on the thyroid at high doses, the
toxicological effects of chlorinated alkyl phosphate OFRs are varied in animal experiments, with
some being suspected carcinogens and others showing thyroid hormone disruption or
neurotoxicity. OFRs also vary in their bioaccumulation potential'* among and within subclasses.
For example, although PBDEs (representing certain brominated OFRs) have a relatively high
bioaccumulation potential, other brominated OFRs, such as tetrabromobenzoate (TBB) and
tetrabromobisphenol A (TBBPA), show a low potential for bioaccumulation. Additionally, a
chlorinated alkyl phosphate OFR, V6,"? is not considered bioaccumulative. Furthermore, as

12 Accumulation of a substance in an organism.
1% 2,2-bis (chloromethyl)propane-1,3-diyl tetrakis(2-chloroethyl)bis (phosphate)
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illustrated in Table 2, Tab B, toxicity data are incomplete, limited, or lacking for this subset of
OFR compounds. Due to the varying toxicological properties among OFR subclasses (and even
within those subclasses) and the many data gaps relating to toxicity, available data indicate that
one cannot consider OFRs as a class under the FHSA because one cannot conclude that every
OFR would meet the toxicity prong of the FHSA’s definition of “hazardous substance.” Staff’s
memo at Tab B discusses in greater detail the varying characteristics of OFRs for which staff has
information.

Exposure Data

Based on their physico-chemical properties, most OFRs are classified as semi-volatile organic
compounds (SVOCs) and slowly emit from products over time during normal use and tend to
adsorb to dust particles. This persistence in the indoor environment causes them to redistribute
from their original source and separate into air, dust, and onto surfaces leading to potential
exposure. The likelihood of exposure to chemicals is specific for each person and impacts the
amount of chemical someone may be exposed to. Furthermore, the extent of exposure to a given
OFR will depend on the specific product containing that OFR because different exposure
pathways, such as inhalation, ingestion, or dermal contact, and varying contributions of those
exposure pathways will exist for each product based on its use. Additionally, the potential for
exposure may vary among different OFR chemicals. For example, some studies have suggested
that inhalation exposure to chlorinated OFRs is more of an issue than for PBDEs, due to their
high water solubility and lower hydrophobicity.

Although some studies demonstrate human exposure to OFRs, most of the studies cited by the
petitioners cannot be linked to specific products, and most of the environmental data on OFRs is
from dust or air in the indoor environment. Petitioners assert that exposure to OFRs occurs
through consumers’ exposure to household dust. Because many studies have small sample sizes
and different collection methodologies, assessment and comparison of these studies is difficult.
Another form of data, human biomonitoring data (HBM) (i.e. blood or urine) also demonstrate
that exposure and uptake occurs. Petitioners state that, according to the Centers for Disease
Control and Prevention (CDC), 97 percent of people living in the United States have measurable
quantities of OFRs in their blood. However, the mere presence of a chemical (including those
that may be considered toxic under the FHSA) in a person’s blood or urine is not enough to
demonstrate that an item containing that chemical is a “hazardous substance” under the FHSA
because levels may indicate exposures that are too low to cause these effects in humans. HBM
and environmental data do not reveal the source of the exposure. Rather, both types of data
represent exposure from all sources (including food and vehicles). Thus, it is not possible to
determine that adverse health effects result from exposure to OFRs in the specific products in
these categories that the petitioners identify, and these data are not an accurate measure of OFR
exposure concerning those enumerated product categories. For the Commission to issue the
regulation that the petitioners request based on exposure to dust or HBM data, the Commission
would need to determine a connection between the four product categories covered in the
Petition and OFRs measured in household dust or blood or urine. Petitioners have not submitted
data establishing these connections, and staff is not aware of such information. In the absence of
exposure data relating to the specified product categories in the Petition, it would be difficult for
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the Commission to determine that those categories of products that contain OFRs are “hazardous
substances.”

Use of Surrogate Data

Although many data gaps exist concerning the toxicity and exposure data for OFRs, the
petitioners are asking the Commission to conclude that OFRs, where limited or no data are
available, possess the same toxicity and exposure potential as OFRs where data exist. The
petitioners ask the Commission to use these conclusions to determine that products in these four
product categories are “banned hazardous substances” if they contain any OFRs. The
Commission’s chronic hazard guidelines (16 C.F.R. §1500.135) discuss the use of surrogate data
in the context of exposure assessment. The guidelines indicate that surrogate exposure data may
be used in limited circumstances, including identifying whether more data are needed and
whether additional studies are necessary; however, this data cannot be used to determine the
exposure potential of an unstudied OFR for regulatory decision making. The guidelines indicate
that surrogate exposure data may be used in limited circumstances, including identifying if more
data are needed and whether additional studies are necessary. Staff notes that the guidelines do
not address the use of surrogate data for determining toxicity of a chemical where no toxicity
data is available. Currently, staff considers the tools available to assess the toxicity of a
chemical, without data specific to that chemical, are too limited to allow surrogate data to be
used for toxicological assessments for regulatory decisions. Therefore, OFRs could not be
assessed at the class level by staff under the FHSA.

Scope of the Petition

The petitioners ask for a uniform rule that covers a range of products and a vast number of
chemicals, the actual numbers and identities of which are unknown 14 and are not in fact
uniform. Additionally, information on the uses of OFRs is largely unknown because
manufacturers of consumer products are not required to report the inclusion of these substances
to CPSC before manufacturing their products. It is difficult to conclude that all OFRs when used
in the four product categories are “hazardous substances” and should be removed from
commerce due to the variations in the toxicity of these OFRs and varying exposure patterns of
use concerning these different products.

7. Organohalogen Flame-Retardant Usage in Four Product Categories™

According to the petitioners, OFRs are used extensively in children’s products, upholstered
furniture, mattresses/mattress pads, and plastic casings surrounding electronics. The petitioners
cite a number of studies showing the presence of OFRs in these products. However, the extent to
which OFRs are actually used in these product categories is unclear. Recent state regulations
and actions by the Environmental Protection Agency (EPA) and the European Union appear to
be having an effect on how and in what products OFRs are being used. Thus, many of the

4 CPSC-2015-0022-0135.
15 See Tabs B, C, and F.
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studies the petitioners cite are outdated and may not reflect the current usage of OFRs in these
product categories. In addition, new OFRs are being introduced, and analytical standards are not
available to identify these FRs.

Several commenters stated that OFRs are not used in upholstered furniture, mattresses/mattress
pads, or some children’s products, such as jewelry. According to the American Home
Furnishing Alliance (AHFA), FRs were used in upholstered furniture to meet the open-flame
requirements of the California flammability standard Technical Bulletin (TB) 117. However, TB
117 was amended in 2013, and FRs are no longer required to meet the standard. Consequently,
the AHFA claims that there has already been a significant reduction in the use of FRs in
upholstered furniture, and the use of FRs in upholstered furniture “will soon be very low or non-
existent.”'® At this time, CPSC staff does not have the data to confirm or negate this statement
on the reduction of FR use in upholstered furniture. Another commenter stated that FRs are not
needed in upholstered furniture because barrier fabrics or inherently flame-resistant materials are
available to meet fire safety standards.'’

Mattress manufacturers have numerous technologically feasible and viable solutions that do not
involve added FRs, including fiber and fabric barriers, for meeting the requirements set forth in
the CPSC’s flammability standards, 16 C.F.R. part 1632 and 16 C.F.R. part 1633. Therefore,
OFRs are not needed to meet federal mattress flammability standards.'® According to the
International Sleep Product Association (ISPA), the trade association for the mattress industry,
the United States mattress industry does not spray finished mattresses with any FR chemicals to
meet federal standards for residential mattresses, and ISPA opposes any standards that require
the use of FRs.

The mandatory and voluntary standards for children’s products do not require the use of FRs for
these products to satisfy the standards. According to one commenter, toy manufacturers
typically do not add FRs to toys'’; however, OFRs may be present in circuit boards, which are
excluded in this Petition. Current work is being performed by CPSC staff on commonly used
children’s products, such as upholstered chairs, crib mattresses, and soft carriers, to determine
FR presence. Thus far, staff has detected OFRs in about 22 percent of the children’s products
tested that contained polyurethane foam, which is a lower frequency of detection than in many of
the reported studies in the literature.

Given the recent state regulations and actions by the EPA and the European Union regarding
OFRs, statements by manufacturers of OFR use in some of these product categories, and current
CPSC staff children’s products testing, OFRs may not be as pervasive in these product categories
as the petitioners’ state. To determine OFR presence in these four product categories, staff
would need to conduct additional studies to identify which FRs are being used in these products.

1 CPSC-2015-0022-0077.
7 Public Meeting (PM) 28.
'8 CPSC-2015-0022-0179.
1 CPSC-2015-0022-0176.
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8. Laboratory Sciences Engineering Assessment (TAB C)

The Directorate for Laboratory Sciences Engineering (LSE) reviews existing mandatory,
voluntary, and international flammability standards relating to upholstered furniture, mattresses
and mattress pads, and children’s products. LSE staff also discusses OFR use in these standards.
None of the mandatory or voluntary standards reviewed require OFRs. The mandatory CPSC
standards that apply to mattresses and children’s products are performance standards and not
design standards. The standards do not require the use of any specific design features, methods
of assembly, or specific components, including the use of any FR chemicals or treatments.
Voluntary standards for children’s products do not require the use of FRs for these products to
satisfy the standards. The applicable voluntary standards and California’s revised TB 117 (TB
117-2013) requirements for upholstered furniture are performance based and do not require the
use of FRs. The mattress and upholstered furniture industries have provided information to
CPSC stating that OFRs are not used in their products.

9. Engineering Sciences Electrical Engineering Assessment (TAB D)

The petitioners have expressed concern of OFR use in “electronic casings.” Staff clearly
distinguishes “electronic” device casings from “electrical” device casings, with consumer
electronic devices being a subset of electrical devices. The Directorate for Engineering Sciences
Electrical Engineering (ESEE) staff provides a definition of “consumer electronics” as products
classified as information technology and audio and video equipment. Examples of such
equipment are personal computers and computer displays, cell phones, televisions, power
adapters, cameras, and similar electronic products. Electronic product enclosures are designed to
provide a level of protection against electric shock, excessive temperatures, radiation, implosion,
mechanical hazards, and fire to reduce the likelihood of a fire spreading from a product or to
provide resistance against ignition due to external flame sources, such as candles. There are no
mandatory federal requirements for the use of OFRs in the construction of electronic device
casings. The applicable voluntary standards for consumer electronic products do not require the
construction of electronic casings with plastics, and the use of plastics is an optional approach.
However, when manufacturers choose to use plastics, OFRs appear to be the preferred FRs used
in product casings to meet current flammability requirements in these voluntary standards. An
economic analysis would be needed to understand the financial impact of moving from plastic
fire casings dependent on OFRs to fire casings formed from metal or a casing consisting of two-
part constructions before proceeding with FHSA rulemaking.

10. Laboratory Sciences Chemistry Assessment (Tab E)

The Laboratory Sciences Chemistry (LSC) staff provides a discussion on the complexity of
developing test protocols for an unknown set of OFRs, a marketplace survey, and compliance
testing feasibility in these four product categories if the Petition were approved and the
Commission issued the rule that the petitioners’ request. The Petition requests that all OFRs
added as FRs be prohibited; therefore, dozens of test methods would need to be developed and
certified to cover the multitude of organohalogen compounds that may be used as an FR.
Multiple test methods would be required due to the range of properties of the many different
OFRs. Additionally, the petitioners state that the requested rule would only apply to OFRs if
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they are intentionally added. It is unclear how “additive OFRs” would be defined, as
laboratories cannot test to distinguish additive use, and the petitioners ask the Commission to
determine an appropriate detection level. LSC staff explains the numerous practical and resource
challenges they would encounter establishing a program to support the rule that the petitioners
request.

11. Economic Analysis Assessment (TAB F)

The Directorate for Economic Analysis (EC) staff reviews the use of OFRs in these four product
categories and the economic impact if the Commission grants the Petition and ultimately issues
the rule petitioners’ request. Flexible polyurethane foam (FPF) can be used in a variety of
consumer applications, including mattresses and mattress pads and upholstered furniture. FPF
can also be used as padding in many durable infant and toddler products and stuffed toys.
Although additive OFRs can be used in FPF, not all polyurethane foam contains FR chemicals.
In the past, OFRs may have been used in polyurethane foam of upholstered furniture to meet
California’s TB 117 flammability standard; however, manufacturers of other consumer products,
such as mattresses and mattress pads and many children’s products, may also have used this
treated foam. TB 117 was amended in 2013 to reduce the use of FRs to comply, and some states
have also passed laws regulating specific OFRs. Based on the amendment of TB 117 and public
comments from trade associations, staff believes that OFR use is greatly reduced and that OFRs
are not commonly used in upholstered furniture, mattresses and mattress pads, and most
children’s products. The extent to which FR chemicals are used in the plastic casings of
electronics devices is unknown; however, electrical manufacturers have stated that OFRs are
used in these plastic casings to mitigate the potential fire hazard within the devices.*

Staff does not have sufficient information to evaluate the societal cost of injuries or illnesses
associated with the use of OFRs. However, a rule that banned the use of these chemicals in
children’s products would require that manufacturers certify that their products do not contain
the chemicals based on third party testing. Depending on the scope of the rule or testing
requirements, third party testing costs could be high.

12. Epidemiology Assessment (TAB G)

The Directorate for Epidemiology Hazard Analysis (EPHA) evaluates consumer incidents
specifically associated with adverse health effects related to the presence of OFRs in the four
product categories that the Petition asks the Commission to regulate. EPHA staff searched two
databases: the National Electronic Injury Surveillance System (NEISS) and the Consumer
Product Safety Risk Management System (CPSRMS). Neither NEISS nor CPSRMS databases
reports cases of adverse health effects related to the presence of OFRs in children’s products,
plastic casings surrounding electronic devices, mattresses or mattress pads, or upholstered
furniture. Therefore, due to insufficient data, staff could not provide the requested evaluation.

20 CPSC-2015-0022-0060.
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13. Staff Response to Comments Received on the Petition and at Public Meeting (Tab H)

The Commission published a request for public comment on this Petition (CPSC-2015-0022) in
the Federal Register on August 16, 2015. The comment period ended on October 19, 2015, but
the Commission extended the comment period to January 19, 2016, in response to outside
requests. The Commission received a total of 204 comments from domestic and international
bodies. However, some comments included multiple supporter signatures or letters within the
comment. The majority of the 204 comments received support granting the Petition, with
consumer advocate groups submitting the bulk of these comments. A total of 16 comments
support denying the Petition, and most of these comments were submitted by trade associations.

The Commission also published a notice of opportunity for oral presentation of comments in the
Federal Register on October 26, 2015. The public meeting was held at the CPSC on December
9, 2015, or by telephone, and 28 panelists spoke. Panelists from government, advocacy groups,
academia, trade associations, and industry presented to the CPSC Commissioners at the public
meeting. The presenters included 10 panelists from organizations representing the Petitioners
and 14 representing affiliations that also submitted written comments to the docket.

Many written comments included statements from commenters regarding their concern about
toxic chemicals in consumer products, the health effects associated with this class of chemicals,
FR migration out of chemicals and into dust, and preventing child exposure to toxic chemicals.
Panelists reiterated the Petition’s points and also discussed the broad nature of the Petition, that
any work on these chemicals must be risk-based, fire safety, state actions on OFRs, and studies
that measured OFRs in some of these products categories.

Other commenters and panelists provided discussions on a variety of topics, including:

OFR use in certain product categories and exemptions should the Petition be granted,
Fire safety and voluntary standards,

Other government actions on OFRs,

Economic burden should the Petition be granted,

Fire science, toxicity and exposure studies, and

Information on chemical mixtures regulation.

Tab H presents the issues raised by the comments and staff’s responses. The major issues are
summarized below.

CPSC Authority Under the FHSA

Several commenters discussed CPSC’s authority under the FHSA to grant the Petition. Some
stated that the petitioners’ requested rulemaking is inconsistent with the requirements of the
FHSA, an inappropriate application of the FHSA, and the FHSA requires that a substance cannot
be banned unless the CPSC evaluates the substance as it is intended to be used in a household.
CPSC staff has considered the petitioners’ request in light of the Commission’s regulations
regarding petitions for rulemaking, and requirements for rulemaking under the FHSA. The
FHSA requires consideration of the connection between a substance, exposure to that substance
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through use of a product, and the resultant injury or illness. The Commission has the legal
authority to address the Petition under the FHSA. This briefing package discusses the available
information that would (or would not) support the rulemaking petitioners request and points out
resource and other limitations that the Commission might consider when determining whether to
grant the Petition.

Commenters also discussed labeling of products containing OFRs. Some stated that labeling is
insufficient to protect children and families from OFR risk, while others discussed how
cautionary labeling is required under the FHSA on these products and that no determination has
been made that “labeling is inadequate to protect public health and safety.” The FHSA requires
cautionary labeling on the immediate container of hazardous substances that are intended or
packaged in a form suitable for use in the household. This labeling informs consumers how to
safely store and use those products and gives consumers information about immediate first aid
steps to take if an accidental exposure occurs. Cautionary labeling is required if the household
product meets the FHSA definition of “hazardous substance.”

Overly Broad Petition

Many commenters asserted that the Petition is overly broad with respect to chemicals and
products included, and that CPSC must regulate based on science and data. They encouraged the
CPSC to clearly define the Petition’s scope as it relates to products and FR chemicals included
and to thoroughly review and evaluate the chemicals within this organohalogen class. Staff
considers that OFRs represent a broad class of chemicals defined largely by their functional use
and the presence of either a bromine or chlorine. The limited data on OFRs show varying
toxicity and exposure potential among individual OFR compounds. These varying properties of
individual OFR compounds indicate that OFRs in fact represent several subclasses of chemicals
that should be examined separately, and one cannot conclude that they all would be considered
“hazardous substances” under the FHSA (see Tab B, Section 4). The FHSA requires
consideration of the connection between the toxicity of a substance, exposure to that substance
through customary and reasonably foreseeable use of a product, and resulting substantial
personal injury or substantial illness associated with the exposure.

Risk-Based Approach Should Be Taken for Assessment

Many commenters stated that a risk-based approach should be taken when examining each
member in this class of chemicals, which includes determining exposure potential and hazard
and performing rigorous risk assessments. Others discussed how exposure should be assessed
when evaluating these chemicals and how the presence of a chemical does not indicate exposure.
The FHSA applies to “hazardous substances.” Under the FHSA, any substance or mixture of
substances that is “toxic,” as defined in FHSA regulations, is considered to be a “hazardous
substance,” if such substance or substances may cause substantial personal injury or substantial
illness during or as a result of reasonable foreseeable handling or use. 15 U.S.C. §
1261(f)(1)(A). Therefore, when assessing potential chemical hazards under the FHSA, CPSC
staff considers not only the toxicity of the substance, but also exposure and the risk of any
adverse health effects associated with the exposure.
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Commenters discussed the science behind banning an entire chemical class; some deemed it
unscientific, while others stated that regulating these chemicals together makes scientific sense,
due to their similar physico-chemical properties, structure, and environmental fate
characteristics. The use of surrogate exposure data (such as data derived from chemicals of
similar structure or reactivity as the chemical of interest) when no exposure data exist for a
chemical is discussed in the Commission’s chronic hazard guidelines. 16 C.F.R. § 1500.135.
These guidelines do not address the use of surrogate data for determining toxicity of a chemical
where no toxicity data are available. Surrogate exposure data have not been used extensively by
the Commission, and it “should only be used when data concerning a chemical of interest is
sparse or unavailable and when there is a reasonable assurance that the surrogate data will
accurately represent the chemical of interest.”

Many commenters discussed how the presence of a chemical in a person’s blood or urine does
not equate to adverse health effects or disease. The mere presence of a chemical (including those
that may be considered toxic under the FHSA) in a person’s blood or urine is not enough to
demonstrate that an item containing that chemical is a “hazardous substance” under the FHSA
because levels may indicate exposures that are too low to cause these effects in humans. Under
the FHSA, to be a “hazardous substance” (and potentially subject to regulation) a substance or
mixture of substances that is “toxic,” must also cause substantial personal injury or substantial
illness during or as a result of reasonable foreseeable handling or use. 15 U.S.C. §
1261(f)(1)(A). Human biomonitoring data do not reveal the source of the exposure; rather it
represents exposure from all sources. Accordingly, these data are not an accurate measure of
OFR exposure concerning those enumerated product categories.

Organohalogen Flame-Retardant Use in Products

Commenters discussed OFR use within these product categories, and they stated that
manufacturers of upholstered furniture, mattresses, and children’s jewelry do not use OFRs.
These statements are consistent with industry information provided to staff regarding the lack of
use of OFRs in these products. No federal standards require specific components for fire
performance and fire safety. TB 117-2013 is the current standard for furniture sold in the state of
California, and it is a performance-based standard that does not require the use of FR chemicals.
While the previous version of TB 117 did not state that FRs must be used to meet the standard, it
did contain an open-flame flammability performance test that was usually met by using FR
chemicals. Mattress prototypes must comply with open-flame and smoldering ignition
mandatory standards 16 C.F.R. parts 1633 and 1632, respectively. The standards are
performance based and do not require specific FR components. Mattress manufacturers meet the
performance requirements of the standards with the use of fiber technologies and barriers, rather
than with chemical treatments. Children’s jewelry products do not have to satisfy flammability
standards.

Upholstered Furniture

Commenters discussed the role of upholstered furniture in fires in the United States and noted

that upholstered furniture is the leading item involved in home fire deaths. They also

emphasized finding ways to maintain fire safety, while also protecting human and environmental
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health, and urged the Commission not to dismiss the human, economic, and environmental
impact of fire when assessing this Petition. CPSC staff is aware of the hazard that upholstered
furniture presents in home fires. The CPSC is currently in rulemaking under the Flammable
Fabrics Act (FFA) to create a flammability standard for upholstered furniture. Petitioners have
requested rulemaking under the FHSA to address potential adverse health effects associated with
four classes of products containing OFRs. In conducting FHSA rulemaking to address potential
adverse health effects associated with products containing OFRs, the Commission would assess
this potential hazard, while also considering costs and benefits of implementing the requested
rule, including those related to flammability and fire safety.

Electronic Devices

Many commenters discussed the use of OFRs in electronic devices to meet mandatory standards.
Some commenters stated that flame and heat resistance are inherently necessary characteristics
of these devices, and argued that banning the use of these FRs in electronics could increase
consumer exposure to immediate dangers in the home, which are not present today due to the use
of these chemicals. There are no mandatory standards that require the use of OFRs for electronic
device casings, but there are increased flammability requirements for various electrical
components used in buildings to comply with state and local electrical codes. However, the
Petitioners limited their request to the plastic casings for electronic devices, excluding the
casings for electrical products. The use of a flame-resistant plastic casing (enclosure) is not
required by the applicable voluntary standards UL 60950, “Information Technology Equipment”
and UL 60065, “Audio, Video and Similar Electronic Apparatus,” but it is optional. Other
methods exist for creating an electronic casing, such as use of metal. An economic analysis
would be necessary to understand the costs/benefits of other methods for creating a casing,
instead of using a casing made of flame-resistant plastics.

Standards

Many commenters stated that the Commission should favor performance-based safety standards
and should refrain from setting prescriptive standards like those requested by the petitioners.
Some commented that prescriptive standards stifle innovation, which could negatively impact the
manufacturer’s ability to implement new safety advances efficiently. Other commenters stated
that relying on voluntary standards groups to proactively address risks when they become
evident is a prudent way for CPSC to regulate, by allowing the regulated community to address
hazards in a flexible manner. In the Petition, petitioners seek FHSA rulemaking regarding OFRs
to address adverse human health impacts resulting from the presence of these FRs in the
petitioner-specified product categories. Accordingly, the relevant inquiry regarding this potential
hazard would be to examine the presence of voluntary standards that would eliminate or
adequately reduce adverse human health impacts associated with the presence of OFRs in the
enumerated classes of consumer products. The Commission would further examine this issue,
should it proceed in the future with rulemaking, to address potential adverse health impacts
relating to consumer products that contain specific OFRs.
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Economic Burden

Many commenters discussed the potential burden on the supply chain to procure and integrate
viable alternatives for compliance of these product categories, should the Commission ban
certain products containing OFRs as requested by petitioners. The commenters noted that
chemical alternatives may not be available in some instances, such as in enclosures for electronic
devices. Other commenters stated that CPSC, along with EPA, must investigate any identified
alternatives to OFRs for use in these products, and some commenters cited examples of
companies that redesigned and reengineered their products to satisfy flammability tests without
FRs. Commenters remarked that manufacturers are ready, able, and willing to eliminate the use
of OFRs. If the Commission grants the Petition and proceeds with rulemaking, Commission
staff would need to prepare a regulatory analysis that examines the costs and benefits of the rule.
In order to perform this analysis, Commission staff would need to conduct additional analysis to
determine the extent that OFR chemicals are used in consumer products, the benefits of
eliminating the chemicals in certain applications, and the costs that could be associated with
eliminating the OFR chemicals from certain products where they are used. This could involve
investigating the costs of not using any FRs in the products, using inherently FR materials, or the
potential costs and risks associated with substitute chemicals and potential alternative chemicals.

Several commenters noted that if the agency proceeds with rulemaking under the FHSA, the
Commission must consider the relationship between costs and benefits in a proposed rule. If the
Commission grants the Petition and proceeds with rulemaking, staff must conduct an economic
analysis that considers the costs and benefits of the proposed rule, as well as alternatives to the
rule. CPSC staff would also be required to conduct an analysis under the requirements of the
Regulatory Flexibility Act to determine the potential impact on small entities.

Many commenters expressed concern about the impact of potential third party testing costs on
firms if CPSC promulgated a rule to ban chemicals listed in the Petition, and some commenters
provided estimates of these costs. According to Section 14 of the CPSA, manufacturers,
importers and private labelers of children’s products must certify that their products comply with
all applicable children’s product safety rules, based upon third party testing. Therefore, if the
scope of any rule resulting from this Petition included children’s products, those manufacturers,
importers, or private labelers would have to obtain third party tests of their products showing that
they complied with the regulations. If the Commission promulgated a rule banning OFRs in
children’s products, the cost of the third party testing could be significant for some companies.

Fire Safety

Several commenters discussed fire safety and OFRs, with some stating that there is no
meaningful fire safety benefit for OFR use in any of the product categories in the Petition. Other
commenters discussed a possible decrease in fire safety with a ban of OFRs. The petitioners
have requested rulemaking under the FHSA to address potential adverse health effects associated
with various classes of products containing OFRs. In conducting FHSA rulemaking to address
potential adverse health effects associated with products containing OFRs, the Commission
would assess this potential hazard and also consider costs and benefits of implementing the
requested rule, including those related to flammability and fire safety.
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Other Government Action on OFRs

Commenters discussed redundancy of this Petition noting that the EPA is assessing FR
chemicals (some are OFRs) under the Toxics Substances Control Act (TSCA). Other
commenters countered that this work would not be redundant because, although EPA has started
looking at clusters of OFRs, this work could take years, and EPA would be unable to ensure that
new chemicals developed as replacements for OFRs do not pose their own risks. Currently, EPA
is evaluating FRs, including OFRs. CPSC and EPA staff are working together to coordinate
activities to share information and prevent duplication of effort.

Commenters discussed regulatory actions taken by states on OFRs. Commenters asserted that
the state actions can only go so far, and suggested that CPSC could facilitate this process. CPSC
may consider the benefit of a federal regulation to provide consistency across states that already
have requirements for certain commodities.

14. Options

A. Grant the Petition

The Commission could grant the Petition if it believes that available information indicates that
the products identified by the petitioners that contain OFRs are “hazardous substances” as
defined in the FHSA and that, by the end of the rulemaking process, the Commission could
determine that such products are “banned hazardous substances,” as defined in the FHSA, i.e.,
either:
e the product is intended for use by children and is, bears, or contains a hazardous
substance accessible to a child to whom the article is entrusted, or
e the product is intended or packaged in a form suitable for use in the household and,
notwithstanding cautionary labeling, the presence or use of the substance in the
household presents such a hazard that a ban is necessary to protect the public health and
safety.

Granting a Petition does not mean that the Commission would necessarily issue a rule in the
specific form requested in the Petition.

B. Deny the Petition

The Commission could accept the staff’s recommendation and deny the Petition based on the
information presented in this briefing package.

C. Defer Decision on the Petition

If the Commission concludes that more information is necessary before the Commission can
decide whether to grant or deny the Petition, the Commission may defer a decision and direct
staff to collect additional information or take other action.
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15. Staff Conclusions and Recommendations

CPSC staff recommends that the Commission deny the Petition. From the data provided in the
Petition and other available data, staff has determined that declaring products in these categories
to be “banned hazardous substances” if they contain any non-polymeric, additive, OFR, cannot
be addressed as written in the Petition. The reason for this recommendation is that the limited
OFR toxicity and exposure data and variations in this data do not support assessing OFRs at the
class level by staff to conclude that all products defined by the petitioners with OFRs are
hazardous substances under the FHSA. Other reasons for this recommendation include lack of
OFR use in these product categories, current regulatory measures for OFRs, economic burden,
and staff resources.

Under the FHSA, for a substance or product to be considered a “hazardous substance,” it must be
“toxic” as defined by the FHSA, or it must present one of the other hazards enumerated in the
statute. Additionally, it must have the potential to cause substantial personal injury or illness
during, or as a result of, reasonably foreseeable handling and use of the product. The petitioners
assert that OFRs should be handled as a class because OFRs as a class have similar physico-
chemical properties. However, the limited data on OFRs show varying toxicity and exposure
potential among individual OFR compounds. These varying properties of individual OFR
compounds indicate that OFRs, in fact, represent several subclasses of chemicals that should be
examined separately. Although these data gaps exist concerning the toxicity and exposure data
for OFRs, the petitioners are asking the Commission to conclude that OFRs, where limited or no
data are available, possess the same toxicity and exposure potential as OFRs where data exist.
This constitutes a “surrogate data” approach. The Commission’s chronic hazard guidelines (16
C.F.R. §1500.135) discuss the use of surrogate data in the context of exposure assessment. The
guidelines indicate that surrogate exposure data may be used in limited circumstances, including
identifying whether more data are needed, and whether additional studies are necessary;
however, these data cannot be used to determine the exposure potential of an unstudied OFR for
regulatory decision making because chemical specific data would be needed for a robust
assessment to support a regulation. Staff notes that the guidelines do not address the use of
surrogate data for determining toxicity of a chemical where no toxicity data are available.
Currently, staff considers the tools available to assess the toxicity of a chemical, without data
specific to that chemical, are too limited to allow surrogate data to be used for toxicological
assessments for regulatory decisions. Therefore, because the limited toxicity and exposure data
on OFRs show such variation OFRs could not be assessed at the class level by staff to conclude
that all products defined by the petitioners with OFRs were hazardous substances under the
FHSA.

From the exposure studies discussed in the Petition, most are not quantitative and not linked to
specific products. HBM and environmental data also do not reveal the source of the exposure.
Rather, both types of data represent exposure from all sources (including food and vehicles) and
not just from the products on which the petitioners request regulation. Accordingly, these data
are not an accurate measure of OFR exposure relating to those enumerated categories. Thus, it is
not possible to determine that adverse health effects result from exposure to OFRs in the specific
products in these categories that the petitioners identify. The presence of OFR chemicals in
people’s blood and the presence of OFRs in household dust do not establish a link to the four
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product categories that the petitioners identify, which would be necessary for the Commission to
issue the regulation that the petitioners request. Petitioners have not submitted data establishing
these connections, and staff is not aware of such information. It would be difficult or impossible
for the Commission to determine that a certain product that contains OFRs is a “hazardous
substance” without being able to relate the exposure to specific products.

The petitioners state that OFRs are used extensively in these four categories. However,
regulations promulgated by domestic and international governments appear to be having an
effect on reducing the use of OFRs in certain products. A CPSC study on children’s products to
determine OFR use demonstrates this because OFRs were detected in a smaller percentage of
samples containing polyurethane foam than in many of the reported studies in the literature.
Additionally, the mandatory CPSC standards and voluntary standards for products in these
categories are performance based and do not require the use of any specific components, such as
FRs. The revision of a California standard for upholstered furniture in 2013 may have
implications on OFR use in polyurethane foam in these product categories because FR chemicals
may no longer be used to meet the revised standard. Previously, many manufacturers made their
foam with FR chemicals to meet the TB 117 open-flame performance requirements.
Manufacturers of products other than upholstered furniture may have used that foam or foam
made in the same factory, which may explain detection of FR chemicals in products other than
furniture.

Staff estimates that it could take years and considerable staff resources to develop test protocols
to analyze OFRs and perform a marketplace survey to support the rule that the petitioners
request. Determining which OFRs are present in these products would potentially require the
development and certification of dozens of test methods to cover the multitude of organohalogen
compounds that may be used as FRs. Additionally, the availability of standard reference
materials to be used in these methods and the uncertainty of how test labs will determine the
purpose of any organohalogen found while testing would be challenging.

Therefore, based on the above information, staff recommends that the Commission deny the
Petition. The petitioners’ proposal lacks feasibility under the FHSA for the following reasons:

e The limited data on OFRs show varying toxicity and exposure potential among
individual OFR compounds indicating that not all chemicals in this class have the same
toxicity under the FHSA or the same exposure potential.

e The presence of OFR chemicals in household dust does not establish a link to the four
product categories that the petitioners identify. Petitioners have not submitted data
establishing this connection, and staff is not aware of such information.

e The FHSA requires consideration of the connection between the toxicity of a substance,
exposure to that substance through customary and reasonably foreseeable use of a
product, and resulting substantial personal injury or substantial illness associated with
the exposure. Given the varying properties of OFRs and lack of a connection between
OFR measurements in environmental media and use in products in the Petition, support
is lacking to conclude that products containing any OFR are all hazardous substances
under the FHSA.
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Based on other information provided in the Petition, other reasons for staff’s recommendation
are ongoing market and regulatory changes that indicate the presence of OFRs in these four
product categories may be declining and the significant resources that would be needed to
develop the rule that the petitioners request.

Staff will continue: (1) assessing FRs in children’s products; (2) working with voluntary
standards organizations that already exist for upholstered furniture, children’s products, and
electronic devices; (3) monitoring mattress compliance with federal flammability standards; and
(4) working closely with EPA to coordinate activities on FR chemicals, including OFRs.
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TAB A: Petition for Rulemaking to Protect Against
Consumer Products Containing Additive Organohalogen
Flame Retardants
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VIA EMAIL - tstevenson@cpsc.gov

Mr. Todd Stevenson, Secretariat

U.S. Consumer Product Safety Commission
4330 East West Highway

Bethesda, MD 20814

Re: 16 C.F.R. § 1051 Petition for Rulemaking to Protect Against Consumer
Products Containing Additive Organohalogen Flame Retardants

Dear Mr. Stevenson —

In response to a May 19, 2015 letter from Patricia Pollitzer to me, attached please find a revised
Petition for Rulemaking under 16 C.F.R. section 1051, and supporting statements.

If you would like hard copies of these documents, we’d be happy to provide them.
Thank you very much for your assistance.

Sincerely,

fe /JM%M—\/

Eve Gartner

Cc: Ms. Patricia Adkins, Executive Director
Mr. Scott Wolfson, Communications Director

NORTHEAST 48 WALL STREET, 19" FLOOR NEW YORK, NY 10005

T: 212.845.7376 F: 212.918.1556 NEOFFICE@EARTHIUSTICE.ORG WWW . EARTHJUSTICE.ORG
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UNITED STATES CONSUMER PRODUCT SAFETY COMMISSION

Inre: 16 CFR § 1051 Petition for Rulemaking

Petitioners:

American Academy of Pediatrics
American Medical Women’s Association
Consumer Federation of America
Consumers Union

Green Science Policy Institute
International Association of Fire Fighters
Kids in Danger

Philip J. Landrigan, M.D., M.P.H.

League of United Latin American Citizens
Learning Disabilities Association of American
National Hispanic Medical Association
Worksafe

Eve C. Gartner

Earthjustice

48 Wall Street, 19" Floor
New York, NY 10005

(212) 845-7381
egartner@earthjustice.org
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Washington, DC 20006

(202) 939-1012
rweintraub@consumerfed.org

June 30, 2015
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(Abou-Elwafa Abdallah et al., 2016; Stapleton et al., 2009; Sundkvist et al., 2010). In vivo
studies have also measured these FRs in blood and urine, showing that they are bioavailable and
absorptive (EPA, 2015). However, although some of these OFRs have been measured in blood,
urine, and breast milk, the products they are being released from, their quantity, and how they are
being released is unknown.

a. Measurement of PBDEs

Several studies suggest that house dust is a significant source of exposure to PBDEs in the U.S.
(Dishaw et al., 2014b; Lorber, 2008). Studies on PBDEs show that ingestion and dermal contact
with indoor dust are significant pathways for human exposure. One study measured PBDEs on
hand wipe samples, suggesting hand to mouth activity as a source of exposure for these
chemicals. Significant associations between PBDE levels in dust and serum have also been
shown. Ownership of household electronics was also found to be a potential route for PBDE
exposure (Abou-Elwafa Abdallah et al., 2016; Allen et al., 2008; Buttke et al., 2013; Johnson et
al., 2010; Stapleton et al., 2012a). Other studies measured PBDE serum levels, and levels were
higher in children than in their mothers, likely due to maternal transfer and breastfeeding in
infants and hand-to-mouth ingestion in toddlers and children (Eskenazi et al., 2011; Fromme et
al., 2016). Although PBDEs are no longer manufactured, products containing PBDEs are still
present in homes, and PBDEs persist in the environment. Although human exposure is
beginning to decline, it is expected to continue for years, due to the persistent nature of PBDEs.

b. Measurement of Alternative OFRs to PBDEs

TDCPP, TCEP, and TCPP have been detected in both dust and air samples in a variety of indoor
environments, such as homes, day care centers, hospitals, and offices. V6 has been detected in
house and car dust samples (Bradman et al., 2014; Carignan et al., 2012; Dodson et al., 2012;
Fang et al., 2013; Fromme et al., 2014; Marklund et al., 2003; Meeker and Stapleton, 2010;
Stapleton et al., 2009; Stapleton et al., 2014). House dust, hand wipe, and urine samples were
collected to determine the relationship between the home environment and exposure. TDCPP
concentrations in indoor dust were not associated with hand wipe samples; however, the hand
wipe samples were associated with its urinary metabolite. This suggests that hand-to-mouth
contact or dermal exposure may be important pathways of exposure to OFRs (Hoffman et al.,
2015). A significant correlation was found between TCEP levels in dust and indoor air samples
from daycares in Germany. A significant correlation was also observed between these TCEP
levels in dust and indoor air and its metabolite concentration in urine (Fromme et al., 2014).
These chlorinated OFRs have also been measured in adipose tissue, seminal plasma, and breast
milk (CalEPA, 2011; Hoffman et al., 2015; Meeker and Stapleton, 2010; Sundkvist et al., 2010).
A possible association between TDCPP and TPP house dust levels and decreased sperm
concentrations and altered thyroid levels in men have also been noted (Meeker and Stapleton,
2010).

TBBPA has been detected in human serum samples, breast milk, and adipose tissue, and in
household dust. It has also been detected in food, water, and air (Carignan et al., 2012; Dodson
et al., 2012; NTP, 2014; Van Bergen et al., 2015; Wikoff et al., 2015). HBCD has been detected
in house dust, breast milk, and serum, TPP has been detected in breast milk, and BTBPE,

110

THIS DOCUMENT HAS NOT BEEN REVIEWED CLEARED FOR PUBLIC RELEASE
OR ACCEPTED BY THE COMMISSION UNDER CPSA 6(b)(1)



DBDPE, TBB, and TBPH have been detected in house dust (Carignan et al., 2012; Covaci et al.,
2011; Roosens et al., 2009; Stapleton et al., 2008; Stapleton et al., 2009; Sundkvist et al., 2010).
TBBPA is found in human samples at lower levels than other OFRs (Van Bergen et al., 2015),
and in general, concentrations of TBBPA in indoor dust are much lower than those reported for
BPA. Additionally, one study found no correlation between the levels of TBBPA and BPA in
dust samples (Geens et al., 2009; Ma et al., 2014). One retrospective study calculated exposure
to children and toddlers using dust data outside the United States and concluded that dust
ingestion is an important source of TBBPA exposure for these populations. One recent review
also noted that measured concentrations of TBBPA in house dust and human serum samples are
low, and exposure assessments have estimated human exposure of TBBPA to not exceed a few
ng/mg/day (Colnot et al., 2014; Ma et al., 2014). Concern for recycled plastics containing OFRs
has been noted due to TBBPA being detected in Mardi Gras beads (Van Bergen et al., 2015).
HBCD content in dust has been reported as a significant predictor of levels in human serum
(Carignan et al., 2012; Roosens et al., 2009). HBCD has also been found in umbilical cord blood
and breast milk (UNEP, 2010).

OFRs have been detected in children’s products. Children’s products, such as changing table
pads, sleep positioners, nursing pillows, high chairs, and crib mattresses were purchased, and
TDCPP, FM550, V6, TCEP, and TCPP were detected in the foam (Stapleton et al., 2011b). The
State of Washington’s Department of Ecology has tested consumer products to determine the
presence of FR chemicals. In 2011, they screened children’s products with X-ray fluorescence
(XRF) and showed high bromine in children’s furniture foam, but PBDE levels were low;
therefore, they concluded that alterative brominated FRs were being used. In 2012/2013, they
collected more children’s products and detected TDCPP TCEP, TCPP, V6, and FM550 in foam
from these products. TBBPA and HBCD were also detected in some samples. They also
detected TBBPA in four plastic electrical enclosure components (Davies, 2015; Van Bergen et
al., 2015).

FRs are mixed into plastic polymers of electronics additively to prevent or minimize flame
spread. Some studies have measured OFRs in the environmental media surrounding electronic
waste (e-waste) facilities and in the e-waste itself (Van Bergen et al., 2015). In e-waste recycling
facilities of old electronics outside the United States, XRF screening showed high bromine, but
low PBDEs, suggesting alternative FRs were used in these products. DecaBDE, TBBPA,
BTBPE, and DBDPE were measured in e-waste samples in New Zealand, Australia and the
Netherlands. One study in the Netherlands measured TBBPA, PBDEs, 2.4,6-tris(2,4,6-
tribromophenoxy)-1,3,5-triazine (TTBP-TAZ), BTBPE, and DBDPE in plastic electronic
casings, with TBBPA being measured the most. The study concluded that the presence of these
compounds was due to their use as FRs or because of cross-contamination from recycled plastic.
These authors then took the previously screened plastic cases and their extracts and analyzed the
bioactivity of these compounds in a human cell-based assay. None of the OFRs present in the
samples showed estrogenic responses (Ballesteros-Gomez et al., 2016; Van Bergen et al., 2015).
One recent study tested the casings of select electronics (i.e., TVs, laptops, desktops, and
household appliances) in Canada for OFRs using wipe samples and found that a majority of the
samples contained an OFR, such as TDCPP, DBDPE, EH-TBB and BEH-TBP. They also
collected dust samples and found a correlation between OFR wipe levels and their levels in dust,
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suggesting that products with the highest OFR concentrations contribute most to concentrations
in dust (Abbasi et al., 2016).

c. Measurement of OFR metabolites and biomonitoring

Researchers suggest that the metabolites formed by the metabolic transformation of OFRs may
be useful for human biomonitoring (HBM). The dialkyl- and diaryl phosphates that are
generated are eliminated in the urine efficiently and represent the main part of the excreted
metabolites, and methods have been developed to detect some of these metabolites (Cooper et
al., 2011; Fromme et al., 2014). A recent study measured TBBA, a metabolite of EH-TBB, in
>70% of urine samples and suggested that it would be a good biomarker of exposure to FM550.
These TBBA levels were significantly associated with EH-TBB levels measured in hand wipes
(Dishaw et al., 2014b; Hoffman et al., 2014). A metabolite of TDCPP (bis (1,3-dichloropropyl)
phosphate (BDCPP)) was detected in urine samples from men in the United States, and TDCPP
in the house dust may have been a source of exposure (Meeker et al., 2013). BDCPP was also
detected in paired urine samples in U.S. mothers and their toddlers, with higher concentrations in
the children, compared to the mothers, suggesting higher child exposure. These studies suggest
that these metabolites may be useful urinary biomarkers of exposure; however, the potential
toxicity of these metabolites is unknown (Butt et al., 2014; Dishaw et al., 2014b; Hoffman et al.,
2014). Breast milk may be another source for OFR biomarkers of exposure, given that its high
fat content makes it amendable for chemical analysis (Fromme et al., 2016). However, methods
for estimating daily intakes from HBM data are not yet available for the majority of FRs.

6. REGULATORY AGENCIES’ ACTIVITIES ON ORGANOHALOGEN FLAME
RETARDANTS

a. CPSC

CPSC staff has been concerned with FR chemicals in consumer products since the 1970s,
including conducting laboratory research and health risk assessments. These activities have been
largely in connection with flammability standard development for consumer products, such as
upholstered furniture and mattresses. These standards are generally performance based and do
not require the use of FR chemicals to meet them.

1. Sleepwear

Following the completion of an NTP bioassay, staff assessed the cancer risk from Tris. The
Commission subsequently determined that children’s sleepwear treated with Tris was a
hazardous substance, and therefore, banned under the FHSA due to mutagenicity concerns
(CPSC, 1977); however, the ban was later overturned in federal court for procedural reasons.
Although the Tris ban was overturned, most manufacturers stopped using FR chemicals in
consumer apparel, including voluntarily stopping TDCPP use in children’s sleepwear (Sanders,
1978). In 1987, the U.S. Environmental Protection Agency (EPA) issued a significant new use
rule (SNUR), which effectively banned the manufacture or importation of Tris (52 FR 2703,
January 26, 1987). 41 C.F.R. 721.6000.
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ii. Upholstered Furniture

CPSC staff has assessed the potential health risks associated with FR use in upholstered furniture
cover fabrics and foam. CPSC staff completed toxicity reviews on 16 classes of FR chemicals
(more than 50 chemicals) suggested for use in upholstered furniture fabrics by the public. These
reviews were part of the risk assessment process for the draft standard (59 FR 30735) (Babich
and Saltzman, 1999; Bittner, 1999b; Bittner et al., 2001; Ferrante, 1999a; Ferrante, 1999b).
Staff’s toxicity reviews contributed to a National Research Council (NRC) report mandated by
Congress on these 16 FR chemicals/classes. NRC concluded that eight of the 16 chemicals or
classes (including HBCD and DecaBDE) could be used in upholstered furniture fabrics without
presenting a risk to consumers. NRC also recommended additional toxicity and exposure studies
for the remaining eight FRs. These remaining eight included TDCPP and chlorinated paraftins
(NRC, 2000). CPSC staff performed exposure studies on the release of the remaining eight FRs
from this NRC study for furniture fabrics and completed a risk assessment of these FR chemicals
(Babich and Thomas, 2001). Staff concluded that DecaBDE and HBCD were among the five®
FR chemicals that would not present a hazard to consumers under this use scenario and that
additional toxicity and exposure data were needed on the remaining chemicals,*® including
TDCPP (Babich and Thomas, 2001).

CPSC staff published an updated draft standard in 2005 to reflect input from the public that
upholstery cover fabrics would not use FR treatment to comply; rather, flexible polyurethane
foam or other filling materials would require FR treatment to meet the draft standard (CPSC,
2006). As discussed above, PBDEs were voluntarily taken off the market in December 2004.
Therefore, when staff conducted the risk assessment, a number of alternative FR treatments were
available, including TDCPP and several new proprietary formulations, such as FM550 (EPA,
2005). Staff concluded that TDCPP might present a hazard to consumers and suggested that
additional exposure data, such as vapor-phase emissions of TDCPP were needed. The staff also
concluded that there was insufficient information on the toxicity of FM550 or its components to
assess their potential health risks (Babich, 2006).

iii. Mattresses

CPSC staff assessed the risk of FR chemicals (i.e., antimony trioxide, boric acid/zinc borate,
DecaBDE, melamine, and vinylidene chloride) used in mattresses to support the development of
the CPSC’s 2006 flammability standard (16 C.F.R. part 1633; 71 FR 13472) (Thomas and
Brundage, 2006). To meet the proposed mattress performance standard, mattress manufacturers
would be able to select from a number of available technologies, such as barriers, which might
contain FR chemicals. To quantify the amount of FR chemical(s) that may be released from the
barriers, the CPSC's Laboratory Sciences Chemistry staff conducted migration/exposure
assessment studies on FR-treated mattress barriers. The result of the exposure assessment for
DecaBDE showed relatively low levels released from the barrier, even with aggressive

** The five FRs were: Cyclic phosponate esters (CPE), Decabromodiphenyl ether (DecaBDE), 2-Ethylhexyl
diphenyl phosphate (EHDP), HBCD, and Phosphonic acid, (3-([hydroxymethyl]amino)-3-oxopropyl)-, dimethyl
ester (PA)).

%% Antimony Trioxide (AT), TDCPP, and Tetrakis(hydroxymethyl) phosphonium chloride (THPC).
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extraction, suggesting DecaBDE is a durable FR treatment for barrier use in mattresses. All
chemicals tested for use in barriers were not expected to pose any appreciable risk of health
effects to consumers who sleep on these mattresses with treated barriers (Thomas and Brundage,
2006).

1v. Children’s Products

CPSC is currently studying the use of FRs in children’s products. These are products commonly
found in the home as of 2014, and that represent many product categories (i.e., nursing pillows,
upholstered chairs, crib mattresses, soft carriers, infant car seats (hard carriers). In phase I of this
study, which is ongoing, staff is testing select children’s products for the presence of FRs. Thus
far, staff has detected OFRs in about 22 percent of the children’s products tested that contained
polyurethane foam. Although most of the FRs detected are commonly used, some of the FRs
were not identified and likely represent novel compounds. Phase II is to conduct exposure
studies, and Phase III is to perform risk assessments.

b. U.S. and Other Countries

In 2004, PentaBDE and OctaBDE were voluntarily removed by manufacturers in the United
States (EPA, 2015; Meeker and Stapleton, 2010; Watkins et al., 2012). That same year, the
European Union banned the same two FRs. PentaBDE and OctaBDE are now listed as
“persistent organic pollutants” under Annex A of the Stockholm Convention (Abou-Elwafa
Abdallah et al., 2016; Butt et al., 2016; Buttke et al., 2013). In 2008, the European Union
banned DecaBDE in electrical and electronic applications. A voluntary phase-out of DecaBDE
in all products occurred in the United States in 2013 (Butt et al., 2016; Dodson et al., 2012;
Knudsen et al., 2016b; Van Bergen et al., 2015).

Due to concerns of the health effects of OFRs, some states have restricted their use. In 2012, the
major United States manufacturer of TDCPP announced its voluntary phase-out of production by
2015 (EPA, 2015; ICL-IP, 2012), and some states, such as Vermont, New York, Oregon,
Maryland, and Washington, have banned or placed restrictions or reporting requirements on
TDCPP and TCEP use in children’s products. Minnesota has also placed use restrictions on
these FRs in residential upholstered furniture. In 2008, Washington passed the Children's Safe
Products Act, which requires manufacturers of children's products sold in Washington to report
if their product contains a Chemical of High Concern to Children. This reporting list contains
five organohalogen flame retardants (DecaBDE, TBBPA, TCEP, TDCPP, and HBCD (Davies,
2015; Van Bergen et al., 2015). In 2014, the EU banned TDCPP, TCEP, and TCPP from toys,
and Canada prohibited the use of TCEP in polyurethane foam intended for children age 3 and
under (Canada, 2014; Schreder et al., 2016; Van Bergen et al., 2015). In California, TDCPP and
TCEP are listed as Prop 65 chemicals for concerns about carcinogenicity (CalEPA, 2011). Due
to TCEP’s carcinogenic potential, its use and production have decreased significantly, and TCEP
is no longer produced in the European Union (Follmann and Wober, 2006). In 2015, the Alaska
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Federation of Natives passed a resolution (Resolution 15-17) asking the Alaska State Legislature
to ban 10 flame retardants from use in children’s products and furniture.>!

Given these studies measuring OFRs in environmental media and health concerns, the EPA
prepared a fact sheet on how to decrease indoor exposure through vacuuming, dusting, and hand
washing (EPA, 2016b). Additionally, associated with the newly passed Technical Bulletin (TB)
117-2013, is California Senate Bill 1019, which requires upholstered furniture to be labeled to
indicate whether it contains FR chemicals. These two measures provide consumers with
guidance on these OFRs and potential exposure (BEARHFTI, 2015).

Currently, EPA is currently evaluating FRs, including OFRs, under the Toxics Substances
Control Act. CPSC and EPA staff members are sharing information to prevent duplicating
efforts.

7. DISCUSSION

Toxicity

The petitioners stated: ““due to their inherent physico-chemical properties, additive OFRs . . . are
toxic.” Staff considers OFRs to represent a broad class of chemicals defined largely by their
functional use and the presence of a halogen, such as a bromine or chlorine. As discussed, OFRs
represent several subclasses of chemicals, such as PBDEs, brominated aromatic FRs, brominated
aliphatic FRs, and chlorinated alkyl phosphates. The varying toxicological properties of
individual OFR compounds indicate that OFRs, in fact, represent several subclasses of chemicals
that should be examined separately. However, even then, members within the same subclass
may differ in the effects that they cause, their potency, and bioaccumulation potential. As
discussed, many of the chlorinated alkyl phosphates are carcinogenic, but their MOAs appear to
vary, and there are no clear structure-activity relationships. The tris alkyl phosphates also show
evidence of neurotoxicity, but additional neurotoxicity studies, particularly studies on
developmental neurotoxicity in mammals, are needed. Although PBDEs (representing certain
brominated OFRs) have a relatively high bioaccumulation potential, other brominated OFRs,
such as TBB and TBBPA, show a low potential for bioaccumulation. Despite these differences,
there are likely to be similarities within each subclass. For example, most brominated FRs have
effects on the thyroid, at least at high doses. Due to the varying toxicological properties among
OFR subclasses (and even within those subclasses) and the many data gaps relating to toxicity,
available data indicate that one cannot consider OFRs as a class under the FHSA because every
OFR cannot be concluded to meet the toxicity prong of the FHSA’s definition of “hazardous
substance.”

Overall, toxicity data are incomplete, limited, or lacking for some individual OFR compounds, as
shown in Table 2. Many of the studies cited by the petitioners are suggestive, but are insufficient
to conclude that they are all likely to cause similar effects in humans. For example, the
petitioners cited in vitro studies or studies on invertebrates that identify the need for additional
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studies in mammals. Most of the epidemiological studies cited in the Petition identify
associations; however, these studies cannot rule out confounding factors. Under CPSC’s chronic
hazard guidelines, to conclude that a chemical is “probably toxic to humans” requires either
sufficient evidence in animal studies or limited evidence in humans (CPSC, 1992). Sufficient
evidence in animals generally means a statistically significant effect in multiple species, multiple
sexes, at multiple doses, or by multiple routes of administration. Limited evidence in humans
means having a statistically significant effect when causality is plausible, but chance, bias, or
confounders cannot be ruled out.

Although FR chemicals reduce ignition potential, FR-treated products may extend the
smoldering time, and will ignite if exposed to sufficiently high temperatures. Combustion
byproducts, produced when products with and without OFRs burn, have been studied and
measured in fire effluents from FR and non-FR treated products. However, it is debatable if the
smoke toxicity from the combustion of products with OFRs is more toxic to consumers than
without FRs, and likewise, unclear how this toxicity may impact consumers’ ability to safely
egress from a fire scenario. Therefore, more research is needed on how much of an effect FRs
have on the toxicity of smoke to consumers.

Exposure

The petitioners stated: ““due to their inherent physico-chemical properties, additive OFRs
migrate out of products regardless of how the product is used; thus, there is a nexus between the
mere presence of products containing these chemicals and exposures that put consumers at risk
of harm.” As discussed, additive FRs are not chemically bound to their matrix, and they tend to
migrate from products. Most OFRs are SVOCs, which tend to adhere to dust particles and
surfaces in the home. Exposure data, such as dermal absorption factors, for many OFRs are
lacking. HBM data, such as measurements of FRs in urine or blood, demonstrate that exposure
and uptake occur. Petitioners state that, according to the Centers for Disease Control and
Prevention (CDC), 97 percent of people living in the United States have measurable quantities of
OFRs in their blood. However, the mere presence of a chemical, including those that may be
considered toxic under the FHSA, in a person’s blood or urine is not enough to demonstrate that
an item containing that chemical is a “hazardous substance” under the FHSA because levels may
indicate exposures that are too low to cause adverse effects in humans. In addition, for most
OFRs there is insufficient information to estimate exposure from urine or blood levels. HBM
and environmental data do not reveal the source of the exposure. Rather, both types of data
represent exposure from all sources (including food and vehicles). Thus, it is not possible to
determine that adverse health effects result from exposure to OFRs in the specific products in
these categories that the petitioners identify. Accordingly, these data are not an accurate measure
of OFR exposure relating to those enumerated categories. For the Commission to issue the
regulation that the petitioners request based on exposure to dust, the Commission would need to
determine a connection between the four product categories covered in the Petition and OFRs
measured in household dust. Petitioners have not submitted data establishing this connection,
and staff is not aware of such information. In the absence of exposure data relating to the
specified product categories in the Petition, it would be difficult for the Commission to
determine that those categories of products that contain OFRs are “hazardous substances.”
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There are important differences among individuals, such as pre-existing conditions and genetics,
which affect their likelihood of developing an adverse health effect from chemical exposure.
Additionally, the likelihood of exposure to chemicals is also specific per individual and impacts
the amount of chemical to which someone may be exposed. The relative contribution of
ingestion, dermal contact, and inhalation to the overall human exposure to these OFRs is
unknown, although some studies have estimated exposure to some OFRs (Hoffman et al., 2015;
La Guardia and Hale, 2015). In different parts of the world, different exposure pathways have
been determined as most important for exposure and body burden of PBDEs; in Europe,
ingestion through diet and dust are stated as the most important for exposure; whereas dust
ingestion and dermal absorption are reported in the United States (Abou-Elwafa Abdallah et al.,
2016; Lorber, 2008). One exposure route with little data is dermal contact. One study did
perform experiments using ex vivo human skin and a human equivalence model to assess dermal
absorption of chlorinated OFRs and to determine implications of hand washing to exposure. The
model was more permeable to these compounds than the ex vivo skin, with the ex vivo values
similar to another study. Hand washing reduced the overall dermal absorption of these FRs, with
varying results, depending on the properties of the OFR (Abou-Elwafa Abdallah et al., 2016).
Therefore, the extent of exposure and relative importance of different exposure routes are likely
to depend on the specific FR chemical and specific product.

Use of Surrogate Data

Although many data gaps exist concerning the toxicity and exposure data for OFRs, the
petitioners are asking the Commission to conclude that OFRs, where limited or no data are
available, possess the same toxicity and exposure potential as OFRs where data exist. The
petitioners ask the Commission to use these conclusions to determine that products in these four
product categories are “banned hazardous substances” if they contain any OFRs. This
constitutes a “surrogate data” approach. The Commission’s chronic hazard guidelines (16 C.F.R.
§1500.135), discuss the use of surrogate data in the context of exposure assessment. The
guidelines indicate that surrogate exposure data may be used in limited circumstances, including
identifying whether more data are needed, and whether additional studies are necessary. The
preamble to the guidelines (CPSC. 1992) provides additional discussion of the limitations on the
use of surrogate data. Surrogate exposure data cannot be used to determine the exposure
potential of an unstudied OFR for regulatory decision making because chemical specific data
would be needed for a robust assessment to support a regulation. Staff notes that the guidelines
do not address the use of surrogate data for determining toxicity of a chemical where no toxicity
data are available. Currently, staff considers the tools available to assess the toxicity of a
chemical, without data specific to that chemical, are too limited to allow surrogate data to be
used for toxicological assessments for regulatory decisions. Therefore, OFRs could not be
assessed at the class level by staff under the FHSA.

Scope of the Petition

The abundance of products in these four categories, the unknown number of OFRs in use, and

the lack of data on their associated health effects limit assessing their risk to consumers under the

FHSA. Most of the environmental data on OFRs are from dust or air in the indoor environment.

However, many studies have small sample sizes and different collection methodologies, leaving
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it difficult to compare and assess these studies (Mitro et al., 2016). Additionally, it is unknown
what products these chemicals are coming from when they are measured in dust or indoor air for
potential exposure. One study tried to elucidate the relationships between FR sources and FR
concentrations in dust and air by using detailed questionnaires and FR measurements. The study
reported specific brominated FR sources for some microenvironments, such as foam in furniture
and mattresses and total number of electronic/electrical devices (de Wit et al., 2012). However,
some of the study’s correlation coefficients were low, indicating other sources may have not
been accounted for in the questionnaire. The authors noted the importance of including a variety
of microenvironments with varying room contents and a large sample size to prove correlation
(de Witetal., 2012). As this study shows, to have a high correlation from OFR content in a
product to its measurement in a medium, such as dust, a large sample size and many different
indoor environments would need to be included. In addition, the exposure potential of that
medium and toxicity information on the specific OFR would need to be understood for any risk
assessment under the FHSA.

Regulatory Activities

Regulatory activities on OFRs, such as regulations by states within the United States, EPA, and
the European Union, as well as public awareness, may change or has changed the landscape of
FR usage in the four product categories specified in the Petition. In fact, levels of some
bioaccumulative compounds are steadily decreasing in the U.S. population following regulatory
bans and voluntary phase-outs. For example, bans and phase-outs of certain PBDEs have led to
declines in concentrations measured in pregnant women (Morello-Frosch et al., 2016).

CPSC staff does not know the extent to which OFRs are being used in the four product
categories in the Petition. Staff would need to analyze products in these categories to determine
OFR usage, and therefore, exposure potential. The petitioners cited numerous studies showing
the presence of OFRs in products. However, regulatory actions, such as the revision of TB 117,
appear to be affecting changes in OFR usage. Thus, many of the studies cited by the petitioners
are outdated and may not reflect the current usage of OFRs in these product categories. For
example, CPSC staff is currently studying FR chemicals in children’s products. From the first
phase of this project, CPSC staff found that 7 percent of the overall products contain an OFR
(22% of the products with polyurethane foam contain an OFR). This is a lower frequency of
detection than in many reports in the literature. Staff has also determined that another 5 percent
of the products contain a phosphate FR; however, staff is unable to identify some of these
phosphate FRs due to lack of analytical standards, which have not previously been reported in
the literature. Some OFRs are added intentionally for purposes that are not FR related, such as
flexibility, which the petitioners’ state is not included in this Petition. Therefore, if an OFR is
measured, determining whether it was added for its FR properties would be difficult.

Finally, EPA is currently investigating the toxicity and exposure potential of some of these OFRs
as part of their first chemicals to review under the Frank R. Lautenberg Chemical Safety for the
21st Century Act, which amends the TSCA. These chemicals are broken out into similarly
structured clusters within the OFR category, such as cyclic aliphatic bromides (EPA, 2016a).
After this work is completed, EPA may consider a regulatory path forward on these chemicals.
CPSC staff is working closely with EPA to coordinate on FR activities.
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8. CONCLUSIONS

The varying toxicological properties of individual OFR compounds indicate that OFRs, in fact,
represent several subclasses of chemicals that should be examined separately. In addition,
toxicity data are incomplete, limited, or lacking for some individual OFR compounds. Under
CPSC’s chronic hazard guidelines, to conclude that a chemical is “probably toxic to humans”
requires either sufficient evidence in animal studies or limited evidence in humans. Most of the
epidemiological studies cited by the petitioners are limited by their study design and have not
been replicated. Therefore, due to the varying toxicological endpoints among OFR subclasses
(and even within those subclasses) and the many data gaps relating to toxicity and exposure data,
staff believes that insufficient data exist to assess OFRs as a class under the FHSA.

Additionally, due to this limited data, petitioners are asking the Commission to conclude that
OFRs, where limited or no data are available, possess the same toxicity and exposure potential as
OFRs where data exist. The guidelines indicate that surrogate exposure data may be used in
limited circumstances, including identifying whether more data are needed and whether
additional studies are necessary; however, these data cannot be used to determine the exposure
potential of an unstudied OFR for regulatory decision making because chemical specific data
would be needed for a robust assessment to support a regulation. Staff notes that the guidelines
do not address the use of surrogate data for determining toxicity of a chemical, where no toxicity
data are available. Therefore, since the limited toxicity and exposure data on OFRs show
variation in toxicity under the FHSA and in exposure potential, OFRs could not be assessed at
the class level by staff to conclude that all products defined by the petitioners with OFRs were
hazardous substances under the FHSA.

The petitioners cite a number of studies showing the presence of OFRs in products. However,
regulations by states, the EPA, and the European Union appear to affect how, and in what
products, OFRs are being used. In addition, new FRs are being introduced, and analytical
standards are not available to identify these FRs. Therefore, staff would need to conduct
additional studies to identify which FRs are being used in which products. This would be a
difficult and resource-intensive task, due to the large number of products, the introduction of new
FRs, and their constantly changing use patterns.

Although there are studies demonstrating human exposure to OFRs, most of the studies cited by
the petitioners cannot be linked to specific products. HBM and environmental data do not reveal
the source of the exposure. Rather, both types of data represent exposure from all sources
(including food and vehicles). Thus, it is not possible to determine that adverse health effects
result from exposure to OFRs in the specific products in these categories that the petitioners
identify. Accordingly, these data are not an accurate measure of exposure relating to those
enumerated categories. In addition, for most OFRs, there is insufficient information to estimate
exposure from urine or blood levels. The abundance of products in these four categories, the
unknown number of OFRs in use, and the limited and varied toxicity and exposure data on OFRs
make regulating the entire class of OFRs infeasible under the FHSA.
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UNITED STATES

CONSUMER PrRoDUCT SAFETY COMMISSION
4330 EAST WEST HIGHWAY

BETHESDA, MARYLAND 20814

Memorandum

May 18, 2017

TO: Melanie Biggs, Ph.D., Project Manager
Directorate for Health Sciences, Division of Toxicology and Risk Assessment

THROUGH: Andrew G. Stadnik, P.E., Associate Executive Director
Directorate for Laboratory Sciences

Allyson Tenney, Division Director
Directorate for Laboratory Sciences, Division of Engineering

FROM: Paige Witzen, Textile Technologist
Directorate for Laboratory Sciences, Division of Engineering

SUBJECT:  Applicable Flammability Standards and Activities for Children’s Products,
Upholstered Furniture, Mattresses, and Mattress Pads for Proposed Petition HP
15-1

1. Introduction

Petition HP 15-1 asks the U.S. Consumer Product Safety Commission (CPSC, or Commission)
to initiate rulemaking for products in the categories of upholstered furniture, mattresses and
mattress pads, children’s products, and plastic enclosures in electronics containing any non-
polymeric, additive, organohalogen flame retardants (OFRs) to be banned under the Federal
Hazardous Substances Act (FHSA) due to the possibility of adverse health effects of the
chemicals. This memorandum reviews the applicable mandatory flammability standards,
voluntary standards, and other activities pertaining to the products specified by the petitioners.

2. Applicable Mandatory Standards for Clothing Textiles, Children’s Sleepwear and
Mattresses

There are many regulated products under the Flammable Fabrics Act (FFA). The applicable
standards under the FFA for the products mentioned in the Petition include clothing textiles,

children’s sleepwear, and mattresses and mattress pads.

a. Clothing Textiles

The Standard for the Flammability of Clothing Textiles, codified at 16 C.F.R. part 1610, was
developed to address the risk of burn injury from dangerously flammable textiles. Flammable
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brushed rayon cowboy chaps, brushed rayon sweaters, and other dangerously flammable fabrics
in interstate commerce resulted in the enactment of the FFA in 1953. Since the enactment of the
FFA, the number of burn injuries and fatalities from dangerously flammable apparel fires (for
adults and children) has been reduced. Although a specific study of the number of apparel
injuries has not been conducted by the CPSC in many years, CPSC collects and maintains data
on incidents involving apparel.

All textiles used to make clothing for adults and children’s daywear are within the scope of this
Standard. The Standard specifies testing procedures and determines the relative flammability of
textiles used in apparel using three classes of flammability performance. Part 1610 is a
performance standard that does not prescribe or prohibit any specific components, such as flame
retardants (FRs), to be used to meet the Standard. Most fabrics are able to meet the Standard,
based on their fabric weight and/or fiber content, without being treated with FRs. Based on years
of test data, part 1610 contains exemptions that allow for specific fiber types and fabric weights
with specific construction to be exempt from testing. Certain durable infant and toddler products
that include textiles and that are worn are required to meet this Standard, e.g. soft infant carriers
and slings.

b. Children’s Sleepwear

There are two standards under the FFA that address the flammability of children’s sleepwear, 16
C.F.R. parts 1615 and 1616. These Standards were developed to prevent children’s sleepwear
from igniting due to exposure to certain ignition sources, such as matches, lighters, candles, and
space heaters. All “children’s sleepwear,” as defined in the Standards, its fabric, seams and trim,
must meet these Standards before entering commerce. Children’s sleepwear must meet more
stringent flammability requirements, compared to the requirements for children’s daywear,
which is subject to part 1610. The children’s sleepwear fabrics, seams and trim must be flame-
resistant and self-extinguish when removed from the small ignition source. In general, some
fabrics, such as polyester, are able to meet the requirements without additional treatments, like
FRs. Other fabrics, such as cotton and cotton-blends, typically must be treated with a chemical
finish, like FRs, to meet the flammability requirements. To maintain flammability performance,
the test procedures are conducted on finished items and after 50 washing and drying cycles. The
Children’s Sleepwear Standards are performance-based and do not require or prohibit any
specific fibers or components. The Standards do not require the use of FRs to meet the
flammability requirements. In 1977, the Commission determined that tris(2,3 dibromoprophyl)
phosphate (Tris) was a hazardous substance, and therefore, it was banned under the FHSA for
use in children’s sleepwear due to mutagenicity concerns.** However, the ban was later
overturned in federal court for procedural reasons. Although the Tris ban was overturned, most
manufacturers stopped using FR chemicals in consumer apparel, including voluntarily stopping
Tris (1,3-dichloro-2-propyl)phosphate (TDCPP) use in children’s sleepwear.™

2 CPSC. 1977. Children's wearing apparel containing TRIS; interpretation as a banned hazardous substance. Federal
Register. 42:18850-18854. [Later withdrawn following judicial proceedings.].
3 Sanders, H.J. 1978. Flame retardants. Chemical and Engineering News. 56:22-36
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Parts 1615 and 1616 define “tight-fitting” sleepwear garments and exempt those garments from
testing. Many tight-fitting garments are made from other fibers, €.g., cotton and cotton blends,
with no chemical treatments. Tight-fitting sleepwear must meet specific dimensions and is still
subject to 16 C.F.R. part 1610.

c. Mattresses

The CPSC administers two Standards for mattresses under the FFA to address the flammability
of mattresses and mattress pads that include 16 C.F.R. part 1632 and 16 C.F.R. part 1633.
Products that are subject to these Standards must meet both of these Standards in order to be sold
in the United States.

The regulation at part 1632 tests the flammability of mattresses and mattress pads when exposed
to a standardized, smoldering cigarette. The prototype is tested in the bare and sheeted
configurations. All sleep surfaces are tested. The pass/fail criterion for this test method is that the
char length cannot exceed 2 inches in any direction for each location where the cigarettes are
placed on the sample. The test may be stopped before the char length reaches 2 inches if there is
obvious ignition of the sample. This Standard is a performance standard and does not require or
prohibit specified components, including the use of FRs.

Part 1633 prescribes a full-scale test method that establishes flammability requirements for
mattresses and mattress sets. The test method uses two gas burners as the ignition sources, which
are applied to the top and side of the mattress for 70 seconds (s) and 50 s, respectively. Within
the 30-minute period, the total heat release cannot exceed 15 megajoules (MJ) in the first 10
minutes of the test, and the peak rate of heat release cannot exceed 200 kilowatts (kW) during the
30-minute test. This is a performance standard that does not prescribe or prohibit the use of any
specific components, such as FRs. Manufacturers choose how they design their product to meet
the requirements.

Mattress manufacturers have numerous technologically feasible and viable solutions, including
fiber and fabric barriers, for meeting the requirements set forth in the Standards. In the
development of part 1633, the CPSC carefully considered the various fibers and treatments used
in these barriers. CPSC staff conducted a quantitative risk assessment to provide an estimate of
the potential risk to consumers associated with exposures to select FRs in commercially available
treated barriers that may be used by mattress manufacturers to meet the proposed flammability
standard. CPSC staff concluded that these commercially available FR-treated barriers could be
used to meet part 1633, and they are not expected to pose any appreciable adverse health effects
to consumers who sleep on mattresses using them.’* The mattress industry has consistently stated
to the CPSC that they do not use FR chemicals in their manufacturing and rely on various
technologies to create compliant products.®® According to the International Sleep Product

** Thomas and Brundage. Quantitative assessment of potential health effects from the use of flame retardant (FR)

chemicals in mattresses. Briefing Package. Final Rule for the Flammability (Open Flame) of Mattress Sets. Tab D.

2006. http://www.cpsc.gov/PageFiles/88208/matttabd.pdf

*> Notice of Proposed Rulemaking for 16 C.F.R. part 1633: Standard for the Flammability of Mattresses and
Mattress Sets. July 1, 2007.
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Association (ISPA), the trade association for the mattress industry, the United States mattress
industry does not spray finish mattresses with any FR chemicals to meet federal standards for
residential mattresses, and they oppose any standards that require using FRs.

3. Additional Discussion of Carriers, Slings, and Toys

a. Relevant CPSC Standards and Staff Work on Children’s Products

In addition to clothing, children’s sleepwear and mattresses, certain children’s products are
subject to one of the Standards under the FFA, 16 C.F.R. part 1610. One of the product
categories subject to part 1610 is “infant and toddler carriers.” These products are in scope
because they are comprised of textiles and are worn by the user. For example, the Commission
approved a federal safety standard for sling carriers in January 2017, which incorporates by
reference ASTM F2907-14: Standard Consumer Safety Specifications for Sling Carriers and
references 16 C.F.R. part 1610 for the flammability performance of sling carriers. The same
rationale for including a flammability requirement for this product exists. Fabrics that meet one
of the specific exemptions in §1610.1(d) do not require flammability testing to show compliance
with the Standard. A majority of fabrics used for slings are plain-surface textiles and have a
fabric weight above 2.6 ounces per square yard and would be exempt from testing.

b. FRsin Children’s Products

CPSC is currently studying the use of FRs in children’s products. These are products commonly
found in the home as of 2014, and represent many product categories (i.e., high chairs,
upholstered chairs, crib mattresses, soft infant carriers, and hard infant carriers). In Phase I of
this study, which is not yet complete, staff is testing select children’s products containing
polyurethane foam for the presence of FRs. Thus far, staff has detected OFRs in about 22 percent
of the products tested containing polyurethane foam. Although most of the FRs are commonly
used, some of the FRs were not identified and likely represent novel compounds. Phase 11 is to
conduct exposure studies, and Phase III is to perform risk assessments.

c. Applicable Standards for Toys

The mandatory standard for toys is ASTM F963, 2011: Standard Consumer Safety Specification
for Toy Safety. In this standard, 16 C.F.R. part 1610 is referenced for toys containing textile
materials, and 16 C.F.R. § 1500.44, Method for Determining Extremely Flammable and
Flammable Solids, is referenced for non-textile materials found in toys. As stated, 16 C.F.R. part
1610 is a performance-based standard with classification criteria, for which the use of FRs is not
required. The regulation at 16 C.F.R. §1500.44 is a test method and does not have pass/fail
criteria, and therefore, does not require the use of FRs.

Under the International Organization for Standardization (ISO), the applicable standard is ISO

8124-2,2007: Safety of Toys—Part 2: Flammability. It is similar to 16 C.F.R. part 1610, except

for language stating that the burner impinges on the bottom edge of the fabric, rather than the

surface of the fabric, and the flame is applied for 10 s rather than 1s for part 1610. This Standard

has specifications for materials that cannot be used in these products, such as cellulosic material,
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highly flammable materials and volatile gases. This Standard is otherwise performance-based
and requires products to meet specified rates of flame spread, depending on the type of toy.

5. Upholstered Furniture

a. Applicable CPSC Standards and Staff Work on Upholstered Furniture

The Commission is in rulemaking to develop a mandatory standard to address the flammability
of upholstered furniture under the FFA. Currently, there are no federal mandatory flammability
standards for upholstered furniture.

To support the rulemaking to develop a mandatory flammability standard for upholstered
furniture, CPSC staff began assessing possible solutions or treatments that manufacturers might
use to meet a standard and eliminate or reduce possible adverse health effects to consumers. Staff
completed a quantitative risk assessment to evaluate the potential health risks associated with FR
use in upholstery fabric treatments. Staff concluded that two of the five FRs would not present a
hazard to consumers under this use scenario, and decided that additional toxicity and exposure
data were needed on the remaining chemicals.*®

On March 4, 2008, the Commission issued a notice of proposed rulemaking (NPR) for a
flammability standard for residential upholstered furniture under the FFA. The NPR was for a
performance-based standard that would not require the use of FR chemicals. CPSC is involved in
active rulemaking, and additional actions on upholstered furniture have not been determined; at
this time, the Commission has not directed further action.

In support of the NPR, CPSC staff conducted an exploratory study of upholstered furniture
constructed using components with enhanced flammability properties (barrier fabrics). The
barrier fabrics are commercially available because they are used by the mattress industry to meet
part 1633. The different barriers contained fibers composed of cellulosic fibers, a combination of
fibrous glass modacrylic and polyester fibers, modacrylic fibers and silica, and two types
composed of rayon and polyester. Of the barriers used during testing, none contained OFRs."’

b. History of TB 117 and TB 117-2013

Technical bulletin (TB) 117 and TB 117-2013 are Standards developed by the State of
California. TB 117 was developed in 1975, and amended in 2013. Currently, California is the
only state to have a mandatory flammability standard for residential upholstered furniture. The
Standard is mandatory for furniture sold in California; however, manufacturers often sell
furniture across the United States and Canada that complies with California state requirements.

3% Babich, M.A., and T.A. Thomas. 2001. CPSC staff exposure and risk assessment of flame retardant chemicals in

residential upholstered furniture. B. U.S. Consumer Product Safety Commission, MD 20814.

*7 Fansler, L. 2016. Summary Report of Open Flame and Smoldering Tests on Chairs. U.S. Consumer Product
Safety Commission. Rockville, MD.
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The Standard started when the Bureau of Home Furnishings and Thermal Insulation (BHFTI)
now called the Bureau of Electronic and Appliance Repair, Home Furnishings and Thermal
Insulation (BEARHFTI) created and enforced the mandatory Standard TB 117 Requirements,
Test Procedure and Apparatus for Testing the Flame Retardance of Resilient Filling Material
used in Upholstered Furniture in October 1975. This Standard required the testing of all cover
fabrics, fillings, and stuffing materials used in upholstered furniture to be both open-flame and
smolder-resistant for upholstered furniture sold in California, with a larger focus on open flames.
The TB 117 testing requirements consisted of a component test rather than a combined test of the
materials used in the finished product. To meet the testing requirements for TB 117,
manufacturers typically used foam treated with FRs. Studies performed by BEARHFTI, National
Bureau of Standards (now the National Institute of Standard and Technology (NIST)), and CPSC
concluded that cover fabrics have a bigger impact on the fire performance than filling materials,
and FR foam can increase smolder propensity compared to untreated foam. 44142

BEARHFTI revised and reissued TB 117 in 2013 (TB 117-2013). The revised Standard was
expanded to cover fabrics, decking materials, barrier materials, and filling materials and their
interactions. The revision also exempted the foam used in many children’s products from testing
in the Standard. The revised TB 117-2013 is based on the ASTM E-1353-08a standard.
Manufacturers were able to update to TB 117-2013 testing requirements on January 1, 2014, and
all manufacturers were required to follow TB 117-2013 requirements by January 1, 2015. The
open-flame test was discontinued, and the smolder test was revised in this version of the
Standard. Although TB 117-2013 does not ban the use of FRs, the new performance measures
defined in TB 117-2013 make it possible for manufacturers to meet the Standard without the use
of these chemicals. In response to the Petition, CPSC received comments from the American
Home Furnishings Alliance (AFHA), which represents the upholstered furniture industry, stating
that they do not use FRs in manufacturing upholstered furniture.

c. Relevant Voluntary and International Standards for Upholstered Furniture

There are several voluntary standards that apply to upholstered furniture. The Upholstered
Furniture Action Council (UFAC), founded in 1978, introduced a voluntary test standard in
1979, to measure the cigarette ignition resistance of furniture components, including cover fabric
and filling materials. This is a voluntary program, but it is widely adopted by furniture
manufacturers.

*¥ Bureau of Electronic and Appliance Repair, Home Furnishings and Thermal Insulation Laboratory Data,
“Development of a Flammability Standard for Testing the Smolder Resistance of Upholstered Furniture,” October
2012.

39 Babrauskas, V.; Krasny, J.F. “Fire Behavior of Upholstered Furniture,” National Bureau of Standards, November
1985.

4 «Upholstered Furniture Flammability: Regulatory Options for Small Open Flame & Smoking Material Ignited
Fires,” U. S. Consumer Product Safety Commission, October 1997.

4 Fansler, L.; Scott, L. Memorandum to D. Ray, “Performance Criteria, and Standard Materials for the CPSC Staff
Draft Upholstered Furniture Standard,” U. S. Consumer Product Safety Commission, May 2005.

** Mehta, S. Memorandum to D. Ray, “Upholstered Furniture Full Scale Chair Tests — Open Flame Ignition Results
and Analysis,” U. S. Consumer Product Safety Commission, May 2012.

* Comment Docketed as: CPSC-2015-0022-0077.
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There are two voluntary standards developed by different standards development bodies that are
based on UFAC. The National Fire Protection Association (NFPA) issued NFPA 260 — Standard
Methods of Tests and Classification System for Cigarette Ignition Resistance of Components of
Upholstered Furniture. ASTM International also has a standard, ASTM E1353 — Standard Test
Methods for Cigarette Ignition Resistance of Components of Upholstered Furniture. The NFPA
and ASTM standards are very similar in that they measure the cigarette ignition resistance of the
upholstered furniture components (cover fabric, interior fabric, welt cord, filling/padding, barrier
material, and decking material) using small mock-up assemblies that have the same dimensions.
These methods also classify the furniture components into two categories, depending on
performance. Components are not evaluated together, as found in furniture; rather, components
are evaluated individually. These standards are performance-based and do not require that
specific chemicals be used to meet them. These two standards are also currently being updated,
and it is not known what changes may be made.

There are two ISO standards that apply to upholstered furniture. The first standard is ISO 8191-
1, 1987: Furniture—Assessment of the Ignitability of Upholstered Furniture—Part 1: Ignition
Source: Smoldering Cigarette. The standard tests a combination of cover and filling materials
that represent real assemblies that can be used in full-scale furniture when exposed to a cigarette
ignition source. There are specifications given for the size and burn rate of the cigarette ignition
source. The second standard is ISO 8191-2, 1988: Furniture—Assessment of the Ignitability of
Upholstered Furniture—Part 2: Ignition Source: Match-Flame Equivalent. This standard
assesses the ignitability of material combinations, such as covers and fillings, used in upholstered
furniture when subjected to a small flame as an ignition source. Both of the ISO standards are
performance-based standards and only use components that will be used in the final upholstered
furniture product.

In the United Kingdom, furniture components and composites must meet specific ignition-
resistance levels as measured by British Standard (BS) 5852, Methods of test for assessment of
the ignitability of upholstered seating by smoldering and flaming ignition sources. BS5852 tests
for assessment of the ignitability of upholstered seating by shouldering and flaming ignition
sources. To meet these flammability requirements, most upholstery fabrics and foam are treated
with FR chemicals. There is an effort in the United Kingdom to update the Furniture and
Furnishings (Fire) (Safety) Regulations. The proposed update focuses on “making changes to the
testing methods in the regulations so that they better reflect the way current furniture is made and
also to allow manufacturers to reduce flame retardant use.”**

6. Other State Regulations
In addition to TB 117, CPSC staff is aware of various states that have chemical regulations or

bans on OFRs; however, these are not federally mandated regulations and are not discussed here.
These state regulations are discussed in the Health Sciences memorandum (Tab B).

* Consultation on Updating the Furniture and Furnishings (Fire) (Safety) Regulations, Department for Business,
Energy and Industrial Strategy, UK, September 2016
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7. Discussion/Conclusions

The petitioners are requesting that CPSC initiate rulemaking to declare children’s products,
mattresses and mattress pads, upholstered furniture, and casings surrounding electronics with
OFRs to be banned hazardous substances under the FHSA. This memorandum reviewed the
applicable standards and activities associated with children’s products, mattresses and mattress
pads, and upholstered furniture. The mandatory standards that apply to these products and are
enforced by the CPSC are performance standards and not design standards. These standards do
not require the use of any specific design features, methods of assembly or specific components,
including the use of any FRs or treatments.

The mattress open-flame standard does not require any specific components to meet the
flammability requirements. The industry has consistently stated that OFRs are not used in
mattresses and has opposed any standards that would require the use of these chemicals. CPSC
staff is aware that the mattress industry uses a variety of fiber technologies that do not include
the use of OFRs to pass 16 C.F.R. part 1633. These technologies include fiber and fabric
barriers. Manufacturers have the responsibility of conducting appropriate analysis to ensure that
their products are not hazardous substances, or if they are, that they are labeled in accordance
with the FHSA.

The mandatory and voluntary standards for children’s products do not require the use of FRs for
these products to meet the standards. The CPSC is looking at the presence of FRs in children’s
products and assessing the potential risk associated with exposures to the FR chemicals in these
products.

Although there are no mandatory federal standards for upholstered furniture, there are voluntary
standards and mandatory standards for furniture sold in California. The applicable voluntary
standards and the 2013 revised California requirements discussed here for upholstered furniture
are performance based and do not require the use of FRs. The industry affected by TB117 is
changing in a way that would negate the need for the requested regulation. The Petition received
comments from the upholstered furniture industry stating that they no longer use FRs in
manufacturing upholstered furniture. At this time CPSC staff does not have the data to confirm
or negate this statement on the reduction of FR use in upholstered furniture.

There is insufficient data on which to base the requested regulation and extensive resources
would be needed to carry out the data collection if the Petition is granted. CPSC staff would need
to conduct extensive research to determine whether any OFR treatments are used in these
product categories and discern how any ban would affect performance and safety. OFRs are not
specifically required for any of the mandatory or voluntary standards currently reviewed in this
memorandum.
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TAB D: Division of Electrical Engineering Response to the
Petition
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UNITED STATES

CONSUMER PrRoDUCT SAFETY COMMISSION
4330 EAST WEST HIGHWAY

BETHESDA, MARYLAND 20814

Memorandum

Date: May 18, 2017

TO: Melanie Biggs, Ph.D.
Project Manager, Organohalogen Flame Retardants
Directorate for Health Sciences

THROUGH: Joel R. Recht, Ph.D.
Associate Executive Director
Directorate for Engineering Sciences

Andrew Trotta
Director, Division of Electrical Engineering and Fire Sciences
Directorate for Engineering Sciences

FROM: Mark F. Gill
Electrical Engineer
Directorate for Engineering Sciences

SUBJECT: Petition Requesting Rulemaking on Products Containing Organohalogen
Flame Retardants: Electronic Casings.

1. Introduction

A Petition has been presented to the Commission requesting a ban on certain products containing
a class of flame retardants (FRs) because of alleged adverse health effects. The Petition seeks to
ban the use of additive non-polymeric organohalogen flame retardants (OFRs) in (1) any durable
infant or toddler product, children's toy, child care article or other children's products (other than
children's car seats); (2) any article of upholstered furniture sold for use in residences; (3) any
mattress or mattress pad; and (4) any electronic device with additive, non-polymeric OFRs in its
plastic casings.

Regarding item (4), this memorandum discusses the use of additive OFRs in electronic device
casings and possible manufacturing alternatives. Given the various flame ratings for plastics in
voluntary standards (HB, V2, V1, V0, 5V), staff cannot tell where within these five categories
OFRs are used. In accordance with the specific request in the Petition, staff clearly distinguishes
“electronic” device casings from “electrical” device casings, with consumer electronic devices
being a subset of electrical devices. This memorandum does not address the economic feasibility
of such alternatives, which would require a separate economic analysis in the event of
rulemaking.
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2. Consumer Electronics Included in Petition

For the purposes of this memorandum, “consumer electronics” broadly includes products
classified as information technology, audio, and video equipment. Examples of such equipment
are personal computers and computer displays, cell phones, televisions, audio equipment, power
adapters, cameras and similar electronic products. The applicable voluntary standards for these
types of products are UL 60950-1, Information Technology Equipment - Safety - Part 1, and UL
60065, Standard for Audio, Video and Similar Electronic Apparatus - Safety Requirements.
There are no federal requirements promulgated for products under CPSC’s jurisdiction
addressing plastic electronic casings, although there are locally adopted electrical codes that
provide flammability requirements for some plastic electrical casings.

Regarding electronic device casings, in accordance with the two applicable voluntary standards,
the casings are designed to provide a level of protection against possible hazards, such as electric
shock, excessive temperatures, radiation, implosion, mechanical hazards, and fire. As for fire,
these standards note that certain circuits may present a risk due to causes such as overloads,
component failure, insulation breakdown, poor connections, and wire breakage. Where such
circuits are identified, the standards require the use of a “fire enclosure (casing)” to reduce the
likelihood of fire spreading from a product. Additionally, some international safety standards,
e.g., CENELEC EN 60065, Standard for Audio, Video and Similar Electronic Apparatus - Safety
Requirements, require flame-resistant casings for electronic devices to provide resistance against
ignition due to external flame sources, such as candles. Where non-metallic casings are used and
are formed from plastic, the voluntary standards assign required flame ratings for the plastics. It
is in this area that OFRs are sometimes used to increase the flame rating of the casing’s plastic to
achieve the required rating.

Although these standards require fire casings in certain instances, they do not require the use of a
plastic casing for protection against fire. Fire casings may be formed entirely from metals, such
as steel or aluminum, or they may be constructed with a two-part approach from a metal/plastic
design. In the two-part approach, an inner, thin, metal fire casing encloses circuits presenting a
risk of fire and, in turn, is surrounded on the outside by a decorative casing that is formed from
plastic with a low-flammability rating. These approaches, metal or two-part, involve costlier
materials and manufacturing approaches, and may limit flexibility in other areas, such as
electromagnetic compatibility, ergonomics, and aesthetics.

3. Conclusions

In summary, there are no mandatory federal requirements for the use of OFRs in the construction
of electronic device casings. The applicable voluntary standards for consumer electronic
products do not require the construction of electronic casings with plastics, and the use of
plastics is an optional approach. However, when manufacturers choose to use plastics, OFRs
appear to be the preferred FRs used in product casings to meet current flammability
requirements. If the Petition is granted, an economic analysis is required to understand the
financial impact of moving from plastic fire casings that might use OFRs, to fire casings formed
from other materials, such as metal, or a casing consisting of a two-part construction, before
proceeding with FHSA rulemaking.

141

THIS DOCUMENT HAS NOT BEEN REVIEWED CLEARED FOR PUBLIC RELEASE
OR ACCEPTED BY THE COMMISSION UNDER CPSA 6(b)(1)



TAB E: Division of Laboratory Sciences Chemistry
Response to the Petition
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UNITED STATES

| CONSUMER PRODUCT SAFETY COMMISSION
4330 EAST WEST HIGHWAY

BETHESDA, MARYLAND 20814

Memorandum

Date: May 23, 2017

TO : Melanie Biggs, Ph.D., Project Manager
Directorate for Health Sciences, Division of Toxicology and Risk Assessment

THROUGH: Andrew Stadnik, P.E., Associate Executive Director
Directorate for Laboratory Sciences

Aaron Orland, Ph.D., Division Director
Directorate for Laboratory Sciences, Division of Chemistry

FROM . Matthew Dreyfus, Ph.D., Chemist
Directorate for Laboratory Sciences, Division of Chemistry

SUBJECT : Feasibility of Testing Flame-Retardant Chemicals Under Proposed Petition HP 15-1

1. Introduction

Petition HP 15-1 requests that the U.S. Consumer Product Safety Commission (CPSC) develop
regulations under the Federal Hazardous Substances Act (FHSA) to declare that any children’s
products, upholstered furniture, mattresses or mattress pads, and plastic casings surrounding
electronics are banned, hazardous substances if they contain any non-polymeric, additive,
organohalogen flame retardant (OFR) in excess of a CPSC-defined detection level. The scope of
this Petition is vast, covering a plethora of chemicals and consumer products. This memorandum
discusses the rule that the petitioners request with respect to:

e Developing and issuing test procedures to qualitatively and quantitatively analyze
products for the chemicals to be prohibited; and

e Performing compliance testing of the affected product categories by the Division of
Chemistry (LSC).

2. Developing Test Methods

The Petition requests that all non-polymeric, additive, organohalogen chemicals added as flame
retardants (FRs) be prohibited; therefore, dozens of test methods may need to be developed and
certified to cover all of the organohalogen compounds that may be used as an FR. This task is
further complicated by the varying behavior of the many different OFRs. For example,
compounds that contain chlorine may have different properties than compounds that contain
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bromine. Other differences, such as molecular weight and polarity, may require not only
different extraction procedures, but also different analytical instrumentation for analysis.

Currently, staff is not aware of any specific test method that targets OFRs used from any
standardization body. There are many academic manuscripts that describe functional test
methods, and the EPA has published methods covering a broad range of analytes. Many of these
methods have been successfully adopted by CPSC staff for internal use, and they can be used as
a starting point in developing a certified test protocol. However, a significant effort would
remain to ensure that these methods are efficient and reliable for all pertinent analytes.
Essentially, it could take years and consume significant staff resources to prepare the test
methods needed to perform third party certification and CPSC compliance testing.

A secondary hurdle to creating test protocols is the availability of standard reference materials
(SRMs). These SRMs are used to ensure proper chemical identification and to calibrate an
instrument’s response for quantitation. It is not certain that each chemical has an SRM available
for purchase. Additionally, the costs to purchase all applicable SRMs could be burdensome.

The Petition did not explicitly state a concentration limit for OFRs, instead deferring to the
Commission. Defining such a limit should consider the technical feasibility of the various OFR
detection limits and ensure that the limit chosen produces reliable and repeatable results.

Another uncertainty is how “additive OFRs” would be defined. Laboratories cannot test to
distinguish additive usage. With more than 20,000 organohalogens listed in the CAS database, *
it cannot be assumed that a compound from this chemical class will never be intentionally added
to the specified consumer products to fulfill roles other than FR. For example, although it is not
an organohalogen, the compound triphenyl phosphate has been used as both an FR and a
plasticizer.*® In a scenario where a manufacturer intentionally adds an organohalogen in a role
other than FR, it is unclear how that product will be regulated.

3. Feasibility of Marketplace and Compliance Testing

Market Survey

Once test methods are established, a market survey would be conducted to determine the
presence of OFRs in the marketplace. The results of this market survey would be used to support
potential rulemaking if a health hazard needs to be addressed. Due to the breadth of the four
product categories covered by the Petition, it would take multiple years and significant staff
resources to collect, analyze, and interpret the resultant data.

* CAS numbers are unique numeric identifiers each of which identifies a single chemical material. This database of
over 70 million materials is used internationally to identify materials in an unambiguous manner, and is
administered by Chemical Abstracts Service, a division of the American Chemical Society.
(http://www.cas.org/content/chemical-substances).

* Stapleton, H. M., et al. (2009). "Detection of organophosphate flame retardants in furniture foam and US house
dust." Environmental Science & Technology 43(19): 7490-7495.
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Compliance Testing

The scope of Petition HP 15-1as submitted would demand a massive expansion of CPSC’s
chemical testing laboratory capabilities to ensure that CPSC is able to develop test methods, as
explained above, and enforce added regulations for organohalogen content in products.
Considering the broad product categories and thousands of potential chemicals previously
referenced to analyze, additional technical staff and a laboratory expansion (in terms of size and
capabilities) would be necessary to support, even minimally, the compliance testing
requirements if the Petition were approved and the Commission issued the rule the petitioners
seek.

Additional analytical instrumentation would be needed to perform the often difficult analysis
required for OFRs. A typical analysis would require a step to extract the FR out of the substrate,
then an analysis using an instrument capable of separating analytes, identifying unknowns, and
quantifying. Instrumentation, such as liquid chromatography-mass spectrometers, can cost in
excess of $500,000 per unit. The volume of samples, combined with the presumptive analysis
time (estimated 30-60 minutes per component part tested) would require numerous instruments
to ensure timely analysis. The costs to operate and maintain the instruments and purchase testing
consumables (e.g., solvents, filters, and sample vials) and SRMs would necessitate yearly budget
increases to support day-to-day operations.

The current CPSC laboratory at 5 Research Place in Rockville, MD, does not have the space to
house the required instrumentation, the additional staff required to perform the work, or the
general lab space to process and prepare incoming samples. The agency would either need to
acquire an additional laboratory space of sufficient size that is capable of such chemical testing,
or, depending on theoretical workload, create satellite laboratories at multiple locations.

Along with facility and capability upgrades, several additional full-time employees (FTEs) with
expertise in chemical analysis would be required to support the efforts and even more to staff
additional laboratories. It would follow suit that additional FTEs would be needed in the Office
of Import Surveillance and the Office of Compliance and Field Operations to screen for and
collect samples. Furthermore, the Office of Compliance and Field Operations would also need
additional staff to evaluate data and take any necessary enforcement actions.

4. Conclusions

Currently, staff is not aware of any specific test method that targets OFRs from standardization
bodies, academia, or government. The rule that the petitioners request would require dozens of
test methods to be developed and certified to cover all of the organohalogen compounds that may
be used as an FR. CPSC’s facilities are not sufficient to undertake the testing that would be
required if the Petition were approved and the Commission issued the rule that the petitioners’
request. CPSC’s instrumental capabilities, facility space, or personnel are also not sufficient to
create applicable test methods and/or perform compliance testing.
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Another challenge to CPSC would be to determine appropriate regulatory limit for OFRs. To
develop this limit, staff would need to consider the technical feasibility of any OFR detection
limit and ensure that the limit chosen produces reliable and repeatable results.

Not to be understated is the uncertainty of how test labs will determine the purpose of any
organohalogen found while testing applicable products. Due to the vast number of
organohalogens, and the potential for the development and use of novel compounds, trying to
sort out which organohalogens are and are not OFRs may lead to unintended confusion and
burden to the regulation.
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TAB F: Directorate for Economic Analysis Response to the
Petition
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2\ UNITED STATES

:| CONSUMER PRODUCT SAFETY COMMISSION
4330 EAST WEST HIGHWAY

BETHESDA, MARYLAND 20814

Memorandum

Date: May 18, 2017

TO : Melanie B. Biggs, Ph.D., Project Manager
Organohalogen Flame Retardants Petition
Directorate for Health Sciences
Division of Toxicology and Risk Assessment

THROUGH: Gregory B. Rodgers, Ph.D.
Associate Executive Director
Directorate for Economic Analysis

Robert Franklin
Senior Staff Coordinator
Directorate for Economic Analysis

FROM :  Samantha Li
Economist
Directorate for Economic Analysis

SUBJECT : Market and Economic Considerations Related to the Organohalogen Flame
Retardants Petition

1. Introduction

In July, 2015, the Commission received a Petition (HP 15-1) from Earth Justice, the Consumer
Federation of America, and several other organizations requesting that the Commission initiate
rulemaking to ban mattresses and mattress pads, upholstered furniture, the plastic casings of
electronic devices, and most children’s products that contain non-polymeric, additive,
organohalogen flame retardants (OFRs) . The Petition asserts that (1) Warning labels provided
pursuant to the Federal Hazard Substance Act (FHSA) would not adequately protect the public
health or safety because warning labels cannot prevent or control exposure to FRs that migrate
from these products into homes and (2) banning these four categories of products containing the
entire class of FRs is necessary because focusing on only individual chemicals within the class
would allow other inherently toxic chemicals within the class to be used. The Petition was
docketed, and a request for comments was published in the Federal Register on August 19, 2015
(80 FR 50238).
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This memorandum provides information on OFR chemicals, the market for products containing
flame-retardant (FR) chemicals, state and federal regulations, and economic considerations. The
discussion is based on information that was readily available, including information provided by
the petitioners and public comments.

2. Flame Retardants

FR chemicals are intended to increase the resistance of materials to ignition and reduce flame
spread with minimal degradation of the materials’ properties. Organohalogen refers to
compounds with covalent carbon-halogen bonds. There are thousands of organohalogen
compounds.*’

The Petition requests that CPSC initiate rulemaking to prohibit the use of non-polymeric,
additive, OFRs in several classes of products, including most children’s products (e.g., durable
infant or toddler products, toys and child care articles), upholstered furniture, mattresses and
mattress pads, and the casings of electronic devices. The Petition asserts that OFRs in additive
form may be released from the product leading to human and environmental exposures.

The petitioners state the scope of the Petition applies to the entire class of non-polymeric OFRs
and that they do not know the precise number of OFRs in this class that are or could be used in
consumer products.*® However, the petitioners state that OFRs are “inherently toxic” and should
be regulated as a class to prevent industry from reacting to restrictions on one OFR by simply
substituting another OFR.

3. The Market for Flame Retardants and Use of Flame Retardants in Furniture,
Mattresses, Children’s Products, and Electronic Devices

The petition asserts that additive OFRs are frequently added to flexible polyurethane foam (FPF).
FPF is widely used because it is light weight, resilient, low odor and resistant to mildew and
other triggers of common allergies. FPF may also be molded and cut.* FPF can be used in a
variety of consumer applications, including carpet padding, mattresses and mattress pads, and
upholstered furniture.”® FPF can also be used as padding in many durable infant and toddler
products and stuffed toys.

Based on 2013 census data, there are approximately 444 firms categorized as foam
manufacturers (326150 Urethane and Other Foam Product (except Polystyrene) Manufacturing),

*" Memorandum from Matthew Dreyfus, Directorate for Laboratory Sciences, Subject: Feasibility of Testing Flame
Retardant Chemicals under Proposed Petition HP 15-1. Tab E

* The public comment from Earth Justice and Consumer Federation of America notes the actual number of FRs is
unknown. The entire comment is available at: https://www.regulations.gov/document?D=CPSC-2015-0022-0135.
* Flexible Polyurethane Foam: Industry at a Glance Furniture, Bedding, Carpet Cushion, Automotive, Packaging.
2010. PolyurethaneFoam Association._http://www.pfa.org/Library/IAG no_logo.pdf.

%0 «Flexible Polyurethane Foam: a Primer.” In Touch magazine. Vol 1. Issue 1. 1991 (Revised 2013).
http://www.pfa.org/intouch/new_pdf/lr_IntouchV1.1.pdf .
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358 firms categorized as mattress manufacturers (337910 Mattress Manufacturing), and 1,032
firms categorized as upholstered furniture manufacturers (337121 Upholstered Household
Furniture Manufacturing).

Although additive OFRs can be used in polyurethane foam, not all polyurethane foam contains
FR chemicals. For example, the Alliance for Flexible Polyurethane Foam, Inc., administers the
CertiPUR-US" voluntary testing and performance certification program, a program through
which an independent laboratory tests and certifies that FPF used in mattresses or upholstered
furniture is manufactured without FR chemicals, including two mentioned in the Petition (TCEP
and TDCPP).”' Companies that have verified they use CertiPUR-US"-certified flexible
polyurethane foam in their products may use the seal.”> Approximately 300 manufacturers and
retailers list products containing FPF that have been certified through the CertiPUR-US program.
This includes approximately 30 producers of foam.*® Information on dollar sales, market share,
and number of units sold is not available.

Several industry sources have stated that the use of OFRs in FPF to manufacture upholstered
furniture and mattresses is unlikely today. According to the American Home Furnishing
Alliance (AHFA), FRs were used in upholstered furniture to meet the open-flame requirements
of the California flammability standard Technical Bulletin (TB 117). However, TB 117 was
amended in 2013, and FRs are no longer used to meet the standard. Consequently, the AHFA
claims that there has already been a significant reduction in the use of FRs in upholstered
furniture, and the use of FRs in upholstered furniture “will soon be very low or non-existent.
The International Sleep Products Association (ISPA), a trade association that represents mattress
manufacturers, states that they are unaware of any U.S. manufacturers of new mattresses that
contain OFRs.” The largest U.S. bedding and mattress manufacturer participates in the
CertiPUR program, and its mattresses are certified not to contain certain FR chemicals.”® While
it is certainly plausible that manufacturers have decreased their use of OFRs since the
amendments to TB 117, CPSC staff has not verified the extent to which the use of OFRs has
decreased in FPF.

954

Like upholstered furniture, juvenile products containing FPF were also treated with FR
chemicals to meet TB 117 flammability requirements. However, the 2013 amendments to TB
117 exempted most children’s products from the TB 117 requirements, including bassinets,

> PFA Links. 2016. Accessed May 12, 2016. http://www.pfa.org/links.html and “About Our Seal” Certi-PUR. 2016.
Accessed May 12, 2016. http://certipur.us/about-our-seal/.

>2 “Certi-Pur: Frequently Asked Questions.” 2016. Accessed May 12, 2016. http://certipur.us/fag/.

33 «CertiPUR-US®™ Registered Foam Producers.” 2016. Accessed Jun 29, 2016. http://certipur.us/for-manufacturers-
retailers/find-a-foam-producer/.

3% Public comment from American Home Furnishing Alliance (AHFA). The entire comment is available at:
https://www.regulations.gov/#!documentDetail;:D=CPSC-2015-0022-0077.

> Public comment from International Sleep Products Association (ISPA). The entire comment is available at:
https://www.regulations.gov/#!documentDetail;:D=CPSC-2015-0022-0179.

%6 «Serta Mattresses Now Made With CertiPUR-US Certified Foams.” July 31, 2015.
http://bedroomretailers.com/materials/serta-mattresses-now-made-with-certipur-us-certified-foams/ and
http://www.serta.com/news/serta-to-use-only-certipurus-certified-polyurethane-foam. The Certi-Pur program asserts
that foam producers do not use the chemicals PBDE, TDCPP, or TCEP in their products.
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booster seats, changing pads, floor play mats, highchairs and pads, infant bouncers, infant seats,
infant swings, infant walkers, nursing pads, playpen side pads, play yards, and portable hook-on
chairs. As a result of these amendments, the use of FR chemicals in these products is expected to
be significantly reduced.’’

The extent to which FR chemicals are used in children’s toys and electronic devices is unknown.
According to the Toy Industry Association, toy manufacturers typically do not add FRs to toys.
However, some of these substances may be present in certain components of toys, such as
electronic circuit boards and assemblies. Moreover, commercially available plastic can be used
in a variety of applications, including toys. Because it is not easily identifiable to tell if a plastic
has been treated with FRs, many toy companies may not even be aware of this when selecting
materials. In addition, the use of recycled plastics, which some may consider to be an
environmentally preferable practice, can lead to inclusion of FRs in toys.”®

According to the National Electrical Manufacturers Association (NEMA), OFRs are used in plastic
casing of electronic devices. FRs are used in these devices because these devices “are in
constant contact with an electrical current. As a result, there is a potential fire hazard with these
devices from issues including electrical arcing.” NEMA asserts that the use of FRs is needed in
these devices to mitigate these hazards. Additionally, NEMA notes that the performance, use,
and installation of electronic devices are subject to many different standards that have
requirements for flammability resistance, citing specifically, the National Electric Code, which
incorporates by reference the requirements of other standards developed by various
organizations, including NEMA, Underwriters Laboratories, and ANSI.>’

NEMA states that it is not aware of evidence that any non-OFR would be suitable for use with
electronic devices or that the risk associated with human exposure to these other FRs would be
any less. NEMA also asserts that there are inherently flame- or heat-resistant materials that
could theoretically be used to encase electronic devices, but these were generally unacceptable
due to other characteristics, such as weight, instability, and “drastically increased cost.”®

4. Economic Implications of a Rule Banning Certain Products Containing Organohalogen
Flame Retardants

To evaluate the benefits and costs of a rule banning certain products containing some or all
additive OFRs, staff would need more information on the health effects of the specific chemicals
and the extent to which consumers could be exposed to these chemicals from their use in
consumer products. This information would be needed to evaluate the societal cost of injuries or

> Green Science Policy Institute. 2016. Accessed on June 13, 2016. http:/greensciencepolicy.org/topics/childrens-
products/.

*¥ Toy producers make up a very small share of the customer base for plastic materials and purchase the same
materials available to and used by others making a variety of non-toy products. The entire comment from the Toy
Industry Association is available at: https://www.regulations.gov/#!documentDetail;:D=CPSC-2015-0022-0176.

%% Public comment from National Electronic Manufacturers Association. The entire comment is available at:
https://www.regulations.gov/#!documentDetail; D=CPSC-2015-0022-0060.

% public comment from National Electronics Manufacturers Association. The entire comment is available at:
https://www.regulations.gov/document?D=CPSC-2015-0022-0060.
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illnesses associated with the use of OFRs in these products and the potential benefits of a ban.
Additionally, more information would be needed about the reasons that these chemicals are used
in the consumer products and the costs and risks of alternatives to these chemicals that are
available to manufacturers. For example, flame-resistant enclosures for electronic devices can be
made using metals or using a two-part metal and plastic design without the need for FR
chemicals.®! However, as noted earlier, an industry group suggests that such an alternative would
be costly.

If manufacturers have largely eliminated the use of additive OFRs in polyurethane foam for
consumer products because of the amendments to CA TB 117, as suggested by several industry
groups, then the benefits and costs of a ban on the use of OFRs in mattresses, upholstered
furniture, and many children’s or nursery products would be low. Staff would need to conduct
product testing to determine whether the FR chemicals have actually been eliminated in these
products. To evaluate the benefits and costs of a ban on the use of OFRs in electronic
enclosures, more research, as outlined above, would be required.

If the Commission bans children’s products containing these OFRs , then manufacturers and
importers of children’s products would be required to certify that their children’s products do not
contain additive OFRs. Therefore, a rule banning children’s products containing these chemicals
would impose third party testing costs on these manufacturers. The cost of this testing would
depend on factors such as the scope of the rule and the concentration at which the chemicals are
regulated. The cost of the third party compliance testing for a rule that prohibited all OFRs
above a low, allowable concentration in any children’s product that contained FPF or any plastic
components would be greater than the cost if the scope of the rule were more limited (e.g., only
specific OFRs in the casings of children’s electronic devices) and the allowable concentration
was greater. Similarly, if the rule were limited to additive organohalogens used as FRs, it might
be necessary to develop tests that distinguish the use of organohalogens as FRs from other
potential uses of organohalogens.®* The cost associated with developing new tests could be
significant to firms.

5. Conclusions

Previously, OFRs may have been widely used in upholstered furniture, mattresses and mattress
pads, children’s products, and the plastic casings of electronic devices to meet certain
flammability standards, most notably California’s TB-117.*> OFRs may also be used in the
plastic casings of electronic devices to meet certain flammability standards. TB 117 was
amended in 2013, to reduce the need for FRs to comply, and some states have passed laws

6! Memorandum from Mark F. Gill, Directorate for Engineering Sciences, Subject: Petition Requesting Rulemaking
on Products Containing Organohalogen Flame Retardants: Electronic Enclosures.

82 For example, staff could propose a test to limit allowable contamination levels for FR chemicals that are
intentionally added to products. Memorandum from Matthew Dreyfus, Directorate for Laboratory Sciences,
Subject: Feasibility of Testing Flame Retardant Chemicals under Proposed Petition HP 15-1.

% In addition to TB 117, CPSC staff is aware of various states that have chemical regulations or bans on OFRs. See
Memorandum from Melanie Biggs, Directorate for Health Sciences, Subject: Health Sciences response to Petition
HP-15-1, requesting rulemaking on products containing organohalogen flame retardants for additional information.
Tab B.
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regulating specific OFRs. As a result of these changes, industry sources assert that the use of
OFRs is greatly reduced or not used in upholstered furniture, mattresses and mattress pads, and
most children’s products. However, OFRs may still be widely used in the plastic casings of
electronics devices. CPSC staff has not verified the extent of OFR use in these products. A rule
that bans children’s products containing these chemicals would require that manufacturers certify
that their products do not contain the chemicals after third party testing. Depending on the scope
of the rule or testing requirements, third party testing costs could be high.
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UNITED STATES

CONSUMER PrRoDUCT SAFETY COMMISSION
4330 EAST WEST HIGHWAY

BETHESDA, MARYLAND 20814

Memorandum

Date: April 3,2017

TO :  Melanie Biggs, Ph.D.
Project Manager, Flame Retardant Petition
Division of Toxicology and Risk Assessment
Directorate for Health Sciences

THROUGH: Kathleen Stralka , Associate Executive Director
Directorate for Epidemiology

Stephen Hanway, Division Director
Division of Hazard Analysis

FROM . Wioletta Szeszel-Fedorowicz, PhD.
Mathematical Statistician
Division of Hazard Analysis

SUBJECT : Incident Data Related to Petition HP 15-1%*

1. Introduction

This memorandum was prepared in response to petition HP 15-1, requesting that the U.S.
Consumer Product Safety Commission (CPSC) promulgate rulemaking on four groups of
consumer products containing non-polymeric, additive, organohalogen flame retardants (OFRs):
(1) children’s products, (2) plastic casings surrounding electronic devices, (3) mattresses or
mattress pads, and (4) upholstered furniture. Using CPSC’s databases, Epidemiology Hazard
Analysis (EPHA) staff was asked to identify consumer incidents specifically associated with

64
This analysis was prepared by CPSC staff, has not been reviewed or approved by, and may not necessarily reflect the views of, the
Commission.
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adverse health effects related to the presence of OFRs in the four above-mentioned product
categories.

2. Results and Conclusions

EPHA staff searched two databases: the National Electronic Injury Surveillance System (NEISS)
and the Consumer Product Safety Risk Management System (CPSRMS). NEISS is a national
probability sample of hospitals in the United States and its territories. Selected NEISS hospitals
report information to CPSC on emergency treatments associated with consumer products.
CPSRMS combines the data associated with consumer products from the following databases
into one searchable incident database: Injury or Potential Injury Incidents (IPII), Death
Certificates (DTHS), and In-Depth Investigations (INDP). Neither NEISS, nor CPSRMS
databases report cases of adverse health effects related to the presence of OFRs in children’s
products, plastic casings surrounding electronic devices, mattresses or mattress pads, or
upholstered furniture. Therefore, due to insufficient data, staff could not provide the requested
evaluation.
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TAB H: Staff Response to Comments Received on the
Petition and at Public Meeting
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UNITED STATES

CONSUMER PrRoDUCT SAFETY COMMISSION
4330 EAST WEST HIGHWAY

BETHESDA, MARYLAND 20814

Memorandum
Date: May 18, 2017
TO : Organohalogen Flame Retardant Petition File
THROUGH : Alice Thaler, D.V.M., Associate Executive Director
Directorate for Health Sciences
Michael A. Babich, PhD, Division Director,
Directorate for Health Sciences
Division of Toxicology and Risk Assessment
FROM : Melanie B. Biggs, Ph.D., Project Manager
Directorate for Health Sciences
Division of Toxicology and Risk Assessment
SUBJECT : Response to Comments Received on Petition HP 15-1

1. Introduction

The Consumer Product Safety Commission (CPSC, or Commission) received a Petition
requesting the Commission to promulgate rulemaking under the Federal Hazardous Substances
Act (FHSA) declaring that children’s products, furniture, mattresses, and casing surrounding
electronics are banned hazardous substances if they contain any non-polymeric, additive,
organohalogen flame retardant (Petition). The Commission published a request for public
comment on this Petition in the Federal Register on August 16, 2015 (80 FR 50238). The
Commission also published a notice of opportunity for oral presentation of comments in the
Federal Register on October 26, 2015 (80 FR 65174). The Commission also extended the
comment period from October 19, 2015 to January 19, 2016, in this Federal Register notice due
to outside requests. Two more Federal Register notices were published for corrections to
previous notices or provide more information (80 FR 75955 and 80 FR 77591). The
Commission received a total of 204 comments from domestic and international bodies; however,
some comments included multiple supporter signatures or letters. The public meeting was held
at the CPSC on December 9, 2015, or by phone the same date, and 28 panelists spoke. CPSC
staff’s summary of comments and responses follows.
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2. Comments Received from Docket and Public Meeting and Staff’s Responses
Docket

The majority of the 204 comments received support granting the Petition (181). Consumer
advocate groups submitted the bulk of the supporting comments on the Petition (75). Eleven®
comments from advocate groups supporting the Petition included signatures or letters from
multiple interested parties, which ranged from 2 to 3,800 signers per comment. Comments
supporting the Petition were also received from state or city governments, professional
associations, consumers, academics, and a standards group. A total of 16 comments, submitted
by 13 trade associations, one chemical consultant company, one public policy organization, and
one company, support denying the Petition. Three commenters, one trade association, one
technological development company, and one academic, did not support or oppose the Petition.
Three comments from trade associations asked for the January 2016 extension, and one industry
commenter asked to speak at the public meeting. One advocacy group, in response to public
meeting comments, clarified what chemicals and products are included in the Petition, evidence
of consumer exposure to these chemicals, and thoughts on redundancy of action by CPSC.

Public meeting

Twenty-eight panelists from government, advocacy groups, academia, trade associations, and
industry presented to the CPSC Commissioners at the public meeting, including 10 panelists
from the organizations representing the petitioners. Fourteen panelists represented affiliations,
which also provided written comments to the docket.

Docket and public meeting comment summaries

Many written comments included statements from commenters on their concern about toxic
chemicals in consumer products, the health effects associated with this class of chemicals, flame
retardants’ (FR) migration out of chemicals and into dust, domestic and international hazard
studies on selected OFRs, testing results or studies conducted on consumer products and OFR
findings, preventing child exposure to toxic chemicals, exposure information relating to
petitioners’ product categories, and how products with FRs burn and produce smoke, soot, and
toxic gases that put residents and firefighters at risk. Ten panelists, who were petitioners, and
four more panelists at the public meeting reinforced their Petition by discussing and presenting
information on such topics as regrettable substitutions, structural similarity of OFRs, OFR health
effects and exposure data, labeling that does not protect human health, socioeconomic injustice,
restating the Petition scope and chemicals, and how CPSC has the authority to regulate this class
or chemicals under the FHSA. Three panelists discussed the overly broad nature of the Petition,
stressed that any work on these chemicals should be risk based, and argued about how the
Petition cannot be granted under the FHSA. Two panelists discussed fire safety and provided
evidence of OFR impact in fires. The remaining panelists discussed the toxicity of OFRs,

% CSPC-2015-0022-0072, CPSC-2015-0022-0111, CPSC-2015-0022-0159, CPSC-2015-0022-0166, CPSC-2015-
0022-0187, CPSC-2015-0022-0192, CPSC-2015-0022-0196, CPSC-2015-0022-0205-207, CPSC-2015-0022-0209.
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concern for children exposed to these OFRs, state actions on OFRs, studies where OFRs were
measured in some of these products categories, and how some businesses are moving away from
OFRs in their products.

Other commenters and panelists provided discussions on a variety of other topics, including:

OFR use in certain product categories and exemptions should the Petition be granted,
Fire safety and voluntary standards,

Other government action on OFRs,

Economic burden should the Petition be granted,

Fire science, toxicity and exposure studies, and

Information on chemical mixtures regulation.

The significant issues raised in the comments and at the public meeting are presented below,
followed by staff’s responses.

CPSC Authority Under the FHSA

Comment: Several commenters discussed CPSC’s authority under the FHSA to grant this
Petition. Commenters (Public Meeting (PM)2, PM3, PM7, PM18, PM26, and CPSC-2015-0022-
0197) stated that CPSC has the authority under the FHSA to ban the sale of products containing
the OFR class. Numerous commenters suggested that the petitioner’s requested rulemaking is
inconsistent with the requirements of the FHSA. Three commenters (CPSC-2015-0022-0181,
CPSC-2015-0022-0198, and PM13) characterized the petitioners’ request generally as “an
inappropriate and troubling application of the FHSA.” Another commenter stated that restricting
an entire class of chemicals under the FHSA is very difficult and would establish a dangerous
precedent for application of the FHSA. Other commenters (CPSC-2015-0022-0173, CPSC-
2015-0022-0176, CPSC-2015-0022-0181, CPSC-2015-0022-0198, CPSC-2015-0022-0201,
PM12, and PM13) stated that CPSC does not have the legal authority under the FHSA to grant
the Petition because specific findings are required under the FHSA for declaring “banned
hazardous substances” (some of which are substantive), adding that as per the FHSA, a Chronic
Hazard Advisory Panel would need to be used to determine the hazards presented. One
commenter (CPSC-2015-0022-0201) stated that the approach taken in the Petition is inconsistent
with the FHSA requirements and could ban all children’s products containing any amount of the
listed chemicals, regardless of whether there is a hazard or exposure. Two commenters (CPSC-
2015-0022-0198 and CPSC-2015-0022-0201) stated that the FHSA requires that a substance
cannot be banned unless the CPSC evaluates the substance as it is intended to be used in a
household, which means evaluating the finished product, not its individual ingredients.

Response: CPSC has considered the petitioners’ request in light of the Commission’s
regulations regarding petitions for rulemaking, and requirements for rulemaking under the
FHSA. Under the FHSA, to declare an article a banned hazardous substance, the Commission
must consider whether the substance meets the definition of one of the hazards defined in the
Act, how a given product is used, and whether the consumer’s exposure to a chemical through
the consumer’s customary or foreseeably use of the product would result in substantial personal
injury or substantial illness. Said otherwise, the FHSA requires consideration of the connection
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Developing and applying a simple model for Lakes Ontario and Superior. Unpubl. report on the Niagara-
on-the-Lake Workshop, May 1991. 147 pp. Co-author of chapters 2, 7, 8, 12.

7. DIAMOND, M.L., D. MACKAY and W.-Y. SHIU. 1992. Modelling the fate of toxic substances in
the Bay of Quinte. Technical Report No. 15. Prepared for the Bay of Quinte Remedial Action Plan (RAP)
Coordinating Committee. 126 pp.+ App.

6. MACRITCHIE, S.M. and M.L. DIAMOND. 1991. Identification of potential environmental and
health concerns of soil remediation technologies. Technical Report, City of Toronto, Environmental
Protection Office. 240 pp.

5. DIAMOND, M.L. and D. MACKAY. 1991. A mass balance model of the fate of toxic substances in
the Bay of Quinte. Technical Report No. 13. Prepared for the Bay of Quinte Remedial Action Plan
(RAP) Coordinating Committee. 69 pp.+ App.

4. DIAMOND, M.L. and A. MUDROCH. 1990. Review of techniques for quantifying the transfer of
contaminants and nutrients from bottom sediments. Environment Canada, National Water Research
Institute, Burlington, Ontario. Contribution N0.90-43. 106 pp.

3. CLARK, T. and M. DIAMOND. 1988. The feasibility of using evaluative models in the development
of Canadian Sediment Quality Guidelines. Unpubl. Report for Environ. Canada, Inland Waters
Directorate. 45pp.+ App.

2. DIAMOND, M.L. and J.A. ORTH. 1985. Image analysis of the Natal Lake Geobotanical Test Site.
Unpubl. Report for Canada Centre for Remote Sensing, Ottawa, DSS File No. 23413-4-8187. 34 pp.+

App.

1. SMITH, V.H., F.H. RIGLER, O. CHOULIK, M. DIAMOND, S. GRIESBACH and D. SKRABA.
1984b. A manual for eutrophication control in the subarctic. Final report to the Dept. of Indian and
Northern Affairs, Ottawa. Environ. Studies No. 33, QS-8360-000-EE-A1, Cat. No. R71-19/33-1985E. 32

pp.
9. MANUSCRIPTS ACCEPTED, SUBMITTED OR IN PREPARATION

DIAMOND ML, CA DE WIT, S MOLANDER, M SCHERINGER, T BACKHAUS, R LOHMANN, R
ARVIDSSON, A BERGMAN, M HAUSCHILD, I HOLOUBEK, L. PERSSON, B SUZUKI, M VIGH],
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C ZETZSCH. Exploring the planetary boundary for chemical pollution. Environment International
Submittted July 2014.

BJQRN A, ML DIAMOND, M BIRKVED, MZ HAUSCHILD. Development of a chemical footprint
indicator as a measure of the planetary boundary for chemical pollution of freshwater ecosystems.
Resubmitted ES&T. Sept 2014.

ABBASI G, AM BUSER, A SOEHL, M MURRAY, ML DIAMOND. Stocks and flows of PBDEs from
use to waste in U.S. and Canada from 1970-2020. Environ Sci Technol Submitted Aug 2014.

MOCHUNGONG P, G ABBASI, ML DIAMOND, J ZHU. Polybrominated diphenyl ethers and
alternative brominated flame retardants in furniture and electric and electronic devices collected from the
Greater Toronto Area, Canada. J Hazardous Mat Submitted Sept 2014,

SAWYER JM, MT ARTS, G ARHONDITSIS, ML DIAMOND. A general model of polyunsaturated
fatty acid (PUFA) uptake and loss in freshwater fish. Environ Modelling Under revision 2014.

GANDHI H, ML DIAMOND. Freshwater ecotoxicity characterization factors for aluminum. J Int LCA In
prep.

CHAUDHURI SR, H QI, E GOOSEY, A SAINI, Z JIANG, ] BROOK, ML DIAMOND. Phthalate ester
concentrations in indoor media and microenvironment variability. In prep.

SAWYER JM, N GANDHI, MT ARTS, G ARHONDITSIS, M KOOPS, ML DIAMOND A General
Model of Polyunsaturated Fatty Acids (PUFAs) in Freshwater Ecosystems. In prep.

YACOOB S, ML DIAMOND, R SANTORE, H SONNENBERG. Investigating Toxicity Using Single
and Metal Mixture BLM Models: A Case Study at Ross Lake. In prep.

YACOOB S, ML DIAMOND, R SANTORE, H SONNENBERG Comparing DGT Measurements and
WHAM Estimates of Zinc and Copper: A Case Study at Ross Lake in Northern Canada. In prep.

10. CONFERENCE PRESENTATIONS, including published abstracts

Krol A, Serodio A, Diamond ML. 2014. Improving the multimedia indoor model for svocs with a multi-layered
foam furniture submodel. REF FOR DIOXIN CONF.

Okeme JO, Poole J, Jantunen L, Serodio, D, Diamond ML. 2014. Vapor pressures and octanol-air partition
coefficients of novel brominated flame retardants, organophosphate flame retardants, and selected
polybrominated bipheny! ethers. REF FOR DIOXIN CONF.

Serodio D, Diamond ML, Zhang X, Bonnell 4, Sundin N, 2014. Alternative halogenated and
organophosphate flame retardants: estimated physical-chemical properties and environmental persistence
of 86 novel flame retardants. REF FOR DIOXIN CONF.

Diamond M, 2014, Flame retardants: what have we learned? Invited presentation 97th Canadian
Chemistry Conference, Vancouver, International Symposium Chemicals of Emerging Concern.

Abbasi G., Buser A., De Leon F., Diamond M. 2014. Global Flow of Contaminants: From Our Products in North
America to Our Waste Around the World. SETAC Europe, 24th Annual meeting; 2014 May 11-15, Basel,
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Switzerland. Platform.

ABBASI G, DE LEON F, SAINI A, GOOSEY E, BUSER A, MOUCHONGONG P, ZHU J, SOEHL A,
MURRAY M, DIAMOND M. 2014. Global flow of contaminants: from consumer products in North
America to landfills in developing countries. SETAC Europe, 24th Annual meeting; 2014 May 11-15,
Basel, Switzerland. Platform.

VIGHI M, BACKHAUS T, DIAMOND M, HAUSCHILD M, HOLUBECK I, LOHMANN R,
MOLANDER 8, PERSSON L, SALA S, SCHERINGER M, VILLA S, ZETZSCH C. 2014. Defining
planetary boundaries for chemicals: a proposal for persistent Organic Contaminants (POPs). SETAC
Europe, 24™ Annual Meeting, Basel, Switzerland. Poster.

Serodio, D. Diamond, M.L., Krol, A., Zhang, X., Bonnell, M., Sundin, N. 2014. Alternate halogenated
and organophosphate flame retardants: Estimated physical-chemical properties and environmental
persistence. SETAC Europe, 24" Annual Meeting, Basel, Switzerland. Poster.

Saini A, Okeme J, Diamond ML, Rauert C, Harrad S. 2014. Sorption of SVOCs to fabrics:Towards
determining the role of clothing in human exposure. SETAC Europe, 24th Annual meeting; 2014 May 11-
15, Basel, Switzerland. Platform.

Diamond M, Bjern A, Birkved M, Hauschild MZ. 2014. Chemical footprint assessment: presentation of method and
application to a case study involving different spatial scales. SETAC Europe 24rd Annual Meeting, Basel,
Switzerland. Platform.

ABBASI G, R. WEBER, ML DIAMOND. 2013. Flow of PBDEs in WEEE from US & Canada to
Nigeria. 34th Annual Meeting of SETAC North America, Nashville Nov, 17-21, 2013, Poster

GANDHI N. M.L. DIAMOND. 2013. Aluminum: Development of Comparative Toxicity Potentials for
Freshwater Archetypes to be used in Environmental Impact Assessments. SETAC North America 34th
Annual Meeting, Nashville.

DIAMOND ML, E GOOSEY, G ABBASI, A SAINI, F DE LEON, D SERODIO. 2013. Can we get
beyond PBDEs: what have we learned?? SETAC North America, 34th Annual Meeting, Nashville.

DIAMOND ML, M SCHERINGER, C DE WIT, R LOHMANN. 2013. How should we define a
planetary boundary for chemical pollution. SETAC Europe, 23rd Annual Meeting, Glasgow UK. Oral

presentation.

BJORN A, M. HAUSCHILD, M BIRKVED, M DIAMOND. 2013. Approaching the planetary boundary
for chemical pollution through a chemical footprint indicator — exploring feasibility via two case studies.
SETAC Europe, 23rd Annual Meeting, Glasgow UK. Poster Corner Presentation.

GOOSEY E, S CHAUDHURI, M DIAMOND, A SAINI. 2013. Flame retardant (FR) and phthalate
spatial variability indoors. SETAC Europe, 23rd Annual Meeting, Glasgow UK. Oral Presentation.

ABBASI G, M DIAMOND, R WEBER. 2013. Assessing the mass flow of PBDEs from North America to Nigeria
via “used” products. SETAC Africa. South Africa, September.

GOOSEY E, S CHAUDHURI, M DIAMOND, A SAINI. 2013. Flame retardant spatial variability
indoors: dust, air and window wipes. 6th International Symposium on Flame Retardants. San Francisco
April 7-10, 2013. Poster.

Curriculum Vitae - Miriam Diamond 28

THIS DOCUMENT HAS NOT BEEN REVIEWED 245 CLEARED FOR PUBLIC RELEASE
OR ACCEPTED BY THE COMMISSION UNDER CPSA 6(b)(1)



ABBASI G, A BUSER, A SOEHL, M MURRAY, ML DIAMOND. 2013. The fate of PBDEs in the use
and was,.te phases following changes of PBDE levels in products; a SFA application. 6th International
Symposium on Flame Retardants. San Francisco April 7-10, 2013. Poster.

Goose).’, E., A. Saini, G. Abbasi, L. Melymuk, M.L. Diamond, 2012 OQOut with the old in with the new:
BFRs in Toronto. Proceedings of the 33rd SETAC North America Annual Meeting, pp. 215-216.
Available from: SETAC Portal: SETAC Digital Library.

Abbasi G., Goosey E., Saini A., Diamond M., Buser A., Soehl A., Murray M., Zhu j., Mouchungong P.
2012. Estimation of the inventory of PBDEs in municipalities adjacent to the Great Lakes. SETAC North
America Conference. Long Beach, USA 2012. Oral presentation.

CSISZAR SA, DAGGUPATY S, DIAMOND ML. 2012. Modeling urban areas as a source of PCBs and
PBDEs to surrounding regions using a coupled multimedia and atmospheric transport model. SETAC
North America Conference. Long Beach, USA 2012. Oral presentation.

Abbasi G., Buser A., Diamond M., Soehl A., Murray M. Present and future of PBDE inventory in
Toronto; An SFA application. SETAC North America Conference. Long Beach, USA 2012. Poster

Chaudhuri, S.R., A. Saini, E. Goosey, H. Qi, M. Venier, M. Diamond. 2012 Phthalates and flame
retardants: indoor concentrations, dermal wipes and urine biomonitoring. SETAC North America
Conference. Long Beach, USA. Poster.

Yacoob S, ML Diamond, R. Santore. 2012. Assessing metal toxicity based on a combined unit world and
kinetic modeling approach. SETAC North America Conference. Long Beach, USA. Poster.

DIAMOND ML, G. ABBASI, E GOOSEY, A SAINI, A BLUM, M VENIER, A SOEHL, M
MURRAY. 2012. The actors and plot of the flame retardant story. 13™ Annual Workshop on Brominated
and Other Flame Retardants. Winnipeg, June 4-5, 2012, Oral.

GOOSEY E, ML DIAMOND, A SAINI, SR CHAUDHURI, G ABBASI 2012. “Novel” flame
retardants in Toronto; homes, work and in the park”. 13™ Annual Workshop on Brominated and Other
Flame Retardants. Winnipeg, June 4-5, 2012. Oral.

¢DIAMOND ML. 2012. A planetary boundary for chemical pollution. SETAC Europe 22" Annual
Meeting and SETAC World Congress. Platform Presentation. Berlin, May 20-24, 2012.

¢DIAMOND ML, L MELYMUK, S CSISZAR, E GOOSEY, G ABBASI, PA HELM. 2012. Tracing
contaminants from urban sources to fate. SETAC Europe 22" Annual Meeting and SETAC World
Congress. Platform Presentation. Berlin, May 20-24, 2012.

YACOOB S, ML DIAMOND, C GUEGEN. 2012. What’s causing toxicity at a zinc-copper mine site?
SETAC Europe 22™ Annual Meeting and SETAC World Congress. Poster Presentation. Berlin, May 20-
24,2012.

ZDIAMOND ML. 2011. The history of environmental chemistry — the Mackay era and beyond. SETAC
North America 32st Annual Meeting, Boston, USA, November 13 - 17. Invited oral presentation.

DIAMOND ML, HELM PA, CSISZAR SA, MELYMUK L, ROBSON M, BACKUS S, DAGGUPATY
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S, GIANG A. 2011. What we found in our backyard. SETAC North America 32st Annual Meeting,
Boston, USA, November 13 - 17. Oral presentation.

MEL.YI\{IUK L et al. PCBs, PBDEs, and PAHs in the urban atmosphere: spatial and seasonal trends and
implications for contaminant transport. SETAC North America 32st Annual Meeting, Boston, USA,
November 13 - 17. Poster presentation.

GOQSEY E, CSISZAR S, CATCHING C, ZHU J et al. 2011. Reconnaissance study of sealcoat
application in Toronto, Canada and an estimate of related PAH emissions. SETAC North America 32st
Annual Meeting, Boston, USA, November 13 - 17. Poster presentation.

HELM PA, GILBERT B, M ROBSON, L MELYMUK, DIAMOND ML. 2011. Transport of PCBs,
PBDEs, PAHs, and Polycyclic musks via urban tributaries to Lake Ontario, Canada. SETAC North
America 32st Annual Meeting, Boston, USA, November 13 - 17. Oral presentation.

CSISZAR SA, DAGGUPATY S, DIAMOND ML. 2011. Predicting urban scale atmospheric PCB and
PBDE emissions and fate using the BLFM-MUM model. SETAC North America 32st Annual Meeting,
Boston, USA, November 13 - 17. Oral presentation.

CHAUDHURI S, S. VERKOYEON, DIAMOND ML. 2011. Intensive indoor measurements and
biomonitoring of phthalates: implications for exposure. SETAC North America 32st Annual Meeting,
Boston, USA, November 13 - 17. Poster presentation.

SAWYER J, ML DIAMOND, M ARTS, G ARHONDITSIS, N GANDHI. 2011. Modelling
polyunsaturated fatty acids (PUFA) in freshwater fishes: a kinetic approach. SETAC North America 32st
Annual Meeting, Boston, USA, November 13 - 17, Poster presentation.

YACOOB S, ML DIAMOND, N GANDHI. 2011. What’s Causing Toxicity at a Zinc — Copper Mine
Site? SETAC North America 32st Annual Meeting, Boston, USA, November 13 - 17. Poster presentation.

GANDHI N, MAJ HUIJBREGTS, D VAN DE MEENT, WIGM PEIJNENBURG, J GUINEE, ML
DIAMOND. 2011. Development of a new modeling framework to address issues of metal fate and effects
in LCIA. SETAC Europe, Milan, May 2011. Platform presentation.

GANDHI N, MAJ HUIJBREGTS, D VAN DE MEENT, WIGM PEIJNENBURG, J GUINEE, ML
DIAMOND. 2011. Revised method of hazard and ecological risk assessments for calculating
Comparative Toxicity Potentials of metals for which BLMs are not available. SETAC Europe, Milan,
May 2011. Poster presentation.

DIAMOND ML, HELM PA, CSISZAR SA, MELYMUK L, ROBSON M, BACKUS S, BRADLEY L,
GILBERT B, DAGGUPATY S, JANTUNEN LM. 2011. From sources to urban fate: a contrast of PCBs,
PBDEs, PAHs and synthetic musks. SETAC Europe, Milan, May 2011. Platform presentation.

HELM P, M ROBSON, G KALTENECKER, B GILBERT, ML DIAMOND, L MELYMUK, C
BRIMACOMBE, T CHEN, T KOLIC, EJ REINER 2011. Urban tributaries as a pathway of PCBs,
PBDEs, PAHSs, and polycyclic musks to adjacent Lake Ontario, Canada. SETAC Europe, Milan, May
2011. Poster presentation.

DIAMOND ML, CHAUDHURI S, MUKWEDEYA E. 2011. Measurement and modelling of phthalates
indoors”. AllerGen, Allergy, Genes and Environment Network. Sixth Annual Research Conference,

Curriculum Vitae - Miriam Diamond 30

THIS DOCUMENT HAS NOT BEEN REVIEWED 247 CLEARED FOR PUBLIC RELEASE
OR ACCEPTED BY THE COMMISSION UNDER CPSA 6(b)(1)



February 6-8,2011, Vancouver, BC.

SAWYER J, N GANDHI, ML DIAMOND, G ARHONDITSIS, M KOOPS. 2010. Transfer and
accumulation of polychlorinated biphenyls and polyunsaturated fatty acids through the Bay of Quinte and
Hamilton Harbour food web. SETAC North America 31st Annual Meeting, Portland, USA, November 7 -
1.

GANDHI N, SB GEWURTZ, PA HELM, SP BHAVSAR, ML DIAMOND. 2010 Application of a food
web model to evaluate mechanisms controlling biomagnifications of polychlorinated naphthalenes in a
Lake Ontario food web. SETAC North America 3 1st Annual Meeting, Portland, USA, November 7 - 11,

GANDHI N, MAJ HUIJBREGTS, D VAN DE MEENT, WJGM PEUUNENBURG, J GUINEE, ML
DIAMOND. 2010 Development of a new framework to address issues of metal fate and effects in
hazard/risk assessment tools for regulatory evaluations. SETAC North America 31st Annual Meeting,
Portland, USA, November 7 - 11,

GANDHI N, MAJ HUIJBREGTS, D VAN DE MEENT, WJGM PEIJINENBURG, J GUINEE, ML
DIAMOND. 2010 Application of a new method for calculating ecotoxicity potentials of metals in global
freshwaters — A critical analysis of metal hazard assessment. SETAC North America 31st Annual
Meeting, Portland, USA, November 7 - 11.

GANDHI N, MAJ HUIUJBREGTS, D VAN DE MEENT, WJGM PEIJNENBURG, J GUINEE, ML
DIAMOND. 2010. Implications of geographic differences on estimating exposure and ecotoxicity
potential of metals — Application to freshwaters of Canadian ecoregions. SETAC North America 31st
Annual Meeting, Portland, USA, November 7 - 11.

GANDHI N, MAJ HUIJBREGTS, D VAN DE MEENT, WIGM PEIJNENBURG, J GUINEE, ML
DIAMOND. 2010. Revised method of hazard and Life Cycle Impact assessments for calculating
Comparative Toxicity Potentials of metals for which BLMs are not available. SETAC North America
31st Annual Meeting, Portland, USA, November 7 - 1 1.

Robson, M.E., Melymuk, L.E., Gilbert, B., Helm, P.A. Csiszar, S.A., Diamond, M.L. 2010. Polycyclic
Musks in the urban environment: Sources trends and fate Poster, SETAC North America 31st Annual
Meeting, Portland, USA, November 7 - 11.

Melymuk L, ME. Robson, ML Diamond, PA Helm. 2010. Atmospheric Fate and Transport of Selected
Organic Pollutants in the Greater Toronto Area. SETAC North America 31st Annual Meeting, Portland,
USA, November 7 - 1 1.

Melymuk, L.E., Robson, M., Csiszar, S.A., Diamond, M.L ., Daggupaty, S., Helm,P.A., Backus, S.
Bradley, L. and Jantunen, L 2010. Urban Sources and Loadings of Toxics to Lake Ontario from an
Integrated Measurements and Modeling Approach. SETAC North America 31st Annual Meeting,
Portland, USA, November 7 - 11.

Csiszar, S.A., S. Daggupaty, M.L. Diamond, L. Melymuk, M. Robson 2010. BLFM-MUM: A coupled
atmospheric transport and multimedia model used to study PCBs in Toronto. Platform presentation
submitted to the SETAC North America 31st Annual Meeting, Portland, USA, November 7 - 11

Csiszar, S.A., S. Daggupaty, M.L. Diamond, L. Melymuk, M. Robson. 2010 BLFM-MUM: A coupled
atmospheric transport and multimedia model used to study PCBs in Toronto: Modeling Urban Films.
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Poster Urban Environmental Pollution Conference, Boston, USA, June 20 - 23.

Robson, M.E., Melymuk, L.E., Gilbert, B., Helm, P.A. Csiszar, S.A., Diamond, M.L. 2010. Persistent
organic pollutants in rivers: The effects of urbanization and high flow events. Poster, Urban
Environmental Pollution Conference, Boston, MA.

Diamond, M.L., S.A. Csiszar, L. Melymuk, M. Robson, P.A. Helm’ S. Backus, S. Daggupaty, L.
Jantunen, P. Blanchard. 2010. Concentrations, Emissions and Fate of Legacy and Current
Use/Production POPs from Toronto, Canada. Oral presentation. Urban Environmental Pollution
Conference, Boston, USA, June 20 - 23.

Melymuk, L.E., Robson, M.E., Csiszar, S.A., Diamond, M.L., Helm, P.A. 2010. Atmospheric fate and
transport of selected organic pollutants in the Greater Toronto Area. Poster, Urban Environmental
Pollution Conference, Boston, MA

Melymuk, L.E., Robson, M.E., Diamond, M.L., Bradley, L., Backus, S. 2010. Urban sources and loadings
of organic contaminants to Lake Ontario: assessing the influence of precipitation from urban and rural
sites. Poster, Urban Environmental Pollution Conference, Boston, MA

Robson, M., Melymuk, L.E., Csiszar, S.A., Diamond, M.L.*, Daggupaty, S., Helm, P.A., Backus, S,
Jantunen, L. 2010. Urban Sources and Loadings of Toxics to Lake Ontario from an Integrated
Measurements and Modeling Approach. Poster, SETAC, European Annual Meeting, Seville, Spain.

DIAMOND, ML, SA CSISZAR, N GANDHI, R ALEXY, DT BENNY, J STRUGER, C MARVIN,
2010. Aquivalence revisited — an activity based model to assess environmental behaviour of ionic
compounds. Platform presentation, Soc. Environ. Toxicol. Chem. (SETAC) Europe, Annual Meeting,
Seville, Spain.

Robson M, Melymuk LE, Csiszar SA, Diamond ML, Daggupaty S, Helm PA, Backus S and Jantunen L.
2010. Urban Sources and Loadings of Toxics to Lake Ontario from an Integrated Measurements and
Modeling Approach. Poster. Soc. Environ. Toxicol. Chem. (SETAC) Europe, Annual Meeting, Seville,
Spain.

Diamond. 2010, Implications of Geographic Variability on Estimating Comparative Toxicity Potentials of
Metals in Freshwaters of Canadian Ecoregions. Platform presentation. Soc. Environ. Toxicol. Chem.
(SETAC) Europe, Annual Meeting, Seville, Spain.

N Gandhi, M Huijbregts, D van de Meent, W Peijnenburg, ] Guinée, ML Diamond. 2010. Application of
the New Method for Calculating Comparative Toxicity Potential of Metals in Global Freshwater-types.
Poster presentation. Soc. Environ. Toxicol. Chem. (SETAC) Europe, Annual Meeting, Seville, Spain.

Csiszar, S.A., S. Daggupaty, M.L. Diamond. 2010 BLFM-MUM: A coupled atmospheric transport and
multimedia model used to study PCBs in Toronto: Modeling Urban Films. Poster IAGLR 53rd Annual
Conference on Great Lakes Research, Toronto, May 17 - 21.

Melymuk, L.E., Robson, M., Diamond, M.L., Bradley, L., Backus, S, 2010. Urban Sources and
Loadings of Organic Contaminants to Lake Ontario: assessing the influence of precipitation from urban
and rural sites. Oral presentation, International Association for Great Lakes Research Annual Conference,
Toronto, ON.
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Robson, M., Melymuk, L.E., Helm, P.A., Gilbert, B., Diamond, M.L., Backus, S, Jantunen, L. 2010.
Urban Sources and Loadings of Toxics to Lake Ontario from the Greater Toronto Area. Poster,
International Association for Great Lakes Research Annual Conference, Toronto, ON.

ROBSON M, L MELYMUK, ML DIAMOND, PA HELM, S BACKUS, P BLANCHARD. 2009.
Polycyclic musks in Toronto rivers: the effects of urbanization and high flow events. International
Association of Great Lakes Research, 52™ Annual Conference, Toledo, Ohio.

DEL GOBBO L, J SAWYER, C ECKLEY, M DIAMOND, J ARCHBOLD, L VANDERLINDEN, G
TOMY. 2009. How much of which fish should we eat? Consumption guidance for Toronto market fish
based on contaminants and omega-3 fatty acids. International Association of Great Lakes Research, 52"
Annual Conference, Toledo, Ohio.

MELYMUK L, M ROBSON, A GIANG, S CSISZAR, M DIAMOND, P HELM. 2009. Continuing
sources of PCBs: the significance of building sealants. International Association of Great Lakes Research,
52" Annual Conference, Toledo, Ohio.

Robson, M., Melymuk, L.E., Diamond, M. Helm, P., Gilbert, B. 2008. Comparison of Chemical Profiles
in Urban Rivers during Base Flow and Storm Events”. Oral presentation, International Association for
Great Lakes Research Annual Conference, Peterborough, ON.

DIAMOND ML. 2009. Science meets policy — and politics! 44™ Central Canadian Symposium on
Water Quality Research,

DIAMOND ML. 2009. An overview of Bisphenol A. Special Symposium on Bisphenol A. 44™ Central
Canadian Symposium on Water Quality Research.

GANDHI*, N.,, M.L. DIAMOND, D. VAN DE MEENT, M. HUIJBREGTS, A. DE KONING, J.
GUINEE, W. PEIJNENBERG. 2008. New method for calculating metal characterization factors in Life
Cycle Impact Assessment. Soc. Environ. Toxicol. Chem. (SETAC) North America, Annual Meeting,
Tampa, Florida. Platform.

DIAMOND, ML. 2008. A long range view of long range transport of POPs. Soc. Environ. Toxicol.
Chem. (SETAC) North America, Annual Meeting, Tampa, Florida. Invited platform presentation to open
session.

MUGNALI, C., SOMMERFREUND, J.K., G.B. ARHONDITSIS, M.L. DIAMOND, M. FRIGNANI, G.
CAPADAGLIO, M. GERINO, L. BELLUCCI and S. GIULIANI. 2008. Modeling Venice Lagoon fate
and transport of POPs and metals in two different wind regimes. Soc. Environ. Toxicol. Chem. (SETAC)
North America, Annual Meeting, Tampa, Florida. Poster.

GANDHI*, N., M.L. DIAMOND, D. VAN DE MEENT, M. HUIJBREGTS, A. DE KONING, J.
GUINEE, W. PEIJNENBERG. 2008. Influence of aquatic chemistry on fate and toxicity estimates of
metals in hazard assessment. Soc. Environ. Toxicol. Chem. (SETAC) North America, Annual Meeting,
Tampa, Florida. Platform.

DIAMOND, ML, CSISZAR S, ZHANG X. 2008. Where is my bisphenol A coming from? Soc. Environ.
Toxicol. Chem. (SETAC) North America, Annual Meeting, Tampa, Florida. Platform.
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ZHANG*, X., M.L. DIAMOND, S. HARRAD and C. IBARRA. 2008. Polybrominated diphenyl ethers
(PBPES) and polychlorinated biphenyls (PCBs) in indoor environments in Toronto. Soc. Environ.
Toxicol. Chem. (SETAC) North America, Annual Meeting, Tampa, Florida. Poster.

ROBSON, M, L MELYMUK, P HELM, A GIANG, ML DIAMOND. 2008. Continuing sources of PCBs:
the significance of building sealants. Soc. Environ. Toxicol. Chem. (SETAC) North America, Annual
Meeting, Tampa, Florida. Poster.

GANDHI, N., M.L. DIAMOND, D. VAN DE MEENT, M. HUIJBREGTS, A. DE KONING, J.
GUINEE, W. PEIINENBERG, B. KOELMANS. 2008. Improvements in estimating metal
characterization factors in Life Cycle Impact Assessment — Incorporation of metal speciation into fate and
effects calculations. Platform presentation. Soc. Environ. Toxicol. Chem. (SETAC) Europe, Annual
Meeting, Warsaw, Poland.

GEWURTZ S., N. GANDHI*, S. BHAVSAR, G. TOMY, M. DIAMOND, K. LAW. 2008. Application of a multi-
chemical food web model to assess the dynamics of PBDEs in the food web of Lake Winnipeg, Canada. Brominated
Flame Retardants Workshop, Victoria, B.C.

ZHANG, X*, Z., ROBSON*, M., M. DIAMOND, S. HARRAD, C. IBARRA. 2008. What controls the
emissions and fate of PBDEs indoors. Brominated Flame Retardants Workshop, Victoria, B.C.

GALARNEAU, E,, P.A. MAKAR and M.L. DIAMOND. 2008. Atmospheric fate of semivolatile PAHs
in North America. Abstract submitted to SETAC World Congress, Australia.

Robson, M. ,Melymuk, L., Diamond, M. Helm, P., Gilbert, B., 2007. Persistent organic pollutants in
urban environments Invited Presentation, Urban Atmosphere Workshop, hosted by Baltimore Ecosystem
Study, National Science Foundation. Baltimore, MA.

GANDHI*, N, M.L. DIAMOND, D. VAN DE MEENT, W. PEIJNENBURG, M. HUIJBREGTS, j.
GUINEE, G. HUPPES and B. KOELMANS. 2007. Estimation of characterization factors for metals in
Life-cycle Impact Assessment of ecotoxicity — analysis of metal speciation, fate and effects issues.
Platform presentation. Soc. Environ. Toxicol. Chem. (SETAC), 28™ Annual Meeting, Milwaukee.

DIAMOND*, M.L., S. HARRAD, X. ZHANG, L. MELYMUK, S. CSISZAR, J.P. CLARKE, N.
GANDHI, S. GEWURTZ, H. JONES-OTAZO. 2007. Cities: from contaminant emissions to exposure.
Symposium presentation. Soc. Environ. Toxicol. Chem. (SETAC), 28" Annual Meeting, Milwaukee.

ZHANG*, X., M.L. DIAMOND, S. HARRAD and C. IBARRA. 2007. PBDEs — Behaviour in indoor
environment - a mass balance fugacity model approach. Symposium presentation. Soc. Environ. Toxicol.
Chem. (SETAC), 28"™ Annual Meeting, Milwaukee.

MELYMUK*, L., M. ROBSON, M.L. DIAMOND and P. HELM. 2007. Concentrations and fluxes of
persistent organic pollutants to Lake Ontario via the Greater Toronto Area. Symposium presentation.
Soc. Environ. Toxicol. Chem. (SETAC), 28™ Annual Meeting, Milwaukee.

GEWURTZ*, S., P. CROZIER, M.L. DIAMOND, et al. 2007. Perfluoroalky! contaminants in window
film before and after a carpet installation. Platform presentation. Soc. Environ. Toxicol. Chem. (SETAC),
28" Annual Meeting, Milwaukee.

CSISZAR*, S.,, N. GANDHI, M.L. DIAMOND, R. ALEXY, D. BENNIE, J. STRUGER and C.
MARVIN, 2007. New model for pharmaceuticals: description and application to Hamilton Harbour.
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Platform presentation. Soc. Environ. Toxicol. Chem. (SETAC), 28" Annual Meeting, Milwaukee.

GAHNDI*, N. S. BAHVSAR*, M.L. DIAMOND. 2007. Development of a generic method for hazard
analysis of substances: Addressing metal speciation, fate and Ecotoxicity Issues. Mining and the
Environment International Conference” held in Sudbury during October 19 - 26, 2007. Gandhi won
second prize for the best student oral presentation.

MELYMUK, L., S. CSISZAR, J.P. CLARKE, M.L. DIAMOND*, B. BRANFIREUN, P. HELM and T.
HARNER. 2007. Are PCBs legacy POPs? Platform presentation. Soc. Environ. Toxicol. Chem. (SETAC)
Europe, Annual Meeting, Porto, Portugal.

GANDHI*, N, M.L. DIAMOND, D. VAN DE MEENT, M. HUIJBREGTS, J. GUINEE, G. HUPPES,
W. PEUNENBERG and B. KOELMANS. 2007. Estimation of characterization factors for metals in Life
Cycle Impact Assessment of ecotoxicity — addressing metal fate, exposure and effects. Poster
presentation. Soc. Environ. Toxicol. Chem. (SETAC) Europe, Annual Meeting, Porto, Portugal.

CSISZAR*, S.A,, M.L. DIAMOND, JP. CLARKE, M.A. BELMONT, L.E. MELYMUK, S.J.
HARRAD, P.C. VAN METRE, F.T. HEITMULLER, M. RAO, T. HARNER and B. BRANFIREUN,
2007. Estimating emissions and fate of PCBs and PBDEs from European and North American cities.
Platform presentation. 50" Annual Conf Internat. Assoc. Great Lakes Res. Pittsburgh, Penn.

SOMMERFREUND, J.K., G.B. ARHONDITSIS, M.L. DIAMOND*, M. FRIGNANI, G.
CAPADAGLIO, M. GERINO, L. BELLUCCI and S. GIULIANI. 2007. Uncertainty, data limitations and
modelling: case study of contaminant fate modelling in the Venice Lagoon. Platform presentation. 50™
Annual Conf Internat. Assoc. Great Lakes Res. Pittsburgh, Penn.

MELYMUK?*, L., S.A. CSISZAR, M.L. DIAMOND, P. HELM, T. HARNER and B. BRANFIREUN.
2007. Are PCBs legacy POPs? An assessment of current PCB use in urban areas. Platform presentation.
50™ Annual Conf Internat. Assoc. Great Lakes Res. Pittsburgh, Penn.

GANDHI*, N., R. ALEXY, S. CSISZAR, M. BELMONT, M.L. DIAMOND, D. BENNIE, .
STRUGER, C. MARVIN. 2007. New Model for pharmaceuticals: description and application to
Hamilton Harbour. 50™ Annual Conf Internat. Assoc. Great Lakes Res. Pittsburgh, Penn.

GALARNEAU*, E., MAKAR, P.A., SASSI, M., DIAMOND, M.L. 2007. Atmospheric Emissions and
Modelled Regional Fate of Semivolatile Polycyclic Aromatic Hydrocarbons (PAHs) in the Great Lakes
Basin. Abstract submitted to 50" Annual Conf Internat. Assoc. Great Lakes Res. Pittsburgh, Penn.

MELYMUK, L., S. CSISZAR, J.P. CLARKE, M.L. DIAMOND*, B. BRANFIREUN, P. HELM and T.
HARNER. 2007. Are PCBs legacy POPs? Platform presentation. Soc. Environ. Toxicol. Chem. (SETAC)
Europe, Annual Meeting, Porto, Portugal.

GANDHI*, N., M.L. DIAMOND, D. VAN DE MEENT, M. HUIJBREGTS, J. GUINEE, G. HUPPES,
W. PEIJNENBERG and B. KOELMANS. 2007. Estimation of characterization factors for metals in Life
Cycle Impact Assessment of ecotoxicity — addressing metal fate, exposure and effects. Poster
presentation. Soc. Environ. Toxicol. Chem. (SETAC) Europe, Annual Meeting, Porto, Portugal.

CSISZAR*, S.A., R. ALEXY, N. GANDHI, M. BELMONT, M.L. DIAMOND, D.T. BENNIE, J.
STRUGER and C. MARVIN. 2007. Pharmaceuticals as environmental contaminants: modelling,
distribution and fate (Triclosan, Naproxen, Ibuprofen and Gemfibrozil in Hamilton Harbour). Poster
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presentation. Pharmaceuticals and personal care products in the Canadian Environment: Research policies
and directions. Niagara-on-the-Lake, Canada.

SOMMERFREUND, J.A., ARHONDITSIS, G. and DIAMOND*, M.L. 2007. A probabilistic approach
for contaminate fate and transport modelling. Canadian Assoc. Water Quality, Burlington, Ont. Platform.

GEWURTZ, S.B., N. GANDHI, S.P. BHAVSAR*, M.L. DIAMOND, G.T. TOMY and K. LAW. 2006.
Application of a multi-chemical food web model to assess the dynamics of PBDEs in the food web of
Lake Winnipeg, Canada. Soc. Environ. Toxicol. Chem. (SETAC), 27" Annual Meeting, Montreal.

DIAMOND, M.L., L. MELYMUK, S. CSISZAR, M. BELMONT, P. HELM and J.P. CLARKE. 2006.
Are PCBs legacy POPs? Assessment of current use in an urban area. Poster presentation. Soc. Environ.
Toxicol. Chem. (SETAC), 27" Annual Meeting, Montreal.

ROBSON*, M., L. MELYMUK, M. DIAMOND, B. GILBERT, P. HELM and T. CHEN. 2006.
Concentrations of Polycyclic Aromatic Hydrocarbons in River Sediments in the Greater Toronto Area.
Poster presentation. Soc. Environ. Toxicol. Chem. (SETAC), 27" Annual Meeting, Montreal.

DIAMOND*, M.L., M.A. BELMONT, L.E. MELYMUK*, J.P. CLARKE*, S.J. HARRAD, P.C. VAN
METRE, F.T. HEITMULLER, M. RAO and T. HARNER. 2006. More on the fate of PBDEs in cities —
a Tale of 3 cities. Oral presentation. Soc. Environ. Toxicol. Chem. (SETAC), 27" Annual Meeting,
Montreal.

DIAMOND, M.L., S.P. BHAVSAR and N. GANDHI. 2006. Advances in coupled fate and speciation
modeling of metals. Oral presentation. Soc. Environ. Toxicol. Chem. (SETAC), 27™ Annual Meeting,
Montreal.

GANDHI*, N,, S. BHAVSAR, J.P. CLARKE, L. MELYMUK, S. CSISZAR and M.L. DIAMOND.
2006. Assessing the long-term cycling of PCBs in Hamilton Harbour. Oral Presentation. Soc. Environ.
Toxicol. Chem. (SETAC), 27™ Annual Meeting, Montreal.

GANDHI, N,, S.P. BHAVSAR, M.L. DIAMOND, D. VAN DE MEENT, M. HUIJBREGTS, J.
GUINEE, H, HUPPES, W. PIINENBERG and B. KOELMANS. 2006. Estimation of Characterization
Factors for Metal Fate, Exposure and Effects Issues. Oral presentation. Soc. Environ. Toxicol. Chem.
(SETAC), 27™ Annual Meeting, Montreal.

DIAMOND, M.L., N. GANHDI, S.P. BHAVSAR, R. RAZAVI, E. HOGDE, J.P. CLARKE, H. LING.
2006. Modelling toxics in Areas of Concern: Lessons learned from Bay of Quinte, Hamilton Harbour. 49
Annual Conf. Internat. Assoc. Great Lakes Res. Windsor, Ont. Platform presentation.

CLARKE, J.P. and M.L. DIAMOND*. 2006. PCB Dynamics in a city: Application of Multi-media
Urban Model. 49" Annual Conf. Internat. Assoc. Great Lakes Res. Windsor, Ont. Platform presentation.

RAZAVI, R., E. HODGE, M.L. DIAMOND*, G. ARHONDITSIS. 2006. Contaminant fate in Bay of
Quinte: A modelling assessment. 49" Annual Conf. Internat. Assoc. Great Lakes Res. Windsor, Ont.
Platform presentation.

SOMMERFREUND*, J., M.L. DIAMOND, S. GUILANI, M. FRIGNANI, G. CAPODAGLIA. 2006.
Modelling contaminants in the Venice Lagoon. 49" Annual Conf. Internat. Assoc. Great Lakes Res.
Windsor, Ont. Platform presentation.
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TI.{I.BO‘DEAUX*, L. and M. DIAMOND. 2006. An air-to-surface film chemodynamic model for PAH
partitioning to urban surfaces. SETAC Europe, Den Haag, Netherlands. Platform presentation.

BHAVSAR, S.P., M.L. DIAMOND*, N. GANHDI. 2006. A coupled multispecies metal transport and
speciation (TRANSPEC I1) model for soil and water. SETAC Europe, Den Haag, Netherlands. Platform
presentation,

J.P. CLARKE, M.L. DIAMOND*, 2006. PCB dynamics in a city: Application of the Multi-media Urban
Model (MUM-Fate). SETAC Europe, Den Haag, Netherlands. Poster presentation.

SOMMERFREUND*, J., M.L. DIAMOND, S. GUILANI, M. FRIGNANI, G. CAPODAGLIA. 2006.
Modelling contaminants in the Venice Lagoon. SETAC Europe, Den Haag, Netherlands. Poster
presentation,

Bhavsar, S, Gandhi, N, *Diamond, M. 2005. Estimating Critical Loads of metals to surface aquatic
systems using a coupled metal TRANsport-SPECiation-TOXicity (TRANSPEC-TOX) model. Oral
presentation. Soc. Environ. Toxicol. Chem. (SETAC), 26™ Annual Meeting, Baltimore, Maryland.

*Gewurtz, S., Helm, P., Gandhi, N., Bhavsar, S., Diamond, M., Marvin, C., Whittle, D. 2005,
Application of a food web model to evaluate the mechanisms controlling polychlorinated naphthalene
concentrations in a Lake Ontario food web. Oral presentation. Soc. Environ. Toxicol. Chem. (SETAC),
Baltimore, Maryland.

Gandhi, N., Bhavsar, S., Gewurtz, S., *Diamond, M., Evenset , A., Christensen , G., Gregor, D. 2005.
Development of a multi-chemical food chain model: Application to study debromination and
bioformation of PBDEs. Oral presentation. Soc. Environ. Toxicol. Chem. (SETAC), 26™ Annual Meeting,
Baltimore, Maryland.

*Sommerfreund, J., Gandhi, N., Bhavsar, S., Gewurtz, S., Diamond, M., Guiliani, S. and M. Frignani.
2005. A fugacity based assessment of fate and transport of organic contaminants in the Venice Lagoon,
Italy. Poster presentation. Soc. Environ. Toxicol. Chem. (SETAC), 26" Annual Meeting, Baltimore,

Maryland.

Hernandez-Martinez, N., J. Truong and M.L. Diamond. 2005. Variability in surface films on impervious
surfaces. Poster presentation. Soc. Environ. Toxicol. Chem. (SETAC), 26™ Annual Meeting, Baltimore,
Maryland.

DIAMOND, M.L., J. ARCHBOLD, S. BHAVSAR, J. CLARKE, E. HODGE, H. JONES-OTAZO, T.
LABENCKI, J. TRUONG, F. WONG and M. MONABBTI 2005. Contaminants in cities: fate, exposure
and potential health effects. 4™ Annual Urban Health Conference, Toronto. Poster presentation.

*KENNEDY, C. and M.L. DIAMOND 2005. Sources and fate of chemical in the urban metabolism. 55"
Annual Canadian Chemical Engineering Conference. Toronto, Oct. Oral presentation.

*SOMMERFREUND J., N. GANDHI, S. BHAVSAR, S. GEWURTZ, S. GUILANI, M. FRIGNANI and
M.L. DIAMOND. 2005 A fugacity/aquivalence-gased assessment of contaminant fate and transport [ the
Venice Lagoon, Italy. 55™ Annual Canadian Chemical Engineering Conference. Toronto, Oct. Poster
presentation.
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*DIAMOND, M.L., J.P. CLARKE, N. HERNANDEZ-MARTINEZ, T. LABENCKI, B. LAM, E.
HODGE, H. JONES-OTAZO. 2005. Contaminants in the city: sources and fate. 55™ Annual Canadian
Chemical Engineering Conference. Toronto, Oct. Oral presentation.

BHAVSAR, S., N. GANDHI and M.L. DIAMOND*. 2005. Connecting metal loadings with ecotoxicity
in lakes using a coupled modelling approach. 55" Annual Canadian Chemical Engineering Conference.
Toronto, Oct. Oral presentation.

*DIAMOND, M.L., C. BUTT, B. LAM, J. TRUONG, N. HERNANDEZ-MARTINEZ, T.
LABENCKI, R. WU, A. SIMPSON. 2005. The Composition and implications of atmospherically-derived
films on impervious surfaces. Israel Society of Ecology and Environmental Quality and Science, Annual
Meeting, Rehovot, Israel.

*RAZAVI, R.,N. GANDHI, S.P. BHAVSAR, S.B. GEWURTZ, B. JONES and M.L. DIAMOND. 2005,
Chemical dynamics in the Bay of Quinte, Lake Ontario: a comparative modelling approach. 48" Annual
Conf. Internat. Assoc. Great Lakes Res. Chicago, Il. Poster presentation.

*BHAVSAR, S.P.,, DIAMOND, M.L., and GANDHI, N. 2005. Extension of coupled multispecies metal
TRANsport and SPECiation (TRANSPEC) model to soil compartment. 48" Annual Conf. Internat.
Assoc. Great Lakes Res. Chicago, Il. Oral presentation.

GEWURTZ, S.B., GANDHI, N., CHRISTENSEN, G.NN., EVENSET, A. GREGOR, D,
STERN, G.A., FRANZIN, W.G., RYAN, M., and DIAMOND, M.L. 2005. A Comparison of the
mechanisms controlling PCB bioaccumulation in lakes of different latitudes: a modeling approach. 48"
Annual Conf. Internat. Assoc. Great Lakes Res. Chicago, Il. Oral presentation.

*GANDHI, N.,, BHAVSAR, S.P., GEWURTZ, S.B.,, DIAMOND, M.L., RUSMIR-WOODS, C.,
and BOYD, D. 2005. Assessing long-term PCB cycling in Hamilton Harbour - An application of
integrated fate-transport and food web model. 48" Annual Conf. Internat. Assoc. Great Lakes Res.
Chicago, Il. Oral presentation.

*GANDHI, N., BHAVSAR, S.P., DIAMOND, M.L., MORASH, P., and ANDERSON, J. 2005.
Impacts of metal dissolution kinetics on recovery of metal contaminated sediments — an application of
extended TRANSPEC model to Spanish Harbour. 48™ Annual Conf. Internat. Assoc. Great Lakes Res.
Chicago, Il. Oral presentation.

HERNANDEZ-MARINTEZ, N., J. TRUONG, M.L. DIAMOND. 2005. Variability and temporal trends
in urban film composition. 48" Annual Conf. Internat. Assoc. Great Lakes Res. Chicago, Il. Poster
presentation.

*WU, R.W.,, T. HARNER, M.L. DIAMOND, A. MOTELAY-MASSEI, CM. BUTT. 2005. Surface
organic films: growth dynamics and response to meteorology. Oral presentation. SETAC Europe. Lille
France.

*MOTELAY-MASSIE, A. T. HARNER, P. VAN METRE, C. ECKLEY, BJ. MAHLER, M.
DIAMOND, B. BRANFIREUN. 2005. Diurnal variations of air-surface exchange for organic pollutants
in urban areas. Abstract submitted for oral presentation. SETAC Europe. Lille France.

*GEWURTZ, S.B., N. GANDHI, G.N. CHRISTENSEN, A. EVENSET, D. GREGOR, G.A. STERN, W.
FRANZIN, M. RYAN. M.L. DIAMOND. 2004. A comparison of the mechanisms controlling POP
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bioaccumulation in lakes of different latitudes: a modelling approach. Oral presentation. Soc. Environ.
Toxicol. Chem. (SETAC), 25" Annual Meeting, Portland, Oregon.

*BHAVSAR, S.P., N. GANHDI, J. ARCHOLD, M.L. DIAMOND, R. GOULET. 2004,
BIOTRANSPEC-ERA: A model to estimate metal speciation-fate-bioaccumulation and toxicological
hazard for LCIA. Oral presentation. Soc. Environ. Toxicol. Chem. (SETAC), 25" Annual Meeting,
Portland, Oregon.

*BHAVSAR, S.P., M.L. DIAMOND, N. GANDHI. 2004. Extension of coupled multispecies metal
TRANsport and SPECiation (TRANSPEC) model to soil compartment. Oral presentation. Soc. Environ.
Toxicol. Chem. (SETAC), 25" Annual Meeting, Portland, Oregon.

*GEWURTZ, S.B., R. LAPOSA, N. GANDHI, G. CHRISTENSEN, A. EVENSET, D. GREGOR, M.L.
DIAMOND. 2004. Accumulation of POPs in a high arctic food web: influence of temperature, nutrients,
and loadings. Poster presentation. Soc. Environ. Toxicol. Chem. (SETAC), 25" Annual Meeting,
Portland, Oregon.

*LAM, B., *M.L. DIAMOND, A.J. SIMPSON, J. TRUONG, N.A. HERNANDEZ, J.D. DONALDSON.
2004. Chemical composition of surface films and their related implications to atmospheric chemistry.
Poster presentation. Soc. Environ. Toxicol. Chem. (SETAC), 25™ Annual Meeting, Portland, Oregon.

*HERNANDEZ, N.A., M.L. DIAMOND, J. TRUONG, J. DONALDSON. 2004. Variability and
reproducibility of surface films on impervious urban surfaces. Poster presentation. Soc. Environ. Toxicol.
Chem. (SETAC), 25™ Annual Meeting, Portland, Oregon.

WONG, F., M.L. DIAMOND*, M. ROBSON, S.J. HARRAD, T.F. BIDLEMAN, J. TRUONG. 2004,
Chiral signature of PCBs and organochlorine pesticides along an urban-rural transect. Oral presentation.
Soc. Environ. Toxicol. Chem, (SETAC), 25™ Annual Meeting, Portland, Oregon.

*GANDHI, N., S.B. *GEWURTZ, S.P. BHAVSAR, G.N. CHRISTENSEN, A. EVENSET, D.
GREGOR, T. SKOTVOLD, M.L. DIAMOND. 2004. A coupled fate-transport and food chain model for
PBDEs in the High Arctic: application to Lake Ellasjoen, Bear Island, Norway. 3™ International
Workshop on Brominated Flame Retardants. Toronto, Canada. Poster.

JONES-OTAZO, H., J.P. CLARKE, J. ARCHBOLD, M.L. DIAMOND, J.J. RYAN, G. FERGUSON.
2004. A preliminary comparison of Canadian PBDE exposures from oral and inhalation routes. 3™
International Workshop on Brominated Flame Retardants. Toronto, Canada. Poster.

ARCHBOLD, J.A., RN. HULL, M.L. DIAMOND. 2004. Take a deep breath — its time to reconsider
wildlife inhalation risk. SETAC Laurentian, Ottawa, Canada. Poster.

*GEWURTZ, S.B., N. GANDHI, G.A. STERN, W. FRANZIN, M.L. DIAMOND. 2004 Dynaimcs of
POPs in the biota of Lake Winnipeg: a modeling approach. 47" Annual Conf. Internat. Assoc. Great
Lakes Res. Waterloo, Ont. Oral presentation.

*GEWURTZ, S.B., R. LAPOSA, N. GANDHI, G.N. CHRISTENSEN, A. EVENSET, D. GREGOR, T.
SKOTVOLD, M.L. DIAMOND. 2004. A comparison of contaminant dynamics in arctic and temperate
fish.47™ Annual Conf. Internat. Assoc. Great Lakes Res. Waterloo, Ont. Poster presentation.

*HERNANDEZ, N. M.L. DIAMOND, J. TRUONG, D.M. LAPIERRE, B.L. FRYER. 2004.
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Contaminant fate in organic films on impervious urban surfaces. 47" Annual Conf. Internat. Assoc. Great
Lakes Res. Waterloo, Ont. Poster presentation.

*LABENCKI, T.L., M.L. DIAMOND, J. TURONG, D.M. LAPIERRE, B.A. BRANFIREUN. 2004.
Characterization of wash-off from urban impervious surfaces. 47" Annual Conf. Internat. Assoc. Great
Lakes Res. Waterloo, Ont. Oral presentation.

*GANDHI, N. S.P. BHAVSAR, M.L. DIAMOND, D. GREGOR, A. EVENSET, G.N. CHRISTENSEN.
2004. Concentrations in the aquatic food chain of Lake Ellasjoen, Bear Island, Norway. 47" Annual Conf.
Internat. Assoc. Great Lakes Res. Waterloo, Ont. Poster presentation.

JONES-OTAZO, H., J.P. CLARKE, *M.L. DIAMOND, J. ARCHBOLD, J. RYAN, E.M. HODGE, Q.-
T. LIU, J. TRUONG, C.M. BUTT, M. IKONOMOU. 2004. Predicted urban loadings and risk of human
health effects from multimedia exposure to semi-volatile organic contaminants. 47" Annual Conf,
Internat. Assoc. Great Lakes Res. Waterloo, Ont. Oral presentation.

BUTT, CM,, R.W. *WU, T. HARNER, M.L. DIAMOND, B.A. BRANFIREUN. 2004. Characterization
of surface organic films in urban centers. 47" Annual Conf. Internat. Assoc. Great Lakes Res. Waterloo,
Ont. Poster presentation.

*CAMPBELL, L M., D.G. DIXON, M. EVANS, M.L. DIAMOND, S.B. GEWURTZ, R.E. HECKY,
K.A. KIDD, L. LOCKHART, D.C.G. MUIR, G.A. STERN. 2004. Mercury trophodynamics across
latitudes.47"™ Annual Conf. Internat. Assoc. Great Lakes Res. Waterloo, Ont. Oral presentation.

*BHAVSAR, S.P.,, J. TRUONG, M.L. DIAMOND, B.J. FRYER. 2004. Spatial and temporal variations
of metals in film on exterior surfaces of glass windows: a promising passive air sampler. 47" Annual
Conf. Internat. Assoc. Great Lakes Res. Waterloo, Ont. Oral presentation.

MAKAR, P.A., M. DIAMOND, D.J. DONALDSON, J. TRUONG, A. ASAD, N.H. MARTINEZ, E.
DEMOU and H. VISRAM. 2004. Organic absorptive partitioning: theoretical predictions and
comparisons to measurements, European Geophysical Union Annual Meeting, Nice, France.

WONG, F., M. DIAMOND*, J. TRUONG, M. ROBSON, S. HARRAD, T. BIDLEMAN. 2003.
Accumulation and chiral analysis of organic chemicals in forest soils along an urban-rural gradient. Soc.
Environ. Toxicol. Chem. (SETAC) 24th Annual Meeting in North America, Austin, TX. Oral
presentation.

* DIAMOND, M.L., J.A. ARCHBOLD, S.P. BHAVSAR, M. MONABBATI. 2003. Fugacity in the
city: MUM-Fate and MUM-Risk. Soc. Environ. Toxicol. Chem. (SETAC), 24th Annual Meeting, SETAC
in North America, Austin, TX. Oral presentation.

*LABENCKI, T., M. DIAMOND, J. TRUONG, D. LAPIERRE, B. BRANFIREUN. 2003.
Characterization of wash-off from urban impervious surfaces. Soc. Environ. Toxicol. Chem. (SETAC),
24th Annual Meeting in North America, Austin, TX. Poster presentation.

*GANDHI, N., S.P. BHAVSAR, M.L. DIAMOND, E. BYRON, J.S. KUWABARA, M. MARVI-
DIPASQUALE, W. PRASKINS. 2003. Application of BIOTRANSPEC model to estimate mercury
speciation, fate and bioaccumulation in Lahontan Reservoir, Nevada. Soc. Environ. Toxicol. Chem.
(SETAC), 24th Annual Meeting in North America, Austin, TX. Oral presentation.
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*JONES-OTAZO, H., M.L. DIAMOND, J. CLARKE, G.M. RICHARDSON. 2003. An international
comparison of screening-level risk assessment modelling approaches. Soc. Environ. Toxicol. Chem.
(SETAC), 24th Annual Meeting in North America, Austin, TX. Oral presentation.

BHAVSAR, S.P., CHENG, T. M.L. DIAMOND, H.E. ALLEN, N. GANDHI*, M.C. ALFARO-DE LA
TORRE. 2003. Sensitivity of metal fate and transport results to speciation estimates from different
chemistry models. Soc. Environ. Toxicol. Chem. (SETAC), 24th Annual Meeting in North America,
Austin, TX. Oral presentation.

* BUTT, C.M., M.L. DIAMOND, J. TRUONG, M.G. IKONOMOU. 2003. PBDE & PCDD/F trends in
organic films on interior and exterior windows along an urban-rural transect. Soc. Environ. Toxicol.
Chem. (SETAC), 24th Annual Meeting in North America, Austin, TX. Oral presentation.

*BUTT, C.M., M.L. DIAMOND, B. BAHAVAR, G.A. STERN. 2003. Seasonal trends in surface
organic films along an urban-rural transect.Soc. Environ. Toxicol. Chem. (SETAC), 24th Annual
Meeting in North America, Austin, TX. Oral presentation.

*RYAN, M.L. G.A. STERN, M. DIAMOND, M. CROFT, S.GEWURTZ, P. ROACH. 2003. Temporal
changes in contaminants and trophic levels in biota from Yukon subarctic lakes. Soc. Environ. Toxicol.
Chem. (SETAC), 24th Annual Meeting in North America, Austin, TX. Poster presentation.

BUTT, C.M., J. TRUONG, M.L. DIAMOND*, M.G. [IKONOMOQU. 2003. PBDE and PCDD/F
concentrations in organic window films from southern Ontario. Dioxin 2003, Boston. Oral presentation.

BUTT, C.M. M.L. DIAMOND*, J. TRUONG, M.G. IKONOMOU. 2003. PBDE concentrations in
organic films from two North American cities. Brominated Flame Retardants Workshop, Boston. Oral
presentation.

Diamond ML, Dupuy D, Gladki J, Hodge E, Jones-Otazo H, Labencki T. 2003. The impact of urban
population growth on contaminant loadings. 46™ Conf. Internat. Assoc. Great Lakes Res., DePaul, IL.
Manitoba. Oral presentation.

*Gewurtz SB, Stern GA, Franzin W, Diamond M. 2003. Dynamics of persistent organic pollutants in the
biota of Lake Winnipeg. 46™ Conf. Internat. Assoc. Great Lakes Res., DePaul, IL. Manitoba. Oral
presentation.

*Clarke JP, Diamond ML, Butt C, Liu Q-T, Truong J, Hodge E. 2003. Multimedia distribution of PCBs
and PAH along an urban-rural transect. 46™ Conf. Internat. Assoc. Great Lakes Res., DePaul, IL.
Manitoba. Oral presentation.

*GANDHI, N., S.P. BHAVSAR, and M.L. DIAMOND. 2003. Development of mercury speciation, fate
and bioaccumulation model. An Ecosystem Approach to the Health Effects of Mercury in the Great Lakes
Basin. [JC Workshop. Windsor, ON. Poster presentation.

GEWURTZ, S.B.,, G.A. STERN, W. FRANZIN, L. LOCKHART, M. STAINTON and *M.L.
DIAMOND. 2002. Dynamics of organohalogen contaminants and mercury in the biota of Lake
Winnipeg. Soc. Environ. Toxicol. Chem. (SETAC), 23th Annual Meeting in North America, Salt Lake
City, UT. Oral presentation.

*GANDHI, N., M.L. DIAMOND, W. PRASKINS, E. BYRON, M. MARVIN-DIPASQUALE and J.
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KUWABAR. 2002. Development of mercury speciation, fate and bioaccumulation model: application to
the Lahontan Reservoir, Nevada. Soc. Environ. Toxicol. Chem. (SETAC), 23th Annual Meeting in North
America, Salt Lake City, UT. Oral presentation.

* DIAMOND, M.L. 2002. Lake and life: fugacity in the water. Soc. Environ. Toxicol. Chem. (SETAC),
23th Annual Meeting in North America, Salt Lake City, UT. Oral presentation.

HARNER, T., M. SHOEIB, N. FARRAR, G. STERN, M. [IKONOMOU, F.A.C.P. GOBAS, K.C. JONES
and M. DIAMOND. 2002. Passive air sampling for POPs on an urban-rural transect north of L.
Ontario.Soc. Environ. Toxicol. Chem. (SETAC), 23th Annual Meeting in North America, Salt Lake City,
UT. Oral presentation.

*BHAVSAR, S.L., M.L. DIAMOND, M. MONABBATI and J. ARCHBOLD. 2002. Multimedia Urban
Model (MUM) and its application to metals and SOCs. Soc. Environ, Toxicol. Chem. (SETAC), 23th
Annual Meeting in North America, Salt Lake City, UT. Oral presentation.

*DIAMOND, M.L., C. BUTT, T. DANN, T. HARNER, P. HARPER, G. KLEIN, Q. LIU, G.A. STERN.
2002. Urban-rural gradient study: atmospheric contaminant signatures and potential toxicity. Soc.
Environ. Toxicol. Chem. (SETAC), 23th Annual Meeting in North America, Salt Lake City, UT. Oral
presentation.

ARCHBOLD, J.A., M.L. DIAMOND and M. MONABBATI. 2002. Screening-level ecological risk
assessment decision support system: an urban case study. Soc. Environ. Toxicol. Chem. (SETAC), 23th
Annual Meeting in North America, Salt Lake City, UT, Oral presentation.

*JONES-OTAZO, H.A., JJA. ARCHBOLD and M.L. DIAMOND. 2002. Development of an integrated
ecological and human risk assessment model for urban areas. Soc. Environ. Toxicol. Chem. (SETAC),
23th Annual Meeting in North America, Salt Lake City, UT. Poster presentation.

*ARCHBOLD, J.A., M.L. DIAMOND, M. MONABBATI, S.B. GEWURTZ. 2002. Development and
application of a screening-level ecological risk assessment decision support-tool. 45™ Conf. Internat.
Assoc, Great Lakes Res., Winnipeg, Manitoba. Oral presentation.

*BUTT, C.M., M.L. DIAMOND, B.BAHAVAR, Q.-T. LIU, T. DANN, G.A. STERN. 2002.
Atmospheric deposition from urban areas inferred from organic films on impervious surfaces. 45™ Conf.
Internat. Assoc. Great Lakes Res., Winnipeg, Manitoba. Oral presentation.

*GEWURTZ, S.B.,, W.G. FRANZIN, G.A. STERN, M.L. DIAMOND. 2002. Mercury and stable
isotopes in the Lake Winnipeg fish community. 45™ Conf. Internat. Assoc. Great Lakes Res., Winnipeg,
Manitoba. Oral presentation.

HARNER, T., M. SHOEIB, N. FARRAR, K.C. JONES, *M.L. DIAMOND, G.A. STERN, F.A.C.P.
GOBAS, M. IKONOMOU, 2002. Passive air sampling for POPs on an urban-rural transect north of Lake
Ontario. 45™ Conf. Internat. Assoc. Great Lakes Res., Winnipeg, Manitoba. Oral presentation.

HARNER, T., M. SHOEIB, M. IKONOMOU, M.L. DIAMOND, K. KANNAN. 2002. Investigation of
PFOS and PBDEs in air: indoor vs outdoor, urban vs. rural and partitioning to environmental organic
phases. 45" Conf. Internat. Assoc. Great Lakes Res., Winnipeg, Manitoba. Oral presentation.

LIU, Q.-T., M.L. DIAMOND, B.E. MCCARRY, G.A. STERN, J. TRUONG. 2002. Multimedia
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concentrations of semi-volatile organic compounds (SOC) along an urban-rural gradient. Soc. Environ.
Toxicol. Chem. (SETAC) Europe Meeting, Vienna. Poster presentation.

LIU, Q.-T., R. CHEN, B.E. MCCARRY, M.L. DIAMOND, C.M. BUTT, J. TRUONG. 2002. Source
signatures of polar compounds in atmospherically derived organic films on an impervious surface. Soc.
Environ. Toxicol. Chem. (SETAC) Europe Meeting, Vienna. Poster presentation.

*ARCHBOLD, J.A., M.L. DIAMOND, M. MONABBATI, M. BURCHFIELD. 2001. Integrated
ecological risk assessment decision support-system: an urban case study. Soc. Environ. Toxicol. Chem.
(SETAC), 22th Annual Meeting, Baltimore, MD. Poster presentation.

LiU, Q.-T., B.E. MCCARRY, R. CHEN and *M.L. DIAMOND. 2001. Polar compounds in organic
films on an impervious surface: indoor activities and seasonal variation. Soc. Environ. Toxicol. Chem.
(SETAC), 22th Annual Meeting, Baltimore, MD.

*SCHRYER, D.W., M.L. DIAMOND, B. MCCARRY, G. STERN, Q-T. LIU and C. BUTT. 2001.
Multimedia Urban Model: validation and uncertainty analysis using a dynamic Monte Carlo method. Soc.
Environ. Toxicol. Chem. (SETAC), 22th Annual Meeting, Baltimore, MD.

*BUTT, C., M.L. DIAMOND, B. BAHAVAR, T. DANN, G.A. STERN 200I. Seasonal trends in
atmospherically derived organic films along an urban-rural gradient. Soc. Environ. Toxicol. Chem.
(SETAC), 22th Annual Meeting, Baltimore, MD.

MONABBATI, M., *M.L., DIAMOND, M. BURCHFIELD, Q.-T. LIU, D. BIESBOER, P. CAPEL, W.
FOREMAN and MAJEWSKI. 2001. Spatially distributed multimedia urban model for Minneapolis:
Calibration and testing. Soc. Environ. Toxicol. Chem. (SETAC), 22th Annual Meeting, Baltimore, MD.

*BHAVSAR, S.P., M.L. DIAMOND, L. EVANS, C. RUDNITSKI and. CYPAS. 2001. Estimating metal
fate using dynamic coupled qquivalence multispecies fate and speciation/complexation models. Soc.
Environ. Toxicol. Chem. (SETAC), 22th Annual Meeting, Baltimore, MD.

HODGE*, E.M., M. L.DIAMOND, B.E. MCCARRY, G.A. STERN and P.A. HARPER. 2001. Sticky
windows: chemical and biological characteristics of organic film on Toronto windows. E.hormone 2001
Conference. Center for Bioenvironmental Research, Tulane University, New Orleans, LA.

*KLEIN, G., P. HARPER, M.L. DIAMOND and T. DANN 2001. The interaction of air pollutants with
the aryl hydrocarbon receptor and the estrogen receptor. 2001. E.hormone 2001 Conference. Center for
Bioenvironmental Research, Tulane University, New Orleans, LA.

*BHAVSAR, S.P., M.L. DIAMOND, L.J. EVANS, P. CYPAS, K. RUDNITSKI and J. NILSEN. 2001.
Estimating the fate of metals in lakes using a coupled QWASI aquivalence multispecies and speciation
models. 6™ Internat. Conf. Biogeochem. of Trace Elements. Guelph, Ontario.

*LIU, Q.-T., M.L. DIAMOND, S.A. GINGRICH, J.M. ONDOV, P. MACIEJCZYK and G.A. STERN.
2001. Metals and semi-volatile organic compounds detected on an urban impervious surface. 6" Internat.
Conf. Biogeochem. of Trace Elements. Guelph, Ontario.

*HODGE, E., P. HARPER, M. DIAMOND, B. MCCARRY, G. STERN. 2001. Sticky windows:
chemical and biological characteristics of organic film on Toronto windows. Soc. Environ. Toxicol.
Chem. (SETAC), 22th Annual Meeting, Baltimore, MD.
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*KLEIN, G., P. HARPER, T. HARNER, B. MCCARRY, T. DANN, T. BIDLEMAN, and M.L.
DIAMOND. 2001. The interaction of air pollutants with the aryl hydrocarbon receptor and the estrogen
receptor. Canadian Federation of Biological Societies (CFBS), 44th Annual Meeting, Ottawa, ON. June
2001,

*HODGE, E., P. HARPER, M. DIAMOND, B. MCARRY, G. STERN. 2001. Sticky windows: chemical
and biological characteristics of organic film on Toronto windows. Canadian Federation of Biological
Societies (CFBS), 44th Annual Meeting, Ottawa, ON. June 2001.

*LIU, Q.-T., M.L. DIAMOND, S.A. GINGRICH, J.M. ONDOV, P. MACIEJCZYK and G. STERN.
2001. Metals and semivolatile organic compounds detected on an urban impervious surface. 11" SETAC
Europe Annual Meeting, Madrid, Spain. May 2001.

*LIU, Q.-T., M.L. DIAMOND, B.E. MCCARRY, R. CHEN. 2001. Composition of polar compounds in
the organic film on exterior and interior surfaces of windows. 11" SETAC Europe Annual Meeting,
Madrid, Spain. May 2001.

*BURCHFIELD, M.L., F. CSILLAG, M. MONABBATI, M. DIAMOND, B. JOHNSON and D.
BELLUCK. 2000. Characterizing changes in scale of an urban land cover classification and its effects on
the Multimedia Urban Model (MUM). Soc. Environ. Toxicol. Chem. (SETAC), 21th Annual Meeting,
Nashville, Tenn.

MONABBATI, M., *M.L. DIAMOND, D. BIESBOER, M. BURCHFIELD, J. ELFERING, B.
JOHNSON, M. JORDAHL and D. BELLUCK. 2000. Coupling multimedia and air dispersion models
with GIS to estimate SOC fate in an urban area. Soc. Environ. Toxicol. Chem. (SETAC), 21th Annual
Meeting, Nashville, Tenn.

*GINGRICH, S.E., M.L. DIAMOND, G.A. STERN and B.E. MCCARRY. 2000. Trends in
atmospherically derived organic surface films from three North American cities. Soc. Environ. Toxicol.
Chem. (SETAC), 21th Annual Meeting, Nashville, Tenn.

*HODGE, EM., P.A. HARPER, M.L. DIAMOND, B.E. MCCARRY and G.A. STERN. 2000.
Significance of the organic film on an urban impervious surface to endocrine disruption. Soc. Environ.
Toxicol. Chem. (SETAC), 21th Annual Meeting, Nashville, Tenn.

*BHAVSAR, S.P., M.L. DIAMOND, L. EVANS, P. CYPAS and C. RUDNITSKI. 2000. Coupling
QWASI multispecies and speciation models to estimate the fate of metals in lakes. Soc. Environ. Toxicol.
Chem. (SETAC), 21th Annual Meeting, Nashville, Tenn.

ZDIAMOND, M.L., Q. LIU, T. HARNER, G. STERN, B. BAHAVAR and J. TRUONG. 2000.
Estimating indoor air concentrations of POPs using the organic film on windows. Soc. Environ. Toxicol.
Chem. (SETAC), 21th Annual Meeting, Nashville, Tenn.

BAHAVAR, B., *M.L. DIAMOND, T. DANN, G.A. STERN and B.E. MCCARRY. 2000.
Characterization of organic films on impervious surfaces along an urban-rural gradient. Soc. Environ.
Toxicol. Chem. (SETAC), 21th Annual Meeting, Nashville, Tenn.

*HARNER, T., M. SHOEIB and M.L. DIAMOND. 2000. Indoor air uptake comparison of several
passive sampling media for detecting POPs. Soc. Environ. Toxicol. Chem. (SETAC), 21th Annual
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Meeting, Nashville, Tenn.

*BURCHFIELD, M.L., F. CSILLAG, M. MONABBATTI and M. DIAMOND. 2000. Characterizing scale
dependent changes in spatial pattern of an urban land cover classification and the effects on a chemical
fate and transport model. 4th International Conference on Integrating Geographic Information Systems
(GIS) and Environmental Modeling (GIS/EM4), The Banff Centre for Conferences, Banff, Alberta,
Canada.

PRIEMER, D.A. and *M.L. DIAMOND. 2000. Developing a multimedia model of chemical dynamics in
an urban area. Abstract submitted for presentation at International Conf. Great Lakes Res., Cornwall,
Ontario.

LAW, S. and *M.L. DIAMOND. 2000. A comparison of enantioselective degradation of alpha-
hexachlorocyclohexane in arctic and temperate aquatic systems. International Conf. Great Lakes Res.,
Cornwall, Ontario.

*GINGRICH, S.E., M.L. DIAMOND, G.A. STERN and B.E. MCCARRY. 2000. Wash-off of organic
contaminants from urban surface films. International Conf. Great Lakes Res., Cornwall, Ontario.

*MONABBATI, M., M.L, DIAMOND and B.L JOHNSON. 2000. Atmospheric dispersion coupled with
multimedia distribution of semi-volatile organic compounds. International Conf. Great Lakes Res.,
Cornwall, Ontario.

GINGRICH*, S.E., M.L. DIAMOND, B.E. MCCARRY and G.A. STERN. 1999. The composition of
urban organic films colelcted from impervious surfaces. Soc. Environ. Toxicol. Chem. (SETAC), 20th
Annual Meeting, Philadelphia, PA.

PRIEMER*, D.A. and M.L. DIAMOND. 1999. Multimedia Urban Model: fate and transport of SOCs in
urban areas. Soc. Environ. Toxicol. Chem. (SETAC), 20th Annual Meeting, Philadelphia, PA.

MONABBATI*, M. and M.L. DIAMOND. 1999. A chemical-particle transport model for sediment-
water exchange of arsenic and salinity. Soc. Environ. Toxicol. Chem. (SETAC), 20th Annual Meeting,
Philadelphia, PA.

HELM*, P.A., M.L. DIAMOND and R. SEMKIN. 1999, Fate of organochlorines in a high arctic lake:
results from mass balance modelling. Soc. Environ. Toxicol. Chem. (SETAC), 20th Annual Meeting,
Philadelphia, PA.

CHAKRABORTY, A., M.L. DIAMOND and M. ALAEE. 1999. The fate of organochlorines in the lakes
of the Upper Yukon River Basin. Poster presented at Northern Contaminants Workshop, White Rock B.C.
Sept/Oct.

DIAMOND, M.L., S.E. GINGRICH, B.E. MCCARRY, G.A. STERN and G. TOMY. 1999. Evidence for
an organic film on impervious urban and rural surfaces. Dioxin’99, Venice, [taly. Vol. 41:pp.

MCCARRY, B.E., M.L. DIAMOND, S. GINGRICH and G. STERN. 1999. Evidence for an organic film
on impervious surfaces. Paper presented at Canadian Soc. Chemistry Conf. & Exhibition, Toronto,
Ontario.

TAM, EXK.L., M.L. DIAMOND and S. PAINTER. 1999. Dioxins and furans in the Lake Erie watershed:
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A preliminary budget for urban areas. Paper presented at “Lake Erie at the Millennium® Binational
Conference, Univ. of Windsor, Windsor, Ontario.

VICKERS*, S., K. BOLTON and M.L. DIAMOND. 1999 Sediment-water exchange of metals in an
urban wet detention pond. Poster presentation at 34™ Central Canadian Symposium Water Pollution
Research, Burlington, Ontario.

ZDIAMOND’, M.L., N.L. LAW and S.E. GINGRICH. 1998. Quantifying atmospheric contaminant
loads from urban areas: results from a multi-media model of Toronto. Paper presented at 41th Conf. of
[nternat. Assoc. for Great Lakes Research, Hamilton, Ontario.

ZGINGRICH*, S.E., M.L. DIAMOND, B.E. MCCARRY and G.A. STERN. 1998. Contaminant
exchange between air and impervious surfaces in urban areas. Paper presented at 41th Conf, of Internat.
Assoc. for Great Lakes Research, Hamilton, Ontario.

MONABBATI*, M., M.L. DIAMOND and K. BOLTON. 1998. Effect of organic matter content on the
sediment-water exchange of arsenic. Paper presented at 41th Conf. of Internat. Assoc. for Great Lakes
Research, Hamilton, Ontario.

DIAMOND’, M.L., C.A. PAGE, M. CAMPBELL and S. MCKENNA. 1997. Life cycle approaches to
contaminated site remediation: generic assessments and development of toxicity assessment approaches.
Paper presented at Soc. Environ. Toxicol. Chem. (SETAC), 18th Annual Meeting, San Francisco, CA.

@HELM’, P., M. DIAMOND, and R. SEMKIN. 1997. Factors affecting enantioselective degradation of
a-Hexachlorocyclohexane in arctic watersheds. Paper presented at Soc. Environ. Toxicol. Chem.
(SETAC), 18th Annual Meeting, San Francisco, CA.

GANAPATHY’, M. and M.L. DIAMOND. 1997. A multi-media model of the fate of mercury in the
Lahontan Reservoir, Nevada. Paper presented at Soc. Environ. Toxicol. Chem. (SETAC), 18th Annual
Meeting, San Francisco, CA.

MONABBATI’, M. and M.L. DIAMOND. 1997. Effect of salinity and organic matter on arsenic
mobility in sediment-water systems. Poster presented at Soc. Environ. Toxicol. Chem. (SETAC), 18th
Annual Meeting, San Francisco, CA.

DIAMOND’, M.L. and C. PAGE. 1997. Life cycle framework for assessment of site remediation options:
Evaluation of six remedial options. Paper presented at Air and Waste Management Association's 90th
Annual Meeting and Exhibition, Toronto.

DIAMOND, M.L." and W. TAN. 1997. Assessing the response time of aquatic systems to changes in
loadings. Paper presented at 40th Conf. of Internat. Assoc. for Great Lakes Research, Buffalo, N.Y.

LAW, N.L." and M.L. DIAMOND. 1997. Using a mass balance approach to characterize urban areas as
chemical sources to the Great Lakes. Paper presented at 40th Conf. of Internat. Assoc. for Great Lakes
Research, Buffalo, N.Y.

MONABBATI, M." and M.L. DIAMOND. 1997. The influence of secondary factors on sediment-water
exchange. Paper presented at 40th Conf. of Internat. Assoc. for Great Lakes Research, Buffalo, N.Y.

GOMES, G." and M.L. DIAMOND. 1997. A simple model of multimedia chemical fate in a wet
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detention pond. Paper presented at 32nd Central Canadian Symp. Water Pollution Research, Burlington,
Ontario.

DIAMOND®, M.L., C.A. PAGE, M. CAMPBELL AND S. MCKENNA. 1997. Using a Life Cycle
Assessment approach for assessing contaminated site remediation options. Paper presented at 32nd
Central Canadian Symp. Water Pollution Research, Burlington, Ontario.

EATON, S." and M.L. DIAMOND. 1997. Use of a mass balance model to evaluate remedial options for a
contaminated urban lake. Paper presented at 32nd Central Canadian Symp. Water Pollution Research,
Burlington, Ontario.

DIAMOND’, M.L. and M. GANAPATHY. 1996. Mercury dynamics in the Lahontan Reservoir -
Application of QWASI fugacity/aquivalence multispecies model. Paper presented at Soc. Environ.
Toxicol. Chem. (SETAC), 17th Annual Meeting, Washington, D.C.

PAGE’, C., M. DIAMOND, M. CAMPBELL, R. LALL and S. MCKENNA. 1996 Life cycle assessment
of site remediation options: An investigation of environmental and health impacts. Paper presented at Soc.
Environ. Toxicol. Chem. (SETAC), 17th Annual Meeting, Washington, D.C.

LAW, N.L. and M.L. DIAMOND". 1996. Modeling the distribution of organic contaminants in an urban
watershed. Paper presented at Soc. Environ. Toxicol. Chem. 17th Annual Meeting, Washington, D.C.

ZDIAMOND', M.L. and N. LAW. 1996. A conceptual model for evaluating the role of impervious
surfaces in stormwater runoff. Workshop: Recent Improvements in Understanding Characteristics of
Stormwater Runoff, Stormwater BMPs, and receiving waters. Sponsored by Ontario Ministry of
Transportation, Toronto.

GIBBS, L. and M.L. DIAMOND". 1996. Remedial action planning: projecting the response time of
Spanish Harbour sediments to loading reductions. Paper presented at 39th Conf. of Internat. Assoc. for
Great Lakes Research, Mississauga, Ontario. p.36.

HELFIELD, M.J. and M.L. DIAMOND". 1996. Implications of wetland restoration in an urban
watershed. Paper presented at 39th Conf. of Internat. Assoc. for Great Lakes Research, Mississauga,
Ontario. p.54.

LAW’", N. and M.L. DIAMOND. 1996. Using a fugacity approach to model the distribution of organic
contaminants in an urban watershed. Paper presented at Stormwater & Water Quality Management
Modeling Conference, Toronto.

¢DIAMOND', M.L., HM. FREITAS, M. KAWAI and R. LAPOSA. 1995. Organochlorine dynamics in
arctic and subarctic lakes. Invited paper in Workshop. Second SETAC World Congress, Vancouver.

ZDIAMOND, M.L. 1995. Atmospheric contributions to whole lake contaminant dynamics: from the
Great Lakes to the Arctic. National Atmospheric Deposition Program (NRSP-3), Technical Committee
Meeting, Toronto.

HELFIELD', J. M. and M.L. DIAMOND. 1995. Marsh restoration: Potential consequences for water
quality and the aquatic community of the Lower Don River, Toronto, Ontario. Paper No. 54, Internat.
Conf. Society for Ecological Restoration, Seattle, Washington.
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FREITAS', H.M. and M.L. DIAMOND. 1994. Estimating the fate of organochlorines in Arctic lakes.
Paper presented at Soc. Environ. Toxicol. Chem., 15th Annual Meeting, Denver, Colorado.

GIBBS‘, L., M. FAYE, M.L. DIAMOND and M. SCROGGIE. 1994. Seasonal changes in arsenic
dynamics in a contaminated lake in eastern Ontario. Paper presented at Soc. Environ. Toxicol. Chem.,
15th Annual Meeting, Denver, Colorado.

DIAMOND, M.L. and F. OLIAEIL 1994. Application of the Minnesota Fugacity/Aquivalence Model to
Mercury. Poster presented at Soc. Environ. Toxicol. Chem., 1 5th Annual Meeting, Denver, Colorado.

FREITAS', H.M., R.R. LAPOSA and M.L. DIAMOND. 1994, A Model of Contaminant Movement and
Bioaccumulation in Arctic Lakes. Paper presented at 37th Conf. of Internat. Assoc. for Great Lakes
Research, Windsor, Ontario.

FAYE, M.S. and M.L. DIAMOND. 1994, Temporal variation in the sedimentation of arsenic in a
temperate lake. Poster presented at 37th Conf. of Internat. Assoc. for Great Lakes Research, Windsor,
Ontario.

DIAMOND, M.L. 1993. Quantifying sediments as sources of contaminants using mass balance models.
Paper presented at Interactions between Sediments and Water, Sixth International Symposium, Santa
Barbara, California.

FREITAS, H., R. LAPOSA and M.L. DIAMOND. 1993. A model of mercury movement and
bioaccumulation in Arctic lakes. Poster presented at 9th International Conf., of Heavy Metals in the
Environment, Toronto.

LING, H., M. DIAMOND" and D. MACKAY. 1993. Application of the QWASI fugacity/aquivalence
model to assessing the fate of trace metals in the water and sediments of Hamilton Harbour. Paper
presented at 9th International Conf. of Heavy Metals in the Environment, Toronto.

MACKAY', D., S. SANG, M.L. DIAMOND, P. VLAHOS, D. DOLAN and E. VOLDNER. 1993.
Virtual elimination of toxic and persistent chemicals from Lake Superior, a mass balance study. 36th
Conf. of Internat. Assoc. for Great Lakes Research, DePere, Wisconsin.

LING', H., M. DIAMOND and D. MACKAY. 1993. Application of the QWASI fugacity/aquivalence
model to assessing the fate of contaminants in the water and sediments of Hamilton Harbour. 36th Conf.
of Internat. Assoc. for Great Lakes Research, DePere, Wisconsin.

DIAMOND’, M.L., D. MACKAY and S. SANG. 1993. A mass balance view of mercury in Lakes
Ontario and Superior. 36th Conf. of Internat. Assoc. for Great Lakes Research, DePere, Wisconsin.

DIAMOND", M.L. and S. SANG. 1992. A model of the fate and transport of mercury in Lake Ontario.
Paper presented at Soc. Environ. Toxicol. Chem., 13th Annual Meeting, Cincinnati, Ohio.

LAPOSA, R., H. FREITAS and M.L. DIAMOND". 1992. Contaminant behaviour in Arctic lakes. Paper
presented at CAGONT, Toronto.

DIAMOND', M.L. and D. MACKAY. 1992. Modelling the fate and transport of mercury in lakes:
application of the fugacity/aquivalence approach. Paper presented at Mercury as a Global Pollutant,
Monterey, California.
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MACKAY®, D., M. DIAMOND, S. SANG, F. GOBAS and D. DOLAN. 1992. Mass balancing as a
strategy for virtual elimination. Paper presented at 35th Conf. of Internat. Assoc. for Great Lakes
Research, Waterloo, Ontario.

MACRITCHIE', S.M. and M.L. DIAMOND. 1991. Identification of potential environmental and health
concerns of soil remediation technologies. Paper presented at Canadian Waste Management/WasteTech
'91 Conference, Toronto.

DIAMOND®, M.L., D. MACKAY, D. POULTON and F. STRIDE. 1991. Modelling organic and
inorganic chemicals in the Bay of Quinte. Paper presented at 34th Conf. of Internat. Assoc. for Great
Lakes Research, Buffalo, New York.

MACKAY", D. and M. DIAMOND. 1991. The role of mass balancing in Great Lakes management of
toxic chemicals. Paper presented at 34th Conf. of Internat. Assoc. for Great Lakes Research, Buffalo, NY.

DIAMOND’, M.L. and D. MACKAY. 1990. Quantifying chemical sources and fate in the Bay of Quinte:
An application of mass balance models. Paper presented at Soc. Environ. Toxicol. Chem., 11th Annual
Meeting, Arlington, Virginia.

DIAMOND’, M.L., M. COQUERY and P.M. STOKES. 1990. Development of a regional model of
mercury accumulation in sport fish. Paper presented at Internat. Conf. Mercury as an Environmental
Pollutant, Gavle, Sweden.

DIAMOND’, M.L. and D. MACKAY. 1990. Modelling seasonal variations in contaminant dynamics in a
small lake. Paper presented at 33nd Conf. of Internat. Assoc. for Great Lakes Research, Windsor, Ontario.

DIAMOND®, M.L. and D. MACKAY. 1990. Modelling arsenic dynamics in a small lake: An
examination of seasonal influences. Paper presented at 10th Annual SLANT/TRESLA Conference,
Quebec City, Quebec.

MACKAY’, D., M.L. DIAMOND and W. STIVER. 1990. Modelling sediment-water interactions. Paper
presented at Symp. on Organic Substances in Sediments and Water, Amer. Chem. Soc. Meeting, Boston,
Mass.

DIAMOND®, M.L., W. STIVER and D. MACKAY. 1989. The Linear Additivity Principle and its use for
assessing chemical contributions from contaminated sediments. Paper presented at Soc. Environ. Toxicol.
Chem., 10th Annual Meeting, Toronto.

MACKAY’, D., W.Y. SHIU and M.L. DIAMOND. 1989. Characteristics of contaminant condensation in
cold climates. Paper presented at Soc. Environ. Toxicol. Chem., 10th Annual Meeting, Toronto.

DIAMOND®, M.L. and D. MACKAY. 1989. Extending the fugacity approach to inorganic chemical
behaviour in lakes: estimating contributions from contaminated sediments, Paper presented at 40th Amer.
Inst. Biol. Sci. Meeting, Toronto.

DIAMOND’, M.L. and D. MACKAY. 1989. Modelling chemicals in the Great Lakes: Applying a novel
equilibrium criterion, "aquivalence”. Paper presented at 32nd Conf. of Internat. Assoc. for Great Lakes
Research, Madison, Wisconsin.
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MACKAY‘, D., M.L. DIAMOND and W. STIVER. 1989. A simple method for estimating chemical
profiles in sediments. Paper presented at 32nd Conference of Internat. Assoc. for Great Lakes Research,
Madison, Wisconsin.

MACKAY", D. and M.L. DIAMOND. 1988. Aquivalence: A “new improved” substitute for fugacity in
environmental modeling and interpretation. Paper presented at Soc. Environ. Toxicol. Chem., 9th Annual
Meeting, Arlington, Virginia.

DIAMOND’, M.L., D. MACKAY, S. LANDSBERGER, and A.G. CHENG. 1988. Modelling arsenic
dynamics in a contaminated lake. Paper presented at Internat. Conf, Trace Metals in Lakes, Hamilton,

DIAMOND®, M.L. and D. MACKAY. 1988. Modelling the movement of inorganic chemicals in lakes.
Paper presented at 3 1st Conf. of Internat. Assoc. for Great Lakes Research, Hamilton, Ontario.

DIAMOND®, M.L., D. MACKAY, D. PHALP and S. LANDSBERGER. 1988. First a sink, then a
source: arsenic dynamics in Moira Lake sediments. Paper presented at Conf, Can. Soc. Limnol., Ottawa,

DIAMOND’, M.L., R.J. CORNETT and D. MACKAY. 1986. Modelling the fate of arsenic in lakes.
Poster presented at Technology Transfer Conf., Ontario Ministry of the Environment, Toronto.

" author presenting the paper

¢ invited presentation

11. INVITED LECTURES

2014 “What have we learned (or not learned) from PBDEs?”, Institute for Chemical and
Bioengineering, ETH (Swiss Federal Institute of Technology) Zurich. May 8, 2014, 1
hour.

2014 “What have we learned (or not learned) from PBDEs?”, Swedish University of
Agriculture, Stockholm, May 6, 2014. 1 hour.

2013 “Following the paths travelled by halogenated flame retardants”, University of Manitoba,
March 15,2013. 1 hour.

2013 “Following the paths travelled by halogenated flame retardants”, Brace Centre for Water
Resources Management, McGill University, January 31, 2013. 1 hour.

2013 “The Flame Retardant Story”, McMaster University, McMaster Institute for Environment
and Health. January 19, 2013 1 hour.

2013 “The Flame Retardant Story”, Environment Canada, Air Quality Research Division. 1
hour,

2012 “Recent advances in metal characterization”, co-sponsored by University of Copenhagen
(Faculty of Sciences) and Danish Technical University (Dept of Environ Engineering)

2012 “The flame retardant story”. Stockholm University. In the series “Lectures in Contaminant
Science”, and a 2™ lecture at IVL Swedish Environmental Research Institute, Stockholm.

2011 “Tracing chemicals from source to exposure”. Lecture & webinar at Ontario Agency for
Health Protection and Promotion. May 2011.

2011 “Stockholm Convention in the context of preventative engineering, alternatives

assessment, and sustainability re; POPs”. Plenary address at “RECETOX Workshop.
ldentifying the research needs in the global assessment of toxic compounds ten years after
the signature of the Stockholm Convention”. Brno, Czech Republic, 22-24 May 2011.

2011 Emerging pollutants. Innolec Lectures. Masarykova Univerzita, Czech Republic.
2010 Where are chemicals in the lakes coming from and what does it mean? Toronto and
Region Conservation Authority, Great Lakes Evening,
2010 Sources of brominated flame retardants: BFRs - from source to lake. Webinar organized
Curriculum Vitae - Miriam Diamond 50
THIS DOCUMENT HAS NOT BEEN REVIEWED 267 CLEARED FOR PUBLIC RELEASE

OR ACCEPTED BY THE COMMISSION UNDER CPSA 6(b)(1)



by the Great Lakes Commission.

2010 Tracing the pathways of polybrominated diphenyl ethers. CML Leiden University, The
Netherlands.

2010 Connecting metal emissions with ecotoxicology through modelling. Departments of
Chemistry and Physics, Trent University.

2010 Where the water hits the road — urban water pollution issues. University of Maryland at
Baltimore.

2009 Contaminants in Us -- Much Ado about Nothing or Serious Stuff? Dept of Chemistry,
University of Winnipeg. Departmental seminar.

2009 The Science, Art and Politics of Chemical Management. SETAC Laurentian Annual
Meeting, Plenary Talk.

2009 Source to sink to management and beyond: the story of PCBs. Dept. of Chemistry, UmeA
University, Sweden.

2009 Can we manage our toxics? From science to policy to politics. Duke University, North
Carolina.

2008 The Simpsons, Toxic Chemicals and the Future. Centre for Environment, University of
Toronto.

2008 The Simpsons, the Chemical Management and the Future of the World. Ontario Ministry
of Environment,

2008 Bisphenol A and Ontario’s Toxic Reduction Strategy”, Ontario Ministry of Environment,
Drinking Water Division, Drinking Water Symposium, Toronto, June 17, 2008,

2008 How did that chemical that was inside my computer get inside me? Royal Canadian
Institute seminar series.

2008 Urban Thin Films. AirUCI1* Annual Workshop, Invited opening talk, University of
California at Irvine. * Atmospheric Integrated Research: Understanding Chemistry at
Interfaces.

2007 Approaching sustainability: cities, contaminants and health. University of Saskatchewan

2007 Tress and People in Cities: How do we best achieve health benefits? International

Congress “A Global Vision of Forestry in the 21* Century”, Faculty of Forestry,
University of Toronto.

2007 Connecting the dots between contaminant emissions and exposure in cities. CEAS
Seminar Series. Dept. of Chemical Engineering. University of Manchester.

2007 Connecting the dots between contaminant emissions and exposure. Division of
Environmental Health and Risk Management. University of Birmingham.

2006 POPs in the City. Plenary lecture, 1¥ Network Conference on Persistent Organic
Pollutants: human exposure and impacts, University of Birmingham.

2006 Chemical contaminants in Toronto: Concentrations to potential effects. Health Canada
Workshop, Place Matters: Health Difference in Ontario Cities and Neighbourhoods.

2006 Brominated flame retardants — from source to exposure. Environmental Physician’s Group
of Ontario Medical Association, seminar series “Clinical Reviews”.

2005 Brominated flame retardants: environmental pathways and human exposure. Dept. of
Environmental Chemistry and Energy, Weizmann Institute, Israel.

2005 Tracing contaminant sources and potential health effects: the Toronto experience.
Environment & Health seminar series, Institute for Environmental Studies, University of
Toronto.

2004 9/11: The chemical signature. University of Birmingham.

2004 The fate, exposure & potential risks of persistent organic pollutants in urban areas.
Makerere University.

2004 Air pollution-health connections: complexity at its best. Guest speaker, Symposium on

Windsor Air Quality, sponsored by Windsor Essex County Environment Committee,

Curriculum Vitae - Miriam Diamond St

THIS DOCUMENT HAS NOT BEEN REVIEWED 268 CLEARED FOR PUBLIC RELEASE
OR ACCEPTED BY THE COMMISSION UNDER CPSA 6(b)(1)



2003
2003
2003
2002
2002
2002

2002

2002

2001

2000

2000

2000

1999

1999

1999

1998

1997

1997

1997

1997

Windsor, Ontario.

Surface films on impervious surfaces: implications for contaminant fate and effects. PPG
Industries (Pittsburgh Plate and Glass), Glass Technology Center, Pittsburgh, PA.

Cities: The Good, the Bad and the Ugly. Invited seminar, Great Lakes Institute for
Environmental Research, University of Windsor.

Multimedia Movement and Risk of Contaminants in Urban Areas. SETAC, Laurentian
Chapter. Keynote address.

Contaminant Fate and Effects in Urban Areas. Invited seminar, Meteorological Service of
Canada, Environment Canada.

Cities: Contaminant Fate and Effects. Invited seminar, Health Canada.

Urban Toxics Monitoring in Toronto. Binational Toxics Strategy Integration Workgroup
Meeting, co-sponsored by Environment Canada and the United States Environmental
Protection Service. Windsor.

Estimating the fate, bioavailability and potential toxicological risk posed by metals in the
environment. Keynote address, International Workshop on Life Cycle Assessment and
Metals. Co-sponsored by UNEP, SETAC, APEC-GEMEED, ICMM and NRCan.
Montreal.

Methods of Model Validation: Priniciples and Examples. Invited presentation at
International Workshop on “Design of exposure multi-media models and conditions for
application to soil pollutants: an international workshop.” Organized by Institut de Veille
Sanitaire, France.

Urbanization: Effects on Contaminant Fate. Dept. of Environmental Engineering,
Ryerson University.

Current issues in urban air pollution. Presentation to the Environmental Assessment and
Appeal Board of the Ontario Ministry of the Environment.

Multimedia models: description and assessment for air quality modelling. Workshop on
Combining Environmental Fate and Air Quality Modeling, Sponsored by the Reactivity
Research Working Group Subgroup 3 on Atmospheric Availability and Environmental
Fate, Research Triangle Park, NC.

Chemical contaminants in urban areas and their potential impacts on human and
ecosystem health. Issues in Urban Health. 22™ University College Symposium. Jan 31 to
Feb 4, 2000.

Fate and transport of toxics in urban ecosystems. Department of Geography, University of
Maryland, Baltimore County and Baltimore Ecosystem Study.

Behaviour of arsenic in Moira Lake. “How Healthy is the Moira” workshop, Trent
University.

Contaminants in urban areas: movement and effects. Environment and Health Seminar
Series, Institute for Environmental Studies and Gage Occupational and Environmental
Health Unit, University of Toronto.

The multi-media movement of contaminants in urban areas and their accumulation on
impervious surfaces. York University, Department of Geography Graduate Programme.
Muiti-media chemical distribution in urban areas: the role of organic films. State
University of New York at Albany, Department of Environmental Health and Toxicology,
School of Public Health.

An overview of multi-media modelling and its use as a decision-making tool. Minnesota
Department of Transportation.

Mercury in aquatic systems. Invited presentation at “Mercury elimination and reduction
symposium”, Organized by Pollution Probe. Toronto, Ontario.

Mercury cycling in the environment and its toxicological implications. Environment and
Health Seminar Series, Institute for Environmental Studies and Gage Occupational and
Environmental Health Unit, University of Toronto.
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1996

1996

1994

1992

Can we build habitable cities without damaging the environment? Public forum on
“Mitigation of Environmental Impacts of Urban Development”. Co-sponsored by the
York Chapter, Professional Engineers Organization and the Rotary Club of Richmond
Hill.

Mercury: what models can tell us. Seminar sponsored by: Sevenson Environmental
Services, Inc., Dept. of Civil Engineering, Great Lakes Program and NYS Center for
Hazardous Waste Management, University of Buffalo.

Contaminants in Arctic Lakes: Behaviour and Fate. Ecology Seminar Series, Co-
sponsored by Departments of Botany and Zoology, University of Toronto.

A simple model of mercury dynamics in a lake. Ontario Hydro, Research Division,
Toronto.

D. LIST OF COURSES

12. a, UNDERGRADUATE COURSES TAUGHT

2014-present

2013-present

ESS 299Y. UNDERGRADUATE RESEARCH OPPORTUNITY. Clara Thaysen. Contaminant-
Fabric Dynamics: Experiments assessing sorption and release.

BIG 102Y. THE INTERNET: SAVING CIVILIZATION OR TRASHING THE PLANET? One of
three instructors for this high profile 1% year course.

2010-2013, 2015 GGR 308. PHYSICAL ASPECTS OF THE CANADIAN ARCTIC AND SUBARCTIC. Chief cook

2009-2013

2006-2008

2001-02, 04

2000-07

1997-98

1994-2006

1994-95

and bottle washer.

JGE 236Y. HUMAN INTERACTIONS WITH THE ENVIRONMENT. Course coordinator, co-
taught. 2012 offered as a 'z course.

JEG 221Y ENVIRONMENTAL AND SUSTAINABLE DEVELOPMENT. Course coordinator
(with S. Scharper in 2006-07). Delivery of 1/3 of lectures plus participation in 3 panel
discussions, review, etc. Jointly offered by Geography and Centre for Environment.

GGR 307S SOIL AND WATER: LANDSCAPE PROCESSES. Responsible for course that
includes lectures, group research projects, problem set and exam.

SCI 199Y 1 ENVIRONMENTAL CHANGE, Co-taught with Tony Davis or Danny Harvey.
IMAGES AND INDICATORS: MEASURING ENVIRONMENTAL PERFORMANCE. Co-taught with
Virginia Maclaren.

GGR 299Y RESEARCH OPPORTUNITY PROGRAM. Diane Leal and John Roppa.

GGR 233Y ENVIRONMENTAL MANAGEMENT FOR SUSTAINABLE DEVELOPMENT.

Spring term. Co-lectured with J. Newton in 1994. Enrolment starts at 200, with about 150
finishing, Enrolment in 2003 is 180. Responsible for lectures, supervising T.A.s,
assignments and final exam (marked part thereof), The course introduces students in the
Environment and Resource Management Program with the scientific (basic and applied)
basis of environmental issues.

GGR 491Y INDEPENDENT RESEARCH I. Lisa Sumi (co-supervised with J. Gerits and M.
Alace, National Water Research Institute).
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1997-98

Katina Kominos.

1992-93 Andrew Rodie (co-supervised with J. Gerits);

2003 Alison Bodurtha.

2013 Brielle Carriero (half credit)

1993-2002 ENV 221Y APPROACHES TO ENVIRONMENTAL ISSUES I. Team taught with Prof. J. Grant,
Prof. S. Scharper and Dr. M. Winfield. My component is 6 weeks. Enrolment 60 to 85.
Provides students with the approaches taken to environmental issues by various
disciplines, using a case study as a unifying theme. I teach the environmental
science/physical geography component, discussing the scientific concepts and approaches
specific to the case study.

1993-97 ENV 200Y ASSESSING GLOBAL CHANGE: SCIENCE AND THE ENVIRONMENT. Prof. A.
Zimmerman coordinates and lectures for most of the course, with my component being 2
to 3 weeks. Enrolment about 300. Science breadth course. Goal is to expose non-science
students with the science behind environmental issues.

2008-09 ENV 498Y INDEPENDENT RESEARCH IN ENVIRONMENT. David Berliner

2000 Christina Lee (co-supervised with D. MacDonald).

1995-96 Jean-Guy Pageau

1997-98 Kirsten Fertuck

1993-94 INI491Y INDEPENDENT STUDY. Tulio Bugada, Steve Dresher, Steven Ogilvie.

1992-93 Neil Banerjee (co-supervised with S.D. Scott, Geology, Geotechnical Engineering); Maria
Terra (co-supervised with L. Grima).

1991-92 Leslie Megson (co-supervised with R. Shimizu, Institute for Environmental Studies),
Michelle Perera.

CHE 499Y THESIS (CHEMICAL ENGINEERING)

2010-11 Evelyn Mukwedeya “Spatial and temporal variations of phthalate concentrations in
Vancouver homes”

2009-10 Vivian Cheung

2005-06 Jennifer Sears

2004-05 Queenie Cheung

2003-04 Bushra Drir

2001-02 Ian Collins

1999-00 Liam Moore, Trinh Tieu

1993-94 Alan Teare

1992-2012 GGR 409F CONTAMINANTS IN THE ENVIRONMENT. Enrolment up to 30. From 1993 to
present, physical science course. Responsible for all components of course. Lectures are
supplemented with tutorials to provide students with a scientific understanding of the
processes and factors controlling contaminant behaviour and effects in the environment.
Problem sets introduce quantitative methods to estimate chemical fate, including simple
mathematical modelling.

1992 (spring), 1992-93 INI 220Y ENVIRONMENTAL FACTORS AND DECISION MAKING.

Enrolment 100. Responsible for lectures, supervising T.A.s, assignments and final exam
(marked the latter). Provided students with tools for environmental assessment and
sectoral impacts. Included guest lectures.
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1992, 1993

INI 320Y CANADIAN ENVIRONMENTAL ISSUES. Spring term. Enrolment 80. Responsible
for lectures, course organization, supervising T.A.s and marking portion of student
reports. Co-taught with Dr. Beth Savan in 1992-93. Using principles of adult education,
students were guided through two research projects in the term.

12. b. GRADUATE COURSES TAUGHT

1992-2013

2010

1996-1997

1995-1997

1995-96, 01, 03

1994-95

1993-94

2000

1990-91

1989

1989

Short Courses:

JGE 1212H CONTAMINANTS IN THE ENVIRONMENT. Offered in conjunction with GGR
409 in 1992-93 and 1994-95, 1995-onwards (science version), offered as stand-alone
social science course in 1993-94 and 1995-96. Enrolment varies from S to 13. Course has
shifted from first catered to all graduate students, next for social science and planning
students, and finally for science and health students. Course introduces scientific
concepts behind environmental concerns and discusses policy and scientific aspects of
selected environmental topics. Now offered as JGE 1212H, jointly listed with Centre for
Environment.

GGR 1200F PHYSICAL GEOGRAPHY CORE COURSE. Co-taught with W. Gough.

GGR 12138 FATE OF CONTAMINANTS IN LAND AND WATER. Co-taught with K. Bolton in
1996. Physical science course covering contaminant-soil interactions (Bolton) and
multimedia contaminant dynamics (Diamond).

GGR 1400H CURRENT RESEARCH APPROACHES IN ENVIRONMENTAL GEOGRAPHY.
Introduction to research methods, and development and vetting of research proposal.
Directly supervise my graduate students and contribute to lectures.

GGR 1149H READINGS IN SELECTED TOPICS. Judy Fedorowick, Sherry Eaton, Sarah
Gewurtz, Lise Sabatier

GGR 1400H CURRENT RESEARCH APPROACHES IN ENVIRONMENTAL GEOGRAPHY. Co-
coordinator (with R. Jaakson), enrolment about 10.

GGR 1400H CURRENT RESEARCH APPROACHES IN ENVIRONMENTAL GEOGRAPHY.
Course coordinator.

MSC 4000 SEMINARS IN ENVIRONMENT AND HEALTH. Team taught with F. Silverman
and D. Cole. Seminar course designed to expose students to current topics and
researchers in the multidisciplinary field.

ESE 1008S ENVIRONMENTAL MANAGEMENT Il: REMEDIAL ACTION PLANS IN THE GREAT
LAKES. Course coordinator and lecturer, co-designed course (with G. Krantzberg).

ESE 1014F AQUATIC CHEMISTRY. Developed and coordinated course, lectured and
evaluated students.

ESE 1006S MAN-ENVIRONMENT THEORY II. Co-coordinator. Lectured and provided
project supervision.

2000-2002 “Fundamentals of Risk Assessment”, Short course offered by Professional Development
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Centre, Faculty of Applied Science and Engineering. Co-taught with M. Monabbati and J.
Archbold.

Guest Lectures in University Courses:

2012 Guest lecture in Faculty of Medicine, Determinants of Community Health (DOCH)
course, Year 1, Semester 2. 1 hour lecture with 2 ours prep. ” health promotion, including
individual and community-level health promotion strategies, as well as health protection,
including a focus on environmental and occupational health.” Developed lecture in 2011-
2012, delivered lecture in May 2, 2012-2013.

2013 Guest lecture, ENV 100, Oct 11, 2012, 2 hours
2013 Guest lecture, ENV 221, late October & early November. 2, 1 hour lectures = 2 hours
total

2008-2013 JEH 445 (Assisted with design of course curriculum)

2004-2012 ES 9030 Environmental Applied Science and Management Program, Ryerson University
1987-2013 PCL 473/JNP 1014Y Interdisciplinary Toxicology.

1999 MSC4000 Seminars on Environment and Health.

1990,92,94,97,00,01 JNP 1016S Graduate Seminar in Toxicology.

1992-1993 GGR 1200H Physical Geography Core Course.

1992 ESE 1014S Aquatic Chemistry.
1990 POL 102 Introduction to Issues in Canadian Politics.
1990 CHE 201F Physico-Chemical Principles I.

12. ¢. THESES SUPERVISION

Department of Earth Sciences, M.Sc., Theses:
2012-present  Daniela Serodio. Physical-chemical properties and persistence of organic flame retardants.

Department of Geography, Ph.D. Theses:

2011-present  Golnoush Abbasi. Material flow analysis of PBDEs as a result of changes in policies from
1970-2020.

2007-2014 Jennifer Sawyer. Evaluating the transfer and accumulation of polyunsaturated fatty acids
in freshwater food webs: a modeling approach Winner of 2010 International Assoc Great
Lakes Res Graduate Student Award, .2011 Winner of J.E.R. Ross Scholarship from Dept
of Geography UofT. Maternity leave spring 2012-current.

2000-2005 Sarah Gewurtz. An evaluation of factors controlling the dynamics of persistent organic
pollutants in aquatic food webs: a modeling approach. Winner of Canadian Water Quality
Association Graduate Fellowship. NSERC Scholar,

1996-1998 Neely Law. Transferred Ph.D. to University of North Carolina.

Department of Geography, M.Sc., Theses:

2006-2008 Xianming Zhang. Measurement and modelling of indoor concentrations of PCBs and
PBDEs.

2005-2007 Lisa Melymuk. The multi-media movement of trace organic contaminants in an urban and
urbanizing watershed. NSERC Scholar.

2005-2007 Liana del Gobbo. Risks and benefits: Contaminant and omega 3 fatty acid concentrations
in fish and seafood consumed by the South-East Asian community.

2003-2005 Rosa Wu. Films on impervious surfaces: accumulation properties, contaminant
concentrations and partitioning characteristics. Co-supervised with T. Harner,
Environment Canada.

2002-2004 Tanya Labencki. Film-water exchange from impervious surfaces.

2001-2005 John Clarke. Applying the Multimedia Urban Model to measured PCBs, PAH and PBDEs

Curriculum Vitae - Miriam Diamond 56

THIS DOCUMENT HAS NOT BEEN REVIEWED 273 CLEARED FOR PUBLIC RELEASE
OR ACCEPTED BY THE COMMISSION UNDER CPSA 6(b)(1)



2001-2004

2000-2003

2000-2003

1999-2002

2001

2000

1999

1999

1999
1996

1993

in urban areas. Part-time student.

Heather Jones-Otazo. Development of MUM-FamRisk to estimate potential health effects
of contaminant exposure in urban areas. Winner of 2003 Gordon Cressy Student
Leadership Award, Labatt Fellowship, John Brown Award and Goerge Burwash Langford
Prize, Univ of Toronto. NSERC Scholar.

Josephine Archbold. The Multimedia Urban Model: development and application of a
screening-level ecological risk assessment model. Winner of 2002 Gordon Cressy Student
Leadership Award, Sperrin Chant Masonic Award in Toxicology.

Craig Butt. Chemical and physical characterization of organic films on an impervious
surface. Winner of 2002 Gordon Cressy Student Leadership Award, Labatt Fellowship.
Fiona Wong. Investigating persistent organic pollutants in soils along an urban-rural
gradient, 1999-2002.

Erin Hodge. Aryl hydrocarbon receptor mediated toxicity of the complex mixture of
organic film from urban impervious surfaces. Co-supervised with P. Harper, Dept. of
Pharmacology.

Sheryl Law. Factors affecting the occurrence, isomer ratio and enantioselective
degradation of hexachlorocyclohexane in arctic and temperate aquatic systems. 1998-00.
Shannon Vickers. Metal accumulation and sediment-water exchange in an urban wet
detention pond. Co-supervised with K. Bolton. 1997-99.

Yau-Fei Chan. The effect of arsenic speciation on sorption and desorption to and from
natural sediment. Co-supervised with K. Bolton, 1997-99. NSERC Scholar

Sarah Gingrich. Chemical characterization of an organic film on impervious surfaces.
Neely Law. Developing a simple model of chemical distribution in an urban watershed.
1994-96.

Helen Wen Ling. Application of the QWASI fugacity/aquivalence model to assessing the
fate of contaminants in the water and sediments of Hamilton Harbour. D. Mackay, co-
supervisor, 1991-93.

Department of Geography, M.Sc., Research Papers:

1999

1996

1996

1996

1996

1995

1994
1994

Marcy Burchfield. Characterizing scale dependent changes in spatial pattern of an urban
land cover classification and the effects on a chemical fate and transport model. Co-
supervised with F. Csillag. 1998-99.

Glynn Gomes. The fate of organic contaminants in wet water detention ponds. 1995-96.
Sherry Eaton. Application of the QWASI fugacity model to selected PAHs in Mohawk
Lake, Brantford: An assessment of contaminant dynamics and system recovery. 1993-96,
part time; 1994-96".

Judy Fedorowick. A multi-media inventory of pollutant loadings to the Don River
watershed. 1992-96, part time; 1994-96".

Virginia Heffernan. Estimating in situ degradation rates for petroleum products in the
Lower Don Lands, Toronto, Ontario. 1993-96. Leave of absence 6/94-1/95; 1/95-1/96,
part time.

Peter Jackson. Weekday-weekend variations of tropospheric ozone in the Metropolitan
Toronto Region. 1993-95. 5/94-1/95, part time.

James Helfield. Evaluating the use of wetlands in the Lower Don Lands. 1993-94.
Margaret Faye. The role of primary production in the removal of arsenic from the waters
of Moira Lake. 1992-94.

Department of Geography, M.A., Research Papers:

1993 Fredrick Bernard. Regulatory framework pertaining to toxics in Canada -- Southern
Ontario in-service PCB case study. 1989-93, part time; 1992-93 .
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Department of Geography, M.Sc.Pl:

1997 Mark James. Analysis of the PCB destruction program at the contaminated site of General
Electric in City of Toronto.

1993 Yvette Ali. A strategy for integrated pollution prevention and planning for Ontario.

1993 Rita Mezei. Site remediation planning process in Ontario: the need for reform. J. Whitney,

CO-SUpPErvisor.

Department of Chemical Engineering and Applied Chemistry, Ph.D. Theses:

2010-2013 Sri Chaudhuri. Measuring and understanding the indoor fate of, and exposure to phthalate
esters. Withdrew April 2013.

2007-2012 Susan Csiszar. Estimating urban scale semi-volatile organic compound emissions and fate
using a coupled multimedia and atmospheric transport model. OGS

2007-2012 Lisa Melymuk. Semi-volatile organic contaminants in the urban atmosphere: spatial and

seasonal distributions and implications for contaminant transport. Winner of Eco-Tech
Founders Award, 2007-08, Winner Sperrin Chant Masonic Award 2008, NSERC Scholar,
Winner of Edward Jarvis Tyrrell Fellowship of 2011.

2006-2011 Nilima Gandhi. Improvements in hazard and Life Cycle Impact Assessment method for
metal in freshwaters: addressing issues of metal speciation, fate, exposure and ecotoxicity.
2 NSERC Centennial Scholarship. Winner John R. Brown Prize 2008, Winner of Chris
Lee Award from the Society of Environmental Toxicology & Chemistry and the
International Copper Institute, 2010, Winner of Ray Langford Prize, Centre for
Environment 2011,

2002-2007 Elisabeth Galarneau. Particle-gas partitioning of PAH: analysis and modelling.

2002-2005 Satyendra Bhavsar. Development of a coupled metal transport-speciation model for
surface aquatic systems and its extension to soil.
1999 Mehran Monabbati. Effect of salinity and organic matter content of sediments on the

sediment-water exchange of arsenic. 1994-99.

Department of Chemical Engineering and Applied Chemistry, M.A.Sc. Theses:

2013-present  Jimmy Truong. Organophosphosphate flame retardants and plasticizers in the Greater
Toronto Area.

2012-present  Anna Krol. Development and evaluation of the Indoor Multimedia Assessment Model.

2010-2013 Sumera Yacoob. Examining Model Predictions of Zinc and Copper Aqueous Speciation

' and Freshwater Ecotoxicity: Case Study of Ross Lake, Flin Flon, Manitoba, Canada.

2006-2007 Susan Csiszar. The fate of PCBs and PBDEs in urban areas: application of the

Multimedia Urban Model. By-pass to PhD.

2004-2007 Julie Sommerfreund. Evaluation of contaminant fate in the Venice Lagoon using a multi-
" segment fugacity/aquivlaence model and a probabilistic uncertainty analysis.
2004-2006 Roshanak Razavi. Contaminant fate in the Bay of Quinte: a modeling assessment.

2003-2004 Harshan Radhakrishnan. Optical imaging and investigation of the development of
organic films. Co-supervised with S.Liss, Ryerson University. Changed supervisors.

2003-2005 Nadia Martinez Hernandez. Chemical characterization of organic films.

2001-2003 Nilima Gandhi. Modelling mercury in the Lahontan Reservoir and food web, Nevada.

2000-2002 David Schryer. Multimedia Urban Model: refinement and application. Withdrew,

1999-2002 Satyendrakumar Bhavsar. Coupling chemical speciation and fate models: estimating the
fate of metals in Ross Lake, Manitoba. By-pass to Ph.D.
2000 David Priemer. The multimedia urban model: assessing the fate and transport of
semivolatile organic compounds in urban areas. 1998-00. NSERC Scholar.
1999 Ayan Chakraborty. Modelling organic contaminants in lakes of the Upper Yukon River
basin. Withdrew.
1999 Paul Helm. Degradation of a-Hexachlorocyclohexane and organochlorine contaminant
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1997 Ml;rali Ganapathy. Modelling mercury dynamics in the Lahontan Reservoir, Nevada.
1995-97.

1994 Hilary Freitas. Modelling organic and inorganic chemicals in Arctic lakes. 1992-94.

Department of Chemical Engineering and Applied Chemistry, M. Eng. Papers:

1995 Makoto Kawai. A preliminary model to estimate chemical behaviour in lakes of the
Upper Yukon River Basin. 1993-95; 1994-95",

1994 Lennox Gibbs. A seasonal model for arsenic dynamics in Moira Lake. 1993-94; 1994,

1994 Rochmi Widjajanti. Developing environmentally sound technology for the palm oil

‘ industry. 1991-94; 1993-94",
Time under my supervision.

Dalla Lana School of Public Health, M.Sc. Theses or research projects:

2013 Caryn Thompson. Analysis of phthalate concentrations indoors (withdrew from project)

2012-present  Fe de Leon. Flammability standard setting in Canada.

2003-2005 Shelby Yamamoto. The status and potential health risks of PAH in Kampala, Uganda.
Co-supervisor with Donald Cole. Winner of Eric Krause Award.

Department of Physical and Environmental Sciences, Ph.D. Theses:
2012-present  Joseph Okeme. Indoor passive air sampling of semi-volatile organic compounds.
2011-present  Aman Sanai. The role of clothing in human exposure to semi-volatile organic compounds.

Additional Graduate Related Activities:

Ph.D. Supervisory Committees University of Toronto

2012-present  Matt Binington, PhD committee member, (Dept Physical & Environ Sci, UTSC).

2012 John Westgate, Final PhD defense committee member (Dept of Chemistry)

2011-2012 Serguei Stremilov,UTSC Physical and Environmental Sciences, Member of reading &
comprehensive examination committee. (Dept Physical & Environ Sci, UTSC).

2010-present  Alex Gudinov., Member of reading committee. (Dept Physical & Environ Sci, UTSC).

2010 Fiona Wong. Dept of Chemistry, University of Toronto. Member of Senate oral
committee. (Dept of Chemistry)

2010-2012 Christina Quinn. Dept of Chemistry, University of Toronto. Member of Senate oral
committee. (Dept of Chemistry)

2010-2011 Xianming Zhang, Dept of Chemistry, University of Toronto. Member of reading and PhD
committees. (Dept of Chemistry)

2007-2014 Kelly Sabaliauskas, Dept of Chemical Engineering. Member of reading committee.

2008-2013 Maryam Ramin, Dept. of Physical and Environmental Science, UTSC. Member of
reading committee.

2008 Fiona Wong, Dept. of Chemisty, Member of qualifying oral committee

2007 Gillian Daly, Dept. of Chemical Engineering. Member of final PhD examination
committee.

2007 Sarah Hershorn. Dept. of Geology. Member of final PhD examination committee,

2006-2010 Julian Cleary, Dept. of Geography, Member of comprehensive examination committee.

2003-2007 Chris Eckley, Dept. of Geography. Member of reading committee and defense
committees.

2000-2007 Adam Cornwell. Dept. of Geography. Member of reading committee and department
defence committee.

2007 Chris Warren, Trent University. External Examiner on Ph.D. oral defense.

1999-2004 Levi Waldron. Faculty of Forestry. Member of reading and final examination committee.

1999-2002 Paul Helm. Dept. of Chemical Engineering. Member of reading committee.
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1999-2009 Liisa Jantunen. Dept. of Chemical Engineering. Member of reading committee.

1997 Tom Harner. Dept. of Chemical Engineering. Member of examination committee.

1997-2001 Jonathan Schwartz. Dept. of Political Science. Member of reading committee.

1997-1999 Chris Desousa, Dept. of Geography. Member of reading, comprehensive exam,
departmental defense and final defense committees.

1996-2000 James Smith, Dept. of Geography. Member of reading and comprehensive exam comm.

1996 Steven Young, Dept. of Material Science and Metallurgy. Member of reading and
examination committee, Internal examiner for Senate oral.

1994-1998 Annameiki Farenhorst, Dept. of Geography. Member of reading and exam. committee.

1995-2000 Cathy Cottrell. Dept. of Chemical Engineering. Member of reading, departmental defense
and final defense committees.

1995-1998 Edwin Tam. Dept. of Civil Engineering. Member of reading, comprehensive exam,
departmental and final defense committees.

1994 Frank Wania, Dept. of Chemical Engineering. Member of Dept. and Senate oral
committees.

1993 Kathleen Jagger. Dept. of Geography. Member of oral comprehensive examination
committee.

Master's Committees, Dept. of Geography

2010 Nyssa Clubine, M.Sc.
2008 Tony Zhang, M.Sc.
2004 Yvonne Feng, M.Sc.
2003 Angelika Bayer, M.Sc.
2002 Carl Mitchell, M.Sc.
2001 Maggie Young, M.Sc.

Frank Donnelly, M.A.
Kyle Hodder, M.Sc.
Carrie Lillyman, M.Sc.

1999 Andrew Cornwell, M.Sc.
Vivian Campbell, M.Sc.
1997 James Sterling, M.Sc.

Anastasia Svirejava, M.Sc.
Dan Fitzgerald, M.Sc.
Eric Krause, M.A.
Sue Asprey, M.Sc.PL.
1996 Heather Alexander, M.A.
Keilly Griffiths. M.Sc.Pl.
Neil Mallen. M.Sc.PI.
Andrew Rodie, M.Sc.
1994 Sue Dickson. M.Sc.
Claire Woolveridge. M.A.
Larry Dufay. M.A.
Val Aloe. M.Sc.Pl.
1993 Sarah Cowell, M.Sc.
Simon Benger. M.Sc.
Sean Ledgerwood. M.A.
1992 Huang Zhen. M.Sc.
Kerry Lakatos-Hayward. M.Sc.Pl.

Master's Committees, Dept. of Chemical Engineering and Applied Chemistry

2010 Bernadaette Assamoi. M.Sc.Eng. project defense
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2007
2002
2000
1994
1993
1991

Kelly Sabaliauskas, M.A.Sc. bypass oral.
Elizabeth Gilmore, M.A.Sc.

Yan Liang, M.Eng.

Penny Vlahos. M.A Sc.

Shirley Thompson. M.Eng.

Robert Caron. M.A Sc.

Master's Committees, other departments and universities

2006
2002
2002
2002
1999
1992

Christopher Warren. Trent University. External examiner.

David Wasserstein. Institute of Medical Sciences. Internal examiner.
Gail Klein, Dept. of Pharmacology. External examiner.

Charlotte Corda, Dept. of Pharmacology. External examiner.

Matt McLeod. Trent University. External examiner.

Fereshteh Hashemi, Dept. of Botany. M.Sc.

External PhD Examiner

2013
2013
2012
2011
2010
2010
2009-10
2009
2007

Michael Owsianiak, Danish Technical University

Paul Messing, University of Manitoba

Karen Segaard Christiansen, University of Copenhagen

Karen Lavin, University of Otago, New Zealand

Anneke Sleeswijk, Leiden University, The Netherlands

Emma Goosey, University of Birmingham

Nadia Abdelouahab, Universite de Quebec a Montreal. External reviewer.

Kristina Sundqvist, University of Ume4, Sweden

Cecile Bulle, Dept of Chemical Engineering, Ecole Polytechnique, Montreal, Quebec.
External examiner for PhD

Additional Supervisory Activities:
Post-Doctoral Fellows

2014-present

Conggiao Yang, PhD.

2010-2013 Emma Goosey, Ph.D.

2007-2009 Cristian Mugnai, PhD. (visiting from Italy)

2006-2010 Matthew Robson, Ph.D.

2005-2006 Marco Belmont, Ph.D.

1999-2002 Qintao Liu, Ph.D.

1999-2001 Bagher Bahavar, Ph.D.

1999-2002 Mehran Monabbati, Ph.D.

1998-1999 Nisheeth Bahadur, Ph.D.

Visiting Scholars

2011-2012 Anping Zhang, Assoc. Prof, Zhejiang University, Hangzhou, China. Spending most of his

time at Environment Canada.

2011-2012 Qi Hong, Assoc. Prof, Harbin Inst Technology, Nanjing, China

2010 Deqi Xiong, Ph.D., Dalian Maritime University, China

2006 Radka Alexy, Ph.D.

Visiting Students

2013 Sandra Brommer, University of Birmingham, U.K. PhD candidate. 3 month visit.

2012 Maria Bialo, National School for Water and Environmental Engineering of

Strasbourg (ENGEES)
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Research Associates

2013 Jimmy Truong
2012 Daniela Serodio
2011 © Clayton Catching
2010-2011 Stefanie Verkoyoen

2008-2009 Catherine Abreu
2007-2008 Liana del Gobbo, M.Sc.
2003-2005 Nilima Gandhi, M.Sc.
2004 Julie Sommerfreund, B.Sc.
2003-2004 Buuan Lam. B.Sc.
2001-04, 06 Dianne Lapierre
2001-2004 Erin Hodge, M.Sc.
2001-2006 Jennifer Truong, B.Sc,
2000-2001 Trinh Tieu, B.A.Sc.
2000-2001 Marcy Burchfield, M.Sc.
1999-2000 Sarah Gingrich, M.Sc.
1998-1999 Edwin Tam, Ph.D.

1995-97 Cynthia Page, M.A.Sc.
1994 Lennox Gibbs, M.Eng.
1994 Hilary Freitas, M.A.Sc.

1993-1994 Helen Ling, M.Sc.

NSERC Undergraduate Research Award Recipients

2001 Kim Tsoi, Department of Chemical Engineering and Applied Chemistry.
2000 Jennifer Truong, Department of Geography.

1994 Ilan Kelman, Department of Chemical Engineering and Applied Chemistry.
1993 Rebecca Laposa, Department of Geography.

Undergraduate Summer Assistants

2013 Angela Huang

2012 Kevan Saba

2008 & 2009  Amanda Giang

2008 Kristina Dean

2007-2008 Catherine Abreu

2006 Kate Liss, Jennifer Cheung

2005 Kate Liss

2004 Veronica Lo, Rina Goldberg

2003 Bushra Drir, Talya Manoim

2002 Dianne Lapierre, Azadeh Zarashkian, Yiva Olsson

2001 Dianne Lapierre, Jennifer Truong

2000 Trinh Tieu, Dianne Lapierre.

1999 Asif Jalil, Julia Tsai.

1998 Sheryl Law*.

1997 Julie Philtips’

1996 Wilfred Tan, Judy Josefowicz (part-time)

1995 Judy Josefowicz (part-time)

1994 Martha Scroggie (part-time)

1993 David Tu, Martha Scroggie, Melissa Fotiadis

1992 Andrew Rodie:, Hilary Freitas, Rebecca Laposa, Michelle Perera

» Environmental Youth Corps
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Ontario Work-Study Plan Students

2014 Clara Thaysen
2013 Grant de Jeong
2013 Patrick Feghali
2012 Esmaeil Mansouri
2011-12 Vanessa Ymele
2006-07 Calvin Au
2005-06 Amy Leung
1999-00 Amelia Du

1995-1996 Laura Alionte
1992-1993 Andrew Rodie

12. d. OTHER TEACHING AND LECTURES

Annual Guest lecture at Ryerson University, Environmental program.

2012 Mathematical modeling approaches to understanding environmental fate and behaviour of
flame retardants. IVL Swedish Environmental Research Institute, Stockholm. Part of the
INFLAME research project of the European Union. April 23,24, 2012.

2012 ‘ Interdisciplinary research. Held at University of Birmingham. Part of the INFLAME
research project of the European Union. January 18-19, 2012.

2007 “Brominated flame retardants: from release to exposure”, UTSC, Dept of Physical &
Environmental Sciences and Centre for Environment, Master of Environmental Science.

2007 “Connecting the dots between contaminant emissions and exposure”, University of

Toronto, Moving Canada towards Sustainability. A forum to discuss global
environmental issues.

2007 “Urban Contributions of Contaminant Load to Lake Ontario”, Lake Ontario Lake-wide
Management Plan (LaMP) annual meeting, Niagara, N.Y. Organized by Environment
Canada and U.S. EPA.

2007 “Loadings and fate of PCBs in Hamilton Harbour from a mass balance perspective”.
Hamilton Harbour Remedial Action Plan (RAP) meeting.
2007 “What if the chemicals are toxic or persistent?” Urban Metabolism workshop held at

University of Toronto. Organized by Prof. Chris Kennedy, Dept of Civil Engineering.
Sponsored by Toronto & Region Conservation Authority.

2007 “Computer models in Great Lakes Decision-making”. A panel discussion held at 49™
Annual Conf. Internat. Assoc. Great Lakes Res. Windsor, Ont.

2006 “Brominated flame retardants: from release to exposure”, Ryerson University,
Environmental Applied Science & Management Program.

2006 “What’s the burning issue with brominated flame retardants?” Physical Geography
Research Day. Fall 2006.

2006 Polybromianted Diphenyl Ethers: Exposure pathways and human exposure. SENES
Consultants.

2006 Brominated flame retardants — from source to exposure. Environmental Physician’s Group
of Ontario Medical Association, seminar series “Clinical Reviews”.

2004 “Contaminants around us: the Toronto experience”, Centre for Urban Health Initiatives.
University of Toronto.

2004 “Polybrominated diphenyl ethers: connecting sources and exposure”, Environmental
Chemistry Seminar Series, Dept. of Chemistry, University of Toronto.

2004 “Chemical contaminants in the environment: from release to effects”, Gartner Lee Ltd.

2003 “Cities: contaminant fate and effects”, Toronto & Region Conservation Authority.

2002 “Water Quality”, “Women in Science”. Later Life Learning, Innis College.

2000 “Toxins in the Environment — Sources, Movement and Control Measures”. Public lecture
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1999

1999

1996
1992

1988
1980-1981
1976-1979

in Grc?en Waves Eco Talks organized by the Festive Earth Society.

“Persistent Organi(.: Pollutants: Fate in an Urban Environment and Potential Health
Effe.cts”. Presentation to Toronto Public Health Department, Health Promotion and
Environmental Protection, City of Toronto.

Arsenic cycling in Moira Lake. Presentation in workshop organized by “How Healthy is
the Moira?” committee.

Science Outreach. Lecture for girls 9 to 14 on research and career opportunities.

Saturday Morning Seminar Series for Secondary School Students. Lecture on Great Lakes
water quality.

Tutorial Assistant, University of Toronto, Dept. of Chemical Engineering

Tutorial Assistant, McGill University, Dept. of Biology

Tutorial Assistant, University of Alberta, Dept. of Zoology

E. ADMINISTRATIVE POSITIONS

13. a. SERVICE ON COMMITTEES AND ORGANIZATIONS

Initiatives:

1998-2004 Initiation, organization and Vice-chair of “Women in Arts and Science Committee”,
advisory to Dean of Arts and Science.

1997 Organized and chaired “Research Day” of Institute for Environmental Studies.

1997 Organized “The Great Debate” with Ruth Grier and Michael Bliss.

1996, 2000, 10 Organized or co-organized “Physical Geography Research Day” series to be held twice
yearly as a forum for faculty and graduate students.

1994-1996 Involved with initiative to develop analytical facilities at University of Toronto. Member
of ad hoc committee for ANALEST (Analytical Laboratory for Environmental Teaching).

1994 Developed M.Sc. Thesis option for Dept. of Geography and IES Collaborative Program.

1993 Initiated change of undergraduate program from “Physical Geography” to “Physical and
Environmental Geography”

Major:

2011-2012 Dean’s working group on Environment and Resources, also curriculum committee for
Environmental Science program

2011-2014 Provostial Assessor, Faculty of Nursing, search committees, promotions committee

2010-2012 Member, University Tribunal Committee

2010-2012 Vice-Chair, Planning and Budget Committee of Academic Board

2009-2012 Member, Honourary Degree Committee of Academic Board

2009-2010 Member, Academic Policy and Planning Committee of Academic Board

2007-present  Coordinator, Physical Geography Building

2007-2009 Chair, Council of the Faculty of Arts and Sciences

2007-2010 School of Graduate Studies, Tenure Assessor

2007 Dean’s ad hoc committee on Earth & Planetary Sciences

2007 Dean’s representative, Dept. of Geology, search committee, Radiogenic Isotope
Geochemistry

2004-05 Member, Search committee, Chair of Department of Geology

2004-05 Member, Search committee, Dept. of Geography, physical geography search

2004-05 Member, Search committee, Department of Physical Sciences, UTSC

2004-2008 Vice-Chair, Planning and Budget Committee of Academic Board, University of Toronto

2004-05 Governance Committee, Department of Geography

2003-04 Academic Planning Committee, Department of Geography.
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2003-04

Search Committee, Department of Physics (Condensed Matter, CRCQ).

;883-2008 Ilzljr}?(l)):réPlanr!ing & Budget Committet? of Academic Board, Uni\{ersity of Toronto.
ommittee on Governance, advisory to Dean of Arts & Science.

2002 Search Committee, Physical Geography, St. George campus.

2001-2012 Member of Academic Board of Governing Council, University of Toronto.

2001 Search Committee, Technician, Physical Geography.

2001 Search Committee, Soil Science position, Scarborough College.

2000, 01 Search Committee, Physical Geography position, St. George campus.

2000 Graduate Admissions Committee, Member.

2000 Search Committee, Senior Hydrology position, Geography, St. George campus.

1999 Search Committee, Soil Science position, Scarborough College.

1999 Search Committee, Environment and Resource Management position in Geography, St.
George campus.

1998 Search Committee, Hydrology position in Geography, St. George campus.

1998-99 5 Year Review Committee for Institute for Environmental Studies.

1998 Search Committee, Hydrology position at Erindale College.

1997 Chair of the Weigand Lecture committee. Organized and hosted seminars for two invited
speakers.

1996 Physical Geography Research Day. Organized and chaired first of on-going series.

1994 Discover Science. Organized volunteers for demonstration in Physical Geography.

1994 Search Committee, Hydrology position at Erindale College.

1994 Science Options. Organized Dept. of Geography Information Booth. Rewrote information
sheet on "Programs in Physical Geography"

1994 Member of Environmental Protection Subcommittee on Grounds/Water Use/Biodiversity.

1993-1996 Women in Science Committee, Faculty of Arts and Science
Related activities:
* Women in Science Faculty Advisor, Dept. of Geography;
» Panelist, “Challenges and Solutions: Balancing an academic career and family
responsibilities”, Workshop for Women Faculty and Librarians, April 15, 1997.
*+ “Women in Science” luncheons. Co-organized and moderated discussions. Co-
sponsored by Dept. of Geography and Faculty of Arts and Science. 1996, 1994;
+ Forum on Women in Science, “Graduate School and Beyond”. Moderated panel
discussion. April, 1993,

1992-1993 Division of the Environment, Science Subcommiittee.

1992 WHMIS and laboratory safety seminar. Co-organizer of seminar for Dept. of Geography.

1991-1993 Innis College Environmental Programme Committee.

Minor:

2010-2011 Provostial Assessor, Search Committee, Faculty of Physical Education and Health

2009 Member, Search Committee, Graduate Chair of Dept. of Geography

2006 Centre for the Environment: Member of advisory committee of Collaborative Program on
Environment & Health.

2003-2008 Life Sciences Awards Committee, University of Toronto

2004-05 Search Committee, Paleoclimatographer Dept. of Geology (half of search)

2004-2005 Member, Ontario Graduate Student Scholarship Panel.

2004-05 Promotion Committee, tenure committee, Department of Geography

2003-04 Senior Committee, Department of Geography.

2003 Research Advisory Committee, Institute for Environmental Studies

2001 Member of Advisory Committee for Environmental Management Certificate Program,
Professional Development Centre.

2000, 2003 Innis College Curriculum Review
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1999-present  Collaborative Graduate Program in Environment and Health. Member of Advisory
Committee,

1997-2004 Arctic Working Group. Member.,
1996-2000 Environmental Engineering Faculty Council. Member.

1995-2001 Collaborative Graduate Program in Toxicology. Member of Program Committee.

1994-1997 Graduate Committee, Dept. of Geography.

1994 Ranking NSERC and OGS applications.

1994 Mathematics Sciences Review Committee.

1994 Ranking NSERC Undergraduate Student Research Awards from "non-NSERC"
departments.

1992-1993 Undergraduate Committee, Dept. of Geography.

F. OTHER

Co-organizer of the following Conferences, Workshops and Conference Sessions:

2013 Co-chair, session at Dioxin 2013 Conference, Daegu, Korea

2012 Co-organizer, Discussion of a Chemical Planetary Boundary, Chalmers University,
Gotenburg, Sweden, April 18-20, 2012

2008-2010 Co-chair of the annual conference of the International Association of Great Lakes
Research, held at the University of Toronto, May 2010.

2009 Canadian Association for Water Quality, Central Region. 44™ Annual conference. Co-
chair of special symposium on Bisphenol A.

2008 Life Cycle Impact Assessment: The Clearwater Meeting on Developing Characterization
Factors for Aquatic Ecotoxicity of Metals.

2007 Diversity in POPs, Co-organizer of Special Symposium at Society of Environmental
Toxicology & Chemistry annual meeting, Milwaukee,

2003 SETAC, Laurentian Chapter Annual Meeting, Toronto,

1999 Lake Ontario Research and Management Workshop. Held at University of Toronto. Co-
chaired by D. Mackay, Trent University, and J. DePinto, SUNY Buffalo.

1996 Life Cycle Assessment of Site Remediation Options - A Review of the Generic Approach

and Case Study. Funded by Ministry of Environment and Energy. Held at Dept. of
Geography, Toronto.

1992 Lake Superior Mass Balance Workshop. Funded by the International Joint Commission
and Atmospheric Environment Service of Environment Canada, Toronto.

1991 Great Lakes Research Day. Sponsored by the Institute for Environmental Studies,
Toronto.

1991 Great Lakes Mass Balance Workshop. Funded by the International Joint Commission,
Niagara-on-the-Lake.

1990 Workshop to develop a regional mode! of mercury accumulation in sport fish. Held at the

Institute for Environmental Studies, Toronto.

Workshop Participant:

2013 Blue Mountain Retreat. Assembled 21 experts and industry representatives to advance the
agenda of toxic chemical control. June 2013.

2011 Advancing exposure science to improve chemical safety. Co-sponsored by American
Chemistry Council and Health Canada, Quebec City, June 2011. Rapporteur for poster
session.

2009 & 2010 SVOCs in Indoor Air, Indoor Air Institute.

2009 ScorePP: Workshop on Urban pollution sources and water treatment, Universite de
Quebec
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2009 Canadian Environmental Modelling Centre, Partners’ Meeting, “Advances in modelling
the aquatic fate and toxicity of metals”, Trent University.

2009 Indoor contaminants. Workshop sponsored by US EPA, Raleigh, NC.

2009 Exposure science in the 21* century. National Research Council, 8" Workshop of the
Standing Committee on Risk Analysis Issues and Reviews. Speaker “Predictive Model
Frameworks: Physical Models”. Washington, DC.

2008 Health and indoor environments, sponsored by National Research Council.

2008 Health-Environment Linkages, sponsored by Statistics Canada.

2007 National Policy Consultation on Children’s Health and Environment, Workshop #5, Toxic
Substances in Consumer Products. Respondent in discussion.

2007 Lake Ontarjo Lake-wide Management Plan. Annual meeting. Environment Canada and
U.S. EPA.

2007 Hamilton Harbour Remedial Action Plan. Summary of Results 2007.

2007 Roundtable Discussion, Ontario Ministry of Environment, Air Pollution & Climate
Change. Opportunity to discuss with Minister Laurel Brotten.

2007 City of Toronto Workshop on “Community Right to Know”, developing a toxic release
inventory.

2007 “Health and Environmental Tracking and Surveillance in Canada”. Health Canada
workshop.

2007 “Air Pollution and Children’s Health” Co-sponsored by Pollution Probe, Children’s
Health Coalition, Health Canada. Participant.

2003 “Hazard Identification Approach for Metals and Inorganic Metal Substances”, Pellston
Workshop sponsored by SETAC.

2003 “Metal Unit World” workshop. Organized by Center for the Study of Metals in the
Environment, University of Delaware.

2002 Retreat on science in the Meteorologic Service of Canada, Environment Canada.
Organized by the Senior Scientists Committee of MSC, Environment Canada.

2001 Framework for Modelling Ecological Change in the Detroit River - Lake Erie Corridor.

Panelist in a workshop sponsored by the International Joint Commission - Council of
Great Lakes Research Managers’.

2000 “Northern Contaminants Workshop”. Sponsored by Dept. of Indian Affairs and Northern
Development.
1999 “Lake Ontario Mass Balance Workshop”. Sponsored by University of Toronto, Trent
University, SUNY Buffalo, Toronto.
1999 “Environmental Resource Group Meeting for the PSL2 Assessment of releases from
copper and zinc smelters and refineries”. Sponsored by Environment Canada, Ottawa.
1999 “How Healthy is the Moira?”, Sponsored by Trent University and “How Healthy is the
Moira” Committee, Peterborough, Ontario.
1999 Canadian Network of Toxicology Centres (CNTC), Annual Research Symposium,
Ottawa.
1998 “Wolf Creek Research Workshop”. Sponsored by Environment Canada, Whitehorse.
1997 “Environmental Resource Group Meeting for the PSL2 Assessment of releases from
copper and zinc smelters and refineries”. Sponsored by Environment Canada, Ottawa.
1997 “Arctic Archipelago Project Planning Meeting”. Sponsored by Dept. Sponsored by Dept.
of Indian Affairs and Northern Development, Iqaluit, Nunavik.
1997 “Nunavik and Northern Labrador Contaminants Action Plan Meeting”. Sponsored by
Dept. of Indian Affairs and Northern Development, Kuujjuaq, Nunavit.
1997 “Northern Contaminants Research Results Workshop”. Sponsored by Dept. of Indian

Affairs and Northern Development, Victoria 1997, Calgary 1996, Winnipeg 1994,
Burlington 1993.

1994 Yukon Contaminants Workshop. Organized by Yukon Contaminants Committee.
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Whitehorse, Yukon.
1993 "Eygluating the Benefits of Water Quality Improvements”. Sponsored by the Ontario
Ministry of Environment and Energy.

1990 & 1991 “Bay of Quinte Remedial Action Plan Workshop”. Two workshops sponsored by the
Ontario Ministry of Environment.

Referee for Reports:

2003 “Lake Ontario Mass Balance”. Member of Scientific Review Panel, U.S. EPA.

1998 “Lake Michigan Mass Balance Program”. Member of Scientific Review Panel, U.S.EPA.

1998 “Hudson River PCB Mass Balance Study”. Member of Peer Review Panel, U.S. EPA.

1994 “Lower Don Lands Site Characterization and Remedial Options Study”. Review for the
Waterfront Regeneration Trust.

1993 “Niagara River (Ontario) Stage I RAP Report”. Review for the Great Lakes Regional

Office, International Joint Commission. Review included oral presentation at public
information meeting in Niagara Falls, Ontario.

1991 “Arsenic and its Compounds, Priority Substances List Assessment Report”. Review for
Government of Canada, Health and Welfare Canada and Environment Canada under the
Canadian Environmental Protection Act (CEPA).

Referee for Journals and Monographs:

Environmental Science and Technology

Environmental Pollution

Atmospheric Environment

Environmental Management

Science of the Total Environment

Journal of Great Lakes Research

Water Environment Federation

Mercury as a Global Pollutant: Towards Integration and Synthesis.

Referee for Grant Proposals:

2013 NSERC Discover Grants

2012 Israeli Environmental Health Fund

2010 NSERC, Swiss Federation of Science

2007 NSERC.CRD

2006 Large Pelagics Research Centre.

2003 NSERC Discovery Grants Program, Canada Foundation for Innovation, Canadian

Foundation for Climate and Atmospheric Sciences
2001, 2002 NSERC Collaborative Research and Development Grants Program

2000 Hudson River Foundation

1998 NSERC Strategic Grant.

1997 Minnesota Sea Grant College Program

1997 Hudson River Foundation

1996 National Science Foundation.

1993 Great Lakes Research Fund.

Miscellaneous:

Numerous others that I’ve stopped recording.

2011 “Tracking toxins in the city: where are chemicals coming from and what does it mean?”
Presentation to UTSS.

2008 “What’s in the air we breathe?” Presentation at Women’s Health conference.

2007 “How to stop climate change.” Presentation at forum organized by MP Olivia Chow,
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