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EXECUTIVE SUMMARY

In August 2008, the U.S. Congress passed the Consumer Product Safety Improvement
Act of 2008 (CPSIA) placing restrictions on the use of six dialkyl ortho-phthalates (0-
DAPs) in children’s toys or child care articles. The CPSIA also directs the Consumer
Product Safety Commission (CPSC) to convene a Chronic Hazard Advisory Panel to
investigate the potential health effects of phthalates and phthalate substitutes. The
purpose of this report is to identify 0-DAP substitutes that are currently being used in
children’s articles, or are probable future candidates, and to summarize the potential
human health risks associated with using these chemicals in this manner. Chemicals were
identified as the most likely alternatives to 0-DAPs in children’s articles based on a
variety of factors which included their compatibility with polyvinyl chloride (PVC).

The five chemicals identified by this report as the most likely 0-DAP alternatives are
acetyl tri-n-butyl citrate (ATBC), di(2-ethylhexyl) adipate (DEHA), 1,2-
cyclohexanedicarboxylic acid, dinonyl ester (DINCH), trioctyltrimellitate (TOTM),and
di(2-ethylhexyl) terephthalate (DEHT or DOTP). All, except TOTM, have been cited as
already being used in children’s articles. However, TOTM is compatible with PVC — the
most popular resin for children’s soft plastic toys and other articles — and thus a likely o-
DAP alternative. The review of the potential risks of using these chemicals in children’s
articles focused on the amount and quality of data available for the chemical. Key
parameters included physical-chemical properties, migration rates, and all available
exposure, hazard, and dose-response information. Current data limitations were
identified, and comparisons were made among the five 0-DAP substitutes with regards to
both the strength and the implications of available exposure and toxicity data.

The physical-chemical properties of DEHP, DINP, and the five potential 0-DAP
alternatives chosen for review, are presented in the report. Parameters that are predictors
of exposure include water solubility and bioconcentration factor (BCF). Water solubility
is low for all of these chemicals, with the exception of TOTM. BCF is particularly high
for DEHT, but for the other alternatives is lower than values observed for DEHP and
DINP, indicating the potential for these chemicals to be metabolized by organisms.

Measured migration rate data are available for select chemicals. When available, these
were the most informative measures used to assess potential exposure. The chemicals
ATBC and DEHA have been shown to migrate from food wraps and films in various
studies. Recently developed, DINCH lacks extensive toxicology data, but its low
migration into aqueous substances and poor solubility in water has earned it approval
from several governments to be used as a food contact substance. TOTM, of relatively
high molecular weight and with a bulky structure, appears to have the lowest migration
potential; no mobility data were available for DEHT.

In order to evaluate chemical toxicity, criteria such as the number, type, and quality of
studies performed on each chemical were considered. Hazard information, as well as
dose-response information (e.g., no-observed-adverse-effect levels (NOAELs) and



lowest-observed-adverse-effect level (LOAELS)), for a variety of non-cancer endpoints,
as well as carcinogenicity data, were evaluated.

Overall, a significant amount of toxicity information is currently available on these five
chemicals, although the quality of some studies is questionable. No published studies of
DINCH were available. Acute oral toxicity for ATBC appears to be the lowest of the five
chemicals, and it has been approved by the U.S. Food and Drug Administration (FDA)
for use as a food additive and food contact substance. In chronic exposure studies
performed in rats, NOAELs were highest for DEHA and ATBC and significantly lower
for DINCH and DEHT. No such study was available for TOTM.
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1.0 INTRODUCTION
1.1 Purpose

Dialkyl ortho-phthalates (0-DAPs) comprise a class of commercially important
compounds used primarily as plasticizers in polyvinyl chloride (PVC). They can be found
in floor and wall-coverings, and common household products such as children’s soft
plastic toys. Lower molecular weight 0-DAP’s are used as solvents in inks, waxes,
polishes, and coatings. 0-DAPs are also a vital component of many types of medical
devices, laboratory tubing, and cosmetics. Due to extensive use over the past fifty years,
0-DAPs are now ubiquitous environmental contaminants. They are present in food, air,
and water, and their metabolites have been detected in the urine of all humans tested
(Fromme et al., 2007; Sathyanarayana et al., 2008; Wittassek et al., 2007), with children
often showing urinary metabolite levels significantly higher than those of adults (Koch et
al., 2006). Recently, 0-DAPs have come under increasing scrutiny due to concerns about
potential health effects in animal studies, which include reproductive and developmental
toxicity, chronic organ toxicity, and cancer (IHCP, 2008; NTP-CERHR, 2006).
Consequently, their use in children’s articles, such as soft plastic teethers, rattles, and
toys, is of concern to consumers, with many believing that safer alternatives should be
actively sought.

The purpose of this report is to identify 0-DAP substitutes that are currently being used in
children’s articles, or are probable future candidates, and to summarize the potential risks
associated with using these chemicals in this manner. First, this review identifies a broad
list of chemical classes that have the potential to serves as alternatives to 0-DAP
plasticizers in children’s PVC articles. Then, five substitutes are chosen from this list for
detailed chemical profiles including use, physico-chemical properties, exposure, and
toxicology data.

1.2 Plasticizers, Phthalates and Children’s Toys
1.2.1 Plasticizer Use

Plasticizers are substances — usually low-melting solids or high-boiling organic liquids —
which, when added to hard plastics, improve their flexibility and durability. Plasticizers
work by embedding themselves between the chains of polymers, spacing them apart and
thus making the plastic softer (ECPI, 2009a). Worldwide, approximately six million tons
of plasticizers are produced and consumed every year. Of this, over 90% are phthalate
plasticizers (Arbeitsgemeinschaft, 2006).

0-DAPs comprise a family of phthalate esters that have been used to soften polyvinyl
chloride (PVC) products for over 50 years. As a class of chemicals, 0-
O DAPs are oily, colorless, odorless liquids that do not evaporate readily
(ACC, 2009). They are manufactured from phthalic anhydride (Figure
Q| 1-1) and a wide array of alcohols. The latter range from short chains

Figure 1-1. Phthalic Anhydride




such as methanol and ethanol (C1/C2), up to the much larger iso-decanol (C13), with
either straight or branching chains. The resulting large variety of 0-DAPs equates to a
wide range of physiochemical properties, allowing these phthalate esters to find use in
PVC products that include U.S. Food and Drug Administration (FDA) approved medical
devices (such as medical tubing and blood bags), footwear, electrical cables, packaging,
stationery, toys, PVC cladding (facing for buildings) and roofing (such as in PVC coated
steel girders) (ECPI, 2009b). Non-PVC applications include paints, rubber products and
some adhesives (Craver and Carraher, 2000). Phthalic anhydride derivatives have also
been approved by the FDA for use as food contact substances (FDA, 2009).

1.2.2 Hazard Identification and Regulation of Phthalates

Consumer concern arises because 0-DAPs are not chemically bound to PVC, and
therefore may be released from the plastic when consumers, specifically children, place
these products in their mouths (Shea, 2003). Until about 1985, di(2-ethylhexyl) phthalate
(DEHP) (also known as di-octyl phthalate or DOP), was the predominant 0-DAP in
children’s products such as teethers, rattles, and soft toys (Wigle, 2003). When DEHP
was found to be carcinogenic in laboratory rats and mice (NTP, 1982a), manufacturers
voluntarily agreed to limit DEHP in pacifiers, teethers, and rattles to 3% by mass (ASTM
F963-96, 1996). Generally, DEHP was replaced with another 0-DAP, diisononyl
phthalate (DINP), a likely alternative because it is less bioaccumulative than DEHP, was
presumed to be less toxic, and is comparable to DEHP with regard to PVC compatibility
(Ellenbecker et al., 2008; Wigle, 2003).

In 1997, two leaching studies commissioned by Greenpeace Germany observed
migrations levels for DEHP and DINP from children’s toys that exceeded the existing
German guidelines, as well as exceeding the existing EU limit for total phthalate content
(by mass) by 13 to 33 times. For example, DINP, identified more frequently than DEHP
in the samples, was found comprising up to 40 percent (by mass) of these samples
(Greenpeace, 1997). Studies like these increased concern from toy advocates, and
subsequently, Greenpeace and twelve other non-governmental groups petitioned the U.S.
Consumer Product Safety Commission (CPSC) (petition HP 99-1), calling for a ban on
polyvinyl chloride (PVCs) in children’s soft plastic toys based, in part, upon the potential
health risks from DINP toxicity (BNET, 2003). Responding to this petition, a CPSC
investigation from 1998-2002 concluded that DINP in children’s articles did not present a
significant health risk to children (Wind, 2002). A Chronic Hazard Advisory Panel
(CHAP) convened by CPSC also concluded that DINP in children’s products presents a
minimal to non-existent risk of injury (Wind, 2002). In 1999, the European Commission
enacted an emergency ban on the use of phthalates in PVC children's toys in 15 countries,
due to concerns about the possible health risks of phthalate exposure (Greenpeace, 2003).

At the same time, in the United States, the American Council on Science and Health
(ACSH) convened a panel to examine DINP safety in PVC toys. Headed by former
Surgeon General Dr. C. Everett Koop, the panel concluded that, “DINP in flexible toys is
unlikely to pose a health risk to children,” although it did cite that younger animals
appear to be more sensitive to the health effects of DINP than older animals (Noble,



1999). In 1999, at the request of CPSC, manufacturers voluntarily removed phthalates
from teethers and rattles. Although DINP could still be used in toys, many manufacturers
also removed DINP from toys (Chen, 2002). Nonetheless, some non-governmental
organizations such as the New York Public Interest Research Group (NYPIRG), for
example, continued to warn of the potential risks of DINP and other phthalates, urging
consumers to call manufacturers directly to obtain content information for their products
(NYPIRG, 2002).

Debate appeared to have ended in the European Union in 2005 when the European
Commission banned DEHP, dibutyl phthalate (DBP), and butyl benzyl phthalate (BBP)
in all toys and childcare articles, and DINP, diisodecyl phthalate (DIDP), and di-n-octyl
phthalate (DNOP) from use in toys and childcare articles if those articles can be put in the
mouth by children (EUROPA, 2005). Consequently, individual companies began
removing phthalates from their PVC blends for children’s products, and some individual
U.S. states and local governments passed legislation to regulate their use (PBS, 2008).
After heightened debate in the United States, the Congress passed the Consumer Product
Safety Improvement Act 0f 2008 in August 2008 stating that the sale of children’s toys or
child care articles containing more than 0.1% of DEHP, DBP, or BBP is permanently
prohibited, and the sale of children’s toys that can be placed in a child’s mouth or child-
care articles containing concentrations of more than 0.1% of DINP, DIDP, or DNOP
would be prohibited on an interim basis (U.S. Congress: PL 110-314).

1.3 Potential Phthalate Alternatives

In the global search for less toxic 0-DAP alternatives for use in children’s articles, several
classes of chemicals have emerged. They have been suggested by both concerned interest
groups and the plastics industry, and many are already under investigation for PVC
compatibility and potential toxicity. Some of the most popular candidates include citrates,
adipates, trimellitates, phosphates, benzoates, and vegetable oil derivatives.

Citrates

Citric acid, widely used in food and beverages, household cleaners, and pharmaceuticals,
is also used by the plasticizer industry. When combined with alcohols of varying lengths,
the resulting citrate esters can be used as solvents in products such as electrical casings,
inks, hair sprays, and aerosol bandages (ECPI, 2009c). Several citrates, such as acetyl tri-
n-butyl citrate (ATBC), have been approved by the FDA as plasticizers for food contact
substances (FDA, 2002ab). ATBC is also a potentially useful alternative to phthalates in
children’s articles, and mouthing studies on humans have already begun taking place
(Nikiforov, 2003 as cited in CSTEE, 2004). Conclusions by the European Union’s
Scientific Committee on Toxicity, Ecotoxicity and the Environment (CSTEE) suggest
that ATBC may be used for this purpose (CSTEE, 2004).



Adipates

Adipates are plasticizers with applications ranging from building material constituents
(such as in concrete joint sealants and surface retarders) to plastics for medical and
consumer applications (US Patent No. 4288354, 7037367, 5733562). Adipates consist of
alcohols of similar chain length to those used in phthalate manufacture, esterified instead
with adipic acid. These plasticizers have similar PVC compatibility as phthalates, but
suffer from higher volatilities and higher migration rates, and are generally higher priced.
As a result, it is not uncommon for adipates to be used in blends with phthalates to
produce a compromise of properties (ECPI, 2009d). The most commonly used adipate for
plasticizer applications, di(2-ethylhexyl) adipate (DEHA), can be found in a variety of
home and office products, such as vinyl flooring, carpet backing, wood veneer, and
coated fabrics (SCENIHR, 2007), as well as children’s toys (Chen, 2002).

Trimellitates

Trimellitate esters, such as tris-(2-ethyhexyl) trimellitate (TOTM), are produced by the
esterification of a range of alcohols with trimellitic anhydride (TMA). Trimellitates are
significantly more viscous then the linear adipates or phthalates, with a lower volatility
(Daman Organomers, 2003). The extraction and migration resistance of these materials
are also significantly improved relative to the phthalates. Currently, large volumes of
trimellitates are used in high specification electrical cable insulation and sheathing (ECPI,
2009¢), and they have seen moderate use as an inert ingredient in pesticide formulations
(Federal Register, 1998). However, there is no indication that trimellitates are used in
children’s articles.

Phosphates

Phosphoric acid esters, such as di(2-ethylhexyl) hydrogen phosphate (DEPHA) and
tris(2-ethylhexyl)phosphate (TEHP), are not obvious PVC plasticizers, but their use in
this industry may be growing, perhaps due to their improved fire retardancy relative to
phthalates. The fire performance of PVC itself, relative to other polymeric materials, is
very good due to its high halogen content, but the addition of plasticizers reduces flame
resistance (ECPI, 20091). If they prove to be of low toxicity, phosphates may find useful
application as a phthalate alternative in children’s articles.

Benzoates

Benzoic acid, used worldwide as a food preservative, can be combined with alcohols to
form benzoate plasticizers. These compounds are used industrially as blends, or in
combination with other plasticizers such as adipates or phthalates (Stanhope, 2000).
Considered a safer alternative to phthalates, benzoate plasticizers have recently been
suggested for use in so-called “sensitive” applications, such as children’s articles (Lang
and Stanhope, 2001). However, no evidence of current use in children’s articles could be
found, perhaps indicating a market slow to adapt benzoates for this purpose.



Vegetable Oil Derivatives

Epoxidized oils have the ability to replace phthalates in applications such as children’s
articles due to 1) their higher biodegradability compared to traditional plasticizers; 2)
because they do not require metal stabilizers to supplement the plasticizer (as is often the
case with traditional plasticizers); and 3) because many have already been approved as
food contact substances. On a cost per pound basis, these vegetable oil-derived
plasticizers generally tend to be more expensive than petrochemical plasticizers;
however, they offer performance benefits — such as reducing the need for metallic
stabilizers — which can make their overall economics favorable (ILSR, 1996).

A potential candidate for use in children’s articles, epoxidized soybean oil (ESBO) has
already been approved for use as a PVC plasticizer in gaskets and metal caps, such as for
baby food jars (Weller et al., 2007). New to the market, COMGHA (Glycerides, Castor-
oil-mono-, hydrogenated, acetates) also shows promise as a food contact substance.
Marketed as Grindsted® SOFT-N-SAFE, this vegetable oil derivative was listed as one
of the top eight potential DEHP substitutes by both the European Commission’s
Scientific Committee on Emerging and Newly Identified Health Risks and the U.S. based
Consumers for Competitive Choice (SCENIHR, 2007; Johnson, 2008).

1.4 Screening of Potential Alternatives

This section provides the methodology used to identify and select five potential phthalate
plasticizer alternatives for further investigation. In subsequent sections of the report,
these five compounds will be assessed for their physical/chemical properties, exposure

potential, and toxicity.

1.4.1 Initial Pool and Selection of Eight Substitutes of Interest

In the initial phases of the investigation, approximately 20 compounds were identified as
having the potential to replace 0-DAPs in children’s articles. Major candidates fell into
one of the classes described above - citrates, adipates, trimellitates, phosphates,
benzoates, and vegetable oil derivatives. Other alternatives included sebacates, sulfonic
acids, aliphatic dibasic esters, chloroparaffin and sorbitol. The resulting broad list,
compiled from PubMed and TOXNET database searches (see Appendix A),
manufacturers’ websites, and general internet searches, was narrowed to a list of eight
suggested chemicals for further investigation, using a two-pronged ranking system. In
this system, each chemical was scored on a scale of 1-5 with regard to 1) the likely
potential for use as a PVC plasticizer in children’s articles, and 2) the likely amount of
toxicity information available on this chemical. The chemical’s potential for use in
children’s articles was a qualitative decision based on the information available from
literature and internet searches. The ranking of toxicity information was also somewhat
qualitative, as it used the number of articles mentioning the chemical of interest, not the
specific number of toxicological exposure studies or data sets available.



If evidence was found of a compound’s current use in children’s articles, then a ‘potential
substitute’ ranking of 5 was assigned. Compounds that were weakly compatible with
PVC, or for which no use data could be found, received a ranking of 1. Most compounds
fell into the 2 to 4 range, with some applicability based on available data. For the initial
toxicity ranking, the number of hits received using TOXLINE during September 2008
was the metric chosen. Those compounds that drew greater than 400 TOXLINE hits
received a ‘toxicity information’ ranking of 5. Compounds with 100-400 hits received a
4, 40-100 hits received a 3, 10-40 hits received a 2, and fewer than ten hits received a 1.

A two-dimensional scatter plot was created to visualize the data (Figure 1-2). The x-axis
of the graph indicates the Potential for Use in Children’s Articles of a particular
compound, while the y-axis indicates the Amount of Toxicity Information Available on
the compound. Each compound appears as a single point on the graph. Visual inspection
of the graph, coupled with more fine-tuned investigation of the compounds, aided in the
selection of eight candidates of greatest interest. The following eight chemicals were
selected to be further investigated as potential 0-DAP substitutes:

e Acetyl tri-n-butyl citrate (ATBC) [77-90-7]

e Di(2-ethylhexyl) adipate (DEHA) [103-23-1]

e 1,2-Cyclohexanedicarboxylic acid, dinonyl ester, branched and linear (DINCH)
[474919-59-0 and 166412-78-8].

Phenyl esters of C10-C18 alkylsulfonic acids (Mesamoll®) [70775-94-9]
Di(2-ethylhexyl) terephthalate (DEHT or DOTP) [6422-86-2]

Trioctyltrimellitate (TOTM) [3319-31-1]

Glycerides, Castor-oil-mono-, hydrogenated, acetates (COMGHA or AMG-HCO)
[736150-63-3]

e Epoxidized soybean oil (ESBO or ESO) [8013-07-8]

Of particular interest to this investigation are ATBC and DEHA, which have been
chemically identified in PVC specimens taken from children’s soft plastic toys as early as
2002 (Chen, 2002). Currently, ATBC’s main use is in medical tubing, although it has
been approved for many food applications in the U.S., including the use as a flavoring
substance (SCENIHR, 2007). In addition to its use in toys, DEHA can be found in a
variety of home and office products, such as vinyl flooring, carpet backing, wood veneer
and coated fabrics (SCENIHR, 2007). DINCH and Mesamoll are both recent additions to
the market (by BASF and LAXNESS, respectively), developed specifically for use in so-
called "sensitive applications" such as medical tubing and children’s toys (Jobwerx,
2006; Plastmart, 2007). DEHT is used as a PVC plasticizer in a wide array of
applications including toys, childcare articles and other consumer products, transportation
and beverage closures (SCENIHR, 2007 — submission by Eastman Chemical Company).
TOTM does not appear to be in use in children’s articles at the present time. However, it
is (along with ATBC, DEHA and DEHT) a high production volume chemical in the U.S.
(HPVIS, 2008), and its potential use as an 0-DAP substitute appears likely. Additionally,
a significant amount of toxicity data regarding human and animal exposure to TOTM is
available (75 TOXLINE hits).



Also, not yet used in children’s articles, ESBO and COMGHA are both vegetable oil
derived plasticizers. Currently, ESBO has found uses as a PVC plasticizer in gaskets and
metal caps, such as for baby food jars (Weller et al., 2007). COMGHA is new to the
market (Grindsted® SOFT-N-SAFE), and its manufacturer has recently requested FDA
approval for its use as a food contact substance. COMGHA is said to exhibit a
performance similar to DEHP and is intended for primary use in PVC (SCENIHR, 2007).
It was listed as one of the top eight potential DEHP substitutes by both the European
Commission’s Scientific Committee on Emerging and Newly Identified Health Risks and
the U.S. based Consumers for Competitive Choice (CC4C, 2008; SCENIHR, 2007).
Potential 0-DAP substitutes that were not chosen for further investigation (such as
sebacic acid and polyadipate) were excluded based on the combination of lack of toxicity
information available and unclear evidence on their applicability for use as a PVC
plasticizer.
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Figure 1-2. Potential Phthalate Substitutes for Use in Children’s Articles. Chemicals
were Ranked by Toxline Hits (scaled to y-axis) and Potential for Use in Children’s
Articles (subjective, x-axis).
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1.4.2 Toxicity Screening for Eight Substitutes

During the second phase of the investigation, toxicological screening was performed for
the eight candidate chemicals and endpoints were summarized from studies identified in
primary and secondary sources. Computer searches of the PUBMED, TOXLINE,

TSCATS, CCRIS, DART/ETIC, GENE-TOX, HSDB, RTECS and EPA SRS databases
were conducted, and titles and abstracts were evaluated. A complete description of each
database is presented in Appendix A. In addition, the following secondary sources were
checked for information pertinent to the human health toxicity of these chemicals:

e U.S. EPA IRIS, High Production Volume (HPV) Challenge Program, Drinking Water
Health Advisories (DWHAs), Health Effects Assessment Summary Tables (HEAST);

e Agency for Toxicity Substances and Disease Registry (ATSDR) Toxicological

Profiles;

National Toxicology Program (NTP) documents;

International Agency for Research on Cancer (IARC) Monographs;

International Programme on Chemical Safety (IPCS) documents;

Organisation for Economic Co-Operation and Development (OECD) Screening

Information DataSets (SIDS); and

e 2007 European Commission Preliminary Report The Safety of Medical Devices
Containing DEHP-Plasticized PVC or Other Plasticizers on Neonates and Other
Groups Possibly at Risk.

A summary of the preliminary assessments of these eight chemicals follows (see below
and Table 1-1).

Cancer Bioassays

Rat cancer bioassays are currently available for five of the eight 0-DAP substitutes:
ATBC, DEHA, DINCH, DEHT, and ESBO. No increased incidences of tumors were
found in the rat bioassays for ATBC, DEHA, DEHT, and ESBO, but increased thyroid
adenomas were found in the rat bioassay with DINCH. Only one mouse bioassay was
identified — increased incidence of liver tumors (associated with increased peroxisome
proliferation) was found in mice exposed to DEHA in the diet for 2 years.

Reproductive Toxicity Studies

One-generation or two-generation oral reproductive toxicity assays are available for six
of the eight 0-DAP substitutes: ATBC, DEHA, DINCH, DEHT, TOTM, and ESBO. No
effects on reproductive performance were observed in any of these studies at doses up to
about 1000 mg/kg-day, but decreased spermatocytes and spermatids were observed in
rats exposed to TOTM at >300 mg/kg-day, and decreases in offspring body weight and
litter weight and size were observed in rats exposed to DEHA at 1080 mg/kg-day. The
NOAEL for these effects of DEHA is part of the basis for the IRIS reference dose (RfD)
for DEHA.



Developmental Toxicity Studies

Oral developmental toxicity studies have been conducted in rats for six of the eight o-
DAP substitutes: ATBC (a Russian study), DEHA, DINCH, DEHT, TOTM, and ESBO.
The highest doses tested did not produce fetal developmental effects in rats gestationally
exposed to ATBC, DINCH, DEHT, TOTM, or ESBO. Delayed ossification was the only
fetal developmental effect observed in the rat developmental toxicity study with DEHA;
the NOAEL for this effect is part of the basis for the IRIS RfD for DEHA. In addition,
there are oral developmental toxicity studies in mice for ATBC (Russian study) and

DEHT — no developmental effects were observed in these studies or in a rabbit
gestational exposure study with DINCH.

Table 1-1. Oral Toxicity Summary for Eight Potential Substitutes

Cancer Bioassay

Reproductive Tox Studies

Developmental Tox Studies

Chemical Data Negative Effect | Data Negative Effect | Data Negative Effect
Available Observed Available | Observed Available | Observed

ATBC X X X

DEHA X X X X X X

DINCH X X X X

Mesamoll®

DEHT X X X

TOTM X X X

COMGHA

ESBO X X X

1.4.3 Selection of Five Priority Substitutes

From the preliminary toxicology assessments of eight potential substitutes, five

chemicals were selected for more detailed analyses. To make this selection, first the oral
toxicity data were summarized and presented alongside general use data for each of the
eight potential substitutes under investigation (Table 1-1). It was observed that all eight
chemicals could be considered potential alternatives to 0-DAPs in children’s articles due
to their compatibility with PVC and their (presumed or determined) low toxicity. In
particular, ATBC, DEHA, DINCH and DEHT are currently in use in children's toys
(Chen, 2002; Merchant, 2005; SCENIHR 2007) and substantial amount of toxicological
information is currently available on each of these chemicals. DEHT is in the phthalate
family (full name di(2-ethylhexyl) terephthalate), but is not an ortho-phthalate, and thus
is considered a viable 0-DAP alternative for the purpose of this report. Mesamoll® and

COMGHA are new to the market and recently approved for use in food contact

substances (Plastmart, 2007; SCENIHR 2007), however, neither has been studied
extensively for toxic effects. The remaining two chemicals - TOTM and ESBO - are both
associated with a large amount of toxicological data and are PVC compatible. However,
both are only being used currently in products not closely related to children's articles,

such as electrical cables, fuel additives, adhesives, sealants, and inks.

Considering all of this, and with the goal of developing a broad, yet relevant, 0-DAP
alternative summary report, the following five chemicals were chosen for more detailed
assessments in this report: ATBC, DEHA, DINCH, TOTM, and DEHT. In doing this,




over 150 articles were identified and reviewed, including peer reviewed journal articles,
manufacturer’s factsheets, EPA databases, international meeting reports, and foreign and
domestic government agency documents. Consequently, these assessments were able to
address current chemical use, potential use, physicochemical properties, and exposure
and toxicology data for these five compounds, and comparisons were made with regard to
DEHP and DINP where appropriate. The assessments are presented by chemical in the
following five sections of this report.
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2.0 Acetyl tri-n-butyl citrate (ATBC)
2.1 Use

Acetyl tri-n-butyl citrate (ATBC), produced from citric acid, is a High Production
Volume (HPV) chemical under EPA’s voluntary HPV program (HPVIS, 2008),
indicating that one million pounds or more are either produced or imported into the U.S.
each year. Its CAS number is [77-90-7] and synonyms include:

tributyl, 2-acetylcitrate

tributyl o-acetylcitrate

1,2,3-Propanetricarboxylic acid, 2-(acetyloxy)-, tributyl ester
Citric acid, tributyl ester, acetate

Citroflex® A-4

e dioctyl adipate (DOA)

(SCENIHR, 2007).

ATBC, a popular plasticizer for polyvinyl resins, is also permitted as a food additive and
food contact substance (FDA, 2002ab). It is acceptable for use as a flavor additive in non-
alcoholic beverages at 1ppm (Burdock, 1995), in the production of food-contact surfaces

of resinous and polymeric coatings, and in paper/paperboard for use in contact with fatty
foods (Sheftel, 2000).

In vinyl resins, ATBC can be found in medical plastics (pharmaceutical coatings and
extra corporeal tubing), animal ear tags, and children’s toys (HSDB, 2008). It is also used
as a plasticizer in rubber and cellulosic resins (Ashford, 1994), as an ingredient in
cosmetics, and as a component of adhesives, ink formulations, and pesticide inerts
(HSDB, 2008; SCENIHR, 2007).

2.2 Physical/Chemical Properties

ATBC is an ester of citric acid (Figure 2-1), with chemical formula C,0H3403. Physical-
chemical properties for this compound are highlighted in Table 2-1.

o 0
o 0

Figure 2-1. Structure of ATBC (SCENIHR, 2007)
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ATBC is a colorless, transparent liquid that is soluble in alcohol and ether. It is soluble in
water at 5 mg/L (temperature not specified), and has an estimated K, value of 1,800,
indicating a readiness to adsorb to suspended solids and sediments. Volatilization from
moist soil surfaces is not expected to be an important fate process based upon its
estimated Henry's Law constant of 3.8 x 10'° atm-cu m/mole. Additionally, ATBC is not
expected to volatilize from dry soil surfaces based upon its low vapor pressure (HSDB,
2008).

If released into air, an estimated vapor pressure of 4.6 x 10 mm Hg at 25°C indicates
that ATBC will exist in both the vapor and particulate phases in the ambient atmosphere.
The vapor-phase ATBC will be degraded by reaction with photochemically-produced
hydroxyl radicals; the half-life for this reaction in air is estimated to be 27 hours.
Particulate-phase ATBC will be removed from the atmosphere by wet and dry deposition
(HSDB, 2008). An estimated BCF of 250 suggests that the potential for bioconcentration
in aquatic organisms is moderate (HSDB, 2008).

Table 2-1. Physical-Chemical Properties of DEHP, DINP, and Potential o-DAP
Alternatives (BASF, 2006; HPVIS 2008; HSDB 2008; SCENIHR 2007)

Name MW Wsol Koc H Log Kow Vp BCF
(mg/L) (atm m*/mol (mm Hg at L/kg
at 25°C) 25°C)

DEHP 390.56 0.285" >87,420 1.3x 107 7.60 72x10% | 115-851
DINP 418.62 0.2° 10,580 1.49 x 10°° n.a. 54x107 1,500
ATBC 402.5 5.0° 1,800 3.8x 1071 4.3° 46x10° 250
DEHA 370.57 0.78° 770,000 | 434x1077 >6.11 8.5x107¢ 27
DINCH 4247 <0.02° n.a. n.a. 10 9.75x 107" 189
TOTM 546.80 100° 350 44x107 5.94¢ 39x10™" 1-2.7
DEHT 390.54 4.0° 870,000 | 1.02x10° 5.72 2.14x10° | 1,400,000

Wsol is the solubility of the chemical in water. K, is the organic carbon normalized solid-water partition
coefficient in L/kg. H (atm m*/mol) is the Henry’s law constant. K, is the octanol-water partition
coefficient. V,, is the vapor pressure. BCF is the bioconcentration factor. (Adapted from Remberger et al.
2005). See Appendix B for more detail.

*at 24°C

® temperature not specified

“at22°C

‘at 20°C

“at 25°C

fat 50°C

2.3 Exposure

The general population may be exposed to ATBC via dermal contact with consumer
products, oral contact via mouthing of products, such as children’s toys, or by the
ingestion of food containing this compound. In a review by Sheftel (2000), the migration
of ATBC from food packaging material of cheese wrapped in ATBC-plasticized
vinylidene chloride copolymer films was reported to be 6.1 ppm, or 2.0-8.0 mg/kg in the
cheese itself after exposure to the film for 5 days at temperatures of 5°C. The
concentration in similarly wrapped cake (after 5 days at 5°C) was reported to be 3.2 ppm.
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Migration from plasticized vinylidene chloride-vinyl chloride copolymer film in fatty or
water rich foods was found to be as low as 0.4 mg/kg after minimal contact during
microwave cooking of a soup, and up to 79.8 mg/kg for use of the film during the
microwave cooking of peanut-containing cookies. Migration of ATBC from plasticized
polyvinylidene chloride-polyvinyl chloride films during microwave heating was
determined to be 73.9 mg/L into olive oil after heating for 10 minutes, and 4.1 mg/L into
water after heating for 8 minutes (Sheftel, 2000 and references therein). In Welle et al.
(2005), ATBC was determined to have a higher leaching rate from medical tubing than
DEHP (SCENIHR, 2007).

Occupational exposure to ATBC may occur through inhalation and dermal contact at
workplaces where the compound is produced or used. The most recent worker exposure
information available is a National Institute for Occupational Health and Safety (NIOSH)
NOES Survey, 1981-1983, (NIOSH, 1983). It was statistically estimated that 106,668
workers (98,183 females) may have been exposed to ATBC in the U.S.

2.4 Toxicology

Data on the toxicity of acetyl tri-n-butyl citrate (ATBC) in humans and animals were
obtained from primary source documents identified from an initial literature search
conducted in October 2008. Databases searched included: PUBMED (+ cancer subset),
TOXLINE (Special), TSCATS1/TSCATS2, CCRIS, DART/ETIC, GENE-TOX, HSDB,
RTECS and EPA SRS. Safety evaluations by the World Health Organization (WHO,
2000), the European Commission (SCENIHR, 2007) and the Cosmetic Ingredient Review
Panel (Johnson, 2002) were also reviewed for relevant toxicity data.

In addition, robust summaries for ATBC were obtained from the High Production
Volume Information System (HPVIS) (U.S. EPA, 2008a). These summaries are
submitted to the United States Environmental Protection Agency (U.S. EPA) under the
High Production Volume (HPV) Challenge Program. A majority of the summaries
provided in U.S. EPA (2008a) are based on unpublished source documents that could not
be obtained under this effort. In these instances, the data provided in U.S. EPA (2008a)
are used to the extent possible to characterize ATBC toxicity. It should be noted that
effect incidence, magnitude and dose-dependence is often times not detailed in the robust
summaries, so only qualitative statements on adverse effects can be made in these
situations. Only data from summaries ranked as reliable under the HPV program were
included in this toxicity characterization.

2.4.1 Absorption, Distribution, Metabolism, and Excretion

The toxicokinetics and metabolism of ATBC were studied in rats by Dow Chemical
Company (1992). Absorption of ATBC from the gastrointestinal tract is rapid (half-time
of 1 hour, peak blood levels 2-4 hours after dosing) and extensive (at least 67% of the
administered dose) after oral exposure. ATBC is quickly and almost completely
metabolized, primarily by hydrolysis to polar metabolites including acetyl citrate,
monobutyl citrate, acetyl monobutyl citrate, dibutyl citrate and acetyl dibutyl citrate (two
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isomers), along with several other unidentified metabolites. In vitro studies found that
ATBC is metabolized by human serum and rat liver homogenates to citric, acetic, and
butyric acids (Davis, 1991; Edlund and Ostelius, 1991). In the in vivo rat study, most of
the absorbed radioactivity was rapidly eliminated from the blood with a half-life of 3.4
hours (Dow Chemical Company, 1992). Approximately 99% of the administered
radioactivity was eliminated within 48 hours of dosing, primarily in the urine (59-70%)
and feces (25-36%), with a small amount (2%) expired as CO,. Only 0.4-1.3% remained
in the carcass at 48 hours. In the urine, radioactivity was present in at least 9 metabolites;
the major metabolite was thought to be monobutyl citrate. In the feces, unchanged ATBC
represented about 7% of the dose, but at least 3 metabolites were also present.

2.4.2 Acute Toxicity

Studies on ATBC acute oral toxicity, acute dermal toxicity, skin irritation/sensitization,
and eye irritation were available at the time this report was written. These studies are
reviewed below.

Acute Oral Toxicity

Lethality of ATBC by acute oral exposure is low. Five Wistar rats given a single gavage
dose of ATBC at dose levels ranging from 10-30 mL/kg (approximately 10,500-31,500
mg/kg) all survived through a 21-day observation period (LDsy >31,500 mg/kg)
(Finkelstein and Gold, 1959). Cats were also tested; all 12 cats given a single gavage
dose of ATBC at dose levels ranging from 30-50 mL/kg (approximately 31,500-52,500
mg/kg) survived through an 8-week observation period (LDsy >52,500 mg/kg)
(Finkelstein and Gold, 1959). Shortly following dosing in this study, the oily dosing
material began to leak from the rectums of both rats and cats. Rats appeared sluggish
following dosing, but recovered during the course of the observation period. Cats showed
signs of nausea and developed diarrhea, which subsided in less than 24 hours following
dosing. Hematology and urinalysis examinations conducted at 2-week intervals for 2
months 