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Bis(2-ethylhexyl) Phthalate

Synopsis

Bis(2-ethylhexyl) kf)hthalat_e talso known as di(2-ethy1hexyl) phthalate or DEHP], a
branched-chain dioctyl ester of phthalic acid, is the most important phthalate plasticizer

- used in Canada. In 1991, production of bis(2-ethylhexyl) phthalate in Canada totalled

approximately 5 kilotonnes (kt) and an additional 5 kt were imported. Bis(2-ethylhexyl)
phthalate is also imported into the country in plasticized polyvinyl chloride (PVC) and in
plastic products. Although quantitative data are very limited, bis(2-ethylhexyl) phthalate
is released into the Canadian environment as a result of its manufacture and its industrial
uses. Relatively small amounts of the substance are also released from plastic goods.
Bis(2-ethylhexyl) phthalate is rapidly removed from the atmosphere by photo-oxidation
and has a half-life of several hours. Bis(2-ethylhexyl) phthalate is not expected to be
persistent under aerobic conditions, having a half-life in surface water of a few weeks or
less. Under anaerobic conditions bis(2-ethylhexyl) phthalate is more persistent, with a
half-life of one year or more.

Data are very limited on the concentrations of bis(2-ethylhexyl) phthalate in the
atmosphere, surface water, industrial effluents, and sewage sludges in Canada.
Moreover, no data were identified for sites near known Canadian production facilities.
No toxicological data were identified for sediment-dwelling biota in Canada. Recent
information that is available concerning concentrations of bis(2-ethylhexyl) phthalate in
biota is insufficient for estimating the exposure of terrestrial wildlife to this substance.

Bis(2-ethylhexyl) phthalate is estimated to be present at relatively low
concentrations in the atmosphere and has a short half-life in that medium. As such, it is
not expected to contribute significantly to the formation of ground-level ozone, global
warming, or to the depletion of stratospheric ozone.

Based on limited available data on concentrations of bis(2-ethylhexyl) phthalate in

food, indoor air, ambient air, drinking water, soil, and children’s products, the total

average daily intakes of bis(2-ethylhexyl) phthalate have been estimated for various age |

~ groups in the general population. The estimated average daily intakes of

bis(2-ethylhexyl) phthalate for some age groups of the general population in Canada may
slightly exceed the tolerable daily intake developed on the basis of studies in laboratory
animals. The tolerable daily intake is the intake to which it is believed that a person can
be exposed over a lifetime without deleterious effect.

Based on these consideratiohs, there is inSufficient information to conclude
whether bis(2-ethylhexyl) phthalate is entering or may enter the environment in a

quantity or concentration or under conditions that are having a harmful effect on

the environment. It has been concluded, however, that bis(2-ethylhexyl) phthalate is
not entering the environment in a quantity or concentration or under conditions
that constitute a danger to the environment on which human life depends. It has
also been concluded that bis(2-ethylhexyl) phthalate may enter the environment in a
quantity or concentration or under conditions that may constitute a danger in
Canada to human health. '
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1.0 Introduction

The Canadian Environmental Protection Act (CEPA) requires the Minister of the
Environment and the Minister of Health to prepare and publish a Priority Substances List
that identifies substances, including chemicals, groups of chemicals, effluents, and
wastes that may be harmful to the environment or constitute a danger to human health.
The Act also requ1res both Ministers to assess these substances and determine whether
they are “toxic™ as defined under Section 11 of the Act, Wthh states:

“...a substance is toxic 1f it is'entering or may enter the environment in a quantity
or concentration or under conditions

a)  having or that may have an immediate or long-term harmful effect on
' the environment;

b) . constituting or that may constitute a danger to the environment on
which human life depends; or

¢)  constituting or that may consutute a danger in Canada to human life or
health.”

Substances that are assessed as “toxic” as defined under Section 11 may be placed
on Schedule I of the Act. Consideration can then be given for possible development of
regulations, guidelines, or codes of practice to control any aspect of these substances’ life
cycle, from the research and development stage through manufacture, use, storage,
transport, and ultimate disposal. =

The assessment of whether bis(2-ethylhexyl) phthalate is “toxic”, as defined under
CEPA, was based on the determination of whether it enters or is likely to enter the
Canadian environment in a concentration or quantities or under conditions that could lead
to exposure of humans or other biota at levels that could cause adverse effects. '

Data relevant to the assessment of whether bis(2-ethylhexyl) phthalate is “toxic” to
the environment under CEPA were identified from existing review documents, published
reference texts and online searches conducted between September 1991, and March
1993, of the following commercial data bases: CAB Abstracts (1984 to 1993),
CHEMICAL ABSTRACTS (1985 to 1991), Chemical Evaluation Search and Retrieval
System (CESARS), Hazardous Substances Data Bank (HSDB), IRPTC-LEGAL and
POLLUTION ABSTRACTS (1985 to 1991). Data relevant to the assessment of whether
bis(2-ethylhexyl) phthalate is “toxic” to the envuonment obtained after April 1993, have
not been included.

For assessment of data other than those considered to be critical for determination
of “toxic” to human health under the Act, evaluations of the United States Agency for
Toxic Substances and Disease Registry (ATSDR, 1989; 1991), the International
Programme on Chemical Safety (IPCS, 1992), Woodward (1988), the United States
Consumer Product Safety Commission (CPSC, 1985), the International Agency for -
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Research on Cancer (IARC 1982), the United States Environmental Protection Agency
(U.S. EPA, 1980; 1981; 1991), and a background review prepared under contract by
Meta Systems Inc. from February 1989 to June 1989, have been consulted where
appropriate.

To identify toxicological data, literature searches were conducted on the following
computerized data bases: HSDB (1989), Registry of Toxic Effects of Chemical
Substances (RTECS) (1989), Integrated Risk Information System (IRIS) (1989),
Chemical Carcinogenesis Research Information System (CCRIS) (1992), CA Search
(1982 to 1989), Medline (1988 to 1989), and TOXLINE (1981 to 1992). In addition,
searches of the three most recent monthly editions of the Current Contents were
conducted in December, 1992. Additional information identified by BIBRA Toxicology
International based on preliminary review of an early draft of the sections of the
supporting documentation related to assessment of effects on human health and searches
of in-house sources and the online bibliographic data bases TOXLINE/TOXLIT,
Medline, BIOSIS, and NTIS (1992) were also incorporated. To identify data relevant to
the estimation of exposure of the general population to bis(2-ethylhexyl) phthalate, the
following data bases were searched: Environmental Bibliography (1973 to 1992),
Enviroline (1971 to 1992), Food Science and Technology Abstracts (1969 to 1992),
POLLUTION ABSTRACTS (1970 to 1992), Environment Canada Departmental Library
Catalogue (ELIAS) (1992), AQUAREEF (1970 to 1992), Micromedia, Canadian Research
Index (MICROLOG) (1979 to 1992), Co-operative Documents Project Databases,
University of Guelph (CODOC/GDOC) (1992), and Canadian Institute for Scientific and
Technical Information (CISTIMON) (1992). Relevant unpublished reports were
provided by the Chemical Manufacturers Association (CMA, 1984; Rodricks and
Turnbull, 1984) and Consumer and Corporate Affairs Canada (CCAC, 1992). Data

s relevant to assessment of whether bis(2-ethylhexyl) phthalate is “toxic” to human health
obtained after the completion of these sections of this report (i.e., December, 1992) were
not considered for inclusion.

Review articles were consulted where appropriate. However, all original studies
that form the basis for determining whether bis(2-ethylhexyl) phthalate is “toxic” under
CEPA have been critically evaluated by the following Environment Canada staff (entry,
and environmental exposure and effects) and Health Canada staff (human exposure and
effects on human health):

Environment Canada Health Canada
L. Brownlee P.K.L. Chan

C. Fortin M.E. Meek

K. Lloyd F. Wandelmaier
P. Paine

K. Taylor

In this report, a synopsis that will appear in the Canada Gazette is presented.
Section 2.0 is an extended summary of the technical information that is critical to the
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assessment. The assessment of whether biS(2-ethylhexyl) phtha]ate is “toxic” is
presented in Section 3.0. Supporting documentation in which the technical information
is presented in greater detail has also been prepared.

As part of the review and approvals process established by Environment Canada
for its contributions to Priority Substances List assessments, the environmental sections
of this report were reviewed by: Dr. Foster Mayer (U.S. EPA, Gulf Breeze, FL),

‘Dr. W.J. Adams (ABC Laboratories, Columbia, MO), and Dr. V. Zitko (Fisheries and
* Oceans Canada, St. Andrews, NB). Following external peer review by staff of BIBRA

Toxicology International, Dr. R. Cattley (Chemical Industry Institute of Toxicology;
supporting documentation only), Dr. A. DeAngelo (U.S. EPA, Health Effects
Laboratory), and Dr. R. Okita (W ashington State University), sections related to the
effects on human health were approved by the Standards and Guidelines Rulings
Committee of the Bureau of Chemical Hazards of Health Canada. The entire Assessment
Report was reviewed and approved by the Envuonment Canada/Health Canada CEPA

.Management Committee.

Copies of this Assessment Report and of the unpublished supportmg
documentation are available upon request from:

Commercial Chemicals Branch * . Environmental Health Centre
Environment Canada ~ Health-Canada -
14th Floor, Place Vincent Massey Room 104
. 351 St. Joseph Boulevard ~ ~ .=~ Tunney’s Pasture
~ Hull, Quebec A Ottawa, Ontario

K1A 0H3 o ‘ K1A 012
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2.0 Summary of Information Critical to Assessment of “Toxic”

2.1 Identity, Properties, Production, and Uses

Bis(2-ethylhexyl) phthalate, a phthalic acid ester, has the CAS (Chemical Abstracts
Service) Registry Number 117-81-7, the molecular formula C4H3304, and a molecular
weight of 390.6. Synonyms include: DEHP; 1,2-benzenedicarboxylic acid,
bis(2-ethylhexyl) ester; phthalic acid, bis(2-ethylhexyl) ester; and di(2-ethylhexyl)
phthalate. The structure of bis(2-ethylhexyl) phthalate is shown in Figure 1.
Bis(2-ethylhexyl) phthalate is a colourless, oily liquid (Montgomery and Welkom, 1990),
with reported vapour pressures ranging between 8.3 x 106 Pa (Montgomery and
Welkom, 1990) and 8.6 x 10 Pa @ 25°C (Howard et al., 1985), Henry’s Law Constant
of 3.0 x 10-2 Pa.m*mol (Volskay and Grady, 1988), log octanol-water partition
coefficient (log Kow) of 5.11 (Geyer et al., 1984) to 9.61 (U.S. EPA, 1982a), and
solubility in water of 270 to 400 pug/L @ 25°C (DeFoe et al., 1990; Volskay and Grady,
1988). The determination of the solubility in water and octanol/water partition
coefficient of phthalic acid esters is complicated since these compounds easily form
colloidal dispersions in water (Klopfer et al., 1982) and are subject to “molecular
folding” (Callahan et al., 1979). Bis(2-ethylhexyl) phthalate absorbs infrared radiation,

including wavelengths in the 7 to 13 pm region (Sadtler Research Laboratories, 1982),
which is characteristic of trace gases that contribute to warming of the troposphere.

In environmental media, gas chromatography with electron capture detection is the
most sensitive and selective analytical method for the determination of phthalic acid
esters, including bis(2-ethylhexyl) phthalate (Kohli ef al., 1989).

Two problems are associated with the chemical analysis and the reporting of
environmental concentrations of bis(2-ethylhexyl) phthalate. The first problem, which

. CoHs
|

~O~

C“ONCH,CH (CHy)g CHy

0 CoHs

Figure 1 Structure of Bis(2-ethylhexyl) Phthalate
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applies to phthalates as a group, is that these chemicals frequently occur as contaminants
in laboratory air and solvents, and as plasticizers in analytical equipment. This may
cause contamination of environmental samples and result in overestimation of the
concentration of phthalates in these samples. For example, Ishida et al. (1980)
determined bis(2-ethylhexyl) phthalate in laboratory solvents at concentrations as high as
1.96 mg/kg (in benzene) and in solid reagents at concentrations of up to 4.12' mg/kg (in
carboxymethylcellulose), while the heavy-walled tubing they analyzed contained 67.2%
of bis(2-ethylhexyl) phthalate. Therefore, a great deal of care is needed to prevent
contamination during the collection, storage and analysis of samples (Hites and Budde,
1991; Kohli et al., 1989; Mathur, 1974; U.S. EPA, 1982b). In many studies reporting
environmental concentrations conducted before 1980, potential contamination was not
adequately taken into account (Pierce et al., 1980), and the accuracy of such studies is
questionable. The second problem, specific to bis(2-ethylhexyl) phthalate, is that in the
technical literature it is sometimes referred to as “dioctyl phthalate” which has led to
confusion with the straight-chain isomer, di-n-octyl phthalate (DnOP), also sometimes
referred to as “dioctyl phthalate” or “*DOP”.

Bis(2-ethylhexyl) phthalate accounts for well over 50% of the total use of phthalate
plasticizers, with a worldwide production of about 1000 kilotonnes (kt) of -
bis(2-ethylhexyl) phthalate per year (IPCS, 1992)

At present, there are two operating bis(2-ethylhexyl) phthalate production facilities
in Canada. Production of bis(2-ethylhexyl) phthalate totalled 5 kilotonnes in 1991,
compared to 14.8 kilotonnes in 1984. Approximately 5 kilotonnes of bis(2-ethylhexyl)
phthalate were imported into Canada in 1991 (virtually all from the United States), less
than the maximum annual importation into Canada of about 7.5 kilotonnes in 1990 (CIS,
Inc., 1992). Bis(2-ethylhexyl) phthalate is also imported into Canada already mixed with
polyvinyl chloride (PVC). In 1991, 14.4 kilotonnes of plasticized PVC were imported

- into Canada. Assuming that this material contained a minimum of 10% bis(2-ethylhexyl)

phthalate by weight, then at least an additional 1.4 kilotonnes of bis(2-ethylhexyl)
phthalate would have entered Canada via this route in 1991. Available information does
not permit an estimation of the amount of bis(2-ethylhexyl) phthalate imported in
finished plastic products. Sales of bis(2-ethylhexyl) phthalate for export amounted to

less than 2 tonnes in both 1990 and 1991 (CIS, Inc., 1992).

In 1991, about 35% of the total Canadian supply of bis(2-ethylhexyl) phthalate was
used as a plasticizer in PVC films and sheets, 6% in PVC flooring, 3.5% in plasticized
PVC exports, about 51% in other vinyl products (such as coated fibres, etc.), 2.6% in

nitrile-butadiene rubber, and 1.8% in miscellaneous appIications (CIS, Inc., 1992). The

amount of bis(2-ethylhexyl) phthalate used in PVC resins is variable, depending on the
type of product. Industrial hoses may contain 10 to 15% bis(2-ethylhexyl) phthalate by
weight, while some types of flexible PVC films may contain more than 40%
bis(2-ethylhexyl) phthalate (CIS, Inc., 1992). : '
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2.2 Entry into the Environment

Very limited data were identified concerning the release of bis(2-ethylhexyl)
phthalate to the Canadian environment.

The occurrence of phthalates from natural sources in biological and geochemical
samples has been suggested, but has not been confirmed, at least in part because of
possible contamination during sampling or analysis (Mathur, 1974). However, it is
unlikely that the amounts of phthalates present naturally would be significant compared
with those arising from anthropogenic sources (IPCS, 1992).

Worldwide, the release of phthalates directly to the atmosphere is believed to be
the most important mode of entry to the environment. The sources of such releases
include emissions during the manufacture and use of these substances and through the
incomplete combustion of plastic material (IPCS, 1992). In the United States, it was
estimated that in 1989, manufacturing facilities released approximately 500 tonnes of
bis(2-ethylhexyl) phthalate to the environment, 97% of which was released to the
atmosphere (TRI89, 1991). Recent data on releases of phthalates in Canada have not
been identified. Leah (1977) estimated that 2 to 4.5% of the total Canadian supply of
phthalates is lost to the environment during production and processing, with about 95%
of this loss resulting from processing. Peakall (1975) estimated that articles containing
phthalate-plasticized material may lose about 1%/yr of their phthalate content when in
contact with liquids and 0.1%/yr when in contact with air. In Canada, Eisenreich et al.
(1981) predicted that atmospheric deposition is a significant source of phthalates in the
Great Lakes, with a calculated total deposition of 48 tonnes/year (t/yr) to the five Great
Lakes, with values for each ranging from 3.7 t/yr in Lake Ontario to 16 t/yr in Lake
Superior.

Bis(2-ethylhexyl) phthalate has been detected at concentrations of up to 40 pg/L in
effluents from a Canadian textile mill in a 1985/86 survey (detection frequency = 19/19;
detection limit 1 pg/L) (Environment Canada, 1989). Bis(2-ethylhexyl) phthalate has
also been detected in effluents from Canadian chemical plants at concentrations within
the range of 1 to 100 ug/L (Munro et al., 1985; OME, 1992a;b). Loadings in liquid
effluents from the organic chemical industry in Ontario totalled about 1.6 kg of
bis(2-ethylhexyl) phthalate per day (12-month average) (OME, 1992a) while those from
the inorganic chemical industry totalled about 0.6 kg of bis(2-ethylhexyl) phthalate per
day (12-month average) (OME, 1992b).

Concentrations of bis(2-ethylhexyl) phthalate of up to 59 pug/L have been reported
in municipal wastewater from Vancouver, British Columbia, in 1982 (Rogers et al.,
1986). Bis(2-ethylhexyl) phthalate was detected in 14 out of 15 Canadian municipal
sludges sampled between 1980 and 1985, with concentrations ranging from 3 to
215 mg/kg dry weight (d.w.) and a median concentration of 80 mg/kg (Webber and
Lesage, 1989).
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Bis(2-ethylhexyl) phthalate was. detected at concentrations often exceeding
10 pg/L (actual concentration not reported) in samples of wastewater collected from
1982 to 1984 at Canadian coal mines, coal preparation plants, and coal storage transfer .
terminals. Concentrations in sediments from these facilities were within the range of 5 to
30 mg/kg (d. w. ) (actual concentratron not reported) (Atwater et al., 1990).

Phthalates may be leached from hazardous waste landﬁlls Although no Canad1an
data were identified, the concentration of bis(2-ethylhexyl) phthalate in one United States
municipal landfill leachate was 0.20 mg/kg (Ghassemi et al., 1984).

Spills are potential sources of bis(2-ethylhexyl) phthalate entry into the
environment. Two spills of “diocty] phthalate were reported on Environment Canada’s
National Analysis of Trends in Emergencies System (NATES) data base: a discharge of
5 tonnes from a tank truck at Cornwall, Ontario in 1984, and a discharge of 5.6 tonnes at

an industrial plant at Brantford, Ontario in 1986 (NATES, 1992).

Although it was not possible to distinguish between di-n-octyl phthalate and .
bis(2-ethylhexyl) phthalate, there are reports that “dioctyl phthalate” was present at a
concentration of 15 pug/L in the effluent of a kraft pulp and paper mill at Red Rock,
Ontario, on Lake Superior (Brownlee and Strachan, 1977). “Dioctyl phthalate” was also
detected but not quantified in extracts of municipal incinerator fly ash from Ontario
* (Eiceman et al., 1979). :

2.3 Exposure-related Information
2.3.1 Fate

The most important processes affecting the distribution and transformation of
bis(2-ethylhexyl) phthalate in the environment include atmospheric photo-oxidation;
partitioning to soil, sediment, and biota; and aerobic degradation (Al-Omran and Preston,
1987; Howard, 1989; Howard et al., 1991; Sullivan et al., 1982 Wolfe et al., 1980a;

. Zurmiihl et al., 1991)

More than 50% of the bis(2-ethylhexyl) phthalate in the atmosphere occurs in the
vapour phase, rather than in association with suspended particulate matter (Cautreels and
Van Cauwenberghe, 1978; Giam et al., 1980). Howard et al. (1991) reported an
estimated photo-oxidation half-life of gaseous bis(2-ethylhexyl) phthalate of 2.9 to
29 hours. Bis(2-ethylhexyl) phthalate adsorbed to atmospheric particulate matter would
probably have a longer half-life (U.S. EPA, 1987). Washout by precipitation and dry
deposition are believed to play significant roles in the removal of bis(2-ethylhexyl)
phthalate from the atmosphere (Eisenreich et al., 1981). On the basis of experimental
data on photolysis of dimethyl phthalate, Howard et al. (1991) estimated the photolysis
half-life of bis(2-ethylhexyl) phthalate in the atmosphere to be longer than 144 days.

Bis(2-ethylhexyl) phthalate is considered to be less biodegradable than other
phthalic acid esters with shorter alkyl chains (IPCS, 1992). Aerobic biodegradation
half-lives of bis(2-ethylhexyl) phthalate in water ranging from 5 days to 1 month have
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been reported in the literature (Howard et al., 1991; Saeger and Tucker, 1976; Schouten
etal., 1979; Tabak et al., 1981). Under anaerobic conditions, bis(2-ethylhexyl) phthalate
persists longer. Howard et al. (1991) estimated a half-life for bis(2-ethylhexyl) phthalate
in water ranging between 42 and 389 days under anaerobic conditions on the basis of
results presented by other authors. They also estimated the photolysis half-life of
bis(2-ethylhexyl) phthalate in water to be 144 days or longer based on reported values of
aqueous photolysis for dimethyl phthalate. Volatilization of bis(2-ethylhexyl) phthalate
from water is considered to be very slow, with an estimated evaporative half-life of about
15 years from a pond 1-m deep (Branson, 1978). However, Klopfer et al. (1982)
determined an evaporative half-life for bis(2-ethylhexyl) phthalate of about 140 days in a
21-cm deep vessel. Chemical hydrolysis of bis(2-ethylhexyl) phthalate in water is
extremely slow, with an estimated half-life of over 100 years (Wams, 1987; Wolfe et al.,
1980b).

Bis(2-ethylhexyl) phthalate has a strong tendency to partition to sediments from
the water column (Al-Omran and Preston, 1987; Sullivan et al., 1982; Wolfe et al.,
1980a), although some may be subsequently desorbed from the sediments back into the
water column (Atwater et al., 1990). Biodegradation (ring cleavage) of bis(2-ethylhexyl)
phthalate occurred tc a greater degree in aerobic (13.8% degradation) than in anaerobic
sediments (9.9% degradation) after 28 days under laboratory conditions (Johnson et al.,
1984).

Bis(2-ethylhexyl) phthalate also has a strong tendency to adsorb to soil, and as
such would not be expected to evaporate from soil or leach into groundwater (Howard,
1989; Zurmiihl ez al., 1991). Bis(2-ethylhexyl) phthalate, however, may form a complex
with water-soluble fulvic acid which may increase its mobilization and reactivity in soil
(Khan, 1980). Bis(2-ethylhexyl) phthalate is biodegraded to mono(2-ethylhexyl)
phthalate and phthalic acid in soil, and these products are then either mineralized or
converted into soil-bound residues (Schmitzer et al., 1988). The half-life of
bis(2-ethylhexyl) phthalate in soil has been estimated to range from 5 to 23 days, based
on aerobic biodegradation rates (Howard et al., 1991). However, Kirchmann et al.
(1991) reported that between 20 and 50% of added bis(2-ethylhexyl) phthalate remained
in soil after 80 days with initial concentrations of 5 and 250 mg/kg, respectively.
Degradation occurred much more quickly during the first 10 days at the lower
concentration.

Bioconcentration factors for bis(2-ethylhexyl) phthalate for various aquatic algae
and invertebrates ranged from 6.9 for the oyster, Crassostrea virginica (24-h exposure
period) (Wofford et al., 1981) to 5400 for the alga, Chlorella fusca (24-h exposure)
(Geyer et al., 1984). Bioconcentration factors for fish ranged from 8.9 for rainbow trout,
Oncorhynchus mykiss, (4-d exposure) (Tarr et al., 1990) to 1380 for the fathead minnow
(Pimephales promelas) (28-d exposure) (Mayer and Sanders, 1973). In general,
bioconcentration factors appeared to be higher for algae and aquatic invertebrates than
for fish. Fish appear to metabolize bis(2-ethylhexyl) phthalate quite readily (Callahan et
al., 1979; Johnson et al., 1977; Wofford et al., 1981). For example, Mayer (1976)
reported that the fathead minnow (Pimephales promelas) metabolized bis(2-ethylhexyl)
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phthalate with a biological half-life averaging 12.2 days. Bis(2-ethylhexyl) phthalate is
metabolized in fish by enzymatic hydrolysis to mono-2-ethylhexyl phthalate, phthalic
acid, and glucuronides of these compounds (Stalling et al., 1973). The gill is the
dominant site of bis(2-ethylhexyl) phthalate metabolism in rainbow trout, reducing the
systemic availability of bis(2-ethylhexyl) phthalate by >95%, therefore, limiting the
accumulation of this substance (Barron et al., 1989). On the basis of this metabolic
activity, it is considered that biomagnification of bis(2-ethylhexyl) phthalate through the
aquatic food chain is not likely to occur (ATSDR, 1991). Data on biomagnification,
however, have not been identified in the llterature

In vegetation, uptake of bls(2-ethylhexyl) phthalate throu gh plant roots is very low,
resulting in negligible bioconcentration (Schmitzer et al., 1988). No information was
identified on the bioaccumulation of bis(2-ethylhexyl) phthalate in wild mammals.

" 2.3.2 Concentratwns

Data on the concentrations of bis(2-ethylhexyl) phthalate in the Canadian
environment were identified for surface water, sediment, soil, and biota. However, most
of these data were collected before 1980 and adequate care may not have been taken to
prevent laboratory contamination of samples. The reliability of such information,
therefore, is questionable. With the exception of food, available data are limited on
concentrations of bis(2-ethylhexyl) phthalate in media to which the general population in
Canada is exposed

There are no recent data available on measured concentrations of bis(2-ethylhexyl)
phthalate in the atmosphere in Canada. Based on atmospheric concentrations of
bis(2-ethylhexyl) phthalate at a number of oceanic and inland areas as reported by Giam
et al. (1978; 1980), Eisenreich ez al. (1981) estimated that atmospheric concentrations of
bis(2-ethylhexyl) phthalate in the Great Lakes area ranged from 0.5 to 5 ng/m3, and that
~concentrations of bis(2-ethylhexyl) phthalate in rain water in this area ranged from 4 to
10 ng/L. In an early study, several phthalic acid esters were identified in samples of air
collected near a municipal incinerator in Hamilton, Ontario (Thomas, 1973). The '
concentration of bis(2-ethylhexyl) phthalate (number of samples not reported) was
300 ng/m? (detection limit = 10 ng/m3). Weschler.(1981) reported about 20 ng/m3 of -
~ bis(2-ethylhexyl) phthalate in the Arctic aerosol at Barrow, Alaska, in 1979.

Only one report of concentrations of bls(2-ethy1hexyl) phthalate in indoor air was
identified, in which measurements were taken in nine homes in Montreal (Otson and
Benoit, 1985). The maximum concentration of bis(2-ethylhexyl) phthalate in indoor air
sampled for three consecutive periods of 20 days each during the summer/fall (August to
October) and winter (January to March) of 1983 and 1984, respectively, was 3.10 pg/m3
(nominal quantitation limit, 0.50 pg/m3). No other information on measured '
concentrations (e.g., mean values) was presented in the publlshcd account of this study.
Data have not been identified on concentrations in indoor air in other countries.

Information on concentrations of bis(2-ethylhexyl) phthalate in surface waters in
the NAQUADAT/ENVIRODAT data base is limited to approximately 80 records for
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Alberta and two records for British Columbia dating from 1985 to 1988. Reported
concentrations of bis(2-ethylhexyl) phthalate ranged from <1 to 14 ug/L. (NAQUADAT,
1993). The Alberta Ministry of the Environment reported that bis(2-ethylhexyl)
phthalate was detected in 5 of 45 samples analyzed during monitoring of raw surface
water from 16 municipalities between 1987 and 1992. The average concentration was
below the detection limit (1 pg/L), while the maximum concentration was 8 pg/L
(Halina, 1993). Under the Municipal and Industrial Strategy for Abatement (MISA)
program in Ontario, bis(2-ethylhexyl) phthalate was detected in the intake water of two
organic chemical manufacturing plants at average concentrations of 6.1 and 7.1 pg/L
(both plants located on the St. Clair River) (OME, 1992a). For water samples collected
in 1988 and 1989 using large-volume sampling methods designed to lower the detection
limit, the Niagara River Data Interpretation Group (1990) reported a mean concentration
of 28.63 ng/L at Fort Erie [51 samples all contained bis(2-ethylhexyl) phthalate
concentrations above the detection limit of 0.16 ng/L; maximum 265.88 ng/L]. A mean
concentration of 38.48 ng/L was reported at Niagara-on-the-Lake [40 out of 44 samples
contained bis(2-ethylhexyl) phthalate concentrations above the detection limit; maximum
136.18 ng/L]. In 1987, Germain and Langlois (1988), also using large-volume sampling
techniques, reported a mean concentration of 78 ng/L bis(2-ethylhexyl) phthalate in the
St. Lawrence River in the Montreal area. Bis(2-ethylhexyl) phthalate was not detected in
22 samples of raw drinking water supplies from 11 municipalities in the Lac St-Jean and
Charlevoix areas of Quebec (detection limit, 1 pg/L) (MENVIQ, 1993). In an older
study, concentrations of bis(2-ethylhexyl) phthalate as high as 300 pg/L (from Black Bay
in the Ontario section of Lake Superior, sampling date not stated) were reported by
Mayer et al. (1972). In 1979, maximum concentrations of bis(2-ethylhexyl) phthalate in
the range of 10 to 100 pg/L were reported for chemical plant intake water from the St.
Clair River (Munro et al., 1985).

In a survey of drinking water from selected surface (18) and groundwater (10)
supplies sampled in Alberta between 1985 and 1986 (n = 329), the average
concentrations of bis(2-ethylhexyl) phthalate were 3.0 pg/L (trace to 35.0 ug/L) and
2.0 pg/L (trace to 9.0 pg/L) for surface and groundwater, respectively (Spink, 1986). In
a more recent survey of a total of 1237 samples in Alberta taken in 1987 to 1992, the
mean concentrations were similar to those reported earlier (Halina, 1993). In a survey of
an unspecified number of samples of municipal drinking water supplies of seven cities in
the Niagara and Lake Ontario regions conducted in October and November, 1984,
concentrations of bis(2-ethylhexyl) phthalate were at or below the detection limit of
1.0 ug/L (OME, 1984).

Single sediment samples collected in 1983 from the estuary of the Fraser River,
British Columbia, 0.5 km below a sewage outfall, contained 0.844 mg of
bis(2-ethylhexyl) phthalate/kg (d.w.). The concentration in sediment 1.0 km below the
outfall was 0.404 mg of bis(2-ethylhexyl) phthalate /kg (d.w.) (Rogers and Hall, 1987).

In the only study identified where concentrations of bis(2-ethylhexyl) phthalate in
soil in Canada were reported, levels varied from less than 0.1 to 11 pg bis(2-ethylhexyl)
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phthalate/kg dry weight (n = 30) in samples from Port Credit and Oakville/Burlington,
- Ontario (Golder Associates, 1987).

Williams (1973) reported a concentration of 0.104 pug/g in eel from an unspecified
Canadian lake or river. Swain (1978) reported mean concentrations of bis(2-ethylhexyl)
phthalate as high as 1.3 pug/g wet weight (whole fish) in siscowet trout (Salvelinus
namaycush siscowet) and 0.7 pg/g in whitefish (Coregonus clupeaformis) from the
vicinity of Isle Royale, Lake Superior, and 0.3 pug/g in lake trout (Salvelinus namaycush)
" from Lake Superior exclusive of the Isle Royale area. A maximum concentration of
2.2 g of bis(2-ethylhexyl) phthalate/g was reported for skinless fillets of whitefish from
Lake Superior (Glass et al., 1977). Mayer et al. (1972) reported concentrations of
bis(2-ethylhexyl) phthalate of up to 0.8 ug/g in walleye (Stizostedion vitreum) from
Black Bay, Lake Superior. Concentrations of bis(2-ethylhexyl) phthalate in commercial
fish lipid extracts of up to 7.24 pug/g wet weight (w.w.) were measured in muscle of
- herring (Clupea harengus harengus) from the Bay of Fundy (Burns et al., 1981).
Concentrations of bis(2-ethylhexyl) phthalate in whole fish from harbours-and tributary
mouths of various United States Great Lakes ranged from <0.04 to 32 pg of -
bis(2-ethylhexyl) phthalate/g (w.w.) in 1980 and 1981 (DeVault, 1985). Zitko (1972)
reported bis(2-ethylhexyl) phthalate in the blubber of the common seal, Phoca vitulina,
from Atlantic Canada at a concentration of 10.6 pg/g lipid. No other data concerning the
concentration of bis(2-ethylhexyl) phthalate in Canadian wild birds and mammals were -

. found in the literature.

In a market basket survey of 98 different food types obtained in Halifax in 1986
(NHW, 1992), bis(2-ethylhexyl) phthalate was detected in:

"« dairy products (range, 0.01 pg/g in skim milk to 3.4 pg/g in butter);

~« meat, poultry, and fish (range, 0.1 pug/g in freshwater fish, ‘ground beef, and
canned fish to 2.6 pg/g in poultry); cereal products (range, 0.02 pug/g in wheat
and bran cereal to 1.5 pg/g in whole wheat bread);

« danishes and donuts (3.4 ug/g);
» coleslaw (O. 14 p.g/g);
. fresh tomatoes (0.09 png/g);
« cucumbers and pickles (0.17 ug/g);
. canned citrus ‘frui't (0.05 pg/g);
. boftled grape juice (0.04 ug/g);

« plums and prunes (0.07 pug/g);
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« margarine (1.24 ng/g);

« chocolate bars (0.51 ng/g);

» muffins (1.0 pug/g); and

« canned meat soup (0.1 pg/g).

The detection limits, which were not specified for individual foodstuffs, varied
depending on the reagent blank values, interferences arising from coextracted food

components, and the fat content of the food (range, 0.01 to 0.5 pg/g).

Bis(2-ethylhexyl) phthalate is present widely as a plasticizer in consumer products,
" including those used by children. In a preliminary survey of twenty-four samples of
children’s products in Canada (ten pacifiers, four teethers, three nipples, and seven
flexible toys), three of the 24 samples examined contained between 20 and 23%
bis(2-ethylhexyl) phthalate on a weight/weight (w/w) basis (CCAC, 1992). Of the
remaining 21, the bis(2-ethylhexyl) phthalate content in four ranged between 0.1 and
0.4% wiw, while that in the others was below 0.05% (detection limit = 0.05% for a
5-gram sample).

2.4 Toxicokinetics

Following ingestion by mammals, bis(2-ethylhexyl) phthalate is initially
hydrolyzed by a nonspecific lipase in the gastrointestinal tract to produce
mono(2-ethylhexyl) phthalate (which is readily absorbed) and 2-ethylhexanol.
Bis(2-ethylhexyl) phthalate appears to be more efficiently absorbed from the
gastrointestinal tract of rats than from that of primates (Rhodes et al., 1986). Although
data available on absorption following ingestion in humans are limited, absorption of
bis(2-ethylhexyl) phthalate following inhalation appears to be considerably less than that
from the gastrointestinal tract (Pegg, 1982; cited in U.S. EPA, 1987). Bis(2-ethylhexyl)
phthalate is relatively poorly absorbed through the skin (El Sisi et al., 1985). Once
absorbed, bis(2-ethylhexyl) phthalate and mono(2-ethylhexyl) phthalate are widely
distributed in the body with no apparent accumulation. Available data indicate that there
are considerable species differences in the tissue distribution of bis(2-ethylhexyl)
phthalate and its metabolites after oral exposure, with bioavailability of bis(2-ethylhexyl)
phthalate in primates being considerably less than that in the rat (Eriksson and Darnerud,
1985; Pollack et al., 1985a; Rhodes et al., 1986).

Bis(2-ethylhexyl) phthalate is converted by oxidative metabolism involving
lipolytic cleavage to form mono(2-ethylhexy!) phthalate and 2-ethylhexanol and rapid
oxidation of mono(2-ethylhexyl) phthalate to more polar derivatives via ®- and
®-1-oxidation of the aliphatic side-chain. It is believed that this step is followed by a
dehydrogenase-dependent oxidation to the ketone or carboxylic acid, with subsequent
o- and B-oxidation of the acids (Albro et al., 1973). An analysis of the excreta from
cynomolgus monkeys administered a single oral dose of 100 mg/kg (b.w.) of
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14C-bis(2-ethylhexyl) phthalate by gavage in corn oil indicated that they had a lower
capacity than F344 rats to metabolize bis(2-ethylhexyl) phthalate by B-oxidation (Short
et al., 1987). Furthermore, the metabolites identified represented about 30% and 19% of
the administered dose for rats and monkeys, respectively.

Available data also indicate that some rodents do not conjugate metabolites of
bis(2-ethylhexyl) phthalate whereas in primates, they are excreted as glucuronide
derivatives. In African green monkeys administered 50 mL (0.5 pmol/mL or
195 pg/mL) of '“C-bis(2-ethylhexyl) phthalate intravenously, 80% of the urinary
metabolites were glucuronide conjugates (Albro et al., 1981). This was similar to results
reported in humans (Schmid and Schlatter, 1985), but not in rats. Urinary metabolites of
bis(2-ethylhexyl) phthalate in rats were largely unconjugated and consisted primarily of
derivatives more highly oxidized than those in monkeys or humans (Gibson et al., 1976;
Teirlynck and Belpaire, 1985). :

2.5 Effects-related Information
2.5.1 Experimental Animals and In Vitro

The acute toxicity of bis(2-ethylhexyl) phthalate has been low in extensive studies
in a variety of species and strains of experimental animals. Oral LDsgs have generally
exceeded 25 000 mg/kg (b.w.) in mice and rats (Woodward, 1988), 33 900 mg/kg (b.w.)
in rabbits (Shaffer et al., 1945), and 26 000 mg/kg (b w.) in guinea pigs (Krauskopf,
1973).

There have been numerous investigations of the short-term toxicity of
bis(2-ethylhexyl) phthalate following oral administration, most of which have been
designed to investigate hepatic toxicity in rats and several of which have been limited to

.administration of single-dose levels. In general, short-term oral administration of
bis(2-ethylhexyl) phthalate to rats has resulted in decreases in the rates of body weight
gain at concentrations greater than 625 mg/[kg (b.w.).d] (NTP, 1982). Increases in liver
weight and transient mitotic bursts have been observed at doses greater than
50 mg/[kg (b.w.).d] in rats (Morton, 1979; Lake et al., 1991; Mitchell et al., 1985).
Alterations in the activity of hepatic enzymes consistent with peroxisome proliferation or
increases in peroxisome numbers have been observed at doses greater than 25 to
100 mg/[kg (b.w.).d] in rats (Morton, 1979; Lake et al., 1991; Dostal et al., 1987; Barber
etal., 1987). Alterations in serum triglycerides have been reported at doses as low as
2.5 mg/[kg (b.w.).d] (Morton, 1979), though the significance of this observation is
unclear, in view of the lack of confirmation or conflicting results in other studies
(CMA, 1984). Effects on the kidneys, including increases in organ weight and changes
in renal enzymes, have also been observed following exposure to higher doses of
bis(2-ethylhexyl) phthalate {1000 to 2000 mg/[kg (b.w.).d]; Dostal et al., 1987,
Reubsaet et al., 1990}. In general, male rats have been more sensitive to the effects of
bis(2-ethylhexyl) phthalate than females (Mitchell et al., 1985).
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