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1.0 IDENTITY OF SUBSTANCE
1.1 | Name of Substance

Bis(2-ethylhexyl) phthalate, a phthalic acid ester, has the

.,CAS (Chemical Abstracts Service) Registry Number 117-81-7, the

molecular formula C,H,;0,, and a molecular weight of 390.6.
Synonyms include: DEHP; 1, 2—benzenedlcarboxy11c acid, bis(2-
ethylhexyl) ester; phthallc acid, bls(z-ethylhexyl) ester, and
di(2-ethylhexyl) phthalate.

For simplicity, this report w111 use the term "DEHP" when
referrlng to bls(z-ethylhexyl) phthalate. The structure of DEHP.
is shown in Figure 1. . '

0. C,Hg

f ] ' ‘
g C\o/ CH,CH (CH )3 CH 4 , '
5 _ .
ﬁ/ > CH, cl;n-n (CH ,)gCH 4

o C,Hg

Figure .1. Structure of bis(z-ethylhexyl)-phthalate:
1.2 Analytical Methodology

The most sensitive and selective analytical method for the
determination of phthallc acid esters, including DEHP, in
environmental media is gas chromatography with electron capture
detection (Kohli et al.,. 1989). Thin layer chromatography may be
used to separate phthalates from other solvent-extracted organic
compounds. The U.S. Environmental Protection Agency has
standardized the sample preparation and analysis for gas
chromatography (GC) (method 606,.detection limit 2.0 ug/L) and
gas chromatography/mass spectrometry (GC/MS) (method 625,

' detection limit 2.5 pg/L) (U.S. EPA, 1982b).

Two problems have plagued the chemical ana1y51s and the
reporting of concentrations of DEHP. The first problem, which

‘applies to phthalates as a group, is that these chemicals

frequently occur as plasticizers in analytical equipment and as



contaminants in laboratory air and solvents. This is believed to
result in overestimation of their concentration in environmental
samples. For example, Ishida et al. (1980) determined DEHP in
laboratory solvents at concentrations as high as 1.96 mg/kg (in
benzene) and in solid reagents at concentrations up to 4.12 mg/kg
(in carboxymethylcellulose), while the heavy-walled tubing they
analyzed contained 67.2% DEHP. 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).. Many studies conducted
prior to 1980 reporting environmental concentrations have not
accounted for this problem (Pierce et a1., 1980). Steps. taken to
avoid contamination are rarely described in the published reports
and consequently the rellablllty of the data cannot be assessed.
The second problem, specific to DEHP, is that the terminology is
not consistent in the technical 11terature, where. the substance
is sometimes referred to as "dioctyl phthalate". This has led to
confusion with the straight-chain isomer, di-n-octyl phthalate
(DnOP) , also sometimes referred to as "dioctyl phthalate" or .
"DOP". As a consequence, the occurrence of DEHP 1n the ,
environment may have been slightly overestimated, since reports
of environmental concentrations of "dioctyl phthalate" could
pertain to DnOP, even though DEHP has been used in much higher
quantities than DnoOP.

2.0 . PHYSICAL AND CHEMICAL PROPERTIES

Bis(2-ethylhexyl) phthalate is a colourless, oily liquid
(Montgomery and Welkom, 1990), with reported vapour pressures
ranging between 8.3 X 10% (Montgomery and Welkom, 1990) and 8.6 X
10®% Pa. @ 25°C (Howard et al., 1985), Henry’s Law Constant of
about 3 X 102 Pa'm’/mol (Volskay and Grady, 1988), reported
octanol/water partition coefficient (log K_,) values from 5.11
(Geyer et al., 1984) to 9.61 .(U.S. EPA, 1982a), and a water
solubility of 270 to 400 ug/L @ 25°C (DeFoe et al., 1990; Volskay
and Grady, 1988). 'The determination of the solubility in water
and the 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 subjected to
"molecular folding" (Callahan et al., 1979). Bls(z-ethylhexyl)
phthalate absorbs infrared radiation, including wavelengths in
the 7-13 um region (Sadtler Research Laboratories, 1982), which
is characteristic of trace gases that contribute to warming of
the troposphere. Additional chemical and phy51ca1 propertles of
DEHP are presented in Table 1.
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3.0 SOURCES AND RELEASES TO THE ENVIRONMENT
3.1 . Production and Use

-Bis(2-ethylhexyl) phthalate accounts for well.OVer-SO%vof

the total use of phthalate plasticizers, with a worldwide .

productlon of about 1,000 kilotonnes DEHP per year (IPCS, 1992)

At present thereuare«two operatlng DEHP productlon plants in
Canada. The/f’ﬂal productlon capa ty/ggr_plast1c1zers in Canada
amounted 21.5 kilotonnes in 1991,~§6wn from a high of 51.5
kllotonneg\iﬁ“iaaarr The actualsproduction of DEHi}was - g
considerably lower, totalllng 6 kilotonnes in 199 compared with
14.8 kilotonnes back in 1984. Approx1mate1y s,krlotonnes of DEHP

was imported into Canada in 1991 (virtually all from the United b////

States), down from a high of about 7.5 kilotonnes in 1990
(Camford Information Services Inc., 1992). Bls(z-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 this
material contained a minimum 10% DEHP by weight (see below), then
at least an additional 1.4 kilotonnes of DEHP would have entered
Canada in 1991. Available information are 1nsufflclent to
estimate the amount of DEHP imported in finished plastic

‘products. Export sales of DEHP amounted to less than 2 tonnes in

each of 1990 and 1991 (Camford Information Services Inc., 1992).

Bls(z-ethylhexyl) phthalate is the most widely used
plasticizer for vinyl resins, especially polyvinyl chloride resin
(Zenon, 1982). According to Wams (1987), approximately 95% of
the world’s annual production of DEHP is used as a plast1c1zer in
plastlcs, and 85% of this: plast1c1zer usage is utilized in PVC
resins. ' The amount of DEHP used in PVC resins is variable,
depending on the type of product. Industrial hoses may.contain

10 to 15% DEHP by weight, while some types of flexible PVC films

may contain more than 40% DEHP (Camford Information Services Inc.
1992). * In 1991 about 35%. of the total Canadian supply of DEHP

. 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 applications,

including other resin uses (Camford Information Services Inc.,
1992). 5

3.2 Releases to the Environment
The occurrence of naturally-produced phthalates in
blologlcal and geochemical samples has been suggested, but in
most cases the possibility of contamination during sampling or
analysis could not be ruled out (Mathur, 1974). However, it is

unlikely that the amounts of phthalates produced naturally would
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be Significant‘compared with those from anthropogenic sources
(IPCS, 1992).

An estimated 2000 tonnes/year, globally, of DEHP is lost
during distribution to the plastics produc1ng industry, and a
further 32,000 tonnes/year are lost to air and.water dQuring the
production of polyvinyl chloride (Wams, 1987). An estimated .
14,000 tonnes of DEHP/year is lost to the atmosphere during use

- of plastic products, while about 6000 tonnes/year is believed to

be lost to water. - Losses of DEHP through percolating waters in
landfills may amount to as much as 200,000 tonnés/year globally,
while an-unknmown—amount of DEHP_would also be released to the
atmosphere_from-incineration of\BEﬁP=Eoﬁt§Tﬁ1ng waste products
(Wams, 1987). huw““““sueh__
e _

According to the U.S. . Toxic Chemical Release Inventory (TRI)

data base, which contains data submitted to the Environmental

.Protection Agency (EPA) by industrial facilities in compliance

with Section 313 of the Emergency Planning and Communlty :
Right-To-Know Act of 1986, manufacturing facilities in the U.S.
released about 504,000 kg of gﬁﬁﬁufﬁfa“fﬁé_éﬁV1ronment«(TRIS9 o
1991) . Direct releases to air accounted for about 97% (about
490,000 kg), while 2.3% (about 12,000 kg) was released directly
to land 0.26% (about 1,400 kg) was released directly to water,

and only 0.05% (about 270 kg) was released by underground
injection.

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 process1ng, with about 95% of this loss
resulting from processing. Peakall (1975) estimated that
articles containing phthalate-plast1c1zed material may lose about
1%/year of their phthalate content when in contact with liquids
and 0.1%/year when 1n contact with air.

Phthalates are released in a number of 1ndustr1al'effluents.

>BlS(2 ethylhexyl) phthalate has been reported in the effluents of
Canadian organic chemical plants at concentrations ranging up to -

48 pg/L (CCREM, 1987; OME, 1992a). Concentrations of DEHP have
been reported within the range of 10 to 100 pg/L in effluents
from petrochemical plants along the St. Clair River (Munro et

~al., 1985). According to data reported by the Ontario Ministry

of the Environment under the Mun1c1pa1/Industr1a1 Strategy for

. Abatement (MISA) program, loadings of DEHP in liquid effluents

from the organic chemical industry in Ontario totalled about 1.6
kg/day (12-month average) (OME, 1992a), while those from the
inorganic chemical industry totalled about 0.6 kg/day (12-month
average) (OME, 1992b). Bis(z-ethylhexyl)'phthalate has also beén

_detected at concentrations up to 40 ug/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).
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A large amount of phthalic acid esters,lsfoften volatilized
to the air in proeessing—pldnts, condenses, and is washed into

"municipal wastewater —sys&tems or is released in effluents from

plant mist e11m1nators”&2enon, 1982). Phthalates also enter
mun1c1pal~g3§tgxater systems from contaminated cooling water from:
processing plants,. from m_domestic use or disposal of products
containing theseﬂggtersTmand~£rom the release of scrubber
wastewaterf¥ém incinerators. . Concentrations of DEHP up to 59

e i s DY
- pg/L have been reported in municipal waste water from Vancouver,

British Columbia, in 1982 (Rogers et al., 1986). Bis(2-

ethylhexyl) phthalate was detected in 14 of 15 Canadian municipal
sludges sampled between 1980 and 1985, with concentrations

ranging from 3 to 215 mg/kg (dw) and a median concentration of 89///
mg/kg (Webber and Lesage, 1989). :

'Bis(2-ethylhexyl) phthalate was detected ‘at concentrations
often exceeding 10 pg/L (actual concentration not reported) in
samples of waste water collected collected from 1982 to 1984 at
Canadian coal mines, coal preparatlon plants, and coal storage
transfer terminals. Concentrations in sediments from these

‘facilities were within the range of 5 to 30 mg/kg dry weight //

(actual concentratlon not reported) (Atwater et al., 1990)

Leaching of phthalates from hazardous waste landfills is a
possibility. Although no Canadian data were identified, the
concentration of DEHP in one U.S. municipal landfill 1eachate was ///
reported to be 0.20 mg/kg (Ghassem1 et al., 1984).

Spllls are potential sources of DEHP entry to the

‘environment. Two spills of "dloctyl phthalate" were reported on

Environment Canada’s National Analysis of Trends in Emergencies

. System (NATES) database: a dlscharge of 5 tonnes from a tank

truck at Cornwall, Ontario in 1984 and a dlscharge of 5.6 tonnes //
at an industrial plant at -Brantford, Ontarlo in 1986 (NATES

1992) .

"Dloctyl phthalate" was reported at a concentration of 15
£g/L in the effluent of a kraft pulp and paper mill at Red Rock,
Ontario, on Lake Superlor (Brownlee and Strachan, 1977). The
analytical method used in this study could not dlstlngulsh
between DEHP and DnOP. Similarly, "dioctyl phthalate" was
detected in Norwegian spent pulp chlorination liquors at
concentrations of 0.3 to 1 g/tonne of pulp (Carlberg et al.,
1986). :

"Dioctyl phthalate" (isomer not specified) was detected but
not quantified, in extracts of municipal incinerator fly ash from
Ontario, the Netherlands, and Japan (Elceman et al. 1979)



4.0 : ENVIRONMENTAL FATE AND CONCENTRATIONS
4.1,' ‘Environmental Fate

The most important processes affecting the distribution and
transformation of DEHP in the environment include atmospheric
- photooxidation, 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;
/Zumﬁhl et al., 1991). . : -

- Giam et al. (1980) reported that on the aﬁerage 57% of DEHP
-residues in the atmosphere of the Gulf of Mexico was contained in
the vapour phase, rather than in association with suspended

particulates. Similarly, Cautreels and Van Cauwenberghe (1978)
found that 70% of e total airbofHE\BEHP*in—Antwe;pT Belgium was

T;j;?contained in the vapour phase.

Bis(2-ethylhexyl) phthalate has been predicted to react with

hydroxyl radicals~in air, with an estimated half-life of about 12 -

. hours, although DEHP adsorbed.to atmospheric particulates would
/,;7?7 probably have a longer half-life (U.S. EPA, 1987). Howard et
~ al., (1991) estimated the photooxidation half-life of gaseous
" DEHP to be from 2.9 to 29 hours (based on scientific judgement).
kx// - The same authors (Howard et al., 1991) estimated that the . ’
photolysis half-life of DEHP in both air and water. would be much-
longer, 144 to 200 days (based on the rate of aqueous photolysis
for dimethyl phthalate). AtmoSpheric DEHP may be transported for
long distances in the -troposphere, but may be removed from the
atmosphere by both wet and dry depositisn(Atlas and Giam, 1981;
¥///§3 Eisenreich et al., 1981; Ligocki et al., 1985). Atmospheric
. deposition is a significant source of phthalates in—the—Great
Lakes. —Eisenreich-et—-al-—{1981)—ecalculated—a total deposition of
A 48 tonnes/year of airborne DEHP to the five Great Lakes, with
' values for each ranging from 3.7 metric tonnes/year (L. Ontario)
, to 16 metric tonnes/year (L. Superior).

\ : - The Niagara River Data Interpretation Group (1990) found
- that 71% of the DEHP loading was found in the water fraction at
. Fort Erie and 29% in the solids fraction, while at Niagara-on-
~_the-Lake, 76% was contained in the water fraction and 24% in the
suspended solids fraction. Although a significant portion of
waterborne DEHP may be associated with the particulate portion,
complexation with fulvic acid may increase its solubilization and
thus increase its mobility in aquatic systems (Ogner and
Schnitzer, 1970).. - < ~

- Bis(2-ethylhexyl) phthalate is considered to be less
biodegradable than phthalate esters with shorter alkyl chains
(IPCS, 1992). Schouten et al. (1979) found that a 50% loss of
DEHP from river water sample occurred within five days at a 50 ug
DEHP/L level. This loss appeared to be at least partly due to
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biodegradation, although the addition of microbial inhibitors was

.only partially successful in inhibiting this degradation. Bis(2-

ethylhexyl) phthalate was about 95% degraded over a 3-week perlod.
in the static-flask screening test (Tabak et al., 1981). Primary
degradation amounted to 81.5% in 24 hours in the Seml—Contlnuous
Activated Sludge (SCAS) test, while ultimate biodegradation. to:

CO, amounted to 85.5% (t% = 5.25 days) in the Shake Flask test
(CMA, 1984). Biodegradation of DEHP in river and lake water has
been reported; with a half-life of about 1 month (Saeger and

.Tucker, 1976).  -Mineralization of DEHP ranged from 35% to 71%

after a 40-day incubation. in eutrophic lake water at

concentrations from 21 pg DEHP/L to 200 ng DEHP/L, while no
mineralization occurred after a 60-day incubation in oligotrophic

lake water (Subba-Rao et al., 1982). Biodegradation of DEHP is
greatly_ decreased--under—anaerobic—-conditions~(Johnsen-and Lulves, \;///”

1975; O’connor et al., 1989; Shelton et al., 1984). Howard et
al. (1991)é8timated, on thg_bas&s—o£~resultsapresented by—other
authors, a Ralf-1ife for DEHP ranging between 42 and 389. days in
water underandaerobic conditions. _

e

The photolysis half-life of DEHP in water has been estimated
to be 144 to 200 days (Howard et al., 1991, based on the rate of .
agqueous photolysis for dimethyl phthalate). A half-life for DEHP
of 10 to 389 days in groundwater was estimated by Howard et al.

"(1991). Volatilization of DEHP from water and soil is thought to

be very slow, with an estimated evaporative half-life of about 15
years from a pond 1 metre deep (Branson, 1978). However, Klépfer

‘et al. (1982) determined an evaporative half-life for DEHP of

only about 140 days using a vessel with a depth of 21 cm.
Chemical hydrolysis of DEHP in water is extremely slow, with an
estimated half-life of over 100 years (Wams, -1987; Wolfe et al.,
1980a) . . : .

Bis(2-ethylhexyl) phthalate released _to water tends to
adsorb strongly to suspended..particulates—and-sediment (Al-Omran
and Preston,” 1987, Sullivan et al., 1982; Williams and . Hargadine,
1991; Wolfe et al., 1980b)*_althoughmsomexmayﬂbe_subsequent1y .
desorbed from-the-sediments~back intothe-water—~column (Atwater 4€§j/

et al., 1990) Optimum degradation of DEHP in sediments occurred

at high concentratlon,w. fh--temperatures,...and..in.’a nutrient-rich '
system undér aeroblgm¢ondltlons¢“although anaerobic
blodegradatlon of DEHP also occurred at a_slower rate. Ultimate

biodegradation—(¥ing cleavage) -of DEHP occurs more quickly in .
aerobic thaﬁ\in anaerobit sedlmentahmis T¥Vérsus 1% degradation .

after 7 days). ~Aftér~ 28 days, however, the difference was much

less, with 13.8% degradatlon under aerobic conditions and 9.9% - L
degradation under anaeroblc condltlons (Johnson et al., 1984). . A

e a

Howard (1989) c1ted several studies showing that DEHP has a '

- strong tendency to adsorb to soil, and concluded that it would

not be expected to evaporate from soil nor to leach into



v///éroundwater,' Bis(2-ethylhexyl) phthalate, however,' may form a-

-mobilization and reactivity in soil (Khan, 1980). Biodegradation

.complex with water-soluble fulvic acid, and this may increase its
of DEHP occurs at a slightly slower rate in soil than in water,
because adsorption onto soil organic matter reduces its
availability for degradation (Wams, 1987). Bis(2-ethylhexyl) -
phthalate is converted 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). Howard et al. (1991) predicted a half-life of DEHP
in soil from 5 to 23 days, based on aerobic biodegradation rates.
However; Kirchmann et al. (1991) found that 20 and 50% of added
DEHP remained in soil after 80 days with initial concentrations
of 5 and 250 mg/kg, Tespectively.  Degradation occurred much more
quickly during_the first 10 days at the lower concentration.-

Bioconcentration factors for DEHP for various algal and -
aquatic invertebrates ranged from 6.9 ' for the oyster, Crassostrea
virginica ‘(24-hour exposure period) (Wofford et al., 1981) to
5,400 for the alga, Chlorella fusca (24-hour exposure) (Geyer et
al., 1984). Bioconcentration factors for fish ranged from 8.9
for rainbow trout, Oncorhynchus mykiss, (4-day exposure) (Tarr et
al., 1990) to 1,380 for the fathead minnow (Pimephales promelas)
(28-day exposure) (Mayer and Sanders, 1973). 1In general,
bioconcentration factors appeared to be higher for algae and
aquatic invertebrates than for fish. Fish appear to metabolize

. DEHP quite readily (Callahan et al.,' 1979; Johnson et arl., 1977;

Wofford et al., 1981). For example, Mayer (1976) Feported that -
the fathead Winnow (Pimelphales promelas) metabolized DEHP with a
biological half=life-averaging—12+2--days. This metabolism limits
bioaccumulation in fish, and therefore biomagnification of DEHP .
through -the-aguatic food chain is not 1iKely to occur (ATSDR,

1991). 1In vegetation, uptake of DEHP through plant roots is very
low, resulting inmnegligible bisEonicentration—(Schmitzer et al.,

1988). No informatisiH Was identified on the bioaccumulation of
DEHP in wild mammals? o . T

s e e A

Bioconcentration factors for a number of organisms are
presented in Table 2. :

‘Studies conducted to determine biocaccumulation and
distribution of DEHP in birds suggest that birds will accumulate

DA t%

‘DEHP when féamhigh levels in their diet, However, the depuration

T -y

rate is relatively fast (1.week) and the high éxposiire levels do

! o PRIRAZ TR g
- not reflect environmentally relevant concentrations.

Mallard ducks were fed 10 ppm DEHP for five months (Belisle
et al., 1975). Assuming a 1.1 kg duck weight and 0.0619 kg dry-
wt/day food consumption (Nagy, 1987), this diet translates to a
dose of 0.562 mg DEHP/kg-bird/day. Bis(2-ethylhexyl) phthalate
was found in the lung (0.05 to 0.15 mg/kg) and breast (0.1

8

N

- e




\=>

mg/kg). No DEHP was found in the fat. Detection limits were 0.1
mg/kg in a 2 g sample. .

Five of eight captured wild starlings fed 250 mg/kg of DEHP
for 30 days had average residue levels of 1.8 + 0.31 mg/kg
(O’sShea and Stafford, 1980). One of eight birds treated with 25
mg/kg of DEHP contalned residues (1.6 mg/kg) " As the birds
weighed approximately 110 g and consumed an-average of 21.3 g of
food a day, the birds received a dose of 48.5 and 4.85 mg
DEHP/kg-blrd/day, respectlvely. Tissue .concentrations of DEHP
showed a statistically significant decrease after cessatlon of
the treated d1et Detectlon llmlts were 1 mg/kg.

+ Ishida et al. (1982) studied the dlslebutlonwof DEHP__ 1n
ten-month-old 'white leghorn fed 0.5 or 1.0 g DEHP/100 g feed’
(approximately 291 and 582 mg DEHP/kg-blrd/day respectively) ad
libitum for 230 days. Res1due5wwere~feund~*ﬂ-$hemlavenmmk1dney,
heart, lung, spleen! ovary.,..oviduct and.muscle.at 0.5 to 26.0
ppm. The adlpose tissue and feathers contained residues  10- to
100=-fold higher: ‘NG“DEHP“r§§1§n55“war€“?ﬁﬁﬁﬁ“ﬁﬂ the_brain.-
Residlies accumulated in hens fed 0.2 g/100g feed (an approximate
daily intake of 116 mg DEHP/kg-bird) were monitored over 25 days
with a 7 day depuratlon period. After 5 and 25 days livers
contained a maximum of 4.8 mg/kg and 5.5 mg/kg respectlvely with
no detection in either control. Feathers contained a maximum of .
127.5 mg/kg at day 5 and 397.6 mg/kg at day 25. The ‘
correspondlng control maximums were 26.5 mg/kg and 13.9 mg/kg
The kidney, adipose tissue and muscle all contained small amounts -
of DEHP after 25 days. After. food had been removed for 7 days
trace amounts of DEHP could still be detected in kidney and
muscle. Bis(2-ethylhexyl) phthalate levels in the feathers were
still 131.4 to 248.2 mg/kg. The yolks of. eggs laid by the
treated hens were exhibiting trace (<0.5 mg/kg) DEHP residues. by
the 10th day of treatment. Levels were maintained between 20-24
mg/kg from the 15th to 25th day. One week after the DEHP was
removed, DEHP residues in the egg _yolk were down to 4.5 mg/kg:
This paper suggests that the hlgh accumulation of DEHP in the
feather”‘Eﬁglgjbe g combination of external contamination from
oral feeding and transport of DEHP to the feathers via the skin.

The eggs of chickens fed 1 g of DEHP/lOO g of mash per day
for 45 days (Ishida et al., 1981) contained average residues of
148.35 mg/kg (9.44-254.88 mg/kg) in the yolks, 1.25 mg/kg (0.72-
2.28 mg/kg) in the whites and 4.39 mg/kg (1.05 - 9.21 mg/kg) in
‘the shells. This diet represents a dose of 582 mg DEHP/kg- ,
bird/day assuming an average bird weight.of 1 kg and food intake
of 0. 0582 kg food/day (Nagy, 1987). :



4.2 Enﬁironmentai'Concentrations

Concentrations of DEHP in various environmental compartments
- are glven in Tables 3a and 3b. The paragraphs below highlight

" the maximum (and in some cases the "typical") concentrations. of

" these phthalates in the various compartments of the Canadian and
Great Lakes and non-Canadian/Great Lakes environment. Much of
this. data is at least 10 years old _and, becauegwofmxheiﬁrobtem of
‘potential éﬁﬁfﬁﬁiuathnwdu:;ng sampling or- analysis, its
rellablllty 1s questionable.

There are no recent data available pertaining to measured
concentrations of DEHP in the atmosphere in Canada. Based on
atmospheric concentrations of DEHP at a number of oceanic and
inland areas as reported by Giam et al. (1978; 1980), Eisenreich
et al. (1981) estimated that atmospheric concentrations of DEHP -

. in the Great Lakes area ranged from 0.5 to 5 ng/m’.  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 concentratlon of DEHP (number of samples not
reported) was 300 ng/m® (detection limit = 10 ng/m) * Outside
Canada, Bove et al. (1978) reported DEHP concentrations as high
as 28.6 ng/m®, at Brooklyn, New York. Weschler (1981) reported
-DEHP in the Arctic aerosol at Barrow, Alaska, at a concentration
of about 20 ng/m°. :

Elsenrelch et al. (1981) calculated that DEHP concentrations
- in rain water from the Great Lakes area would be from 0.004 to .
0.010 ug/L, based on washout ratios and the concentration of DEHP
in the atmosphere at other locations. Bis(2-ethylhexyl)
phthalate concentrations in rain water from the Enewetak Atoll
ranged from 0.0053 to 0.213 ug/L (Atlas and Giam, 1981).

"Dioctyl phthalate" was present in small amounts in snow and rain
- samples from Norway (Lunde et al., 1977). It was unclear if
"dioctyl phthalate" referred to DnOP or to DEHP.

Information on concentrations of DEHP in surface waters in
the NAQUADAT/ENVIRODAT database is limited to approximately 80
records for Alberta and two records for British Columbia dating
from 1985 to 1988. Concentrations of DEHP ranged from <1 to 14
ug/L (NAQUADAT, 1993). The Alberta Ministry of the Environment
reported that DEHP was detected in 5 of 45 samples analyzed
during their monitoring of raw surface water from 16
municipalities; the average concentration was below the detection
limit (1 ug/L), while five samples from four mun1c1pa11t1es
contained measurable levels of DEHP, with a maximum concentration
of 8 pg/L (Halina, 1993a). Under the Municipal and Industrial
Strategy for Abatement (MISA) program, DEHP was detected in the
intake water of two organic chemical manufacturing plants at
average concentrations of 6.1 and 7.1 ug/L (both plants located
on the St. Clair River) (OME, 1992a). For water samples
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collected in 1988 and 1989 using large-volume sampllng methods
designed to lower the detection limit, the Niagara River Data
Interpretatlon Group (1990) reported mean concentrations of 28.63
ng/L at Fort Erie (51 samples all above the detection limit of
0.16 ng/L; maximum~265.88 ng/L) and 38.48 ng/L at Nlagara-on-the-
Lake (40 out of 44 samples above detection 11m1t, maximum 136.18

.ng/L).  Germain and Langlois (1988), also using large-volume
.sampllng techniques, reported a mean concentration of 78 ng/L

DEHP in the St. Lawrence River in the Montreal region .in 1987.
Bis(2-ethylhexyl) phthalate was not detected in 22 samples of raw

d, drinking water supplies from 11 municipalities in the Lac St-Jean

and Charlevoix areas of Quebec (detection limit, 1 ug/L) (MENVIQ,
1993). In an older study, concentrations of DEHP as high as 300
Lbg/L (in water from Black Bay, Ontario, Lake Superior, sampling

date not stated) were reported by Mayer et al. (1972). 1In 1979,
maximum DEHP concentrations, within the range of 10 to 100 ug/L

(actual concentrations not stated), were reported for chemical
plant intake water from the St. Clair River (Munro et al., 1985).
Other studies indicate DEHP concentrations in Canadian and Great

- Lakes water to be less than '5 ug/L (OME, 1992b; Schacht, 1974).

Brownlee and Strachan (1977) reported "dloctyl phthalate" at.
concentrations ranging from 0.1 to 55 ug/L in Lake Superior near ,

a kraft pulp and paper mill at Red Rock, Ontario, on Lake .
Superior. -A concentration of 0.7 mg/kg dry weight was detected
in the lake.Sediments. Only trace amounts were detected in
suspended particles in the water column. The analytical method
used in thls study could not distinguish between DnOP and DEHP.

) Bls(z-ethylhexyl) phthalate was detected in 24% of 901
STORET . (a U.S. EPA STOrage and RETrieval data base containing .
water quality data) ambient water stations with a median
concentration of 10.0 ug/L (staples et al., 1985). Sheldon and
Hites (1978) reported levels of "dioctyl phthalates" in the

- Delaware River ranging from 3 to 5 ug/L in early March and from

0.06 to 2 pg/L in August. It is not known which dioctyl
isomer(s) this study refers to. Shibuya (1979) reported DEHP
concentrations in Japanese river waters as high as 15 ug/L.

No data was‘foﬁnd pertaining to concentrations of DEHP in
Canadian marine waters. - Although several studies showed DEHP

.concentrations in non—Canadlan_marlne_waters_to be Iess than 1

pg/L, Murray € al. (1981) found DEHP concentrations in Galveston
Bay, Texas, to be as high as 12 ug/L.

Few data have been found pertaining to DEHP concentrations
in Canadian ground water. Concentrations of DEHP in Alberta

‘drinking water derived from groundwater were reported as high as
9.0 pug/L (average <2 pg/L) for 1985 and 1986 (Spink, 1986) and as
high as 21 ug/L (average <1 ug/L) for 1987 to 1992 (Halina, :
1993b). Galceran et al. (1989) found DEHP ground water

concentrations up to 3.4 ug/L in the Catalonia region of Spain.
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,//Klgh as 1,480 mg/kg dry weight, but a number_ of o6ther studies

- were reported (in the Nueces Estuary, Texas (Ray et al., 1983a)).

'Estuary, B.C., 0.5 km below a sewage outfall, contained 0.844 mg -
" DEHP/kg dry weight, while the level in sedlment from 1.0 km below

' 1987). Bis(2-ethylhexyl) phthalate concentrations as ‘high as 1.5

. Bis(2- ethylhexyl) phthalate has been detected-in sediments from

/
U
' Canada in soil were reported, levels varied from less than 0.1 to !!

.. Royate,; E’Eewguperlor, and 0.3 qug_lnﬂigiézfreut“TSalVeflnus

- 0.8 ug/gftn*waileye*(Stizostedlon Vltreum) from. Black Bay, Lake

Single sediment samples collected in 1983 from the Fraser

the outfall was 0.404 mg DEHP/kg dry weight (Rogers and Hall,

mg/kg were reported by Kinkead and Chatterjee (1974) for
sedlments along the Canadian north shore of Lake Superior.

Bls(z-ethylhexyl) phthalate was detected in 40% of 367
STORET sediment. stations at a median concentration of 1.0 mg/kg
dry weight (Staples et al., 1985). Thurén (1986) reported DEHP
-concentrations in sediments from the River Svartan, Sweden, as L///

reported maximum concentrat;ons of..DEHP_in sedlments below 100
ng/kg.

In @gglgg_ggdlmentsflconcentratlons_of DEHP > _up to 16 mg/kg

'
!
t

three sites in the“Baltlc‘Sea“at7§Ed1ment depthé\correspondlng Z
approximately to—the y&a¥ 1950 (Muller et aITT“lPSO)

Concentrations increased. prpg:gsgivelx_ln the upper layers of \/////
&

sediment at each, site, reach;ngwmax1mum—eancentrat1ons (ranging

from 0 1 to 0. 2 mg/kg) in the surface (1 e. most recent) layers.

\
SPNPREIRRP T W""‘“ﬁ-\.
In the only study identified where concentratlons of DEHP in f

11 pug DEHP/kg dry weight (n = 30) in samples from Port Credit and
Oakville/Burlington, Ontario, (Golder Associates, 1987).

L
) L

Bis(z-ethylhexyl) phthalate was found at concentrations
ranging ﬁ—‘f_—U—S—hg/kg_lnlsoII“frbm“the perimeter of an
industrial dump in_Finland (Persson et al., 1978).

]

@" \’

7,

. Stud1esle_Q§g§Ql§EL§L§§t Lakes fish showed 'DEHP
concentrations of less than 10 _pug/lg (Burns et al., 1981;
Environment Canada, 1980; GLWQB, 1986; Glass et al., 1977; Mayer
et al., 1972; Swain, 1978 Williams, 1973) Williams (1973)
reported a concentration: of 0.104 pug/g in eel from an unspecified
Canadian lake or river. Swain (1978) reported mean DEHP
concentrations as high as 1. 3\“31QZWEt'W§3§htw1whele~flsh) in
siscowet troggﬁ(Salvellnus namaycush siscowet) and 0.7 Kg/g in
whitefish (Coregonus clupeaformis) from_the vicinityof-Isle

namaycush) frog,Lake,SupenlonlexglEE}ve of the Isle Royale area.
A maximum concentration of 2.2 ug DEHP/g*waserepggggg for
skinless—fillets of whitéfishi from-Lake—Superior (Glass et al.
1977). Mayer et al. (1972) reported DEHP concentrations of up t0'

Superior. Concentrations of DEHP in commercial fish 11p1d
extracts of up to 7.24 [g/g-wet-weight-were-measured in herring
(Clupea harengus harengus) muscle from the Bay of Fundy (Burns et

12
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-al., 1981). DEHP concentratlons in whole fish from various U.S.
Great Lakes. harbourS“ﬁﬁa“EEIBﬁtary mouths ranged from <0.04 to 32 L/’///
‘—7ug DEHP/g wet wel Hf‘1n~1980*and 1981 (DevVault, 1985).

: Bls(z-ethylhexyl) phthalate was detected in 33% of 1398
STORET biota stations at a median—conecentration of 3.0 mg/kg wet
weight (Staples et aI.,I985). Freshwater biota from the River
Ronnebyan, Sweden, contarned“DEHP anging from 0.31 to 14.4 mg/kg
fresh weight (Thurén7;—1986)= :

. Phthalate levels in w11d birds. .and mammals are very sparse.L/////
Zitko (1972) detectéﬁiﬁﬁﬁf-fﬁmﬁiubber of common  seal, Phoca

vitulina, from Atlantic..Canada-at-a-concentration of 10.6 mg/kg

lipid. Re51dﬁ€"§H§iys1S of commercial eggs collected throughout
‘Japan found average€ levels of 0.182 mWg/Kg DEHP in egg whites but

no DEHP above the detection 1m1t (1.00 mg/kg) in egg yolks

(Ishida et al., ‘1981

3& A

5.0 KINETICS AND METABOLISM

_ Mathur and. Rouatt (1975) identified ortho-phthalic acid as

a major degradation product of DnOP produced by the bacterium :
- Serratia marcescens. Bis(2-ethylhexyl)--phthalate--is-metabolized -
in fish by enzymatic hydrolysis to _mono=2=ethylhexyl phthalate
(MEHP) , phthalic acid, ‘and glucuronides of these compounds
(stalling et al., 1973) Thé g111 has been found to be the
dominant site of DEHP metabolism in rainbow trout, reduc1ng the
systemlq_gggilgblllty of DEHP by >95% and thereby limiting™ the
accumulation of this substance (Barron et al., 1989)".

GR @» Wi Gm an e ) am

\\\

Male albino ferrets (Putorius putorius) fed DEHP at a

dietary concefitration— of*&%»fw/w)mferm&éumenths hydrolysed DEHP
- to MEHP, which Was subsegiently-excreted in the urine as free or

glucuronlde coﬁiﬁ&ited MEHP derivatives (Lake et al., 1976).

6.0 - MAHMALIAN‘TOXICOLOGY\

Male\g}plno ferrets (Putorius putorius) receiving a mean
daily intake of 1200 ‘mg "DEHP/kKg/day as a dietary concentration of
1% (w/w) for 14 months had significantly lower body weights than

. the controls (about 900 g versus about 1300 g) (Lake et al.,
1976) .- A marked liver enla: 922225“15 4 g/100 g body weight in
'treated animals compared to 3.1 g/100 g body weight in controls)
" was also noted, along with morphological and biochemical changes
in the\l&yer, 1nc1ud1ng Tiver celil enlargement, l1ySosomal
changes, increased smooth endopI§§“1c*retieulum~and—ehanges 1n
concentration_of a_ number of liver enzymes. Tissue damage was'
observed in the testes Qﬁ_some~treatedwan1mals.
in the testes ¢
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" 7.0 EFFECT8 ON THE ENVIRONMENT

The results. of a number of tox1c1ty studies are presented in
Tables 4a (acute toxicity) and 4b (chronic tox1c1ty) The
results of studies indicating the most toxic effects of phthalate
‘esters in various groups of organisms are summarized in the
following sections. It should be noted that in some cases
adverse effects on aquatic organisms were only reported in
' studies using nominal~DEHP-concentrations—well abové its water.
solublllty of about "300"to—400~ug/Er—-

¢
7.1 Hicroorganisms

Bis(2-ethylhexyl) phthalate did not 1nh1b1t methanogenesis

at concentrations up to 100,000 ug/L, but_dld_lnhlhlsengduct1on
of methane at a concentratlon of 200,000 pug/L in a 26-day

anaerobic toxicity assaz_ug;gg_ggggggary‘siudge~as the source of
a heterogeneous anaerobic population (O’Connor et al., 1989).

Volskay and Gradx,LlQ&S) ound that DEHP at its solublllty
1limit of 400 ug/L reduced the oxygen consumption rate of
activated sluage‘ﬁicrOGrganIsms by only 14% after 30 minutes. of

© exposure.

i

Bis(2~ethylhexyl) phthalate injected into sediments from a
eutrophic lake at concentrations of 25 mg/Kg wet weight and above
inhibited microbial actiVity inthe—~sediment, as measured by
decrease in oxygen concentration in the overlylng water (Larsson
et al., I986)< - .

Tetra Tech Inc. (1986) used the Mlq;gtoxutestman their
evaluation of sediment quality in Puget Sound. This toxicity
bioassay uses the luminescent marine bacteria Photobacterium
phosphoreum as the test organism, and response is measured as the
reduction iH Tight-emitted by theé bacteria after a 15 minute -
exposure. The Apparent Effects Threshold (AET, defined as the
concentration above which statistically significant adverse
effects are.always expected relative t&-apprepriate reference
conditions) was estimated to be 1,900 ug DEHP/kg dry weight for
Puget Sound sedlment.

7.2' Algae

A 140h EC50 of >100-—ug DEHP/L wes reported for Selenastrum
caprlcornUfﬁE_S;sed on numbers of cells (CcMa,- 1990).

7.3 Invertebrates ‘

A 21d LOEL of 3 pg DEHP/L has been reported for Daphnia
magna based—on—feduced reproduction (Sanders et al., 1973). This
study has, however, been criticized and largely discounted ‘

’//5;because of a very low rate of reproduction in the control group.
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- Other studies on the same species have shown adverse effects only

at much higher concentrations. CMA (1990) reported a 21-day MATC
(maximum acceptable toxicant concentration) of 110 pug DEHP/L for

‘Daphnia magna based on survival. Knowles et al. (1987) reported

a 7-day LOEL of 158 ug DEHP/L based on DNA content, a' 7-day LOEL
of 811 pug/L based on survival, and a 21-day LOEL of 811 ug/L
based on survival, reproduction and glycogen content. Springborn
Bionomics (1984) reported a 21-day LOEL of 160 ug DEHP/L
(survival reduced by 25%), with a 21-day NOEL of 77 ug/L. This
study was carried out under flow-through conditions, with
concentrations of DEHP measured weekly. A 48-hour EC50 of 133 ug
DEHP/L was reported for Daphnia pulex (Passino and Smith, 1987).

A 10d LOEL of 500 ug DEHP/L was reported for the scud, Gammarus :
" pulex, based on decreased locomotor activity (Thurén and Woin, //(%

1es1) | o

. Dragonfly larvae (Aeshna sp.) exposed for 3 to 9 weeks to
DEHP in aquaria sediments at concentrations of 587 and 623 mg
DEHP/kg fresh weight (duplicate experiments) caught significantly °
fewer prey (Chaoborus sp.) per effort than did non-exposed '
larvae, held in an aquarium with a DEHP sediment concentration of
0.4 mg/kg fw (Woin and Larsson, 1987). .Larvae exposed to DEHP
successfully caught prey on 53% of the labial strikes, while —
controls were successful on 66% of their labial strikes. L///f ‘

. Tetra Tech Inc. (1986) studied effects of variations in
Puget Sound sediment quality, on benthic invertebrates. This
study used several approaches to evaluate sediment toxicity o
including the Apparent Effects Threshold. AET were developed for
three~aquatic invertebrate efEEEEENIHETEEEB?§?*§E§HT§U&“*’ ‘
(Rhepoxynius "abronius) mortality, oyster—(Crassostrea gigas)
larvae abnormality;~and dépressions in total abundance of higher
level (Polychaeta,.Mollusca.,-Crustacea) benthic infauna. - :
Estimated AET values for these indicators were >3,100 ug DEHP/kg
for the amphipod, 1,900 g DEHP/kg-for—the—oyste¥, and 1,900 ug
DEHP/kg_for—the higher Tevel benthic fauna. Subsequent re-

i ol AL

.evaluation of the Tetra Tech data by Barrick et al. (1988)

"resulted in a I6wWwering of the bénthic infaunal community AET to. -

1,300—ug~-DEHP/kg fOr Puget—Sound- sediments. As Chapman (1989)

xhas noted, one of tH& Criti€isms—of results of this type is that’

¢they can be site-specific. _However results for Puget Sound are

fﬁénerally consistent with those of similar studies—conducted in

San Francisco Bay, Califorfiia, and commencement Bay, Washington L;//
(Long and-Mergan;—1990)= . o T :

' Using equilibrium partitioning modelling, Tetra Tech Inc.
(1986) ca1cuia§g§:§:§§§1ﬁ§5£:§£§i§£¥muaiueue£-14«mg DEHP/kg (dry
weight) for sédiment containing 1% . organic carbon. Although use
of equilibrium partitioning is becoming increasingly common in
sediment quality assessment (Di Toro et al., 1991), this method.
assumes that nonionic organic_chemicals such as DEHP are _
associated with sediment organic..carbon_and €RAat Partitioning of

15



these chemicals between organic carbon and sedlment pore water is
at equilibrium (Chapman, 1989). Furthermore, the method has
undergone only preliminary field validation (Chapman, 1989; Adams
.et al., 1992), and thus 1ts use in‘a regulatory context is
controversial.
. - Phthalates were found to be the least toxic of the chemical
groups tested on the earthworm Eisenia fetida - (Neuhauser et al.,
. 1985, 1986). The LC50 value for DEHP was >25000 pg/cm? in a 2~

- day contact test in which the chemical was applied to filter
'paper, with the toxic unit referring to the amount of chemical .
‘per cm? of paper. Dlmethylphthalate was the most toxic phthalate
- tested, with a LC50 of 550 pg/m?. By comparlson, the most toxic

of the 44 chemicals tested 2 4-d1n1trophenol had a LC50 of ‘0.6
ug/m . .

Bls(z-ethylhexyl) phthalate applled to female house flies

'~ topically or by injection at a concentration of 20 ug/fly (1000

#g/g) was not toxic, causing a mortality of less than 16% after
24 hours (Al-Badry and Knowles, 1980). Antagonistic interactions
were observed when flies were treated simultaneously with DEHP
and  various organophosphate insecticides, while synergistic
interactions were observed when flies were' ‘pretreated with the
phthalate 30 minutes before exposure to the pesticides. The
authors found that DEHP inhibited metabolism of organophosphate
pesticides, accountlng for the synergistic effects. When the
phthalate and. 1nsect1c1des were applied 51multaneously, the

may have resulted in an internal 'concentration of 1nsect1c1de
below the tox1c1ty threshold.

resulting increase in the total lipophilic pool by the phthalateﬁ(
/

7.4 o Fish -

A 102-day LOEL of 14 ug DEHP/L based on sac fry survival,
was reported for rainbow trout, Oncorhynchus mykiss (Mehrle and
. Mayer, 1976). This study was not used in the DEHP Assessment
Report because after yolk absorption, at 24 days post-hatch, DEHP
caused no statistically significant mortality or effects on
- growth and development for the rest of the exposure period.
Furthermore, a later study (DeFoe et al., .1990) found that DEHP
had no statistically significant adverse effedts on rainbow trout
‘hatchability, survival, of growth during a 90-day exposure
. period, even at the hlghest concentration tested;~502 ug/L.
Bis (2-ethylhexy1) pgthalate_slgnlf1cantI2”f§auced“fhe dry
backbone collagen content of rainbow trout (Oncorhynchus mykiss,
90-day exXposure), brook trout (Salvelinus fontlnalls, -150-day
exposure) and fathead_mlnnow (Pimephales promelas, 127-day
exposure) at“gggggggrgtlons as low as 14, 3.7 and 11 pg DEHP/L,
respectively (Mayer et al., 1977). This reduction- of vertebral
collagen could have a debllltatlnq_effect on the fish because the

e o A e

increased mlnerallzathn“makes the;r“backbones more brittle., ' In
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this study, the highest concentrations of DEHP tested (54, 52 and
100 pg/L for rainbow trout, brook trout and fathead minnow,
respectively) did not have a statistically significant effect on
the weight of the fish. A 24-day exposure of rainbow trout to
DEHP at a concentration of 14 and 5§ LL..caused a 51gn1f1cant

) decrease in protein concentration in whole fish and an increase
in the amount of"hydroxyprollne in relation o protein content,

. evidence of an increase—ifi’ cataS“Iism of total body protelns.

A l168-day exposure to 541 ug DEHP[L 51gn1f1cant1y reduced

the growth of the Japanese medaka, Oryzias latipes (DeFoe et al.,
'1990).... Freeman et al. (1981) found that DEHP administered to

Atlantic cod,Gadus morhua, at concentrations as hlggbgiﬁdo ;000

'ug/gelatln capsule had little or no effect on steroid métabolism

in male fish. In female fish, however, there were a number of
alterations-in~steroid métabolism in the DEHP-treated group that
could exert advérse effects on _gonadal development.

In acute toxicity studles, CMA (1990) reported 96 hour-LCw

TN S s et D

"values of >3207Ug/L aRd 670 ug/L for the rainbow trout

saom gy

(Oncorhynchus mykissy—ahd the fathead mlnnow (leephales- ,
promelas), respectlvely. o L/////
7.5 _Amph;blans and Reptiles ‘ : ' -

v Larsson and Thurén (1987) found that DEHP added to sediment
decreased hatchingmsucgcssmofrmoorfrogs, Rana arvalis. ,
Successful hatchings decreased with increasing sediment DEHP

P TR e

concentrations; with about 50% hatchlng success at a
concentration of about 150 mg/kg fresh weight. The minimum

e g

hatching success was--abotit<25% at sédiment concentrations of 400
and 800 mg DEHP/kg Hatggéngmtlmes&mpercentage of abnormalities,

and post-hatch tadpole survival .were not affected by exposure to
DEHP.

7.6 .. Plants
Bis(2-ethylhexyl) phthalate at a concentration of 1,000,000
pg/L (0.1%) reduced the seed germination'by 40% in peas, Pisum,
sativum, and by 52% in. spinach, Spinacia oleracea, grown in tap.
water ‘with DEHP added as a methanol solution (Herring and Bering,
1988). Bis(2-ethylhexyl) phthalate had no observable effects on
subsequent seedling development of the seeds that d1d germinate
1n each treatment .

" L¢kke and Bro-Rasmussen (1981) found’that‘application of
DEHP to leaves of white mustard (Sinapis alba), nipplewort
(Lapsana communls) or milfoil (Achillea millefolium) at a rate of
1.5 ug/cm had no observable effect on any of the three plant
spec1es.
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i::— A 7-day EC50 value of 2,060,000 ug/L was reported for
d

=7

v,
I- - _

Growth of soybean (Glycine max) cell suspension cultures -
were not affected by a 5-day exposure to DEHP at concentrations
as hlgh as 103 moles/L (391 000 ug/L) (Langebartels and Harms,
11986) .
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uckweed, Lemna’ g1bba, based on reproductlon (Dav1s, 1981)

L 7. 7 Birds

Ten-month-old white leghorn hens fed 0.5 or 1.0 g/100 g feed
ad libitum for 230 days stopped laylng eggs. Their livers and
kidneys were hypertrophic and ovaries were abnormal. This diet
represents a dose of 291 or 582 mg DEHP/kg-blrd/day assuming an
average bird weight of 1 kg and food intake of 0.0582 kg food/day.
(Nagy, 1987). When fed 0.2 g/100 g feed for 25 days, an
approximate daily intake of 116 mg DEHP/kg-blrd/day, they
continued to lay eggs and the llvers, kldneys and ovaries did not
change v151bly (Ishida et al., 1982).

Captured wild starllngs were fed 25 or 250 ppm of DEHP for
30 days (O’Shea and Stafford, 1980). As the birds. welghed
approximately 110 g and consumed an -average of 21.3 g of food a
day, the birds received a dose of 48.5 and 4.85 mg DEHP/kg-
bird/day, respectively. The treated groups had significantly

higher percentage of lipid than the control group suggesting that N |
the phthalate diet placed the birds under physiological stress. L/fﬁ

| '~ Egg production was down 5% from control levels, in white a
leghorn hens fed a diet of 1% DEHP (582 mg DEHP/kg-blrd/day) iﬂ
‘(Wood and Bitman, 1980). However, egg quality was not affected.

Plasma lipid and free cholesterol decreased by approx 20% from -
control levels over the course of the experiment, with a major '] ’
drop occurring in the first week. Liver weights also increased

although the amount ‘was not statistically significant. When fed : '
1 or 2% of DEHP or one of 3 metabolites of DEHP for four weeks . ° e
(582 or 1164 mg DEHP/kg-blrd/day), Hubbard broiler breeder hens £

)

exhibited decreases in egg production of up to 35%, a 25% ~
decrease in total plasma llplds and a slight but not ey
statistically 51gn1f1cant increase in liver weight (Wood and ]
Bltman, 1984) . This suggests that the branched aliphatic chain Fey
is the blologlcal active component of the DEHP molecule. As .
similar effect occurs in rodents, the authors suggested that this ﬁ“
drop in plasma lipid and free cholesterol could be associated A
with peroxisome prollferatlon. This decrease could also be

linked to increased w and w-1 oxidation by Cytochrome P-450. The e
authors gave no indication of where fat was accumulating in the } .
liver. Therefore this paper is only evidence that fat metabolism ~
"in hens 1s affected by DEHP, not that DEHP is hepatocarc1nogen1c. 7«

I
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8.0 ' CURRENT OBJECTIVES,,GUIDEﬂINES AND REGULATIONS -

the U.S. EPA has suggested a draft Criteria Maximum Concentration ;
(CMC) of 400 ug DEHP/L and a Criteria Continuous Concentratlon

Peakall (1974) studied the effects of a.10 ppm diet of DEHP
on the egg shell structure of ring doves (Streptopelia risoria).
Assuming that an a ring dove weighs an average of 150 g and eats
17 g dry-wt of food per day (Nagy, 1987), the daily intake of
DEHP is. 1.13 mg DEHP/kg-bird. No significant effect was found L

with DEHP.

Korhonen et al. (1983) studied the embryb toxicity of
"dioctyl phthalate" (authors did not specify whether DnOP or
DEHP) to white leghorn chicken eggs. On the third day of
incubation, 5 uL of DOP in /acetone were injected onto the inner
shell membrane. .DOP did not have an embryotoxic effect over the
acetone control at the highest dose tested (20 unol or 7.8 mg).
As DOP is a large, hydrophobic molecule, this lack of :
embryotoxicity is probably due to transport effects from its .
inability to penetrate the albumin-water layer and the vitelline
membrane.

7.8 7 Mammals

. No data were identified on tox101ty of DEHP in mammallan
wildlife. )

v

Environment Canada has produced a draft interim water
quality guideline of 1.0 ug DEHP/L for the protection of
freshwater aquatic life (Environment Canada, 1992). Manltoba,
Ontario and the International Joint Commission have bubllshed
water quality guidelines/objectives of 0.6 pg DEHP/L to protect

aquatlc life (Environment Canada, 1992).

For the protection of freshwater and saltwater aquatlc life,

(ccc) of 360 ug DEHP/L. These suggested figures are open to
public comment and will serve as guidance to individual States in
developing water quality standards which are used as the basis
for setting enforceable effluent limitations (Env1ronment Canadqd,
1992). : :
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Table 1. Chemical and physicai properties of DEHP.

CAS Name: 1, 2-Benzened1carboxy11c acid, bls(z-ethylhexyl) ester
CAS No.: 117-81-7
- Synonyms: DEHP; phthalic acid, bls(z-ethylhexyl) ester,

. di(2-ethylhexyl) phthalate, dl-sec-octyl phthalate'

Emplrlcal Formula: C,H;0,
.-Appearance and Odour: Colourless 01ly liquid with a very falnt

‘odour®

Molecular Welght' 390.6
' .Specific Gravity: 0.980-0.985 @ 25 cm

© 0.985-0.9861 @ 20 c@

‘Melting Point: -50 c® .

-46 to =55 cm

Boiling Poiht‘ 236 C @ mm Hg, 387 C @ 5 mm Hg®

230 C @ 5 mm Hg®

“'Henry'’s Law Constant: 3.0 X 102 Pa- nP/mol@
Vapour Density: 13.48 (air = 1)@
Vapour. Pressure: 2.1 X 10° pa®

8.3 X 108 Pa @ 25 C to 2.7 X 10° Pa @ 20 c®
8.6 X 10% @ 25 c® -
8.6 X 10* pa @ 25 ¢

Water Solubility: < 50.0 mg/L @ 25 c®

(fresh ‘water) 0.041 mg/L (@ 20 C) to 0.4 mg/L (€ 25 C)®@
: 0.27 mg/L; 0.36 mg/L®

0.34 mg/L @ 25 ¢c® ‘

0.34 mg/L @ 25 cUb

0.4 mg/L®

(salt water) 0.0006 mg/L @ 25 c@
0.16 mg/L @ 25 c®
©1.16 mg/L®

Solvent Solubility: Miscible with most common solvents®
Log K,: 3.76 (calculated)@

5.0 @
5.41-5,95%2
9.300

Log K,: 5.11

5.24 (calculated)“”
© 7.0699
8.66®
9.6100

t .

[e))
@
©))
@
&)
©

o ®
®

- Data/ranges cited in Pierce et al. 1980.
Data/ranges cited in Montgomery and Welkom 1990.
DeFoe et al. 1990. -

Howard 1989.

Volskay and Grady 1988.
Kenaga 1980. -

Boese 1984.

Howard et al. 1985,
Giam et al. 1980.
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U.S. EPA 1982a.

CMA 1984.

Williams and Hargadine 1991.
Geyer et al. 1984.

Veith et al. 1984.
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Table 2. Bioconcentration factors (BCF) for DEHP for various aquatic organiéms‘

Species Water ‘ Duration BCF® Reference
' Concentration. .
Alga (Chlorella 50 ug/L 1 day 5,400 Geyer et al. 1984
fusca) “ ‘ : : ‘ <
.Oyster 100 pug/L .~ . 1.day . 11.2° Wofford et al. 1981
(Crassostrea : ‘
virginica) - ,
" . 500 pug/L . 1 day / 6.9° ‘Wofford et al. 1981 ,
Mussel (Mytilus. 4.1 ug/L 28 days 2,366° Brown and Thompson 1982a ..
edulis) ' : A f
' " " 42.1 pug/L . 28 days 2,627° Brown and Thompson 1982a
Bivalve (Mulinia = 0.6- ' . 30 days 2,436~ Perez et al. 1983
lateralis) - 58.9 ug/L ' : 3,891.@ 1°c . :
" " 0.2- - , 30 days 916- - Perez et al. 1983
: 15.5 ug/L ‘ ' ' . 3,311 @ 18°C o
Acartia sp. : 0.6- 30 days - . 158- Perez et al. 1983
58.9 ug/L . - 2,550.@ 1°C :
" " ' 0.2~ 30 days 1,995~ Perez et al. 1983
15.5 pg/L o 5,263 @ 18°C: ' ' -
Daphnia magna 0.3 pg/L , - 7 days - 420 - Sanders et al. 1973;
: " Mayer and Sanders 1973
" " 5.4 pug/L o 1 day - 518 . Macek et 'al. 1979
" " 3.2 ug/L ' 21 days 166 Brown and Thompson 1982b
" .oo" .. 100 pg/L 21 days . 268 Brown and Thompson 1982b
Scud (Gammarus 0.1 pug/L 14 days 3,600 ~Sanders et al. 1973;
pseudolimnaeus) ‘ . , . Mayer and Sanders 1973
Gammarus pulex 100 pg/L | : 10 days , 870 Thurén and Woin 1991
) - , (accumulated) '
" " 100 pug/L . 10 days 620 .Thurén and Woin 1991
: : ' s (adsorbed) : S
" oo" 500 pg/L 10 days 4000 Thurén and Woin 1991
. (accumulated) o '
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mom - 500 pg/L 10 days 4600 Thurén and Woin 1991

. N ‘ (adsorbed)- X
Brown shrimp 100 ug/L : 1 day 10.2 Wofford et al. 1981
(Penaeus aztecus) — . E
. . 500 ug/L , a 1 day - 16.6 - Wofford et al. 1981
Sowbug (Asellus “ 1.9 pg/L 21 days : 70 ‘ Sanders et al. 1973
brevicaudus) ' : : _ .
"o Con 62.3 pug/L - 21 days 250 ° Sanders et al. 1973
Midge (Chlronomus 0.3 pg/L 7 days . © 350 Sanders et al. 1973;
plumosus) » : . ' Mayer and Sanders 1973
" 0.2 ug/L 7 days : 408 Streufert et al. 1980
Mayfly (Hexagenia "~ 0.1 ug/L 7 days 575 - Sanders et al. 1973;
bilineata) ' - ‘ Mayer and Sanders 1973
Polychaete (Nepthys 0.6- "30 days 30- Perez et al. 1983
incisa) _ 58.9 ug/L _ : 59 @ 1°C
" "o 0.2- 30 days 549- Perez et al. 1983
. 15.5 ug/L o : 1,100 @ 18°C .
Fathead minnow 1.9 ug/L ' ‘14 days 458 Mayer and Sanders 1973
(leephales promelas) " o ' . '
" 1.9 ug/L ) ' 28 days 1,380 Mayer and Sanders 1973
" " - 62 ug/L . 56 days = 155 Mayer 1976 .
" : " 2.5 pug/L 56 days 886- : Mayer 1976

Rainbow trout 5 ug/L - ‘ 100 days 78 Mehrle and Mayer 1976
(Oncorhynchus mykiss) . ' ’
(eggs + fry) : o : '
" " 14 ug/L. 100 days , 113 Mehrle and Mayer 1976

" " 54 ug/L 100 days: ’ 42 Mehrle and Mayer 1976
) " ""(2.9 g) 20 pg/L 4 days 51.5 Tarr et al. 1990 -
' " (61 g) 20 ug/L 4 days ‘ 8.9 . Tarr et al. 1990
" (441 g) 30 ug/L 2 days , 1.6 Tarr et al. 1990
Channel catflsh : 1 pg/L 1 day. 2,600 Stalling et al. 1973
(Ictalurus punctatus) o -
'Bluegill 5.82 ug/L ' 42 days 114 Barrows et al. 1980
(LepOMlS macrochirus)

" 5.7 ug/L - 35 days 112 Macek et al. 1979
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Sheepshead minnow - 60 pg/L | 4 days 45'@ 10°C Karara and Hayton 1989

(Cyprinodon

variegatus) L :
" " 60 pg/L 4 days 131 @ 16°C Karara and Hayton 1989
" " 60 ug/L 4 days 637 @ 23°C Karara and Hayton 1989
"o " 60 ng/L 4 days 962 @ 29°C Karara and Hayton 1989
" " .+ 60 ug/L "~ 4 days 6,510 @ 35°C Karara and Hayton 1989
" , L 100 pg/L 1 day 10.7 - Wofford et al. 1981
" " - 500 pug/L 1

day 13.5 Wofford et al 1981

* BCF’s are based on whole-body concentrations unless otherwlse 1ndlcated
BCF based on concentration in muscle. -

° BCF based on concentration in soft tissue. (

BCF calculated from concentration in blood plasma.
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Table 3a. Concentrations of DEHP in air, water, sedlment soil and biota in the Canadian
’ and Great Lakes env1ronment . . :

" Media Concentratlon Location _ Reference
mean (max. or range) ’ ’ '

Waste streams - ‘(within 10-100 ug/L) . Effluents, St. Clair R. Munro et al. 1985
- : - ’ .petrochemical plants .
" oo (24 pg/L) _ " Procter & Gamble final NAQUADAT 1993
. ' , : - . effluent, Alberta
"o " , (12-mo. ave. 19 pg/L) Ontario Organic chemical OME.1992a .

. o manufacturlng plants
" " ‘ (12-mo. ave. 65.1 ug/L) Ontario Inorganic chemical OME 1992b
' ' manufacturing plants

" " : (40 pg/L) - _ Canadian textile mill Environment Canada .
. ' ' effluents - , 1989 L
Municipal waste -(ND-59 ug/L) .~ Vancouver, B.C. . Rogers et al. 1986
water ' - : ' ‘ :
Sewage effluents (ND-10 pg/L) - Ontarlo mun1c1pa11t1es Beak Consultants
: ' ' 1991
.Sewage sludge (3.0-176.0 mg/kg dw) 'W1nn1peg, Manitoba ' Webber and. Lesage
: . 4 ' . : 1989 -
" -om . (26.0-137.0 mg/kg dw) Hamilton, Ont. ) Webber and Lesage
4 ‘ ' ‘ ' . 1989 . '
" " , . 80.0 mg/kg dw (median) Other Canadian cities Webber and Lesage
: o , . 1989 .
" " , : (3 0- 215 0 mg/kg dw) on " So.oom : Webber and Lesage
- ‘ 1989 o
Atmosphere 300 ng/m ' Hamilton, Ontario ~ Thomas 1973
" 2 ng/m® (0.5-5.0 ng/m’) Great Lakes region Eisenreich et al.
' : S ’ 1981
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brinking.water
" . ”"
'" ) ”
" ' "

Rain water

‘Surface water
" "

3.0 ug/L (trace—llo rg/L) Alberta, Canada,

drinking water. derived
from surface water

<1.0 ug/L (<1. 0 -54 ug/L) Alberta, Canada,

drlnklng water derlved
from surface water

2.0 ug/L (trace—9 0 pg/L) Alberta, Canada,

drinking water derived
from ground water

<1 0 ug/L (<1.0- 21 ©ug/L) Alberta, Canada,

0.006 ug/L .(0.004-
0.010 ug/L)
(within 10-100 ug/L)

(l1.6-4.6 pg/L)

(300 pg/L)

(12-mo. ave. 7.1 ug/L)

,(iz—mo; ave. 2.61 ug/L)

!

'0.02863 ug/L (water

fraction)

0. 01192 png/L (suspended
solids fraction)

0.03848 ug/L (Water
fraction)

drinking water derived
from ground water .
Great Lakes region

St. Clair R.
St. Clair R.
(Black Bay, oOnt.,

Lake Superior) h1ghest'
reported conc. in review

Intake water, Ontario
organic chemical :
manufacturing plants

Intake water, Ontario
inorganic chemical
manufacturing plants

Niagara R. at Fort Erie

Niagara. R. at Fort Erie

Niagara R. at Niagara-
on-the=Lake
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.Munro et al.
Michigan DNR 19740
A Plerce et al.

épinkiléss
Halina 1993b
Spink 1986
Halina 1593b |

Eisenreich et al.
1981
1985

1980

OME 1992a

OME 1992b

Niagara River Data

‘Interpretation
Group 1990
Niagara River Data
Interpretation
" Group 1990
Niagara River Data
Interpretation
Group 1990



- . . .

)
"
)
N
u
. "
"
R )
"
"
"
Sediment

0.01233 ug/L (suspended
solids fraction)

(1.700-107.000 mg/kg,’
suspended sediments)
300 ug/L

-s.o'ug/L :

(1-137 pg/L)-
<0.1 pg/L

 0.166 ug/L (water +

suspended solids)

0.078 ug/L (water -

fraction)

'30.600 mg/kg (suspended

solids fraction)
(<1 pg/L)

(<1 - 14 pg/L)

Niagara'R. at Niagara-
on-the-Lake A

Niagara R. at Niagara-

on-the Lake

Black Bay, Ont., .

Lake Superior
Lake Huron
Lake Michigan

. Streams tributary to

Lake Michigan, U.S.A.
St. Lawrence R.

St. Lawrence R.
St. Lawrence R.
Raw water supplles from

Quebec rural areas
Alberta, Canada

<1.0 pg/L- (<1.0- -8.0 ug/L) Alberta, Canada

(0.5-1.0 ug/L)

(0.300 mg/kg)'

| (0;200.mg/kg)

(0-1.5 mg/kg)
0.200 mg/kg

N. Saskatchewan R.,
Alberta . .

(Lake Superior &
Lake Huron) hlghest

reported conc. in review

(Black Bay, Ont.L
Lake Superior) highest

Niagara River Data
Interpretation
Group 1990

Kuntz 1984

Mayer et al. .1972
Mayer et al. 1972
Ewing et al. 1977®
Schacht 1974 '

Germaln_and Lan9101s

1988

Germain and Langlois
1988

Germain and Langlois -
1988

MENVIQ 1993

NAQUADAT 1993
Halina 1993a
Alberta Environment
19860 .

CCREM 1987

Pierce et al. 1980

reported conc. in review

‘Lake Superior

Black Bay, Ont.,
Lake Superior

0.00052 mg/kg dw (<0. 001- Lake Mlchlgan

0.00718 mg/kg dw).

Kinkead and
Chatterjee 1974.
Mayer et al. 1972.

Schacht 1974



" _ © 0.0306 mg/kg dw (<0 ‘001-
' 0.218 mg/kg dw)

" "~ (0.0038-0.0053 mg/kqg)

"o (<0.1-1.18 mg/kg dw)

" ‘ (0.001-0.005 mg/kqg)
" , (0.00583 mg/kg)
Marine sediment (0.02-0.60 mg/kg dw)

(0.844 mg/kg dw)

(<0.0001-0.011 mg/kg)

Soil
Aquatic- biota (<0.01-1.3 mg/kg ww
, (chub) )
Fish (<0.04-32.10 mg/kg ww)
" ) .(1.3 mng/kg)

Fish liver/muscle
Fish (unprocessed)
Atlantic salmon

(ND-3.83 mg/kqg)
(<0.015-0.104 mg/kg)
(1.300-1.600 mg/kqg)

Lake trout 0.3 mg/kg Qw
(Salvelinus namaycush)
Lake trout 0.15 mg/kg ww

Slscowet trout (ND-1.3 mg/kg ww)
(Salvelinus namaycush -

siscowet) .

Whitefish (sklnless 2. 2 mg/kg
fillets)

Whitefish 0.44 ng/kg ww

o o 0.7 mg/kg ww

Streams tributary to
Lake Michigan
Lake St. Clair
Detroit R. .

Detroit R./Lake Erie
Cornwall, Ont..

Fraser Estuary, B.C.
Fraser Estuary, B.C. .

(0.5 km below sewage
outfall)

Port Credit &-Oakv1lle/-

Burlington, Ont.
Lake Michigan

Great Lakes harbors and
tributary mouths

Great Lakes ‘

Lower Fraser R., B c.

_ Canadian lakes & rivers
Hatchery, St. John R., -

NIB. N
Lake Superior exclusive
of Isle Royale area

Lake Superlor

. Lake Superior

Uppef'Great Lakes

Lake Superior, all
stations

Schacht 1974

. Michigan DNR 1974®

Fallon and Horvath
1985

'~ Michigan DNR 1974®

Jaagumagi 1989
Rogers and Hall 1987

Rogers and Hall 1987

Golder Associates
1987 -

. Schacht 1974

DeVault 1985

GLWQB 1986 -
GLWQB 19867
Williams 1973
Environment Canada
1980 N u
Swain 1978 - -

Swain 1978
Swain 1978 .

Glass et al. 1977

vSwain-1978:

Lake Superlor, Isle Royale Swain 1978

area
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Burbot -

0.010-0.100 mg/kg “Lake Huron Environment Canada
1980
Catfish , .. Trace Lake St. Pierre, Ontario Environment Canada
. : 1980
Walleye 0.800 mg/kg Black Bay, Ont., Mayer-et al. 1972
(Stizostedion Vltreum) Lake Superior - ' . -
Pickerel . Trace Lake Ontario Environment Canada
. 1980
" -<0.030 mg/kg .Lake Ontario Williams 1973
" <0.030 mg/kg Lake Huron Williams 1973
Eel muscle (0.22~0.37 mg/kg ww) Freshwater lakes Burns et al. 1981
" " (1.1-6.7 mg/kg fat wt) Freshwater lakes Burns et al. 1981
-~ " 0.104 mg/kg Canadian lakes & rivers Williams 1973
catfish <0.030 mg/kg Lake St. Pierre, Canada Williams 1973
Herring (Clupea 7.24 mg/kg ww Bay of Fundy, N.B. Burns et al. 1981
harengus harengus) 47.1 mg/kg fat wt '
fillets B : ' - ' _
" ; 4.71 mg/kg ww Gulf of St. Lawrence - Burns et al. 1981
" : 29.1 mg/kg fat wt Gulf of Sst. Lawrence Burns et al. 1981
Mackerel (Scomber 6.50 mg/kg ww - Gulf of St. Lawrence Burns et al. 1981
scombrus) fillets 51.3 mg/kg fat wt " , , '
Cod (Gadus morhua) 5.19 mg/kg ww Gulf of St. Lawrence  ‘Burns et al. 1981
liver L 10.4 mg/kg fat wt , '
Plaice ‘ ' <0.001 mg/kg ww ‘ Gulf of st. Lawrence ‘Burns et al. 1981
(Hlppoglossoides <0.001 mg/kg fat wt '
platessoides) fillets ‘ ' -
Redfish (Sebastes <0.001 mg/kg ww Gulf of St. Lawrence Burns et al. 1981
marinus) fillets <0.001 mg/kg fat wt ' '
Seal (Phoca vitulina) 10.6 mg/kg lipid Location not stated Zitko 1972

‘_ Cited in Environment Canada 1992.
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Table 3b. Concentrations of DEHP in air, water, -sediment,
Canadlan, non-Great Lakes environment.

soil and biota in the non-

Media

Concentration
mean .(max. or range)

Location

Reference

Phthalate ester
plant discharge .
pond water

Urban runoff

Dry-well sediment

Industrial effluent

Sewage treatment
plant effluent
Sewage treatment
plant effluents
Phthalate ester
plant discharge
pond sediment

Sewage sludge

Leachate

Atmosphere

110.0 pg/L

<9.0 pg/L
(<1.7-7.3 mg/kg)
10.0 pg/L (median)

1.9 pg/L

0.292 pg/L (<0.1-
0.760 ug/L) -
1,200 mg/kg ~
16,610 mg/kg

27 mg/kg

(<1.0-58,300 mg/kg dw)

0.20 mg/kg

10.2 ng/m’® (ND-
13.52 ng/mﬁ

16.79 ng/m (10.06-
28.6 ng/m®)

14.2 ng/m® (ND-
22.15 ng/m’)

means 2.10-4.14 ng/m’

Maryland, U.S.A.

" Pima Co., Arizona

Pima Co., Arizona

United States STORET
stations

Manchester, U.K.

Illinois, U.S.A.

Chester R. systen,
Maryland, U.S.A.

Switzerland

Oslo, Norway
Non-Canadlan sludges

U.S.A. Hazardous waste

landfill
Queens, New York

Brooklyn, New York

Bove et al.

Peterson and Freeman
1984

.Wilson et al. 1990

Wilson et al. 1990
Staples et al. 1985

Fatoki and Vernon

1990
Schacht 1974

Peterson and Freenman

1984

Diercxsens and
Terradellas 1987
Kveseth 1980
Webber and Lesage
1989 - :
Ghassemi et al. 1984
1978

Bove et al. 1978

Staten Island, New York. Bove et al. 1978

Sterllng Forest New York Bove et al.

2.9 ng/m® (1.4-4.1 ng/m) North Atlantic
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Rain water

Surface water

. 0.063 pg/L

© (0.39-0.52 ug/L)
"1.98 pg/L -

1.4 ng/m® (0.32-

2.68 ng/m’)

2.9 ng/m’

1.16 ng/m® (0.72-

1.92 ng/m’)

0.61 ng/m’® (particulate
phase)

0.57 ng/nP (vapour phase) Gulf of Mexico
0.4 ng/m® (<0.4- Gulf of Mexico

Enewetak Atoll, north
Pacific Ocean

North Atlantic

Gulf of Mexico

Gulf of Mexico

2.3 ng/m®)
2.4 ng/m® . _ College Station, Texas
16.6 ng/m’ Pigeon Key, Florida

(0.5-20.0 ng/m) Barrow, Alaska
(17-20 ng/m’) (suspended near La Paz, Bolivia
particulates phase)

(26-29 ng/m’) (suspended Antwerp, ‘Belgium
partlculates phase)
(91-132 ng/m’) (suspended Antwerp, Belgium
particulates phase)
0.055 ug/L.(0.0053-

Enewetak Atoll, north
0.213 pug/L) ‘

Pacific Ocean

(4.9 pg/L) (Missouri R.), highest
o reported conc. in review
2.5 ug/L U.S.A. waters

(<0.3-0.9 ug/L)
(0.5-1.0 pg/L)

U.S.A. waters
Delaware R., U.S.A.

. Mississippi R., U.S.A.
(ND-1.6 pug/L) Rivers, Manchester, U.K.
" River Ronnebyan, Sweden
River Ronnebyan, Sweden®
River Svartan, Sweden
River Svartan, Sweden®
Rhine R., Netherlands
IJssel R., Netherlands

(0.32-1.78 pug/L)
((0.66-3.10 ug/L)

(0.3-1.7 ug/L)-
(0.6-2.6 pug/L)
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_Atlas and Giam 1981

Atlas'and Giam 1981
Giam et al. 1980

Giam et - al. 1977

Giam et al. 1977
Giam et al. 1978

Atlas and Giam 1981
Atlas and Giam 1981

' Weschler 1981

Cautreels et al.
1977 :
Cautreels et al.

residential area, Winter 1977

Cautreels et al.

residential area, Spring 1977

Atlas and Giam 1981
Pierce et al. 1980,

Branson 1980

Michael et al. 1984

Sheldon and Hltes .
1979

" Chan 1975

Fatoki and Vernon
1990
Thurén 1986
Thurén 1986
Thurén 1986
Thurén 1986
Schouten et al.
Schouten et al.

1979
1979



L " (0.2-4.2'ug/ﬁ) - Meuse R., Netherlands Schouten et al. 1979

" " ' - 10.0 pg/L (median) United States STORET Staples et al. 1985
_ : stations ‘ - :
" " 0.3 & 14.2 pg/L - Tamagawa R., Japan Ogura et al. 1975

L " 1.25 pug/L (0.3- 6.1 pg/L) River water, Shizuoka Shibuya 1979
Prefecture, Japan

" " . 0.68 ug/L (<0.1- 15 ug/L) Japanese river water = Shibuya 1979
Sea water 0.0049 pg/L (0.0001- -North Atlantic Giam et al. 1978
- 0.0063 ug/L) : o
" L o 0.600 pg/L (<0.002- Galveston Bay, Texas . .Murray et al. 1981
12.000 pg/L) - : o ,
noon (0.210-0.7709 ug/L) . Nueces Estuary, Texas = - Ray et al. 1983a
" " 0.070 pg/L (0.023- " Mississippi delta, U.S.A. Giam et al. 1978
: o 0.225 pg/L) , _ I R A .
" " : - 0.130 pg/L (0.006- Gulf of Mexico, coast Giam et al. 1978
- 0.316 ug/L) : . i
" " : '0.080 ug/L (0.006- Gulf of Mexico, open  Giam et al. 1978
: ‘ 0.097 ug/L) gulf -
" " : 0.112 pug/L. (0.006- Gulf of Mexico L Chan 1975
. 0.500 pg/L) ‘ . : : L
" " ’ (0.0585-0.0783 ug/L) Crouch Estuary, U.K. . Waldock 1983
" " : .(<0.050-8.400 ug/L) - U.K. estuaries, etc. ~ Law et al. 1991
" " (2.7-17.2 pg/L) - Surface microlayer, . Westernhagen et al.'
- . : Germany 1987
Ground Water (ND-3.4 ug/L) Catalonia, Spain Galceran et al. 1989
", " <10 ug/L : , Pima Co., Arizona Wilson et al. 1990

Sediment ' (71 mg/kqg) - (Rhine R., Netherlands), Pierce et al. 1980

: ‘ : . hlghest reported conc. .
; in review ' -

o 1.0 mg/kg dw (median) United States STORET .staples et al. 1985

o stations
" : (0.020-4.8009 mg/kg) Chester R. system, : Peterson and Freeman
. Maryland_ U.S.A. 1984
" 30 mg/kg B " Usk R., U.K. . Eglinton et al. 1975
" (1.20-8.03 mg/kg dw) . River Ronnebyan, Sweden Thurén 1986 -

" ' (79.20-628.00 mg/kg dw) River Ronnebyan, Sweden® Thurén 1986
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Marine sediment

(0.15-3.52 mg/kg dw)

.1,480.00 mg/kg dw

(0.050-14.600 mg/kqg)
(6.5-70.5 mg/kg dw)
(5.100-8.400 mg/kg)

"(2.5-52.5 mg/kg dw)

(1.0-17.0 mg/kg Aaw)

(<0.5-34 mg/kg dw)

(0.2-0.7 mg/kg dw)
1.558 mg/kg dw (0.02-
©12.24 ' mg/kg dw)
(1.42-46.29 mg/kg dw)
0.48 mg/kg dw (<0.05=
17 mg/kg dw)
0.022 mg/kg (<0.001-
0.110 mg/kg)
(0.040-16.000% mg/kqg)
0.069 mg/kg (<0.0001-
0.248 mg/kg)
0.116 mg/kg (0.002-
0.2483 mg/kg) '
0.0066 mg/kg (0.0034-
0.0142 mg/kqg)

0.002 mg/kg

0.009 mg/kqg -

1.500 mg/kg (0.060-
7.800 mg/kg) )
(0.138-25.380 mg/kg dw)
(0.0112-0.0262 mg/kqg)
(0.100-.200 mg/kQg)

Tagonoura, Japan

. . Gulf of Mexico, open

Thurén 1986

Thurén 1986

Malisch et al. 1981
Schwartz et al. 1979

_ Malisch et al. 1981
IJdssel R., Netherlands Schwartz et al. 1979

Meuse R., Netherlands Schwartz et al. 1979
Polder Kortenhoef nature Schwartz et al. 1979
reserve,; Netherlands
Lake Constance

River Svartan, Sweden
River Svartan, Sweden®
Rhine R., Germany’ 4
Rhine R., Netherlands
Neckar R., Germany

Giam and Atlas 1980

.River sediments, Shizuoka Shlbuya 1979

Prefecture, Japan
Shlbuya 1979
Japanese river sediments Shibuya 1979

Galveston Bay, Texas Murray et al. 1981

Nueces Estuary, Texas Ray et al. 1983a
Mississippi delta, U.S.A. Giam et al. 1978

‘Mississippi delta, U.S.A. Chan 1975

Gulf of Mexico, coast Giam et al. 1978
Giam et al. 1978
‘gulf .
Gulf of Mex1co, open

gulf
Portland, Maine

Chan 1975
Ray et al. 1983b
Los Angeles, California Swartz et al. 1985

Crouch Estuary, U.K. . Waldock 1983
Baltic Sea Miiller et al. 1980
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Soil

Soil arthropods

Freshwater biota

Marine biota"

Neanthes virens
Clans
Molluscs

Fish.-

(ND46.5 mg/kg)

(ND-0.27 mg/kqg)

2.8 mg/kg

(ND-2.3 mg/kg (Esox
lucius liver))
(0.31-14.40 mg/kg £fw)
(0.11-1.81 mg/kg fw)
5.31 mg/kg fw -

3.0 mg/kg ww

0.0045 mg/kg (<0.001-
0.135 mg/kg (starfish)
Luidia clathrata)
(0.380-0.490 mg/kg)
(0.110-0.170 mg/kqg)
(0.2137 mg/kg, digestive
gland of Scrobicularia
plana)

10 mg/kg .

(0.0859 mg/kg, 11ver of
Pleuronectes platessa)

Industr1a1 dump, factory Persson et al 1978
perimeter, Finland
"Site of former coal/oil Turney and Goerlltz
-gasification plant, . 1990
Seattle, Washington '
Industrial dump, factory Persson et al 1978
. perimeter, Finland

Finland Persson et al. 1978

RiVer Ronnebyan, Sweden Thurén 1986

River Svartan, Sweden Thurén 1986

River Svartan, Sweden® Thurén 1986

United States  STORET Staples et al. 1985(
stations , '

Gulf of Mexico Giam et al. 1978

Portland, Maine Ray et al. 1983b
Portland, Maine Ray et al. 1983b
Crouch Estuary, U.K. = Waldock 1983

U.S.A. waters Branson 1980

Tees Bay, U.K. Waldock 1983

m Sampled at point of industrial effluent dlscharge to river.

@ nghest ‘concentration in a sample taken from near a refinery.
® Site located approx1mately 3 km below phthalate ester plant discharge pond.
@ Highest concentration in a sample taken from near an 1ndustr1a1 area. -
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Table 4a. Summary of Acute Toxicity Values of DEHP.

Species Study Type End Point Value Reference

N

Microorganisms |
Activated sludge Static "~ 30 min ECS50 >400 pg/L Volskay and Grady

microorganisms | (decreased - 1988
‘ B ' oxygen consumption) o .
Freshwater sediment Static 60h (inhibition 25,000 ug/kg Larsson et al. 1986
microorganisms of communlty -
: i respiration) :
Photobacterium AET, Puget Sound 15 min. 1,900 pg/kg dw Tetra Tech Inc. 1986
. phosphoreum , : (reduced sediment . -
luminescence)
Algae/Plants
Selenastrum - Static 140h EC50 >100 pg/L °©  CMA 1990
capricornutum . . (cell numbers) _ '
Invertebrates )
~ Daphnia magna Static _ 24h LC50 >68,000 ug/L LeBlanc 1980
" " Static 24h LC50 9,500 pg/L -Adams and Heldolph
: o 1985
" " - static ~ 48h LC50 T >320 pug/L CMA 1990
" " Static ' 48h LC50 11,000 ug/L LeBlanc 1980
" " Static 48h LC50 2,000 ug/L Adams and Heidolph
, . » . 1985
Daphnia pulex ' Static 48h LCS50° 133 pug/L Passino and Smith
e _ . 1987
- Mysidopsis bahia = Static . 96h LC50 >440 ug/L - CMA 1990
. Paratanytarsus Static . 48h LC50 ‘ >240 pg/L- CMA 1990
parthenogenica ) _ ,
' " " Static 48h LC50 .>10,000 ug/L Monsanto Co. 1981
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Scud (Gammarus static
pseudolimnaeus)
" " Static
" ”
Midge (Chironomus Static
tentans
Midge (Chironomus  Static
plumosus) "
" " ‘Static
" " Static
Crayfish (Orconectes
nais)
Harpacticoid Static
(Nitocra spinipes)
Rainbow trout ‘Static

(Oncorhynchus mykiss)
) 11] L1}

Static
Static

" " Flow-through

Coho salmon Static
(Oncorhynchus kisutch)
" " Static

Fathead minnow Static

(Pimephales promelas)
" " Static

. Flow-through

24h LCS50
96h LC50
96h LC50
48h LC50
48h LCS50
48h LCS50
48h LC50

96h LC50

96h LC50

Fish

24h LC50
96h LC50

96h LC50
96h LC50

96h LC50
24h LC50

96h LC50
96h NOEL

96h LC50

-96h. LC50
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' >32,000

>32,000

>10, 000

>10,000

>18,000
>72,000

>18,000

>10,000

>300,000

>100,000

>10, 000

540,000
>100, 000

.>320

>100, 000
>100,000
670

>240
>670

rg/L
rg/L
uq/L
ug/L
ug/L
rg/L
kg/L
rg/L

rg/L

rg/L

Lg/L

kg/L
kg/L

rg/L
Kg/L

prg/L
kg/L

pg/L
pg/L

Mayer and
1986

Mayer and
1986

Mayer and
1973

Ellersieck
Ellersieck

Sanders

Monsanto Co. 1982

Mayer and 

1986
Mayer and

. 1986

Streufert
1980

. Mayer and

1973
Lindén et

Mayer and
1986

-Mayer and

1973
Hrudey et
Mayer and

1986
CMA 1990
Mayer and

1986

Mayer and.

1986
CMA 1990

CMA 1984

Ellgrsieck
Ellersieck
et al.
Sanders -

al. 1979

Ellersieck
Sanders
al. 1976
Ellersieck:
Ellersieck

Ellersieck

CMA 1990



L. 4 . 96h LC50 >10,000 pg/L Mayer and Sander
' ' , E : . 1973 ‘
" " : : ' 96h LC50 >327 ug/L -DeFoe et al. 1990
" Coom Static - ' 96h LC50 >1,000 ug/L Mayer and Ellersieck
. - . . : 1986 _
Bluegill (Lepomis Static 24h LC50 ©>770,000 ug/L Buccafusco et al.
macrochirus) : ‘ ‘ - 1981 ) '
" " _ Static - 24h LC50 >100,000 ug/L Mayer and Ellersieck
. S . 1986
" " ~ static . 96h LC50 >320 ug/L CMA 1990
" " ‘ . : 96h LC50 >10,000 ug/L. - Mayer and Sanders
. , . : 1973 .
" " Static 96h LCS50 >770,000 ug/L Buccafusco et al.
1981 .
" " , Static : 96h LC50 ~ >100,000 pug/L - Mayer and Ellersieck
: SR : A © 1986 )
" " Flow-through 96h LCS50 _ >200 pug/Lh =~ Mayer and Ellersieck
. ~ . . : . , 1986
Redear sunfish Static renewal 72h LC50 77,200 ug/L Birge et al. 1978
(Lepomis microlophus) .
(eggs) | : - L _ |
Largemouth bass Flow-through 84h LC50 65,500 ug/L Birge et al. 1979
(Micropterus - . ‘ , , (soft water) :
- salmoides) (eggs) _ S : . '
' " o Flow-through - 84h LC50 ~ 32,100 pg/L Birge et al. 1979
(eggs) : ' S (hard water)
Sheepshead minnow ' Flow-through 96h LC50 >170 pg/L CMA 1990
(Cyprinodon ' : :
' 'variegatus) : . ‘ _ : ,
" " Static ‘ . 24h LCS50 >550,000 ug/L Heitmuller et al.
- . : 1981
w o " Static | _ 96h LC50 >550,000 ug/L Heitmuller et al.

1981
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Channel catfish Static
(Ictalurus punctatus)
" " Static

1" . ) ”"
Flow-through

" " Static renewal

(eggg)
Goldfish Flow-through
(Carassius auratus) '
(eggs)
" " Flow-through
(eggs) '

v
’

Leopard frog Static renewal
(Rana pipiens)

. (eggs) ,

Fowlers toad
(Bufo fowleri)

(eggs)

Static renewal

>100,000 pg/L

24h LC50
:96h LC50 >;00L000 ug/L
96h LC50  >10,000 ug/L
96h ILC50 - >200 Bg/L
72h LC50 2,210 pg/L
96h LC50 >186}ood ug/L
(soft water)
96h LC50._ >191,000 ug/L
'(hard water)
Anphibians |
72h LC50 5,520 pg/L
~ 72h LC50 444,140 ug/L

‘Mayer

1986
Mayer

- 1986
Mayer

1973
Mayer
1986

- Birge

‘Birge

Birgé

Birge

Birgé'

and Ellersieck
and Ellersieck
and‘Sanders

and Ellersieck.
et al. 1978

et al. 1979

et al. 1979

et al. 1978
et ak. 1978
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Table 4b. Summary of Chronic Toxicity Values of DEHP.

‘Species Study Type End Point - Value . Reference

- o Algae[Plants
Duckweed (Lemna Static renewal - 74 EC50 2,060,000 pg/L  Davis 1981

gibba) _ (reproduction)
- Invertebrates
Oyster. AET, Puget Sound (increased 1,900 pug/kg dw Tetra Tech Inc. 1986
(Crassostrea gigas) abnormalities) sediment :
Daphnia magna - Static renewal 21d NOEL 77 ug/L =~ . CMA 1984
_ (reproduction)
oo Static renewal 21d LOEL 160 pug/L CMA 1984
, ' , (reproduction) S
" " Static renewal 21d EC50 ~ '>1,300 ug/L .  Adams and Heidolph
(growth, survival & ‘ 1985 :
] : : reprod.) ' .
" " Static renewal 21d NOEL 640 ug/L Adams and Heidolph
' (survival & reprod.) 1985
" S Static renewal - 214 LOEL >100 pug/L Brown and Thompson
: . (survival & reprod.) : 1982b
" L - Static renewal " '21d NOEL " 77 ug/L Springborn Bionomics
(survival & reprod.) . 1984
" " Static renewal 21d LOEL ' 160 ug/L . Springborn Bionomics
, , (survival & reprod.) , 1984 '
" " Static renewal 21d MATC 110 pg/L’ CMA 1990
. _ : (survival) - _ ‘ :
" L Flow-through 21d NOEL 600 ug/L Knowles and McKee
(reproduction & _ 1987
_ _ N survival) - ~
" " Flow-through 214 LOEL 1,200 pg/L Knowles and McKee
’ (reproduction & A 1987.
survival) R » : '
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Palaemonetes pugio

Gammarus pulex

Amphipod

Rhepoxynius
abronius

Midge (Chironomus
plumosus) ‘

Rainbow trout

(Oncorhynchus mykis
11 "

Flow-through

Flow-through
Flow-through

Semi-static

Flow-through

Flow-through
Flow-through
AET, Puget Sound

Flow-through

Static renewal
s) _
Static renewal

Static renewal

mortality)

3 ug/LO

158 ug/L

21d LOEL
(reproduction)
21d NOEL
(survival,
reproduction &
glycogen content)
214 LOEL
(survival,
reproduction &
glycogen content)
28d LOEL >1,000 pg/L
(survival and '
development)
104 LOEL
(survival)

104 NOEL

(dec. locomotor
activity)

104 LOEL

(dec. locomotor
activity)
(increased

811 pg/L

>500 pg/L

100 ug/L

500 ug/L

sediment

354 LOEL
(growth and
development)

>360 pg/L

Fish

90d NOEL ‘ 5 ug/L
(dec. backbone collagen)

90d LOEL 14 pg/L
(dec. backbone collagen).
90d LOEL >54 - ug/L
(growth) ‘
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>3,100 pg/kg dw

Sanders et al. 1973

Knowles et al. 1987
Knowles et al. 1987

Laughlin et al. 1978

Thurén and Woin 1991

" Thurén and Woin 1991

Thurén and Woin 1991
Tetra Tech Inc. 1986

Streufert et al.
1980

. Mayer et al. 1977

Mayer et al. 1977

Mayer et al. 1977



Flow-through

Flow—thrbqgh'

Flow-through

Flow-through

. Flow-through

- Flow-through
(eggS)

" Flow-through
(eggs)

Brook trout
(Salvelinus fontinalis) A

oom " Static renewal

Fathead minnow Flow—thfdugn
' (Pimephales promelas)
" .om Static renewal

" " Static renewal

Redear sunfish Static renewal
(Lepomis microlophus)

Largemouth bass Flow-through
(Micropterus :
salmoides)

" "

Flow-through

Channel catfish Static renewal

‘Static renewal

90d LOEL - >508 ug/L
(hatchability,

survival and

growth) . o
102d NOEL 5 ug/L
(sac fry survival)

102d LOEL 14 pg/L
(sac fry survival)

Lcs0, 274 139,500 ug/L
(4d post-hatch) (soft water)
LC50, 274 149,200 ug/L
(44 post hatch) (hard water)

LC50, 23d 139,100 ug/L
(soft water)

LC50, 23d 154,000 pg/L
(hard water)

150d LOEL 3.7 pg/L®

(dec. backbone collagen)

1504 LOEL >52 ug/L
(growth)

56d LOEL >62 ug/L
(growth & survival)

1274 LOEL 11 pg/L®
(dec. backbone collagen) ™
1274 LOEL >100 ug/L
(growth)

LC50, 7d (4d 6,180 pg/L
post-hatch)

LCS0, 7.5d 55,700 pg/L

(4d post-hatch) (soft water)

L.Cc50, 7.5d 45,500 ug/L
(4d post-hatch) (hard water)

LC50, 74 (44 690 pg/L -
_post-hatch)

D
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DeFoe et al. 1990

Mehrle and Mayer
1976

Mehrle and Mayer
1976 ‘

.Birge et al. 1979

Birge et al. 1979
Birge et al. 1979
Birge et al. 1979
Mayer et al. 1977
Mayer et al. 1977
Mehrle and. Mayer
1976 . ' '
Mayer et al. 1977

Mayer et al. 1977

Birge et al. 1978

Birge et al. 1979

Birge et al. 1979

Birge et al. 1978



Goldfish ' Flow-through LC50, 8d (4d >186,000 ﬂg/L 'Birge et al. 1979

(Carassius auratus) : ' post-hatch) (soft water)
" " Flow-through LC50, 84 (4d >191,000 pug/L Birge et al. 1979
' : ' ' post-hatch) (hard water) , -
Zebra fish 90d NOEL . <50 mg/kg Mayer -and Sanders
(Brachydanio rerio) ' (fry survival) (in diet) 1973
Japanese medaka Flow-through 1684 NOEL <541 . ug/L DeFoe et al. 1990
(Oryzias latipes) (growth)
Amphibians
Leopard: frog Static renewal LC50, 7d (4d 4,440 ug/L Birge et al. 1978
(Rana pipiens) post-hatch) , -
Moorfrog (Rana Static 604 EC50 . -150 mg/kg ww Larsson and Thurén K
arvalis) (% hatch) (sediment) 1987 :
Fowlers toad Static renewal Lc507, 4 (4d 3,880 ug/L Birge et al. 1978
(Bufo fowleri) . post-hatch) o ‘

®  This study has been cr1t1c1zed and largely discounted because of an abnormally low
rate of reproduction in the control group. -
@ Lowest toxicant concentration tested.
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