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NOTICES

This document has been reviewed by the Criteria and Standards Division. iffice
of Water Regulations and Standards, U.S. Environmental Protection Agency, amd
approved for publication.

Mention of trade names or commercial products does not constitute endorsememt
or recommendation for use. : .

This document is available to the public through the Nitimnaf Technical
[nformation Service (NTIS), 5285 Port Royal Road, Springfield. VA 22161.
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FOREWOBD

Section 304(a)(l) -of the Clean Water Act requires the Administrator ‘of
the Environmental Protection Agency to publish water quality.criteria that
accurately reflect the latest scientific knowledge on the kind and extent of
all identifiable effects on health and welfare that might be expected from -=za
presence of pollutants in any body of water. Pursuant to that end, this
document proposes water quality criteria for the protection of aquatié¢ life.
These criteria do not involve consideration of effects on human health.

This document is a draft, distributed for public review and comment.
After considering all public comments and making any needed changes, EPA wi..
issue the criteria in final form, at which time they will replace any
previously published EPA aquatic-life criteria for the same pollutant.

The term "water quality criteria” is used in two sections of the Clean

Water Act, section 304(a)(1l) and section 303(c)(2). In section 304, the ter=m
represents a non-regulatory, scientific assessment of effects. Criteria.
presented in this document are such scientific assessments. If water qualit-
criteria associated with specific stream uses are adopted by a State as water
quality standards under section 303, then they become maximum acceptable
pollutant concentrations that can be used to derive enforceable permit limi::
for discharges to such waters.

Water quality criteria adopted in State water quality standards could
have the same numerical values as criteria developed under section 304.
However, in many situations States might want to adjust water quality criter:i:s
developed under section 304 to reflect local environmental conditions before
incorporation into water quality standards. Guidance is available from EPA =:
assist States in the modification of section 304(a)(1) criteria, and in the
development of water quality standards. It is not until their adoption as
part of State water quality standards that the criteria become regulatory.

Martha G. Prothro
Director
Office of Water Regulations and Standards.
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{ntroduction

The chemicals commonly known as phthalafes are esters.of phthalic'acid
(1.2-benzenedicarboxylic acid). Phthalates are widely used in,thé manufacturs
of plastics. Phthalates are interfused with high molecular weight polymers -,
increase flexibility, extensibility, and workability of the plastic. [t is a
major constituent of polyvinyl chloride (PVC) (Daniel 1878; Graham 1973)1
Di-2-ethylhexyl phthalate (DEHP), also known as bis(2-ethylhexyl) phthalate.
is the most produced phthalate (U.S. EPA 1980). The term dioctyl phthalate
(DOP) is sometimes used to refer to di-n-octyl phthalate, but is sometimes
also used to refer to DEHP; the term DEHP only will be used herein. |

DEHP is a component of many products found in homes and automobxles as
well as in the medxcal and packaging industries. I[ts wide use and
. distribution, as well as its high volatilify and persistence, lead to its

c¢ommon occurrence in fish, water, and sediments (Burns_et al. 1981; Corceran

'1973: Glass 1975;: Hites 1973; Lindsay 1977; Mayer et al. 1§7Zf Morris 1876G.
Petersen and Freeman 1982; Ray et al. 1983; Swain 1978; Williams 1973: iitko
1572,1973). DEHP has been detected in precipitation upon the remote Enewetalc
Atoll in the North Paciti; Ucean (Atlas and Giam 1981). It occurs in
sediments of Chesapeake Bay in concentration zradiénts propdrtional to the
annual production of the compound (Peterson and Freeman 1982).

The reported values of the solubility limit of DEHP range from 50 to
1,300 ug/L; however, some of the best estima;es of solubility are
360 ug/L (Biesinger et al., Manuscript) and 400 ug/L (Wolfe et él.
1980). The {eported values of the log octanol-water partition coefficient
range from 4.2 to 8.7 (Callahan et al. 1979; Fishbéin énd Albro 1952; Leyder
and Boulanger 1983; Patty 1967).

Persistence of DEHP has been measured in freshwater hydrosotls (Johnsan

and Lulves 1975). Under aerobxc conditions, the half-life was 14 days,
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whereas no degradation was observed in 30 days under anaerobic coqditioqs.
Holfe et al, (i980a) found very little tran:forﬁation and vq}atilization of
DEHP in several computer simulated ecosystems.

A comprehension of the "Guidelines for Deriving Numerical National Water.
Qualify Criteria for the Protection of Aquatic Organisms and Their Uses”
(Stephan et al. 1985), hereinafter referred to as the Guidelines, and the
response ta public comment (U.S. EPA 198%5a) s nece;siry to understand the
following text, tables, and calculations. Results of such intermediate
calculations as recalculated LC50s and Species Mean Acute Values are given to
four significant figures to prevent roundoff error in subséquént calcuiations.
not to reflect the precision of the value. The criteria presented herein
supersede previous national aquatic life water qnnlit} criteria for DEHP (U.S.
EPA 1976,1980) because these new criteria were derived using improved
procedures and additional information. The latest comprehensive literature
search for information forrthis docgnent was conducted in February, 1986: some

more recent information was included.

Acute Toxicity to Aquatic Animals

Some data that are available on the acute toxicity of DEHP are useaﬁle
according to the Guidelines in the derivation of Final Acute Values (FAV) for
DEHP (Table 1). 1In only four o{ twenty-one acute tests with freshwater animal
species was enough toxicity observea to permit,caiculation of an acute value.
In a 48-hr exposure of Daphnis magna the acute value was 11,000 ug/L
(LeBlanc 1980). Adams and Heidoiph (1985) obtained a 48-hr ECSO of
2,000 ug/L with the same species. Cary et al. (Manuscript) reported LC30s
of 240,000 ug/L for an amphipod and 2,100 ug/L for larvae of a midge.

In the other seventeen freshwater tests with five invertebrate species and

five fish specie5 little or no toxicity was observed at the highest tested .
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concentrations, which ranged from 89 to 1,507

was not lethal to the nonresident amphipod,

up to 400 wg/L (Stephenson 1983).

The‘acuté foxicity of DEHP has been det;
saltwater animals (Table 1). No effects w-
the harpacticoid copepod, Nitocra spinipes

550,000 ug/L with the sheepshead minnow, C7-

et al. 1981). DEHP concentrations as high a
larvae of the grass shrimp, Pajaemonetes puz

Because so few guantitative Species Mean
freshwater and saltwater spéeies, the proced
cannot be used to ctlculat? Final Acute Val
suggest that acute toxicity does not occur -

solubility of DEHP (400 ug/L). The omly unc

:oncentrations below the water

20 pg/L. In addition, DEHP

smarys pulex. at concentrations

1ned with threé& species of
etected at 300,000 ug/L with
den et al. 1979) nor at
19don variegatus (Heitmuller
150 ug/L were not lethal to
Laughlin et al. 1976). ‘
zute Values are available for
e described in thekGuideliAes
However, the data;strongi;

-:aintie§ in this assessment

are the two species, Hydra oligactis and Lur ._gulys variegatus, for which the

highest concentration tested vas 89 ug/L. FE
'believe.that.these two -species would have be
to 400 pg/L. The Criterion Maximum Concentr
water is set at 400 ug/L, althoﬁzh it is pos

concentrations of DEHP wduld be acutely tox:

‘ever, there is no reason to

affected by concentrations op

~ion for both ffesh and salt

-ble that even higher

to few, if any, species of

M

freshwater or saltwater fish or invertebrates.

Chronic Toxicity to Aquati nimals

Several tests have been conducted that are useable accoraing to the

Guidelines concerning the chronic toxicity of DEHP (Table 2); Four life-cycle

tests have been conducted with the cladoceran, Daphnia magna. In the first

test, all tested concentrations, including the lowest of 3 ug/L. inhibited




reproducticn by at least 607% (Mayer and Sanders 1973; Sanders et al. 1973). a
comparable acute test was not conducted. Brown and Thompson (1982) found that
concentratxons up to 10?7 ug/L did not reduce survxval or reproductlon of Q.
magns. Adams and Heidolph (1985) reported that 1,300 ug/L significantly
reduced survival_and reproduction, whereas 840 ug/L did not. The chronic
value was 912.1 pg/L. Because these authors did not conduct an acute test

in the dilution water in which theirlchronic test was conducted, their
ncuce-chronic ratio 6f 2.20 cannot be used. I[n the fourth test (Knowles et
al. 1987), survival and reproduction were significantly reduced at

811 pg/L. but not at 158 pg/L. The chronic value was 358.0 ug/L.

The ea&ly report thaf(DEHP causes chronic toxicity to‘Q. magna at
concentrations of 3 p;/L appears to be in error because three other tests
found that concentrations above 100 ug/L did not affect survival or
reproduction.

.Streufart and Sanders.(1977)'and Streufert et al. (1980) exposed mfdge
larvae to DEHP for 35 days u;til em;rgence and then observed the animals untuil
eggs were produced aﬁd hatched. The highest concent}ation tested
(360 pg/L) increased emergence by 1%, reduced the total number of eggs by
15%, and reduced hatch:bility by 2%.. At 200 ug/L, emergence was increaged
by 5%, the total number of eggs was increased by 56%, and hatch#bility was
decreased by 3%. Since the authors found none of these effects to be
significant, thg chronic value was > 360 ug/L., and an acut?—chronic ratio
cannot be calculated. o

Three e;rly life-stage tests have been conducted on DEHP‘with fish.
Mehrle and Mayer (1976) exposed rainbow trout, Salmo gzairdneri, embryos and

fry for 100 days. No significant effects occurred in the embryos or in fry

older than 24 days. ‘However, fry between hatching and 24 days of age had a




significant increase in mortality at a DEHP concentration of 14 pg/L. The
calculated chronic value was 8.3688 ug/L. Howevef. Spehar (1988) exposed
rainbow trout elbryés and fry to DEHP for 90 days. The average test
concentrations ranzed:from 43 to 502 pug/L and’nd sizﬁificant effects were
observed on embryo hatchability, larval or early juvéni[e survival or growth.

The very low values for both D. gggﬁg and rainbow trout were obtained in
the same laboratory‘at about the same time. Subsequentlf; much'hi:her values
have been obtained’in this and three other laboratories with these two
species,

In a 32-da} early-life stage ‘test wifh the fathead minnow, Eim;nﬁglgg‘
promelas, survival was reduced 1% by 23,800 4g/L and was reduced“azz_bj
42,400 ug/L (Horne et al. 1983). The mean weight of the tish in the
Icontrol treatment at the end of the test was rather low, but the data indicate
that the weight was higher than controls at 23, 800 ug/L but was reduced.

167 by 42,400 ug/L. ngher concentrations of DEHP caused even greater
reductions‘in survival and weight. %hé chronie vélue was 31,770 ug/L, ;nd
the acute-chronxc ratio was greater than 34¢. 82.

No acceptable chronlc tests have been conducted on DEHP with a saltwater
species. |

Useful chronic values are avnxlable for four freshwater species and no
saltwater specxes The chronic value for Daphnia magna is in the range of
358.0 to 912.1 ug/L and the m{dge chronic value was greater than
360 ug/L. The chronic values for the fathead minnow and rainbow trout are‘
much higher, 31,770 and ¢reater than 502 ug/L, respectlvely The only
lnformatxon avaxlable concerning the acute-chronic ratio for DEHP is greater

than 34.82 for the fathead minnow. Acute-chronic ratios are not very useful,

because DEHP is not acutely toxic enough to allow determination of a




quantitative Final Acute Value. Since DEHP does not ismize in water, it .
is assumed that it is equally toxic to freshwater and santvltéi,species.
Because the lowest tested reliable chronic value is 353 zg/L and it is witiy

a sensitive species, the freshwater and saltwater Final Thronic Values are

identical and set at 358.0 ug/L.

KL
Toxicitv to Aquatjc Plants E
Richter (1982) exposed a green alga, Selengstrum capricornutum, for fiwve

days to concentrations up to 410 pg/L; which was assumed to be.the'
solubilit! limit of DEHP in the dilution water. The highest fes; concentra-
tion did not cause a 50% reduction in growth (Table 3). Dawvis (1981)
conducted seven static tests witﬂ the duckweed, Lemna gibba, to study the :
effect of DEHP on frond production. . The EC50s ranged {rom 4d8.000'to_ o
7,492,000 ug/L, and the mean EC50 was 2,080,000 ug/L. A test yith the
saltwater Aiatom. Gymnedinium g;gxg.‘resulfed in a Qﬁfbr 2550 ;f
31,000,000 ug/L (Wilson et al. 1978). i

‘A Final Plant Vaiue. as defined in the Guidelines, cannot be obtained
because no test in whichAthé concentrations of DEHP were measured résult&d in

an adverse effect.

ioaccumyl tion '

Upcake of DEHP directly from water has been stﬁdied‘with a‘variety af
freshwater species. Results of exposures that lasted for at least 28 days and
results of tests in which the concentrations in tissue Qere shown to have
reached steady-state ar; presented jn Table 4; other results are presented in

Table 5. Atll éxposures were conducted with radiolabeled DEHP and the results

are based on measurements of 14C in water and in tissue.




Mayer (1978) determxned the percentage composxtlon of DEHP and its
metabolites in ftthead minnows after 58 days of exposure to several
concentrations. DEHP ranged from 33 to 79% and was inversely related to the
concentration in water. The principal metabolxte was 2-ethylhexy! phthalate.
Tasts with invertebrates resuited in bioconcentration factors (BCFs) ranging
from 14 for an isopod, Aggllg; brevicaydys. to 3.600‘for an amphipod, Gammarus

seu imnaeus. - Fish bioconcentrated '#C-labeled DEHP from 114 to 1,380
times. Fathead minnows showed a wide range of BCFs with a consistent inverse
relationship between concentration in water and BCF (Mayer 1976; Mehrie and
Mayer 1976). _

BCFs for the soft tissues of M. eduljg exposed to 4.1 and 42.1 ug/L for
28 days in salt water were 2;366 and 2,827, respectively (Brown and fhoépsom
1982).

No U.S. FDA action level or other maximum acceptable concentration in
tissue, as defined in the Guidelines, is avunlable for DEHP, and, therefore mo

Final Residue Value can be calculated.

Other Dat;

Additional data concerning the lethal and sublethal effects of DEHP on
~aquatic species are presénted in Table 5. A green alga ﬁhowedza reduction @5
chlorophyll fluorescence after a two-hour exposure to 410 ug/L. Cany ef
al. (Manuscript) reported that 207,000 ug/L did not reduce survival of
brook trout exposed for 144 hr. Exposure of the same species to 3,000 ug/L
~ for eight months had no effect on survival, gyowth rate, ;} spawning success.

Cary et al. (Manuscript) also exposed bluegills to high concentrations of

DEHP. A 9-day exposure to 1,175,000 ug/L killed less than 50% of the

fish. Exposure of bluegilli for 90 days to 2,040 ug/L caused no adverse




effects on survival, growth, or spawning success. In the tests conducted by
Cary et al. (Manuscript), no effects on brook trout or bluegills were. abserved
even though the fish were exposed to concentrations of Triton X- 100 that were
to 5 to 8% of the concentrations of DEHP. Mehrle and Mnyer {1978) observed ne¢
effect on survival or growth of fathead minnows during exposure to 62 ug/L
for 56 days.

Collagen synthesis. was r;ddced in.the vertebrae of brook tfout eiposed-to
3.7 pg/L for 150 days (Mayer et al. 1977).l They found the same effect in
rainbow traut exposed for 90 days to 14 ug/L and fathead minnows exposed
for 127 days to 11 ug/L. The heart-beat rite of goldfish was reduced when
the fish were exposed to 200,000 ug/L for 10 minutes (Pfuderer and Francis
1575: Pfuderer et al: 1975). Geyer et al. (1981,1984) reported a 24-hour BCY
of 5,400 for a green alga (Table §). Cladocerans exposed for 7 days had BCFE
of 1,040 (Sanders et al. 1973) and 420 (Mayer and Sanders 1973). Mayflies ha~
BCFs of 48& and 575 in 7?-day tests (Table 5). |

The fate and effects of '4C-labeled DEHP were studied in a saltwater
microcosm during 30-day éxperiments in the winter and summer (Perez et al.
1983). Ammonia flux from the benthic subsystem was reduced during the summer
at a average temperature of 18°C in micrpcosm; in which the DEHP
concentraﬁion averaged 15.5 ug/L. A similar effect was not observed at
58.9 ug/L Lﬂ the winter at an average temperature of 1°C. Average
concentrations of DEHP in the molluscs, Pitar morrhuana and Mulinia lateralus.
from-the scdiment compartment were 1,787 times the concentration in the
overlying water and BCFs for the zooplankter Acartia sp. averaged 2,638 {Pere:
et al. 1983). Values for these three species differed little between tests

run in the winter and summer. In contrast, BCFs for two infaunal polychaetes.

Nucula annulata and Nepthvs incisa, averaged 89.2 and 1,420 in the winter and

summer experiments, respectively.




A steady-state BCF of 837 was predicted froa uptake and depuration
kinetics of DEHP in sheepshead minnows, ng;ingﬁgn varjegatus (Karara and
Hayton 1984). In contrast, DEHP was not detected at 2 mg/kg in the tissues of
post-larval (rass'shrimp exposed for 25 to 28 days to mean meagsured

concentrations of 62 to 450 ug/L (Laughlin et al. 1978).

Cnuye at

Some data concerning the effects of DEHP on aquatic organisms and their
uses were not used because the tests were conducted with species that are not
resident in North America (e.g., Stephenson 1983). Results (e.g., Sugawara
1974) of tests conducted with brine shrimp, Artemis sp., were not used becauss
these species are from a unique saltwater envi:onment._vBiddinger and Glos{
{(1984), Davies and Dobb;'(1984). En;ironment Canada (1983), Johnson et al, =
(19}7). Neely (1979). Peakall (1975), Thomas and Noréhrup (1982), Thomas and
Thomas (1984), Thomas et al. 1978; and Veith et al. (1979) compiled data from
other sou;'ces. '

Results were not us?d when the test procedures or resuits were not
adequately described (Group 1988; Parquv1984: Streufert and Sanders 1977).
Tests conducted without controls were not used (Heitmuller~ef al. 1981); -
Data weré not used when DEHP was & component of an effluent or sediment
(Hornipg ef al. 1984; Larsson and Thuyren 19é7: Pickering 1983; Yoin and
Larsson 1987). The concentration of>dissolved oxygen was toollow in the test
chambers in a test conducted by Silvo (1974). Studies were not used when the
test chemicgl.wis reported as dioctyléhthalate (Birge et al. 1978,1979; Black
and Birge 1980; McCarthy et al.l1985: McCarthy'and ¥hitmore 1985). Results of

tests (e.g., Cary, Manuscript: Dumpert and Zietz 1984: Zitko 1972), in which

the concentration of surfactant or organic solvent was too high were not used.




Reports of the concentrations of DEHP in wild aquatic organisms (DeVault
1985; Glass 1975; Kaiser 1977; Lindsay 1977; Mu}rty et al.'LQBi; Musial et al.
1981; Ray and Giam 1984; Ray et al. 1983; Swain 1978; Williams 1973; Zitko
1973) were not used to calculate BCFs if the anber of measurements of DEHP in
water was too low or if the range of the concentration in water was too high.
Studies of the metabolism of DEHP in aquatic organisms were not used
(Henderson and Sargent 1983; Lecﬁ and Melanc;n 1980; Melancon and Lech
1976,1977,1979; Melancon et al. 1977; Stalling et al. 1973). Results of
laboratory bioconcentration tests were no£~used'when the test was not
flow-through or renewal (e.(., Karara et al. 1984; 'ofiord ef al.'1981). BCFs
obtained. from microcosm or model ecdsystem studies were not used ihen the>

concentration of DEHP in water decreased with time (Metcalf 1975; Metcalf et

al. 1973; Sodergren 1982).

_S_ummg LY

Data on the acute toxicity of DEHP are available for twelve speciei of
freshwater animal;. The lowest reported acute value of 2,100 ug/L was
obtained with a midge. Higher concentrations were not agutely'toxic to most
species, hut the high tested concentration was only 89 ug/L in tests wifh
two species. Chronic toxicity tests have been conducted with four species of
freshwater animals, and conflicting results have been obtained with two of the
species. The chronic value for Daphnia magna is in the range of 358.0 to
912.1 ug/l. and the midge chronic value is-greater than 380 ug/L. The
chronic values for the rainbow trout and fathead minnow seem to be higher. -

The green alga, Selenastrum capricornutum, was not affected by
410 pug/L. The ECS50s determined with duckweed ranged from 408,000 to

7,492,000 p;/L: Bioaccumulation has been determined with a variety of
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freshwater specxes usxng 14c-1abeled DEHP. Invertebrate studies resuited im
BCFs ran;xng {rom 14 for an isoped to 3,600 for an amphipod. Fish | .
bioconcentrated DEHP from 114 to 1,380 times. Fathead mxnnows'showed a wide

range of BCFs with a inverse relationship between concentration in water ami

BCF.

The only data available on the acute toxicity of DEHP to saltwater animals
shows that it was not acutely lethal to the hatpacticoid copepod, Nitoera’
spinipes, at 306,000 ug/L nor to larval grass shrimp, Pslaemonetes pugio,
at 450‘y¢/L. Survival and development of P. pugio were not affected after
25 to 28 dnys in DEHP concentrations < 450 pg/L. Ammonia flux from
sediments in microcosms was reduced after 30 days at 15.5 pg/L in the
summer. but not at 58.9 ug/L in the winter. BCFs averaged 39.2 in the
'winter and 1,420 in the summer for the polychaetes Nucula annulata and Neptitys
incisa, 2,859 for the zooplankter Acartia sp.. and for molluscs averaged 2,438
for Mytilys edulis, 881 for Pitar morrhuana and 2,560 for Mulinia lateralug.

For the fish, Cyprinodon variegatus, the predicted BCF was 837.

Nationa) Criteria

The procedures described in the "Guidelines for Deriving Numerical
National Water Quality Criteria for therProtectidn of Aquatic Organisms amd -
Their Usesf indicate that, except possibly where a loeally important species
is very sensitive, freshwater and saltwater aquatic organisms and their uses
should not be affected unecceptably if the four-day average concentration of
di-2-ethylhexzyl phthalate does notlexceed 380 ug/L more than once every
three yeers on the average and if the one-hour aﬁerage concentration does mot

exceed 400 ug/leore than once every three years on the average.
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Implementation
As discussed in the Water Quality Standards Regulation‘(u;é. EPA 1983a)

and the Foreword to this document; a water guality cri}erion for aquatié life
has regulatory impact only after it has been adopted in a state water quality
standard. Such a standard specifies a criterion for a pollutant that }s
consistent with a partiéular designated use. With the concurrence of the U.S.
EPA, states designate one or more uses for each body of wat;r or segment
thereof and adopt criteria that are consistent with the use(s) (U.S. 'EPA
1983b,1987). [n each standard a state may -‘adopt the national criterion, if
one exists, or, if adequ:teiy jus%itied. a site-specific criterion.
Site<specific critéria may include not only site-specific criterion
concentrations (U.S. EPA 1983b), but alse site-specific, and possibly
pollutant-specific, durations of averaging periods and r}equencies Qr allowen
excursions (U.S. EPA 1985b). The averaging pefiods'of "one hour” and “four
days” were selected by the U.S. EPA on the basis of data ééncérning how
rapidly some aq;atic species react to increases in the concentrations of some
_aquatic pollutants; and “three years” is the Agency's best scientific judgmenct
of the average amount of timg‘aquttic ecosystems should be provided betyeen[
,excursions (S;ephan et al. 1985; U.S. EPA 1985b). However, various species
and ecosystems react and recover at greatly differing rates. Therefore, if
adequate justification is provided, site-specific and/or polIutant-specich
concentrations, durations, and frequencies may be highef or lower than those
given in national water quality criteria for aquatic life.
Use of criteria, which have been adopted in state Qater quality standards..
for developing water quality-based permit limits and for designing wdste_‘
treatment facilities requires selection of an appropriate wasteload aflocathm"

model. Although dynamic models are preferred for the application of thesze

12




- criteria (b.sQ EPA 1985b), limited data or other cohsiderations ni ght requaire

the use of a2 steady-state model (U.S. EPA 1986). Guidance on mixing zemes and

the design of monitoring programs is also available (U.S. EPA 1985b.1387).
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