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FOREWORD

Section 304(a)(l) of the Clean Water Act of 1977 (P.L. 95-217)
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 the presence of pollutants in any
body of water, including ground water. This document is a revision of
proposed criteria based upon consideration of comments received from
other Federal agencies, State agencies, special interest groups, and
individual scientists. Criteria contained in this document replace any
previously published EPA aquatic life criteria for the same pollutant(s).

The term "water quality criteria'" is used in two sections of the
Clean Water Act, section 304(a)(l) and section 303(c)(2). The term has a
different program impact in each section. In section 304, the term
represents a non-regulatory, scientific assessment of ecological effects.
Criteria presented in this document are such scientific assessments.
1f water quality criteria associated with .specific stream uses are adopted
by a State as water quality standards under section 303, they become
enforceable maximum acceptable pollutant concentrations in ambient waters
within that State. 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 criteria developed under section 304 to reflect local
environmental conditions and human exposure patterns before incorporation
into water quality standards. 1[It is not until their adoption as part of
State water quality standards that criteria become regulatory.

Guidelines to assist States in the modification of criteria presented
in this document, in the development of water quality standards, and in
other water-related programs of this Agency, have been developed by EPA.

William A. Whittington
Director
Office of Water Regulations and Standards
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Introduction*®

Pentachlorophenol (PCP) and its sodium salt, sodium peantachlorophenate
(NaPCP), are collectively the second most heavily used pesticide in the
United States (Cirelli 1978). The princinal uses of PCP and NaPCP are
in the treatment of various wood products and as a wide-spectrum fungicide
and bactericide. PCP** has been found in fresh and salt water at ag/L to
mg/L concentrations (Buhler et al. 1973: Fountaine et al. 1976, Fox and
Joshi 1984; Murray et al. 1981; Pierce 1978; Pierce et al. 1977; Renberg
et al. 1983) with higher concentrations associated with poiant discharges.
PCP has also been found in tissues of fish (De Vault 1985: Kuehl et al.
1980: Paagivirta et al. 1980,1983: Pierce 1978; Pierce et al. 1977; Veith
et al. 198l; Zitko et al. 1974), in plankton, invertebrates, and sediment
(DeLaune et al. 1983; Murray et al. 1980, Paasivirta et al. 1980; Pierce
1978; Pierce et al. 1977, Ray et al. 1983), and in humans (Bevenue et al.
1967, Dougherty 1978; Dougherty et al. 1980: Kuehl et al. 1980).

Several lmpurities are present in commercial-grade PCP, 1including
lower chlorinated phenols (e.g., tetrachlorophenols) and chlorinated
dibenzodioxins, dibenzofurans, diphenylethers, and 2-phenoxyphenols
(Ahlborg and Thunberg 1980: Nilsson et al. 1978). The highly toxic
2,3,7,8-tetrachlorodibenzo-p-dioxin has not been fouad in PCP or NaPCP,

and due to the methods of synthesis, is not expected to occur (Ahlborg

* An understanding of the "Guidelines for Deriving Numerical National Water
Quality Criteria for the Protection of Aquatic Organisms and Their Uses"
(Stephan et al. 1985), hereafter referred tv as the Guidelines, and the
response to public comment (U.S. EPA 1985a) 1is necessary in order to
understand the following text, tables, and calculations.

**% "PCP" is often used ln the text to refer to the total amount of un-iovonized
pentachlorophenol and the pentachlorophenate ion that occurs in water
regardless of whether PCP or NaPCP was initially added to water.



and Thunberg 1980). <Cleveland et al. (1982) reported that a composite of
three commercial PCP formulations contaianed much higher concentratioas
of hepta-, octa- and nonachlorophenoxyphenols, heptachlorodibenzodioxin,
octachlorodibenzodioxin, and octachlorodibenzofuran, and was more toxic
to fish, than either purified PCP (99% PCP) or Dowicide EC-~7 (91% PCP).
Dowicide EC-7 contained less of the hepta-, octa- and nonachlorophenoxy-
pheaols than purified PCP, and was less toxic than purified PCP. Although
the toxicities of the individual impurities are unknown and thelr concentrativns
apparently vary from batch to batch of PCP, Dowicide EC-7 seems to be an
acceptable source of PCP for toxicity and bloconcentration tests. A more
recent study has shown that ultrapure PCP is considerably less toxic than
a mixture of the major impurities in commercial PCP, consisting mainly of
octa~ and nonachlorophenoxyphenols (Hamilton et al. 1986). Data coacerning
PCP should be reassessed as more Laformation becomes avairlable regarding
the toxicities of various grades of PCP and their impurifies O various specles
and the composition of the PCP that is produced, used, and discharged.

The toxicity of PCP to animals is due to the uncoupling of oxidative
phosphorylation in the mitochondria (Ishak et al. 1970; Weinbach 1954,1956)
and resultant reduced production of ATP. This 1s accompanled by an acceleration
of metabolic rate and the utilization of tissue energy reserves, cdusing loss
of weight (Cantelmo et al. 1978: Holmberg ec al. 1972; Rav et al. 1979).
Activities of various enzymes are also affected by PCP (Bostrom and
Johansson 1972; Holmberg et al. 1972; Rao et al. 1979).

PCP 1s a weak acid with a pKa of about 1079 (Blackman et al. 1953;
Callahan et al. 1979: Cessna and Grover 1978; Mrak 1974). Coasequently,
lts toxicity and potential for uptake by organisms are pH-depeadent
(Crandall and Gocdnight 1959; Kobayashi and Kishino 1980; Saarikoski and

2
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Viluksela 1981; Spehar et al. 1985). Both bioconcentration and toxicity

increase as pH decreases, due to the greater penetration of cell membranes

by un-ionized PCP molecules than by the pentachlorophenate ion. Transfer

of PCP from water to fish is considered to be mainly by passive diffusion

of the un-ionized form across the gill membrane (Kishino and Kobayashi 1980).
Unless otherwise noted, all concentrations reported herein are

expressed as pentachlorophenol, not as the material tested. The criteria

presented herein supersede previous aquatic life water quality criteria

for PCP (U.S. EPA 1980) because these new criteria were derived using

improved procedures and additional information. Whenever adequately

justified, a national criterion may be replaced by a site~specific criterion

(U.S. EPA 1983a), which may include not only site-specific criterion

concentrations (U.S. EPA 1983b), but also site~specific duratians of averaging -

periods and site-specific frequencies of allowed excursions (U.S. EPA 1985b).

The latest comprehensive 1iceraCure search for information for this

document was conducted in July, 1986; some more recent information might have

been included.

Acute Toxicity to Aquatic Animals

The acute toxicity of PCP to freshwater fish depends on the life stage
of the Fish and the pH, temperature, and concentration of dissolved oxygen
in the water. Van Leeuwen et al. (1985) found that fry of rainbow trout were
much more sensitive than embryos. PCP was more toxic to the fathead
minnow (Crandall and Goodnight 1959) and to a nonresident Eish, Notopterus
notopterus, (Gupta et al. 1983b) at higher temperatures. Also, Goodnight
(1942) observed that fish succumbed more rapidly at higher temperatures

A
(28-30°C) than at cooler temperatures (9-24°C). Acute toxicity to Notopterus



notopterus increased with a decrease in the concentration of dissolved
oxygen (Gupta et al. 1983a).

Of the variables studied, however, pH is the only one for which
quantitative data are available for a variety of freshwater species.
The acute value increases and toxicity decreases as pH increases. An
analysis of covariance (Dixon and Brown 1979; Neter and Wasserman 1974)
was performed using the natural logarithm of the acute value as the
dependent variable, species as the treatment or grouping variable, and
pH as the covariate or independent variable. This analysis of covariance
model was fit to the data in Table 1 for the five freshwater species for
which acute values are available over a range of pH. The slopes for all
five species are between 0.67 and 1.2 (see end of Table l). An F-test
showed that, under the assumption of equality of slopes, the probability
of obtaining five slopes as dissimilar as these is P = 0.28. This was
interpreted as indicating that it 1s not unreasonable to assume that the
slopes for the five species are the same.

The pooled slope of 1.005 was used with the data in Table 1 to
adjust the acute values to pH = 6.5, where possible. Species Mean Acute

Values were calculated as geometric means of the adjusted acute values,

and Genus Mean Acute Values at pH = 6.5 (Table 3) were then calculated

as geometric means of the available freshwater Species Mean Acute Values.
Acute values are available for more than one species in each of three genera
and the range of Species Mean Acute Values within each genus is less than

a factor of 2.3. Of the 33 genera for which acute values are available,

the most sensitive genus, Cyprinus, was over 10,000 times more sensitive

than the most resistant, Orconectes. The freshwater Final Acute Value (FAV)

for PCP at pH = 6.5 was calculated to be 10.97 ug/L using the procedure



described in the Guidelines and the Genus Mean Acute Values in Table 3.
The only Species Mean Acute Value that is lower than the FAV is that for

the common carp, Cyprinus carpio. The freshwater Criterion Maximum

(1.005(pH)-4.830]
e .

Concentration (in ug/L) =
Tests of the acute toxicity of PCP to resident North American
saltwater animals have been performed with 13 species of invertebrates
and five species of fish (Table 1). The range of acute values for
invertebrates extends from 36.95 ug/L for embryos of the American oyster,

Crassostrea virginica (Borthwick and Schimmel 1978) to 18,000 ug/L for

the adult stage of the blue mussel, Mytilus edulis (Adema and Vink 1981).

The range of acute values for saltwater fish is narrower, extending from

22.63 ug/L for late yolk-sac larvae of the Pacific herring, Clupea harengus

pallasi (Vigers et al. 1978) to 442 ug/L for juvenile sheepshead minnow,

Cyprinodon variegatus (Parrish et al. 1978). Fish appear to be generally

more sensitive than invertebrates to PCP.

Embryos and larvae of the polychaete worm, Ophryotrocha diadema, and

the mussel, Mytilus edulis, were more sensitive to PCP than adults of the

same species (Adema and Vink 198l; Woelke 1972). Tests with Pacific

herring, Clupea harengus gailasi, (Vigers et al. 1978) and the anonresident

plaice, Pleuronectes platessa, (Adema and Vink 1981) revealed that

sensitivity to PCP increases between the newly hatched yolk-sac larval
stage and the late larval premetamorphosis stage. Juveniles and adults
are slightly less sensitive than larvae..

Environmental factors, such as temperature, pH, and salinity, might

have an effect on the acute toxicity of PCP to some saltwater animals.

With the oligochaete worms, Limnolriloides verrucosus and Monophelephorus

cuticulatus, sensitivity to PCP increased somewhat between 1°C and 10°C



at pH = 7, and between pH = 6 and pH = 8 at a temperature of 10°C

(Chapman et al. 1982b). Larvae of the blue mussel, Mytilus edulis, were

more sensitive to PCP at a salinity of 24 g/kg thaa at a salinity of 28
g/kg (Dimick and Breese 1965:; Woelke 1972).

With some saltwater crustaceans, the stage of the molt cycle also
seems to affect seasitivity to PCP. Late premolt and molting grass

shrimp, Palaemonetes pugio, were more than five times as sensitive to PCP

as intermolt animals (Conklin and Rao 1978a,b; Rao and Doughtie 1984). This
effect was attributed to the greater permeability of the integument of
the shrimp during molting.

Of the 17 saltwater genera for which acute values are available, the
most sensitive genus, Clupea, is more than 247 times more seunsitive than
the most resistant, Crepidula (Table 3). The four most sensitive genera
include two fish and two invertebrates and the range of the four Genus Meaan
Acute Values is a factor of 3.5. The saltwater Final Acute Value calculated
from the values in Table 3 is 25.05 .g/L, which is very close to the acute

value for the most sensitive tested saltwater speciles.

Chronic Toxicity to Aquatic Animals

Of the freshwater species with which chronic tests have been conducted

on PCP, the cladoceran, Ceriodaphnia reticulata, is tne most sensitive

(Table 2), with a reduction in offspring vccurring at 4.1 .g/L, the
lowest concentration tested (Hedtke et al. 1986). Production of embryos.
by the snail, Physa gyrina, was reduced at a PCP concentration of 26
Ag/L, the lowest concentracion tested (Hedtke et al. 1986). A chroaic
value of 240 .g/L for Daphnia magna was based upon mortality (Adema

v
1978). Similarly, survival was the endpoint that determined the chroaic

values of 177 and 221 ug/L for Simocephalus vetulus (Hedtke et al. 1986).
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Significant increases in mortality and decreases in length and weight
occurred among rainbow trout at 19 ug/L after a 72-day exposure (Dominguez
and Chapman 1984), but the trout were not affected at 1l pg/L. Dominguez and
Chapman used a pure form of PCP (99+%) and found that yolk sac edema and
cranial malformations were rare as compared to their more common incidences
in studies with technical-grade PCP.

Several studies with the fathead minnow in the pH range from 6.5 to
8.5 resulted in chronic values from 24 to 144 ug/L (Table 2). Spehar et
al. (1985) studied the relationship between pH and chronic toxicity, and
obtained chronic values of 24, 40, 49, and 89 ug/L at pH = 6.5, 7.5, 8.0,
and 8.5, respectively. A linear regression of ln(chronic value) on pH
resulted in a slope of 0.6174. This slope is similar to the slope of
0.6782 obtained by the same investigators in an acute toxicity study with
the fathead minnow. However, because data are available for chronic
toxicity versus pH for only one species, the acute pooled slope of 1.005
was also applied to the freshwater chronic data in Table 2, where possible,
to adjust the chronic values to pH = 6.5, to allow a comparison of freshwater
chronic values at a common pH.

The loag-term sublethal toxicity of PCP to fish has been shown to be
affected by temperature and concentration of dissolved oxygen (Table 6).
Newly hatched rainbow trout were affected more at 6°C than at 10°C,
whereas after yolk sac sorption, a greater effect on growth occurred at
20°C than at 12°C (Hodson and Blunt 1981). They concluded that, if these
laboratory data were applied in the field to wild trout populations,
temperature effects on PCP toxicity would be greatest both during embryo

development and subsequent growth of young trout.



Decreased concentrations of dissolved oxygen in the water increased
the toxicity of PCP to young rainbow trout (Chapman and Shumway 1978).
After a 24~day exposure to 37 pg/L, alevins reared at dissolved oxygen
concentrations of 3, 5, and 10 mg/L suffered 76, 20, and 7% mortality,
respectively. Also, the time required for trout to attain maximum growth
was prolonged at the two lower concentrations of dissolved oxygen.

Usable data, according to the Guidelines, on the chromic toxicity of
PCP are available for only two saltwater species, the polychaete worm,

Ophryotrocha diadema, (Table 6) and the sheepshead minnow, Cyprinodon

variegatus, (Table 2). Test populations of Ophryotrocha diadema were

exposed to PCP in a renewal life-cycle test extending from 2 to 3-day-old
larvae to two-week-old second generation larvae (Hooftman and Vink 1980).
The most sensitive effect was an apparent inhibition of reproduction at
1l ug/L. This value was not used in Table 2 because the authors did not
report any\statistical analyses of the data. A complete life-cycle test

was conducted with the sheepshead minnow, Cyprinodon variegatus (Parrish

et al. 1978). The most sensitive effect was decreased long-term survival
0f the first zeneration fish at 88 ug/L. At 195 ug/L, survival of second
generation ewbryos and juveniles was reduced.

The seven available Species Mean Acute-Chronic Ratios range ftrom
0.8945 to over 15.79 (Table 3), but the two highest valuas are hoth "greater
rhan' values 3nd were obtained with two freshwater species that are much
more icutely resistant than the other four freshwater species. Therefore,
the Final Acute~Chronic Ratio of 3.165 was calculateld as the geometric
m2an of the five Species Mean Acute-Chronic Ratios rarnaing rfrom 0.8945 to
6.873. When this racio 1s used wgth the freshwater Final Acule Value and

the vocled slope for -he pH-toxicity relzstioaship (Tabis 2), the resulting

8



Division

freshwater Final Chronic Value (in ug/L) = e[l.OOS(pH)-5.290].

of the saltwater Final Acute Value by the Final Acute-Chronic Ratio
results in a saltwater Final Chronic Value of 7.912 ug/L. This is about
a factor of 8 below the only available saltwater chroaic value, but no
chronic test on PCP has been conducted with any of the 13 acutely most

sensitive saltwater species.

Toxicity to Aquatic Plants

Freshwater plants are sensitive tv PCP over a raage of conceatrations
from 7.5 to 3,200 .g/L (Tables 4 and 6). Blackman et al. (1955) observed
that the degree of chlorosis in a 48-hr exposure of Lemna minor was
very sensitive to small changes in PCP concentratioas. Only a slight
concentration increase was required to induce 50% chlorosis in all of the

duckweed fronds as compared to 50 % induction in none of the froads. In

a prolonged exposure of the vascular plant, Elodea canadensis, significant

biomass reductions occurred at progressively lower concentrations of PCP
as duration of exposure increased (Hedtke et al. 1986). Biomass
reductlons were detected at 1,440 ig/L atter 7 days, 810 ug/L atter l4
days, and 380 .g/L after 21 days (Table 6). Biomass was not affected at
any time by the next lower coacentration of 230 .g/L. [a contrast,
neither reduced froand production nor chlorosis was observed ian Lemna
minor at the highest PCP coaceatration of 1,440 ug/L (Hedtke et al.
1986). The river water used in both of these tests might have had some
effect upon the results.

Complete destruction of chlorophyll i1n Chlorella pyrenoidosa occurred
at a PCP concentration of 7.5 ig/L (Huang and Gloyna 1967). In a 7-day

A
study with Selenastrum capricornutum, cell numbers aad population growth

rates were significantly reduced by 50 .g/L, but were not affected by LU

9



Jg/L (Adams et al. 1985). Concentratioans near 300 ag/L resulted in 50%
reductions of Selenastrum populations in two separate studies (Crossland

and Wolff 1985; Richter 1982). The 4-day EC50 for Scenedesmus subspicatus

was 90 ug/L (Geyer et al. 1985).

Usable data on the toxicity of PCP to saltwater plants are
available for eight phytoplankters, one macroalgal species, and one
vascular plant (Table 4). The 96-hr EC50s, based on reduction of cell
population growth, range from 17.40 ug/L for the diatom, Skeletonema
costatum (Walsh et al. 1982) to 3,600 .g/L for the green alga, Dunaliella
tertiolecta (Adema and Vink 1981). Giant kelp, Macrocystis pyrifera,

and seagrass, Thalassia testudinum, are about as sensitive as the

phytoplankters. The range of sensitivities of saltwater plants to PCP is
similar to that fur saltwater animals and, therefore, a criteridn that

protects saltwater animals will probably also protect saltwater plants.

Bioaccumulation

Bioconcentration of PCP from water, like toxicity, has been shown to
be inversely related to pH (Kobayashi and Kishino 1980; Spehar et al.
1935). PCP bioconceatrated in the Cissues of fish from 7.3 to 1,066
times (Table 5), with test durations from 16 to 115 days. The gaLL
bladder coacentrated the highest levels of PCP (Glickman et al. 1977,
Kobayashi and Akitake 1975b, M:Kim et al., Manuscript), waereas muscie and
skin contained the lowest conceatrations of PCP 1a rainbow trout exposed
tce 0.73 to 1.15 .g/L (McKim et al., Manuscript). The lowest biocoacentrdrion
factor (BC¥) of 7.2 was cbrained in bluegill muscle (Pierce 1973; Pruitt
2 al. 1377). BCFs ~f 320 and 378 wer:z estimated from uptake and depuration

A

rates usii1g the ratupow trout (M:Kim et al., Manuscript) and the nun-resideat

«illifish, Oryzias latices (Sugiura et al. 1984).
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Residues of PCP in fish drop quite rapidly upon termination of
exposure. Ninety-six percent of whole body 14c-1abelled PCP was eliminated
by fathead minnows within 3.5 days (Huckins and Petty 1983), whereas
about 85 percent of the PCP residues in bluegill muscle were eliminated
in 4 days (Pruitt et al. 1977). A first-order simulation model developed
from empirical data indicated a half-life of 2.7 days in rainbow trout,
with 957 elimination in 11.7 days (McKim et al., Manuscript).

McKim et al. (1985) studied the efficiency of chemical uptake
by rainbow trout gills using 14 different chemicals including PCP. They
found that PCP was in a group of chemicals, all with log n-octanol/water
partition coefficients (log P) between 2.84 and 6.18, that were taken up
more efficiently by gills than chemicals with either lower or higher
partition coefficients. The rate of elimination of the chemicdls in this
log P range largely determined their BCFs. In this range, the elimination
rates decreased as log P increased. PCP, with a log P of 3.32, would be
expected to be eliminated quite readily. 1Indeed, this has been shown, as
indicated above.

Several studies have shown that PCP is conjugated with glucuronic
acid in fish (Huckins and Petty 1983; Kobayashi 1978,1979; Kobayashi and
Nakamura 1979b; Kobayashi et al. 1977; Lech et al. 1978). Reduced
glucuronidation occurred in fathead minnows exposed to industrial PCP, as
compared to purified PCP, and it was suggested that this might play a
role in the elevated toxicity of the impure form (Huckins and Petty 1983).
Pentachlorophenylsulfate has been found in goldfish exposed to PCP (Akitake
and Kobayashi 1975; Kobayashi 1978,1979; Kobayashi and Nakamura 1979a,b;
Kobayashi et al. 1984), but not ih rainbow trout (Lech et al. 1978) or

fathead minnows (Huckins and Petty 1983).

11



Probable steady-state BCFs for PCP are available for the eastern

oyster, Crassostrea virginica (Schimmel and Garnas 1985; Schimmel et al.

1978), the sheepshead minnow, Cyprinodon variegatus (Parrish et al. 1978)

and the longnose killifish, Fundulus similis (Trujillo et al. 1982). 1In

tests with oysters, the steady-state BCF ranged from 34 to 82, and was
reached in 14 to 96 hours. In a life-cycle test with the sheepshead
minnow, BCFs were 5 to 27 with adult fish, 13 to 22 with embryos, and 16
to 48 with 28-day-old young (Schimmel et al. 1978). A steady-state BCF
of 64 was obtained im a 7-day test with the longnose killifish (Trujillo
et al. 1982). In four-day acute toxicity tests, Schimmel et al. (1978)
found BCFs ranging from 0.26 for brown shrimp to 38.0 for striped mullet,

Mugil cephalus. Using radio-labeled PCP, Carr and Neff (1981) reported a

l4-day BCF of 280 with the sand worm, Nereis virens. R

No U.S. FDA action level or other maximum acceptable concentration
in tissue is available for pentachlorophenol, and, therefore, no Final

Residue Value can be calculated.

Other Data

Cleveland et al. (1982) and Hamilton et al. (1986) studied the
effects of four samples of PCP c¢a the survival and growth of fathead
minnows for 90 days. In the range of 60 to 142 ug/L, both a purified PCP
and an ultrapure PCP reduced growth by 10 to 25%, whereas Dowicide EC-7
increased growth by 18 to 21%. An industrial composite PCP was much
more toxic; 13 pg/L ;educed growth by 20%, 27 ug/L reduced growth by 40%,
and 67 ug/L killed all the fish. Analyses of the four PCP samples for
fourteen polychlorinated impurities and a test on the effects of a mixture

A

of some of the impurities indicated that some of the effects seen in the

tests on PCP were probably due to the measured impurities.
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Webb and Brett (1973) found that growth and food conversion of

sockeye salmon (Oncorhynchus nerka) were affected in a 56-day exposure to

PCP concentrations of 1.74 and 1.80 ug/L, respectively, at a pH of 6.8
(Table 6). These are the lowest effect concentrations that have been
reported for any species. Growth of salmonids was reduced by 1O to 27%
at PCP conceantrations ranging from 3.2 to 28 .g/L (Chapman 1969; Chapman
and éhumway 1978; Matida et al. 1976). The thresholds for reduction of
growth of rainbow trout exposed to PCP through 4-week post swim-up were
about 10 and 20 4g/L in warm aad cold regimes, respectively (Hodson and

Blunt 1981). Reduced growth of largemouth bass, Micropterus salmoides,

was observed at 50.4 .g/L after 7 days of exposure (Mathers et al. 1985),
of the guppy at 320 .g/L after 28 days of exposure and of the amphibian,

Xenopus laevis, at 100 ug/L after 100 days of exposure (Slooff and Canton

1983).

Whitley (1968) and Kobayashi and Kishino (1980) reported that an
lncrease in pH decreased the 24-hr LC50s for both tubificid worms and
goldfish. Some reduction ln toxicity appeared to result from the presence
of sediment in acute toxicity tests conducled with several speties of
tubificid worms (Chapman et al. 1982a). Similarly, Mississippi River
water afforded some protection to various lnvecrtebrate speclies when thnelr
LC50s were compared with values obtained in Lake Superior water (Hedtke

et al. 1986). The tubificids, Limnodrilus hoffmeisteri and Tubifex

tubifex, were more resistaat to PCP when tested as mixed species thaa
when each species was tested individually (Chapman et al. 1982a,b).
Schauerte et al. (1982) found that 1,000 ug/L decreased daphnids and

autotrophic phytoplankton in compa¥rtments in a pond, and Yount and Richter
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(1986) found that periphyton biomass in experimental streams was inversely
related to pentachlorophenol in the range from 48 to 432 .g/L.

A wide variety of acute, chroaic, and sublethal effects of PCP have
been reported for saltwater organisms (Table 6). Several effects of PCP
on polychaete worms have been reported such as reduced feeding activity by

Arenicola cristata (Rubinstein 1978). depletion of glycogen reserves,

increased tissue ascorbic acid conceatrations, and disruptioan of osmoregulation

Nereis virens (Carr and Neff 1981); and reproductive impairment in Ophryotrocha

diadema (Hooftman and Viak 1980). PCP induced developmental abnormalities

in embryos and larvae of the mussel, Mytilus edulis, (Dimick and Breese

1965) and oyster, Crassostrea virginica, (Davis and Hidu 1969) and inhibited

shell growth of juvenile oysters (Schimmel et al. 1978). Exposure for 18
weeks Lo 460 .g/L resulted in reduced resistance of the quahog tlam,

Mercenaria mercenaria, to bacterial infectivn (Anderson et al. 1981).

The grass shrimp, Palaemonetes pugio, exhibited a variety of sublethal

physiological effects during exposure to PCP conceatrations of 400 to
4,600 ag/L (Brannon and Conklin 1978: Cantelmo et al. 1973, Doughtie and
Rao 1978; Rao and Doughrie 1984; Rao et al. 1973,1979,1981) such as histological
damage to epithelia of the gills, gut, and hepatopancc2as, Lncredsed
metradolic rate, decreased rate of limb regenerarion, and increased welght
of the molted exoskeleton.

Saltwater fish exposed to SU to 200 a4g/L exnibited elevation of Lne
concentration of acid=soluble taiols in liver of winter tlounder (Thumas
and Wo€ford 1384) and elevation of blood cortisol, leading to hyperglycemia,
depletion ¢f (iver glycogen reserves, and an ircresse ir liver ascorbic

ac:d concentraticn in Ttul.er «Thomas et al. 149381).
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In a series of benthic colonization studies conducted in the laboratory
under flow-through conditions, PCP concentrations of 55 tu 140 .g/L reduced
both species richness and total faunal abundaaces of benthic macrofauna
(Hansen and Tagatz 1980; Tagatz et al. 1977,1980,1981). At a concentration
of 15.8 ug/L, PCP, administered as Dowicide G-ST, reduced total faunal
abundances, but not species richness. Molluscs were generally most

sensitive, but other phyla were also affected.

Unused Data

Some data on the effects of PCP on aquatic organisms were not used
because the studies were conducted with species that are not resident in
North America (e.g., Adema and Vink 198l: Dalela et al. 1980a,b,c, Dave
1984; Hanumante and Kulkarni 1979; Goel and Prasad 1978, Gupta 1983; Gupta
and Dalela 1986; Gupta and Durve 1984a,b, Gupta and Rao 1982, G;pta et al.
1982b,1983a,b; Hattori et al. 1984; Kaila ana Saarikoski 1977, Khangarot
et al. 1985: Kobayashi et al. 1969, Nagendran and Snakuntata 1979:. Rao et
al. 19835 Shim and Self 1973; Slooff 1978; Slooff et al. 1983b; Tomiyama
et al. 1962: Van Dijk et al. 1977. Verma et al. 19380,198la,b,1982,1984).
Results (e.g., Adema and Vink 1981) of tests coaducted with brine shrimp,
Artemia sp., were not used because these species are frum a unique
saltwater environment. Adelman et al. (1976b), Ahlborg and Thuraberg
(1980), Alexander et al. (1983), Bevenue and Beckman (1947), Buikema et
al. (1979), Conklin and Fox (1978), Hall and Kier (1984a,b), Kocn (1982),
Kozak et al. (1979), National Research Council of Canada (1982), Rav et
al. (1979), von Rumker et al. (1974), aand Strufe (1968) ovualy coatain data
that have been published elsewhere.

'

Results were not used Lf cither the test procedures or the test

material was not adequately described (e.g., Benoit-Guyod et al. 1984a;
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Canton and Slooff 1979; Clemens and Sneed 1959; Hashimoto and Nishiuchi
1983: Klein et al. 1984; Knie et al. 1983; Konemann and Musch 1981; Wong
1984), or if PCP was a component of a mixture (Hermens et al. 1985; Statham
and Lech 1975). Tests were not used if PCP comprised only eight percent
of the formulation (Batte and Swanson 1952; Inglis and Davis 1972). Data
were not used if PCP was a componeant of a sediment (e.g., D'Asaro and Wilkes
1982) or if the organisms were exposed by injection (e.g., Bose and Fujiwara
1978; Tripp et al. 1984) or in food (e.g., Niimi and Cho 1983). Anderson
et al. (1984), Bols et al. (1985), Caatelmo and Rao (1978a), Fox aand
Rao (1978), and Kwasniewska et al. (1979) only exposed enzymes, excised or
homogenized tissue, cell cultures, or sewage bacteria.
Tests conducted with too few test organisms (e.g., Coglianese and
Neff 1982; McLeese et al. 1979) and tests in whicn the concentrations
fluctuated widely (e.g., Thomas et al. 1981) were not used. The 60-day test
reported by Verma et al. (1Y8lc) was not used because there were no
replicate test chambers. The early life-stage toxicity data of Johansen
et al. (1985) were not used due to high mortality of control fish and aa
interruption 1n the exposure. Results were not used if orgzanisms were
not cultured and tested in the same dilution water (Berzlind and Dave 1934).
Studies with physiological endpoints only were not usad {(e.g., Bostrom
and Johansson 1972; Chowdary et al. 1979: Gupta et al. LS%3¢,d: Hanke et al.
1983; Holmberg et al. 1972; Huber et al. 1932; Jayaweera et al. 1982:
Kaila 1982; Kaila and Saarikoski 1980,1981; LeBlanc and Cochraane 1985.
Liu 1981; Oikari and Nitecyla 1985: Oikari et al. 1985; Peer et al. 1983:
Saarikoski and Kaila 1977: Sarojini et al. 1983; Sloley et al. 1938b;
Tiedge et al. 1986; Verma 198lb; Verma et al. 1982; Yousri and Hanke 1985).
A study of histological effects on bluegills was not used (Owen aad Rosso
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1981). Toxicity data were not used Lf they were only qualitative (Palmer
and Maloney 1955) or were preseated in graphic form (Norup 1972). A
study by Anderson and Weber (1975) was not used because acute toxicity
results for the guppy were presented only as linear regressions on body
size.

A study on the uptake and metabolism of PCP in rice plants (Weiss et al.
1982) was not used, nor were 4ptake studies in which exposure was via the
food (Niimi and Cho 1983) or by gavage (Niimi and Palazzo 1985). Bioconcentration
studies were not used if the test was not flow-through or renewal (e.g.,
Erast 1979) or if the exposures were of insufficieant duration for steady
state to have been achieved (Glickman et al. 1977; Kobasyahi aad Akitake
1975a,b; Kobayashi et al. 1979; Kuehl et al. 1983; Lech et al. 1978:

McKim et al., Manuscript). Reports of the concentrations of PCP in wild
aquatic organisms (e.g., Butte et al. 1983; Faas and Moore 1979; Folke et
al. 1983: Fox and Joshi 1984; Kuehl and Dougherty 1980; Murray et al.
1980,1981: Ray et al. 1983) were not used if the number of measurements

of the concentration in water was tvo small or 1f the rdage of the measured
concentrations in water was too great. Studies of the coacentsacion or
accumulation of PCP ia organisms were not used Lf the data provided were
considered iLnsufficient for determination of a bioccncentration or bivaccumuldtion
factor (Gotham and Rhee 1982; Hallas 1Y73; Klein et al. 1984; Korte et al.
1978; Oikari 1986; Oikari and Anas 1985; Paasivirta et al. 1981), if the
data were being reported secondarily (Braason 1980; Davies and Dobbs

1984), if water and bivota samples were not collected at the same times
(Metcalfe et al. 1984), or if the measurements were of total radiolabel
rather than PCP itself (Fisher andtWadleigh 1986, Freitag et al. 1985;
Geyer et al. 1981,1984; Gluth et al. 1985). Bivaccumulation and fate data
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from model ecosystems or microcosm studies were anot used (e.g., Brockway
et al. 1984; Knowlton and Huckins 1983; Lu and Metcalf 1975: Robinson-Wilson

et al. 1983: Tomizawa and Kazano 1979).

Summary
The acute and chronic toxicity of PCP to freshwater animals increased
as pH and dissolved oxygen conceatration of the water decreased. Generally,
toxicity also increased with increased temperature. The estimated acute
sensitivities of 36 species at pH = 6.5 ranged from 4.359 ug/L for larval
common carp to 243,920 ug/L for a crayfish. At pH = 6.5, the lowest and
highest estimated chronic values of <1.835 and 79.66 .g/L, respectively,
were obtained with different cladoceran species. Chronic toxiclity to
fish was affected by the presence of impurities, with industria}-grade
PCP being more toxic than purified samples. Mean acute-chronic ratios
for six freshwater species ranged from 0.8945 to >15.79, but the mean
ratios for the four most acutely sensitive species only ranged from
0.8945 to 5.035. Fresnwater alzae were affected by conceatratlions as low
as 7.5 ag/L, wner=as vascular plants were affected at 189 .g/L and above.
Bioconcentrition factors ranged frem 7.3 to 1,066 for three species of fish.
Acut= acute toxicuty values frsm tests with 1o species of salt-
water anlmals, representing 17 genera, range from 22.63 ug/L for late

yolk-sac larvae of the Pacific herring, Clupea narenzus pallasi, to 18,000

4g/L for adult blue musseis, Mytilus 2auiis. The embryo aand larval

stages of iavertebrates and the Late larval oremetamorphosis stage of
fish appear to be :the must seasitive life stages to PCP. With few exceptions,
fisan are more seasitive than iavertebrates t> FCP. Salinity, temperature,

.
]

and pH have a slight effect on che fexicity of PCP to some saltwater animals.
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Life-cycle toxicity tests have been coaducted with the sheepshead

minnow, Cyprinodon variegatus, and the polychaete worm, Ophryotrocha

diadema. The chronic value for the minnow is 64.31 ug/L and the acute-
chronic ratio is 6.873. Unfortunately, no statistical analysis of the
data from the test with the worm is available.

The EC50s for saltwater plants range from 17.40 ag/L for the diatom,

Skeletonema costatum, to 3,600 sg/L for the green algae, Dunaliella

tertiolecta. Apparent steady-state BCFs are available for the eastern

oyster, Crassostrea virginica, and two saltwater fishes and range from 10

to 82.

National Criteria

The procedures described in the '"Guidelines for Deriving Numerical

National Water Quality Criteria for the Protection of Aquatic Organisms
and Their Uses' indicate that, except possibly where a locally important
specles is very sensitive, freshwater aquatic organisms and their uses
should not be affected unacceptably if the four-aay average concentration

(in ag/L) of pentachlorophenol does not exceed the aumerical value glven

(1.005(pH)~5.290]

by o more than once every three years on Lhe average and

tf the one-hour average concentration (in .g/L) does not exceed the

(1.005(pH)=4.830]

aumerical value given by more rhan once every three

years on the average. F;r example, at pH = 6.5, 7.8, and 9.0 the four-day
average concentrations of peatachlorophenol are 3.5, 13, aad &3 .g/L,
respectively, and the one-hour average concentratioas are 5.5, 20, and 68
4g/L. At pH = 6.8, a pentachlorophenol concentration of 1.74 ug/L

caused a 507 reduction in the growth of yearling sockeye salmon in a

\j
56-day test.
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The procedures described in the "Guidelines for Deriving Numerical
National Water Quality Criteria for the Protection of Aquatic Organisms
and Their Uses'" indicate that, except possibly where a locally important
species is very sensitive, saltwater aquatic organisms and their uses
should not be affected unacceptably if the four-day average concentration
of pentachlorophenol does not exceed 7.9 pg/L more than once every three
years on the average and’if the one-hour average concentration does not
exceed 13 pg/L more than once every three years on the average.

Three years is the Agency's best scientific judgment of the average
amount of time aquatic ecosystems should be provided between excursions
(U.S. EPA 1985b). The resiliencies of ecosystems and their abilities to
recover differ greatly, however, and site-specific allowed excursion
frequencies may be established if adequate justificationm is provided.

Use of criteria for developing water quality-based permit limits and
for designing waste treatment facilities requires selection of an appropriate
wasteload allocation model. Dynamic models are preferred for the application
of these criteria (U.S. EPA 1985b). Limited data or other considerations
might make their use impractical, in which case one must rely on a steady-state

model (U.S. EPA 1986).
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Species

Hydra,
Hydra oligactis

Tubificid worm,
Branchiura sowerbyi

Tubiticid worm,
Limnodrilus hoftmeisteri

Table 1,

Acute Toxicity ot Pentachlorophenol to Aquatic Animals

Tublticid worm,
Limnodrilus hofttmeisteri

Tubiticid worm,
L imnodrilus hottmaisteri

Tubificid worm,
Limnodr Mus hofttmeistori

Tubificid worm,
Limnodrilus hottmeisteri

Tubiticid worm,

Quistradrilus multisetosus

Tubiticid worm,
Rhyacodrilus montana

Tubiticid worm,
Spirosperma ferox

Tubiticid worm,
Spirosperma nikolskyi

Tubiticid worm,
Stylodrilus heringianus

Tubificid worm,
Stylodrilus heringianus

Tubiticid worm,

Stylodrilus heringianus

LC50
or EC50 Adjusted LC50
Method* Chemlical®*® pH (ug/L)uns or ECS50 (ug/L)ens
FRESHWATER SPECIES
S, U PCP - 730 -
(>98%)
R, U NaPCP 7.0 257.17 155.9
R, U NaPCP 7.0 303.8 183.8
(10°C)
R, U NaPCP 7.0 4718.71 289.6
(1°C)
R, U NaPCP 7.0 451,07 212.9
(20°C)
R, U NaHCP 6.0 303.8" 502,117
(10°C)
R, U NaPCP 8.0 335.21 76 .45
(10°C)
R, U NaPCP 7.0 524.7 317.5
R, U NaPCP 7.0 690.4 a17.7
R, U NaPCP 7.0 395.8 239.5
R, U NaPCP 7.0 902.1 545.8
R, U NaPCP 7.0 579.9 350.8
R, U NaPCP 7.0 1,638°1 991.0
aee)
R, U NaPCP 7.0 681,27 412.1
(20°C)

Specles Mean
Acute Value

_{ug/L)Renea Reterence
- Stooff et al,
155.9 Chapman et al,
- Chapman et al.
- Chapman et al,
- Chapman et al,
- Chapman et al,
182.5 Chapman et ail,
317.5 Chapman et al.
417,17 Chapman et al.
239.5 Chapman et al,
945 .8 Chapman et al,
- Chapman et al,
- Chapman et al,
- Chapman et al,

1983a

1982a

1982a,b,c

1982b

1982b

1982b

1982b

1982a,b

1982a

1982a

1982a

1982a,b

1982b

1982b
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Table i. (Contlnuad)

LC50 Specles Mean

or EC50 Ad justed LC50 Acute Yalue
Specles Method*® Chemical** pH (ug/L)Res or EC50 (ug/L)#sx (ug/L)uneas Reference
Tubificin worm, R, U NabhCP’ 6.0 690.47 L,iatt - Chapman ef al. 1982b
Stylodi tius harinjianus (10°C)
fubificid worm, R, U HaPUP 8.0 874.5" 193.7 408.2 Chapman et al. 1982b
stylodrilus heringianus (10°C)
fubtticigd worm, R, U HablPCP 7.0 349.8 211.6 - Chapman et al. 1982a,b,c
Tubitex tubitex (10°C)
Tubiticid worm, R, U NaPCP 7.0 607.57 367.6 - Chapman et al. 19821
Tubttex tunitfex (1°C)
Tubiticid worm, R, U Nal’CH 1.0 405,07 245.0 - Chapman et al. 19620
Tubitex tubifex (2°C) :
Tubilicid worm, R, U NaPCP 0.0 340,67 565,017 - Chapman et al. 1982b
lubifex fubitex (o)
tubiticid worm, R, U HaPCP 8.0 598,31 132.5 224.2 Chapman et al. 1982b
Tubifex tubyfax (1o°cC)
Tuviticid worm, R, U Naf’CP 1.0 96.65 58.47 58.47 Chapman et al. 1982a
Verichaeia pacitica
Saat] fadullr), t, M Dowicide LC-7 Tol~ 157 63.54 - Phipps and Holcanbe
Aploxa hypnoruin (885 PCH) 7.8 1985
50318 {aoulr), t, M Dowicide LU=7 Tol~- 142 57.47 00.43 Phipps and Holcombe
Apluexa hypnorum (833 1Pur) 7.8 1985
Suail, r, M Uowicide kC-7 1.2 267 132.1 132. 1 Hedtke et al. 1980
Physa g ring (95,74 PCP)
snail, - (Ko - 240 - - Adema and Vink 1931
Lymnace stagnalis
Snail, S, U FuP? v.l 810 602.5 - Stuart and Robertson 1985
Gillia aliilis (99%)
Saail, R, U rep " 6.7 300 245.4 403.2 Stuart and Robertson 1985

Gitlia attilis (992)
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Species

Cladoceran (<4 hr),
Ceriodaphnia reticulata

Cladoceran (<6 hr),
Ceriodaphnia reticulata

Cladoceran (<6 hr),
Ceriodaphnia reticulata

Cladoceran (<6 hr),
Ceriodaphnia reticulata

Cladoceran (<6 hr),
Ceriodaphnia reticulata

Cladoceran (<24 hr),
Ceriodaphnia reticulata

Cladoceran (<24 hr),
Ceriodaphnia reticulata

Cladocefan (<24 hr),
Daphnia magna

Cladoceran (<24 nr),

Daphnia magna

Cladoceran (<24 hr),
Daphnia magna

Cladoceran (<24 hr),

Daphnia magna

Cladoceran (24 nhr),
Daphnia magna

Cladoceran (larva),
Daphnia magna

Cladoceran (adult),

Daphnia magna

Mathod® Chemica|®*® pH
S, U Dowicide EC-7 1.2-
(93.74 PCP) 7.4
S, U NaPCP 7.7
S, U NaPCP 7.7
S, U NaPCP 7.8
S, u NaPCP 7.8
S, U PCP 8.0
(reagent (rade)
F, M Dowicide EC-7 7.3
(93.74 PCP)
S, U - 1.4~
9.4
S, U PCP -
S, u Pce -
S, u PCP =
S, M PcP -
- PcrP -
- PCP ., -

LC50
or EC50 Adjusted LC50
(ug/L)nns or EC50 (ug/L)®ess
153.7 668.79
260 77.84
510 152.7
290 78.52
310 1.0
900 199.3
150 67.13
680 100.7
250 -
400 -
800 -
600 -
1,050 -
1,400 -

Specles Mean
Acute Value

(uglL)li!ll

Reterence

67.13

Mount and Norberg 1984

Hall et al. 1986

Hail et al. 1986

Hall et al., 1986

Hall et al., 1986

Elnabarawy et al. 1986

Hedtke et al. 1980

LeBlanc 1980

Canton and Adema 1978

Canton and Adema 1978

Canton and Adema 1978

Adema 1978

Ademd and Yink 1981

Adema and Vink 1981



Table 1. (Continued)

LC50 Speclies Mean
or EC50 Adjusted LC50 Acute Value

Specles Method® Chemical®® pH (pg/L)en% or EC50 (pg/L)8uas (pg/L)unass Reference
Cladoceran (<24 hr), S, U - - 280 - - Harmens et al . 1984
Oaphnla magna
Cladoceran (<24 bhr), S, U Dowlic ide EC-7 1.2~ 134.0 - 99.97 - Mount and Norberg 1984
Daphnia magna (93.7% PCP) 7.4
Cladoceran (<24 nr), S, M PCP 8,58 145 17.93 - Thurston et al, 1985
Daphn la magna (99%)
Cladoceran (<24 hr), S, U PCP 8.5 300 40,20 - Lewls and Weber 1985
Daphnia magna
Cladoceran (<24 nhr), S, U PCP 8.5 350 46,90 - Lewis and Weber 1985
Daphnlia magna )
Cladoceran (<24 nr), S, U PcP 8.5 380 50,92 - Lewls and Weber 1985
Daphnia magna

->
Cladoceran (<24 nhr), S, U PCP 8.5 300 40.20 - Lewls and weber 1985
Daphnia magna
Cladoceran (<24 hr), S, U PCP 8.5 350 46.90 - Lewls and Weber 1985
Daphnia magna
Cladoceran (<24 hr), S, U P 8.5 300 40.20 - Lewls and Weber 1985
Daphnla magna
Cladoceran (<24 hr), S, U PCP 8.5 280 37.52 - Lewis and weber 1985
Daphnla magna
Cladoceran (<24 hr), S, u Pce 8.9 310 41,54 - Llewls and Weber 1985
Daphnia magna
Cladoceran (<24 nhr}), S, U PCP 8.5 290 38,86 - Lewls and Weber 1985
Daphnia magna
Cladoceran (<24 hr), S, U PCP 8.5 370 49,58 - Lewis and Weber 1985
Daphnia magna
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Table 1., (Continued)

LC50 Species Mean
or ECS0 Adjusted LC50 Acute Value

Specles Method* Chemicals® pH (pg/L)ans or EC50 (pg/L)Bnss (pg/L)aanan Reference

Cladoceran (<24 hr), S, U PCP 8.5 350 46,90 - Lewls and Weber 1985
Daphnia magna

Cladoceran (<24 npr), S, U PCP 8.5 370 49,58 - Lewls and Weber 1985
Daphnla magna

Cladoceran (<24 hr), S, U Pce 8.5 340 45,56 - Lewls and Weber 1985
Daphnlia magna

Cladoceran (<24 nr), S, VU PCP 8.5 510 68,33 - Lewls and wWeber 1985
Daphnia magna

Cladoceran (<24 hr), S, U PCP 8.5 840 112.6 - Lewls and Weber 1985
Daphnla magna .

Cladoceran (<24 hr), S, U PcP 8.5 510 68,33 - Lewis and Weber 1985
Daphnia magna
-

Cladoceran (<24 hr), S, U NaPCpP 1.1 450 134,7 - Hall et al. 1986
Daphnia magna

Cladoceran (<24 hr), S, U NaPCP 1.7 1,030 308.4 - Hall et al, 1986
Daphnia magna

Cladoceran (<24 hr), S, U NaPCP 7.8 960 259.9 - Hall et al, 1986
Daphnia magna

Cladoceran (<24 hr), S, U NaPCP 7,8 830 224,7 - Hall et la. 1986
Daphnla magna

Cladoceran (<24 hr), S, U PCP 8.0 1,000 221.5 - Elnabarawy et al, 1986
Daphnla magna (reagent grada)l

Cladoceran (6 d), S, M PCP 1.5 183 66,99 55.03 Brooke et al.
Daphnia magna (99+%) Manuscr | pt

Cladoceran (<24 nhr), s, U PcP - 2,000 - - Canton and Adema 1978
Daphnla pulex



Table 1. (Coatinved)

Spacles
(ladoceran (<24
Naphnia pulex
Cladouceran (<24
Daphn la pulex
Claaoceran (<24
Daphnia pulex
Cladoceran (<24
Daphnia pulex

Cladorer an (<24
Daphnia pulex

Cledoceran (<24
Daphnta pulex

Cladoceran (<24
Daphnia pulex

Cladoceran (<24
Daphnia pulex
Ciadoceran (<24
Caphnia pulex

Cladoceran (<24

Daphnia pulex

Cladoceran (<24
Daphnla pulex

Cladoceran (<24
Daphnia pulex

Cladoceran (<24

Daphnia pulex

Cladoceran (<24
Daphnla pulex

nd,
hr),
hr),
hr),
nrd,
hrl,
hr),
hr),
hrl),
hed),
hrl,
hr),
hr),

nr),

Mot hod® Chemica|®¥
S, U PCP
S, U FCP
S, U PCcP
s, U PCP
S, U cP
S, U PcP
S, U PCcP
s, U PCP
S, U PCP
S, U PCP
s, u PCP
S, U PCP
S, U PCP
S, U PCP

-

8.2

8.2

8.2

8.2

8.2

8.2

8.2

8‘2

8.2

8.2

8.2

8.2

8.2

8.2

LC50
or EC50

(pg/L)ees
260
490

480

470

170
250
390
190

330

550

440

Adjusted LC50
or EC50 (pg/L)Rees
47,10
88,76
86.95
85.13
52.53
30,79
45.28
70.64
34.42
59,78
101.4
99.63

101.4

79.70

Specles Mean
Acute Value

(pg/L)*enne

Reference

Lewls and

Lewls and

Lewls and

Lewls and

Lewls and

Lewis and

Ltewls and

Lewls and

Lewls and

lewls and

Lewls and

Lewis and

Lewls and

Lewls and

Weber

Weber

Weber

Weber

Weber

Weber

Weber

Weber

weber

wWeber

Waeber

Weber

Waber

Weber

1985

1985

1985

1985

1985

1985

1985

1985

1985

1985

1985

1985

1985

1985
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Table 1., (Continued)

LC50 Species Mean

or £C50 Adjusted LC50 Acute Value
Specles Method® Chemical®® pH (pgNL)nes or EC30 (pg/L)nnns (pg/L)RanEN Reterence
Cladoceran (<24 hrj, S, U PCP 8.2 590 106,9 - Lewls and Weber 1985
Daphnia pulex
Cladoceran (<24 hr), S, U PCP 8.2 550 99.63 - Lewls and weber 1985
Daphnia pulex
Cladoceran (<24 hr), S, U PCcP 8,2 680 123.2 - Lewls and Weber 1985
Daphnia pulex
Cladoceran (<24 nr), S, U PCP 8.2 350 63.40 - Lewls and Weber 1985
Daphnia pulex
Cladoceran (<24 nhr), S, U NaPCP 1.7 1,000 299.4 - Hall et al, 1986
Daphnia pulex
Cladoceran (<24 hr), S, U NaPCP 1.8 960 259.9 - Hall et al, 1986
Daphnia pulex .
Cladoceffan (<24 hr), S, U NaPCP 7.8 1,05 284,3 - Hall et al. 1986
Daphnia pulex
Cladoceran (<24 hr), S, U PCP 8.0 1,100 243.6 90,83 Elnabarawy et al, 1986
Daphnla pulex {reagent grade)
Cladoceran (<24 hr), S, U Dowicide EC-7 1.2~ 203.3 91.00 - Mount and Norberg 1984
S imocephalus vetulus (93,7% ECS0) 7.4
Cladoceran (<24 hr), F, M Dawic tde EC-7 7.3 160 71.614 - Hadtke et al, 1986
S imocephalus vetulus (93.7% PCP)
Cladoceran (<24 hr), F, M Dowicide EC-7 1.7 250 74,85 - Hedtke et al, 1986
S imocephalus vetulus (93.7% PCP)
Cladoceran (<24 nr), F, M Dowlcide EC-7 8.0 255 56,47 - Hedtke et al ., 19686
S imocephalus vetlulus (95.7% PCP)
Cladoceran (<24 nr), F, M Dowicide EC~7 8.3 364 59.63 - Hedtke et al. 1986
S Imocephalus vetulus (93.7% PCP) .
Cladoceran (<24 hr), F, M Dowlcide EC-7 7,9~ 196 35,50 57.72 Hedtke et al, 1986
S imocephalus vetulus (93.7% PCP) 8.4
Amphipod (juvenltlie), F, M Dowlc tde EC-7 6.5 139 139.0 - Spehar et al, 1985

Crangonyx pseudogracilis (88% PCP)




Tapnle 1. (Continuved)

Specles

Amphipod (juwenlle),
Crengonyx pseudoqgracilis

Ampnipod ( juventia),
Crangonyx pseudogractilis

Amphipad (juveniie),
Crangonyx pseudogracilis

Amphipod (1} mm),
Gammarus pswudol imnaeus

Ampivipod (0,05 g),
Gammarus pssudol Imnaeus

Amphipod ( juvenile),
Gammarus pseudol imnaeus

Amphipcd 4 juvenile),
Camanarus pssudol lmnaeus

Amphipod (juvenile),
Gammarus pseudol Imnaeus

Amphipcd (juvenile),
Gammarus pseudol Imneeus

Amph dpod,
Hya'slla azteca

Craytish (0.2-2.0 g,
Orconectes immunls

Mosquito (3rd Instar),
Aedes aeqypti

Mosquito (3rd Instar),
Culex plplens

Midge (3rd, 4th Instar),
Tanytarsus dissimilis

Midge (3rd, 4th Iastar),
Tanytarsus dissimills

LC50
or EC50
Method® Cheaical®® pH (pgN )han
F, M Uowlic ide EC-7 1,5 465
(83% PCP)
F, M Gowtc ide EC~7 8,0 929
(834 PCP)
F. M Dowlc ide EC-7 8.5 1,344
(688 FCP)
S, M PCP 7.5 296
(99+%)
F, M PCP 7.2 280
(99+f)
F, M Dowlcide EC-7 6.5 92
(83g PCP)
F, M ULowlclide EC-] 7.5 121
(88% PCP)
F, M  Dowlclide EC-7 8.0 484
(88% PCP)
F, M Dowlicide EC-7 8.5 790
(88% PCP)
S, M PCP 7.5 239
(Y3+%)
F, ™ pcP 7.92 >183,000
(99%)
s, u rCcP - 7,200
(>98%)
s, U PCP - 34,000
(>98%)
S, M PCP 8.51 31,300
(99%)
S, M PCP 8,95 19,000
(93%)

Adjusted LC50

or EC50 (pg/AL)hnna

170.2

205.7

180.1

108.35

138.56

92,00

44,29 '

107.19

105.85

87.48

43,920

4,152

2,421

Species Mean
Acute Value

_&M)IIIII

Reference

172,10

1221

87.48

>43,920

Spehar et al ., 1985

Spehar et al. 1985

Spehar et al., 1985

Brooke et al . Manuscript

Call et al. 1983

Spehar et al, 1985

Spehar et al. 1985

Spehar et al. 19685

Spehar et al. 1985

Brooke et al.

Manuscr I pt

Thurston et al, 1985

Sloott et al . 1983a

Slooft et al. 1983a

Thurston et al, 1985

Thurston et al, 1985



6C

Table 1. (Continued)

Species

Midge (3rd, 4th Instar),
Tanytarsus dissimills

Sciomyzid (1st Instar),
Sepedon fusclpennls

Sciomyzid (Ist lnstar),
Sepedon fusclipennis

Coho salmon (1-3 g),
Oncorhynchus klsutch

Coho salmon {(1-3 g),
Oncorhynchus kisutch

Cono salmon (2.7 g, 6.2 am),
Qacorbyuchus kisutch

Sockeye €atmon (yoarling),
Oncorhynchus nerka

Socksye saimon (1-3 g),
Oncorhynchus nerka

Sockeye salmon (1-3 g),
Oncorhynchus nerka

Chinook salmon (1 g),
Oncorhynchus tshawytscha

Chinook salmon (1 g),
Oncorhynchus tshawytscha

Ralnbow trout (1-3> g),
Salmo galrdner |

Rainbow trout (1-3 g),
Salmo gairdner )

Ra inbow trout (1-3 g),
Salmo gairdner |

Rainbow frout (1-3 g),
Salmo gairdner |

Method® Choemica)®®

F, PCP
(99+%)

S, NaPCP
(90%)

S, NaPCP
(90%)

S, NaPCP

S, NaPLP

F, NaPCP

F, NaPCP
S, NaPCP

S, NaPCP
S, PCP
(95%)

S, NaPCP
(30%)

S, NaPCP

S, NaPCP

S, NaPCP

S, NaPCP

P

1.9

7.01

7.0t

1.0

1.0

7,02

LC50

or EC50
(Ilﬂﬂ )lll

46,000

28,000

30,000

89

34

60

58

46

120

63.28

56.53

85

89

46

92

Adjusted LC50
or EC50 (pg/L)rnsa

11,260

6,200

18,150

53,31

20,36

29,69

42,90

22,99

35,93

27,78

24,06

53,54

53,85

27.83

54,55

Specles Mean
Acute Value

(pg/L)suuss

Reference

11,260

10,610

31.82

32,85

25,85

Call et al, 1983

McCoy and Joy 1977

McCoy and Joy 1977

Dav)s and Hoos 1975

Davis and Hoos 1975

iwama and Greer 1980

webb and Brett 1973

Dav s and Hoos 1975

Dav)s and Hoos 1975

Johnson and Finley 1980

Johnson and Finley 1980

Davis and Hoos 1975

Davis and Hoos 1975

Dav is and Hoos 1975

Davis and Hoos 1975
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Table 1. (Continued)

Specles

Ralinbow trout (V-3 g),
Salmo gairdner )

Rainbow trout (1-3 g),
Salmo galrdner!

Ralinbow trout (1.0 g),
Saimo galrdner |

Ralnbow trout (1,0 g),
Salmo galrdneri

Rainbow trout (0.3-0.4 g),
Sailmo galrdner)

Rainbow trout (1 g),
Salmo galrdner}

Rainbow®trout (1 g),
Salmo galrdner |

Ralinbow trout (10 wk),
Salmo qgairdner)

Rainbow trout
{embryo; 0 h),
Sailmo gairdner |

Ra Inbow trouft
(embryo; 24 h),
Salmo gairdner])

Rainbow frout (early
eyed embryo; 14 d),
Salmo galrdner)

Ra inbow trout (late
eyed embryo; 28 d),
Salmo gairdner |

Ra inbow trout (sac
try; 42 4),
Salmo galrdner )

Method® Chemicai®* pH
s, U NaPCP 5.7
s, U NaPCP 7.0
s, U - 7.0
s, U - 7.5
s, U NaPCP 6.2-

6.8

S, U PCP 7.2~

(96%) 7.5

s, U NaPCP 7.2-

(90%) 1.5

F, U PCP 7.4
(99+%)

R, U PCP 7.2
(97%)

R, U PcP 7.2
(97%)

R, U pce 1.2
(97%)

R, U PCP 1.2
(97%)

R, U PCP 1.2
(97%)

LCc50
or ECS0 Adjusted LC50
(pg/L)%%%  or EC50 (ug/L)esas
a4 98,32
69 41.75
75 45,38
2 33,68
83 83.00
49,92 21.25
45,72 19.46
66 26.71
3,000 1,485
1,300 643.3
3,000 1,485
480 23,5
32 15.84

Specles Mean
Acute Yalue

(pg/L)unns

Reference

Davis and Hoos 1975

Davls and Hoos 19795

Bentley of al, 1975

Bentley ot al, 1975

Vigers and Maynard 1977

Johnson and Finley 1980

Johnson and Finley 1980

Dominguez and Chapman

1984

Van

van

van

vVan

van

Leeuwen

Leeuwen

Leeuwen

Leeuwen

fLeeuwon

et al, 1985

et al. 1985

et al, 1985

et al, 1985

et al, 1985
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Table 1, (Continued)

Specles

RaInbow trout (early
try; 77 d),
Salmo gairdneri

Rainbow trout (0.8) g),
Saimo galrdner)

Ralnbow trout (1,2-7.9 g},
Salmo galrdner |

Ratlabow trout (1-4 g),
Salmo qalrdner)

Rainbow trout (0,6-8.0 g),
Salmo galrdner |

Brook trout (adult),
Salvel lnus tontinalils

L
Golidfish (2,36 q),
Carasslus auratus

Goldtish (2,57 g),
Carassius auratus

Gotdtish (1,46 q),
Carasslus auyratus

Goldtish (1.50 q),
Carasslus auratus

Goldtish (1,55 @),
Carassius auratus

Goldfish (1,40 g),
Carasslus auratus

Gotdtish (2.46 g),
Carasslus auratus

Goldfish (2,70 @),
Carasslus auratus

Goldtish (1,66 g),
Carasslus auratus

Method® Chemical®® pH
R, U PCP 7.2
(97%)

S, M PCP 1.5
(99+%)
F, M NaPCP 8.0-
8.3
F, M PCP 7.6~
8,2
F, M PCP 7.85
(99%)
F, M PCP 7.89
(99+%)
F, M NaPCP 7.81
F, M NaPCP 7.78
F, M NaPCP 1.77
F, M NaPCP 7.75
F, M NaPCP 71.62
F, M NaPCP 7.68
F, M NaPCP 7.54
F, M NaPCP 7.59
F, M NaPCP 7.58

LC50
or EC50

(pg/L)Be®

18

47.2

210

160

115

138

210

220

230

210

170

170

220

230

240

Adjusted LCS0
or EC50 (pg/L)anes

8,907

17.28

38,04

39.18

29.61

34,13

56.29

60.78

64,18

59.79

55.16

51,93

71,36

76,91

81.06

Species Mean
Acute Valwe

(pg/L ) ases

35.34

34,13

Reference

Van Leeuwen et al . 1985

Brook et al . Manuscript
Fogels and Sprague 1977
Hodson et al, 1984;
McCarty ot al, 1985
Thurston et al. 1985
Cardwoall ot al, 1976
Adelman and Smith 1976
Adelman and Smith 1976
Adelman and Smith 1976
Adelman and Smith 1970
Adelman and Smith 1976
Adelman and Smith 1976
Adeiman and Smith 1976

Adelman and Smith 1976

Adeiman and Smith 1976
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Tabie 1. {(Continued)

LC50 Specles Mean
or EC50 Adjusted LC50 Acute Value
Specles Method®  Chemicai®® pH (pq/L)nes or EC50 (pg/L)Ress (pg/L)Renaa Reference
Goldfish (1,74), F, M NaPCP 71.59 240 80,25 - AMelman and Smith 1976
Carasslus auratus
Goldfish (1,69 g), F, M NaPCP 7.58 200 67,55 - Adelman and Smith 1976
Carassius auratus
Goldtish (1,65 @), F, M NaPCP 1.60 190 62,90 - Adelman and Smith 1976
Carassius auratus
Goldbtsn (2.3V g, F, ™ NaPCP 7.83 290 76,19 - AMelman and Smith 1976
Carasslus auratus
Goldfish (2,31 q), F, M NaPLP 1.84 300 78,03 - Adelman and Smith 1976
Carassius auratus
woldfish 11,76 g), F, M NaPCP 1.73 200 58,10 - Adelman and Smith 1976
Carassius auratus
-
Guldtish (V.54 @), F, M NaPCP 1.76 250 70,47 - Adelman and Smith 1976
Carasslus avratus
Gotdfisn (1=2 ), F, M NaPCP - 247111 - - Adeiman and Smith 1976;
Carassivs auratns Adelman et al. 1976a
Goldtisn (2-4 q), F, M NaPCP - 190111 - - Adelman and Smith 1976;
Caiasstus auratus Adelman et al, 1976a
Goldtish (V1,9 g}, F, M Dowlc tde EC-7 1.1~ 17 417,36 - Phipps and Holcombe
Carasslus auratus (83% PCP) 7.8 1985
Goldfish (V.2 @, F, M Dowlclide EC-7 7.1- 156 63,14 ~ Phipps and Holcambe
Carasslus auratus (88§ PCP) 7.8 1985
Goldtish (1.7 @), F, M Dowicide EC-7 1.1~ 191 17.3¢ - Pnipps and Holcombe
Carasslus auratus (88% PCP) 7.8 1985
Goldfish (1,0-4.0 g), F, M PCP~ 71.94 328 77.15 - Thurston et al . 1985
Carasslus auratus (99%)
Goldfish (1,0-4.0 g), F, M PCP 7.84 200 52,02 65,53 Thurston et al, 1985
Carass lus auratus (99%)
Common carp (8 mm), R, U NaPCP 7.2 8.8 4,355 4,355 Verma et al, 198ic

Cyprinus carplo
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Table 1, (Continued)

LC50 Species Mean
or EC50 Adjusted LC50 Acute Value
Specles Method® Chemical®® pH {pg/L)Rus or EC50 (yg/L)nuen (pg/L)Renan Reference
Fathead minnow (4-8 wk), S, U PCP - 600 - - Mattson et al. 1976
P Imephales promelas
Fathead mlnnow (1.1 g}, s, U PcP 7.2- 196.8 83.76 - Johnson and Finiey 1980
P impehales promelas (96%) 7.5
Fathead minnow (40 d), F, U PCP 7.4 470 190.2 - Cleveland et al, 1932
P imephales promelas (99%)
Fathead minnow (14-30 d), S, U NaPCP 1.1 18 5.389 - Hall et al., 1986
P Imephales promelas
Fathead minnow (adult), F, M - 1.92- 194 40.45 - Ruesink and Smith 1975
P imephales promelas 8.20 (15°C)
Fathead minnow (adult), F, M - 1.81- 314 69.54 - Ruasink and Smith 1975
P imephales promelas 8.20 (25°C)
-
Fathead minnow (11 wk), F, M NaPCP 7.82 200 53.08 - Adelman and Smith 1976
P imephales promelas
Fathead minnow (11 wk), F, M NaPCP 7.83 180 47,29 - Adelman and Smith 1976
P imaphales promelas
Fathead minnow (1} wk), F, M NafPCP .72 220 64,56 - Adelman and Smith 1976
P imephales promelas '
Fathead minnow (11 wk), F, M NaPCP 7.72 180 52,82 - Adelman and Smith 1976
P imephales promelas
Fathead minnow (11 wk), F, M NaPCP 1.69 190 57.46 - Adelman and Smith 1976
P imephales promelas
Fathead minnow (11 wk), F, M NaPCP 7.68 210 64,15 - Adelman and Smith 1976
P Imephales promelas
Fathead minnow (11 wk), F, M NaPCP 1.86 220 56,08 - Adelman and Smith 1976
P imephales promelas !
Fathead mlinnow {11 wk), F, M NaPCP .78 180 49.73 - Adelman and Smith 1976
P imephales promelas
Fathead minnow (11 wk), F, M NaPCP 1.59 190 63,53 - Adelman and Smith 1976

P imephales promelas
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Table 1. (Continued)

Specles

Fathead minnow (11 wk),
P imephales promelas

Fathead minnow (11 wk),
P Imephales promelas

Fathead minnow (11 wk),
P imephales promelas

Fathead minnow (V1 wk),
P imephales promelas

Fathead minnow (11 wk),
P lmephales promelas

fathead minnow (1) wk),
P imephales promelas

Fathead thinnow (1Y wk),
P imephales promelas

Fathead minnow (11 wk),
P imephales promelas

Fathead minnow (11 wk),
P imephales promelas

Fathead minnow (4 wk),
P imephales promelas

Fathead minnow (7 wk),
P lmephales promelas

Fathead minnow (11 wk),
P Imephales promelas

Fathead minnow (14 wk),
P imephales promelas

fathead minnow ( 3 mo),
P imephales promelas

fathead minnow (30-35 d),
P imephales promelas

Method® Chemical®®
F, M NaPCP
F, M NaPCP
F, M NapPCP
F, M NaPCP
F, M NaPCP
F, M NaPCP
F, M NaPCP
F, M NaPCP
F, M NaPCP
F, M NaPCP
F, M NaPCP
F, M NaPCP
F, M NaPCP
F, M PCP

(99+%)
F, M -

-

1.62

7.65

7.65

1.63

7.58

7.83

7.82

7.83

7.41-
8,33

LC50
or ECS0

( I!ﬂﬂ )..I

190
240
200
200
190
270
230
22711t

yoatttt
230ttt
22211t

1ottt

285

220

Adjusted LC50

or EC30 (pg/L)nasn

61.65

15.56

62,96

64,24

74.88

55.52

Species Msan
Acute Value

¢ !9/‘_).....

Reference

Aeliman and Smith 1976
Adelman and Smith 1976
Adelman and Smith 1976
Adelman and Smith 1976
Adelman and Smith 1976
Adelman and Smith 1976
Adelman and Smith 1976
Adelman and Smith 1976;

Adelman ot al, 1976a

Adelman and Smith 1976;
Adelman ot al. 1976a

Adelman and Smith 1976;
Adelman ot al. 1976a

Adelman and Smith 1976;
Adeliman ot al. 1976a

Adelman and Smith 1976;
Adelman eof al. 1976a

Adelman and Smith 1976;
Adelman ot al, 1976a

Cardwall et al, 1976

Phipps et al. 1981
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Table 1. (Continued)

Specles

Fathead minnow (30-35 d),
P Imephales promelas

Fathead minnow (30-35 d),
P imephales promelas

fathead minnow ( juvenile),

P imephales promelas

Fathead minnow ( juvenile),

P imephales promelas

Fathead minnow ( juvenile),

P imaphales promelas

Fathead minnow ( juvenile),

Pimephales promelas

-

Fathead mlnnow (0.5 g),
P imephales promelas

Fathead minnow (0.4 g),
P imephales promelas

Fathead minnow (0.4 g},
P imephales promelas

Fathead minnow (0.2-1.0 g},

P imephales promelas

Channel catflsh (0.8 g),
lctalurus punctatus

Channel catflsh (0.8 qg),
Ictalurus punctatus

Channel catfish (1.4 g),
fctalurus punctatus

Channel catfish (1.4 g),
{ctalurus punctatus

Channel catfish (1,9 g},
| ctalurus punctatus

Method* Chemical®® pH
F, M - 7.41~
8.33
F, M - 7.41-
8.33
F, M Dowlcide EC-7 6.5
(885 PCP)
F, M Dowicide EC-7 1.5
(88% PCP)
F, M Dowic ide EC-7 8.0
(888 PCP)
F, M Dowiclde EC-7 8.5
(88% PCP)
F, M Dowlc ide EC-7 1.1~
(885 PCP) 7.8
F, M owicide EC-7 1.1~
(38% PCP) 7.8
F, M Dowlclde EC-1  7.1-
(845 PCP) 7.8
£, M PCce 8.01
(99%)
s, U PCcP 7.2~
(96%) 7.5
S, U NaPCP 1.2~
(90%) 1.5
F, M Dowlc ide EC-7 1.1~
(835 PCP) 7.8
F, M Dowic ide EC-T 1.1~
(8ag PCP) 1.8
F, M Dowlc ide EC-7 7.1~
(88% PCP) 7.8

LCS0
or EC50

(pg/L)nee
230

232
95
218
261
378
223
286
244
266
65.28
64,01
<53

54

Adjusted LC50

or EC50 (pg/L)Russ

58,05
58.55
95.00
719.80
57.80
50,65
90.26
115.76
98,76
58.32
271.78
27.24

21,451

Phipps et al ., 1981

Hall et al. 1984

Spehar et al, 1985

Spehar et al. 1985

Spehar et al, 1985

Spehar et al, 1985

Phipps and Holcombe

Ph)pps and Holcambe

Phipps and Holcanbe

Speclies Mean
Acute Value
(pg/L)Ru8ES Refereace
1985
1985
1985
63.11

Thurston et al. 1985

Johnson and Finley 1980

Johnson and Finley 1980

Phlpps and Holcaombe
1985

Phipps and Holcambe
1985

Phipps and Holcamnbe
1985



Table 1. (Continued)

9¢

; LC50 Speclies Mesan
or EC50 Adjusted LC50 Acute Value
Specles Method® Chemical®® pH (pg/L)Ru® or EC50 (pg/L)uens {pg/L)Rouan Reference
Channel catfish (0.,3-4,0 g), F, M © PCP .1 132 39,12 26.54 Thurston et al, 1985
lctalurus punctatus (99%)
Flagfish (0,1-0.3 g), F, M NaPCP 8.0~ 1,610 291.6 291,6 Fogels and Sprague 1977
Jordanella tloridae (79%) 8.3
Mosqultofish (0,1-1,0 g), F, M PCP 8.05 288 60,62 - Thurston et al, 1985
Gambusla affinis 99%)
Mosqultotish (0,1-1,0 g), F, M PCP 8.02 278 60,34 60,50 Thurston et al, 1985
Gambusla atfinls (99%)
Guppy (young), - PCP - 720 - - Adema and Vink 1981
Poecllla reticulata
Guppy (young), - PCP - 880 - - Adema and Vink 1981
Poeclila reticulata
g
Guppy (adult), - PCP - 450 - - Adema and Vink 1981
Poecllla reticulata
Guppy, R, M - 7.0 400 242,0 - Salklnoja-Salonen et al,
Poecllia reticulata 1981
Guppy (0,04-0,06 g}, R, U PcP 5 42,6 192.4 - Saar lkoskl and
Poecllla reticulata Viluksela 1981,1982
Guppy (0,04-0,06 qg), R, U PerP 6 AN 193.4 - Saar lkoskl and
Poecllla reticulata Viluksela 1981,1982
Guppy (0.04-0,06 q), R, U HCP 7 442 267.4 - Saar lkosk} and
Poecllia reticulata Viluksela 1981,1982
Guppy (0.04-0.06 g), R, U PCP 8 9t 201,.8 - Saar Ikoskl and
Poeclila reticulata Vituksela 1981, 1982
Guppy (0.0875 q), R, U PCP 8.\ 970 ’ 194.3 - Gupta et al, 19682a
Poecllla reticulata
Guppy (0.0875 q), R, U NaPCP 8.1 ni 142,4 - Gupta et al, 1982a
Poeclilla retliculata
Guppy, ' R, U PCcP 1.1 204 61.08 - Khangarot 1983

Poecllla reticuiata




Table 1. (Continued)

Specles

Guppy ( juvenite),
Poecil)a reticulata

Blueglll (1.1 @),
Lepomls macrochirus

Bluegltl (1.1 g,
Lepomis macrochirus

Bltuegittl (6 mo),
Lepomls macrochlrus

Bluegill (6 ma),
L epomls macrochirus

Riveglit (0.4 ¢,
tepomls macrochirus

Bluegitl«(0.4 g),
Lepomis macrochlrus

Bluoglti (0.2 g},
t epomls macrochirus

Bltuegtit (0,3 g},
L epomis macrochirus

Bluegitl (0.4 g},
Lepomls macrochlrus

Blueglll (0,3-2.0 g),
Lepomls macrochlrus

Largemouth bass (14 d),
Micropterus salmoldes

Largemouth bass (28 d),
Mlicropterus salmoldes

Largemouth bass (49 d),
Micropterus salmoldes

targemouth bass (84 d),
Micropterus sailmoides

Bullfrog (tadpole),
Rana catesbelana

Method® Chemical®® _pH

R, U PCP 7.2

S, U - 1.0

S, U - 1.5

R, U PCP 7.2-

7.1

R, U AP 1,2-

1.7

S, U e 7.2-

t9%%) 7.5

S, U NaPCf 1.2-

(90%) 7.5

F, M Dowic ide EC-7 1.1-

(8% PCP) 7.8

F, M Dowiclde EC-7 1.1-

(88% PCP) 7.8

F, M Powic ide EC-7 1.1-

(34% PCP) 1.8

Fo M PCP 8.03
(99%)

R, U PCP 1.2
(99%)

R, U PcP 7.2
(99%)"

R, U PCP 1.2
(99%)

R, U PCP 1.2
(99%)

F, M PCP 8,3
(99%)

LC50
or EC50

(pg/L)8ee
1,020
60
7
260
305

30.72

36.58
150
152
115
202
287
275
136
189

207

AdjJusted LC50
or EC50 (ug/L)unes
504,17
36.30
28,19
105,23
123,5
13,07
15.57
60,71
61,52
46,55
43,41
142.0
136,1
67.30
93.53

44,48

Specles Mean
Acute YValue

(pg/L)2esse

Reference

195.4

56,41

105.0

44,48

Browm et al, 1985

Benﬂ ey ot al, 1975
Bentley et al. 1975
Prultt ot al, 1977;

Plerce 1978

Prultt et al, 1977;
Plerce 1978

Johnson and Finley 1980
Johnson and Finley 1980
Phipps and Holcombe

1985

Phlpps and Holcambe
1985

Phipps and Holcambe
1985

Thurston et al, 1985
Johansen et al . 1985
Johansan et al, 1985
Johansen et at, 1985

Johansen et al, 1985

Thurston et al, 1985



Table 1. (Continued)

Specles

Polychaate worm (adult),
Nerels arenaceodentata

Polychaete worm
(34 larva),
Opnryorrocha dladema

Polychaate worm (adult),
Ophryotrocha diadems

Ot lgochaate worm (adult),
Limnodriloldes verrucosus

0! fgociraets worm (adult),
Limnodritloldes verrucosus
-

Ol gochasta worm (adult),
L impodritoides verrucosus

oligochaate worm (adult),
L imnodr i loldes veri ucosus

Oligochaste wurm,
Monaphalephorus cuticulatus

Ot iguchaate worm,
Monophelephorus cuticulatus

Cl igochaate worm,
Monophelephorus cuticulatus

0t igochaete worm,
Monophselephorus cuticulatus

Ol igochaate worm,
Monophelephorus cuticulatus

Ol igochaete worm,
Monophelephorus cuticulatus

Method® Chemical®®
S, U PCP
(98%)
R, M PCP
R, M ecp
R, U NaPCP
R, U NaPCP
R, U NaPCP
R, U NaPCP
R, U NaPCP
R, U NaPCP
R, U NaPCP
R, U NaPCP
R, U NaPCP
R, U NaPCP

LC50 Species Mesan
Salinity or EC50 Acute Value
(g/xg) (pug/L)nne (pq/L) Reterence

SALTWATER SPECIES

28 435 435 Rubenstain 1981

33 620 - Adema and Vink 1981;

Hooftman and Vink 1980
33 1,200 862.,6 Adema and Vink 1981;
Hooftman and Yink 1980

20 64,437,117 - Chapman et al, 1982b
(10°C, pH 6)

20 230, 1 397.2 Chapman et al, 1982a,b
(10°C, pH 7)

20 a41,8' - Chapman et al. 1982b
(10°C, pH 8)

20 644,41 - Chapman et al, 1982b
a°c, p N

20 1,4731 - Chapman et al, 1982b
(1°C, pH 7)

20 487.9 - Chapman et al . 1982a,b
(10°C, pH 1)

20 492,5" - Chapman et al. 1982b
(20°C, pH 1)

20 423,471t - Chapman ot al. 1982b
(10°C, pH 6)

20 . 635.67 - Chapman et al. 1982b
(10°C, pH 8)

10 340.67 598, 2 Chapman et al. 1982b
(10°C, pH 1)



Table 1. (Continued)

Specles Method® Chemical®®
Of lgoc.haete worm, R, U NaPCP
Tubificoldes qabrlellae

Common Atiantic Aver aged PCP
siippershell t(larva), raosults

Crepldula tornicata from S, R, F; M

Blue mussetl (aduit),
Mytilus eaulls

Averaged pce
rosults
from S, R, F; M

81 ue mussel (embryo), S, u NaPCP
Mytilus edulls
Pacitlc oyster (embryo), S, u NaPCP
Crassostrea glyas
€a5tern oyster (ambryo), S, U NaPCP
Crassostrea virginica
Eastern oyster (embryo), S, u PCP
Crassostrea virginica (93%)
tastern oyster (embryo), S, U FCP
Crassostrea virginica (93%)
Eastern oyster (embryo), S, U PCP
Crassostrea virglinica (98%)
Eastern oyster (embryo), S, U PCP
Crassostrea virginica (98%)
Copepod (adult), S, U NaPCP
Pseudod laptomus coronatus
Copapod (adult), Av or ag ed PcP
Temora longlcornus results

from S, R, F; M
Brown shrimp (adult), F, M _ NaPCP

Penaeus aztecus

LC50 Specles Mean
Salinity or EC50 Acute Value
(g/kg) (pgL)uas {pg/L) Reference
20 423.4 423.4 Chapman et al . 1982a
(10°c, pH 7)
- 1,200 1,200 Adema and Vink 1981
- 18, 000"" - Adema and Vink 1981
124 328,811 3288 Woel ke 1972
- 40,83111HT 40,83 Woelke 1972
17 36.95 - Borthwick and Schimmel
1978
30 430 - Zaroog fan 1981
30 49 - Zaroog lan 1981
30 >180 - Zaroog lan 1981
30 640 et Zaroog lan 1981
18 62,81 62,81 Hauch et al . 1980
- 170 170 Adema and Vink 1981
26.5 >199 >195 Schimmel et al. 1978
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Tabie Y. (Continued)

LC50 Specles Mean
Salinity or EC50 Acute Value
Specilas Mathod® Chemical®® {g/kq) (pg/L YRan (pg/L) Reterence
Pink shrimp (adul t), S, U PCP 25 5,600 5,600, Bentley et al, 1975
Panagus duorarum
Grass shrimp R, U NaPCP 10 2,43!" - Conkl in and Rao 1978a

{adult latermolt),
Palaemonetas pugio

Grass shr dmp R, U NaPCP 10 2,534" - Conkli In and Rao 1978a
(adult early premolt),
Palasmonetes puglo

Grass shr imp R, U NaPCP 10 402,7 - Conkl in and Rao 1978a,b
(adult late premolt),
Palaemonetes 'puglo

Grass shrimp (24-hr larva), S, U NaPCP 24 599.5 - Borthwlck and Schimmel

Pataemonetes pugilo , 1978
“Grass shrimp ( Juvenlie), F, M NaPCP 24,3 >5|5.0" 491.3 Schimmel et al, 1978
Palaemonetes puglo

Pacitic nerring (day ) s, u NaPCP 24-27 147,871,711 - Vigers ef al, 1978

yolk sac larva),
Clupes harengus pallasi

Pacltic mwrring (day 12 S, VU NaPCP 24-21 63.74'Dft - Vigers et al, 1978
tarva),
Clupea harengus pallasi

Pacitic herring (day 52 S, u NaPCP 24-21 23.09' - Vigers et al. 1978
farva),
Clupea harenqus paltlasl

Pacitic herying (day 180 S, U NaPCP 24-27 27.71* 25,29 Vigers et al,. 1978
luvenile),
Clupea harenqus pallasi

Sheepshead minnow S, U PCP {1+ T 329 - Borthwick and Schimmel

(\-day Juveniie), 1978
Cypr inodon varlegatus
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Table 1, (Continued)

Specles

Sheepshead minnow
(2-week juvenlle),
Cyprinodon varlegatus

Sheapshead minnow
(4-week juvenlle),
Cyprinodon varliegatus

Sheepshead mlanow
{b-week juvenile),
Cyprinodon varieqatus

Sheepshead minnow
(2-week juvenile)
Cyprinodon variegatus

Sheepshead minnow
(juvernile),
Cyprinodon variegatus

tongnose kiljlitish
(juvenile),
Fundulus simills

Pintish (larva),
Lagodon rhomboides

Pintish (jarva),
Lagodon rhomboides

Pinfish (adult),
L agodon rhomboides

Striped mulfet (juvenile),

Muqil cephalus

Method* Chemlcal*#

S, U PCP

S, U PCP

S, U PCP

S, u Dowicide
(79% NaPCP)

F, M PCP

F, M NaPCP

s, u NaPCP

S, U Dowlclide
(7198 NaPCP)

F, M NaPCP

F, M NaPCP

Sallnity
(g/kq)

10

24

24

22,9

26

26

20,8

25,5

Borthwick and Schimmel

Borthwick and Schimme|

Borthwick and Schimmel

Borthwlck and Schimmel

Parrish et al. 1978

Schimme! et al, 1978

Borthwick and Schimmet

Borthwlck and Schimmel

Schimmel et al, 1978

LC50 Species Mean
or EC50 Acute Value
(ugA yare (pg/L) Reference
392 -
1978
240 -
1978
223 -
1978
376.5 -
1978
442 442
>306 >306
35.10 -
1978
48,16 -
1978
53.2 53.2
112.1 112.1

Schimmef et al,., 1978
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Table 1. (Continued)

* S = static; R = renewal; F = flow-through; U = unmeasured, M = measured.
okl PCP = pentachlorophenol; NaPCP = sodium pentachiorophenate. Percent purity is given in parentheses when available.

Lol Results are expressed as pentachlorophenotl. It the concentrations were not measured and the published results were not reported
to be adjusted for purlfy, the published results were multiplied by the purity if it was reported to be less than 97%.

#au%  frgspwater LC50s and EC50s werc adjusted to pH = 6.5 using the pooled slope of 1.005 (see text).

#k¥A¥ Froshwater Species Mean Acute Values are at pH = 6.5.
1 Interpolated from graph.
" Not used in calculation of Species Mean Acute Valua.

T Mean of three LCS50s.
TITT tean of four LC50s.
TIHIT cajculated using moving average method and author's raw data.

LARRARIYS Specivs Mean Acutc Value calculated because acute values are too divergent for this species.

Results of Covarlance Analysls of Freshwater Acute Toxicity versus pH

Species ) n Slope 95% Contlidence Limits Degrees of Freedom
Simocephalus vutulus 4 0. 760 0.128, 1.393 2
Cranqonyx pseudogracilis 4 1.164 0. 844, 1.484 2
Gammarus pseudol tmnacus 4 1.129 -0.319, 2.578 2
Fathead minnow 4 0.678 0.413, 0.943 2
Guppy 4 1.052 0.710, 1.394 2
Al ot above 20 1.005* 0.841, 1.169 14

*p o= 0.28 tor equality of slopes.



Table 2, Chronic Toxicity ot Pentachiorophencl fo Aquatic Animals

Adjusted

Limits Chronic Yalue Chronic Value .

Speciles Tost® Chemical®® pH (pg/L)Rus Lpg/L) (pg/L)onus Reterence
FRESHWATER SPECIES
Snall, Lc Dowlc ide EC-7 7.4~ <261 <26 <8,607 Hed tke ot al , 1986
Physa gyrina (93.7% PCP) 1.7
Cladoceran, e Dowlcide EC-7 7.3 <22t <22 9.846 Hedtke et al. 1986
Cerlodaphnla reticulata ' (93.7% PCP)
Cladoceran, Lc Dowlc ide EC-7 7.3 <t <4.1 <1.835 Hedtke et al, 1986
Cer lodaphnia reticulata (93.7% PCP)
Cladoceran, w PCP - 180- 240 - Adema 1978
Oaphnia magna 320
Cladoceran, Lc Dowlic ide EC-7 17,3 119~ 177.2 19,66 Hedtke et al . 1986
S Imocephalus vetulus (93.7% PCP) 264
Cladoceran, Lc Dowicide EC-7 7,9- 137- 221,2 40,03 Hed tke et al . 1986
S imocephalus vetulus (93,78 pcP) 8.4t 357
Ralnbow trout, ELS PCP 7.4 - 14,46 5.666 Dominguez and Chapman
Salmo galrdneri (99+%) 19 1984
Fathead minnow, ELS PCP 7.2- 44.9- 57,25 18.94 Holcombe ot al. 1982
P Imephales promelas (Reagent 7.9 73.0
grade)

Fathead minnow, ELS Dowlicide EC-7 6.5 16,5~ 23,89 23.89 Spehar et at ., 1985

P imephales promelas (88% PCP) 34,6




Tabie Z. (Continued)

Reference

Adjusted
Limits Chronlc value Chronlc Value
Spacles lost® Chemlcal®® pH (pg/L)nue (ug/L) (ug/L)Rees
ratnead minnow, ELS Dowlclde £EC-7 7.5 27.6- 40,08 14.64
P imephales promeaias (88% PCP) 58.2
rathead mlnnow, ELS Dawlcide EC-7 8.0 32.0- 48,99 10.85
[ Imephatus promelas (884 PCP) 75.0
Fathead minnow, ELS vowlcide EC-7 8.5 63,17~ 89.23 11.92
Pimephales promslas (88% PCP) 125.0
SALTWATER SPECHES

sneepshead minnow, LC FCP - 47-88 64,31 -

Cyprircaon varlegatus

Spehar et al ., 1985

Spehar et al, 1985

Spehar et al, 1985

Parrish et al,

1978

. LT = tite-cycls or partial tl1te-cycle; kLS = early life-stage,
-

®%  PCP = pentachlorophencl, Parcent purlty ls glven In parentheses when avallable.

¥A% pacults ore based on maasured concentratlons of pentachliorophenol,

arktcrachwater chronlc values wore aljusted 1o pH = H,9 uslng the pooled slope ot 1.005 (see text),

i nacceptable of fucts occurred at all counceniratlons tested,

T controiled dally pH fluctuation conslsilag ot 1o hours at 8.4 and 8 hours at 7.9.

i



s7

Table 2, (Contlnued)

Acute~-Chronlc Ratlo

Acute Value Chronlc value

Species pH (pg/L) (ug/L) Ratlo

Snali, 7.2-7.7 267 <26 >10,27

Physa gyrina

Cladoceran, 7.3 150 <22 >6.818

Cerlodaphnja retlculata

Cladoceran, 7.3 150 <4,1 >36.59

Cerljodaphnla reticulata

Cladoceran, - 600 240 2.500

Naphnla magna

Cladoceran, 7.3 160 177.2 0.9029

S Imacephalus vetulus

Cladoceran, 7.9-3.4 196 221.,2 0.8861
“« S lmocephalus vetulus

Ralnbow frout, 7.4 b6 14,46 4,564

Salmo galrdner]

Fathead mlianow, 7.1-8.3 224.9*% 57.25 3.928

P Imephales promaias

Fathead minnow, 6.5 95 23.89 3.8717

P Imephales promelas

fathead minnow, 1.5 218 40,08 5.439

P Imephales prometas

Fathead minnow, 8.0 261 48.99 ‘ 5,328

P lmephales promelas

Fathead minnow, 8.5 378 89,23 4,236

P Jmephales promelas

Sheepshead mlnnow, - 442 64.31 6.873

Cypr inodon var legatus

* Geometr ic mean of 2 acute values obtalned by Phlipps et al, (1981) (see Table 1),



Table 3. Ranked Genus Mean Acute Values wlth Specles Mean Acute-Chronjc Ratlos

Genus Mean Spec les Mean Spec les Mean
Acute Value Acute Value Acute-Chronlc
Rank* (ug/L) Specles (ug/L)n® Ratloh#*

9%

FRESHWATER SPECIES

33 >43,920 Craytish, >43,920 -
Orconactes lmmunis

32 1,260 Mldge, 11,260 -
Tanytarsus dlssimills

31 10,610 Sclomyzld, 10,610 -
Sepedon fuscipennls

30 411,17 Tubltlclid worm, 417.7 -
Rhyacodrllus montana

29 408.2 Tubjtlcld worm, 408.2 -
Stylodrllus herlnglanus

28 405.2 Snall, 403.2 -
Glitla altills

27 361 .6 Tublticld worm, 239,5 -
Splrosperma ferox

Tublticld worm, 545.8 -
Splrosperma nlkolskyl

26 517.5 Tubltlcid worm, 317.5 -
Oulstradrlius mulitisetosus

25 291.b Flagtlish, 291.6 -
Jordanella tlorldae

4 224.2 Tubitlcld worm, 224.2 -
Tublfex tubltex

2% 182.5 Tublticld worm, 182.5 -
L lmnodr llus hottmelster]

22 172.1 Amphpod, ' 172.1 -
Crangonyx pseudograclils

2\ 195.4 Guppy, 195.4 -
Leblstes retliculata
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Table 5.

{Cont lnued)

Genus Mean Spec les Mean Specles Mean
Acute Value Acute Value Acute~-Chronlc
Rank* (ug/L) Specles (ug/L)®® Rat ot

20 155.9 Tubltlcld worm, 155.9 -~
Branchlura sowerbyl

19 132.1 Snall, 1321 >10,27
Physa qyrina

18 12t Amphipod, 122.1 -
ammarus pseudol lmnaeus

17 109.0 Larqemouth bass, 105.0 -
Mlcropterus salmoldes

16 87.48 Amphipod, 87.48 -
Hyalella azteca

15 78.10 Cladoceran, 90,83 -
NDaphnla pulex
Cladoceran, 67.15 2,500
Daphnla magna

14 67.13 Ciadoceran, 67.13 15,791
Cerlodaphnla reticulata

13 65.53 Goldt)sh, 65.53 -
Carass)us auratus

12 63,11 Fathead mlinnow, 63.11 4.53511
P Imephales promelas

1 o0 .50 Mosqultotish, 60.50 -
Gambusla atflinls

10 60 .43 Snall, 60.43 -
Aplexa hypnorum

9 58.47 Tublflclid worm, : 58.47 -
Var lchaeta pacltlca

8 97,72 Cladoceran, 57.72 0.8%457

S Imocephalus vetulus




Table 3.

Rank®

1

17

1o

15

(Continued)

Genus Mean
Acute Vealue
{pq/L) Specles
56.41 Bluegill,
Lepomis macrochlirus
44,48 Bull frog,
Rana catesblana
35,34 Ralnbow trout,
salmo galrdner)
34,13 yrook frout,
Salvelinus fontinalls
30,01 Coho salmon,
Oncorhynchus kilsutch
Sockeya salmon,
Oacorhynchus nerka
Chinook salmon,
Oncorhynchus tshawytscha
26.54 Channel catfish,
ictalurus punctatus
4,3%% Common carp,
Cyprinus carplo
SALTWATER SPECIES
1,200 Commnon Atlantic
sl ippershel f,
Crepldula tornicata
>1,045 Brown shrimp,
Penaeus aztecus
Pink shrimp,
Penasus duorarum
862.6 Polychaete worm,

Ophryotrocha diladema

Species Mean
Acute Value

(pg/L)e®

Species Mean
Acute~Chromic
Rat lofh®

56 .41

44,48

35.34

34,13

31.82

32.85

25.85

m.54

4,355

1,200

>195

5,600

862.6

4,564
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Table 3,

Rank®

14

13

12

(Continued)

Genus Mean
Acute Value

{(pg/L)

Specios

598,2

491.3

442

435

423,4

397,2

328.8

>306

170

12,1

62,81

53,2

40,83

Ol Igochaete worm,
Monopylephorus cuticulatus

Speclies Mean
Acute Valuve

(!yl_)ll

Species Nean
Acute~Chronic
Rat ol

Grass shrimp,
Palaemonetes pugio

Sheepshead minnow,
Cyprinodon varlegatus

Polychaste worm,
Nerels aremaceodentata

Ol iIgachaete worm,
Tubltlcoldes gabriellae

0Ol igochaste worm,
L Imnodriloldes verrucosus

Blue mussel,
Mytilus edulls

Laongnose killitish,
Fundulus similis

Copepod,
Temora longlcornis

Striped mul fet,
Mugll cephalus

Copepod,
Pseudodlaptomus coronatus

Pinfish,
Lagodon rhomboldes

Pacltic oyster,

Crassostrea gligas

598.2

491.3

442

435

423.4

397.2

328.8

>306

170

1121

62 .81

55.2

40.83

6,873
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Tobie 3. (Continued)

Genus Mean Specles Nean Species Mean
Acute Value Acute Yalue Acute-Chroanlc
Rank® {pg/L) Specles (pg/L)0® Ratiohas
1 25,29 Pacl tic herring, 25.29 -

Clupea harengus patlasi

®  Ranked from most resistant to most sensitive based on Genus Mean Acute Value.
Incluslion ot "greater than" values does not necessarily Imply a true ranking, but
does aliow use ot all genera for which data are availlable so that the Final Acute
Valuw Is not unnecessarily lowered,

%% From Table 1.

*%% from Table 2.

T Geometric mean of two values In Table 2,

A Geometr ic mean of five values In Table 2,
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Table 3, (Continuved)

Fresh water

Final Acute Value = 10,97 ug/L (at pH = 6.5)

Criterion Maximum Concentration = (10.97 ug/L) /2 = 5,485 ug/L (af pH = 6.5)

Pooted Slope = 1,005 (see Table 1)

In(Criterion Maximum intercept) = In(5.485) - Ilslope x 6,51

1.702 - (1,005 x 6.5) = -4,830
of 1,005 (pH)-4,8301

Criter lon Maximum Concentratlion =
Final Acute-Chronic Ratlo = 3,166 (ses text)
Final Chronic Value = (10,97 wg/L) / 3.166 = 3,465 ug/L (at pH = 6.5)
In(Final Chronic Intercept) = In(3.465) - Islope x 6.5]
= 1,243 - (1,005 x 6.5) = -5,290

Final Chronic Value = el 1.005(pH)=5.2901

Salt water

Final Acute value = 25,05 ug/L
Criterion Maxmun Concentration = (25.05 ug/L) /2 = 12,52 ug/L
Final Acute-Chronic Ratlo = 3,166 (see text)

Final Chronic value = (25,05 ug/L) /3.166 = 7,912 ug/L
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Speciles

Alga,
Chlorella vulgaris

Alga,
Chlorella pyrenoldosa

Alga,
Chloretla pyrenoldosa

Alga,
Scenedesmus quadr icauda

Alga,
Scenedesmus subspicatus

Alga,
Selenastrum caprlcornutum

Alga,
Selenastrum capricornutum

Alga,
Selenastrum capr icornutum

Alga,
Ankistrodesmus brauni i

Duckweed,
Lemna minor

Green alga,
Chlamydomonas sp.

Green alga,
Dunatiella tertliolecta

Green alga,
punal tella tertiolecta

Green alga,
Dunallella sp.

Table 4, Toxicity of Pentechiorophenal to Aquatic Plants

Duration

Concentrat lon

(pg/L)os Refereace

Chemical®* pH {days) Ettect
FRESHWATER SPECIES
NaPCP - 1" ECS0
(98%)
- 7.0 3 EC100

(chloroslts)

Pce - 4 EC50 (growth)

PCP - 4 EC50 (growth)

PcP 1.0 4 EC50

(99%)

NaPCP - 17 Reduced growth

pce - 4 EC50 (growth)

PCP - 4 EC50 (growth)

NaPCP - 11 EC50

(98%)

- 5.1 2 EC50
{chiorosis)
SALTWATER SPECIES

rce - 4, EC50 (popula~
tlon growth)

pce 30n % 4 EC50 (popula-
tion growth)

pce 3Qnun 4 EC50 (popula-
tion growth)

pPcP - 4 EC50 (popul a-

tion growfh)

600

290

312

830

189.1

1,400

206

170

3,600

Burrell ot al, 1985

Huang

Adema

Adema

Geyer

Adams

and Gloyna 1967

and Vink 1981

and Vink 1981

et al, 1985

ot al, 1985

Crossland and Woltf

1985

Richter 1982

Burrell et al, 1985

Blackman et al, 1955

Adema

and Vink 1981

watsh et al, 1982

wWwalsh et al, 1982

Adema and Vink 1931



Table 4. (Continued)

Ouration
Species Chemical® pH (days) Ettect
Golden brown alga, FCP - 4 EC50 (popula-
Monochrysls sp. tlon growth)
Dlatom, PCP Q%% 4 EC50 (popula-
Skeifetonoma costatum tlon growth)
Diatom, PcP 3R 4 EC50 (popul a-
Skelotonema costatum tion growth)
tiatom, PcP Iune 4 ECS50 (popula-
Skeletonema costatum tlon growth)
Dlatum, rce 3onnn 4 ECS0 (popula-
Thalasslosira pseudonana . tion growth)
Diatom, PCP 3phns 4 EC50 (popula-
Thalasslosira pseudonana tion growth)
-t
Diatom, PCP 3oNan 4 EC50 (popula
Thalasslosira pseudonana tlon growth)
tiatom, PCP - 4 EC50 (popula~
Phaeodactylum tricornutum 1 lon growth)
Grant walp (yuung tronds), NaPCP - 4 ECS50 (photo-
Macrocy»tis pyrifera (Santo- synthetic
brite) activity)

Coacentration

(pg/L) 8%

Refereace

200

20,30

17.40

17.80

205

189

179

3,000

277.%

Adema and Vink 1981

Walsh et al. 1982

walsh et al. 1982

Walsh ot al. 1982

walsh et al, 1982

Walsh et al, 1982

Walsh et al., 1982

Adema and Vink 1981

Clendenning and North
1959

*  PCF = pantachlorophenol; NalPCP = sodlum pentachlorophenate,

**  Results are exprossed as pentachlorophenol,

to be tess than 97%.

*%% Sallnity {g/kg), not pH,

Parcent pur ity 1S glven in parentheses when available.

If the concentrations were not measured and the published results
were not reportaed 7o be adjusted for purlty, the published results were multiplled by the pu ity It It was reported



vs

Specles

Ralnbow trout (400 q),
Salmo qalrdner |

Ralabow trout (400 g),
Salmo galrdner]

Fathead mlanow (6 mo),
P Imephales promelas

fFathead minnow (0.5-1.5 q),

P lmephales promelas

Fathead mlnnow (0.5-1.5 ),

P lmeghales promelas

Fathead minnow ( juvenlie),
P Imephales promelas

Fathead mlnnow ( juvenllie) ,
P imephales promelas

Fathead minnow ( juvenlie),
P imephales promelas

Fathead minnow ( juvenlle),
P lmephales promelas

Biueqlti (6 ma),
Lepom)s macrochlrus

tEastern oyster (adult),
Crassostrea virqglnica

Eastern oyster (adult),
Crassostrea virglnlca

Table 5, Bloaccumuiatlon of Pentachlorophenol by Aquatic Organlsms

Concentrat lon Duratjon
Chemlcai® In Water (ug/L)** pH (days) Tlssue
FRESHWATER SPECIES
pPce 0.035 - 1s ER
(Reagent
grade)
PCcpP 0.660 - 115 EAN
(Reagent
grade)
- - 7.49 32 whole body
PCP 50 - 31 whole body
(99%)
PCP P - 3 whole body
(88%)
Dowlclde EC-7 3.1-34,6 6.5 32 whole body
(88% PCP)
Dowlcide EC-7 5.6-58,2 7.5 32 whole body
(88% PCP)
Dowlclide EC-7 12,7-161.0 8.0 32 whole body
(88% PCP)
bDowlclde EC-7 29.3-125.0 8.5 32 whole body
(88% PCP)
PCcp 100 7.2~ 16 Muscle
1.7
SALTWATER SPECIES
NaPCP 25 - 28 Sott tlssue
NaPCP 2.5 - 28 Sott tlssue

BCF or
BAF"'

Reference

406

168

770

163

211

1,066

434

426

281

1.3

41

78

Nl im} and McFadden
1982

N1Im} and McFadden
1982

velth et al, 1979

Hucklins and Petty
1983

Huckins and Petty
1983

Spehar et al, 1985
Spehar et al, 1985
Spehar et al, 1985
Spehar et al. 1985
Prultt et al, 1977;

Plerce 1978

Schimmel et al.
1978 .

Schimmel et al,
1978



Table 5. (Continued)

Specles

Eastern oyster (adult),
Crassostrea virginica

Eastern oyster (adult),
Crassostrea virginica

Eastorn oyster (adult),
Crassostrea virginica

Sheepshead minnow (embryo),
Cypr Inodon var legatus

Sheepshead minnow ( juveniie),
ngrlnodon varlegatus

Sheepshead minnow (adult),
Cypr inodon varieqgatus

Longnose kiflifish,
Fundulus similis

Concentration

Chemical® In Water (ng/i)ne
NaPCP 3.741.4

NaPCP 9.5¢3.4
NaPCP 11.341.7

PCP 18-195

PCP 18-195

PCP 18-195

PCP 571-120

Duratioa
pH (days) Tissue
- Steady Soft tissue
state
- Steady Soft tissus
state
- Steady Soft tissue
state
- Parents whole bady
axposed
133~142
days
- 28 whole body
- 151 whole body
- 7 whole body
(Steady
state)

Schimmel and Garnas

Schimmel and Garnas

Schimmel and Garnas

BCF or
BAFS%%  Reterence
82
1985
34
1985
76
1985
ISI.Z»9t Parrish et af.
1978
3!.5t6t pParrish et al .
1978
IO.'A‘St Parrish et al.
1978
64

Trujiito et al,
1982

* PCP = pentachlorophenal, NaPCP = sodlium pentachlorophenata,

bl Measured concentration ot pentachiorophenocl .

Percent purity is given In parentheses shen avallable,

“%¥%  Bloconcentration factors (BCFs) and bloaccunulation tactors (BAFs) are based on measured concentrations of

pentachlorophenol In water and

in tissue,

*uxk whole body minus intestines, liver, and gall bladder,

L 4

Geometr ic mean of values from fouwr test concentrations,
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Slooft and Canton 1983

Boyle et al, 1984

Hedtke et al, 1986

Sloott and Canton 1983

Hedtke et al. 1986

Slooff and Canfon 1983

Sloott and Canton 1983

falrchlid et al. 1984

Smjth and Ord 1979

Dive et al, 1980

Slootf and Canton 1983%

Table 6. Other Data on Effects of Pentachlorophenaol on Aquatic Organlsms
Concentration
Specles Chemlcal* _pH Duratlon Effect (pg/L)%e Reference
FRESHWATER SPECIES
Alqga, PCP - 4 days Reduced 100~
Scenedesmus pannonlcus blomass 320
Pond phytoplankton PCP - 10 days Commun Jty 1,000
canmun §ty structural
change
vascular plant, Dow lclde EC-7 1.7~ 21 days Reduced growth 380
E lodea canadensls (93,7% PCP) 8.2 (rlver water)
Duckweed, PCP - 7 days Reduced 1,000~
Lemna minor specltlc 3,200
growth rate
Duckweed, bowlc lde EC-7 7.7~ 21 days Reduced >1,440
L.emna minor (93,78 PCP) 8.2 growth (rlver
water)
Bacter Jum, PCP - 0.3 days Reduced 1,000-
P seudomonas fluorescens specltic 3,200
growth rate
Cyanobacter Jum, PCP - 4 days Reduced 1,000~
Mlcrocystls aeruglnosa specltlic 3,200
growth rate
Detritus mixed mlicroblal Dowlclde EC-7 - 56 days Reductlon In 8,131
commun )}ty (88% PCP) blomass and
activity
Amocba, - 4.5 30 mln Reduced 1,332
Amosba proteus surv jval
Clilate protozoan, - - 43 hr Minimal actlive 600
Colpldlum campylum dose
Hydra, PcP - 48 hr LC50 730 Sloott 1983
Hydra ollgactls (>98%)
Hydra, PCP - 21 days Reduced speclftlic 32-
Hydra ol lgactls growth rate 100
Planar lan, PCP - 48 hr LC50 130 Sloott 1983
Dugesla luqubris (>98%)
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Table 6. (( . .ued)

Specles

Rotl fer,
Brachlonus rubens

Rotl fer,
Brachlonus rubens

Roti fer,
Brachlonus rubens

Tubltlcld worm,
Branchlura sowerbyi

Tubliflcld worm,
Limnodrilus hottmelster!

Tublflcid worm,
Quistradrilus multisetosus

“Tubltlcld worm,
Splrosperma nlkolskyl

Tublticid worm,
Stylodrilus herlnglanus

Tublflcld womm,
Tubifex tubltex

Mixed tubltlcld worms,
Tublfex tubltex and
Llmnodrflus hottmelsteri

Mixed tublflicld worms,
Tublfex tublfex and
L imnodr iTus hoftmelster)

Mixed tubificld worms,
TJubitex tublfex and
L imnodr Vfus hoftmeisteri

Mixed tubificid worms,
Tubitex tubltex and
L Iimnodrifus hofttmelsteri

Chemical® pH
FCP -
PCP -

NaPCP 7.0
NaPCP 7.0
NaPCP 7.0
NaPCP 1.0
NaPCP 1.0
NaPCP 7.0
NaPCP 1,0
NaPCP 7.5
NaPCP 8.5
NaPCP 9.5

24

23

24

24

24

Quration

hr

days

days

hr

hr

hr

hr

hr

hr

hr

hr

hr

hr

Concentratlon

Etfect (pg/L)he Reference
LC50 160 Hal bach et al,
LC100 200 Hal bach 1984
Reduced popula- 50 Ha{ bach 1984
tlon density
LCSO (with 515.5 Chapman et al.
sed Iment)
LC50 (with 1,150 Chapman et al,
sead iment)
LCS0 (wlth 846.9 Chapman et al.
sed iment)
LCSO (with 3,514 Chapman et al,
sed Iment)
LC50 (with 1,243 Chapman et al.
sed iment)
LC50 (with 754.8 Chapman et al.
sed lment)
LCSO 533.9 Chapman et al .
LCs0 290 whitley 1968
LCS50 620 whitfey 1968
LC50 1,290 whit{ey 1968

1983

1982a

1982a

1982a

1982a

1982a

1962a

1982¢
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Table 6. (Continued)

Specles
Snall,
Lymnaea stagnallis
Snall,
Lymnaea stagnalls
Snali,

Physa gyrina
Snail,

Physa gyrina
Snaltl,

Physa gyrina
Snall,

Physa gyrina
-

Snaltl,

Physa gyrina
Snalf,

Physa gyrina
Snall,

Physa gyrina
Snall,

Physa gyrina
Snall,

Physa gyt ina

Cladoceran,

Cer lodaphnla atfinis/dubla

Cladoceran,

Cer lodaphnia attinis/dubla

Cladoceran,

Cerlodaphnia atfinls/dubla

Chemical® pH Duratlon
PCP - 48 bhr
(>98%)
PCcP - 40 days
Dowic ide EC~7 1.7~ 96 hr
(93.7% PCP) 7.9
Dowlc ide EC-7 7.8- 12 wk
(93.7% PCP) 8.5
Dowlic ide EC-7 7.6~ 96 hr
(93.7%-PCP) 8.0
Dowlcide EC-7 7.7~ 96 hr
(93,78 PCP) 8.1
Dowlc ide EC-7 8,2~ 96 hr
(93.7% PCP) 8.4
Dowliclide EC-7 8,0~ 96 hr
(93.7% PCP) 8,2
Dowicide EC=7 7.9~ 96 hr
(93.7% PCP) 8.1
Dowlcide EC-7 7.8- 96 nr
(93.7% PCP) 7.9
Dowlc ide EC~7 1.7~ 96 hr
(95.7% PCP) 7.9
Dowlcide EC-7  7,9- 1 days
(93,75 PCP) 8.0
Dowlcide EC-7 8.0 48 hr
(93.7% PCP)
Dowicide EC-7 7.9~ 48 hr
(93.7% PCP) 8.0

Concentration

Eftect (pg/L)0e Reference
LC50 560 Slooft 1983
Red uced 3.2- Sltooft and Canton 1983
hatchling 10
LCS0 (river 1,380 Hedtke ot al . 1986
water)
Reduced popu- 365 Zischke et al .1985
latlon density
LCS0 (river 1,250 Hed tke ot al. 1986
water)
LCS0 (river 130 Hedtke and Arthur 1985;
water) Hedtke ot al. 1986
LC50 (river 620 Hed tke et al ., 1986
water)
LCS50 (river 220 Hedtke ot al. 1986
water)
LCS0 (river 260 Hedtke ot al . 1986
water)
LCS0 (river 580 Hedtke ot al . 1986
water)
LCS0 (river 810 Hedtke ot al. 1986
water)
MATC (river 110 Hedtke ot al. 1986
water)
LCS0 (river 307 Hedtke et al, 1986
water)
LCS0 (river 347 Hedtke of al. 1986
water)
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Table 6. (Contlnued)

Specles

Cladoceran,
Cerlodaphnla retjculata

Chemical®*

Duratlon

Cladoceran,
Cerlodaphnla retlculata

Cliadoceran,

Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,

Dthnla magna
-

Cladoceran,
Daphnla magna
Cladoceran,

DaEhnla magna

Cladoceran,

DaEnnla magna

Cladoceran,

Daphnla magna

Cladoceran,

Daghn)a magna

Cladoceran,
Daphnla magna

Cladoceran,
Daphnla magna

Cladoceran,

Daphnla magna

Dowlclde EC-7
(93,7% PCP)

Dowlclde EC~7
(93,7% PCP)

PCP

PCP

PCP

PCP

PCP

PCP

PCP

pPCP

48

48

21

21

21

21

21

21

21

21

21

21

hr

hr

days

days

days

days

days

days

days

days

days

days

days

days

Reference

Concentratlon

Effect (pg/L)"®
LCS0 (rlver} 240
water)
LCS0 (rilver 700
water)
tC50 480
LC50 510
LCS50 400
LC50 470
LC50 430
tCs0 490
LC50 170
LC50 190
LC50 440
LC50 460
No effect on 340
reproduct lon
Red uced 1 00~
survijval and 320

reproduction

Hedtke et al . 1986

Hed tke et al. 1986

Adema 1978

Adema 1978

Adema 1978

Adema 1978

Adema 1978

Adema 1978

Adema 1978

Adema 1978

Adema 1978

Adema 1978

Adema and V]nk 1981

Sloott and Canton 1983
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Table 6. {(Continued)

Concentratlon

Specles Chemical® ph Durat ion Etfect (pg/L)0® Reference
Cladoceran (<24 hr), - - 16 days ECS0 150 Hermens et al, 1984
Daphnla magna (reproductlon)
Cladoceran (6 d), PCcP 7.9 48 hr EC50 (river 254 Brooke et al . Manuscr ipt
Daphnia magna (99+%) water)
Cladoceran (6 d), PCcP 1.6 48 hr EC50 (river 599 Brooke ef al . Manuscript
Daphnla magna (99+%) water)
Cladoceran, Dowicide EC-7 7.8- 48 nr LCS0 (river 670 Hedtke and Arthur 1985;
S imocephalus vetulus (93.7% PCP) 7.9 water) Hedtke ot al. 1986
Cladoceran, Dowlcide EC-7 8.0 48 hr LCS0 (river 204 Hedtke et al . 1986
S imocephalus vetulus (93,75 PCP) water)
Isopod, Dowicide EC-7 7,7- 96 hr LC50 (river >7,770 Hedtke et al. 1986
Asellus racovitzal (93.7% PCP) 1.9 water)

“Ysopod, Dowlicide EC-7 T7.6- 96 hr LC50 (river 4,320 Hedtke et al, 1986
Asellus racovitzal (93,78 PCP) 8.0 water)
1sopod, Dowiclde EC-7 7,7~ 96 nr LC50 (river 2,370 Hedtke and Arthur 1985;
Asellus racovitzal (93.7% PCP) 8.1 water) Hedtke et al. 1986
Isopod, Dowicide EC-7 71.8- 96 hr LC50 (river 3,400 Hedtke et al, 1986
Asellus racovitzal (93.7% PCP) 7.9 water)
Amphipod, Dowiclide EC-7 7.7~ 96 hr LCS0 (river 3,120 Hodtke of al ., 1986
Crangonyx pseudogracills (93.7% PCP) 1.9 water)
Amphl pod, Dowlc ide EC-7 7,7~ 96 hr LC50 (river 2,770 Hedtke et al. 1986
Crangonyx pseudograclils (93.7% PCP) 8.1 water)
Amphipod, bowlic dde EC-7 7,7~ 96 hr LCS0 (river 1,89 Hedtke and Arthur 1965;
Crangonyx pseudogracills (93,78 PCP) 8.1 water) Hedtke ot al. 1986
Amphipod, Dowicide EC-7 8,2- 96 hr LC50 (river 500 Hedtke et al . 1986
Crangonyx pseudogracllis (93.7% PCP) 8.4 . water)
Amphipod, Dowicide EC-? 8.0- 96 hr LCS0 (river 320 Haedtke et al. 1986
Crangonyx pseudograchlls (93.7% PCP) 8.1 water)
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Table 6. (Confinued)

Speciles

Amphlipod,
Crangonyx pseudogracills

Amphipod,
Crangonyx psedogracilis

Amph i pod,
Crangonyx pseudogracilis

Amphipod (11 mm),
Gammarus pseudol imnaeus

Amphipod (11 mm),
Gammarus pseudol imnaeus

Amph i pod,
Hyalella azteca

o>
Amphipod,
Hyalella azteca

Mayfly,
Callibaetis skokianus

Maytfly,
Calfibaetis skokianus

Mayfly (larvaa),
Cloeon dipterum

Caddistiy,
Philarctus quaerls

Scilomyzid fly (Vst lnstar),
Sepedon tusclpennis

Mosqulto (st Instar),

Cufex piplens

Chemical® pH Ouration
Dowic lde EC~7 8,0- 96 hr
(93,78 PCP) 8.1
Dowlc ide EC~? 7.8~ 96 hr
(93,78 PCP) 7.9
Dowicide EC-7 7.7~ 96 hr
(93,78 PCP) 7.9
FCP 7.9 96 hr
(99+¢%)
PCP 1.6 96 hr
(99+%)
PCP 7.9 96 hr
(99+%)
PCP 7.6 96 hr
(99+%)
Dowlc lde EC-7 7.5- 96 hr
(93.7% PCP) 7.7
Dowic ide EC-7 7.8~ 96 hr
(93.7% PCP) 7.9
rCP - 48 hr
(>98%)
Dowlicide EC-? 7.5~ 96 hr
(93.7% PCP) 1.7
NaPCP - 96 hr
(90%)
(= o I - 25 days

Concentration

Effect (pg/L)®®  Reference
LCS0 (river 220 Hedtke ot al . 1986
water)
50 (river 1,550 Hedtke ot al . 1985
water)
LC50 (rver 2,000 Hedtke et al, 1986
water)
LCS0 (river 451 Brooke et al , Manuscript
water)
LC50 (river 450 Brooke et al . Manuscript
water)
LCS0 (river 286 Brooke et al. Manuscript
water)
LCS0 (river 353 Brooks et al . Maauscript
water)
LC50 (river 1,780 Hedtke and Arthur 1985;
water) Hedtke ot al, 1986
LCS0 (river 1,300 Hedtke et al. 1966
water)
LC50 5,900 Slooff 1983
LL50 (river 1,260 Hodtke and Arthur 1985;
water) Hedtke ot al. 1986
LCS0 (fed) 2,200 McCoy and Joy 1977
, Red uced 3,200~ Slooff and Canton 1983
survival and 10,000

devel opment
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Table 6. {(Contlinued)

Species Chemical®

Midge (4th Instar), ece

Chironomus riparius (97%)

Mlidge (4th Instar), PCP

Chironomus riparius (reagent
grade)

Sockeys salmon (<1 yr), NaPCP

Oncorhynchus nerka

Sockeye salmon (<1 yr), NaPCP

Oncor hynchus ner ka

Socreye salmon (<t yr), NapPCP

Oncorhynchus nerka

“socheye salmon (<1 yr), NaPCP

Qncor hynchus nerka

Chinook salmon (juvenile), NaPCP

Oncorhynchus tschawytscha

Chinook safmon ( juvenifel, -

Oncorhynchus ¥schawytscha

Rainbow trout (alevin), Santobrite

Seimo galrdner i (>90% NarCP)

Santobrite
(>90% NaPCP)

Rslnbow frout (aievin),
Saimo galrdner|

Santobrlte

Rainbow trout (alevin),
(>90% NaPCP)

Saimo galrdner}

6.8

6.8

Duration

24 hr

(15°C)
{(25°C)
(35°C)

24 hr

21 days

42 days

56 days

56 days

96 hr

8 days

20 days

20 days

21 days

Coacentrat lon
Eftect (pg/L)%®  Reterence
LC50 Fisher 1986
1,176
1,556
631
LC50 384 Fisher and wadleigh
465 1986
1,948
LCS0 57 Webb and Brett 1973
108 growth 3.2 Webb and Brett 1973
Inhibition
EC50 (growth) 1.74 Webb and Brett 1973
EC50 (food 1,80 Webb and Brett 1973
converslon)
LC50 (high 72 iwama and Greer 1979
load Ing)

LC100 (with bac- 36
ter lal disease
injection)

115 growth 28
inhibitlon

185 growth 28
inhibition

188 growth 28
Inhibition

Iwama and Greer 1982

Chapman 1969

Chapman 1969

Chapman 1969
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Tabie 6. (Continued)

Specles Chemical® pH Duration

Rainbow trout (alevin), Santobrite - 28 days

Salmo galrdneri (>90% NaPCP)

Rainbow trout Santobrite - 41 days

(embryo and alevin), (>90% NaPCP)

Salmo galrdner)

Ra inbow trout, Santobrite 7.8 Fertil lzation

Salmo galrdner ) (>90% NaPCP) and yolk sac
resorption

Rainbow trout (alevin), Santobrite 7.8 71 days

Saimo gairdner} (>90% NaPCP)

Ra inbow trout, - - 28 days

Salmo galrdneri

Rainbow trout (2.1~11.4 g), - 7.4- 8.8 hr

Nisqually strain, 1.7

Salmo gairdner)

Railnbow trout (2,1-11.4 g}, - 7.4~ T.1 hr

Idaho strain, 7.7

Salmo galrdnerl

Railnbow trout, - 8.0 24 hr

Saimo galirdner|

Ra inbow trout, NaPCP 7,78~ 4 wk post

Salimo galrdner | 7.89 swimup

Ra inbow frout, NaPCP 1.9~ 4 wk post

Salmo galrdner) 8.08 swim-up

Ralnbow trout (0.81 g), PoP 1.9 9% hr

Salmo galrdner)

Concenfratioa

Effect (pgNL)ae
12X growth 2
Inhibltion
cioo 46
25% mortal ity 18
9.1% growth 18
reduction
27% growth 7.4
inhibltion
Med lan survival 250
time
Mad lan survival 250
time
Increased 70
respiration
Blomass reduc- 20~
tion (lower 80
Yemperature)
Blomass reduc- >16
tion (higher
temperature)
LCS0 (river 70.1
water)

Reference

Chapman 1969

Chapman 1969

Chapman and Shumway 1978

Chapman and Shumway 1978

Matida ot al, 1976

Alexander and Clarke
1978

Alexander and Clarke
1978

Sloott 1979

Hodson and Blunt 1981

Hodson and Blunt 1981

Brooke et af, Manuscript
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Table 6., (Contlnued)

Specles

Rajnbow trout (0.81 q),
Salmo galrdner]

Atlantlc salmon,
Salmo salar

Brown trout (4.5 g),
Salmo trutta

Central stoneroller (10 g),

Campostoma anomalum

Goldtlsh (1.5 @),
Carasslus auratus

Goldtlsh (108.0 q),
‘Carasslus auratus

Goldtlsh (adult),
Carasslus aurafus

Goldflish ( juvenllie),
Carasslus auratus

Goldfish ( juvenllie),
Carasslus auratus

Goldtish ( juvenlie),
Carasslus auratus

Goldtlsh (2 g),
Carasslus auratus

Goldtloh (1.3 W),
Carasslus auratus

Goldtish (1.3 g),
Carasslus auratus

Goldflsh (1,3 q),
Carasslus auratus

Chemlcal® pH Durat lon
PCP 7.6 9% hr
(99+%)
NaPCP - 24 nr
PCP - 24 v
(99%)
NaPCP 1.6 4.3 nr
PCP - 24 nhr
Pce - 24 br
pPCP 7,59 46 nr
(99+%)
NaPCP 1.59 21 bhr
NaPCP 7.59 120 br
NaPCP 7.59 336 hr
- - 24 hr
- 5.5 24 hr
- 6 24 hr
- 7 24 hr

Brooke et al . Manuscrlipt

Hattula et al. 1981

Lemma and Yau 1974

Lemma and Yau 1974

Cardwell et al, 1976

Cardwel | ot al, 1976

Cardwoell et al. 1976

Cardwell et al. 1976

Kobayashl et al, 1979

Kobayashl and Kishlno

Kobayash} and Kishlno

Concentratlon
Ettect (ug/L)*® Reference
LC50 (river 85,6
water)
Al tered 46 Peterson 1976
temperature
preference
LCHV 200
LC 100 400 Goodn Ight 1942
L.C90 1,600
LC90 1,600
LC50 270
LC50 369
LC50 253
Lc50 189
LC50 270
LC50 52
1980
LCS0 60
1980
LC50 82

Kobayash| and Klshlno
1980



Table 6. (Contlinued)

Specles

Goldtlsh (1,3 g),
Carasslus auratus

Goldfish (1.3 q),
Carasslus auratus

Goldtish (1,3 g),
Carasslus auratus

Common carp (eyed ambryo),
Cyprlnus carplo

Common carp (1-3 days),
Cyprlinus carplo

Common carp (5-6 days),
Cyprinus carplo

Common carp (9-10 days),
Cyprilnus carplo

Common carp (17-19 days),
Cyprinus carplo

Common carp (25-33 days),
Cyprlinus carplo

Common carp (50-60 days),
Cyprlnus carplo

Common carp (70-80 days),
Cyprlinus carplo

Common carp (15,1-28,8 g},
Cyprlnus carplo

Sitverjaw minnow (2 q),
Er lcymba buccata

Redtln shlner (2 q),
Notropls umbratlils

Chemical®

PCP

PCP

PCP

PCP

PCP

PCe

PCP

NaPCP

NaPCP

—pH_
8

10

Duratlon

24

24

24

24

24

24

24

24

24

24

24

50

hr

hr

hr

hr

hr

hr

hr

hr

hr

hr

hr

min

hr

hr

and Klshlno

and Klishino

and Klshlno

et al., 1982

et

et

et

et

ot

et

ot

al .

al .

al.,

at,

al .

al .

al .

Peer at al, 1983

Concentratlon
Eftect (ug/L)"® Reference
LC50 250 Kobayashl
1980
(Top 10} 2,200 Kobayashl
1980
LCS0 16,000 Kobayash}
1980
LCS0 180 Hash Imoto
LCS0 140 Hash lmoto
LC50 150 Hash Imoto
LC50 130 Hash imoto
LCS0 110 Hashlimoto
LCS0 100 Hashlmoto
LC50 110 Hashlmoto
LCS50 110 Hashlimoto
LT50 3,000
LC100 400 Goodn jght 1942
LC100 600 Goodn Ight 1942

1982

1982

1982

1982

1982

1982

1982
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Table 6, (Continued)

Species

Steelcolor shiner (2 g),
Notropls ahlpplwi

Bluntnose minnow (3 g),
P imephales notatus

fathead minnow (2 iInches),
P imephales promelas

fathead minaow ( juvealle),
P imephales promelas

Fatiwad minnow,
Pimephales promelas

fathead minnow,
P imephales promelas

“Fatiwad mlanow (adult),
P imephales promelas

Fathoad minnow (adult),
Pimephales promelas

Fathaal minnow {adult),
P imephales prownelas

Fathead minnow (adult),
P Iimephales promalas

Fathead minnow (adult),
P imephales promelas

Fathead minnow (adul 1),
P imephales promelas

Fathead minnow (adul t),
P imephales promelas

fFathead mlanow ( juvenile),
P imephales promelas

Chemical® pH
NaPCP 7.6
NaPCP 7.6
NaPCP 7.4-

7.5
NaPCP 7.83
(2o -
Dowicide EC~7 7.1~
(93.7% PCP) 8.4
Dowicide EC-7 8,0~
(93.7% PCP) 8.1
Dowicide EC-7 1.9~
(93,75 PCP) 8.2
Dowic tde EC-7 7.9~
(93.7% PCP) 8.1
Uowic kde EC-7 d, 0~
(93.7% PCP) 8.2
Dowic lde EC-7 7.7~
(93.7% PCP) 8.1
Dowicide EC-7 7.9-
(93.7% PCP) 8.1
Dowiclde EC-7 7.4~
(93.7% PCY) 7.9
Dowlcide EC-7 7.8~
(93.7% PCP) 8.2

Duration

5.25

71.45

24

336

48

12

96

96

96

96

96

96

96

96

hr

hr

hr

hr

hr

wk

hr

hr

hr

hr

hr

hr

hr

hr

Concentration
Eftect M.‘

LC100 400
Lc100 400
LC50 300-

320
LCS0 153
LC50 210

Reduced growth
and larval drift

LC50 (river
water)

LCS0 (river
water)

LCS0 (river
water)

LCS0 (river
water)

LCS0 (river
water)

LCS0 (river
water)

LC50 (river
water)

LC50 (river)
water)

300

190

170

160

120

208

120

396

Reference

Goodnight 1942

Goodn Ight 1942

Crandali and Goodnight

1959

Cardwoall ot al, 1976

Sloott

1982

Zischke et al . 1985

Hed tkeo

Hed tke

Hed tke

Hed tke

Hed tke

Hed tke

Hedt ke

Hed tke

Hed tke

et al. 1986

ot al, 1986

et al. 1986

et al. 1986

ot al. 1986

and Arthur 1985;

et al, 1986

ot al, 1986

et al., 1986
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Table 6. (Continued)

Specles

fFathead minnow ( juvenile),
P imephales promelas

Fathead minnow ({ry),
P imephales promelas

Fathead minnow (embryo),
P Imephales promelas

fFathead minnow (embryo),
P Iimephales promelas

Fathead minnow
(embryo, fry),
P Imephales prome{as

Fathead m)nnow (<2 wk),
P imephales promelas

Fathead mlnnow (<2 wk),
P lmephales promelas

Fathead minnow (<2 wk),
Pimaphales promelas

Fathead minnow (7 day),
P imephales promelas

Creek chub (12 g),
Semotilus atromaculatus

wWhite sucker,
Catostomus commerson |

Chemicai®

Dowicide EC-7
(93.7% PCP)

Dowicide EC~7
(93.7% PCP)

Dowicide EC=-7
(93,73 PCP)

Dowlcide EC-7
(93,75 PCP)

Dowtc ide EC-7
(93,7% PCP)

PCP
(puritied; 99%)

Dowlc ide EC-7
91%)

PCP
(industr lal
camposite)

ecP
(ultrapure)

NaPCP

Dowlc ide EC~7
(93.7% PCP)

P

7.4

7.4

7.4

Duration

9%

96

96

96

32

90

90

90

90

hr

hr

hr

hr

days

days

days

days

days

hr

al . 1986

al . 1986

al . 1986

al . 1986

al . 1986

et al, 1962

ot al, 1982

ot al, 1982

Hamil ton et al, 1986

Hedtke et al. 1986

Concentratioa

Etfect (pg/L)%*  Refereace
LCS0 (river 510 Hed tke et
water)
LCS0 (river 314 Hed tke ot
water)
LC5G (river 465 Hed tke et
water)
LCS0 (river 480 Hed tke ot
water)
Reduced survival 118~ Hed tke et
or growth (river 176
watar)
Decreased growth 85 Cleveland
24%
Decreased growth 142
185
Increased growth 60 Cleveland
18%
Increased growth 139
218
Decreased growth 13 Cleveland
20%
Decreased growth 27
408
100 mortal ity 67
Reduced growth 66
108
Reduced growth 130
17%
'LC100 600 Goodn lght 1942
LC50 (river 85
water)



Table 6, (Continued)

Speciss

Blackstripe topminnow (3 g),

Fundulus nctatus

Guppy,
Poecllla reticulata

Guppy,
Poaclllia reticulata

Guppy,
Poeciila roticulata

Gupoy (2 -3 mo),
Pooaclilia reticulata

Threesplne sticklehack (0.6 g), PCP

Gasteriosteous aculeatus

Lrangesporied sunfish (2 g),

L epomis humills

Bluegill (Juvenitae),
lepumls macrochlirus

Bluegill (Jjuvenilie),
Lepomis macrochirus

Blueyiti,
Lepomis mucrochirus

Aluegiit,
Lopumts macrochitus

Atuegiti,
L opomls macrcchirus

Chemical® pH Duration
NaPCP 1.6 9.7% nr
NaPCP 8.4~ 180 days

8.6
PCP - 60 days
PCP - 28 days
- 1.7 24 nr
- 24 nr
NaPCP 7.6 6.75 hr
PCP 7.94 30 hr
(99+%)
PCP 7.94 336 hr
(99+%)
Dowlicide EC-7 1.7- 96 nhr

(93.7% PCP) 7.9

Dowlc lde EC-7 7.8- 96 hr

(93,73 PCP) 1.9

Dowicida EC-7 1,6~ 12 wk
(93.7% #&CP) 8.6

Concentration
Ettect
LC100 800
Damaged liver 462
and kidney
No etfect on 180
growth
Reduced growth 100~
320
LC50 40
LC90 370
LC 100 400
LC50 303
LC50 215
LCS50 (river 200
water)
LCS0 (river 2170
water)
Reduced growth 40

and larval drift

(pg/L)®) Reference

Goodn ight 1942
Cran'dall and Goodn ight
1962,1963

Adema and Vink 1981
Slootf and Canton 1983
Benol t-Guyod et al,
1934a

Lemma and Yau 1974
Goodn ight 1942
Cardwell ot al. 1976
Cardwell ot al. 1976
Hedtke and Arthur 1985;
Hadt ke of al, 1986

Hedtke ot al . 1986

Zischke et al, 1985
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Table 6. (Comtinuved)

Concentration

Specles Chemical® pH Duration Eftect (pgL ) oo Reference
Largemouth bass, - 7.0 <4 hr Threshold oper- 47 Morgan 1976, 19177
Micropterus salmoldes cular rhythm S0

response
Largemouth bass (4.1 g), PCP 7.2 7 days Reduced growth 50,4 Mathers et al. 1985
Micropterus sa{moldes (99%) rate and food

convers jon

efticlency
Mozamblque tilapla (2,0 g), PcP - 24 r LC9 800 Lemma and Yau 1974
Tilapla mossambica
Leapard frog (tadpole), NaPCP 7.6 9.5 hr Lc100 800 Goodn ight 1942
Rana plplens
African clawed toad (3-4 wk), - - 48 nr LCcS0 260 Slooff 1982; Slooff and
Xenopus laevis Baer se iman 1980

< African clawad toad (<2 d}, ACP - 100 days Reduced suv i~ 32- Sloott and Canton 1983
Xenopus laevis val and growth 100
SALTWATER SPECIES

Photol uninescent bacterium, PCP - S min SO % reductlon in 80 Curtis ot al, 1982
Photobacter lum phosphoreum light output
Photol uninescent bacter lum, PCP - S min 50 § reduction In 924 Ribo and Kalser 1983
Photobacter tum phosphoreum light output ‘
Microfungal populations PCP 10~} nEn 8 wk Successlonal 140 Cook ot al, 1980
in microcosms change In alcro~

fungal specles

camposition
Golden brown alga, NaPCP 28, 9%ks 12~ Decreased cel | 270,6 woel ke 1965
Monochrysis luther) 15 days numbers
Diatom, PCP 250nn 7 days EC50 (cell 2,000 Er lckson and Freemen

Ske{etonema costatum division) 1978




Tabie 6. (Continued)

0L

Salinity Concentration

Species Chemical® _(g/kq) Duration Effect {pg/L)®® Reference
Diatom, PCP 25 7 days &50 (cel I 500 Er ickson and Freeman
Thalasslosira pseudonana dlivision) 1978
Dtatom, PCcP 26-29 24 hr EC50 (cell 250 Er ickson 1981
fhalasslosira pseudonana division)
Diatom, PceP 26-29 48 hr EC50 (cell 300 Er ickson 1981
Thalasslosira pseudonana division)
Dinoflagel late, PCP 25 7 days EC50 (cell 1,000 Erickson and Freeman
Glenodiinlum hall) division) 1978,
Microflayel late, PCP 25 1 days EC50 (cel 250 Erickson and Freeman
tsochrysis galbana divislon) 1978
Gea qgrass, Fce 30 40 hr EC50 (reduced 740 Walsh et al. 1982
Thalassia testudinum oxygen evolu-

tion)
Glant kelp, PCFP - 4 days Photosynthesls 2,660 Lammer ing and Burbank
Macrocysiis pyrifera Inhiblition 1960; reported in

Bulkema ot al,. 1979
Glant kelp, PCcP - 2 days Photosynthesis 1,000 Lammer ing and Burbank
Macrocystis pyrifera inhiblitlon 1960; reported In
Bulkema et al, 1979

Hamatodes, Dowlc ide G-ST - 9-13 wk Decrease In 2161 Cantelmo and Rao 1978b,c
(Mo lobenthic conmunitias) blomass and

density; shift

In spacles

composlition
Pol ychaete worm, PCcP 32-35 48 tr Signiticant 720 Carr and Neft 1981
Nerels virens decrease In

coelamic fluld

osmolal ity,

coupled with

mortal ity
Polychaate worm, Pce 32-35 14 days BCF = 280 - Carr and Neft 1981

Nerels virens
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Table 6. (Continued)

Species

Pol ychaete worm,
Nereis virens

Polychaete worm,
Qphryotrocha dladema

Polychaeta worm,
Ophryotrocha dladema

Polychaste worm,
Ophryotrocha diadema

‘Polychaefe worm (adult),

Arenicola cristata

Japanese | itt{eneck,
Tapes philippinarum

Japanese |ittleneck,
Tapes philipplinarum

Common Atlantic
s| tppershal{ (larva),
Crepldula tornicata

Blue musse! (larva),
Mytilus edulls

Blue musse! (larva),
Mytilus edulis

Salinity
Chemical® _(g/kq) Duration
PCP 32-35 2 mo
PCcP 33 37 days
PCP - 41 days
PcP - 48 days
Dowicide G-ST 22-24 6 days
PCP - 120 days
PCP - 24 nr
PCP - 7 days
NaPCP 28 48 hr
NaPCP 24 48 hr

Concentration
Effect (pg/L)88 Reference
Significant 100 Carr and Neff 198)
Iincrease in
ascorbic acid )
fevels and
significant

decresase In

glycogen reserves

Apparent reduc-
tion iIn repro~-
duct lon

EC50
(reproduction)

Apparent reduc-
tion In repro~
ductlon

Reduced feed ing
activity

Lethal

BCF = 6 to 189
depend ing on
tissue

LC50

22,1% abnormal
farvae

69,15 abnommal
{arvae

>98

23

460

369.5

369.5

Hoofttman and Vink 1980

Adema and Vink 198)

Adema and Vink 1981

Rubinstein 1978

Ton)yama et al. 1962

Kobayashi et al, 1969

Adema and Vink 1981

Dimick and Breese 1965;
Woel ke 1972

Dimick and Breese 1965;
woel ke 1972
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Table 6. {(Contlnued)

Specles

Blue mussel,
Mytllus edulls

fastarn oyster (embryo),
Crassostrea virglinlca

Fastern oyster (larva),
Ciassostrea virginlca

Lastern oyster (alultl),
Crassostraa virglnlca

Guahog ciam,
Mercenar Ja mercenarla

Cuanhug clam,
Mercenaria murcenai lo

Quanog clam,
Mercenarla mercenarla

Copeapod,
Pseudod laptomus coronatus

Brown shrimp (adult),
Penaeus aztecus

Grass sheimp (adult),
Palaemonetes puglo

PCP

PCP

PCP

Nal’CP

NabCp

NaPCP

NaPCP

NaPCP

NaPCP

NaPCP

Sallnlty
Chemlcal® _(g/kg)

20.3

28-30

28-30

28-30

26.5

10

14

48

14

192

18

8

18

Duratlon

days

hr

days

hr

wk

wk

wk

hr

days

Reference

Concentratlion
Etfect (pg/L)E®
LC50 750
100% abnommal 250~
larvae 5,000
100f mortal Ity 100-
500
EC50 (qrowth) 76 .50
Reduced resls- 459.9

tance 1o bacter-
jal Infectlon

BCF = 100 -
BCF = 54 -
Signlflcant 74,82

Jncrease In
feed Ing rate

BCF = 0.2165 -
{qeometr Ic mean
of 4 values)

Histolog lcal 923.7
changes (gltl

necrosls; loss

of microviil]}

and epltheljal

rupture of mldqut

and hepatopancreas;

" and mitochondrla

compartmental }zatlon)

Adema and Vink 1981

Davls and Hldu 1969
Davls and Hidu 1969
Schimme! et al. 1978

Anderson et al, 1981

Ander son et al, 1981
Anderson et al, 1981

Hauch et ail, 1980
Schlmmel et al, 1978

Doughtle and Rao 1978;
Rao and Doughtle 1984
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Yable 6, (Continued)

Specles

Grass shrimp (adult),
Palaemonetes puglo

Grass shrimp (post molt),
Palaemonetes puglo

Grass shrimp (aduft),
Palaemonetes puglo

Grass shr lmlp (adul 1),
Palaemonetes puglo

Grass shrimp (adulft),
Palaemonetes pugio

Grass shrimp (adult, new
mol t),
Palaemonetes puglo

Grass shrimp (adult,
Intermol 1),
Palaemonetes puglo

Longnose killitish,
(juvenile),
Fundulus similis

Striped mullet,
Mugl! cephalus

NaPCP

NaPCP

NaPCP

NaPCP

NaPCP

FCP

NaPCP

NaPCP

Salinity

Chemical® _(g/kg)

24,3

10

10

22,9

25.5

Duration

96

hr

13 br

days

hr

hr

hr

Concentratioa
Effect M"
BCF = 1,506 -

(geamatr Ic mean
ot 4 values)

1008 mortallty, 4,618
3 hrs atter molt

50% reductlon 436,.9
in [imb regen- 521.9
eration

Significant 923

increase In
exuv ial dry
wo Ight
Signiticant 29.257
Increase or

decrease In

oxygen consump-

tlon followed

by death

BCF = 150 -

BCF = 27,03 -
(geametr ic mean
of 4 values)

BCF = 7.446 -
(geometr Ic mean

of lowest two

val uss)

Refereace

Schimmel et al. 1978
Cantelmo ot al. 1978

Rao et al. 1978,1979,
1981

Brannon and Conkl in

1978

Cantelmo et al. 1978

Rao et al, 1981

Rao et al . 198)

Schimmel et al. 1978

Schimmel ot al. 1978
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Tabls 6.

Species

St 'ped mullet,
Mugll cepnalus

Winie flounder,
P seudopieyronectes

(Continued)

amar §canus

Bonthic macrotauna

-~

Benthic macrotauna

Benthic macrotfauna

Hent hic macrotauna

Benthic macrotawma

Salinity
Chemical® _(g/kg)

rce 33
ecP -

20 o 27

PcP 16.7
PCP 16.7
PcP 18

Dowicida G-5T 22

Duration

1-120

5

i3

hr

days

wk

wk

wik

wK

wiK

Concentration
(pg/L)%®

Ettect

Elevation of
plasma cortisol
concentration,
hyperglycemia,
depietion ot
fiver glycogen,
Increase In
tiver ascorbate
concentration

Elevated levels
of acld-soluble
thiol in |iver

Signiticant reduc-
tion In specles
rlchness and
taunal numbers

Signlticant reduc-
tion in spacles

r ichness and
faunal numbers

No signlficant
effects on
colonlzation

Signlficant reduc
tlon In specles
richness and total
taunal numbers

Significant reduc-
tion In total
faunal numbers

Retereace

100~
200

50

55

76

140
141

t5.8

Thomas

Thomas

Tagatz

Hansen
Tagatz

Tagatz

Tagatz

Hansen
Tagatz

et al, 1981

and Wofford 1984

ot al, 1983

and Tagatz 1980;
et al, 1977,1980

et al, 1977,1980

et al, 1981

and Tagatz 1980;
et al, 1978,1980
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Table 6. (Continued)

Salinlty Coacentration
Specles Chemical® (g/kg) Duration Etfect (pg/L) 08 Reterence
Benthic macrofauna Dowlcide G~ST 22 13 wk No significant 1.8 Hansen and Tagatz 1980;
of fect on Tagatz ot al, 1978, 1960

colonization

PCP = pentachlorophenol; NaPCP = sodlum pentachlorophenate, Percent purilty }s glven In parentheses when
avalif{able,

Resul ts are expressed as pentachlorophenol. {f the concentrations were not measued and the published results
were not reported to ba adjusted for purlity, the published results were multipliled by the purlity If It was
reported to be less than 97%,

Sal Inity (g/kg), not pH.
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