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FOREWORD

Section 304(a)(1) 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)(1) 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.
If 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. 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
tn 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 pentachlorophenate

(NaPCP), are collectively the second most heavily used pesticide in the

United States (Cirelli 1978). The princi~al 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 ng/L to

mg/L concentrations (Buhler et al. 1973; Fountaine et al. 1976, Fox and

Joshi 1984; Murray et ai. 1981; Pierc~ 1978; Pierce et al. 1977; Renberg

et al. 1983) with higher concentrations associated with point discharges.

PCP has also been found in tissues of fish (De Vault 1985; Kuehl et al.

1980; Paasivirtd et al. 1980,1983: Pierce 1978; Pierce et al. 1977; Veith

et al. 1981; Zitko et al. 1974), in plankton, invertebrates, and sediment

(DeLaune et al. 1983; Hurray et at. 1980, Paasivirta et at. 1980; Pierce

1978; Pierce et al. 1977; Ray et at. 1983), and in humans (Bevenue et al.

1967; Dougherty 1978; Dougherty l::!t at. 1980: Kuehl et at. 1980).

Several i.mpuriti.es are present in commercial-grade PCP, lncluding

lower chlorinated phenols (e.g., tetrachlorophenols) and chlorinated

dlbenzodioxins, 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 found In PCP or NaPCP,

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

* An understanding of the "Guidelines for Deriving Numencal National Water
Quality Criteria for the Protection of Aquatic Organisms and Their Uses"
(Stephan et al. 1985), hereafter referred to as the Guidelines, and the
response to public comment (U.S. EPA 1~85a) is necessary in order to
understand the following text, tables, and calculations.

** "PCP" is often used in the text to refer to the total amount of un-ionized
pentachlorophenol and the pentac~lorophendte ion that occurs in water
regardless of whether PCP or NaPCP was inltially added to water.
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and Thunberg 1980). Cleveland et al. (1982) reported that a ~omposite of

three commercial PCP formulations ~ontained much higher concentratlons

of hepta-, octa- and nonachlorophenoxyphenols, heptachlorodibenzodioxin,

octachlorodibenzodioxin, and octachlorodibenzofuran, and was more toxic

to fish, than ~ither purified PCP (99% PCP) or Dowicide EC-7 (91% PCP).

Dowicide EC-7 contained less of the hepta-, octa- and nonachlorophenoxy

~henols than purified PCP, and was less toxic than purified PCP. Although

the toxicities of the individual impurities are unknown and their concentrations

apparently vary from batch to batch of PCP, Dowicide EC-7 seems to be an

acceptable source of PCP for toxicity and bioconcentration 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 nonachlot"ophenoxyphenols (Hamilton et at. 1986). Dat.1' concerning

PCP should be reassessed as more information becomes available regarding

Lhe tlJxicities of various grades of PCP and t~eir impuritles to 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 t~e mitochondria (Ishak el a1. 1970; WeLnba~h 1954,1956)

and resultant reduc~d productlon of ATP. This is accompanied by an ac~e1eratlon

·)f metabolic rate and the utilization of tissue energy reserves, causlng loss

of weight (Cantelmo et at. 1978: Holmberg ec a1. 1972; Ral,) et a1. 1979).

Activities of various enzymes are also atfect~d by PCP (Bostrom and

Johansson 1972; Holmberg et at. 1972; Rao et a1. 1979).

PCP is a weak acid with a pKa of about lO-5 (Blackman et dl. 1955;

Callahan et al. 1979: Cessna and Grover 1978; Mrak 1974). C0nsequ~ntly,

its toxicity and potential for uptAke by organisms are pH-dependent

(Crandall and Gocdnight 1959; Kobayashi and Kishino 1980; Saarikoski and
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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 durations of averaglng

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

The latest comprehensive literature search Eor 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

tn the water. Van Leeuwen et ai. (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 fish, Notopterus

notopterus, (Gupta et al. 1983b) at higher temperatures. Also, Goodnight

(1942) observed that fish succumbed more rapidly at higher temperatures

(
0 t

28-30 C) than at cooler temperatures (9-24°C). Acute toxicity to Notopterus
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notopterus increased with a decrease Ln 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 1). 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 is 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 Ln 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 1S 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, Orconectas. The freshwater Final Acute Value (FAV)

for PCP at pH = 6.5 was calculated to be 10.97 ~g/L using the procedure
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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 carplo. The freshwater Criterion Maximum

Concentration (in ~g/L) = [1.005(pH)-4.830]
e

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 ~g/L for embryos of the American oyster,

Crassostrea virginica (Borthwick and Schimmel 1978) to 18,000 ~g/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 ~g/L for late yolk-sac larvae of the Pacific herring, Clupea harengus

pallasi (Vigers et al. 1978) to 442 ~g/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 1981; Woelke 1972). Tests with Pacific

herring, Clupea harengus pallasi, (Vigers et al. 1978) and the nonresident

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, LimnoHriloides verrucosus and Monophelephorus

cuticulatus, sensitivity to PCP increased somewhat between laC and lO°C
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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, ~ytilu~ edulis, were

more sensitive to PCP at a salinity of 24 g/kg than 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 sensitivity to PCP. Late premolt and molting grass

shrimp, Palaemonetes ~gio, 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, Cl~, is more than 247 times more sensitive than

the most resistant, ~~~dul~ (Table 3). The four most sensitive genera

include two fish and two invertebrates and the range of the four Genus Mean

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 lS very close to the acute

value Eor the most sensitive test~d saltwater specles.

Chronic Toxicity to Aquatic Anima~

Of the freshwater species with which chronic tests have been conducted

on PCP, the cladoceran, Ceriodaphnia £~icul~~~, is toe most sensitive

(Table 2), with a reduction In offspring uccurrlng at 4. 1 ~g/L, the

lowest concentration tested (Hedtke et a1. 1986). Produl:tion of embryos_

by the snail, Physa &Y.rir::.'!., was reduced at a PCP concentration of 26

,Jg/L, the lowest concentration tested (Hedtke et a1. 1986). A chronic

value of 240 ,Jg/L for Daphn~ ma~n~ was based upon mortality (Adema,
1978). Similarly, survlval was the endpoint that determined the chronlC

values of 177 and 221 fJg/L for Simocepha1.us vetu1.us (Hedtke et a1.. 1986).
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Significant increases in mortality and decreases in length and weight

occurred among rainbow trout at 19 ~g/L after a 72-day exposure (Dominguez

and Chapman 1984), but the trout were not affected at 11 ~g/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 1n the pH range from 6.5 to

8.5 resulted 1n chronic values from 24 to 144 ~g/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 ~g/L at pH = 6.5, 7.5, 8.0,

and 8.5, respectively. A linear regression of In(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 toxicit~ 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, wherp. possible,

to adjust the chronic values to pH = 6.5, to allow a comparison of freshwater

chronic values at a common pH.

The long-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 lZoC (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 growtq of young trout.
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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 ~g/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 chronic 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

11 ~g/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 a1. 1978). The most sensitive effect was decreased long-term ~urvival

of the first generation fish at 88 ~g/L. At 195 ~g/L, surviv~l or second

gen~r.at~on embryos and juveniles was reduced.

The seven avaLlabLe Species Mean Acute-Chronic Ratios range from

0.8945 t~ over 15.79 (;'able 3), but the two highest values are ~och "greater

t~.an'l values lmd were abt ained witi two f::-eshwater spec ies that are much

more icutely resistant than the ather ~our freshwat~r ApecLes. :herefore,

the Fi~al Acute-Chronic Ratio of 3.165 was caLcuLatej as the geometric

lIean of the f:""lIe Spe::ies ~e:lll Acate-Chronic Rat.ios rari],ing (t'om ().8945 to
,

6.873. ~neu t~i5 racio 15 used with cte freshwater Final Acu~e Value and

the oooled slope for =he pH-t,xicity relationshl? (Table 3', the resulting
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freshwater Final Chronic Value (in ~g/L) = e[l.OOS(PH)-5.290] Division

of the saltwater Final Acute Value by the Final Acute-Chronic Ratio

results in a saltwater Final Chronic Value of 7.912 ~g/L. This is about

a factor of 8 below the only available saltwater chronic value, but no

chronic test an PCP has been conducted with any of the 13 acutely most

sensitive saltwater species.

Freshwater plants are sensitive to PCP over a range of concentrations

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 ~emna mino-£ was

very sensitive to small changes in PCP concentrations. Only a slight

concentration increase was required to induce 50% chlorosis ln all of the

duckweed fronds as compared to 50 % induction ln none of lhe fronds. In

a prolonged exposure of the vascular plant, Elode~ canade~~~, si60ificant

biomass reductions occurr~d at progressively lower conc~nLralions of PCP

3S duration of exposure increased (Hedtke et al. 1986). I:homass

reductions were detected at 1,440 Jg/L atler 7 days, 810 ~g/L atter 14

days, and 380 ~g/L after 21 days (Table 6). Biomass was not affected at

any time by the next lower concentration of 230 ~g/L. [0 contcast,

In a 7-day

neither reduced frond production nor chlorosis was observed in Lemna

minor at the highest PCP concentration of 1,440 ~g/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 ln ~h~~e11a P¥renoid?~~ occurred

at a PCP concentration of 7.5 Jg/L (Huang and Gloyna 1967).,
study with Se1enastrum capri~~, cell numbers and population growth

rates were significantly reduced by 50 ~g/L, but were not affected by 10

9



~g/L (Adams ~t al. 1985). Concent~ations near 300 ~g/L result~d in 50%

reductions of Selenastrum populations in two separate studies (Crossland

and Wolff 1985; Richter 1982). The 4-day EC50 for ~c~nedes~~ubs~_ic~

was 90 ~g/L (Geyer et al. 1985).

Usable data on the toxicity of PCP to saltwater plants are

available for eight phytoplankters, one macroa1gal species, and one

vascular plant (Table 4). The 96-hr EC50s, based on reduction of cell

population growth, range from 17.40 ~g/L for th~ diatom, Skeletonema

~os~ (Walsh et a1. 1982) to 3,600 ,.Jg/L for the green alga, Dunal ~ella

tertiolecta (Adema and Vink 1981). Giant kelp, Macroc~stis 21ri~~,

and seagrass, Jh~~ ~~studi~, are about as sensitive dS the

phytoplankters. The range of sensitivities of saltwater plants to PCP lS

similar to that for saltwater animals and, therefore, a criterion that

protects saltwat~r animals will probably also p~otect saltwater plants.

Bioal.:cumu1ation

Bioconcent~atiJn ot PCP from wate~, like tOKi~lty, has been shown to

b~ inv~~sely related to pH (Kobayashi and Kishino 1980; Spehar et al.

1985). PCP bioconcent~ated .in tne tissu~s of fish f~om 7.3 to 1,066

times (Table 5), wlth test du~ations from 16 to 115 days. The gaLL

bladder conct:!nt~ated the highest Levels of PCP (Glickman et aL. 1977,

Kobayash i. and Akitake 197 5b, 1'1..: Kim et a1., Manusc ~ ipt), wne ~eas muse ~e and

3kin contained the lcwest conce~trati0ns of PCP 1n ~ainbow trout exp0sed

t.c 0.7;3 to 1.15 ,4g/L (McKim et al., :1anuscript). The Lowest bivconcentration

factor (dCF) of 7.3 ~as cbrained In bluegill mus~l~ (Pi~rce 1973; Pruitt

"t .'11. 1377). BCFs ,~t ]20 and 378 w~re ~st imated from uptake and d~l'urat Lon,
rd(~S US~1g tOe ~ainDOw trout (M;Kio ~t al., ~anuscript) and the non-resident

t<illifisr-., O~~~ 1a:l.~ (Sug:ur:i et a1. 1984).
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Residues of PCP in fish drop quite rapidly upon termination of

exposure. Ninety-six percent of whole body 14C-1abe1led 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 95% 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 chemicals 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. Indeed, 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 playa

role in the elevated toxicity of the impure form (Huckins and Petty 1983).

Pentach10rophenylsu1fate has been found 1n goldfish exposed to PCP (Akitake

and Kobayashi 1975; Kobayashi 1978,1979; Kobayashi and Nakamura 1979a,b;

Kobayashi et a1. 1984), but not ib rainbow trout (Lech et al. 1978) or

fathead minnows (Huckins and Petty 1983).
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Probable steady-state BCFs for PCP are available for the eastern

oyster) Crassostrea virginica (Schimmel and Garnas 1985; Schimmel et at.

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

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

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 at. 1978). A steady-state BCF

of 64 was obtained in a 7-day test with the longnose killifish (Trujillo

et al. 1982), In four-day acute toxicity tests, Schimmel et al. (978)

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

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

No U.S. FDA action level or other maximum acceptable concentration

tn tissue is available for penta~hlorophenol, and, therefore, no Final

Residue Value can be calculated.

Other Data

Cleveland et al. (1982) and Hamilton et al. (986) studied the

effects of four samples of PCP en the survival and growth of fathead

minnows for 90 days. In the range of 60 to 142 ~giL, both a purified PCP

and an ultrapure PCP reduced growth by 10 to 25i., whereas Dowicide EC-7

increased growth by 18 to 21%. An industrial composite PCP was much

more toxic; 13 ~g/L reduced growth by 20%, 27 ~g/L reduced growth by 40%,

and 67 ~g/L killed all the fish. Analyses of the four PCP samples for

fourteen polychlorinated impurities and a test on the effects of a mixture
..

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 converSlon of

sockeye salmon (Oncorhynchu~?erka) were affected in a 56-day exposur~ to

PCP concentrations of 1.74 and 1.80 ~g/L, respectiv~ly, 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 10 to 27%

at PCP concentrations ranging from 3.2 to 28 ~g/L (Chapman 1969; Chapman

and Shumway 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 Jg/L in warm and 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 ~xposure (Mathers et al. 1985),

of the guppy at 320 ~g/L after 28 days of exposure and of the amphibian,

!enopu~ laev~, at 100 ~g/L after 100 days of exposure (Slooff and Canton

1983).

Whitley (1968) and Kobayashi and Kishino (1980) reported that an

increase in pH decreased the 24-hr LCSOs for both tubificid worms and

goldfish. Som~ reduction in toxicity appeared to result from the presence

of sediment in acute toxicity tests conduCLed wlth several spetles of

tubificid worms (Chapman et al. 1982a). Similarly, Mibsissippi Rlver

water afforded some protection to various invertebrate species when their

LC50s were compared with values obtained in Lake Superior water (Hedtke

et al. 1986). The tubificids, Limnodrilus hoffmeiste~~ and Iubif~~

tubifex, were more resistant to PCP when tested as mixed species than

when each species was tested individually (Chapman et al. lY82a,b).

Schauerte et al. (1982) found that 1,000 ~g/L decreased daphnids and

autotrophic phytoplankton in compa~tm~nts 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. chronic, and sublethal effects of PCP have

been reported for saltwater organisms (Table 6). Several effects of PCP

on polychaete ~orms have been reported such as reduced.feeding activity by

Arenicola cristata (Rubinstein 1978). depletion of glycogen reserves.-----
increased tissue ascorbic acid concentrations. and disruption of osmoregulation

~~~ei~ virens (Carr and Neff 1981); and reproductive impairment in 9~~0~~~ch~

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

in embryos and larvae of the mussel, Mytilu~ ~dulis. (Dimick and Breese

1965) and oyster. Cras~stre~ virginica, (Davis and Hidu 1969) and inhibited

shell growth of juvenile oysters (Schimmel et a1. 1978), Exposure for 18

weeks to 460 ~g/L resulted in reduced re~istance of the quahog ~lam.

:ie~naria ~~i~. to bactuial i.nfecti.on (Anderson et at. 1981).

The grass shrimp. P3laemonete~ p'u~~~. exhibited a vdriety of sublethal

physiological ~ffects during exposure to PCP concentrat~ons of 400 to

4,600 ~g/L (Brannon and Conklin 1978: Cant~lmo ct al. 1978; Doughtle and

Rao 1978; RdO and Doughtie 1984; Rao et a1. 1.97a,1'179,1~bl.) such as hi."tulugical

damage to epithelia of the gills. gut, and hepdtopancrdsd, Lncreasc~

metao0li~ rdt~, d~creased rate of ltmb r~~eneratton. and increased w~lght

uf the ~olted exosk~l~ton.

Saltwa~er fish ~X?082j to )U to 200 ~g/L ~xn~hLtcd i~l8valiun ot ~ne

:~~~e~trati0n of acid-soluble t~io!s in LiVer Jt Winter tlounder (Th0mas

and Woff:'Jri :)E~) lnd t:'l~'ldtl.l)n 'Jf blood cort~5~11., i.eadlng to hyperglycemla,

3e1.'! CU'1centrati0o in ,..uL~t: \.T~,)mas ~t a1. 19<'3:).
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In a se~les of benthic colonization studies conducted Ln the laboratory

under flow-through conditions, PCP concentrations of 55 tu 140 )g/L reduc~d

both species richness and total faunal abundances of benthic macrofauna

(Hansen and Tagatz 1980; Tagatz et al. 1977,1980,1981). At a concentration

of 15.8 ~g/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 organlsms were not used

because the studies were conducted with species that are not resident in

North America (e.g., Adema and Vink 1981; Dalela et al. 1980a,b,c, Dave

1984; Hanumante and Kulkarni 1979; Gael and Prasad 1978; Gupta 1983; Gupta

and Dalela 1986; Gupta and Durve 1984a,b, Gupta and aao 1982; Gupta et al.

1982b,1983a,b; Hattori et a1. 1984; Kaila ana Saarlkoski 1977, Khangarot

ct aJ.. 1985: Kobayashi et a1. 1969, Nagendran and Shakuntala 1979: Rao et

al. 1983; Shim and Self 1973; SluofE 1978; stoutE et al. 1983b; Tomiyama

et al. 1962: Van Dijk et aJ.. 1977; Verma et al. 19du,19tHa,b,1982,1984).

Results (e.g., Adema and Vink 1981) of tests conducted with brine Shrimp,

Artemia ~., were not used because thes~ spec i.es arc Frum a untque

saltwater environment. Adelman et al. (1976b), Ahlborg and Thurnberg

(1980), Alexander et al. (1983), Bevenue and Beckman (1967), Buikema et

al. (1979), Conklin and Fox (1978), Hall and Kier (i984a,b), Koch (1982),

Kozak et al. (1979), National Research Council of Canada (1982), Rao et

al. (1979), von Rumker et al. (1974), and Strufc (963) Ul1ty contain data

that have been published elsewher~.

't

Results were not USed if ~ither the test pro~edures or the test

material was not adequately described (e.g., Benoit-Guyod et at. 1984a;
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Cantun and S100ff 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 component 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 at. 1984) or in food (e.g., Niimi and Cho 1983). Anderson

et al. (1984), Bols et al. (1985), Cantelmo and Rao (1978a), Fox and

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 which the concentrations

fluctuated widely (e.g., Thomas et al. 1981) were not used. The 60-day test

reported by Verma et al. (1981c) was not used becaus~ there were no

replicate test chambers. The early life-stage toxicity data of Johans~n

et al. (1985) were not used due to high mortality of control fish and an

interruption in the exposure. Results were not used if urgao1sms wer~

not cultured and tested in the same dilution water (~er31lnd dnd Dave 1~S4).

Studies with physiological endpoints only were not l.ls.~d (e.~., Bo::;trom

and Johansson 1972; Chowdary et al. 1979; Gupta et al. 19331.:,<1; Hanke et al.

1983; Holmberg et al. 1972; Huber et al. 1932; Jayaweera et a!" 19d2;

Kaila 1982; Kaila and Saarikoski 1980,l981; L~Blanc and Cochrane 198).

Liu 1981; Oikari and Nitcyla 1985: Oikari et al. 1985; Peer et al. 1983;

Saarikoski and Kaila 197i: Sarojini et al. 1983; Sloley et .11. 19db;

Tiedge et al. 1986; Verma 1981b; ~rma et al. 1982; Yousri and Hanke 1985).

A study of histological effects on bluegills was not used (Owen and Rosso
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1981). Toxicity data wer~ nvt used if they wer~ only qualitativ~ (Palm~r

and Maloney 1955) or were presented 1n 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 lin~ar 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 uptake studies in which exposure was Via the

food (Niimi and Cho 1983) or by gavage (Niimi and Palaz~o 1985). Bioconcentration

studies were not used if the test was not flow-through or renewal (e.g.,

Ernst 1979) or if the exposures were of insufficient duration for steady

state to have been achieved (Glickman et al. 1977; Kobasyahi and Akitake

1975a,b; Kobayashi et a1. 1979; Kuehl et a1. 1983; Lech et a1. 1978:

McKim et al., Manuscript). Reports of the concentrations of PCP in wild

aquatic organisms (e.g., Butte et a1. 1983; Faas and Moore 1979; Folke et

al. 1983: Fox and Joshi 1984; Kuehl and Dougherty 1980; Murray ~t al.

1980,1981: Ray ~t a1. 1983) were not used if the numb~r or measur~ments

of the concentratlon in water was too small or if the range of the measured

concentrations in water was too gr~at. Studles of th~ concent.aClon or

accumulation at PCP in organisms were not used if the data orovided were

considered insufficient for determination of a biocGn~entratlou or bioaccumuldtlon

factor (Gotham and Rhee 1982; Hallas 1973; Klein et al. 1984; Korte et al.

1978; Oikari 1986; Oikari and Anas 1985; Paasivirta d a1. 1981), i.f the

data were being reported secondarily (Branson 1980; Davie5 and Dobbs

1984), if water and biota 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 and.Wadleigh 1986, Freitag et a1. 1985;

Geyer et a1. 1981,1984; Gluth et a1. 1985). Bi0accumulation and fate data
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from model ecosystems or microcosm studies were not 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 concentration of the water decreased. Generally,

toxicity also increased with increased temperature. The estimated acute

sensitivities of 36 species at pH 2 6.5 ranged from 4.355 ~g/L for larval

common carp to >43,920 ~g/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 toxicity to

fish was affected by the presence of impurities, with industrial-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 f~ur most acutely sensitive species only ranged from

0.8945 to 5.035. Freshwater ~16ae were atrected by concentrations as low

as 7.5 ~g/L. wner~as vascular plants were affected at 189 Jg/L and above.

Bioconcentr1tLon factor~ r30ged feem 7.3 to 1,066 for three sp~cies of fish.

Acute ~cute t0xi~ity v~Lue5 trJm tests with 16 species of salt-

water anLmals, r~presenting 17 ge~~ra, ra~6e from 22.63 ~giL for late

yolk-sac larvae ot the PacLfLL he~ring, ~~~~ ~~~~ p~llasi, to 18,000

~g/L for ~dult b~ue rou~seis, ~~~~ ~~~. The eMbryo ~nd larval

stages of invertebrates and the lat~ lar~al pr~metamorphosi3 stage of

fish appear to be :11~ r:l:Jst sensitive lif~ Slages 1:0 PCP. With few exc~ptions,

fisn are ~0re sen~itive thd~ inver~cb=ates t; FCP. Sa~lnity, temperaLure,

acd pH l1ave a :;ll.~hc ~((e.::t 1m che CCX.;":L:Y :It PCP t.L.' some saltwater animals.
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Life-cycle toxicity tests have been cunducted with the sheepshead

minnow, Cyprinodon variegatus, and the polychaete worm, O~otrucha

diadema. The chronic value for the mlnnow is 64.31 ~g/L and the acute-

chronic ratio is 6.873. Unfortunately, no statistical analysis of the

data Erom the test with the worm is available.

The EC50s Eor saltwater plants range Erom 17.40 ~g/L Ear the diatom,

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

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

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

to 82.

National Criteria

The procedures described in the "Guidelines for Deriving Numerical

National Water Quality Criteria Eor the Protection of Aquatic Organisms

and Their Uses" indicate that, except posslbly where a locally important

speCies is very sensitive, freshwater aquatic organisms and their uses

should not be affected unacc~ptably if the fuur-day dverage c<Jncentration

(in ~g/L) oE pentachlorophenol dues not exceed the numerical value given

by e[l.00S(pH)-S. 290 1 more than unce every three years on the average and

if the one-hour average concentration (in ~gjL) do~s not ex~e2d the

numerical value glven by e[1.OOS(pH)-4.830] more than onc~ ~very three

years on the average. For example, at pH = 6.5, 7.8, dnd 9.0 the four-day

average concentrations of pentachlorophenol are 3.5, 13, and 43 )g/L,

respectively, and the one-hour average concentrations are 5.5, 20, and 68

~g/L. At pH = 6.8, a pentachlorophenol concentration uf 1.74 ug/L

caused a 50% reduction in the growth oE yearling sockeye salmon in a,
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 ~g/L more than once every three

years on the average and if the one-hour average concentration does not

exceed 13 ~g/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 justification 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 crata or other considerations

might make their use impractical. 1n which case one must rely on a steady-state

model <U.S. EPA 1986).

t
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Table I. Acute Toxicity ot Pentachlorophenol to AquatIc Anl.als

lC50 Specl~ Mean
or EC50 Adjusted lC50 Acute Value

Species Method- Chemlcal-- ~ (lIgA)"- or EC50 hg/U.... (lIgA)···.. Reterence

FRESHWATER SPECIES

Hydra, 5, U PCP 730 Sioott et a I. 1983a
Hydra 01 iqaetls 1>981 )

Tublfield worm, R, U NaPCP 7.0 257.7 155.9 155.9 Chapman et aL. 1982a
Branehlura sowerbyi

Tunifield worm, R, U NaPCP 7.0 303.8 183.8 Chapman et al. 1982a,b,e
Llmnodrl Lus hoffmelsteri 110·C)------
Tublfield worm, R, U NaPeP 7.0 478.7 t 289.6 Chapman et ale 1982 b
L Imnodri Lus hoffmelsterl ( I·e)

Tubifleld worm, R, U NaPCP 7.0 451.0 t 272.9 Chapman et al. 1982b
L Imnodri Ius hoffmeio:;terl 120·C)

Tub if Ie 1,1 worm, k, U ~df"CP 6.0 303.B t 502.1 tt Chapman et aL • 1982b
Limnodrt"lus hoffmei~teri 110·C)

Tubif leld worm, R, U NaPCP ti.ll 345.2 t 76.45 182.5 Chapman et aL • 1962b
L I mnoc1r I I us hof fmelster I ( IO·C)

N ------
..-

Tubitieid worm, 1<, U NaPCP 7.0 524.7 317.5 317 .5 Chapman st al. \9t:l2a,b
9uistr~~ilus multisetosus

Tubi f j cid worm, R, U NaPeP 7.0 690.4 417.7 4\7.7 Chapman et aL. 19823
Rhyaeodr i Ius montana

Tubifield worm, R, U NaPCP 7.0 39~.8 239.5 239.5 Chapman et al. \~82a

5 pi rosperma ferox

Tublfield worm, R, II N"PCP 7.0 902.\ 545.8 545.8 Chapman et al. 1982a
Splrosperma nikolskyi

Tubif ield worm, R, U N<:lPCP 7.0 579.9 350.8 Chapman et al. 1982a ,b
Stylodrllus heringianus

Tubifleld worm, R, U NaPC? 7.0 ',638 t 991.0 Chapman et al. 19B2b
StylodriLus IH'lringianus I ,·C)

Tublf jcid worm, R, lJ NaPCP 7.0 681.2 t 4\2.\ Chapman at al. \982b
Stylodrilus heringlanus (20·C)



Table i. (Coft IIIlUdd)

lC50 Species Mean
or EC50 Adjusted lC50 Acute Value

~ec.18S Methode ChElllllcal u
~ (l'g/U"· or EC50 (~g/U"" (J!g/U..• .. Reference

Tub it i c i Ii WOrlll, R, U Naf'CI' 6.0 690.4 t 1,141 tt Chapman et at • 19t12 b
Stylodllills l!ur I n'J j ,mus ( 10°(;)

fubitlcid W01m, R, U Il<lPLP ti.O 874.5t 193.7 408.2 Chapman at al. 19t1L b

.?1.Ylodr~.Lus hf>r1n;j~~ ( 10 °C)

f ub' I I { i t1 worm. R, U fl&'CP 7.0 ~49.8 211.6 Chapman at al. 1'J82a,b,c
Tuu' lex tulH lex ( 10 0 e)--------
T"b' f ici1 worm. R, U tl.jPCP 7.0 607.5 t 367.6 Chapman at al. 1982b
Tub.IHl( tUIJi In.l( ( 1°C)-----------
Tub i tic j <J WVlm, R, U NQf'LP 7.0 405.0 t 245.0 Chapman at al. 19ti2b

1uLJU8x..1-~J fe~ <L·C)

Tul.Ii I ic. i d WO(1I1, I{, U NaPCP b.O 340.6t 56~.Ott Chapman et at. 1982b

lilt-ileA tut·ilex ( 10°C)---------
I ubif j t:"i 1 worm, 1<, U IldPCP 8.0 598.3t 132.5 224.2 Chapman at at. 19t1L b

Tubite)( tubtfax ( 10°C)
---~ - ------
T'll.lit,{.id worm, H, U Ndl'CP 7.0 96.65 58.47 58.47 Chapman at al • 1982a

.)
'J or i chao1 ~ ~.u..!..£.;!v

5'1df I I<ldul t>, ~, 11 Dowicide lC-7 7. 1- 157 63.54 Ph ipps and Ho I combe

~1~.t1','pn0r~~ (eti;'; PCl'1 7.8 1985

:inJ" (doul n. ~ , I·' \)ow h: ide U;-7 7.1- 142 57.47 00.43 Phipps anl.J Holcunbe

~ I ".l(<i. ~nnr~ll (1.'0;': I'Ll';) 7.8 1985

Slid i: , r, 14 UowlclJe lL-l 7.2 267 132. I 132. I Hedtke at 01. 1'J86

Ph', s~ il.LL i no (')~.7"J.PCI»

-,n,H I, I'Ll' 240 Mema and Vink I 'J1j I

l ill\na,,~ ~t'jljn,",1 b

:;nai I,
( 1I f'LI) u. J 810 6b2.5 Stuart and Koburtson 191j~-',

Gi II ia ... Iti I i:, (9~:£)
-.- - -

Snail, H, U I'LP 6.7 300 , 245.4 403.2 Stuart and Kobartson 19li5

Gi Ilia alti lis (99% )



. .... .. \vvu" ilL.. _~,

LC50 Spec les M6lIn
or EC50 Adjusted LC50 Acute Value

Species Method· Chemical·· -.a (",gIL)"· or EC50 ("'gIL)···· l\.1g/L)·.... Reference

Cladoceran «4 hr) , S, U Dowicide EC-7 7.2- 153.7 68.79 Iobunt and Norberg 19U4
Ceriodaphnia retlculata (93.7'J, PCP) 7.4

Cladoceran «6 hr), S, U NaPCP 7.7 260 77.64 Hall et al. 1986
Ceriodaphnia reticulata

CI adoceran «6 hr), S, U NaPCP 7.7 510 152.7 Hall et al. 1986
Ceriodaphnia reticulata

Cladoceran «6 hr), S, U NoPCP 7.8 290 78.52 Hall et al. 198b
Ceriodaphnia reticulata

CIadocer an «6 hr), S, U NaPCP 7.8 410 111.0 Hall et al. 1986
Ceriodaphnia roticulata

Cladoceran «24hr), S, u pcp 8.0 900 199.3 Elnabarawy et 31. 1986
Ceriodaphnia reticulata (reagent grade)

Cladoceran «24 hr), F, M Oowicide EC-7 7.3 150 67.13 67.13 lied tke et al. 1986
Ceriodaphnia reticuldta (93.7/. PCP)

CIadocefdn «24 hr) , c U 7.4- 680 100.7 LeBlanc 1980",
Daphnia magna 9.4

Cladocerdn «24 or) , S U pcp 250 Canton and Adema 1978,
Daphnia mdgna

Cladoceran «24 hr), S, U pcp 400 Canton and Adema 1978
Daphnia magna

Cladoceran «24 hr), S, U PCP "- BOO Canton and Adema 1978
Daphnia magna

Cladoceran (24 hr) , S, M PCP 600 Adema 1978
Daphnia IOal]na

Cladocerdn (larva), PCP 1,050 Ademd and II i nk 1981
Daphnia magnd

Clddocordn (ddultl, PCP. 1,400 Adema and II i nk 19BI
Daphnia roa<jna



lebae 1. (CoRt anued)

lC50 Specie......
or EC50 Adjusted LC50 Acute Value

Specie. MetbQdll Ch.acaa" ...J!!:L lps/l)". or EC50 (.g/l)•••• hg/l)···.. Reference

CI adocet"'at\ «24 hd, S, U 280 Henaens et al • 1984
Daphn la magna

CI adocet"'an «24 hr), S, U Dowie Ide EC-1 1.2- 134.0 59.91 Mount and Norberg 1984
Daphn I a magna (93.H PCP) 1.4

CI adoceran «24 hr) , S, M PCP 8.58 145 11.93 Thurston et al. 1985
Daphn la magna (99. )

CI adoceran «24 hr) , S, U PCP 8.5 300 40.20 lewl sand Weber 1985
Daphn la magna

Cladoceran «24 hd, S, U PCP 8.5 350 46.90 lewis and Weber 1985
Daphnia magna

Cladoceran «24 hd, S, U PCP 8.5 380 50.92 lewl sand Weber 1985
Daphnia magna..
Clodoceran «24 hr), S, U PCP 8.5 300 40.20 lewl sand Weber 1985
Daphnia magna

CI adoceran «24 hr) , S, U PCP 8.5 350 46.90 lewis and Weber 1985
Daphn I it magna

CI adoceran «24 hr) , S, U K;P 8.5 300 40.20 lewis and Weber 1985
Daphn I a magna

CI adoceran «24 hr) , S, U PCP 8.5 280 31.52 lewis and Weber 1965
Daphnia magna

CI adoceran «24 hr) , S, U PCP 8.5 310 41.54 Lewis and Weber 1985
Daphn I a magna

CI adoceran (<.24 hr) , S U pcp 6.5 290 38.66 lewis and Weber 1965,
oaphn I a magna

CI adoceran «24 tid, S, U PCP 8.5 310 49.56 lewis and Weber 1985

Daphnia magna



Table I. (Co_tlnued)

LC~ Specl........
or EC~ AdJ uded LC50 kut. Val ...

Specl•• Method* Ch_lcal·· -2L (pg/U··· 0(' EC50 hslU.... haIL)···.. R.'....eACe

Cladocerlln «24 hr) , S, U pcp 8.5 350 46.90 Lewis and Weber 1985
Ollphn I a mllgna

CI adoceran «24 hr) , S, U pcp 8.5 370 49.58 Lewl sand weber 1985
Daphn I a magna

Cladoceran «24 hr) , S, U pcp 8.5 340 45.56 Lewis and Weber 1985
Daphnia magna

Cladoceran «24 hr) , S, U pcp 8.5 510 68.33 Lewl sand weber 1985
Daphn la magna

CI adoceran «24 hr) , S, U pcp 8.5 840 112.6 Lewis and Weber 1985
Daphn I a magna

Cladoceran «24 hr), S, U pcp 8.5 510 68.33 Lewis and Weber 1985
Daphnia magna

•
N

CI adoceran «24 hr) , S, U NaPeP 7.7 450 134.7 Hall et al • 1986
VI Daphnia magna

CI adoceran «24 hr), S, U NaPCP 7.7 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

CI adoceran «24 hr) , S, U NaPCP 7.8 830 224.7 Hall et la. 1986
Daphn la magna

CI adoceran «24 hr) , 5 lJ Fep 8.0 1,000 221.5 EI nabarawy et al. 1986,
Daphn I a magna (r9dljoot gr~oit)

Cladoceran (6 d), S, M pt,;p 1.5 183 66.99 55.03 Brooke et al •
Daphn I a mag~ (99t-S) Mlinuscript

CI adoceran «24 hr) , S, U pcp 2,000 Canton and Mama 1978
Daphn I a pu I ex



bbl. I. f ColI HAtted)

LC50 Spec'.......
or EC50 AdJu.ted LC50 Acut. Value

~acl•• Met~ Crt_lca'" .J!L "g/U··· or EC50 (.g/L)···· (pgl\.)..... R.ference

(;1 adoc.. an «14 hr) • S. 1.1 F'CP 6.2 260 47.10 Le"ls and ~eber 1965
Oaphnla 2.!!.~

Cladueeran «24 IIr), S. U f-Cp 6.2 490 66.76 Lewl sand Weber 1985
Dllphn !.!..pul ax.

(;, Mocer-an «24 hr) • S. u pcp 8.2 460 66.95 Lewis and ~eber 1965
Daphnia ~~

CI adocer itO «24 hr) • 5, U pcp 6.2 410 85.13 Lewl sand ~eber 1965
Daphnia eule~

CI aJor-er dO (,-24 hr) • S. U F\;P 6.2 290 52.53 Le,,1 sand ~eber 1985
Daphn I a eo I a".

CI aOocerao (<.24 hr) , 5, u pcp 6.2 170 30.79 Le" I sand ~eber 1985
Oaphn lIS pulo)(

GI ~OC8l""atl «24 fir). S. U pcp 6.2 250 45.28 Lewl sand ~eber 1985

1',)
Dapt.ol~~

0' pcp 390 70.64l:1 adoceran «24 hr) • 5, U 6.2 Le"ls lind Weber 1965
Daphnlll pulex

Cladoceran «24 hr). 5, U pcp 6.2 190 34.42 Le" I S lind weber 1985
Oaphnlapulex

Cilldoceran «24 hr) • S. U pcp 8.2 330 59.76 Le" I sand Weber 19B5

Oaphn III pulex

CI adoc er an «24 hr) • S. U pcp 6.2 560 101.4 Lewl sand Weber 1985
Daphnia eu1ex

Cladoceran «24 hr) • 5, u pcp 8.2 550 99.63 Le"ls and Weber 1985

Ollphnla~

Cilldoceran «24 hr) • 5, U pcp 8.2 560 101.4 Lewl sand ~eber 1985

Daphnia pulex

Cladoceran «24 hr) , S. U pcp 8.2 440 19.70 Le"ls and ~eber 1965

Oaphn la pulex



Talal. I. (Continued)

LC50 Specl......
or EC50 Adjusted LC50 Acut. hlue

Sf)!CI•• Method· Ch_lcal" -R!L hg/U"· or ECSO (.sll)···· (.q!L)"". R.f.....c.

CI Ddoceran «24 hr) , S, U pcp 8.2 590 106.9 Lewis and Weber 1985
Daphnia pulex

CI adoceren «24 hr) , S, U pcp 8.2 550 99.63 lewl sand Weber 1965
Daphnia pulex

CI Ddoceren «24 hr), S, U pcp 6.2 660 123.2 Lewis end Weber 1985
Daphnla~

CI Ddoceran «24 hr) , S, U pcp 8.2 350 63.40 Lewl s and Weber 1965
Oaphnla~

CIDdoceran «24 hr) , S, U NaPCP 1.1 1,000 299.4 Hall et al. 1986
Daphnla~

CIDdoceran «24 hr) , S, U NaPCP 7.6 960 259.9 Hall at al. 1986
Daphnla~

CIDdocefan «24 hr), S, U NaPCP 7.8 1,050 264 .3 Hall et al. 1986
Daphnla~

N

" Cladoceran «24 hr> , Elnabarawy et al.S, U pcp 6.0 1,100 243.6 90.63 1966
Daphnia pulex (re~8nt grada)

Cladoceran «24 hr), S, U Dowie Ida EC-7 1.2- 203.3 91.00 Mount and Norberg 1964
Simocaphalus vetulus (93.7S EC50) 7.4

Cladoceran «24 hr), F, lot Dowie Ide EC-1 7.3 160 71.61 Hedtke at al. 1966
Simocephalus vetulus (93.7% PCP)

Cladoceran «24 hr), F, lot Dowlclde EC-7 7.7 250 74.85 Hedtke at al. 1986
Simocephalus vetulus (93.1% PCP)

Cladoceran «24 hr), f, lot Do.i1dde EC-7 8.0 255 56.47 Hedtke at al • 1966
Simocephalus vetlulus (~~.7. PCP)

CI adoceran «24 hr), F, 14 Dowie Ida ~C-7 8.3 364 59.63 Hedtke et al • 1986
Simocephalus vetulus (93.1% PCP)

CI adoceran «24 hr), F, to4 Dowie Ide EC-7 7.9- 196 35.50 57.72 Hedtke et al. 1966
Simocephalus vetulus (93.1. PCP) 8.4

Amphlpod (Juvenile), F, lot Dowie Ide EC-7 6.5 139 139.0 Spahar et al. 1985
Crangonyx pseudogracllls (88% PCP)



Table I. (Cod Inueen

lC~ Specie.......
0#" EC50 Adjusted LC~O Acute Value

SP!fles Met~ Ch..lcal" ~ lpg/U"· 0#" EC50 ('slL)···· CpgJl)••••• Refer.nce

Am ph I pod 'j""RIlllal. f, '" lJowlc Ide EC-7 7.5 465 170.2 Spehar at al • 1985
Crdngonyx ~ud()9rae I I Is (Ba~ PCP)

Amph I pol1 'j U"9f'l II tI) • f, M !)O,dc Id" fC-7 8.0 929 205.7 Spehar at al. 1965
Crangonyx l's&udogrlllc III:> (8d~ PCP)

Amph I pod {jU\fttfl I I a) • F. M Dowie Ido £C-1 B.5 I. ~44 180.1 172. I Spehar at al. 1985
Crall90llY" pseudogriScll I~ (6tl~ PCP)

Amphlpod (1\ rom). 5. '4 pcp 7.5 296 108.~5 Brooke et al. MBnuserlpt
~~P~dU2.2..!...!.~~.~ (99tS)

Amph I pod (O.O!lO g), f. M pcp 7.2 280 138.56 Cal I at al. 1983
Gbmm"'rus pssudollml'l3liill's (99 t~)

Amph I pod (JulidOlle). F, M Dowie Ide EC-7 6.5 92 92.00 Spehar at al. 1985
Gdmm~ pseudollmnaeus (adS PCP)

A.mph I poo -(Juvenile), f. M Uowlc Ide EC-1 7.5 121 44.29 • Spehar et al. 1985
Cam.naru~ ~~Imnaeus (8as PCP)

t:l
(Xl

Amphlpod (ju"enlle), f. M Dowie Ide EC-7 8.0 484 107.19 Spehar et al • 1985
Gammarus ~\Jdollmnaeus (aliS PCP)

Amph I pod 'JuVNlI I e) • f. M [lowle Ide EC-7 8.5 790 105.65 122.1 Spehar et al • 1985
~~l!.~~,:,dol Imneeus. (88S PCP)

"",phlpod, 5, M pcp 7.5 239 81.48 67.46 Brooke et al •
,",yd!ella al1"ca ('19+:'> Manuscr Ipt

crayfIsh (0.4-2.0 q). f. M PCP 7.92 >183.000 >43.920 >43.920 Thurston at al. 1985
Oreonacres Imml.ll)ls (9-1' ).

Mosqu I to (3rd Instdd. 5. U R.:P 7.200 5100tt at a! • 198h
Aedes aegypt ~ (>98%)

Mosquito Ord Instarl • S, U ~p 34,000 5100ff at al. 19B3a

Culex plplens (>98% )

.,.Idga Ord. 4th Instar) , 5. M ~P 8.51 31.300 4.152 Thurston at al • 1985

Tanytarsus dl~~ (99i)

Mldgo Ord, 41h II'l~tar) • 5. M pcp 8.55 19.000 2.421 Thurston at al. 1985
Tanytarsus dlsslmills (9~S )



Tabl. 1. (Contlnueen

lC50 Specl.......
or EC50 Adjusted lC50 Acut. V.lue

Specie. Method· Ch_leel" ~ Cpslp"· or ECSO (.glL)···· (.glL)....• Ref....ee

Mldqe C3rd, 4th Instar) , F, M pcp 1.9 46,000 ",260 I 1,260 Call at 01. 1983
Tanytarsus dlsslmilis (99+S)

Sclomyzld <1st Instar) , S, U NaPeP 8 28,000 6,201 McCoy and Joy 1917
Sepedon fusclpannls (90S)

Sclomyzld <1st Instar) , S, U NaPeP 7 30,000 18, ISO 10,610 McCoy and Joy 1971
Sepedon fusclpennls (90"

Coho salmon (1-3 g), S, U NaPCP 7.01 89 53.31 Dav Is and Hoos 1975
Oncorhynchus klsutch

Coho salmon (1-3 g), S, U NaPl.;P 7.01 34 20.36 Dav Isand Hoos 1915
Oncorhynch..~ khutCh

COhO salfllon <2.1 9.6.2 CIll) , F, U NaPCP 6.9- 60 29.69 31.82 Iwama and Greer 1980
OncorhYIlChus Idsutc-h 7.5

Sockay~ Salmon (yoiJII ling). F U NaPCP 6.8 58 42.90 Webb and Br ett 1973•
Oncorhyn~hus nbrka

N
'C

SOCkeye salmon (1-3 g), S, U NaP(;P 7.19 46 22.99 DaviS and Hoos 1915
Oncorhynchus~

SOCkeye salmon (1-3 9). S, U NaPeP 7.70 120 35.93 32.85 Davis and Hoos 1915
Oncorhynchus narka

Chinook salmon (I g) , S. u pcp 7.2- 65.26 21.16 - Johnson and Finley 1980
Oncorhynchus tshawytscha (96% ) 7.5

Ch Inook. S<i Imon (1 9) , 5, u NaPeP 1.2- 56.53 24.06 25.85 Johnson and Finley 1980
Oncorhynchus_tshawytscha (90%) 7.5

Rainbow trout (I-} g), S, U NaPCP 6.96 85 53.54 Davis and Hoos 1915
SalRlO ga Irdner I

Rainbow trout (1-3 g) , S, U NaPeP 7.0 89 53.85 Dav Isand Hoos 1915
~ galrdnerl

Rainbow trout (1-3 g) , S, U NaPCP 7.0 46 21.63 Dav Is and Hoos 1975
~ galrdnerl

Ra Inbow trout (1-:3 g), S, U NaPeP 7.02 92 54.55 Davis and Hoos 1975
~ galrdnerl



Tebl. 1. (CoAt Inued)

lC50 Specl.......
Of' EC50 Adjusted LC50 Acut. Vel ...

Seeel.s Methocrl Ch_lca'" ...J!!L (psA.)"· or EC50 hgA).... (.sA.) ..•.. R.f.,.....ce

Rainbow trout (1-} g) , S, U NaPCP 5.7 44 96.32 Da" I sand Haos '975
~ galrdnerl

Rainbow trout (,-} g) , S, U NaPCP 7.0 69 4'.75 [)all I sand Haos '975
~ galrdnerl

Rainbow trout ('.0 g) , S, U 7.0 75 45.38 Bentl ey at al. 1975
~ galrdnerl

Rainbow trout (1.0 g) , S, U 7.5 <n }3.68 Bentley et al. '975
~ galrdnerl

Rainbow trout (0.3-0.4 g) , S, U NaPCP 6.2- 83 8}.00 Vigers and Maynard 1917
~ galrdnerl 6.8

Rainbow trout (1 g) , S, U pcp 7.2- 49.92 21.25 Johnson Md flnlay 1980
~ galrdoerl (96~ ) 7.5

Ra Inbow"trout (, g), S, U NaPCP 7.2- 45.72 19.46 Johnson Md f1nl ey 1980
~ galrdnerl (90S) 7.5

w
0 pcp 7.4 66 26.71Rainbow trout ('0 wk), F, U Dom log ue l and Chapman
~ galrdnerl (99+S) 1984

Ra Inbow trout R, U pcp 7.2 :S,OOO 1,485 Van Leeuwen et al. '985
( embryo; o h), (97S)
Salmo galrdnerl

Ra Inbow trout R, U pcp 7.2 " }OO 643.} Van Leeuwen et al. 1985
( embryo; 24 h), (91S)
~ galrdnerl

Rainbow trout (early R, u pcp 7.2 :S,OOO 1,485 Van Leeuwen et al. '985
eyei embryo; '4 d), (91S)
Salmo galrdnerl

Rainbow trout (lata R, U pcp 7.2 480 2}7.5 Vao Leeulllen et al. '985
aye1 embryo; 28 d), (97S)
Salmo galrdoer I

Ra Inbow trout (sac R, U pcp 7.2 }2 '5.84 Van Leeuwen at a/. 1985

try; 42 d), (1l7S)
~ galrdnerl



Tebl. 1. (Continued)

LC50 Spec'........
or EC50 AdJ usted lC50 Acut. Val_

Spec'•• ...tJtodil Ch_'ca'" -2L (,94)·" or EC50 C,glL).... (pglL)···.. R.f.,....c:.

Rainbow trout (ear I y R. U pcp 7.2 18 8.907 Van Leeuwen et al. 1985
fry; 77 d), (97S)
Salmo galrdnerl

Rainbow trout 10.81 g) • S. M pcp 7.5 47.2 17.26 Brook et .,. Msnuscrlpt
Salmo galrdnerl 199+.)

Ra Inbow trout (1.2-7.9 g), F. M NaPCP 8.0- 210 38.04 Fogels and Sprague 1971
Salmo gcslrdnerl 8.3

Rainbow trout (1-4 g) , F. M pcp 7.6- 160 39.18 Hodson et al. 1984;
Salma galrdnerl 8.2 McCarty et el. 1985

Rainbow trout (0.6-8.0 g) • F. M pcp 7.85 115 29.61 35.34 ThlTston at 021. 1985
~ galrdnerl (99"

Brook trout (adul t) • F, M pcp 7.89 138 34.13 34.13 Cardwell et al • '976
Salvellnus fontlnal Is (99+. I

4

Goldfish (2.36 g). f. M NaPeP 7.81 210 56.29 Adelman and Smith 1976
w Carasslus auratus.....

Goldfish 12.57 g). f. M NaPeP 7.78 220 60.76 Adelman and Smith 1976
Carasslus auratus

Goldfish 11.46 g), F, M NaPe? 7.77 23Q 64.18 Adelman and Sm Ith 1976
Carasslus auratus

Goldfish ('.50 g), F, M NaPeP 7.75 2'0 59.79 Adelman and Smith 197b
Carasslus auretus

Goldfish (1.55 gl, f, M NaPCP 7.62 170 55.16 Adelman and Smith '976
Carasslus auratus

Goldfish (1.40 gl, F, M NaPeP 7.68 170 5'.93 Adelman and Sm Ith 1976
Carasslus auratus

Goldfish (2.46 gl, f, M NaPCP 7.54 220 77.36 Adelman and Smith 1976
Carasslus auratus

Go Id tI sh (2. 70 g). f. lot NIlPCP 7.59 230 76.91 Adelman and Sm Ith 1976
Carasslus auratus

Goldfish (1.66 gl. F, M NaPCP 7.5li 240 8'.06 Adelman and Sm Ith 1976
Carasslus auratus



Tebl. 1. (Contlnueen

LC50 Specl........
or EC50 AdJ udell LC50 Acut. v.a.-

Specl.to Method· Ch..lcea" ...J!!L (.g/U·" or EC50 (.slL)··.. ..slL)....• R.ter.c.

Goldfll>h <1.74), f, M NoPCP 7.59 240 80.25 Adelman and Sm Ittl 1976
Carasslus aU"atus

GoldfIsh (1.69 9), f, M NaPeP 7.58 200 67.55 "delman and Smith 1976
Car ass~ auratus

~Jldflsh (1.65 g), F, M NdPCP 7.60 190 62.90 Adelman and SmIth 1976
_Car~~ f.luratus

(;C, I J t I sh (2.", I g) , f, M t~PCP 7.83 290 76.19 Adelman end Smith 1976
Car ass. Ius ~l'I~

Gol d tI sll (2." ql, f, M NaPl;P 7. Bot 300 78.03 Melman and Sm Ith 1976
CClr~u.1. auratus

.":,u I rl tI sit ll. 76 g), f, M lePCP 7. n 200 58.10 Melman and Sm Ith 1976
Carlisslus ~r~~..
CyJ 11 fish (1.54 9l , f M NaPl;P 1.7b 250 70.47 Melman and Smith 1976,

- .Ca,~~_a~~
tv

C..oIJfI!'h (\-2 !J', F, M NaPeP 247 ttt Adelman and Sm Ith 1976;

f~~I~ aura~~ Melman et al. 197615

ue! d t i:>n (1-4 g) , f, M NdP''';P 190ttt Adelman and Sm Ith 1976;
Cil! ~~.I~ aurdt!lS Melman et al. 1976a

Goldfish (1.9 g>, f M Do,de Idol EC-7 7.1- \17 47.36 Phipps and Hoi con be,
Carasslus auratus (88. PO') 7.8 1985

Goldfish (1.2 g), f, M Do,de Ide EC-7 1.1- 156 63.14 Phipps and Hoi canbe
Carasslus auratus (88S PCP) 7.8 1985

Gol d tI sh (\.7 g), f, M Dowie Ida EC-7 1.1- 191 77 .31 Ph I pps and Ho I can be

Carasslus auratus (88S PCP) 1.8 1985

Goldfish (1.0-4.0 g), F, M pcp.. 7.94 328 71.15 Thurston et al • 1985
Carasslus ~lIratus (99% )

Goldfish (1.0-4.0 g), F, M pcp 1.84 200 52.02 65.5} Thurston et al. 1985
Carasslus auratus (99.)

Common earp (8 mm), R, U NaPeP 7.2 8.8 4.355 4.355 Verma at al • 1981 c
Cyprlnus carpio



Tebl. 1. eCoAt I"u.en

LC50 Specl........
or EC50 Adjusted LC50 Acut. Vel ...

Specl•• Method· Ch_lcal" ..J!!L (.gll)"· or EC50 e.sIl)···· Cps/L)..... R.f_.e.

Fathead minnow (4-8 wk), S, U pcp 600 Mattson et <51. 1976
Plmephales promel<5s

Fathead minnow (I. I 9), S, U pcp 7.2- 196.8 83.76 Johnson and Finley 1960
Plmpehales promelas (96~ ) 7.5

Fathead minnow (40 d), F, U pcp 7.4 470 190.2 el 8IIai and at <51. 19i12
Plmephalas promalas (99~ )

Fathead minnow <14-30 d), S, U NaPeP 1.7 18 5.389 Hall at al • 1986
Plmephalas promalas

Fathead minnow (ad ul t) , F, M 1.92- 194 40.45 Rues Ink <5nd Smith 1975
Plmephales promelas 8.20 05·C)

F<5thead minnow (adul t), F, M 7.81- 314 69.54 Rueslnk and Sm Ith 1~75

Plmaphales promelas 8.20 (25·C)..
Fathead minnow (II wk), F, M NaPeP 1.82 200 53.08 Adelman «Id Sm Ith 1916
Plmaphales promalas

w
w

Fathead minnow (11 wk), F, M NaPeP 7.83 180 47.29 Adalman «Id Sm I th 1976
Plmaphalas promalas

Fathead minnow (11 "'k), F, M NaPeP 7.72 220 64.56 Adelman and Smith 1976
Plmeph<51as promalas

Fathead minnow (11 "'k), F, M NaPeP 7.72 180 52.82 Adelman «Id Sml"th 1976
Plmeph<5las promalas

Fathead minnow (11 wk), F, M NaPeP 7.69 190 57.46 Adelman «Id Sm I th 1976
Plmaphalas promelas

Fathead minnow (II wk), f, M NaPeP 7.68 210 64.15 Adelman and Sm I th 1976
Plmaphales promelas

Fathead minnow (II wk), F, M NaPeP 7.86 220 56.08 Adelman and Sm I th 1976
Plmephales promelas

fathead minnow (11 wk), f, M NaPeP 7.78 180 49.73 Adelman Md Smith 1976
Plmephales promelas

Fathead minnow (11 wk), F, M NaPeP 7.59 190 63.53 Adelman and Sm Ith 1976
Plmephales promelas



Tabl. I. (Co.tlnueen

lC~ Spec'........
Of" EC~ Adjusted lC50 Acut. V.lue

Speci.s Methocflt Ch.ica'u ...J!!L (,sJL)·" Of" EC50 (,sJL)···. hS/U·.... R.ference

fathead mlonow (11 lIIk). F, M NaPCP 7.62 190 61.65 Adelman 5ld Smith 1976
Ptmephales promelas

fathead minnow (II lIIk). f. M NaPCP 7.65 240 75.56 Melman 5ld Smith 1976
Ptmephales promelas

fathead minnow (11 wk), f. M NaPCP 7.65 200 62.96 Adelman 5ld Smith 1976
Plmephales promelas

fathead minnow (11 wk), f, M NaPCP 7.6~ 200 64.24 Adelman 5ld Sm Ith 1976
Plmephales promelas

fathead minnow (11 wk). F. M NaPCP 7.58 190 64.18 Melman 5ld Sm Ith 1976
P tmepha I es pn:lille I as

fathead minnow (11 wk). F, M NaPCP 7. 8~ 270 70.94 Melman 5ld Sm Ith 1976
Ptmephales promelas

Fathead 111 Inllow (11 III k) , f, M NcIPCP 7.82 2~0 61.04 Melman 5ld Sm Ith 1976
Plmephales promelas

,.)
;:-

fathead minnow (11 wk), F, M NcIPCP 227 ttt Adelman 5ld Sm Ith 1976;
Plmephales promelas Adelm51 at al. 1976a

Fathead minnow (11 wk), F, M NaPCP 20~ ttt Adalman Mid Sm Ith 1976;
ptmephales pranelas Adelm51 et al. 1976a

Fathead minnow (4 wk), F, M NaPCP 198tttt Adelman Mid Sm I th 1976;
Plmephales promelas Adelm51 et al. 1976a

Fathead minnow (7 wk), f M NaPCP 230tttt Melman Mid Smith 1976;,
Ptmephales promalas Adelm51 et al. 1976a

Fathead minnow (11 wk), f, M NaPCP 222tttt Melman and Sm Ith 1976;
Plmaphales promelas AdelmMi at al. 1976a

Fathead mInnow (14 wk). F, M NaPCP 190tttt Adelman Mid Smith 1976;

Plmephales promelas Adelman at al. 1976a

Fathead minnow ( 3 mo), f. M pcp 7.83 285 74.88 Cardwell at al. 1976
Plmephales promelas (99+% )

Fathead minnow no-35 d) , F, M 7.41- 220 55.52 Phipps et al. 1981
Plmephales promolas 8.33



reb' ••• (Cont'nued)

LC50 5.-:'......
or EC50 Adjusted lC50 Acut. Value

Spec'•• Nethocflt Ch_lce'" ....eL (,sll)··· or EC50 (.s/l.···· (.sll)····· R.fer.-c.

fathead minnow (30-35 d), f, M 7.41- 230 58.05 Ph Ipps et al. 1961
Plmephales promelas 8.33

fathead minnow n0-35 d) , f, M 7.41- 232 58.55 Hall et al. 1984
Plmephales promelas 8.:n

fathead minnow (juvenile), f, M lhwlc Ide EC-7 6.5 95 95.00 Spehar at al. 1985
Plmephales promelas (88S PCP)

fathead minnow (juvenile), f, M lhwlc Ide EC-7 7.5 218 79.80 Spehar et al. 1985
Plmephales promelas (88S PCP)

fathead minnow (juven 1/ e), f, M lhwlc Ide EC-7 8.0 261 57.80 Spehar at al. 1985
Plmephales promelas (88S PCP)

fathead minnow (Juvenile), F, M lhwlclde EC-7 8.5 378 50.65 Spehar et al. 1985
Plmephales promelas (88$ PCP)..

v.> fathead minnow (0.5 9) , F, M lhwlc Ide EC-7 7.1- 223 90.26 Phi pps and Hoi COlI be
Vl Plmephales promelas (88$ PCP) 7.8 1985

fathead minnow (0.4 g), F, M l}nllc Ide [C-7 1.1- 286 115.76 Ph Ipps and Hoi can be
Plmephales promelas 166S PCP) 1.8 1985

fathead minnow (0.4 g), F, M 1X>wlc Ide EC-7 7.1- 244 98.76 Phipps and Ho Ican be
Plmephales promelas (88~ PCP) 1.8 1985

Fathead minnow <0.2-1.0 g) , f, M pcp 8.01 266 58.32 63.11 ThlTston et al. 1985
Plmepha'es promelas (99. )

Channel catfish 10.8 g), S, U pcp 7.2- 65.28 27.78 Johnson and finley 1980
Ictalurus punctatus 196:'> 7.5

Channel cattl sh (0.8 g), S, U NaPCP 7.2- 64.01 27.24 Johnson and finley 1980
Ictalurus punctatus (90$) 7.5

Channel cattl sh 0.4 g) , F, M lhwlc Ide EC-7 7.1- <5'3 <21.45tt Phipps and Hal can be
Ictalurus punctatus was PlY) 7.8 1985

Channel caUl sh (1.4 g) , f. M !):,wlC Idto EC-7 7.1- S4 21.86 Ph Ipps and Hoi conbe
Ictalurus punctatus (8dS PCP) 1.8 1985

Channel cattl sh (1.9 g) , F. M £bwlc Ide EC-7 7.1- 54 21.86 Ph I pps and Ho I con be
Ictalurus punctatus (88S PCP) 7.8 1985



Table 1. (CoRtin"')

LC~ Species ......
or EC~ AdJ udell LC50 Acut. Value

Spec I.. Nethod· Ch_lcal" ~ "gil)"· 01' EC50 (,$Ill) .... ..gil)····· R.t.-enc.

Channel catfish (0.3-4.0 g), F, M pcp 7.7\ 132 39.12 26.54 Tnurston et al. 19a5
letalurus punetatus 199~)

FIDgflsh (0.1-0.3 g), F, M NaPCP 8.0- 1,6\ 0 291.6 291.6 Fogel s and Sprague 1977
Jordanella tlorldae (19~ ) 8.3

Mosqultoflsh (0.1-1.0 g) , F, M pcp 8.05 288 60.62 Thl6"ston et al. 1985
Gambusla attlnls (99. )

Mosqultoflsh (0.1-1.0 g), F, M pcp 8.02 278 60.34 60.50 Thl6" stan et al. \985
Gambusla attlnls (99. )

Guppy (young), pcp 720 Adama and Vlnk 198\
Poaelila retleulata

Guppy (young), PCP 880 Ad8l1la and VInk 1981
Poeelila retleulata..

w Guppy (adult), PCP 450 Adema and VInk \9al
0- Poee IlIa ret leu lata

Guppy, R, M 7.0 400 242.0 Sal klnoj a-Sal onen at al.
Poeclila retleulata 1981

Guppy (0.04-0.06 g), R, U PCP 5 42.6 \92.4 Saar Ikaskl and
Paeelila retlculata Vlluksela \981,1982

Guppy (0.04-0.06 9), R, U PCI' 6 \\7 \93.4 Saar Ikaskl and
Poeelila retleulata Vlluksela \98\,\982

Guppy (0.04-0.06 9), ~, u K:P 7 442 267.4 Saar Ikoskl and
Poeelila retlculata Vlluksela \98\,\982

Guppy (0.04-0.06 9), R, U Pcp 8 9\\ 201.8 Saar Ikaskl and
Paeclila retleulata Vlluksela \98\, \982

Guppy (0.0875 9), R, U PCP 8.1 970 194.3 Gupta et al. \982a
Poeeilla retlculata

Guppy (0.0875 g), R, U NaPeP 8. \ 7\\ 142.4 Gupta et al. 1982a
Poeeilla ratleulata

Guppy, R, U pcp 7.7 204 61.08 Khangarat \983
Poeeilla retlculata



Tab'. I. (Coat'nueen

LC50 Spec'......
« EC50 AdJ uated LC50 Acut. V•• .,.

Species Methodit Ch_lcal·· ...J!!:L Cpg/l)". or EC50 CtegjU.... (.gA)..... R.f.-.c.

Guppy (J wan II a) , R, U pcp 7.2 1,020 504.1 195.4 BrolllO et <51 • 1965
Poecilia retlculata

BI ueglll O. I g) , S, U 7.0 60 36.30 Bentley et al. 1975
Lepomls macrochlrus

Bluegill ( 1• 1 g), S, U 7.5 77 26.19 Bentley et al. 1975
Lepomls macrochlrus

81 ueg" I (6 mo), R, U pcp 7.2- 260 105.23 Prul tt et al • 1977;
Lepomls macroch'rus 7.7 Pierce 1978

Bluegill (6 mo), R, U R;P 1.2- 305 123.5 Pruitt et al • 1977;
lepomls macrochlros 1.7 Pierce 1978

Rlue9111 (0.4 9), ~, U t-t:p 7.2- 30.72 B.07 Johnson and Finley 1960
Lepom's 1lI3croch"'us t 96.» 7.5

Blue9 I II" (0 • 4 g), S, U NaPeP 7.2- 36.58 15.57 Johnson and f Inl ey 1980

w l~poml~ macrochlrus (90') 7.5
--J

6 1009 111 (0.2 g), f, H Dowlc.lde EC-7 7.1- 150 60.71 Ph 'pps and Hoi can be
I apoml s _macroch tr us (68. P('..P) 7.8 1985

81 ueg III CO.3 gl, 1', M Do.. lc Ide EC-7 7.1- 152 61.52 Ph Ipps and Hoi can be
I epomls ~~Jl!!....!!!i (ti8~ PCP) 1.6 1965

BI oog" I <0.4 g), f, H Dowie Ide EC-7 7.1- 115 46.55 Phipps and Ho I can be
Lepomls macrochlrus (tidS PCP) 1.6 1965

Bluegill <0.3-2.0 g), f, H pcp 8.0j 202 43.41 56.41 Thlrston et al. 1965
Lepomls macrochlrus (99U

largemouth bass (14 d), R, U pcp 7.2 287 142.0 Johansen et al. 1':185
Mlcropterus salmoldes (99J)

Largemouth bass (28 d), R, U pcp 1.2 275 136.1 Johansan at al. 1985
Mlcropterus salmoldes (99:&) .'

largemouth bass (49 d), R, U pcp 7.2 136 67.30 Johansen at al. 1985
Mlcropterus salmoldes (99%)

largemouth bass (84 d) , R, U pcp 7.2 169 93.53 105.0 Johansen et ." . 1985
Mlcropterus s.,'moldes (99S)

BUllfrog (tadpole), F, H pcp 8.3 207 44.48 44.48 Thur ston et <sl • 1985
~ catesbelana (99~ )



Tabl. I. (Cotit InueeU

LC50 Specl........
Salinity CW' EC50 Acut. Value

Speclas Mathoctt' Ch_lcal" (g/kg) hglp"· (,s/U Rat..-enc.

SALTIIlATER SPECIES

P"Iychaa1o worm (~ult). S, U P<P 28 435 435 Rubenstein 19tH
Nar&l~ aranaceodantata (98.1

Polychaete worm R, M PeP 33 620 Mama and V Ink 1981;
('-d I 12rv It), Hoo t1m... csnd VIn k 1980
Opnr'{oTroct.l!. d ladema

Pol yctlallte wonn (ad ul tl , R, M PCt> }3 1,200 862.6 Mama and Vlnk 1981.
9..£hI~t!"~_d I ttd!",,,!, Hoof1m... and VInk '980

Ollqocha.. te worm (~UIT), R, U NaPeP 20 64.43t.tt Chapmcsn at al. 1982b
hlmnndr II~ v~rrtJ':;osus (10 ·C. pH 6)

0' IyU(..ha".t~ WOnJI (i:t<1 ul tl , R, U NaPeP 20 230.1 ~7.2 Chapman at al. 1982a,b
.L Imnodr ••o!~~ varrucc>sus "0 ·C. pH 7)

...
44 I .8t01 Igochaeta wonn (lid ul tl , H, U NaPeP 20 Chapman at al. 1982b

!. ~n2!!r!JE~!! v~rr UCOoiUS (IO·C, pH 8)

ollg.x:haata worm (adul t), R, U NaPeP 20 644.41 Chcspman at al • 1982b
~~~IIoldes verluco~u~ "·C, pH 7)

Ollgocncsate WOI"1ll. R, U NaPeP 20 1,473 1 Chapmcsn at al • 1982b
Mo~oph9lephorus cutlcula1us (I ·C, pH 1)

01 Ig 00.; haa Ie "':>Oll, R, IJ NaPei'> 20 487.9 Chcspman at al. 1982a,b
.M.0nophelaphorus ~u1lculaTus (10 ·C, pH 1)

01 hlOChe:td t'j WClrm, R, IJ NaPeP 20 492.51 Chapman at al. 1982b
~nophelerhorus cut.cul~tus (20·C, pH 1)

01lgochao1e lOOrm, R, U NaPeP 20 423.4 t •tt Chapman at al.I982b
~~~~~cutlClJldtus (IO·C, pH 6)

01 Igochaate worm, R, U NaPCP 20 635.6 t Chapman at al • 1982b
Monophalaphorus cut leu latus (to·C, pH 8)

01 Igochaate worm, R, U NaPeP 10 340.6 t 598.2 Chapmcsn at al. 1982 b
Monophelaphoru~ cutlculatu~ (IO·C, pH 1)



r.bl. ,. teont1.-_)

LC50 Species ......
S.'tnlty Of" EC50 Acut. V., ...

Species Method- Ch..lc.'" (91kg ) ( ..S/U·" (,gIL) Reference

01 Igoc-h<letd worm, R, U NaPL:P 20 42}.4 4n.4 Chapman et al. 1981a
Tubl f Icoldes ~br lellae (lO·C, pH 7)

COfllIlIon At I an tic AilS( aged pcp 1,200 1,200 Mema and VInk 1981
sl I ppef'"!th'<lll (I arva). rttsul t s
Crepldula fornlcata from ~, R, F' M,

BI ue '"ussel (ad 1.11 t) , AVef'"dged pcp 18,000tt Adema and VInk 1981
Mrt I I us eoull ~ resul ts

from ~, R, F' M,

Bt ue lIIussel (tlIllbryo) , S, lJ NaPCP 124 }28.8ttttt 328.8 Woel ke 1972
"''ttl Ius adul ~

Pac If Ic ovster (embryo). S, U NaPCP 40.83 ttttt 40.83 woel ke 1972
Grassostrea~

~!tt6rn oyst er (embryul, S, U NaPCP 17 36.95 Borthwick and Sch Immel
Crassostrea vlrglnlca 1918

Eastern oy!tt6r (embryo), 5, U pcp 30 430 Zarooglan 1981
Crassostrea vlrglnlca (9d. )

Eastern oyster (embryo), S, U pcp 30 49 Zarooglan 19tU
Crassostrea vlrglnlca (9dJ)

Eastern oyster (embryo), 5 U pcp 30 >180 Zaroog Ian 1981,
Crassostrea vlrglnlca (98. )

Eastern oyster (embryo), S, U pcp 30 640 tttttt Zarooglan 1981
Crassostrea vlrglnlca (98. )

Copepod (ad ul t) , S, U NaPCP 18 62.81 62.81 Hauch et al. 1980
Pseudodlaptomus coronatus

Copepod (adul t) , AVef'"dged pcp 110 110 Adema and Vlnk 1981
Temora longlcornus resul ts

from S, R, F; M

Brown stir Imp (ad 1.11 t) , F, M NaPCP 26.5 >195 >195 Schimmel et al. 1978
Penaeus aztecus



T.III. ,. eContln'*')

LC50 Specl........
Sa'lnl1'y «' EC50 Acute Va'_

S2!S'•• Method" Ch.lca'" (s!kg) hsA)"· hstL) R.f.....ce

PInk shrl,np (adult), S, U t'CP 25 5,600 5,600. Bentley et al. 1975
~~ duorarum

Gr ass sh,. Imp R, U NaPCP 10 2,Hltt Conklin and Rao 1918a
(~ult Intef"lllol t),
P ClIldemonetes~

Gr a!i>S 50r "flp R, U NaPCP 10 2,534tt ConklIn and Rao 1978a
(adul t edrl., premol t),
Palaamonetes~

Gr" ass shr Imp R, lJ NaPCP 10 402.7 Conklin and Rao 1916a,b
(<tdult latH prEllllol t).

P a I aemonlttes~

Grass shr Imp (24-hr 10'-"6) , S, lJ NaPeP 24 599.5 Borthllllck and Sch Immel
~.alaemoneta! ~~ 1978

"Gross -;,hr Imp (JUVdO II It) , F, M NaPCP 24.3 >51 5. Oft 491.3 Schimmel et al. 1918
Palaemooetes.~

p-
o

Pac I tic htlrr log S, U NaPCP 24-27 141.8t ,tt(day VIgars et al. 1978
yol k sac IlSr" a) •
C I up..a harangus.£~

Poc I t Ie: ....... Ing (day 12 5, U NaPCP 24-27 63.74 t, tt VIgars at al. 1978
I ar>llll).
t: I Ue9~ hdran~IJs ~~

PdC !tIc her.. IllY (d4y 52 5, U NdPCP 24-27 23.09 t Vlgars et al. 1978
I dr"a),
~Iup~a harangus pallasl

Pac I tic hen" inq (ddy 180 5, II NaPCP 24-27 27.11 t 25.29 Vigers et al. 1978
J UII eo lie),
C I upe'!. h~..en9IJs pallasl

Sheepshead mInnolll 5, U pcp 10 329 Borthlllick and Sch Immel
(I-day Juven lie). 1978
Cyprlnodon varlegatus



Table I. (Continued)

lC50 Spec Ies Mean
Sal In ltv or EC50 Acute Value

Species Method· Chemical" (g/kg) (lIgAt·" ("gIll Reference

Sheepshead minnow 5, U PCP 10 392 Borthwick and Sch Imme I
12-week juvenile), 1978
Cyprinodon varlegatus

sheepshead minnow S, U PCP 10 240 Borthwick and Schimmel
(4-week juvenile), 1978
Cyprlnodon varlegatus

Sheepshead minnow 5, U PCP 10 223 Borthwick and Schimmel
(6-week juven il e), 1978
Cyprlnodon varlegatus

5heepshead minnow 5, U Dowie IJe 24 376.5 60rthwlck and Sch Immel
(2-week juvenllel (79% NaPCP) 1978
Cyprlnodon varleqatus

sheepshead minnow F, M PCP 24 442 442 Parrish et al. 1978
(juvenile),
Cyprlnodon varleqatus

.p- lonqnose killifish F, M NaPCP , 22.9 >306 >306 Schimmel et al. 1978...... (juven II e),
Fundulus slmilis

Plntlsh ( larva) , S, lJ NaPCP 26 35.10 Borthw Ick and Sch Immel
lagodon rhomboides 197d

Plntlsh (larva), 5, U Dowie Ide 26 48.16 Borthwick and Schimmel
lagodon rhombojdes (791 NaPCP) 19713

Plntlsh (adult), f, M NaPCP 20.8 53.2 53.2 Schimmel et al. 1978
Lagodon rhomboldas

Str (pad mull et ( juven II e) , f M NdPCP 25.5 112. I 112. I Schimmel et al. 1978,
~ cephalus



Table 1. (Continued)

• ~ ~ StdtlC; R ~ r~ne~dl; F = flow-throu~h; U = unmedsured, M = measured.

•• PCP = pentachlorophenol; NaPCP = sodium pentdchluroph~nat~. Percent purity Is gil/oo in parentheses when al/ai lable •

... Kesults are expressed as pentachlorophenol. It th~ cuncentrations were not loeasured and the published results were not reported
to be adjusted for purity, the published results were multiplied by the purity it it was reported to be less than 97%.

.... Fresh~ater LC50s and EC50s wero ddJ us ted to pH

..... Fresh~ater Spec les Mean Acute Va I ues ar~ at pH

6.5 using the pooled slope at 1.005 (see text).

6.5•

t

tt

ttt

tttt

Int~rpolat~d fr~n graph.

Not used in calculation ot Species r~ean Acute Valud.

~an of thr~o LC50s.

t~an of four LC50s.

ttttt Calculated using mOl/ing al/erago IIltlthod and author's ra~ data.

tttttt~ SpHcius Mean Acuto Value calculated Uecduse dCute I/alues dre too dil/ergent for this species.

Results ot Col/arlance Analysis of freshwater Acute ToxicIty versus pH

Species n Slope 95% ConfIdence Limits Degrees of freedom

Simocephdlus vutulus 4 O. 700 0.128, 1.393 2

Cranqonyx pseudo\lraci lis 4 1.164 0.844, 1.484 2

Gdfllmaru5 pseudo I I rnndtJlJ 5 4 1.129 -{).319, 2.578 2

F3thead IIlinno~ 4 0.678 0.413 , 0.943 2

Guppy 4 1.052 0.710, 1.394 2

All of abOI/O 20 1.005· 0.841, 1.169 14

------ ------
• P 0.28 tur ~4ua I i ty of slopes.



Table 2. Chron Ic Tox Ic I tv of PentllChioropheftOl to Aquattc A.t... s

Adjusted
Llalts ChrOll'C Vel &Ie CWOII'C Ve'",

Species res" Ch_Ica'** -2L (,stU·" (,alP balU.... Reference

FRESHWATER SPECIES

Sna 1\ , LC Dowie Ide EC-7 7.4- <26 t <26 <8.607 Hedtke at al • 1986
P hysa gyr Ina (93.1. PQJ) 1.7

Cladoceran, LC Dowie Ide EC-7 7.3 <22 t <22 <9.846 Hedtke et al • 1986
Cer lodaphn Ia retlculata (93.7. PCP)

Cladoceran, LC Dowie Ide EC-7 7.3 <4. I t <4. I <1.835 Hedtke at al • 1986
Car lodaphn Ia retleulata (93.H PCP)

Cladoceran, L.C Pcp 180- 240 Adema 1978
Daphnia magna 320

Cladoceran. L.C Dowie Ide EC-7 7.3 119- 177.2 79.66 Hedtke et al • 1986
Simocephalus vetulus (93.H PCP) 264

Cladoceran, LC Dowie Ide EC-7 7.9
tt

137- 221.2 40.03 Hedtke et al • 1986
Simocepnalus vetulus (93.7'" PCP) 8.4 357

Ra Inbow trout, ELS PCP 7.4 11- 14.46 5.666 Dominguez and Chapman
Salmo galrdnerl (99+%) 19 1984

Fathead minnow, ELS Pcp 7.2- 44.9- 57.25 18.94 Holcombe et al. 1982
Plmephales promelas (Reagent 7.9 13.0

grade)

Fathead minnow, ELS Dowie Ide EC-7 6.5 16.5- 23.89 23.89 Spehar ~t al. 1985
Plmephales promelas (88% PCP) 34.6



Tiibl8 2. (Continued)

f;J1l1ead minnow,
P 'mArna I es prom",. ,15

fathei3d mlnnaw.
.!:' Im€pha~HS J,r()l~~~

Fatl'eod 1111000 ...

£,~~phdle5 jlrom~Cl5

t::lS

us

HS

limits
Chemical·· --1!!.- ("g/U·"

Du"lc lou EC-7 7."1 27.6-
ttHU PCP) 5ti.2

I}.wlc Ide EC-7 8.0 32.0-
(t3ij~ PCP) 75.0

lJo.Jof/ Ie Ido EC- 7 8.5 63.7-
(titiS PCP) 125.0

Adjusted
Chronic Value Chronic Value

("g/U ( ..g/U.... Reference

40.08 14.64 Spehar at al. 1985

48.99 10.85 Spehar at al. 1985

89.23 11.92 Spe har et al. 1985

~naeD5hedd mlnn"w,
~y£r~~_JOil~ ~~gdt~~

lC

~ALTWATER SPECIES

47-88 64.31 ParriSh et al. 1978

---- --------------------------------------------------------------------------
.. LC ~ llttr<:yrl:: n( IJclrtlal lite-cycle; I::.lS ~ flarly Iite-sta')e •...

PCP :; pE'1I I ,j/; hi url'!Jhcoo I • ['Hrcent purity h, '11" ..n 10 paronthesus when ctJallable.

••• KeslJl t50 dre bd~aj Oil ffitld;,urlJ'.1 COllcuntrat Ion!:> ot pentachlorophenol •

.... ··F..-Oshwater chronic \lalues w,jr~ c.1I'15t,>.1 to pH = I).,:> llslnq the pooled slope ot 1.005 (see text).

IJIlc.1l.Ctlpt..lbltl <itl ...ct" occurrtol'1 at dll cUnctlntrJtlolls t .. stoo.

tt Controlled ddll Y I'll t luc.tU.:ltlolo l.Ollsls11nq ot 10 hours at 8.4 and 8 hours at 7.9.



Table 2. <Continued)

Acute-Chronic Ratio

Acute Value ChronIc Value
Species ~ (1I9fU (1I9fU ~

Snail, 7.2-7.7 267 <26 >10.27
Physa qyrlna

C t adocer an, 7.3 150 <22 >6.818
Cer lodaphn I~ retlculatd

Cladoceran, 7.3 150 <4. I >36.59
CerlodaphnJa retlculdtd

CIadocer an, 600 240 2.500
Oaphnla maQna

CI adoceran. 7.3 160 177.2 0.9029
S Imocepha Ius vetulus

CI adoceran, 7. 9-d.4 196 221.2 O.b861
Simocephalus vdtulus

r:- Rainbow trout, 7.4 06 14.46 4.564Jl

Salma gdlrdnarl

Fathsad minnow, 7. 1-8.3 224.9* 57.25 3.928
Plrnephales promdlas

Fathead mInnow, 6.5 95 23.89 3.977
Plmephales proms/as

Fathead minnow, 7.5 218 40.08 5.439
Plmophales pramelas

fathead minnow, 8.0 261 48.99 5.328
Plmephales promelas

f atheoo mInnow, 8.,5 378 89.23 4.236
Plmephales promelas

Sheepshead minnow, 442 64 .31 6.873
Cyprlnodon vdrleqatus

* Geometric medn of 2 acute values abtalnoo by Phipps at al. (1981) (sea Table I).



Table 3. Ranked Genus Mean Acute Values with Species Mean Acute-Chronic Ratios

...

Rank·

33

32

31

30

29

28

27

26

?'l

22

21

Genus Mean
Acute Value

(llg/U

>43,920

1I,2nO

10,610

417.7

408.2

405.2

361.6

H 7.5

le2.')

172.1

195.4

SEecles

FRESHWATER SPECIES

Crayt Ish,
Orconectes Immunls

Midge,
Tanytarsus dlsslmilis

Sclcrnyzld,
Sepedon tusclpennls

TUbltlcld worm,
Rhyacodrllus montana

TUbltlcld worm,
Styloctrllus herlnglanus

Soa II,
Glilia altilis

Tubltlcld worm,
Splrosperma ferox

TUbltlcld worm,
Splrosperma nlkolskyl

Tubltlcld worm,
Ouhtr<iIJrllus multlsetosus

FI aq t Ish,
Jorddfltliid tlorl.Jae

fUlJltlcld worm,
fubltex tubltex

Tubltlcld worm,
L Imnodrllus hoftmelsterl

Am ph 1pod,
Crangonyx pseudoqracills

Guppy,
Leblstes ret leu lata

Species Mean
Acute Value

(llg/U"

>43,920

11,260

10,610

417.7

408.2

403.2

2.39.5

.317.5

291.6

224.2

182.5

172 .1

195.4

Spec les Mean
Acute-Chron Ie

Ratio···



Table 3. (Cant Inued)

Genus Maan Spec les Mean Spec las Mean
Acute Value Acute Value Acute-Chron Ie

Rank· (ligIL ) Species (flg/U ** Ratio···

20 155.9 Tubltlcld worm, 155.9
Branchlura sower by I

19 1)2.1 Snail, 132.1 >10.27
Physa ']yr Ina

18 1<'1. J Amptll pod, 122.1
I;dffiffidrus pseuc10llmnaeus

17 10'.>.0 larqemouth bass, 105.0
Mlcropterus salmoldes

16 87.48 Amph I pod. 87.48
Hyatella aztecd

I':> 78.10 CI adoceran, 'Xl.83
Daphnia pulex

~ C I ad OC tlr an , 67.15 2.500
" Daphn la magna

14 67.13 Cl adoceran, 67.13 >15.79 t

Cerlodaphnla retlculata

13 6'.>.53 Gol d t I sh, 65.53
Carasslus auratus

12 0).11 Fathead minnow, 63.11 4.535tt
Plmephales promelas

11 bU .50 Mosqul tot I sh, 60.50
Gambusla attlnls

10 60.43 Snail, 60.43
Aplexa hypnorum

9 58.47 Tub I field worm, 58.47
Varlchaeta pacifica

8 '.>7.72 CI adoceran, 57.72 O.8945 t

Slmocephalus vetulus



T.bl. ,. CCoAt.nu.en

Genu.....n Specl........ Specl........
Acute V.lue Acute V.lue Ac:ute-e....oa Ie

~ C"g/U Spec I•• Cpg/U" Ret 1o···

56.4 I 81 ueg III, 56.41
Lepomls macrochlrus

6 44.'10 Bull trog, 44.46
~ catesblana

5 35.~4 Ri\ Inbo~ trout, 35.34 4.564
~9dlrdnerl

4 j4.1~ lJrook trout, 34.13
Sdlvellnus fontlnalls

~ 30,0\. Coho >lImon, 31.82
Oncorhynchus klsutch

SOCkeye salmon, 32.85
Oncorhynchus narka

+' Chinook Sdlmon. 25.85
co Oncorhynchus tShawytscha

2 26.54 Channel catfish. 26.54
Ictalurus punctatus

4.3~,) Common car p. 4.355
fxprlnus carpio

SALTWATER SPECIES

17 1,200 COflIRon Atldnt Ie 1.200
51lppershell.
Crepldula fornlcata

16 >1,04; Brown stir Imp, >195
Penaeus aztecus

Pink shr Imp. 5,600
Penaeus duorarum

15 662.6 Pol ychaete worm. 662.6
Ophryotrocha dladema



Tabl. }. Ceo-t'llued)

6eIIus ...... Spec'...... Spec'es ....
Acut. V.I. Aleut. V.I. Acut..chrc. h:

~ (ps!L) Spec'es hsIL)·· Rd.oII"

14 598.2 01 19och~te worm, 598.2
Nonopylephorus cutlculatus

13 491.3 Grcsss shr Imp, 491.3
Palaemonetes~

12 442 Sheepshead minnow, 442 6.813
Cyerlnodon varlegatus

tI 435 Pol ychaeta worm, 435
Nerels arenaceodentata

10 423.4 01 Igoch~te worm, 423.4
Tubltlcoldes gabrlellaa

9 397.2 01 Igochaete wonll, 397.2
llmnodrlloldes verrucosus

~ 8 328.8 BI U8 mussel, 328.8
\D Mytllus adulls

7 >306 loognosa killifish, >306
Fundulus slmilis

6 \70 Copepod. 170
Temora longlcornls

5 112. I Str Ipad mul let, 112.1
~ cephalus

4 62.81 Copepod , 62.81
Pseudod Iaptomus coronatus

3 53.2 Plntlsh, 53.2
lagodon rhomboldas

2 40.83 Pac I t Ie oyster, 40.83
Crassostrecs~



TObl.]. (to-tlnued)

Genu.....n
Acut. V.lue

(IIg!L)

25.29

Species

Pacific herring,
elupea harengus pallasl

Specl.......
Acut. vel_

(PaIL)"

25.29

Specl.......
Acute-ChrOA Ie

Ratio"·

• Ranked from most resistant to most sensltl'le based on Genus Mean Acute Value.
Inclusion ot "greater than" values does not necessarily Imply a true ranking, but
does allow use of all genera tor which data are lHallable so that the final Acute
Vall.B Is not unneceSSM" II y lowered.

•• from Table 1.

••• from Table 2.

t Geometr Ic mean of two values In Table 2.

tt Geometr Ic mean of five val ues In Table 2.

VI
0



In(Crlterlon MaxlmlJll Intercept)

rebl. 1. (Continued)

fresh water

final Acut~ Val ue = 10.97 "giL (at pH = 6.5)

Criterion MaxlmlJll Concentration: 00.91 Ilg/U 12 5.485 Ilg/L (at pH'" 6.5)

Pooled Slope = 1.005 (see Table I)

In(5.485) - I slope x 6.51

1.102 - (1.005 x 6.5) '" -4.8}0

Criterion MaxlmlJll Concentration = ell.005(pH)-4.8}01

final Acute-Chronic Ratlo= 3.166 (see text)

final Chronic Value = (10.97 IlglU / }.166 '" }.465 IIg1L (at Iii '" 6.5)

I n( f Inl:ll Chron Ic Intercept) In(}.465) - I slope x 6.51

VI...... 1.24} - (1.005 x 6.5) '" -5.290

Final Chronic Value elt.005(pH)-5.2901

Salt water

Final Acute Val ue = 25.05 IlglL

Cr Iter Ion Max ImlJll Concentration = (25.05 IlglL) 1 2

Final Acute-Chronic Ratio = }.166 (see text)

final Chronic Value = (25.05 IIg1U 13.166 = 7.912 IIg1L



Tabl. 4. Toxicity of Pentec:hlorophenol to AqMtlc PIMta

Duretloa Coftc:entr8t ton
Specl.s Ch_lcel* ....2L (days) Effect (Pg/U" R.ter_c.

FRESHWATER SPECIES

Alg~, NaPCP 11 EC50 600 Burrall at al. 1985
Chloralla vulgaris (98. )

Alga, 7.0 } ECIOG 7.5 Huang and Gloyna 1967
Chlorella pyreno Idos~ (chlorosl s)

Alqa, pcp 4 EC50 ( grotlfth) 7,000 Mama and YInk 1981
Chlorella pyrenoldosa

Alga, pcp 4 EC50 (grotlft h) 80 Mama and Ylnk 1981
Scenadesmus quadrlcauda

Alga, PCP 7.0 4 EC50 90 Geyer at al. 1985
Scenedesmus sUbsplcatus (99"

~

Alga, NaPCP 7 Red ue ad growt h 50 Adams at al. 1985
Vl Selenastrum caprlcornutum
N

Alga, pcp 4 EC50 (grotlft h) 290 Crosslond and Wol tt
Selenastrum caprlcornutum 1985

Alga, pcp 4 EC50 (growth) 312 Richter 1982
Selenastrum caprlcornutum

Alga, NaPCP 11 EC50 830 Burrell at al. 1985
Anklstrodesmus braunll (98. )

Duckweed , 5.1 2 EC50 189.1 Blockman at al. 1955

~~ (chlorosis)

SALTWATER SPECIES

Green olga, 'IW 4 EC50 ( popullt'" 1,400 Adama and Ylnk '981
Ch Iamydomonas sp. tion grotlfth)

Green alga, PCP 30·" 4 EC50 (popullt'" 206 Walsh at ale '982
Dunallella tertlolecta tlon grotlfth)

Green alga, PCP 30"· 4 EC50 (popul a- 170 walsh et al. 1982
Dunallella tertlolecta tlon grotlfth)

Green olga, PCP 4 EC50 (popul a- 3,600 Mama ond YInk 1981
Dunallella sp. t Ion growt h)



Tabl.... (Con tt" lMtd)

Ouratloll CoK_tratlota
Sp!c,•• C.....I~I· -'!!L (days) Effect Cps/U" Refer.c.

Golden bro",n :slga. f'CP 4 EC50 (popul it- 200 Adema and V Ink 1961
Monoc...rys Is sp. tlon growth)

Dla-tum • R:P 30··· 4 EC50 (popul It- 20.30 Wal sh at al. 1982
Sl<.ele~~ costtlt~ tlon growth)

Diatom. pcp 30··· 4 EC50 (populo- 11.40 Walsh et al. 1982
Skeltttonama costatum tlon growth)

Ulatom. pcp 30··· 4 EC50 (populo- 11.80 Walsh at al. 1962
~!etonema costatum t Ion growth)

Olatum, pcp 30· ... 4 EC50 (populo- 205 Walsh at al. 1982
Th"lo::." 10::' IrlS p::...udo~ t Ion growth)

{)I a tom, pcp 30·" 4 EC50 (populo- 169 Walsh et al. 1982
Thalas::.loslra pStludonana t Ion growt h)..

In (II <ttam. PCP 30··· 4 EC50 (popul it- 179 Walsh et al. 1962
w Thalcllssloslra pseudonc1na tlon growth)

LJI atom, pcp 4 EC50 (popul It- 3,000 Adema and Vlnk 198\
£:hi1eodadvlum trlcornutum tlon growth)

G'"nt .... Ip (yuung frauds) • NaPCP 4 EC50 (photo- 211.1 CI andenn Ing and North
Manoep t h .J!~r I fenl ( Santo- synthetIc 1959

br Ite) ac t Iv I ty)

•
••

PCf- '" pent".:hlorophenol; NaPeP'" sodhll' pentdChlorophenate. Percent p&rlty Is gIven In parentheses ....en ao'allable.

K13.,ults dre Q)(prossa1 as PfIOtdChloropneool. If the concentratIons were not measured aoo the published results
were oot repo.)rt",o "to oe dIljusted for purity, the published results were multiplied by the p..-Ity It It 'leS reported
to be less thon 97 ••

... SalIn ItI' (g/kg). not pH.



Table 5. Bloaccumulatlon of Pentachlorophenol by Aquatic OrganIsms

ConcentratIon DuratIon BCfor
SpecIes Chemical· In Water (~9/L)·· ~ (days) Tissue BAf··· Reference

FR~SHWATER SPECIES

RaInbow trout (400 q) , PCP 0.035 115 •••• 406 Nllml and McFadden
Salmo qalrdner I (Reagent 1982

grade)

RaInbow trout (400 g) , PCP 0.660 115 ..... 168 Nllml and Mcfadden
Salmo galrdner I (Reagent 1982

gr ade)

Fathead minnow (6 mol, 7.49 n Whole body 770 Veith et al. 1979
Plmephales promelas

Fathead minnow (0.5-1.5 q) , PCP ;0 31 Whole body 163 Huckins and Petty
Plmephales prrnnelas (99S) 1983

Fathead mInnow W. 5-1.5 q) , PCP ~ 31 Whole body 211 Huckins and Petty
PlmeQhales promelas (88S) 1983

Vl Fathead minnow (julien lie) , Doll/ Ie Ide EC-7 3.1-34.6 6.5 32 Whole body 1,066 Spehar et al • 1985
.j:'- Plmephales promelas (88S PCP)

Fathead mlnnoll/ (jullenlle), Dowie Ide EC-7 5.b-58.2 7.5 32 Whole body 434 Spehar et al. 1985
Plmephales promelas (88S PCP)

Fathead mInnow (julien lie), Dowie Ide EC-7 12.7-161.0 8.0 32 Whole body 426 Spehar et al • 1985
Plmephales promelds (8l:lS PCP)

Fathead minnow (jullenlle), DOli/Ie Ide EC-7 29.3-125.0 8.5 32 Whole body 281 Spehar et al • 1985
Plmephales promelds (88S PCP)

81 ueq III (6 mol, PCP 100 7.2- 16 Muscle 7.3 Prul tt et al. 1977;
Lepomls maeroehlrus 7.7 Pierce 1978

SAL TWATEH SPECIES

Eastern oyster (adult), NaPCP 25 28 Soft tissue 41 Sch Immel et al.
Crassostrea_"lrqlnlca 1978

Eastern oyster (adult), NaPCP 2.5 28 Soft tissue 78 Sch Immel et al.
Crassostrea IIlrqlnlca 1978



Tabl. 5. (CoAt ......en

CoIIC_trat 1011 Durat.OlI IICf or
Spec'" Ch.'c.l· I. Water (,all)·· ...J!!:L (deys) Tlas.... BAF"· R.ference

Eastern oyster (adult), NaPCP 3. 7!:..1. 4 SteMy Soft tissue 62 Schimmel and Garnas
Crassostrea vlrglnlca state 1965

Eastern oyster (adul t), NaPCP 9.')+3.4 SteMy Soft tl SS18 }4 Schimmel and Garnas
Crassostrea vlrglnlca state 1965

Eastern oyster (adult), NaPCP 11.3+1.7 5teMy Soft tissue 76 Schlmllel and Gar nas
Crassostrea vlrglnlca state 1965

Sheepshead minnow (embryo), pcp 18-195 Parents 1t10le body 19.39t Parrish et al •
Cyprlnodon varlegatus exposed 1978

133-142
days

Sheepshead II Innow (J uven II e) , pcp 16-195 28 Whole body 31.S6t parr Ish et al.
Cyprlnodon varlegatus 1978

Sheepshead mInnow (adul t), PCP 16-195 151 Whole body 1O.7S t Parrish et al.
Cyp!lnodon varlegatus 1978

long nose kill I 11 sh, pcp 57-120 7 Whole body 64 TruJ 1110 et al •
fundul us slmilis ( Steady 1982

state)

It PCP '" pent~hlorophenol; NaPe!> " sodll61l pentcschlorophenate. Percent plTlty Is given In parentheses lIhen available.

ItIt

It It It It

t

Measured concentrat Ion l)t ventdChl orovhlillol •

Bloconcentratlon t.lctor:. (Befs) and bloaccunulatlon factors (BAFs) are based on measlTed concentrations ot
pentachlorophenol In watar and In tissue.

Whole body minus Intestines, liver, and gall bladder.

Geometr Ic mean ot val ues from four test concentrations.



EffectDurationChemical·

Table 6. Other Data on Effects of Pentachlorophenol on Aquatic OrganIsms

ConcentratIon
(eg/l)** ReferenceSpecies

FRESHWATER SPECIES

Alqa,
Scenedesmus pannonlcus

PCP 4 days Reduced
bIomass

100
320

Sioott aod Canton 1983

Poro phytop I ankton
CaRRlUn Ity

PCP 10 days Canmun Ity
structural
change

1,000 Boyle et al. 1984

Vasculdl'" plaot,
Elode~ canadensis

Oowlelde £C-7
(93.7% PCPI

7.7
B.2

21 days Reduced growth
(r Iver water)

380 Hedtke et al. 1986

Ouckweed,
Lemna mloor

PCP 7 days Reduced
spec I t Ic
growth rate

1,000
3,200

Sioott aod Canton 1983

Duckweed,
Lerona minor

Oow Ie Ide EC-7
(93.1'" PCP)

7.7
8.2

21 days Reduced
growth (r II/er
water)

>1,440 Hedtke et al. 1986

V1

'"
bdCter I urn,
Pseudomonas tluorescens

PCP 0.3 days Reduced
spec I t Ic
growth rate

1,000
3,200

Sloott aod Canton 1983

Cyaoobacter I urn,
Mlcrocystls a~ruglnosa

PCP 4 days Reduced
spec J t Ie
growth rate

1,000
3,200

Sioott and Canton 1983

Detritus mixed microbial
canmun Ity

Dow Ie Ide EC-7
(BB% PCPI

56 days Reduct Ion In
bIomass and
act 11/ Ity

8,131 fa Irch lid et al. 19t14

AruVt-t t)(1,
Amof11.1d proteus

4.5 30 mIn Reduced
5Url/ II/al

1,332 Smith and Ord 1979

Ciliate protozoan,
Colpldlum campylum

43 hr Min Imal act II/e
dose

600 DII/e et al. 1980

Hydra,
Hydra ollqdctls

PCP
(>9B%1

48 he LC50 130 Siootf 1983

Hydra,
Hydra ollqactls

pcp 21 days Red uced spec It Ic
growth rate

32
100

Sioott and Canton 1983

Pldllarldn,
Duqes I a I ugubr Is

PCP
( >9tl~ )

48 hr LC50 130 Sioott 1983



Teb'.6. (( . .HId)

eo.centrat leMa
Se'n Ch,,'c:al- -..eL Duration Effect (pgA)" R.I.,-...e.
Rotl fer, 24 hr LC50 160 Ha' bach et al. 1983
Brachlonus rubens

Rotl fer, pcp 5 days LCIOO 200 Hal blIch 1984
Brachlonus rubens

Rotl fer, pcp 23 days ROO uced ~pul a- 50 Hal blIch 1984
Brachlonus rubens t Ion density

Tubltlcld worm, NaPCP 7.0 96 hr LC50 (with 515.5 Chapman et /II • 1962a
Branch lura sower by I sed Iment)

Tubl fie Id worm, NaPCP 7.0 96 hr LC50 (with 1,150 Chapman et ctl. 1982a
llmnodrllus hoffmelsterl sed Iment)

Tublfleld wonn, NaPCP 7.0 96 hr LC50 (with 846.9 Chapman et /II • 1982a
Qulstradrllus multlsetosus sed Iment)

"'Tublfleld wonn, NaPCP 1.0 96 hr LC50 (with 3,}14 Chapman et /II • 1982a
Selrosperma nlkolskyl sed Iment)

n
oJ

Tub I field wonn, Naf'CP 1.0 96 hr LC50 (with 1,243 Chapman et ct' • 1982a
Sty'odrllus herlnglanus sed Iment)

Tubltlcld wonn, Naf'CP 7.0 96 hr LC50 (with 754.8 Chapman et /I' • 1962/1
Tub Itex tub I tex sed IlIIent)

Mixed tublflcld wonns, Naf'CP 1.0 96 hr LC50 53:S.9 Chapman et ctl • 1982c
Tublfex tublfex and
llmnodrlfus hoffmelsterl

Mixed tUblflcld wonns, NaPCP 7.5 24 hr LC50 290 Wh I tl ey 1968
Tublfex tublfex and
llmnodrlfus hoffmelsterl

Mixed tublflcld wonns, NaPCP 8.5 24 hr LC50 620 Wh I tl ey 1968
Tubltex tublfex and
llmnodrllus hoffmeister'

MI xelt tublflcld wonns, NaPCP 9.5 24 hr LC50 1,290 Wh It, ey 1968
Tubltex tubltex and
l.mnodrllus hoffmeister'



tabl.6. (CoAt In..-eU

CoKentr.t loa
Spec I.. Ch..I<:a Ia ......eL Duration Effect ('SIL)" R.ferenc.

Snail, pcp 48 hr LC50 560 Siooff 1983
Lxmnaea stagnalis (>98' )

Sna II , pcp 40 days Reduced 3.2- 5100ff and Canton 1983
Lymnaea stagnalis hatching 10

Snail, Dowie Ide EC-7 7.7- 96 hr LC50 (rlltee" 1,380 Hedtke et al. 1986
Physa gyrlna (93.7. PCP) 7.9 water)

Snail, Dowie Ide EC-7 7.8- 12 wk Red uced plPll'" 36') ZI schke et al .1985
Physa gyrlna (93.7. PCP) 8.5 Iat Ion densl ty

Snail, Dowie Ide EC-7 7.6- 96 hr LC50 (r Iller 1,250 Hedtke et al. 1986
Physa gyr Ina (93.7.·PCP) 8.0 wc1ter)

Snail, Dowlelde EC-7 7.7- 96 hr LC50 (r IIIee" no Hedtke end Arthll" 1985;
Physa 9yrlna (93.7. PCP) 8.1 ."ter) Hedt ke et al. 1986..
Sna II , Dowie Ide EC-7 8.2- 96 hr LC50 (r Iver 620 Hedtke et "I • 1986

J1 Physa gyrlna (93.7' PCP) 8.4 w"ter)
::x>

Snail, Dowie Ide EC-7 8.0- 96 hr LC50 (rillee" 220 Hedtke et al • 1986
Physa gyr Ina (93.7' PCP) 8.2 water)

Sna II, Dowie Ide EC-7 7.9- 96 hr LC50 (r IIIee" 260 Hedtke et al. 1986
Physa gyrlna (93.7. PCP) 8.1 wc1ter)

Snc1I1, Dowie Ide EC-7 7.8- 96 hr LC50 (r Iller 580 Hedtke et al • 1986
P hysa gyr Ina (93.H PCP) 7.9 water)

Sn a II , Oowlclde EC-7 7.7- 96 hr LC50 (r Iller 810 Hedtke et al • 1986
Physa gyr In" (93.1. ~) 7.9 wated

CI adocer c1n , Dowie Ide EC-7 7.9- 7 dc1YS MATe (riller 110 Hedtke et al • 1986
Car lodaplln 1c1 attlnls/~ ('J3.1'/. PCP) 8.0 wc1ter)

CI adocee"CIO, Dowie Ide fC-7 8.0 48 tv" LC50 (riller 307 Hedtke et al • 1986
Car IOClaphn la attlnls/~ (93.7. PCP) .ater)

C( a<1ocee" an, Dowie I,d a EC-7 7.9- 48 hr LC50 (riller 347 Hedtke et 'al. 1986
Car lodapho la att In Is/dubla (93.7. PCP) 8.0 wc1ter)



Table 6. (ContInued)

Concentration
Species Chemical· ..J!!L Duration Effect (tg/ U " Reference

CI adoceran. lXlwlc Ide EC-7 7.8- 48 hr LC50 (r Iver) 240 Hedtke et al. 1986
Cerlodaphnla retlculata (93.7% PCP) 7.9 water)

CI ad ocer an • Dowlc Ide EC-7 7.8- 48 hr LC50 (r Iver 700 Had tke et al. 1986
Cerlodaphnla retlculata (93.7% PCP) 8.0 water)

CI adoceran. PCP 21 days LC50 480 Ad ern a 1978
Daphn la magna

CI adoceran. PCP 21 days LC50 510 Ad ern a 1978
Daphnla~

C1adoceran. PCP 21 days LC50 400 Ad ern a 1978
DaphnIa magna

CI adocerdn. PCP 21 ddYs LC50 470 Adema 1978
DaphnIa magna..
CI ad oc er an • PCP ~1 days LC50 430 Aderna 1978

Ul Daphnia magna
1.0

C I adoceran. PCP 21 days lC50 490 Ad ern a 1978
Oaphnla magna

C I adoceran. PCP 21 days lC50 170 Aderna 1978
Daplln la magna

C 1adoceran, PCP 21 days LC50 190 Ad ern a 1978
Daphnla~

CI adocer an. PCP 14 days LC50 440 Ad ern a 1978
DaphnIa magna

CI ad oc eran, PCP 14 days LC50 460 Ad ern a 1978
DaphnIa magna

C1ad ocer an , Pcp 21 days No effect on 340 Ad ern a and VInk 1981
Daphnia magna reproduct Ion

CI adoceran. PCP 21 days Reduced 100- Siooft and Canton 1983

Oaphn I a mdgna surv Ivai and 320
reproductIon





Teb'. 6. CCoftt 'nued)

eo.ceAtrat '011
SpK'•• Ch_Ice'· ...zL Durat.on EftKt (PaIL)" R.t......c.

Amphlpod, Dowie Ide EC-7 8.0- 96 hr LC50 (river 220 Hedtke et al • 1986
Crangony~ pseudogracilis (93.7J PQ» 8.1 water)

Arnph I pod, Dowie Ide EC-7 7.8- 96 hr LC50 (river 1,550 Hedtke et al • 1965
Crangonyx psedograc II I 5 (93.7J PQ» 7.9 water)

Arnph I pod, Dowie Ide EC-7 7.7- 96 hr LC50 (rver 2,000 Hedtke et III • 1986
Crllngonyx pseudogracll Is (93.7J PCP) 7.9 water)

Arnph I pod (II 111m), R:P 7.9 96 hr LC50 (river 451 Brooke et 051 • Manuserlpt
Ga/lllllarus eseudollmnlleus (99t%) lIlater)

Amph I pod (1 I mm), R:P 7.6 96 hr LC50 (river 450 Brooke et II'. Manuse r I pt
Gllmmarus pseudo.lmnaeus (99tJ) water)

Amphlpod, R:P 7.9 96 hr LC50 (river 266 Brooke et al. Manuser I pt
Hyalella azteca (99+J) water)..
Amphlpod, pcp 7.6 96 hr LC50 (r Iver 353 Brooke et III • Joenuserlpt

" Hyalella azteca (99t~) water)

Mayfly, Dowie Ide EC-7 7.5- 96 hr LC50 (river 1,780 Hedtke and ArthLr 1985;
Cailibaetis skoklanus (93.7~PCP) 7.7 water) Hedtke et al. 1986

Mayfly, Dowie Ide EC-l 7.8- 9b hr LC50 (river 1,300 Hedtke et al • 1966
Cailibaetis skoklanus (93.7. PQ» 7.9 water)

Mayfly (larvae), pcp 46 hr LC50 5,900 Sioott 1963
Cloeon dlpterum (>98. ;

Caddlsfly, Dowie Ide EC-7 7.5- 96 hr LC50 (rlvar 1,260 Hedtke and ArthlT 1985;
Phllarctus quaerls (93.7% PCP) 7.7 water) Hedtke et Ill. 1966

Sc lomyzld fl Y (I st Instar), NaPeP 96 hr L.C50 (fed) 2,200 NcCoy and Joy 1977
Sepedon tusclpennls (90% )

Mosqu I to (I s t Instad, pcp .' 25 days • Reduced 3,200- Siooff and Canton 1963
~plplans s urv Iv III and 10,000

davelopntant



rabl.6. (CoAt ...lIed)

CoIK:efttrat 'OA
Species Ch_lcal· ..J!!L Duration Ett.ct hs!l)" R.t....c.
Midge (4th Instllr) , pcp 7.0 24 hr LC50 Fisher 1986
Chlronomus rlplIrlus (9a) <15 ·C) 1,' 76

(25·C) 1,556
(}5·C) 6}1

Midge Uth Instad, pcp 4.0 24 hr LC50 }84 Fisher and Wad leigh
Chlrunomus rlpllrlus ( reagent 6.0 465 1986

grada) 9.0 1,948

$ockeya Sellman «1 yr), NaPCP 6.8 21 days lC50 51 Webb and Brett 197}
.2.ncorhynchus~

~<)ckeye ~llIlun «1 yr), NaPCP 6.8 42 days 10~ growth }.2 Webb and Brett 19B
O..!!£~h~~~~ Inhibition

SOC",eyf6 salrllon « I yO, ~p(;p 6.8 56 days EC50 (growth) 1.14 Webb and Brett 19B
Oncorhynchus .!!!!"~

..~ockeye s,., 111101'/ « 1 yr), NaPeP 6.8 56 days EC50 (tood 1.80 Webb and Brett 19B
cr, Qn.c~, hlnchus~ con"ers Ion)
1')

Ctd.,OO,," salmon (jUlioo lie), ~PeP 7.0- 96 hr LC50 (high 72 Iwal1la and Greer 1979
Oncorhlnchus tschawytschd 7.1 load Ing)

Chinook salmon (ju"enlle), 6.5- 8 days LCIOO (wi th b&c- }6 Iwama and Greer 1982
OncorhynChus tschawy hello 6.9 terllli dl~sa

Inj &etlon)

Ro5l"bo'" trout (o5l .."ln), Santobr I te 20 days 11 ~ qrowth 28 Chapman 1969

~2. ~.!!!!!!J. (,90. HaPeP) Inhlb Itlon

Rdlnbow trout (aievln), Santobr Ita 20 dllYS 18~ growth 28 Chllpmlln 1969
Salmo galrdne,-I (>90' NaPeP) Inhlb Itlon

Rainbow trout (ala"ln), So5ntobr Ita 21 dllYS 18~ growth 28 Chapman 1969
~ galrdnerl (>90~ NaPCP) Inhlb Itlon



'able 6. (Contlllu..s)

eo.c.tra1" leNt
Specie. Ch_leal- ....eL Duration Effect (,sA).. Ret..-.ce

Rainbow trout (olevln), Santobr I ta 28 days 121 growth 28 Chapman 1969
~ galrdnerl ( >90 I NoPCP) Inhibition

Ra Inbow trout San tobrl ta 41 days LCIOO 46 Chapman 1969
(embr yo aM 01 fN In) , (>901 NaPeP)
~ galrdnerl

Ra Inbow trout, Santobrl te 7.8 Fertilization 251 mortality 18 Chapman and Shumway 1978
~ galrdnerl (>901 NaPe?) and yol k sac

resorpt 100

Rainbow trout (olevlo), Santobr I te 7.8 71 days 9. I I growth 18 Chapman and ShLllway 1976
~ galrdnerl (>901 NaPCP) reduction

Ra I nbow trout, 28 days 271 growth 7.4 Natlda at 01. 1976
~ galrdnerl Inhibition

.. Rainbow trout (2.1-11.4 g), 7.4- 8.8 hr Hedlan surv Ivol 250 AI el<ooder and Clorke
NI squall y stra In, 7.7 time 1978

0\ ~ galrdnerl
IW

Rainbow trout (2.1-11.4 9) , 7.4- 7.1 hr Med Ion sur-v Ivol 250 AI Ql<ondQr and CI arke
I daln stra In, 7.7 time 1976
~ galrdnerl

Ra Inbow trout. 8.0 24 hr Increased 70 Slooff 1979
~ golrdnerl rasp Irat Ion

Ra Inbow trout. NaPeP 7.18- 4 wk post Biomass red ue- 20- Hodson and BI unt 1981
~ golrdnerl 7.89 sw 1m-up tloo (lower 80

temperatur e)

Ra I nbow trout. NaPlY 7.96- 4 wk post Blanass redue- >16 Hodson and BI ~t 1981
~ galrdnerl 8.06 swim-up tlon (higher

'96 hr
temper4ture)

Ra Inbow trout <0.81 gl. PO~ 7.9 lC50 (r Iver 70.1 Brooke et al. Hanuscr I pt
~ galrdnerl wated





Table 6. (Continued)

Concentration
Species ChemIca'· ~ Duration Effect (lIg/L)" Reference

GoldfIsh (1.3 g), 8 24 hr LC50 250 Kobayash I and KI so Ina
Carasslus auratus 1980

Go Id t I sh (1.3 q), 9 24 hr LC50 2,200 KobayashI and KI sh Ino
Carasslus auratus 1980

GoldfIsh (1.3 g), 10 24 hr LC50 16,000 KobayashI and KIshlno
Carasslus auratus 1980

Common carp (eyed anbryo) , ~P 24 hr LC50 160 Hash Imoto et al. 1982
Cyprlnus carpIo

Common carp (1-3 days), pcp 24 hr LC'>O 140 HaShimoto et al. 1982
Cyprlnus carpio

Common carp (5-6 days) , ~P 24 hr l.C50 150 Hash Imoto et al. 1982
eyprlnus carpIo

.. Common carp (9-10 days), pcp 24 hr LC'>O 130 Hashimoto et al. 1982
Cyprlnus carpIo

r-
11

Common carp (17-19 days) , pcp 24 hr l.C50 110 Hash Imoto at al. 1982
Cyprlnus carpio

Common carp (25-35 days) , ~P 24 hr LC50 100 HashImoto at al. 1982
Cyprlnus carpio

Common carp (50-60 days), pcp 24 hr l.C50 110 Hash Imoto et al • 1982
Cyprlnus carpIo

Common carp (70-80 days) , pcp 24 hr l.C50 110 Hashimoto at al. 1982
Cyprlnus carpIo

Common carp (1?1-28.8 g) , PCP 50 mIn LT50 3,000 Paer et al. 1983
Cyprlnus carpIo

5 II ver jaw mInnow (2 q) , NilPCP 7.6 6.25 hr LCIOO 400 Goodn Iqht 1942
Erlcymba buccata

Red tin shiner (2 q), NaPCP 7.6 2.67 hr lCIOO 600 Goodn Iqht 1942
Notropls umbratlils



rab'.6. (Continued)

CotK:.tra.. ICMI
Species Ch_lca'· ...J!!L Duration Effect (,glU" R.f....c.

5teelcolor shiner (2 g). N6PCP 7.6 5.25 hr LC100 400 Goodn Ight 1942
Notropls ~hlpplwl

Bluntnose minnow (3 g). NaPCP 7.6 7.45 hr LC100 400 Goodn Ight 1942
Plmeph~les notatus

F~thead Inlnnow (2 Inches) • NaPeP 7.4- 24 hr LC50 300- Crandall and Goodn Ight
fJmephales eromelas 7.5 320 1959

fathead rn Innow (J uven lie) • N6PCP 7.83 336 hr LC50 153 Cardwell et al. 1976
p Imephalas £!.~

fllthead minnow. K:P 48 hr LC50 210 5100tt 1982
Plmephllies eromel~s

f JI thttad minnow, Dowie Ide EC-7 7.7- 12 wk Reduced growth 111 ZI schke et ~I. 1985
Plmephales promelas (93.1. PCP) 8.4 and I ~rval dr Itt

"Fathead minnow (edul 1). Dowie Ide EC-7 8.0- 96 hr LC50 (rl'ier 300 Hedtke et al • 1986
Plmophales promelo5 (93.7. PCP) 8. I water)

0'
0- fathead minnow (edul t). Dowlc Ide EC-7 7.9- 96 hr LC50 (rl'ier 190 Hedtke et al • 1986

Plmeph~ promelas (93.7. PCP) 8.2 wated

f dtheoi minnow (ad ul t) , Dowie Ide EC-7 7.9- 96 hr LC50 (r Iver 170 Hedtke et al • 1986
P.!."!.e..£h~les prCMnelal> (93.7. PCP) 8.1 wated

fathead minnow (adul t». lJowlc Ide EC-7 tl.O- 96 hr LC50 (river 160 Hedtke et al • 1966
P Imeptlal es "rome Ias (93.1. PCP» 8.2 wated

Fathedd minnow (adult), Dowlc Ide EC-7 7.7- 96 hr LC50 (river 120 Hedtke et al • 1986
Plmephalas promalas (93.7. PCP» 8.1 watad

Fathead minnow (adul t». Dowlc Ide EC-7 7.9- 96 hr LC50 (r Iver 208 Hedtke and Arthur 1985;
p Imaphalas £!"~~ (93.7. PCP» 8.1 wated HedtkB at al. 1986

Fathe~ mllll10W (adult). Dowlc Ide EC-7 7.4- 96 hr LC50 (r l'iar 120 Hedtka at al. 1986
Plmeph~las promelas (93.7. PO') 7.9 , w~ted

fathead minnow (Juvenile). Dowlc Ida EC-7 7.8- 96 hr LC50 (rl"er) 396 Hedtke et al. 1986
Plmephales promalas (93.7. PCP) 8.2 wated



reb'.6. (Codlnlled)

Coac:-.tr.t 1011
Species ell_leal· ...J!!L Duration Effect hsJl)" R.'.....c.

fathead minnow (Juvenile), lXlwlc Ide EC-7 7.8- 96 hr LCSO (river 510 Hedtke et 01. 1986
Plmephales promelas (93.7. PCP) 8.1 water)

fathead minnow (try), lXlwlc Ide EC-7 7.9- 96 hr LCSO (river 314 Hedtke et 41 • 1986
Plmephales promelas (93.7. PCP) 8.2 water)

Fothead minnow (fIllbryo), lXlwlc Ide EC-7 7.8- 96 hr LC50 (r Iver 465 Hedtke et 01. 1986
Plmephales promelas (93.7. PCP) 8.1 water)

fa the ad minnow (fIllbryo), lXlwlc Ide EC-7 8.0- 96 hr LC50 (river 480 Hedtke et 01. 1986
Plmephales promelas (93.7. PCP) 8. I water)

fathead minnow lXlwlc Ide EC-7 7.8- 32 days Reduced SII"V Ivai 118- Hedtke et al. 1986
( fIllbryo, try) , (93.7f, PCP) 8.1 or growth (river 116
Plmephales promelas water)

fathead minnow «2 wk), PCP 1.4 90 days Decreased growth 85 CI evel and et al. 1982
.f lmephal es promel as (plI"ltled; 99S) 24'1.

Decre"sad growth 142
(J\ 18.
'-J

fathead minnow «2 wk), Dow Ic Ide EC-7 7.4 90 days Increased groltth 60 Cleveland €It al. 1982
Plmepholes promelas (91'/.1 18'1.

Increased growth 139
21.

fathead minnow «2 wkl. PCP 7.4 90 days Decreased growth 13 Cl evel and €It al. 1982
Plmephales promelas (Industr lal 20'1.

canposlte) Decreased growth 21
40.
I 00. mortal I ty 61

Fathead minnow (7 dayl, PCP 1.4 90 days Reduced groltth 66 Hall 1I ton €It al. 1986
Plmephales promelas (ultrapure) lOS

Reduced groltth 130
17'1.

Creak Chub (12 gl. NaPCP 7.6 3.92 hr 'lCIOO 600 Goodn Ight '942
Semotllus atromaculatus

Wh I te sucker, lX>wlc Ide EC-7 7.7- 96 hr LC50 (r Iver 85 Hedtke et al. 1986
Catostomus cammersonl (93.7S PCP) 8.2 water)



Teble 6. (Cont'R~)

Se-;'.$

Blackstrlpe t"~""lnnow 0 g),
Fundulus octa1u~

NapeI'

Ouretlon

9.75 IIr

Coneentret Ion
Effect (pgll)e)

LCl00 800

Ret.,-eaee

Goodn Ight '942

Guppy, PCP
Poacilia ratlculata

Damaged 'Iver 462
and kidney

GuPPY.
Poacilia ratlculata

NapeI' 8.4
8.6

180 days

60 days

28 days

toO effect on
growth

Red uc ed growt h

180

\00
320

Cranda" and Goodn Ight
\962.1963

Mema and VInk 1981

Sioott and Canton '983

GupPY (2~ ~O). 7.7
PaGe lila ra"t Icuillta

Threesplne st Ickl ahack (0.6 g), PCP
Gds1~~ lIcule~

24 hr

24 IIr

LC50

lC90

40

370

Benol~Guyod et al.
'9a4a

lemma and Yau 1974

..orallgespo"t1ed sunfish (2 g).
l.!.e.f!!!.!.!. hum I I I ~

BI ueq III (Juven II a) ,
I.epumls mdcrC\<;hlrus

B, .Jag I' I (J.IV en II tt) ,

Lppomls macro~hlrus

tJ I l.le\J II I ,
L~pOl1l!; !!'~O~~~

Ftl 009 II I,
J~'~.!!!Clcrochlr_~

Blueglli,
lopomlS macrochlru~

NdPCP

pcp
(99+. )

pcp
(99+. )

Dowie Ide EC-7
(93.1. ~)

~)wl(' Ide EC-7
(9j.7. PCP)

Dowlclda EC-7
('l3.7. PCP)

7.7
7.9

7.8
7.9

1.6
8.6

6.75 hr

30 hr

96 hr

96 IIr

12 ..,If.

lC 100

LC50

lC50

LC50 (river
water)

LC50 (r Iver
watad

Red ue ad growt II
and larval dr I tt

400

303

2\5

200

270

40

Goodn Ight '942

Cardwell et al. \916

Cardwell et al. '976

Hedtke MId Arthur '985;
Hadt k8 at al. 1986

Hedtke et al. '986

ZI schke et al. '985



Our-at 1011 Effect
CcMK:entr.t 1011

e,all)·· R.f••c.
largemouth bass,
Mlcropterus salmoldes

largemouth bass (4.1 g),
Mlcropterus salmoldes

/obziSllblql.S tllapla (2.0 g),
Tllapla mossamblca

Leopard trog (tadpol e) ,

~ plplens

Afr lean cl aweCi1 toad <3-4 wk),
Xenopus Iaev Is

• Afr lean cl awed toad «2 d),
X enopus I aev I s

~

(99S)

NaPCP

FeP

7.0 <4 hr

7 days

24 hr

9.5 hr

48 hr

100 days

Thr esho I d oper
culer rhythll
response

Reduced growth
rate and food
conversion
ettlc lancy

lC90

LCl00

LC50

Red uced s,,"v I
vaI and growth

47
50

800

800

260

32
100

Morgan 1976,1977

Mathers et al. 1985

lemma and Yau 1974

Goodn Ight 1942

Sioott 1982; 5100tt and
Baer sa 1man 1980

Sloott and Canton 1983

SALT~TER SPECIES

Photolun Inascent bac ter I urn,
Photobacterlum phosphoreum

Photolun Inescent bac ter I till,

Photobacterlum phosphoreum

Mlcrofunqal populations
In mlcrocoS/lls

Golden brown alga,
Monochrysls I uther I

Diatom,
Skeletonema costatum

PCP

NaPa>

10-17 ...

5 min

5 min

8 wk

12-
15 days

7 dlllYs

50 S reduct Ion In 80
light output

50 S reduct Ion In 924
light output

Successional 140
change In lIlero-
tungal spec les
cQllposltlon

DecreasEd cell 210.6
numbers

EC50 (cell 2,000
division)

Curtis et al. 1982

Rlbo and Kaiser 19~3

Cook at al. 1980

Woelke 1965

Er lekson and Freemen
1978



Table 6. (Co"tlnlMd)

Sa.lnlty eo.centr.t lOR
Spec I •• Ch.lca. a (s/kg) Duration Effect hg/U" R.ferenc.

Diatom. pcp 25 7 days EC50 (cell 500 Er Ickson ....d Freeman
Thalassloslra eseudonana division) 1978

Diatom. pcp 26-29 24 hr EC50 (cell 250 Er Ickson 1981
rhalasr.loslra pseudonana division)

01 atom. pcp 26-29 48 hr EC50 (cell 300 Er Ickson 1981
Thelar.sloslra ~s8udonana d Iv I sian)

Dlnoflag..llate. pcp 25 7 days EC50 (cell 1.000 Er Ie kso n «ld Freeman
Ii!anod I,.. um ha Itl diVision) 1978

MI~rofl~allat~. pcp 25 7 days EC50 (cell 250 Er Ickson ....d Freeman
.~'i.!.!~ Jl!!.~~ diVision) 1978

;.ea gr.sss. pcp 30 40 hr EC50 (ruJueed 740 Wal sh et al. 1982
Th"lassll'l testudlnU/l' oxygen evol u-

t Ion)

~ Idltt ktol P. PCP 4 days Photosynthesis 2.660 LCI1II1l&r IIliJ and Burban k
..... fl4acrucys1ls ~!.~ Inhlb Itlon 1960; reported In
0 Bul kema et al. 1979

GI~lt kelp. PCP 2 days Photosynthes I s 1.000 LCI1II1l&r IIliJ and Burbank
!4~oc'ts~J~t.!:.~ Inhlb Itlon 1960. reported In

Buikema et al. 1979

ritWatodes. Dow Ie Idil G-ST 9-13 wk Decrease In ~161 Cantelmo and Rao 1978b.e
(Ma loben 1h I (. ('Ol,muo I t I ~s) biomass and

density; shl tt
In spec les
eanposltlon

Pol yCh~te wo,'m. PCP 32-35 48 hi" Sign I t leMit 720 Carr and Net t 1981
Nerels v Irens decrease In

coel QIlle tl uld
osmol al Ity.
coupl ad with
mortality

PolyChaete worm. 32-35 14 days 8CF = 280 Carr and Nett 1981
Nerels v Irens



Table 6. (CoAtlnueen

Salinity CoAc..t,.at 1011
Sm'" Ch.'cal- (g/kg) Duration Effect hsll)" Reter.-ce

Polvchaete wem, pcp 32-35 211IO S'9n It lean t 100 Carr and Nett 1981
Nerels vlrens Increase In

ascorbic ac: Id
18IIeis and
sign I flcant
decrease In
glVcogen reserves

Pol Vchaete worm, PCP 33 31 days Appareot reduc- >98 Hoottnlan and Yin k 1980
Ophryotrocha dladema tlon In repro-

duct Ion

Pol Vchaefe worm, PCP 41 days EC50 23 Ademe and Ylnk 1981
Ophryotrocha dladema (reprod uet Ion)

Pol ychaete worm, PCP 48 days Appareot reduc- ~J1 Ademe and Ylnk 1981
Ophryotrocha dlademe tlon In repro-

duct Ion

·Pol Vchaete worm (adul t), Dow Ic Ide G-ST 22-24 6 days Reduced feed Ing >80 Rub Inste In 1978
'-l Arenlcola crlstata actlv Ity

Japanese II ttl eoeck, PCP 120 days lethal 100 Tomlvama et al. 1962
Tapes phlllppinarum

Japanese Iittl eoeck, pcp 24 or BCF : 6 to 189 Kobayashi et al. 1969
Tapes phil Ipelnerum depend IIlj on

tissue

COIMlon Atl ant Ie 1 days LC50 460 Adema and Ylnk 1981
sllppershell ( I arv e) ,
Crepldula tornleata

81 ue mussal ( larva) , NaPCP 28 48 hr 22.1. abnomal }69.5 Dim lek and Breese 1965;
Myt II us edulls larvae Woel ke 1972

BI ua mussal (larva) , NaPCP 24 48 hr 69. I. abnormal }69.5 Dim Ick and Breese 1965;
Mytllus edul's 00 larvae Woelke 1912



...,
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Table 6. (Contln~ed)

Species

BI w mussel,
.!it..t~~ ed u I .!.?.

Eastern oystor (embryo),
Cra~~ostraa ~Irglnlca

fdst<lrn oyster ( larva) ,
~::so'>tr~ vlr"glnlca

[a.,to,"o oyster «(1,1ul t) ,
~ra$sostre~ vlr~lnl~a

O'Joth<.'q d~m,

Morcen.:" 10 IT,erconar la

Ouanc.q c.lam,
..t'arcenar I:! -!!~~!!-!2.

OL,anoq cl <1In,
Mercanarla mercen~rla-""-"---
C"I)Opod,
Pseu(lodlaptolRus coronatus

Brown shr Imp (ad u I t) ,

P enaeus aztecus

Grass shrimp (adult>,
Paldemonetes~

Salinity Concentration
Chemical- (g/kg) Our~tlon Ettect (rg/U" Reference

pcp 14 days lC50 750 Adema and Vi nk 1981

pcp 48 hr lOO~ abnormal 250- DavIs and Hldu 1969
larvae 5,000

PCI' 14 days 100:' mortal Ity 100- Davis and Hldu 1969
500

Nol~CP 20.3 192 hr EC50 (qrowt h) 76.50 Schimmel et al. 1978

Nat'CP 28-)1) 18 wk Red ucad res Is- 459.9 Anderson et al. 1981
tance to bacter-
Ial Intectlon

NaPCP L8-S0 8 wk 8CF = 100 Ander 5DIl et al. 1981

NoPCP 28-30 18 wk OCf 54 Anderson et al. 1981

NaPCP 18 96 hr Sign I t Icant 74.~2 Hauch et al. 1980
Increase In
tead Ing rate

NaPCP 26.5 96 hr BCf = 0.2165 Sch Immel et al. 1978
(qaometr Ie mean
ot 4 val ues)

Nal-'CP 10 12 days HI stolO9 Ical 923.7 Dought Ie and Rao 1978;
chanqes (g II I Rao and Doughtie 1984
necrosis; loss
of mlcrov II I I
and epithelIal
rupture of mIdqut
and hepatopancreas;

, and mitOChondria
canpar1mental I zat Ion)



Tebl.6. (eo.tIAuecI)

Sall"lty Conc...tr.t lOA
Spec I •• Ch_Icel· (g/kg) Duration Effect (·slL)·· R.f.,..c.

Grass shr Imp (odul t), NaPCP 24.3 96 hr 8Cf a 1.506 Seh Immel et ilIl. 1978
Pa I aemonetes~ (geCJ1letr Ie mean

of 4 val ues)

Gresss shr Imp (post mol t) , NaPCP I3hr 100% mortality, 4,618 Cesntelnr:> et ale 1978
Palesemonetes~ 3 hrs atter molt

Gresss shr Imp (~ul t), NaPCP 10 9 days 50J reduction 436.9 Rao et al. 1978,1979,
Palesemonetes~ In 11mb regen- 521.9 1981

&rest Ion

Grass shr Imp (~ul t), NaPCP 10 96hr 51gnltlccsnt 923 Brannon and Conklin
Palaemonet~s~ Increase In 1978

lJD( U\l 1111 dry
we IgM

Grass shr Imp (adul t), NaPCP 24-36 hr Sign 1t Icant >9.237 Cilintelnr:> et al. 1978
Pa I aemonetes~ Increase or

'*
decrease In
o)(ygen conSI.lllp-

--.J tlon followed
w by death

Grass shr Imp (<idul t, new 10 lhr BCF '" 150 Rao et al. 1981
molt),
Palaemonetes~

Grass shrimp (adult, pcp 10 1 hr BCF 30 Rao et al. 1981
Intermol t),

Palesemonetes~

Longnose kIll I II sh, Napep 22.9 96 hr BCF '" 27.03 Sch Immel et ill1 • 197~

(J uven 1/ e) , (geCJ1letr Ic mean
Fundulus slmilis of 4 val ues)

5tr I ped mull et, NaPCP 25.5 96hr BCF '" 7.446 SchllMlel et al. 1978
~ cephal us (geCJlletr Ie mean

of lowest two
val ues)



rabla o. (CoRtl..ued)

Sal ".tty CoIle_trat lOll
~'.5 Ch_lcal- (g/kg) Duration Ett.ct (PglL)" Reter.ce

~tl' 'pad lIlul 1et. H::P :n 1-120 hr EI evatlon of 100- Thomas et <II. 1981
~~!- Ctlp"~ plasm<l corti sol 200

concentration.
hyperg I yClll1l la.
depl et Ion of
I Ilfar g I yeagen.
Increase In
I lifer IlIscorbate
concentration

Wider f luunJer. PO' 15 days EI &\fated level s 50 Th()l\as and ~ttord 1984
!,.~E1u.jopltour~!!~Mlar Icanu~ of ClCld-soluble

thlol In I lifer

Bonthlc macrotl5una PCP 27 5 wk SIgnlf Icant r&duc- 55 Tagatz et al. 19B}
tlon In spec les
richness aed
faunal nlJ1lbars

~
Detlt hie macrofauna 16.1 9 wk Sign I f leant r ad ue- 76 Hansen and Tagatz 1980;

.j:- tlon In spec les Tag<ltz et is'. 1917 .1980
richness and
f<lun<ll nlJ1lbers

Benlhlc md';rohuna PCP 16.1 9 wk tf:> sign I f IcClO t 7 TagiStZ et 1lI1. 1977.1980
effects on
colon I Z<lt Ion

t3enthlc mdcrotollfla PCt" IS , wk Sign I t Icont r&duc- 140 TagCltz et iSl. 1981
tlon In species 141
richness aed total
faunal nunbars

Bent h Ie tDdCrofa.JI1a Oo",lc IJd G-:)T 21 \} wk Sign I f Icant r&d ue- 15.8 Hansen and Tagatz 1980;
flon In 'total TiSgatz et <II. 1978.1980
flll.JI1ll11 nlJ1lbers



eo.ceatr.t loa
(,slUe.

Tabl.6. (eo.th,uecU

Spec'••

Benthic macrotouna

hllnlty
Cb,,'cel· (glk9)

DowlcldeG-ST 22

DuretlOft

I) wk

Effect

t«> sign Itlcant
et teet on
colon IZiS t Ion

1.8 Hansen and Tagatz 1980;
Tagatz at 01. 1918, 1980

• PCP = pentachlorOphenol; NaPC? = sod lum pentachlorophenate. Percent pIT Ity Is given In parentheses llhen
ava II able.

•• Resul ts are ""pressed as pentachlorophenol. It the concentrations were nat measlTed and the published resul ts
were not reported to be adJustoo tar purity, the published results were lIultlplled by the purity It It was
reported to be Iess than 971 •

.. Salinity Cg/kg), not pH.
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