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EXECUTIVE SUMMARY 

The Clean Water Act of 1987 requires the U.S. Environmental Protection Agency 
to develop and publish water quality criteria; there are now more than 1 00 criteria 
documents published or in preparation. There is increasing recognition that amphibian 
data should be included in the derivation of water quality criteria. V\lhile water quality 
criteria protective of fishes may also protect amphibians, exceptions may occur in wetlands 
or ephemeral water bodies where there may be a high degree of exposure of amphibians 
to chemicals. The small amount of amphibian data presently in the water quality criteria 
documents is based on aquatic stages; there are no specific criteria for terrestrial life 
stages. The purpose of this report is to consolidate amphibian toxicity data into forms 
useful for others to derive or support ambient water quality criteria, and it covers only those 
chemicals in the existing or proposed U.S. EPA water quality criteria documents. 

The structure of the tables in this report generally follows the format in existing water 
quality criteria documents wherein separate tables are given for acute data, chronic data, 
residue data and "other" data. Data on amphibian species non-resident in North America 
have been included in the "other data" tables to provide additional background information 
on amphibian response to toxic chemicals. 

Only about one-fourth of the water quality criteria chemicals or chemical groups 
covered in this report have associated amphibian data in their criteria documents. New 
data were located for about half of the documents that originally contained no amphibian 
information. Additional information in this report has the potential to serve as supplemental 
data in about one-third of the documents which presently contain no amphibian data. 
Amphibian data in the tables were abstracted from 163 references. Another 101 
references were reviewed but data were not included in the tables because of unsuitability 
for criteria development. 

Fifty-eight species of amphibians were associated with over 135 chemicals, 
chemical subgroups, compounds and formulations. Rana pipiens and Xenopus laevis 
were linked with over 40 chemicals while 12 species of amphibians were associated with 
only a single chemical. 

A scarcity of chronic toxicity data for amphibians makes it difficult to generalize 
about the protection afforded these animals by current water quality criteria. VVhile the 
criteria for some animals (e.g. cadmium, dieldrin) appear protective of amphibians, the 
relationships between other criteria (e.g. naphthalene, nitrosamines, thallium) and existing 
toxicity data suggest that some amphibians may be at risk. Only a careful evaluation of 
all pertinent data and collection of new information will permit definitive conclusions about 
the safety of existing criteria. · 
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INTRODUCTION 

Water Quality Criteria Background 

Section 304(a) of the Clean Water Act of 1987 requires the U.S. Environmental 
Protection Agency to develop and publish water quality criteria reflecting the latest 
scientific knowledge on identifiable health and welfare effects which may be expected from 
pollution in any body of water. In 1980, 65 ambient water quality criteria documents were 
published with new criteria appearing periodically thereafter (USEPA 1986a). There are 
presently over 100 criteria documents published or in preparation. 

Guidelines for the derivation of these criteria are very complex and have been 
described in detail by Stephan eta/. (1985). Basically, criteria are derived using a variety 
of aquatic organisms in toxicity tests. A final acute value is derived from acceptable acute 
test results. The guidelines require tests with at least one species of freshwater animal 
from at least eight different families. These families must be from the following animal 
groups: Salmonidae; a second family in the class Osteichthyes (e.g. bluegill); a·third family 
in the phylum Chordata (may be an amphibian); a planktonic crustacean (e.g. cladoceran, 
copepod); a benthic crustacean (e.g. amphipod, isopod); an insect (e.g. mayfly, stonefly); 
a family or a phylum other than Arthropoda or Chordata (e_.g. Annelida, mollusca); and a 
family in any insect order or any phylum not already represented. 

Acute-chronic ratios are derived from acute and chronic toxicity tests on three or 
more species which include one fish, one invertebrate, and one acutely sensitive species. 
An acceptable test with a freshwater alga or vascular plant, and at least one acceptable 
bioconcentration factor {quotient of chemical in one or more tissues divided by 

. concentration of chemical in water in which animal has been living) should also be 
" available. A final chronic value may then be derived. Criteria are then generated from 

these tests. A criterion maximum concentration (equal to one-half the final acute value) 
is derived using the final acute value. A aiterion continuous concentration is derived from 
the final chronic value, final plant value, and final residue value (lowest residue value 
obtained by dividing maximum permissible tissue concentration by bioconcentration factor), 
unless other data have shown that a lower value should be t.:sed. The value with the 
lowest concentration determines the criterion continuous concentration. Confidence in a 
criterion increases with the amount of available data. 

Water Quality Criteria and Amphibians 

Water quality aiteria protective of fish may also protect amphibians, since in most 
cases fish are generally considered to be more sensitive to pollutants (Hall and Swineford 
1980, Mayer and Eltersieck 1986}. Exceptions may occur in wetlands and ephemeral 
bodies of water where the use of a chemical would suggest a high degree of exposure to 
amphibians, especially where natural or constructed wetlands are used for waste 
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treatment. In addition, it is conceivable that stresses to amphibians, such as habitat 
fragmentation and ultraviolet radiation, which are often implicated in population declines, 
could be potentiated, or potentiate, chemical stresses. 

Amphibians can be important indicators of environmental contamination, because 
they are present in both aquatic and terrestrial environments. There is increasing 
recognition that they are important factors in the environment and should be used in the 
derivation of water quality criteria (Williams et a/. 1989). 

Historically much emphasis has been placed on developing water quality criteria 
protective of aquatic species with the assumption that more semi-aquatic wildlife would 
also be protected (Williams eta/. 1989). Mammals, birds and amphibians/reptiles are three 
wildlife subgroups identified by Williams eta/. (1989) for. which predictive/extrapolative 
models should be developed to generate aiteria. The few acute amphibian data that have 
been considered in deriving aiteria have historically focused on strictly aquatic stages such 
as embryos, larvae or tadpoles (USEPA 1980c, 1980e, 1980m, 1980s, 1986e, 1986f, 
1993). 

Objective 

The purpose of this document is to locate and consolidate amphibian toxicity data 
i_nto a form useful in deriving or supporting ambient water quality criteria. 
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LITERATURE SOURCES 

Toxicity merature dealing with the effects of chemicals on amphibians was obtained 
primarily from the following sources: 1) on-going surveys of current journal indexes 
published weekly by the Institute for Scientific Information, Inc., Philadelphia, PA; 2) a 
recent comprehensive review of amphibian toxicity literature (Power eta/. 1989); 3) data 
from ambient water quality criteria documents (Table 1 ); 4) the U.S. Environmental 
Protection Agency's aquatic toxicity information retrieval data base (AQUIRE) which covers 
data from 1970 to the present {Computer Sciences Corp. 1993); 5) information from 
amphibian data files maintained at the Western Ecology Division, National Health and 
Environmental Effects Research Laboratory, Corvallis, OR. 
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DATA FORMAT 

Table Structure 

The distribution of available data on water quality criteria chemicals and amphibians 
is presented in Tables 1-3. The structure of the data tables in this report (Tables 5- 67) 
generally follows the format of the tables in existing water quality criteria documents (e.g. 
USEPA 1980c) wherein separate tables are given for acute, chronic, residue and "other" 
data. Only two chemicals were found where applicable chronic data were available: 
aldrin/dieldrin (Table 68) and cadmium (Table 158); applicable residue data were found 
only for aldrin/dieldrin (Table 6C). 

Table Content 

The data tables include information on the amphibian species name, life stage or 
age, chemical name, test compound or formulation, test duration, test method (whether 

·static, flow-through, renewal, measured or unmeasured exposure concentrations), test 
results and literature citations. Amphibian data in water quality criteria documents are 
based only on North American resident species (see Stephan et a/. 1985), with the 
exception of tributyltin (USEPA 1988d). Species such as Xenopus laevis which have 
reproducing wild populations in North America are included in this definition. This practice 
has been followed in the present report for acute, chronic and residue tables. Data for 
non-resident species have been included, however, in the "other data" tables as 
supplemental background information to the chemicals of concern. Acute data tables 
include the 96-hr LC50 (median lethal concentration). Chronic data tables include chronic 
levels (NOAEL - no observed adverse effects level and LOAEL - lowest observed adverse 
effect level) and the chronic value (geometric mean of the NOAEL and LOAEL). Residue 
tables include exposure concentrations, percent lipid, tissue type and 8CF 
(bioconcentration factor). The "other data" tables include reported effects and chemical 
concentration; they include data not applicable for the acute and chronic data tables but 
potentially useful in characterizing the chemical's toxicity (e.g. exposure times generally 
other than 96 hours, physiological and developmental effects, percent mortality). 

Hardness and pH are included for metals; pH is included for pentachlorophenol. In 
some cases where pH or hardness data were not provided, the type of dilution water (e.g. 
Holtfreter's Solution) is included. Exposure concentrations. are generally given in 
micrograms per liter (~giL). Concentrations of metals are expressed as the metal, not the 
compound. Concentrations of formulated products are given as the active ingredient if 
possible. 
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DATA DISTRIBUTION 

Eighty-two of the 95 chemicals or chemical groups reviewed in this report are 
described in water quality criteria documents (Table 1 ). Each document covers a single 
chemical or chemical group and their related compounds or sub-divisions (e.g. cadmium: 
cadmium chloride, cadmium nitrate; chlorophenoxy herbicides: 2,4-D amine, 2,4, 5 -T 
amine). Criteria documents for 13 chemicals are in development and have not yet been 
published. Twelve chemicals also have updated versions of the documents. Only 29 of 
the documents {covering 23 chemicals or chemical groups) contained amphibian data. No 
amphibian data were located for 30 chemicals in either the water quality criteria documents 
or in other references. Amphibian· resident species acute toxicity data were located in the 
published literature for 16 documents where there are presently no amphibian data and 
for nine documents already containing some data. New "other data" for resident species 
were located for 33 documents which contained no amphibian data and for 17 documents 
that contained some amphibian data. Non-resident species data were located for 25 
documents which contained no amphibian data, and for 17 documents with existing data; 
this data was included to provide additional insight into the effects of chemicals on 
amphibians {Table 2). 

The association of individual amphibian species and chemicals is summarized in 
Table 3. Frfty-eight species {names as reported by authors) were associated with over 135 
chemicals {chemicals, compounds, subgroups, and formulations). Rana pipiens and 
Xenopus laevis were linked with 40 or more different chemicals. Some resident North 
American species (Acris crepitans blanchardi, Acris gryllus, Bufo canorus, Bufo debilis 
debilis, Bufo punctatus, Hyla gratiosa, Hyla squirrela, Hyla versicolor, Notophthalmus 
viridescens, Rana grylio, Rana hecksheri, Triturus viridescens) were found in conjunction 
with only a single chemical. The effects of mercury have been reported on over 25 
resident or nonresident species (Tables 45A, 458). In contrast, the effects of some 
chemicals have been reported on only one resident or non-resident species (acrolein, 
Table 5; antimony, Table 9; chlorinated phenols, Table 23; diazinon, Table 31; 
dichloropropanes and dichloropropenes, Table 32; dichlorvos, Table 33; DEHP, Table 34; 
mirex, Table 48; naphthalene, Tables 49A and 498; nitrobenzene, Table 51; propoxur, 
Table 59. The paucity of amphibian data used in deriving water quality criteria is illustrated 
by the presence of only three water quality criteria documents which contain amphibian 
data in their acute data tables: aniline (Table SA); pentachlorophenol (Table 54A); and 
toxaphene (Table 64A). 
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Documents which contained amphibian data in their "other" tables {data that can't 
presently be used for deriving criteria values) were aluminum (Table 78), aniline {Table 
88),antimony Ill {Table 9), arsenic {Table 10), cadmium {Table 15C), chromium (Table 27), 
copper {Table 288), endosutfan (Table 35), lead {Table 42), mercury (Table 458), nickel 
{Table 508), pentachlorophenol {Table 548), seleniur:n (Table 608),silver {Table 61 ), 
thallium {Table 62), toxaphene {Table 648), tributyltin (Table 65), and zinc (Table 678). 
The dioxin document (USEPA 1984) contained an amphibian reference (see Appendix A) 
but was not included in this tabulation because exposure was by injection. 

Data quality for the tables was evaluated according to the following standards. 
Unnamed species were generally not included unless the reference had already been cited 
in a water quality criteria document (e.g. Dilling and Healey 1926). References were also 
not included when toxic effects were determined using isolated tissues in vitro (e.g. skin, 
muscle), exposure concentrations were not clearly stated, test results were only presented 
in graphical form, body burdens or residues were presented without exposure 
concentrations, only spiked sediment and not water column concentrations were 
presented, test animals were exposed through injection, feeding or inhalation, exposure 
concentrations were only approximate, insufficient detail was presented about test 
conditions, the number of affected animals was not stated, exposure concentrations were 

· not constant, and when the dose to effect relationship was unclear. A total of 1 01 
references, (thirty eight percent of the total reviewed)" associated with 36 of the chemicals, 

· were reviewed but were not included in Tables 5 to 67 (Appendix. A}. VVhile not suitable 
for criteria development, they might provide additional insight into various aspects of the 
effects of toxic chemicals on amphibians. 
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CHEMICAL, CRITERIA AND SPECIES RELATIONSHIPS 

Ambient water quality criteria for chemicals for which amphibian data has been 
located, either in existing water quality criteria documents or in other literature, are listed 
in Table 4. The criteria listed for acrolein, beryllium, carbon tetrachloride, chlorinated 
benzenes, chloroform, DOE, TOE, dichloropropanes, dichloropropenes, halomethanes, 
naphthalene, nitrosamines, phenol, phthalate esters, thallium, toluene and 
trichloroethylene are the lowest observed adverse effect levels (LOAEL) because 
insufficient data did not permit development of actual criteria. Actual acute criteria values 
listed are either a concentration not to be exceeded at any time, or a one-hour average 
concentration not to be exceeded more than once every three years on the average. 
Actual chronic criteria values listed are either a 24-hour average or a four-day average 
concentration not to be exceeded more than once every three years on the average. 

The water quality criteria documents for chlorinated ethanes (USEPA 1980j) and 
chlorinated phenols (USEPA 1980k) present only a range of acute and chronic toxicity 
values for various species instead of specific criteria, indicating a need for· more data. 
Limited toxicity data bases for polynuclear aromatic hydrocarbons (USEPA 1980bb) and 
2,3,7,8-tetrachlorodibenzo-p-dioxin {USEPA 1984) do not permit statements about acute 
or chronic criteria in the documents. The criterion given for boron {USEPA 1986a) is for 
long-term irrigation or sensitive crops. The criteria given for chlorophenoxy herbicides 
{USEPA 1986a) and manganese {USEPA 1986a) are for domestic water supplies. 

It is difficult to generalize about the protectiveness of water quality criteria for 
amphibian species. For example, the criteria for cadmium and dieldrin (Table 4) would 
appear to be protective of amphibians. The cadmium acute and chronic criteria (3.9 and 
1.1 IJg/L) are well below the range of acute (468-850 IJg/L) and chronic (24-21 0 IJg/L) 
toxicity values reported in the literature {Tables 15A and 158). The acute and chronic 
criteria for dieldrin (2.5 and 0.00191Jg/L) are likewise well below the range of acute (30-150 
tJg/L) and chronic (1.2-16.31Jgll) toxicity literature values (Tables 6A and 68). The chronic 
values in these two cases are the geometric mean of LOAEL and NOAEL values. The 
acute criteria values for many of the chemicals listed in Table 4 are lower than reported 
literature toxicity values for amphibians. However, since chronic toxicity values were not 
found in the literature for these chemicals, generalized conclusions about the 
protectiveness of criteria for these chemicals for amphibians maybe unwarranted. 

In some cases, existing criteria may not be protective of amphibians. The single 96-
hour LC50 value of 7 tJg/L for acrolein (Table 5) is well below both the acute and chronic 
criteria values (68 and 21 tJg/L), suggesting that some amphibians may be at risk. Acute 
criteria values for naphthalene, nitrosamines and thallium are greater than reported acute 
toxicity values for various amphipian species (Tables 49A, 5~ 62), also possibly 
suggesting these criteria may not protect amphibians. No chronic criteria are reported for 
these chemicals, however, making evaluation difficult. 
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The range of reported amphibian acute LCSO values may span the acute criterion 
value as in the case of aluminum where the criterion of 750 IJg/L falls between reported 
LC50s of 400-1.600 IJg/L for various species (Table 7A). Similarly, seven to eight-day 

· LC50s (30-2130 IJg/L) for resident species exposed to chromium span the acute criteria 
.value of 1,700 1Jg/L (Table 27). 

Many of the chronic criteria values in water quality documents are based on 
Daphnia life cycle tests. The results from these tests may not be equivalent to results 
obtained from amphibian life cycle tests which may ultimately be needed to derive 
meaningful protective criteria for amphibians. 
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RECOMMENDATIONS 

The tabulated data in this report provides valuable information on the toxicity of 
water quality criteria chemicals to amphibians. It should be viewed as a guideline to the 
literature. Research~rs should examine the original papers for full understanding of the 
data. 
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Table 1. Water quality criteria (WaC) cherricals and associated amphibian Hterature. 

Amphibian data b found in: 
EPA wac document • 

Chemical publication number wac documents Other publications 

Acenaphthene EPA 440/5-80-015 

EPA 440/5-80-016 X 

Acrylonitrile EPA 440/5-80-017 

AldrinJDieldrin EPA 440/5-80-019 USEPA 1980c X 

Aluminum EPA 44015-88-008 USEPA 1988b X 

Ammonia EPA 440/5-85-001 

Aniline EPA 440/5-93 Draft USEPA 1993 X 

Antimony EPA 440/5-80-020 

Antirnony(lll) EPA 440/5-88-093 USEPA 1988c 

Arsenic EPA 440/5-80-021 USEPA 1980d X 
EPA 440/5-84-033 USEPA 1985a X 

Atrazine X 

Benzene EPA 440/5-80-018 X 

Benzidine EPA 440/5-80-023 

Beryllium EPA 440/5-80-024 USEPA 1980e X 

Boron EPA 440/5-86-001< X 

Cadmium EPA 440/5-80-025 USEPA 1980f X 
EPA 440/5-84-032 USEPA 1985b X 

Carbaryl X 

Carbofuran X 

Carbon tetrachloride EPA 440/5-80-026 X 

Chlordane EPA 44015-80-027 X 

Chloride EPA 440/5-88-001 X 

Chlorinated benzenes EPA 440/5-80-028 X 

Chlorinated ethanes EPA 44015-80-029 X 

Chlorinated EPA 44015-80-031 
naphthalenes 
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Table 1. (continued) 

Amphibian data 11 found in: 
EPAWQC document• 

Chemical publication number wac documents Other publications 

Chlorinated phenols EPA 440/5-80-032 X 

Chlorine EPA 44015-84-030 

Chloroalkyl ethers EPA 440/5-80-030 

Chloroform EPA 440/5--80-033 X 

2-Chlorophenol EPA 44015-80-034 

Chlorophenoxy EPA 440/5-86-001c X 
herbicides 

Chlorpyrifos EPA 440/5-86-005 X 

Chromium EPA 440/5-80-035 X 
EPA 440/5--84-029 USEPA 1985c X 

Copper EPA 440/5--80-036 X 
EPA 440/5--84-031 USEPA 1985d X 

Cyanide EPA 440/5--80-037 X 
EPA 440/5--84-028 X 

DDT EPA 440/5--80-038 USEPA 1980m X 

Demeton 

Oichlorobenzenes EPA 440/5-80-039 

Oiazinon X 

Oichlorobenzidine EPA 440/5-80-040 

Dichloroethylenes EPA 440/5--80-041 

2, 4-Dichlorophenol EPA 440/5-80-042 

Dichloropropanes/ EPA 44015-80-043 
Oichloropropenes X 

Dichlorvos X 

Di-2-ethylhexyl EPA 440/5-87-013 X 
phthalate (OEHP) 

2, 4 -Dimethylphenol EPA 44015-80-044 
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Table 1. (continued) 

Amphibian data ., found in: 
EPA wac document • 

Chemical publication Number wac documents Other publications 

Dinitrotoluene EPA 440/5-80-045 

Diphenylhydrazine EPA 440/5-80-062 

Endosulfan EPA 440/5-80-046 USEPA 1980o X 

Endrin EPA 440/5-80-04 7 X 

Ethylbenzene EPA 440/5-80-048 

Fluoranthene EPA 440/5-80-049 

Guthion X 

Haloethers EPA 440/5-80-050 

Halomethanes EPA 440/5-80-051 X 

Heptachlor EPA 440/5-80-052 X 

Hexachlorobutadiene EPA 440/5-80-053 

Hexachlorocyclohexane EPA 440/5-80-054 USEPA 1980s X 

Hexachlorocyclopenta -
diene EPA 440/5-80-055 

Iron EPA 440/5-86-001 e X 

lsophorone EPA 440/5-80-056 

Lead EPA 440/5-80-057 USEPA 1980t X 
EPA 440/5-84-027 USEPA 1985f X 

Malathion EPA 440/5-86-001 e X 

Manganese EPA 440/5-86-001e X 

Mercury EPA 440/5-80-058 USEPA 1980u X 
EPA 440/5-84-026 USEPA 1985g X 

Methoxychlor EPA 440/5-86-001e X 

Methyl parathion X 

Mirex EPA 44015-86-001c X 

Naphthalene EPA 440/5-80-059 X 
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Table 1. (continued) 

Amphibian data 11 found in: 
EPA WaC document • 

Chemical publication Number wac documents Other publications 

Nickel EPA 440/5-80-060 USEPA 1980w X 
EPA 44015-86-004 USEPA 1986b X 

Nitrobenzene EPA 44015-80-061 

Nitrophenols EPA 44015-80-063 X 

Nitrosamines EPA 440/5-80-064 X 

Nonylphenol 

Parathion EPA 440/5-86-007 X 

Pentachlorophenol EPA 440/5-80-065 X 
EPA 440/5-86-009 USEPA 1986e X 

Phenanthrene 

Phenol EPA 440/5-80-066 X 

Phthalate esters EPA 440/5-80-067 X 

Polychlorinated 
biphenyls (PCBs) EPA 440/5-80-068 X 

Polynuclear aromatic 
hydrocarbons EPA 440/5-80-069 X 

Propoxur X 

Selenium EPA 440/5-80-070 X 
EPA 440/5-87-006 USEPA 1987b X 

Silver EPA 440/5-80-071 USEPA 1980cc X 

Sulfides, Hydrogen 
sulfide EPA 440/5-86-001 c 

1,2,4-TCB 

2, 4, 5-TCP 

Tetrachloroethylene EPA 440/5-80-073 

2, 3, 7, 8- Tetra-
chlorodibenzo-p-dioxin EPA .W0/5-84-007 USEPA 1984 X 

ThaiDum EPA .W0/5-80-074 USEPA 1980dd X 
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Table 1. (continued) 

Amphibian data 11 found in: 
EPA WQC document • 

Chemical publication Number wac documents Other publications 

Toluene EPA ._.015-80-075 X 

Toxaphene EPA ._.015-80-076 USEPA 1980ff X 
EPA 440/5-86-006 USEPA 1986f X 

Tributylfjn EPA «015-88 Draft USEPA 1988d X 

Trichloroethylene EPA 440/5-80-077 X 

Vinyl chloride EPA ._.015-80-078 

Zinc EPA 440/5-80-079 X 
EPA 440/5-87-003 USEPA 1987a X 

• Criteria for chemicals without a listed number are in development and have not yet been published. 
11 Citations in the "WQC" column indicate the presence of amphibian data in existing water quality criteria 
documents (mostly in the "other data" tables and not useful for deriving water quality criteria). Additional 
amphibian data located in other publications are indicated by Xs In the "other" column. Tables 5 to 67 
include the data from both sources. Chemicals with no entries indicate an absence of applicable data. 

c Criteria for chemicals with EPA number EPA 44015-86-001 are collectively 6sted in Quality Criteria for 
Water 1986 (USEPA 1986a) and originally appeared in Quality Criteria for Water 1976 (USEPA 1976). 
These two publications contain little background toxicity data. 
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Table 2. Distribution of additional acute and •other" amphibian data beyond that found in water quality criteria (WQC) documents.• 

Additional data located for WQC Additional data located for WQC documents 
documents with some a~hibian data withoyt ao~ aroohibiao data 

Resident' Residenr Non-residenr' Resident' Res~enr Non-residenr' 
Chemical acute "other" "other" acute "ot er" "other" 

Acrolein X 

AldriniDieldrin X X X 

Aluminum X X X 

Anllne X 

Arsenic X X 

Atrazlne X 

Benzene X X 
w 
U'1 

Boron X 

Cadmium X X X 

Carbaryl X X 

Carbofuran X X 

Carbon tetrachloride X X 

Chlordane X X 

Chloride X X 
.. 

Chlorinated benzenes X 

Chlorinated ethanes X X 

Chlorinated phenols X 



Table 2. (continued) 

Additional data located for wac Additional data located for wac documents 
documents with some am(2hibian data without anx am(2hibian gat~ 

Residentb Resident< Non-rthsidenr' Resldenf ResweiJr: Non-resident" 
Cherrical acute "other" "ot er" acute "ot er "other" 

Chloroform X X 

Chlorophenoxy herbicides X X X 

Chlorpyrtfos X X 

Chromium X X 

Copper X X X 

Cyanfde X 

w DDT X X 
0\ 

Dlazlnon X 

DlchtoropropanesJDichloropropenes X 

Dlchlorvos X 

Dl- 2 - ethylhexyl phthalate (DEHP) X 

Endosulfan X 

Endrtn X X X 

Guthlon X X 

Halomethanes X 

Heptachlor X X X 

Hexachlorocyclohexane X X X 



Table 2. (continued) 

Additional data located for vvac Additional data located for VVQC documents 
documents with sorm an::~Dhibian data without I!B gmohibigo da!l 

Resident" Residenf Non-rrr:;idenr' Resident R..~:P Non-residenr' 
Chemlclll acute "other" "ot er" acute "other" 

Iron X X X 

lead X X 

Malathion X X X 

,_ ..... X X 

MenMy X X X 

Methoxychlor X X 

Mellylpetlltla X X X 

Mira X 

Naplll...,ne X 

Nckel X X X 

taobenzene X 

Nlroumlnel X X 

PllflllNon X X X 

Penblchloropheno X X 

Phenol X X X 

Phthalateesten. X 

Polychlorinated biphenyls {PCBs) X 

Polynuclear aromatic hydrocarbons X X X 



w 
ClD 

Table 2. (contnued) 

Additional data located for WQC Additional data located for WQC documents 
documents with some amphibian datg without anx gmohibi!ID data 

Resident' Residenf Non-r~idenl" Resident' R~enf 
Chemical acute "other" "ot er" acute "o er" 

Propoxur 

Selenium X 

Siver X X 

n.lum X 

Toluene X 

Toxaphene X X 

Trtbulylln X 

Trtchloroelhyten X X 

ZJnc X X X 

.. Adcllonel dnnlc dlllll W881ocaled Ol'llr for aldrtnldieldrtn and cadmium . 
• Acule ... peltainhlg to resident species. . 
c Resident species data td8ble for •otter data• tables. 
111 Non-reltdent species data suitable for "other data" tables Included to provide additional insight into the effects of chemicals on 

amphibians. 

Non-resident" 
·"other" 

X 

X 



Table 3. Summary of amphibian species and associated chemicals'. 

Species Chemical Table Reference 
number 

Acris crepitans Carbofuran (Furadan 3G) 17 Flclcinger et 81.1980 

Endrin 36B Hall and Swineford 1981 

Parathion 53B Flerring et al. 1982 

Toxaphene 64B Hall and Swineford 1981 

Acris crepitans Mercuric chloride 45B Birge eta/. 1979b 
blanchardi 

Acris gryllus Mirex (bait) 48 Coltins eta/. 1973 

Adelotus brevis 2,4-D amine 25B Johnson 1976 

2,4,5-T amine 25B Johnson 1976 

Sodium arsenite 10 Johnson 1976 

Ambystoma gracile Benzene 12 Black eta/. 1982 

Cadmium chloride 15A, 15B Nebeker et a/. 1994, 1995 

Carbon tetrachloride 18 Black et a/ 1982 

Chlorobenzene 21 Black eta/. 1982 

Chloroform 24 Black et a/. 1982 

1 ,2-Dichloroethane 22B Black et a/. 1982 

Phenol 559 Black et al. 1982 

Toluene 63 Black et a/. 1982 

Ambystoma Aluminum chloride 79 Home and Dunson 1994 
jeffersonian urn 

Copper chloride 28A Horne and Dunson 1994 

Lead chloride 42 Home and Dunson 1994 

Zinc chloride 67B Home and Dunson 1994 

Ambystoma Alurrinum 78 Dale eta/. 1885, Albers and 
maculatum Prouty 1987 

Alurrinum chloride 79 Clark and LaZerte 1887 

Berylum sulfate 13 Slonlm and Ray 1975 

Endrtn 388 Hal and Swineford 1881 

Toxaphene 648 Han and Swineford 1881 
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Table 3. (Continued) 

Species Chern cal Table Reference 
number 

Ambystoma Anilne 8B Sloohnd Baerselman 19801 
mexicanum Sloof eta/. 1983 

Benzene 12 Sloof and Baerselman 19801 
Sloof et 81. 1983 

Cadmum nitrate 15C Sloof and Baerselman 1980 I 
Sloof eta/. 1983 

Mercuric chloride 45B Sloof and Baerselman 1980 I 
Sloof et al. 1983 

Pentachlorophenol 548 Sloofand 8aerselman 1980, 
Sloof et al. 1983 

Tributyltin oxide 65 Scadding 1990 

Trichloroethylene 66B Sloofand Baerselman 1980, 
Sloof et al. 1983 

Ambystoma opacum Aluminum chloride 78 Birge et al. 1978b 

Beryllium sulfate 13 Slonim and Ray 1975 

Cadmium chloride 15C Birge et al. 1978b 

Chromium trioxide 27 Birge et al. 1978b 

Copper sulfate 288 Birge et al. 1978b, Birge and 
Black 1979 

Endrin 368 Hall and Swineford 1981 

Lead chloride 42 Birge eta/. 1978b 

Mercuric chloride 45B Birge eta/. 1978bl 1979b 

Nickel chloride SOB Birge et el. 1978b 
. 

Silver nitrate 61 Birge et 81. 1978b 

Toxaphene 64B HaD and Swineford 1981 

Zinc chloride 67B Birge eta/. 1978b 

Bufo americenus Aluminum 7B Clark and LaZerte 1985 

Aluminum chloride 7A Freda fll 81. 19901 Freda and 
McDonald 1993 

Aluminum ~norganic 78 Clark and Han 1985 
monomeric) 

Aroclor 1016 57 Birge et e/. 1978a 
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Table 3. (Continued) 

Species Chemical Table Reference 
number 

Aroclor 1242 57 Birge et al. 1978a 

Aroclor 1254 57 Birge et al. 1978a 

AtraZine 11 Birge et al. 1980, Birge at al. 
1983 

Copper sulfate 28B Birge and Black 1980 

Endrin 38B Hall and Swineford 1981 

lead nitrate 42 Steele et al. 1991 

Methoxychlor 46B Hall and Swineford 1979 

Phenol 55B Birge eta/. 1980 

Toxaphene &4B Hall and Swineford 1981 

Sufo arenarum Aldrin 60 Juarez and Guzman 1984 

Cadmium 15C Herkovits and Perez-Coli 
1993 

Cadmium chloride 15C Munio eta/. 1990, Ferrari et al. 
1993 

Chlordane 19 Juarez and Guzman 1984 

DOT 30B Jullrez and Guzman 1984, 
1986 

Dieldrin 60 de llamas eta/. 1985, Gauna 
eta/. 1991 

Heptachlor 39B Juarez and Guzman 1984b 

lead 42 Perex-Coll and Herkovits 
1990, 1991 

Lead nitrate 42 Parez-CoH eta/. 1988 

Malathion 43B de llamas at a/. 1985, 
Rosenbaum eta/. 1988, 
Venturino at a/. 1992 

Parathion 53B Anguiano et al. 1994 

Zinc 178 Herkovtts and Perez-Coli 
1111 

Sufoboreas Copper sulfate 218 Potter and Hakanson 1976 

Ferrous sulfate 41B Porter and Hakanson 1976 
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Table 3. (Continued) 

Species Cherrical Table Reference 
number 

Guthion (formulation) 37B Mulla eta/. 1963 

Methyl parathion 47B Mulls 1962, Mulla eta/. 1963 
(formulation) 

Parathion (formulation) 53B Mulls eta/. 1963 

Zinc sulfate 87B Porter and Hakanson 1976 

Bufo bufo DDT 30B Cooke 1972, Marchai-Segault 
1976 

Dieldrin 6D Cooke 1972 

Bufo bufo japonicus Carbaryl (formulation) 16 Hashimoto and Nishiuchi 1981 

DDT (formulation) 30B Hashimoto and Nishiuchi 1981 

Diazinon 31 Hashimoto and Nishiuchi 1981 

Endosulfan (formulation) 35 Hashimoto and Nishiuchi 1981 

Endrin (formulation) 368 Hashimoto and Nishiuchi 1981 

Parathion 538 Hashimoto and Nishiuchi 1981 

Pentachlorophenol 548 Hashimoto and Nishiuchi 1981 
(formulation) 

Pentachlorophenol-copper 548 Nishiuchi and Yoshida 1974 

Pentachlorophenol-sodium 548 Nishiuchi and Yoshida 1974 
(formulation) 

Phenyl mercury acetate 458 Hashimoto and Nishiuchi 1981 
{formulation) 

Propoxur 59 Hashimoto and Nishiuchi 1981 

Bufo canorus AJuninum (inorganic 7B Bradford et al. 1992 
monomeric) 

Bufo debilis debilis Mercuric chloride 45B Birge et 81. fw79b 

Bufo fowleri Aroclor1016 57 Birge et 81. 1978a 

Aroclor 1242 57 Birge et 81. 1978a 

Aroclor 1254 57 Birge et al. 1978a 

Bortcacid 14 Birge and Black 19n 

Cllrbon tetrachloride 18 Birge et al. 1980, Black eta/. 
1982 
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Table 3. (Continued) 

Species Chemical Table Reference 
number 

Chloroform 24 Birge et al. 1880, Black et al. 
1112 

Copper sulfate 28B Birge and Black 1878 

Diisononylphthalate 56 Birge et al. 1878a 

Dioctylphthalate 56 Birge et al. 1878a 

Mercuric chloride 4SB Birge and Black 1877, Birge et 
Ill. 1878b, Birge et a/1883 

Methylene chloride 38 Birge et al. 1880 

Nickel chloride SOB Birge and Black 1880 

Phenol SSB Birge eta/. 1880 

Bufo marinus 2,4-0 amine 2SB Johnson 1976 

2,4,5-T amine 25B Johnson 1876 

Sodium arsenite 10 Johnson 1876 

Bufo melanostictus Cadmium sulfate 15C Khangarot and Ray 1987 

Copper sulfate 288 Khangarot and Ray 1987 

2,4-0 258. Varclia eta/. 1984 

Endosulfan 35 Varclia eta/. 1884 

Mercuric chloride 45B Khangarot and Ray 1987, 
Palouse 1988 

Nickel sulfate SOB Khangarot and Ray 1987 

Potassium dichromate 27 Khangarot and Ray 1987 

Silver nitrate 61 Khangarot and Ray 1887 

Zinc aulfate 87B Khangarot and Ray 1887 . 
Bufo punctatus Mercuric chloride 4SB Birge and Black 1877, Birge et 

Ill. 1878b, Birge et al. 1883 

Bufo woocl'lousii Aldrin 6A Sanders 1870, Mayer and 
fowleri Eleraieck 1886 

Benzene hexachloride 40A Sanders 1870, Mayer and 
Eleraiec:k 1816 
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Table 3. (Continued) 

Species Chemical Table Reference 
number 

2,4-0 25A Mayer and Ellersieck 1986 
butoxyethanol 
ester 

DDT 30A, 308 Sanders 1970, Mayer and 
Ellersieck 1986 

Dieldrin 6A Sanders 1970, Mayer and 
Ellersieck 1986 

Endrin 36A Sanders 1970, Mayer and 
Ellersieck 1986 

Guthion 37A Sanders 1970, Mayer and 
Ellersieck 1986 

Heptachlor 39A Sanders 1970, Mayer and 
Ellersieck 1986 

Undane 40A Sanders 1970, Mayer and 
Ellersieck 1986 

Malathion 43A Sanders 1970, Mayer and 
Ellersieck 1986 

Methoxychlor 468 Sanders 1970, Mayer and 
Ellersieck 1986 

Parathion 53A Mayer and Ellersieck 1986 

Silvex 2-(2,4,5-T) 258 Sanders 1970 

Silvex (propylene glycol 258 Mayer and Ellersieck 1986 
butyl ether ester) 

TOE 30A Sanders 1970, Mayer and 
Ellersieck 1986 

Toxaphene 64A Sanders 1970, Mayer and 
Ellersieck 1986 

Gastrophryne Aluminum chloride 7B Birge 1978, Birge eta/. 1979a 
carolinensis 

Antimony bichloride 9 Birge 1978, Birge eta/. 1979a 

Clldmium chloride 15C Birge 1978, Birge eta/. 1979a 

Chrorrium trioxide 27 Birge1978, Bilge flfa/.1979a 

Copper sulfate 288 Birge 1978, Birge and Black 
1979, Birge eta/. 1979 
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Table 3. (Continued) 

Species Chemical Table Reference 
number 

Lead chloride 42 Birge 1978, Birge et al. 1979a 

Manganese chloride 44 Birge 1978, Birge et al. 1979 

Mercuric chloride 45B Birge and Black 1977, Birge 
1978,Birge et al. 1979b, Birge 
eta/. 1979a, 1983 

Nickel chloride SOB Birge 1978b, Birge et al. 
1979a, Birge and Black 1980 

Silver ntb'ate 81 Birge 1978, Birge et al. 1979a 

Sodium arsenite 10 Birge 1978, Birge eta/. 1979a 

Sodium selenate 60B Birge et at. 1978, Birge eta/. 
1979b 

Thallium trichloride 62 Birge 1978, Birge eta/. 1979a 

Zinc chloride 67B Birge 1978, Birge eta/. 1979a 

Hyla chrysocelis Copper sulfate 28B Birge and Black 1979 

Mercuric chloride 45B Birge et a/. 1979b, Birge eta/. 
1983 

Hyla chrysocephala Mercuric chloride 45B Birge and Black 1977 

Hyla crucifer Chloroform 24 Birge et a/. 1980 

Mercuric chloride 458 Birge eta/. 1979b 

Hyla gratiosa Mercuric chloride 45B Birge et al. 1979b 

Hyla regilla Chlorpyrifos 26 Johnson 1980 

Malathion 43B Johnson 1980 

Methyl parathion 47B Johnson 1980 . 

Hyla squire/Is Mercuric chloride 45B Birge and Black 1977, Birge et 
111.1979b 

Hyla venicolor Mercuric chloride 45B Birge eta/. 1979b 

Umnodynastes 2,4-Danine 25B Johnson 1976 
peroni 

2,4,5-T amine 258 Johnson 1978 

Soctum.ai'Hnlte 10 Johnson 1976 

45 



Table 3. (Continued) 

Species Chemical Table Reference 
number 

Umnodynastes Dieldrin 8D Brookes 1981 
tasmaniensis 

Microhyla omata Benzene hexachloride 40B Pawar and Katdare 1984 

Cadmium chloride 15C Rao and Madhyastha 1987 

Carbofuran. 17 Pawar and Katdare 1984 

Copper sulfate 28B Rao and Madhyastha 1987 

Malathion 43B Pawar et al. 1983 

Manganese sulfate 44 Rao and Madhyastha 1987 

Mercuric chloride 458 Ghate and Mulherkar 1980, 
Rao and Madhyastha 1987 

Potassium chloride 20 Padhye and Ghate 1992 

Sodium chloride 20 Padhye and Ghate 1992 

Zinc sulfate 678 Rao and Madhyastha 1987 

Notophthalmus Cadmium acetate 15C Manson and O'Fiaherty 1978 
viridescens 

Pleurodeles walt/ Aroclor 1254 57 Fernandez et al. 1989 

Benzo[a]pyrene 588 Fernandez et al. 1989, Marty 
eta/. 1989, Fernandez and 
L'Haridon 1994 

Pseudacris regilla Guthion 37A, 378 Schuytema et a/. 1995 

Guthion 2S 37A, 378 Schuytema et al. 1995 

Pseudacris triseriata 2,4-0 amine salt (Weeder 25A Sanders 1970 
64) 

DDT 30A Sanders 1870 

Dieldrin 8A Sanders 197(J, Mayer and 
Ellersieck 1986 

Endrin 36A Sanders 1970, Mayer and 
Ellersieck 1986 

Guthion· 37A M-ver and Ellersieck 1986 

Undane 40A Sanders 1870, Mayer and 
EUersieck 1886 
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Table 3. (Continued) 

Species Chern cal Table Reference 
number 

Malathion 43A Sanders 1970, Mayer and 
Ellersieck 1986 

Methoxychlor 46A Sanders 1970, Mayer and 
Ellersieck 1986 

Methyl parathion 47A Mayer and Ellersieck 1986 

Parathion 53A Sanders 1970, Mayer and 
Ellersieck 1986 

Silvex (butyl ether ester) 25A Sanders 1970 

TOE 30A Sanders 1970 

Toxaphene 64A Sanders 1970, Mayer and 
Ellersieck 1986 

Rana arvalis Di-2-ethylhexyl phthalate Larsson and Thuren 1987 
(DEHP) 

Rana breviceps Mercuric chloride 458 Paulose 1986 

Methyl mercury chloride 458 Paulose 1986 

Rena csfesbeisns Aldrin (formulation) 60 Mulla 1963 

Atrazine 11 Klaassen and Kadoum 1979, 
Birge ef al. 1980, Birge ef a/. 
1983 

Cadmium chloride 15C Zettergren et al. 1991 

Carbon tetrachloride 18 Birge et al. 1980 

Chlordane (formulation) 19 Mulla 1963 

DDT 30B Weis 1975 

DDT (form.~lation) 30B Mulla 1963 

Dieldrin· 6A,6D Schuytema e_t al. 1991 

Dieldrin (formulation) 6D Mulla 1963 

Endrin 36A,36B . Hall and Swineford 1981, 
Thurston et al. 1885 

Endrin (form.~lation) 36B MuUa 1963 

Heptachlor (fonr~Jiation) 388 Mulla 1863 

Hexachloroethane 22A Thurston et al. 1985 
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Table 3. {Continued) 

Species Chemical Table Reference 
number 

Lead nitrate 42 Steele eta/. 1989, Strickler-
Shaw and Taylor 1991 

Undane (EC 1.65) 40B Mula 1963 

Malathion (formulation) 43B Hal and Kolbe 1980 

Mercuric chloride 45B Birge and Just 1973, 1975 

Methylene chloride 38 Birge eta/. 1980 

Parathion 53B Hall and Kolbe 1980, Hall 
1990 

Pentachlorophenol 54 A Thurston et a/. 1 985 

Phenol 55B Birge et a/. 1 980 

Sodium arsenite 10 Birge and Just 1973 

Toxaphene 64B Hall and Swineford 1981 

Toxaphene (formulation) 64B Mulla 1963 

Rana clamffans Lead nitrate 42 Taylor 1990, Strickler-Shaw 
and Taylor 1990 

Parathion 53B Hall and Kolbe 1980. Hall 
1990 

Rana cyanophlyctis Methoxyethyl mercuric 45B Kanamadi and Saidapur 1992 
chloride (formulation) 

Methyl parathion 47B Yasmeen and Nayeemunisa 
(formulation) 1985, Mudgall and Patil1987 

Rana grylio Mercuric chloride 45B Birge and Black 1977, Birge et 
a/. 1979b, Birge et a/. 1983 

Rana heckscheri Mercuric chloride 45A,45B Birge and Black 1977, Birge et 
el.1979b, Punzo 1993a, 
1993b 

Rana hexadactyfa Aldrin eo Joseph and Rao 1991 

Arsenic trioxide 10 Khangarot eta/. 1985b 

C.rbaryl (Kelex) 18 · Khangarot eta/. 1985c 

Carbofuran (!=uradan) 17 Khangarot eta/. 1985c 

Copper sulfate 218 Khangarot eta/. 1985a, 1985b 

Ferrous sulfate 41B Khangarot et a/. 1985b 
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Table 3. (Continued) 

Species Chemical Table Reference 
number 

Lead nitrate 42 Khangarot et al. 1985b 

Undane 40B Khangarot et al. 1985c 

Malathion (formulation) 43B Khangarot et al. 1985c 

Mercuric chloride 45B Khangarot et al. 1985b 

Pentachlorophenol-sodium 54B Khangarot et al. 1985c 

Potassium chromate 27 Khangarot et al. 1985b 

Potassium dichromate 27 Khangarot et al. 1985b 

Silver nitrate 61 Khangarot et a/. 1985b 

Zinc sulfate 67B Khangarot eta/. 1985a, 1985b 

Rana muscosa Aluminum Onorganic 7B Bradford et a/. 1992 
monomeric) 

Rana nigromaculata Cadmium chloride 15C Hah 1978 

Lead nitrate 42 Hah 1978 

Mercuric chloride 45B Hah 1978 

Rana pa/ustris Atrazine 11 Birge et a/. 1980 

Carbon tetrachloride 18 Birge eta/. 1980, Black eta/. 
1982 

Chloroform 24 Birge eta/. 1980, Black eta/. 
1982 

Phenol 55B Birge et a/. 1980 

Methylene chloride 38 Birge eta/. 1980 

Rana pipiens Aldrin 60 Kaplan and Overpeck 1864 

Aluminum chloride 7A. 7B Fntda and McDonald 1990, 
Freda et al. 1·a9o 

Anthn~cene 58B Kagan et al. 1984 

Aroclor1016 57 Birge et al. 1978a 

Aroclor 1242 57 Birge et al. 1978a 

Arodor1254 57 Birge fit al. 1978a 

Atrazine 11 Birge eta/. 1980 
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Table 3. (Continued) 

Species Chemical Table RefeJ:ence 
number 

Benzene 12 Black et al. 1982 

Benzene hexachloride 40B Kaplan and Overpeck 1964 

Borax 14 Birge and Black 19n 

Boric add 14 Birge and Black 1977 

Cadmium chloride 15C Birge and Just 1973, Birge et 
81. 1975, Francis et 81. 1984, 
Zettergren et 81. 1991 

Carbon tetrachloride 18 Black et el. 1980 

Chlordane 19 Kaplan and Overpeck 1964 

Chlorobenzene 21 Black eta/. 1982 

Chloroform 2-i Birge et at. 1980, Black et e/. 
1982 

DDT 308 Weis 1975 

1 ,2-Dichlorobenzene 21 Black et a/. 1982 

1 ,2-Dichloroethane 228 Black et at. 1982 

Dieldrin 6A68,6C, Kaplan and Overpeck 1964, 
60 Schuytema et a/. 1991 

Diisononylphthalate 56 Birge et a/. 1978a 

Oioctylphthalate 56 Birge eta/. 1978a 

Endosulfan {Thiodan I) 35 Mulla 1963 

Endosulfan {Thiodan II) 35 Mulla 1963 

Endrin 368 Kaplan and Overpeck 1964 

Fkloranthene 58B Kagan et 81. 1985 

LNd nitrate -i2 Kaplan et 81. 1967 

Malathion -i3B Kaplan and Glaczenski 1965 

Mercuric chloride 
.. 

45B Birge and Just 1973, 1975, 
Birge and Black 19n. Birge et 
al. 1979b, Birge et 81. 1983, 

MMhoxychlor 48B Kaplan and Overpeck 1964 

Methyl mercury chloride 45B Chang ete/.197-i, Dial 1976 
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Table 3. (Continued) 

Species Chern cal Table Reference 
number 

Nitrobenzene 51 Black et a/. 1982 

Parathion 538 Kaplan and Glaczinski 1965 

Pentachlorophenol-sodium 548 Goodnight 1942 

Phenol 558 Birge eta/. 1980 

Pyrene 58B Kagan et a/. 1985 

Sodium arsenite 10 Birge and Just 1973 

Toluene 63 Black et el. 1982 

Toxaphene 648 Kaplan and Overpeck 1964 

Zinc 678 Kaplan and Glacz~nski 1965 

Rana sphenocephala Endrin 368 Hall and Swineford 1980 

Toxaphene 648 Hall and Swineford 1980. 
1981 

Rana syfvatica Atuninum chloride 7A,78 Clark and La Zerte 1985, 
Freda and McDonald 1993 

Aluminum Onorganic 78 Clark and Ha111985 
monomeric) 

DOT 308 Ucht 1985, 1976 

Endrin 368 Hall and Swineford 1981 

Toxaphene 648 Hall and Swineford 1981 

Rena temporsria Atuninum 78 Tyler·Jones et el. 1989 

Aluninum chloride 78 Cunvnins 1986 

Calcium chloride 20 Cummins 1988 

Carbaryl (Karblltox 75) 16 Rzehak eta/. 1977 

Carbon tetnlchloride 18 Black eta/. 1980 

Chloroform 24 Black fit a/. 1982 

Cyanide 29 Costa1985 

2,4-D 25B Cooke1972 

DDT 30B Cooke 1970, 1972, 1973, 
1979; Osborn eta/. 1981 
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Table 3. (Continued) 

Species Cherrical Table Reference 
number 

Dieldrin eo Cooke 1972 

Enclrin 368 Wohlgemuth 1977 

N-nitrosodimethylarrine 528 Khudotey 1977a,1977b 

Phenol 558 Black et al. 1982 

Tributyltin fluoride 65 Laughln and Unden 1982 

Tributyltin oxide 65 Laughfin and Unden 1982 

Rana tigrina Carbaryl 16 Marian et at. 1983 

DOT 308 Keshaven and Oeshmukh 
1984 

Endosulfan 35 Gopal et at. 1981 

Malthion (formulation) 438 Mohanty-Hejmadi and Outta 
1981 

Potassium dichromate 27 Abbasi and Soni 1984 

Scaphiopus Guthion (formulation) 378 Mulla et at. 1963 
hammondi 

Methyl parathion 478 Mulla 1962, Mulla et at. 1963 
(formulation) 

Parathion (formulation) 538 Mulla eta/. 1963 

Triturus cristatus MCPA 258 Zaffaroni et at. 1986, 
camifex Zavanella eta/. 1988 

Triturus viridescens Methyl mercury chloride 458 Chang et at. 1976 

Triturus vulgaris Chlorpyrifos 26 van Wijngaarden et at. 1993 

DOT 308 Cooke 1972 
.· 

Xenopus laevis Acrolein 5 Holcombe eta/. 1987 . 
Alurrinum 7A. 78 Date eta/. 1885, Under eta/. 

1991 

Aniline 8A.8B Dumont et al. 1978, Sloof and 
Baerselm1n 1880, Davis et al. 
1881, SJoof etaf.1983, 
0u"1)8rt 1887 
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Table 3. {Continued) 

Species Chemical Table Reference 
number 

Benzene 12 Sloof and Baerselman 1980, 
Sloof et 81. 1983, de Zwart and 
Sloof1987 

Benzo[a)pyrene 5IA Fort eta/. 1989 

Cadmium 15A, 15C Miller and Landesman 1978, 
Under et a/. 1991 

Cadmium chloride 15C Canton and Sloof 1982, 
Woodall eta/. 1988 

Cadmium nitrate 15C Sloof and Baerselman 1980, 
Sloof eta/. 1983, de Zwart and 
Sloof1987 

Carbaryl {Karbatox 75) 16 Rzehak eta/. 1987 

Carbon tetrachloride 18 Black eta/. 1980 

Chloroform 24 Black et a/. 1982 

Copper 288 Under eta/. 1991 

Copper sulfate 288 de Zwart and Sloof 1987 

1,3-0ichloropropane 32 de Zwart and Sloof 1987 

Dieldrin 6A,6B, Sc.tluytema eta/. 1991 
6C,60 

Guthion 37A,378 Schuytema eta/. 1994, 1995 

Guthion 2S 37A,378 Schuytema eta/. 1994, 1995 

Iron 41A,41B Under eta/. 1991 

Lead 42 Miller and Landesman 1978 

Lead acetate 42 Sobotka and Rahwan 1995 

Undane .OB Marchai-Segault and Remade 
1981 

Malathion 43A,43B. SNIWder and Chambers 1989, 
1990 

Manganese 44 Miler and Landesman 1978 

Mercury 458 Miler and Landesman 1978 
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Table 3. (Continued) 

Species Chemical Table Reference 
number 

Mercuric chloride 45B Birge et at. 1979b, Sloof and · 
Baerselman 1980, Sloof et at. 
1983, de Zwart and Sloof 
1987 

Methyl mercury chloride 45B Dumpert and Zietz 1984 

Naphthalene 49A, 49B Ednisten and Bantle 1982 

Nickel SOA,50B Under et at. 1991 

Nickel chloride 50A,50B Hopfer et at. 1991 

N-nitroso-dimethylamine 52A Fort et at. 1991 

Parathion 53 A Snawder and Chambers 1984 

Pentachlorophenol 548 Sloof and 8aerselman 1980, 
Sloof eta/. 1983, Sloof and 
Canton 1983 

Phenol 55A, 558. Black et at. 1982, Holcombe et 
at. 1987, Dumpert 1987 

Potassium dichromate 27 Sloof and Canton 1983 

Selenium 60A,608 Under eta/. 1991 

Sodium chloride 20 Rornspert 1976 

Sodium selenate 60A DeYoung et at. 1991 

Sodium selenite 608 Browne and Dumont 1979, 
1980 

Trichloroettlylene 66A, 668 Sloofand 8aerselrnan 1980, 
Sloof et al. 1983, Fort et al. 
1991,1993 

2,4,6-Trichlorophenol 23 Holcombe et 81. 1987 

Zinc fS7A,fS7B Under et al. '991 

Zinc sulfate fS7A,fS7B Dawson et al. 1988, Woodall 
eta/.1988, Forteta/1989, 
Bantle et al. 1989 
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Table 3. (Continued) 

Species Chemical 

Unidentified OichiONOS 

ThaiHum nitrate 

Table 
number 

33 

62 

Reference 

S1reenfvasen and 
Swarrinathan 1867 

Dillng and Healey 1926 

• Species names are as reported by authors; no attempt was made to combine species where names have 
been changed (e.g. Hyla regilla • Paeudllcrla regllla.). The cherricals include all reported compounds 
and subgroups of the major cherricals and cherrical groups isted in Tables 1 and 2. 
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Table 4. Published water quality criteria values for each cherTical or cherTical groupe. 

Cherncal Concentrations in ~giL Reference 

Acute Chronic 
criteria crtteria 

Acrolein 6811 21 11 USEPA 1980a 

Aldrin 3.oc USEPA 1980c 

Aluminum 750* 17• USEPA 1988b 

AniHne 281 14' USEPA 1993 

Antimony(lll) 88• 30' USEPA 1988c 

Arsenic 360• 190' USEPA 1985a 

Benzene 5,300c USEPA 1980b 

Beryllium 13QC 5.3b USEPA 1980e 

Boron 
8 I 

USEPA 1986a 

Cadmium 3.9·~ 1.1 111 USEPA 1985b 

Carbon tetrachloride 35,200c USEPA 1980g 

Chlordane 2.4< 0.0043' USEPA 1980h 

Chloride 860,000"1 230,000~ USEPA 1988a 

Chlorinated benzenes 250c soc USEPA 1980i 

Chlorinated ethanes USEPA 1980j 
m • Chlorinated phenols USEPA 1980k 

Chloroform 28,900c 1 ,2401:> USEPA 19801 
0 

Chlorophenoxy herbicides • USEPA 1986a 

Chlorpyrifos 0.083" 0.041' USEPA 1986c 

Chromium (Ill} 1,700111 210"' USEPA 1985c 

Chromium (VI} 16' 11' USEPA 1985c 

Copper 1r' 1~ USEPA 1985d 

Cyanide 22' 5.2' USEPA 1985e 

DOT 1.1c 0.0010' USEPA 1980m 

DOE 1,050C USEPA 1880m 

TOE 0.061:> USEPA 1980m 
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Table 4. (Continued) 

Cherrical Concentrations in ~giL Reference 

Acute Chronic 
criteria criteria 

Dichloropropanes 23,00011 5,70011 USEPA 1980n 

Dichloropropenes 8,06011 24411 USEPA 1980n 

Dieldrin 2.5c 0.0019' USEPA 1980c 

Di-2-ethylhexyl phthalate (OEHP) 40()- 360' USEPA 1987c 

Endosulfan 0.22' 0.056; USEPA 1980o 

Endrin 0.18c 0.0023' USEPA 1980p 

Halomethanes 11,00011 USEPA 1980q 

Heptachlor 0.52' 0.0038' USEPA 1980r 

Hexachlorocyclohexane 2.0' 0.080' USEPA 1980s 
(Undane) 

Iron 1000' USEPA 1986a 

Lead 8~ 32111 USEPA 1985f 

Malathion 0.1' USEPA 1986a 

Manganese 
q q 

USEPA 1986a 

Mercury 2.4• 0.012' USEPA 1985g 

Methoxychlor 0.03' USEPA 1986a 

Mirex 0.001 11 USEPA 1986a 

Naphthalene 2,30011 62011 USEPA 1980v 

Nickel 1,400e~~ 160111 USEPA 1986b 

Nitrosarrines 5,85()11 USEPA 1980x 

Parathion 0.065• 0.013' USEPA 1986d 

Pentachlorophenol 2o-" 13. USEPA 1986e 

Phenol 10,20011 2,56011 USEPA 1980y 

Phthalate astara 84011 311. USEPA 1980z 

Polychlorinated biphenyls (PCBS) 2- 0.0141 USEPA 1980aa 

Polynuclear aromdc USEPA 1980bb 
hydrocarbons 
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Table 4. (Continued) 

Cherncal 

Selenium 

Silver 

2, 3, 7, 8-Tetrachloro-dibenzo-p­
dioxin 

Thallium 

Toluene 

Toxaphene 

Tributyltin 

Trichloroethylene 

Zinc 

Concentrations in ~-'giL 

Acute 
criteria 

1,40011 

17,50011 

0.73• 

Chronic 
criteria 

S' 

0.12"' 

0.0002' 

0.0264' 

21,90011 

110"' 

Reference 

USEPA 1987b 

USEPA 1980cc 

USEPA 1984 

USEPA 1980dd 

USEPA 1980ee 

USEPA 1986f 

USEPA 1988d 

USEPA 1980gg 

USEPA 1987a 

• Criteria are listed only for cherncals where amphibian data was found in existing water quality criteria 
documents or in other literature. 

11 Criteria not developed because of insufficient data. Value given is lowest observed adverse effect level 
(LOAEL). 

c Acute value is concentration not to be exceeded at any time. 
11 Freshwater organisms should not be affected unacceptably when pH is between 6.5 and 9.0. 
• Acute value is one-hour average concentration not to be exceeded more than once every three years on 
the average. 

' Chronic value is four-day average concentration not to be exceeded more than once every three years on 
the average. 

• Criterion is 750 ~-'giL for long-term irrigation on sensitive crops. 
ft Hardness dependent criterion-100 mgll.. 
'Chronic value is concentration as a 24-hour average. 
1 Value for chloride associated with sodium. 
11 Toxicity increases with increasing chlorination. l.:ute toxicity for various species ranges from 980 ~-'giL 
for hexachloroethane to 118,000 ~for 1, 2-dichloroethane. 

• Toxicity increases with increasing chlorination. Chronic toxicity for various species ran9es from 540 ~-'giL 
for hexachloroethane to 20,000 ~-'giL for 1, 2-dichloroethane. 

• Toxicity Increases with increasing chlorination. Acute toxicity ranges from as low as 30 1-'gll for 4-chloro-
3-methylphenol to greater than 500,000 ~-'giL for other compounds. 

• Toxicity increases with increasing chlorination. Chronic toxicity occUf'l nlow as 170 ~for 2, 4, 6-
bichtorophenol. 

• Human health criteria are 100 ~for 2,4-0 and 10 ~for 2,4, 5-TP in donwstic water supply. 
' No time frame given. 
• Criteria for domestic water supply Is 50 lo'QIL 
' Urnted data does not pemit statement about acute or chronic criteria. 
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Table 5. Acrolein - acute dabl 

Species Stage/Age 

Tadpole 

I F •low-lhrough. M • rneesurecl 
11 LCSO • madlen lethal concentration 

F,M 

96-hr 
LCSO 
(JJQilt 

7 

Reference 

Holcombe et al. 1987 



Table 6A. AldrlniOieldrin - acute data. 

Species Stage/Age Chemical Method• 96-hr Reference 
LC~O 

(pgll) 

Bulb woocl'tousl fowler# Tadpole Aldrin s.u 68 Mayer and Elersieck 1986 

Bulb wood!Jousl fowled Tadpole Aldrin s.u 150 Sanders 197CJb 

Bulb WOOtltousl.,..,., Tadpole Dieldrin s.u 150 Mayer and Elersleck 1986 

8uAJ fiii'OfXIJtMf .,..,., Tadpole Dieldrin S,U 150 Sanders 197fl' 

Pleuttac:tft .......,. Tadpole Dieldrin S,U 100 Mayer and Elersleck 1918, Senders 197fl' 

R- cafHbeiMe Tadpole Dieldrin F,M 30.3, 8.7 Schuyterna et el. 1991 

R-.plplena Tadpole Dieldrin F,M 71.3 Schuytema etel. 1991 

0\ Xenopus lerwla Emblyo Dieldrin R,M >179.2 SchuyterM et 81. 1991 
0 

Xenopus IIMitllt Tadpole Dieldrin F,M 49.5,40.4 Schuytema et al. 1991 

Xenopus laevls Juvenile Dieldrin F,M 46.8 Schuytema et al. 1991 

• F • flow-through, M • measured, R • static-renewal, S • static, U = unmeasured 
'Reference also cited In Table 8 (other data) of the water qualty criteria document for aldrin/dieldrin EPA 44015-80-019 (USEPA 1980c) 



Table 68. Aldrtnl1lieldrin- chronic data 

. 
Species Stage/Age Chanica I Method• Duration Chronic linits" 

{J.tgll) 

NOAEL LOAEL 

Rana plplent Tadpole Dieldrin F,M 28d 1.94' 

Xenopus,_. Embryo Dieldrin R,M 21 d 1.3• 
10.Jd 

Xenopus,_. Tadpole Dieldrin F,M 24d 0.8d 

• F •IIJw.thrauah, M • measured, R • stale-renewal 
111NOAEL• No observed adVerse etfed level, LOAEL• lowest observed adVerse effect level 
c Geome1r1c rneen of NOAEL and lOAEl 
'l.imls baSed on mortally 

01 • Umlls based on defomity -

4.1d 

s.o-
25.8d 

1.8d 

Chronic valuec Reference 
{J.tgl) 

2.4 Schuytema et 81. 1991 

2.5 Schuytema et 81. 1991 
16.3 

1.2 Schuytema et 81. 1991 



Table 6C. AldrtniDieldrtn - residue data. 

Spades Stage/Age Cherrical Cone. % lpid Tissue BCF" Reference 
(pgll) 

R..,.plplens Tadpole Dieldrin 0.8 1.0 Whole body 440-690 Schuyte~ et al. 
1.9 210 1991 
2.1 390 
4.1 160 

10.0 200 

Xenopus ~arM Tadpole Dieldrin 0.9 0.8 VVhole body 470 Schuytema et al. 
1.8 420 1991 
3.8 380 
9.7 310 

Xenopus ltHwla Tadpole Dieldrin 2.0 0.8 Whole body 400 Schuytema eta/. 
2.3 300 1991 
4.2 480 

CJ\ 9.3 320 
N 20.5 340 

1.11 1,640 

Xenopus,.,. Juvenile Dieldrin 2.1 2.6 Whole body 2,140 Schuytema eta/. 
1991 

•tn DMF canter, al olhert In acetone canter 
118CF • bloconcentratlon factor (quotient of chemcalln tissue divided by concentration of chemical in water) 



Table 80. AldrlnOeldrtn- other data. 

Species Stage/Age Chemical Methc:Mt- Duration Effect Cone. Reference 
(fgl) 

8ulo Embryo Aldrin R,U ~42d 0% mortality 1,000 Juarez and Guzman ..,..,... 15d 100% mortality 5,000 1984 
10d 100% mortality 15,000 

R- Tedpole 
=lalon) ~olatad 96hr ~'=~ 0.112 kglha' Mulll1983 

C818'dl ... 0.560 kglha' 
In pond 

"-. Adult S,U 4wk Decrease fn protein 240 Joseph and Rao 1991 
hex~ brain-55.4% 

muscle-51.2% 
kidney-54% 
lntestine-52.1% 

eft "- R,U 30d 40% mortality 300 Kaplan end Overpeck 
w ,.,. 1984 

8ulo Dieldrin R,U 20-25d 25-30% accelerated metamorphosis 20 de ........ elal.1985 ..,..,... 20-25d 100% mortality 200 
4hr 22.7% AChE inhibition at 11d 2,000 
4hr 28.7% ChE Inhibition at 11d 2,000 
11 d 28.7% AChE Inhibition at 11d 2,000 
11 d 25.5% ChE Inhibition at 11d 2,000 

8ulo Unferllzed Dieldrin R,U 1 hr 19.7% AChE Inhibition at 11d 2,000 de llamas et al. 1985 ..,..,... oocyte 4hr 22.3% AChE Inhibition at 11d 2,000 

Bulb Fetllzed Dieldrin R,U 4 hr 22.75 ACHE Inhibition at 11d 2,000 de Llamas et al. 1985 ......, oocyte 11 d 28.7% ACHE inhibition at 11d 2,000 

8ulo Tadpole Dieldrin S,U 7-8d Behavioral eft'eds 200 Gauna el al. 1991 ..,.,.,., 14d Beginning mortality 200 
16d 17% decrease In phospholplds 200 



Table 60. Aldrtnlt)leldrtn (continued) 

Species Stage/Age Chemical Method• Duration Effect Cone. Reference 
(lloL)• 

Brmbufo Tadpole Dieldrin S,U 48 hr 0% mortally, most with abnormal 500 Cooke 1972 
snouts 

~· Embryo Dieldrin s.u· 7 hr 0% cephalc abnormalties at 19 d 10 Brookes 1981 
tuman8Jala 20% cephalic abnormalities at 20 d 100 

R..,. Tadpole Dieldrin U, 24 hr 100% mortally 0.112 kg/hit Mula 1963 
caleabelana (formulation) Isolated 

in pond 

R..,. Embryo Dieldrin R,U 21 d LC50 34.4 Schuytema et Ill. 
cale,.,_ 1991 

R..,.,.,.,.. Tadpole Dieldrin F,M 28d LC50 8.3 Schuytema et Ill. 
1991 

0\ .. R..,.plplen, Adul Dieldrin F,M 28d LC50 53.4 Schuytema et Ill. 
1991 

R., plpiena Adul Dieldrin R,U 30d LC50 100 Kaplan and 
Overpeck 1964 

R..,. Tadpole Dieldrin S,M 48 hr 5% mortally 20 Cooke 1972 
femponJtfa 4 7% mortally, many with abnormal 500 

snouts 

x..,. .... Embryo Dieldrin R,M 7d LC50 187.9 Schuytema et Ill. 
14d LC50 27.9 1991 
21 d LC50 14.9 



Table 60. AldriniDieldrtn (continued) 

Species Stage/Age Chenical Method• Duration Effect Cone. Reference 
(l.tgL)• 

Xenopus Tadpole Oiektrtn R.M 10d LC50 2.gc Schuytema et al. 1991 
laevis 14d LC50 10.9 

24d LC50 5.5 
28d LC50 <2.0 

• F • taW-through, M • measured, R • static renewal, S = static, U = unmeasured 
• Active ingreclent 
c OMF carrier, others In acetone 



Table 7A. Aluminum- acute data. 

Spedes Stage/Age Chemical Method• 96-h~ pH Hardness Reference 
LCSO (as mgll 
(Jlgll) CaCoJ 

Sufo Embtyo Aluminum S,M >997 4.8 Freda and 
~ chloride >1,029 4.6 McDonald 

>1,038 4.4 1993 
805 4.2 

Bulb Tadpole Aluminum S,M 627 4.5 6.1c Fredaetal. 
~ chloride 1990 

R.,,.,. Embryo Aluminum S,M 403 4.8 8.1c Freda and 
chloride 811 4.6 6.1c McDonald 

1990 

R.,,.,. Embryo Aluminum S,M 471 4.8 6.1c Freda et Ill. 
0\ chloride 1990 
0\ 

Renit sylvatlce Embryo Aluminum S,M 746 4.8 Freda and 
chloride >1,118 4.6 McDonald 

>1,150 4.4 1993 
1,148 42 

XfJI'IOPUS lefwls Embryo Aluminum R,U 1,600 5.5 Underetal. 
1991 

• M • me~~~ured, R • renewal, S • static, U • unmeasured 
•values expressed 81 aluminum 
c Hardness calculated from Ca and Mg concentrations 



Table 78. Aluminum- other data 

Spades Stage/Age Chemical Method• Duration Effect Cone." pH Hardness Reference 
(pgJL) (as mgJL 

CaC03 ) 

Ambystuma Erdlryo Aluminum S,M 96hr Mortality ameliorated >250 4.5 Home and Dunson 
jetrersonlsnum chloride No effect on develop- 2,000 4.5 1994 

ment rate 

Amb,..,... Erdlryo Aluminum In pond, Time to Survival and AI cone. 80-1,380 3.68-5.18 3.6-14.4c Albers and Prouty 
maculaMn M emergence negatively correlated 1987 

Ambyatoma Erdlryo Aluminum s.u Until 22-66% hatch 0 4.3 7.1c Clark and La Zerte 
maculalum chloride hatched 28-79% hatch 200 4.3 7.1c 1987 

24-64% mortally 0 4.3 7.1c 
15-61% mortality 200 4.3 7.1c 

Ambystuma Erdlryo Aluminum 31 d 11% hatch 100 4 Dale et el.1985d 

eft 
maculalum 3% hatch 400 

....... 2% hatch 700 
2% hatch 1,100 

Ambyatoma Erdlryo Aluminum S,M 8d LC50 2,280 72-7.8 93-105 Birge et al. 1978b• 
opactn chloride 

8uft) Erdlryo Aluminum In 96 hr 72% hatch 35 4.3 Clark and Hal1985 
amerlcanus (inorganic acldifted 96 hr 11% hatch 46 4.3 

monomeric) stream, 
M 

Bulb Erdlryo Aluminum s.u 8-11 d 100% hatch 20 5.75 7.ec Clark and LaZerte 
amerlcanus 94% hatch 20 4.75 7.8c 1985 

61% hatch 20 4.14 7.8c 
99% hatch 100 4.75 7.8c 
55% hatch 100 4.14 7.8c 



Table 78. Aluminum (continued) 

Species Stage/Age Chemical Method• Duration Effect Conc.b pH Hardness Reference 
{J.tgll) (as mg/L 

CaC03 ) 

Bulo Erni:Kyo Aluminum S,U 7d Hatch time reduced 39 4.9 Bradford ef sl. 1992 
CIJIJOI1JS (inorganic Hatch time reduced 70 5.3 

monomeric) Hatch time reduced 80 5.8 

8uiJ Tadpole Alufrinum S,U 7d length reduced 39 4.9 Bradford et al. 1992 
canotlla (Inorganic length reduced 70 5.3 

monomeric) length reduced 80 5.8 

Gaftopt•:rne ·Embryo Aluminum R,M 7d LC50 50 7.4 195 Birge 197tr. Birge et 
carollnens#s chloride al1979a• 

R- Erni:Kyo Aluminum s.u 7d Hatch time unaffected 39 4.9 Bradford et al. 1992 
muscosa (inorganic Hatch time unaffected 70 5.3 

0\ monomeric) Hatch time unaffected 80 5.8 
CXI 

RM8plplens Embryo Aluminum S,M 96 hr 75% mortality 0 4.2 8.1c Freda ef sl. 1990 
chloride 60% mortality 125 4.2 6.1c 

49% mortality 250 4.2 6.1c 
54% mortality 450 42 6.1c 

RM8plplens Tadpole . Aluminum S,M 96hr 20% mortality .. 0 4.2 8.1c Freda and 
(pre-stage chloride 100% mortality ~250 4.4-4.6 8.1c McDonald 1990 
25) 100% mortality ~250 4.8 6.1c 

RM8p#pens . Tadpole Aluminum S,M 96 hr 6-13% mortality 1,000 4.2-4.8 8.1c Freda and 
chloride 40% mortality 1,000 4.8 8.1' McDonald 1990 



Table 78. Ah.nnlnum (conlnued) 

Species Stage/Age Chemical Method• Duration Effect Conc.11 pH Hardness Reference 
(JJgll) (as mgiL 

CaC03 ) 

·R- Emblyo Aluminum In 96 hr 91% hatch 35 4.3 Clark and Han 1985 
aylvalfca (Inorganic ackltfted 83% hatch 46 4.3 

monomeric) stream, 
M 

R- Emblyo Aluminum S,U 8-12d 93% hatch 20 5.75 7.Pf Clark and La Zerte 
aylvalfca chloride 87% hatch 20 4.75 7.Pf 1985 

·67% hatch 20 4.14 7.Pf 
94% hatch 100 4.75 7.Pf 
67% hatch 100 4.14 7.Pf 

R- Emblyo Aluminum F,M Until gil 47% defomity 400 4.5 203- Tyler-Jones et al. 1989 18m,.,. circulation 18.7% mortalty 200 4.5 203C 

~ 20.8% moriaRty 200 8.0 203C 
\0 

R- Tadpole Aluminum S,M Until 42% mortalty 800 4.4 Cummins 1988 
tempotWte chlortde foreleg 

emergence 

Until 50% mortalty 1,600 4.4 
metamor-
phosis 



..... 
0 

Table 78. Aluninum (continued) 

Spades Stage/Age Chenical 

Xenopus Embcyo Aluninum 
lflevis 

Method• Duration 

11 d 

Effect 

0% hatch 
88% hatch 
100% hatch 
100% hatch 
90% hatch 
100% hatch 
100°.4 hatch 
100% mortalty 
38% mortality 
0% mortality 
100% mortally 
0% mortality 
100% mortality 

. o•A. mortality 
50% mortality 

• F • low-through, M • measured, R • renewal S • static, U = unmeasured 
11Values expressed as aluninum 
c Hardness calculated from reported calcium and magnesium concentrations 
111 Reference not seen, cited in Power et 81. 1989 

Conc.b pH Hardness Reference 
(J.tgll) (as mgJL 

CaC03 ) 

150 •. o Dale et al. 1985d 
150 •. 5 
900 •. 5 
150 5.0 
900 5.0 
150 6.0 
900 6.0 
150 •. 5 
200 •. 5 
400 4.5 
900 4.5 
400 5.0 
900 5.0 
400 6.0 
900 6.0 

• Reference also cited in Table 8 (other data) of the water qualty criteria document for aluninum EPA 44015-86-008 (USEPA 1988a) 
' Artflcial softwater 



...., -

Table 8A. Anilne - acute data. 

•M•m1811111'8d,S•stalc 

Stage/Age 

Embryo (Rid-blastula) S, M 

Embryo (1ailbud) 

TadpOle 

S,M 

S,M 

96-hr 
LC50 

(Jlgll) 

550,000 

940,000 

150,000 

Reference 

Davis et al. 198111 

Davis et al. 198111 

Davis et al. 198111 

11 Reference also cited In Table 1 (acute data) of the draft water qua~ criteria document for anilne EPA 44015-93 Draft (USEPA 1993) 



Table 88. Anllne - other data. 

Spedes Stage/Age Method• Duration Effect Cone. Reference 
{J.tgll) 

Ambystoma Larva s,u 48 hr LC50 440,000 Sloof and Baerselman 1980, 
mexicantWn Sloof et al. 1983 

Xenopus Embryo s,u 96hr 28% mortally 10,000 Du~nt el al. 1979" 
laev#s 11% deformity 10,000 

4% mortally 50,000 
6 % deformity 50,000 

Xenopus Embryo S,M 120 hr LC50 500,000 Davis el al. 1981 II 
laevls (meet. 96 hr EC50 (teratogeny) 91,000 

blastula) 120hr ECSO (teratogeny) 370,000 

Xenoput Embryo S,M 12hr LCSO 95,000 Davis et al. 198111 

laetlis (taibld) 
....... 
N Xenopus Embryo R,U 12wk delayed development 1,000 Dumpert 198J-

laevls 

Xenopus Tadpole R,U 12d 100% mortally 90,000 Dumpert 1987" 
laevls 

Xenopus Tad~ S,U 48 hr LCSO 560,000 Sloof and Baerselman 19801', 
laevls Sloof et al. 198311 

• M • measured, R • renewal, S • state, U • unmeasured 
11Reference also dtad In Table 5 (other Jata) of the draft water quality criteria document for aniline EPA/440-5-93 Draft (USEPA 1993) 
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Table 9. Antimony (Ill) - other data . 

. 
Stage/Age Chenical Methocr Duration 

Gesfrot;Jt.tYM cenJif..,.,. Embryo Anlmony R.M 7d 

• M • mMiured, R- renewal 
•vetue expreued as antimony 

trichloride 

Effed 

LCSO 

Cone . ., pH Hardness Reference 
(Fgll) (as mgll 

CaC03) 

300 7.4 195 Birge 197SC, Birge et al. 
1979ac 

CReference IIIIo cited In Table e (other data) of the water qualty criteria document for antimony (Ill) EPA 44015-88-093 (USEPA 1988c) 



Table 10. Arsenic - other data. 

Species Stage/Age Chemical Method• Duration Effect Conc.11 pH Hardness Reference 
(J.,gll) (as mgll 

CaC03 ) 

Adelotus Tadpole Sodium S,U 96 hr LC50 55,400 51.~ Johnson 1976 
brevis arsenite 

Ambystoma Embryo Sodium F,M 8d LC50 4,450 7.2- 93-105 Birge et al. 1978b• 
opacum arsenite 7.8 

Sufo merlnus Tadpole Sodium s.u 96 hr LC50 70,900 51.~ Johnson 1976 
arsenite 

Gastrophtyna Embryo Sodium R,M 7d LC50 40 7.4 195 Birge1978• 
carollnensls arsenite Birge et al. 1979a• 

Rena Tadpole Sodium R,M 96 hr 19% mortality 10,000 • • Birge and Just 
cslesbelana arsenite 50% mortality 25,000 • • 1973 .... 

~ andRane 22d 24% mortality 5,000 • • 
plplens 87% mortality 10,000 • • 

Rena Adul Soclum R,M 96 hr 0% mortality 25,000 • • Birge and Just 
cate..,_ arsenite 3D% mortality 50,000 • • 1973 
andRana 25d 0% mortality 25,000 • • 
plplens 80% flll!rtality 50,000 • • 
R.,. Tadpole Arsenic S,U 96hr LC50 249 8.1 249 Khangarot et al. 
hexaclat;fJia trioxide 1985b 

Linnod)nutes Tadpole Soclum S,U 96 hr LCSO 34,600 51_21= Johnson 1978 
peronl arsenite 

• F• tlow-through, M- measured, R• renewal, s- static, U=r unmeasured 
11 Values expressed as arsenic 
c Hardness calculated tom calcium and magnesium concentrations 
• Reference also cited In Table 6 (other data) of the water quality document for arsenic EPA 44015-84-033 (USEPA 1985a) 
• Modlled Hollfreter's Solution 



Table 11. Atraztne - other data. 

Species Stage/Age Method• Duration Effect Cone. Reference 
(pgll) 

8uto Embryo F,M 7d LC50 48,000 Birge el 81. 1980, Bifge et 
amerlcanua 2•At defomity at hatch 5,560 81. 1983 

3•At defornity at hatch 10,800 
6% defornity at hatch 24,800 
17% defornity at hatch 48,200 

Rena Embryo F,M 8d LC50 410 Birge el 81. 1980, Birge et 
cstesbelane 1 °At defornity at hatch 51 s/.1983 

.3% defornity at hatch 410 
7°At defomity at hatch 6,330 
22% defomity at hatch 14,800 
47% defornity at hatch 26,400 
100% defornity at hatch 45,800 

..... R.,. Tadpole Pond,M 2d post- 289 ,.,gll<g body burden 300 Klaassen and Kadoum 
U1 cste...,.. treatment 1979 

23d post- 278 ,.,gll<g body burden 300 
treatment 
51 d post- 309 ,.,giKg body burden 300 
treatment 
85dpost- 235 ,.,giKg body burden 300 
treatment 

R.,.,.,. Embryo F,M 8d LC50 17,960 Birge et 81. 1980 
2% defornity at hatch 1,040 
5% defornity at hatch 20,800 
18°At defomity at hatch 33,900 

RMa.,.,._ Embryo • F,M 9d LC50 7,680 Birge et 81. 1980 
2•At defornity at hatch 210 
5% defornity at hatch 1,130 
9% defornity at hatch 6,S.O 
13% defornity at hatch 13,200 



Table 11. Atrazlne (continued) 

. 
Species Stage/Age Method• Duration 

Embryo F,M 9d 

• F• ftow-through, M • measured 

Effect 

46% deformty at hatch 

Cone. 
(JJgll) 

48,700 

Reference 

Birge et al. 1980 



Table 12. Benzene- other data. 

Species stage/Age Method• Duration Effect Cone. Reference 
~giL) 

Ambystoma Embryo F,M 9d LC50 5,210 Black et al. 1982 
gracile 9% deformity at hatch 5,430 

27% deformityat hatch 36,700 

Ambystoma Larva S,U 48 hr LC50 370,000 Sloof and Baerselrnan 1980, 
mexlc8num Sloof et sl. 1983 

R8118 plplena Embryo F,M 9d LC50 3,660 Black et 81. 1982 
0% defomity at hatch 2,990 
16% deformty at hatch 5,070 

Xenopuslaevla Tadpole S,U 48 hr LC50 190,000 de Zwart and Sloof 1987, Sloof 
and Baerselman 1980, Sloof 
eta1.1983 

..... ..... • F• ftow..lhrotlgh, M • fnllfasured, S • static, U • unmeasured 



Table 13. 8erylum- acute data 

Species Stage/Age Chemical Method• 96-hrb pH Hardness Reference 
L.C50 (as mgll. 
V,gll) CaCo:J 

Ambystoma Larva (small) Beryllium S,U 3,150 20-25 Skmlm and Ray 
maculalllm sulfate 31,500 400 1975c 

Ambystuma Larva Beryllium S,U 8,020 20-25 Slontm and Ray 
maculatl.n (meclum) sulfate 18,200 400 1975C 

Ambyslome Larva (large) Beryllium S,U 8,320 20-25 Slonlm and Ray 
miiCtllafrMrl sulfate 18,200 400 1975C 

Ambysloma Larva Beryllium s.u 3,150 20-25 Slonlm and Ray 
opacum (medium) sulfate 31,500 400 1975c 

• s • static, U • unme.....-ed 

...... • Values expressed as beryllt.ln 
Q) c Reference also cited In Table 5 (other data) of the water qualty criteria document for beryllum EPA 440J5..80.024 (USEPA 1980e) 



Table 14. Boron - other data. 

Species Stage/Age Chenical Method• Duration Effect Cone. pH Hardness Reference 
(/JgJL)b (as mg/L 

CaC03 ) 

Bufo fowled Embryo Boric acid F,M Until hatch LC 1 (threshold) 25,000 7.6 50 Birge and Black 
LC1 (threshold) 5,000 7.6 200 1977 

4 d post hatch LC 1 (threshold) 25,000 7.6 50 
LC1 (threshold) 5,000 7.6 200 

R.,. Embryo Boric acid F,M Until hatch LC1 (threshold) 26,000 7.7 50 Birge and Black 
plpiens LC1 (threshold) 23,000 7.7 200 1977 

4 d post hatch LC1 (threshold) 13,000 7.7 50 
LC 1 (threshold) 22,000 7.7 200 

R.,. Embryo Borax F,M Until hatch LC1 (threshold) 6,000 8.3 50 Birge and Black ,.,. LC1 (threshold) 3,000 8.4 200 1977 
4 d post hatch LC1 (threshold) 5,000 8.3 50 

..... LC 1 (threshold) 3,000 8.4 200 
~ 

• F• ~. M- measured 
•vatues expressed • boron 



Table 15A. Cadmium- acute data. 

Species Stage! Age 

Larva 

Enayo 

Chemical 

Cadmium 
Chloride 

Cadmium 

• F • tlow-thfough, M • measured, R • renewal, U • unmeasured 
11Values expressed as cadmium 

Method• 

F,M 

R,U 

96-hrt' pH Hardness Reference 
LC50 (as mgll 
(JJgll) CaCo:J 

468.4 6.8 45 Nebeker et al. 1995 

850 7.2- Under et al. 1991 
7.5 
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Table 158. Cadmium- chronic data. 

Spedes Stage/Age Chemical Method• Duration Chronic ~mitsb Chronic valuec pH Hardness Reference 
(JJgJL) (JJgJL) (as mgJL 

CaC03 ) 

NOAEL LOAEL 

Ambystom• UIYB Cadmium F,M 10d 12.8 44.6 24 8.8 45 Nebekeret 
grtiCIIe chloride 24d 48.9 193.1 97 8.8 45 81. 1994 

Ambyatoma laNa Cadmium F,M 10d 193.1 227.3 210 6.8 45 Nebekeret 

f78CIIe chloride 24d 48.9 193.1 97 6.8 45 sl. 1995 

•F• ftaw..through, M • measured 
11 NOAEL• no observed adverse etrect level, LOAEL•Iowest obseiYed adverse effect level. Units based on lmb regeneration (Nebeker et 81. 1994) and 
growth (Nebeker et Ill. 1995). Values expressed as cadmium 

cGeometrfc mean of NOAELand LOAEL 



Table 15C. Cadrrium- other data. 

Spedes Stage/Age Chemical Method• Duration Effect Conc.11 pH Hardness Reference 
(J.Lgll) (as mg/L 

CaC03 ) 

Ambptoma laNa Cadmum S,U 48 hr LC50 470 
c 

2oec Sloofand 
mexlcanum nitrate Baerselman 1980, 

Sloof eta/.1983 

Ambystoma Embryo Cadmum S,M 8d LC50 150 7.2- 93-105 Birge eta/. 
opecum chloride 7.8 1978b* 

Bufo Embryo Cadmum S,U 24 hr 100% arrested 250 Herkovits and 
arenarum development Perez-Coll1993 

Bufo Tadpole Cadmum R,U 96 hr LC50200C 2,190 • • Ferrari et sl. 1993 
arenai1Mn (young) chloride LC5025°C 2,650 

I • 
Bulb Tadpole Cadmium R,U 96hr LC50200C 3,060 • • Ferrari et sl. 1993 

CD arenarum (prometa- chloride LC5025°C 6,770 • • 
N 

morphlc) 

Bufo Tadpole Cadrrium R,U 96hr LC50 2,080 • I 
Munlo et sl. 1990 ...,..... chloride 

Bufo Tadpole Cadmium S,U 96 hr LC50 8,180 7.4 185 Khangarot and 
melanostlclus sulfate Ray 

1987 

Gasfrophtyne Embryo Cadmum R,M 7d LC50 40 7.4 195 Btrge1978*, 
csrolinensis chloride Birge 

ete/.19798 ..,.,.,.. Tadpole Cadmium S,U 96hr LC50 1,580 8.9 142-145 Raoand 
omal8 (1 wk) chloride Madhyastha 1987 

Alctoh.rfa Tlldpole Cadmium s.u 98hr LCSO 1,810 8.9 142-145 Raoand 
omal8 (4wk) chloride Madhyastha 1987 



Table 15C. Cednium (continued) 

Species Stage/Age Chenical Method" Duration Effect Cone.'' pH Hardness Reference 
(l.tgll) (as mgll 

CaC03 ) 

Notophlrtalmut larva Cadnium R,M 25 d 30% mortaHty 2,000 Manson and ..... 
Wide seem acetate 17% mortaHty 2,500 O'Fiaherty 1978 

33% mortaHty 3,000 
40% mortally 3,500 
46% mortaHty 4,000 
60% mortalty 4,500 

51 d 35% mortalty 2,250 
45% mortalty 4,500 
80% mortalty 6,750 

55d Poor chondri- 3,000 
fication in 62% 
regenerated lmbs 

C» R- EmbrJ9 Cadmium S,U 24 hr 26.3 germ cells at 6.5 d 600 Hah 1978 w 
ntgramecuWa chloride 22.4 germ cells at 6.5 d 1,200 

16.3 germ eels at 6.5 d 2,400 
25.1 germ cells at 11 d 600 
23.4 germ cells at 11 d 1,200 
17.6 germ cells at 11 d 2,400 
36.5 germ cefts at 17d 600 
38.3 germ eels at 17d 1,200 
31.8 germ cefts at 17d 2,400 

R8INI Ollet· Tadpole Cedmum S,U 96hr LC50 3,700 7.0 Zelergren et 81. 
,.,.,. Md chloride 1991 
Rena,..,. 

100 
II II 

Birge et 81. 1975 R8INI ,.,. Embryo Cadmium F,U 96hr 32% mortalty 
II 

(cleavage chloride 67% mortaHty 500 
II 

stage) 18% mortaHty 1,000 
II II 

92% mortalty 2,500 
II II 

89% mortality 5,000 
II II 

10d 37% mortality 100 
II II 



Table 15C. Cadmium (continued) 

Species Stage/Age Chemical Method• Duration Effect Cone.• pH Hardness Reference 
(#Jgll) (as mgll. 

CaC03 ) 

Rane ,.,_,., Emtxyo Cadmium F,U 10d 70% mortality 500 " II 
Birge eta/. 1975 

(cleavage chloride 20% mortality 1,000 
II II 

stage) 15d 4 7% mortality 100 
II II 

70% mortality 500 
II .. 

59% mortality 1,000 II II 

R.,.plplem Emblyo . Cadm.alm F,U 96 hr 26% mortalty 100 
II II 

Birge eta/. 1975 
(neural tube chloride 4~0.4 mortality 500 

II II 

stage) 10d 30% mortally 100 
II II 

59% mortally 500 
II II 

30°.4 mortally 100 
II II 

63% mortally 500 II II 

R.,.,.,.. Emblyo Cadmium F,U 96hr 10% moftalty 500 
II II 

Birge et a/1975 
(tail bud chloride 10d 30% mortalty 500 II II 

stage) 15d 50% mortality 500 II II 

Rane plplent Emblyo Cadmium S,M 6-7d 0% mortality 77 7.9-8.2 102 Francis eta/. 1984 
chloride 

Rena plplena Tapole. Cadmium R,M 19% mottalty 10,000 
II II 

Birge and Just 1973 96hr 
chloride 95% mortalty 25,000 

II II 

10d 54% mortality 10,000 
II II 

95% mortalty 25,000 
II II 

Renaplplena Tadpole Cadmium s.u 42d Increased B~ cell 400-800 7.0 Zettergren et 81. 1991 
chloride frequency 

Xenoput Emblyo Cadmium s.u 96hr NOEC 100-200 7.2-7.5 Under et al. 1991 
/aevls LOEC 200-400 7.2-7.5 



Table 15C. Cadrrium (continued) 

Species Stage/Age Chemical Method' Duration Effect Cone.• pH Hardness Reference 
(Jlgll) (as mgJL 

CaC03 ) 

Xenopus Embryo Cadmium S,U 6d 9°A, mortality, 0 mgJl Mg 10 Miller and 
laeY#s 13% mortality. 0 mgll Mg 100 

, 
Landes-

98% mortality, 0 mgJL Mg 1,000 
, 

man 1978 
2% mortality .2 mgJL Mg 10 
7% mortality, 2 mgJL Mg 100 
70% mortality ,2 mgll Mg 1,000 
9% mortality, 20 mgJL Mg 10 
9% mortality. 20 mgJL Mg 100 
41% mortality, 20 mgll Mg 1,000 
7% mortality, 200 mgJL Mg 10 
5% mortality, 200 mgll Mg 100 
6°A. mortality ,200 mgll Mg 1,000 

OD Slight defornity, 200 mgll 1,000 
U't Mg 

Severe defornity. 0 mgJL · 1 
Mg 

Xenopus Tadpole Cadmium s.u 48 hr LC50 3,200 170 Canton and 
laevis chloride 100d LC50 1,500 Sloof 

100d EC50 (development) 650 198~ 

Xenopus Tadpole Cadmium S,U 48hr LC50 7,360 
c c 

de Zwart and 
laevls nitrate Sloof1987 

Xenopus Tadpole Cadmum S,U 48hr LCSO· 11,648 
c 

2C)9C Sloofand 
laevls nitrate Baerselman 

198<r', Sloof et 
Ill. 1983· 



Table 15C. Cadmium (continued) 

Species 

Xenopus 
lttev#s 

Stage/Age Chemical 

Tadpole Cadmium 
chloride 

Method• Duration Effect 

S, M 90 hr 80% mortality 
100% mortality 
0% mortality (96 hr pre­
treatment with 1 ,300 JAgll. 
Cd) 
30% mortality 
(96 hr pre-treatment with 
1 ,300 JAgll. Cd) 
35% mortality 
(96 hr pre-treatment with 
1 ,300 JAgJl. Cd) 

• F• tlow-through, M • measured, R • renewal, S • static, U = unmeasured 
'Values expressed as Cadmium 
c Dutch Standant Water 

Cone.' pH Hardness 
(J.lg/L) (as mg/L 

CaC03 ) 

25,600 7.0 2961 
40,960 7.0 2961 
25,600 7.0 2961 

40,980 7.0 

51.200 7.0 

41 Reference also cited In Table 8 (other data) of the water quality criteria document for cadmium EPA 44015-84-032 (USEPA 1985b) 
• Reference IIIIo dtad In Table 6 (other data) of the water quality criteria document for cadmium EPA 44015-80-025 (USEPA 1980d) 
, 10% Holhle(s Solution 
• Artitcal pond water 
11 Modiled Holfreter's Solution 
'Reported • 102-105 meq caco, 
I Reported as 296 ,..giL 

Reference 

WoodaU et sl. 
1988 



Table 18. Carbaryl - other data. 

Species stage/Age Chenical Method• Duration Effect Cone. Reference 
~giL) 

Bulo,. Tadpole Carbaryl 48 hr LCSO 7,200 Hashimoto and 
}Bponicus (formJiated) Nishiuchi 1981 

R81NJ Tadpole Carbaryl R,U 96 hr LCSO 55,340 Khangarot et 81. 
hexadactyle (Kelex) 1985c 

R8ne Tadpole Carbaryl 24hr 100% mortalty 500,000- Rzehak et el. 
lempot8rie (Karbatox 75) - 197JI' 

Deformity and Increased 1,000,000 
mortalty 100,000 

10d Defomity and Increased 
mortalty 10,000 

R.,..,.,. Tadpole Carbaryl S,U 96hr LCSO 8,200 Marten et el. 
(0.02g) 1983 

CD ...... Rane..,... Tadpole Carbaryl s.u 96hr LCSO 11,700 Marian et Ill. 
(1.2g) 1983 

Xerropus Tadpole Carbaryl 8d Defomity 1,000 Rzehak et el. 
lacw#s (Karbatox 75) 20% mortalty lrst week 1,000 197JI' 

80% mortality second week 1,000 

•R • renewal, S • stallc, U • unmeasured 
'Reference not seen, cited In Power et 81. 1989 



Tabkt 17. Carbofuran- other data. 

Species Stage/Age Chenical Method• Duration Eftect Cone. Reference 
(Fgll) 

Aerts Adul Carbofuran Rice field 15 min Abnormal behavior or 560 glha FNcklnger et al. 1980 
crepltans (Furadan 3G) water, M paralysis 

Mlctohyla Embryo Carbofuran R,U 96 hr LC50 44,230 Pawar and Katdare 1984 
omata 5.1% defornity 1,000 

54.4% deformity 10,000 
96.6% deformity 30,000 
100% defornity 70,000 

Alc:rvltyla Tadpole Carbofuran R,U 96 hr LC50 13,470 PIIWir and Katdare 1984 
omata 

R.,. Tadpole Carbofuran R,U 96 hr LC50 11,270 Khangarot et 111.1985c 
IMt•edlt:l)fll (Furedan) 

•M • rnaestl'8d, R • reaewal, U • unmeasured 



Table 18. Carbon tetrachlortde- other data. 

Species Stage/Age Method• Duration Effect Cone. Reference 
(JJgll) 

Ambystoms gracile Embryo F,M 9d LCSO 1,980 Black et sl. 1982 
Sd 3% deformity 10,600 
Sd 10% deformity 24,200 
Sd 21% deformity 41,800 

8fiA) fow:lerl Embryo F,M 7d LCSO 2,830 Birge et el. 1980, Black et el. 
3d O%defomity 690 1982 
3d 3% deformity 4,980 
3d 11% deformity 92,500 

R.,. cef8a,...,. Emblyo F,M 8d LCSO 900 Birge et el. 1980 
4d 1 •.4 defomity 60 
4d 8% deformity 1,180 
4d 17% deformity 7,810 

CD 
\0 R.,.,.,.,.,. Embryo F,M 8d LCSO 2,370 Birge et el. 1980, Black et sl. 

4d 0% defomity 4,980 1982 
4d 100% deformity 92,500 

Rana ,.,. Embryo F,M 9d LCSO 1,640 Black et el. 1980 
Sd 2%defomity 76 
Sd 6% deformity 670 
Sd 11% deformity 1,070 
Sd 18% deformity 24,000 
Sd 44% defomity 41,200 

R.,. frJmporat#e Embryo F,M 9d LCSO 1,180 Black et el. 1980 
Sd 3% defomity 670 
Sd 12% deformity 10,700 
Sd 17% deformity 24,000 
Sd 67% deformity 41,200 



Table 18. Carbon tetrachloride (continued) 

Species Stage/Age Method" 

Xenopus laevls Embfyo F,M 

• F• tow-through, M •measured 

Duration 

6d 
2d 
2d 
2d 

Effect 

LCSO 
1% deformity 
4% deformity 
10% deformity 

Cone. Reference 
{J.tgll) 

24,420 Black et at. 1980 
600 

10,500 
27,200 



Table 19. Chlordane- other data. 

Species Stage/Age Chenical Method• Duration Effect Cone Reference 
(#.tgll) 

8ufo Emblyo Chlordane S,U <42d 0°At mortally 1,000 Juarez and Guzman 1984 
IJti!H'WUn 20d 100% mortality 5,000 

14d 1 00°,{, mortality 15,000 

R.,. Tadpole Chlordane U, 96hr 30% mortality 0.56kglha11 Mula1983 caM,.,.. (formulation) lsolatQd 
In pond 

R.,. .,.,_ Adult Chloldane s.u 30d 40% mortality 500 Kaplan and OVerpeck 1964 

• S • stale, U • unmeasured 
11 Active Ingredient 

'I) -



Table 20. Chloride - other data. 

Species Stage/Age Chemical Method• Duration Effect Conc.11 Reference 
~giL) 

Nllcrohyla Embryo Potassium chloride s.u 96 hr LC50 673,000 Padhye and Ghate 1992 
omata 

Hcrohyla Tadpole Potassium chloride S,U 96 hr LCSO 758,000 Padhye and Ghate 1992 
omata (8d) 

Mlcrohyla Tadpole Potassium chloride S,U 96 hr LCSO 1,208,000 Padhye and Ghate 1992 
omata (hindlmb) 

Nllcrohyla . Embryo Sodium chloride S,U 96 hr LCSO 1,«W6,000 Padhye and Ghate 1992 
omata 

Mlcrohyla Tadpole Sodium chloride s.u 96 hr LCSO 3,051,000 Padhye and Ghate 1992 
omata (8d) 

\0 NlcfvhJia Tadpole Soclum chlortde S,U 96hr LCSO 4,208,000 Padhye and Ghate 1992 N 
omata (hlndlmb) 

RM8 Embryo Calcium chloride S,U 88hr 0% mortalty 11,88~ curmms 1988 """,...,. 
Xenopus Adult Sodum chloride S,M 114 cr' LCSO 8,869,000- ROI1'Bpel't 1978 .... 9,926,000 

•M • measured, S • stale, U •unmeasured 
11Value expNssed as chloride 
c Includes 7,080 ,ggL tom calcium chloride In adc:ltion to 4,350 ,.,.giL from sodium chloride and 452 ,.,.giL used In 8111tdal soft dllulon water 
• Concenlrlllons increased In 50 mM (1,772,000 ~g)) increments of chloride from 50 to 250 rl'Hil.. (1,772,000 to 8,869,000 ,.,.giL) in 90 days 

and then In 10 mM (354,000 pg) increments to 300 rrfM. (10,634,000 ~giL) over 24 days 
...... 



Table 21. Chloltnated benzenes - other data. 

Species Stage/Age Chemical Method• Duration Effect Cone. Reference 
(J.cgJL) 

Ambyatoms Embryo Chlorobenzene F,M 9d LC50 1,150 Black et al. 1982 
gracile 7% defomity at hatch 630 

27% defomity at hatch 18,400 

R.,. Embryo Chlorobenzene F,M 9d LC50 1,200 Black et el. 1982 ,.,. 4% defomity at hatch 630 
38% defomity at hatch 14,600 

R.,. Embryo 1, 2- Olchloro- F,M 9d LC50 5,580 Black et al. 1982 
plplens benzene 2% defomity at hatch 120 

6% defomity at hatch 150 
5% deformity at hatch 1,640 
6% deformity at hatch 7,430 
10% deformity at hatch 12,300 .., 

w 
• F• low-through, M • measured 



Table 22A. Chlorinated ethanes- acute data. 

Species Stage/Age Chemical 

R8118 cstesbelana Tadpole Hexachloroethane F. M 

• F• tow-through, M-measured 

96-hr Reference 
LC50 
(}.tgll) 

2,440 Thurston et al. 1985 
3,180 



Table 228. Chlorinated ethanes- other data. 

Species Stage/Age Chenical Method• Duration Effect Cone. Reference 
(#lgll) 

Ambysfoma Embryo 1,2- F,M 9d LC50 2,540 Black et al. 1982 
gracile Olchloro- 5% defol1'1'ity at hatch 2,580 

ethane 16% defomity at hatch 21,400 

R.,. Embryo 1,2- F,M 9d LC50 4,400 Black et el. 1982 
plplem Olchloro- 3•A. defomity at hatch 1,070 

ethane 6°AI defol1'1'ity at hatch 2,690 
25% defol1'1'ity at hatch 21,900 

• F• flow through, M • nwasured 



Table 23. Chlorinated phenols - acute data. 

Spades Stage/Age 

Xenopus I-* Tadpole 

• F• tkJw..through, M • measured 

Chemical 

2,4,6-
Trichlorophenol 

F,M 

96-hr Reference 
LCSO 
(l.lgll) 

1,200 Holcombe et 81. 1987 



Table 24. Chloroform - other data. 

Species Stage/Age Ptt.ethod• Duration Effect Cone. Reference 
(#.tgJL) 

Ambystoma gracile Emblyo F,M 9d LC50 21,500 Black et 81. 1982 
3% deformity at hatch 5,880 -.. 

9% deformity at hatch 9,120 
14% defomity at hatch 63,300 

Bufo fowletl Emblyo F,M 7d LC50 35,140 Birge et al. 1980, Black et 81. 
3% deformity at hatch 6,040 1982 
5% deformity at hatch 40,000 

Hyla crucifer Emblyo F,M 7d tC50 270 Birge et al. 1980 
2% deformity at hatch 8.7 
4% deformity at hatch 73 
10% deformity at hatch 690 
0% defomity at hatch 7,340 

~ Rana palustfa Emblyo F,M 8d LC50 20,550 Birge et 81. 1980, Bleck et 81 . ...... 
3°/o deformity at hatch 10,100 1982 
5% deformity at hatch 32,100 

Rana plplena Emblyo F,M 9d LC50 4,160 Birge et al. 1980, Black et al. 
1% deformity at hatch 21 1982 
2% deformity at hatch 160 
2% deformity at hatch 660 
12% deformity at hatch 11,800 
100% deformity at hatch 26,900 

Rana tempOntria Emblyo F,M 9d LC50 16,950 Black et al. 1982 
3% deformity at hatch 6,050 
9% deformity at hatch 9,900 
21% deformity at hatch 64,100 



Table 24. Chlorofonn (continued) 

Species Stage/Age Method• Duration 

Xenopus leevls Embfyo F, M 6 d 

• F • ftow-through, M • measured 

Effect 

LC50 
3°.4 defomity at hatch 
2% deformity at hatch 
3% deformity at hatch 
15°.4 defomity at hatch 

Cone. Reference 
(pgll) 

68,000 Black et al. 1982 
1,020 
6,150 
8,400 

67,800 



Table 25A. Chlorophenoxy herbicides - acute data. 

Spades Stage/Age Chemical Method• 

8ufo MXXItoud fowler# Tadpole 2, 4 - D S, U 
butoxyethanol 
ester 

l'leudllalt .,_,.,. Tadpole Weeder 64 s. U 
(amine salt of 
2, 4 -D) 

Paeudet:tfa,.,. Tadpole Silvex s. U 
(butyl ether ester) 

• S • sbllc, U • ..,.,.asured 

96-hr Reference 
LCSO 
~giL) 

>10,000 Mayer and Elersleck 1986 

100,000 Sanders 1970 

28,000 Sanders 1970 



Table 258. Chlorophenoxy herbicides - other data. 

Species Stage/Age Chemical Method• Duration Effect Cone. Reference 
(Jq'l) 

Adelolus bnwfs Tadpole 2,4 -Oamine S,U 96hr LCSO 200,000 Johnson 1976 

Adelolus brevis Tadpole 2, 4 , 5 -T amine s.u 96 hr LCSO 200,000 Johnson 1976 

8ufo mlll'fnus Tadpole 2,4-Damine S,U 96 hr LCSO 288,000 Johnson 1978 

Sufomamus Tadpole 2, 4 , 5 -T amine S,U 96 hr LC50 340,000 Johnson 1978 

Bufo T.tpole 2,4-D S,U 96 hr LC50 8,050 Vania et al. 19M 
melanosfldua 

Sufo~l Tadpole Stlvex 2 -(2, 4, 5 -1) S,U 48 hr LC50 20,000 Sanders 1970 
fowlef1 

Bufo WOOtltousl Tadpole Stlvex (propylene s.u 24 hr LC50 19,000 Mayer and Ellersleck 1986 
fowlerl glycol butyl ether .... ester) 0 

0 

~· Tadpole 2,4- D anine s.u 96 hr LC50 287,000 Johnson 1978 
peronl 

~· Tadpole 2, 4, 5 - T anine s.u 96hr LC50 189,000 Johnson 1978 
peronl 

Rana lempotWfa Tadpole 2,4-D s.u 48hr 0% mortalty 50,000 Cooke 19n 

Trltrlw aillalua Adul MCPA S,U 17 hr LC50 3,200,000 Zaft'aronf et a/. 1986 
camlfex (male) 35 hr LC50 1,600,000 

Trllurus crfllalua Adult MCPA S,U 21 hr LC50 3,200,000 Zaft'aronl et el. 1986 
CM~Mtx (female) 45hr LC50 1,800,000 

Trilfll.la aillalus Adul MCPA s.u 1 yr No signflcant 400,000 Zavanela eta/. 1988 
camllex tumor 

incidence 

• S • stale, U • unmeasured 
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Table 28. Chlorprrtros - other data 

Species Stage/Age Method• 

HyltJ "'ffllla Tadpole s,u 

Murus wlglrfa Adult S,M 

• S • Stale, M • measured, U • unmeasured 

Duration 

24 hr 

24hr 

96 hr 

Effect Cone. Reference 
(J.tgll..) 

Onset of thermal stress at 25 Johnson 1980 
35.3 °C 

Onset of thermal ~tress at 50 
34.1°C 

EC10 (locomotional behavior) >96 van Wljngaanten et 81. 1993 



Table 27. Chrorrium- other data. 

Spades Stage/Age Chenical Method• Duration Effect Conc.b pH Hardness Reference 
(J.tgll) (as mgll 

CaC03 ) 

Ambptoma Embryo Chronium S,M 8d LC50 2,130 7.2-7.8 93-105 Birge et al. 19781T 
opecum trioxide 

Bulb Tadpole Potassium S,U 96 hr LC50 49,290 7.4 185 Khangarot and Ray 
melltttoallctus dichromate 1987 

Gaaltoptqne Embryo Chronium R,M 7d LC50 30 7.4 195 Birge 197SC, Birge 
CIJIOIInensis trioxide etal. 1979a 

R.,. Tadpole Potassium R,U 96 hr LC50 100,000 8.1 20 Khangarot ef al. 
hexaclectyle chromate 1985b 

Potassium R,U 96 hr LC50 42,950 8.1 20 
dichromate 

.... 
0 R.,. llgrtNt Tadpole Potassium s.u 72hr 100% mortality 2,000 8.1 4 Abbasi and Soni N 

dichromate 60-100% defornity 2,000 8.1 4 1984 

Xenopus lecwls Tadpole Potassium S,U 100d NOL(E)C 1,000 Sloof and Canton 
clchromate (mortality) 1983 

NOL(E)C 3,200 
(development ) 
NOL(E)C (growth 3,200 

•M • .........-ec:l, R • renewal, S • stale, U • unmeasured 
-Values expressed as chromium 
c Reference also cited in Table 8 (olher data) of the water qualty criteria document for chronium EPA 44015-84-029 (USEPA 1985c) 



.... 
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Table 28A. Copper- acute data. 

Species 

Ambyslome 
}etferaonlanum 

Stage/Age 

Embryo 

Embryo 

Chenical 

Copper 
chloride 

Copper 

• M • measured, R • renewal, S • stale, U = unmeasured 
11 Values expressed as copper 

S,M 

R,U 

96-hrt' 
LC50 

(J.tgll) 

315 

110 

pH Hardness Reference 
(as mg/l 
CaCOJ 

4.5 Home and Dunson 
1994 

7.5 - Under et sl. 1991 



Table 28B. Copper· other data. 

Species Stage/Age Chemical Method• Duration Effect Cone!' pH Hardness Reference 
(J.tgJL) (as rngiL 

CaC03 ) 

Ambystoma Embryo Copper S,M 8d LC50 770 7.2-7.8 93-105 Birge et al. 1978bc, 
opacum sulfate Birge and Black 

197gc 

Bulo Tadpole Copper F,M 20 rrin. avoidance 100 7.8 112 Black and Birge 1980 
arnerlcanUa sulfate 

Buloborua Tadpole Copper s.u 12hr 100% mortally 3,700 5-8 Porter and Hakanson 
sulate 61 d 100% metamorphosis 20 5-8 1976 

Bulo ..... Embryo Copper S,M 7d LC50 26,980 7.2-7.8 100 Birge and Black 197QC 
sulate 

Bulo Tadpole Copper s.u 96 hr LC50 320 7.4 185 Khangarot and Ray ... melanoslldul 
0 

sulfate '1987 
~ 

Ga.~ Embryo Copper R,M 7d LC50 40 7.4 195 Birge 19781
, Birge 

carolit'lem#t sulate and Black 197gc, 
Birge et al. 19798 

Hyla Embryo Copper S,M 7d LCSO 40 72-7.8 100 Birge and Black 197r 
c#qlocell sulate 

Ataohrfe Tadpole Copper s.u 96hr LC50 5,040 8.9 142-145 Rao and Madhyastha 
omata (1 wk) sulate 1987 

Mfcrohyla Tadpole Copper s.u 96hr LC50 5,380 8.9 142-145 Rao and Madhyastha 
ometa (4wk) sulate 1987 

R8INI Tadpole Copper S,U 98hr LCSO 39 8.1 20 Khangarot et al. 
hexadadyftl sulfate 1985a,1985b 



Table 288. Copper (continued) 

Species Stage/Age Chenical Method• Duration Effect Conc.b pH Hardness Reference 
(#~giL) (as rngiL 

CaC03 ) 

RMa plpleM Embryo Copper S,M 8d LCSO 50 7.2-7.8 100 Birge and Black 
sulfate 197SC 

Rane plplena Tadpole Copper S,M 72 hr LC50 150 7.7 Lande and 
sulfate 96 hr 1 00% mortality 60 7.7 Guttman 1973 

RMa,.,.. Adul Copper S,U 72 hr LC50 6,368 4.9-5.8 Kaplan and Yoh 
sulfate 1961 

Xenopua Embryo Copper S,U 96hr NOEC 50 7.5 Under et sl. 1991 ,_.,, LOEC 100 7.5 

XfJIMJf'fM Tadpole Copper s,u 48 hr LCSO 6n d d 
de Zwart and - ,_,, sulfate Sloof1987 

0 
U1 

• F • ftow-through, M • measured, S • static, R • renewal, U • unmeasured 
'Values expr88118d as copper 
c Reference also cited In Table 8 (other data) of the water quality criteria document for copper EPA 44015-84-031 (USEPA 1985d) 
• Dutch Standard Water 
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Table 29. Cyankte- o\e.er data. 

Species Stage/Age Chemical 

R,.,. temporwfa Tadpole Sodium 
cyanide 

• u • unmeetMI'8d 
'Values ex.,.......ct • cyankte 
c Citation for methodology given In reference 

Method• Duration 

25-30 min 

60 min. 

4-5 min. 

35-40 min. 

4-5 min 

1-2 min 

6-7 min 

1-2 min 

Effect Conc.b pH Hardness Reference 
(pgll.) (as mgll. 

CaCoJ 

time to avoidance 260 Costa 1965 
at 12-14°C 
no avoidance 1,300 
at 0-2°C 
time to avoidance 130,000 
at 0-:ZOC 
time to avoidance 260 
at 26-28°C 
time to avoidance 2,600 3.2 
at 13-14°C 
time to avoidance 2,600 5.1 
at 13-14°C 
lime to avoidance 2,600 8.8 
at 13-14°C 
time to avoidance 2,600 10.2 
at 13-14°C 



Table 30A. DDT -IICUte data. 

Spades Stage/Age Chemical Method• 96-hr Reference 
LCSO 
(Jlgll) 

Bulb wooclroual.,.,., Tadpole DDT s.u 750 Sanders 197f1', Mayer and Elersieck 1986 
(1 wk) 

Bulb wooclroual.,.,., Tadpole DDT s.u 1,000 Sanders 197f1', Mayer and Elersleck 1986 
(4-Swk) 

Bulo wooclroual.,.,., Tadpole DDT S,U 100 Sanders 197f1', Mayer and Ellersieck 1986 
(6wk) 

Bulo MJOtltoud fowler# Tadpole DDT s.u 30 Sanders 1970', Mayer and Ellersleck 1986 
(7wk) 

Bulo WOOtlttJusl fowler# Tadpole TOE S,U 140 Sanders 197f1', Mayer and Ellersleck 1986 

Plflfldttt:m ,.., - Tadpole DDT s.u 800 Sanders 1970' 
0 

PNUdltctla ,.., Tadpole ...... TOE s.u 400 Sanders 1970' 

• s • stale, U • unme88UI'8d 
~» Reference also cited In Table 8 (other data) of the water qualty criteria document for DDT EPA 44015-80-038 (USEPA 1980m) 



Table 308. DOT- olhar data 

Species Stage/Age Chemical Method• Duration Effect Cone.• Reference 
~giL) 

8ulo Embryo DDT S,U 42d 0% mortalty 1,000 Juarez and Guzman 1984 
IJI'eniJfiMfJ 16d 100% mortally 5,000 

12d 100% mortality 15,000 

8ulo Embryo DOT S,U 31 d beta-glucronktase activity 1,000 Juarez and Guzman 1988 
arenarum significantly higher than in 

controls 

SuA» bulb Tadpole DDT 72hr LC50 300-500 ~aul1976 

SuAJbulb Tlldpole DDT S,U 48hr 0% mortally, 15% mortally 500 Cooke 1972 
(&-10mn) 2 d post-exposure 

Bufbbulb Tadpole DDT s.u 48hr 0% mortally. 5% mortally 5 Cooke19n 
(12-14mm) 5 d post-exposure - 0% mortally, 90% mortally 500 

0 5 d post-exposure 00 

Bufbbulb Tadpole DDT S,U 48 hr 0% mortally, 5% mortally 20 Cooke19n 
(18-20rnm) 5 d post-exposure 

100% mortally 500 

Bulobulb Tadpole DOT s.u 48 hr 20 % mortality, 100% 500 Cooke19n 
(19-23mm) mortality 5-d post-exposure 

8ulobulo Tadpole DDT 48 hr LC50 31,000 Hashimoto and Ntshiuchl 
Jeponlcus (fomulation) 1981 

Bulo Tadpole DOT S,U 24 hr LC50 5,400 Mayer and ElenNeck 1988 
MXXItouaf 
fowlerl 

R.,. Tadpole DDT u. 96hr 0% mortality 0.112kglha" Mula 1983 
catesbelene (fomulation) Isolated 48 hr 80% mortally 0.560 kg.nJa" 

in pond 



Table 308. DDT (conllnued) 

Species Stage/Age Chemcal Method• Duration Effect Cone.• Reference 
(#,4gll) 

RMa Tadpole DDT S,R 7d 30% mortalty 5 Wels 1975 
catesbelene 30% mortalty, significantly 25 

less regeneration than 
controls 

RMa Tadpole DDT S,R 8d Slgnilcantly less regeneration 5 Weis 1975 
plplens than controls 

12 d 30% mortally 5 
5d Slgnitlcantty less regeneration 25 

than controls 
8d 60% mortalty 25 

RM8 Embtyo DDT S,M 24 hr 0.16 mgJkg residue in jeled 25 Ucht 1985 
sylvallca embtyos (stage 13-18) 

0.82-1.57 mglkg residue In jelly- 25 
..... free embryos (stage 20) 
0 
\D 

R.,. Tadpole DDT s,u 96hr 18.51 mgJkg residue In lver at 1 Ucht 1978 
sylvallca 150C, 2.96 mglkg at 21°C 

7d 9.43 mglkg residue in lver at 1 
150C, 2.67 mglkg at 210C 

96hr 16.73 mglkg residue in lver at 3 
15°C, 6.20 mglkg at 21°C 

7d 9.71 mglkg residue in lver at 3 
150C, 5.27 mglkg at 21°C 

7d 9.7-37.4 mgJkg residue in fat at 1 
150C 

10d 18.6-23.7 mglkg residue In fat at 1 
150C 

7d 26.7-81.7 mglkg residue In fat at 3 
150C 



Table 309. DOT (continued) 

Species Stage/Age Chemical Method• Duration Effect Conc.11 Reference 
(J.lgll) 

Rana Tadpole DDT s.u 48 hr 80 % mortality. 90% mortally 500 Cooke1972 
temporarfa (12-14 1d post-exposure 

mm) 

Rana Tadpole DDT s.u 48 hr 80 % mortality 50 Cooke1972 
temporarie (15-20 100% mortality 500 

mm) 

Rane Tadpole DDT S,U 48 hr 0% mortalty, 29% mortalty 20 Cooke19n 
tempoi'Brla (24-34 5 d post-exposure 

mm) 100% mortalty 500 

Rane Tadpole DDT s.u 48 hr 94% mortalty 500 Cooke1972 
temporatfe (37-40 

.... ·mm) .... 
0 RM8 Tadpole DDT S,M 1 hr 3,470 mglkg whole body 1,000 Cooke1970 

temptii'Wia residue, 19% abnormal snouts 
48 hr post-exposure 

1 hr 12,800 mglkg whole body 10,000 
residue, .37% abnormal snouts 
48 hr post-exposure 

RM8 Tadpole DDT S,M 48 hr 2.5 mglkg whole body residue, 100 Cooke1979 
temponllf8 (300mg) 0% abnormal snouts 

Rana Tadpole DDT S,M 48 hr 7.5 mglkg whole body residue, 
tempontt#a (700mg) 29% abnormal snouts 100 Cooke1979 

..... 



Table 308. DOT (continued) 

Spedes Stage/Age Chemical Method• Duration Effect Cone.• Reference 
~giL) 

Rsna Tadpole DDT S,M 28d 0.82 mglkg whole body 0.1 Cooke1973 · 
temporade residue on day 33, 0.57 

mglkg on day 39 
S,M 28d 2 mglkg whole body residue 1 

on day 15, 4.3 mglkg on day 
33, 3.3 mglkg on day 39 

Rene Tadpole DOT s.u 48 hr 29% with abnormal snouts at 100 Osborn etsl. 1981 
temporade 96 hr 

Rsnalfgrlna Adul DDT s.u 96 hr Decreased vitamin A stores In 1,000,000 Keshavan and Deshmukh 
liver 1984 

nflna larva DOT s.u 48 hr 33% mortally 500 Cooke1972 

.... ~ .... .... 
• M • ........t, R • renewal, S • static, U • unmeasured 
.. Pdve Ingredient 



.... .... 
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Table 31. Dlazlnon - other data. 

Stage/Age Chenical 

T8dpole Dlazlnon 
(formulation) 

Method 

48hr LCSO 

Cone. Reference 
(Fgll) 

14,000 Hashimoto and Nishluchi 1981 



.... .... 
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. Table 32. Olchloropropanes and Dlchloropropenes- other data. 

Species Stage/Age Chenical Method• 

Xenopus Tadpole 1, 3 - Dlchloro- S,U 
taNs propane 

• s • stale, u • unmeasured 

Duration Effect Cone. Reference 
(#gl\.) 

48 hr LCSO 63,000 de Zwart and Sloof 1987 



.... .... .. 

Table 33. DlchloNos - other data 

Species stage/Age Method• 

Unidentiled Tadpole S,U 

• S • static, U • unmeasured 

Duration Effect 

48 hr LCSO 
100% mortality 

Cone. Reference 
{J.I!JIL) 

10,000 Sreenivasen and Swaninathan 1967 
18,000 



--U'l 

Table 34.01-2- ethyltexyl phthalate (DEHP)- other data. 

Species Stage/Age Method• 

Errtbfyo S, M 

• M • measured, S • sbltlc 
bfresh weight In sediments 

Duration 

30d 

Effect 

Approximate 50% hatch 

Cone. 
(pgll) 

150 #Jglgb 

Reference 

Larsson and Thuren 1987 



Table 35. Endosulan - other data. 

Species Stage/Age Chenical Method• Duration Effect Cone. Reference 
~giL) 

Bulobulo Tadpole Endosulfan 48 hr LCSO 9,000 Hashimoto and Nlshiuchi 1981 
Japonicus (formulation) 

Bulo Tadpole Endosulfan s.u 96 hr LCSO 123 Vardia et al. 1984 
mei8110S1kfut 

Rana ,.,., Tadpole Endosulfan U,lsolated 96 hr 10% mortality 0.112 kglha11 Mull& 1963c 
(Thlodan D) in pond 0.560 kglha11 

24 hr 100% mortality 

Rana plplent Tadpole Endosulan U, Isolated 24 hr 60% mortality 0.112 kglha11 Mula 1963c: 
(Thiodan I) in pond 100% mortality 0.560 kglha11 

Rana tlgrlne Tadpole Endosulan s.u 96 hr LCSO 1.8 Gopal et al. 1981 
' 

.... • S • static, U • unnwesured .... 11 Active ingredient 0\ 

c: Reference also dted In Table 8 (other data) of the water quality criteria document for endosulfan EPA 44015-80-048 (USEPA 1980p) 



Table 36A. Endrtn - acute data. 

Species Stage/Age Method• 

Bulb flfOOdrouall fowlerl Tadpole s.u 

Pseudactla ,., Tadpole . s.u 

F,M 

• F • ftow..tttrough, M • measured, S • static, U • unmeasured 

--...... 

96-hr 
LCSO 

(J.tgll) 

120 

180 

2.5 

Reference 

Sanders 1970, Mayer and Ellersieck 
1986 

Sanders 1970, Mayer and Elersieck 
1986 

Thurston et el. 1985 



Table 368. Endrin - other data. 

Species Stage/Age Chemical Method• Duration Effect Cone. Reference 
(pgll) 

Acrls crepltans Tadpole Endrin F,M 24 hr ECSO-behavior 23 HaU and Swineford 1981 
96 hr LCSO at8 d 10 

Ambysloma larva Endrin F,M 24 hr EC50-behavior 48 Hal and Swineford 1981 
maculatum 96hr LCSQ at 8 d 56 

Ambystoma Larva . Endrin F,M 24 hr EC50-behavior 18 Hal and Swineford 1981 
opecgn 96 hr LCSO at 8 d 18 

a. Tadpole Endrin F,M 24 hr ECSO-behavior 8 Hal and Swineford 1981 
amertcanua 96hr LC50at8d 10 

Sufbbulb Tadpole Endrtn 48 hr LCSO 12,000 Hashimoto and Nlshluchl 
Japonlcus (fonmlatlon) 1981 

R81'NJ T~pole Endrin F,M 24hr ECSO-behavior >40 Hal and Swineford 1981 - cates,._,. 96hr LC50 at 8 d 2 -ClO 

R81'NJ Tadpole Endrin u. 96hr 90% mortalty 0.112kglha" Mula 1963 . 
cates,._,. (fonmlatlon) isolated 

In pond 

R.,. Tadpole Endrin S,U 96hr LC50 021 Khangarot et 81. 1985c 
hex8dectyla (formulation) 

R.,.plplent Adul Endrin S,U 30d 30% mortalty 30 Kaplan and Overpeck 
1964 

R.,. Embryo Endrtn F,M 96hr LC50at8d 25 Hal and Swineford 1980 
sphenocephela 

R.,. Tadpole Endrin F,M 24hr EC50-behavlor 13 Hal and Swineford 1981 
sphenocephala 96hr LCSO at 8 d 9 



Table 368. Endttn (continued) 

Species Stage/Age Chenical Method• Duration Effect Cone. Reference 
(/Jgll.) 

Rana Tadpole Endrin F,M 96 hr LC50at8d 8 Hal and SWineford 1980 

·~ 
Rana SuiHdult Endrin F,M 96 hr LC50at8d 5 Haft and Swineford 1980 
sphenocephllla 71.4 concentration factor at death 10 

34.4 concentration factor at death 12 
51.8 concentration factor at death 18 
59.4 concentration factor at death 22 
94.3 concentration factor at death 30 

Rana aylwJifctt Tadpole Endrin F,M 24 hr ECSO - behavior <18 Hal and Swineford 1981 
96 hr LC50at8d 34 

R.,.lrlm,.,. Tadpole Endrin S,U 72hr LC50 425.3b Wohlgemuth 19n 
(2d) (formulation) -- R.,.lrlmporatla Tadpole Endrin S,U 72hr LCSO 50.5b Wohlgemuth 19n \0 

(8 d) (fomulatton) 

R.,.lrlm,.,. Tadpole Endrin S,U 72hr LCSO 287.5' Wohlgemuth 19n 
(18d) (formulation) 

R.,.lrlm,.,. TadPole Endrln S,U 72hr LC50 24.3' Wohlgemuth 19n 
(45d) (formulation) 

R.,.frlmpotW#e Tadpole Endrln S,U 72 hr LC50 17.2' Wohlgemuth 1977 
(86d) (fomulation) 

Rana temporatla Tadpole Endrln s.u 72 hr LC50 14.7" Wohlgemuth 19n 
(107 d) (formulation) 

• F • flow-through, M • measured, S • static, U • unmeasured 
11 Active Ingredient 



Table 37A. Guthlon -acute data. 

Species Stage/Age Chemical Method• 96-hr Reference 
LCSO 
(J.lgll) 

8ufb woodJousll fowlerl Tadpole Guthion S,U 130 Sanders 1970 

8ufb MXXI'Ioud fowlerl Tadpole Guthion S,U 109 Mayer and Ellersleck 1988 

PNUdltctla,..,. Tadpole Guthion R,M 4,140 Schuytena et IJI. 1995 

Pseudeafs reg/1111 Tadpole Guthlon2S R,M 840b Schuytena et IJI. 1995 
460b 

Pseudactls Mlelfale Tadpole Guthion S,U 3,200 Mayer and Elersleck 1988 

Xenopuslaetlla Embryo Guthion R,M 1,660cd Schuyte~Ta et IJI. 1994 
2,010 c:d 

>890 c. - 4,9soc. 
N 4,910 c. 0 

7,630 c. 
6,100d 
6,280d 
>890• 

>7,620. 
11,810• 
10,630• 

x.,.., .... Embryo Guthion 2S R,M >1,300 lie Schuyterra et al. 1994 
1.soo• 

Xenopus ,_, Tadpole Guthion R,M 2,940 Schuytena et Ill. 1995 



.... 
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Table 37A. Guthion (continued) 

Spedes Stage/Agtt Chenical 

Tadpole Guthion2S 

•M • measured, R • renewai;S • static, U • unmeasured 
'Active Ingredient 
c ECSO- deformity (median etrectve concentration) 
-In 10 ml test volume 
•tn 100 ml test volurre 

R,M 

96-hr Reference 
LCSO 

(Jlgll) 

59()1' Schuytema et al. 1995 
420b 



Table 378. Gulhlon - other data. 

Species Stage/Age Chanica I Method• Duration Effect Cone. Reference 
(l.agll.) 

Bulb boteiJa Tadpole Guthion U, isolated in 24 hr 0% mortality 0.45 kglha .. Mula et al. 1963 
(formulation) pond 

Psefltlacm reg/18 Tadpole Guthlon R,M 8d LC50 2,no Schuytema et al. 1995 
NOAEL (mortally) 1,780 
LOAEL (mortally) 9,670 

Pseuclacrla .regllla Tadpole Guthlon2S R,M 96hr NOAEL (mortally) 36Qit Schuytema et al. 1995 
NOAEL (mortality) 37Qit 
LOAEL (mortality) 70Qit 
LOAEL (mortality) 79Qit 

8d LCSO 76Qit 
NOAEL (mortally) 37Qit 
LOAEL (mortally) 7W -N 

Scaphlopua Tadpole Guthion U, isolated in 24 hr 0% mortally 0.45 kglha .. Mula et al. 1963 N 

hammontl (formulation) pond 

Xenopus,_. Embryo Guthion R,M 96hr NOAEL (lengthr eeo Schuytema et 81. 1994 
LOAEL (length)c 2,200 
NOAEL (deformlty)c 510 
LOAEL (deformity)c 1,310 
NOAEL (mortality)c 3,140 
LOAEL (mortality)c 7,160 
NOAEL (length)' . 1,130 
LOAEL (length)' 3,110 
NOAEL (deformity)' 3,110 
LOAEL (deformity)' 7,310 
NOAEL (mortally)' 7,160 
LOAEL (mortality)' 14,060 



Table 378. Gulhlon (continued) 

Species Stage/Age Chemical Method• Duration Effect Cone. Reference 
~giL) 

Xenopus ,_,. Embryo Guthion2S R.M 96 hr NOAEL (length) 48Qit Schuytema et 81. 1994 
LOAEL (length) 1.3~ 
NOAEL (mortality) 1,300" 
LOAEL (mortality) 3,800" 

Xenopus,_. Tadpole Guthion R,M 96hr NOAEL (mortalty) 340 Schuytema et sl. 1995 
LOAEL (mortality) 1,720 

Xenopus,_. Tadpole Guthion 2S R,M 96 hr NOAEL (mortalty) 25(Jb Schuytema et 81. 1995 
LOAEL (mortality) 490" 

•M•,........,R•renewal 
11 Active lngreclent 
c In 10 ml test voii.RM 
11 In 10Chnl testvohJme -N 

w 



Table 38. Halomethanes- other data. 

Spedes Stage/Age Chenical Method• Duration Effect Cone. Reference 
(#.lgll) 

Bulb fowler# Embryo Methylene F,M 7d LCSO >32,000 Birge at al. 1980 
chloride 2% defomity at hatch 32,100 

Rane Embryo Melhylene F,M 8d LC50 17,780 Birge et al. 1980 
catesbelane chloride 1% defomity at hatch 660 

6% defomity at hatch 6,730 
20% deformty at hatch 46,800 

Rane Embryo Methylene F,M 8d LCSO >32,000 Birge at al. 1980 
palustrfs chloride 3% defomity at hatch 10,100 

5% deformity at hatch 32,100 

• F • flow-through, M • measured 

-N 

"'*' 



... 
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Table 39A. Heptachlor- acute data. 

Spades Stage/Age 

BuftJ WOOfltousllbweff Tadpole 

Tadpole 

• S • state, U • unmeasured 

Method• 96-hr Reference 
LCSO 

(J.igll) 

S,U 440 Sanders 1970 

S,U 435 Mayer and Elersleck 1986 



Table 398. Heptachlor- other data 

Spedes Stage/Age Chemical 

Bufo Embryo Heptachlor 
arenarum 

R- Tadpole Heptachlor 
catesbelel• (for'lmlatlon) 

• S • static, U • unmeasured 
111 Active Ingredient 

.... 
N 
0\ 

Method• Duration 

s.u ~42d 

15d 

13d 

U, 96 hr 
Isolated 
In pond 

Effect 

0% mortafity 

100% mortafity 

100% mortafity 

80% mortafity 

Cone. Reference 
(pg/L) 

1,000 Juarez and Guzman 
1984b 

5,000 

15,000 

0.560 kgnul111 Mula 1983 



-N ...... 

Table 40A. Hexachlorocyclohexane - acute data. 

Species Stage/Age Chemical Method• 96-hr Reference 
LCSO 
(Jlg/L) 

Bufo WOfXItousll fbwleri Tadpole Benzene s.u 3,200 Sanders 1970 
hexachloride 

Bulb WOOtllousl tbtlrlerl Tadpole Benzene s.u 4,350 Mayer and Elersieck 1988 
hexachloride 

.,., WOtXItoud tbtlrlerl Tadpole Undane S,U 4,400 Sanders 197r1" 

Bulb woodhoud tbtlrlerl Tadpole Undane s.u 3,200 Mayer and Elersleck 1988 

Pseudactla ,..,.,. Tadpole Undane S,U 2,700 Sanders 197r1" 

l'sfHidiJc:rla ,.,.,. Tadpole Undane s.u 2,650 Mayer and Ellersleck 1988 

•S•stlllc,U• ............... 
'Reference IIIIo cited In Table 8 (..._data) for the water qualty criteria document for hexachlorocyclohexane EPA 44015-80-054 (USEPA 

1980s) 



Table 408. Hexachlorocyclohexane- other data. 

Species Stage/Age Chenicat Method• Duration Effect Cone. Reference 
{J.tgll) 

Mictohyla Embryo Benzene R,U 96 hr LC50 23,370 Pawar and Katdare 1984 
omata hexachloride 12.5% defornity 10,000 

100% defornity 20,000 

~ Tadpole Benzene R,U 96 hr LC50 7,270 Pawar and Katdare 1984 
omata hexachloride 

R..,. Tadpole Undane(EC U, 96 hr 0% mortalty 0.112 kglha11 Mula 1983 
catesbelafflt 1.65) isolated 10% mortally 0.560 kghla11 

in pond 

R..,. Tadpole Undane 96 hr LC50 3,970 Khangarot et al. 1985c 
hexadactyla 

R..,.plplena Adul Benzene s.u 30d 15% mortally 17,000 Kaplan and ~erpeck 
.... hexachloride 1964 
N co Xenopua Embryo Lindane S,U time to hatch 52% hatch 0 Marchai-Segaul and 

lafwfs 52% hatch 500 Remade 1981 
51% hatch 1,000 
31% hatch 2,000 

Xenopus Tadpole' Lindane S,U 1 wk post-hatch 0% mortally 500 Marchai-Segaul and 
IIHfllis 2 wk post-hatch 21% mortalty 500 Ramada 1981 

3 w~ post-hatch 26% mortalty 500 
6 wk post-hatch 79% mortaNty 500 
12 wk post-hatch 79°.4 mortalty 500 
1 wk post-hatch 4% mortally 1,000 



Table 408. Hexachlorocyclohexane (continued) 

Species Stage/Age Chenical 

Xenopus Tadpole Undane 
laevis 

• R • renewal, S • stallc, U • unmeasured 
11 Active Ingredient 

Method• 

S,U 

Duration Effect 

2 wk post-hatch 37% mortaity 
3 wk post-hatch 71% mortality 
6 wk post-hatch 100% mortality 
1 wk post-hatch 6% mortality 
2 wk post-hatch 75% mortaity 
3 wk post-hatch 89% mortality 
6 wk post-hatch 100% mortaity 

Cone. Reference 
(J..«gll) 

1,000 Marchat.Segault and 
1,000 Ramade 1981 
1,000 
2,000 
2,000 
2,000 
2,000 
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Table 41A.Iron- acute data. 

Species Stage/Age 

Xenopus lllfWU Embryo 

• R • renewal, U • ...,..asured 
• Values expressed as Iron 

Chemical Method• 

Iron R,U 

96-hrl' pH Hardness Reference 
LC50 (as mgiL 
~giL) CaCoJ 

1,900 8.0 Under et 81. 1991 

1,800 8.0 



Table 41 B. Iron - olher data. 

Species Stage/Age Chenical Method• Duration Effect Cone.• pH Hardness Reference 
(as mgiL 
CaCoJ 

Bulb bore•• Tadpole Ferrous sulfate R,U 18d 100% mortality 35,000 s.e Porter and 
20d 100% mortality 30,000 5-6 Hakanson 
39d 100% meta- 20,000 5-6 1976 

morphosis 

R.,. hexiJdltcfyle Tadpole Ferrous sulfate 96hr LCSO 17,620 6.1 20 Khangarot 
etal. 1985b 

Xenopus,_. Erd:Jryo Iron R,U 96hr NOEC 300 6.0 Under et IJI. 
LOEC 600 6.0 1991 

• R • renewal, U • ""'measured 
•valUes expressed as iron 

-w -



Table 42. lead - olher data 

Species Stage/Age Chemcal Method• Duration Effect Cone.' pH Hardness Reference 
(}lgll) (as rngn_ 

CaC03 ) 

Ambystoma Embryo lead S,M 96 hr None 2,000 4.5 - Home and 
jetrersonlanum chloride Dunson 1994 

Ambystoma Embryo lead S,M 8d lC50 1,460 7.2-7.8 93-105 Birge etel. 
opecum chloride 19781f 

8llb Tadpole lead S,U 144hr No avoidance 500-1,000 steele et Ill. 1991 .,.,..,.,. nitrate 

Sllb ......... Embryo lead S,U 48hr lCSO .470-900 
Ill Ill 

Perez-Col et Ill. 
nitrate 80-100% deformity 1,000 Ill Ill 1988 

Bulb .,.,...., Embryo lead S,U 20hr 12% mortalty, 70% 1,000 
Ill It 

Perez-Col and 
(slage 12) deformity at 96 hr Herkovits 1990 - Sllb__..., Embryo lead 

It 
w S,U 20hr 55% mortalty, 41% 1,000 Perez-Col and 
N 

(stage 18) deformity at 96 hr Herkovits 1990 

8uA:J ..,..,., Embryo lead s,u 20 hr 20% mortalty, 38% 1,000 
It It 

Perez-Col and 
(stage20) deformity at 96 hr Herkovits 1990 

Bufo.,...., Tadpole lead S,U 120hr 40% mortally 8,000 
Ill d 

Herkovlts and 
60% mortalty 16,000 d d Perez-Coll1991 

Gas,.,.,. Embryo lead R,M 71 lCSO 40 7.4 195 Birge 197SC, 
carolinena,. chloride Birge et al. 19798 

R.,. Tadpole lead R,M 144hr ACtivity less variable 1,000 7.2 340 steele et el. 1989 
cateabelana nitrate in controls, no effects 

on avoidance or 
preference 



Table 42. Lead (continued) 

Species Stage/Age Chemcal Method• Duration Effect cone• pH Hardness Reference 
(Fgll) (as mgll. 

CaCO,) 

R_,. Tadpole Lead R,U 48 hr Impaired Ieeming 500 7.2 340 Strickler -Shaw 
cafesbelefMt nltnlte response . and Taylor 1991 

144hr Reduced learning 500 72. 340 
response 

24 hr Impaired learning 825-1,000 7.2 340 
response 

144hr Pronounced 625-1,000 7.2 340 
depression in 

120hr response 
Decreased learning 625-1,000 72. 340 
retention 

R- Tadpole Lead S,U 144hr Locomotor acllvlty 500 Taylor 1990 
damlw• nitrate same as control .... 

144hr Increased vartabllty In 750-1,000 w w 
locondor activity 

R.,. Tadpole Lead S,U 120hr Adverse etrects on 750 7.2 340 Strickler ..Shaw 
clamiMt nitrate memory and Taylor 1990 

144hr Adverse etrects In 750 72. 340 
leamtng 

"- T_,. Lead S,U 96hr LC50 33,280 8.1 20 Khatgarot et el. ,. . .....,.. nltnlte 1985b 



Table 42. Lead (continued) 

. 
Species Stage/Age Chenical Method• Duration Effect Cone." pH Hardness Reference 

(Fgn..) (as mgll 
CaCO,) 

R.,. Embryo Lead S,U 24 hr 23.6 primordial germ 11,200 - Hah 1978 
nlgromaculela nitrate cells at 6.5 d 

23.7 primordial germ 11,200 
cells at 11 d 
37.4 primordial germ 11,200 
celsat17d 
18.2 primordial germ 21,700 
eels at 6.5d 
18.5 primordial germ 21,700 
eels at 11 d 
36.2 primordial germ 21,700 
cells at 17 d 
17.3 pr'.mordlal 43,400 - germ cells at 6.5 d 

w 18.8 primordial germ 43,400 .... celsat11d 
33.8 primonlal germ 43,400 
eels at 17 d 

R.,.,..,. Lead R,U 30d LCSO 105,000*' Kaplan et Ill. 
nitrata 196]C 

Xenopw ,_. Embryo Lead s.u 6d Moderate deformation 1,000 
41 41 

Miller and 
at 200 mgiL Mg Landesn.n 
Severe deformation at 1 41 41 1978 
OmgiLMg 

41 41 
1" mor1alty at 1,000 
200mgiLMg 41 41 
18% mortally at 1 
OmgiLMg 



Table 42. Lead (continued) 

Species Stage/Age Chenical Method• Duration Effect Conc.b pH Hardness Reference 
(#.,giL) (as mg/L 

CaC03 ) 

Xenopus laevls Embryo Lead s.u 96 hr 13% with deformed 1,000 7.7 110 Sobotka and 
acetate tail Rahwan 1995 

50% with deformed 3,000 7.7 110 
tail 
38% with neural tube 3,000 7.7 110 
deficit 

3wk 27% with deformed 500 7.7 110 
tail 
50% with defromed 1,000 7.7 110 
tail 

96hr Whole body residue 500 7.7 110 
1.2J,lg/g .... Whole body residue 1,000 7.7 110 w 

CJ't 2.8J,lg/g 
Whole body residue 3,000 7.7 110 
13.0 1-'Q/g 

1 wk Whole body residue 500 7.7 110 
17.61-'Q/g 
Whole body residue 1,000 7.7 110 
40.4pglg 
Whole body residue 3.000 7.7 110 
110.8J,lg/g 

2wk Whole body residue 500 7.7 110 
28.4J,lg/g 
Whole body residue 1.000 7.7 110 
47.21-'g/g 
Whole body residue 3,000 7.7 110 
104.81-'g/g 
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Table 42. lead (conlnued) 

Species Stage/Age Chenical Method• Duration 

Xenopus lsem Emblyo lead S, U 3wk 
acetate 

6mo. 

• M • ,........., R • ......,, S • stale, U • unmeasured 
II Vllluas 81Pflllld •lead 

Effect 

\Nhole body residue 
3.2,.,g/g 
\Nhole body residue 
2.6,.,g/g 
\Nhole body residue 
7.1,.,glg 
\Nhole body residue 
100.5,.,glg 

\Nhole body residue 
2.2,.,glg 
\Nhole body residue 
2.4,.,glg 
\Nhole body residue 
9.0 IJQ/g 

Cone" pH Hardness 
(/.lg/l) (as mgJL 

CaC03 ) 

20 7.7 110 

50 7.7 110 

100 7.7 110 

3,000 7.7 110 

20 7.7 110 

50 7.7 110 

100 7.7 110 

c Reference allo died In Table 8 (other data ) of the water qualty criteria document for lead EPA 440J5..84..027 (USEPA 1885f) 
•10% Holfreter'l aolulon 
• Cited as 100 ,g,L In water qualty criteria document 

Reference 

Sobotka and 
Rahwan 1995 



Table 43A. Malathion- acute data. 

Species Stage/Age 

Bufo woo<ltouall fowler# Tadpole 

Paeudactf8 ,..,.,. Tadpole 

x..,.,. ,. Embryo 

•s • stlllc, u • ........ urect 
It ECSO (abnormal pigmentation) 
c EC50 (abnormal gut) 
•ecso (abnormal notochord) 

Method• 

s.u 

s.u 

s,u 

96-hr Reference 
LCSO 

(Jlgll.) 

420 Sanders 1970, Mayer and ·EIIersieck 
1986 

200 Sanders 1970, Mayer lind Elersleck 
1986 

10,900 Snawder and Chambenl1989 
JJOb 
79()C 

2,160C' 



Table 438. Malathion - other data. 

Spedes Stage/Age Chenical Method• Duration Effect Cone. Reference 
(J.Igll) 

8ufo Embfyo Malathion S,U 5d 67% morta~ty 44,000 Rosenbaum et al. 1988 .,.,...,.. 
8ufo Embfyo Malathion S,U 5d Development unaffected 470 de Llamas et al. 1985 ..., 100% mortality 47,300 

Bufo Tadpole Malathion S,U 144 hr LC50 19,200 Venturino et 81. 1992 
8f8IUII1IIJ'I 

Hyfe teg/118 Tadpole Malathion S,U 24 hr lowered thermal tolerance 25-500 Johnson 1980 

Mlcmhyla Embfyo Malathion S,U 96 hr 23°.4 deformity 1,000 Pawar et al. 1983 
omata 100% deformity 5,000 

100% defomity, 35% 10,000 
mortality 
100% mortality 15,000 .... 

w R.,. Tadpole Malathion S,U 96hr LC50 0.59 Khangarot et al. 1985c Q) 

he1Cadet:lyle (formulation) 

R.,. Tadpole Malathion F,U 96hr 40% mortality 5,000 Hal and Kolbe 1980 
ctrtesbelana (formulation) 

R.,.,.,.. Adult Malathion 48hr LC50 150,000 Kaplan and Glaczenski 
15d 83% mortality 175,000 1965., 

R.,.tlgrlna Embfyo Malathion R,U 24 hr 100% mortality 40,000 Mohanty-Hejmadi and 
(formulation) 24 hr Threshold survival 30,000 Dutta 1981 

~52d LC50 900-700C 

Ranatfgrlna Tadpole Malathion · R,U 7d 100% mortality 40,000- Mohanty-Hejmadi and 
(feeding (formulati,n) 5,000C Dutta 1981 
stage) ~49 Threshold beyond feeding 900 

stage 
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Table 438. Malathion (conlnued) 

Species Stage/Age Chenical Method• 

RenatfgrtNt Tadpole Malathion R,U 
(lmbbud (fonnulation) 
stage) 

Xenopus Emblyo Malathion S,U 
leeYis 

• F • tow-through, R • renewal, S • stallc, U • unmeasured 
~Reference not IIHft, clad In Power et al. 1989 
e Exposed to decreasing concenb'atlons 

Duration Effect Cone. Reference 
(#Jgll) 

>49 Threshold beyond limb bud 90,000 Mohanty-Hejmadi and 
stage Outta 1981 

>49 Threshold metamorphosis 7,000 

96hr 18% defomity 1,000 Snawder and Chambers 
100% deformity 5,000 1990 



Table 44. Manganese - other data. 

Species Stage/Age Cherricat Method" Duration Effect Conc.b pH Hardness Reference 
{tlg/L) (as mgll 

CaCO:J 

Gastroplrryne Embryo Manganese S,M 7d LCSO 1,420 7.4 195 Birge 1978, Birge et 
carolinensg chloride al. 1979a 

Mlcrohyfe Tadpole Manganese R,U 96 hr LCSO 14,840 6.9 142-145 Rao and Madhyastha 
omata (1 wk) sulfate 1987 

Tadpole Manganese R,U 96 hr LCSO 14,330 6.9 142-145 
(4wk) sulfate 

Xenopus Embryo Manganese S,U 6d No deformatjon 10,000 
c c 

Miller and Landesman 
lsevis at 200 Jl91L Mg c c 1978 

Severe deformation 1 
at 0 Jl91L Mg 
6% mortality 10,000 c c - at 200 JlQIL Mg - c c 

0 8% mortality 1 
at 0 J.&QIL Mg 

• M • measured, R • renewal, S • static, U • unmeasured 
'Vatues expreuad as manganese 
c 10% Holttelet"a aolullon 
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Table 45A. Mercury - acute data. 

Spedes Stage/Age 

Rena Tadpole 
heclcschetf 

R.,. Adul 
hedrsdterf 

• M • 1M81ured, S • stale 
"Value expreaed as mercury 

Chemical Method• 

Mercuric S,M 
chloride 

Mercuric S,M 
chloride 

96-hrb pH Hardness Reference 
LC50 (as mgiL 
(J.tgll) CaCoJ 

502 . 7.2 351 Punzo 1993a 

3,252 7.2 352 Punzo 1993b 



Table 45B. Mercury - other data. 

Species Stage/Age Chenical Method• Duration Effect Conc.11 pH Hardness Reference 
(J.tgll) (as mgll 

CaC03 ) 

Actfs crepila1s Embryo Mercuric R,M 7d LCSO 10.4 7.0-7.8 90-105 Birge eta#. 1979bc 
blencharcl chloride 

Ambysloma Larva Mercuric S,M 48 hr LC50 259 
d d 

Sloofand 
mexlc:8mln chloride Baersefn'an 1980' 

Ambylfome Larva Mercuric S,M 48 hr LC50 296 Sloof et al. 1913 
mexkanum chloride 

Ambystoma Embryo Mercuric R,M 7d LC50 107.5 7.0-7.8 90-105 Birge et 81. 1979tf 
opectmJ chloride 

Ambystoma Embryo Mercuric S,M 8d LC50 110 7.2-7.8 93-105 Birge eta#. 1978b 
opacum chloride -.. Bufobulo Tadpole Phenyl 48 hr LCSO 120 Hashimoto and N 

}eponlcus mercury Nishiucht 1981 
acetate 
(fomu!'llon) 

BMbdtJNia Embryo Mercuric R,M 7d LC50 40 7.0-7.8 90-105 . Birge et al. 1979tf 
deblls chloride 

8uftJ tbwlerf Embryo Mercuric R,M 7d LC50 65.9 7.0-7.8 90-105 Birge et 81. 19791f, 
chloride Birge et 81. 1983 

8uftJ tbwlerf Tadpole Mercuric R,M 7-8d 1% defomity 5 7.0-7.8 90-105 Birge et 81. 1983 
chloride 2% defomity 10 7.0-7.8 90-105 

7% defomity 25 7.0-7.8 90-105 
16% defornity 50 7.0-7.8 90-105 
16% defornity 75 7.0-7.8 90-105 

8uftJ fowler# Tadpole Mercuric R,M 72hr LC50 25-50 7.9 200 Birge and Black 
chloride 1977 



Table 458. Mercury (continued) 

Species Stage/Age Chenical Method• Duration Effect Conc.b pH Hardness Reference 
(Jlgll) (as mgJl. 

CaC03 ) 

Bulo Tadpole Mercuric s.u 96 hr LCSO 43.8 7.4 185 Khangarot and 
~ chloride Ray 1987 

Bulb Tadpole Mercuric s.u 96hr LC50 185 7.4-7.8 220-240 Paulose 1988 
~ chloride 

8ulo Tadpole Methyl S,U 96 hr LC50 58 7.4-7.8 220-240 Paulose 1988 
~ mercury 

chloride 

Bulo purw;fllua Embryo Mercuric R,M 7d LC50 38.8 7.0..7.8 90-105 Birge et Ill. 1979tf, 
chloride Birge et al. 1983 

Bulo pundrJiua Ernblyo Mercuric R,M 7d 1% deformity 7 7.0-7.8 90-105 Birge et Ill. 1983 
chloride 8% deformity 10 7.0..7.8 90-105 

..... 11% deformity 25 7.0..7.8 90-105 .. 
w 60% deformity 50 7.0..7.8 90-105 

82% deformity 75 7.0..7.8 90-105 

Bulo pundrJiua Embryo Mercuric R,M 72hr LCSO 25-50 7.9 200 Birge and Black 
chloride 1977 

Gultopt.ryne Ernblyo Mercuric R,M 7d LCSO 1.3 7.0..7.8 90-105 Birge et al. 1979tf. 
carollnemla chloride Birge et 81. 1983 

Gutn:fJiqrJe Embryo Mercuric R,M 7d LCSO 1 7.4 195 Birge 1978, Birge 
carollnensla chloride etel.1979a 

Gultopt.ryne Ernblyo Menulc R,M 7d 8%defomlty 1 7.0..7.8 90-105 Birge et Ill. 1983 
~,. chloride 12% deformity 2 7.0..7.8 90-105 

17% deformity 5 7.0..7.8 90-105 

Gutropltlyne Embryo Mercuric R,M 72 hr LCSO 1 7.9 200 Birge and Black 
catOiinensls chloride 1977 



Table 45B. Mercury (continued) 

Species Stage/Age Chenical Method• Duration Effect Conc.b pH Hardness Reference 
VtgJL) (as mgiL 

CaC03 ) 

Hyla Embryo Mercuric R,M 7d LC50 2.4 7.0-7.8 90-105 Birge etal. 
chrysocelfs chloride 1979tf, 

Birge et 81. 1983 

Hyla Embryo Mercuric R,M 7d 1%defomity 1 7.0-7.8 90-105 Birge et 81. 1983 
chrysocels chloride 5% defonity 2 7.0-7.8 90-105 

14% defornity 5 7.0-7.8 90-105 
23°A. defomity 7 7.0-7.8 90-105 

Hyla Embryo Mercuric R,M 72hr LC50 5 7.9 200 Birge and Black 
chrysocephaltt chloride 1977 

Hyla crucifer Embryo Mercuric R;M 7d LC50 2.8 7.0-7.8 90-105 Birge et 81. 19791f 
chloride 

- Hyla gralloae Embryo Mercuric R,M 7d LC50 2.5 7.0-7.8 90-105 Birge et al. 1979tf ... ... chloride 

Hylaaqunlll Embryo Mercuric R,M 7d LC50 2.4 7.0-7.8 90-105 Birge et al. 19791f 
chloride 

Hyla squlnJIIe Embryo Mercuric R,M 3d LC50 5 7.9 200 Birge and Black 
chloride 1977 

Hyla wnlcolor Embryo Mercuric R,M 7\J LC50 2.6 7.0-7.8 90-105 Birge et 81. 19791f 
chloride 

Mlcrohyle Embryo Mercuric S,U 96 hr LC50 126 54 Ghate and 
ornata chloride Mulherkar 1980 

Mictohy#a Tadpole MerCb.ic S,U 96 hr LC50 88 54 Ghate and 
ornata chloride Mulherkar 1980 



Table 458. Mercury (conlnued) 

Spectes Stage/Age Chenical Method' Duration Effect Conc.11 pH Hardness Reference 
(J.&gll) (as mgll. 

CaC03 ) 

Microhyla Tadpole Mercuric s.u 96 hr LC50 1,120 142-145 Raoanll 
omata (1 wk) chloride Madhyastha · 

1987 

~ Tadpole Mercuric S,U 96hr LC50 1,430 142-145 Raoand 
omata (4wk) chloride Madhyastha 

1987 

R., Tadpole Mercuric S,U 96 hr LCSO. 207 7.4-7.6 220-240 Paulose 1988 
brevlceps chloride 

R., Tadpole Methyl S,U 96 hr LC50 60 7.4-7.6 220-240 Paulose 1988 
brevlceps mercury 

chloride - Tadpole Mercuric S,M 5d LC50 1,000 • • Birge and Just ... R., 
c.n 

catesbelane chloride 1973'·1975 
end R. plplena 

Adul Mercuric S,M 96 hr 0% mortality 5,000 • • Birge and Just R., 
catesbelane chloride 20% mortallity 7,500 • • 1973' 
end R. ,.,.,. 80% mortality 10,000 • • 

R- Adull Melhoxyethyl R,U 96hr LC50 1,650 Kanamacland 
cyantlfJt .. mercuric 130d Spermatogenesis 330 Saidapur 1992 

chloride affected 
(formulation) 

R.,,._, Embryo Mercuric R,M 7d LC50 67.2 7.0-7.8 90-105 Birge eta#. 
chloride 1979bc, 

Birge et 81. 1983 



Table 45B. Mercury (continued) 

Species Stage/Age Chenical Method• Duration Effect Conc.111 pH Hardness Reference 
(#lgll) (as rngJL. 

CaC03 ) 

Rane gryllo Embryo Mercuric R,M 7d 1% defornity 25 7.0-7.8 90-105 Birge et al.1983 
chloride 4°k defornity 50 7.0-7.8 90-105 

5% defornity 75 7.0-7.8 90-105 

R.,.gryllo Embryo Mercuric R,M 6d LCSO 75 7.9 200 Birge and Black 
chloride 1977 

R.,. Embryo Mercuric R,M 7d LC50 59.9 7.0-7.8 90-105 Birge et al. 19791f 
heclcscherl chloride 

Rana Embryo Mercuric R,M 6d LC50 75 7.9 200 Birge and Black 
heckacherl chloride 1977 

R.,. Embryo Mercurtc S,U 96 hr LCSO 502 7.2 351 Punzo 1993a - heclcscherl chloride .... 
0\ 

3 hr 90% fertilization 370 7.2 351 
success 
69% fertilization 739 7.2 351 
success 
27% fertilization 1,848 7.2 351 
success 
0% fertilization 3,895 7.2 351 
success 

2-3wk 1.5-2.3% defornity 370 7.2 351 
1.5-6.5% defornity 739 7.2 351 

....... 4.5-34.0% defornity 1,848 7.2 351 

Rane Mull Mercuric S,M 96 hr LCSO 3,252 7.2 352 Punzo 1993b 
heclcscherl chloride 30-60d Significant decrease 650 7.2 352 

in ovarian mass 



Table 458. Mercuty (continued) 

Spades Stage/Age Chenical Method• Duration Effect Cone.• pH Hardness Reference 
(J.lgll) (as mgll 

CaC03 ) 

R111111 Tadpole Mercuric s.u 96 hr LCSO 51 6.1 20 Khangarot et al. 
hexadflclyla chloride 1985b 

R111111 Embryo Mercuric s.u 24 hr 20.6 primordial germ 150 • • Hah 1978 
nlgrom8Cflllllrl chloride cells at 6.5 d • I 

21.2 primordial germ 150 
cells at 11 d I I 

35.2 primordial germ 150 
cells at 17 d • I 
18.2 primordial germ 300 
cells at 6.5 d I I 
18.0 primordial germ 300 
cells at 11 d I I 

28.1 primordial germ 300 - cells at 17 d .... • I ....., 
11.0 primordial gemi 590 
cells at 6.5 d 
12.3 primordial germ 590 • I 

cells at 11 d 
22 primordial germ 590 • I 

cells at 17 d 

RentJ ,_,. Embryo Mercuric R,M 7d LCSO 7.3 7.0-7.8 90-105 Birge et el. 1979tf. 
chloride Birge et at. 1983 

Rena ,_,.,. Embryo Mercuric R,M 7d 4% deformity 1 7.0-7.8 90-105 Birge et al. 1983 
chloride 7% deformity 2 7.0-7.8 90-105 

14% deformity 5 7.0-7.8 90-105 
15% deformity 7 7.0-7.8 90-105 
9% deformity 10 7.0-7.8 90-105 
19% defornity 25 7.0-7.8 90-105 
31% deformity 50 7.0-7.8 90-105 



Table 45B. Mercury (continued) 

Species Stage/A(Je Chemical Method• Duration Effect Conc.11 pH Hardness Reference 
V-tgll) (as mgll 

CaC03 ) 

Rane plpiena Embryo Mercuric S,M 96hr 6% mortality 0.1 • • Birge and Just 
(cleavage) chloride 7% mortality 1 • • 1973',1975 

100% mortally 10 • • 
Rane ,.,._ Embryo Mercuric S,M 96 hr 22% mortality 0.1 • • Birge and Just 

(blastula) chloride 18% mortality 1 • • 1973',1975 
100% mortality 10 • • 

Rane plpiena Embryo Mercuric S,M 96 hr 5% mortality 0.1 • • Birge and Just 
(gastrula) chloride 15% mortality 1 • • 19731,1975 

20% mortality 10 • • 
100% mortality 100 • • 

Rane ,.,._ Embryo Mercuric S,M 96hr 4% mortality 0.4 • • Birge and Just - (neurula) chloride 12% mortality 1 • • 19731,1975 .,.. 
0) 7°.4 mortality 10 • • 

100% mortally 100 • • 

Rane plplena Embryo Mercuric S,M 96 hr 5% mortality 0.1 • • Birge and Just 
(tall bud) chloride 7% mo.rtality 1 • • 19731,1975 

20% mortality 10 • • 
80% mortality 100 • • 

Rane plplens Embryo Mercuric R,M 6d LC50 10 7.9 200 Birge and Black 
chloride 1977 

Embryo 12-16 " " Olal1976 e.r Rane plplens Methyl S,U 5d LC50 
(blastula) mercury EC50 (deformity) 0-4 " II 

chloride 

Embryo 8-12 " II 
Olal1976c.r Rans plplens Methyl s.u 5d LC50 

(gastrula) mercury EC50 (deformity) 8-12 " II 

chloride 



Table 458. Mercury (continued) 

Spectes Stage/Age Chenical Method• Duration Effect Cone.'- pH Hardness Reference 
V.gJL) (as mgiL 

CaC03 ) 

Rana ,.,._ Embryo Methyl S,U 5d LC50 12-18 " " Diai197SC·' 
(neurula) mercury ECSO (defomity) 12 " " 

chloride 

R8118,.,. Tadpole Methyl s.u 48hr 100% mortalty 50-100 - Chang el 81. 1974e 
mercury 3-4mo No metamorphosis 1-10 
chloride 

Trlunls Adul Methyl R,U ~2d' Delayed regeneratioa 8 Chang el 81. 197Er·' 
Wfdltst:.'8M" mercury 8d 100% mortality 800' 

chloride 17d 1 oo·~ mortality 240' x..,.,.,... Embryo Mercury s.u 6d Moderate to severe 100 
II II 

Miller and 
defomity at 200 mgll Landesman - Mg 

II II 
1978 .... Severe defomity at 1 \D 

OmgiLMg II • 
21% mortally at 200 100 
mgiLMg II II 

6% mortalty at 0 mgll 1 
Mg 

Xenopus lafwls Embryo Methyl R,M ~10d 18% defomity 0.3 Oumpert and Zietz 
mercury 21% defomity 1.8 I 1984 
chloride 38% defomity 8 

61% deformity 40 
37% defomity 80 
12% mortality 0.3 
21% mortality 1.0 
11% mortality 8 
22% mortality 40 
63°~ mortality 80 
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Table 458. Mercury (continued) 

Species stage/Age Chemical 

Xenopus lafwls Embryo 

Xenopus ,_,. Tadpole 

Mercuric 
chloride 

Mercuric 
chloride 

Method• Duration 

R,M 7d 

S,U 48 hr 

• F • ftow.lhiough, M • measured, R • renewal, S • static, U • unmeasured 

Effect 

54% mortaltym 
72% mortalitym 

LC50 

Cone." pH Hardness Reference 
~) (as mgiL 

CaC03 ) 

0.16 7.3 102 Birge et al. 1979b 
0.34 7.3 102 

74 
d d 

de Zw811 and Sloof 
1987, Sloof et al. 
1983•, Sloof and 
Baerselman 1980C 

11 v ............ • mercury (Bulb bufo japonicus enby expressed as form.dallon, Rena cyanophlyctfs entry expressed • methoxyethyl 
menutc chbide) 

• Reference.-. cited In Table 8 (other data) of the water quality criteria document for mercury EPA 44015-84-028 (USEPA 1985g) 
41 Dutc'h StllndMt water 
• Modited Holfreter'a Solulon 
' Reference •o cited In ':'able 8 (other data) of the water quality criteria document for mercury EPA 44015-80-058 (USEPA 19801) 
• Sternberg's SoluUon 
11 Hol.freter'a Solution 
1 Cited 888 ,.giL In EPN5-10-051 (USEPA 19801) and as 1,000 ~otgllln EPA1440J5..84-026 (USEPA 1985g) 
I Cited 88 24 pgllln EPA 5-80-058 (USEPA 19801) and as 1,000 ~o&g/L In EPA/44015-84-026 (USEPA 1985g) 
11 10% Holhter'a Solution 
1 German standard 16-19 dH 
•Parents held In 02 ,..giL mercury for 11 months 
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Table 46A. Methoxychlor- acute data. 

Spades Stage/Age 

Pseudact'la ,.., Tadpole 

Pseudacds ,.., Tadpole 

• S • static, U • unmeasured 

Method• 96-hr Reference 
LC50 

(pg/l) 

S,U 330 Sanders 1970 

S,U 333 Mayer and Ellersleck 1986 



Table 488. Methoxychor - other data 

Species Stage/Age Method• Duration Effect Cone. Reference 
(#.I giL) 

Bufo amerlcanus Adult S,M 1 d Whole body residue 145 69 HaH and Swineford 1979 
IJQikg 

6d Whole body residue 244 89 
IJQikg 

36d Whole body residue 124 89 
IJQikg 

Bulb WOOtiJousl Tadpole s.u 48 hr LC50 110 Sanders 1970 
fowlerl 

Bufo wocxiJoud Tadpole s.u 48 hr LCSO 100 Mayer and Elersieck 1986 
fowlerl 

Rana plplens Adult s.u 30d 25% mortaity 80 Kaplan and Overpeck 1984 .... 
"' N 

• M • measured, S • static, U • unmeasured 
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Table 47A. Methyl parathion - acute data. 

Species Stage/Age 

Tadpole 

• s • stallc, U • unmeasured 

S,U 

96-hr 
LCSO 

{J.tgA.) 

3,700 

Reference 

· Mayer and Ellersleck 1986 



Table 478. Methyl parathion - other data 

Spedes Stage/Age Chenical Method• Duration Effect Cone. Reference 
(J.lgll) 

8ufo Tadpole Methyl u. 24 hr 0% mortality 0.45 kglha11 Mula 1962, Mulla et al. 
boreas parathion isolated 1963 

(fomulation) in pond 

Hyle Tadpole Methyl s.u 24hr Lowered thermal tolerance 25-100 Johnson 1~$0 
teglla parathion 

Scapltlopcla Tadpole Methyl U, 24 hr 0% mortally 0.45kglha' Mula 1982, Mula et al. 
hanmont.l parathion Isolated 1963 

(fomulation) In pond 

R.,. Tadpole Methyl s.u 24 hr Increased brain glucose, 5,000 YasrMenand 
cy&l~ parathion increased oxygen Nayeenunisa 1985 

(fonn.llalon) consumption 

- R-. Tadpole Methyl R,U 96 hr LCSO-male 8,000 Mudgaland·Patl1987 

"' ~ parathion LCSO-female 11,500 ... 
(fomallation) 



Table 48. Mlrex -other data. 

Species Stage/Age Chemical 

Mlrex (bait) 

-g: •M • measured 
• Active lngreclent 

Method• Duration Effect 

M. single 
dose to 
pond 

Sd post­
treatment 
38d 
post­
treatment 
6mo 
post­
treatment 
12mo 
post­
treatment 
16mo 
post­
treatment 

\Nhole body residue 
30 ~glkg 
\Nhole body residue 
226~glkg 

\Nhole body residue 
288~glkg 

\Nhole body residue 
20 ~glkg 

\Nhole body residue 
50 ~glkg 

Cone. 
(#.tgll) 

4.2 glha11 

4.2glha11 

Reference 

Coins et al. 1973 -



Table 49A. Naphthalene- acute data. 

Species Stage/Age 

Xenopus ltHWia Tadpole 

• F • ftow..through, M • measured 

Method• 

F,M 

96-hr 
LCSO 

(JJgll) 

2,100 

Reference 

Ednisten and Bantle 1982 
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Table 498. Naphthalene - other data 

Species Stage/Age 

Xenopus leev#s Tadpole 

• F • flow-through, M • measured 

F,M 

Duration Effect 

6 hr EC50 (pigment loss) 

EC50 (absence of 
swimming) 

Cone. Reference 
(JJgll) 

3, 700 Ednisten and Bantle 1982 

1,700, 2,300 
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Table SOA. Nickel- acute data. 

Spades Stage/Age 

Xenopus laevls Embryo 

Embryo 

Chemical 

Nickel 

Nickel 
chloride 

• M • measllnKI, R • renewal, S • static, U • unmeasured 
"Values expressed as nickel 
c FETAX solution 
•ecso · 

S,U 

R,M 

96-hrt' pH Hardness Reference 
LC50 (as mgll 

(J.egiL) CaCoJ 

1,800 6.0 Under et al: 1991 
1,700 6.0 

21,429 6.8 
c 

Hopfer et al. 1991 
146d 6.8 

c 



Table 508. Nckel- other data. 

Spades Stage/Age Chenical Method• Duration Effect Cone." pH Hardness Reference 
{J.tgJL) (as mgiL 

CaC03 ) 

Ambptoma Embryo Nckel S,M 8d LC50 420 7.2-7.8 93-105 Birge et al. 1978tfd 
opecum chloride 

Buro """"" 
Embryo Nckel R,M 7d LC50 11,030 7.2-7.7 95-103 Birge and Black 

chloride 1980C' 

8uA) Tadpole Nckel s.u 96 hr LC50 25,320 7.4 185 Khangarot and Ray 
melanosflcful sulfate 1987 

Gull.,.. Embryo Nckel R,M 7d LC50 50 7.4 195 Birge 1978tfd, 
catOifnensq chloride Birge et al. 19798• 

Gasltoptqne Embryo Nckel R,M 7d LC50 50 95-103 Birge and Black 
C8IOIInensla chloride 1980C' 

.... 
1,781 • c.n x..,.,. Embryo Nckel R,M 24 hr 26% deformity 5-29 hr 8.8 Hopfer et al. 1991 

~ 
leevls chloride post-fertilzation • 

92% deformity 29-53 1,781 8.8 
hr post-fertilzation 
100% deformity 53-75 1,781 8.8 • 
hr post-fertilization • 
21% deformity 75-101 1,761 6.8 
hr post-fertilization 

Xenopus Embryo Nckel s.u 96 hr NOEC <300 7.4 Under ef al. 1991 
leevls LOEC 300 7.4 

• M • measured, R • renewal, S • slade. U • unmeasured 
"Values expressed as nickel 
c Reference also cited In Table 8 (other data) of the water qualty criteria document for nickel EPA 44015-80-060(USEPA 1980w) 
• Reference also cited In Table 6 (other data) ofthe water quality critPria document for nickel EPA 44015-86-004(USEPA 1986b) 
• Fetax solution 



-0\ 
0 

Table 51. Ntrobenzene- other data. 

Species Stage/Age 

R.,.pipeM Enayo 

• F • ftow-through, M • measured 

Method• 

F,M 

Duration Effect 

9d LCSO 
2•A.defornity 
O%deformity 
4% deformity 

Cone. Reference 
(#lgJL) 

640 Black el al. 1982 
100 
410 

1,270 
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Table 52A. Nllrosamnes - acute data. 

Species 

• S • st8tfc, U • unmeasured 
11 EC50 

Stage/Age Chemical 

Embryo N-nitroso-
dimethylamine 

96-hr Reference 
LC50 
(JJgll) 

s.u 3,500 Fort et al. 1991 
3.200 
2,300b 
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Table 528. Nftrosanines - other data 

Species 

R8118 
lemporaria 

Stage/Age Chenical Method• Duration 

Adult N- nitroso- R, U 63 d 
dimethylarrine 

77d 

144 d 

• R • renewal, U • unmeasured 

Effect 

First tumor induction, 43.6% 
tumor incidence 
First tumor induction, 44.2% 
tumor incidence 
50% tumor incidence 

Cone. Reference 
~gJl) 

5,000 Khudoley 1977a, 
1977b 

50,000 

5,000 



Table 53A. Parathion - acute data. 

Spades Stage/Age 

Bulb WO«<touaf fowler# Tadpole 

Pseudrlafa tlserlele Tadpole 

Pseudltc:tfs ,..,. Tadpole 

Xenopus,_. Embryo 

• s • stele, U • unmeasured 
• ECSO (eiJnortMI plgmentalon) 
c ECSO (abnormal gut) 

-
41 ECSO (abnormal notochord) 

"' w 

Method• 96-hr Reference 
LC50 

(pgJL) 

s.u >1,000 Mayer and Ellersieck 1986 

s.u 1,000 Sanders 1970 

s.u 1,080 Mayer and Ellersleck 1986 

s.u 14,700 Snawder and Chambers 1984 
3JOb 
460" 

5,42()11 



Table 538. Parathion - other data. 

Species Stage/Age Chemical Method• Duration Effect Cone. Reference 
(#lgl\.) 

Acrls Adul Parathion S,M 96 hr Whole body residue 80 t.tQikg 1,000 Fleming et al. 1982 
crepitant Whole body residue 10,000 

4,600 t.tglkg 

a.. Embryo Parathion s.u 120 hr LC50 20,200 Anguiano et 81. 1994 .,.,..., 
8ufo Tadpole Parathion S,U 120hr LC50 4,500 Anguiano et 81. 1994 
IJRHNif'Uifl 

Bufobtnes Tadpole Parathion u. 24 hr 0% mortally 0.45 kglha' Mula et 81. 1963 
(fonnllatlon) Isolated 

in pond 

S..bulo Tadpole Parathion 48 hr LC50 7,200 Hashimoto and Nshiuchi - japonlcus 1981 
0\ 
-Ill> RMa Tadpole Parathion F,U 96hr 95% mortally 5,000 Hal and Kolbe 1980 

catesbelena F,M 96 hr Magnifted 64 times 4-1,000 

R.,. Tadpole Parathion S,M 96 hr VVhole body residue 1,000 Hal1990 
cafwsbe,.. 4,400 #-&Qikg at biomass 

loading' of 12.75 gn._ 
VVhole body residue 1,000 
240 #o'glkg at biomass loading 
of25 gA. 

F,M 96 hr VVhole body residue 1,000 
740 ~g at biomass loading 
of 12.75 gA_ and flow of0.5 
mllmin 



Table 538. Patathlon (contnued) 

Species Stage/Age Chenical Method• Duration Effect Cone. Reference 
(IJgll) 

Rena Tadpole Parathion F,M 96 hr Whole body residue 1,000 Hal1990 
catesbelana 7 40 J.tglkg at biomass loading · 

of 12.75 giL and now of 
5 mllnin 
Whole body residue 1,000 
490 J.tglkg at biomass loading 
of 25 giL and flow at 
0.5 mllnin 
Whole body residue 1,000 
730 J.tglkg at biomass loading 
of 25 giL and flow of 
5 mllnin 

R.,. Tadpole Parathion S,M 24 hr 0% mortalty at 10 anlmalsll. 5,000 Hal1990 
clamlans 0% mortally at 20 animalsll. 5,000 -0\ 
R.,. Tadpole Pendhion F,M 24 hr 15% mortally at 10 anlmalsll 5,000 Hal1990 "' clamlant and flow of 0.5 mllnin 

85% mortality at 10 anlmalsll. 5,000 
and ftow of 5 mllnin 
0% mortally at 20 anlmalsll 5,000 
and flow of 0.5 mllnin 
75% mortally at 20 animalsll. 5,000 
and flow of 5 ml/min 

Rana plpleM Adul Parathion 48 hr LC50 10,000 Kaplan and Glac~nski 
15d Increase in anenia and 5,000- 1965C 

leucopenia with increasing 25,000 
concentration 



Table 538. Parathion (continued) 

Species Stage/Age Chemical Method" Duration 

Scaphlopua Tadpole Parathion U, 24 hr 
hsmmoml (formulation) isolated 

in pond 

• F • tkJw-through, M • measured, S • static, U • unmeasured 
11 Active Ingredient 
c Reference not seen, died In Power et al. 1989 

Effect Cone. Reference 
(MJJL) 

0% rnortaity 0.45 kglha111 Mula et sl. 1963 



Table 54A. Pentachlorophenol- acute data. 

Species Stage/Age 

Tadpole F,M 

• F • tlow-through, M • measured 

96-hr 
LCSO 

(J.tgll.) 

207 

pH Reference 

8 Thurston et 81. 1985' 

'Reference also cited In Table 1 (acute data) of the water quality criteria document for pentachlorophenol EPA 44015-86-009 (USEPA 1986e); 
value In document, 44.48 #ltJIL, had been adjusted to pH 6.5 



Table 548. Pentachlorophenol- other data. 

Spades Stage/Age Chemcal Method• Duration Effect Cone. pH Reference 
(pgll) 

Amb}'Sfume Larva Pentachlorophenol S,U 48 hr LCSO 300 
b 

Sloof •nd Baerselman 
meiCicanum 1980, Sloof eta/. 1983 

IJut)bufo Tadpole Pentachlorophenol 48 hr LCSO 0.25 Hashimoto and 
JepoiJicW (fomlllation) Nishiuchl1981 

SUAtbufo Tadpole Penlllchlorophenol-sodium 96 hr LCSO 320 Nshiuchi and Yoshida 
Japonlcus (formulation) 1974 

Bulobufo Tadpole Pentachlorophenol-copper 96 hr LCSO 350 Nshluchi and Yoshida 
Jeponlcua 1974 

R.,. Tadpole Pentachlorophenol-sodium R,U 96 hr LCSO 18.4 8.2 Khangarot eta/. 1985c 
he1Cedectyla 

.... R.,plplena Tadpole Pentachlorophenol-sodium s.u 9.5 hr 100% rnortalty 800 7.8 Goodnight 194~ 
0\ II 00 Xenopus Tadpole Pentachlorophenol S,U 48 hr LCSO 280 Sloof and Baersetman 

leevls 1980C, Sloof el a/. 1983c 

Xenopua Tadpole Pentachlorophenol S,U 100d NOL(E)C for 32 
II 

Sloof and Canton 1983c 

"'""• rnortalty, 
development and 
growth 

• R • renewal, S • static, U • unmeasured 
II Dt*h Standard Water 
c Ref8rence also dted in Table 8 (olher data) of the water qualty crtterta document for pentachlorophenol EPA 44015-88-009 (USEPA 19888) 



Table 55A. Phenol- acute data. 

Species Stage/Age 

Tadpole 

• F • low-through. M • rreasured 

Method• 

F,M 

96-hr 
LC50 
(#Jgll) 

>51,000 

Reference 

Holcombe et al. 1987 



Table 558. Phenol- other data. 

Spedes Stage/Age Method• Duration Effect Cone. Reference 
{Jtgll) 

Ambystome gracile Embryo F,M 9d LCSO 380 Black ef al. 1982 

Bulo emerlcanua Embryo F,M 7d LCSO >890 Birge ef al. 1980 
0% deformity at hatch 22 
2°k deformity at hatch 36 
1% defornity at hatch 63 
2% deformity at hatch 220 
9% deformity at hatch 890 

Bulo fowletf Embryo F,M 7d LCSO 2,450 Birge et al. 1980 
0% deformity at hatch 62 
1% deformity at hatch 530 
5% deformity at hatch 10,200 

RMB catesbelana Embryo F,M 7d LC50 230 Birge et al. 1980 - 0% deformity at hatch 62 ...., 
2% defornity at hatch 530 0 
15% defornity at hatch 10,200 

RMB pelusltfa Embryo F,M 8d LC50 9,870 Birge et al. 1980 
0% deformity at hatch 15 
2% deformity at hatch 1,880 
15% deformity at hatch 21,800 

Rena plplens Embryo F,M Pd LCSO 40 Birge et 81. 1980 
5% deformity at hatch 4.7 
2% defomity at hatch 7.3 
9% deformity at hatch 74 
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Tabla 55B. Phenol (conlnued) 

Spedas Stage/Age Method• 

Ranatempotarla Embtyo F,M 

Xenopus laevla Embtyo F,U 

Xenoptis laevls Embtyo F,M 

• F • low-through, M • measured, U • unmeasured 

Duration 

9d 

5wk 

6d 

Effect Cone. Reference 
~giL) 

LC50 270 Black et at. 1982 
2% defonrity at hatch 120 
6% defonrity at hatch 720 
56% defonrity at hatch 1,450 

No effect on body length 100-1,000 Dumpert 1987 
100% morta&ty 50,000 

LC50 7,680 Black et sl. 1982 
1% defonrity at hatch 1,450 
8% deformty at hatch 14,000 
16% deformity at hatch 26,400 



Table 56. Phthalate esters - other data. 

Spedes Stage/Age Chenical Method• Duration Effect Cone. Reference 
(J.Igll) 

Bufo fowler#' Ernblyo Dloctyt- R.U 7-8d LC50 3,880 Birge et al. 1978a 
phthalate 

BIIAJ fowlef1 Embryo Ollsononyt- R,U 7-8d LC50 2,950 Birge el al. 1978a 
phthalate 1% defomity at hatch 1,000 

5% defomity at hatch 100,000 

Rant~ Ernbfyo Oiodyt- R,U 7-8 d LC50 4,440 Birge el al. 1978a 
plplens phthalate 1% defomity at hatch 1,000 

5% deformity at hatch 10,000 

R.,. Ernbfyo Oiisononyt- R,U 7-8d LC50 3,360 Birge el al. 1978a 
plplens phthalate 1% defomity at hatch 100 

4% deformity at hatch 10,000 

- • R • renewal, U • unmeasured ...., 
N 



Table 57. Polychlorinated biphenyls (PCBs)- other data. 

Spedn Stage/Age Chemical Method• Duration Effect Cone. Reference 
~giL) 

8ulo Embfyo Aroclor 1016 R,U 7-8d LCSO 7.16 Birge et al. 1978a 
amerlc:enut 1% deformity at hatch 1 

16% defomity at hatch 10 
29% defomity at hatch 100 
34% defomity at hatch 1,000 

8ulo Embfyo Aroclor 1242 R,U 7-8d LCSO 2.71 Birge et al. 1978a 
amerlcanut 1% deformity at hatch 0.1 

6% defomity at hatch 1 
10% deformity at hatch 1.0 
32% defomity at hatch 100 
4 7% defomity at hatch 1,000 

Bufo Embfyo Aroclor 1254 R,U 7-8d LC50 2.02 Birge et al. 1978a 
ametfcanua 2°AI defomity at hatch 0.1 

.... 5% defomity at hatch 1 

...... 13% defomity at hatch 10 w 
25% defomity at hatch 100 
100% defomity at hatch 1,000 

Bulofowled Embfyo Aroclor1016 R,U 7-8d LCSO 21.n Birge et al. 1978a 
1% deformity at hatch 10 
2% defomity at hatch 100 
11% defomity at hatch 1,000 

Bufofowled Embfyo Aroclor 1242 R,U 7-8d LCSO 12.09 Birge etel. 1978a 
1% defomity at hatch 1 
2·~ defomity at hatch 10 
6% defomity at hatch 100 
13% defomity at hatch 1,000 



Table 57. Pot,chlorinated biphenyls (PCBs) (continued) 

Species Stage/Age Chemical Method• Duration Effect Cone. Reference 
(#.£gil) 

Bufo fowlerl Embryo Aroclor 1254 R,U 7-Bd LC50 3.74 Birge et al. 1978a 
1% defornity at hatch 0.1 
2°k defornity at hatch 1 
4% defornity at hatch 10 
9% deformity at hatch 100 

Pletwodeles lafva Aroctor1254 R,U 12d No increase In 50 Fernandez et sl. 1989 
wall rricronucleated erythrocytes 

R8111J Embryo Arodor 1016 R,U 7-8d LCSO 6.19 Birge et el. 19788 ,.,.,.. 
Rane Embryo Arodor 1242 R,U 7-8d LC50 2.13 Birge et el. 1978a ,..,. 2% deformity at hatch 1 

5% defomity at hatch 10 ..... 55% defornity at hatch 100 ..... .,.. 
R8111J Aroctor 1254 R,U 7-8d LCSO 1.03 Birge etlll. 19788 
plplem 2% defomity at hatch 1 

18% deformity at hatch 10 

• R • renewal, U • unmeas..ed 



Table 58A. Polynuclear aromatic hydrocarbons- acute data. 

Xenopus lafwls 

• s. static. u. l.l'll'n88Sured 
111 ECSO 

Stage/Age Chenical 

Embryo Benzo(a)pyrene 

96-hr Reference 
LCSO 
(J.tgll) 

s.u >10,000 Fort et sl. 1989 
12,0oot' 
10,000" 



Table 588. Polynuclear aromatic hydrocarbons- other data. 

Spedes Stage/Age Chenical Method• Duration Effect Cone. Reference 
(Jlgll.) 

Pleurodeles Embfyo Benzo(a)- S,M 120 hr 1 0% mortality 50 Fernandez and L' Haridon 
wallt (Jelled) pyrene 48 hr 58% mortatity with lNA 12.5 1994 

exposure 
48 hr 90% mortalty with lNA 25 

exposure 
48 hr 94% mortalty with lNA 50 

exposure 

Pleutodele• Embryo Benzo(a)- S,M 312 hr 24% mortalty 25 Fernandez and L' Harleton 
walfl (dejeled) pyrene 18 hr 8% mortality with lNA 12.5 1994 

exposure 
36 hr 100% mortally with lNA 12.5 

exposure 
18 hr 33% mortalty with lNA 25 

exposure ... ..., 54 hr 100% mortalty with lNA 25 
0\ exposure 

Pleurodele• l.arva Benzo(a)- R,U 12d Increase In nicronucleated 25 Fernandez et al. 1989 
wa/11 pyrene erythrocytes 

Pleunxlele• Larva Benzo(a)- S,U 48 hr Increase in nicronucleated 200 Marty et Ill. 1989 
wallt pyrene erythrocytes 

Rana~ Embryo Anthracene S,U 30nin LCSO during sunight 85 Kagan et Ill. 1984 
exposure 

5 hr LC50 during sunlght 25 
exposure 

Rana plplens Tadpole Anthracene S,U 1 hr LCSO during sunlght 110 Kagan et al. 1985 
exposure 

Rana plplens Tadpole Fluoranthene S,U 1 hr LCSO during sunlght 90 Kagan et al. 1985 
exposure 



.... ..... ..... 

Table 588. Polynuclear aromatic hydrocarbons (continued) 

Species Stage/Age Chanica I Method• Duration Effect 

RM8 ,..,_ Tadpole Pyrena s.u 

• M • measured, R • renewal, S • static, U = unmeasured 

1 hr LCSO during sunlight 
exposure 

Cone. Reference 
(pgll) 

140 Kagan et al. 1985 



Table 59. Propoxur - other data. 

Species Stage/Age Method Duration 

Bufo bufo }aponlcus Tadpole 48 hr 

Effect 

LCSO 

Cone. 
(Fgll.) 

35,000 

Reference 

Hashimoto and 
Nishiuchi 1981 



Table 60A. Selenium- acute data 

Species Stage/Age Chemical Method• 96-hrl' pH Hardness Reference 
LC50 (as mg/L 

(JJgll) CaCoJ 

Xenopus IBfWII Embryo Sodium s.u 7,106 
c c 

DeYoung et al. 1991 ..... 
selenate 7,942 

c c 

11,286 
c c 

2,508d 
c c 

2,926d 
c c 

3,76~ 
c c 

Xenopus ,.. Embryo Selenium S,U 1,500 6.5 Under et al. 1991 
2,000 6.5 

• S • static. U • unmeasured 
"Values exp1'8188d as selenium 
c FETAX sOlution 
•ec5o -...., ~ 



Table 608. Selenium - other data. 

Species Stage/Age Chenical Method• Duration Effect Conc.b pH Hardness Reference 
(#Jg/L) (as moll 

CaC03 ) 

Gastrophryne Embryo Sodium R,M 7d LCSO 90 7.4 195. Birge 1978<, 
carolinensl1 selenate Birge et al. 1979tf 

Xenopus Embryo Sodium S,U 1-7 d epide!'mal 600-3,000 Browne and 
laevls selenite abnormalities, muscle Dumont 1980 

cell degeneration 

Xenopus Embryo Soclum S,M 3d LCSO 2,412 Browne and ,_.,, selenite Sd ·LCSO 786 Oumont1979 
7d LCSO 456 

Xenopus ·Embryo Selenium S,U 96 hr NOEC 800 8.5-7.0 Under et al. 1991 ,_.,, LOEC 1,600 

.... 
• M • measured, R • reneWal, S • static, U • unmeasured 01) 

0 111 Values expressed as selenium 
c Reference also cited In Table 8 (olher data) of the water qualty criteria document for selenium EPA 44015-87-006 (USEPA 1987b) 



Table 61. Silver- other data 

Species Stage/Age Cherrical Method• Duration Effect Cone." pH Hardness Reference 
(J..gll) (as mgiL 

CaCo,) 

Ambyatoma Enayo Silver nitrate R,M 8d LC50 240 7.2- 93-105 Birge et 81. 1978tf 
opecum 7.8 

Bulb Tadpole Silver nitrate S,U 96hr LC50 4.1 7.4 185 Khengarot and Ray 
melanodcfll8 1987 GIN,..,. EnUyo Silver nitrate R,M 7d LC50 10 7.4 195 Birge 1978, Birge 
camllnensfa etsl. 1979a 

R.,. hexadrtdyla Tadpole Silver nitrate S,U 96hr LC50 25,700 6.1 20 Khangarot et 81. 
1985b 

•M • measured, R • renewal, S • static, U • unmeasured 

- 11 Values expressed • altver 
c Reference e11o cited In Table 8 (other data) of the water quality criteria document for silver EPA 44015-80-071 (USEPA 1980cc) 

Q) -
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Table 62. Thalum- other data. 

Species 

Frog 
(unidentified) 

Gasfropt'.ryne 
canolinens#a 

Stage/Age Chenical 

Embryo 

Embryo 

Thalum 
nHrate 

Thalum 
trichloride 

• M • me•ured, S • static, U • unmeasured 
'Values expressed • thalum 

Method• Duration 

R,U 

R,M 7d 

Effect 

1 00% mortality at 
emergence 

LCSO 

Conc.b 
(tlgll) 

409 

110 

pH Hardness 
(as mgll 
CaC03) 

7.4 195 

c Reference also cited In Table 6 (other data) of the water quality criteria document for thalium EPA 44015-80-074 (USEPA 1980dd) 

Reference 

Oiling and Healy 
1926• 

Birge 1978, Birge 
et al. 1979a 
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Table 83. Toluene - other data. 

Species stage/Age Method• 

Ambystome gracile Embryo F,M 

. 
R81t1J,.,s Embryo S,M 

If • ftow-through, M • measured, S • static 

Duration 

9d 

9d 

Effect Cone. Reference 
(pgll) 

LC50 850 Black et al. 1982 
10% defomity at hatch 400 
368A. defornity at hatch 25,400 
100% defomity at hatch 41,500 

LC50 390 Black et al. 1982 
3% defomity at hatch 410 
50% defomity at hatch 22,800 
100% defornity at hatch 35,300 



-~ 

Table 84A. Toxaphene - acute data. 

Spedes Stage/Age. 

Tadpole 

8ufb MXdtoutl fowlef1 Tadpole 

PMUdac:tftt ,.,.,. Tadpole 

PDudactftt ,.,.,. Tadpole 

• s • stale. U ·• unmeasured 

S,U 

S,U 

S,U 

s.u 

96-hr 
LC50 
(J.lgll) 

140 

150 

500 

390 

Reference 

Sanders 197CJI' 

Mayer and Elersieck 1986 

Sanders 197C1' 

Mayer and Elersledc 1986 

•Reference also dtad In Table 1 (acute data) of the water qualty criteria document for toxaphene EPA 44015-88-006 (USEPA 1988d) 



Table 848. Toxaphene- other data. 

Spades Stage/Age Chenical Method• Duration Effect Cone. Reference 
(J.agll) 

Actfs aepllrJna Tadpole Toxaphene F,M 96hr LCSO 76 Hal and SWineford 1981 b 
24 hr ecso (behavior) >1,000 

Ambyllama Larva Toxaphene F,M 96 hr LCSO at 8 d 34 Hal and SWineford 1981b 
maculeltwn 24 hr ecso (behavior) 227 

~· Larva Toxaphene F,M 96hr LC50at8d 342 Hal and SWineford 1981b 
opecum 24 hr ECSO (behavior) 170 

8ufb Tadpole Toxaphene F,M 96hr LCSO at8d 34 Hal and SWineford 1981b 
emet'lcenua 24 hr ECSO (behavior) '38 

R- Tadpole Toxaphene F,M 96hr LCSO at8d 99 Hal and SWineford 1981b 
cafelbllane 24hr ECSO (behavior) 312 

R.,. Tadpole Toxi!Phene U, 96hr 0% mortally 0.112kglbac Mula,1983 - cete ...... (fornuWion) Isolated 24hr 100% mortally 0.560kgtttac 00 
U't 

In pond 

R.,. plplen8 Adul Toxaphene S,U 30d 25% mortalty 800 kaplan and OVerpeck 1964 

R-. T.tpole Toxaphene F,M 96hr LCSO at 8 d 24 hr 130 Hal and SWineford 1981 
spltenootphala 24hr 193 

R.,. Embryo Toxaphene F,M 96hr LC50at 15d 851 Hal and SWineford 1980" 
spltenocephele LCSO at20d 60 

LC50 at24 d 46 

Rana Tadpold Toxaphene F,M 96 hr LC50at8d 168 Hal and SWineford 1980" 
sp#Jenocephllle LC50 at 15 d 65 

LC50 at30d 32 



Table 648. Toxaphene (continued) 

Species Stage/Age Chemical Method• Duration Effect Cone. Reference 
(#Jgll) 

Rana Subadult Toxaphene F,M 96 hr lCSO at8d 378 Hall and Swineford 1980" 
sphenocephala 37.9 concentration factor in 58 

killed animals 
52.6 concentration factor in 78 
killed animals 
28.7 concentration factor in 150 
killed animals 
16.1 concentration factor in 280 
killed animals 
36.8 concentration factor in 760 
killed animals 

R., sylvellc:e Tadpole Toxaphene F,M 96 hr lC50at8d 195 Hal and Swineford 1981 
24 hr ECSO (behavior) 36 

-01) • F • llow-through, M • measured, S • static, U • unmeasured 0'1 
• Reference also cited In Table 6 (other data) of the water qualty criteria document for toxaphene EPA 44015-86-006 (USEPA 19861) 
c Active lngreclent 



Table 65. Trtbutyllln - other data. 

Spedes Stage/Age Chenical Method• Duration Effect Cone. Reference 
~gA.) 

Ambptome Larva Trtbutyltin s.u 1d 100% mortality 48.6 Scadding 1990 
mexlcenum oxide 7d 80% mortality 14.6 

49d 90%mortality 14.6 
49d Most lmbs with defects 4.86 
49d Umbs with slightly increased 1.46 

defects 
49d Normal 1mb development 0.49 

Rena Embryo Trtbutyllln s.u Sd LCSO 28.2 Laughln and Unden 
tempotatfe fluoride Body water loss 28.2 1982" 

R.,. Embryo Trtbutyllln s.u Sd 40% mortality 29.2 Laughln and Unden 
temporatle oxide Body water loss 29.2 1982" 

... •s•sta~c,U·~ 
01) • Valuea expn111ed • b1butylln Cllllon ...., 

c Ret'8rence .-, cited In Table 8 (other data) of the water quality drterta document for trtbutyllln EPA 44015-88-draft (USEPA 1988d) 



Table 68A. Trichloroethylene - acute data. 

Species 

• S • static, U • unmeasured 
'ECSO ·. 

Stage/Age 

Embryo 

Method" 

S,U 

96-hr 
LCSO 

(#Jg/l) 

425,000 
443,000 
34,000b 
37,000b 

Reference 

Fort et at. 1991, 1993 



Table 888. Trtchloroethylene - other data 

Spedes Stage/Age Method• 

Ambystoma larva S,U 
mexicantm 

Xenopua 18fWII Tadpole S,U 

• S • stalk:, U • unmeasured 

Duration Effect 

48 hr LC50 

48 hr LC50 

Cone. 
{l.tg/L) 

48,000 

45,000 

Reference 

Sloof et al. 1983, Sloof and 
Baerselman 1980 

Sloof et al. 1983, Sloof and 
Baerselman 1980 



Table 67A. Zinc- acute data 

Species Stage/Age Chemcal Methoda 96-h,e pH Hardness Reference 
LC50 (as mgll 
~giL) CaCo:J 

Xenopus laevla Embryo Zinc sulfate S,M 34,500 7.0 100C Dawson et al. 1988 
3,600C' 7.0 100C 

Xenopu• laevla Embryo Zinc sulfate S,M 14,175 • 100C Fort et 81. 1989 
13,689 • 100' • 

89Sd • 100C 
1,276, • 100' 

Xenopu:tlaevla Embryo Zinc sulfate s.u 1,944d • • Bantle et 81. 1989 

Xenopua,.... Embryo Zinc S,U 1,300 6.6 Under et Bl. 1991 

• S • stalic, M • measured, U • unmeasured - 111 Values expressed as zinc 

"' cNormalzed 0 
•Ecso 
• FETAX solullon 



Table 678. Zinc- other data. 

Species Stage/Age Chenical Method• Duration Effect Cone ... pH Hardness Reference 
(pQI1..) (as mgll. 

CaC03 ) 

Ambystome Emblyo Zinc S,M 96hr No toxic response or 2,000 4.5 Home and ..,_ 
}etrertonlanum chloride effect on development Dunson 1994 

rate 

Ambyslame Emblyo Zinc S,M 8d LC50 2,380 7.2-7.8 93-105 Birge et al. 1978b 
opecum chloride 

8ufo Tadpole Zinc s.u 120hr 5% mortality 16,000 
e c 

Herkovits and ,.,.,.,.., 65% mortality 32,000 c c Perez-Col1991 

8ufo IJonHII Tadpole Zinc sulfate R,U 12 hr 100% mortality 39,000 Porter and 
61 d 100% metamorphosis 100 5-8 Hakanson 1976 

8ufo Tadpole Zinc sulfate s.u 96hr LC50 19,860 7.4 185 Khangarot and Ray .... 
melanollctul 1987 \0 .... 
~ Emblyo Zinc R,M 7d LC50 10 7.4 195 Birge197Sd, Birge 
carollnen* chloride et al. 1979a11 

~ Tadpole Zinc sulfate s.u 96hr LC50 22,410 8.8-8.9 142-145 Raoand 
omata (1 wk) . Madhyastha 1987 

Mkrohyla Tadpole Zinc sulfate S,U 96hr LC50 23,080 6.8-6.9 142-145 Raoand 
omata (4wk) Madhyastha 1987 

Rane Tadpole Zinc sulfate s.u 96hr LC50 2,100 8.1 20 Khangarot et al. 
hexacladyla 1985a, 1985b 

Rane ,.,. Adul 
.... 
Line R 15d LC50 155,000 Kaplan and 

Glaczenskl 1965• 



Table 678. Zinc (continued) 

Species Stage/Age Chemical Method• Duration Effect Cone." pH Hardness Reference 
(Jlgll) (as mgll 

CaC03 ) 

Xenopus Tadpole Zinc sulfate S,M 90 hr 80% mortality 2,300 7.0 296 Woodal et 81. 
leevls 45% mortality 3,400 7.0 296 1988 

50% mortality 4,500 7.0 296 
15% mortality. 4,500 7.0 296 
pre-treated with 1,100 
JJgJl Zn for 96 hr 

Xenopu.t Embryo Zinc s.u 96 hr NOEC 400 5.5-8.7 Under et 81. 1991 ,_.,, 
LOEC 800 5.5-8.7 

• M • n.asured, R • renewal, S • static, U • unmeasured 
11 Values expressed as Zinc 
c 10% Holfreter's solution 

..... • Reference also cited in Table 8 (other data) of the water quality criteria document for zinc EPA 44015-87-003 (USEPA 1987a) 
"' N • Reference not seen, cited in Power et al. 1989 



APPENDIX A 

Amphibian References not used in Tables 5-678 

Chemical List: 

Aldrin/Dieldrin 

Akkermans eta/. 1974, 1975a,1975b 1975c; Dowd eta/. 1985, Fonovich de 
Schroeder and Pechen de D'Angelo 1991, Georgacakis et a/. 1971, Kaiser and 
Dunham 1972-1973, Korschgen 1970, Nishiuchi 1980a, Punzo et a/. 1979, 
Rane and Mathur 1978, Vinson et a/. 1963, Webb et a/. 1979 

Aluminum 

Canton and Sloof 1982, Marquis 1982, Olsson eta/. 1987 

Benzene 

Garavini and Seren 1978, Lipnick 1989 

Cadmium 

Beyer eta!. 1985, Birge eta/. 1977, Dawson eta!. 1985, Dmowski and Karolewski 
1979, Fox and Sillman 1979, Gale eta!. 1973, Hall and Mulhern 1984, Hillyard et 
a!. 1979, Kanno et a/. 1978, Kasinathan et a/. 1987, Niethammer et a/. 1985, 
Pramoda and Saidapur 1986, Suzuki and Akitomi 1983, Suzuki and Tanaka 1983, 
Suzuki et a/. 1986 

Carbaryl 

Ardizzone et a/. 1990, Sam path eta!. 1995, Webb eta!. 1979 

Chlordane 

Albright et a/. 1980, Dowd et a/. 1985, Nishiuchi 19808, Webb et a/. 1979 

Chloride 

Shpun et a/. 1992 
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Chlorinated benzenes 

Nishiuchi 1980b 

Chlorophenoxy herbicides 

Nishiuchi 1979, 1980b 

Chlorpyrifos 

Johnson and Prine 1976 

Copper 

Beck 1956, Beyer eta/. 1985, Cicero 1990. Cooke 1973, Dawson eta/. 1985, 
Gale et a/. 1973, Goldfisher and Schiller 1970, Hall and Mulhern 1984, Jordan 
et a/. 1977, Kanno et a/. 1978, Miller and Mackay 1983, Pavel and Kucera 
1986•, Rico eta/. 1987 

Dichlorvos 

DDT 

Tomar and Pandey 1988 

Cooke 1971, 1973; Dowd eta/. 1985, Dimond eta/. 1968, Ferguson andGilbert 
1967, Finley and Pillmqre 1963, Harri 1980, Harriet a/. 1979, Herald 1949, Hunt 
and Bishoff 1960, Jabbar Kahn 1975, Kaiser and Dunham 1972-1973, Kirk 1988, 
Licht 1976, Logier 1949, Nishiuchi 1980a, Peaslee 1970, Punzo et a/. 1979, 
Rajendra et a/. 1980, Rico et a[. 1987, Spiers 1949, Tarzwell 1950, van den 
Bercken and Akkermans 1971, Webb eta/. 1979 

Endosulfan 

Endrin 

Nishiuchi 1980a 

Dowd et a/. 1985, Rosato and Ferguson 1968, Webb et a/. 1979, 
Wohlgemuth and Trnkova 1979 
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Heptachlor 

Dowd et a/. 1985, Kaiser and Dunham 1972-1973, Nishiuchi 1980a, Webb et 
a/. 1979, VVhitacre and Ware 1967 

Hexachlorocyclohexane 

Iron 

Lead 

Dowd eta/. 1985, Jab bar Kahn 197 5, Kaiser and Dunham 1972-1973, Publicover 
eta/. 1979, Rico eta/. 1987, Webb eta/. 1979 

Pavel and Kucera 1986• 

Barrett 1947, Beyer et a/. 1985, Birdsall et a/. 1986, Dawson 1933, · 
Dawson et a/. 1985, Dmowski and Karolewski 1979, Fox and Sillman 
1979, Gale eta/. 1973, Hall and Mulhern 1984, Ireland 1977, 
Krishnamoorthy eta/. 1987, Niethammer eta/. 1985, Rico eta/. 1987, Schroeder 
and Tipton 1968 

Malathion 

Baker 1985. Giles 1970, Kowsalya eta/. 1987 

Manganese 

Gale et at. 1973, Pavel and Kucera 1986* 

Mercury 

Birge eta/. 1977, Cox and Holm 1975, Dustman eta/. 1972, Fox and Sillman 
1979, Hall and Mulhern 1984, Rico eta/. 1987, Terhivuo eta/. 1984, Yorio and 
Bentley 1973 

Methoxychlor 

Webb et at. 1979 

A-3 



Methyl parathion 

Johnson and Prine 1976, Woodham eta/. 1977, Yasmeen and Nayeemunnisa 
1986 

Naphthalene 

Blankenmeyer eta/. 1990, Lipnick 1989 

Nitrophenols 

Gorge eta/. 1987, Statham eta/. 1978, Zettergren eta/. 1988, 1991 

Parathion 

Guzman and Guardia 1978, Jurez and Guzman 1984 

Pentachlorophenol 

Schuytema eta/. 1993 

Phenanthrene 

Lipnick 1989 

Phenol 

Nagel and Urich 1981 

Phthalate esters 

Larsen and Thuren 1987 

Polychlorinated biphenyls 

Dowd et a/. 1985, Rico et a/. 1987 

2,3, 7,8-Tetrachlorodibenzo-p-dioxin 

Beatty eta/. 1976b, Fanelli eta/. 1980, Korfmacher eta/. 1986a, 1986b 
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Toluene 

Ekblom eta/. 19841 Garavini and Seren 1979 

Toxaphene 

Dowd et a/. 1985 

Zinc 

Beyer et al. 19851 Birge et a/. 1977 I Dawson et a/. 19851 Dmowski and Karolewski 
19791 Gale et al. 19731 Hall and Mulhern 1984, Kanno eta/. 19781 
Niethammer eta/. 19851 Nishiuchi 1979, Rico eta/. 1987 I Taban eta/. 1982 

• Cited in Power et a/. 1989 
b Cited in water quality criteria document, but exposure was by injection 

Reference List: 

Akkermans, L.M.A., J. van den Bercken, J.M. van der Zalm and H.W.M. van 
Straaten.1974. Effects of dieldrin (HEOD) and some of its metabolites on synaptic 
transmission in the frog motor end-plate. Pestic. Biochem. Physiol. 4:313-324. 

Akkermans, L.M.A., J. van den Bercken and J.M. van der Zalm. 1975a. Effects of aldrin­
transdiol on neuromuscular facilitation and depression. Europ. J. Pharmacal. 31: 
166-175. 

Akkermans, L.M.A. 1 J. van den Bercken and M. Versluijs-Helder. 1975b. Excitatory and 
depressant effects of dieldrin and aldrin-transdiol in the spinal cord of the toad 
(Xenopus laevis). Europ. J. Pharmacal. 34: 133-142. 

Akkermans, L.M.A., J. van den Bercken and M. Versluijs-Helder. 1975c. Comparative 
effec~s of DDT, allethrin, dieldrin and aldrin-transdiol on sense organs of Xenopus 
laev1s. Pestic. Biochem Physiol. 5: 451-457. 

Albright L.J., P.C. Oloffs and S.Y. Szeto. 1980. Residues in cutthroat trout (Sa/mo clarki) 
and California newts (Taricha torosa) frpm a lake treated with technical chlordane. 
J. Environ. Sci. Health B15: 333-349. 
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Ardizzone, C., H. Krokos and C. Lippe. 1990. Actions of carbaryl on the ionic transport 
across the isolated skin of Rana esculanta. Comp. Biochem. Physiol. 97: 49-51. 

Baker, K.N. 1985. Laboratory and field experim.ents on theresponses by two species of 
woodland salamanders to malathion-treated substrates. Arch. Environ. Contam. 
Toxicol. 14: 685-691. 

Barrett, W.C., Jr. 1947. The effects of lead salts on the hemopoietic and histiocytic 
systems of the larval frog. Amer. J. An~t. 81: 117-136. 

Beatty, P.W., M.A. Holsher and R.A. Neal. 1976. Toxicity of 2,3,7,8-tetrachlorodibenzo-p­
dioxin in larval and adult forms of Rana catesbeiana. Bull. Environ. Contam. 
Toxicol. 16: 578-581. 

Beck, A.B. 1956. The copper content of the liver and blood of some vertebrates. Austral. 
J. Zool. 4: 1-18. 

Beyer. W.N., O.H. Pattee, L. Sileo, D.J. Hoffman and B.M. Mulhern. 1985. Metal 
contamination in wildlife living near two zinc smelters Environ. Pollut. (Series A) 38: 
63-86. 

Birdsall. C W .. C.E. Grue and A. Anderson. 1986. Lead concentrations in bullfrog Rana 
catesbeiana and green frog R. c/amitans tadpoles inhabiting highway drainages. 
Environ. Pollut. (Series A) 40: 233-247. 

Birge, W.J., J.A. Black, A.C. Westerman, P.C. Francis and J.E. Hudson. 1977. 
Embryopathic effects of waterborne and sediment-accumulated cadmium, mercury 
and zinc on reproduction and survival of fish and amphibian populations in 
Kentucky. Research Rept. No. 100. Kentucky Water Resources Institute, University 
of Kentucky, Lexington. PB 264 043. 

Blankenmeyer, J.T. and C. R. Heflen. 1990. Effect of naphthalene on sodium active 
transport in the frog skin. Bull. Environ. Contam. Toxicol. 45: 627-632. 

Canton, J.H. and W. Sloof. 1982. Substitutes for phosphate containing washing products: 
Their toxicity and biodegradability in the aquatic environment. Chemosphere 11: 
891-907. 

Cicero, R., A. Gallone, I. Maida and G. Pintucci. 1990. Effects of copper on the tyrosinase 
of liver pig:nent cells from Rana esculenta L. Comp. Biochem. Physiol. 968: 393-
397. 
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Cooke, A.S. 1971. Selective predation by newts on frog tadpoles treated with DDT. 
Nature 229: 275-276. 

Cooke, A.S. 1973. The effects of DDT, when used as a mosquito larvacide on tadpoles of 
the frog Rana temporaria. Environ. Pollut. 5: 259-273. 

Cox, M.F. and H.W. Holm. 1975. Methylmercury and total mercury concentrations in 
selected stream biota. In: D. D. Hemphill (ed) Trace Substances in Environmental 
Health. Columbia. MO. pp 151-155. 

Dawson, A.B. 1933. An experimental study of hemopoiesis in Necturus: Effects of lead 
poisoning on normal and splenectomized animals. J. Morphol. 55: 349-375. 

Dawson, D.A., C.A. McCormick and J.A. Bantle. 1985. Detection of teratogenic substances 
in acidic mine water samples using the frog embryo teratogenesis assay- Xenopus 
(FETAX). J Appl. Toxicol. 5: 234-244. 

Dimond, J.B., R.E.,Kandunce, A.S. Getchell and J.A. Blease. 1968. DDT residue 
persistance in red-backed salamanders in a natur.al environment. Bull. Environ. 
Contam. Toxicol. 34: 194-202. · 

DmowskL K., and M.A. KarolewskL 1979. Cumulation of zinc, cadmium, and lead in 
invertebrates and some vertebra~9s according to the degree of an area 
contamination. Ekol. Pol. 27: 333-343. 

Dowd. P.F., G.U. Mayfield, D.P. Coulon, J.B. Graves and J.D. Newsome. 
1985. Organochlorine residues in animals from three Louisiana watersheds in 1978 
and 1979. Bull. Environ. Contam. Toxicol. 34: 832-841. 

Dustman, E. H. L.E. Stickel and J.B. Elder. 1972. Mercury in wild animals, Lake St. Clair, 
1970. In: R.H Hartung, B.D. Dinman (eds). Environmental Mercury Contamination, 
Ann Arbor Sci. Publ. Inc. pp 46-52. 

Ekblom A., A. Flock, P. Hansson and D. Ottoson. 1984. Ultrastructural and 
electrophysiological changes in the olfactory epithelium following exposure to 
organic solvents. Acta Otolaryngol (Stockh.) 98: 351-361. 

Fanelli, R., M.G. Castelli, G.P. Martelli, A. Noseda and S. Garattini. 1980. Presence of 
2,3,7,8-tetrachlorodibenzo-p-dioxin in wildlife living near Seveso, Italy: A preliminary 
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