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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 100 criteria
documents published or in preparation. There is increasing recognition that amphibian
data should be included in the derivation of water quality criteria. While 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 difficuit to generalize
about the protection afforded these animals by current water quality criteria. While 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 et al. (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 criterion 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 used. 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 criteria 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 Ellersieck 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

1



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 ef 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 ef a/. 1989). Mammals, birds and amphibians/reptiles are three
wildlife subgroups identified by Williams ef al. (1989) for which predictive/extrapolative
models should be developed to generate criteria. The few acute amphibian data that have
been considered in deriving criteria 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
into a form useful in deriving or supporting ambient water quality criteria.



LITERATURE SOURCES

Toxicity literature 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 et al. 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.



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 6B) and cadmium (Table 15B); applicable residue data were found
only for aldrin/dieldrin (Table 6C).

Table Content

The data tabies 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 al. 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 BCF
(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 (ug/L). Concentrations of metals are expressed as the metal, not the
compound. Concentrations of formulated products are given as the active ingredient if
possible.



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. Fifty-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, Acns gryllus, Bufo canorus, Bufo debilis
debilis, Bufo punctatus, Hyla gratiosa, Hyla squirrela, Hyla versicolor, Notophthalmus
vindescens, 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, 45B). 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 49B; 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 BA); pentachlorophenol (Table 54A); and
toxaphene (Table 64A).



Documents which contained amphibian data in their "other" tables (data that can't
presently be used for deriving criteria values) were aluminum (Table 7B), aniline (Table
8B),antimony Il (Table 9), arsenic (Table 10), cadmium (Table 15C), chromium (Table 27),
copper (Table 28B), endosulfan (Table 35), lead (Table 42), mercury (Table 45B), nickel
(Table 50B), pentachlorophenol (Table 54B), selenium (Table 60B),silver (Table 61),
thallium (Table 62), toxaphene (Table 64B), tributyltin (Table 65), and zinc (Table 67B).
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 101
_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). While not suitable
for criteria development, they might provide additional insight into various aspects of the
effects of toxic chemicals on amphibians.



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, DDE, TDE, 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 1884) 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 pg/L) are well below the range of acute (468-850 pg/L) and chronic (24-210 pg/L)
toxicity values reported in the literature (Tables 15A and 15B). The acute and chronic
criteria for dieldrin (2.5 and 0.0019 pg/L) are likewise well below the range of acute (30-150
pg/L) and chronic (1.2-16.3 pg/L) toxicity literature values (Tables 6A and 6B). 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 pratective of amphibians. The single 96-
hour LC50 value of 7 pg/L for acrolein (Table S) is well below both the acute and chronic
criteria values (68 and 21 pg/L), suggesting that some amphibians may be at risk. Acute
criteria values for naphthaiene, nitrosamines and thallium are greater than reported acute
toxicity values for various amphibian species (Tables 49A, 52A, 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 LC50 values may span the acute criterion
value as in the case of aluminum where the criterion of 750 ug/L falls between reported
LC50s of 400-1,600 pg/L for various species (Table 7A). Similarly, seven to eight-day
-"LC50s (30-2130 pg/L) for resident species exposed to chromium span the acute criteria
value of 1,700 pg/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.



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. Researchers should examine the original papers for full understanding of the
data.
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Table 1. Water quality criteria (WQC) chemicals and associated amphibian literature.

Amphibian data ® found in:

EPA WQC document *
Chemical publication number WQC documents Other publications
Acenaphthene EPA 440/5-80-015 - -
EPA 440/5-80-016 - X
Acrylonitrile EPA 440/5-80-017 - -
Aldrin/Dieldrin EPA 440/5-80-019 USEPA 1980c X
Aluminum EPA 440/5-88-008 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 (TII) 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
Carbaryi _ _ X
Carbofuran - - X
Carbon tetrachloride EPA 440/5-80-026 - X
Chilordane EPA 440/5-80-027 - X
Chloride EPA 440/5-88-001 - X
Chiorinated benzenes EPA 440/5-80-028 - X
Chlorinated ethanes EPA 440/5-80-029 —_ X
Chiorinated EPA 440/5-80-031 — —_
naphthalenes
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Table 1. (continued)

Amphibian data ® found in:

31

EPA WQC document*

_ Chemical publication number WQC documents Other publications
Chlorinated phenols EPA 440/5-80-032 —_— X
Chlorine EPA 440/5-84-030 —_ —_
Chioroalky! ethers EPA 440/5-80-030 - —
Chioroform EPA 440/5-80-033 - X
2-Chlorophenol EPA 440/5-80-034 — —_
Chiorophenoxy EPA 440/5-86-001¢ — X

herbicides

Chlorpyrifos EPA 440/5-86-005 — X
Chromium EPA 440/5-80-035 — ’ X
EPA 440/5-84-029 USEPA 1985¢ 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
DOT EPA 440/5-80-038 USEPA 1980m X
Demeton —_ —_ —_
Dichlorobenzenes EPA 440/5-80-039 - —_
Diazinon - — X
Dichlorobenzidine EPA 440/5-80-040 — —_
Dichloroethylenes EPA 440/5-80-041 — —
2, 4-Dichiorophenol EPA 440/5-80-042 — —

Dichioropropanes/ EPA 440/5-80-043
Dichloropropenes _ X
Dichiorvos — —_ X
Di-2-ethylhexyl EPA 440/5-87-013 . — X

phthalate (DEHP)

2, 4 -Dimethylphenol EPA 440/5-80-044 — —



Table 1. (continued)

Amphibian data ® found in;

EPA WQC document *
Chemical publication Number WQC documents Other publications
Dinitrotoluene EPA 440/5-80-045 — -
Diphenylhydrazine EPA 440/5-80-062 - —
Endosulfan EPA 440/5-80-046 USEPA 19800 X
Endnn EPA 440/5-80-047 —_ 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
Hexachiorobutadiene EPA 440/5-80-053 - —
Hexachlorocyclohexane  EPA 440/5-80-054 USEPA 1980s X

| Hexachlorocyciopenta -

diene EPA 440/5-80-055 — -
Iron EPA 440/5-86-001° —_— X
Isophorone 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° — X
Manganese EPA 440/5-86-001° — X
Mercury EPA 440/5-80-058 USEPA 1880u X

EPA 440/5-84-026 USEPA 1985¢g X
Methoxychlor EPA 440/5-86-001° - X
Methyl parathion - - X
Mirex EPA 440/5-86-001°¢ — X
Naphthalene EPA 440/5-80-059 - X
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Table 1. (continued)

Amphibian data ® found in:

EPA WQC document *
Chemical publication Number WQC documents Other publications
Nickel EPA 440/5-80-060 USEPA 1880w X
EPA 440/5-86-004 USEPA 1986b X
Nitrobenzene EPA 440/5-80-061 - -
Nitrophenols EPA 440/5-80-063 - 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 -
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°¢ - —
1,24-TCB - - -
2,4,5-TCP - - —_
Tetrachloroethylene EPA 440/5-80-073 - —
2,3,7,8-Tetra-
chlorodibenzo-p-dioxin  EPA 440/5-84-007 USEPA 1984 X
Thallium EPA 440/5-80-074 USEPA 1980dd X



Table 1. (continued)

Amphibian data ® found in;

EPA WQC document *
Chemical publication Number WQC documents Other publications
Toluene EPA 440/5-80-075 -_— X
Toxaphene EPA 440/5-80-076 USEPA 1980ff X

EPA 440/5-86-006 USEPA 19861 X
Tributyltin EPA 440/5-88 Draft USEPA 1988d X
Trichloroethylene EPA 440/5-80-077 —_ X
Viny! chioride EPA 440/5-80-078 —_ -—
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.

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.

¢ Criteria for chemicals with EPA number EPA 440/5-86-001 are collectively fisted in Quality Criteria for
Water 1986 (USEPA 1986a) and originally appeared in Quality Criteria for Water 1876 (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.®

Chemical

L]

Additional data located for WQC
documents with some amphibian data

Resident®
acute

Resident*
"other”

Non-resident?
“other”

Additional data located for WQC documents

without any amphibian data

Resident®
acute

Reshlent‘
“other”

Non-resident?
“other”

Acrolein
Aldrin/Dieldrin
Aluminum

Anlfine

Arsenic

Aftrazine

Benzene

Boron

Cadmium

Carbaryl
Carbofuran

Carbon tetrachloride
Chiordane

Chioride

Chiorinated benzenes
Chiorinated ethanes
Chlorinated phenols

x x|

|

x x x x |

X

x x »x |

» X X X X X > |

x > X > x |
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Table 2. (continued)

Additional data located for WQC Additional data located for WQC documents

documents with some amphibian data without any amphibian data
- Reident  Resdoor  Nonggedont®  Resden®  Resjdenr  Norresidont
Chioroform — — — — X "X
Chiorophenaxy herbicides — - — X X X
Chiorpyrifos - — - - X X
Chromium —_ X X — —_ —_
Copper ) X X X ——— — —
Cyanide — — — - - X
DDT — X X — —_ -
Diazinon — — — — — X
Dichloropropanes/Dichloropropenes —_ — ~ — — X —
Dichlorvos ' — - - - — X
Di - 2 - ethythexyl phthalate (DEHP) - - - — - X
Endosulfan - —_— X - - -
Endrin — . — - X X X
Guthion : — — - X X -
Halomethanes —_— — —_— —_ X —
Heptachior — -— — X X X

Hexachlorocyclohexane X X X — — —



Table 2. (continued)

Chemicel

Additional data located for WQC
documents with some amphibian data witho

Resident® Resident Non—r?‘sident" Resident®
her” “other” acute

acule

bi a

Additional data located for WQC documents

R

Non-resident?
“other”

iron
Lead
Malathion

Manganese
Mercury
Methoxychlor
Methy! parathion
Mirex

Naphthalene

Nitrobenzene
Nitrosamines
Parathion

Pentachiorophenol

Phenol
Phthalate esters

Polychlorinated biphenyls (PCBs)
Polynuclear aromatic hydrocarbons

— — — X
— X X —

b
b
b
x x |

|
|
|
x x |

I
P
P
I

X

>xX X

x x x x |

X X X X

X

xX X

x x |
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Table 2. (continued)

Additional data located for WQC
documents with some amphibian data

Additional data located for WQC documents

without any amphibian data

Chemicl G R Nengplee  Reldm®  Rgfior  Nensedene
Propoxur - - - - - X
Selenium — X - - - —
Siver - X X - - -
Thallum ~ X - ~ - -
Toluene — — — — X —
Toxaphene X X — — — —
Tributyftin - - X - - -
Trichloroethylens ' — - — X X X
Zinc X X X — - —

* Addiional chronic data was located only for aldrin/dieldrin and cadmium.

* Acute data pertaining to resident species.
¢ Resident spacies data suitable for “other data” tables.

“ Non-resident species data suitable for "other data” tables included to provide additional insight into the effects of chemicals on

amphiblans.



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

Species Chemical Table Reference
number
Acris crepitans Carbofuran (Furadan 3G) 17 Flickinger ef a/.1980
Endrin 368 Hall and Swineford 1981
Parathion 53B Fleming ef a/. 1982
Toxaphene 648 Hall and Swineford 1981
Acris crepitans Mercuric chloride 458 Birge ef al. 1978b
blanchardi
Acris gryllus Mirex (bait) 48 Collins ef a/. 1973
Adelotus brevis 2.4-D amine 258 Johnson 1976
2,4.5-T amine 258 Johnson 1876
Sodium arsenite 10 Johnson 1976
Ambystdma gracile Benzene 12 Black ef a/. 1982
Cadmium chioride 15A, 158 Nebeker ef al. 1994, 1895
Carbon tetrachloride 18 Black ef al 1982
Chlorobenzene 21 Black ef al. 1982
Chloroform 24 Black et al. 1982
1,2-Dichloroethane 228 Black ef a/. 1982
Phenol - 558 Black ef al. 1982
Toluene 83 Black ef al. 1882
Ambystoma Aluminum chloride 78 Home and Dunson 1894
Jjeffersonianum
Copper chloride 28A Horne and Dunson 1994
Lead chioride 42 Home and Dunson 1994
Zinc chloride 678 Home and Dunson 1884
Ambystoma Aluminum 78 Dale of al. 1985, Albers and
maculatum . Prouty 1887
Aluminum chloride 78 Clark and LaZerte 1987
Berylium sulfate 13 . Slonim and Ray 1975
Endrin 88 Hall and Swineford 1981
Toxaphene | 648 Hall and Swineford 1881
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Table 3. (Continued)

Species Chemicai Table Reference
number
Ambystoma Aniline 8B Sloof and Baerseiman 1980,
mexicanum Sloof ef a/. 1883
Benzene 12 Sloof and Baerseiman 1880,
Sloof ef al. 1983
Cadmium nitrate 15C Sloof and Baerseiman 1880,
Sloof ef a/. 1983
Mercuric chionde 45B Sloof and Baerselman 1880,
Sloof et al. 1983
Pentachlorophenol 54B Sloof and Baerseiman 1980,
Sloof et al. 1983
Tributyltin oxide 65 Scadding 1890
Trichioroethylene 668 Sloof and Baerselman 1980,
Siloof ef a/. 1983
Ambystoma opacum Aluminum chloride 7B Birge et al. 1978b
Beryllium sulfate 13 Sionim and Ray 1975
Cadmium chlonde 15C Birge et al. 1878b
Chromium trioxide 27 Birge et a/. 1978b
Copper sulfate 28B Birge ef al. 1978b, Birge and
Black 1879
Endrin 36B Hall and Swineford 1981
Lead chioride 42 Birge et al. 1978b
Mercuric chioride 45B Birge of al. 1878b, 1979b
Nicke! chioride 50B Birge of a/. 1878b
Silver nitrate 61 Birge of o/. 1978b
Toxaphene 64B Hall and Swineford 1981
Zinc chloride 678 Birge eof a/. 1878b
Bufo americanus Aluminum 78 Clark and LaZerte 1985
Aluminum chioride 7A Freda ef a/. 1990, Freda and
McDonald 1893
Aluminum (inorganic 7B Clark and Hall 1885
monomeric)
Aroclor 1016 57 Birge of a/. 1978a
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Table 3. (Continued)

Species Chemical Table Reference
number
Aroclor 1242 57 Birge ef al. 1978a
Aroclor 1254 57 Birge ef al. 1878a
Atrazine 11 Birge ef al. 1980, Birge ef a/.
1983
Copper sulfate 28B Birge and Black 1880
Endnn 8B Hall and Swineford 1981
Lead nitrate 42 Steele ef a/. 1991
Methoxychlor 46B Hall and Swineford 1979
Phenol 558 Birge ef al. 1980
Toxaphene 64B Hall and Swineford 1981
Bufo arenarum Aldrin 6D Juarez and Guzman 1984
Cadmium 15C Herkovits and Perez-Coll
1993
Cadmium chioride 15C Munio ef a/. 1990, Ferrari ef al.
1993
Chlordane 18 Juarez and Guzman 1984
DDT . aoe Juarez and Guzman 1984,
1986
Dieldrin 6D de Llamas ef a/. 1985, Gauna
ef al. 1991
Heptachlor 3sB Juarez and Guzman 1984b
Lead 42 Perex-Col! and Herkovits
1980, 1891
Lead nitrate 42 Perez-Coll of a/. 1988
Malathion 43B de Llamas ef a/. 1885,
Rosenbaum ef a/. 1988,
. Venturino ef al. 1992
Parathion 538 Anguiano ef al. 1994
Zinc 678 Herkovits and Perez-Coll
i 1991
Bufo boreas Copper sulfate 288 Porter and Hakanson 1976
Ferrous sulfate 418B Porter and Hakanson 1876
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Table 3. (Continued)

Species Chemical Table Reference
number
Guthion (formulation) 37B Multa ef a/. 1963
Methy! parathion 47B Mulla 1862, Mulla ef a/. 1963
(formulation)
Parathion (formulation) 53B Mulia ef al. 1963
Zinc sulfate 878 Porter and Hakanson 1876 |
Bufo bufo DDT 30B Cooke 1872, Marchal-Segautt
1876
Dieldnin 6D Cooke 1872
Bufo bufo japonicus Carbary! (formulation) 16 Hashimoto and Nishiuchi 1981
DDT (formulation) 308 Hashimoto and Nishiuchi 1981
Diazinon 31 Hashimoto and Nishiuchi 1981
Endosuifan (formulation) - 35 Hashimoto and Nishiuchi 1981
Endrin (formulation) 368 Hashimoto and Nishiuchi 1981
Parathion 53B Hashimoto and Nishiuchi 1981
Pentachiorophenol 54B Hashimoto and Nishiﬁchi 1981
- (formulation)
Pentachlorophénol-copper 54B Nishiuchi and Yoshida 1974
Pentachlorophenol-sodium 54B Nishiuchi and Yoshida 1974
(formulation)
Pheny! mercury acetate 45B Hashimoto and Nishiuchi 1981
(formulation)
Propoxur 59 Hashimoto and Nishiuchi 1981
Bufo canorus Aluminum (inorganic 78 Bradford ef al. 1682
monomeric)
Buto debilis debilis Mercuric chioride 458 Birge et al. 1978b
Bufo fowleri Aroclor 1016 57 Birge of a/. 1878a
Aroclor 1242 57 Birge of al. 19782
Aroclor 1254 57 . Birge of a/. 1978a
Boric acid . 14 Birge and Black 1977
Carbon tetrachloride 18 Birge ef al. 1880, Black et a/.
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Table 3. (Continued)

Species Chemical Table Reference
number
Chioroform 24 Birge of a/. 1980, Black ef al.
1982
Copper sulfate 288 Birge and Black 1879
Diisononylphthalate 56 Birge of a/. 1978a
Dioctyiphthalate 56 . Birge ef al. 1078a
Mercuric chloride 458 Birge and Black 19877, Birge ef
al. 1878b, Birge of a/ 1983
Methylene chioride 38 Birge ef a/. 1980
Nickel chloride 508 Birge and Black 1980
Phenol 558 Birge ef al. 1880
Bufo marinus 2,4-D amine 258 Johnson 1976
2,4,5-T amine 25B Johnson 1976
Sodium arsenite 10 Johnson 1876
Bufo melanostictus Cadmium sulfate 15C Khangarot and Ray 1887
Copper sulfate 288 Khangarot and Ray 1887
24-D 25B - Vardia et al. 1984
Endosuh‘a‘n 35 Vardia ef al. 1984
Mercuric chloride 458 Khangarot and Ray 1887,
Palouse 1988
Nickel sulfate 508 Khangarot and Ray 1987
Potassium dichromate 27 Khangarot and Ray 1987
Silver nitrate 61 Khangarot and Ray 1887
Zinc sulfate 678 Khangarot and Ray 1887
Bufo punctatus Mercuric chioride 458 Birge and Bla.ck 1977, Birge of
ol. 1979, Birge ef al. 1983
Bufo woodhousii Aldrin ) 6A Sanders 1870, Mayer and
fowleri Elersieck 1966
Benzene hexachloride 40A Sanders 1970, Mayer and
Elersieck 1986
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Table 3. (Continued)

Species , Chemical Table Reference
number .
" 24D 25A Mayer and Ellersieck 1986
butoxyethanol
ester
DDT 30A, 30B Sanders 1970, Mayer and
Ellersieck 1886
Dieldrin 8A Sanders 1970, Mayer and
Eliersieck 1986
Endrin 36A Sanders 1870, Mayer and
Ellersieck 1986
Guthion 37A Sanders 1970, Mayer and
Ellersieck 1986
Heptachior 39A Sanders 1970, Mayer and
Ellersieck 1986
Lindane 40A Sanders 1970, Mayer and
. . Ellersieck 1986
Malathion 43A Sanders 1970, Mayer and
Ellersieck 1986
Methoxychlor 46B Sanders 1970, Mayer and
Ellersieck 1986
Parathion . 53A Mayer and Ellersieck 1986
Silvex 2-(2,4 5-T) 25B Sanders 1970
Silvex (propylene glycol 25B Mayer and Eliersieck 1986
buty! ether ester)
TDE 30A Sanders 1970, Mayer and
Ellersieck 1986
Toxaphene G4A Sanders 1870, Mayer and
Ellersieck 1986
Gastrophryne Aluminum chloride 78 Birge 1878, Birge of al. 1979a
carolinensis
Antimony trichloride - 9 * Birge 1978, Birge of al. 1979a
Cadmium chiloride 15C Birge 1978, Birge of al. 19792
Chromium trioxide 27 Birge 1978, Birge ef al. 1979a
Copper sulfate 28B Birge 1878, Birge and Black

1979, Birge et al. 1979



Table 3. (Continued)

Species Chemical Table Reference
number
Lead chloride 42 Birge 1978, Birge of al. 19879a
Manganese chloride 44 Birge 1978, Birge ot al. 1979
Mercuric chloride 45B Birge and Black 1977, Birge
1978 Birge st al. 1978b, Birge
el al. 1979a, 1883
Nickel chloride 50B Birge 1878b, Birge ef al.
108794, Birge and Black 1980
Silver nitrate 61 Birge 1978, Birge of al. 1978a
Sodium arsenite 10 Birge 1878, Birge ef a/. 1979a
Sodium selenate 60B Birge et al. 1978, Birge et al.
1979b :
Thallium trichloride 62 Birge 1878, Birge ef &4/. 1979a
Zinc chioride 678 Birge 1978, Birge et a/. 1979a
Hyla chrysocelis Copper sulfate 28B Birge and Black 1879
Mercuric chioride 458 Birge ef al. 1979b, Birge et a/.
1983
Hyla chrysocephala Mercuric chloride 45B Birge and Black 1877
Hyla crucifer Chioroform 24 Birge ef a/. 1980
Mercuric chioride 45B Birge et al. 1978b
Hyla gratiosa Mercuric chioride 45B Birge et al. 1879b
Hyla regilla Chlorpyrifos 26 Johnson 1980
Malathion 43B Johnson 1980
Methy| parathion 478 Johnson 1880 . )
Hyla squirella Mercuric chioride 458 Birge and Black 1977, Birge et
al. 1878b
Hyla versicolor Mercuric chioride 458 Birge et a/. 1978b
Limnodynastes 2,4-D amine 258 Johnson 1876
24,5 T amine 258 Johnson 1976
Sodium arsenite 10 Johnson 1876
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Table 3. (Continued)

Species Chemical Table Reference
number
Limnodynastes Dieidrin 6D Brookes 1981
tasmaniensis
Microhyla omata Benzene hexachloride 40B Pawar and Katdare 1984
Cadmium chloride 15C Rao and Madhyastha 1887
Carbofuran. 17 Pawar and Katdare 1984
Copper sulfate 28B Rao and Madhyastha 1987
Malathion 43B Pawar ef al. 1983
Manganese sulfate 44 Rao and Madhyastha 1987
Maercuric chloride 458 Ghate and Mutherkar 1980,
Rao and Madhyastha 1987
Potassium chloride 20 Padhye and Ghate 1992
Sodium chlonde 20 Padhye and Ghate 1992
Zinc sulfate €78 Rao and Madhyastha 1987
Notophthalmus Cadmium acetate 15C Manson and O'Flaherty 1978
viridescens
Pleurodeles walt! Aroclor 1254 57 Fernandez ef al. 1989
Benzo[a]pyrene 588 Fernandez ef a/. 1989, Marty
et al. 1989, Fernandez and
L'Haridon 1994
Pseudacris regilla Guthion 37A, 378 Schuytema et al. 1995
Guthion 28 37A, 378 Schuytema ef a/. 1885
Pseudacris triseriata 2.4-D amine satt (Weeder 25A Sanders 1970
64) .
DDT 30A Sanders 1970
Dieldnin 6A Sanders 1970, Mayer and
Eliersieck 1986
Endrin 3B6A Sanders 1870, Mayer and
. ~ Ellersieck 1986
Guthion 37A Mayer and Ellersieck 1986
Lindane 40A Sanders 1670, Mayer and
: Ellersieck 1986



Table 3. (Continued)

Species Chemical Table Reference
number
Malathion 43A Sanders 1970, Mayer and
Ellersieck 1986
Methoxychlor 46A Sanders 1870, Mayer and
Ellersieck 1986
Methy! parathion 47A Mayer and Ellersieck 1986
Parathion 53A Sanders 1970, Mayer and
Ellersieck 1986
Silvex (butyl ether ester) 25A Sanders 1970
TDE 30A Sanders 1970
Toxaphene 64A Sanders 1870, Mayer and
Ellersieck 1886
Rana arvalis Di-2-ethylhexy! phthalate 34 Larsson and Thuren 1987
(DEHP)
Rana breviceps Mercuric chionide 45B Paulose 1988
Methy! mercury chioride 45B Paulose 1988
Rana catesbeiana Aldrin (formulation) 6D Mulla 1963
Atrazine 11 Kiaassen and Kadoum 1979,
Birge et a/. 1980, Birge ef a/.
1983
Cadmium chloride 15C Zettergren et a/. 1991
Carbon tetrachioride 18 Birge ef a/. 1880
Chiordane (formulation) 19 Mulia 1963
DDT 30B Weis 1875
DDT (formulation) aoB Mulla 1963
Dieldrin 6A, 6D Schuytema ef a/. 1991
Dieldrin (formulation) 6D Mulia 1963
Endrin . 36A,36B Hall and Swineford 1981,
Thurston ef al. 1985 :
Endrin (formulation) 36B Mulla 1863
Heptachior (formulation) 3B Mulia 1963
Hexachloroethane 22A
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Table 3. (Continued)

Species : Chemical Table Reference
_ number
" Lead nitrate 2 Steele of al. 1989, Strickler-
Shaw and Taylor 1991
Lindane (EC 1.65) 408 Mulla 1963
Malathion (formulation) 438 Hall and Kolbe 1880
Mercuric chloride 458 Birge and Just 1973, 1975
Maeathylene chloride 38 Birge of a/. 1980
Parathion 53B Hall and Kolbe 1980, Hall
1990
Pentachlorophenol S54A Thurston ef al. 1885
Phenol $58 Birge of a/. 1980
Sodium arsenite 10 Birge and Just 1973
Toxaphene 64B Hall and Swineford 1581
Toxaphene (formulation) 648 ' Mulla 1963
Rana clamitans Lead nitrate 42 Taylor 1890, Strickler-Shaw
and Taylor 1990
Parathion 538 Hall and Kolbe 1980, Hall
1990
Rana cyanophlyctis Methoxyethyl mercuric 458 Ka.namadi and Saidapur 1992
chloride (formulation)
Methyl parathion 478 Yasmeen and Nayeemunisa
(formulation) 1985, Mudgall and Pati! 1987
Rana grylio Mercuric chloride 458 Birge and Black 1977, Birge et
al. 1978b, Birge of a/. 18823
Rana heckscheri Mercuric chioride 45A, 45B Birge and Black 1977, Birge et
al. 19798b, Punzo 1993a,
. 1993b
Rana hexadactyla Aldrin 8D Joseph and Rao 1991
Arsenic trioxide 10 : Khangarot of a/. 1985b
Carbary!| (Kelex) 16 ‘Khangarot of al. 1985c¢
Carbofuran (Furadan) 17 Khangarot et a/. 1885¢
Copper sulfate 288 Khangarot of a/. 1985a, 1985b
Ferrous sulfate 41B Khangarot of a/. 1 985b
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Table 3. (Continued)

Species Chemical Table Reference
: number
Lead nitrate 42 Khangarot ef a/. 1985b
Lindane 40B Khangarot ef a/. 1985¢
Malathion (formulation) 438 Khangarot of al. 1985¢
Mercuric chbride 458 Khangarot et al. 1885b
Pentachloréphenol—sodium 548 Khangarot ef al. 1985¢
Potassium chromate 27 Khangarot sf a/. 1985b
Potassium dichromate 27 Khangarot ef al. 1985b
Silver nitrate 81 Khangarot ef al. 1985b
Zinc sulfate 678 Khangarot et al. 1985a, 1985b
Rana muscosa Aluminum (inorganic B8 Bradford et a/. 1992
monomeric)
Rana nigromaculata Cadmium chloride 15C Hah 1978
Lead nitrate 42 Hah 1878
Mercuric chloride 45B Hah 1978
Rana palustnis Atrazine 11 Birge ef a/. 1980
Carbon tetrachlonde 18 Birge ef a/. 1980, Black ef a/.
19882
Chloroform 24 Birge ef a/. 1980, Black et al.
. 1982
Phenol 558 Birge ef a/. 1980
Methylene chloride as Birge of a/. 1980
Rana pipiens Aldrin 6D Kapian and Overpeck 1964
Aluminum chioride 7A,78B Freda and McDonald 1990,
Freda ef a/. 1380
Anthracene 58B Kagan ef a/. 1984
Aroclor 1016 57 Birge of 8. 1978a
' Arocior 1242 57 Birge e al. 1978a
Aroclor 1254 57 Birge ef /. 19782
Atrazine 1"
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Table 3. (Continued)

Species Chemical Table Reference
i number
Benzene 12 Black ef a/. 1982
Benzene hexachioride 408B Kapian and Overpeck 1964
Borax 14 Birge and Black 1877
Boric acid 14 Birge and Black 1977
Cadmium chloride 15C Birge and Just 1973, Birge ef
al. 1975, Francis ef al. 1984,
Zettergren ef al. 1991
Carbon tetrachloride 18 Black ef al. 1980
Chlordane 19 Kaplan and Overpeck 1964
Chlorobenzene 21 Black of a/. 1882
Chloroform 24 Birge ef al. 1980, Black ef a/.
1982
DOoT 308 Weis 1975
1,2-Dichlorobenzene 21 Black ef a/. 1982
1,2-Dichloroethane 228 Black ef a/. 1982
Dieldrin 6A 6B,6C, Kaplan and Overpeck 1964,
6D Schuytemna ef a/. 1991
Diisononyliphthalate ‘ 56 Birge ef al. 1978a
Dioctyiphthalate 56 Birge ef al. 1978a
Endosulfan (Thiodan I) 35 Mulia 1963
Endosulfan (Thiodan 1) 35 Mulla 1963
Endrin 36B Kaplan and Overpeck 1964
Fluoranthene 588 Kagan et al. 1985
Lead nitrate 42 Kapian of a/. 1967
Malathion 43B Kaplan and Glaczenski 1965
Mercuric chloride 458 Birge and Just 1873, 1975,
Birge and Black 1977, Birge ef
al. 1978b, Birge of al. 1983,
Methoxychlor 488 Kaplan and Overpeck 1964
458 Chang et al. 1974, Dial 1976

Methy! mercury chloride
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Table 3. (Continued)

Species Chemical Table Reference
number
Nitrobenzene 51 Black ef al. 1982
Parathion 53B Kaplan and Glaczinski 1865
Pentachlorophenol-sodium 54B Goodnight 1842
Phenol 55B Birge ef a/. 1980
Pyrene 588 Kagan ef al. 1985
Sodium arsenite 10 Birge and Just 1973
Toluene 63 Black of a/. 1982
Toxaphene 64B Kapian and Overpeck 1964
Zinc 67B Kaplan and Glaczenski 1965
Rana sphenocephala Endrin 36B Hall and Swineford 1980
Toxaphene 64B Hall and Swineford 1980,
1981
Rana sylvatica Aluminum chioride 7A,7B Clark and La Zerte 1985,
Freda and McDonald 1993
Aluminum (inorganic 7B Clark and Hall 1985
monomeric)
DDT 30B Licht 1985, 1976
Endrin 368 Hall and Swineford 1981
Toxaphene 64B Hall and Swineford 1981
Rana temporaria Aluminum 7B Tyler-Jones ot al. 1889
Aluminum chloride 78 Cummins 1886
Calcium chloride 20 Cummins 1989
Carbaryl (Karbatox 75) 16 Rzehak ef al. 1977
Carbon tetrachloride 18 Black ef a/. 1980
Chiloroform 24 Black ef al. 1982
Cyanide 20 Costa 1965
24D 258 "Cooke 1972
DDT 308 Cooke 1870, 1872, 1873,
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Table 3. (Continued)

Species Chemical Table Reference
number
Dieldrin 6D Cooke 1972
Endrin 36B Wohigemuth 1977
N-nitrosodimethylamine 528 Khudoley 19778, 1977b
Pheno! 558 Black ef al. 1982
Tributyttin fluoride 85 Laughiin and Linden 1982
Tributyltin oxide 85 Laughlin and Linden 1982
Rana tigrina Carbary! 16 Marian ef al. 1983
| ODT 308 Keshaven and Deshmukh
1984
Endosulfan a5 Gopal ef al. 1981
Matthion (formulation) 43B Mohanty-Hejmadi and Dutta
1981
Potassium dichromate 27 Abbasi and Soni 1984
Scaphiopus Guthion (formulation) 378 Mulia ef a/. 1963
hammondi
Methy! parathion 478 Mulla 1962, Mulla et al. 1963
(formutation)
Parathion (formuiation) 538 Mulia ef al. 1963
Triturus cristatus MCPA 258 Zaffaroni ef a/. 1986,
camifex Zavanelia et a/. 1988
Triturus viridescens Methy! mercury chioride 45B Chang ef a/. 1976
Triturus vulgaris Chlorpyrifos 26 van Wijngaarden ef a/. 1993
oDoT 308 Cooke 1972
Xenopus laevis Acrolein S Holcombe ef al. 1887
Aluminum 7A,78 Dale of a/. 1885, Linder ef al.
1991
Aniline 8A, 8B Dumont et al. 1979, Sloof and
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Table 3. (Continued)

Species Chemical Table Reference
number

Benzene 12 Sioof and Baerseiman 1980,
Sloof ef al. 1983, de Zwart and
Sloof 1987

Benzo[a]pyrene 58A Fort of al. 1989

Cadmium 15A, 15C Miller and Landesman 1978,
Linder of al. 1891

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

Cadmium nitrate 15C Sloof and Baerseiman 1980,
Sloof ef a/. 1983, de Zwart and
Sloof 1987

Carbary! (Karbatox 75) 16 Rzehak et al. 1987

Carbon tetrachloride 18 Black ef a/. 1980

Chioroform 24 Black ef a/. 1982

Copper ‘ 28B Linder et al. 1991

Copper sulfate 28B de Zwart and Sloof 1987

1,3-Dichloropropane 2 de Zwart and Sioof 1987

Dieldrin 6A, 6B, Schuytema ef al. 1991

6C, 6D

Guthion 37A,37B Schuytema ef al. 1994, 1995

Guthion 28 a7A, 37B Schuytemna ef a/. 1994, 1995

iron 41A, 41B Linder ef al. 1991

Lead 42 Miller and Landesman 1978

Lead acetate 42 Sobotka and Rahwan 1895

Lindane 40B Marchal-Segault and Ramade
1881

Malathion - 43A,43B.  Snawder and Chambers 1989,
1090

Manganese 44 Miller and Landesman 1978

Mercury 45B Miller and Landesman 1878
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Table 3. (Continued)

Species Chemical Table Reference
number

Mercuric chloride 45B Birge ef al. 1878b, Sloof and’
Baerseiman 1980, Sloof ef al.
1683, de Zwart and Sloof
1987

Methyl mercury chioride 45B Dumpert and Zietz 1984

Naphthalene 49A, 498 Edmisten and Bantie 1982

Nickel 50A, 508 Linder of al. 1991

Nicke! chloride 50A, 508 Hopfer ef al. 1991

N-nitroso-dimethylamine 52A Fort et a/. 1991

Parathion 83A Snawder and Chambers 1984

Pentachlorophenol 548 Sloof and Baerselman 1980,
Sloof et a/. 1983, Sloof and
Canton 1983

Phenol 55A, 55B. Black et a/. 1982, Holcombe et
al. 1987, Dumpert 1987

Potassium dichromate 27 Sloof and Canton 1983

~ Selenium 60A,60B  Linder et al. 1991

Sodium chloride 20 Romspert 1976

Sodium selenate 60A DeYoung ef a/. 1991

Sodium selenite 60B Browne and Dumont 1979,
1980

Trichloroethylene 66A, 66B Sloof and Baerselman 1980,
Sloof et a/. 1983, Fort et al.
1891, 1993

2.4 6-Trichlorophenol 23 Holcombe ef al. 1987

Zinc 67A, 678 Linder ef al. 1891

Zinc sulfate 87A,678B Dawson ef al. 1988, Woodall

of al. 1988, Fort of a/ 1989,

Bantle of a/. 1989



Tabie 3. (Continued)

Species Chemical Table Reference
. number
Unidentified . Dichlorvos a3 Streenivasen and
Swaminathan 1967
Thallium nitrate 62 Diling and Healey 1926

* Species names are as reported by authors; no attempt was made to combine species where names have
been changed (e.g. Myla regilla = Pseudacris regilla.). The chemicals include all reported compounds
and subgroups of the major chemicals and chemical groups listed in Tables 1 and 2.
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Table 4. Published water quality criteria values for each chemical or chemical group®.

Chemical Concentrations in ugiL Reference
Acute Chronic
criteria criteria

Acrolein es® 21" USEPA 1880a
Aldrin 3.0 -_— USEPA 1980c
Aluminum 750*% 877 USEPA 1988b
Aniline 28* 14 USEPA 1893
Antimony (lll) asg* 30 USEPA 1888¢
Arsenic 360 180 USEPA 1985a
Benzene §.300° — USEPA 1880b
Beryllium 130° 53° USEPA 1980e
Boron ’ ’ USEPA 1986a
Cadmium 397 1.1" USEPA 1985b
Carbon tetrachlonde 35,200° —_ USEPA 1980g
Chlordane 2.4 0.0043' USEPA 1980h
Chlonde 860,000" 230,000° USEPA 1988a
Chlonnated benzenes 250° 50° USEPA 1980i
Chlorinated ethanes . ' USEPA 1980j
Chiorinated phenols " ' USEPA 1980k
Chioroform 28,800° 1,240° USEPA 1980!
Chiorophenoxy herbicides ° * USEPA 1986a
Chlorpyrifos 0.083° 0.041' USEPA 1986c
Chromium (1Il) 1,700*" 210" USEPA 1985¢
Chromium (V1) 16° 11 USEPA 1885¢
Copper 18" 2 USEPA 1885d
Cyanide 22° 52 USEPA 1985e
DDT 1.19¢ 0.001¢’ USEPA 1880m
DDE 1,050° - USEPA 1980m
TOE 0.06° — USEPA 1980m



Table 4. (Continued)

Chemical Concentrations in ug/L Reference
Acute Chronic

criteria criteria
Dichloropropanes 23,000° 5.700° USEPA 1980n
Dichioropropenes 8,060° 244° USEPA 1980n
Dieldrin 25 0.001¢' USEPA 1880c
Di-2-ethylhexyl phthalate (DEHP) 460‘ g0’ USEPA 1987¢
Endosulfan 0.22 0.056' USEPA 19800
Endrin 0.18° 0.0023' USEPA 1880p
Halomethanes 11,000° — USEPA 1980q
Heptachlor 0.52° 0.0038 USEPA 1980r
Hexachlorocyclohexane 20 0.080 USEPA 1980s
(Lindane)
iron - 1000° USEPA 1986a
Lead 82" <Jr USEPA 1985f
Malathion - 0.1° USEPA 1886a
Manganese ¢ ¢ USEPA 1986a
Mercury 2.4 0.012" USEPA 1985g
Methoxychlor —_— 0.03° USEPA 19863
Mirex —_ 0.001° USEPA 1986a
Naphthalene 2,300° 820° USEPA 1980v
Nickel 1,400 160" USEPA 1 986b
Nitrosamines 5,850° - USEPA 1880x
Parathion 0.065* 0.013' USEPA 1986d
Pentachiorophenol 20" 13" USEPA 1986e
Phenol 10,200° 2,560° USEPA 1980y
Phthalate esters 840° 3 USEPA 19802
Polychiorinated biphenyls (PCBS) 2 0.014 USEPA1980aa
Polynuciear arometic ’ ' USEPA 1980bb
hydrocarbons
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Table 4. (Continued)

Chemical Concentrations in ug/L _ Reference
Acute Chronic

criteria criteria
Selenium 20° 5 USEPA 1887b
Silver 41 0.12" USEPA 1880cc
2,3,7,8-Tetrachioro-dibenzo-p- . ' ' USEPA 19884
dioxin
Thallium 1,400° 40° USEPA 1980dd
Toluene 17,500° - USEPA 1980ee
Toxaphene 073 0.0002' USEPA 1986f
Tributyltin 0.149° 0.0264' USEPA 1988d
Trichloroethylene 45,000° 21,900° USEPA 1980gg
Zinc 120" 110™ USEPA 1987a

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

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

< Acute value is concentration not to be exceeded at any time.

° 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 ug/L for long-term irrigation on sensitive crops.

" Hardness dependent criterion-100 mg/L.

' Chronic value is concentration as a 24-hour average.

'Value for chioride associated with sodium.

* Toxicity increases with increasing chiorination. A.cute toxicity for various species ranges from 980 ug
for hexachloroethane to 118,000 ugA. for 1, 2-dichlorosthane.

'Toxicity increases with increasing chiorination. Chronic toxicity for various species ranges from 540 ugL
for hexachioroethane to 20,000 ugN for 1, 2-dichioroethane.

» Toxicity increases with increasing chiorination. Acute toxicity ranges from as low as 30 ug/L for 4-chloro-
3-methylphenol to greater than 500,000 ug/L for other compounds.

* Toxicity increases with increasing chiorination. Chronic toxicity occurs as low as 970 .gA for 2, 4, 6-
trichforophenol.

* Human health criteria are 100 ugA. for 2, 4D and 10 ugA for 2, 4, 5-TP In domestic water supply.

? No time frame given.

¢ Criteria for domestic watsr supply is 50 ugh_.

' Limited data does not permit statement about acute or chronic criteria.
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Table 5. Acrolein - acute data

Species " StagelAge Method" 96-hr Reference
LC50
wol)"
Xenopus leevis Tadpole F.M 7 Holcombe ef al. 1987
- *F = flow-through, M = measured
* LC50 = medien lethal concentration
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Table 6A. Aldrin/Dieldrin - acute data.

Species Stage/Age Chemical Method* 96-hr Reference

LC50

(ug.)
Bufo woodhousii fowleri Tadpole Aldrin S,uU 68 Mayer and Eflersieck 1986
Bufo woodhousi fowleri Tadpole Aldrin S, U 150 Sanders 1970°
Bufo woodhousil fowleri Tadpole Dieldrin S,uU 150 Mayer and ERersieck 1986
Bufo woodhous# fowleri Tadpole Dieldrin S,uU 150 Sanders 1970*
Psoudracris triseriata Tadpole  Dieldrin s,u 100 Mayer and Ellersieck 1986, Sanders 1970°
Rana cafesbeiena Tadpole Dieldrin F.M 30.3,8.7 Schuytema ef al. 1991
Rana pipiens Tadpole Dieldrin F,M 71.3  Schuytema ef ol. 1991
Xenopus laevis Embryo  Dieldrin R,M >179.2 Schuytema ef al. 1991
Xenopus Inevis Tadpole  Dieldrin EM 495,404 Schuytema ef al. 1991
Xenopus leevis Juvenile Dieldrin F.M ] 46.8 Schuytema ef al. 1991

*F = flow-through, M = measured, R = static-renewal, S = static, U = unmeasured
*Reference also cited in Table 6 (other data) of the water quality criteria document for aldrin/dieldrin EPA 440/5-80-019 (USEPA 1980c)
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Table 6B. Aldrin/Oieldrin - chronic data

Species | 'Stagelﬁge Chemical Method® Duration Chronic kmits® Chronic value® Reference
(ugl) (ugL)
; NOAEL LOAEL
Rana pipiens Tadpole Dieldrin F.M 28d 1.9¢ 4.1 24 Schuytema ef al. 1991
Xenopus leevis Embryo Dieldrin R,M 21d 1.3 50° 25 Schuytema et al. 1991
10.3° 25.8° 16.3
Xenopus lsevis  Tadpole  Dieldin F.M 24d 0.8° 1.8 12  Schuytema ef al. 1991

* F = flow-through, M = measured, R = static-renewal

*NOAEL = No observed adverse effect level, LOAEL = lowest observed adverse effect level

¢ Geometric mean of NOAEL and LOAEL
¢ Limits based on mortaity
* Limits based on deformity
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Table 6C. Aldrin/Dieldrin - residue data.

Species Stage/Age Chemical Conc. % lipid Tissue BCF®* Reference
(ugh)
Rana pipiens Tadpole Dieldrin 08 1.0 Whole body 440-690 Schuytema ef al.
19 210 1991
21 390
41 160
10.0 200
Xenopus laevis Tadpole Dieldrin 09 08 Whole body 470 Schuytema ef al.
18 420 1991
a8 380
97 310
Xenopus laevis Tadpole Dieldrin 20 08 Whole body 400 Schuytema ef al.
23 300 1991
42 480
93 320
205 340
1.1 1,640
Xenopus laevis Juvenile Dieldrin 21 26 Whole body 2,140 Schuytema ef al.
1991

* In DMF carrier, all others in acetone carrier

*BCF = bioconcentration factor (quotient of chemical in tissue divided by concentration of chemical in water)
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Table 8D. Aldrin/Dieidrin - other data.

Species Stege/Age  Chemical Method® Duration Effect Conc. Reference
(FgL)
Bufo Embryo Aldrin R,U <42d 0% mortality 1,000 Juarez and Guzman
arenarum 15d 100% mortality 5,000 1984
10d 100% mortality 15,000
Reane T U, 96 hr morta 0.11 »
ombolena h0POle AN etion)  olated 17 bk P :g"m':. Multa 1963
in pond
Rena ~ . Adult Aldrin S,U 4wk Decrease in protein 240 Joseph and Rao 1991
hexadactyla - brain-55.4%
muscle-51.2%
kidney-54%
intestine-52.1%
Rene Adult Aldrin R, U 30d 40% mortality 300 Kapian and Overpeck
piplens 1964
Bubo Embryo Dieldrin RU 20-25d 25-30% accelerated metamorphosis 20 de Llamas of o/. 1985
arenarum 20-25d 100% mortality 200
4 hr 22.7% AChHE inhibition at 11d 2,000
4 hr  28.7% ChE inhibition at 11d 2,000
11d 28.7% ACHE inhibition at 11d 2,000
) 11d 25.5% ChE inhibition at 11d 2,000
Bulo Unfertiized Dieidrin R,U 1 hr  19.7% AChE inhibitlon at 11d 2,000 de Liamas of o/. 1985
arenarum oocyte 4 hr  22.3% AChE inhibition at 11d 2,000
Bufo Fertilzed Dieldrin R.U 4 hr  22.75 ACHE inhibition at 11d 2,000 de Liames of ol. 1985
arenarum oocyte 11d 28.7% ACHE inhibition at 11d 2,000
Bubo "~ Tadpole Dieidrin 8,U 7-8d Behavioral effects 200 Gauna of al. 1991
arenarum 14d Beginning mortality 200
- 18d 17% decrease in phospholipids 200
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Tabie 6D. Aldrin/Dieldrin (continued)

Stage/Age

Species Chemical Method® Duration Effect Conc. Reference
ol
Bufo bufo Tadpole Dieldrin S, U 48 hr 0% mortality, most with abnormal 500 Cooke 1972
snouts
Limnodynastes Embiyo Dieldrin s.U 7 hr 0% cephalic abnormalities at 19 d 10 Brookes 1981
fasmanienasis 20% cephalic abnormalities at 20d 100
Rana Tadpole Dieldrin U, 24 hr  100% montality 0.112 kg/ha® Mulla 1963
catesbeiana (formulation)  isolated
in pond
Rane Embryo Dieldrin R,U 21d LC50 344 Schuytema el al.
calesbeiana 1991
Rana pipiens Tadpole Dieldrin F.M 26d LCS50 8.3 Schuytema ef ol.
1991
Rane pipiens Adul Dieldrin FM 28d LC50 53.4 Schuytema ef al.
. 1991
Rana pipiens Adutt Dieldrin R,U a0od LC50 100 Kaplan and
Overpeck 1964
Rana Tadpole Dieldrin S, M 48 hr 5% mortality 20 Cooke 1972
femporaria 47% montality, many with abnormal 500
snouts
Xenopus jsevis Embryo Dieldrin RM 7d LC50 167.9 Schuytema ef al.
14d LC50 279 1991
21d LC50 149
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Table 6D. Aldrin/Dieldrin (continued)

Species Stage/Age | Chemical Method® Duration Effect Conc. Reference
(ugl)®
Xenopus Tadpole Dieldrin R M 10d LC50 2.9° Schuytema ef al. 1991
lsevis 14d LC50 109
24d LC50 55
28d LC50 <20

* F = flow-through, M = measured, R = static renewal, S = static, U = unmeasured

* Active ingredient
¢ DMF camier, others in acetone
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Table 7A. Auminum - acute data.

Species Stage/Age Chemical Method® 96-hr* pH Hardness Reference
LC50 (as mg/L
(ughl) CaCo,)
Bufo Embryo Aluminum SM >097 48 — Freda and
americanus chloride >1,029 486 — McDonald
>1,038 44 — 1993
805 4.2 —
Bufo Tadpole Aluminum S.M 627 45 6.1¢ Freda ef al.
americenus chlonde 1990
Rana pipiens Embryo Aluminum S,M 403 438 6.1¢ Freda and
. chloride 811 486 6.1¢ McDonald
1990
Rana pipiens Embryo Aluminum S.M 471 48 6.1¢ Freda ef al.
chloride 1990
Rana sylvatics Embryo Aluminum SM 746 48 —_ Freda and
chloride >1,118 46 —_— McDonald
>1,150 4.4 —_ 1993
1,148 42 —
Xenopus leevis Embryo Aluminum R, U 1600 S5 —_— Linder ef al.
1991

*M = measured, R = renewal, S = static, U = unmeasured
*Values expressed as aluminum
*Hardness calculated from Ca and Mg concentrations



Table 78. Aluminum - other data

L9

Species StagelAge Chemical Method* Duration Effect Conc® pH Hardness Reference
(ugh) (as mgiL
CaCo,)

Ambystoma Embryo Aluminum S.M 96 hr Mortality amefiorated >250 45 — Home and Dunson
Jeffersonianum chioride No effect on develop- 2,000 4.5 — 1994

ment rate
Ambysfoma Embryo Aluminum Inpond, Time to Survival and Al conc. 80-1,380 366-5.18 3.6-144° Albers and Prouty
maculatum M " emergence negatively correlated 1987
Ambystoma Embryo Aluminum S,U Until 22-66% hatch 0 43 7.1¢  Clark and La Zerte
macwatum chloride hatched 28-79% hatch 200 43 7.1¢ 1987

24-64% mortality 0 43 7.1¢

15-61% mortality 200 43 7.1¢
Ambysfoma Embryo Aluminum — d 11% hatch 100 4 — Dale ef al.1985°
maculstum 3% hatch 400 — -

2% hatch 700 —_ -

2% hatch 1,100 - -
Ambystoma Embryo Aluminum S\M 8d LC50 2,280 72-78 93-105 Birge e al. 1978b*
opacum chioride
Bufo Embryo Aluminum In 96 hr 72% hatch a5 43 — Clark and Hall 1985
americanus " (norganic  acidified 96 hr 11% hatch 46 43 -

monomeric) stream, '
: M

Bufo Embryo Aluminum S.u 8-11d 100% hatch 20 5.75 7.8° Clark and LaZerte
americanus 94% hatch 20 475 7.8° 1985

61% hatch 20 414 7.8

99% hatch 100 475 7.8

55% hatch 100 414 7.8°
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Table 7B. Aluminum (continued)

Species Stage/Age Chemical Method® Duration Effect Conc® pH Hardness Reference
(ugh) (as mgAL
CaCo,)
Bufo Embryo Aluminum S, U 7d Hatch time reduced 39 49 — Bradford ef al. 1992
canorus (inorganic Hatch time reduced 70 5.3 -
monomeric) Hatch time reduced 80 58 —
Buto Tadpole Aluminum s,U 7d Length reduced 39 49 — Bradford ef ol. 1992
canorus (inorganic Length reduced 70 53 —
monomeric) Length reduced BO 58 -
Gn&ophyho " Embryo Aluminum R.M 7d LCS50 50 74 195 Birge 1978°, Birge ef
carofinensis chloride al. 1979a"*
Rana Embryo Aluminum S,uU 7d Hatch time unaffected 39 49 — Bradford ef al. 1992
muscosa (inorganic Hatch time unaffected 70 53 -
monomeric) Hatch time unaffected 80 58 —_
Rana pipiens Embryo Aluminum S,M 96 hr 75% mortality 0 42 6.1° Freda of al. 1990
chioride 60% mortality 125 42 6.1¢ :
49% mortality 250 42 6.1¢
54% mortality 450 42 6.1¢
Rana pipiens Tadpole = Aluminum SM 96 hr 20% mortakty 0 42 6.1° Freda and
(pre-stage chloride 100% mortality >250 4446 6.1° McDonald 1990
25) 100% mortality >250 48 6.1¢
Rana piplens  Tadpole Aluminum S,M 96 hr 6-13% mortality 1,000 42486 6.1° Freda and
chioride 40% mortality 1,000 48 6.1 McDonald 1980
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Table 7B. Aluminum (continued)

phosis

Species Stage/Age Chemical Method®* Duration Effect Conc® pH Hardness Reference
(o) (as mgh
CaCo,)
" Rana Embryo Aluminum in 96 hr 91% hatch 35 43 — Clark and Hafl 1985
sylvetica (norganic acidified 83% hatch 46 43 —_—
monomeric) stream,
M
Rana Embryo Aluminum S.uU 8-12d 93% hatch 20 5.75 7.8¢ Clark and La Zerte
sylvalica : chloride 87% hatch 20 475 7.8 1985
‘67% hatch 20 414 7.8
94% hatch 100 475 7.8
67% hatch 100 414 7.8
Rana Embryo Aluminum F.M Untit gif 47% deformity 400 45 203° Tyler-Jones ef al. 1989
temporeria circulation 18.7% mortality 200 45 203
20.8% mortality 200 6.0 203
Rana Tedpole  Auminum S, M Until 42% mortality 800 4d " Cummins 19868
femporaria chloride foreleg
emergence
1
Until 50% mortalkty 1,600 44
metamor-
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Table 7B. Aluminum (continued)

Species Stage/Age Chemical Method* Duration Effect Conc.? pH Hardness Reference
(ug) (as mgL
CaCo,)
Xenopus  Embryo Aluminum — 11d 0% hatch 150 40 — Dale ef al. 1985*
laevis 88% hatch 150 4.5 —
100% hatch 900 45 —_
100% hatch 150 50 —
90% hatch 900 5.0 ~—
100% hatch 150 6.0 —_
100% hatch 900 6.0 —
100% mortality 150 45 —
38% mortality 200 45 —_
0% mortality 400 45 —
100% mortality 900 4.5 —
0% mortality 400 5.0 —_
100% mortality 900 5.0 —
’ . 0% mortality 400 6.0 —_
50% mortality 900 6.0 —_

*F = flow-through, M = measured, R = renewal S = static, U = unmeasured
*Values expressed as aluminum
¢Hardness calculated from reported calcium and magnesium concentrations
¢ Reference not seen, cited in Power ef al. 1989
* Reference also cited in Table 6 (other data) of the water quality criteria document for aluminum EPA 440/5-86-008 (USEPA 1988a)

! Artificial softwater
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Table 8A. Anifine - acute data.

Species Stage/Age Method* 96-hr Reference

LC50

(ugh)
Xenopus laevis Embryo (mid-blastula) S, M 550,000 Davis ef al. 1981°
Xenopus leevis Embryo (taibbud) S.\M 940,000 Davis ef al. 1981°
Xenopus leevis Tadpole S,M 150,000 Davis ef al. 1981°

*M = measured, S = static

® Reference also cited in Table 1 (acute data) of the draft water quaity criteria document for aniine EPA 440/5-93 Draft (USEPA 1993)
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Table 8B. Anifine - other data.

Speciles Stage/Age  Method* Duration Effect Conc. Reference
(ugnl)

Ambystoma Larva S,u 48 hr LCS0 440000 Sloof and Baerselman 1980,
mexicenum Sloof ef al. 1983 .
Xenopus Embryo S,U 86 hr 28% mortality 10,000 Dumont of al. 1979"
laevis 11% deformity 10,000

4% mortality 50,000

6 % deformity 50,000
Xenopus Embryo S\M 120 hr LCS0 500,000 Davis of al. 1981°
leevis (med. 96 hr ECS50 (teratogeny) 91,000

blastula) 120 hr EC50 (teratogeny) 370,000

Xenopus Embryo S M 12hr LCS50 95,000 Davis ef al. 1981*
laevis (tailbbud)
Xenopus Embryo R,U 12 wk delayed development 1,000 Dumpert 1987*
lsevis
Xenopus Tadpole R,U 12d 100% mortality 90,000 Dumpert 1987°
laevis
Xenopus Tadpole S,U 48 hr LC50 ) 560,000 Sloof and Baerselman 1980°,
laevis Sloof ef al. 1983°

‘M = maasured, R = renewal, S = static, U = unmeasured ‘
*Reference aiso cited in Table 5 (other Jata) of the draft water qualfity criteria document for aniline EPA/440-5-93 Draft (USEPA 1993)



€L

Table 9. Antimony (Ili) - other data.

Species S'lagelAge Chemical Method* Duration Effect Conc.® pH Hardness Reference

(Fg) (as mg/L
CaC03)
Gastrophryne Embryo Antimony R.M 7d LC50 300 74 195 Birge 1978°, Birge ef al.
carolinensis trichloride 1979a°

*M = measured, R= renewal

*Vsalue expressed as antimony
¢ Reference also cited in Table 8 (other data) of the water quality criteria document for antimony (lll) EPA 440/5-88—093 (USEPA 1988c)
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Table 10. Arsenic - other data.

Species Stage/Age Chemical Method®  Duration Effect Conc?® pH Hardness Reference
(o) (as mgiL
CaCo,)
Adelotus Tadpole Sodium S,U 96 hr LC50 55,400 —_ 51.2° Johnson 1976
brevis arsenite
Ambysfoma Embryo Sodium F.M 8d LC50 4450 72- 93-105 Birge et al. 1978b"*
opacum arsenite 78
Bufo merinus Tadpole Sodium s,V 96 hr LC50 70,900 — 51.2° Johnson 1976
arsenite

Gastropivyne Embryo Sodium R,M 7d LC50 40 74 195 Birge 1978
carolinensis arsenite Birge et al. 1979a°
Rana Tadpole  Sodium R,M 96 hr 19% mortakty 10,000 ' * Birge and Just

catesbelana arsenite 50% mortality 25,000 * * 1973

and Rana . 22d 24% mortality 5,000 . . .

piplens 87% mortality 10,000 . .
Rana Aduk Sodium R.M 96hr 0% mortality 25,000 ’ *  Birge and Just
cafesbeiana arsenite 30%mortality 50,000 y * 1973

and Rena 25d 0% mortality 25,000 . .

pipiens . ' 80% mortality 50,000 . .
Rana Tadpole  Arsenic s.uU 96 hr LC50 249 6.1 249 Khangarot ef /.
hexadactyle trioxide 1985b
Limnodynastes Tadpole  Sodium s,U 96 hr LCS0 34600 — 512 Johnson 1976
peroni arsenite

* F= flow-through, M= measured, R= renewal, S= static, U= unmeasured

* Values expressed as arsenic

‘Hardness caiculated from calcium and magnesium concentrations

‘Reference also cited in Table 6 (other data) of the water quality document for arsenic EPA 440/5-84-033 (USEPA 1985a)
* Modified Holtfreter's Solution



Table 11. Atrazine - other data.

SL

Species Stage/Age Method® Duration Effect Conc. Reference
(ugh)
Bufo Embryo F.M 7d LCS0 48,000 Birge ef al. 1980, Birge et
americanus 2% deformity at hatch 5560 ol 1983
3% deformity at hatch 10,800
6% deformity at hatch 24 800
17% deformity at hatch 48,200
Rana Embryo F.M 8d LCS0 410  Birge ef al. 1980, Birge ef
catesbelana 1% deformity at hatch 51 al.1983
.+ .3% deformity at hatch 410
7% deformity at hatch 6,330
22% deformity at hatch 14,800
47% deformity at hatch 26,400
100% deformity at hatch 45 800
Rena Tadpole Pond, M 2 d post- 289 .g/Kg body burden 300 Klaassen and Kadoum
cefesbeisna treatment 1979
23 d post- 278 Lg/Kg body burden 300
treatment ‘
51 d post- 309 ug/Kg body burden 300
treatment
85 d post- 235 ug/Kg body burden 300
treatment
Rana palustris Embryo F.M 8d LCS50 17,9680 Birge ef o/. 1980
2% deformity at hatch 1,040
5% deformity at hatch 20,800
18% deformity at hatch 33,900
Rana-pipiens Embryo * F.M ad LC50 7,680 Birge ef o). 1980
2% deformity at hatch 210
5% deformity at hatch : 1,130
9% deformity at hatch 6,540

13% deformity at hatch 13,200
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Table 11. Atrazine (continued)

Species StégelAge Method* Duration Effect Conc. Reference
(uoh)
Rena pipiens Embryo F.M 9d 46% deformity at hatch 48,700 Birge ef al. 1980

* F= flow-through, M = measured
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Table 12. Benzene - other data.

Species Stage/Age Method® Duration Effect Conc. Reference
(o)

Ambystoma Embryo F.M 9d LC50 5210 Black ef al. 1982
gracile 9% deformity at hatch 5430

27% deformityat hatch 36,700
Ambystoma Larva S,uU 48 hr LCS0 370,000 Sloof and Baerselman 1980,

menxicanum Sloof et al. 1983

Rena pipiens Embryo F.M 9d LCS0 3,660 Black ef al. 1982

0% deformity at hatch 2,990

16% deformity at hatch 5,070
Xenopus laevis Tadpole s, U 48 br LCS0 190,000 de Zwart and Sloof 1987, Sloof

and Baerselman 1980, Sloof
ef al. 1983

* F= flow-throigh, M = mdasured, S = static, U = unmeasured
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Table 13. Berylum - acute data

Species Stage/Age Chemical Method® 96-hr* pH Hardness Reference
LC50 (as mgiL
(ugh) CaCo,)
Ambystoma Larva (small) Berylium S,uU 3,150 — 20-25 Silonim and Ray
maculatim sulfate 31,500 -— 400 1975¢
Ambysfoma Larva Beryllium "S,u 8,020 — 20-25 Sionim and Ray
maculatum (medium) sulfate 18,200 - 400 1975¢
Ambysfoma Larva (large) Berylium S,uU 8,320 —_— 20-25 Slonim and Ray
maculetum sulfate 18,200 — 400 1975
Ambysfoma Larva Berylium S,.uU 3,150 — 20-25 Sionim and Ray
opacum (medium) sulfate 31,500 — 400 1975

* S = siatic, U = unmeasured
* Values expressed as beryMlum
¢ Reference also cited in Table 5 (other data) of the water quality criteria document for beryflium EPA 440/5-80-024 (USEPA 1980e)
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Table 14. Boron - other data.

Species Stage/Age Chemical Method®* Duration Effect Conc. pH Hardness Reference
(wgn)® (as mg/L
CaCQ0,)
Bufo fowleri Embryo Boricacid F,M Until hatch LC1 (threshold) 25,000 76 50 Birge and Black
LC1 (threshold) 5,000 76 200 1977
4 d post hatch LC1 (threshold) 25,000 76 50
LC1 (threshoMd) 5,000 76 200
Rana Embryo Boricacld F, M Unfil hatch LC1 (threshold) 26,000 77 50 Birge and Black
pipiens LC1 (threshold) 23,000 77 200 1977
‘ 4 d post hatch LC1 (threshold) 13,000 7.7 50
' LC1(threshold) 22.000 1.7 200
Rana Embryo Borax FM Until hatch LC1 (threshold) 6,000 83 50 Birge and Black
piplens LC1 (threshold) 3,000 84 200 1977
4 d post hatch LC1 (threshold) 5,000 83 50
LC1 (threshold) 3,000 8.4 200

* Fa flow-through, M= measured
*Values expressed as boron



Table 15A. Cadmium - acite data.

pH Hardness

Species Stage/Age Chemical Method* 96-hr® Reference
LC50 (as mg/L
(uonL) CaCo,)
Ambysfoma Larva Cadmium F.M 468 .4 68 45 Nebeker of al. 1995
gracile Chiloride
Xenopus laevis Embryo Cadmium R, U 850 7.2- —_ Uinder ef a/. 1991
75

*F = flow-through, M = measured, R = renewal, U = unmeasured
*Values axpressed as cadmium
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Table 15B. Cadmium - chronic data.

Species Stage/Age Chemical Method®* Duration Chronic mits® Chronic value®* pH Hardness Reference
(ugh) (ug) (as mgiL
CaCo,)
NOAEL LOAEL
Ambysfoma Larva Cadmium F.M 10d 12.8 446 7! 68 45 Nebeker ef
graclle chloride 24d 489 193.1 97 68 45 al. 1994
Ambysfoma Larva Cadmium F.M 10d 193.1 2273 210 68 45 Nebeker ef
gracile chloride 24d 48.9 193.1 97 6.8 45 al. 1995

‘Fa MM M = measured

®* NOAEL = no observed adverse effect level, LOAEL = lowest obsetved adverse effect level. Limits based on imb regeneration (Nebeker ef of. 1994) and
growth (Nebeker ef al. 1995). Values expressed as cadmium

Goometﬁc mean of NOAEL and LOAEL
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Table 15C. Cadmium - other data.

Species Stage/Age Chemical Method®*  Duration  Effect Conc.® pH Hardness Reference
(wgh) (as mgiL
CaCo,)
Ambystoma Larva Cadmium S,U 48 hr LC50 470 ‘ 208°  Sloof and
mexicanum nitrate Baerselman 1980,
y _ Sloof et al.1983
Ambystoma Embryo Cadmium S M 8d LC50 150 7.2- 93-105 Birge ef al.
opacum chloride 78 1978b*
Bufo Embryo  Cadmium  S,U 24 hr 100% arrested 250 ' " Herkovits and
arenarum development Perez-Coll 1993
Bufo Tadpole  Cadmium R,U 96 hr LC50 20°C 2,190 ’ * Ferari ofal. 1993
arenerum (young) chloride LC50 25°C 2,650 ’
Bufo Tadpole Cadmium R,U 96 hr LC50 20°C 3,060 °  Ferrar ofal. 1993
arenarum (prometa-  chloride LC50 25°C 6,770 ’
morphic)
Buto Tedpols  Cadmium R, U 96 hr LC50 - 2,080 ' *  Munio et a/. 1990
arensrum chioride
Bufo Tadpole Cadmium S, U 96 hr LC50 8,180 74 185 Khangarot and
melanostictus : sulfate Ray
1987
Gastrophryne  Embryo Cadmium R,M 7d LC50 40 74 195 Birge 1978%,
cavolinensis chioride Birge
ef al. 1979a
Microhyla Tadpole Cadmium S, U 96 hr LC50 1580 69 142-145 Rao and
omela (1 wk) chioride Madhyastha 1987
Microhyle Tedpole  Cadmium S, U 96 hr LCS50 1810 69 142-145 Reoand
ometa (4 wk) chioride Madhyastha 1987
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Table 15C. Cadmium (continued)

Species Stage/Age Chemical Method® Duration Effect Conc?® pH Hardness Reference
(upl) (as mgiL
CaCo,)
Notophthaimus  Larve Cadmium RM 25d 30% mortality 2,000 — — Mansonand _
viridescens acetate 17% mortality 2,500 —_ — OfFlaherty 1978
33% mortality 3,000 -— -—
40% mortality 3,500 —_ —_
46% mortality 4,000 - —-
60% mortality 4,500 —_ —_
51d 35% mortality 2,250 —_ —
45% mortality 4,500 — —
80% mortality 6,750 — -
55d Poor chondri- 3,000 - -
fication in 62%
regenerated imbs
Rane Embryp Cadmium S,U 24 hr 26.3 germcells at6.5d 600 —_— — Hah 1978
nigromaculals chioride 22 4 germcells at6.5d 1,200 — —_
16.3germecells at6.5d 2,400 —_ —
25.1gemmcells at 11 d 600 — —
234 gemmcelis at11d 1,200 —_ -
176 germcelis at 11 d 2400 —_— —
38.5 germ celis at 17d 600 — -
"~ 38.3germcefis at 17d 1,200 —_ —
31.8germcells at 17d 2,400 — —_
Ranacsfes-  Tedpole  Cadmium S,U 96 hr LC50 3700 7.0 ' Zettergren et al.
beiana and chioride 1991
Rena pipiens
Ranapipiens  Embryo  Cadmium F,U 96 hr 32% mortalty 100 . " Birge efal. 1975
. (cleavage chioride 67% mortality 500 . .
stage) 18% mortality 1,000
92% mortality 2,500 ' »
89% mortality 5,000 * *
10d 37% mortality 100 * »



Table 15C. Cadmium (continued)

Species Stage/Age Chemical Method® Duration  Effect Conc'® pH Hardness Reference
(ugh) (as mgh
CaCo0,)
Rena piplens  Embryo Cadmium  F,U 104 70% mortality 500 ' " Birge ef al. 1975
(cleavage chloride 20% mortality 1,000 \ .
stage) 15d 47% mortality 100
70% mortality 500 ' *
59% mortality 1,000 ' "
Rana pipiens Embryo Cadmuim F,U 96 hr 26% mortality 100 ' " Birge efal. 1975
(neural tube chloride 49% mortality 500 .
stage) 10d 30% mortality 100 *
59% mortality 500 X X
30% mortality 100 ' »
63% mortality 500 ' »
Rana piplens Embryo Cedmium F,U 96 hr 10% mortaiity 500 " " Birge et a/ 1975
(tail bud chioride 10d 30% mortality 500 ' '
stage) 15d 50% mortality 500 » .
Rena pipiens Embryo Cadmium S M 6-7d 0% mortakity 77 7982 102 Francis of al. 1984
chioride
Rana piplens  Tapole . Cadmium R,M 96 hr 19% mortality 10,000 . " Birge and Just 1973
chioride 95% mortality 25,000 . .
10d 54% mortality 10,000 R
- 95% mortality 25,000 "
Rana pipiens  Tadpole Cha'gniﬂdum S,uU 42d Iftr\creased Bu cell 400-800 70 ' Zettergren ef al. 1991
cl L] equency ‘
Xenopus Embryo Cadmium S, U 96 hr NOEC 100-200 7.2-75 —  LUinder et al. 1991
leevis LOEC 200400 7.2-75 -
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Table 15C. Cadmium (continued)

Species Stage/Age Chemical Method® Duration Effect Conc.® pH Hardness Reference
(ugh) (as mgAL
CaCoO,)

Xenopus Embryo Cadmium S U 6d 9% mortality, 0 mgL Mg 10 ) " Mifler and
laevis 13% mortality, 0 mgA. Mg 100 ' ' Landes-

98% mortality, 0 mg/A. Mg 1,000 ' ' man 1978

2% mortality,2 mg/. Mg 10 ' '

7% mortality, 2 mg/. Mg 100 ' '

70% mortality,2 mg/AL Mg 1,000 R R

9% mortality, 20 mgA. Mg 10

9% mortality, 20 mg/L. Mg 100 ' '

41% mortality, 20 mg/. Mg 1,000 ! !

7% mortality, 200 mg/A. Mg 10 ! '

5% mortality, 200 mgL. Mg 100 ' '

6% moartality, 200 mg/L Mg 1,000 ' '

Slight deformity, 200 mg/L 1,000

Mg ’ 1 '

Severe deformity, 0 mgA. - 1

Mg
Xenopus Tadpole Cadmium S.uU 48 he LC50 3,200 — 170 Canton and
laevis chloride 100d LC50 1,500 — — Sloof

100d EC50 (development) 650 — — 1982¢
Xenopus Tadpole Cadmium S, U 48 hr LC50 7.360 ) de Zwart and
laevis nitrate Sloof 1987
Xenopus Tadpole Cadmium S, U 48 hr LCSo 11,648 ) 209°  Sloof and
laevis nitrate Baerseiman
- 19807, Sloof ef

al. 19834



Table 15C. Cadmium (confinued)

Specles Stage/Age Chemical Method® Duration  Effect Conc® pH Hardness Reference
(ug) (as mghL
CaCoO,)
Xenopus Tadpole Cadmium S M 90 hr 80% mortality 25,600 70 296' Woaodall ef al.
laevis chloride 100% mortality 40,960 70 296’ 1988
0% mortality (96 hr pre- 25,600 7.0 296
treatment with 1,300 gL
Cd)
30% mortality 409680 70 296
(96 hr pre-treatment with
1,300 ugA Cd)
35% mortality 51200 7.0 29¢
(96 hr pre-treatment with
1,300 ugA. Cd)
* F= flow-through, M = measured, R = renewal, S = static, U = unmeasured
*Values expressed as Cadmium
¢ Dutch Stenderd Wster

*Reference also cited in Table 8 (other data) of the water quality criteria document for cadmium EPA 440/5-84-032 (USEPA 1985b)
* Reference also cited in Table 6 (other data) of the water quality criteria document for cadmium EPA 440/5-80-025 (USEPA 1980d)
'10% Hofktfreter's Solution

* Artifical pond water

* Modified Holtfrster's Sokstion

' Reported as 102-105 meq CaCO,

! Reported as 296 g
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Table 16. Carbaryl - other data.

Species Chemical Method® Duration Effect Conc. Reference
(ugh)
Bufo bufo Tadpole  Carbaryl - 48 hr LCS0 7.200 Hashimoto and
Japonicus (formulated) Nishiuchi 1981
Rana Tadpole Carbaryl R,U 96 hr LC50 55,340 Khangarot ef al.
hexadactyla (Kelex) 1985c
Rane Tadpole Carbaryl —_ 24 hr 100% mortakty 500,000 - Rzehak ef o/,
femporaria (Karbatox 75) - 1977
Deformity and Increased 1,000,000
. mortality 100,000
—_ 10d Deformity and increased
mortality 10,000
Rana tigrine  Tadpole Carbaryl S,U 96 hr LC50 6,200 Marian ef ol.
(0.02g) 1983
Rena figrine  Tedpole Carberyl S,.U 96 hr LCS0 11,700 Marian of /.
(1.29) : 1983
Xenopus Tadpole Carbaryl — 8d Deformity 1,000 Rzehak of o,
laevis (Karbatox 75) 20% mortakty first week 1,000 1977*
80% mortality second week 1,000

*R = renewal, S = stalic, U = unmeasured
* Reference not seen, cited in Power ef o/, 1989



Table 17. Carbofuran - other data.

Species Stage/Age Chemical Method® Duration  Effect Conc. Reference
(Fgh)

Acris Aduit Carbofuran Rice field 15min Abnormal behavior or 560 g/ha Flickinger ef al. 1980
crepitans (Furadan 3G) water, M paralysis
Microhyla Embryo Carbofuran R U 96 hr LC50 44,230 Pawar and Katdare 1984
omala 5.1% deformity 1,000

54.4% deformity 10,000

96.6% deformity 30,000

100% deformity 70,000
Microhyls Tadpole Carbofuran R, U 96 hr LC50 13470 Pawar and Katdare 1984
omata
Rena Tadpole Carbofuran R,U 96 hr LC50 11,270 Khangarot ef /.1985¢c
hexedactyla (Furaden)

‘M = measured, R = renewsl, U = unmeasured
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Table 18. Carbon tetrachloride - other data.

Species Stage/Age Method®  Duration Effect Conc. Reference
(gl
Ambystoma graclle  Embryo F.M 9d LC50 1,980 Blackefal. 1982
5d 3% deformity 10,600
5d 10% deformity 24,200
5d 21% deformity 41,800
Bufo fowlerl Embryo F.M 7d LCS0 2,830 Birge ef al. 1980, Black ef al.
ad 0% deformity 690 1982
ad 3% deformity 4,980
ad 11% deformity 92,500
Rana cafesbelena  Embryo F.M 8d LC50 ’ 900 Bimge ef al. 1960
4d 1% deformity 80
4d 8% deformity 1,180
4d 17% deformity 7,810
Rana pealustris Embryo F.M 8d Lcs50 2,370 Bimge ef al. 1980, Black ef al.
: 4d 0% deformity 4980 1982
4d 100% deformity 92,500 -
Rana pipiens Embryo F.M 9d LC50 1,640 Black efal. 1980
5d 2% deformity 76
5d 6% deformity 670
5d 11% deformity 1,070
5d 18% deformity 24,000
5d 44% deformity 41,200
Rana temporaria Embryo F.M 9d LCS50 1,160 Black ef o/. 1980
5d 3% deformity 670
5d 12% deformity 10,700
5d 17% deformity 24,000

5d 67% deformity 41,200
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Table 18. Carbon tetrachloride (continued)

Species Stage/Age  Method" Duration Effect Conc. Reference
(ugh)
Xenopus laevis Embryo F.M 6d LC50 24 420 Black ef al. 1980
2d 1% deformity 600
2d 4% deformity 10,500
2d 10% deformity 27,200

*F= flow-through, M =measured
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Table 19. Chlordane - other data,

Species Stage/Age Chemical Method* Duration Effect Conc Reference
(ugh)
Bufo Embryo Chlordane S,uU <42 d 0% mortality 1,000 Juarez and Guzman 1984
arenarum 20d 100% mortality 5,000
14d 100% mortality 15,000
Rana Tadpole  Chiordane U, 96 hr 30% mortality 0.56 kgha® Mula 1063
caftesbelana (formulation)  isolated
in pond
Rana piplens  Adut Chlordane ) 30d 40% mortality 500 Kaplan and Overpeck 1964

* S = static, U = unmeasured
* Active ingredient
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Table 20. Chiloride - other data.

Species Stage/Age Chemical Method* Duration Effect Conc® Reference

(ugh)
Microhyla Embryo Potassium chloride S, U 96 hr LC50 873,000 Padhye and Ghate 1992
omata
Microhyla Tadpole Potassium chioride S, U 96 hr LCS0 758,000 Padhye and Ghate 1992
omela @8d
Microhyla Tadpole Potassium chloride S, U 96 hr LCSO0 1,208,000 Padhye and Ghate 1992
ornata (hindlimb)
Microhyla o Embryo Sodium chloride S,u 96 hr LCS0 1,646,000 Padhye and Ghate 1992
omata
Microhyla Tadpole Sodium chiloride S,uU 96 hr LC50 3,051,000 Padhye and Ghate 1992
omala @8d
Microhyla Tadpole Sodium chiloride S,u 96 hr LCSO 4,208,000 Padhye and Ghate 1992
ometa (hindlimb)
Rana Embryo Calclum chioride S,uU 88 hr 0% mortality 11,882 Cummins 1988
femporaria
Xenopus Aduk Sodium chioride S\M 114 d* LC50 8,869,000- Romspert 1976
loevis : T 9,926,000

*M = measured, S = static, U sunmeasured

*Value expressed as chioride :

¢ inciudes 7,080 ugA. from calclum chioride in addition to 4,350 g/ from sodium chioride and 452 Lg/ used in artificial soft dikion water

9 Concentrations increased in 50 mM (1,772,000 ng)) increments of chloride from 50 to 250 mMAL (1,772,000 to 8,869,000 ..gA) in 80 days
and then in 10 mM (354,000 .g) increments to 300 mM/L (10,634,000 ug/l) over 24 days

N~
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Table 21. Chilorinated benzenes - other data.

Species Stage/Age  Chemical Method* Duration Effect Conc. Reference
(ug)

Ambystoma Embryo Chlorobenzene F.M 9d LCS0 1,150 Black ef al. 1982
gracile 7% deformity at hatch 630

27% deformity at hatch 18,400
Rane Embryo Chiorobenzene F.M 9d LC50 1,200 Bilack ef al. 1982
pipiens 4% deformity at hatch 630

38% deformity at hatch 14,600
Rane -~ Embryo 1, 2- Dichloro- F.M 9d LCS0 5,560 Black ef al. 1982
pipiens benzene : 2% deformity at hatch 120

6% deformity at hatch 150

5% deformity at hatch 1.640

6% deformity at hatch 7.430

10% deformity at hatch

12,300

* Fu flow-through, M = measured



Table 22A. Chlorinated ethanes - acute data.

Species Stage/Age  Chemical Method* 96-br Reference
LCS50
(ug)
Rana cafesbelana Tadpole Hexachloroethane F M 2,440 Thurston ef al. 1985

3,180

* F= flow-through, M=measured
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Table 228B. Chiorinated ethanes - other data.

Species = Stage/Age Chemical Method®* Duration Effect Conc. Reference

(ugh)

Ambystoma Embryo 12- F.M 9d LCS50 2,540 Black ef of. 1982
grachle Dichloro- 5% deformity at hatch 2,580
sthane 16% deformity at hatch 21,400

Rana Embryo 12- F.M 9d LCS0 4,400 Black ef o). 1982
pipiens Dichloro- 3% deformity at hatch 1,070
ethane 6% deformity at hatch 2,690
25% deformity at hatch 21,900

* F= flow through, M = measured
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Table 23. Chiorinated phenols - acute data.

Specles -Stage/Age Chemical Method* 96-hr Reference
LCS0
(ugh)
Xenopus lasvis Tadpole 2.4,6- F.M 1,200 Holcombe ef al. 1987
Trichlorophenol

*Fs= flow-through, M = measured
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Table 24. Chioroform - other data.

Species Stage/Age Method® Duration Effect Conc. Reference
(o)
Ambystoma gracle  Embryo F.M 9d LCS50 21,500 Black et al. 1982
3% deformity at hatch 5,880
9% deformity at hatch 9,120
14% deformity at hatch 63,300
Bufo fowleri Embryo F.M 7d LCS0 35,140 Birge ef al. 1980, Black ef al.
3% deformity at hatch 6,040 1982
5% deformity at hatch 40,000
Hyla crucifer Embryo F.M 7d LC50 270 Birge ef al. 1980
2% deformity at hatch 87
4% deformity at hatch 73
* 10% deformity at hatch 690
0% deformity at hatch 7.340
Rana pealustris Embryo F.M 8d LCS0 20,550 Birge ef al. 1980, Black ef al.
- 3% deformity at hatch 10,100 1982
5% deformity at hatch 32,100
Rena pipiens Embryo F.M 9d LC50 4,160 Bimge ef al. 1980, Black ef 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 temporaria Embryo F.M 9d LCS0 16,950 Black ef al. 1982
< 3% deformity at hatch 6,050
9% deformity at hatch 9,900
21% deformity at hatch 64,100
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Table 24. Chioroform (continued)

Species Stage/Age Method®  Duration Effect Conc. Reference
(ugh)
Xenopus laevis Embryo F.M 6d LCS50 68,000 Black ef al. 1982
3% deformity at hatch 1,020
2% deformity at hatch 6,150
3% deformity at hatch 8,400
15% deformity at hatch 67.800

*F = flow-through, M = measured



Table 25A. Chiorophenoxy herbicides - acute data.

Species Stage/Age  Chemical Method* _96-hr Reference
LC50
(oN)
Bufo woodhousk fowleri Tadpole 2,4-0 s,U >10,000 Mayer and Eflersieck 1986
butoxyethanol
ester
Pseudacris triseriata Tadpole Weeder 64 S.U 100,000 Sanders 1970
(amine salt of
2,4-D)
Pseudacris triseriala Tadpole Silvex S,U 28,000 Sanders 1970

(butyl ether ester)

* S = gtafic, U = unmeasured
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Table 25B. Chiorophenoxy herbicides - other data.

Species Stage/Age  Chemical Method®  Duration Effect Conc. Reference
(uon)
Adelotus brevis  Tadpole 2,4 -D amine S,\u 96 hr LCS50 200,000 Johnson 1976
Adelotus brevis  Tadpole 2,4,5-T amine S, U 96 hr LC50 200,000 Johnson 1976
Bufo marinus Tadpole 2,4 - D amine S,uU 96 hr LCcs0 288,000 Johnson 1978
Bufo marinus Tadpole 2,4,5-T amine S,uU 96 hr LC50 340,000 Johnson 1976
Buo Tadpole 2,4-D s,uU 96 hr LC50 8,050 Vardia ef al. 1964
melanostictus
Bufo woodhousi  Tadpole Sivex 2-(2,4,5-T) S,u 48 br LC50 20,000 Sanders 1970
fowleri
Bufo woodhousi  Tadpole Slivex (propylene s,u 24 hr LCs0 19,000 Mayer and Ellersieck 1986
fowleri glycol buty! ether
ester)
Limnodynasfes Tadpole 2,4 -D amine s.u 96 hr LCS50 287,000 Johnson 1976
peroni .
Limnodynasfes  Tadpole 2,4,5-T amine s,u 96 hr LCs0 169,000 Johnson 1976
peroni .
Rana temporaria Tadpole 2,4-D s,u 48 hr 0% mortality 50,000 Cooke 1972
Tritwus cristalus  Adult MCPA s,u 17 hr LC50 3,200,000 Zaffaroni of al. 1986
camifex (male) 35hr LC50 1,600,000
Triturus cristatus  Adult MCPA s,u 21 hr LC50 3,200,000 Zaffaroni of al. 1986
carmnifex (female) 45 hr LCS0 1,600,000
Tritwrus cristatus  Adult MCPA s,.u iyr No significant 400,000 Zavanela ef al. 1988
carnifex tumor
incidence

*S = Static, U = unmeasured
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Table 26. Chiorpyrifos - other data

Species Stage/Age Method® Duration Effect Conc.  Reference
(ugh)
Hyla regifla Tadpole S, U 24 hr Onset of thermal stress at 25 Johnson 1980
353°C
24 hr Onset of thermal siress at 50
34.1°C
Tritwrus vuigeris  Adult S M 96 hr EC10 (locomotional behavior) >96 van Wijngaarden ef a/. 1993

*S = Static, M = measured, U = unmeasured



Table 27. Chromium - other data.

201

Specles Stage/Age  Chemical Method®* Duration Effect Conc.® pH Hardness Reference
(ugl) (as mgnL
CaCo,)
Ambysfoma Embiyo Chromium S, M 8d LC50 2130 7.2.78 93-105 Bi@e et al. 1978b°
opacum trioxide
Bufo Tadpole Potassium S U 96 hr LCS0 49,290 74 185 Khangarot and Ray
melanostictus dichromate 1987
Gastrophryne Embtyo Chromium RM 7d LC50 30 74 195 Birge 1978¢, Birge
cerolinensis trioxide et al. 1979a
Ranes . Tadpole Potassium R,U 96 hr LCS50 100,000 6.1 20 Khangarot ef al.
hexadactyla chromate 1985b
Potassium R,U 96 hr LCS0 42,950 6.1 20
dichromate
Rans tigrina Tadpole Potassium S, U 2 hr 100% mortality 2,000 6.1 4 Abbasi and Soni
dichromate 60-100% deformity 2,000 6.1 4 1984
Xenobus faeviz  Tadpole Potassium S, U 100d NOL(E)C 1,000 — — Sloof and Canton
dichromate (mortality) 1983
NOL(E)C 3,200 - —
(development)
NOL(E)C (growth 3,200 — -

*M = mesasured, R = renewal, S = static, U = unmeasured
* Values expressed as chromium
¢ Reference also cited in Table 6 (other data) of the water quality criteria document for chromium EPA 440/5-84-029 (USEPA 1985c¢)
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Table 28A. Copper - acute data.

Speties Stage/Age Chemical Method* 96-hr® pH Hardness Reference
LC50 (as mg/L
(ugl) CaCO,)
Ambysfoma Embryo Copper S.M 315 45 — Home and Dunson
Jeffersonisnum chloride 1994
Xenopus laevis Embryo Copper R.U 110 75 — Linder ef al. 1991

* M = measured, R = renewal, S = static, U = unmeasured
* Values expressed as copper
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Table 28B. Copper - other data.

Species Stage/Age Chemical Method®* Duration Effect Conc® pH Hardness Reference
(ugh) (as mgL
CaCo,)
Ambystoma Embryo  Copper  S,M 8d LC50 770 7278  93-105 Birge ef al. 1978b°,
opacum sulfate Birge and Black
1979
Bufo Tadpole Copper F.M 20 min. avoidance 100 768 112 Black and Birge 1980
americanus sulfate
Bufo boreas Tadpole Copper S,U 12hr 100% mortality 3,700 58 ~— Porter and Hakanson
sulfate 61d 100% metamorphosis 20 58 - 1976
Bufo fower¥ Embryo Copper S.M 7d LCS0 26960 7.2-78 100 Birge and Black 1979*
sulfate
Bufo Tadpole Copper S, U 96 hr LC50 320 74 185 Khangarot and Ray
melanastictus sulfate " 1987
Gastrophryne Embryo Copper R.M 7d LCS0 40 74 1985 Birge 1978°, Birge
carolinensis sulfate and Black 1979°,
Birge et al. 1979
Hyla Embryo Copper S,M 7d LCS50 40 72-78 100 Birge and Black 1979
chrysocells ) sulfate
Microhyla Tadpole Copper S,uU 96 hr LCSO0 5,040 6.9 142-145 Rao and Madhyastha
omata (1 wk) sulfate ) 1987
Microhyla Tadpole Copper S.U 96 hr LC50 5,380 89 142-145 Rao and Madhyastha
omata (4 wk) sulfate - 1967
Rana . Tadpole Copper S, U 96 hr LC50 39 6.1 20 Khangarot ef al.
hexadactyle sulfate 1985a, 1985b
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Table 28B. Copper (confinued)

Species Stage/Age Chemical Method®*  Duration Effect Conc* pH Hardness Reference
(ugh) (as mpL
CaCo,)
Rana pipiens Embryo Copper S,\M 8d LC50 50 7278 100 Birge and Black
; sulfate 1979¢
Rana pipiens Tadpole Copper S.M 72 hr LC50 150 77 — Lande and
sulfate 96 hr 100% mortakty 60 7.7 — Gufitman 1973
Rana pipiens Adult Copper S,uU 72 hr LC50 6368 49586 — Kaplan and Yoh
suffate . 1961
Xenopus Embryo Copper S.U 96 hr NOEC 50 75 — Linder ef al. 1991
laevis LOEC 100 75 —
Xenopus Tadpole  Copper s,U 48 hy LC50 877 ‘ ‘  de Zwart and
laevis suifate Sloof 1987

* F = flow-through, M = measured, S = static, R = renewal, U = unmeasured

* Values expressed as copper
¢ Reference also cited in Table 8 (other data) of the water quality criteria document for copper EPA 440/5-84-031(USEPA 1985d)
“Dutch Standard Water
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Table 29. Cyanide - ou..er data.

Species Duration Effect Conc® pH Hardness Reference
(ugh) (as mgAL
CaCo,)
Rana temporaria  Tadpole 25-30 min  time to avoidance 260 - — Costa 1965
, ' at 12-14°C
60 min. no avoidance 1,300 —_ —_—
at 0-2°C
4-5 min. time to avoidance 130,000 — .
at0-2°C
3540 min. time to avoidance 260 e —
at 26-28°C
4-5 min time to avoidance 2,600 32 —_—
at 13-14°C
1-2 min time fo avoidance 2,600 5.1 —
at 13-14°C
6-7 min time to avoidance 2,600 88 —
: at 13-14°C
1-2 min time to avoidance 2,600 10.2 -

at 13-14°C

* U = ynmeasured

*Values expressed as cyanide
< Citation for methodology given in reference
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Table 30A. DDT - acute data.

Stage/Age

Species Chemical Method* 96-hr Reference
LCS0
(uoh)
Bufo woodhousi# fowleri Tadpole DDT S.u 750 Sanders 1970°, Mayer and Elersieck 1986
(1 wk)
Bufo woodhousii fowleri  Tadpole DDT S.u 1,000 Sanders 1970°, Mayer and ENersieck 1986
(4-5 wk)
Bufo woodhousi#l fowleri Tadpole DDT S,uU 100 Sanders 1970° Mayer and Ellersieck 1986
(6 wk)
Bufo woodhoushi fowleri  Tadpole DDT S,u 30 Sanders 1970° Mayer and Elersieck 1986
(7 wk)
Bufo woodhousH fowler! Tadpole TOE S,U 140 Sanders 1970°, Mayer and Ellersieck 1986
Pseudacris triserieta , Tadpole DDT s.uU 800 Sanders 1970°
Pseudacris triseriefa Tadpole TDE S.uU 400 Sanders 1970°

*S = static, U = unmeasured

* Reference also cited in Table 6 (other data) of the water quality criteria document for DDT EPA 440/5-80-038 (USEPA 1880m)
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Table 308. DDT - other data

Species Stage/Age = Chemical Method®  Duration  Effect Conc.® Reference
(ugh)
Bufo Embryo DDT S,U 42d 0% mortality 1,000 Juarez and Guzman 1984
arenarum 16d 100% mortality 5,000 '
12d 100% mortality 15,000
Bufo Embryo DOT S,.U 31d beta-glucronidase activity 1,000 Juarez and Guzman 1988
arenarum significantly higher than in
controls
Bufo bufo Tadpole DoT —_ 72 hr LCSO 300-500 Marchal-Segaukt 1976
Bubbuo  Tadpole  DOT S.U 48hr 0% mortaliy, 15% mortality 500 Cooke 1972
(9-10mm) 2 d post-exposure
Buwo bufo Tadpole DOT S,uU 48 hr 0% mortality, 5% mortality 5 Cooke 1972
(12-14mum) ; 5 d post-exposure
0% mortality, 90% mortality 500
5 d post-exposure
Buio bufo Tadpole DoT S,uU 48 hr 0% mortality, 5% mortality 20 Cooke 1972
(16-20mm) 5 d post-exposure
100% mortality 500
Bufo bufo Tadpole DDT S,U 48 hr 20 % mortality, 100% 500 Cooke 1972
(19-23mm) mortakity 5-d post-exposure
Bulo bufo Tadpole DDT — 48 hr LC50 31,000 Hashimoto and Nishiuchi
Jeponicus (formulation) 1981
Bufo Tadpole DOT s, U 24w LC50 5400 Mayer and ENersieck 1986
woodhousi
fowleri
Rana Tadpole  DDT v, 96 hr 0% mortality  0.112kghs®  Multa 1963
catesbeiana (formulation) isolated 48 hr 80% mortality 0.560 kg/ha®

in pond
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Table 308. DDT (continued)

Species Stage/Age Chemical Method® Duration Effect Conc® Reference
(ugh)
Rana Tadpole DDT S.R 7d 30% mortality 5 Weis 1975
cafesheiana 30% mortality, significantly 25
less regeneration than
controls
Rana Tadpole DDT S.R 8d Significantly less regeneration 5 Weis 1975
pipiens than controls
12d 30% mortality 5
5d Significantly less regeneration 25
than controls
8d 60% mortality 25
Rana Embryo DDT S.M 24 hr 0.16 mg/kg residue in jelied 25 Licht 1985
syivelica embryos (stage 13-18)
0.82-1.57 mg/kg residue in jelly- 25
free embryos (stage 20)
Rana Tadpole DDT s,U 96 hr 16.51 mg/kg residue in fiver at 1 Licht 1978
sylvalica 15°C, 2.96 mg/kg at 21°C
7d 9.43 mg/kg residue in kiver at 1
15°C, 2.67 mg/kg at 21°C
96 hr 16.73 mg/kg residue in fver at 3
15°C, 6.20 mg/kg at 21°C
7d 9.71 mg/kg residue in liver at 3
’ 15°C, 5.27 mg/kg at 21°C
7d 9.7-37.4 mg/kg residue in fat at 1
15°C
10d 18.6-23.7 mg/kg residue in fat at 1
15°C :
7d 26.7-81.7 mg/kg residue in fat at 3

. 15°C
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Table 308. DDT (continued)

Wme

Reference k

Species Chemical Method®  Duration Effect Conc.?
(ugh)
Rana Tadpole DDT S.U 48 hr 80 % mortality, 90% mortalty 500 Cooke 1972
femporaria (12-14 1d post-exposure
mm)
Rana Tadpole DDT S,U 48 hr 80 % mortality 50 Cooke 1972
temporaris (15-20 100% mortality 500
mm)
Rana . Tadpole DDT S,uU 48 hr 0% mortality, 29% mortality 20 Cooke 1972
temporaria (24-34 5 d post-exposure
mm) 100% mortakity 500
Rana Tadpole DDT S,uU 48 hr 94% mortality 500 Cooke 1872
temporaria (3740
- mm)
Rana Tedpole  DDT S,\M 1 he 3,470 mg/kg whole body 1,000 Cooke 1970
fermporaria residue, 19% abnormal snouts
48 hr post-exposure
1hr 12,800 mg/kg whole body 10,000
residue, 37% abnormal snouts
48 hr post-exposure
Rana _ Tadpole DDT SM 48 hr 2.5 mg/kg whole body residue, 100 Cooke 1978
femporaria  (300mg) 0% abnormal snouls
Rana Tadpole DDT S.M 48 hr 7.5 mg/kg whole body residue,
temporaria  (700mg) 29% abnormal snouts 100 Cooke 1879
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Table 308B. DDT (continued)

Species Stagel/Age Chemical

Method® Duration Effect Conc.® Reference
(ugh)
Rana Tadpole DDT S.M 28d 0.82 mg/kg whole body 0.1 Cooke 1973
temporaria residue on day 33, 0.57 '
mg/kg on day 39
S.M 28d 2 mg/kg whole body residue i
on day 15, 4.3 mg/kg on day
33, 3.3 mg/kg on day 39
Rana Tadpole DoT S,.uU 48 hr 29% with abnormal snouts at 100 Osbom ef al. 1981
temporaria 96 hr
Rana tigrina Adult DoT S.U 96 hr Decreased vitamin A stores in 1,000,000 Keshavan and Deshmukh
kver 1984
Triturus Larva DoT S.uU 48 hr 33% mortality 500 Cooke 1972
vuigaris :

*M = measured, R = renewal, S = static, U = unmeasur_ed

* Active ingredient
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Table 31. Diazinon - other data.

Species Stage/Age Chemical Method Duration  Effect Conc. Reference
(Fgn)
Bufo bufo Tadpole Diazinon — 48 hr LC50 14,000 Hashimoto and Nishiuchi 1981

Jeponicus (formulation)
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. Table 32. Dichloropropanes and Dichloropropenes - other data.

Species Stage/Age Chemical Method*  Duration Effect Conc. Reference
(ugl)
Xenopus Tadpole 1, 3 - Dichloro- S,.U 48 hr LC50 63,000 de Zwart and Sloof 1987

faevis propane

* S = stalic, U = unmeasured
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Table 33. Dichlorvos - other data

Species Stage/Age Method* Duration Effect Conc. Reference
(uyl)
Unidentified Tadpole S,U 48 br LC50 10,000 Sreenivasen and Swaminathan 1967
100% mortality 18,000 ’

* S = static, U = unmeasured
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Table 34. Di - 2 - ethylhexyl phthalate (DEHP) - other data.

Species Stage/Age  Method" Duration Effect Conc. Reference
(uoh)
Rana arvalls Embryo sS.M iod Approximate 50% hatch 150 ug/g® Larsson and Thuren 1987
*M = measured, S = static
*Fresh weight in sediments
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Table 35. Endosulfan - other data.

Species Stage/Age Chemical Method®*  Duration  Effect Conc. Reference
(ugh)

Bufo bufo Tadpole Endosulfan — 48 br LCS0 9,000 Hashimoto and Nishiuchi 1981
Japonicus (formulation)
Bufo Tadpole Endosutfan S, U 96 hr LC50 123 Vardia ef al. 1984
melanostictus
Rana piplens Tadpole Endosulfan U, isotated 96 hr 10% mortality 0.112kg/ha®  Mulla 1963¢

(Thiodan M)  in pond 0.560 kg/ha®

24 hr 100% mortality

Rana pipiens Tadpole Endosulfan U, isolated 24 hr 60% mortality 0.112kgha® Mulla 1863°

(Thiodan I) in pond 100% mortakty 0.560 kg/ha®
Rana figrina  Tadpole Endosulfan S,uU 96 hr LC50 18 Gopalefal. 1981

* S = static, U = unmeasured
® Active ingredient

¢ Reference aiso cited in Table 8 (other data) of the water quality criteria document for endosulfan EPA 440/5-80-046 (USEPA 1980p)
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Table 36A. Endrin - acute data.

Species Stage/Age Method® 96-hr Reference
LC50
(ugh)
Bufo woodhousii fowleri  Tadpole S,uU 120 Sanders 1970, Mayer and Ellersieck
1986
Pseudacris triserieta Tadpole . §,U 180 Sanders 1970, Mayer and Ellersieck
1986
Rena cafesbelens Tadpole F.M 25 Thurston ef o/, 1985

*F = flow-through, M = measured, S = static, U = unmeasured
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Table 368. Endrin - other data.

Species Stage/Age  Chemical Method® Duration  Effect Conc. Reference
(o)
Acris crepitans Tadpole Endrin F.M 24 hr EC50-behavior 23  Halfl and Swineford 1981
96 hr LC50at8d 10
Ambystoma Larva Endrin F.M 24 hr EC50-behavior 48 Hall and Swineford 1981
maculatum 96 hr LC50at8d 56 -
Ambystoma Larva Endrin F.M 24 hr EC50-behavior 18 Hall and Swineford 1981
opacum 96 hr LC50at8d 18
Bufo Tadpole Endrin F.M 24 br - EC50-behavior 8 Hall and Swineford 1981
americenus 96 hr LC50at8d 10 -
Bufo bufo Tadpole Endrin —_ 48 hr LC50 12,000 Hashimoto and Nishiuchi
Japonicus (formulation) 1981
Rana Tadpole Endrin F.M . 24 hr EC50-behavior >40 Hall and Swineford 1981
calesbeiana 96 hr LC50at8d 2
Rana Tadpole Endrin U, 96 hr 90% mortality 0.112kgha® Muita 1963 °
calesbeisna (formulation)  isolated
in pond
Rana Tadpole  Endrin s,U 96 hr LC50 021 Khangarotef al. 1985c
hexadactyla (formulation)
Rana pipiens Adult Endrin sV 3od 30% mortality 30 Kaplan and Overpeck
1964
Rana Embryo Endrin F.M 96 hr LC50at8d 25 Hall and Swineford 1980
sphenocephaila
Rana Tadpole Endrin F.M 24 hr EC50-behavior 13  Hal and Swineford 1981
sphenocephala 96 hr LCS0 at8 d 9
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Table 36B. Endrin (continued)

Species Stage/Age  Chemical Method® Duration  Effect Conc. Reference
(uol)
Rana Tadpole Endrin FM 96 hr LCS50 at8d 6 Hall and Swineford 1980
sphenocephsla
Rena Sub-adut  Endrin F.M 96 hr LC50at8d 5 Hall and Swineford 1980
sphenocephala 71.4 concentration factor at death 10
34 4 concentration factor at death 12
51.8 concentration factor at death 16
59.4 concentration factor at death 22
. . 94 3 concentration factor at death 30
Rana sylvafice Tadpole Endrin F.M 24 hr EC50 - behavior <16 Hall and Swineford 1981
96 hr LC50at8d M
Rana temporaria  Tadpole Endrin S,u 72 hr LC50 425.3* Wohigemuth 1977
@d (formulation)
Rana temporaria  Tadpole Endrin S,uU 72 hr LC50 50.5*° Wohigemuth 1977
8d (formulation) .
Rana temporaria Tadpole Endrin s,uU 72 hr LCS0 287.5° Wohigemuth 1977
(16 d) (formulation)
Rana temporaria Tadpole Endrin sS,u 72hr LC50 24.3* Wohigemuth 1977
45d) (formulation)
Rana temporaria Tadpole Endrin s.U 72 hr LC50 17.2> Wohigemuth 1977
(86 d) (formulation)
Rana temporaria  Tadpole Endrin s.U 72 hr LCS0 14.7* Wohigemuth 1977

(107 d) (formulation)

* F = flow-through, M = measured, S = stafic, U = unmeasured
® Active ingredient
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Table 37A. Guthion - acute data.

Species

StageIAge

Chemical

Method"

96-hr
LCS0
(ugh)

Reference

Bufo woodhousk fowler!
Bufo woodhousi# fowleri
Pseudacris regiie
Pseudacris regifia

Pseudacris triseriata
Xenopus laevis

Xenopus leevis

Xenopus laevis

Tadpole
Tadpole
Tadpole
Tadpole

Tadpole
Embryo

Emibryo

Tadpole

Guthion
Guthion
Guthion
Guthion 2S

Guthion
Guthion

Guthion 2S

Guthion

s,U
s, U
R.M
R.M
s, U
R.M

R,M

R,M

130
109
4,140

840°
460°

3,200

1,660 «
2,010~
>890 ~*
4950
4910
7,630
6,100
6,280
>890 °
>7,620°
11,810°
10630°

>1,300 =
1600*

2,940

Sanders 1970

Mayer and Elersieck 1988
Schuytema ef a/. 1995
Schuytema ef al. 1995

Mayer and Elersieck 1986
Schuytema of al. 1994

Schuytema ef al. 1994

Schuytema ef al. 1985
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Table 37A. Guthion (continued)

Species Stage/Age  Chemical Method* 96-hr Reference
LC50
(ugh)
Xenopus laevis Tadpole Guthion 2S R.M 590" Schuytema ef a/. 1995

420°

*M = measured, R = renewal, S = static, U = unmeasured
’ Active ingredient

< EC50 - deformity (median effective concentration)

*in 10 mi test volume

*in 100 mi test volume
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Table 378. Guthion - other dafa.

Species Stage/Age Chemical Method* Duration Effect Conc. Reference
(ugh)
Bufo boreas Tadpole Guthion U, isolatedin 24 hr 0% mortality 045 kgha® Mulla ef al. 1963
(formulation) pond
Pseudacris regila Tadpole Guthion R.M 8d LC50 2,770 Schuytema ef a/. 1995
NOAEL (mortality) 1,780
LOAEL (mortality) 9,670
Pseudacris regifla Tadpole Guthion 25 R M 96 hr NOAEL (mortality) 360°* Schuytema ef al. 1995
‘ NOAEL (mortality) aro*
LOAEL (mortality) 700
LOAEL (mortality) 790°
8d LC50 760°
NOAEL (mortality) kY {1
‘ LOAEL (mortality) 790°
Scaphiopus Tadpole Guthion U, isolatedin 24 hr 0% mortality 045 kgha® Mulla of al. 1963
hammond (formulation) pond
Xenopus laevis Embryo Guthion R M 96 hr NOAEL (length)* 860 Schuytema ef al. 1994
LOAEL (length)* 2,200
NOAEL (deformity)c 510
LOAEL (deformity)* 1,310
NOAEL (mortality)* 3,140
LOAEL (mortality)* 7,160
NOAEL (length)® - 1,130
LOAEL (length)* 3,110
NOAEL (deformity)* 3,110
LOAEL (deformity)? 7,310
NOAEL (mortality)? 7,160
LOAEL (mortality)* 14,060
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Table 378. Guthion (continued)

Species " StagelAge  Chemical

Method® Duration Effect Conc. Reference

(ugl)

Xenopus laevis Embryo Guthion 2S R.M 96 hr NOAEL (length) 480° Schuytema et al. 1994
LOAEL (length) 1,300*
NOAEL (mortality) 1,300°
LOAEL (mortality) 3,800°

Xenopus lsevis Tadpole Guthion R.M 96 hr NOAEL (mortality) 340 Schuytema ef al. 1995
LOAEL (mortality) 1,720

Xenopus laevis Tadpole Guthion 2S R.M 96 hr NOAEL (mortality) 250" Schuytema et al. 1995
' ‘ LOAEL (mortality) 490°

*M = measured, R = renewal
® Active ingredient

€ In 10 md test volume

9in 100-mi test volume
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Table 38. Halomethanes - other data.

Species Stage/Age Chemical Method®* Duration Effect Conc. Reference

(ugh)

Bufo fowleri  Embryo Methylene F.M 7d LCS50 >32,000 Birge of al. 1980
chloride 2% deformity at hatch 32,100

Rana Embryo Methylene F.M 8d LC50 17,780 Birge ef al. 1980
cafesbeiana chioride 1% deformity at hatch 660
6% deformity at hatch 6,730
20% deformity at hatch 46,800

Rana Embryo Methylene F.M 8d LCS50 >32,000 Birge of al. 1980
palustris chloride 3% deformity at hatch 10,100
5% deformity at hatch 32,100

*F = fliow-through, M = measured
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Table 39A. Heptachlor - acute data.

Species Stage/Age Method* 96-hr Reference
LC50
(uo)
Bufo woodhousi fowerli  Tadpole S, U 440 Sanders 1970
Bufo woodhoush fowerf  Tadpole S.U 435 Mayer and Eflersieck 1986

*S = stafic, U = unmeasured
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Table 39B. Heptachlor - other data

Specles Stage/Age Chemical Method®* Duration Effect Conc. Reference
(ugh)
Bufo Embryo Heptachlor S,uU <42d 0% mortality 1,000 Juarez and Guzman
arenarum 1984b
15d 100% mortality 5,000
‘ 13d 100% mortality 15,000
Rsne Tadpole Heptachlor U, 96 hr 80% mortality 0.560 kg/ha® Mulla 1963
catesbelana {formulation)  Isolated
in pond

* S = static, U = unmeasured
* Active ingredient
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Table 40A. Hexachlorocyclochexane - acute data.

Species Stage/Age  Chemical Method® 96-hr  Reference
LC50
(o)
Bufo woodhousil fowleri Tadpole Benzene S, U 3,200 Sanders 1970
hexachloride
Bufo woodhousfi fowleri  Tadpole Benzene S.v 4350 Mayer and ENersieck 1988
. hexachloride
Buto woodhousk fowleri  Tadpole Lindane S,U 4400 Sanders 1970*
Bufo woodhousil fowlerl Tadpole Undane . S,U 3200 Mayer and Eflersieck 1986
Pseudeacris triseriatn Tadpole Lindane s,U 2,700 Sanders 1970*
Pseudacris triseriste Tadpole Lindane s,U 2650 Mayer and Eflersieck 1988

*S = stafic, U = unmeasured ,
* Reference aiso cited in Table 8 (other data) for the water quality criteria document for hexachlorocyciohexane EPA 440/5-80-054 (USEPA
1980s)
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Table 40B. Hexachlorocyclohexane - other data.

Species Stage/Age  Chemical Method® Duration Effect Conc. Reference
(ugh.)
Microhyla Embryo Benzene R,U 96 hr LC50 23,370 Pawar and Katdare 1984
ometa hexachloride 12.5% deformity 10,000
100% deformity 20,000
Microhyla Tadpole Benzene R,U 96 hr LC50 7270 Pawar and Katdare 1984
omata hexachioride
Rana Tedpole Lindane (EC U, 96 hr 0% mortality 0.112kg/ha® Mulla 1963
catesbeiana 1.65) isolated 10% mortality 0.560 kg/ha®
in pond
Reana Tadpole Lindane — 96 hr LC50 3,970 Khangarot ef al. 1985¢
hexadactyla
Rana pipiens  Adult Benzene S, U 30d 15% mortality 17,000 Kapian and Overpeck
: hexachloride 1964
Xenopus Embryo Lindane S,u time to hatch 52% hatch 0 Marchal-Segault and
loevis 52% hatch 500 Ramade 1981
51% hatch 1,000
31% hatch 2,000
Xenopus Tadpole  Lindane s, U 1wkposthatch 0% mortakty 500 Marchal-Segaul and
laevis 2 wk post-hatch 21% mortality 500 Ramade 1981
3 wk post-hatch 26% mortaikty 500
6 wk post-hatch 79% mortality 500
12 wk post-hatch 79% mortality 500
1 wk post-hatch 4% mortality 1,000
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Table 40B. Hexachlorocyclochexane (continued)

Species Stage/Age  Chemical Method* Duration Effect Conc. Reference
(uoh)

Xenopus Tadpole Lindane S,V 2 wk post-hatch 37% mortality 1,000 Marchal-Segault and
laevis 3 wk post-hatch 71% mortality 1,000 Ramade 1981

6 wk post-hatch 100% mortality 1,000

1 wk post-hatch 6% mortality 2,000

2 wk post-hatch 75% mortality 2,000

3 wk post-hatch B89% mortality 2,000

6 wk post-hatch 100% mortality 2,000

*R = renewasl, S = static, U = unmeasured
* Active ingredient
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Table 41A. iron - acute data.

Species Stage/Age Chemical Method* 96-hr* pH Hardness Reference
LC50 (as mg/L
(ug) CaCo,)
Xenopus Iaevis Embryo Iron R,U 1,900 6.0 — Linder ef al. 1991
' 1,800 6.0 —

* R = renewal, U = unmeasured
* Values expressed as iron
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Table 418. lron - other data.

Species Stage/Age Chemical Method®  Duration Effect Conc.! pH Hardness Reference
(as mglL
CaCoy
Bufo boress Tadpole Ferrous sulfate R, U 18d 100% mortality 35,000 586 '~ — Porter and
20d 100% mortality 30,000 56 — Hakanson
39d 100% meta- 20,000 5-8 — 1976
morphosis
Rana hexadaclyla Tadpole Ferrous sulfate  -— 96 hr LC50 17,620 6.1 20 Khangarot
; et al. 1985b
Xenopus leevis Embryo fron- R,U 96 hr NOEC 300 6.0 —  Linder et al.
) LOEC 600 6.0 — 1991

* R = renewal, U = unmeasured
*Values expressed as iron
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Table 42. Lead - other data

Species Stage/Age Chemucal Method® Duration Effect Conc?® pH Hardness Reference
(ugh) (as mgiL
CaCo,)
Ambystoma Embryo Lead S M 96 hr None 2,000 45 - Home and
Jeflersonianum chloride Dunson 1994
Ambystoma Embryo Lead S.M 8d LC50 1460 72-78 93-105 Birge ef al.
opacum chioride 1978b°
Bufo Tadpole Lead S, U 144w No avoidance 500-1,000 - — Steele of al. 1991
americanus nitrate
Bubo srenarum  Embryo  Lead s,uU 48 hr LC50 470-900 ‘ ‘ Perez-Collef al.
nitrate 80-100% deformity 1,000 ‘ ‘ 1088
Bufo srenarum Embryo  Lead s.u 20 hr 12% mortality, 70% 1,000 ‘ *  Perez-Coll and
(stage 12) . deformity at 96 hr Herkovits 1990
Buf srenarum  Embryo  Lead s.u 20 hr 55% mortality, 41% 1,000 ‘ * Perez-Coll and
(stage 18) deformity at 96 hr Herkovits 1990
Bulo arenerum  Embryo  Lead s.u 20 hr 20% mortality, 36% 1,000 ‘ *  Perez-Coll and
(stage 20) deformity at 96 hr Herkovits 1990
Bufo srenarum  Tadpole  Lead s,uU 120 hr 40% mortality 8,000 ‘ " Herkovits and
60% mortality 16,000 ‘ *  Perez-Coll 1991
Gastrophryne  Embryo Lead R, M 74 LC50 40 74 195 Birge 1978",
carolinensis chioride Birge ef al. 1979a
Rana Tadypole Lead R,M 144 br Activity less variable 1,000 7.2 340 Steele of al. 1989
cafesbeiana in controls, no effects

nitrate

on avoidance or
preference
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Table 42. Lead (continued)

Species Stage/Age Chemcal Method® Duration Effect Conc® pH Hardness Reference
(Fg) (as mglL
CaCOy,)
Rana Tadpole Lead R.U 48 hr impaired learning 500 72 340 Strickler-Shaw
calesheiena nitrate response _and Taylor 1991
144 hr Reduced learning 500 72 M0
response ;
24 hr impaired learming 625-1,000 7.2 M0
response
144 hr Pronounced 625-1,000 7.2 340
. depression in
120 hr response
Decreased learning 625-1,000 72 340
retention
Rane Tadpole Lead S,U 144 hr Locomotor activity 500 - — Taylor 1990
clamitans nitrate : same as control
144 hr Increased variabilty in  750-1,000 — -
locomotor activity
Reana Tadpole Lead s.uU 120 hr Adverse effects on 750 7.2 340 Strickier-Shaw
clamitans nitrate memory and Taylor 1990
144 hr Adverse effects in 750 72 340
learning
Rane Tadpole Lead S,U 98 hr LC50 33,200 6.1 20 Khargsrot of ol.
nitrate ) 1985b

hexedactyls
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Table 42. Lead (continued)

Species Stage/Age Chemical Method® Duration Effect Conc.® pH Hardness Reference
(FglL) (as mgAL
CaCo,)
Rana Embryo Lead S, U 24 hr 236 primordial germ 11,200 — — . Hah 1978
nigromaculats nitrate celisat65d
23.7 primordial germ 11,200 —_ —
celisat 11d
37.4 primordial germ 11,200 —_— -
colis at 17 d '
18.2 primordial germ 21,700 — —
cefls at 6.5d
18.5 primordial germ 21,700 — —
celisat 11d
36.2 primordial germ 21,700 — —
celsat17d
17.3 primordial 43,400 — -

germcelis at 6.5d
18.8 primordial germ 43,400 —_— —_

cells at 11 d
33.8 primordial germ 43,400 - -
ceflsat17d
Ranapiplens  Adut Lead R, U 30d LCS0 105,000* - — Kaplan ef .
nitrate 1967*
Xenopus lsevis Embryo  Lesd S,U 6d Moderate deformation 1,000 ‘ ‘  Mier and
at 200 mgL Mg Landesman
Severe deformation at 1 ¢ ¢ 1978
0 mg Mg ‘ .
1% mortaiity at 1,000
200 mgAL Mg p ‘
18% mortality at 1

0 mgA. Mg
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Table 42. Lead (continued)

Species Stage/Age Chemical Method®* Duration Effect Conc® pH Hardness Reference
(uol) (as mglL
CaCo,)
Xenopus laevis Embryo  Lead s.u 96 hr 13% with deformed 1,000 77 110 Sobotka and
acetate tail Rahwan 1995

50% with deformed 3,000 17 110
tail
38% with neural tube 3,000 77 110
deficit ‘

3wk 27% with deformed 500 77 110
tail _
50% with defromed 1,000 7.7 110
tail

96 hr Whole body residue 500 7.7 110
1.2 uglg :
Whole body residue 1,000 7.7 110
2.8 uglg .
Whole body residue 3,000 7.7 110
13.0 ug/g

1wk Whole body residue 500 77 110
17.6 ug/g ‘
Whole body residue 1,000 7.7 110
40.4 uglg
Whole body residue 3,000 17 110
110.8 ug/g

2 wk Whole body residue 500 77 110
28.4 ug/g
Whole body residue 1,000 7.7 110
47.2 uglg
Whole body residue 3,000 7.7 110

104.8 uo/g
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Table 42. Lead (continued)

Species Stage/Age Chemical Method®* Duration Effect Conc® pH Hardness Reference
(wg) (as mghL
CaCo0,)
Xenopus lsevis  Embryo Lead S,uU 3wk Whole body residue 20 177 110 Sobotka and
. acetate 3.2 ug/g "~ Rahwan 1995
Whole body residue 50 1.7 110
2.6 uglg
Whole body residue 100 17 110
7.1 uglg
Whole body residue 3,000 1.7 110
100.5 ug/g
6 mo. Whole body residue 20 17 110
2.2 uglg
Whole body residue 50 1.7 110
2.4 ugly
. Whole body residue 100 1.7 110
9.0 ug/o '

*M = messured, R = renewal, S = stalic, U = unmeasured
* Vahies expressed as lead

*Reference also cited in Table 8 (other data ) of the water quakty criteria document for lead EPA 440/5-84-027 (USEPA 18851)

9 10% Holtfreter's sohstion
* Cited as 100 ugA in water quality criteria document
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Tabie 43A. Malathion - acute data.

Species Stage/Age Method*® 96-hr Reference
. LCS50
(ug)
Bufo woodhousi fowileri  Tadpole S.uU 420 Sanders 1970, Mayer and Ellersieck
1986
Pseudeacris triserieta Tadpole S.u 200 Sanders 1970, Mayer and Elersieck
1986
Xenopus leevis Embryo S,u 10,900 Snawder and Chambers 1989
33o°
790
2,160

*$ = stalic, U = unwmeasured

* ECS0 (abnormel pigmentation)
¢ EC50 (abnormal gut)

9ECS50 (abnormal notochord)
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Table 43B. Malathion - other data.

Specles Stage/Age Chemical Method® Duration Effect Conc. Reference
(ug)
Bufo Embryo Malathion S,U 5d 67% mortality 44,000 Rosenbaum ef al. 1988
arenarum
Bufo Embryo Malathion s,u 5d Development unaffected 470 de Llamas ef al. 1985
arenarum 100% mortality 47,300
Bufo Tadpole Malathion S,U 144 hr LC50 19,200 Venturino ef al. 1992
arenarum v
Hyla regille Tadpole Malathion S,U 24 hr Lowered thermal tolerance 25-500 Johnson 1980
Microhyla Embryo Malathion S,uU 96 hr 23% deformity 1,000 Pawar ef al. 1983
omala 100% deformity 5,000
100% deformity, 35% 10,000
mortahty
100% mortality 15,000
Rena Tadpole  Malathion s,V 96 hr LC50 0.59 Khangarot ef al. 1985¢
hexadactyla (formulation)
Reana Tadpole Malathion F,U 96 hr 40% mortality 5,000 Hal and Kolbe 1980
cafesbeiana (formulation) -
Rana pipiens  Adut Malathion — 48 hr Lcs50 150,000 Kaplan and Glaczenski
15d 83% mortality 175,000 1965
Renatigrina Embryo Malathion R, U 24 hr 100% mortality 40,000 Mohanty-Hejmadi and
(formulation) 24 hr Threshold survival 30,000 Dutta 1981
<52d LC50 900-700°
Rena tigrina  Tadpole Malathion ' R, U 7d 100% mortafity 40,000- Mohanty-Hejmadi and
' (feeding (formulatinn) 5,000° Dutta 1981
stage) <49 Threshold beyond feeding 900

stage
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Table 43B. Malathion (continued)

Species Stage/Age Chemical Method®  Duration  Effect Conc. Reference
(ugh)
Rana tigrina,  Tadpole Malathion R,U >49 Threshold beyond imb bud 90,000 Mohanty-Hejmadi and
(fmbbud  (formulation) stage Dutta 1981
stage) >49 Threshold metamorphosis 7,000
Xenopus Embryo Malathion S,u 96 hr  18% deformity 1,000 Snawder and Chambers
loevis - 100% deformity 5,000 1990

*F = flow-through, R = renewal, S = static, U = unmeasured
*Reference not seen, cited in Power et al. 1989
 Exposed to decreasing concentrations
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Table 44. Manganese - other data.

Species Stage/Age Chemical Method®*  Duration Effect Conc® pH Hardness Reference
(ug/l) (as mgiL
CaCo,)
Gasfrophryne Embiyo Manganese S,M 7d LC50 1420 74 195 Birge 1978, Birge et
carolinensis chioride al. 1979a
Microhyle Tadpole Manganese R,U 96 hr LC50 14840 69 142-145 Rao and Madhyastha
omata (1 wk) sulfate 1987
Tadpole Manganese R,U 96 hr LC50 14,330 69 142-145
(4 wk) sulfate
Xenopus Embryo  Manganese S, U 6d No deformation 10000 ° ‘ Miller and Landesman
laevis at 200 gL Mg c < 1978
Severe deformation 1
at 0 .g/L. Mg
6% mortality 10,000 °© ¢
at 200 gL Mg . .
8% mortafity 1
at 0 ugL. Mg

*M = measured, R = renewal, S = static, U = unmeasured

* Values expressed as manganese
¢ 10% Holtfreter's solution
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Table 45A. Mercury - acute data.

Species Stage/Age Chemical Method* 96-hr* pH Hardness Reference
LC50 (as mg/L
(ugh) CaCo,
Rana Tadpole Mercuric S\M 502 .72 351 Punzo 1993a
heckscherl chloride
Reana Adult Mercuric S M 3,252 72 352 Punzo 1993b
heckscheri chloride
*M = measured, S = siatic
* Value expressed as mercury
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Table 458. Mercury - other data.

Species Stage/Age  Chemical Method® Duration Effect Conc?® pH Hardness Reference
(ugh) (as mg/L
CaCO,)
Acris crepitans Embryo Mercuric R,M 7d LCS50 104 7.0-78 90-105 Birge ef al. 1979b°
blanchardi chioride
Ambystoma  Larva Mercuric S.M 48 hr LC50 259 ‘ *  Sloof and
mexicanum chioride Baerselman 1880°
Ambystoma Latva Mercuric S.M 48 hr LC50 296 — —  Sloof ef al. 1983
mexicanum chloride
Ambystoma Embryo Mercuric R,M 7d LC50 1075 7078 90-105 Birge ef al. 1979b°
opacum chioride
Ambysfomna Embryo Mercuric S,M 8d LC50 110 7.2-78 93-105 Birge efal. 1978b
opacum chioride
Bufo bufo Tadpole Phenyl — 48 hr LC50 120 — — Hashimoto and
Japonicus ' mercury Nishiuchi 1981
acetate
(formu'ation)
Bufo debiis Embryo Mercuric RM 7d LC50 40 7078 80-105 - Birge ef al. 1979b°
debilis chioride '
" Bufo fowler! Embryo Mercuric RM 7d LC50 659 7078 80-105 Birge ef al. 1979b°,
chioride Birge et al. 1983
Buto fowleri Tadpole Mercuric R.M 7-8d 1% deformity 5 7078 80-105 Birge ef al. 1983
chioride 2% deformity 10 70-78 90-105
7% deformity 25 7078 80-105
16% deformity 50 7078 20-105
16% deformity 75 7078 . 80-105
Bufo fowleri Tadpole Mercuric R,M 72 hr LC50 25-50 7.9 200 Birge and Black
chioride 1977
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Table 45B8. Mercury (continued)

Stag.elAge

Species Chemical Method* Duration Effect Conc® pH Hardness Reference
(ugh) (as mgAL
CaCo,)
Bufo Tadpole Mercuric s.U 96 hr LCS50 436 74 185 Khangarot and
melanostictus chloride Ray 1987
Bufo Tadpole Mercuric s,\uU 96 hr LCS50 185 74-786 220-240 Paulose 1988
melanosticlus chloride
Bufo Tadpole Methyl s, U 96 hr LC50 56 74-76 220-240 Paulose 1988
melanosfictus mercury
chloride
Bufo punctefus Embryo Mercuric RM 7d LC50 388 7.0-78 80-105 Birge of al. 19797,
chioride Birge ef al. 1983
Bufo punctefus Embryo Mercuric R.M 7d 1% deformity 7 7078 90-105 Birge ef &l. 1983
"~ chioride 8% deformity 10 7.0-78 90-105
11% deformity 25 7078 90-105
60% deformity 50 7078 90-105
82% deformity 7% 7078 90-105
Bufo punctafus Embryo Mercuric R.M 2 LC50 25-50 79 200 Birge and Black
chloride 1977
Gastrophryyme  Embryo Mercuric RM 7d LC50 13 7078 90-105 Birge ef al. 1979b°,
carofinensis chloride ) Birge ef a/. 1983
Gastrophryne  Embryo Mercuric RM 7d LC50 1 74 185 Bige 1978, Birge
carofinensis chioride of al. 19792
Embryo Mercuric RM 7d 8% defomity 1 7078 90-105 Birge of /. 1083
caroinensis chloride 12% deformity 2 1078 90-105
17% deformity 5 7078 90-105
Gastrophryne  Embryo Mercuric R,M 72 hr LC50 1 79 200 Birge and Black
cerolinensis chloride 1977
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Table 45B. Mercury (continued)

Specles Stage/Age  Chemical Method® Duration Effect Conc® pH Hardness Reference
(ugh) (as mghL
CaCo,)
Hyla Embryo Mercuric R.M 7d LCS0 24 7078 90-105 Birge of al.
chrysocefis chloride 1979b",

_ Birge ef al. 1982
Hyla Embryo Mercuric R,M 7d 1% deformity

1 7.0-78 90-105 Birge ef a/. 1983
chrysocefis chloride 5% defomity 2 7078 90-105
. 14% deformity 5 7078 90-105
23% deformity 7 7078 90-105
Hyla Embryo Mercuric R,M 72 hr LC50 5 79 200 Birge and Black
chrysocephaia chloride 1977
Hyla crucifer Embryo Mercuric R;M 7d LC50 28 7078 90-105 Birge ef al. 1979b"
_ chioride
Hyla m. Embryo ~ Mercuric R,M 7d LCS50 25 7078 90-105 Birge ef al. 1979b°
chioride
Hyla squirelia Embryo Mercuric R M 7d LCS50 24 7078 90-105 Birge ef al. 1979b°
chioride
Hyla squirefa  Embryo Mercuric RM  3d LCS0 5 79 200 Birge and Black
' . chioride 1977
Hyla versicolor Embryo Mercuric R,M 7d LC50 28 7078 90-105 Birge ef al. 1979b°
chioride
Microhyla Embryo Mercuric S,uU 96 hr LCS0 126 — 54 Ghate and
omafta chloride Mulherkar 1980
Microhyla Tadpole Mercu.ic S.u 96 hr LCS0 : 88 —_— 54 Ghate and

omeala chioride ’ Mutherkar 1980



1A ¢

Table 458. Mercury (continued)

Species Stage/Age Chemical Method®* Duration Effect Conc® pH Hardness Reference
(ugh) (as mglL
CaCoO,)
Microhyla Tadpole  Mercuric S, U 96 hr LCS0 1,120 —  142-145 Rao and.
omala (1 wk) chioride Madhyastha -
1987
Microhyla Tedpole  Mercuric S.uU 96 hr LCS0 1,430 —  142-145 Rao and
omafla (4 wk) chioride Madhyastha
1987
Rana Tadpole  Mercuric S, U 96 hr LC50 . 207 7476  220-240 Paulose 1988
breviceps chloride
Rana Tadpole  Methyl s,uU 96 hr LCS0 60 74-76 220240 Paulose 1988
breviceps mercury '
chloride
Rana Tadpole  Mercuric S.M 54 LC50 1,000 * *  Birge and Just
cafesbeiana chloride 1973 1975
and R. pipiens
Rane AduRt Mercuric S,M 96 hr 0% mortality 5,000 : " Birge and Just
calesbeiana chioride 20% mortallity 7,500 : 1973
and R. pipiens 80% mortality 10,000
Rene  Adut Methoxyethyl R,U 96 hr LCS0 1,650 - —  Kanamadi and
cyanophlyclis mercuric 130d Spermatogenesis 330 - — Ssidapur 1992
chloride affected
(formulation)
Rana gryfo Embryo  Mercuric RM 7d LC50 672 7078  90-105 Birge et
chioride 1979b",

Birge et al. 1983
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Tabile 458. Mercury (continued)

Species Stage/Age Chemical Method® Duration Effect Conc? pH Hardness Reference
(ugh) (as mg/L
CaCo,)
Rana gryfio Embryo Mercuric RM 7d 1% deformity : 25 7078 90-105 Birge ef a/.1983
chloride 4% deformity 50 7.0-7.8 90-105
5% deformity 75 7.0-78 90-105
Reana gryfio Embryo Mercuric RM 6d LC50 75 79 200 Birge and Black
chioride 1977
Rana . Embryo Mercuric R.M 7d LCS50 599 7.0-7.8 90-105 Birge et al. 1979b*
heckscheri | chloride
Rana Embryo Mercuric RM 6d LC50 75 79 200 Birge and Black
heckscheri chioride 1977
Rana Embryo Mercuric S,uU 96 hr LC50 502 7.2 351 Punzo 1993a
heckscheri chioride
3hr 90% fertiization 370 7.2 351
success
69% fertilization 739 7.2 351
success
27% fertilization 1,848 72 351
success
0% fertikzation 3695 7.2 351
success
2-3 wk 1.5-2.3% deformity 370 72 351
1.5-6.5% deformity 739 7.2 351
-~ . 4.5-34.0% deformity 1,848 7.2 351
Rana Adult Mercuric S,M 96 hr LC50 3,252 7.2 352 Punzo 1993b
heckscheri chloride 30-60d Significant decrease 650 7.2 352

in ovarian mass
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Table 45B8. Mercury (continued)

Species Stage/Age  Chemical Method® Duration Effect Conc® pH Hardness Reference
(ugh) (as mglL
CaCo,)
Rane Tadpole Mercuric S, U 96 hr LCS50 51 6.1 20 Khangarot ef al.
hexadactyla chioride 1985b
Rana Embryo Mercuric S,U 24 hr 206 primordial germ 150 s ° Hah 1978
nigromaculate chloride cells at6.5d . 0
21.2 primordial germ 150
cells at 11d ’ 0
35.2 pimordial germ 150
cells at 17 d . .
18.2 primordial germ 300
cells at6.5d ’ .
18.0 primordial germ 300
celisat11d (] ]
28.1 primordial germ 300
cells at 17 d . .
11.0 primordial germ 590
cells at6.5d
12.3 primordial germ 590 ’ o
celisat11d
22 primordial germ 590 ’ ’
celis at17d
Rena piplens  Embryo Mercuric R.M 7d LCS0 73 7078 90-105 Birge ef al. 1979b",
chloride Birge ef al. 1983
Rena pipiens Embryo Mercuric R.M 7d 4% deformity 1 7078 90-105 Birge ef al. 1983
chloride 7% deformity 2 7078 90-105
. 14% deformity 5 7078 80-105
15% deformity 7 7078 90-105
9% deformity 10 7.0-78 90-105
19% deformity 25 70-78 90-105
31% deformity 50 7078 90-105
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Table 45B. Mercury (continued)

Species Stage/Age  Chemical Method®* Durafion Effect Conc?® pH Hardness Reference
(o) (as mgL
CaCo,)
Rana pipiens  Embryo Mercuric S.M 96 hr 6% mortality 0.1 ’ *  Birge and Just
(cleavage)  chioride 7% mortality 1 . * 19731975
100% mortality 10 . .
Rana pipiens  Embryo Mercuric S, M 96 hr 22% mortality 0.1 * *  Birge and Just
(blastula)  chloride 18% mortality 1 . * 19731975
100% mortality 10 . .
Rana pipiens  Embryo Mercuric S,M 96 hr 5% mortalty 0.1 * * Birge and Just
(pastrula)  chloride 15% mortality 1 y ' 1973'1975
20% mortality 10 . .
100% mortality 100 . .
Rana pipiens  Embryo Mercuric S, M 96 hr 4% mortality 04 * *  Birge and Just
(neurula) chloride 12% mortality 1 . * 19731975
7% mortality 10 . .
100% mortality 100 . .
Rana pipiens  Embryo Mercuric S,M 96 hr 5% mortality 0.1 ' *  Birge and Just
(ailbud)  chloride 7% mortality 1 . * 19731975
20% mortakty 10 . .
80% mortality 100 ] .
Rana pipiens  Embryo Mercuric R,M 6d LC50 10 79 200 Birge and Black
‘ chioride 1977
Rana pipiens  Embryo Methy! s.u 5d LC50 12-16 " " Dial 1976 '
(blastula)  mercury ECS50 (deformity) 04 b h
chloride
Rana pipiens  Embryo Methy! s, U 5d LC50 8-12 " " Dial 1976
(gastrula)  mercury EC50 (deformity) 8-12 , "

chloride
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Table 458. Mercury (continued)

Species Stage/Age  Chemical Method® Duration Effect Conc® pH Hardness Reference
(ugh) (as mglL
CaCo,)
Rana pipiens  Embryo Methy! S.U 5d LC50 12-16 ' " Dial 1976
(neurula) mercury EC50 (deformity) 12 , h
chloride :
Rana piplens Tadpole Methyl S,U 48 hr 100% mortakty 50-100 —_ — Chang et al. 1974°
mercury 34 mo No metamorphosis 1-10
chloride
Tritwrus Adult Methyl R.U >2d’ Delayed regeneration 8 Chang ef al. 1976
viridescens’ mercury 8d 100% mortality BoOQ'
chloride 17d 100% mortality 240
Xenopus laevis Embiyo Mercury s,U 6d Moderate to severe 100 ) " Miller and
deformity at 200 mg/AL Landesman
Mg . , 1978
Severe deformity at 1
0 mgA. Mg x x
21% mortality at 200 100
mg/L Mg X I
6% mortality at 0 mgAL 1
Mg
Xenopus laevis Embryo Methy! R.M >10d 18% deformity 0.3 - ' Dumpert and Zietz
mercury . 21% deformity 16 —_ y 1984
chloride 38% deformity 8 — .
61% deformity 40 -
37% deformity 80 — '
12% mortality 03 —_ !
21% mortality 1.0 — !
11% mortality 8 — 1
. 22% mortality 40 - .
63% mortality 80 -
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Table 458. Mercury (continued)

Species Stage/Age  Chemical Method® Duration Effect Conc® pH Hardness Reference
(ugM) (as mgA.
CaCoO,).
Xenopus laevis Embryo Mercuric R.M 7d 54% mortality™ 0.16 73 102 Birge ef al. 1979b
chloride 72% mortality™ 0.34 73 102
Xenopus lsevis Tadpole  Mercuric  S,U 48 hr LCS50 74 ‘ * " de Zwart and Sloof
chioride 1987, Sloof ef al.
1983¢, Sloof and
Baerselman 1980°

* F = flow-thfough, M = measured, R = renewal, S = static, U = unmeasured

* Values expressed as mercury (Bufo bufo Japonicus entry expressed as formulation, Rana cysnophlyctis entry expressed ss methoxyethyl
mercuric chioride)

* Reference also cited in Table 8 (other data) of the water quality criteria document for mercury EPA 440/5-84-028 (USEPA 1985g)

* Dutch Standerd water
* Modified Holtfreter's Solution

! Reference aiso cited in Table 8 ( other data) of the water qualty criteria document for mercury EPA 440/5-80-058 (USEPA 19000)

¢ Stemberg's Solution

* Holtfreter's Solution

! Chted as 8 ug/. in EPA/S5-80-058 (USEPA 1980() and as 1,000 ugA. in EPA/ 440/5-84-026 (USEPA 1985¢g)

I Cited as 24 ugA. in EPA 5-80-058 (USEPA 1980i) and as 1,000 ug/ in EPA/ 440/5-84-026 (USEPA 1985g)

* 10% Holtfreter's Solution

! German standard 16-19 dH

" Parents held in 0.2 ugA. mercury for 11 months
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Table 46A. Methoxychlor - acute data.

Species Stage/Age Method* 96-hr Reference
LC50
(ugh)
Pseudacris triseriata Tadpole S,U 330 Sanders 1970
Pseudacris triseriata Tadpole S,U 333

Mayer and Eflersieck 1986

*S = static, U = unmeasured
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Table 46B. Methoxychor - other data

Species Stage/Age Method* Duration Effect Conc. Reference
(ugh)
Bufo americanus Adutt S\M 1d Whole body residue 145 69 Hall and Swineford 1979
ualkg
6d Whole body residue 244 69
ug/kg
36d Whole body residue 124 69
: ughg
Bufo woodhousl Tadpole S,U 48 hr LC50 110 Sanders 1970
fowleri
Bufo woodhousf Tadpole S,U 48 hr LC50 100 Mayer and Eflersieck 1986
fowlerl
Rana pipiens Adul s.U 30d 25% mortality 80 Kapian and Overpeck 1964

*M = measured, S = static, U = unmeasured
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Table 47A. Methyl parathion - acute data.

Specles Stage/Age Method® 96-hr Reference
LC50
(ugh)
Pseudacris triseriate Tadpole S.U 3,700 Mayer and Efersieck 1986

*S = static, U = ynmeasured
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Table 47B. Methy! parathion - other data

Species Stage/Age Chemical Method®* Duration Effect Conc, Reference
(uph)
Bufo Tadpole Methyl u, 24 hr 0% mortality 0.45kgha® Mulla 1962, Mulla et al.
boreas parathion isolated 1963
, (formulation)  in pond
Hyla Tadpole Methyl S.U 24 hr Lowered thermal tolerance 25-100 Johnson 1980
regifla parathion
Scaphiopus  Tadpole Methyl U, 24 hr 0% mortality 0.45 kg/ha® Multa 1962, Multa ef al.
hammond parathion Isolated 1963
(formulation)  in pond
Rena Tadpole Methyl S,u 24 hr Increased brain glucose, 5,000 Yasmeen and
cyanophiyclis parathion increased oxygen Nayeermunisa 1985
(formulation) consumption
Rana Tadpole Methyi R, U 96 hr LC50-male 8,000 Mudgall and Patil 1987
cyanophiyctis parathion LC50-female 11,500
(formulation)

*R = renewsl, S = stafic, U = unmeasured
* Active ingredient
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Table 48, Mirex - other data.

Species Stage/Age Chemical Method® Duration Effect Conc. Reference
(o)

Acris gryfus  Adult Mirex (bait) M,single S5dpost- Whole body residue 4.2 gha® Collins ef al. 1973
dose to treatment 30 ug/kg ‘
pord 38d Whole body residue 4.2 g/ha®

post- 226 ug/kg
treatment
6 mo Whole body residue 4.2 gha®
post- 288 Lg/ikg
treatment
12 mo Whole body residue 4.2 gha®
post- 20 pg/kg
treatment
16 mo Whole body residue 4.2 gha®
post- 50 ug/kg
treatment
*M = measured

*Active ingredient
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Table 49A. Nathalone - acute data.

Species Stage/Age Method* 96-hr Reference
LCS50
(ugh)
Xenopus laevis Tadpole FM 2,100 Edmisten and Bantle 1982

* F = flow-through, M = measured
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Table 498. Naphthalene - other data

Species Stage/Age Method* Duration Effect Conc. Reference
(ugh)
Xenopus leevis Tadpole F.M 6 hr EC50 (pigment loss) 3,700 Edmisten and Bantle 1982

EC50 (absence of
swimming)

1,700, 2,200

*F = flow-through, M = measured
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Table SOA. Nickel - acute data.

Species Stage/Age Chemical Method* 96-hr* ~ pH Hardness Reference
LCS0 (as mgA.
(o) CaCo,)
Xenopus laevis Embryo Nickel S,U 1,800 6.0 — Linder et &/. 1991
1,700 6.0 -
Xenopus laevis Embryo Nickel R,M 21,429 6.8 Hopfer ef al. 1991
chloride 146° 6.8

* M = measured, R = renewal, S = static, U = unmeasured
*Values expressed as nickel

¢ FETAX solution

YECS0
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Table 50B. Nickel - other data.

Species Stage/Age  Chemical Method* Duration Eflect Conc® pH Hardness Reference
(uoht) (as mg/L
CaCO,)
Ambystoma Embryo Nickel S.M ed LCS0 420 7.2-78 93-105 Birge ef al. 1978b™
opacum chiornide
Bufo fowler! Embryo Nickel RM 7d LCSO0 11,030 7.2-77 95-103 Birge and Black
chloride 1980°

Bufo Tadpole Nickel s,.U 96 hr LCS0 25,320 74 185 Khangarot and Ray
melanostictus sulfate ) 1987
Gastroplvyne  Embryo Nickel R,M 7d LCS50 50 74 195 Birge 1978b",
carolinensis chloride Birge ef al. 1979a™
Gastrophryne  Embryo Nickel R,M 7d LC50 50 — 95-103 Birge and Black
carolinensis chloride 1980 '
Xenopus Embryo Nickel R,M 24 hr 26% deformity 5-29 hr 1,761 6.8 *  Hopfer et ol. 1991
laevis chioride post-fertilization .

92% deformity 29-53 1,761 6.8

hr post-feriilization

100% deformity 53-75 1,761 68 *

hr post-fertilization .

21% deformity 75-101 1,761 6.8

hr post-fertilization
Xenopus Embryo Nickel sS.uU 96 hr NOEC <300 74 — Linder ef al. 1991
lsevis LOEC 300 74 —_

*M = measured, R = renewal, S = static, U = unmeasured
* Values expressed as nickel
* Reference also cited in Table 8 (other data) of the water quality criteria document for nickel EPA 440/5-80-060(USEPA 1980w)
¢ Reference also cited in Table 8 (other data) of the waler quality criteria document for nickel EPA 440/5-86-004(USEPA 1986b)

* Fetax solution
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Table 51. Nitrabenzene - ather data.

Species Stage/Age Method®* Duration Effect Conc. Reference
(ugl)
Reana pipiens Embryo F.M 9d LCS0 640 Black ef al. 1982
2%deformity 100
0%deformity 410
4% deformity 1,270

*F = flow-through, M = measured
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Table 52A. Nitrosamines - acute data.

Species Stage/Age  Chemical Method* 96-hr  Reference
LCS0
()
Xenopus laevis Embryo N-nitroso- S.u 3,500 Forlef al. 1991
dimethylamine 3,200
2,300°

*S = static, U = unmeasured
*ECS0
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Tabile 528. Nitrosamines - other data

Species Stage/Age Chemical Method® Duration Effect Conc. Reference
(ugh)
Reana Adutt N - nitroso- R,U 63d First tumor induction, 43.6% 5,000 Khudoley 1977a,
temporaria dimethylamine tumor incidence 1977b
77d First tumor induction, 44 2% 50,000
tumor incidence
144d 50% tumor incidence 5,000

s R = renewal, U = unmeasured
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Table 53A. Parathion - acute data.

Species Stage/Age Method* 96-hr Reference
LC50
(ugl)
Bufo woodhousil fowleri  Tadpole S,uU >1,000 Mayer and Ellersieck 1986
Pseudacris triserista Tadpole S,uU 1,000 Sanders 1970
Pseudacris triseriata Tadpole S, U 1,080 Mayer and Ellersieck 1986
Xenopus laevis Embxyo S,uU 14,700 Snawder and Chambers 1984
330°
460°
5.420°

* S = stafic, U = unmeasured

* EC50 (abnormel pigmentation)
< EC50 (abnormal gut)

*EC50 (abnormal notochord)
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Table 53B. Parathion - other data.

Sta'gelAge

Species Chemical Method® Duration Effect Conc. Reference
(o)
Acris Adult Parathion S M 96 hr Whole body residue 80 ug/kg 1,000 Fleming et al. 1982
crepitans Whole body residue 10,000 :
4,600 Lg/kg
Bufo Embryo Parathion S,U 120 hr LC50 20,200 Anguiano et al. 1994
arenarum
Bufo Tadpole Parathlon S,uU 120 hr LC50 4,500 Anguiano ef a/. 1994
arenarum ‘
Bufo boreas Tadpole Parathion v, 24 hr 0% mortakty 0.45 kg/ha® Mulla ef al, 1963
. (formulation)  isolated
in pond
Bufo bufo Tadpole Parathion —_ 48 hr LC50 7200 Hashimoto and Nishiuchi
Japonicus 1981
Rana Tadpole Parathion F.U 96 hr 95% mortality 5,000 Hal and Kolbe 1980
cafesbeiana F.M 96 hr Magnified 64 times 4 -1,000
Rana Tadpole Parathion S,M 98 hr Whole body residue 1,000 Halt 1990
cafesbeians 4,400 ug/kg at biomass
loading of 12.75 gL
Whole body residue 1,000
240 .g/kg at biomass loading
of 25 gL '
F.M 96 hr Whole body residue 1,000

740 g/kg at biomass loading
of 12.75 g/ and flow of 0.5
mi/min
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Table 53B. Parathion (continued)

Species Stage/Age  Chemical Method® Duration Effect Conc. Reference
(ugh)

Rana Tadpole Parathion FM 96 hr Whole body residue 1,000 Hall 1990
cafesbeiona 740 ug/kg at biomass loading -

of 12.75 gA and flow of

5 mi/min

Whole bady residue 1,000

490 .g/kg at biomass loading

of 25 g/ and flow at

0.5 m/min

Whole body residue 1,000

730 u.g/kg at biomass loading

of 25 g/L and flow of

5 m/min
Rana : Tadpole Parathion S.M 24 hr 0% mortality at 10 animals/L 5,000 Hal 1990
clamifans : 0% mortakty at 20 animals/L 5,000
Rana Tadpole Parathion F.M 24 hr 15% mortality at 10 animals/L 5,000 Hal 1990
clamitans and flow of 0.5 mi/min

85% mortality at 10 animals/L 5,000

and flow of 5 ml/min

0% mortality at 20 animalis/iL 5,000

and flow of 0.5 mUmin

75% mortality at 20 animals/L 5,000

and flow of 5 ml/min
Rana pipiens Aduit Parathion — 48 hr LC50 10,000 Kaplan and Glaczinski

15d Increase in anemia and 5,000- 1965°
leucopenia with increasing 25,000

concentration
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Table 53B. Parathion (continued)

Specles Stage/Age Chemical Method® Duration Effect Conc. Reference
(gl)
Scaphiopus  Tadpole Parathion v, 24 hr 0% mortakty 0.45 kg/ha® Mulla of al. 1963
hammondi (formutation)  isolated
in pond

* F = flow-through, M = measured, S = static, U = unmeasured

* Active ingredient
¢ Reference not seen, cited in Power ef al. 1989
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Table 54A. Pentachliorophenol - acute data.

Species Stage/Age Method® 96-hr pH Reference
LC50
(ught)
Reana celesbeisna Tadpole F.M 207 8 Thurston ef al. 1985*

* F = flow-through, M = measured
® Reference also cited in Table 1 (acute data) of the water quality criteria document for pentachlorophenol EPA 440/5-86-009 (USEPA 1986e);

value in document, 44 48 .g/, had been adjusted to pH 6.5
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Table 54B. Pentachlorophenof - other data.

Species Stage/Age Chemical Method* Duration Effect Conc. pH Reference
(ugh)
Ambysfoma Larva Pentachlorophenol s,U 48 hr LC50 300 ®  Sloof and Baerselman
mexicenum 1980, Sloof et al. 1983
Bufo bufo Tadpole Pentachlorophenol — 48 hr LC50 025 - Hashimoto and
Jjaponicus (formuiation) Nishiuchi 1981
Bufo bufo Tadpole Pentachiorophenol-sodium 96 hr LC50 320 -~ Nishiuchi and Yoshida
Japonicus (formulation) 1974
Bufo buto Tadpole Pentachlorophenol-copper — 96 hr LC50 aso — Nishiuchi and Yoshida
Japonicus 1974
Resna Tadpole Pentachlorophenol-sodium R, U 96 hr LC50 184 82 Khangarot ef al. 1985c
hexadactyla
Rena pipiens Tadpole Pentachlorophenol-sodium S, U 95hr 100% mortafity 800 78  Goodnight 1942¢
Xenopus Tadpole ‘ Pentachlorophenol S,uU 48 hr LC50 260 * Sloof and Baerseiman
leevis 1980°, Sloof ef al. 1983°
Xenopus Tadpole Pentachlorophenol s.uU 100d NOL(E)C for 32 *  Sloof and Canton 1983°
lsevis » mortafity,
development and
growth

*R = renewal, S = static, U = unmeasured
* Dutch Standard Water
Reference also cited in Table 6 (other data) of the water quality criteria document for pentachlorophenol EPA 440/5-86-009 (USEPA 1986e)
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Table 55A. Phenol - acute data.

Species Stage/Age Method* 96-hr Reference
. LC50
(ught)
Xenopus leevis Tadpole F.M >51,000 Holcombe ef al. 1987

*F = flow-through, M = measured



ot

Table 558. Phenol - other data.

Species Stage/Age Method* Duration Effect Conc. Reference
(ugh)
Ambystoma gracile Embryo F.M 9d LC50 380 Black ef al. 1982
Bufo americanus Embryo F,M 7d LcS0 >890 Birge ef al. 1980
0% deformity at hatch 22
2% deformity at hatch 36
1% deformity at hatch 63
2% deformity at hatch 220
9% deformity at hatch 890
Bufo fowlerl Embryo F.M 7d LC50 2450 Birge ef al. 1980
0% deformity at hatch 62
1% deformity at hatch 530
5% deformity at hatch 10,200
Rana cafesbelana Embryo " F,M 7d LC50 230  Birge et al. 1980
- 0% deformity at hatch 62
2% deformity at hatch 530
15% deformity at hatch 10,200
Rana palustris Embryo F.M 8d LC50 9,670 Birge ef a/. 1980
0% deformity at hatch 15
2% deformity at hatch 1,680
15% deformity at hatch 21,800
Rana pipiens Embryo F.M 9d LC50 40  Birge ef al. 1980
5% deformity at hatch 47
2% deformity at hatch 7.3
9% deformity at hatch 74
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Table 55B. Phenol (continued)

Species Stage/Age Method® Duration Effect Conc. Reference
(ugl)
Rana temporearia Embryo F.M 9d LC50 270 Black ef al. 1982
2% deformity at hatch 120
6% deformity at hatch 720
56% deformity at hatch 1,450
Xenopus laevis Embryo F.U 5wk No effect on body length 100-1,000 Dumpert 1987
100% mortality 50,000
Xenopus laevis Embryo F.M 6d LC50 7680 Black efal. 1982
o 1% deformity at hatch 1,450
8% deformity at hatch 14,000
16% deformity at hatch 26,400

*F = flow-through, M = measured, U = unmeasured
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Table 56. Phthalate esters - other data.

Species Stage/Age  Chemical Method* Duration Effect Conc. Reference
(o)
Bufo fowleri’ Embiyo Dioctyl- R.U 7-8d LC50 31,880 Birge efal. 1978a
phthalate
Bufo fowleri  Embryo Disononyl R, U 7-8d LC50 2,950 Birge ef al. 1978a
phthalate 1% deformity at hatch 1,000 ’
5% deformity at hatch 100,000
Rana Embryo Dioctyl- R U 7-8d LCS50 4,440 Birge efal. 1978a
piplens phthalate 1% deformity at hatch 1,000
5% deformity at hatch 10,000
Rana Embryo Diisononyl- R, U 7-8d LC50 3,360 Birge efal. 1978a
pipiens phthalate 1% deformity at hatch 100
4% deformity at hatch 10,000

* R » renewal, U = unmeasured
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Table 57. Polychlorinated biphenyls (PCBs) - other data.

Stage/Age

Species Chemical Method* Duration Effect Conc. Reference

(ugl)

Bufo Embryo Aroclor 1016 R, U 7-8d LC50 7.16 Birge ef a/. 1978a
americanus 1% deformity at hatch 1
16% deformity at hatch 10
29% deformity at hatch 100
34% deformity at hatch 1.000

Bufo Embryo Aroclor 1242 R, U 7-8d LC50 2.71 Birge etal. 1978a
americanus 1% deformity at hatch 01
6% deformity athatch 1
10% deformity at hatch 10
32% deformity at hatch 100
47% deformity at hatch 1,000

Bufo Embryo Aroclor 1254 R, U 7-8d LC50 202 Birge etal. 1978a
americanus 2% deformity at hatch 01
5% deformity at hatch 1
13% deformity at hatch 10
25% deformity at hatch 100
100% deformity at hatch 1,000

Bufo fowleri Embryo Aroclor 1016 R, U 7-8d LCS0 27.72 Birge etal. 1978a
1% deformity at hatch 10
2% deformity at hatch 100
‘ 11% deformity at hatch 1,000

Bufo fowleri Embryo Aroclor 1242 R U 7-8d LC50 12.09 Birge efal. 1978a
1% deformity at hatch 1
2% deformity at hatch 10
) 6% deformity at hatch 100
13% deformity at hatch 1,000
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Table 57. Polychiorinated biphenyls (PCBs) (continued)

Species Stage/Age  Chemical Method® Duration Effect Conc. Reference
(o)

Bufo fowleri Embryo Aroclor 1254 R, U 7-8d LCSO0 3.74 Birge etal 1978a

1% deformity at hatch 0.1 .

2% deformity at hatch 1

4% deformity at hatch 10

9% defornity at hatch 100
Plewodeles Larva Aroclor 1254 R, U 12d No increase in 50 Femandez ef al. 1989
wall micronucleated erythrocytes
Rena Embryo Arocior 1016 R, U 7-8d LC50 6.19 Birge of al. 1978a
piplens
Rena Embryo Aroclor 1242 R, U 7-8d LC50 2.13 Birge et al. 1978a
pipiens 2% deformity at haich 1

5% deformity at hatch 10

55% deformity at hatch 100
Rene Embryo  Aroclor 1254 R, U 7-8d LC50 1.03 Birge ef ol. 1978a
pipiens 2% deformity at hatch 1

18% deformity at hatch 10

*R = renewsl, U = unmeasured
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Table 58A. Polynuciear aromatic hydrocarbons - acute data.

Species Stage/Age Chemical

Method* 96-hr Reference
LCS50

(ugh)

Xenopus laevis Embryo Benzola]pyrene

S.v >10,000 Fort ef al. 1989
12,000°
10,000°

*S = static, U = unmeasured
*EC50
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Table 58B. Polynuclear aromatic hydrocarbons - other data.

Species Stage/Age  Chemical Method®  Duration Effect Conc. Reference
(ug)
Plewrodelos Embryo Benzo[a]- S, M 120 hr 10% mortality 50 Femandez and L' Haridon
wellf (Jelied) pyrene 48 hr 58% mortality with UVA 125 1994
exposure
48 hr 90% mortality with UVA 25
exposure
48 hr 94% mortality with UVA 50
exposure
Pleurodeles Embryo  Benzojal- S.M 312hr  24% mortality 25 Femandez and L’ Haridon
waltl . (dejefied)  pyrene 18 hr 8% mortality with UVA 125 1994
exposure
36 hr 100% mortafity with UVA 125
exposure
18 hr 33% mortality with UVA 25
exposure
54 hr 100% mortality with UVA 25
exposure
Pleurodeles  Latva Benzofa}- R,U 12d Increase in micronucleated 25 Femandez ef al. 1989
walll pyrene erythrocytes
Plewrodeles  Larva Benzofa)- s, U 48 hr increase in micronucleated 200 Marty ef o/, 1989
wall pyrene erythrocytes
Rena pipiens  Embryo Anthracene S, U 30 min LCS0 during sunlight 65 Kagan ef o/, 1984
exposure
. Shr LC50 during sunfight 25
exposure
Reana pipiens  Tadpole Anthracene s,U 1hr LC50 during sunkight 110 Kagan ef al. 1985
exposure
Rana pipiens  Tadpole Fluoranthene S,U 1hr LC50 during sunfight 80 Kagan ef al. 1985

exposure
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Table 588. Polynuclear aromatic hydrecarbons (continued)

Species Stage/Age Chemical Method* Duration Effect Conc. Reference
_ (o)
Rana pipiens  Tadpole Pyrene S,u 1hr LC50 during sunlight 140 Kagan ef al. 1985
exposure

*M = measured, R = renewal, S = static, U = unmeasured
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Table 59. Propoxur - other data.

Species Stage/Age Method Duration Effect Conc. Reference
(Fon)
Bufo bufo japonicus Tadpole - 48 hr LC50 35,000 Hashimoto and

Nishiuchi 1981
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Table 60A. Selenlum - acute data

'l

Species Stage/Age Chemical Method* 96-hr* pH Hardness Reference
LC50 (as mg/L
(ugh) CaCo,)

Xenopus laevis Embryo Sodium S,uU 7,106 DeYoung et al. 1991 ~
selenate 7,942
11,286
2,508°
2,926
3,762¢

Xenopus laevis Embryo Selenium S,uU 1,500 s.g — Linder ef al. 1991
‘ 2.000 6. —

" L] L] ”n L] L,

: S ;'s:ﬂc Us unmasu::'
Va expressed as selenium

¢ FETAX solution

‘EC50
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Table 60B. Selenium - other data.

Species Stage/Age  Chemical Method® Duration Effect Conc® pH Hardness Reference
(o) (as mo/L
CaCo,)
Gasfrophryne Embryo Sodium R.M 7d LCS50 90 74 195 Birge 1978°,
carolinensis selenate Birge et al. 1979b°
Xenopus Embryo Sodium S,U 1-7d epidermal 600-3,000 — — Browne and
laevis selenite abnormalities, muscle Dumont 1980
cell degeneration
Xenopus Embryo Sodium S.M 3d LC50 2412 — — Browne and
laevis selenite 5d -LCS0 786 - — Dumont 1979
7d LCS50 456 -— —
Xenopus - Embryo Selenium S,U 96 hr NOEC 800 6.5-70 — Linder of af. 1991
laevis LOEC 1,600 -~ —_

‘M = measured, R = renewal, S = static, U = unmeasured
® Values expressed as selenium

* Reference also cited in Table 6 (other data) of the water quality criteria document for selenium EPA 440/5-87-006 (USEPA 1987b)
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Table 61. Sliver - other data

Species Stage/Age Chemical Method®* Duration Effect Conc® pH Hardness Reference
(ugl) (as mgnL
CaCo,)
Ambysfoma Embryo Silver nitrate R,M 8d LCS0 240 7.2- 93-105 Birge et al. 1978b°
opacism 7.8 :
Bufo Tadpole Silver nitrate S,uU 96 hr LC50 41 74 185 Khangarot and Ray
melanostictus 1987
Gastrophryne Embryo Silver nitrate R,M 7d LC50 10 74 195 Birge 1978, Birge
carolinensis ) ef al. 1979a
Rana hexadactyla Tadpole Silver nitrate S,uU 96 hr LC50 25700 6.1 20 Khangarot ef al.
1985b

*M = measured, R = renewal, S = static, U = unmeasured

* Values expressed as silver

* Reference also cited in Table 8 (other data) of the water quality criteria document for silver EPA 440/5-80-071(USEPA 1980cc)
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Table 62. Thalium - other data.

Species Stage/Age Chemical Method® Duration Effect Conc® pH Hardness Reference
(o) (as mgh
CaCo03)
Frog Embryo Thalkum R,U — 100% mortality at 409 — — Diling and Healy
(unidentified) nitrate emergence 1926¢
Gasirophryne Embryo ThaMium R,M 7d LC50 110 74 195 Birge 1978, Birge
carmrofinensis trichloride et al. 1979a

* M = measured, S = static, U = unmeasured

' Values expressed as thallum
 Reference also cited in Table 6 (other data) of the water quality criteria document for thalium EPA 440/5-80-074 (USEPA 1980dd)
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Table 83. Toluene - other data.

Species Stage/Age Method® Duration Effect Conc. Reference
(ugh)

Ambysitoma gracle Embryo F.M 9d LC50 850 Biack ef al. 1982
10% deformity at hatch 400
36% deformity at hatch 25,400
100% deformity at hatch 41,500

Rana pipiens Embryo S.M 9d LCS0 390 Black ef al. 1982
3% deformity at hatch 410
50% deformity at hatch 22,600
100% deformity at hatch 35,300

*F = flow-through, M = measured, S = static
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Table 84A. Toxaphene - acute data.

Species ' Stage/Age

Method* 96-hr Reference
LC50
(ugh)
Bufo woodhousk fowleri  Tadpole S.uU 140 Sanders 1970°
Bufo woudhoush fowleri  Tedpole S, U 150 Mayer and ENersieck 1988
Pseudactis triseriata Tadpole S,U 500 Sanders 1970°
Pseudacris triseriate Tadpole S,uU 390 Mayer and ENersieck 1988

* S = static, U = unmessured

*Reference also cited in Table 1 (acute data) of the water quality criteria document for toxaphene EPA 440/5-86-008 (USEPA 1986d)
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Table 64B. Toxaphene - other data.

Species Stage/Age  Chemical Method® Duration Effect Conc. Reference
(ugh)
Acris crepiians  Tadpole Toxaphene F.M 96 hr LC50 76 Hall and Swineford 1981°
24 hr ECS0 (behavior) >1,000 ‘
Ambysfoma Larva Toxaphene F.M 96 hr LCS0at8d 34 Hall and Swineford 1981°
macwiatum 24 hr ECS50 (behavior) 227
Ambysfoma Larva Toxaphene F,M 96 hr LCSO at8d 342 Hel and Swineford 1981°
opacum 24 hr ECS50 (behavior) 170
Bufo Tadpole Toxaphene F.M 96 hr LCsOat8 d 34 Hal and Swineford 1981
americanus 24 hr ECS0 (behavior) 38
Rane Tadpole Toxaphene F.M 96 hr LC50at8d 99 Hal and Swineford 1981°
cafesbelana 24 hr ECS0 (behavior) 312
Rane Tadpole Toxaphene v, 96 hr 0% mortality 0.112kg/ha* Multa, 1863
catesbeiana. (formulation) Isolated 24 hr 100% martakty 0.560kg/he*
in pond
Rana pipiens Adult Toxaphene S,U 3od 25% mortality 600 Kaplan and Overpeck 1964
Rans . Tadpole Toxaphene F.M 96 hr LC50 at8 d 24 hr 130 Hall and Swineford 1981
sphenocephala 24 hr 193
Rana Embryo Toxaphene FM 96 hr LC50at15d 651 Hall and Swineford 1980°
sphenocephala . LCSOat20d 80
LCS0at24d 48
Reana Tadpok Toxaphene FM 96 hr LCS0at8d 168 Hal and Swineford 1980°
sphenocephala - LCS0 at15d 65
: LC50at30d 32
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Table 64B. Toxaphene (continued)

Species - Stage/Age  Chemical Method®* Duration Effect Conc. Reference
(ugh)
Rana Subadult Toxaphene F.M  96hr LC50at8d 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
Rana sylvatica  Tadpole Toxaphene F.M 96 hr LC50at8d 195 Hahl and Swineford 1981
24 hr EC50 (behavior) 36

*F = flow-through, M = measured, S = static, U = unmeasured

* Reference also cited in Table 6 (other data) of the water quality criteria document for toxaphene EPA 440/5-86-006 (USEPA 198861)

¢ Active Ingredient
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Table 65. Tributyltin - other data.

Species Stage/Age Chemical Method* Duration  Effect Conc. Reference
(ugh)
Ambystoma Larva Tributyltin S,U 1d 100% mortality 486 Scadding 1990
mexicaenum oxide 7d 80% mortality 146
49d 90% mortality 146
49d Most limbs with defects 486
49d Limbs with shghtly increased 146
defects
49d Normal imb development 0.49
Rana Embryo Tributyltin S.uU 5d LC50 28.2 Laughiin and Linden
temporaria fluoride Body water loss 282 1982
Rana Embryo Tributyltin S,uU 5d 40% mortality 292 Laughfn and Linden
temporaria oxide Body water loss 292 1982
* S = sialic, U = unmeasued
* Values expressed as tributylin cation

* Reference also cited in Table 8 (other data) of the water quality cirteria document for tributyltin EPA 440/5-88-draft (USEPA 1988d)
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Table 66A. Trichloroethylene - acute data.

Species Stage/Age

Method* 96-hr
LCS50

(ug)

Reference

Xenopus laevis Embryo

S,U 425,000
443,000

34,000°

37,000°

Fort ef al. 1991, 1993

* S = static, U = unmeasured
*EC50 -
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Tabile 66B. Trichloroethylene - other data

Species Stage/Age Method* Duration Effect Conc. Reference

(o)
Ambystoma Larva S.u 48 hr LC50 48,000 Sloof et al. 1983, Sloof and
mexicanum . Baerseiman 1980
Xenopus laevis Tadpole S,V 48 hr LC50 45,000 Sloof ef al. 1983, Sloof and

Baerselman 1980

* S = static, U = unmeasured
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Table 87A. Zinc - acute data

Species Stage/Age Chemical Method? 96-hr* pH Hardnhess Reference
LC50 (as mgL
(ugL) CaCo,)
Xenopus laevis Embryo Zinc suffate SM 34,500 70 100 Dawson ef al. 1988
3,600¢ 70 100° -
Xenopus laevis Embryo Zincsulfate S, M 14175 . 100  Fort ef al. 1989
13,689 . 100°
899" . 100°
1,276 100¢
Xenopus laevis Embryo Zincsulfate S, U 1,944° ' *  Bantle ef al. 1989
Xenopus laevis Embryo Zinc S,u 1,300 6.6 — Linder of al. 1991
*S = gtatic, M = measured, U = unmeasured
* Values expressed as zinc
*Normalized
*ECS50

* FETAX sohstion
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Table 678. Zinc - other data.

Species StaglalAgo Chemical Method®* Duration Effect Conc® pH Hardness Reference
(ugh) (as mg/L
CaCO,)
Ambystoma Embryo Znc S.M 96 hr No toxic response or 2,000 45 — Homeand -
Jeflersonianum chioride effect on development Dunson 1994
rate

Ambystoma Embryo Zinc S.M 8d LCSO0 2,380 7278 93-105 Birge ef al. 1978b

opacum chioride
Bufo Tadpole Zinc S,U 120he 5% mortafity 16,000 ) ‘ Herkovits and
arenarum ‘ 65% mortaliity 32,000 h ¢  Perez-Coll 1991
Bufo boreas Tadpole Zincsulfate R, U 122hr 100% mortality 39,000 — — Porterand

61d 100% metamorphosis 100 5-8 — Hakanson 1976

Bub Tadpole Zincsulfate S, U 96 hr LC50 19,860 74 185 Khangarot and Ray
meisnosfictus 1987
Gestrophnyne  Embryo Znc R,M 7d LCS0 10 74 195 Birge1978¢, Birge
carolinensis chloride ef al. 1979a°
Microhyla Tadpole Zncsulfate S, U 96 hr LC50 22410 68869 142-145 Rao and

omata (1 wk) 'Madhyastha 1987
Microhyla Tadpole Znc sulfate S, U 96 hr LC50 23,080 6889 142-145 Rao and

omata (4 wk) Madhyastha 1987
Rena Tadpole Zincsulfate S, U 96 hr LC50 2,100 6.1 20 Khangarot ef al.
hexadactyla 1985a, 1985b
Rane pipiens  Aduh dinc R 154 LC50 155,000 — — Kapian and

Glaczenski 1965*
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Table 67B. Zinc (continued)

Species Stage/Age Chemical Method® Duration Effect Conc® pH Hardness Reference
(ugh) (as mgiL
CaCo,)
Xenopus Tadpole Zincsulfate S M 90 hr 80% mortality 2,300 70 296 Woodall ef al.
laevis 45% mortality 3,400 70 2968 1988
50% mortality 4,500 70 296
15% mortality, 4,500 70 296
pre-treated with 1,100
ug/L Zn for 96 hr
Xenopus Embryo Zinc S,uU 96 hr NOEC 400 5.5-8.7 — Linder et al. 1991
lsevis
LOEC 800 5587 —

* M = measured, R = renewal, S = static, U = unmeasured
® Values expressed as Zinc
¢ 10% Holtireter's solution

* Reference also cited in Tdble 8 (other data) of the water quality criteria document for zinc EPA 440/5-87-003 (USEPA 1987a)

* Reference not seen, cited in Power ef al. 1989
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Amphibian References not used in Tables 5-67B

Chemical List:

Aldrin/Dieldrin
Akkermans et al. 1974, 1975a,1975b 1975¢c; Dowd et al. 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 al. 1979,
Rane and Mathur 1978, Vinson ef al. 1863, Webb et a/. 1979

Aluminum
Canton and Sloof 1882, Marquis 1982, Olsson et a/. 1987

Benzene
Garavini and Seren 1978, Lipnick 1989

Cadmium
Beyér et al 1985, Birge et al. 1977, Dawson et a/. 1985, Dmowski and Karolewski
1979, Fox and Sillman 1979, Gale et a/. 1973, Hall and Mulhern 1984, Hillyard et
al. 1979, Kanno et al. 1978, Kasinathan et a/. 1987, Niethammer ef a/. 1985,
Pramoda and Saidapur 1986, Suzuki and Akitomi 1883, Suzuki and Tanaka 1983,
Suzuki et a/. 1986

Carbaryl
Ardizzone et a/. 1990, Sampath et al. 1995, Webb et a/. 1979

Chiordane
Albright et a/. 1980, Dowd et al. 1985, Nishiuchi 1980B, Webb et al. 1979

Chiloride

Shpun et a/. 1992

A-1



Chlorinated benzenes
Nishiuchi 1980b

Chlorophenoxy herbicides
Nishiuchi 1979, 1980b

Chlorpyrifos
Johnson and Prine 1976

Copper
Beck 1956, Beyer et al. 1985, Cicero 1990. Cooke 1973, Dawson et al. 1985,
Gale et al. 1973, Goldfisher and Schiller 1970, Hall and Mulhern 1984, Jordan
et al. 1977, Kanno et al. 1978, Miller and Mackay 1983, Pavel and Kucera
1986* Rico et al. 1987

Dichlorvos
Tomar and Pandey 1988

DDT
Cooke 1971, 1973; Dowd et a/. 1985, Dimond et a/. 1968, Ferguson andGilbert
1967, Finley and Pillmore 1963, Harri 1980, Harri et al. 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 al. 1979,
Rajendra et al. 1980, Rico et al. 1987, Spiers 1949, Tarzwell 1950, van den
Bercken and Akkermans 1971, Webb et a/. 1979

Endosulfan
Nishiuchi 1980a

Endrin

Dowd et a/. 1985, Rosato and Ferguson 1968, Webb et a/. 1979,
Wohlgemuth and Trnkova 1979

A-2



Heptachlor

Dowd et al. 1985, Kaiser and Dunham 1972-1973, Nishiuchi 1980a, Webb et
al. 1979, Whitacre and Ware 1967

Hexachlorocyclohexane

Dowd et al. 1985, Jabbar Kahn 1975, Kaiser and Dunham 1972-1973, Publicover
et al. 1979, Rico et al. 1987, Webb et al. 1979

Iron
Pavel and Kucera 1986"*
Lead
Barrett 1947, Beyer et al. 1985, Birdsall et a/. 1986, Dawson 1933, -
Dawson et a/. 1985, Dmowski and Karolewski 1979, Fox and Siliman
1979, Gale et al. 1973, Hall and Mulhern 1984, Ireland 1977,
Krishnamoorthy et a/. 1987, Niethammer et al/. 1985, Rico et al. 1987, Schroeder
and Tipton 1968
Malathion
Baker 1985. Giles 1970, Kowsalya et a/. 1987
Manganese
Gale et al. 1973, Pavel and Kucera 1986*
Mercury
Birge et al. 1977, Cox and Holm 1975, Dustman et a/. 1972, Fox and Sillman
1979, Hall and Mulhern 1984, Rico et a/. 1987, Terhivuo et al. 1984, Yorio and
Bentley 1973 '
Methoxychlor

Webb et al. 1979
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Methy! parathion

Johnson and Prine 1976, Woodham et al. 1977, Yasmeen and Nayeemunnisa
1986

Naphthalene

Blankenmeyer et a/. 1990, Lipnick 1989
Nitrophenols

Gérge et al. 1987, Statham et al. 1978, Zettergren et a/. 1988, 1991
Parathion

Guzman and Guardia 1978, Jurez and Guzman 1984
Pentachlorophenol

Schuytema et a/. 1993
Phenanthrene

Lipnick 1989
Phenol

Nagel and Urich 1981
Phthalate esters

Larsen and Thuren 1987
Polychlorinated biphenyls

Dowd et a/. 1985, Rico et al. 1987
2,3,7,8-Tetrachlorodibenzo-p-dioxin

Beatty et al. 1976°, Fanelli et a/. 1980, Korfmacher et a/. 1986a, 1986b
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Toluene
Ekblom et a/. 1984, Garavini and Seren 1979
Toxaphene
Dowd et al. 1985
Zinc
Beyer et al. 1985, Birge et al. 1977, Dawson et a/. 1985, Dmowski and Karolewski

1979, Gale et al. 1973, Hall and Mulhern 1984, Kanno et al. 1978,
Niethammer et a/. 1985, Nishiuchi 1979, Rico et al. 1987, Taban et a/. 1982

* Cited in Power et al. 1989
® Cited in water quality criteria document, but exposure was by injection
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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. Pharmacol. 31:
166-175.
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J. Environ. Sci. Health B15: 333-349.
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