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TOXICITIES OF SELECTED SUBSTANCES TO FRESHWATER· BIOTA 

by 

David W. Hohreiter, John G. Ferrante, 
Jon I. Parker~ and Robert M~ Goldstein 

Abstract 

The amount of data available concerning the toxicity of various 
substances to freshwater biota is so large that it is difficult to 
use in a practical situation, such as environmental impact assessment. 
In this document, summary tables are presented showing acute and/or 
chronic toxicity of selected substances for various groups of aquatic 
biota. Each entry is referenced to its original source so that de­
tails concerning experimental conditions may be consulted .. In ad­
dition, general information concerning factors modifying.toxicity, 
synergisms, evidence .of bioaccumulation, and water quality standards 
and criteria for the selected substances is given. The final table 
is a general toxicity table designed to provide an easily accessible 
and general indication of toxicity of se1ected substances in aquatic 
systems. 

INTRODUCTION 

A great deal of research has been conducted to determine the response 

of aquatic organisms to various concentrations of toxic ·substances and to 

flt.ictl.iat:i(>ns in water quality parameters. In fact, the body of literature on 

this subject is so vast that the volume of information available is almost 

too great to be useful or accessi~le in a practical, applied situation. This 

document is intended to draw this .informatio~ together in an easy-to-use form 

and to provide a useful tool for assessment of envirori:meiltal impacts on aquatic 

6rganisins. It also should provide a means of access to the large body of 

bioassay literature. 

The 41 substances (Table 1) considered in this document were selected 

because of their known or suspected effects on aquatic organisms and because 

of the availability of literature concerning those effects. The substances 

also were selected because they are encountered frequently in aquatic environ-

. m~ntal impact assessment. tnformation on each substance is summarized· in 

tabular form to facilitate access. There is a table for each substance. ·In 
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Table 1. Substances Considered 

Substance Page 

Aluminum· 
~!\mmonia 

Antimony · 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium. 
Chlorin·e 
Chromium 
Copper 
Cyanide 
Fluoride 
Iron 
Lead 
Lithium 
Magnesium 
Manganese 
Mercury 
Molybdenum · 
Nickel· 
Nitrate 
Phosph~te 

Selenium 
Sulfate 
Sulfide - hydrogen sulfide 
Uranium 
Vanadium 
Zinc 

Aldrin 
Chlordane 

'2,4-D 
DDT 
Dial:inuu 
Dieldrin 
Malathion 
Parathion 
Polychlorinated biphenyls 
2,4,5-'l' 
Toxaphene 

Total dissolved solids 

Summary 

13 
13 
14 
15 
15 
16 
16 
17 
18 
19 
22 
23 
24 
25 
26 
27 
27 
27 
28 
29 
29 
30 
Jl 
Jl 
32 
32 
33 
33 
34 

36 
36 
37 
37 
J8 
39 
40 
4J. 
42 
42 
43 

44 

45 



each table, the effects of given concentrations of the particular substance 

on· speci.fic organisms are summarized, and additional information, is presented. 

Entries are keyed to the original references listed·at the end of the report 

so that these sources can be consulted for detailed information 'relative to 

the specific effects or the conditions under which they occurred. 

When a substance is known·to exhibit synergisms wi'th other materials or 

to be subject to bioaccumulation, such facts are noted at the end of each 

table. In addition, a. section of each table lists standards and recommended 

criteria for the substance.A standard is a legal" entity that applies to a 

·.particular body of water or effluent". A water quality criterion is a desig­

nated concentration that when not .exceeded should protect an organism, bio-. 

logical community, or. a desired water use with an adequate degree of. safety 

(USEPA 1976). A standard may have a criterion as its basis·, bu~ the standard 

may differ from the criterion because of prevailing local condit.ions, such as 

background levels of particular substances, flow characteristics, uses of the 

water, charact.eristics of the biological community, and synergistic effects of 

combinations of pollutants (USEPA 1976). Criteria and standards are usually 

derived from bioassay data by use of a predetermined· formula, such as 1/10 of 

the 48- or 96-hour TLm (see below) (McKee and. Wolf 1971). 

The final table is a general toxicity .table designed to provide an 

easily a<7cessible ·and general indication of toxicity of substances in aquatic 

systems. The concentrations listed in the table in general apply to commonly 

occurring organisms. The given concentrations were usually for acute toxicity 

, (see below) and usually qccurred in the ·lower part of the range of concen­

trations given in ~he origi?al table for that ·substance. The concentrations 

given were judged by the authors to be a somewhat conservative determination 

of concentrations'that produce toxic effects and that may be generally ap­

plied to different waters. This final table differs·from sets of criteria 

like those presented in USEPA (1976) and McKee and Wolf (1971). Those crit~ 

eria were developed from bioassay data by a predetermined formula and were 

designed to protect aquatic systems. In contrast, the values given in this 

table actually have been found to be critical for aquatic.organisms. They 

may cause injury or death. For this reason, this table may provide a more 
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. realistic indication of the·actual toxicity of these substances in freshwate: 

systems. 

Toxicity is usually expressed in terms of acute (short-term) or chronic· 

(long-term) effects (USEPA 1976). Acute-toxicity tests usually have death as 

an endpo.int. Acute toxicity can be expressed as the concentration lethal for 

a_ stated percentage (usually 50%) of organisms tested~ or the reciprocal--the 

·tolerance li~it of a percentage of surviving organisms (USEPA 1976). Acute 

toxicity is usually determined for •exposures of 24 ·to 96 hours (USEPA 1976). 

The most common terms for acute toxicity are MLD, TLm, Ln 50 , or Lc50 • MLD 

is minimum lethal dose or the minimum concentration required to kill one or 

more of the test organisms (McKee and Wolf 1971). TLm. (tolerance level, 

median) is the concentration required to kill 50% of the test organisms 

(McKee and Wolf 1971). 1n50 or Lc50 is the lethal iios.e or. lethal concentration 

for 50% of the test organisms (McKee and Wolf 1971). All of these are deter­

mined for a specified time period • 

• 
Chronic effects are expressed in a variety of ways, but· usually involve a 

sublethal effect over an extended time period (the cutoff point· between acute­

and chronic-toxicity determinations is generally considered to be 96 hours 

[McKee and Wolf 1971]). Sublethal effec~s would include such things as 

changes in feeding, metabolism, or reproduction (McKee and Wolf 1971). 

There is considerable variance in values obtained from different bioassay 

tests. -The organisms that are used may vary in age, acclimation to various 

conditions, and other characteristics. The conditions of differerit tests. also 

may vary. For example, the water used in each experiment may be of dif­

ferent temperature, hardness, .or pH. The experiment could be a static or 

continuous-flow bioassay. These and other factors will affect the concen­

tration at which a substance will be toxic to a given organism. Variations in 

these factors among different experiments account for the differences in 

toxicity values in the tables that follow. 
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Organism 

Plants 

Algae 
Diatom 

Diatom 
" 

Protozoa 

Invertebrates 
Sna11 
Fly larvae 

· Midge larvae 
Stonefly larvae 
Mayfly :larve 
Oligochaete worm 
Oligochaete worm 
Leech 
Turbellaria 
Turbellaria 
Crayfish 
Cladocera. 

1\bsqui to fish 
Fathead'minnow 

Organism 

Fish (General) 
11I!tH3" 

Sticklebacks (General) 
" " 

Trout (General) 

Na,jas, Chara, Brasenia 
(Aphanizomenon ap.) 
(Navic:ul.a slimil.anwn) 

" (Nitzachia.Zi~aris) 

CoZipidiwn sp. 
Parameciwn sp. 
Stentor ap. 
Actinoaphaeriwn ap. · 

·(Phyaa heterostropha) 
(EriataZsis ap.) 
(Chironomus sp.) · 
(PerZa sp.) 
(EcdyonUPus ap.) 
(Tubifex ap.) 
(Sty Zaria ap.) 
(Herpobde~Za octocuZata) 
(DendrocoeZwn ·sp.) 
(PZanaria app.) 
(Cambarua ·app.) 
Daphn"fa app._ 

(General)* 
" 

(Gambusia affinis) 
(PimephaZea promeZas) , , 

. ,· 

Altm1inum 

Allllllinum 
m~l Renarks Reference 

' 
0.5 Le~hal. 103 

0.21 Lethal, 50 hours. 8 
2. 7 Lethal, 3.6 hours. 8 
0.07 Lethal· 7 
0.10 Lethal, 1 week. 6 
0.3 Lethal, 1 day. •6 
5.·0 Lethal, 5 minutes. 101 . 

.Arrnilonia 

.Airaronia 
mg/1 

20 -30 
0.4 - 0.5 

420 
320 
420 

5.0 
2.6 
0.3 
0.08 

90 
220 

4.3 
9.2. 
3.0 
2.7 
0.3 
3.2 
0.4 
0.2 -0.4 

40 
8.0 

0.3 -1.0 

0.2 -2.0 
0,27 

1.1 
8,2 

' 5,9 

Renarks 

Disappeared in 2-4 weeks. 
Complete disappearance. 
"50% reduction, 5 days" hard water. 
"50% reduction, 5 days" soft water. 
5-day TLm, acute. 

Lethal. 
.Lethal. 
Lethal. 
Lethal. 

96-~our TLm, acute. 
Lethal lt:vel. 
Lethal level. 
Lethal level. 
Lethal level. 
Lethal level. 
Lethal level.· 
Lethal level. 
Lethal level. 
Lethal level. 
Lethal. 
Lethal. 

Lethal in hatchery ponds under warm 
temperature and low flows. 

Lethal to trout and carp. 
Gill hyperplasia arid pathological effects 

ort liver and blood of various speci~s. 
1000 minute TLm. 
96-hour TLrii; hard water-. 
_96-hcfur TLm; soft water, 

Reference 

171 
172 

60 
60 

120 

173 
173 
173 
173 

liO 
173 
173 
173 
173 
173 
173 
173 
173 
173 
171" 

20 

174 

14 
175 

176 
177 
177 

13. 
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Ammonia (continued) 

Organism 

Fish (Continued) 
Goldfish 
Bluegill 

Trout 

Ra~nbow rt~ut 

Brown trout 

(Carassius auzoatus) 
(Lepomis macrochirus) 

" 

(Gen~ral) 

(Sal.mo gairdnePi) 
" 

(Sa Zmo trutta) 

. Chinook salmon (0. tshazuytschaJ. 

Freshwater aquatic life (General) 

Reconmtended Standards or criteria 
. FreshWater aquatic life 

Organism 

Algae 
"Green algae~· 

Scenedesmus 

Bacteria (E:. coLi) 

Protozoa 

Invertebrates 

Daphnin. mG!J71<1 , , 

Fish 
Fathead minnow · (PimephaZes promeZasJ , ,. 

.Amnr:inia 
mg/1 

2.0 - 2.5 
2.5 

. 3.1 
23.7 
0.3 -0.4 
3.0** 
5.0** 
8.0** 
0.41 
0.86-1.96 

0.42 
0 •. 2 
2.10 

.002 

0.2.-2,0 

0.02 

Remarks 

Lethal. 1-4 days. 
Toxic level. Toxicity depends on pH 

and extent of ionization . 
Lethal. 96 hour TLm, soft water. 
Lethal. 96 hour TLm, hard water. 
Toxic to fry. 
Trout became hyperexcitable. 
Ammonia excretion by fish was inhibited. 
(~ 1 mg/1 NH3) SO% died. 

. 48 hour ·TLm. 
Lethal levels, depending on amount of· 

dissolved oxygen. 
500 minute TLm. 
Toxic, fry. . 
Eggs· and young- irreversible damage to 

heart and muscle control. 

Reference 

152 
48 

60 
60 

178 
179 
179-
179 
180 
186 

187 
188 
189 

Fingerlings. _Progressive gill hyperplasia . 190 

Toxic. 

*General Remarks 
a. Undissociated NH~ c~ncentration·is the 

important factor in toxicity. 
b. pH is the major f~ctor affecting 

toxicity. · 
c. pH governs this equilibrium: 

NH3 (toxic) ~ ~ (noft-toxic) 
d. Toxicity increases with increasing 

pH and alkalinity. 
e. Toxicity increases as dissolved oxygen 

concentration-decreases. 
f. Only unionized NH is toxic to fish. 
g. "Mditiop of carbdn dioxide lowered 

pH and NH3 toxicity." 
**NH3 "and· NH~. 

14 

14 

92 

191 

14 

1~ 

15 
191 
192 

Antimony* 

Anti.roony 
. mg/1 

3.5 
3.5 

33 

15 

9.0 
9.0 

. 20.0 
12.0 

Remarks 

''Hindrance of cellular division". 
Toxic threshold, 4 days. 

Toxic·· threshold, 4 days. 

Hindrance of food intake. 

Hindrance of movement. 
To~ic threshold, 48 hours. 

96-hour .TLm, soft water. 
96-hour TLm, hard water. 

"All in the form of antim:my 
potassium tartrate. 

Reference 

42 
59 

59 

42 

42 
59 

107,108 
107,108 



Organism 

Invertebrates Dap~ia magna 
II • II 

Planaria (foZyceZis nigra) 

Fish 
Pike perch 
Bleak 
Carp 

(General) 
(Lucioperca sp) . 
(AZburnus aZburnus) 
(Cyprinus carpio) 
(General) 

Bluegills 
(Gen~,ral) 

Bass 
Minnows 
Crappies, 
Minnows 
Minnows 
Minnows 
Pink salmon 
Chum salmon 
Minnows 

(Oncorhynchus gorbuscha) 
(Oncorhynchus keta) 
(General) 

Aquatic Organisms (General) 

RecOIIDIIended Standards or cri tcria 
Fish 
DOmestic 
Irrigation 
Stock watering 
Irrigation 

Fish 

Organism 

Invertebrates 
nnphnin. mn(JYlfl , , 

Arsenic 

Arsenic 
mg/1 

7.4 
2.8S 
1.40 
O.S2 
4.3 -7.S 

40, 

1.1 
1.1 -2.2 
2.2 
3.1 
7.6 

11.6 
lS 
17.8 
60 

234 
s.o 
8.4 

29 

1.1 -4.S 

1.0 
o.os 
1.0 
1.0 
0.1 
1.5 -3.8 

Ranarks 

48-hour TLm, acute. 
3-week TLm, chronic. 
SO% rtlptoduclivt: loss, 3 weeks. 
16% reproductive loss, 3 weeks. 
"Irrmobili ty". 
48 hour TLm. 

Toxic. 
Toxic, 2 days .. 

·Toxic, 3 days. 
Toxic, 4-6 days. 
Toxic, 10 days. 
Toxic, 36 hours. 
Toxic. 
Toxic. 
Toxic 16 hours. 
Toxic; 
Lethal, 10 days. 
LC50 , 48 hours. 
1-Cs~, 48 !)ours. 

Lethal, arsenite. 

When applied to control aquatic vegetation, 
i.e. concentration will control vegetation 
and is still safe fOr fish. 

Reference 

3 
3 
3 
3 

16,P 
!8 

5,26 
20 
20 
26 
il 
i2 
23 
24 
22 
24 
15 
is 
lS 

25 

lS 
. 14,1S 

lS 
lS 
14 
19 

General REmarks - Arsenic ~y be concen- lS 

Barium 
mg/1 

14.S 
'l3.S 

8.9 
S.8 

tratea m the food chain - bioaccumJl.aqon. 

Barium 

Remarks 

LCso• 48 hours. 
LC50 ·, 3 WE;eks. . 
LCSO' SO% reproductive impainnent .. 
LC50 , ·reproductive impairment. 

Reference 

Fish 
Stickleback (Gasterosteus acuZeatus) 400 Lethal concentration limit. S,7 

General Remarks 

In. nat!Jral waters, barium readily forms pre -
cipitates. Thus, it is.usually rC'mvcrl 
from solution· before l.ethal concentrations·. 
are reached. 

1·1,1 s 
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Organism 

Fish· 

Fathead minnow 

Guppy 
" 

Bluegill 
" 

Amphibians 

Salamander 

(Pimephaies promeU7s) , , 

" 
(PoeciZia reticuU7ta) 

" 

(Lepo~s macrochirus) , , 

IAmPystoma bpp.J 
,; 

RecoiJJDended standards or criteria 
Aquatic life - freshwater 
1\quatic life - fresh1o1<1t"'r 
Irrigation 

. Organism 

Bade ria 
"synthetic sewage" 

"sewage organisms~'. 

Invertebrates 

Daphnia magna 

Fish (General) 

Mosquito fish (Gambusia affinis) '' ., , 

. ' 

Beryllitun 

Beryllh.un 
rng/1 

0.15. 
15.0_ 
0.2 

ll.O 
0.15 

20.0 
0.19 

20.3 
0.16-20.0 

1.3 
12.0 

4.7 
. Zr>.!> 

0.011 
1.1· 
0.1 

Remarks 

96 hour TLm, beryllium chloride, soft water. 
96 hour TLm, beryllium chloride, hard water. 
96 hour TLm, beryllium sulfate, soft wat~r. 
96 hour TLm, beryllium sulfate, hard water. 
96 hour lLm, beryllium nitrate,' soft water. 
96 hour TLm, beryllium nitrate, hard water. 

· 96 hour. LC 50 , soft water. 
96 hour LC 50 , hard water. . 
96 hour LC50 over range of hardness 22-400 mg/1 

CaC03 respectively. Beryllium sulfate. 
96 hour TLm, soft water. 
96 hour TLm, hard water. 

96 hour I.C~u, .snft. water. 
96 hV~-•r 1.r.50 , luil'd Wllt9r. 

Soft water. 
Hard water, 

CQnorn 1 P.lllllliT~.i 

Beryllium is more toxic to fish in soft water 
than in hard water. 

Its toxicity may increase -lOO:fold soft water 
over hard water. 

Boron 

Rnmn 
.mg/1 

480 

1000 

120 

5.2 

1600- 1700 

3700- 4000 

18000-19000 

19000-19500 

5600 

Remarks 

50% reduction of 5-day BOD, 
boric acid, buffered water. 

SO% inhibition, s-day BOD, 
boric acid. 

Immobilization threshold, sodium 
borate. 

''Near inrnobilization threshold," 
46 hours, sodium pcrborate. 

Minimum lethal dose, distilled water, 
sodium borate. 

Minimum lethal dose, hard water, sodium 
l:;u:rr-.:~t'e 

Minimum lethal dose, distilled_ water, 
boric acid.-

MiniJI!UIIl lethal dose, hard water, boric 
. acid. 

Roach 
Rudd 
Bluegill 

(HesperoZeucas sp.) 
(Scardinius ergthrophthaZmus) 

( Lspomis mr:zcrochirus) 
(SaZmo.gairdneri) · Rainbow trout 

·3600 
6250 
6250 

15000 
1800 
5000 

20000 

96-hour TLm; boric acid. 
96-hu!Jr Tun, so<.lium borate. 
Lethal, 46 hours, boric acid. 
Lethal, 18 hours , ·boric. 
24-hour TLm, boron trifluoride. 
48-hour TLm, sodium borate. 

" , 
" 

· RecOIIDII!Ilded standards or criteria 
Irrigation o. 75 

Slight darkening of skin, boric acid. 
Distressed, became immobile, boric acid. 

Reference 

107,108 
107,108 
107,108 
107,108 
107,108 
107,108 
216 
216 
217 

107,108 
107,108 

218 
?.iR 

14 
14 
14 

14, 15 

14 

Ref"'r,.,nce. 

208 

209 

210 

17 

209 

209 

209 

209 

193 
193 
2ll 
211 
71 

21i 
211 
211 
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Organism 

Invertebrates 
Water Snail 
Midge (1'anytarsus dissimilis) 

" " " 
Mayfly (EphemereU.a subvaria) 
Cladoceran Daphnia magna 

" " " Fish 
Fathead minnow (PimephaZes prameta~J 

" " Mosquito fish (Gambusia affinis) 

Goldfish (Carass.ius aw>atus) 
Guppy (Poecitia reticulata) 
Bluegill ( Lepomis macrochirus) 

" " 
Green Sunfish (Lepomis cyaneZZus) 
Catfish ( IctaZUl'Us punctatus) . 

Brook Trout (Satvetinus fontinaZis) 

Chi.nqok salmon (0. tshawytschl:zJ. 
Sal.JuorLiU.S and others 

Fish (General) 

Recommended Standards or criteria 

Domestic 
Cladocerans and} 
Salmonids . 
Other_less s~nsitive} 
aquat1c spec1es 

I 

Cadmiwn 

Cadmium 
mg/1 

0:05 
.0034 
.0031 

2.0 
0.05 
0.017 

.029 
:057 

.• 0081 

·2.34 
1.27 

.08 
1.94 
2:84. 

.017 

.0034 

• 00092 
.002 
.012 . 

-0.10 

.029 -73.5 

.01 - 0.01 

. 0004 

.0012 
• 0040 
• 0120 

Remarks Reference 

Distress syndromes. 27 
10 day LCso. 28 
Retarded growth. 28 
LC , 96 hours: 30 
LC~~, 3 weeks. · 3 
LC 50 , 3 weeks, 16% reproductive impairment. 3 

LC 50 , 30 days. . . 
Decreased survival of developing embryos. 
Reduction in number of eggs produced· per 

female. 
LC50 , 96 hours (fry). 
LC

50
, 96 hours (fry). 

LC 50 , 11 months (adults). 
LC 50 , 96 hours (fry). 
LCso, 96 hours (fry). 
Growth and survival of fry was reduced ·sig- . 

nificantly. 
Second generation fish were smaller at 3 

months than normal fish. First and 
second generation fish experienced extensive 
mortality during spawning. 

LC
5 0 

, 96 hours • 
LCQ 0 , 96 hours. . . . 

.Reauction of standing cmp of hrown trout, 
lake trout, coho salmon, northern pike, 
white suckers, and smallmouth bass. 

LC50 , "96 hours. 

31 
31 
32 

33 
33 
34 
31 
33 
35 

36 

36 

35 
35 
35 

37 

0.1-cUSSR std. 
Soft water . 
Hard water. 
Soft water . 
Hard water . 

0.01 -~U.S. std. (ref. 14,40). 38,39,14 
14 

General·Remarks 

14 
14 
14 

Cadmium exhibits a synergism with zinc and 15 
with cyanide in its toxicity to aquatic biota. 
For example: 0.03 mg/1 cadmium + 0.15 mg/1 15 
zinc leads to mortality of salmon fry. 

17 
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Organism 

Viruses 

Bacteria 

(General) 

(General) 

SaZmoneZ~ and.ShigeZZa 

(General) 

ChLOreZZa pyrenoidosa 
Ch'LoroZZa sorokiniana 

''phytoplankton" (General) 

Protozoa (General) 

Invertebrates 

Nematode ( Chei 'LobUE qt.iadPi 'Lobiatus) 
Oligochaete _{Nais spp.) 
Amphipod . r Gcorunt:wus pseuda ZimnaeWJ) 

Snails 
Midge larvae 

·Copf;lpod 
Clad!iceran 

(General) 
(Chironomus sp.) 
(Cyclops sp.) 
Dapjmia =gna , , 

Crayfish (General) 
"Crustacea, rotifers, ,and diatoms" 

Organism 

Fi.sh 

Carp 
Goldfish 
Fathead mirinow 

.. 
l.nlrl"n ~hinar 

Nosqui to fish 
White sucker 
Black bullhead 
Brown bullhead 

(Cyprinus carpio) 
(Carassius auratus) 
(Pimllphal.es p'f'O,melas) , , 

(Nnt.~miuonua ~rysoZeucas) , , 
(GambWJia affinis) 
(~~tostomus commersoni) 
(IctaZurus· meZasJ 
(I. nebuZosWJ) 

Largemouth bass ( 1-ticropterus saZmoides) 
II fl , , 

~kinseed 
Walleye 
Ye~low pe~ch 

r-t.umtichog 
Pickerel 
Trout 

Brown trout 

1\rook trout 
II II 

(Lepomis gibbosWJ) 
(Stizostedion vitreum) 
(Perea flavescens) 
' " , 
(Fundulus heterocZitus) 
Esox sp. 
(Gen~ral) 

(Salmo trutta) 

(SaZveZinus fontinaZis) 
" , 

Chlorine · 

Chiorine 
mg/1 

2.0 -2.2 

0.03-0.06 

2.5 

0.25-3.0 

0.18 
0.2 -1.0 
o:32 

0.1 

!I~ -lUU 
1.0 
0.22 
0.05 
0.0034 
0.78 
0.65 
2.0 
0.5 
0 .• 014 
0.78 
0.15-0.2 

Chlorine 
mg/1 

0.15 -0.2 
0.3 
0.007 
0.04 -0.09 

.082- .llS 
0.05 -0,16 
0.5 
0.19 
2.0 
0.132 

. 099 
0.5 

0.261 
o. 1 
1.0. 
0.15 
0.205 
3.0 

. 2.0 
1.0 

. UUb 
0.2 -0.3 
U.IH 
0.015 
0.02 
0.005 
U.015 
0.02 
0.04 
0.083 

Remarks 

Killed in 1-lO.minutes. 

100% killed in 20 minutes. 

Killed, 1 minute exposure. 

"Controlled". 

22% reduction in cells, 4 da~s­
Algicidal. 

50% reduction in respiration and photo 
synthesis. 

Lethal. 

10- ZO\ survtvai, 15 ;ninulc oxpo:mre 
95% killed after 35.min, ·hard water. 
LCso. 96 hours. 
Reduced survival. 

·Reduced reproduction. 
TLso, 7 days. 
BOt ldlled, 24 hours. 
Lethal. 
Lethal in 72 hours, soft water. 
Lethal- . 
TLs 0 , 7 days. 
Lethal. · 

Remarks 

25% killed 12-16 days. 
Lethal, 24 hours. 
Lethal 120 hours. 
Sublethal stress. 

.7-day Tl.Jn, acute. 
96 .. hour TL~u· 
Lethal, 3 hours. 
LCso, 96 nours. 
Some killed on second day. 
7-day TLm, acute. 
96-hour Tl.Jn, acute .. 
Survived 10 minute exposures, but died. 

24 hours later. 
7-day TLm. 
Absent in s tt·eams. 
All killed in ·less than iO minutes, 
7 -day TLm, acute. 
7-day TLm, acute. 
Eggs. 75% survival, 10 minute exposure. 
Lethal, 10 minutes . 
Lethal, 30 hours. 
Fry, lethal, 2 days . 
"Somewhat toxic". 
Lt!thal. TUn - .&3, ~ ho1Ur!l, 

Absent in streams. 
Lethal. 
Depressant response. 
Absent in streams. 
Lethal. 
Mean survival time 48 hours. 
7-day TLm,' acute. 

Reference 

139 

140 

139 

141,146,142 

143 . 
144 
145 

146 

13!1 
147 
148 
148 
148 
149 
150 
151 
152 
149 
149 
154 

Reference 

153,1S4 
155 
156 
157 
158 
149 
159 
160 
161 
158 
158 
159 

158 
162 
159 
158 
158 
159 
159 
153,154 
163 
164 
.16f. 
162 
149 
166 
162 
149 
166 
158 



Organism 

Rainbow trout 
II II 

Salmon • 

Atlantic salmon 
Coho salmon 

Salmon ids 

Fish 

"· 

Amphibian 

(Salmo gcnrdneriJ , , 

(General) 

(Salmo a alert'} 

(0. Kisutch) 

(General) 

(Gen~ral) 

Chlorine (~ontinued) 

Chlorine 
mg/1 

0.001 
0.01 
0.14 -0.29 
0.05 

·1.0 

.083 

0.01 

0.006 
0.11-0.1.3 

.01 
0.09-0.3 

1.0 

3.0 

Remarks 

Avoidance respOnse, soft water. 
Lethal in 12 davs. 
96 hour Tl..rn acute. 
Young, critical level. 

All killed in less than 10 min. 
7 dlly TI..rn, acute . · 

Killed adult salmon ids in several days 
in freshwater. 

Killed fry of these species. 
Lethai. 
50% reduction in "species diversity". 
96 hour LCs0orange for walleye, black 
bullhead, ~nite sucker, yellow perch, 
largemouth bass 1 fathead minnow. 
"Coarse fish" killed. 

Reference 

167 
167 
168 
169 

159 
158 

14 
14 

170 
162 

Frog (Rana cateiJbiena) Survived 10 ·minute exposure, but died in :159 
Recommended standards or criteria 

Salmon ids 
Other freshwater organisms 

Organism 

Bacteria (General{ 

" 
0" ... 

Protozoa. 

Invertebrates 

Stonefly 
Caddis fly 
Mayfly 
Nymphs 
P!~n~ri~ fl~twnrm 

Fish 
Fathead minnoW 

" 

Chlo"t'ella variegatus 
Chlorococcwn hwnicola 
ScenedesTTTUB obliquus 
~pocinclis steinii 
"al*ae" (Gen~ral) · 

Scenedesmus 

''Se't,age• 1 

. ( Microregma) 

Daphnia magna 
,; , 

" ( Acroneuria lycr.~M.u.H J 
(Hydropsyche betteri) 
(Ephemerella subvaria) 
(He=genia) 
(Pn1.yr.P.UR nigm} 

(Pimephales promelas) . " . , 

, , 

24 hours. Tadpoles. 

.002 14 
.01 14 

Chromium 
mg/1_ 

6.4-16.0 
3.2-6.4 
3.2-6.4 
0.32-L6 
1.39 
0.139 
5.0 

ll7 
62.5 

100 
10 

100 

37 

1.2 
0 33 
.60 

i.o 
'32 
32 
16 

8.6 
75 

64.7 
2.0 

27 
33 
17.6 
27.3 

Chlorine exhibits synergistic effects with 150 
copper in the control of r;/zi"t'onoTTTUB. 

Chromhnn 

Remarks 

Completely inhibits growth for 56 days in. culture. 
Completely inhibits growth for 56 days in culture. 
Completely inhibits growth for 56 days in culture. 
Completely ~ibits growth for 56 days in culture. 
Drastic decrease in production. 

0 

Slight (significant) decrease in production. 
Toxicity threshold. 

Cr+3 lowered 5-day BOD by SO%. 
+3 Cr+6 lowered 5-day BOD by SO%. 

Cr+6 lowered 5-day BOD by SO%· 
Cr+6, 10% reduction BOD in 1 day. 
Cr , 50-90% redUction BOD in 1 day. 

Toxicity threshold • 

Cr+3 toxicity threshold, 
16% reproductive impairment, 
50% reproductive impairment, 
3-week Tlrn, ~hronic. 
LC 50 , 7 <18Y~. 
LCso• 7 Jay~. 
LC , 96 hours. 
Mo~~ality, 96 hours. 
48-hour Tl..rn. 

+3 . 

3 weeks. 
3 weeks. 

Cr ,LCso• 96 hours. 
Re~~Ctive impairment, 10 months. 
er+6 LC50 ; 96 hours, hard water. 

0 

Cr LC , 96 hours, hard water. 
cr+6 L(?8, 96 hours, soft water. 
cr+6 LCso. 96 hours, hard water. 

References 

40 
40 
40 
40 
41 
41 
42 

44 
so 
so 
so 

0 so 

42 

43 
3 
3 
3 

30 
30 
30 
52 
lil 

33 
33 
45 
45 
33 
33 

19 
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Organism 

Goldfish 
Guppy 
Bluegill 

" 

(Carassius aumtus) 
(PoeaiZia l'etieuZataJ 
(Lepomis macrochirusJ · 

" "· 
, 

., 
, 
, 

, 
, 

,. , 
" , 

Chromium (continued) 

Chromiwn 
mg/1 

37.5 
3o:o 
71.9 

110. 

170 
113.0 
176.8 

0.2 
118 

. 133 

Remarks 

LC50 , 96 hours. 
· LC50 , 96 ._hours. + 3 

LC 96 hours, Cr 
n)0 96 hours, atute, soft •water .. (Alkalinity and· 

hardness reduced toxicity.) 
Chromate,- 96 hour T!Jn, acute, soft water. 
96-hour, TlJn (dichromate). · · 
96-hour, 100% kill (dichromate). 
96-hour '+];Un• continuous exposure. 

:LC50 , cr.
6

, 96 hours, soft water. 

Stickleback (GastePOsteus acuZeatusJ 1.0 
LCso• Cr , 96 hours, hard water . 
·''TOXic limit" acute 
Lethal limit .•. , 

, 
, 
, 

, 
.II .. , 
, 
, 

LargemOuth bass (MicPOpterus salmoides) ,,. ,, " " 
Rainbow trout (SaZmo ga·l1•dnel•l) , , 

, 
, , 

Brook trout (SaZveZinus fontinaZisJ 
II 11' , 

Chinook salmon (0. tsc~tscha) 
Coho salmon (0. kisutch) 
"Young salnion" 

Reconmeilded standards ·or criteria 
Domestic 
Stdck watering 
Fish and aquatic life . 
Fish 
Aquatic life besides fish 

1.2 
1.3 
2.0 
2.4 
5.0 

195 
94 
69.0 
69.0 
0.40 
5.0 

10.,0-12.5 
50.0 
59.0 
0.40 
0.2 

17.8 
<10;0 

0.05 
5.0 
0.1 
1.0 
0.05-

Survived only 1 wee~ 
. Survived only 2 days. 

Lethal limit. . 
Survived only "I ·day, 
T!Jn, 48 hours. 
T!Jn, 80 hours. 
TLm, 96 hours. 
LC , 96 hours, soft water. · 
Rep~oductive impairment, 2 years. 
40% killed, 15 aays"(chromate). 
60~ killed, 15 days. 
T!Jn, 96 hours. 
!:Cso, _ 96 hours. . 
Keproductive impairment, 2 years. 
Aler"; and juveniles, survival significantly reduced 
cr• ' toxic. . . 
Minimum lethal concentratiorL 

I 

References 

33 
33 
33· 
46 

46 
47. 
47 
48 
33 
33 
49. 

6, 
-6 
6 

43 
6 

53 
53 
51' 
55 
54 
56 
56 
54 
55 
54 
57 
58 
58 

14,15 
15 
14 
15 
15 



Organism 

Diatom 

Protozoa 

Scenedesmus 
(Navicula) 

(Microregma) 

Invertebrates Daphnia 
Daphnia magna , , 

"· ,. 

Amphipod (Gamma1'U8 puZez) 
Snail (General) 

Plana ria .(PoZyceZis nigra) 

·Fish 

Goldfish (CaPaBsius auratus) 
" 

Bluegill 
" 

, 

"Sl.Ulfish" (Ge~eral) 

Organism 

Fish (Continued) 

Rainbow trout (Satmo gai:Z'dneri) 
Brown trout (Salmo tr-utta) 
T~ut (Gen~ral) 

Fish (~neral) 

Chromium (continued) 

Chromium 
mg/1 

0.7 
0.21 
0.25 

0.21 

0.7 
0.016 
0.05 

« !).10 
« 0.10 

0.51 
1.4 

17.3 
40.6 

141! 

52 
104 
177 
so 
70 
75 

103 
145 
148 
213 
300 
no 
l13 
135 
170 

Chromium 
mg/1 

20 
5.2 

so 
100 
100 ' 

5 

Compound 

Ci:mqial.Uld 

Remarks 

Threshold effect. 
Soft water TUn. 
Hard• water TUJ1. 

Threshold ~ffect. 

Threshold effect. 
Toxic threshold. 
Lethal in 6 days .. 
Toxic threshold: 
Toxic threshold. 
Toxic threshold. 
Total mortality. 
Soft water TLm. 
Hard water TLm. 

Toxic threshold. 

Toxic in 30 min. 
Toxic in 6 to 84 hours. 
Toxic. in 3 days.· 
Toxic limit for 30 day exposure. 
Toxic limit for 1 week's exposure. 
·uied. within 4 days. 
96-hour TLm. 
24-hour TLm. 
Toxic limit. 
48-hour TLm. 
24-hour TLm. 
96-hour TLm. 
96-hour TLm. 
96-hour TLm, hard water. 
96-hour TLm. 

Remarks 

. ~cr207'K2Cr04 Toxic. 
~~r2o7 Toxic. 

G~_.t7 Lethal in 33 hours. 
~c 24-hour TUn. 

. K2Cr2~7 .. Lethal after 6 hours. 
Toxic. 

General Remarks 

References 

59 
60 
60 

42 

59 
5. 

61 
.16 
16 
62 
63 
60 
60 

64 

65 
5,69 
65 
66 
66 

8 
68 •,71 
70 

5 
71 
70. 
46,72 
60 
60 
46,72 

References 

22,69,73 
74 
8 

75 
8 

.Toxicity of chromium and 15 
its compounds to aquatic 
biota depends on the 
valence of chromium and on 
the hardness of the water. 
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Organism 

Algae (General) 

Bacteria (General) 

Protozoa (Micj>oregrno.) 

Invertebrates Daphnia magna , , 

·Snails (General) 
Crayfish (Oronectes rustiCWJJ 
Invertebrates (General) 

Fish 

Minnows (General) 

Goldfish 
and Guppy 

. Organism 

Fish (Cont!rmed) 
Fathead minnow 

-Carp 
·" 

(Carassius auratus) 
(PoeciZia reticuZata) 

(Pimephales promelas) 
(Cyprinus carp~oJ , , 

Striped bass (Marone saxatilus) 
.1'/hite perch (Marone americanus) 
Banded kllllfish (Fundulus diaphanua) 
Stickleback (Gasterosteus aculeatus) 
Blue~ill (Lep?,mis macr~chirus) 

Chinook salmon (0. tshawytscha) 
Atlantic salmon (Salmo salar) 

Rainbow trout 
" It 

- " 

, " 
(Salmo gairdneri) 

II 

Brook trout (Salvolinus fonti.nal-is.J 

,, 

Lake trout (Salvelinus namaycush) 
Brown trout· (Salmo t1~ttuJ 
Brown bullhead (Ictalurus nebulosus) 

Amphibians 

Toads (Bu.fo. valliceps) 

Recommended standards or criteria 
Ik>mestic 
Irrigation 
Fish and FW aquatic life 

CoJ?Per 

pper 
mg/1 

0.15 -0.70 

0.1 
2.0 

.001 

.01 

. 08 

.OS 

. 0098 

.035 

.027" 

.022 

.039 

. 06 
z.z 

0.29 

.036 

Copper 
mg/1 

.018 
0.2 
0.81 

.05 
6.2 
0.86" 
0.02 
0.66 
0.46 
0.02 

. 0023 

. OS 

-0.3 

-1.7 

-0.33 

0.4 -0.5 
. 06 
. 6 
. 037 
.03 

.o:m 

. 111 

.037 

.18 

0.1 

1.0 
0.1 
o.o2· 

Remarks Reference 

Minimum lethal concentrations for various 59,76 
Chlorophyta: Stigeocl.oniwn tenue, ·CLado-
phora gZomerata, Oedogonium spp., UZothri:c 
spp., Microspara spp., Mougeotia spp., 
Spyrogyra spp. 

Reduced phytosynthesis, 12 hours, soft water. · 77 
Halted growth of 6 spp. of green algae and 78 

6 spp. of diatoms. 
Algal growth delayed 24 hours. 79 

Interfered with BOD determination and self-
purification process of streams. 

Toxicity threshold, E. coZi • 

Toxicity threshold, 28 hours 
48-hour TLm with no food . 
LC.5 0, SO% reproductive loss, 3 weeks. 
Threshold immobilization in 64 hours. 
LC ~ 0 , 16% reproductive impairment, 3 weeks. 
96°hour TLm, acute, soft water. 
Acute toxicity threshold (young) • 
Mo5t normally-common invertebrates (\n 

Michigan waters) were absent. 

80,81 

59 

42 

3 
3 

43 
3 

82 
83 
84 

96-hour, LC50 for Bluntnose minnow (PimephaZes 85 
notatus), Stoneroller (Campostoma anomaZumJ, 
Creek chub (SemotiZus atront:zcuZatusJ, Black-
nose dace (Rhinichthys atratuZus), and 
Rainbow darter (Etheostoma caeruZeum). 

· LCso, · 96 hours. 33 

96-hour TLm. 
Toxicity thrc~hold. 
96~hour TLm, acute. 
48_-hour TLm, acute. 
96-hour TLm, acute. 
96-hour TLm. 
"Toxic limit". 
LCso, 96 hours. 

Remarks Reference 

/tl 
Rli 
87 
88 
87 
87 
49 
48 

30-day TLm, soft water. 
Increased mortality and 
Avoidance threshold . 
Incipient lethal level . 

inhibited growth of fry. 89 
90 
91 

48-hour, TLm, acute, depending on hardness 
Toxic soft wal"l' . 
Toxic, hard water . 
Reduced egg ~d fry survival . 
Fry mortality, 96 hours, 43% survival of 
adults, 8 months. 

"Adverse AffAr.t. on survival and growth, of 
a1evins and juvemles". 

Reduced egg and fry survival . 
Reduced egg and fry survival, 
LCso, 96 hours. 

Lethal to tadpoles. 

& ·oo. 92 
93 
93 
94 
95 

96 

94 
94 
97 

98 . 

14,15 
15 
15" 



Copp·er (contin1..1ed) 

Organism 
Copper 

mg/1 General Remarks Reference 

Organism 

Protozoa 

Invertebrates 

Mayfly 
Caddis fly 
Snail 
Snail 

Fish 

Microregma 

Microcystis 

Daphnia magna , , 
(Stenonema) 
(Hydrop>Jyr.:he) 
(Lymnacea) 
(Physa heterocZita)· 

Fathead minnow (PimephaZes promeZasJ 
. " , 

Blacknose dace (Rhinichthys at~tuZusJ 
~!~gill (Lepo~s macrochf.rus) 

Smallmouth bass(MicrOpterus doZomieui) 
Brook trout rsazvetinus fontinaUsJ· 

Brown trout 
Rainbow trout 
Coho salmon 
Fish (General) 

, , 

(SaZmo trutta) 
(Sci Zmo gairdneri) 
(Oncorhynchus kisutch) 

Rer.nmmended_ standard~.?~ c~i!eria 

Freshwater and marine aquatic life 

a. Copper-zinc; copper-cadmium; sulfates of these 5,67,181 
are synergistic in toxicity to fish. 

b. Copper-cadmium, copper-mercury show synergistic 15 
effects in their toxicity to aquatic biota. 

c. Magnesium salts affect copper toxicity to aquatic. 183. 
biota. 

d. Copper-chlorine synergism in control of Chironomua 150 
larvae. 

e' Copper-mercury synergism in toxicity to aquatic 182 
biota. 

f. Copper toxicity is' affected by ternperat~re and co2 15 
content of water. · . · 

g. Alkalinity affects toxicity -,complexes, pH, etc. 15 
h: Copper is JTOre toxiC to aquatic biota at lower 14 

alkalinity. 
i. The copper ion is cornplexed by anions - reduced 14 

toxicity. 
j. It is more toxic in soft water than in hard water 15 

in hard water, many copper salts will precipitate 
(e .. g. copper carbon!lte): 

k. Copper is concentrated from the surrounding waters 15 
by plankton, mostly through s~rf~ce adsorption. 

1. However, copper toxicity is not cumulative. Copper 15. 
is excreted by organisms. Therefore, bioaccumulation 
in the food chain would not appear to be a problem. 

Cyanide 

Cyanide 
mg/1 Remarks 
/ 

. 04 

20.0 

.04 
3.4 
0.5 
2.0 

130.0 
. 0.432 

0.18 
0.12 
0.24 
0.22 
0.15 
0.12-0.18 
0.104 
0.0~ 
0.057 

0.01 
0.07 
0.07 
0.02 
0.05-0.20 

.0.005 

Toxic threshold . 

Lethal. 90% killed. 

96-hour TLm. · 
Toxic, 48 hours 
-48-hour TLm. 
4R-hnur TLm. 
96-hour TLm. Eggs. 
96-hour TLm. Acute. 

Minimum lethal concentration (threshold), Acute. 
Minimum lethal concentration (threshold). Acute. 
48-hour TLm. Acute. 
24-hour TLm. 
Minimum lethal concentration (threshold). Acute. 
96-hour TLm .. Hard and soft water. · 
Minimum lethal concentration (threshold). Acute. 
Minimum lethal conrE-ntrlltinn (threshold), · Aq.ite. 
Minimum lethal concentration (threshold). 

Acute. Continuous flow-bioassay. 1o•c. 
Reduced endurance and swimming ability. 
Minimum lethal concentration (threshold). Acute 
Minimum lethal concentration (threshold). Acute. 
Reduced growth or food conversion efficiency. 
Acutely toxic. 

Reference 

44 

312 

200 
20 

313 
313 
200 
120 

318 
315 
316-
317 
314 
319 
320 
.'\21 
315 

322 
320 
323 
324 
14 

14 

23 

·' 
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Organism 

Bacteria 
. E. coU 

Protozoa 
. Mic:roregma hete:rostoma 

Invertebrates 
Daphnia magna 

Fish 
M:>squi to fish ( Gambusia affinis) 
Tench (Tinea vulgaris) 
Goldfish· (Carassius auratus) 

Carp (Cyprinus carpio) 
Trout (General) . 
Rainbow trout (SaZmo gairdneri) 

, " 

Reconunended standards or· criteria 
Industrial 
Irrigation 
Stock watering 
Aquatic life 

·Fluoride 

Fluoride 
mg/1 

45 

226 

270 

925 
678 

1000 
1000 
120 

75- .:,91 
2.3-7.5 
2.7'-7.3 

113 
250 

1.0 
10.0 
.1.0 
1.5 

Remrks 

Toxic threshold, 4 days. 

Toxic threshold, 28 hours. 

Toxic threshold; 48 hours. 

48 and 96 hour 1Lm, acute. 
Lethal. · 
Lethal 60-102 hours, hard water. 
Lethal 12-29 hours, soft water. 
Lethal '4 day&. · 

.20-day TLm, varies with temperature. 
TLm, varies with temperature. 
10-day Ttm. 
Lt;;tltal n· <lays, sufL watt:t'. 
Lethal 21 days, hard Water: 

.. 

Reference 

59 

42 

59 

193 
194 
152 
152 
195 
196 
19(1,197,198 
197,198 
199 
1!1!1· 

15 
15 
15 
.15 



Organism 

Invertebrates 

Gamma rids 
Caddis flies 
Stone fly 
Mayfly 
Caddis fly 

Fish 
Carp 
Fathead minnow 

· Rainbow trout 
. Brook trout 

Fish 

, . 

Daphnia magna 
, " 

( Acr.oneuJ:'ia tycu:ri.as) 
(EphemereHa subval'ia) 
(Hydropsyche betteri) 

(Cyprinus·carpio) 
(Pimepha tea prome tas) 
(Sa Zmo gairdneri) . 
(Satvetinus fontinatis) 

(General) 

Recommended standards or criteria 
Domestic 
Industrial 
Freshwater life 

Iron 
mg/1 

5.9 
5.2 
4.4 
3.0 

25.0 
16.0 
0.32 

16.0 

0.9 
50.0 
10.0 
12.0 

Iron 

Remarks 

LCso 3 weeks. . . 
Reproductive impai.nnent, 3 weeks. 
16% reproductive impairment, 3 weeks. 
reproductive impairment, 4 months. 
Reduced emergence, 2 months. 
LC 50 , 9 days. 
LCso• 96 hours. 
LC 50 , 9 days. 

Lethal .if pH < S.5. 
Mortality, 5 months .. 
Serious injury or death in 5 min. 
Reduced growth, 37 weeks. 

Reference 

3 
3 
3 

99 
99 
30 
30 
30 

0.2 Threshold concentration for lethality to 3 102 
Lypes of fish. 

1.0-2.0 Death of pike, tench, and trout at pH 5.0-6.7. 8,103 
1.0 No tro.ut found until (Fe) was less than 1.0 mg/1, 104 

0.3 .. 
0.1 
1.0* 

even though other conditions were suitable for. 
trout. • · 

*Lab data suggest greater·iron toxicity than field 

14,15 
15 
14 

data. 1.0 mg/1, although it causes harmful ef- 14 
fects in the lab, appears to be safe from field 
studies. 

General Remarks 
Iron fonns precipitates, especially in well-aerated 14,t5 
(i.e. oxidizing) waters, that will aggregate, 
flocculate, and settle out. These precipitates 
and floes can coat the gills of fishJ suffocating 
the fish. They can also smother fisn eggs and 

- benthic organisms. Those effects do not appear 
in concentration data. 
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Organism 

Bacteria 

Protozoa ---· 

(Aerobic) 
(General) 

Flagellates ~d.infusoria 
Invel"tehtatd (Daphnia magna) 

· Stonefly 
Mayfly 
Caddis fly 

Fish 
Fathead minnow 

" 
Carp 
Goldfish 

Guppy 
Sticklebacks 
Bluegill 
Catfi~h 
Coho salmon 

Chinook sa1100n 
Brook trout 

Rainbow trout 
"·. " 
" 

, 
(AcroneUI'ia ZycUI'iae) 

fEPhemereUa subvaria) 
(Hydropsyche bettei'i) 

{Pimephales promelas) 
" 

" 
(Cypi'inus carpio) 
( Carossius aum tus J 

" " 
(Poecilia I'eticulata) · 
fGeneral) 
Lepomis · macrochirus) 
(T~t~Zurus punetatusJ 
(0. kisutchJ 

" 
" 

(0. tshal.lytscha) 
(SalveZinus fontinalis) 

" " (Salmo gairdnei'i). 
" " 

" 
Rainbow and Brook trout 

Organism 

Fish (GenenilJ 

Reconunended standards nr criteria 

Fish 
Domestic 

Lead 

Lead 
mg/1 

1.0 
0.1 -0.5 

0.5 
• 03 

0.1 -0.3 
64.0 

.16.0 
32.0 

2.4 
75.0 
.0.97 
1.0 
5,5 
0,07 
0.21 
0.1 
1.4 

27.0 
0.34 
0.52 
0.3 
1.0 
4.5 
0.5 
1.38 
J..O 
ti!6 
0.1 

0.1 

0.1 
0.05 

Remarks 

Toxic. 
·Bacterial·decomposition of organic 

matter inhibited. 

Toxic. 
16% reproductive impairment, 3 weeks . 
LCso.. 3 weeks. 
LC 50 , 14 days. 
LCso, 7 days. 
Lfso, 7 days· 

96-hour TLm, soft water. 
96-hour TLm, hard water. 
96-hour TLm PbCl • 

. Long term toxicity. 
Toxic. 
Behavior affected. 

.Toxic. 
96-hour TL!i!. 
48-hour Tim. 
Toxic, .16-183 days. 
4R-hour TLm. 
96-hour TLm, PbC12. 

·Fry 100rtali ty, 96 hours. 
Fry JOOrtality, .96 hours. 
96-hour TLm, Pb(NO ) • 

. Fry mortality, 3 w~et. 
96-hour TLm, Pb(N03) 2. 
96-hour LCso. 
Fry· JOOrta1ity, 96 hOUrS. 
Detrimental effects, 2-3 100nths, soft 

water. 

Remarks 

Toxic -to minnows, broWrt trout (:Julm" 
ttU~ta), ...,·,J ~ticY.l91:>•rl". 

Tmdc.. 

General Remarks 

Reference 

20,80,105,106 
20,80,105,106 

20,80, His, 106 
3 

-3 
30 
30 
30 

107,108 
. 107,108 

109 
86 
65 

110 
111 

49 
71 
8 

112. 
113 

95 
95 

114 
94 

115 
92 
95 
45 

. Reference 

5,65·,93,116 
5,51,117 

15 
14,15 

Lead is less toxic in hard water. Lead 15 
toxicity increases with decreasing 
dissolved ox)..gen. . 

L.,~,J toxicity to aquatic biota is 14 
affected by hardness, alkalinity, 
and pH (i.~. formation of precipitates). 



Organism · 

Protozoa 

Invertebrates 
"fly iarvae" 

Fis~ (General) 

(Microl'agmaJ 

Goldfish (Cal'a8sius auratus) 

Reconunended standards. or criteria 

Domestic 

Organism 

Irivert.ehrates 
Planaria flatworm (PoZyce~is nigl'a) 

Fish (General) 
Stickleback (Gaster~steus acuZeatus) 

Organism 

Invertebrates- (Daphnia magna) , , 
,. 

Fish 

Lithium 

Lithium 
mg/1 

66 

848 

7.2 
16.0 

2600 

100 
3750 

5.0· 

Remarks 

Food intake inhibited, lithium chloride. 

Prevents· emergence of offspring and retards· 
development of larvae and' pupae, li thiuin 
chloride .. 

Immobilization, lithium chloride. 
Threshold of toxicity, 48 hours, lithium 

chloride. 

Lethal to mature small freshwater fish -
lithium chloride. 

Toxic to fish, lithium chloride.· 
Lethal in 22-27 hours, lithium chloride, 

Magnesium 

Magnesium 
mg/1 . 

400 

100-400 
300 

Remarks 

To)(ic, MgC12• 

Toxic in distilled H2o, as MgC12, Mg(N03)2. · 
Toxic. 

Manganese 

Manganese 
mg/1 

5.2 
5.7 
4 .. 1 

Remarks 

Reproductive impairment, 3 weeks 

LCso. 3 weeks. 
16% reproductive impairment, 3 weeks. 

Reference 

42 

221 

.43 
59 

65 

20 
65 

15 

Reference 

5 

8 

5,7 

Reference 

54 

54 
. 54 

Stfckleback (Gastel'osteus acuZeatusJ40.0 Lethal. 7 
118,119 Fish (General) 2. 2-4.1 

Recorrmended ~~ or ~ 
Domestic 
Industrial 
Irrigation 
Stock watering 
Fish and aquatic life 

0.05 
0.05 
0.5 

10.0 
1.0 

Lethal, 8-18 hours, pe'Dflllllganates~ 

General .Remarks 

14,1~ 
15 
15 
15 

. 15 

Manganese is antagonistic to nickel toxicity. 15 

*Permanganates ·are more toxic than manganese 15 
salts, but are not persistent. 

27 
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Organism 

Algae 

Diatom 
Phytoplankton 
Phytoplankton 

Invertebrates 

Fish 

Stickleback 
Minnciws 

Macrocystis pyrifera 

(Nitzschia delicatissma) 
(General) 
(General) 

Daphnia magna , , 

Daphnia magna 

Daphnia magna 

Fathead minnow (Pime~~Zes pro~~ZasJ 

Brook trout . 

" 
(Salvelinus fontinaZis) , , 

Rainbow trout (Salmo gairdneri) 
" tl 

Fish (Freshwater) 
Fish (General) 

" 

Recommended Standards or criteria 

Domestic 
F.W. aquatic life 

Orr.::'!li~m 

Mercury 

~lercury 

mg/1 

50 

0.1 
100 

0.9 -60.0 

.13 
6. 7 
3.4 
s.o 

.0027 

.00004 

. 008 

. 01 

. 00023 

. 0004 -

.00012 

. 00007 

. 0029 

.00093 

.0085 

.030 

. 310 

.024 

.042 

.004 

. 05 

.002 

.00005 

Mercury 
mg/1 

.0008 

.020 

.01 

Remarks Reference 

50% reduction in photosynthesis, 4 days. 

Reduced growth and photosynthesis. 
Complete inacti viation, 4 days. 
~linimum lethal concentration. 

LC~ 0 , 3 weeks. . . 
50% reproductive impairment,· 3 weeks. 
10% reproductive impairment, 3 weeks. 
LC

5 
·, 48 hours. · 

As &ercuric chloride, significant reproduc­
tive impairment. 

As methyl mercuric chloride; significant· 
reproductive impairment. 

Lethal . 
Killed after 90-92 days . 
92% dead after 3 months . methymercuric d1lor:ide . 
All dead after 3 months . 
Spa~ning comp~etely inhibited 
No effect . 
6 months, gross toxic symptoms . 
Reduced growth of offspring, behavioral 

symptoms (i.e .. no spawning), 94% mortality 
after 24 months' exposure. 

LC50 , phenylmerc~ric acetate. 
LCoo, methyl mercuric d1loride. 
LC 50 , mercuric 'dlloride . 
LCsu, 96 hr., ne1dy-hatched sac fry·. 
LCso, ·96 hr., fingerlings. 

Harmful. 
Killed fish, 6-12 days . 

1 

1 
1 
2 

3 
3 
3 
3 
4 

4 

5,6,7 
8 
9 
9 
9 
9 

10 
10 

11 
11 
ll 
12 

.12 

13 
8 

14 
14 

Re£erence 

General Remarks 

Mercury is accumulated and concentrated by 14 
plants anJ plankton • a.Isorption. 
It is subject to bioaccumulation in the 14 
food dlain. 
Fish - can concentrate mercury 10,000 times 184 
the concentration in the surrounding water. 
Synergi~m - toxicity to -fi~h i~ accentuated 11:12 
by copper. . 
Microorganisms can convert mercunc ions 185 
(which are retained electrostatically in the 
sediments) to methyl mercuric c_ompounds 
(which are nnt ret.ai ned in the sediment.:;. 
are much.more toxic to aquatic biota than 
mercurfc ions, and which accumulate in fatty 
tissues of organisms). 



Organism 

(Scenedesmus) 

Fish 
Fathead minnow (Pimepha~es prome~as) 

It , , 

Organism 

Invertebrate's 

Stone fly 
Mayfly 
Caddis fly 

Fish (General) 

Daphnia magn;,. 
. " , 

(Acroneuria ~ycurias) 
(Ephemere~~a subVaria) 
(Hydropsyche better£) 

Fathead minnow (Pimepha~~s prome~as) , , . 

Goldfish (Carassius auratus) 
Guppy (PoecHia reticu~ata) 

·Sticklebacks (General) 
Rainbow trout (Sa~o gairdnePi) 

Molybdem.un 

1-k>l ybdemim 
mg/1 

54 

70 
370 

Remarks 

Threshold concentration for deletei'iou's effect. 

96-hour TLm, Mo03, soft water. 
96-hour TLm, Mo03, hard water. 

.:Reference 

59 

107 
107 

Nickel 

Nickel 
.mg/1 

.03 

. 095 

. 13 
33.5. 
4.·o 

64.0 

4.6 - 9.8 
39.2 -42 . .4 
4.58 

. 73 

9.82 
4.45 
0.8 

32.0 

Remarks 

16% reproductive ~rnpa~rment, 3 weeks. 
50% reproduct .hrP. 1 mpa 1 rment, 3 w~eks. 
LC 50 , 3 weeks, soft water . 
LC50 ,. 96 hours. 
Lc50 , 96 hours. 
LC50 , >14 days. 

. LC50 , 96 hours, soft water. 

Reference 

3 
3 
3 

30 
30 
30 

33 
LC50 ; 96 hours, hard water. 
LC , 96 hours. 
Si~ificant reduction in n·eggs 

33 . 
33 

per spawning · 214 
and .hatchability of eggs. 

LC50 , 96 hours. 
LC50 , 96 hours. 
Letnal limit .. 
LC50 , ·48 hours. 

General Reina rks 

33 
33 

7 
213 

a. Ni~kel toxicity to aquatic biota is 14 
affected by water hardness .. 
Increased hardness leads to decreased 
toxicity. 

·b. Nickel forms a complex with cyanide 15 
(CN-) which is.stable in ·alkaline waters, 
but if the pH goes down; the complex ·dis­
sociates releasing nickel and cyanide 
into solution. 

·29 
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Organism 

Invertebrates 
Planaria· 
Cladocera 

Snail 

Fish 
1-tlsquito fish 
Goldfish 
Bluegill 

" 

Rainbow trout 
Chinook salmon 

. (Polycelis nigra) 
· l)aphnia magna , , 

. Biomphalaria alexandrina 
Bulinus truncatus 
Lymnaea sp. 

(Gambusia affinis) 
(Carassius auratusJ 
(Lep~is macro7,hirus) 

(Salmo gairdn~ri) 
(Oncorhynchus tahawytschaJ 

RecOmmended Standards or criteria 
Domestic 

Nitrate 

Nitrate 
mg/1 

1000 
. 5000 

665 

6000 
3100 
3251 

6650 
1282 
9400 

10,000 
9000 
2000 
420 

1060 
1080 

10" 

Remarks 

48 hour Tim. 
Immobilized in 48 hours. 
96 hour TLm, acute. 

Lethal, 24 hours, acute. 
Lethal, 24 hours, acute; 
96 hour·n:m, acute. 

96 hour TLm, acute. 
Lethal in 14 hours. 
96 hour TLm, small .fish. 
96 hour TLm, medium fish. 
96 hour TLm, large fish. 
LCso. 96 hours·, sodium nitrate. 
LC 50 , 96 hours, potassium nitrate. 
LC 50 , 7 days, fingerlings. 
LC 50 , 7 days. 

"General Remarks 

a. · Nitrate is converted to nitrite (which is 
10 times more toxic than nitrate) by bacteria 
in nature. · 

Reference 

18 
16 

209 

201 
201 
200 

193 
202 
68 
68 
68 

203 
203 
204 
204 

1~ 

14,185 

b. Nitrate, ~der proper conditions, can serve 185 
as a precursor in the microbial formation of 
ni trosamines in natural ·waters. (Ni trosamines 
are .known carcinogens, I!Rltagens, · teratogens, . and 
acute toxicants). · 

" c. Standard for drinking water is 10 mg/1. At 185 
20 mg/1,· methemoglobinem).a (l:>Jue baby disease) 
is common in infants . Standard employs a very 
narrow safety factor of 2, and perhlips a lm~er 
standard should be considered for waters that will 
be used for drinking.. · 



" 

.Or!lani5m 

Algae 
Seenedesmus 

Protozoa (Mie~regma) ----

Invertebrates 
(Dap/znia magna) 

Fish · 
---sfuegill · (~~pomis maer~ehirus) 

Rainbow trout (S~Lmo gair~eri) 

Organtsm 

( ScenedesiTTUS) 

Bacteria (E. coUJ ----
Protozoa ---- (Mieroregma) 

Invertebrate _(Daphnia magna) • 

Fish 
Goldfish (Carassius auratus) 

Fathead miru1ow (PimephaZes promeZas) 
Bluegill (Lepomis tnaerochirus) 

Recommended standards or criteria 
Domestic 

Phosphate 

Phosphate 
mg/1 

250 
12.5 

100 
500 

25 
125 

15 
1090 

Selenium 
mg/1 

2.5 

90 

183 

2,.5 

2.0 
20 . 
2.9 

. 40.0 

.01 

Remarks 

To,.:ic, d~ethyl phosph~te, 
Toxic, 4 ~ys. Dimethyl phosphate. 

Toxic, 24 hours, diethy~ phosphate. 
Toxic, 24 hours, dimethyl phosphate. 

Toxic,· 48 hours, d~ethyl phosphate. 
Tox:j.c, 48 hours, dimethyl phosph~te. 

Toxic. 
Death of all fish, 24 hours,. fingerl~n~s: 

General Remarl<5 

Ref~rence · 

20 
20 

20 
?O 

70 
20 

?l\l,220 
15 

In themselves, phqsphates sel<)om exhibit 15 
toxi~ effects upon fish and other aqu~tic 
~ife. Th~y·may be ~~nefic~al ~o fish 
culture by increas~g algae and zoopl8Jlk-

·ton. However, they may result in ah over­
~bundance of algae "with concomitant odors 
;md detriment to fish", (i.e. e~trophi.ca-· 
tion). · 

gemarks 

Threshold tox~c~ty, 4 days. 

Threshold toxicity. 

Thresho~d toxic1ty. 

Threshpld t9xicity, 48 hours. 

Toxic, ~ d~ys. 
Leth~l, 18-4~ days. 
LCso, 96 hou:rs, fry, 
LCso.- ·96 hours, jweniles. 

· General Remarks 

a. Selenium is supject .to bioaccumulation in 
the food chllin. 

b. There is evidence that selenium is convert­
ed microbiolog.ical~y into· different fonn.5 
~ith v~rying ~oxicities. 

Refer.ence 

!)9 

5~ 

59 

59 

5 
5 

215 ns 

14 

(a). 15· 

I. 
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Organism 

Diatom 

Invertebrates 

Copepod 
Snail 
Snail 

Fish 

Nitzschia ZineaPis 
(Navicul-a seminulum) 

Daphnia magna 
, " 

(Diop~;nus o~egonenaia) 
(BiomphaZaria aZexandrina) 
(Bulina truncatua) 

Mosquito fish (Gambusia affinis) 
Goldfish (Carassius aunatua) 
Bluegill . (Lepomis macrochirus) 
Orangespotted sunfish (Lepomia humiZisJ 
Rainbow trout (SaUna gairdneri) 

" 

Recommended standards or criteria. 
Domestic 
Irrigation 
Stock -watering 

Sulfate 

Sulfate 
mg/1 

3200 
3200 

203 
152 

.106 
13 

800 
300 

. 240 
. 100 

2980 
420-500 

10000 
6820 
3163 
1000 

'1000 

500 
200 
500 

Remarks 

· 96-hour TLm 
50% reduction in growth rate 

lOO.:hour TLm; acute. 
"Threshold immobilization'.'' adult.* 
"Threshold immobilization"; young.* 
"Threshold immobilization".* 
Lethal concentration, 24 hours. 
Lethal concentration; 24.hours. 

24 to 96-hour TLm, acute. 
Lethal, 72 hours . 
96-hour TLm, acute. 
Lethal in 1 hour. 
Survive for 24 hours, 25% kill in 18 days.· 
"Survive 3 weeks". 
"Safe for 4 weeks'.'. 
LE 29.9 minutes, tap water.** 
LE = 847 minutes,- distilled water.** 

Reference 

120 
60 

200 
205 
205 
205 
201 

. 201' 

193 
152 
120 
206 
207 
207 
207 

22 
22 

15 
15 
15 

*Lower dissolved oxygen reduces the thresh- 62 
old values. · 

**LE = avg. time to loss of equilibrium. 22 

Sulfite - Hydrogen Sulfide 

Organism 

Invertebrates 

Daphnia magna 
Mayfly larvae 
Chironomid larvae 

Fish 

Fathead minnow 
Goldfish ----· 
Carp 
White sucker 

(Esox lucius) 
" 

(Pimophaloc promolao) 
(Carassius auratus) 
(Cyprinua carpio) 
(Cawstomus c.Jonunel•son·iJ 

(Stizoetedion vitreum) 

" 
l1ainbo1t Trout· (Salmr;o gail'dnoPi ,I 

, " 
Cutthroat trout (Salmo cZarki) . 
Coho salmon (Oncorhynchus kisutchl 
Chinook salmon (Oncorhynchus tshawytscha) 
Trout 

Recommended standards or criteria 

Freshwater aquatic life 

GuHiJ~ 
mg/1 

1.0 
1.0 

750.0 

0.025 
• 01"1--. U32 
. 009 
. 026 
. 030 
. 032 

1. 38 
4.3 
·3.3 
,3.8 

:on- .02n 
.066-.083 
.007 
.us 
. 0~11 
.020 

1.0 
1.2 
1.0 

:86 

.002 

Remarks 

Minimum lethal concentration. 
Minimum lethal concentration. 
Minimum lethal concentration. 

Hatchability of eggs reduced. 
~6-hour LC50 . Fry . 
96-hour TLm. Fry . 
96-hour TLm. Fry . 
96-hot•r Tf..m. F.ggs . 
96-hour TLm. Eggs. 
48-hot•r TLm-

2 ppm. Oz. 
6 ppm. Oz. 

7. ppm.Oz. 
6 ppm. Oz • 

Toxic, 24 hours. · 
Toxic, 24 hours. 
Toxic, 24 hout's. 
96-hour Tl.m. Fry,. 
48-hour TLJn. Eggs. 
96-hour TLm. Fry. 
72-hour TLm. fry. 
116-hour TLm. Eggs . 
72-hour TLm. Fry. 

f\ ppm. 02 
6 ppm. 02 

6 ppm. Oz 

Minimum lethal concentration, 
Minimum lethal concentration, 
Minimum lethal concentration, 
Toxic, 24 hours. 

5 days. 
5 days. 
5 days. 

As undissociated hydrogen sulfide (HzS).' 

Reference 

65,325,326 
325 
325 

327 
327 
327 
327 
327 
327 
316 

21,328 
328 

21,328 
329 
329 
329 
330 
330 
330 
331 
331 
331 

21,328 

14 



Organism 

Algae 

Bacteria 

Protozoa 

Invertebrate 

Fish · 

(Scenedesmus) 

(E. c:uti) 

(Microregma) 

(Daphnia magna) 

~thead minnow (PimephaZes promeZas) 
II tt II 

Recommended standards or criteria· 
Domestic 

Organism 

Fish 

Fathead minnow (Pime~haZes prom~Zas) 

Bluegill (Lepomis macrochirus) , 

' 

Uranitnn 

Uranium 
mg/1 

22 

1.7-2.2 

. 28 

13 

2.8 
135.0 

3.1 

0.5-1.0 

Remarks 

Threshold effect, uranyl nitrate. 

Threshold effe.::t, uriluyl uilrale. 

Threshold effect, uranyl nitrate. 

Threshold effect, uranyl nitrate. 

96-hour TLm, uranyl sulfate, soft water. 
96-hour TLm, uranyl.sulfate, hard water 
96-hour TLm, uranyl acetate. 

General Remarks 

Uranium· is more toxic to aquatic biota in 
soft water than in hard water. 

Vanaditnn 

Vanadium 
nig/1 

4.H 
30 
13. 
55 

6 
55 

Remarks 

96-hour Ttm, .v;:madyl sulfate, sofL water. 
96-hour TLm, vanadyl sulfate, hard' water. 
96-hour TLm, vanadium pentoxide; soft water. 
96-hour TLm, vanadium pentoxide, hard water. · 
96-hour TLm, vanadyl sulfate, soft water. 
96-hour TLm, vanadyl sulfate, hard water. 

Reference 

42,59 

42,59 

42,59 

42;59' 

107 
107 
107 

15 

15 

Reference· 

107 
107 
107 
107 
107 
107 

33 
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Organism 

Algae (Phytoplankton) 

Chlorophyta (General) 

Zinc 
·mg/ 1 

0.1 - ·o.s 

0.22-6.0 

'Diatom 
Plant 

· (Selenostrwn c"apricornutwn) 
(Nitzschia Unearis) 
(Elodea condensus) 

0.5 
4.3 

11.0 

Bacteria 

"se~age" 

Invertebrates 
Snail (Limnaea pereger) 

(Ph¥,sa _heter?,stropha). 

Snails (Planorbis glabratus, BaZinus 
contortus) 

Limpet (Ancylaotrwn f7.uviati Z.fl) 
Amphipod '(Gamrnarus pulex) 
Mayfly nymph (Chloeon simile) 
Mayfly (Ephemerella subvaria) 
Caddisfly (Hydropsyche betteri) 
Stonefly (Acroneuria lycurias)· 
Planaria (Polyceli8 nigra) 
Cladocera' (Daphnia magrta) 

. Org~nism · 

Fish (General)** 
Carp 

Goldfish 
Guppy 
·str~ped b~ss 

I'Wiq.JUU!>CcU 

Blu~gill 

White perch . 
Banded killifish 
Fathead minnow 

II tt 

Trout (Geuel'al) 

Cutthroat trout 
Rainbow trout 

(Cyprinus carpio) 
" , 

(Carassius auratus) 
(Poecilia reticulata) 
(Marone saratilus) 

. " 
(L..pvlllbol ~·6bboMilO,I 
(iepomis macroohir~ts) 

" 

(Marone americanus) 
(Fundul·HB d1:aph(Tnu.q I 
(Pimephales promelas) , , 

(Salmo clarl<i) 
(Salmo gair•dnrwiJ , , 

. 0001 
LO 

0.2 
0.62-0.78 
2.36-6.36 

. 303 

. 434 
2.2-11 

0.2 
0.3 
0.2 -0.5 

16.0 
32.0 
32.0 
30.0 
0.07 
0,1 

Z.i11C 
mg/1 

7.8 
5.0 
6.44 
0.04 
6.7 
0.1 

20.(1 
0.235 
1.9 
0.9 

··6:18 
10.1 
19.1 
0.87 

~;).0 
4.7 
0.18 
p.o1 
0.15 
0.09 

.0.01 
0.09 

3.6 
2.1 
9.5 

-39.S 
- 1.3 

Brmm 
Brook trout 
Salmon (General) 
Atlantic salmon 

(Sa1m<:> t:'Y'I,t:tn} 0.01 
(SalveUnus fontinalis) 1.38 

(Salmo salar) 

Chinook salmon (0. tscha.Ytscha) 
Coho salmon (0. kisutch) 
Sticklebacks (General) · 
Mumrnichog (Fundulus h&teroclitus) 

0.15 
0.042 
0.053 
0.103 
0.14 
0.1 

19.1 

Zinc· 

Remarks 

Reduced phytosynthesis, soft water. 

Minimum lethal concentrations for Stigeo­
clonium tenue, Cladophora glomerata, 
Oedogoniwn spp., Ulothrix spp., Micro-' 
spora spp., Mougeotia spp., and Spyrogyrn 
spp. 

Not tolerated. 
96-hour TLrn, acute. 
Withered. 

"Toxic at this lowest level, BOD test" . 
BOD was 63% of control. 

"Highest dose tolerated". 
96-hour TLm, soft water. 
96-hour TLm, hard water. 
LCso, 96 hours, soft water . 
LCso, 96 hours, hard water . 
Lethal, 2-4 days . 

Highest dose tolerated. 
Highest dose tolerated. 
Highest dose tolerated. 
LCso, 10 days . 
LCso, 11 days . 
LCso, 14 days. 
Highest dose tolerated .. 
16% reproductive loss, 3 weeks. 
LQ; 0 , 48 hours 

Note: . Ref. 14, 15, and 19 list numerous 
higher concentrations for toxicity to 
Daphnia. Those listed here are the 
lowest ones presented. 

·Reference 

77 

76 

123 
120. 
121 

122 

117 
125 
125 
126 
126 
121 

117 
117 
117 

30 
30 
30 

117 
3 
3,(14) 

Reference 

96-hour TLrn, .acute. 
De tr lmental to embryo5 and larvae. 
96-hour TLrn. 
20% ki!'led, 100 hours . 
96-hour TLso. 
48 tu 96-ltOtll' Tlm, ac.ute, larv<te and juveniles. 
Qfl-hnur Tim 
Inhibited spawning and killed new fry. 
96-hour TLrn .. 
50% ~urvival, soft w<tter. 
50% survival, hard water. 
48-hour TLm. 
9.6-hour T)..rn. 
96-hour TLso, soft water. 
96-hour TL~ 0 , hard water. 
96-huur 'J'Lin, varies Wltn pH wul hallluc••. 
Reduction in spawning according to dose. 
ToJC.ic t.o ova and young. 
Toxic. 
96-hour TLso. 
Killed S4% in 28 days, alevins, 
96-hour TLso. 
Toxic to ova and alevins, acid water. 
96-hour TLso. 
Toxic, fry, 
24-hour TLm, acute. 
Avoidance threshold. 
96-hour TLrn. 
Fry mortality, 96 hours. 
"Toxic lirni t". 
96-hour TLm, acute. 

87 
127 

33 
128 

87 
R8 
87 

ll\1 
BO 
149 
149 
13 
87 
33 
33 

l~~ 
134 
135 
136 

41 
135 

41 
135 
ll4 
137 
130 
138 
113 

95 
49 
87 



Organism 

. Recominended standards . or criteria 
Domestic 

**Fish (Gen~ral) 

Zinc- (continued) 

Zinc 
mg/1 

5.0 

8.0 
1.0 

Reinarks 

Cu-Zn synergism 
Zn alone, tolerated, 8 -hours, soft water. 
With . 025 mg/1 copper- most fish diEd in 8 hours, 

soft i;ater. Other effects vary with D.O., temp. 
hardness. 

General Remarks 

Reference 

15 

15 
15 

a. Zinc exhibits syner.llism with copper (in ~a) 8,.15· 
soft water). 

b. Toxicity of zinc to aquatic biota is a£- ~b) 14 
fected"by water hardness, temperature, 
dissolved oxygen. Increased temperature 
and reduced D.O. result in increased 
toxicity. 

c. Hardness is antagonistic to zinc's toxicity. (c) 15 
to aqUatic biota. 

d. Zinc is often adsorbed on silt, where it (d) lS 
can \;>e ingested by organisms (e.g .. bottom 
feeders), but this zinc will not show up 
in concentration data for the water column. 

e. Certain heavy metal salts are synergistic (e) i4 
to zinc toxicity. 

35 
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Aldrin (Insecticide) 

Orgaiusm 
Aldrin 

mg/1 

Invertebrates 
ChiPonomus 
Daphnia magno 

Lymnaeid snails 

Fish 

Minnows 
Goldfish 

to 

Fathead minnow 
Guppy 
Bluegill 
Trout 
Broim trout 

11 " 

(General)' 
(Carasaius a:uratua) 

" 
(PimephaZea pPOmeZaa) 
(PoeciZia reticuZata) 
(Lepomia macrochirus) 
(General) 
tsaZmo truttaJ 

II 

Rec:,ommended standards ~criteria 

~reshwater aquatic life 

.012 

.029 
4.8 

.018 

.02 

.032 

. 028 

.028 

.033 

.013 

.02S 

.OZ5 

.o:n 

.000003 

Remarks 

Killed SO% in 8 hours, larvae.· 
Immobilized in SO hours; 
Lethal -in 24 hours. 

10-day TLm. 
SO% killed, 10 days. 
80% killed, 10 days. 
96-hour TLm . 

· 96-hour TLm. 
. 96-hour TLm. 
96-hour TLm. 
Toxicity threshold. 
33% !tilled., 118 hc".l:"5· 
100% killed, ~8 hours: 

·General Remarks ------

Reference 

243 
244 
24S 

246 
246 
246 
231 
231 
231 
'231. 
237,238 
222 
222 

14 

Aldrin is metabolically convertt::<l to dieldrin. 247 

Aldrin is persistent and is subject to bio• 14 
accumulation and concentration in the food chain. 

Chlordane (Insecticide) 

Organism 

Amp hi pod 
Mi~ge 

Fish 

Goldfish 

Daphni(! magna 
(HyaZZeZa azteca) 
(ChironamusJ 

(Caras a ius auratus) 

Fathea<l miwtow . (P·imr,plmZes p1.;,m~Zas) 

Guppy 
Channel catfish 

'!Bluegill 
Bass 
Pike 

Trout 
" 

Brook trout 

. , , 

(PoeciZia reticulata) 
(IctaZurua punctatus) 
(Lepomis macrochi1'US) 
(Genf'!r~l) 
(General) 

" 
(General) 

" 

(SaZveZinus fontinaZia) 

Recommended stan<lar<ls or cri tcria 

Freshwater aquatic life 

Chlordane 
mg/1 

.028 
• 0~!'1 
.010 

·.OlS 

.082 

.oso 

.052 

.01\9 

.037 

.019 
0.5 

.022 
• 2 
.005 
,QS 
• !)3 

1.0 
• 025 
.047 

.00001 

96 hour LC 50 . 
9.6 hour LC 50 • 

Remarks 

24 hour LC5 0 , larvae. 
50% killed, 8 hours, larvae .. 

96 hour TLm. 
50% killed, 4 day~ .. 
9fi hour TLm, soft water. 
96 hour TLm, hard water. 
96 hour LC50 • 
96 hour TLm. 
96 hour TLm. 
96 hour TLm. 
Toxic·, fingerlings . 
Distress, 24 hours. 
100% mortality, 24 hours. 
Tuxh:ily' Lhreshold . 
Death in 3 hours. 
20% kill~, 48 hours, .4-7" trout . 
96 hour LCso· 

General Remarks 

Reference 

lStl 
2St\ 
257 
243 

231 
222 
231 
231 
256 
231 
258 
231 
23S 
257 
256 
JZ7 1J38 
2S9 
2SS 
2So 

14 

Chlordane is persistent and is su~ject to 14 
bioaccumulation in the food chain. It 
is also a carcinogen. 



Organism 

Plants 
Water milfoil 

Bacteria 

Fish 

Ca.rp 
Bream 
Bleak 
Perch 
Bass 
Largemouth bass 
Blu~gill 

(Aerobic) 

(Cyprinu~ carpio) 

(General) 
(MicPopterus saLmoidesJ 
(Lep?.mis mac~chirus) 

Recommended standards or r:riteria 
Domestic 

Organism 

Invertebrates 

Stonefly 
Caddis fly 

Midge 

Fish 

Dace 

(C.eneral) 

Culex larvae 
( Chimnomus J 
Daphilia 
ChaoboPUs 

(General) · 
Oronectes nais 

(General) 

(General) 

Fathead minnow (Pimephates pPomeZasJ 
Goldfish · (CaPassius auPatus) 
Golden shiner (Notemigonus ccysoleucas) 
Creel: chub (!Jom.,N Z.uu u.tzvmaaulatWJ) 
(".oii1J1"(ln SUCker (CatnRtOmUB COimi<'PBOni) 
ch~el catfish (IctaZUPUB punctatus) 
ScUlpins ( Cottus sp. J 
Darters 

Bass 
Largemouth bass 
Bluegill 

" 

(General) 
(MicroptePUs saZmoidesJ 
( Lepomj.s macrochiPUB) 

Crappie (Pomoxis sp.) 
Black crappie (Pomoxis nigromaculatus) 
GupP,y (Poecilia peticulata) 

" .. 

2,4-D (Herbicide)" 

2,4-D 
mg/1 

6.0 

2.0 

65.0 
100 

75 
75 

100 
3SO 
350 

1.0 
5.0 

0;1 

Remarks 

Controlled growth. 

Inhibited growth. 

Some mortality. 
Some mortality. 
Toxicity threshold. 
Toxicity threshold. 
Some mortality.-
24 -hour TLm. 
24-hour TLm. 
40% killed, fingerlings, esters and amines.* 
100% killed, fingerlings, esters and amines.* 

General Remarks 
*The esters and amines of 2,4-D ar~ more 

toxic than 2,4-D itself. 

The synergismS and antHgonisms affecting 
2,4-D toxicity are not well-understood. 
The concentration of chemical that will 
kill weeds in one lake without harming 
fish may be toxic to fish in another 
lake. 

DDT (Insecticide) 

DDT 
mg/1 

.013 -.022• 

0.1 
0.1 

. 001 

.01 

.001 
0.013* 

0.25 -0.50 
.00024 

.01 -1.0 
0.1 

.01 

. 032 

.027 
0.5 
0.01 

• 001 
2.6* 
0.14 
0.14 
0.12 

.01 

. 002 

.01 

. 016 
0.18 

0 013- 0 022* 
.043 
• 01 

R~marks 

DOD. Drastic temporary loss of fish 
food organisms. 

96-hour TLm. 
96-hour TLm. 
Median lethal dace . 
"Infestation controlled". 
64-hour tolerance lfmit. 
DUD. Controlled ChaoboPUs,· did not 

eliminate fish, but did tempor11-rily 
eliminate chironomid larvae, an im­
portant part of fishes' diet. 

·Lethal. 
LCs 0 • 96 hours. 

Lethal. 

Lethal. (alcohol solution). 
Lethal. 
96-hour TLm . 
96.·hour TLm. 
Lethai. · · 
Lethal (alcohol S\!Spension) . 
Lethal (alcohol SUSJ1"nsion) . 
ODD. 96-hour .TLm. . 
Lethal, powder form. 
Lethal, powder form. 
l(illed 22%. . 
Lethal. Yearlings. 
LC:: 50 , 96 hours • 
Toxicity threshold. 
96-hour TLm . 
Lethal. 
ODD. Lethal. 
96-hour TLm. 
Toxicity threshold . 

Reference 

303 

304 

222 
222 
20, 
20, 

222 
305 
305 
306 
306 

14 

(15) 
(15) 

15;306 

307 

Reference 

222 

2?3 
224 
225 
226 
222 
227 

228 
229 

228 

230 
222 
231 
231 
232 
230 
230 
233 
232 :m 
?34 
235 
236 
i37,238 
231 
?32 
222 
231 
237 

•. I 
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DDT (continued) 

Organism 

Fish (Contfuued) 
M:>squito fish (Gambusia affinis) . 
Trout (General) ' 
Brook trout (Salvelinus fontinalis) , 

Sal!ll)n (General) 
Chinook sal!ll)n (Oncorhynchus 

tsha!Jytscha) 

Amphibians (General) 

Recommended standards. or criteria 

FreshWater aquatic life 

our 
mg/1 

. 01 
0.14 

.001 

. 06 
10.0 

• 388 
.0237-.074 

50.0 
. 047 

17.8 

0.1 

.000001· 

Remarks 

Median lethal dose . 
Lethal, powder form." 
Lethal (alcohol suspension). 
Tolerance limit . 
Tolerance limit, powder form. 
96-hour TLm . 
96-hour TLm 
Critical·level, powder form. 
24-hour TLm . 
Critical level, powder form. 

Tadpqles, all killed. 

General RemarKs 

Reference 

225 
232,237 
230 
239 
239 
240 
241 
169 
242 
169 

228 

15,14 

*000 has much the same general properties 15 
and is used similarly to Our. Its 
insecticidal toxicity approximates 
our, but its mammalian toxicity is only 
about one-fifth that of-Our. 

our is subject to biuaCO::U1111.1la'tiun wul 14 
concentration in the food chain.­
boncentrations ~ave been found in fish 
that are 2 x 10 times the concentra-
tion ·in the surround~g water· . 

.Di.azinon (Insecticide) 

Organicm 

Invertebrates 

Fish 

Guppy (PoP.~ilia reticulata) 

Oiazinon 
mg/1 

.00~3 

4.0 

Remarks 

Tmmnhili~ation in 50 hours. 

Abnormal behavior in one hour, lleath in 
24- 58 hours . 

Referen.ce 

244 

282 



Dieldrin (Insecticide) 

·Organism 

Invertebrates 

Dap~id 

Midge larvae 
Stone fly 
Snails 

Fish 

Goldfish 

(SimocephaLus serruLatus) 
(Daphnia puLe:z:) 
(Daphnia magna) 
(Chironomus) 
(Acroneuria pacifica) 
(Lymnaeid) 

(General) 

(Carassius auratus) 
" 
" 

Fathead minnow (PimephaLes promeLasJ 
Golden shiner (Notemigonus crysoLeucas) 
Guppy (PoeciLia reticuLata) 
Sailfin molly (PoeciLia Latipinna) 

Bluegill. 
Green sunfish 
Bass 

·rrout ... 
Brown trout 

Rainbow trout. 

( Leponti.~ IIIU.c:,-uc:1t"i.,WJ) 
(Lepomis cyaneLtusJ 
(General) 
(General) 

" 
(Satmo truttaJ 

(Satmo gairdneriJ 
II (I 

Recommended staildards, or criteria 
Freshwater aquatic life 

Dieldrin 
mg/1 

.2 

. 2S 

. 33 

. 007 

. 0002 
2.S 

. OOS6-. 042 

.12S 
0.012 

. 006 

. 037 

. 016. 

.04 
0.2 

.0007S 

.0079 

. 008S 

. 006 

.016 

. 02S 

. 016 

. 02 

. 0237-.074 

.0237 

,000003 

Remarks 

ImmObilization .. 
IllU!IObilization . 
IllU!IObilization, so hours • 
SO% killed . 
LCso, 20 days . 
100% killed, 24.hours. 

Tim, depending on water hardness . 
Lethal fo~ all fish tested. 
17% killed, 96 hours: 
Approximate TLm . 
96 hour TLm . 
96-hour TLm . 
Approximate TI..rn. . 

. Distress in one hour; death in 12 hours. 
Growth rate and reproduction adversely 

affected. · 
96-hour TI..rn. 
96-hour Tim • 
Approximate TI..rn . 
Toxicity threshold. 
100% killed, 48 hours . 
40% killed, 48 hours . 
Lethal in 48 hours • 
96-hour TLm, fingerlings . 
!lfi-hour TI..rn. 

General Remarks 

Reference 

248 
248 
244 
243 
249 
24S. 

2SO 
iSl 
2S2 
222 
231 
231 
222 
2S3 
2S4 

2:n 
231 
222 
237 
iSS 
2SS 
237 
241 
240 

14 

Dieldrin is persistent and subject to 14 
bioaccumulation and concentration in 
the food chain. It is also a carcinogen .. 

Dieldrin concentrations in fish may be 14 
100,000 time's that of the surrounding .water. 
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Malathion (Insecticide) 

Organism 

Invertebrates 

Stoneflies 

Caddis fly 
Daphnid 

" 

Amph~pod • 

Midge 

·Fish 
Goldfish 
Fathead minnow 

" 

( Acroneuria pacifica) 
(Pteronarcys caZifornica) 
.(CZaassenia sabuZosa) 
(PteronarceZZa badia) 
(Arctopsyche grandis) 
(Daphnia magna) 
(Daphnia magna) 
(Daphnia puZex) 
(SimocephaZus serruzatusJ 
(Gamrlarus Zacustris) 

( Chironomus J 

(Carassius auratus) 
(Pi.mephaZes promelas) , ., 

Red-sided shiner (Richardsonius baZteu.tusJ 

Mosquito fish 
Guppy 
Yellow perch 
Bluegill 
Largemouth bass 
Sunfish 
Salmon ids 
Salmon 

Chinook salmon 
Rainbow trout 

(Gambusia affinis) 
(Poeui.Z·'a reticuZata) 
(Perea j'laaescens) 
(Lepuur's macrochirus) 
(Miuropterus saZmoidea). 
(General) 
(General) 
(General) 

" 
(Oncorhynchus tschawytscha) 
(SaUna gairdneri) 

Recommended standards or' criteria 
Freshwater aquatic life 

-:rlt 

Malathion 
mg/1 

. OOS6 

. 100 

.OS6 

. 001 

. 032 

.0009 

.0009 

.0018 

. 003S 

. 001 

. 00076 

.002 

s.o 
12.S 
2S.O 
8.9 
9.6 

.OS 
2.0 
s.o 

. ll 

.OS 
s.o 

. 12-.26S 

.033 

. 1 

.023 

.068 

.0001 

Malathion 
mg/1 

96 hour TLm . 
96 hour TLm . 
96 · hour TLm. 
96 hour LCso . 
96 hour TLm . 

Remarks 

64 hour tolerance limit; 
Immobilized in SO hours. 
48 hour LC so. 
96 hour LC so . 
96 hour LCso . 
96 hour LCso . 
24 hour LCso, larvae.' 

Lethal. 
96 hour TLm. 
24 hour TLm. 
96 hour TLm, soft water. 
96 hour TLm, hard water. 
40% killed: 
Death in 24 hours. 
Lethal. 
96 hour LC so . 
96 hour LCso. 
Lethal. 
96 hour LCso . 
24 hour TLm, young salmon. 
Toxic, fingerlings . 
96 hour LC so. · 
96 hour LCso. 

RP.marks 

OeJicral llcmnrkE 

a) The che1uical and"·blulu~;i.:.Al ~"" 
ditions of the water affect the 
stability of malathion in·that 
water. 

b)' ThP. effects of malathion exposure 
may be additive over time. 

Reference 

.223 
223. 
223 
263 
223 
244 
244 
248 
248 
278 
229 
279 

. 280 
231 

.280 
281 
281 
280 
282 
280 
283 
284 
280 
28S 
286 
280 
28·7 
288 

14 

'Reference 

c~J zs9 

(h) 14 
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Parathion (Insecticide) 

Organism 

Invcrtcbratc5 

Daphnia magna 
" " 

Daphnia puZex 
Daphnid (SimocephaZus serruZatus) 
Stone fly (Acroneuria pacifica) .. " " 

, 
Stone fly (Pteronarcys caiifornica) .. " " 
Cad~isfly (Hydropsyche caZifornica) 

~General) 
Mi~ge Tanypus grodhausi) 

(Chironomus tentansi 
( Chironomus) 

Amp,hipod ( GarrrrJ2rus fascia tus ) 
" " ;, 

Snails Lymnaeid snai Zs 

Fish 

Minnows (General) 
Fathead minnow (PimephaZes promeZas) 

" " 

Goldfish (Carasaius auratus) 

GupP.Y (PoeciUa reticuZata) 

Organism 

Brown bulihead (IctaZurus nebuZosus) 
" . 

(Lepomis macrochirus) , , 
.,· 

Brook trout (SaZveZinus fontinaZis) , , 

Parathion 
mg/1. 

.00062 

. 0008 

.0006 

.00037 

.00093 

. 00044 
,0001 
.00008 

.0022 

. 0032 

.00043 

.001 

.000? 

.031 

.008 

.00040 

.00007 

.00004 
,325 

2.5 
1.4 
1:6 
2.7 
3,6 
1.6 

,004 

1.5 
2.0 

.o.s 
0.1 

Parathion 
mg/1 

0.03 
0.06 

0.5 
0.05 
0.04 
0.063 

.00034 
1. 76 

.032 

Remarks ·Reference 

96-hour LCso. 290 
50-hour LCso . 248 
48-hour LCso. · 248 
48-hour LCso. 248 
5-day LCso, larvae. 291 
30 day LCso . 291 
96-hour T!Jn, 223 
Statistically significant reproductive 291 

impairment. 
30-day LCso. 291 
96-hour TLm . 223 
96-hour LCso. 292 
96-hour TLm. '223 
24-hour LCso .. 293 
96-hour LCso. 290 
SO% killed, 8' hours, larvae. 242 
96-hour LCso. 290 
43-day LCso. 291 
"Significantly greater irortality". 291 
Lethal, 24 hours. 245 

· LCso· 294 
96-hour TLm, parathion No. 1, soft water; 231 
96-hour TLm, parathion No. '1; hard water. 231 
96-hour T!Jn, parathion No. 2, soft water. 231 
96-hour TLm, parathion No. 2, hard water. 231 
96-hour LCso. 290 
8-1/2 months, reproductive impairment arid 290 

deformities. 
T!Jn. 222 
Lethal. 222 

Distress in one hour, death in several days. 282 
Inhibition of spermatogenesis. 

Remarks 

30 days, caused "tremors". 
30 days, caused convulsions, deformedr 

vertebral column. 
96-hour LC50 • 

LCso· 
Heavy mortality. 
Lethal'. 
23 months·, caused deformitiea. 
96-hour LCso. 
Abnormal development, inortality of 

emlnyos. 

General Remarks 

2!is 

Reference 

296 

296 
290 
294 
222 
232 
290 
290 
290 

Goldfish and Japanese killifish that were kept 
one month in a concentration of one· thirtieth 
of the 48-hour T!Jn exnerien~ed retarded grdwth 
and consumed less fooo. Th1s study concluded 
that the arbitrary concentration of 1/10 the 
48-hour T!Jn that is sometimes used as a limit-
ing value is too toxic. · 
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·Polychlorinated Biphenyls (PCBs) 

Organism 

Invertebrates 

Daphnia magna 
, '! 

Fish 

Fathead minnow (Pimephales promelas)* 
, " 

(Lepomis macrochirus). , , . 

Cutthroat trout (Salmo clarki) 
Rainbow trout (Salmo gairdneri) 

PCB 
mg/1 

.0013 

.0035 

. 015 

.0077 

. 0088 

. 0046 

.0018 

. 0100 

.0047 
• 0033 
.054 
.076 
.024 

1.17-50.0 
>1500 . 

Remarks 

3-week LC 50 , Aroclor 1254 · 
100% mortality, Aroclor 1254 

96 hour LCso, Ar~clor 1242 . 
96 hour LCso, Aroclor 1254. . 
50% killed, 60 days, Aroclor 1242 . 
50% killed, 60 days., Aroclor 1254 . 
Spawning affected, Aroclor 1254. 
Lethal to newly., hatched fry, Aroclor 1242 . 
TLs 0 , 30 days, newly-hatched, Aroclor 1248 
TLso. 30 days, newly-hatched, Atoelor 1260 . 
LCso, 15 days, Aroclor 1242. · · 
LCso, 15 days, Aroclor 1248,: 
LCso. 15 days, Aroclor 1254. 
96-hour LCso, Aroclors 1221-1268. 
Acute to:xicity, Aroclors 1242-1260. 

General Renarks 

Refe·rence 

298 
298 

299 
299 
299 
299 
299 
299 
300 
300 
·301 
301 
301 
301 
301 

* a) Fathead minnows were able to reproduce 300 
at PCB concentrations that were actually 
·lethal to the larvae. 

b) Freshwater invertebrates are generally 301,302. 
more susceptible to acute toxic affects 
of PCB's than fish. 

c) Bioaccumulation ·in aquatic organisms may 299 
result in PCB concentrations in fish that 
are 2.3 x 105 times that of .the surround~ 
ing water. 

2,4,5-T (Herbicide) 

Orgnnicm 

Fish 
Perch 
Bleak 

(General) 

Recommended Standards or Criteria 
Domestic 

2, 4,!:. 
mg/1 

10.0. 

55.0 
60.0 

.01 

T 
Remarks 

25% killed, 72 hours. 
Threshold toxicity. 
Threshold toxicity. 

Refeu:::uC'-

169 

20 (15) 
20 (15) 

14 



Organism 

Algae 

Invertebrates 

.Mi~ge 

Damselfly 
Dragonfly 
Stoneflies · 

.fish 

Minnows 
Goldfish 

Carp . 
Fathead minnow 

" 
Creek.Chub 
FBllfish 
Shiners 
Blaclolose dace 
Gilp,PY 
Sculpins 

·Catfish 
Black bullhead 
Darters 
Yellow perch 
Blu~gill 

Toxaphene (Insecticide) 

(Gener~l) 

(Chironotmis) 

(General) 

(Carassius auratus) 
II II 

II 

(Cyprinus ca:Ipiu) 
(Pimepha~es prome~s) 

II II 

II 

(Semoti~us atromacu~atus) 
(SemotiZ.us cot'poraZis) 
(Notropis sp. J 
(Rhinichthys atratulus) 
(Poe.r.iU.n. reticu~ta) 

II 

(Cottus sp.) 
(General) 
(Ictalurus me~s) 
(General) 
(Perea {Lavescens) 
(Lepomis macrochirus) 

II II 

II II 

Toxaphene 
mg/1 

2.0 

0.1 
.03 
.03 
.03 

.0013-.0030 

. 006 

. 036 

.02 
. . 005 

. 0056 

.04 

. 1 

. 0051 

. 0075 

. 000055 

.02 

.02 

.02 

.02 

.005 
;o2 
.02 

1.9 
• 0018 
.02 

0.1 
.01 
. OS 
. 0035 
. 0180 

.Remarks Reference. 

Inhibited growth of 50% of.test algae, '260 
21 days. 

Lethal. ·261 
Lethal, larvae. 262 
Lethal. 262 
Lethal. 26i 
96-hour LCso, Pteronarcy~ ca~ifornica, 263 
Pteronarce~~ badia, CLaassenia sabu~o~a 

Lethal in '10 days . 264 
Letkal . 265,266 
Lethal. 237 
TLm 10 days . 267 
96-hour Tlm . 231 
Letha,l. 231 
Lethal, 72 hours . 268 
96-hour TLm, hard water . 231 
96-hour TLm, soft water .. 231 
Significantly reduced growth . 269 
Lethal. 237 
Lethal. 237 
Lethal. 237 
Letha,l. 237 
Distress in 12 hours, death in 30 hours. 253 
96-hour TJ.m. 231 
Lethal. 237 
96-hour TLm. 258 
96-hour LC50 • 270 
Letha,l. 237 
Lethal. 222 
Toxic threshold 237 
Letha,l, fingerlings . 235 
96-hour TLm . 231 
96-llour LCso . 236 

43 
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Toxaphene (continued). 

Organism 

Fish (Continued) 
Bass 
Larg~~uth b~,ss 

Trout. 

"Rainbow trout 
" 

Brown trout 

BroC!k trout 

(General 
(Micropterus saUnoidesj 

(Gen~ral) 

(SaZmo gairdneriJ. 
" , 

(SaZmo trutta) 
. " 

" . 
(Sat?>eUnus fontinaUs) 

Recommended standards or criteria 
Domestic 
Freshwater .aquatic· life 

Toxaphene 
mg/1 

.OS 
0.1 

.002 

.oos 

. 0135-.0165 

.005 

.125 

.0135 

.005 

.025 
0.1 . 

.000039 

. 0108 

.005 
.. 000005 

RemarkS Re:t;erence 

Lethal, fingerlings 
Lethal. 
96-hour LC 5'0 . 

Lethal. . . 
96-hour TLm, finerli~gs. 
Toxic threshold 
Toxic. 
96-hour TLm. 
Toxic threshold . 
Killed 70% in 24 hours. 
Lethal. 
Adversely affected growth .of fry, greater 

mortality. 
96-hour LCso, 16 mo~th-old tro~t . 

General Remarks 

235 
222 
236 
271 
241 
238 
272 
240 

. 238 
255 
222 
273 

273 

14 
14 

a).Toxaphene is persistent. Its toxicity 274,276 
to fish may last up. to 5 years after 
Lls aiJIJhC::atiOi"t: 

b) Toxaphene is concentrated by organisms' 14 
and is subject to bioaccumulation 
in the food chain. Trout have been 
found with toxaphene concentrations 
20,000 times that of the surrounding· 
water. 

c) The breakdown of toxaphene 275 
is more rapid in highly turbid lakes. 

d) Hard water detoxifies toxaphene more 277 
~apidly than soft water, Stirring 
1ncreases the rate of detoxification 
·l!Hb. stutlies. 

Total Dissolved Solids 

Organism 

Fish (General) 

TDS 
mg/1 

5,000-10,000 

Remarks 

.Limiting concentrations for freshwater fish 
according to species and prior acclimating. 

General Remarks 

Reference 

15 

a. Freshwater fish can become acclimitized . 15 
slowly to higher salinities than they 
are accustomed( but cannot survive sud-
den iow to hig' sal1n1ty tMnge5. 

b. Dissolved solids can ~ffect the toxicity 15 
of heavy metals and organic compound~ . 
to aquatic biota. Tt lias. an antagon1st.1c 
effect on the t.oxici ty of heavy metals 
like copper, chromium, and zinc. 



Element 

Hg 

As 

Cd 

Cr 

Cu 

Fe 

Pb 

B 

F 

Alg~e Bacteria Protozoa 

0.9 -60.0 

0.32- 1.6 62.5 37. 

0.15-~.70 0.08 0.05 

O.Z2-6.0 

2.5 90. 183; 

3200. 

4so, 

45. 226. 

s4. 

1i.s i.oo. 

General Tqxicity.Table for Aquatic Biota 

(all concentrations mg/L) 

Insects 

16.oP 

16.0.v 

120. 

665. 

Crustaceans 

k 
0.0351 
0.06 

O.l-0.3r 

2.Sz 

203. dd 

Other 
Invertebrates 

e . 
40 ... 

0.039-1. 7m 

4CIO.cc 
300. ee 

lOOQ'll\ 
3100°0 

Fish 

0.00012 
o.osc 

1.1 
o:o29-n.s 

17.6-27 .2-d 
27 .J 

0.4 -o.sn 
.06 -0.6n 

1.0-2.0 

0.33 

2.2 -4.1 

0.9 -2.1x 
6.18-9.sY 

.2.9: 
40.0 

100-400 
2!i8o.£f 

3700-4000gg 
19000-195';l0hh 

i13)Jk 
250. 

10. 11 
370.mm 

·9ooo -
lOOOO;PP 

0.07qq· 
4o"O.Oss 

15.0 

Remarks 

a. Daphnia. B. Spawning inhibited, fat-
head minr1ow. ·c. Killed fish (General). 

d. Daphnia. e. Planaria (PoZyceJis nigrQ. 

f. Daphnia. 

.g. Daphnia. h. Mayfly - EphemereUa sub:.. 
varia. i. Fath~ad mi.n,nows depending 
on hardness, Cr+;. J· Fathead minnow, 
hard water, Cr . 

k. Daphnia. ·1. Crayfish - Oronectes l'U8-

ticus. m. Snails. n. Rainbow trout 
(Salmo gairdnel'i), depending on hard­
ness and DO. 

o. Daphnia. ·p. Caddisfly - Hydropsyche 
battel'i. 

q. Aerobic. r. Daphnia. s. Mayfly -
EphemereZZa subvaria. 

t. Daphnia. 

u. Daphnia. v. Mayfly - EphemereZZa sub­
maria. · w. AmPhipod - Ga7mrarus p.tZez. 
x. Bluegill, soft water. y. Bluegill, 
hard. water. 

z. Daphnia. aa. Fathead ininnow. 
bb. Bluegili. 

cc. Planaria - PoZyceZis nigra. 

dd. Daphnia. ee. Snail. ff. Bluegili 
'Lep,oniis macrochirua. 

gg'. Sodium borate, hard wa tet, fish (get',­
.eral). hh. Boric acid, hard water, 
fish (general). 

ii. Daphnia. jj; Rainbow trout, soft water. 
kk. Rainbow trout, har:d Water. 

H. Soft "'llt~r. fathead minriow. 
lllll. nard water' fathead minriow. 

nn: Planaria. oo. Snail. pp. Bluegill. 

qq. Sticklebacks. 

rr. Daphnia. ss. Stickleback 

tt. Daplviia. 

Reference 

2,3,8,9 

3,18,20 
3,37 

3,30,33,. 
40,42,45, 
50 

3,42,5:1, 
76,82,83, 
84,93 

3,8,30, 
103 

3,5,20,30 
65,80,93, 
105,106 
54,il8, 
119 

3,30,76, 
117,149 

59,215 

5,8 

60,120, 
200,201 

208,209, 
210 

42,,59, 
199 

59,107 

18,68,200, 
ZOl 

! 

3;5·, 7 

zo,2oo, 
201 



General Toxicity Table for·Aquatic Biota (continued) 

Other 
Element Algae· Bac::eria . Protozoa Insects Crustaceans Invertebrates Fish Reference 

Ni 4.0w. 0.095uu ww uu. wphr.ia. w. Mayfly ~ EphemePeZZa sub~ 3,30,33 4.6- 9.8xx 
39.2-42.4 . t.'al'ic. .ww •. soft water. xx. hard water. 

v 4.8YY zz. Soft water } f th d . 107 
30.0zz P.ard water a ea ·llUJ1110W • 

Be A A. Eerrl1ium sulfate, soft water. 107,108 0.28 11.0 E.. Eeryl1ium sulfate, hard water. 
Li 66. 848. 0 16.oc 2600. c. Laphnia. D. Fly larvae 42,59,65, 

,221 

Sb 3.5 33. 15. 9.0E F E. Daphnia. F. Hard water - fathead minnow. 42,59, 12.0G 
20.0 G. Soft water fathead minnow .. 107,108 . 

u 22. 1.7~2.2 28. 13.H 2.8I H. Laphnia. I. Soft water } fathead minnow 42,,59,107 
135.0J J. Hard water. 

/ 

' 
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