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TOXICITIES OF SELECTED SUBSTANCES TO FRESHWATER- BIOTA
. 1
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_seiected substances for various groups of aquatic
biota. Each entry is referenced to its original source so that de-
tails concerning experimental conditions imay be consulted. .In ad-
dition, general information conceérning factors modifying toxicity,
synergisms, evidence of biocaccumulation, 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 selected substances in agquatic
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
fluctuations in water quality parameters. In fact, the body of literature on
this sdbjeét is so vast that the volume of information available is almost
too great to be useful or accessible in a practical, applied situation.  This
document is intended to draw this.information together in an easy-to-use form
and to provide a useful tool for assessment of envirommeéntal iﬁpacts on aquatic
organisms. = 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 6f literature concerning those effects. . The substances
also were selectea because they are .encountered frequently in aquatic environ-
Amgnfal impact assessment. Information on each substance is summarized in

tabular form to facilitate access. There is a table for each substance. -In



Table 1. Substances Considered

Substance o ' - - Page -
Aluminum _ .13
SAmmonia : . 13
Antimony S R 14
Arsenic . : ’ ' 15
~ Barium ' . 15
Beryllium ) i ) 16 -
Boron - ' ' - 16
Cadmium. . ‘ 17
Chlorine o ‘ 18
Chromium “19
Copper . ' v 22
Cyanide - ‘ . 23
.Fluoride 24
Iron ‘ : ‘ 25 °
Lead . 26
Lithium . - 27
Magnesium ’ ' : . 27
Manganese ‘ ' o 27
Mercury . Lo 28
Molybdenum - . 29
Nickel - - S ' : 29
Nitrate S : , 30
Phosphate . . ) . 31
Selenium . 31
Sulfate ‘ » : - 32
Sulfide - hydrogen sulfide . 32
Uranium ] A 33
Vanadium ' o - 33
Zinc . - : o 34
Aldrin . : S 36
Chlordane ‘ E 36
'2,4-D : : 37
" DDT ’ : 37
Diaszinuu . 38
Dieldrin ' . ) . 39
Malathion - R 40
Parathion ' ) A 41
Polychlorinated blphenyls 42
2,4,5-T ' ’ 42
Toxaphene _ ) 43
Total dissolved solids . 44

Summary - 45




each table, the effects of given concentrations of the particular substance
on specific organisms are summarized, and additional information is presented.
~ Entries are keyéd to the original references 1isted°ét the end of the report
so that these sources can be consulted for detailed information relative to

the épecific effects or the conditions under which they occurred.

When a substancg is known - to exhibit synergisms with other méterials or
to be subject to bioaccumﬁlation, such facts are noted at the end of'each
table. In addition, a.sectiOn‘of-each tablellists standards and recommended
criteria for the substance.A sténdard is a legai‘éntity 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 és ifs basis, but the standard
méy differ from the criterion because of prevailing local conditions, such és
backgrbund levels of particular subsﬁaﬁces, flow characteristics, uses of the
water, charactgristics of tﬁe biological community, and synergiétic effecté of
combinations of pollutants (USEPA 1976). ‘Criteria and staﬂdards ére usually
derived from bioassay data by use of a predetermlned formula, such as 1/10 of

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

' The final table.is a general tokicity-table designed to provide an
.easiiy aqcessible‘and~genéra1 indication of tokicity'of substances in aquatic
systems. The concentrations 1isfed in the table in general apply to commonly
occurring organisms. The given concentrations were'usually for acute toxicity
(see below) and usually occurred in the lower part of the range of concen-
trations .given in ;he.origipal table for that ‘substance. The concentrations
given Qere judged by.the authors to be a somewhat conservative detérmination
of cbncentrations:that produce toxic effects and that may be generally ap-
plied to different waters. This final table differs from sets of criteria
like those preéented in USEPA (19765 and McKee and Wolf (1971). Those crit-
eria were developed from bioassay dafa by a predetermined formula and were
designed to protect aquatic systems., In contrast, the values given in this
table actually have been fdund to be critical for aquatic.organisms. They

may cause injury or death. For thlS reason, this table may provide a more



_realistic indication of the ‘actual toxicity of these substances in freshwate
systems., . }

foxicity is usually expressed in terms of acute (shbrt—terﬁ) or chronic’
(long-term) effects (USEPA 1976). Acuté—toxicity tests usually have death as
an endpoint. Acute toxicity can be expressed as the concentration lethal for
a stated percentage (usually 50%) of organisms tested, or the reciprocal--the -
‘tolerance limit of a percentage of surviving organisms (USEPA 1976). Acute
toxicity is usually determined for exposures of 24 to 96 hours. (USEPA 1976).
The moét common terms for acute toxicity are MLD, TLm, LDgg, or LCSO‘ 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
(McKeeland Wolf 1971). LDgq or LCs is the lethal dose or.lethai_concentration
for 50% of the tesﬁ organisms (McKee and Wolf 1971). All of these are deter-
mined for a specified time pefiod. .

.

Chronic effects are expressed in a variety of ways, but usually involve a
sublethal effeét 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 éffeccs would include such things és

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

There is considerable variance in values obtained'froﬁ different bioassay
tests. The organisms that are used may vary in age, aéclimation to various
conditions, and other characteristics. The conditions of différeﬁt tests‘aléo
may vary. For example, the water used in each experiment may be of dif-
- ferent temperaturé; hardness, .or pH. The experiment could’be a static or

continuous-flow bioassay. These and other factors will affect tﬁe 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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96-hdur TLm; soft water, .

Aluminum
Aluminum
Organism mg/1 Remarks Ref\erence
L} g - — )
Fish (General) 0.5 Lethal. ) 103
“Lels'" | 0.27 Lethal, 50 hours. © 8
. " R 2.7 Lethal, 3.6 hours. 8
Sticklebacks (General) 0.07 Lethal. ) 7
: " o 0.10 Lethal, 1 week. 6
" " 0.3 Lethal, 1 day. © 6
Trout (General) S.0 Lethal, S minutes. 101 -
. Ammonia
v Ammonia
Organism mg/1 Remarks Reference
Plants
Najas, Chara, Brasenia 20 -30 Disappeared in 2-4 weeks. 171
Algae (Aphanizomenon sp.) 0.4 - 0.5 Complete disappearance. 172
Diatom (Navicula semilanum) 420 "'50% reduction, 5 days' hard water. 60
" " o 320 ''50% reduction, 5 days'" soft water. 60
Diatom (Nitaschia linearis) 420 S-day TLm, acute. : 120
" n " -
Protozoa . .
Colipidiwm sap. 5.0 Lethal. 173
Paramecium 8p. 2.6 .Lethal. 173
Stentor sp. 0.3 Lethal. 173
Actinosphaerium sp.’ 0.08 Lethal. 173
Invertebrates . . A
Snail (Physa heterostropha) 90 96-hour TLm, acute. 120
Fly larvae (Eristalstie sp.) 220 Lethal level. 173
Midge larvae (Chironomus sp.)’ 4,3 Lethal level. 173
Stonefly larvae (Perla sp.) 9.2 Lethal level. 173
Mayfly larve (Eedyonurus sp.) 3.0 - Lethal level. 173
Oligochaete worm (Tubifex sp.) 2.7 Lethal level. 173
Oligochaete worm (Stylaria sp.) 0.3 Lethal level. 173
Leech | (Herpobdella octoculata) 3.2 Lethal level. 173
- Turbellaria {Dendrocoelum 8p.) 0.4 Lethal level. - N 173
Turbellaria (Planaria spp.) 0.2 -0.4 Lethal level. . 173
Crayfish (Cambarus -spp.) 40 Lethal. 171
Cladocera . . Daphn:ia 8pp.. 8.0 Lethal. 20
Fish (General)* 0.3 -1.0  Lethal in hatchery ponds under warm 174
- " temperature and low flows.
" " 0.2 -2.0 Lethal to trout and carp. .14
" " 0.27 Gill hyperplasia and pathological effects = 175
: on liver and blood of various species.
Mosquito fish (Gambusia affinie) 1.1 1000 minute TLm. ) 176
Fathead minnow (Pimephales promelas) 8.2 96-hour TLm; hard water- 177
" " . " " \ 9‘9

177
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Ammonia (continued)

. Ammonia .
Organism mg/1 Remarks - - Reference
Fish (Continued) . ) i )

Goldfish (Carassius auratus) 2.0 - 2.5 Lethal. 1-4 days. 152
Bluegill (Lepomis macrochirus) 2.5 . Toxic level. Toxicity depends on pH 48
" "o oo " and extent of ionization.
" : " " 3.1 Lethal. 96 hour TLm, soft water. 60
" 23.7 Lethal. 96 hour TLm, hard water. 60
" Trout (General) 0.3 -0.4 Toxic to fry. 178
"o : " 3.0%% Trout bécame hyperexcitable. 179
" " 5.0%% Ammonia excretion by fish was 1nh1b1ted 179
" . " 8.0%* . (v1mg/l NH$) 50% died. . 179
Rainbow ,trout (Salmo gairdneri) 0.41 .48 hour -TLm, 180
" " " " 0.86-1.96 - Lethal levels, depending on amount of’ 186
" " " " . . dissolved oxygen. .
" " " " 0.42 500 minute TLm. 187
" oo " " 0.2 Toxic, fry. 188
Brown trout (Salmo trutta) 2.10 Eggs and young - " irreversible damage to 189
) heart and muscle control. T
_Chinook salmon (0. tshawytscha). .002 Fingerlings. Progressive gill hyperplasia. 190
Freshwater aquatic life (General) 0.2 -2.0 Toxic, 14
Recommended Standards or criteria
_Freshwater aquatic life 0.02 14
*General Remarks
a. Undissociated NH, concentration -is the 92
important factgr in toxicity.
b. pH is the major factor affecting 191
T toxicity.
c. pH governs this equilibrium: 14
NH; (toxic) z NH, (non-toxic)
d. Toxicity increases with increasing
’ pH and alkalmlty 15
e. Toxicity increases as dissolved oxygen
concentration decreases. 15
f. Only unionized NH, is toxic to fish. 191
g. "Addition of carbdn dioxide lowered 192
pH and NHS toxicity."” ,
**NH, and NHj,
Antimony*
Antimony
Organism . - mg/1 Remarks Reference
Algae .
""Green algae'' 3.5 'Hindrance of cellular division'. 42
: Scenedesmus 3.5 Toxic threshold, 4 days. 59
Bacteria (E. coli) 33 Toxic”threshold, 4 days. 59
Protozoa 15 Hindrance of food intake. 42
Invertcbrates
Daphnia magna 9.0 Hindrance of movement. . 42
" " 9.0 Toxic threshold, 48 hours. 59
Fish P
Fathead minnow ' (Pimephales promelas) 120.0 96-hour TLm, soft water. 107,108
" " " " 12.0 96-hour TLm, hard water. 107,108

*All in the form of antimony
potassium tartrate.



General Remarks

In natural waters, barium readily forms pre -

cipitates. Thus, it is .usually remaved
from solution hefore lethal concentrations

Arsenic
Arsenic
Organism mg/1 Remarks Reference
Invertebrates Daphnia magna 7.4 48-hour TLm, acute. 3
- " " 2.85 3-week TLm, chronic. 3
" " 1.40 50% reproductive loss, 3 weeks. 3
" " 0.52 16% reproductive loss, 3 weeks. 3
" L © 4.3 -7.5 "Immobility". 16,17
Planaria (Polycelis nigra) 40, 48 hour TLm. 18
Fish (General) 1.1 Toxic. 5,26
Pike perch (Lucioperca sp) 1.1 Toxic, 2 days. . 20
Bleak (Alburnus alburnus) 2.2 -Toxic, 3 days, 20
Carp (Cyprinus carpio) 3.1 Toxic, 4-6 days. 20
Bass (General) 7.6 Toxic, 10 days. 21
Minnows " 11.6 Toxic, 36 hours. 22
Crappies, Bluegills 15 Toxic. 23
Minnows (General) 17.8 Toxic. 24
Minnows " 60 Toxic 16 hours. 22
Minnows " 234 Toxic: : 24
Pink salmon  (Oncorhynchus gorbuscha) 5.0 Lethal, 10 days. 15
Chum salmon  (Oneorhynchus keta) 8.4 LCgq, 48 hours. 15
Minnows (General) 29 LCso, 48 hours. 15
Aguatic Organisms (General) 1.1 -4.5 Lethal, arsenite. 25’
Recommended Standards or criteria
" Fish L 1.0 15
Domestic - ' 0.05 , 14,15
Irrigation 1.0 15
Stock watering 1.0 15
Irrigation 0.1 14
Fish 1.5 -3.8 When applied to control aquatic vegetation, 19
i.e. concentration will control vegetation '
and is still safe for fish. '
General Remarks - Arsenic may be concen- 15
trated in the food chain - bioaccumilation.
Barium
Barium . .
Organism mg/1 Remarks Reference
Invertebrates .
’ Daphnia ma, 14.5 LC 48 hours. 3
e g < . 135 ucggi 3 weeks . - 3
" " - 8.9 : I‘CSO' 50% reproductive impairment. 3
" " ° 5.8 LCSO’ -reproductive impairment. 3
Fish '
Stickieback (Gasterosteus aculeatus) 400 Lethal concentration limit. 5,7

14,15

are reached.
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Beryll ium

. Beryllium : ’
Organism mg/1 . Remarks Reference
Fish' .

Fathead minnow (Pimephales promelas) 0.15 - 96 hour TLm, beryllium chloride, soft water. 107.138

" " " " 15.0, 96 hour TLm, beryllium chloride, hard water. 107,108
" " " " 0.2 96 hour TLm, beryllium sulfate, soft water. 107,108
" " " " 11.0 96 hour TLm, beryllium sulfate, hard water. 107,108
" " " " 0.15 96 hour TLm, beryllium nitrate, soft water. 107,108
" " " " 20.0 96 hour TLm, beryllium nitrate, hard water. 107,108
Guppy (Poecilia reticulata) 0.19 " 96 hour 1Cgq, soft water. 216
" " " 20.3 96 hour LCgq, hard water. . a6
" " " 0.16-20.0 96 hour LC;q over range of hardness 22-400 mg/1 217
. CaC0; respectively. Beryllium sulfate. -
Bluegill (Lepomis macrochirus) 1.3 96 hour TLm, soft water. 107,108
" " " 12.0 96 hour TLm, hard water. 107,108
Amphibians . ;
Salamander (Ambystoma spp. ) 4.7 Larvoo. 96 hour LG, , snfr water, 218
v K i 8.5 Larvas. 96 louy 164, hard vater. . 218
Recommended standards or criteria

Aquatic life - freshwater 0.011 Soft water. 14

Muatic life - freshwater 1.1- Hard water. . . - 14

Irrigation . 0.1 . X 14

Gonoral Pemarks ,
Beryllium is more toxic to fish in soft water 14, 15
than in hard water. ’ ’
Its toxicity may increase 100-fold soft water 14
over hard water.
Boron )
] . Raran ] ’

. Organism mg/1 : - Remarks Reference.
Bacteria ‘
"synthetic sewage" . 480 - 50% reduction of 5-day BOD, 208

" . boric acid, buffered water. . .

sewage organisms'. . 1000 * 50% inhibition, S-day BOD, . 209
: . boric acid. ) '
Invertebrates ) . .
Daphnia magna 120 Immobilization threshold, sodium - 210
. borate. )
" " . 5.2 "Near immobilization threshold,’
48 hours, sodium perborate. 17
Fish (General) - . 1600- 1700 Minimm lethal dose, distilled water, 209

" " sodium borate, )

3700- 4000 Minimm lethal dose, hard water, sodium 209
. borata

" " 18000-19000 Minimm lethal dose, distilled water, o209

" " boric acid. ’

19000-19500 . Mininum lethal dose, hard water, boric 209

. . . . . acid. i
Nbsgul.to fish (Gambusia affinis) 5600 g6-hour TLm, boric acid. C e 193
" " " . -3600 96-hour TLm, sodium borate. 193

Roach . (Hesperoleucas sp.) 6250 Lethal, 4b hours, boric acid. . 211

Rudd (Scardinius erythrophthalmus) 6250 - Lethal, 18 hours, -boric. . 211

Blgegxll. (Lapomia macrochirus) 15000 24-hour TLm, boron trifluoride. . 71

-'Ralﬂbow tr?lut (Salmo .gairdneri) 1800 48-hour TLm, sodium borate. 212
. . " " 5000 Slight darkening of skin, boric acid. 211
" " 20000 Distressed, became immobile, boric acid. 211

- Recommended standards or criteria i :
Irrigation 0 0.75 ’ . 14




Cadmium
: . . Cadmium . )
Organism ) ' - mg/1 Remarks Reference
Invertebrates
Water Snail . .0.05 -0.10 Distress syndromes. 27
Midge (Tanytarsus dissimilis) _ .0034 10 day LCso. 28
"o : " oo .0031 ‘Retarded growth. 28
Mayfly (Ephemerella subvaria) 2.0 LC,,, 96 hours> 30
Cladoceran Daphnia magna 0.0S LCso, 3 weeks. ’ 3
Fish " " " 0.017 LCsy, 3 weeks, 16% reproductive impairment. 3
is! ) .
Fathead minnow (Pimephales promelas) .029 LC,,, 30 days. . . 31
. " " 1057 Decreased survival of developing embryos, 31
Mosquito fish (Gambusia affinis) 0081 Reduction in number of eggs produced per 32
female. '
Goldfish (Carassius auratus) 2.34 LCs,, 96 hours (fry). 33
Cuppy *© - (Poecilia reticulata) 1.27 LC.,, 96 hours (fry). 33
Bluegill (Lepomis macrochirus) .08 R LG, 11 months (adults). 34
oo " 1.94 LC,,, 96 hours (fry). 31
Green Sunfish (Lepomia eyanellus) 2:84 . LCso, 96 hours (fry). L . 33
Catfish (Ictalurus punctatus) . .017 Growth and survival of fry was reduced sig- 35
: ) nificantly. .
Brook Trout (Salvelinus fontinalis) 0034 Second generation fish were smaller at 3 36
: months than normal fish. First and
second generation fish experienced extensive 36
. . mortality during spawning. : )
" " " v .00092 LC;,, 96 hours. 35
Chinook salmon (0. tshawytscha) . 002 LC,,, 96 hours. . : : 35
Salmonids and others . .012 .Reauctibn of standing crop of hrown trout, 35
. ’ lake trout, coho salmon, northern pike,
. white suckers, and smallmouth bass. -
Fish (General) .029 -73.5 LCq,, '96 hours. 37
Recommended Standards or criteria . )
Damestic .01 -0.01 0.1--USSR std. 0.01--U.S. std. (ref. 14,40). 38,39,14
Cladocerans and} .0004 Soft water. ) 14
Salmonids .0012 Hard water. 14
Other less Sensitive} .0040 Soft water. 14
aquatic species .0120 Hard water. 14
. General 'Remarks
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



Chlorine -

Chlorine ) :
Organism - i mg/1 . Remarks - Reference
Viruses (General) 2.0 -2.2 . .  Killed in 1-10.minutes. . 139
Bacteria . (General}) 0.03-0.06 100% killed in 20 minutes. 140 -
Salmonella and Shigella 2.5 Killed, 1 minute exposure. . 139
Algae ' (General) 0.25-3.0 "Controlled". ’ 141,146,142
Chlorella pyrenoidosa  0.18 22% reduction in cells, 4 days : 143 .
Chlorella sorokzm.am 0.2 -1.0 A1 icidal. 144
"'phytoplankton'' (General) 0.32 50% reduction in respn‘atmn and photo . 145
synthesis.
Protozoa . (General) 0.1 bethal. . 146
Invertebrates . .

Nematode (Cheilobus quadrilobiatus) Y> -10U 10-20% survival, 15 minute exposure 139

Oligochaéte (Nais epp.) 1.0 . 959 killed after 35.min, ‘hard water. 147

Amphlpod 4' (Gamnupus peeudazimeue) - 0.22 U:5o, 96 hours. . 148

: : 0.05 Reduced survival. . 148
: 0.0034 -Reduced reproduction. 148
. Snails (General) 0.78 TLsq, 7 days. . 149

Midge larvae  (Chironomus ap.) 0.65 80% lulled 24 hours. 150

*Copepod (Cyclops sp.) 2.0 Lethal. 151

Cladoceran pappm:a magna 0.5 Lethal in 72 hours soft water. 152

: " 0.014 . Lethal. 149
Crayfish (General) 0.78 "TLsp, 7 days. . - 149 -
''Crustacea, rotifers, and diatoms" 0.15-0.2 Lethal. - . . 154

*

) Chlorine . B . - ) :
Organism ° mg/1 Remarks Reference
Fish

Carp (Cyprinus carpio) 0.15 -0.2 25% killed 12-16 days. 153,154
Goldfish (Carassius aquratus) 0.3 Lethal, 24 hours. 155
Fathead minnow (Pimephales promelas) 0.007 - Lethal 120 hours. . 156
" " R " 0.04 -0.09 Sublethal stress. . 157
" L " " .082- .115 7-day 1Lm, acute. 158
" " " " 0.05 -0:16 96-hour TLgy. , . 149
Calden shinaT  (Nntémigonua crysoleucas) 0.5 Lethal, 3 hours. . 159
" " oo " 0.19 Liso, Y6 nours. 160
Mosquito fish  (Gambusia affinis) 2.0 Some killed on second day 161
White sucker (Catostomus commersonti) 0.132 7-day TLm, acute. . 158
Black bullhead (Ictalurus melas) .099 96-hour Tlm acute. 158 .
Brown bullhead (I. nebulosus) 0.5 . Survived 10 minute exposures, but d1ed 159 M
. 24 hours later. -
Largemouth bass ( Micropterus saZmoides) 0.261 7-day TLm. 158
" " 0.1 Absent in streams. X 162
Pumpkinseed (Lepoma gzbbosua) 1.0. All killed in less than 10 minutes. 159
Walleye (Stizostedion vitrewn) 0.15 7-day TLm, acute. 158
Yellow perch (Perca flavescens) 0.205 7-day TLm, acute. 158
" " o " . . 3.0 . Eggs. 75% survival, 10 minute exposure. 159
Mummichog (Fundulus heteroclitus) . 2.0 Lethal, 10 minutes. 159
Pickerel Esox sp. 1.0 Lethal, 30 hours. © 153,154
Trout (General) : 006 Fry, lethal, 2 days. . 163
" 0.2 -0.3 "Somewhat toxic", 164
Brown trout (Salmo tr’utta) u.uL Lothul. - Tl = 43,5 hours, 165
" " " 0.015 Absent in streams. 162
" " " " 0.02 Lethal. 149
Brook trout (Salvelinus fontinalis) 0.005 Depressant response 166
" " " " 0.015 Absent in streams. 162
" " " " 0.02 Lethal. 149
" " " L 0.04 Mean survival time = 48 hours, : 166

.o “ " 0.083 7-day TLm, acute. 158




Chlorine (continued)

Chlorine
Organism mg/1 Remarks Reference
Rainbow trout (Salllmo géil";d"eri) 0.001 Avoidance resﬁnse, soft water. ig?’ -
" " 0.01 Lethal in 12 davs.
" " " " 0.14 -0.29 96 hour TLm acute. 168
Salmon’ "' (General) 0.05 Young, critical level. 169
Atlantic salmon (Saimo salar) 1.0 A1 killed in less than 10 min. 159
Coho salmon " (0. Kisutch) ~.083 7 day TLm, acute. - ] 158
Salmonids (General) 0.01 Killed adult salmonids in several days .
in freshwater. 14
" \ " 0.006 Killed fry of these species. 14
Fish - (General) 0.11-0.13 Léthal. 170
" " .01 50% reduction in "'species diversity''. 162
" " 0.09-0.3 96 hour LC., range for walleye, black
bullhead, éJRite sucker, yellow perch,
largemouth bass, fathead minnow. 1158
" " 1.0 "Coarse fish" killed.
Amphibian 3.0 ’
Frog (Rana catesbiena) Survivéd 10 minute exposure, but died in (159
Recommended standards or criteria 24 hours. Tadpoles. :
Salmonids .002 14
Other freShwater organisms .01 ) 14
. General Remarks Chlorine exhibits synergistic effects with 150
. copper in the control of Chironomus.
Chromium
: Chromium
Organism mg/1 Remarks Referencés
Algae )
Chlorella variegatus 6.4-16.0 Completely inhibits growth for 56 days in culture: 40
Chlorococcun humicola 3.2-6.4 Completely inhibits growth for 56 days in culture. 40
Scenedesmus obliquus 3.2-6.4 Completely inhibits growth for 56 days in culture. 40
Lepocineclis steinii 0.32-1:6 Completely inhibits growth for 56 days in culture. 40
"'algae' (General) - 1.39 Drastic decrease in production. R 41 .
" v 0.139 Slight (significant) decrease in production. 41
Scenedesmus S.0 Toxicity t_hreshold. ' 'Y
Bacteria (GeneralQ 117 cr'*® lowered S-day BOD by 50%. 44
" " 62.5 cr2 lowered 5-day BOD by SO%. 50
A " . 100 Cr . lowered S5-day BOD by 50%- S0
" " ""Sewage'’ 10 Cr¢6, 10% reduction BOD in 1 day. 50
" 100 Cr =, 50-90% rediction BOD in 1 day. 50
Protozoa . (Microregma) 37 Toxicity threshold. ’ Y,
Invertebrates Daphnia magna 1.2 Cr+3 toxicity threshold. 43
i " .33 16% reproductive impairment, 3 weeks. 3
" " .60 50% reproductive impairment, 3 weeks. 3
o " 2.0 3-week TLm, chronic. 3
Stonetly (Aeroneuria lycurius) ‘32 iy, 7 days. 30
_ Caddisfly (Hydropeyche betteri) 32 LClo, 7 days. 30
Mayfly (E'phemerglla subvaria) 16 LCC,, 96 hours. . 30
Nymphs (Hexagenia) 8.6 Vo?galit’y, 96 hours, 52
Planaria flatwnrm (Pnlyralis nigral 75 48-hour TLa. 18
Fish
Fathedd minnow =~ (Pimephales promelas) 6;(7) g’;s’méﬂf 96 hours. ¢ 10 months 33
" " oo : " . ive impairmen months. 33
.o om " " 27 &?6 LCco: 96 hours, hard water. e
BN " " " 33 Cr . LCry, 96 hours; hard water, 45
" " " " 17.6 Cr+6 11:55 , 96 hours, soft water. 33
" " " " 27.3 cr*® LCgp, 96 hours, hard water. 33
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Chromium (continued)

Chromium ' -

Organism mg/1 . Remarks . References
Goldfish " (Caraseiue auratus) 37.5 50, 96 hours. 33
Guppy - (Poecilia reticulata) 30.0 "Ly, 96 hours. L3 g;
Bluegill (Lepomia macrochirus) 71.9 LC 96 hours, Cr ’ . : '

e ez.’" . ", 110, 11,50 96 hours, acute, soft water.  (Alkalinity and’ 46
. hardness reduced toxicity.) .
" " " 170 Chromate, 96 hour TLm, acute, soft water. 46
" " " 113.0 96-hour, TLm (d1chromte) 47 -
" " " 176.8 - 96-hour, 100% kill (dichromate). 47
" v " 0.2 96~ horur, , continuous exposure. . 48
" L " 118 :LCSO, Cr*ﬁ, 96 hours, soft water. 33
" ", " ©133 . Cr 96 hours, hard water. 33 .
Stickleback (Gasterosteus aculeatus) i(z) ggg:l: }mut", acute 42 ,
" . t! imit N
" " "~ 1.3 Survived only 1 week 6
" v [ 2.0 . Survived only 2 days. 6
" " " 2.4 Lethal limit, . . 43
" L - 5.0 | ° Survived only 1 day. 6
Largemouth bass (Micropterus salmoides) 195 TLm, 48 hours, 53
. L " " " 94 TLm, 80 hours, . 53
Rainbow trout (Salmo gairdneri) gg.g 'l'l.m 986}1}01“1'5. f . v gg )
" con . ours, soft water,
" " " T, 0.40 Reégoducnve impairment, 2 years, .54
" o " 5.0 40% killed, 15 days (chrcmn e) 56
" " " 10.0-12.5 . 808 killed, 15 days. 56
Brook trout (Salvelinua fontinalis) ;g-g ’ Tlm 9gshgurs 24
" : " " . : . ours. - 5
" ' " " 0.40 Reﬁgoductlve impairment, 2 years, 54
Chinook salmon (0. techawytscha) 0.2 gms and Juvemles survival significantly reduced. 57
Coho salmon (0. kisutch) . 17.8 toxic. S8
""Young salmon'’ . <100 M1n1mum lethal concentration 58

Recommended standards ‘or criteria
Domestic . 0.05 - 14,15
Stock watering 5.0 15
Fish and aquatic life - 0.1 14
Fish . 1.0 15
Aquatic life besides fish ‘0.05. 15




Chromium (continued)

its compounds to aquatic
biota depends on the
valence of chramium and on
the hardness of the water.

_ Chromiun :
Organism mg/1 Compound Remarks References
Algae .

) Scenedegmus - 0.7 K,CrZO7 Threshold effect, * 59
Dla}:om (NaUL?'uZa) g%é Kicr207 . Soft water TLm. 60
Y . K5Cr50. Hard water TLm. 60

A Ay B

Protozoa " (Mieroregma) .21 K,Cr,0,  Threshold effect. 42

Invertebrates Daphnia 0.7 K,Cr,0 Threshold effect. 59

T Daphnia magna 0.016 N4,E.8,  Toxic threshold, 5.

" "o 0.05 - Lethal in 6 days., 61

" ", <<0.10 Na,Cr, 9 Toxic threshold. .16

" " <<0.10 NaZCxé4 Toxic threshold, . 16

. " " 0.51 NaZCr*O4 Toxic threshold, 62

Amphipod (Gammarus pulex) 1.4 Na Cr04 Total mortality. 63

Snail (General) . 17.3 K£r,05  Soft water Tim. 60

" "o 40.6 K5Cr,0 Hard water TLm, 60

. 27277

legria (Polycelis nigra) 143 Cr0 4 To;(ié threshold. 64
* Fish

Goldfish (Caraseius auratus) 52 Ct()s Toxi¢c in 30 min. 65

" " " 104 Cr0§ Toxic in 6 to 84 hours. 5,69

" " : " 177 K,Cr,0 Toxic. in 3 days." ’ 65
- Bluegill (Lepomig macrochirus) 50 2rr Toxic limit for 30 day exposure, 66

" " com 70 - Toxic limit for 1 week's exposure, 66

" " " 75 KZCrZU7 ‘bied. within 4 days. 8

" " " 103 “K5Crs0. 96-hour TLm. 68 ',71

" " " 145 N&, .8, 24-hour Tim. 70

" " " 148 NaZCi‘ZO7 Toxic limit. 5

" " " 213 NaZCr 07 48-hour TLm, 71

" " " 300 NaZCr8,” - 24-hour Tim. 70 -

"Sunfish" (General) 110 K,€r,01  96-hour Tim, 46,72

" " 113 KZCr207 96-hour TLm, 60

" " 135 KZCr 0, 96-hour TLm, hard water. 60

" " 170 K3crd, 96-hour TLm. 46,72

v
Chromium . .-
Organism mg/1 Compound Remarks References
Fish (Continued) . . . . . .
Rainbow trout (Salmo gairdneri) 20 - Ky€r,0,,K,Cr0,  Toxic. 22,69,73
Brown trout (Salmo trutta) 5.2 K gr2°7 I’l:gmc. N 74
Trout (General) S0 T 07 thal in ours, 8

" wo 100 crd 24-hour TLm. 75

" .o" 100 KZCr267 Lethal after 6 hours. 8
Fish (General) S - Toxic. . '

General Remarks
. Toxicity of chromium and 15
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COEE‘ er

. . Copper
Organism mg/1 ’ Remarks * - Reference
Algae (General) 0.15 -0.70 Minimm lethal concentrations for various 59,76
Chlorophyta: Stigeocloniwum tenue, "Clado-
phora glomerata, Oedogonium epp., Ulothriz
spp., Microspara spp., Maugeotuz 8pp.,
: Spyrogyra spp.
' " 0.1 -0.3 Reduced phytosynthesis, 12 hours, soft water. - 77
" " 2.0 Halted growth of 6 spp. of green algae and 78
. ' 6 spp. of diatoms.
" " .001 Algal growth delayed 24 hours. 79
Bacteria (General) ' .01 Interfered with BOD determination and self- 80,81
purification process of streams. .

" " .08 Toxicity threshold, E. coli. © 59
Protozoa (Microregma) .05 ’ Toxicity thfeshold, 28 hours ' . 42
Invertebrates Daphnia magna .0098 48-hour TLm with no food. 3

" LA .035 LC3y, 50% reproductive loss, 3 weeks. 3
" " .027 Threshold immobilization in 64 hours. 43
" " .022 1L 50, 16% reproductive impairment, 3 weeks. -3
"Snails (General) - .039 -1.7 96-hour TLm, acute, soft water. 82
Crayfish (Uronectes mtwue) . .06 Acute toxicity threshold (young). 83
Invertebrates (General) 2.2 Most normally-common invertebrates (in 84
Michigan waters) were absent.
Fish . : i
Minnows (General) 0.29 -0.33 96-hour, LCso for Bluntnose minnow (Pimephales 85

notatus), Stoneroller (Campostoma anomalum),
Creek chub (Semotilus atromaculatue), Black-
nose dace (Rhinichthys atratulus), and
: Rainbow darter (Ethecstoma caeruleum). .
Goldfish (Caragsius auratus) .036 " LCsp,” 96 hours. 33
and Guppy (Poecilia reticulata) : ' ’

Copper . .
_Organism mg/1 ' Remarks Reference
Fish {Continued) .
Fathead minnow (Pimephales promelas)  .018 96-hour TLm. 8
-Carp - (Cypmnus carpw} 0.2 Toxicity threshold. ’ his!
o ) R - 0,81 96-hour TLm, acute, 87
Striped bass (Morone saxatilus) . .05 : 48-hour TLm acute. a . 88
White perch (Morone americanus) 6.2 96-hour TLm acute, : 87
Banded killilish (Fundulus diaphanus) 0.86 96-hour TLm, 87
Stickleback (Gasterosteus aculeatus) 0.02 . "Toxic limit". : 49
Bluegill (Lepormls macrochirus) 0.66 " LCsg, 96 hours. . 48
" 0.46 . 30-day TLm, soft water,
Chinook salmon . (0. tshawytscha) 0.02 Increased mortallty and inhibited grow-th of fry. 89
Atlantlc salmon (Salmo saza]l) .0023 Avoidance threshold. 90
.05 : Incipient lethal level. 91
Rainbow trout (Salmo gairdnert) 0.4 -0.5 48-hour, TLm, acute, depending on hardness § DO. 92
" " " " .06 Toxic soft water. 93
" " " " 6 Toxic, hard water, 93
"o " " .037 Reduced egg and fry survival, . 94
Brook trout (Salvalinus fontinalie) .03 Fry mortality, 96 hours, 43% survival of 95
: " " adults, 8 months.
" " L0174 “pdverse affect on survival and growth of 96
- alevins and juveniles'. .
Lake trout (Salvelinus namaycush) J111 Reduced egg and fry survival. 94
Brown trout: (Salmo truttu) .037 Reduced cgg and fry survival, o7}
Brown bullhead (Ictalurus nebulosus) .18 . LCsg, 96 hours. 97
Amphibians , . .
Toads (Bufo, valliceps) © 0.1 Lethal to tadpoles. 98
Recommended standards or criteria
Domestic 1.0
Irrigation 0.1 12,15
Fish and FW aquatic life 0.02° 15




Copp'ér (continued)
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Copper
Organism ' © omg/l General Remarks Reference

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

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

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

. Copper-chlorine synergism in control of Chironomus 150
larvae.

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

. Copper toxicity is affected by temperature and CO2 15
content of water.

, . ‘Alkalinity affects tox1c1ty -, complexes, pH etc. 15

. Copper is more toxic to aquatlc biota at lower 14
alkalinity.

i. The copper ion is complexed 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;te) ..

. Copper is concentrated from the surrounding waters 15
by plankton, mostly through surface adsorption.

. However, copper tox1c1ty is not cunmlatlve Copper 15,
. is excreted by organisms. Therefore, bioaccumulation
in the food chain would not appear to be a problem.

Cyanide - -

\

‘ Cyanide ]
Organism mg/1 Remarks Reference
Protozoa 4

Microregma .04 Toxic threshold. 44 .
Algae
Mierocystis 20.0 Lethal. 90% killed. 312
Invertebrates ’
Daphnia magna .04 96-hour TLm. ~ 200
" " 3.4 Toxic, 48 hours 20

Mayfly (Stenonema) 0.5 48 -hour TLm. 313

Caddisfly (Hydropsyche) 2.0 48 -hour TLm. 313

Snail . (Lymacea) 130.0 96-hour TLm. Eggs. 200

Snail (Physa heteroclita) 0.432 96-hour TLm. Acute. 120
Fish . . .

Fathead mmnow (szephales promelas) 0.18 Minimm lethal concentration (threshold). Acute. 318

0.12 Minimum lethal concentration (threshold). Acute. 315

" " " " . 0.24 48-hour TLm. Acute. 316.
Blacknose dace (Rhinichthys atratulus) 0.22 24-hour TLm. : 317
Bluegill (Lepoms maerochirus) 0.15 . Minimm lethal concentratlon (threshold). Acute. 314

" 0.12-0.18 96-hour TLm.. Hard and soft water. 319

Smallmouth bass (Mwmpterua dolomieut) 0.104 Minimum lethal concentration (threshold). Acute. 320 .

Brook trout (Salvetmus fontimzlte)- 0.05 Minimum lethal concentration (threshold), ' Acute. 321 -

" 0.057 Minimm lethal concentration (threshold). 315"

.. ’ Acute. Continuous flow bioassay. 10°C.

" " " " 0.01 Reduced endurance and swimming ability. 322
Brown trout *  (Salmo trutta) 0.07 Minimum lethal concentration (threshold). Acute 320
Rainbow trout (Salmo gairdneri) 0.07 Minimm lethal concentration (threshold) Acute. 323
Coho salmon (Oncorhynchus kisutch) 0.02 Reduced growth or food conversion eff1c1ency 324
Fish (General) ’ 0.05-0.20 Acutely toxic. 14

Recammended. standards or criteria
Freshwater and marine aquatic life 0.005 14
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-Fluoride
Fluoride .
Organism mg/1 Remarks ' Reference
Bacteria
- EB. coli 45 Toxic threshold, 4 days. 59
Protozoa .
’ - Microregma heterostoma 226 Toxic threshold, 28 hours. 42
Invertebrates }
Daphnia magna 270 Toxic threshold; 48 hours, 59
Fish B .

- Mosquito fish (Gambusia affinis) 925 48 and 96 hour TLm, acute, 193
Tench © (Tineca vulgaris) 678 Lethal, ) 194
Goldfish (Caragsius auratus) 1000 Lethal 60-102 hours, hard water. 152

" " " 1000 Lethal 12-29 hours, soft water. 152
" .o " 120 Lethal 4 days. ’ . 195
Carp (Cyprinus carpio) - 75- 191 .20-day TLm, varies with tempcrature. 196 :
Trout (General) . . 2.3-7.5 TLm, varies with temperature. 196,197,198
Rainbow trout (Salmo gairdneri) 2.7-7.3 10-day TLm. 197,198
" " " " 113 Lethal 21 days, sofl water. 199
N " " " " 250 Lethal 21 days, hard water. 199 -
Recommended standards or-criteria )
‘ Industrial 1.0 15
. Irrigation 10.0 15
Stock watering 1.0 15
Aquatic life 1.5 18




fects in the lab, appears to be safe from field
studies.

General Remarks

Iron forms précipitates, especially in well-aerated

e. oxidizing) waters, that will aggregate,
élocmlate, an§ settle out. These p%gglgxtates
and flocs can coat the gills of fish suffocatmg
the fish. They can also smother fish eggs and

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

Iron
Iron
Organism mg/1 . ' Remarks ‘ Reference
Invertebrates . ' )
" Daphnia magna 5.9 LCsp 3 weeks. 3
e " 5.2 Reproductive impairmeént, 3 weeks. 3
o " " 4.4 16% reproductive impairment, 3 weeks. 3
Gammarids 3.0 reproductive impairment, 4 months. 99
Caddisflies 25.0 Reduced emergence, 2 months. 99
Stonefly (Acroneuria lycurias) 16.0 LCgp, 9 days. 30
Mayfly (Ephemerella subvaria) 0.32 LCsq, 96 hours. 30
Cadd].sfly (Hydropsyche betteri) 16.0 LCgq, 9 days. . 30
F1sh . .
- Carp (Cyprinus’ carpio) 0.9 Lethal if pH < 5,5. 10
Fathead minnow (Pimephales promelas) 50.0" Mortality, § months. 9
‘ Rainbow trout (Salmo gairdneri) 10.0 Serious injury or death in § min. 101
Brook trout (Salvelinus fontinalis) 12.0 Reduced growth, 37 weeks. 99
Fish " (General) 0.2 Threshold concentration for lethality to 3 102
: types of fish.
" ' - " 1.0-2.0 Death of pike, tench, and trout at pH 5.0-6.7. 8,103
" ’ " 1.0 No trout found until (Fe) was less than 1.0 mg/l, 104
even though other conditions were suitable for.
h . trout. .
Recommended standards or cntena
Domestic 0.3" 14,15
Industrial 0.1 15
Freshwater life . 1.0% 14 .
c *Lab data suggest greater-iron toxicity than field
data, 1.0 mg/1, although it causes harmful ef- 14

14,15
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affected by hardness, alkalinity,
and pH (i.e.

Lead
Lead .

Organism mg/1 . Remarks Reference
Bacteria (Aerobic) 1.0 Toxic, 20,80,105,106

(General) 0.1 -0.5 Bacterial-decomposition of organic 20,80,105,106

matter inhibited. ’

Protozoa
Flagellates qnd mfusoua 0.5 Toxic. 20,80,105,106
Invertehrates (Daphm-a mag-na) .03 _16% reproductive impairment, 3 weeks. 3

" 0.1 -0.3 LCSO»’ 3 weeks. -3

- Stonefly (Acroneu.r't-a lycurias) 64.0 LCgq, 14 days. 30
Mayfly (Ephemerella subvaria .16.0 LCso, 7 days. 30
Caddisfly (Hydrapsyche bettert) 32.0 LCso, 7 days. 30

Fish .

Fathead mmow (Punephales promelas) 2.4 96-hour TLm, soft water. 107,108
- 75.0 96-hour TLm, hard water. 107,108
" " " " 0.97 96-hour TLm PbCl 109
Carp (Cyprinus carpio) 1.0 .Long term toxuu%y 86

~ Goldfish (Cardesius auratus) 5.5 Toxic, 65

" \ " " : 0,07 Behavior affected 110

Guppy (Poecilia reticulatal - 0.21 - Toxic, 111
Sticklebacks FGeneral) o 0.1 96-hour TLin. 49
Bluegill Lepomis ' macrochirus) 1.4 48-hour TIm. 71
Catfish (Tetalurus pwictatue) 27.0 Toxic, .16-183 days 8
Coho salmon = (0. kwutch) 0.34 48- hnur TLm, 112.

" " " ) 0.52 96-hour TLm, PbCl,. n3

" ' " " 0.3 “Fry mortality, 96“hours . -95
Chinook salmon (0. tshawytecha) 1.0 Fry mortality, .96 hours, - 95
Brook trout (Salvelinue fontmalu) 4.5 96-hour TLm, Pb(NO,) 114

" " " " 0.5 _ Fry mortality, 3 wgeﬁs. 94

. Rainbow trout (Salmo gairdnert)- 1.38 96-hour TLm, Pb(NOS)Z' 118

" " " " 1.0 96-hour LCso 92

o "o " ti6 Fry mortality, 96 hours. : 95

* Rainbow and Brook trout 0.1 * Detrimental effects, 2-3 months, soft 45
’ water.

: Lead -~
Organism ‘mg/1 ] Remarks . Reference
Fish (General ) 0.33 Toxic to minnows, brown trout (Julms

. trutea), and sticklebarks. 5,65,93,116

" " 0.1 Toxic, 5,51,117

Ec;commended standards or criteria
Fish 0.1 15
Domestic 0.05 14,15

’ General Remarks -
Lead is less toxic inhard water. Lead 15
toxicity increases with decreasing
dissolved oxygen. ]
" Lead toxicity to aquatic biota is . 14

formation of precipitates).
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salts, but are not persistent.

Lithium
Lithium :
Organism - mg/1 Remarks Reference
Protozoa (Microragma) g 66 Food intake inhibited, lithium chloride. 42
Invertebrates ' . o
"fly larvae" 848 Prevents emergence of offspring and retards 221 '
development of larvae and pupae, lithium
chloride.. . 3
Daphnia magna 7.2 Immobilization, lithium chloride. .43
" " 16.0 Threshold of toxicity, 48 hours, lithium 59
chloride. :
Fish (General) 2600 Lethal to mature small freshwater fish - 65
: . lithium chloride.
" " . 100 Toxic to fish, lithium chloride. - 20
Goldfish (Cardesius auratus) 3750 Lethal in 22-27 hours, lithium chloride, 65
Recommended standards. or criteria
Domestic 5.0 15
v .
Magnesium
) Magnesium ’
Organism mg/l | ) Remarks Reference
Invertehrates ,
Planaria flatworm (Polycelis nigra) 400 Toxic, MgClz. S
) Fish (General) B 100-400 Toxic in distilled HZO' as MgClZ, Mg(NOs)Z. -
Stickleback (Gasterecsteus aculeatus .300 Toxic. 5,7
Manganese
., Manganese . . ;
Organism mg/1 Remarks Reference
" Invertebrates (Daphnia magna) 5.2 Reproductive impairment, 3 wéeks ' 54
, oo 5.7 . 1Csq, 3 weeks. 54
" " 4.1 ° 16% reproductive impairment, 3 weeks. .54
Fish B .
' Stickleback (Gasterosteus aculeatus)d40.0 Lethal. 7
Fish (General) ©2.2-4.1 Lethal, 8-18 hours, permanganates* 118,119
Recommended standards or criteria
Domestic 0.05 14,15
Industrial 0.05 15
Irrigation 0.5 15
Stock watering 10.0 .15
Fish and aquatic life 1.0 15
General .Remarks
Manganese is antagonistic to nickel toxicity. 15 ,
*Permanganates are more toxic than manganese 15




Mercug

. : . Mercury . . .
Organism : mg/1 ' Remarks Reference
Algae ‘- Macrocystis pyrifera 50 ’ 50% reduction in photosynthesis, 4 days. 1
Diatom (Nitzschia delicatissma) 0.1 ' Reduced growth and photosynthesis. 1
Phytoplankton (General) 100 ‘Complete inactiviation, 4 days. 1
Phytoplankton (General) . 0.9 -60.0 Minimum lethal concentration. 2
Invertebrates Daphnia magna T3 ¢ LCgy, 3 weeks. . ) 3
" " 6.7 ’ 50% reproductive impairment,’3 weeks. 3
" " 3.4 10% reproductive impairment, 3 weeks. ° . 3
" "o AN 5.0 LC, -, 48 hours. ’ : 3
Daphnia magra .0027 As mercuric chloride, significant reproduc- 4
tive impairment. o
" Daphnia magna . .00004 - As methyl mercuric chloride, significant 4
. reproductive impairment.
Fish . . '
Stickleback ) : .008 Lethal, 5,6,7
Minnows . .01 Killed after 90-92 days. 8 .
Fathead minnow (Pimephales promelas) .00023 , 92% dead after 3 months - methymercuric chloride. 9
" " " " . . .0004 - .0008 All dead after 3 months . - v " © 9
" M Lo " .00012 Spawning completely inhibited " 9
" " . " " .00007 No effect . " " 9
Brook trout. (Salvelinus fontinalis) .0029 : 6 months, gross toxic symptoms. 10
" " " " .00093 Reduced growth of offspring, behavioral 10
symptoms (i.e. no spawning), 94% mortality
o after 24 months' exposure, .
Raé'nbow trout (Salmo gairdneri) .0085 LC;,, phenylmercuric acetate. ’ 11
. " " "’ .030 . LCs0, methyl mercuric chloride. o 11
" " " " - .310 LC;,, mercuric chloride. 11
" " " " . .024 o . LCsy, 96 hr., newly-hatched sac fry. . 12
A . .042 LCsq, 96 hr., fingerlings. 12
Fish (Freshwater) T ~.004. - .020 Harmful. : ’ . 13
Fish (General) .05 - .01 Killed fish, 6-12 days. ’ 8
Recommended Standards or criteria ' b . ) .
Domestic ’ ) .002 14
F.W. aquatic life : . ©,00005 D 14
. ' Mercury . .
Orpanism ' ' mg,’1 . Renarks Reference
Mercury is accumulated and concentrated by - 14
plants and plankton - adsorption.
It is subject to bicaccumulation in the = - 14
food chain. .
Fish - can concentrate mercury 10,000 times 184
the concentration in the surrounding water.
Synergism - toxicity to-fish is accentuated 182
by copper. : .
Microorganisms can convert mercuric ions 185

(which are retained electrostatically in the
sediments) to methyl mercuric compounds
{which are net retained in the sediments.
! are much_more toxic to aquatic biota than
’ mercuric ions, and which accumulate in fatty
tissues of organisms). :




Molybdenum

Molybdemim

(CN-) which is stable in -alkaline waters,
but if the pH goes down, the complex dis-
soclates releasing nickel and cyanide
into solution.

Organism mg/1 Remarks ; ::Reference
" Algae (Scenedesmus) 54 Threéhold concentration for deléterious 'e'ffec't.. 59
Fish " . .
Fathead mmnow (Punephales pr-omelae) 70 96-hour TLm, MoO;, soft water. 107
", 370 96-hour TLm, MoOs, hard water. 107 : .
Nickel
Nickel .
Organism ) mg/1 Remarks Reference
Invertebrates . .
’ Daphnia magna .03 16% reproductive impairment, 3 weeks. 3
s ” .095 50% reproductive impairment, 3 weeks, 3
" " .13 LCcq, 3 weeks, soft water. 3
Stonefly (Acroneuria lycurias) 33.5- LCSO" 96 hours. 30
May fly (Ephemerella subvaria) 4.0 LCSO’ 96 hours. 30
Caddisfly (Hydropsyche betteri) 64.0 I‘CSO’ >14 days. 30
Fish (Géner;il) A 4.6 - 9.8 .LCSO, 96 hours, éoft water. 33 -
" " . . 39.2 -42. 4 CSO’ 96 hours, hard water. © 33,
Fathead minnow (Pimephales promelas) 4.58 96 hours. 33
" " : " " .73 Sliglflcant reduction in # eggs per spawnmg 214
and hatchability of eggs.
Goldfish . (Carassius auratus) 9.82 ‘LCSO 96 hours. 33
Guppy (Poecilia reticulata) 4.45 - 96 hours. 33
‘Sticklebacks (Gencral) 0.8 LeéRﬂl limit. 7
Rainbow trout (Salmo gatrdnem) 32.0 LCSO’ 48 hours. 213
.
Géneral Remarks
a. Nickel toxicity to .aquatic biota is 14
. affected by water hardness.
Increased hardness leads to decreased
toxicity.
*b. Nickel forms a complex with cyanide 15
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Nitrate
. . S . Nitrate )
Organism - mg/l Remarks Reference
Invertebrates . .
Planaria- . .(Polycelis nigra) 1000 . 48 hour TLm. 18
Cladocera - Daphnia magna . - 5000 Immobilized in 48 hours. 16
" " " . 665 * 96 hour TLm, acute. 200
Snail .Biomphalaria alexandrina 6000 Lethal, 24 hours, acute, 201
"o Bulirus truncatus . 3100 Lethal, 24 hours, acute: 201
" Lymnaea sp. 3251 96 hour' TLm, acute. 200
Fish
Mosquito fish (Gambusia affinis) 6650 96 hour TLm, acute. 193
Goldfish (Carassius auratus) 1282 Lethal in 14 hours. 202
Bluegill (Lepomis macrochirus) 9400 96 hour TLm, small .fish. 68 .
" - " 10,000 96 hour TI.m, mediun fish. 68
"o " oo 9000 96 hour Tlm, large fish. 68
" " " 2000 LCsq, 96 hours, sodium nitrate. 203
" . " " . 420 LCgp, 96 hours, potassium nitrate. 203
Rainbow trout (Salmo gairdnert) 1060 LCsq, 7 days, fmgerlmgs 204
Chinook salmon (Oncorhynchus tshawytscha) 1080 LCgq, 7 days. . 204
Recommended Standards or criteria [
Domestic 10* 14
A General Remarks
- Nitrate is converted to nitrite (which is 14,185

»

10 times more toxic than nitrate) by bacteria
in nature.

b. Nitrate, under proper conditions, can serve 185

as a precursor in the microbial formation of

nitrosamines in natural waters. (Nitrosamines
are known carcinogens, mutagens, ' teratogens, and

acute toxicants).

c. Standard for drinking water is 10 mg/l. At 185

20 mg/1, methemoglobinefia (blue baby disease)

is common in infants. Standard employs a very
narrow safety factor of 2, and perhaps a lower

standard should be cons1dered for waters that
be used for drinking. . "

w111




Phospha.te

the food chain.

n
Phosphaie . .
Organism mg/1 Remarks Reference "
Algae
" Scenedesnus 250 Toxic, diethyl phosphate. 20
- " 12.5 Toxic, 4 days. Dimethyl phosphate. 20
Protozoa (Microregma) 100 Toxic, 24 hours, diethyl phosphate. 20
" 500 Toxic, 24 hours, dimethyl phosphate. 20
Invertebra‘tes . ) i .
(Daphnia magna) 25 Toxic, 48 hours, diethyl phosphate. 20
" " 125 Toxic, 48 hours, dimethyl phosphate. 20
Fish . .
Bluegill - (Lepomis macrochirus) 15 Toxic. 219,220
Rainbow trout (Salmo gairdneri) © 1090 Death of all fish, 24 hours,. fingerlings. 15
General Remarks
In themselves, phqsphateé seldom exhibit 15
toxic effects upon fish and other aquatic
life. They may be beneficial to fish
culture by increasing algae and zooplank-
‘ton. However, they may result in ah over-
: abundance of algae "with concomitant odors
and detriment to fish", (i.e. eutrophica- -
tion). ’
- Selenium
Selenium
Organism mg/1 Remarks Reference
Algae . (Scenedesmus) p 2.5 Threshold toxicity, 4 days. .59
Bacteria (E. coli) 90 Threshold toxicity. .59
~ Protozoa (Mieroregma) 183 Tﬁreshold toxicity. 59
Invertebrate (Daphnia magna) . 2.5 Threshold toxicity, 48 hours. 59
Fish ' o
Goldfish (Carassius auratus) 2.0 Toxic, 8 days. ) - 5
" ) " 20 | Lethal, 18-46 days. : 5
Fathead minnow (Pimephales promelas) 2.9 LCsp, 96 hours, try. 215
* Bluegill  (Lepomis macrochirus) 40.0 LCsq, 96 hours, juveniles. 215
Recommended standards or criteria .
Domestic o .01 14
+ General Remarks
a. Selenium is subject to bioaccurulation in (a) 15

b. There is evidence that selenium is convert- tb)‘ms;

ed microbiologically into different forms

Ve

with varying toxicities.

g

31



Sulfaté

Sulfate

Organism . ’ mg/1 Remarks . Reference
Algae .
: Nitzschia linearis : 3200 '96-hour TLm S - 120
Diatom . (Navicula seminulum) : . 3200 50% reduction in growth rate . 60
Invertebrates .
' Daphnia magna . . 203 100-hour TLm, acute. - - 200
" " 152 "Threshold immobilization'!, adult.* - 205
’ rooon . 106 "Threshold immobilization'", young.* - 205
Copepod - (Dioptomus oregonengis) 13 "Threshold immobilization®, #* : - 205
Snail (Biomphalaria alexandrina) 800 Lethal concentration, 24 hours. 201
Snail : (Bulina truncatus) 300 Lethal concentration; 24 hours. N * 201 .
Fish ) . .
Mosquito fish (Gambusia affinis) - 240 24 to 96-hour TLm, acute. ’ . . 193
Goldfish - (Carassius auratus) 100 Lethal, 72 hours. - 152
Bluegill . (Lepomis macrochirus) 2980 96-hour TLm, acute. 120
Orangespotted sunfish (Lepomis humilis) 420-500 Lethal in 1 hour. 206
Rainbow trout (Salmo gairdneri) . 10000 . Survive for 24 hours, 25% kill in 18 days.~ 207
" " " " 6820 "'Survive 3 weeks". 207
" " " " 3163 "Safe for 4 weeks"'. ’ 207
" " " " 1000 ) LE = 29.9 minutes, tap water.** - 22
oo " " - 1000 JLE = 847 minutes, distilled water, ** 22
Recommended standards or criteria. - . .
Domestic ° . 500 15
Irrigation 200 ' 15
Stock-watering 500 15
*Lower dissolved oxygen reduces the thresh- 62 -
old values. - ) .
**LE = avg. time to loss of equilibrium. 22
Sulfite - Hydrogen Sulfide
- . Sulfide '
Urganism mg/1 ) Remarks . Reference
Invertebrates
: ’ Daphnia magna 1.0 - Minimm lethal concentration. : 65,325,326
Mayfly larvae . 1.0 Minimm lethal concentration. 325
Chironomid larvae . 750.0 Minimum lethal concentration. _ 325
Fish . ) '
‘Northern pike (Esox lucius) . 0.025 Hatchability of eggs reduced. 327
" " " " . . 017,032 Y6-hour LCgq. Fry. 327
" " " " .009 96-hour TLm. Fry. 2 ppm. O,. 327
" " " " .026 96-hour TLm. Fry. 6 ppm. O,. ’ 327
oo L 030 96-hour Tlm. Fggs. 2 ppm.0,. 327
" " " " .032 96-hour TLm. Eggs. 6 ppm. Q,. 327
. Fathead minnow (Pimophaloc promolag) ' 1.38 48-hour TLm. 316
Goldfish (Carassius auratus) 4.3 Toxic, 24 hours. - - 21,328
Carp . (Cyprinus carpio) - 3.3 Toxic, 24 hours. ) S 328
White sucker (Calostomus commersont) 3.8 Toxic, 24 lwurs. 21,328
"o " " : " 1M.3-.026 96-haur TIm. Fry. 6 ppm. Op 320
Walleye (Stizostedion vitreun) ’ .066-.083 48-hour Tlm. Eggs. 6 ppm. O2 329
" ’ : " " .007 9G-hour Tlm. Fry. 6 ppm. Oz 329
" " " 05 72-hour Tlm. Fry. 330
Rainbow Trout (Salme gairdneril .019 96-hour TLm. Eggs. 330
" " " " : . .020 72-hour TLm. Fry. 330
Cutthroat trout (Salmo clarki) . . 1.0 Minimum lethal concentration, 5 days. 331
Coho salmon (Oncorhynchus kisutch) 1.2 Minimum lethal concentration, 5 days. 331
Chinook salmon (Oneorhynchus tshawytscha) 1.0 Minimum lethal concentration, 5 days. 331
Trout . .86 Toxic, 24 hours. 21,328
Recommended standards or critcria
i i i y 4
Freshwater aquatic life .002 As undissociated hydxjogen sulfide (H,S). 1




Uranium
Uranium . '
Organism mg/1 Remarks } Reference
- - . ’
Algae (Scenedesmus) 22 Thréshold effect, uranyl nitrate. 42,59
Bacteria (E. coli) 1.7-2.2 Threshold effect, uranyl nilrate. 42,59
Protozoa (Microregma) - 28 Threshold effect, uranyl nitrate. 42,59
Invertebrate (Daphnia magna) 13 Threshold effect, uranyl nitrate. 42,59
Fish - . :
Fathead minnow (Pimephales promelas) 2.8 96-hour TLm, uranyl sulfate, soft water. 107
" " " " 135.0 96-hour TLm, uranyl.sulfate, hard wdter 107
" " " " 3.1 96-hour TLm, uranyl acetate. 107
Recommended standards or criteria’ .
Domestic 0.5-1.0 15
General Remarks
Uranium is more toxic to aquatic biota in 15
soft water than in _hard water.
Vanadium
Vanadium .
Organism ng/1 Remarks Reference
Fish . ce )
Fathead minnow (Pimephales promelas) 4.8 96-hour TLm, .vanadyl sulfate, soft' water. 107
" " " " 30 96-hour TLm, vanadyl sulfate, hard water. 107
i " " " 13, 96-hour TLm, vanadium pentoxide, soft water. 107
" " " " S5 96-hour TLm, vanadium pentoxide, hard water. * 107
Bluegill (Lepomis macrochirusg) 6 96-hour TLm, vanadyl sulfate, soft water. 107
" " " 55 96-hour TLm, vanadyl sulfate, hard water. - 107

[}
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Zinc’

Zinc . . Lo
Organism : mg/l Remarks -Reference
Algae (Phytoplankton) .o 0.1 -0.5 Reduced phytosynthesis, soft watert 77
Chlorophyta  (General) 0.22-6.0 Minimm lethal concentrations for Stigeo- C .76
. clonium tenue, Cladophora glomerata,
Oedogoniwm spp., Ulothrix spp., Micro-'
spora spp., Mougeotia epp., and Spyrogyra
. spp- )
- (Selenostrun capricornutum) 0.5 . Not tolerated. - 123
‘Diatom (Nitaschia linearis) 4.3 96-hour TLm, acute. 120 .
Plant * (Elodea condensus) 11.0 Withered. _ 12
Bacteria P
"sewage'' .0001 “Toxic at this lowest level, BOD test'. 122
" : 1.0 . BOD was 63% of control.
Invertebrates .
Snail (Limmaea pereger) 0.2 '"Highest dose tolerated". R 117
" - (Physa heterostropha). 0.62-0.78 96-hour TLm, soft water. . . 125
" " ", . 2.36-6.36 96-hour TLm, hard water : 125
" " " . .303 LCso, 96 hours, soft water, . 126
" " " 434 LCso, 96 hours, hard water. . 126
Snails (Planorbis glabratus, Balinus 2.2-11 Lethal, 2-4 days, . . <121
contortus) o ) : ’ :
Limpet (Ancylaotrum fluviatile) 0.2 Highest dose tolerated. i . 117
Amphipod ‘(Gammarus pulex) 0.3 Highest dose tolerated. T 117
Mayfly nymph (Chloeon simile) © 0.2 -0.5 Highest dose tolerated. . 117
Mayfly (Ephemerella subvaria) 16.0 " LCsg, 10 days. . 30
Caddisfly (Hydropsyche bettert) ©32.0 LCsg, 11 days. 30
Stonefly (Acroneuria lycuriag): 32.0 LCsp, 14 days. . 30
Planaria _ (Polycelis nigra) ) 30.0 Highest dose tolerated. - ° 117
Cladocera (Daphnia magna) 0.07 16% reproductive loss, 3 weeks. 3
: 0.1 LG, 48 hours - 3,(14)
Note: . Ref. 14, 15, and 19 11st numeToOUS c
higher concentrations for toxicity to
Daphniu. Thosc listed here are the
. lowest ones presented.
: Zinc
Organism * . Lo ©omg/l . . Reference
Fish (General)** . .
Carp . (Cyprinus carpio) "7.8 96-hour TLm, acute. ' 87
" oo 5.0 Detrimental to embryos and larvae. . , 127
Goldfish (Carassius auratus) 6.44 96-hour TLm, L 33
Py . (Poecilia reticulata) 0.04 20% killed, 100 hours. 128 |
‘Striped bass (Morone saxatilus) 6.7 96-hour TLsg. o . 87
' " : " " 0.1 48 to 96-hour Tim, arurc larvoe and juveniles. 88
Punphlnseed {Lepuiibs yibbsasia) 20.0 9f-hrur Tim , . 87
Bluegill (Lepomia macroohirus) 0.235 Inhibited spawning and killed new fry. 129
Lo " " 1.9 - 3.6 96-hour TLm, _ 130
" " " 0,9 -2.1 S0% survival, soft water. 149
" " " “6.18 - 9.5 50% survival, hard water. : 149
White perch (Morone americanus) 10.1 48-hour TLm. : 13
Banded killifish (Fundulus diaphomus) 19.1 96-hour TLm. : 87
Fathead minnow  (Pimephales promelas) 0.87 96-hour TLso, soft water. : 33
" " " " 33.0 96-hour TLgg, hard water, . 33
" " " it 4.7 -39.5 96-hour 'I'Lm, vatiés witn pH und lurduess 133
" " " " 0.18 - 1.3 Reduction in spawning according to dose. 134
Trout (General) 0.01 Toxic to ova and young. 135
" " : 0.15 Toxic, 136
Cutthroat trout (saimo elarki) 0.09 96-hour TLsgg, 41
Rainbow trout (Salmo gairdneri) .0.01 Killed 54% in 28 days, alevins, 135
" nwo T , 0.09 96-hour TLsg. ) 1
Brown " (Salmo trutta) 0.01 Toxic to ova and alevins, acid water, - 135
Brook trout (Salvelinus fontinalis) 1.38 96-hour TLsgy. - ile
Salmon (General) 0.15 Toxic, fry, 137
Atlantic salmon (Salmo salar) 0.042 24-hour TLm, acute. 130
" " nooo" 0.053 Avoidance threshold 138
Chinook salmon (0. tschawytscha) 0.103 96-hour TLm. R 113
Coho salmon (0. kisutch) 0.14 Fry mortality, 96 hours. . 95
Sticklebacks (General) 0.1 "Toxic limit". 49
Mummichog  (Fundulus heteroclitus) 19.1 96-hour TLm, acute. . 87




Zinc (continued)

e. Certain heavy metal salts are synergistic
to zinc toxicity. .

. Zinc
Organism ] ’ mg/1 Remarks Reference
- Recommended standards .or criteria
Domestic 5.0 15
. Cu-Zn synergism - .
*%Eish (General) 8.0 Zn alone, tolerated, 8 hours, soft water. 15
" " 1.0 With .025 mg/1 copper- most fish died in 8 hours, 15
soft water. Other effects vary with D.O. te;mp
hardness.
General Remarks ’
a. Zinc exh1b1ts synergism with copper (in (a) 8,.15°
soft water). :
b. Toxicity of zinc to aquatic biota is af- (b) 14
fected 'by water hardness, temperature, .
dissolved oxygen. Increased temperature
and feduced D.0. result in increascd
toxicity. .
c. Hardness is antagonistic to zinc's tox1c1ty. (c) 15
. to aquatic biota.
d. Zinc is often adsorbed on silt, where it d) 15
. can be ingested by organisms (e g. bottom
feeders) but this zinc will not show up
in concentration data for the water column.
() 14
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Aldrin‘(Insecticide)

o Aldrin '
Organism mg/1 Remarks Reference
Invertebrates . -
Chironomus .012 Killed 50% in 8 hours, larvae.’ 243 -
: Daphnia magna .029 - Immobilized in 50 hours: - 244
Lymaeid snails 4.8 Lethal -in 24 hours. 245
Minnows (General) .018 10-day TLm. ) 246
Goldfish (Carassius auratus) .02 50% killed, 10 days. - 246
" " " .032 80% killed, 10 days. o 246
" : " " .028 96-hour TLm. . 231
Fathead minnow (Pimephales promelas) .028 96-hour TLm. 231
. Guppy (Poecilia reticulata) .033 . . 96-hour TLm. '231
Bluegill (Lepomis macrochirus) .013 96-hour TLm. 231, -
Trout sGeneral) .025 Toxicity threshold. 237,238
Brown trout Salmo trutta) .025 33% killed, 48 hours. 222
" " " " - .033 100% killed, 48 hours. 222
_R_e_qcomehded standards or criteria .
Freshwater aquatic life .000003 14
Aldrin is metabolically convertéd to dieldrin. 247
. Aldrin is persistent and is subject to bio- 14

accunulation and concentration in the food chain.

Chlordane (Insecticide)

. Chlordane
Urganism ©omg/l
Invertehrates

Daphnia magna .028
Amphipod (Hyallela azteca) . 047
Midge (Chironomus) .010
" " '015
_ Fish
" Goldfish (Carassius au_ratus) .082
" " .050
Fatheud minnow (Pimephales promelas) -052
" " . " " .69
" " v " .037
Guppy - . (Poecilia reticulata) - .019
Channel catfish (Ictalurus punctatus) 0.5
9Bluegill (Lepomis macrochirus) .022
Bass (General) .2
Pike (General) .00S
" . " -05
Trout (General) .03
o AT 1.0
M " .025
Brook trout (Salvelinus fontinalig) -047
Recommended standards Or criteria
Freshwater aquatic life 00001

Remarks Referenge

96 hour LCsg. 256
Y6 hour L\:so 256
24 hour LCgp, larvae. 257
50% killed, 8 hours, larvae., 243
96 hour TLm. . 231
50% killed, 4 days.. 222
96 hour Tim, soft water. 231
96 hour TLm, hard water. 231
96 hour LCsg. 256
96 hour TLm. 231
96 hour TLlm. 258
96 hour TLm. 231
Toxic, fingerlings. 235
Distress, 24 hours. 257
100% mortality, 24 hours. . * 256

Toxiuty Uiresheld. 327,338
Death in 3 hours. 259
20% killed, 48 hours, 4-7" trout 255
96 hour LCSO 256

»

14
General Remarks .
Chlordane is pérsistent and is subject to 14

bioaccumulation in the food chain.
is also a carcinogen.

It




2,4-D_(Herbicide)

B
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_ 2,4-D
Organism mg/1 Remarks Reference
Plants
Water milfoil 6.0 Controlled growth. 303
Bavcteria_ (Aerobic) 2.0 Inhibited growth. 304
Fish .
Carp (Cyprinus carpio) " 65.0 Some mortality. 222
Bream 100 Some mortality. 222
Bleak 75 Toxicity threshold. 20, (15)
Perch : . 75 Toxicity threshold. 20, (15)
Bass (General) 100 Some mortality . 222
Largemouth bass (Micropterus salmoides) 350 24-hour TLm. 305
Bluegill (Lepomis macrochirus) 350 24-hour TLm. 305
" " " 1.0 40% killed, fingerlings, esters and amines.* 306
" " " 5.0 100% killed, fingerlings, esters and amines.* 306
Recommended standards or criteria A
Domestic 0.1 14
General Remarks'
*The esters and amines of 2,4-D are more 15,306
toxic than 2,4-D itself.
The synerglsms and antagonisms affecting 307
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)
DpT .
Organism mg/1 Remarks Reference
Invertebrates (General) .013 -.022% DDD. Drastic temporary loss of fish 222
- = food organisms.
Stonefly 0.1 96-hour TLm, 223
Caddisfly 0.1 96-hour TLm. 224 .
Culex larvae .001 Median lethal dace. 225
Midge (Chironomus) .01 "Infestation controlled". 226
Daphnia 001 64-hour tolerance limit. 222
Chaoborus 0.013* DLD. Controlled Chaoborus,- did not 227
f eliminate fish, but did temporarily
eliminate chironomid larvae, an im-
: . portant part of flshes' diet.
Crayfish (General) - 0.25 -0.50 *Lethal. 228
"o Oronectes nais .00024 LCsg, 96 hours. 229
Fish (General) .01 -1.0 Lethal. 228
" (General) 0.1 Lethal. (alcohol solution). 230
Dace .01 Lethal. . 222
"~ Fathead minnow (Pimephales promelas) .032 96-hour TLm. 231
Goldfish (Carassius auratus) .027 96-hour TLm, 231
Golden shiner (Notemigonus crysoleucas) 0.5 Lethal. 232
Creek chub (Somotilug abromaoulatus) 0,01 Lethai (alcohol suspension). 230
Common sucker  (Catoatomug commersemi) 001 Lethal (alcohol suspension). 230
Channel catfish (Ictalurus punctatus) 2.6* DbD. 96-hour .TLm. 1233
Sculpins (Cottus sp.) 0.14 Lethal, powder form. 232
Darters 0.14 Lethal, fowder form. 232
" 0.12 Killed 234 -
Bass $General) .01 Lethal. Yearlings. 235
Largemouth bass (Micropterus salmoides) .002 LCsg, 96 hours. 236
Bluegill (Lepomis macrochirus) .01 Toxicity threshéld. 237,238
" " .016 96-hour TLm. 231 \
Crapp1e (Pomoxis sp.) 0.18 Lethal. 232
Black crappie (Pomoxis mgromaculatus) .013- .022* DDD. Lethal. 222
Guppy (Poecilia reticulata) .043 : 96-hour TLm. 231
n " " .01 237

Toxicity threshold.




'DDT (continued) |

e
’ - DDT
Organism .~ mg/1 Remarks Reference
Fish (Continued) . »
Mosquito fish (Gambusia affinis) . .01 Median lethal dose. 225
Trout (General) 0.14 Lethal, powder form, 232,237
Brook trout (Salvelinus fontinalis) - .001 Lethal (alcohol suspension). 230
Y no " " .06 Tolerance limit. 239
" LA " " 10.0 Tolerance limit, powder form. 239
Rainbow trout (Salmo gairdneri) .388 96-hour TLm. : 240
.o" " " " .0237-.074 96-hour TLm 241
veoon oo " 50.0 : Critical-level, powder form. 169
Salmon (General) .047 24-hour TLm. . . 242
Chinook salmon (Oncorhynchus S 17.8 Critical level, powder form. 169
tshawytecha ’ ] : ’
Amphibians (General) 0.1 Tadpgles, all killed. 228
Recommended standards. or criteria ' 15,14
Freshwater aquatic life 000001 General Remarks .
*DDD has much the same general properties 15
and is used similarly to DDT. Its -
insecticidal toxicity approximates
B DDT, but its mammalian toxicity is only
about one-fifth that of -DDT.
DDT is subject to bivaccumilariun wid 14
concentration in the food chain.
Concentrations 2_vé been found- in fish
. that are 2 x 10° times the concentra-
- . tion in the surrounding water.
NDiazinon (Insecticide)
- : Diazinon
Organiem mg/1 Remarks Reference
Invertebrates - . h
vaphnla nuyna .0013 Tmmobilization in 50 hours. 244
Fish ) ’ )
(Poecilia peticulata} 4.0 Abnormal behaviér in one hour, death in 282

" Guppy

24-58 hours.




Dieldrin (Insecticide)

. Dieldrin
‘Organism mg/1 Remarks Reference
Invertebrates . . .
Daphnid (Simocephalus serrulatus) ,2 ‘Immobilization. . 248
" (Daphnia pulex) .25 Immobilization. 248
" (Daphnia magna) .33 Imnobilization, 50 hours. 244
Midge larvae (Chironomus) .007 50% killed.. 243
Stonefly (Acroneuria pacifica) .0002 LCsq, 20 days. 249
Snails (Lymnaeid) 2.5 . 100% killed, 24.hours. 245°
Fish | (General) .0056-.042 " TLm, depending on water hardness. - 250
.o .125 Lethal for all fish tested. 251
Goldfish (Carassius auratus) 0.012 17% killed, 96 hours. 252
" ” " .006 Approximate TLm. 222
" ! " .037 96 hour TLm. 231
Fathead minnow (Pimephales promelas) .016. 96-hour TLm. 231
Golden shiner (Notemigonus crysoleucas) .04 Approximate TLm. 222
Guppy (Poecilia veticulata) 0.2 . Distress in one hour; death in 12 hours. 253
Sailfin molly (Poecilia latipinna) .00075 Growth rate and reproductmn adversely 254
’ ’ . affected. .
Bluegill (Lepomis nmacrochirus) .0079 96-hour TLm. . 231
Green sunf15h (Lepomis cyanellus) .0085 96-hour TLm. . 231
_Bass - (General) .006 Approximate TLm. 222
- Trout (General) .016 Toxicity threshold. 237
" Lo | .025 100% killed, 48 hours. 255
Brown trout (Salmo trutta) .016 40% killed, 48 hours. 255
" " " "o .02 Lethal in 48 hours. 237
Rainbow trout. (Salmo gairdnert) .0237-.074 96-hour TLm, fingerlings. 241
" " " v .0237 96-hour TLm. - 240
Recommended standards- or criteria " '
Freshwater aquatic life ,000003 14
~ General Remarks )
Dieldrin is persistent and subject to 14
- bioaccumulation and concentration in -
N the food chain. It is also a carcinogen.
Dieldrin concentrations in fish may be 14

100,000 times that of the surrounding water.
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Malathion (Iﬁsect icide)

may be additive over time.

" Malathion .
, Organism mg/l Remarks Reference
Invertebrates
Stoneflies (Acroneuria pacifical .0056 96 hour TLm. 223
" (Pteronarcys californica)l .100 96_hour TLm, 223 -
" (Claassenia sabulosa) .056 96 hour TLm, 223
" (Pteronarcella badia) .001 96 hour LCso. 263
Caddisfly (Arctopsyche grandis) .032 96 hour TLm, 223
Daphnid (Daphnia magna) .0009 64 hour tolerance limit. 244
"o (Daphnia magna) .0009 Immobilized in S0 hours. 244
" (Daphnia pulex) . .0018 48 hour LCso. 248
" (Simocephalus serrulatus) .0035 96 hour LCsg, 248
- Amphipod < (Gammarus lacustris) .00l 96 hour LCsp. 278
" ’ " " .00076 96 hour LCsg. 229
Midge (Chironomus) .002 24 hour LCsp, larvae. 279
-Fish
Goldfish (Carassius auratus) - 5.0 Lethal. . 280
Fathead minnow (Pimephales promelas) 12.§ 96 hour TLm. 231
" oo " " 25.0 24 hour TLm. .280
Red-sided shiner (Richardsoniusvbaltevutus) 8.9 96 hour TLm, soft water. - 281
- " S o 9.6 96 hour TLm, hard water. 281 .
Mosquito fish  (Gambusia affinis) .05 40% killed: 280
Guppy (Poecilia reticulata) 2.0 Death in 24 hours. 282
Yellow perch (Perea fluvescens) 5.0 Lethal. 280
Bluegill (Lepountia macrochirus) 11 96 hour LCso. 283
Largemouth bass (Micropterus salmoides)- .05 96 hour LCso. 284
Sunfish (General) 5.0 Lethal. : 280
Salmonids (General) .12-.265 96 hour LCso. 285
Salmon (General) .033 24 hour TLm, young salmon. 286
" " .1 Toxic, fingerlings. 280
. Chinook salmon (Oncorhynchus tschawytscha) .023 96 hour LCso, 287
.Rainbow trout (Salmo gairdneri) .068 96 hour LCsp, 288
Recommended standards or criteria .
Freshwater aquatic life ", 0001 14
|
. Malathion :
Organisin - mg/1 Remarks ‘Reference
General Remarke
a)  The chemical and'blulugical con (a) 289
ditions of the water affect the
stability of malathion in-that
water. .
b} The effects of malathion exposure (h) 14

it



Pafathion (Insecticide)

embryos.

General Remarks

Goldfish and Japanese killifish that were kept
one month in a concentration of one thirtieth

of the 48-hour TLm e d retarded
and consumed Il‘ess o:épéengle_rﬂce

1s study conc

Parathion
Organism mg/1. Remarks * Reference
. Invertcbrates
Daphnia magna .00062 96-hour LCS0. 290
" " .0008 50-hour LCso0. 248
Daphnia pulex .0006 48-hour LCSo. - 248
Daphnid (Simocephalus serrulatus) .00037 48-hour LCs0. 248
Stonefly (Acroneuria pacifica) .00093 5-day LCso, larvae. 291
" " " ,00044 30 day LCso. 201
" " " .0001 96-hour TLm, o 223
" " " .00008 Statistically significant reproductive 291
’ . _ impairment. -
Stonefly (Pteronarcys californica) .0022 30-day LCso. 291
vt "o " .0032 96-hour TLm. 223
Caddisfly (Hydropsyche californica) .00043 96-hour LCso. 292
" sceneral) .001 96-hour TLm. 223
Midge Tanypus grodhausi) .0005 24-hour LCso., 293
" (Chironomug tentans) .031 96-hour LCs0. 290
" (Chironomus) .008 50% killed, 8 hours, larvae. 242
Amphipod (Gammrus fasciatus) . 00040 96-hour LCso. . 290
" " " .00007 43-day LCso. 291
" LA " .00004 “Slgmflcantly greater mortality". 201
Snails Lymmaeid snails .325 Lethal, 24 hours. 245
Fish
Minnows (General) 2.5 -LCge- . 294
Fathead minnow (Pimephales promelas) 1.4 96-hour TLm, parathion No. 1, soft water: 231
" ! " " 1.6 96-hour TLm parathion No. 1 hard water. 231
" " " " 2.7 96-hour Tun parathion No. 2, soft water. 231
" " " " 3:6 96-hour TLm, parathion No. 2, hard water. 231
" " " " 1.6 96-hour LCso. 290
" " " " .004 - 8-1/2 months, reproductive impairment and 290
. deformities.
Goldfish (Caraséiug auratus) 1.5 TLa. 222
" " X " 2.0 bethal. 222
Guppy {Poecilia reticulata) -0:5 Distress in one hour, death in several days. 282
" " "o 0.1 Inhibition of spermatogenesis. 295 °
Parathion )
Organism mg/1 Remarks Reference
Brown bullhead (Ictalurus nebulosus) 0.03 " 30 days, caused "tremors’. . 296
" " . " " 0.06 30 days, caused convulsions, deformed
! vertebral colum. 296
Bluegill ) (Lepomis macrochirus) 0.5 96-hour LCsp. 290
oo " " ‘ 0.05 LCso. 294
" " v 0.04 Heavy mortality. 222
" " " 0.063 Lethal. 232
"o . " " © .00034 © 23 months, caused deformities. 290
Brook trout (Salvelinus fontinalis) 1.76 .- 96-hour LCsg. 290
S " " .032 Abnormal development, mortality of

290

frae”

that the arbitrary concentration of 1/10 the
48-hour TLm that is sometimes used as a limit-
ing value is too toxic.
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S o ‘Polychlorinated Biphenylé (PCBé)

’ -

PCB .
Organism mg/1 Remarks Reference
Invertebrates
Daphnia magna .0013 3-week LCgo, Aroclor 1254 - 298
" " .0035 100% mortality, Aroclor 1254 298
Fish '
Fathead minnow (Pimephales promelas)* .015 96 hour LCso, Aroclor 1242, c. 299
" " " " .0077 96 hour LCso, Aroclor 1254. . 299
" " " " .0088 50% killed, 60 days, Aroclor 1242. 299
" " " " .0046 50% killed, 60 days, Aroclor 1254. 299
" " " " .0018 Spawning affected, Aroclor 1254. 299
" " " " .0100 Lethal to newly-hatched fry, Aroclor 1242. 299
" " " " .0047 TLsg, 30 days, newly-hatched, Aroclor 1248 300
- " " " . .0033 TLso, 30 days, newly-hatched, Aroelor 1260. 300
Bluegill (Lepomis macrochirus). .054 LCsq, 15 days, Aroclor 1242, o 301
" " " ' .076 LCsg, 15 days, Aroclor 1248. 301
oo " - .024 LCsq, 15 days, Aroclor 1254, - 301
Cutthroat trout (salmo clarki) - 1.17-50.0 96-hour LCso, Aroclors 1221-1268. . 301
Rainbow trout  (s41mo gairdneri) >1500 Acute toxicity, Aroclors 1242-1260. 301
\ ' ' ' General Remarks
* a) Fathead minnows were able to reproduce " 300
' at PCB concentrations that were actually
g -lethal to the larvae. .
b) Freshwater invertebrates are generally 301,302
more susceptible to acute toxic affects
, of PCB's than fish.
¢) Bioaccumulation in aquatic organisms may 299

result in PCB concentrations in fish that
. are 2.3 x 10° times that of the surround:-
ing water.

2,4,5-T (Herbicide)

2,4,5 T :
Qrganism mg/1 oL . Remarks Reference
Fish {General) 10.0. 25% killed, 72 hours. 169 .
Perch 55.0 Threshold toxicity. 20 (15)
., Bleak 60.0 Threshold toxicity. 20 (15)
Recommended Standards or Criteria
Domestic .01 14




. Toxaphene (.Insect'icide‘).

Toxaphene .
Organism mg/1 .Remarks Reference
Algae (General) 2.0 Inhibé;ed growth of 50% of test algae, ‘260
21 days. :
Invertebrates ’
Midge (Chirongmis) 0.1 Lethal, 261
" . " .03 Lethal, larvae, 262
Damselfly .03 Lethal, 262
Dragonfly . .03 Lethal, 262
Stoneflies ° .0013-.0030 96-hour LCso, Pteronarcys californica, 263
. Pteronarcella badia, Claassenia sabulos,q
-Fish (General) .006 Lethal in"10 days, 264
" " . t .036 Lethal , 265,266
Minnows " .02 Lethal, 237
Goldfish (Carassius aurqtus) -.005 TLm 10 days. 267
" " " .0056 96-hour TLm. 231
" ", " .04 Lethal, 231
Carp . {Cyprinus carpiv) .1 Lethal, 72 hours. 268
Fathead minnow (Pimephales promelas) .0051 96-hour TLm, hard water. 231
" " N " " .0075 96-hour TLm, soft water. 231
" " R " .000055 Significantly reduced growth. 269
Creek Chub (Semotilus atromaculatus) .02 Lethal. 237
Fallfish (Semotilus corporalis) .02 Lethal. 237
Shiners {Notropis sp.) .02 Lethal. 237
Blacknose dace (Rhinichthys atratulus) .02 Lethal. 237
Guppy (Poenilia reticulata) .005 Distress in 12 hours, death in 30 hours. 253
- " " 102 96-hour TLm. ’ 231
Sculpins (Cottus sp.) .02 Lethal, 237
“Catfish {General) 1.9 96-hour TLm. 258
Black bullhead (Ictalurus melas) .0018 96-hour 1Cg,. 270
Darters (General) .02 Lethal, 237
Yellow perch (Perca flavescens) 0.1 Lethal. 222
Bluegill (Lepomis macrochirua) .01 Toxic threshold 237
" " " .05 Lethal, fingerlings. 235
" n " .003S 96-hour TLm. . 231
" " " 0180 96-kour LCsp. 236
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Toxaphene (continued)

Toxaphene )
Organism mg/1 Remarks Reference
Fish (Continued) . ' .
" Bass (General ) .05 Lethal, fingerlings 235
Largemouth bass (Micropterus salmoides) 0.1 Lethal. L 222 .
0 " no " .002 96-hour LCgy. 236
Trout . (General) .005 Lethal. . . 271
s " .0135-.0165 96-hour TLm, finerlings. 241
Rainbow trout (Salmo gairdneri). .005 Toxic threshold 238
" " oo .125 Toxic. 272
" " " " .0135 96-hour TLm. 240"
Brown trout (Salmo trutta) .005 Toxic threshold. - 238
" " v .025 Killed 70% in 24 hours. 255
" " oo 0.1 - . Lethal. : : Loz
- Brook trout (Salvelinus fontinalis) .000039 Adversely affected growth of fry, greater 273
o - " mortality. B .
) " " .0108 96-hour LCsg, 16 month-old trout. 273
Recommended standards or criteria ) .
Domestic ] .005 . 14
Freshwater aquatic life ©.000005 14
General'Remarks
a) Toxaphene is persistent. Its toxicity . 274,276
to fish may last up.to S years after . |
1ts application.
b) Toxaphene is concentrated by organisms* 14
and is subject to biocaccumulation :
in the food chain. Trout have been
found with toxaphene concentrations
20,000 times that of the surrounding -
water.
¢) The breakdown of toxaphene 275
is more rapid in highly turbid lakes. . . .
d) Hard water detoxifies toxaphehe more 277
rapidly than soft water, Stirring
increases the rate of detoxification
“Tab. seudles.
Total Dissolved Solids :
TDS .
Organism mg/1 Remarks Reference
Fish ; (General) 5,000-10,000 .Limiting concentrations for freshwater fish 15
. according to species and prior acclimating.
"General Remarks
¢ a. Freshwater fish can become acclimitized 15
slowly to higher salinities than they
are accustomed, but cannot survive sud-
den low to‘higﬂ salinity &nanpes.
b. Dissolved solids can affect the toxicity 15

of heavy metals and organic compounds
to aquatic biota. !
effect on the toxicity of hegvy metals
like copper, chromium, and zinc.

1t has an antagonistic




General Toxicity Table for Aquatic Biota

(all concentrations mg/L)

Other

Element Algae Bdctéria Protozoa Insects Crustaceans Invertebrates Fish - Remarks . _ Reference
Hg 0.9 -60.0 " 502 0.00012° a. Daphnia. B. Spawning inhibited, fat- 2,3,8,9
: 0.05¢ head minnow. ‘c. Killed fish (General). )
As 1.4df BEERTAS 1.1 d. Daphnia. e. Planaria (Polycelis migra. 3,18,20
cd 0.05 0.029-73.5 f. Daphnia. 3,37
cr 0.32- 1.6  62.5 37. " 0.68 1 17.6-27.3% g, Daphnia. h. Mayfly - Ephemerella sub-  3,30,33,.
. 16.0 27.) varia. i. Fathgad minnows dependmg 40,42,45,
on hardness, Cr. ° . j. Fathead minnow, 50
) K hard water, Cr )
Cu 0.15-0.70  0.08 0.05 ' . 0.035 0.039-1.7" 0.4 -0.5% k. Daphnia. 4. Crayfish - Oromectes rus- 3 42,59,
: ’ 0.06 .06 -0.6 ticus. m. Snmails. n. Rainbow trout 76,82, 83,
(Salmo gairdneri), depending on hard- 84,93
. ness and DO.
Fe 16.0P 5.9° 1.0-2.0 0. Daphnia. 'p. Caddisfly - Hydropsyche 3,8,30,
; . betteri. : 103
Pb 1.09 16.0° . 0.1-0.3" , 0.33 q. Aerobic. r. Daphmia. s. Mayfly - 3,5,20,30
' : . Ephemerella subvaria. 65,80,93,
t ' 105,106
. 5.7 2.2 -4.1 t. Daphnia. 54,118,
: v u W X 119
In 0.22-6.0 16.0 0.1 0.3 0.9 -2.1 u. Daphma v Nhyfly - Ephemerella sub-
. 6.18-9.57 maria. Amphipod - Gammarus pulez. 3,30,76,
X. Blueg111 soft water. y. Bluegill, 117,149
hard water. .
Sé 2.5 90. "183: < 2.8 2.9%8 z. Daphnia. da. Fithead minnow. 59,215
. 40.0 bb. Bluegill. .
Mg 400.°¢ 100-400 cc. Planaria - Polycelis nigra. 5,8
so, 3200 203,44 300.%¢ - 2980.%f ad. Daphnia. ée. Smail. ff. Bluegill - 60,120,
. ) Lepomis macrochirus. 200,201
B 480. 120. o 3700-400088.  gg. Sodium borate, hard water, ‘fish (ger- 208,209,
’ . 19000-19500™ ~ eral). hh. Boric acid, hard water, 210
. ) 'ish (genéral).
F 45. 226. : . 27012 ilS.Jlgk ii. Daphnia. jj; Rainbow trout, soft water. 42,59
K ‘ . 250, Kk. Rainbow trout, hard water. 199
Mo 54, 70.1’:;“ 8. Soft water. fathead minnow. 59,107
] : 370. mn. hard water, fathead minnow. !
No 665. 100007 . 9000 -  Planari : S
] . 00 - nn. Planaria. oo0. Snail. . Bluegill.
: : 3100°° 10000:FP _ v TR R
M o o.o;‘slcl qq. Sticklebacks. 7
Ba , s.gt 400.0 rr. Daphnia. ss. Stickleback 3,5,
PO, 12.5 100. - 25. 15.0 tt. Daphiia. 20, 200,
N . 201

Gy



General Toxicity’ Table for'Aquétic'Biota (continued)

Other .
Element Algae- Bacteria . Protozoa Insects Crustaceans Invertebrates Fish ] Reference
Ni 40", 0.095™ 4.6- 9.8 wu. Laphnia. vv. Mayfly ° Ephemerella sub-  3,30,33
39.2-42.47" “varic. ww..soft water. xx. hard water. .o
v 4.8 zz. Soft water . 107
. 30,022 Fard water } fathead minnow. ‘
Be 0.2‘; A. Eeryllium sulfate, soft water. 107,108
. . 11.0 E. Eeryllium sulfate, hard water.
Li 66. 848.D 16.0° ) 2600. C. Laphnia. D. Fly larvae 42,59,65,
‘ . 221
Sb f 3.5 33. 15. 9._0E, . 12.02 E. Laphnia. F. Hard water - fathead minnow. 42,59,
. " : 20.0 . G. Soft water - fathead minnow. . 107,108 -
P I R . :
U 22. 1.7-2.2 28. . 13. 2.8 E. Laphnia. 1. Soft water . 42,59,107
. : . 135.07 J. Hard water, | fathead mimnow =%

9y
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