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1-ete on tba 11'1sectic1de toxaphem performed in the laborato17 

us~ lltamard b~ prooedu.ru mlioatAtd that this chem.cal :te 

more toxic to fish in hQ1'd water than 1n soft. water. Its toxicity to 

tbll bluntnoee rmmou- i8 1mrea8ed apprmd.matell' three-told by rais~ 

the temperatua boa 50• F. to 7S- F. Thia iuecticide was .t"oum to 

be mah more t01d.c 1;o the bluntnoee ld.nnolJ than to arv ot toar aquatic 

im'ertebratea teated. This laborator,y fird1ng eupporta field obeern

tiom made on t1IO M:1.ohigan lakes which indicate that maiv groups ot 

innrtebrates killed b:, ta:apbem tnatnerm reappear while the lake ,.._r 

is still toJd.c to fiah. 

Detoxification of water stored in the laborat017 proceeds most 

rapi.dll' When it 1a exposed to light, When abundant cr~en 1a present, 

and when the temperature is Mgh. Hard water (alkalinity, 212 p.p.m .) 

detmd.fiea more rap1c1JT than soft water (alkalinitf', 6 p.p.m.). In the 

laborato17, tJ1e detaz:lt1oation proceas is grea~ accelerated by water 

~ which bring the tm.cant in contact vith the walls am bottca 

of' the aquu1mn. The deto:xitication rate is increased by the add.itioa 
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of a substrate of glass marbles or gravel. Substrates of sand and mu.d 

assist detoxification to a lesser extent. Sterilization of the substrate 

with dilute formalin and carbolic acid inhibits detoxification; this 

indicates that microorganisms are responsible for reducing toxicity. 

Introduction 

Recently there has been considerable interest in the use of the 

insecticide toY..aphene ( chlorinated camphe:ne) as a fish poi.son. The 

present study of the influence of emrironmental conditions upon the 

toxicity' of this chemical to fish and fish-food organisms was undertaken 

with the hope of acquiring a better understanding of its proper use in 

fish eradication. 

The effectiveness of toxaphene as a fish toxicant was recognized 

when dead fish appeared in waterways adjacent to fields which had been 

spra¥8d or dusted with the chemical (Lawrence, 1950; Tarzwell, 1950). 

Extensive laborator,r tests have since been mde of its toxicity to fish. 

The lower limits of toxicity as reported in the literature range from 

0.2 p.p.m. to less than 0.005 p.p.m. depending upon species of fish, 

place of test (aquaria or earthen porn), and undoubteclzy upon other ex

peri!!Elntal conditions which in maJ:\Y' papers have not been clearly defined. 

Duodoroff., Katz, and Tarzwell (1953) estimated that the :median tolerance 

limit of eoldfish exposed for 24 hours to toxaphene dust was about o.025 

p.p.m. They believed the 10-<:'iey mdian tolerance limit of goldfish to be 

somewhat below 0.05 p.p.m. Lawrence (1950) found that a concentration of 

0.05 p.p.m. killed goldfish., largemouth bass, and bluegills in aquaria 

but noted that this concentration did not kill the s8.Il'l3 species when 
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tests were made in an earthen pond. Surber (1948) found that a concen

tration of 0.02 p.p.m. did not kill goldfish but was lethal to 10 other 

species of freshwater fish. Trout finger lings were killed at a comen

tration as low as 0.005 p.p.m. Tanner and Hey-es (1955) reported that a 

variety of concentrations ranging from 0.05 to 0.2 p.p.m. all killed carp 

in about the same length of time {180 mimttes). Both the laboratory test 

o:r Duodorof.f, Katz, and Tanwell (1953) and the field trials of Tanner and 

Hey-es (1955) have :indicated that long exposure periods are required to kill 

fish in t..t-ie lower ranges of concentration. Ma.ru of the discrepancies in 

reported values .for toxicity doubtlessJ..y can be traced to the .fact that 

laboratory tests have been of short duration. 

Con:fu.sion concerning lethal concentratiom of toxaphene has perhaps 

been in part responsible for the difficulties encountered in using it for 

fish eradication. On the basis of experjJoonts showing that 0.1 p.p.m. of 

toxaphene killed carp at 65• F. in 72 hours, Hemphill (1954) used this 

concentration in treating two shallow Arizona lakes. These lakes ap

parent:cy, detoxified prompt'.cy' • The concentration used by Hemphill 

(0.1 p.p.m.) is 20 t:iJ!es greater than the estimated lo-dq median toler

ance limit to goldfish given by Duodorof.t, Katz., and Tarzwell (1953). 

This suggests that ~hill 1s recommended dosage is higl, and that it 

might be reduced considerably if the influence of various field conditions 

upon toxicity is known. 

Hemphill believed that the pH of the water influenced the breakdown 

of toxaphem. He found that alkaline waters lost their toxicity within 

four weeks. other workers, however, have noted that toxicity 'JNl3' be 

persistent even in alkalim waters. A reservoir treated by Tanner and 

Hayes (1955) remained toxic to fish for more than seven months although 

it constant'.cy' maintained a pH greater than 8.0 • A Michigan lake 
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(Horseshoe Lake., Alcona County) treated with a concentration of 0.1 p.p.m. 

remained toxic for 10 monthe even though the water was consistent:cy, alka

line. Water hardness miq be a better indicator of chemical conditions 

influencing the breakdown of toxaphem than pH, but little reliable 

information exists regarding the effect of hardmss upon toxicit,y and 

upon the rate of detoxification of toxaphene and related compounds. 

Temperature is known to have a profound influence upon the effectiveness 

of roteno:ne (Isona.rd, 1939). Temperature and light i:;robably also influence 

the rate of dissipation of rote none-bearing fish poisons ( Clemens and 

Martin., 1953). Data concerning the influence of these conditions upon 

toxaphene are needed. 

Records deal~ with the influence of toxaphem upon fish-food 

organisms are fragDJ:;ntary. Hemphill (1954) stated that insects are 

severe4' affected but not eliminated by it. He suggested that the reap

pearance of zooplankton may be used as an indication that a lake ha.a 

detoxified. Tanner and Hayes (1955), however, noted that zooplankters 

were present before water lost its toxicity to fish. 

l½!thods 

Methods used in the toxicity studies followed closel;r the procedures 

recommended by Doudorof.f !! _!1, (19$1). The test fish used were the 

bluntnose minnow (P:Lme2hales pr5>1nelas) and the creek clmb (Semotilus 

atromaculatus}. Fish were carefully selected for unif 01 mity of size 

and condition. Near],y all fish were between 2.0 am 2.5 inches in length. 

Prior to trials., fish were conditioned for 48 hours at the test water 

temperature. Two gallons of test water per minnow were used in all 

determinations of the ned.ian tolerance limit. To determine whether or 

not this ratio of water to fish was su.ffic:ient]J" high to avoid detoxi£1-

cation of the water by the fish themselves., after tests were completed at 
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the lowest concentrations tested (0.003 and o.oo, p.p.m.) the sa.nw! water 

was retested with a second group of fish. The average survival time of 

the second group of f'fah in the water did not differ significantly from 

the average SUl"V'ival time of the first group of fish. This indicated 

that the first group hitd not removed enough poison to a.ffeet the solu

tion's potency. 

Al though test aque.ria were not aerated during bio-assays, the 

concentration of dissolved o~gen rema.imd above 5 p.p.m. Controls were 

ma.inta:imd .for all experiments. Results were disregarded when more than 

10 percent of the control animals died duri~ tests in which the median 

tolerance limit was being determined. Qn.4r natural waters were used. 

The water hereafter refierred to as II hard.rt water was taken from Flemming 

Creek, Washtenaw County, Michigan. This water had a methyl orange alka

linity ranging from 200 to 212 p.p.m. The II softn water used was from 

Weber Lake, Cheboygan Cou.nty, Michigan, and had an alkalinity or 6 p.p.m. 

An ~sis of the miner.al composition of Weber Lake water has been 

published (Hooper, 1953). Temperature was maintained at a constant level 

by moorsing aquaria in a water bath whose temperature was thermostatieal

J.y controlled. The temperature fluctuation did not exceed ,• F. 

The irdex used to compare absolute toxicities in this stu~ was 

the 24-hour nedis.n tolerance limit (TLm). Procedures used in deriving 

t-his datum are those given by Litchfield and Wilcoxon (1949). Percem.ages 

of animals surviving 24-hour test periods at various concentrations were 

plotted on logarithmic probability paper (Codex 3128). Ten experimental. 

an:i:mals were used at each concentration tested. In cases of either 100 

percent or O percent survival, a corrected percentage was plotted .from 

a table of maximal and miniJnal corrected probits. A straight line was 

then fitted by inspection to the plotted points. Particular attention. 
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was given to points in ·the 30 percent to 70 percent range of survival. 

A chi square test was then made of the fit of the line to the plotted 

data. If the fit was poor, a second line was fitted and tested. The 

nedian tolerance limit was determined by reading the concentration at 

which the fitted line intercepted the 50 percent survival ordinate. 

Confidence limits of the nedian lethal dose were calculated from the plot

ted data (c.f. Litchfield and Wilcoxon, p. 102). 

Invertebrates used in toxicity tests were conditioned for 48 hours 

at the experimental temperature. The Daphnia magna tested were secured 

from the laboratory culture maintained by the Department of Zoology, 

University o.f Michigan. All other invertebrates were collected in the 

field. 1-1.vf'ly n,ymphs (Ephemera simulans) were taken from Cedar Lake, 

Washtenaw Count;y, Michigan. Asellus inter.medius and Gammarus fasciatus 

were obtained from Houghton Creek, Ogemaw County, Michigan. The toxaphem 

used in all exper~nts was an emulsified concentrate marketed under the 

trade nane Cooper-Tox, by William Cooper and Nephews, Chicago, IDinois. 

It contains six pounds of technical toxa.phene per gallon. 

Influence of Alkalinity and Temperature upon Toxicity 

Of the water properties easil3" :measured and generally available 

from lake survey records, temperature and alkalinity are perhaps the 

ones most likely to influence toxicity. In Michigan lakes, alkalinity 

appears to be a more discriminating indicator of chemical conditions than 

pH. Low alkalinity ordinarily indicates that acid water is present at 

some t:i.roo of the year, but that the pH fluctuates considerably. High 

alkalinity usual.4r indicates that pH f'luotuations are small and that the 

pH is maintained near that of a calcium bicarbonate solution (pH 8.3). 

The 24-hour :nedian tolerance limit (TLm) of the bluntnose minnow 

to toxaphene increased from 0.02 in hard water (212 p.p.m.) to o.o,36 in 
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soft water (6 p.p.m.) when tests were made at a temperature of' 5o•F. 

(Table 1). The 95 percent confidence limit 0£ these TLm values overlap 

slight:13, however the 90 percent limits are separate. Both of these test 

waters were al.kalim during the trials. The hard water had a pH of B.6; 

the soft water a pH of' 8.1. The pH of the hard water rem.ired practic~ 

constant but the so.rt water fluctuated somewhat, falling as low as 7.4 

during some of the 24-hour tests. 

The effect of temperature upon toxicity was more pronounced. The 

24-hour TLm increased from 0.0057 p.p.m. at 75• F. to 0.020 p.p.m. at 

50° F. {Table 1). Similar increases in potency with increasing water 

temperatures have been noted in the case of rotenone (Ieonard, 1938; 

Burdick, et al., 1955). --
Comparative Toxicity to Fish-.f ood Organisms 

All fish-food organisms were tested in hard water at 55• F. At 

this temperature, stocks of invertebrates could be maintained in the 

laboratory and there was little or no mortality among control animals 

during exper::l.mnts. At a lower temperature (4.5° F.) Daphnia becane 

quiescent and so insensitive to the chemical that a 24-hour TLm could not 

be determined. All invertebrates were selected i'or uniformity of size. 

Only the early instars of Daphnia were used. 

The 24-hour TLm of all invertebrates tested was much hlgher than 

that of the bluntnose minnow. Ga:mma:rus was most sensitive to toxaphene 

but its TLm at 55• F. (0.o6) was three t~s that of Pillephales at 50° F. 

(0.02}. Nymphs of the mayfly Ephemra simulans were most tolerant of 

the chemical. Nearly 10 p.p.m. -were required to till 50 percent of the 

eymphs in 24 hours. The observ-ation of Tanner and Hayes (1955) that 

lakes treated with toxaphene me::, support large populations of Daphnia 

while they a.re toxic to fish is well substantiated. The 24-hour TLm of 
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SPECJES 

Piltephales proioolaa 

P:i.mephales promelas 

P:i.mephales prollElae 

Gammarus fasciatus 

Asellus intermedixw 

Daptmia magpw 

Ephemera simulans 

Table 1.-The 24-hour median tolerance limit (TLm) of 
certain invertebrates and fish to toxaphene 

(6 concentrations tested in determining each TLm) 

Test Water 

Metlzy-1 
orange 
alkalinity 

(p.p.m.) 

6 

212 

212 

212 

212 

212 

212 

Temperature 
(• F .) 

50 

50 

15 

55 

55 

55 

55 

TLm 
(p.p.m.) 

0.036 

0.020 

0.0057 

o.060 

0.10 

1.5 

9.5 

Confidence 
interval 
(0.95) 

0.026 - 0.050 

o.ol.4 - 0.028 

o.0041 - 0.0080 

0.014 .. 0.22 

0.029 .. o.34 

0.79 - 2.8 

5.6 • 16.0 

I 

l° 
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Da1;hnia at 55° F. was 75 times greater thrm that of P:i.nEphales at a 

temperature of 50° F. These results indicate that Daphnia can survive 

in solutions o:r toxaphene strong enough for fish eradication. 

Studies made on the benthos of two Michigan lakes treated with 

0.1 p.p.m. toxaphene indicate that, at this concentration, a large part 

of the imertebrate fauna is killed within a month (Table 2). In Horse

shoe Lake, mollusks (Unionidae, Sphaeriida.e, gastropods) and certain 

aquatic obligochaetes (Tubificid.ae) were the only groups which did not 

appear to be harmed. A few midges and mayflies survived for more than 

three weeks (September 21-0ctober 15) but these species were r!ot collected 

the following spring. 

By mid-summer of the year following treatll'Bnt, repopulation by most 

groups of invertebrates was well underway. In Horseshoe Lake, dragonf''.cy" 

11fflPhs reappeared in abundance by July 29 l'.lJ.though mBl'.\V' of the aquatic 

diptera, e.g. Chaoborus, were not present. A highly successful hatch of 

the midge 'l'enq.ipes I?lumosus produced a standing crop of benthos in 

McCarthy Lake on June 23, 1955 (11 months after treatment) that appeared 

to be sonewhat larger than the crop present prior to treatrrent. This 

spectacular repopulation of the lake bottom was perhaps made possible 

by the absence of fish and other predators. 

Duration of Toxicity 

Waters treated with toxaphene ~ retain their toxicity for lo~ 

periods. Although Hemphill (1954) indicated that "alkaline waterstt can 

be replanted with fish four weeks after treatment, Tanner and Hayes (1955) 

found that toxicity persisted for more than seven months in a Colorado 

reservoir. Of the ten Michigan lakes treated in 1949 and 1950 with 

Fi&h-Tox (a fish poison now known to have contained toxaphene), six 



Table 2.-Invertebrates collected before and after treating two Michigan lakes with toxaphem (0.1 p.p.m.) 

Lake and dates Number Average number of animals per square foot 
of Miscel- All 

of samples samples Diptera Ondonata Ephemeroptera. Oligoehaeta Mollusca la.neou.s organisms 
(total) 

Horseshoe Lake~ 
Sept. 20, 1954 12 92 6.4 48 o.5 1.78 3.0 156 

(Before treatment) 

Oct. 15, 1954 12 15.6 ••• 4.o 4.8 4.8 o.4o 29.2 

April 29, 1955 6 o.4 ••• ••• 1.2 o.B ••• 4.o 

Ju'.cy' 29, 1955 6 3.4 10.8 ••• 10.8 6.4 • •• 31.2 
I 

? 
2 

McCarthy Lake 'v 
428 o.4 4.3.2 Aug. 3, 1954 15 ••• 1.2 ••• • •• 

(Before treatnent) 

Aug. 24, 1954 6 o.64 ••• • •• o.64 o.6 • •• 1.9 

Ma~y- 25, 1955 6 ••• ••• • •• 4.4 • •• • •• 4.4 

JU1'»3 23, 1955 6 916 ••• • •• ••• 16 • •• 932 

1 
'v"Treated on Sept. 21, 1954 

'-5/Treated on Aug. 4, 1954 
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remained toxic for more than eight months. Om of these lakes was toxic 

for 33 months. The amount of toxaphene in the Fish-Tox used in the 

Michigan lrJres is not known, hence it is impossible to say what concen

tra.t:Lun brought a.bout such persistent toxicity. The detoxification period 

of four bodies of water in Michigan treated in 1954 and 1955 using a con

centration of 0.1 p.p.m. toxaphene ranged from 1 to 10 months. A shallow 

pond freshened by a now of spring water detoxif:iad most rapi~ (two 

months). Shallow lake basins also detoxify rapidly. In the case of 

Horseshoe Lake, with a shallow and a deep basin joined by a mrrow con

Mction, the shallow basin lost its toxicity three months before the deep 

basin. Although persistent toxicity Illq be undesirable from the starxlpoint 

of preventing fishing for an extended period, it has the advantage 0£ 

assuring a complete kill, and thus T1'IJ1:9" be especially- useful in treat~ 

those shallow ponds and lakes which detoxify too rapid:cy- when treated with 

rotenom (Clemens and Martin, 1954). A toxicant which breaks down rapidly 

Ir'Jl:r!" not have an opportunity to mix throughout the lake basin before losing 

its potency. A toxicant that can be used in the fall after the close of 

the fishing season and that will retain its toxicity through the fall 

overturn period but will detoxify in tine for spring or ear:cy- sUll'lller 

planting, would be highly desirable for mru'.\Y Michigan lakes. 

In terrestrial soils, microorganisms utilize toxaphene and render it 

non-toxic (Smith and Wenzel, 1947). It is not known whether or not micro

organisms of hy"drosols break down this compound. The slow detoxification 

of lake waters is perhaps circumstantial evidence that detoxification of 

the water mass takes place o~ at interface boundaries. The more rapid 

detoxification of shallow basins as compared to deep basins suggests that 

a. high ratio of interface surfaces (bottom soil-water and air-water) to 

water volume favors detoxification. 
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Detoxification during Laboratory Storage 

Water samples 1mre treated with 0.1 p.p.m. toxa.phene and then stored 

in the laboratory in glass containers under a variety of corrlitions. 

With one exception, all water samples were JO liters in vol'l.ll'OO. Storage 

condit.ior.lS for various waters are listed in Table 3. 

The influence of light was investighted by storing samples in an 

aquarium from which all light was excluded ey a covering of black paper• 

All other samples were stored under laboratory fluorescent lamps. One 

trater sample was stored in a water bath at ct temperature of 55• F.; others 

were stored at laboratory temperature ( 75° F.). Dne sample wv.s of low 

alkali.Pity (6 p.p.m.); others were of high alkalinity (212 p.p.m.). One 

·water sample ( 6 liters in vol'\llle) was boiled to reduce the oxygen tension. 

After cooling, toxaphene was added and srunples were stored in sealed 

1-gallon jugs., The ox;y-gen content of this sample was o.69 p.p.m.. as 

compared to the r:1...-,ge of from 6.4 to over 8.o p.p.m. for other samples. 

The low o,:ygen samples were stored for 23 week--s while all others were 

stored £or only 12 weeks. To test the influence of water circulation 

and aeraticn, one sample was supplied with an air stone deliveriq; a now of 

2 liters of air per minute. A control sample was stored r or 12 weeks 

under laborator., conditions of temperature a.nd light. This water was 

exposed to the air, but was not aerated. In the case of the control, 

the fish toxicant was ~.dded after the period of storage. 

The potency of samples after storage was tested by recording the 

sUl'Vival of minnows after one, two, and seven days of exposure. A chi 

square test was lll?...d.e of the hypotheses that survival of fish in water 

stored under various test conditions did not differ from the survival 

of fish in control water. This hypothesis could be rejected when the 

9; percent probability- level was used only in the case of th.e two water 



Table 3.---Ef.tect of storage for a 12-week period under various laborat01"7 conditions upon 
toxicity of water treated with 0.1 p.p.m. toxaphene 

Toxicity after storage measured by the survival of minnowa 

Metey-1 Storage conditions 
Dissolved 

Percentage of 10 test fish surviv;i-3 
or~• 

alk8:1:1;:) Temperature Aeration oJcy"gen Light 
(° F.) (water circulation • .m.) 

2l2 7, none 6.4-7.0 light 100 100 90 50 10 

212 15 ail' stom B.o+ light 100 100 80 100 100 

212 75 none 6.4-7.0 dark 50 10 0 0 0 

212 55 none 6.4-7.0 light .30 0 0 10 0 

2~ 75 none 
(sealed) o.69 light 30 20 0 ••• ••• 

6 75 nom 6.4-7.0 light 30 0 0 30 10 

212 
(Control-6-) 

75 none 6.4-7.0 light 20 0 0 10 10 

~Water stored for 23-week period. 

-t,-Control water stored as indicated but toxicant added imnediately before testing. 

8 

10 

50 
I 

0 ~ 
0 

••• 
0 

0 
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samples of high alkalinity, stored under normal laboratory conditions of 

temperature and light, arrl with abundant o:xygen (Table .3). 1\lhen Semotilus 

was used as the test fish, both the sample aerated with an air stone and 

the sample of standing water (without aeration) gave a survival signifi

cantly higher than that of control water for 24-hour, 48-hour., and 1-d.2:;r 

test periods. In tests with Pimephales., survival was significantly 

greater than that of controls for the aerated sample during all three 

test periods, and for samples of standing water for the 24-hour test period. 

Survival of fish in water stored under other combinations of conditions 

did not differ significantly from that of controls. Further tests showed 

that in the case of standing water, the toxicity did not change enough to 

influence the survival of minnows for the first six weeks of storage., 

i.e., during this period the test fish died about as fast in stored water 

2..s they did in the water before storage. After this period, however., 

survival in the stored water increased steadizy'. 

Circulation of water in aquaria during storage increased survival. 

Water containing 0.1 p.p.m. toxaphene circulated by an air stone, using 

a now rate of two liters of air per minute, detoxified in some trials 

after 168 hours of storage. This detoxifying influence appeared to be 

associated with the water movements caused by the aerator rather than with 

the physical or chemical changes produced by air bubbles in their passage 

through the solution. This was indicated by several tests in which a 

Im'?chanical stirrer was substituted for the air stones. By rapid mechanical 

agitation, 30 liters of water could be detoxified within 48 hours. 

The sharp decrease in detoxification time brought about by water 

circulation sugeested that the toxicmt was being removed by s0100 type 

of absorption on the walls of the aquaria. To test this hypothesis, the 
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water-glass contact area in the aquarium was increased approximate]T 

three-fold by lining the bottom of the aquarium with glass marbles. 

This reduced the time required for detoxification using an air stone 

as a water circulation device from 168 hours to 24 hours. S:i.milar re

sults were obtained when gravel was substituted for marbles as a 

substrate {Table 4). Other substra.tes such as sand and :mud also had 

a detoxifying effect, although they appeared to be less active as de

toxifying agents than gravel or marbles. 

After a water sample had completely detoxified, the water was 

siphoned off, and the substrate and the inside surfaces of the aquarium 

were washed thoroughly with two liters of fresh water. The wash water 

gave no indication of toxicity when tested with minnows. However, a 

toxic material believed to be toxaphene was recovered from the inside 

of the aquaria and from the marble and gravel substrates by the fallowing 

procedure: the aquarium and substrate were washed with 50 milliliters 

of benzene. The benzene was evapored to d.ryress in an oven at 6o• G. 

The residue was treated with three milliliters of isopropyl alcohol. 

This extract was added to three liters of water and this mixture was 

then tested with minnows. Extracts prepared in this way- killed Semotilus 

in four hours. These fish showed distress reactions characteristic of 

fish eying from toxa.phem poisoning. A second 3-liter water sample 

treated with three 1rJ.lliliters of isopropyl alcohol served as a control. 

If the substrate of era.vel or marbles was removed from the aquarium 

at 6-hour intervals, sterilized with a dilute solution of either formalin 

or carbolic acid, washed with distil.led water, and returned to the 

aquarium., the detoxifying influence of the substrate is inhibited 

{Table 4). If this sterilization procedure is stopped, the substrate 

within 48 hours again becones a detoxifying agent. This experimant 



Table 4.-Influence of substrate upon rate of detoxii'ic;;tion during storage of water containing toxaphene 

Storage conditions Biossay of stored water with Semotilus a.tro:maculatus 

Substrate-b- Du.ration Concentration Nud>er Pereentgge survival Mean 
in of o:t or 24 48 7 survival 

aquarium storage to:xa.phem test hours hours dqs (~s) 
(hours2 (,e.;e.m. 2 fish 

Nona 0 0.1 20 20 5 0 o.8.5 

None 24 0.1 10 20 0 0 0.10 

None 48 0.1 10 10 10 0 0.16 

Marbles 24 0.1 20 100 90 90 ~ 
I 

(sterilizectl, 
I-' 

Marbles 24 0.1 10 70 30 10 ...2,, r 
Gravel 24 0.1 10 70 70 70 -2,, 

Gravel (sterilized½ 24 0.1 10 JO 0 0 o.87 

Gravel 48 0.1 10 90 80 80 ..-2,t 

Gravel 48 0.2 10 90 70 30 ~ 

Sand 24 0.1 10 40 10 0 1.1 

Sand 48 0.1 10 80 70 70 ~ 

Mud 24 0.1 10 60 20 10 ~ 

l¼ld 48 0.1 10 80 80 80 ~ 

,l, Water circulation maintained in all aquaria by air stones delivering a now of 2 liters per mimte. 
,.g,,. Not determined, experiment terminated after 7 days. t Aquarium and substrate sterilized with dilute .formalin. 

Aquarium and substrate sterilized with dilute carbolic acid. 
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strong:cy, suggests that detoxification is due to removal of the chemical 

by microorganisms attached to the substrate. Glass slides suspended in 

water samples beir€ detoxified rapidl3' developed a .fauna and nora of 

microorganisms. Within 48 hours., a variety of protozoa., rotifers, diatos, 

and bacteria were present. Which of t..'1'1ese organisms a.re concerned in the 

removal of tcxaphene from solution was not determined. 

Use of 'foxaphem in Lake Management 

Final judgerent as to whether or not this insecticide can be used as 

a .fish taxi.cant without risking prolonged periods of toxicity- I!!llst await 

results of e:x:per:iloontal treatmnts now underway on several lakes. Treat

rents of Mich~an lakes to date and the above laboratory experimants 

indicate that a concentration of 0.05 p.p.m. of emulsified toxaphene is 

sufficient for fish eradication. Laboratory tests suggest that soioowhat 

lower concentrations can be used success~ in shallow hanlrwater lakes 

having a high range of temperature (70° -80° F.). The detoxifying influ

ence of the substrate that was demonstrated in the labori?tory suggests 

that lakes in which the entire water mass can circulate freely over the 

bottom sediments are apt to detoxify most rapidly. Conversely, detoxifi

cation is likely to proceed slowly or not at all in the hypolinmia. of 

deeper lakes, during s11.t·nner stagnation. Since the bypolimnion may retain 

its toxicity longer than the epilimnion, both strata should be tested with 

live .fish before restocking. Sur-,ival of test fish in only the epilimnion 

should not be considered reliable evidence that a lake has detoxified, 

since upwelling of toxic water from the hypolimnion may make the shallower 

regions toxic again. 

The laboratory results suggest that for prompt detoxification, 

treatments should be timed to take advantage of natural water moven:ents. 
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Thus late spring or ~r treatmnts should be avoided. Ear:cy fall 

treatroonts would make use of the detoxifying in.LZ>J.uence of the fall over

turn. 

This chemical appears to be more toxic to fish than to l1'IBlW., if not 

all., aquatic invertebrates. Since bottom invertebrates killed by toxa.phe~ 

reappear in the lake before it loses its toxicity to fish., food orcanisms 

are likely to be present by the time the lake is read;r for restock~. 

Approved by G. P. Cooper 

TIJped by A. J. Hamil ton 

INSTITUTE FOR FISHERI[~S RESEARCH 

:&.; 1',rank F. Hooper and Alfred R. Grzenda 
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