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Observations described in 10 publications a.re briefly reviewed. 

In ex_perimental tanks which contained no plants 2,4-D was moderately 

toxic to fish when applied a.ta strength of' 100 parts per million. 

No ill effects were shown by test fish -when 25 cc. of 1,000 ppm selution 

of 2,4-D was sprayed. on water hyacinth plants, but when the plants began 

to die the fish were affected as oxidation lmrered dissolved oxygen 

beyond the toleration limits of' the f'ish. SLI-23 (a m.odif'ieation of 2,4-D) 

was found to be somewhat more toxic than 2,4-D, although both chemicals 

did not directly endanger fish life when applied at rates recommended 

by the manufacturer. For the present at least, prohibitive costs a.re 

likely to limit greatly the use of 2,4-D compounds for control of 

aquatic vegetation. 

Pentachlorophenol and sodium penta.chlorophenate a.re highly toxic to 

fish life. Phenol is much less poisonous than these two chemicals, 

having been found only 0.003 as toxic as rotenone. 

A number of hydrocarbons which can be used in control of vegetation 

are highly poisonous to fish. 'fh1s group includes orthodichlorobenzene, 

trichlorbenzol, dicchlorbenzol, 2,4,5-trichlorbenzene, and naphtha. 



Original: Fish Division 

INSTITUTE FOR FISHERIES RESEARCH 
DIVISION OF FISHERIES 

MICHIGAN DEPARTMENT OF CONSERVATION 

COOPERATING WITH THE 

UNIVERSITY OF MICHIGAN 

cc : Education - Game 
B. li. Grigsby 
Institute for Fisheries 

Research 
J. A. Scully 
C. T. Yoo.er 
R. S. lf.i&rks 

ALBERT S. HAZZARD, PH.D. 
Bovember 16, 1951 

N. O. r.a-mifW! 
DIRECTOR 

Report No. 1307 

UNIVERSITY MUSEUMS ANNEX 
ANN ARBOR, MICHIGAN 

REVIEW OF LI'HRATURE 01' '!OXICl'fY OF SOME BDBICJDES TO FISH 

By 

Worman o. !Avard.sen 

Wit_llin :recent years, chemical control of undesirable vegetation has 

been practiced rather extensively. Destruction ot valu.ble forms of 
- - -

wildlife has semetimes attemed this u.se of chemical substances. Con

sequently a considerable number of studies have been ma.de on herbicides 
- -

~o learn with: som degree of e~tit~ their t_oxicity to animal, life, 

and to find safe, practicable methods ot applieatien. A n'UID.ber of 

these investigations have been concerned with fish, and literature on 

the subject is herein reviewed so that the :results will be reaclily 

available for reference. 

2,4--D and related CODl,POUD.ds 

l:ing and Penf'ound (1946) investigated the effects of ! 14-D and 

SLI-23 {a moo.ified sodium. salt of 2,4-D, developed by the Southwestern 

Louisiana Institute) upon bream. {!Apom.is macroehirus) ancl largemouth 

bass (Micrepterus .. salmoides). The experi•ntal tanks ea.ch had 20 

liters of tap water. In some were placed 10 water hyacinths. 'fan.ks 

without plants, besides controls, had l and 100 ppm 2,4-D added in 

solution. so;utions of l ppm of 2.,4-D shewed no significant effect. 
-· 

At 100 p~ the death rates f'or bream 1n 3 trials were '11,, 51,, and 15i, 

on the basis of' 20 fish 1n each trial. For bass in parallel tests, 
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the death rates were lofi,, lo:{o, and 2or{o. When 25 cc. of a 1,000 ppm. 

solution of 2,4-D was sprayed over 10 -water hyacinth plants, the fish 

underneath shoved. no 111 effects uutil the plants began to d.ie and the 

subsequent oxidation lowered the 1iissolved oxygen beyond the toleration 

limits of the fish. 

SLI-23 at 100 ppm was found to be quite toxic for both species. At 

l ppm it was appreciably less toxic but a few bass died within 14 days. 

When used as a spray, the SLI gave resuits similar to those ot 2,4-D. 

The authors conclude by saying that at recommended rates of the manufacturer, 

spray applications of 2,4-D will not directly endanger fish life. They do 

indicate that fish will die if confined under a hyacinth mat which has 

been sprayed. 

In their experiments on toxicity of 2,4-D to fish, Harrison and 

Rees (1946) used tanks large enough so that each fish had approximately 

one gallon of water. Water pumps circulated and aerated the water. 

The fish used -were: goldfish (Carassius auratus), sunfish (Iapomis 

gibbosus}, brown bullhead {Ameiurus nebulosus), and killifish {~flf1z!; 

At the outset ot the experiments, goldfish appeared to respond. 

erratically, so their use was discontinued. The results, of course, 

are applicable only under the test conditions and "••• refer solely 

to a 7-day expo~ure period during which the concentration of 2,4-D 

was kept at a :f:!x:ed level. u The authors do not state how this level 

was maintained. 

The lethal dose concentrations of 2,4-D: 

killifish .. 2,000 ppm 
sunfish - 1,000 ppm 
bullheads .. 2,000 ppm 



!he upper safe limits: 

killifish - 1,500 ppm 
sunfish 500 ppm 
bullheads - 500 ppm 
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'fhe authors state that in spraying along and over waterways, the fish 

inhabiting such wa.terways will no doubt be exposed to less than the 

spray concentration. Thus "... testing the effect of a herbicide on f'ish 

in the dilution to be used in spraying will indicate the maximum 

exposlll"e and one which is unlikely to be attained, in actual practice 

in the waterway treated." 

A bibliography of 113 ;papers is included. 

Surber {19li-9) in e. rather broad statement says"••• there is n0 

immediate danger to fish from the use of' such new herbicides as 2,4-

dichlorophenoxyacetic acid (2,4-D), its sodium salts and ester, 2,4,5-

trichlorophenoxyacetic acid (2,4,5-T), 2-methyl-4-chlorophenoxyacetie 

acid, 0-isopropyl :N-phenyl carbamate, and ammonium sulfa.mate at 10 ppm 

or less ••• , In experiments at Leetown, 2,4-D at 50 ppm did not kill 

bluegill sunfish." 

Surber states, "Since 5 ppm of 2,4-D and 2,4,5-T are required for 

effective control of submerged aquatic plants, and the cost of the 

chemicals is still high when compared with sodium arsenite, there seems 

nothing to fear at present from their use." Gerking (1948) says 

" ••• a concentration of 25 ppm is likely to be effective on most sub

merged aquatic plants." Surber notes that 2,4-D imparts a disagreeable 

flavor to fish flesh, making it inedible. 

In using the 2,4-D formula of the acid dissolved in the solvents 

triethanola.mine or tributylphosph&te W'i th kerosene as a carrier, some 

care should be exercised in its use near waters. Trietbanola.mine is 
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not toxic to fish, but tributylphosphate at concentrations of 15 ppm 

Yill kill fish. Kerosene is also toxic. 

Lynch, et al (1947) states"••• 2,4-D is non-toxic to fish in 

concentrations usually employed for hyacinth control. Laboratory 

experiments ••• show that 2,4-D in concentrations less than 100 ppm. 

is harmless to fish. Higher concentrations will kill some fish, and 

1,000 ppm killed all species studied • • • Calculatiens • • • shew that 

normal spraying of hyacinth with 2,4-D is unlikely to cause concentrations 

of the chemical in underlying water greater than 1 ppm." 

Phenols and cresols 

The abstract of Goednight's paper (1942) is queted in full because 

of its c011I,Pleteness. 

"P~ntachlorophenol and sodium pentachlorophenate are fatal to the 

more sensitive species of fish in concentmtions above 0.2 ppm although 

hardier species will survive at o.4 or o.6 ppm. In lethal concentrations 

they increase the metabolism of fish, as evidenced by increased respir

atory movements; bleeding results from capillary rupture. Silver-mouthed 

(silverjaw) minnaws are the most sensitive of the fish used in the 

experiments. 

"!be toxicity of pentachlorophenel and sodium pentachlorophenate 

to fish is increased by lowering the pR of the water. Within reasonable 

limits the size of the fish, the temperature of the water, and its 
' ~ 

character do not greatly affect the toxicity of the compounds. The number 

of fish in e. solution of given volume does not affect their survival 

time. Above 10 ppm fish can detect the presence of sodium pentachlorophenate 

but not below 5.0 ppm. 

"Eggs of lake trout are very resistant to these compounds. Lake 

trout are most sensitive to pentachlorophenol in the yolk sac stage 

immediately after hatching. 
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ninvertebrates such as are used as fooo. are relatively insensitive 

to pentachlorophenol or sodium pentachlorophena.te. The most sensitive 

invertebrates will live at concentrations at which fish will survive. 

"Adsorption by activated carbon, exposure to light in ponds and 

reservoirs, and natural dilution i~ flowing water are suggested a.s 

alterna:ttie solutions to the practical problem of stream. pollution by 

waste waters bes.ring sodium pentacblorophenate." 

The vertebrate species tested in these experiments were Silver jaw 

minnow {Ericymba bueca.ta), Black fin minnow {l'otropis umbratilis), 

Bluntnose minnow (Pimepha.les notatus), Dough.belly (Cam;postoma anomalum), 

Steel-colored minnw (:Notrc.wis whipplii), Horned dace (semotilus atro

maculatus), Top minnow {J'undulus notatus), and Orange spotted sunfish 

{Lepomis hailis). The invertebrates tested were crayt'ish, amphipods, 

el.adocera, bloodworm.a, dragontly n,m,phs, damselfly nymphs, and isopods. 

This author {Good.night) did not wish to make as detailed analysis 

of his observations as aersdorff (1937) did since he was mainly inter

ested in lethal concentrations. Rwever he does observe, "The different 

species, ages and sizes of freshwater fish may differ greatly in sensit

ivity. The young of game fish are in the class of the doughbelly, 

steel-colored minnow and blackfin minnow. The orangespotted sunfish, 

tadpole and top minnow are among the hardy species ••• The insolubility 

of pentachlorophenol in waters im;poses experimental difficulties. Since 

preliminary studies indicated that its action is similar to that of 

sodium pentachlorophenate, most of the experimental data, with the 

exception of the work on the eggs and young of lake trout, have been 

obtained on the sodium sall.t." 
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Gersdorff (1937) used the goldfish (Carra.ssius auratus) to compare 

the relative toxicity of the eresols. Re used rotenone for cemparison, 

and included pkenol in a. number of tests. lie wished " ••• to place a 

toxicological study of these substances on a quantitative basis." 

Upon the basis of the tables which he bas constructed, he found that 

phenol 'W8.S only 0.0030 a.s toxic a.s rotenone. M-cresol, the least toxic 

of the cresols, was slightly less toxic than phenol, while 0-cresol was 

l/5th more toxic than phenol. P-eresol, the most toxic of the cresols, was 

nearly two times as toxic as phenol. 'fhis 'W8.S according to "... the 

minimum. product ot concentration and survival time, 'Which :measures toxicity 

at its range of most powerful action. If' the com.pounds were compared 

according to concentrations necessary to kill under certain conditions 

the relative toxicity of rotenone becomes 3,000 times that of M-cresol." 

A bibliography of 21 papers is included. 

Ryurocarbons 

Surber (1949) states, "The hydrocarbons such as orthodichlorobenzene, 

triehlorbenzol and diehlorbenzol, as well as naptha, ban proven highly 

toxic to fish and fish-food animals. It has been shown by experimentation 

that these chemicals will kill :f'ish and their tood before they will 

kill plants. 

Handley (1949) states that in 1946, 2,lt-,5-trichlorbenune, sprayed 

at the rate o:f' 2 to 5 gallons per one-fifth acre, effectively killed 

Ceratophy'llum demersum as well as fish. Orthodichlorbenzene, when sprayed 

straight, proved to be an excellent vegetation killer. Efforts to 

reduce the quantity to the point vb.ere weeds were killed but not fish 

were unsuccessful. A chemical mixture obtainei from the Michigan 

Department of Conservation, Fish Division, gave results similar to 

orthodichlorobenzene. (This substance was a balanced mixture of xylene, 

trichlorbenzene and stllf'onated caster oil.) 
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