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ACUTE ORAL TOXICITY OF 1,496 CHEMICALS
FORCE -FED TO CARP

By

Howard A . Loeb

Senior Aquatic Biologist

and

William H. Kelly

Conservation Biologist

The carp (Gyprlnus carpio ), introduced

into North America in the nineteenth century,

has become so undesirably numerous in many
waters as to suggest control for the best in-

terests of game fish resources or best water

quality. For the most part the areas concerned

are large so that complete eradication of carp

would be very difficult, and the destruction of

other fish by nonselective chemical treatment

would make this method dangerous and costly.

Research on selective methods of chemical con-

trol seems desirable. The selective feeding

habits of carp are favorable to the development

of a poison bait technique. A preliminary step

toward development of such a technique has

been the screening of large numbers of chem-
icals for their effect on carp when force -fed

to fish held in large aquariums at the Fish

Laboratory at DeBruce (near Livingston Manor,

N.Y.).

Precedent for the discovery of a suitable

poison to be incorporated into bait for carp has

been established by the development of many
chemical pest control devices . Hundreds of

chemicals are now used extensively against

such pests as insects, mites, nematodes, and

rodents. Most of them are nonselective, i.e.,

they act against many besides the target species.

Development of safer, selective poisons has

been difficult.

The subject of toxicity, selective or

otherwise, is very large and involves all life

forms from viruses to the larger species of

animals and plants. A vast and growing liter-

ature encompasses efforts in the medical and

agricultural fields, but this is not true of fish-

eries, where chemical work has been relatively

limited.

Nevertheless, several extensive screen-

ing programs have been carried out as, for

example, the attempt to find chemicals that

would selectively kill oyster enemies and the

successful efforts to find a selective chemical

that would act at certain levels only against sea

lamprey larvae (Applegate et al, 1957). In

addition, a number of insecticides have been

employed successfully in fishery work, and

these have largely been general in effect.

The screening method of search for

effective compounds is often the most practical

available today, but in the future chemicals may
be discovered in a more efficient manner, as

outlined by Adams (1959): "Comparative bio-

chemistry is, of all branches of science, the

one that holds the master key for logical dis-

covery of selective toxic agents . It can reveal

metabolic differences between the economic

species which man wishes to save and the un-

economic species which he wishes to destroy.

Once these metabolic peculiarities are dis-

covered the next step is to devise selective

agents which can use them to cause irreparable

damage to the uneconomic species. Unfortu-

nately, comparative biochemistry has so far
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attracted few workers although so much of

selective toxicity is actually applied comparative

biochemistry."

The program of screening compounds for

use in a carp bait encountered the usual diffi-

culties. None of the 1,496 chemicals reported

on here proved suitable for incorporation into

a bait (on a solubility -palatibility basis), but

the force -feeding tests do provide the only ex-

tensive acute oral toxicity data on fish available

today. Accordingly the authors hope that others

will find this material useful as a reference for

future studies.

DEVELOPMENT OF EXPERIMENTAL
MATERL\LS AND TECHNIQUES

A laboratory was constructed and simple

techniques for capturing and holding carp, ob-

taining chemicals, force -feeding, and tagging

were devised before force-feeding could be under-

taken.

The Fish Laboratory is located below a

clear, continuously flowing, constant-temperature

(47° F) spring with a capacity of 50 to 100 gallons

of water per minute . The water , of pH 6 . 7

,

contains 10 p. p.m. of alkalinity and traces of

other compounds and elements. It is fed into

large tanks by gravity through nontoxic, black

-

iron pipes

.

The carp were held and observed in 13

glass -fronted, fiberglass tanks (Loeb, 1959) of

350 and 550 gallons capacity. Each tank is in-

dependently maintained at any desired temperature

by stainless -steel or aluminum coils connected

to a closed-circuit oil -burning system and con-

trolled by a solenoid and thermostat. The tanks

are nontoxic to fish and other forms of life and

require no maintenance.

The test carp were captured with an

alternating-current electric boat shocker in the

New York State Barge Canal. After transporta-

tion to the laboratory by tank truck supplied with

oxygen, they were held for weeics at spring tem-

perature of 47°F. The fish ranged from 1 to 10

pounds in weight but averaged around 3 pounds.

Poor-quality fish were rejected.

The compounds force -fed to the fish were
solicited from governmental, educational, and

private agencies (table 3). Since it was im-
possible to accurately predict the effect of in-

dividual chemicals on carp, the majority of

compounds were picked by the agencies in random
fashion, and a great variety was received. All

of the compounds reported on were accompanied

by chemical names, many of which were changed

to conform to the Chemical Abstracts system.

A number also have trivial or trade names, listed

in table 2.

Development of a method of force -feeding

proved to be difficult, but the final technique

(Loeb and Kelly, 1960) was completely adequate.

For many fish, force-feeding is relatively simple

because direct access to the stomach may be had

through the pharynx. Carp, however, possess

pharyngeal teeth which form an effective barrier

to an ordinary probe. Accordingly a machined
aluminum tube was developed in a shape which

allowed it to be forced past the grinding mill

formed by the pharyngeal teeth and the basi-

occipital bone and into the thin -walled esophagus

where the capsules containing the poison were
deposited. A fiber glass rod was used as a

plunger . The technique is an art but properly

performed is almost always successful.

During the force-feeding operation the

carp were immobilized in a nose -up position by

a specially constructed device employing foam-

rubber jaws and activated by compressed air

(Kelly, 1959).

The force -fed fed fish were marked on

the jaw or fins with brightly colored, paper

laundry tags (Kelly and Loeb, 1959) or with

colored thread tied to the serrated dorsal and

anal spines.

The chemicals to be tested were placed

in one or two No. 5 gelatin capsules by means
of an eyedropper or drawn glass funnel.

SCREENING PROCEDURE

The basic objective of the force -feeding

program was to discover compounds that were
lethal at low doses of 30 milligrams or less of



compound per kilogram of body weight. Accord-
ingly, all compounds were, if possible, force-fed

at a much higher initial dose, and thus the need

for further testing of most of them was eliminated.

Lethal compounds were retested at lower doses

.

Each chemical, in the gelatin capsules,

was force -fed initially to three fish. Additional

tests employed many more fish. The test fish

were removed from 47°F water, force-fed,

tagged, and placed in 65 °F running water for

observation. They quickly adjusted to this tem-

perature and sometimes attempted to feed

immediately.

Dissection showed that gelatin capsules

in these fish held at 65°F disintegrated in approx-

imately 1 hour. That time would be required

before the chemical could come into contact with

the intestine (this would be true for most chem-
icals; several chemicals appeared to react with

the capsule and possibly contacted the intestine

more quickly). Therefore as a general rule 1

hour should be deducted from the time to effect

in table 1

.

Fish that had been force -fed with one

chemical were often held with fish that contained

other chemicals. This mixing method was con-

sidered to be suitable under the circumstances,

since interesting chemicals were retested on

isolated fish.

A few early tests were run for only 24

hours, but the minimum period for almost all

was 40 hours or more. Many fish were observed

for a number of days

.

Judging of effect was visual. If a fish

acted or looked other than normal it was con-

sidered to be sick. If no movement occurred it

was recorded as dead. Symptoms were noted,

and special attention was paid to possible pos-

itive directional movements

.

In table 1 the symbol for "less than"

(<) is used often to represent sickness, recovery,

or death occurring before the time of observation.

The symbol for "more than" (>) is used occasion-

ally to represent doses where exact data are for

one reason or another lacking.

DISCUSSION OF TOXICITY AND
SYMPTOMS OF TOXICITY

That a detailed analysis of the relative

toxicity of compounds and groups of compounds
tested would be meaningless will become appar-

ent if table 1 is carefully examined. It appears

that the toxic compounds in different groups

affected fish without rhyme or reason. This is

not entirely true since some groups included

many toxic compounds while others contained

very few. There are physiological reasons for

effect or lack of effect of compounds on fish but

these are little known. So far the attempt to

relate toxicity to molecular mechanisms has

succeeded in only a few cases (Adams, 1959).

These few include determination of the effects

of carbon monoxide, cyanide, the reversible

anticholinesterase poisons physostignine and

neostigmine, the irreversible organic phosphates

isopropylflurophosphate (DFP), tetraethylpyro-

phosphate (TEPP), and others, the protein se-

creted by the botulinus bacillus which disrupts

the acetylcholine cycle, and flouroacetic acid

which interferes with the citric acid cycle.

Nevertheless, the metabolic targets of most
compounds remain uncertain, and most common
poisons such as nicotine and arsenic are incom-
pletely understood. Therefore results of the

tests presented in table 1 cannot be explained

adequately and, in fact, in most cases cannot

be explained at all.

The apparent randomness of effect illus-

trated in table 1 is more easily understood if it

is remembered that physiological action is highly

dependent on details of structure. An example
would be the "Lindane" series (page 109) where
only the delta isomer produced an effect. Cer-
tain compounds in a group might readily produce

symptoms while others, apparently close related,

produce none. An example of the manner in which

activity can be changed by structural variation is

the following from Albert (1960): The vitamin

activity of thiamine drops to 5 percent if the

methyl group is removed from the pyrimidine

ring, to less than 1 percent if the methyl group

is removed from the thiazole ring. If an extra

methyl group is inserted into the thiazole ring

between nitrogen and sulfur the vitamin activity

completely disappears . That there are many



physiological routes by which compounds affect

fish is shown in table 1 where most unrelated

groups of chemicals included one or more toxic

compounds

.

Despite the "confusion" resulting from
lack of knowledge of the chemicals and their

effects on carp, certain figures and relations

pertaining to toxicity did appear. These are

probably unimportant to the fields of toxicity,

chemistry, and physiology but may be of inter-

est to those contemplating screening programs
of their own

.

Of the 1,496 chemicals presented in table

1 , only 7 percent killed all three of the fish that

were initially fed large doses. This is typical

of a screening program employing randomly

selected compounds. Chemicals received from

companies that made an effort at selection killed

a slightly higher percentage of fish.

Certain large groups of compounds showed
a high degree of biological activity and included

the aliphatic phosphates, amine salts and phenols,

the heterocyclic alkaloids, and the inorganic halo-

gens. Groups showing little biological activity

included the aliphatic carboxylates, carbamates,

carbanilates , metal amine complexes, sulfides,

and disulfides, and the aromatic hydrocarbons,

esters, ethers, and amines. Very few chemicals

killed fish at very low doses of 10 milligrams per

kilogram or less.

A number of compounds that have been

widely used as insecticides or rodenticides

produced little or no acute effect when force -fed

to carp . From the publicity these compounds
have received and the furor often resulting from

their improper use one would expect them to have

some acute effect on carp. They include pure

toxaphene, the DDT derivatives including DDT
and methoxychlor , warfarin, lindane, aldrin,

heptachlor, chlordane, dieldrin, pure Thiodan,

parathion, and arsenic trioxide.

The great majority of lethal compounds
produced only the vaguest of symptoms. Gener-

ally speaking, fish become sluggish over a period

of time which varied considerably depending upon

fish, chemical, and dose. Toward the end of

the test period the fish turned on their sides

either at the surface of the water or the tank

bottom and died. Movements during the period

when the fish were affected can only be described

as random. None of the 1,496 chemicals pro-

duced surfacing (as caused by certain derivatives

of d-lysergic acid; (Loeb, 1962), or any positive

directional movement that could be detected.

A few chemicals did produce positive

symptoms . Three chemicals popularly regarded

as chlorinated hydrocarbons caused alternating

and long-lasting periods of irritable, erratic,

and relatively normal swimming patterns . They
were toxaphene (60.5 percent miscible), endrin,

and Thiodan. Most lethal aliphatic phosphates

caused noticeable paralysis and color changes .

A few other chemicals also produced recogniz-

able symptoms. Ephedrine, for example, caused

a color loss that lasted for weeks.

Since the force-fed fish were not held for

more than a few days for observation, the effects

presented in this paper must be judged as acute

or immediate. It is entirely possible that single

doses of some of the chemicals would produce

chronic symptoms, but such observations were
beyond the scope of this study.
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Table 1. Screened compounds listed by arbitrar/ classification with results
obtained by forcefeeding to carp.

Tha nomenclature used herein is based on the Definitive International
Union of PuL'e and Applied Chemistry (lUPAC) 1957 Rules, and is in accord
with the conventions of Chemical Abstracts. The Classification scheme,

however, is our O'^m.

All of the chemicals listed were forcefed to carp at the doses (total

material without regard for formulation) shown. Effects are lifted as

follO'ATs: NE, no effect; S, sickness; R, recovery; D, death. All tests

were carried out at temperatures of 65"F.

The Laboratory Accession Number is the number assigned to each chemical

by the Fish Laboratory. Likewise many chemicals were assigned code letters

and numbers by the submitters who are identified by number in Table 3.
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amino acids
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Index of Classification of Compounds Listed in Table 1 (continued)

Page
carbonates ^
carbamates 49

carbanilates 50

oxanilates 59

carbazates 59
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Table 2. Trivial and trade names of screened compounds.

Name Page

AEROSOL OS 10^

AGERITE HIPAH 103

AGERITE HP 103

AGERITE POvflJER 103

AGERITE RESIN 103

AGERITE RESIN D 106

AGERITE STALITE 103

AGERITE 'WHITE 103

ALDRIN 109

AMMIDIN-AMMOIDIN 89

A>MOIDIN 69

ANABASINE 68

ANHALAMINE 106

ANTHRANIUC ACID 8?

AQUALIN 63

AHA>n:TE ^^

ASPIRIN 87

BARTHANE 30

BENZ IDINE 102

BENZOCAINE 92

BERGAPTEN 90

BISMTE ^7

BIOAN 10

BUTOBEN 90

BOTYL NAyiAIE ^6

BUTYL ZIMATE ^^

119



Name Page

CACKLEBERRY 108

CAFFEINE 107

CAPRAMDE 72

CAPTAN 73

CAPTAX 105

CHLORANIL 99

CHLORDANE 110

CHLOROBENZIUTE 25W 27

CITRAZINIC ACID 87

CO-RAL ll2

COUMARIN 89

CUMTE 1*6

DDD 11;

DDT 13

DDVP 32

DNC 92

DEMETON ii6

DIAZINON 25E lO

DIAZINON 25W I4O

DIBROM 31

DIELDRIN 110

DIPHACINONE 6U

DIPTEREX 39

DCWICIDE A 98

DOWICIDE 6 92

DaCECIDE 7 92

DRY VANCIDE 5l 105

120



Name Page

ENDRIN 109

EPHEDRINE l6

ETHYL TUALS 73

ETHYL ZIMATE 1^6

EUGENOL 92

FLUORITE 112

FUMASOL-C 89

FUNGITROL $0 25

FUNGITROL 617 98

GUTHION k2

HEFTAGHLOR 110

HTH 117

INDALONE 27

KEPONE 6U

KHELLIN 106

LEDATE hi

LINDANE 109

MALATHION ll

MEPHENESIN 18

METHOXYCHLOR lU

METHYL SELENAC hi

METHYL TUADS 73

METHYL ZIMATE hi

MCAP 105

NIAUTE 9

121



Name Page

NICOTINE 107

NICOTINE SULFATE 107

NUODEX COPPEa, Q% 25

NUODEX PMA - 18 25

NUODEX ZINK, Q% 25

NUODEX 6k 106

OVOTRAN 105

PARATHION 1;2

PHOSPHAMIDON 32

PHOSPHEN h 38

PHOSTEX 73

PHIGON 99

PIMPINELLIN 90

PIVAL 87

PIVALYN 87

PMA 106

POLYGLYCOL 89-1 100

P-hOO POLYGLYCOL 19

P-1200 POLYGLYCOL 19

PROLAN 10

QUIfJDEX 98

QUINDEX EMULSION BASE 98

ROTENONE CRYSTAIS 87

SAFROLE Qh

SAMMIDIN 89

SEVIN 50

122



Name Page

SIMAZINE 50W 80

SODIUM SALT CF DIPHACINONE 6k

SODIUM TCA 25

SUPER AL-IT 25

SYSTOX h6

TEDION 77

TEPP 31

TERPOSOLE NO. 8 21

THEOBROMINE 107

THIATE A 105

THIATE B 79

THIODAN 78

TOXAPHEKE 9

TRIACETIN 28

2,h,5T 23

VANCIDE EL 92

VANGIDE F-2083 85

VANCIDE 26 EC 105

VANCIDE 51Z i*6

VANCIDE 89 73

VANCIDE ZP 81i

VANICIDE Zm hi

VANLUBE PC 92

VIOZENE ii2

WARFARIN 89

WARFICIDE 89

ZETAX 105
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Table 3. list o? submitters of con^sounds, together with the submitter nunfcer.

(2) Columbia-Southdrn Chemical Corporation

Subsidiary of Pittsburgh Plate

Glass Company
Barberton, Ohio

(3) The Dow Chemical Company
Midland, Michigan

{h) Geigy Agricultural Chemicals
Division of Geigy Chemical Corporation

P. 0. Box I430

lonkers, New York

(7) Miles Laboratories, Inc.

1127 Myrtle Street
Elkhart, Indiana

(9) Food Machinery and Chemical Corporation
Niagara Chemical Division
Middleport, New York

(10) S. B. Penick & Company

100 Church Street
New York 8, New York

(15) Cornell University
Department of Chemistry
Ithaca, New York

(16) Chemical Insecticide Corporation

30 Whitman Avenue
Metuchen, New Jersey

(18) Miles Chemical Company
Zeeland, Michigan

(19) Oaark-Mahoning Conqjany

Chemical Division
310 West Sixth Street
Tulsa 19, Oklahoma

(20) Allied Chemical Corporation
Solvay Process Division
P. 0. Box 271
Syracuse 1, New York

(23) Velsicol Chemical Corporation

330 East Grand Avenue
Chicago 11, Illinois

(25) Dr. Salsbury's Laboratories
Charles City, Iowa

(26) Allied Chemical Corporation
National Aniline Division
1051 South Park Avenue
Buffalo 5, New York

(28) U.S. Department of Agriculture
Agricultural Research Service
Entomology Research Division
P. 0. Box 3391
Orlando, Florida

(31) Morton Chemical Conpany
Woodstock, Illinois

(3I4) Shell Development Company
Agricultural Research Division
Post Office Box 3011
Modesto, California

(37) Heyden Newport Chemical Corporation

3h2 Madison Avenue
New York 17, New York

(38) Nuodex Products Company
A Division of Heyden Newport

Chemical Corporation
Elizabeth, New Jersey

(39) R. T. Vanderbilt Company, Inc.

230 Park Avenue
New York 17, New York

(li2) California Chemical Con^iany

Ortho Div.

P. 0. Box 118
Moorestown, New Jersey

{hh) Chemagro Corporation
Latham Shopping Center
Latham, New York

ikS) Sindar Corporation
Industrial Aromatics and Chemicals

Delawanna, New Jersey

(57) Miscellaneous

(58) Benzol Products Company
237 South Street
Newark 5, New Jersey

(60) Pennsalt Chemicals Corporation

309 Graham Bldg.
Aurora 7, Illinois
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The Department of the Interior, created in 1849, is our Nation's De-

partment of Natural Resources, concerned with management, conserva-

tion, and development of water, wildlife, Hsh, mineral, forest, and park

and recreational resources. It also has major responsibilities for Indian

and Territorial affairs.

As America's principal conservation agency, the Department works to

assure that nonrenewable resources are developed and used wisely, that

park and recreational resources are conserved for the future, and that

renewable resources make their full contribution to the progress, pros-

perity, and security of the United States, now and in the future.

UNITED STATES DEPARTMENT OF THE INTERIOR

Stewart L. Udall, Secretary

Frank P. Briggs, Assistant Secretary for Fish and Wildlife

FISH AND WILDLIFE SERVICE

Clarence F. Pautzke, Commissioner

BUREAU OF SPORT FISHERIES AND WILDLIFE

Daniel H. Janzen, Director


