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TOXICITY OF SOivtE NEW HERBICIDES TO PISH 

INTRODUCTION 

The purpose of this study was to determine the 

toxicity of certain new commercial herbicides to juvenile 

coho salmon, Oncorhynchua kiautch (Walbaum), and the 

largemouth be.es, Micropterus salmoidea (Lace'p~de). This 

study was conducted at the Fisheries Laboratory of Oregon 

State College during the summer and fall of 1956. 

Investigations concernin5 the effects of phytocidal 

compounds on fish have been carried on by the Oregon State 

Agricultural Experiment Station since 1949. The present 

study was a continuation of this work under the Farm Pond 

project which began in June of 1956. 

The toxicity of a wide ranee of substances to fish 

has been investigated extensively with various techniques 

employed. Doudoroff !1 al. (2, p. 1380-1397) have 

outlined a method for determining the toxicity of a 

substance to fishes. By means of bioaasays, in which fish 

are exposed to known concentrations of a compound for a 

specified period of time, the relative toxicity of a 

ma ter1al can be determined. The recommended measure or 

index of relative toxicity is the median tolerance limit 

(Tf;n), or the concentration at which 50 per cent of the 

test anir:ials aurvi ve, for a specified period of exposure. 

In general, this method was followed in this work and the 
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24, 48, 72 and 96 hour TLm determined. The most important 

deviation from the method mentioned above was aeration; 

all bioassaya in this work were aerated. 

The primary objective of this investigation was the 

ascertain1ll8 of a herbicide or herbicides which could be 

used to control aquatic vegetation without damage to fish 

life in the waters receiving treatment. Seven commercial 

preparations were selected for testing on the basis of 

their ability to control aquatic vegetation. 

Because of the aomewhat limited meaning of the short 

term bioaasays, longer experiments were devised. A 

constant flow apparatus was constructed so that the test 

animals might be exposed to constant concentrations of a 

herbicide for a prolonged period of time. These 

experiments were allowed to run fourteen days without 

interruption and the survival recorded. 

REVIEW OF THE LITERATURE 

Only a meager amount of information is available on 

the toxicity to fish of the compounds tested in this work. 

A search of the literature and correspondence with 

manutacturera of the compounds tested produced the 

following information. 
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Limited studies by personnel of du Pont's San Jose, 

California, Experimental Stationa have found that white 

catfish, hitch, green sunfish, bluegill, and others 

appeared to be able to tolerate 40 p.p.m. of Karmex W for 

ten daya. At a level of 80 p.p.m., gross toxic effects 

were evident upon ten days of exposure and a significant 

number of mortalities occurred (3, P• 2). 

Dr. Lyall F. Taylor, Biological Cherr~cala Development 

and Service, E. I. du Pont de hemours and Company, has 

stated in personal correspondence that the California Fish 

Hatchery at Elk Grove has been using Karmex W commercially 

for two or three years in baas-rearing ponds with no 

deleterious effects on the fish present. Dr. Taylor goes 

on to state that Dr. Robert P. Dempster of the Steinhart 

Aquarium in San Francisco, California, has conducted 

toxicity tests with Karmex W with the following results. 

Karmex Wat a concentration of 5 p.p.m. showed no apparent 

toxicity to sticklebacks, Gasterosteua aculeatus, and 

viviparous perch, C~to~ster a_ggre~us. Tadpoles and 

goldfish were exposed to concentrations of 10 p.p.m. with 

no apparent toxic effect. 
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Phygon-!!! 

Mr. G. E. O'Brien, biologist for the Naugatuck 

Chemical Company, has stated in personal correspondence 

that the 48-hour TLm for bluegills exposed to Phygon-XL 

was estimated to be 0.24 p.p.m. This experimental work 

was done by Dr. Charles B. Wurtz, consulting biologist 

at the University of Pennsylvania. 

Fitzgerald and Skoog report treating a highly fertile 

27-acre lake in Wisconsin with Phygon-XL to control blue

green algae. The concentration used in this work ranged 

from .030 to .055 p.p.m. Under these conditions the 

Phygon-XL destroyed the blue-green algae but did not harm 

the fish life in the lake (4, p. 1136•1140). 

In general, no serious fish kills have been reported 

from field tests with Phygon-XL. The following fishes 

have been mentioned in reports as being unharmed in waters 

treated with Phygon-XL: trout, rock bass, largemouth bass, 

bluegills, common emerald shiner, catfish, bluntnose 

minnow, black crappie and guppies. In addition to the 

above-mentioned fishes, crayfish, frogs, turtles and 

snails were also reported unharmed. Two cases of injury 

to small bluegills have been reported where high dosages 

of Phygon-XL were employed. One case is recorded which 

indicated a toxic effect on catfish try and fingerlings 



in a hatchery receiving its water supply from a lake 

treated with Phygon-XL for blue-green algae control 

(5, P• 4). 

Dala~on 
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Lake emerald shiners have been exposed to 3,000 p.p.m. 

of Dalapon for three days without any adverse effect; 

however, 5,000 p.p.m. was found to be lethal (7, p. 4). 

Weedazol 

Tests conducted to determine the toxicity of Weedazol 

to the bluegill, Lepomls macrochlrua, were conducted by 

workers at the Academy of Natural Sciences of Philadel

phia. The following data are reported: 24-hour TLm, 

14,300 p.p.m. and 48-hour TLm, 10,000 p.p.m. In addition 

to these data the biologically safe concentration for fish 

ls reported to be 1,470.57 p.p.m. (1, P• 1-7). 

Hyamlne ~ 

It has been determined that Hyam1ne 1622 1a toxic to 

the guppy, Lebistea reticulatua, and the one-spot live 

bearer, Poec111a v1v1para, after one hour of exposure at a 

concentration of 5.0 p.p.m. or less (9, P• 470). 



METHODS AND MATERIALS 

Seven chemicals, five of which are commercial 

herbicides, were selected for toxicity studies on the 
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basis of their ability to control various types of aquatic 

vegetation. Experimental concentrations were computed on 

the basis of active ingredients. Table 1 lists the 

compounds tested by commercial and chemical names with 

some properties included. Henceforth all compounds will 

be referred to by the commercial or trade name. 

Karmex DW, ~ and FW are urea substituted herbicides 

produced by E. I. du Pont de Nemours and Company. These 

compounds were tested on both bass and coho salmon with 

the exception of the experimental Karmex FW which was 

tested only on coho salmon. Experimental solutions were 

prepared by weighing out the correct amount of herbicide 

needed for each concentration on a torsion balance and 

placing the chemical directly in the test jars. 

Phygon-XL, also referred to as dichlone, is a 

quinone compound produced by the Naugatuck Chemical 

Division of the United States Rubber Company. This 

compound waa tested on both coho salmon and largemouth 

baas. Experimental concentrations were prepared by making 

up stock solutions and extracting the desired amount of 
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herbicide from these by volumetric methods. Stock 

solutions were prepared by weighing a sample of herbicide 

on a balance and adding this weighed sample to one liter 

of distilled water. Due to the low water solubility ot 

Phygon-XL constant agitation was needed in the stock 

solution while extracting the desired amount of herbicide 

for experimentation. This was accomplished by using a 

small laboratory mixing machine. The mixing action gave 

a uniform auapenaion of the herbicide so that the correct 

amount could be removed by pipettes for addition to the 

test jars. 

Dalapon, a product of the Dow Chemical Company, was 

tested on both coho salmon and bass. Stock solutions were 

made up and experimental concentrations prepared from this. 

Weedazol, also referred to aa aminotriazol, was tested 

in relation to coho salmon and bass. A stock solution was 

made up and concentrations prepared from this as mentioned 

above. Because of the relatively low toxicity of Weedazol 

to both types of test animals in jar experiments it waa 

selected for use in the constant flow experiment with bass. 

Preliminary tests were made with Hyamine 1622 because 

ot its toxicity to certain aquatic plants. These prelim

inary tests were conducted using the coho salmon as a test 

animal. Hyam1ne 1622 is used primarily as a germicide. 

The method used in selecting experimental 



TABLE 1 

NAMES AND SOME PROPERTI- S OF THE HERBIC IDLS USED IN FISH BIOASSAYS 

Commercial 
or 

Trade Name 

Karmex DW 

Karmex W 

Karmex ~ 

Phygon-XL 

Dalapon 

Weedazol 

Chemical l-iame 

3-(3-4-dichlorophenyl)-l,l-dimethylurea 

3-(f-chlorophenyl}-1,1-dimethylurea 

3-phenyl-1,1-dimethylurea 

2,3-dichloro-1,4-naphthoqulnone 

2,2-dichloropropionlc acid, sodium salt 

3-amino 1,2,4-trlazole 

Hyamine 1622 parad1isobutylphenoxyethoxyethyl 
dlmethylbenzylamnoniumchloride 
monohydrate 

The above information was taken from various sources. 

Active 
Empirical Ingredier,t 

Formula (Per Cent) 

Cgl1J.oC12N20 80 

C9H11c1N2o 80 

C9H12N20 80 

C1olf.&02Cl2 50 

C3H3Cl2Nao2 85 

C2H4N4 50 

98.8 

·-

Water 
Solubility 

42 p.p.m. 
@ 25° c. 
230 p.p.m. 
@ 2s0 c. 

0.29% 

1-2 p.p.m. 

Soluble 

19.3% 

Soluble 

(X) 
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concentrations for all compounds tested in this work is 

the same as that described by Doudoroff et !l• (2, 

P• 1395). 

Experimental work with the above herbicides was 

conducted in 5-gallon (19-liter) jars (Figure 1). The 

jars were the wide-mouth type and cylindrical in shape. 

The cylindrical shape of the jars was very important 

because the toxic effect of some compounds caused the fish 

to swim wildly about. In containers of this shape the 

fish were compelled to swim in a circular pattern, thus 

avoiding injury. 

Test jars used in the bioassay work were filled with 

water to the 15-liter mark, the volume at which all such 

teats were made. Each test jar was furnished with an 

aerator which was connected to an air compressor unit 

(Figure 1). All standing jar bioassays were run 96 hours 

under constant aeration. At the end of each test the 

jars were washed carefully, placed back on the table, 

filled with water to the 15-liter mark, and allowed to 

stand a minimum of 24 hours under aeration before the next 

test was started. Water used in the toxicity bioassays 

was taken from Marys River. 

The temperature during the tests was maintained at 

20° c. by the use of a thermostatically controlled 

constant-temperature room. Water was tempered and fish 



acclimatized by means of this facility before use in 

experimental work. 
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Coho salmon used in this work were obtained from the 

Oregon State Game Commission hatchery located on the North 

Fork of the Alsea River. All fish were from a single pond 

which offered an excellent source of uniform test animals. 

Largemouth bass used in jar experiments were seined 

from the Jefferson Junction borrow pit just off u. s. 
Highway 99 at Jefferson Junction. Bass from this pond 

were of good quality and uniform in size. 

All fish were transported to the laboratory in ten

gallon milk cans. Care was taken not to overcrowd these 

fish during transportation. Fish were held in five-foot 

circular tanks, in flowing water, outside the laboratory 

until ready for use in experimental work. While held in 

the tanks these animals were fed a diet of fish products 

and commercially prepared pellets daily. 

Fish were transferred into the laboratory and held 

without food in aerated Jars for three to five days before 

tests began. This allowed the fish to become acclimatized 

to the 20° c. temperature of the laboratory. During the 

acclimatization period any animals showing abnormalities 

were removed from the laboratory and released. The length 

of the largest fish used in the individual bioassays was 

not more than 1.6 times the length of the smallest 



Figure 1. Test jars used in bioassays. 

Figure 2. Experimental apparatus used in 
constant flow experiments. 

11 
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specimen used (2, p. 1383). 

Prior to conducting experiments, dissolved oxygen was 

measured in the control jar to cive some indication of the 

level of oxygen in the test jars. Ten test animals, all 

of approximately the same size, were placed in each jar. 

To each jar was added the correct amount of herbicide to 

produce the desired concentration. Survival was recorded 

each 24 hours for 96 hours. Dead fish were removed from 

the jars when observed and were weighed am measured 

before being aiacarded. Test animals were considered dead 

when respiratory movements had stopped and they failed to 

respond to mild mechanical stimulation. In test jars 

where partial mortality occurred all animals were weighed 

am measured; where no mortality occurred a sample of 

three fish was taken for size determination. At the end 

ot each 96-hour run the dissolved oxygen was again measured 

in the control jar. All dissolved oxygen determinations 

were made by the Winkler method (8, P• 38). 

The median tolerance limit was derived by plotting 

the experimental aata on semilogarithmic paper, with test 

concentrations laid off on the logarithmic scale and 

survival percentaGes on the arithmetic scale. A curve was 

fitted to the data by inspection. The concentration which 

corresponded to the 50 per cent survival on the graph was 

then observed {Figures 4 am 5). 



Effects~ Preaeration and Storage£!!!!!!_ Toxicity of 

Test Herbicides ------

13 

It was considered desirable to observe the effects 

which preaeration and storage mlbht have on the toxicity 

of the seven herbicides used in this work. An experiment 

was designed employing the same techniques and equipment 

used in the standing jar test. Coho salmon were used as 

test animals in this experiment. Concentrations were 

selected for each compound which approximately coincided 

to the 24-hour TLm of coho salmon. For each compound two 

solutions of the same concentration were prepared 96 hours 

in advance of the test. One solution received aeration 

while the other was not aerated. At the end of the 96-hour 

period 10 fish were placed into each jar and air was 

introduced into the jars not previously aerated. Fresh 

solutions ot the same concentrations as previously provided 

for each compound were then prepared and 10 fish introduced 

immediately; these solutions were also aerated during the 

period of testing. Mortalities were recorded every hour 

for 24 hours to detect any decline in toxicity produced 

by preaerati~n and stornge. 

Conatant Flow Experiments 

It was desired to observe the effects of constant 

concentrations of a herbicide on fish over a prolonged 
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period of exposure. To demonstrate this an apparatus was 

devised which would supply the desired amount of chemical 

at a constant rate, thus maintaining the same concentration 

at all times in the test containers (Figures 2 and 3). 

Weedazol was selected for testing in thia type of 

experiment as it appeared to have a rather low toxicity to 

fish in the jar tests. The largemouth baaa used as teat 

animals were seined from Marys River near the fisheries 

laboratory and stored in the same five-foot circular tanks 

mentioned before. The fish were maintained in these tanks 

until ready for use in experimental work. 

The water for these experiments was taken from Marys 

River. This was considered desirable as the baas were 

also from this river system. It was believed that by 

using these fish any variation introduced by changing water 

conditions would be partially controlled. Test animals 

were acclimatized in the test jars for a period of six to 

seven days. During this time the temperature of the water 

was slowly brought up to 20° C. and maintained at that 

point throughout the 14 days of experimentation. During 

acclimatization and testing the fieh were fed earthworms 

every fourth day. Two complete runs were made with this 

apparatus using four concentrations per run and a control. 

Temperature control of the water in the experimental 

apparatus was maintained by two separate units. The tirst 



~ 

12"X 24Pyrex Jar 

Mercury Thermo- Reoulator 
Stainless Steel 
Immersion Heater 

Test Animals Contained 
5 Gal. Pyrex Bottle u 

water Supply 
V2' Rubber Tubing 

12" X 1211 Pyrex Jar 

3/is Rubber Tubing 

=---
ifub\er Stopper 

Adjustabl 
Clomp 

Metal 
Stand 

#- 12 Rubber Stopper 

-- 5 Gal. Pyrex 
Bottle 
Containing 
Herbicide 

Fi~re 3. Diagram of constant flow apparatus. 
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unit was a stainless steel heater in the head jar control

led by a thermoregulator. This heater warmed the water in 

the head jar before it entered the test bottles containing 

the fish (F:tgure 3). To insure that no change in water 

temperatures occurred while in the test bottles, a second 

unit consisting of a water bath was included in the 

apparatus. This water bath would accommodate five test 

bottlee and the heating jar (Figure 2). A small pump was 

used to draw water from one end of the bath to the other 

where the heating jar was located. The water that passed 

through the heating jar was warmed and then overflowed 

back into the bath. The stainless steel heating unit in 

this jar was thermostEtically controlled and set to main

taJ.n 20° C. in the test bottles. The preheated water 

entering the test bottles from the head jar and the water 

bath gave excellent temperature control during the 14 days 

of experimentation. 

The herbicide was introduced into the system by use 

of a Brittingham Laboratory pump (6, P• 798-801}. Water 

psssed through the experimental apparatus by means of 

gravity flow. The am01int of water flow was controlled by 

an adjustable outflow (Figure 5). 
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EXPERIMENTAL RESULTS 

!!!.£ Experiments 

Karmex DW 

Toxicity tests with Karmax LW in relation to coho 

salmon (Table 2) revealed the following estimated median 

tolerance lirnita~ 24 hour, 33 p.p.m.; 48 hour., 16 p.p.m.J 

72 hour, 12 p.p.w.; and 96 hour, 10 p.p.m. (Figure 4). 

The first obvious s lgns of distress ~.n fish exposed to 

this compound for 24 hours occurred at 18 p.p.m. Although 

only one mortality occurred at this concentration during 

the first 24 hours, all test animals were in distress. 

Couceutrations producing the first signs of distress in 

the remaining portions of the tests were: 48 hours, 

10.5 p.p.m.; 72 hours, 10 p.p.m.; and 96 hours, 7.5 p.p.m. 

This uistress was characterized mainly by loss of 

equilibrium and narcotization of the test animals. 

Toxio:i. ty of Karmex DY'J was not pronounced. eno~. gh 

within the range of its water aolubility to estimate the 

median tolera.nce limits for largemouth bass. Karmex DW 

is water soluble up to 42 p.p.m. and this value represents 

the highest concentration tested in the bloassaya 

(Table 3). After 24 hours of exposure to concentrations 

of 24 and 32 p.p.m., bass showed a very slight loss of 



1]iABLE 2 
THE EFFECTS OF KAR.MFX DW ON COHO SALMON 

No. Test Animals Per Gent Test Animals 
Surviving After Surviv1ns After Avg. Avg. 

Cone. No.Test 24 48 72 96 24 48 72 96 Length Weight 
p.9.m. Animals Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. lira. mm Orama 

3.2 20 20 20 20 20 100.0 100.0 100.0 100.0 56.2 1.9 

4.2 20 20 20 20 20 100.0 100.0 100.0 100.0 58.1 2.0 

5.6 20 20 20 20 20 100.0 100.0 100.0 100.0 5'7.0 1.9 

7.5 30 30 30 30 29 100.0 100.0 100.0 96."7 58.2 2.0 

10.0 30 30 30 30 16 100.0 100.0 100.0 53.0 67.3 2.1 

13.5 40 40 33 4 0 100.0 82.5 10.0 o.o 57 .5 2.3 

18.0 20 19 2 0 0 95.0 10.0 o.o o.o 57.4 2.2 

24.0 30 30 3 0 0 100.0 10.0 o.o o.o 58.6 2.4 

32.0 30 11 0 0 0 3r/ .0 o.o o.o o.o 56.9 2.4 

42.0 10 3 0 0 0 30.0 o.o o.o o.o 58.6 2.3 

56.0 10 0 0 0 0 o.o o.o o.o o.o 57.6 2.1 

Control 
t,J 

40 100.0 100.0 100.0 5'7 .0 2.0 
CD 

o.o 40 40 40 40 100.0 
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equilibrium, while fish tested at 42 p.p.m. were lying on 

the bottom of the test container in a narcotized condition. 

At the end of 48 hours all fish in each concentration 

tested were on the bottom of the contatners in the same 

condition mentioned above. 

Karmex W 

Testa to determine the toxicity of Karmex W to coho 

salmon (Table 4} rasulted in the following estimated median 

tolerance limits: 24 hour, 115 p.p.m.; 48 hour, 72 hour, 

and 96 hour, 110 p.p.m. Fish exposed to 75 p.p.m. of 

Karmex W remained normal during the 96 hours of testing, 

while at 100 p.p.m. one mortality occurred and several ot 

the test animals appeared to be in alight distress. 

Concentrations of 115 p.p.m. and above produced distress 

within 24 houra after the tests began. This distress was 

characterized by loss of equilibrium and a narcotized 

condition resulting in the fish lying on the bottom of the 

test container. 

The toxicity of Karmex W to largemouth bass was not 

pronounced enough within the ranGe of water solubility 

(230 p.p.m.) to estimate the median tolerance limits. It 

was necessary to go slightly over the water solubility of 

this compound in selecting the highest concentration 

tested, 240 p.p.m. (Table 5). This was done in order to 



TABLE 3 

THE EFFECTS OF KARM.EX DW Oli LARGEMUUTfi BASS 

No. Test Animals Per Cent Test Animals 
Surv1Y1ng After Survlvi!!S After Avg. Avg. 

Cone. ho.Test 24 48 '72 96 24 48 72 96 Length Weight 
p.p.m. Animal.a Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. mm Grams 

24 10 10 10 10 10 100.0 100.0 100.0 100.0 67.6 2.7 

32 10 10 10 10 10 100.0 100.0 100.0 100.0 58.0 2.a 

42 10 10 10 10 8 100.0 100.0 100.0 ao.o 55.5 2.5 

Control 0 10 10 10 10 10 100.0 100.0 100.0 100.0 55.8 2.e 



TABLE 4 
THE EFFECTS OF KARMEX i·.1 ON COHO SALMON 

No.Teat Animals Per Cent Test Animals 
SurviV1!!-fi After Survivin5 After Avg. Avg. 

Cone. No.Test 24 48 72 96 24 48 '12 96 Length Weight 
p.p.m. Animal& Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. mm Grams 

7.5 10 10 10 10 10 100.0 100.0 100.0 100.0 56.3 1.9 

10.0 10 10 10 10 10 100.0 100.0 100.0 100.0 58.0 1.a 

13.5 10 10 10 10 10 100.0 100.0 100.0 100.0 57.7 1.7 

18.0 10 10 10 10 10 100.0 100.0 100.0 100.0 57.7 1.7 

24.0 10 10 10 10 10 100.0 100.0 100.0 100.0 58.0 1.a 

32.0 10 10 10 10 10 100.0 100.0 100.0 100.0 58.3 2.1 

42.0 10 10 10 10 10 100.0 100.0 100.0 100.0 55.7 1.a 

56.0 10 10 10 10 10 100.0 100.0 100.0 100.0 56.7 1.6 

75.0 10 10 10 10 10 100.0 100.0 100.0 100.0 59.3 2.0 

100.0 20 19 19 19 19 95.0 95.0 95.0 95.0 58.3 2.1 

115.0 10 5 4 2 0 50.0 40.0 20.0 o.o 57.l 2.4 

135.0 20 4 0 0 0 20.0 o.o o.o o.o 57 .5 2.5 

180.0 20 0 0 0 0 o.o o.o o.o o.o 67.7 1.g (\:) 
(\:) 

Control o.o 20 20 20 20 20 100.0 100.0 100.0 100.0 57.l 2.1 



rrABLE 5 

THE EFPECTS OF KARMEX W ON LARGEMOUTH BASS 

No.Test Animals Per Cent Test Animals 
Survi vine; A.fter ~urvivlns After Avg. Avg. 

Cone. No.Test 24 48 '72 96 24 48 '72 96 Length Weight 
P•P••• Animala Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. mm Oram8 

100 10 10 10 10 10 100.0 100.0 100.0 100.0 6:5.6 3.6 

1;,5 10 10 10 10 9 100.0 100.0 100.0 90.0 62.0 S.4 

180 10 10 10 9 9 100.0 100.0 90.0 90.0 6S.8 3.6 

240 20 18 18 16 4 90.0 90.0 ao.o 20.0 68.0 5.0 

Control 0 20 20 20 20 20 100.0 100.0 100.0 100.0 55.8 2.a 
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follow the guide to the selection of experimental 

concentrations suggested by Doudoroff et al. (2, p. 1395). --
Baas exposed to 100 p.p.m. of Karmex W for 96 hours 

appeared to be in slight distress. Occasionally an animal 

waa observed which did not have complete control of its 

equilibrium and would tend to roll from side to side while 

in motion. In general, however, these fish remained in 

good condition throughout the 96 hours ot experimentation. 

Fish tested at 135 p.p.m. appeared to be in more distress 

than the above-mentioned animals. Loss of equilibrium was 

more pronounced and by the end of 96 hours ot testing 

these animals were lying on the bottom of the test 

container in a narcotized state. Testa made at 180 and 

240 p.p.m. were more damaging to the test animals. At the 

end of the first 24 hours of testing these fish lost 

equilibrium and could no longer maintain themaelves in the 

test solutions. All were lying on the bottom of the test 

containers in a narcotized condition. More than halt the 

teat animals were killed at 240 p.p.m. during the 96 hours 

of testing. 

Karmex FW 

Wide variation in results made it impossible to 

estimate the median tolerance limits for coho salmon 

exposed to Karmex FW. However, these results were 
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included in this work and are presented in Table 6. Fish 

exposed to 56 p.p.m. appeared normal throughout the 96 

hours of testing while concentrations above this value 

showed variations in survival and degree of distress. 

Phygon-XL 

Variation in aurvival values of coho salmon exposed 

to concentrations of Phygon-XL made it impossible to 

estimate the median tolerance limits. Results of the 

bloassaya are presented in Table 7. These results indicate 

that fish can be exposed to concentrations of o.042 p.p.m. 

for 96 hours without any apparent 111 effects. In tests 

conducted at 0.056 p.p.m. distress was evident and was 

accompanied 'by some mortalities. Distress was character

ized by loss of equilibrium and sporadic movements. In 

those concentrations where mortalities occurred the fish 

died within the first 24 hours of the experiment. 

Median tolerance limits of largemouth base to 

Phygon-XL were estimated and are as follows: 24-hour, 

o.oa p.p.m.; 48-hour, 72-hour and 96-hour, 0.07 p.p.m. 

Bass tested e.t concentrations of 0.056 p.p.m. Phygon-XL 

appeared normal during the 96 hours of experimentation 

while those exposed to 0.075 p.p.m. and above were in 

distress and some mortalities occurred. No mortalities 



TABLE 6 
THE EFfECTS OF KAR.MEX FW Ol~ COHO SALMON 

No.Test Animals Per Cent Test Animals 
Survivins A!'ter Survivins; After Avg. Avg. 

Cone. No.Test 24 48 72 96 24 48 '72 96 Length Weight 
P•E·•· Animals Bra. Hrs. Hrs. Hrs. lirs. Hrs. Hrs. Hrs. mm Grams 

56.0 20 20 20 20 20 100.0 100.0 100.0 100.0 64.9 3.4 

100.0 30 30 21 14 14 100.0 70.0 47.0 47.0 62.9 3.0 

115.0 10 5 1 1 1 50.0 10.0 10.0 10.0 5'7 .4 2.0 

135.0 30 25 13 8 6 87.5 44.0 27.0 20.0 63.8 3.2 

180.0 10 10 1 0 0 100.0 10.0 o.o o.o 5~.4 2.4 

210.0 30 27 9 3 3 90.0 30.0 10.0 10.0 64.6 3.3 

240.0 20 19 8 1 0 95.0 40.0 5.0 o.o 6'7.9 4.2 

320.0 20 20 4 2 0 100.0 20.0 10.0 o.o 64.5 3.6 

420.0 10 10 2 2 2 100.0 20.0 20.0 20.0 64.0 3.8 

490.0 10 6 1 1 1 60.0 10.0 10.0 10.0 70.6 4.8 

560.0 10 4 2 2 2 40.0 20.0 20.0 20.0 67.1 3.9 

750.0 10 0 0 0 0 o.o o.o o.o o.o 66.3 4.0 

Control o.o 30 30 30 30 30 100.0 100.0 100.0 100.0 65.5 3.3 

~ 



TABLE 7 

THE EFFRC'rS OF PHYGON-XL ON COHO SALMON 

No.Test Anime.la Per Cent Test Animals 
Survivin5 After Survivin5 Af'ter Avg. Avg. 

Cone. No.Test 24 48 72 96 24 48 72 96 Length Weight 
l2•J2•m• Animala Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. mn Orama 

0.01 10 10 10 10 10 100.0 100.0 100.0 100.0 61.3 2.4 

0.018 10 10 10 10 10 100.0 100.0 100.0 100.0 76.0 5.1 

0.032 10 10 10 10 10 100.0 100.0 100.0 100.0 75.3 5.3 

0.042 10 10 10 10 10 100.0 100.0 100.0 100.0 76.3 5.2 

0.056 20 14 14 14 14 70.0 70.0 70.0 70.0 73.9 5.2 

0.1 50 23 23 23 23 46.0 46.0 46.0 46.0 67.2 3.9 

0.135 10 10 10 10 10 100.0 100.0 100.0 100.0 6'7.2 3.2 

0.18 20 11 11 11 11 55.0 55.0 55.0 55.0 61.8 2.9 

0.24 10 1 1 l l 10.0 10.0 10.0 10.0 60.6 2.7 

0.32 20 0 0 0 0 o.o o.o o.o o.o 69.4 4.3 

0.56 10 0 0 0 0 o.o o.o o.o o.o 60.2 2.a 

1.0 20 0 0 0 0 o.o o.o o.o o.o 60.l 2.9 

1.8 10 0 0 0 0 o.o o.o o.o o.o 62.3 3.0 

3.2 10 0 0 0 0 o.o o.o o.o o.o 59.4 2.9 ~ 
Control o.o 50 50 50 50 50 100.0 100.0 100.0 100.0 67.4 3.7 



TABLE 8 

Tfil. EFFEC'l:S OF 1>HYGON-XL O!~ LARGEMOUTH BASS 

No. Test Animal• Per Cent Test Animals 
Survivi~ A.f'ter Surviving After Avg. Avg. 

Cone. No.Test 24 48 '72 96 24 48 72 96 Length Weight 
p.p.m. Animals Hr·s. Hrs. Hrs. Hrs. Hrs. Hrs. Hra. Hrs. mm Grams 

0.01a 10 10 10 10 10 100.0 100.0 100.0 100.0 67.6 4.7 

0.032 20 20 20 20 20 100.0 100.0 100.0 100.0 68.1 4.8 

0.056 60 50 50 50 50 100.0 100.0 100.0 100.0 66.5 4.2 

0.075 40 26 g g 9 65.0 22.5 22.5 22.6 65.6 4.6 

0.1 50 8 5 5 5 16.0 10.0 10.0 10.0 66.9 4.8 

0.32 20 0 0 0 0 o.o o.o o.o o.o 68.0 5.6 

1.0 10 0 0 0 0 o.o o.o o.o o.o 65.3 5.0 

3.2 10 0 0 0 0 o.o o.o o.o o.o 65.3 5.3 

10.0 10 0 0 0 0 o.o o.o o.o o.o 65.4 5.6 

Control o.o 50 50 50 50 50 100.0 100.0 100.0 100.0 71.5 5.4 
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occurred in any of the concentrations tested after 48 

hours had elapsed (Table 8). It appears that those fish 

which were able to survive the first half of the experi

ment were not affected by the herbicide during the 

remainder of the experiment. 

Dalapon 

Results of bioassays made to determine the toxicity 

of Dalapon to coho salmon (Table 9) resulted in the 

following estimated median tolerance limits. The 24 and 

48 hour median tolerance limits were 340 p.p.m., while the 

72 and 96 hour median tolerance limits were 325 p.p.m. and 

310 p.p.m. respectively. Fish exposed to 180 p.p.m. of 

Dalapon showed no signs of distress during testing 

although one mortality did occur. It is believed this fish 

died as a result of an open lesion on the caudal peduncle 

probably received as a result of handling. Fish tested 

at 240 p.p.m. showed some indications of distress after 

72 hours of exposure. Thia distress was characterized by 

loss of equilibrium although this condition was not as 

pronounced as those fish exposed to the Karmex compounds. 

Fish exposed to 320 p.p.m. were in distress a short time 

after the experiment began and mortalities were produced 

during the first 24 hours. 

Dalapon appears to have such a low toxicity to 



TABLE 9 

THE EFFECTS OF vALAPON ON COHO SALMON 

No.Test Animals Per Cent Test Animals 
Surviving After Surviving After Avg. Avg. 

Cone. No.Teat 24 48 72 96 24 48 72 96 Length Weight 
p.p.m. Animals Hrs. Hrt. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. mm G1•ams 

0.1 10 10 10 10 10 100.0 100.0 100.0 100.0 66.0 3.2 

1.0 10 10 10 10 10 100.0 100.0 100.0 100.0 63.6 2.9 

10.0 10 10 10 10 10 100.0 100.0 100.0 100.0 64.3 3.4 

100.0 10 10 10 10 10 100.0 100.0 100.0 100.0 63.6 3.1 

135.0 20 20 20 20 20 100.0 100.0 100.0 100.0 66.4 3.7 

180.0 20 20 19 19 19 100.0 95.0 95.0 95.0 66.6 3.5 

240.0 20 20 20 18 16 100.0 100.0 90.0 ao.o 67.2 3.5 

320.0 20 16 16 14 11 80.0 80.0 70.0 55.0 66.0 3.6 

370.0 10 l 1 0 0 10.0 10.0 o.o o.o 68.6 4.2 

420.0 20 0 0 0 0 o.o o.o o.o o.o 67.8 4.0 

560.0 20 0 0 0 0 o.o o.o o.o o.o 67.1 3.9 (,1 
0 

Control o.o 20 20 20 20 20 100.0 100.0 100.0 100.0 67.3 3.5 
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largemouth bass under conditions of standing jar bioassays 

that it did not seem practical to estimate median toler

ance limits. These fish were exposed to a aeries of 

concentrations, the highest being 1000 p.p.m., without any 

apparent 111 effects. One mortality did occur at the 

above-mentioned concentration but it is believed this 

animal died as a result of an external bacterial infection 

in the area of the caudal fin. The fish showed no visible 

sign of distress in the various test concentrations of 

Dalapon. 

Weedazol 

The 24-hour Tf;n for coho salmon exposed to Weedazol 

was estimated to be 335 p.p.m. (Figure 5). Since no 

mortalities occurred in any of the concentrations tested 

aftsc t~s first 24 hours, the median tolerance limits for 

each period are the same aa that for the 24-hour TLm, 

(Table 10). The first indication of distress produced by 

this compound occurred at 320 p.p.m. The only observed 

characteristic of tltls distress was loss of equilibrium. 

Toxicity of v.eedazol to largemouth bass was ao low 

under these experimental conditions that it did not seem 

practical to estimate the median tolerance limits. Test 

animals were exposed to concentrations as great as 

1000 p.p.m. for 96 hours without a mortality or an7 
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TABLE 10 

THE EFFECTS OF ViEJ!:DAZOL ON COHO SALMON 

No.Test Anime.ls Per Cent Teat Animals 
Surviving After Surv1v1n~ After Avt!_,. Avg. 

Cone. Ne.Test 24 48 72 96 24 48 '72 ~6 Length Weight 
p.p.m. Animals Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. mri.1 Orama 

1.0 10 10 10 10 10 100.0 100.0 100.0 100.0 61.0 2.6 

10.0 10 10 10 10 10 100.0 100.0 100.0 100.0 61.3 2.6 

100.0 20 20 20 20 20 100.0 100.0 100.0 100.0 64.6 2.9 

135.0 20 20 20 20 20 100.0 100.0 100.0 100.0 70.l 3.7 

180.0 20 20 20 20 20 100.0 100.0 100.0 100.0 64.8 3.1 

240.0 20 19 19 19 19 95.0 95.0 95.0 95.0 65.8 3.2 

280.0 30 27 27 27 27 90.0 90.0 90.0 90.0 66.6 3.3 

320.0 30 18 18 18 18 60.0 60.0 60.0 60.0 66.9 3.4 

420.0 20 1 1 1 1 5.0 5.0 5.0 5.0 66.8 3.6 

560.0 20 0 0 0 0 o.o o.o o.o o.o 64.7 3.5 

750.0 10 0 0 0 0 o.o o.o o.o o.o 70.0 4.2 
c,a 

Control o.o 30 30 30 30 30 100.0 100.0 100.0 100.0 67.6 3.4Cia 
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indication of distress. 

Hyamine 1622 

Preliminary tests made to c;i ve some indication of the 

relative toxicity of' Hyamine 1622 to coho salmon (Table 11) 

revealed the following estimated median tolerance limits: 

24-hour, 57 }).p.m.; 48-hour, 53 p.p.m.; 72-hour, 36 p.p.m.; 

and 96-hour, 30 p.p.m. Fish held at 18 and 24 p.p.m. 

showed no apparent indication of distress during the 96 

hours of testing while those held at 32 and 42 p.p.m. 

could no longer maintain themselves in the solution after 

72 hours of exposure. 

Et·tects .2£ Preaeration and Storage £.!! !h!. Toxicity of 

Test Herbicides -
Results o.f the experiment to deter:nine the effects of 

preaeration anl storage (not preaerated) on the toxicity 

of test herbicides are presented in Table 12. 

Fish exposed to Karmex DW showed immediate signs of 

distress in all three treatment■ characterized by loas of 

equilibrium and short, sudden, apontaneoua periods of 

swimming. In the stored solution fish began to die shortly 

after introduction and all were dead within the first 40 

ruinutes of the experiment, whereas, in the preaerated and 

fresh solution, survival was not reduced to zero until the 



TABLE 11 

THE EFFECTS OF HYAMINE 1622 ON COHO SALMON 

No • Test Animals Per Cent Test Animale 
Surviving Afte...r.._ Survivin~ter Avg. Avg. 

Cone. No.Test 24 48 72 96 24 48 72 96 Length Wetght 
p.p.m. Animals Hrs. lire. Hrs. Hrs. Hrs. Hrs. Hrs. Hrs. mm Grams 

1.0 10 10 10 10 10 100.0 100.0 100.0 100.0 71.3 4.0 

10.0 10 10 10 10 10 100.0 100.0 100.0 100.0 73.6 4.3 

18.0 10 10 10 10 10 100.0 100.0 100.0 100.0 68.0 3.8 

24.0 10 10 10 10 10 100.0 100.0 100.0 100.0 68.6 3.6 

32.0 10 10 10 5 4 100.0 100.0 50.0 40.0 68.8 4.2 

42.0 10 10 10 4 0 100.0 100.0 40.0 o.o 73.4 4.8 

56.0 10 6 3 1 0 60.0 30.0 10.0 o.o 76.6 5.6 

65.0 10 0 0 0 0 o.o o.o o.o o.o 77.4 6.0 

75.0 10 0 0 0 0 o.o o.o o.o o.o 75.0 5.9 

a1.o 10 0 0 0 0 o.o o.o o.o o.o 77.6 5.1 

100.0 20 0 0 0 0 o.o o.o o.o o.o 71.4 4.8 
(,a 

Control o.o 20 20 20 20 20 100.0 100.0 100.0 100.0 72.5 4.-5 (J1 
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fourth and fifth hours respectively. 

Immediate distress was observed in the fish exposed 

to the three treatments with Karmex w. This distress was 

characterized by loss of equilibrium, reduced respiratory 

action and quick, spontaneous movements. In the fresh 

and stored solutions survival or test animals waa reduced 

to zero after 45 minutes of exposure. Survival of test 

animals in the preaerated solution was reduced to 50 per 

cent by the end of the fifth hour and the last ftah died 

during the fifteenth hour. 

Fish exposed to the various treatments of Karmex FW 

showed signa of distress shortly after the experiment 

began. Thia d1atreas was the same as that mentioned 

above for Karmex w. Survival was reduced to zero in the 

preaerated, stored and fresh solutions during the seven

teenth, 1'itteenth and eighteenth hours res pee ti vely. 

At the end. of the first hour fish in the fresh 

solution of Phygon-Xt exhibited slight distress from 

exposure to the toxicant and after two hours had elapsed 

distress was more pronounced. By the end of the third 

hour all teat animals were dead in this solution. Fish 

tested 1n the preaerated and stored solutions remained 

normal throughout the 2-4 hours of testing. 

The compounds Dalapon and Weedazol were included in 

this work but no results were obtained. Survival of the 



TABLE 12 

EFFECTS OF PREAERATION AND STORAGE ON THE TOXICITY OF TEST HERBICIDES 

Type Karmex DW Karmex w Karmex FW 
Treat- Pre- Not pre- Fresh Pre- Not pre- Fresh Pre- Not pre- Fresh 

ment aerated aerated solu. aerated aerated solu. aerated aerated aolu. 

Cone. 
p.p.m. 42.0 42.0 42.0 115.0 115.0 115.0 560 560 560 

~ survival ~ survival ~ survival 
Houra 1 100 0 60 100 0 0 100 100 90 

2 80 0 40 100 0 0 100 100 90 
3 20 0 10 100 0 0 100 90 90 
4 0 0 10 100 0 0 100 90 90 
5 0 0 0 50 0 0 100 90 90 
6 0 0 0 40 0 0 100 90 50 
7 0 0 0 30 0 0 100 80 20 
8 0 0 0 30 0 0 90 60 20 
9 0 0 0 20 0 0 80 30 20 

10 0 0 0 20 0 0 70 10 20 
11 0 0 0 20 0 0 60 10 20 
12 0 0 0 10 0 0 50 10 20 
13 0 0 0 10 0 0 30 10 20 
14 0 0 0 10 0 0 20 10 20 
15 0 0 0 0 0 0 20 0 20 
16 0 0 0 0 0 0 20 0 10 
1'7 0 0 0 0 0 0 0 0 10 
18 0 0 0 0 0 0 0 0 0 

No.Test Fish 10 10 10 10 10 10 10 10 10 
Av.Length-mm 74.1 75.8 74.7 83.4 84.6 87.3 73.9 70.8 73.8 
Av,.Wt.-Grams 5.5 5.6 5.4 7.5 7.5 8.0 5.5 5.2 5 •. 6 

(,a 
...::, 



TABLE 12 (continued) 

Type Phzgon-XL Hzamine 1622 Control 
Treatment Preaerated Not Presh Preaerated Not Fresh 

Preaerated Solution Preaerated Solution Aerated 
Cone. R_&em. 0.18 0.18 0.18 56 56 56 0 

I survival ~ survival 
Hours 1 100 100 100 100 100 100 100 

2 100 100 80 100 100 100 100 
3 100 100 0 100 100 100 100 
4 100 100 0 100 100 100 100 
5 100 100 0 100 100 100 100 
6 100 100 0 100 100 80 100 
7 100 100 0 100 100 80 100 
8 100 100 0 100 100 80 100 
9 100 100 0 100 100 70 100 

10 100 100 0 100 100 70 100 
11 100 100 0 90 100 70 100 
12 100 100 0 90 100 70 100 
13 100 100 0 90 100 60 100 
14 100 100 0 90 100 60 100 
15 100 100 0 90 100 60 100 
16 100 100 0 90 90 60 100 
17 100 100 0 70 70 50 100 
18 100 100 0 50 60 40 100 
19 100 100 0 50 60 40 100 
20 100 100 0 50 50 20 100 
21 100 100 0 40 50 20 100 
22 100 100 0 40 50 10 100 
23 100 100 0 40 50 10 100 
24 100 100 0 40 50 10 100 

No.Test Flah 10 10 10 10 10 10 10 
Av.Length-DD1l. 78.0 78.3 75.1 86.2 86.2 89.8 84.0 C'1 

(D 

Av.Wt .-Grama 5.7 5.9 5.8 7.5 7.7 8.6 6.7 



teat animals was complete without any indication of 

distress during the 24-hour test period. 
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Distress was not evident in the three solutions of 

Hyamine 1622 until after the first mortality had occurred 

in each of the solutions. After this occurrence the 

remaining fish tended to exhibit loss of equilibrium and 

reduced respiratory movements. There waa not a complete 

mortality produced in the three solutions. At the end of 

the experiment 40 per cent of the animals remained alive 

in the preaerated solution, 50 per cent in the stored and 

10 per cent in the fresh. 

Constant !!2! Ex_1>erimenta 

Largemouth bass were exposed to seven concentrations 

ot Weedasol for 14 uaya and the effects observed. Results 

of these experiments are presented in Table 13. 

Fiah exposed to Weedazol at concentrations of 31.25 

and 62.5 ahowed no adverse effects after 14 days of 

testing. In fact, these fish appeared quite normal, fed 

well and were very active throughout the 14 days of 

experimentation. 

Prior to the ninth day of experimentation fish exposed 

to 125 p.p.m. appeared normal, fed well and were quite 

active. On the ninth day signs of distress were observed 

and the fish would no longer accept food. At the end of 



TABLE 13 
THE EF'f<'ECTS OF' 14 DAYS EXPOSURE TO \'1/.b;EDAZOL ON LAEGE!/:vUTH BASS 

Concentration ~E.m• 
31.25 62.5 125 250 250 500 1000 2000 Control O 

Daya Per Cent Survival of Test Animals 
1 100.0 100.0 100.0 100.0 100.0 100.0 100.0 90.0 100.0 
2 100.0 100.0 100.0 100.0 100.0 100.0 100.0 70.0 100.0 
3 100.0 100.0 100.0 100.0 100.0 100.0 80.0 20.0 100.0 
4 100.0 100.0 100.0 so.a 100.0 100.0 10.0 20.0 100.0 
5 100.0 100.0 100.0 70.0 100.0 100.0 10.0 10.0 100.0 
6 100.0 100.0 100.0 50.0 100.0 80.0 o.o o.o 100.0 
7 100.0 100.0 100.0 40.0 100.0 30.0 o.o o.o 100.0 
8 100.0 100.0 100.0 40.0 90.0 o.o o.o o.o 100.0 
9 100.0 100.0 100.0 20.0 ao.o o.o o.o o.o 100.0 

10 100.0 100.0 100.0 20.0 60.0 o.o o.o o.o 100.0 
11 100.0 100.0 100.0 10.0 so.o o.o o.o o.o 100.0 
12 100.0 100.0 60.0 10.0 40.0 o.o o.o o.o 100.0 
13 100.0 100.0 20.0 o.o 30.0 o.o o.o o.o 100.0 
14 100.0 100.0 20.0 o.o 20.0 o.o o.o o.o 100.0 

No. of Test Fish 10 10 10 10 10 10 10 10 20 

Length-mm 56.9 68.8 60.5 60.l 55.0 58.5 57.2 56.1 61.9 

Weight-grams 2.4 2.5 2.6 2.5 2.6 2.8 2.9 2.8 3.0 

Range of Dissolved 
Oxygen in p.p.m. 5.9- 5.8- 5.8- 5.8- 4.8- s.o- 4.9- 4.8- 4.8-
for 14 daya 6.5 6.8 6.8 6.6 5.9 5.2 5.1 5.2 6.3 .. 

0 



the experiment only two fish remained alive am these 

appeared to be near death (Table 13). 
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Two hundred and fifty parts per million was the only 

concentration repeated in this phase ot the work. In the 

first run at this concentration fish appeared quite normal 

until the fourth day of the experiment at which time two 

mortalitiea occurred and signs of distress were noted in 

one other animal. From this point on the fish stopped 

feeding on the earthworms introduced into the jar. By the 

end ot the sixth day, 50 per cent of the test animals were 

dead and the remaining fish were in distress. All teat 

animals were dead by the thirteenth day and this portion 

of the experiment was discontinued {Table 13). 

Somewhat different results were obtained in the second 

run at 250 p.p.m. with Weedazol. In this case the fiah 

showed no indication of distress until the eighth day of 

the experiment. By the eleventh day 50 per cent ot the 

teat animals were dead and the remaining five in diatreaa. 

Two fish remained alive at the end of the experiment but 

appeared to be near death. Only alight respiratory move

ment could be detected in these animals. 

First indications of distress in fish exposed to 

500 p.p.m. or Weedazol occurred on the fourth day of the 

experiment. Although the fish appeared normal at thia 

time they did not consume the food introduced into the 
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Jar. Following this, other signs of distreaa began to 

appear, such as loss of equilibrium, decreased rate of 

respirator,- movements and sluggishness. The first 

mortalities occurred on the sixth day of experimentation 

and by the eighth day all test animals were dead 

(Table 13} • 

Fish placed in 1000 p.p.m. of Weedazol appeared to 

be in alight distress after one day of exposure. On the 

third da7 two mortalities were observed and the remaining 

fish were in distress. All food placed in the container 

was rejected by the fish. By the end of the fourth da7 

only one fish had survived and it was near death. Thia 

animal died on the sixth day ending this portion of the 

experiment. 

Immediate distress was observed in the teat animals 

exposed to 2000 p.p.m. of Weedazol. By the third day of 

experimentation only 20 per cent of the animals were still 

surviving and the last of these died on the sixth day. 

Food placed in the jar was not consumed by the fish. 

Distress was characterized by loss of equilibrium and 

reduced respiratory movements. 

It was observed that in each of the two experimental 

tests made with this apparatus the control fish became 

heavily infected with Ichthyophthiriua :multifiliis Fouquet, 

an external protozoan parasite. This infection was limited 
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to the control jars and did not appear on any of the fish 

exposed to Weedaaol. The infection did not produce a 

mortalit7 in the control fish while experiments were 

underway, nor did it appear to affect their feeding habits. 

It did, however, weaken the animals aa they were sluggish 

and easily captured. These fish were retained in the 

control jar after ex;,erimentation and in each case died 

within a few days. 

The infection was observed on the second day of 

experimentation in one case and on the third day of the 

other. 

DISCuSSION AND CONCLUSIONS 

ill ~eriments 

Karmex W appears to be less toxic to coho salmon than 

Karmex DW in the standing jar bioassaya. It is possible 

that the difference in toxicity is not as great as it 

appears in the results because of the probable loss of 

toxic volatiles from the test solutions of Karmex w. 
Assuming that aeration of this compound did drive off toxic 

material from the test solutions, then the :median tolerance 

11:mita determined indicate higher concentrations than were 

actually present. Results indicate that salmon can be 

exposed to 5.6 p.p.m. of Karmex DW and to 75 p.p.m. of 



Ka.rmex Wunder these conditions for 96 hours without 

apparent 111 effects. 
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Although the toxicity of Karmex Wand DW was not 

determined for largemouth baas it appears that Karmex DW 

exerta a greater effect on these anime.ls. Test animals 

were in diatreas when exposed to 24 p.p.m. of Karxnex DW 

while a concentration 100 p.p.m. of Karmex W was needed to 

produce approximately the same degree of discomfort. 

Results indicate that baas are more resistant to the toxic 

effects of both compounds than are coho salmon. 

Due to variation in results of toxicity tests with 

Karmex FW few conclusions can be made. It is believed 

that under these test conditions coho salmon can be exposed 

to concentrations ae high as 56 p.p.m. without any distress 

or mortal1t7 occurring. 

Phygon-XL proved to be the most highly toxic of the 

seven compounds tested. A considerable amount of variation 

in results occurred when this compound was tested on coho 

salmon. An explanation for this variation may be found in 

the assumption that a loss of volatiles occurred with 

aeration or that some sort of chemical breakdown took place 

in the·aolution. Results of the experiment to determine 

the effects of preaeration and storage on this compound 

would seem to indicate that one or both factors may be 

involved, thus altering the concentration present in a 
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solution. Results of bioasaays do indicate that coho 

salmon can be exposed to concentrations of Phygon-XL up 

to 0.042 p.p.m. without any apparent 111 effects. 

Largemouth bass show slightly more resistance to 

Phygon•XL than do coho salmon. A higher concentration 

was needed to produce mortalities 1n the bass and not all 

the deaths occurred during the first 24 hours of testing 

aa was the case with the salmon. The highly toxic effect 

at low concentrations demonstrated by this compound may 

indicate it is very specific in the mode of action on 

these fishes. 

There appears to be no significant difference in the 

toxicity of Dalapon and Weedazol to coho salmon. Mortal

ities in teat animals exposed to Weedazol all occurred in 

the first 24 hours and. after this period the fish appeared 

normal and no deaths occurred. This was not true of fish 

tested in solutions of Dalapon. It would seem that some 

sort of detoxification may occur in the solutions of 

Weedazol. 

Results indicate that Dalapon and Weedazol are not 

toxic to largemouth bass exposed to concentrations of 

1,000 p.p.m. for 96 hours under these test conditions. 

All test animals survived when exposed to these compounds 

at the above concentration without any indication of 

distreas. 
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Prel1D11nary tests with Hyamine 1622 indicate that 

coho salmon can tolerate concentrations up to 24 p.p.m. 

for 96 hours without any apparent distress. This compound 

becomes toxic to these fishes after 24 hours of exposure 

at 32 p.p.m. 

Effects _2! Preaeration ~ Storage ,sm !h!! Toxicity E.f_ 

Test Herbicides 

The only reduction in toxicity apparently demonstrated 

by preaeration was in the case of Karmex w. It appears 

that some volatile w~ter1al may have been lost from the 

solution by the 96 hours of aeration. If this conclusion 

is correct. then the concentrations determined and 

designated as the median tolerance limits are in all 

probability higher than they should be. Mr. Virgil Freed 

has stated in personal discussion that he believes it is 

possible to have a loss of material from this compound by 

pre aeration. 

Result• of experimentation with Karmex LW and FW 

indicate no significant loss of toxic material by aeration 

of the solutions. In the case of Karmex DW. storage 

appears to cause a slight increase in toxicity. It is 

believed that more work is needed before this phenomenon 

can be adequately explained. 

There appea.rs to be a decrease in the toxicity of 
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Phygon-XL although just which treatment produced the 

decline 1a not known. There was no mortality in the 

solutions preaerated and stored, while in the fresh 

solution survival was reduced to zero by the end of the 

third hour. It is possible that aeration tends to drive 

off volatile toxic constituents of the compound thua 

reducing the toxicity. Toxicity was also reduced in the 

solution not preaerated but the cause is rather poorly 

demonstrated. Although this solution was not aerated it 

waa exposed to the air at the surface; therefore, it 1a not 

known it the decline in toxicity is a result of storage or 

of loss ot volatiles to the air at the exposed surface. 

Mr. Virgil Freed haa also suggested that in the case of 

this compound,light may cause a reduction in toxicity. 

This matter should be considered as light was present in 

the laboratory approximately 18 hours each day. 

Thia decline in toxicity by one of the above-mentioned 

factors may explain some of the variation in results 

obtained when Phygon-XL was tested on coho salmon in the 

jar bioaasays. 

Hyamine 1622 does not appear to have any significant 

decline in toxicity as a result of preaeration and storage. 

It is believed that the constant movement around the 

teat jara by the observer may have affected survival of 

some animala. It has been observed throughout this work 



48 

that fish which were in distress appear to survive longer 

periods of time when left undisturbed. 

Constant !!2.'! Experiments 

Reaults seem to indicate that largemouth bass suffer 

no 111 effects from exposure to 62.5 p.p.m. of Weedazol 

for 14 days. Fish held at this concentration and below 

appeared to be normal throughout the test period. There 

was no effect on the feeding habits of the animals as they 

continued to feed very well throughout experimentation. 

Weedazol appears to exert adverse effects on fish 

when exposed to 125 p.p.m. for 14 days. First signs of 

effects occurred on the ninth day when it was observed 

that the fish would not accept food, whereas prior to this 

the fish fed normally. The loss of appetite was the only 

indication of distress until the twelfth day when 

mortalities began to occur. Results of this test would 

seem to indicate that the effect of this compound under 

these conditions may be twofold. First, an indirect toxic 

effect producing a decline in the desire to feed which 

could eventually result in death and second, a toxic 

effect killing the fish directly. 

Test animals held at 250 p.p.m. of Weedazol did not 

feed on the earthworms placed in the jar at any time during 

the experiment. Results of the two runs made at this 
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concentration differed somewhat in the toxicit7 of this 

compound to bass. It is believed that this can in part 

be explained by the fact that in the first run the teat 

water entering the apparatus was ver7 clear, carrying onl7 

a minor silt load, while in the second run a heavier silt 

load was present. This silt loaa may have caused a 

detoxification, thus allowing somewhat better survival of 

the experimental animals. 

Concentrations of 500, 1000, and 2000 p.p.m. of this 

compound were found to be increasingly toxic to the fish 

and to produce a complete decline in feeding aotivit7 

immediatel7 after exposure. 

Observations made during the experimental runs would 

seem to indicate that Weedazol is toxic to some stage in 

the life cycle of Ichth.x9phthirius multifil11s, an external 

protozoan parasite. In all probability the stage affected 

is the tree-swimming form. The control of this disease 

was demonstrated by the fact that in each run the control 

fiah were heavily infected while all fish exposed to 

Weedazol were normal. 
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