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Comparison of the toxic effects of six herbicide formulations

in simultaneous moving water and static water bioassays showed

that mortality of coho salmon, Oncorhynchus kisutch (Walbaum),

was less in the moving water tests. The moving water tests were

conducted in troughs with powered paddlewheels while the static

tests were conducted either in five-gallon glass jars or in troughs

with immobilized paddlewheels.

Of the six herbicides tested, least differences in results were

obtained with Daxtron. In a representative experiment all fish were

dead in less than 24 hours in the static tests at 100 and 115 ppm.

while in the moving water tests 60% mortality occurred in 100 ppm.

and 100% mortality in 115 ppm. at 72 hours. Of the other five

herbicides, Dow M-3083, Tordon 101, TD 191, Pramitol ZSE, and

Kalzate A, the most dramatic differences in bioassay results
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were obtained with TD 191 and Pramitol 25E. For example, in one

experiment with TD 191 50% mortality, for the duration of the bio-

assay, occurred in 0.42 ppm. in the static tests but 0.75 ppm. was

required to obtain the same mortality in the moving water tests. In

the same experiment 90% mortality occurred within 96 hours in 1 ppm.

in the moving water tests but all fish in the static tests were dead at

24 Jiours in 0. 56 ppm. In bioassays using Pramitol 25E all deaths

occurred within the first 24 hours with none thereafter. In a typical

experiment there was 10% mortality in 11.5 ppm. in the moving water

tests with no deaths in lower concentrations, while there was 100%

mortality in 8. 7 ppm. and 70% mortality in 6 5 ppm. in the static

tests.

For the remaining three chemicals, typical results are listed

below:

Dow M-3083- All fish in the static tests died within 24 hours in

49 ppm. while in moving water tests 48 hours in

65 ppm. was required to kill all fish.

Tordon 101- In the static tests mortality was 100% in 56 ppm. at

72 hours while in the moving water tests mortality

was 40% under the same conditions.

Kaizate A- In 180 ppm. there were no deaths in the moving

water tests but in the static tests mortality was

60% in less than 7Z hours.



Apparently agitation of the solutions caused the differences

observed between the moving water and static water bioassays rather

than exercising the test fish, possibly by increasing the opportunity

for sorption of the toxicant or by promoting seeding and growth of

microorganisms capable of breaking down the toxicant.
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TOXICITY OF SELECTED HERBICIDES TO THE COHO
SALMON ONCORHYNCHUS KISIJTCH (WALBAUM)

IN COMPARATWE STATIC AND
DYNAMIC BIOASSAYS

INTRODUCTION

This study is a comparison of the results obtained by conven-

tional static water bioassays of the effects of herbicides on the coho

salmon, Oncorhynchus kisutch (Walbaum), with the results obtained

by moving water bioassays of the same herbicides. In addition, an

attempt is made to elucidate some of the factors which may cause

the differences in the results by further experiments using a labora-

tory strain of the guppy, Poecilia reticulata Peters.

In recent years chemical brush and weed control in forestry,

agriculture, and in road, railroad, and power line right-of-way

maintenance has been increasingly practiced. Streams, springs,

lakes and ponds are often in the treatment areas and fish become

exposed to the herbicides used in these control measures. This is

of particular significance in the forested regions such as the Pacific

Northwest, where large blocks of timberlands are sprayed to control

nuisance brush and tree species in order to favor the production of

commercially valuable tree species. Streams within these timber-

lands also produce fishes of great economic importance, such as

PacUic salmon and trout. This study presumes to consider bioassays
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from the standpoint of their relationship to practical field applica-

tion of herbicides.

In an effort to anticipate the effects of herbicides on various

species of fish, most researchers, such as Hughes and Davis (1963),

Hilliard (1952), Fryer (1957), Bond etal. (1960), and others, have

used the static water bioassay methods originally devised for the

evaluation of acute toxicity of industrial wastes to fish (Doudoroff

etal., 1951). It seems reasonable to question whether the results

of studies of the effects of herbicides on fishes as determined by

acute toxicity bioassays in laboratory are appropriate for anticipat-

ing the effects of herbicides on stream fishes particularly when the

test fish are ones which obviously have evolved in a stream currert

environment.

Kibby (1966) compared static and moving water bioassays and

found that exercising fish enhanced the toxic effects of the herbicides

which he tested, however, his experimental conditions may have

been overly rigorous.

The objective of this study was to investigate further the differ-

ences in the results obtained between the typical static bioassays and

moving water bioassays. While there are obviously factors involved

in the stream environment other than the necessity for a stream fish

to maintain itself in a moving water situation this aspect was inves-

tigated first in the hope that subsequent research might follow if



the results seemed to indicate the desirability of futher investiga-

ti on.

This study was conducted at the Fairplay laboratory of Oregon

State University from July 1967 to August 1971, as an extension of

the Oregon State University Agricultural Experiment Station Project

773, itlnvestigation of aquatic weed problems and means of control,

with emphasis on Brazilian waterweed. I?
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MATERIALS AND METHODS

Experimental Apparatus

An assumption in this study was that wild fish choose the area

of the stream (the choice governed by social-behavioral limitations

(Chapman, 1962)), most suited to their sense of well being (Hoar,

1951; Gibson, 1966). With this assumption in mind the moving water

experiments were conducted in wooden, rectangular troughs with a

center division to provide a circuit around the trough. The corners

and sharp edges caused eddies to form and areas of maximal and

minimal velocities, allowing the fish to position themselves wherever

they chose to be (Figure 1). The troughs were painted with a non-

toxic hatchery type white paint. The ci.irrent was created by an

aluminum paddlewheel, painted with the hatchery paint and powered

by a one-sixth horsepower motor with a gear reduction. These

troughs were designed to permit one motor to turn the paddlewheels

in three troughs. No attempt was made to determine the absolute

velocities at which the fish in the moving water bioassays were

swimming. Desired approximate velocities were obtained either

by changing the diameters of the driving or driven pulleys or by

adjusting the depth of the paddlewheel in the trough. Screens were

provided at each end of the center division to confine the fish in the
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Figure 1. A diagram of the troughs used in the moving water
portions of the experiments. Inside dimensions are
12 1/2 inches by 38 1/2 inches.



half of the trough opposite that of the paddlewheel. The temperature

was maintained at approximately 1 50 C by air conditioning the room

in which the paddlewheel apparatus was located.

The static water portions of the experiments were conducted

in five-gallon, glass, wide mouth jars which were placed in a water

bath maintained at 1 5 ° C, ±

Experiments on detoxification of herbicides were conducted

using three-gallon, glass, rectangular, aquaria measuring 8 X 8 X 12

inches. The term detoxification is used here in the broadest sense

to cover all the various factors which would cause the observed

effects on test animals to be less in one case than in another. Where

necessary, oxygen, compressed air, or nitrogen was introduced by

bubbling through glass tubing. In some of the experimental contain-

ers, magnetic stirrers provided agitation of the solution while plastic

film covers, placed on the surface of the solution, prevented air

contact. These plastic film covers were draped over the side of

the aquaria and securely fastened by multiple wraps of masking tape

encircling the aquaria.

Determination of relative numbers of microorganisms was

done by the standard plate count technique (American Public Health

Ass. 1960).
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Experimental Animals

The experimental animals used in this study were the coho

salmon, Oncorhynchus kisutch (Walbaum), and the guppy, Poecilia

reticulata Peters. The coho, which ranged from 44-92 mm in total

length, were primarily of hatchery origin, partly from the Alsea

River Salmon Hatchery of the Fish Commission of Oregon and partly

from fish reared by the Department of Fisheries and Wildlife at

Oregon State University. Some wild fish were used also which were

obtained by seining in the Yaquina River near Nashville, Oregon.

In all cases fish used in the comparative studies were of the same

origin. The guppies, which ranged from 13-41 mm in total length,

were progeny of a laboratory strain which have been reared for

many generations at the Oak Creek Laboratory of the Department

of Fisheries and Wildlife, Oregon State University.

Experimental Herbicides

The herbicides used in this study were ones for which there

was little background information on their toxicity to coho salmon

(Table 1). These chemicals included a soil sterilant for the control

of all vegetation, one which was intended primarily for the control

of thistles, two for the control of woody plants in noncrop areas,

one for the control of grasses and one for the control of algae and



Table 1. Trade name, active ingredient(s), percent active-ingredient and intended use of herbicides tested in this study.

% active

Trade name Active ingredient(s) ingredient Intended use

Tordon 101® (1) Triisopropanolamine salt of 10. 2 control of woody plants

4-amino-3, 5, 6-trichloropicolinic and weeds in non-crop

acid areas

(2) Triisopropanolamine salt of 39. 6

2, 4-dichlorophenoxyacetic acid

Pramitol 25E® 2-methoxy-4, 6-bis (isopropylamino)- 25 control of all vegetation

s-triazine

Kalzate A® potassium salt of 2-methyl-4- 47 control of thistles
chioro-pherioxyacet ate

TD 191 (Hydrothol 191®) mono(N, N-dimethylcocoamine salt) 23.4* control of algae and
of 7-oxabicyclo (2. 2. 1) heptane 2, 3- aquatic weeds

dicarboxylic acid

Dow M-3083 (1) Triisopropanolamine salt of 18. 1 control of woody plants

4-amino-3, 5, 6-trichloropicolinic and weeds in non-crop

acid areas

(2) Triisopropanolamine salt of 18.8
2, 4-dichlorophenoxyaceti c
acid

(3) Triisopropanol amine salt of 17. 7

2, 4, 5-tricblorophenoxyacetic
acid

Daxtron® potassium salt of 2, 3, 5-trichloro- 19. 4 control of annual and

4-pyridinol perennial grasses

*acid equivalent basis



aquatic weeds.

At the time this study was begun TD 19 1 was an experimental

formulation but is presently marketed as Hydrothol 191.

Experimental Procedures

The water used in the experiments was pumped directly from

the well at Fairplay Laboratory, Oregon State University, and was

not modified or treated in any way except as noted in the detoxifica-

tion experiments.

The static water toxicity studies were performed in basically

the same manner as suggested by Doudoroff etal. (1951) with the

exception that the solutions were aerated with compressed air to

maintain dissolved oxygen levels equal to or greater than those in

the moving water troughs where the solutions were in constant agi-.

tation by the paddlewheels. The test jars contained 15 liters of

solution and 5 fish were used per jar, Each treatment was repli-

cated giving a total of ten fish per concentration.

The moving water tests were conducted in as nearly the same

manner as the static tests except that the water volumes and the

numbers of fish were twice as great, i. e. , 30 liters, and 10 fish

were used per trough. Each treatment was replicated giving a total

of 20 fish per concentration. The use of greater volumes of water

in the troughs than in the jars was required for efficient operation
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of the paddlewheels. Therefore, to maintain the same relative

ratio of water to fish it was necessary to double the number of fish.

In both the static and the moving water experiments the water

was introduced into the vessel and allowed to equilibrate to room

or to water bath temperature. After this period the toxicant was

added and thoroughly mixed before addition of the fish. The static

and moving water experiments were run simultaneously.

Detoxification Experiments

After comparing the bioassay results it became apparent that

for the herbicide formulations tested a reduction of toxicity had

taken place in the moving water tests. Further experiments were

performed in the hope that the mechanisms involved in this apparent

detoxification might be indicated.

The detoxification experiments were conducted in either 6 or

8 liters of solution, depending on the individual experiment. The

8" X 8" X 1Z" glass aquaria were chosen because of the large (approx-

imately 80 square inches) air to water interface to allow for the

diffusion of oxygen from the atmosphere to compensate for the

removal of oxygen by the test fish. The guppy was chosen because

of its small size and relatively small oxygen demand. Another

reason for the choice of a small fish for these experiments was to

limit the amount of the toxicant which might be taken up by the fish
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themselves through imbibition or sorption. These mechanisms

would have the effect of showing an apparent detoxification which

would be size-dependent. The selected maximal ratio for these

experiments was 1 gram of fish to 2000 grams of solution.

TD 191 was selected as the test herbicide because of the small

volumes necessary to kill fish. The concentration of the TD 191

solutions were all at 3. 2 parts per million by weight on an acid

equivalent basis. The solutions were mixed and allowed to stand

or were treated by stirring and covering or by bubbling oxygen,

compressed air, or nitrogen for a specified number of hours before

addition of the test fish.

In the final three experiments standard plate counts were done

to determine the relative numbers of microorganisms in the solu-

tions. The samples for these determinations were taken immediately

prior to the introduction of the test fish to the solutions.
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RESULTS

The toxic effects of the herbicides tested in these experiments

were apparently decreased in the moving water bioassays as com

pared with simultaneous static bioassays. There were dramatic

differences in the lethal effects on the coho salmon of Tordon 101,

Pramitol, Kaizate A, TD 191, and Dow M-3083. Less spectacular

were the results for Daxtron.

Although there were some variations in mortality rates at the

different velocities used there was no consistent pattern established,

possibly because the design of the trough allowed the fish to select

the velocity in which they wished to be.

Dow M-3083

The experimental results of Oct. 9, 1967 and of June 3, 1968

are shown in Figures 2 and 3 respectively, using Dow M-3083 as

the test herbicide. There are large differences between the static

and moving water mortality rates. In the experiment of Oct. 9,

1967 all fish in the static tests died within 24 hours at 49 ppm.,

while in the moving water tests 48 hours at 65 ppm. was required

to kill all test fish. In the June 3, 1968 experiment there is an

unexplained anomaly in the static water test with 10% mortality at

32 ppm. and no deaths at 37 ppm. At the two higher concentrations,
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Experiment of June 3, 1968.
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42 and 49 ppm., death in the moving water tests was far less than

that in the static test.

Tordon 101

The experiment of July 29, 1968 is used to illustrate the results

obtained with Tordon 101 (Figure 4). The three-dir ensional dia-

gram is constructed using the results obtained in the moving water

tests run at about 0. 25 ft. /sec. Another portion of the experiment

in which the velocities were about 0. 16 ft. /sec. showed higher mor-

tality rates at 56 ppm. than in the 0. 25 ft. /sec. velocity while the

other values were the same. The mortality rates at 0. 25 ft. /sec.

for the 24, 48, 72, and 96 hour periods were 10%, 20%, 40%, and

40% respectively, while the values were 20%, 40%, 60% and 60%

for the same periods at 0. 16 ft. /sec. Although these differences

could have been caused by the inherent variability in the test animals

rather than the difference in velocity, in another experiment run on

Aug. 5, 1968 at about 0. 50 ft. /sec. (without a simultaneous static

test) the same mortality figures were obtained except at 56 ppm.

This time the mortality rates for 24, 48, 72, and 96 hours were

40%, 50%, 80%, and 80% respectively. A comparison of these mor-

tality rates is presented in Figure 5.

Apparently Tordon 101 loses toxicity to coho salmon quite

rapidly. As an adjunct to the experiment discussed above, one
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and moving water bioassays using Tordon 101 as the test herbicide.
Medium speed (ca. 0. 25 ft. /sec.). Experiment of July 29, 1968.
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trough at 65 ppm. and one at 56 ppm. were allowed to circulate for

48 hours before introduction of the test fish. In these troughs there

were no deaths within 96 hours, whereas all fish were dead within

Z4 hours at 65 ppm. and there was 40% mortality at 56 ppm. after

48 hours in the troughs where the fish were added shortly after

mixing the solutions.

In the same test mentioned in the previous paragraph, the test

fish lost equilibrium and were turned over. In this study and other

work of this project it was noted that there is an apparent narcotic

effect from formulations containing picloram (4-amino-3, 5, 6-tn-

chloropicolinic acid). Hughes and Davis found that picloram had

much the same effect on bluegill sunfish (Davis, 1968, personal

comm.). At concentrations below the lethal levels, the narcosis

seemed to be overcome gradually and the fish would right themselves,

turn over, and then right themselves again. Without some method

of recognizing individual fish it wasn't possible to determine whether

the fish which were turned over at any particular time were the

same ones observed earlier. The implications of this apparent

narcotic effect will be discussed later.

TD 191

The experiment of Aug. 29, 1967 is typical of the results

obtained with TD 191 (Figure 6). More deaths occurred in the
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static tests than in the moving water tests. There was one death

in the moving water control which was believed to be the result

of injury, but this should not invalidate the comparison. The mor-

tality of 0. 42 ppm. (acid equivalent) in the static test most nearly

approximates the mortality in 0. 75 ppm. (acid equiv. ) in the moving

water tests, i. e., about 50%.

On Sept. 11, 1967 an experiment was conducted to determine

whether the differences observed in the above experiment could be

duplicated by immobilizing the paddlewheels in part of the troughs

and comparing the results with the troughs in which the paddlewheels

were operating. At 0. 75 ppm. (acid equiv. ) there was 30% mortality

in the static troughs (those in which the paddles were immobilized)

and none in the moving water troughs, while at 1. 0 ppm. (acid

equiv. ) there was 80% mortality in the static troughs and only 10%

mortality in the moving water troughs, all deaths occurring within

24 hours and none thereafter.

On April 24, 1968 another experiment was conducted corn-

paring the static jars with two different velocities in the troughs,

0. 25 ft. /sec. and 0. 12 ft. /sec. The concentrations were 0.42,

0. 56, 0. 75 and 1. 0 ppm. (acid equiv. ) In the static tests all fish

were dead within 72 hours in all concentrations, while at 0. 25 ft. /

sec. there were no deaths. At 0. 12 ft. /sec. there were deaths in

only the highest concentration, i. e. , 90% mortality at 1. 0 ppm.
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(acid equiv. ). Once again, to check the validity of the comparison

two troughs were set up at 1.0 ppm. (acid equiv. ) and after thorough

mixing the paddles were immobilized. Ten fish were added to each

trough and al.l were dead within 6 hours.

It appears the toxicity of TD 191 to coho salmon is lost rapidly.

On May 6, 1968 an experiment was begun in which the toxicant was

added to the troughs at concentrations of 0. 56, 0. 75, and 1. 0 ppm.

(acid equiv.). After 48 hours fish were added to the solutions and

one group of paddlewheels was immobilized, one group continued at

0. 25 ft. /sec., and the other group continued at 0. 12 ft. /sec. There

were no deaths in any of the solutions during the 96 hour test period

indicating a loss of the toxic element during the initial 48 hour period

when no fish were in the solutions but the paddlewheels were operat-

ing. Some possible reasons for this loss of toxicity will be discussed

later.

In all the above experiments with TD 191 (and the other herbi.-

cides tested) dissolved oxygen values were equal to or higher than

those in the paddlewheel troughs. The lowest dissolved oxygen

values recorded in the static and moving water tests were 9. 0 and

8. 2 mg. /1 respectively, for the experiments discussed above.

Pramjtol 25E

The experiment of April 29, 1968 is used to illustrate the
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comparative results obtained with Pramitol 25E (Figure 7). The

number of deaths in moving water was dramatically less than in the

static water and all of the deaths took place within the first 24 hours.

In this experiment two velocities were used as with Tordon 101;

these were approximately 0.25 ft. /sec. and 0.16 ft. /sec. The mor-

tality rates depicted in Figure 7 are for the slower speed which

experienced 10% mortality at 11. 5 ppm. At the faster speed there

was no mortality at 11.5 ppm. while the mortality at 15. 5 ppm. was

the same in both velocities,

In another portion of this same experiment two moving water

troughs at 11. 5 and 15.5 ppm. were used in which the paddlewheels

were immobilized at the time of introduction of the coho salmon so

that a static situation was obtained. All fish were dead at 15.5 ppm.

in 4 hours and at 11. 5 ppm. in less than 18 hours,

Kaizate A

The results of the experiment of June 10, 1968 are used to

illustrate the effects of Kaizate A to coho salmon (Figure 8). Death

of the coho salmon in the moving water tests was much less than in

the static tests. For example, at 180 ppm. in the moving water

tests there were no deaths for the duration of the experiment while

in the static tests mortality was 60% in less than 72 hours for the

same concentration.
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In view of the high concentrations of Kalzate A required to

initiate death of coho salmon it is probably unlikely that such conceii-

trations would occur in a stream as the result of normal field appli-

cation. Of more interest and concern from a practical standpoint,

perhaps, than the lethality of the formulation is the fact that all of

the fish in the static test lost equilibrium after about 20 hours of

exposure and remained in this condition during the remainder of

the 96 hour period. In the moving water test less than half of the

fish lost equilibrium at any one time but seemed to alternately lose

equilibrium and then right themselves until the end of the experiment.

The possible significance of this loss of equilibrium will be dealt

with in the discussion section.

Daxt ron

The experiment of May 14, 1968 illustrates the comparative

results obtained using Daxtron (Figure 9). Only a limited amount

of work was done with this formulation because of its low toxicity

to coho salmon. Previous experimentation had indicated that about

65 ppm. were necessary to initiate death. At these concentrations

it would seem inconceivable, from an economic standpoint, that

this amount of herbicide would be used in field application. Differ-

ences between the static and moving water tests are apparent at

100 and 115 ppm. respectively, with the moving water mortality
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Figure 9. Graphic comparison of coho salmon mortality data in static
and moving water bioassays using Daxtron as the test herbicide.
Experiment of May 14 1968.



less than the static test mortality. All fish in the static test were

dead in less than 22 hours, while in the moving water tests 60'%

mortality occurred during the 96 hour bioassay period in the 100

ppm. concentration while at 115 ppm. 72 hours elapsed before all

fish were dead.

Detoxification Experiments

The initial detoxification experiment was begun on Oct. 10,

1970. Six solutions of TD 191 at 3.2 ppm. were used in this experi-

ment with a control. This experiment was run as a static water

test without aeration. Guppies were added to the solutions at the

following number of hours after mixing: 0, 3, 6, 12, 24, and 48.

Elapsed time until death was recorded at 1/2 hour intervals. The

results were quite similar for all the solutions.

The second detoxification experiment was similar to the above

except that there were two groups of solutions. The first group

was not agitated, whereas in the second group the solutions were

agitated by bubbling air up through a plastic tube which caused the

solution to be circulated rather rapidly. In both groups TD 19 1 was

tested at 3. 2 ppm. Once again the fish were added at the following

times after mixing: 0 (immediately after mixing), 3, 6, 12, 24 and

48 hours. Differences were not apparent except in the 24 and 48

hour groups, the 24 hour agitated solution required 3 1/2 hours to kill



all test fish while the 24 hour unagitated solution required only 2 1/2

hours (Figure 10). The dramatic differences, however, were ob-

served in the 48 hour solutions where all fish were dead within 3

hours in the unagitated solution while only 40% of the fish died in the

agitated solution through 9 hours when the experiment was terminated.

The first death in the 48 hour agitated solution did not occur until

1 1/2 hours after all fish died in the 48 hour unagitated solution.

Another detoxification experiment conducted January 26, 1971,

was set up in an effort to determine whether the reduction in toxicity

of the test solution was related to air exposure or merely to agita-

tion of the solution. Aquaria were set up in three groups. In the

first group the solutions were kept static after mixing. In the second

group the test solutions were agitated by bubbling with compressed

air, In the third group the aquaria were covered with plastic film

(on the solution surface) and stirred with magnetic stirrers. Stir-

ring and agitation, which were maintained for the same intervals

used in the previous experiments, stopped at the time of introduc-

tion of the test fish. The time to death of all fish in the test solu-

tions was greater in the air agitated group, particularly that for the

solution treated for 48 hours, indicating that exposure to the atmos-

phere might be of importance in detoxification (Figure 11).

The next detoxification experiment was an attempt to deter-

mine whether the detoxification phenomena might simply be related
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Static 24

48

Air agitated 24 40V0 mortality
none thereafter
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Figure 10. Time from first death to death of all test fish in 3. 2 ppm of TD 191 under two treatment conditions.
The vertical line across the bar indicates time to death of 50% of the test fish.
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Static 24
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Figure 11. Time from first death to death of all test fish in 3. 2 ppm. of TD 191 under three treatment conditions.
The vertical line across the bar indicates time to death of 50% of the test fish.
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to the availability of oxygen, that is, to see if the toxicant was being

oxidized. The experiment was set up using five different groups.

These were:

1. A static group as in previous experiments.

2. A group in which nitrogen was bubbled through the solutions.

3. A group in which the aquaria were covered with plastic film

and stirred with magnetic stirrers.

4. A group in which the solutions were agitated by air as in the

other experiments.

S. A group in which oxygen was bubbled through the solutions.

The time to death of all fish is given in Figure 12 for the above.

The results for the nitrogen and plastic film covered groups are

baffling inasmuch as the toxicity of these solutions after 48 hours of

treatment appeared to be greater than that of the other solutions. The

results for the static group and the air agitated group are rather the

expected picture while that for the oxygenated group appears to be

anomalous. It appears the dilutions in the oxygenated group may

have been incorrectly made. In any event, the air agitated group

indicates again the loss of toxicity with time.

The results of the above experiment do not give a definitive

indication that the toxicant is oxidized. As a result, the experiment

was repeated under the same conditions. To avoid the possibility

of errors in mixing and dilution, everything was done with an
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Figure 12. Time from first death to death of all test fish in 3.2 ppm, of TD 191 under 5 treatment conditions.
The vertical line across the bar indicates time to death of 50% of the test fish.



observer checking each step. During the initial 24 hours after

mixing the nitrogen system malfunctioned and that portion of the

experiment was discontinued. The remainder of the experiment

was carried out as planned.

The results of this experiment are largely radically different

from the other detoxification experiments except for those of the 24

hour solutions, deaths in the oxygenated 24 hour solution reaching

only 50% within 5 hours, with no deaths thereafter. The only deaths

in the 36 and 48 hour groups were in the air agitated group of solu-

tions. In this group 80% of the test fish died within 12 hours in the

solution treated for 36 hotrs with no deaths thereafter while in the

solution treated for 48 hours all fish died sometime between four

and six and one half hours. Because detoxification occurred without

air contact apparently other mechanisms than simple chemical oxi-

dation are involved.

The remaining three experiments concerned with detoxifica-

tion were attempts to determine whether the microbial populations

in the water were responsible for detoxification. These experiments

were conducted using static solutions at the same concentration

as previous experiments, i.e. ,3.2 ppm. TD 191, however, the

solutions were made up either with water which was irradiated by

ultra-violet light or with well water to which 1000 ppm. peptone

beef extract was added to promote the growth of microorganisms.



Standard plate counts of microorganisms were made immediately

prior to the addition of the test fish to the solutions.

In only one of the three experiments was there an indication

that there might be a positive relationship between detoxification as

evidenced by time to death of guppies, and the number of micro-

organisms. Apparently no detoxification had taken place in the 48

hour treatments for all fish died within 2. 5 hours. In the enriched

72 and 96 hour treatments, however, there were no deaths while

in the irradiated solutions all fish died within 3. 5 hours under both

treatment conditions. Standard plate counts gave the following:

Solution

72 hr. irradiated

72 hr. enriched

96 hr. irradiated

96 hr. enriched

Standard plate cou.nt

1. 6 x i0

1. 6 X 10

5. 3 x

2. 5 X 10

34

The differences between the counts are in the order of 10 times

for the 72 hour solutions and 470 times for the 96 hour solutions.

No pattern such as the above appeared in the other two experi.

ments, therefore, the relationship between detoxification, as evi-

denced by survival of guppies, and the number of microorganisms

is offered only as a possibility.
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DISCUSSION

The results of the comparative bioassays indicate a reduction

of toxicity in the moving water tests which is apparently associated

with agitation of the solutions rather than a diminution of effect

caused by exercising the test fish. Because the orientation of the

study was to approach the problem from a field application point of

view, some observations on the implications of this apparent detox-

ification seem in order.

Acute toxicity as represented by TLm (medium tolerance limit)

values become of questionable value when considered from the stand-

point of field application of a herbicide formulation which is either

rapidly detoxified or sorbed by soil particles, in effect either re-

moving it from or not allowing it to enter water courses. The TLm

values have application, as originally intended, in calculating the

allowable amount of waste discharges into a receiving water, using

suitable application factors (Warren, 1971), but have little utility

for the selection of a particular herbicide to be used where aquatic

resources might be jeopardized by herbicide applications. From

the standpoint of environmental contamination as well as direct

toxicity to fish, knowledge of the rate of detoxification and sorption

of herbicides would be a valuable adjunct to acute toxicity informa-

tion. Herbicides, such as TD 19 1, which have been found to be
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lethal to trout and salmon at fractional parts per million in laboratory

may be better to use in the environment because of their rapid

breakdown than other herbicides whose rate of detoxification may

be extremely slow by comparison. Knowing rates of detoxification

in soil and water would allow calculation, with some degree of

surety, of the maximum amount of an applied herbicide which could

enter a stream or water body by sub-surface leaching or run-off

(See Norris, 1969 and Trichell, Morton and Merkie, 1968) as the

result of application of an herbicide to adjacent land areas. The

persistence of herbicides applied for aquatic weed control could

also be more accurately determined from knowledge of mechanisms

and rates of detoxification.

Although, as previously given, some work was done in this

study to determine the mechanisms of detoxification, the reasons

for the differences in bioassay results remain unknown but some

possibilities are suggested. Some of the possible mechanisms, all

of which probably are simultaneously operative to some degree,

will be listed here and discussed in the order given.

1. Oxidation of the toxicant.

2. Adsorption of the toxicant on the walls of the test vessel and

on the paddlewheels as well as on the slime of the test fish.

3. Conversion of the toxicant to harmless metabolites by the

test animals themselves.
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4. Volatilization of the toxicant particularly as the result of

agitation of the solution.

5. Degradation of the toxicant by the microorganisms in the

diluent water.

Oxidation would seem to be eliminated as a major factor in

the detoxification of the herbicides tested in this study because the

static solutions were aerated and the dissolved oxygen maintained

at near saturation levels. The detoxification experiments also

indicate something other than oxidation taking place.

Sorption could account for the differences observed between

the static and the moving water tests, Circulation of the water

would cause more of the toxicant to come in contact with the sides

of the vessel and the paddlewheel blades. It is possible the painted

surfaces of the troughs would also form more sites for sorption

than the glass of the static vessels. Additionally, the results of the

detoxification expe riments might indicate an adsorption phenomenon.

Many studies report the importance of sorption in the per sis-

tence of various pesticides. Icarinen etal. (1967) compared the

persistence of carbaryl in laboratory aquaria which contained estu-

anne water with mud and without mud and found that in the presence

of mud the toxicant declined much more rapidly than where the mud

was lacking. Wilson and Bond (1969) noted a reduction in toxicity

of Diquat to amphipods when mud was added to the bioassay containers



and they state that this redaction "was apparently due to the sorption

of the chemical by mud particles." Frank and Comes (1967) also

cite the possibility that persistence of some herbicides, particu-

larly paraquat and diquat is related to sorption. They also cite

the rapidity with which the mono-N, N-dimethylcocoamine salt of

endothall (the active ingredient in TD 191) disappears from pond

water, the maximum concentration of 0. 18 ppm. occurring 2 days

after application of 1 ppm. to the pond. Although the authors do

not say that his disappearance is caused by sorption, they do advance

this possibility. Furmidge and Osgerby (1967) state,

Consequently any effect which is dependent on concen-

tration, such as chemical or microbial decomposition,
toxicity, or the physical movement of herbicides in soils,
is intimately related to, and regulated by, physical ad-
sorption.

Because of the intimate association of soil and surface water it

seems that the above quote could apply to herbicides in water as

well as in soil.

How the above studies might relate to the adsorption of herbi-

cides to the walls of the troughs and to the painted paddlewheels is

not known. What is known is that the toxicity in the troughs was less

than that in the static jars and adsorbance (or other sorption phe-

nornena) is advanced as one possiblity to account for the differences.

Conversion of the toxicant to metabolites by exercised fish

might appear as a major possibility in the comparative bioassayS
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but this possibility would not be apparent in the detoxification experi-

ments where the test fish were chosen for their small size and were

introduced only after agitation of the solutions had ceased, The

reduction in apparent toxicity in the air and oxygen agitated solutions

in the detoxification experiments seem to rule out the possibility of

the test fish converting a significant amount of the toxicant to metabo-

lites.

The active ingredients in all of the herbicides tested in this

study are salts which have low vapor pressures so presumably vola-

tility should not be a major factor in detoxification.

The action of microorganisms on the toxicants would appear

to be a logical choice as a major factor in detoxification except that

most studies, particularly with soils, indicate a longer persistence

than that found in this study, with the exception of the mono-N, N-di-

methylcocoamine salt of endothall (Frank and Comes, 1967) and

chlorpropharn and amitrole (Audus, 1964) which have been found

to lose toxicity rapidly within the first two or three days. Most

herbicides have an initial lag period of a number of days before the

microorganisms are able to break them down. After this lag period

the degradation proceeds rapidly. This is true for picioram (Grover,

1967; Goring and Hamaker, 1971) and 2, 4-D (Audus, 1964; Schwartz,

1967; Aly and Faust, 1964), for instance.
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In long term studies the rate of disappearance of herbicides

has been related to the total number of microorganisms in soil

(Akamine, 1951). Presumably the same may hold for surface waters

because many of the microorganisms found in soil are also in

surface waters (Breed, 1957).

Air-borne microorganisms would have an opportunity of seed-

ing the solutions which were being agitated by compressed air but

should be at least partially eliminated by the filter devices in the

intake side of the compressor pumps. On the other hand, beating

of the paddlewheels would have the effect of maximizing seeding by

the action of the wet blades moving alternately from air into water.

Additionally, the turbulence and the great amount of surface area in

the troughs would allow almost free access to the test solutions of

the air-borne microorganisms. Conve rsely, the static tests were

conducted in wide mouth 5 gallon jars so both the opening to the

vessel and the surface area would be much smaller. The surface

area of the troughs is ca. 460 in. as compared with ca. 80. 5 in.

for the jars, which have a mouth opening of only ca. 1Z. 5 in.

However, immobilizing the paddlewheels in the troughs gave results

which were similar to the results obtained in the static tests so

perhaps the turbulence is more important than the relative surface

areas.

The reduction of toxicity of the herbicides in the moving water
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tests in this study is superficially at odds with the results obtained

by Kibby (1966). From his work he concluded:

From these data it would appear that when a mod-
erate stress in the form of activity is applied to a fish
which is exposed to a toxicant, it can become an acces-
sory factor which enhances the toxic effect. For the
chemicals tested moderate exercise in effect cut the
lethal time in half.

Kibby was able to make this generality on the basis of seven herbi-

cides which he tested. All herbicides will not be expected to be

detoxified at the same rate, as indicated by work previously referred

to in experiments with soils (Audus, 1964) and could, in Kibby's

experiments, not have had time to be significantly detoxified.

Possibly more noteworthy are Kibby' s statement of "moderate

stress in the form of activity" and "moderate exercis&' (see Brett,

1958). The fish used by Kibby were rainbow trout (Salmo gairdneri)

of 18 to 30 mm in total length and coho salmon (Oncorhynchus kisutch)

of 34 to 59 mm. The test fish were forced to swim against a continu-

ous current of 0. 5 ft. /sec. or 15. 2 cm. /sec. Brett (1968) gives 4. 2

fish lengths per second as the "marathon" or maximum sustained

swimming speed for young sockeye salmon. Assuming that other

salmonids are similar to the sockeye it would appear that the stress

imposed in Ki.bby's experiments would be severe rather than mod-

erate. Multiplying the length of Kibby's largest rainbow (30 mm)

by Brett's 4. 2 fish lengths per second gives a figure of 12. 6 cm. /sec.



42

indicating that fish of this size would be unable to keep up this sus-

tamed speed even if there were no toxicant in the water. In other

words, if Brett' s observations are valid and can also be extended to

rainbow trout, then the rainbow in Kibby' s experiments were suffering

from fatigue as well as being upset physiologically by the toxicant.

The same would be true of the smaller, at least, of the coho

salmon, that is, up to ca. 39 mm. This figure multiplied by 4. 2

fish lengths per sec. approximates Brett' s ?rthon?l speed.

Krueger etal. (1968) state that "The shorter and lighter salmon

were less competent at a given velocity than were the longer and

heavier salmon. Therefore, it is possible since Kibby was using

a TLm value that the smaller and lighter fish may have died first

although he makes no statement in this regard.

In view of the above, the results of this study are perhaps not

so different from what Kibby's might have been had his velocities

not been so severe.

The narcotic effect and/or loss of equilibrium evidenced by

two of the chemicals used in this study, Tordon 101 3nd Kaizate A,

is of importance in selecting chemicals for field application. While

it may be doubtful that a concentration high enough to cause problems

to fish would be reached in a responsible field application situation,

the fact that the fish lose equilibrium at concentrations below the

TLm values is significant. Fish which are helpless would be subject
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to predation and/or mechanical injury and would be displaced down-

stream where they would undoubtedly create hierarchical problems

after recovery (Chapman, 1962) with the result that they or the fish

displaced would become nomads, in effect upsetting the carrying

capacity of the stream and perhaps the natural selection processes.



CONCLUSIONS

The results of this study do not indicate that exercising the

test fish resulted in modification of the toxic effects of the herbicides

tested. What seems to be indicated is that agitation of the solutions

causes a reduction in toxicity which may be related to microbial

decomposition, sorption, or other phenomena. As a result it seems

reasonable to arrive at the following conclusions:

1. The apparatus used in acute toxicity bioas says can greatly

influence the results obtained.

2. The mechanisms of detoxification are apparently favored by

agitation of the solutions.

3. Rates of detoxification will vary with the herbicide formula-

tion.

4. Future studies of the toxicity of herbicides to fish should con-

sider the detoxification rates of the herbicides as an integral

part of the bioassays because the detoxification rates may be

more significant from a field application standpoint than the

TL values.m

5. Selection of herbicides for field application particularly in

large area terrestrial treatments should be made with the

knowledge of detoxification rates combined with acute toxicity

information to better protect the stream environment.



45

6. For those formulations which are known to have a narcotic

effect on fishes the concentration which produces the narcosis

should be substituted for the median tolerance limit value.



BIBLIOGRAPHY

Akamine, Ernest K. 1951. Persistence of 2, 4-D toxicity in
Hawaiian soils. Botanical Gazette 112, No. 3. 312-319.

Aly, Osman M. and Samuel D. Faust. 1964. Studies on the fate
of 2, 4-D and ester derivatives in natural waters. Journal
of Agricultural and Food Chemistry 12: p. 541-546,

American Public Health Association, Inc. 1960, Standard methods
for the examination of dairy products. 11th ed. New York
448 p.

Audus, L. J. 1964. Herbicide behaviour in the soil II. Interac
tions with soil micro-organisms. pp. 163-206. In: The
physiology and biochemistry of herbicides, ed. by L, J,
Audus. London and New York. Academic Press. 555 p.

Bond, Carl E., Robert H. Lewis and John L. Fryer. 1960, Tox-

icity of various herbicidal materials to fishes. In: Trans-.
actions second seminar on biological problems in water pollu-
tion. U. S. Public Health Service Robert A. Taft Sanitary
Engineering Center Technical Report W 60-3. 285 p.

Breed, R. S., E. G. D. Murray and N. R. Smith. 1957. Bergey's
manual of determinative bacteriology. 7th ed. Baltimore.
Williams and Wilkins. 1094 p.

Brett, J. R. 1958. Implications and assessments of environmental
stress, In: The investigation of fish-power problems, H. R.
MacMillan lectures in fisheries. Ed. by P. A. Larkin, Uni-
versity of British Columbia. 111 p.

1968. Fish - the energy cost of living. In: Marine
aquiculture. Ed. by William J. McNeil. Corvallis, Oregon
State University Press. 172 p.

Chapman, D. W. 1962. Aggressive behavior in juvenile coho
salmon as a cause of emigration. Journal of the Fisheries
Research Board of Canada. 1946) p. 1047-1080.

Davis, James T. 1968. Personal communication. Letter of
April 9, 1968.



47

Doudoroff, Peter, etal. 1951. Bioassay methods for the evaluation
of acute toxicity of industrial wastes to fish. Sewage and
Industrial Wastes. 23:1380-1397.

Frank, P. A. and R. D. Comes. 1967. Herbicidal residues in pond
water and hydrosoil. Weeds. 15(3) p. 210-213.

Fryer, John L. 1957. Toxicity of some new herbicides to fish.
Mastert s thesis. Corvallis. Oregon State University. 50

numb. leaves.

Furmidge, C. G. L. and J. M. Osgerby. 1967. Persistence of
herbicides in soil. Journal of the Science of Food and Agri-
culture. 18. p. 269-273.

Gibson, R. J. 1966. Where trout live and why. Trout. 7(5) p. 5,

7, and 9.

Goring, C. A. I. and J. W. Hamaker. 1971. The degradation and
movement of picloram in soil and water. Down to Earth.
27(l)p. 12-15.

Grover, R. 1967. Studies on the degradation of 4-amino-3, 5, 6-tn-
chioropicolinic acid in soil. Weed Research. 7(1) p. 61-67,

Billiard, Douglas K. 1952. The effects of herbicides and related
compounds on fish. Master's thesis. Corvallis. Oregon
State University. 98 numb, leaves.

Hoar, W. S. 1951. The behaviour of chum, pink and coho salmon
in relation to their seaward migration. Journal of the Fisher-
ies Research Board of Canada 8. p. 241- 263.

Hughes, Janice S. and James T. Davis. 1966. Toxicity of pesticides
to bluegill sunfish tested during 1961-66. Louisiana Wildlife
and Fisheries Commission. Monroe. 8 pp.

Karinen, J. F., etal. 1967, Persistence of carbaryl in the marine
estuarine environment. Chemical and biological stability in
aquarium systems. Journal of Agricultural and Food Chem-
istry. 15 p. 148-156.

Kibby, Harold VanHorn, II. 1966. Toxicity of selected herbicides
to four species of freshwater fish. Master' s thesis. Corvallis.
Oregon State University. 53 numb, leaves.



Krueger, Hugo M., etal. 1968. Bioenergetics, exercise, and
fatty acids of fish. American Zoologist, 8: p. ll9-lZ9

Norris, Logan A. 1969. Herbicide runoff from forest lands sprayed
in summer. Research Progress Reports, Western Society
of Weed Science. p. 24-Z6.

Schwartz, Henry C. , Jr. 1967. Microbial degradation of pesticides
in aqueous solutions. Journal of the Water Pollution Control
Federation. October, Part I.

Trichell, D. W., H. L. Morton and M, C. Merkie, l968 Loss of
herbicides in runoff water. Weed Science 16, No 4 p. 447-
449

Warren, Charles E. 1971. Biology and water pollution control.
Philadelphia, W. B. Saunders. 434 p.

Wilson, Dennis C. and Carl E. Bond. 1969, The effects of the
herbicides Diquat®and dichiobenil (Casoron®) on pond inver-
tebrates. Part I, Acute toxicity. Transactions of the Amer-
ican Fisheries Society Vol. 98 (3) pp. 438-443,




