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ThE AVOIDANCE REACTIONS OF CHINOOK SALMON, ONCOREYNCHUS
TSHAWYTSCEA (WALI3AUM), AND COliC) SALMON, ON

KISUTCH (WALBAUM), TO PAPER MILL EP &

This report presents the findings of & study made at

the Fisheries Research Laboratory at Oregon State College

during the summer and tall or 1954 on the avoidance

reactions of two species of Pacific salmon to paper mill

effluents. The purpose of the study was to determine

whether or not juvenile Chinook ealnion, Onoorhynohus

tshawytscba (Walbaum), and juvenile Cobo salmon,

Onoorhynchua kisutch (Walbaum), would react by avoiding

different concentrations of sulfate and. sulfite paper

mill wastes.

Work was started on this problem in 1952 when

Carl E. Bond, Assistant Professor of Fish and Game

Management, began a series of preliminary experiments on

the reactions of Chinook salmon, Cobo salmon, and Steel-

head trout, Salmo gairdnerl gairdneri Richardson, in a



about through means other than the direct toxic action of

a waste, it was considered to be of importance to deter-

mine whether the presence or non-lethal concentrations or

paper mill effluents might cause tih to leave or not enter

a contaminated area. Further, knowledge concerning the

avoidance or lack of avoidance by fish of lethal or

non-laths? concentrations of a waste is extremely important

in determining the beat means of dispersing that waste in

the receiving stream. For example, if a species is known

to avoId a lethal concentration of a particular waste, that

waste might beat be channeled in high concentrations down

one bank of a river, leaving a clean channel for fish

movement, rather than dispersing the waste over the entire

stream bed a. possibly entirely prevanting fish movement.

Conversely, it a species is kno to exhibit no avoidance

to a particular waste, that waste might best be disposed

of In the most dilute state possible over the entire stream

bed.

This paper will consider in some detail the apparatus



devised to carry out these avoidance studies. The

avoidance reactions exhibited by Chinook salmon and Coho

salmon to synthetic sulfate waste liquor, whole sulfate

waste liquor, and sulfite waste liquor will be discussed.

Some information on the toxicity of these wastes to young

salmon will be presented, and this will be considered in

relation to the avoidance of these wastes by the salmon.



II. REVIEW OF LITERATURE

The reactions exhibited by several kinds of fish

when confronted with various substances have been studied

by a number of investigators. Among the early investig&-

tions was that on which Shelford published in 117 (15,

pp.38l4l2). In this study of the effects of gas waste on

certain fishes of the families Centrarebidse, Catostomidas,

Cyprinida,, and Ameluridas, he found that fish will enter

water containing oertatn pollutants from pure water

readily and will turn back to the polluted water when

fresh water is encountered. From this it Is evident that

fish may exhibit an apparent preference for several kinds

of polluted water, whatever its mechanism.

However, other investigators have found that fish

will exhibit avoidance to pollutants in their environment.

Jones (10, pp.22m34 found that sticklebacks, Gasterost

aculeatus Linnasus, reacted negatively by avoiding 0.001

solutions of sodium sulfide. The reaction was almost

inediate at this concentration, while at 'eater dilutions

the reaction time increased. Using the minnow, Phoxinus

oxinus Linnaeus, zones (11, pp.261-2?0) found that over

the range of 0.04 to 0.0004 per cent the fish appeared to

have little or no power of discrimination between phenol



and water, and would swim into the solution of phenol with

no hesitation. At concentrations of 0.03 per cent to 0.04

per cent the minnows avoided para-cresol and ortho-crasol

solutions immediately.

temperature has been regarded as having an important

influence on the migration and distribution of fishes

(4, pp.79-118) (1?, pp.235-254) (6, pp.246-262). Wells

(18, pp.48-59), Shelford aid Powers (14, pp.315-334), aM

Chidester (3, pp.373-380) found that fish are very sensi-

tive aid will react to the stimulus of temperature.

Jones (12, pp.403-415) observed that sticklebacks bad

no immedIate appreciation of water of low oxygen concen-

tration and would swim into it without hesitation,

Respiratory diatres8 soon developed, however, and this wa

accompanied by uneasiness aid random movement. if the

random movement took the fish out of the area of low oxygen

concentration, there was a tendency for the random movement

to cease and for the fish to recover.

Collins (5, pp.375-396) investigated th. preference

of an anath'omoua fish, !omolbu8 ep., for water having

specific physical and chemical characteristics Re found

that Pomolobus showed selectivity when presented with the

choice of two channels, one with warm and one with cold

water. These fish also exhibited an avoiding reaction to

the water containing the highest of two carbon dioxide



concentrations when the difference exceeded 0.3 parts per

million. Re also found that the velocity and turbulence

of the water were factors influencing the reactions of

these fishes.

The recent studies by Smith and Saalfeld (16, pp.3-

26) on the Columbia River smelt, Thaleichthys pacificua

Richardson, show that these fish exhibit a definite

preference for clean water In contrast to water containing

certain concentrations of paper mill wastes. They found

that the smelt preferred a channel of unaltered water to a

channel which contained dilutions of mixed sulfite-base

and sulfate-base paper mill waste lIquor in concentrations

ranging from 1:103 to 1:400. Avoidance of the sulfate

waste liquor alone was exhibit-ed for concentrations

ranging from 1:50 to 1:800.

The investigations by MacKinnon and Hoar (13, pp.523-

528) in British Columbia demonstrated that Chum salmon fry,

0ncorbchns ket (Walbaum), and Goho salmon fry respond

to differences in velocity of water flow. Both species

selected the stronger of two cul?ents; but, after a time,

Coho failed to respond to small differences while the

Chums continued to select the greater flow.

Brett and MacKinnon pp.21-22), usIng Coho salmon,

Chinook salmon, and Sockeye salmon, One orhynchus nerka

(Waibaum), found these fishes were repelled apparently,
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by the odors, coining from human skin. Merely placing a

hand in the water of a fish-ladder caused a marked decrease

in the numbers of adult fish moving up the ladder.

Successive rinses of the hand showed a reduced activity,

sugeating that the material may have been accumulated on

the akin. These saz workers (1, pp.1Ol2) demonstrated

that Coho and Chinook salmon are apparently able to detect

extracts from the skin of hair seals, sea lions, and

dogfish. It was thought that the substance detected and

avoided was an excretory or secretory product associated

with the lower skin layer.

Still other investigators have demonstrated that fish

are capable of detecting pollutants in their environment.

Hasler arid iby (7, pp.64-70) have shown that bluntnoae

minnows, Hyborhynchus notatus Rafinesque, can detect and

discrIminate between phenols and p-ohlorophenola at

concentrations as low as 0.0005 parts per millIon. The

fish were trained to associate the odor of phenol with

food and the odor of p-chlorophenol with punishment. At

the end of a training period the fish were able to

distinguish between the two odors and also to distinguish

them from a third pollutant, o-cblorophenol.

Preliminary Studies at Oregon State College

Preliminary investigations on the avoidance reactions
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TABLE 1

REACTIONS OF JUVENILE SALMON.ID FISHES TO A CONCENTRATION
GRADIENT OF SULFATE WASTE AS FOUND BY BOND LL 1953.

Compartment region A F C F

M6an percent concentration 0.0 1.8 4.3 4.8

8tartrd deviation of
mean percent concentration 0.00 0.20 0.84 0.80

Species Trial Date Numbers or fish observed

Chinook 1 5/28-29/53 36 7 0 0
2 6/4/53 23 19 1 5
3 6/11-12/53 93 16 0 0
4 6/13/53 32 2 3. 1
5 6/18-19/53 48 3 1 0

Total observations 230 47 3 6

Percent observations 80.4 16.4 1.1 2.1

Coho 1 5/26-27/53 21 15 8 8
2 6/19/53 0 38 3 5
3 6/293O/53 2? 11 1 13
4 7/1-2/53 27 12 7 13
& 8/56/53 72 6]. 3 11
6 8/8-9/53 28 40 8 14
7 9/11-12/53 U 49 81 3
8 9/14-15/53 6 2? 20 4

Total observations 192 253 131 71

Percent observations 29.7 39.1 20.2 11.0

8tee1hesd 3. 7/21/53 3 1 3 4
2 7/23-24/53 4 3 4 15
3 9/3-4/53 17 46 49 15
4 9/16-17/53 3 42 103 9

Total observations 2? 105 159 43

Percent observations 8.1 31.4 47.6 12.9



waste. In five experiment., only 2.]. per cent of the

total number of observations were in the 4.8 per cent

concentration or waste. Of th. total observations, only

1.1 per cent occurred In the compartment having a waste

concentration of 4..3 per cent, and 16.4 per cent occurred

in the compartment having a concentration of 1.5 per cent.

A total of 80.4 per cent of the observations occurred in

the waste -free compartment. Generally, Chinook salmon

seemed to prefer the end compartments of the trough to the

center compartments. The waste inlets were changed to the

opposite end of the trough at frequent Intervals to mak

certain that the fish did not develop a preference for any

one compartment.

Coho salxuon exhibited avoidance to sulfate waste

liquor. However, the avoidance was not as sharply defined

as that exhibited by Chinook salmon. Of the total

observations, 11.0 per cent were made in the 4.8 per cent

concentration, 20.2 per cent in the 4.3 per cent concen-

tration, 39.1 per cent in the 1.5 per cent concentration,

aid 29.7 per cent in the waeta-.tree compartment. It seems
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significant that with the Coho salmon approximately 69 per

cent of the observations were in compartments wi th concen-

trationa of waste of 1.5 per cent and below. This would

indicate that Coho salmon are not entirely insensitive to

poUutants occurring in their environments, which tends to

substantiate other findings presented in thi8 paper. An

examinatIon of the groupings of the test-animals as shown

in table I in&tcates that the Coho salmon preferred the

center comDartments of the trough to those at the ends.

Steelhee.d trout exhibited no avoIdance of the wastes

in concentrations ranging from 1.6 per cent to 4.5 per

cent. This is interesting as they are closely related to

the two other species used as test-animals. An inspection

of the results shows that the observations In compartment

C, which had a waste concentration of 4.3 per cent, were

much more numerous than in any of the other three

compartments. This probably indicates an insufficient

number of experiments, there being no reason to assume th

fish were exhibiting a preference for the waste If the

fish were exhibiting no avoidance, the high numbers should

be distributed randomly over the compartments and

additional experiments would probably result in an

equalizing of these percentages. As did Coho salmon,

Steelhead trout preferred the center compartments.

$ince methyl mercaptan is on. of the compounds



present in sulfate atfl waste, and since it has a strong

odor, the reactions of fish confronted with this compound

were considered of interest. Cobo salmon were exposed to

a concentration gradient of 0.00 to 1.9 parts per million

of methyl mercaptan. in a series of three experiments,

Coho salmon exhibited a definite preference for the water

having the lowest concentrations of the pollutant. Of the

total number of observations, 12.0 per cent were in the

compartment with a concentration of 1.4 to 1.9 parts per

million, 13.? per cent in the concentrations of 0.6 to 1.7

parts per million, 31.0 per cent in the concentrations of

0.2 to 0.4 parts per million, and per cent in the

concentration of 0.00 to 0.2 parts per million.

Haydn, £mberg, and Dimick (5, pp.545-649), in

experiments on the effects of Krsft Miii waste components

on salmonid fishes, found that the minimum lethal concen-

trations of methyl ercaptan were as follows: 1.75 parts

per million for Coho salmon, 1.20 parts per million for

Cutthroat trout, Salmo clarki olarki Richardson, and 0.9

parts per million for Chinook salmon. The minimum lethal

concentration was definsd as the least auouUt of toxic

agent capable of producing a 100 per cent mortality of

the test fish. Thus, concentrations highly toxic to the

Coho salmon were present in a large part of the avoidance

reaction trough. It is of interest that the Coho salnn
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REACTIONS 0? COHO SALMON TO A COCENTRATI0N GRADIENT
UP METHYL MEECAPTAN AS POUND BY BOI1 .0 1953.

Compartment region A B C

Range of concentration 0-0.2 0.2-0.4 0.6-1.7 1.4-1.9
in p.p.m.

Trial Date Numbers of fish observed

I 7/29-30/53 54 41 15 14
2 8/13-14/53 25 22 12 10
3 8/16/53 44 25 12 10

Total fish observed 125 88 39 34

Percent of entry 43.5 31.0 13.7 12.0



Materials

III. 1ATERIALS AND METhODS

Study Apparatus

The basic apparatus, figure 1, consisted of a

rectangular tank, nine feet long by two feet wide by

one foot deep, placed on three waist-high trestles. Fo

one-third of its length the interior of the tank was

divided into four channels by sheets of heavy plate-

glass. An individual drain was placed at the entrance

of each of the four channels. ater and waste liquor were

introduced into the channels through four glass tubes

leading from the water and waste supplies located above

the avoidance apparatus. The trough was shielded from

outside disturbances by partitIons which extended from the

ceiling of the room to the bottom edge of the tank on

three sides and by a wall on the fourth side. Th.

interior surfaces of the compartnt were painted with a

flat-white paint to prevent glare, and a two-tube

fluorescent light was suspended above the tank to give

uniform illumination over the entire area. An observation

port was located at the end of the compartment opposite

the channeled end of the tank to permit observation of the

fish movements. One wall of the compartment was hinged
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Figure 1. Avoidance reaction apparatus.
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across the top so that it could be swung upwards and

suspended from the ceiling to permit access to the tank.

since the effective functioning of the study appar-

atus depended largely on the efficiency of the drain, this

system Will be discussed in greater detail. The construc-

tion of the drains is shown in figure 1. The tour drains

were designed to operate in conjunction with a battle

placed on the floor of the tank and abutted against the

ends of the glass partitions at a 46 degree angle. The

design of the drains was such that all water flowing down

the channels was diverted down the drains end not permitted

to flow beyond the channels into the open end of the tank.

Each drain was constructed of one-inch plastic pipe so as

to form a HTfl, the horizontal portion being slotted so as

to allow the water to flow in and then down the vertical

portion. The vertical portion of the "T" was forced

through a drIlled rubber stopper which was Inserted in a

drain hole in the floor of the tank at the entrance to

each channel. A short section of rubber tubing was

stretched over the lower end of the "T protruding below

the bottom of the tank, and a screw-clamp was utiliZed to

adjust the flow of watei from the individual drain. The

top edge of the baffle, as shown in figure 1, was at the

same level as the tops of the drains. This arrangement

served to divert the flaw of water in each channel up and



over the slot in the top of the draIn. y properly

adjusting the inlet tubes to the channels and the outlet

tubes beneath the channels, It was possible to maintain

any desired depth of water In the tank, and yet to divert

all of the incoming water down the drains and prevent Its

mixing with the water in the open portion of the tank,

Lt first it was thought some strong stimulus would

be required to force the fish to leave the clean zone of

water in the one end of the tank and choose between the

polluted and clean channels at the opposite end. Two

methods of raising the water temperature were tried, and

although no difficult1 w encountered in heating the

water, It was found that due to stratification; counter

currents were created which caused water from the channels

to be drawn past the drains and out into the open portion

of the tank. The mixing of the polluted water with the

clean water created a polluted zone through which the fish

had to pass In order to reach the channels. It was

believed that exposure of the fish to the waste before

they had an opportunity to choose between it and clean

water would defeat the purpose for which the apparatus was

designed. The search for methods of stimulation was

abandoned when it was found that the fish would enter the

channels In preference to remaining In the still water of

the open end of the tank if the current In the channels



was great enough.

-

of this' study. Corvallis city water was used for the

first two mouths. The water was first passed through a

filter of activated charcoal to remove chlorine. The use

of this water wee discontinued because of low pressures

during the simir months. For the remainder of the study,

water was pumped from nearby, ry's River.

A fifty-gallon tank fitted with a constant-head

device supplied water from a one-thousand-gallon storage

tank to the overflow 3ar located on a shelf directly above

the avoidance apparatus. Four siphons carried water from

the overflow jar to the channel jnle te.

Water temperatures were in the range of 17 to 19

degrees Centigrade throughout the sumner and into the tall

_

January they had reached a minimum of 5 degrees Centigrade.

T types of tanks were employed for holding fish.

During the sumner months, when young fish were readily

available, these 'were collected in small numbers and usedT)1!I



short periods, two one-hundred.gallon stainless steel

tanks were used and from fifty to one hundred fish were

held in each. The water was aerated continuously. The

tanks were cleaned and the water was changed approximately

once each week.

During the latter part of tho study, the young flab

in the streams began to migrate seaward, and it became

more difficult to secure them in adequate numbers. Rather

than to be forced to discontinue studies for lack of fish,

it was decided to stock considerable numbers for future

use. For this purpose, two two-hundred-fifty-gallon

wooden tanks were constructed. Each was provided with a

drain near the bottom end. inlet and overflow pipes near

the top. Water was replaced in the tanks at the rate of

approximately one gallon per minute, and aeration was not

required. Five kmr4red to seven hundred juvenile salmon

could be held in these tanks for extended periods.

Test Animals

Juvenile Chinook salmon were collected from two

tributaries of the Willamette River system in western

Oregon during the summer and tall of 1954. Fish were

taken from the antlam River at several points above the

town of Lebanon in Linn County. On the McKenzie River,

collections were made at two stations above Eugene in



Lane County.

Juvenile Coho salmon were taken from two smaller

streams in western Oregon. Collections were made in the

Yaquina River above Nashville and in Beaver' Creek near

stretched mesh seine and were transported to the holding

tanks at the Corvallis laboratory in five-gallon wide-

mouth jars wrapped in burlap. Loss of fish during the

transfer was negligible. These fish were in the size

range of 40 to 160 millimeters total length, and al:l

appeared to be in good physical condition.

During the fall of 1954, it became difficult to

secure fish from the strearns in the desired numbers.

Through the cooperation of the Oregon Fish Comaission,

some 300 young Chinook salmon ware obtained from the

Marion Forks Hatchery in eastern Marion County. The size

range of these fish was from 80 to 130 millimeters total

length, and all were in excellent coition.

Chemical Pump

Waste liquor was injected into the water lines

leading to the channels by a low-capacity chemical pump

available couercia1ly as a "Sigmamotor". This device

consists of an electric motor, a speed reducer, aid a



pump, al]. mounted on a rectangular steel plate. The pump

is constructed in the form of a square box inside of which

are mounted two rowe of finger'like steel rods which press

against a metal plate placed between the two rows. The

rods are caused to press against the plate in an uulat

ing fashion by the action of a camshaft in the lower part

of the unit. Rubber tubing is placed in the pump between

the fingers and the plate; and the movements of the fingers

exert a milking movement against the tubing, causing the

liquid inside to flow away from the pump, The rate of

flow is controlled by a calibrated lever on the speed

reducer.

Preparation of Waste Liquors

Sulfate waste was obtained from the Springfield,

Oregon, plant of the Weyerhauser Timber Company Whole

waste was drawn from the main disposal pipeline which

emptied into the Itc1enzie River. The various components

of the whole waste, when desired, were taken at suitable

sampling points within the plant.

Synthetic sulfate waste was prepared by diluting

ninety milliliters of combined condensates and two mi111-

liters of black liquor to one liter with Marys River



water. The synthe tic waste was made as needed in

quantities of eighteen liters. In order to obtain the

desired dilutions or waste in the channels of the studs

apparatus, measured amounts of waste were injected into

the water inlets by the chemical pump. Table 3 shows the

ratios in which synthetic and whole sulfate waste were

mixed with water.

Calcluni'-baae sulfite waste liquor was procured from

the Publisher's Paper Company mill at Oreou (ity, Oregon.

Since the concentration of the raw waste liquor varied

from day to day, it was necessary to prepare stock

solutions wIth uniform solids content for use in the

experiments Table 4 shows the ratio in which the stock

solutions were mixed with water, the concentrations of

boneth'y solids present In the stock solutions, and the

concentrations of waste liquor which were introduced Into

the channels. Since both the water and the waste liquor

could be accurately metered, it was possible to obtain the

desired concentrations in the channels with only small

errors.



RATIOS OF WATER TO SULFATE WASTE
AND CONCENTRATIONS PRODUCED IN CHANNELS.

ICL. suLfate Mi. Sulfate waste in channel:
waste water approximate % by volume

120 1200 10.00
60 1200 5.00

1200 2.50
15 1200 1.25

PREPARATION OF SULFITE WASTE LIQUOR

ppm of bone-dry MI. Channel cone. of SWL
solids in stock stock Ml. ppm ppm of SL of
solution SWL. scm. water solids 10 solids

content

2600.0 100 1200 200.0 2000
1300.0 100 1200 100.0 1000
750.0 100 1200 50.0 500
375.0 100 1200 25.0 250
189.5 100 1200 12.5 125



IV. AVOIDANCE AND TOXICITY OF SULFATE WASTE LIGUOR

$ynthetic Waste Liquor

Th. direct application of the results of laboratory

studies to natural situations is usually ditficult if not

impossible. Under the controlled conditions of studies

such as this one, the responses of the fish may vary

greatly front those occurring under natural conditions.

However, it as thought that experiments carried out under

controlled conditions might produce results which would

give an indication of the responses of salmonid fishes

confronted by these pollutants in streams.

Per cent avoidance, as used in this study, was

derved from the formula 100(B A)/E, where E equals the

total number of entries of fish into clean channels and

A equals the total number of entries of fish into polluted

channels. The per cent avoidance thus determined may have

no absolute or actual relationship to the reactions of

these fish under stream conditions. However, the concen-

trations at which the fish show zero avoidance of a waste

are of considerable importance.

The behavior of fish when exposed to wastes under

controlled conditons is of interest. At low concentrations
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of waste the fish would often enter the polluted channels

readily aid usually would swim to the extreme ends and

congregat. around the water and waste inlet tubes. Rarely

would the fish remain more than several minutes in this

area. Usually they would turn and swim out of the chan

nele into the open end of the tank. OcoaeionaUy a fish

would leave one channel and, instead of swimming back out

into the open area of the tank, would immediately turn and

enter an adjacent channel. When the higher concentrations

of wastes were used, fish would often start to enter a

polluted channel, then pause as they encountered the

polluted water, turn, and swim back out of the channel

into the open zone. Occasionally a fish would enter a

channel of high waste ooncentz'ation and remain for several

minutes in the strong currents created by the inlet tube.

ffoweve, in most instances, the fish did not remain in the

polluted channels at the higher concentrations. Reactions

of the flab were much the same in clean channels The

fish would congregate around the inlet tubes at times, but

their constant movement was such that no aggregation of

animals ever occurred in the channels.

Preliminary experiments with both Coho salmon and

Chinook salmon using only unaltered water in all foui'

channels showed that the fish moved about the tank in a

random manner. No preference was shown for any one



channel or pair of channels.

As a control measure during the actual experiments,

the waste inlet tubes and water inlet tubes were moved. to

alternate channels several times each week. In addition,

the teat animals were never used more than two times wIth

any one kind of eff luent.

The random movement of the test-animals during a

sIxty minute observation period was usually sufficient to

allow for at least zeveral hundred. entries Into the four

channels. One entry was defined as the movement of one

fish completely past the ends of the glass partitions and

the drain and into the channel. In the event that the

fish entered only partly into the channel, no entry was

recorded.

Chinook salmon were found to avoid synthetic sulfate

waste in certain concentrations The degree of avoidance

appears to be, In part, dependent on the concentration of

the waste liquor. These results are presented In table .

At a concentration somewhere between 1.25 per cent and

2.50 per cent synthetic sulfate waste, the fish cease to

exhibit an avoiding reaction as measured by the previously

described method. A Significant avoidanc* was noted at

the 2.50 per cent concentration and zero avoidance was

exhibited at the 1.25 per cent level. At concentrations

of 10.00 per cent, a mean avojd8nce of 86.89 per cent was



exhibited, the per cent confidence limits of the mean

being 78.74 per cent and 96.05 per cent. From 2.50 per

cent to 10.00 per cent, increasing avoidance of the

polluted channels was exhibited. A mean avoidance of

28.46 per cent was shown at the 2.50 per cent concentra-

tion, with the 95 per cent confidence limits of the mean

being -.60 per cent and 61.48 per cent. At the 6.00 per

cent level, a mean avoidance of 69.09 per cent was

recorded, with the 95 per cent confidence liita being

48.48 per cent and 89.70 per cent. The relationship of

the per cent avoidance to the per cent concentration of

the waste liquor is shown in figure 2. When the waste

concentration is plotted on a logarithmic scale the curve

is straightened considerably. Theoretically, the per cent

avoidance should be plotted on a probit scale, since such

values are expected to follOw a normal iatribution.

However, the zero values obtained at the 1.25 per cent

concentration of waste caused the line to be distorted,

so no attempt was made to fit the line mathematically.

The line was drawn by using the mean per cent avoidance

of each grouping at a particular concentration.

Although the variability within the arrays is rather

great, the overlap between the arrays is reasonably small,

as is shown in table 5 and figure 2. This variability was

probably largely due to variation in the characteristics

of the waste used. This is illustrated by the results of
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AVOIDANCE OF SYNTHETIC SULFATE WASTE LIQUOR BY CHINOOK SALMON.

Concentration % Eat. 95% Con-
of waete: Trial Number of Entriee Avoid- mean % fidence

% by volume number Date Wüte Control Waite contro1 anc avoid-. unite
ance of mean

10 1 8/V1 9 197 16 196 95.89
2 8/31 2 47 5 45 92.22
3 9/7 1 16 5 1 87.8
4 11/19 122 471 46 344 79.59
6 11/26 43 377 89 292 80.26 86.89 78.74%;

95.04%

5 1 8/16 48 128 55 156 64.43
2 8,/30 6 31 4 26 82.45
3 9/8 31 89 55 102 65.45
4 11/30 45 111 48 83 52.06 89.09 48.48%;

89.70%

2.5 1 8/10 145 262 81 352 65.19
2 8/12 42 80 30 60 48.57
3 8/25 52 89 8]. 65 13.64
4 9/9 25 28 31 57 16 92
5 12/5 109 77 136 90 00.00 28.46 -3.60%;

61.48%

1,25 1 8/18 55 34 '79 60 00.00
2 8/24 26 19 21 27 00.00
3 12/11 152 68 '74 115 00.00 0.00 --



AVOIDANCE OF SYNTHETIC SJLFATE WASTE LIQUOR BY COHO SALMON.

Concentration
ot waste: Trial Number ot entries 1er Cent

% by volume number Date Waste Control Waste Control Lvoidance

10 3. 12/2 157 207 187 18]. 1l.34

5 1 12/8 326 27? 3? 0.00



bioaaeaya made by Amberg which are discussed below. Using

waste components to make up stock synthetic wastes, he

fouM considerable variation in the samples collected on

different days. This could be demonstrated by the fact

that the amounts required to produce comparable morta1i

ties varied greatly.

Cóho salmon exiibited considerably less avoidance of

synthetic sulfate waste liquor than did Chinook salmon

(table 6). This is of interest since the two species are

so closely related. In a single trial at a 10 per cent

concentration of waste, Coho salmon exhibited only 11.4

per cent avoidance. In one trial at the 5 per cent

concentration, zero avoidance was shown.

Whole %ate Liquor

The avoidance shown by the two species of salmon to

whole mill affluent was markedly less than the avoidance

shown to synthetic effluent (tables 7 and 8). At a

concentration of 10 per cent whole mill effluent, Chinook

salmon exhibited a mean avoidance of 37.66 per cent,

whereas an avoidance of 86.89 per cent was shown by the

same species exposed to the 10 per cent concentration of

synthetic waste. Only 3,33 per cent avoidance was shown

by Chinook salmon exposed to whole waste at the 5 pox' cent

level, this being less than one-shalt the avoidance



TABLE 7.

95

Concentration Mean Confidence

of waate.. Trial Number of' entries Per Cent per cent limits

% b volume number Date Waste Control a3te Control avoidance avoidance of mean

10 1 7/19 84 163 123 168 37.44

2 7/20 157 305 19? 302 41.68
3
4

7/21
12/22

92
197

113
289

88
237

242
269

49.29
22.22 37.66 19.53%;

55,78%

5 1 7/28 76 162 90 148 46.45
2
3

8/5
12/15

90
178

179
188

99
174

229
169

33.54
00.00 35.53

75.63%

2.5 1 7/23 28 25 34 48 11,81
2 7/26 50 37 41 61 1.02

5
4

7/28
8/6

77
55

111
60

90
7

106
84

19.32
13.19 12.84 0.3522%;

26.03%



AVOIDAI'CE OF WHOLE SULFATE WASTE LI(IUOR t COHO SALMON

Concentz'atlon
of waste: Tx1a1 Number of entrie! ?er cent

% by volume number Date asteCàntrol Wast&Control avoidance

I It; !1] 0.00



exhibited when synthetic waste was used. At the 2.5 per

cent concentration, a mean avoidance of 12.84 per cent was

demonstrated by the Chinook salmon.

As with synthetic waste, Coho salmon showed less

avoidance of the whole waste than did the Chinook salmon

(table 8). In one trial using 10 per cent concentration

of whole waste no avoidance was exhibited by the Coho

salmon. Bond's results (table 1) showing species

differences between Chinook salmon and Coho salmon are

supported by the evidence obtained in this study.

Toxicity

The toxicity of sulfate waste liquor is bihly vari

able. imberg (unpubLished. results) found that a synthetic

waste prepared from one set of waste samples by using 5000

milliliters of combined condensates and 30 milliliters of

black liquor diluted to 18 liters produced 50 per cent

mortality in juvenile Coho salmon in 34.30 hours at a

concentration of 8.0 per cent. He also demonstrated that

a synthetic waste made from a second set of waste samples

by using only 1620 millilIters of combined condensates and

25 milliliters of black liqior diluted to 18 liters would

effect a $0 per cent mortality of young Cobo salmon in

35.5 hours at 7.5 per cent concentration. With a

synthetic waste made from a third set of waste samples by



using 5000 milliliters of combined condensates and 30

milliliters of black liquor diluted to 18 lIters, Ambsrg

obtained results comparable to those obtained with the

above-mentioned synthetic wastes. The re8ults obtained

with this waste made from the third set of samples are

given In table 9. The large differences necessary in

vo1ume of different condensates used in the synthetic

wastes to produce wastes of comparable toxicity I rather

striking evidence of the highly variable nature of these

condensates and hence both synthetic and whole wastes.

The toxicity of the third set of samples might be

assumed to be about average, stnce In order to produce

comparable mortalities, approximately twice as much of the

first condensate sample was necessary an only one-half as

icb of the second condensate sample was necessary as was

reqyired in the third set of tests. The synthetic sulfate

waste used for the avoidance studies was prepared by using

1620 mIlliliters of combined condensates and 56 millilIters

of black liquor. Thus, considering only the condensate

concentrations, this waste was prepared at approximately

onebalt the strength of Amberg' a third set of samples.

If the toxicity of this third. set at samples Is assumed

to be approximately average, then the average toxicity of

the synthetic wastes used for the avoidance studies was

possibly about one-half the toxicity of the waste shown in



TABLE 9

TOXICITY TO COliC) SALMON AT 1?00 OF A SYNThETIC SULFATE
WASTE OF 00O MILLILITERS COMBINED CONDENSATES AND 0
MILLILITERS BLACK LIQUOR DILUTED TO 18 LITERS AS FOUND

BY AMBERG (UNPUBLISHED DATA).

Concentration,
% by volume

Time in hours Per Cent Mortality
(among 10 fish)

45 0 0 20 40
100 0 0 20 100
120 0 0 20
200 -- -- 50

table 9.

No toxicity to Chinook salmon was found with a

synthetic waste made from one set of samples used in the

avoidance studies at either 10 per cent or 5 per cent

concentrations over a 48 hour period. if this sot of

samples had been average, mortality might have been

expected at the 10 per cent level since Arnberg found

20 per cent mortality in 45 hours at a 6 per cent level of

his third set of samples (table 9). This was, however, a

low mortality, and differences in concentration could

account for the lack of mortality in the samples used for

avoidance studies. Coho salmon show some avoidance to

10 per cent concentrations. Chinook salmon avoid
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concentrations of synthetic waste as low as 2.5 per cent

and it is unlikely that these would prove toxic to the

fish in fir. days. At the 10 per cent concentration, it

is possible that mortality would result to both species

in five days or less. Thus, while Chinook salmon

apparently exhibit marked avoIdance to concentrations

well below the aeutely toxic level, Coho salmon exhibit

only alight avoidance of potentially toxic concentrations.

It is of interest that Haydu, Amberg, and Dimick

(5, pp.545549) found the Ghiuook salmon re sensitive

to certain constituents or sulfate waste liquor than were

Cobo salmon. Whether or not the greater sensitivity of

Chinook salmon is in acme way related to their greater

tendency to avoid these wastes would be an Interesting

subject for further Investigation.



V. AVOIDANCE AID TOXICITY OP 8ULFITE WASTE LIQUOR

Avoidance

tions of sulfite waste liquor. The results of nine

experiments are presented in table 10. Figure 3 indicates

that when probit values for per cent avoidance are plotted

95 per cent confidence limits for the means of the

mortalities at particular concentrations estimated from

the regression line were also calculated.

At ccncentrations of 2000 parts per million the

Chinook salmon exhibited a sn avoidance of 81.8 per

cent, the 95 per cent confidence limits being 57.18 per

cent and 95.36 per cent A mean avoidance of 65.81 per

cent with 95 per cent confidence limits of 35.74 per cent

and 87.68 per cent was shown at 1000 parts per million of

sulfite waste liquor. At the concentration of 500 parts

per million the mean avoidance was 44.51 per cent with

95 per cent confidence limits of 20.47 per cent and 70.8?

per cent. A mean avoidance of 25.0? per cent with 95 per

cent confidenóe limits of 7.09 per cent and 54.99 per cent



Concentatione of 125 parts per million of sulfite

waste liquors containing 10 per cent solids are not

unusual in water receiving tbis waste in the Pacific North

west, in general, however, concentrations 9$ high as 2000

parts pe' million would result in severe oxygen depletion.

Coho salmon showed avoidance of sulfite waste liquor only

at 2000 parts per million (table 2). in two experiments

at this concentration, a mean avoidance of 14.02 per cent

was demonstrated. At 1000 parts per million, the fish

showed no avoidance. Here, again, the rather marked

difference in the responses of these two species to paper

mill wastes is demonstrated.

Toxic it

Investigators of the Washington State Department of



million when 38 days old, 600 parts per million when 280

days old, and 560 parts per million when 305 days old.

Juvenile Coho salmon had threshold indices of 1,230 parts

per million when 351 days old and 1,015 parts per million

when 412 days old (6, p.104). SulfIte waste liquor

appears to be more toxic to Chinook salmon than to Cobo

salmon. This is of interest sines Coho salmon sh tar

less avoidance of the waste than do the Chinook salmon.

While Chinook salmon showed some avoidance of sulfite

waste liquor at concentrations as low as 125 parts per

million, Coho salmon exhibited no avoidance at a concen

tration of 1000 parts per million (tables 10 and 11).
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TABLE 10

AVOIDANCE OF SULFITE WASTE LIQUOR BY CRINOOK SALMON

etimated 95
Concentration Number of entries msan confidence

of waste: Trial Date Wte Control %aste Control Per Cent per cent limits
p.p.m. number avoidance avoidance of mean

2000 1 9/23 27 175 70 346 81.38 82.41 57.18%;
95.36%

1000 1 10/16 102 345 169 427 65.15
2 11/6 40 217 108 229 66.81 65.41 35.74%;

87.68

500 1 10/23 131 250 175 392 52.34
2 10/9 74 156 82 8 34.73 44.51 20.47%;

70.87%

250 1 10/23 226 285 207 278 23.09
2 11/13 106 378 97 127 33.44 25.07 7.09%;

54.99%

125 3. 10/23 189 219 211 281 20.00
2 11/13 244 33.8 212 162 4.60 11.38 2.52;

32.28%

to



AVOfl)ANGE OF SULFITh NASTE LIQUOR BY COkO SALMON

Concentration Moan
of wastes ria1 1umber of Entries Per cent per cent
p.p.m. number Date 'aete Control Vaste Control avoid.ance avoiôance

2000 1 9/21 151 332 248 145 16.35
2 9/22 280 320 36 224 11.69 14.02

(.ise (qA' I: t4

-



"yL-- jd

This paper covers studies made on the avoidance

reactions of Chinook salmon, Oncoz'hnchua tabawytech.

(Walbaurn), and Coho salmon, Oncorliynchua utch (Walbaum),

to paper mill effluents. Preliminary work was begun on

this problem in 1953 by Assistant Profeeàor Carl E. Bond

at the Oregon State College Fisheries Research Laboratory.

lila studies showed that certain salmonid fishes exhibited

a preference for water having lower waste concentrations

in a concentration gradient of paper mill effluents. As

a result of these findings a study was begun in 1954 to

ascertain what concentrations of paper mill effluents

would be avoided by Chinook salmon and Colic salmon.

A rectangular trough, nine feet long, two feet wide,

and one foot deep, was constructed. Par one-third of the

total length, the trough was divided into four channels.

Waste liquors of desired concentrations and clean water

were introduced into alternate channels. Piab were placed

into the trough and their movements during a set period of

time were observed. The random movements of the fish

during a sixty-minute observation period were usually

sufficient to allow for the recording of several hundred

entries into the nne. Avoidance of the polluted

channels was calculated from the forila lOO(E

where R is the total number of entries of fish into clean



channels and A is the total numbir of entries into pollut

ed channels.

Effluents used in this study were sulfite waste

liquor, whole sulfate waste liquor, and synthetic sulfate

waste liquor.. Since the whole sulfate liquor varied in

concentration from day to day, it was thought that a

standard synthetic waste would make possible the more

accurate evaluation of the results of the avoidance

experiments. The synthetic waste was de from the

constituents of the whole effluent in the ratio of 90

millimeters of combined condensates, 2 milliliters of

black liquor, and 908 milliliters of water.

Waste concentrations of 10 per cent, 5 p.r cent, 2.5

per cent, and 1.25 per cent by volume were used in the

sulfate waste experiments. Using synthetic sulfate waste,

it was found that Chinook salmon would exhibit an avoiding

reaction to concentrations above 1.25 per cent. At the

2,5 per cent concentration, a mean avoidance of 28.45 per

cent was exhibited. A maximum avuldance of 93.69 per cent

and a mean avoidance of 86.89 per cent were shown at the

10 per cent coneentratton.

Using Coho salmon and synthetic sulfate waste, only

11.34 per cent avoidance was noted at the 10 per cent

concentration, No avoidance was exhibited at the 5 per

cent concentration.



Experiments with Chinook salmon and whole sulfate

waste liquor showed that less avoidance was exhibited to

the whole mill effluent than to the synthetic waste. At

10 per cent concentrations of whole waste a mean avoidance

of 37.66 per cent and a nx.tin of 49.29 p.r cent were

exhibited. A mean of only 12.84 paz, cent avoidance was

shown at the 5 per cent level.

Coho salmon showed no avoiding reactions to the

whole sulfate liquor.

When sulfite waste liquor was used, avoiding reactions

were exhibited by Chinook salmon at all concentrations

tested over the range of 125 to 2000 parts per million.

At the lowest concentration tested, 125 parts per million,

the Chinook salmon showed a mean avoidance of 11.38 per

cent. At the highest concentratIon, 2000 parts per mi1

lion, 81.38 per cent avoIdance was exhibited.

A mean avoidance of 14.02 per cent was demonstrated

by Coho salmon at 2000 parts per million of sulfite waste

liquor. No avoiding reactions were exhibited to a

concentration of 1000 parts per million.

It appears that Chinook salmon are more sensitive to

pulp mill wastes in their environment than are Coho salmon.

Over the range of concentrations tested, Coho salmon

exhibited considerably less avoidance to the wastes in all

the experiments with the three wastes.
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