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HTTRODUCTl".)N 

The operation of the three Pile or 100 Areas requires the utilization 
of an appreciable amount of the w~ter in the upper Columbia River which, . 
under extreme conditions, may approach one per cent of the river flow. Such 
extreme conditions can exist during the winter months when the river is at a 
low stage if all three areas are operating at capacity. Much of the water 
which is utilized by the plants is altered both chemically and physically 
before being returned t.o the river and if present in sufficient volume might 
be expected to exert an effect on the fish and other life of the river. 
What these effects might be could not be predicted with certainty and con­
siderable concern was felt for the valuable runs of salmon and other fish 
frequenting and spawning in the upper Columbia River. 

In order to determine whether or not the more important species of 
fish might be harmed by the presence of the effluent water from the Pile 
Areas a laboratory was set up in the 100-F Area. This laboratory was~? con­
structed that conditions which existed in the river could be duplicated as 
nearly as possible and that the effects of various concentrations of the area 
effluent water upon eggs and young fish could be studied. In the following 
pages a detailed de scription is given of the laboratory conditions and of the 
first series of experiments which were undertaken. 

SUMMARY 

Three separate experimental studies are covered in this r eport, namely 
a pilot study on chinook salmon fingerlings, an extensive study on steel­
head trout fingerlings and a comprehensive study on chinook salmon eggs, fry 
and r'ingerlings. The t est animals were held in wooden troughs similar to 
those used in most fish hatcheries and wer e subjected to various mixtures of 
the area effluent water and Columbia River water. Tho water mixture s or 
conditions in v.rh ich the fish v,ere h~ld during t he pilot experiment a.nd the 
first part of the steelhead trout experiment were as foll_ows: 

Straight area effluent water partially cooled . 
Straight area effluent water refrigerated. 
One part refrigerated effluent water to 500 ports of river water. 
One part effluent to 50 parts of rive r . water. 
One part effluent to 100 parts of river water. 
One part effluent to 250 parts of river water. 
One part effluent to 500 parts of river water. 
One part effluent to 1000 parts of river water. 
Straight river water . 

: , During the latter part of the steelhead trout experiment and during the 
second chinook salmon experiment, dilutions of one part effluent to three 
parts river water and one part effluent to ten parts river water were sub­
stituted for the 1:500 dilution using refrigeratea effluent and 1:100 dilu­
tion. The experimental conditions we r o run in duplicate except for the river 
water control which was run in quadruplicate. 

Anticipated difficulties in tho control of experimental conditions and 
fish diseases materialized but we r e largely eliminated during the pilot t est 
and the early part of the trout studies. Inasmuch as these early studies 
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were included chiefly as a test of equipment and conditions, their purpose 
was accomplished and in addition some evidence of the effect of the various 
concentrations of effluent water on the fingerling size salmonoids was 
obtained. 

The pilot study demonstrated that undiluted area effluent vmt or, 
whether only partially cooled or r efrigerated to within the normal tempera­
ture range of salmon, ~as not suitable for tho survival of chinook salmon 
finger lings and w:i.s occasionally quickly l ethal. Any possible effects which 
dilutions of the effluent water might have ho.d wore obscured by disease and 
mechanical difficulties. 

The steelhead trout experiment showed much the so.mo r esult. Extremely 
heavy mortalities occurred in the undiluted effluent water and, on occasion, 
in a dilution of one part effluent to three parts river water. Tho presence 
of some f actor to which tho trout wer e very sensitive , (probably 11 Calol"), 
killed many of tho fish in the undiluted effluent water on ~ugust 31, 1945 
and many more in tho undiluted effluent and 1:3 dilution on October 11 and 
16, 1945. The growt h of the trout in both refrigere.teo and unrefrigerated 
effluent water was markedly retarded and growth in the 1:3 dilution was 
slowed for a short period following tho adverse condition of October 11 and 
16. There was no other evidence of increased mortality or r et arded growth 
among the trout held in dilutions of the area effluent wat er. The growth of 
the trout was actually, fast or in tho 1:3, 1:10, 1:50, 1:250 and possibly the 
1: 500 dilutions than in straight river water. This increcsed grov,,th r ct e 
was probably the r esult of slightly higher wat er t emper atures in the higher 
concentrations of the area effluent rmt er. 

The second chinook s almon experiment furnished a more sensitive t est. 
Newly f ertilized eggs wor e particularly susceptible to the presence of o.roa 
effluent water and its accomranying higher t emper atures and those hold in 
the unrefriger ated effluent wat er o.nd in the 1:3 dilution f ailed to develop. 
A large proportion of tho eggs hold in the 1:10 dilution djd not hatch and 
egg mortalities significantly higher than those in tho control lots could be 
demonstrated statistically in dilutions as high as one part effluent to five 
hundred parts of river wat or. 

Growth and development duri ng the fey and fingerling stages were greatly 
r etarded in undiluted o.r ea effluent wat er and in the 1:3 dilution and further 
practically all of the fish h0ld in these wat er conditions died. In the 1:10 
dilution the r ate of mortality runong the fry and fingerling salmon was greatly 
increased, more deformed fish wore present, and many of the surviving fish 
were emaciated, subnormal in size and susceptible to disease . However, some 
individ~als were able to tolerat e this concentration and made rapid growth. 
In dilutions of 1:50 or more the area effluent wat er did not appear to ad~ 
versely effect either the growth or tho mort ality of the fry or fingerling 
chinook s almon. 

EXPERIME1'!TAL DESIGN 

General Program 

A conference vms held on the campus of the University of Co.lifornia , 
Berkely, California on June 9, 1945 at ·which the basic plan for studios to be 
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(1) 
conducted at the Fish Laboretory was discussed and formulated. .,~ttond;i~ 
this meeting were Col. S. L. Worren, Lt. Col. H. L. Friedell, Mo.j. A. A. ~ 
WM.te , and Dr, .Howland of the Medical Corps., Manhatten District~ and Dr. L. 
R. ·Donaldson of the University of Washington. 

It was the opinion of -this group that the best wo:y to deternine the 
effect of the effluent water was to set up a series of dilutions in which 
fish could be reared, The program of fish studies was to be synchronized as 
nearly as possible with the expected sequence of events as they would effeet 
the nntural runs of fish in the river. 

One series of experinonts was to include the rearing of chinook salmon 
fingerlings, eggs, fry and advanced fry under the various water conditions 
available at the l aboratory. Studies were to be made on mortality, growth 
in weight, growth in length and such other criteria on the physiological 
condition and vitality of the fish as would seem useful in evaluating the 
the effect of the effluent water. 

A second series of experiments would use select steelhead-rainbow stock 
as test animals so that in addition to the data gathered on the saloon a 
series of spawning studies could be worked out to test the effect of the 
effluent on the reproductive capacity of the fish. 

Laboratory Conditions 

The laboratory facilities could nccomodat e t uenty lots of fish. How­
ever, each dilution or \'TO.ter condition was to be run in duplicate , with the 
exception of the "control" lots in straight river water where it was thought 
best to run quadruplicates and thus nine conditions could be studied at one 
time. The dilutions to be used in the laboratory wor e arranged so that con­
ditions both above and below those expected to exist in the river could be 
evaluated. After complete ~ixing in the Colur.ibia a maximum effluent to 
river water ratio of 1:100 might be possible during the low river stage in 
November, Decenber and January. An average ratio of 1:500 was expected. 
Since the salmon and trout normally would react unfavorably to the warm 
temperature of the effluent water, regardless of other physical and chemical 
characteristics, experimental conditions were to be included which would 
utilize cooled effluent water, 

The proposed combination of dilutions was as follows: 

Lots 1 & 2 •••••••• 100% effluent water. 
Lots -3 & 4 • • • • • . • • • 100% effluent water, refrigerated. 
Lots 5 & 6 •••••••• 1 part refrigerated effluent water to 

500 parts river water. 
Lots 7 & 8 •••••••• 1 po.rt effluent to 50 parts river water. 
Lots 9 & 10 •••••••• 1 part effluent to 100 parts river water. 
Lots 11 & 12 ••••••• 1 po.rt effluent to 250 parts river water. 
Lots 13 & 14 • • • • • • • 1 po.rt effluent to 500 parts river water. 
Lots 15 & 16 ••••••• 1 po.rt effluent to 1000 parts river water. 
Lots 17, 18, 19 & 20 ••• 100% river water. 

(1) "Program of Fisheries Experiment for the Hanford Field Laboratory" 
Transmitted to W. o. Simon by Major A. A. White, 9 July, 1945. 
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A pilot experiment of about six week's duration was to run from July 10 
to August 20, 1945. This trial experiment was to serve as a testing period 
thus affording an opportunity for correcting mechanical defects and gaining 
a background of information to be used in determining the dilution levels to 
be used in subsequent experiments. · 

Following the pilot experiment a period of readjustment was to extend 
into September. During this period equipment was to be r epaired, dilutions 
regrouped, and adjustments made to prepare the laboratory for the subsequent 
experiments. 

The adult chinook salmon that migrate up tho CoJumbio. River during the 
spring and sunner months roach naturity and spawn in September and October. 
The studie s at the Fish Laboratory were to be arranged to follow, as neorly 
as possible, the expected stages of development of the progeny of such adults. 
As soon as the t emper ature of the Colunbia had fallen to 13°- 14°0, that is 
when the water was cool enough to permit a normal development of eggs, ferti­
lized chinook snlnon eggs were to be brought to the laboratory and incubated 
under the various .. a.tor conditions specified. Appropriate studies wore to 
be made on the developing eggs and on the young fish or fry which hatched 
from the eggs. Following the egg and yolk sac fry experiments, the problem 
was to be continued using tho young salnon which reached the feeding stage. 
A redistribution of the t est aninals using either a fresh stock or by divid­
ing the 11 exccss 11 control fish night prove opportune at this tine. 

The · surviving stoolhcad trout used in the preliminary experiment during 
the stlI:lDer were to be hold in the various concentrations of area effluent 
water until late in Decenber, 1945 or until such time as their sizo no.de it 
inpractical to hold then in the laboratory troughs. They would then be 
returned to the holding ponds at the University ;,here they could be reared 
to naturi ty. 

EQUIPMENT ,'.RRANGEMENT (1) 

General 

The Fish Laboratory is housed in a Pacific Hut providing approximatel7 
1,280 square feet of floor space. Twenty hatchery troughs, each approxi­
nately twelve feet long by tuelve inches wide by nine inches deep, are pro­
vided. These troughs are arranged in pairs, with a common wall between each 
pair. Each trough is provided with water supply, screens, baffles and drains 
as required to conduct the experinents. 

The laboratory is also provided with food storage bins, a deep-freeze 
unit, a household refrigeration unit and an electric meat chopper for the 

(1) The arrangement described here is, in many cases, somewhat different 
• thflr:, that originally provided since changes were found necessary in 

order to maintain satisfactory operating conditions. The reader is 
referred to an earlier document, "Fish Laboratory Experience to 
December 25, 194511 for o. description af the original arrangement and 
~odifi9ations that were found necessary. 
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. storage and preparation of fish food. Technical equipment includes micro­
scopes, balance-type scales, an adding machine, a calculating machine and a 
lir.rl. ted cr.1ount of chemical glass ware. Portions of the building are parti- · 
tioned off to provide office space and house toilet facilities. 

River Water Supply 

River water is supplied to the Laboratory via a six inch nain origina­
ting fron tho energency water supply line to tho main Area Reservoir (Bldg. 
182). Pressure fron the River Pump House (Bldg. 181) elevates the water into 
a 250 gallon head tank before it enters the Laboratory. The head tank is 
equipped with a float valve and overflow to maintain a constant head (10 ft. 
H20). The elevation of this tank is slightly higher than that of the main 
reservoir, so its filling requires delivery from the River Punp House. In 
the event of an outage of the latter, the head tank nay be by-passed to allow 
water fron tho reservoir to flow by gravity directly to the Laboratory. 

A 16-nosh "top hat" strainer in the head tank prevents solids in the 
river water fron entering the Laboratory and clogging control valves. The 
laboratory is supplied with the river water from the head tank via a 4-inch 
header and Troughs 5 to 20 inclusive, are fed by one-inch downcomers from 
this header. The flow to each trough is controlled by 3/8 inch gate valves. 

Area Effluent vfo.ter Supplz 

Warn pile effluent from the Retention Basin (Bldg. 107) is combined with 
all other area effluents at the main sewer junction (Bldg. 1904). This r.rl.xed 
area effluent water is delivered to the Fish Laboratory via two centrifugal 
punps, each powered by 7.5 H.P. induction motors. These pumps develop a 
pressure of approxinately 80 psi against a closed discharge. The Pump House 
(Bldg. 147) was erected to house these pumps, only one of which is nornally 
operated while the second is held as stand-by. In October 1945, a 20-nesh 
strainer was installed in the pur.ip discharge header at the Ptu:1p House to 
prevent the passage of coarse solids to the head tanks of the Fish Laboratory. 
In May, 1946 this was supplemented by a sand trap • . 

A portion of the area effluent water delivered to the Fish Laboratory 
is directed into a 25 gallon head tank located on the same platform as the 
river water head tank. This tank also is equipped with a float valve and 
overflow to naintain a constant head (7 ft. H2O). For the pilot tests, a 
1 ½ inch header fror.i this tank was reduced to½ inch diar.ieter to feed Troughs 
7 to 16 inclusive. A¼ inch downcomer with needle valve supplied each trough. 
However, satisfactory flows could not be maintained with this system. For 
later experiments a 12 ½ gallon head tank was installec inside the laboratory 
and supplied by the ½ inch header mentioned above. This sr.iall tank main­
tained a constant head of approximately 2 feet. A¼ inch header fabricated 
from glass tubing syphoned area effluent water from this tank to Troughs 9 
to 16 inclusive. A glass capillary tube of a dicr.1eter yielding approximately 
the desired flow was connected by rubber hose to the end of each t inch down­
comer tube froo the header. Fine flow control was obtained by raising or 
lowering the capillary. The ¾ inch downconers to Troughs 7 and 8 were also 
provided with rubber tubing connections for glass tube orifices • 

Salmon and trout cannot survive for an extended period in water warmer 

- 5 -

.. -. ... -- .. . ~ . 



•:; f ~ ~ • ' ~ I • I 

----- - . 

than 24°c. Since the temperature of the area effluent water (25° to Jo0
) 

gene~ally exceeds this limit some cooling was necessary before delivering it 
to Troughs 1 and 2. A second portion of the effluent water from the Pump 
House is directed into n series of cooling coils laid in a ditch in the floor 
of the laboratory, The water discharged from the fish troughs flows through 
this ditch and effects cooling of the effluent water in . the coils, reducing 
the temperature to wi thin 4° to- 60C of that of the river water, This par­
tially cooled water is then directed into two commode-type reservoirs, com,. 
plete with float valves which reduce the pressure nnd maintain a constant 
head of about 4 feet. These tanks are orranged to operate in parallel and 
each connunicates with a cor.:mon header supplying Troughs 1 and 2, The flow 
to each trough is regulated by a½ inch gate valve . 

A third portion of the area effluent water fron the Punp House is dir­
ected into another series of cooling coils nearly identical with those des­
cribed above. In this incidence they are called pre-cooling coils since 
final cooling of the water is accomplished in t wo freon refrigeration units 
of the evaporntor-type, each with a capacity of approxinately two tons, 
These r efriger ation units are operated in parallel and the t enperature of 
the water is controll0d by a thernostatic switch which cuts the units in or 
out as required. The refrigerated effluent water is finally delivered to an 
insulated 25 gallon head tank locat ed on the same platform with the two large 
head tanks previously described. This head tank for the refrigerated water 
is also equipped with a float valve and overflow line to raaintain a constant 
head (7 ft. H20). From this head tank r efrigerated water is supplied to 
Troughs 3 and 4 vial½ inch insulated lino. The flow to each trough is regu-
l ated by 3/8 inch gate valves. · 

During the pilot tests a small amount of r efrigerated effluent wat er 
was ~lso supplied to Troughs 5 and 6 via a¾ inch he ader extension of the 
line supplying Troughs J and 4. Glass capillary tubes connected to down­
coners fron the¼ inch header via rubber hose controlled the fbw. 

The effluent water headers supplying Troughs 1, 2, 3 and 4 wer e also 
cross-connected to the river water header so that these troughs could be 
temporarily supplied with river wat er in the evEmt of an outage of the efflu­
ent water pumps. 

Miscellane0us 

An alarm system operates on the area effluent wat er supply and sounds 
when head is l0st in the refrigerated effluent head tank. This alarm pre­
vents an unnoticed failure of effluent water supply which would result in 
complete loss of flow t o Troughs 1, 2, 3 and 4. 

Two 4-point Leeds and Northrup t emper ature instruments record the 
water temper ature in eight of the t wenty troughs. These instruments are 
equipped with alarm trips which warn of abnormally high t emperatures. A 
counting rate meter records the activity of the area effluent water in 
Trough 2, 

Plate I shows the arrangeP.1ent of the troughs and of the river and area 
effluent water supplies; the control panel of the r efrigeration units can be 
seen in the background. Plat e II shows the end of the l aboratory opposito~to 
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PLATE I 

General view of the Fish Laboratory 

Troughs and water supply systems are shown in the foreground, 
refrigeration equipment in the background. 
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PLATE II 

South ond ot Fish Laboratory 
ia.ffiee is behind pnrti tion 

- ---- -------------
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Food Prepc..ration and Storage Equipment. 
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that depicted in Plate I, sono of the instrunen a ion is and the office 
is situated beyond the partition. Plate . III shows the food storage and pre­
paration area and equipnent. 

Operating Personnel 

The writer, designated a senior supervisor in the "P" Departnent was 
responsible f')r the Fish Laboratory and the experinento.l work. He was assisted 
by Mr. A. C. Schroder, an 11 li'1 operator regularly assigned to the day shift. 
The laboratory wus operated durinu the 4-12 and 12-8 shifts, and during r elief 
peri')ds by an operator assigned for this purpose to each of the four shift 
crews working in the "P" Departnent portion of the 100-F Ar ea. 

Care ')f Test Aninals 

Care of the eggs anc: y')ung fish followec1. standard hatchery practices. 
~ery attenpt was nnde to subject all ')f the test groups to the sane ru:iount of 
handling, care and trcatnent. 

A large portion of the c iet of the fish consisted of condenned beef liver 
obtained fresh fr·')T:l a slaughter house in Kennewick, Washington, approxir.Jately 
every two weeks. This liver was usually mixec with a preparec neal containing 
diatary supplenents, and with frozen salnon carcass, or condenned canned 
salr:on. A Mixture was rmde up fresh two t o three tines a week and the fish 
were fed all that they would consu.':1e with out waste. Frequency of feeding 
ranged from about six feedings daily for advanced fry to two feedings daily 
for large fingcrlings. 

Fron tine to tine it was necessary to treat the fish to control disease 
or as a pro·phylaxis. Occasionally a concercial germo.cide, 11 Roccol 11 , was used 
at a dilution of 1/50000 for a. period of one hour. During such treatnents 
the water in onch- traugh was re-circulated by centrifugal punp for a few 
r.iinutes to insure sufficient o.crati•')n ')f the water and to nccor.iplish complete 
nixing of the chenical. Connon salt was administered weekly during warn 
weather at a strength of three per cent for a period of one-half hour. On a 
few occasi -:ms it was nooessory to o.dd O .2 per cent of the drug· 11 Garbarsone 11 

t o the diet. The necessity for the use of these chemicals will be described 
in following sections. 

Control of Water Flow~ 

An attempt was no.de to maintain the flow of water through most of the 
troughs at a rate of five gallons per minute. However, the capacities of the 
pre-cooling coils and the refrigeration units was not great enough to pro­
perly cool this amount of water for Troughs 1, 2, 3 and 4. The flows to the~e 
four troughs then, was held as nearly as possible to three gallons per minute. 
The flows to t wo of the four control troughs on straight river water, Troughs 
19 and 20, were also reducec to three gallon per minute so that any difference 
in the condition of the fish attributable to a flow of three rather than five 
gallons per minute, night be recognized. In the troughs receiving both river 
and area effluent water, the combined flow was regulated as nearly as practi­
cal to five gallons per minute. 

- , 
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The rate of flow of both effluent and river water to each trough 
was measured twice each shift or six times a day. Any flow found to be in­
correct was readjusted to the proper level. The rate of flow was measured 
by running the water into a glass graduated cylinder for a definite period, 
timed by a stop watch. Form sheets were provided so that a record of rate 
of flow to each trough could be kept. A typical record sheet for the chin­
ook salmon experiment is shown in Appendix Table 1. 

The gate valves or glass capillary tube tips described under 
11EQUIPMENT11 maintained the desired rates of flow with the following success: 

The 3/8 inch gate valves on the river water supplies maintained a 
flow within five per cent of the desired level about 97 per cent of the time. 
The glass capillary tube orifices on the effluent water supply maintained a 
flow within five per cent of the desired level about 85 per cent of the time. 

The½ inch gate valves on the effluent water supply to Troughs 1 
and 2 and the 3/8 inch gate valves on the effluent water supply to Troughs 3 
and 4 maintained flows witrJ.n five per cent of the desired level about 94 per 
cent of the time. 

Collection of Data 

A daily record was kept of the number of fish dying in each trough. 
Mortalities among the developing eggs were removed at appropriate intervals. 
Weights of the fish were taken every t wo weeks and length measurements were 
made every four weeks. Observations on the condition, action and appearance 
of the fish were recorded as the occasion warranted. In addition to the con­
tinuous instrument record of the t emperatures in eight of the troughs a daily 
record was made of the t emperature in each pair of troughs. 

In order to obtain the aver age weight of a lot of fish, a large 
sample or in some cases all of a group was counted out into a bucket of water. 
These fish were then emptied from the bucket into a net and the excess water 
allowed to drain off. Then the fish were placed in a pan of vmter previously 
counter-balanced on a scales. The increased weight of the pan of water repre­
sented the weight of the fish. At the termination of steelhead trout studies, 
the fish were weighed individually using a similar t echnique. 

The fish were small and of uniform size at the start of experime nts, 
and could be held for measurement by guiding them into a piece of glass tub­
ing na a funnel. Their l ength was fixed on a pair of dividers which were 
then applied to a millimeter rule in order to obtain the reading. Larger 
fish were held for measurement by covering them with a wet sheer piece of 
cotton cloth which hold them against a board. The fish could easily be seen 
through the wet cloth and were measured with dividers and a millimeter rule 
as before. In every case the "standard" l ength was taken, which is the dis­
tance from the tip of the snout to the base of the caudal fin rays. 

During the incubation of fish eggs the time of r emoval of mortal­
ities does not necessarily coincide with the time of de ath or stage of devel­
opment of the embryo. In order to determine the stage of development at 

I 

which each egg died it 1r1as first necessary to "clear" it or render it trans-
parent. This was done by placing it in a solution of common salt . which 
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fish tank owned by the University of Washington. On arrival at the Fish 
Laboratory the. qalmon were tempered with river water for about forty-five 
minutes and then placed in Troughs 17, 18, 19 . and 20 for further acclimati­
zation to the Columbia River water before being subjected to the various dilu­
tions of effluent water. 

Experience and Conditions 

Within twenty-four hours after arrival about ton per cont of tho 
salpon developed a severe "gas bubble" disease which cc.used the fish to become 
"pop-eyed" and to develop gas blisters under the skin and membranes of the 
eyes and mouth. This disease was probably caused by the transfer of the fish 
into a new water environnent of different physical and chemical properties and 
more specifically by the f act that the river water at the Fish Laboratory is 
supersaturated with dissolved gases. The disease gradually disappeared over 
a period of about three weeks with a resultant mortality of about fifteen per 
cent of the sc.lr:lon. Many of the most severely effected fish improved rapidly 
after being placed in straight effluent water which had a lower gaseous 
content. · 

After the fish had become acclinated to the Columbia River water for 
a period of two weeks, t hey were divided into twenty lots of about 100 fish 
each and 'distributed anong the troughs. In keeping with the experimental 
design an attenpt was made to maintain the following water conditions in the 
various troughs: 

Trough No. 

1 & 2 
.3 & 4 
5 & 6 
7 & 8 
9 & 10 
11 & 12 
1.3 & 14 
15 & 16 
17, 18, 19 & 20 

Ratio of Arca Effluent to River Wet er 

100% effluent (partially cooled) 
100% effluent (refrigerated) 
li500 (effluent water r efrigerated) 
1:50 
1:100 
12250 
ls500 
1:1000 
100% river water 

At the time ·when effluent water was first started flowing into the 
troughs July 23, 1945, major piping changes and other alterations of the 
supply and cooling systems to Troughs 1, 2, 3 and 4 were still being made and 
these units could not be used. Neither was the effluent water being supplied 
to Troughs 5 o.nd 6 refl'igerated. During the first few weeks of the experiment 
considerable difficulty was experienced in controlling the flows of river and 
effluent water and thus the various dilution levels fluctuated over a wide 
range and could not be maintained within tho desired levels for any length of 
time. By the latter part of August, 1945, most of the major mechanical diffi­
culties had been corrected to a degree which permitted the operation of all 
troughs and the refrigeration units and thus made it possible to follow the 
specifications laid down in tho original plan within li• its approaching the 
figures given on page 10, During the middle of September, however, the fish 
in Troughs 3 and 4 were placed on straight river water for a period of three 
days while repair work was being done on the refrigeration units. 
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During this experiment the temperature of the refrigerated effluent 
water was regulated to about 13°c., which is within the normal range for 
chinook salmon. This temperature was lower than that of the river water 
19.5°0., which was above the optimum range for salmon. A colder tempera­
ture was used in order to help control disease and entirely eliminate the 
temperature factor. 

Fish were first placed in straight effluent water (cooled to 22°c.) 
on July 27, 1945. This group was made up ~f 50 fish and was designated Lot 
2-A. When first placed in the straight effluent water, the fish were some­
what nervous, and their respiratory movements increased in rate. Such a · 
reaction could be expected, however, from the excitement of the transfer 
alone. A few hours later the fish showed a passive interest in food. Late 
in the afternoon a temporary outage of the effluent water pump caused a 
stoppage of f~ow to these fish for about fifteen minutes; this, however, did 
not result in obvious distress in the fish. 

By the following morning all but eight of the fish of Lot 2-A were 
dead. Dissection of specimens which had recently died showed no apparent 
anatomical abnormalities. Since this was the first group of fish which had 
been subjected to the undiluted effluent water, it was not considered un­
usual at the time that most of them shoulq be killed. Evidence accumulated 
later, however, indicates that this was an unusual occurrence and was prob­
ably due to the presence in the effluent water of a soluble oil ( 11 Calol11 ) 

used during pile metal displacement operations. 

A second group of fish made up of 50 individuals which had been held 
in reserve in straight river water and a third group composed of 52 individ­
uals removed from various other troughs because they had "gas bubble" disease 
were placed in the partially cooled effluent water on July 28, 1945. The 
diseased fish were used to avoid a needless sacrifice of many good fish, 
since it was expected that most of them would be killed by the effluent 
water during the first t welve hours' exposure, as had happened to Lot 2-A. 
However, the expected heavy mortality did not materialize, and the "gas 
bubbles" aegan to disappear from the diseased fish. 

A fourth group of fish, which was made up of 50 salmon that had been 
held in reserTe in straight river water was placed in the partially cooled 
effluent water on August 1, 1945. Because of space limitations it was 
necessary to combine these fish with those surviving in Lot 2-A (which now 
totaled 6). The new combination was designated Lot 2-B. Likewise, it was 
necessary to combine the second group with the third group (recovering from 
the "gas bubble" disease) to form a new group which was designated Lot 1-B. 

During the next four weeks the mortalities in Lots 1-B and 2-B were 
consistently higher than in any of the other lots, but no great percentage 
of the fish died during any one twelve-hour period, as was experienced by 
Lot 2-A on July 27-28. 

Rather than liberate the salmon in August, as was originally sched­
uled, it was decided that they should be held for another few weeks with the 
hope that better data obtained under more uniform experimental conditions 
could be accumulated. Since disuase had taken a heavy toll of the salmon, 
the lots were regrouped in order to equalize the number of fish in each 
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trough. This regrouping was done· on August 27, 1945, and resulted in each 
trough being stocked with about 44 fish. So few fish r emained alive in the 
straight effluent water (Lots 1-B and 2-B) that these were combined into a 
single group and supplemented withs urplus fish from other troughs to bring 
the totnl for the lot up to 23. This group was then designated 3-G and held 
in refriger.'lted effluent water in Trough 3. The other troughs containing 
undiluted effluent water (that is, Nos. 1, 2 and 4) received new. stocks of 
fish obtained by thinning out stocks in other troughs. The number of fish in 
each of the other troughs was adjusted by r emoving an appropriate number .f'ron 
those with largo stocks and placing them in tho troughs which were understocked. 
Insofar as was possible , tho transfer of fish was made between troughs of like 
water conditions; otherwise the shift was made from a lesser concentrction of 
effluent to a greater one. The group of fish in each trough was still desig­
nat ed by lot number which corresponded to the position of the trough, but tho 
suffix 11 011 was added to show that n regrouping hod been made. 

On tho morning of August 31, the f i sh in Troughs 1 and 2 would not 
eat - - they were quit e weak and susceptible to handling during a treatment 
with 11Roccol11 • In the afternoon these fish wer e listless and showed little 
interest in activity around them. Many of them swam near the surface , often 
inclined with their snouts out of water. Respiratory movements were labored, 
but they were not gasping for oxygen. A mortality started during the late 
afternoon and increased during the evening. By 3:00 A. M. on September 1, all 
of the fish wer e dead. Although the fish in Troughs 3 and 4 did not appear to 
be similarly distressed, the mortality in these groups increased after this 
time and continued at a r ather high r ate. 

The occurrence of this he avy nortality in Lots 1-C and 2-C on August 
31, was very much like that which occurred in Lot 2-A on July 27-28, and took 
place under similar circumstances. In each case the 100-F Pile was under­
going metal displacement, and 11 Calol11 was entering thG effluent water. Such 
sudden mortalities did not occur again during this experiment. 

For several hours on each Monday and Tuesday, the fish in the undil­
uted effluent water were subjected to an extremely heavy concentration of 
ferric sulphate ( 11Ferrifloc 11 ) sludge , which was flushed into the sewer from 
the wat er purification area. While this sludge was in the water, the gills 
or the fish appeo.red to be slightly irritated, as was indicated by their 
opercula being held in an extended position. During this time the fish wer e 
more nervous than usual, their r espiratory rate increased slightly, and they 
refused food. However, their actions soon returned to normal when the water 
cleared up. It would seem that the f erric sulphate sludge affected the fish 
as a mechanical irritant r ather than a chemi cal toxin. 

Serious disease conditions of various types existed throughout the 
experiment, which makes much of the data unreliable . Such conditions were 
anticipated during the later part of the summer, however, since the physio­
logical processes of the fish were changing to adapt the fish to a salt water 
environnent. Further, the summer t emper ature of the Colur.ibia River water was 
considerably above the optimun r ange for chinook salmon and favored the 
existence of disease organisms. Throughout the period of retontion in the 
l aboratory troughs, the sclnon we r e highly nervous and alnost continually 
fought to escape and nigrate downstrenn. Often they showed only a passive 
interest in food. Lat e in July, external parasites cannon to fish began to 
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appear, and early in August, an epidemic of Boccilus ~aris spread through 
the fish. A series of salt baths given on alternate days were effective in 
ridding the fish of parasitic protozoans, but prophylactic treatments with 
"Roccol" only partially controlled the bacterial infection. 

The 507 surviving chinook salmon fingerlings were liberated into the 
Coltllllbia River near the 100-F Area on September 26, 1945. 

Morto.li ties 

A daily record was kept of the number of fish dying in each lot. These 
daily records have been condensed into weekly periods, and a sUI!lI!lary of them 
is given in the appendix. Table 2 covers the preliminary part of the study, 
and Table 3 the second part after the lots were regrouped on August 27. These 
data have been further condensed by conbining lots v,hich were subjected to 
like dilutions of the effluent water, and ports (A) and (B) of Table I show 
these totals, together with the percentages for the early and later parts of 
the experiment, respectively. Graphic representations of parts (A) and (B) 
of Table I are shown in Figure 1, parts (A) and (B). 

Figure I clearly shows the extremely high mortalities which took place 
in all groups subj ected to strru.ght effluent water, either only partially 
cooled or refrigerated. In both parts (A) and (B) the high mortality in the 
effluent groups, Lots (2-A) and (1-G and 2-G), which occurred during the first 
week, represents the unusual and sudden death of fish in these lots on July 
27-28 and August 31, rospectivoly. Aside from those groups which were held in 
undiluted effluent water, the variations in the mortalities of the various 
experimental groups from that of the river water control groups are not con­
sidered as attributable to variations in the concentration of effluent water. 
As pointed out in the section above, the fish in this experiment suffered 
severely from disease. Mortalities from disease varied greatly fro~ trough 
to trough and tended to obscure any effect which the different dilutions of 
effluent water night have upon the mortality. The wide variation among 
individual lots of the control group, Appendix Tables 2 and 3, is evidence 
of this. Further, part (A) of Figure I indicates an inverse relationship 
between mortality and concentration of effluent water, straight effluent being 
excluded. Although the control ·mortnlity in part (B) was lower than in any 
iroup which was subjected to effluent water, the crossing of curves and the 
final arrangement, which again generally shows an inverse relationship between 
mortality and amount of effluent water, strongly indicate that the factor 
controlling mortality was not the concentration of effluent water. 

Growth in Length and Weight 

The fish were weighed at the beginning and end of the preliminary 
period and at the beginning, middle and end of the second period after re­
grouping the lots. Appendix Tables 4 and 5 summarize the result of these 
weighings. In Table II, parts (A) and (B), the weight of lots in similar 
water conditions have been combined. Part (A) does not show weights for the 
fish held in undiluted effluent water since the majority of such fish lived 
but a short period of time, The data from part (B) of Table II, covering the 
period when experioental conditions were reasonably constant, are shown graph­
ically in Figure 2. 
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TABLE MO RTALITIES OF CHINJ OK SALllON FIN•;ErtLINGS ili:LD IN VAR IOUS CONCENTRATIONS OF AEIBA E:!-'F'L UEIIT ·.~AT ER 

(A) Early Rosul ts Boforo Mochanical Difficulties woro Correc ted 

'i ype of ,,a t e1 Effluent Effluent Ef fl uont 1150 111:)0 11250 11500 1, 100 

Lot Nos . 2A 18 2B 7 & 8 9 & 10 11 &: 12 5 &: 6 15 &: 15 
13 &: 14 

lfo . of Fish 50 94 56 200 200 200 400 200 

~r w M flo M "· !.I w 
Dato Weolc c um 0 cum 0 CUD cum 0 CUl!I 0 cum 0 cwa 0 

t rt rt rt rt rt rt rt / ; " % " al ;4 " ~ " " " i, ;4 ,! 

" /0 /0 

7 /25 - 31 l 44 88 88 ( No t vet a ta rte d) 12 6.0 6 .0 18 9.0 9.0 24 12.0 12 23 5.7 4.7 9 4.5 

8/1-7 2 Ends 22 23.4 23.4 21 37.6 37.5 18 9.0 15.0 34 17.0 26.0 33 16.5 28. f 45 11.2 16.9 38 19.0 

I 8/9-14 3 20 21 . 3' 4 ~ 7 27 43.2 85.7 20 10 , 0 25.0 16 7.6 33.5 25 12.6 41. C 71 17.8 34.7 66 33.0 

~ 3/15-21 4 25 26.6 71.3 6 10.7 96.4 16 8.0 33.0 11 5.5 39.0 6 3.0 u. c 41 10.3 45.0 25 12 .5 

I 8/22 - 27 6 20 21,3 92 .6 l 1.8 98.2 16 8,0 41.0 5 2.5 41.5 12 6.0 50. C 16 4.0 49.0 8 4.0 

Total 87 92.5 55 p8.2 82 41. 0 83 41.5 100 50. 0 196 49 . 0 146 73 , 0 

(B) Later Rosul ts After Ref;rouping Lota 

,<efn ~c r a t o d 
i,e r~ \ ~~0

.~ ff Typo of V,ate Effluent Ef fl w,nt 1 • SO 1 :1 00 1, ;:so 1:500 1:1000 

Lot Nos. lC & 2C 3C .\: 4C SC ii: 6C 7C & BC 9C 6: lOC llC & 12C 13C l: HC l SC & 16C 

No. Fiah 86 ,:, 7 as 89 90 89 87 87 

I,! Ii ~ II M Id -.i I,! 

Date neek 0 0 0 0 0 0 0 0 
r ~um r c um r cum r CUIII r cum r ~um r cum r 

t 1, '?4 t " " t " " t 1, 1, t ;,; 1; t " 1, t " " t ; , 

8/2~-9 / 3 l 86 100 1100 10 14.9 14. 9 13 15.3 16.3 8 8,9 8.9 7 7. '3 7. 8 6 6.8 6. c 8 9. 2 9 . 2 12 13. fl 

9 /4-10 2 i,; nds 32 47.7 62.6 6 7.0f 2 2 .3 3 3.4 12. 3 6 6.7 14.5 10 11.2 18.C 8 9 . 2 ltl.4 5 5 .7 
9/11-17 3 15 22.4 85.0 6 7.0E ~9 •• 4 4.5 16,8 12 13 , 3 27.8 13 14.6 32.t l 1.1 19.5 6 6. 9 

!l/18-26 4 2 3.0 88.0 7 8.2 37.6 3 3,4 20.2 5 5. 5 33.3 3 3.4 36.( 2 2.3 21.8 11 12, 6 

96 100 59 88.0 32 137. 6 18 20 ,2 30 33.3 32 30 . C 19 21. 8 34 39 . 0 

cum 

" 4.5 

23.5 

56.5 

69.0 

73 .0 

C'.JJll .. .. 
i. 3 .8 

, 9 , 5 

26 .4 

3 9.0 

ll 
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) ., 

k i ver 1i&t or 

''i 17, 19, 
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4'lQ 

r t 
cun 

~ -r; 

54 l l.3 11.3 
47 ~.8 21.1 

83 18 . 3 39 .4 

58 12.0 51._. :' 

19 3.8 55i~ 

Zo5 I ;,5 , 2 "' ~ 

, ,. 
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FIGURE 

MORTALITIES OF CHINOOK SALMON FINGERLINGS 
HELD IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER 
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TABLE II 

I 

~ 
I Tni- or Water Ernu .. t 

Lots illcluded lC & 2C 

No. or Fish 
a. t et.art 86 

8/28/45 12.88 

9/10/1,5 All Dead 

9/24/45 

9 ') 7 } 

AVE!U.GE WEIG!fl' IN GR.u\S C, CHINOOK SAUlON FINGERLIN<AS HELD IN VARIOUS 
CONCENTRATIONS OF AREi. EFFLUENT WATER 

(A) Preli• iu.rr Weights or SurviTiag Lots. 

Type or Water 1150 1:100 1&250 11500 111000 

Lot. hcluded 7 & 8 9 & 10 11 & 12 5 6 
,{ &'11 

15 & 16 

No. or Fialt 
at et.art 200 200 200 400 200 

7/24/45 9.35 9.37 8.69 8.96 8.92 

8/27/45 13.19 lJ.JO lJ.43 12.94 14.30 

(B) Weight• Uter Regroupillg or Lota on Augw,t 27 1 1945. 

Ref'rigera ted l I 500 
Efflueat Ref'rig .Err• 1150 11100 11250 l &500 111000 

3C & 4C 5C & 6C 7C & SC 9C & 100 llC & 12C 13C & 14C 15C & 16C 

67 85 89 90 89 87 87 

ll,84 13.92 13.12 13.10 13.35 12.13 13.20 

13,21 15.07 15.01 14.47 15.03 13.93 14.83 

15,80 16.19 17.17 15.70 15.54 15.45 16.50 

River 11ater 

3, 4, 17, 18, 
19 & 20 

500 

9.53 

13.27 

River Water 

1 ?C ,1~ ,1cx: ,2oc 

174 

13. 50 

15.20 

17.30 
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TABLE III 

Type or Water Effluent 

Lot Nos. lC & 2C 

No. ot Fish on 
8/29-30/45 84 

8/29-'3fJ/45 97.8 

9/24-25/45 No fish 

I 

"' 0 

I 

7 { , ,j . ., 
J 

AVERAGE IENGTH.5 IN MM CF CHINOOK SALMON FINGERLINGS HEID IN VARIOUS 
CONCENTRATIONS Ci' AREA EFFLUENT WATER 

Refrigerated l s500 
Ettluent Refrig.Eft. 1,50 1,100 ls250 11500 

JC & 4C 5C & 6C 7C & 8C ~ & lOC llC & 13: l3C & l4C 

66 82 86 88 85 84 

97.l 100.8 94.6 94.9 99.8 101.2 

103.0 105.7 105.9 103.8 l0J.5 102.J 

lslOOO River Water 

l5C & 16C 

~ 83 173 

100.2 100.2 ~ g:-
106.J 106.e .,~ 
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HELD IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER 

20 
INCREASE IN WEIGHT FIGURE 2 

• z 18 C 
II: • 
.,: 
• • I& 
> 
C 

14 

.. 
,.,.... 

12 

,..... 
10 

"' 
DATE 8/28 9/10 9/24 

110 
INCREASE~ LENGTH FIGURE 3 

: 105 1--- - --+-- --

90t-- - -'t---- -----------

85~=----==------------------1. __ __J 
DATE 8/29 9/24 

------ RIVER WATER 

LEGEND ------- 1:1000 
------, : 500 
- - - --- - --1: 500 REFRIG. 
+ + +++ + + +•1:250 
• • • • • • • • • • • •I : 100 
------ -- 1:50 
--+--• - EFFLUENT REFRIG 

- 21 -



,----- - - --- - - - - - - - -

.. 

·~·• •'".,. 3 
,.. • ·r ....,,., .... ...... , 
i . ·~. t ,:, ~ , 

• 
= . .- - ~ -~r-=-~- .-; 

.Although the weight of the control group was slightly higher thnn that 
of most other groups, it was closely po.ro.llelod by thnt of the group in the 
1:50 dilution, with the exception of the straight effluent water, this was the 
highest concentration used. Actually the size variation between all of the 
groups is not large and cannot justifiably be attributed to the different 
water conditions. 

Lengths. of the fish vtere taken only nt tho beginning and end of the 
second period. These noasurenents, grouped into class intervals of five tdlli­
neters, are shown as frequencies in Appendix Tables 6 and 7. After coobining 
lots held in like water conditions the ncans of these data are presented in 
Table III and graphicnlly in Figure .3. The results are nuch like those for the 
weights and the renarks given there will apply equally well to the length data. 

Tho variation in size and in rates of growth between the vnrious groups 
is not considered great nor due to variations in water conditions. These data 
ore not considered worthy of further statistical treatnent since the variations 
which did occur could better be interpreted in the light of uncontrolled con­
ditions rather than as the result of subjecting the fish to different dilutions 
of area effluent water. 

Discussion 

Because of tho difficulties which were encountered in the operation of 
flow controls and the refrigeration units the chinook snlnon fingerlings were 
held at tho laboratory for about twice ns long as was originally scheduled. 
Holding these fish for n considerable tine past their nornal nigration period 
in the worn sum~er temperatures of the CoJumbia River water load to disease 
difficulties which were not easily controlled. The experimental conditions 
were so upset by the early improper functioning of equipment and later by 
disease that definite conclusions as to tho effect of dilutions of the eff­
luent water on fingerling chinook salmon could not be drawn. It was apparent, 
however, that undiluted. area effluent water, either partially cooled or 
refrigerated to within the normal temperature range of salmon, was not suit­
able for the survival of the fish and, occasionally, was quickly lethal. 

In spite of the many difficulties, the primary purpose of this first 
experiment, which was to test and pe rfect the equipment, was accomplished 
satisfactorily. Further, some general knowledge of the effect of the efflu­
ent water at various dilution levels was gained. 

STUDIES ON STEELHEhD TROUI' FINGERLINGS 

The early part of this experiment was carried out at the same time as 
the pilot studies on the chinook salmon just described, and thus also aided 
in the development of equipment and techniques and in the selection of dilu­
tion levels of area effluent water to be used in later tests. 

Secondly, steelhead (rainbow) trout are one of the most valuable sports 
fish of the Columbia River system, and in addition, are of considerable com­
mercial value to fishermen of the State of Oregon. Since, trout of this 
species could be expected to spend at least the first yea.rs of their ~ife and 
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perhaps the greater portion of their existance within the 
discharged from the Pile Areas, information on the effect 
water on these fish was of high importance. 

f 

influence of water 
of the effluent 

The original experimental design furthe,r planned that some of the 
trout which had been subjected to the area effluent water be raised to matur­
ity and their reproductive capabilities studied. Facilities for raising fish 
to maturity are not available at the Fish Laboratory and it was originally 
intended that ponds at the University of Washington be used for these later 
studies. However, an extended program at the University required the use of 
all facilities available there. Further, only a very few fish of suitable 
exposure for such studies survived at the Fish Laboratory and thus it was 
decided that this phase of the experiment should be cancelled for the present, 
but, if possible, should be done at a future time. 

Origin of the Test Animals 

The trout used in this experiment were obtained from the stock reared 
at the School of Fisheries, University of Washington. This strain of fish has 
been selectively bred at the University for several generations and their re­
productive capabilities are quite well established. At the beginning of 
these studies the fish were three to four months old and averaged approxi­
mately two and one half inches in length, having been hatched from eggs at 
the University early in the spring. 

The 3062 trout used were transferred from the University of Washington 
to the Fish Laboratory on July 16, 1945 in a transportation tank owned by the 
School of Fisheries. On arrival the fish were tempered with Columbia River 
water for about one hour, then counted and placed in Troughs 13 through 20. 
Screen partitions in the troughs separated the trout from the salmon used in 
the pilot experiment. All of the fish were held in straight river water for 
several days for acclimatization before being subjected to effluent water. 

~rience and Conditions 

Preliminary Studies 

The trout were in excellent condition upon arrival nt the Fish Labora­
tory and covers had to be kept on the troughs to prevent them jumping out. 
Fortunately, the trout were more r esistant to the factors causing "gas bubble" 
disease and did not suffer from the gas blisters as did the salmon. A very 
few individuals did, however, show evidence of the disease. 

\:Jn July 29th, the trout were counted into 20 groups of 150 nnd each 
group was placed in one of the troughs. Since Troughs 1, 2, 3 and 4 were not 
yet in operating condition, the fish allocated to these troughs were held in 
reserve in compartments of Troughs 17, 18, 19 and 20. 

The water conditions to which the trout were subjected in the various 
troughs were the same as for the salmon in the pilot experiment and were as 
follows; 
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TROUGH NO. ...... --..-.-
1 & 2 

3&4 
5 & 6 
7 & 8 
9 & lO 
11 & 12 
13 & 14 
15 & 16 
17, 18, 19 & 20 

.. RATIO OF EFFLUENT TO RIVER WATER 
' 

100% .eff.luent water, partially cooled 
(3° to s0 c above river ·water temperature) 
100% effluent, refrigerated to a.bout 13°c. 
ls 500 effluent refrigere.ted 
la50 
1:100 
1:250 
11500 
lalOOO 
100% river water 

RATE OF FLOW 

3 g.p.m. 
2 g.p.m. 
5 g.p.m. 
5 g.p.m. 
5 g.p.m. 
5 g.p.m. 
5 g.p.m. 
5 g.p.in. 
5 g,p .in. 

Trout were fir.st placed in Troughs 3 and 4 on August 1st and 2nd, 
respectively. Since the refrigeration uni ts were not then operating,. the ·ar·ea 
effluent ·water entering these troughs was only partially cooled. During the 
later part of August, the refrigeration units were operated most of the time 
but frequently had to bG shutdown for repair or adjustment . and thus tho fish 
in Troughs 3 and 4 wero subjected to refrigerated effluent, partially cooled 
effluent and, at times, straight river water. Obviously,·data collected 
during this early period were not very reliable but in general mortalities 
among the trout in Troughs 3 and 4 were very similar to those in the other 
troughs. · 

The results obtained during the first . month. were further complicated 
by disease conditions among the fish. The trout were. subjected to the same. 
parasites ' as the salmon but seemed more resistant to them am made a better 
recovery. Repented baths of three per cent salt soon rid the trout of 
~ocheta, a parasitic protozoan. A serious infection of !h columnaris 
cnused the death of many fish but wns finally brought under control by re­
peated treatments with "Roccol". 

. By August 26, 1945, major equipment difficulties had been corrected 
so··that Troughs 1, 2, 3 and 4 could be opero,ted properly, o.nd disease organ­
isms had also been largely eliminated. An opportunity wns thus afforded for 
starting anew with the expectation that subsequent data would be reasonably 
accurate and usable. At this time the group .of fish which had been held in 
Trough 3 was moved into Trough 2 and one of the groups held in reserve in 
river water wa.s placed in Trough 3. The other group which had been held in 
reserve in river water wa.s moved into Trough l. These changes were made in 
order that comparable groups of fish would be present in Troughs land J, 
and 2 and 4, respectively, those in Troughs · l ruid 3 having just been placed 
in the effluent "Rater for the first time.(1) 

The factors in the effluent water on August 31, 1945 which were 
lethal to the salmon in Troughs 1 and 2 also had their effect upon the trout. 
During the afternoon, the trout in Troughs, land 2 were listless, showed 
little interest in activity around them and refused food. A few fish died 
during the late afternoon, and several more during the D?-ght, (All of the 
salmon in troughs 1 and 2 were dead by 3:00 A. M,) On the morning of 

(1) Subsequent results showed that the previous history of these groups, had 
little effect upon their later tolerance to the area effluent water; 
that is, Lots 1 and 2 behaved alike and 3 and 4 behaved alike. 
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September 1st, the surviving trout in Troughs l o.nq 2 were quite ill. Many 
were · swimming near the surface of the water o.nd ., breo.thing was rapid. Occa­
sionally an individual would become too weak to swim' upright, would lose 
equilibrium, eventually sink to the bottom and di'e. Several specimaas which 
were near death were dissected a.nd examined but, other than an enlarged gall 
bladder in one, they appeared to be in good condition. Several more fish 
died during the dny which raised the total for these two troughs to about 20 
per cent. 

Since the fish were still vecy ill and refused food in the after­
noon of September 1st, straight river water was turned into Trough 1, to see 
if the rate of mortality could be checked by river water. However, it would 
seem that the factor in the effluent water which caused the heavy loss had 
passed since the rate of mortality dropped appreciably in both Trough 1 and 
Trough 2 and the action ~f the fish inprovcd. Effluent water wo.s · again 
turned into Trough 1 orr Scptember.:6th. Tho trout in Troughs 3 a.nd 4 suffered 
a partial loss of appetite for a few days after Septeober 1st, but otherwise 
seemed unaffected by the adverse conditions_ • . As pointed out in the salmon 
experitlent, evidencre aoououlnted later indicated that 11 Calol11 was the cause 
of distress among the fish~ 

A loss of appetite- and 11 coopo.ratively high ro.te · of mortality con­
tinued in Troughs l and 2 until · the torminaticn of this test. These lots 
were further troubled by an ihfesto.tion of Ichthyopterus, a common fish para­
site. This parasite was probo.bly 11ble to establish itself on these fish be­
cause of their weakened resistance and the higher wnter temperature in these 
lots. Ichthyopterius did not o.ppoar in other lots a.nd was finally eradi­
cated fror.i Troughs l o.nd 2 -· by repeated treatment with strong salt and by 
turning a strong flow of river water into the troughs for about_ one week~ 

, By the first week, in October, the trout had increased in size to 
a point where it was necessary to reduce the number of fish in each trough 
to 50. This wo.s done on O:tober ll, 1945 and the ·surplus fish, which 
a.mounted to 1066, were liberated into the Coluobia River adjacent to the 
100-F Area. The high mortalities in .Troughs 1 and 2 had so reduced the 
number of fish in thase lots that those in: Trough 2 -were combined with those 
in Trough 1 to .foro a new group designated Lot lA, A new stock of fifty 
fish, obtained .froo surplus .from the river we.tor control lots, was placed 
in Trough 2 and designated a.a Lot 2A. 

Final studies 

The results obtained during August and September 1945 at the Fish 
. Laboratory, indicated that a more complete knowledge of the problem might be 

gained if certain changes were made in the concentrations o.f area effluent 
water being used. Under the original set of concentrations, which had been 
chosen arbitrarily, there was e considerable difference between the action 
of the fish in undiluted effluent water and in the next highest concentra­
tion, one part of etflµent to fifty parts of river water. It was proposed 
the two new concentrations be used in order to bridge this gap. The pro-

'posed changes were discussed' on Septecber 28, 1945 at a conference held in 
"Ri.chlo.nd1 attended by Dr. L." R. Donaldson of the University -of Washington, 

·:1.1a.jor A. A~ White of the Medical Corps~. (Ma.nhatten District) 1 Mr~ H, Thayer 
of the U.S. Engineers, and Dr. S. T. Cantril and Mr. R. F. Foster of the 
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(1) 
du Pont Company. The following changes were agreed upon: 

(A) Substitution of a dilution of one part area effluent to three 
parts river water for one part refrigerated efflue~t to 500 
parts river water in Troughs 5 and 6. The 11500 dilution using 
refrigerated effluent water was duplicated with a 11500 dilu­
tion using unrefrigerated effluent water. Since the actual 
temporature difference of the resultant mixtures was not apprec­
iable, little experimental evidence would be lost by the elim­
ination of this water condition. 

(B) Substitution of a dilution of 1:10, area effluent to river 
water, for the 11100 dilution being used in Troughs 9 and 10. 
It was surI!lised that the elinination of the 11100 dilution 
would not interrupt the series as greatly as the elioination 
of any ono of the other dilutions. 

At the tine the lots were reduced to fifty fish each, October 11th, 
it was convenient to make the above ohangos in the experinental design. At 
the sal!le time the rate of flow to Troughs 3 and 4 was increased from two to 
three gallons per minute, This was nade possible by improved efficiency of 
the refrigeration units which could not adequately cool a larger volume of 
water. The temperature of the refrigerated effluent water was raised, on 
October 1st, from 13°c to 17.5°0 in order to make it the same as that of the 
river water. Subsequently, the teoporature of the refrigerated effluent 
water was adjusted to follow tho changes in temperature of the river water. 
In order that any difference in results due to the lower rate of flow in 
Troughs 1, 2, 3 and 4 (3 gpm in contrast to 5 gpm in other troughs) could be 
appreciated, the flow in two of the control troughs, Nos. 19 and 20, was also 
reduced to three gallons per ninute. 

These changes +esulted in the following new water conditions in the 
various troughs: 

TROUGH NO. RATIO OF EFFLUENT TO RIVER WATER RATE OF FLOW 

1 & 2 100% effluent, partially cooled 3 g.p.m. 
3&4 100% effluent~ refrigerated to river 

water tempernture J g,p.m. 
5 & 6 113 5 g.p.m. 
7 & 8 1:10 5 g.p.m. 
9 & 10 1:50 5 g.p.m. 
11 & 12 la250 5 g.p.m. 
13 & 14 1:500 5 g.p.m. 
15 & 16 1:1000 5 g.p.m. 
17 & 18 100% river water 5 g •P .r.i. 
19 & 20 100% river water 3 g.p.m. 

In order to keep the fish in the 1:50 dilution level at a conse­
cutive place in the series of troughs, they were raovec from Troughs 7 and 8 
into Troughs 9 and 10. The fish from Troughs 9 and 10 being used now for 

(1) "Proposed Changes in Di~utions of Area Effluent Water at 146 Bldg.n, 
R. F. Foster to C. N. Gross, October 4, 1945, 
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the 1:10 d'ilution level were moved down into Troughs 7 and 8. A su£fix "A" 
was added to the lot numbers corresponding to trough in which new water con­
ditions existed or where different groups of fish had boen placed in order to 
avoid confusion in the data. 

During the night of October 11-12, 1945, immediately following the 
start of the second and final phase of this experiment where the new water 
conditions were in effect, adverse factors were again present in the area 
effluent water which caused the death of many fish in Troughs 1, 2, 3, 4, 5 
and 6. The action of the distressed fish was like that shown by the fish 
affected on August 31st, and Septereber 1st, referred to o.bov0. The fish in 
in Troughs 1 through 6 continued to show considerable distress on October 
12..th _and by 4:00 P. M. of that do.y the following mortalities ho.d occurred: 

Lot 1A 
Lot 2A 
Lot 3 
Lot 4 
Lot 5A 
Lot 6A 

45 per cent 
100 per cent 
90 per cent 
94 per cent 
36 per cent 
.38 per cent 

Examination of severo.l of the dying fish revealed no obviously abnormal con­
dition except that the color of the gills of these fish was a little lighter 
and brighter than that of the control fish which were not effected. Samples 
of the effluent water collected during the early ~orning of October 12th, 
showed normal nnounts of residual chlorine a.nd dissolved oxygen. However,. 
as on other similar occasions, metal in the 100-F Pile was being displaced 
and 11 Ca.lol11 was present in the area effluent water. 

This was the first occasion where the fish in the refrigerated 
effluent water had been severely effected, however, the temperature of the 
refrigerated effluent was higher at this time than on previous occurra.nces 
since it had been adjusted up to that of the river water. Nevertheless, 
conditions were sufficiently adverse to cause a considerable mortality even 
where the effluent was diluted with three parts of river uater. The fish in 
Troughs 7 through 16 seemed unaffected by the unusually adverse condition 
of the effluent water. 

In the lots which were effected some mcrto.lity continued and the 
fish refused food for severnl days. By October 16th, only two fish reraained 
in refrigerated effluent water so these were combined with a new group of 
ten fish moved into Trough J from a reserve group which had been held in 
straight river water. The new stock in Trough 3 was designated Lot JA. 

Similarly adverse conditions were again anticipated ·on October 
16th, since pile metal displacement was ago.in being made. A c·o.raful. watch 
was kept of the fish and samples of the effluent water were collected at 
frequent intervals during the day. In the late afternoon -the fish in 
Troughs 1 through 6 appeared to h~ve sore gills as evidenced by extended 
opercula, and breathing was more rapid than normal. This may have been due 
in part to ferric sulphate sludge coming through in the effluent water. · 
During the late evening, the fish in Trough 1 were obviously uneasy but not 
greatly distressed; during the night tuo of the surviving twenty-three died. 
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In Lot 3A, however, which was made up principally of fish that had not pre• 
viously been in effluent water, the trout gradually became more sluggish 
during the evening and by morning, eight of the twelve fish were dead. The 
fish in Troughs 5 and 6 showed some listlessness during the evening but were 
not seriously effected. Five of the remaining fifty-eight died during the 
night. The fish in these first six troughs showed a lack of interest in food 
for several days more. Fish in other troughs in the laboratory were not 
effected. · 

Since only four fish remained in Lot 3A on October 18th, ten more 
fish from a reserve stock in straight river water were noved into Trough 3 
with them. · The new group was designated Lot 3B. 

Special observations and water sanples were taken on subsequent days 
when the 100-F Pile was undergoing netal displacement but serious difficul­
ties were not encountered during tho exporinent. 

The "Colol" used during the pile metal displacenent operati'Jns was 
suspected of causing the cistress and death of the fish in the unciluted 
area effluent water on the occasions mentioned above. To test this hypo­
thesis, five trout were subjected to a concentration of 10 ppn 11 Calol11 in 
river water for a period of eleven hours on Noveober 20, 1945. The fish 
were obviously effectec, by the oil since they became sonev1hat listless, 
showed symptoms of sore gills and refused food. When the oil was stopped the 
fish began to recover and by the morning of November 21st, their actions were 
near normal and their gills no longer appeared irritated. They refused to 
take food until Novenber 22nd, however. None of the fish died or were in 
great distress. This test was repeated on Noveober 30, 1945 in the straight 
effluent water of Trough 1. After being exposed to the oil for about six 
hours, the fish becaoe quite ill, and with continued exposure they becOI:1e 
listless and weak, their respiratory rate increased and they "coughed" almost 
continually. After nine hours the fish began t o die and twelve hours after 
the start of the test four of the five fish were dead. The fifth fish, the 
soallest of the group, refusec food for several days and died about two 
weeks la.ter. {1) 

The remainder of this e:xperinent wns completed without further un­
usual incidences or serious variation in tho conditions under control. The 
surviving steelhead trout were liberated into the C~lumbia River adjacent to 
the 100-F .Area on January 7, 1946. 

Mortalities 

Daily mortalities have been coobined by weeks and the results pre­
sented in Appendix tables. Table 8 presents the data obtained af'ter disease 
and mechanical difficulties had been eliminated and before the lots were 
reduced to fifty fish each. Table 9 presents the data obtained after the 
nur.iber of fish was reduced and new water conditions were set up. The diff­
erence in total mortality between each individual lot and the average of the 

(1) For further details on these and other studies on "Calol11 the reader is 
referred to "·Occasional Heavy Mortalities Among Fish Held in 100-F Area 
Effluent Water and Some Effects of 11 0nlol11 on Steelhead Trout Finger­
lings11 - - R. F. Foster to File, May 2, 1946. 
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four coi;itfol lots has been tested for signi.ficance by the method of Chi­
square. \lJ Values which are probably significantly different from the control 
have been underlined - - those of questionable significance underlined with 
dots and those not significantly different have not been underlined. 

· In Table 8 none of the control troughs had mortalities significantly 
higher than their average, which indicates that factors beyond control did 
not cause sufficient. variation between the oortalities in Troughs 17, 18, 19 
and 20 to nullify the hypothesis that they formed a homogeneous group which 
might be considered as a whole. Although this does not hold true for some 
of the water conditions, it was felt that the best estioate of mortalities 
would still be obtained if trough pairs were combined, Further justifica­
tion for pooling lots in like water types is the fact that nortalitios signi­
ficantly different from the control were always higher. 

Table IV, shows the results after pooling the data of Table 8 from 
l ots subjected to like types of water and converting the mortalities into 
cumulative percentaBes. The probability that the nortality in each water 
type was significantly different from~he ~ortality in straight river water 
was a.gain t ested, using chi-square. The results were essentially the sane 
as when the lots were consicered individually, and those showing probable 
differenc~ have been underlinec:1. These ~ata_are sh:wn graphically in F:i,.guro 
4. The high mortality suffered by the fish in straight effluent water {2) 
(Troughs 1 and 2) during the first week (8-27 - 9-2) is largely due to the 
unusual water conditions which existed during the evening of August 31, 1945 
and referred to in the section above. Rathor consistent daily mortalities in 
this group in subsequent weeks maintained a high death rate throughout nost 
of the test. Although the statistical test indicates that the mortalities 
in nost of the other experinental groups were also significantly higher than 
that of the control, the sequence in which they occur would indicate that 
factors other than the concentration of effluent water were responsible for 
the differences. Thus, next in order of magnitude to the straight effluent 
lot referred to above, the highest mortality occurred in Troughs 11 and 12, 
which have a water type of 1: 250. On the other hand, the mortality in 
Troughs 7 and 8, at a concentration of 1:50, is not significant fron that of 
the controls. This would lead one to the conclusion that the straight eff­
luent water caused a very great increase in mortality anong the steelhead 
trout, but that dilutions of the effluent of 1:50 or nor e caused insigni£i­
cant increases in the mortality, the other differences being due to factors 
beyond control: . i.e., disease. The fact that the mortality ·among the fish 
held in refrigerated effluent water was relatively lower than in many of the 
high dilutions is of interest. During this preliminary period the t empera­
ture of the r_efrigerated water was about 13°0., sonewhat lower than that of 
the river water. 

(1) A discussion of the statistical nothods used is beyond the scope of this 
report. For methods of calculation, the reader is referred to textbooks 
or to "Statistical Methods at H.E.W. 11 , B. F. Butler to File , Aug. 6,1946. 

(2) Actually the water is partially cooled in the precooling coils. In the 
tables, figures, and in this discussion it is r eferred to merely as 
effluent to avoid confusion with the effluent cooled by refrigeration. 
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TABI.E IV MCRTALITIES OF STEELH::AD TROUT FINGERLINGS HELD IN PRELIIUNARY 
CONCENTRATIONS OF AREA. EFFLUENT WATER 

Refrigerated 1,500 
Type of Water Effluent Effluent Refrig .Err. 1,50 . l 1100 l :250 1:500 1 :lOCJO River Water 

Lot !ios. 1 & 2X .3X & 4 5 & 6 7 & 8 9 & 10 11 & 12 13 & 14 15 & 16 17,18,19,20 

~o, of Fi sh 252 214 224 210 236 236 261 2.72 431 r, 
I I 

~ We ek Date ~o cu Mo cu ~o c~ II c~ M cu Ito CU~ 
ft! c~ Mo c~ Mo c~ ~= or 0 or rt ~ rt ~ rt rt ~ rt rt rt """"'-t t 

~"v 
1 8/ 27-9/2 57 22 .c- 3 1-4 o.o o.o 3 1.3 8 3-4 3 1.1 5 1.8 o.o ~-I !lJ;,.l<.2> 

~~ 
\.,J 2 9/3-9/9 21. 32.1 2 2.3 1 OJ. o.o 2 2.1 13 8.9 11 5.4 2 2.6 o.o ~ 0 &,·f"1 

9/10..9/16 2.6 2 0.5 ·'.11& 
3 46 50.J. 1 2.8 1 .9 o.o 3 3.4 2 9.7 5 7.3 ·=~~ 
4 9/ 17-9/?.3 I/:, M .6 2.e 1 1.3 1 .5 1 3.8 3 11.0 3 8.4 2.6 0.5 

5 9/;,.1. -9/W 16 75.0 1 3.3 1.3 .5 3.8 11.0 8.4 7 5.1 0.5 

6 10/ 1-rn/7 3 76.2 1 3.7 2 2 . ?. 1 1.0 1 4.2 11.0 8.4 1 5.5 1 0.7 

7 10/8-10/11 5 78.2 2 4.7 1 ~., 2 1.9 4.2 11.0 8.4 5.5 2 1,2 

Total 197 10 .9. 4 10 26 22 15 5 
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The data in appendix Table 9 have been similarly treated and com­

bined. Table V and Figure 5 show the results of pooling the mortalities of 
the various lots into groups subjectec to similar water conditions. The 
unusually adverse conditions (probably 11 Calol") which existed in the efflu­
ent water on October 11, end October 16, caused the extreoely heavy morta­
lities during tho first woek in the effluent, refrigerated effluent, and the 
1:3 groups. What is probably a continuation of this effect is seen in the 
1:3 group during the second week and in the refrigerated effluent water 
group up to the fourth week. Subsequent mortalities in these groups were 
practically nil. Mortalities in all other water concentrations . and in the 
controls were practically nil throughout this final period. 

Growth in Length 

The fish were neasured evecy four weeks, and the results obtained 
are shown as frequencies in appendix Tables 10, 11, 12, 13, 14 and 15. These 
data are sufficiently consistent to pernit _pooling of lengths of fish in lots 
subjected to sinilar water conditions. This is indicated by the fact that at 
no tine did the average length of any of the control lots differ significantly 
froo that of the group as a whole. The average lengths for the pooled lots 
for both the prelirdnary and final parts of the experiment are given in 
Table VI. Values which are underlined ero significantly higher or lower 
than those for the control group in strai ght river water, as indicated by 
the 11t-test 11 , those underlined with dots are of questionable significance. 
These data are presented graphically in Figure 6. 

The lots were not all of uniforo length when first mea~ured on 
August 15-16, 1945, but the differences were r elatively smo.11 antl did not 
materially alter the final relationships. Tho growth of the fish in length 
was clearly and significantly r etarded in cases where they were held in 
undiluted effluent water; however, during the first two ~onths, the increase 
in length was much better in refrigerated effluent water than in effluent 
water which was only partially cooled. The curve for the fish held in 
refrigeratec effluent water is interrupted at the end of the second month, 
October 9-101 1945, since this marks the termination of the first part and 
the beginning of the fino.l part of tho experiment. At this titie the orig­
inal stocks of fish in Troughs 3 and 4 were practically all dead, and new 
stocks were introduced. Also at this timo the l:500 (refrigerated effluent) 
and the 1:100 concentrations were discontinued and the 1:3 and 1:10 con­
centrations started. The two r;roups which were discontinued are not shown 
on Figure 6 to avoid confuslon. 

Following the adverse water conditions of October 11 and 16, 1945, 
the growth in length of the fish in Troughs 1-6, that is, in the effluent, 
refrigerated effluent, and 1:3 water types, was clearly retarded, but 
increased again during the subsequent two months. The fish in the 1:3 con­
centration actually grew at a faster rate than the controls and were approa­
ching a significantly greater length at the end of the test. The fish in 
the lslO, 1:50, and 1:250 concentrations were significantly longer than the 
control fish nt the end of tho test, the difference beginning to appear in 
November. This is possibly due to the fact that the higher concentrations 
of effluent water were warner than the river water and encouraged faster 
growth. The rate of growth in nearly all lots was a bit slower during 
December, probably because of colder temperatures of the ColUJ!lbia River wator. 
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TABLE VI AVERAGE IENGTH IN MM OF STEELHF..AD TROUT HEU) IN VARI C•US CONCENTRAT ION.S 
ClF AREA EFF LUE NT nATER 

Refrigerated 1:500 
Type of Water Effluent Effluent Refrig .Eff. l :J 1:10 1:50 l:100 1:250 1:500 1:1000 P.iver Water 

Preliminary 
Lot Nos• l & 2X JX & 4 5 & 6 7 & 8 9 & 10 11 & 12 13 & 14 15 & 16 17,18,19,20 

J~ug. 15-16 58 .40 ~ 61.05 60.15 60.20 ~ ~ 59.55 59 .85 

Sept. 10-13 ~ ~ 71.75 71.L..l 73.42 72.75 71.65 70.00 71.78 '~ 
Oct. 9-10 ~ '.22,Jj ~ 87.50 87.75 87.45 ~'l,n 84.45 85.87 ~-:\ 

~ Final · Lot Not<. lA 3B 5A & 6A 7A & 8A 9A & lOA 11 & 12 13 & 14 15 & 16 17,18,19,20 
>) 

Oct. 9-10 ~ §.i...§.7 89 .60 87.75 87.50 87.45 ~~,n 84.45 85 .87 (~~ I 

ll~ l 
\.,.) 

Nov. 6 .f&..jQ ~ t9~.~t t~,7~ t~,~~ 101.86 
-~ 

Vt 100.52 l-Q~.~~ 101.80 :M 
! -~ ~ 

Dec. 4 ~ ~ llA.89 ~ l.2.la.27 ~ lilifil 117.08 115.96 1-' ' ' 

Je.n. 1-5 ~ lQLM :i.n,¼ 136.28 132,07 !E& 130.51 125.26 
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GROWTH IN LENGTH OF STEELHEAD TROUT 

HELO IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER 
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Growth in Weight 11.J: 

The fish were weighed every two weeks, and these results are tabu­
lated in appendix Tables 16 and 17. Pooling the lots subjected to similar 
water conditions, as before, the average weights for the various water con­
ditions are shown in Table VII, Part (A), for the preliminary conditions and 
Part (B) for the final conditions·. These data are presented graphically in 
Figure 7. Since the fish were first weighed on July 30, Figure 7 begins at 
an earlier do.to than does Figure 6, and thus shows more unifornity among the 
various groups at the start. As might be expected, Figures 6 and 7 show 
almost identictl results; Figure 7 is, however~ more readily interpreted 
since weights increase approximately as the cube of the length, and thus size 
differences are expanded; further, the fish w~re weighed twice as often as 
they were measured, which results in twice tho nunbor of points in the curves 
of Figure 7. 

Increase in weight was narkedly retardec in both effluent and refri­
geratec effluent water c.nf was actually stopped for about two weeks following 
the particularly adverse water conditions on October 11 and 16, 1945. Aside 
from a brief retardation in the fish subjected to the 1:3 dilution iI!lI!led­
iately following tho adverse conditions of October 11 and 16, the growth of 
the fish in iilutions of the effluent water was not inhibited. Rather, there 
is an appreciable increase in growth rate ru:iong the fish held in the higher 
dilution, which is probably the result of higher water temperatures. 

It is extremely difficult to show a significant difference between 
the average weights of the various groups by statistical methods. This is 
due to the fact that the fish of each lot were weighed us a group. This 
variability is, however, adequately brought out by the lengths when each fish 
was measured individually. As a verification of the hypothes1~ that groups 
differing significantly from the control in length also diff~red significantly 
in weight, each fish was weighed individually at the ternina.tion of the experi­
ment. The last line of Table VII, Pnrt (B), shows the arithmetic means of 
the weights obtained by this method. The • ean for each water type was com­
pared with that of the river water control group by the "t-test", and values 
which were probably significantly higher or lower were underlined. Comparison 
of these significant weights with the significant lengths for January 1-5 in 
Table VI shows near per.feet agreenent. The test appears somewhat more sensi­
tive with the weights than with the lengths: for example, the average length 
of the fish in the 1:3 was only questionably significant (between the .05 
and .Ol limit of probability), while the average weight of this group was 
definitely sifnificant (beyond the .Ol limit). Similarly, in the 1:500 group, 
the length was not significant from that of the control, although it had been 
the previous month, while the woight of this group was possibly significantly 
different. 

Discussion 

The early part of the steelhea.d trout experiment was subject to the 
same difficulties in control of equipment and water conditions as were en­
countered in the chinook salmon pilot experiment, but again one of the chief 
purposes of the test, that of perfecting the equipment, was satisfactorily 
accomplished. Serious disease epidemics also existed araong the trout during 
the early po.rt of the experiment~ but were not as severe as in the salmon, 
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f _vpe o:."" ,:ater Ut'luent 

Lot 1:0 1. l '.,; 2X 

1/ 30/ .. 5 

8/13/4;; 

8/27/ 45 3. \15 

)/lJ/ 45 3. 6~ 

9/24/ 45 ~. '3 7 

l •J/3/ 4=> 4,79 

( j j :inal Con rt i tiona 

9 ~) , 

A'/!sil,;.G.:, .. i,;I •~:!T IN C:rtA!,iS OF STEZLli.:AD TROUT HC:LD IN 
1fA..1H JUS CONCi,)(fi<ATIOI/S OF AREA E;r'FLUillT WATBR 

Refri~ere.ted 11500 
Effluent i<efri r,. Eff. l : 5J 1:100 1,250 11500 

3X ', 4 5 3: 6 7 &: 8 9 & 10 11 & 12 13 & 14 

3. 3•J 3. 25 3.36 3.29 3. 24 

4.13 3.90 4.21 4. 19 4,05 

3,93 5. 2'3 4, 94 5.4~ 5,42 5.44 

4,53 7.06 6,66 7.31 7.17 7,07 

5.51 8,139 e .45 9,?.5 8.92 8.77 

7. 6CJ 12. 7 9 ll. 97 13.17 12. 71 12.44 

1te1ricerat~d 
~ yp e of ,'t il te r E:ffl uent Zffl uent 1:3 1:10 1150 11250 11500 

:..:)t 1:o s. 1A 38 SA ,.. 6A 7A ,, BA 9A.HOA ll !.: 12 13 & 14 

l CJ/e/45 4. 7'1 12.79 13.17 11,97 12.71 12. 44 

10/ a / -.5 4. ~:, 11. 50 1,5. 25 l '.'. 18 17.70 17.48 18.29 

1 t /~/ 45 fi , I)') 11.86 20.74 22 . 99 22. 71 22.'31 22.77 

11/ 1~/-.5 7 , 2Q 14.14 26.lll 28 .45 27.06 27.02 26.63 

~ 2/~/-1 5 10 .44 16.2 cl 33 ,42 36. 40 33.35 33.52 32.63 

l ?./17/45 13,7?. 19.33 39.7S 41.!-! 37.47 36.~I; 35,44 

12/31 / 45 B.11 20,71 46,60 15.36 ~0. 68 39.70 38.'30 

l ~/31 ~9 1{~5/46 1,3 . 00 19. 93 45. 03 46.1 0 39.15 38.91 38,27 
indi v d ,111 • --- -- -- -- -- -- ....... i 

~· ·, 
t i 

, 

111000 Ri Yer 7/e.ter 

15 & 16 17,18,19,20 

3.02 3.30 
11 

3.'30 3.'35 

6.12 6,08 

6.79 6.S2 

8,46 e,i;4 

11,17 12.22 

111000 i<i ve r ,'ia ter 

15 & 16 17,18,19,20 

11. 17 12.22 

16.05 16.l!l 

20,03 20.06 

23.42 23.95 

2g.se 28.37 

32,40 32,40 

35,05 35,03 

33,49 34,05 
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GROWTH IN WEIGHT OF STEELHEAD TROUT 
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and repeated treatments brought them er control, By the latter part of 
August, 1945, disease and the regulation of water conditions were· sufficiently 
improved to conduct an experiment under reasonable control. Between August 
27, and October 11, the dilutions 0f effluent water originally specified were 
used. On October 11 the number of fish in each trough wo.s reduced to prevent 
overcrowding, and~ilution levels of 1:3 and 1:10 were substituted for the 
1:500 (effluent refrigero.ted) and 1:100 dilution levels previously used. No 
further changes in design were made. · 

The presence of some factor (probably 11 Calol") in the efnuent water 
to whiqh the trout were very sensitive caused o. heavy mortality among the 
fish in Troughs 1 and 2 during the evening of August 31, and aI!IODg the fish 
in Troughs 1, 2, 3, 4, 5 and 6 (effluent, refrigerated effluent, o.nd one part 
effluent to three parts river water) on and immediately following October 11 
o.nd again on and following October 16. Consistently high morto.lities per­
sisted throughout most of the experiment in Troughs 1 and 2 (undiluted and 
unrefrigerated effluent water). Aside from these incidences, which were very 
pronounced, increases in mortality could not be o.ttributo.ble to the presence 
of area effluent water. 

The rate of er owth of the trout wo.s markedly retardec1_ in undiluted 
area effluent water, whether it wo.s refrigerated or only po.rtio.lly cooled • 
The presence of "Co.lol11 or some other adverse factor in the effluent water 
on October 11 and 16 further retarded the growth of these groups and in 
addition temporarily slowe~ the growth of the fish in the 1:3 dilution. No 
other incidence of retarded growth occurred among trout held in dilutions of 
the area effluent water; rather in tho 1:3, 1:10, 1:50, 12250, and possibly 
the 1:500 dilutions the fish actually grew somewhat faster tho.n in straight 
river water. This increase in growth among the fish held in the higher con­
centrations of area effluent water w.:.s probably because of higher water 
temperatures in these troughs. 

STUDIES ON CHINOOK SALMON EGGS Al.'ID YOUNG 

Purpose 
I 

At the present tirae the chinook sal.non are the most economically 
important fish inhabiting the upper Colunbia River, this species making up 
the greater part of the salmon caught by fisherman of the lower Coltll!lbia 
River and by Indians fishing above Bonneville Dam. Chinook salmon select 
riffle areas !or spawning, which a.re similar to many which exist in the 
Columbia River within and below the H.E.W. Reservation. Extensive spawning 
areo.s, which have been used by chinook so.lmon in tho past, are present in 
the vicinity of White Bluffs. An inportc.nt part of tho studies at the Fish 
Laboratory was, then, to determine who.t effect the o.reo. effluent water I:light 
have on the developing eggs and young of chinook so.lmon. These stages were 
of particular- importance since the eggs o.nd newly hatched fish or "fry" occur 
in the gravel beds o.nd thus are not co.pable of swimming away from adverse 
conditions, as older fish may do, 

The development stages of the eggs and young fish studied in the 
laboratory were to paro.llel those under natural conditions in the river, and 
ultimately the fish roared in the laboratory were to be liberated at a tine 
when they would normally migrate to the ocean. This experiment was expected 
to furnish the nost significant and usable results. 
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•Origin of the Eggs 

It was not feasible to capture sexually mature chinook salmon on 
spawning grounds of the upper Columbia River for a source of eggs. The eggs 
used in this experiment were, therefore, obtained from a stock entering Green J 

River, a tributary to Puget Sound, and intercepted by the State of Washington, _ 
Department of Fisheries at Soos Creek. The progeny of chinook salmon from 
Green River could be expected to react to the various concentrations of the 
area effluent water in the same manner as progeny from Columbia River ohinook 
salmon. The eggs were readily obtainable at the Soos Creek Hatchery, and in 
addition expected rates of survival and growth were known for this stock. 

Late in October, the temperature of the Columbia River had fallen to 
about 14 °c., a level suitable for the incubation of chinook salmon eggs. On 
the morning of October '24, 1945, L. R. Donaldson and A. D. Welander of the 
University of Washington• selected eight mature female chinook salmon from the 
stock available at the Soos Creek Hatchery. The eggs were removed from these 
fish, fertilized, and immediately transported by car to the Fish Laboratory. 
On arrival, at 5:30 P• m. of the same day, the 45,800 eggs obtained were 
tempered with river water for about one hour and then distributed approxi­
mately equally among forty trays, there being two trays in each trough. To 
furthor avoid any temperature shock which might result from placing the eggs 
in water of a warmer temperature, river water only was run into Troughs 1, 2, 
5, 6, 7 and 8 at the time the eggs were placed on the trays in these troughs. 
Later, area effluent water was gradually turned back in so that there was a 
gradual temperature rise to the operating l evel. 

On arrival at the Fish Laboratory there was a small area in the center 
of each transportation basket which contained a number of eggs killed in 
transit. Generally, however, the eggs were in good condition. 

Experiance and Condition 

The Eggs 

During their incubation period the eggs wore held in shallow trays 
with wooden frames and plastic screen bottoms. Two such trays were wedged 
near the surface in the upper part 0£ each trough, and ba£fles were installed 
to insure water circulation through the eggs. The lov,er parts of the so.me 
troughs were used for the steelhead trout experiment described above. A lot 
number was assigned to each tray of eggs, which corresponded to the trough 
number, o.nd in addition contained the suffix "A", denoting the upper, or "B" 
the lower tray of the pair. 

Since some loss was experienced from transporting the eggs, as could 
reasonably be expected, all obviously dead or injured eggs were removed from 
the trays on the morning of October 25. The number removed from each trough 
was recorded, but this loss was not included in subsequent mortality data. 
In general, the initial loss or "pick-off" was less than 10 per cent. 

The water conditions used during this experiment were the same as 
those maintained during the later part of the trout studies, namelyi 
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TROUGH NO. 

1 & 2 

3 &·4 

5 & 6 
7 & 8 
9 & 10 

11 & 12 
13 & 14 
15 & 16 
17 & 18 
19 & 20 

WATER TYPE 

100% area effluent water, partially cooled 
(4° to 5°c. warmer than river water) 
100% area effluent water, refrigerated to 
river water temperature 
1:3 effluent to river water 
1:10 
1:50 
1:250 
1:500 
1:1000 
100% river water 
100% river water 

"! '"" _. ~· • 

"".' ~---··•·.,. . --~ 

RATE OF FLOW 

3 g.p.m. 

3 g .p.m. 
5 g.p.m. 
5 g.p.m. 
5 g.p.m. 
5 g.p.m. 
5 g.p.m. 
5 g.p.m. 
5 g.p.m. 
3 g.p.n. 

On October 26th~ dead eggs wore again renoved from all of the 
trays, and these norto.lities were the first recorded as occurring under the 
experimental conditions. During the next three weeks the eggs were devel­
oping through states v,hich ere very delicate and easily injured. During this 
period, therefore, they were ha~dled as infrequently and as gently as possible. 
Frequent renoval of cead eggs fron Troughs 1, 2, 5 and 6 was necessary, how­
ever, since extremely hoavy mortalities persisted in these lots and had the 
dead eggs been left in the tro.ys, entire groups would have been spoiled. 
Silt fron the river wo.ter and ferric sulphate sludge from the effluent water 
accumulated on the eggs o.nd occasionally had to be siphoned off to prevent 
tho eggs from smothering. 

By the second week in Novenber, most of the eggs had developed to 
wha.t is known as the 11 eyed11 stage. At this time the young embryo is clearly 
visible, and tho egrs can withstand considerable handling without injury. 
None of the eggs held in Troughs 1, 2, 5 or 6, where temperatures were 4° to 
5°c. warmer than tho river water, developed to the "eyed" stage. 

In order to furthor test the effect of the water conditions in 
Troughs 1, 2, 5 and 6 on developing eggs, a second batch was brought to the 
laboratory fron tho Soos Creek Hatchery. The so replacenent eggs were fron 
the sane stock of chinook salnon as those used origino.lly and had developed 
to an 11 eyed11 stage conparo.ble with that of the eggs in straight Columbia 
River water. New lot ntII!lbers were assigned to theae replacement eggs; the 
number again cottesponded to that of the trough, but suffixes "C" and "D" 
were used to identify the new trays. 

Nearly all of the eggs hatched during the first two weeks of Dec­
ember. Those which were incubated in the warmest water, that is, Troughs 1, 
2, 5, 6, 7 and 8 were the first to hatch. Those incubated in river and 
refrigerated effluent water were the lo.st to hatch. 

The ffi 

When first hatched, the young salmon or 11 fry 11 c.re nourished by a 
yolk sac which is incorporated into the ventral body wall. In water teopera­
tures of 6° to 9°c., this yolk is used up in about six weeks or two nonths, 
and at the end of tnis time, the young fish are ready to start feeding. 

In each trough the fry which hatched fron the upper tray (A) and 
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the lower tray (B) were··combined into a single lot with a number correspond­
ing to that of the trough. A suffix 11r 11 was added to the lot numbers of those 
in Troughs 1, 2, 5 and 6 to show that the original egg lots had been re­
established. 

/ 

During the latter part of December, the rcy in the undiluted efflu­
ent water, Troughs 1 and 2, began to die in large numbers • Shortly there­
after the mortality among the fry in the 1:3 dilution began to rise sharply, 
Considerably later, during the last week in January 1946, the fry mortality 
in the refrigerated effluent water olso rose sharply. None of the fry in the 
undiluted effluent water, Troughs 1, 21 3 or 4, survived long enough to com­
pletely absorb their yolk sacs and only a very few in the ls3 dilution, 
Troughs 5 and 6, successfully reached the feeding stage. These fry in the 
first six troughs showed no indication of their imminent fate when first 
hatched. Soon, however, they began to appear weak and exhibited abnormal 
swimming actions, During the peak of mortality, and later, most of the indi­
viduals that died showed "white spot disease", characterized by precipitated 
particles in the yolk. "White spot" disease, however, is thought to be 
caused by adverse environmental conditions rather than disease organisms, 
Further, the development of the fry in the refrigerated effluent water was 
considerably slower than in straight river water of the same temperature, 
When the fish in the control lots had completely absorbed their yolks and were 
starting to feed, those in the refrigerated effluent water of Troughs 3 and 4 
still retained a large amount of yolk and were smaller in size. Although the 
fry in the 1:3 dilution absorbed their yolk sacs at about the some rate as 
those in straight river water, their size at the end of the yolk sac stage 
was appreciably smaller than that of controls. The fry held in concentrations 
of 1:10 or less appeared and actod like thos~ in straight river water. 

Plates IV through XI show the relative appearance and size of fry 
selected from the various water conditions on February 18, 1946, at which 
time, most of the fish had just started to feed. The fish portrayed in 
Plates IV through VITI are very much alike. Those in Plate IX, representative 
of fry in 1:10 dilution, are of approximately the same length as those in the 
weaker concentrations of effluent water but have not eaten as much food 
recently and appear a little emaciated, The fish shown in Plate X taken from 
the 1:3 dilution, are in relatively good condition but are distinctly smaller 
in size than those in straight river water, Plate XI shows fry from refri­
gerated effluent water which, although apparently in good condition, are 
smaller in size and have not completely absorbed the yolk sac. 

Plates IlI through nx were taken on February 20, 1946 and show the 
general appearance and denai ty of the fish in the various troughs. Again the 
similarity between the fish held in Troughs 7 through 20 is brought out. 
Pl~t~ XVIII shows Lots 5r, 6r and 18, Lot 18 being temporarily held in Trough 
6 llJ pending repainting of Trough 18 and Lot 6r being temporarily held in 
the lower part of Trough 5. This plate affords a quick comparison between 
the fish held in 1:3 dilution and those hold in straight river water. The 
differences in numbers and size are evid6nt. Plate IlX shmvs the fow weak 
and dying fish which remain in Trough 3 and 4 supplied with refrigerated 
effluent water. The yolk sacs r emaining on many of these fish can also be 
seen. 

(1) The effluent water was turned off in Trough 6 during this temporary 
change. 
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PLATE Ill 
Chinook Salmon Fry in Troughs 19 o.nd 20 
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P,LATE XIII 
Chinook Stlmon Fry in Troughs 15 nnd 16 
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The Fingerlings 

After the young fish have completely absorbed their yolk sacs and 
are actively feeding they are called "finger lings". Most of the fish reached 
this stage during the latter part of Februp.ry, 1946. At this timo . the fish 
had increased in size to a point where it was no ;·. longer advisable to retain 
such large numbers of them in the troughs~ Consequently, on February 27th, 
the number of fish in each trough was reduced to 500 and the surplus fish 
were planted in the Columbia River. 

New lots of 500 fish each were established in Troughs 1, 2, 3, 4, 5 
and 6 since none of the original fish remained in Troughs 1 and 2, only five 
remained in Troughs 5 and 6 and only 36 remained in Troughs 7 and 8. The 
fish used to ostablish these new lots were ta.ken from the surplus resulting 
from the thinning out of the straight river water control lots. A suffix "A" 
was attached to tho lot numbers of the new stocks in Troughs 1, 2, 3, 4, 5 
and 6 to show that they were replacements and not derived from eggs hatched 
in these troughs. Tho few remaining fish .from the original lots in Troughs 
3, 4, 5 and 6 were not discarded, but were maintained as separate units until . 
their death. The last fish of the original stocks in Troughs 3 and .4 died on 
March 7th. The sixteen fish of the original stocks in Troughs 5 and 6 remain­
ing on March 15th, were unfortunately killed by accident when they wore 
exposed to undiluted effluent water resulting from a brief outage of the 
river water supply. These -few rem~ining fish of Lots 5r and 6r, were, on the 
other hand, very weak o.nd emaciated and had never eaten food in proper amounts. 
Had they not been in such a weakened condition, they might well have survived 
the brief adverse conditions, < 

Although the fry in tho 1:10 concentration had not died in such 
great nllI:lbers as those in the first six troughs, their mortality and condi­
tion was decidedly worse than that of fish in weaker concentrations of the 

1,. .· 

effluent water. On February 27, 1946, when the number of fish in each lot / 
was reduced, I!lany of these fish in Troughs 7 and 8 were emo.cia.ted and sub-
normal. An infestation of o.n intestinal para.site, &ctamitus, wo.s found in 
the-se fish, but since it did not occur in appreciable amounts in o.ny of the 
other lots, its presence was probably the result of a lower resistance runong 
the fish of this group. The addition of a small amount of the drug ncar-
barsonen to the diet soon climinnted the Octrunitus, but this group of fish 
continued to suffer an excessive mortality and to contain undersize, emac-
iated fish up to the time the study was terminated. It was interesting to _ 
note, however, that this group also contained individuals which were the 
largest in the laboratory, such specimens· ho.d undoubtedly been able to over-
come the adverse effect of the· effluent water and take advantage of the · 
warmer water tet:?perature in these. troughs. {See Table 27) 

The fish in undiluted effluent wo.ter and in the 1:3 concentration 
suffered very heavy mortalities and poor growth throughout the experiment. 
Although these fish were frequently examined for parasites none, or very 
few, were ever found. Their general appearance in the trough, however, was 
not normal. During March, April and early May these fish showed evidence of 
irritated gills by holding their gill covers open, but microscopic examina­
tion showed no gill disease. The gill action gradually became more normal 
toward the end of the expQriment. Many of the fish were emaciated and nearly 
all were somewhat listless • . The presence of ferric sulfate sludge in the 
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\_.,; water on Monday and Tuesday of each week seemed to increase the gill irrita­

tion and prevent the fish from feeding, but otherwise not to contribute to 
their discomfort. The fish which died were usually the weakest, most ema­
ciated individuals, the stronger ones surviving the longest, which indicates 
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,. 
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. a gradual and continual toxic or weakening effect of the effluent water rather 
than an occasional exceptionally adverse condition such as occurred during 
the steelhead trout experiment when large amounts of "Calol" were suspected 
of being present• The mortalities and growth of these and the other lots will 
be considered in more detail in sections immediately following. 

From the latter part of May until the end of the studies ·a few of the 
fish in Troughs 7 through 20 suffered from "gas bubble II disease. This is 
probably o.n environmentnl disease caused by excessive gasses in the water o.nd 
it also appeared on the chinook salmon fingerlings of the "pilot" test immed­
iately after thoy were placed in river water at the Fish Laboratory during 
July, 1945. The gas blisters did not appear on the fish held in straight 
effluent water or in Troughs 5 and 6 where the volUille of effluent water was 
great enough to appreciably dilute the amount of excess dissolved gases in 
the river water. 

Plates XX to XXIX show the geD8ral appearance of the fish in the 
various trough pairs on July 2, 1946. Plates XXIX and XXVIII show the very 
few small fish remaining alive in Troughs 1, 2, 3 o.nd 4 at this time. The 
numbers and size of the fish in Troughs 5 and 6, Plate XXVII, are also 
greatly reduced. Plate XXVI shows the relatively fewer fish remaining in 
the 1:10 concentration and also the great variability in size of various 
individuals~ The fish in the other trough pairs appear much alike, several 
11pop eyed11 fish which are suffering from 11 gas bubble" disease may be seen in 
these lots. 

By the end of June, 1946, these chinook salmon fingerlings had 
reached a size and age at which they would normally migrate downstream to the 
ocean. To retain them longer in the laboratory would introduce several un­
controlled factors which would tend to obscure the effect of the effluent 
water. The ref ore, the experiment was terminated on July 3, 1946 and on July 
5th the s~ving 5,832 fish were liberated into the Coltlillbia River adjacent 
to the 100-F Area. 

Throughout this experi11ont the desired water conditions were main­
tained within the tolerance limits given on Page 13, which were reasonably 
strict. tOnly on rare occasions and then for brief periods of time was it 
necessary to n.lter them because of equipment failure. 

Mortalities 

All salmon eggs which wore obviouslr dead or not developing were 
removed from the trays in the vo.rio.us troughs as often as necessary and a 
record was kept of the removals. The date on which an egg was removed did 
not necessarily correspond to the time at which it died or stopped developing 
since many eggs which are wholly infert~le or scarcely developed are not 
distinguishable for several weeks. Therefore, nearly all of the eggs which 
were removed were cleared in snlt solution and fixed with acetic acid so that 
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in Troughs 19 and 20 
7-2-46 

Chinook Selmon Fingerlings in Troughs 17 and 18 
River w~ter Control 7-2-46 
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PLATE XXII 
Chinook Salmon Fingerlings in Troughs 15 and 16 

1:1000 7-2-46 

PLATE XXIII 
Chinook Salmon Fingerlings in Troughs 13 and 14 
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Chinook Salmon Fingerlings in Troughs 7 and 8 
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any embryo formation might be observed. The eggs ·~irunin~d were arbitrarily 
classified into the following six stages: 

A. Those which were infertile or showed no evidence of embryo 
formation, 

B. Those which were fertile but had developed only as frrr as 
blastoderm formation. 

O. Those in which a. definite embryo was formed but had survived 
only to the formation of the chorda. or primitive streak. 

D. Those in which development had advanced to the formation of 
somites, fi~ buds and optic vesicles but where the total length 
of the embryo was less than half the circumference of the egg. 

E. Those jn which the length of the well formed embryo exceedee 
ha.lf the circUI!lforence of the egg. 

F. Those which died in hatching. This includes principally those 
eggs which are called ~high-pressures" and which ha.tchod 
abortively, 

Appendix Table 18 shows the number of eggs which died in each tray 
or egg lot and the stage in which death occurred, Table VIII sumrarrrizes the 
data on Table 18 by pooling egg lots which were incubated in like water con­
ditions and presents the results as percentages. Figure 8 is a graphic 
representation of Table VIII. As is frequently the co.so with salmon egg 
mortality data, ,there was considerable variation between the mortalities in 
trays incubated in like water conditions. The variations were sufficiently 
great so that a chi-square t est did not show them to be honogenius, and 
precluded sitlple comparisons of the pooled means for the various water types. 
However, a sufficient number of trays were used in each dilution level to 
permit the use of more elnborate stntistico.l tests • . A t-test based on an 
orray of lot ' mortillty percentages wns sensitive enough to show significant 
differences in the more diverse co.sos, and an extensive variance analysis 
provided a delicnte· test for borderline cases. In Table VIII the total 
mortalities which rrre significantly higher than those of the river water con­
trol group a.re underlined. 

The consistant and orderly errangement of the results as shown by 
Figure 8 is striking. In the undiluted and unrefrigerated effluent water 
virtually every egg remained undeveloped • A major part of this ef'f ect was, 
however, due solely to the warm temperature of the effluent water since in -
the undiluted effluent refrigerated to river water temperature about seventy 
per cont of the eggs hatched. The greater effect of temperature over other · 
factors is also shown by the fact that the 1150, lalO and la3 dilutions, in 
which the wnter temperatures were pr ogre ssi vely h~ghor. ·than that ,of tho · ri vor 
water, ·had ·,oorto.lities which Wel'O in the sane manner progressively greater 
than that of the undiluted but refrigerated effluent group. In the 1:250 
and 1:500 dilutions the water temperatures were not appreciably greater than 
that of the straight river water but other adverse factors ip the effluent 
caused mortalities significantly greater than in the control and these morta­
lities were in direct relation to the amount of effiuent water present. Tho 
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"-~-, slight difference between the mortality in the 1:1000 dilution and that in 

the straight river water was not statistically significant. But the fact 
that one part effluent water in five hundred parts of river water measurably 
increased the mortality of these incubating chinook salmon eggs is of con­
siderable interest. 

I!'"} 

The combination of high temperature and high effluent concentration 
existing at the lsJ dilution level gave results very much like those of the 
straight effluent water; that is, virtually all of the eggs failed to develop, 
a few did succeed in forming a germinal disc but none lived beyond an early 
"eyed" stage. 10nly about fifty per cent of the eggs hatched at the 1:10 
dilution level. 

Since· none of the eggs in the unrefrigerated effluent or in the ls3 
dilution hatched, the lots in these water conditions were re-established with 
a new series as mentioned in the preceding section (indicated by N. s. in 
Table VIII and Figure 8). The eggs in this new series had reached the eyed 
stage at the time they were placed in Troughs 1,- 2, 5 and 6. A comparison of 
the subsequent mortalities in these new lots with the mortality of the control 
during a like period of development again showed a greater deat~_for the eggs 
incubated in the effluent water but no significant difference in the 1:3 
dilution. Further consideration of Table VIII and Figure 8 reveals that the 
greater part of the egg mortality occurs in Stage 11A11 and is, therefore, due 
either to infertility or a neo:r comploto lack of development. The direct , 
relationship between mortality and concentration of effluent water just dis­
cussed .for the total mortalities applies also to Stage "A" alone. Similarly, 
if each stage is considered independently of all others this same relation­
ship is maintained in neorly every -case; Stage "F" is an exception and the 
refrigerated effluent water group is an exception. 

Abnormalities ,.\ 

Soon after hatching the young fry were carefully inspected and those 
which were deformed or otherwise appeared abnormal were removed. Tho per­
centage of abnormal fry found in each water type is shown in Table VIII below 
tho egg mortality data. The lslO and 1:50 dilution levels were the only ones· 
in which abnorma.li ty percentages were significantly higher than in the 
controls, the difference in the 1:50 group being questionable. Since the 
number of abnormal fry hatched in refrigerated orea effluent water was practi­
cally the so.me as in river water, there is good evidence that for the types· 
recognized at this time, increased percentages of abnormalities were the 
result of increased watAr temperatures rather than othor inherent effocts 
of the effluent· water. A 181'.ge part of the deformed fish occuring in the 
1:10 dilution exhibited distorted vertebral columns. 

Sine~ none of the original eggs placed in straight effluent water or 
in the 1:3 dilution hatched, there obviously could be no ~bnormal fry in 
these lots. In the new series groups which replaced these lots, however, the 
number of abnormal fry was very low, ·which indicated that such deformities 
were the result -of adverse factors operating during the early developmental 
stages of the eggs. The significantly higher percentage of abnormalities in 
the river water control group over that of the new series groups in Troughs 
1, 2, 5 and 6 is probably the result of the extra handling received by the 
control group. The eggs in the river water were under experimental conditions 
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Ty-re of ·,,ater 

Lot Nos. 

Stage A 

Stage B 

Stage C 

Stage D 

Stage E 

Stage F 

Total 

Abnor1W.1ities 

Effluent 
Effln~nt N.s. 
u, 1B 1c, 1D 
2A.2B 2C. 2D 

99.36 .03 

.59 .oo 

.05 .oo 
.15 

1.28 

2.32 
100 3.78 

.08 

9 2 "I ) .. ., 

PFRCEt,(]',AGT;" MORTALITIFS AND ABNOR!iiaLJTIF..S CF CHINOOK sALi,;oN roGS 
INCUBATrn IN V.luil0Ll~ CONClliTRATICNS OF AREA EFFLUE?(f WATER 

Refrigerated 1:3 1 :3 N.S. 1:10 1:50 1,250 1150() Effluent 

3A 1 3B 5A, 5B 5C, 5D 7A, ?B 9A, 9B llA 111B 13A,13B 
4A, 4B 6A, 6B (:£. 6D &., 8B 1ca..10B 12J..12B 14J..14B 

20.80 84.31 .21 .31.ll 22.58 19.99 18.10 
2.62 14.46 0 3.49 2.73 1.62 1.94 
4.Z'I l.ll 0 4.47 2.88 . 2.85 2.27 

1.53 .12 .lJ 6.07 2.17 1.60 1.39 
.43 0 1.37 2.60 1.07 1.11 .90 
.5.'.3 0 .48 1.76 .73 .85 .59 

30.19 100 2.19 49.50 32.17 28.02 25.18 

1.30 .08 4.7.'.3 2.31 1.21 1.76 

Stage A - Not developed 
Stage D Eyed 
Stage F - Hatching 

1:1000 

151.,15B 
16A.16B 

14.36 
.91 

1.98 

1.60 

.74 

.86 
20.45 

River Water 

17.t. & B, 184. & B 
19'. & B. 20A & B 

14.10 

.74 
1.69 

1.54 

.74 

.43 
19.23 

1.39 
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FIGURE 8 

-MORTALITIES OF CHINOOK SALMON EGGS 
INCUBATED IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER 
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during their early development, w~le those hatching in the effiuent and 113 
groups were not handled experimentally until after reaching the "eyed11 stage. 

I 
I 
' - The daily· records of ;the numbers of fry dying in each trough have 

been condensed into weekly intervals and are given in appendix Table 19. 
The mortalities in lots subjected to liko water conditions were sufficiently 
homogeneous to permit the pooling of tho results into groups, and Table IX 
presents the combined mortalities together with their cumulative percentages. 
The data of Table IX ore shown graphically in Figure 9, where a log scale has 
been used above the one per cent level in order to more clearly define the 
curves in the lower percentage levels. 

I . 
Although the re-established or new series egg lots in the straight 

effluent water hatched/ quite successfully, the f-ry soon began to die in large 
zrumbers. There wo.s a /brief pause in mortality rate between the third and 
fourth week after ha~ching; then there was a second wave of mortality, which 
completely eliminated the lot by the ninth week. In Troughs .3 and 4 where the 
effluent water was refrigerated, the cooler temperature delayed development, 
o.nd mortalities greater than those in the controls did not appear until be­
tween the third and fourth week after hatching; subsequently, the history of 
this group wa.s nmch lilro that of the group in the unrefrigerated effluent 
water, but extended over a greater period of time. Following the first surge 
of mortality, which accounted for only about 3 per cent of the fey, there was 
a pause in mortality rate for about three weeks. · A second nnd much larger 
wave of mortality then virtually wiped out the group. 

The fey in the ~13 dilution, which had also hatched from re-esta­
blished egg lots, bego.n to die in appreciable numbers o.t about the same time 
as those in the refrigerated effluent water. Here, however, there wa.s no 
pause in the curve, and a high rate of morto.li ty was maintained until the 
group was practically eliminated. 

\ 

· In the- lilO dilution the rate of ciorto.lity in the developing eggs 
had been appreciably higher than in the weaker dilutions. This higher rate 
was maintained during the fry stage and resulted in the death of ·a.bout 20 
per cent or these fish. Again there was a brief period when the ra~e of 
mortality slackened; the pause occurred ,in this group between the second and 
fourth weeks. 

The 1&50, 11250~ 1:500, and 1:1000 dilution levels did not signifi­
cantly increase the mortality during the f-ry stage. It is interesting to · 
note, however, that nearly all of these curves show a period or lower mort­
ality rate between the fourth and eighth week, that is, during the month or 
January, 1945. Whether this is related to the deflections in the effluent, 
refrigerated effluent, and lslO dilution is not clear. Indeed, the reason 
for such deflections is not apparent. ()ne might conjecture that the fry 
passed through a stage in which -they were more resistant to adverse condi­
tions or that different physiological factors in the fish were being effected 
at different times. The deflections occurred near, but somewhat preceded, 
the period of coldest water temperatures. 
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TABLE IX 

Refrigerated 
Type ot Water unuent Efflu.nt 

Lot Noe. lr & 2r 3 &.4 

No 0 of Fish 3664 2817 

Date »<\-
t 

cu...c ~t 
Cu 

-~ 

---12/5/l.C. 1 .03 
li/6-12/12 48 1.31 2 .10 
12/13-12/19 657 19 .• 24 6 .32 

I 12/20-12/26 81 21.45 59 2,41 
R; 12/27-1/2/46 291 29.39 25 3,30 

1/3-1/9 1140 60,51 6 3,51 
1/10-1/16 1237 94.27 10 3,87 

1/17-1/23 197 99.64 53 5,75 
1/24-1/30 13 100 310 16.75 
1/31-2/6 ¾l 623 J8 .87 

2/7-2/13 1423 89.39 
2/14-2/20 D 252 98,33 e 

a 
2/21-2/27 d 42 99,82 

9 -I ) ., 
; 

.,.; 

IK.RTJ.LITIES OF CHINOOK SA.lliOM FRI RE!Rll> 
IN VARIOUS CO~ENTRATIONS ~ ARF.1 EFFLUENT WA.Tm 

113 1110 ls50 11250 11500 

5r & 6r 7&8 9 & 10 11 & 12 13 & 14 

3606 2137 2749 3009 3133 

Mo 
rt Cu~ Mo 

rt c~ llo 
rt c~ Mo 

rt c~ llo 
rt. c~ 

,; -2~ 
12 .33 38 2.01 6 .22 4 .13 

5 .47 2 2.11 4 .36 3 .23 13 .41 
37 1.50 10 2.57 5 .55 8 .so 9 .70 

26) 8.79 43 4.59 12 .98 10 .SJ 7 .93 

499 22.63 22 5.61 7 1.24 1 .86 2 .99 
703 42.12 32 7.11 6 1.46 6 1.06 6 1.18 
656 60.32 32 8.61 5 1.64 4 1.20 3 1.28 

586 76.57 22 9.64 15 2.18 9 1.50 11 1.63 

550 91.82 43 11.65 7 2.44 13 1.93 17 2.17 

197 97.28 79 15,35 10 2.80 10 2.26 17 2.71 

40 98,39 74 18.81 9 3,13 15 2.76 15 3.19 

22 99.00 68 21.99 9 3 .,.6 19 J.39 10 3,51 

111000 

15 & 16 

'013 

llo 
rt: c~ 

2 .07 
11 .47 
4 .61 
3 ,72 

2 .79 
2 .86 

3 .97 
10 1.33 
lJ 1.80 

16 2.38 
11 2.78 

13 J.25 

··"\ 
t ) 

River Water 

17,18,19,20 

6875 

llo 
rt c~ 

5 .07 
27 .47 
19 .74 
7 .s4 

,84 
6 .93 
9 1.06 

42 1.67 

49 2.39 

32 2.85 
38 3.40 

JO 3.84 
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FIGURE 9 

MORTALITIES OF CHINOOK SALMON FRY 
INCUBATED IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER 
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Fingerlings 

The distinction between the fey and fingerling stages is rather arbi­
trary, but is here characterized by an active reeding response by the fish in 
most of the troughs. At this time it was also necessary and convenient to 
reduce tbe numbex- of fish in each trough to approximately .five hundred. As 
mentioned in a preceding action, new stocks were placed in Troughs 1, 2, 3, 4, 
5 and 6 since practically allot the fry in these troug~s had died. · 

The mortality data for the fingerlings was handled in precisely the 
same manner as that for the fry. Appeidix Table 20 shows the weekly mortal­
ities for the various troughs or lots. Again, the data within each water type 
were sufficiently homogeneous to justify pooling the results into the group 
means shown in Table I. The cumulative percentages of Table X have been 
plotted in Fig,n-e 10, which also utilizes a log scale above the one per cent 
mortality level. 

Although the fingerlings in the efnuent, refrigerated effluent, and 
ls3 dilution had not previously been subjected to area effluent water, their 
mortalities :imI!ledia.tely rose above thnt of the controls, and an extremely 
:qigh rate of death continued in these groups until nearly all of the fish were 
dead. As had occm-red with the fry, the fingerlings held in unrefrigerated 
effluent water were affected quickly, while in the refrigerated effluent and 
1:3 dilution, the response wa.s slower; the ultimate result, howevor, was much 
the same,• · · 

The death rate in the 1:10 dilution exceeded that in the straight 
effluent water during the first three weeks. This was because the fingerlings 
in the l:10 dilutions were held over in Troughs 7 and 8 fron the fry stages, 
and a high mortality rate was already present in these fish at the time the 
finger lings -data 1'ere started. At the time the experioent was terminated 1 over 
60 per cent of the finge~lings in the 1:10 dilution had died; although this is 
about six times greater than that of the controls, it is o:r a lower order than 
the mortalities which occurred in -Lots lS througp 6S. 

. -
ln dilutions or 1:50 or greater, the effluent water did not signifi­

cantly increase the mortality or the fingerling chinook saloon. Of' the 6 to 
10 per cent mortaJ.ity suf'fered by 'the fingerlings in straight river water and 
the lower dilution levels, the greater part occurred during the last six weeks 
and was due to "gas bubble" disease. 

Growth in Length and Weight 

The growth in length and growth in weight followed identical tr nds, 
and so will be considered together, As in the previous experiments, length 
measurements were made every four weeks, and the fish were weighed in groups 
every two weeks. The length measurenents taken o.t each SaI!lpling date are 
are shown in appendix Tables 21 to 27, am the average weights in appendix 
Table 28. In general, the sizes of the fish in lots reared under like water 
conditions are ·in good enough agreement to allow pooling of the data. 'l'able 
n shows the average lengths o:f the salmon in each water type on each s.a.mpl• 
ing date; unde;rlined ' values are significantly lower than those of the c«:mtrol 
group!I ·Table nr shows the average weig~ts after pooling similar data cof 
appendix Table 28 • · 
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TA.BIE X 

Type of Water 

Lot Nos. 

No. of Fish 

Date 

2/28-3/6 
3/7-3/13 
.3/11.-3/20 
J/21-J/'27 
J/28-4/3 

4/4-4/10 
4/11-4/17 
4718-4/24 

4725-5/1 

5/2-5/8 
5/9-5/15 
5/16-5/22 
5/23-5/29 

5/.30-6/5 
6/6-6/12 

6/13-fi/19 
6/20-fi/26 

6/'J!'l-7/3 

Effluent 

lS & 2S 

981 

K°rt CUa.i 
6 .61 
8 1.42 
7 2.14 

128 15.19 
264 42.10 

152 57.59 
49 62.59 

95 12.n 
70 79.41 

75 87.05 

JJ 90.42 
8 91.23 

26 93.88 

24 96.33 
14 97.76 

3 98.06 

9 98.98 

2 99.18 

9 , 

Refrigerated 
Effluent 11.3 

35 & 4S S5 & 6S 

972 969 

~t cu.c ~+. Ct1ac 
4 .41 5 .52 

.3 .72 2 .72 

9 1.65 .3 1.0J 
6 2.26 5 1.55 

15 J.81 10 2.58 

.30 6.89 26 5.26 
46 ll.6J 44 9.80 

129 24.90 67 16.72 

123 .37.55 129 .30.0J 
162 54.22 179 48.50 

90 6J.48 77 56.45 
119 75.72 46 61.19 · 

66 82.51 26 63.88 
76 90 • .3.3 .31 67.08 
57 96.19 37 70.90 

7 96.91 .36 74.61 
. 5 97.4.3 124 87.41 

5 97.94 46 92.16 

•'.) 
,.._ _ _,; 

IKRTALITIES Cl' CHINOOK SAU10N FIJ;GERLINGS (SERIES 2) 
REARED IN VARIOUS CONCENTRATIONS C'6 AREA EFFLUENT WATER 

1:10 1150 l 1250 1:500 

7&8 9 & 10 11 & 12 13 & 14 

953 988 994 989 

~t c~ Mort. c~ ~•- c~ ll<>rt. c~ 
20 2.10 .3 • .30 l .10 4 .40 
24 4.62 J .61 J .4() 1 .51 
2J 7.0J 1 .71 4 .80 l .61 
17 8.81 l .81 1 .91 l .71 
15 10 • .39 1 .91 2 l.ll 0 .71 

ll ll.54 l 1.01 0 1.11 1 .81 
14 13.01 2 1.21 l 1.21 1 .91 
26 15.74 2 1.42 l 1 • .31 l 1.01 

49 20.88 J 1.72 J 1.61 2 1.21 
61 n.28 J 2.02 2 1.81 5 1.72 
59 .33.47 7 2.7J 4 2.21 2 1.92 
49 JS.61 J 3.04 2 2.41 J 2.22 
49 43.76 17 4.76 4 2.82 2 2.43 
64 50.47 15 6.28 7 J.52 9 J • .34 
47 55.40 9 7.19 J J.82 11 4.45 

21 57.61 10 8.20 10 4.8J 5 4.95 
33 61.07 . 15 9.72 12 6.04 8 5.76 

17 62.85 9 10.63 4 6.44 J 6.07 

... ·) 

' 

1:1000 Rinr Water 

15 & 16 17,18,19,20 

993 1982 

~t cllac ~t cllas 
2 .20 5 .25 
4 .60 l • .30 
2 .81 4 .50 
l .91 1 .55 
2 1.11 1 .61 

l 1.21 7 .96 ., 
J 1.51 4 1.16 i.; 
1 1.61 5 1.41 ,-;;; 

l 1.71 J 1.56 t 
2 1.91 5 1.82 r , 
2 2.11 6 2.12 ·:. 
4 2.52 9 2.57 !-

J 2.82 9 .3.03 

J 3.12 16 .3.83 
4 3.52 25 · 5.10 

J J.8.3 36 6.91 

10 4.83 42 9.03 I 

' 

5 5 • .34 11 9.59 

•· 
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. ' 
,) 

I 

°' °' I 

c--- . 9 2 7 J 7 ·. 

FIGURE 10 

MORTALITIES OF CHINOOK SALMON FINGERLINGS 
HELO IN VARIOUS ·.CONCENTRATIONS OF . AREA EFFLUENT WATER 
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TABLE XI 

Type of Vis. ter 

Lot Noe. 

Jan. 30-31 

Feb. 26 

~rr.h 27 

i.rril 25 

May 22 

.! une 19 

J uly 3 

Eftluent 

1s & 2S 

37.l 

39.0 

41.0 -
42.3 --
45.4 -
49.0 -

9 2 
- ') 

Refrigerated 
Effluent 

3 & 4 

30.3 

31.6 

L!NGTml C, CBDOOl 8.WICti FDIGIRLDGS (SERIES 2) IWRID 
Df V!RI0W C0NCEH'l'IW'I0NS c, ARU U'FLOENT UTr.R 

Refrigerated 
Effluent 1:3 113 1110 1150 1 :250 11500 

3S & 4S 5 & 6 5S & 6.S 7 & 8 9 & 10 11 & 12 13 & 14 

31.0 34.6 33.9 33.5 33.6 

36.9 31.6 37.0 37.0 37.6 37.1 36.9 

37.7 22!2 22!2 41.2 40.6 . 40.7 --
39.2 41.8 ~2!7 45.5 44.2 44.7 - --
40.4 45.7 i?!~ 53.3 53.0 52.4 -- -
4.3.5 50.4 62.7 65.7 63.6 64.8 - --
,.5.9 61.J 70.6 70.7 72.3 70.7 

111000 River Water 

15 & 16 17,18,19,20 

33.4 33.5 

36.9 I 36.9 

41.1 40.3 

45.4 44.8 

53.4 53 .4 

65.6 63.9 

72.5 70.l 
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FIGURE 

GROWTH IN LENGTH OF CHINOOK SALMON FINGERLINGS (SERIES 2) 
HELD IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER 
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TJBIE III 

Tn,e o! Water 

Lot Nos. 

1/30/46 

2/13 

2/27 

3/13 

3/27 

4/10 

4/25 

5/8 

5/22 

6/5 

6/19 

7/3 

Et'fiu.nt Refl'ig;ur. 

lS & 2S 3 & 4 

J.3 

.45 

.67 .44 

.76 

.73 

.81 

.s3 

.89 

.en 
1.27 

1-45 

1.62 

') 
• 

l ) 

j_VEftAGE WEIGHT DI GR.U6 CF CHDIOOK SilJION (SERIES 2) HEU> 
IN VARIOl.5 CONCENTRATIONS CP ~ EFFLUENT l.ll'ER 

Reh-ig .xrr. 113 l 1.) 1110 1150 11250 1150() 

3S & ~ SR & lit ~ & 6S 7 & 8 9 & 10 11 & 12 13 & l4 

.40 .49 .52 .53 .53 

.41 .55 .w .58 .w 
.66 .33 .64 .57 .68 .68 .67 . 

.70 .50 .82 .63 .81 .80 .82 

.70 .85 .68 .98 .94 .95 

.71 .92 .87 1.17 1.09 1.10 

.74 .89 .97 1.2.3 1.15 1.12 

.70 .95 1.08 1.54 1.46 1.41 

.79 1.24 1.60 2.07 2.09 2.04 

.77 1.50 2.41 2.84 2.85 2.71 

1.19 1.95 3.65 .3 .80 .3.75 J.64 

1.20 3.25 5.29 5.26 5.12 4.92 

111000 River Water 

15 & 16 17,18,19,20 

.52 ~50 

.w .57 

.68 .65"-.. 

.82 .79 

.97 .95 

1.13 1.07 

1.21 1.22 

1.49 1.50 

2.15 2.15 

2.90 2.87 

J.85 3. 59 

5.03 4.58 
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' The nature of the weight data, . which gave only average values with-
out indicating the variation in size between individuals in each lot, make it 
impossible to teat for significant differences between lots by ordinary 
methods. Further, rates of growth could not easily be compared statistically 
since they neither followed a straight li~ relationship nor curves of equa­
tions of .the ~irst· degree; however, the _significance o£ size differences 
between the various groups was adequately shown by the length data where each 
group was compared to the control by the "t-test". · · 1 

Figures 11 and 12 depict the growth of the fish in length and weight, 
respectively. Size measurements were first made at the end· of January, 1946, 
before the fry had completely absorbed their yolk sac. The improper utili­
zation ·of the yolk by the fry in Lots 31 4, 5r and 6r, held in refrigerated 
effluent and the ls3 dilution, is evident in Figm-e ll. The lengths of these 
fry are significantly smaller than those of other lots, but because of their 
relatively larger amount of unabsorbed yolk, their weights were only slightly 
smaller. - None of the fry in the unrefrigerated effluent water of Troughs 1 
and 2 survived at this time, and those remaining in Lots 3, 4, 5r and 6r soon 
died without showing appreciable growth • 

· The fingerlings placed in Troughs 1 through 6 to replace the fry 
which had died inmediately showed significantly slower rates of growth than 
those 1n·the other troughs. The poorest growth occurred in the refrigerated 
effluent water where both low temperature and adverse conditions operated 
together. In the unrefrigerated effluent water, the fish grew only slightly 
faster although temperatures were favorable for rapid growth. At a similarly 
favorable temperature, but with the effluent diluted with three parts of ~iver 
water, growth was somewhat better than in the undiluted effluent groups, but 
still markedly slower than in the controls. In this group, which includes 
Lots 5s and 6s, there is an apparent sharp increase in rate of growth during 
the last two weeks of the experiment. This is not actually the case, however, 
since only the largest and strongest individuals remained alive on July 3, 
1946, to make up the final sample. Feculiarly, one fish in Trough 6 seemed 
more resistant to the adverse conditions airl was able to take advantage of 
the more favorable water temperature, thus reaching a larger size than any 
other fish in the laboratory. (See Table 27) 

In the 1:10 dilution, some of the fish were able to overcome much 
of the adverse effect of the effluent water and make rapid growth in the 
warmer water. other individuals were seriously affected at this dilution 
level, grew scarcely at all, am were subject to disease. This resulted in 
a wide range of sizes of fish in Troughs 7 and 8, which was evident even 
during the late fry stage, and became greater as the experiment progressed. 
Although the average size of these fish was appreciably lower than that of 
the controls during March, April, and May, the differences were only of 
questionably significance statistically due to the great variation of sizes 
within the group. An apparent incr:ease in growth rate during the last six · 
weeks of the experimont in this group held in the 1:10 dilution makes their 
final size equal to, or a little· larger than, that of the controls. Again 
this apparent increase is not real, but results from the deaths of smaller 
fish with the survival of larger ones. 

In dilutions of 1:50 or greater, the effluent water did not retard 
the growth of the fingerling chinook salmon, Actually, on July, 3, the 
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weight of the control fish was noticeably less than that of fish in weak 
dilutions of the effluent water, and effect which might be caused by slight 
temperatm-e differences in proportion to the amount of effluent added. 

Discussion 

The difficulties in coritrolling experiment conditions which were ex­
perienced in the steelhead trout and chinook fingerling pilot studies fortu­
nately did not enter this secom series of chinook studies. Minor disease 
conditions attributable to a lowered resistance· among the young fingerlings 
in the l:lO dilution level were soon controlled, but some losses were sus­
tained in river water and in the weaker dilution levels late in the experi­
ment, due to llgas bubble" disease~ In general, however, extraneous factors 
did not greatly influence this experiment, and the results obta.ined can be 
attributed to the controlled experimental conditions with reasonable certainty• 

No change in experimental design was thought necessary during those 
studies; however, complete or near complete mortality of some of the groups 
necessitated restocking Troughs 1, 2, 5 .and 6 with eyed eggs and Troughs 1, 
2, 3, 4, 5 and 6 with fingerlings. 

From tho sections above, it is evident that the younger develop­
mental stages of . chinook salmon are somewhat more susceptible to the adverse 
factors in the area effluent water than are the older fingerlings; neverthe­
less, in .all stages studied, undiluted effluent water and the dilution of one 
part effluent to three parts river water not only resulted in very poor growth 
and development, but were soon lethal. 

At a dilution of one part effluent to ten parts river water, morta­
lity wo.s greatly increased in every stnge. There were more abnormalities, 
and mruiy of the surviving fish were undersized, weak, emaciated, and sus­
ceptible. to disease. Some individual fish, however, were able to tolerate 
this concentration and make rapid growt~. 

When diluted with fifty or more parts of. river water, the area 
effluent did not appear to adversely affect either the growth or the mortal­
ity ot the fry or fingerling chinook salmon. 

Early developmental stages of the eggs were, however, more sensitive, 
and a measurable increase in mortality was present in dilutions ns low as one 
part area effluent water in five hundred p·arts of river water. 

- 77- -
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Trough 
No. 

1 

2 

3 

4 

5 
. ..... 

6 

7 

8 

9 

10 

11 

12 

13 
, I 

14 

15 

16 

17 

18 

19 

20 

\ 

TABLE l 

HS BU ILDING 

Dat19 6-13- 46 

Shirt 8-4 

A ,a~ple of-the f or ~ used duri nb t he later 
as a ,:uide in a djustini; 'liat er r'l owa. 

WATE.q "'LO\'iS 

----------- Supervi •or Foster 

cJ • 

Time 10:'30 - 11:00 AM -------

Area Effi uent Wa t er River- 'Nater 
Should Flow ·,1u Flowi nr; Adjusted to Shou ld Fl ow ,1aa Flowing Ad j us ted t o 

1900 cc/10 sec 1900 None 

1900 " 1900 None 

1900 " 1900 None 

1900 " 1900 None 

2400 co/30 190 23!)0 2400 2400 cc/10 sec 2150 2400 

2400 ec/:50 1ec 2400 2400 cc/10 sec 2400 

286 cc/10 180 285 2850 " 3000 2850 

286 co/10 ••c 285 2850 " 2800 2 850 

62 " 62 '3100 " 3100 

62 • 63 62 '3100 " 3100 

75.5 cc/min 77 75 '3150 " 3150 

75.5 " 61 75 '3150 " 3150 

38 " 38 3150 " 3150 

'38 " 38 '3150 " 3150 

19 " 19 '3150 " 3200 3150 

19 " 19 '31 50 " 315 0 

Hone 5150 " 315 0 

Hone '3160 " 3150 

?ione 1900 " 1900 

None 1900 " 190 0 
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TA."!.E 2 llO'!;'ALITI ES OF C!iI!m01·: ':}.I!.'.O:I r'PIGEh:LI?:Gs Hi::LD I~: VARIOUS CO?ICENTHATIONS OF AREA EFFLUENT WATER 

Prelir.iinary Hesulta 

Lot No. 2A 1B 2B 3 4 5 6 7 8 9 10 11 12 13 H 15 16 17 18 19 

1,at er Wan:, Viarm Wann !H ver River 1:500 1:500 1:50 1:50 l: 100 1:100 11250 1:250 1:500 1:500 ]; 1000 l(X)Q River Water 
Type ii: ff Eff. Err. Water i iate 

:,o . Fish 50 94 56 50 50 100 100 100 100 100 100 100 100 100 100 100 100 100 100 90 90 Jii=t c-= . 
!,.o rt.c.lity · Started § 1 /2E--:n 44 Aug.I Aug,l 2 2 11 6 6 6 5 13 14 10 5 1 4 5 12 17 12 9 

I 

--l 8/1-7 22 21 6 4 12 19 8 10 15 15 23 10 5 9 21 17 4 7 8 18 a;:; 
"' = I 

e / 6-1 4 20 27 8 8 21 24 12 8 9 6 10 15 15 11 44 22 8 32 18 14 

:hE- 21 ~5 6 5 6 8 2 10 6 3 8 5 1 12 19 7 18 5 10 

r:>,/2 2- 27 20 1 3 2 4 5 11 0 5 6 6 5 5 6 2 2 2 

Tnti,J 44 87 55 22 23 54 55 41 41 36 47 58 42 42 45 82 64 31 68 

,. 88 92 . ~ 98 ,2 44,0 46.0 f 4. 0 55. 0 41, 0 41,0 36 . 0 47.0 58 ,0 42.0 42.0 45, 0 82,0 64,0 31,0 68.0 

,"!.,• 



TABLE 3 

Lot No. 

\'l a t er Type 

No. Fish 

Mortality 
8/28-9/3 

' -.J 9/4-10 
0' 
I 

9/11-17 

9/18-26 

Total 

f. 

' I' 

9 '/ 7 

}IQRTALITII::S OF CHINOOK SALl!ON FISGERLINGS l{FJ ,n 1N VARIOUS CONCENTRATIO~!S OF AREA EFFLUENT !!ATER 

Results after regrouping of Lots on Aug,ttt 27, 1946 

re 2C 3C 4C 6C 6C 7C BC 9C lOC 

Precooled Refrigerated 11600 1160 1,100 
Effluent Ernuent etrigerated 

44 42 23 44 44 41 46 43 44 46 

44 42 8 2 6 8 4 4 3 4 

11 21 2 4 3 1 6 

15 2 4 1 3 6 7 

1 1 2 6 3 2 3 

44 42 20 39 11 21 5 13 11 19 

100 100 87.0 88.6 25•0 61.2 10.9 30,2 25.0 41.3 

llC l2C 13C UC 

11260 11600 

44 46 43 44 

3 3 6 2 

2 8 7 l 

8 5 1 

3 1 1 

13 19 15 4 

29.6 42.2 34.9 9.1 

15C 16C 

111000 

43 44 

11 1 

5 

6 1 

4 7 

26 9 

58.1 20.4 

17C 18C 19C 

Straie;ht River 
Water 

44 43 44 43 

1 2 3 3 

1 2 1 5 

2 1 3 1 

4 

4 9 7 

9.1 20,9 16.9 

-· ·--- -· ,. -· ---- -- .. - -,+~ 

I' ' ~· 
: , 

,.~ 
l,c-:, 

I 
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TABLE 4 A VERA GE WEIGHTS IN GRAl!S OF CHrlOOK SAlUO'I FINGERLI~S HELD rn 
VARIOUS CONCF.:fl'RATIOIIS OF AREA EFFUJENT WATER 

PrelWnary Weight• 

Type of 
Water River 'Nater lt500 1150 ltlOO 11250 1:500 l: 1000 River ·,va ter 

Lot No. l 2 5 4 6 6 7 8 9 10 11 12 13 ·14 15 16 17 1a 19 

No. of 
Fiah at 
Start 50 50 60 50 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 

Avtj• Wt 
7-24-46 10.36 9.68 9.90 10.56 9.84 8. 73 9.45 9.25 9.55 9.20 7.83 9.55 8.05 9.20 8.75 9. 10 9.75 10.25 8.51 9.00 

8-27-45 13.74 13.27 14.15 13.98 13.61 12. 76 14.27 2.27 12.00 14.55 10.94 13.54 13.20 14.94 12.91 14.55 

I 
--.J 
--.J 

I TJ.BLE 5 
Weight• After Regrouping of Lota on August 27, 1945 

Typo of 'Harm Refrig. 11600 
Water Err. Eft. Re frig. Eff. 1150 1:100 11250 11500 111000 River 

Lot No. lC 2C 5C 4C SC 6C 7C BC 9C lOC nc 12C l3C 14C 15C 16C 17C 18C 

llo. of 
Fiah at 
Start 44 42 23 44 44 41 46 43 44 46 44 45 43 44 43 44 44 43 

Avg. Wt 
8-28-46 13.14 12.6 10.39 12.6 13.98 13.85 13.15 13.09 13.64 12.56 12.45 14.22 10.11 ·13.45 12.55 13.82 13.44 14.56 12.73 16.50 

9-10-45 12.83 15.33 16.54 14.54 14.77 15.33 15.45 13.34 14.00 16.2 12.39 16.10 14.81 14.84 15.00 16.05 14.67 15. 06 
• ; 

9-24-45 16.6 14.5 17.12 15.00 16.80 17.67 16.09 15.20 16.35 16.77 13.29 17.12 17.28 16.13 17.63 18.14 16.92 16.47 
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TABLE 6 

Length 
in W.M lC 2C SC 4C 5C 

60 l 

615 1 2 

70 l l 

715 1 

80 l 2 

85 4 l s 

90 T 4 4 15 4 

95 9 9 15 9 4 

100 11 9 4 15 8 

105 6 8 2 11 13 

110 g 4 l s 8 

1115 l 3 

120 

125 

Total 43 41 22 44 44 

Length Frequ•noi~c or Chjnook Salmon Fingerling• 
Auguat 29 & 30, 1945 

T.n+-. ' '·-'--• 
SC 7C SC 9C lOC llC 12c lSC HC 15C 16C 

l l 

l l 

2 l 2 s l 

1 l l l 

2 2 2 1 6 1 1 

s l 4 6 2 2 2 3 1 3 2 

2 J 3 8 7 2 7 l 6 3 

6 8 T ! 7 10 l 10 5 10 5 

6 15 9 7 13 9 14 8 7 8 8 

8 8 14 12 6 8 15 2 14 5 8 

8 4 4 7 5 3 4 4 7 6 9 

s 2 l 3 1 3 1 1 4 

1 2 l 1 2 

l 1 

38 44 42 42 46 42 43 41 43 40 43 

• 78 -

17C 18C l9C 20C 

l 

3 l 

l 2 3 2 

6 2 5 4 

7 6 11 6 ... 
9 9 6 12 

6 14 17 13 

8 7 l 4 

3 3 

1 l 

44 4:5 44 42 



TABLE 7 

Length 
Iii . w. lC 2c 3C 4C 5C SC 

60 

65 

70 

75 

80 3 

85 2 

90 1 2 

95 2 3 

.i:: .i:: 
100 • • 2 2 3 

~ ~ 

106 
0 0 8 2 

:z: ~:z: ,, ... 
110 1 12 3 

115 1 7 7 

120 3 

125 

130 

Total 3 2 33 26 

i 

Length Frequencies of Chinook Salmon Fi ngerlings 
Sept. 24-25, 1945 

Lot Nos. 

7C BC 9C lOC llC 12c 13C HC 15C 16C 

1 

1 1 

1 1 

1 1 2 

1 1 1 1 

1 3 2 3 1 5 2 1 

1 1 3 1 1 2 1 2 

2 2 2 5 3 3 5 1 2 5 

6 4 3 5 6 5 4 2 2 3 

10 6 5 6 6 7 4 5 3 8 

9 9 8 1 4 5 5 14 4 3 

5 6 5 5 5 2 2 5 2 12 

2 3 1 2 5 2 2 

1 1 1 1 1 1 1 1 

1 

40 30 32 26 31 26 30 40 18 37 

- 79 -
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17C 18C 19C 20c 

1 

1 

2 1 

2 3 1 

5 5 1 1 

5 2 3 9 

3 6 10 10 

7 10 12 6 

5 7 6 5 

8 3 

1 1 

1 1 1 

40 35 36 34 
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TABIE 8 

Type ot Water 

Lot Noe. 

No. of Fish 

8-27 to 9-2 

9-3 to 9-9 

9-10 to 9-16 

9-17 to 9-23 

9-24 to 9-30 

10-1 to 10-7 

10-8 to 10-11 

Total 

Effluent 

l ~ 

135 117 

30 27 

11 13 

6 40 

28 18 

13 3 

2 l 

2 3 

~ 105 

9 , l . 7 ) 

IKRT.t.LITIF.S Ci' STEELHEAD TR0tn' Fll«zERLINGS HEU> IN THE PRELIKINARY 
C~ENTRATI0NS CF !RFA EFFLUE1'T WATER 

Refrigerated 1150() 
Effluent Retrig .Eff • 1150 11100 l 1250 1:50() 

3X 4 5 6 7 8 9 10 11 12 13 14 

91 123 116 108 103 107 120 116 lll 125 141 120 

l 2 0 0 0 0 0 3 6 2 2 · 1 

l 1 0 l 0 0 1 l 0 13 8 3 

0 l 0 l 0 0 2 l 0 2 5 0 

0 0 l 0 0 l l 0 l 2 3 0 

l 0 0 0 0 0 0 0 0 0 0 0 

0 1 2 0 l 0 0 l 0 o, 0 0 

l 1 l 0 0 2 0 0 0 0 0 0 

...!l 6 4 2 1 3 4 6 7 !2 18 4 ••• • •• • •• 

1:1000 Riv.r later 

15 16 17 18 19 20 

125 147 114 81 ll7 119 

5 0 0 0 0 0 

2 0 0 0 0 0 ~ 
0 0 0 0 0 2 t:3 
0 0 0 0 0 0 ~ 
0 7 0 0 0 . o €. <JJ ~""'"· '""~I 
0 l l 0 0 0 ~ 0 0 0 0 l l 

. 

7 8 1 0 1 
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TABLE 9 IICRT.lLI1' lFS Ci' STEELlfRAD TROUT FINGER LINGS HELD IN THE FINAL 
C0~CENTRATI0NS ClF ARF.A. EFFLUENT WATF.R 

Refrigerated · 
Type of Water Effluent Effluent 1:3 1:10 1:50 lz250 1,500 1:1000 River Water 

Lot N08. 11 2A 3 4 SI. 6A 71. & 9.l lOl 11 12 13 14 15, 16 17 18 19 20 

No. of Fish 48 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50 ~ 10•12 to 10-18 30 50 48 50 23 28 

~ 10·19 to 10.25 1 9 2 1 . .. } 
10.26 to ll•l 2 1 

~' I 

~ 11·2 to 11-8 3 1 ~~ 
I 

rf. 
]1·9 to 11•15 1 1 t~,; ...... ~ · 

ll •16 to ll •22 1 1 2 

ll-23 to 11-29 

11•30 to 12.6 1 

12-7 to 12-13 

12·1/, to 12-20 

12·21 to 12-27 1 

12•28 to 12-31 1 

Total 37 50 48 50 34 31 J 1 1 6 
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TABLE 10 

Refrigerated 11500 

, 

STDLHEAD TROUT LENGTH P'REQUEICD:S 
J.OOUST 15 - 16, 1945 

Type ot Water Etfinent Effluent Refrig.Ett. 1,50 1,100 1,250 1:500 . lslOOO River Water 

Lot Noe. 

Lengths in nn 
35 

40 

45 

55 

65 

70 

75 

80 

85 

90 

l 2 

2 

3 5 

13 16 

23 22 

6 6 

1 

4 5 6 7 

l 1 

4 5 

9 13 5 2 2 

14 13 14 8 15 

13 15 18 13 14 

7 2 7 20 12 

1 5 5 

2 2 

1 l 

8 9 10 11 l2 13 14 15 16 17 18 19 20 

l 1 l 2 

2 1 1 2 l 1 1 l 1 

7 4 7 1 2 2 4 7 6 1934 

9 11 9 9 5 6 9 11 7 15 11 13 15 

16 10 17 16 18 9 17 14 14 19 13 14 17 

12 17 10 11 10 18 10 14 15 12 13 17 9 

2 5 4 9 10 10 6 2 2 3 2 l 2 

l l 1 2 l 2 1 3 2 2 2 

1 1 1 l 

l 1 

I 

-.~ ,. 

t _,., 
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UBIZ 11 STEELHEAD TROUT IE!GTH ~UUClES 
IEl'TEElll 10 - 13, 1945 

Retrigerated 1,500 
. 

Type ot Water Ettluent Effluent Retrig .Ett. 1,50 1,100 1,250 1 •500 I 1,1000 I Rinr later 

Lot Noe. 1 21 3X 4 5 I 6 7 I 8 9 I 10 11 112 lJ 114 I 15 I 16 I 17 I 18 119 120 

Lengths in -
35 1 
-
40 

I 
45 3 2 I 2 I I I I I I I I I I I 1 

50 2 8 3 3 2 2 1 1 
I 

a 55 12 12 3 8 . 2 3 1 1 2 1 1 3 5 4 1 1 2 @ 
I 6o 21 22 16 11 7 6 4 3 6 5 2 5 4 6 6 6 4 4 6 

---65 I 9 I J lJ 13 11 9 14 10 11 5 4 11 8 7 6 6 9 10 10 12 

70 I 3 I 2 8 11 9 lJ 14 lJ 11 16 11 11 15 10 12 14 15 8 12 17 

75 I I 2 J 7 10 12 4 10 8 12 12 11 14 11 7 12 10 9 9 

80 I I I 2 I 9 4 3 8 5 14 7 5 2 2 8 9 4 7 6 I 5 

85 l 1 2 8 2 6 6 2 5 5 4 4 2 3 . 1 7 5 I 2 

90 2 1 1 1 2 2 1 2 2 2 I J I 2 I 2 

95 1 1 1 1 I I I I 1 

100 1 1 1 1 

105 1 

. , .. ... 
-~ ) . 
~ ~... ~ ... ~ 



TABLE ·12. 

-
Refrigerated 

T,-pe ot Water Etfiuent unuent 

Lot Noe. 1 2l 3I 4 

Lengths in m 
So 1 1 

55 3 l 1 

60 10 1 2 4 

65 16 3 5 10 
I 

~ 
70 2 3 7 7 

I 75 3 1 8 8 

80 .3 13 11 

85 6 5 

90 7 3 

95 2 

100 l 

105 

110 

115-

120 

125 

9 2 

l1SOO 
Retrig.Ert. 

s 6 

1 

5 3 

6 l 

9 6 

10 4 

5 10 

5 6 

4 9 

.3 7 

l 2 

2 l 

. 
•') 7 '!I ~) 

STEELHEAD TROUT UNGTH FREQUENClES 
CCTCEffi 9 • 101 1945 

115() 11100 1125() 

7 8 9 10 11 

1 1 

2 1 2 

7 5 2 2 .3 

2 .3 8 6 .3 

6 4 9 5 7 

10 7 8 9 7 

12 11 8 11 11 

5 5 6 5 5 

4 8 6 6 4 

2 2 2 2 4 

1 l .3 .3 

l l 

l 

1 ssoo 111000 River Water 

12 13 14 15 16 17 18 19 20 

2 1 1 

2 l 2 2 4 1 l 

l .3 .3 6 2 5 5 5 2 

5 5 4 5 7 4 4 10 9 

12 6 2 10 9 4 5 7 10 

4 11 8 8 8 12 8 7 10 

10 7 1.3 9 9 12 7 3 9 ., 
,. 

8 4 10 7 6 4 8 7 7 -~ 
_:., 

5 8 3 l ,. .3 6 6 

.3 2 2 2 1 4 3 l 

l l 1 l 

2 l 1 l 

l 

l 2 l 

I ~ 
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TABLE 1~ 

R~frigerat.ed 
TYf"' ,,f Wa +.~r ~ff !.11 ....... t. :!::ffluent 1:3 

Lot Nos . ~ 2.\ 3B 4 51 

Len::t!! jn rom 
55 

f..n 2 l 

(: 5 3 

70 ... l 4 

75 2 3 3 

/'< () l 2 

P" _ :, 1 2 

90 l l 

~5 ,, 2 

100 1 3 

105 1 1 

110 1 

7 - " _ .J.) 

PO 2 

] 25 

J:n '2 

!.35 

!._.' It 

l ',5 

1 50 

6A 

3 

1 

l 

1 

3 

2 

2 

3 

1 

1 

l 

) } :} 

STEEL1iEA.D TROl1T LENGTH FRF.~TJENCIES 
NOVEMBER 6, 1945 

1 4 0 1&50 l :250 

7A 8/i. 9,l 10! 11 

l 

l 1 1 2 

1 l 2 2 1 

4 3 2 3 1 

7 1 2 2 4 

6 8 5 l I, 

J 3 5 5 8 

JO 6 10 9 7 

4 6 6 ? 6 

5 8 7 6 6 

4 5 3 4 2 

2 3 3 2 6 

3 1 2 2 1 

1 2 1 2 

1 1 

l l 

1:500 1:1000 

12 13 14 15 16 

1 

1 :?. 

l 

2 3 3 4 1 

1 6 1 2 3 

5 3 3 8 7 

4 3 l 5 5 

10 6 6 l, 9 

6 7 9 9 4 

4 6 12 7 5 

8 4 5 3 2 

5 6 1 3 5 

2 3 1 4 

1 1 3 1 3 

1 1 1 

1 

1 1 

P.iver Water 

17 18 19 

l 

l 

4 

5 6 

2 6 4 

2 3 3 

5 6 9 

9 6 5 

8 4 5 

10 l 4 

l 7 c 
l 6 2 

2 5 1 

1 1 

1 2 

1 

1 

I~ 
' I 

/ 

20 

1 

2 

1 

5 

, 5 

7 

8 
~ 
,., 

8 ~· 
_.,. 

4 ~; 
:~ 3 ..,. ~ -

3 .:o_ :-

1 ~ 

' -,. 
... 

1 

·~ 
~ 

, 

, 

., 

•·. 
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TABIE ·14 STEELHEAD TROUT LENGTH FREt;iUENC IES 
Ji, I, - I, 

Refrigerated 
Type or Water Effluent Effluent 1:3 1110 11250 1:500 1:1000 River nat.-r 

2A B 6A. 7~ 8j. la& 11 12 1 1 16 17 18 19 20 

65 1 1 l ·! 
70 1 2 

75 2 2 2 1 1 

80 1 1 2 2 l 

85 1 1 2 1 4 2 2 1 2 

90 2 2 3 l 2 2 2 2 l 1 1 1 

95 1 1 2 4 1 2 3 2 4 2 5 4 7 4 
100 1 2 1 5 2 3 1 3 3 l 2 4 3 5 2 4 

105 3 l 5 2 l 2 4 3 5 l 5 . 3 l 2 g 5 

I 110 3 2 2 5 3 2 3 4 2 3 3 5 3 5 3 4 
0) 115 1 2 5 5 2 4 4 6 6 4 8 7 4 5 6 6 

°' I 120 l 2 2 3 6 10 5 8 6 ,,. 9 8 8 13 5 1 9 

125 1 6 1 9 10 6 10 5 7 7 3 6 4 1. 4 

130 l 2 6 5 8 5 4 ,. , 
5 2 3 1 7 l 0 

135 I, 7 6 5 3 3 6 6 "' 2 ,, 7 3 1 .., 

140 1 2 4 l 3 4 ,. .2 2 3 7 1 5 1 3 

145 2 l ?. 4 2 7 3 2 1 1 ?. 1 1 1 

150 l 2 2 2 2 1 1 1 1 1 2 1 

1 55 1 2 1 1 1 1 1 ?. ~ 1 

160 1 1 1 1 

165 1 1 1 1 1 

170 1 1 1 1 1 
175 1 

. , 
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TAELE 15 

R.,fricer:ited 
Tyy-,e of ·,,a t,.,r •~ fflui,nt ~ffluent l :J 

Lot ?-;os . u 2A JB 4 5A 611. 
Le ncth in mm 

70 1 

75 2 

eo 1 1 
~5 l 2 l l 
9'." 1 2 

95 2 1 

i re l 
1 :,5 1 l 3 

110 l 2 l 1 

115 2 2 

} 20 l 2 
~ 

' J ~5 1 
130 2 2 

135 1 3 

1.rn 2 

l.l 5 l 

150 

155 1 

H-0 1 

l -S5 3 

170 2 

17 5 2 

130 l 1 

B 5 

.J 

l ') ) 

ST'EELHEAD TRC•ll'!' LEmTH FREi.tUENCI!<..S 
JANUARY l - 51 1946 

1:10 l :50 l :250 

7A. 8A 9A lOA 11 12 

1 l 

l 2 

2 l 1 l 1 ?. 

2 2 l l 

3 l 2 1 2 

4 1 1. 2 4 2 

2 l 2 4 1 

3 f, 4 3 6 

3 3 5 4 3 5 
,_ f, 7 5 ? 7 

4 2 8 7 4 5 

2 3 ~ 6 7 7 

6 7 7 I+ 2 5 
2 2 2 2 3 ,. 
l 7 1 3 l 

4 3 1 4 
1 1 3 1 ? 

2 1 1 

1 J. 1 

1 

2 1 

\ 
·' 

1:500 1:1000 

13 1/+ 15 16 

l 

l 
2 2 l 

4 l 

l 2 4 l 

3 3 2 .3 

l 3 3 
,. 2 5 6 

4 ?. 4 ,. 
5 2 7 10 

6 11 7 4 
3 6 4 ?. 

5 7 3 ?. 

2 4 1 2 

3 2 2 4 

4 l ?. 4 

2 l 
). 2 l 

l 

1 

1 

River iie. t,.,,r 

17 18 19 

2 

l 

l 1 

l l 2 

2 l 2 

5 2 5 

2 4 ,. 
?. 4 ,. 
3 3 7 

4 4 3 
6 5 3 

7 1 4 

3 3 ,. 
2 6 3 

3 5 
1 t ?. 

2 l 

l 2 

1 , 

1 J. 

20 

l 
l 

l 

2 

4 

3 
6 
,. 
9 
5 

2 : 

3 ~ 

l ~ 

2 

1 
' -

l 
I 

,,,.--\ 
\. I 

.. ' 

I 
l· 
I 

JiR 

& 
~ 

1' ,. c~, }. 
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: ·'--':; .:_;- , . STEL'-::C.,.:. Tit , n ,. ,-,p-~.:;E ,; : l ~ ~T It- C.1:1.A\S 
rn;. .:.. 1~11 • .,._;,,1 .:Ll 0 L :l i C.l\ 

.~ ft fr1 gf'~,,~c l : SC<.' 
7;~ . 

_,. 
·· ~'t-4!:- ~~ ;':"' ~ L• ~t ~ ::'"' :. 1 :f" n t :1e fr ig .:.ff . ~=50 l :lC<.' 1:250 l : 500 l :lOC<> P.iv~r liat~r 

i. :- t i, c- <: . :; 4 C E- 7 8 9 1( 11 12 13 11. 15 16 17 18 }<; 20 

i w.;-· :, • ll. 3 ·'·? 3 • .'"":":' 3 . 23 3 .45 : . 27 3 .17 ; . 1.0 3.26 J . 21 J . 07 2 . <;7 3 . 33 3. 29 ..... . ,.., J. 30 

___ ,. ::, , . - ] . :.) I • • :e ; . <;-5 J . "5 4 . 32 ~ . ]3 1. .c~ 1..32 l,.r ( , 4 ,1() J . 80 :- .PO 3.78 J.P7 J .92 J .82 
r~ 

~- .___z · . .: t. ::- -. c-: ' · t.. C . 5r :.. . r-.. 1 5. 51 4.95 I, .c.: 5. c-J ::.:'c 5.1 5 ~ . ,:..5 5.U c..u. 5 . 2.1. 5,lC• 1., .71 5. :;~ 5 . 21. s.oe L. ,. _· . • t.. . !; I 
6 .1.6 ~ · : t • : . ~,: : . 1-. ~ or: '· ·- :., ~~ .., c • • C , '- .72 7. a. 7.:9 c .en 7.)7 7.02 7.11 l, .75 6 ." ;> 7 . 51 7.01. 6.46 0) -- ·- • . . . ,,,, c- • . , • 

0) 
C _c 5 . ?: ~ . .::~ e . ; J 9. 51 ~ .:L. e , 55 ... . 04 ; . Lf-. e . ~ ~- ✓- <:- e,1.,e 9.09 8 .42 € , l.'1 8.11. 9 ,r; e.6e e .J6 ... . . -- -· 

' . <:t. . '- • -.. - ··- ~ C l l . ..,,, :1..3 . ~9 l l,E'J 1: .12 ,, r<. 1:; . 26 1;, .49 1:: . 92 l ! . S( lJ . ':'3 , 1 , ... 1).22 11,75 lJ.94 12.14 ll.59 . ' . . ' •"'" - -... ·- ---- .C:. 
~ ,. 
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'i I 

' 
~ 
I 

Ti.'H.:_ 17 

Ty~ of · ~o. ter 

Le-• l\os . 

r ~t . 8 

LC t , 22 

~ 0V . 5 

!0v . 19 

~ .. ~ . 3 

r 1c , 17 

!'. ec . 31 

Efflu,.nt 

ll 2 

4 . 79 N 

4.8() 0 

"- . C'O 

7 .:?D F 

1 (' .,.1. I 

lJ .7~ s 

l i.! . ll H 

Refri i;erated 
Efflu., nt 113 

3B 4 ;. 

Ii ).1.78 

11, .-.0 C 13 .30 

11.86 17 , !"i, 

ll . • lL. F 2;1 ,11 

16.28 I JO.CO 

l'? .Je s J/., tl9 

20 .71 H 42,12 

9 2 ·) 7 ., J 

6A. 

13.89 

17.20 

2) .63 

JC .72 

36 .83 

l,t. .66 

50 .83 

STITLIEAD TROtrr AVFRAGE \'o'E IGH'I' IN GRAllS 
FINAL COND ITIONS 

1:50 1 :10 1,250 

9A 1~ 7J. a.:. 11 u 
11.!"3 12.u 13.09 13.26 12.49 12.92 

17.02 18 . ,,2 16.l4 17.96 18.04 16.92 

21 .80 23.67 22.oe 23.92 23.62 21 .98 

26 .U 28 .00 27.00 29.90 27.40 26 .63 

31.94 34 .79 34.73 38.00 33.70 33,33 

36.02 38 .96 39.61 43 ~ 0 36 .60 36.1.2 

3') .06 l2 .34 43 ,78 46.94 40 .00 39 .39 

) 

l :500 1:1000 

13 14 15 16 

ll.90 13.03 11.u 11.22 

17.70 18.00 15.06 17.04 

22.26 23,28 18.59 21.47 

26 ,00 27.27 21.29 25.51 

32.00 33.27 26.17 31.08 

35.10 35.78 29. 57 35.10 

37.75 39.84 32,34 37.65 

River Wat er 

17 1~ 19 

11.75 13.94 12.14 

16 .91 17.17 15.71 

20 .31 21.72 19.00 

24 .36 26. l'O 21.98 

29.09 32.11, 2t: ,04 

33.59 36 ,00 30 .00 

36,40 39.58 31 .98 

20 

11 .59 

14.98 

19.18 

22.65 

26.09 

29 .83 

32.17 

~ 
) 

. ' 

·1 

,I 

~ . _; , . .. 
I :-, 
: .~-

" -~ i ,;·-~ 
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UBU: 18 

Type or loater Ettluent 

Lot Nos• u lB 2j. 2B 

ll1111b"r or E"- ocn 10"1' '"')Q 1n1n 
S+ 0

"• •~• !la. CJQl 101< 1028 , "'TT 

Stage "B 1 No. 5 15 l J 
Sta11:e •c• 110. l · 1 
yt"..a 00e "L" t-.o .. 
Sta"• •.:• No. 
Sta,:e "F" No. 
Total 1;W!lber 9'!'1 1031 1029 1010 
'I, 100 100 100 100 

I 

Type at llater 

Lot Kos. 9B lOA lOB 

.37.26 

---- ---------- - -------- - . -- ··- --··----·--

9 } 

J.:o&TWTU:.S Ol ' <l!DI~ S,U.JJOlJ lXlGS INCIII.Utll DI 
VARIOUS COHCEHI'lUl'lC,ti.S Of ilE4 EF}' Uu:Nl' l'lilER 

Er r 1 u" n -t Refrigerated 
2nd Sert.a Ettluent 1,.3 

lC 1D 2C 2.1) .34 .3B 1J. ~ S,t. 5B 6& 

Q78 Q(Y.) 0':10 a?O , 'lCYl <n1 10,;t., 102'7 on, lOL< QQ8 
1 1~? ;:17 ? I 2"11 7f)t, 876 en 

17 28 28 36 176 121 11..l 
32 46 45 55 19 15 10 

i 'i 1 ~ IL q 21 ~ 

15 10 q 1'1 b l L 7 
1e a 2'1 22 10 L l 7 
.33 )7 .35 40 240 JJO )2.8 J5'i 'iOl 1012 "NO 

2l.68 .3).96 Jl.06 .34.',l, lOO 100 lOC 

1,.3 
2 Dd S e r 1 e ll 

£:ii !iC 5I) ~ 6D 7~ 
lQ.l,'j q'jl, 986 920 92~ 1031 
qu L 2 1 1 .. , .. 
1.34 4l. 

02 
.l J.. b{J 

9 19 1.3 ll ,:J 
I. 9 2 3 u 

104!> l£ JO 20 15 54) 

l CC 52.(,7 

1,10 

'lo e. Co 

llCS 1195 10~1 
, ~<J ,O'i <77 
.36 27 49 
~2 39 TT 
61 ?(, f.,Q 

25 ·o ) , 27 
2L lb .<) 

')')'/ ')l;.t _ )!Sb 

4£.47 42.01 ;~ .. 95 

1,250 l 11000 a I V E a • I. T E a C 0 Ii T .a 0 L 

0 

1~ 158 16& 1£:il 17.l l 7o 18" l!!o 19.o l <;{I 20/,. 2CB 

JO.el. J2.J9 19.91 29 .30 29.79 29.89 2J .76 18.54 16.)7 18.Cl 2).67 2J.J7 

.. 
i: 
r. 

,. 



9 2 7 ) ? 
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TABLE 19 liCltTALIT IF.S CF CHINOOK SALMON FRY (SERil:S 2) HELD IN 
VARIOUS CONCENl'RAT WNS 01 A.RF.A D"FLUEHT WATER 

R1t'rigerat1d 
Type of Water Effluent Etnuent 113 1,10 1150 11250 1,500 1:1000 River Water 

) 

Lot Noe. lr 2r 3 4 5r 6r 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
.. 

Number of Fh,h 1885 rm 1472 1345 1794 1812 998 1139 1332 lJJ.7 1481 1528 1368 1765 ]J27 1446 1616 1741 1m 1741 

llortaJit.y 

-----D..a. 5 1 4 1 ·:.1 Dtoc. 6-12 35 13 2 7 5 16 22 l 5 4 2 l 3 l ; 
,. 

Dec. 13-19 413 21.J. 3 3 2 3 l 1 2 2 1 2 8 5 7 4 7 7 7 6 

Dec, 20- 2(, 31 50 41 18 20 17 5 5 2 3 6 2 2 7 1 3 6 5 3 5 

Dec. 21-Jan.2 170 121 23 2 67 196 17 26 7 5 7 3 6 1 2 1 1 2 l 3 

'° Jan. 3-9 650 490 3 3 187 312 8 14 5 2 1 2 1 1 .... 
I Jan. 10-16 499 738 9 1 JOl 402 lJ.. 1'3 4 2 2 4 4 2 2 3 2 1 

J a n . 17-23 86 111 32 21 374 282 10 22 2 3 1 3 2 1 3 5 1 2 1 

Jan. 24-30 l 12 166 144 3/,6 240 11 11 9 6 4 5 7 4 5 5 7 12 12 11 

Jan. 31-Feb , 6 Al 349 274 }28 222 22 21 4 3 4 9 12 5 8 5 6 10 12 

Feb. 7-13 71.1 682 103 94 36 43 6 4 8 2 11 6 8 8 8 7 11 

Feb, :U.- 20 \ 1 91 161 24 16 33 41 3 6 8 7 9 6 2 9 4 9 17 

Feb . 21-27 12 30 9 13 29 39 6 3 8 11 3 7 3 10 12 5 8 

Total 1885 1779 1/,70 13/.2 1768 1802 206 261.. 51 41., 54 /.8 f,e, 44 40 5(l 57 61, 75 

% 100 100 99 .86 99.78 98 . 55 99.45 20 . 64 23,18 3 .83 3,10 3.65 3,14 4,82 2.1/: 3.01 3,46 3 .53 3.68 4,22 

r 
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TABU: 20 

Type of Weter 

Lot Nos . 

t:0. of Fish 

Feb , 28-1:lar. 6 

l'11r, 7-13 

Mar.14-20 

Mar, 21-27 

Mar, 2~ Apr.J 

Apr. 4-10 

Apr, 11-17 

Apr. 18-24 

Apr. 25- 11'.ey l 

May 2 - 8 

~lay 9 - 15 

May 16 - 2? 

May 23 - 29 

May 30- June 5 

J une 6 - 12 

J :JV " 13- 19 

June 20- 26 

June 27..July 3 

Total 

% 

Eftlu .. nt 

lS 2S 

494 487 

3 J 

5 J 

4 J 

97 .31 

192 72 

75 77 

15 3/, 

JI, 61 

l"l 51 

17 58 

9 24 

l 7 
f, 20 

fl 16 

" 1() 

3 

J 6 

l 1 

493 /,P-0 

99 . ?,() 9~.56 

Refrigerated 
Effluent 

.3S 4s 

/,91 /,81 

4 
J 

3 6 

J 3 

13 2 

20 10 

2J 23 

51 78 

(:£) 63 

95 67 

55 35 

62 57 

35 31 

JO 46 

2/, 33 

3 4 
2 3 

l ,. 
l,PIJ ,.n 

0 7 ,76 9!' ,]) 

9 

MORTALITl:sb OF CHINOOA s,,u :oi; FlNGERLJNGS (SFR ] ~ 2) !!HD Ui 
V/JUulli C• ,rCH<'l'ftATlO!iS CY aREA f.Ft'LUEm' WATF.'l. 

l1J 1:10 1: 50 11250 11500 

5,S 6S 7 8 9 10 11 .12 19 14 

1.79 1,90 481 472 I,% 492 493 501 492 497 

l ,. 8 12 J l J l 

2 10 14 2 l 3 l 

J ll 12 l 4 l 

5 7 10 l l l 

J 7 9 6 1 2 

J 23 J 8 l 1 

13 .31 12 2 2 l l 

33 34 13 13 2 l 1 

70 59 27 22 3 J 2 

96 83 27 JI+ J l l l I, 

47 JO 24 35 2 5 2 2 1 l 

29 17 14 35 3 1 l 2 1 

11 15 1e 31 9 8 . l J 2 

15 1€- 23 1,1 13 7 4 3 3 I, 

22 15 21 2€- 4 5 l 2 5 6 

24 12 11 10 7 3 3 7 3 2 

65 59 22 11 11 4 6 6 4 4 

l~ J3 9 fl 5 4 l .3 3 

IJ.7 1.46 269 330 61 1.4 34 30 31 29 

91.3? 91.02 55.93 69 .92 l ? .30 8 ,94 6.ao 5,99 6 . J(I 5,1'4 

n ·- ./ 

l:1000 River "iiater 

15 16 17 18 19 20 

1,98 495 492 4% J.% 498 

l l J 2 

2 2 1 

2 J 1 

l 1 

2 1 

l 2 2 3 

2 l 1 l 2 

l 2 J 

1 l 2 

2 2 ? l 

l l l l -~ " 
J 1 5 

- I 
2 '.3 .:.-. 

\ 
~ 

J 4 3 ~2 ~: 

2 1 5 2 5 1+. ·• 
4 5 6 4 10._ ;: : 

J 7 5 D 1j 

6 4 10 9 17 6 

2 3 l 7 ) 
•. 

26 27 4t: 35 59 5(1 s; 

5. 22 5 ,45 9.35 7.06 l l . 90 l <' .04 ~ . 
. -

c.: 
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T~lE 21 

Refricera ted 
Type of Water Effluent Effluent 

Lot Noe. lr 2r 3 4 
Lenzth - m.m. 

28 4 

. i 
29 8 5 

' 30 N N 27 15 
31 0 0 9 23 

I 32 2 6 

~ 33 F F 1 

I 34 I I 

35 s s 

36 II H 

37 

38 

39 

9 2 2 7 
. 
) 

lENGTH ~UENCIF..S CF CHINOOK S.UJWH . (SERIF.s 2) HEID 
IN VARIOUS CONCEHTR1TIONS Ci' ARF..l EFFLUENT WATER 

JANUARY 30 - 31 1 1946 

l:) 1,10 l:50 1,250 1,500 1:1000 River Water 

5r 6r 7 8 9 10 11 12 13 14 15 16 17 18 19 

6 

13 10 l 1 l 1 

19 21 l 1 l 1 l 1 l 

10 17 3 5 5 l 5 5 9 6 12 5 10 8 5 
2 2 12 8 18 9 15 19 17 18 17 17 20 14 19 

7 9 18 23 21 19 15 13 17 19 15 23 19 
13 12 6 ll 8 6 7 10 3 7 2 5 J. 

10 11 2 4 2 2 1 1 2 

4 4 1 

1 

20 

1 

5 

1.3 

20 

10 

l 

.. .,~ 
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TABIE 22 

" 

Refrigerated 
Type ot Water Effluent Ettluent 

Lot Noe. lr 2r .3 4 
Length 11.m. 

JO .3 1 

31 2 

.32 N N 4 

33 0 0 .3 

I .34 1 

'f!. 
I 

.35 F F 

.36 I I 

37 s s 

.38 H !I 

39 

40 

41 

9 ' ) :) :) :J 

LENGTH FREQUENCIES <.F CHINOOK SALMON (SERIES 2) HEID 
IN VARIOUS CONCENTRATIONS CF AREA EFFLUENT W~TER 

FEBRUARY 26, 1946 

la.3 1110 1150 1 :250 1150() 111000 River Water 

Sr 1 6r 7 8 9 10 11 12 1.3 14 15 16 17 18 19 

4 1 

8 6 

9 6 2 1 

4 2 2 5 1 1 

1 2 7 1 2 1 1 1 l 

4 5 4 4 4 .3 2 6 2 5 4 11 5 
6 9 4 10 6 12 17 16 16 12 10 lJ 12 

7 5 8 16 14 16 17 14 18 16 16 14 20 

7 6 11 10 21 12 7 8 11 11 14 8 9 

8 6 14 5 .3 6 6 5 1 .3 . 5 .3 2 

9 4 8 4 1 1 .3 1 1 

.3 2 

20 

l 

5 

7 

22 

11 

4 

0 

'1aM 

i 
~ t:· 

. t. 

~ 
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TABLE 23 

Type of Water 

Lot Noa. 

Leneth in m.11. 
32 

33 

34 

35 

.36 

37 

38 

39 

40 
41 

42 

43 

L.l, 

45 

46 

47 

48 

49 

Effluent 

1s 2S 

l 

2 l 

8 .3 

14 12 

10 12 

9 10 

5 8 

1 3 

1 

9 2 7 

Refrigerated 
Effluent 

3s 4S 

l 

2 1 

2 2 

10 5 

9 11 

11 11 

8 15 

5 4 
2 

1 

LENGTH FRE~UENCIES CiF CHINOOK SAUlON (SERIES 2) HEU> 
IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT UTER 

MARCH 271 1946 

ls.3 1:10 1 :50 1:250 1 :50() 1:1000 

5-5 6S 7 8 9 10 11 12 1.3 14 15 16 

2 

2 6 

3 7 

5 4 1 

l 2 5 

.4 2 .3 1 .3 1 1 

12 11 3 3 .3 2 2 6 2 6 2 3 

3 10 3 5 5 2 .3 8 6 5 .3 6 
10 10 4 3 10 7 16 13 10 16 10 9 

5 9 6 2 12 15 5 12 9 12 18 14 

9 5 7 2 12 11 12 6 11 7 10 9 

6 2 4 3 4 9 8 1 7 3 6 5 

4 .3 4 3 3 1 4 l .3 
1 3 1 1 

2 

1 l 

1 

River Water 

17 18 19 20 

1 1 

1 2 2 5 

4 2 ,. 8 

7 9 9 7 

12 8 13 12 
10 13 ·e 8 

9 8 9 4 

7 6 3 5 

1 1 

1 
.. J 
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TABLE 24 

Refrigerated 
Type of Water Effluent Effluent 

Lot Nos. lS 2S JS 4S 
I..ngth in m.m. 

35 
J6 2 

37 J 2 8 J 
38 4 3 12 11 

39 6 L 12 11 
l.O 9 9 10 11 

I 41 8 11 5 7 

'8- 42 11 7 2 4 

• 43 6 7 1 1 

41.. 3 4 

45 2 

46 l 
L7 

48 

49 

50 
51 
52 

53 

54 

55 
56 

57 

~ 1 } : 7 

LENGTH FREQUEJfCIF.S CF CHINOOK SA~ON (SERIES 2) HEID 
IN VARIOUS CONCENTR.lTIONS OF !RF.A. EFFLUENT WA.TER 

AFRIL 25, 1946 

l:J 1110 1:50 l 1250 l :500 lzlOOO 

5S 6S 7 8 9 10 11 12 13 14 15 16 

2 

l 3 2 1 

l 7 

5 6 4 2 l 
7 5 4 4 1 1 
4 7 J 2 1 2 2 1 1 
8 6 2 2 2 2 5 1 1 l 1 

2 10 3 J 2 J J 8 5 2 6 5 
5 5 J 2 4 5 10 7 8 10 J 8 

6 4 4 J 7 5 9 5 6 8 5 4 
6 3 l J 6 7 9 5 7 11 10 11 

3 2 5 4 8 12 5 6 8 10 5 7 
1 6 3 7 7 5 7 11 3 10 7 
l 1 6 3 7 2 2 3 1 2 6 4 

J 2 5 1 1 l l 2 
4 l J 2 1 2 2 1 
2 2 l 

1 2 

l 

l 

River 

17 18 

l l 
6 2 

5 5 

4 6 

6 e 
8 9 
8 ,, 
6 4 
l 5 

4 4 

1 2 

Water 

19 20 

l 
2 

3 

7 7 
7 8 

8 8 

9 8 

4 4 
4 3 
3 6 

l 3 
1 1 

2 

·, 
\ . ) .. 

~ ~. 
~\ 

~ · 

• .. ,' 

~ , 

C;, 
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TABLE 25 

Type of Water 

Lot Nos. 

Length in m.m, 
.35 

40 

1.5 

50 

55 

6o 

65 

70 

Effluent 

1S 2S 

14 2.3 

6 27 

9 2 

Refrigerated 
Effluent 1:3 

.3S 4S ss 6S 

3 2 

40 .38 10 15 

7 10 23 26 

14 8 

1 1 

1 

1 

:; ::,. ) 

LENGTH FREQUENCil.S CF CHIHOOl SAi.MON (SillIF.S 2) B!ll> 
IN V.1RIOUS CONCEN'l'liTIO~ CF .t.RU EP'FLUEN'l' UT!ll 

Mil 22, 1946 

lslO 1&50 11250 1•500 1,1000 Rinr 

7 8 9 10 11 12 1.3 14 lS 16 17 18 

1 .3 

7 9 1 

8 13 1 2 l l 2 .3 .3 .3 5 3 

11 16 19 18 19 25 21 28 . 21 17 24 8 

10 7 20 27 25 21 21 19 16 25 16 23 

8 2 9 2 5 3 6 10 s 5 12 

4 1 4 

l 

r • ... ./ 

'· 

Water 

19 20 

4 1 

27 14 

18 28 

1 6 

1 



,,... .. 

TABLE 26 

Refricerated 
Type of Water Effl11ent F.ffluent 

Lot Nos. 1S 2S 35 4s 
Lengt~ in m.11. 

40 3 6 4 

45 2 10 7 11 

50 l 4 1 l 

I 55 l 

~ 60 
I 

65 

70 

75 

80 

85 

90 

95 

- 9 9 2 ~ 7 , -) ) 

LENGTH FRE1,1UENCIES CF CHINOOK SJ.I.MON (SERIES 2) HEU) 
IN VARIOUS CONCENTRATIONS (]i' AREA. EFFWEtn W.lTER 

JUNE 191 1946 

11'.3 1,10 l 150 1125() 1,500 1:1000 

5S 6S 7 8 9 10 11 12 13 14 15 16 

2 8 2 l 

19 18 5 6 

13 9 8 6 3 l 

9 3 7 5 5 5 8 7 7 6 1 6 

5 7 5 3 13 10 12 13 10 17 16 8 

2 3 6 7 8 15 21 18 16 19 15 · 18 

l 5 7 12 14 4 6 6 6 13 10 

4 11 6 3 5 4 8 2 3 6 

5 l 3 2 l 3 2 2 

2. 2 l 

1 

l 1 

River 

17 18 

2 

2 2 

18 13 

13 20 

9 8 

4 6 

2 

l 

• 

Water 

19 20 

l 2 

11 5 

22 11 

8 18 

7 9 

1 4 

l 

,.. 

~ 
! ) 

/ 

--

r 

.. -

. ' ~ 

,. 
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TABLE 2:'/ 

Refrigerated 
Type of Wahr Effluent Effluent 

Lot Noe. lS 2S 3S 4S 
L.ngth in m.m. 

35 1 

40 l 3 l 

45 3 4 5 

50 2 2 2 

55 1 1 

I 60 1 

~ 65 l 
I 

· 70 

75 

80 

P. 5 

90 

95 

100 

105 

110 

9 ') ,. ') 7 f.J ") 

LENGTH FREQUENCIT.S CF CHINOOK S.U..MON F:mJERLINGS (SERIES 2) 
HELD IN VARIOUS CONCENTRATIONS OF AREA EFFLUENT WATER 

JULY .3, 1946 

1 t3 1:10 1:50 11250 1150() 111000 River Water 

5S 6S 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

l l 

4 l 1 

3 3 4 6 1 l 

9 7 5 3 l 3 l 1 2 1 1 6 4 

7 13 4 2 6 7 5 6 5 6 6 .3 7 5 12 3 

9 10 11 6 8 12 10 10 17 11 15 4 6 10 17 5 

1 2 8 7 14 9 13 12 9 13 10 15 20 12 8 11 

3 l 5 4 10 9 8 8 8 5 12 11 4 7 2 15 

1 5 2 2 5 6 7 7 .3 8 8 6 2 7 

2 5 ? / f 5 6 6 2 3 4 ? .3 8 2 4 

.3 5 3 2 2 2 1 3 2 1 1 1 

1 2 1 

1 

l l 

l 

(~ ., 

'1l 
\ , 
e 

. , ) . .,, 
... ! 

"" / ,. .... ~. 

~ 
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TABLE 28 

Reh-ig·. Retr1g. 
Type of \!tater f ttlnent Ht. Ett. 

lot Kos. l.S 2S J 4 3S 4S 

1/30/46 .43 .4/+ 

2/13 .4i- ,4 5 

2/27 .66 .68 ,40 ,45 .67 ,65 

3/)3 ,76 ,75 ,70 ,69 

;/?7 .71, ,73 .68 .72 

,.110 ,79 .82 ,6'! .74 

1./?5 - ~Q. . 82 .74 .74 

5/8 , 93 . '38 . 67 .72 

I 
5/22 1.00 .% .76 .81 

8 f-- /5 l . '.27 ] . 27 .75 .79 

€,_/JO 1 .50 1.43 1.13 1.25 
I 

7/3 1.00 1.71 J.27 1.11 

__. ·------ -·· ---·----- ·--- ----· ------ .. 
2 -~ 7 ·- ) 

•'Vm.GE WEIGHT IN GIU.16 CF CHINOOJ( SALMON (SERIES 2) HEID IN 
VARIOUS CONCEN'IIU.TIONS OF !REA EFFLUENT WJ.TER 

l :3 l:J 1110 1150 1:250 11500 1:1000 River Water 

SR 6R 5-5 6.S 7 8 9 10 11 12 13 14 15 16 17 18 19 

.41 .38 .50 .47 .52 .53 .53 .52 .53 ,53 .52 .52 .50 .49 ,50 

,43 ,39 .57 ,53 ,YJ .YJ .57 .59 .59 .60 ,57 ,63 .58 ,55 ,57 

,Jl .38 .64 .64 ,59 ,55 .68 .67 .67 .68 , 67 .66 .65 • 70 ,67 ,63 ,64 

,50 ,50 .84 ,80 .66 ,YJ ,81 . 82 .84 ,76 ,83 .81 ,81 ,82 ,82 ,80 ,76 

.P.7 ,84 .n ,64 .96 1.00 .95 .93 ,96 ,95 .96 .98 .97 .98 .93 

,94 ,91 .<n .85 1.18 1.15 1.11 1.07 1.11 1.08 1.12 1.14 1.08 1,11 1.02 

.91 .88 1.0~ ,92 1.22 1.25 1,18 1.12 1.12 1.13 1.20 1.22 1.16 1,27 1.16 

.98 .97 1.14 1.02 1.54 1,54 1.48 1./,4 1.44 1,38 1.50 1.49 1.43 1.61 1.37 

1.26 1.21 1.73 1.46 2.07 2.07 2.12 2.06 2.12 1.96 2.13 2.H! 2.07 2.36 1.95 

1.50 1 , 50 2,66 2,10 2, fl3 2,86 2,88 2,81 2.78 2.64 2.80 3.00 2,78 3,22 2.52 

1.94 1.96 3.93 3,21 J,P.2 3,76 3.7? 3.73 J ,73 J.54 3,66 4.03 3,58 3,98 3.09 

3.00 3 .. 0 5.57 4 ,89 5.26 5,26 5,14 5.10 5.20 4.65 5.07 ,.oo 4.59 4,99 4,06 

('' 

! 

20 

.52 

,59 

.68 

,82 

.93 

1.07 

1.30 

1,58 

2,22 

2.95 

3,71 

4.1,8 

---------, 
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I. 

' ,, 
; 

i 
f 
I 

i 

c, . 


