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THE EFFRCTS OF KRAFT MILL WASTE
EFFLUENTS ON KING AND SILVER SALKON

INTRODUCTION

The following 1s an account of the studies made on
the effecte of Kraft mill waste effluents on king salmon,
Oncorhynchus tschawytscha (walbaum)(Figure 2) snd ellver

salmon, Oncorhynchug kisutch (9albaum) {Figure 1) at

! Oregon State College in 1948-49. The importance of such
an investication as thls becomes anparent upon consider-
atinn of the tremendous economic and recreational signifi-
cance of Paciflc galmon in this area. Due to the fact that
salmon are anadr;moue, the presence of industrial wastes in
rivers can constitute a barrier to either the adult fish on
their spawning runs from the ocean, or to the young which
gare drifting back to sea. The immedlate purpogse of these
experiments was to determine the oritical snd minimum
lethal concentrations of the chemical substances involved

on salmon. By coritical concentration is meant the maximum

concentration of a toxic substance that can be present in
the water without inJuring or killing any of the test
organisms. The minimum lethal oconcentration is defined as
the minimum concentration of a toxic substance in water
that will destroy all of the test animals. In both cases,

the concentrations are expraésed a8 partsg per million
(p.p.m.). Throughout the investigations only the chemi-

eally pure forms of toxic substances known to occur in

Kraft mill wastes were employed. Current work is being




Figure 1. Silver salmon, 0. kisutch (Walbaum)

Figure 2. King salmon, 0. tschawytscha (Walbaum)
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performed on king salmon using the waste products sf the
paper mille in the form in which i1t 1s discharged into
gtreams.

The test animale, king ané silver salmon were obtain-
ed in the wild form from pot-hnles and streams. Pot-holes
are depresslons along river systems which become filled

with water during flood stage (Figure 3). As flood waters

subgide, the pot-holes are disconnected from the river,

thereby entrapring any remaining fish. Several attempts

were made to employ hatchery fish as test specimens but
were found to be uneatisfzotory.

The experiments were performed at g laboratory locate
ed on the South Farm of Oregon State College (Figures I &
5), during the summer, fall and early winter of 19h43.h9,
Procedures for c-nducting the toxicity teats were adspted
from sugrestions made by Dr. ¥illis Van Horn, Research
Assoclste of the Institute of Paper Chemigtry, and the

| methods as outlined by (Hart, Doudoroff and Greenbank,
1945) using warm-water game fishes. HNo effort was made to
evaluate toxicity with respeect tn concentration and tine,
(rersdorfe, 1935),

The graphiec illustrations that appear in this thesis
are not intended to prove any definite point in the
gtudies but rather to present graphically the relative
effecte of some ~f the toxie substances tested on king and

gilver salmon.



Figure 3.

A pot-hple along the Willamette river.
Three-hundred fingerling king salmon were taken

from this source, which became completely dry ¢
few days later.



SOURCY OF TEST FISH 5

Since the problem of pollution involves principally
the wild forms of fish and to a much lesser degree, hatch-
ery reared fish, the 1nvesﬁigations to determine the ef=-
fects of Kraft mill wastes on king and silver salmon were
c~ncerned mainly with the wild forms. In the course of
events, 1t became expedient to ressrt t» hatchery fish on
several occasions. During the month ~f August, 1948, the
supply of wild king salmon came to a temporary end. A
local State hatchery provided a hundred small sized king
salmon for continuing the work during the interim. To
insure safe keening, & sufficient amount of hatchery water
was transported to the laboratory in which the fish were
to be held. Overnight 50 percent of the fish died, and
within 72 hours after leaving the hatchery only three or
four fish were still alive. The hatchery reared fish
appeared to be considerably smaller than the wild f~rms
previ~usly used. From a study of the scales of bnoth types
of salmon it wae definitely established that both fish
were of the same age class. Yet the hatchery reared fish
measured an average of 7 centimeters im total length and
g grams in weight, compared to 11.5 centimeters in total
length and 13 grams in weight for the wild forms. The
hatchery fish appeared extremely weak in thelr movements,
and in praportisn to the rest of the body their heads

seemed large.



Figure 4. Section of the laboratory in which
chemical solutions were prepared and standardized.




Ficure 5. A view of the laboratory showing the
type of tank used for water baths. Note the 19
liter glass jugs immersed in a water bath in the
right foreground.




Collecting and Holding of Test Animals

Considersble difficulty in collecting and holding of
test flsh was enchuntered during the initial period »f the
project. Repeated efforts inveriebly resulted in a very
high degree »f mortality. The pfoblem presented a2 three-
fold aspect; proper collecting technique, trangpnrrtatinn
and hnlding at the laboratory. By careful asnalysis and
continued improvements of meth-~ds employed, satisfactory
results were eventually realized.

The collecting equipment included one-quarter inch
resh soines of varying length. The seine most frecuently
used was 50 feet long; and 5 feet wide. Glass jugs of 19
liter capaclty with metal caps excellently served the pur-
pose of carrying fish from the point of capture to the
laboratory. Jugs of t:is size could be handled quite
eeslly, and were often carried as far as a half-mile to
the truck (Figure 7). The number of fish nlaced in each
Jug veried with the size of the fish, the temperature of
the water and the distance to be transported. King
salmon for example, were obtained from within a 15 mile
radius of the laboratory, hence the time factor in trans-
porting was negligible, and 15 fish aversging 12 centi-
meters in total length were held in each Jug very suoccess~-
fully even though the temperature of the water reached

199 C. at times. All of the glass Juga used both in

collecting and in testing were covered with burlap sacks




Figure 6. King salmon of the same year class taken
from two different sources, showing vari-
ation in size.




(Figure 7). Tris practice was foll-wed as a pr'ecs.ut,:Loma.l."yl"0
mezsure to prevent any unnecegsary excitement of the figh
during transport from 1ts native habitat to the lsaborstory.
Pefore actusal seining operstinns began, a sultable
landing site would be choeen. Tn be a gultsble landing
site, the bank shruld slope gradually and evenly, and
should have a fairly smooth bottom In order to prevent the
bottom of the gseine from tipHing un and permitting some of
the fisy to escape (Filgure ). Having selected tre land-
ing eite, the next step waé to P11 the Juge with conl
water reas-nably free of algae or other suspended materials.
It 18 believed that considerable injury to the gill mem-
branes of the fish were incurred due to the presence of
any excegsive amount of algee in the water while transport-
irg to the laboratory. The specific seining technioue
would, of course, depend on the gpecles or type of fish
desired and the nature »f the water in whish they were
found (Figure 9). KXing salmon, for example, found in pot-
holes along the Willamette river were present in large
numbers in a falrly c-ncentrated area and could be readily
obtained by wading out to some »noint where the water was
cool and then seining towards the shore. Upnn reaching
the landing site, the seine would be brought out »f the
water at elther end, leaving only a center pocket in the
water. The fish would be concentrated here snd were

quickly transferred to the jugs by means of a small dip

net. Prompt and efficient handling of the teet specimens




Figure 7. Test fish were carried in these 19 liter
eylindrical glass jugs from the point of capture to
the laboratory.
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plus a rapld Journey to the laboratory would insure a

high degree of fish survival.

8ilver salmon were all obtained from Horn Creek, a
tributary nf the HNestucca river ap - roximately 75 mlles
from the laboratory. Although the silver salmon tended %o
be dispversed along the creek, they were found to occur 1n
greater numbers in the larger pools. Whenever pnssible,
a pool would be seined agalnst the current towards the
landing site. In sltumtions where sultable landing sltes
were not available, various landing technlques were 1im-
provised to best meet the existing eondltions. Although
the success ratio was not as high as for king salmon, 50
silver salmon were averaged per hour of seining effort.
The practice was to work up etream from the truck, and
placing 15 fish averaging 11.5 centimeters in total length
in each Jug. As each jug was filled with 1ts compliment
of fish it was left behind, immersed in shallow water in
order to keep the water temperature down in the container.
%hen a designated cuota of fish was obtained, the Jugs
were qulckly carried back to the truck, where a final ex-
change of water was made to replenigh the dlassolved oxygen
supply. Although the distance to the laboratory was 75
miles, no further changes in water were made enroute. This
was possible because the work with silver salmon took

place in the fall of the year when temperatures were con-

slderably conoler.
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Figure &. A gradually sloped bank that provides
an excellent landing-gite for aquick and efficient
transfer of captured fish to a transporting Jjug.
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(__________________________________*
Wild king salmon were obtained during the period ofu"
June to September from the msny pot-holes found glong the
Willamette river. Hshn's Pond, situated about eight miles
gouth of Corvallls, Oregon, was the closest source and
ylelded approximately s thousand fish for use at the labe
oratory before 1t eventually dried up. The most distantg
polnt from which king salmon were taken weas at Irish Berd,

about fifteen miles south of Corvallis. The number of

young migrant king salmon lost annually in pot-holes during

flond stages of the Willamette river must reach tremendous
figurea. It was noted that salmon obtained from different
pot~holes, differed in size, color and susceptibility to

some of the toxie substances tested throughout the experi-

ments (Pigure 6). In a few pot-holes, the fish were some~
what stunted in size due presumably to overpopulation and
fond scarcity, in other pnnds, salmon would be found in

fewer numbers but unusually larger in size. The physico~

chemical environment in which fish live might exert a

profound influence on the ability of Pish to resist certain
toxlc substances to which they were later subjected.

All of the sllver salmon used in the toxicity tests
) - were from Horn Creek, a tributary of the Nestucca River,
approximately 75 miles north of Corvallis. The young
silver salmon were found most abundantly in pools about

one mile up the creek from its mouth.



Figure 9. Seining the quiet eddies and pools along
a stream would insure a greater success ratio in
the capture of silver salmon.



At the laboratory the fish were guickly treneferred
to a large coffee urn of aporoximetely 250 gallon capaclty
(Figure 10). These coffee urns were constructed of a
gtainless variety of steel, a comparatively unresctive
metal. They were purchased as government surplus property,
and &s holding tanks for fish proved tn be very satisfeact-
ory. As many as 150 fish averaging 12 centimeters in
total length were he'd succesgsfully in each urn for indefi-
nite periods of time provided that the water was aerated
occaslionally

The fish at the laboratory were kept in ordinary city
water, which by chemlcel analyslis was found to be very
similar to the native waters from which both the king and
silver salmon were taken. The chemical anslysis referred
to above was & cursory one, including the hydrogen-ion
concentration (pH), dissolved oxygen, acldlty and alkalin-
ity. The ultimate criterion for the sultabllity of the
city water for holding test animalg st the laboratory was
the abillity of the fish to survive indefinitely 1n good
shape. Fisgh were fed once dally during the holding perlod,
and food c-nsisted of freshly ground orayfish or beef
liver, Aauatic insects were also fed whenever avellable.
Care wag taken t» see that the fish were sdecuately fed,
for faillure to do so would inveriably result in fish nip-
ping each others fins, in snme instances causing serinus
injury. The sllver salrmon were especlally pugnaci~us and

would frequently hsrass one another. It may be as a
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Figure 10. Holdjng tanks. King and silver salmon
were held in these coffee urns prior to testing.




point of interest that although both specles of salmon 18

were of wild origin, they readily became tame and would
eagerly awalt their food at regular feeding peiiods, even
ninping the fingers of the person providing them with the
foond.

During the summer months the residual cohlorine content
of the oity water was practically nil, and the water in
the holding tanks could safely he changed once daily.
Later in the fall and early winter the chlorine content in
the water lncreased, necessitating continued aseration of
the water until such a time that fish could bhe safely in-
troduced, hence the water was not changeld as often.

Both king and silver sslmon exhibited a great deal of
tolerance to their own metabolic wastes. Two king salmon
12 centimeters long were kept 45 days in 15 liters of tap
water in a 19 liter glass Jjug, before they finally suc~
eumbed. Throughout the entire period the water remained
unchanged, no aeration other than at:nspheric exchange took
place, and the figh were not fed. Starvation undoubtedly
caused the death of the fish. Former students held silver
salmon under gonewhat similar conditions for approximately
35 days. The only other factor eonnected with the holding
of salmon that recuired constant care was the temperature
of the water in the holding tanks during the summner months.
When the temperature reached 20° C. the king salmon would
begin to show distrees; a determination of dissolved

oxygen indicated a paucity of this substance, being as low




as 3.% p.o.m. on several occaslions. It 1eg thought that
due to the crowded conditions in the hsolding tanks the
temperature of the water was a liwlting factor as far as
the dilssolved onxygen supply wes concerned. During the
¢older part of the winter the temperature of the water
would drop to 3% C. without any apparent 11l effects on

the fish.
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WATER SUPPLY

The laboratorry where the blrassays with salmon were
performed had zs 1ts s~urce of supply, Corvallis City
water. A number of analyses mede, indicated the sultabili-
ty of this water f-r testing purposes. The residual chlor-
ine ¢ontent »f the water as determined by the nrtho-toli-
dene cenl rimetric method was found to be less than 0.1
p.p.m. The alkalinity of the water expressed 2s methyl
orange alkalinity in parts per millinn calclum carbrnate
rangeé from 30 to 65. Totsl acidity as parts per million
ealeium carbonate using vhenolphtalein indicator was less
than 1. The carbon dloxide tension of the water was gsatw
1sfactory for supporting fish fauna as determined by 4if-
ferenceg in the pH velues of aerated and non-aerated
gsamples according to (Hart, Doudoroff and Greenbank, 1945).
The dissolved »xygen content of the water varled with
temperature and season, ranging from 9 p.p.m. in summer
months t~ 12 p.p.m. 1n the winter.

The ecldity, alkslinity and disseolved ~xygen were de-
termined as indicated by the American Public Health Assooli-
ation and the American Water Works Association (1646). The
pPH of the city water was found to be approximately 7.5
during the summer and early fall and 7.0 in the late fall
and early winter. The presence of nitrites, sulfites and
other substances present in water were evaluated only to

the extent that they influenced the dissolved oxygen




calculations.

The ultimate criterion for the suitability of the
water for test purposes was the abllity of the salmon to
survive in excellent condition for indefinite periods of

time.
Test Solutions

All of the test solutions were prepared from pure
grade chemicals and distilled water, and were made up as
normal solutlons or fractions thereof. Slince only an
ordinary torsisn balance was used in weighing out chemical
substances, the prepared solutir-ns were all standardized
with suitable reagents and indicators. The normality of
any chemlcal solution ¢ould readlly be determined by the
following formula:

Volume 1 = YNormality 2
ViTume 2 ~ TNormality T

The caloculaticne of the concentrations ( as p.p.m.) to
be used in any given test were baged upon the normality of
2 given subatance, since a part per millisn 1s defined as
one milligram of solute per liter of solution. Thus a 0.2
N solution of sodium hydroxide would cnntain 8 grame or
8000 milligrame per liter of solution, or 8000 p.p.m. The
formula for diluting & solution of & glven normality to a
given c-ncentration expressged as p.p.m. would be as follows:

p.p.m. of stock solution & c.0. of tegt solutinn desgired
p.p.m. desired c.C. of Btook solution
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Standardization of basie substances such as sodium

hydroxide and sofdium carbonate were made by titrating &=
gainst a 0.2 N solutinn of sulfuric acid using methyl
orange as an indicator. Sodlum sulfate was not standard-
1zed but wss accurately ﬁeighed and prepared. Sodium thio-
gulfate was standardized against potassium bichromate as
desoribed by (Willard and Furman, 1940). 8odium sulfide,
sodium sulfhydrate, hydrogen sulfide and methyl mercaptean
were standardized againet 0.1 N sillver nitrate potentlo-
metrically in a basilc medie using blue point and silver-

gilver sulfide electrndes, (Van Horn et al, 1946).
Chemical Determinations lade on Test Solutlons

Determinationg of the solutions employed in biologi-
cal assays included; the digsolved oxygen content, pH
values, alkalinity and temperature. The gaseous oxygen
sontent of water was calculated z2ccording to the Winkler
method as outlined by the American Public Health Assooci-
ation and the American Water Works Aesociation (19U6).
Tests were made to evaluate the presence of nitrites and
sulfites in the wster to the extent of interferring with
the dissolved oxyzen resdings as directed by (Fllie et &al,
1946), and were found to be no import. The hydrogen-ion
concentrations (pH) were obtained by the use of a Lalotte
Colorimneter. The totel acidity of the solutions were gen-

erally 50 emsll as to be of no gresat signiflicance and

hence were disregarded. The methyl orange alkalinity was
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expressed as calcium carbonate (p.p m.) and was determined

a8 indicated before.
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LABORATRY TIICHNICUES
Water Baths and Acuaria

Several metal tanks of vari-us sizes served as water
baths f-r malntaining a oonstant temperature in the aquar-
ia. The depth of water in these tanke was adjusted to the
depth of water within the aquaria. Regulatinon of the temp=
erature in the summer m-nths was accomplished by keeping a
eongtant flow nf tap water through the tanks. As indicated
by a maximum, minimum thermometer a temperature variance
of + 2% C., existed over a 24 hour perind. During colder
weather the problem of maintalning constant temperature
beocams more difficult. Lacking adequate heat regulating
devioces, an attempt wss made to ¢nntrol the water bath at
a warmer temperature than that existing atmospherically by
means nf several heating elements »f varying wattage. The
begt ¢ ntrol for o-nstancy »f temperature that could be
obtained under these circumstances was a + 3% C., variance
over & 24 hour perind.

During the early stages of the tests, rectangular
aquaria wrre used of the 20 liter type. However, these
equaria were proved unsatisfactory due tn their fundsmental
constructinn., Pressure from the weter in the tanks would
off-set the pressure normally exerted by the water within
the aguarla, and the glass sections of the aquarisa would

become lonege enabling chemicals to diffuse outward into the
water baths.
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Cylindrical glasgs Jugs of 19 liter canacity were
frund to be far more satisfactory (Figure 7). The number
of figh cepable of being held in a jug of this size varied,
of course, with the elze of the fiszh. This point will be
dlecusgeed in a later seotion. The mouthe ~f the Jjugs were
sufficiently wide to permit their washing nut and cleaning
efter each test. B8nome other advantages of the cylindrical
Juss ere to be found in their chesper cnst, greater easse
in handling and less lilability of injury to the fish. Cer-
tain of the toxic substances employed in the studies pos-
segsed such irritating qualities as to cause the fiesh to
dart and dash wildly. In rectanguler sguaria the fish
would dash agalnst the sides producing injury which often
proved fatal. 1In the cylindrical Jugs the fish would
merely swim in circles. Often the test fish would survive
the irritating effects of the toxlc substances to whioh
they were subjected provided thazt they were prevented from
injuring themselves during the interim. As previcusly men-

tioned all of the Jugs were covered with burlap saecks.
Temnerature

Temperature has a pronounced effect, not only on chem-
ical reactions but salso on the metabolism of fish. In ord-
er to remave as many of the variables as possible, an
attempt was made to keep the temperature at which the

toxicity tests were run eonstant. The assays with king

salmon during the summer monthe were conducted at 17.5° C.
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+ 20 G., while with silver sslmon during the £all and
early winter the lemperature svers. e ¥ae i5e . & 3°Q.

Thet temperature influences the rote at whiah toxic sub-

gtanoes affect fish acems guite definite, but Just whsetl

effect, 1f any, tempersture hae on the pltinate lethal
pancentraticne iz as yat nt too definite. For exanmvle,
2t 159 ¢.,a congentration »f 3.0 p.p.m. sodium sulfide
proved 100 percent lethal to a&ll gilver gelnon tested withe
&n 24 hours, but at 62 C., in the sanme concentratlion of
sodium sulfide 50 vergant mortality would ocour within

L8 heure ond %0 percent wortality aftar two weeks. This
1aet pesult weuld indloste that lower temverstures not
anly effeot the rates at whieh toxie substznces kill fish,
but that the ultimata iethal congentrstisn nay be 1 wered.
The effects »f temnerature ner se, on fish In the abaence
Af pallutente ie significant in 1teelf. It 1s known that
gudden ensznges in te neraturs can serisusly injure figh.

In ~me ingident & eoastal cutthroat trout, Sslnmo Clorkii

{“ichardson), apparently in exce’ lent a-ndltion
was rem-ved from w&tér &t a temperature of 1.5° 0., and
sccidentslly dropped ints o water bath whlch wes 17° C.
Zithin five minutes the fish exhibited great dlstrege and
wes oulckly replaced tn the water frow wilch 1% was tsen

wiere 4t cuccumbed s few h-ure leater.
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Since tep water was used both in the h~1lding tanks
and in the test Juge, 1ittle trouble was enc-runtered in
tranegferring fish from the nne source to the other. Hov-
ing the fish however from the epaclious areas of =2 holding
tank to the more confined snaces of a 19 liter glass Jug
cauged them tn becorme womewhat excited a°d sufficlent
tine wae permitted them t» become acclimated before inno-
culating the test water with toxic chemicals. Usually

geveral hrurs sufficed for this purpose. During the warm=-

tanks cnincilded elonsely t~ the temperature of the water
baths in which the aquarla were held. However, during the
enlder perinds 1t was necessary to acclimate the fish by
gradually increasing the temperature. This was accomplishe-
ed by nixing the bath water with colder water thus lowering

the temperature of the bath. The fish were then placed in

Juge having water the same temperature as the water 1in the
holding tanks. The test Jjugs and the bath water were then
gredually heated to the desired temperature. The entire

‘ process took place over a period of 24 hours during which

‘ time the temperéture increase ranged from 9 to 12° C.

| Seversl trials were made to determine the effecte of
introducing toxie chemicals st different times into the
test Jjugs, but eince no significant difference was found,

chermicals were usually introduced several hours after the

e



tests were set up. Fish selected for test purposeg were

not fed 2i hours prior to testing.

Selectinn of Fish for Test Purposes

Fish were selected for uniformity of size, age and
place of »origin or source, whenever possible. The size
1imits of king salmon used throughout the tests ranged
from 9 to 12 centimeters in total length and 9 to 14 grams
in welght. The gllver salmon averaged slightly smaller
than the king salmon ranging in total length from 7.5 to
11 centimeters and 7 to 12.5 grams in weight. A number of
experiments were msde to zscertain the reactions of king
galmon differing in size t~ given concentrationg of pollu-
tante. Resulte indicated that a size differential with a
gspecies of the same age c¢lags does not exist within 1limits.
The smallest fish employed in the above tests.measured 8
centimeters, in length while the largest reached a length
of 15 centimeters. However, current work with coastal cut=-
throat trout suggests a definite size differentisl to toxle
materia’e. Thls later size difference may be due to dif-
ference in age classes. Age factor in king and silver
gsalmon may exert cornsliderable influence on the effects
which some »f the pollutants have on these fish. Due to
part of thelr 1life being spent in the ocean they must posg-
sess some sort »f salt compensating mechanism which would
enable them to survive in high salt concentrationsg. Ace

cording to (Keys, 1972), salmon, Salmo sslar, possess cells




of a secretory tyre in the gills which he hss termed &8
“chloride eecreting cells*. On the basis of ane spedimen
he found these chloride secreting cells to be non-functione
&l in the young of salmon. However, the findinge in this
serles of experiments would seem to indicate that the salt
reguleting devices d-> develon in the young of galmon and
at varylng rates within an age olass. Ssdiun gulfate and
gsodium thlosulfste produced such varied effects on king
and gilver salmon both inter and intraspecifically thsat
such a contention seems prnbable. The identificatisn and
the exaet function of this salt regulating mechsnism for
the oresent remains problematical, but that its rate of
development varies within the groups mentinned above may
be postulated by studying Tables 1 to 4. It will be noted
for example, that the minimum lethal eoncentratisn of so-
dium thinsulfate for king salmon 1s 75.0 p.p.m., while for
gilver salmon it 1is 15,000 p.p.m. Likewise the range bew
tween the minimum lethal and the critical concentrations
of sodium thiosulfate for silver salmon is tremendous.
Fish taken from different sources were found to react
to a given pollutant 4in varying degrees. This wae especil-
ally apparent in the king salmon which were obtained from
more numerous sources than were the si;ver salmon. King
salmon taken from one vot-hole all succumbed in a sodium
hydroxide solutisn of 10.0 p.p.m. concentration, while
others taken from another pnot-hole required 2 50.0 p.p.n.

concentration of gndium hydroxide to effect a 100 percent



Table 1. ~ The effects »f sodium gulfate »on king salmon, tests carried out in 10 liters
of solutlon at 17° C.

Total slkslinity

Dissnlved oxygen &8 D.D.l.
Concentration Humber of Hortality in 4in p.p.m. pH CaCo-
in p.p.m. tegt figh 120 hours Start “nd Start End Star End
20,000 6 100 8.7 5.0 7-5 7.% 70 78
15,000 7 100 2.5 5.0 7.5 7.3 70 75
12,500 28 100 9.0 5.2 7.5 7.3 70 80
11,000 10 20 10.0 5.6 7.5 7.? 50 65
10,000 10 100 6.8 6.0 7.5 7.4 70 7?
8,500 16 0 9.3 5.6 7.5 7.4 70 sh
750 16 0 .5 6.0 7.5 7.4 &0 75
500 10 10 9.0 6.0 7.5 7.4 &0 65
275 8 0 4,8 5.4 7.3 7.4 0 75
300 6 o] 9.2 7.2 0
200 6 0 9.0 7.2 60
100 I 0 &.6 7.3 55
75 b 0 9.0 7.3 55



Table 2. - The effects of sodium gulfate on silver ealmon, tests conducted in 11 liters
of solution at 16° C.

Dlesolved oxygen Total alkalinity

Concentration Humber of Mortelity in in p.p.m. pH ag p.p.m. $allx
in r.p.m. test fish 120 hours Stert mng 8tert Fnd  Start mné 7
20,000 O 100 11..0 6.4 7.1 7.5 50 50
17,500 % 100 11.2 6.0 7.5 7.5 50 K5
16,500 12 100 11.0 6.6 7.5 7.5 5 £5
15,000 1k a3 10.6 5.b 7.6 7.5 LIy =0
13,500 10 20 10.4 5.8 7.6 7.5 50 50
12,500 6 66 11..0 2.6 7.5 7'E 55 50
10,000 10 o 1.2 .2 7.5 7.h 0 5

4, 500 It 0 11.4 6.8 7.6 7.4 5 50

1€



Table 3. - The effects of sndium thiosulfate on king ealm-an, teests conducted in 10

Cnoncentration
in n.p.m.

1iters of solutinn at 13e C.

umber of
teet fish

Dissolved oxygen
Hortality in in p.p.m.

120 hoursa

Total alkalinity
as p.D.M. Ca003
fitart ¥nd

200

8
8
18
16

12

3

O N O
OO0 mFN

-
"

~= ONOWOND
== Gred~d

L]
-

80 70
70 60
70 60
2 %

as



Table 4. - The effects of sodium thiosulfate on silver egalmon, tests conducted in 11
litersg of soluticn &t 15° C.

Diseolved oxygen Total alkalinity
Concentratisn Humber of Yortality in 4in p.p.m. pH 88 p.D.MW. Ca003
in ».p.m. tect figh 120 hours Start nd Start  End Start “né
16,000 g 100 1.4 7.4 7.5 35 35
15,000 10 100 10.2 7.4 7.5 28 33
17,500 10 30 9.6 7.0 7.2 35 35
12,500 8 50 10.2 7.2 7.3 30 75
10,000 6 50 12.4 7.5 7.2 30 35
5,000 6 "0 11.2 7.% 5
2,500 L 25 11.2 7.0 )
750 6 0 10.8 7.5 30
500 b 100 10.6 7.3 75
200 4 0 11.0 7.2 30
250 3 50 11.2 7. 30
175 b 0 11.6 7.1 30
150 2 100 10.8 7.5 Rg
125 6 %3 10.8 7.3 7.4
120 6 33 11.2 7.? 7.4 20
100 4 25 11.0 7.4 7.3 30
75 b 25 10.8 7.3 7-3 35
50 b 0 11.0 35
30 g8 0 12.0 7.2 7.3 35 25
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kill. The interence from these resulis would appear to be
that fish living under differing physico-chemical condle
tions would have gre:ter or lesser susceptibility to
sundry pollutants depending on the nature of thelir envi-
ronment and the pollutant tested. Fortunately the king
and silver salmon were found in sufficlent numbers so as

to be obtained from a minimum of sources.



SCREEJING TESTS »

Preliminary tests to determine the anproximate mini-
mum lethal and efitlcal concentratl ne were undertaken as
& measure to conserve fish. With king salmon this pro-
cedure involved a c-nsiderable amount of exploratory work
gince data from similar Anvestisationg nn the sffects of
chemically pure components of Kraft mill waste effluents
on king and silver salmon were nnt to be found in availsble
literature. (Ericksen, 1940) and (Nightingale, 1928) con-
ducted blnlogical studies t~ ascertain the effects which
varlous diluti-ns of sulfite lilouors had on king salmon,
but since the pnllutsnte discharped in the sulfite prheess
are not the same as thnse discharged in the sulfate (Kraft)
n»rocess either qualitatively or quantitatively, their re-
sulte could not be applied to the present investigatinn.
(van Horn, et al, 1946) includes a summary of the minimum
lethal c-neentrati~ns »f toxic substances found in Kraft
pulp mill waste liquors using local species ~f minnows as
test fish, which served as an approximate gulde for the
studies on salmnn. A e-mparison of the effects of ssme of
the substances tested on the minnows of Van Horn and on
king and silver salmon 1s discussed 1n the conclusi-ns.

The results found with king salmon gerved as an index
in adbsequent work with silver salmon. The steps taken in
gsetting up the screening tests were similar t» thrse trten

in the final trials, with the exeception that fewer fis .



were used. Only two fish were employed for control DU
poses. Control figh and their significance together with
procedures in conducting toxlcity tests will be discussed

in a later section.



PERFORMIVG TNXICITY TESTS 37

The purpose of making these blologlcal assays was to
determine the minimum lethal and critical concentratinna
of some of the toxle components Xnown to be present in
Kraft mlll waste liquors on king and silver salmon.

The following chemicals found in Kraft mill wastes
were tested with salmon; hydrogen sulfide (Tables &5 and 6),
methyl mercaptan (Taebles 7 and 8), sodium sulfide (Tables
9 and 10), sodium sulfhydrate (Tebles 11 and 12), sodium
hydroxide (Tables 13 and 1), sodium carbonate (Tables 15
and 16), sndiunm thiosulfate (Tables 3 and 4), and sodium
gulfate (Tables 1 and 2). The minimum lethal cancentra-
tion is defined as the minimum amount of & toxic substance
pregent in the water which will kill 100 percent of the
test organisms. The oritical congentration is the maxi-
mum amount of a toxic substance which may be present in
the water without injuring or killing any of the test or—
ganisms. The concentrations are expressed in parts per
million (p.p.m.).

The duration for any given test was 120 hours. It is
thought that test organlisms capable of survival for a
perind of 120 hours would live indefinitely at that parti-
cular concentration of pollutant. Actually in most cages
& 72 hour test time wae sufficlent to glve conclusive re-
sults. DBecause some of the more volatile toxic substences

were 8o easlly lost from a solution, a 24 hour test period




Table 5 (a). - The effects of hydrogen sulfide on king salmon, tests conducted in 10
liters of solution at 15° C.

Dissolved oxyren Totel 2lkalintty
Concentration HNumber of Yiortelity in 1in p.p.m. pH &8 P.Dp, M. 03003
in p.p.m. test fish 120 hours Start mnd Start End  dtart mnd
1.5 10 100 10.8 9.8 7.5 7.5 60 60
1.0 12 100 10.2 10 7.4 7.4 &5 58
.75 8 75 11.2 9.4 7-5 7.4 50 53
.5 6 50 11.2 9.6 7.5 7.5 50 5O



Table 5 (b). - The effects of hydrogen sulfide on kins

liter of solutinn at 159C,

Concentration Nuuber of ortality in

Dissnlved ~xygen

salmon, teets conducted in 1

Trtal alkalinity

in p.p.m. pH as p.n.nm. CaCOz
in u.p.m. test Fish 120 hours Start nd Start FEnd Stert End -
2.0 10 100 8.4 7.4 7.4 60 63
1.0 10 50 10.0 8.0 7.? 7.4 8 25
0.5 4 o] 10.0 8.0 7.0 7.5 0 0



Table 6. - The effects of hydrogen sulfide »n eilver salmon, tests conducted in 10
1iters of soluti-n at 7 tn 9° C.

Disgnlved sxygen Total alkalinity
Chncentratioson  Number of  Mortallilty in in p.p.m. pH ag p.p.m. CaCol=
in v.p.m. test fish 120 hours Start Tna Stert Tnd  Start 5nd 7
1.5 10 100 10.5 10.0 7.0 7.0 55 60
1.25 o8 100 11.0 11.0 7.1 7.2 5 57
1.0 20 30 11.0 10. 7.0 7.1 55 60
0.75 15 o} 10.5 9. 7.1 7.2 52 5l



Table 7 (a). - The effects of methyl mercaptan on kin: selmon, tests c~nducted in 10
liters of solution st 17.5¢°C.

Dissolved oxygen Total alkelinity
Concentration Number of dortality in  in p.p.m. nH a8 p.p.m. CaCOg
in p.p.m. test fish 120 hours Start Fnd Start itnd Start Erd
2.5 o 100 6.4 7.0 7.4 7.5 ©§ 70
1.9 10 100 6.6 7.4 60
1.5 14 100 9.0 9.0 7.5 7.? 65 65
1.0 20 100 9.0 %.6 7.5 7.4 60 60
0.75 12 83.% 5.0 8.0 7.5 7.3 67 70
0.5 8 12 9.0 9.0 7.5 7.2 60 65

3]



Table 7 (b). - The effects of methyl mercaptsn on king salmon, tests conducted in 1
liter of solution at 17.5°C.

Disasolved oxygen Total alkalinity
Concentration Number a»f Yortality in 4in p.p.m. PH es p.p.m. CaC0-
in p.p.m. test fish 120 hours Start End Btart Ind atart ©nd
5.0 Iy 100 7.0 7.5 50
2.5 a8 100 7.0 7.2 60
1.0 10 10 8.0 7. 25
c.5 4 o] 8.2 7.5 2



Table #. - The effects of methyl mercaptan on eilver galmon, tests gonducted in 10
liters of solution at 7 to 9eC.

Dissolved oxvgen Totel alkalinity

Concentration HNumber of Mortality in 1ia p.p.m. pH £8 D.D.Ih. CaCO}
in n.o.n. test £1sh 1.20 hours atert End 2tart “nd  &tert nd.

2.0 & 170 10.5 10.1 7.4 7.4 55 60
1.75 20 100 10.0 9.7 7.3 7.3 5% 8

1.5 16 50 10.0 9.8 7.5 7.5 60 0
1.25 12 0 11.0 10.0 7.0 7.2 60 60

1.0 10 33 11.0 9.0 7.2 7.3 6D 60

C.75 10 0 11.0 9.0 7.0 7.2 55 60

£x



Teble 9. - The effects of srdium sulfide on kings galnnn, teste conducted in 10 liters
of snlutlion at 17.#eC.

Dissolved oxygen Total alkalinity
Concentratlion MNumber of Mortality in in p.p.m. »H a8 p.p.m. OaCO;
in p.p.m. test filsh 120 hours gtart End gtart ¥nd Start Fnd
5.0 6 100 8.5
3.5 12 100 8.5 7.9 7.9 7.1 60 70
2.0 10 &0 a.7 7.9 7.9 55
2.0 3 10
1.0 6 0 8.7



Table 10. - The effecte of s~dium sulfide on silver salmon, teets conducted in 11
liters of solution at 169C.

Disgolved oxygen Total alkalinity
Coneentratinn Number of Mortality in in p.p.m. pH 88 D.p.m. CaCO3
in p.p.m. test fish 120 hours gtart End Start 'nd 3tart mnd
5.0 6 100 10.5 7.8 7.6 7.5 50 55
3.5 12 100 11.2 8.0 7.6 7.2 0 28
3.0 16 100 11.h 6.2 7.g 7. )
2.75 12 75 12.0 2.8 7. 7.5 kg 4o
2.5 6 50 11.0 .2 7.6 7.2 Lo 35
2.0 6 50 10.4 5.6 7.6 7. Lo 25
1.5 8 12 10.2 2.6 7.6 7T.h 0z 25
1.0 10 0 10.6 L 7.6 7.4 4d 35
0.75 & 0 11.0 5.8 7.5 7.3 ko 35

4y



Table 11. - Ths effeots »f e~dlum sulfhydrate »n king salman, trate garried out in 10
litere of enlutinn nt 169C.

Mlesrlved axyren Totel alkalinity

Congentratinn  Xumber »nf Hortslity in in pooum. nH a8 p.p.m. Calox
in n.p.m. teet fish 122 hrurs start ~ ¥nd “tart  nd Gtert “nd
10.0 6 100 8.5 5.2 7.5 60

?.Q 2 100 9.0 2.5 7.3 20

L0 10 100 9.0 s 7.7 7.7 8] 60

3.6 19 100 9.3 2.& 1.6 7.2 60 60

3.3 16 100 £.7 .0 7.7 7. 60 60

2.0 10 50 £.5 2.@ 7.3 7. 80 60

2.0 6 10 2,0 5.l 7.4 60



Table 12. - The effects of s-dilum sulfhydrate on silver salmzon, tests carried out in
10 liters of solutisn at 16°C.

Dissolved oxygen

Total alkslinity

Conecentratinn Number of Mortality in 4in p.p.m. a8 p.p.m. CaCO;
in p.p.m. test fish 120 hours gtart Start nd
5.0 6 100 10.0 Z.l; 7.5 5O 55
3.5 12 100 10.8 .2 7.5 Eo Eg
3,25 10 50 11.0 6.4 7.2 ! .

3.0 ¢ ' 116 56 s 1g A2
1.0 6 17 11.4 2.3 7.5 1§ EO
0.5 12 0 10.2 6.4 7.5 4§ 0

iy



Tezble 13. - The effects of godium hydroxide on king ealmon, teste c-nducted in 10
liters of anlution at 1llieg, '

Diesnlved oxygen Trtal alkelinity

Concentration Number of Mortallity 4n in p.p.m. pH 88 D.p.M. CaCO3
in p.p m, test fieh 120 hours Start nd Start wnd start End

0.0 - 20 100 10.8 9.2 10.5 9.5 130 130
12.0 18 a7 9.0 2.8 10.5 9.7 110 115
25.0 10 20 10.2 9.8 115

25.0 6 0 9.0 9.0 9.5 7.5 90 140
20.0 13 0 9.2 8.8 9.2 7.5 80 120



Table 14. « The effects of sodium hydroxide on silver salmon, tests conducted in 11
liters of solution at 16e(C.

Diesolved oxvgen Total slkalinity

Concentratinsn Number of Mortality in in p.p.nm. pH 88 D.p.M. Ca003
in p.n m. test fish 120 hours 3tart End S3tert Fnd Stert End
75.0 b 100 11.5 8.0 11.5 10.0 230 130
50.0 I 100 11.5 g.a 10.5 9.7 1io 100
35.0 6 100 12.0 7. 10.0 9.5 &o &0
25.0 8 100 10.6 9. 0

25.0 & 100 10.6 3.0 9.3 9.0 0 65
20.0 12 100 10.% 7.2 9.2 9.1 60 65
15.0 6 33 11.0 5.2 10.0 7.3 60 60
10.0 10 0 11.0 5.6 9.7 7.5 60 60



Table 15. ~ The effects of sodium carbonste on king salmon, teste carried out in 10

liters of solution st 17.%9(.

Dissolved oxypen

Total alkalinity

Concentration Number of Mortality &n in n.p.m. as p.p.m, Ga003
in p.p.m. test fish 120 hours Start ¥nd : Start “nd
90.0 3 100 9.0 140

5.0 2 100 9.0 120

8.0 16 100 0.0 124 75
60.0 10 20 9.0 100
25.0 8 0 9.0
10.0 8 0 9.2



Table 16. - The sffects of sndium carbonate on silver salmnon, tests conducted in 11

liters of solution at 1llieQ.

Dissolved nxygen

Total alkalinity

Concentration Humber of Mortality in in p.D.m, 88 D.D.M. caco3
in p.p.m. test figh 120 hours Starsg Start  End
100.0 6 100 11.0 9.4 240 140
85.0 6 100 11.0 9.0 115 115
5.0 14 100 11.2 6.4 120 110
&.0 g K14 10.4 5.6 100 110
60.0 6 100 10.2 5.2 160 130
EO'G 7 hp 11.54 2.& 90 30
5.0 10 0 11.0 .0 &0 80
40.0 8 0 11.2 5.6
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proved to be adecuate in most of these cases.

After the »nreliminary surveys had established the ap-
proximate lethal and critical eoncentratlions, a more ex-
tensive study was made in order to ~btaln more accurste re-
sults. A total of at least ten fish were considered neces-
sary to give conclusive evidence for establishing the mini-
mum lethal and criticzl co~ncentrations of a pollutant. The
entire lot of ten fish were n~t necessarily run in any one
test, but were often conducted in congecutive tests in
groups of three or four fish. ‘

Control fish were sublected to exactly the same condi=-
tions se were the test animals with the exception that no
pollutant was added to the water. They were selected in
such & way as to represent a oross gectlion of all of the
test srecimens employed especially in regard- to size and
vigor. The number used in any test varied with the number
of test fish. Generally four control fish were used, rare-
ly less. If more than one control fisgh succumﬁed during

the test, the entlre experiment was Qdlscarded.




Setting up & Test 53

The 19 liter capacity test jugs were thoroughly washe
ed before and after each experiment to remove any trace of
compounde previously used. The test water was the: added
at & quantity somewhat less than ultimately desired. Thus,
Tor king salmon, after nine liters of water had besen placed
into & Jug, two fish were introduced. The calculated vol~
ume of toxle chemical was then made up to one liter of sole
ution and this placed into the Jug, bringingz the total Yol
ume to 10 liters. After the experiment had been set up,
the pH value, the alkalinity as p.p.m. CaCO3, the dissolved
oxygen e-ntent and the temperature were ascertsined and
recorded. To avoid possible confusinn, all of the test
Jugs were tagged with the following information; species of
fish, the chemiosl employed and the concentration. BRoutine
tests were made during the dbioasesay to determine any
changes in the pH value, dissolved oxygen content and the
temperature. Teost fish that succumbed during the gourse of
an experinment were removed from the jugs in order to pre-
vent any decomposition producte from affecting the remain-
ing spescimene. Upon completion of a test, any fish still
surviving were placed into a separate holding tank where
an effort was made to restore their original vigor. These

fish were later released into nearby atreams.
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Volume of Teat Solutions

The volume of water used in the test solutinne was
eomputed so as to assure an adecuaey of dissolved nxygen
for c-nsumption by the test fish. By empirical methods it
was found that two fish averaging 10 centimeters in total
length and 12 grems in welght could be safely held in 10
liters of solution for an indefinite period at 15e c.,
without aserating the water. The lowest concentratinsn of
dissolved oxygen which will support a varied fauna of warm-
water Tishee in fresh water streams is 5.0 p.p.m. (Ellis,
1946). Therefore it would be reas-~nable to expect that
certain fishes of colder waters (trout and salmon) would
have & higher dissolved oxygen minimum under certain eon=
ditions than have many other fishes (%Welch, 1935). A
standard of 5.0 p.p.m. dissolved nxygen was adonpted for the
toxicity tests, although the content would ogcaslionslly
drop to 3.5 p.p.m. Even at this lower oxygen concentration
the fish would often survive though showing signs of dis-
tress. In general howsver, exnerimente which at thelr
termination indicated a digsolved oxygen content of lesas
than 5.0 p.p m. were considered unrellable, aslnce it 1is
believed that fish weakened by a lack of oxXygen are more
susceptible to destruction by toxic materials than they
would be if that essential element were present in & suf-

ficient amount.




Volume DAfTerences and Thelr FEffects on Fish 55

The bloassays with king salmon were carried out in
10 liters of solution while in most of the tests with
silver salmon 11 liters of solution were used. The change
from 10 to 11 litera of solutisn evolved during the course
of time as an expedient in setting up the experiments. It
was noted however, that when the threshold at which the
minimum lethal concentratinn occured had been reached, a
difference in the volume of the solution &t the same con-
¢entration would produce varied effects on the test fish.
For example, 50 perecent of the king salmon tested in 1
liter of solution containing 1 p.p.m. hydrngen sulfide
would survive, but in 10 liters of golution containing 1l
p.p.m. hydrogen sulfide all of the salmon would die. In
similar tests, king ealmon would have a 90 percent sur~
vival in 1 liter solution of 1 p.p.m. methyl mercaptan,
but in a 10 liter snlution of methyl mercaptan at 1 p.p.m.
a 100 percent kiil would be effected. The data for these
experiments are contained in Tables 5 and 6.

From the foregoing it may be assumed that although the
concentration in both volumes remained the same, the overw
all nunmber of toxle lons in the larger volume were nresent
in greater numbers to the effect that the organisms falled
to suceessfully overcome them. In the smaller volume the
extent of the taxi& lons present were sufficilently few to

enable defensive mechanisms within the figh to satiefactor—
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i1ly combat thelr inimlcal effects. It will be observed

that in the sabove results highly toxic materials were
involved. No attempte were made to evaluate the volume

differences of solutions containing less toxic compounds.
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RPQOVERY OF TRST PISH SUBJECTED TO POLLUTANTS

The succegsful recovery of a fish subjected to sundry
pollutants was found to depend largely on the vigor of the
individuel fish, the nature of the toxic substance invol-
ved, the concentration of same and the time during which
the test specimen 1s exposed. Highly toxic compounds would
ki1l fish in 2 matter of minutes or a few hours, whereas
the slower acting compounds would not produce anvreclable
effects until a few days had elapsed.

Attempts were made to compare the ability of fish to
recover from exposure to highly polsonous and to slow act-
ing pollutants. Ag a temporary standsrd, fish were sub-
Jected to the toxic meterisls to a point where they assum-
ed 2 more or less permanent "belly-up® position, whence
they were imredlately removed and placed into fresh water.
Attention 1e drawn to the fact that one of the first
gymptoms »f geri-us distress in a fish 1s the loss of equl-
1ibrium. The ceomplete loags »f ecuilibrium doee nnt gen=
erally occur at once, since it is generally preceded by a
period of excitement charscterized by an increacse of res-
piration end by wild movements with an oceaslonsl loss of
balance thst becomes more and more pronounced. Having
been placed into fresh water the fish would continue to
float "belly-up®, but its repiration would become etrong-
er and more regular if it was canable of recovery. This

would be followed by an increase in bodlily activity and
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subgeguent recovery of equillbrium. A rectangular tank
simller to those used as water baths, served for recovery
purposes. A rubber hnse was attached at one end of the
tenk through which fresh water wes supnrllied, and at th
other end of the tenk the excess water wag permitted to
flow through 2 valve. Although obstacles werevplanted
from ore end of the tank to the ether, recovering figh
would glowly ewim around sach abstacle to the anuree of
water and maintain 1ts pnsition there until fully revived.
The resulte of these studies indicsated thet s high
percentage of salmon were e¢onable nf racnvering from the
effects of such highly lethal compnunds as hydrocen sule-
Tide and mathyvl mercantan, provided they were remsaved
imnediately upon reaching a permonent *belly-up" pnsition.
Slower acting pollutants such ass s~dium hydraxide, sodium
carbonate, sndium sulfate and s~dlum thiogulfate probably
kad accumulative effects on the galmon becsuse very few of
the fish recovered having once assu-ved a nermanent "belly-

up" position in soluti~ns of these materislsg.



Flgure 11. - Felative effects of hydrogen sulfide on
King and silver salmon.
30114 line = king salmon. Dotted line
= silver salmon.
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Flgure 12. - Relative effects of methyl mercantan on
king and silver gsalmon.
Solid line = king salmon.
Dotted line = silver salmon.
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Figure 13. - Relative effects of sodium sulfide on
king and silver galmon.
30114 line = kin% salmon.
Dotted line = silver salmon,
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Figure 1%. - Relative effects of sodium sulfhydrate
on king and silver salmon.
5011d line = king salnon.
Dotted line = sllver salmon.
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Filgure 15. - Felative effects of sodium hydroxide
on king and silver galmon.
S011d line w king salmon.
Dotted line = ailver galmon.
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Flgure 16. - Relative effects of sodlium osrbonate on
king and silver salmon.
S0l11d line = king salmon.
Dotted line = gilver salmon.
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Figure 17. - Relstive effeets of sodium sulfate on
king and gilver seslmon.
Solid line = king salmon.
Dotted line » silver salmon.
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CONCL.USINNS 66

For the moset part, the chemicsl ermpounds known to
oceur in Kraft mill wsaste liouors have proved to he highly
inJurious to king and’silver gsalmnon vhile a few are toler-
ated to such an extent as to be of relatively little inm-
port (Téble 17). In generel, hydrocen sulfide, methyl
mercaptan, sodium sulfide and s~dlum sulfhydrate are the
most noxious, followed by sodium hydroxide, s-~diunm car-
bnnate and ssdium thiosulfate. Sodium sulfate 1s tolerated
An very high ¢oncentratlons by ynung salmon.

Hydrogen sulfide (Wigure 1l1) wsas very toxic to king
and eilver salmon, the minimum lethal concentratinn being
1.0 p.p.m. £or the king and 1.25 p.p.m. for the sllver.
The critical e~neentratinsn for king sgalmon wag not detere
mined; for gilver galmon 1%t was O0.75 p.p.m. The minimum
lethal conceniration for the minnows tested by Van Horn is
1.0 p.p.m.

¥ethyl mercaptan (Figﬁre 12) was also very toxice to
king and silver salmon, the minimum lethal canoentration
belng 1.0 p.p.m. for the king and 1.7% p.n.m. for the
gilver salmon. The gritieal concentration for king salmon
wag not determined, but for silver salmon it is 0.75 p.p.m.
The minimum lethal concentration for the minnows tested by
VYan Horn is 0.5 p.p.m.

deiumrsulfide (Figure 13) although lethal in very

gmall concentrationg wae slower acting than hydrogen



Table 17. - A resume of the minimum lethal and critical concentrations of chemiecsal
substances known to be present in Kraft mill waste licuors on king and
gllver palmon.

King salmon Silver salmon

MinImum Tethal Critical Minfmum Tethal Gritical

eonaentration concentratinn ec-necentratinn ¢oncentra-
Chemical substance D.D.M. D.D.M. pP.D.M. tion p.p.m.
Hydrogen Sulfide 1.0 1.25 0.75
Methyl Merocaptan 1.0 1.75% 0.75%
Sodium Sulfide 2.5 1.0 2.0 1.0
Sodium Sulfhydrate 2.3 2.5 0.5
Sodlum Hydroxide 20.0 25.0 20.0 10.0
Sodium Carbonate 8.0 25.0 75.0 h5.0
Sodium Thilosulfate 75.0 30.0 12,000.0 20.0
Sodium Sulfate 12,500.0 8,500.0 16,500.0 10,000.0

iy
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sulfide and mathyl mercaptan. The minimum lethal ooncens
tration for king salmon is 3.5 p.p.m. and for silver
galnon 3.0 p.p.m. The critlical concentration for both
the king and silver salmon ie 1.0 p.p.m. The mininum
lethal concentration which Van Horn found for minnows was
3.0 p.p.m.

Sodium sulfhydrate (Figure 14) proved to be lethal
at lower concentrations (0.5 p.p.m.) for the minnows teste
ed by Van Horn than for the salmon. The minimum lethsal
concentration for king salmon is 3.3 p.p.m. and for silver
salmon 3.5 p.p.m. The oritlocal concentration for king
salnon was not determined; for silver salmon it is 0.5
p.-p-m.

Sodium hydroxide (Figure 15) proved to be tolerated
in much smaller concentrations by both salmon than that
tolerated by the minnows of Van Horn. The minimum lethal
concentration for king salmon is 50.0 p.p.m. and for.
gilver galmon 13 20.0 p.p.m. The oritieal concentration
Tor king salmon is 25.0 p.p.m. and for silver salmon 10.0
p.p.m. The minimum lethal eoneentratisn for the minnows
tested by Van Horn is 100.0 »n.p.m.

Sodium carbonate {Pigure 16) at a enncentration of
250.0 p.p.m. k1lled 100 percent of the fresh water min-

nows tested by Van Horn. The king and silver salmon were
far more susceptible to this compound than the minnows.

The minimum lethal ooncentration for king salmon was



68.0 p.p.m. and for silver salmon 75.0 p.p.m. The or1t£9
eal concentration for king salmon is 25.0 p.p.m. and for
silver salmon 45.0 p.p.m.

Sodium thiosulfate killed king salmon at much lower
concentratisns than silver sazlmon. The range between the
eritlcal and minimum lethel consentration for silver
galmon 1s very great. The minimum lethal concentration
for king salmon is 75.0 p.p.m. and for silver ealmon it 1is
15,000.0 p.p.m. The oritical consentration for both king
and gillver salmon is 30.0 p.p.m.

Sodium sulfate (Figure 17) was tolerated in very high
concentrations by both species of salmon. The minimum
lethal concentration for king salmon is 12,500.0 p.p.m.
and for silver salmon, 16,500.0 p.p.m. 'The minimum letheal
concentration for the fresh-water minnows tested by Van
Horn is 100.0 p.p.m.

With the exception of sodium thiosulfate, both king
and silver salmon appear to show generiec relationship in
thelr abllitles to resist the pollutaﬁts tested.

Differences in the volume of solutions of hydrogen
sulfide and methyl mercaptan at given concentratlons pro»v
duced varied effects on king and silver galmon. The
significance and possible spplication of this fact to
future pollution studies should be seriously considered. .

King salmon taken from dissimilar sources reacted
difrferently to sodium hydroxide. The minimum lethal con=-

ecentration for salmon taken from ors pot=hole is 10.0 p.p.m.
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while for salmon taken from another hole it 1s K0.0 p.p.m.
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