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INTHCDUCTION

The continual industrial expansion in the state of
Oregon, as elsewhere on the Pacific Coast, hes led many
industries to consider locating plants on estuarine sites.
At the present time it 1s not known to what extent the
organisms inhaviting the warine and bhrackish waters will
he affected by wastes {row wnany of these industries, A

study to deterwine the effects of kraflt ill effluents to

sowme marine orzanisus resident in Yzquina Day wes initi-
ated in the spring of 195, at Yaguina Fay fFisheries

Tavoratory of Cregon 3tate College, Yaquina, Cregon.

A primary consideration was the selection ol an

u

organism that could be used as & standard btioasgsay aniwmal

Tor quick, reliagble determinations of the prelatlive tox-
icity of effluent sanples. These samples were to Le col-
lected at different times and were to be stored under
sevaral conditions. Fioassays for periocds of 24 hours or
less were conducted on kraft will effiuvents using wany of
the orpanisms availsble in the viecinity of the Yaquina FPay
laboratory. DMost of the animals initlally testeda were
eliminated as possible standard test animals on the tases

of size, lack of year around asvellability, and suscepti-

»ility to toxicities of pulp and paper wastes.




The threespine stickleback, Gasterosteus aculeatus

gculeatus Linnaeus, agnd the amphipod, Anisozaumarus con-

fervicolus (Stimpsom)l, vere finally selected as possible

standard test animals and were used in severagl series of
parallel bioasssays. Although the two zniwmals differed in
thelr degree of tolerance to kraft wmill liquors, they
agreed quite closely in showing the relative toxicity of
ligquor sawples. The threespine stickleback proved the
superior test animal and was used for the rewainder of
the study, as the amphlpod showed inconsistencies and was
more tolerant of the wastes.

The purpose of this study was to deterwmine the use-~
fulness of the threespine stickleback as a bioassay {ish,
especially for marine or bracklsh water pollution studies.
It is proposed that that concentration of waste necessary
to kill 50 percent of the fish in 24 hours in water of 20
parts per thousand salinlty and a temperature of 20° + 2°
. be known as a "stilckleback unit.” The relative tox-
icity of various wastes can then be expressed in stickle-
back units,

There were two phases to this study. The first phase
involved primarily the collection and analysis of unpub-

lished data from experiments conducted by others at

1 Tdentification was wade by Dr, Ivan Pratt, Department of
Zoology, Oregon 3tate College,




the Yagulna Ray PFlsheries lLaboratory Trowm January 1955 to
June 1958, These data are frow biocassays using stickle-
hacks and awphipods to test the toxilcity of kraft will
wlack liguor and combined condensates in the proportion

of one part black liguor to 99 parts condensates. The
I'irst phase of this study also included additional bilo-
assays by the writer to verify or to supplement the above-
mentioned data.

The second phase of this study was an investigation
of the relative toxicity of kraft mill effluents to eggs,
larvae, and very young stlcllebeacks.

Fegearch for this study was conducted under the
supervision of Professor Reland E. Dimick and Assistant
Professor Jilbur P, Breese from January 1958 to lMarch
1959,  Preliminary work and data analysis were done at
Oregon State College at Corvallis, while wost of the

experimentation was carrled on at Yaqulna.
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#any fish and cother fresh-water acuatic organisms
have proven gquite successful as indicators of the toxiclty
of kraft will effluents and other materials discharged by
industry into streawms. Because of thelr econownic impor-
tance, salwonids have been used quite extensively in this
type of study although they do not adapt particularly
well to laboratory conditions.

Haydu, Amberg, and Dimick (9, p. 545-54¢) employed

chinook salmon, Oncorhynchus tshawytscha (Walbauw); coho

alwon, Q. kisutch (Walbauwm); and coastal cutthroat trout,

Salmo clarkii clarkii (Richardson) in toxicity bicassays

in an attewmpt to pinpoint some of the toxic materials
present in the kraft wastes. These bloassays were elfec-
tive in determining the toxic range of sone chewlcal con-
stituents normally found in kraft will wastes for each of
the species of fish tested,

In a similar study, MeHugh (18, p. 1-1C) used ccho
salwon when testing total effluents for their toxilc con-
stituents, He Ifound that iwmportant toxic components are
contained in & steam-distillable, ether-soluble fraction
of the wastes, Webb (22, p. 1-53) continued this work and
determined that these toxic components described by McHugh
are present in the condensates only, but that other toxic

fractions ars present in wash water.




Van Horn, Anderson, and Katz (20, p. 55-03) used four
species of shiners belonging to the genera Notropis and

Hyborhyncus and two types oi fish {food organisms, severa

aguatic insect larvae and Daphnia gp., in a study to de-
termine which components of kraft will wastes constitute
the greatest hazard to fish 1life., They concluded that
sulfides, mercaptans, resin acid soaps and sodium hydroxide
present the greatest hazard.

Previously, Cole (4, p. 280-302) investigated the

effects of kraft black liquor on perch, Perca {lavescens

(Mitehill); bluegills, Lepomis macrochirus Rafilnesque:

Vi

and larpgemouthh black bass, lNicropterus salwmoides

(Lacéﬁéde). He reported black liquor to be irritating to
fish in concentrations of 1:500 or even higher, and to be
definitely toxic in dilutions of 1:200 or less. He also
reported that the toxlcity of the liquor 1is decreased by
aeration.

Consliderably less work appears to have been done on
the investigation of the effects of kraft mill effluents
to marlne or brackish water organisms, and relatively few
fish or other warine organilisms have been used as standard
indlcators of pollution.

The breaw, Lagodon rhowboides (Linnaeus), was pro-

o
O
i

posed as a standard test fish by Daugherty (o, p. 10

1031) for determining the toxilcity of industrial wsstes
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discharged Into marine waters, He selected this {ish
mainly on its cvallabllity, distri
coast of the Unlted Jtatzs, znd low to mediunm tolerance

to toxic wmaterials.

Galtsoff et al. (8, p. 39-186) investigated the
causes of the declinz of oyster productivity and quality
in the York River, Virzinia. They reported that pulp will
effluents have g distinct physioclogical effect on oysters,

...

particularly on thelr ability to accumulate ziycogen,
Alderdice and Brett (1, p. 783-795) used socksye
salwon, C. nerka (Walbaum), to determine the sale concen-
tration levels of kraft mill wastes in the estuary of the
Somass River, British Columbia., They reported survival
to be complete and independent of length of exposure bhelow
4.8 percent concentration of effluent by volume in sea
water of 20 parts per thousand salinity at 17.8° ¢. Upon
considering the oxygen requlrements for regpiration, the
net oxygen avallability alter effluent oxidation In the
area, and the interaction of toxicity to the lowered
oxygen, they concluded that the wmaximum effluent 1imit

should be 2.5 percent concentration by volume,

The common killifish, Fundulus heteroclitus

(Linnaeus ), has also been used to some extent in bio-
assays, although it is probably too tolerant to wmany ad-

verse water quality conditions to ke a good standard
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vipasgay flsh., It iz euryhaline and found abundantly in
wany arsas glong the Atlontlc coast ilbver (23, p. 1-13)
usad this anpeeciezz when tosling octawsthyl pyrophosphor-
awmide, He indilcated this Cish wes sslected because of its
hardiness, sinzce his rnrimary aim wes not to ascertain
minimun lethal conceontrations bhut to defernine the compara-

tive agusceptibility of an estuarine fish to an organice

phosphorus compound,

3

forde

n b

[

cassg
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hagyy wetal salts, he reportad that the toxicitie
zine, copper, and lead were reduced when calcium was added
(12, p. 304-ko7) (22, p. 425-437). The alkalis and

alialine ezrths cnter the body and act as true polsons,
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szcretions. Vhen the gas exchange in fish lg iwmpeded in
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When stichklebsacks were subjected to solutions of
chloroform, sodium cyanide, and sodium sulfide (14, p. 29¢-

311), an anesthetic effect was produced, Less oXyzen was

-

consumed, and opercular wovements showed a corresponding

decrease, Th is due to the decreased abllity of the

}-—l-

-

ess carbon dioxide lg produced.

tisasue to use oxygen, and

o

-

There was no l1lntevierence of zaseous exchange,

Reactlon experiuents by Jones (15, p. 22-3%) (16,
p. 4C3) showed that sticklebacks will enter water with
low dissolved oxyzen, and when entering such water, theilr
movenents will increase until they charnce to et into
oxyzenated water agaln, Wnen the Ilsh were free to wmove
frowm tap water into a toxic solution, they avolided water
with a pH of less than 5.6 or hizgher than 11.4. To

ammnonla, sticklebacks react negatively, or will not enter

.01 N solutlons, but act positively, or will
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enter solutions of .00
they react positively to .04 and 0,01 N solubtions, and

negatively to C.004 down to $,C0002 N solutions.




METHODS AND MATERIALS

Threespine Sticklebhack

The threespline stickleback is a small euryhaline Iish
inhabiting wost coastal waters, bays, and slower wore
coastal streams in the temperate and cooler areas of the
Northern Hewisphere. It is quite abundant throughout
most of its range, and 1s of only little or no economic
value,

There is considerable morphological variation in the
threespine sticklebvack, especially with regard to the
presence and numbers of scutes, which has given rise to
much confusion in classifying the fish. Host sticklebacks

with three splnes are now classified as Gasterosteus

aculeatus, and localized variations are considered sub-
species or races. Throughout wost of its range the
stickleback occurs in two forms, one lnhabiting marine and
brackish water, and the other inhabiting only fresh water.

In Oregon the marine forn, Gasteroszsteus aculeatus

aculeatus Ilinnaeus, inhablts most coastal areas, and
particularly bays and estuaries, and will enter iresh

water occasionally. The other form, Gasterosteus aculeatus

microcephalus (Girard), remains in fresh water throughout

its entire lifetime and will normally be found in lower,

slow-moving streaws,.



The treeding seasons and occasionally the spawning
areas of the two forms may overlap, and apparently a few
marine fish crossireed with Tresh-water f'ish, but most
of the sexually wature marine sticklebacks talken from
Yaquina Pay were in water of about 30 parts per thousand
salinity. 1In one area, however, both G. a. gculeatus and

. a. wlcroce us wer sak a 2300 ime Irom water
G i hal were taken at the same tinpe fro ter

with a salinity content of 1.4 parts per thousand. ¥och
and Heuts (17, p. 253-244), working in Belgluw, found that
the marine form will enter fresh or nearly fresh water to
gpawn and may even bvecome intolerant to high selinitles
durling the breeding season. In Yaquinsg Bay the sexually
mature wmarine sticklebacks [found comwmonly in water of about
30 parts per thousand salinity were apparently not ad-
versely affected Ly this salinity, but when eggs were
artificially fertilized in the lasboratory a wuch better
hatch was obtained at lower salinities.

Roth G. a. aculeatus and G. a. wicrocephalus have

three dorsal splnes, one palr of ventral spines, and an
nal spine, all of which are erectile., Theilr pectoral
fins are lergme and truncate. No scales are present, but
they have a row of bony plates, or scutes, on each side
extending caudad [row the reglon of the pectoral fins.
These scutes in the marine forw usually number about 30

to 35 on each side and extend onto the caudal peduncle
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where they forwm a keel., 1In Oregon these scutes way be

used as a quick 1ldentificatlon character between sub-

specles, as G, a, wicrocevhalus ordinarlly has six or fewer

ot
ke

scutes anteriorily and no keel, wnich G. a. aculeatus has

g keel and norwally 30 or wore scutes on a side, Figures 1

né 2. An occasional I'ish resewvling the freshi-water [orm

o3

”
&

wags found in salt water, bult these may nave veen subspe-
cific nybrids.

The differences in scute number ana other uorphologi-
cal variations way be correlated with innerent physilologil

cal differences. Heuts (10, p. 8%-102) Tound this to he

true for different forus oif the threespine stickleback in
Belgiunm (Types A and E). Tvpe A, the fresh-water forwm, is

adapted to high temperatures ana low salinities., Type &,
the warine form, 1s adapted to low temperatures and high
salinities, There is sowe hyvridization, tut the hybrids
regeuntle one group oix the other physiologically anc are

able worphologlcally.

var
Sticlilenacks Iound on the Pacifiic coast of North
America zppear to differ in several respects frowm those

found on the east coast or 1n Europe. Vrat (21, p. 252~

256) observed that the breeding sesson 1ls longer by about

L

two months on the coast of central Caiifornia, and that

4

the wmale Tisiz chose To bulld their nests in depressions

U}

in mud oy sand rather than in weed
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Figure 1. Left side view of gravid female sticklebacks
showing differences in the marine form, Gasterosteus

aculeatus aculeatus L. (top), and the fresh-water form,
G. a. microcephalus (bottom). Note longer dorsal

spiﬁés, no mottling, and scutes extending onto the
caudal peduncle on the marine fish.
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Figure 2. Dorsal view of gravid female sticklebacks
showing differences in the marine form, Gasterosteus

aculeatus aculeatus L. (top), and the fresh-water form,
G. a. microcephalus (bottom). Note longer ventral

gbines, more slender body, and scutes forming a keel
on the caudal peduncle of the marine fish.
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The marine stickleback possesses many characteristics
thaet are considered deslrable for a biovassay [ish. It is
gwall in size, with & wmexiuvum length of about 3 inches; it
is quite abundant throughout wmost of its ranze:; and it is

2asily taken wlthout expensive oy complicatsd collecting

cear,  Swmall sticklebacks ranging in size from 25 to 40 wm,
total length can he collected in abundance throughout the
year near the Yaquina Bey Flsheries Laboratory using only
a short-handlad dip net. Sticklebacks can be held in
tanks In the laboratory for several weeks i1f necessary
without significant wmortality, and when placed 1n swall
containers for biloassays they are not easily excited uy
the presence of people working nearby. The stickleback

climates readily to salinity differences and is neither
overly resistant nor particularly intolerant to the toxic
materials tested thus far. The widespread distribution
of' this fish 1in the Northern Hewlsphere wakes 1t particu-
larly desirable for use ag a standard test animal,
agpecially in estuarine waters

Pany studlies have been published on the distribution,

raproduction, breasdiny behavior, [ood habits, parasites
worpholosy and physiology of atickleback {fish. No attempt
will we wmade here to list all of the literature pertaining
to these studles. However several papers, especilally the

more recent ones, are ouistanding and should he mentioned.
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Tersel (11, p. 1-159) held sgticklebacks in the labo-
ratory for several wonths and made comprehensive studies
of their norwal hehavior, breeding behavior, and parental
care. He hes also included an extensive review of many

previous studies, Craig-Rennett (5, p. 197-279¢) and, more

05-318) have published on the

bt

recently, Raggerman (2, p.
Tactors responsible for timlng of wigrations and breeding
cycles of the stickleback, Much of bhoth studles was con-
cerned with the physilological changes connected with
zonadal maturation, migration and breeding. Pickford (19,
p. 37-474) and Brown (3, vol. 2, p. 129-329) have also

made reference to physiological studles on the stickle-

vack,

Zollection and Care of Fish

A11 fish used in this study were collected locally
from small channels and potholes in tidal-flat sloughs
adlacent to Yaquina Bay. The tidal flats are covered by
salt grasses and weeds, and are extensively cut by swall
channels and potholes that flood at high tide and drain
to only a few inches of standing water at low tide,

Since sticklebacks may move from one areas to another with

the hizh tldes, they can he taken from many of the same

areas each time collections are made,




Ixperiwvental speclwensg were collected I'vow shallow-
water areas at low tide ss they were needed snd placed in
a 25C-zailon wooden tank of sea water having & salinlty
of approximately 20 paris per thoussnd and z teuperature
of 207 C. They were allowed to acclimate to these condi-

tions frowr one to several days before belng used in blo-

assays. Atichklebacks aeclimate rapldly to salinity and
temperature changes, and & longer accliwmation perlod was

deemad unnecessary, based on previous tests at the labo-
ratory. If the [ish were held wmore than three days, they
were Ted chopped cockle claws, and they were generally

not held wore than two weeks,

Yraflt ¥111 Zfflvents

The kraft pulp will liquors used in these experiments
came frow a single Northwest pulp and paper will., Three
types of liquors were tested: tlack ligquor (spent cooking
liquor), combined condensates, and wash water., Condensates
and wash water were collected in rubber-stoppered, swall-

jugs, Flack llquor was collected in

wouthed five-gallion
one~zallon Jjugzs., The liquors were numbered consecutively
as they were colilected, as a weans of keeping the sawmples
separate in the records. Rlack liquor snd coubined conden-
sates sawmples were collected periodically from December

~
- 1 s,

1G5 to Septewrber 195¢, and these samples will be referre

[a
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to as kraft #1 through kraft 720. The {irst wash water
samples were collected on June 20, 1958, and will be re-
ferred to as wash water #1 through wesh water ;0. FEach
tatch of liquor was ©wioassayed upon arrival at the labo-
ratory to defermine its relative acute toxicity. The
toxicity for each hatch was then recorded in stickleback
units, or that concentration of liquor calculated to Lill
50 percent of the fish in 24 hours in water of 20 parts

per thousand sslinity and a tewmperature of 207 4 2° C.
Throughout this paper, the kraflt pulping wastes will
also be referred to as "effluents” or "wastes.’

Plack Liquor., This is a highly alkaline, black

ligquid forced from tne digesters after the cooking cycle.
It contains the spent cooking chewlcals, which are princi-
pally sodium hydroxide and sodlum sulfide, ewployed to
Lreak down the wood into usable [ibers., HBlack liguor is
not discharged as & waste, It is sent to the recovery

plent, where it is evaporated and burned. In this wey,

the chemicals in the ash are reusable, and the heat of

™

corbustion is recoversd. gsmell awount of klack liguor
way e washed from the pulp fivers and be discharged in
the rinal-stage wash water.

Sombined CJondensates. These are the condensed and

1

"non-condensable” waste materials frow the recovery plant,

together with condensed liguids that are Torced out of the
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digesters with the steam during the coolklng cycles. Most
condensates are light-colored and wildly alkalline, with
only a trace of total sclids. Throughout this paper these
will he referred to as "coubined condensates”™ or "conden-

£

sat

O

Final-stame Wash Water. When pulp is blown into the

wash vats frow the cookers, it still contszins a considera-
i»le amount of black liquor. DMost of this black liguor is
removed by a series of washings. The water for this seriles
of washings 1s recirculated until 1t is concentrated enough
to be sent to the recovery plant. The [inal-stage wash

water is too dilute in chewicals [or economical recovery,

D

and it is discharged as & wast

At the outset of this study, it was thought that the
toxicity of wash water wight be siwller to that of dilute
wlack liquor and that diluted black liquor could be used 1in
hioassays and wake the transportation of large quantities
ol wash water unnecessary. Subsequent biocassays, however,
indicated that wash water may have quite different toxicity

characteristics than dilute black liquor.

o}

Ricassay Defined

& hicassay is a test using the response of living
orcanisms to artificial environmental situations usually

rnder controlled laboratory conditions. In the acute



toxicity bloassays reported in tnis study, tests were run
for a period of 24 hours, and the response noted waes death
of the f'ish. The relative acute toxicity of wastes 1is
designated by the calculated medlan tolerance liluwit (TLE).
The 24-hour wedian tolerance limit is thst concentration
at which 50 percent of the fish are expected to die (or to
stay alive) in 24 hours. The 5C-percent desth concentra-

tions, or TIm's, were determined graphlcally using the

method sugpested in Doudoroff et al. (7, p. 1380-1397).

General Bloassay lMethods

2411 acute toxicity bioassays were conducted for

D

periods of 24 hours or less at a temperature of 2C° + 27 (.

and a salinity of 20 parts per thousand., Fish were accli-
mated to thls temperature and salinlty for at least one day
pricr to belng used in bloassays. (ne-gallon glass pickle
jars with a water surface area of approximately 182 square
centimeters were used for all bloassays except those for

egzs or larval fish., The jars were f{illed to 2000 wl, with
prepared wastes diluted to various concentration levels,
and flve fish or ten amphipods of uniform size and apparent
zo0d physical condition were placed 1n each Jjar. The waste
dilutions were changed after 12 hours {o prevent dissolved
oxyzen depletlion by the fish and the wastes. Four Jars of

prepared solution and twenty flsh were used at each waste




concentration tested. A4t the end of each hloasssy all fish
were discarded,

The solutions to be tested were prapared Irow the
wastes ilwmedlately belore bloassays were to be conducted
Ly wixing a stock selution of one part black liguor to 9C
parts cowmcined condensates. Dilutions were wade in well-
aerated warline water adjusted with fresh water to a salini-
ty of 20 parts per thousand,

To determine the range of concentrations of llquors
for the 24-hour bioassays, accelerated tests were con-
ducted using 15 percent of prepared waste in each o {our
Jars with five fish per Jjar, or & total of 2C tish. A4As
each Tish died, its tiwe of death in winuvtes and 1ts tota
length in wiliiveters were recorded. 'The last fish usually
died within four hours. The times 1t took or the first,
tenth, and last fish Lo dle were then used as Indications
of the toxicity of the waste and formed the hasis of the
concentrations selected for the 24-hour bloassays.

Procedure Tor Acute Toxicity Riocassays. Doth Z4-hour

bloassays and asccelerated short-term tilosssays were employ-
2d to determine the effects of storage upon the toxicity

of kraft llquors, the reiagtive ascute toxiclity of the

fish

several sawples ol kraft liquors, and the relation of

size to toxiclty tolerance. The majority of the testing

FA TR |

vas with one part of tlack liguor to U0 parts condensates
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on the assumption that such & ratio would approximately
duplicete the toxiclty of the cowbined dilscharge of con-
densates and wash wabter, Jowme pre inary experiments
2 separately in blsck lilguor or in wash water.

Zffect of torage on Liguors. 7o ascertain if kraft wmill

affluents used in bloassays decrease in toxicity when
kept under different storage conditions, o single szwmple
{braft :"10) waes collected Trom the pulp will in several

rlass containers on Deceuwber 28, 185%. These elffluents

1 3

consisted of black liguor, held in one-gallon Jjugs, an
cowiined condensates, held in Tfive-pgallon glass jars.
Upon arrival at the laboratory, the original sawmple was
bicassayed to estavblish the toxlcity to sticklebacks and
awphipods. The sample was then divided into several lots
or subsamples and stored as follows: (1) closed glass
containers refrigerated at 1° to 27 C.; (2) closed glass
containers held at roowm tewperatures, 15° + 47 Cos (3)
open glass containers held at room temperatures, 10° +

4° 0, (&) closed glass containers held at outside tempera-
tures, 27 to 157 &.: and (3) held frozen in waxed paper
rmill cartons, Condensctes and vlack liquor were stored

Es]

gseparately and mixed in the proportion of one part black

mmediately prior to helng

3]
[

liguor to 99 peris condensste

-~

nsed in biloassays. The condensates frow & single container
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ere used for a series of experiments until the container
was emptied, and then a full container was opened,

Pour groups of bicassays were conducted on braft
sample #1C over a perilod of 25 days. Fish and amphipods
were each used 1In two series of bloassays, one seriesg in
which no air was bubbled through the test solutions, and
the other series in which the solutlions were aerated,
Zoth the aerated and the non-aerated solutions were changed
at 12-hour intervals,

Test periods varled with each stored waste, Refrlg-

o~

arated wastes in closed containers were tested after 2, 5,

o

, 11, and 18 days storage; wastes stored at room tempera-
ture in closed containers were tested after 3, =, 9, 1lu,
and 23 days storage: wastes stored at room tewmperature in
open containers were tested after 4, 7, 10, 17, and 24
days storage: wastes stored in a frozen condition were
tested after 19 and 25 days storage; and wastes stored at
outside tewmperatures in closed containers were tested only
affter 20 days.

Cn February 13, 1957, kraft sample :'11 was collected
and used to determine, if possible, the effects on the

acute toxicity of condensates when they are stored in full,

D

szaled containers., Upon arrival at the lakoratory, the

{
L

liquor was tested for 1ts original toxicity. The conden-

sates sample was then distributed into one-gallon jugs
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which were filled to the Uop and then gealead, except the

rortion of the condenssatss sample to be Trozen, which was

C. o at roowm tewmperature

W
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h? . at outside temperatures, 2° to 15 ¢.; and frozen.
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A new contalner of condense opened for cach tle

ac

say and not used in any subsequent tests. £11 bloassay

£}

miler to thoese of the non-aserated tests

H:-

rrocedures were s
of lkrait sample 510 descrived atove.

The subsampleg stored under different conditlons
were tested periodically. Refrigerated samples were
75 roow temperature
sauplies after o, 13, 20, and 41 days; outside tewpera-

ture sawples after 7, 14, 21, and 42 days: and frozen

Toxiclty of Rlack Liquor. There was sowe svidence from

preliminary tests that bplack llguor does not have ¢
identical toxicity properties of wash water. To determine,
il possible, what some differences might be, a series of
cxXploratory tests wes conducted with vlack liquor. In ad-
diticon, biloassayve with combhined condensates snd black

ligquor Tor periods of 24 hours were conducted., One series

5

of tests was with dilutions wmade frow wastes of one part

i

nlack liguor and €0 parts condensstes, while the other
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series contalned only condensates dilutions.

No 24-hour hioassays were conducted on black liquor
alone, since &z precipitate was formed when solutions were
mixed in salt water st concentrations high enough to kill
over 5C percent of the [ish. The precipitate wmight
possibly have contained much of the toxic material or
could have physically interfered with the respiration of
the fish, thus waking the bioassays meanlngless, 3hort-
term bloassays were conducted on black liquor, however,
in parallel with biloassays on 15 percent solutions of con-
densates, one part black liguor to 99 parts condensstes,

and wash water., The concentration of the black liguor

=

solution to be used was srbitrarily derived from &

measurement of the total sollds by welght 1in wash water
and black liquor. The total solids in 1C0 percent wash
water were found to be 0.2 percent, and the sample of
black liquor had a total solids content of 15, percent.
s a possible comparlison of the black liquor and wash
water, a stock solution was made by diluting black liquor
with fresh water until the total solids were 0,2 percent
by welght, and then 15 percent of this stock solution wes
used in these short-term bloassays. Yhen the stock
solutions of black liquor, 100 percent wash water, 100
percent condensates, and 1:99 black liquor to condensates

were diluted to 15 percent by velume with salt water, the




pH in these solutions varied from 7.7 to ¢.9. In order
that more accurate comparlsons might be shown, experiments
were wmade in duplicate. One seriles of tests was at the
pH of the mixtures, and the other series was adjusted to
pH 7.4 with hydrochloric acid,

tnother set of short-term bioassays was conducted
using approximately 1l5-percent mixtures of black liquor
and condensates in the following proportions: 1:99, 2:99,
and 4:99, The quantity of condensate was held constant at
297 wl. in 2000 wl., cof scglution so that any appreciable
variance in toxicity would ve attributabvle to the differ-
ance 1in black liguor. In all bloassays using 15 percent
dilutions, the times of death were recorded for each fish,

and no medisn tolerance limits were calculated.

Wash YWater Rloassays. The wash water was erronecusly be-

lieved to he relatively non-toxic when this study was
undertaken, but since then experiments at the Pacific
Cooperative Water Pollution lLaboratory at Oregon 3tate
College have indicated that wash water may have st tiumes

g relatively high toxicity to fish when the pH is adjusted
Lo about neutral. Since 1t was not known what effect
salinity would have on the toxicity of wash water or how
the toxiclty would vary with changes in pH, all tests on

wash water were exploratory in nature.




One geries of tests was conducted to determine the

24-hr. TLy with the pH not adjus A second serles was
conducted to find the 2L-ny. Tl using wash water with the

pH sdjusted with nydrochlorle acid to that of the dilution
water, ebout pH 7.4. To determine if concentrations of
wash water with the pH adjusted to 7.4 were wmore toxic

than the sane concentratlions at hizgher or lower pH levels,
a set of tests was arranged holding the wash water constant
at 5 percent by volume and varyingz the pH irvou 4 to 10 with
nydrochloric acid and sodium nydroxide respectively.

To check the posslibllity that hydrochloric acilid or
sodium hydroxides oy thnelr dissoclgted ilons produce a toxic-
ity in sea water, these cowmpounds were used to vary the pH
of water frow 4 to 10 in a sepries of Jjars. These soliutions

9

were then tested with sticklebacks for fToxlclty.

)

Acute Toxlclity versus Silze, A single experiment using fish

163]

frow 20 to 6 total lengtn to determine tne varliation

Ut

in tolerance of slze groups To raft wlill wastles was con-

ducted with uraft sawmple #10. t the end of 12 hours the
number of cdead fish and their sizes were recorded, and at

>

the end of 24 hours the nuuber of dead fish and the sizes

or Rloassays Using Larval Fish. REiloassays

were periformed to deteruine the tolerance of stickleback

s 3o o T (£ I N o, e o - Eala 1 R - s ract ey ol oy
embryos and larvae to kralt will wastes. Eggs and sperm
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artificially.
lavoratory conditlons until fthey resached the desired de-~
velopmental stage for testing.

FPartilization Procedures. The wmethods used to collect

o

and sperm from adult fish, to fertil

tte
{

ot
jny
(¢}

7 exrs, and

[ iee ]

to hold the ewbryos and larval fish in the laboratory were
pefore the toxicity study was atarted. The
fertilization procedure is as Tollows:

1. Fggs were stripped from the female directly into

sea water of 2C parts per thousand salinity or into toxilc

solutions in swall dishes., Four-inch stacking dishes con-
taining 250 ml, of water were found Lo be adequate for
g 2D 1

this purpose. I the egzgs are to be placed in nore than
one solution, they can ve stripped a few at a time and
distributed as needed,

2. Sperw were taken by removing the testes Irom the
male and macerating them in a smell awount of water. An
eyedropper was used to transfer sperm into the water con-
taining the eggs.

. Egzgs were elther well separated or were aerated

(W8]

during development to prevent wortalities {frowm low

L]

dis

€]

olved oxygen.
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ware from one fewmnle,

stackine dishes =zach ¢
solution The exzs or
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solutions Tor 24 hours
marine watsr of 20 par

were allowed to contin
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stace, thewv were divided smong Tive
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onbaining 25C ol, ol waber or waste
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arva

1 fish were left in the

and then vere transferyred to clean
ts per thousand selinity where they

ve

The liliguors used werae the same ag those employed in
niovassays on older Tish. Ilost of the bloasszys were con-
ducted in solutlions wade fron 2 stock zolution of one part
mlack liquor to 90 parts condensatesn.

Jince aeretion reduces the toxic elfect of thesze

Jiquors, the solutions

werna not the solutions

were not changed after 12 hours as they were with hloassays
using older fish 25 to 40 wm, long A1) Dbloassays were at
¢” . 2% ¢., and a2 final dilution water of 20 parts per
thousand salinlty was used,

‘oxicity Piloassays. HMNine biloassays were conducted with
eges and fish ranging from freshly fertilized exms to

b3

Juvenlle [fish 14 days
recorded from tine of

& Lo

toleranc

iioassays conducted [o
in waste solutions of

alfter fertilization. Ages were
fertilization,

gted 1n parallel

r 24 hours, © eries o
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condensates., The other Liocossay series was verformed in

1,

ater of 20 parts per thousand salinity with no liquors

added, put with the nil adiusted in eazch of {ive dishes to

facter in fish tolerance to kraflt liguors, pargllel hio-
acsoys wera conducted on two groups of flsh hatched from
the gawe 1ot of ercpo.  One hloassssy was with fish hatched

ne
g

fode
YR

b

during the >l hours of the 2¢-day hatching period,

3

vas with fish hatched the last 24

~./
fto

The second hiocasaay

Q:‘

+

roura of the hatehing perloed., Bloassays on toth groups
ware performed one dey alter the laszt [lish hatcened., All

fish were about eizht days old frowm fertilization at this

e



EXPERTIMENTAL RESULTS

Acute Toxicity Bloassays

The 2U4-hr, TLy of sticklebacks in kraft sample #10
tested a few hours after mill collection was 1.74 percent
by volume in non-aerabed solutions and 2.5 percent in

aeral

(’a

x":’

ed solutions., For awphipods, the 25-hy, 1L of the
sauple was 3.25 percent in non-acerated solutions and 4,85
percent in asrated solutions. These four initial bilo-

assays incdilcated that swphipods were wore tolerant to

n

traft mill wastes than were sticlklebvacks and that asration

[
-
[t}
o
o
i
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of the testing solution during the bloassays
toxleity., These reliastive differences held true throughout
the series of tests on tralt milll sample 10, The differ-

ences in tolerance did not always hold true for other

samples collected later, however,
¥raft mill sample #10, after storage in the labova-

tory, lost some toxlicity repgardless of the storage condl-

and 4

H
“
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W

tiong, Inspection ol the data in Tables 1,
indicates that the wost rapld loss In toxicity wag in
stored In open containers, and tuat stvorage teuwp-

L - 'y
!

eratures between 1° and 20° . have very 1ittle, 17 any,

effect on the rate of loss. The losses throughout the

]

samples stored

-
c,’\

21

o

oraze periocds were about the sawe for

&

¥

in closed containers, while the losges of Toxiclty in open
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containersg was aboul LC percent greater. For exawple
wastes stored at roowm tewmperatures snd tested in non-
agrated bioagsays with sticklebacks had sn original 24-hr,

of 1.7 percent uwy volume, ana after storose for 23

3 had 8 DLy of 3.0

days wastes stored in clozed container
percent, and wastes stored for 24 days in open containers

The other series of tests on

a gradual loss 1n toxicity during the storage period in

all four series of

ylpassgys.

The rate of

Toxicity loss

]

wag uniforw, and the concentrations of liquor reguired to

oroduce a 24-hr. TL; could

after prelonged periods of

had decreased frow TLp 1.7

serated bloassays and from

aerated hlocassays.

the toxicity decreased during

;ingtllufl,},

be predilcted in
storage. Tsble
the toxicity to
percent to i#,33

2.5 percent to

£

most cases even

{

1 shows that
sticlklebacks

percent in non-

5.8 percent in
When awmphipods were used

the same period of time from

3.25 percent to 2.4 percent in non-aerated bioassays and

Trou 4.65 percent to wmore than 10 percent in aerated bio-

assays.

tolerance 1imlt

-

= Since the 24-tiour median
percent \y volume of waste, the TLy willl
toxicity reases.
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After 12 days wastez from full containers were wmore
toxic than wastes stored for 11 days in partizlly full con-
tainsrs. For exauple, the 24-hr, TL& percents for stlckle-
backs in non-aerated bioassays were 4,3% at 11 dayvs and 4.0
at 18 days,

Date [from Tatle 2 indicate that samples of liquor
swored at roow btewmperatures in stoppered containers lose
toxicity to about the sawme extent as do reflrigerated

samples, After storage Tor nine days at roow teunperatures,

-y

the 24-hr. TI.'s for sticlkleback fish were 3.8 percent in

o

non-aerated and .0 percent in aerated bhiloassays, end for
amphipods were 4,41 percent and &.81 percent for non-

aerated and aerated biloassays. ‘These concentrations

correspond falrly closely to the TLy's of wastes relrigex

ated for eight days, which were 3,72 and preater than 0.0

percent for sticklebacks and 5.C 2nd 7.0 percent for awphi-

pods.

Wagtes stored in closed containers at outslde temp-

eratures were tested after 20 days only. The smzall loss

-

Ces

1,

in toxicity way he attributable to the was having been

o
stored in full, stoppered containers. The 24-hr, Tl 's

ent from 1.7, 2.5, 3.2%5 and 4,95 percent to 2.45, 2.7,

2.0 and .0 percent respectively. The biloassay with

amphipods in non-aerated solutions is one ol the two times
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during the tests on kraf't mill sawple #10 in which the
wastes Indlcated no loss in toxlicity during storage.

Tanle 3 shows that liguors stored in unstoppered
contalners at room temperatures lost toxicity rapidly.

For exawmple, the Tpﬁ increased frowm 1.7 percent to .44
percent after storage I'or ten days when tested with
sticklebacks in non-aerated solutions.

“hen wastes were frozen in unsealed wilk cartons, the
losses in toxicity appearsd to be considerable, These
wastes were tested in several bioassays, but due to toxie-
ity losses being greater than expected, a T i could be
estimated from only one biloassay. At 25 days storage, the
Tl was 5.0 percent when tested with sticklebacks in non-

sicassays, Table 4.

]

asrated

¥raft sample 711 was divided into subsawmples and
stored in full, stoppered one-gallon jugs or {rozen in
full one-quart polyethylene bottles. All bioassays were
run on non-aeraced solutions.

) o
v

Az can be seen In Table 5, very little, 1f any, loss
in toxicity to sticklevacks appears to occur with storage
up to 40 days, except in that portion of the sample that
was frozen. The frozen wastes in stoppered polyethylene
bottles lost toxicity when stored. The initial TIy, with
sticklebacks was 2.2 percent, 6.0 percent after 19 days,

and .33 percent at 40 days.
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when awphlpods were used as the test animals, only a
small decrease in toxlclty was shown with storage except
in the case of frozen wastes, where a more rapid loss
occurred, The nedian tolerance limits increased from 2,25
to 3.43 percent with relfrigzerated samples in 4G days; to
only 2.8. percent with roowm tewmperature sawnples at 41 days;
to 2,07 percent with outside temperature sawples at 42
days: and to 5.855 percent with frozen samples in 48 days.
It can he seen frow Tsbkle £ that most of these losses in
toxicity were zraduval throughout the storage period,

Toxlecity of Black Liquor. There was no significant

difference in the results ottailned frowm 2U-nour stickle-

-

hack bLicassays using condensates only and those tests in
which one percent black liquor was added to the dilutilons.
raft sample #23 showed 2 3light decrease in toxicity when

3

[V
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the one percent nlack liguor was owmitbted. A TLU of 3,
rercent was cbtained without black ligquor and a Tlg of
.27 percent with wlack liquor. EKraft sawmple #24 showed
a very slight increase 1in toxicity when hlack liquor was
omltted, the TiLy Leling 3.27 percent without black liquor

and 3.38 percent with black liquor, Table u,

Tlack liquor was clearly shown to contribute some

,.(

toxic in accelerated bloassays with concentrations using
about 15 percent wastes. Ihen condensates were held con-

stant at 207 wl. per 2CCC wl. of solution and the black
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liquor was added at rates of 3 ml., O wl., and 12 wl,
respectively, the survival times were reduced accordingly.
With 3 ml, of black Jigquor in the solution, only 11 out of

20 fish died in 210 winutes: with © ml, of blaeck liquor,

A

a1l 20 were dead in 210 wminutes: and with 12 wl., of black
liquor, all were dead in 155 minutes, Table 7.

Tahle 8 shows that 15-percent waste solutions which
include one percent black liguor 2re wmore toxlic than the
same waste concentration without any black ligquor., This

o

held both in samples that were adjusted to pH 7.4 and in
samples left unadjiusted. The average time of death of
fish in wastes including black ligquor was ¢4,5 minutes at
a vH of 7.4, and 65.5 minutes at a pH of &.7. The average

v

tives of death in condensates solutions were 250 minutes

with thz pH adjusted to 7.4 and 221.5 winutes with the pH
left at 7.7. As can be seen from these data, pH had only
a slignt effect on the toxicity of these solutions to
sticklebacks, Takle &,

When solutions of black llguor znd of wash water con-
taining egqgual total solids were biocassayed, the black
liquor was considerably less toxic. In such concentrations

(&}

the black liquor with pH 8.0 killed ne fish in 24 hours,

3

e

while wash water with pH 7.9 produced a 100-percent kill in

24 hours, After the 15-vercent solutions were adjusted to

nH 7.4, hlaclk liquor killed 70 percent of the fish in 24
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hours, and wash water produced a 100-percent kill in about
three houvrs. It appears from these data that voth wash
water and black liquor contain a component that becomes

. " LSO R
toxic, or wore toxic, when the pH is lowered tTo 7.4,

Wash Water Bicassavs., A series of tests showed wash

water to have Tr.'s of about 25 to 30 percent by volume
when the pH was left unadjusted at approximately 9.0 to
9.6, But when the pH was adjusted to pH 7.4, or slightly
above neutral, the toxlicity increased, and the Tpﬁ's were
about 2 percent in wost bloassays, Table 9.

Five percent wesh water exhibited g relatively high
degree of toxicity to sticklebacks when pH values were
below &.0. In S-percent wash water dilutions with pH 5.5
through 8.0, all of the fish died in 24 hours. The toxlc-
ity was less in H-percent dilutions with the pH adjusted
to 4.5 or 5.0, with 40 percent of the fish remailning alive
at 24 hours. Frow pH 6.5 through pH 10.4, wash water had
a low toxlclity to sticirlebacks; in this range in pH no
£ish died in 24 hours, Table 10.

The toxiclities of hydrochloric acid and sodiun
hydroxide were tested in solutlions of 20 parts per thou-

sand salt water with the pH adjusted fron 4.0 to 10,0,

The pH of the salt water was 7.4 1nitially; hydrochioric

acid was used to lower the nH to 7.0 or helow, and sodium

o



hydroxide was used to increase the pH to 8.0 or above., In
& £

Fal

24-hour vloassays Tish tolerated pH 6.0 throuzh pH 10.0

et
<

7ith no wmortality. At pH 4.0 there was 30 percent wortal-

ity, and at 5.0 there was 20 percent nortallity.

Toxiclty versus Size, Fish ranging in total length

frow 25 to 60 wuwm. varied only slightly in their tolerance
to Kraft wastes in 2U-hour bioassays. The fish around 40

AT
i,

co 44 mm, appear to be slizhtly more tolerant than
the other slze groups, while fish under 25 wma. or over 00
mm, iong appear conslderably less tolerant than the other

zroups, Table 11,

Larval Fish Biocassays

Developing stickleback eggs and larval fish displayed
a wuch greater tolerance to kraft mill wastes than did
Jjuvenile fish that had absorbed their yolk sacs., The 24-

7.0 percent concentration of

je
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T
i

[
N
5
o
Bl

hr, TLy never dropped

4

waste by volume in any test with eggs or with fish retain-

C
[
v
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ing their yolk sacs, while fish fou Gays old, or
approximately one week from hatching, displayed a TLy of

A5 percent. The 24-hr. TLy on these l4-day-old fish

Ll

corresponded quite closely to the TL; of older fish 25 to
40 ww, long, Table 12,
Fish the sawme age frow fertilization, but diiferent

ages from tiwme of hateching, are about equally tolerant of
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kraft wastes, Two groups (one day old and three days old)
from the seme brood had the sawe TLy of 8.2 percent.
The rate of development in any singie batch of eggs

not constant, and did not appear to determine when

=
4]
]

the fish would hatch., Eggs hatched at various stages of

I
5

development over a period of about two and one-half days.
Some Ifish s=%1ill had large wolk sacg, while other lndivid-
uals hatched with thelr yolk sacs mostly absorbed, The
most tolerant f{'ish at the higher waste concentrations
were those individuals showing the least development and
having the largest yolk sacs.

No toxlclity to one-day-old fish was demonstrated in
2h-nour biocassays by water adjusted to the pH's 8.3, 8.55,
8.9 and 9.1, which were the pH's produced by waste solu-

tions of 5, 10, 20, and 30 percent by voluwe,
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The threespine stickleback was selected Tor this
study beczuse of 1ts swall size, availavility in large
numbers, &nd tolerance to rapld salinity and tewmperature
chanres. The experliments reported previocusly indicate
also it 1s a rellavle bloassay organiswu, at least for
kralt pulping wastes.

The relative toxicity of the different seaumples of

kralft mill wastes wag determined by use ol the threespline
stickleback and was recorded in “stickleback units.”

Using this data, dilutions of liguor vasea on the stickle-
baclk unit of toxlcity were made and used 1n continuous-
flow sxperiments not reported in this thesis, These

continuous-flow experiments covering extended perlods of

time are vart of a program To study the overall effects

Y

of krait will wastes on oysters and other wmarline {auna,.
The liguor saumpl collected Ir the kraft pulp mill
and tested for toxicity in these experiments were grab
sawmples and were not composites of the varyving effluents
produced during & complete cooking and vlowdown cycle of
the digesters. This sampling delect and winor chang
in the wlll operations at various times provavly caused
the differences in the composlition and toxicity ol llquor

) ’0

samples used., For example, there wes a aifi

£

erence ol




coloration of condensates in the subsawmples of kraft

sawple #25 One portion that was lighter In color was

‘..'-

also wore toxic.
Sowme of the toxlc fractions in condensates are prob-

ably volatile at above-{reezing tewmperatures, which uay

account in part for the loss in toxicity of the condensates

when stored or when aerated during a bioassay. The data

ndicate that there is also a loss in toxiclity when wastes

el

are stored in a frozen condition, This loss 1n toxicity
in frozen sawples nay also be partly due to the escape of
highly volatile cowpounds., In addition, bilological or
cnemlcal decompositlon of the toxlic elements way account
for some of the observed decreases in toxlicity in stored
wastes,

The cause for the changes in toxicity of wash water
with the ralsing or lowering of pH is beyond the scope of
this atudy. Above pH &.0 the wash water had a low toxic-

ity level, but at pH &.0 o below the toxilclty is Llncreased

C!‘
O]
3

the toxicity of wash wa When black liquor was diluted
with water until its total sollds were equal to that of
the wash water, the black liquor solutions had a much

Garker color, had a greater amount of precipitates when

mixed with sea water, had a lower pH, and had a lower




4:‘.
| o]

toxicity. Similerly, 1T both were adjusted to the sane
pH, Gilferences 1n color, total solids and toxicity were
present: and if both were adjusted to the sawe color, The
pH, toxicity, and total solideg differences were still
present,

Ewbryos end larval stages of sticklebacks are quite

tolerant to kraft will wastes, Sensitivity to the kraflt
liquors zppears to increase at about the tiwme the {ish
loses its yolk sec end Jiest beglins to pump water past its
¢ills. Data do not indicate the reasons {or the toxicity
of kraflt will wastes to Iish. It may ve that the kraft
he paseous transfer in the
7111e, causing the fish with functional gills to die nore
readlly than those Tish that are still obtaining oxygen by

craft will ftoxi-

e

on through the yolik sac, or that

&
‘__b
by
L 3
i—-l-

cants can only enter the vody of the fish by weans of gill
menbranes, Apparently kralt wastes do not permanently

injure sticklebacks, since the fish surviving e liguor

concentration will ordinarily recover completely if placed

in ¢lean water,




SUMMARY

1. The threespine stickleback was tested for sulta-
bllity as a bloassay organism in a series of tests evalu-
ating 1ts sensitivity to kraft mill effluents., Bloassays
were made uslng varilous kraft nill waste concentrations in
water of 20 parts per thousand salinity at g temperature
of 20° €. Stickleback ish were found suitable for use in

1

toxicity determinations anc vere estavlished as standard

test animals, and the "stickleback unit? was adopted as s

£

meagsurement ol the prelative acute toxicity of each kraft

2. Black liguor and comblned condensates were tested
together for loss in toxiclity after being stored. Storage
caused a reduction of toxicity of these wastes which was
independent of tewmperature, The loss in toxlcity was re-
duced when wastes were held in full, stoppered contalners,

3. DBlack liquor was used in place of wash water in
bloassays with condensates., Tests indicated that dilute
black liquor and wash water ave not similar and that black
liquor should not be used to replace wash water in bloassay
procedures
egted to determine changes in

’ o e

foxicity at different pH levels. The toxicliy was at a

Low testing solutions were held at pH's

-t
[
oy
jo)
(4]
w
s




gbove 3.0, but when the pH's were lowered to 9.0 or below,

o

the toxiclty increased markedly.

C:

Fish with total lenzths of 25 to 50 mwm. were

Ut

relatively consistent in thelr tolerance to kralt mill

£

wagtes and were used in a8ll toxilcity bloassays

O, Embryonic and larval sticklebacks displayed about

wilce the tolerance to krsa wastes ss did ol

(3

to 4G mm. long, while juvenile {ish one week o0ld frow
natehing were no more tolerant to these wastes than were

plder i'ish.
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TABLE 1.

&

ummarlzed Data frow 2&~hour Pioassays wlith Sticklebhacks and Amphl-
pods on Fraft Sample 710 Stored under Refrigeration at 1° to 2° C.
in Closed Containers

Stlcitiebacks Amphipods
ferated

.

Davys ol MNon-agerated Aerated Non-aerated
Storage Pioasszays Ploassays ~ios

- 3 T L b s o 7
1st day Ly 1.7 ¢ Tl 2.9 TLin 3.25%4
s ¢ £ ’ g = oo r
3 ¥ 2.0 2. +. 0D PR
- ) = Lo7a D 7 oUD
) 2.35 [ 5.0 {42

3,72 2. C 5.0 7.0

il 4,33 0.8 3.4 >1C.0

10% 4.0 5.24 4.3 .25

* Denotes liguor Tor biloassays taken rowm g full container. Liguor
; rs

for otrher hiocassays was taken row partially ewmpty contalnsrs,




~nour Bloassavs with Stickl
Atored at Hoowm Tempeﬂﬁﬁg;
in Closed Containers

Stichlebacks Amphlpods
Days of HNon-aerated Aer ted Non-aerated Aerated
Ltorage Bloassays Rloassays I'loassays Blosagays

.7 P s

- 5 Fe B} [t
o gue n 3.25% Ty 4, 9o

1st day Ty 1.7 & TLy 2.5

U

3% 1.55 2.7 3.72 6.0

3.0 >5.0 b.76 5.7
¥ 3.0 >8.0 41 5,81
10% > I o0 o oG
U .5 a. 5.0 0.20
23 3.0 b4

* Denotes liquor for bloazssays taken frow a full container, ILiquor
for other bloassays was taken frowm partially euwpty contdine“a



TARLE 3,
marized Data frow 24-hour _i”‘?OEA‘m ays with 3ticklebacks and Awphi-
Y it | i » 3 5 O
on Yraft Sswmple 710 Stored at Room Temperatures of 1&° = 47 C.
in Cpen Containers

Sticliletacks Amphipods _
Davsg of ”on—aerateu Aerated Hon-aerated Aerated
Storage Tioessays Ploassays Fioassays Rlioassays

a3 - - [sad - por T e -t T ‘”’/’* i ! [
Ist day Tl 1.7 % TLy, 2.5 % Ty 3.25 Tl 4.95%

gq* 2.17 2.83 4.3 .25

v
-+
A4
.
[
N
.
o>
v
e
»y

10 S 21C.0 .0 »1C.0

i* <4.0 </7.C 0L <9.C

* Danotes iligquor for bloassays taken [rom a full container. Liguor
for other bhloassays wag taken from partially ewmpty contalilners.

‘hi

“\‘l:}



pata fronm 24~hour Bloassays wilth Sticklebacks and Amphi-
Traft Sawple #10 Stored Frozen iIn Paper Milk Cartons

Sticklehack
Mon-aerated

Amphipods
- .
Pioassays R»i

ed Hon-aerated Aeratec
ys Hloassays PBloasseys

‘o

TLw 1.7 ¢ TLy 2.59 Tl 3.25% TIy 4,954

>5.0 > 6.0 6.0 >9.C

5. 6.0
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oummnar

zed Data
Kraft Sauvple 711

TABLE 5.

from 24-hour Bloassays with Sticklebacks and Awmphipods on

Stored in

Full, Closed Contalners

Different Temperatures

Refrigerated Room Temperstures
1°- c. 18° + 4° ¢, 2°~ 15
Days of 24-hr,. Days of 2i-hr, Days of
Storage Tl Storage Tl Storage

Qutside Temperstures

Days of
Storage

olh-nr,
TL g

O34

st day

fot
A} o)

et
WO

5

‘;::.
o

no
o

31

s

O

08

lst day

Sticklebacks
1

2.2 ¢ st day
2.29 7
2.9 14
2.59 21

jol

m

ne

lst day
9)
12

r
ASA
e

G

W

:

lst day

2.25% gt day
224 v
205G 1
D a8 21
2,86 4e

o

e
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Comparison
One Part

Between Eloassays Using Condensates Only and Those Uslng

Flack Liquor

Stickleback

TARLE O,

to 20 Parts Condensates. The Threespine
was Used as the Ploassay Anlmal.

Date
of
Hxperiment

Yraft
Sawple
Number

Liquor Tested as % by Vollme

Rlack Liquor and Condensates 3.27
Condensates only 3.83
Nlack Iiguor and Condeusates 3.38
Condensates only 3.27




TABLE 7.

ine of Death Tor Sticklebacks in 3Jolutlons with Different
Proportions of PBlack Liquor, Recorded for 21C Minutes.
Testing Solutlon Tiwe of Death in Minutes
for 20 Pish
297 wl. condensates and 05 Q¢ 120 - -
3 wl. black liquor (1:99) 120 120 = a= -
per 2000 wml. solution 120 155 180 210 -

120 180 - - -

297 ml. condensates and 120 155 155 18 210
o wl. black liguor (2:99) 120 18C¢ 180 210 210
per 200C ml. solution 120 155 18¢ 180 180

155 18 160 210 210

i
y

207 nl. condensates and 05 05 55 90 g0
12 wl. black liguor (4:99) 65 o5 65 120 120
per 2000 wl. solution 65 65 05 65 65

65 65 90 120 155




TARLE 8.

Comparison of the Toxiclty of in percent irai'l Llguors to Sticklebacis
Note: The tTotal sollds of black Llguor were adjusted to the azauve
total sollds as 10C percent wash water, and aupilcate Lio-
cssays were made with the pH sdjusted to 7.4,
Average
Liquox pH Total Tlwe ol ceath in uinutes for Tiwe or
Tegted Solids 10 fisn Deatn
Condensates T trace 90 135 5 135 176 250.0 win.
186 205 500 530 530
Condensates T trace 150 150 1906 29C 230 221.5 win.
230 230 230 230 565
1:GO* 7.4 .15 i3 45 15 =5 55 o, 5 uin,
00 o5 05 85 &5
1:99% 6.7 C.15 4¢ 4G U 5C 50 05.5 uin,
a0 tel¥ R1e; oU 1G5
Black 7.4 0.2 430 1200 1200 1440 1440 -
Liguor GO L4480 -- -- --
Black CLo .2 no nortallties in 24 hours -
Liguor
Wash i 0.2 Ge %G 10» 115 115 120.0 wiln,
Jater 115 120 136 145 185
Wash 7.5 ¢.2 430 230 1200 1200 1200 11286, ¢ win,
Water 1200 12C 1440 L44C 1440 Ul
; e ? =
* Wastes used were one part black liguor to 29 parts condensates.




Effects of pH on the Toxiclty of Wash Water
to Stickiebacis

Date
ol
Experiuent

sanple
Number

TR
ot S S VN

T
percent

7-11-58 2
7=13-50 2

1
-3
i
U
C

=

e

&

29.

A

27.°7

26,8

7. 4

(OV
NN

.
.
=
Is
Ut

Lo

™y
(@8]

T4 1

&
. S

9,0 - .
* The pH was

astimated from

sesting dilutlons used

to deterwmine the 24-hr, TL, percent,

e



Bifect ui pH on the Toxlcity of 5 percent Wacgh Water to Zticliiebacks
Pate oH at oi at Wumber Fish Aliv Percent
Start 24 hours of Rish 24 hours Survival

D C
i\

CoO=3 T B o i
>
(OIS
o
GO

.0 5
g—gﬁ-jm L0 5 b
8-?4 5G .Q no data 5 0 0
G-24-58 O o) G ¢
2U-58 9.0 > > 100
c 10.9¢ > 4 100
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TABLE 11.

The Tolerance of Sticlklebacks of Varlous Mean Total Lengths
to o percent Xraflt VWastes
Slze Mean Total Number Survival Survival
of Fish Iength of Fish 12 hours 24 hours
P0-24 wmm, 22.0 wmnm. 12 75 & 8. 3%
25-29 25.5 10 oC 50, ¢
30-34 31.9 13 100 5H. 0
55-30 30.0 £} 1C0 5C.0

I=
Q
1
=
=
e
fod
WA
b
O
W
-
(@9]
g
\Ji

45-4G 46,0 12 100 56,0
50-5i 52,3 & 160 56,0

V=55 5.3 3 100 0




TABLE 12,

Twenty~ITour-hour Rloassays on Eggs end Larval Sticklebacks Showing Tolerance with Age to
Yraflt Wastes at wge Part Rlack Liquor to G99 Parts Condensates
Date bue¥ Percent Concentration of VWaste by Volune Di -y,
of of Control 1.5 2 2.5 3 4 5 16 20 306 40 5C TLm
Ty v ] v mENSE . . T g e e
txperiment Fish Percent lortality Percent
£-10-58 (e 3 G 3 59 a¢ 9.2
Ben2-58 2 hir, 5 10 =0 40 45 iz.2
T B0 5 days ¢ C 20 T2 100 10C¢  1CC 5.6
G-0-58 aays ( 13 C 5 4C 1co &, o
£-3-58 7 days 5 C 95 100 7.2
=358 £ days C ¢ G 0 o] G o U0 50 G.2
Be3-50 £ days 0 O G G o S0 5 8.2
o 58 9 days o 50 10C 100 5.0
3.5 14 days o 5 10 10 2C 90 100 106G 100 3.5
* were recorded Trown the tinme of fertilizatilon.
4 Pertilized inwmediately after they were plsced 1in the waste solutlons.
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