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LOTED AQUATIC HERBICIDHS ON PISHES

EFFECTS OF 5

IHTRODUCT ION

This study was conducted to determine the toxlcity of
selected herblcides to fingerling chinook salwmon,

Oncorhynchus tshewyisecha (Vslbsum), rainbow trout, Salwmo

seirdnerii Richardson, and juvenile largemoutn black bass,

nicropterus salmolides (Lacenede). In conjunction it veas

desired to learn the susceptibility of the submergent

vlants, Ceratophyllum demersum L. and #lodea denssa

Planchon, to herblcides thst demonstrated a low toxicity
towards fish specles used in this investigation. The

majority of the compounds tested were rocently develcoped

herpicldes tnat mey prove useful in agustic situastions.
This work was done durilng the suwunsr and fall of 1958 at
the Flisheries Laborstory of Oregon State Collepe and was a
continuastion of the Farm Pond reseasrch project which was

4

3

initi

2

ted in June of 1956 to determine the fish speclias

and mansgemneént oractleces best suited te Uregon farm ponds,
Texlelity to flshes of herbicldes used In this work weas

studled by four spproasches. The short term biosssay wethod

as described by boudoroff et al (&, pe. 1320-1397) wes used

»

in wost of the experlments, In this techinigue test
animals asre exposed to progressive concentratlions of a

toxicant for & specifled periocd of time. The index of

wressed ap bthe nedlian tolerance

S

relative toxle ex

23

ty 1

L



1imit (TL;) or the concentrstion et whieh 50 per cent of
the introauced test snimals survive for & given period of
exposure. GLxposure perlods in the short term (standing
water) bloasssys of this work were 24 =znd 42 hours.

In the stonding water tests a number of herbicldes
appeared to lose toxielty upon storage and seration
(11, p. 48}, In order to get more accurate knowledge of
the toxiclty of these cowpounds, running water bicasssys
were performed in & constant flow apparatus. This
apparatus, uevised and ccnstructed by Fryer (11, p. 158},
allowed test aniumals to e subjected to a constant concen-
tration of herviclde for a prolonged pericd of time. In
tiils work experluments were run ifroxn four to seven days.

In some aqguatic plant control situstions 1t is

feasible to treat the problem area on different dates by

3

secticns. Tn this bty

+

e of trestmwment, or in running water,
fishes =night e in contect with herblcides for only a
shiort pericd, =g =2n svoldance resction umight enable thenm
to evade the trested sres. rxposure experiments were
performed with herbicldes in which test anlnals were
introduced into concentrstions comparable to those used in
the field. “These exposures were for 15 and 30 mlnute

pericds.

5

ot

Another avprosch to detersine toxiclity to flishes

&

Involved the presence of aqustic plantes in contasiners with



the test aniwals when herbicides were aovpllied. This

procedure was followed in order to sscertzin whethsr

sguatic nlants =i roduce the suscepntiuvility of fishes

by absorving or otherwise datoxifying the herbicides.

L8 the obJective of this study wass to revesl herbdl=-

cldes thalt had a low toxicity s flshes, the wnore

prowiging cocapounag in this resosct wers tested agalinst

: &
two submersent slant gpecles. Thils part of the investiga-

tion followed the Tish tolersnce tests ang wag conducted

Inglde the luvorstory under coentrollsd snd

tewperature zpd ocutslide of the laboratory in naturally

£

,m.u

uectuating ohysical conditions.

There is & pauclty of published material concerning
the tolerance of fishes to the herticides that were used in
the stenalng snd flowing weter biloossays of this work. The
bulk of the Informetlion cited Lelow has been obisined
through personsl correspondence with workers in varicus

orgenizetions. ©See table 1 for data on herblcldes.

»IlCiOt ] 1

personsl corresponderice Dr. Hobert (. Hiltibran,
fhsgociste Jlochenist with the Illincis Blate katursl

itistory Survey Division, Urbang, I1lincis, hes stated that



sluegill sunfieh could survive for 21 days at 100 parts
ver willion (p.pe.m.) lndothal. At grsater concentrations
the survival decreased (14).

Wr. Charles R. ¥alker, Blochemist with the Wissouri
Gonservation Comuissglon, has reported in personsal
correspondsence that 96 hour exposure of 100 p.D.al. séﬁium

wndothal wes non-toxic to Leponls wscrochirus, Lepomls

humilis, Notropls unbratilis, Hotropls lutrenslis,

Pilmephales notstus and Ictalurus melas (24).

AGP « w569

ko literature on the toxlcity of ACP to fish could be
found; however, toxicity desta 1s avalilsble on anino
triasgzole, the nsjor active ingredient of ACP. Iryer
reports the 24 hour TL, of coho salmon to amino triazole
(Weedazol) to be 335 p.p.me, &and the 96 hour survival of
largemouth black bass exposed to 1000 pe.p.me. amino
triazole to be 100 per cent (11, p. 31).

“orkers at the Academy of latural Sciences of
Philscelphia, Philadelphia, Pennsylvanlsa, report the
£4 hour TL, of bluegill sunfish to smino triszzole to be
14,300 p.pems and the bicloglcslly safe concentration to

e L1,470457 peDeitia {1y po 7)e



Laron

Unpublished data received from Nr. J. K. fisher of
the Dow Chemiczl Company list the toxleity of Esron to

lake emerald shiners (liotropls stherinoides) as follows:

upper ssfe 1il:uit, & pe.peme; fatal to approximately

o9

O per cent of the fish, & p.pexe; fatal to 100 per cent
of the fish, 15 peperms (10},

workers sssoclated with the U. 8. D. A. Soil
Conservetion Service, Durhaw, New Hampshire, reported a
fish ki1l when 1 p.pe.m. Baron was tested on rooted,
emergent plants (19, p. 59}.

A summarization by the Agricultural Experiment
Steticn of the Alabama Polytechnic Institute, Auburn,
Alsbamea, lists a concentration of 5 p.p.m. bBaron ss beling
"safe" to fishes (17, pe. 3).

Xendle hss noted in unpubllshed dsts from Oregon
State College, Corvsllis, Uregon, that the estilmated
24 hour TL, of lsrgemouth black bass to Baron was 4 pepPemle

(16).

¥uron

Unpublished data from kr. J. R. Fisher of the Dow
Chewxical Company list the toxlicity of Kuron to lake
exerald shiners as follows: upper safe 1iult, 5 Depermes

fatel to spproximetely B0 per cent of the fish, 7 pepene;
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fatal to 100 per cent of the fish, 9 pepemes (10).

In personal correspondence Dr. Aobert €., Hiltibran
of the Illincis Stats Natursl History Survey Division
stated that bLluegill withstood § o.pen. Furon without

ity. Above this concentratlon there wag no survivsl

fendle hss noted In unpublished data from Oregon
State College that the estimated 24 hour 70, of largemouth

bleck bass to Xuron was 3.4 pepems {16).

7%

Dr. hRovert O. Hiltlbraen hss stated in personal
correspondence thel bluegill sunfish are susceptible to
3¢5 pepeme Simezine in 2l-day bloassays One group of

b

1_’,3

is

et
by
3

fish was desd after sn exposure of seven uays t

iy

1 1

]

gv..

of th

concentration. In = second experimvent el
fish were dead zafter 12 days, while the remsining fish

survived for 21 deys (14;.

The toxicity results of Siuzszine to L

macrochirus, L. hunilis, lotropls umbratilis, N. lutrensls,

Pimenhsles notatus snd Ictalurus welas have been recelved

o

through personal correspondence with kre. (harles ®. Ws

f\D

liter,
¥issouri Conservation Cosmission. Bloassay results on
L

these fish specles were favoravle at 50 pe.p.m. Simazine

over a 96 hour exposure (24).
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o~

Mr. Sernard . Jonss of bLhe Buresu of Hesesrch and

¥

Planning, vepertment of Jonservstion, $t. Paul, kinnesgota,

s
N

ks - - . & ey
HRE P2oopiadd

.

telpy Agricultursl Chemicals Corpora-

Lref

tlon thet 300 p.peme Simazine kllled 50 per cent of the
tegt snimels (chub oinnow) within 24 hours. The probable
saf'e concentretion for this species under these conditions

e B L e " 3 2o ge T S N P . e . 7 e %
was consldered to e sbout 30 De.pe.ms (18],

Sodium TCA

Hilllard reports the 24 hour TL, of white crapple to
trichloroscetic scid, the parent scid of Sodium TCA, to be
116 pe.pe.me and the 48 hour TT.. to be 28 pepeiie {13, pe. 92).

5]

A summzsrigatlion by the Agrlcultural Experiment
Statlion of the tlsbama Polytechric Institubte lists the
coencentrstion of trichloroacetic scid that 1s "safe" to

fish 28 less than 50 p.pews (17, pe 3.

e -

ko dats were fcund on the toxlclty of Fh.2 to fishes,

Omazene

o T2

pr. We %o Lalguest of Widwestern University reported
to the Olin dathieson Chenlcal Corporation that Omazene
hed no effect on sunfish and silvery olalins xinnows at

concentraticns of 1 and 2 p.pem.s The medlian tolerance



o

limits of these species were estimated as 2.75 p.peme (7).
In en experliuwent reported in perscnal correspondence
by ¥r. R. D. Burrows and Wr. . U., Combs, Huresu of Sport
Fisheries snd #ildlife, &ntiat, Washington, one half of the
fingerliing chinook salmon exposed te l.4 Dep.m. Omazene

were dead after a 90 winute exposure (6).
Aerolelin

Dr. Rene klondesu of the Agricultural Hesearch
Division of the Shell Developuent Company reperted in
personal corrsspondence that during fileld work with
Aerolein fish showed severe agitation when they were
exposed to concentrations of from 10 to 15 p.p.me. BHelow
4 or 5 p.pems many ish seewed to escape aflter exposures
of seversl hours. Uarp and thresd fin shed sppesred guite
sensitive to Acrolein, wheress largemouth blaclk bass
seemed zore resistant (4).

Loplegate repcrts that no deaths cecurred when
rainbow trout, bluegill sunfish and ses lamprey were

exposed to 5 p.p.m. Acrolein for 24 hours (3, p. 16).

BETHOLS ARD WATBRIALS

Experiventel Anlmels and Plsnts

“nincok szlucn, reinbow trout snd largemouth black
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in the Horthwest,.

OO BRLDOR

- P e T . i ey 3
P L0 June .&4.53.{3‘;5 OeRT JX ﬁymﬁd, s 1iigsEs are
seinad fron the gsame nond

cilowed the uge ol flsh from o homogensous
population es regarded slze anu condition.

Ralabow trout were obtalned from the Alsea trout
hatchery nesr Alses, Oregon.

Largenocuth black bess were selned from the Jefferson

pit lmmedistely west of the Jjunction con

Py

Junction berrow

€1

Ue 5. Highway 99. Juvenile bass gelned from inls area

condition.

A1l Iish were transported to the lsborstory in

lO0=zellon xndlk cans end care was taken Lo avo

the animals In thlese contsiners. JIce wag placed in the
cans with tihie chinook seimon, which were carried at the
rate cf oue pound per 10 gallons of water. AL the
laborstory, test snicels were held in five-feoot circular
tenks with wwtant water supply for one week. At the end
of this tize the fish were plsced inte EU=-gallon squaria
vwith seration inside lhe lsberstory snd scelimated to the

labtoretery tempersture for st least 40 hours prior to an




h ths exceptlion of theose uged in constent flow

o

fEl .
WL

experinments, test enimels were not fea after they vere

groutic liver, crustaceans znd 8 were

isd zosgulto larvae and eartl
vests Luss were Ied every two asvas.

the scelimation period in the asquaris fish of
sbnormal sppesrasnce were removed and released. The
largest {isl selected for any sxperinent was no more than

one~and-one-nulf tises the size of the sasllest fish.

a?,,

During the run fish that sppesred desd were removed Irom

thie test Jars and weizhed snd measured after observation

.

snd mechanicel stimulatlion hsd falled to produce movenent.

L ®

in instances of 2 totel or partlisl wortality in a test

Lode

and messured. If =211 fish survived

regate was welghed in water, asnd sa
gasple of three fish wes taken to deterwine an average
fork length for fish In that jler. Test snisnls were used

for cne conplete experirzent and then discarded,

it

The test plaents, lerstophyllum demersum and Elodea

densa were selected because of thely wide range &nd

Srepon waters.

4
-

trovblescme in sowe western Oregon lakes znd has proven

resistent to wost herbicldes that are low In cost or

ar,

T. densa 1s particularly
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relatively non-toxic to animals.

E. denss was obtained from the Orezon State College
potany Deparbwent and was used at rates of 20 and 40 graws
per 15 liters of water in herblcide susceptibility tests.

Ceratophyllum wss grown in aquarla at the laboratory

&

where this work wes done and wes used at the same rates
&8 K. dense in susceptibility tests. 1In combinatlion with
fish blozsssays 1t was used gt the rate of 42 grams per
15 liters of water.

Plants were kept in the lasborstory in 80-zzllon
sgueris for two weeks before tests were conducted. X,

denss susceptibility was tested in voth filtered znd

unfiltered water.

Jar Experiments wlth Iilshes

Hine herbicldes with possible use as aguatle weed
control sgents were selected for toxicity studies. The
commercisl and chemical nsmes of these cowmpounas in
sddition to the composition of =zctive ingredlent snd water
solubility are listed in tsble 1. All concentrations
listed in this work are expressed in the awmount of actlve

ingredient, and experimental dilutions were computed on

b

this basis. fereafter all compounds will be referred to

Q

by thelr cowmuercisl or trade newme.

Endothel, the discdium sslt of endoxy hexahydro



8 and

Table 1

Some Properties of Herbicides Us

GCommmercial
or Trade
Hame

Chemical

Bapiricsl
Formulsa

Active Wwater
Ingredient Solublility
(%) (200 C.)

Form

F-98
ACP=iiim569

Simazine

Sodium TCA

Omazens

Fbe.Z

Baron

ruron

Endothal

Aerolein
3 smino 1,2,4 triszole

g=chloro=-4,6-bis~
{ethylamsino)-g=-triszine

Sodium trichloroacstate
Copper dihydrazinium
sulfate

1:1' ethylene-2:2"'
dipyridyliuwe ailbronide

dalapon ester of 2,4,5

triehlorophenoxy ethanol

¥(2,4,5 trichlorophenoxy)

propicnic aeid

Disodium 3,6 endoxy
hexahydro phthalate

C 31:£ 423

Coligty =

Collals®Na

611H983C15
CoHgl1s0x

Cgﬁgﬁg'ﬁﬁg

100 22%

20 5 ppp.fﬁc

0 infinitely
soluble

50

25 70%

50

50 50 pepelie

19.2 infinitely

soluble

liguid

lTiguid

powder

granular

powder

% forumula of amino triazole only

The sbove inforretion was taken from cheulecsl conpany lltersture.

ZIi



phthalic aclid, wss tested agalnst largewouth black bass
and chinook sglimon.

ACP, & ligula formulation of smino trlazole snd an
undisclosed suditlve, was tested on chinook salmon. This
chemlical has been tested on emergent aguatic vegetation.
taron (Erbon) is the dslapon ester of 2,4,5 trichloro=-
phenoxy ethsnol. It was tested on chilnook szalmone.

¥uron is composed of low volatile esters of
of2,4,5 trichlorophenoxy) proplonic zcid. HXuron bloassays
were run with chinook salwon.

Simazine is 2~chloro-4,6-bis{ethylaminoj-s-triszine.
It is primarily used &s a soil sterilant and may offer
possibilities for control of rooted aguatic plantse. This
compound wss tested on chinook salmon.

Sodium TCA iy generally used as & grass eradicator
and hes bLeen tested on emergent acguatics. The compound 1is
& sodium salt of trichloroscetic acid. In this work

Sodium TCA wsg tested on ehincok salmon.

rg;;}
<

Be2 18 & custernary amwonium cowmpound, l:l'=ethylene-
2:2'-dipyridyliuw aibromide, recently developed by Imperial
Uhecical Industries Ltd. This herbiclde has proven
effective 2s & desiccant and non-selective weedkiller in
terrestrisl usage. Unless the cost 1s prcohibitive this
compouna may be used a2s & submergent aguatic plant

eradicator. FB.2 was tested on chincok sslwmon in this
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Umagene, copper dihydrasrzinium sulfate, is primarily
ugsed zs a funglcide. It wes tested on chinook salmon.

In preparing test glilutions with the solld herbicides
that included Simszine, Sodiuwsm TCA and Omszene, the proper
amount of wateriasl was welghed on an analytical beaslance
and introduced directly into the test jers. The proper
concentrations were made up from the liguid herblicides
volumetrlcally by either pipetting the toxicant directly
into the test jzrs or by preparing & stooike solution. This
latter procedure was necesssry with the more toxic
compounds such ag Acrolein, Baron snd Kuror. Endothal,
ACP and FB.2 had such low toxicity to test animals that
the proper ewounts needed for each test jar could be
ecceurately resoved from the sszuple contalner.

A11 standing water biosssays except for Acroleln were
performed in a constant temperature room with the temper-
ature thermoststically contrelled at 200 €. Acrolein was
tested in the 20° ¢. constant temperature room and in a
13° C. constant temperature rcom. Test aguaria consisted
of 19-1liter ({five-zszllon) cylindrical wide-mouth jars.

The shape of these Jars inhiblted test animal injury when
the organisms vecame excited or hyper-sensitive. All
standing water tests were conducted wlith water pumped from

Hary's River., Preliminsry investigation of each toxicant
h ¥ =



’_J
e

to determine the s-proximste range of toxiclty was made by
placing two fleh in s cne gellon wide-mouth jar that

]

contained two liters of solution. A1l experimental
concentrations were selected by using the method described
Ly Loudorofi et zl. (8, p. 1385).

411 test sclutions except those conteining Acrolein
were cerated by the use of zerastlicn stonce that were
connected to an alr compression unit. Solutions of

ferolein, & velatlle compound, vere cerated by bubbling

cne Dubole per second.

In prepearing for the standing water bicassays, jars

were [1lled to the 15 liter wmerk snd sllowed to remsin atb
lezst 12 hours under seration until the test water was

tempered snd was saturated with dissolved oxygen. The

3

proper zmount of the test herblicelde was then adued and

B

- thoroughly wmixed with the diluent., With &1l blosssays
except those involving Acrclein, ten test anlmals were
selected from the 50 gallon aquaris and introduced into
eachi jer. Acroleln bLloassays were conducted using both
five ana 10 fish per jer. The exposurse period for eseh
herbicide was 4o hours. Close observatlon of the test
sulnals was made durlnyg this time and survivel was noted
at the end of the 24 hour and 4% hour periocds. The medlan

tolerence 1lizlt was estimated by plotting the survlival



points of these periods on seunllogarithmic paper, with test
concentrations ruled off on the logarithuic scale and

aurvival percentsg on the arithietic scale (8, p. 1397).

A curve wus [ltted to these points by inspection, and the

concentration

It corresponded to the 50 per cent

survivsl point on the g aph weg then observed.
After each run was terminated, test jars were washed

thorcouphly with detergent soap, rinsed well anc refililed
with weter to be held for use in subsequent tests,

Prior to end st the end of sll experinents the
alssclved oxygen, hydrogen ion concentration ana slkalinity

content of the water were wessured. During the experiments

dissolved oxygen content in the test dilutions was weasured

b
&

when mortslity first appeared. tests were l1lnstigated
unless the diluent vater contsined st least 6.0 Dl.pene
dissclved oxygen, znd results were not accepted ss reliable
in a2 vleoazsay where the dissclved cxygen fell below

445 pepems  Dissclved oxygen determinations wers made by

the Winkler wethod (23, p. 38).

Constant Flow sxperirents with Pishes

Results obtained in the standing water bloassays

"'J

indlcated that g nurmber of the herblcldes were somewhat

&

cletiles To slisinate the possibility of toxicant being

"vlown off" by test jar aeration and to keep test animsls



in contact with g constant smount of toxicant, constant

flow Yndothizl and

cproplond
lsar produced by

[ PR 1
sorts that lske

exerald shiners were exposed Lo 3,000 p.p imlepon Jor

e
il

thout eny acverss effect; h

found to be lethal (22, pe 4)., Ths toxd

DeDallle

oubth blacek

4 g s % R N
thia eon RO Lo

gstudled by Frysr

1

&

tested on lerissouth bass and Simazine wes testsd on

o oy S )
operated by & gravity

o

stetically controlled

o 20° ¢, bafore 1t

water that psssed through each bottle., Uniform addition
of toxicant wss sccomplished with a Brittingham laboratory

The toxlcant was pumped into the

system Irom four on pyrex bottles. As the




of toxlcant delivered per tlme periocd could be messured,

the water outflow could be adjusted to oblain ths desired

centrations in the test bottles. OQuitfall delivery from

each dilution was callibrated using & stop wateh and

500 milliliter praduste svery 24 hours during an experliment

L

in arder to maointalin e constant concentration. Chewlesl

puup delivery wae messured bLefore each sxperiment w:

\..‘8

,4

started.
After the proper flows had been sestablished, 10 test
wsle were intreduced into sach test wobile and
ascclimated for 48 hours. AY the end of this tine the
proper smount of herblcide wss placed in the toxicant
bottles and mixed into a stock solution. The chenlesl

rad and filsh condition was nobted st lezst six

ot

pump was eng

o]

hout thie run. Lesd T3

tlmes delly throvu sh were removed,

velghed and sessured when observed. Dlgsolved oxygen

Py

copncentrations st the cutfalls vere measured when the
experiment startsd snd periocdieslly thereafter until the

run was bterminsted.

Short~Tarm xnosures wilth Fishes

In aguatic weed treatment where the preservation of

4]

fishes 1s Jdesired, 1t 1s scometlmes nscessary to divide the

3.

¥

ares and trest the ssctlons concurrently. This is

essential becsuss of the nigh blologlesl oxygen demend of
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were serated throughout the test.

Uiozssays with Plants Present

e T3

In ordey to simulate field conditions wore closely
biosssays with herblcides and fishes were performed with
aguatic plants present in the test jers (figure 2). The
herbilcide concentrations selected for tihis work colincided
with the spproximcte medlian tolerance limits estimsted by
the stanaing water Dbloassay section of thls work. Fish

£

survival thst differed widely from the previous data might
be sttributed to tne presence of plants. Herblcides

salwon and Cerstophyllum were

ccnstant tempersture room. The only difference in tech-
nigue vetween these experiments ana the preceding standing
water blozssays waes the sdaltion of 42 grawms of

Cerstophyllum to the 15 liter dilution that contained five

test zunimals. Survival of fish and plants vwas noted at

the end of 24 and 4% hours.

Jar Experirzents with Plants

ot

Test anlsals were found to have @ relstively hlgh

Y

tolerance to 3.2 and Radothal. In order to determine the

effect of these herbvlecides on agustic plants, Flodea densa




"

Figure 1. Biloassay jars with chinocok salmon
and Ceratophyllum demersum.

Figure 2. Short-term exposure of chinook
salmon.




and Cerstophyllum cemersum were treated in five-gallon

standing water Jars both in the constant temperature room

and outside the bullding. Concentrations were selected

thet would indicate the zapproximste wminlmum lathsl dose

necessary for complete necrosis. Roth filtsred and

unfiltersd weter wsg used with 8 @ pertlicles in the
weter occlude this compound,

Plants were scclimated in 50 gsllon contalners for
two weelks elther in the 20° C, constant terpersture room
or cuteside of the building depending upon the sres in which
experimentation was to be carried out., Five-gsllon jars
were used as test contalners, snd plents were introduced
into 15 liters of water st the rates of 20 and 40 grams
wet welgzht. Herbicldes were placed into the jars with the
seme technlgque that was employed with the fish bloassays.
After treastrent, those Jars thst were tested ocutside of
the lavworatory were placed so that they were accessible
to sunlight. The extremes of tempersture in this situation
were recoried by weans of & meximum-minimum thermometer.
Tests ran from four to 16 days, znd condition of the
plants wes noted Gsily until death occurred or until the
concentration was juctped ineffective. Uoth the starting
and terminating pH and alkalinity of the test

concentrations were nobted.
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Jer xperiments with Fishes

Endothsal

Resulte of bloassays conducted to determine the
toxiecity of Endothal to chincok sslmon resulted in the
estimation of the following median tolerance limits:
24 hour, 149 p.oeu. and 48 hour, 132 p.p.m. (table 2).
At the end of cne nour all test animals were dead in

120 pepeine zna nizher concentraticns. Flsh in concentrs-

ticns lower thaen 115 p.p.m. appeared norzal throughout the
experivent., Uhinoolk that rewsined alive after 45 hours in
concentratiocns where desths oceurred were noted to have

orotrudin; eyebzlls and were much wore sluggish than

control fish.
xpericents conducted to deteruine the toxiecity of

Endothal to large

utin black vess resulted in the following
stimated median tolerance linits: 24 hour and 42 hour,

202 p.p.ae {table 3), Total rertslity occurred within two

hours in the 320 pe.pe.m. solutlien and within 1€ hours in

240 pepewis Fish sppesred normal during the run in

concentraticns lower thnan 135 pe.p.ms Test animels that

¥

remained allive in concentrations where partial mortality

[

cccurred were slussish and partlally narcotized.




Table 2

Survival of Culncol Salwon in ¥ndothal Bloassays

Noe Test Anlmal Per Cent Test Aniumals Avg e Avge

surviving / surviving After Length Welgnt
Conce. Nos Test 4 45 24 ) e Gramas
DeDellle Lninels Hours Hours Hours Hours

P 10 10 10 100 100 60.3 2.91
b6 10 10 10 100 100 59.8 2.87
100 10 10 10 100 100 5742 2443
118 10 10 & 100 80 53¢ 2+55
135 20 19 10 95 50 €l.2 3.11
156 20 35 15 71.8 3.92
180 10 0 60.0 2,59
210 10 0 64,8 305
240 10 0 59.2 2.93
520 10 O €65.1 5356

0 10 1 100 5.0 2+50

COCOOCT
cCOOoQo0o

Starting pH -~ T.47 Starting Alkalinity - 51
Ending pH - Ha.l Ending Alkelinlty - 167

73



Table 3

survivel of Lergemouth: Rleck Pzss in Indothial Blosssays

Hoe Test Animsels
surviving After

Gene. No. Yest 24 48
DeDoilia Animals hours Hours

Per Cent Test Anlmels

Surviving After Avga
24 4: Length
Hours Hours it

Welght

135 10 10 10
155 b 5
120 10 &
210 20 &
240 10
S20 10

0 5}

OO DG
GO OoOX

Startiag pH - 7.78
Ending pH - 7.85

100
100
=50
40
0
0
100

100 64.4
100 64.5
<0 626
40 50.9
0 3946
o 39.5
100 630

Starting Alkellinity -
Ending Alkalinity

Ze93
Se.14
2.76
1.85
O.u7
Q.85

2.84
41

- 122
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Toxicity tests with 209

yielded trne followling estiuated wedisn tolersnce linits:
24 hour, 105 p.p.ne and 45 hours, 182 pe.pems (table 4

At the end of three hours only one fish remalned slive in
370 p.peme  The three largest fishes la the

in this concentrastion. The lowest concentration trat

DeDete, and test asnlimals in

L::t
&1

cesused wortalities was 1l

weaker dilutlions never sppesred to be in distrsss

Baron {Erbon)

The wmedlan tolersnce liuwits of chinock seloon exposed

to feron were ss follows: 24 hour, 2.02 p.pone and 48
hour, 2.27 p.pems {teble 5}, Lo worbalities occecurred in

cencentrations of 1.8 pe.p.m. or less during the experiment;

however, {isih that were confinec 1in sclutions of from
Ce78 pepemme to 2.4 Depete were cuserved to swim in a

with thelr hesds up by the second hour

cf the test. ity the fourth hour the majority of the fish
that rewalned zllve were lying on their dorsal surface on

honly visivle pectoral fin and

ot

the boettonm of the jars wi
cpercle rovements, Those figh capsble of swimming did so
on thelr vtecks or twirled ass they progressed. iy the

twenty-fourth hour many of these fish novpeared in better

conaition, but norsasl swimsing was still not possible.



Table 4

Survivel of Cnincok Salwmon in ACP loassays

oe. Tost Aniumsls Fer Gent Test aAnimels

Surviving After surviving After AVE
Conc. o. Test 24 4 24 48 Length :
PeDelile Aniwmals Hours Hours Hours Hours e Grams

56 10 10 10 100 100 &1e0
75 10 16 10 100 160 SRS
100 10 10 10 100 100 74.0
138 S0 27 20 a0 &7 SRR
180 20 14 50 20 €2.9
210 40 &1 o2 10 70.2
240 30 5 1¢ S 75.0
260 10 0 o 0 775
520 10 0 Q 0 B2
370 10 0 O 0 781

U 20 i 100 100 772

O D (0 KR
0 <

O O e O

SOO0OH® e
o -indnd I n

e » @ 2 & € 5 ¢ 4 & 9

-
[e1 )

Starting pH - 7.58 Sterting 4lkelialty - €2
Ending pH - TeB Ending Alkelinity - 109

L3



Table 5

Survival of Chinook Salwmon in bBaron ploassays

o, Test Aninals Per Cent Test Anluals

Surviving sfter surviving Af'ter AVE. Avg.
Conc. Noe Test 24 ‘ 4% P 48 Length Vielght
DeDalite Animals Hours Hours tours Hours Wi Grans

082 10 10 10 100 100 7580 4 .26
0.56 20 20 20 100 100 7047 Se64
0.75 10 10 10 100 106 TZel SeB2
1.0 20 20 20 100 100 T1.8 5 TS
1.8 10 10 10 1060 160 715 5453
2.4 &0 14 8 70 40 E=TRY 4 .66
S 20 0 5 O T2e6 4,78
4.2 10 ¢ g 0 V38 4.91
5.6 10 0 0 0 6t & 4404
0 10 1 10 100 100 74.0 SeB5

(SR e oS o

Starting pH - 7.43 Sterting Alkelinity - €2
Ending pH = 7.36 Ending Alkalinity - 70

88
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A number of the test aniwmals remained on the bottom as

described above throughout the test.

Kuron

Toxicity tests with Kuron agalnst chinook salmon
resulted 1n tre following estimated median tolerance
limits: 24 hour, 1.36 p.p.m. and 48 hour, 1.23 p.pee
Mortalities occurred after four hours in concentrations of
3+2 pepem. and higher concentrations., There was 100 per
cent survival of test snimals in concentrations of 0.32

Pepemes and 0.56 p.p.m. Kuron (table 6).
Simazine

The median tolerance limits of chinoo¥ salmon to
Simezine were estimated to be as follows: 24 hour,
6.74 p.pem. and 48 hour, 6.63 p.p.m. {table 7). Test
animals appesred Iin distress after 2% hours in concentra-
tions of 10 p.p.m. and over, and totsl mortallty was noted
irn 13.5, 12 and 24 p.pem. Simazine after 24 hours. Only
one flsh succumbed safter the initisl 24 hour period of the
experinment. Fish in aistress swam erratically near the
surface of the solution. After € hours had elapsed, foam
appeared on the surface of the test dilutions. At the end
of 42 hours the dissolved oxygen content of the Simazine

jars hsd dropped to approximately 4 p.D.ne.




Table €

Survivael of Chinook Salmon in Xuron Plosssays

Mo. Test Anilumls Per Cent Test Animsls

Surviving After surviving After Ly
ConG. Noe. Test et} 4% 24 48 Length
PeDolte Animals Hours Hours Hours Heurs ]

0.82 10 10 10 100 100 2l 1
056 10 10 10 100 100 7962 5.06
0.75 S0 40 31 100 T T4, 4.99
1.6 40 31 28 7 70 77 i 4 .58

w n

1
-

4

-7

1.3 =0 5 ) 28 25 4.6 5440
Se 50 O Q O O 729 4.94
de2 10 O 0 O 0 67 .0 4.02
5.6 19 0 0O 0 0 68«5 44477

Starting pH = 7.61 Starting Alkelinity = 67
Ending pH - Ted Enddng alkalinlty - 93

o



Survivel of Chinook Salwon in 8

Table 7

mezine ©loszssays

Ko. Test Aninmals
Surviving After

Gonec. ho. Test 24
DeDelie Animals Hours

48

Hours

Fey Cent Test Animals
surviving After Avg.

D]
[

f 2 o e By
Pited ?10}’},&3 (YR

Hour i

A Vi e
flelght

rams

Se 16 10
5.6 10 16
! 20 4
10,0 20 1
1365 el 0
1540 10 o
24 o) BRS G
0 10 10

e
L3

Starting pH <

Ending pi -

-3
*

o
&

10
16
1
G
G
O
16

GO 651
ou €4.6
5 €4.,1
0 6L.5
0 c4,1

- e
O 65

%
.

Starting Alkellnity
bnding Alkalinity

- 47
- 67

s,

¢
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Sodium TCA

Determination of the approximate median tulerance
limits of chinocok salmon to Sodium TCA was not attempted
btecause of the low toxielty demonstrated by this compound.
No test animal wortallty wes sustained in 1€ concentrations
that ranged from 24 p.p.m. to 870 p.p.m. Test fish in 2ll
concentrations retalined normal actions throughout the

48 hour test perilod.

2

e

Tests to determine the toxicity of FB.2 to chinocok
salmon resulted in the following estimated median tolersnce
limits: 24 hour, 29.4 p.p.m. and 4& hour, 28.0 D.pemle
(table ©)., By the second hour of the test complete
mortality wes noted in the 100 p.pe.me. dilution. At the
end of eight hours partisl mortality had occurred in
concentrations of 32, 42, 56 and 75 p.pems Pish in
distress swam violently in a circular msnner for a short
pericd of time and ultimstely sank to the bottom of the
test jar where they remsined in a nercotized condition for
aporoximately one hour before death occurred. Test jars
in which partial wortality occurred toock on a dark-green

color after 40 hLours of the experiment had elapsed.




Table U

Survival of Chinook Salmon in ¥i.2 Dlosssoys

N0, Test Animsls Per Cent Test Anlumals

Surviving After Surviving After AV,
Concs Fo. Test 24 4 24 48 , Weight
Depellie Animels Hours Hours liours hcurs et Grams

BeC 190 10 10 1C0 100 o' 0O 1.98
10 10 10 3 100 S0 61.0 2ot
135 20 20 20 106 100 5645 Lo &
18 10 10 10 160 100 6245 .94
24 10 10 9 100 90 5740 1.93
en 10 ) 5] 50 o0 €4.0 S35
52 49 17 9 42 22 €77 Se46
37 10 3 &0 20
42 10 0 O €5.4 307
56 20 0 O G445 SeBD
75 10 0 g 0 65.0 Seh

100 10 0 0 0 €27 Sl

0 20 2 20 100 100 55 et3 Ze4

CSCOow

QODOGO

Starting pH ~ 7.0 Starting Alkslinity - 46

- permoont s st s
——————— e

L
[
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Omazene

“loassays to determine the sprroximate median
tolerance limits of chinook salmon to Omazene resulted in
the followling deta: 24 hour and 48 hour, O.83 D.Pefe
(table 9). C(hinocok tested at 0.56 p.peni. Omazens appeared
normal throughout the 42 hours of experimentation, whereas
those confined to C.75 pepoetie 8nd 140 pepems were in
distress and sustalined a partial mertality. Concentrations
cf 1.8 pepsme. and aove produced z totesl mortslity. There
were rio auuitional wortslities after the £4 hour pericd of
the experiment. Zpparently fish that were able to survive
the Iirst half of the experiment were not sffected by the

compound during the second half of the test.
Acrolein

The estimated wmedlan tolersnce limits of chincok
salmon exposed to Acrolein in the 20° €. constant
temperature room were ss follows: 24 hour and 48 hour,
0.05L pepsms The valldity of this 1L, 1s guestlonable as
it was bssed on total survival in C.075 pepe.me. Acrolein
snd total mortality in C.O087 p.p.m., which was the next
nighest concentrastion (tatle 10). After twc hours had
elapsed, there was no survival in 1.35 and Z.4 p.pPem. &8
well 88 4.2 Depemes Acrclein. Only 20 per cent of the test

animels remeined elive in 0.42 p.pem. 8t this time.



Survival of Chincok felwmon in Jmezene hiozssays

el ar (Cent Test Anilmals
surviving After

48
B Hours

[
FE R

A\ié‘ .
Grans

»)

&

et
e
NN

Gong. Np. Test 24 4
Tiedeilie Anlnels Hours Hours Ho

.

2":’94
2.11
S.1

€045
257
Ced

34056
2594
28

297

g
#
Sel

0.1 10 10 10 100 100
0.18 10 10 10 1606 100
Oed2 10 10 10 100 109
0«50 <0 P ‘ 100
0.%5 10 7 70 T
1.0 =0 5 5] 15
1.8 10 0 O 0
O
0

B
3G
)
O
foud
o
(&

See 10 0 Q
S 10 O O
10.0 i0 o G
0 10 10 120 100

COoCOoow

Jot

Sterting pl - 7.45 Sterting Alkelinlity = 50
Ending pi = 7.6 Ending Alkalinilty - 87

15
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*

Survivael of Chinook Sglwcn in fAerolein Ploassays at 209 C.

#o. Test Anismals Per Cent Test Animals

Surviving After Ssurviving After
Conc . Hoe Test “é 48 24 4%
DeDolile Andusls Hours lours Hours Hours

10 100 100 T0.0
O 0 0 G4
0 0 0 704 5,91
() 0 0 ,7"‘.3.:':) ‘-40}39
G 0 0 GV e 3.5

10 100 100 €7 S

Q.”VE 10

ot
SOCOo

b
o

- &5
- 61

9¢
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Results of experiments conducted st 13° C. to
estimate the medien telersnce 1limilt of chinook salmon to
Acrolein were as follows: 24 hour and 4% hour, 0.075
Pep.nis (table 11). Test snimal survival corresponded in
these experiments to that in the 20° C. environment in
thet there wes no partisl wortality in any test Jar. At
the end of the 24 hour and 42 hour periods there was
100 per cent survival in one jar containing s concentra-
tion of 0.075 p.peme Acrolein and complete wortality in a
duplicate Jjar having the sare concentration.

Exposure of rainbow trout to Aeroclein at 13° C.
resulted in the following estimated medlan tolerance limit:
24 hour and 42 Lour, 0.062 p.pem. {(table 12). These
results were sinilar to the chinook toxicity tests st
13° ¢, and 20° €. in that there wes no partisl mortality

2

jer alter 24 hours and 42 hours had elapsed.

LA

in any test
Although tables 11 and 12 denote concentrations that
produced & partiasl mortallty, these dsta were averaszed
from more than one test jsr. Survival variation between
jers of the same concantretion is thought to be caused by
eitiier a very narrow tolerance range of the test snimals
or by hypersensitivity of the test fishes. All fishes
introduced into fcrolein became extremely excitable, The
poasibllity exists that an asctive Individual in a test Jar

coculd have a stimulating effect on the other individuals,



Taovle 11

Survivel of son in Acrolein bloasssys st 13° C.

o o

hoeo Teot Animals
curviving After

I ———

rer Leanl t

.
L
surviviog

s
6}

O —

PR I
Arnimele

dfter

Gonc. hoe Test 24
Paeellla Animals Hours

45

fiours

24
Hours

45
Hours

Avg.
weight
Grams

bt
(SRR TR S I I O o2l
T

i—j

£

10
10

&

POC OO

1069

160
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hence causing death more rapldly becsuse of over-exertion

nn the presence of the toxicant.

Constant Flow Txperiments

Endothal

The effect on lergemouth black bass exposed to four
concentrations of Endothal for four days is presented in
table 13,

o mortaslities oc¢curred durlng this experiment 1n any
golution, but feeding reactlons of bass in 155 pepere
Endothel implied that these fish were under stress. On
the second day, bass in this concentration took sarthworms
in a sporadic manner. On occasion if & worm was taken, it
was rejected lmmediately. This feeding action continued
throughout the remainder of the test.

Bass in 10, 56 snd 100 p.p.m. Endothal fed normally
during the experiment and these fish were more aware of

the experimenter than those held in 135 p.p.uie
Simazine

The results of Simezine's effect on chinook salmon
held in flowing water sre summnarized in table 14.

The first indicatlion of test anlmal distress occurred
on the second day when there were nine mortalities in the

10 p.pe.m. solution., The remsining fish would not accept
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Table 14

survival of Chlnook mon eftter Four Lays bxposure Lo Slmazine

Por Ceant Test
Surviving After
Cone . No. Tsoet 1 2 & 4

s Averag
; , Lisgsclved
OXyLen

DePelite Animels Ay davs Usvs deya {(Groms ) (Depesie)

1 1o 100 100 100 100 TE.2 S.83 €al

Oetd 10 160 100 Yo 90 7440 4.00 Det3

e 1a 160 100 50 1518] T1l.9 Ee2 €.08
10 10 100 16 G 0 1.5 G.1€ S5

G 10 100 100 106 100 705 503 6425
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feods During the third dey totsl wortality wss recorded
t

Test snlmsel distress wss noted in 5.6 p.p.me. on the
second day. The fish swam in & vertical position near the
top of the container., By the end of the third day there
was 20 per cent survivel in the solutien. Chincek salmon
in this concentrstion would not accept worms during the
fourth day and at the end of this periocd, when the experi-
ment was terminsted, there was 60 per cent survivsl in the
bottle.

Fiskh held in &.2 pepem. Simazine demonstrated a
95 per cent survival bty the end cof the third day and those
remeining in the bottle accepted focd. At the end of the
run on the fourth dsy, there was still & 80 per cent
survival in this solution.

Chincok confined to 1 p.pem. Slmezine and those 1In
the control bottle sustained no mortalities during the

experiment., These fish took worms readlly and were gulck

to becowme excitable when the experimenter anproached.

The seven-day survival of largemsouth black bass
exposed to four concentrations of Dalapon in flowing water
is expressed in table 15.

All bass held at 1000 p.p.a. Dalapon were in dlstress
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survival of Largenocuth Dlack Dass alter Leven uays Ixposure to Lalepon
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by the end of the first day, and there was only a 30 per
canl survival et thds point. Dlstress was characterized
by a loss of equllibrium, end the fish swam 1n a verticsl
position near the top of the bottle. Total mortality was
noted in this sclution on the morning of the second aay.
Test animzels introduced into 500 p.pe.m, Lalapon
gppeared normsl until the second day of the test. During
this pericd there was a 350 per cent mortality and fish that
renained alive swam on thelr dorsal surface at the top of
the ccntziner. By the end of the third day there was a
20 per cent mortality in the selution and the fish that had

not succunbed were lylng on their dorsal surface at the

ot

voettom of the test container. By the fifth day there was

cnly 10 per cent survival in this bottle sna this fish dled
cerly on the sixth day.

There was no mortality in 125 pepeste, 250 PeDers
Lalapon or in the contrel Jar at the end»cf seven days,
but twe pass in 250 p.p.m. sppeared in some distress on
the fifth dazy of the run. By the sixth day these two fish
hiad spparently regrined thelr equilibriuwm. Actilve feeding
took place in these jars except during the third day when
bess in 250 p.p.m. &ppesred uninterested in worms,

Bass survival for 48 hourg in a standing water
solution of 1000 pe.p.m. Dalapon concurrent with this

flowing water experiment confirmed results obtalined by
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Fryer (11, p. 31). These fish were on their backs on the
bottom of the test jar in a narcotized condition at the
end of 24 hours, but at the end of the test the fish had
practically recuperated and 100 per cent survival was

noted in the solution.

Short-term Exposures with FPilshes

Penlte

Sodium arsenite is commonly usea In the field as a
submergent plant herblclde at concentrations that range
from 3 pe.pemis to & pepeme of the acetive ingredient,
arsenic trioxide. Cansdian workers who performed tolerance
tests with chum salwon report that the 48 hour median
tolerance 1imit of thils species to Penite 6X is
appreximately 11 p.p.wm. The calculated time to 50 per cent
sample mortality with £4.5 p.pe.m. Aszos was reported as
426 minutes (2, p. 28). A 100 per cent survival, after
observation for 24 hours, wss noted from exposure of
chinook salmon to this compound st 5 p.pe.me and 10 Depome.
(table 16). Fish did not appesr in distress while held
in the dilutlons, but a nusber of the test animals held
In 10 pepoms attenpted to jump out of the immersion

basket.



Table 16

Survival of Chinocock Salgon after Short-period Exposure to Penite

Per Gent

Survivel
of Test Per tCent Survival of Test Aninals
Aninals in Fresh Water Jars After Avg. Avg.
Cone. Hoe. Test Winutes at End cf 1 P 3 4 8 12 24 Tength Welght
Pepom. Animals Exposure Exposure hour hour hour hour hour hour hour {mm) (Graus)
5 10 15 100 100 100 100 100 100 100 100 79.5 4.87
5 10 30 100 100 100 100 100 100 100 100 85.1 5.32
10 10 15 100 100 100 100 100 100 100 100 74.7 4.18
10 10 30 100 100 100 100 100 100 100 100 ©86.0 6.02
0 5 15 100 100 100 100 100 100 100 100 B52.0 5,14
0 5 S0 100 100 100 100 100 100 100 100 74.6 4.1

LY
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Haron

This compound may recelve extensive usage as a
general vegetatlon control agent on ditch banks and has
been tested as a submergent plant killer at concentrations
of from 1 to 3,9t Pspems Exposure results of chinook
salmon to 5 snd 10 p.p.m, Baron asre listed in table 17.
Fish, when removed from 15 and 30 minute exposures to
10 pepems, had difficulty swimming for a few minutes. A
number of these rested on their backs on the bottom of the
fresh water conteiner in s narcotized condition, but after
15 minutes sll of these test animals but one had graduslly

returned to normnal.
Kuron

Furon 1s marketed as a brush killer end has been
tested in aguatic areas at concentrations of from 1 to
2 pepems One hundred per cent survival was noted with
chincok salmon that were exposed to 5 and 10 p.p.m.
(table 18). Two fish held in 10 p.p.w. Kuron were in
distress st the end of 30 minutes exposure, but these
individuals revived after they were replaced into the

fresh water observation jar. This compound appeared to

1 Applied as a spray.



Table 17

Survivel of Chinocok Salmon after Shorte-period Exposure to Baron

oo e ——

Gonc. Ko,

e mior e o = o "

Per Cent

Survival

of Test Per Cent Survival of Test Anlmals
Animals in Fresh ¥Water Jars After Avg.

AVE‘; »

Test Hilnutes at End of 1 2 S 4 s 12 24 TLength Weight

Peperia Anlumals Exposure Exposure hour hour hour hour hour hour hour (mm) (Graas)
3 10 15 100 100 100 100 100 100 100 100 &€.6 6,13
5] 10 30 100 100 100 100 100 100 100 100 &4.2 5.58
10 10 15 100 100 100 100 100 100 100 100 81l.0 5.12
10 10 30 160 90 g0 S0 80 90 30 90 E5.7 5.81
0 ) 15 100 100 100 100 100 100 100 100 §&7.0 5.52
¢} S 30 100 10¢ 100 100 100 100 100 100 83.5 5426
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Table 18

Survival of Chincok Salion after Short-period Exposure to Xuron

Per Uent
Survival
of Test

Per Cent Survival of Test Anlimsls

Animals in Fresh VYster Jars After AVEge AVge
Conc. No. Test lNinutes at end of 1 2 S 4 8 1z 24 Length welght
Pepeme Anilmals Exposure Exoposure hour hour hour hour hour hour hour (mm) (Grams)
5’ 10 15 100 100 100 100 100 100 100 100 71i.1 3354
5 10 50 100 100 100 100 100 100 100 100 69.4 3.06
10 10 15 100 100 100 100 100 100 100 100 635.7 2457
10 10 30 100 100 100 100 100 100 100 100 170.7 342
0 3 15 100 100 100 100 100 100 100 100 71.0 3.18
0 5 30 100 100 100 100 100 100 100 100 62.5 2.44
[¢1)
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settle out on the bottom of the test jar, although the
solution was sgitated when the material was Introduced.
It 1s possible thet the material that fell out of soclution

was merely the carrier of the sctive ingredient.
Delrad (Rosin amine D acetate)

This ccmpound is used as an alglclide at concentrations
that range from 0.3 to 1.0 p.p.m. A toxicity summarization
by Alabama workers reports that Delrad is "safe' to fishes
at a concentration of 0.5 p.pe.me (17, p. 3)« Experiments
conducted at the Robert A, Talt Sanitary Englneering
Center, Cincinnatl, Ohio, indicated thst the 24 hour Ly,
of the fathead minnow to Delrad was 0.23 p.p.m. (18, D.
513). Chinook salmon sustalned no mortslities when
exposed to 0.5 p.pem. and 1 pe.pem. Delrad for 15 and 30
minutes (table 19). One fish was in distress 2t the end
of 30 minutes in 1 p.p.m., but this individual recovered

after being placed into the fresh water jar.
Phygon XL (Dichlone)

This meterial has recently been introduced as an
elgicide effective at concentrations that range from
0.01 to 0.15 pepenta In tests conducted in the Fisheries
Research Lraboratory at Oregon State (College, Fryer reports

the 24 hour 7L, of largemouth black bass exposed to



Table 19

Survival of Chincok Salmon after Short-period Exposure to Delrad

Per Cent
Survival

of Test Per
Animsls

Cent Survivsl of Test Animsls
in Fresh VYater

Jars ifter

AV{-B .

A“Vg .

Conc. Ko. Test #dinutes gt End of 1 2 3 4 & 12 24 Length Welght
Pepeiie Anilmsls Exposure Exposure hour hour hour hour hour hour hour (mm) (Grams)
0.5 10 15 120 100 100 100 10C 100 1006 100 972.5 3.17
0.5 10 30 150 100 150 160 100 100 100 100 70.1 2438
1.0 10 15 150 100 100 100 100 100 10C 100 68.Y 2,75
1.0 10 30 100 100 100 100 100 100 100 100 69.0 5038
0 5 15 100 100 100 100 100 100 100 100 73.0 5.4
0 5 30 100 100 100 100 100 100 100 100 67.7 2.74

&
o)
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Phygon XL to be approximately 0.02 p.pe.m. gnd the
concentration at which silver saslmon showed no distress
for 96 hours to be 0.042 p.pem. (11, p. 25}« In this work
chinook salmon were exposed to 0.1 and 0«5 DeD.m.

Phygon XL (table 20). ¥hile immersed in the test
solutions, chinook moved sporadically as though in severe
distress, and two fish were dead in 0.5 pe.p.ms. at the end
of the 30 minute exposure. The remsining fish held in thls
concentratlon for 30 minutes were dead sfter two hours in
the fresh water observation jar. PFish exposed to 0.5
Pe2ems for 15 minutes demonstrated a 40 per cent survivel

gt the end of 24 hours of observation.
Copner Sulfate

Copper sulfazate is one of the most widely used
herblcldes to control aguatic vegetation. The concentra-
tions utllized In treatment very from 0.1 to 10 p.p.m.
Lawrence reports that copper sulfate is "safe" to fishes
at concentrations of from 0.5 to 2.0 p.p.m. (17, pe 3).
Research conducted st the Robert A. Taft Sanlitary
Englneering Center indlicates that the 24 hour TL, of the
fathead minnow to copper sulfate 1s aspproximately
0s19 pepem. {12, p. 513). There was no visible distress
reveszled by any test animel durlng immersion in 1 and

2 p.peme solutions of copper sulfate (CuESQQ-BHZO) and the



Table 20

Survivel of Chincok Salmon after Short-period Exposure to Phygon XL

Per (ent

Survivsl

of Test Per Cent Survival of Test Animals

Animals _iIn Yresh Water Jers ifter = Avg.  Avg.
Cone. No. Test iilnutes at End of 1 9 S 4 & 12 24 Length Welight

Peemia Animals Exposure Exposure hour hour hour nour hour hour hour (um) (Grams)

0.1 10 15 100 100 100 100 100 100 100 100 0.1 5.83
0.1 10 30 1060 100 100 100 100 100 100 100 3.3 €.25
0«5 10 15 100 20 50 50 50 40 40 40 V9.6 4.77
Q.5 10 30 =0 20 10 Q ¢ O 0 0 E2.2 £.685
o & 15 100 100 100 100 100 100 100 100 79.5 5.02
0 5 30 100 100 100 100 100 100 100 100 0.7 €.2
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salmon appeered normal through the 24 hour observation

period (table 21).

Irichlorobenzene plus 5 per cent Colloidsl X-77 Emulsifier

TCE, generally cowmbined with an emulsifler, has been
eumployed to control submergent aguatic vegetation. Eicher
reports that 7CB 1s deadly to largemouth black bass and
tluegill sunfish at 5 pepems (%, pe 179).

Results summarized in table 22 polnt out that chinook
salmon withstood short exposures of 80 p.p.m. TCH plus
emulsifier without mortality. After 12 hours in the fresh
water Jars, two fish died thet Lad been exposed to
100 pepem. TCH for 30 minutes. There was no observable
change in the test snimsels during the exposure period, and
811 the fish appesred sctive when they were returned to

the fresh water jars.

Acrolein

This compound has been deseribed as having an intense
phytotoxic effect on submergent plants at concentrations
as low as 0.5 p.peme (20, p. 335). Exposure results of
chiinook salmon to 2 and 4 p.p.m. Acroleln indicate that
the compound 1s extrewely toxic even for short periods

(table 23). Tish exposed to 4 p.p.m. showed immediste

discomfort and were narcotized, with only opercular



Table 21

Survival of Chinook Salmon after Short-perliod Exposure to Copper Sulfate

Per Cent

Survival

of Test Per Cent Survival of Test Animals

Animals in Fresh Water Jsrs After Avg. Avg.

Gonc. No. Test Hinutes at End of 1 2 3 4 8 12 24 TLength Welght
DePeftie Animels Expcsure Exposure hour hour hour hour hour hour hour {awn) (Grams)

1 10 15 100 100 100 100 100 100 100 100 71.7 3.3
1 10 30 1C0 10G 100 100 100 100 100 100 71.9 5.18
2 10 15 100 100 100 100 100 100 10C 100 ¢€7.3 277
P 10 SC 100 10C 100 100 100 100 100 100 75.2 3.5
0 o 1S 100 100 100 100 100 100 100 100 69.%2 2.78
o & 30 100 100 100 100 100 100 100 100 72.0 5.08




Table &2

Survival of Chincok Salwmon sfter 3Short-period Exposure to Trichlorobenzene
plus B per cent (olloldal X-77 Emulsifier

Far {ent
Survival

of Test Per Ceunt Lurvival of Test Aniwels
; Antwals __irn ¥resh Water Jars After Avge  AVg.
Lonc. No. Test Wdinutes at Bnd of 1 4 S 4 8 12 24 TLength Velght

DeDolie Animsls ¥xposure Fxposure hour hour hour hour hour hour hour (mm) (Crams)

{931

3 10 15 1060 10C¢ 100 100 120 100 100 100 24.3 £.95

tH

Q 10 30 120 102 100 100 13C 100 100 100 386.4 €.2
100 10 15 120 10C 100 100 120 100 100 100 33.0 5.63
1450 10 S0 100 10C 100 100 100 100 Z0 8O Uh.d G.17
0 5 1% 100 100 100 100 100 100 100 100 £6.2 651
a 5 30 100 100 100 100 160 100 100 100 79.9 5.48




Survival of Chinook SZalmg

Table 23

g

1 alfter Short-period Exposure to Acroleln

?e Cent

urvival
of Test Per Cent Zurvival of Test inimals
A Anirals in fresh vater dJdars After Avg.

Cone. Ho. Test Hinutes Bt Wnd of 1 2 3 4 = 1z 24 Length Velg
PeDaiie Aulmals Exposure Exposure hour hour hour hour hour hour hour (mr)  {(Gremsz )
b 10 18 100 O 0 O ¥ 0 (¥ O 28.5 15.4
2 10 30 100 C 0 8] 0 O O 3 83.5 10.18
4 10 1& 20 O G 0O 0 O 0 O 80.0 a4
4 10 30 50 O G 0 " O 3 0 E7.4 2L 02
] 5 15 100 100 100 100 100 100 100 100 8.2 Do
0 53 30 100 100 100 100 100 100 100 160 $2.0 Ge51

88



movement visible, et the end of 20 minutes. At the end of
the 30 minute exposure there was 50 per cent survival in
this concentration. Chinocok held in £ p.p.m. Acrolein
appeared normsl at the end of 15 and 3C minute exposures.
After one hour in the fresh water jars, there was 100 per

cent wmortality of fish exposed to both 2 and 4 pe.p.m.

Licassays with Plants Present

FE o2

The effect of FPH.2 on the combinstion of chincok

salmon and Ceratophyllum 1s denoted in talle 24.

Hortalities occurred in each of the three concentrations,
tut no uniform difference in test animal survival was
evident between Jars that contained plant end fish and
Jars that held fish only. 1In the solutions that contained
29 pepems and 37 pep.m. FB,.2 fish survival was higher when
the plant was not present. This result wzs reversed in

32 pepsms where test znimal survivel was hizher in
solutiong that contained both plant and fish. A number

of fish were in evident distress after six hours of the
test, and the {irst mortalities cccurred at this time.

After 42 hours Ceratophyllum was dead in all concentrations

of FbeRse All test sclutions except the control jar
solutions took on a cloudy appearance as the blosssay

progressed.



Table 24

The Effect of Fi.2 on Cninoock Salmon in the

Presence of

Cerstophvllum desersum

Avernye Average
Per Cent Survival Condition Length lWelght
Graus of Test dnimals After of Plant of Test of Test
Conc. Ho. Test of 1 2 € 1 24 44 after Anlmals Animals
PeDete Animals Plant hour thour hour hour hour hour 48 Hours {in ) {(Grams)
28 10 G54 100 100 100 40 30 10 dead 0.0 .75
28 10 0 100 100 100 80 50 50 2640 2435
32 10 84 100 100 &0 60 60 10 dead 94 .0 9.45
32 10 0 100 100 80 20 10 0 £9.5 2.4
37 10 ©4 100 100 10 0 0 0 desad 9540 10.0
37 10 0 100 100 100 30 30 20 96.0 9.55
0 5 42 100 100 100 100 100 100 normal 24,0 7.9
0 5 0 100 100 100 100 100 100 90.0 Ba5

09
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Baron

Ceratophyllum apparently had no uniform effect on the

survival of chiinook salmon when they were exposed to Baron
(table 25). Fish tested in 3.7 p.p.m. Baron demonstrated

a higher survival where Ceratophyllum was present, but in

2.5 pepem. higher survlval occurred in dilutions where the

plant was shsent.
ACP

Chinook salmon showed practically the same survival
when tested with ACP regardless of the presence of

Ceratophyllum (table 26). There appeared to be a higher

survival with vegetatlon present in 135 pe.pe.u. and
180 pepe.mes ACP after 24 hours of the test, but by the
42th hour in these concentraticns there were more fish

remaining alive in dilutions free of Ceratophyllum,

Jar Lxperiments with Plants

IB.2

Results from the addition of Ceratophyllum demersum

into four concentraticns of FB.2 indlicsted that the plant
%as susceptible to the compound in a contrelled light and
temperature situation (table 27). Plants held in the

higher concentrations were necrotic after 24 hours in the




Table 26

The BEffect of Baron on Chinock Zalmon in the Presence of

Ceratophiyllum demersu

Per Cent Survival

Aversge Average

Conditlion Length Welght

Grawms of Test Arilusls After of Plant of Test of Test
Conc. No. Test of 1 2 & 8 24 48 after Animals Anisals
PePoemie Anluals Plent hour hour hour hour hour hour 45 Hours () (Grams )
2.1 10 84 100 100 100 100 100 100 necrotice T35 6.09
2.1 10 0 100 100 100 100 100 90 BE .5 740
25 10 %4 100 100 100 100 100 70 necrotic 2.7 772
2ol 10 0 100 100 100 100 100 100 92.0 7.42
3.7 10 84 100 100 20 30 490 80 dead 92.0 773
3.7 10 0 100 100 100 30 10 0 93%.5 B.95
0 5 42 100 100 100 100 100 100 normal 5540 74
0 5 0 100 100 100 100 100 100 86 .0 6.12

39



Table 20

Tre Bffect of ACP on Chircok Seluen in the Presence of Ueratophyllum demersum

Aversze Aversage
Per Cent Survival Condition Lengtn Velght
Urans of Test Animels Alter cf Flent of Test of Test
Corc. No. Test of 1 Z & 18 <4 413 after Animals Animals
pPe.p.tie Animals Plent thour hour hour hour houvr hour 4% hours () (Grams)
135 10 24 g0 Q0 90 €0 50 30 necrotic 977 52
138 10 0 100 160 100 160 30 20 93.0 He73
180 10 e4 100 100 100 20 20 0 necrotic Fl.E 7«49
180 10 0 100 100 100 160 99 10 BH.2 7.08
240 10 &4 106 100 100 70 70 0 necrotic BB 7.1
240 10 G 100 100 100 B0 50 0 21.5 5.15
0 5 42 100 100 100 100 190 10C normal 30.0 7446
0 5 G 100 100 100 100 100 100 100.0 9.72
=

o
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Table 27

The ©ffect of FB.2 on Ceratophyllum denersum
with Centrolled Tight and Temperature

Concentration Oram

DeDaeiiie 2Ctive of Condition of Plant Afters
ingredien Plant 1 dey 2 days 3 dsys 4 aays
1 40 1 1 K] 3
1 20 1 3 4 5
5 40 1 1 < 5
5 20 1 4 4 5
10 £0 i 5 4 5
10 20 2 4 4 )
20 40 1 5 4 5
20 20 2 4 4 5!
0 490 1 1 1 1
C 20 1 1 1 1
# Condition key:
1 - normal 4 - severe necrosis
2 = chlorosis 5 = dead
S = psritisl necrosis

solutions and dead after 36 Lours. Apparently the amount
of plant present affects its susceptibility in a glven
amount of diluticn water. When 20 grams of plant were
tested in 1 p.p.ne and 5 pepe.me PE.2, there was complete
necrosis by the end of 96 hours. When 40 grams of plant
were tested in these concentrations with the same amount
of dilution water, there was only partlal necrosis after
g6 hours.

The exposure of Elodea densa Iin constant light and

temperature and unfiltered water indicsted thet the plant

was susceptible to ¥E.2 under these conditions, although
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a longer period of time was needed for the toxic action to
take place than when the planit was trested under fluctue
ating physiecsl conditicns outside of the laboratory.
Severe chlorosis had occurred in 1, 5, 10 and 20 D.Deme
FE.2 efter five deys of exposure, and the plant was
considered dead in the msjority of the jars after 12 days.
Exceptions were noted in one diluticn of 5 p.p.m. and
another cof 10 pe.pems. Although these plants broke apart
easily, they were not considered dead.

The exposure results of E. densa to I'B.2 tested
cutside of the lsboratory in fluctuating physicsl condi-
ticns sre Indicated in table 20, Filltered diluent water
wes used in tnls experiment to determine if a loss of
toxlcity occurred because of occlusion of the herbiclde
by suspended materizl in unfiltered water. ¥Within two
days chlorosis of E. densa was svident in 20 p.p.m. FB.Z2,
and sfter three days chlorosis of plants had occurred in
all of the test solutions except the control. At the end
of four dsys the plant broke spsrt when agltated in the
test solutions, and death of all tissue was evident on the
sixth day. Plants in the control jar appeared normal at
tiiis time. The average dilution temperature during the
experiment was 20.7° C.

An experiment thaet differed from the above only by

the concentrstions chosen indicated that lower water
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Table 28

The Effect of FB.2 on Elcdes densa
with Uncontrolled Light and Temperature

Concentration Grans Condition of Plant Afters
DeDemte active of 1 2 3 4 5 6
ingredient Plant day days days days dsys days
1 20 1 1 2 3 5 5
1 20 1l 1 2 2 4 5
5 20 1 1 2 3 5 5
5 20 1 1 2 3 5 5
10 20 1l 1 2 4 5 5
10 20 1 1 2 4 5 5
20 20 1 1 2 4 5 5
20 20 1 2 2 4 5 5
0 <0 1 1 1 1 1 1
Temperstures:
minimum (F.) 57 55 54 55 51 50
maximum (F.) 82 86 83 39 836 86

#*Condition key:
1 = normsl 4 « gevere necrosis
2 = c¢hlerosis 5 = degd
4 = partisl necrosis

temperatures were not as conducive to ¥FE.2 phytotoxicity
a8 hipgher wster temperatures. X. densa tested at 0.5, 1
and 2 p.pe.m. FB.2 were necrotic, but not entirely dead, at
the end of 10 days. The average test sclution temperature

during thls experiment was 16.4° C.
Endothal

Llouea denga showed some chlorosis after belng tested
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in 10, 25, 50 and 100 p.p.m. Endothal for 16 days outside
of the laboratory in nsturslly fluctuating physical
conditions, but zpparently the plant had little
susceptibility to this compound. The averaze test

solution temperature during this experiment was 20.2° C.

DISCUSSION ABD CONCLUSIOND

Jar experiment results incicate that chincok salmon
are more susceptible to Endothal than are largemouth black
bass. The difference in the estimated median tolerance
linits of these twe specles, however, 1s greater than the
difference of the highest concentrations at which the bass
and salmon appeared normal. Stated more simply bass were
in distress over a wilder range of concentratlons then were
chinook. The range for chinook was between 100 and 185
DeDeiis, whereas the rsnge for bass was between 135 and
210 p.p.me Both specles of test anlmal when in distress
were characterized by protruding eyeballs and a narcotized
conaition.

Constant flow results indicate that largemouth black

o

bazss can withetand ceonstant concentrztions up to and
including 135 pep.n. Endothal for four days without

apparent 111 effecta. Base in contact with 135 p.pem.
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sndothal over an extended periocd of time mlght experience
indirect adverse effects because of sporadic feeding
methods, This may not be a factor in concentrstions of
100 pepeme and lower.

According to test results Hlodes densa has little

susceptibility to Endothal in situations of fluctuating

light snd tempersture. Concentrations up to 100 p.pene

Endothal produced chlorosis of the plants, but no deaths
were recorded after 16 days of exposure.

Endothal killed Cerstophyllum demersum within four

days at concentrations of 1, 3.2, 5.6 and 10 p.p.m. in
greenniouse experiments where the teumperature varled from
20° C. to 24° C.

Potamogeton pusillus and & broad-leaved Potamogeton

which was not identified were completely killed by an
application of 0.5% p.p.m. Endothal in a largemouth black
bass-bluegill sunfish pond near Turner, Uregon, in July
of 1958, This pond conbained 1.32 ascre feet of wster and
was treated with £5 pounds of 5 per cent Endothal on
atteclsy. Plant death wes complete within one week., There
was no fish mortality due to the chemical observed after
treatment.

The relatively high tolerance ¢isplayed by chinook
salmon and largemouth black bass to Endothal allows

possivle use of thls compound as & submergent plant
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herbicide in aress where the preservation of these species

jr

is desired. The 4£ hour median tolerance limits of
chinook salmon and largemouth black bass were 132 p.p.i.
and 202 p.psm. respectively. Field concentrations of
more than 5 p.pe.me Endothal would probably not be

acceptable sconomically.
LC P=Hi =569

£CP, a liguld formulation, appears to be wore toxlc
to ssluon than the powdered Aminc Triazole frow which it
i1s derived (11, p. 31). Apparently the saditives iIn the
liguid forwulation increase toxicity.

Ceratopbhyllum in bloassays with chinook sslmon and

ACP spparently nad no uniferam effect on fish survivel In
laboratory conditlons. It is possible that in these test
conditicns the herblelides ACP, FBE.2 and Bsron had a wmore

rapid mode of sction on the salmon than on Ceratophyllum.

Fishes wmay have taken up o lethal amount of ths compound

vefore any detoxification by the plant could occur,.
paron

Chinook saluon subjected to Baron in standing water
bioassays appeared lsss tolerant of the compound than
species tested by workers in cther areas (17, p. 3).

Although no mortslities occurrsd in 48 hours at less than



1e8 Depems Baron, the possiblility is reumote that the
distressed fish la the solutions could survive in natural
conditions. The 1lnabllity to maintain themselves in any
current and the incapacity to escape more tolerant
oredators might 1imit their zurvival.

| Chincok appesared narcotized after a 30 minute exposure
to 10 pe.p.m. Baron. No deaths occurred during the 24 hour
cbservation period that followed the exposure, but {ish
would probably be unable te evade aquatle aress treated at
this concentration becouse of the narecosis.

Survivsl of chincok was not uniformly influenced by

the inclusion of Cerstophyllum in biocassays with Daron.

Flsh tested 1n 3.7 p.p.m. Bsron, where plants were present,
had a larger survivel than the test snimels held 1n this
concentration without plants, but s larger sample would
have been necessary to show & significant difference.
After three days in the laboratory condltions, Cerato-

appeared susceptible to 3.7 peperis Barcne

furoen

Tiess tolerance was shown by chinook sslwmen helé in
Kurcn than when this specles wes tested in Baron. Under
tihie conaitlcons of these experlcuents, chincok can be
exposed for 45 hours to concentrsticns up to 0.56 pe.pem.

Kuron without apparent camsege.
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No mortslity wag observed after 24 hours when chinook
were exvnosed to 5 and 10 p.p.m. Xuron for 30 minutes.
Fish were in distress in 10 p.p.m. at the end of 30
minutes, and spparently a longer exposure would have

provad fatal for bthsge test animals.

Simagzine
Comparison of the survivsl results from various fish

specles tested in Simazine points out that chinook salmon
are the most aensitive of the experimental fishes used
with this herbicide., Although the standlng water tests
indicated that ehinook were safe in 5.6 p.pe.me {Or 48
hours, thess data are not supported by the flowing water
part of this work. In the latter test only 60 per cent
of the saluwon survived 5.6 p.p.m. Simazine after 96
hours. ‘The cause of thig survivel differsnce might be
from loss of the toxie properties due to =erstion in the
standing weter test and from the additional 48 hours of
exposure to the herbicide in the flowing water experiment.
'n the constant flow experiment only the fish subjected
to 1 and 3 pepem. Simazine fed sctively at the end of the
four-day run.

There was sone evidence that chinook in the presence

of Simszine exerted a greater Gissolved oxygen dewand than

€
3

did the control flsh.
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Sodium TCA

Practical concentrations of Sodium TCA, that would be
feasible for aguatic weed control, were found tc have no
apparent effect on chinook salmon. No mortalitles occurred
in 4% hours st the highest test concentration of

S70 DeDele

L

B.2

iy

A 45 hour exposure of chincok selmon to PB.2 indicates
that under the test condlitions the compound is apparently
not harmful a2t concentrations up to and including 15 p.Dedie
The occurrence of 70 per cent mortelity in 10 pe.pem. FZ.2
at the end of 42 hours may be explained by the fact that
test jar seration falled during the last period of thuls
experiment. The pressence of the dark green color in test
solutions after 40 hours may have been brought on by =
chemnical breakdown of the herbicide or by combinastlon of
the compound with alkaline wastes emnltted by the test
animals.

The presence of (eratophyllum demersum in sssoclation

with chinook salson and FB.2 had no uniform effect on fish

survival. Befure and after Ceratophyllum tecame necrotle

there appeared to be & larger oxygen demand In jars that
contained the plant than in jars without vegetatlion. This

increased demsnd sppesred slight in the test solutions,
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but in an unserated srea plants might assist in lowering
the dissolved cxyzen to a critical level for chinook
salmon.

Cerstophyllum demersum avpears susceptible to FB.Z2

in conditions of controllied 1light and temperature.
Concentrations of 1, 5, 10 and 20 p.p.m. FB,2 killed plant
samples by the end of four days. The amount of plant
present in a dilution appsrently affects its survival. 1In
the lower concentrations cof this experiment 40 grams of
plant per 15 liters of dilution did nct become necrotic as
rapidly as plants tested st 20 grams per 15 liters of
dilution.

Elodea densa appeared more resistant to FB.2 in

controlled physicsl conditions than in an environment of
naturally fluctuating 1light and tempersture. The plant
was consldered dead after 12 days of exposure to 1, 5, 10
and 20 pe.p.m. 5.2 In the laboratory, whille outslde the
building E. densa tested in filtered water was considered
desd after slx days in the:ze concentrations. Filltering
the diluent may havs minimized detoxification by reducing
the ocelusicn of FB.2 by suspended material (5, p. 448) .
Apparently the toxic effect of FE.2 on E. densa 1s

augmented by higher water temperatures.
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Cmazene

Omazene appeared qulte toxic to chincok salmon during
the first 24 hours of exposure; ccncentraticns of
075 pepenis and over produced wmortselities. The absence of
mortality during the second perloa of the test may be
explained by the fasct that under conditions of high pH and
alkalinity, copper sulfate precipitates into insoluble
copper compounds (18, p. 513). Also the limited dilution
volume may have allowed the fish to remove and discard the

avallable copper with sloughed off gill mucus.

Acrolelin

Acrolein was the most toxlc compound tested in this
work. Chincok salmon appesred very sensitive to the
herbiclde at temperatures of 13° C. and 20° C. The fish
were hypersensitive in 2ll of the scolutions; the slightest
movement by the experimenter csused them to respond
violently. Derivatlion of & safe concentration of Acrolsein
by the method proposed by Hart et al. (12, p. 130-131)
resulted in & concentraticn of 0.024 p.p.m. for this
species at 20° C.

The effects of Acrolein on rainbaw‘trout were similar
to those produced on chinook salwmon. There was mortality
gt 0.086 p.pean., the lowest concentration in the battery

of test Jmrs, and the reaction of startled test animals

‘ o o
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indicated a hypersensltive condition.

Exposure results indicate that 2 and 4 pe.p.me Acrolein
are lethal to chinook after 15 and 30 minute immersions.
This cowpound showed a rapld mode of action ¢on the test
animals; ueaths occcurred after 20 to 30 minutes 1ln the
stronger concentration. The experimenter opines that
chincok would rnot be able to escape areas treated with
4 p.p.me. Acrolein. Apparently physiocloglcal damage
sustained in solutions of £ p.p.m. ascerted ltself within
cne hour, as the fish in this concentration were dead in
the observation jars st the end of this tlue.

Acrolein was found to be difficult to handle in the
small amounts concerned either indocors or outdoors. The
compound scted as a lachrymator and was irritating to the
throat if inhaled. This attribute may not be a problem
where precise measurements sre not necessary. The come-
pound appeared to ve volatile in the test solutions,
as its odor was always present in the constant temperature

FOOIS e

Ealagon

Dalapon proved to be wmore toxic to largemouth black
bass in flowinz wester than in standing water bloassays
(11, p. 31). Apparently this compound breaks down under

seration. Bass in 1000 p.p.s. Dalapon succumbed during
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the first two deys of the constant flow experiment, and
total mortality occcurred in 500 p.p.m. at the end of fivs
days. Concentrations of 125 p.p.m. and 250 p.pe.ms Dalapon
anparently were not harmful to the test animals for the
seven days o! the test. ¥xcept for one instance in

250 pepeme, 2etive fesding continued during the extent of
the run in the two lower concentrations and the control.
According to’these results Dalepon is probsbly safe to use
on marginal aguatic vegetation at the recommended

concentratlions,
Penite

chert-term exposures with Penlte indicated that
chinock szlmon cen rewmain in contact with 5 and 10 p.p.m,.
of the sctive ingredlent, arsenic trioxide, for 30 wminutes
without apparent 111 effects. The test animals demcnstrat-
ed an avoldance resasction in 10 p.p.se. Penite. Cognizsance
of the herbticide's presence might sllow the fish to escape

to an untreated section of the water srea.
Belrad

Test dets indicate that Delrasd is not lethal to
chincok ssglmon after & 30 winute exposure to 0.5 and
1l pe.pens of this compound. One fish appeared 1n distress

after beling held 30 wminutes in 1 p.p.ui.
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According to exposure rssults, chinook saluon are
unable to withstand 0.5 pepem, Phygon %L for 30 minutes.

Totel mortality occurred during ilamersion in the test

o

sclutlion or wlithin 24 hours sfter being repleced in the
otgervation jars. Keaction of the test animals indicated
that they would be unable to evade an area tresated at this

concentration. After exposure of 15 minutes to J.5 DeDene

1

Phygo

%

o
¥

v X1, a2 partlsl zortality meay be expected. Apparently
an exposure of 0.1 pep.ne for 30 minutes causes no 111

effects on chinook salnone.

Cepper Sulfete

In situations sinviler to the test conditions, chinook

gzlmon can be exposged to 1 and 2 p.p.m. copper sulfste

(CugBlya*5lgd) for 30 minutes without apparent harm. Test

animal activity in ths experimsntal solutions gzeve ne

o

indication of the posgibility of evading this compound.

TCE with 5 per cent Emulsifier

Trichlorobenzene with £ per cent Colloldal X-77
erulsifier is sowewhat toxic to chircok salmon after an
exposure of 100 p.pe.m. for 30 minutes. In this work
2C per cent of the test animals succunbed that had bsen

expoged under the sbove conaitions, A 30 wlnute exposure

B



50 pepeme TCE and emulsifier 1s spparently not harmful

this species.
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