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"\ . SDME EFFECTS_OF COMBINED CCHRONIC-- Ansn:gxc AND. CYANIDE
. DPOTSONING ON THE PHYSIOLOGY OF RAINBOW TROUT
‘ \{‘*’ 3 - e . , - o . - l-" ., LN » .
‘(ff o ) “This-study was performed to éxamine'the effects of . - -

arsenlc, both alone and with cyanide, on, the growth, réspira- .

‘
.

:tlon\and swimming !tamina Sf ‘rainbow trout Salmo gairdneri, -
[

under laboratory conditlons. “

s
°

~

Three 21-day experlments wer performed on flSh kept ’-
R in flow-through aquaria'contalning ag:roxxmtkely 120 1 of water
J;"' at ll 9°C. The fish were exposed to arsenrc triox1de_at 1 0,
. 2 0, 3.0 and 6.0 mg/l arsenic, 3. 0 mg/1 hs plus 0. 02 mg/
HCN, ‘6.0 mg/l As plus 0. 02 mg/l “‘HCN and 0. 02 ‘'mg/1l HCN. Con-

L3

centrations of 6. 0 mg/1 of arsenlc and 0. 82 mg/1 of cyanlde i

> o are approximately 25. percent of the LCSO value for rainbow
’ . \ Y\ N N “ . - R "
trout. . \ : “ e
. ) . [‘ , N . e N i

i, 7 The results, ind%cate that“only 6. O’mg/l As. reduced
' \
. the growth when the flSh were exposed to arsenic alone, how-

7 -

ever, when exposed to 6 0 mg/l As plus m 02 mg/l HCN.a

T . greater reductlon was observed than that e11c1ted by either ¥

of the tox1ca’;s actlng singly. Swimmlng stamina of the test s

flSh -was only decreased by prev10us eXposure to cyanide.‘

Hemoglobln.contents.were 10-20 percent lower in flsh toxified -

with arsenic at all concentrations.my
N 3 R . . 3 - L e

P LN f
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- i e ’ Joo . . D
some ‘effects of ‘chronic arsenic poisoning on rainbow trout,

_ INTRODUGTION -

N
1]

Al

This 13P6raﬁory‘projecﬁ Was‘undertaken to‘measur%'

at levels encounteredlatﬁmininévsités.

senice of cyanide which is also prevalent in mine tailing

¢

A}

In vigw of the pre- -

\

PR ] ' . .
eﬁfluents, it was considesed pertinent to.study the combined

"effepfs of the two.pollutants.

“an

“wqmn

ce

.

totally a natural phenomeﬁon and man Qontfibutes~signifii
< ) - ®

\

~
£

* .‘l‘.l N ‘ . . ‘ A
The movement .of' arsenic in the environment is not

» -

12

[
[

cantl§ to the pollution &f surface watefs with.arsenib. The’

' v .
main sources of arsén%c'pollution are the mining-industries.

" and the use. of pesticides.

. LY . ’

L

‘léathér tanniné aqd glass staining add to this contamination

but, in a lesser way.

GD

-

‘ L

Smaller industries.such' as

L

‘Mines. are the major contributors to the arsenic

I

load of the wéterWéys.‘ Bérubé (1971) and Roy (1973), invés*

Territories, and found a wide range of

Roy found levels of arsenic in

be 0.76 ppm-at one 51te and 3.7 ppm at

examlned the concentratlons of arsenic

‘%tigated foufvmining sites near Yellowknife. in the Northwest

arsenic, levels in the ~

the tailing water to

[}
the other;.Bérubé

in the water enter*ng .

"

the Great Slave Lake from the mlnln@ 51€ggfgnd dgscoverpd

level§ of 2.6 and 8.4 ppm of arsenlc.

N}

- &r
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"Bérubé (1971) prbposesathree stages in the évolu- ‘

* ! . .
tion of arsenic in water: ’dissolution, precipitation and

redissolution, At'tggjmineS'studigd, the main arsenic

bearing mineral found was qrsehopyrite (FeAsS) . Génerglly
arsenopyritg‘%? insSoluble, but in the cyanide_leach_of‘gold,
in an alkaline medium,. it does dissolwe to some degreé'-

. . : '-1. : . N : A:‘
(Bérubé:;97l).‘ Another possible means of increasing the

solﬁbility’of arsenic involves the.alkaline oxidation.by air

© of arsehopyrite in coficentrated lime solution préduciﬁg an’
" alkalime _arsenite: ) . “ o C

. . ' . i
éFgAsS 4Ca.(OH)\2 + 11H20~————? 4FeS0, + 4CaHAsO% + 2H

‘9

. 4 20

?,

_A\thir Ay thé;karseﬁopyrite may be converted tp a soluble
| L , ’ g ) . .
form is through bacterial ‘oxidation.. Ehrlich .(1964) showed'

- .9 .

that members of the Thiobacillus—Ferrobacillus éroup’acce;e—

Toa . e

s +, rate the oxidation of'arsenopyrite to arsenite angd arsenate.

" In nature arsehic is generally associated with

‘ A : ;
‘gold,.iron and copper ores as sulfides and arsenopyrite and

- ! g

« . 7 it rarely ogeurs in its elemental form.  Industries mining? ¢

t

for gold and bther metals, release large amounts of arsenic

. .into the agquatic environment. The.refining operations of
AR : ' , '
* .! the smelting process used in the iron ore industry also

produce \large quantities of arsénic trioxide as a byr-product
¢ . . .

(HSlland et al., 1960, p. 188). Another, method by which the

mining ‘4industry introduces arsenic into the surface waters
“ . n . R
v " " 1is through the run-off waters from slag piles that are

%

&

>

[y

s
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v .

?thelrf,use. Penite 6X (Penn. Salt Mfg. Co.), a s élium

.
Yo - - o - Al

N\ '\ . . .- ) ’ ’e
N . @

C
and sulfldes of arsenlc. Wlnd actlon on the slag phleu c’an

.

—

arsenite preparation, has been used in teredo (Bankia sp.)

- . N

controil tests in British Columbia (Alderdice & Brett, 1957).

' . 1 .
Large rafts were' sprayed With a preparation o;f this product ‘ .

4

before they were sent 'to’ the mills to prevent i festatlon ofv

the logs by teredo worms. Sodlumaqrseni){% and arsenic 7 o

o ‘ AR 4 -~ w
trioxide have been and are sti’ll being used as' quatic- week- .
killerws (Wiebe, 1930). (Gllderhus 1966) Ct !

\ - » a

. There are several forms of arsenic found in fresh’
wate'r'.. Th‘e most common of “these’ fo'r_{ns are the arsenic and
arsenious_ acids, the oxides’ of arsenic (ASZQ3) R and“some ) ! .
sul fur compounds:' (realgar and orpiment) . Tiug‘: ~f,o'rm.s :\:Ln which ©

' . . - NERE

one finds arserri¢ in fresh water is largely 'dependent ‘vpon

- \ »

_the el and pH values of the water (Ferguson & Gavis, 1972). -~

¥

Arsenic. can also be founf in® water, in a’'variety of salt

£

. ) . - ' . Q .
eH and pH conditiohs occurring in aquatic systems, there are
) . . ’ - - e /
four oyidation states-of arsenic in.vhich.it is stable: 5, .

b -
1

|

|

. . . » . -

forms:, ,such as sodium arsenite and sodium arsenate. Undex ) .
1



[

~

LI \

e
/

"

) readily form covalent bonds .with carbon and sulfur. This

7 \\f\cysteines and .protéins (Ferduson 5 Ghviw;”1972).

-~ bonding is that arsenic can re?t with sulfhydryl ﬁroups
v

As’ arsenic in —the 0 form' .

3, 0, -3 (Ferguéon & éévis,. 1972) ’

e
is quite rare and. the -3 form occurs only at extremely low

eH valués, the tw.p most’ common forms are the +3 and +5 types. i

-

of which the +3 is' the most toxi: (Ferguson & Gav:.s, 1972)

An important feature of arsenic is that it will .

) 1)

bonding occurs only with' the trivalent‘form of ar§'enic,"

- d -

hovi!ever, the pentavalent- form can readily be reduced through

oxidation to the triValent form to facil:,tate th:.q bondmg.

r - o~

Biologically, the importance of thls covalent

o

the  form of arsenate, uncouples oxidative phospherylatlon

1n the trlose &xidation step. Normally, the acyl group 1.8
transferred from the sulfhydryl group of the acyl enzyme - .

s

. to inorganlc phosphate to form l, 3-d1.phosphoglycerate, the,

ox1datz.on product/'(Lehnlnger, p. 324) However, the’ enzyme

-

can also ut:.llze arsenate 1nstead of phosphate, forming

‘l-arseno-3 phosphoglycerate. This highly unstable compound
; it ) . N h

' spontaneo'usly deconiposes into 3-phosphoglycerate and arsenate

L]

(Filgure l). [ Due to the arsenate, no high— energy’pl’fosphate -
bond is produced by the del;uydrogenase, even though ‘overall .

oxldorfductlon takes place (Lehxnngfer‘, p 324).

RPN
13

P

¥

Arsenlc ’
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Therefore the presence of arsenlc may\creéte'e shortage egf,
7, avallable energy for phy51ologlcal prOeesses ‘to contlnue. , o

o

operatlngrat nermal leyels of. eff1C1ency. “hl' ’ o ‘ .
e S S S S MU
. - P (Y s Pt 1 N N
Figure 1. \Hyd;oly31s of &-adrsend-3 phosphdglycerate.

s . P o . \.:_ . . . - . e Y
o ;';- o o I{Aso4 . arsenate L T )
~ ” > . * - - ‘e i .
T PR o : o L
. - . . - € P . -~ ’ ) g .
. \J LI .. . -
“ - : 3-phosphoglyceraté - T
.‘f - \ . 0\ - ] o “- -
] . R -
'n - e "~ "_" '. ’ - . n‘ ) _ N . . ‘ - .
- L - {Lehninger, p. 324
- - - . t F At -
. L g o . "1972) :
: e , CoLe 8 : ' .
x‘a '\ ¢ - ““ 1 ] ' : ‘ . ‘
In a stratified-lake, depending upon-tpe,pﬂ o§ ' S o
- the varlous strafa, there exists mor%'than one species of .
arsenic. In the sedlments where the pH is falrly low, T
bacterla \UCh as Ferrobac1llus ferroox;dans, can oxldlze g ",
P 'A'_ — o ) > ’
v ¢ %‘?&‘ ‘.; N i : . ) N ‘ - '
* 1 3 ’ .

. E ' Ly



arsenopyrlte to arsenlte and/or arsenate (Ehxlich, 1964)

w .

Other mlcroorganlsms form trlmethylar51ne from 1norganlc :

arsenlc,compounds (Ferguson & Gav1s; 1972)._ Trlmethyl-

- 0 CE -

identified as an 1mportant reservoir of arsenic 1n,certa1n . ,

. o .
o;ganlsms, and has also caused human p01son1nq through

",  exposure to air. Arsenic can also reach the bottom sediments
- /1 \‘l . v,

through gbsorptfbn to free 1ron ions. - T s

4 Generally the“range of’ natural arsenlc 1evels in

' -

. rivers 1s between o - lﬂ Wg/1, establlshlng an average ofs

=1 ug/l for rivers freebof arsenic.pollu%ion whereas in

the OCeans tﬂe concentratlon of arsenic has been calculated

]

n

o be 2 ug/l qlthough the leveLs vary consaderably'

(Ferguson & Gav1s, 1972). . ) S ‘
J . ; oo . - .
) .. The safé germissable level for public drinking

water supply is 0. 05 mg/l as recommended by the WOrld Health -

Organlzatlon 1n\§9‘3 and the Unlted states Public Healtih

Serv1ce in 4962 (Ferguson &.GaV1s, 1972}%. . ’ C
t . .

. The presence of-arsenic ih the aguatic epvironment
A

o .

- . J " . K , - ' . o '
has beer proven, in some eases, to have deleterious effects
N e "
. ’ - . e e Co .
on the organisms living there (Gilderhus, 19%6; Lawrence,

~ ..

.7 1968). The toé%city of arsenic di@fers with the.organisms

xby lved ahd/the condltlons under whlth they are tested .,

f Some! workers Have’ used sodldm arsenlte, (GllderQUS, 1966), L

while others have used qrsenlc trioxide (Holland,.l960). .

oy e

arsine under some c1rcumstances 'ig hlghly toxxc and has’ been st f




.

o ' ' ’ R St , o . ﬁ
> N . oA e
. AR E ‘
Both of these arsenic compounds are used as aquatic herbi- -
J\' .

01des .and it has been found that 2 mg/l As504 ylelds the

v

same amount of arsenlc as does 2.5 mg/l NaAszag..

The effect of arsenic, in the form of sodium

arsenite,” on the aquatlc environment, has been studied by T
/ .
féw researchers but not enough‘to fully understand the

g meact of arsenic upon the aquatic flora and fauna. The
- \ . . ) .
physiological effects are understood for. the human'kody

R . . , X .
(Grollman & Grollman, p 894), but unfortunately little is

o

known about its effects on invertebrates’ and fish phyeiology;

- ' [3 [} . . » g
> Sodium arsenite is mainly used‘as a herbicide, but
. it may also 'be used as a pesticide. The gfitish Columbia

N .
researcﬁ councii considered using it ‘as a deterrent for

)

teredo 1nfestat10n of freshly cut 1ogs, waltlng to be trans-

7
g.ported to the wllls. Tox101ty tests of sodlum arsenite to
- o "

"chum-salmon fry (Oncorhynchus keta) were carrjed’ “out w1th

flSh ranging in welght from 0. 2 to 1 4 grams with.a’' mean of

0.77 grame (Alderdlce & Brett, 1957), and at a salinity of’

.

18 ppt. From €hese bioassays Alderdlce and Brett (1957)

€ound the]48 hr TLM to be approx1mately 1.0 _ppm sodium

- ! ',. . »

arsenite. . . v ‘ v
< . - . - .

> Work che on the pink skeena salmon (O. gorbuscha)

shows that even short term exposure to 16.0~ppm arsenic, in the’
. TN . . %

form of argenic trioxide, will cause a total kill (Holland et’

# al.; 1960,.p. 188). Exposure of 40-day old pink skéena salmon |




. LS
-

to an iniﬁial,conceﬁ%gition‘of 5.3 ppm ‘arsenic, which was

. . ; . - .
not detectable 10 days later by the analytieal methods used,
\resgited in a 22% mortality, with the survivorg- being trans-

» ferred to pure running sea water and pweﬁty days 1ater'q

. . Lo
total of 48% mortality was recorded for this batch of fish

. " - (Holland, et al p. 188). When this experiment was repeated,'
o - - ) ‘

only 12% mortality occurred with thernly/aifference being

» . J, ®

+ the age of.the;fish; these were 31 day# older. This suggests,
an increaée in toleraﬁce Qith age. Also, after 7 days, an
initial. concentratlon of 9 5 ppm had reduced to 6.0 ppm

resultlng in a -total klll (Holldnd, et al 1960, p. 188)

' Lawrence (1958) investigated the usé of sodium

3
- 1

~arsenite as ﬁ? algacide and its effects on fish production,

He ‘stocked six one-guarter acre ponds with bluegills

o

(Lepomis macrochirus) ‘and used two iandomly selgfted ponds

i

és,contfols.; Two of these ponds received two applications: -
d of 4.0 pem ASZO3 and the remaining\twd\ponasireceived two .
ddses of 8.0 ppm arsenic trioxide. ' In the_poﬁds treated
with the arsenic trioxide there was a 343 reduction of -
lbottom organlsms in the fosmer and a élmllar reductlon "of
45% in the latter as compared to the controls. The average.
bluegill. productlon in the control pondo was 144, pounds per
‘acre; for the poxds treated with two applications of 4.0 ppm
A5203 the production was 84 'pounds; qnd, for the ponds |
L. ‘ treated with two applicatiens of 8.0 ppm-arsenic trioxide

') ‘ ’ .
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' ° ® ¢ '
the production was'.52 poun{h, This decrease was accounted
- R s .Ej R W

£or by the reduction in the number of small fish. '
N Gilderhus (1966) studied the effects of sublethal
. . ' . 7
concentrations of sodiumh arsenite on bluegills with exposure

periodstof 16 weeks. ALl his experiments were done in large . .,
\ 4
concrete pools, containing botdom sediments, vegetation and £
s, _l. ) . v 9
idvertebrates. He assessed chronic toxicity on the basis .
. i ¢

of survival, Qrowth) hémétocri£ mgasuremenés, ratio of gonad’ .

weight‘tovbody weight,, and pathologica}.changeé.in the tiséues,.

'A considerable ;ﬁounf of the'sodidm arsenité appﬂied&to the )
' \.%Pag}s reached the bottom sediménts; levgls'of arsenic in

the sédiments atcumylated as high _as 394 ppm. Acgumulation

ocqﬁrred,during a“%wo~year period where.£ total of 28:% ppm
was’g ded‘to:the pool. Fish, from a pool-treaped énce with

sgan at*ﬁ.O‘ppm.cbncentrétion,.had the'fdllpwing°residﬁe

$52 [} )

. levels: flesh, 1.3 ppm; ékin, 2.4 ppn; gills and digestive

ar

bpract,-l7£6 ppm; liver, 11.6 ppm; kidney; 5.9 ppm and . e

'_oyérhes, 8.4 ppm. It was also found that the duration ?f

]
N >

exposure and the amount of arsénic accunulated in the fish
. “were directly. related. .
Gilderpiﬁ)(IQGG) showed that as the concentgation
of arsenic was inéreased, the Qrswtplrépe decreésed. Thére
was a weight loss in the aault fish thét were exposed to the

higher concentrations and a smaller weight gaig-in the ;
) ¢ .

[

—

immature fish.-

[
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Several pathological'conditione were .-noted upon

exposure &f the fish to the herbicide treatment. The gills

were found to have more hemorrhagic globes than the gills of

the control fish In some, the livers had been infiltrated

by fat, vacuolatlon of hepatic cells and areas of necrosis

?(Gllderhus, 1966). He also 'noted acute damage to heart

tissue in the exposed fish and also histopathological con-

ditions in the ovaries. A marked reduction of bottom : \

organisms and the elimination of Cladocerans c¢an account for

-

-~

q

" the'reduced growth ‘of fish. ‘ . Lo

¥

- - . 3

As mentioned previously, because of.the'presence "" 'j
of cyanide in the tailing water, the effects of this highly
toxic substaﬁce‘was,studied in conjunctioo with arsenic. D
Cyanide is e~known,respirator§ depressant whose mode of
action is to inhibit the‘cytOChrome oxidase and euqcinie~
dehgdrogenase activity. Lethal,leve}s,fqr cyanide, ﬁave

been established for many species of‘fish. Brown (1968)

~

found the 48 hour LC_. . to rainbow trout to be 0.07 mg71l as HCN aty’

50
S
a2 pH of 7.6 and a temperature of 15°C. Neil (1957) noted

that prolonged exposure t& cyanlde at. 0501 to 0. 05 mg/1

’

reduced the swimming stamina of brook trout (Salvelinus . “
.' ' - 0

fbntlnalls) Leduc (1966) using tﬁe follow1ng concentratlons o

of cyanlde, 0. 01 0.02, 0.04 and 0.08 mg/l found a reductlon

in growth wn coho salmon (Oncorhynchus klsutch) and in

01ch1#ds. Chan (1971) showed that cyanide concentratlonSu

o . -

4 '



: ‘. ©of 0.01.to 0.37 mg/1,. afffec'té‘d the_ion balance,in the blood ~— . -

and upset the osmoregulat;on 1n ralnbow trout. Dixon (per-

sonal communlcatlon) demonsﬂrated that chronlc cyanide | - g
pOlSOﬂlng, at 0.01, 0.02‘and 0.03 mg/1 HCN,“retarQEd growth, oo
serlously affected~rebplratlon and created hlstopathologlcal ' -y

’ (RN t . L
S <) - :

conditions in the liver. . - ' - . .

W . There are presently various points of view over
Lo s ‘ :

the préblém-of multiple toxicity. 'General}y"the potency of - -

. ) ’ each 1nd1V1dual toxXicant must’ be known to be able’ to aetef;

r

. mine whether the joint effect is addltlve,'more—rhan addltlve

" or less—than—addltlve.' prague_(l970),. defines these terms
. . ¥ . . . N '
as follows: if fish are exposed to half the concentration

of toxicant A necessary to produce a given magnitude of ,

response,\ysually'the LCSO’ and half, the concentration of

'y =

£ -
toxicant B necessary for' the same response, then if this

. . . ) ! PR
. -combination just causes the response, the actions of A and

age elther less- than—

( rlz’
- & -
$ N 03 3

f

er curves. Rather than using. = . .

? C the toxic unit mechanism, wher the effect cf thedLixture

W
entratlon of thé constltuents,,' B

bl ' .

. is predicted'byiadding the co
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each magnitude of fésponse feépectiwely evoked by the indﬁ-

vidual constituenfs of a mixturel Anderson (1973) proposed

.

addition, supraraddition and infra-addition. Concentration’

four types of a¥dition: ﬁoncentratlon addition, response *

add;tion‘is the phenonitnon where each toxicant congiibutes

L 2 , R < s
to a common effect in relation to relative potency, even-

.

‘though any one concentration of the toxicants may be below

s
*

toxic levdls. Respopse addition is where by each toxicant,
in a mixture, contributes to a common effect in exact pro-
portion to its effect 'studied discretely, or where the toxi-

cants demonstrate no interaction. A supra-addition produces

‘a response, through interaction, greater than either concen-

¢

-

tration addition or response addition. - Infra-addition
elicits a respense, thfough.intékaction of the toxicaﬁﬁb;
which is lesg than one action produced by eithér concentra—;
tion addition.or }esponse kadition. : : .
Howevér, ;t must be noted. that both\Sprague (19;0)
agd Anderson“(1973),.dea1t wiéﬁ a single reéponse, death.

In this study the concentrations of arsenic and cyanide

'tested were well below the lethal levels and therefore aimed'

' 2"

at diffeient responses, these being thé~growth, swimming
. t . ~

»
'

R )
stamina and’respiration of rainbow trout®held in flow-through

P

systems.
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MATERTALS, APPARATUS AND METHODS .
o 3 \
- Materials ]
1 ' ' -

The flSh used for this study were ralnbow trbut,

@

Salmo galrdnerl, wh1ch were . purcK;sed from La Ptseaculthre

du/Lac_a L'eay Claire, St. Alex1s-des-Monts, Masklnonge .
7&?\\\<\CDQQE{: Quebec. ‘Separate batches of 400 fish were ordered y
. ofor each of the three experlments and the average welghts ) .

of the fish obtarned were 20.0, 27.0 andv24 '3 grams.

' Upon\arrlval at Sir George Williams Campus -
the fish were kept in two of the test tanks supplied w1th

: flowrng water malntalnecfat 11 + 0.5°C. These flSh were -

allowed to acclimatize to-these conditions for a perlod of

———— =

¢ e e —

two week§7 durlng which they were fed approTamately 2% of
their body weight*i;ily with Purina Trout Chow. The tanks

were cleaned each day, to remove feces and left oveEKfood,

by means’ of a siphon tube. During the hpldlng period there °
.. was less than, 1% mortality. | ¥ .
. ., Apparatus B

The water supply to the test tanks was- dechlorina- |

¢ ‘- 1

ted city water (City of Montreal), dellvered through*PVC 1

plumblng . The chem1ca1 characterlstlcs of the water, for . T
RN AR

the perlod through Wthh the experiments were performed are

Presented in Tdble 1.‘5



' > v . v - A}
R . The temperature control system and flow diagram is

e Table 1. Chemidal‘aﬁalysis of treated water for the City

: . . of Mont£251 (data provided by City of Montreal

- ' ‘--'waterworks). October 1973 to Juné 1974 (Mean-values)
|

Alkalinity Total noo . Fa
CaCOq Hardness CO,, pH

(mg/1) -~ (mg/1) (mg/1) . -

- . k] ¢ N L

-

87 127 . ; 9.3« 709 ' -

1llustrated in Figure l, ‘a schematlc draw1ng, and in Figure

9

‘—szﬁuﬂphnﬁqgggggkfnow1ng th% whole experlmental apparatus 1in ‘"

operation. Temperature control of the water was acﬁleved

A ' 3 : ’
with aestainless stéel_refrigeratipn unit .(Blue Electric
k4
Co., Model PCC-1355A-2), which cooled the water down to

11.5°C in the summer: In the winter the incoming.water, - _

A

which entered the laborator .5°C, was héated to 9ﬁC in

° the head tank by three eleven hundred watt stainless steel- ﬂ
immereion heatersf(ﬁxecision SciehtiEic Co. Ltd., éereateﬁp AN
No. 14-X-6), where -air superséturation wae ovexcome by \
agitating the water with air stones.and by’paesing £h§ ‘ ’ | '. .
heated water- through a plexiglass‘columqf(lo.lﬁ ein} I.D.)
.~ supplied wilh compressed air.: From thefe, the, water was,

dellVLer ko the test tanks at a flow of 1.0 l/mln, conLrolled

with a flow meter (Mancstat Corp., New York, N.Y.). The

t
7 . . b
. . a
'
“ .
.
.
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. dlSSolved~oxygen levels in the test oxygen levgiﬁ in the

4 . +
.- - test tanks for the flrst exXperiment wete approxxmately

i o 7.0 mg/l, whllé'those of,the last two expellmeqts were

e between 8.0 and lO 0 mg/l. ' .. )

-~ I : v N

The whole experimental apparatus éonsisted of ‘a

serles of flve “test tanks {Rosedale PlastLCS} Moﬂtreal)

made of white, translucent polyethylene and mﬂasurlng 57. 159
A - -

_cnm wide, 114.30 cm long, and 41.65 cm deep.&&Each,qf these

¢ 4

tanks were covered bj lids of the same material end'had

. small' hinged hatches to'ellow feeding and cleaning without

. . remoyving the whole cover. The'tank toxicants were métered

-

[ "+ .7 in by Mariotte bottles (Leduc, 1966). Illumination was pro-
vided by fluorescent lighting which was evenly distributed ’

. - over the test tanks and the photoperlod automatlcally con-
9 - -
.trolledAby a fime SWltuh, wds set for 12 hours daily.

- h' The respiration studles were performed w1tn a

series of thirty‘resbiremeteroflod through tubes. Each’
Con reap;rometer tube coneggted of a plex1glase tube moasurlng

3

4 76 cm I. D,'and 22.86 cm long. Adl- the tubes ‘were palnted

black on the exterldr to minimiize disturbance of\the fish
and ends stoppered with a ,No. L0° perforattd stopper. The-
A

dJagram of the flew from thé beod tank to the rceplgemeter

tubeo is lllustrated in Flgure 3. The amount o§ oxygen

- cansumed by the fish in the respirometer tube was célcglated

r

- from ithe difference of dissolved oxXygen content between the

-

-
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incoming and outgéing water.
. ‘The swimming stamina tests were performed in an’

aotivity chamber modified by Kruzynski (1272) after Smith

and Newcomb (1970). It consists of two concentric,plexiglass

tubes ‘through which witer is_cirqulated'by megns of an
- ’ . “‘é?‘;

] y 3 ,"
impeller driven by a variable speed motor. ‘The inner tube,

which-is’ the swimming chamber, meéasures 15.2 ci.0.D. and’

6l. 0 cm lbhg,‘ There is g.plastié_érid aé bath ends of the

inner. tube to brevenﬁ thé‘fish”froﬁ escaping. The water. '
r| . . " a . .
supply for the chamber came from the same head tank.whigh

supplied the othgi tést'tpnks, so that the, water temperature y

for all the swimming tests was similar to what the fish had,

been previouély exposed to. The chamber is capable of

' o ¢
achieving a range.of water velocities from 0 to 61.0 cu/sec.
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i:\' Methods:

In this study three experiments Qere performed. 1In
experimentel four concentra;#ons of areenic were tested,
whereas in experimepps 2 and 3, theée fish were exposed to
.arsenic and/proc§¥nide. The number of fish per test tank

. in experiments 1 and 3 was 45, while in experiment 2 only
' 30 fish per test tank were used. Withﬂa 90% water replace- .

ment rate every 4 hours the fish loads per tank (approx. 2 1/g/

o All three experimenﬁs‘lastéd 21'days and at the end,
the.fish were taken from the tan&s and used for’'the following
measurements: respiretion, swimming stamina,'hemoglabin
counts, wet and dry weights, and fat and arsenic‘coﬁpent. At
the begipning of expe;iments 2 and 3, a groﬁp of fifteen fish
were taken for dry weight measdfemehtf .

¢ In experiment 1, the fish were expesed to arsenic
- concentraGEOns‘of 1.0, é.G and 3.0 mg/l as arsenic. The .
, fish in‘eﬁperiments 2 and 3 were exposed to ersenic and/or
i cyanide at the following concentrations: 0.02 mg/l'ﬁCN;
6.0 mg/l_As, o 02 mg/l HCN plus 3.0 mg/1 As, and 0.02 mg/1 ‘
~_HCN plus 6.0 mg/l As. In all three experiiments there wajx
« " l a control group kept under similar conditions except for

o

the toxlcants. . . 4

v s, Growth Experiments: - ) ) N

* When .the fish arrzved at the laboratory they were

_held in tyo test tanks for‘qne day and on the next day, they

-

4 + o

day) meet the minimum requirements_recommended by Sprague (1973).,

’




\
2

were weighed and divided in five groups with apprpximately |

* [y

even weight distribution. Prior to the’ weighing, the fish

wexre lightly enaesthetiZed\Q?th 30 ppm M.S. 222 (Txicaine

methane'sulphoﬁate) and blotted on moist paper’towels to

wyémove the excess water. All the'weighfng was done under.
?\ ) : B
'red light (Sylvania F40 Red) illumination to further mini-

'mize djisturbance to the fish, ‘ R

The day after the weighing, the’ fish. were all g

indLV1dually marked w1th llquld nltrogen (Mlghell, 1969).

" At the end ‘of the two week accllmatlzatlon period the Eish

+

were starved for one*day and were then 1nd1v1dually weighed

(

to the nearest one-hundredth’of a gram. 'Ubon return of the

‘fish into the'fiVe experimental tanks, the flow of toxicants
) a L4 . \/
from the Mariotte bottles was started. Y . .7

In all three experiments arsenic ‘and/or cyanide
levels -were monitored during the exposure period every third
day, along with the dissolved oxygen concentrations.

Argenic levéls in’the water were monitored in two
® . - ' '

ways. For the first experiment arsenic determinations were per-
6 - 14 ™ -

formed by the silver diethyldithiocarbamate colorimetric

test '(Leblanc and Jackson, 1973). For the other two experi-

-
¢

. s o7 . . .
ments arsenic concenﬁﬁégﬁeﬁs were determined with an atomic.

absorption spectrophotometer, " .a Perkin-Elmer (Modél 503,
. o S ' k
equipped with both an arsenic lamp and a graphite furnace.

k4



4,

. ) ' 2 §
21~day growth experiment and placed in a respirometer for . .

- tion by the fisﬁ,

A\
annide was determined by the Dpstein s colorime-

tric method (standard Methods, 1971) , and the flow of. cyanide ,a»
stock solution, was adjusted accordingly. However, it was
1mp0551$fe to maintain exactly‘the desired concentrations :"~
throughout, but losses never exceeded 15 percent.~ . -
uriﬁg the 21-day exposure period'the fish were
fed dallYA?Z% of their body weight, w1th Purina Trout Chow

7
(see Appendix I for dgk31ls) The fish were starved one:day

prior to'their weighing on days 10 and 2% of‘erposure; the '

same weighing procedure was followed ?s mentro&éd preViously

4 .

o . ’
..

Resgirationf . e

° .

Five fish-of approximately the same size were: E

b

selected from each of the five test tanks at the end of the

¢

six days. During -this period-their oxygen consumption was

-ﬁeasdred each day at the same time. Prior to each measure-
AN : .
ment, the flow rate from each respirometer. was recorded.

The outlet bottle for each tube was then removed,.stoﬁﬁered,

S

.and replaced; the same'procedure was repeated with the inlet *

‘bottle.w In each experiment three blank respirometers- were

run as controls, to determine whether there was'any signi-

" ficant difference in dissolved oxygen between the, incomings e

¢

X

and outgoing water,_ due to fittjfs other- than oxygeanonsymp—




’ ‘ N Oxygen determinations were made fpllowingithe,Winkler

<

Method (Azide Modification, Standard Methodg{ 1971) -and colqg-

ETmetrlcally read at 450 mu w1th a Bausch & Lomb, Spectronic
20 spectrometer¢ Thls method was developed by Oulman and

. . , Baumann (;956) and ElllOt (1963), %Odlfled by Drxon (pers, . .

comm 1974) Oxygen consumptlon was determlned by calcu-

lating theﬂdiffetences in dissolved oxygen between the inlet '
. ] N . L ‘ .
'.‘and_ggt}et'bottles and expressed in mg/g of fish/hour.

~- ,‘ i d
. l.

Swimming: : -~ ’ '
- " - - _ . ! ’. - k4

L3

‘THe ‘fish tpat were selected for the swimming’ :

s . . ’ .0 ‘. _‘_" o Y }
stamina tests were all approximately thé same welqhtgand .

length : The fish in experlment 1 were tested on two dlfferent
g

days, separated by dn 1nterval of three days duye | to a break- '

£
down of thegapparatus. However, the flsh in experlments 2

-

1 and -3, were all tested in one day lmmedlately following the
’ . . e .o .
end of the growth experiments. '

H

- ' S 'The procedure used is as follows: _one £ish was
 placed inside the activity chamber while it was filling with

. © -~ ’ /‘ |~ ~
water. After the chamber was sealed the electric motor was

set to produce a ¥e1001ty of 1 ft/sec (30 5 cm/sec), which

‘was maintained for five mlnutes, to allow the fish to become' \

\ , accus‘tbmed to swimming inside the chamber. .At the end of ‘
. K this training period, Sthe speed of the motor was' increased

o5 to pr§duce~a water Ve1001ty of 1.54 ft/sec (47 0 cm/eec)

inside the chamber.' The sw1mm1ng stamlna was detelmlned as

s -

M . . N v
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the time spent at thls veloc1ty, the tl£§ was measured with ‘a
stopwatqp to the nearest second. Whéh the fish became tlred

it was pressed up against the_retalnrng grid. At this p01nt.

)

the motor was turne§ off for two seconds to-alrow the £fish

~

to free itself ghe power was then turned back on and if

the flsh\was immediately pressed agalnst thepgrld again, the

t;ngwas recorded. _If the flSQ.W§§‘able fo swim for another

extepnded period of time; tbfb/time.yas measufed until it
Y : " Y 4

tired completely,+and then the fish was removed frgﬁﬂgﬁé

. ) . ) . N f

chamber. . - . e ‘

Hemdglobin: h . A

° v
o .

’

Hemoglobin determlnatlons were done by the cyaqk

L]

: methemoglobln method (Wlntrobe 1961), using Qtandards

4

’ obtalned from the Laboratory for Dlsease Control in Ottawa.

™~

The blood was taken from the ‘fish by severlng,the caudal’ - ¥

0

- peduncle and extracting it with-heparinized capillary tubes.”

1 s -~

The blood was transferred ibto a small test tube, from which

a measured amount was pipetted The pipetted blood was -

- " 3

- . \ 3

transferred 1nto tubes cortaining Drabkin SB}utlon, ten

'minutes were allowed for_color development Before the colp-

rimetric readings were made. ' ‘ g
4 N .

The'yalues that:were obtained by this method were

-
’

found to be slightly lower than those obtalned by determina-

. tlonsbased on total 1ron content“ Therefore a correction

¢ s
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factor of 1.02 X €yanmethemoglobin values + 0.25| was' applied ~ -
: i

.~"to all the hemoglobi}l values that were obtained ﬁarsen &

o

4

' Snieszko, 1961). T
? ‘ . , | | .

iMeasuremehts of Dry Weights and Fat Content: '

°'7< o mhe group of fifteen fish that WRWF taken from each
tank to be used for dry weight measurements, were 1mmed1ately
sasrificed yith a blow on the head. 'These fish were blotted,
-weigﬁkd and‘placeq into'a d;yiﬁéﬂ@ven at 65°L, fon 7 days,
"after which‘the éry weight’ was determlned. The dry samples

-

N
were. fihen stored in sealed boxes, with a dessicant, for

N

later use in fat,content analysis. The fat coétent was
determined by ‘ether extraction with a Labconco Goldfisch-

Fat Extractor (Model 35003), using ahout 3.0 grams of Qrzv

materialk?hich had been subjected to a four hour reflux

. . . - [y

*

\l . . T e , 3 n

Arsenic Residue Analysis: . .

”

- R -

. The fish tissue used for residue determination was

-

the.same as that used for the fat extractions. The tissue
sample consisted of oven dried fish that had been lomogenized

with a blender, the:efore:“éégtaining muscle, bone, skin and |

o

‘scales, and-othexr soft tissue.
- W . »

An accﬁratéﬁy weighed out 2.0-§. s?mple was placed

into a porcelain crucible and ashed in a muffle furnace’at ]

~ a3
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500°C for. 16 houls. Upon cooling to room temperature the b

o ashes /ere stored in dry, clean test-tubes; then 550 ml -

/

~of fuming nitric acid was added to each of the test tubes.

¢ i

Two houfs1leter 20.0 ml. of double distilled water was
added. At this poi?t, after agitation by inversion most
of the ashes had beéh dissolved by the nitric acid'and

water. These samples were then¥eft overnlqhi_‘ to settle
, o

. out any undissolved materlals before any defermlnatlons

-

were made. ThlS method of preparlng the samples JS similar

- to that proposed by Anderson (1972) "and’ was mod;f‘

Dick (pérs. comm., 1974). ”(
. For the arsenic determinations, a 20.0 ul aliquot
/ 1 ’

was injected. into the graphite furnace of an atomiq.absorp-

tion spectrometer (Perkin-Elmer, Model 503). .This flame-
- ‘ 1 . ' . .

o

less technique has béen found to be the most sensitive .
method‘when‘using an atomic absorption .spectrometer.

St ards were prepared by adding known,&quantities of -
v ' ' . ) o ‘

rsenic to samples prepared with tissue known to be arsenic
) 4 L3 . ' :' ~ )
' free. .
‘e : . o ] .
/// When the standards were analyzed,,a negative absor- .
’ bance reading was obtained, eventhough the background correc:

- -
tor was functioning .properly. Upon observing these readings

some experiments were pggformed #o determine the source of
* -
the interference. This was achieved by adding arsenic, in

- .
the form of arsenic trioxide, to.several samples of water



A ]

obtain a final concentration 1.0 mg/1l ggsenic in the
To the samples various metals were added to try to v
ine which one present in the tissue samples was

. A
creating the negative absorbance readings. It was found

~

that both potassium and phosphorus greatly-depressed the( ‘

absorbance values of the arsenic watercitandards when each

was edded~to'a sample. When both chemicals were' added,
¢ - ) !

negative absorbance readings were obtained for the Vter

samples that contained 1.0 mg/l arsenic. When this was dis-

< -

. covgred, wavelengthsg other than the reconmmnded 193 mu .
: were used to try fo overcome the effects oﬂkpotass;um apd
phosphorus. Ho&ever, the above was not possible-and at
that point the arsenic residue eoalysis was terminated.h
The explaoation for the high incidence of potassium,
and phosphorus is as follows. The tissue used in these
. attempted dete;mioations caﬁe from whole fish and incloded_
- a large percentage of boﬂes which would contain retatively
large amounts’ of K pnd P. Also a 2.0 g. sample of dry
fish.tlssue corresponds tod qpprox1mately 8.0 g. of wet
tlssue{ therefore, ‘the non-combustible. material would be . ¢
1droelgzmade up of’nmta}s with congentrations much greater
£ ' than normallx'fodnq in wet/tissue. It must also be remem-
~berec?,‘as explained in the introduction, that Phosphate’
gIrouRs aod phosphorus react ohemiéally_similar’to;arsenate‘
groups AAa arsenic, thereforé.lit was virtually impossible

’ . : ' s
- . ‘/ Ve . _
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’ to elimin,ate;-the phgsphorus from the samples without also o
removing the arsenic. n B . % .

Due to uncontrollable circumstances t tissue could

<

/ . ’ . .
not be.used for ‘these analyses. It is fe that \3hwet L
tissue had been available, the interference by phosp ates would
not have been serious enough to hamper the arsenic deter ina-

-

.@&on by atomic absorption spectroscopy, since a large percent

-0f the phosphates came fxrom bone and scales whlch wﬁhld not

have been agsayed.: It had been intended to examine levels of

. . arsenic indthe liver, g¢ills, gu -and’' muscle tissées where

phosphate levels would not have been sﬁfficientvto create the
' ' ‘ S ol e e ’
- interference that was obsérved for-the bone bearing tissue

- ) !

‘samples.



RESULTS .

1 o
L 2 ’
. Durlng the two week accllmatlon period., prlor to the

’

addltlon of the tox:Lcants, the fish readily adapted to the

e test tanks apd' to the- exper:.menflal diet. = Whlle the actual .
" food consUmption was not measured, it was apparent ‘that the

—degree of general activity of the fish changed when the: flow =

: of tokicar{t was etarted» The fi'sh ‘exposed to 0, 02Amg/l )
: 7 .
cyanlde fed on the food presented to them more vorac:.ously

. _ than did the control fish. In contrast, the fish exposed
f N / . . s
to all levels of arsenic, were less active than thé .control

. fish, "and on occasion, there was undigested food left on the

» . -~

~ L
bottom of their tanks. During the three experiments per- -

o
LAY
14

formed‘moz;tality 'was minimal (see Table 2) ;and none of the

‘co?r;trol fish died. ' " N

) . 4
‘ i\ :ﬁfects on- Growth . o -

‘\ . ' ‘
-

- The growth was caloulated from the sum of the indi-
v . B LS

¥ vidual. we:ghts taken at 0, 10 and 21 days and expressed as

percent wet welght gain. These results are 1llustrated by:

eye, rltt'ed curves in Figure 5.

-

The results indicate that weight gains of 14 to 22

\ . . 3

percent were attained In 21 days by the control fish., The ¢

C .
. control fish weight gains in experiment 2 were lower than .

. Lo those of the other experiments. _ However, the differences

3

) . i—rx.:the weigf\t gains amony the}ont,rol groups, did not \g

|
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‘fable 2." Mortality observed among yearling rainbow trout = 4 |

+

exposed to various concentrations of arsenic and/

‘or cyanidg for 21 days in’'a flow through systte'rﬁ.

¥ - . . at 1ll°C. : ‘ o ;
Toxicant  No. Of Initial = -
. . Concentration ' ,fish at - average , No. of
Expt. in mg/1 beginning weight of Morta-
. No. As . HCN of expt. fish in g lities
- 0.0 00 I N 0 \
1 1.0 0.0 43 19.59 - 1
2.0 0.0 T 44 19.90 0
3.0 0.0 45, 20.63 0
e
0.0 0.0 31 . 23.96 0
- 3.0 0.02 “31 27.85 0
2 6.0 0.02 .31 - 27.34 2
0.0 . 0.02 31 ~ 27.08 0
c 6.0 " 0.0, 31 28.93 0
. - - ,’". ., 7 .
0.0 0.0 46 23.07, , , 0
3.0 0.02 44. 24.09 1
‘ 3. 6.0 0.02 45 : 2_5.05 2 pe
i Lo 0.0 -0.02 .44 24.67 1l
6.0 . 0.0 = 43 ; 24.58 5
. t ,’ - - 2 .
. ' s ‘. ‘t,
. . -
. [ 7
‘ " \\ )
.. o} .
‘ . ) 8 -
\.‘. /‘ R ' « {
| . . -
| X 7
\ -‘ .
v ‘ { i ¢ /. 4
A S o /
‘ b N
, . \ i
L) o - ‘ Ve ] ,
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Figure'ﬁ. Relationship

-

between the percentage wet weight

¢

gain“ofrféarliné rainbow trout and the time' they

~ TN 2
.
l7 -
were expgsed
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appear to have _any 51gn1f1cance when the weight galns 9f

poxsoned fiish were examlned )

7

. _ " Arsenic, at concentratlons of 1. 0, 2.0 and 3.0 mg/l

as As, produced no apparant effecne on the growth of rainbow

trout, théir percentage weight gainsg belng anprox1nately the
same, as the control group's gain at the end of both Fhe 10
day and’ the 21-day periods; However, the wet weight gains
of the groups of fish eiposed to 6.0 mg/1l arsenic were,

notlceably less than those of the conLrol groups; especially

-

at the ‘end of the 2l-day growth perlod (see Figure 5), when
. the growth had been reduced by a factor of 55 percent«
Cyanide, at 0. 02 mg/1, was seen to reduce the wet

\ weight gdins of rainbow trout by approximateiy’65 percent

-
’ i

after 21 days of cxposure. From the eye Ffitted curves in o

,Flgure 5 it can be seen that the reduction in weight galn
s -
e occurred predomlnantly 4in the flrst 10 day period. It was

0 - f

also noted that the qrowth rate durg¢ng thé sccond growth

»

period exceeded the rate recorded for thé control flsh

-

AN
. ‘, ! ]
..effect on the fish duriny the first 10 days of exposure.
) ) It =*hen appears that the £fish recover and that growth is
ai' .stimulated to an above normal degree. However, aven though
[ 4 ® A

the rate of gain was greatef for the poisoned fish than that

of the controls in the second ygrowth period it was obgserved

: ' that. the overall gein was significantly lower than that
| ‘ ) . ’ . \ . : . ° ~

N4 . PN

Essep}ially this indicates.that thé cyanide had its greatest’




-~

recorded for the control fish (see Table 3). .
Ppon examining the wet weight gains of the fish

exposed to 3.0 mg/l1 arseﬂic plus 0.02 mg/1l cyanide, three
) - - - {

'coﬁéarisons were made.k§:ifs combination of toxicants pro-

duced a 55 percent redu on in growth after 21 days as
compared,to the control. Thls effect was similar however,

to that observed for the fish exposed,to only 0.02 mg/1

" cyanide. Also having observed that 3.0 mg/1 arsenic did not

4

affect the gronth of Yalnbow trout durlng the 21-day growth .

‘s

period, it appears that the observed effect at 3.0 mg/l1 '

arsenic plus 0.02 mg/1l cyanlde, would be due -to cyanide
¢ » . . »

alone. . -

£y

An 8§ percent reduction in et weight gain, after

L]
~

21 days, was observed in the groups of fish exposed to 6.0

-mg/l arsenlc‘}lus 0.02 mg/l cyanide. This reduction was

greater than that elicited by exposure to either 0.02 mg/l
%
cyanlde or 6.0 mg/l arsenic. ThlS suggests that, the two

toxicants‘comhined at the above concentrations, have a

greater effect on wet weight gain of rainbow trout than when

acting .individually.

-

The results of the growth expériments were subjected

,to'axstatistical analysis presented in Table 3. Comparisons

{

. were carried out to determine whether differences between’

the control.weight gains and the gains of -the poisoned £ish

.were significant.. Also a comparison between = -

the fish that had been exposed to only 0.02 mg/l1 cyanide’

- ¥

?

h
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qnd those goisoned:with both-arsenie and cyanide were made.1\
Wheq the comparisops were made for the Lwa individual "experi--és
mehts! as seen ianable 3, three out of the four analyses
.were‘signifiCantly'Hiffereht. \Howeve}, vhen tﬁe growth -
results'for experiﬁents 2 and 3 wéfé pooled, only the group
p01soned with 6.0 mg/l1 arsenic pluo 0.02 mg/l cyanlde.

proved ‘to’ be different from the fis h exposed to 0.02 mg/l

@

cyanide alone. -

1
.

~ Q

Effedts on Respiration ‘
* N - %]

The metaboljc rates of the .contrel and poisoned
fish; measured aftér the Qrowth’experimenhs, are showmn in

Figure 6, which illustrates the mean daily oxygen consumps

@

tlon for each group of flve flSh tested

“

' © The respiration of the control fish varied consi-

'

derably for the three experiments. In experiment 1, the

”~

'cqnﬁro} fisﬁ:initifﬁly increased their spi;ation rates \
and then shqwed a marked drop efter the “ecend day.  For
exﬁeriments 2 and 3, the data of the cqntrel fish were
pooleq and the eye fit;ed<qugesfor‘these groups of fish
also display an initial increase in oxygen consumption but:
the later decrease was not as great as that obse;&ea.for’
the contfol group of experiment 1. ,There Qas hdwevetf cont-

51derable varlatlon in the ne spiration rates of the control

fish in the two experimentgs (see Flgure 6).

. 'L‘

.



- ’

. N . )
The respiration ef the fish previously exposed to
= i et |

1.0, 2.0 and-3.0 mg/1 arsenic fér 21 days, closely followed
. tpa£ of the control fi%h (see Figure 6), 'with rates ini- '

v
€

fially iﬁéreasing and éhén dec}easing to the same 1evé1 as
. the control fish. ' The fish -that had been exposed to 6.0 mg/l

_arsenic had ‘lower respiration rates than the control fish '

~-
) '

. X X i
(see Figure 6). This group of fish did not display an ini-
’ ‘ -

-

£i§l increase in 6xygen consumption, but rather unlike t&e
vcontfol fish, kept thq}r respifétion_rates at a ;e}ativ§iy
constaunt level* for the fifst’three days and then slightly
, decreased their oxygen consumpfion,for tﬁe last three days.’

‘Eellowing the 21-&;y exposure to 0.02 mg/l:cgsnide,
the poisoned gioups'of‘fish had respiration rates that

closely followed those of the control groups of fish .(sece

Figﬁfé 6). HoweQer, they did not initially increase their

. A . '
. oxXygen consumption to.the same degree as did the control
fish. C ) >
. , . .
The group of fish exposed to 3.0 mg/l arsenic plus

L4

0.02 ﬁg/l cyanide displéyed a slignt initial increase in

Aékygen‘consumpttbn for the fir%§}48 hours of the experiment.

s

Following the initial increase a gradual decrease in oxygen

uptake occurred. The fish that had been previously exposed

e k0 6.0 mg/1‘arsenic plus 0.02 mg/l cyanide displayed a

1

decrease in oxygen consumption until a basal level was

reached after 5 days. The respiration rates of the above

\ H

¥

)‘.

3
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Table 5. Analysis of variance to compare the swimming_
A ~ A
stamina of.rainbow, trout exposed to arsenic and/or
:  cyanide for a period of 21 days.
. - o
‘ . ° Sum ° Degrees
Yo of of Mgan .
Source Squares Freedom Sduare Signi@}cance
‘EXEt. 1 ’ \\ ’
R o A
- Between \ ) bl . ’
Treatments 100.30 "3 33.43 . 4 o
. e Fo, 2.1%1 n.s.
. 3 ’ 20 . -
Within - . ) ’ ‘
Treatments - 305.08 20 5.25
Total 405.38 23 ] i
Expt. 2 v ' ‘ '
' Between o ‘ . t
Treatyents ., 1525.10¢ K. ) 381.27 Fgo 3.82+%
Within - : o
Treatments , 2093.67 20 .69 .025 > P > .01
Total ., 3618.78° . .24 “ SR
) ' -
~ . Vs Q
Expt. 3 /\ ) ..
Between_ : ' AP : L
Treatments \\§&45.99 4 .286.50 Féo 4.79%% -
Within ' .
TFeatqﬁnts 197.07 20 - 59.85 01 > P > ,005
Total 3343.06 24 L
'* gignifhcant P'< 0.05 -7 -
** very-Ppignificant P < 0.0 .

0',




o a2

4
4

group’ of fish were substantially lower than those of the
0 . 'Q -D 4
control fish; however, they were higher than the respira-

tion rates ‘observed for the fish exposed.to only 6.0 ﬁg/i ‘

arsenic. -

’?he groups-of fish 5prsed to a compination of the

twortoxicants for 21 days, had lower respiration rates than

Ehe control fish. However, the differences were ndt as

" great as those ellCltEd by the exposure to 6.0 mg/l arsenlc o

. and were greater than those observed for fxsh that had been.

. po:soned w1th 0.02 mg/1 cyanlde. ', ' . o
* \\\\\\'.v Comparlsons were attempted, but due to the large = : l |
. variances encountered for the resplratlon meaps, npne of the "
! \“ L]

Y : observed dlfferences were proven to be -significantly dlffe—

rent, However, upon reviewing the data presented in Figgre

- . \f .
6, it may be postulated that expcsure of rainbow trout to , 2
, ’ : BN . .
) *6.0 mg/l arsenic hzd the greatest cffect on the 'respiration

/ - .

Fates 6f the individuals tested. =

? <
Effects on Swimming L.

had Id ~ 5

The results @f the swimming stamina tests are shown
- A ‘

in Table 4,,which presents the mean swimminértime endured ]
by rainkew trout tesLed at a water -velocity of 1.54 ft./sec ,
. ’\\/,&,\s‘t
(47.9 cm/sec). Since all the fish tésted were of the same .
. . . |
length and weight, there was no need to correct for size. B ) //
/. S .
- t ’
& N ) *.«U_ . 3
; \ . 3 - g



/

- —~
! '

There was a difference in” the mean swimming times
a

* endured by thg control groups of fish, The control Eish of
experiment 1 had a mean swimming time of only 6.6 minutes,

while the control groups of experiments.z'and 3 had mean .

. times of 19.7 and 23.3 minutes respectively. This can most

<

L3

- s

" likely be attrfbuted to different stocks of fish.

The results indicate that exposure to arsenio-con-

-1

- o
gentrations of” 1.0, 2.0, 3.0 and 6.0 mg/l appeared to have
I 4

i - had no significant effect on the swimming stamina of rainbow
trout. These observations in experiments 1, 2 and 3 were

. > ¢
further confirmed through an analysis of variance presented.

in Table 5. o '

L%

Cyanide, at 0.02 mg/l1 HEN, reduced the swimming
\J .
ability of rainbow trout by about 75 percent as compared to

the control fish and *this différence was found to be statis-
A y N H :

. ~

tically significant wheh-the»resulté were "analyzed (see

’

‘Table 5).

1

The fish exposed .to 3.0 mg/l a%senic plus 0.02 mg/L

'® cyanide and those fish subjected to 6.0 mg/l afsenic plus °

" 0.02 mg/l cysnide hadﬂsighificantly lower meén swfmming
times than the’conﬁfol fish and the gfouﬁs of {ish expésed
to 6.0 mg/l arsenic. However, these swimmiﬁg times were
not significanti% different ffom those times oktained from

.fish that had been previously exposed to 0.02 mg/l cyanide.

This suggests that the observed redudtion in Lhe mean
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'swimming time was predominantly due to the cyanide~walone.

All thefresults were statisticaLly tested with an

anely51s of varlanae to detect differences in treatment

responses as seen in Table 5. Then u31ng the data obtalned o

from the ANOVA, least significant differences were deter-

mined to make furiher comparisons possible. -Also, as seen
'\ . . -

in Table 4, .confidence interyals were established for the

mean times obtained.

!
©

Effectd on Blood Hemoglobin Levels

-

The hemogiobin of the control fish, in all threev . :

-

experiments, were all approximately the same, eveh’though 25~

i ¥ : 4 ) . N . ' <
gram fish werée used in experiment 1 and 35 gram fish were

used in experiments 2 and 3. +As seen ‘in Table 6,.the mean
hemdglobin levels for th céntrol fish were all approximate—'
ly 10 g/100 ml of blood. '

Hemoglobin‘levels of the fiéh exﬁosed to .0, é.o

and 3.6 mg/l arsenic were reduced.by approximately 20 per-
‘I )
cent. This observed reduction was aisignificant _decrease

wnen the results were statlstlcally tested with a "t" test

as seen in Table 65 The fish subjected to 6.0 md/’ areennc
7

for 21 days, in ‘both experlments, displayed no reductlon in

-
their blood hemoglobin levels.
' The fish exposed to 0.02 mg/l cyanlde, during the
L ]
growth period, had a 10 percent reductlon in hemoglobln

levels' However, as seen in’ Table 6, this reductlon d1d
“\

¥

2
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" than éhe controls ‘with the- exceptlon or-the level for the

/- - .47

\
’ ]

not prove to be sign;ﬁificax’!l different from, the . values

obtalned for the control\flsh ) «

.

\j The £fish subjected to 3.0 mg/l arsenic plus 0. 02
mg/l cyanide and 6.0 mg/l arsenic plus 0.02 mg/1 cyaQ%de

all had their hemoglobin levels réduced by approxwmaLely 20

-

7
percent. These reduced levels were 51gn1flcantly lower
kﬂ

v

group of fish expased to 6.0 mg/l arsenlc.plus 0.02 mg/1

‘ -~ . -
cyanide in experiment 3. Eventhough the observed reduction

B

was 20 percent, the variance for the mean was too large to

prove a significant reduction.

. "

"Effects on Percentage Water and Fat Contenf

The perceﬁtage watg;_céntent, cbtained from the dry

AN

“weights, were recorded after seven days of drying of the’

fish at 70°C. Means were then established for each group

°

of fish and presentédlin Table .7 as a mean percentage water

1
!

content. The mean percentage fat content was obtained as
. N \
outlined in the methods and is prosented TH%able 7. ‘
It was observed that'in each of the three experi-

ments, the control groups of fish had the lowest perg¢entage
AN % ~ N
M 3 .
water content. These-groups of fish, as seen in Tabhle 7,
. .

also had the hichest nean percentagé fat coatencts.
The fish exposed to 1.0, 2.0 and 6.0 mg/l arsenic
. '] )
for 21 days, did not display a® significant variations

et




Y »
- B . .

from the contxol values for the percentage watei content.
It was also5&bserved.that the above groups of fish didgnot
\ 'have signifiéantly different'pérceﬁtage'fat contents when
compéred to their respéctivé controls. \However, the fish
Eha; had been subjected to’3.0 mé/l arseni;.ﬁﬁéd.a s?gni-
ficant inc;ease in the percentage water content:and'a éiq~ ,
nificant decrease in :the percentage fat éontent (see Table
‘ , "
7). - ” |
‘i *The'fesplts for the fish exposeq:to 0.02 mgjl cyan-
ide, as seen in fablé 7, indicdte that they had ; higher
‘water content than did.the contrﬁi fish. In both instances f
:. they had at least 1.0 percent more water than the control
- ‘ groupg, but dﬁe to—athigher vari‘nce in experimentiz, Eh;s :'
diffefence was not sigﬁificant. ?owever, in both e#peri—
ments 2 and éi the fat contents of;the fish exposed to 0.02
mg/1 cyaniae, did not varfws;gnificantly from the contfol
R . X P

values..

p : " The fish subjected to a‘éombination of the two toxi~

&,

cantd, all displayed significanthjncreases'in percantage
watér éontent w@?h the exception of the, group expésed kd\”
¥6.0 mg/1 arsenic p;Ps_Q.OZ mg/1 cyaﬂide»in experiment 3.
The increases consisted of a 1 to 2 percent higher percen-

tagé water composition. When the mean percentage fat -

contents were examined, as seen’'in Table 7, all the groups

‘ L] . »

- i ’ o ?




showed a significant reduction in fat c

ontent, but, there

2 ’

R N
: was -also one exceptidn; this being the group of fish ‘that
' had been poisoned with 3.0 mg/l arsenic plus 0.02 mg/l . o
) «cyanide. \
’ i
- '
o - © . '
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DISCUSSION ' - ‘
b 2 -~ . ) A \
Physiolpgical Implications . : ’

| . : ‘

In this study of the effects of arsenic and/or cya-
‘ i . T .
nide on the growth, swimming stamina and respiration of

rainbow trout, it was found that arsenic trioxide affected
the fish only at the highest concentration tested, 6.0 mg&l " '

as As and then it only had an effect on the rate ‘of growth,

»

greater reductlon in growth than did elther of these toxi-

s

gants used alqne. Exposure to 0.02 mg/l of cyanide, markedly

«

- T . »
reduced growth and the swimming stamina which was not affec- ,

’ ‘ ' However, arsenic used in comblnatlon with cyanide caused a
|
‘ . ted by arsenic. ¢

Y
¢

} The question.of whether arsenic.and cyanide chemi-

cally interact.in the water had to be investigated bhefore
the .results of this study could -be prope;ly interpreted. ot
~4 ~ Broderius (pers. comm., 1974, see Appendix II for detdils), .

states that arsenic and cyanide, in the presence of each

)

other in water, do not Porm any chemical complexes. However, '
)
arsenic trioxide will form arsenate and arsenite 1ons when

. ' dissolved in water; this author then points out that the By
b . e *

, ~arsenate ion, a strong oxidizing agent, may oxidize HCN

to cyanogen (C2N2) and cyanate (CNO ), which are iess toxic
T H
than HCN. This oxidation of cyahide to cyanogen and cyanate,

‘could explain why the pyridine-pyralazone method used to

B )
1 f v



monitor levels of HCN present in th/é tanks, consistently ,

' i v

prodiced ‘slightly lower values than‘expected, since this
~ ’ '

¢
method wds not.designed to measure cyanogen and wyanate

concentrations in the water. Ford-Smith (1964) also N
. l

studied the chemistry of cyanide complexes. and found no

(X1
b 2

complexatiog”occprqing between cyanide and arsenic. . We e

~

Y

L therefore assumed that in the current stqdy'of the effects

d

of arsenic and cyanide, on rainbow trout, that no chemical

- y

Vo complexation occurred between the two chemicals. St
- . -

In the presgnt study, the growth, swimming ability
and respiration of rainbow trout exposed to sublethal con-

< .
’ ¢entrations of .arsenjic and/or cyanide, were used as criteria .

to measure the effects of chronic.ﬁxposure to the toxicants.

© .

As'seen in Figure 5, arsenic at the‘conécntraﬁiqn of v
1,0, 2.0 and 340 ing/l did not seem to impair the growéh |
g§:¥ain§ow trout, while 6.0 mg/l of arsenic waé seen to -
reduce the growth by 65 percent. Gilderhus (1966) reports - |

.

arsenic; 6.0 mg/l arsenic)would therefore be appfoximately

<

i . that the 96 hour LC50 for Eﬁ}nbow trout is 25.6 mg/l’of
|
|

0;25 of the LCgg,- .
There is only‘little‘inﬁormation of the chronic
. ] effects of arseﬁic on aquatic fauna. Gilderhus (1966),, o N\
- .using bluegills (Lepomis macrochirus), \btpdied i':he effects

' o

., of sodium arsenite on various physiological and histopatho- .

logiéai processes. He exposed his test fish to the
\



’

i

herbicide by slug doses applied in concrete téstvéools.

He found that over a l6-week period thlere was a reduction
in the growth of the fish. Lawrence (1958), using a, similar

[

experimental design, poisoned his ponds with 4 .0 and 8.0

mg/l slug doses applied once a month over a two month perlod

i

also obtained reductlons in the growth of the arsenic

poisoned fish. Lunde (1972), using -rainbow.trout fed on

5. > L

food rations supplemented with both organic and -inprganic

arsenicals, found that the growth rate of his test fish was

also reduced even though this was not the aim of his experi-

‘ment. In the prqﬁeﬁt study a reduction in the growth of the

test fish was .also observed, but only at the highest concen-
1

tration tested. Even though arsenic uncouples oxidative

phosphorylation (Lehninger, 1972, p. 324), it may have not
) » N

" had enough of an effect on the growth rate to reduce it

when the f£ish were sxbdsed to it at 1.0, 2.0 and 3.0 mg/l;
however, at 6.0 mg/l, the arsenic may have sufficiently
inhibited the matabolic pathways to reduce the growth of

the test fish.

Y

N

The cyanide concentration tested in this study

[

" (0.02 mg/l HCN) was also approximately 0.25 of the LCgy as

"established for rainbow=trout by Brown (1968). Cyanide at

the abovae concentration, as scecen in Fiqure 5, reduced the

' growth by approxlmately 55 porcent” It was also observed

that d&ilﬂnlhad its greatest offoct during the first 10

days of thn experlment and" that afte* this period, some

) : d




adaptation to cyanide seemed to occur as the growth rate was }

seen to be greater -than that of the controls. This phenomenon

was also observed by Leduc (1966) working with coho -salmen

(Oncoxrhynchus kisutchf and cichlid fish (Cichlasoma bimacu- ’/
’ E . o * .
latum).( Using the following concentrations of cyanide; //
o l\\ N
0.01,0.02, 0.04 and 0.08 mg/l HCN, Leduc (1966) found that

after 24 days the growth of Juvenile\ii::‘salmbn, kept in .
1

flowing water at 16°C, was reduced ag compared’ to the
controls. He found that during the second half of the 24-

day experiment, the,K salmon expbsed to cyanide concentra-

tions of 0.02 to Q.OS'mg/l HCN, drew faster than the con-
trols. "When cichlids were tested, a similar reaction was .

observed. Dixon (pers. comm., 1§74), working with rainbow

‘

trout at cYanide concentrations oﬁ‘0.0l, 0.02, and 0.93
mg/l at 12°C, also noted this reaction of the fish to

. the exposure to HCN during l18-day growth experiments.

o

"The combination of areenic and cyanide, 2.0 m¢g/1l As
plus O. 02 my,/1 HCN, produced no different effect on growth
ot
. . &
than dld 0 02 ng/1 HCN alone. Assuming that arscnic and

i

cyanide work at diiferent sites in the metabolic pathways,

.-

then this would hdve been expected since. no reduction was.

observed for the fish e;—SBed to’ 3. 0 mg/l of arsenic. The

3

fish expoged to 6.0 mg/l As plus 0.02 mg/l HCN produced,

the greatest reduction in growth, 85 percent less wet

weight gain as compared to the control fish.

\%J p‘?""w
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The fat and water contents of the fish were also

uged as criteria to interpret the nutritional state of .

¢ the fish. Arsenic, 'at 1.0, 2.0 and 3.0 mg/1l, did not .

appear to alter the fat and water‘contents of the rainbow - " 6?
_troutias compared to the values obtained from the control

~ fish. However, exposure to 6.0 mg/; of arsenic did in-

3

crease the water content . and decreased the fat content;

e

boéh-of‘these differences, as seen in Tabhle 7, were not

F . _broven to be statiétically significant Similarly, exposure

D

of test. fish to 0.02 mg/1 HCN increased the water content
by approximately 1.0 percent and reduced the th content ‘
by less than 1.0 percent. The combination of the tpxi-
7 . cants produced significant differences in both the petcen-
tage watei: and the percentage fat contents. This 'is indi-
cative of an addition‘of the effects of the tcxicantsh - o
since the single actions of the toisons were not great »
ehough td produce these types of responses. |
An additive effect was only noted in the growth of.
. the fish exposed to 6.0 mg/1 As plus 0.02 mg/1 HCN where
the percent wet weight gain was reduced by 85 percent as
'compared to the control weight gains. The group exposed to b
3.0 mg/1 A; plus 0.02,mg/1 ﬁCN also had a reduced wet
weight gain, however, it was not less than that of the
group.egposed to 0.02 mg/1 HCN.: This/group did not dispiay'-
 the same.type of iﬁitial grbwth depresgsion as%did-the
gtoup of\fish that were exposed to 0.02 mg/1 of cyahide;




9

: .
o
4 )

nor did it show a greater rate of growth after the first
10 days of exposure to the toxj.can s. This would indicate

tHa,t the arsenic :mterfered w1th th actlon of the cyanlde

on the fish and that possibly. over a longer period of time '
¥

1 .

this group would have shown less growth than the fish poi-

soned with 0.02 mg/1 HCN and therefore an additive effect

of the toxicants would have been observed. - i

’

'I‘he results exemplify the fact that arsenic has a
different mode of action on the fish than does cyanide.

Whereas the fiih can overcome cyanide poisoning as” far aBs

) &
wet weight gain is concerned, they cannot do the same foxr

arsenic. The results suggest that a threshold must be

reached hefore arsenic has an effect on the growth of fish.

This threshold seems to be both time related and concentrxa-

3

tion related. ‘I‘his ascumptlon was  made on ‘the data ob-

tained in th.Ls study and that presented by Lawrence (1958)'
and Gilderhus (1966). (,It was seen that in this study,

&
exposure to 3.0 mq/l of arsenic for 21 days dld not affect

the growth of rainbow trout and those, exposed to 6.0 mg/l

'suffered a reductlon in growth; this :mdlcates a concentra—

t:Lon threshold. Howsver, L'\wrence (1958) found that blue-

gills po%.soned with 4.0 mg/l of arsenic for. two months,

" showéd a oonsiderabl-e decrease in growth. Gilderhus* (1966),

= . A
working with bdth _higher and lower concentrations of ar-

senic than Lawrence, over a l6-week period, also noted

<

- w

A
o
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.

reductidns'in'theugrowth of his test fish. Since both of

“these studies were longer in auration'than the present 6ne,

it would be valid to suggest that there i's a time factor
involved with the toxicity of arsenic. This time factor
R . £

'would be related to the concentration and the amount' of
/ [

+ ‘the arsenic accumulated by the fish. gowever,'it must also

]

be- noted that in:/both of the above experimen?f, the fish
. . f \
‘were also exfosed to arsenic in their food and from the
- M N a - .
- bottom seédiments. ,In our study the fish were only exposed

to arsenic dissolved in the water. Another explanation for
why the fish in Yawrence's "‘and Gildethus' studies Qhowed a -«

decreased grdowth rate could be the accumulation of ‘hoth

’

inorganic. and arganic compounds of arsenie. Luﬁde {1972),

.@howed that organic' arsenicals accumulatéd to a much

LJ

greaterbdegree ‘thdn the inorganic forms. &8ince the blue-

. ' +
+ gills obtained thdir hutritibn.from invertebrates living

in the pools, they could have accumulated organic arseni-

.

cals from their food supply.

Warren (l9f1, p. 153) suggests ﬁhat wh?ﬁ metabdlﬂi
pathways g;e partiélly inhibited by toxic éub%tances, growth
‘will,ﬁé'reduce@; A certain amount of energy is always .

. (
require\ for standard metaholism, -anything in excess will‘ﬂg

’

[y

used for activity and growth. Therefore, metabolic inhibi=-

3

tors such as arsenie and cyanide, retard Tetabolic pro-~

4 .

' qeéses and reduce the available energy normally used for

‘

¢

.

——
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activity ahd gro%th. As noted in the results, the fish

/
pomsoned with arsenic or, arsenic, and ¢yanide, at all

' ’ concentrations of arsenic, appeared to be more slugg:l_sh

?

~

" and fed less than the other groups. Therefore, since

tHere 'was a decrease in food consump)cion,, it would be‘
.. . expected that these fish would undergo less growth and.
"reduced activity.' This was the case\for the ‘fish exposed
to 6.0 in'g/l As, 3.0 mg/1 As plus 0.02 mg/1 HCN and 6.0

b Yo
mg/l ‘As plus 0.02 mg/l HCN, whlle there were no measure-

able effects on the fish exposed to l.y\?" and 3.0 mg/l
S

of arsenic., .

]

/ ) , ‘
Swimming stamina tests were performed to evaluate

the effects of arsenic and/or cyanide on.the physical abi- .
. .

lities” of rainbow trout. The results indicate that pre-

]

vious exposure to, cyanide, either alone or in combination

¢ 1]

= *\ 13 . . .
with axsenic can seriouslf?“ reduce the swimming ability of
- Ve - -

.trout tested at a water velocity of 1.54) ft/sec. (47.0) .

cm/éec) . "Tixis decrease was expgcted since v:-;uiious other
~rvesearchei:s; (Neil, 1957; Leduc, 1966; Broderius, 1970)

Jhad also repoxrted decreases in swimning stamina due to

previous exposure to subfethal levels of qyénide. Nei} .

(1957) t_e;ted brook trout (Saivelinus fontinalis) at 1.86
Iy g

ft/seé. that had been pfev;ous‘ly.exposed to"0.01, 0.03 and

-

0.05 mg/l CN~ for 15 days and observed reductions s.m swim-—

ming ablllty from 75 to 98 pe¥cent. Leduc (1966), test:mg .

o

v - o

a  «

O +
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-

d

, - the maximum susta.med swxmmmg speed of c1ch;l ids observed .
‘a reductlon in the groups of fl\Sh prev;.ously exposed to

) ce® 0.04 mg/l HCN. Broderius (1970) .tested '?e swimming té
. } .
exhaustidn of coho salmon that had-been previously exposed
. -
- w{ ) to 0.01, O 03 and 0. 05 mg/l HCN for 8 days, before .the
- !

swimming tests. He also performed swimming: experiments

exposiﬁ“g ﬁ.fz_'e sqimon to the above concentratlons during the“
\’ ) tests. He obse,rvedunreductions in swimming times that ,
were J.nversel,y proportional to» the cyanlde concentratlons,
- | that is the higher the cyanide levels, the less fime the
«:‘A:' fish were able to.swim and the more _tlme necessary te

recover to the control levels after tdrmination of exposure

’

to cyanide. : ' .
’ . Co '] : .
- It must be noted however, that in this study the , .

fish were only subjected to relatlvely short Derlods cf -

sw:.mm:.ng at a water veloc1ty of 1. 54 ft/sed. until fatlgued o

-

The short test pe;r:lod m:.ght; explaln why no not:.ceable_ . h ~
| .' effects on_s:;n'.nminq ability were noted for the rainbow . )
: > .trout that had beén exposed to axsenic a.lon‘e; If the test - .
| \ .

. had been longer in dyratdon, then perhaps exposure to arsenic
: . | may .have s;mwn to be aeletefious to the swi ing\ abilit.y of -

X Yainbow trout. ’ ) N

swimming ablllty of f:Lsh may reduced for a

. ’ Eh
. va{tyof reasons. If thc netabollc pathways a&e 1nhib1ted1§/ 4 ©
/° \-, L‘ N
/'/by toxicants then the avallable e“xergy would be reduced and .
o e rY; .
. . 1

.
-~ . . * .
. . ' ' . \
N .
o
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‘gills may be interfered with is a histopatho ogieal condi-*%.
6t:ion produced by a Eoiicant. Gilderhus (196p), discovered O
{ a higher incidence of.hemerrhagie gldbes'on'theféills ofi
:bluegilisnexposed to sodium arsenite than those oF h}s con-" R
‘trol fish;' Since no histoiogical work was performed in

" this study, it cannot be said that thlsvwas also the case

-c1éntly to reduce the swimming ablllty of tbe trout tested

“Tin Fhls study, "L ) '_:2 _ o 7

. 59
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U v

a decreased sw;mmlng stdmlna would be the end result. . \\

Such was the case for flsh poisoned with cyanide, both in

¢

this ‘study and those of Nell, Leduc and'Broderlus. A

second reasgn for a reduction in swimming stamina would be

an interference of the 0, - CO,y excﬁange at the gills.

-

This could be bfeughg 5§o?t in the- following ways; physi-
cal agents such as pulpifiber have been reported to ob- T _ -
struct normalk gill ventilation of fish.by MacLecd and

Smith (1968) ‘and therefore’ reduced the sw1mm1ng‘performance

of fish. Anotherrmanner by which tHe gas excgange at the :

-~

fa

for the “rainbow trout. exposed to arsenlc, however, the . ‘L
< -
possibility does exist. It is-apparent from the ‘results . -

that even if this histopathologicah'conditipn did exist in

the test fish, it did hot'disrupt the gas exehange-suffi— ' : “

N
© C——— .

- [ £ .

\ 1.~ ’ The sw1mm1ng tests re deslgned to measurg the, (

o - A
effecé’/of the ,Jtoxicants on the active metabollc rate of

the fish. Respira;ion studies were performed to examine
e o : :
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r ; - . L] LY £ ™Y -—;:_’/_
. \c ) °' < ‘ ) ‘£ 3 , < 60
; . \ ot i .
‘} . .
4 , "the. co:séguences of arsenic and/or cyana.de poa.sdn:.ng on
/’“ o ' . the standard or basavl nﬁabolism of rainbow tﬁ’out At 6. 0 .

mg/l of arSenic {Figure .6),. the greatest differences between

3

o
¢

d‘tfferences were not statistically significant. Slmllarg.y
ﬂ >
i, . v all the(other dlfference’s were also not’ si nlflcantly

~ v l\
A . . * . v ., . .
.\(‘ ot diiferent. ‘ . N - Y . .

¢ \ R v ‘ a ¢

After previouF exposure to the toxxcants, the fJ.sh

»~ <

. v
a . an 1n1tia1 1ncrease in, oxygen consumpt}on wi‘th a drop .in
v e

respiratlon occurrlngf after the second or thl}:d day. ~This

- 'sugge!ts gn in:;tial lncreasen in respiration due to the'di,f-"
. [y . . N\ ‘ LI

S o &ferent‘ surroundinos and an ‘event\uél«a'ccli'mation after a
‘pe{.lod mﬁ time. 'This was more proﬁounced 1n the groups of
fish- tested during t"he first experlment, poss:l.bly bacause

. \J
., . ",of Xheir smaller size. The rainbow ‘trout toxified with

X4

0.02 iﬁ;;/l of cyani'de‘ ﬁadl oxygen consumption‘ rates that ,
.. - ' closely followedr those of the control fish throughout the
s i ;esplratlon studies. DJ.xon (pers. comm. , 1974) , found in
’ .7 , & ! )
also. at-0.02 mg/1,°? ]\J,St s:.gnlflcantly affected the oxygen
N ,., ) _ consumptionscvf his lz—gram rainbow trout. In the present ’f
| *study, ¢@InboY trout w:i’.th\ an a-verage v&elght oﬁ 28 grams s?
N o) _ were used and thif is most likely why no simi]::ar results .

3
*

‘were obtained. Thé toxicity of cyanide seems ‘to be, size

T .
s . . N + B . N

° - 1r) thearespirometry experifnents in most. :mstances, dlsplayed .

ERE .. his respiratlon studles that pre_xzous exposure‘{:o cyanlde, N

&

,the control’ and pon.soned fish. were observed hov}ever, these ot

’

-

4

et

yal

\
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: L .
r®lated since 5 gram fish used in another experiment by
)
Dixon had a greater~dlfference in their resplratlon rates

from the control flsh oxygen congumptiord, than .did the =~

-~

;12 gram trdut.. It must be, noted at this poiﬂt that the ©

[+

sw1mm1ng times of the cyanlde treated fish were greatly

- !

reduced as’ tzrparea to the cqﬂtrol flsh These~resplts

®
would lea@ to the assumption that the cyanide -did not de-

3

press, the basal métabolic rate, but it did however, 1nh1g

‘«q 4 1]

the active metabollsm of the f1§h, even though they seemed

to'acclimatize to. the toxicant whep their wet wélgyt galns

N
.

-

were cxamined.- . i -
‘¢ » .t

'Tﬁe hemoglobin lewels obtained may not be conclu~- .
sive enough to make any valid statements or comparisons.
The number of fiéh.sampled was actually too small}, since

the differences‘w}thin ‘one groﬁp tended to influence the

1Y

mean value wfth'too much weight Thls is emphasized by fhe'
a .

. faci that the‘groups of fish p01soned with 1.0,°2.0 and 3.0 ’

' mg/l of arsgnic dlsplqyed reduced neroglobin levels while
hose exposgi to 6.0 mg/l showed no reduaction iy the hamo-
- ) , /7 .
globin levels of their blood., This seems to be a’ highly

- -

' N N R - . . . ' o
unlikely occurrance, since arsenic tends to promote hemoly-

sis of the blood and will also rcduce the hemoglobin con- -

“ A .

tent . (Fowler and Weissbery, 1974). However,( while cyanide
) - “
{ . .
alone had no effect on hemoglobin levels,, the combination

of arsenic and cyanide did. Also th§fe does not seem to“be o
! '

any correlathﬁvtmtweem the peducedlmmmglbbin levels and

.
e




. with arsenic, dlsplayed reductions in their swimming - :

fo.@aintain a certain degree of active metabblism they

_for longer periods of time than those exposed to cyanide,
or cyanide and arsenic, since cyanide greatly inhibits
..aerobic respiration. This was evident from the results of

‘ﬁhe,grbwth and swimming experlments. Kruzjnakl +.972)

62 . % .

and the- sw1mm1nguutam1na of the test trout, since only the

fish that had been treated wnth cyanide), elther alone or
]

. " \ >
ability. o '
. s ' . s
"The fish exposed to 6.0 m§/l showed a decreased
. L4 ' . e ; . .
growth rate, but their respiration and their swimming abi-

, . . . ’/A
lity as previously mentioned, did not differ‘significantly.
from the control fish. Tﬁis su%gests that Eheir metabolic
pathways had not been bufflclently 1nh1b1ted to fully re—

strlct either the basal or the' activé metabolism.

’ N - ° -

Bilinéki (1969).suggests that Ior prolonged sw%mming, such -
as undertaken by Tlgratlng Salmon, flSh rely on the aeroblc
'metabollsm of fat 1n Lﬂe red muscle as a source of energy .
Therefore if ﬁigi exposed to 6.0 mg/l of arsenic werée able

[

would be able to endure a maximum sustained swimming speed
V4 T

”

“observed similar results when flSh exposed to the hlgher

poncentrations of dietary methoxychlor; showed longer maxi-

mym sustained -swimming éimes than the-controls. He sugges-

. ! : . .
ted 'that an increase.in 'anaerobic metabolism was responsible
: |
for the bettér,performaq%eioﬁ these fish, ';Studies by-Black
. - ; . v
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1 ﬂ ’ .

. . “wd ‘
et al., (1962), on rainbow trout, and by Beamish (1968) on

cod, in both cases showed that theseffish utilized ﬁore
than 80 perceﬁt of»their muscle glycogen during fifteen:-
. minutes of continuous strenuous activity. I% is aiso recog- |
g nizeN that at cruising speeds aerobid active metabolism is

the main energy source. Smit et al., (1971), from Eheir

'

|

|

|

!
experiments on goldflsh (Carassius duratus), suggested that }
when a fzsh exceeds a swimming speed of 3.4 bcdy 'lengths

per secondd which i3 greater than maximum cruising Sspeed, ¢
{ . -

k4

it maintains its sustained swimming speed through-both
M ‘v - . N
aerobic and anaerobic metabolism in the red and white muscle

fibers. However, the water velocity used in this study was

- -

higher .than the éruising speed and lower than°buret speed,

-,

31nce the fléh swam at’ approx1mately 3.5 body lengths pe1

i

second (Brett, 1964). Thelefore, it is 90331b1e that a

phenomenon similar to what Smit et al, observed occurred

in the groub of fish expoged to 6.0 mg/l of arsenic, and

. ' > v ! ' :
this would explain why the poisoned fish displayed the same

swimming abilities as the control fish, especially if there
was incFeased anaerobic metabolism occurring due to the
exposure .to the ‘toxicant.

——

Ecological Implications

3

The releasa of arsenic frem mine sites into the
surface waters like in the Yellowknife area of the Northwest

Territories, has reached.dangerous levels, Kam Lake, wpich

x \
kN LI

foe
, -
-
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A

measures approximately 2.5 miles 1n length, hae been tho-

roughly contaminated with the arsenic’ discarded along with
other mine tai]ing effluents. Levels as'high'as 4.0 mg/l .
of arsenic. in the water, 3.3 ppm'in the muécle of Northern

. ),

pike (Esox*lucius

and up to 16,700 ppm in boﬁtom sediments
hawve K been reported by F#lk et al., (1973). Long after the

| béurce of aé;enic will have been. arrested, the bottom sedi-
ménts-will‘continue £o leach out'arsenic and pollute this
aguatic environment. With these higH levels of arsenic
present, bionaccumulation of the element by phytoplankton

and zooplankgon, will promoter higher uptake of arsenic by
the fish; evengualiy reachiﬁg man and being a pbtential‘

v . health hazard. ' g

e 4

v

o Slnce arsenlr strongly accumulates in Lhﬁsbotton
~v ' }f ‘ “ f&
sediments (LlS and Hopke, 1973; Falk et al., 1273), there

A a

) seems to ke a direct effect on the benthic inverfebrates(
Gil@erhﬁg (1966), found that there was a decrease in both
the divéroity and the number,of representatives of each‘

o spegles of 1nvertnbra ccs in his test.rools and that this was

l

. proporticnal to the arsenic concentrations in the sediments.
v [-]

v

(4

Jgn tre pfesenf stud?nbfish were only exposed to
K :i arsenic dis;olvpd in water. It had been intéhded to com~
pare the level of arsenic accumulation in the tesL fish to
the levels recorded in other studies, but as =xplained in

. " the method section, the arsenic residue analysis was not

Aoy "

3 8

- ' 4
,



‘ water and in their diet. -The growth rate would possibly be

. further downst

p0351ble to perform. However, it may be valid to assume
that any of ihe results obtalned in this study would be

magnified where flah are exposednpo,arsenic both in the

-

5 ~

retarded in'a greater manner than was observed in this study,

i

the respiration rate could be reduced@ to a greater extent

-

and possibly the éwimming gtamina would also be affected

-
in a deleterious manner.

i

It must be noted at this time that the question

of the action of cyanide has not yet been discussed. T}p

<

mining operations in the Yellowknlfe area use large quantl-

ties of cyanide to leach out the gold from the ore.

Cyanide is extremely toxic and when levels as high as 10

.

mg/l and’ higher occur, one does not expect to find any

Y !

agquatic fauna that are still alive (Bérubé. 1971). .However,
am, from the mines, the cjanide concentrations

drop* and the guestiun of multiple toxicity at sublethal
. . T . %
levels arises. ‘

v When the fish are subjected to cyanide\as well as

to arsenic, as_was seen-in this study, the growth of the

fish was reduced, tc a greater.degree then that was obserxrved
for each of the toxicants acting singly. Also, since the
fish in the natural conditions are exposed to arsenic in

) o~ + »

both the water and in their diet, it might be suspected

AN .
that the action of arsenic and cyanide on these fish would

v

be greater than,that observed in this study.

Sy
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A

Upon‘equsure to arsenic and cyanide, histopatholo-
gical conditions have been shown to occur in fish. Both of

. A\
" these toxicants have been known to create histopathologi-

cal disorders in the reproductive systems of fish (Gilderhus,
1966; Ruby aﬁd Dixon, 1974)." Gilderhus found ) ,
that in the pools treated with the higher concentrations of

arsenjc, the fish histologically examined had ovaries that "

displayed 50 percent of the oogonia, priméry oocjtes'and

secqndafy oocytes gs.encapgulated.cells~withﬁ?g§im of

c&toplas@ of'varying‘deﬁsity around %he inner surface of

. the vitelline membranec. Ruby and Dixon ohsefved a decrease
in qpermatogénesis in immature rainbow trout that was pro-
portional to .the conéentration of cyanide that they had

been exposed to. If the reproductiéﬁ of the fish is retar-

)

ded then eventually the fish population of a lake would

. \
disapbear because of the lack of new recruits. Also with a
; PR - ’

reddét%on in the swimming ability these fish would be
] ) .

better prey for a predgLof species and would also have

their scope of activity reduced.
This study was performed under very artificial
conditions, but it has shown sdme. effects of arsenic and

cyanide that may have important ecological implications.
. \ R
It would be more ecologically significant if in future work

thé trout were exposed to arsgnic in both their water and

'inmtpei%‘dict, since under natural conditions this is what

\ - o 3

A

«



occurs. It would also be important to measure the accumu- -

la't:LOn of* arsenic by both ppytoplank{:ori'and zooplénkton.

- .
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' SUMMARY S ;

' X
" Three experiments were carried out to determine the
' \

-~

effects of chronic arsenic and/or cyanide poisoning on the

o, ' growtﬁ and s&imming stamina or rainbow trout (Salmo . .

. , gairdineri). ‘

- D
The experiments were performed in white, translucent

polyethylene flow-through tanks . designed to hold 120 1 each

at_li.0°C. Each experiment had‘a duration of 21 days.during
. 4

° ,  which the fish were expoced to 1.0, 2.0, 3.0 and 6.0 m /1

arsenlc, 0.02 hg/l cyanide, 3.0 mg/l As plus 0.02 mg/1l HCN

* -

and_ 6.0 mg/ As plus 0.02'my/1 HCN in their water supply.
The results suggest that-arsenic at 6.0 mg/l1 had -,
deleterious effects on the growth,of‘the test trout. %ﬁ

toe

was also seen that cyanide.seﬁiously feduced the growth

P

and that fish exposed to 6.0 mg/l”As plus 0.02 mg/l HCN,

' had a greater reduction in growth than either of the above

e . .
‘groups. Swimming stamira was not' affected by arsenic alone

but was by exposure tg cyanide and é combination of arsenic
"\and ‘cyanide. "The respiration results are inconclusive and
- * ' ’ .
.to derive at anytconclusions is difficalk. Significant
ﬂiffegences:h1£he hemoglobin levels and in the fat and water
contents were obtained and some of these differences support

-~

the results cptaincd for Ehe gﬁowth'and swimming-syamina

-

experiments. . : sh.;/) ' . . )
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- In response to your letter of Aprll Brd, I havp outhne& a gossible
-explanation for your observed results and some sux gestions to.contirm
the efféet which arsenie compounds néay hav® on cyam,de s lutions.

.
4..,

\.° ¢+ Upon. review of some publlcatlohs which discuss, those metnls which
,  complex wWith ~cyanjde, it can be concluded that ans®nic does not form a
i x'éyanlde ccuplex, 'However, an éxplanatisn of /our obs erved | phnmxomenon
. thatf"cjanlda toxicity 18 reduced in‘the pres€nce of arsenic may be related

.

. and free cyanide, . . ) . .
- A : '
- " AS Jou 'wa prébably aware, theé \prlngpal ox 1dat10n states of ars enic
ave +3 and t5. In the +3 state-ars 1c forms arsenious oxide (AsyC
% Q Hna treated with water, Nsp04 gives a sllvhtlJ acid solutlon
ch is

ught. to' contain the hydr‘o*ude As{OH) 5 or & ;\sO (also written

L

_/ . . -

'[‘ne ar':cn;,o brioride (ivs 03) dissolves voery slowlv in watar or acid

‘ sbut readily in soaium nydlo;\lde. four arsenic stock volut*on should be
propqrc«i v, dxbso" vimg a-knowh amount of the pure' substysge dried at -

Y *110.7Cin ..urc;&coss of s68ium hydroxide nnd?awi;nc hird ,alorlcwor sulfurl

“geld antif tHe reaction is neutral or slichtly acid. Neutrpl or weakly »~

f‘amd ‘Qlu' ions gre-quite stable and cah bo kept unchaniedvforlonz periods

’

" to various possiblt, chemical reactions occurding betWeen arsenic species o

- HAbOZ) rh.l.b hydrcrqde g amp%otcnc- it can neufralizé aofds to giye aolutldns
. _containing As(CH) and it can meutralize bases to give solutions ' | .
J cont:nrnn}0 ‘arsen L%a 1ons-«(v'u‘1ously wru,tta,n as H4503, As03, . or As(OP)Q*

C-

.

.

of time. Ildwever, an alkalihe solution of the arsenic tridxide <}‘iou1d not
j‘*be kept, because arsejpite is slowly oxicizad to _ar.aenat,p/ by \)1‘ unday ’
t}la 3 c’ond’l Lmns ‘ LA '
o z \ . w° v
wt - NRASOp 4 LT 2H0 413Aaou b2 26T (1 HED) -0“5‘6
o ASOZ ¢ LOHT s AsOL,? AN e 287 (1M NaOH) J0.08
. o Y K “"‘ { . . E
., ! " - e ' ~ ‘\'
. . o - - ' “ ] . . ]
. * * - - ' ’ , . o
: "r h. -
{ 4 " YL . «
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© 'In t&P&S state the principal compounds of ?I‘SPnlC are ArsCnacg, dcm
+. and its derivatives, the arsenates.. Arsenic.acid is primarily orthoarscnlc

T,
acid, H3A50b,, Ja tripratic acid. The ﬂvdrogen ion concentration plays

an unportan’f,.a:'o1 e in detprmining the ‘'state of equilibriug. ..Jlth a change | R
, : . . Ka - )
. . Aso;3 o+ = meop? 2.5 x 107 . ‘
. . HAso;;?-‘ A+ Hi s HzAuOu, i 5,5 x 197~

| HpAsOp . +. H' = HqAs0,” 3.0 x 10713 -

|

|

|

|

| :

‘ ) 'ﬂ ., tin pH the fdllowlnn equiliopgh must baconsiderod P well: * ° K ‘
|

|

|

l 1 Arsenate ion lo cons:xdcrud to be a strong oxldrlng agent and in tha -

" .
*'  presence.of cyanide it is conuglvable that it cou)lji oxidize cyanide to cyanogen
| (021\2) and cyanate (C"'O ),\»rhlch are much less toxic than HCN., ”’hnrofore,
| if your arsenic, tmmde stodk solutions are qlkalme a mechanism for ‘ ;
| ] . ‘the conversion of cydmde in your, test aguaria tddan essentially non toxic -
ﬁy( e .cyanogen &om und is most‘robaole. The mecha 1§m equatxons involved <
| ' ‘are as follofx . S ’ - .
\ : R - B
| AsO;  + uoH = A504 e 2H0 - »e2e” (1 nIaOH) Hi,0
- - L / . ‘ /
7 Upon dilutionsof the SuOCk rqemc. soluticn by the +est hater containing -
' cyanide: : R :
!l- . ) / e > + L « A}
| : C des.Ol\t T+ ,ZH + 2e . = HAsO, + - ?.HZO : - 10,559
3 This ‘reaction,can then ée\seupled with a number of possible reactions R .
involving. the oxidation of cyamde- - ‘ «,
, . . N [}
- ) + . - L SN
' R , : 2HCN(aq) =' ‘ C{z”z(g) + 20, +  2e . 0,33 g
PR ! - - uat PR . J "
. @ . HCN(aq) ; + .H20 - Cw‘ + BH‘ - + . 2¢e " '0.1 x
. . VN - ) - .
§ ' Worm 40 = oao” 40 o2t o+ 2e 0,141
R . ) . '
. 2CN A -C2N2(g) +  2e o . +0.182
-. : ; )__, - ) + - . ¢
7 o ‘CzNz(lg)'» FoO2H0 = 20M0T 4+ MHY o+ 26T 40,100

My research ypith variocus cyanide species over ithe last seven yeass |

Ce .has convinced fie that & method for determining the cyonide concentration in

' test bOlUthIlS,lS essential in order to do meanir;ful research with this
toxicont.  In your inc stan¢e dircct use o{‘ the pj"ldmh—gjruolwc rethod
for Ccy, nlde, or some“other apqropfla're method, would be applicabler fr
dete¥iining free cyanide (i.e,, CN~ and HCN) 'in test solulions whers, )

.. arsenic is present since an arsenic-cyanide complex is not formed. o
Therofote, I sudgest that your,futurce resedrch plans incorporate analytical
,deterpination of rov only Pyaniﬁe but also @ arsenic im the tast solutions

' to see if \the above ewlanatior‘ _for redyced.cyanide affect in- thp presence

) of arsenic is appmpriate. -, . / ’
» . - “
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