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.SOME EFFECTS‘OF C N c CYANIDE POISONING ON THE.GROWTH,

RESPIRATION AND LIVER TISSUE OF RAINBOW TROUT.

. - 9 s, -

.

Cyanlde markedly affected growth and:«resting meta-

bolic rate whlle\sausing l;ver necrobiodis in juvenile rain-

{

bow trout (Salmo g_;rdneri Riehardson) Thls was revealed

durin? “twd experiggnts performed 1n contlnuoualy ‘tenewed

-

water at 12.5°C with fish fed a restricted artzficial diet* -

A

and ekposed to assayed cyapide concentrations of 0. 00, 0.01,

LAY

© 0. 02, ©r0.03 mg/fHCN for 18 days.-
. At 0. 02 and 0. 03 mg/l HCN growth was reduced by 40
" to 55 percent after 18 days.'ﬁAt all concentrations cyanine
caused a severe lnltﬁal represslon in speciflc growth rate

* -

followed by a hlghly 91gnificant increase whlch Was, howéver,

generally nsuff101ent to compensate for the opﬁginal

. . n ° P
‘repression. o
2

. ’ ] -
Previous exposure to cyanide proméied a higher res-’

.

"tinéﬁmetabolic rate during the ‘6. days following exposure,.

\tbe*effect increasing 'with cyanide conéentration.

At all concentiatipns tested, widesPread.cyanide-

induced necrobiosis of hepatocytes was observéd. Although

~

N -more intense at hlgher cyanide concentrat;ons, this necro-

biosis was well egtablished even at 0.01 mg/l HCN. ‘

#
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‘ INTRODUCTION

This laboratory project was initiated to atud} the

:
Al
¢"_“'

)

nile rainbow trout, Salmo gairdneri (Richaré‘sdn) ’ to' measure

2 their resting metabolic rate after the cessation of cyanide
FQ treaunent, and to detemine the extent of histo;:atho}ogical
i ' damage incurred in 1iver and gill tissues. .

o . -' In canada, particularly in ‘the North, the mining

8

industry represents a major source of cyanide release to . °

surface wa@tgrs. _Alkaline gi(anides are used as depressants

..... s e ¢

during the concentration of ore by'froth floatation, a pro-

2

cass involving the se'gregqtion of minerals on the basis of .

theif floatability in an aerated water co:l,ﬁmn ' ﬁlkalih,e |

v “metric ton of ore, are used as floatability depreuants for

- sulphides of zinc, iron, copper and nickel (Anon., 1970) *

) c Bérubé and Gilbert®(1971), wcrkfiné in the Northwest '.l'erri-
t,ories, reported ‘cyanide levelu of 10 to 3% mg/‘.l HCN in mine

tailing ponds and lévels of 0, 1'3 mg/l HCN at the mouth of a '

'Y
kri.va:: delivering nmining eff.luent into Great Slave, -
RE, . . [ - s bl Q
' R 0yanides are aj.-o widely usqd in tha ‘alectroplating -indus~
‘ try because ot their unique ability ‘to make soluble metallo-

cyanide complexe- of valuable heavy metals such as go.l.d,

; nil.ver, zinc, coppor, or ni.ckol, thm allowing bottor :

effects of chronic cyanide ,poiaonipg on the growth of juve-

EOT cyaniﬂea, in” concen“’trations ranging from 5 .to 250 g per o

[
.
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&

electrolytic aeparation (Anon., 1970),

'I'he acute toxioity of cyenide £0 aquatio organim,

npert'iculerly fish, ‘has long been recognized and is hence ' '
: 'we}.l doouinented in the 1iteretui'e. LCSO:, in mg/l al g
g hydrocyanic ecid (HCN), of 0.05 (Karsten, 1934), 0. 09
(Burdick, et al., 1958), 0.104 (Burdick, ‘ot al., 1958),
.- 0.15 (Doudoroff, et al., 1966) and 0.18 (Doudoroff, 1956)

_have been reported for brook trout (S8alvelinus fontinalio

Mitchill) ’ brown trout (Salmo trutte Linnaeus), smallmouth

bass (Micropterus ddlomieui Lacépéde) » bluegills (lLepomis

‘ macrochirus Rafinesque) "and £athead minnows (P ghalee
' P las Refinesquel respectively. Brown (1968) given a
' 48-hour LC50 of 0.07 mg/l as HCN for rainbow trout held at /
“ lS‘C in weter with a pH of 7.7. ' ! L oy
| 4‘;“' 'rhe acute toxicity to* finh of uimpie alkaline cyanid / ]

' 4 their metalloa-complexes has’ been shown to result from
e ‘Ee\oxic action of molecular hydtocyenic acid '(Doudoroff,

, 19)56; Doudoroff., et al., 1\966). Jﬂhile ‘the acute reeponsee "
of fish to cyanide::r for thet mtter to the m!jority of
known toxioantif heve been wldely etudied, chronic Lcthyo—-
poxic euects have reoeived relatively limited ettentioh. -

': It is becoming incree;ingly evident that gimple ucute toxi-

a city testing is grouly inadequate for the establishment of.

_ soynd’ wator quality criteria einid, at the protection o!

fiuh mlationu ovo: the ontiro renqe ot their eetivitiu. s




Ive‘rson' and Gﬁtt;rie' (1969), developing further' the concept e
) of "5cope for Activity" introduced by. Frx iu 1947’ suggest ‘. .»:‘:" :.}
that environmental stresses tend to be either additive or ‘
interactive and that .the’ implications of their introduction

" into the environment &‘St therefore be predicted onl the .o
basis of, the evaluation of drly onel. variable. - When the onlly‘

" response to the single variable studied is lethality, the’

' margihs for ‘error in conclusions concerning ‘the environ- .

Fae

mental impact of a stressing f'ac.tor are enormous. It is L

%

.thus impdrtant that the effects of,environmental stresses

like cyanide on physiolo‘g‘i?:’a‘I ‘functions of ecological impor-'

-2

tance, such as growth or respiration, be fully explored

prior to the formulation of statements on the environmental

impact of th\‘ stressing fsctor involved. _ ’
' Several reports of the chronic effects of cyanide

on fish appear in the literature.. Neil (1957) demonstrated

] that chronic exposure of brook trout to cysnide -concentra-
tions of 0.01, to 0.05 %g/l as CN for up to 29 days marked-
'ly reduced their'swimming stamiga. The return of full |
swimming capscity folliowing removal from cyanide was slow, -
with incomplete recovery after 20 days., L’educ. (1966b)
reported that the maximum sustained swiming spez of -

cidhlids (Cichlasoms bi.m&culatum Linnaeus) wss significant-— . 1

1y reduoed sfter a 24-day exposure to concentrstions as

/ "' .
-~ .
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low as 0. o4~ mg/1 acn. Broderius (1970), working ‘with

i e

'coho salmon (Oncorhynchus ffjutch Walbaum) that .had been,

"exposed to sublethal cyanidevconcentrations as low as 6-01 )

mg/l HCN, found that the fish showed an almost immediate 'é
and significaqt reduction in swimming time against water '
at constant veloéity.‘ This effect was shown to be of
'relatiyely 1o;g-lasting duration, with salmon that had been "
extosed to 0.0l mg/1 Hcg for~193 hours ghowino inoomplete'

. , | SR C .
recovery after a 337-hour period in cyanide-free water. ‘ i

.. Speyer (1975) reported that rainbow tréﬁt‘ﬁﬁf&ﬁ*ﬁ‘d‘been— — e

previously exposed to 0. 02 mg/l 'HCN for 21 days exhibited

a 75 percent deorease in swimming'ability relative to
controls. | . 'th' R , ¢ c !
The sublethai effects of cyanide'poisoninq'on the .

osmoregulatory capacity of rainbow trout were studied by
Chan°(l971), who' demonétrated that exposure ‘of fish to
cgan;de levels of 0.01 to 0.03'mg/1 HCN for 28 days in ' |-
'freshwater resulted in increases in plasma osmotic and .

plasma chloride concentrations, relative o controls,

4npon intrzduotion of Jhe test fish to 18.9 ppt saltwater.
Raintroduction of the fish’ to freshwater induced a reduc-

tion of "the plasma concentrat ons of the ﬁﬁkified fiah to

g AR e
-‘@3,»}‘.‘2%:’ TR AT

levels below that of the controls.

© It 1: evident that the reproductive capabilities

~

of fish can be seriously impaired by exposure to subiethal- ';
LY A ' - : o . ' .
£ . S .
l . ! N ! - Con r

- L “ . . ‘ . , e
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‘cyanide concentretiohs. Leduc (ié§7) demonstrqtéd:that'

e

cyanide concentrations-as 1pw\as‘0)g;\mg/l are capable of
‘serious disfﬁptibn of embryological evelopment in the
- ~ N o

Atlantic salmon(seimo salar Linnaeus). Ruby and Dikbn~

(1974)° réported that examination of the developing testicu-
. lar germ cells of rainbow trout exposed to cyanide concen-
= trations of 0.0l and 0.03 mg/l HCN revealed respective

. )
decreases in mitotic activity of 13 and -31.5 percent, rela-

tive to controls. It was also reported that at both con-

centratioﬁg_cyanide acts as a strong mitotic inhibitor,,

preventing, the maturation of developing germ cells past the

s . metaphase stage.

g% L - Leduc - (l966b), working with cichlids which were -

§§ - starved for 24 days in water containing concentrations of .
%g' R from 0. 015 to 0 09 mg/l HCN, bserved changes in the body

weight and composition of the poisoned fish which indicated
qn acceleration in the utilization of body reserves and thus
an increase in the maintenance food requirements of the
. toxified fish. ; | o
Leduc (1966b) also studied the effects of cyanide on «
L /the~growth of juvenile cqho salmon and cichlids fed unres-
tricted diets\of earthworms'ghd'tﬁhificid dotms respectively.
He found that'cohouéeimbn exposed‘for 24'dsgs at 16°C in a
| flopvthrough s&stém to. cyanide concentrations of from 0.01 -

N\,

\
AN

4 " to 0.08 mg/l HCN showed significant reduction in growth
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| only’at the highest oyanide concentration. He also noted

» : that during the seeond half of the exposure period, the

N ‘salmon exposed to 0. 02 to 0.08 mg/l HCN grew faster than.
| did the controls. The growth of cichlids exposed for 36
days/at 25°C to cyanide concentrations ranging from 0. 008
to 0.10 mg/l HCN revealed a response pattern similar to
that of coho salmon, namely an early depression of growth

,followed by an increased growth rate by the end of the
experiments. \ o

’

Speyer (1975) exposed juvenile rainbow ‘trout to
\
0.02 mg/l HCN for a 21-day period in continuously renewed
- water at- 11°C and noted a reSponse similar to that observe

. by Leduc. mhe,fish underwent a%significant reduction in
< g .

growth during the first 10 days of exposure followed by an’

g ' -accelerated growth during the later 10 days.

a7 -In the experiment with cichlids Leduc (1966b) showed
that-the cyanide—toxified fish exhibited higher food consump-
tiontifd a lower. food conversion efficiency than did the

Ry

‘cont1®ls. He speculated that had all the experimentgl fish
" been held on equal restricted rations; the’ cyanide effect

a &

would have.been more'pronounced. With this in mind, it was -
decided to investigate the effects of chronic cyanide

L poisoning'on the growth of juvenile rainbcw trout held on

e ————

restricted diet. y R i S

L. . - '.\I - s "-




Measurements of the :}oxygen consumption \of an organism
is a ukeful paraméter”for determinatiox;. of the effects of a
"toxicant on the metabolic rate of that organism. Cairns -
(1966) considers it to be one of the: two best methods. for
sublethal bioassay. Cairns and Scheier (1964) demonstrated
a’ small but: significant increase in the resting metabolic

rate of pumpé’:fnseed sunfish (Lepomis gibbosus Linnaeus)

exposed tq sublethal‘,- dieldrin poisoning. Waiwood and
Johansen (1974)Wdeterinine that exposure 8f the white :
ucker {Catostomus commersoni Lacépede) to 0 04 mg/l

‘ ®

methoxychlor resulted in a two to three fold increase in

) the resting metabolic rate. In both of the above cases,

.the induced increases in resting metabolic rate represent a
R

decrease in the _scope for activity of the species tested.

. While tl‘xe. fact that cyanide acts_\as a resgiratory ..
depres(santf“on fish has been‘ wedl documented \(Jones, 1964. '

’

3
P 83 -96), the respiratory patterx&,ﬁ fish during the

1

recovery period following the remdyal of the cyanide stress
has not been examined. ﬁs was pm\\sly stated Neil - '
(1957) ‘and- Broderius (1970) noted that the return of full
s:wmmming capacity following rémoval frbm cyanide was slowp
-,with incou\plete recovery after up to 20 days. in some cases.
Considering this phenomenon,\ it was thought that it- mi*ght

prove worthwliile to determine if a similar time 1aq

v

occurred in the recogrery of normal respiratory activity

g
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o after the removal of cyanide Btress. ‘ . 3
\ o ' )

g While histology has been little used in the field of .

' ~fish toxicology, it can prove very uSeful. The effects of

L]

chronic'toxiCity occur onlylafter the internal organs have . ¢
incufred significant'levels of damage.i_Histological exa—vi -
mination df tissue can yield useful information on chronic )
tissue damage'before'the effects become apparent ' at the ',;

organismal level. This approach has been taken bY‘Hipton

et al. (1973) in‘assessing the effects of methyl mercury

» on channel catfish (Ictalurus punctatus Rafinesque), by

,'1Skidmore and Tovell (1972) in evaluating the toxic effecth

. of zinc sulphate on rainbow trout and by Ruby and Dixon
A ‘\
(1974) in evaluating the' effects of cyanide on’ spermato-v "

.

genesis in rainbow trout. S T IR

ConSidering the respiratory functicn.of the qills

and the .many metabolic processes carried but by the liver,

‘

< it'was deci@eq;that an dttempt to correlate damage‘in_these

« tissues with the physiological reactions of respiration and

’

" growth in rainbdh trout subPected to suble ha11}evels of

/
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- " MATERIAL, APPARATUS AND METHODS . * _. . .

' . L >
f -

. MATERIAL*

:
a . 3

. The rainkgfffrout (Salmo«édird ri Richardson) D .

K "used durlng this' study—were obtaln d from La Pisciculture S.
Elliot Enrg., St. blexls-des—Monts, Maeklnonge County, ;f» f‘

Quebec. The flSh were tran3pprted in plastic bags con- ‘<

taining a moderate amount of water and pressurized w1th

¥

oxygen. Because of summer growth in the’hatcherf. it was
. : & L _— oo ‘
. not possible to obtain fish of uniform size throughout this oL

study, the mean weights of the fish in the first and second

vxhipments beiné 2.85'9 and 11.99 g regpecpively.' .
: - Upon arriﬁai at the laboratory (Sir Gedrge Williams, .
N Concordla) the leh " Were held in 80 1 tanks at a density’. o

of about 100 1ndividuals per .tank. The tanks were suppl;ed .

'--‘* T
o~
<
N

,wiqh a:continuous water flow of 1.5 1/min at a constant =~ ‘- o

t

tempe;atﬁfe of 12.5 + 0.5°C, .The”fish'wererfed deily et -
a‘levei af apéroximaﬁely 2% of their weight with the saﬁe. s
ar;ific;al dlet.as used durinq{the experimen 1 perlod .

iess than 0. S% mortallty occurred durlng transportatlon and

the one week pre~experimental holdlng per;od e

» . , °
4 . , .
P ! . . ot - ' . . .

. . . . APPARATUS . -

Water supply T S '._’ o _" ’ . .‘;. " e

N ' ' - Vo ‘

IR ‘The 1aboratory ‘was suppl;ed with Cityqpf ﬂontreal
fk. @ .

o water delivered to the experimental apparatus via plastic o

PR ~




s

R Sy

a . ' '
(PVC) piping. The chlorine ¢ontent of the water was reduced

to less than 0 01 mg/l by means of an activated charcoal

¢

) ) - ‘of the water chemistry for the duration of the experiments
B are presented ih Table 1. ,
@ ‘Table 1.’ Chemdcal characteristics of the water used
R .. during the experimental period July 1973 to
' .o . December 1973 (mean yalues from data  provided’

S o . by the City of :Montredl).

’ P dechlorinator. The dissolved oxygen levels of the inooming
. water, monitored on alternate' days, approximated 100% satud-

ration throu‘?hout the e:XPerimental perio% Other parameters

N Alkalinity® Total . co, ~pH
o ' <LaCOj3 . . ' hardness -
, o Twment) (mg/1), (ng/1)
T ;\, l - . - " -
i 86.3 ' , ~ ! J}ﬂ“’.? ' 0-4 ' 7-9

= " 3 X ?,;
The temperature of the wa.ter supplied »to the test
tanks was regulated to 12.5 .+ 0. 5°C using one of -two method

. - both of which are represented schematically in- Figure 1.°

During the summer months ‘the- water was cooled by means of

an \gnline refrigeration unit {Model PCSKQ, Dunham-Bush of
Canada Ltd ) supplemented by a portable cooling unit (Model

i

//_
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In winter ‘the'w&ter’ was heated in the‘hend t'ank by means of

two eleven-hundred watt stainless steel :I.mmersion heaters

zv

(Portatemp, Model 14—x-5 Precision Scientific Co. 1td. ).

¢ v

Test tanks l - o -

The‘ experimental apparatus used to s,tudy fhe‘effects

4 .

of cysnide on the grojvth of juvesnile rainbow 'trout' consis-

o

ted of five polyethylene tanks (Rosedale Plas‘tics,‘Montreal)‘

[

measuring 68. cm 1dng, /57.5 cm wide and '42 cm deep. The

tanks, one’ of which is" illustrated'-in Fiﬂre 2, were £itted"
with removable covei:s cdnstructed of fiberglass mosquito
scre\\ing on a Masonite pressed wood fr o Brédi’ctable ‘

floneters (Manostat Corp., New York, N Y.) were used to’

) regulate the flow of water to ‘each tank to 500 ml/min, and

each tank was fitted with a standpife drain adjusted to
produce a volume of 601 in the tank. A,sleeve of fiber-
glass scfeening. was ‘ fixed tq tl_le top of eacn standpipe to -
prevent any dead fish. from obstructing the water o'utflow.
Mariotte.bottles (Leduc, 19‘66a) “were used to meter tﬁev
cyanide stock .solutions into\ the dilutin@water.

The entire five. tank assembly,» illust-ratecl in _
Figure 3, waa illuminated by evenly distributed 40—watt . ";‘
fluore&nt lights (Model F-40~W-L1feline, 5ylvania (Canada)
Ltd ) controlled by a time-switch to provide a lz-hour

photoperlod (9 to 21 hr.);. In order to .lgtinimize ths‘etfe'ct:l'

P

N
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uvenile rainbow trout to

al assembly
sublethal concentrations of hydrogen cyanide.

the continuous exposure of j
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{

" piet preparation o L

L}

:external disturbance, the experimental apparatus was surroun- °
,'4“ ‘ . ' . R .

ﬁed by a-curtain bf black plastidleheeting.

foe . 14 " ' . - o
Respirometers .- '
4 . . Al ' ‘ .
.The respirometer used to measure the resting meta-
&7

bolic rate of rainbow trout after the cyanide exposure period

t

is illustrated: in Figu e 4. It consisted of a series of,30
plexiglass tubes painteo black to minimize dieturbancet
Figure 5, a diagram, shows one respirometer tube complete

. ' 4

with tubing, stopcock, ‘and sampling bottles (standard 300 ml
! ) . ‘ l s

'B.0.D. bottles). ‘Each respirometer was supplied with water
from a head tank assembly similar to. that eﬂown'in Figuﬁe 5

|

The metabolic rate of each fish was calculated from .

the difference in dissolved oxygen concentration between

_the inlet and outlet-sampling bottles, and the flow ratée

through the tube; which was maﬁntained .at approximately
> -

Lo r g .
S . METHODS .o

2 ml/min. , o . .
8 K e

.
. . ) )
) . A e
P

The artificial diet ueed for this study was prepared
according to the method of Kruzynski (1972), and consiated
of beef 1iver, beef heart,.and Ewos - trout chow F 169) dn )

a ratio by weight of 2:1:1 resbectively. The fresh liver P
and heartlwere‘honogenized in-a blender and mixed with tﬁR
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Ewos, after which the fornulation‘waé oven dried for six

daye at 60°C and,then ground to a fine powder. The final

diet was prepared by combining warm distilled water, the

diet powder and gelatin in a ratio by weight 3 4 1 respec—

D s b

tively. The mixture was spread on trays, allowed to set

for.oneuhour at room temperature, cut into pieces of
¢

desired size, and frozen until required for use,

’

[N

The diet allotments for each experiment were ana-

llysed for water, protein, fat and ash content, and their

compdéition is shown'fn Table 2. . The waterfcontent, was
. (

determined by drying a 3.0 g sample for 31x days at 70°c.

Dried :samples of diet were used for the remaining three
; 7
assays. Theiprotein content was determined by the Biuret .

. 2 method (Gornall et al., 1949) after hydrolysis of a 1.0 gm .
. .
o : aliquot with lN NaOH for 24-hours at 37°C, the fat contentf

; o by ether extraction w1th a Labconco Goldfisch Fat Extractor .
(Model 35003) using a 3.0 g sample su?nected to a 4-hour - .,

'reflux distillation, and the ash by incineration of a1.0 -

T gmsampie-at—1200%€:- -

! .
T — ;
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Table 2. . Analysis (based on dry weight) ol the diet. used

~

during.the study of the effects of cyanide on .

‘e

juvenile rainbow trout.

. Experiment Dry © Pxptein Fat' Ash L
. : No. Matter : S A
: . (percént) (percent) - (percent) (percent)
1 T s2.2 62.5 5.1 8.1
2 . 51.6 . 63.4 '48.9 - 8.0 .

v
'

A8 indicated in Table 2, the diets used in each

experiment .were s;miler, with tﬁe exceptdon thdt the fat -t
- content was a}most twice as high in the secend experiment;

as it was in the first. This'ié most likely attributable’

to a higher level of -residual fat in the beef heart uaed

. during the preparation of the second diet 1ot.
' . 1 , ‘ :
. A ' ' . 4\ -
' Experimental design ' C

each followed by measﬁrementdof regpifetien rates and his-~
topathological examination. |

" At the beginning of 'the first experiment, 180 rain-
bow trout of the desired size were selected and divided
'into six groups of: 30 fish each.‘ The fish were indivi- @

dually weighed in water to the nearest hundredth of a gram,




ot

working under red fluorescent illumination (Modeﬁ°F-40-

Red-Lifeline, Sylvania (Canada) Ltd.) to minimize distur-

.- bance. ) L~ o

)
Care was taken to maintain uniformity,of total

weighf‘indrex?E“dtstributien~£ermthe—fishrin_each of the six

groups. The weight of'the specimens in each group ranged
between 2 and 5 g with a meanrweight of-approximately'3'l-
g; Five of the groups were randomly distributed in %he
test tanks while the sixth was held in a 650 1° refrigerated
tank with the water renewed daily. .This provided the fish
:with an amount 5; new water'daiiy that was approximately

T
equivalent to the 750 1/day supplied to the|specimens in .

-~ the flow-through test tanks. .

| | Two d s after segregation the fish were libhtly
anesthetize with 15 ppm M8222 (tricaine methane sulphonate)
and individually marked using the liquid nitrogen method
of Mighéll (1969).- They were returned to the test tanks
for another 10‘day acclimation period prior to the start

1

of the cyanide exposure. During ‘this time they were main-_

tained under conditions identical to those which prevailed“

o

during the test period. : o - .

Before the start ofthenmtering'of cyanide all
groups of £fish were starved for 24 hours, then weighed by
the method already desoribed.‘ The five test groups were-

returned to their respective tanka, while the £ish from
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the sixth group were sacrificed, oven dried ‘for Six days

at 70°C and stored to provide- pre-experimental values of \

Q¢
L .

-
the fat and water content. . R

-

On" the morning of the next day the, metering of the

2o
. -

TepE
C o et

™~
o~

M

,cyanide solutions, prepared after Leduc “(1966b), was
initiated to establish the desired cyanide concentrations
of 0. 01,-0. 02, and 0.03 mg/l as HCN in the test tanks. Y

> The dilution water flow rate of 500 ml/min provided for a

99% replacement of the test water about every 9 hours, as

calculated after Sprague (1973). . » .

The fish were exposed to cyanide for 18 days, duging
4_uhhﬂLJdnm_the¥_uere fed on the artificial diet at a rate

N~ of 2% of their=weight,‘ This diet level was selected since -

. it was the maximum allocation that the fish exposed to the

~R

highest 1eve1 of the toxicant would.readily consume, The

fish were weighed on the tenth day of the exposure, at ]

P !

which time the feeding level was adjusted, and at the ter-\

b

} mination of the experiment. Routine experimental mainte- L.

nance inVolved a daily cleaning of the tanks prior to’

o (Epstein, 1947) ‘on alternate days/

43
1

feeding. as well as determination of cyanide concentration
This allowed adjustment.

of. the cyanide flow to maintain the&desired concentrations .
C:”in the ‘tanks, although thisvwas rarely necess&ry since the
.cyanide concentrations never varied by more. than l% of the

predicted valuQS.
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P

<L : At the end of'the‘cyanike exposure period, and g

.

{ , .
after the flnal welghlng, eight fish from each group were

‘0
S o returhed to their. tank, flve.fof the resp;ratlon study and ’

ﬁ' L 'three for tissue sampllng; »The remalnder were sacrlfaced,
e

:éreed—at~40*G~£or~srx_days_to_determlnenuater cnntent. and

“
+ M . . 3

Istored fordeterminatlon Of fat content as pf:eviously .
;J . . descrlbed " o .

. The five fish from each of the experlmental groups

L 3

) / to be used for the-resplratlon)sthdy were: randomly distri-

3
S

»
s

-5,

o buted to the respirometers and-the flqoy rate through each
L ye
.tube was set at ap ximately 20 ml/min. 'Care was "taken ; -

e

-+ . to remove all air bubbles from the system and to sedl all

A

MRS

EE
L &

HE

? . v e ' joints against water loss_ since any- leaks or airlocks would ;
o . ‘ ' .

introduce inaccuracy into the nesults. The fish were

s
- Y .

TR

s
¥

g - allowed to'regover from the transfer to the-respirometers'

) - for 24 hours before the first reading w%s taken. 'Further'l
readings were taken dally for flveJdays at the same ti

each day. Each reading 1nvolved measurement of the flow-

[

“ ‘ "rete, removal and replacement of the outlet sampling,

bottle, and,. flnally, .exchange of the inlet bottle. fhree;
. blank rea&lngs, ffgm respirometers contalnlng,no flsh," A
were also taken‘dally to ﬁetermlne 1f the resplrometers
o ' themselves exhlbrted any oxygen demand,‘ghich they did ﬂot.
o\ . . Dissolved oxyge concentrations in the sampl;ng SR

bottles were - determx ed by an’ iodometric technxque




- solution, alkali-iqdide-azide reagent and concentratéd
_Aeeewlsulphuric acid using the method of Elliott (1963). The

-y

| reading the absorbance of the resulting iodine solution with

“a spectrophotometer (Bausch and Lomb, Spectrcnic 20) at —

. , - % ) . . N
N . , .
' " B : ’ : i . 23
)

Nd . .. . " '
o . . >

‘

iqﬁolvﬁng a colorimetric assay of the 1odine concentration, -

The dissolved oxygen. was fixed with manganous sulphate

I

amount of dissolved oxygen present was then determined by

. 450 mu as outlined by Oulman et al (1956) . The method

was standardized for dissolved oxygen‘levels in the range , ‘
of 2,to 11 ng/l against the’ azide modification of the :l“mmﬁgﬁ '
Winsﬁer titration (American Public Health Association, i

v

tooo

u?

. tioh,,held for 48 hours, and then cleared qith ten chgnges

1971)0 — ! - ' . ﬂ.

Samples of gill aﬁd liver tissue were taken from -
the three fish in each group kept for histological examina-
tion. The tissues were immediately fixed in Bouin's solu-
of 70% ethanol. They were infiltrated With paraffin

(Tissuemat m.p. 56. 6°C), séctioned into 9 mu sections. .

and stained w1tn“Harrfs*s—he&etexylin_and_nnﬂie_a_gggig-

, The experimental design and environmental conditions
for the second experiment were theosame as thqpe of the
first, with the following exceptions. The number of fish
in each group was 1ncreased from 30 to 33 and the speci-
mens used were 1arger,~their weights ranging between-9 g

and 16 g with a mean weight for each group of approximately
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‘ .

C -2, 8'§;‘ The 1ncrea3ed number of fish allowed for tisaue

sampling from 3 specimens at the midpoint of ' the eXposure
Y

*-period as well as ;} the té&minatlon of the experiment.

Y

-

« ‘The feeding level was increased from 2% to 2.5% 'since

@he*iergerffish~were7eapable~o£_consnm;ng_mnreﬁfggdetlth§4
. highest level (0.03 mg/l) of cyanide. |
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1

. During the acclimation periods of both the, first and
N .4 second expeﬂfents the fish readily adapted to the test

mdaecepteuhmeMt with no  _hesitation,

Upon introductingn of the toxicant the fisp held at !
"+, 0.02 and 0.03 mg/l cyani’de exh’ibited nn{ore activity as evi-
denced by rapid, highly random swimming. 'L‘his changed ;
'? : after approxima)tely two days to a mor.’e lethargic Hehaviour.
particularly during feeding, although these fish still ate
. their _.entire ration, they took a )mch longer period of time, <

.

approximately one hour, than. did the fish ex'p,os'ed to ‘0.0'1:

- mg/l cyanide .or the controls, who consumed their ration ¢

~within five minutes. The fish held at’ 0.02 and 0 03 mg/l
v became very dark, while at 0.01 mg/l the fish retained a
.o light coloration similar to that of the controls.
| . ) One interesting characteristic of the specimens held
‘at 0,02 and a. 03 mg/1 HCN was the bright red coloration of

. the gills and the integu.ment on the dorsal surface of the

. head. This was most probably due to . the presence of
\ cyanmethemoglobin in the blood (West, et al., 1966, p: '619). - ‘
Some mortality occurred during 'both experiments (see
'rable 3) Ip most cases mortality was minr 1, except at

1 4
- 0. 02 mq/l HCN in the first experiment when, on the fourth

h i

‘ Q day oLthe cyanide exposure period. the water supply to the
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Incidence of Bounuw ty naoum control and awuuwmm nouwwwom rainbow nﬂo=« ' .Mm

iﬂpmm out in Hmnmtwa wat

t 12.5°C. 70 ’

mxwoﬂwsmﬂmv

No.

W%mbwmm
conc..

Initial No.
of Fish

.

Standar
peviatio
of Initi

T Initial
‘Mean Wet.
zmwmrn

, - Mean Weight

A R
No. of - . R
Mortalities e

puring. - &0

Experiments = . ..

- (mg/1 HON) , (9) . L
. . 0.0 S 30 3.25 0.91| ¢ 3 s
. 0.0 - T 30, ©3.07 . 0.88 = 0 T
‘1 0.01 30 ) 315 - .-° . _0.91 6 ' e
, 0.02 . 30 . 3,07 " 0.80 1Y -
"0.03 o, . 30 " 3.08 , ¢ 0.77] . . 8. e
. « |. 0.0 .33 12,93 . 3.73 o SR
] -0.0 U 33 12.46 3.56 , 0 R
2 - 0.01 . 33 12.68 3.5 - .o B
y 002 . 33 T 12.92° . 3.9§ C 2 RS
\ 0.03 33 - 12.64 - 3.63 & 9.
- - - ) : ) . PR
- oo R N . 2
1/ See text for details . . s
<7 2 . .,/ . . ' ] ..‘p . .. a.u
, - , . : ol i
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¥ L ' “tank containing this group of fish was disru?ted while the

-

cyanide flow continued, resulting in a reduced dissolved

X ‘ oxygen concentration and a heightened cyanide concentration

] '« in the holding water, fifteen fish died as a result of

this mishap. While the test was completed with the survi-
ving fish, it was later decided to re]ect the data obtained,

«//
sinqe,ﬁaccording to the criteria of Binns (1971), it could

~

be biased. . L . .

Effects on gréwth S - \\ : . '

. L '

‘.' ' ' o E The effects of cyanide on the growth of juvenile rain— .

[y

*L‘w~trout—during~the—e—te—9—aad—o—to—la_day_periods_of_hnth
experiments are”shown in’ Table 4-which gives the medhs of
thé individual percent 'wet weight gains of the fish in .eac¢h: ,'

group. In Figure 6 ,eyefitted curves 1llustrate the growth

IOVer the 0 to 9 and 0 to 18-day.exposure periods in each

’

e RS 2 LTINS
b -
-

experiment. : C '~ o

g SRR Y- indicated by Pigure 6, the resultﬁishow that

S : axposure_to_cyanide,noncentrgtigag of 0.01, 0.02 gid 0. .03
mg/l HCN for, an 18-day period causes a marked reduction in

the wet weight gain’ of juvenile rainbow tri ut, and that T: .k
most of this reduction in growth occurred during the first ’
T8 days of exposure During—the 18-day ‘growth. period of -
. - sxperimsnt 1. the control fish exhibited a weighffqain of "

about 17.gsrcsnt5 while the 0 01 mg/l cyanids-toxified o,

-

R

- TR 1o T L W e
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Table 4. ¢rowth of control and cyanide toxi ».»%m rainbow trout unn»uﬁ l8-day = - * . N
) .oxvmﬂﬁ.ﬂ.w ts- carried out in continyously. Hmvmimn water at 12: won. ’ .

L]

. ~ a8 R - . R \
L g - . v ) [N
Experiment Cyanide . of Mean Vet Standard Mean Wet ' - : - - *t' Value for -
¥o. Conc. Fish in. Weight SMeviation | Weight Comparison of
_w-l-vvo . Change: of Mean . Change: the Growth .
i 0.to 9 Wet Weight | 0 to 18 Over 19..Days
. . . P Days * Change: 0 Days - of Control 2 ’
. (wmg/1 HCN) ! (Pdrcent) to 9 Days . {Percent) Versus Toxified *
M , L RSE
|

0.0 21 667 .41 18.14 - ..
: oo - 3. - 5.55 6.06- | 16.0% .- )
1 o1, %l a2 0.29 . 6.49 10.19 . Proge T

0.03 - 22 -6.88 6.84 - 0.40° 14.37 -, 5. gsesen . d.a3%vee R

-

0.0 30 10.08 3:07  <| 23.16 ° 6.3 - T r
- - . gt R . ] . 3 -~ ..
- 0.0 30 10.61 - 244 9.11 - . - -
2 . 0,01 30 . 8.82 6.15 _23d08 12.40 . o.03° RS T R
- « T0.02 -7 28 - 4.09 6.54 14.35 . AL 3. 7peeee 3. 600088 { - :
. 0.03 ) 21 a 1.84 ‘ 4.75 8.96 8.05 . 7.0s4ses 6. 10ueen Sy
e ! ) ) . ] - \a. oL,
* 0.05>p>0.02; ** o.ouvvv -015 *## 0.01>p>0.0017.%42* 0. eouvm > D R A A N
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fish gained dpproximately 10 percent. The fieh exposed to -

0. 03 mg/1, however, showed virtuelly no growth 'In

experiment 2, the control fish %ained 23 5 percent while

the 0. 01, 0.02 and 0.03 mg/l toxified groups showed rela- o

‘The mean percent wet weight gains of the controls in
‘ .. experiment 2 were higher than the control values obtained
/. _' in experiment 1. This differencge is readily attributable
) to the elevated feeding level 2 5 inﬁteadf of 2 percent
of the wet weight per day, employed for the second experi-

- ) s . 5 TN
mnto ' 1 Fali
., For both experiments, the mean wet weight gains. for ,
the cyanide- toxified groups were statistically compared to

" the contrdl ,éréups by means of Student 8 't' tests., 'rhe

analysis and levels pﬁ a.{gnificance are given in Table 4.
With the exception of. the\t) Ol mg/l cyanide-poisoned fish
‘ of experiment 2, the growth of all toxified groups was sig- | '
3 nificantly reduced, reJ;;tive to the controls, over the . ' T~
| ls-da experimental period. ' J -
"'ﬂﬁ specifﬁ‘g‘ﬁfﬁ“fmhe‘mm*qmnprof
-£ish during the first and second 9-day growth periods were

'calcnlated using the- following equetion (Brown, 1957, p. 365):
L log, log Y
. S < =100 e T 3 £ a

.'l . / ’ e
. . . . L
. 2 L. . . . . .

LY “
P 7 T o



B o where G is the specific 'gr.ovqth‘rate in percent wetrweig‘ht C
.+ . gain per unit of time and Y, and: Yt' are cthe recorded wet

weights a‘t times '1‘ and t, T being later than t.

o g The mean specificpgrowth rates for each group of

* L

"fish du.ring periods 1 and 2 in both experiments were calcu-

lated’ from the individual rates of the fish within each
‘ﬁ . s
group and are shown graphically in Figure 7 Ixr allvcases

cyanide markedly increased spec:.fic growth rate from period

rl

1 to period 2, the effect increasing with the concentration.

o

: Student's.: ! tests were used to. test the validit iOf the - ¢

. T increases in specific growth rate 'from .the firet the

second period ad shown by the toxified groups relative to
‘ .the dontrols, and in al.‘l cases the increases were signifi-

S cant at’ 1east at the 95% level and in most cases at the
. o o I‘
99,9% ].,evel (see 'I‘able 5). 'These increases in growth rate

. did not, however, fully compensate for the original repres-.

sion cf grcwth. It was only at 0 01 mg/1 HCN in experiment
‘ ;;. 2 that the final wet weight"gain Jlas approximately equal to

.%.

..

, that of the ,controls, (see Figure 6). ’
@ . " .. | n'». B ' .\,",'\' I v ‘. ‘. [ '
ey Effects on water content ) o "

34 , - rad . ‘l

'l'he mean water ,cqntemt. expressed as percen‘t of wet

o f weight, for control and toxified fish at the termination of

o \ \ the 18-day experimentel periods of experimente 1 .and 2 are

resented in 'l‘able 6. ® Hhen the~ control water content values \

- B . . . s . . LN
. - . . . . s

. , . , .
Al [
,S t . y : L L . R ik i « = =
. e L . ) -
.

o . - . . . ,"' : . . - . - .-,.»‘
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" rable 5.

. Specific growth

trations of cyanide during l8-day .
continuously renewed water at 12.5°C. :

experiments carried out in

rates of rainbow wnosa.mvamwm to <mn»o&uunomoon|

- Y S
_ = - _ -
'nn—ln Cysaide No. of - NMeam Specific Standard MNean specific Standard Nean Differeace _ Standard %’ valwe for
. Comc. rish in Growth Rate Deviation Growth Rate Devistion in Specitic ' Deviatioa
- Sample for Period 11 of Mean for Period 2: of Mesan Crowth Retes of Neas
{ ® to 9 Days Specific 10 to 18 Days Specific Between Periods pitterende
Growth {Percent/Day) Growth - J and 2
{Percest/Day) fate for Rate for (Pere )
{mg/1 NCH) Period 1 Period 2 roent/Day
.0 2? ‘0.8 . - 8.57 0.99 0.56 0.29 ».49
0.0 38 0.59 0.62 0.92 0.6 0.33 - 0.88
~ -
R s.0 24 .0 0.7 0.99 N % [ 6.08 (%} ]
.0 n - -0.83 0.67 1.09 2.49 - 113
T es . M 1.06 “n 1.12 0.33 0.06 . 839
X ) .1 .u 1.13 .43 ___  oe2 KX :)
.e.01 30 ‘0.92 - 0.4 1.20 0.52 . o2 036
.. 02 20 e.482 [ 2521 .9 N 0.48 0.351 * .81
21 0.19 8.5 0.66 0.4 - 0.47

T
.. 4
TG,

T T
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exposed to various levels of cyanide .-

»

>

mable 6. Water content of rainbow trout e
- - during 18-day experiments carried out in continuously renewed water at
’ . H-N [ monu ’ . ’ ’ N : A N . i
L Y - o
Experi- Cyanide No. of Mean Water - Standard 't' Value for 't' Value for
- ment Conc. Fish in Content as Deviation Comparison of- “Comparison of
- " No. Sample  Percent of of Mean Mean Water \kbnb Water
. Wet Weight  Water Content of ” Content of -
. . w Content Control 1 to Control 1 to
) . . : -Toxified Toxified .
(mg/1 HCN) Groups Groups
. 0.0 30 - 80.38¥ . . 0:95 - . ,
. 0.0 17 81.36 _1.73 ) - : -
1 © 0.0 20 +  60.42 1.26 - -
T 0.01 14  81.49 1.46 0.22 . 2,28*
. . 0.03 . 11 82.47 1.27 1.83 S W v L
. " : - . . : :
, -~ 0.0 30 uq.mmM\‘w‘ 0.81 - . -
0.0 21 77.45 0.94 - -
- -~ 0.0 21 ©77.44° 1.29 - CT =
L .2 0.01 21 77.48 . 1:13 0.09 ‘0.1
” - 0.02 18 77.94 1.41 1.32° 1.16
) 0.03 12 . 78.76 1.02 . 3.73%k%R 3,07%%%
) 7+ % 0705>p>0.02; b 0.02>p>0.01; %%k 0,01>p>0.001; *¥*** nuoowvm
- - 1/ Pretest sample- . - . i -

L - -

gt i A e 26 o o
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for experiments 1 and 2 are compared, it is evident that ¢

the former values are substantlally hngher than the latter.

»

“In this respect it must be remembered that the fish in
experiment é were considerably larger than those in experi-
ment 15 and that as juvenile, rainbow trout grow toward,
maturity'their weter-content‘decreases'(Love, 1970, p. 89).

The data‘indicetes that eXposure'of juvenile rainbow’
troﬁt to cyanide for an 18-day period‘produced‘a highexr

water content than in controls. The.mean.water contents

>

of the various groups of-cyan1de-tox1fied fish were statis-
S tically compared to the control groups by means of Student's

't' tests. In the first experiment the water contents of
. ” oo .

the 001 and 0.03 mg/1l HCN‘groups were significantlyahigher‘
s

H a when compared to one control, but not when compared to the

: N
i ' other. “In the second experiment only the 0. 03 mg/l cyanide

group showed a water content that was‘significantly higher.

14

,.‘ ’; - than that of the controls. .

. u It should be noted that water content will bear an
effect on the wet weight growth data presented under the
previous heading.’ §ince the-meen water contents of a11
‘toxified groups were greater than thoae of the controls,

: o expresning the growth dete in terms of dry weight gain

| serves to magnify the disparity in grovth between the ’

Y ¢

A control and cyhnide-toxified fish (see rigure 8).
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‘Effects. on fet.content .

{. o " The mean fat content, as percent of dry weigqt, of ‘

t ' ) the rainbow trout a¢ the end of the 18-day growth periods of

o experiments 1 and 2 are ersented in Table 7. Because of

. the sméll.emount of tissue available for e%traction fﬁpm
individual fish, each fat extraction was carried out on a
pooled sample of three fish. - | ot

g . | It should be noted that the elevated fat content of: ¢'

¢ experiment 2 control fish relative to the control fish from

S

- experiment 1 can be attributed .to the 1arger size of the /

' organisms utilized in the second experiment, since the

S RS v,
; 0

'ldpid content Qf fish increases with growth (Love, 1970. :

ps 91) . .\ ; . |

w B s b T2,

. —
o oo As indicated by the data in Table 7, an 18-day

a

00 g

‘e

$ . - exposure to cyanide at concentrationslof 0.02 and 0.03 mg/l

ce HCN aubstantially lowered fat’levels as compared to ,
controls. ‘ jf” I , RO

Subjection of the'data to statistical analysis

L3

revealed significant ;eductiiys in fat‘content, relative to

' controls, for the 0.03 mgAi cyanide group of experimmmt 1

and'for the 0.02 and 0.03 mg/l cyanide groups of experiment
2. . . ' I : T ’ :
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| %u Table 7. , Fat ooi..mun of rainbow ﬁnoc.ﬁ exposed to various Hmcﬁ.m of n%gvmm mcﬂwna

- - - Hmlmmv\ experiments in nasﬂwmc.oﬁmwu« Hmamzmm. sw.nmn at 12.5°C. . =

i . N
oy Experiment  Cyanide No. of -~ Mean Fat Standard™  't' value for i .-
No. Conc. ‘Samples Content as Deviation’ Compariscn of . L

. .. ) SR - (3 £ish/ Dry Weight Fat . Content of" |
it - - sample) o . Content Control to. . -7
~ - Toxified .

|

. : . |

| : : . " Assayed Percent of - » of Mean ©  Mean Fat _ .
| ,

M o~ - L] R : ! - N . . ,,
! T (mg/1 HCN)- - . . . . Groups < .- |-

-

4 I - 0.0 4 o 12.20¢ o.s2. - o=
< < . V' . . Olo ’\ w\ ..y .‘ . HNlnoms ] H-.Omm. A. . - . . .. P .u,,
0.01 N S 12,19 . 0.39 0,97

3, > 10
T T ey
-
-
@
.
N

¢ . . - ,,
: _ . 0.03 4 9.73 .. 1.35 ‘ 53%%: T
< : - “ -~ - ) - * 'f” R e
@ S 0.0 + 1828 1,93 o . = T et
, 18.69 ~aarh -

| 4
AN g L N .8 .
. o 2. T e 4 L1861 - Lss o Tow09
| 0.02 4 ©17.14 - -0.57. T2.51¢ Tl
mm. S - . : o.ow, 4 T 16.99 © 0.e8 . (2.51%

5 4 0.055p>0.02; ** 0.02>p>0.01; *** 0.01>p>0.001; **¥* 0.001>p .
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the end of the firéf experiment, the 0.03 mg/l1 HCN fish

Figure 8 shows calculated values for the gains in
dry weight, fat free dry weight and crude fat exhiéited by
the controﬂ and cyanide-toxified fish during tﬁe l18-day

growth periods of both experiments. In all cases the

‘ ‘cyanide-toxified fish demonstrated at least some reduction in

each of these three factors ‘relative to the controls. At ’,

e

'showed no gain in any of the three_parameters, while at’

the terminati®n of the second the mean of the 0.03 mg/l1 T

fish showed a small loss in fat content. During the second:

L ’ .~
experiment, the fat-free dry weight-egain represented almost

the total‘dry weight gains of the 0.02 add 0.03 mg/l1 HCN

toxified groups. | - ' . T

' Effects on respiration dpring recovery froﬁ cyanide exposure

The mean daily respiration rates (resting metabolic .
rates) ‘of the control and experimental rainbow trout during
the 6-day periods following the end of the 18-da§_growth
periods for experiments 1 and ‘2 are listed in Table. 8. “The .
general respiratory patterns are also illustrated in Figure
9'.l »\
Dnring the six conaecutive days following the end of

the growth atudy for experiment 1, the mean reepiration rata

of the control fish gradually dropped from 0.36 mg ozlg/hr

to a steady level of o 21l °on the fifth day. Tha mean renpi- ‘

ration rates of the fiah which had been exposed to 0.0l and

AR

- S
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 Table 8. Respiration rates of control and previously cyanide-toxified L .
. juvenile rainbow trout during the l44-hour, period following the oL R
. mmaswﬂwon of cyanide flow to the experimehtal groups. . . . . RS I
AN . ) ' .. LT T . . o AF-r
. Bagerimest  Cysaide ¥o. of Mean Bespiration Rates (mg 0,/9 wet wt./nr) ) Standard Devistion of Nean Beepiration Satss )
) oone- ""u—n.. 2¢ hours 48 hours 72 hours 6 hours 120-hours 144 hours 24 hours. 48 hours 72 hours 36 hours 110 heurs 144 howrs +
(mg/1 BCH) © - : e A
B ’ 0.00 . 10 0.3¢ 0.26  0.2% 0.22 0.21 _. 0.21 0.951 0.0 90.033 0,036 e.027 o0 E .
A | 0.01 - s . 0.24 0.26 0.32 0.34 0.26 0.26 0.053 70,034  0.046  0.046.  0.038 03036 : ;
tIC - 0.03 5 0.26 ° 0.30 0.37 0.41 0.38 0.35 0.051 . 0.0 0,093 0.l 0.019° \Vt! e
0.00 - 10 C o1 Lo0.e 0.16  ©l1s 0,13  0.13 0.055  0.051 ST0WE—T.033  ©0.628  8.032 L
0.01 s .. oz a7 0.5 0.1 0.13 0.13, ~9,058 0.064 - 0,039~ 0.033 0.018 . ¥
2 Q.02 s - e.12 - . 0.17 . 0.20 0.14 _0.13 0.23 0.039 0.048 0.06¢ 0.0186 3.010 - 0.009 A N
- “9.03 s 0.11 018, ‘ -0.21 0.17 0.15  ~0.15 °  _ o.022 0.063 0.033  0.036 0.013 8. !
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. . : ' —
0.03 mg/l HCN vere initiellyrlower'than that of Fhe controls;

. - at 0.24, and D.26 ng oz/g/hr'respectivel;. 'This was followed by

| a steady increase to. respective peak levels of 0 34 and 0.41 ,
“.on dey 4. On days 5 ‘and 6 the respiration rates of the
| cyanide exposed fishleveled off at values higher than the
. ; control, 0.26 for the 0.0l m&?f'cyanide grcup and-0.35 for
4 the 0.03 mg/1 group. " p" *

, *

‘;///// . The respiration patterns relative to the effects of

)

cyanide obtained during experiment 2 are somewhat similar
. \to_those oﬁ the first; the overall respiration rates were,
however, slightly lower than those of experiment 1. - The
'fish used in experiment 2 were,laroer than those of experi~
ment 1 and the metabolic rate of rainbow trout is known to’
decrease witn increases in size'(Phillips,'l972i p. 8).
As in experiment 1, the oxygen consumption of control
'fish dropped steadily from a high of 0.21 mg Oz/g/hr on day
' A 1 to a constant level 6f 0.13 on days 5 and 6. Contrary to :
what happened in experiment 1, the 6.01 mg/1l HCN toxified

fs

/

£igsh exhibited the same respiratory response, with only (,_,/}

slight differences, as the control fish did«* The 0. 02 mg/1
poisoned £ish had an initial mean respiration rate of 0 12, .
substantially lower than that of the contiols, which' ‘
inCreased markedly to a high of 0.20 on'dsf 3" This was
followed by a degline to a steady rate of 0.13, equivalent

to that of the controls, on days 5 and 6. The mean

5
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2

respirationdrate cg;the fish held at he highest cyanide -

level (0.03 mg/l) was initially similar to that of the 0.02

' mg/l grolp, but slightly exceeded th level of that group -

from 72 hours onward until the termi eti‘ of the test.

On the whole, hoyever, the fish previously poisoned at 0.02
and 0.03 mg/1 HCN in experiment 2 ga ela response very
similer to that which occurred in ex&eriment 1, although

the differences from the control fish were smaller. -

\

AHistopathological effects of cyanide

Histologital examination at the light level of liver

tissue taken from control fish at the termination of the-
\

cyanide exposure period of the first experiment, as well as
at the midpornt and termination of the‘second experiment, -

!
\

shows 'hepatic tissue in a normal’healtﬁy state (see Figures
10 and 11). The hepatccytes are arranged in a definite
chord-like pattern around well ¥efined kinusoids leading to
a-central vein. The nucle : of each hepatocyte is either
spherical or slightly ov d with regula surfaces and

exhibits scattered chrom n granules and one or more

5

,nucleoli.

The examination of liver tissue| from fish held at
0. 01 and 0.03 mg/1 HCN for 18 days duri g experiment 1,
and from fish held. at 0. 01, 0.02, and .03 mg/1 HCN for-9

and 18 days during experiment 2, revea ed varying deqrees
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of necrobiosis, the degeneretive process leading to cell
death.' -In the“second experiment it was observed tﬁat
necrobiosis was already well established after 9 days of
cyanide exposure and showed no- further intensification
after an additional 9 days of toxification. In view of
this, only materiai taken from fistlekposed to cyanide .

\ . ,
for the full 18-day period will be presented here. It

“should also be noted that at each sampling date tissue was

taken from three fish in each of the test groups, and
thoroughly e;amined by means of serial sections. The, ’
cyanlde-lnduced hlstopathologlcel effects described below
énd‘illuetrated in Figures lolto lS for‘each of the cyanide

concentrations tested are presented as being representative

of the general condltlons found throughout for each of those '

cyanlde concentratlons. s o
At 0.01 mg/1 cyanlde in “both experlments the rain-

bow trout liver shows pycnosis (see Figure 12), a condition

,involving contraction of the nucleus and condensation of -

‘the chromatln into one or more heavily stalned clumps. |

VAN
~ At 0.02 mg/l (see Figure 130 cellular disorganiza-

]

tion is ‘evidenced by a’ breakdown in the chord-like arrange-

-ment ofi the hepatocytes (compare with Figure 10). In'addié'

tion, oytolysis{'which ;s.manifested by an increase in’

cytoplasmic‘viscositf followedfby'swelling and burs@ing .

of the cytoblasmic membrane, occurs togethef with,

Y . \ B -

Tkl




2%

T WL deny R AT

A

1.

karyolysis, a condition involving a loss of stainability

"by the nucieus and its chromatin. . ' -

‘f

The hepatic tissue taken from £ish. held at 0.03 mg/1

(see Figures 14 and 15) exhibit an extensive breakdown in .

celiular'organization as well as cytolysis and karyolyeis.

While ‘the symptons of necrobiosis described above

kA A I AT

e B A

e
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.for each cyanide concentration were those which predominaféa

at that concentration, the extent ‘of tissue damage increased

with the concéntration of‘cyanide to which the fish had been
exposed for 9 or 18 days. One df the most striking pheno-
menon evfﬁent from the histological data is the hepetic

damage apparent in the fish exposed to| 0.01 mg/1 HCN

' during experimenf 2. While-this group \of fish showed no

‘poisoning symptoms when consxdering either. their general

behavig%r, mean %et weight gain or respiration, there was
N . v

'extensiVe liver damage. | ' .

-

Examination, at the light microscope level, of gill

' tissue: taken from the same fish from which liver tissue was

gicdl damage. o

. examined revealed no|apparent cyanideeinduced:histopatholo-
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'Fighre 10. Phoﬁomiérograph of control rainbow trout liver
i showing fissue in a normal healthy state with
E” n " hepatocytes (H) arranged im & def:’m:&tef:hordn*;qw_“‘“;ﬂ K
¥ e oo best 1 ted 5 » ""
£ . * like pattern (best illustrated in the area
§'° designated by short arrows) around well deflned '
? sinusoxds (S) each 1e§é1ng to a central vein
G . ' ' .. . . ’ ’ '
L S, , , o =
5 8 ) i 415 X
S ) . b
- \ . . - Bt A sy ‘
; - "o, - - ‘
Figure 1l. ?hotomicrdgraph of control rainbow trout liver =
& "showing tissue in a normal heglthy state with * _~ 3
- ' -+, .the nucleus (N) -of each hepatocyte being . o \ £
: . spherical or slightly ovoid in shape and con- T PEES
. . " taining scat%ered'chromatin éranuies (C) and )
Co . one or more nucleoli- (NU). T o B T
. S . 1000 Xodl - .,
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¥ Figure 12.  Photomicrograph of the liver fron’a_gaihhow
A8 - . trout which had been exposed to 0.0l mg/l HCN
i 3 o '  for 18 days in continuously renewed wﬁter at -

12 5°C sﬁEWiﬁq*cuntraeti niclei (N) T

X . o and condensation of the chromatin (CC) into

heavily stained clumps.’ ‘
1000 X oil
3 # )

()
e
<=

PSP A
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o ¥ 4
Figuré 13. Photoﬁicroéraph of live; from a rainbow trout.
| o “which had been exposeé to 0.02 mg/l'HdN for o "
. 18 days in continuously renewed water at 12 50¢
showing a general loss of organization, the
bursting of cytoplasmic membranes (BCM) and
«loss -of stainability by nuclei N,

1000 X oil







Figure 14.

trout which ‘had been exposed to 0.03 mg/l HCN

Photomicrograph of the liver from a rainbow

for118~days in‘qontinuously renewed water at

12, 5°C showiné celldlar disorganization as

Figure '15.

Q

_evidenced ny‘a“breakdownmin—the_chord_1ike

_!trdws. - L . - .

‘trout which had been exposed to’ 0‘82 mg/l HCN

arrangement of the hepatocytes, a condition s

best illustrated in the area designated by

co 415X

o
.
-

Photoﬁicrograph of the liver from a rainbow

¢

for 18 days in continuously renewad water at

’

12 5°C showing the bursting of cytoplasmic

membranes (BCM) and a loss of stainability by
nuclei (LN) ' ; R

1000 X oil

‘e




IRk Y
A 32300 4 H
ke SOOI '
- e Fyis T Ny VK'Y
WL e SRR T e Ty € g 3y %
?.‘, - PR "g,-\ \"‘ > [SLT7A IEPAS

fevy

g




Drscussrou ‘ .
o

Physiological Implicatione , L l

>

SR This study of the chronic effects of hydrocyanic

“acid *poisom.ng on rainbow trout revealed that at. all three
d .

concentrations tested," 0 01, 0.02 and 0 03 mg/l HCN, cyanide

- ——n s

either adversely effected growth, altered respiration, or ) . /

induced histopathological damage in the 1iVer., )

Growth o \{ .
.Over the entire 18-day growth peribh ) each experi- '

ment chronic exposure of tainbow trout to cyaniqie caused .
' significantly reduced growth at concentration: which were '
15 to 45 .percent of the 48-hour LC50 (0 07 mg/l HCN, Brown,
~1968). In experiment l, at rations of 2 percent of their
body weight per day, the fish at 15 and 45 percent. of the

LCSO showed reductions in mean wet weight gain of 41 and 97

percent, whereas in the second experiment, at rations of
° 2.5 percent of their body weight per dey, the fish at 15, 30
end 45 percent of the 1C50 suffered reductions in mean wet
' weight gain Of 2, 40 and 65 percent (see Figure 6).
Speyer (1975) . observed a similar responee with rain-
_bow trout held at 0. 02 mg/l HCN over a 21-day period and’ fed
a deily ration of 2 5 peyrcent of their body weight. on the

. other hand, juvenile coho aalmon (Oncorhynchue kieutch

Walbaum) exposed to cencentratione varying from 0.01 to

3




0.08 mg/i HéN for’24 days at iG’C and fed an unrestricted'
I diet of earthworms saw their érowth reduced ornly attthe
° highest concentration k80 pezcent of the 0:10 mg/1l 1C50)
" (Leduc, 1966h). ALe&uc_(1966b) also measyredthP growth of

chiclids (Cichlasoma bimaculatum Linneeus) fed unrestricted

‘diets of Tubificid worms durihg 36-day periods of-exposure e

——————to cyanide concentrations_ranging- from 0.008-to 0.10,mg/l

HCN at 25°C. At the end of the 36-day period only the

¥ fish held at 0.08 and 0.10 mg/1 HCN (approximately 65 and
85 ﬁércent'df.the 0.12 mg/l Hcﬁ LC30) showed any appreciable
reduction in growth relative to the controls.

In comparlng ‘our results and those obtalned by

L}

Speyer (1975) w1th-peduc 8 (1966b) three important variables

other than species differeénce must be considered: _tempera-

ture; quality of food; and size of ration.

- K
' .

L
Temperature is a.determining factor of both short-

terln and lohqrterm bioassay results (Sprague: 1970).‘ Al-.
though there has been extensive study of the effects of
. temperatuquon the various physxolpgical parameters of £ish,
there is a dearth of information onlthe effects of tempera-
tnre on response to toxicants, particularly at sublethal
.concentrations: While it has been shown (Sumner and -
Doudoroff, 1938; Anon.. 1972) that ‘the acute. toxicity of
. cyanide to fish decreases with temperdture, it is quite

- .

possible that the response would be reversed at. sublethal

50.

' TTTTTT .




concentrations where cyanide could<be more rapidly meta-~

[ 4

bolized by fish held at a higher temperetuie, relative to
those’teld at a lower temperature, due.to the increases in !
metabolic rate which accompany increasing temperéture.

With regard to temperature effect at low cyanlde&concentra-

tions, the only comparable growth studles are those of

Leduc (1966b) and Speyer (1975) The extensive reductlon

——— _

~in growth observed in tﬂQs study and by Speyer may be attri— ’,

buted in part to the lower temperatdre relat1ve to

Leduc (1966b) who observed a much lesser effect on coho

salmon tested at 16°C and on 01ch11ds tested at 25°C, .

Leduc (1966) fed his test organlsms a natural dlet

while art1f1c1al rations were’ employed by Speyer (1975) and

for the present study. Natural food could possibly enhance

the resistance tq poisoning aﬁd thus reduce the effects of |

HCN on growth. The proportions of pfctein, fat and.carbo- .

hgdrate ;n,the diet could also affect the ebility of fishy .
to withstand cyanide poisoning.. The resp%ratory‘quotient_

'cf fat is 0.71, of protein 0.80 and of carbohydrate 1.0 .
(Prosser and Brown, 1961, p. 161). This indicates ttat[

. wﬁen equal amounts are being considered, fat ‘and protein '

require more oxygen fot cemplete combustion thaﬁ’do carbo~

hyd?%tes. Since cyaniée is‘a,reepiratory depressant,, we

may specu;ate that fish held on a diet rigch in ce;bohydrate

[+

~would be less affecte hy:cyanide than those held on a

5

‘ration with higher propdrtions of protein and fet.” It{

¥ k]
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should also be noted that carbdhydrates (glucose) would
feed into the glycolytic pathway, thus supplylng energy
while bypassing the cyanide sensitive Krebs cycle. The na-
_tural diets employed by Leduc- (1966b) undoubtedly dlffered
from,the artificial diets used here and by Speyer (1975) in_
- the proportions of the various constituents, thus introduf.
cjng a-further VEEIEEIEMdntoven§~oomparison. Although the .
i diets‘used during the two.experinents of this study dif-
/rered in the proportfon of fat present (see Table 2) and
hence, by\“Lfference, #h the amount of carbohydrate, we
doubt that the differences wete large enough to result in

. the type of variation which could be expected in.view of -

A}

the above diet considerations.

<*r

Overall, Leduc (19665? demonstrated that cyanide

levels in the order of 65 tq 85 percent of the LCS50 were |,

¢

required to induce some reduction in growth of coho salmon
and gichlids fed unrestrlcted diets. He noted that the'
- . cyanide-toxified cichlids exhibited a higher food consump-
| tion but a reduced food conversion efficiencgy, and specu-
lated that had the fish been held on ;;ual restricted diets
”the reduction in growth- would have been much greater. The
present study with restricted rations appears to indeed |

confirm this hypothesis,.ae'does Speyer's (1975) work.

-~ ’ ' Y
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’ ~ Warren (1971) defines the scope for growth’ of an ' |

organism as the difference between the energy content of

'the diet and the energetic cost of all activities other
'tha? mowth under a particx{f&r set of environmental condi— '
tions. A stressing factor such as a toxicant can lead to

a higher cost of maintenance with a concurrent reduction in ’
the energy availeble for growth. - On an unrestricted diet
_fiéh'nta‘f compensate for a toixic effect by eonsumi,_ng I\r'l‘ore,
and .growth reduction will not be so‘severe ‘as,rit would qe
if the fish were held on a restricted diet as was ‘the case

during this study. A trend of this nature was observed by

Chapman (1965) with cichlids (Cichlasoma bimaculatum

Linnaeus) held on eitqer restricted or unrestricted diets
while being exposed to sublethal concentrations of potas-
sium pentachlorophenate, The poisoned fish held on unreg-
tz:icted diete grew as well as the con'trols, while the
growth of those held on ‘restti'cted diets was eeverely re-
preseed. Oladimeji‘and Leduc (1974) demonstrated that‘
dietar& methoxychlo; increas,ed the food maintenance ‘reqt'xire-_

ments of brook trout (Salvelinus fontinalis Mitchill). It

would appear that cyanide, like these other toxicants, acts
‘as a metabolic streséing agent,, increasing ma,i‘ntenance :
0 requirements and thus ;eduéing the resources available for

‘growth., - ¢
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Relative to the controls, all cyanide exposed rain-

.bow trout markedly increased their specific"'growﬁh ri'ate from

the first to the second 9-day p’erio_d of each. experiment (see.

F'ibgure‘ 7), the effect being'more pronbunced during the first

. experiment (4 g fish) than during the second (12 g fish) .

Except during very eéarly development the rate 0f acceleration |
of growth rate in fish :ae‘c‘reases with age (Weatherley, | 1972.
‘p. 17) . .The greater increaoe in growth rate from the fiz::st
to the second period shown by the 4 g contr."ol. fish ir; experi-

ment 1, compared to fhe 12 g control fish in experiment 2,,

indicates that the 4 g fish were in a stage of more rapid

. acceleration in growth rate. This would allow the 4 g

cyedide-treated fish a greater range f'oz: bound_ from toxi-
coht St]feBS and hence the more subeﬁantiaL increase shown by
these fish from period 1 to period 2 re}A ive to the 12 g
toxified fish. In the pz:esent study we found that the
accelerated growth during the second half of the cyanide ‘{ .

exposure period did not fully compensate for the original

.'repression. Only at 0. ,01 mg/1 HCN in the second experiment

did the growth of the toxified f£ish. approximate that of the
controls by the end of the 18-day exposure period (see
Figure 6). “ B . '
' The rebound of growth after' an initial repression

by chronic® cyanide poisoning seems to be a widespread

phenomenon in various fish’ species. Leduc (1966b, 1967)
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“which the fish were exposed. Speyer (1975) also observed

'mediated by the liver enzyme rhodanese, with the thiocyanate

' not seem unrealistic to postulate a system wheYeby cyanide

noted this response with juvenile coho selmon, cichlids and

developing Atlantic salmon (Salmo salar Linnaeus) embryos,

the Tesponse increasing with the cyanide concentration to

this phenomenon in rainfow trout exposed to 0.02 mg/l HCN
for 21 days at li°cC. |

The délayedu&tceleration in*grcwth—rate-exhibited
by the cyanide-toxified fisn is an indication of some accli-
mation or adeptaticn to th? poison. While the nature of the
mechanisms responsible for this acclimation .are unknown,
some explanaticn can be attempted. The primary pathway of

cyanide detoxmfication in mammalian systems is by reaction

with .thiosulphate to form thiocyanate. This reaction is {

being eliminated in the urine (Fruton and Simmonds, 1958. p.'
796).‘ Althougn it‘appears'that to date rhodanese has not\

been isolated from the liver of any teieost fish, Achard and
Binet (1934) showed that thiosulphate significantly prolonged

the survival ofcarp(Cyprinus carpilo Linnaeus) subjected to

lethal cyanide concent;ations, a phenomenon which  tends to ~
suggest the presence of a thiosulphate-rhodanese—thiocyanate

system in fisn. ? If \:his system is indeed present, it does

would induce an 1nJLease in rhodanese productiqn and hence

"in the rate of cyanide detoxification.
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€ Although hydrocyanic acid is - readily absorbed in /™
the blood'stream'uiaithe éills, it does not react with.

.

hamogloblh but Wlth methemoglobin td form .the brlght{red

*nontoxic compound cyanomethemoglobln (Hewltt and Nicholas,
= .

1 1963‘ P

V

386~399) An organlsm could presumably increase

its gate bf cyanlde detox1flcatlon by ﬂncreaslng the rate

. of methemoglobln productlon, thps to SOme extent freelng

©

the dytochrome system of cyanlde 1nh1b1tlon.
C .
' Det9§}fxcatlon of cyanqmethemoglpbln would then

During our study there

;v

. proceed vialthé'rﬁodanese system;

'was ev1dence of high levels of cxendmethemoglobln from the

\

bright red appearance of the blood show1ng through the gllls

and the cranial drea.of ralnbow treut eqused to 0,02 and

N . . >
HCé\"\ Co ' ‘ :

¢ d § ©

Future research must be dlrected at determlnatlon

[N

0 03 mq/l

. -

-~ . - Pl

of‘beth the methemoglobfﬁ and rhodanese levels in fish sub~

‘ Jected to cyanlde stress 1n order to fully elucidate jhe

. . - 4 .
kf RV I methods dgafyanyﬁe detoX1flcatlon in flSh. ‘ K

S, , 4

.

n Water and fat-content~ ..

~

Water and fat_qontents bf the'control‘and cyanide—
. - Tt

toxifled fish were measured as further 1ng§catxon of the

overall nutrltlonal stage of the flsh

Over the 18-day

-

. lower ether—extractabie‘fat;COntent in the, toxif®ed fish

[ ' . *

experlmental perlod,cyanadeﬁlnduced higher water content and;,

!




tional state of sthe organisms, might also indiéafe’a decrease

' ! » !
"HCN for 28 days seriously impaired osmoregulatory function. -

to 20 percént of the active metabolic rate. When one con-

evidence of impaired osmoregulatory capacity in cyanide /

where the fish exposed. to 0.03 mg/l HCN in both expeiiments

B ' , ] ‘ , 57 oo

thard in the controls. SpeY?r (1975) '‘noted a-similar trend

in 2l1-day growth experiments with rainbow trout exposed
to 0.02 mg/1l HCN. The increpsed water content of the toxi-

fied fish, as well as being indicative of the depleted nutri-

in the osmoregulatory| capacity of the fish, thus rendering

them incapable of maintaining a normal water balance. This

is consistent with the work of Chan (1971) who demonstrated .
that exposure to cyanide levels of from 0.01 to 0.03 mg/l

in rainbow trout. RaoA(lSGB), working with rainbow trout,

found that in freshwater the éost of .osmoregulation amounted

siders the respiratory depressant activity of cyanide and

the associated dep;etion of av;ilable energy’as ATP,Athe

poisdoned fish is not unreasonable. ' ' > A
All cyanide exposed fish showed at least some reduc-

tion in fatwcontent relative to cont&ols, to the ppint

showed no gain in mean fat content relative to the mean of
the pretest fish (see Figure 8). This response is consis-
Fént with both the scope for growth of*ﬂa;pen (1971) and with

the cyanide‘fﬁduced reductions in wet weight gain observed T

Anrihg +h§s;a;nd¥L;*;§the toxicant is impinging sufficiently
v ' ) !




of l;plds with anu::iy01dable disturbance of phy51ol glcal

aﬁd biochémical furfctions, including the ‘metabolisy of

« "

compounds such as phospholipids and steroid hormonek.

As indicated by figure 8,. cy;nide-toxified fish
were synthe31z1ng fat-free dry matterﬁ(proteln) in referende .
to lipids. It should be noted that the energy o blosynthe51s
of lipids is greater than that of protein-(Florkin, 1960.
P. 225-269) and hence proteln could be more easily produced,
on the basis of energetlcs, by the energy poor cyanlde ~toxi- :
fied fish. - ‘ '
4 .Metabolic Rate

During the ngay éeriod following the termination
of the growth experiments the respi?atory patterns Qf the
-cyam'_.de’-toxified fifs}ji differed subst‘an‘tiall;( from those of: '
theicont;qls (see Figure 9). The initially eleyatéd mean
respiration rates of the.control fish in experiments l‘add
2\g:aduall§ decreased'to’constaht leveis,after‘lzo hours.

Waiwood and Johanseéen. (1974) , who studied the effects of

methoxychlor po;sonlng on white gyckers (Catostomus commer-

soni Lacépede), noted a 51m11ér trend with thelr contxrol .

fxsh although the resplratlonlrates stablllzed in a much

shorter .period of time (36 ho rs). Thls gradual decrease

in the standard metaboTlic rote—of—eontral—fish ig most
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likely attributable to either acclimation of tne fish to

the respirometers or to a transition from a feeding to a

nonfeedlng metabolic regime, or to both. Under stress of
J

’ S the type which flSh might initially experlence upon intro-

i , ductlon into resplrometers organisms are known to release

-

thyroxine into the bloodstream. Since thyroxine uncouples '
t \ - oxidative phosphorylation, this would reéult in an increased J
,resplration rate (Goodman and Glllman, 1965. p. 1473) As’

o

the fish become more accustomed to their new env1ronment
* there would be e decay of thyroxlne levela and alcorrespon-
ding decrease in oxygen consumption. .;,
Whlle the resplratory patterns of thE‘control
fish were the same in both experlments, the actual rates
were higher inexperiment 1 (4 g fish) than in experiment 2

((12 g fish). This difference can be largely attrlbuted to

the different sizes of the two groups "of fish since the ‘meta-

bolic rate of fish is known°to decrease ae‘size incréases '

(Phillips, 1972. p. 8)\. |
Witn the exception of the fish exposed to 0.01 mg/l’

. ‘HCN éuring enperiment 2, the respiratjon rates of all ‘

' cyqnide-toxified rainbow trout were initially lower than

{ ‘ tnose of the controls, a response'that was not unekpected

when one considers that cyanide is known to act as a respi-';.

ratory depressant in fish (Janes, 1964. p. 86 96). and that

: - residual cyanide most likely remained in the fish for some
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period of time after the cessation of toxification. The

1n1t1al low respiration rates of the cyanide- tox1f1ed then

| 1ncreased eteadlly, peaking after 72 to 96 hours. This
: ) overcompemsatioﬁ éf oxygen consumption duringrecovery'from
i - -~ cyanide poisoningimay be due to the oxidaticn of accumu- @(\
' lated reduch metabolites. After peaking, and w1th the
exception of the 0.02 mg/l HCN group from experlment 2
;&ithe standard metaholic rates of the cyanide-toxified flsh

stabilized at levels above those of the,cphtrols, a

phenomenon which was also noted by Beadle (1931) in studies

‘ . with the marine 1nvertebrate Nerels dlver81color durlng the

' 50 hours followlng the termination of cyanlde p01sonlpg,'
and which is perhaps the most 1nterest1ng aspect of these
results. This effectiVelyhrepresents an increase in the
resting metabolic’rate of these fisb for at least some

period of time following the cessation oﬁ cyahide-exposure.

The physiological and/or biochemical significance of this

phenomenon: is Tnot clear. There is an obvibus loné lasting
effect oféyanide on respiration whicp is perhaps due to )
either endocrine disturbance or redu¢ed oxidative phosphory- -

lation or both, The elevated respffati&h rates of the , {

cyanide4poisoned f&sh would most likely return to normal at.
some undetermined point in time This paremeter was not \
explored, however, since the tests were terminated after 6

days in order to avoid the onset of p0551b1e prolongod star-

—vation-—effects .  Future ug;kvshould most deflnltely be

s S ———— TG R i
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directed toward the study of the 'respiratoxy patterns of

fish duringreCOVGIY.from'chronic cyanide toxicity over more

prolon?ed periods of time, preferably with a respirometer

(Solomon and Brafield, 1972) whose design would allow feeding

_of the test organisms during the experimental periody

L
Histopathology

, .
On the biochemical level cyanide toxicity is tran-

.

sitory since the HCN-Fe+++ porphyrin complex responsible fer

"the irhibition of cytochraome exidase is a reversible oqe.

-

Cyanide can therefore be galled & truly noncumulative pro-
teplasmic poison (Hewittﬁand Nicholas, 1963. p. 386;359),
and one’ wowld expect recovery to occur followxng a rela-'
tively short time iapse. If tissue damage follows cyanide
exposure,’hpwever, then recovery will most likely take a
much longer period of time.

Histologiéai exemination of all the tissue samples
taken from cyanide~-toxified fish revealed the presence of

some degree of necrobiosis, the process of cellular degene-

I

" ration (see Figures 10 through 15). Since the liver plays

such an importent role in intermediary metabolism, destruc-
tion of hepatocytes would have very serieus consequences
for the survival of toxified fish. One could postulate a
progressive intensification,of cyanide-induced liver damege

through the inhibition of oxidative energy yielding reac-

dns—in—the—extfemely_mitochondrin rich hepatocytes,
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leading to degradation as a result of insufficient enexrgy
. f £

- )

to maintain cellular integration. - ’  ' - - .
Considefing the numerous metabolic p;oceséesaoarried
out Byw£he liver, it is rdot surprising*that ‘the cyenide—toxi-z
{ fied flsh shbwed “the ‘substantial reductions in wet weight
gain reported here. Not only would the ability of the liver

N

- for growth be Iimited,"but there would also be a decrease iﬁ

to supply the products of intermediary metabolism necessary

the capacity of the liver to eliminate tpe elevated.levels

|

.of waipe'products that would be derived during periods of .

" high metabolic activity such as growth. It is interxesting

to note that while liver damage showed no apparent change . o

from 9 to 18 days, the specific growth rate increased sig- ¥

nificantly ouring that period of time. This would tend
suggeést that some hepatobiochemical aleerations pot evident
at the hiétooathologiéal levei were occurring during ohis
- pefiodeoﬁ e;ﬁe, thus improving the ability:' of the ﬁish'to
oeal with cye;ide.
When neciobiosis of hepptocytes does not destroy

'

the entire cell population, the destroyed tissue oan be \

regenerated by diviSipn of the remaining healthy hepatocftes.'

If, ho&ever, t?sjéklls are repeatedly destroyed while regene—’
ration is still in progress, as would be the caégtif the
organisms were exposed to a continuous or pulsating stress -

5 by cyanide, fibrosis and eventually&cirrhosis, an irreversible




-liver destruction, will result (Rloom and Fawcett, 1968.

is also evident that future work directed at\;he defermina-

' suggest a relationship between fish.size and the magnitude

p. 600-601). )
’ While the qualitative histopathdlog&-rés#l;s pre-
sented here indiéate the type, and to a limited ggtenﬁ the
degLee, qf/cjanide induced liver damage, obtain;ng quanéita—
tive éxpressi&nS‘of damage shoul@ bé’fﬂé aim of future work.
Quantitative histology would be more informative since i£
could bé.more_readily.correlatéd to parameters such as

growth, respiration and swimming, ability. Considering the \

extent of structural damage evident during this study; it S

tion of the activity of selected hepatic enzymes could also '
prove informative.
The results for each of the three parameters tested, ,

growth, respiration during recovery and histopathology,

'

2

. & ©
of response to cyanide. 1In experiment 1, the rainbow trout

used weighed agproximately}4 g and’ exhibited deleterious ' - o
effects on the three’pérameters tested at all;cyanide concepé
tr&%ﬁ%ﬁs,useé. In experiment 2, with:fish weighing about 12

g, deleterious effects were observed for all parameters at

0;02 and 0.03 mg/l while at 0.01 mg/1 HCN only'necrobiééis

of hépatocytes could Ee‘detected. THiq“Wou;d tend to

suggest that-the larger fish wer® more resistant to the .

effects of cyanide toxicity.. It should be noted, however,

sF
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that the 4 g fish were fed 2 percent of their wet body wejght

per day whilk the 12 § fish received 2.5 percent. At least

‘ .‘as far as,growth is concerned'aua’ggggrglng to Warren's
(1971) scope for growth discussed earller, the elevated
*A feedlng 1eve1 could possibly account for the meroved per-‘
'formance of the 12 g £ish since they would h?ve more enerqgy
resources at their disposal to counteract cyamide effects.'
‘ It seems improbable, however, that the relatively small QL§:

. : e
percent spread in feeding levels between the two groups of

fish could account for the whole difference between the

degree of their response, and further rebearch into- the

-

phenomenon of fish size and degree of cyanlde response is
. " /\
required.
The increased resting metabolic rates of the

.cyanide-poisoned fish .during refovery represent a decféase

in the scope for activity (Fry, 1947) of these organisms

after removal from“cyanide; since ‘there is a reduction in

the difference between tue,minimum:and maximum metabolic

rates of Fhe fish, and hence in the amount of'energy_evai-

,lable ror ectivity above fhat required for the.paiuteuaqce

: - of life. 'fhe presence of uepatié damage at the end of the

Y . exposure periods also tends to suggest'a reductlon in physio-

. 10g;cal cepabllltlea after the termination of exposure, o

since this damage would require at least some period of

o time for complete recovery. Both the increased resting

-
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' metabollc rate and the presence of hepatic damage tend to
substantiate the sw;mming stamina results of Neil (1957)
and Broderius (1970) who noted that the return of full
swimming capacit§'following the termination of~exposure of -
brook trout and coho salmon respectively to cyanide concen~ ’ ‘q

trations from 0.01 to 0.05 mg/l HCN required from 14 to 20

days even at theﬁio;est~aiaﬁfaega6EEéﬁfTatton*tested-—~—~_______*_v_¥
Ecologlcal Signiflcance ‘ ' ;
While our 1aboratory studles 1nd1cate that exposure f
of falnbow trout to sublethal cyanxde pomsonlng 1nduces
reduced growth, elevated water content, red?ced fgtwcontent,

changes in respiration, and necrobiosxs of hepatocytes,

f LY

s

these results must be evaluated within the context of the

‘release of cyanide into the aghatic environment. While our
’ 13 A i
results were obtained in the rigorously controlled constant

conditions of the labqratory, the effects of a stressing fac~

tor such as cyanide on fish must ultlmately be lnteroreted

. within the'multifactored dynamic system which constitutes

the natural;envirbnnent.\ N “' . ' Co.
' Growth is :25 determining factér in fish production

and this study has shown that:the_scooe for growth (Warren,

1971) of rainbow trout‘can.be,seriously‘impairea by low

levels of cyanide. It has been‘suggested that fish‘coold

compensate for this cyanide-induced reduction in energy

: available for growth by consuming—targer-gquantities of food. .

. . <

w e
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This is highly ﬁnrealistic :i:r} nature where food ie
us’uaily limited‘. In interpreting the growth results it
sh,oﬁld also be remembered that tﬁe experiments were carried
out in tanks woith no current where the fish had to exert
.relat:‘u{ely little effort in obtainj‘.ng food. . These . &ctivities L )
would be mere costly in a stream where. the fish would have |

< .

to swim against current as well as searching for and cap-

turing food.

These
N ‘ ' !
complicated in
mental factors

our laberatory

increased energy expenditures could be further’
a natural aquatic system by v_a'riationsl;in environ-
st'xch,as, temi:erature and dissolved oxygen. .

studies were carried out. at 12.,5 + 0.5°C and

‘tory depressant effects of cyanide since Cope (1961) showed .

“the higherioxygen consumption-exhib'ited'by the toxified fish

.after cyanlde exposure could place the fish under a greater

T toxifled fish are small in absolute terms, they are most

at oxygen levels near saturation.- The concentratlon of .

oxygen in natural waters varies due to natural and/or human

inf.luenqes, ‘and any reduction’'would accentuate the respira-

that increased oxygen reduced the toxicity of cyanide to

v

goldfish (Carassius auratus Linnaeus). For the same reasons

!

stress than was obsexrved in the laboratory
Although the statistically signifi¢ant increases

J.n water content demonstrated by some groups of cyanide~

I
N
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probably significant in a thSiological and ecolog;cal sense.
It has been ehown (Wood and Randall, 1972) that urine flow in ‘ |
rainbow trout markedly increases during periods of exercrse. |

" The increased stress of .a cyanide-inducedjelevated water
content could therefore increase the renal ioad during
oerégds of hiéh swimming activity and thns reduce perfor-
nance. The stetistically significant decrease in fat con-

| tent demonstrated by ihe poisoned fish are also most likely

£
ecologically significant. Depletion of fat reserves and the

X

. 1
- - implied concurrent interference with lipid metabolism can
e . R
have serious. consequences for the survival of fish populations.
'As well as providing metabolic reserves for energy supply ‘ i

. during periods of starvetion, lipids are vital during repro-

d duction. It has been shown that in the sockeye salmon

(Oncorhynchus nerka Walbaum) 8 percent of the total lipid

content of females is transferred to the ovaries during re-
| productive maturation (pove, 1970. p. 105). Severe deple-

,  tion of,lipid'reserves WOuld therefore impair reproductive .
capabilities or, failing this, tax the already ‘depleted fat v
levels to such an extent tnat the females are left witn
1nsufficient reserves to survive periods of s;arvation.

Newsome (1971), working with yellow perch (Perca fluviatilis g

flavescens Mitchillr, attributed the selective mortality of

females during the winter to insufficient fat reserves after

l ©°  translocation of lipids to the gonads.

oy ot 2 ’
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- A most interesting aspect of this study was the.

“occurrance of hepatic pecrobiosié in cyanide-toxified fish

]

at concentrations as low as 0.01 mg/1 ﬁCN. Whether in the

laboratory or -in- a natural environment the abillty of fish

\ -

’ ~

to survive for dn extenged perlod of time would be jeopar-

- dized by hepatic damage.’ It can also be contended that, iﬂ

~———— - e

the organisms. Of all the parameters measured, histopatholo-

light of the liver damage caused by ¢yanide, other physio-

tlogical responses lose some'of their significance since the'

condition of the liver clearly defines the disabled state of

.
i

. gical examination Gf the liver proved to be one of the most

sensitive and significant indicators of chronic cyanide

poisoning in rainbow trout.

In determining the extent to which the obsexved

-

effects are applicable in nature, one must. consider the

dynamics of cyanide, a highly'labile compound which can

certainly be expected to vary in" both time and space in rela-

tionship to the toxlcant source. Tgese fluctuatlons could

easiiy lead to a situation where the fish are exposed to

',varying toxic periods during their ;ife cycle. Future

research shqu&d most cextainly be directed at evaluatlng
the éffects of. pufgeting cyanide exposure on the ecophy—
siology of fish. Alabaster, et al (1972) suggest,that

not only should fluctuations in a single toxicant such as

cyan;de be considered, but also the- implications of fluctua-

t1ng*muttip%entoxicitgee_nggggrch on the nature of both

[
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fish population as a whole:(ggers

-
EE
. - . “
. . -

chemlcal and temporal lnteractions of various toxxcants )
must be undertaken before reliable predictlsbs of toxicity
can: be made.. 3

o It eppears_obvious that‘éYanide‘can'markedly reduce
the overall scope for activity'of theqinﬁiv;dugl }ish (Fry(r
1947);and hence the'competit?Velabiliﬁy ané_surviva} of the K

’

and Guthrie, 1969), 1In

. view ef the results obtained under the.laboratofy conditions
described here, part;cularly the,development at 0, 01 mg/l HCN
of hepatlc necroblosis in flsh that were apparently healthy
in other respects, it is evident hhat the concentration,of
cyanide in receiving waters expeéteﬁ/to support v1able fish

populations must be relatively low. Follow1ng the usual

procedure for determining a maximim conqentratlon, that of

dividing the lowest concentration at which toxic effecty are ‘

ke

manifested by an application or safety factor of 10, the g
maximnn concentration for cyaniée in.surfecé watexs would}be
0 001 mg/l HCN, whereas the aﬁited States Env1ronmenta1

Protection Agency (Anon., 1973, p. 189 190) sets the maximum

¢ 3

coﬂéuntration at 0.05 mg/1 HCN._'
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__— . | : . . Two |experiments were perfm d to determine the : i

-

. rainbow trout (Salmo gamrdnerr Rlchaxdson) . °r<)
\ .
' The ;sh were exposed to G'OO 0. d! 0.02 and'o 03. .

~ . [5d o
»

mg/l HON for 18 days in °60 1 polyethylene tanks containing

cv B

; 'conginqusiy enewed water at 12. SP + 0.5°C, and were fed

. eﬁ'artificial iet at a' rate of 2, to 2.5 percent of their
- ~ ’ d"' - 'l n ) » h\
» wet body wq@ﬁht per day. - R .

¢

) 5 Cyanlde was seen to 51gn%f1cantly reduce tﬂe mean

\ v

. wet weight g\}n of,the\‘gtrout exposed to 0 02 and 0 03

°ng/1 HCN durlngvthe f;rst éxperlment and of the lZg;fish

-fk}:' exposed to 0.02 and 0.03 mg/l-HCN dﬁ:ing‘the secpgq,’ The

1

j”;'meep specific‘growfﬁ rates of all groups.of cYaﬁide—toxified

.

R »flsh, whlch were 19%t1a11y depressed kelat1Ve to the coutrols,

p

: markedly increqsed by the: end of the hxperlments, suggestinq

)

s

. sore degree of accﬁ&matlon to cyanide. This ‘late reoovery,'

i

A

(9 ‘:hé' s -’ ",
"could not, however, fu;}y overcome the initial reduction
"~

) ;I;.% and only at 0.91 mg/i HCN in experiment 2 d4did ﬁhe secondary

- ¥

increase in speoiflc growhh rate fully compensate, in terms

' ' of weﬁ weight gain, fgp thq original depression caused by
. .,.\)f*d‘ "',,
cyannde.' ' B . . *5
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By tneiind of the 18-day experiments a small though

l statistically significant h"her percent water content was

noted in fish exposed to 0.03 mg/l HCN, while a significantly
lﬂwer fat gain was noted in those fish exposed to 0.02 and
0 03 mg/l HCN.

—

- In some of the test groups cyanide produced higher

metabalic rates’during the 6-dax recovery period foliowing

the termination of exposure to the toxicant. - After an
initial peak the respirdtion rates of the fish exposed. to

0.01’and 0.03 mg/1l HCN in experiment’l and to 0.03 mg/1 HCN

i

~ in experiment 2 stabilized at rates higher than tnose of the-

s

@

controls.

~

Exposure of’ Juvenile rainbow trout to all concen-

Qrations of cyanide tested during both experiments induced

some degree of hepatic necrobiosis, the condition being

fwell developed after 9 days and showing no appteciable

change in either type nor degree by 18 days. The- most inte-
resting aspect of the induced necrokiosis was 1ts appearance

in trout exposed to. 0.01 mg/l HCN in experiment 2, fish which L
appeared unaffected‘o¥ cyanide in,terns,of‘the other para~g_ N~
meters tested, «As well as estabiishing the presence of a
| tonAc effect at 0.01 mg/l HCN, this observation -also indi-
_cate; theqhigh degree of sensitivity 4nich can be obtained

t
by tpe use qf histopatholoqical examination.'
A ‘. ‘ptrn ..
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