’ . \ ’ &

. 'THE EFFECT OF TEMPERATURE ON

CYANIDE TOXICITY TO RAINROW TROUT (SALMO GAIRﬁNERI)
. . Y

PART I : AQUTE TOXICITY .
PART II: SUB~LETHAL TOXICITY

A Thesis
. . ) ' in
. . " The erértmen£ / -
= L N of /

; .'Biological Scienégs ‘ .

L ]

i

Presented in Partial Fulfillment of the Requirements
.for the Degree of Master of Science at
Concordia University
Montréal, Québec, Canada.

& ' - et
) I

July 2979

o . (:) Tibor Gydrgy Kov&cs, 1979

s e o

R .
. © .

S wn

K%




"~

ABSTRACT

~
N

v .

THE EFFECT OF TEMPERATURE ON CYANIDE
TOXICITY.TO RAINBOW TROUT (SAIMO GAIRDNERI)

Lt PR p

PART I : ACUTE TOXICITY
K ' PART II: SUBLETHAL TOXICITY

Tibor GySrgy Kovacs S

The acute and sublethal toxicity of cyanide to thermally

w» acclimabed rainbow' trout were measured at 6, 12 and 18°C.

- » ;
The 96-hour LC50 at 6, 12 and 18°C were 0.028, 0.0L2 and

0,068 mg.L™1 ALy, respective}y. ‘However, differences in the median
survlival timt; of trout at tine three temperatures diminished with‘
_increasing cyanide concentrations, suggesting that the temperature
eif‘f’ect on the acute toxicity of cyanide is’ concentration-depepdent.
Cyanide significantly reduced wet.weighf growth rates at
0.015, 0.030 and 0.045 mg.L™! HCN leye]‘.s at ‘6, 12 and 18°C, during
20-day exposures. Threshold concentrations reduci;lg growth rates

increased in a similar fashion with’increasing temperatures as the

' .

maintenance ration and the median lethal concentrations. .This can

-

b2 related to biochemical adaptations ‘of trout during thermal
a;cli'.xnation as well z%s"to diafferenceg in detoxlifich‘.tion processes
reflecting standard metabolic rates. i

| Initial reductions of growth rates during the first 10
days of éxposure were followed by lesser reductions or growth
‘stimula.t‘ion, depending on temperaﬁtux;e and cyanide concentra.tiob
' Monitoring liver glycogen and lactic. acid levels of 0.015 mg.L !
HCN at each teqxperature r(evealed that cya.nide‘initially reduces

growth rates by foreing trout to utilize anaerobic pathways to
, / .
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obtain energy. However the £ish return to more efficient aercbic

" metabolism by about the tenth day of cyanlde exposure when growth

ra't;es also rebound. R

[}

, ~

A cyanj.de coﬂ.centx"ai’;ion of 0.010 mgiL‘l stimulated
growth r‘atés of trout at 12°C, whereas a:t 18°E, a 0.015 mg. L~} .2
concentration stimilated fat synthesis. The "rea’sonsﬂ for these
are ﬁnclea.r, since c”yanide seriously reduced fat syntht;sis at all
other concentrations a.m:l temperatures.-
' Previous -éxposure to cyanide markedly affected swimming
';_performance of the fish tested at utheir‘accllima.tior; tempe;'atlmes,

but in the absence of the toxicant. The effect -also increased.

with decreasing temperatures.
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< INTRODUCTION

a

Mining operations, metal finishing industries, chemical
v .
manufacturing ‘plants and photographic processes often dispose their

cyanide wastes into water. Because- of this widéspread use of cyanide,
-~
fish may encounter_hydneéyanic acid over a wide range of water temp- . ¢
)

— . <

2B ABne #o-

eratures due to daily temperature fluctuations, seasons, latitude
and thermal“poliution. The purpose’ of this‘labe}atery study was to \
evaluate the acute toxicity of cyanide to rainboﬁ'trout at three“vater
temperstures: 6, 12 and 18°C. " h

Temperature sttess, as a modifying'f%etor of toxicity, has

. e
been given only little attention in establishingvﬁeter quality criteria -

IS

‘for toxic substances. These have\recently been reviewed by Cairns

et al (1975). No generalization can be made as to how temperature

scanty, inconclusive and sometinmes contradictery.
. R )

i

4
. H
modifies toxicity, because the literature on this subject is rather

Cyanide toxicity to fish has been studied"under various

> ) N ¢ i *
‘experimental conditions, with many species of fish and ,the fresearch - :
on this subject has been reviewed by Doudoroff (1976) The eyailable
literature suggests lethal threshold concentrations of 0.05-0..07 mg L1 ‘ . B |
HCN for salmonids tested between 15—1790, (Karsten, 193h; Herbert and B |
Merkens, 1952; Burdick et al, 1958; Brown, 1968) whereas the lethal P g
threshold for warm water fishes (20-25°C) lies in the range of 0.10-

"0.15 mg.L”! HCN,. (Burdick et al, 1958; Doudoroff, 1956; Doudoroff et al, -

" 1966). . AT .
4 : N N
Temperature effects on cyanide toxicity to trout‘were first
‘ -
cbserved by Southgate et &l (1932) and Alexander et al (1936) These
authors found cyanide to be more toxic at higher temperatures. .
g s tToo .
R Y .
. . 3 SN . .
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Wuhram and Woker (1955) and Cairns and Scheier (1963), established also

,that higher temperatures accelerated the death from cyanide of the:

European minnow (Phoxinus phdxinus) and the bluegill (Lepomis macrochirus).

On the other hand, researchers from Great Britain (Doudoroff, 1976) found
that at slowly lethal concentrations the action of cyanide was more
toxic to trout at low temperatures (3-4°C). In addition, Leduc (1977)

suggested that teniperatures, more “than species differences, could

explain apparent discrepancies in the impairment of growth and swimming
R A R LN

performance at sub-lethal concentrations of cyanide, higher temperature
. .reduci‘gg the toxic effect. ¢

It seemed then, that the lethal action of cyanide atgdifferent

temperatures could be concentration dependenﬁ. This laboratory project
. ) « . o
was ‘therefore undertaken tocdetermine the temperature effect on the,

)\
o -

acute toxicity of hydrocyanic acid to juvenile rainbow trout at "

slowly lethal concentrations, at 6, 12 and 18°C.

:57 ' - ¢ - ] \
MATERIAL AND METHODS

Test. Organisms ¢

Rainbow trout (:Sa.lmo gairdneri) were usred for this stu&y and
were. purchased from La Pisciculture Mt. Sutton, Sutton, Quebeec. Upon
arrival at the Sir C;xeorge Williams Gampus, vwhere this study was carried

' out, the fiéh were held in 200-litre fiberglass ‘oval shaped tanks at a
:ie;nsity of 200 fish per tank, supplied with a continuogs water flow of ~
2.1 .L.min_‘l at a tempqrajburé of 12 * 1°C. The fish were fed daily, ’

N . L
approximately 2% of their wet weight with Ewos Trout Chow size 3 and LP.

.
”
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Water Chemistry .
e

Y

The laboratory was supplied with City of Montreal water, which:
was dechlorinated, therma.llynneg‘u.lated at 6, 12 and 18°C and delivered
to the test apparatus through ‘a.sti\c (p.v.C.) piping.
The dissolved oxfger: pvels were mdnitorgd daily using the
Winkler Metho‘d (Azide Modificafion, APHA, 19T1), and were always above |
80% saturation in the t.est tank. The pH of the water, also monitored -
daily, varied fr;Jm 7.8 to 8.1 with an average value/éf 7.9. Other chem-
ic;al parameters of the water during the experimenﬂtS (December 1976 to
July =’1977) brovided by the City of Montr,'ea.l Public Works D;apartment, Water
~and Sewage Division (avex:a.ge values) were as follows: Alkalinity, 87
 mg.L7! as gaéo3; Hardness, 127 mg.L™! as CaCO;; CO,, 0.47/mg.L71.
\ IR |
.Test Tanks ‘ .
! The test tanks used consisted of 24 white polyethylene tan'ks‘
(Rosedale Pie.stics, Montreal) measuring 68 cm long, 57.5 cm wide, and

L2 cm deep. They were connected to a flow-through system provided with

!

N

\

’ thermally controlled vater at one of the three test temperatures (6,

12 and 18°C), &t a flow of 1 L.min"l.tank™!, giving 99% replacement in
. P ¥ - ' ¥

6 hours, as calculated after Sprague (1973). The entire 2h-tank

assembly was illuminated evenly by fluorescent lights, controlled by a

time-switch to provide a 12-four photoperiod (8:30-20:30).

\

@ o
9’si\cclimation

@ After acclimation in the 200-litre holding tanks at 12°C,
" the fish to be tested at 6°C and 18°C were segregated and .acclimated L
to the desired water temperatures by gradual adjustments of about one

degree a day. The fish were then held for seven ldays at this temp-

erature, pr\ior to transfer into 3c.he test tanké, where they were held g

- -

- S I

o od oads




further two weeks at the test temperature. During this period, the
fish were fed daily with Ewos Trout Chow up until 48 hours g;ior to

the beginning of the tests,kduring which no food was giveﬁ.

Experimental Design /

.
X
3
I
A
S
"W

The acute toxicity tests were carried out to determine the

o

96-hr LC50 of HCN to rainbow trout at three temperatures, 6, 12 and
18°c. fhe biocassays were carriéd oué following standard methods
recommended by Sprague (1973). The fish weighed from 9-18g with a
mean w;ight of 12g; they were ramndomly chosen, acclimaeted as described
above, and segregated for each test conpentration and control group.

» On the day the bioassays began, the tanks were cleaned ;nd a
calculated amount of cyanide stock solution was mixed into each tank to
bmnediately‘produce the predicted concentrations. This was considered
to be ze£9 hour, and the désired concentrations were then maeintained by
metering cyanide stock solutions from Mariotfe bottles (Leduc 1966).
Cyanide was monitored in the test  tanks twiceldaily, according to the
method ,of Lambert'gg.gi (1975) ahd the cyanide flows were adjusted when

necessary. The desired concentrations never varied by more than one

percent of‘the predicted values. o~

The concentrations tested (mg.L”! HCN) ranged from 0.018 to
0.056 at 6°C, 0.032 to 0.087 at 12°C, and 0.0k2 to 0.087 at 18°C. THese
ranges were selected empirically such that the approxi?ate 96-hr LC50 k
values, determined by preliminary screening bioassays would be close to 3
the median of the eight concentra&ions tegted which were selected
according to APHA (1971) and included Eoucentrations éausing zero and -
100 per cent mortality. Control groups were maintained at each temp-

erature under identical conditions.

N
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Observations on mortality 'Were taken from zero hour on up to
96 hour:s‘, at logaritmoally spaced intervals. However, additiom;l
ihcider;tal observations were made after 48 hours to obtain additional
information on mortality. The criterion of death was absence of -
respirdtory mlovements ahd lack of respon"sé to‘ probing with a glass réd

upon which the fish were removed, weighed and their fork length measuijed.
. ‘ = _

. 'RESULTS

fl'he results of the acute togcicity:bests expressed as medium .
lethal concent:;'ation values (LCSO0), g.re. presented in Table I. The 96~
hour IC50 were'determined fromlog=-probit paper. Tge slope functions apd
95% confidence intervals were calculdted according to the nomographic
methods of Liti:hfield and Wilcoxon (1949).

The resistance of Juvenile rainbow trout to gya.nide was
markedly affected by temperature. The 96-hour ILC50 values were signifi-
cantly (i.e., p < 0.05) different at each of the test temperaf,uresn. In
the ;'ax;ge of cyanide concentrations tested ( 0.018—0.687 mg.L”! HCKN),
the cyanide level required to kill 50% of 1‘:he trout in 96 hours was 2.4
times lower at 6° than at 18°cC.

The median survival times (MST) were estimated as described
by Spré.gue (1973) and- the 95% confidence intervals vere calculated
‘according to Litchfield ‘(19h9).‘ The MST values, presented in Table II,'
;ga.in shov the influence of temperature on cyanide toxicity to trout by
decreasing the MST with decreasing temperatures. The MST of rainbow
trout exposed to 0.087 mg.L™! HCN a.1.: 18°C was 16 * 3 hours, whereas &%
12°C it was only 7 + l’hours. No mortality occurrg.d after 96 hours at

12°C among fish exposed to 0.032 mg.L ! HCN, but at 6°C, S0% of the fish
had died at the same p_oncentration within 72 hours.’ The MST of trout at

A




TABLE I:

Acute toxicity of hydrogen cyanide to rainbow trout
gcclimated and tested at different temperatures in

flow-through system for 96 hours, showing the 96-hr
LC50 with other test biological and chemica.l

parameters.

96-hour LCS50/!and 95%
confidence interval
(mg.L~! HCN)

Slope function

Highest cyanide
concentration with no
mortality in 96 hours
(mg. L- HCN)

Lowest cyanide
concentration causing 100%
morta.lity within 96 hours
(mg L~1 HCN)

Average weight of fish
and range (g)

Avérage fork length of

£4ish and range (mm)
* ™~
Mean, pH and range

Mean oxygen saturation
and range (pertent)

TEMPERATURE °C -
12

5 | 8
0.028 ] 0.0k2 0.068
(0.024~0.035)] (0.038-0.046) | (0.064-0.072)
;.30 1.30 1.12
.018 0.032 0.060
0.37 0.053 * 0.087
11.79, 12.41 13.19
(9.05-15.98) | (8.29-16.02) | 79.63-17.21)
102 103 106 .
(95-110) (90-111) (95-119)
8.06  8.10 7.82
(7.9-8.1) (8.06-8.11) | (7.78-T.90)
89.2 97.1 86.8
(88.2-90.1) (85.7-88.3)

(95.2-98.5)

:‘i




TABLE IT: Median survival time and confidence intervals of
rainbow trout exposed to various concentrations of
hydrogen cyanide at different temperatures in

flow-through systems.

1/ Median survival time

-

2/ The symbol = indicates MST > 96 hours.

»

Temperature  Cyanide Conc. MST 1/ 95% Confidence
°¢ (mg.L~! as HCN) (nours) interval
6 0.000 =2/ -

0.018 « -
0.024 « -
0.028 96 -
0.032 T2 59-95
0.039 34 30-L41
0.042 30 25-36
0.050 18 11-31
0.060 13 12-17
12 0.000 « -
0.032 « -
0.037 o -
0.0ko « -
0.045 T0 * 53-93
0.053 32 27-37
0.065 1k 12-17
0.0T70 11 9-13
. 0.087 7 6- 8
18 0.000 « -
0.0L42 « -
0.056 « -
0.060 « -
0.065 o -
" 0.070 88 Te
0.073 48 25-58
0.075 L3 30-61
0.087 16 13-19

>
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6°C exposed to 0.060 mg.L”! was only 13 hours, whereas this concentration >

3

X

R ey g L

s

did not cause any mortality at 18°C.

g

[y

- + is also clear from Table II,rﬁhat as the concentrations

4

tested increase, the difference in the MST at each temperature became -

<

RIS R
* "

smaller. Tor example, while the MST of trout exposed to 0.070 mg.L!

~

HC at 12°C was eight times shorter than at 18°C, at a higher cdncen— . -

tration of 0.087 mg.L-l HCN, the survival difference'was only 2.3 times

3

A ., K

shorter at 12 than 18°C. K
Eye-fitted toxicity curves were con;tructed o:?r . o
cyanide concentrations ranging from 0.028 to 1.0 mg.L™!, using data
fron this study as well as other comparable data from the literature
(Ministry of Technology, 1968, Herbe;t end Merkens, 1952). Figure'l
shows that the curves intersect at a point near 0.1 mg.L~! HCN, above (
which the temperature effect on the lethal action of cyanide to trout

is reversed. In other words, at more fapidly lethal concentrations,

cyanide becomes more toxic at 18°C than at 12° end 6°C.
M !

DISCUSSION

Physiological Significance
In ofder to verify if the lethal response of rainbow trout

to cyanide at different temperatures followed the Q)¢ law, the .

reciprocals of the 96-hr LC50 measuved at 6, 12 and 18°C (see Table I)
were calculated. The derived Qip value was then compared with those |
of the maintenance ration (Kovacs, 1979) and the standard metaboliglrate
(Dickson and Xramer 19T1) measured on the same épecies and at the same

temperatures. It appears from Table III that when expressed by the Q)

law, the standard metabolism and food maintenance requirements respond
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Comparison of Q) values of rainbow trout between

. TABLE III: !
the reciprocals of the 96-hr LCSO to cyanide, é
. maintenance ration and oxygen consumption at ;
different temperaturés. - )
)
Temperature Reciprocal of Maintenance Ration Standard Metabolic
96-hr LC50 (% weight.day 1) rate _
°c - (1/mg.L~! HCN) 1/ (mg0y.kg l.hr"1)2/
6 '35.71 i 0.32 36.48
- 12 23.81 0.48 ) 54.45
18 1b.71 - '0.69 81.28
Qo 2.1 2.0 2.0 ¥
(6-18°C)
]
1/ Measured by Kovacs (1979) under similar conditions as in this
study ’
2/ Dickson and Kramer (1971)
' »
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- 12
similarly to, temperature changes,whereas\mortality rates at slowly lethal

cyanide concentrations are equally but iﬁversely affected. This com-
parison suggésté that at concentration below 0.1 mg.L~! HCN the median
toxicity thréshold is linked, in opposite direction, to the standard
metabpl;c rate, which increases csntinually up to a lethal level (Fry,

1967), showing greatest change at elevated temperatures (Brett, 1962):

Toxicological Siénificance i
Tenfperature acclimated fish were about 2.4 times more tolerant
to cyanide at 18°C thap at 6°C, and the 96-5; LC50 values of 0.028 and
0.068.mg.L~ ! HCN determined in the present Study at 6 and 18°C,
respectively are very Bi?ilaﬁ to the’median‘threshold concentrations
reported for similar temperatures by the Min;stry of Technology (1968)
aﬁd by Herbert and Merkens (1952). On the other ﬁgnd, the 96-hr LG50
threshold velue of 0.042 mg.L™1 determined in this study, and 0.05
mg.L™! HCN as repoz;ted by Smith et al (1978) for raimbow trout at 10°C,
is. however signifﬁcant;y lower thén the median threshoid concentration
“of 0.09 mg.L”! HCN reported by the Ministry of Technology (1968) for
trout tested at 12°C. Differences in the tesf procedures or water
quality may account for some of these aiscrepancies, but temperature
acclimation ;f fish and more Accﬁrate monitoring of actual cyanide
concentrations in thé test water‘rather-than simply reporting célculated
levels, can sgriously change thegresults.' In many of the earlier ;tudies,
fish were tested with little or no aqclim&tion to the tést temp;ratures.
A two to three-week thermal acclimatioé‘period is essential for meanings
ful fish toxicity tests (Sprague, 1973).
The highe; susceptibiiity of trout £o,cyanide at lower

A\
temperatures observed iﬁ’this study.contrasts sharply with the findings

I
b
i
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erstures. Matida (1960) pointed out that physiological and biochemical

13 J

| ' .

of earlier workers Southgate et al (1932), Herbert and Merkens (1955) ’
I

and Alexander et al (1938). These authors have reported that the toxic

action of cyanide to trout increased with temperature. The main
S L) " )

difference between this study and the others, lies in the range of

concentrations tested. Whereas the earlier studies were carried out

e

at rapidly lethal concentrations where fish died in less than 100 minutes,
this study was carried out at concentrations causing 50% mortality in

more than 420 minutes.

. It appears from the above thé% the potency of cyanide at low /
and high temperatures is concentgaﬁion depen?ent. This became clear /

’ s

?rom the examination of toxicity curves in F&gure 1, which shows that
ﬁhe curves intersect at a péint near 0.1 mg.L-1 HCN, meaning that at
this concentration, temperature would have no effect on the'lethal
action of.cyanide. The conéentration range where'the toxicity curves
become asymptotic to the concentration axis, called the reaction \
threshold by Warreq.(197l), represents rapidly lethal concentrations

and here the reaction threshold is greater at lower temperatifres. £ Below
0.1 mg.L-1 E;N, the toxicity curves 5ecome asymptotic to the time axis,
called the' concentration . threshold b& Warren (1971), represent slowly

lethal cohcentrations, and here the threshold is lower at lower temp-

processes leading to death may be aifferent in short term exposure to ;
high concentrations of a toxicant from long term exposure to dilute o
solutions. This hight-explain vwhy the temperature effect on cyanide

\ . .
toxicity to trout is concentration-dependent., At very high concentrations

of hydrogen qyanide, death occurs due to the disruption in the activity
~ ¢ '

of vital organs such as the heart and central nervous system and in this

'rangq of concentration, the toxicant is only limited in its speed of



;. . ll&
action by the time 't takes to get into the blood and circulate to the

., vital organs (Jones, 196L4). Time to reach the reaction site (induction
// time) depends on the rate of uptake of the taxic;nt and its distribution
to the tissues. At higher temperatures, tﬁe ventilation rate of fish
increases (Heath, 1973) together with metabolic rate, thﬁs accelerating
toxicant ypteke from théﬁaater at the gills and a faster dlstrlbutlon to
' the reaction site(s). ggi;gfore the .cyanide toxicity curve at 18°C .
should become asymptotic to the concentration axis in less time than at
12 or 6°C because cyanide reaches the site(s) of efert faster.
At'lower concentrations, death from HCN may be due to the
N 7 disruption of the oxidative processes because of the inhibition of the

ecytochrome oxidase system. In this range of concentrations, lower

temperatures speed up mortality. Since only two-thirds.of the oxidative

processes are cyanide-sensitive (Jones, 1964), it is possible that due
to different biochemical makeup of trout acclimated to different

temperatures, cyanide toxicity may be sltered because of important -F

changes in the biochemitcal composition at the cellular level and/or

SRk i

metabolic pathways (Hochachka and Somero, 1973). At higher temperatures,
. .

oxidatlve processes might not be dependent on the cytochrome oxidase,

or cytochrome oxidase 1tself might not be as easily inhibited by cyanide.

Ekberg (1958) found that gills of the goldfish (Carassius. auratus) showéd

higher resistance to cyanide poisoning at 30 than at 10°C, as measured
by oxygen consumption. Ekberg (1962) attributed this to a qualitative :
alteration of the cytochrome oxidase,ﬂfound in the mitochondrial membrane
thch is susceptible to, structural changes by temperature causing possible ;
stereochemical alteratiéns in the enzyme. Caldwell and Vernbérg (1966)

have indeed found that membrane lipids in gill mitocho;dria of fishes .

becomes increasingly unsaturated at low temperatures.

~

- +
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At concentrations where the fish are not immediately over-

whelmed by cyanide, detoxificstion and excretion mechanisms may alse
play a part in determining the effect of temperature on toxicity. In
fact, Douaoroff (1976) believes that cyanide is less toxic at higher,
tempergtures, mostly due to faster elimination of the poison from th&.
body through detoxification and excretion. It is possible that at 6°C,
due to the low metabéiic rate of the animal, ‘commencement of detoxifi-
cation hight be tob slow to be of any value to the fish.

Overall, temperature definiteiy modifies cyanide toxiéity to
rainbow trout, but the effect is concentration-dependent. This |
differential effect of temperature at fast and’slowly lethal concen-
trations also occurs with other toxicants. Hodson and Sprague (1975)’
found with Atlantic salmon (Salmo salar) that lower acclimation

-

temperatures (3°C) led to a longer survival time im zinc solutions than

at acclimation temperatures of 11 and 19°C. Lower lethal threshold
e ,

concentfatiops were hov, véf determined at lower temperatures when ,-

concentrat;ons tested wére low enough to carry on the tégts for 1k days.
-Similarly, Brown et al (1967) tested the acute toxicity of

phenol on rainbow trout at demperatures ranginé from 6.3 to 18.1°C and

o

‘found that at higher concentrations the reaction time decreased as the

temperature increased, whereas at lower concentrations, the toxicity

«

’

increased as the temperature decreased. With ammonia, Lloyd and: Herbert
(1962) and Lloyd (19614, found that° the lethal threshold concentrations
were not influenced by tem@érature,~bux Brown (1968) using higher - v

Q/
concentratiéns, found the 48-hour LCS50 of ammonia for trout to decréasg

-

linearly with an increase in temperature from 8 to 20°C.

LA

[

Smith and Heath (1979) used 5 species.of fish to test the

acute toxicity of cyanide;’chromaté, copper'and zinc. at thre@

/




L

‘ 16

temperatures. While the results were not always uniform, low congén-
trations generally led to greater survival st high temperatures, while
the reverse was true at higher concentrations. Rainbow trout-showed
the reverse of this trend with copper and chromate, and, surprisingly
the 2L-hour LCS50 of cyanide to trout was not influgnced by temperature.
Hoyever, in the case of cygnide, the authors based their conclusions
on scanty data. |
Sope toxicants such as chlorine and hydrogen sulfide are more .
toxic at higher temperatures regardlesg of the concentrations tested,
(Thatcher et al, 1976;<Adelman and Smith, 1972). It seems therefore
that the concentration dependence of tempe£;ture modification of”
toxicity does not always apply, but depends on whetlier or not the
mechanisms leading to death at high concentrations differ from those
operéting at lower levels, as may be ‘the case for cyanide.

The prediction of accepﬁable concentrgtions of chemiggls
-for aquatic organisms has and will remain the utmost goal of water

pollution research. This constant need.to éstimate safe levels is

enhanced by the fever increasing number of new products‘éach year, for

which short, term acute toxicity data must often be substituted té the

] cbstly chronic data. In iieu of other rapid ang

Bl

slowly acquired‘
acursate screeninggmethods to measure toxicity, the lethal test is and
will remain the main source of information for the aquatic toxicologist

on. which to base a scientific judgement on the hazard of a toxicant in

. < .
nature. The notion of application factor, or a safe dilution of the

LC50, has long been considered, but must remain blologically valid

e .

(Mownt, 197T). ‘ , N

o

In the présept study, we have shown a concentration dependence

] N .
of the effects of temperature on cyanide toxicity teo trout. Dilution can
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temperature, and this phenomenonj|should therefore ’
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: ¥NTRODUCTION 23

Témperature acts as a controlling factor on the metabolic
rate of fish ihfluencing the animal's acti&ity in terms of development,
growth and swimming performancé, (Fry, 1971). Sin?e fish in teﬁperate
zones must }unction at different témperatures due to the seasons, the
need to consider temperature as a modifying factor of toxicity to fish
is important. While some work has been done to evaluate the effect of
temperature on the acute toxicity of many compounds, virtually no

information exists if temperature alters the sub-lethal effects of

toxicants to fish. ' \%
In Part I of this thesis, it was established that temperature

alters the lethal action of cyanide, the alterstion being concentration-
dependeqt. In the concentration range of 0.018—0.067 mg.L_1 HCN, low
temperatures. increased the toxicity of cyanide. Whether temperature
has an effect on the sub-lethal toxicity of cyanide has nbt yet been
studie%.

The effect of chronic cyanide poisoning on various physio-
1o§ical responses of fish has recently recéived much attention and was
reviewed by Leduc, (1977). \éyanide has been shown to seriously reduce
the grbwth of juvenile rainbow trout exposed to concentrationé as low
as 0.01 and 0.02 mg.L™!.HCN in flow-through equaria at a temperature of
10.5°C, (Dixon, 1975; Speyer, 1975; McCracken, 1978). Ledﬁc, (19€6b)
however,; observed lesser effects of cyanide on growth of coho s;lmon

(Oncorhynchus kisutech) and cichlids (Cichlasoms bimaculatum Linn. )

tested at 16 and 25°C, respectively.

~

Swimming capac¢ity of fish is temperature-dependent (Warren,

1971, p. 106), and has been long recognized as a sensitive indicator of

4
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chronic poisoning. Neil, (1957) showed that cyanide concentrations as
low as 0.0l and 0.05 mg.L™ ! as CN reduced the swimming stamina of brook
trout by as much as 98% after 29 days of exposure at 8°C. Broderius,
(1970) and Speyer, (1975) observed that cyanide concentrations of 0.01
at lS‘é;C -and 0.02 mg.L as HCN at \]31°C decreased the swimming ability of
coho salmon and rainbow trout by about 50%. In contrast, Leduc, (1966b)
demonstrated that at 25°C the maximum sustained swimming speed of

&
cichlids was reduced by only 30% after a 2L-day expogure to 0.04 mg.L™!

HCN.

While these various studies of the effects of cyanide on growth
"and swimming performance are flifficult to compare, because of different
experj.mental procedures, it .\is important to note that tésts carried ou't

at higher temperatures_reduced the toxicity of cyanide. This factor more

than species differences may explain the apparent discrepancies between

various authors.

SRPRLCLE S

This project ‘'was undertsken to determine :bhe effect of temp-

[4 .
erature on sub-lethti toxicity of cyanide to rainbow trout, as measured
. by growth and swimming performance at 6, 12 and 18°C. Furthermore, in
an attempt to explain the different effect of cyanide at the three
; [ )

temperatures teste':i, liver metabolites of élycogen and lactic acid were

monitored during sub-lethal tests.

W i e B ST bt W

-

MATERIAL AND METHODS
'ﬁ:e rainbow trout (Salmo gairdneii) used for these s'tudies,
were purchased from La Pisciculture Mt. Sutton, Sutton, Québec. . They
vere transported and held at the Sir George Williams Water Pollution

Research Laboratory under the same conditions as desc'ribed in Part I.




Growth Experiments . 25

Two 21-day growth experiments were performed. The first one
was designed to determine the food maintenance requirements of rainbow

trout at 6, 12 and 18°C. The second was planned to measure the effects

+

of tyanide on growth-at 6, 12 and 18°C, at feeding rates five times the

maintenance requirements.
N

In both growth experiments, 25 fish about 20g were randomly

‘ distributed to four test tanks at each of the three témpera‘tures and

acclimated as previously descrived (Kovaes, 1979). In the first growth
experiment, the fish were fed to satiﬁtion level once a day during
acclimation, whereas in the second, they were fed 1.6, 2.5 and 3.3
percent of wet body weight per day at 6, 12 and 18°C, respectively
during this period. .

Before the start of the experiments, the fish were not fed for
24 hours. They were. then 1ightly anesthetized w'.i»thﬁ 20 mg.L~ ! Ms222
(tricaine methane sulphonate, Sendoz Corp.) individually branded using
the liquid nitrogen methc;d of Mighell (1969), blotted dry, weighed to ‘
the nearest_hundredth of a gram, and their fork lengths measured to the
nearesé millimeter.

Twenty fish were replaced in each of the test tanks, but five
randomly chosen individuals from each ta:.nk were sacrificed, oven dried

for 7 days at T70°C, and stored to provide pre-experimental values of

fat and water content. Fat content was measured by ether extraction

with a Laboratory Goldfisch Fat Extractor (Lab Can Co. Model 35003),
usiqng g 2.000g sample subjected to a 4-hour reflux distillation.

In the first- experiment, the fish were kept on four different

P

feeding levels at each of the three temperatures, as given in Table I.
! ‘ -
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TABLE I: Ration levels fed to juvenile rainbow trout at 6, 12 and
18°C, used to determine maintenance ration over a 20-day

period.
" Temperature Ration Level -
°¢ (% Wet Body Weight Day 1)
6 = 0.0 0.8 1.5 2.5
12 0.0 712 2.5 k.o
18 0.0 . 1.5 3.5 L.5

-

T?xey were fed half their rations, twice a day. Before each fgeding, the
tanks were cleaned to ensure that all the food was‘ea.ten.

Trout were weighed on the tenth day of the experiment, and the
f'eeding levels adjusted as necessary. At the teﬁination of the
experiment, they were weighed, sacrificed and oven dried at T0°C for
seven days again to determine water and fat content.

The second growth experiment was performed in =2 similax: way.
On the day following the branding and weighing, the metefing of the
cyanide solutions were initjated from Mariotte bottles (Leduc, 1966a)
to esfs.blish'the concentrations as‘given in Table II.

TABLE II: Concentrations of hydrogen cyanide that juvenile rainbow
trout were exposed to for 20 days, at 6, 12 and 18°C,

-

Temperature e . . HCN Concentration
°c (mg.L71)
6 . 0,000~ 0.005 0.010 0.015
12, 0.000 0.010 0.020 0.030

18 ' _ 0.000 0.015 0.030 0.045

PR
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Cyanide concentrations were determined daily by the method of

Lambert et al (1975), but never varied by.more than 5% of the predicted
values. The concelutrations were chosen to test levels Jjust below
lethality as determined from acute toxicity tests, and to provide a
reasonably wide range between the control and the highest concentration.

The fish were exposed to cyanide for 20 days, during which
they were fed five times the maintenance rat.ion determined in the first
experiment. They were fed twice a day, and the tanks cleaned by
.siphoning before each feeding.

The fish were weighed on the tenth day, and the feeding levels
adjusted accordingly. At the end of the 20-day exposure period, 15
fist_x from each group were weighed, measured, sacrificed, oven dried at
T0°C for seven days, and their water and fat content determined as
already described. The five rema.iping'fish from each group were tested

for swimming stamina, as described below.

"~

Swimming Stamine Tests -

. Fish of approximately the‘ same length and weight were chosen
and -the following procedure was used. . .

One fish was inserted in the swimming chamber described by

Kruzynski, (1972) which had been partially filled with cyanide—frge'
water of the same temperature .as the fish had been held in. The lid *
was bolted on, and the chamber was filleci completely. The current was
then turned up to 15 cm. sec lfor three minutes, then to 30 cm: see !
for three minutes, finally to 45 cm. sec”! for one minute. This gave
the fish some time to get accustomed, and most fish adjusted well and

" faced the current imnedia{:ely. Those fish_ that could not even maintain

themselves against the current during the aecclimation period were
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ascribed a zero swimming time ability.

After the acclimation period, the current was raised up to

54 cm. sec” ! and held there for 30 minutes or fatigue time of the fish,

whichever came first. A trout was judged to be fatigued when it could

no longer hold its position against the current and drifted back against

a screen in the chamber. It was then g{ven a single electric shock and

the water velocity was stopped for a few seconds so that the fish could

come away from the screen. The current was then turned up again to

Sk cm. Sec-l, and the next time the fish failed was the tiﬁe considered

to fatigue.

The fish was then removed, weighed, measured and discarded.

Liver Metabolites

Glycogen and laqi;c acid were monitored intermittently in

.

livers of fainbow trout averagihg 28g, over a 20—d;y period, at 6, 12

and 18°C, in the presence of 0.015'mg.171‘ﬁCN and in controls.
Twenty-five trout per tanQ\wgre acclimated as described

previously, and fed twice a day wi;h the described diet at the same

fgeding level as used in the second growth experiment. The tfgut were

’

sampled on four occagions; on day zero, Just before cyanide exposure,

and 5, 10 and 20 deys after initial cysnide exposure. The control and

cyanide exposed groups were sampled simultaneously. Routine dai

experimental maintenance was similar to that described in the sacon

AY
\

growth experiment. ' N
' . N

At each gampling date, five fish were removed from the exposure

tanks. The fishtwere immediately killed with a blow on the head, weighedffff
d

°

and measured. Each liveg,was immediateﬁy’excised, cut in half and each

half weighed to the nearest ten—thousanath of a gram, frozen in liquid

v
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nitrogen and s*ored in a freezer at -20°C. Livers from the five 29

. individual fish were pooled at each sampling time. Thus, half the

~

pocled livers were ufed for glycogen determinations and the other
half were used for lactic acid determinations.

The liver sample§ designated for glycogen determinations
were removed from the freezer the next day and'were digested in 30% e
XKOH and precipitated with 95% alcohol, according to the method of
Good et al, (1933). Glycogen concentrations were determined by the
phenol-sulphuric acid colorimetric method of Montgomery, (1957) using
a Bausch and Lamb Spectronic TO spectrophotometer.

Liver samples stored for determinations of lacrtic acid were
're.moved from the freezer within a week after stor;age. They were crushed
to a powder form in a mortar filled with liquid nitrogen. Sufficiently
chilled 8% (w/v) pe’rci:loric acid was then immediately added to the

liver‘powder, so that the ratio of the final total liquid volume of the

sample to its originel weight was U:1, (Biicher et al, 1963). This

: safnple was honogenized for 2 minutés with a' microblade homogenizer

(Sorval, Omni-Mixer-bﬁcrohomogenizer) in s 10ml volume cup. The tissue
~ »

’

homogenate v%s then cold centrifuged at 1000g for 15 mir}utes. The
supernatent was decanted and stored at 2-—5°'C before a 0.2ml aliquot was
analyzed for lactic; acid, determined by the lactic dehydrogénase

colorimetric method (Sigma Chemical Co., Kit No. 826-UV, 1968), using a

Bausch and Lamb Spectronic TO spectrophotometer.
RESULTS

Maintenance Requirement

Preliminary experiments were carried out to determine the food

g




~
maintenance ;equifementuof jhvenile rainbow trout, that is the ration 30
level required %o -just maintain body weight in the absence of cyanide
at 6, 12 and 18°C. The growth of the trout over %QSJ;Q-éﬁy périod at
different rations was calculated as the percent gain from the difference
of the sum of individual wet weights taken at 0 and 20 days. These data

°

are presented in Table III, together with the regression line eqnations

a

calculated from these data and the derived values of food maintenance
requirements at each temperatu¥e. a \\ ’ ‘

The maintenance level for wet weight 6f rainbow trout at
18°C is 2.2 £Emes greater than the maintenance ration at 6°C, whereas °
it is 1.5 t¥mes greater at 1?°C than at 6°C. These maintenance rations
served as the guideline.on which ration levels were chosen for the
eiperiment on the effect of cyanide on the growt? of rainbow trout at
different temperatures.

The effect of temperature on the growth of Jﬁ;enile rainbow
trout varied with different 'feeding levels. At rations of l.S%.and
lower, the trout grew significantly better at 6°C than at 18°C. This
relationship changed at the next rationm, Qince the growth of'trout was
favoured by a temperature of 12°C over a tempersture of 6°C.

The effect of increasing rations on the body qomposition of
trout, over a 20-day peridbd at e;ch tem?erature tested, can be compared

in Table IV. Increasing rations at all temperatures seems to increase .

the fat content of the fish and decrease fhe)xusture content. The
fat-free dry matter content of trout does not seem to be much affected by

ration level at either<temperature.’

Effect of Cyanide onGrowth, Behaviour and Survival

During the acclimation period, the fis} geadily adapted to

s v oot L
.
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TABLE III:

AN

Wet veight gains of juvenile rainbow trout at different
rations and temperatures.in 20 days; also sliown are the

. equations of growth curves and the derived maintenance

requirement values at different temperatures.
o 4

XY

Ration o

ke % body wt. day”! Mean Wet Weight Gain’ (percent) 1/
“6°C 12°C 18°¢
" ™ b : .

0.0 , L8.1k (3.27) -10.33 (2.35) -13.21 (1.96)

0.8 | 12.31 (3.37) : ‘ ‘

1.2° ¢ 1k.29 (5.32)

1.5 » . 28.19 (5.39) , 15.51 (L.L48)

2.5 29.12 (5.67T) 38.05 (6.99)

3.5 ) " 51.13 (7.1L).

4.0 60.13(12.71) y,

4.5 . : 65.49(13.0k)
Equation of Move= T8+ Y= 837+ Y = 12.07 +
Regression Line 2b.25 x 2/ 17.61 x 17.60 x
Correlation Co- 0.999k2 0.99716. 0.99895
efficient - .

Maintenance Ration ~ .
(% vody wt. day™!) [ 0.32 .v 0.48 0.69

<

;/, Fighres in, parentheses are standard deviation va;lues. N

2/ Equation calculated without using % gain value at highest

N

' e

rat i%.
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TABLT IV: Body cox:position‘éf Juvenile rainbow trout (based on 32
wet, weight) at the beginning and at the end of a 20-

&L

.Y
Cal

v

day veriod at different rations and temperatures.

1/ Aversge values based on pooled samples.

&

SN

\
\

Terperature Ration Water N Fat TFat-free dry t
rog) (% bvody wt. day !) (%) (%) matter (%)
6 Pre-experimental 79.6 1.9 18.5
0.0 81.h 1.5 17.2
.0.8 78.5 2.2 19.4
1.5 78.9 3.0 18.1
, 2.5 78.9 3.0 " 18.1
12 Pre-experimental 78.0 2.0 20.0
0.0 80.8 1.2 18.
1.2 78.8 2.7 18.5
2.5 7.3 4.0 8.7t
k.0 J6.2 - 5.0 18.8 3
18 Pre-experimental 78.6 2.1 19.0
0.0 79.1 2.0 18,9 ;
1.5 l T7.0 3.6 » 19.5
, 3.5 75.1 4.9 19.9
) b5 75.0 5.4 19.6
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the test conditi’ and their behaviour was not affected by the

toxicant except at cyanide concentrations of 0.015 mg.L~! HCN at 6°C

-

and 0.030 mg.If'1 HCN at 12°C. In these tanks, the fish exhibited rapid,
erratic swimming activity and loss of appetite evidenced by the much
Y .

longer period of time required to consume their entire ration.' These

behavioural abnormalities occurred only during the first ten days 61’

. exposure, and there were no japparent effects later on.

THe initial number and mean wet weights of. the fish in all
test groups, are given in Table V. All fish survived the test conditions

AY
except for fish that died due to accidents as alsq xeported in Table V.

£ - ’

Body Composition

The effect of cyalnide exposure on body composition of .re.inbow
trout at each temperai;ure, is presented in Table VI. Control Pish at
different tempera.turecs exhibited different body c;qmposif;lons, probably
due to differences in temperature as well as ration levels. Fish held
at 6_and 12°C exhibited‘higher w;ter content than those at 18°C. .This
difference was mostly éompensatied for by fat. - a

Cyanide hed a very marked effect on water and fat conﬁent, the

effect varying with temperature and concentration. At §°C, dyanide caused

an increhsed water content in fish and a corresponding decrease in the

’ Y

percent ' fat at all concentrations tested. A decrease in the percent
fat-free dry ma.tt‘er occurred only. at the highest concentration tested.
‘ At 12°C, cysnide caused'a higher moisture content: only at
0.030 mg.L”!. Fat decressed slightly st 0.020 mg.L! HCN, but this

“-s compensated for by a slight increase in the fat-free dry matter not,
¥y water. X drop in percent fat at 0.030 mg.L”! HCN level however,
ecorresponded to 1'jhe increase water content of the fish at this

i

b
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TABLE V: Cyanide concentrations, rations, .initial mean wet weights 3l
and their standard deviations and inciderice of mortality
, during the 20-day growth experiments carried out at
\ different temperatures.
{
Cyanide Initial
Temperature Ration  _ Concgntr%n Mean Wet
(°c) (% vody wt. day !) (dg.L”! ad HCN) .Wt. (8) 1/ Mortality
6 . 1.5 0.000" 17.43(0.9L4) 0
N 0.005 15.70(0.88) 0
0.010 16.61(0.92) 0"
0.015 16.97(0.99) lg/
12 2.5 0.000 19.34(0.94) 0
0.010 17.16(0.91) « 0
0.020 18.29(0.87) 0
0.030 17.81(0.84) 0
18 3.3 0.000 19.02(0.85) 0
0.015 19.79(0.97) 0
0.030 19.02(0.93) 0
\ 0.045 19.21(0.86) 3/

* 1/ Figures in parentheses are standard deviation values.

2/ One fish jumped out of the tank over night. )

3/ Four fish died of cyanide poisoning when the dilution water
was accidental;y shut off for about 60 minutes. :

[ ok .
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TABLE™%¥I: Body compositiqn%gf Juvenile rainbow trout (based on wet 35

weight), at the beginning and at the end of a 20~day
- period, exposed to varidous levels of cyanide at different

temperatures. . . )
Temperature HCQ_ Water Fat Fat-free dry matter ?
(°c) (mg.L”1) (%) (%) () | i
6 Pre-experimental ' 80.4 1.6 18.0 )
’ 0.000 79.1 2.6 18.4
‘. 0.005 . 8.9 2.1 18.0
0.010 , T9.9 2.1 18.0
0.015 81.4 1.7~ 17.1
12 = Pre-experimental 79.5 1.7 18.8
0.000 77.5 4.0 18.5
0.010 77.5 3} 18.9
\ ) 0.020 T7.7 3.3 . 19.0
0.030 80.2 2.2 19.1
18 Pre-experimental TT.T7 2.8 . 19.5
0.000 Th.9  L.6 20.5
0.015 Th. b 4.8 20.8
¢ 0.030 73.3 h:h 30.8
0.045 5.7 3.7 20.6
1/ Average values based on pooled samples. -




concentration. ' . 3
. [P N
Trout tested at 18°C had their moisture levels affected only
af 0.0h45 mg.L-1 HCN by an increment corresponding to the decreased fat
of the fish. .
These results indicate that cyanide”changes the body comp-
osition of trbut mostly by rgplacigg’fat with water at all temperatures.

Temperature in turn influenced the level of cyanide at which the effect

was manifesped. *

Growth Calculation -

Growth, in wet and dry weight\ was expressed as the means of
spe;ITTE growth rates (MSdﬁ) of individual fish in percent gain per day,
calculated from Brown's (195;, p. 365) equation:

MSGR = 100 1nYT - 1lnYt
\ T-t

vhere 1nYT and lnYt are the natural logarithms of the weight of fish at
times T and t days. The meen specific growth\rates of the cyanide
toxified ‘groups were statistically compared to control gr;ups by means
of a Student's T-test and the levels‘of significance presented in the

\

appropriate tables.

Wet Weight : \"
The effects of cyanide on the érowth in wet weight of
Juvenile rainbow trout during the periods 0-10, 10-20 and 0-20 dayé,
are presenteéd in Table VII. Control fish grew better at 18 than at
12 than at 6°C,'cléarly 3howing that when rainbow trout are fed five
times their maintenance ration, the fish acclimated to the higher
temperatures are favoured with respect to growth. Most of the reduced
,growth;due to cyanide exposure occur;éd during the first ten dgys,

although not in identical fashion at the three temperatures.

.

,i
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TABLE VII: Mean specific growth rates (MSGR)

a 20-day periocd at different temperatures.

of rainbow trout
exposed to various concentrations of cyanide during

37

Temperature HCQ. MSGR: 0—10_days MSGR: lO—2Q_days MSéR: O—20_days
(°c) mg.L1 (% aay ~1) (% day "1) (% day 1)
6 0.000 1.10 (0.3L) 1.23 (0.30) 1.16 (0.15)
0.005 1.07 (0.39) 1.33 (0.38) 1.19 (0.26)
0.010 1.02 (0.62) 1.26 (0.64) 1.14 (0.46)
0.015 0.50% (0.63) 1.31 (0.55) 0.91* (0.53)
12 0.000 1.59 (0.k46) 1.76 (0.53) 1.67 (0.39)
0.010 1.71 (0.b5) 1.83 (0.29) 1.77 (0.26)
0.020 1.13* (0.71) 1.93 (0.58) 1.53 (0.53)
0.030 0.39* (0.89) 1.26* (0.95) 0.82* (0.82)
18 0.000 _ 1.99 (0.37)  2.00 ,(0.29) - 1.99 (0.27)
. 0.015 <:—i:99 (0.36) 1.96 (0.38) 1.98 (0.28)
0.030 85 (0.32) 1.98 (0.51) 1.91 (0.33)
0.ok5  1.00* (0.8T) 1.34* (0.67) 1.17* (0.72)
';/ Figures in parentheses are standard deviation values.
* p < 0.05 ‘
A S -
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, At 6°C, 0.015 mg.L™! HCN reduced growth by 55% in the first 38
ten days, whereas during the second ten-day period, trout at this con-
centration actually grew slightly faster than controls, resulting in
only a 22% reduction in wet weight growth rate over the entire test
periocd. The two ‘other concentrations hadtyi;tually no effect aé this
temperature.

At 12°C, when compared to controls, trouy’exﬁosed to’0.020
and 0:030 mg.L"1 HCN during the first ten days, showed reductions in
wet weight growth rates of 29 and 75%, respectively. On the other
hand, a 0.010 z;;g.L‘l HCN slightly stimulated growth. During the
following period, the same fi;h exhibitea a different pattern of
growth. Trout grew sl’i_ghtly better at 0.010 and 0.020 mg.L‘1 HCN
th?n contfols, whereas at 0.030 mg.L_1 HCN, growth was only reduced by
28%. As a result of the changiné growth rates, over the entire 20-day
period, 0,020 and 0.030 mg.L™! HCN reduced growth in wet weight by 9 and
Sl%, respectively, vith only the latter being significant (p <0.05).

At 18°C, during the first ten days, trout experienced a 50%

reduétion.iﬁ wet weight gain at 0.0L45 mg.L'l‘HCN, but were not affected
by any other concentrations. This pesttern remsined unchanged, but

during the following ten days, these fish accelerated their growth, fhus
resulting in an overall L1% reduction in wet weight gain during the 20-

day growth period. Thus, 0.045 mg.L-1 HCN was the only effective level

at 18°C.

Dry Weight . !
Growth of fish is best represented by dry weight gain, which
represents true tissue deposition. The mean specific growth rates in

dry weight over the 20~day period was presented ih Table VIII. At all

T o et D L NS SRR, St ot s BRI €1
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TABLE VIII: Mean specific grow rate (MSGR) based on dry weights
and absolute fat gain by rainbow trout during a 20-
day exposure to various cyanide concentrations at
,different temperatures ‘

f

39

Temperature HCN MSGR: 0-20 days  Absolute Fat Gain:
(°c) (mg.L71) (% asy™1) 1/ . 0-20 days (g)
.
6 0.000 1.h§ (0.18) - %0.295
0.005 1.35 (0.30) 0.177
0.010 1.22% (0.48) 0.168
0.015 0.71* (1.67) 0.071
12 0.000 2.12 (0.143) 0.71b
0.010 2.19 (0.35) 0.571
0.020 1.93 (0.50) 0.L489
0.030 0.63* (0.81) 0.1h47 )
18 0.000 o 2.61 (0.27) 0.7T0
0.015 2.61 (0.36) 0.854
0.030 2.53 (0.33) 0.676
. : 0.045 1.60* (0.72) 0.372

1/ Figures- in parentheses are standard deviation values.
* p < 0.05

Y
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)
temperatures the dry weight gains of controcl fish were higher than Lo

those of wet weight, but followed the same relationship with respect

to temperature. However, at concentrations of cyanide where reduction
in growth expressed as wet weight gain were found to be significant at
6 and 12°C (0.015 and 0.030 mg.L ! HCN, respectively), the mean

specific growth rates in dry weight were found to be much lower than
for wet weight. For example, the mean specific growth rate in ec?ry
weight over a 20~day period at 0.015 mg.L-1 HCN and 6°C was 0.71% per
day, whereas on,a wet weight basis, it was 0.91% per &ay. This suggests
that growth }expréssed on a vwet weight basis is not the best indicator
because growth can be masked by disturbance of the wa.te‘r of the fish.

By contrast, at 18°C, even at 0.045 mg.L ! HCN, the percent gain in

_ dry weight per day° was ‘greater than for wet weight.

At 6°C, a concentration as low as 0.010 mg.L ! HCN produced
8 significant reduction of 52% in dry weight gain, an effect which
was visible on wet weight gain only at 0.015 mg.L"1 HCN.

.

At 12°C, a concentration of 0.030 mg.L~ ! HCN reduced dry

weight growth rate by 70% when compared to control fish. By contrast,

0.010 mg.L ! HCN stimulated.dry weight gain, end & 0.020 mg.L ! HCN
level only reduced dry weight gain by 9%. .
At 18°C, only the highest concentration signi\ficantly

affected dry weight gain, reducing it by 39%.

4

Fat

Fat gains were ‘calculated by su‘t;tracting the pgoled fat
conteﬁt of fish at déy 0 from the pooled fat content of fish on day 26
and were divided by the number of fish to derive s:\‘rerage a.b’solute fat

gains by fish in grams.

e e
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Absolute fat gains by control and toxified fish at each a
temperature are also presented in Table VIII. Among the controi fish,
trout at 18°C gained more fat than at 12 or 6°C, although the difference
between 12 and 18°C was minimal. At 6 and 12°C, even the lowest cyanide
concentrations caused’a significant.reductioﬁ in fet gain whereas at
18°C only much higher condentrations were'required to produce similar
effects. . ‘ )

Fat .gains in fish tested at 6°C were reduced by 40, 43 and
76% when compared to fat gain of control fish at 0.005, 0.010 and 0.015
hg.L"! HCN, respectively. At 12°C, concentrations of 0.010,,0.020 and
0.030 mg.L~ ! HCN reduced the absolete fat gain by 20, 31 and T79% when
compared to control.

At 18°C, two different responses were noted. The lowest
concentration (0.015 mg.L-1 HCN) increased the fat gain of trout by

11%, but concentrations of 0.03 and 0.045 mg.L-1 HCN decreased it by

12 and 52%. f
Thresholds ’
. The overall effect of cyanide on growing Juvenile rainbow

trout during the 20-day experimental period, expressed iQ\ferms of wet
weight, dry weight and fat gains is illustrated in Figure 1 by eye-
fitted curves. From these curves, an attempt was made to estimate the

threshold levels of cyanide concentrations for each growth parameter

and at’each of the three test temperatures. This was achieved by takiﬁé,

wherever possible,'the infleetion point of the growth curve as being the

threshold cyanide concentration. In those instances where reductions
occurred at the lowest concentration tested, the threshepld values are

given as below that value. ' The threshold valrés thus obtained are
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TABLE IX: Threshold concentrations of cyanide (mg.L ! HCN) that

produced no effect on the growth of rainbow trout during
a 20-day exposure in flow-through aquaria at different

temperatures.
Temperature
(°c) Wet Weight ~ Dry, Weight =~ Fat
6 0.01 . <0.005 <0.005
12 0.015 0.010 <0.01
18 - 0.030 0.030 0.025




. Ly
presented in Table IX. The threshold vealues increase with temperature

for all three parameters. For wet weight, in the range of 6 to 18°C,
the EC is increased by a factor of 3, whereas for dry weight and fat
gain, it is increased by a factor greater than 4, ‘In all cases, the

threshold for dry weight and fat gein were lower than £3r wet weight.
s A

1

Swimming Performance
At the end of the growth exp\eriment, e fish of approximately
the same size were chosen from each of the twelye test groups for -

.

swimning stamina experiments at "che same water temperature that the té IR
had been held, but without cyanide. The dista:ce travelled.by each ﬁy
was calculatéd by_mul&ying swimming time by the velocity (0.5hm.sec™!)
ag%inst wﬁch the fish was swimming. The results are graphically '
presented in Figure 2 by the calculated regression lines lof mean log
distance travelled versus cyanide concentrations at 6, 12 and 18°C.
There were extensive individual variations in swimming ability,
but, it was possible to demonstrate some significant ~re1ations between

temperature and cyanide. For any given temperature, the mean log

swimming distance of rainbow trout decreased linearly with increésing

Y

cyanide concentrations with the slope of tﬁe regression lines increasing

. 8
with decreasing temperature. The three slopes were significently

different (p < 0..05) from each other when compared® by analysis of
covariance. This shows that the cyanide effect on the swinnning ability o
ofs rainbow trout is greater at the lower temperatutl'e.

Temperature also in{ll.;enced the swimming ability of cdﬁfﬁ
fash, the effect being most pronounced between 6 and 12°C, but only

sbatistically significantly different (p < 0.02) between 6 and 18°C.

L
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» Liver Metabolites L6

Changes in glycogen and lactic acid levels in control and
cyanide exposed trout over a zd-day period at 6, 12 and 18°C, are

shown in Table X. C
At day 0, before the treatment began, the vdlﬁeslfor both

)

. ~,
glycggen and lactic acid were fairly uniform between control and treated
groups for any*given temperature. Later, in-the control groups,
glycogen tended to indrease with time at 6 and 12°C, buff not at 18°C.

o AL
Lactic acid on the other hand decreased slightly at 6 and ié°c, but wagg \

stable at-18°C, On the angtgef’gi;zggen levels were higher at 12°C

than at 6 or 18°C, whereas lactic acid levels increased from/g to 18°C.

i
E

" In the cyanide-treated group, glycogen levels dropped

drasqicaliy after five days exposure at 6°C, but started to reach normal

levehf by the twentieth day. At 12°C, glycogen conceptration decreased
arpund the tenth day, but again returned to,a near normal 1evel\by day

20. At 18°c, the drop in glycogen was noticed only after 20 days of

exposure, thus suggesting a delayed effect of cyanide at higher’

o -

temperatures. The extent of reduction was however less than at 6°C.

chparing averagg valued df-glycogen'between control and treated groups,

it appears that glycogen levels were decreased by cyanide at 6 and 12°C,_

but not at 18°C. The decrease was greatest at 6°C.
..~ At 6°C, cyanide produced changes in lactic acid &s- the

inverse of glycogen, as it sharply rose on day‘five, but returned to

[

normal by day ten, suggesting a switch to anaerobic metabolism. At

>

12°C and 18°C, liver lactic acid concentrations were similar in control

)

as in cyasnide-exposed fish, and lower glycogen levels were not refiected

by higher lactic acid levels.




TABLE X:

trout during exposure to 0,015 mg.L ! HCN at different
temperatures.

»

Liver glycogen and lactic acid levels of juvenile rainbow

Day of Exposure

Liver Glycogen Levels (mg.g !)

Control Treated
6°C 12°C 18°¢c 6°C 12°c  18°C
o] 5T 69 56 52 63 55
47 T2 54 12 66 62
10 6L 79 54 16 48 61
20 70 83 56 Lt 67 k7
Average | 60 76 55 32 61 54
Day of Exposure . Liver Lactic Acid Levels (mg.100g™!)
Control Treated
6°¢ 12%¢ 18°C 6°C 12°C 18°c
‘o 22 26 27 19 28 27
5 15 28 30 7| 3 271" 25
10 16 21 26 T 17 22 30 -
20 }8 18 21 19 21 25
Average 18 23 26 22 24 27

b7




DISCUSSION 48

This study revealed that the toxicity of cyanide to rainbow
trout at the sub-lethal ]:ével remained more potent at lower temperatures
as at the slowly lethhl level. The effective concentrations (EC's) of
cyanide on growth, as well as on swimming ability, proved to be lower
when the fish were acclimated to lower tempergtures. However, the
toxi-ceaction of cyanide at the sub-:-lethal level did not manifest itself
in identical fashion at 6, 12 and 18°C. While a 'ce;rtain growth rebour.ld,
due to cyanide, occurred at ’all temperatures tested, the extent of this

1

response was concenltration and temperature-dependent. Furthermore,
throughout the 20-day experimental period, wet and dry 'weig};t gainé
higher \(:han in controls, occurred at 12°C at 0.01 mg.L"'1 HCN, whereas
0.Q45 mg.L™! HCN stimulated fat gain at 18°C.’
The inhibition of ¢ytochrome oxidase by cyanide, blocking

the oxida'tive chain, stimulates anaarobic metabolism /a.nd the accumulation
of reduced coenzymes leading to an unbalanced redox state aid dj.minishing
energy pools (ATP). within the cell. Thus, cyacnide, by upsetting

aerobic metabolism, leads to a decreased efficiency of energy utilization
compounded b;' increases in the‘ meintenance requireu;ents of trout,
(McCracken, 1978). Therefore, less energy is obtained by trout from
their food consumed, and A greater proportion of this is required to
sﬁqpport life 'processes, leaving less energy available for growth. It
_would appear that the survival of trout at sub-lethal concentrations of

) »
cyanide would depend 01; their ability to derive energy from anaerobic

metabolism, tp increase the efficiency of the aerobic enzyme system and

to detoxify cyanide. Furthermore,‘ Isom et al (1975) found that in mice, -
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chronic cyanide poisoning leads to cataboljsm of carbohydrates by the
pentose phosphate cycle, apparently in an attempt by cells to maintain

¢
a balanced redox state and energy pool.

' /\The different respoﬁses of trout to cyanide at different
pemperatgres must reflect’temperature-£e1ated changes in the physiol-
ogical and biochemical state of the fish. Metabolic changes in
poikilotherms,during temperature compensation, has received much

attention. Hochachka‘(l9§7) observed that in trout, cold (4°C)

adaptation favors extramitochondrial over mitochondri;l metabolism in ~ *
both liver gpﬁ muscle, thus increased glycolysis, gluconeogenesis,
glycogen synthesisf lipogenesis and ﬁentose monophosphate shunt
participation. On the other hand, the activity of the Kreb§ cycle iq*
the tissues of the cold;acelimated’fish may decrease, increase, or
remain unchanged, depending on the species and the fissues, (Hochachka
and Somero, 1971). These metabolic reorganizations dﬁring cold temp- ‘
erature acs&imation produce biophysical and biochemical restructuring
of cellular and tissue components leading to compensatory adjustments

in the ﬁetabolic rate of)fish, (Hocﬁachka and Somero{’1971). Since the
survival and\performancé of trout in cyanide depends on its ability to

alter its metabolic processes, changes in the biology of the f2§h during

teﬁquﬁture acclimation will certainl& influence this.

\ ¢
Growth EC

. The effective éoncqntration (EC) is the minimal concentration
of a poison causing an effect. Basically, the EC is a sub-lethal threshbld
cogcentration which in this growﬁp study revealed two important phenomena.

First, the EC values‘incfeased with increasing temperatures. cond, the

. ‘ . . A
EC for dry weight gain was lower than for wet weight at 6°C and 12°C, and

N - \
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the EC's for f‘a-t' devosition were lowér than for either wet or dry weight
growth rates at the three.temperatures tested.

The effect of_ temperature on EC is illustrated in Figure 3,
where the EC for wet weight growth rate reduction and the 96-hr LCS50
values determined by Kovacs (1979) were plotted against temperature.

The two curves are essentially parallel a..nd this pattern in the J‘.ncreas;eI
o? toxicityyesholds with increasing temperature closely resemble the
changes of the standard metabcolic rate of trout, with the greatest change
occurring between 12 and 18°C. Dean (1969) found that in cold (5°C)
adapted rainbow trout, acetate-flow through the Krebs cyclénis held
relatively, éonstant between 5 and 11.5°C, due to the highly competitive
lipogenesis pathway. In warm (18°C) acclimated trout, the substrate
;ls channeled mostly into the Krebs cycle. This kind of metabolic
reorganization due to temperature may explain the greater toxicity of
cyanide at lower temp'era.tures, as well as small differences between
6 and 12°C. If at low temperature, the I‘(rebs cycle activity is already
functioning at low capacity, the effect of cyanide on the oxidative
enzymes of the system would be more deleterious than gt higher temperatures. .
- Also, Ekberg (1962) and Webb (1963) suggested that the greater
éensitivity of éyanide‘t to some poikilotherms at lower temperature may
'reflect some qualitative changes of the cytochrome oxidase, rendering it
more sensitive to cyanide. These changes appear to be linkeﬁ_ to":bhe'
nature of the mitochondrial membrane phospholipids,\ (sidell et sl, 1973)
due to altgrations in the lipid microenviromment of the enzyme, (Shaklee
et al, 1977). Caldwell and Vernberg (1971) have determined that the
lipids in fish gill mitochondria become increasingly unsaturated at low

°

- envirormental temperatures. The relation between such a change and
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Figure 3: The pattern of lethal and sub-lethal cyanide threshold |
concentrations with iIncreasing temperatures.
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cytochrome oxidase sensitivity to cyanide is unclear, .Yet in this study,
. .

an exposure of trout to 0.015 mg.L_1 HCN stimulated glycolytic activity
only{a.t 6°C and to a small extent at 12°C (see Table X). At 18°C, this
concentration of cyanide was not sufficient to produce such a change in
tissue metabolism presumably because cytochrome oxidase was not as
‘sensitive to ‘HCN at this temperature. Glycolytic activity was measured
by loww‘tver glycogen and higher lactic acid levels. Such symptoms
are classical signs of anaerobic metabolism and have been used by
Burton et al (1972) to pinpoint the cause of d‘eath by zinc poisoning

of rainbow trout as anaercobiosis.

Webb (1963) also stated that the effect of temperature on
cyenide toxi::ity could depend on the behaviour of the cyanide-resistant
fraction of respiration which account for an important fraction of the
cell's energy supply. It is possible that during the metabolic ada.pt-‘ |

ations of thermal acclimation, this cyanide reslstant respiration was

e;nhanced at hiéhgr temperatures. This q{lestion wouid require extensive
rese.a:rch and was beyond the scope o'f this s’tudy. ,
While the greater\toxicity of cyanide at lower temperatures
may be explained at the cellular ar.1d bi.ochemica.l levels, physiological
responses must also be considered. Hyperthyroidism in mammals has been
related to chronic cyanide péisoning due to reduced thyroxine formation,
(Bourdoux et al, 1978) but not yet demonstrated in fish, although Leduc
(l?66’o) suggested 1t to explain various deleterious effects of cyanide

on growing cichlids. Thyroxine promotes growth in trout, (Narayasingh

and Eales, 1975), but its need for growth is greater at lower (7°C) rather

than higher (15-19°C) temperatures, (Leatherland et al, 1977). It would

therefore seem that any damage to thesthyroid gland by cyanide (Chan,

“/wg»m;w:mn-w e




1971) would have a greater effect on the growth of trout at 6° rather 73
than at 12° or 18°C,

,In addition to growth, thyroxine plays an important role in
osmoregulation which represents 20-27% of the total metabolic cost of
a trout with greater emergy expenditure at 5°C thap at 15°C (Rao, 1968).
Chan (1971) established that cyanide impaired the osmoregulatory cepacity,
of trout. These findings further corroborate the results of this study
as water contents of control fish were higher at low temperatures, and
further enhanced by exposure to cyanide, (see Table VI).’ Thgse higher '
incr‘ased water contents masked the true weight gains of cyanide-exposed
fish so when dry weight gains were used to assess growth, lower con-
"centrations of cyanide were found to reduce growth. This was also
observed by Dixon (1975), Sj‘)eyér (1975) and McCra.ckeI; (1978).

+
The greater effect of cyanide on dry weight gain also reflects

-

the reduced fat synthesis with the lowest EC values at all temperatures.
The impact of cyanide on fat synthesis was greatest at the lower
temperatureé s surprisingly since cold-adapted trout are geared towards

fat synthesis, (Hochachka and Hayes, 1962). However, fat synthesis is

also ration-dependent (see Table IV) and the smaller ration fed at 6°C \

N:::: 12 and 18°C, because of lesser maintenance ration could possibly
\ -
in the greater ‘effect of cyanide at the lowest temperature.

)
Furthermore, s rgducea assimilation efficiency would upset the carbo-

hydrate metabolism and &1l intermediate precursors to fat synthesis. A
reduction in assimilation efficiency could be equivalent to a reduced -
ration (Webb and Brett, 1972) and, in the experiment on Exe effect of

-

ration on growth, we sho{red that one of the best indicators of t;he emount

of ration 'consumed by the fish was its fat content. With cyanide-exposed

trout (see Table IV), reduced growth rates correéponded to lower fat

¥ Ueadana 7
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contents. Cyanide thus appears to have affected the assimilation of 54

food with its obvious 'impact on fat deposition. Such an effect would

| .

. be magnified at lower temperatures since Brocksen and Bugge (19T4) have
} .

shown that rainbow trout assimilated only T71.8% of their food at 5°C,
whereas-at 17°C, this figure was 77.9%.

_Reduced lipogenesis has also been measured by Dixon (1975)
and Speyer (1975) in cyanide-exposed trout, reflecting high energy demands
which cannot be met by the fish forced into utilizing less efficient .

» v

'energy prcducing anaerobic processes. These observations are also in
¢ f, agreement with the findings of Shapiro et al (1957) who also observed ‘
reduced fat synthesis (esterification of fatty acids) in the adipose

tissue of cyanide-exposed organisms.

\ - On the other hand,. aocelerated fat deposition was observed !
at 18°C and 0.015 mg.L”! HCN in this study as well as by McCracken (1978).

This question will be discussed in the next section.

'

Growth Rebound -and Stimulation ! -

The effects of cyanide on growth were most prominent during

¢

the first ten days of exposure at all three temperatures. During the

second half of the experiments; cyanide-exposed fish grew better than

during the first half and in some cases better than the controls, (see

Table VII). Furthermore, actual growth stimulation during the entire

20-dsy test period occurred in terms of wet and dry weight at 0.0i mg.I.-l

HCN l'ev_'el at 12°C and in terms of fagt gain at .0.('315 mg.L”! HCN and 18°C.
The ability of trout to rebound from an initial growth

. depression due to cyanide poisoning seems to depend on the degree of

the original depression, cyanide concentration and/or temperature, a

phencmenon also measured by Leduc (1966b), Dixon (1975) and Speyer (1975).
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This growth rebounding phenomenon also appears related to the liver
\glycogen and lactic acid levels measured in a separateeexperiment. At
6°C, 0.015 mg.L™! HCN caused a marked reéuction in growth rate of the
fish during the first ten days of exposure and at the same time, a
reduction of liver glycogen and an increase of liver lactic acid within

five days (see Tables VII and X). Liver giycogen and lactic acid levels

‘ began returning to normal by day ten, at the same time the growth

rebound phenomenéﬁ wes observed.

The nature and explanation of this response is not fully
understood, yet some indirect eviaence is available. On exposure to
cyanide, trout are immediately forced to obtain some energ§ from énaeroﬁic
processes, deﬁending on cyanide concentrati;n and temperature. 'This
initial impgct may be alleviated by the produétion of more cytochrome
oxidase to reduce dependgnce from anaerobic metabolism followed by a
slow returﬁ to normal growth. Finally, detoxification of ?yanide wpuld
leave the fish w?th excess cytochrome oxi?ase insuring a better energy
utilization and even slfght stiﬁulation in growth.

We have already shown that on exposure to cjanide; trout
temporarily shif£ to anaerobic metabolism, the effect being well marked
at 6°C, less at 12°C and not noticeable at 18°C. There is no direct
evidence of cyanide-induced production of cytochrome oxidase, but
respiration data'of cyani@e poisoneé trout are most interé;;;ng.‘ Dixon
(1975) mea%ured the routine metabolic ratean rainbow trout in flow-
through respirometers (without cyshide) at the ends of.18—day expoéhre
periods to 0.01, 0.02 and 0.03 xng.L"1 HCﬁ. During the six-day.
measurements’, the mean respiration rates ;f thé.cyani&E-exposed fish

. 4 \
‘which were initially lower, peaked by day four and finally levelled 9ff

higher than the controls. The decreasing respiration rate of the control
o .

[}
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probably reflected acclimation and changes from a feeding to a non-

* feeding regime, but the highef respiration rate of the cyanide-exposed

fish could not be clearly explained. Assuming higher cyanide-infuced
cytochrome coxidase ldvels in poisoned fish, and cytochrome oxidase
inhibition being reversibl?, one may speculate that.the fish could perform

\

a higher routine metabolic rate mediated through higher levels of

_ cytochrome oxidase, once removed from cyanide inhibition. It is also

interesting to note in Dixon's (1975) study that respiration of the
trout were inversely related tb "r:he degree of growth inhibition in the
previous’ lB-de;.y exposure to cyanide, i.e., to greeter reduction in
growth corresponded higher o;qrgen'consmi)tion. The level of oxidative‘

” .
enzymes in cysnide-exposed fish have not been measured, but it has been

shown that guineg pigs adapted to high altitude (4200 m), where q:qg;n
levels are low, thus simulating cyanid \pdisoning, have higher succin-;
oxidase and cytochrome oxidase levelsg‘la.n controls kept at sea level,
(Teppan et al,1957). ’ %

) Cyenide can be detoxified through the presence of rhodanase
(t'hiosulfate su}furtransferase) Tfrhi'ch has been identified in many animals

inecluding fish, (Sido and KoJ,1972; Schievelbein et g._Z_L_,1969). The

enzyme transfers a sulfur to cyanide' ion to produce thygcyeanate which,

Yalthough less toxic, éan over long periods of time be harmful to the

thyroid gland in 'mamnals through interference with thyroxine production,
\

(Bourdoux et 81,1978). No parallel studies seem to have been carri{ed out

with fish, but Achard and Binet (1934) have noted that thiosulfate also

prolonged the sPrvivai of carp (Cyprinus carpio) subjected to lethal

concentrations of cyanide. This suggests a detoxification mechanism for

<

cyanide in fish gimilar as in memmals.’

-
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For the growth rebounding to occur, increased cytochrome 5T

oxidase followed by detoxification of cyanide seems essential to explain

_ the observed temperature and cyanide conentration dependence of the

phenomenon.

At /\6°C, the rebou;ding of po@h was much more pronounced than
at 12 or 18°C, possibly due to increased activity and quantity of
cytochrome oxidase, a response observed in cold acclimated goldfish by
Caldwell (1969) and Freed (1965) as well as in the green sunfish (Lepomis
cyanellus) by Shaklee et al (197T7). It seems that in fish, acclimation

to low water temperatures involves increased production of cytochrome

v -
1

oxidase and other electron transport enzymes, possibly to meet depressing
metabolic conditions. Fish seem to be geared powards- increasing cyto-
chrome oxidase levels at low temperatures as required. Thus cyanide, bjr
inhibiting this ex:myme,' would stimulate further cytochrome oxidase |

production easier in cold-adapted trout than in trout acclimated to

higher temperatures. Therefore, trout at 6°C would return t(o normal

.

metabolism sooner than trout at ]:2 and 18°C. 'As detoxification mechanisms
start to nullify cyanide, the extra cytochrome oxidase could lead to
better food conversion efficiency and eventually bet;,er growth than
control fish, as was observed at 6°C.

At 12°C a:nd 0.01 mg.L~ ! HCHN, cyanide st.im;lated‘gréwth through-
out the experiz;ental period. This growth stimulation was not due to
greater fat deposition. Presumably, cya;uiide did not cause any deleterious
effects, but still stimulated the compensatory me;:ha.nisms discussed above.
At 10.02 mg.L~! HCN, the response of trout growth was similar as at lower
concentrations at 6°C, that is an initial depression, followed by better

2

growth than controls in the second half. The explanation is- the same as

>
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for 6°C tested trout, except that a higher concentration of cyanide was

_necessary to produce.the same effect. At 12°C a 0.03 mg.L” ! HCN was

sufficieéntly high enough to cause growth reduction as well as'disturbance -
of the compensatory mechanisms. At 18°C, the production of cytochrome

oxidase being less active but the enzyme pefhaps more resistant to

cyanide, only a 0.045 mg.Lfi HCN level caused sign#ficant growth re- /

duction, with little change in growth between tge first and second ) -
period of the experiment. Similarly little changes in f&éer glycogen and
lactic acid levels were gﬁserved at b.OlS mg.L”! HCN and 18°C.

Overall, low cyanide concentrations (less than 0.015 mg.L"1
HCN) initially depré;s growth at low temperatﬁfes followed by comp-
ensatory méchanisms, whereas at higher tempe{atures actually stimulate
some growth processess. Concentrationé abovg 0.015 mg.L-1 HCN seem to.
have a more lasting effect at all temperatures, possibly because they
are too high at 6°C, whereas at higher temperatures the production of
more cytochrome oxidase is more difficult in fish.

Growth rebounding, similar in nature to this study, were
observed by Dixon (1975) and Speyer (1975) at 12.5°C and 11°C, '
respectively. On the other hand, Leduc (1966b) working withlcichlids
at 25°C, found lo; concentratio;s of cyanide (0.01-0.02 mg.L~ ' HCN)
initially stimulated growth, but later reduced it by the end of the 36-
d%y period. This different response could be du; to the different
species tested and/or the duration of the experiment. At higher concen-~
trations of cyanide (0.06-0.10 mg.L~! HCN), Leduc (1966b) found cismiid
growth rate reduced at the beginning; but better than control py the
end of tpe test period. Apparently better growth in cyanide solutions

.

resulted because the fish, fed unrestricted rations, consumed more food.
0 ‘ ? n
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With coho_salmon (Oncorhynchus kisutch), Leduc (1966b )/_é“ound

that syamnide (o,oe-'o.oé mg.L~1) initially reduced growth at 16°C, but

stimulated 1t durmg the second 12-day experlmenta.l period. This h
£ -

response is*similar 4e those observed on rainbow trout in ,thls study,

and by Dixon (1975). and Speyer (1975), but Leduc (1966b) explained

-

+  better gjrowth ‘by salmon in cygpnide solution resulting from better food

< N i .
a conversit)n eff,iciency as the fish became less active, thereby reducing

their metabolic cost. - .

‘
€

At a- concentration of 0.015 m"g.L-1 HCN at 18°C cyanide slightly

stimulated fat deposition. Such an increase is difficult to explain
+ - . : )
since no change in liver metabolite levels suggest little metabolic

compensation and since fat 'synthesis was otherwise found to be the most

sensitive indicator oi; cyaqide poisoning. However, McCracken (1978) ‘\?
" »

. ' v ’ ™~
a.lso‘ob\Served 5g rainbow-trout to gain more fat than controls when

s . [

N swinming egainst a-current of 12 cm.sec”! and Szabo _e_:t_ al (1973) noted

.
0

" 1ittle effect of cyallide on triglycerdide production by humsn placenta.

~

. Several other workers have also noted growth stimulation to”

occur due to cyanide poisoning.’ At low cyanide ‘concentrations of Q.01 .

mg.L~! HCN, Negilsky (1973) found grovth rates a.nd production of young

' chinook salmon (Oncorh;mchus tswawystschg_) held in an a.rtiflca.l s%}eam

‘%4t a current of 24 cm.sec”! to increase. The growth rates of small 5g
: . _

rainbow trout swimming at 12 cm.sec”! in wnnular growth chambers and .

exposél to 0.0l -mg.L-1 HCN at 10°C, was also#stimulated when c’ompared
- to controls, fa.t deposition ma.klng th& difference, (McCracken, 1978). "
g ’
Swimming a.gainst a ctrrent i.ncrea.ses .the metab@lic rate Of salmonids,
- J N '
pOssibly leading to accelerated detoxification of cyanide and increased
rg . .
cytoéhrome oxidase productions * z ~
v J . i e
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, j delivery of ‘metabolites and oxygen by themblood to the muscles, (Brett, ‘

' ’
Swirming Stamina - 60
The impairment of swirming stamina of fi@as sbeen recognized

+as one of the most sensitive indicators of environmental pollutionm, '

t

(Sprague, 1971). The swiming performance of salmonids can be severel
v hampered by exposure to low concentrations of cyanide, even long after
. ’ A .

removal from cyanide solutions, (Neil, 1957; Leduc, 1966b; Broderiugs

1979; Speyer, 1975).

"

"In this study, control fish acclimated and gested at

swamf2.8 times further in 30 minutes than trout.acclimated and tested

‘at €°C, when sub,}ec‘t‘:ed to a current of 4.2 lengths sec™ !, whi h'

[

Brett (1964) considers the p;)int of transition between stea

and purst swimming. Prolonged swimming depends on aerobic

(prolonged)
d
angerobic .metabolism (Farlinger and Beamish, 1977), relying both on the S

capacity of the li;rer to maintain reserves of glycogen and on the

t

196L). The rate of these metabolic processes aretemperature-dependent

and will directly influence swimming stamina vghich is reduced at lower

-

temmeratures as also ol.aseryed by Glova and McInernery, (1977). -Swimming,
fatigue, as measured in this study, th\;s results from the accumulation -
) ’ -
of lactate from anaerobic catabolism of carbohydrates, (Black, 1958).
] - .

. Délx;ys of fatigue depeﬁd on aerobic n;eta.boiism fuﬁctioning at i‘ts

3

m.ximtmf capacity and.on the ability of &rfgans and physiological processes .

to’ be in.perfect condition. Ne T

A
. .

Aftef & 20-dey exposure to sub-lethal levels of cyanide, the

,swimming ability of rainbow trout was reduced at jll concentrations
‘

previously tested. While cyanide-exposegd fish appgared.nbml, and n\
P .

- . < ).

already seen, had by dsy-2b all returned 'to normal or near normal zp-outh .
' o .
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.dbility of the fish’for»aefobic metdbolism and thus ﬁfo onged svymming
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rate, such a response to a non-cumulative poison like cyanide suggests

biochemical distfyﬁance and perhaps tissue damage. These would only be

maenifested when the fish are stressed by a factor such as swimming

bursts. Dixon (1975) observed liver. necrobiosis in pyanide—exposed trout

and we noted biochémical changes occurring in tyout during adaptation

to 6Uanide, as seen in growth rebounding\phenomenon. Also, Dixon (1975)
. . .

has shown the routine metabolic rate of trdut to be lower at 0.01, 0.02

and 0.03 mg.L—1 HCN concentrations even after 18 days of exposure.

\

Such changes could easil& explain the obsexyed effect of cyanide on

.swimming perfqrmance.

Lower temperatureéifurther compounded this condition, as at

. 6°C, & concentration as low &s 0.015 mg.L ™! HCN reduced’ swimming

stamina by 87T%, while 0,03 and 0.045 mg. ™! HCN reduced swimming stamina

by only 71 and 25% at‘lz and 18°C, respectively. ‘

Swimming ability of fish depend on their dcope of activity,
defined by ¥ry (1971) as the difference befween active and standard
metabolism, The scope for actiﬁiti,'is‘the smallest at low temperatures,
(Fry,tl9$l).A Furthermore, the cytochrome oxidase system of~trout . - .

acclimated to lower temperatures seems to be less efficient, with the

r

greatly reduced. This was manifested by bétter:swimmiug stmning of X

control fish at higher temperatures, and could be one reagon for .‘;/f//
increased ﬁ}oductisn of this enzyme by cold adapted fish. Moreover, . ,f ‘ ‘ 7
since fatigue is due to oxygen debt and lactate burden, thg aerobic ‘
scope of a poikilotherm could also depend on,the removal of lactate.

The lactate formed during“anaerd%fc‘acﬁivity is temperature independent

in reptiles, but its rate of removal increases directly with temperature,
e .

’ . ‘
‘




‘ {Gordon, 1977). If lactate excretion is also greater in trout at 18°C
\ then at 12° or 6°C, due to higher metabolic rate, this could ;lso
‘ explain }he greater effect of cyanide on their swiming ability at
lowér\temperatuies. ’
Congluding Remarks
In temperate zones, fish mu’t survive a wide range of temp—‘
. eratures due to thé‘four seasons. During acclimatization to the
'changes in temperature regime, compensatory mechanisms occur which
alter the blology of the animal. In this study, wé ssw thet acelim-
ation to various temperatures affected the toxic action of cyanide
- on at least two physiological functions of rainbow trout, growth and
¢ = swimming performancg. The threshold orr no effect of cyanide increases
_ from 6° to 18°C.
Cyanide tox'icig:;' to trt;ut was also shown to be modified byA
the size and activity of the fish. MbCrackeﬁ (1978)’found growth of
larg;}ish(IQg) more ‘sensitive to cyanide concentrations than growth
of small fish (Tg) McCracken (1578) further established that increasiﬁg
tQQ—swimming speed of trout also reduced cyanide toxicity. Negilsky
(1973) actually observed increased salmon production at lo§ qyanide
concentrations when- the fish, were swimm;;g against a’qurrent ig
" g experimental channels.
X The unifjfng eléﬁent‘in temperature, activity and size of
fish, that alter cyanide toxici£y, is a variation in‘the metabolic
rate. The metabolic raté may be defined as the sum of the catabdfic
reactions which yield energy the organisd';tilizes, (Fry, 1971). \
Increases in energy yielding processes (i.e., metabolic rate), would

hinder the action of cyanide which through histotéxic anoxia reduces

9
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the total energy referves: and the cell's abil;{y to utiyize these 63
. '
reserves. High temperéfhres, act%vity and smaller body weight, increase
th® metabolic rate of animals, (Schmidt-Nielsen, 1975), and would thus
be expected’to reduce cyanide togicity. ) % )
Increased metabolic rates. could also lead to increased ‘
detoxigication and excretory processes. At low cyanide concentrations,
the toxicant levels in the fish is not expected to very greatly,
regardless of uptake rates. Under such conditions, increased detoxi-
fication and excretory mechanisms would lessen the-effect of éyanide.
At higher temperatures, this dampening of cyanide toxicity is’ further
aided by the biological state of the trout due té changes involved
during acclimation.

. At low water temperatures (4-5°C), under metabolically
depressiné con&itions, fish are under some stress to maintain the@r
life processes. * This is evidenced by greater water content of fish,
less food availability in n;ture, greater sﬁecific dynamic action,
weaker assimilation and’ food conversion efficiency, (Warren and Davis,

“»
1967). Under such conditions, the addition of giGther stressor such

as cyapi&e would héve serious effect on fish projludtion and éven long

term survival. This study indicates that at 6°C, even é‘concentration.,

as low as 0.005 mg.L™! HCN caused marked .reduction in fat synfhesis
and swimming performance.' Fish deﬁend on greater fat synthesis at low
N

tanperature;§§nd‘utilize this energy reserve during migration and

reproduction. Reductions in the swimming performance of rainbow trout

. %gply that fish may be hindered in their attempt to migrate, ma{ntain

“
their position in a current, attempt to escape predators, or catch prey.

; In Canadian waters, fish spend a significant amount of time

at low water'tgmperatures. Yet, government regulations for assessing

” /"}
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the toxicity of various industrial effluents, require that biocassays

-

64

be carried out at 15°C, (Water Pollution Control Directorate, 1971;
1972). This study suggests the need for evaluating toxicity to fish

at low temperatures for a more realistic appraisal of our water
4

pollution problems.

.
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