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\ concentrations were inversely related to’ temperature,,and accumulation

“‘than at 6%.. . v ;

acclimated to test temperature showed a marked deviation from temperature

. which .they had declined to 3.0 meq/L was significantly correlated with
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\ " The Influence of Temperature on the Acute and Chtoné

Toxicity of Cadmium to Rainbow Trout )
iy *
¥ A\

Acute toxicity of cadmium to rainbow trout was Cermined by

continuous flow bioassay after acclimation to the test temperatures

of 6,12 and 18°C. Median survival time and ten day lethal threshold . .
of cadmium in gill, liver, kidney and wnole fish was more rapid at 18°. -

Ahalysis of variance of the-per ceént wet weight gains following
twenty days of sublethal exposure to cadmium did nq.t reveal a signifioant

difference among treatments. However, mean per cent wet weight gains
appear to be reduced at the 'higher cadmium concentrations «in comparigon
to the controls Calcium concentrations in the blood were elevated at
cadmitm concentrations of 4.2 ug Cd/L and above, and the increaseg were
more pt‘onounced with increasing temoerature. ‘g_\ltho'ugh signiflicant increases
in magnesium concentration§ occurred, the# were not as pronounced as the
calcium elevations. Sodium and potassium concentrations did.not show marked
changes. Cadmium residues in gill, liver, kidney and wnole fish show a
trend toward increased accumulation rate witn increasing temperature.

A third experiment yas carried out to determine the effect of acclim-
ation on the acute response of the ti‘out to 0.3 mg Cd/L. Surviyal times
of 12 -acclimated figh t}(t were exposed to cadmium following abrupt transfer

to 6, 12 and 18° C, were temperature dependent, whereas the trout that were

dependence. Fish acclimated to 18° and exposed to cadmium at 18° survive

twice as long as 12°—accfimated trout exposed at 18°C following abrupt

transfer. ' _
Calcium concentrations in the plasma of trout thata were exposed to

0.3 mg Cd/L, declined_ ‘steadily during the exposure period. The time at ;

survival time at five cpmbinations -of acclimation and exposure temperature.

The symptoms of acute cadmium poisoning are conastent with known eéfects

of hypocelcemia and suggest that extreme hypocalcemia is the cause of mortality.
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have stimulated concern with cadmium toxicology+—-

Introduction

) \ \ . . . i
.‘ B
Cadmium has betome recognized 1n§ recent years as a significant

apd highly toxic environmental contaminant (Friberg et al. 1971, L -

Rw

Nordberg 1974, Fassett 1975). Although the toxieity of cadmium has been

a

known for some time, the reports of chronic cadmium poisoning in Japan

3

- \
Aquatic organisms ;re particularly sensitive to the toxic effects

of cadmium (II'IJ.:FAC 1978, EPA /1976) and may accumulate the metal to high
concentrétions in their tidsues in areas of cadmium pollution (Murphy
et al. 1978). Little is known of the toxic action of cadmium at either
the acute or sublethal level and the e.ffect: ;)f temp;arature on toxic
reéponse and accumulation rates in fish. Thig study is an attempt to . .
élerify some of these relationships in 'the'rainbowh trout.

9

Cadmium~uses 'and occurrence @

\

Cadmium is used in a wide variéty of co'nsumer goods and its yeér-
ly prolductiou in ﬁie United States has 1ncrea;ed fn‘)m 100,000 1bs. in ‘
1910 to 31,000,000 Ibs. in 196é (Fassett 1975), probably due to the demand
for its ;:orrc;sion resistant properties. Sources of cadmium contamina’tion
in air 'an/d water are mainly lead, copper and zinc mines, as well as
smelting operations which extract ca'dmium from these ores. Contamination
méy ;esult from industries which GUse E\admi'um, particularly elecr.rc;plating,
paint, plastic and chemical works. Use of cadmium in nickel-cadmium-
batter/ies, in the production of alloys and solders and as fungicidés,
contribute to a major portion of the consumption (Page apd Bingham 1973).

Canada, which is one of - the world's largest cadmium producers,

yielded 2.7 million pounds in 1975 (Ministr'y of Supply and Services,

L . . AL
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— e e e



Canada, 1977): The largest mine production occurs at the Kidd Creek
fﬁnes ‘at Timmins, Ontario. Other important spurces include the Geco
. Mines at Manitouwadge, Omtario, Cominco Ltd. at Trail, B.C. and

.
Hudson Bay Mining and Smelting in Elin Flom, Manitoba. Noranda Mines
in Ontario, Quebec and New Brunswick, Pine Point Mines in the North-

-' . 4 v
west Territories, and Anvil Mirning Corporation in the ‘Yukon.'rerritory

also produce significant amounts. Metallic cadmium is recovered as
a byproduct from electr®lytic zin¢ plants in Trail B.C., Flin 'Flon,
5 Manitoba, Timmins, Ontax;io and Valleyfield, Quebec (Ministry of Supply *
TN

and $ervices, Canada, 1977).

Page and Bingham (1973) compiled data on cadmium concentrations

' in over 2,000 samples of water from different areas in the United States

-

and report that natural waters ueually contain less than 1 ug/L of cadmium

+

)
& R B and that the incidence of-cadmium concentrations irn excess of 15 ug/L s
Lo . extreﬁely rare. !’(o;;p and Kroner (1967) reported elevgted levels of 'canl:lmitm
in less than 3 per cent of 1,577 water samp'les with a mean of slightly less
than 10 ug/L which ig the recommended safe limit for domestic water supplies

(EPA, 1976) Kopp and Kroner (1967) reported levels in excess of 10 ug/L in

[ 1 6 of the 1,577 samples, one of ‘which was 120 ug/L in the Cuyahoga River’

';\ : which flows into Lake Erie. ’ '

Water, in regions close to mining and smelting operations as well as
o industries producing or using cadmium products may contain high concen-
trations of cadmium. Studies of chronic cadmium poisoning ("itai-itai"

. disease) in a cadmium confaminated area of Japan revealed high concentrations

o *od
s

‘ ' of cadmium in river water, rice and fish downstream from a lead, zfnc and cad-

mium mine. Three sz;mples from the drainage of the mine contained 5-60 ng/L °

]
) t
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Je‘n ét al. (1975) report extremely high concentrations of cadmium

of cadmium (pH 7- 8), and one contained 4, 000 ng/L (p!l 2. 8) Cadniun ('.:i‘x..

concentrationa of 363-382 ppm were found in suspended mtter near the
mine (Priberg et al. 1971, p.125). Stokes et al, (1973) report cadmiun

. . >
concentrations of between 3 and 20 pg/L in six of nine lakes near the

i »

Sudbury area, as well as.high concentrations of copper, nickel and zinc.

$ . .
Van Loon and Beamish (1977) report 50 ug Cd/L in Ross Lake which réceives

v
~

effluent from the Flin Flon, Manitoba mining and smelting complex.

- > n B \ '
and,othe'r heavy metals in the soil near the copper, lead and zinc
smelting operations at Trail, B.C. The Columbia River below Trail shows -

, . y o
elevated zinc conceng_gations with a median of 40 ug/L ( Environment Capada,

‘Water Quality Data for ﬁ.C., 1974). Althowgh cadmi{dn‘levelys‘were not

reported, they may be elevated as well due to groundwater leaching of the

high concentrations in the soil and the reception of effluent from the

%melting complex. o ‘ '

Mink and Williams (1970, cited in Page and Bingham 1973), reported
a cadmium concentration of 450 ug/L in the -Coeur d'Alene River basin of

Idaho near a mining and smelting complex. Although.cadmium concentrations
in Canadian waters have received little attention, they may pose oro : °
contribute to a significant threat to fish in areas of cadmium production

)
and use.

Toxic effectsj of cadmium , N
. i

The toxic =ffects of cadmium on humans and mammals have been exten-
sively reviewed (F'rib'erg et al. 1971‘, Flick et al. 1971, Nordberg 1974,
Fagsett 1975). However, little is known of cadmium tox“icity to f£fish or of

levels which night pose serious threats to fish. Ball (1967), using rainbow

-t

|
|
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trout; found that _r.'l’1e seven-da& LCSQ it 12°C wvas ppp;oxindtely ;_0 ng Cd/L .

in hard water. Wda et al (1973) report a similar ten~day LC56 of
. -

. 7 ug Cd/L for three gram raiﬂ(bow trout at 16 5°C 1in wat:er of uuspec:l.f:Led -

%

! . hardness. Pickering' and Cast (1972), using fathead minnows, detemined

»

Q‘ . ~ a seven day LCSO of 7.2 mg Cd/L 1in watet, of moderate hardness. Pickering

~ . : ,
- and Gast's results in comparison to those of Ball and Kumada indicate. :

: t@g{i‘fferent species of fish vary a great deal in their susce;;tibility ' -
i - . s \ °
" to cadmium,.and that salmonids may be extremely sensitive to its toxic

T

) effects. Benoit et al. (1976) have ‘shown the brook trout (Salvelinus . . “\ .
. - T e - 5/: \ ‘.

fontinalis) to be extremely sensitive to the deleterious effects, of . ’ A

TR L

cadmium as well. The? establigshed a maximum acceptable toxicant concen-~

2

tration (MATC) of 1.7-3.4 ug Cd/L on the basis of no reduction in survival , ®

or reproduction of three, generafions of brook troit.-

-t ——

Eaton et al., (1978) expoaed embryos, larvae and j\ﬁreniles of seven

. P
°  fish species to cadmium for periods of 27 to 1\2‘6\6\&33,{ d ‘found that ‘the

highest concentration which did not. reduce the standing cropqranged

-
-

between 1.1 and 4.4 ug Cd/L in all cases. The'y s:uggest that an eféest_ive

by . measure of chronic cacimium toxicity can’be provided by 60 days exposure LR
? v . Voof the larvae, which in t:heir case was the most sensitive stage. T
. - 7

] Pickering and Gast (1972) found embryos to be the most sensitive ‘1ife
-chage,q’f the fathead minnow and Spehar (1976) found impaired reproduction

of the flagfish to be’ the most semsitive response. The use of one life -

'stage to determine a safe level of cadmium does not appedr tolﬁrovi.de an

°

, '
accurate reflection of the toxic hazard of cadmium.
Bioassays to determine maximum acceptable toxicant concentrations

in terms of survival 8t growth provide rittle understanding of the .

)
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‘subtle blochemical effects which may occur as a Tesult.of exposure - . |

by ) )
to cadmium. Knowledge of these effects might allow more adequate

& predictions of the threat which cadmium could pose to a population of

s

fish {fn the natural environment.

. ‘Bengtsson et al..(1975) report that 31 of 101 minnowd] (Phoxinus

v

ey

phoxinus),surviving chronic éadqium exposure for seventy days,developed

. . 1es?ons of the spinal column. Skéletal abnormdlities were observeq'at
i % . 'coqgencrations a; low as 7.5 ug %d/L.’Although‘mature fish‘were.used
{ %’ ) . .1in ‘this stu?y, the effect could be more profound inl}mmature stages - )
b % - with a Eﬁpiﬁiy develoéing skeletal system. Eaton (1974) observed skeletal ¢ o

-

deformities of larfal bluegills exposed to cadmium. Although fish with

- skéieﬁal damage might-survive in a sheltered laboratary milieu, it is . . ;
- ’\‘ ' unlikely that they could‘survive the stresses of the natural en@ironmeut L
r - L. foF long periods of time. ‘ Co .
v T R Chronic studies indicate that Sadmium is extremely toxic and that ! ;
SO ‘ small elevations above natural levels can céuse serious damage to fish.

Bengtsson et al. (1975) point out that levels of 5-10 upg Cd/L have beeB

A

A ’
reported in the Balfic Sea and suggest that .contamination may already

: have caused chronic vertebral damage to fish in that area.

e

R

’ The gztensive evidence of vertebral damage in fish and the osteo-

" malacia of patients chronically exposed to cadmium may be related

symptoms. Friberg et al. (1971) report consistently low calcium‘levels

]
in the serum of "itai-itai" patients and a disturbance in calcium
metabofism would be expected in patiemts that suffered symptoms of
osteomalacia. . T

/ ' Bengtsson et al. (1975) report hyperactivity as being a symptom

«
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1

of .cadn;ium'bexposﬁre' and observations of hyperectivity in figh are

common' (Pickering and Gast 1972, Benoit et al. 1976, Eaton 1974,

‘" Cearley and Coleman 1974,P$scoe and Matthey 1977). This* symptom f’f
cadmi‘um toxicity in fish may be consis{:en‘t with a disturbgnce in
caicizum metabolism. .Calcium regylation is important to proper mnerve
and muscle function and a disturbance could produce symptoms of hyper-—
activity and uncontrglled muscle act:i,lxi?:y. k U

In view of the evidence relatiné ﬂisturbances in calcium regulation

_with the toxic action of cadmium, I decided to investigate calcium

~

concentrations in the blood as a potentially sensitive indicatar of ~

3

acute and chronic cadmium t:oxj.{:’ity. . *

Temperature and toxicity

‘ Temperature is an important controlling facto.r. of meltgbo].‘ism in

//

poikilotherms and can be expected to have a profound infliilence on the
toxic response to a pollutant. In order to predict the toxicity of
,celitain ‘ileavy metals in a temperate envi!‘c‘mment, relative toxicity
at different temperatures must be established. Although temperature

has been recognized as an important variable affecting toxicity,and'-

atf:empt:s are generally madyf.{a control temperatures in bioasséys, few
. . '

attempts h:ve beenma/ck/fo establish toxicity. at different tempera-
tures. P
. e
It 1is often assumed that toxicity will increase with temperature
because/ the met:abolism of a fish increases with temperature. Hodson
/nd/Sprague (1975) have shown the converse relationship to be true
o
7 with respect to zinc toxicity to Atlantic salmon ( Salmo salar ).

A
Although survival time was longer dt low temperatures, the threshold




LC50 was also lower, indicating that the fish were less tolerant at low
temperatures. Such anomalies point out the need for more investigation
of the physiology of fish in relation to temperature and the need for

more careful evaluation of the fish's respons;.to heavy metals at

5

different temperatures.

Fish acclimated to a certain temperature 'show a logarithmic increase
of ‘metabolic rate as the temperature is raised rapidly (Wieser 1973,

Peterson and Anderson 1969), whereas fish that are acclimated to different

temperatures may have different métabolic rates at the same test temperature.

/ .

lThq experiments of Peterson and Anderson (1969) show’that 6°C-acclimated

. ‘ “ ,
Atlantic salmon (Salmo salar) have a metabolic rate that is 567 higher than

that of 18%°-acclimated salmon when both are exposed to 6°C. These experi-
ments‘indicate seasonal thermal adaptation which allows the fish to compensate
fpr the high metabolic activity coupled with low oxygen availability that
is dictated by tgé high kinetié energy of molecules at high temperatufes.
fﬁe relatively higher coldiadaptation metabolism may be a response ch -
allows the fiéh to maintain sufficient activity -for growth and surviyal
‘at the slow biochemical reaction rates characteristic of low tempé}atures
qﬁring winter conditions. ! . .

Ectothermic ogganiéms often ugdergo extehsiv%‘biochemical reorganization
d;ring metabolic rate compensation and thermal adaptation. For example,

‘cold-acclimated fish may use the pentose-phosphate pathway of glucose
p {

catabolism to a greater extent (Hochachka 1968). There 1s also extensive
evidence of qualitative changes in enzymes with changes in acclimation
temperature (Hochachka and Somero 1973). One example of an enzyme which

shows a qualitative change with temperature is acetylcholinesterase in

b
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/
rainbow trout. Baldwin (1971) found two different forms of the en-

zyme in rainbow trout acclimated to 2° and 17°C; at '12°C both forms
existed simulta'neously.

These extensive lﬂ.ochemical changes in fish acclimated to differ-
ent tempe;atures n:ay have varying susceptﬁillity to a toxicant depend-
ing on t;mde of action. The respor;se of a fish may be independent of
the dictates of greater kinetic energy at higher temperatures that
might increase the interaction between a toxicant and its site 6f

action. Since little is known of the bigbhemistry and physiology of

tempenature,adaptaation in fish and in many cases modes of action of

heavy metals are poorly gnderstood, it 1is {important to evaluate the

. ‘ -
toxic effect of a heavy metal over a range of temperatures to which ‘
a fish might be exposed in its natural environment. This information

would give a more complete assessment of the hazard that a pollutant

represents .to a population of flsh during different seasons. : i
Objectives \
The absence of information on the acute toxicity of cadmium at .

~

d\ifferent temperatures made it prere(;uisite to determine median sur-
vival time and approximate incipient lethal level. In the first
experiment, rainbow trout acclimated to'a cold (6°C) ,an inter{ediat’e
V(lZOC) and a warm temperature (18°C) ,lwere exposed to a range of

cadmium concentrations at the temperature of acclimation. Accumulation

of cadmium in gill, iiver , kidney and whole fish at mortality was

.
< e

Ny

intended to provide information that might c¢orrelate with mortality.

. 7%

These tissue residues would also provide relative accumulation rates 1
19

. g

under the three temperature regimes. . .
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A second twenty-day exi:eriment was carried out at the three temper-

" atures to determine any changes in the divalent cation concentrations of

! f N

. ‘ N,
the blood that might be due to cadmium exposure. The sublethal experi'ment

was also designed to determine reductions in growth that \iight héve resulted

s
'

from interference with respiration or energy-requiring processes. Per cent . » -

dry weight determinations were intended as a measure of osmoregulaiory
%

. disturbances that might result from impairment of gill or kidney function.

~Analysis of cadmium residues in tissues were performed to deternine relative °

!

—

acc:umu.lation rates at the different temﬁerat;xres and whole /fish residyes '

were examined, to determine whether the fislf could accumulate low -concentra-
N »

A 4 . - - et
tions of cadmium to levels that might pose a health hazard if the fish. ¢

n

IR A R

were consumed.

In view of the extensive biochemical and physiological changes which
take place in fish during acclimation to a specific tel;zperature, a third
experiment was de;igned“tt': deterryine whether the acute response of non-
acclimated trout diffefed from that of trout acclihated to th,e‘ cainperature
of exposure., Fifty per cent survival time was determined and ct;angea, in
the divalent cations.and Plasma osmolality were determined at intervals

-

during the exposure period in an attempt to relate chamges in ion ¢oncen-

et e g e

- .trations with mortality. .
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Material

~
[ ' y . v
Test organism .

Juvepile rainbow trout ( Salmo gairdneri Richardson ) were obtained

from La Pisciculture Mont Sutton at Mou? Sutton, Quebec. The fish were
tfansported ;d‘Concordia University in plastic bags ihflated with oxygen.
'Témperatuge change during frﬁnsport was minimal and mortality was léss

- tﬂan one per cent, | . )

l' The trout were placed in a 300 litre holding tank on arrival at the

labgratory. Oxygen concentrations were maintained by constant aeration.
Flow éﬁ water w;s six 11tres4per minute. The trout were fed a m{ftute of
‘ no. 3:and no.' 4 trout‘cpow (Ewos) at a ration of two perqgent of body
weigif per day. The holding tank wag siphoned daily before feedfng and
scrubﬁed once per week. The fish were allowed to acclimate to laboratory
conditions at 12°C for two weeks prior to temperature segregation for the

first experiment.

Water characteristics

City of Montreal water, dechlorinated by charcoal filtration, was
delivered to test tanks through PVC piping. The laboratory receives water
maiqfained by the.physical plant~cf‘the building at constant temperatures
of 11° and 27°C. The cold water (6°C) was obtained by coolin 11° water
withia chiller ( Dunham Bush of Canada Ltd. Model PC5 HO )1 A thermopanel‘
(Series 420 Hydroguard. Powers Regulator Co%, ékokie,,lll.),maintianed
a mixture of 11° and %ZO water at th:Fwa;; temperature (18°C). The inter-
medlate temperature (12°C) waf obtained in the test taﬁks after slight
warming of lQe supply water by the room temperature: Problems of super-

saturation arising from the heating of water under pressure were avoided

\
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by means of a mechanical degassing unit.

. Digsolved oxygen, alkalinity and hardness were determined according

to the American Public Health Association (1971) methods. Oxygen in

”i
i

a supply water was always above 907 saturation, hardness ranged from 125-133
k ' . -

X

mg/L as CaCO3 and alkalinity was between 88 and 92 mg/L as CaC03. pH

was 7.7-7.9 throughout the experimental period. Water characteristics
- . , . - 1
and fish sizes during the three experiments are given in Table 1.

Exposure .apparatus

The experimental apparatus consisted of 24 rectangular polyethylene
tanks each with a central standpipe drain which maintainéd the volume

of water at ninety litres. Figure 1 is a diagram of one experimental

tank. Three head boxes supplied a constant pressure of water at the i

S

. “three experimental tempefatures. Each head box supplied eight tanks
ﬁ with water at the appropriate temperature and the flow rate into each

P
tank was regulated at 750 ml/minute by flow meters (Manostat Corp.,

AR, (5 TR b

New York, N.Y.). This rate gave a 95% replacementitime of 6 hours and
. ‘ .
provided adequate water to sustain oxygen requirements and remove

N

] wastes ( see Sprague 1973 ).
Cadmium solution was deiivered from eighteen Mariotte bottles (see
<

Leduc 1966) through capillary tubing and mixed in funnels with the diluent 4

— &

: water before entéring’the test tanks. The height of’the capillary tubing %
r Yas adjusted to give a constant oxican; flow rate of. 1.5 ml/minute, %
The tox;c;;t, CiClZ—ZiHEO, wad reagent grade material assayed at 79.5~ % ]
f 51.02 as CdClz. The cadmium was dissolved in eighteen litres of dechlor- -%
\_ N inated w;ter acidified to pH 6 with sulphuric acid. Concentrations in ?
qar;otte bottles were calculated to be 500 times the exposure coné;ntra- )

i + .
tion as Cd2 . .
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‘Illumination was provided by fluorescent lighting and the photo-
. périod was maintained at 12 hours 1light/12 hours dark throughout all

experiments. All tanks were wrapped with dark plastic to minimize dis-

turbance except the eight 6° tanks which were encdsed with styrofoam

insulation. The experimental tanks were covered with screens and sheets

of dark plastic.

-

Experimental Methods

- c; .

Analysis of cadmium concentrations

Daily twenty millilitre samples of the exposure water were taken
during the experimental period and acidified wit:h a drop of sulphuric
acid. Three composite samples of each concentration were assayed by

atomic absorption spectrophotometry (Perkin—-Elmer model 503). Concentra-

tions of 30 pg/l and less were analyzed by the graphite furniace technique.
All concentrations of cadmium in the watér refer to médan assayed values

5 £ of total cadmium during the exposure period. Concentrations of cadmium

¢ . in City of Montreal water were less than 1 pg/l with a mean of 0.5 ug/l.

Acclimation procedure
Temperature was adjusted from.an initial 12°C at a rate of one degrée L
per day and the fish were maintained at the proposed test temperatures for

’

at least two weeks before any experiment was begun. Peterson and Anderson

(1969) found that Atlantic salmon ( Salmo salar ) required two weéks
\
to adjust their metabolism after a temperature change of 6-18 or 18-6°C.

Two weeks acclimation was therefore deemed adequate for full acclimation

s ' following the less extreme ( six degrees) temperature changes; in this

experiment.

-

During the acclimation Period, the fish were fed trout chow at a

I

!
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~ ration og t;vo ‘per cent of body welght per day° and the tanks were sipﬁoned
d-aily before feeding. Water flow was adjus‘ted to provide more than three
litres per gram of fi;h per day, which 1s recommended by Sprague (’1969)
as an adequate flow rate. Mortality during all acclima'ltion periods was
minimal and all fish used for the experiments were apparently healthy

- |

and feeding well.

Analysis of cadmium residues in fish tissues

Gill, ldiver and kidne; were dissected from fish .that had been
d irom %

. e

. ewmd to constant weight in an oven at s0°c.

T

' Extraction of .cadmium was performed according to the method of Leonard
(1971) . Benoit et alx. (1976) report 987% recovery of cadmium from spiked
brook trout tissues using this method. Whole fish were dried in an oven
to "constant weight and composite samples of five fish were homogenized
in a blender; 0.2-0.25 g of the h.omogenate were used for analysis of

cadmium residues.
/

Cadmium residues were determined by flame atomic absorption and iay

graphite furnace for levels below the limit o ensitivity of the flame

-

apparatus.

Blood ion analysis

: 9
Bteqd was collected by severing the caudal area to obtain a compos-

ite sample pf blood from all fish exposed to a particular cont;.encration

.and tepperpadyre. Blood samples from the second experiment were allowed
e then centrifuged. The blood celis Qer,e later resuspen-
ded by vorte:.{inﬁ and a 0.1 ml sample of blood cells and serum was drawn
by serological pipette. The‘ sample was diluted with 1.9 mls of a solution

containing 0.17 lanthanum and 5% trichlorocacetic acid (Tnideau and .

Freier 1967). Lanthanum was added to prevent interfarence from phosphate
- [s] .

7’

o ’ N .

A

.

B,




16
and sulphate and the TCA was addei to disrupt, the blood Eell membranes,

L]

to separate calcium bound proteins and to prevent interference of

[y

¢ '
proteins with (the atomic abgorption analysis ( see Berman 1975). Ion

3

presentative of serum and blood qelig.

H

* , 4 I - |
Following the precipi%atibr/ST protgihs by centrifugation, a }1ni sagagg//

concentrations reported are

of the supernatant was diluted to 5 ith 0.1 7 lanthanum solution. )
{ )

- Three replicates treated in this manner] werd analyzed [for calcium and

-

magnesium by flame atomic absorption (using appropriate standards.
Further dilutions of 1:20 were®analyzed for sodium and potassihﬁ.

After the third expe;iment blood’from five t; ten fish was collécted
into heparinized tubes according to tempera;;re and time of exposwre to
cadmium. Triplicate 50 unl samples of plagma were dil&ted to 5.0 mls with
0.17 lanthanum solution. Calcium and magnesium concentrationsvwere
deterﬁined by flame atomic absorption. ' .,

Three 0.2 nl replicat?s of-each plasma sample were u;ed to determine
osmolality by freezing poimt depression using a Technicon Auto Analyzer.
Experimental Design

The first expe¥iment was intended to determine incipient lethal
b il )
concentrations at three temperatures (6, 12 and 18°C) by measuring median
/
survival time ( ET 50) of rainbow trout exposed to a range of cadmium

concentrations,

e
g

After acclimation to test temperature; sevenﬁy‘fish were divided
randomly améng seven tanks at each of the three test t;mpératures.
Following a 48 hour period of starvation and acclimation to test chambers
a quantity of cadmium solution was added to the water to attain the

. a4
desired concentration. Flow rates were then adi:i:;%/to give the required

toxicant flow and dilution factor. o wi‘/;~//
, _
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The fish were exposed to, six concentrations’ at equal logarittmic

intervals from 0.032 to 40 mg Cd/L at 6. and 12%. at iSPC,’the trout were
[2 . : . R .
exposed to six nominal concenttrations at logarithmic intervals from

0.01 to 3.2 mg Cd/L.

[

Observations of mortafity were recorded following a logarithmic .

séries suggested by Sprague (1973). Morfality was,regaéded as Yack of
3

response to prodding and lack of opercular movement. Fish were removed

as soon as mortality was obsérved, rinsed in dechlorinated water, blotted
Q

dry, then weighed and measured. Fork length in centimetres and weight \

) {; the nearest one-hundredth of a gram were recorded. Gill, liver and

L

kidney were combined according to concentration and temperature. QOmposifﬁ

4
) [

samples of 7-10 organs were dried to constant weight for subsequent

analysis'of cadmium residues. \ -

Mort?iig;—resulfb were plotted on a pro gbility gcale against time

on a logarithmic scale. ET50, slope Xf per é‘kt mo?t lity versus time an&
their 957 confidence limits were calculated according\to Litchfield\(l949).“
The second experiment was carried\out to determink sublethal effects
of exposure to cadmium at the \three temperatures of acc imgtion and
exposure ( 6, 12 and 18°%¢ ). ;Xanges iw the cation constituents of the

~ 7,
/ blood and effects on growth were investigated. Analysis of cadnium *

.

" residues in gill, liver, kidney nd\éZole,fish were intended to give
nela;ive accumulation rates at tSF three temperatures.

Following the acclimation per}od, seﬁenty fish were transferred
randomly among the test tanks at e;ch of the three test temperatures and
étarved for 24 hours before wéighing. The troué in eacﬁltest chamber
were ingividuélly marked by clipping a part of the adipéée, ;pﬁer or )

lower Eaudal fins in various combinations of vertical and héfizontal

s
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clips. ﬁhey were restraineiﬁfor 30-45 seconds, thén weighed and measured

I

under red fluorescent lﬂghcing to minimize disturbance. No anaesthetic

was used , since the restraint subdued the fish adequately for the

measurement of length and weight. Lo

3 Toxicantx:;Qu was begun 24 hours after the fish were returned .to the
2

test tanks. E /osure concentrations at ;B C ranged from 1—10 ug/l in a

>

logarithmic gseries of five concentra ions with one conttol At 6 and 12%
a)

_the fish were exposed to five concentrations at logarithmic intervals
0w !
.
R from 1.8-18 ug Cd/1; with two controls at each perature.
- . ’ . '
The fish were fed a mixture of no.3 and no.4 Ewos trout chow at a !
) - \

v .
/7 ration‘of five times the maintenance requirement for each temﬂeratﬁre. g/"\&u
- . k3 -

T

. =4 . A
Maintenance rations, determined by Kovacs (1979) for rainbow trout in

. the same apparatus were 0.33% of body weight per day at 6°C 0.53% per '
day at 12°¢C and 0. AlA per day at 18°C. Tanks were siphoned daily before ‘
feeding and daily portions were%ivided into a morrgn{and an aftemoon
feeding. o ' . 5 ‘ ’ / - ‘

A second weighing was carried out at 10 dafd aﬁd rations were ad-
justed accordingly. After the full twenty-day ‘exposure the fish were ., . {
- -weighed and measured and b}ood samples were combined for all fish exposed 1

to the same concentration and temperature. Five fish from each group were ' ‘

dissected to obfain gill, liver and kidney tissue, except the 18 ug/l1

group at 180, in which only threeAfish survived. All fish were weighed

. before placing them in the drying oven to be dried to constant weight.

. Dry weights were taken to determine per cent dry'weight and composite
‘ samples of five fish were blended to obtain homogeneous samples for

analysis of cadmium residues in whole fish.

[ © °
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" { The third experiment was designed to follow mortality and changes
in divalent ion concentrations of the plasma during a period of acute
exposure, in an attempt to relate .changes in ion concentrations with .

mortality. In addition, the response of fish acclimated to 12°C and

exposed to cadmium at 6 and 18°C was compared to that of fish acclimated)

to’ the temperature of éxposure in order to determine changes in response

‘due to” acclimation. i a

v

)
a

Three groups of ,terf fish.were exposed to 0.3 mg Cd/1 at each of

the proposed temperature combinationgs of acclimation and exposure. One ——

control group was also d"subject:edto each temperature combination. All !
control groups were taken at" the end of each peziod and regarded as L "

‘0 hours of exposural to cadmium. The schedule of exposure for the other ’

three groups at the five temperature combinations is given in Table 2.

¢

' Table 2: Schedule of exposure time of rainbow trout exposed to 0.3 mg

Test tem- Acclimation Tank 1 Tank 2 Tank 3 7 *

" and test temperatures, each group 6f trout was weighed , measured and
sacrificed to obtain a composite blood sampie. Magnesium and calcium\__)'
. concentrations were determined according to the method described pre-
: v !

" viously. Mortality times (ET 50's) were taken from experiment one, when.,,

Cd/1 at different acclimation and test temperatures
x‘ - -

perature- (°C) temperatu¥s (hours) (hours) “(hours)

. 6 ' 6 48 96 168
6 .12 . 48 96 - 168
12 _—- 12 Q a8 60
18, 18 -2 48 - 60

¥

18 . 12 . 26 0 30

; N o~

I

After the designated period %xposure at theirl Tespective acclimation

Ed

. P

the.fish were exposed at the temperature of acclimation. The two groups i

”




¢ .

/

that were acclimated at 120(‘; and expoéed at 6 and ,1806 were term:lnat.ed
_ | when 50Z mortality occurred so that enough remained to obtain a composite
17 blood sample. Mortality E:Lmes reported for these groups are tﬁe t:ime;

+ at which fifty per cent mortality was observed.
\ ' |
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Results and Analysis

Experiment I'-Acute response

Figure 2 shows the effect of acclimation and ex?osure temperature
of 6, 12 and 18°%¢ on ché acute response of r;inbow trout to a range of
cadmium concentrations. The measured response.was median éffective time

- ¢ / -

(ET50)-the time at whicﬁ\fifty per cent mortality was calculated at a #
given cadmium concentfaﬁlon. ~

It is apparent that fish acclimated to 6°C survived longer than fish
acclimat;d and exposed at 12°c; which in turn suri}ved longer th;n fish at
18°C. Median effective time, qlope‘of'per cent mortality versus time and'
their 957 confidence limits are presented in Table 3. Trout exposed at 6°c
survived cadmium’concentrations ranging from 0.1 to’§.2 mg/L for about

L

seven days. ET50's jn this concentration range were less than four days

v

w(80-90 hours) when the trout were acclimated and exposed atpfinc and at 18°C,
ET50's ranged from 66-80 houfé. Regression equations relating ET50's with
cadmium concentration were calculated for assayed concentratioms of 0.1 to
3.8 mg Cd/L at-6°C, 0.11 to 3.11 at 12°C and 0.03 to 3.29 at 18°C. ET50's
calculqted from these regressions are significantly greater in the range of
0.1 to 3.2 mg Cd/L at 6°C than at 12°C (P<0.01) and 12°-acclimated and
exposed fish survived the same cog;entration range for 1ond%: periods of time
than at 18°C (P <0.10).

Since median effective time K is a measure of the rate at ihich cadmium
affects thg fish, a doubling or tripling of ET50 might be exgected for every
ten degree rise in temperature. Since the difference{in ET50's between 12° and
18° 1is slight in comparison to the difference between 12° and 60, the usual

logarithmic temperature dependent response thas is characteristic of.poikilo—

therms subjected to rapid temperature changes is not apparent.It seems that

A <
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Table 3: Median effpective time, slope of percent mort;élity plotted
against tix;le and their 957 confidenc;a Irtervals of rainbow

trout exposed to cadmium and acclimated at 6, 12 and 18%¢

SR 25 o e

( Temp. Concentration No. of ET 50 .‘
fish .
: ‘-(°C) (mg C€d/1) ! reacting (hours) Slope
: 3.29 (0.50% . 10 66 (57-71)""  1.27 (1.13-1.
: 0.89 (0.06) 10’ 72 (62-84) 1.27 (1.13-1.
18 0.33 (0.07) 10 82 (71-98) 1.22 (1.11-1.
- : | 0.10, (0.02) 10 78 (67-91) 1.30 (1.16-1.
0.03 (0.005) 10 76 (65-89) 1.29 (1.15-1.
0.01 (0.005) 2 \
6.90 (0.31) 10 33 (27-40) 1.39 (1.20-1.

3.11 (0.14) 10 80 (64-100)  L.44 (1.22-1.
12 1.04 (0.11) 9 . 80 (63-102)  1.44 (1.21-1.
™ 0.66 0.onr 9 86 (71-105) . 1.34[ (1.17-1.

- 0.11 (0.03) 9 90 (74-110) 1.39 (1.17-1.

- S 0.03 (0.003) . 5
i | 9.36 (0.46) 10 50 (43-58) 1.25 (1.14-1.
- 3.80 (0.13) 10 140 (112-175) 1.45 (1.23-1.
6 1.02 (0.09) 7. 150 (115-195) 1.50 (1.17-1.92) g
0.20 (0.04) 7 170 (136-213) 1.42 (1.16-1.73) %
- 0.10 (0.03) 9 170 (134-216) 1.45 (1.22-1.73) %
o B . 0.03 (0.002) I | " ¢

* gtandard deviation *% 957 conflidence intervals

~
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“T-.__the responge that could be predicted by temperature dependence.

5.

- ' 24
acclimation has resulted in significant deviations in survival time from -

e The éélaEionshipbetwgeg _cadmium concentration and median effective M

) —— )
time indicates very little change in ET50 over a thirty fold increase im — — ——
‘concentrai:ion between 0.1 and 3.2 mg Cd/L at all three temperatures.

Statistical angly'sis of the slope in this region (Figure 1) reveals no

\

Asignificant‘ dif‘ferences among the three teﬁperatures (P< 0.01). Benoit
et al. (1976;‘report a gsimilar pattern wich\brook trout, Ball (1967)
indicates a similar flat mortality curve wit}\x rainbow trout and Pascoe
and Matthey (1977) ingicaté that the stickleh;\ég:k algo shows this pattern
in response td acute cadmium exp‘osure. )

The slope changes between 3.2 and 10.0 mg Cd/L indicating that a

different mode of action may be operative at these high concentrations

(see Sprague 1969). Ball (1967) demonstrated a similar change in the response

of ‘xainbow trout to high concentrations of cadmium above 1 mg/L. Pascoe

tthey (1977) also 5eported a sharp increase in the rate o\t‘{ortality N
Ve
Af sticklebacks (Gasterosteus aculeatus) as the cadmium concentrations

increased .abgve 10 mg/i.. ) /

Ten day lethal threshold concentrations were between 10 and 30 ug Cd/L
at 18°C, and between 30 and 100 ug Cd/L at 6°C.’Ten day lethal threshold

/ .
concentration at 12°C was 30 ug Cd/L. Ten day lethal thresholds therefore

increased with decreasing temperature as did median survival time. The extent .
of mortality also varied with temperature. At 18°C, all fish died during -
the experimental period when exposed to concentrations ranging from 0.03

to 0.89 mg Cd/L and at 6°C, one to three fish survived at concentrations

ranging from 0.1 to 1.0 mg Cd/L for fourteen days. ’

' 1§ /
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- residues at mortality for the two extreme temperatures indicate that a

tissue residues. The amount of cadmium in all tissues increases with LW

25

.

. Syﬁptoms of poisoning began‘witb erratic and violent /swimming foll-
owed b.y ‘lethargy and loss of equilibfium‘. The fish became dark in appear-
ance and finally sank t'o the bottom. The fish seemed to be hypersensitive
to dist:urbar;ce. On several occasions, fish that were taken out of the
.taqks sh'ow(ed no response to handling and were no longer breathing but
exhibited rhythmic contractions of t:hé body musculatlire'and tetanic
extensions of the jaw. | | i

Cadmium residues in fish tissues at mortality ( Figure 3 ) demon-

strate that accumulation of cadmium is a function of the concentration

»

of exposure, although the trend is less pronounced in whole fish. At
the two extreme temperatures, cadmium levels at mortality were similar,
however,since mortality occurred much later in fish exposed at 6°C, the

-

rate of accumulation is much slower at 6° than at 18°C. The comparable

certain level of cadmium in tissues is associated with a particular

'

concentration of exposure. The rtlationship is most evident in gill

the coricentrat:ion of cadmi\um to which the fish are exposed. -7
Since the change in s;urvival tim‘e is‘ small ‘in the range of 0.1-3.2

mg Cd/1l, it appears that rainbow trout can accumulate greater levels

of cadmium with correspondingly little change in susceptibility. If

cadmium does cause damage to one of ‘these tissues resulting in mortality,

grea;:er quantities of cadmium seem to be rendered inacti¥e with increas-

o) e x

ing cadmium concentration either by a physical or a physioclogical pro-,

cess within the fish tissues. It is evident that no single critical

level of cadmium residues in the tissues examined can be correlated

with mortality for all the concentrations of exposure.
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Experiment 2-Chronic effects Co ;

During the dénty-day sublethal exposure the rainbow trout consumed
- their food rz}tions readila excépt at some of the higher concentrations
when certain fish became lethargic and did not respond to feeding. One
death occurred at 18° and 10 ug Cd/L, seven at 12° and 18 pg Cd/L and one
at 6° and 18 ug Cd/L. ]
Growth results in terms of per cent wet weight gain are presented
in Tal‘:le 4, Analysi;l of wvariance showed no significant effect due to
cadmi,um eﬁ‘posure at any of the t:hr'ee temperatures. However,comparison of
mean per cent wet weight gains at sc;me of the highér cadmium concefltrat;ions )
with the controls shows a marked reduction in growth and a gr:eat deal of
variance in individual per cen‘t wet weight gainsg at the higher ca’dmiu;n>
concentrations is evident. The growth rate increased with temperature and .
th‘is increase is primarily due to the size of the food ration, which
;zas proportionate to temperature. The fish were fed approximately 17, 2%
‘and 3Z per day above their maintenance requiremen”ts at 6, 12 and 1.8‘1C

’

respectively and the rations are reflected in the growth rates..

Dry weight proportio‘tms are given in Table 5 and analysis of variance )
indicates no signifiéant difference among treatments (P < 0'.05) . Conversion
of growth results from wet weight gains to dry weight gains would not have
changed the growth results. Any damage to gills or kidneys was not severe
enough to cause an appreciable change in the water balance. within the fish
as a result of exposure to cadmium.

fhere does appear to be a siight increase in pér\ cent dry weight with
temperature and this increase may be due to the Broportionately greater

weights attained by the f£ish at high temperatures. Love (]:970 p.89) points

out that water content decreases with age and size of fish.

'

L T A PR R TN . -

oty e & nhoma A

S e e A AL M. Fie i et e e s

[




T N
RREBT! o oson sy o mmimirt o ner en
.
,

PR S +
RISV g " . -

Table 4: Per .cent wet weight gain of fainbow trout exposed to sﬁbletha;

I3

concentrations of cadmium for twenty days.

-

/ ) Mean Mean .
Temp. Conc. ‘ 7 wet weight 2 wet weight Analysis
(°c) (ug cd/l) gain-10 days gain-20 days n of variance’
9.2 (1.4)* 13.81 (4.92)*%% ; 44.08 (B.27)%* § )
5.5 (0.4) - 24,79 (1.41) 62.49 (2.38) 10 F = 1.50
18 4,0 €0.7) 21.84 (3.67) 56.70 (?.81) 10 P (0.0835,53
2.0 (0.5) 21.36 (4:51) 57.12 (4.66) 10 =2.4 i
1.5 (0.5) 27.12 (1.89) 63.64 (2.34) 10
Control 23.54 (2.21) 60.76 (5.87) 10
17.5 (1.2) 14.21 (4.37) 730,50 (8.30) 3 |
10.6 (0.8) 16.70 -(3.03) 33.51 (5.45) 10 '
12 5.5 (0.8) 14.56 (2.11) %.56 (3.85) 10 T - 1% /
4.2 (0.6) 18.98 (1.27) 42,29 (3.29) 10 F (0.05);6,56 - .
2.0 (0.6) 19.86 (1.41) « 44,65 (3.49) 10 = 2.28
Control 1 .20 (2.02) 40.30 (3.62) 10 .
Control 2. 20.68 (3.02)  42.69 (3.11) 10
18.8 (0.4) B.11 (1.49). 70.80 (1.91) 9 -
] 10.0 (0.7) '10.65 (1.56) 21.44 (2.77) 10
6 6.1 (0.2) 8.52 (1.37) 23.69 (1.60) 10 F = 0.64.
4.2 (0.4) 11.91 (1.39) 2,14 (2.42) 10 F (0.05);6,62
. 1.8 (0.1) 15.47 (0.81) 24.76 (1.15) 10 =2,25
"% Control 1 11.98 (0.68) 23.72 (1.55) 10
' Control 2 11.70 (1.29) 24.81 (1.31) 10
by - !
S i , @
* Standard deviation b *% Standard error /
. e N
Y
, ) |
/
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. Table 5: Per cent dry weight of rainbow trout after twenty days

~ exposure to sublethal concentrations of cadmium

Mean cadmium
- Temp. concentration Mean 7 Standard | Analysis of
. (°c) (ug/1) dry weight deviation . n  variance
' 9.2 © 24.48 2.69 9
5.5 - 25.14 1.39 10 F =0.85
18 4.0 24.02 1.72 10 F(0.05); 5,53
2.0 25.18 0.90 . 10 = 2.40
1.5 24.74 0.90 10
Control 24 .44 0.91 10
- 17.5 23.93 0.44 3
' 10.6 23.32 1.23 10 ,
12 -~ 5.5 23.75 1.08 10 F=1.08
4.2 - 23.70 ¢.7‘g 10 200.05); 6.56
2.0 23.29 - 1.06 10 = 2.28
. Control 1 23.34 0.59 10
Control 2 22.78 1.42 10
18.8 23.70 1.14 9
10.0- 23.72 1.11 10
6 . 6.1 24.04 1.3:/,\1_0 F=1.07
( 4,2 23.18 0.5 10 F(0.05); 6,62
) 1.8 23.14 0.49 10 = 2.25
Control 1 22.98 1.08 10
Control 2 22.83 0.98 10
! j t
, ( .
. : y 1
Wy v ; '
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S - - TR R
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Effects on blood ion concentrations
. -

Calcium concentrations in the blood of rai‘nbxtrout increased

sharply as a function of cadmium concentration at h\)th 12 and 18°C (Fig. 4).

Ion concentrations were first subjected to analysis of variance and a
significant difference among groups ( P < 0.05 ) was used as a criterion
for further analysis using a 't' test in comparison to controls. Results«
of calcium ion analysis are presented'in Tabie 6: At 18° a significant
decrease oécurred at \4.0 ug Cd/1 ( P< 0.05 )'and highly significant
increas?s at !;oth 5.5 and 9.2 ag Cd/i ( P< 0.01 ). At 12° the effect was
less pronounced but significant differences from the two controls occur
at 5.5, 10.6 and 17.5 ng Cd/1 ( P < 0.01 ). In both instances the increése
in calcium conc_entra'tions octurs at very low cadmium concentrations.

Exposure to cadmium at 6°C resulted in elevations of the blood calcium

concentration that were not strictly related to cadmium concentration,

with a maximum effect at the intermediate concentration of 6.1 ug Cd/1.

This unusual relationship may be the result of a short term mechanical
failure of the 6°.water supply during whi‘ch the toxicant reached the
tanks undiluted, resulting in elevated concentra;:ions ,,Of‘ cadmium‘ over

a period of several hours. Statistical comparison of exposed groups with

controls reveals that significant increases ( P < 0.01 ) in calcium

-

.concentrations of the blood occurred at all exposure concentrations

ranging from 4.2 to 18.8 ng Cd/1. \

Magnesium concentrations in the blood are more constant than calcium
concentrations wiﬂs}respect to exposure concentration ( Figure 5.).
n
Table 7 indicates that a significant increase dccurred at 9.2 ug Cd/1

and 18° (P < 0.05), 10.6 and 17.5 ug Cd/1 at 12° (P < 0.01 ). At

- N

~ . N
6° significant increases occurred at 6.1 pg Cd/1 (P<0.05) and 18.8 ng Cd/T.~

-
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Table 6 : Calcium concentrafions in the blood of rainbow trout

+ Mean cad- . ) t value
mium con- Number Mean Ca '’ in com=~
centration of fish in blood parison to

(ug/1) in sample (meq/1) . Control 1
c-1 10 4.7 +0.25%
1.5 10 4.6 + 0.43 0.88
o 2.0 10 4.1 +1.03 2.41
18 i - . *
4.0 10 3.9 +1.14 2.89
", 5.5 10 N\ 76 2118 10,47
k%
c 9.2 9 10.4 + 1.49 16.52
c-1 10 - 4.5 + 0.76
c~2. 10 5.1 +0.75
2.0 10 5.6 + 0.94 3.89"
12° 422 10 5.2 + 0.14 3.85"
5.5 10 7 6.2 +0.57 7.59%% -
10.6 10 7.6 + 0,52 b 13.36k%
" o17.5 . 3 8.6 41.72 . 9.38%*
y (%
c-1 10 3.2 + 0.14
c-2 0 & 3.1 + 0.25
i ’//
1.8 , 10 3.3 +-0:25 1.49

6% 4.2 10 4.6 + 0.50 11.63%*

6.1 10 5.2 +0.29 ' 25.81#%
1040 10 . 3.8 +0.50 v 4.98%%
18.8 9 3.9 + 0.43 6.74%%

g | Coe
’ i o
. N - »
o> w
Yy v ‘ v R

after twenty days.sublethal expogure to cadoium.

(® 957 confidence limits ; * P<0.05 ; #* P < 0.01 )

t value

in comparigon
to,

Control 2

1.79

0.57
5.02%*
*k

10.85
Kk

8.05

2.19

11.65%*

23,33
5.43%%
7.04%%
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. - Figpre 4: Mean calcium concentrations in the blood of raimbow trout’

. . g
exposed to sublethal concentrations of cadmium for twenty:

days and agc\limated to 6, 12 and lSoch'afs represent 95%

confidence limits and 's' nrepresent:s a significant differencé \

‘ ’
compared to both contgols (P <0%1).
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L2

Magnesiup conbéntracions 1n the blood of rainbow

trout

. after twenty days exposure to cadmiam, (*P<Q.05; **P<0.01)
. ¥

. o 'T:able&f:
;
! : :
Mean Cd © Mean Mg
] concentgation _in blood
g ot (/1) (meq/) -
SRS . . Control 1 7.6 +0.902
‘; | 1.5 7.8 +0.66
g A;3° - 2.0 r} 7.6 + 1.12
i @ 4.0 o 7:5 + 0.50
¢ - 5.5 / . 7.9 +0.62
- : ‘9.2 9.2 + 1.41
i v o
A . Cotitrol 1 7.3+ 0.38
L Control 2 7.5+ 0.66
k t 2.0 . 7.9 + 0.86
. 12° 4.2 7.6 + 0.15
5.5 7.6 + 0.97
- 10.6 9.0 + 0.72
(17.5 9.6 +1.39
Control 1 5.9 + 0.30
Control 2 . 6.1+ 0.43
. 1.8 6.0 + 1.00
‘ 6° 4.2 6.3+ -
6.1 6.8 + 1.00
10.0 6.1 + 0.43
18.8 6.7 + 0.14
o .
2 g5 %.éonﬁdence Timits
/ .
)

- te -

«

t value
in’comparison
to control 1

t value
in comparison
to control 2

0.78

0.42
}.18
4.11*

2.73
3.22%
1.24°

19,02
6.87k%

* 0.41
5.77Hx
3.73%
1.66

10,324

1.59
0.65
0.37
:6.68**
5.89%%

0.40
2.04
2.80%
0.00
5. 77%%
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Figure 5:° Mean mégnesiﬁm concentrations in the bloed/of rainbow trout

»

and acclimated to ¥, 2 and 18%¢c. B;rs represent 95% qonfidenée T

<>

'
'

~ intervals -and 's' represents a sighnificant difference ‘compared

to bofh controls ( P <« 0.01").
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Sodium and potassium concentration in the blood were determined .
for trout exposed to cagmium at 12% ¢ Figure 6,Table 8). Although
potagsium concentration didsnot show a significant difference by analysis

of variance ( P < 0.05 ), sodium concentrations were significantly higher,

-

than controls at the highest cadmium concentration of 17.5 pg/l ( P < 0.05).

The pronounced increase in calcium concentéations of the blood
aﬁpedrs to be a very specific effect gf cadmium exposure since the other
ion concentrations remained relatively stable. The response is apparent
at all thfee\temperatures and calcium elevations were most pronounced
at l8°C..The toxic effects of cadmium seem to be influenced markedly by
temperature during chronic exposure as they are during acute exposure.

a1

Cadmium residues in tissues

Analysis of cadmium residues in Fissues following the twenty day T
sublethal exposure re;ealed a temperature dependent rgEE of ;ccumulation ‘
as was evident in the first experiment ( Figureg 3 and 7:». Cadmium had
accumulated to greater levels in all tissues of fish exposed at 18° as
compared to 12° and 6°C. There was some accumziation in tissues of fish
exposed at 12° and sligPt or negligiblégaccumulation of cadmium at 6°C;

dill ana kidney tissue accu;ul;ted the most cadmium. The absolute
quantities of cadmium, on a dry Qeight basis, in these'tissues‘yere as
much as one Fhousand times as great as the concentrations of cadmiuym in
the water to which the fish had been exposed. These organs appear to bé
the primary sit;s at which cadmium accumulates.

Liver and whole fish accumulated lesser quantities 6f cadmium and
demonstrated the same concentration and temperature related pattern as
g1ll and kidney tissue. Residues in both tissues at 6° were only slightly ~

-

greater than controls and at 12 and 18° significant elevations occur.

I3 I
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Table 8: Sodium and potassium concentrations in the blood of rain-

v bow trout exposed to cadmium at 12°c for twenty days
* P<0.05 ; * P <0.01 *
<
Mean cadmium Mean sodium - 951 con- t value t value
concentration - in blood . fidence compared to  compared to ’
(ug/1) (meq/1) limits Control 1 Control 2
. : .
Control 1 74,6 . 1693 -
Control 2 69.0 +2.98
2.0 7.2 _ +9.32 1.26 0.97
4,2 o +5.97 N 1.65 1.42
5.5 ~ ' 73.1 +5.92 0.71 ‘z>§5
10.6 7" 68.3 +6.36 2.89 0.43
17.5 84.9 +7.85 a2k 8.15%%
Mean cadmium Mean potass- 957 con- :
concentration ° ium in blood fidence Analysis of
(ug/1) {meq/1) limits variance
g .
Control 1 26.5 + 0.99 . R
: 7
Contrél 2 =~ - 29.1 + 1.44 : : ‘
- ‘
2.0 27.2 -+ 1.79 F = 1.99
4.2 28.3 + 3.01 .
' : F o5 6514
5.5 25.'5 + 2.26 =2.85
0.6 C 34+ 3.50 , /
7.5 263+ 2.61 |




( meq/1)

_Na in Blood

{meq/l)

K in Blood

Figure 6:

37
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Mean sodium and potassium concentrations in the blood of
rainbow trout exposed to‘sublethal concentracions of cadmium.
for twenty days and acclimated to 12° C. Bars represent 95%
confidence intervals.
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Experiment 3

' -
Figure 8 shows the variation in plasma calcium concentrations

. with time of exposure to 0.3 mg Cd/l.-The response of fish acclimated

to. 12° and exposed at 6 and 18° 1is pré\snted along with those of trout

acclimated and exposed at 6, 12 and 18°c. Calcium concentrations at

v-*-

various intervals of exposure are given for each temperature regime in

ey

Table 9. Individual results of calcium concentration in pfésma and the
‘ t

time at which they occurred were related by a regression equation to

3 . determine the time at which the calcium level in the plasma was reduced )

# : to 3.0 meq/l. Ninety-five per 6ent confidence limits for .these tiges
were calculated according to Sokal and Rohlf (1969 p.446). The arbitfary

conceﬁ%r#fion of 3.0 meq/l was selected as a basis for comparison with

time t; fifty per cent mortality because in all cases calcium concentra-

, tions were below this level when mortality had occurred.

t It is apparent in all cases that calcium concentrations in the
plasma declined steadily with time of exposure to 0.3 mg Cd/l. The rate

[A
of decrease was greatest when the trout were acclimated to 12° and exposed

to-cadmium at 18°. The rates of decrease are similar when fish were

acclimated and egposed at 12 or 18° and were least when the fish were

exposed at 6°C. : : 1. ﬂ

It is apparent from Figure 9 that median effective time and the time

at which the calcium concentrations were reduced to 3.0 meq/1 are closely g
related. Fish acclimated to 12° and exposed to cadmium at 6, 12 and 18°
show an inverse temperature dependence of survival ‘time with a Q10 of

r N
3.98. Calcium reduction times show the same inverse temperature depen-

CUdence with a similar QlO of 3.88. When fish were acclimated to test

temperatures a significant deviation from strict temperature dependence
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is evident in tHe case of fish acclimated Eo 18°C. Both calcium réduction

<

‘and survival time are considerably greater than when 12° acclimated

® !

trout are exposed at 18°. Warm acclimation results in very little differ-

) .. ) L s
ence i&_resiétance or calcium reduction time between 12 and 18°C. -

Magnesium concentrations in plasma (Table 10) increased with time of

o

exposure to cadmium but do not show as consistent a pattern as calcium

o

concentrations. While calcium concentrations declined steadily, magne-

sium levels generally reached a maximum before the final sampiing time

and in somg'cases declined again. Little change in m;gnesium concentration ) )

occurred at 6°C. . P

o .

/ Plasma osmolality was detedmined in all blood samples and results are

i

presented in Table 11. Despite the disturbance in the concentrations ' |

*

of magnesium and caleium , no effect on osmolalf%y was evident. Analysis

of variance indicates that the differences in osmolality are not signi-

"

ficant ( P < 0.05 ). The opposing shifts in magnesium and calcium concen-

trations result in fairly constant total divalent ion concentrations which

°

is not manifested as a change in osmolality.
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Tableﬂ 10: Change of magnesium concentrations in the plasma of rainbow *
trout with time of exposure to 0.3 mg Cd/l and the variation .
with temperature of acclimation and, exposure. !
. . . ) . ]
Temperature , . Cd concen-~ Time of Mean and 95X con-
E~ exposure tration (mg/1) exposure fidence limits of
A- acclimation Meax,i S.D. ( hours ) Mg in plasma” (meq/1)
. E-18% ! 0 2.164 0.27
- + ~ d v
A-12°C 0.28  0.06 24 3.81 % 0.28 \ |
. 30 - 3.39 + 0.09 - ‘
. 0 2.29 + 0.14.
E-18"C ' . "2 ) /
) . . 0.33 + 0.02 24 2.93+0.21 -
a=18°¢ o 48 3,72+ 0.17
60 > 3.95% 0113
' ;
o 0 2.13 % 0.05 ’ ‘ f
E-12"C '
- . +
0.30‘1 0.04 24 2.86 + 0.08, u
A-12°% : 48 2.61 +.0.13
60 2.78 + 0.10 ]
7 - 0 2.23 %+ 0.16
E- 6°C : 48 " 192+ 0.10
0.31 + 0.02 . s 1210
a-12% g : 96 2.34 + 0.06
. ‘ 168 2.31 + 0.07
: ) ‘
L 0 - 1.92 * 0.19
) - ‘ s
E- 6°C 0.3 + 0.02 48 t.84 + 0.17
. + 0.
A- 6°C 96 . 2.34 + 0.06
. 168 - 2.46 + 0.24
" L
(-4
« N
: ’
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Table 11t Plasma t;éxﬁotic concentrations of rainbow. trout exposed to
: 0.3 mg Cd/l for the given lengths of time under, the tempera—‘
ture regimés specified . ) -
¢ ) / ‘,
Temperature "Time of Plasma, osmotic, .
E- exposure expdsure .concentrationg Analysgs of
‘A~ acclimation (hours) (mosm/1) Mean *5.p. variance -
: 0 301 +9.6 .
E-18°C . . . .24 "291 % 5.6 F=0.63
A#12% ., 301, .299 + 15. o ? (.05)5 3.8
' 30-2. 294 + = 4,07
w0 295 4 4
. ’ . :
E-i8% ¢ 24 303+32.9 ., P r=1.67
A<18% SR 303 + 4.7 F(.05); 3.8 ’;\3
‘ © 60 294 + 4.0 =407 ;
C ¢ -y ) 4“ i
e _ 0 289 + 5.5 . . ,’
- E-12%¢ . 24 300 + 10.8 Fo=1.32 X
8 1 i
A-12% 48 wrer F*(.05); 3,8
: 60 . " 2944:8.0 = 4,07 -
- 0 L 29T 4 4.7 - '
E- 6% s " * 288 + 6.4 F=3.65 = .
A-12°¢ - T3 294 %40 F(.Q5); 3,8
\ 168 - . 301 % 4.0 = 4,07 . -
- ’ @ B S “‘ i
. "0 21 + 5.6 ; .
E- 6°C © . 48 301 4.0 O F =.3.53
7 30; + B )
A- 6%/ %, 02 b F (.05); 3,8
o 168 296 + 3.6 = 4.07
. K \ ~
X 4
Lo . ‘ 7 e . '
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Discussion

Changes in acclimation temperature influenced both survival time

and incipient lethal c@hcentration when the rainbow trout were exposed

-

, to acute concentrations of cadmium. The inverse relationship between
survival time and temperature is a common observation when fish are
exposed to t:oxi/c substances ( Lloyd 1960, Brown et al. 1967, Hodson and

Sprague 11975, MacLeod and Pessah 1973 ). Higher temperatures result in

-~

-, .
greater ventilatory and cardiac rate ( Roberts 1973 ) and pollutants

i

may ente; the gill tissue and t'h? blood more rapidly at higher tempera;
tures. | .
‘The high 'levglé of cao:.imium in the gill tissue} at\mortality v‘qould
' ' . 1ndicate that:;thi.,s is the primary.site of entry. The\‘rainbow trout
h T a%cmulated cadmium more quickly in all tissues at the higher temperatures

and it appears that the rate of mortality increases with temperature

because of increased rate of entry and transport of cadmium to vital

v

organs.

Since the f‘?ﬁ‘wei‘e‘relatively inactive during the acute exposure,
“ . ' resting°n:etabolic rate als a funFtion of acclimation temperature might
provide a good indication of the rate at which cadmium causes mo;tality.
Evans et al. (1962) report an approximate doubling of the resting v
metabolic rate of rainmbow trout acclimated. to 16°C as compared to that
of trout acclimated fo 8°c. A similar doubling of the standard ;netaﬁolic-

[N ’

r .. rate of rainbow trout 'is reported between 5 and 15° by i)ickson and

Kramer (1971). . .
\ ) :

Rate of mortality ( inverse of survival time ) of rainbow trout
, ,

expo.sed to cadmium in this study app[.:oximately doubles in a similgr.

—— e
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;f%ut they also resisted higher concentrations of cadmium. Lethal thresholds

may depend on rate of entry, sensitivity and the rate of elimination

rd

range of 6-18°C. The rate of mQertality appears to be related to the
changes in metabolic activity that occur with changes in temperature.
Incipient lethal concentration was inversely related to temperature.

Not only did the fish survive longer at 6° than at high temperatures,

~

. Mi&"‘m‘“ﬁ"&d‘m s
2 o B

°

and detoxification of cadmium and they may be effected to varying degrees k

by metabolic changes that occur with change in acélimation temperatur'e.“l
g ' "y

Several investigators have demonstrated induction. of metal binding

proteins as a result of exposure to cadmium and they believe the synthesis -

'
~ of the cadmium-binding protein in the liver of the copper rock fish

\

.

of this protein to be a detoxification mechanism ( Colucci et al. 1975,

Kimura et al. 1974 ). Olafson and Thompson (1974) showed an.:i..ncre:kase

( Sebastodegégurinus ) with 'increasing dose of cadmium and Marafante

(1975) has .'/demonstrated the existence of the protein in the liver and

kidney of goldfish ( Carassius auratus L. ) .

Evans et al. (1962) report that liver metabolic rates of 8°-acclimated

rainbow trout are higher than those of 16°-acclimated trout. If raimbow

-

trout also produce cadmium-binding protein in liver’ tissue, the higher

?

metabolic rates of cold-acclimated liver tissue may allow a more active
detoxification mechanism at low temperature. The higher levels of cadmium

in liver tissue of cold-acclimatéd rainbow trout in this experi_ment may

~-——
~

be the result of more efficlent detoxificatioﬁ at lower temperatures.
This hypothesis would explain the higher lethal thresholds that were
tolerated by cold-acclimgted rainbow trout.

The negligible concentration depehdent‘ response that 1is observed

. ¥
between 0.1 and 3.2 mg Cd/1 indiéates that the trout are somehow capable

"
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of dealing-with increasing concentrations with reiatively little change
in response time. Cadmium residues in gill, -liver and kidney indi;ate
that the fish §ccumulated the metal in proportion to th concentr;tion

of cadmium to which they ;ere exposed. It seems tha; a process occurs
which detoxifies greater amounts of cadmium as the exposure concentration
increases.

Bryan and Hidalgo (1976) report a correlation between the synthesis
of eadmium binding protein and th; content of cadmium in rat 11§er nuclel
and have reported increased synthesis of this protein with greater doses
of cadmium. Olafsoé\and Thompson's (1974) report of insraased quantities
of.cadmium bindiﬁg protein with greater dose of cadmium suggests that

»

fish are also capable of detoxifying greater amounts with increasing

exposure. Such a mechanism might explain the flat mortality curve observed

in this experiment.

Incipieﬁt lethal concentrations of cadmium for rainbow trout are
considerably less than those repor%gd for other types of fish. Picker-
ing and Gast (1972) report a seven day TLm of 7.2 mg Cd/1 using fathead

minnows (Pimephales promelas). This threshold level as compared to 0.03

mg Cd/1 in this gtudy indicates that rainbow trout and likely salmonids
in general will suffer toxic effects at much lower concentrations than
will other types of fish.

The rate of cadmium accumulation in all tissues was greater at 18°
than at 6°C. The rate of accumulation can be related to resting metabolic.
rate which déubles as the temperature of acclimation changes‘from 8 to
l6°C ( Evans et al. i962). Tissue residues at mortality were comparable
in 6 and 180 exposed and acclimated fish,_but time to mortality of cold

acclimated fish was approximately dgub;e that of warm acclimated fish:

»
o

©
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Increases of accumulation rate at higher temperature were also
L™
] . . r .
reported to occur with rainbow trout exposed to mercury ( MacLeod and
Pessah 1973) and in the gill tissue of Atlantic salmon exposed to zinc

( Hodson 1975 ). These investigators also reported increased survival fime

at lower temperat{.\rés. It appears that rate of accumulation and survival

.
»

time are governed to a .great extent by metabolic ta;e. '

Cadmium generally accumulates to high levels in gill, liver and

V]

kidney of fish ( Kumada et al. 1973, Benoit etff al. 197&, Eaton 1974 ). .

It is therefore tempting to suppose that these organs‘are primary sites
of cadmium's action, however, Nordberg ( 1974 ) indicates that cadmium in /
. liver and kidney is largely hound to metallothionein- the cadmi

binding protein. Liver and kidney may be involved to a great extent in

B ‘v
IR i
.
\

r sequestering cadmium and rendering it inactive. Kumada et al. ( 1973)

’ report that rainbow trout exposed to cadmium.(Spug/l) for thirty weeks

retained 'high proportions in liver and kidney after transfer to clean
water for ten weeks, but lost most of the cadmium associated with the

‘; . gill, Similar results are reported by Benoit et al. ('1976) with brook A

trout exposed to cadmium. Cadmium associated with gill tissue appears ) {

to be 1oosg,ly bound and is lost quickly on transfer to clean water, . ' 1
%

whereas kidngy and liver are primary éites of ,cadmium binding. {

Sublethal effects

Growth is an essential biological function and it is c;ften used as
- /—’ I
a measure of the suitability of an organism's environment. As such it is

¥

an important ﬁarameter to consider when investigating the influence of

[

[ S

a toxic substance on fish.
™

Sprague (1971) suggests that the sublethal effects of a toxicant may '

be integrated as a change in growth, howewer, in order for the effects |

/r




_ cadmium concentration (17.5 pg/L) at 12%. Although analysis of variance

. to cadmium-but seems to increase with temperature. This effect miy be

) 50

'

to be manifested as a change in growth, significant changes in respira-
tory ;ctivity or interference with energy requiring processes must take
place. Growth of rainbow trout is affected by sublethal. concentrations
of cyanide (Dixon 1975) and as an inhibitor of cytochr;me oxidase (Leduc
1978), cyanide can be expected to have a pronounced effect on growth.
Mount (1968) .found that growth of fathead minnows was reduced at concen-
trations of copper that did not show histologicalydaﬁage. Copper at sublethal
toncentrations causes significant increases in oxygen consumption (q'Hara
1971) and this may indicate respirator} interference by copper that would )
explain the growth reductions reported by Mount. i ‘ Lo
|

The growth of rainbow trout appears to be reduced markedly at higher

0

%
sublethal concentrations of cadmi_g'! and seven fish died at the highest . &

“does not show a significént difference among treatments, the decline in

growth may be obscured to some extent by the high variance of individual
pér cent wet weight gains. The decrease seemed to be the result of lethargy
and reduced feeding.activity th{} wmay be due to the.hypercalcem;a observed
at the higher concentrgtions. Hypercalcemia in humans results in geﬁeral' {

)

depression of nervous function and patients often show signs of anorexia

{Wintrobe et al. 1974, p.1944). - ' . \\4

Water content of tissues was not.significantly affected by exposure

-

4
partially due to the larger sige attained by fish exposed to the warmer

L

temperatures (Lovel19]6 p.89). The difference may also be due to temper-

-ature since Houston et al. (1968) demonstrated that the water content of

' <
cold~acclimated fish was greater than that of warm acclimated fish. s
. N .
T I TR e T T BRI AR e SRR T
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Calcium concentrations in the blood of the rainbéw trout increased
A
dramatically when thé fish were exposed to increasing concentrations . 3

. . P
of cadmium. At 180, fish exposed to 9.2 ug Cd/1 had-calcium concemtrations
! i

R ;
in the blood that were more than twice the control levels. The maximum
) . )

calcium increase of 12°-exposed fish occurred at the highest exposure
f .

concentration of 17.5 ug Cd/1 and was 1.9 times the control level. /’,7

The maximum effect in 6°-exposed fish was 1.6 times that of control//

levels. The increase in calcium concentrations of the blood was most

pronohnced at the highest temperature. ’
. / ; -

Magnesium'concentrations of the blood were also.signifiﬁﬁﬁtly
higher than in controls at some of EheAhigher cadmium concenérations
and the greatest increase was 1.3 times the control levels. The extreme- .
ly high elevations of calcium in blood as compared to magnesium, sodium
and potassium indicate a fairly;specific effect of‘cai:é;p on calcium -
~ .

‘regulation. ) \\\ .

'

} Control concentrations of calcium and magnesium were lower in the

blodd of 6°-acclimated fish than in warm-acclimated fish. Murphy and /

Mg
_ Houston (1977) and Houston et al. (1968) also report lower concentrati;;Z\
of magnesium and calcium in cold-accliﬁated rainbow trout.

Calcium is a regulator of membrane permeability ( Prosser 1973.p.99)

and the high concentrations of calcium in the blood may have produced

) k!
obJerved in rainbow trout as a result of the sublethal exposure can -
have a number of profound effects. Normal calcium concentrations in the

\

associated increases in blood sodium and magnesium. The hypercalcemia ’
" plasma of rainbow trout are similar to thgse in human plasma and are

‘close to the limit of solubility of calcium phosphate. Hypercalcemia

in humans, particularly if associated with increases in blood phosphate,
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“~bluegills at 80 ng Cd/1. Disturbances in calcium regulation observed in

caused larval deformities in fathead minnows exposed to 57 ug Cd/l

52

¢

results in precipitation of calcium phosphate in blood vessels, connec-
tive tissue, gastric mucosa and in the lumen of kidney tubules ( Wintrobe’

et rl. 1974 p. 1944). In addition hypercalcemia causes anorexia, neuro-
A\

muscular disturbarnces, disturbed kidney function, lethargy and occasion-

~a

R v

ally coma.

P

[y

Bengtsson et al. (1975) report vertebral damage in minnows

(Phox;nus phoxinus) after 70 days exposure to low levels of cadmium and

Pascoe and Matthey (1977) report spinal deformations in three spined

stickleback ( Gasterosteus aculeatus ) exposed to cadmium. Cadmium

( il:kering and Gast 1972) and Eaton -(1974) reports crippling of larval

[ [ ]
(/\ 1
this experiment may be related to the high incidence of sgpinal deform- !

ities in fish chronically exposed to cadmium and would have promounced )

.

effexts durin periodvs f rapid spinal development of larvae and
g > )

N \.
ju {1es. P

-

-

* ¥Calcium regulation in fish is poorly understood. . Although calcitonin

is a’}lhypocalcemic agent in humans an’ is found in the ultimobranchial

i

glan 3 of fishes, a hypocalcemic function in fish has oot been deﬁon-
|

strated for this hormone. In addition a hormone with the analogous)’ ]
° §

hype .‘r‘:alc‘:emic function of parathyroid hormone in mammals has not been
4 in fish ( Pang 1973). : T,

The corpuscles of Stannius associated with the kidney of ray-finnéd

fish pppears to produce a hypocalcemic substance which Pang et al. (1974)

have pamed hypocalcin. Fenwick and So (1974) demonstrated a 17~fold
45

increpse of "“Ca influx through ‘the gills-of stanniectomized eels

resulting in pronounced hypercalcemia. Fenwick (1976) attributed the ..




o

*
hypercalcemia to the increased production of (;'a2 - ATPase igolated from
' the gill tissue of stanniectomized eels. He concludes that the quantity

of Cazﬁ-ATPase is maintained by the corpuscles of Stannius. .

An enzyme with characteristics simjilar to that of eel gill ATPase

has been isolated from the gills of rainbow trout by Ma et al. (1974).
It is likely that this enzyme is also involved in branchial/calcium

Tt ‘ v .
trans\gort and may be under the influence of the corpuscles of Stannius.
The pronounced hypercalcemia observed in rainbow trout after twenty

days sublethal exposure to cadmium indicateé either greater uptake of

calcium through the gills or intestines or greater resorption from bone
or by the kidney. Direct stimulation of uptake or resorption seems
unlikely since cadmium has been shown [tf: inhibit calcium transport I;y
rat kidney mitochondria ( Saris and Jarv:&salo 1977) and to inhibit
uptake of calcium from the rat intestine ( Yuhas et al. 1978). It seems
'more probable that inhibitlon of hypocalcemic function such as that of
the corpuscles of Stannius would cause such an effect.

Kidney tissue, with which the corpuscles of Stamnius are. associated,

was a primary site of cadmium accumulation. The hypercalcemic response

« of rainbow “trout in this exp2fiment was, similar in extent to that reported
by Fenwick (1976) in stanniectomized eels and inhibition of the hypocal-

cemic\unction of the corpuscles of Stannius by cadmium may have caused

7

the hypercalcemia observed in this experime.nt. This effect of cadmium
-would dlso explain the slight hypermagnesemia that was observed. Ma et al.
(1974) indicate that magnesfum competes for the active site of Caz*-— ATPase.

Increased Caz*- ATPase activity following stanniectomy would increase

d

P

magnesium transport into the blood as well as calcium but to a lesser

extent.




. above this level also produced hypercalcemia in the rainbow trout. The

- K} | 54 .

Cadmium accumulation rate in tissues of rainbow tropt aftexr the.
sublethal exposure period indicated a t:empe‘rature related effect like
that observed after acute exposure. Accumulation rate was greatest at 18?
anq least at_6°C, with 12°-acclimated and exposed gill, liver, kidney
and whole fish residues showing an inCermed‘iate rate. This pattern can
be partially ascribed to the increasgin standard metabolism of .rainbow
trout as the temperature increases (Dickson and Kramer 1971) which would ‘
influence the rate of cadmium uptake through the gill. Gill and kidney
accumulated cadhium to similar'extents and liver apd whole body residues

{
'

were comparatively low. The increased accumulation rate at higher tem-

>

peratures and the more pronounced hypercalcemia observed at these
temperatures indicates that cadmium enters important tissues more rapid Wy
Y 7
at higher temperatures and woduce; more deleterious effects.
Cadmium r%sidues, particu}.@rly in gill and kid‘ney tissue, are higher

than control levels at all concentrations above 2 ng Cd/L. Concentrations

concent\racion of 2 ug Cd/L appears to be the maximum acceptable toxicant
concentration (MATC) for twenty days of sublethal exposure at all three
temperat;.tres. Benoit et al. (1976) suggest a similar MATC of 1.7-3.4
ug. Cd/L following a three generation study of brook trout exposed to

.

cadmium. :

Changes in blood ion concentrations during acute exposure

Calcium in the plasma of rainbow etrout'exposed to. lethal concentra-
tions of cadmium deciined steadiiy during the acute exposure period under
al]: temperature regim—es. In all cases concentrations were below 3.0 meq/L
at tﬁe end of the expolsure period. The hypocalcemia was accompanied b;'

pronounced increases in magnesium at the higher temperatures, that appeared -

W .

*
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to stahilize before the end of the axposure period. Magnesium concen-

trations at 6° at first showed a decline but subsequently recovered

to levels slightly higher than in control fish. These effects‘aré

quite different f£rom the fairly'specific increase in calcium observed

‘ . after twenty days sublethal exposurea. i

a\. Symptoms of acute and sublethal exposure were quit;z different.
During acute expogsure fish exhibited hypersensitivity and uncontrolled

muscle activity whereas chronically exposed fish nev“ez.' showed these

The hypercalcemia observed following sublethal exposure may be a

transitory response and longer exposure may have indicated a recovery.

i Fenwick (1976) indicates that hypercalcemia following stanniectomy in
his eels was such a _Crhnsitory phenomenon. ‘The acute and sublethal

responses may differ but both point to an effect of admium on calcium. -

By
v

4

The hypocalcemia observed during acute exposure can be expected t%

regulation.

influence nerve and muscle function considerably since the maintenance

The symptoms of hypersensi:tivity, rhythmic muscle congtractions and tetany
are also common symptoms of hypocalcemia in humans ( Wintrobe et al.

1974 p.1944) . Similar symptoms of acute cadmium poisoning in fishes have

been reported by a number of rese'hers ( Cearley ana Coleman 1974,

Benoit et al. 1976, Pascoe and Matthey 1977). g

]

o The time of calcium reduction to 3.0 meq/l follows the pattern
of survival time very closely under all temperature regimes. A correlation

coefficient relating calcium reduction time and survival time ig 0.98

. ' and the t value of 9.23 (n=5) indicates that the two are correlated with

‘

symptoms and instead became lerthargic at the higher concentrations. \

of appropriate concentrations of calcium is essential for these activities.

KA TS U v o s s e il BRI A
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. dependence as did survival time and both calcium reduction time and

heteroclitys) after exposure to cadmium. Damage to renal tubules may

- o - 56

~
7

997 confidence. Calcium reduction time of fish acclimated to }20 and

exposed at 6, 12 and 18° showed an inverse logarithmic temperature

survi*_éal time showed a similar deviation from temperature dépendenée
wh;an the fish were accli;natéd and exposed at 18%¢.

The syn;ptoms of acute cadmium poisoning and the strong relation-
ship between calcium reduction time and survival time indicate that

hypocalcemia 1s the direct cause of mortality. Tl-ie timilarity of the

symptoms of cadmium poisoning observed in this experiment with those
reporte’d by other researchers using a variety of fish species indicates ) '
that hypci’ocalcemia may be a cofmon response to acute cadmium exposure.

Impaired renal function is a common effect of acute and chronic ;
cadnium exposure in mammals ( Nordberg 1974). Renal tubuiar c{amage was

also reported by Gardner apd Yevich (1970) in killifish ( Fundulus
g 5 . aucutus

result in decreased resorption of calcium leading to excess;lvle loss
of calcium and subsequent hypocalcemia, Saris and Jarvisalo (1977)
indicate that cadmium is accumulated by rat kidney mitochondria through

an active transport mechanism in the same way as calcium and that this

mechanism accumulates cadmium from low concentrations' Cadmium also

strongly inhibits the calcium transport system and this would result

in lower rgsorp;:ive capability of t;he kidney tubules. Brierley(1967)
reports that some heavy metals cause swelling of heart mitochondria .
by ind{xcing uptake of magnesium and potassium. Since swelling of proximal
tubules is a manifestation of cadmium poigdning a similar uptake oﬂf
magnesium may be related to the hygermagnesemia that ‘accompa.nieg

hypocalecemia. , . | ~ e .
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Hypocalcemia may also result from inbibi%@on of calcium transport

i
Y

by the gill’ tissue. Saris and Jarvisalo (1977) have demonstrated inhibition

of calcium transport by rat kidney mitochondria and Brierley (1967) )

" indicates that cadmium inhibits active transport of calcium by heart

hypocalcemia that was observed.

mitochondria. Since cadmium in the water is likely to enter through the ~

. gill, it may exert a pronounced influence on branchial function and suppress

L

calcivm transport as it does in other tissues. The link between hypocalcemia

and mortality implicates the gill and kidney. as the primary organs affected

by cadmium, and interference with the activity of either may produce the

-

Effect of acclimation and exposure temperature

Rainbow trout acclimated to 12° and exposed to a lethal poncentratioﬁ

of cadmium at 18°C die more quickly than those acclimated and exposed at 18?.
N .

The difference’ in survival time suggests that warm aéclimation results in
; change in tabolism which increases the trout's resistance. time.

The standard metabélic rate of cold-acclimated saimonids is generally
higher than that of warm~-acclimated individuals when both are exposed to
E;e same temperature (Peterson and Anderson 1969, Brett 1971). A compara-
tively greater metabolic rate of the 12°%-acclimated rainbow trout at 18°
as comﬂared to that of 18°-acclimated trout exposed at lBo‘might‘:ccount
partially for the relatively shorter survival time of the colder-acclimated £ish.

The small difference in survival time between 120 and 18o acclimated -

and exposed fish compared to those acclimated and exposed at 60, suggests

that temperature compenéatiod may account for the deviation from temperature

5

dependence of the 18°-acclimated fish in response to cadmium exposure,
0 Fish often exhibit temperature compensation at higher temperatures.

Roberts t1973) indicates very little chgnge in routine or resting oxygen

-

I3

1
i
H




consumption of pumpkinseed sunfish ( Lepomis gibbosus ) in the range of

~ 12 to 20°C. Dickson and Kramer (1971) report only slight increases of

standard metabolism of rainbow trout in the range of 15-20°C. The strong

compensation of metabolic rate during accliniation to warm tempe;'atures
would account for the®slight difference in survival time of rainbow
trout a'cclimat:ed“to 12 at;d 18%¢.

The small difference in survival time Between 6° acclimated fish

o

and those acclimatedu‘/to 12° and exposed td cadmium at 6° indicates that
i - |

cold acclimation results in very little change in survival time-<and

set
1
’

R

would suggest that 6° and ]:2.0 acclimated fish are ;n similar metabolic
4 stated. However, the longer survival times that are .characteristic of
low temperatures may have resulted in significant acclimation of the

12° acclimated’ fish to the test temperature of 6°c. , p

The survival time of fish acclimated to 12° and exposed to cadmium

-

' is characteristic of reactions goveméd by changes in kinetic energy.
"The Q10 relating rate of mortality ( inverse of survival time ) and_
temperature was, 3.98. The QlO of standard metabolism of Atlantic salmon

acclimated to 6° is 2.4~and for those acclimated to 180' it is 3.0 {
{ ' VR
‘ I

( Peterson and Anderson 1969). If the QlO of rainbow tg{out is similar to
: .
that of Atlantic salmon , the much higher Qlo in this experiment indicates

that survival time is not purely a function of metabolic rate but that

(2] . )
other factors are involved which magnify the effect of temperature

compared to its effect on metabolic rate alone. -

> - : ‘ .
These temperature experiments indicate that rainbow trout can be

expected to survive greater concentrations of cadmium for longer periods

1

of time at colder temperatures. The increased.susceptibility of rainbow

at 6, 12 and 18° shows a logarithmic relationship with temperature that ,
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