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The uptake and loss of dissolved cadmium in media by the African mud fish (Clarias angullaris)
fingerlings was studied in water of 25 mg/ L hardness, pH 6.8, at 27 +2°C in a static test system. The
uptake experiments involved exposure of fish to 0.5 and 1.0 mg Cd*'/L test solutions from which the
fish absorbed and retained 1.1011 mg and 1.3060 mg Cd**/g wet fish weight, approximately 550 and 653
times the recorded normal tissue level, respectlvely, after 8 days. In the Ioss experiments, after fourteen
(14) days, the fish that had 0.8320 mg Cd */g wet weight in the 0 5 mg Cd**/L test medium reduced the
internal concentratlon to 0.1121 mg Cd**/g; and in the 1.0 mg Cd**/L test solution, the reduction is from

0.9820 mg Cd**/L to 0.1142 mg Cd**/L wet weight.
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INTRODUCTION

Heavy metals in solution have been found to be absorbed
and retained by fish (Coombs 1974). Bryan (1976)
reported that such absorption is probably due to passive
diffusion down a gradient between the mucus covering
the entire body surface and the gills on one hand and the
internal organs on the other hand. Diffusion is
presumably responsible for the uptake at zinc by the
eggs of cohosalmon  (Oncorhynchus  kisutch)
(Wedemeyer, 1968) and by the adults of numerous fish
species (Skidmore, 1964). So uptake of cadmium is also
likely to be due to simple diffusion.

Mount and Stephan (1967) studied the uptake and
accumulation of cadmium by bluegill (Lepomis
macrochirus) and reported that when fish were exposed
to a high concentration (10 mg/liter of cadmium), the gills
were the major site of uptake. These authors found that
cadmium accumulated in L. macrochirus and that within
30 to 60 days, an equilibrum was established between
the concentrations of cadmium in the water and in the
fish tissue. Spehar (1976) reported that cadmium uptake
increased with increasing exposure concentration but
leveled off at 16 pg/l, and suggested that a possible
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equilibrium was reached between cadmium

concentrations in the water and in the tissue.

Cadmuim often occurs in the environment along with
other heavy metals. The uptake of cadmium together
with other heavy metals, principally zinc, has been
studied. Eisler and Gardner (1973) reported that the
uptake of zinc by mummichog (Fundulus heteroclitus)
was reduced in the presence of cadmium. This study
examines the uptake, retention and loss of the metal from
fish previously exposed to the metal.

MATERIALS AND METHODS

The fish, Clarias angullaris, fingerlings were obtained and
transported to the laboratory in river water contained in 60 L
capacity plastic containers. The fish were held in the laboratory for
three weeks in aerated laboratory water having pH of 6.8 and total
hardness of 25 mg/ L as CaCOs at 27 = 2°C to acclimatize to the
diluted water. During the holding period, the fish were fed a daily
ration of live earthworm (Lumbricus sp.). Holding conditions are
similar to previous practices in this laboratory (Oronsaye and
Obano, 2000).

For the uptake experiments, the fish in batches of 25 were
exposed to 0.5 and 1.0 mgCd®/I in 14 litres of tap water in glass
aquaria in two separate experiments. To avoid the uptake of
cadmium by the gut, the fish were not fed during exposure to the
metal. The length of exposure ranged between 1 — 8 days.

In the experiments on the loss of cadmium after previous
exposure to the metal, new batches of fish were exposed to 0.5 and
1.0 mg Cd/L. Exposure was for eight days and surviving fish were
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Figure 1. Whole body tissue levels of cadmium in fish exposed to 0.5 mgCd?*/L

allowed to recover in fresh uncontaminated water for periods
ranging from one to fourteen days. Only fish which recovered were
fed a daily ration of live earthworm (Lumbricus sp.). All the
experiments were carried out using the static system and a control
experiment was run in each series of experiments.

The experimental tanks and the 50 cm® Pyrex breakers used for
“wet digestion” of fish were washed with detergent, soaked
overnight in 5% nitric acid and rinsed with distilled water (Leonard,
1971; Oronsaye, 1987). The experimental fingerlings, along with
their controls were removed at daily intervals and their cadmium
content was measured after they were allowed to swim in
uncontaminated water for 5 min to remove traces of cadmium
adhering to their body surface. The fish were then pitched and
dried between a filter paper. One fingerling was placed in each
beaker. The wet weight and dry weight (after drying in an oven 80
+ 5°C to constant weight) were recorded. Each dried fish was
milled separately and stored in polythene bags in a dessicator. The
fish were not ashed.

Perchloric acid, nitric and concentrated sulphuric acids (Analer
Grades in ratio of 1:5:1) were added to one gram of each milled
specimen in conical flasks (Oronsaye and Obano, 2000). The
conical flask and content were transferred to a hot plate at 80 + 5°C
in a fume chamber and allowed to boil. Digestion lasted about 12 h
due to the sulphuric acid. When fats appeared in solution as
indicated by a colour change from pale yellow to brown, additional
nitric acid was added. Evaporation was continued until the white
fumes of perchloric acid ceased. Each residue was allowed to cool
and 5 ml of distilled water was added and boiled for half a minute in
the same hot plate at medium heat. The residue was cooled and
filtered completely with a wash bottle into a 100 ml pyrex volumetric
flask and made up to mark with distil water.

The amount of cadmium in each sample was measured by a
Varian Techtron, Spect AA 10, an Atomic Absorption
Spectrophotometer calibrated previously. The levels of cadmium
found in fish issue are shown in Figure 1 to 3 in which one fish

sample represents one point. All experiments were run in tap water,
at temperature of 27 £ 2°C.

RESULTS AND DISCUSSION

The fish that died in experiments were not analysed for
cadmium residue in their tissue. The stickleback,
Gasteroteus aculeatus, (Oronsaye 1987) have been
shown to accumulate heavy metal after death, so
analysis which could have resulted in very high cadmium
concentrations in tissue was avoided.

The mean concentration of cadmium in whole body
preparation of 4 unexposed C. angullaris fingerlings was
less than 0.001 mg Cd**/g wet weight and the range
0.0013-0.0006 mg/g. Fish exposed to 0.5 mg Cd*/L for
24 h showed an increase in body cadmium, 0.3260
mgCd?*/g, which represent a total nearly 148 times the
normal mean value. A longer exposure of fish (up to 8
days) to 0.5 mgCd®’/L resulted in an erratic decline in
body load (Figure 1). Fish exposed to 1.0 mgCd*/L
showed a high increase of cadmium with time. After 8
days exposure, body burden was 400 times the normal
level (0.8241 mg/g wet weight as against 0.0123 mg/g
wet weight).

When fish exposed to either 0.5 or 1.0 mg Cd**/L for 8
days were allowed to recover in cadmium free water,
approximately 50% of the absorbed mean was lost from
the body after 3 days. Figures 2 and 3 indicate that
increasing the recovery period beyond 14 days could
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Figure 2. Loss of Cadmium from the tissue of fish while in clean water after previous exposure to
0.5mgCd**/L for 14 days.
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Figure 3. Loss of Cadmium from the tissue of fish while in clean water after previous exposure to
1.0 mgCd®*/L for 14 days.
result in almost all previously absorbed metal being lost experiment.
from the body although, the rate of efflux shows with The whole body digests of C. angullaris fingerlings
time. Fish in both experiments still held approximately were examined for cadmium. The mean concentration

15% of the absorbed cadmium in the close of the obtained were 0.001 mg/g wet weight of fish for 4



unexposed normal fish Cadmium is not normally found in
tissue because it has no biological or biochemical

function. The result obtained differs from that by
Methiessen (1973) and Oronsaye (1987) on the
stickleback, Gasterosteus aculatus, which contains

approximately 0.072 mg Cd*/g wet weight of fish.
However, the stickleback they analysed were from a
canal whose bottom sediments contained traces of
cadmium.

When C. angullaries fingerlings were exposed to 0.5 or
1.0 mg Cd*/L for 8 days, the fish absorbed and retained
the metal. The fish are able to reduce the concentration
of the metal absorbed (Figure 2 and 3). This
phenomenon was also reported when stickleback were
exposed to solutions containing cadmium Oronsaye
(1987) and has been explained by the fact that these
fishes are euryhaline and so adapt to sudden influx of
ions. Similar observation has been reported for C.
angullaris exposed to copper (Oronsaye and Obano,
2000). In the higher concentration of 1.0 mg Cd**/L
uptake experiment which lasted for 8 days, more
cadmium in mg/g wet weight of fish was retained. This
observation agrees with those of Eisler (1974) on
munnichog (Fundulus heteroclitus ) and Pascoe and
Mattey (1977) on Gasterosteus aculaeatus. The latter
authors found that G. aculeatus exposed to Cd?* in water,
increased the body load of the metal with increasing
external concentration of 0.90 ug/g fresh weight at 0.001
mg/g Cd*/L to 5.70 mg/g fresh wet weight at 100
mg/Cd**/L. Exposed of the fish to cadmium was
reported to have lasted 79 days at which time about 80%
of the fish in each test concentration had died.

It appears that the excretion of cadmium by C.
angullaris exposed to 1.0 mg Cd*/L was poor when
compared with the lower concentration of 0.5 mg Cd**/L.
It is likely that the cadmium diffusing into the fish after the
6" day reached a level high enough to inhibit the
excretion of the metal, presumably through poisoning of
the gill ion excretory cells. This suggestion may explain
why the fish exposed to 1.0 mg Cd“*/L built up a body
load of 0.54 mg Cd**/L wet weight; whereas in 0.5
mgCd?*/L, fish accumulated only 0.07 mgCd®*/g over the
same period of times (8 days).

The study has revealed that when cadmium containing
compounds are been applied to live fish, the metal is
absorbed and retained. Also when the source of
cadmium is removed, there is a corresponding loss of the
metal from the fish. It is conceivable therefore, that even
though cadmuim may be lost from fish after exposure, the
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cadmium may eventually Kill fish through cadmium
poisoning
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