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Abstract

The accumulation and elimination of Cd on Oreochromis sp. tissues were studied in exposure phase and recovery
phase. In the exposure phase, the mean rate of Cd accumulation in the Oreochromis sp. tissues was in the order liver >>
gill >> muscle. Cd accumulation in these tissues increased with increases in Cd concentrations in the water or as time
proceeded. In the recovery phase, the order elimination in the tissues was also gill > muscle > liver. Short-term
depuration (10 days), quick decrease of Cd in gill and muscle of Oreochromis sp. were observed.
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1. INTRODUCTION

Fish are located at the end of the aquatic food
chain and may accumulate metals and pass them to
human beings through food causing chronic or acute
diseases [1-3]. Heavy metal accumulation in the
organs of fish is dependent upon the exposure time
and exposure dose as well as other factors, such as
temperature, age, interaction with other metals,
water chemistry, and metabolic activity of the fish
[4]. The major routes of metal uptake in fish are
through the gills, the digestive system and the skin.
It is well known that heavy metal easily accumulates
in bones, gills, kidneys, liver of fish. The elimination
of metals from the tissues depends on time, age,
metabolic activity, interacting agents, and the
biological half-life of the metals [5-8].

Cadmium (Cd) is known as one of the most
dangerous environmental and industrial pollutants. It
has no biological function and accumulates mainly
in metabolically active tissue even at low
concentrations, which in turn may cause tissue
damage [9].

Therefore, the importance of studies of Cd
bioaccumulation in fish, which represent a valuable
source of food for humans, in the context of
environmental pollution, seems unquestionable. This
study focused on the accumulation and elimination
of Cd in liver, muscle and gill of Oreochromis sp.
cultured in water contaminated Cd.

2. MATERIALS AND METHODS
2.1. Chemicals

CdCl,, H,0, HNO; were purchased from
Merck, Darmstadt, Germany.

2.2. Fish and conditional experiment

Oreochromis sp. were collected from Minh Luan
fish farms, No.9, Dong village, Long Dinh
commune, Chau Thanh district, Tien Giang
province, Mekong Delta, Viet Nam. Similar sized
fish, 20+1 cm in length and 300+1 g in weight, were
used for the experiments. Fish were transported in
polyethylene bags filling with oxygen. Then were
kept in a 500 L tank (semi-static system, 25 % daily
water renewal, dissolved oxygen (DO) = 6.5+0.7
mg/L, pH = 6.3, temperature = 28+4 °C. The
experiments were carried out under controlled
laboratory conditions set at 30+1 °C) and
illumination for 10 h. Fish were allowed to acclimate
for 12 days before the exposure studies began.

2.3. Subchronic exposure and recovery
experiments

Oreochromis sp. were divided into seven
treatments which were exposed to control water
(control treatment) and water contaminated with
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different concentration of cadmium (0.66 mg/L, 1.0
mg/L and 2.0 mg/L equal to 1/10, 1/20 and 1/30 of
96-h LCs, for Cd) for one exposure period of 20
days and one depuration period of 10 days. The 96-h
LCs, of Cd for Oreochromis sp. was found to be
19.2 mg Cd/L [9]. Seventy-five fishes were
randomly assigned to each treatment; each treatment
consisted of three tanks with twenty-five fish per
tank (n = 3). Water samples were collected twice a
week for analysis of Cd concentration using
inductively coupled plasma-mass spectrometry.
After 20 days of exposure, fish experienced a
depuration period of 10 days in control water.

2.4. Tissue sampling

At 4, 12, and 20 days of exposure and 10 days of
depuration period, fish were washed with bi-distilled
water. The following tissues were collected from
randomly harvested fish from each group: muscle,
gill and liver. These tissues were dried in oven at
105°C for 10 h before analysis of Cd concentration.

2.5. Cadmium analysis

Prior to determination, tissues of weight 1 ¢
were subjected to preliminary mineralization in
presence of 6 mL of a 2:1 v/v mixture of HNO; (65
%) and H,O, (30 %) in the closed vessel. The
samples were then heated to 85 °C for 30 min. The
so obtained clear liquid was diluted with deionized
water to 25 mL and then assayed for concentration
of Cd using ICP-MS 7700 (JP 13052271, Agilent,
USA). The method had a LOD of 1 ng Cd/mL.

2.6. The accumulation factor and the elimination
rate

The accumulation factor (AF) is often used to
compare the body burden of an organism with the
degree of contamination in the water. The following
equation was used in the present study:

Cd exp — cd control

AF =
Cd water
Where, [Cd]exp, [Cd]contror, @nd [Cd]wawer are the Cd
concentration in the experimental group, control
group, and water, respectively [10,11].

The elimination rate (%) is the percentage
decrease in the initial value after 10 days in
depuration phase. The following equation was used
in the present study:

[Cd]depuration phase [Cd] exposure phase

x100

[Cd]exposure phase
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Where [Cd]depuration phase,[Cd] exposure phase are
the Cd concentration in the 10 days of depuration
phase, 20 days of exposure phase, respectively.

2.7. Statistical analysis

Statistical analysis was performed using the
Statistical Package for Social Sciences (SPSS)
version 22.0. Data were expressed by mean + SD.
Differences between means were evaluated by one-
way analysis of variance (ANOVA). Statistical
significance of the differences between mean was
assessed by Duncan’s test, p < 0.05 was considered
significance.

3. RESULTS AND DISCUSSION
3.1. Accumulation of Cd

Metal accumulation in the organs of fish is
dependent upon the exposure time and exposure
dose as well as other factors, such as temperature,
age, interaction with other metals, water chemistry,
and metabolic activity of the fish [4]. The
accumulation of Cd in tissues of Oreochromis sp. is
presented in figure 1. Cd accumulation in these
tissues increased with increases in Cd concentrations
in the water or as time proceeded. The groups
exposed to Cd had significantly higher accumulation
of Cd in tissues than the control group (p < 0.05).
The order of Cd accumulation in the tissues during
exposure was liver >> gill >> muscle.

Accumulation of Cd in liver of Oreochromis sp.
significantly increased with increases in Cd in the
water and time proceed (Fig. 1). Long-term exposure
(20 days) to Cd at 0.66, 1.0 and 2.0 mg/L,
concentration of Cd in fish liver reached 1.84+0.17,
2.06£0.04 and 2.53+0.05 mg/kg dry weight,
respectively. These values were approximately 14,
17 and 21-fold higher than those of the control
group.

The gills of fish serve as an interface between
the water and blood, notably for continuous
diffusion of oxygen, the maintenance of acid-base
and the major sites of heavy metals uptake due to
direct contact with the water [12]. Long-term
exposure to Cd at 0.66, 1.0 and 2.0 mg/L, Cd
accumulation in gill were 0.82+0.04; 0.99+0.03 and
1.44+0.03 mg/kg dry weight, respectively. These
values were approximately 5, 8, and 10-fold higher
than those of the control group.

In case of muscle, lowest accumulation of Cd
was observed but it increased linearly with increases
in Cd in water. Accumulation of Cd in muscle of
Oreochromis sp. significantly increased compared to
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control group. After 20 days exposures to Cd at
0.66, 1.0 and 2.0 mg/L, concentration of Cd in fish
muscle reached 0.29+0.02, 0.32+0.02, and
0.39+0.02 mg/kg dry weight, respectively. These
values were approximately 3.6, 4, and 5 -fold higher
than those of the control group.
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Figure 1: The accumulation of Cd in fish tissue in
exposure phase (mean + SD)
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Similarly, several previous studies documented
that metal accumulation in the liver tissue was
higher than in muscle [13-16]. This is probably due
to higher metabolic activities of liver compared to
those of muscle [17]. Liver plays an important role
in storage, redistribution, detoxification and
transformation of pollutants [18]. In the liver, the
elements react with the oxygen carboxylate, amino
group, nitrogen and/or sulphur of the mercapto
group in the metallothionein protein. These results
are consistent with the hypothesis that accumulation
in muscle becomes important only when the
maximum storage capacity of the liver has been
reached.

A significant linear correlation between Cd
concentration in different fish tissues and this of the
waterborne, the linear regression equation and
correlation coefficients are presented in table 1.

Table 1: The linear correlation between Cd
concentration in fish tissues and in water

2

Tissue Equation r
Liver y =0.426 x + 1.00 0.92
Gill y =0.265 x + 0.276 0.79

Muscle y =0.350 x + 0.036 0.95

The accumulation factor (AF) of Cd in fish
tissues was showed in figure 2. The AF of fish
tissues was increased with time proceeds whereas it

Cadium accumulation and elimination...

was decreased with increases in Cd concentration in
water. The order of AF values was liver >> gill >>
muscle.
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Figure 2: The AF of Cd in Oreochromis sp. tissues

3.2. Cadmium elimination

Elimination of accumulated Cd from organs
during exposure of 20 days depended mainly on
tissue. The order of Cd elimination in the tissues
during recovery period was gill > muscle > liver. At
the end of recovery period (day 10), sharp decrease
of Cd was observed in the gill (33.7-54.3 %) and in
the muscle | (27.8-48.8 %). Cd elimination from
liver was slightly slower 26.3-34.3 %, probably due
to their role in the removal of this element from
body.
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Figure 3: Cd accumulation at day 20 and elimination
at day 10 in the tissues of Oreochromis sp.
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Elimination of heavy metals depends on the
biological half-life of the metals and aquatic species.
Viarengo et al. (1985) reported that elimination of
accumulated Cu in Mytilus galloprovincialis was
significantly faster in comparison with Cd [19].
Slow elimination of Cd was observed in the clams
Macoma balthica [20, 21]. Elimination of
accumulated Cd in the liver and kidney of Rainbow
trout was approximately more than a year [22].
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4. CONCLUSION

This study demonstrated that liver of

Oreochromis sp. is a target organ for Cd, which
implies that it is also the critical organs for toxic
symptom. The accumulation factor of Oreochromis

sp.

increased with time proceeds whereas it was

decreased with increases in Cd in water. Short-term
depuration (10 days), quick decrease of Cd in gill
and muscle of Oreochromis sp. were observed. The
rate of elimination Cd from Oreochromis sp. fish
tissues was gill > muscle > liver.
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