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Abstract
Pollution and food safety are concerning issues in recent years. For that, the present investigation was aimed to evaluate the effects

of Cadmium (Cd) exposure on growth and survival and accumulation in various organs of Nile tilapia (Oreochromis niloticus). In six

treatments, six various doses of Cd was applied daily. All treatment barrels got 100% mortality within the 3rd week of Cd exposure.

100% mortality was observed in day 16 where the highest Cd dose was applied. Fish growth was found higher in control, where no Cd
was exposed, compared to other treatments where Cd was exposed. Data showed the order of Cd accumulation in various organs was:
liver > kidney > gonad > gills > muscles in all treatments. Highest amount of Cd accumulation was found in liver 1.743 ± 0.049 mg/

kg which is the main site for toxicant bioaccumulation and storage and lowest concentration was found in muscles 0.004 ± 0.0021
mg/kg as muscles do not actively accumulate metals. This study indicates that all these concentrated metals in different parts of fish

body could be concentrated into human body, if they are consumed for long time and if so happen; there will be a massive health risk
for us.
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Introduction
Industrial development in the developing and developed

can change both aquatic species diversity and ecosystems, due to

applies to a group of metals and metalloids with atomic density

as metals lead to displacement of an essential metal cofactor of

countries has been resulted in heavy metals (HMs) contamination

of local waters. The term HMs is a general collective term which

greater than 4 g/cm3 or 5 times or more greater than water. HMs is

non-biodegradable and once discharged into waterbodies, they can

either be adsorbed on sediment particles or accumulated in aquatic
organisms. HMs discharging into river or any aquatic environment

their toxicity. Toxicity with HMs is due to disrupt the function of

essential biological molecules such as protein, enzymes and DNA
the enzyme and interaction of the metallic ions with DNA which
proven to be carcinogenic to animals and humans [1]. In addition,

digestive, renal, nervous, endocrine, reproductive and respiratory
system defect were also, confirmed as a result of HMs exposure
[2].
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Bioaccumulation is a process by which the chemicals are taken up

tissues [13]. This non-essential HM enters human and animal

In fish, which is often at the higher level of the aquatic food chain,

environment in significant amounts but its release in the

by an organism either directly from exposure to a contaminated

medium or by consumption of food containing the chemical [3].

substantial amounts of metals may accumulate in their soft and
hard tissues through the effects of bioaccumulation and become

toxic when accumulation reaches a substantially high level. HMs
accumulate

in

the

gonadal

tissues

of

fish,

reaching

a

concentration of up to 1000‐fold higher than in the surrounding water
environment and becoming extremely harmful for reproduction [4].

Pollutants enter into fish through a number of routes: via skin, gills,

bodies

via

different

industrial

products,

environmental

pollution and different contaminated foods. Cd occurs naturally in the

recent past is steadily increasing due to human activities causing

pollution at considerably toxic level. Thus, the deleterious
effects of HMs on aquatic ecosystems necessitate the continuous

monitoring of their accumulation in key species, since it affords
indication of temporal and spatial extent of the process and impact on
organism’s health [14].

oral consumption of water, food and non-food particles [5]. Once

There has been an increasing interest in the utilization of

storage. The levels of HMs in aquatic ecosystems are now among the

opportunistic omnivorous, consume a variety of feed, living or drying

absorbed, pollutants are transported in the blood stream to either
a storage point (i.e. bone) or to the liver for transformation and/or
highest reported in the world and they are reaching unprecedented
levels [6].

Consumption of food containing these contaminants by aquatic
organisms

may

not

only

affect

their

productivity

and

reproduction but it will also affect the health of human being that
depends on these organisms as a source of protein [7]. The overall

consequences of trace metal contamination in aquatic ecosystems are

reduction in biological species richness and diversity and change in
species composition [8].

The response to chemical stress can be used as biomarkers
or sentinels of environmental conditions [9]. Biomarkers are
early responses or measurable biological event due to exposure to
pollutants

after

acute

or

chronic

exposure

and

the

morphological findings has been largely considered in bio monitoring
studies. Due to urban, industrial and agricultural activities, freshwater

sources are dumped with different kinds of chemicals that affect the

inhabiting biota [10]. Thus, in view of the quality of public food
supplies, their levels in aquatic environment should be monitored
regularly to check water quality and animal health [11].

Among HMs, Cadmium (Cd) is a chemical element with atomic
number 48. This soft, bluish-white metal is from group II B that has

an atomic weight of 112.41 with specific gravity of 8.65; the ionic
form of Cd (Cd2+) is usually combined with ionic forms of oxygen

(Cadmium oxide, CdO), Chlorine (Cadmium chloride, CdCl2), or

Sulfur (Cadmium sulfate, CdSO4). Cd is considered as one of the

fishes as bioindicators of the integrity of aquatic environmental

systems [15-17]. Nile Tilapia (Oreochromis niloticus) is an

materials, animal or plant and has economic importance in Asian

market. It grows well at high densities when good water quality is
maintained, but they are also amazingly tolerant of poor or variable

water quality. Cd accumulates in sediments and water and finally
bioaccumulates in fish and its toxicity affects in fish health and
production. The entrance of Cd into the human body and animal

food chain due to the anthropogenic activities implies an adverse
effect. Elevated rate of Cd in foods may make food security risk.
Therefore the present study is undertaken to investigate growth

and survivality of Nile Tilapia (O. niloticus) under Cd exposure
and to sway the Cd accumulation in gills, liver, gonad, kidney and

muscles exposed to different doses of Cd. The results obtain from
this study may help policy makers to determine safety levels of
HMs in environment as well as in edible fish species.

Materials and Methods

Collection and acclimatization of fingerlings
To investigate the growth and survivality of Nile Tilapia (O. niloticus, Linnaeus) under Cd exposure and levels of Cd accumulation

in various organs 300 healthy fingerlings measuring 7-8 cm were
purchased from a commercial fish seed hatchery, transported and

gently released into rearing tanks with sufficient aeration for acclimatization. Fish were acclimatized for seven days in two 300 liter
tanks (each containing 150 fingerlings). During this acclimatization

period fingerlings were fed with grinded commercial pellets. After
that the fingerlings were transferred to the experimental barrels.

most toxic HMs [12] and environmental pollutant toxic to number of
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Rearing of fingerlings
Nile Tilapia (O. niloticus) fingerlings were acclimatized to the

Cd accumulations in various organs were analyzed by a two-step

barrels of 100 L size in such a way that biomass of all tanks become

at 120°C [19]. After, the dried samples were placed in the furnace at

rearing condition and were reared for 12 weeks. Then the fish
were weighed individually, selected and distributed into 21
similar. The numbers of fishes in each barrel were 10. Commercial
fish feed (Arman fish feed Company, Gazipur) were bought from local
market. Approximately 10 g fish feed were given daily 2 times in

each rearing tank. Uneaten food and the feces were removed after
30 minutes of feeding from all the tanks daily.
Design of Experiment

The experiment was designed in CRD method [18]. There were
six treatments groups T-I, TII, T-III, T-IV, T-V, T-VI where doses

were used 0.5 mg/L, 1.0 mg/L, 1.5 mg/L, 2.0 mg/L, 2.5 mg/L, 3.0

mg/L respectively and control with no Cd dose, each having three
replications. In each treatment, specific concentration of Cd

(Cadmium Metal, Chemsavers, USA) was added daily. Same pH and

temperature and other water quality parameters were maintained
during the whole experimental period (Table 1). At the end of
treatment with Cd, the Cd exposed fish organs were dissected and
kept frozen at -40ºC until used.

Growth Performance of Nile Tilapia (O. niloticus)

Growth of Nile Tilapia (O. niloticus) in length (cm) and weight (g)

was measured and the following parameters were used to evaluate

growth performance at different treatments: 1. Length gain (cm)
= Mean final length- Mean initial length 2. Weight gain (g) = Mean
final weight- Mean initial weight

Bioaccumulation of Cd in Nile Tilapia (O. niloticus)

Cd accumulation in various parts of Nile Tilapia (O. niloticus)

was estimated at the end of the experiment. Fish were stored in
a cooler packed with ice block in order to maintain the freshness
and later transported to the laboratory for dissection of the organs

after removing the scales and washing thoroughly. The laboratory
apparatus were washed with concentrated soap and rinsed with

tap water then distilled water, then acid–washed in 1M Hydrochloric acid (HCl) for 24 hours and rinsed in distilled water to ensure

that all traces of cleaning reagent were removed prior to use. The
gills, muscle, liver, kidneys and gonads were removed on a dissection board using stainless dissecting equipment which had been
swabbed in 70% alcohol to prevent any possible contamination of
the samples.

process: dry-ashing and acid digestion. Firstly, the samples were
placed in acid-washed crucibles and oven-dried to constant weight
500-600°C for another 12-14 hours until the samples turned into a

white ash mineral. Samples were put in dry labeled plastic contain-

ers and stored in desiccator until digestion. For the acid digestion
second step, the ashed powder samples (10g) were dissolved in
concentrated nitric acid or in HNO3/H2O2 with appropriate dilution

(the samples being diluted to 25 mL with deionized water). HMs
in the acid-resolved samples were determined using an atomic absorption spectrophotometer (AAS, Spectra 220 FS, Varian, Palo Alto,

CA, USA). Blank digestion was also performed to quantify possible
contamination during sample preparation and analysis. The stan-

dard solution was prepared before analysis of the current work. Cd
accumulation in various parts of fish body was estimated as follows: Gills = Mean final accumulation in gills, Kidney = Mean final

accumulation in kidney, Gonad = Mean final accumulation in gonad,
Liver = Mean final accumulation in liver, Muscle = Mean final accu-

mulation in muscle. The actual concentration was calculated on the
basis of total amount of the sample taken and expressed in mg/kg.
Statistical Analysis

The data was expressed as means± Standard Deviation (SD). For
the statistical analysis of data Microsoft Excel was used and “Statis-

tics 10” software was used for “ANOVA” in 5% level of significance,
P < 0.05. Data were expressed as mean ± standard error of mean.

Results and Discussion

Growth of Nile Tilapia (O. niloticus) under Cd exposure
The pH, temperature (ºC) and other rearing conditions were maintained the same in all the treatments during the whole experimen-

tal period (Table 1). The growth of Nile Tilapia (O. niloticus) in term

of length was hampered due to exposure of Cd. In the present study,
the highest length (27.92 ± 3.2 cm) was found in control where
there was no Cd exposure (Table 2), moreover in T-VI the length

gain was found the lowest (16.14 ± 1.2 cm) where the Cd exposure

was the highest. The length gain was found to decrease gradually

with the gain of Cd concentration. Cd exposure may lead to the results of some pathophysiological damages and metabolic changes
which affect growth rate reduction in fish [20].
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Parameters
Temperature (°C)
pH

Dissolved oxygen (mg/l)
Salinity (mg/l)

Alkalinity as CaCO3 (mg/l)

Value
28 ± 2

7.3 – 7.6
6.8-7.5

0.3- 0.35
162-168

Table 1: Water quality parameters used in the experiment.
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metal concentration in the environment, the more may be taken
up and accumulated by fish. Quickest mortality was found in T-VI,
showed the adverse effect of higher Cd exposure. Cd is poorly

regulated by organisms, thereby increasing the likelihood that
whole-body residues will increase with increasing exposure
concentration [25] which affects the survivality of experimental

organisms. Effects of long-term exposure can include larval
mortality and temporary reduction in growth [26].

Treatments

Mean initial
length (cm)

Mean final
length (cm)

Mean length
gain (cm)

Treatments

Mean initial
weight (g)

Mean final
weight (g)

Mean weight
gain (g)

Control

7 ±.029

27.92 ± 3.2

20.92 ± 3.249

Control

10 ± 0.21

288.65 ± 4.7

278.65 ± 4.91

T-III

7 ±.023

17.64 ± 2.1

10.64 ± 2.123

T-III

10 ± 0.23

132.5 ± 3.1

9.14 ± 1.222

T-VI

T-I

T-II

T-IV
T-V

T-VI

7 ±.037
7 ±.043

7 ±.047
7 ±.022

7 ±.022

20.64 ± 2.8
18.57 ± 2.3

17.14 ± 1.5
16.57 ± 1.4

16.14 ± 1.2

13.64 ± 2.837
11.57 ± 2.343
10.14 ± 1.547
9.57 ± 1.422

T-I

10 ± 0.31

T-II

10 ± 0.27

T-V

10 ± 0.21

T-IV

10 ± 0.33
10 ± 0.25

163.6 ± 4.3

153.6 ± 4.61

123.6 ± 2.7

113.6 ± 3.03

142.5 ± 3.2

112.5 ± 2.5
102.5 ± 2.4

132.5 ± 3.47
122.5 ± 3.33
102.5 ± 2.71
92.5 ± 2.65

The mean numbers were calculated as mean ± standard deviation

The mean numbers were calculated as mean ± standard deviation

Table 2: Length gain of fish in different treatments.

Table 3: Weight gain of fish in different treatments.

The growth of Nile Tilapia (O. niloticus) in term of weight gain
was also hampered due to exposure of Cd. The highest weight

gain was found in control whereas the lowest weight gain was
observed at highest concentration of Cd exposure (table 3). Weight
gain was found to increase gradually with the decrease of Cd

concentration. Exposure duration evidently affected sensitivity of fish

larvae and influence the weight gain in Heteropneutes
fossilis [21]. Study showed that the age of the fish, a potentially

confounding factor when studying Cd bioaccumulation because Cd
concentrations in liver and kidney increase with the age and affect
fish growth [22,23]. Thus it is unlikely that poor growth is the result of

energetic deficiency brought on by the need to mobilize and
eliminate toxicant [24].

Mortality rate of Nile Tilapia (O. niloticus) under Cd exposure

Nile Tilapia (O. niloticus) died due to Cd exposure in
different concentrations. All treatment barrels got 100 % mortality
by the third week but the time needed to reach 100 % mortality

varied among different treatments. 100 % mortality was observed
in day 21, 19,18,18,17 and 16 for T-I, T-II, T-III, T-IV, T-V and T-VI

respectively (Table 4). No mortality was observed in the control

because there was no contamination of Cd. Generally, the higher

Treatments

First
week

Second
week

Third
week

Total

Control

00

00

00

00

T-III

09

09

12

30

T-I

T-II

T-IV
T-V

T-VI

03

06

04

09

03

06

06

08

06

12

18

21

18

15

15

30

30

30

30

30

Table 4: Number of fish died in different treatments.
Accumulation of Cd in Gills of Nile Tilapia (O. niloticus) under
Cd exposure
In Gills of Nile Tilapia (O. niloticus), lowest accumulation of Cd was
found (0.041 ± 0.0029) mg/kg in T-I and highest Cd accumulation

was obtained (0.315 ± 0.0043) mg/kg in T-VI (Figure 1). Gills are in

direct contact with the water and if the water is contaminated this

will be the main route for the contaminants to enter the fish body.
Then with the blood flow, HMs can reach other internal organs and
tissues. Ahmed., et al. reported that Ayre (Sperata aor) collected

from river Dhaleshwari contains 0.307 mg/kg Cd in gills [27]. In
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the present study, the Cd concentration in gills of Nile Tilapia (O.

pollutants such as pesticides, PAHs, PCBs etc.) accumulation and Cd

high in third week in T-VI than the findings of Ahmed., et al. [27].

a very fast decontamination rate. Bioaccumulation of Cd in flesh of

niloticus) in all treatments were lower during first and second
week than that of the findings of Ahmed., et al. but it was found

Metal ions are usually absorbed through passive diffusion or carrier
mediated transport over the gills while metals associated with
organic materials are ingested and absorbed by endocytosis
through intestine. It has been suggested that Cd ions enter the
chloride cells in the gills through calcium channels [28]. Gills

are also reported to act as storehouse of Cd in experimental

studies [29,30]. Wong., et al. studied morphological and biochemical

changes in the gills of Tilapia (O. mossambicus) after experimental Cd

exposure [31]. In scanning electron microscopic studies, they found an
augmentation of microbridges in pavement cells and an increase
in the apical membrane of chloride cells. They further reported

chloride cells as a prime target of Cd toxicity, resulting into fish hypocalcemia.

accumulation found lowest in muscles of Nile Tilapia (O. niloticus)
because muscles do not actively accumulate HMs and seems to have

Ayre fish (S. aor) collected from river Dhaleshwari was found 0.17
mg/kg [27] which was higher than 0.1 mg/kg, the FAO approved

level (Table 5). However, the concentration of Cd found in the pres-

ent study in the muscle of Nile Tilapia (O. niloticus) was lower
than S. aor during first and second weeks of the experiment, but

the concentration was obtained higher at the end of third week in
treatment T-IV, T-V, T-VI. The mean total Cd content as determined
by the analysis of the edible pats of the fishery products shall not
exceed 0.05 ppm mg/kg of fresh weight (Table 5) [32-36]. This av-

erage limit is, however, increased to 0.1 mg/kg of fresh weight for
edible parts of the some species including: Dicologoglossa mneata

(Wedge sale), Anguilla anguilla (Eel), Truchurus trachurus (Horse
Mackerel or Scad), Mugil labrosus labrosus (grey mullet, DipZodus
vulgaris (Common two-banded seabream) and Sardina pilchardus
(European pilchard or sardine) [32].

Figure 1: Concentration of Cd in gills of O. niloticus during
the experimental period at different treatments.
Figure 2: Concentration of Cd in muscles of O. niloticus

Accumulation of Cd in Muscles of Nile Tilapia (O. niloticus)

during the experimental period at different treatments.

under Cd exposure
Body HMs level is related to its waterborne concentration only

if HMs is taken up by the fish from water. In the muscles of Nile
Tilapia (O. niloticus), Cd accumulation was found lowest in T-I
(0.004 ± 0.0021) mg/kg and highest in T-VI (0.179 ± 0.0048) mg/

kg (Figure 2). When 3.0 mg/L of Cd dose was exposed into water,

the Cd accumulation in the muscles of Nile Tilapia (O. niloticus)
was found (0.007 ± 0.004) mg/kg, (0.067 ± 0.0049) mg/kg and

(0.179 ± 0.0048) mg/kg in first, second and third week respectively (Figure 2). Muscles are the main site for POPs (persistent organic

International
standards

HMs in fish muscles (μg/g dry. wt.)
Cd

Reference

FAO

0.17

32

European community

0.17

35

FAO/WHO limit
WHO

England

1.67
3.33
0.67

33
34
36

Table 5: Maximum permissible limit of HMs in fish muscle
(μg/g dry. wt.) according to the international standards.
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Accumulation of Cd in Liver of Nile Tilapia (O. niloticus) under
Cd exposure
Like other organs, the lowest Cd concentration in liver of Nile

Tilapia (O. niloticus) was found (1.038 ± 0.012) mg/kg in T-I and
the highest Cd concentration was found (1.743 ± 0.049) mg/kg in
T-VI (Figure 3). Liver is the main site for toxicant bioaccumulation,

storage and detoxification that’s why the concentration of Cd was
found (1.038 ± 0.012) mg/kg, (1.213 ± 0.022) mg/kg and (1.523 ±

0.024) mg/kg in first, second and third week respectively, When
the Cd dose was 0.50 mg/L, liver accumulates high concentrations
of HMs, irrespectively of the uptake route. The liver is considered

a good monitor of water pollution with HMs since their concen-
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very high affinity to kidneys [40]. This is in agreement with the

Environmental Health Criteria of Cd (Table 5) which reported that

Cd is accumulated in the body in various tissues, but the main sites
of accumulation in aquatic organisms are the kidney and liver. The

maximum permissible limit for Cd is 3.33 μg/g [Table 5]. However
the concentration of Cd accumulated in kidney of Nile Tilapia (O.

niloticus) in any of treatments was lower than that of the standard

limit. Kidney is the principle target organ of Cd toxicity and chronic
Cd exposure in almost all animal species is characterized by varying
degree of renal damage [41,42].

trations accumulated in this organ are often proportional to those
present in the environment [37]. HMs levels in the liver rapidly in-

crease during exposure, and remain high for a long time of depuration, when other organs are already cleared. Cd accumulates in
liver of fishes in high concentrations [38]. It also induces various

pathological changes in liver tissues including engorgement of
blood vessels, congestion, vacuolar degeneration of hepatocytes,
necrosis of pancreatic cells and fatty changes in the peripancreatic
hepatocytes [39].

Figure 4: Concentration of Cd in kidney of O. niloticus
during the experimental period at different treatments.
Accumulation of Cd in Gonad of Nile Tilapia (O. niloticus)
under Cd exposure
In fish, HMs are taken up through different organs because of the

affinity of such organs for the accumulation of HMs. In this process,
many HMs are concentrated at different levels in different organs

of the body [43]. Other organs like intestine and gonads of fishes

Figure 3: Concentration of Cd in liver of O. niloticus during
the experimental period at different treatments.
Accumulation of Cd in kidney of Nile Tilapia (O. niloticus)
under Cd exposure
In the present investigation, the lowest Cd accumulation in the

kidney of Nile Tilapia (O. niloticus) was found in T-I (0.1 ± 0.0026)
mg/kg and the highest in T-VI (0.383 ± 0.0041) mg/kg (Figure 4).
HMs concentrations in the kidney rise slower than in liver, and

usually reach slightly lower values, except Cd and Zinc that show

also appear susceptible for ill effects of Cd toxicity [44, 45]. In the

collected samples of gonads, the lowest accumulation of Cd
was found in T-I (0.286 ± 0.0021) mg/kg and highest (0.371 ±

0.0041) mg/kg was found in T-VI in the third week of Cd exposure
(Figure 5). In the first week, concentration of Cd was found (0.044 ±

0.0027) mg/kg, which was found to increase gradually in the second
and third week of Cd exposure where the Cd dose was 0.50 mg/L

(Figure 5). In contrast when the amount of Cd was 3.0 mg/L the

concentration of Cd was found much higher in all the samples
(Figure 5). As the doses increases, Cd accumulation was found to
accumulate at increased level because of the higher exposure of Cd
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accumulation in fish with chronic exposure [46] but different

stages of fish are the most sensitive for elevated Cd level [46].

tissues show different capacity for accumulating HMs. The atomic

inhibition of hormone production, such as disruption of

toxicant bioaccumulation, storage and detoxification showed greater

HMs may insert their deleterious effects on fish reproduction and
gamete development via disruption of the endocrine system and the

hypothalamic-pituitary system [47]. Exposure to various HMs
decreases the fecundity of fish populations, either indirectly via

accumulation in the reproductive organs or directly by acting
on sperm and ova [48]. In the present study Cd accumulation
was found higher which may eventually effects fecundity and

reproduction of Nile Tilapia (O. niloticus) which may ultimately
threats species extinction.

absorption data showed the order of Cd contamination was:
liver > kidney > gonad > gills > muscles. Liver is the main site for

accumulation of Cd accumulation and lowest concentration of Cd

was found in muscle as muscle do not actively accumulate HMs.
Muscle is the main edible part of fish and the highest concentration

of Cd was found in muscle was 0.184 ± 0.0048 mg/kg and lowest

was 0.004 ± 0.0021 mg/kg whereas the recommended value of Cd
is 0.08 mg/kg [Table 5]. Accumulation tendency of Cd by the muscle

tissue which consists of mainly the edible parts of a fish is comparatively low according to the studies carried out by many authors
[49-56].

Cd is primarily in the Liver and Kidney but it may reach high
concentrations in the gill, alimentary canal and muscles as well

[46]. Further studies have confirmed these findings in different fish
such as O. niloticus, Cyprinus carpio and Labeo umbratus, Tilapia

nilotica, Tilapia zilli, Clarias anguillaris, Protoptenus, Eutropius

niloticus and Synodentis budgetti [49-56]. Rauf et al. observed
minimum concentrations in the liver (4.26 ± 1.57 and 6.23 ± 1.14

μg/g) that was higher than gills (1.10 ± 0.53 and 1.46 ± 0.52 μg/g)
for Cd and Chromium, respectively in Catla catla, Labeo rohita [54].
Very minor concentration of Cd was found in control which was

Figure 5: Concentration of Cd in liver of O. niloticus during

statistically insignificant. This accumulation might be occurred due

the experimental period at different treatments.

to presence of Cd in fish feed. This experiment showed that long

Conclusion
HMs entering the aquatic ecosystem can be deposited in aquatic

organisms through the effects of bioaccumulation and become

toxic when accumulation reaches a substantially high level.
Generally, accumulation depends on HMs concentration, time of

exposure, way of metal uptake, environmental conditions (water

temperature, pH, hardness, salinity), and intrinsic factors (fish age,
feeding habits) [46]. Various HMs show different affinity to fish

tissues and most of them accumulate mainly in liver, kidney and
gills. Fish muscles, comparing to the other tissues, usually contain

the lowest levels of metals. The present investigation was done

to study Cd accumulation in Nile Tilapia (O. niloticus) under Cd
exposure

for

3

weeks

to

observe

the

growth

and

survivality and level of Cd accumulation in various organs. Significant

accumulation of Cd in the organs of Nile Tilapia (O. niloticus)
was observed. Several studies show that tissue-specific Cd

exposure in Cd affect fish by accumulating Cd in various organs. It
may have adverse effects as ultimate consumer of fish is human. With

regards to the objectives of this research and the results obtained,
this current study has provides useful information and a baseline

for future along with continuous studies on the Cd accumulation in
commercially important fish species This is potentially essential as

aquaculture grows rapidly especially for Nile Tilapia (O. niloticus),

and it may affect human health if consumed HMs accumulated fish
for longer period of time.
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