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Cadmium Bioaccumulation and Toxicity in Tilapia Fish (Oreochromis niloticus)
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Abstract: The present study was undertaken to determine the bicaccumulation of cadmium in livers of tilapia
fish (Oreochromis niloticus) and to assess the histological alteration of mtestine, liver and kidney tissues due
to cadmium toxicity. Fish (Oreochromis niloticus) were exposed to cadmium at different concentrations (5 and
10 mg L") for 7 days. Cadmium assayed by using AA220FS atomic absorption spectrophotometry. The
concentration of cadmium in the liver tissues in the fish exposed to 10 mg L™" was found to be
(9.09+0.51 pg g " dry wt.) while it was 5.17+0.25 ug g~ dry wt. in the fish exposed to 5mg L™". There was a
significant increase of cadmium chloride concentration in the liver tissues of the fish exposed to 10 mg L™
compared to the those exposed to 5 mg I.7!. Histological alterations on liver tissues were in the form severe
fatty vacuolations, generalised necrosis of hepatocytes, fatty change, congestion of liver sinusoids and central
veins. Intestines showed severe congestion of submucosal blood vessels and sloughing of mucosal epithelium.
Kidneys showed severe glumerular shrinkage and necrosis, lymphocytic infiltration in the distal renal
convoluted tubules. Histopathological changes were more prenounced in fish exposed to 10 mg 1.7 cadmium

chloride.
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INTRODUCTION

Environmental problems have increased exponentially
i recent decades mamly because of rapid growth in
human population and increased demand for several
household materials. Water 15 essential constituent of life
support system and its quality play pivotal role in the
maintenance of health. It 1s used for many purposes,
especially for aquaculture mdustry, wmgation and
domestic needs (Swarup et al., 2006). Due to increased
human activities and interests, cadmium has become one
of the most hazardous heavy metals in aquatic
environments and could threaten aquatic organisms
mcluding tilapia fish. Cadmium 1s a naturally occurring
toxic heavy metal with no known biological function in
humans and ammals and therefore considered
nonessential (USFDA, 1993; Pinot et al., 2000). Cadmium
1s an extremely toxic metal commonly found in industrial
workplaces. Pure cadmium 1s a soft, silver-white metal that
occurs naturally in the earth’s crust. Tt is usually found as
a mineral combined with other elements such as oxygen,
chlorine or sulfur. The 10% of total cadmium in the
environment 1s derived from natural sources whereas

remaining 90% is derived from anthropogenic activity
{(Okada et al., 1997). Cadmium 1s used in electroplating and
galvanizing due to its non-corrosive and cumulative
nature. Tt is used as color pigment for paints, plastics and
as a cathode material for nickel-cadmium Batteries
(Ahmad et al., 2002; Khan et al, 2003; Shukry, 2001,
Midrar-ul-Haq et af., 2005; Kalaiselvi et al., 2010).

Industrial effluents including toxic metal compounds
are major source of water pollution besides sewage,
agricultural discharges and other household residues
(Saxsena and Garg, 2010).

A variety of contaminants including toxic heavy
metals (cadmium, copper, mercury and zinc) are reported
to be ubiquitously present in rivers, reservours and are
disadvantageous for aquatic orgamsms (Olsson, 1998).
Heavy metal contamination may have detrimental effects
on the ecological balance of the aquatic environment
(Vosyliene and Jankaite, 2006, Farombi et al., 2007). They
are generally not biodegraded and fishes are the main
inhabitants that are directly suffered the resulting
devastating effect and this has been reported in various
localities around the world (Clarkson, 1998, Dickman and
Leung, 1998; Olaifa ef al., 2004; Authman and Abbas,
2007).
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Fish is widely consumed in many parts of the world
by humans because it has high protein content, low
saturated fat and alse contains omega-3, calcium,
phosphorus, won, trace elements like copper and a fair
proportion of the B vitamins known to support good
health (Tucker, 1997). Beside good health benefits of fish,
there have been many reports on contamination of fish by
chemicals m the environment (Tuzen and Soylak, 2007).
Heavy metals are considered the most important
constituents of pollution from the aquatic environment
and the sea because of their toxicity and accumulation by
marine orgamsms such as fish (Inskip and Piotrowski,
1985, Khansari ef al., 2003).

Entry of cadmium into human and animal food chain

due to anthropogenic activities such as smelting
operations, use of phosphate fertilizers, pigment,
cigarettes smokes and automobiles (WHO, 1992;

Kumar et al., 2007). Heavy metal contamination may have
devastating effects on the ecological balance of the
recipient environment and a diversity of aquatic
organisms (Ashraj, 2005; Vosyliene and Tankaite, 2006;
Farombi et al, 2007). Adverse effect on fish health is
always encountered when pollutants are added to water
(Kaushik et al., 2003, Kumar et al., 2008; 2009).

Fish are generally very sensitive to cadmium
poisoning with exhibition of adverse effects. Cadmium in
fish may disturb the biochemical processes leading to
health abnormalities in some cases to fatal consequences.
Tncreased levels of cadmium in foods may constitute a
food safety risk.

The objective of this study 1s to determine the
accumulation of cadmium in livers of fish (Oreochromis
niloticus) exposed to different concentrations of cadmium
and to assess the histological alterations in the kidneys
intestines and livers due to cadmium toxicity.

MATERIALS AND METHODS

Twenty one tilapia fry (Oreochromis niloticus) were
obtained from the fish hatchery of King Abdulaziz for
Science and Technology (KACST). Fish measured 6-8 cm
in length (mean 741.5) and weighed 8-11 g (9.30£1.8 g).
They were divided mto three groups each consists of 7
fishes. They were confined to large 10 L plastic aquaria
with tap water for 4 days in the laboratory at the
Department of Zoology, College of Science, King Saud
University for acclimatization. The water m the aquaria
was changed every day with well-aerated tap water at a
temperature of 2542°C under standard fish rearing
practices. They were fed daily on Grain Siles and Flour
(Mills Orgamization, Riyadh, KSA) for the entire period of
the experiment.

Group 1 was exposed to 10mg 17" cadmium chloride
solution (CdCl,) in tap water. Group 2 was exposedto
5mg L~ cadmium chloride selution (CdCL,) in tap water.
Group 3 was exposed to tap water without cadmium
chlaride (CdCl,) as a control group.

A fish was considered dead when observed to be
immobile with no opercula movement seen when probed
with a glass rod. Pieces of liver, kidney and intestine were
fixed in 10% Neutral Buffered Formaldehyde (NBF),
sectioned and stained with haemotoxylin and eosin for
histological examination.

Cadmium concentration was determmed m the liver
tissues of dead fish. The accumulaticn of cadmium metal
in fish was analyzed at the end of the experimental period.
Pieces of livers from dead fish were acid digested m a
closed vessel device using temperature control microwave
(Milestone ETHOS PLUS labstation with HPR-1000/10s
High Pressure Segment Rotor) and heated for the metal
determination by spectroscopic methods using AA220F3
atomic absorption spectrophotometer and the results were
given as mg/L (ppm).

Data obtained from the experiments were analyzed
and the results were expressed as mean+SD. The results
were compared using Student’s t-test using the computer
programme Sigmastat (Sigmastat Statistical Software,
Version 2.03, SPSS Inc.), p<0.001 were considered
sigificant (Sokal and Rohlf, 1981).

RESULTS AND DISCUSSION

After 24 h after the start of the experiment, one fish
died of each of Group 1 and 2. The 3 days later, all the
individuals in Group 1 died together with four from
Group 2. On day 7th after the start of the experiment all
living fish including those in Group 3 were autopsied. The
outer surface of skin of dead fish was covered by wlitish
mucus like especially in substance Group 1.

The cadmium concentration in the livers of
individuals from Group 1 ranged between 8.30 and
9.92 ug g~ (ppm) with amean of (9.09+0.51 ppm) while the
concentration in Group 2 ranged from 3.9-6.4 ug g~ with
a mean of (5.1720.25 ppm). There was a significant
accurnulation of cadmium in the liver tissues of fish from
Group 1 compared to those in Group 2 (p>0.001).

Histopathological changes observed in the livers
intestines and kidneys sections prepared from fish which
were exposed to 10 mg L' were more pronounced
compared to those exposed to 5mg L™ cadmium chloride.
The control group tissue did not show histopathological
changes. The histopathological changes in livers were in
the form of generalized fatty vacuolations, extensive
necrosis of hepatocystes and congestion of liver
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sinusoids, lymphocytic infiltration and congestion of the
central veins (Fig. 1). Kidneys showed severe glumerular
and shrinkage of glumeruli as well as
lymphocytic infiltration between the distal convoluted
tubules and tubular hyaline degeneration (Fig. 2).
Intestinal mucosa showed marked desquamation and

1eCcrosis

submucosal blood vessels congestion with inflammatory
cells mfiltrations (Fig. 3).

In the present study, exposing tilapia fish
(Oreochromis niloticus) to 5 and 10 mg L™ cadmium
chloride was lethal after 3 days. Bicaccumulation of
cadmium 1n the liver tissues was high in both groups. It is
likely that cadmium is also accumulated in other organs
especially muscles which are the edible part of the fish,
hence raising big concerns with regard to risk for human.
Cadmium 1s listed by the US Envirommental Protection

Fig. 1: Histological section of a liver from fish exposed to
10 mg L' CdCl, showing generalised fatty change
and necrosis of hepatocystes. H and E x400

Fig. 2: Histological section of a kidney from a fish
exposed to 10 mg 17! CdC, showing infiltration of
Iymphocytes, glumerular atrophy and expansion of
the space inside the Bowman’s capsule. H and E
x400

Agency as one of 126 priority pollutants. The most
dangerous characteristic of cadmium is that it accumulates
throughout a lifetime. Cadmium accumulates mostly in the
liver and kidney and has a long biologic half-life up
to 38 years in humans (ATSDR fact sheet).
Histopathological investigations have proved to be a
sensiive tool to detect direct effects of chemical
compounds within target organs of fish in laboratory
experiments (Schwaiger et al., 1996; Korkmaz el al., 2009).

Abdel-Baki et al. (2011) reported cadmium levels of
15.1 ppb 1 the liver tissues from tilapia in Wadi Hanifah
1in Saudi Arabia. Other studies have also reported the liver
accumulate and concentrate the highest concentrations of
cadmium (Jent et al., 1998, Rashed, 2001). Kaoud and
El-Dahshan (2010) reported mean cadmium concentrations
in water of Tilapia farms i Egypt of 0.04 ppm wluch
was above the limits recommended by WHO (1984)
(0.005 ppm). They also found that the accumulation of
cadmium in tissues was 1.21 ppm which again above the
recommended limits mdicated by FAO/WHO (1992) which
is 0.05 ppm. However, the values indicated by
Abdel-Baki et ol. (2011) in Wadi Hanifah were within the
allowed limits by FAO and WHO.

The presence of lugh level of cadmium chloride in the
liver of fish accompanied by histological changes indicate
that cadmium accumulated in liver tissues and interfere
with the mitochondral function of the hepatocystes.
About 75% of the total accumulated cadmium in the
organism is deposited in the liver and kidneys
(Marafante, 1976, Kraal et al., 1995). Fish exposure to
pollutants will have several pathological alterations in
tissue. Histopathological alteration can be used as
biomarker to be able to detect cellular change in the
affected orgamsm (Velkova-Jordanoska and Kostoski,

Fig. 3: Histological section of intestine from a fish
exposed to 10 mg I.7! CdC1, showing congestion of
blood vessels and desquamation of the mtestinal
villi. H and E x200
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2005). Al-Nasser (2000) examined the effect of cadmium on
isolated liver mitochondria and found out that cadmium
resulted mnto swelling and inhibition of respiration and
loss of inmer mitochondrial membrane and loss of
preaccumulated calcium. The fatty change detected in
livers of fish exposed to cadmium can be explained by the
ability of cadmium to mduce lipid peroxidation in the
hepatocystes which might probably lead to necrosis
(Bagchi et al., 1996). Keating et al. (2007) was the first to
document hepatopancreatic histological changes from
shrimps  (Litopenaeus vannamei) such changes were
similar to what has been reported from tilapia m the
present study. Hepatopancreas was listed as one of the
tissues known to accumulate the highest cadmium levels
mn the pink shrimps, Penaeus duorarum (Ninmo et al.,
1977).

Kidneys of fish receive much the largest proportion
of postbranchial blood hence, renal lesions are expected
to be good indicators of environmental pollution.
Histopathological changes in the glumeruli and tubules
reported in the present study are probably due to high
concentrations of cadmium accumulated in the kidneys
and cause such effect. The hyaline droplets in the
proximal tubules encountered in fishes exposed to
cadmium often results in displacement of the nuclei and it
represented protein which had been reabsorbed from the
glumerular filtrate. Such changes have been reported in
the present study and they are always associated with
cases of intoxication with heavy metals including
herbicides (Chaudhuri et al., 1999, Jiraungkoorskul et al.,
2002).

CONCLUSION

The pathological effects of cadmium deposits
mcluded skin writation and severity mcreases in the
gills and respiratory lamellae hence, mterfering with
gills to carry oxygen for respiration (Hu, 1998;
Tawari-Fufem ef al., 2008). The mucus material is which
was found in the skin are probably due to irritation of the
skin which reveal that cadmium can cause poison to
external parts of the body. Exposed fishes probably died
of intoxication due to respiratory failure intestinal
hypermotility, liver and kidney dysfunction. Intestinal
hypermotility was demonstrated by the histopathological
changes seen in the intestinal tissues whereas liver and
kidney dysfimction was alse shown by the
histopathological changes in tissues.

This study indicated that high levels of cadmium in
fish can cause death of the exposed fish as well as
constitutes a potential risk concern on human consumer’s

health.
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