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Oreochromis niloticus as a Biomonitor of Heavy Metal Pollution
with Emphasis on Potential Risk and Relation to Some Biological Aspects
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Abstract: Heavy metal concentrations were determined in water and in muscle of Qreochromtis niloticus fish
to study the potential human risk of consumption and the relationship between the heavy metal load of fish and
some of their biclogical aspects (age, sizes, sex and condition factor). Water and fish samples were analysed
using Atomic Absorption Spectrophotometer to determine concentrations of Al, Cd, Cu, Fe, Pb, Mn, Hg and
Zn. Tt was found that heavy metals accumulated in muscle of Q. niloticus in concentrations higher than that
of the water. A highly sigmificant (P<0.01) positive relationships were found between metal concentrations and
fish age and sizes and a negative correlation was found only for aluminium, cadmium and mercury. The
correlations between the heavy metal concentrations and the condition factor of fish samples have opposite
trends to those of age and sizes of fish. The metal concentrations in muscle of female were higher than those
in male fish. Present results suggest the loss of homeostatic capacity of O. niloticus under chronic metal
exposure leading to bicaccumulation. The metals in the muscle of fish were above the maximum permissible

concentrations for human consumption.
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INTRODUCTION

Heavy metals from man-made pollution sources
are continually released mto aquatic ecosystems.
The contamination of heavy metals is
threat because of their toxicity, long persistence,
bicaccumulation and biomagnification in the food
chain [1]. As direct analysis of such peollutants does

a serious

not provide mformation about their effect on the
a highly
recommended option because biomomitors respond
specifically to the bicavailable pollutant loads [2, 3]
Fishes can be considered as one of the most significant

ecosystem, the use of biomonitors is

biomonitors in freshwater systems for the estimation
of metal pollution concentration [4, 3], they offer
several specific advantages in describing the natural
characteristics of aquatic systems and in assessing
changes to habitats [3, 6]. In addition, fish are located at
the end of the aquatic foed cham and may accumulate
metals and pass them to human beings through food
causing chromic or acute diseases [7]. The heavy metal
concentration in fish tissues reflects past exposure via
water and/or food and it can demonstrate the current

situation of the animals [¥]. Studies from the field and
laboratory experiments showed that accumulation of
heavy metals in a tissue is mainly dependent upon
water concentrations of metals and exposure period;
although some other environmental factors such as
salinity, pH, hardness and temperature play significant
roles in metal accumulation. Ecological needs, sex, age,
size, feeding habits as well as biclogical conditions of
the fish affect the heavy metals accumulation mn their
tissues [9, 10].
Due to the
aquatic ecosystems, 1t 1s necessary to monitor their
bicaccumulation in key edible species, because this will

deleterious effects of metals on

give an mdication of the temporal and spatial extent of the
process, as well as an assessment of the potential impact
on organism health [11] and m order to check for those
hazardous to human health. Thus, the aim of this study is
to determine heavy metal concentrations in muscle of
tilapia, Oreochromis niloticus from Sabal drainage canal
(Egypt) to determine the possible potential human risk of
consumption of O. nmiloficus and to mvestigate the
relationships between some biological aspects of fish and
metal concentrations in the muscle.
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MATERIALS AND METHODS

A) Study area: Sabal drainage canal is the largest drain in
Al-Menoufiya Province, Egypt, which extends for more
than 62 km, through Menouf and Al-Shouhada cities
and pours mto Rossetta Branch of the River Nile, at
Tamalay village. This drain receives untreated domestic
sewage from numerous towns and villages in addition to
the agricultural and industrial wastes.

B) Water sampling and analysis: Samples were collected
monthly during the period between January to December
2007. Water samples were obtained from different sites of
the canal by a water sampler. Samples were preserved and
heavy metals were extracted according to [12].

() Fish sampling and heavy metals residual analysis of
muscle tissue: 20 samples of O. nifoticus fish of different
sizes of both sexes were collected from the studied area
during the same period of waters sampling. Fish samples
were placed in an ice box and transported to the
laboratory. In the laboratory, total body length (cm) and
weight (g) were recorded for each fish. Sex was
determined by inspection of gonads after opening the
body cavity. A block of edible portion (muscle), devoid of
skin and bone, was taken and stored in a deep freezer
(-20°C) until processing for metal analysis. Heavy metals
were extracted from the fish muscle samples according to
the method of [13].

Heavy metal (Al, Cd, Cu, Fe, Pb, Mn, Hg and
Zn) concentrations in water and muscle samples
were determined using a flame atomic absorption
spectrophotometer (Model 2380, Perkin Elmer, USA).

D) Condition factor (K): The condition factor (K) was
determined by using the Fulton’s condition factor
equation [14]:

K =wW/1* X 100, W= wet body weight (g)
and L = total length (cm).

E) Fish ageing: The age was determined from scale
samples according to the annual ring structure of
scales [15].

F) Statistical Statistical
performed using a computer program SPSS, version 14 for
Windows. The statistical significance of the correlation
was reported at both the P<0.01 and P<0.05 levels.

analyses: analyses were

RESULTS

A) Biology of O. niloticus: Table 1 shows number of fish
sampled, length, weight and condition factor means and
their standard errors (SE). The fish samples under study
belonged to 4 age-groups (0, 1, IT and III).

B) Heavy metals in water: Table 1 illustrates the average
concentrations of heavy metals in water.

C) Heavy metals in muscles and Accumulation Factor
(AF): The average concentrations of the metals detected
in fish muscles and the values of accumulation factor
(AF) are summarized in Table 1. It was found that, the
concentrations of metals in muscles are much higher than
1n the water with the exception of alummium. The AF for
these metals was found to follow the order: Al>Mn>Fe
>Pb>Cu>Zn>Cd>Hg.

D) Relationship between metal concentrations and
body sizes: An increasing trend m copper, wor, lead,
manganese and zinc values was observed with increasing
fish length (Table 2) and weight (Table 3). This was
more conspicuous when the correlations are considered
(Table 5), where a highly significant (P<0.01) positive

Table 1: Total length, weight, condition factor of Oreochromis niloticus and heavy metal concentrations in water and muscle of 0. miloticus

Biological aspects of Oreochromis niloticus

Tatal length (cm) Weight (gm) Condition factor (K)
No. of fishes Mean=SE Mean=SE Mean=SE
240 14.8+0.19 T79.78+2.89 1.39+0.13
Average heavy metals concentrations (mg/1) in water
Water Al Cd Cu Fe Pb Mn Hg Zn
27.39 0.08 0.18 20.14 1.48 2.01 0.91 0.67
Permissible limits 87.0r 025 9.0 1000 2.5 NA' 0.77 1200
Average heavy metal concentrations (pg/em dry wt) in muscle
Muscle Al Cd Cu Fe Pb Mn Hg Zn
3.78 3.40 4.60 359.81 31.95 11.25 39.13 42.44
Permissible limits NA 0.5 5.0 5.0 2.0 100.0" 0.3 40.0"
AF 0.18 210.50 59.20 29.44 58.98 19.74 210.98 103.21

"ug/1 [18]. *ug/em [20], NA=not available, AF = Accumulation factor, SE = Standard Error
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Table 2: Variations of total length (cm) and heavy metal concentrations (ug/gm dry wt) in muscle of O. miloticus

Awverage heavy metal concentrations in muscle (ug/gm diy wt)

Length (cm) Al Cd Cu Fe Pb Mn Hg Zn
9 5.50¢ 5.7 3.200 227120 12.37% 5107 T2.600 26.87°
11 4,76 3.93® 3.200 269.23* 17.50% 5.48 54.13* 38.54%®
13 4.42® 3.36° 4.18 279.64° 19.22® 6.53* 41.90° 30.16*
15 4.38° 3.23¢ 4,600 205.16* 24.53* 970" 38.62¢ 39.42%
17 4,300 2.80® 4.67 325.200 24.92%¢ 10.10® 31.73* 40.93*
19 2840 2,72 4.83* 336.53° 31.26% 10.40%® 30.60° 42.47
21 2,700 2.67% 513 360.43* 32.53¢ 11.22% 30.43* 52.98%
23 1.87 2,54 574 412.90¢ 63.28% 14.02% 28.80* 53.63®
25 170 2,500 5.93* 720.42 64.50% 20.58° 24.52% 61.30°
Means with the same letter in the same column are not significantly different (P>0.05)
Table 3: Variations of weight {(gm) and heavy metal concentrations (ug/egm dry wt) in muscle of O. niloticus

Awverage heavy metal concentrations in muscle (ug/gm diy wt)
Weight (gm) Al Cd Cu Fe Pb Mn Hg Zn
50 5.5(¢ 4. 40 3.45 255.88 17.50% 510 74.53° 30.62*
100 518 3.93° 4.02¢ 325.200 24.53* 6.53* 54.13* 40.93%
150 3.98% 3.23 4.67 336,53 32.53* 9.0 36.82% 41.10%
200 3,000 317 513 341.07 33.20¢ 1040 30.43® 42.47%
250 2,700 2.80° 528 360.43* 38.43* 11.57 28.80% 44.08*
300 1.87 2.58 593 573.700 45.72% 13.67 20,78 53.63*
Means with the same letter in the same column are not significantly different (P=0.05)
Table 4: Variations of age and heavy metal concentrations (ug/gm dry wt) in muscle of O. niloticus

Awverage heavy metal concentrations in muscle (ug/gm diy wt)
Age (years) Al cd Cu Fe Ph Mn Hg Zn
0 365 375 4,02 32348 20.43* T34 3779 44.08*
I 3.536 3.3 4.48 334.76° 24.86% 9.0 3772 45.68*
II 310 2.85° 4.5 340.72° 34.55% 12.08 3687 52.30°
I 3.000 2.58 524 341.07 38.43* 14.20¢ 27.23 52.75¢

Means with the same letter in the same column are not significantly different (P>0.05)

Table 5: Correlation matrix between total lengths (cm), weight (gm), age (v ears) and condition factor (K) and heavy metal concentrations (ug/em dry wt) in

muscle of O. niloticus

Length Weight Age K

Al -0.977 -0.987TH* -0.980% 0.713%
cd -0. 840+ S0.972k* -0.99% # 0.464
Cu 0.974## 0.989 0.962* -0.776%
Fe 0.814 0.810% 0.923 0.9 G
Hg -0.892+# S04 2 %% -0.818 0.573
Mn 0.926%* 0.980** 0.999%* -0.941**
b 0,909+ 0,983 % 0.985+ -0.815%*
Zn 0.9 5+ 0.914% 0.943 -0, 7324

*Cormrelation is significant at the 0.05 level (2-tailed)
**Correlation is significant at the 0.01 level (2-tailed)

correlations between concentrations of Cu, Fe, Pb, Mn
and Zn and body length and weight were found. On the
other hand, a decreasing trend in aluminium, cadmium and
mercury values was observed with mcreasing fish length
and weight. This was evident by the highly significant
(P<0.01) negative correlation between concentrations of
these metals and fish length and weight (Table 5).
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E) Relationship between metal concentrations and
age of fish: An mcreasing trend was found for
copper, iron, lead, manganese and zinc values in muscle
with age variations (Table 4). Pearson correlation tests
positive  correlations (Table 5)
between these metals concentrations and the age of
fish samples. While decreasmg trend (Table 4) and

revealed obvious
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Table 6: Heavy metal concentrations (j1g/gm dry wt) in muscle of male and female 0. riloticus

Average heavy metal concentrations in muscle (ug/em dry wt)

Sex Al cd Cu Fe Ph Mn Hg 7n
Male 3.48 3.38 4.35 347.98 30.20 9.56 34.71 38.44
Female 4.06 3.41 4.84 371.01 3381 12.85 43.32 46.66

negative correlations (Table 5) were found for aluminium,
cadmium and mercury concentrations in muscle with
variation of age.

F) Relationship between metal concentrations and
condition factor (K) and sex of fish: In general most
correlations (Table 5) were negative for all elements
analyzed. Iron, manganese and lead concentrations
(P<0.01) as well as, copper and zinc (P<0.05) were
negatively correlated with fish Only
correlations between fish condition (K) and aluminium,
cadmium and mercury concentrations were positive.

Tt was found that, the correlations between the heavy
metal concentrations of muscles and the condition factor
of fish samples were varied with characteristic opposite
trends compared to those related to length, weight and
age (Table 5).

From Table 6, it 1s obvious that the concentrations of
heavy metals m muscles were higher in the females in
comparison with those of the males.

condition.

DISCUSSION

Contamination of aquatic ecosystems with heavy
metals has seriously increased worldwide attention
[1, 16]. In the present study, it was determined that the
mvestigated canal water 1s contaminated by different
kinds of heavy metals, which were obviously high
and appeared to be harmful to fishes. Mean metal
concentrations in Sabal drainage canal water are generally
higher than metal i other regions
(Table 7) with the exception of Shanawan drainage canal
[17]. By comparing measured concentrations of metals
with water quality standards [18], it was found that all
metal concentrations were higher than the permissible
limits. The values of metals in fish muscles obtained in the
present study were higher than those found in other
localities (Table 7), except that of fishes from Shanawan
drainage canal [17]. The level of Cd in fish muscles from
Abu Za'baal ponds [19] was higher than that of Sabal
drainage canal. Tt was found that the concentrations of

concentrations

metals in muscles of the studied species were higher than
the concentrations issued by [20], so, they are regarded
as potential hazards that can endanger both ammal and

human health.
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The present results showed that there were positive
relationships between fish sizes (length and weight) and
age and metal concentrations in most cases. The data
showed that the negative relationships were found
only between aluminium, cadmium and mercury
concentrations in muscle and sizes and age. It 1s generally
accepted that trace element accumulation in living
orgamsms controlled by specific uptake, detoxification
and elimination mechanisms, depends sigmficantly also
on the size-specific metabolic rate of orgamsms [21].
Therefore, the negative between the
concentration of metals and fish sizes and age do not
necessarily mean that there is a particular metal
concentration at the beginning of the growth period and
no new metal is further absorbed; rather, it is determined
by the variation of feeding rate with age of individuals,
the dilution by growth and of course by the food

correlations

speciation of certain age classes [22]. Another explanation
for the negative relationships found m this study may
be the m  metabolic activity between
younger and older fish [9]. Some metals do not increase in
concentrations with age or size because they are thought
to be under homeostatic control [23]. So, in present study,
the positive correlation between some metals and fish age
and sizes may be due to loss of homeostasis capacity of
O. niloticus under chronic metal exposure leading to
bioaccumulation.

The mean value of condition factor (K found in the
present study (1.39 %) were lower than those found in
O. niloticus captured in Ismalia canal (2.30%), River Nile
(1.64%), lake Manzalah (1.41%), lake Edku (1.50%), lake
Burullus (1.57%), lake Qarun (1.90%) and lake Mariut
(1.55%), as detected by [24]. The negative relationship
between the heavy metal concentration and the condition
factor of fish suggests the relative dilution effect of the
lipid content of tissues. This assumption is supported
well also by the fact that lipid as a percent of body weight
is usually lower in younger fish, decreases during winter
and spawning and reaches its peak at the end of the main
feeding period [25]. These variations may explain also the
opposite correlations observed in present study between

difference

heavy metals-size and heavy metals-condition factors of
fish [26]. Sex of fish can be considered as a main factor
affecting the concentration of trace elements i fish where
higher concentrations were found m muscle of females
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Table 7: Comparison of heavy metals concentration in water and 0. aifoticis muscle in Sabal drainage canal and other localities

Al Cd Cu Fe Pb Mn Hg Zn Author
Water (mg/1):
Sabal drainage canal 27.39 0.06 0.18 20.14 1.48 2.01 0.9 0.67 Present study
Shanawan drainage canal NM 0.06 0.013 23.03 0.65 1.42 1.87 0.59 [17]
Abu Zabaal ponds NM 0.03 NM 3.57 0.144 0.202 NM 0.112 [19]
Lake manzalah NM ND NM 6.23 0.061 0.285 NM 0.071 [27]
River nile NM 0.050 NM 2.03 0.061 0.189 NM 0.076 [28]
O. niloticus fish muscle (ug/gm dry weight):
Sabal drainage canal 3.78 3.40 4.60 359.81 31.95 11.25 39.13 42.44 Present study
Shanawan drainage canal NM 4.90 6.30 530.9 48.7 20.9 67.1 55.4 [17]
Abu Zabaal ponds NM 3.60 NM 65.00 21.30 10.13 NM 40.90 [19]
River nile NM 0.04 1.10 21.30 1.22 NM NM 34.00 [24]
Lake manzalah NM 1.17 NM 64.00 5.80 T7.00 NM 2.00 [29]

NM=not measured, ND=not detected

than those in males [10]. The nature of hormones and the
available number of active sites in the protein and
cytochrome P-450 in female and male fish may account for
this behavior [7].

It could be concluded that, Nile tilapia 1s a good
it
withstand the adverse conditions in the ecosystem.

species for biomonitoring pollution as could
The concentrations of heavy metals in fish vary
significantly not only as function of fish sizes and age,
but is influenced in a remarkable degree by the fish
condition and sex. Based on the samples analyzed, metal
concentrations found m the muscles of O. niloiicus
proved to be above the tolerance levels for human
consumption. Attention therefore, has to be focused by
local authorities to ensure forbidding fishing from this

drainage canal.
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