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ABSTRACT

The seasonal variation on heavy metals
bioaccumulation in muscles of Nile Tilapia, Oreochromis
niloticus, from Lake Burullus, Egypt, was investigated.
Concentrations of Cd, Cu and Pb were measured in water and
muscles of O. niloticus during 2009. The concentrations of
Cd, Cu and Pb in water were ranged from 1.25-21.15, 0.75-
47.5 and 11.75-385.3pg/l, while, the corresponding ranges in
fish muscles were 0.31-1.25, 1.4-4.12 and 5.75 - 27.35mg/kg,
respectively. Pb concentration in water and fish muscle was
exceeded the permissible limit; however Cu and Cd were still
within the permissible limit. In conclusion, the concentrations
of heavy metals in the lake water and fish muscles were taken
the following order: Pb >Cu> Cd at all seasons; whereas,
higher concentrations were found during winter season in
both water and fish muscles. On the other hand, studied
heavy metals bioaccumulation rate decreased during winter
compared to other seasons. Therefore, seasonal variations in
heavy metals concentration may be played an important role
in bioaccumulation rate of heavy metals in fish flesh.
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INTRODUCTION

Lake Burullus is shallow slightly brackish water situated along
the Egyptian Mediterranean Sea coasts. Huge amounts of Dbrackish
drainage water (about 4.03 milliar m®/ year) enter the lake from several
drains as set by The Egyptian Ministry of Irrigation at 2010. Heavy metal
pollutants with Cd, Cu and Pb in water of Lake Burullus ranged from
4.4-7.06, 12.9-18 and 5.4-7.27 ppb, respectively as reported by
(Radwan & Shackweer 2004 and Radwan 2007). Basiony (2009)
found that the concentration of heavy metals (ppm) ranged from 10.393-
21.764 Cu, 2.8-4.919 Cd and 22.714-243.539 Pb in tilapia muscles from
Lake Burullus whereas the corresponding levels were 0.573-3.615,
0.057-1.458 and 0.398-23.679 ppm in water respectively. In addition, he
concluded that heavy metals concentration were higher in winter than
summer. (Mourad et al., 2010) reported that the concentration of heavy
metals (Cd, Pb and Ni) were often above the maximum permissible limits
according to FAO standards in fish species samples obtained from the
River Nile, Manzala, Mariut, Edku, Burullus, Bardawil, Qarun and Wadi
ElRayan Lakes. In contrast, the levels of Zn, Cu, Fe, Mn and Hg were
within acceptable limits. Therefore, this work was planned to study the
effect of seasonal variations on Cd, Cu and Pb bioaccumulation in water
and muscles of Nile Tilapia, O. niloticus, from Lake Burullus, Egypt.

MATERIALS AND METHODS

Lake Burullus lies on the eastern side of the Rosetta branch of the
river Nile, Egypt and occupies a central position along the Mediterranean
coast of the Nile. It lies between longitude 30°30  and  31° 10 Eand
latitude 31° 21 and 31° 35 N. It has an irregular elongated shape and is
connected to the sea through a narrow (50 m width) passage called El-
Burg inlet or Boughaz ElBurullus (Fig.1).Water samples (n=3) were
collected seasonally from Lake Burullus during 2009. High polluted five
stations; Bougaz El-Burullus (1), ElBurullus Drain (2), Drain 7 (3), El-
Shakhloba (4) and Mastrou (5) were selected. At the same time, O.
niloticus fish samples were collected from the same stations and
transferred to the laboratory using ice box. Heavy metals pollutants (Cd,
Cu and Pb) were determined in both water and fish muscles samples.
Water samples and muscle tissue were digested by conc. HNO3 (60 %) at
60 °C, diluted into a known volume and then measured using flame-
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atomic absorption spectrophotometer, AA-6800 SHIMADZU ASU-6100
(Bernhard, 1976). The bioaccumulation factor was estimated (Authman
and Abas, 2007) as the following equation:

Pollutant concentration in fish organ (mg/kg)

Bioaccumulation factor (BAF) = --====mmmmmmmmmm oo o
Pollutant concentration in water (mg/l)

All data were statistically analyzed using Social Package
Statistical System (SPSS, ver.10) computer program. Seasonal means +
SE were compared using the Duncan Multiple Range Test. The
significant level throughout was P<0.05.
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Fig. (1): Burullus map shows the investigated stations.

RESULTS AND DISCUSSION

Table (1) shows Cd concentration in water of Lake Burullus
during 2009. Cd level was ranged from 1.25 to 21.20 pg/l. Higher level
was recorded during winter especially at station 3 (Drain 7) at eastern
part of lake. This increase may be due to anthropogenic, industrial,
fertilizers used in agriculture activity (Radwan, 2007). The total annual
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average of Cd (3.58 pg/l) was within the permissible level. Our results
are in agreement with those reported by (Radwan 2000; Radwan &
Shakweer 2004 and Radwan 2007). In addition, Cu concentration was
ranged from 0.75 to 47.5 g/l (Table 2). High level was recorded during
winter especially at station 5 (Mastrou). The total annual average of Cu
(16.9 /) was lower than the permissible level (1000 pg/l) as permitted
by (WHO 1985; USEPA 1986; EOS 1993 and Radwan, 2007). Pb
concentration was ranged from 11.75 to 385.3 ug/l (Table 3). High level
was recorded during winter especially at station 5 (Mastrou). The total
annual average of Pb concentration (79.78 pg/l), this level was exceeded
the maximum Pb concentration in water which is 50/l according to the
Egyptian Standards of the Environmental Laws no. 48/1982 and 4/1994.
The increment in Pb concentrations of lake water may be due to direct
inputs such as; manufacture and car exhaust emissions, and the possible
chemical/biological methylation of inorganic lead in anaerobic sediments
(Sadig, 1992). This data is disagreement with the previous studies
(Radwan & Shakweer, 2004 and Radwan, 2007) which reported that
Pb level was 2.23 - 7.27 wg/l.

Table (1) indicates the Cd concentration in O. niloticus muscles
collected from Lake Burullus during 2009. Cd concentration ranged from
0.31 to 1.25 mg/kg wet weight. Higher concentration was recorded
during winter especially at station 1 (Bougaz ElBurullus). Cd
concentration in muscles was within the permissible level of (2mg/kg)
according (FAO 1992). Concerning Cu, high copper concentrations in
muscle of O. niloticus was recorded during winter especially at station 5
(Mastrou) (Table 2). The concentration of Cu (1.4: 4.12 mg/kg wet
weight) in muscle of O. niloticus is still below the permissible level for
Cu (30 mg/kg) as recorded by (WHO 1973). These results are in
agreement with the data recorded by (Shakweer & Radwan 2004), they
reported that the concentration of Cu in the flesh of various Tilapia
species caught from Lake Burullus was below the tolerable concentration
admitted by the International Organizations. Similarly, (Soltan et al.,
2005 and Fernandes et al., (2008) found that Cu exhibited its highest
levels in the liver and the lowest values in the muscles. Table (3) shows
the concentration of Pb in fish muscles was high during winter (27.35
mg/kg) especially at station 4 (ElShakhloba). Also, Pb concentration
was higher (5.75: 27.35 mg/kg) than the value (0.2 pg/g) set by
international regulating agencies (EU 2002).  EIl-Nabawi et al., (1987)
confirmed that industrial and agricultural discharges are the primary
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sources of Pb pollution in Egypt. In general, the present study revealed
that the concentration of heavy metals in fish muscles were higher than
that recorded in water. Besides, the concentrations of Cd and Cu did not
exceed permissible levels. Our results are in agreement with those found
by (Kock & Hofer 1998; Wong et al., 2001; Shakweer & Radwan
2004; Popek et al., 2006 and Basiony, 2009).

Bioaccumulation  factor gives an indication about the
accumulation efficiency for any pollutant in a given fish organ. The data
obtained in Tables (1-3) clearly indicated that high bioaccumulation
factors (BAF) of Cd, Cu and Pb were 266.67, 581.33 and 818.18,
respectively.  Fish muscles BAF at station 2 (EI-Burullus Drain) was
high during summer. BAF for metals seasonally was fluctuated in station
1 (El Boghas). This fluctuation may be due to water flow rate of the
Mediterranean Sea during different seasons.

In conclusion, the concentrations of heavy metals in water and
tilapia muscles of lake Burullus were taken the following order:
Pb>Cu>Cd, the highest levels of these metals were observed during
winter however, Pb concentration in both water and muscle exceeded the
permissible limit while Cd and Cu concentrations were lower than it.
This means that the increment in Pb concentration in both water and fish
of Lake Burullus was attributed with the increase of human activities,
agricultural as well as industrial wastes in the lake Burullus. On other
hand, heavy metals bioaccumulation decreased during winter compared
to other seasons. Therefore, seasonal variations of heavy metals
concentration may be played an important role in bioaccumulation rate of
heavy metals in fish flesh.
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Table (1): Concentration of Cd in water and tilapia muscles and Cd
bioaccumulation factor (BAF) in muscles of fish collected
from Lake Burullus during 2009.

Stations Winter Spring Summer Autumn
Water | Muscles | ABAF | Water | Muscles | ABAF | Water | Muscles | ABAF | Water | Muscles | ABAF
pefl | mglke pell | mglkg pgl | mglkg pgll | mg/ke
1 fi.6 1.3 18939 | 175 | D45+ | 25714 1.75 03+ | M714 | 125 | 033+ 24
H) 45 pose 0.025 0.014
2 5.4 098+ | 181.43 2 042+ 240 1.5 40+ | 26667 | 175 | 040% | 228357
.67 D042 001 0.02
3 N1 115+ | 3437 2 030+ 150 1.75 03+ | M714 | 175 | 037+ | 21143
.29 0oL 0.025 0.033
4 373 105+ | 18325 | 175 | 035+ 00 1.5 038+ | 25333 L75 | 031+ | 17714
0.2 .05 @ 002 0013
5 fi.15 el + | 9919 23 040+ 160 1.75 03+ | 1714 175 | 036+ | 20571
0.045 0.0 0.025 0.043
Mean | 2.0£3.04 | 106+ 2 040+ 13006 | 038+ 1.63 035+
0.164 H.14 | 0.08 0.008 H#01 | 0013
Sig. N.S. N.5. N.S. N.S.

1: Bougaz El-Burullus;

expressed as mean

2: ElBurullus Drain;
Shakhloba; 5: Mastrou; A, bioaccumulation factor (BAF);

3: Drain (7); 4Ek

Values are

+ standard error (X + SE); a,b means within
columns with no common superscripts differ significantly (P < 0.05);
N.S., Non significant.
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Table (2): Concentration of Cu in water and tilapia muscles and Cu
bioaccumulation factor (BAF) in muscles of fish collected
from Lake Burullus during 20009.

Winter Spring Summer Autumn

Siations [ Water | Muscles | ABAF | Water | Muscles | ABAF | Waier | Muscles | ABAF | Water | Muscles | 4 BAF
g | melkg ngl | mglkg ngl | mglkg ngh | mglkg

1 | 2239 | 192 | 2499 | 153 T4t | 7568 | 155 | 14+ | 0548 | 075 | L6+ | 213.3
015 ¢ 0.1 0.18 0.15

7 | P38 | 23 | 7697 | 533 14z | 26667 | 373 | 218 | ®l33| 13 | Lyaz | 13308
0131 0.28 0.28 0.12

3 | 3333 | 292% | %56 | 123 | 248& | 19840 | 33 | L6 | 45714 | 45 | L5 | 7541
02 0.98 0.01 0.14

4 | 343 | 32+ |10z12| 12 153+ | 12730 | 113 | L6 | 13003 | 16 13 | 1250
025 ® 0.025 0.003 0.17

5 3 | 412+ | %604 | 163 163+ | 10182 | 675 | 171 | 3333 | 05 | Lrdz | 13316
0370 0.025 0.38 0.12
Mean | 3375 | 133+ 1205:33 | 167+ 81 | 171+ 1275 | L74=
1 | 0212 0.193 #3 | 01 #£9 | 006
Sig. i NS, NS NS

1: Bougaz EI-Burullus; 2:
Shakhloba; 5: Mastrou; A, bioaccumulation factor (BAF); Values are
expressed as mean
columns with no common superscripts differ significantly (P < 0.05);
N.S., Non significant.

El-Burullus Drain;

3. Drain (7); 4El

+ standard error (X + SE); a,b means within
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Table (3): Concentration of Pb in water and tilapia muscles and Pb
bioaccumulation factor (BAF) in muscles of fish collected
from Lake Burullus during 2009.
Winter Spring Summer Aututmn
Stations Waier | Muscles | ABAF | Waier | Muscles | ABAF | Water | Muscles | ABAF | Water | Muscles | ABAF
gl | melkg ngl | mgilkg ngll | mgikg ngfl mg/lg
1 1997 LEx | 11417 555 5754 | 10360 | 275 595+ | 21636 85 LN E 103.03
6.1 095 1.15 012
2 1308 | 2263z | 13517 w015 703+ | 716 | 1375 | 11252 | 31813 195 95 4718
97 0.35 293 067
3 62 | 712+ | 12583 26 795+ | 0577 15 7912 | 52647 7.3 243+ | 30655
16 0.35 167
4 M6 | 27353 13566 | 2225 TaE | MLIT|1LTS 17+ | 63532 33 2.2£05 | 34894
0.20 0.20
H W/I3 | A4z | B4 335 | 7407 | 2456 | 25 93+ | 432354 1173 G4+ | 71489
na 0.20 0.44
Mean | 2368 | 473+ 4564 Tl42 179 341+ 205127 d62x
76 1.24 012 £9 078 0.31
g NS, NS, NS, WS
1. Bougaz ENBurullus; 2: EIBurullus Drain; 3: Drain (7); 4El-

Shakhloba; 5: Mastrou; A, bioaccumulation factor (BAF); Values are
expressed as mean + standard error (X £ SE); N.S., Non significant (P

<0.05).
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