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Abstract
[ |
Concentrations of cadmium, mercury, manganese, phosphorus, lead and zinc in samples of Basa fish
(Pangasius hypothalmus) and some fresh water fish (Tilapia nilotica, named Bolti and Karmout)
collected from Kafer-El-Zayat were determined. Karmout fish contained the highest level of metals
where phosphorus level was 3.45 ug/g, lead (1.51 pg/g), zinc (1.03 pg/g), cadmium (0.17 pg/g),
manganese (0.08 pg/g) and mercury (0.007 pg/g). In Bolti fish, phosphorus level was 4.03 pg/g, lead
(0.83 ug/g), zinc (0.62 pg/g), cadmium (0.12 pg/g), manganese (0.08 ug/g) and mercury (0.004 pg/g). In
Basa fish, phosphorus level was 4.06 pg/g, lead (0.79 upg/g), zinc (0.62 pg/g), cadmium (0.12 ug/g),
manganese (0.07 pg/g) and mercury (0.004 pg/g). Cadmium and lead levels in all examined fish were
higher than permissible safety level of human use (0.1 ppm). Pre-treatment of fish muscles by acetic
acid (5%) for a period of 15 min resulted in marked reduction of metals in these fish. When the Basa fish
was immersed in 5% acetic acid, the cadmium level in the flesh was reduced from 0.12 to 0.07 ug/g
(41.6%) and lead level was reduced from 0.83 to 0.41 ug/g (51.9%). In Bolti fish, pre-treatment of the
fleshy parts by acetic acid reduced cadmium level from 0.12 to 0.07 pg/g (58.3%) and lead was reduced
from 0.83 to 0.02 pg/g (24%). The same result was observed in Karmout fish, where pre-treatment with
acetic acid lowered the cadmium level from 0.17 to 0.05 pg/g (29.4%) and lead was lowered from 1.51 to

0.82 pg/g (54.3%).
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INTRODUCTION

Fish had long been regarded as a desirable and
nutritional source of high quality protein and generous
supply of minerals and vitamins. During the last few
decades, great attention has been paid to the possible
dangers of heavy metal poisoning in human due to the
consumption of contaminated fish.

Industrial and agricultural discharges such as coal and
oil combustion, phosphate fertilizers, plastics and pesti-
cides are considered the major sources of heavy metal
pollutants of water. Fish absorbed heavy metals from

Abbreviations: PFA, Berfluoroalkoxy; PTFE,
polytetrafluoroethylene; ICP-OES, inductively coupled plasma-
optical emission spectroscopy; QC, quality control; MDL,
method detection limit.

water through the gills, skin and digestive tract. The
heavy metals of the most wide spread concern to human
health are lead, copper, mercury and cadmium (Kris-
Etherton et al., 2003; Chen et al., 2007; Din et al., 2008;
Bhouri et al., 2010). Heavy metals are recognized as
toxic substances due to their low rate of elimination from
the consumer body; either man or animals (WHO, 1992;
Harris, 2007; Wafaa et al., 2003).

Mriagu (1988) suggested that, over one billion human
beings are currently exposed to elevated concentrations
of toxic metals and metalloids in the environment and
several million people may be suffering from subclinical
metal poisoning. Heavy metals in freshwater is a matter
of concern because of their toxic potential ability to be
accumulated in food chain. The adverse toxic effects
caused by cadmium and lead (Wafaa et al., 2003),
mercury, and zinc (Abd El-Nasser et al., 1996) are widely
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Table 1. Results for reference material of International Atomic Energy Agency

(IAEA - 407).
Reference material
Element
_ Certified value Observed value

Zn (mg kg ) 67.1+ 3.8 66.9+55
Cu (mg kg ) 3.3x04 3.2+0.7
Fe(mg kg ) 146+ 14 151 + 6.5
Mn (mg kg ) 3.5+0.3 3.7+£0.7

-1 2701 2.6+0.9
Na(g kg ) 13.1+ 0.6 12.7+0.8
K(g kg ) 131+ 1.2 11.9+1.0
Ca(g kg ) 27.0+1.8 28.3+15

recognized for their detrimental effects on human health.
Metals also, may act as allergens, mutagens or
carcinogens (Goyer, 1992).

Many investigators (Mahdy et al., 1993; Jehan et al.,
1999; Zienab, 2001; Wafaa, 2003; Turkmen et al., 2008;
Vinodehini and Narayanan, 2008) have studied the
presence of heavy metals in surface waters and in fish.
Some authors investigated the removal of heavy metals
from water (Gado and Midany, 2003). Up till now,
methods of removal of heavy metals and other pollutants
from fish tissue have not been well investigated.

The aim of this study is to measure some heavy metals
(cadmium, mercury, manganese, phosphorus, lead, and
zinc) in Basa fish (Pangasius hypothalmus) and some
fresh water fish (Tilapia nilotica, named Bolti and
Karmout). Also, the beneficial effect of acetic acid in
lowering the levels of these heavy metals in edible fish
tissue was studied.

MATERIALS AND METHODS
Sampling

Basa fish were collected from different sites in the markets with
different exporters from Vitenam in the form of frozen Basa filet
20% glazing. Fresh water fish (Bolti and Karmout) were collected
from Kafer-El-Zayat from February to April, 2009. The total weights
of the samples after collection were measured to the nearest gram
(g) before dissection. The mean weight of Karmout fish was 800 +
50.6 g (that is, average age of 9 to 10 months) while the mean
weight of Bolti fish was 350 + 20.4 g (that is, average age of 4to 5
months). The average weight of Basa filet was 175 g. Approxi-
mately, 100 mg sample of muscle and 500 mg of fat from each fish
were dissected, washed with distilled water, weighed, packed in
polyethylene bags and stored at -18°C for chemical analysis.

Chemical analysis

Digestion procedure of fish muscle and fat

The muscle and fat samples analyzed in this experiment were
digested as follows: The sample was taken in a 6 ml
perfluoroalkoxy (PFA) tube, which was cleaned by boiling in a

diluted (2-fold) aqua regia for 8 h, the polytetrafluoroethylene
(PTFE) ballwas put asthecovercap on the top of the tube.
After adding 1 ml of concentrated HNO3 to the muscle sample and
HNO3 (H20>) to the fat sample, they were heated on an aluminum
heating-block at 190°C for 2 h. After removing the PTFE ball, the
sample was further heated almost to dryness at 200°C. Finally, the
residue was dissolved with 5 ml of 0.1 M HNO3, which ccintained
the internal standard elements (Ge, Rh and Re; 10 ng ml™~ each).
The goal of every digestion process was therefore the complete
solution of the analytes and the complete decomposition of the sold
(matrix) while avoiding loss or contamination of the analyte; thus the
obtained samples solutions were subjected to the inductively
coupled plasma-optical emission spectroscopy (ICP-OES)
measurements as the final analysis solution. Heavy metals were
assayed using the induced ICP-OES and the results were given as
pg/g dry wt.

Data obtained from the experiments were analyzed and the
results were expressed as mean + S.D. The results were evaluated
using Student's t-test. Values of P < 0.001 were considered
statistically significant.

Quality control to check accuracy

Quality control (QC) is an important step to measure the presence
of trace elements for reference materials of International Atomic
Energy Agency (IAEA — 407 and A-13), as shown in Tables 1 and

2. The QC sample was run at a frequency of once in every 10
samples; to check for the calibration accuracy and the instrument
drift. The results within 10% of the known QC values were deemed
acceptable. Blank samples were run in duplicate in each analysis
batch in a randomized order and were used to calculate the method
detection limit (MDL).

RESULTS AND DISCUSSION

Monitoring of some heavy metals in edible parts of Basa
fish and some fresh water fish (Tilapia nilotica named
Bolti and Karmout) was carried out. The flesh is one of
the ultimate parts for heavy metals accumulation. The
highest concentration of cadmium, mercury, manganese,
lead and zinc were found in Karmout fish.

Concentrations of lead and cadmium in Basa fish and
T. nilotica named: Bolti and Karmout were higher than the
permissible level recommended by EQSQC (1993). Bolti
fish contained the highest level of phosphorus and least



Table 2. Results for reference serum sample of International Atomic Energy

Agency (IAEA) (A-13).

Table 3. Heavy metals analysis in flesh of different fish (ug/g dry weight) (treated with HCI only).

Element Measured value (ug/L)" + SD  Certified value (ug/L)
Li 5.91+0.12 6.10
B 61.23+£1.48 63.00
Na 315.00+ 5.87 308.00
Mg 20.02 £0.22 20.00
Al 19.92 £0.35 19.00
K 165.77+ 2.61 167.00
Ca 95.11 + 0.81 94.00
Cr 0.26 £ 0.005 0.26
Mn 3.73x0.07 3.60
Fe 1.28 £0.04 1.30
Co 0.08 = 0.0.0008 0.08
Cu 366.24+ 7.01 370.00
Zn 1058.51+ 18.03 1070
Se 25.45+0.41 26.00
Br 2013+ 31 2040
Ru 64.18+1.11 66
Cd 0.074 £ 0.0008 0.074
Sn 1.21+£0.01 1.20

I 47.56 + 0.53 47.00
Cs 0.36 = 0.007 0.36
Hg 0.16 = 0.002 0.16

Basa Bolti Karmout -
Heavy metal Permissible level*
Mean SD Mean SD Mean SD

Cd 0.12 0.011 0.12 0.005 0.17 0.02 0.1

Hg 0.004 0.00 0.004 0.00 0.007 0.002 0.1

Mn 0.07 0.005 0.08 0.01 0.08 0.009 NAD

Ph 4.06 0.05 4.03 0.03 3.45 0.26 NAD

Pb 0.79 0.05 0.83 0.04 1.51 0.128 0.1

Zn 0.62 0.015 0.62 0.01 1.03 0.05 50

The values were statistically significant at p < 0.001; NAD, No available data; *Egyptian Organization for Standardization and

Quality Control (EOSQC, 1993); SD, standard deviation.

level of zinc (Table 3). There was no significant change
between heavy metals in the flesh or fat for each type of
fish (Tables 3 and 4).

There was a marked reduction of heavy metals
concentration after the addition of acetic acid to the flesh
of Basa, Bolti and Karmout fish as shown in Tables 5, 6
and 7. When Basa fish was immersed in 5% acetic acid
for 15 min, the cadmium level was reduced from 0.12
pa/g in the flesh to 0.07 pg/g in the homogenate (41.6%)
and the lead level was reduced from 0.83 to 0.41 ug/g
(51.9%). In the Bolti fish, pre-treatment of the fleshy parts
by acetic acid reduced cadmium level from 0.12 to 0.07
Ha/g (58.3%) and the lead level was reduced from 0.83 to

0.02 pg/g (24%). The same finding was observed in
Karmout fish, where pre-treatment with acetic acid
lowered cadmium level from 0.17 to 0.05 ug/g (29.4%)
and lead level was lowered from 1.51 to 0.82 ug/g
(54.3%). A considerable amount of heavy metals was
found in the liquid of these fishes.

The natural aquatic system has been extensively
contaminated with heavy metals released from domestic,
industrial, agricultural and other man-made activities
(Conacher et al., 1993). Among animal species, fish are
the inhabitants that cannot escape from the detrimental
effects of these pollutants (Clarkson, 1998; Dickman and
Leung, 1998; Olaifa et al., 2004).



Table 4. Heavy metals analysis in fat of different fish (ug/g dry weight) (treated with HCI only).

Basa Bolti Karmout -
Heavy metal Permissible level*
Mean SD Mean SD Mean SD

Cd 0.078 0.019 0.136 0.01 0.17 0.04 0.1

Hg 0.002 0.0004 0.004 0.0006 0.007 0.002 0.1

Mn 0.78 0.017 0.08 0.01 0.82 .008 NAD

Ph 2.36 0.16 411 0.02 3.33 0.55 NAD

Pb 0.53 0.087 0.81 0.02 1.49 0.43 0.1

Zn 0.86 0.07 0.61 0.02 1.00 0.09 50

*Egyptian Organization for Standardization and Quality Control (EOSQC, 1993); NAD, No available data; SD, standard deviation.

Table 5. Heavy metals in flesh of Basa (not pre-treated with acetic acid) and Basa homogenate and its liquid (pre-treated with acetic

acid).
Basa (not pre-treated) Basa (pre-treated with acetic acid)
Heavy metal (ug/g dry weight) Homogenate (ug/g dry weight) Liquid (ug/sample)
Mean SD Mean Percent SD Mean SD
Cd 0.12 0.011 0.05 (41.6) 0.03 0.07 0.04
Hg 0.004 0.01 0.002 (50) 0.001 0.002 0.001
Mn 0.07 0.005 0.05 (71.4) 0.004 0.02 0.02
Ph 4.06 0.05 2.32 (57.1) 0.013 1.62 0.34
Pb 0.79 0.05 0.41 (51.9) 0.03 0.37 0.22
Zn 0.62 0.015 0.28 (45.1) 0.016 0.34 0.12

SD, Standard deviation.

Table 6. Heavy metals in flesh of Bolti fish (not pre-treated with acetic acid) and Bolti homogenate and its liquid (Pre-treated

with acetic acid).

Bolti (not pre-treated)

Bolti (pre-treated with acetic acid)

:ee?;?/ (ug/g dry weight) Homogenate (ug/g dry weight) Liquid (pg/sample)
Mean SD Mean Percent SD Mean SD
Cd 0.12 0.005 0.07 (58.3) 0.004 0.05 0.003
Hg 0.004 0.001 0.001 (25) 0.001 0.003 0.001
Mn 0.08 0.01 0.02 (25) 0.01 0.06 0.01
Ph 4.03 0.03 211 (52.3) 0.02 1.9 0.11
Pb 0.83 0.04 0.2 (24) 0.03 0.63 0.02
Zn 0.62 0.01 0.41 (66) 0.02 0.21 0.03

SD, Standard deviation.

The principle behind this study was the analysis of
different types of fish to their metal contents in order to
monitor metal excess in their tissues. Two species of
fresh water fish (T. nilotica, named Bolti, and Karmout)
caught from River Nile at Kafer El-Zayat, were used to
detect the presence of heavy metals and its accumulation
in their edible tissues. Also, the samples from Basa fish
were taken. Bolti and Karmout were chosen as they are
used extensively by millions of people in Egypt. Basa fish

was analyzed because of many suspicions about their
level of pollution being imported from Vietham. Basa,
Bolti and Karmout fish were chosen from the average
weights to be sure of suitable age and period of exposure
to pollutants and to be among edible size.

The mean values of cadmium level in the fleshy parts of
examined fish recorded in Table 3 were 0.12, 0.12, and
0.17 pg/g for Basa, Bolti and Karmout, respectively.
These values were over the permissible limits (0.1 ppm)



Table 7. Heavy metals in flesh of Karmout fish (not pre-treated with acetic acid) and Karmout homogenate and its liquid (pre-

treated with acetic acid).

Karmout (not pre-treated)

Karmout (pre-treated with acetic acid)

Heavy metal (1g/g dry weight) Homogenate (ug/g dry weight) Liquid (ug/sample)
Mean SD Mean Percent SD Mean SD
Cd 0.17 0.02 0.05 (29.4) 0.01 0.12 0.01
Hg 0.007 0.002 0.003 (42.8) 0.001 0.004 0.005
Mn 0.08 0.003 0.02 (25) 0.001 0.06 0.001
Ph 3.45 0.026 1.1 (31.9) 0.15 2.28 0.155
Pb 151 0.12 0.82 (54.3) 0.03 0.69 0.02
Zn 1.03 0.05 0.52 (50.4) 0.04 0.51 0.01

recommended by the Egyptian Organization for Standar-
dization and Quality Control (EOSQC, 1993). Cadmium
level in Bolti fish was equal to that reported by Khallaf et
al. (1994) in the study, where 0.12 pg/g was observed in
the same area and fish. Similar results were reported by
Seddek et al. (1996) in River Nile fish and Celik and
Oehlenschlager (2007), where the cadmium levels varied
from 0.1 to 0.8 ppm. Lower results were reported by
Hamza et al. (1996) and Shokrzadeh et al. (2004); the
recorded cadmium levels varied from 0.01 to 0.09 ppm.
On the other hand, Tarig et al. (1994) and Juma et al.
(2002) reported higher levels of cadmium which varied
from 2.0 to 15.8 ppm. Also, the cadmium level in Karmout
was higher than that reported by Khallaf et al. (1994) at
the same location.

High incidence of cadmium in Bolti and Karmout fish
caught from River Nile at Kafer El-Zayat may be due to
the contamination of the fish from industrial waste of
factories in the town. Mercury levels in all examined
fishes were 0.004, 0.004 and 0.007 pg/g in Basa, Bolti
and Karmout flesh respectively; 0.002, 0.004 and 0.007
Mg/g in Basa, Bolti and Karmout fat respectively.
Fortunately, these values were below permissible level
(50 ppm) approved by EOSQC (1993). This may be
related to the absence of mercurial pollutant at high risk.
No information about the maximum permissible levels of
manganese or phosphorus in the fish tissue of Egyptian
standards was available EOSQC (1993).

The results of lead level obtained in this study were
0.79, 0.83 and 1.51 ug/g in Basa, Bolti and Karmout
flesh, respectively and 0.53, 0.81 and 1.49 ug/g in Basa,
Bolti and Karmout fat, respectively. These values are in
harmony to those reported by Seddek et al. (1996) and
Marouf and Dawoad (2006). The recorded levels ranged
from 0.42 to 0.74 ppm. However, lower results were
reported by Suppin et al. (2005). The registered levels
varied from 0.04 to 0.076 ppm. On the other hand, higher
results were recorded by Adekunle et al. (2004) and
Saleh (2004). It was clear that the values obtained were
over the permissible limits (0.1 ppm) recommended by
the Egyptian Organization for Standardization and Quality
Control (EOSQC, 1993).

Unfortunately, lead level in Bolti and Karmout exceeded
that reported by Khallaf et al. (1994) at the same area
and types of fish (0.05, 0.25 ppm respectively) which
indicated more pollution of the aquatic field and more
industrial pollution since 1994 to 2009. This could be
related to more pollution after an excess of 15 years.
Higher level in Karmout may be due to affinity of Karmout
for retaining metals in tissue being older in age, with more
chance for heavy metal bioaccumulation.

Concerning zinc, the data were 0.62, 0.62 and 1.03
Mg/g in Basa, Bolti and Karmout flesh respectively and
0.86, 0.61 and 1.0 pg/g in Basa, Bolti and Karmout fat
respectively. These values were lower than the results
obtained by Jaffar et al. (1988) in the edible part of fresh
water fish which ranged from 1.87 to 50.6 pg/g. According
to Celik and Oehlenschlager (2004), zinc level was 8.6
Mg/g. Celik and Oehlenschlager (2005) reported that zinc
level was 9.73 ug/g. Mean levels of zinc in all examined
fish muscles were lower than the permissible limit (50
ppm) recommended by EOSQC (1993).

Interestingly, there was a marked reduction of heavy
metal levels in fleshy parts of the fish pre-treated with 5%
acetic acid (similar to house-hold concentration). When
Basa fish was immersed in 5% acetic acid (15 min), the
cadmium level was reduced from 0.12 ug/g in flesh to
0.07 pg/g in homogenate (41.6%) and the lead level was
reduced from 0.83 to 0.41 ug/g (51.9%). In Bolti fish, pre-
treatment of fleshy parts by acetic acid reduced the
cadmium level from 0.12 to 0.07 pg/g (58.3%) and the
lead level was reduced from 0.83 to 0.02 ug/g (24%). The
same finding was observed in Karmout fish, where pre-
treatment with acetic acid lowered the cadmium level
from 0.17 to 0.05 pg/g (29.4%) and the lead level was
lowered from 1.51 to 0.82 ug/g (54.3%).

Reduction of heavy metals in fish pre-treated with
acetic acid could be due to formation of insoluble acetate
salts of these metals. Fish liquid contained a considerable
amount of metals, leaked with liquid by filtration, and thus
should be discarded to minimize metal exposure.

Gado and Midany (2003) reported a marked reduction
of heavy metals in water of fish ponds after the addition



of slaked lime and attributed this beneficial effect to the
action of calcium carbonate that forms insoluble
complexes with heavy metals (Dodge and Theis, 1979).
In comparison with our trial, Satoh (1999) provided a
method of removing heavy metals from a heavy metal
containing substance; the method comprises of the
following steps: 1) Addition of water and acid to a heavy-
metal-containing substance to form a liquid having a pH
equal to or lower than 4, and stirring the liquid; 2)
extraction of heavy metals substance in the liquid, as
heavy metal ions; 3) addition of alkali to the liquid to
increase the pH of the liquid to 10 or more; and
precipitating the heavy metal ions out of the liquid as a
carbonate by bringing bubbles of carbonic acid gas into
contact with the liquid having a pH equal to or higher than
10 (www.freepatentsonline.com/5958248.htm).

The method adopted seemed to be much easier and
applicable. It needed only good immersion of fish in a
diluted solution of acetic acid (5%) for 15 min; then
getting rid of the liquid part (containing most of the
metals) and repeated washing of the fish with tap water.

Conclusions

The result indicated that the heavy metal contamination
definitely affected the aquatic life of different fish. Hence,
a scientific method of detoxification is essential to
improve the health of these fish in any stressed environ-
mental conditions. Addition of acetic acid to fish tissue
helped to reduce level of heavy metals. Further research
studies on methods of removal of heavy metals from
water and fish should be conducted.
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