Egypt. J. Agric. Res. , 76 (4), 1998. 1661

MONITORING OF SOME HEAVY METALS IN WATER
AND FISH AT EL-GHARBIA AND KAFR
EL-SHEIKH GOVERNORATES

SOLIMAN, M.M.1, A.H. NOUNOU1: E.H. RIZKALLA 2 AND MARY N.ASSAAD 2
1 Faculty of Veterinary Medicine, Cairo University, Giza, Egypt.

2 Animal Health Research Institute, Agricultural Research, Centre, Giza, Egypt.

(Manuscript received 4 November 1997)

Abstract
" Chemical analysis for forty surface water samples collected from
some water drains at El-Gharbia and Kafer El-Sheikh governorates was
carried out to check for heavy metal pollution. The results indicated high
heavy metal contents in water samples ranged 0.480-0.610 ppm for
lead, 0.450-0.810 ppm for mercury and 0.770-0.890ppm for arsenic.
No fish samples could be captured from El-Mahala El-Kobra.
Twenty Clarias lazera fish samples collected from El-Hammol at Kafer
Ei-Sheikh governorate were used for determination of the heavy metal
residues in their tissues. The quantitative analysis of these heavy metal
residues in their liver, kidney and muscles revealed the presence of high
levels of Hg, As and Pb in liver (5.22,1.93 and 1.72 ppm, respectively),
followed by kidney (2.30, 1.08 and 0.90 ppm, respectively) and muscles
(1.78, 0.40 and 0.32 ppm, respectively), of the same fish.

INTRODUCTION

Industrial water pollution is getting to be a major concern. Many of the
chemicals contained in such industrial effluents may be potentially harmful to river
life unless the concentrations are carefully controlled. Obvious effects are observed
such as the colouring of river water and the formation of foam arising from
effluents containing dyes and their additives when discharged to water courses
without adequate treatment. The highly coloured industrial waste streams have been
considered to be Undesirable, due to their objectionable appearance. Such streams
are presently coming under strict and more specific pollution regulations.
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The presence of metallic salts in water can also be indirectly detrimental to
inhabiting fish by affecting the balance between phytoplankton, zooplankton and
invertebrates upon which they feed (Ericksen 1969 and Rizkalla & Abo-Donia 1996).

In general, heavy metals such as silver, mercury, copper, lead, cadmium,
zinc, aluminium, nickel and chromium have been classed as metals of relatively high
toxicity to fish (Doudoroff & Katz, 1953). There is a marked species variation to
the metallic salts which is, however, believed to be a measure of the fish ability to
detect and avoid toxic concentrations rather than to an intrinsic metabolic
versatility (Ericksen 1969).

Most heavy metals and their salts are simple inorganic compounds, the
toxicity of which is caused by anions, cations or physicochemical properties of the
salt. Lead (Pb) is one of the important metals present naturally in many places in
most of the countries due to its great industrial applications in many aspects of life.
In studies on 300 fish of 17 species, associations were noted between hepatic
steatosis, haemorrhage and raised liver lead values (Panebianco et al. 1988).

Scott (1974) found that mercury concentration in fish, white muscle
increases with size and age and there was highly variable within and between
different fish species. Panebianco et al. (1988) found that there was a relationship
between haemorrhagic liver and raised values of mercury in environment. Mercury
is highly toxic, non-essential, persistent, immutable and nonbiodegradable heavy
metal which undergoes bioconcentration and bioamplification during its transfer
through different tropic levels of food chain (Kirubagaran and Joy 1992). In Egypt,

. it is a relatively scarce element; it enters the marine and fresh water fish via
industrial processes (Mahmoud 1993).

Arsenical (As) compounds are widely distributed in nature. The arsenicals
may be grouped into inorganic and organic compounds. The inorganic arsenicals
differ from the organic compounds in several important pharmacological and
toxicological respects (Clarke et al. 1981). Nearly all the inorganic can be regarded
as salts of the meta-arsenous acid (i.e. sodium and calcium arsenites and copper
acetoarsenite) which have been employed mainly in agriculture as insecticides,
rodenticides and herbicides (Vallee et al. 1960). Kobayashi et al. (1981) reported
that, arsenic levels in fish muscles are positively correlated to body weight, and it
is consistently higher in muscles than in livers and other tissues. They also found
that, arsenic concentration in dorsal muscles is about twice that in ventral muscles
from the same fish.
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The present work is a survey on three heavy metals (Pb, Hg and As) in
drainage water samples and fish tissues (liver, kidney and muscles) naturally
present in two governorates (El-Gharbia and Kafr EI-Sheikh) at Delta region. They
are the main components of dyes used in the textile processing factories.

MATERIALS AND METHODS

Two governorates in Delta region were surveyed to estimate the heavy
metals pollution due to industrial activities of textile and dye factories. El-Mahala
El-Kobra (El-Gharbia governorate) is the main city for this type of activity. Kafr
El-Sheikh is the nearest governorate to El-Mahala El-Kobra where water pollution
may be affected by textile and dye factories.

Collection of water samples
Thirty surface water samples were collected from El-Kobra as follows:

1. Ten samples from Abo-Shahin drain in which water from factories were received
as outlet effluents.

2. Twenty samples from El-Doakhlea station (water purification station for
Abo-Shahim drain, about one kilometer away from El-Mahala El-Kobra). Ten
samples from the inlet and ten samples from its outlet to drain No. 6.

Another ten surface water samples were collected from drain No. 6 at
El-Hammol (Kafr El-Sheikh governorate).

The collected water samples were preserved by addition of T ml of conc.
nitric acid to one litre of water.

Collection of fish samples

No available fish (Clarias lazera) were captured at El-Mahala El-Kobra.
Twenty fish were collected from drain No. 6 at El-Hammol at Kafr El-Sheikh.
Specimens from liver, kidney and muscle were taken from the collected fish for
heavy metal residues determination.

Heavy metal residues determination

Analysis of water and dried fish tissues were performed using atomic
absorption spectrophotometer (Perkin-Elmer Model 2380) with air/acetylene
burner. Optimum conditions for each element were obtained within the guidelines of
the guidelines of the instrument manufacturer. A minimum of one blank were
analyzed in each sample run to account for any analytical and instrumental errors.
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All chemicals used in the sample pre-treatment were of reagent-grade quality.

The obtained data were statistically analysed according to Snedecor (1971).
RESULTS

The results of the survey on the surface water and fish naturally present in
El-Gharbia (El-Mahala El-Kobra) and Kafer El-Sheikh (El-Hammol) governorates for
these heavy metals are presented in figures (1 & 2).

Concerning the results of water analysis for its content of Pb, He and As, it
was clear that, arsenic was the major water pollutant in El-gharbia (El-Mahala)
with a mean value of 0.890 * 0.009ppm at the inlet port of the Doakhlea station. In
Kafer El-Sheikh (El-Hammol), mercury was the most important water pollutant with
a meav value of 0.810+£0.040 ppm. Lead residue was mainly abundant at the inlet
port of El-Doakhlea station (0.610%£0.004 ppm), but, it decreased to reach its
lowest value (0.480%0.004 ppm) at Kafer EI-Sheikh.

In El-Gharbia governorate, the highest value of water mercury was
(0.675+0.011 ppm) at the inlet port of El-Doakhlea station and the lowest value
(0.450+0.004 ppm) at the outlet port of the same station.

In El-Gharbia governorate, no fish samples could be captured either at
Abo-Shahim or at El-Doakhlea station. Several trials for capturing fish from the
drain No. 6 (connected El-Gharbia with Kafr El-Sheikh governorates) failed.

The residual content of mercury in fish samples obtained from El-Hammol at
Kafer EI-Sheikh were in the liver tissues (5.22 *+ 0.31 ppm) and the lowest value in
the fish muscle (1.78+0.26 ppm).

The higher values of Pb and As were present in liver tissue with values of
1.72+0.22 and 1.93%0.23 ppm, respectively. Kidneys contained 0.90+0.25 and
1.08%0.23 ppm and As, respectively, less than those present in liver, but higher
than those in muscle tissues (0.32 + 0.05 and 0.40+0.09 ppm, respectively).

DISCUSSION

Lead, mercury and arsenic concentrations in the surface water samples vary
with the site of collection (Fig. 1). Pb and As started with a value reaching
0.565+0.002 and 0.870+0.070 ppm, respectively, at Abo-Shahin drain. These
values increased to reach their peaks at the inlet port of El-Doakhlea station
(0.610+0.004 and 0.890%0.009 ppm, respectively). This was followed by gradual
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Fig. 1. Pb, Hg & As levels (ppm) in water samples collected from El-Mahala and
Ei-Hammol areas.
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Fig. 2. Pb, Hg & As residues (ppm) in liver, Kidneys and muscle of Clarias lazera
collected from El-Hammol areas.
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decrease in their values to reach 0.500+0.004ppm Pb and 0.850+0.004 ppm As at
the outlet port of El-Doakhlea and 0.480+0.004 and 0.770+0.020ppm for Pb and As

respectively, at El-Hammol.

Mercury stated with a value of 0.555+0.030 ppm at Abo-Shahin, followed by
an increased value (0.675 + 0.011 ppm) at the inlet port and a lower value
(0.450%+0.004 ppm) at the outlet port pf El-Doakhlea station. Unexpected higher
value of mercury residue was found at El-Hammol (0.810+£0.040 ppm).

The above mentioned results showed that, the values of the three heavy
metals studied in the surface water samples were significantly higher than the
acceptable permissible limits. According to the National Academy of Science (1973),
the safe concentrations of lead in water showed ranges from 0.00059 to 0.0059
ppm. Fresenius et al. (1988) mentioned that, the safe concentrations for lead,
arsenic and mercury in healthy water were 0.05, 0.05 and 0.001 ppm,
respectively. Rizkalla and Abo-Donia (1996) mentioned in their survey on the rive:
Nile's water in upper Egypt, that the average concentration of lead (0.001 ppm) was
much lower than the World's mean stream concentration (0.003 ppm) according to
Goldberg et al. (1971).

The remarked high values at the inlet and outlet ports of the purification
station at El-Doakhlea indicated a negligible role in lowering the water pollution in
relation to these heavy metals. During the course of running of the water from
El-Mahala to El-Hammol, a dilution factor of this polluted water by the agricultural
drainage system was observed, and resulted in lowering lead and arsenical levels.
Also, the decreased levels of these two metals may be due to precipitation of their
residues along the course, while, mercury level increased finally at El-Hammol. The

. real cause of such event is not fully understood, but could this be due to othet
nonspecified factor leading to its increase in the drain stream.

No fish samples could be captred at El-Gharbia govermorate either in Abo
Shahin or El-Doakhlea station. This colud be explained by the presence of the toxic
levels of residues of these heavy metals in the water samples collected from such

areas.

The results of the water pollution by these heavy metals to fish collected
from El-Hammol are tabulated in Fig. 2. Liver tissue was found to contain the highest
residual concentrations of lead, mercury and arsenic reaching 1.72+0.22:
5.22+0.31 and 1.93+0.17 ppm, respectively. Kidneys were occupying the 2nd
position as they contained 0.90+0.25; 2.30+0.23 and 1.08+0.23 ppm, respectively.
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Muscle tissues were found to contain the lowest values of these residues (0.32 *
0.05; 1.78+0.26 and 0.40+0.09 ppm, respectively). Our results are similar with
those mentioned by Sorensen et al. (1979) who proved that, arsenic is extremely
poisonous to fish and can be accumulated to higher levels in their hepatic tissues.
Also, Sprenger et al. (1988) found increased concentrations of mercury in liver
than in muscles of the yellow perch fish collected from 6 acidic lakes in New Jersey.

Contrary to our results, Bohn and Fallis (1978) recorded that, high levels of
arsenic were found in muscle tissues followed by liver. Also, Crespo et al. (1986)
mentioned that, in lead poisoned rainbow trout, the highest lead concentrations were
found in kiddneys followed by liver and finally spleen. Emara et al. (1993) collected
samples of different species of fishes from the Mediteranean and Red seas and
analyzed the muscles for some trace metals. They found increased levels of lead in
Mugil cephalus and Epinephelus alexandrinus (2.6-3 mg/Kg). They attributed the
presence of such metals in the fish to the pollution of the Alexandria coastal water
with these metals.

Muscle Pb residue in our results is much lower than that found in th eresults
of Rizkalla & Abo-Donia (1996).They reported that, lead concentrations in river Nile
Tilapia (2.815 ug/g dry wt.) were slightly lower than the average levels in Tilapia
of Wadi El-Raiyan Lakes (Saleh et 2.1988) and Manzalla, Maruit and Wadi El-Raiyan
Lakes (Abo-Donia 1990).

Finally, our investigation declared that, level of pollution with Pb, Hg and As
in the surface water samples was extremely dangerous in El-Mahala El-Kobra city,
and this was the cause of the absence of fish from such areas. Also, we want to
focus on the role of the purification station (El-Doakhlea) which was not effective in
lowering the water pollution with these three metals. We would like to register that,
residual content of heavy metals, either in surface water samples or fish, were high
and exceeding the acceptable permissible limits for human consumption. We advise a
good treatment of the industrial effluents using specific to avoid this form of
pollution.
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