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Abstract

The present study was carried out to evaluate heavy metals
residues in water and fish (Oreochromis niloticus) tissues collected
periodically from summer 2007 to spring 2008 of different water
sources (agricultural drainage water, mixed drainage water, and
fresh water), while there were no fish could be found in mixed
drainage water. There were significant differences among different
water sources as well as different seasons. Water samples had Fe
residuals level exceeding the permissible limit in all different water
sources while Pb level exceeding the permissible limit in mixed
drainage water in spring season. Bioaccumulation of Fe, Zn, Cu,
and Cd varied in muscle, gills, and liver tissues of Oreochromis
niloticus. Generally, it could be mentioned that heavy metals
concentrations in different investigated fish organs were in the
following order: muscle < gills < liver. Lead concentrations were
not detectable in different tissues of fish collected from different
sources during different seasons. The higher values of metals were
detected in fish collected from the agricultural drainage water.
Moreover, there were seasonal variations had been observed,
where cadmium residuals level had exceeding the internationally

permissible levels in winter and autumn.

INTRODUCTION

Drainage water is one of the waste wealth's that could be treated if necessary and

re-used to serve in the aquacultural and agricultural development. The records show

that the drainage water in Egypt represents 46-54% of total annual irrigation water

which could be estimated as 10-12 milliards m® drainage water. Making use of these

quantities of drainage water it will put an end to the problem of direct competition

between agriculture and aquaculture for fresh water. As for agricultural purpose,

some of the drainage water could be used successfully as it contains several nutrients

that could be utilized by plant. However, it should be taken into consideration that the

values of chemical measurement are in the allowable limits of plant growth (Dawah &

Nagdy 2000).
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There are many trails in Egypt for using the drainage water; alone; or mixed with
Nile fresh water, especially in regions that have drainage water of good or moderate
quality.

In aquatic ecosystems, metals occur in low concentrations, but in recent times,
however, the occurrence of metal contaminants especially the heavy metals in excess of
natural loads has become a problem of increasing concern. This situation has arisen as
a result of the rapid growth of population, increased urbanization, and expansion of
industrial activities, exploration and exploitation of natural resources, extension of
irrigation and other modern agricultural practices as well as lack of environmental
regulations (FAO, 1992).

Fish, as human food, are considered as a good source of protein, polyunsaturated
fatty acids (particularly omega-3 fatty acids), calcium, zinc, and iron. Metal residues
problems in the fish flesh are serious, as reflect by the high metal concentrations
recorded in the water and sediments Wong et a/, (2001). The two most important
factors that contribute to the deleterious effects of heavy metals as pollutants are their
indestructible nature through bioremediation unlike organic pollutants and their
tendency to accumulate in environment especially in the bottom sediments of aquatic
habitats in association with organic and inorganic matter (Sobha et a/., 2007).

Heavy metals effect on organisms directly by accumulating in their body or
indirectly by transferring to the next trophic level of the food chain.

Heavy metal residues in fish and its hazard effects on the health of people are a
matter of great concern to food hygienists. The most non-essential heavy metals of
particular concern to fish and surface water are Iron (Fe), Zinc (Zn), Copper (Cu),
Cadmium (Cd) and Lead (Pb) which have the way to fish mainly via gills (Tao et al,
2000), subsequently to safe guard the fish consumers, periodical evaluation of heavy
metals residual level in the fish flesh and water from expected polluted area are of
major importance.

The objective of this study was to evaluate Iron, Zinc, Copper, cadmium and lead
contents of Oreochromis niloticus. and water from Al-Areeni agricultural drainage drain
and sewage drain branched from the Al-Areeni drainage drain Sharkia, Egypt, which
used to cover the shortage of water in canals supplying irrigation water for legal and

illegal rice.
MATERIALS AND METHODS

Sampling and sites:
Water samples were collected from three different water sources located in

Sharkia Governorate: Al-Areeni agricultural drainage canal (drainage water "A"), sewage
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canal branched from the Al-Areeni drainage canal (mixed of agricultural drainage and
sewage water "B") and Bahr Abou-El Akhdar irrigation canal (Fresh water "C") as shown
in Fig (1).

Water samples were taken monthly from nine points, three of each different water
source. Fish samples (Oreochromis niloticus) were collected seasonally from agricultural
drainage water and fresh water only by using screen net, preserved in ice box and
taken to the laboratory for analysis. There were no fish could be caught from the mixed

drainage water.

Fig (1): Map demonstrate the different water sources of the study as shown in Google
earth

Laboratory analyses:

Water preparation for heavy metals residues:

Ten cm® of concentrated hydrochloric acid was added to 1000 cm?® of water
samples and evaporated to 50 cm?®, then preserved in a refrigerator ( at 4C°) till
analysis for Fe, Zn, Cu, Cd and Pb (Parker, 1972), finally measured using Atomic
Absorption Spectrophotometer (Model Thermo Electron Corporation, S. Series AA
spectrometer, UK).

Fish preparation for heavy metals residues:

Oreochromis niloticus fingerlings were collected seasonally from both agricultural
drainage water and fresh water. The average weight of fish samples were 130 + 11,9

Fish were dissected to obtain samples from muscles, gills, and livers. They were
ignited in order to be converted into ash as a preliminary preparation for metals
analysis. To the ashed sample (ashing was carried out using muffle furnace at a
temperature of 500 °C overnight) 2 ml HNO; were added with swirling. Sample was
evaporated carefully just to dryness on hot plate, transferred to cooled furnace,

temperature raised slowly to 450 -500 °C. 10 cm® of 1N HCl were added. Ash was
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dissolved by heating cautiously on a hot plate. Transfered to 25- cm® volumetric flask
and added HCI as necessary, cooled and diluted to a certain volume, preserved in a
refrigerator (at 4C°) till analysis for Fe, Zn, Cu, Cd and Pb then measured using Atomic
Absorption Spectrophotometer (Model Thermo Electron Corporation, S. Series AA
spectrometer with Gravities Furnace, UK) (Official Methods of analysis, 1980).
Statistical analysis:

Statistical analysis was performed using the analysis of variance (ANOVA) and

Duncan's Multiple Range Test .Standard errors were estimated using (SAS, 1987).

RESULTS AND DISCUSSION

Heavy metals residues in water:

The present study indicated that heavy metals concentrations in both mixed
drainage water and agricultural drainage water were higher than their concentrations in
fresh water. This observation could be attributed to the richness of drainage water with
organic matter which chelates these metals.

The annual over all means of pH were 7.88, 7.45, and 7.89 in the agricultural
drainage water, mixed drainage water, and fresh water respectively, while the highest
temperature was recorded in fresh water during summer (25.02 °C) and the lowest one
was observed in mixed drainage water during winter (13.25 °C).

Iron (Fe):

Table (1) showing that there were no significant differences in iron concentrations
among different water sources during summer, while there were significant differences
during spring, autumn, and winter, The annual over all means of iron concentrations
were 2.41 £ 0.97, 3.52 + 1.41, and 1.26 + 0.42 mg/I in agricultural drainage water,
mixed drainage water, and fresh water, and this mean is represented by (803.3, 1173.3,
and 420%) from the permissible limit respectively. The highest iron concentration was
6.60 = 0.77 mg/l which recorded in mixed drainage water during spring and this may be
due to the release of a certain part of the adsorbed metals from the bottom sediments
into the interstitial water and hence to the overlying water due to stirring up of water by
wind (Saeed, 2004).



Table 1. Mean + standard error of seasonal variations of Iron (mg/l) in water samples
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collected from agricultural drainage, mixed drainage and fresh water

Water sources Agric Mixed Fresh
Summer 0.48 +0.08 0.51+0.12%® 0.39+ 0.08 *®
Autumn 1.42 £0.14 *¢ 1.54 £ 0.17 *® 0.69 + 0.06
Winter 2.79+0.18 *® 5.43 £0.73 * 1.94 £0.23 ™

Spring 4.96 + 0.23 " 6.60 + 0.77 ** 2.05+£0.21

Over all mean 2.41 +£0.97 3.52 +1.41 1.26 £ 0.42

% of Permissible limit 803.3 1173.3 420.0
Permissible limit 0.3 mg/I

a, b, ¢ Values-having different script at the same row are significantly (P<0.05) different
A, B, C. Values-having different script at the same column are significantly (P<0.05) different
Zinc (Zn):

The lowest concentration of zinc was 4.04 = 1.29 pg/l which recorded in fresh
water during winter while the highest one was 25.89 = 4.23 ug/l which recorded in
mixed drainage water during autumn. The annual over all means of zinc
concentrations were 9.16 + 2.09, 18.77 + 3.82, and 6.02 + 0.66 ug/! in agricultural
drainage water, mixed drainage water, and fresh water, and this mean is represented
by (7.6, 15.6,and 5.01%) from the permissible limit respectively. The highest zinc
concentration was recorded in both agricultural drainage water and mixed drainage
water during autumn; this may be due high concentration of phytoplankton during
autumn Saleh et al,, (1988).

Table 2. Mean + standard error of seasonal variations of Zinc (ug/l) in water samples collected

from agricultural drainage water, mixed drainage water and fresh water.

Water sources Agric Mixed Fresh
Summer 823 +1.01% 24.9 £2.33 6.96 £0.81 ™
Autumn 15.19 +1.96 ™ 25.89 +4.23 6.51 + 1.02 %

Winter 5.96 +0.64 12.23 £0.95 4,04 £1.29 "
Spring 7.25 £ 1,09 % 12.08 £0.48 *® 6.58 £ 0.32 ™
Over all mean 9.16 + 2.09 18.77+ 3.82 6.02 £ 0.66
% of Permissible limit 7.6 15.6 5.01
Permissible limit 120 pg/l

a, b, ¢ Values-having different script at the same row are significantly (P<0.05) different

A, B, C. Values-having different script at the same column are significantly (P<0.05) different
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Copper (Cu):

Table (3) showing that there were significant differences in copper
concentrations among different water sources. The lowest and highest concentrations of
copper were 1.19 + 0.12 pg/l which recorded in fresh water during summer and 6.55 +
0.59 g/l which recorded in mixed drainage water during autumn respectively. The
annual over all means of cupper concentrations were 2.96 + 0.70, 4.86 + 1.01, and
1.83 + 0.22 pg/l in agricultural drainage water, mixed drainage water, and fresh water,
and this mean is represented by (22.7, 37.3, and 14%) from the permissible limit
respectively.

Mixed drainage water showed higher copper concentration than both
agricultural drainage water and fresh water. Mixed drainage water includes municipal
water, whereas domestic sources contribute major percentage of copper in the
environment (Issa et al., 1997).

The elevated copper concentrations which recorded in different water sources
during winter could be attributed to mixing of wastes with water and water sediments

interactions.
Table 3. Mean + standard error of seasonal variations of Copper (ug/l) in water
samples collected from agricultural drainage water, mixed drainage water
and fresh water.

Water sources Agric. Mixed Fresh
Summer 1.27+0.18 2.06 £ 0.33%® 1.19 £ 0.12%
Autumn 3.88 £0.79 @ 6.55 + 0.59°2* 2.09 + 0.51 ™

Winter 4.34 £ 0.84 6.14 £ 1.4°3* 1.84 £ 0.25™
Spring 2.37 £0.26 "¢ 472 +0.74 % 2.20 £ 0.26 **
Over all mean 2.96 + 0.70 4.86 + 1.01 1.83 £0.22
% of Permissible limit 22.7 37.3 14.0
Permissible limit 13 pg/l

a, b, c Values-having different script at the same row are significantly (P<0.05) different
A, B, C. Values-having different script at the same column are significantly (P<0.05) different
Cadmium (Cd):

Table (4) revealed that there were no significant differences in cadmium
concentration among different water sources during summer and spring, while there
were significant differences during autumn and winter. The lowest cadmium
concentration was 0.28 £ 0.07 pg/l which recorded in fresh water during autumn while
the highest concentration of cadmium was 1.55 + 0.31 pg/l in agricultural drainage
water during winter. The cadmium concentrations annual means were 0.94 = 0.21, 0.64
%+ 0.09, and 0.41 = 0.07 ug/l in agricultural drainage, mixed drainage, and fresh water,
and this mean is represented by (21.8, 14.8, and 9.3%) from the permissible limit

respectively.
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Cadmium concentration in the agricultural drainage water was higher than in
both mixed drainage water and fresh water, this may be explained with the fact that the
main source of cadmium is fertilizer and pesticides. The highest cadmium concentration
was recorded in agricultural drainage water during winter and this may be due high
concentration of phytoplankton during winter Saleh et al., (1988).

Table 4. Mean % standard error of seasonal variations of Cadmium (ug/l) in water
samples collected from agricultural drainage water, mixed drainage water and

fresh water.

Water sources Agric. Mixed Fresh
Summer 0.56 £0.21 *® 0.35 +0.04 0.29 £0.02
Autumn 0.89 + 0.19 ¢ 0.76 £ 0.12 @A 0.28 +0.07 ™
Winter 1.55 +0.31 0.73 £0.21b* 0.43 +£0.11*

Spring 0.76 £0.11 © 0.71 £0.14 0.50 £ 0.13

Over all mean 0.94 £ 0.21 0.64 £ 0.09 0.41 £ 0.07

% of Permissible limit 21.8 14.8 9.3
Permissible limit 4.3 ug/l

a, b, ¢ Values-having different script at the same row are significantly (P<0.05) different

A, B, C. Values-having different script at the same column are significantly (P<0.05) different

Lead (Pb):

The highest lead concentration was 5.40 = 1.17 pg/l which recorded in mixed
drainage water during spring. Lead concentrations were below the used method
detecting limit in both agricultural drainage water and fresh water during winter and
spring seasons Table (5). The lead concentrations annual means were 0.11 + 0.07, 1.79
+ 1.2, and 0.05 £+ 0.02 ug/I in agricultural drainage, mixed drainage, and fresh water,
and this mean is represented by (4.4, 71.6, and 2%) from the permissible limit
respectively.

Pb level in mixed drainage water during spring was higher the maximum
permissible limit (2.5 pg/l) reported by (USEPA, 1999). This may resulted from
atmospheric inflow of dust which holds a huge amount of lead. Lead concentrations in
both agricultural drainage water and fresh water during winter and spring were not
detectable which may be due to high pH which in turn decrease the concentration of

heavy metals in water.
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Table 5. Mean + standard error of seasonal variations of Lead (ug/l) in water samples
collected from agricultural drainage water, mixed drainage water and fresh

water.

Water sources Agric. Mixed Fresh
Summer 0.12 £0.03 0.35 £0.10 *® 0.11 +£0.02
Autumn 0.31 +0.10 0.59 + 0.15 *® 0.08 +£0.02

Winter ND "8 0.84 +0.19 % ND ™
Spring ND ¥ 5.40 £ 1,17 * ND
Over all means 0.11 £+ 0.07 1.79 £ 1.20 0.05 + 0.02
% of Permissible limit 4.4 71.6 2
Permissible limit 2.5 pg/l

a, b, ¢ Values-having different script at the same row are significantly (P<0.05) different
A, B, C. Values-having different script at the same column are significantly (P<0.05) different
Heavy metals residues in fish (Oreochromis niloticus):

In fish, bioaccumulation of Fe, Zn, Cu, Cd, and Pb varied in muscle, gills, and
liver tissue of Oreochromis niloticus which collected from the agricultural drainage
water and fresh water as shown in Table (6). Generally, it could be mentioned that
heavy metals concentrations in different investigated fish organs were in the following
order: muscles < gills < liver.

Liver and gills had a strong tendency to accumulate increased concentrations
of heavy metals, while muscles tissues tend to retain lower concentrations of such
metals. Similar observations were previously reported by many authors (Saeed, 2004).
The increased accumulation of heavy metals in liver and gills tissues may be
attributed to the metallothioneins proteins which are synthesized in liver and gills
tissues when fishes are exposed to heavy metals and detoxify them. These proteins
are thought to play an important role in protecting them from damage by heavy metal

toxicants Jobling (1995).

The obtained results revealed an increased accumulation of heavy metals in fish
tissues during winter and autumn might be due to the intensive feeding on
phytoplankton and other organisms during these seasons. This agrees with some
other workers (Saleh et 4l., 1988).

Metals concentrations in fish organs raised in agricultural drainage water were
more than their concentrations in fish rose in fresh water as the result of increasing
pollution from agricultural wastes which include pesticides and fertilizer. However, it
could be concluded from the obtained results that the investigated heavy metals
residues in the edible muscles of fish caught either from fresh water canal or from
agricultural drainage water, were lower than the allowable concentrations reported by
(FAO, 1983) (30, 50, 20, 0.5, and 2.0 pg/g for Fe, Zn, Cu, Cd, and Pb, respectively)
and hence are quite safe for human consumption.
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Table 6. Heavy metals concentrations in the muscle, gill, and liver tissues of

(Oreochromis niloticus) Which collected from agricultural drainage water
and fresh water during different seasons.

metals Fe(mg/g) Zn (Hg/9) Cu (pg/9) Cd (n9/9) Pb (ng/g)
Water sources Fresh | Agric. | Fresh Agric Fresh | Agric | Fresh | Agric | Fresh | Agric
Muscle | 0.33 0.41 3.83 4.09 158 | 216 | 0.12 | 0.16 | ND ND
gills 0.73 1.7 4.03 5.46 292 |4.03 [0.16 | 0.21 | ND ND
Summer | liver 1.21 2.93 23.63 87.03 7.81 8.78 | 0.3 0.44 | ND 2.6
Muscle | 0.37 1.14 4.41 6.67 2.08 | 6.19 |0.21 1.22 | ND ND
gills 1.23 2.35 7.25 9.42 349 | 5.02 |0.22 1.23 | ND ND
Autumn | liver 2.27 | 3.55 93.23 384.22 | 457 | 693 |14 1.69 | ND ND
Muscle | 0.5 0.91 3.64 5.82 212 |3 0.19 | 0.53 | ND ND
gills 1.1 1.51 5.34 8.09 4.14 4.36 | 0.64 0.94 | ND ND
Winter liver 1.68 | 3.43 143.93 | 164.21 | 5.51 6.6 0.98 1.48 | ND ND
Muscle | 0.24 0.46 2.45 5.38 1.49 1.52 | 0.16 0.19 ND ND
gills 1.01 1.94 5.54 7.95 358 | 489 [0.19 | 043 | ND ND
Spring liver 1.72 | 2.53 83.85 122.69 | 5.96 | 6.02 | 0.31 0.44 | ND ND
MAL* 30 50 20 0.5 2

*MAL = maximum acceptable limit (ug/g) according to WHO, 1984 for iron and FAO, 1983 for the other

metals.

It should be taken in consideration as previously mentioned, that there were no

fish could be found in mixed drainage water alongside the study period, this may be

due to the following reasons: low dissolved oxygen content, increased total ammonia

concentration, high un-ionized ammonia concentration Water Act. (1989).
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