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ABSTRACT
Concentrations of major metals (Na, K, Ca, Mg) and some trace metals (Fe, Zn, Mn,
Ni, Cu, Co, Pb, Cr, Cd) were determined in water, sediment, benthos and some common
fish species from Lake Qarun. Water and sediment samples were collected from seven
stations where, the benthos and fish species were collected from three sites representing
east, middle and west of the lake.

Distribution of studied metals showed that, east part generally had higher
contamination than west one which may be attributed to the impact of pollution sources in
this area which coming from El-Batts Drain and pumping station in the east part. Mollusca
and Crustacea especially Barnacles have the highest concentrations of most heavy metals
measured more than Polychaeta which make them suitable candidates to be used in
biomonitoring surveys of Lake Qarun. The concentrations of heavy metals in fish samples
indicate that Solea sp.and Mugil sp. seemed to be more contaminated than Tilapia sp.
which attributed to their feeding behavior. Bioaccumulation factor values showed that the
trend of accumulation of most metals was as follows: Mollusca > Crustacea > Annelida >

Solea sp. > Mugil sp. > Tilapia sp.

INTRODUCTION

Studies on heavy metals in rivers,
lakes, fish and sediments have been a major
environmental focus especially in the last
decades. Sediments are important sinks for
various pollutants like pesticides and heavy
metals and also play a significant role in the
remobilization of contaminants in aquatic
systems under favorable conditions and in
interactions between water and sediment.
(Klavins, et al., 2000; Grosheva et al., 2000).

Knowledge of concentration of heavy
metals is desirable for the estimation of metal
concentration in lake’s water, sediment and
biota. Metal accumulated in benthic
organisms may be further bioaccumulative in
food webs. Barnacles have been shown to
fulfill many of these characteristics and used

to assess the bioavailability of metals in the
coastal waters of many parts of the world
(White and Walker, 1981; Anil and Wagh,
1988; Powell and White, 1990). In addition,
the characteristics described make mussels
useful indicators of the abundance and spatial
distribution of metals in aquatic ecosystems
(Doherty et al., 1993; Oertel, 1998; Sures et
al., 1999).

The biomonitoring of pollutants using
acc umulator species is based on the capacity
which has some plant and animal taxa to
accumulate relatively large amounts of
certain pollutants, even from much diluted
solutions without obvious noxious effects.
The use of this type of monitoring is
widespread in marine and freshwater
environments also because the measuring of
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the pollutant content in the organism is the
only way of evaluating the bioavailability of
a pollutant present in the environment. This
technique makes it possible to measure trace
element concentrations even when their
amounts in the natural environment are lower
than the detection limits of the methods
commonly used. In addition, the pollutant
concentrations in the organism are the result
of the past as well as the recent pollution
level of the environment in which the
organism lives, while the pollutant
concentrations in the water only indicate the
situation at the time of sampling. (Ravera et
al., 2003).

Although, Lake Qarun attracts
attention of many authors because of its
historical and scientifically importance to
study its unique ecosystem but, the studies
dealt with the accumulation of heavy metals
in different ecosystem components are still
scarce except few studies e.g. Elewa (1994),
Ibrahim (1996), Elewa et al. (2001), Ali
(2002), Mansour and Sidky (2003) and
Abdel-Satar et al., (2003). In fact, additional
information was needed to provide a database
for the ecological status of Lake Qarun that
helps the policy makers to take effective
decisions for proper management of the lake.

This paper focuses on the distribution
of trace metals in water, sediment, some
benthic groups and fishes of Lake Qarun.

MATERIALS AND METHODS

Study area

Lake Qarun is a closed saline basin
located between longitudes of 30° 24" & 30°
49" E and latitude of 29° 24' & 29° 33'N in
the lowest part of El-Faiyoum depression,
about 80 Km south west of Cairo (Map. 1). It
has an irregular shape of about 40 km length
and about 6 km mean width. The average
area is about 240 km?, the lake is shallow,
with mean depth of 4.2m. Nearly, most of the
lake’s area has a depth ranging between 5 to
8 meters. The water level of the lake
fluctuated between 43 to 45 meters below
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mean sea level (Meshal, 1973). The lake
receives the agricultural and sewage drainage
water from El-Faiyoum Governorate. Most of
the drainage water reaches the lake through
two main drains, El-Batts and EI-Wadi
Drains. Since, 1973 El-Wadi drain partially
delivers most of its water into Wadi El-Rayan
Lakes to maintain established water level of
Lake Qarun.
Sampling

During summer, 2003, samples of
water and sediment were taken from seven
stations covering the whole lake area (Fig. 1).
At the same time, benthic invertebrate and
fish species were collected from three main
sectors (east, middle and west) of the lake.
The water was then preserved in plastic
bottles by the addition of a few drops of nitric
acid. Sediments were preserved in plastic
bags. Benthic fauna were collected by
dredge, careful washing with lake water to
remove sand and mud particles then were
preserved in plastic bags. Three fish species
(Tilapia sp., Solea sp. and Mugil sp.), the
most common type of fish in Lake Qarun and
widely consumed were caught. Fish weight
and length were taken and samples were
dissected freshly, to obtain the muscles, then
frozen until ready for acid digestion.
Procedure

Water samples were digested using the
method described in APHA (1992), sediment
samples were dried at 80 °C in oven and
digested according to Kouadia and Trefry
(1987) method. Bottom fauna were classified
to three main groups (Mollusca, Crustacea
and Annelida), and digested after drying
according to Metcalfe-Smith (1994) method.
Different fish samples were digested after
drying according to the methods of
Association of Official Analytical Chemist
(AOAC, 1995) method. The levels of Ca,
Mg, Na, K, Fe, Mn, Zn, Cu, Cd, Pb, Co, Cr,
and Ni in digests were determined using
atomic absorption (Perkin Elemer Model
3700) with flameless graphite furnace(GA-2).
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Bioaccumulation factor (BAF)
Bioaccumulation factor was calculated
according to Klavins et al. (1998) as follow:
BAF = M_tissue / M_sed

where:

M issue : metal concentration in soft tissue

M 4 :metal concentration in sediment

RESULTS
1. Water and sediment analyses:
Sodium and Potassium:

Sodium content in the water of Lake
Qarun ranged from 8.72 g/l at station II to
9.32 g/l at station VIL Its values in sediment
ranged from 33.10 mg/g in the most eastern
site (station I) to 39.10 mg/g in the most
western site (station VII). Concerning
potassium, the maximum value of water (464
mg/l) was recorded at station VII and the
lowest was (398 mg/l) at station III. At the
same time, the maximum level of potassium
in sediment (10.05 mg/g) was recorded at
station VII and the lowest level (7.90 mg/g)
was recorded at station I. It is noticed that,
sodium and potassium concentrations exhibit
a homogenous distribution trend in water and
sediment (Tables, 1 & 2).

Calcium and Magnesium:

Calcium concentrations in water of
Lake Qarun fluctuated from 641 mg/l at
stations III, VI & VII to 802 mg/l at station
II. In sediment, the range fluctuated from
81.88 mg/g at station IV to 35.94 mg/g at
station I (Tables, 1 & 2).

The concentrations of magnesium in
water ranged from 2340 mg/1 at station VII to
1857 mg/l at station I. In sediment, it ranged
from 19.41 mg/g at station V to 11.88 mg/g at
station II (Tables, 1 & 2).

Iron and Manganese:

The concentration of iron in water and
sediment showed a similar distribution trend.
The highest values were recorded in the
eastern sites (0.6 mg/l and 26.4 mg/g for
water and sediment, respectively). On the
other hand, the lowest values were recorded
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in the middle site at station IV; 0.33 mg/l and

112 mg/g for water and sediment,
respectively.
Concerning manganese, its

concentration in both water and sediment
showed an obvious decrease from east to
west (Tables, 1 & 2).

Copper and Zinc:

The concentrations of copper showed a
regular distribution pattern in both water and
sediment, an obvious gradual decrease from
east to middle and return to increase at station
V (facing El-Wadi drain) then decrease again
westward (Tables 1 & 2). Zinc concentrations
in water were higher in the eastern sites
(38.1& 49.5 pg/l at stations 1 & II,
respectively) than the recorded ones in the
western side. On the other hand, the values of
zinc in sediment showed a similar
distribution trend (Tables, 1 & 2).

Cobalt and Chromium

Cobalt and chromium concentrations
in water and sediment showed a similar
distribution trend, since slight variation from
site to another were recorded. Generally, the
obvious decrease from east section to the
west was observed (Tables, 1 & 2).
Cadmium:

The cadmium concentration in water
showed slight fluctuation from a minimum
value of 1.58 ug/l at station III and maximum
one 2.21 g/l at station I (facing El-Batts
Drain). In sediment, there is a gradual
decrease from east to west except at station
III, an obvious increase was recorded
(Tables, 1 & 2).

Lead:

Lead concentrations in water and
sediment showed an irregular fluctuation
from site to another. The highest value of
lead in water (99.85 pg/l) was recorded at
station II while the lowest one (84.5 pg/l) was
recorded at station IV. The highest value of
lead in sediment (24.8 ug/g) was recorded at
station VI while the lowest one (17 pg/g) was
recorded at station VII (Tables, 1 & 2).
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Table (1): Concentrations of some major and trace metals in water of Lake Qarun

during summer season, 2003

Stations

Metals I I I v \Y% VI VII
Na g/l 8.9 8.7 9.0 9.0 8.8 9.2 9.3
K mg/1 421 417 398 431 430 418 464
Ca mg/l 721 802 641 721 681 641 641
Mg mg/l 1857 1930 1930 2026 2050 2098 2340
Fe mg/l 0.60 0.48 0.36 0.33 0.55 0.35 0.38
Mn ug/l 78.30 51.60 49.15 43.80 54.97 45.50 39.10
Cu pg/l 44.50 37.50 35.80 37.37 56.50 40.00 38.80
Zn pg/l 38.10 49.50 28.80 32.00 29.50 28.50 29.50
Copgl/l 91.45 96.50 88.19 90.00 73.50 70.50 83.15
Cr pg/l 60.51 63.50 61.90 64.70 85.90 68.54 61.65
Cd pg/l 221 2.06 1.58 2.08 2.06 2.05 2.00
Pb g/l 95.82 99.85 89.85 84.50 93.50 85.20 92.50
Ni pug/1 44.00 42.17 40.50 39.20 39.60 40.76 38.81

Table (2): Concentrations of some major and trace metals in sediment of Lake Qarun
during summer season, 2003

Stations

Metals I I I v v VI VII
Na mg/g 33.10 35.60 35.40 36.50 33.20 36.80 39.10
K mg/g 7.90 8.12 8.20 8.25 7.75 9.60 10.05
Camg/g 35.94 59.47 73.93 81.88 81.17 47.27 67.88
Mg mg/g 12.36 11.88 16.86 15.96 19.41 13.00 17.23
Fe mg/g 26.38 21.38 20.40 11.19 17.60 15.53 12.54
Mn pg/g 402.71 456.30 373.83 301.95 297.00 235.37 213.58
Cu pg/g 53.38 54.50 43.94 32.83 38.68 26.32 23.76
Zn uglg 180.49 134.01 156.00 77.04 120.30 72.50 77.59
Copuglg 28.56 26.29 27.16 23.15 21.19 21.89 19.75
Crpug/g 17.81 13.50 14.49 12.86 15.00 13.77 13.65
Cdpglg 1.38 1.20 1.80 1.24 1.16 1.04 0.97
7Pb pg/g 23.16 23.22 22.09 17.50 20.52 24.82 16.98
Ni pg/g 83.60 55.84 56.49 47.94 66.47 40.12 38.78

293



ACCUMULATION

OF TRACE METALS IN SOME BENTHIC INVERTEBRATE AND FISH SPECIES

RELEVANT TO THEIR CONCENTRATION IN WATER AND SEDIMENT OF LAKE QARUN, EGYPT

Nickel:

The concentrations of Nickel in water
and sediment showed increasing from west to
east sites of the lake (Tables, 1 & 2). Where,
The lowest values of Nickel in water and
sediment were recorded at station VII (38.81
pg/l and 38.78 pg/g, respectively) and the
highest ones were estimated at station I (44
pg/l and 83.60 pg/g, respectively).

2. Benthos:
Sodium and Potassium:

Sodium content in benthos of Lake
Qarun showed its highest values in the
western part of the lake. It sharply decreased
in the middle and re-increased again in east.
The higher concentrations were recorded in
Mollusca followed by Crustacea while the

lowest concentrations were recorded in
Annelida (Table, 3).
Potassium concentrations fluctuated

from benthic group to another. Mollusca still
maintained the highest value (4.80 mg/g) in
the western section and the minimum value
of 3.49 mg/g in the middle one. Crustacea
recorded its highest value in eastern part
(4.32 mg/g) while the highest one in
Annelida (3.82 mg/g) was observed in the
middle of the lake (Table, 3).

Calcium and Magnesium:

As shown in Table (3), calcium
concentrations in Mollusca are higher than
other component of benthos of Lake Qarun. It
followed by Crustacea and Annelida. The
eastern part of the lake was having the higher
concentration values (128.22, 70.06 & 2.82,
mg/g, respectively). Magnesium
concentration showed a narrow variation
among the three main benthic groups and
different lake sectors (Table, 3).

Iron and Manganese:

Iron contents in benthos showed their
highest values in the eastern part of the lake
(78.38 pg/g for Mollusca, 73.27 pg/g for
Crustacea and 68.16 pg/g for Annelida).
While, the lowest values were recorded in the
western part where 48.03 ug/ g for Mollusca
44.39 ng/g for Crustacea and 40.71 ug/g for
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Annelida (Table,3). Manganese concentration
showed to less extent a similar distribution
trend of all benthic component whereas, the
middle sector showed the lowest values
(Table, 3).

Copper and Zinc:

Copper contents in benthos groups
showed an elevated values in the eastern side
of the lake. Mollusca having higher
concentrations of copper followed by
Crustacea and Annelida. Zinc concentrations
in benthic groups differ from group to
another. It increased in Molusca from the east
to middle and decreased again to the west.
Zinc values in Annelida showed opposite
trend, the highest value was observed in the
eastern part and decreased from middle to
west (Table, 3).

Cobalt and Chromium

Cobalt concentrations in Mollusca
were higher than other benthic groups in all
parts of the lake. Also, the eastern part has
the highest values followed by western one,
while middle section maintained the lowest
values for all groups (Table, 3). The
distribution of chromium in Mollusca and
Crustacea showed increase towards the west.
At the same time, Annelida showed higher
concentrations to the east, decreased in the
middle and increased again to the west
(Table, 3).

Cadmium:

The values of cadmium in benthic
groups were close to each other. At the same
time, the highest values (0.25 ng/g for
Mollusca, 0.24 pg/g for Crustacea and 0.22
pug/g for Annelida) was recorded in the
eastern part of the lake (Table, 3).

Lead:

The highest values of lead in all
benthic groups were recorded in the eastern
part of the lake while the lowest ones were
recorded in the middle. The concentrations of
lead in Mollusca are usually higher than that
of Crustacea and Annelida in all sampling
localities (Table, 3).



Nickel

The concentrations of Nickel in
benthos showed increasing pattern towards
the east site of the lake. The concentrations of
Nickel in Mollusca are usually higher than
that of Crustacea and Annelida in all
sampling localities (Table, 3).

Bioaccumulation factor (BAF) (Table
4), showed decrease trend from east to west
section for most metals i.e. the eastern part of
the lake has high values of most metals which
can be explained on the basis of
anthropogenic pollutants income to the lake
via El-Batts Drain in the eastern part. Also,
the BAF values showed elevated trend in case
of macronutrients elements (Na, K, Ca and
Mg) while they showed an obvious decrease
in trace metals.

3. Fishes
Sodium and Potassium:

Sodium concentrations in common fish
species of Lake Qarun fluctuated from
species to another. Tilapia sp. showed its
highest value in the middle part of the lake.
Mugil sp. showed the highest concentration
of sodium in the west and decreased towards

east. At the same time, the highest
concentration of sodium in Solea sp. was
recorded in the east. Potassium

concentrations showed a similar trend as
sodium (Table, 3).
Calcium and Magnesium:

Calcium concentrations in Mugil sp.
are higher than other studied fishes of Lake
Qarun. It followed by Tilapia sp. and Solea
sp. The eastern part of the lake was having
the higher concentration values (2.56, 2.44 &
2.06 pg/g, for Mugil sp, Tilapia sp. and Solea
sp. respectively). The distribution pattern of
magnesium contents in fish species having
the same trend of Calcium (Table, 3). There
are no obvious variations between different
parts of the lake.

Iron and Manganese:

The concentration of iron in fish
species showed its highest values in the
eastern part of the lake (42.39 nug/g for
Tilapia sp., 82.35 pg/g for Solea sp. and
85.56 ng/g for Mugil sp.). On the other hand,
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the lowest values were recorded in the middle
for Solea sp. and Mugil sp. and in the west
for Tilapia sp. (Table, 3). Manganese
contents in fishes differ from species to
another. Solea sp. and Mugil sp. showed a
decrease trend from the east to middle and re-
increased again in the west. Tilapia sp.
showed opposite trend where the highest
manganese value was observed in the middle
(Table, 3).

Copper and Zinc:

The concentration of copper in Solea
sp. decreased from the east to middle and
increased again in the west. Tilapia sp.
contained the highest copper value in the
middle while in Mugil sp. its concentration
showed gradual decrease towards the west
(Table, 3). Zinc concentrations in Mugil sp.
increased from the east to the middle and
decreased towards the west. Where it
decreased from the east to the middle and
increased again in the west for Solea sp.
samples, while in Tilapia sp. it showed
gradual decrease towards the west (Table, 3).
Cobalt & Chromium

Cobalt concentrations in Tilapia sp.
were lower than in other fish species in all
parts of the lake. Also, there is no obvious
differences between cobalt concentrations in
different parts of the lake. Chromium
concentrations in Solea sp. are higher than
that of other fish species. A slight increase
was observed in the middle for Solea sp (5.95
ug/g) and Tilapia sp. (4.99 pg/g) and in the
west for Mugil sp. (5.04 ug/g, Table, 3).
Cadmium:

Cadmium contents in Solea sp. were
higher than other fish species in all parts of
the lake. At the same time, the highest values
(1.87 pgl/g for Solea sp., 1.33 pg/g for Tilapia
sp., and 1.16 pg/g for Mugil sp.) were
recorded the eastern part of the lake (Table,
3).

Lead:

The highest values of lead in all fish
species were recorded in the eastern part of
the lake. The concentrations of lead in Solea
sp. are usually higher than that of Tilapia sp.



the concentrations in Solea sp. decreased

from east to middle and increased again in
the west. Concerning Tilapia sp., there is no
difference among sampling localities (Table,

3).
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Nickel contents in Mugil sp. decreased
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sharply from east to west. At the same time,
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and Mugil sp.
(Table, 3).
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DISCUSSION

The contamination of soils, sediments,
water resources, and biota by heavy metals is
of major concern especially in many
industrialized countries because of their
toxicity, persistence and bioaccumulative
nature (Ikem, ef al. 2003).

From above mentioned result it is clear
that the distribution of heavy metals in Lake
Qarun showed an increased values in the
eastern sites (Sites I and II) where generally
had higher contamination when compared to
western ones (Sites VI and VII). The
relatively higher values obtained for east part
of the lake sediments and water may be due
to the impact of pollution sources in this area
which coming from El-Batts Drain and many
anthropogenic activities in this part of the
lake, these results were in agreement with
those obtained by Ali (2002) for the same
sites.

Iron and manganese showed a similar
distribution profiles which suggests that these
metals were derived from the same source.
Iron and manganese are adsorbed onto the
surface of suspended particles. Therefore,
their concentration increased in the east lake
side where the organic matter are more
drained from El-Batts Drain. While their
concentrations tend to decrease westwards
away from the effect of the drain.

The average values of cadmium,
chromium, copper and lead in this study were
agreed with the corresponding values
obtained by Mansour and Sidky (2003) in
Lake Qarun. While the average levels of
cadmium, chromium, copper, and zinc in
sediments and water of Manzalah and
Burullus lakes (El-Enany, 2004; Radwan &
Lotfy, 2002) were higher than that obtained
in Lake Qarun during this study.

The presence of trace metals in Lake
Qarun is mainly of allochthonous origin due
to either agricultural influx, wastes of fish
farms or sewage via surrounding cultivated
lands. Trace elements in waters may be
undergo rapid changes affecting the rate of
uptake or release by sediments, thus
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influencing living organisms throughout the
water-sediment interaction chain (James,
1985). Although, some of these metals are
classified biochemically as essential elements
in the bodies of living organisms and aquatic
plants when present in trace amounts e.g. (Cr,
Co and Ni) but, when they present in high
concentration they become toxic (Kotickhoff,
1983).

The benthic studies highlighted their
ability to detect temporal changes in metal
availabilities. Eastern part of the lake usually
has high concentrations of most metals. Such
differences were apparent for iron, nickel,
cadmium, lead. These differences may well
be attributable to changes in anthropogenic
input of metals or to changes in
physicochemical factors such as salinity
which affect the uptake of many trace metals
(Rainbow, 1997).

The biomonitoring of pollutants using
accumulator species is based on the capacity
which has some plant and animal taxa to
accumulate relatively large amounts of
certain pollutants, even from much diluted
solutions without obvious noxious effects.
The use of this type of monitoring is
widespread in marine and freshwater
environments also because the measuring of
the pollutant content in the organisms is the
only way of evaluating the bioavailability of
a pollutant present in the environment. This
technique makes it possible to measure trace
elements concentrations even when their
amounts in the natural environment are lower
than the detection limits of the methods
commonly used. In addition, the pollutant
concentrations in the organism are the result
of the past as well as the recent pollution
level of the environment in which the
organism lives, while the pollutants
concentrations in the water only indicate the
situation at the time of sampling (Ravera et
al., 2003).

From the large volume of water they
filter, molluscs uptake and accumulate in
their bodies toxic metals without noxious



effects (e.g. Lobel et al., 1990; Metcalfe-
Smith et al., 1992; Byrne and Vesk, 2000).
The results of current study indicate that
Mollusca have the highest concentrations of
most trace metals measured. These
accumulation of several metals is due to the
low capacity of these molluscs for
discriminating among metals which are
similar in some characteristics such as ionic
radius (Metcalfe-Smith, 1994; Jeffree et al.,
1993). Molluscs also possess a variety of
effective  detoxification mechanisms to
reduce the toxicity of the metal uptaken
(Byrne 2000; Byrne and Vesk 2000).The
microphagous feeders, such as barnacles
(which form the main component of
Crustacea) may ingest many potentially
metal-rich particles they also pass large
volumes of water across the permeable
surfaces of the cirri and which could facilitate
further uptake at high rates (Rainbow and
Moore, 1986). Barnacles have, therefore, a
high potential for accumulation of metals.

The polychaete Nereis diversicolor
(which form the major component of
Annelida in this study) used in many studies
as a useful indicator for Ag, Cd, Cu and Hg.
The concentration of metals in this species
are small compared with other benthic
groups. The bioaccumulation factor (Table,
4) showed that, Annelida maintained the
lowest values among the other groups
followed by Crustacea then Mollusca. These
values declared that, Annelida contain less
metals concentrations than other benthic
groups. These results were in concordant with
the findings of Al-Edreesi et al. (2002) who
reported that, Mollusca in Al-Hodeidah
region (Yemen) appears to be useful tool as a
bio-indicator for most of the metals.
Therefore, it is concluded that the Mollusca
and the Crustacea are suitable candidates to
be used in biomonitoring surveys of Lake
Qarun.

Trace metals tend to accumulate in
different body organs. These metals are
dangerous for fish and in turn they lead to
serious problems in both man and animals
(Marzouk, 1994). Fishes may absorb
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dissolved elements and trace metals from its
feeding and surrounding water, these metals
accumulate in various tissues in significant
amounts and are eliciting a toxicological
effects at target criteria (McCarthy and
Shugart, 1990). The concentrations of trace
metals in fish samples indicate that Solea sp.
seemed to be more contaminated than other
fish species followed by Mugil sp. and
Tilapia sp. These observations are mainly due
to different fish habitat (Solea sp. is bottom
feeder fish while other species are filter
feeder) and surrounding ecosystem status.
These results agree with that obtained by
Ibrahim (1996) in the same lake.

It is must to protect Lake Qarun from
anthropogenic sources of pollution to reduce
environmental risks and this study may
provide preliminary database for future
research on trace metals of the lake.
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