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ABSTRACT

The present study aims to quantify the heavy metals contents in the sediments of Lake Burullus. Cu, Pb, Zn, and Cd
were analyzed using ICP spectrometer. The contamination {actors (CF) werce calculated for cach element. The CFs were

found to fall in the following scquence : Cd > Pb > Cu > Zn. The pollution load index (PLI) was also estimated.

Chermnoff face analysis was uscd to represent the pollution cxtent at different stations. The level of pollution by heavy

metals is mainly induccd by the input from the drains, the biomincralization and the current circulations.

INTRODUCTION

Establishment of mctal levels in scdiments can play
an important key role in detecting sources of pollution in
aquatic systcms. Lake Burullus has an arca of 370 km?,
It occupies a central position along the Mediterrancan
coast of Egypt. It is connccted to the Mcditcrrancan
through Boughaz El-Burg. Watcr depth ranges from 50
to 160 cm. The lake reccives 3.6 x 10°m® of water an-
nually, almost from domestic and agricultural sewage.
Lake Burullus is a mesotrophic lake i.c. average chloro-
phylla 6.6 mg/m>. The present study intends (o scrutinize
the pollution status in the lake scdiments.
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Materials and Methods

During 1990, a singlc sampling for a total of 16 sur-
face sediments were collected, from different parts of the
lake using grab sampler (Fig. 1). Scdiment samplcs wcre
prepared for analysis by washing with distilled water,
drying and crushing to pass 300 mcsh sieve. The diges-
tion of sediment was donc using a mixture of HF/
HCLO4/HNO3. Analysis for Cd, Cu, Pb and Zn contents
were preformed using ICP Spectrometer. Reproducibilty
was checked by duplicate analyses of the samples. A
Standard Reference Material (SRM 1646) was used to
check the deviation from certified values being + 7.4%




METALS POLLUTION IN THE SEDIMENTS OF LAKE BURULLUS,

for Cu, £ 1.81% Cd, + 8.13% for Pb and = 7.45% for Zn.
NCSS statistical package was uscd for data processing.

Results and Discussion

The results of the chemical analysis and the average
concentrations ( £ standard deviation) for the different
elements arc shown in Table 1. In general maximum val-
ucs for metals concentrations arc always found in station
10. Pb ranged from 390 pg/g to 176 pg/g with an aver-
age of 259 * 62.5 pg/g. Cu {luctuated from 151 pg/g to
17 pg/g (average 72.34 + 42.29). Cd minimum valuc
was 2.8 pg/g and the maximum value was 13.6 pug/g (av-
erage 5.79 £ 2.94). Zn, on the other hand, had an aver-
age contents of 81.9 £ 56.59 and ranged between 186.4
png/g and 10 pg/g. In order to compare relatively be-
tween the diffcrent stations, a multivariate representation
in the form of star plot was uscd (Fig. 2). A star plot is
formed for cach obscrvation (station) in which the num-
ber of rays is cqual to the number of variables (cle-
ments). The length of cach ray is proportional 1o the rel-
ative value of that variabic. The rays are connccled
forming the star. From Fig. 2, it is clear that station 10,
which is located in the southern part of the lake, exhibits
the highest concentrations. Station 3, follows station 10
in magnitudes of elemental concentrations. Stations, 1,5
and 14 show contamination of Cu, Zn and Pb rclative to
Cd. On the other hand, stations 11, 12, 15,9 and 16 have
very low contents of different clements.

To quantify the magnitude of pollution by different
elements as well as the mutual effect of the studicd ele-
ments, the contamination factors [1] were employed (CF
= metal concentration in scdiment/base value for lake
sediments [2]). The base value corresponds to bascline
or background concentrations rcported from locations
unaffected by man’s activitics [3]. The calculated CFs
were found to fall in the following scquence : Cd > Pb >
Cu > Zn (Table 1). In accordance with a suggestion by
Tomlinson et al. [1] for classification of hcavy metal lev-
els in estuarics, the Pollution Load Index (PLI) were cal-
culated for different stations sampled according 1o the
following formula :

PLI = *\ CFey x CFpy x CFg, % CF,,

The highest PLI i.e. 6.755 was observed in the south-

" crn part of the lake where the sewage enters the lake
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through diffcrent drains, while the lowest PLI i.e. 1.186
was found in the northern part away from the drainage
system. The high CF valucs for Cd and Pb indicate that
both metals are the major pollutants to cause the rel-
atively Pollution Load Inex. The Chemoff face analysis
[4] was used to interpret visually the extent of pollution
at dilferent stations (Fig. 3). Chernoff diagram is de-
signed using caricatures of the human face 1o represent
multivariale data. It associates variables in a data set
with various featurcs of the facc. These stylized faces
can in fact be uscd 1o represent the interplay for up to 16
variables [5]. Their principal advantages are that the hu-
man brain is ¢specially equipped to analyze and interpret
facial expressions and because facial features are linked
(c.g. tightly knit eycbrows usually go with pursed lips),
inter-relationships between different variables can also
be readily depicted [5]. Chernoff face analysis for the
present study, was designed to reflect the connotation of
pollution. The most obvious, indicative facial features
c.g. the mouth smile was chosen to represent the PLI for
dilfcrent samples. Eye spacing was sclected to present
the CF for Pb, while CF for Cd was illustratcd by the
brow Iength. The nose length discriminated the CF of
Cu. The CF of Zn was distinguished by ear width. The
happy face of stations 11, 12, 16, 9, 2, 4 and 7 arc those
samples of low pollution cffects. On the other hand, the
sad faces (i.c. stations 10, 3 and 1) graphically dem-
onstrated the stations most affected by pollution.

The distribution of different elements may be con-
trolled by the mineralogy of the scdiments. The shells of
organisms in Lake Burullus may concentrate Cd and thus
act as a source 10 the sediments [6]. However, the in-
crecase of Cd in the shells, also may reflect the increase
of cnvironmental availability of this clecment. This has
been shown for Cd, where the increase of Cd in mol-
lusks’ shell reflects the increase of Cd in the ambient wa-
ter [7 and 8). The positive correlations between Cd with
diffcrent studicd elements (r = 0.57, P = 0.022 for Cu;
0.529, P = 0.035 for Zn and 0.6006, P = 0.014 for Pb)
possibly indicate the effect of biomineralization in con-
centrating these clements. However, these correlation
levels may indicate possible other sources (c.g. associat-
ed with organic matter, controlled by the host min-
cralogy) for cach clcmcent rather than s‘kclctal contamina-
tions. Lake Burullus scdiments are largely contributed by
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Table 1.

Results of the different elements studied, the calculated contamination Factors
(CF) and the calculted Pollution Load Index (PLI) For different Stations.

Sample # Cu” Pb” Cd” Zn* CF, CFp, CF, CF,, PLI
1 150.8 346 4.6 173.8 3.351 10.177 11.5 1.47 49
2 65.4 256 4 66.8 1.453 7.529 10 0.566 2.805
3 117 342 11.2 150 2.0 10.06 28 1.271 5.523
4 59.4 228 3 75 1.32 6.706 7.5 0.636 2.549
5 79 290 2.8 91.2 1.756 8.529 7 0.773 3
6 70.6 242 6.8 77 1.569 7.118 17 0.653 3.337
7 46.6 276 4 624 1.036 8.118 10 0.53 2.584
8 67.2 256 44 90 1.493 7.529 11 0.763 3.117
9 434 206 3.6 31.6 0.964 6.059 9 0.268 1.937
10 152 390 13.6 186.4 3.378 11.471 34 1.58 6.755
11 17 182 4.6 10 0.378 5.347 11.5 0.085 1.186
12 41.2 226 5.6 31 0.916 6.647 14 0.263 2.176
13 121 306 7 100.4 2.689 9 17.5 0.851 4.357
14 72.8 216 5.4 138 1.618 6.353 13.5 1.169 3.569
15 30.4 206 6.6 114 0.676 6.059 16.5 0.097 1.8
16 23.6 176 5.2 15.2 0.524 5.177 13 0.129 1.46

Avcrage 72.34 259 5.79 81.89 1.61 7.53 14.44 0.694 3.18

+ St. Dev 42.29 62.5 2.94 56.59 0.91 1.77 7.03 0.46 1.49

* Concentrations arc in pg/g
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Figurc 1. Map of Lakc Burullus showing the location of the collected samples
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Figurc 2. Multivariaic star plot of the results for different stations.
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Figurc 3. Chemnoff face diagrams represent the calculated contamination
factors and the Pollution Load Indices (PLI) for the different stations.
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river Nile, where no regional distribution pattern within
the scdiments of the lake could be obscrved [9]. This
may rcflect the difference in elemental contents at differ-
ent stations.

The high metal concentrations found in the stations

ncar Boughaz El-Burg, and some drains, arc possibly
due to flocculation processes. A decrease in the dis-
solved fraction of Cu and Pb with incrcase in salinity
was obscrved [10]. This was attributed to colloidal frac-
tion present in the dissolved phase which flocculate out
upon mecting salt water [10]. The net salt gain by Lake
Burullus during 1987/1988 was 10 x 103 ton [11]. Salin-
ity in Lake Burullus is not constant [12]. This may ex-
plain the sporadic distribution of the studicd clements.

Conclusion

Metal pollution in lake Burullus is mainly associatcd
with the input from dilferent drains, the mineralogical
contents and biomincralization. The current circulation
in the lake and the mixing processes also caused [loc-
culation and precipitation of colloidal forms.
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