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Rosetta Branch of river Nile is subjected to severe pollutants of domestic, sewage, agri-
cultural and industrial pollution. In this study, the distribution of heavy metals (Al, Ba,
Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn) were measured in surface river water and the
bed sediments of Rosetta Branch and the impacts of heavy metals on the water quality
were monitored. The heavy metal concentrations in river water and their contents in the
bed sediments were studied three times before, during and after winter period (low flow
conditions) from August 2007 to April 2008. The heavy metal concentrations in the river
sediments were remarkably high, but varied among sampling points, and the concentra-
tions in water were mainly within the permissible limits. The heavy metal contents in
bed sediment were highest during closure of winter period. Attention should be paid to
mitigate element mobilization from sediments as their effects may become significant
during seasons and years of low water flow in the river. Constant monitoring of the Nile
river water quality is needed to record any alteration in the quality and mitigate outbreak
of health disorders and the detrimental impacts on the aquatic ecosystem.
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Introduction

Rosetta Branch is located in the west part of the
Nile Delta in Egypt. It originates from the main
sector of the Nile River at Delta Barrage and
discharges into the Mediterranean Sea, its length
is about 225 km, and the width varies from 150—
200 m with the average depth of 2.3 m (Daifullah

etal 2003). Rosetta Branch receives considerable
amounts of pollutants from agricultural areas and
sewages. In addition, industrial plants at Kafr El-
Zayat city on the banks of the branch (e.g. Soda,
El-Malia and Kafr El-Zayat pesticides produc-
tion) directly pour their effluents into the branch
(Sohair et al 1993). El-Gohary (1990) pointed that,
industry were identified as being the major source
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of water pollution in this area. The metal industry
represents about 50% of the total waste discharges
and industrial effluents as well as agricultural and
domestic sewages constitute a real threat to the
aquatic ecosystems of River Nile (El-Matassem
1987). The Physico-Chemical characteristics of
the River Nile water have been rather widely
monitored (e.g. Abol-Atta 1978, Mancy 1978,
Saad 1980, Elewa and Mahdi 1988, Soltan 1988,
Abdel Satar 1994, Elewa 1995, Ghallab 2000, and
Elewa et al. 2001). However, the long-term effects
of heavy metal pollution on the river water quality
at River Nile delta are poorly known.

Heavy metals are among the most common
environmental pollutants, and their occurrence in
waters and biota indicate the presence of natural
or anthropogenic sources. The main natural sourc-
es of metals in waters are chemical weathering of
minerals and soil leaching. The anthropogenic
sources are associated mainly with industrial and
domestic effluents, urban storm, water runoff,
landfill, mining of coal and ore, atmospheric
sources and inputs rural areas (Kabata—Pendias
& Pendias 1992, Biney et al. 1994, Zarazua et
al. 2006). Water pollution by trace metals is an
important factor in both geochemical cycling of
metals and in environmental health (Kabata—Pen-
dias and Pendias 1992). The existence of heavy
metals in aquatic environments has led to serious
concerns about their influence on plant and animal
life. The nutritional requirements of elements (Cu,
Zn etc.) differ substantially between species or
elements, and optimum ranges of concentrations
are generally narrow. Given elements (Pb, Cd
etc.) exhibit extreme toxicity even at trace levels
(Nicolau et al. 2006).

The aim of this current study is to clarify the
spatial and temporal variation in heavy metal
concentrations including aluminum (Al), barium
(Ba), cadmium (Cd), cobalt (Co), chrome (Cr),
copper (Cu), iron (Fe), manganese (Mn), nickel
(Ni), lead (Pb), and zinc (Zn) in surface water and
bed sediment in Rosetta Branch at Nile Delta in
Egypt. Furthermore, the role of pollutant sources
in catchment of Rosetta Branch on the water
quality were assessed as well as the interrelation-
ships between heavy metal concentrations were
analyzed.

Materials and methods

Study area

For water and bed sediments sampling, seven
sampling points were chosen at the banks of
Rosetta Branch (Table 1, Table 1). The sampling
points were located at Delta Barrage (used as
reference point), five drain outfalls (EI-Rahway,
Sabal, El-Tahreer, Zawyat El-Bahr and Tala, see
Bakry 1990) and additional three industrial out-
falls (Kafr El-Zayat) were chosen along Rosetta
Branch. These drains were chosen, because they
receive considerable amounts of waste water from
industrial areas as well as from intensively culti-
vated agricultural areas and domestic wastes from
55 towns and villages (Donia & Farage 2005).

Water and bed sediment sampling

Nine water and bed sediment samples were col-
lected once in three times before, during and
after winter closure period from August 2007
to April 2008. Water samples were taken by us-
ing Van Dorn plastic bottles (1.5 liter capacity).
The samples after collection were stored in the
refrigerator at about 4 °C prior to analysis. The
bed sediments were collected by scooping up 10
cm of the bed sediment from 10 m away from the
riverbank at the point, where the water samples
were taken, by using anti rust scoop and sediments
were naturally dried at room temperature (25°C
+ 2) in the laboratory prior to analysis.

Chemical and statistical analysis

The concentrations of Al, Ba, Cd, Co, Cr, Cu,
Fe, Mn, Ni, Pb, and Zn were measured using the
Inductively Coupled Plasma — Optical Emission
Spectrometry (ICP-OES) with Ultra Sonic Neb-
ulizer (USN) (model: Perkin Elmer optima 3000).
The samples were filtered by filtration system
through membrane filter of pore size 0.45 pm
before analyses using Standard Methods (APHA
1992). Bed sediment samples were digested using
microwave digestion techniques as reported by
Littlejohn et al (1991) in which 0.25 gm of sam-
ple was placed in Teflon vessel with 5 ml HNO;
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Figure 1. The locations of the sites, where the water and the bed sediment
samples have been taken in Rosetta Branch, Nile River.

(65%), 2 ml HF (40%) and 2 ml H,O, (30%)
by using Microwave digestion system (model:
MILESTONE mls-1200 mega). An aliquot of the
filtration of the samples was taken (about 100 ml).
Digestion solutions were measured for total heavy
metals using ICP-OES (APHA 1995).
Correlation coefficients were calculated between
all pairs of the measured element concentrations.

Results and discussion

Heavy metals in water

The means and ranges of element concentra-
tions in the water samples are presented in Table
2. The results showed that, most of the heavy
metal concentrations in surface water of Rosetta

Table 1. Location of the study sites in Rosetta Brach, Nile River.

Site Latitude (N) Longitude (E)

RF Delta Barrage on Rosetta Branch 30°11°21.03”N 31°6’34.08”E
D1 El-Rahawy drain outfall 30°12°26.53”N 31°1°57.84"E
D2 Sabal drain outfall 30°32°14.15"N 30°51°6.79"E

D3 El-Tahreer drain outfall 30°36°24.74”N 30°47°49.24”E
D4 Zawyat El-Bahr drain outfall 30°42°52.97"N 30°45°41.80”E
D5 Tala drain outfall 49°30°54.01"N 48°30°68.47°E
Cl1 Soda and Salt Company outfall 49°30°72.36”N 48°30°94.21”E
C2 El-Malya El-Senaia Company outfall. 49°30°94.41”N 48°30°62.12”E
C3 Kafr El-Zayat pesticides production Company. 49°30°34.42”N 48°30°19.11"E
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Table 2. The element concentrations measured from the water samples (mg 1-1). BWCP: Before winter period; DWCP:
During winter period; AWCP: After winter period; LAW 48/1982: Egyptian Law for protection of the River Nile and
water ways from pollution, Art. (60): for water quality in River Nile, Art. (61): for discharge treated industrial liquid
effluent into River Nile, Art. (65): for discharge drain water into River Nile; FAO (1985): Food and Agriculture Organi-
zation Guidelines, 1985; CWQGs: Canadian water quality guidelines for the protection of aquatic life, 2002, — : No
guideline available.

Heavy Period RF DI D2 D3 D4 D5 Cl C2 C3 LAW 48/1982 FAO CWQGs
metal (1985)
Al BWCP <0.01 0.026 0.071 0.015  0.035 <0.01 <0.01 0.011 0.011 Art (60): — 5 -
DWCP 0.026 0.363  0.092 0034 0307 0.186 0.069 0.072 0.070  Art(61):<1
AWCP 0.022  0.057 <0.01 <0.01 <001 0.068 0.055 0.060 0.057  Art(65): —
Mean  0.024  0.149  0.082  0.025  0.171 0.127  0.062  0.042  0.064
Ba BWCP  0.05 0.054  0.089  0.046  0.046  0.04 0.041 0.39 0.46 Art (60): — - 1
DWCP 0.025  0.15 0.083  0.053  0.036  0.083  0.085 0.093  0.089  Art(61):<1
AWCP 0.016  0.029  0.061 0.025  0.019  0.016  0.061 0.069  0.064  Art(65):—
Mean  0.03 0.078  0.078  0.041 0.034  0.046  0.062  0.184  0.204
Cd BWCP 0.003  0.002  0.001 0.001 0.002  0.01 0.01 0.01 0.01 Art (60): 0.01 — 0.005
DWCP  0.001 0.003  0.004  0.003  <0.0005 <0.0005 0.034  0.034 0.034  Art(61):<1
AWCP  <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 <0.0005 0.026  0.031 0.022  Art(65): 0.01
Mean  0.002  0.0025 0.0025 0.002  0.002  0.01 0.023  0.025  0.022
Co BWCP <0.005 <0.005 0.007 0.009 0.006 0.01 0.01 0.01 0.01 Art (60): — 0.05 —
DWCP <0.005 0.008 0.006 0.011 0.07 0.042  0.042  0.043  0.041 Art (61): <1
AWCP <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.021 0.035  0.025  Art(65):—
Mean  <0.005 0.008  0.007  0.01 0.038  0.026  0.024  0.029  0.025
Cr BWCP 0.004 0.018 <0.002 0.005 0.008 0.012 0.011 0.012  0.01 Art (60): 0.05 0.1 0.05
DWCP 0.003  0.003 0.005 0.007 <0.002 <0.002 0.055 0.056 0.056 Art(61):<1
AWCP  0.001 <0.002 0.004  0.005 <0.002 <0.002 0.041 0.044  0.046  Art(65): 0.01
Mean  0.003  0.011 0.005  0.006  0.008 0.012 0.036  0.037 0.037
Cu BWCP 0.018 <0.002 <0.002 <0.002 <0.002 0.005 0.007 0.005 0.004  Art(60): 1 0.2 1
DWCP 0.012 0.018 0.019 0018 0.023 0.039 0.035 0.04 0.041 Art (61): <1
AWCP 0.004  0.008  0.011 0.01 0.013  0.017  0.021 0.026  0.021 Art (65): 1
Mean  0.011 0.013  0.015  0.014 0.018  0.02 0.021 0.024  0.022
Fe BWCP 0.164 <001 0.079 <0.01 <00l <001 <0.01 <00l <001 Art(60):<1 5 0.3
DWCP 0.054 0.872  0.29 0.044 0347 0458  0.057  0.311 0.089  Art(61):<1
AWCP 0.047  0.054  0.057 0.059 <001 0.057 0.037 0.189  0.054  Art(65): 1
Mean  0.088 0463  0.142  0.052 0347 0.258  0.047 025 0.072
Mn  BWCP 0.19 <0.01 0.04 <0.01 <0.01 <001 <0.01 <001 <001 Art(60):0.5 0.2-10 0.05
DWCP 0.065  0.137 0206 0.187  0.089 0436 0.049 04 0.089  Art(61):<1
AWCP 0.053  0.108  0.049  0.05 0.049  0.041 0.027  0.31 0.052  Art(65): 1.5
Mean  0.103  0.123  0.098  0.119  0.069 0.239  0.038 036 0.071
Ni BWCP 0.009 <0.005 <0.005 <0.005 <0.005 0.017 0.016 0016 0.015  Art(60):— 0.2 -
DWCP <0.005 <0.005 0.008 0019 <0.005 0.034 0.034 0.032 0.033  Art(61):<1
AWCP <0.005 <0.005 <0.005 <0.005 <0.005 0.008 0.025 0.024  0.025  Art(65):—
Mean  0.009  <0.005 0.008 0.008 <0.005 0.020 0.025 0.024  0.024
Pb BWCP <0.005 <0.005 <0.005 0024 <0.005 0.017 0.018 0.019 0.018  Art(60):0.05 5 0.01
DWCP 0.019  0.019 0.032 <0.005 <0.005 0.051 0.057  0.051 0.047  Art(61):<1
AWCP <0.005 <0.005 <0.005 <0.005 <0.005 0.047 0.037 0.028  0.022  Art(65):—
Mean  0.019  0.019 0.032  0.024 <0.005 0.038 0.037 0.033  0.029
Zn BWCP <0.005 0.026  0.071 0.011 0.035  <0.005 <0.01 0.011 <0.01  Art(60):<1 2 5
DWCP 0.071 0.054  0.03 0.027  0.077  0.097  0.034  0.035 0.035 Art(61):<1
AWCP 0.057  0.015  0.008  0.011 <0.005 0.034  0.023  0.025  0.024  Art(65): 1
Mean  0.064  0.032  0.036  0.016 0.056 0.066 0.029 0.024  0.03




branch were found within the permissible limits
of both Egyptian law 48/1982 and FAO (1985).
Agricultural and industrial activities are mainly
responsible for elevated levels of the measured
elements in river water. The mean values of the
elements at different zones showed Fe to be the
most abundant element in all points followed
by Mn, Zn, Al, Cu, Ba and Ni. Al and Fe values
ranged between <0.01-0.36 mg 1! and <0.01—
0.87 mg 1!, respectively. The Fe concentrations
were highest at the effluent point of El-Rahawy
drain, where are significant metal industry in the
surroundings such as welding of the iron pipes.
Generally, given heavy metals concentrations
were higher during winter closure period, which
is due to smaller amounts of discharging water
and the elements adsorb and precipitate on the
sediment particles resulting from low pH values
and microbial activity (Elewa & Goher 1999).

The sources of Al in fresh water include do-
mestic wastes, manufacturing processes involving
metals, and the dumped sewage sludge (James
1991). Most ferrous compounds in aquatic envi-
ronments are resulting from the precipitation of
Fe in alkaline and oxidizing conditions (Abdulla
et al. 1973). The highly significant positive cor-
relation (r = 0.812) between the concentrations
of Fe and Al suggests that the association of the
two elements originates from a common source
as oxides and hydroxides and also during trans-
portation and/or deposition processes (Degroot
& Allersma 1975).
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The concentrations of the analyzed ele-
ments in surface water were as following: Ba:
0.016-0.46 mg 1!, Ni: <0.005-0.034 mg 1!, Cu:
<0.002-0.041 mg 1!, Cr: <0.002-0.056 mg 1!,
Cd: <0.0005-0.034 mg I"! and Pb <0.005-0.057
mg I"!, respectively (Table 2). The low concentra-
tions are probably related to the high pH values,
which also seems to influence the concentration of
these metals in natural unpolluted water (Tawfiq
1998). Ba was significantly positively correlated
with Ni, Cu, Cd and Cr (Table 3). These findings
may be related to the adsorption of the heavy
metals by metal oxides or hydroxides. Major
sources of these elements in fresh water include
atmospheric deposition, contamination of water
in natural geologic deposits, the composition of
drilling mud and fluids, manufacturing processes
related to chemicals and metals, discharges of
municipal waste followed by smelting and refin-
ing of non-ferrous metals and domestic wastes
(James 1991).

The concentrations of Mg and Zn during
the winter closure period were lower than those
after the winter period (Table 2), because of the
increased consumption of this element by the
phytoplankton (Emerson & Lewis 1939). Low
Mg and Zn concentrations in the surface water
may be related to the contribution of phytoplank-
ton, pH and dissolved oxygen concentrations.
The negative correlation between Mg and Zn
concentrations (r =—0.026) is may be a result of
precipitation of the elements as hydrous metal

Table 3. Correlation coefficient matrix for heavy metals of surface water during the period of August 2007— April

2008.
Al Ba Cd Co Cr Cu Fe Mn Ni Pb Zn
Al 1
Ba -0.239 1
Cd  -0.309 0.736 1
Co 0.253 0.157 0.439 1
Cr -0.239 0.773 0.979 0.418 1
Cu 0.011 0.658 0.88 0.737 0.852 1
Fe 0.812 -0.070 -0.281 0.104 -0.214  -0.067 1
Mn  -0.117 0.362 0.316 0.178 0.215 0.403 0.298 1
Ni 0.298 0.611 0.958 0.95 0.925 0.934 0.246 0.255 1
Pb 0.112 0.196 0.613 0.674 0.502 0.777 -0.194 0.268 0.651 1
Zn 0.393 —0.482 -0.363 0.472 -0.453 -0.214 0.232 -0.026 -0.141 0.028 1
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oxides (El-Sayed & El-Sayed 1980). The toxicity
of Mg is relatively low. The permissible levels of
Mg in water used for domestic purposes are quite
low <0.05 mg I"! and in water for continuous ir-
rigation the maximum acceptable concentration
is 0.2 mg I"! (U.S. EPA 1972). The major sources
of Mn and Zn are the domestic wastes, municipal
wastes followed by dumping and atmospheric
deposition (James 1991).

Heavy metals in sediments

Sediment contamination poses one of the worst
environmental problems in ecosystems, acting as
sinks and sources of contaminants in aquatic sys-
tems. Sediment analysis plays an important role in
assessing the pollution status of the environment
(Mucha et al. 2003).

Many heavy metals concentrations in sedi-
ment, especially in the fine grained sediment,
which acts as a transport agent in the water col-
umn, are at least three orders of magnitude higher
than the same metals in surrounding water. The
analysis of heavy metal levels in sediment samples
helps in the interpretation of water quality (Heiny
& Tate 1997). The heavy metals are present in the
river sediments as a result of urban discharge and
industrial waste water beside of natural sources.
The sediments are also used for determination of
heavy metals when the concentrations in water
are undetectable with present analysing methods
(Soares et al. 1999).

Determination and speciation of heavy metal
pollution is one of a primary target in environ-
mental research (Warren & Zimmerman 1994;
Nowack et al. 2001). Therefore, the analysis of
heavy metals in sediments enables the detection
of pollution deteriorating water quality and pro-
vides information about the “critical sites” of the
water system (Fabbri et al. 2001 Bordes & Bourg
2001). Variations in the contents of studied ele-
ments in the river bed sediment were observed
to be as following: Al: 10.1-40.4 g kg!, Ba:
284.4-1012.4mgkg!, Cd: 0.2-4.5 mgkg !, Co:
15-40.4 mg kg!, Cr: 37.1-233.0 mg kg!, Cu:
11.8-60.20 pg kg™!, Fe: 101.9-1008.6 mg kg™,
Mn: 125-1008.2 mg kg™!, Pb: 4.6-94.9 mg kg™,
and Zn: 146.6-522.3 mg kg~!, respectively, in
each period (Table 4), while Ni concentrations in

all bed sediment samples showed extremely low
concentrations (<0.005 mg kg!), which are below
the detection limits of the analysis (ICP-OES).
The highest concentration values of most of the
elements were observed during winter closure
period (in low flow conditions). This phenomenon
may be attributed to the increase in organic matter
concentrations which facilitate settling of Fe to
the sediment during hot seasons (Abdel-Satar &
Elewa 2001), and the low element concentrations
may be attributed to the mobilization of Fe from
sediment to water (Elewa & Goher 1999). Mn was
precipitated as MnO, under reducing conditions
during winter (Abdo 2002). Zn was precipitated
as zinc oxide and zinc carbonate, in addition to
copper (See also Abdo 2004). However, the lower
concentration values of these elements may be
caused by their mobilization from sediment to
overlying water due to the low pH values and
microbial activity (Elewa & Goher 1999). These
results are in accordance with results by Abdo
(2004). On the other hand, the relative increase of
Pb and Cd concentrations during winter may be
related to the decaying of plankton and precipi-
tation of organic matter associated with Pb and
Cd to the sediment (see also Goher 1998). The
maximum values of the studied element contents
in the bed sediment were recorded at effluent
discharges into Rosetta branch from El-Rahawy
drain during winter closure period as following:
Al: 14.75 ugkg™!, Ba: 808.56 mg kg™!, Fe: 60.20
gkg!, Mn: 701.96 mg kg!, Cu: 70.32 mg kg!,
Co: 40.44 mg kg™!, Cd: 1.04 mg kg™!, Cr: 185.6
mg kg~!, Pb: 14.24 mg kg™! and Zn: 522.32 mg
kg!, respectively. The high concentrations of
Fe found in the sediments may be mainly result
from the natural deposits and industry, where Fe
is one of the chemicals used for drilling opera-
tions. However, the relative lower values of Fe at
El-Rahawy drain outfall may be attributed to its
adsorption on large amounts of dissolved organic
matter. Also, according to Williams (1992), water
of El-Rahawy drain contains a large amounts of
H,S which produced by sulfate reducing bacte-
ria and anaerobic conditions. These conditions
promote the precipitation of Fe as iron sulphide
(FeS). Mn and Al precipitate as MnO, and Al,O4
under reducing conditions (Abdo 2002).

Pb values in the sediments consistently higher
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Table 4. The element contents in bed sediment samples at Rosetta Branch (mg kg—1, dry weight ). BWCP: Before
winter period, DWCP: During winter period, AWCP: After winter period, ISQGs: Interim freshwater sediment quality
guidelines, PEL: probable effect levels, —: No guideline available, *): Screening Level Guidelines by Ontario Ministry
of the Environment (Persaud et al. 1993).

Heavy Period RF DI D2 D3 D4 D5 Cl C2 C3 ISQG PEL Server
metal (SEL)* effect
level

Al BWCP  10085.2 26830.4 15544.8 18272.8 184952 134148 101284 117772 11301.6
DWCP  14755.6 404228 24704.0 295332 348704 18260.4 19772.8 14462.8 13951.6
AWCP  12256.6 378532 22946.8 27169.2 270534 173052 16295.6 12739.2 11587.6
Mean 12365.5 35035.5 210652 24991.7 26806.3 16326.8 153989 12993.1 12280.3

Ba BWCP 339.0 675.8 311.8 474.1 324.6 284.4 370.04  324.6 330.0 500 750  —
DWCP 4574 808.6 480.0 574.5 677.8 414.1 10124 540.1 546.6
AWCP 4213 7152 416.0 517.6 476.6 366.2 687.60  426.8 477.2
Mean 405.9 7332 402.6 522.1 493.0 354.9 690.01  430.5 451.3

Cd BWCP 0.24 0.56 0.48 0.36 0.32 0.68 1.20 0.72 0.36 0.6 35 10
DWCP 044 1.04 0.96 0.80 0.84 3.12 4.52 2.87 2.76
AWCP 031 0.84 0.62 0.51 0.63 0.95 3.11 1.23 1.17
Mean 0.33 0.81 0.69 0.56 0.60 1.58 2.94 1.61 1.43

Co BWCP 15.0 26.90 17.30 21.30 19.08 14.68 19.92 28.28 27.56 40 300 —
DWCP  16.70 40.40 25.80 32.60 32.68 35.96 26.60 32.44 30.12
AWCP 1520 31.40 21.80 27.80 2435 21.27 23.80 29.68 28.20
Mean 15.60 32.90 21.60 27.20 25.37 23.97 23.44 30.13 28.63

Cr  BWCP 8048 12524 92.16 140.04  97.72 123.6 111.92 110.76 111.24 373 90 110
DWCP 101.80 18560  109.40  115.84 103.04 1993 115.56 128.84  164.36
AWCP 9521 171.60  103.60  133.16  112.23 136.1 117.14 107.80  113.80
Mean 92.50 160.81 101.72  129.68  104.33 153.0 114.87 11580  129.80

Cu BWCP 80.12 69.52 70.64 37.08 39.36 59.64 170.6 175.16 ~ 181.28 357 197 110
DWCP  94.44 70.32 55.96 130.28  78.68 68.24 24496  330.76  332.96
AWCP  84.32 69.91 58.23 58.62 51.27 63.23 21253 2318 253.21
Mean 86.29 69.92 61.61 75.33 56.44 63.7 209.36 24591  255.82

Fe  BWCP 117774 44130.6 249548 25166.1 310682 15550.0 33148.1 51992.0 51416.0 — - -
DWCP  14149.6 60197.5 35191.8 39449.7 38361.5 24251.8 475440 551089 531942
AWCP  12601.3 54005.1 31531.4 342879 355663 18800.2 360384 53644.4 52856.8
Mean 12842.8 52777.8 30559.3 32967.9 34998.7 19534.0 38910.1 53581.7 52489.0

Mn BWCP 19932 45232 44924  810.72 45156 36132  101.88 116.96  125.00 — - -
DWCP 26464 70196 516.08 1008.6  631.64 78320 51036 217.84  230.32
AWCP  211.60  623.60 467.80  927.40 52720 580.40  492.11 166.80  145.20
Mean 22519  592.63  477.71 91557 53680 57497  368.17 16720  166.84

Ni BWCP  <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 21 52 75
DWCP <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
AWCP  <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005
Mean <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005

Pb  BWCP 7.84 5.80 5.28 4.64 6.40 15.48 43.32 51.12 81.60 35 91.3 250

DWCP 844 14.24 48 11.48 8.64 17.24 71.12 94.84 92.96
AWCP  8.12 7.32 23.61 7.65 7.31 16.34 59.62 63.16 86.52
Mean 8.13 9.12 25.63 7.92 7.45 16.35 58.02 69.71 87.03

Zn  BWCP 146.6 44468 23536  255.6 275.0 43032 159.64  147.68  167.44 123 315 820
DWCP 21232 52232 39148 36048 35452 74292 34096 28392  368.56
AWCP 18730  487.31  285.62 31424 32124  531.26  236.80 245.13  264.22
Mean 182.07 48477  304.15  310.11 31692  568.17 24580 22558  266.74
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than Cd may be explained by the fact that Cd in
sediment is associated with the carbonate fraction
and concentrates on the suspended matter (Laxon
1985), and Cd will be mobilized from sediment to
water (Goher 1998). Higher values of Cd were ob-
served during winter closure period at EI-Rahawy
drain outfall. Pb was mainly associated with the
Fe-Mn oxide fraction and had high retention in
sediment (Fernandez et al. 2000). Domestic and
industrial effluents are the major sources of the
observed high level of Pb. Zn, Co, Cu, and Cr are
mainly precipitated as soluble oxide (Abdo 2004).
A residual fraction of Cr is buried in the bottom
sediments as insoluble compounds.

The high concentrations of the studied ele-
ments may be attributed to the effect of intrusion
of water borne Fe, Mg, Cu, Zn, Pb and Cd com-
ing from agricultural, domestic and industrial
effluents, and the small grain size of the sediment
facilitates the adsorption of these metals to bottom
sediments. The results of this study are mostly in
accordance with earlier findings obtained from
other aquatic environments in Egypt (Abdel-Satar
1998, Issa et al. 1996, Goher 2002). However,
in our data, the concentrations of Fe, Mn, Zn
and Pb are higher than e.g. in Qarun lake, where
the ranges of those elements were found to be
8.08-44.72 mg g ! for Fe, 86.76-835.70 ug g ! for
Mn, 17.56-742.34 pg ¢! for Zn and 1.00-71.84
ug g ! for Pb concentrations, respectively (See,
Goher 2002). Ibrahim et al. (1999) further re-
ported that the ranges of Zn and Pb in El-Manzala
lake sediments were found to be 65.70-137.50
pg g! for Zn and 15.25-24.60 pg g~! for Pb. The

concentrations of Cu and Cd in the Bardawil lake
sediments were found to be higher than those in
Qarun lake (Goher 2002) and in Manzala lake
(Ibrahim et al. 1999).

The results suggest that Cd has an environ-
mental behaviour similar to that of Fe, Mn, Zn
and Pb (Abdo 2002 and Abdo 2004). Fe and Mg
oxides can play a role in the retention of trace met-
als. These elements in solution can be adsorbed
by hydroxides or co-precipitate with them when
the physical and chemical conditions change in
water body. The positive correlations between
Cd, Cu and Pb as well as between Cu and Fe
(Table 5) indicated that Cu is strongly associated
with Fe and it may co-precipitate or adsorbed on
manganese oxide or hydroxide (Lin & Benjamin
1992, Bertin & Bourg 1995).

Generally, the element mobilization in the
sediment environment is dependent on physi-
cochemical changes in the water at the sedi-
ment—water interface. The precipitation of heavy
metal elements in the form of insoluble hydrox-
ides, oxides and carbonates might be the result
of alkaline pH. The given elements, such as Cr,
Cu and Co have interacted with organic matter in
the aqueous phase and settled resulting in a high
concentration of these elements in the sediment
(Pardo et al. 1990 and Facetti et al. 1998). Ac-
cording to USEPA criteria, Cr, Pb and Zn in the
sediment are categorized as ‘non-pollutant’, Ni
is ‘moderate pollutant’ and Cu is categorized as
‘heavy pollutant’ (see criteria by USEPA) Min-
eralogical studies of polluted sediments indicate
that heavy metals are found to be associated with

Table 5. Correlation coefficients for elements in the bed sediment samples during the period of August 2007— April

2008.
Al Ba Cd Co Cr Cu Fe Mn Pb Zn
Al 1
Ba 0.567 1
Cd -0.411 0.311 1
Co 0.461 0.454 0.153 1
Cr 0.417 0.343 0.168 0.675 1
Cu -0.618 0.073 0.652 0.296 -0.070 1
Fe 0.215 0.487 0.302 0.873 0.342 0.607 1
Mn 0.704 0.238 -0.314 0.174 0.391 -0.693 -0.209 1
Pb -0.616 -0.028 0.645 0.293 -0.049 0.962 0.607 —0.688 1
Zn 0.499 0.090 -0.016 0.352 0.828 -0.489 —-0.053 0.523 -0.399 1




fine particles of silt clay that have large surface
areas and they to adsorb and accumulate ions due
to their intermolecular forces.

Conclusions

The results showed that the heavy metal element
concentrations in River Nile water at Nile Delta
were mainly within the permissible limits accord-
ing to e.g. Egyptian law (48/1982) and criteria by
FAO (1985). However, significant local water pol-
lution problems were found. Due to the increasing
swept-out effluents along different drains into the
River Nile and extensive water use, the quality of
river water is exposed to deterioration. In recent
years, the impact of the wastes discharged on
ambient water quality of the Nile has not been
significant due to the high self-assimilation capac-
ity of the river water. The heavy metal concentra-
tions in the river sediments were remarkably high,
but varied among sampling points. Our results
suggest that special attention must be given to
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Tiivistelma:

Raskasmetallipitoisuudet jokivedessi ja pohjasedimenteissi Niilin suistossa Egyptissi

Niilin suistossa oleva joen ldntisin Rosettan haaraa kuormittavat voimakkaasti teollisuuden ja yh-
dyskuntien jitevedet sekd maatalousalueilta tulevat huuhtoumat. Tadsséd selvityksessd monitoroitiin
Niilin veden ja pohjasedimentin raskasmetallipitoisuuksia Rosettan haarassa syys- ja talvikauden ajan
elokuun 2007 ja huhtikuun 2008 vilisend aikana, jolloin tapahtuu pddosa joen vuotuisesta virtaamas-
ta. Mitatut raskasmetallit tai muut haitalliset alkuaineet olivat alumiini (Al), barium (Ba), kadmium
(Cd), koboltti (Co), kromi (Cr), nikkeli (Ni), lyijy (Pb), kupari(Cu), rauta (Fe), mangaani (Mg) ja
sinkki (Zn). Liséksi tarkasteltiin mitattujen alkuaineiden vilisié riippuvuuksia ja verrattiin tuloksia
aikaisempiin tutkimustuloksiin ja kisityksiin niiden merkityksestd veden laatuun. Mittaustulokset
osoittivat, ettd jokiveden raskasmetallipitoisuudet olivat verraten korkeita, mutta pitoisuudet eivat
ylittdneet kansainvilisid normeja, jolloin haitallisia terveysvaikutuksia alkaisi esiintyd. Pitoisuudet
olivat korkeimpia vdhén veden aikaan kevaalld. Jatkossa huomiota tulisi kiinnittdd varsinkin aineiden
liikkeelleldhto6n pohjasedimenteistd, joka voi olla merkittdvaa viahavetisind vuodenaikoina tai vuosi-
na. Rosettan haaran rannoilla on monia riskikohteita ja -alueita, jotka voivat uhata jokiveden laatua.
Jatkuva vedenlaadun seuranta olisi tarpeen, jotta laatumuutokset havaittaisiin ja terveyshaittoja seka
ekosysteemiin kohdistuvia vahinkoja voitaisiin ehkdista.

Avainsanat: Niili, Niilin suisto, Rosettan haara, jokivesi, pohjasedimentti, raskasmetalli, pitoisuus,
vedenlaatu, saastuminen

(Received 31.8.2009, Accepted 28.2.2010).



	Bouraie.pdf
	Soini.pdf
	Kirjat.pdf
	Uutisia.pdf
	järjestöasioita.pdf



