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Abstract More than 12 · 109 m3/year of Nile Delta drainage water is annually discharged into the

Mediterranean Sea. El-Salam (peace) canal, having a mixture of such drainage water and the Nile

water (1:1 ratio), crosses the Suez canal eastward to the deserts of north Sinai. The suitability of the

canal water for agriculture is reported here. Representative samples were obtained during two suc-

cessive years to follow effects of seasonal and spatial distribution, along the first 55 km course in

north Sinai, on the water load of total bacteria, bacterial indicators of pollution, and chemical

and heavy metals contents. In general, the canal water is acceptable for irrigation, with much con-

cern directed towards the chemical contents of total salts (EC), Na and K, as well as the trace ele-

ments Cd and Fe. Extending the canal course further than 30 km significantly lowered the fecal

pollution rate to the permissible levels of drinking water. Results strongly emphasize the need for

effective pre-treatment of the used drainage water resources prior mixing with the Nile water.
ª 2011 Cairo University. Production and hosting by Elsevier B.V. All rights reserved.
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Introduction

Sinai peninsula is a unique environment. Over the years, it has
been subjected to flora [1–5] and microflora [6,7] investiga-
tions. With a rainfall of <100 mm a year, the major limita-

tions for agricultural development is the available water
resources. Therefore, the need arises to secure additional re-
sources, e.g. the reuse of agriculture drainage water. At pres-

ent, more than 12 · 109 m3/year of such water is annually
discharged into the Mediterranean sea [8]. In this respect, El-
Salam (peace) canal is considered as a unique project brings
the Nile water to the eastern deserts of north Sinai; originating

from the River Nile at 210 km on Damietta branch and
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running south east ca. 89.4 km. Then, it crosses the Suez canal
through a siphon to the peninsula extending 175 km eastward
in north Sinai. It is planned to deliver 4.45 · 109 m3 water, pro-

vided by the river Nile (2.11 · 109) mixed (ca. 1:1, v/v) with
2.34 · 109 m3 from drainage water (El-Serw and Hadous
drains) [9,10]. The canal is planned to provide water for the

cultivation of ca. 150,000 hectares in north Sinai out of the
total targeted ca. 248,000 hectares. Water is to be checked
and analyzed periodically during years of plantation to moni-

tor and readjust the ratio of mixing in the light of changes in
soil and waters. So far, in situ and laboratory studies concen-
trated on the western part of the canal before crossing the Suez
canal. The water quality has been checked, chemically not

microbiologically, along El-Serw and Hadous drains since
1997 as well as the western course prior the Suez canal siphon
[8,10–12].

Since 1992, joint governmental and international develop-
ment agencies did cooperate to report on the environmental
impact assessment of the canal project [13]. Among the major

positive impacts of the canal project are reclaiming desert
soils and development of new agro-ecological habitats,
improving socio-economic conditions for native and intro-

duced settlers, and fixation of moving sand dunes. However,
the expected negative impacts include upsetting and increas-
ing pressure on the natural ecosystems, build up of soil salin-
ity leading to soil degradation, and increased seepage of

contaminated groundwater into aquifers and Lake Bardawil.
Taking into considerations such impacts, our group have al-
ready conducted research to document the diversity of flora

and associated microflora in plant–soil ecosystems of the ma-
jor targeted area of the canal in north Sinai [6,7,14]. The
present study is primarily reporting on the water quality of

the canal water and its impact on the environment of north
Sinai. The suitability of water for agriculture in principle,
and for drinking if possible, was investigated taking into con-

sideration spatial distribution along the first 55 km and sea-
Fig. 1 El-Salam canal course in north Sinai. (A) A satellite image for

Outline map of El-Salam canal development project, showing the co

cultivated areas beginning of South El-Qantara eastward to El-Arish 9

away of the siphon, with the following respective GPS data, N: 31�0101
32�3207200; N: 31�00028300, E: 32�39011100; N: 30�56011700, E: 32�43043700
sonal variations during two successive years (2003/2004 and
2004/2005).

Material and methods

Experimental sites

El Salam canal originates from Damietta city where water
from River Nile (Damietta branch), Bahr Hadous Drain and

El Serw Drain are mixed together by the ratio 1:1. The canal
brings the water from the west of Suez canal to the east. Under
the Suez canal, a siphon of four tunnels (750 m long and 5.1 m

Ø) brings the already mixed water from west to east. Water
samples were collected from the mouth of the siphon (0 km)
and five further eastward sites up to 55 km, in north Sinai

(Fig. 1).

Sampling and in situ measurements

Representative water samples were manually collected during

the seasons winter, spring, summer, and autumn of two succes-
sive years (2003/2004 and 2004/2005). For microbiological
analysis, surface water (ca. <1 m ashore) samples were asepti-

cally collected in sterile brown bottles (500 ml capacity), trans-
ported to laboratory, and stored at 4 �C until bacteriological
analysis completed within 48 h of sampling. Additionally, glass

stopped oxygen sampling bottles (300 ml), for dissolved oxy-
gen as well as biochemical oxygen demand determinations,
were filled carefully with water samples and fixed immediately

on the spots by adding 2 ml MnSO4 followed by 2 ml alkaline
KI [15]. For trace elements analysis, water samples were fur-
ther collected in 1 l plastic bottles, and preserved with 5 ml
concentrated nitric acid on the spot and stored in refrigerator

[15]. One-liter plastic bottles were also filled with water sam-
ples for undertaking the rest of chemical analysis.
the canal beginning of the El-Salam siphon under Suez canal. (B)

urse of the canal and the five (I, II, III, IV, V) future targeted

0. (C) The sampling six sites of the canal, 0, 11, 22, 33, 44, 55 km

7100, E: 32�18088900; N: 31�01027200, E: 32�25076500; N: 31�01044600, E:
; N: 30�58071900; E: 32�48089300.
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Analyses

In situ measurements

Temperature of surface water and air, pH, EC were deter-

mined in situ according to the Standard Methods of American
Public Health Association [15], using a pH and EC meter (Jen-
way 4330).

Laboratory measurements

Bacteriological analyses

(a) The pour plate technique [16] and the plate count agar [15]
were used for the enumeration of total culturable bacteria at

both 22 and 37 �C incubation temperatures. Total spore-form-
ing bacteria, after pasteurization of selected sample dilutions
for 15 min at 80 �C, were counted by the incubation of pour

plates prepared at 30 �C.
(b) Total and spore-forming diazotrophs were counted using

the surface inoculated plate method and N-deficient combined
carbon sources agar medium, CCM [17]. Three agar plates were

inoculated from each suitable dilution and incubation took
place at 30 �C for 72 h. Representative colonies were transferred
to semi-solid CCM, and measured for acetylene reduction [18].

Isolates producing >5 nmol C2H4 culture
�1 h�1 were secured

for further identification based onAPI 20 E (Enterobacteriacea)
and 20 NE (Non-Enterobacteriaceae) profiles [6].

(c) Total and fecal coliforms were enumerated in MacCon-
key broth medium [15]. For presumptive test, three sets of
tubes were prepared: five tubes each containing 10 ml of dou-

ble strength broth [15] were inoculated with 10 ml water sam-
ple, five tubes containing 5 ml of single strength broth were
inoculated with 1 ml of water, and the remaining five tubes
containing 5 ml of broth were inoculated with 0.1 ml of water

samples. After incubation at 37 �C, the MacConkey broth
tubes were observed for gas production, and presumptive coli-
form numbers were estimated using the MPN index. For con-

firmations, sub-cultures from positive tubes were incubated in
a water bath at 45.5 �C for 24–48 h, again observed for gas
production, and the number of positive tubes used to calculate

the MPN. Completed test using eosin methylene blue (EMB)
agar was performed and plates were incubated at 44.5 �C for
24–48 h; metallic shine or pink with dark center colonies on

EMB agar indicated positive results.
The recommended method [15] for detection and counting

fecal streptococci in waters were applied. Azide dextrose broth
medium [15] in tubes was inoculated with the suitable serial

decimal dilutions of water samples, incubated at 37 �C for
48 h. A confirmation test was made by transferring three loops
from the turbid positive tubes to ethyl violet azide broth and

incubated at 37 �C for 72 h. Positive tubes were those having
a slight turbidity accompanied with purple bottom.

Media

Plate count agar [15]

Contains (g l�1): tryptone, 5.0; glucose, 1.0; yeast extract, 2.5;
agar, 15; pH, 7.2.

MacConkey broth [15]

Comprises (g l�1): peptone, 20.0; NaCl, 5.0; lactose, 5.0; so-
dium taurocholate, 5.0; bromocresole purple, 0.01; pH, 7.2.
Eosin methylene blue agar Levin’s medium [15]

Contains (g l�1): peptone, 10.0; lactose, 10.0; K2HPO4, 2.0; eo-

sin Y, 0.4; methylene blue, 0.065; agar, 15; pH, 7.2.

Azide dextrose broth [15]

Contains (g l�1): peptone, 15.0; beef extract, 4.5; NaCl, 7.5; so-
dium azide, 0.25; pH, 7.2.

N-deficient combined carbon sources medium, CCM [17]

Comprises (g l�1): glucose, 2.0; malic acid, 2.0; mannitol, 2.0;

sucrose, 1.0; K2HPO4, 0.4; KH2PO4, 0.6; MgSO4, 0.2; NaCl,
0.1; MnSO4, 0.01; yeast extract, 0.2; fermentol (a local product
of corn-steep liquor), 0.2; KOH, 1.5; CaCl2, 0.02; FeCl3, 0.015;

Na2MoO4, 0.002, ZnSO4, 0.00025; CuSO4, 0.00008; sodium
lactate (60%, v/v) 0.6 ml�1; pH, 7.0. Filter-sterilized solutions
of biotin (0.5 lg l�1) and para-amino benzoic acid (10 lg l�1)
were added after sterilization.

Chemical analyses

Dissolved oxygen was measured using the modified Winkler
method [15], and biochemical oxygen demand (BOD) was
determined with the 5-days incubation method [15]. Chemical

oxygen demand (COD) was carried out using potassium per-
manganate method [19]. Colorimetric methods were used to
determine ammonia using phenate method [15], nitrite [15],

and nitrate [20].
Sodium and potassium were measured using flame emission

photometric method [15]. Calcium was determined in water
samples using EDTA titrimetric method [15]. Magnesium

and heavy metals (cadmium, copper, iron and zinc) were deter-
mined using atomic absorption spectrometry (Perkin-Elmer
2380) after using the digestion technique by nitric acid [15].

Statistical analysis

Data were statistically analyzed using analysis of variance
(ANOVA) [21] and the MSTAT computer program. The cor-
relation coefficients and linear regressions among the different

parameters were computed as well.

Results

Microbiological analyses

Microbial analyses included total bacterial counts developed
on either 22 or 37 �C, total diazotrophs as well as spore form-

ing bacteria and diazotrophs. ANOVA analysis indicated sig-
nificant differences attributed to the years, the seasons and
the sites (Fig. 2a and b). Among the years, 2003/2004 recorded
the highest populations of the majority of bacterial groups.

The seasonal effects are pronounced as well. Total bacteria
developed on 22 �C were particularly higher in winter
(>103–104 cfu ml�1) compared to other seasons. On the other

hand, the mesophilic groups, including total bacteria devel-
oped on 37 �C, total diazotrophs and spore formers, were sig-
nificantly the highest in spring (>70–103 cfu ml�1).

Fluctuations in the populations of bacterial groups along
the course of the canal are presented in Fig. 2a and e. Popula-
tions decreased with the increase of canal course and percent-

age decreases were calculated (Fig. 2c). Compared to the zero
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Fig. 2 Spatial changes in microbial populations (log no./l) along the course of El-Salam canal during the two successive years (n= 8

seasons). (a) Population changes in various bacterial groups by distance; (b) one-way ANOVA analysis; (c) percentage decreases in

bacterial load by distance; (d) correlation matrix; (e) cumulative total bacterial load by distance; means followed by the same letter are not

significantly different (p< 0.05).
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point at the juncture (crossing point) of Suez canal, percentage
decreases ranged from <5% to 84%. Less than 5% decreases
were reported along the first 22 km, and increased to 24–45%

further to the end of the tested sites (44 km). As to spore form-
ers, corresponding decreases were higher, 24–27% and 46–
84%. The behavior of various microbial groups was alike, that

was confirmed by positive correlations reported (Fig. 2d).
Interactions between bacterial groups and physico-chemical
parameters were computed and reported to be positive with
temperature and negative with pH and EC.

Differential temperature ratio test, relating total bacterial

counts on 22 �C to those on 37 �C, was applied and figures ob-
tained did range from 0.21 to 6.25. Compared to the permissi-
ble stander of 10:1, this indicates the heavy pollution of the

canal waters. Further pollution parameters indicated the pres-
ence of total and fecal coliforms as well as fecal streptococci
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Fig. 3 Spatial changes in the populations of bacterial indicators of pollution along the course of the canal. (a) Population changes in

bacterial indicators of pollution (MPN/100 ml); (b) percentage decreases in bacterial load by distance; (c) correlation matrix; (d)

cumulative total bacterial load by distance.
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(Fig. 3a). Irrespective of the seasons and sites, the indicators of
pollution did present with population ranged from >0 to 550,

>0 to 70, and >0 to 550 MPN/100 ml of total coliforms, fecal
coliforms, and fecal streptococci respectively. This is an indica-
tion of the suitability of the water for irrigation not for drink-

ing. Further than 30 km, fecal coliforms were almost absent
allowing the potability of the canal water (Fig. 3b and d).
The ratio between fecal coliforms and fecal streptococci ranged
from 0 to 1.43 indicating the non-human sources of pollution.

The associative nitrogen-fixing bacteria (diazotrophs) were
present in appreciable numbers in the canal water (Fig. 2).
Their populations represented >66% of the total bacterial

population, a clear demonstration to the terrestrial supplement
to the canal through agricultural drainage waters. Representa-
tive isolates of diazotrophs were single-colony purified and

tested for their acetylene reducing activities. Potential isolates,
having >5 nmol C2H4 culture�1 h�1, were identified by API
profiles (data not shown), being Gram negative representatives

of Chryseomonas meningospt, Chrysemonas luteola (Pseudomo-
nos luteola), Klebsiella pneumoniae, Ochrobactrum anthropi,
Pantoea spp. (Enterobacter agglomerans), Pasteurella pneumo-
tropica, and Azospirillum spp.
Chemical analyses

Dissolved oxygen did increase with the increase in canal dis-

tance. The turbulence and agitation of water by three pumping
stations built in during the tested course of the canal may be an
explanation. This pumping activates did interfere with BOD

and COD (data not shown). Determinations showed increas-
ing, not decreasing, values with the extending of the canal
course.

Statistical analysis indicated significant differences in the
available forms of N, attributed to years, seasons and sites
(Fig. 4c). The highest concentrations were for nitrates (0.01–
5.47 mg l�1) followed by ammonia (0.07–1.49 mg l�1) and ni-

trites (0.05–0.93 mg l�1). Significantly, the lowest estimates
were reported for the year 2004, and the season summer
(Fig. 4c). Successive decreases were reported with the increase

of the canal course, reaching the lowest records by the terminal
site (Figs 4a and b).

Cations present in the canal water are presented in Fig. 5.

Their concentrations did follow the descending order of Na+

(75–294 mg l�1) followed by Mg2+ and K+ (5.0–28.0 mg l�1)
then Ca2+ (0.3–2.7 mg l�1). Among seasons, the highest



a

b

Fig. 4 (a) Spatial changes in NH3, NO2, and NO3 determinations (mg/l) along the course of El-Salam canal; (b) cumulative load of

nitrogen forms; (c) one-way ANOVA analysis. Means followed by the same letter are not significantly different (p< 0.05).
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concentrations of all cations were found in the autumn (data
not shown). Interestingly enough is the successive increase in

concentrations of cations except Ca2+ with the further extend-
ing of the canal, especially for Na+ (Fig. 5).

The sodium adsorption ratio (SAR), as one of the parame-

ters used for water suitability for irrigation, ranged from 5 to
18 meq l�1. The ratio increased by the extending of the canal
course, being highest at the canal terminal. This makes the ca-

nal water complies with the permissible levels of this ratio,
being 0–15 meq l�1 (data not shown).

As to the heavy metals (Fig. 6), the highest concentrations

were reported for Fe (2.24–9.97 mg l�1) followed by Zn (0.12–
0.21 mg l�1); the lowest were for both Cu and Cd (0.05–
0.12 mg l�1). Statistical analyses indicated significant differ-
ences attributed to fluctuations in seasons and site distances.

Fe in particular significantly decreased with distance, scoring
the least records further than 33 km.

Discussion

The quality of El-Salam canal water should be addressed to
help monitoring and mitigating the negative impacts of the re-
used drainage water of the canal on the surrounding environ-

ment of north Sinai. So far, most of the follow up studies were
carried out on the western part of the canal before crossing the
Suez canal to north Sinai [5,8,10–12]. Therefore, the present
study does complete the picture and focus on the eastern part

extending in north Sinai.
El-Degwi [8] focused on the BOD parameter as a good mea-

sure for the organic load in the canal water, depending on water

quality data during 1998–2001, along the first 89.4 km of the
western part of the canal. They reported that BOD of El-Serw
drain (21–51 mg l�1) and Hadous drain (30–136 mg l�1) upon

mixing with the Nile water (6–34 mg l�1) did elevate the BOD
values of the mixed water to 24–44 mg l�1 before crossing the
siphon under the Suez canal to north Sinai. Our results on

the eastern 55 km extension of the canal showed an average
of 0.01–9.88 mg l�1. This agrees with the conclusions of El-
Degwi et al. [8] that BOD values along El-Salam canal do com-
ply with Egyptian environmental regulations (40 mg l�1 set by

the governmental Law of 48/1982). International permissible
limits for the use of water in irrigation are in the average of
10 mg l�1 [22] to 40 mg l�1 [23], and 2 mg l�1 for non-polluted

rivers [24]. Statistical analysis of the data obtained in this study
indicated significant differences attributed to seasons, summer
and autumn being higher (3.2–4.0 mg l�1) compared to spring

and winter (0.7–2.4 mg l�1). Fluctuations in BOD values mon-
itored in the River Nile environment are often reported (3.7–
50.2 mg l�1), being affected by quantity and quality of dis-
charges, as well as seasonal and spatial effects [25].



Fig. 5 Spatial changes in contents of cations (Na�, K+, Ca2+, Mg2+) along the course of El-Salam canal; means followed by the same

letter are not significantly different (p< 0.05).

Fig. 6 Heavy metals (Cd, Cu, Fe, Zn) detected in the water along the tested course of the canal; means followed by the same letter are

not significantly different (p< 0.05).
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Table 1 Over all view on the analysis of El-Salam canal water related to international permissible limits.a

Parameters Range Permissible limits

Irrigation water Drinking water

(I) Chemical analysis

PH 8.1–9.9 6.5–8.5 6.5–8.5

EC (dSm�1) 0.83–8.28 <0.7–<3 0.4EC

BOD (mg l�1) 0.01–9.88 10WEF,40 NA

COD (mg l�1) 1.1–18.2 75WEF, 80 NA

NH3
� (mg l�1) 0.07–1.49 0–5 1.5

NO2 (mg l�1) 0.05–0.93 NA 1.0

NO3
� (mg l�1) 0.01–5.47 <5–<30 50

Ca2+ (mg l�1) 0.34–2.70 0–400 100EC

Mg2+ (mg l�1) 9.4–13.5 0-60 30EC

Na
+ (mg l

�1) 75–294 0–920 20
EC

–200

SAR (meq l�1) 5.05–17.82 0–15 NA

K+ (mg l�1) 5–28 0–2 NA

Cd (mg l
�1) 0.045–0.145 0.01 0.003

Cu (mg l�1) 0.005–0.135 0.2 2.0

Fe (mg l�1) 0.13–14.10 5.0 0.3

Zn (mg l�1) 0.095–0.315 2.0 5.0

(II) Bacteriological

Total coliforms (MPN/100 ml) 0–550 NA 0

Fecal coliforms (MPN/100 ml) 0–70 Unrestricted irrigation (6 or 103)
WHO

0

Total count 22 �C (colony/ml) 1.30 · 10
2
–4 · 10

5
NA 100

EC

Total count 37 �C (colony/ml) 0.32 · 102-3.9 · 105 NA 10 EC

NA, not available.

Bold face cells are those of concern.
a Permissible limits are those provided by FAO for irrigation water [23] and WHO for drinking water [30]. The superscripted values: EC,

European Economic Community (EC) [37]; WEF, Water Environment Federation [22].
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The suitability of the canal water for irrigation is further
evaluated by a number of measures. As excessive solutes in irri-

gation water are a common problem in semi-arid area, FAO
recommends the use of the sodium adsorption ratio (SAR)
to be in the range of 0–15 meq l�1 [23,26]. The mixed water
of El-Salam canal comply with such permissible limits and

proved to be suitable for irrigation, as SAR values reported
during the 2 years of the present study ranged from 5 to
18 meq l�1. The ratio is shown to be affected by seasons, being

higher in autumn and winter, and significantly increased as
well by extending of the canal course to further than 33 km.

Certainly, extending El-Salam canal through the semi-arid

desert of north Sinai is an attraction for human and animal
activities. Therefore, its water quality for human consumption
is of much concern, and justifies including microbial analyses
in the present study. The differential temperature ratio test,

rating the total bacterial counts reported on 22 and 37 �C, is
a parameter to be considered and supposed to be more than
10:1 [15]. In our study, this ratio ranged from 0.66 to 2.14 indi-

cating the pollution of the canal water. This was also con-
firmed by El-Khodary [13] who reported rather narrow
ratios for all waters and sediments at various sites on the wes-

tern part of the canal. However, a number of investigators [27]
dispute the validity of this ratio in warm waters. Additional
clues on imposed pollution of Hadous drain and El-Salam ca-

nal water, compared to river Nile water, was demonstrated by
phycological monitoring (diversity, saprobic indices, and
saprobic quotient) [28]. Identification of sources of pollution
was further investigated by the detection of bacterial indicators

of pollution, fecal coliform (0–70 MPN/100 ml) and fecal
streptococci (>0–550 MPN/100 ml) with a ratio ranged from
0 to 1.43, indicating the non-human sources of pollution
[29]. The reported wide range of pollution is very much influ-

enced by the nature of the water in the canal and the applied
ratio of mixing the Nile water with the drainage water. This
is in addition to the possible variations in the biological and
chemical load of the drainage water that is affected by season-

ality and potential external sources of pollution during its
course in the rural areas of the Nile Delta. Extending the canal
further than 30 km in north Sinai significantly lowered the fe-

cal pollution rate to the permissible levels of drinking water. A
direct clue on the ability of the canal water of self-purification
by traveling such distance under this particular semi-arid

conditions.
The ammonia–nitrite–nitrate concentrations in groundwa-

ter and surface water is normally low but can reach high levels
as a result of leaching or runoff from agricultural land or con-

tamination from human or animal wastes [23,30]. Ammonia
(0.07–1.5 mg l�1) and nitrate (0.01–5.47 mg l�1) concentrations
are found to be within the permissible limits. The higher con-

tents of nitrite (0.06–0.93 mg l�1) are indication to the micro-
bial activity, and may be intermittent. This is explained by
the higher microbial load of the tested canal water compared

to the non-polluted River Nile water [31].
Aquatic contamination by heavy metals is very harmful

since these elements are not degradable in the environment

and may accumulate in the living organisms [32,33]. Industrial
residues are presently one of the greatest and most diversified
sources to heavy metal introduction in the water environment,
and their concentration in this medium varies with the type of

effluent treatment. Discharge of metal effluents into rivers may
cause deleterious effects to the health [34]. Chemical analysis of
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El-Salam canal water indicated that concentrations of Cu, Zn
are within the permissible levels for irrigation and drinking
water (Table 1). While on average, Cd and Fe concentrations

exceeded the permissible levels for both irrigation and drink-
ing. The high concentrations of Cd (.045–0.145 mg l�1) are
additional evident for the industrial pollution of the drainage

water used, and that the wastewater treatment of mixed drain-
age water was not adequate to avoid metal discharge into the
environment. Abdo [35] reported high concentrations of heavy

metals in the Damietta branch sediments, following the order
Fe > Mn> Cu> Zn > Pb > Cd. Such levels of potential
pollutants are expected taking into consideration that the ca-
nal carries the wastewater of the dense cultivated Nile Delta

with its high load of agrochemical residues as well as terrestrial
materials including microorganisms. This in addition to the
uncontrolled disposal of industrial and human activities into

the drainage system in this part of the Delta, where the canal
originates and receives its share of water resources.

In conclusion, the general picture is summarized in Table 1.

Results of the chemical and microbiological analyses are re-
lated to the permissible levels of FAO [23], WHO [30] andMed-
iterranean countries [36]. The canal water is generally

acceptable for irrigation; however, special concern is not direc-
ted towards microbial load (fecal coliforms) but the chemical
contents of total salts (EC), Na and K, as well as the trace ele-
ments Cd and Fe. The potability of water is disputable along

the first 30 km, in view of its higher load of total bacteria,
and total and fecal coliforms. This is in addition to the chemical
content of total salts, Na, Fe, and Cd. Our results clearly indi-

cate the urgent need for effective strategies for the treatment of
the drainage water resources before mixing with the Nile water.
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