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he objective of this paper is to evaluate the impact of the

sources of water pollution on water supplies in Helwan area
and 1ts vicinities through the determination of different kinds of
pollutants. The industrial complex at Helwan produces large
amount of liquid wastes. About 115,000 m"/ day of liquid
wastcs' loaded by about 3.39 tons/day of suspended solids
matter are discharged into El Khashab and El Hager canals,
drains and the River Nile. In addition to the disposal of sanitary
wastewater to agricultural canals and Nile river, fertilizers and
pesticides secpage into irrigation canals and drains in the area
under investigation disturb the cenvironmental balance. These
lead to the pollution of shallow and decp groundwater through
vertical and lateral scepage from canals and drains. This paper
was based on the cvaluation of water chemistry and pollution.
The latter is discussed on the basis of major ions, trace, minor
and soluble heavy metals constituents as well as biological and
bacteriological analyses. The results revealed that the surface
walter of the River Nile, canals and drains as well as the shallow
and deep groundwater exploitated in the arca are variably
polluted from different sources.

Keywords: water pollution, Helwan arca (Egypt), biochemical oxygen
demands (BOD), chemical oxygen demands (COD).

The investigated arca (Helwan-El Saaf) is located cast of the River Nile and
south Cairo between latitudes 31° 15 and 31° 23 N and longitudes 29° 44
and 29° 52 30'E. Therefore, the area is located in the aird to semiaird belt of
northeast Africa, where long-rainless summer, and warm winter mark the
climate. The relative humidity is moderate and active winds of intermediate
speeds are recorded. The highest recorded value of relative humidity was
71.8% in December. The mean annual precipitation ranges from 17.4 1o 4.2
mm/y. Evaporation is generally high, it reaches up to 18, 7mnv/day in May
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and minimum value of 2.3 mnvday recorded in December. The average daily
wemperatures vary from about 37.1°C in August to about 5°C in January.

This arca constitutes five population centers namely; El-Maadi,
Helwan, Turah, El-Tibein and El-Saaf and is heavily populated (1,007180
person in 2004.), the target population according to the formula P, = Py e" is
1.217339 person in 2010, where P, is the target population at time(t), Py is
the rovent population and ris the rate of growth.

The commen cropping patterns include vegetables, fodders, fruit
orchands and some ficld crops. Fertilization schemes involve N, P and K
fortilizers together with organic manures with few addition of organic
pesticides that contain appreciable concentration of some heavy metals.

Water resources within Helwan area include River Nile, irrigation
canals, irrigation and industrial drains, shallow and deep groundwater. The
water available for drinking, irrigation and other domestic uses are mainly
from the River Nile and its canals in conjuction with some groundwater
wells. Irrigation is mainly performed through surface water (flooding).

The surface and groundwater in Helwan area lie in the flood plain
and tapped the Quatermary deposits (Holocene and Pleistocene). The
Holocene deposits (Nile silt, clay and sand) have a thickness ranging from
10m North of Helwan to 14m southward, while the Pleistocene deposits are
mainly composed of silt, sand and gravel ranging in thickness from 50m
North of Helwan to 80m southward. Abdel Daiem (1971) considered the
deep aquifer as a semi-confined one while the study of RIGW (1978)
indicated that the shallow aquifer is considered as unconfined one. The main
recharge sources of the Quaternary aquifers are the seepage from Nile water
and downward infiltration from the excess irrigation water of cultivated
lands as well as the seepage from canals and drains.

Helwan 1s considered as one of the main industrial area where
pronounced activities such as iron, steel and cement industries,..ctc are
performed. With the progressive increase of industrial activities, in addition
to the misuse of fertilizers in agriculture, the area under consideration
suffered from surface and groundwater contamination with organic and
inorganic chemical pollutants. The main sources of water pollution in the
area are mainly originated from agriculture, domestic installations (sanitary
wastewater and septic tanks) and industrial wastes (Sallouma ez al., 1998).

For a long time, pollution problems are ignored and their effect on
the environment were not given due consideration. Consequently,
pronounced efforts are needed to control such pollution. The current rescarch
is, therefore, carried out to threw light on some pollution problems in the
study arca.
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MATERIALS AND METHODS

Sampling

The present rescarch s based on the results of sixteen shallow
groundwater samples (less than 30m depth) and thice deep groundwater
samples (more than 30m depth) collected Trom the study area (Fig. 1)
Morcover, three water samples from the River Nile, cight samples from
wrigation canals, five samples representing irmigation drains, and five
samples from the wastewater disposal site of some factories were also
collected. Four Kinds of analyzed water samples were taken from each ol the
above water pomts for different measurements. The first kind 1s Tor the
measurement of major cations, anions, minor clements and total organic
carbon (TOC). The second Kind includes acidified samples by nitric acid for
the measurements ol trace elements and soluble heavy metals. The third kind
ts collected i special container for the measurements of biochemical oxygen
demands (BOD) and chemical oxygen demands (COD). Finally, the fourth
kind samples are collected in a special antiseptic  container  for  the
measurements of microbiological and pathological analyses of water.
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“ig. (1). Location map of the water samples in Helwan-E1Saaf area.
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Ficld Measurements

In situ measurements of water samples location together with some
physical and chemical charactenstics of the collected water were determined
i the ficld using GPS model (Magellan Nave 3000 pro.) for the
determinanion of lattudes and longitudes and Electrical Conductivity meter
(Jenway, model 470) for the determination of water salimty (EC' i pS/em)
of the collected water samples. pH and dissolved oxygen were measured
using pH meter (Jenway, model 3150) and DO meter (WTW, model oxi
3151, respectively .
Laboratory Analyses

The analyses include the determination of EC, total dissolved salts
(TDS), pH, concentration of major ions Ca'', Mg". Na', K', COy", HCO;,
SO, and CI'. The minor, trace and soluble hcavy metals and non metals arc
$*, NHy, NOy, NOy, PO,", I, Br, soluble Si0,, B, AI"", Fie'', Mn",
Co™, Cu™', Ni'", Cr'", Cd™, Pb™, S, V¥ and Zn’". This is beside TOC,
BOD, COD and bacteriological measurements (Rainwater and Thatcher,
1960, Fishman and Friedman, 1985, Prescott er al., 1993 and ASTM, 2002).
Measurements were carried out by EC meter model Orion 150 A+, pH meter
Jenway 3510, Flame photometer Jenway PFP 7, lon sclectivity meter Orion
model 940 with 960 titration plus, UV/Visible spectrophotometer Thermo-
Spectronic 300 and Plasma Optical Emission — mass spectrometer (POEMS
1) (Thermo Jerral Ash). The obtained chemical data are expressed in
mulligram per liter (mg/l).

RESULTS AND DISCUSSION

Hydrogeochemical Characteristics

Chemical analysis of forty water samples collected from shallow and
deep groundwater of the quaternary aquifer, River Nile, irrigation drains, and
wastewater disposal sites of some factories (Tables land 2) revealed the
following:
Hydrochemical Aspects
A- Water salinity

TDS of River Nile water samples range from 225 or 448 (El Kawmyia
cement company) to 264 mg/l or 466 nS/cm (Kafr El Elw) while the water
salinity of ElI Khashab and El Hagger canals ranges from 283 or 520
(Elcctrical Rural Association of Helwan) to 1123 mg/l or 2190uS/cm
(Khashab canal beside well 31), reflecting a fresh water type. On the other
hand, the water salinity of drains varies from 296 or 570 (beside El Khashab
canal, water sample No. 11) 10 1707 mg/l or 3200 pS/em (Ezbet EI Walda),
1.¢., fresh to brackish water types, This is due to leaching and dissolution of
soluble salts from irmgated soils, ion exchange and concentration processes.
With regard 1o industrial drains, the water salinity varies from 337 or 600 to
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1138 mg/l or 2610 uS/cm (Iron and steel factory drain before mixing with
Nile water and Galvanized and steel factory drain, respectively), therefore
considered as a fresh water type.

Generally, the salinity of shallow groundwater (free water table,
RIGW. 1978) changes from fresh (418 mg/l or 800 pS/cm, well 16), 1o
brackish water types (3686 mg/l or 6000 uS/cm, well 9). This is duc to
recharge by fresh water from River Nile and seepage from canals and drains
containing relatively high water salinity, as well as leaching and dissolution
of terrestrial and marine salts of the aquifer matrices. With respect to TDS of
deep groundwater, it lies between 593 or 1180 (well 23) and 617 mg/l or
1212 uS/cm (well 32) thus considered as fresh water type. This is attributed
to direct recharge of such aquifer that is considered as semi-confined and
confined types (Abdel Daiem, 1971) by fresh water from the River Nile.
This means that, to a great extent, there is no downward infiltration from the
excess trrigation water of cultivated lands and seepage from irrigation canals
and drains as well as industrial wastes.

B- Water hardness

The mean value of total, temporary and permanent hardness (TH, CH
and NCH) reached 180 (74% of TDS), 149 (61%) and 31 mg/l (13%) in
River Nile water samples and 336 (53%), 194 (31%) and 142 mg/l (22%),
respectively, in irrigation canal water (Table 3). Thus, the hardness of Nile
and El Khashab canal water is, to a great extent, temporary one, reflecting a
meteoric origin of such water (Table 2). On the other hand, the mean value
of total, temporary and permanent hardness in drain water are 312 (49%),
165(26%) and 147 mg/l (23%) in the fresh water, respectively and
603(36%), 182(11%) and 423 mg/l (25%) in the brackish water, respectively
(Table 3). Consequently, the temporary hardness exceeds the permanent one
in fresh water and vice versa in case of brackish drains water, this may be
due 10 local contamination by permanent salts in these drains. With regard to
the total, temporary and permanent hardness of industrial drains it ranges
from 148 to 474, 148 1o 323 and 43 to 151 mg/l, respectively (Table 1).
Therefore, the temporary hardness exceeds the permanent hardness in case
of most industrial drains water and vice versa in case of Galvanized and steel
factory drains water where the permanent hardness (825 mg/l) exceeds the
temporary one (13 mg/l). In general, the permanent hardness of industrial
drains water (215 mg/l, 31%) exceeds the temporary one (165 mg/l, 24%) as
in 1able (3). This may be due to local contamination by permanent salts in
such drains.

The mean values of total, temporary and permanent hardness of
shallow groundwater reached 525 (73%), 292(41%) and 232 mg/l (32%) in
the fresh water and 880 (39%), 244(11%) and 636 mg/l (28%) in the
brackish water, respectively (Table 3). These data indicate an increase in
total and permanent hardness with increasing water salinity and vice versa in
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case of temporary hardness. Also, the rate of increase in total hardness with
increasing water salinity is about 1.7 folds, following the change of water
type from fresh to brackish. This is mainly attributed to the effect of leaching
and dissolution of salts, leading to an increase of hardness with particular
importance to the effect of NaCl conccntmllon (cffect of ionic strength) on
increasing solubility of Ca™ and \/Ig in water (Richards, 1954, Freeze and
Cherry, 1979 and Hem, 1989). This does not exclude the contribution of CO,
and longer residence time and influence of salty water and cation exchange
process. Also, the mean value of the temporary hardness cxceeds the
permanent one in fresh water, reflecting the recharge by fresh water from the
Nile and scepage from irrigation canals and drains while the permanent
hardness exceeds the temporary one in the brackish water of shallow
groundwater. This is due to leaching and dissolution of permanent salts from
downward infiltration of the excess irrigation water of cultivated soils and
secpage of irrigation canals and drains as well as industrial drains where the
shallow groundwater is of unconfined type.

The total, temporary and permanent hardness in the deep groundwater
are 391 (49%), 266 (33%) and 125 mg/I (16%), respectively (Table 3). This
means that the temporary hardness exceeds the permanent one in deep
groundwater, reflecting only the direct recharge by fresh water from the
River Nile where such aquifer is considered as of semi-confined and
confined types.

Geochemical Classification Based on Ion Relationships

The ions dommancc in the Nllc water (Table 1) follows the orders:

Ca™" > Na' > Mg*' or Ca™ > Mg > Na' as cations and HCOy > CI" >SO,”

as anions. Consequently, the main chemical water type is Ca-HCO;,

Concerning the ion dominance in El Khashab and El Hagger canals
water (fresh water), three different sequences from North to South in
accordance wnh water ﬂow of such canals are rccogmzcd
i) Na’ > Ca® >Mg"' or Ca™ > Mg'>Na’ or Ca™ > Na' >Mg” and HCOy >

SOs~ > CTI or HCO; > CI' >S0,%, with Na-HCO; and Ca-HCO; chemical
types in 50 % of the samples. These chemical types and sequences of ions are

nearly the same as Nile water and anions dominance reveals a less advanced
stage of hydrochelmcal evoluhon in such water.

ii) Ca~ > Mg" > Na' and SO,* > CI' >HCO;" with Ca-SO4 type in 13% of the
samples. This indicates the solution of a local terrestrial source of sulfate
such as gypsum, anhydrite, glauberite (Na,SO,.10H,0) and epsomite
(MgS04.7H,0), reflecting the probability of existence of gypsum veins in
the formation ftraversed by canals. This anions dominance reveals an
lmennedzale (lransmonal) slage of hydrochcmlca] evolution in such water.

iii) Na' > Ca’ * >Mg™ or Na' > Mg® >Ca* and CI' > HCO; >S0,” or CI
>80,” > HCO; with Na-Cl chemical type in 37 % of the samples. This
anions dominance reveals a more advanced stage of hydrochemical evolution
in such water.
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TABLE (3). Average and relative values of total, temporary and
permanent hardness compared to the water salinity of
groundwater in surface, shallow and deep groundwater
of the alluvium aquifer (Helwan area and its vicinities).

TDS TH CH NCH {(THTDS) (CHTDS) (NCHTDS)

mg'| mg'l mgl my'l %o % Y%

Nile water

Fresh water (TDS <1300 mg'1)
243 | 80 o149 | 31 | 74 | 61 [ 13
Agricultural canals water
Fresh water (TDS <1500 mg/l)

629 | 336 [ 194 | 141 | 53 | 31 | 22
Irmigation drains water
Fresh water (TDS <1500 mg/1)
635 | 312 [ 165 [ 147 | 49 [ 26 [ 23
Brackish water (TDS 1300 -3000 mg’l)
1658 | 605 [ 182 | 423 | 36 I 1 i 25

Industrial drains water
Fresh water (TDS <1300 mg/)
688 | 381 [ 165 ] 216 | 55 | 24 | 31
Shallow groundwater
Fresh water (TDS <1500 mg/l)

718 | 525 [ 202 [ 233 | 73 | 41 | 32
Brackish water (TDS 1300 -3000 mg'1)
2266 | 880 | 244 | 636 | 39 [ 1 [ 28

Deep groundwalter

Fresh water (TDS <1500 mg'T)
793 | 391 | 266 | 125 | 49 | 33 | 16
TDS = Total Dissolves Salts
Carbonate hardness or temporary hardness (CH% of TDS) = [Mg (HCO,): + Ca(HCO:):)
salts as pereent.
Non-carbonate hardness or permanent hardness (NCH% of TDS) = [MgSO; ¢+ CaSO; |
MgCls + CaCls] salts as pereent.

The geochemical cvolution of canals water changed from less
advanced stage HCO; > CI >S0,™ at North to more advanced stage CI' >
SOs~ > HCO; at the South. This prominent change follows the expected
changes according 1o the general gradient evolution. This is duce to leaching
and dissolution of terrestrial and marine salts during water movement for a
long distance from North at EI Maadi to South at El Saaf. Thus. this leads to
water salinity increases from 283 to 1123mg/l and prominent change of ions
species from less 1o more hydrochemical evolution.

In irrigation drain water (fresh and brackish water) as in table (1), the
order of anions is HCO; > CI >S0,” or CI' > HCO;  >SO,™ or CI >80,
> HCO; and the order of cations is Ca® > Na' >Mg® or Na' > Ca® >Mg™
or Na' > Mg >Ca”". i.c.. the chemical water types are Ca-HCO; and Na-Cl.
The former type indicates seepage from canal to drain water. i.c.. the canal
water No.I1 lies nearby drain water No.12, (see Fig.1). The later type
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reflects leaching and dissolution of terrestrial and marine salts from

downward infiltration of the excess irrigation water of cultivated soils to

drain water.
On the other hand, the sequence of ions of industrial drains water

(fresh water) as in table (1), follows the order:
Ca” > Mg*'>Na’ or Mg> >Ca® >Na' or Na' >Ca® > Mg or Na' >
Mg® >Ca®" or Ca® > Na’ >Mg™ and HCO; > CI' >80 or HCOy > SO
> CI" with Ca-HCO,;, Mg- HCO; and Na- HCO; chemical types in 60 % of
the samples or SO, > CI' >HCO;" with Na-SOy chemical type in 20 % of
the samples or CI" >80,™ > HCO; with Ca-Cl chemical type in 20% of the
samples. These chemical types Ca-HCO,;, Mg- HCO; and Na- HCO; arc the
same as Nilc watcr while other chemical types reflect local contamination.

In deep groundwater samples (fresh water) as in table (1), onc main
category for ion is Mg™ > Ca® >Na' or Ca®' >Na' >Mg”" and HCOy > CI
>S0,°, with Ca-HCO; and Mg-HCO; chemical types which are the same as
Nile water, indicating the only recharge from Nile water (o such aquifer.
Conscquently, therc is no detected pollution from canals, drains and shallow
groundwater because such aquifer has semi-confined and confined types
where the top layer is impervious bed (clay).

With regard to the ion dominance of shallow groundwater (Table 1),
{wo main sequences are recognized:

i) Na' >Ca” >Mg” or Ca® > Na' >Mg” or Ca’* > Mg"'>Na' or Mg™'
> Ca* >Na'/ HCOy > CI' >80,” or HCO;" > SO4” > CI, with Ca-
HCO3, Mg-HCO; and Na-HCO; chemical types in 38 % of the samples
(fresh water). These chemical types and scquences of ions are nearly the
same as Nile water and deep groundwater. Conscquently, the anions
dominance reveal a less advanced stage of Hydrochemical evolution in
such water. This confirms the recharge of such aquifer from Nile water.

i) Na'>Ca’*>Mg" or Na' > Mg> >Ca® or Ca>* > Mg”' >Na' or Ca®' >
Na' >Mg* / CI' > HCO; >SO,” or CI' >80,” > HCO; with Na-Cl and
Ca- Cl chemical types in 62% of the samples (fresh and brackish water).
These types reflects the cation exchange between Ca’" and Na'.
Consecquently, the anions dominance reveal a more advanced stage of
hydrochemical cvolution in such water. These chemical types and
scquences of ions suggest the contamination of the shallow groundwater
by excess irrigation water and scepage from canals and drains as well as
leaching and dissolution of soluble salts within aquifer matrices where
such aquifer is unconfined.

Hypothetical Salt Combinations

Six main groups of salt combinations are distinguished in surface,
shallow and deep groundwater samples as follows (Table 1)

Assemblage I: NaCl, Na;SO4, Na (HCO;), Mg (HCO;);, Ca (HCO,),,

Assemblage I1: NaCl, Na,SO 4 MgSO s Mg(HCO_;)g’ Ca (HCO})}
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Assemblage 111: NaCl, Na,SO,, MgSO, CaSO,, Ca (HCO,),
Assemblage 1V: NaCl, MgCl,, Mg SO, Mg (HCO;),, Ca (HCO,),,
Assemblage V: NaCl, MgCl,, MgSO, Ca SO, Ca (HCO])E_
Assemblage VI: Na CI, Mg Clz. CaCl,, Ca SO4, Ca (I-lCOl)z.

Regarding hypothetical salt combinations in Nile water (Table 1), two
main assemblages (I1 and 1V) are detected. The presence of Na;SO, and

MgCl, salts in those asscmblages are true indication of dissolution of

terrestrial and marine salts from continental and marine deposits,
respectively, in addition to contribution of the cation exchange process. The
prescnce of Mg(HCO;), and Ca(HCO;), salts indicates possible
contamination of a meleoric water. Therefore, such water acquires its
chemical composition from lecaching and dissolution of terrestrial and marine
salts with some contribution of cation exchange process.

The combination between major anions and cations reveals the
formation of four main groups of hypothetical salts combinations (I, II, IV
and V) in the canal water from North to South (Table 1).

These types of hypothetical salt combinations (I, 11, IV and V) are
nearly close to that of the Nilec water. Assemblage ] represents an carlier
stage of chemical development than that of assemblages 11, 1V and V. Also,
assemblage 1 (three bicarbonate salts) reflects a pure meteoric origin of such
water, while assemblages 11 and IV (two bicarbonate salts) and V (two
chloride salts) characterize irrigation canal water which is affected by
leaching and dissolution of continental and marine deposits. Assemblage V
represents a more advanced stage of chemical development than that of
assemblages 1V. The presence of Na,SO; salt in both assemblages (1 and 11)
combination is a true indication of dissolution of terrestrial salts from
continental deposits while the presence of MgCl, salt in both assemblages
(IV and V) combination is a truc indication of dissolution of marine salts
from marine deposits. Also, the presence of Na,SO,, MgCl, and Mg(HCOs3),
salts in these samples, reflects the contribution of the cation exchange
process.

Aggradation in chemical development is noticed in groundwater
dominated by salt assemblage 1 at the North (earlier stage of chemical
development), where three bicarbonate salts occur, to that dominated by
assemblages 1V and V at the South (more advanced stage of chemical
development), where two chloride salts are found. Thus, assemblage 11
(intermediate stage of chemical development, two sulfate salts) is considcred
as a transitional stage betwecen assemblages ] (continental facics water) and
IV (marine facies water).

In agricultural drain water (Table 1), three groups of hypothetical salts
combinations (II, 11l and VI) are recorded. The hypothetical salts
combinations II is nearly close to the Nile and canal water while assemblage
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111 and VI reflect the impact of leaching and dissolution of the continental
and marine salts by irrigation water of lagoonal sotls with some contribution
of cation exchange process. The assemblage 11 confirms the seepage from
irigation canals to dram water (samples 10 and 12).

In industrial drain - water (Table 1), four main asscmblage
combinations (I, 11, IV and V1) are reported. These types of hypothetical salt
combinations of industrial drain water resemble the Nile and canals water.
However, assemblage VI confirms the water contamination in this locality
(sample No.29). Consequently, such water acquires its water quality from
leaching and dissolution of terrestrial and marine  salts  with  some
contribution of cation exchange process.

In shallow groundwater (Table 1), six groups of hypothetical salt
assemblages (I, 11 11, 1V, V and VI) are distinguished. These types of
hypothetical salt combinations of shallow groundwater are represented in the
Nile water (assemblages 11 and V), canals water (assemblages 1, 11, 1V and
V). agriculural drain water (assemblages 11, 111 and VI) and industrial drains
water (assemblages 1. 11, 1V and VI). This is duc to leaching and dissolution
of terrestrial (I, 11 and 1) and marine salts (1V, V and VI) from aquifer
matrices, downward infiltration of the excess irrigation water of cultivated
soils and seepage of irrigation canals and drains, where the shallow
groundwater is unconfined aquifer type. This is reflected on the increase of
water salinity (3686 mg /1, brackish water type).

Aggradation in chemical development is noticed from groundwater
dominated by salt assemblage | (carlier stage of chemical development),
where three bicarbonate salis occur, to that dominated by asscmblage VI
(more advanced stage of chemical development), where three chloride salts
arc found. Thus, asscmblage I (intermediate stage of chemical
development, three sulfate salts) is considered as a transitional stage between
continental facies and marine water facies. However, the prominent change
does not follow the concept of changes according to the general gradient
cvolution, this means that chemical changes is nol in accordance with
general water flow from West 1o East within such aquifer. This can be
cexplained on basis of different recharge sources from Nile, canals and drains
with non-conspicuous trend of water (low.

In the deep groundwater (Table 1), two groups of hypothetical salt
assemblages (11 and 1V) are detected. Those hypothetical salt combinations
are similar to that of Nile water, confirming the direct recharge only from
Nile water. This is supported by low water salinity (range from 593 (o 1168
mg/l with a mean value 793 mg/l, fresh water type) of the concerned aquifer
which has a semi-confined and confined types. Also, such hypothetical salts
reflect the impact of continental (assemblage 1) and marine sediments
(assemblage [V) on water quality.
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Minor (non-metalic) Content in Surface and Groundwater

Table (4) includes the ranges and mean values of Br and I
concentrations in the surface and groundwater of Helwan arca which reveal
that Br and I' concentrations are generally less than that of sea water
(Mediterrianen sea, Br' =167 mg/l and I’ = 0.6 mg/l) in the same time, they
arc more than those of Nile water (Br=Img/l and I' = 0.006 mg/l). These
concentrations differ according to TDS where the concentrations of Br™ and
I" ions increase as the total water salinity increases (Table 2).

The mean values of Br and I' concentrations in the deep groundwater
samples (1.9 and 0.026 mg/l, respectively) are slightly high with respect 10
Nile water (Br =1 and I' = 0.006 mg/l) and rain water (Br =0.08 and I =
0.002 mg/l) while they are less than that of sea water. This indicates the
recharge of deep groundwater on account of seepage from River Nile. This
may confirm that such an aquifer has continental facics with traces of marine
deposits. This would be the resultant of a long recharge history of Nile
water. On the other hand, the mean values of Br and I concentrations of the
shallow groundwater (5.3 and 0.03 mg/l, respectively). are more than those
in canals (2.5 and 0.01mg/l, respectively), irrigation drains (5.8 and 0.02
mg/l, respectively), industrial drains (3.2 and 0.03 mg/l, respectively) and
decp groundwater (1.9 and 0.026 mg/l, respectively). This confirms the
recharge from the Nile and water scepage from canals and drains to the
shallow aquifer. Generally, the low concentrations of Br' and I indicate that
surface and groundwater is originally formed under continental condition
rather than marine one, this would be the resultant of a meteoric origin.

The concentrations of soluble silica in the Nile water, canals and
drains arc ncarly identical and have low values, while being obviously
higher in shallow and deep groundwater (Tables 2 and 4). The low values of
silica is due to the surface water equilibrium with quartz and amorphous
inorganic silicates while the high values in shallow and deep groundwater
are in cquilibrium with clay minerals, some amorphous silica and siliceous
rock-forming minerals. The mineralogical composition of the materials in
contact with the water is the most important factor controlling the amount of
silica in the water.

Water Pollution

Pollution of water is discussed on the basis of determining inorganic
and organic pollutants as well as biological and bacteriological analyses with
regard 10 the recommended level of contamination (WHO, 1971 a and b,
1972 and 1996).
Inorganic Pollutants

The pollution of water samples in the arca of study 15 discussed
through the measurements of trace elements, heavy metals and mmor 1ons,
including; BY, AIY', Cd*, Co™'. Cr', Cu™', Fe'', Mn™", Mo™, Ni*', Pb7,
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St VT and 2t and soluble silica (Si0s), 1',Br, POY, 8%, NH4', NO» and

NO;y as in Table (2).

TABLE (4). Range and average concentration of minor clement (mg/l)
in surlace, shallow and deep groundwater of the alluvium
uqucr (Ilclwnn arca and lls vicinities).

e i T SoMble Sio;
B ilamgg ] Nean  Runpe | Mean  Range | Mean
————— i Nilewater
08120 | w0 [ 0.0039.0,0097 0000 | 030940 | 620
i livigation canals waler
CoSo-ls0 | 250 [ 0.001-0,02 oo | ntoo2240 | 73
A o) Ireigation drainy waler
T rsse sk 0.009-0.04 [ 002 | nLio2000 [ 7.60

o Indusirinl drains water
o780 [ as | 0.005-0.069 [ 0025 |  210-166 | 1730
Shallow groundwater

T A30000 | ss0 | 0.02-0,05 | 003 | 24037.60 | 24.60
L Deep gromdwiter
180200 | 1m0 ] 0.02-0.04 [ 002 | 1530304 [ 2590

i) Soluble heavy metals contents
Based on the results of analysis of trace elements, heavy metals and
minor ions and acceptable contaminant levels, it is cloar that:

I-The ions concentration of Cd*', Co™*, Cr"', Cu*', Mo™', Pb*" and Ni*" in all
wiler samples are below the aceeptable levels of contamination, (0.005,
<0.05, 0,05, <0.05, <0.01, 0,05 and 0. lmg/l, respectively) as in Table (2).

2-For River Nile water, all samples are within the aceeptable and permissible
limits of contamination, (Table 2), although, about 4000 m*h of liquid
wastes were discharged into the stream, (Abdel-Aal er al., 1988). With
the observation that; sample No. (30) contains a slightly high
concentration of Fe'' and Mn™" fons (0.681 and 0.1222 mg/I, respectively)
but they are still below the aceeptable levels of contamination (1 and 0.5
mg/l, respectively). This is due o its location at the outlet of the waste off
Iron and Steel Factory (sample No. 29),

3-For nuluslrl.ll (Ir.nnx water, high concentrations ol some heavy metals
(ALY, Fe'', M and Zn*") are recorded in most samples, i.c., above the
.mu.plnbh, iwds of pollution (0.2, I, 0.5 and § m;,ll. lupcctwcly) as in

Table (2). The higher concentrations of AIY', Fe'', Mn*' and Zn® (1.426,
57.36, 1.772 and 203.6 mg/l) are strictly cunlmccl {o water samples Nos,
28, 2, 20 and 2, respectively. Very high concentrations of Zn*' and Fe'
arc found in sample No. (2), which is the outlet of Galvanic factory.

d-For irrigation canals water, most samples (63%) have high concentrations
of soluble heavy metals more than the recommended levels of pollution
(Ti |l)lc 2). For instance, water samples Nos, 11, 15, 19 and 36 have high
A" concentrations (0.56, 0.39, 5 and 0.39 mg/l, respectively) more than
the aceeptable level of pn[lutmu (0.2 mg/l). Also, water samples Nos, 11
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and 19 have high Fe*' concentrations (1.32 and 1.42 mg/l, respectively)
more than the acceptable level of pollution (1 mg/l). The higher APP* and
Fe* concentrations (5 and 1.42 mg/l, respectively) arc recorded in water
sample No. 19, located beside Iron and Steel Factory. In addition, higher
Mn*" concentration (0.57 mg/l) is detected in irrigation canal (water
sample No.34) that contains sanitary wastewater. The results of soluble
heavy metals analysis (AI**, Fe®", Mn®", Zn™, Sr** and V*") indicate their
higher concentrations in El Khashab and El Hagger canals water (mean
values 0.83, 0.77, 0.31, 0.11, 1.01 and 0.08), about 2 and 10 times more
than in the Nile stream (mean values 0.08, 0.20, 0.06, 0.05, 0.30 and 0.04,
respectively) as in table (5). This can be attributed to the deposition of
most of the waste suspended materials in those canals, which increase the
particle water intcraction and subsequent releasc of such soluble metals.
Consequently, the distribution of soluble heavy metals ions in the
irrigation water was mainly affected by their occurrence in the liquid
wastes discharged into them. The industrial complex at Helwan produces
large amount of liquid wastes, about, 115,000 m’/ day of liquid wastes
loaded by about 3.39 tons/day of suspended solids which currently are
discharged into El Khashab and El Hagger canals, drains and the River
Nile and certainly pollute such water (Abdcl-Aal er al., 1988).

5- Most drains water samples have high concentrations of AI** and Fe**
(range 0.49-1.00, 1-1.9 mg/l, respectively) that exceed the acceptable
level of pollution (AI** =0.2 and Fe** =1 mg/l) as in table (2). The results
of soluble heavy metals (AP', Fe**, Mn™, Zn™ Sr*' and V*") indicate
their higher concentrations in such water (mean values of 0.62, 1.30, 0.18,
0.36, 6.17 and 0.07, respectively), about 3 and 21 folds more than in the
Nile stream (mean values of 0.08, 0.20, 0.06, 0.05, 0.30 and 0.04,
respectively) as in table (5). This is due to the discharge of large amounts
of irrigation drainage water containing impuritics of soluble heavy metals
from fertilizers and pesticides application together with industrial wastcs
discharged into such drains.

6-For shallow groundwater samples, 56% of water samples contain low
concentrations of soluble heavy metals (Al and Fe*' ) which arc less
than the permissible limits of pollution and vice versa in the rest of
samples (44%) which have higher concentrations of Al and Fe’ ions
more than the acceptable levels of pollution (Table 2). On the other hand,
the majority of samples (87%) have low soluble Mn*" and Zn*
concentrations, i.e., below the acceptable limits of pollution (0.5 and 5
mg/l, respectively), but few samples (13%) have higher soluble Mn™* and
Zn** concentrations above the acceptable limits of pollution. The higher
ions concentrations of AI**, Fe’*, Mn®" and Zn** (1.59, 8.11, 2.93 and
11.2 mg/l, respectively) are strictly confined to water samples No. 21, 7,
21 and 18, respectively, (Table 2). These shallow groundwater are located
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m vicimty of the canals and drains rich in soluble heavy metals due 0
disposal industnal wastes and sanitary wastewater. Generally, the results
of soluble heavy metals analysis (A, Feo, M~ Zn, Sr™ and V')
indicate thew presence in higher concentrations in such water (mean
values of 030, 1.89, 044, 1.61, 6.86 and 0.16 mg/l, respectively) about-4
and 33 umes more than in the Nile stream (mean values ol 0.08, 0.20,
0.06, 0,05, 0.30 and 0.04, respectively) as in table (5). Also, the soluble
heavy metals (Fe' . Mn™ . Zn", Sr° and V7)) of such shallow aquifer
(mean values ol 1.89, 0.44, 1.61, 6.86 and 0.16 mg/l, respectively) are
much higher than those in irrigation canals (mean values of 0.77, 0.31,
011, 1.01 and 0.08, respectively) and drains water (mean values of 1.3,
018, 036, 6.17 and 0.07, respectively) as in table (5). This confirms
secpage from canals and drains which contain relatively high soluble
heavy metals as well as downward infiltration of excess amount of
unzation water (fertlizers and pesticides application) to such aquifer,
where the shallow groundwater is unconfined aquifer type (free water
tahle) according to RIGW (1978). This does not exclude the contribution
of groundwater and minerals of aquifer matrices interaction, which leads
o some release of move soluble heavy metals. Therefore, most shallow
groundwater are seriowsly polluted by soluble heavy metals especially
ncar the industnal and agneultural hquid wastes.

Todn gencral, the deep groundwater samples have low concentrations of
woluble heavy matals, e, below the acceptable level of contamination.
Howover, some waker (samples Nos. 37 and 23) have shightly high
concenirations of heavy metals especially Fe'' and Mo’ (1.07 and 0.63
mg Lorespectively ) over the aceeptable fevels of pollution (1 and 0.5 my/l).
P o annbated o the nature of deep groundwater which is considered as
wii-confined  aquifer type (Abdel Daiem, 1971). Generally, the
concentrutions of soluble heavy metals (A, Fe' .M. Zn' .St and V')
i doep groundwater samples (mean values of 0.07, 0.69, 0.29, 0.47, 1.89
and U 16 med respectnedy)y are 3 10 10 umes higher than i the Nile
strcam Gmcan vadues of BOX, 020, 0.06, 0.05, 0.30 and 0.04, respectively)
an o table (5) The oo nuanly due 1o mteracuon between groundwater and
snctals of aguiler nwinces, which leads, o o great extent, to the release
of it soluble heavy inctals.

Fhe concentrations of soluble heavy metals (AL, Fe' M Zn’ and
Sran shadlow groundwiater camples (mean values of 0,30, 1.849, (.44,
FOL Gnd Gonh g Loaospectvely) are 2 w0 4 tmes agher than that m the
deop @roundwater sammplos Goean values of 007, 0.69, 029, 0.47 and | 89
ans Lorespectinedy p oo table (5) Therclore, most shallow groundwater
saiplos tuncolined type) we seniously polluted by the soluble heavy
mctads winle the decp proundswater Gemireconlined and confined types)
waes shighitly polluted by the soluble beavy mctds
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TABLE (5). Range and average values of soluble heavy metals (mg/l) in
surface, shallow and deep groundwater of the alluvium
aquifer (Helwan area and its vicinities).

Al | Fe™ | Mn™ ! Zn~ il ! v

Range | Mean | Range | Mcan | Range | Mcan | Range | Mean | Range | Mean | Range | Mean

Nile water

0.07 - 0.001- 0.022- ] 10.0007- 0.28- 0,004 | .
L 0 02 ( 0 = 3 | 0.03
0.00 | ™08 | oex | %29 | 0122 | 9956 | 979 | %% | 0312 | 93 | jous l e
Irmigation canals water
|
0.07- | 0.10- 0.14- | .. |0.00s- 037- 0.022-
soa | 083 | yaa | 077 | g5y | 931 | gam | O] aag | 1OV | g o3 | 008
1
Avriculiural drains water
0.49- 0.97- 011- 0.15- 0.75- ~Joo0%- ] . -
5 3 . 1 -5
0.96 .62 | %7 1.30 0.3 018 0.74 0.36 11.81 6.17 092 0.072
Industrial drans water
0.07- 0.077- 0.20- 0.033- 0.072- 0.10-
( 5 2 40, . ;
143 | 997 | 5736 | 12120 177 | 02 |aose0]| YO8 | g9 | 100 | g2y | 008
Shallow groundwater
0.07- 1 .. (0002 0.02- 0.004- 0.33- 0.085-
159 | 930 Ly | 18 | s | OM | o | MO | ap70 | 686 | 04a | 016
Deep groundwater
0.32- 0 | .. | 007 0.62- 13-
( F 016
007 | 007 | %321 aso | S1 ) 2o | 00T T aar | G55 | wso | (55 ] 0

ii) Boron content

A low concentration of boron in the water samples of the study arca
ranges from less than 0.006 to 0.48 mg/l, i.c., below the acceptable limits for
pollution (0.5 mg/l) as in tablc (2). The relatively high concentrations of B
(0.6 and 1 mg/1) arc found only in shallow groundwater samples Nos. 4 and
18, respectively. The former is due to pollution from domestic sewage water
rich in boron content while the latter is duc fo pollution from the cxcessive
irrigation water.
iii) Phosphate content

In the River Nile samples, phosphate ions concentration ranges {rom
0.2 (sample No.44) 10 2.01 mg/l (sample No. 30) as in table (2). The high
PO," concentration (2.01 mg/l) refers 1o the disposal of industrial waste
clMuents from Stainless Steel Factory drain water (sample No. 29, 3.6 mg/1)
to Nile water which is adjacent to such drain. The maximum permissible
concentration of phosphate 1ons in surface water is 1T mg/l (Dojlido and Best,
1992).

On the other hand, small amounts are found in shallow and deep
groundwater except for the shallow groundwater sample No. 4 where the
concentration of phosphate 1ons is exceptionally high (6.7mg/l) as in table
(2). This is due to the sanitary wastewater mixed with such water (depth to
water [rom ground surface is few centimeters).

For the irrigation canals, the concentration of PO," ranges between
0.18 and 9.4 mg/l (Table 2). The high concentrations of PO, (7.2 and 9.4
mg/l) are recorded in the water samples Nos. 39 and 34, respectively. This is
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attributed to the disposal of sanitary wastewater to irrigation canals in these

localities.

Concerning the irrigation and industrial wastes, thcy have low
concentration of PO,* (0.14 — 1.1 mg/l) except for Stainless Steel Factory
drain water sample No. 29 (3.6 mg/l) where industrial sanitary wastcwater
effluents represent important sources of phosphorus in natural water.

iv) Nitrogen compounds

The nitrogen compounds play an important role in many processes
that takes place in natural water. Nitrogen is also onc of the basic
components of proteins, so it can enter surface water in scwage and
industrial wastewater from the breakdown of proteins and other nitrogenous
compounds. Nitrogen fertilizers are used extensively in agriculture, and the
cxcess over crop requircments is mostly leached into drainage walcr.

1. Nitrate content

In the Nile water samples, low nitrate concentrations (2.7-3.4 mg/l)
is recorded except for sample No. 30 which has relatively high concentration
(15.7 mg/1) but still below the level of pollution (45 mg/l) as in table (2).
This is duc to its location in contact to the end of the pathway of wastc of
Iron and Steel Factory (sample No.29) which has high NO;™ concentration
(54.4 mg/l), lcading to an increase of nitratc concentration in Nile water at
such location.

Concerning irrigation water, the NOy concentration ranges widely
between 1.2 and 23.3 mg/l. The relatively high concentration of NOy
compared 10 that of Nile water is referred to the excess amount of nitrogen
fertilizer uscd in this cultivated arca but NO;™ concentration is still below the
acceptable level of pollution. Morcover, the high nitrate contents (51.5 and
66.1 mg/1) are recorded in two samples (Nos. 24 and 39) that arc considercd
to be polluted. This is rendered (o disposal of domestic sanitary wastewater,
rich in nifratc content to canals water in such localities.

In agricultural drains water, high NO;" concentrations (37- 50.8
mg/l) are detected except for sample No. 1(7.2 mg/l), reflecting the excess
amount of nitrogen fertilizer used. Actually, wastewater high in nitrate is
adequate for crops. On the other hand, in most industrial drains water
samples (except for sample 29, 54.4 mg/l), NOy ranged from 8.2 to
35.1mg/l, i.c., below the aceeptable level of pollution (> 45mg/l).

Nitrate ions concentration in decp groundwater is below the
acccptable level of pollution where it ranges from 2.8 10 31.5 mg/l,
confirming the aquifer type (semi-confined aquifer). On the other hand,
concentrations of NOjy™ (1.7- 41.3 mg/l with a mean valuc of 24.4) arc lound
in most samples of shallow groundwater (62%) but still below the acceptable
level of pollution. About 38% of samples are polluted. Generally, the high
concentrations of nitrate ions arc due 10 the excess nitrogen [ertilization,
scepage of irrigation canals and drains as well as the disposal of sanitary
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wastewater rich in nitrate content in canals and drains water in some
localities. For instance, shallow groundwater samples Nos. 6 and 7 are
located nearby Ezbet EI Walda drain (water samples Nos. 5 and 8,
respectively). This leads to increase the NOj™ concentration of such shallow
groundwater samples (53.9 and 51.9 mg/l) as a result of scepage from drain
to shallow aquifer (Fig. 1). Also, shallow groundwater samples Nos. 13 and
14 are located nearby domestic installations (sanitary wastewater and septic
tanks, rich in nitrate content), leading to the increase of nitrate ions
concentration of such shallow groundwater samples (53 and 45 mg/l) as a
result of downward infiltration of sanitary wastewater to shallow
groundwater. With regard to the shallow groundwater sample No. 38 which
contains relatively high nitrate concentration (41.3 mg/l) as a result of
seepage of canal water polluted by sanitary wastewater at this locality (canal
water sample No. 39, 51.5 mg /1) as in fig. (1).
2. Nitrite content

Concentration of NO; in the water samples within the study arca
ranges from a trace amount up to 3.7 mg/l, i.e., below the acceptable level of
pollution (4.5 mg/l) as in table (2). An exceptional case is found in shallow
groundwater sample No. (38), which has high NO;s™ concentration (7.9 mg/l),
indicating that a high contamination by nitrite ions as a result of seepage
from canal water polluted by sanitary wastewater at this locality (canal water
sample No. 39, 7.3 mg /1) as in fig. (1).
3. Ammonia content

A range between non-detected and 0.42 mg/l of NH;' concentration is
detected in some shallow groundwater samples (31%), confirming non-
polluted water, i.c., below of acceptable level of contamination (0.5 mg/l).
High ammonium concentrations (1.2- 51.6 mg/l) are found in most shallow
groundwater samples (69%), indicating pollution through disposal of
sanitary wastewater or organic waste and fertilizers as ammonium sulfate
(NH,)»S04, ammonium nitrate NHyNO;, ammonium phosphate (NH4);P0;4
and urea CO(NH;)». In details, high ammonium concentration (51.6 mg/l) of
shallow groundwater No. 9 that is located close to drainage irrigation
(sample No. 10) rich in ammonium fertilizer. Also, shallow groundwater
sample No.33 having relatively high ammonium concentration (20.5 mg/1)
lies nearby irrigation canal (sample No.34) rich in ammonium ions
concentration (59 mg/l) as a result of sanitary wastewater disposal in such
canal. With regard to the shallow groundwater sample No. 38 having high
ammonium concentration (42 mg/l), this is due to seepage from irrigation
canal (sample No.39) rich in ammonium fertilizer and sanitary wastewater
(36.7 mg/l).

Relatively high concentrations of NH," (4.7 =5.7mg/l) are found in
River Nile samples (Nos. 40 and 44 at Kafr El Elw, respectively), i.e., above
the acceptable level of contamination (0.5 mg/l). This may be related to

Egyptian J. Desert Res., 54, No.2 (2004)

CamsScanner 2 Ligs d> suadll


https://v3.camscanner.com/user/download

280 El-Sayed, M. H. et al.,

disposal of sanitary wastewater in the Nile at this locality. On the other hand,
sample No. 30 has non-detectable concentration of NH;'.

In irrigation canals, NH,™ concentration ranges between 0.6 (sample
No.19) to 59 mg/l (sample No.34). In the latter, this is related to disposal of
sanitary wastewater while in the former, it is due to secpage from irrigation
water containing ammonium fertilizer. With respect to irrigation canal
sample No. 15, it has low ammonium concentration (0.3 mg/l).

Finally, the range of ammonia concentrations is between 1.2 1o 16.4
mg/l in agricultural drain water. The high ammonium ions concentration in
the agricultural drainage reflects pollution by fertilizers and pesticides.
Similar results arc obtained for most industrial drain water samples, where
high NH;™ concentration (0.9-11.8 mg/l), indicating water pollution as a
result of nitric acids and dyes used in Stainless Stecl Factory and Helwan
factory for Textile and Spining drains, respectively.

In deep groundwater, relatively high NH:" concentrations (4.5-9.1
mg/l) indicate contamination. Moreover, very high NH; ™ concentration (38.6
mg/l) is recorded in sample No.37, indicating pollution from sanitary
wastewater beside such deep well. In addition, the depth to water is about
0.5 m from land surface and the aquifer is considered semi-confined at this
locality.

Noteworthy to mention that NO;™ is considered the final stage of NH;
oxidation to NO;, then to NO;™ in the presence of bacteria and oxygen.

Consequently, the authors belicve that the presence of high ammonium
concentration (more than nitrate) in shallow and deep groundwater samples
confirms that the concerned water was subjected to reducing conditions
more than oxidizing ones. On the contrary, when NO; concentration exceed
NH," in such water, this confirms the prevalence of oxidizing conditions.
v) Sulfide content

Sulfide is a pollutant (> 1 mg/l) in most water samples of the area
under investigation where it forms 3.9 up to 14.7 mg/l. The S presence is
attributed to the depletion of oxygen and reduction of sulfate ions, caused by
biochemical degradation of high content of organic matter.

Oxygen demand and evaluation of organic pollution load

Various methods have been used to estimate the requirement of
given water for oxygen or to evaluate the organic pollution load in a
quantitative way. These include measurement of BOD, COD and TOC.
Biochemical Oxygen Demand (BOD)

The representative surface, shallow and deep groundwater samples
have BOD values from 0.6 to 4.8 mg/l, indicating non-contamination level
since the BOD value of non-polluted fresh water is 6 mg/l. These results are
confirmed by the occurrence of pathogenic microorganism belonging to
family interobacteriaceae in such water (Table 6).
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Chemical Oxygen Demand (COD)

The results of COD determinations obviously do not correspond to
values obtained by BOD determination where COD values are higher than
BOD values, but they may be helpful in comparing conditions in a strecam at
one time with those at another time (Table 2).

Results revealed that the representative surface, shallow and decp
groundwater samples have high values of COD (20-160 mg/l) more than the
aceeptable level of pollution for fresh water (10 mg/l), except for some
irrigation and industrial water (Nos. 19 and 29, respectively) which have
values of COD concentration lower than 10 mg/l, indicating non-polluted
waler, i.c., these water have low material loads.

Total Organic Carbon (TOC)

In the Nile water samples, the TOC values range from non
detectable to 4.5 mg/l, indicating non-polluted water while the higher valuc
(18 mg/l) is only found in sample No. 44 at Kafr El Elw, this may be related
to disposal of sanitary wastewater in River Nile at this locality.

In irrigation canals, the TOC concentration is generally high (10 to 27
mg/l), indicating that water is polluted as a result of excessive amount of
irrigation water containing fertilizers and pesticides beside the disposal of
sanitary wastewater rich in organic carbon. In contrast, the water samples
Nos. 19, 24 and 39 have low values of TOC (non detectable to 3 mg/l), i.e.,
below the acceptable level of pollution (10 mg/l). On the other hand, the
agricultural drains arc characterized by lower values of TOC (nil to 9 mg/l)
whercas some water samples (Nos. 5 and 10) have TOC concentration (15-
27.5 mg/l) morc than the acceptable level of pollution. This is atiributed to
excess amount of irrigation water containing organic fertilizers and
pesticides. With regard to Yhe industrial drainage water, the TOC
concentrations range from nil to 9 mg/l, whilst some water samples have
high values (16.5-100 mg/l) more than the acceptable level of pollution. The
high TOC values indicate that industrial water (samples Nos. 29 and 31) are
rich in organic dyes (Helwan factory for Textile and Spining drain) and coal
(Iron and Steel Factory drain).

In the shallow groundwater, the TOC values vary from non detectable
to 30 mg/l. Thus, 50% of the shallow groundwater samples are polluted
while the rest of samples arc non-polluted where the TOC of clean water is
usually in the range of a few mg /1, whilst polluted water have values in the
tens of mg/l. The high value of TOC is rclated to disposal of sanitary
wastewaler in agricultural canals and drains that infiltrate to such aquifer as
well as downward infiltration of cxcess amount of irrigation water
containing fertilizers and pesticides. Thus, thesc are rich in total organic
carbon. On the other hand, the deep groundwater samples have low values of
TOC (nil to 3 mg/l) indicating non-polluted water. The exceptionally high
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TOC content (212 mg/l) is recorded in water sample No.37, indicating

severe pollution from sanitary wastewater for such deep well.

Pollution by Bacteria

Some water samples representing all water types from the arca under
investigation were analyzed for microorganisms belonging to  family
interobacteriaceae as an indicator of potential bacteria contamination (Table

6). The obtained results show that:

I- Sample representing Nile water (No.40) is not infected by bacteria,

2- Some samples representing agricultural canal water are infected by £.coli,
Citobacter, Klebsiella, Salmonella and Shigella (sample No.24) and
E.coli, Citobacter, Klebsiella, and Salmonella (sample No.34). This is
due to disposal of sanitary wastewater in such canal water.

3- Sample representing industrial drain water (No.28) is infected by Shigella.

4- Shallow groundwater samples (Nos. 13, 21 and 35) are not infected by
bacteria. On the other hand, Proteus infeets the shallow groundwater
sample (No.42).

5- Deep groundwater (No. 32, drinking station) is not infected by bacteria.
However, E. coli and Klebsiella infect deep groundwater sample (No.23).

Discases caused by members of interobacteriaceac:

1- E. coli is a frequent cause of urinary fract infcction, appendicitis,
peritonitis and cholecystitis.

2- Klebsiella is a frequent cause of: Fried Lander’s pncumonia by K.
pneumoniae and Rhinoscleroma by K. rhinosclromatis. Urinary
tract infection and some other suppurative infections by K. aerogenes

3- The Citrobacter relationship to discase is doubtful.

4- Salmonella causc enteric fever and food poisoning.

5- Shigella cause Bacillary dysentery and Shigella toxin.

6- Proteus cause wound infection, otitis media and urinary tract infection,

TABLE (6). Pathogenic microorganisms of walter samples in cpu/ml

(Cell per unit /ml).
Well no. E. coli Citrobacter | Klebsiella | Salmonella | Shigella | Proteus
13 i . -- -- -- --
21 - - or --
23 3 - 2 - -- --
24 240 370 360 190 80 --
28 - - - - | -
32 - e - —
34 140 210 320 260 - -
15 - -- - - -- --
40 - - - - -- --
42 - - - = -~ |
Permissible
Limits
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In light of the foregoing results, one can conclude that the surface
water of Nile, canals and drains as well as the shallow and deep groundwaler
exploited in the arca are variably polluted from different sources.

CONCLUSION

Water salinity shows a fresh water type in River Nile, irrigation
canals, industrial drains and deep groundwater (semiconfined and confined
types) while water salinity varies from fresh to brackish water types in
agricultural drains and shallow groundwater(unconfined type).

The hardness in Nilc and El Khashab and El Hagger canals water is,
10 a great extent, temporary one, reflecting a meteoric origin of such water.
The temporary hardness exceeds the permanent one in fresh water and vice
versa in case of brackish water of agricultural drains, where the permanent
hardness exceeds the temporary one, this may be due to local contamination
by permancnt salts in such drains.

Also, the mean valuc of the temporary hardness cxcceds the
permanent one in fresh waler of shallow groundwater, reflecting the recharge
by fresh water from the Nile and secpage from irrigation canals and drains
while the permancnt hardness cxceeds the temporary one in the brackish
type of shallow groundwater. This is duc to leaching and dissolution of
permanent salts from downward infiltration of the excess agricultural water
and scepage of irrigation canals and drains as well as industrial drains. On
the other hand, the mean value of the temporary hardness exceeds the
permanent one in deep groundwater, reflecting only the direct recharge by
fresh water from the River Nile.

Concerning the ion dominance in the River Nile, the main chemical
water type is Ca-HCO; whilc the main chemical water types of irrigation
canals from North to South, in accordance with water flow are Na-HCO; and
Ca-HCO;, Ca-SOy4 and Na-Cl types. This is due to leaching and dissolution
of terrestrial and marine salts during water movement for a long distance
from North (El Maadi) to South (ElI Saaf). In agricultural drains, the
chemical water types are Ca-HCO; and Na-Cl. The former type indicates
scepage from canal water. The latter type reflects Icaching and dissolution of
terrestrial and marine salts from downward infiltration of the cxcess
irrigation water of cultivated soils. The main chemical water types in
industrial drains are Ca-HCOs, Mg- HCO; and Na- HCO;, Na-SO, and Ca-
Cl types. These types Ca-lHCO;, Mg-HCO; and Na- HCO; are the same as
Nile water while other types reflect local contamination.

In deep groundwater samples, Ca-HCO;and Mg-HCO; chemical
types which are the same as the Nile water, indicate the only recharge from
Nile water to such aquifer. Consequently, there is no pollution from canals,
drains and shallow groundwater.
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The main chemical water types in some shallow groundwater samples
arc Ca-HCO;, Mg-HCO; and Na-HCO;. These types are nearly the same as
the Nile and deep groundwater, confirming that the recharge of such aquifer
is mainly from Nile water. On the other hand, the main chemical water types
in most shallow groundwater samples are Na-Cl and Ca-Cl. These tvpes
suggest the contamination of the shallow groundwater with excess irrigation
water and water scepage from canals and drains as well as leaching and
dissolution of soluble salts within aquifer matrices.

In the shallow groundwater, six groups of hypothetical salt
assemblages (1, 11, 11I, 1V, V and VI) arc distinguished. These types of
hypothetical salt combinations of shallow groundwater are represented in the
Nile (assemblages 1l and 1V), canals (assemblages 1, II, 1V and V),
agricultural drains (assemblages II, 11l and VI) and industrial drains
(assemblages I, 11, IV and VI) walter. These six groups of salts combination
of shallow groundwater confirm seepage of canals and drains water, as well
as downward infiltration of the excess irrigation water. This does not
exclude the contribution of leaching and dissolution of terrestrial (1. 11 and
H1) and marine salts (IV, V and VI) within aquifer matrices. In the decp
groundwater, two groups of hypothetical salt assemblages arc detected (11
and 1V). Those hypothetical salt combinations are similar to that of Nile
water, confirming the direct recharge only from Nile water. Also, such
hypothetical salts reflect the impact of continental (assemblage 11) and
marine sediments (assemblage 1V) on water quality.

The mean values of Br' and I' concentrations of the shallow
groundwater are more than those of canals. irrigation drains, industrial drains
and deep groundwater. This confirms recharge from Nile and scepage from
canals and drains water to the concerned aquifer. On the other hand, the
mean values of Br and I' concentrations in the deep groundwater samples
are slightly high relative to Nile water, indicating the recharge of such
aquifer from River Nile.

For River Nile water, all samples arce in the acceptable and permissible
limits of contamination with rcgard to the soluble heavy metals (A, Fe'',
Mn™', Co™, Cu™, Ni*', Cr"', Cd*', Pb™, Sr**, V' and Zn"). However, most
shallow groundwater, canals and drains water are seriously polluted by some
soluble heavy metals (A", Fe'', Mn® and Zn*) while most deep
groundwater are slightly polluted by such soluble heavy metals.

Most water samples in the area under study have low B
concentration below the acceptable level of pollution while some water
samples of River Nile, canals, drains and shallow aquifer have high PO,
concentration above the dcceptable level of pollution.

Nile water and deep groundwater have low NO; concentration below
the acceptable level of pollution while most water samptes of shallow
aquifer, canals and drains have high NO;y concentration above such level.

Egyptian J, Desert Res., 54, No.2 (2004)

CamsScanner 2 Ligs d> suadll


https://v3.camscanner.com/user/download

GEOCHEMISTRY OF WATLE | SOURCES AND ..o, 285

Surface, shallow and deep groundwater samples have low values of
NO,', indicating non-contamination “vater. An exceptional case is found in
very few shallow groundwater which have high nitrite concentration above
the acceptable level of pollution.

Most surlace, shallow and deep groundwater have high NHy" and §7
concentrations relative to the aceeptable level of pollution.

Most surface, shallow and deep groundwater samples have low values
of BOD, indicating non-contamination water while such samples have high
values of COD and TOC more than the acceptable levels of pollution.

Some samples representing agricultural canals, drains, shallow and
deep groundwater are infected by bactenia which are considered as indicators
of potential bacterial contamination while some samples representing Nile
waler is not infected by bacteria.

RECOMMENDATIONS

According to the obtained results, the following recommendations
should be followed:

1- Wells should be dug down from 60 to 100 m. depth and should be
remoted from the pollution sources.

2- Shallow wells should not be used for drinking since they contain non-
permissible limits of different pollutant materials according 1o the
international standards.

3- Chemical fertilizers and pesticides treatments should be used at mininum
limits as they pollute drainage water that feed shallow groundwater.

4- Scwage sludge and human-used water should not be drained in the Nile
or its tributarics or canals and drains that feed shallow groundwater,

5- The arca should be sewered and sanitary wastewater treated in a central
plant. Treated water will be reused for irrigation depending on its quality.
Industrial wastewater should be treated at the industry’s site where
industrial wastewater may be recycled in the plant.

6- The use of hydrogels for treatment of soluble heavy metals in industrial
drains before disposal of industrial wastes into the Nile, nrigation canal
and drains water is reccommended.

7- Chemical, biological and bacteriological analyses must be carried ot
periodically for the surface, shallow and deep groundwatcer.
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