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ABSTRACT

Drains in North Delta, Egypt (Kafr EI-Shiekh Governorate) were used for
receiving waste water (drainage water of the fields, sanitary and industrial). Because
of the shortage of irrigation water, such water, is used in irrigation of agricultural
crops, therefore, it becomes a dangerous source of pollution as it contains different
contaminants of agrochemical pollutants. The aim of the present study was to monitor
the presence of some serious agrochemical pollutants (some pesticides, heavy metals
and nitrate) in waste water of the main drains in North Delta, Egypt in order to assess
the degree of pollution in the water of these drains for agricultural purposes.

Data revealed that salinity and sodicity values of the studied drainage water
samples ranged between 1.45 to 3.05 dS/m and 5.95 to 10.18%, respectively.
According to USDA diagram, the studied samples are in class C3S1 and C4S..

Malathion concentration in drains water was ranged between 0.13 to 1.15 ugL
and was not depending on sampling time (winter and summer). Atrazine concentration
in drains water was ranged from 0.04 to 0.19 pgL™ and was higher in summer than in
winter.

Heavy metals concentrations in drainage water were higher in summer than in
winter. The concentrations of Cu, Mn, Zn, Cd, Ni and pb in winter for all drains were
vanedfrom023t0051 0.20t0 0.28, 0.17 to 0.38, 0.01 to 0.09, 0.24 to 0.79 and 0.08
to 0.25 mgL™, respectively. The corresponding concentrations in summer were 0.29 to
0.67, 0.22 to 0.36, 0.23 to 0.46, 0.05 to 0.15, 0.35 to 1.21 and 0.19 to 0.46 mgL™,
respectively. The highest concentration levels were for Cu, Mn, Ni and Cd in all dranns
comparlng to maximum permissible levels stated by FAO, 1992, (0.2, 0.2, 0.2, and
0.01 mgL" ) respectively. While, pb and Zn levels Were lowest than the maximum
permissible levels stated by FAO (1992), (pb, 5 mgL’ and Zn, 2 mgL™).

Concentrations of NO3 were 18.5 to 112 mgL™ in all drains for winter and
summer. Nitrate nitrogen concentrations leaving surface drains in North Delta, Egypt
exceed the U. S. Environmental Protectlon Agency (1991) maximum contaminant
level for drinking water of 10 mg L™t

Results of the present study, reveals that the water of these drains are highly
dangerous on the environment and human health, when used as it is without good
treatment. So these waters must be remediated from such contaminants.
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INTRODUCTION

Pollution defines as any substance introduced into the environment that
adversely affects usefulness of a resource. Nearby surface water is more
susceptible to contaminations when agrochemicals (pesticides, nitrate and
heavy metals) are applied to highly erodible soils or to over-irrigated or rain-
soaked fields. Using the wrong pesticide or an incorrect application method in
these situations increases the risk for contamination. The increasing
dependence on pesticides application noticed nowadays confirms one of the
major sources of pollution to our community. It is a very serious problem as
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most of these chemicals might contain toxic heavy metals or organic groups
that are hazard to the metabolism of living organisms leading to very serious
diseases to mankind (Gimeno-Garica et al.,1996 and Abd El-Razik, 2006). In
recent years, using of pesticides has been restricted in many countries
because of suspicion that these compounds are the major source for the
environments and their transformation products are sometimes finding in
animal and human tissues, animal and human milk, drinking water and soil
(Asplund et al.,, 1994). Therefore, essential knowledge about pesticides
residues and their transformation products in surface water is one of the most
important factors for the environmental problem in Egypt.

Toxic metal pollution of waters and soils was a major environmental
problem. The mean problem concerned with water pollution was heavy
metals when water containing these metals, as a pollutants, used for
irrigation, it will contaminate and enrich soils and crops (Mireles et al., 2004).
It was known that heavy metals could accumulate in tissues during aquatic
organism growth (bioaccumulation) and often biomagnified up the food chain
interfering with the health and reproduction of both wildlife and humans (Abd
El-Razik, 2006). Generally, metals such as cadmium, copper, molybdenum,
nickel and zinc (all except molybdenum are also known as heavy metals)
could cause serious health risks to human beings and animals. Rarely, these
metals exhibit toxicity to plants, but in most cases they are accumulated in
the plants per se and when the latter are consumed by humans or by
domestic animals, the health hazard develops (FAO/RNEA, 1993). El-
Sanafawy et al. (2010) found that concentrations of heavy metals (pb, Cd, Ni,
Zn, Cu and Mn) in wastewater drains of Middle Delta region were higher than
the maximum permissible levels by FAO (1992) except for Zn which was
found within the permissible concentration.

A water quality issue of particular concern has been the export of
nutrients, and sediment to the lakes and streams. Some of the highest losses
of nitrate to surface waters come from drained agricultural land (Bjorneberg et
al.,, 1998 and Ramadan et al., 2009). Intensely farmed landscapes export
excess nutrients and sediments to streams, which leads to downstream
turbidity and eutrophication problems, as well as potential community shifts to
toxic species of algae, reduced fish and crustacean populations, human
health risks, and aesthetic problems (Nolan and Stoner, 2000). In addition,
since some municipalities use surface waters for human consumption, the
NO’; concentration in these waters must be <10mg N/L. Nitrate can be
readily converted to NO’, in the human body, and has been implicated in two
major health problems: Blue-baby syndrome (methaemoglobinaemi) and
stomach cancer (Drury et al.,1993). Abd EI-Ghani et al.(1994) reported that
high amounts of NO5-N were detected in drainage water. Being 59 mgL™ and
152 mgL™ in surface and tile drainage systems, respectively.

Pollution by pesticides, nitrate and heavy metals chemical can cause
serious problems in the framework of aquatic environment, which lead to
adverse effects of the water quality and its biota. Trace analysis of chemical
pollutions, especially pesticides, nitrate and heavy metals in surface water
presents one of the most important factors to solve the problems of the
environmental pollution.

238



J. Soil Sci. and Agric. Eng., Mansoura Univ., Vol. 3 (2), February, 2012

Therefore, the aim of the present study is to determine some
agrochemical pollutions (some pesticides, nitrate and heavy metals) in
drainage water through winter and summer and also, evaluate the quality of
surface water in the area of study.

MATERIALS AND METHODS

Area of study and collection of surface water samples for analyses:
Al-Gharbiyyah Ar-Raisi drain: This canal is one of many drainage canals
present in the area of study, it receives drainage water from adjacent fields
(i.e.) (drainage system of the irrigation water, industrial and sanitary). Where
its length is about 56.5 km, it serves about 240500 Faddens.
Drain No.7: This canal is one of many drainage canals present in the area of
study, it receives drainage water from adjacent fields (i.e.) (drainage system
of the irrigation water). Where its length is about 42.52 km, it serves about
64282 Faddens.
Drain No.8: This canal is one of many drainage canals present in the area of
study, it receives drainage water from adjacent fields (i.e.) (drainage system
of the irrigation water). Where its length is about 23 km, it serves about 68000
Faddens.
Drain No0.9: This canal is one of many drainage canals present in the area of
study, it receives drainage water from adjacent fields (i.e.) (drainage system
of the irrigation water). Where its length is about 19.800 km, it serves about
45225 Faddens.
Drain No.10: This canal is one of many drainage canals present in the area
of study, it receives drainage water from adjacent fields (i.e.) (drainage
system of the irrigation water). Where its length is about 21.550 km, it serves
about 17000 Faddens.
Drain No.11: This canal is one of many drainage canals present in the area
of study, it receives drainage water from adjacent fields (i.e.) (drainage
system of the irrigation water). Where its length is about 18.860 km, it serves
about 57000 Faddens.

Water samples were collected from the cites illustrated before (Fig 1).
The locations cites are situated between 31°28' 53" and 31°01' 22" N latitude
and 30°33" 35" and 31°13' 07" E longitude. Water samples were collected
during winter (January, 2011) and summer (July, 2011). The collected water
samples transferred immediately to the laboratory for extraction and analyses
of pesticides, heavy metals and nitrate pollutants.
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Fig (1): Sites of sample collection.

Pesticides analysis:

1- In 1 L. separator funnel, 500 ml water sample and 50 ml of 15%
dichloromethane in hexane were shaked for 2 min.

2- The AQ. layer was taken in another 1 L separator funnel and shaked with
50 ml of 15% dichloromethane in hexane were shaked for 2 min.

3- The AQ. layer was discarded and the solvent of steps (1) and (2) was
collected and passed on column of anhyd. Na,SO,4. The column was
washed with 10 ml hexane (3 times) and the volume (V) was recorded.
The solvent was evaporated to 5 ml. 5-10 pl of evaporated solvent was
injected into a gas chromatography. Equipped with electron capture
detector in case of atrazine, but in case of malathion flame photometric
was used according to U.S. Department of Health and Human Services,
1994.

Heavy metals analysis:

Soluble heavy metals (Cu, Mn, Zn, Cd, Ni and Pb) were determined
using the standard method described by American Public Health Association
(APHA, 1971). The collected water samples were filtered and evacuated under
vacuum in a water path until analysis. The residues were soaked with 10ml of
Aguai regia then digested and analyzed using Atomic Adsorption
Spectrophotometer Perkin EImer 3300.

Nitrate analysis:

Nitrate and ammoniacal nitrogen in water samples were analyzed using

Kjeldahl method (Cottenie et al., 1982).

RESULTS AND DISCUSSION

Water salinity and sodicity:
The salinity and sodicity of the drainage water might be affected by
some factors such as land use, crop pattern, soil management, drains
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location and drainage efficiency. Data in Table (1) revealed that salinity and
sodicity values of the studied drainage water samples ranged from 1.45 to
3.05 dS/m and 5.95 to 10.18%, respectively through out the two periods
(winter and summer). The monitored concentrations of salinity and sodicity in
the studied drains water were mostly considered slight to moderate according
to international guideline concentrations mentioned by FAO/RNEA (1993)
which are EC,, 0.7 - 3 dS/m and SAR, 3 - 9 %. The increase in salinity and
sodicity in the drainage water of this stadied area are mainly ascribed to the
inflow and contamination with the saline water, through the sea water
intrusion. Data in the same table revealed that, salinity and sodicity
concentrations in drainage water were higher in winter than in summer.
These decrements of salinity and sodicity in summer are due to the high
amounts of irrigation water with rice fields which lied to dilution of drainage
waters.

According to USDA diagram, the studied samples of Al-Gharbiyyah Ar-
Rais drain, drain No 10 and drain No 11 are in class C3S; while, drain No 7,
drain No 8 and drain No 9 are in class C,;S,. According to U.S. Salinity
Laboratory (1954) classification C3S; Class water is high saline and low
sodium content. Such water can be used with restricted drainage even with
adequate drainage, special management for salinity control may be required,
and salt tolerant plants must be selected. Therefore, such water is considered
slightly dangerous for irrigation purposes. C;S, indicate that the water are
very high saline with medium sodium content. These water are not suitable
for irrigation for soils under ordinary conditions but may be used occasionally
under very special circumstances. The soils must be permeable, drainage
must be adequate, irrigation water must be applied in excess, to provide
considerable leaching and highly salt tolerant crops should be selected.
Sodium was present in appreciable sodium hazard in fine textured soils
having high cation exchange capacity, specially under low leaching
conditions, unless gypsum present in the soil. Such water may be used on
course textured or organic soil with good permeability.

Tablel: EC (dS/m) and SAR of water samples collected from studied

drains.
Winter Summer
Site EC EC

(dS/m) SAR (dS/m) SAR
IAl-Gharbiyyah Ar-Raisi drain 1.96 7.53 1.84 7.05
Drain No 7 2.63 10.18 2.28 8.96
Drain No 8 3.05 10.06 2.57 9.60
drain No 9 2.26 9.03 2.25 8.91
Drain No 10 1.45 6.45 1.45 6.08
Drain No 11 1.81 6.54 1.58 5.95
Pesticides

Malathion (diethyl [(dimethoxy phosphinothioyl) thio] butanedioate) is
used extensively insecticide in Egypt to store grains. Also, malathion used to
control of Apamea sordida Hufn and Haplodiplosis marginata, which caused
serious damages to wheat and other small-grain cereals. Whereas, malathion
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caused a good control of larvas under 20cm soil (Ning-Huan Geng et al.,
1995). Pesticides transport occurs mainly in the aqueous phase, because
many pesticides have water solubilities greater than 10 mgL™ and are
marketed as water-soluble formulations. The solubility of malathion in water
is 145 mgL'1 (The Pesticide Manual,2002). The concentration levels of
malathion in drains water of North Delta, Egypt were ranged from 0.13 ugL'l
to 1.15 pgL™ in both winter and summer (Table, 2). Kammerbauer and
Moncada (1998) found that organophosphorus compounds are found mostly
in water and less frequently in soils. Also, diazinon, dimethoate, malathion
and trebufos were found mostly in the aqueous environments, but at relatively
low frequencies (<5%). Also, no obvious trained for malathion concentrations
with sampling time (winter and summer).

Atrazine  (2-chloro-4-ethylamino-6-isopropylamino-s-atrazine) is a
commonly used herbicide in corn growing areas of Egypt. Because of its
heavy usage, moderate persistence, and mobility in soils (Walker,1987 and
Erickson and Lee,1989). Atrazine concentration in drains water of North
Delta, Egypt were ranged from 0.04 },lgL'1 to 0.19 ugL'l in both winter and
summer (Table, 2). The maximum allowed contaminant level of 3 ug™* (U.S.
Environmental Protection Agency,1991) for atrazine in drinking water was not
obtained in drainage water., Atrazine concentration in the studied water
sample was higher in summer than in winter. The high levels of atrazine in
summer might be due to the water current speedily in summer faster than in
winter and the rate of evaporation was relatively high. It may be also due to
addition of this pesticide in the summer on corn crop.

Variation in residual levels of the studied samples could be due to
locations and timing of the sampling. The results of the current survey
showed that the drainage waters in the studied area have particular problems
with respect to pesticide residues. So, these waters must be remediated from
these contaminants.

Table 2: Pesticides concentrations of water samples collected from
studied drains.

Pesticides (ugL™)
Site Malathion Atrazine
Winter Summer Winter Summer
IAl-Gharbiyyah Ar-Raisi drain 1.15 0.74 0.08 0.14
Drain No 7 0.71 0.54 0.08 0.11
Drain No 8 0.78 0.87 0.06 0.04
drain No 9 0.13 0.15 0.04 0.09
Drain No 10 0.63 0.74 0.07 0.08
Drain No 11 0.56 0.51 0.11 0.19

Heavy metals

Heavy metals concentrations (Cu, Mn, Zn, Cd, Ni and Pb) in drains
water of North Delta varied from one metal to another, and also from one
drain to another. With regard to Table (3) showed that heavy metals
concentrations in drainage water were higher in summer than in winter. The
concentrations of Cu, Mn, Zn, Cd, Ni and pb in winter for all drains were
varied from 0.23 to 0.51, 0.20 to 0.28, 0.17 to 0.38, 0.01 to 0.09, 0.24 to 0.79
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and 0.08 to 0.25 mgL™, respectively. The corresponding concentrations in
summer were 0.29 to 0.67, 0.22 to 0.36, 0.23 to 0.46, 0.05 to 0.15, 0.35 to
1.21 and 0.19 to 0.46 mgL™, respectively. The high levels of heavy metals in
drainage waters in summer might be due to the water current speedily in
summer faster than in winter and the rate of evaporation was relatively high.
Results obtained were agreed with findings of Abd El-Razik, 2006). Heavy
metals concentrations (Table,3) in Al-Gharbiyyah Ar-Raisi drain were higher
than other drains in both seasons. This might be due to the pollution with the
industry wastes or by the factories which produced oil, soap or textile and
dyes in El-Gharbia and KafrEl-Sheikh Governorates. The highest
concentration levels were for Cu, Mn, Ni and Cd in all drains comparing to
maximum permissible levels stated by FAO, 1992, (0.2, 0.2, 0.2, and 0.01
mgL™), (Table,3), respectively. While, pb and Zn concentrations ranged from
0.08 to 0.46 mgL™ and 0.17 to 0.46 mgL™, respectively, it were lowest than
the maximum permissible levels stated by FAO, 1992, (pb, 5 mgL™" and zn, 2
mgL™). Drainage waters were generally highly contaminated by heavy metals
in both winter and summer at all sampling sites. Therefore, the use of these
wastewater without good treatment make these toxic elements accumulated
in soil with time, leading to increase of their concentrations in soils and plants
and therefore, inter into the food chain causing dangerous complications to
man and other biota. These toxic metals may cause kidney and liver failure,
anemia, cancer, in addition to chromosomal aberrations (El-Sanafawy et al.
2010).

Table 3: Heavy metals concentrations of water samples collected from
studied drains.

Heavy Site
metals Season Al-Gharbiyyah |Drain No|Drain No|drain No|Drain No[Drain No
(mgL™) Ar-Raisi drain 7 8 9 10 11
cu \Winter 0.51 0.27 0.29 0.27 0.25 0.23
Summer 0.67 0.38 0.34 0.36 0.33 0.29
Mn \Winter 0.28 0.23 0.22 0.20 0.25 0.24
Summer 0.36 0.28 0.22 0.26 0.29 0.27
n \Winter 0.38 0.27 0.18 0.17 0.22 0.32
Summer 0.46 0.33 0.23 0.25 0.31 0.31
cd \Winter 0.09 0.01 0.02 0.05 0.04 0.07
Summer 0.15 0.05 0.05 0.11 0.07 0.10
Ni \Winter 0.79 0.59 0.31 0.5 0.32 0.24
Summer 1.21 0.81 0.69 0.4 0.58 0.35
Pb \Winter 0.25 0.09 0.19 0.13 0.08 0.12
Summer 0.46 0.27 0.23 0.19 0.28 0.26

Nitrate and ammonia

Nitrogen in drainage waters are mainly in the form of nitrate, but may also in
the form of ammonium because although ammonium readily adsorbed by the
colloids is rapidly oxidized into nitrates. Concentration of NH",-N in drain waters
of studied area (Table 4) was less than the NO's-N. Duxbury and Peverly
(1978); Antar (2005) and Ramadan et al. (2009) reported that the
concentration of NH',-N in drainage water was less than the NO5-N.
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The horizontal subsurface drainage system, in addition to controlling water
table and leaching out harmful dissolved salt form the drained soil profile,
may also cause losses of various forms of nitrogen through the drainage
effluent. Such nitrogen losses, besides may leach and pollute both ground
water and surface water, are also likely to cause environmental degradation
that will be detrimental to aquatic life, plants, animals and human (Singh,
2002). Nitrate and ammonia concentrations of water samples collected from
studied drains (Table,4) varied in a relatively wide range. Whereas, the
concentrations of NO3 and NH", were from 18.5 to 112 and 3.1 to 12.8 mgL’
! respectively in all drains for winter and summer. Nitrate nitrogen
concentrations leaving surface drains in North Delta, Egypt exceed the U. S.
Environmental Protection Agency (1991) maximum contaminant level for
drinking water of 10 mg L™. The considerable variation in NO'3 concentration
in drainage water may be ascribed to several factors including soil properties,
amount of irrigation water, temperature of the air and evaporation rates,
drainage system and forms of applied fertilizers, uptake by plants and
adsorption and fixation of NH", on the 2: 1 type clay minerals (Dinnes et al.,
2002). Nitrate and ammonia (mgL™) concentrations (Table,4) in Al-
Gharbiyyah Ar-Raisi drain were higher than other drains in both seasons. The
concentrations of NO; in Al-Gharbiyyah Ar-Raisi drain were 98 and 112 mgL"
! for winter and summer, respectively. The corresponding concentrations of
NH', 11.4 and 12.8 mgL'l, respectively. This might be due to the pollution
with the drainage water of the fields, industrial and sanitary in EI-Gharbia and
KafrEl-Sheikh Governorates. With concerning to sampling time (winter and
summer), no obvious trained for nitrate and ammonia concentrations
(Table,4).

Table 4. Nitrate and ammonia concentrations of water samples
collected from studied drains.

Nitrate and ammonia (mgL™)
Site NO7; NH",
Winter Summer Winter Summer
IAl-Gharbiyyah Ar-Raisi drain 98 112 11.4 12.8
Drain No 7 66 75 9.5 8.5
Drain No 8 63 63 9.6 9.3
drain No 9 49 18.5 8.7 7.5
Drain No 10 66 58 4.4 3.1
Drain No 11 48 61 5.9 6.5

It is of interest to remember that these wastewaters resources ,of the
present investigation, has already been used for irrigation due to the
decrease of clean water especially in regions of the North Delta which were
located at the end of irrigation and drainage canals, and there was a scarcity
in clean water for irrigation. Water contaminated by effluents from various
sources is associated with heavy disease burden (Okoh et al., 2007) and this
could influence the current shorter life expectancy in the developing countries
compared with developed nations (WHO, 2002). In developing countries,
most of which have huge debt burdens, population explosion and moderate
to rapid urbanization, people rely heavily on water sources of doubtful quality
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in the absence of better alternatives, or due to economic and technological
constraints to adequately treat the available water before use (Calamari and
Naeve, 1994; Aina and Adedipe, 1996). The scarcity of clean water and
pollution of fresh water has therefore led to a situation in which one-fifth of the
urban dwellers in developing countries and three quarters of their rural
dwelling population do not have access to reasonably safe water supplies
(Lloyd and Helmer, 1992).
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