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Abstract: This study classifies Omar Bek drain water quality; its impact on Damietta branch and evaluates its
suitability for reuse in irrigation. Over a year period starting April 2009, 94 water samples were collected from
Omar  Bek  drain, Damietta branch upstream and downstream the drain as well as the drains discharging on
Omar Bek. Based on physical, chemical and bacteriological results obtained, the water quality index analysis
classified Omar Bek drain as poor drainage water, while Damietta branch upstream and downstream as good
and marginal surface water respectively. It was also evident that El-Naseria drain is the major contributor to
pollution levels in Omar Bek drain. Results were interpreted in terms of organic pollution from domestic sewage,
agricultural runoff and fertilizers. Physical and chemical data compared to FAO guidelines showed a slight to
moderate restriction on reusing water from Omar Bek drain for irrigation of susceptible crops, while no serious
restrictions were concluded regarding water from Damietta branch. However, fecal coliform bacteria recorded
and compared to WHO guidelines expected possible health hazards from pathogens in case of irrigating crops
eaten raw or uncooked. The study recommended treating domestic wastewater and directing it to locations
distant from direct disposal in Damietta branch and pointed out its possible reuse in cultivating cereal, industrial
and fodder crops of economical importance.
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INTRODUCTION irrigation  canals in case of mixing water for reuse [2].

Egypt depends entirely on the River Nile water for its drains in El-Gharbia governorate that discharges its
life  and existence. The fixed quota allocated to Egypt wastes directly into Damietta branch (Fig. 1). It starts in
(55.5 BCM) is not easy to increase in the near future due Zefta passing by Tanta, El-Mahla El-Kobra and
to many hydro-political issues. The available limited water Samanoud, where it receives pollution loads from
quantity of the Nile is accompanied by a highly increasing agricultural, domestic and industrial wastes of many
population. This has resulted in a sharp decrease of the villages and branch drains along its path. This drain has
annual per-capita share [1]. With increased water been constructed since 1980's to serve as an agricultural
demands and an expanding population, the demand for drain at which a pump station was used to withdraw its
drainage water has increased dramatically. At the same excess water in Damietta branch safely. No environmental
time, pollution loads to drains also increased as treatment or pollution problems were recorded up to 1990's after
and sewerage system capacity growth did not keep pace then illegal and unofficial drainage use has been
with growing water use. Apart from being the largest recognized rendering its quality to be a subject of many
consumer of water, agriculture is also a major water questions and inquires.
pollutant. Drainage water seeping from agricultural fields The aim of the present work is to classify Omar Bek
are considered non-point sources of pollution. These drain water quality and evaluate its suitability for reuse in
non-point sources are, however, concentrated through irrigation purposes, identify different sources of pollution
collecting agricultural drains to form point sources of on this drain, its impact on Damietta branch water quality
pollution for the River Nile, the Northern Lakes and and finally suggest appropriate solutions for this problem.

Omar Bek drain is considered one of the main and longest
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Fig. 1: Location Map of the study area Research Center “CLEQM-NWRC” where it has been

MATERIALS AND METHODS

Study Area: The Middle Delta area is the middle region of temperature, pH and Electrical Conductivity (EC) were
the Nile Delta and it is limited by the two main branches measured in situ using the multi-probe system, model
Damietta (242 km long) and Rosetta (239 Km long) [3]. Hydralab-Surveyor. In lab, Total Dissolved Solids (TDS)
Damietta  branch  begins at the Delta Barrage and ends were determined by the gravimetric method. Biochemical
220 km downstream at Faraskour dam near Damietta. It Oxygen Demand (BOD) using ORION BOD fast
receives  the  outlet  of three agricultural main drains respirometry system model 890, Chemical Oxygen Demand
(Omar Bek, Upper Serw and Drain No.1) where they are (COD) by COD spectrophotometer TR/2010 model 690
uploaded with untreated sewage water from many with COD reactor HACH, while ammonia by Kjeldahl
villages. Omar Bek drain is about 130 km far away from method using the Gerhardt Vapodest 20S programmable
Cairo.  It serves about 43,000 feddan (one feddan=0.42 ha) distillation  system.  Major anions were determined using

of  fertile  lands  and  has  a  discharge  rate of about
12,000 m /h. In this study, area under investigation3

included Omar Bek drain as well as four secondary
(branch) drains namely Samanoud, El-Mahla El-Kobra,
Gohar and El-Naseria drains. Two main points in Damietta
branch (upstream and downstream Omar Bek drain) were
also involved (Fig. 2).

Water Sampling: The present investigation was started
with samples collection in April 2009 through March 2010
in which, 94 water samples were collected from seven sites
as shown in Fig. 2. Sampling procedures as well as
analytical methods for both chemical and bacteriological
determinations were carried out according to Standard
Methods for Examination of Water and Wastewater [4].
All collected samples were stored in an iced cooler box
and delivered immediately to the Central Laboratory for
Environmental Quality Monitoring, National Water

analyzed.

Chemical Analysis: Field parameters including

Fig. 2: Schematic diagram for water sampling locations
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Ion Chromatography (IC) model DX-500, while carbonate Residual Sodium Carbonate (RSC): Used for evaluating
and bicarbonate were detected by titration method using high carbonate water where it can be calculated by Eq. (3):
0.02 N H SO . Major cations and trace metals were2 4

measured using the Inductively Coupled Plasma-Mass (3)
Spectrometry (ICP-MS), Perkin Elmer Sciex, ELAN 9000.

Bacteriological Analysis: All collected samples were
examined within 6 hours after collection. For counting Soluble Sodium Percent (SSP): Used to evaluate sodium
total coliforms, fecal coliforms and fecal streptococci, the hazard, it can be calculated by Eq. (4):
membrane filter technique was applied using a filtration
system completed with stainless steel autoclavable (4)
manifold and oil-free “MILLIPORE” vacuum/pressure
pump. Water samples were filtered through sterile, surface Where all the ions are expressed in meq/l. 
girded “SARTORIOUS” membrane of pore size 0.45 µm
and diameter 47 mm, according to standard methods No. Statistical Evaluation: MINTAB  statistical software was
9222B, 9222 D and 9230 C on M- Endo Agar LES, M-FC used to calculate minimum, maximum and mean values of
agar and M-Enterococcus agar medium, respectively. All all parameters measured through the twelve months
media used were obtained in a dehydrated form, Difco monitoring of the specified sampling locations in order to
USA. Results were recorded as Colony Forming Unit perform better data interpretation.
(CFU/100 ml) using the following equation:

(1)

Water Quality Index (WQI): The WQI, which was samples were compared to Egyptian law 48/1982.
developed in the early 1970's, can be used to monitor
water quality changes in a particular water course over Physicochemical Parameters: Results given in Table 1
time, or several water courses [3]. In December 2007 a beta and illustrated by Fig. 3 showed that the temperature for
version of the Egyptian Water Quality Index (EWQI), all sampling locations ranged between 16.5-31.9°C with
based on the Canadian Council of Ministers of the mean value 22.8-23.4°C governed by seasonal variations
Environment (CCME) Water Quality Index (WQI) was thus indicating no thermal pollution. The pH values
developed. The CCME WQI model consists of three ranged between 7.20-7.93 in drains, while it ranged
measures of variance (scope, frequency and amplitude). between 7.28-8.20 in Damietta branch showing slight
These three measures of variance combine to produce a decrease downstream which may be attributed to high
value between 0 and 100 represents the overall water organic matter from Omar Bek drain [6]. In all cases pH
quality, thus ranking it into one of the following five values were within permissible limits (7- 8.5). As shown in
categories: excellent (95-100), good (80-94), fair (65-79), Table 1, it was found that EC ranged between 0.59-1.92
marginal (45-64) and poor (0-44) [5]. dS/m in drains and 0.35- 0.69 dS/m in Damietta branch,

Calculated Parameters drains and 221-784 mg/l in Damietta branch indicating
Sodium Adsorption Ratio (SAR): Used to predict higher values than permissible limits (500 mg/l) which may
irrigation  water  sodium  hazard.  SAR  is  defined as in be attributed to inorganic salts dissolved in water
Eq. (2): originating from sewage, urban and agricultural runoff as

well as industrial wastewater [7].
(2) Alkalinity concentrations ranged between 172-415

Where Na , Ca  and Mg  represent meq/l of sodium, (200 mg/l for drains and 150 mg/l for surface water).+ 2+ 2+

calcium and magnesium ions respectively, The higher the Ammonia concentrations fluctuated between 0.5-16.68
SAR, the greater the risk of damaging soil structure. mg/l in  drains  and  0- 1.79 mg/l in Damietta branch which

In which, the concentration of the ions in meq/l.

©

RESULTS AND DISCUSSIONS

Physical and Chemical Characteristics of Water
Samples: Physical and chemical evaluation of water

while TDS concentrations ranged from 380-1226 mg/l in

mg/l in drains and 130-270 mg/l in Damietta branch
indicating  higher  values  than  the  permissible  limits
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Table 1: Minimum, maximum and mean values of physicochemical parameters in different sampling locations

Sampling locations
------------------------------------------------------------------------------------------------------------------------------------------------------------------

El-Mahla
Parameters Samanoud drain El-Kobra drain Gohar drain El-Naseria drain Omar Bek drain Damietta upstream Damietta downstream

Temp. (°C) Min 16.5 16.5 16.5 16.8 16.7 16.9 17.1
Max 31.1 31.2 31.4 31.5 31.5 31.8 31.9
Mean 22.8 22.9 22.9 23.1 23.1 23.3 23.4

pH Min 7.20 7.21 7.23 7.30 7.34 7.72 7.28
Max 7.61 7.91 7.93 7.64 7.68 8.20 7.90
Mean 7.37 7.53 7.56 7.41 7.49 7.96 7.68

Alk. (mg/l) Min 240 188 172 240 200 130 160
Max 300 273 268 415 263 145 270
Mean 278 224 223 308 237 140 192

EC (dS/m) Min 1.07 0.69 0.59 0.91 0.64 0.35 0.48
Max 1.57 1.23 1.23 1.92 1.18 0.42 0.69
Mean 1.27 0.89 0.92 1.33 0.96 0.39 0.67

TDS (mg/l) Min 686 437 380 584 412 221 307
Max 1007 787 787 1226 788 271 784
Mean 816 570 586 852 616 247 430

NH  (mg/l) Min 5.88 2.87 0.50 2.01 5.67 0.00 1.203

Max 16.68 7.17 5.74 10.23 6.28 0.72 1.79
Mean 11.51 4.99 1.88 5.73 5.94 0.50 1.53

BOD (mg/l) Min 19 4 1 40 4 1 3
Max 80 30 25 98 30 4 6
Mean 42 15 12 72 16 3 5

COD (mg/l) Min 46 28 16 63 22 9 15
Max 97 60 52 188 45 28 26
Mean 66 39 29 119 36 19 20

violate the permissible limits (0.5 mg/l). BOD between 32-70 mg/l, 6-10.2 mg/l, 8.2-33.6 mg/l and 21-110
concentrations  ranged  between 1-98 mg/l in drains and mg/l. Those concentrations could originate from
1-6 mg/l in Damietta branch which exceeds the permissible agricultural runoff or as a result of natural distengrations
limits (10 mg/l for drains and 6 mg/l for surface water), [9].
while for COD the concentrations in drains ranged Data in Table 3 showed that Cl , NO , PO  and SO
between 16-188 mg/l and in Damietta branch ranged concentrations ranged between 59- 290 mg/l, 0.2-28 mg/l,
between 9-28 mg/l exceeding the limits (15 mg/l for drains 0.2-6.5 mg/l and 62-165 mg/l, respectively in drains, while
and 10 mg/l for surface water). The high values of in Damietta branch following the same order they ranged
ammonia, BOD and COD may be attributed to significant between 29- 140 mg/l, 0.2- 16 mg/l, 0.2-1.2 mg/l and 28-146
amounts  of  organic  pollutants from domestic diffuse mg/l. The previous results showed possible
sources and fertilizers [8]. eutrophication  conditions  in future as a result of NO

Major Cations and Anions respectively. Such concentrations might stimulate algal
Major cations including calcium (Ca ), potasium (K ), growth and create color, taste and odour problems,2+ +

magnesium (Mg ) and sodium (Na ) concentrations were especially in warm climates [6, 10]. Fig. 3 and 4 showed2+ +

listed in Table 2, while major anions including chloride that the highest concentrations were always observed in
(Cl ), nitrate (NO ), phosphate (PO ) and sulphate (SO ) El-Naseria drain except for calcium, ammonia and nitrate- - 3- 2-

3 4 4

concentrations  were listed in Table 3. Table 2 showed where the highest values were observed in Samanoud
that Ca , K , Mg  and Na  concentrations ranged drain which may be attributed to high fertilizers2+ + 2+ +

between  42-80.3 mg/l,   6-44.1 mg/l,   13.2-38.5 mg/l  and contamination from agricultural drainage discharge in it.
50-260 mg/l respectively in drains, while in Damietta It is clear that El-Naseria drain is the main source of
branch   following   the   same  order  they  ranged pollution to Omar Bek drain.

- - 3- 2-
3 4 4

3
-

and PO concentrations above 0.2 mg/l and 1mg/l4
3-
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Fig. 3: Physicochemical parameters' concentrations in different sampling locations

Fig. 4: Major ions' concentrations in different sampling locations
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Table 2: Minimum, maximum and mean values of major cations in different sampling locations

Sampling locations
-----------------------------------------------------------------------------------------------------------------------------------------------------------------

El-Mahla
Parameters Samanoud drain El-Kobra drain Gohar drain El-Naseria drain Omar Bek drain Damietta upstream Damietta downstream

Calcium Min 62.1 47.9 42.0 50.6 49.0 32.0 38.2
Max 80.3 80.0 79.0 72.2 65.4 36.0 70.0
Mean 71.9 59.9 57.9 66.1 56.1 33.9 47.9

Potassium Min 11.0 6.0 6.9 10.1 7.4 6.0 7.0
Max 18.0 12.1 10.1 44.1 12.1 7.0 10.2
Mean 14.1 9.2 8.4 22.3 10.8 6.6 7.9

Magnesium Min 20.0 13.2 17.5 16.6 13.2 8.2 9.7
Max 28.3 27.7 29.6 38.5 34.0 13.0 33.6
Mean 24.1 19.9 21.4 27.6 22.1 10.9 17.4

Sodium Min 130.0 70.0 50.0 130.0 65.0 21.0 40.0
Max 220.0 135.0 140.0 260.0 120.0 34.0 110.0
Mean 158.0 95.0 101.0 169.0 104.0 28.0 58.0

Table 3: Minimum, maximum and mean values of major anions in different sampling locations

Sampling Locations
------------------------------------------------------------------------------------------------------------------------------------------------------------------

El-Mahla
Parameters Samanoud drain El-Kobra drain Gohar drain El-Naseria drain Omar Bek drain Damietta upstream Damietta downstream

Chloride Min 156.00 74.00 59.00 140.00 68.50 29.00 46.00
Max 280.00 155.00 160.00 290.00 162.00 43.10 140.00
Mean 189.50 106.80 112.80 188.30 122.40 36.00 76.30

Nitrate Min 0.20 2.50 1.60 0.20 0.20 0.93 0.20
Max 28.00 26.60 22.00 26.20 18.90 2.10 16.00
Mean 12.10 9.74 10.56 10.40 6.28 1.29 4.38

Phosphate Min 1.20 0.20 0.20 1.58 0.49 0.20 0.20
Max 4.50 1.38 1.56 6.50 2.60 0.20 1.20
Mean 2.38 0.65 0.58 4.07 1.41 0.20 0.47

Sulphate Min 109.00 81.80 71.20 94.20 62.00 28.00 42.00
Max 135.00 132.00 143.00 165.00 145.00 32.00 146.00
Mean 126.50 98.00 105.10 133.80 98.50 30.30 68.70

In Damietta branch, all the above mentioned Bacteriological  Characteristics  of  Water  Samples:
parameters were in general within permissible limits The primary goal of water quality management from a
upstream Omar Bek drain and increased downstream, most health perspective is to ensure that consumers are not
probably as a result of the drain discharge on Damietta exposed to levels of pathogens that are likely to cause
branch in this area. disease. Among existing and widely used methods, the

Trace Metals: In this study, total concentrations of coliforms, fecal coliforms and fecal streptococci. Their
fifteen trace metals (aluminum, arsenic, barium, cadmium, presence can be taken as a signal to potential danger of
cobalt, copper, nickel, lead, iron, zinc, manganese, health risks [11]. Bacteriological evaluation of water
chromium, vanadium, selenium and tin) were analyzed samples  collected  from  Omar  Bek  and associated drains
where  only  seven  metals  where  listed  in  Table 4 as the as well as Damietta branch were recorded in CFU/100ml
rest where  less  than  the  instrument detection limit and presented in Table 5. All results were compared to the
(0.001 mg/l for arsenic, cadmium, nickel, lead and international   standard   limits   recommended by
selenium; 0.005 mg/l for barium, cobalt and tin). It was Tebbutt [12]. For better data illustration, the bacterial
shown that all the trace metals measured where below the counts  were  converted   to  log   values  and  expressed
permissible limits. as   log   CFU  100 ml    and    illustrated    by     Fig.  5.

detection and enumeration of indicator bacteria, total

10

10
1
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Table 4: Minimum, maximum and mean values of trace metals in different sampling locations
Sampling locations
----------------------------------------------------------------------------------------------------------------------------------------------------------------

El-Mahla
Parameters Samanoud drain El-Kobra drain Gohar drain El-Naseria drain Omar Bek drain Damietta upstream Damietta downstream
Aluminum Min 0.010 0.027 0.039 0.095 0.080 0.043 0.009

Max 0.074 0.060 0.060 0.160 0.234 0.070 0.183
Mean 0.042 0.044 0.050 0.128 0.157 0.057 0.121

Chromium Min 0.003 0.002 0.010 0.004 0.002 0.002 0.002
Max 0.010 0.020 0.010 0.030 0.010 0.020 0.010
Mean 0.007 0.011 0.010 0.017 0.005 0.008 0.005

Iron Min 0.170 0.040 0.157 0.018 0.040 0.214 0.100
Max 0.170 0.157 0.157 0.296 0.406 0.220 0.226
Mean 0.170 0.099 0.157 0.138 0.223 0.217 0.163

Manganese Min 0.005 0.019 0.006 0.091 0.018 0.030 0.006
Max 0.005 0.090 0.020 0.204 0.060 0.140 0.040
Mean 0.005 0.055 0.013 0.145 0.037 0.085 0.017

Vanadium Min 0.004 0.004 0.003 0.002 0.004 0.003 0.003
Max 0.028 0.048 0.032 0.049 0.052 0.048 0.055
Mean 0.014 0.019 0.016 0.020 0.022 0.021 0.022

Zinc Min 0.013 0.011 0.026 0.017 0.050 0.019 0.022
Max 0.013 0.011 0.026 0.017 0.050 0.019 0.022
Mean 0.013 0.011 0.026 0.017 0.050 0.019 0.022

Copper Min 0.013 0.010 0.010 0.005 0.010 0.023 0.010
Max 0.036 0.034 0.017 0.038 0.040 0.060 0.025
Mean 0.025 0.020 0.014 0.025 0.026 0.039 0.017

Table 5: Minimum, maximum and mean values of bacterial indicators in different sampling locations
Sampling Locations
---------------------------------------------------------------------------------------------------------------------------------
Samanoud El-Mahla Gohar El-Naseria Omar Damietta Damietta

Parameter drain El-Kobra drain drain drain Bek drain upstream downstream
Total coliforms (CFU/100ml) Min 4300000 500000 1500 9000000 800000 7000 350000

Max 8000000 2800000 11000 97500000 3050000 40000 850000
Mean 6125000 1407500 6425 38025000 1850000 25000 627500

Fecal coliforms (CFU/100ml) Min 300000 100000 200 2500000 110000 1000 70000
Max 1100000 800000 8000 43800000 1300000 5000 230000
Mean 775000 310000 3950 13550000 502500 3000 148750

Fecal streptococci (CFU/100ml) Min 560 150 45 1100 340 28 130
Max 6500 2000 600 80000 15000 400 1000
Mean 2340 893 209 21275 4285 148 483

Data presented in Table 5 declared obvious bacterial 2000  CFU/100ml.  On the other hand, quantification of
contamination  in    most    of    sampling   locations. fecal streptococci in drains ranged between 45-80 x 10
Among the three primary bacterial indicators, total CFU/100  ml,  while  in Damietta  branch  the  range  was
coliforms  represented  the highest count, followed by 28-1000 CFU /100ml. Unlike  Damietta  branch,  most of
fecal  coliforms  and  fecal  streptococci.  In  drains, studied drains  violate   the   recommended  limits of
bacterial  count  of  total  coliforms  ranged  between fecal streptococci (1000  CFU/100ml). Bacterial
15x10 - 975x10  CFU/100ml, while in Damietta branch it contamination  recorded  in  this  study  could be2 5

ranged between 70x10 - 85x10  CFU/100 ml. Sites attributed mostly to domestic sewage pollution as well as2 4

recording counts higher than 5000 CFU/100 ml violate the agricultural runoff [3, 13]. As illustrated by Fig. 5, it was
permissible limits of international standard. Concerning evident that El-Naseria drain was the major contributor to
fecal  coliforms,  the  counts  fluctuated  between a the observed peak in CFUs recorded in Omar Bek drain
minimum  of  200  and  a  maximum  of 438x10   CFU/100ml owing to its sewage nature. This was followed by5

in  drains,  while  in  Damietta  branch  it  ranged  between Samanoud (mixed agricultural and sewage), El-Mahla El-
1000 - 23x10  CFU/100ml. The international standard Kobra (mixed agricultural and industrial) and Gohar drain4

recommended  a  maximum   fecal   coliforms  count  of (agricultural).

3
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Fig. 5: Density of bacterial indicators in different sampling locations

In Damietta branch, the survey of indicator bacteria depart from natural or desirable levels) with WQI = 49.
(except fecal streptococci) revealed that the branch in this The above mentioned results indicate that the WQI
area is subjected to fecal pollution whose density analysis is consistent with the monitoring results of single
increased going downstream Omar Bek drain. parameters carried in this study. Results concerning Omar

Bacteriological data obtained throughout twelve Bek drain were in harmony with those previously
months survey revealed the role played by seasonal concluded by Brown et al. [2] and Zaghloul and Elwan [3]
variations in pollution level. The highest counts were who classified its water quality as being very poor.
detected during warm seasons (summer and spring), while
the lowest numbers were recorded in cold seasons (winter Irrigation Water Criteria Affecting Crop Production and
and autumn). This shows that the mean surface water Soil Quality: Important irrigation water quality parameters
temperature during warm periods is ideal for the include a number of specific properties of water relevant
prolonged survival of coliform bacteria as it encourages in relation to the yield and quality of crops, maintenance
the organisms to multiply and increase rapidly [14, 15]. of soil productivity and protection of the environment

Water Quality Index: The analysis results showed that as an agricultural drain, it was important to evaluate its
Omar Bek drain water quality was classified as poor suitability for irrigation. In addition, Damietta branch
drainage water (i.e. water quality is almost always upstream and downstream the drain was evaluated for the
threatened or impaired; conditions usually depart from same purpose.
natural or desirable levels) with WQI = 37, Damietta
branch upstream the drain was classified as good surface Salinity Hazard: Salts in soil or water reduce water
water (i.e. water quality is protected with only a minor availability to the crop to such an extent that yield is
degree of threat or impairment; conditions rarely depart affected.
from natural or desirable levels) with WQI = 90, while the The EC values ranged from 0.64-1.18, 0.35-0.42 and
water quality in Damietta branch downstream the drain 0.48-0.69 dS/m for Omar Bek drain, Damietta branch
was classified as marginal surface water (i.e. water quality upstream  and downstream respectively as shown in
is frequently threatened or impaired; conditions often Table  1. By  comparing  the  results  in  Table 1 with FAO

[16]. Since Omar Bek drain has been constructed to serve

w
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Table 6: Guidelines for interpretations of water quality for irrigation [17]
Degree of restriction on use
----------------------------------------------------------------------------------------------

Potential Irrigation Properties Units None Slight to moderate Severe
Salinity ECw dS/m <0.7 0.7-3.0 >3.0

TDS mg/l <450 450-2000 >2000
Infiltration
SAR 0-3 and ECw > 0.7 0.7-0.2 <0.2

3-6 > 1.2 1.2-0.3 <0.3
6-12 > 1.9 1.9-0.5 <0.5
12-20 > 2.9 2.9-1.3 <1.3
20-40 > 5.0 5.0-2.9 <2.9

Specific ion toxicity Sodium SAR <3.0 3.0-9.0 >9.0
Chloride meq/l <4.0 4.0-10.0 >10.0

Miscellaneous effects Nitrogen mg/l <5.0 5.0-30 >30
pH Normal range 6.5 - 8.4

Table 7: SAR, RSC and SSP calculated values
Parameters
-------------------------------------------------------------------------------------------------------------------------------------------------
SAR RSC (meq/l) SSP (%)
-------------------------------------- --------------------------------------- ------------------------------------

Sampling Locations Min Max Mean Min Max Mean Min Max Mean
Omar Bek Drain 2.13 3.50 3.14 -0.25 -1.75 -0.73 48.3 51.8 53.9
Damietta Branch Upstream 0.86 1.24 1.05 -0.14 -0.49 -0.30 31.3 37.8 35.2
Damietta Branch Downstream 1.50 2.70 1.83 -0.08 -1.83 -0.68 42.1 49.2 44.2

guidelines in Table 6, it was found that no restriction on irrigation purposes, between 1.25 and 2.5 meq/l is marginal
the use of Damietta branch water (upstream and while less than 1.25 meq/l is safe. When RSC is positive,
downstream) for irrigation (<0.7 dS/m) while there is slight Calcium is lost from the soil solution, this loss increases
to moderate restriction (0.7-3.0 dS/m) on the use of Omar SAR, thereby increasing sodium hazard [16]. In the
Bek drain. TDS values ranged between 412-788, 221-271 present study, RSC values calculated for Omar Bek drain
and 307-784 dS/m for Omar Bek drain, Damietta branch and along Damietta branch were less than 1.25 meq/l
upstream  and downstream respectively as shown in which means it is safe for irrigation with respect to RSC
Table 1. By comparing the results in Table 1 with FAO values. On the other hand, water with SSP greater than
guidelines in Table 6; no restriction (< 450 mg/l) was 60% may result in sodium accumulations that will cause a
found on the use of Damietta branch water for irrigation breakdown in the soil's physical properties [18]. SSP
(upstream and downstream) while for Omar Bek drain percentages calculated were less than 60% for Omar Bek
there is slight to moderate restriction (450 - 2000 mg/l). drain and Damietta branch which indicates that it can be

Water Infiltration Problem: Relatively high sodium or shown in Table 7.
low calcium content of soil or water reduces the rate at
which irrigation water enters soil to such an extent that Specific Ion Toxicity: Sodium, chloride as well as trace
sufficient water cannot be infiltrated to supply the crop metals from soil or water accumulate in a sensitive crop to
adequately  from  one  irrigation to the next. In the present concentrations high enough to cause crop damage and
investigation, water infiltration rate was evaluated using reduce yields. Values from Table 3 showed that chloride
EC and SAR together as well as RSC values and SSP %. concentrations ranged from 1.93-4.56 meq/l for Omar Bekw

Based on EC  shown in Table 1 and SAR values as shown drain, 0.82-1.21 meq/l for Damietta branch upstream whilew

in Table 7 and comparing them to the FAO guidelines in it increased 1.30-3.86 meq/l downstream. By comparing
Table 6, it was found that there was slight to moderate those values with FAO guidelines in Table 6, it was found
restriction for irrigation using water from Omar Bek drain that there is slight to moderate restriction for the use of
and Damietta branch upstream and downstream the drain. Omar Bek drain for irrigation while no restriction along
Meanwhile, RSC higher than 2.5 is not suitable for Damietta  branch.  For trace metals, all measured elements'

safe for irrigation with respect to SSP percentage as
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Table 8: Recommended microbiological quality guidelines for wastewater reuse in agriculture [20]

Reuse Conditions Exposed Group Fecal Coliforms (geometric mean no. per 100 ml)

Irrigation of crops likely to be eaten uncooked, sports fields, public parks Workers, consumers, public  1,000
Irrigation of cereal crops, industrial crops, fodder crops, pasture and trees Workers No standard recommended

concentrations were below the FAO recommended CONCLUSION
maximum  concentrations (5 mg/l for aluminum and iron,
0.1 mg/l for chromium and vanadium, 0.2 mg/l for copper
and manganese and 20 mg/l for zinc).

Miscellaneous  Effects:  Excessive   nutrients  reduce
yield or quality; unsightly deposits on fruit or foliage
reduce marketability;   excessive   corrosion of
equipment increases maintenance  and repairs. The pH
values ranged from 7.28-8.2 for Omar Bek drain and
Damietta branch which is within the normal values for
irrigation water (6.5-8.4) as mentioned in Table 6. For
nitrogen,  by  comparing  ammonia  and  nitrate values
with  FAO  guidelines,  it  was  found   that   there is
slight to moderate restriction in irrigation for Omar Bek
drain, while no restriction in Damietta branch upstream the
drain that change into slight to moderate going
downstream.

Microbial Contaminates: For both workers in agriculture
and consumers of crops, microbiological contaminated
water constitutes a possible health risk. Irrigation of
vegetables and fruits with raw wastewater can serve as a
major pathway for bacteria, viruses and protozoa [19]. For
this reason, WHO has developed guidelines for maximum
allowable number of bacteria in water used for irrigation as
presented in Table 8.

As previously shown in Table 5, fecal coliform levels
in Omar Bek drain fluctuated around a minimum of 11x104

CFU/100 ml and a maximum of 130x10  CFU/100 ml, while4

for Damietta branch the counts ranged between a
minimum of 1000 CFU/100 ml upstream and a maximum of
230x10 CFU/100 ml downstream Omar Bek drain.3

Comparing  these  results to those given by WHO in
Table 8, it was clear that the water from Omar Bek drain as
well as Damietta branch in area of study is suitable for
irrigation of cereal, industrial as well as fodder crops and
trees. However, health associated risk could be expected
on using for irrigation of crops that are eaten raw or
uncooked. Restrictions and precautions should be taken
seriously, these might include discontinue irrigation two
weeks before crop harvesting to allow a sufficient
inactivation of potential pathogens and parasites.
Moreover, spray or sprinkler irrigation should be avoided
[21].

The present investigation concluded that Omar Bek
drain water quality is classified as poor drainage water,
while Damietta branch upstream the drain as good surface
water  and its downstream as marginal surface water.
There is a slight to moderate restriction on reusing water
from Omar Bek drain for irrigation of susceptible crops,
while no serious restrictions were concluded regarding
water from Damietta branch, owing to dilution concept.
However, the high levels of fecal coliform bacteria
expected associated health hazards, mainly for irrigation
of crops eaten raw or uncooked. The overall situation
regarding Damietta branch water quality in area of study
is not seriously dramatic but definitely alarming.

Proposed Scenarios for Problem Management:

Enhancement of domestic wastewater treatment
projects.
Directing treated wastewater to locations distant from
direct disposal in Damietta branch to serve
agricultural projects intended for cereal and industrial
crops production.
Providing farmers with in-situ advisory services
regarding irrigation methods, types of suitable crops,
time of harvesting as well as economical benefits and
marketing skills.
Regulatory compliance enforcement as a principle
tool for water quality protection and improvement.
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