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ABSTRACT: A Total of 36 water samples were collected from 3 irrigation and drainage canals in 
Fayoum Governorate, Egypt, to identify the quality for irrigation.  Site 1; Bahr Wahby Canal, Site 2; 
Batss drain and Site 3; El Gharaq drain. Measurements included pH, EC soluble ions, and heavy 
metals during 12 months (one sample each month for each site) from April 2016 to March 2017. The 
pH varied from 7.00 to 9.32, while EC average for sites 1, 2, and 3 were 2.13, 2.20, and 3.85 dSm-1, 
respectively. Sodium adsorption ratio (SAR) values were 4.88, 4.98 and 7.53 for sites 1, 2, and 3, 
respectively. Water quality for site 1and 2 was C3S2 (high salinity and medium sodicity hazards), 
while for site 3 they were C4S2 (very high salinity and medium sodicity hazards) and could be used for 
crops which are tolerant to salinity. All heavy elements at the three sites were below the permissible 
limits. Water measurements and assessment are important in determining their quality. 

Key words: Water quality, salinity, drains, agriculture. 

INTRODUCTION 

Egypt is located in a dry climate zone where 
rainfall is scarce and the desert covers most of 
the land. In addition to its fixed annual Nile 
water quota of 55.5 billion m3 (BCM), a deep 
groundwater reservoir, which is not renewable, 
may be used at a rate of 2.7 billion m3 (BCM) 
over a period of 100 years (Allam and Allam, 
2007). The water shortage is a main constraint 
and a major limiting factor facing the country. 

In water scarce countries depending on external 
water supply, such as Egypt, water distribution 
to different users is of paramount importance. 
For its water resources, Egypt is depending 
mainly on the supply of fresh water through the 
Rive Nile which originate in middle Africa. In 
addition to the Nile water, groundwater from the 
Nubian aquifer and rainfall along the Northern 
Egyptian coast represent additional sources. The 
expanding population of Egypt creates an Ever-
growing pressure on the government to provide 
water for new land reclamation. Public water 

supply and industrial water requirements are 
increasing at the expense of agricultural water 
use. 

All such developments resulted adopting a 
strategy to reuse drainage water for irrigation 
which complicates management and planning of 
water distribution, but certainly is a fast and 
cheap way to improve the overall efficiency of 
water use in the Nile Delta. 

The strong need for more effective development 
and management of the limited resources of 
water, to meet the population growth represent a 
major challenge facing Egypt. Fresh water 
resources have faced a crisis worldwide for the 
last decades (MWRI, 2013). This is revealed in 
numerous challenges including increasing 
scarcity of fresh water, lack of accessibility to 
adequate clean drinking water, deterioration of 
water quality, and inadequate financial resources 
allocation. 

Agricultural is the largest water consumer 
sector in Egypt as it uses about 80% of total 
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water. The cultivated area increased from 2.44 
million ha in 1980 to 3.61 million ha (8.6 
million faddans) in 2010 despite losses of 
substantial areas of agricultural lands as a result 
of urban expansion (MWRI, 2013). As a result 
of the increase in cultivated area, water use for 
agriculture increased from 30 BCM per annum in 
1950 to 67 BCM in 2010. In old lands in the 
Nile Valley and the Delta (6 million faddans) 
the surface irrigation system prevails with its low 
conveyance efficiency. 

Fayoum is one of the governorates of Egypt 
in the middle of the country, (Fig. 1). Its capital 
is the city of Fayoum. It has an area of 6,068.70 
km2 and a population of 3,170,150  according to 
the census of 2015, (CAPMAS, 2016), with six 
districts (Fayoum, Sonors, Ebshwy, Etsa, Tamia, 
and Yusuf El-Sedeek), (EEAA, 2008). 

Fayoum has particular geographic and 
topographic features as the environment is a mix 
of agricultural, desert and coastal nature. 

The surface water in Fayoum from Ibrahimiya 
canal which branches from the Nile River at 
Assuit. At Dairut regulators, 284 km upstream 
of Lahun regulator at Fayoum, flow is diverted 
from Ibrahimiya canal to Bahr Yusuf.  Fayoum 
is at the tail of Bahr Yusuf. The upstream 
Governorates of Minia and Beni Suef are 
supplied with water first, and then comes 
Fayoum. 

The lag time of water from Ibrahimiya 
regulator at Assuit to Lahun regulator is five 
days. The average water quota of the Fayoum is 
3.05 (BCM)y-1 annually. The geomorphologic 
formations of the Fayoum basin contain no 
groundwater aquifers except amount of 0.40 
BCM.year from shallow aquifer.   

Fig. 2 shows the distribution of irrigation 
network in Fayoum. Fig. 3 shows the network of 
drains in Fayoum Governorate (MWRI, 2013). 

MATERIALS AND METHODS 

Water Sampling 

A Total of 36 water samples were collected 
from 3 sources of irrigation and drainage canals 
in Fayoum Governorate, Egypt. Source 1; Bahr 
Wahby Canal, Source 2; Batss drain and Source 

3; El Gharaq drain. Measurements included pH, 
electrical conductivity (EC), soluble ions and 
heavy metals were carried during 12 months 
(One sample each month for each site) from 
April 2016 to March 2017. Water samples were 
taken monthly from April 2016 to March 2017. 
Fig. 4 show the study area and sampling 
sources. Longitude and latitude of 3 sources are 
presented in Table 1. 

Samples were collected at a depth about below 
in surface 60 cm to ensure that the sampled 
water was represented. The water samples were 
collected in polyethylene bottles. Samples for 
heavy metal analysis were collected in acid-
washed polyethylene bottles and preserved by 
Toluene (Methylbenzen- C6H5CH3) (pH < 2) at 
the site. Samples were immediately filtered and 
subjected to chemical analyses. Each of pH and 
EC were measured in site using precision pH meter 
(PHS 2C) T-Bota Scietech, Nanjong, China) and 
EC meter (DDSJ 308A) Biocotek, Nanjbo, 
China) at 25○C then kept under refrigerated 
conditions (Cooling boxes). Samples were 
delivered within 48 hr., to the laboratory and 
stored in dark at 4○C until they were analyzed. 

Water Analyses 

Water samples were analysed for pH, EC, 
sodium (Na+), sulphate (SO4

2-), ammonium (NH4
+), 

potassium (K+), chloride (Cl-), bicarbonate 
(HCO3

-), nitrate (NO3
-), calcium (Ca2+), 

manganesium (Mg2+) and heavy metals [cobalt 
(Co), iron (Fe), lead (Pb), cadmium (Cd), copper 
(Cu), zinc (Zn), manganese (Mn), and Nickel 
(Ni)]. All samples were analysed following 
methods cited in USDA (1954). Sulphate was 
calculated by difference. Boron was determined 
by the curcumin method (Jackson, 1958). 
Heavy metals were measured using Atomic 
Absorption Spectrophotometer (Perkin-Elmer, 
Model 290B, Norwalk, CT, Perkin Elmer 3300). 

Quality Indices 

Using the above chemical analyses, the 
following quality indices were determined: 

Salinity was measured in terms of electric 
conductivity (EC) measured as dSm-1. Soluble 
Sodium percentage (SSP) was calculated as: 

Na
SSP= ×100

Cations∑
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Fig. 1. Administrative division for Fayoum Governorate, (Source: Fayoum Irrigation Dept.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Irrigation network of Fayoum Governorate, (Source: Fayoum Irrigation Dept.) 
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Fig. 3. Schematic Diagram for Drains Network in Fayoum Governorate, (Source: Fayoum 
Irrigation Dept.) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Locations of Drainage Water Sampling Taken form Batss, El Gharaq Drain and Bahr 
Wahby Canal 
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Table 1. The location of drain and canal water samples 

Sample No. X Y Description 

1 

2 

3 

3259278 

3262297 

3226794 

313925 

302908 

272281 

Bahr Wahby canal 

Batss drain 

El Gharq drain 

 

 

Where: 

Ions are expressed as mmolcL
-1 (1) 

Sodium adsorption ratio (SAR) was calculated 
as: 

+

++ ++

Na
SAR=

Ca +Mg /2
 

Where: 

Ions are expressed as mmolcL
-1  (2) 

Adjusted Sodium Adsorption Ratio (adj. 
SAR) calculated according to the following 
equation (Ayers and Westcot, 1976): 

Adj.SAR = SAR [ 1 + (8.4 – pHc)]  (3) 

pHc=(PK/
2-PK/

c) + p(Ca2++ Mg2+) + p(Alk)  (4) 

Adjusted sodium hazard (adj.R Na) was as 
follows: 

+
R

2+ 2+
×

Na
Adj. Na=

Ca +Mg /2
 (Suarez, 1981) (5) 

Where: 

Cax value modified according to salinity 
water, its HCO3/Ca ratio and the estimated 
partial pressure of CO2 (PCO2 = 0.0007) 
atmospheres, and Mg in water. The Cax, value 
represents Ca expected to remain in a solution of 
soil water at equilibrium. The obtained adj.R Na 
is used in place of the SAR to evaluate Na 
hazard which can cause infiltration problems if 
water is used for irrigation. 

Estimated exchangeable sodium percent 
(ESP) expected in soil irrigated with water was 
calculated as follows (USDA, 1954), using the 
SAR of irrigation water. 

  (6) 

The permeability index (PI) was calculated 
as follows (Doneen, 1964): 

+ -
3

+ 2 2+

Na + HCO ×100
PI=

Na +Ca +Mg
 (7) 

RESULTS AND DISCUSSION 

As for the results of water chemistry and its 
suitability for irrigation, water quality were 
evaluated on basis of salinity, sodicity, residual 
sodium carbonate, boron, heavy metal and 
nitrogen contents. Tables 2, 3, 4, 5, 6 and 7 
show the chemical analysis of water samples of 
the studied sites in Fayoum Governorate that 
measured monthly from April 2016 to March 
2017.   

pH 

Water were slightly alkaline with pH ranging 
between 7.00 to 9.32 (Tables 2, 3 and 4). pH of 
Locations 1, 2 and 3 were 7.87, 7.96 and 7.79, 
respectively. Waters of locations 1,2 and 3 had 
slightly high pH. In general, such values are 
within the normal range of the FAO guidelines 
for water quality (Ayers and Westcot, 1976). 
Quality based on concepts introduced by US 
salinity Laboratories such as pH and adjusted 
sodium adsorption ration (SAR), Gupta (1979a) 
suggested five classes based on salinity and 
sodicity hazard as well as boron. FAO (2002) 
reported that pH of some wastewaters in Egypt 
did not vary widely from that of the Nile water, 
and ranged from 7.29 to 7.40. El-Sherbieny et 
al. (1998) showed that 50% of the agricultural 
drainage waters had pH of 7.6 to 8.4. 
(Shaban, 1998) stated that the pH of irrigation 
water in Egypt varied between 8.22
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Table 2. Mean values of dominant elements, some calculated indices, and classification for water samples collected from Bahr Wahby canal 
from April 2016 to March 2017 
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Apr.2016 7.98 1.86 4.55 2.50 11.09 0.64 0.00 5.28 7.90 5.61 59.03 5.90 -1.78 0.72 73.77 7.52 12.58 7.38 5.20 1.22 17.19 C2S0 C3S2 Acceptable 

May 8.42 1.72 4.92 3.26 8.18 0.56 0.66 4.58 6.86 4.82 48.32 4.04 -2.94 -0.34 63.06 4.75 8.84 4.90 3.69 1.10 3.51 C2S0 C3S1 Appropriate 

Jun 7.91 1.80 5.97 3.09 8.26 0.56 0.00 3.43 8.10 6.36 46.21 3.88 -5.63 -2.54 58.39 4.51 7.90 4.66 3.38 1.14 2.92 C2S0 C3S1 Appropriate 

July 7.00 1.83 5.90 3.41 8.70 0.26 0.00 5.45 7.33 5.48 47.62 4.03 -3.86 -0.46 61.26 4.73 9.03 5.13 3.58 1.13 5.68 C2S0 C3S1 Appropriate 

Aug. 8.52 1.67 5.23 2.21 8.70 0.46 1.44 3.69 6.29 5.18 52.40 4.51 -2.31 -1.54 65.80 5.45 9.68 5.51 3.80 1.15 -6.21 C2S0 C3S1 Appropriate 

Sep. 7.46 1.63 5.70 0.49 2.68 7.31 0.00 4.80 6.13 5.25 16.57 1.52 -1.39 -0.90 54.93 1.00 3.21 2.21 1.12 1.33 1.46 C2S0 C3S1 Appropriate 

Oct. 8.02 3.18 8.08 4.08 18.92 0.77 0.00 4.43 18.84 8.59 59.40 7.67 -7.74 -3.66 67.63 10.16 16.82 9.71 6.65 1.15 2.49 C3S0 C4S2 Poor 

Nov. 8.03 2.40 7.58 4.18 11.31 0.89 0.00 5.11 10.32 8.52 47.20 4.66 -6.64 -2.46 58.83 5.68 10.59 5.98 4.11 1.15 2.18 C2S0 C4S2 Poor 

Dec. 7.60 2.51 9.43 3.68 11.74 0.51 0.00 5.59 10.83 8.94 46.30 4.59 -7.52 -3.84 56.76 5.56 10.72 6.31 3.82 1.20 2.07 C2S0 C4S2 Poor 

Jan. 2017 8.77 2.83 9.81 3.66 13.05 0.84 0.00 6.47 10.44 10.45 47.68 5.03 -7.00 -3.34 58.79 6.22 12.09 7.12 4.17 1.21 2.03 C2S0 C4S2 Poor 

Feb. 7.66 2.03 6.72 3.06 10.26 1.28 0.00 4.88 9.30 6.92 57.57 5.87 -3.35 -0.68 70.37 7.47 12.40 7.33 5.08 1.15 3.10 C2S0 C3S2 Acceptable 

Mar. 7.04 2.14 6.72 3.06 10.26 1.28 0.00 4.88 9.30 6.92 62.87 6.89 -1.87 0.84 75.16 8.99 15.06 8.76 6.06 1.16 7.32 C2S0 C3S2 Acceptable 

Mean 7.87 2.13 6.46 3.00 10.65 1.15 0.18 4.94 9.57 6.55 49.26 4.88 -4.34 -1.52 63.73 6.00 10.74 6.25 4.22 1.17 2.62  C3S2 Acceptable 

- Water quality class according to USDA (1954); C1, C2, C3, C4 are low, medium, high and very high salinity; S1, S2, S3, S4    are low, medium, high and very high sodicity, 
respectively. 

- SCAR : Sodium, calcium activity ratio = Na/√Ca. in mmolc/L-1 (Gupta, 1984). 

- ICAR: water quality class according to Gupta (1979 a;b); C0, C1, C2, C3, C4 ,C5 are non, normal, low, medium,  high and very high salinity; S0, S1, S2, S3, S4,S5 are non, normal, 
low, medium, high, and very high sodicity, respectively. 

- PI: Permeability Index, ESP: Exchangeable Sodium Percentage, RSC: Residual Sodium Carbonate, RSB: Residual Sodium Bicarbonate, SAR: Sodium: Calcium Activity Ratio. 
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Table 3. Mean values of dominant elements, some calculated indices, and classification for water samples collected from Batss drain from 
April 2016 to March 2017 
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Apr.2016 7.43 2.01 5.48 1.93 12.44 0.77 0.00 5.36 9.48 5.78 60.32 6.46 -2.05 -0.12 74.32 8.35 13.87 8.57 5.31 1.22 17.19 C2S0 C3S2 Acceptable 

May 8.42 2.03 5.32 3.53 10.31 0.66 1.28 4.42 8.18 5.94 51.99 4.90 -3.15 -0.90 64.77 6.03 10.96 5.92 4.47 1.10 3.51 C2S0 C3S2 Acceptable 

Jun 9.32 2.18 6.70 3.55 10.87 0.66 0.00 4.85 9.76 7.17 49.91 4.80 -5.40 -1.85 61.91 5.88 10.61 6.10 4.20 1.14 2.92 C2S0 C3S2 Acceptable 

July 7.00 2.16 5.32 2.96 13.05 0.26 0.00 4.69 11.57 5.33 60.45 6.41 -3.59 -0.63 71.33 8.28 13.60 7.93 5.66 1.13 5.68 C2S0 C3S2 Acceptable 

Aug. 7.98 1.78 6.01 3.14 7.83 0.77 0.00 6.44 5.59 5.72 44.12 3.66 -2.71 0.44 61.06 4.18 8.46 4.83 3.19 1.15 -6.21 C2S0 C3S1 Appropriate 

Sep. 7.96 2.09 5.28 0.69 2.40 12.39 0.00 3.79 11.93 5.04 11.55 1.39 -2.18 -1.49 51.92 0.80 2.78 1.81 1.04 1.33 1.46 C2S0 C3S1 Appropriate 

Oct. 8.06 1.96 6.49 3.36 9.13 0.54 0.00 4.23 8.81 6.49 46.78 4.12 -5.62 -2.26 58.94 4.86 8.83 5.13 3.59 1.15 2.49 C2S0 C3S1 Appropriate 

Nov. 7.82 2.36 6.99 3.63 12.18 0.84 0.00 3.92 11.26 8.47 51.50 5.28 -6.71 -3.08 62.08 6.60 11.21 6.52 4.61 1.15 2.18 C2S0 C4S2 Poor 

Dec. 7.71 2.63 9.33 3.64 13.92 0.49 0.00 5.92 10.41 11.05 50.84 5.47 -7.05 -3.41 60.81 6.87 12.85 7.57 4.56 1.20 2.07 C2S0 C4S2 Poor 

Jan. 2017 8.91 2.85 9.81 3.61 16.09 0.72 0.00 6.31 13.03 10.88 53.24 6.21 -7.11 -3.50 63.05 7.98 14.80 8.78 5.14 1.21 2.03 C2S0 C4S2 Poor 

Feb. 7.67 2.16 6.67 3.00 10.82 1.81 0.00 4.99 10.00 7.19 53.48 5.24 -4.72 -1.52 65.20 6.53 11.29 6.56 4.57 1.17 2.79 C2S0 C3S2 Acceptable 

Mar. 7.23 2.22 6.18 2.83 9.69 1.74 0.00 4.51 9.14 6.66 58.26 5.82 -3.10 -0.42 70.37 7.40 12.52 7.38 5.03 1.17 2.69 C2S0 C3S2 Acceptable 

Mean 7.96 2.20 6.53 2.99 10.94 1.57 0.11 4.96 10.07 6.36 49.37 4.98 -4.45 -1.56 63.81 6.15 10.98 6.42 4.28 1.17 3.64  C3S2 Acceptable 

- See footnote of Table 2. 
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Table 4. Mean values of dominant elements, some calculated indices, and classification for water samples collected from El Gharq drain 
from April 2016 to March 2017 
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Apr.2016 7.56 3.30 8.71 5.43 18.70 0.92 0.00 5.83 17.77 10.16 55.39 7.03 -8.31 -2.88 64.30 9.20 16.58 9.07 6.34 1.11 2.89 C3S0 C4S2 Poor 

May 7.45 4.58 10.07 6.44 28.49 0.77 0.00 7.29 27.65 10.82 62.25 9.91 -9.22 -2.78 69.31 13.50 24.56 13.10 8.97 1.10 3.31 C3S0 C4S3 Very poor 

Jun 7.25 4.60 12.64 6.04 26.53 0.79 0.00 6.85 25.39 13.75 57.68 8.68 -11.82 -5.78 64.48 11.66 21.63 12.05 7.46 1.16 2.04 C3S0 C4S3 Very poor 

July 7.00 5.37 12.29 8.01 32.62 0.72 0.00 8.49 31.74 13.41 60.82 10.24 -11.81 -3.80 67.15 13.98 26.59 13.80 9.31 1.10 3.11 C4S0 C4S3 Very poor 

Aug. 7.95 2.02 5.37 2.86 11.31 0.61 0.00 3.54 10.70 5.90 56.12 5.58 -4.69 -1.83 67.52 7.03 11.18 6.63 4.88 1.14 2.56 C2S0 C3S2 Acceptable 

Sep. 8.34 3.29 7.72 0.84 4.50 19.83 1.18 4.40 18.84 8.48 13.67 2.17 -2.99 -3.32 50.48 1.96 4.89 3.08 1.62 1.34 0.90 C3S0 C4S1 Poor 

Oct. 8.00 3.37 9.43 4.66 18.61 0.97 0.00 5.11 18.60 9.96 55.28 7.01 -8.97 -4.32 63.84 9.18 16.13 9.19 6.06 1.16 2.08 C3S0 C4S2 Poor 

Nov. 8.12 3.23 9.45 4.83 16.96 1.02 0.00 6.06 15.23 10.97 52.57 6.35 -8.21 -3.39 62.18 8.18 15.12 8.49 5.52 1.15 2.43 C3S0 C4S2 Poor 

Dec. 8.03 3.57 12.81 2.00 18.27 0.66 0.00 6.39 17.49 9.85 54.14 6.71 -8.41 -6.41 62.88 8.73 16.19 10.75 5.10 1.32 1.31 C3S0 C4S2 Poor 

Jan. 2017 8.63 4.05 10.93 2.67 26.40 0.97 0.00 7.11 22.57 11.29 64.43 10.12 -6.49 -3.82 72.66 13.81 24.41 15.40 7.98 1.27 1.70 C3S0 C4S3 Very poor 

Feb. 7.72 3.08 9.94 4.38 20.24 2.73 0.00 6.11 20.60 10.46 66.86 9.38 -4.89 -1.84 75.46 12.70 19.97 11.83 8.05 1.18 2.14 C3S0 C4S3 Very poor 

Mar. 7.37 2.47 9.15 3.88 18.54 2.64 0.00 5.58 18.98 9.54 61.93 7.17 -2.55 0.26 73.28 9.40 16.32 9.59 6.10 1.18 2.09 C3S0 C4S2 Poor 

Mean 7.79 3.58 9.34 4.14 19.84 2.35 0.10 6.01 19.89 9.42 55.09 7.53 -7.36 -3.33 66.13 9.95 17.80 10.25 6.45 1.18 1.27  C4S2 Poor 

- See footnote of Table 2. 
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Table 5. Contents of trace elements and heavy metals in water of Bahr Wahby canal 

mg L-1 Month 

Cd Cu F Mn Zn Pb Ni B 

Apr. 2016 0.00 0.00 0.00 0.01 0.00 0.21 0.00 0.00 

May 0.00 0.01 0.08 0.00 0.00 0.00 0.00 0.00 

Jun 0.02 0.15 0.71 0.15 0.00 0.04 0.03 0.00 

Jul 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 

Aug. 0.00 0.03 0.23 0.01 0.00 0.00 0.00 0.00 

Sep. 0.00 0.05 0.11 0.03 0.00 0.01 0.00 0.00 

Oct. 0.00 0.03 0.11 0.00 0.00 0.01 0.00 0.00 

Nov. 0.00 0.04 0.01 0.00 0.02 0.01 0.00 0.21 

Dec. 0.00 0.08 0.49 0.07 0.01 0.01 0.00 0.22 

Jan. 2017 0.00 0.01 1.41 0.11 0.02 0.00 0.02 0.00 

Feb. 0.00 0.04 0.31 0.14 0.01 0.03 0.01 0.04 

Mar. 0.00 0.04 0.31 0.14 0.01 0.03 0.01 0.04 

Mean 0.00 0.04 0.31 0.14 0.01 0.03 0.01 0.04 

 

Table 6. Contents of trace elements and heavy metals in water of Batss drain 

mg L-1 Month 

Cd Cu Fe Mn Zn Pb Ni B 

Apr. 2016 0.00 0.00 0.00 0.00 0.12 0.18 0.00 0.00 

May 0.00 0.02 0.03 0.02 0.00 0.00 0.00 0.00 

Jun 0.02 0.16 0.62 0.20 0.00 0.02 0.03 0.00 

Jul 0.00 0.00 1.00 0.00 0.00 0.00 0.00 0.00 

Aug. 0.00 0.02 0.12 0.01 0.00 0.00 0.00 0.00 

Sep. 0.00 0.04 0.06 0.01 0.00 0.01 0.00 0.00 

Oct. 0.00 0.02 0.10 0.00 0.01 0.01 0.00 0.00 

Nov. 0.00 0.05 0.02 0.00 0.01 0.01 0.01 0.21 

Dec. 0.00 0.11 0.42 0.10 0.01 0.00 0.00 0.22 

Jan. 2017 0.01 0.07 0.03 0.13 0.03 0.00 0.01 0.27 

Feb. 0.00 0.05 0.24 0.05 0.02 0.02 0.00 0.00 

Mar. 0.00 0.05 0.24 0.05 0.02 0.02 0.00 0.06 

Mean 0.00 0.05 0.24 0.05 0.02 0.02 0.00 0.06 
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Table 7. Contents of trace elements and heavy metals in water of El Gharq drain 

mg L-1 Month 

Cd Cu Fe Mn Zn Pb Ni B 

Apr. 2016 0.00 0.00 0.00 0.01 0.00 0.21 0.00 0.00 

May 0.00 0.01 0.08 0.00 0.00 0.00 0.00 0.00 

Jun 0.02 0.15 0.71 0.15 0.00 0.04 0.03 0.00 

Jul 0.00 0.00 0.00 1.00 0.00 0.00 0.00 0.00 

Aug. 0.00 0.03 0.23 0.01 0.00 0.00 0.00 0.00 

Sep. 0.00 0.05 0.11 0.03 0.00 0.01 0.00 0.00 

Oct. 0.00 0.03 0.11 0.00 0.00 0.01 0.00 0.00 

Nov. 0.00 0.04 0.01 0.00 0.02 0.01 0.00 0.21 

Dec. 0.00 0.08 0.49 0.07 0.01 0.01 0.00 0.22 

Jan. 2017 0.00 0.01 1.41 0.11 0.02 0.00 0.02 0.00 

Feb. 0.00 0.04 0.31 0.14 0.01 0.03 0.01 0.04 

Mar. 0.00 0.04 0.31 0.14 0.01 0.03 0.01 0.04 

Mean 0.00 0.04 0.31 0.14 0.01 0.03 0.01 0.04 
 

 

and 9.00, and that the most prevalent values of 
pH of Nile, drainage and sewage waters were 
8.33, 8.34 and 8.46, respectively. The pH tends 
to be buffered in soil and most crops can tolerate 
a slightly alkaline pH. 

Salinity 

Electrical conductivity (EC) of water is 
related directly to the levels of ions dissolved in 
water (Wu et al., 2017). Classification of 
irrigation water with respect to salinity hazard, 
is primarily based on the development of salinity 
in the soil to extents that crop yields are 
adversely affected. Water analyses (Tables 2 and 
3) shows that during 12 months, water had EC 
below 3.02 dSm-1, and Table 4 EC was > 3.0. 
The mean values for the three water sites (1, 2 
and 3) were 2.13, 2.20 and 3.85 dSm-1, (Tables 
2, 3 and 4). Based on the classification of the 
USSL Staff (USDA, 1954), the water in sites 1, 
2 could be classified as class C3 high salinity 
water with EC between 0.75 and 2.25 dSm-1 
(App. 1), whereas water of site 3 could be 
classified C4 (very high salinity water with EC 
between 2.25 and 5.00 dSm-1). Based on the 
FAO guidelines (Ayers and Westcot, 1976) 

water of sites 1, 2 had EC of 0.75 ± 3.0 dSm-1, 
which indicates increasing problems, and site 3 
could be classified with >3.0 dSm-1 which 
indicates severe problem (App.2). According to 
(Gupta, 1979b), water of sites 1, 2 could be 
classified as C2 (1.5 – 3 dSm-1), where water 
from site 3 could be as C3 (3-5 dSm-1). 

Sodicity 

Tables 2, 3 and 4 presents the result of 
sodium adsorption ratio (SAR) in water. The 
averages SAR at sites 1, 2 and 3 were 4.88, 4.98 
and 7.53, respectively. The water is of low 
sodicity hazards. According to USDA 
classification of irrigation water (App.1), the 
water could be classified as low sodicity class 
S1 (<10). 

Regarding the parameters of adjusted sodium 
hazards (Adj.R Na) proposed by Gupta (1979a), 
values ranged between 6.16 and 10.59 indicating 
low to high sodium hazards. 

Anions 

Anion contents in sites 1,2 and 3 averaged 
9.75, 10.07 and 19.89 mmolcL-1, respectively. 
Water with high chloride levels is usually 
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considered polluted (Bikundia and Mohan, 
2014). Chlorides could be released into rivers 
through ion exchange processes (Drever, 1997). 
Chlorides ranged between 4 and 10 mmolcL-1 
indicating no problem to increasing problems 
according to the FAO guidelines (Ayers and 
Westcot, 1976).   

The average values of HCO3
- in sites 1, 2 and 

3 were 4.49, 4.96 and 6.01 mmolcL-1, respectively. 
According to FAO guidelines (App. 2), HCO3

- 
of 1.5 – 8.5 indicate an increasing problem. The 
pH of the water sources ranged between 7.97 
and 8.00, indicating the ability to precipitate 
soluble calcium. Biocarbonate in water is derived 
from mineral and biogenic source. In biogenic 
formation, CO2 released in soil atmosphere, and 
therefore in the water draining through the soil, 
both directly by the microbial degradation of 
organic matter and from plant roots, dissolves in 
water to from carbonic acid which release Mg2+ 
and Ca2+ to the solution yielding HCO3

- 
(Maddock, 2008; Wu et al., 2017). 

In all type of water bodies, sulphate is a 
naturally present ion in water (Wu et al., 2017). 
The average values of SO4

- in water samples 
from sites 1, 2 and 3 were 6.55, 6.36 and 9.42 
mmolcL-1, respectively. Sulfate might cause 
gastrointestinal irritation at higher levels in the 
drinking water (Marghade et al., 2013). 

Cations 

The results in Tables 2, 3 and 4 present the 
values of cations in waters. Average Na+ in sites 
1, 2 and 3 were 10.65, 10.94 and 19.84 mmolcL-1, 
respectively. High sodium may be related to 
pollutant (Wu et al., 2017). Average of K+ in 
sites 1, 2 and 3 were 1.15, 1.57 and 2.35 
mmolcL-1, respectively. K+ sources might 
include rain-water, potash fertilizer and 
weathering of potash silicate minerals. Average 
Ca+ in sites 1, 2 and 3 were 6.46, 6.53 and 9.34 
mmolcL-1, respectively. Some water samples 
from rivers might exceed the Ca+ permissible 
limit of 10.0 mmolcL-1 (Bikundia and Mohan, 
2014). Average Mg+ in sites 1, 2 and 3 were 
3.00, 2.99 and 4.14 mmolcL-1, respectively. 

Micronutrients and Heavy Metals 

Results in Table 5, 6 and 7 show contents of 
micronutrients and heavy metals in water 

samples during the study period. Average 
contents (mgl-1) of Cd, Cu, Fe, Mn, Zn, Pb, Ni, 
and B in site 1 were 0.00, 0.04, 0.31, 0.14, 0.01, 
0.03, 0.01, and 0.04, respectively.  Comparable 
values in site 2 were 0.00, 0.05, 0.24, 0.05, 0.02, 
0.02, 0.00, and 0.06, respectively.  Those of site 
3 were 0.00, 0.04, 0.31, 0.14 0.01, 0.03, 0.01 
and 0.04, respectively. Ramadan (1995) and 
Mohamed et al. (1999) reported values rather 
similar to those of the present study. Heavy 
metals might contaminate surface water resulting 
in deterioration of water quality (Krishna et al., 
2009). The heavy metals are severe pollutants 
owing to their toxic effects, persistence and bio-
accumulative nature in the environment (Pekey 
et al., 2004). Accumulation of heavy metal in 
soil, leads to their adsorption or complexation 
by soil colloids and other soil component and 
can be leached into the groundwater either in 
ionic forms or soluble complex (Willems et al., 
1981; Abdel-Aal et al., 1988).  

On basis of US committee on water quality 
(Branson et al., 1975) presented in Appendix 4, 
waters of the three sources may be within the 
maximum permissible limits whether used 
continuously or used for of up to 20 years on 
heavy soils. Appendix 5 presents the modified 
six-class salinity-sodicity as USDA classification 
of irrigation water. 

Suitability of Waters concerning Salinity/ 
Sodicity 

According to the USDA (1954), water of site 
1 was class C3S2 (high salinity/medium 
sodicity). High salinity hazard (C3) damage 
plants with low tolerance to salinity. Plants 
growth could be increased with excess irrigation 
for leaching or periodic use of low salinity water 
with providing good drainage. For sites 2 and 3, 
the class was C4S2 (Very high salinity/medium 
sodicity). Very high salinity hazards (C4) 
damage plants with high tolerance to salinity. 
Successful use as an irrigation source requires 
salt tolerance plants, good soil drainage, and 
excess irrigation for leaching and periodic 
utilization of low salinity water. Waters of sites 
2, 3 can be used for irrigation of crop grown on 
coarse-textured light soils with fewer hazards 
than those grown on fine-textured ones. 
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App.1 USDA Classification of irrigation water 

Salinity hazard Class EC (dSm-1) Sodicity hazards Class SAR 

Low 

Medium 

High 

Very high 

C1 

C2 

C3 

C4 

0.1 – 0.25 

0.25 – 0.75 

0.75 – 2.25 

2.25 – 5.00 

Low 

Medium 

High 

Very high 

S1 

S2 

S3 

S4 

10< 

10 – 18 

18 – 26 

>26 

 

 

 

App. 2. The FAO guidelines for interperation of quality for irrigation (Ayers and Westcot, 1976) 

Irrigation problem Degree of problem 

 No. 
problem 

Increasing 
problem 

Saver 
problem 

Salinity (affects crops water availability) ECw (dSm-1) 

Permeability (affects infiltration rate into soil) ECW dSm-1) adj. SAR 

Montmorillonite (2:1 crystal lattice) 

Illite-Vermicultic (2:1 crystal lattice) 

Kaolinite-sesquioxides (1:1 crystal lattice) 

Specifice ion toxicity (affects sensitive crops) Sodium/adj.SAR) 

Chloride (mmolc L-1) 

Boron (mg L-1) 

Miscellaneous effects (affects susceptible crops) NO3- 

N or NH4-N (mmolc L-1) 

HCO3 (mmolc L-1) (overhead sprinkling) 

<0.75 

>0.5 

>6 

<8 

<16 

<3 

<4 

<0.75 

<5 

 

<1.5 

0.75 - 3.0 

0.5 – 0.2 

6 – 9 

8 – 16 

16 – 22 

3 – 9 

4 – 10 

0.75 – 2.0 

5 – 30 

 

1.5 – 8.5 

>3.0 

<0.2 

>9 

>16 

>22 

>9 

>10 

>2.0 

>30 

 

<8.5 

pH Normal range (6.8 – 8.4) 

 

 

 

App. 3 Gupta’s classification of water regarding salinity and sodicity (Gupta, 1979b) 

Class Adj. SAR Class EC (dSm-1) 

A1 

A2 

A3 

A4 

A5 

<10 

10 – 20 

20 – 30 

30 – 40 

>40 

C1 

C2 

C3 

C4 

C5 

<1.5 

1.5 – 3 

3 – 5 

5 – 10 

>10 
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App. 4. Maximum concentrations of trace elements in irrigation waters, recommended by the 
US committee on water quality(a) 

Element For waters used continuously  

on all soils 

For use up to 20 years on fine-textured 
soils of pH 6.0 to 8.5 

 mg L-1 mg L-1 

Aluminum (Al) 

Arsenic (AS) 

Beryllium (Be) 

Boron (B) 

Cadmium (Cd) 

Chromium (Cr) 

Cobalt (Co) 

Copper (Cu) 

Fluoride (F) 

Iron (Fe) 

Lead (Pb) 

Lithium (Li)(b) 

Manganese (Mn) 

Molybdenum (mo) 

Nickel (Ni) 

Selenium (Se) 

Vanadium (V) 

Zinc (Zn) 

5.00 

0.10 

0.10 

0.75 

0.01 

0.10 

0.05 

0.20 

1.00 

5.00 

5.00 

2.50 

0.20 

0.01 

0.20 

0.02 

0.10 

2.00 

20.0 

2.0 

0.5 

2.0 

0.05 

1.0 

5.0 

5.0 

15.0 

20.0 

10.0 

2.50 

2.0 

0.05(c) 

2.0 

0.02 

1.0 

10.0 
(a) The levels will normally not adversely affect plants or soils. 
No data available for Mercury (Hg), Silver (Ag), Tin (Sn), Titanium (Ti), Tungesten (W). 
(b) Recommended maximum concentration for citrus is 0.75 mg L-1. 
(c) Only for acid fine-textured soils with relatively high iron oxids contents (Branson et al., 1975). 
 

 

Conclusion 

Water characteristics of drains are affected 
by the nature, composition of soils from which 
the water was drained. In addition, good 
agricultural drainage network, good behaviour 
of the farmer not to overuse the pesticides, 
lakes, and human activities would affect the 
properties of drainage water of the area water of 
site 1 was class C3S2 (high salinity/medium 
sodicity). High salinity hazard (C3) damage 
plants with low tolerance to salinity. Plants 

growth could be increased with excess irrigation 
for leaching or periodic use of low salinity water 
with providing good drainage. For sites 2 and 3, 
the class was C4S2 (Very high salinity/medium 
sodicity). Very high salinity hazards (C4) 
damage plants with high tolerance to salinity. 
Successful use as an irrigation source requires 
salt tolerance plants, good soil drainage, and 
excess irrigation for leaching and periodic 
utilization of low salinity water. Waters of sites 
2, 3 can be used for irrigation of crop grown on 
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coarse-textured light soils with fewer hazards 
than those grown on fine-textured ones. 
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 ومــة الفيــظـرع بمحافـــارف والتـــض المصـ لبعطحيةــاه الســـودة الميــــج

 ٢ محمد سعيد أبو ھاشم– ٢ خالد جوده سليمان– ١محمود إبراھيم توفيق غيث

  مصر– المركز القومي لبحوث المياه – معھد بحوث الھيدروليكا -١

  مصر– جامعة الزقازيق – كلية الزراعة –قسم علوم اsراضي  -٢

 عينة مياه من ث�ث قنوات للري والصرف في محافظة الفيوم لتحديد نوعية المياه المستخدمة في ھذه ٣٦تم تجميع 
 الموقع –بحر وھبي : الموقع اsول(م التجميع منھا ھي المواقع التي ت، اsمثل منھا للزراعةالمنطقة وتحديد ا�ستخدام 

، وتم ٢٠١٧ إلى مارس ٢٠١٦ً شھرا من شھر أبريل ١٢خ�ل ) صرف الغرقم:  الموقع الثالث–مصرف البطس : نيالثا
 EC ،pH، وتم تقدير كل من العناصر الثقيلة والكاتيونات واsنيونات وكذلك واحدة كل شھر من المواقع الث�ثةأخذ عينة 

إلى أن المياه تعتبر منخفضة القلوية،  مما يشير ٩٫٣٢ و ٧٫٠٠ في عينات المياه ما بين pHوتراوحت قيم درجة الحموضة 
 كان متوسط ، على التوالي dsm-1 ٣٫٥٨ و ٢٫٢٠ ، ٢٫١٣ ھي  ٣ و ٢ ، ١ للعينات من المناطق ECوكان متوسط قيم الـ 
HCO3 ، وكان متوسط قيم ١- ملليمول لتر١٩٫٨٩ و١٠٫٠٧ ، ٩٫٥٧ ھي ٣ و ٢ ، ١قيم الكلوريد للعينات 

 ٢ و ١للعينات   -
  ٦٫٥٣ و ٦٫٤٦ ھي ٣ و ٢ و ١ للعينات  +Caكان متوسط قيم الكالسيوم . ١- ملليمول لتر٦٫٠١ و ٤٫٩٦ و ٤٫٤٩ ھي ٣و 
C3S2، تم تقييم جودة المياه من الموقع اsول والثاني على أنه ١- ملليمول لتر٩٫٣٤و 

ى إرتفاع الملوحة وھو يشير إل 
C4S2، وجودة المياه بالموقع الثالث كانت ومتوسط الصودية

لوحة بدرجة كبيرة ومتوسط وھو يشير إلى إرتفاع الم 
، وبالتالي فإن إستخدام المياه في الموقع الثالث يحتاج بعض ا�حتياطات من حيث إنتقاء المحاصيل المقاومة الصودية

 .للملوحة وعمليات الغسيل للتربة وجودة الصرف بھا وھى من الضروريات عند إستخدام تلك المياه في الزراعة

 ـــــــــــــــــــــــــــ
 :المحكمــــــون

 . جامعة بنھا– كلية الزراعة بمشتھر –  المتفرغاضيأستاذ اsر  علي أحمد عبدالس�م .د.أ -١
 . جامعة الزقازيق– كلية الزراعة –اsراضي ورئيس قسم أستاذ   أيمن محمود حلمــي. د. أ-٢


