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HE SCARCITY of water makes it difficult and expensive to

expand the cultivated lands or even protect soils with natural
cover. In Egypt, there is a growing concern that the very limited water
resources are becoming increasingly pofluted because of the misuse
and improper management of resources which jeopardize any attempt
for sustainable agricultural development. The overall objective of this
research was 10 assess the water resources quality for an agroecological
area in Kafr El-Sheikh Governorate. To achieve this objective, water
samples (irrigation and drainage) were collected from the waterways
that supply this agroecosystem on a spatiotemporal basis over two
years. Water quality assessment was carried out using the U.S.

Salinity Laboratory Staff procedure and further evaluated
according to the guidelines of water quality for irrigation . A primary
water samples were collected in year 2000 and based on the variation
that found water resources monitoring scheme was designed over a
year period (July 2001, October 2001 and March 2002). Water samples
locations were georeferenced using GPS technology. The assessiment
showed that most irrigation water samples classified as medium-
salinity with low-sodium hazard. On the other hand, most drainage
water samples were classified as high-salinity with low-sodium hazard
and some samples falls in high-salinity with medium-sedium hazard
class. The average biological oxygen demand (BOD) and chemical
oxygen demand (COD),were higher in drainage water than in irrigation
water samples, taking ihto consideration that drainage water are used
for irrigation in some areas. Heavy metals concentrations were less
than the recommended concentration in most of the water resources in
the case study, nevertheless there was contamination with cadmium in
the irrigation and drainage sampies which collected in October 2001
samples. It was clear that water resources quality is an alarming issuc
in the studied area hindering potentia) agriculture development.

Keywards: Water resources, Quality assessment, Agriculture development .

The key for the future is to develop sustainable farming systems, which maintain
acceptable yields, while causing minimal pollution to the environment. The
preduction of grain and protein has increased so dramatically since the
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industriajization of agricultural systems in the 1950s, that supply now exceeds
demand in most developed countries. This made only possible through the
agricultural intensification and the extensive use of agrochemicals (i.e. fertilizers
and pesticides). This has drawn public, political and research attention from
issues of food supply and security to those of maintaining or improving
environmenta! quality {(National Research Council, 2000). Water resources in
Egypt are becoming the - forefront issue and the main constraints for any
agricuitvral expansion where the Egyptian agriculture depends mainly on
irrigation from the River Nile. (FAO, 1992) reported that Egypt is facing
increasing water needs, demanded by a rapidly growing population, by increased
urbanization, by higher standards of living and by an agricultural policy which
emphasizes expanded production in order to feed the growing population, This
compels the policy makers to use all sources of water, conventional and non-
conventional, (i.e. groundwater, drainage water and treated sewage effluents) for
the expansion of irrigated agriculture. So that the Ministry of Public Works and
Water Resources recycles about 5 billion m* of drainage water officially and its
goal is to increase that volume to 7 billion m’ (Abu-Zeid, 1992; Abu-Zeid &
Hefny, 1992; Willardson et al, 1997 and Kotb et al., 2000). Direct use of
drainage water for irrigation with salinity varying from 2 to 3 dS$/m, is common in
the districts of Northern Delta. Farmers in Kafr-El-Sheikh Governorates have
successfully used drainage water directly for periods of 25 years to irrigate over
16 000 ha of land, using traditional farming practices (Mashali, 1985).

Environmental issues have become of great concern because the water supply
system relies heavily on re-use of the waste- and drain-water so there is a great
need for monitoring, assessment of water quality. Water quantity and quality are
key factors for the cultivation of crops. In general, water quality is a complex
concept. Water quality can be limited to the concentrations of specific ions and
phytotoxic substances relevant for plant nutrition as well as the presence of
organisms and/or substances that can clog the irrigation systemns (Tognoni e? al.,
1998). Investigations of irrigation water quality have focused mainly on chemical
assessments (Abbas et al, 1993; Avila and Alarcon, 2003 and Ayers and
Westcot, 1985). U.S. Salinity Laboratory Staff (1954) has proposed diagram for
evaluating waters for irrigation on the basis of SAR and EC (4 mhos c¢cm-1).
According to Ayers & Westcot {1985), water guality refers to the characteristics
of water supply that will influence its suitability for specific use.

Gaber et al. (2003) assessed land resources in the Motobus District, Kafr
El-Sheikh Governorate and reported that there are approximately 18 % of area
was classified as moderate vulnerability to contamination. Ayman ef al. {2002)
concluded that applying the developed: water quality indicators to some drains in
the Delta of Egypt has shown that most drains generally have poor water quality.

This paper deals with quality assessment of water resources in a representative
area in the Motobus District, Kafr El-Sheikh Governorate. The assessment based on
variation in water resources qualtty, water monitoring protocol was designed to
collect samples over a period of one year at three different dates (1/7/2001,
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1/10/2001 and 1/3/2002} in attempt to capture the seasonal variations and the
temporal changes in water resources quality. Each sampling location was geo-
located using the GPS and geo-referenced on the satellite image.

Material and Methods
Monitoring area

The area is located in the northwestern of Kafr El-Sheikh governate;

between 834703 - 847693 E, and 3465647 - 34870797 N (UTM zone 36).

" Located in the southern part of Mutubas district (Markaz}). Map 1 illustrates the

location of the area. Each sampling location was geo-located using the Garmin

12XL GPS (Garmin corporation, 1997) and geo-referenced on the satellite
image (Landsat ETM+, 1999).
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Map 1. Location of the monitoring area.

Water sampling

Based on preliminary water resources investigation in year 2000 from 15 sites
(15 irrigation samples and 15 drainage samples), water monitoring protocel was
designed to collect samples over a period of one year at three different dates.
Twenty-six geo-referenced water samples (12 irrigation and .14 drainage sampies)
for monitoring program were collected at three different dates (July 2001,
October 2001 and March 2002) in attempt to capture the seasonal variations and
the temporal changes in water resources quality. Each sampling location was geo-
located using the GPS and geo-referenced on the satellite image (Fig. 1).
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Fig. 1. Geo-spatial distribution of water sampling location in the monitoring area.

Water analyses

Water samples were filtered when necessary and preserved appropriately
according to STM (1998). Laboratory analyses were done according to Hand
book No.60 (U.S. Salinity Laboratory Staff, 1934). The pH was measured by
pH-meter (Jenway, pH-meter model 3303); and the water salinity (dS/m) was
measured by Jenway conductivity meter model 4310, Complex-metric EDTA
titration was employed for determining the concentration of soluble calcium
and magnesium, while soluble sodium and potassium were determined using
flame photometer (Corning 400). Soluble carbonate and bicarbonate were
determined by titration with sulfuric acid and silver nitrate was used to
determine soluble chloride. Boron was determined coloremetrically using
carmine indicator method. Flame atomic absorption spectrometry (Varian
Spectr AA 220) was used for measuring iron, zinc, manganese, copper,
cadmium, lead, nickel and chromium.

. Biological oxygen demand (BOD) was determined according to STM 5210-B
method (STM, 1998) while chemical cxygen demand (COD) was determined
according to STM 5220-C method. Ammonium, nitrate, and nitrite were determined
by the steam distillation method (Mulvaney, 1996} while soluble phosphorus was

determined by the ascorbic acid colorimetric method (STM 4300-P/E).
Water quality assessment P
[rrigation and drainage water samples were assessed according to the U.S.
salinity laboratory staff method (1954) and further evaluated according to the

guidelines of water quality for irrization (Ayers & Westcot , 19835).
Exmvpt. S Sail Sei. 46, No. 4 (2006)
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Results and Discussion

Water samples were collected from irrigation and drainage canals in year
2000 showed a variation in its characteristics. Table 1 summarizes the descriptive
statistical parameters of the chemical characteristics (pH, E.C., SAR, cations and
anions). It was observed that there is a range of water salinity that used for
irrigation purposes, where the minimum salinity concentration was 0.43 dS/m
while the maximum salinity concentration was 7.29 dS/m. Consequently, there is
a high variation between the different irrigation samples in SAR value which
varied from 1.06 to 15.12. Data indicated that Na' and Cl” were the dominant
soluble ions in the relatively saline water samples and pH ranged between 6.83
and 9.28. While the majority of the irrigation water resources salinity were less
than 1.0 dS/m (ten samples out of sixteen samples), one sample was measuring
7.29 dS/m (sample No. %) which may be due to mixing irrigation and drainage
water, as it is one of the water policy used in the Nile Delia for meeting
requirements for agriculture activity.

TABLE 1. Descriptive statistics for irrigation water characteristics.

Unit Max. | Min. | Average Vanance] S‘a“d?rd Skewness
Deviation
pH - 9.28 | 6.83 |+ 7.99 0.51 0.71 0.29
EC dSm* | 7.29 | 043 1.42 316 1.78 2.82
Ca™’ 1800 | 1.00 | 3.85 16.97 412 3.04
Mg 1800 | 056 | 4.18 17.68 4.21 2.64
Na’ 64134 1.69 | 7.77 230.97 15.20 185
p———1 meqg/L
K' 103 1014 | 042 0.06 025 1.10
cr 6000 | 1.00 | 873 22309 14.94 313
HCO 10.00 | 250 | 4.16 372 1.93 215
SAR - 15102 ( 106 | 3.3 .11 3.33 3.49

Table 2 shows the summary statistics of drainage water chemical
characteristics (pH, E.C., SAR, cations and anions). Data showed that salinity of
drainage water in the study area varied from 0.56 to 22.80 dS/m and the SAR
values differed from 2.15 to 64.03. One water sample was very high in salinity

(22.8 dS/m, sample No. 4) while the majority of samples were less than 3 dS/m
(11 out 16 samples).
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TABLE 2. Descriptive statistics for drai:;age water characteristics.

Unit Max. | Min. | Average | Variance Stagdgrd Skewness
Deviation

pH - 8.97 6.95 7.86 0.29 0.54 0.34
EC dsm’ 22.80 | 0.56 4.47 38.45 6.20 221
Ca"? 46.00 1.50 9.72 138.01 11.75 2.30
Mg™ 46.00 | 2.00 12.52 199.85 14.14 .42
Na“ | meg/L | 32174 | 3.04 | 4250 | 622291 78.89 332
K* 5.64 0.21 1.03 1.86 1.36 2.94
Cr 22000 | 2.00 34.14 330897 57.52 2.63
HCO, 16.50 3.00 5.84 12.06 3.56 2.13
SAR - 64.03 2.15 228.57 15.12 3.35

Data analyses illustrated that the mean salinity value of urigation water
samples was around 0.6 dS/m, while 75% of the samples were less than 0.8 dS/m
(Fig. 2). Only two wrrigation water samples were higher than 1.0 dS/m (16 and 21)
where irrigation canals receive mixed irrigation and drainage waters. This result
was consistent in the three sampling dates. On the other hand, the mean salinity
value of the drainage water samples was about 1.5 dS/m, while 75% of drainage
samples were less than 1.8 dS/m (Fig. 3). With only few exceptions most of the
drainage water samples show total salinity less than 3 dS/m.
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Fig. 2. Spatiotemporal variability of irrigation water salinity.
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Fig. 3. Spatiotemporal variability of drainage water salinity.

In general, the SAR mean value was around 2.0 in irrigation water samples
where the highest values ranged between 5.5 and 3.5 (Fig. 4). The drainage water
samples showed mean SAR values ranged between 3.75 and 6.0 where the highest
values ranged between 10.0 and 18.0 over the three sampling dates (Fig. 5).
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Fig. 4. Spatiotemporal variability of SAR in irrigation water.
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Fig. 5. Spatiotemporal variability of SAR in drainage water.

As expected, the average BOD and COD were higher in drainage water than in
irrigation water samples as shown in Table 3. {t shows that values of BOD and COD are
more than the value of acceptable water parameters for disposal inte freshwater streams
and acceprable water parameters in drains receiving wastewater {Egyptian law 48/1982
articles 65) while BOD should be less than 10 mg/l and COD shouldn't be more than 13
mg/l. This indicate higher load of organic contaminants during this sampling date.

TABLE 3. Mean and standard deviation of BOD and COD values in irrigation and
drainage water samples.

October 2001 March 2002
ﬂ .
terigation coD 48.74 (22.83) 38.85(11.93)
BOD | ., 6.8 (5.94) 1600 (6.09)
- E_ -
Drainage cop | B2l 6336(17.11) 5371 (19.31)
BOD | ~ 958 77.58; 5191 (8.93)

Values between parenthesis represented Lhe standard deviation

Water quality assessment

Water quality refers to the characteristics of water supply that will influence
its suitability for specific use (Ayers & Westcot, 1985). For each collecting date,
irrigation and drainage water samples were assessed according to the U.S. salinity
faboratory staff method (1954) and further evaluated according to the guidelines
of water quality for irrigation (Ayers & Westcot, 1985). The water quality
assessment for the July 2001 collecting date are shown in Tables 4.a and 4.b
for the irrigation and drainage water samples, respectively. The assessment
showed that all irrigation water samples classified as medium-salinity with low-
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sodium hazard except samples number 16 and 21 which classified as high-salinity
with low-sodium hazard (inixed irrigation and drainage water). On the other
hand, most drainage water samples were classified as high-salinity with low-
sodium hazard with some samples falls in high-salinity with medium-sodium
hazard class. In addition, the assessment demonstrated that the sodium and
chloride have slight to moderate degree of restriction for on use of drainage water
in irrigation.

TABLE 4. a. Irrigation water quality classes and potential water problems (July, 2001).

—

Potential Sample Code *

Irrigation
problem

Salinity (EC,,) N NIN|N|NI!Sm|N/)N/JSn|N N
Infiltration SmiSm|Sm|Sm|Sm| N {Sm|Sm | N | Sm | Sm

| 2 3 8 10 | 16 [ 18 | 19 | 21 | 24 | 25

Na" N N NI NIN|{Sm| N} N |jSm| N N

cr N N N|N|N|Sm|{N| N |[Sm| N N

B N N N N N i N N | N N N N

NO;-N N N | N|N|{Sm| N/|N|N N N N
CLASS C2- | C2- | C2-1C2-1C2-1C3- ) C2- | C2- | C3- | C2- | C2-

81 | 81 | S1 | S1 | Si |81 |81 ;81 ]Sl St]Si

* Degree of restriction on use: N: None, Sm: Slight to moderate and S:Severe.

CI: Low-satinity water, C2: Medium-salinity water, C3: High-salinity water and C4: Very High-
salinity water.

S1: Low-sodium water, 52: Medium-sodium water, §3: High-sodium water and $4: Very high-
sodium water.

TABLE 4. b. Drainage water quality classes and potential water problems (July, 2001).

—

Potential Sample Code l
Irrigation
4 5 6 7 9 |13 | 14 | 15| ¥7 | 20 | 22 | 23
problem
Salinity (EC,) [ N | Sm |[Sm|[Sm [Sm | Sm | Sm | Sm | Sm | Sm | Sm | Sm
[nfiltration Sm|{ N |[SmiN [Sm|Sm|[Sm| N {Sm|Sm|Sm| N
Na* NISm!Sm Sm|Sm[Sm|Sm|Sm| S | Sm|Sm| N
cr N |!Sm| N |[Sm|Sm!Sm|[Sm|Sm| S [Smism| N
B N| N|[N[N|N|N|NIN|N|N|IN|N
NO';-N N|N{NI!Sm|{Sm|N|N|N|N|N|N|N
CLASS C2-1C3-1C3-1C3-1C3-1C3-|C3-| C3-[C3-| C3- ] C3-| C3-
S1 | S1 ) SL|S1|SI|82)852 8 |84/|82]S]|SsI
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For the October 2001 date, all of imrigation samples classified as medivm-
satinity with low-sodium hazard except samples number 8, 16, and 21 where they
classified as high-salinity with low-sodium hazard (Table 5.a). On the other
hand, most drainage water samples were classified as high-salinity with low-
sodium hazard, while only sample number 29 was very high-salinity with very
high-sodium hazard (Table 5.b). It was clear that sodium and chloride ions were
the restriction factors for using the drainage water in irrigation.

TABLE 5, . Irrigation water quality classes and potential water problems (October, 2001).

Potential Sample Code
Irrigation )
probiem | 1| 2|3 |8 |10|16| 18192 |24]|25]28
Salinity '

- N|N|NI!Sas|N|Sn|[N|N|Sm|{NJIN|N
{(EC,)

Infiltration [ Sm [ Sm [ Sm| N | Sm | Sm | Sm | Sm | Sm | Sm| Sm | Sm

Na* N|N|{N{Sm|{N|{Sm{N|[N{Sm|N|NJN
cr N|N|N|Sm[N|Sm|N|N|[sm|N|NIN

B NIN|NIN}ININ|IN[NIN|[NININ

NOyN | N[ N[ N[N[N[NIN|[N|[N|N|N[N
cLass - | €% cz-lczics-jcrlc-|c2|c2-|C3-|c2-{c2- | c2-
st s st |si[si]|si|si}si|si|s1]si]si

TABLE 5.b. Drainage water quality classes and potential water problems (October, 2001).

Potential L mE : Sample Code

Irrigation | b .
problem | 4 | 5| 6| 7|9 [1a]|15|17 |20 22|23 |26] 29

S(aEi'(‘;:';' I sm|Sm|Sm|sm|Sm[sm|sm|sm|sm|sm| N | N
Infiliration: | Sm | sm | Sm [ sm| N | N [sm| N [smism| N |sm| N
~ Na* [ N|Sm|[Sm|Sm|{Sm|Sm|/Sm{Sm|Sm|/Sm{N|N]| s
cr N[ Sm|Sm|Sm|Sm|Sm|Sm] S | SmiSm| N | N | §
‘B NIN|N|N|IN|N|N|N|N|[N|N[N] N
NOWN [ NI N[N[N|{NENININ[NININ|[N] N
cuss lez|o-jo-lo-|o-[o- |- oo | o[ 2 [ 2 | o
stlsi|st|sii{st|si]|si!s2|st|s1{si]|s1}| s4
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Data in Tables 6.a and 6.b represent water quality assessment for the third
monitoring date (March, 2002). All of imrigation samples were classified as
medium-salinity with low-sodium hazard except samples number 8, 16, and 21,
which were classified as high-salinity with low-sodium hazard. Most drainage
water samples were classified as high-salinity with Low-sodium hazard with the
exception of sample number 29 which was classified as very high-salinity with
very high-sodium hazard and samples number 4, 23, and 26 were classified as
medium salinity with low sodium hazard.

TABLE 6.2. frrigation water quality classes and potential water problems (March, 2002).

|

Potential Sample Code
Irrigation
Problem | ! 2 3 8 10 [ 16 | 18 | 19 24 ) 25 | 28
S;gglt)y N N N |Sm| N | 8n/| N N |Sm| N N N
Infiltration [ Sm 1 Sm [ Sm |{ N [ Sm | Sm | Sm | Sm | Sm | Sm | Sm | Sm
Na' N|N|N|Sa|NISm|[N|NI[S|{N|NIN
Cr N N N | Sm{ N |[Sm| N N [Sm| N N [ N
B N N N N N N N N N N N
NO';-N N N N N N N N N N N N
2.1 C2- " - - N e - - - - -
R RARHRRRRRERRE

TABLE 6.b. Drainage water quality classes and potential water problems (March, 2002).

Potential . Samiple Code
Irrigation
problem 4 5 6 7 9 14 115 |17 [ 20 | 22 | 23 | 26 | 29
Salinity
N |Sm|{SmiSm|Sm|SmiSm}Sm|Sm|Sm | Sm| N N
{EC,)
| Infiltration | Sm | Sm | Sm | Sm | N N |Sm| N |[Sm|Sna|{ N [Sm! N
Na' N |[Sn|Sm|Sm|Sm!Sm|Sm|Sm|Sm]|Sm| N S
Ccr Sm|Sm /| Sm|{Sm | Sm | Sm Sm|Sm | N N S
B N N N N N N N N N N
NO =N N N N N N N N N N N N N
C2-|C3-|C3-] C3-| C3- - - - - - - - -
CLASS Cl- | C3-1C3-|1C3- | C3-|C2- 1 C2- | C4
SISt St | Sti{ist[S1|St|8S2|st|sS1181/(s1]s4
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The concentrations of some heavy metals in the water samples collected over
the three dates are summarized in Table 7. Most of the tested samples for both
irrigation and drainage showed concentration of heavy metals less than the
permitted maximum concentration according to Ayers & Westcot (1985).
However, the water samples for the second date (October, 2001) exceeded the
maximum recommended concentration level for cadmium. This may be due to a
specific point source pollution, which had its effect at that date.

TABLE 7. Average values of heavy metals concentrations in water samples .

Cr Ni Cd Pb Cu Mn Fe Zn
Date
mg/L
01/07/2001 0.026 | 0.004 | 0.001 | 0.035 | 0.000 | 0.041 | 0.445 | 0.058
- (0.030)Y (0.004) (0.002) (0.009) | (0.001) [ (0.0243 [ (0.277) | {0.045)
<
i 01/10/2001 0.021 { 0.013 | 0.013 { 0,051 | 0.045 | 0.074 | 0.676 | 0.119
.E“ (0.014)(0.008} | (0.030)§ (0.000} [ {0.300) | {0.042) 1 (0.411} | (0.088)
.
= 01/03/2002 0.065 | 0.014 { 0.007 | 0.004 | 0.006 | 0.119 1 0.215 | 0.052
(0.046)}{0.010}| (0.004) ] (0.008) | (0.003) | (0.078} | {0.160) | (0.030)
04/07/2001 0.023 | 0.008 | 0.000 | 0.044 | 0.003 | 0.110 | 0.736 | 0.164
o (0.009) | {0.005}{ (0.000) | (0.014)| (0.008) {{0.056) [ (0.327){{0.316)
of
= 01/10/2001 0.017 | 0.013 ] 0.013 | 0.048 | 0.053 | 0.135 ] 0.763 | 0.097
B (0.015)](0.004)|(0.0033{ (0.010)| (0.050} (0.086) | (0.357)| (0.077)
=
01/03/2002 0.078 | 0.016 | 0.008 | 0.011 [ 0.005 | 0.203 | 0.396 | 0.074
(0.035)] (0.009)1(0.012)] (0.009) | (0.003)] (0.088)((0.316) | (0.053)

Value between parentheses represents standard deviation.
Conclusion

Water analyses indicated that mean salinity value of irrigation water samples
was around 0.6 dS/m, while 75% of the samples were less than 0.8 dS/m. Only
two irrigation water samples were higher than 1.0 dS/m (16 and 21), where
urigation canals receive mixed imrigation and drainage waters. On the other hand,
the mean salinity value of the drainage water samples was about 1.5 dS/m, while
75% of drainage samples were less than 1.8 dS/m. In general, the SAR mean
value was around 2.0 for irrigation water, while it ranged between 3.75 and 6.0
for the drainage water samples. The average BOD and COD concentrations were
higher in drainage water than irrigation water, due to potential contamination.
There were no potential restrictions on water use due to boron and nitrate
concentrations in irrigation and drainage water; however most of drainage water
samples were affected with high sodium and chloride ions, Irrigation and
drainage water samples were assessed according to the U.S. salinity laboratory
staff method (1954} and further evaluated according to the guidelines of water
quality for imrigation according to Ayers & Westcot (1985). The assessment
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showed that all irrigation water samples classified as medium-salinity with low-
sodium hazard except samples number 16 and 21 which classified as high-salinity
with low-sodiurn hazard (mixed irrigation and drainage water). On the other hand,
most drainage water samples were classified as high-salinity with low-sodium hazard
with some samples falls in high-salimty with medium-sodium hazard class. In
addition, the assessment demonstrated that the sodium and chloride has slight to
moderate degree of restriction on use of drainage water in irrigation. However the
analysis of water for heavy metals showed that there is no potential Imgation problem
where most samples were less than the recommended maximum concentration.
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