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ABSTRACT

This investigation was conducted on nine sites at Helwan — El Saff area, Cairo, and Giza governorates (polluted
area), and three sites, in Metrabeaa village, Monofia governorate (control). This study aimed to assess the impact of
wastewater irrigation on soil quality and to test the possibility of using it as an alternative for fresh water in irrigation of
agricultural land. Water and soil samples were collected from El-Khashab canal (polluted water) and Al-Bagoria canal (Nile
water) and cultivated land sites adjacent to them during two seasons (July 2019 and July 2020). The values of electric
conductivity (EC), sodium adsorption ratio (SAR), studied cations, anions and heavy metals were significantly higher; in
wastewater samples than in Nile water samples; meanwhile, the opposite was true for hydrogen ion concentration (pH),
available nitrogen and phosphorus (N and P). The values of EC, Ca**, Na*, Cl, SO4~, CaCOs,0rganic matter (OM) and all
studied heavy metals increased in soil irrigated with wastewater as compared with the soil irrigated with Nile water;
meanwhile, the opposite was true for pH, Mg**, soluble K*, and HCOs". The values of contamination factor followed the
order: Co > Cr > Zn > Mn > Fe > Cu > Pb. Moreover, the pollution load index of soil ranged from 25.81 to 16.16. The data
of this research revealed that wastewater of El-Khashab canal could effectively be used as fertility source for soil, but there
are some risks as heavy metals may threaten sustainable agriculture in the study area.

Keywords: Wastewater; Soil properties; Helwan - El Saff area; El-Khashab canal; Contamination factor;

Sustainable agriculture
1. Introduction

Water is a vital resource but a severely limited
in most countries. Rapid industrial developmental
activities and increasing population growth had
declined the resources day to day throughout the
world [1]. The freshwater scarcity is becoming an
increasing problem especially in the semi-arid and
arid regions of the world due to geographical
aridity and climatic change [2]. The scarcity of
water continues to be a major issue for Egypt,
which depends almost totally on the Nile River for
the country’s water resources. According to some
studies, Egypt is on track to reach a threshold of
“absolute water scarcity” by 2030. The changes of
climate, particularly higher temperatures are
predictable to shorten growing seasons and reduce
agricultural yields in Egypt. Large amounts of
water are also lost through evaporation every year,
something that climate change will worsen. Not to
mention the pollution damage to the Nile, which is
widespread [3].

Grand Ethiopian Renaissance Dam will
increase the water shortage problem in Egypt.

Available at Egyptian Knowledge Bank (EKP)

Although, Ethiopia pronounces the dam will
advantage downstream neighbors and will have no
negative impacts on their water supply, there is no
one can deny that the dam will give the upstream
country greater control over an international river’s
flow. A major worry is how filling the huge
reservoir which will affect the security of water in
Egypt, which relies almost totally on the Nile for
its water supply. Depending on how long it takes to
fill the reservoir (it has been estimated to take from
3 to 7 years), the Nile flow into Egypt could be
decrease by 12-25% during the filling period [4].

The rapid growth of the world’s urban
population has not only lead to an increase in the
demand for the limited available freshwater but has
also caused an increase in the amount of
wastewater produced year by year [5].The
untreated water produced can find its way into
water systems such as costal, rivers, lakes and
groundwater waters with the potential to cause
severe pollution. Wastewater may contain
undesirable chemical constituents and pathogens
that cause negative environmental and health
impacts [6].
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Large amounts of water are needed for
agricultural land irrigation. If the wastewater can
be used as an alternative water source for irrigation
purpose, the double problems of negative
environmental effects and huge water demand for
agricultural irrigation would be solved [7]. The
reuse of wastewaters for purposes such as
agricultural land irrigation can reduce the amount
of water that needs to be extracted from
environmental water sources [8]. Wastewater is
sustainable source and not only offers an
alternative water irrigation source, but also the
opportunity to recycle plant nutrients [7]. Its
application might ensure the transfer of fertilizing
elements, such as organic matter, macro- nutrients
and micro-nutrients, into agricultural soil [9].
Hence, wastewater nutrients can improve crop
growth [10].Most of wastewater contain heavy
metals in an amount sufficient enough to cause soil
contamination and toxicity to crop plants. Soil
contaminated with heavy metals is a primary way
of humans exposure toxic element. Toxic metals
can enter the human body by eating of
contaminated food crops [11].

Wastewaters can be used for irrigation under
controlled conditions to reduce hazard from
pathogenic and toxic contaminants of the
agricultural products, soils, ground, and surface
water. Additionally, it is an important source of
nutrient for poor-fertility soils [12]. It is therefore
necessary to assess the impacts of wastewater on
soil health before planning wastewater irrigation in
the long-term. There is need for soil periodic
monitoring, to avoid any imbalance in the nutrient
supplies or level of heavy metals contamination [13
and 10].

The present study aimed to evaluate some
important chemical properties of water of El-
Khashab canal which receive large amount of
wastewater (industrial, domestic and agricultural
wastewater), and the impacts of irrigation with this

[

water on important physicochemical properties and
heavy metals accumulation in the soil to assess the
benefits and risks of using wastewater as an
alternative for fresh water in irrigation of
agricultural land.

2. Materials and Methods
2.1. The study area

The investigated area (Helwan-ElI Saff) is
located east of the River Nile and south Cairo
between long. 31° 17' 48.91146" and 31° 18'
16.38112" E and Lat. 29° 36' 40.19216" and 29° 48'
33.32128" N. Cairo and Giza governorates.
Helwan-El Saff area is bounded by El-Maasara
area to the North, Atfih area to the South, El Saff
wastewater canal and Autostrade highway to the
East and Nile River to the West. This area
constitutes five population centers namely; El-
Maadi, Helwan, Turah, El-Tibein and EI-Saff with
total area 61,979 Km?[14] (Fig.1).

Helwan is an industrial area at the southern of
Cairo and it is nearby the Nile River. It contains
nearly 16.5% of the total industrial activities in
great Cairo as Iron and steel, Coke, fertilizers and
chemicals, cement, blocks and other industries
which scattered in the study area [14]. Some of
these industries discharge their wastes to the
nearest wastewater treatment plant, on the other
hand, most of them are not linked with the
sanitation service of the city. Therefore, the
wastewater of these units are discharged into the
nearest stream, except iron and steel unit, which
discharge their effluents into special pipe to treat it
with evaporation. Some farmers use this pipe for
irrigation of their fields. The sewage water
treatment unit of Helwan also discharge its wastes
(after primary treatment) into El-Khashab and EI-
Saff canals, which is used for irrigation. Most of
vegetables which supply markets in the city were
cultivated in this area and were irrigated with this
polluted water [15].
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Figure 1. Helwan-EI Saff main cities.
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Table 1: Name, locality, Global Positioning System (GPS) coordinates, and altitude above sea level of the
selected 9 sites within the study area in Helwan-EI Saff

Site Site name Latitude (N) Longitude (E) Altitude (meter)
Number
1 Kafr Al-Olow 29° 48'33.32128" 31°18'16.38112" 38
2 Al-Hakr Al-Qibly 29° 47" 32.20652" 31°18'30.9253" 52
3 Al-Shoubak Al-Sharqi 29° 45' 28.06934" 31°18'1.39432" 67
4 Al-Oteyat 29° 44' 4.48728" 31°17'37.41472" 89
5 Al-lkhsas 29° 42' 48.6243" 31°17'18.56681" 61
6 Al-Marj 29°41'17.15377" 31° 17' 54.49448" 63
7 Ghammazh Al-Sughra 29° 39'18.70643" 31°18' 25.73928" 70
8 Ezbet Al-Gmmal 29° 38'10.43981" 31°18'11.13419" 47
9 Tal Hammad 29° 36'40.19216" 31°17'48.91146" 7

Helwan- El Saff area can be classified into three
regions, domestic region, industrial region and
agricultural farms. The area comprises a few small
villages (Ezabs) connected to the old and worn out
sewage network. Some of the scattered communities
and houses are not connected to the formal sewage
network. They dispose their domestic wastes either
in private septic tanks (latrines) or directly to the
water canals. Besides industrial wastes, the study
area might exhibit some inputs from agricultural
activities [16].

2.2. Samples and analysis

Water sample were collected from nine sites
(Fig.1) in El-Khashab canal in Helwan — El Saff
area. Surface soil samples (0 -30 cm) were collected
from each of the nine sites in the cultivated lands
adjacent to El-Khashab canal during two seasons
(July 2019 and July 2020). Water samples were
collected from three sites in Al-Bagoria canal in
Metrabeaa village, Monof, EI Monofia. Surface soil
samples (0 -30 cm) were collected from each of the
three sites in the cultivated lands adjacent to Al-
Bagoria in Metrabeaa village canal as control.The
soil samples were air-dried, ground and sieved
through a 2 mm sieve for analyses. The soil texture,
organic matter and calcium carbonate were
determined according to [17], [18] and [19],
respectively. The saturated soil paste was prepared
according to [20]. Electrical conductivity (EC) was
measured according to [20]. Sodium adsorption ratio
(SAR) was calculated in water according to [21].
Soluble  carbonates and bicarbonates  were
determined in soil and water according to [22]. The
hydrogen ion concentration (pH), chlorides, calcium,
magnesium, sodium and potassium were estimated in
soil and water according to [23]. Sulphates were
calculated in soil and water as the difference between
the total measured soluble cations and the total
measured soluble anions. Awvailable nitrogen,
phosphorus, and potassium were determined in soil

and water according to [24], [23], and [25],
respectively. The trace elements (Fe, Mn, Zn, Cu,
Co, Cr, and Pb) were determined in water and soil
samples according to [26] and [27].

The contamination factor (CF) for soil is “the
ratio obtained by dividing the concentration of each
heavy metal in the soil by the background
concentration of metal” (either from literature or
directly determined from a geologically similar and
uncontaminated area) [28].

“CF = C soil / C background”

According to [28] “the values of Cf < 1 point to
low contamination, 1< Cf < 3 point to moderate
contamination, 3< Cf < 6 point to considerable
contamination and Cf > 6 point to very high
contamination”.

The pollution load index (PLI) is “an easy
method to prove the deterioration of the soil
conditions due to the accumulation of heavy metals"
[29] and was calculated as the following formula:

“PLI="[CF, X CF, % CFy % CF, w v onCEy ”

where n is “the represent number of metals and CF is
the contamination factor value”.

All obtained data were subjected to statistical
analyses. Analyses of variance was done using
ANOVA through computer costat package to get the
significance according to [30], where mean values
were compared using L.S.D at 5% level.

3. Results and Discussion

All the data presented in the following tables are
the mean of two seasons (July 2019 and July 2020).

3.1. Irrigation water

The data presented in Table 2 show some
chemical characteristics of water samples collected
from the selected nine sites and water samples of
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Nile water (control). The measured parameters
were EC, SAR, pH, the soluble cations (Ca**, Mg**,
Na* and K*), the soluble anions (HCOs, CI" and
SO47) and available N, P and K.

3.1.1. Electric conductivity (EC)

The values of EC of water samples collected
from the different nine sites ranged from a minimum
value of 0.47 dSm? in site 2 (Al-Hakr AI-Qibly
located 3.5 km northward the industrial complex) to
a maximum value of 1.97 dSm in site 6 (Al- Marj
located 7.6 km southward the industrial complex).
The differences between the highest value of site 6
and the EC values of all other sites were significant
(Table 2).The EC values also showed gradual and
significant decline from the highest value of site 6

MERVAT Z. ELLIETHY, etal.

(adjacent to the industrial area) to the upstream ward
through sites 7, 8, and 9. It also decreased gradually
from site 6 downstream ward through sites 5, 4, 3, 2,
1. In other words, the more the distance away from
the pollution point the less the EC value was (Table
2).The mean value of EC was significantly higher in
wastewater (WW) samples than the mean value of
EC of Nile water samples (Table 2). Water samples
from El-Khashab canal (Helwan- El Saff area) were
characterized by higher EC (0.86 dS m™) than River
Nile water (0.35 dS m™), and this may be due to
industrial wastes which were discharge into the
canal, excessive use of fertilizers and pesticides,
domestic uses of detergents [16].

Table 2: Chemical characteristics of irrigation water of the different sites (average of two summer seasons; Jul.

2019 and Jul. 2020)

Site No. EC SAR pH Soluble ions (Meq L) Macronutrients (mg L)
dsm? Ca'™ | Mg** | Na* | K* HCOs | Crr | SO4~ N | P | K
Sites under wastewater irrigation
1 0.59d 0.93d 6.93abc 2.96ef | 1.68cde | 1.40d 0.14cd | 1.85b 1.36ef | 2.97d 8.33c 0.04b | 5.96cd
2 0.47e 0.70e 6.96ab 2.87ef | 1.12e 0.98f 0.10e 1.65de 1.16f 2.26de | 8.75bc | 0.01b 4.21e
3 0.61d 0.86de | 6.81bcd | 3.19de | 1.40cde | 1.31de | 0.16bc | 1.67cde | 1.58de | 2.82d 9.45a | 0.15b | 6.84bc
4 1.04c 2.05¢ 6.76d 3.99bc | 1.98cd 3.54c 0.30a 2.34a 3.27¢c 4.19c 9.57a 0.69a | 12.83a
5 0.99c 1.95c | 6.80cd 3.57cd | 2.88ab | 3.48c 0.180b | 1.8lbc | 3.16c | 5.14b | 9.0lab | 0.27b | 7.84b
6 1.97a 3.51a 6.85abcd | 5.12a 3.15a 7.13a 0.16bc | 1.81bc 6.13a 7.63a 5.95d 0.20b | 6.96bc
7 1.26b 2.71b | 7.00a 451b | 2.16bc | 4.96b 0.12de | 1.76bcd | 4.41b | 5.57b 6.46d | 0.25b | 4.96de
8 0.52e 0.76de | 6.88abcd | 2.91ef | 1.46cde | 1.12def | 0.10e 1.73bcd | 1.30ef | 2.57d 5.25e 0.18b 4.21e
9 0.50e 0.74e | 6.86abcd | 2.49f | 1.23de | 1.0lef | 0.09e | 1.56e 1.66d | 1.60e | 8.75bc | 0.08b | 3.96e
L.S.Dat0.05 | 0.05 0.18 0.15 0.53 0.80 0.30 0.02 0.14 0.28 0.91 0.63 0.29 1.18
Mean 0.88 1.58 6.87 351 1.90 2.77 0.15 1.80 2.67 3.86 7.95 0.21 6.42
Sites under Nile water irrigation (control)
10 0.32 0.15 7.10 1.21 1.90 0.19 0.07 1.42 0.85 1.11 10.35 | 054 3.36
11 0.36 0.36 7.20 1.82 1.56 0.47 0.08 1.50 1.02 1.40 13.82 0.71 3.77
12 0.35 0.42 7.20 1.67 1.58 0.54 0.08 1.60 0.93 1.33 12.43 | 0.64 3.44
Mean 0.34 0.31 7.17 1.57 1.68 0.40 0.08 1.50 0.93 1.28 1220 | 0.63 3.52
LSDat005 | 041" 0.82° 0.11 1.07 0.52 1.70° 0.04" 0.22° 152" | 1.23" 2.83° | 027" | 1.93"
WWx control

3.1.2. Sodium adsorption ratio (SAR)

The values of SAR in the nine collected water
samples (Table 2) varied significantly from 0.7 in
site 2 to 3.51 in site 6. The presented SAR values
revealed similar trend as that of EC values, regarding
the gradual decrease in value from the highest value
recorded in site 6 towards the upstream direction
through sites 7, 8 and 9 and toward the downstream
direction of the irrigation canal through sites 5, 4, 3,
2 and 1. Thus, it could be stated generally that, as the
distance increase away from the source point of the
industrial discharge effluent the SAR values decrease
significantly. Table 2 presented that the mean value

of SAR increased significantly in wastewater (WW)
samples than the mean value of SAR of Nile water
samples. According to the guidelines of [31]
irrigation water with SAR value ranging from 0 to
10, can be used for irrigation on almost all soils with
slight danger of development of damaging levels of
exchangeable sodium. However, sodium sensitive
crops, such as trees of fruit and avocados may
accumulate harmful concentration of sodium.

3.1.3. Hydrogen ion concentration (pH)

Data presented in Table 2 declare that the pH of
irrigation water samples of the nine sites ranged
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between 6.76 to 7 without significant difference
between most of sites. According to the guidelines of
[21] and [32] all pH values of irrigation water of the
present investigation fall in the normal range (6.5-
8.5). The mean value of pH decreased significantly
in wastewater (WW) samples as compared with the
mean value of pH of samples of Nile water (Table 2).

3.1.4. Soluble ions
3.1.4.1. Soluble cations

Values of the soluble cations Ca**, Mg**, Na*
and K* in irrigation water samples varied
significantly from the maximum values recorded in
site 4 (K*) and site 6 (Ca™, Mg** and Na') to
minimum values recorded in site 2 (Mg** and Na*)
and site 9 (Ca* and K*). Sites 4, 5 and 6 are adjacent
to the pollution source point (industrial complex);
while, sites 1, 2, 7, 8 and 9 are far from the center of
pollution (Fig. 1 and Table 1). The mean values of
the soluble cations in irrigation water samples
collected from the nine different sites followed the
order: Ca™ > Na™ > Mg** > K*. The mean values of
all  cations increased significantly  (except
Mg**increased non-significantly) in wastewater
(WW) samples as compared with the mean values of
Nile water samples (Table 2).

3.1.4.2. Soluble anions

The soluble anions (HCOs', ClI and SO4™) varied
significantly from the maximum values in irrigation
water samples collected from site 4 (HCO3) and site
6 (ClI" and SOs7) to minimum values of samples
collected from site 2 (CI°) and site 9 (HCO3 and SO4~
). The mean values of the soluble anions in irrigation
water samples collected from the nine different sites
followed the order: SOs~ > CI' > HCO3 (Table 2).
The mean values of HCOs', CI- and SO, increased
significantly in samples of wastewater (WW) as
compared with the mean values of HCO3, CI- and
SO4in samples of Nile water.

The addition of sewage waste and released dust of
cement factory in the area, household uses of water,
fertilizers used in agriculture purposes, action of
detergents, and domestic wastewater discharge into
canal were most probably responsible for the
increase of these ions level in El-Khashab canal [33].

3.1.5. Macronutrients (available N, P and K)

The maximum value of available N, P and K in
the nine water samples collected from the irrigation
canal was recorded in site 4 (Al- Oteyat located 2.1
km southward the industrial complex). The minimum
value of N was that of site 8 and the minimum value
of P was that of site 2, while the minimum value of K
was recorded in water sample of site 9. The
maximum values of N, P and K were recorded in site
4 (adjacent to the industrial complex) and these
values decreased with increasing the distance from
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the pollution point either upstream or downstream
(Table 2). The mean values of available N and P
were significantly lower in wastewater (WW)
samples than in samples of Nile water (control);
meanwhile, the opposite was true for K.

Some factory wastewater are treated before
disposal, however many nutrients and organic
chemicals remain in significant concentrations in the
treated wastewater. The nutrients contained in these
wastewater, e.g. N, P, K and organic matter make it
suitable for irrigation, [34].

3.1.6. Heavy metals

The results of heavy metals (Fe, Mn, Zn, Cu,
Co, Cr, and Pb) content of water samples collected
from the different nine sites are presented in Table 3.
The content of iron (Fe) in some water samples was
higher than the permissible level (0.3 mg L7, [35]).
The Fe content of the studied water samples
exceeded the permissible level by 446.67 %, 20.00
%, 3.33 % and 113.33%, for water sample of sites 4,
5, 6 and 8, respectively. The maximum and
minimum values of Fe were recorded in water
sample of sites 4and 2, respectively. The values of
Mn exceeded the permissible level (0.1 mg L7, [35])
by 260%, 270%, 350%, 510%, 390%, 610%, 270%,
300% and 310% for water sample of sites 1-9,
respectively. The water samples of sites 6 and 1
recorded the highest and lowest values of Mn,
respectively.

The maximum value of Zn was recorded in
water sample of site 2 and the value decreased
significantly until it reached to the minimum values
in water sample of sites 1, 4, 5, 6, 7, 8 and 9(non-
significant difference among them). The Zn content
of all the studied water samples was lower than the
permissible level (1.00 mg L7, [35]). The water
samples of sites 3 and 2 recorded the highest and
lowest values of Cu, respectively. The concentration
of Cu in water samples of all sites was greater than
the permissible level (0.05 mg L, [35]) by 608%,
618%, 610%, 606%, 610%, 610%, 606% and 606%
for water sample of sites 1 and 3-9, respectively.
Cobalt concentration in water samples of all sites
was higher than the permissible level, with was non-
significant difference among the sites, but the water
samples of sites 2, 5, and 6 have the highest value of
Co.

The highest Cr value was that of water sample
of site 2, with non-significant difference among all
sites. The Cr content of the studied water samples
higher than the permissible level (0.05 mg L) by
14%, 22%, 12%, 14%, 12%, 14%, 12%, 12% and
14% for water sample of sites 1-9, respectively. The
water sample of site 7 recorded the highest value,
while the lowest value was recorded in water
samples of sites 2 and 9. The Pb content of the
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studied water samples exceeded the permissible
level (0.01 mg L, [35]) by 700%, 670%, 680%,
680%, 750%, 690%, 810%, 760% and 670% for
water sample of sites 1-9, respectively. The mean

MERVAT Z. ELLIETHY, etal.

values of all studied heavy metals were significantly
higher in water samples of Helwan- El Saff area than
in samples of Nile water (Table 3).

Table 3: Heavy metals content (mg L of irrigation water of the different sites (average of two summer

seasons; Jul. 2019 and Jul. 2020)

Site No. Micronutrients (mg L)
Fe ‘ Mn Zn Cu ‘ Co ‘ Cr Pb
Sites under wastewater irrigation

1 0.26¢ 0.36e 0.34c 0.354a 0.088a 0.057a 0.080ab

2 0.25¢c 0.37e 0.61a 0.036b 0.089a 0.061a 0.077b

3 0.29¢c 0.45cd 0.52b 0.359% 0.088a 0.056a 0.078ab

4 1.64a 0.61b 0.37c 0.355a 0.087a 0.057a 0.078ab

5 0.36¢c 0.49¢c 0.37c 0.353a 0.089a 0.056a 0.085ab

6 0.31c 0.71a 0.35¢c 0.355a 0.089a 0.057a 0.079ab

7 0.28c 0.37e 0.35¢c 0.355a 0.087a 0.056a 0.091a

8 0.64b 0.40de 0.34c 0.353a 0.087a 0.056a 0.086ab

9 0.29¢c 0.41cde 0.36¢c 0.353a 0.088a 0.057a 0.077b
L.S.D at0.05 0.10 0.07 0.06 0.054 0.01 0.009 0.01
Mean 0.48 0.46 0.40 0.32 0.09 0.06 0.08

Sites under Nile water irrigation (control)

10 0.002 0.002 0.002 0.001 0.001 0.001 0.001
11 0.001 0.001 0.001 0.001 0.001 0.002 0.003
12 0.002 0.001 0.001 0.001 0.001 0.001 0.003
Mean 0.002 0.001 0.001 0.001 0.001 0.001 0.002
L.S.D at 0.05 . . . . . . )
WW control 0.05 0.08 0.34 0.13 0.001 0.016 0.03
The permissible level [35] 0.30 0.10 1.0 0.05 - 0.05 0.10

The most of heavy metal values of water
samples from EL-Khashab canal were exceeded the
permissible level, and attributed that to the discharge
of large amount of wastewater (domestic and
industrial) in this canal which suffered from
pollution due to industrial and human activity in this
area [33].

3.2. Soil characteristics

The data presented in Table 4 show some
chemical characteristics of soil samples collected
from the selected nine sites under wastewater
irrigation from EIl-Khashab canal and three sites
under Nile water irrigation as control. The measured
parameters were EC, pH, the soluble cations (Ca**,
Mg*, Na* and K*), the soluble anions (HCOgs, CI
and SO,7) and available N, P and K.

3.2.1. Electric conductivity (EC)

The EC values of soil samples collected from
the different nine sites ranged from 1.32 dSmin site
2 to 8.54 dSm in site 4. Soil EC of the nine sites
revealed significant differences between the highest
value of site 4 and soil EC values of all other sites.

The irrigation with wastewater caused an increase in
EC from 893 to 943 uS/cm, in wastewater irrigated
soil, while the average value of EC in ground water
irrigated soil varied from 600 to 705 uS/cm [9]. The
EC proposed the presence of salinity problem which
is the most significant factor concerning fields
irrigated with wastewater [36].

3.2.2. Hydrogen ion concentration (pH)

Data presented in Table 4 declare that the pH of
soil samples of the nine sites ranged between 7.43 to
7.83 (neutral to slightly alkaline) with non-
significant difference among most of sites. The
greatest value of pH was recorded in soil samples of
site 7, while the lowest value of pH was recorded in
soil sample of sites 2. The mean value of pH
decreased significantly in soil samples irrigated with
wastewater (WW) as compared with the mean value
of pH of soil samples under Nile water irrigation
(control). The effect of treated wastewater (TWW)
on soil (located at Gaza Strip, Palestine) properties
studied by [37], and they concluded that there were
no badly effects with respect to changes in soil pH,
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but a significant increase in EC and sodium content
was detected in wastewater-irrigated soil.

3.2.3. Soluble ions (cations and anions)

The content of soluble cations and soluble
anions in soil sample collected from the nine sites of
the current study area revealed that the maximum
values of soil content of all tested cations and anions
were recorded in soil sample of site 4. These
maximum values of the all tested cations and anions
were significantly different than their corresponding
values of all other eight soil samples. Also, it could
be noticed from the presented data that the minimum
values of Ca**, Na* CI', and SO~ were recorded in
soil sample of site 2, while the minimum content of
Mg** and K* were recorded in soil samples of site 8
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and 3, respectively and the lowest content of HCOs’
was recorded in soil samples of sites 6 and 7 (Table
4). It can be observed that soil samples of site 4 (Al-
Oteyat located 2.1 km southward the industrial
complex) recorded the highest values of EC, Ca**,
Mg**, Na*, K*, HCO3 , CI" and SO,. It seems that
such impact might be due to its location being very
close to the industrial complex near site 3, as well as
the pollution point present at site 5 as a result of
human activities. The mean values of all cations and
anions increased non-significantly (except K* and
Mg*™ and HCOs) in soil samples irrigated with
wastewater (WW) as compared with the mean values
of all cations and anions of soil samples under Nile
water irrigation (Table 4).

Table 4: Chemical characteristics of soil samples of the different sites (average of two summer seasons; Jul.

2019 and Jul. 2020)

Site No. EC pH Soluble ions (meq L) Macronutrients (mg kg ?)
dsm? Ca™ | Mg** | Na* K* | HCOs | [ | SO~ N | P | K
Sites under wastewater irrigation ( WW)
1 1.50cd 7.53¢c 6.80de 4.43bc 2.96b 0.79abc 3.46b 5.93c 4.72cd 88.67d 15.25a 593.84b
2 1.32d 7.43c 5.48e 4.66bc 2.60b 0.39cd 4.0la 5.37c 3.77d 79.33d 9.60c 403.85cde
3 1.59cd 7.67b 8.33cde 4.35bc 3.87b 0.07d 3.61b 5.65¢ 7.35bdc 95.67bcd 12.65b 183.20f
4 8.54a 7.70b 35.96a 16.21a 30.65a 1.19a 4.33a 39.55a 41.01a 130.67a 11.73b 544.28bc
5 1.65bcd | 7.77ab 7.67de 3.91bc 4.23b 0.14d 3.07c 5.37c 7.54bcd 79.33d 6.27de 295.54ef
6 2.93bc 7.67b 14.48bc 4.73bc 9.00b 0.47bcd 2.83c 14.12b 11.72bc 84.00d 5.58e 478.19bcd
7 3.13b 7.83a 15.79b 4.86bc 10.17b 0.18d 2.83c 14.69b 13.49b 119.00abc 7.05d 274.07ef
8 2.05bcd 7.77ab 13.16bcd 2.42¢ 3.52b 0.98ab 3.07c 8.62bc 8.40bcd 121.33ab 7.02d 816.88a
9 2.17bcd 7.50c 10.53bcde 6.14b 5.49b 0.28cd 3.54b 7.91bc | 10.99bcd 91.00cd 7.15d 395.59de
L.S.D at 0.05 1.50 0.13 6.74 341 8.08 0.55 0.35 7.78 7.94 29.14 1.16 144.20
Mean 2.76 7.65 13.13 5.75 8.05 0.50 3.42 1191 12.11 98.78 9.14 442.83
Sites under Nile water irrigation (control)
10 2.07 7.80 7.58 541 4.87 0.59 4.72 5.93 7.80 115.15 10.86 660.01
11 2.25 8.00 9.09 8.44 6.40 0.62 5.66 6.78 12.11 184.24 12.49 739.21
12 1.51 7.90 6.06 6.93 3.22 0.40 3.77 3.39 9.44 115.15 11.86 620.41
Mean 194 7.90 7.58 6.93 4.83 0.54 4.72 5.37 9.78 138.18 11.70 673.21
L.S.D at0.05 4.87 0.11" 19.34 8.69 24.24 1.26 0.83" 30.23 2214 37.18" 1.56 389.61
WWx control

The soluble cations (as Ca**, Mg**, Na* and K*)
and anions ( as Cl, SO4~, and HCOg3’) content was
higher in soil under wastewater irrigation (treated
domestic wastewater form Bahr El Bagar drain at
The Old Haggagia village, Fakous, El Sharkia
Governorate) as compared with that under Nile water
irrigation. The authors attributed that to adding of
soluble salts due to irrigation with wastewater [38].

3.2.4. Macronutrients (available N, P and K)

The content of available N in the studied soil
samples of the nine sites varied significantly from
130.67 mg kg in site 4 to 79.33 mg kg™ in sites 2
and 5.Meanwhile, the content of P ranged from 15.25
mg kg " in soil sample of site 1 to 5.58 mg kg * in
soil sample of site 6 (Table 4). The soil content of K,

varied significantly from the highest value (816.88
mg kg™?) in site 8 to the lowest value (183.20 mg kg
1 in site 3. The mean value of N and P decreased
significantly and K decreased non- significantly in
soil samples irrigated with wastewater (WW) as
compared with the mean values of N, P and K of soil
samples under Nile water irrigation. Wastewater
(municipal wastewater) application cause an
increasing in P and K (9.01mg kg* and 405.53 mg
kg, respectively) in the irrigated soils irrespective of
fertilizer  levels. These nutrients increased
consistently over time with applied wastewater.
Although K increased significantly with raw
wastewater irrigation, it decreased under freshwater
irrigation over time due to uptake by the crops [13].
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3.2.5. Calcium carbonate

The values of CaCOs in the nine collected soil
samples varied significantly from 6.34% in site 5
(Al- Ikhsas located 4.4 km southward the industrial
complex) to 38.68 % in site 2 (Al-Hakr Al-Qibly
located 3.5 km northward the industrial
complex).The mean value of CaCOs; increased
significantly in soil samples irrigated with
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wastewater (WW) as compared with the mean value
of CaCOs of soil samples under Nile water irrigation
(Table 5). The effect of polluted water (mixture of
domestic and industrial effluents) on El-Saff soils
irrigated from El-Khashab canal water studied by
[39]. The author showed a slight difference in soil
calcium carbonate content of surface soil samples
collected from two sites irrigated from El-Khashab
canal and Nile water.

Table 5: Calcium carbonate, organic matter content (%), mechanical analyses and heavy metals content
(mg kg ) of soil samples of the different sites (average of two summer seasons; Jul. 2019 and Jul. 2020)

Site No. CaCOs oM Particles size distribution % Texture Micronutrients (mg kg™)
% % | Coarsesand | Fine sand | Silt | Clay Fe | Mn | Zn I Cu | Co I Cr I Pb
Sites under wastewater irrigation ( WW)

1 214b | 25abc 20a 32.8ab | 204e | 449abc | Clayey |213.9a| 306.7d | 37.9b [39de|3.8de|03b [4.0cd

2 38.7a 2.3bc 11d 320ab | 206e 46.3a Clayey |137.8b| 2226e | 51.4a [26.1a| 269 [02b| 9.3a

3 12.7d 29a 1.2 cd 35.7a 174 f 45.7 ab Clayey |231.5a| 336.1d | 185c | 27e [38fg| 0.3a | 88a

4 11.0de 2.7ab 21a 29.0b 26.3a | 42.6hc Clayey | 89.8c | 440.0bc | 18.0c |4.3de [45cd| 0.3a | 5.1b

5 6.3f 22¢c 1.2d 34.0a 232b 418¢c Clayey | 57.9d | 497.0ab | 11.3e | 55d |5.8ab | 03b | 3.7d

6 10.3 de 2.3bc 16b 325ab [ 225bc | 435abc | Clayey | 56.8d | 467.7abc [ 12.2de [ 10.3c|54ab | 03b | 56b

7 10.0 de 2.3bc 20a 325ab | 20.8de | 44.7 abc Clayey 346e | 523.2a |16.2cd| 53d | 6.1a | 0.2b | 3.6d

8 95e 2.6 abc 16b 32.0ab | 21.9cd | 44.5abc Clayey | 56.1d | 416.5¢ 116e |124b|52bc| 0.2b | 52b

9 172¢ 22c 13c 35.0a 208e 43.0 bc Clayey |116.6b| 3044d | 187c | 95c | 3.4ef |[0.2b |49bc
L.S.D at 0.05 2.8 0.4 0.1 3.8 11 33 _ 211 65.7 4.1 1.8 0.7 | 004 | 01
Mean 15.2 2.4 15 32.80 215 441 _ 110.6 390.5 21.8 8.9 4.5 0.3 5.6

Sites under Nile water irrigation (control)
10 5.7 22 7.8 24.2 55.0 13.0 silt loam | 26.9 25.0 1.3 6.0 (0.001(0.001| 5.0
11 4.9 25 11.4 28.1 475 13.0 Loam 30.9 28.8 15 6.9 |0.001|0.001| 58
12 4.9 1.9 5.1 26.9 55.0 13.0 silt loam 22.8 21.3 11 51 |0.001[0.001| 43
Mean 5.2 2.2 8.1 26.4 52.5 13.0 26.9 25.0 13 6.0 | 0.001[0.001| 5.0
L.S.Dat0.05 - * * . . - * * * « -«

WWx contral 3.7 0.6 2.1 6.3 3.9 6.9 31.9 3.3 14.1 5.8 13 0.2 11
The permissible level [35] 100 100 10 35 0.25

3.2.6. Organic matter

Data presented in Table 5 declare the OM
content in soil samples of the nine sites of the current
study. The highest value of OM (2.87%) was
recorded in site 3, while the lowest value of OM
(2.15 %) was recorded in soil samples of sites 5. The
mean value of OM increased non-significantly in soil
samples irrigated with wastewater (WW) as
compared with the mean value of OM of soil samples
under Nile water irrigation (control). The soil OM
content is considered one of the most soil properties
affected by wastewater irrigation, as has been
described by many studies reporting an increase of
OM content in wastewater irrigated soils [40 and 6].
Soil OM is crucial as a nutrient pool and in soil
structure through the formation of soil aggregates,
and also increase the maximum water holding
capacity of soil, enhancing the drainage properties
and resistance to compaction [41]. Nevertheless,
these effects mostly depend on both the structure and
amount of OM in the applied wastewater [12].

3.2.7. Soil texture

Regarding soil texture or percentage particle size
distribution, the data presented in Table 5 revealed
that all soil texture classes of the nine sites are
clayey. On the other hand, the soil texture classes of
control sites are silt loam and loam. These data are in
full agreement with [42] who reported that the clay
content in soils irrigated with wastewater increased
as the irrigation period increased due to the
accumulation of clay particles from wastewater
effluent. While [39] reported a slight variation in soil
texture and calcium carbonate content of samples
collected from two sites irrigated from El-Khashab
canal and Nile water.

3.2.8. Heavy metals

The content of Fe in most of soil samples
(except that of site 1, 2, 3, and 9) was lower than the
permissible level (100 mg kg, [35]). The most and
the least values of Fe were recorded in soil samples
of sites 3 and 7, respectively. The Mn content of the
studied soil samples excessed the permissible level
(100 mg kg1, [35]) by 206.65%, 122.63%, 236.08%,
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339.99%, 397.01%, 367.69%, 423.22%, 316.45%
and 204.37% for soil sample of sites 1-9,
respectively. The most and the least values of Mn
were recorded in soil samples of sites 7 and 2,
respectively (Table 5).

The maximum and minimum values of Zn were
in soil samples of sites 2 and 5, respectively. The
content of Zn of all soil samples was higher than the
permissible level (10 mg kg?, [35]) by 279.4%,
413.8%, 85.4%, 79.8%, 13.1%, 21.7%, 62.1%,
16.4% and 86.9% for soil sample of sites 1-9,
respectively. The soil samples of sites 2 and 3
attained the highest and lowest values of Cu,
respectively. The concentration of Cu in soil samples
of all sites was lower than the permissible level (35
mg kg?, [35]). The concentration of Co in soil
samples of all sites was higher than the permissible
level according to [35]. The soil sample of site 7 had
the highest value of Co, while the minimum values
was that in soil samples of sites 2.

The content of Cr in soil samples of all sites was
higher than the permissible level according to [35].
The highest values of Cr were recorded in the soil
samples of sites 9 and 8. All Pb values in all soil
samples were higher than the permissible level (0.25
mg L) by 1512%, 3600%, 3424%, 1932%, 1384%,
2128%, 1336%, 1968% and 1860% for soil sample
of sites 1-9, respectively [35]. The soil samples of
sites 2 and 7 recorded the highest and lowest values
of Pb, respectively. The mean values of Fe, Mn, Zn,
Co and Cr increased significantly, but Cu and Pb
increased non-significantly in soil samples irrigated
with wastewater (WW) as compared with the mean
values of these metals of soil samples under Nile
water irrigation (Table 5).

Wastewater may contain low concentration of
heavy metals but, long-term use of this wastewater
could accumulate large amounts of heavy metals in
soil. Moreover, long-term irrigation of clay soil with
wastewater cause increasing in its available Cu, Cd,
Pb, Cr, Ni and Zn compared with fresh water
irrigated soil [43, 44 and 45].

Soil texture plays an important role in the
mobility of metals in soil as affected by the content
of fine particles like clay. This clay is important
adsorption medium for heavy metals in soils. The
clayey soils hold a high amount of metals when
compared to sandy one [46].

From the previous data it could be observed that
irrigation water and soils in sites around the
industrial complex or adjacent to it have the highest
values of N, P, K, and OM which improve the soil
quality and soil fertility, but at the same time they
also have high concentration of soluble salts and
heavy metals which led to several soil problems that
increase with time. This mean that these sites receive
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large amount of pollutants (domestic and industrial)
which discharged in El-Khashab canal. Also, the
gradual decrease in values of most of the studied
parameters from the highest values recorded at sites
close to the source point pollution (sites around the
industrial complex or adjacent to it) towards either
the upstream or the downstream of the irrigation
canal. Thus, it could be stated that generally, as the
distance increases away from the source point of the
industrial discharge effluent the values decrease
significantly.

Soil health mean “the continued capacity of soil
to function as a vital living ecosystem that sustains
plants, animals, and humans”. In other words it can
defined as “the capacity of soil to function as a vital
living system, within ecosystem and land-use
boundaries, to sustain plant and animal productivity,
maintain or enhance water and air quality, and
promote plant and animal health” [47]. Briefly, “soil
health point to the capability of a soil to deliver
ecosystem services”. The soil health reflect how well
the soil can do its environmental purposes. A soil is
assessed as “healthy” if it provides better ecosystem
services relative to undisturbed reference soils of
similar type in the same area. Otherwise, the soil is
unhealthy, “unable to carry out the normal
environmental functions of similar soils in the
inherent ecosystem”. Soil health is “a comprehensive
term of the relevant soil physical, chemical, and
biological properties” [48]. Soil (health) degradation
is “the loss of the intrinsic physical, chemical, and/or
biological qualities of soil either by natural or
anthropic processes, which result in the diminution
or annihilation of important ecosystem functions”.
Land uses, disturbances, and management practices
may change soil properties and subsequently, impact
soil health [49]. Soil health degradation became a
global main problem that threatens global food
security. For agricultural soils, the degradation is
typically established as OM decline, compaction,
salinization, accelerated erosion, contamination, and
loss of biodiversity. High agricultural production
may temporarily be took place with high inputs of
fertilizers, pesticides, and wastewater, yet sustainable
agriculture  needs  healthy  soils.  Effective
management practices are warranted to restore
degraded agricultural soils to the “healthy” status
capable of supporting satisfactory food and fiber
production while providing other vital ecosystem
services [50].

3.3. Pollution quantification
3.3.1. Contamination factor (CF)

The soil contamination factor at the nine sites
during summer seasons (average of two summer
seasons Jul. 2019 & Jul. 2020) are shown in Table 6.
The CF values for Fe ranged from 8.62 (site 3) to
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1.29 (site 7), the CF values for Mn ranged from
20.90 (site 7) to 8.89 (site 2), the CF values for Zn
ranged from 38.34 (site 2) to 8.44 (site 5), the CF
values for Cu ranged from 4.34 (site 2) to 0.45 (site
3), the CF values for Co ranged from 6060 (sites 5
and 7) to 2600 (site 2), the CF values for Cr ranged
from 310 (site 3) to 210 (site 2) and the CF values
for Pb ranged from 1.84 (site 2) to 0.72 (site 7).

From the CF mean values of the seven heavy metals,
they could be arranged descendingly in the order of:
Co > Cr > Zn > Mn > Fe > Cu > Pb. According to
[28] classification, Mn, Zn, Co and Cr can cause
very high contamination; Fe can cause considerable
contamination; Cu and Pb can cause moderate
contamination.

Table 6: The contamination factor and pollution load index of soil samples collected from different sites

(average of two summer seasons Jul. 2019 & Jul. 2020)

Site The contamination factor for studied heavy metals Pollution load index
No. Fe Mn Zn Cu Co Cr Pb (PLI)
1 7.96 12.25 28.31 0.65 3820.00 250.00 0.80 20.20
2 5.13 8.89 38.34 4.34 2600.00 210.00 1.84 25.81
3 8.62 13.42 13.84 0.45 3780.00 310.00 1.75 20.41
4 3.34 17.57 13.42 0.71 4450.00 300.00 1.01 18.54
5 2.15 19.85 8.44 0.91 5810.00 250.00 0.74 16.63
6 211 18.68 9.08 1.72 5440.00 250.00 111 19.11
7 1.29 20.90 12.10 0.88 6060.00 230.00 0.72 16.16
8 2.09 16.63 8.69 2.06 5150.00 240.00 1.03 18.67
9 4.34 12.16 13.95 1.57 3390.00 240.00 0.98 19.08
Mean 412 15.59 16.24 1.48 4500.00 253.33 111 19.40

From the previous data it could be observed that
Co was the most metal which caused contamination
in soil of the study area. On the other hand, Pb was
the least metal which caused contamination in all
sits. The high level of soil contamination in the study
area with these heavy metals is associated with the
spread of many industries in which these metals are
used. Fe, Mn, Zn and Cu are used in the iron and
steel industry, meanwhile, Pb, Mn and Cr are used in
the manufacture of glass. As for the paint industry,
Pb, Cr, Zn and Mn are one of its main components.
Cr is also used in the textile industry, as well as the
clay brick industry. Zn is used in the soap and plastic
industries. Most of the elements are used in the
manufacture of mineral fertilizers [51]. This is in
addition to the presence of these heavy metals in
sewage and agricultural wastewater, which are
randomly disposed of in El-Khashab Canal.

The spreading of different heavy metals in
different particle size fractions of soils under
polluted water irrigation in El- Saff area studied by
(15). The results showed that the clay fraction had
the highest values of all tested heavy metals, while
the sand fraction had the lowest. All fractions of soils
under industrial wastewater irrigation had the highest
amounts of Fe and Mn, while fractions of soils under
sewage wastes irrigation had the highest amounts of
Zn, Cu, Pb and Cd. Data showed that the amount of
heavy metals in the clay fraction was 33, 24, 14, 13,
12 and 10 times that of the sand fraction for Mn, Cu,

Fe, Cd, Zn and Pb, respectively. Similar finding were
reported by [12].

3.3.2. Pollution load index (PLI)

Table 6 shows the PLI values for the soil
samples collected from the nine sites of the study
area during summer seasons. The PLI of soil samples
ranged from 25.81 (site 2) to 16.16 (site 7). The high
temperature during summer season may lead to some
or all of the following: Evaporation of water from
the soil and an increase in the concentration of
metals in it, acceleration of the rate of the chemical
processes, increase the reactivity and the solubility of
high concentration of the different metals in the
polluted canals, increase the load of wastewater
effluents with the different metals and summer
season is, usually, associated with more
anthropogenic activity (municipal and industrial)
leading to higher metals load in the irrigation canals
[52].

The wuse of wastewater in irrigation of
agricultural land presents environmental, health and
economic challenges as well as benefits. While some
benefits and cons are localized and complicated,
others can easily be characterized. For example, the
risk associated with exposure to pathogens and heavy
metals and salinity of soil are easily classified as
cons. Meanwhile, Nutrients source, water resources
protection and savings, and farm profitability are
benefits. Using of wastewater for irrigation has
increased over the years due to these benefits
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especially in regions that suffer from water scarcity
problem. [3]. The type and severity of effect of
wastewater irrigation on public health, water
resources and soil are not only dependent on the
wastewater quality but also on properties of soil
,morphology and physiology of plant, climate, type
of irrigation and agricultural management applies.
Irrigation with wastewater could support both
agriculture and water sustainability. It could be
concluded that wastewater surely has a great
possibility of being a viable alternative water source
for irrigation, but risk prevention barriers should be
adopted to decrease the undesirable effects [7].

Agroecology is “the science of applying
ecological concepts and principles to the design and
management of sustainable food systems”.
Agroecological principles are: 1- “use a holistic
approach to the identification, the analysis and the
resolution of issues related to farming - the
agroecosystem is regarded as one and its health as a
whole is valued more than the productivity of a
single crops”.2- “Enhance the recycling of biomass
with a view to optimizing organic matter
decomposition and nutrient cycling over time”. 3-
“Strengthen the ‘immune system’ of agricultural
systems through enhancement of functional
biodiversity — natural enemies, antagonists, etc.” 4-
“Provide the most favorable soil conditions for plant
growth, particularly by managing organic matter and
by enhancing soil biological activity”. 5- “Minimize
losses of energy, water, nutrients and genetic
resources by enhancing conservation and
regeneration of soil and water resources and
agrobiodiversity”. 6- “Minimize the use of external,
non-renewable  resources”. 7-  “Avoid the
unnecessary use of agrochemical and other
technology that adversely affect the environment and
human health”. 8- “Diversify species and genetic
resources in the agroecosystem over time and space
at the field and landscape level”. 9- “Enhance
beneficial biological interactions and synergies
among the components of agrobiodiversity, thereby
promoting key ecological processes and services”.
10- “Use local crop varieties and livestock breeds so
as to enhance genetic diversity and adaptation to the
changing biotic and environment condition”. Most of
these principles are realized in a sustainable
agricultural system that relies heavily on wastewater
irrigation [53].

4. Conclusion

From the previous data it could be observed that
irrigation water and soils in sites around the
industrial complex or adjacent to it have the highest
values of N, P, K, and OM which improve the soil
quality, but at the same time they also have high
concentration of salts and heavy metals which led to
several soil problems that increase with the time.
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This mean that these sites receive large amount of
pollutants  (domestic ~and industrial)  which
discharged in El-Khashab canal. One can conclude
that the agricultural land in the study area (Helwan-
El Saff) is contaminated with many heavy metals as
a result of the aforementioned practices, whether
from factories (industrial wastewater), individuals
(municipal wastewater) or farmers (agricultural
wastewater), which poses a very great danger to the
fertility of the agricultural land and its suitability for
agriculture. Therefore, the data of the present
research revealed that wastewater of El-Khashab
canal could effectively be used as fertility source for
soil, but there are some risks as heavy metals that
may threaten sustainable agriculture in the study
area. Therefore, the authors recommended close and
periodic monitoring for soluble salts and heavy
metals content of both wastewater irrigation canals
and soil of agricultural land under wastewater
irrigation. Besides that, only crops that do not
uptake, translocate nor bioaccumulate high levels of
heavy should be selected for cultivation under
wastewater irrigation.
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