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ABSTRACT

El-Gharbia main drain poses a significant environmental threat, as it receives wastewater from three

sources: sewage, agriculture, and industry. The objective of this study is to evaluate the impact of EI-Gharbia main
drain wastewater on the micronutrient and heavy metal content of surrounding soil and plant. Samples (soils and
plants) were taken from fifteen sites along the drain in winter of 2020 and summer of 2021. Results showed that
the content of soils and plants samples from micronutrients such as Fe, Mn, Zn, Cu and B and heavy metals such
as Cd, Co, Cr, Ni and Pb) were differed from site to another, in some cases, the overall mean exceeded the
permissible limit in both seasons, but the pollution degree was higher in the summer season. As for the
bioaccumulation factor values (BCF) in plant samples were higher than 1. Application of risk assessment equations
showed that the enrichment factor (EF) of micronutrients and heavy metals values were low level except for
cadmium element values which varied from very significant to severe level and lead element values were moderate
level in both seasons under study, contamination factor (CF) values were varied from low to moderate except for
cadmium element were severe contamination level in both seasons, contamination degree (Cd) were varied from

considerable to very high level in both seasons, pollution load index (PLI) values were high contamination level in
both seasons except for site No. 1was low level at winter season.

Keywords: El-Gharbia drain water, heavy metals, risk assessment equations.

INTRODUCTION

Human activates participate the contamination of
water bodies and organisms with probably toxic materials
(Maanan, 2008). Abnormal level of land use change has led to
a dangerous risk of heavy metal contamination in ecosystems.
El-Gharbia main drain, also known as Kitchener drain, poses
a severe threat to the residents of several villages in EI-Gharbia
and Dakahlia governorates, as well as some centers in Kafr EI-
Sheikh governorate. The drain stretches over 100 kilometers,
starting from EI-Mabhalla EI-Kubra in EI-Gharbia governorate
and ending in Burullus in Kafr EI-Sheikh. Many factories in
El-Mahalla and Kafr El-Zayat dispose of their industrial
wastewater through subsidiary drains that connect to the EI-
Gharbia main drain. Additionally, the sewage system in Tanta
passes through the borders of Kafr EI-Sheikh governorate,
adding to the pollution of the drain. Farmers in the area are
compelled to use the contaminated water from the Kitchener
drain to irrigate their fields, despite the presence of various
industrial and health pollutants. This hazardous practice puts
the health of Egyptians at risk and may explain the high
incidence of hepatitis C virus in the villages of Hamoul, Bella,
and Baltim centers, which the drain passes through. Heavy
metals dissolve in water so easily absorbed and accumulate by
aquatic organisms. Small levels of concentrations can be toxic
because the metals bioaccumulation, which means that their
concentration in an organism is higher than in water
(Rajeshkumar and Li, 2018). On the other hand, using of
sewage and industrial wastewater, municipal compost and
pesticides lead to pollute agricultural soils with heavy metals
(Alengebawy, 2021).

Heavy metals are found in wastewater, such as Cd, Cr,
Pb, Cu, Zn, and Ni, the high content of wastewater of these
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metals above the permissible limits cause serious risks to
human health, all living organisms and environmental balance,
so plants were grown on polluted soil may be to accumulate
toxic metals in their tissues, which leads to accumulate of these
toxic metals in the livers and kidneys of humans, leading to
disruption of biochemical processes, such as liver, kidney,
cardiovascular, nervous and bone disorders (Tchounwou et al.,
2014).

Also, pollutants may be in solid or liquid forms
consisting of organic and inorganic wastes, spent oil or
lubricants, pesticides and fertilizers over-enrichment, which
caused human health problems and adversely affect biological
communities and resources (Changetal., 2012). Furthermore,
depletion of dissolved oxygen caused by the aerobic
decomposition of organic and inorganic compounds, thus
being an environmental concern in water bodies throughout
the world (Chang et al., 2012). The decrease of dissolved
oxygen concentration in these drains may be related to the
domestic wastes discharged directly into the drains, which
contain high amounts of biodegradable organic matter
(Zaghloul and Elwan, 2011). The current study aims to assess
degree of influence of EI-Gharbia drain wastewater on soil and
plant contamination with micronutrients and heavy metals.

MATERIALS AND METHODS

El-Gharbia main drain (Kitchener) is the longest
existing drain in Egypt, extends more than 100km, and it
connects three governorates "Gharbia, Dakahlia and Kafr El-
Sheih", 46 km of which are within the Kafr EI-Sheikh
governorate, It ends up in the Mediterranean Sea and pollutes
Burullus Lake, On its edges, there are 128 villages whose
residents depend on the drain water to irrigate their agricultural
soils and fish.
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Samples were taken from fifteen sites along El-
Gharbia main drain in the winter of 2020 and the summer of
2021 seasons. The samples include soil and plants from each
site, Table 1 show the sampling sites and its coordinates.
Table 1. Sampling sites along EI-Gharbia main drain

Site . Longitude Latitude
No. Site Name &) N)

1 Segaeya 31°342373"E 30°59'16.062"'N
2 Segeeyaafter uploading station  31°4'17.600"E  31°1'9.323"N
3 After Nemra Albasal 31°4'55324"E  31°347.393"'N
4 Before Dukhmays 31°4'23211"E  31°5'49515'N
5 Mansheya Nasrya 31°4'23074"E  31°9'42549"'N
6 Ezbet George Dagher 31°6'57130"E 31°11'5214"N
7 Before Ezbet Neel El-Kbeir ~ 31°7'27539"E  31°13'47.324"N
8 Ezbet Mashrqi 31°7'16.078"E 31°16'4776"N
9 After EI-Hamoul 31°9'19.013"E 31°19'47516"N
10 Qetaa Alzaweyah 31°10'15726"E 31°21'7.117"'N
11 Before Ezbet elbadarwa 31°11'4500"E 31°22'16.883"'N
12 Before Qaria 7 31°11'7050"E 31°23'28045"'N
13 After Qaria 9 31°10'23592"E 31°26'22.848"N
14 Before Qaria 13 31°9'45446"E 31°28'3322"N

15 Afieruploading station AlKhashea 31°8'47.136"E  31°29'59.130" N
Soil samples preparation

Surface soil (0 — 30 cm) samples were collected from
all sites and kept in polyethylene bags. Soil samples were air
dried and sieved through a <0.2 mm and stored in the labeled
polythene sampling bags (Lei et al., 2008). One gram of each
sample was digested according to Cottenie et al., 1982 to
determined total contents of micro nutrients and heavy metals,
with three replicates.
Plant samples preparation

A parts of plants grown in the study area were taken
such as; clover leaves (Alfalfa), turnip leaves (Brassica rapa
subsp. rapa) and cabbage leaves (Brassica oleracea var) ,
cabbage leaves (Brassica oleracea var.),bean stalks and leaves

Table 2. Distribution of the elements in the Earth's crust

(Vicia faba) and carrot leaves (Daucus carota) in winter
season, cotton leaves (Gossypium), corn leaves (Zea mays),
rice leaves (Oryza sativa) and pepper leaves (Annuum
Capsicum) in summer season were collected from different
sites in three replicates and stored in labeled polythene
sampling bags and were brought to the laboratory directly after
sampling. Plant parts were washed with distilled water, and
then oven dried, ground and digested (Jamali et al., 2009).
Plant samples were digested according to Jackson, 1979.
Samples analysis

Auvailable micro nutrients and heavy metals were
extracted using NH4HCO3-DTPA (AB-DTPA) solution
according to Lindsay and Nowvell (1978). The total and
available micro nutrients and heavy metals contents of Cd, Co,
Cu, Cr, Fe, Pb, Mn, Ni and Zn for all samples (soil and plant)
were determined by using inductively coupled plasma (ICP-
JY ULTIMA).
Risk assessment equations

Environmental pollution by heavy metals has been
consideration as a dangerous problem because of their toxicity,
persistence and bioaccumulation (Liu et al., 2022). So it is
necessary to investigate the distribution and pollution degree
of heavy metal, in order to explain the mechanism of
transportation and accumulation of pollutants (long et al.,
2006).
1- Enrichment factors

This factor is used to calculate the degree of
environmental pollution from heavy metals as a result of
human activity. Iron is used as a reference element depending
on its stability in the soil (Table 2), which is characterized by
the absence of vertical movement in the soil or its exposure to
deterioration phenomena (Barbieri et al., 2015).

(mgkg?)
Elements Fe Min 7Zn  Cu B Cd  Co _ Cr Ni Fb
Efements background 27000 8500 050 450 1000 030 190 900 680 230

EF = (CyxFe) sample / (CyTFe) background (1)
where C, concentration of metal x.

According to Faiz et al., (2012) EF < 2 indicates that
deficiency to low enrichment, 2 < EF > 5 moderate
enrichment, 5< EF < 20 significant enrichment; 20 < EF <40
very high enrichment; and EF > 40 extremely high enrichment
factor.

2. Contamination Factor (CF)

CF=CICo(2)
where C is the concentration of the studied element in the sample, Cy is
the concentration of the studied element in the earth’s crust.

The levels of sample contamination by CFs are
characterized according to Sutherland et al. (2000) as follows:
CF < 1 indicates a low contamination level, 1 < CF < 3
moderate contamination level, 3 < CF < 6 high contamination
and CF > 6 very high contamination level.

3. Contamination degree (Cd)

The Cd is aimed at providing a measure of the degree
of overall contamination sampling site. The numeric sum of
the k specific contamination factors expressed the overall of
contamination degree.

Cd=Y%=1CF (3)
where k is specific contamination factors expressed the overall of
contamination degree and i is the element or pollutant and CF is
contamination factor Hakanson (1980) proposed the classification of the
contamination degree in samples as: Cd<1 low contamination level, 1< Cd

< 3 moderate contamination level, 3 < Cd < 6 considerable contamination
level, Cd > 6 very high contamination level.
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4. Modified contamination degree
Cd =Y*=1 CF/n (4)
where n is number of analyzed elements and i is it" element or pollutant
and CF is contamination factor.
5. Pollution Load Index (PL1I)
PLI =(CF1 xCF2xCF3x.......xCFn ) " (5)
where PLI is the pollution load index, n is the number of studied metals
and CF is the contamination factor.
The obtained results of PLIs are outlined according to
Varol (2011) as follows: PLI < 1 indicates the absence of
contamination, PLI = 1 low contamination level and PLI > 1
refers to high contamination level.

RESULTS AND DISCUSSION

Continuous reuse of wastewater in agricultural
practices without treatment leads to accumulation of
micronutrients (Fe, Mn, Zn, Cu and B) and heavy metals (Cd,
Co, Cr, Ni and Pb) in the soil and plants to extent that
endangers the life of living organisms
1- Effect of using low-quality irrigation water from El-

Gharbia maindrain on total micronutrients and heavy
metals content in studied soils.

Tables 3 and 4 showed that the long-term use of water
from El-Gharbia main drain to irrigate the surrounding
agricultural soil led to accumulation of micronutrients and
heavy metal content in two seasons under study, but less than
the permissible limits according to the European Union
(2006).
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Table 3. Effect of using low-quality water from El-Gharbia main drain on total micronutrients and heavy metals
content in studied soils at winter

Sites % mgkg™
Fe Mn Zn Cu B Cd Co Cr Ni Pb

1 4.20 819.96 62.82 46.01 4455 3.29 27.10 81.59 5715 4245
2 4.46 866.90 71.83 46.40 35.85 461 26.44 70.99 56.09  48.07
3 4,56 876.67 71.80 65.28 38.68 4,05 26.49 89.61 5154  39.97
4 4.65 796.11 7257 53.61 42.89 4.44 24.74 68.50 62.39 47.70
5 4.41 1151.44 84.74 59.20 54.20 411 28.84 90.55 79.65 60.17
6 454 946.30 66.69 51.82 45.49 3.94 24.29 89.98 6441  49.67
7 452 792.03 63.56 53.50 46.00 451 2274 15678 7474 62.00
8 4.49 858.85 70.31 65.89 49.45 2.95 21.34 16483 9234 6248
9 4.80 1013.92 78.79 70.40 94.59 5.03 2692 10114 9209 51.89
10 4.39 900.42 66.35 53.49 44.36 4.65 21.85 70.21 7849 39.78
11 4,01 630.07 62.45 41.80 33.46 297 25.70 66.09 4729 3431
12 3.93 714.79 58.40 41.46 41.27 351 21.02 62.55 4939 3744
13 464 751.22 7251 50.39 39.89 345 23.74 66.49 5491 3943
14 3.98 674.25 62.61 64.48 4797 2.23 18.40 87.64 4995 3481
15 3.75 730.61 58.90 49,94 40.80 3.99 21.67 73.65 70.87 3819
Mean 4.36 834.90 68.29 54.24 43.63 3.85 24.08 89.37 6542 4591
SD 031 135.20 7.35 9.01 552 0.77 2.88 31.18 1516  9.72
Permissible limits - 2000.0 300.0 100.0 - 3.0 50.0 100.0 100.0 100.0

SD: Standard deviation (statistically significant coefficients p < .05), Permissible limits according to European Union (2006)
Table 4. Effect of using low-quality water from El-Gharbia main drain on total micronutrients and heavy metals

content in studied soils at summer

Sites % mgkg ™
Fe Mn Zn B Cd Co Cr Ni Pb

1 3.90 135.10 89.90 51.10 44,78 24.20 10.14 94.74 62.76  49.15
2 411 297.32 58.20 20.90 26.48 12.14 11.90 63.21 79.27 50.23
3 422 189.00 28.90 40.10 33.71 12.40 14.62 3524 7630 36.47
4 4.90 126.90 27.70 20.00 43.19 14.70 9.04 83.54 61.50 49.52
5 4.25 105.10 55.10 25.10 41.34 13.21 20.50 77.02 89.50 54.86
6 4.60 215.80 52.90 14.90 41.98 13.38 11.90 8341 71.30 38.26
7 4.62 183.50 64.10 18.80 4257 12.86 0.00 4509 4690 36.47
8 455 124.90 29.60 16.90 38.74 26.24 0.00 2935 4039 60.12
9 4.37 123.10 58.90 31.70 29.37 23.49 2020  66.47 75.00 28.36
10 4.16 186.50 77.90 18.50 28.72 24.39 0.00 63.21 7165 29.31
11 4.26 153.40 82.50 17.20 26.48 23.62 13.20 85.45 7724 41.24
12 435 131.90 73.50 34.70 32.45 27.63 1580 66.25 80.60 30.87
13 413 914.35 66.9 23.80 38.54 27.64 1850 4564 8360 31.88
14 4.08 756.51 72.70 15.70 40.78 27.80 15.50 52.34 7424  41.67
15 475 485,91 71.10 22.70 39.58 22.53 8.15 71.54 55.12 4554
Mean 4.35 818.82 60.66 24.81 36.58 20.42 1538  64.17 69.69 41.60
SD 0.28 120.03 19.38 10.32 6.42 6.39 4,63 19.38 13.78 9.74
Permissible limits - 2000.0 300.0 100.0 - 3.0 50.0 100.0 100.0 100.0

SD: Standard deviation (statistically significant coefficients p < .05), Permissible limits according to European Union (2006)

With regard to cadmium element, it exceeded the
permissible limit (3 mg kg-1) in all sites except for sites No.
8, 11and 14 with values were 2.95, 2.97 and 2.23 mg kg-1,
respectively, at the winter season (Fig. 1),
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Fig. 1. Total heavy metals content in soil samples at winter
and summer seasons

but in the summer season, the values of cadmium
element in all sites exceeded the permissible limit with mean
of 20.42 mgkg-1 to all sites under study (Fig. 1). On the other
hand, chromium values were less than the permissible limit
(100 mg kg-1) in both seasons under study, except for sites
No. 7, 8 and 9, with values were 156.78, 164.83 and 101.14
mgkg-1, respectively. From the results, it is clear that the
accumulation of heavy metals increases at summer season
than winter season, and this may be due to increased
consumption of detergents (Aonghusa and Gray, 2002). Also,
many elements are entering to the water by human activities
such as manufacturing construction and agriculture (Ghazi et
al., 2012). Furthermore, increasing micronutrient and heavy
metals accumulation in agricultural soils due to using
continuously of low-quality water irrigation at the long term
(Mahmood and Malik, 2014).

2- Effect of using low-quality irrigation water from El-
Gharbia main drain on available micronutrients and
heavy metals content in studied soils.

The data in Tables 5 and 6 showed that the available
soil contents of heavy metals did not exceed the permissible
limits at two study seasons according to Kabata-Pendias and
Pendias. (1992), 1SI (1983) EUS (2002), except for Pb in tow
sites at winter season were No. 7 and 8 with values of 1.1, 1.03
mg kg (Fig. 4) and three sites at summer season were No. 7, 8
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and 11 with values of 1.36, 1.17 and 1.11 mg kg* (Fig.2),
respectively. Regard to the available soil contents of
micronutrients in same previous Tables (5 and 6), it were found
to exceed the permissible limits in both seasons under study,
with exception of B element, suppose this due to the fertilizers

addition which contains low amounts of heavy metals
compared with micronutrients (Abdelhafez et al., 2012). Also,
addition of mineral fertilization and herbal and insect pesticides
which contain considerable quantities of these micro-nutrients
(Abdelhafez et al., 2012).

Table 5. Effect of using low-quality water from El-Gharbia main drain on available micronutrients and heavy metals

content in studied soils at winter

Sites mgkg™

Fe Mn Zn Cu B Cd Co Cr Ni Pb
1 16.47 6.99 473 2.85 142 0.07 0.17 0.05 0.45 0.45
2 21.91 8.34 4,92 2.95 0.55 0.12 0.28 0.38 0.51 0.49
3 20.69 11.75 5.97 357 0.49 0.10 0.04 0.39 0.47 0.48
4 15.19 8.48 4.444 2.61 0.53 0.07 0.17 0.35 0.69 0.45
5 23.40 10.28 8.22 3.23 0.89 0.15 0.26 0.10 0.78 0.74
6 23.79 15.25 8.46 3.10 1.68 0.13 0.08 0.38 0.72 0.74
7 18.79 11.35 9.99 4.29 1.99 0.12 0.03 0.12 111 1.10
8 25.20 11.72 9.08 3.66 1.00 0.15 0.07 0.11 1.00 1.03
9 16.57 11.80 6.69 2.67 1.05 0.16 0.24 0.51 0.51 0.56
10 11.10 8.54 6.94 5.03 0.76 0.08 0.33 0.91 0.54 0.54
11 15.44 7.70 4.60 3.58 0.27 0.03 0.03 041 0.41 0.37
12 13.25 8.39 5.61 2.85 0.27 0.04 0.03 0.03 0.65 0.72
13 19.22 8.12 6.24 3.45 1.68 0.17 0.07 0.02 0.46 041
14 22.14 11.01 7.98 3.38 0.58 0.03 0.0p2 0.04 0.73 0.78
15 16.13 8.03 6.78 3.17 0.31 0.12 0.16 0.02 0.55 0.57
Mean 18.63 9.85 6.71 3.36 0.90 0.10 0.13 0.27 0.64 0.64
SD . o 417 2.25 1.73 0.64 0.56 0.05 0.11 0.26 0.21 0.23
Permissible limits 0-52 0-12 0-1.5% 0.05° 0-52 0-0.5° - 8.0° 0-5¢ 0-1°

SD: Standard deviation (statistically significant coefficients p < .05), Permissible limits according to (a) Kabata-Pendias and Pendias. (1992), (b) ISI

(1983), (c) EUS (2002)

Table 6. Effect of using low-quality water from El-Gharbia main drain on available micronutrients and heavy metals

content in studied soils at summer

Sites mgkg™

Fe Mn Zn Cu B Cd Co Cr Ni Pb
1 16.33 7.03 4.63 294 0.38 0.05 0.31 0.06 052 054
2 23.19 8.66 5.27 331 0.32 0.11 0.47 0.40 0.50 0.48
3 15.70 12.65 7.05 2.66 0.20 0.17 0.04 0.05 0.55 0.56
4 14.43 8.71 431 2.62 0.48 0.09 0.26 0.12 0.65 0.66
5 32.84 8.77 5.79 3.26 0.98 0.24 0.48 0.09 0.58 0.59
6 27.24 23.03 10.34 313 2.38 0.10 0.13 0.02 0.87 0.92
7 19.07 13.70 12.07 3.38 1.02 0.06 0.04 0.02 1.30 1.36
8 23.18 13.95 10.47 3.42 0.40 0.18 0.10 0.07 111 1.17
9 17.17 15.36 7.15 2.75 0.94 0.22 0.14 0.19 0.72 0.71
10 11.39 9.49 6.77 4.09 0.80 0.03 0.36 0.07 0.62 0.63
11 15.34 11.35 5.66 0.04 112 0.03 0.02 0.30 0.76 1.11
12 18.47 10.58 8.47 0.02 0.98 0.05 0.68 0.54 0.54 0.36
13 13.48 11.27 1548 0.05 0.71 0.05 0.21 0.21 1.83 0.87
14 16.58 15.89 10.54 0.04 0.78 0.15 0.73 0.03 0.39 0.54
15 17.88 7.58 1157 0.04 145 0.28 0.53 0.11 0.29 0.99
Mean 18.82 11.87 8.37 212 0.86 012 0.30 0.15 0.75 0.77
so 5.64 415 3.24 1.56 0.54 0.08 0.23 0.15 0.40 0.29
Permissible limits 0-5° 0-12 0-1.5° 0.05% 0-52 0-0.5b - 8.0° 0-5¢ 0-1°

SD: Standard deviation (statistically significant coefficients p < .05), Permissible limits according to (a) KabataPendi;e\s and Pendias. (1992), (b) 1SI (1983), (c) EUS (2002)
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Fig. 2. Available heavy metals content in soil samples at
winter and summer seasons.

3- Effect of using low-quality irrigation water from El-
Gharbia main drain on micronutrients and heavy
metals content in plants.

The data illustrated in Tables 7 and 8 showed the effect
of the irrigation from EI-Gharbia main drain on micro nutrient
and heavy metals contents in plants grown in sites under study.

The data revealed that the content of some
micronutrients such as Fe, Mn, Zn and Cu in some parts of
plants were higher than the permissible limits according to
FAO/WHO (1986) with values were 384.66 and 689.32, 51.83
and 30.43, 53.11 and 31.02 and 17.70 and 14.14 mg kg-1 as
mean for all plants grown in winter and summer seasons at all
sites under study, respectively. Also, B content in part of plants
were higher than the permissible limits (20 mg kg-1) according
to FAO/WHO (1986) except for cabbage and bean leaves with
values were 8.01 and 15.93 mg kg-1 in sites No. 3 and 12 at
winter season, while, at summer season the content of B in
plants under study were less than the permissible limits(20 mg
kg-1) according to FAO/WHO (1986) in sites No. 4, 9, 10, 11,
12,13, 14 and 15.
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On the other hand, it was found that the content of
heavy metals such as Cd, Co, Cr, Ni and Pb in some plants
under study were higher than the permissible limits with mean
values were 0.97 and 0.28, 3.63 and 1.19, 5.72 and 1.64, 2.70
and 2.10 and 1.66 and 1.40 mg kg-1 in winter and summer

seasons, respectively, according to FAO/MWHO (1986), at all
sites under study. Figure 3 showed that the heavy metals
accumulate in plants which irrigated from EIl-Gharbia main
drain wastewater.

Table 7. Effect of using low-quality water from El-Gharbia main drain on micronutrients and heavy metals content in

plants at winter

- mgkg?
Sites  Partof plants Fe M Zn Cu B cd Co Cr NI Pb
T Cloverleaves — 272.32 24.36 5541 2088 6835 005 597 251 251 237
2 Tumip leaves  685.15 4784 6735 1613 4594 093 392 725 313 142
3 Cabbage leaves  151.96 5255 4342 1635 801 078 564 2112 011 197
4 Beanstalks 15195 2047 5735 1486 4512 088 148 249 345 231
5 Carotleaves  185.73 6778 4594 864 2415 077 135 260 253 114
6 Clover leaves 24045 10735 5347 3368 5242 056 939 978 329 097
7 Tumip leaves ~ 447.35 5654 5093 2143 4511 154 325 539 262 174
8 Carrotleaves  448.85 2168 5262 895 2019 074 139 272 369 198
9 Tumip leaves 27946 3432 4534 2024 4530 095 554 541 289 289
10 Tumip leaves  250.95 1138 4188 1745 4434 084 265 915 367 132
11 Clover leaves 22246 5334 6479 2436 6116 124 417 336 359 320
12 Bean leaves  737.47 3679 4757 635 1593 062 149 244 249 085
13 Carotleaves 24138 12331 6946 1389 2798 073 135 239 343 110
14 Tumip leaves 638,65 69.23 5058 1988 6210 121 352 347 138 030
15 Tumip leaves 81578 4157 4249 2235 6333 181 319 578 175 130
Mean 384.66 5163 5311 1790 4196 097 363 572 270 166
sD 228.39 30.74 908 692 1872 034 226 493 099 080
Permissible limits 820 30 274 30 20 021 - 00 163 043

SD: Standard deviation (statistically significant coefficients p < .05), Permissible limits according to FAO/WHO, 1986.
Table 8. Effect of using low-quality water from El-Gharbia main drain on micronutrients and heavy metals content in

plants at summer

; mgkg™
Sites  Partof plants —; Min Zn cu B Cd  Co _Cr __Ni_Pb
T Cotton leaves 14513 5687 4600 4080 3220 030 470 350 360 360
2 Comleaves 1467 56.8 3952 1250 2564 050 050 090 030 160
3 Riceleaves 6846 4578 3600 2080 2920 010 170 210 170 200
4 Comleaves 11715 6389 2340 2200 1290 010 290 440 121 119
5 Pepper leaves 218 1020 5520 1080 2549 080 030 240 090 070
6 Rice leaves 4757 1310 3160 2156 2744 090 280 400 110 150
7 Pepper leaves 11092 4150 2590 1060 3540 010 380 420 340 470
8 Cotton leaves 15293 4180 2280 1840 4024 020 090 490 340 310
9 Rice leaves 3428 9.90 5200 2240 510 030 110 260 120 230
10 Pepper leaves 2537 1400 5989 1290 560 060 150 220 110 110
11 Cotton leaves ~ 403.77 2680 1340 245 190 037 195 580 B850 035
12 Comleaves 1756 4.0 5.80 0.10 120 033 170 270 110 020
13 Rice leaves 486 6.10 7.30 0.10 190 053 236 300 110 010
14 Pepper leaves  559.48 2050 1985 555 170 075 179 740 040 035
15 Cotton leaves 13321 3578 2670 1120 1690 084 221 440 070 010
Mean 68932 3043 3102 1414 1752 045 201 363 198 153
sD 49163 2020 1687 1069 1399 028 119 164 210 140
Permissible limits 820 30 274 30 200 021 - 00 163 043

SD: Standard deviation (statistically significant coefficients p < .05), Permissible limits according to FAO/WHO, 1986.
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Fig. 3. Heavy metals content in plant samples at winter

and summer seasons

This attributed with high contents of these elements in
soil under study as noticed before. Plants irrigated from El-
Gharbia main drain water showed the high content values of
micro nutrients and heavy metals, this was attributed to the
high content values of these metals in irrigation water as a
result of many factories activities, sewage effluent and
agricultural drainage (Simon et al., 2016).

The heavy metals accumulation in plant leaves more
than rest of plant parts, especially plants that growing in
polluted soil or irrigated with wastewater, so leafy plants are
considered more dangerous to human health, especially
children (EI-Tohamy, 2017). Using of wastewater to irrigate
the vegetables caused accumulate higher concentration of
heavy metals than those irrigate using ground water (Khan et
al, 2010). High Cd level in plant tissues might cause
gastrointestinal problems and severe toxic effects on different
body parts of human like kidney;, liver, testis, ovaries, nervous
system and cardiovascular system(Cooke and Johnson,
1996). While existing of Pb causes hematological effects,
neurological effects, renal failure, gastrointestinal effects,
physiological disorders and carcinogenic effects (ATSDR,
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2007). On the other hand, Cr has epidemiological effects on
the urogenital system, cardiovascular problems and
carcinogenic effects (Costa and Klein, 2006).

4- Effect of using low-quality irrigation water from El-
Gharbia main drain on plants bioconcentration
factor (BCF).

A high level of micronutrients and heavy metals
contents in agricultural soils when application the low-quality
water to plants irrigation may be increase the uptake of
elements in different plant parts (Liu et al., 2015), and this is
called bioconcentration factor (BCF). The bioconcentration
factor (BCF) reveals to transfer and bioavailability of elements
from soil to different plant parts (Lugwisha, 2016). BCF is
relationship between element concentration in plant (C plant) to
element concentration in soil (C soil) (Liu et. al, 2006)

BCF= C plant/ C soil

where: C plant and C soil represents the micro nutrients and heavy

metals concentration in extracts of plants and soils on dry weight

basis, respectively.

If the bio concentration factor is higher than one (> 1),
this means that the elements concentration in plant is higher
compared to the elements concentration in soil (Lugwisha,
2016), in this case, the plant has the ability to accumulate
elements in its tissues.

The BCF for studied micro nutrient and heavy metals
were as follows: Fe (7.35-55.66), Mn (1.33-15.19), Zn
(5.59-14.09), Cu (2.23-10.87), B (16.35-226.52), Cd (4.29-

48.4), Co (5.86-195.56), Cr (4.72-321.11), Ni (0.23-8.86)
and Pb (0.39-8.65) to all sites at winter season (Table 9), the
results showed that the BCF was less than one for Ni (0.23) at
site No. 3 and Pb (0.39) at site No.14 which indicate that less
elements concentration were in plant samples compared to
concentration of the same elements in soils samples. while,
the BCF for same elements to all sites at summer season as
shown in Table 10 were as follows: Fe (6.30-88.90), Mn
(0.40-8.10), Zn (0.50-9.90), Cu (2.0-280.0), B (1.20-146.0),
Cd (0.60-17.60), Co (0.60-97.50), Cr (2.30-231.30), Ni
(0.60-11.10) and Pb (0.10-6.70), the BCF less than one (< 1)
in some sites and more than one (>1) in other sites, which
indicate that elements concentration in some sites were low,
but in the other sites the elements concentration were high and
each plant has specified capability to accumulate element in
its tissue (Sekhar et al., 2004).

As shown in Fig. 4, the plant samples content of heavy
metals in winter and summer seasons, respectively. It is
noticeable from the figure the difference in the ability of
different plants to accumulate heavy metals in its tissues.

From the data contained in Tables 9 and 10, it was
found that there is pollution happened with micro nutrients
and heavy metals in plants and soil samples in two seasons
under study as a result of using the water from EI-Gharbia
main drain for irrigation, our results agree with Mng'ong'o et
al., 2021.

Table 9. Bio concentration factor (BCF) in some parts of plants grown in the agricultural soils around EI-Gharbia drain

at winter

Sites Part of Bio concentration factor (BCF)

plant Fe Mn Zn Cu B Cd Co Cr Ni Pb
1 Clover leaves 16.53 3.49 11.50 7.33 48.13 13.97 35.24 50.10 562 527
2 Turnip leaves 31.27 5.73 13.69 5.46 83.53 7.62 13.92 19.08 6.15 290
3 Cabbage leaves 7.35 447 727 5.24 16.35 7.65 148.42 53.59 023 410
4 Bean stalks 10.00 348 12.93 5.70 85.13 12.57 8.97 472 502 513
5 Carrot leaves 7.94 6.60 5.59 2.68 27.13 5.24 5.86 26.80 326 154
6 Clover leaves 10.11 7.04 6.32 10.86 31.20 444 118.86 25.80 455 131
7 Tumnip leaves ~ 23.58 4.98 6.00 4.99 22.67 13.39 98.48 44.92 237 158
8 Carrot leaves 17.81 185 5.79 245 20.19 5.07 20.14 23.86 370 192
9 Turnip leaves 16.87 291 6.77 757 4314 5.97 22.80 10.67 566 516
10 Turnip leaves 22.62 133 6.04 347 58.34 10.24 7.93 10.10 6.75 244
11 Clover leaves 14.41 6.92 14.07 6.80 226.52 44.29 145.80 8.14 886 8.65
12 Bean leaves 55.66 4.39 8.49 223 59.00 17.71 53.99 87.14 381 118
13 Carrot leaves 12.56 15.19 11.13 4.03 16.65 4.29 19.01 132.78 749 268
14 Turnip leaves ~ 28..85 6.29 6.34 5.89 107.07 48.40 195.56 84.63 189 039
15 Turnip leaves 50.57 5.18 6.27 7.04 204.29 14.96 20.32 321.11 316 228

Table 10. Bio concentration factor (BCF) in some parts of plants grown in the agricultural soils around El-Gharbia

drain at summer

Sites Part of Bio concentration factor (BCF)

plant Fe Mn Zn Cu B Cd Co Cr Ni Pb
1 Cotton leaves  88.90 810 9.90 13.90 84.70 5.60 15.30 58.30 6.90 6.70
2 Cornleaves  6.30 6.60 750 3.80 80.10 4.70 1.10 2.30 0.60 3.30
3 Rice leaves  43.60 360 510 7.80 146.00 0.60 40.50 42,00 3.10 3.60
4 Corns leaves  81.20 730 540 8.40 26.90 1.10 11.20 36.70 1.90 1.80
5 Pepper leaves  6.60 120 950 3.30 26.00 340 0.60 26.70 1.60 1.20
6 Rice leaves  17.50 060 310 6.90 11.50 9.00 21.90 200.00 1.30 1.60
7 Pepper leaves  58.20 300 210 3.10 34.70 1.80 86.40 210.00 2.60 3.50
8 Cotton leaves ~ 66.00 300 220 5.40 100.60 110 9.20 70.00 3.10 2.60
9 Rice leaves  20.00 060 730 8.10 5.40 140 8.10 13.70 170 320
10 Pepper leaves  22.30 150 880 3.20 7.00 17.60 4.20 31.40 1.80 1.70
11 Cotton leaves  26.30 240 240 64.50 1.70 11.60 97.50 19.30 11.10 0.30
12 Cornleaves  9.50 040 0.70 450 120 6.60 250 5.00 2.00 0.60
13 Rice leaves  36.10 050 050 2.00 2.70 11.30 11.10 14.30 0.60 0.10
14 Pepper leaves  33.70 190 190 146.10 220 4.90 250 231.30 1.00 0.60
15 Cotton leaves  74.50 470 230 280.00 11.70 3.00 4.20 40.00 240 0.10
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Fig. 4. Bio concentration factor of heavy metals content in
plant samples at winter and summer seasons.

5- Chemical evaluation of agricultural soils pollution with
micronutrients and heavy metals as a result of using
wastewater from El-Gharbia main drain for irrigation.

Enrichment factor:

Enrichment factors were calculated for the studied
micro nutrients and heavy metals in the collected agricultural
soils samples, and the results were registered in Tables 11 and
12 for winter and summer seasons, respectively.

The lowest enriched values were recorded for all
micro nutrients and some heavy metals under study such as
Co, Cr, and Ni in winter and summer seasons, where their
concentrations in soils were lower than 2 this is indicate that
the predominant source of element is the earth's crust
(Abdelhafez and Li, 2014).

The EF values of Cd varied from very significant
enrichment to severe enrichment factor, which varied between
8.78 (site 14) to 16.67 (site 15) and 43.59 (site 7) to 106.79 (site
14) at winter and summer season, respectively, while the EF
values of Pb were moderate enrichment in sites 2, 4,5, 6, 7. 8,
9 and 15 at winter season, and sites 1, 2, 5, 8 and 14 at summer
season, respectively (Abdelhafez and Li, 2014).

Table 11. Enrichment factor of some micronutrients and
heavy metals in studied soils around EI-
Gharbia main drain at winter

Enrichment factor (EF)

Mn Zn Cu B Cd Co Cr Ni Pb

108 074 114 050 1226 159 1.01 094 199

1.08 080 109 0.38 16.19 147 083 087 212

106 078 150 040 1392 144 1.03 078 172

095 0.77 120 043 1496 132 0.77 0.93 2.02

144 095 140 058 1457 162 107 125 268

115 073 119 047 1357 132 103 098 215

097 0.70 124 048 1562 124 181 114 270

106 0.77 153 052 1029 118 192 142 274

117 081 153 049 1640 139 110 132 212

114 075 127 048 1661 123 084 124 178

0.87 0.77 1.09 039 1160 159 086 0.82 1.68

101 074 110 049 1397 132 083 087 187

090 0.77 114 040 1166 127 075 082 1.67

094 078 169 057 878 114 115 087 172

108 0.78 139 051 1665 143 1.03 1.31 200

Sites
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Table 12. Enrichment factor of some micro nutrients and
heavy metals in studied soils around EI-
Gharbia drain at summer

Enrichment factor (EF)

Mn Zn Cu B Cd Co Cr Ni Pb

102 114 137 054 9719 064 127 111 248

127 070 053 030 4630 0.72 0.80 1.33 240

110 034 099 038 4608 086 044 125 170

083 028 043 041 4704 046 089 087 1.99

113 064 062 046 4864 119 095 145 254

109 057 034 043 4553 064 095 1.07 1.63

103 0.69 042 043 4359 099 051 0.70 155

115 032 039 040 9038 128 034 061 260

099 067 0.76 032 8420 114 0.79 119 128

10 121 093 046 032 9191 116 079 119 1.39

11 112 096 042 029 8691 0.77 105 125 190

12 095 0.84 083 035 9961 090 080 128 140

13 122 080 060 044 10490 111 058 140 152

14 103 088 040 047 106.79 094 067 1.26 201

15 057 074 050 039 7438 042 0.79 0.80 1.89

Contamination Factor (CF) Contamination degree (Cd),

modified Contamination degree (mCd) and Pollution

Load Index (PLI).

Tables 13 and 14 show the values of the calculated CF,
Cd, mCd and PLI of the studied micro nutrients and heavy
metals at winter and summers seasons. It is note that
contamination factor (CF) ranged between low (CF < 1) to
moderate (1 < CF < 3) level of all the sites for micronutrients
and heavy metals in both seasons under study, except for
cadmium element, where the contamination level values (CF
> 6) refer to the severe contamination level at winter and
summer seasons of all sites under study.

In addition to, the contamination degree (Cd) values
ranged between 15.71 to 28.39 (considerable contamination
degree 16< Cd < 32) and 48.39 to 100.18 (very high
contamination degree > 32) at winter and summer seasons,
respectively (Likuku et al., 2013).

Furthermore, the results showed that the modified
contamination degree (mCd) was ranged between low (1.5 <
mCd < 2) to moderate (2 < mCd < 4) contamination degree at
winter season, but at summer season, the mCd varied between
high (4 <mCd < 8) to very high (8 < mCd <16) contamination
degree (Sivakumar et al., 2016)

Pollution load index (PLI) was used to examine the
contamination degree  of the studied sites at winter and
summer seasons along El-Gharbia main drain. The results
refer that all sites were high contamination level (PLI > 1) at
tow season except for site 1 (PLI < 1) in winter season
(Sivakumar et al., 2016). These results are agreement with the
results of CFs and EFs (Abdelhafez and Li, 2014).

The plan of wastewater reuse is the most appropriate
solution to outdo the irrigation water lack (Elshemy, 2017).
Now, wastewater was common used as a low-quality water
resource for recompensing the irrigation water lack at all world
(Tabatabaei et al., 2020). On the other hand, recycling
wastewater without careful management leads to serious
environmental degradation and severe decrease in crop yield
(Tripathi et al., 2019). Therefore, the continued use of low-
quality water to irrigate agricultural soils leads to real potential
environmental risks.

El-Gharbia main drain receives drainage water from
adjacent fields, industrial and sewage effluent, which are the
main sources of pollution by micro-nutrients and heavy
metals. The elements concentration increase in the
environment at last decades is firstly due to anthropogenic
activities and erosion, because metals are very persistent
pollutants, it accumulate in the soil, water sediments and in the
food chain (Celechovska et al., 2008).

Sites
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Table 13. Contamination factor (CF), contamination degree (Cd), modified contamination degree (mCd) and pollution
load index (PL) in studied soils around El-Gharbia main drain at winter

Contamination factor (CF)

Sites Fe Mn  Zn  Cu B CoCr Ni pp— Cd mCd  PLI
T 088 046 082 108 003 980 040 088 054 081 1571 157 066
7 089 096 066 102 045 1097 143 091 084 178 19090 199 119
3 095 102 076 103 036 1537 130 079 082 201 2450 245 122
2 097 103 076 145 039 1350 130 100 076 167 2201 220 126
5 099 094 076 110 043 1480 130 076 092 200 2400 241 126
6 094 135 089 132 054 1370 15 101 117 252 249 250 151
7 097 111 070 115 045 1313 128 100 005 208 2083 228 137
8 096 003 067 110 046 1503 120 174 110 259 2583 250 149
9 096 101 074 146 049 983 112 183 136 261 2142 214 15
10 103 119 083 156 095 1677 142 112 135 217 2839 284 156
11 085 074 066 093 033 900 135 073 070 144 1783 176 102
12 084 084 061 092 041 1i70 111 070 073 157 1942 194 105
13 099 088 076 112 040 1150 125 074 081 165 2010 201 115
14 085 079 066 143 048 743 097 097 073 146 1578 158 109
15 080 086 062 111 041 1330 114 082 104 160 2169 217 115

Table 14. Contamination factor (CF), contamination degree (Cd), modified contamination degree (mCd) and pollution
load index (PLI) in studied soils around El-Gharbia main drain at summer

Contamination factor (CF)

Sites Fe Mn Zn Cu_ B Co Cr N Fb Cd mCd  PLI
1 083 084 095 114 045 80.67 053 105 092 206 89.44 894 1.40
2 0.87 111 0.61 0.46 0.26 40.47 0.63 0.70 1.17 210 48.39 484 112
3 090 099 030 089 034 41.33 077 039 112 153 48.56 4.86 1.06
4 104 087 029 044 043 49.00 048 093 090 207 56.46 5.65 1.07
5 091 102 058 056 041 44.03 108 08 132 230 53.06 531 131
6 098 107 056 033 042 44.60 063 093 105 160 52.16 5.22 1.30
7 098 102 067 042 043 42.87 097 050 069 153 50.07 5.01 1.20
8 097 111 031 038 039 87.47 123 033 059 252 95.29 9.53 118
9 093 092 062 070 029 78.30 106 074 110 119 85.86 8.59 1.40
10 088 107 082 041 029 81.30 102 070 105 123 88.78 8.88 1.37
11 091 102 087 038 0.26 78.73 069 09 114 173 86.68 8.67 123
12 092 088 077 077 032 92.10 083 074 119 129 99.82 9.98 1.30
13 088 108 070 053 039 92.13 097 051 123 133 99.75 9.97 1.26
14 0.87 0.89 0.77 0.35 041 92.67 0.82 0.58 1.09 1.74 100.18 10.02 122
15 1.01 0.57 0.75 0.50 0.40 75.10 0.43 0.79 0.81 1.91 82.27 8.23 1.13
CONCLUSION Celechovskd, O., Malota, L. and Zima, S. 2008. Entry of heavy metals

It can be inferred that the ongoing discharge of sewage,
agricultural, and industrial wastewater into the EI-Gharbia main
drain will elevate the pollution levels of micronutrients and
heavy metals in the surrounding soil and plant life. Based on
this, the following recommendations are suggested:
-Regularly monitor the environmental impacts of the various
pollution levels
-Cultivate crops that are suitable for the given level of pollution,

as well as tolerant to  pollution.
-Use a crop rotation system with both human and animal
consumption crops along with crops that can be used in
industries to reduce the pollution levels.
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