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Abstract

The present study investigated the bioaccumulation and distribution pattern of heavy metals in maize organs cultivated in soils
with varied levels of heavy metals. Additionally, the potential human risk due to the ingested levels of heavy metals detected
in maize grains was studied. Nine locations, representing soils irrigated by different water sources of fresh and wastewater,
were selected. Heavy metals analysis was carried out using inductively coupled plasma method with optical emission
spectrometry (ICP-OES). The results revealed that heavy metals of Ni, Cu and Cr were the most abundant elements detected
in the studied soil sites followed by Pb and Cd. Values of the total uptake of heavy metals by maize from the soils irrigated by
wastewater were 3.3-5.6 folds those of soils irrigated by fresh water. Soils irrigated with wastewater showed bioaccumulation
factor (BF) averages for heavy metals in maize at the following descending order: Pb > Cd > Ni > Cu > Cr. Meanwhile, soils
irrigated by the river or groundwater exhibited BF values arranged as Cu = Ni > Cr > Cd > Pb. The accumulation pattern of
heavy metals in maize organs was arranged as: roots > leaves > stem > cob > grains. As well, except for Ni, levels of all
heavy metals, in maize grains, were lower than the permissible limits set by FAO/WHO. Notably, the rank order of hazard
quotient to heavy metals was Cd > Pb > Ni > Cu > Cr; with low potential risk for public health.
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1. Introduction

Soil contamination by organic and inorganic
pollutants has been widely spread worldwide due to
the industrial activities and agricultural practices such
as application of farm-animal manure, application of
fertilizers and pesticides, wastewater irrigation, and
soil-sludge amendment [1, 2]. The accumulation of
heavy metals in soil over time may affect the
physicochemical characteristics of soil as well as
yield and quality of the agricultural products and
ecosystem [3-5]. Subsequently, the translocation of
heavy metals to plants may have major problems that
can threaten the safety of food and public health [5,
6]. Because heavy metals are persistent in both the
freshly-eaten vegetables and fruits and in the
processed food products of plant-based [7, 8]. In

particular, heavy metals can enter plant tissues such
as roots, stems, leaves and grains, and these metals
are transferred into animal and human systems
resulting in serious health problems such as cellular
damages, carcinogenesis and Alzheimer’s diseases
[9].

The bioaccumulation of heavy metals in plants is
influenced by several factors including; fertilization,
levels of heavy metals in the soil, the nature of soil
and plant selectivity [10]. For example, many
phosphate rocks contain Pb and Cd, and the
application of phosphorus fertilizer, with high rates,
leads to the increase of its content in plant above the
maximum permissible limit [11, 12]. Also,
Wangstrand et al. [13] revealed that application of the
nitrogen fertilizers was associated with an increase in
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Cd concentration in wheat.

Maize (Zea mays L.) is an edible flowering plant
belonging to Poaceae family and grown during the
spring and summer seasons in Egypt. Maize is
considered one of the economic cereal crops all over
the world, whether in human nutrition or animal
feeding [14]. In Egypt, maize represents about 25%
of the cultivated area (888,329 hectares) and occupies
the third place in production of crops after wheat and
rice with an average yield of 7.80 ton ha-1 [15].
Maize grains can be grilled and directly eaten, and it
can be ground and blended with wheat flour to be
used in the preparation of bread.

Opaluwa et al. [16] studied the translocation of
some heavy metals from soil to maize grains grown
on different regions in Nigeria. They reported that the
concentration of heavy metals in soil samples ranged
from 0.32 to 0.84 (mg kg) for Cd, 0.34 - 0.91 (mg
kg?) for Cu, 0.21 - 0.42 (mg kg?) for Ni and 0.1 -
0.53 (mg kg?) for Pb. Meanwhile, the levels of these
metals in maize grains were in the range of 0.04 -
0.14,0.03 - 0.48, ND - 0.01 and 0.02 - 0.23 (mg kg})
for Cd, Cu, Ni and Pb, respectively. In addition, Lu et
al. [17] determined Cr, Pb and Ni in different parts of
maize plant. They found that the distributed
concentrations of Cr were 105.2, 9.3, 15.6 and 0.23
(mg kg') in root, stem, leaves and grains,
respectively. Meanwhile the levels of Pb and Ni in
root, stem, leaves and grains were less than Cr as
5.12, 1.25, 3.57 and 0.49 mg kg, respectively for Pb,
as well as 6.56, 1.61, 1.40 and 0.18 (mg kg™?) for Ni
respectively.

Recently, with the development of established
agriculture, agricultural areas rapidly increased all
over the world. However, up to now, heavy metals
content of the agricultural soil in Egypt is
progressively studied; nevertheless, there is no
systematical investigation for translocation of heavy
metals from agricultural soils to plant parts.
Therefore, the current investigation was designed to
study the effect of soil characteristics and it's heavy
metals content on the total uptake and
bioaccumulation factor of heavy metals in maize
cultivated in Egyptian soils receiving two kinds of
irrigation water; fresh water (Nile River water and
groundwater) and contaminated water by industrial
effluents and sewage wastewater. Additionally, to
study the distribution pattern of heavy metals among
the different organs of maize (roots, stem, leaves,

Egypt. J. Chem. 65, No. 9 (2022)

cob, and grains) when cultivated in soils with
different characteristics. Finally, to study the safety
of maize grains by evaluating its contents of heavy
metals based on the recommended permissible limits.

2. Materials and methods

2.1. Sampling

A total of 27 maize plant samples and 27 soil
samples (sampling depth 0-30 cm) were collected
from nine different locations representing three
Egyptian Governorates (Giza, Kafr-Elsheikh and El-
Beheira, three different locations for each) during
August, 2018. Samples of Giza Governorate were
collected from Abdel-Rahman zone that is irrigated
by groundwater, while Kafr-Hakem and Abou-Roash
zones are irrigated by sewage-contaminated water.
The samples of Kafr-Elsheikh Governorate were
collected from Al-Hawia zone which is irrigated by
the Nile River water, while Kafr Dokhmais and Al-
Nasiria zones are irrigated with industrial effluents-
contaminated water from Kitchener drain. Samples of
El-Beheira Governorate were collected from Wadi
El-Natron, EI-Nobaria (Abdel-Rakib) and EI-Nobaria
(Abdel-Wahab) zones that are irrigated with the Nile
River water.

2.2. Soil physicochemical analysis

Soil particle size distribution was determined by
the pipette and dry sieving methods for the heavy and
light-textured soils, respectively, according to Klute
[18].

Soil chemical characteristics were determined
according to Page et al. [19] as follows: Soil reaction
(pH) was measured in soil paste using a glass
electrode. The electrical conductivity (EC), in dSm™
at 25 °C, was determined in soil paste extract, while
organic matter (OM) content was determined by
oxidation with potassium dichromate according to the
method of Walkely and Black [20].

2.3. Digestion of maize samples

Digestion of the different parts of maize plant was
applied according to Briscoe [21] as follow: 5 grams
of the crashed samples for each maize part were
weighed into a sealed crucible then dried in an oven
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set at 105°C. Dry-ashing process was carried out in a
muffle furnace by stepwise increase of the
temperature up to 550 °C for 5 h until the sample was
completely combusted (gray or slightly colored). The
ash was dissolved using 1 mL concentrated HCI at
crucible walls, and then transferred to a volumetric
flask (25 mL) by de-ionized water to complete
volume. The ash suspension was filtered through an
ash-less filter paper Whatman No. 42 and stored in a
refrigerator until determined by Inductive Coupled
Plasma—Optical Emission Spectrometry (ICP-OES).

2.4. Digestion of soil samples

Digestion of the soil samples was applied
according to Allen et al. [22] as follow: 0.5 g of air-
dried ground soil was weighed into a kjeldahl flask
then digested with 1 mL HCIOs (60%), 5 mL
concentrated HNO3 and 0.5 mL concentrated H>SO4
for 10-15 min until the appearance of white fumes.
After cooling, the content was filtered through a
Whatman No. 4 ash-less filter paper and diluted to a
volume of 50 mL with distilled water. The filtered
solution was analyzed using the ICP apparatus.

2.5. Heavy metals analysis

The operating conditions for heavy metals analysis
were adopted according to APHA [23] using the
Agilent 5100 Synchronous Vertical Dual View
(SVDV) ICP-OES (inductively coupled plasma with
optical emission spectrometry), with Agilent Vapor
Generation Accessory VGA 77. For each series of
measurements intensity calibration curve was
composed of a blank and three or more standards
from Merck Company (Germany). Accuracy and
precision of the Cd, Pb, Ni, Cr and Cu ions'
measurements were confirmed using external
reference standards from Merck, and standard
reference material and quality control sample, from
National Institute of Standards and Technology
(NIST), were used to confirm the instrument reading.

2.6. Uptake and bioaccumulation

The total uptake of each element by maize was
theoretically obtained by calculating the sum of the
element contents in all maize parts (root + stem + leaf
+ cob + grain). While, the bioaccumulation factor
(BF) was calculated by dividing the total content of
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the element in maize parts by its content in the soil
according to the following equation:

BF = Cplant / Csoil [24]
Cpiant: total content of the element in maize (dry
weight basis).

Csoil: the element content in soil (dry weight basis).

2.7. Risk assessment of exposure to heavy metals

The estimated daily intake (EDI, pg) of every
metal from maize (grains + flour) consumption was
calculated as follows:

Cf xOcc

BW

Where: Cf is the daily corn consumption

EDI =

(g/person), OCC is the occurrence of heavy metal in
maize grains expressed as (Mg contamination/g

maize) and BW is the mean body weight for an
adult person (70 kg). The daily consumption from
maize grains + maize flour (106.2 g/day) was
obtained from WHO [25]. Three levels of EDI were
calculated for the lowest, average and highest
detected concentrations.

Values of tolerable daily intake (TDI) for (Pb and
Cd) and (Cu, Ni and Cr), as pg/kg bw/day, were
obtained from FAO/WHO [26] and Baars et al. [27],
respectively.

Hazard Quotient (HQ) was calculated as follows:

EDI

"Q=1p)

When HQ value is lower than 1, it refers to a safe
range. While for HQ value higher than 1, adverse
health effects are considerable [28].

2.8. Statistical analyses

Results were subjected to one-way analysis of
variance (ANOVA) of the generalized linear model
(GLM) using SAS statistical package [29]. The
results were the average of three replicates (p < 0.05).

3. Results and Discussion

3.1. Soil physicochemical characteristics

Obtained results in Table (1) showed that the pH
values of the studied soils were alkaline (pH range:
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8.29-8.95) with slight differences between the
selected locations. These slight differences in pH
values may be ascribed to the different sources of
irrigation water as reported by Abuzaid [30], where
the soil pH depends on the basic ions content (Ca?*,
Mg?, K* and Na*) in irrigation water [31]. These
results were in agreement with those of Abou-Shanab
et al. [32], who stated that the pH of Egyptian soils is
generally located in the alkaline range (7.7-8.3).
Mahmoud and Ghoneim [33] found that the pH value
of soils irrigated by contaminated water (in EI-Mahla
El-Kobra) were in the range of 7.80-8.50. Seleiman
and Kheir [34] found that soils of Kafr Elsheikh
Governorate, North Nile, Delta, Egypt were alkaline
(pH range: 7.90-8.58).

Regarding the electrical conductivity (EC) values,
it was conspicuous that except for the slightly saline
soil collected from Kafr-Dokhmais zone, all the other
soils were non-saline (< 1 dSm: 0.21-0.98 dSm?)
according to EC thresholds described by Dahnke and
Whitney [35] as well as Smith and Doran [36].
Generally, soils irrigated with the contaminated water
by industrial effluent and sewage showed the highest
EC levels as confirmed by Khaskhoussy et al. [37]
and Mollahoseini [38] who stated that irrigation by
sewage water increased the soil salinity, where the
soluble salts of the low-quality water are particularly
accumulated in the surface soil layers [39].

As for the OM content, the richest soil site was Al-
Hawia (4.11%) followed by Kafr-Dokhmais and Al-
Nasiria sites. However, soil samples of Abdel-
Rahman and EI-Nobaria (Abdel-Wahab) zones
markedly had the lowest OM contents (0.34 and 0.51
%), respectively. These results possessed similar
trend to previous studies of Abou-Shanab et al. [32]
as well as Seleiman and Kheir [34] who reported that
the OM contents of the Egyptian soils of Delta varied
from 0.62 to 4.1 (%).

Meanwhile, the clay content was highest in Al-
Hawia soil (47.2%) followed by soil samples of Kafr-
Dokhmais and Al-Nasiria sites which were 45.2 and
41.2 (%), respectively. The other soil samples had a
clay percentage in the range of 7.2-19.2(%). Similar
results were obtained by Abou-Shanab et al. [32]. Of
course, silt and sand are complementary ingredients
to OM and clay that forming the soil texture, where
soils with the highest contents of OM and clay have
the lowest contents of silt and sand as compared to
other soils. Generally, soil texture of the studied
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samples varied between sandy (reclaimed soil),
loamy sand, and clay soils.

3.2. Uptake and bioaccumulation of lead and
cadmium in maize

Data presented in Table (2) exhibited that soils
irrigated with either the Nile River water or
groundwater had comparable contents of Pb ranged
between 1.77 and 3.79 (mg kg?), which were
significantly lower than those irrigated from an
industrial effluents-contaminated water, Kitchener
drain, (6.49 — 7.33 mg kg?!) or from sewage
wastewater (4.56 and 5.88 mg kg™).

Cadmium contents in soils had the same trend of
Pb, Wherein the irrigated soils by the Nile water and
groundwater (Wadi EI-Natron, Abdel-Rakib, Abdel-
Wahab, Al-Hawia and Abdel-Rahman) showed the
lowest Cd levels (0.40 and 0.55 mg kg™?). In case of
soils irrigated with wastewater of industrial effluents
and sewage (Kafr-Dokhmais, Al-Nasiria, Kafr-
Hakem, and Abu-Roash), the Cd levels were two or
three times greater than those irrigated with fresh
Nile water and ground water (0.85 to 1.67 mg kg™).

The obtained results of heavy metals in soils,
irrigated by the Nile and ground waters, were
comparable to those of Mirecki et al. [40] who found
that concentrations of Pb, Cd and Cu in non-polluted
soil were 4.61, 0.05 and 7.16 (mg kg), respectively.
Also, the results were in agreement with those
obtained by Chen et al. [41]; EI-Gendi et al. [42] and
Abou-Shanab et al. [32] who stated that the soil
irrigated by polluted industrial wastewater had higher
levels of heavy metals than those irrigated by fresh
water. However, our results were markedly lower
than those reported by Mahmoud and Ghoneim [33]
for the levels of heavy metals in the soils surrounding
Zefta drain and drain no. 5 (adjacent sites to our
study zone of Kafr-Dokhmais). Their reported levels
of Pb and Cd were 48-92 and 13-33, respectively.
The wide difference between our results and their
results may be due to the high levels of heavy metals
in Zefta drain and drain no. 5 as compared to those in
the Kitchener drain close to Kafr-Dokhmais zone.
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Table 1. Physicochemical characteristics of the studied soils

pH

EC dSm?

OoM

Clay

Silt

Sand

Source of irrigation water Zone (1:2.5) (1:5) (%) (%) (%) (%) Soil texture
Wadi El-Natron 8.86 0.265 221 15.2 12 72.8 Loamy sand
El-Nobaria (Abdel-Rakib) 8.55 0.283 241 13.2 6 80.8 Loamy sand
Nile River water
El-Nobaria (Abdel-Wahab) 8.95 0.225 0.51 7.2 4 88.8 Sandy
Al-Hawia 8.45 0.214 411 47.2 32 20.8 Clay
Groundwater Abdel-Rahman 8.63 0.229 0.34 9.2 2 88.8 Sandy
. Kafr-Dokhmais 8.29 2.290 3.96 45.2 32 22.8 Clay loamy
Contaminated water by
industrial effluents o
Al-Nasiria 8.48 0.979 3.60 41.2 36 22.8 Clay loamy
. Kafr Hakem 8.42 0.905 1.77 11.2 6 82.8 Loamy sand
Contaminated water by
sewage
Abu-Roash 8.37 0.961 1.53 19.2 9 71.8 Sandy loamy

EC: electrical conductivity

OM: organic matter
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Table 2. Concentrations of lead and cadmium in the soil and its bioaccumulation in maize

Lead Cadmium
Source of irrigation 7 _
water one Soil Plant's total uptake 5, Soil Plant’s total uptake o
(mg kg (mg kg?) (mg kg™) (mg kg™)
Wadi El-Natron 2.657+0.07 1.06 0.40 0.527 ¢ +0.023 0.374 0.71
El-Nobaria (Abdel-Rakib) 1.779+£0.06 0.90 0.51 0.433 7+0.023 0.210 0.48
Nile river water
El-Nobaria (Abdel-Wahab) 1.939+0.06 0.96 0.50 0.400 F+0.025 0.318 0.80
Al-Hawia 3.79¢+0.12 1.95 0.51 0.550 ¢ +0.023 0.448 0.81
Groundwater Abdel-Rahman 2.537+0.08 1.39 0.55 0.553¢+0.020 0.274 0.50
Contaminated water Kafr-Dokhmais 7.332+0.15 6.79 0.93 1.260 ¢+ 0.026 1.154 0.92
by industrial effluents ) \asiria 649v+011 570 0.88 1.6672+0.027  1.464 0.88
d d
Contaminated water Kafr Hakem 4,56 +0.06 3.69 0.81 0.853 9+ 0.020 0.709 0.83
by sewage Abu-Roash 588°+017 541 0.92 14530032  1.235 0.85
LSD 0.32 0.074
*BF: Bioaccumulation factor. Means followed by different subscripts within column are significantly different at the 5% level.
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For the total uptake of Pb and Cd by maize, a
positive correlation was observed between the soil
element content and the adsorbed amount of the
element by the plant. The concentration of an element
in the plant depends on the relative level of exposure
from a contaminated soil in addition to the phyto-
availability and deposition of the element from the
polluted air [40, 43, 44]. Briefly, the total Pb and Cd
values in maize irrigated by the Nile and ground
waters were in the range of (0.90 — 1.95 mg kg) and
(0.21 — 0.45 mg kg?), respectively. Meanwhile,
maize plants irrigated with industrial effluents and
sewage wastewater exhibited elevated levels of both
Pb and Cd, which ranged between (3.69 — 6.79 mg
kg™') and (0.71 — 1.46 mg kg?), respectively. Aremu
et al. [45] reported that the total amount of Pb taken-
up by maize, cultivated in a mining area in Nigeria,
was 0.32 mg kg%, while Cd was not detected.

Concerning the BF values, it was clear that the BF
values of Pb in maize cultivated in soils irrigated with
industrial  effluents and sewage wastewater
represented the highest values as compared to the
other irrigation sources. These high levels were
comparable (average: 0.81 - 0.93). However, the BF
values of Pb in maize irrigated with the Nile and
ground waters were low (half values of the industrial
and sewage water) and comparable (average: 0.40 —
0.55). Bioaccumulation factor for Cd in maize
irrigated with the industrial and sewage waters were
similar to those of Pb in the same maize samples
which verified the same accumulation pattern for
both elements. Also, the BF values of Cd in maize
irrigated with wastewater were two times greater than
the values of maize irrigated with the Nile and
ground waters except for 3 sampling sites (Wadi El-
Natron, Abdel-Wahab, and Al-Hawia). In general,
although the soils contents of Pb and Cd were
different, however the BF values of both elements
were so far similar except for 3 soil sites which
possessed BF values for Cd being double those of Pb.
The 3 soil sites irrigated from the Nile water were
Wadi El-Natron, Abdel-Wahab and Al-Hawia.

3.3. Uptake and bioaccumulation of copper, nickel
and chromium in maize

Regarding the bioaccumulation of Cu, Ni and Cr,
their concentrations in soils and maize were shown in
Table (3). The soil of Kafr-Dokhmais, which were
irrigated by an industrial effluents-contaminated
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water, had the highest Cu content being 40.04 mg kg
L. In addition, there was no significant difference in
Cu contents between the soils of Al-Nasiria
(industrial effluents-contaminated water) and Kafr-
Hakem (sewage-contaminated water) which were
33.77 and 34.37 (mg kgl), respectively. On the other
hand, soil sites irrigated with the Nile and ground
waters contained low Cu levels varied between 5.10
and 13.16 (mg kg?). Three sites out of 5 had
comparable levels (5.10-6.84 mg kg™); however, the
remaining 2 sites (Wadi El-Natron and Al-Hawia)
possessed significant values being 12.51 and 13.69
(mg kg™, respectively. Data of Ni and Cr contents
had the same trend of Cu, where soil sites irrigated
with contaminated water, by industrial effluents or
sewage, contained the highest detected concentrations
of Ni and Cr. These Ni and Cr concentrations were
significantly higher than those detected in soils
irrigated from the Nile and ground waters. The
obtained results were in accordance with those of El-
Gendi et al. [42] who found that the sandy soil of
Abou-Roash area had elevated levels of Fe, Cu and
Zn, which reached 5, 125, and 170 times that of the
virgin soil in the same area as a result of irrigation by
drainage water. Furthermore, Mahmoud and
Ghoneim [33] reported high levels of Cu and Ni, in
the soils surrounding Zefta drain and drain no. 5,
were 82-386 and 55-164 (mg kg'), respectively.

The total uptake of Cu, Ni and Cr by maize
received the Nile and ground waters irrigation were
in the ranges of (3.67 and 9.89 mg kg?), (3.35 and
996 mg kg?!) and (2.25 and 7.70 mg kg?),
respectively. Meanwhile, maize, irrigated by the
industrial and sewage wastewater, had taken up the
highest amounts of Cu, Ni and Cr as disclosed in
Table (3). These results did not match with those of
Aremu et al. [45] who reported that the total taken-up
amounts of Cu, Ni and Cr by maize, cultivated in a
mining area and irrigated with a contaminated water,
were 2.05, 1.04 and 1.36 (mg kg™). These amounts
were markedly lower than obtained results for both
maize samples irrigated either with fresh water or
contaminated water. Although, the soil surrounding
the mining area tends to contain high levels of heavy
metals, however they may be occurred in a low
bioavailability-form in the studied soil.
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Table 3. Concentrations of copper, nickel and chromium in the soil and its bioaccumulation in maize

Copper Nickel Chromium
Source of irrigation . ! 5 s
water Site Soil Plan':(s total - Soil Plant( s total ar Soil Plant( s total .
(mg kg uptake (mg kg?) uptake (mg kg% uptake
(mg kg™) (mg kg™) (mg kg™)
Wadi El-Natron 12.519+0.16 9.27 0.74 5.347f+0.22 3.35 0.63 11.939+0.21 7.70 0.65
El-Nobaria 5.72 1+ 0.05 441 0.77 125504017 947 0.75 3057010 225 0.74
o (Abdel-Rakib) e s : : R : : e : )
Nile River water El-Nobari
-Nobaria . . .

(Abdel-Wahab) 5.107+0.18 3.67 0.72 8.00¢+0.15 5.76 0.72 3.727+0.10 2.72 0.73

Al-Hawia 13.169+0.21 9.89 0.75 4539+0.12 3.70 0.82 6.91¢+0.22 4,99 0.72
Groundwater Abdel-Rahman 6.84¢+0.16 5.30 0.77 12.339+0.12 9.96 0.81 7.15¢+0.19 4.82 0.67
Contaminated Kafr-Dokhmais ~ 40.04 2+ 0.32 32.7 0.82 4429%+0.16  39.43 0.89 20.82°+0.27 2457 0.82
water by industrial
effluents Al-Nasiria 33.772+0.26 26.75 0.79 59.272+0.23  49.36 0.83 41582+034  30.59 0.74

) Kafr Hakem 34.37+0.36 29.25 0.85 14.25¢+0.10 12.03 0.84 15.67 ¢+ 0.32 13.34 0.85

Contaminated
water by sewage

Abu-Roash 21.74°+£0.34 18.98 0.87 4458+ 0.14 38.32 0.86 41.273+£0.24 32.29 0.78
LSD 0.736 0.483 0.699

*BF: Bioaccumulation factor.

Egypt. J. Chem. 65, No. 9 (2022)

Means followed by different subscripts within column are significantly different at the 5% level.
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The total uptake, consequently the BF values, of
heavy metals by maize was increased with the
decrease of pH values in soils with the same texture.
For example, clay loamy soils of Kafr-Dokhmais and
Al-Nasiria with the pH values of 8.29 and 8.48 had
BF values of 93 and 88, respectively for Pb and 92
and 88 for Cd (Tables 1 and 2). Also, the same
manner was observed with the soils of loamy sand
texture. These findings confirmed the observations of
Garciia et al. [46]; Wang et al. [47]; Khan et al. [48]
who stated that heavy metals’ bioavailability, like Cu
and Zn, showed a significantly negative correlation
with the soil pH. Wang et al. [49] reported that the
metal solubility was greatly increased as the pH
decreased; consequently, lowering the pH had
significantly enhanced the plant metal uptake.

It was worthy to mention that BF values of heavy
metals varied between the studied soils, where the
wastewater-irrigated soil showed BF averages at the
following descending order: Pb > Cd > Ni > Cu > Cr.
Meanwhile, the Nile or groundwater-irrigated soils
exhibited BF values arranged as Cu = Ni > Cr > Cd >
Pb. These differences in heavy metals BF values may
be related to the interaction between the
physicochemical characteristics,  the metal
availability [50], and the metal binding capacity to
roots [51]. In this respect, the obtained data
confirmed the results of Lu et al. [17] who found that
the BF values for heavy metals (Pb, Cr, Ni and Zn) in
maize were all less than 1, which indicated lower
concentrations of heavy metals in maize organs.

3.4. Distribution patterns of heavy metals in maize
parts associated with the progressive uptake
from the soil

Figures 1 and 2 clarified the distribution pattern
for each element of the studied heavy metals. Part (A)
of each figure represented the ratios of the element
contents in each maize part as averages of the 9 sites
under investigation, while part (B) of the figure
showed the distribution of the element between the
different parts of maize plant through the ascending
order of the total content of the element in maize.

It was worthy to state that all the studied heavy
metals showed similar distribution patterns through
the maize parts, where the majority of heavy metals
were retained in the root followed by leaves then the
stem. On the other hand, the cob and grains contained
the lowest concentrations of all elements. Figures of
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the average ratios (part A) revealed that maize grains
contained the lowest ratios of all elements; 2% of Cr
(Fig. 2), 5% of Cd and Ni (Fig. 1 and 2), and 7-8% of
Pb and Cu (Fig. 1 and 2). Additionally, the cob had
5-11% of heavy metals. Meanwhile, the stem, leaves
and root contained (16-19%), (21-27%) and (36-
55%), respectively of the 5 heavy metals under
investigation. Thus, the retention of heavy metals in
maize organs can be arranged in a descending order
as follows: roots > leaves > stem > cob > grains.
These findings were in agreement with Van Assche
and Clijsters [52], Angelova et al. [53] and Khan et
al. [48] who revealed that heavy metal concentrations
varied in the different parts of the same plant. As
well, the root concentrations were higher than shoot
(as reported by Rizwan et al. [54]), while the fruit
was characterized as a low-rate accumulation part in
the plant as confirmed by Verma and Dubey [55] as
well as Seleiman and Kheir [34]. Lu et al. [17]
reported similar findings to the obtained results
concerning the distribution patterns of heavy metals
(Pb, Cr and Ni) in maize organs, wherein the metals
concentration decreased in the following order: roots
> leaves > stem > grains.

3.5. Heavy metals level in maize grains as compared
to the FAO/WHO permissible limits

Data of Table (4) showed the detected
concentrations of heavy metals in maize grain
samples as compared to the assigned MRLs by
FAO/WHO. It was worthy to mention that all the
studied heavy metals were detected in samples of
maize cultivated in the soils irrigated by industrial
effluents and sewage wastewater. This high incidence
could be related to the high heavy metals content in
that wastewater. However, all detected concentrations
of toxic metals in maize grains located within the safe
limits as compared to the MRLs except for Ni in
samples of Kafr-Dokhmais, Al-Nasiria and Abu-
Roash (soils irrigated with the polluted water) which
were > the MRLs. The results presented in Table (4)
were relatively similar to those of Mirecki et al. [40]
who detected Pb, Cd and Cu in maize grains
cultivated in polluted and non-polluted soils as (0.06,
0.01 and 2.76) and (0.05, 0.01 and 0.40) (mg kg™),
respectively. Also, Angelova et al. [53] found that the
translocation rate of heavy metals to the fruit was
rather low in the fruiting vegetables.
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Figure 1. Uptake and distribution of Pb and Cd in maize parts; A: Ratios of the element in maize parts (averages of the 9
studied sites). B: distribution of the element in maize parts (root, stem, leaves, cob and grain) of 9 sites based on the ascending
of the element concentration.

Table 4. Heavy metals content (mg kg™) in maize grains as compared to the FAO/WHO permissible limits

Source of irrigation

Site Pb Cd Cu Ni Cr
water

Wadi El-Natron 0.00 0.009 0.50 0.14 0.12

El-Nobaria (Abdel-Rakib) 0.04 0.000 0.28 0.51 0.00
Nile river water

El-Nobaria (Abdel-Wahab) 0.00 0.000 0.23 0.23 0.00

Al-Hawia 0.03 0.010 0.71 0.18 0.15
Groundwater Abdel-Rahman 0.00 0.000 0.42 0.49 0.00

Kafr-Dokhmais 0.55 0.076 2.73 1.63 0.79
Industrial effluents

Al-Nasiria 0.52 0.112 1.77 2.06 0.50

Kafr Hakem 0.26 0.038 2,51 0.81 0.47
Sewage wastewater

Abu-Roash 0.39 0.063 1.69 157 0.66
MRL (FAO/WHO) 2.00 1.00 30.00 1.50 1.30
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Figure 2. Uptake and distribution of Cu, Ni and Cr in maize parts; A: Ratios of the element in maize parts (averages of the 9
studied sites). B: distribution of the element in maize parts (root, stem, leaves, cob and grain) of 9 sites based on the ascending

of the element concentration.

3.6. Risk assessment of exposure to heavy metals
through maize grains

The hazard quotient (HQ) of the maize grains for
human consumption at different levels of the detected
heavy metals was shown in Table (5). The HQ values
of Pb and Cr were higher than other elements. The
rank order of HQ was Cd > Pb > Ni > Cu > Cr.
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However, all HQ values which calculated using the
lowest, average and highest detected concentrations
were lower than 0.4 (0.0 — 0.34). This means that low
potential risk is expected for adult people who could
consume the highly contaminated maize from Kafr-
Dokhmais and Al-Nasiria sites (Table 4).
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Table 5. Risk assessment for heavy metals in maize grains

TDI* EDI** (ug) HQ***
Heavy metals  (ug/70 kg adult Lowest Mean Higher Lowest Mean Higher

person/day) conc. conc. conc. conc. conc. conc.
Pb 252 3.19 31.68 58.41 0.013 0.126 0.232
Cd 35 0.96 5.45 11.89 0.027 0.156 0.340
Cu 35000 24.43 12791 289.93 0.001 0.004 0.008
Ni 3500 14.87 89.92 218.77 0.004 0.026 0.063
Cr 105000 12.74 47.61 83.90 0.000 0.000 0.001

*TDI: Tolerable daily intake, **EDI: Estimated daily intake, ***HQ: Hazard quotient

4. Conclusion

Eventually, the results indicated that Ni, Cu and
Cr were the most abundant elements detected in the
studied soil sites followed by Pb and Cd. As well, Pb
and Cd levels in soils irrigated with contaminated
water by industrial effluents or sewage were 2 or 3
times greater than the levels of soils irrigated by the
Nile and ground waters. However, Cu, Ni, and Cr
levels of contaminated-water irrigated soils were
3.75-4.90 times greater than of those of fresh-water
irrigated soils. Values of heavy metals total uptake by
maize from the soils irrigated by wastewater were
3.3-5.6 folds of those soils irrigated by fresh water.
Soils irrigated with wastewater showed BF averages
for heavy metals at the following descending order:
Pb > Cd > Ni > Cu > Cr. Meanwhile, soils irrigated
by the Nile or groundwater exhibited BF values
which can be arranged as Cu = Ni > Cr > Cd > Pb.
The translocation of heavy metals was found to be
accumulated in maize organs as the following order:
roots > leaves > stem > cob > grains. It is worth
noting that when concentrations of heavy metals were
increased in the soil, the excess amounts of the
absorbed metals were accumulated greatly in the
roots, leaves, and then stems. Meanwhile the
accumulated quantities of heavy metals were not
significantly increased in grains. In addition, except
for Ni of maize grains from soils irrigated with the
polluted water, all the detected amounts of heavy
metals in maize grains were satisfactory located
within the recommended permissible limits by
FAO/WHO. Moreover, low potential risk for public
health was found, when calculating hazard quotient
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of the maize grains for human consumption at
different levels of the detected heavy metals.
Therefore, it can be concluded from the current study
that maize grains grown in soils with either low or
high contents of heavy metals was safe. Additionally,
the cob part of maize, which showed low heavy
metals content, can be converted to biochar to be
applied to the contaminated soil for the remediation
purposes. Moreover, the high retention of heavy
metals in maize's root, stem and leaves can nominate
maize as a potential accumulator plant and can serve
as an ideal remediation plant. The present
investigation has a complementary stage of research
which will focus on the biological and physical
remediation of heavy metals-contaminated soils, and
the different proposed remediation methods will be
evaluated by maize cultivation in the treated soils.
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