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Abstract: This work aimed at investigation the impact of soil, irrigation water, fertilization types and wheat
cultivars  on  the  levels of heavy metals content in wheat grains during the years 2019-2020. Soil, irrigation
water and wheat grain samples were collected from different sites of the governorates of the Greater Cairo
region. The chemical properties of soil and water irrigation were assessed. The levels of heavy metals such as
lead, chromium, cadmium, nickel, iron and zinc were estimated in the all collected samples using Inductive
Coupled Plasma Mass Spectrometry instrument (ICP-MS). The results indicated that the clay soil samples
collected from Kom Birah village at Giza governorate when fertilized with urea during year 2019 recoded higher
concentrations than other samples of TDS, chlorides, sulfates, total carbons, Cr, Cd, Ni, Pb, Fe and Zn than
other soil samples; at levels 239.08 213.04 110.38,158.54,1.352,5.096 (revise too high maximum 3ppm), 2.898,, ,

9.197,17.622 and 6.462 ppm respectively, except the level of pH was (7.11). On the other side the heavy metals
content of wheat grains (Giza 171) collected from the same village located at Giza governorate during year 2019,
which cultivated and fertilized in the same conditions gave higher concentrations than other wheat samples;
of Cr, Cd, Ni, Pb, Fe and Zn at levels 2.993, 4.749 (too high maximum 1 ppm), 2.584, 2.925, 26.136 and 10.184ppm
respectively. Where, the Cr, Cd and Pb were exceeded safe limits sit by WHO/FAO [1]; in contrast Ni, Fe and
Zn were within the acceptable limits according to WHO/FAO [1]. On the other hand, the irrigation water
samples  collected  from  the  same site in Giza governorate during year 2019 which polluted with agricultural
and human sewage recoded higher concentrations than other irrigated water samples of TDS, chlorides,
sulfates, total carbons, Cr, Cd, Ni, Pb, Fe and Zn at levels 945.30, 194.52, 91.50, 290.82, 0.107, 0.005, 0.025, 0.032,
0.709 and 5.686 ppm respectively; the same water samples noted lower level of than others which recorded pH
(6.31).Thus, quality control of the concentrations of heavy metals in wheat grains, soils and irrigated water were
very important to avoid the potential risk of health.
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INTRODUCTION century have caused massive increases in human

More than 80% of sewage generated by human cadmium and arsenic have been the most common heavy
activities is discharged into rivers and oceans without any metals that induced human poisonings as registered by
treatment, which results in environmental pollution and [4]. Contaminated irrigation water can increase trace
more than different fifty diseases. 80% of diseases and heavy metals concentration in agricultural soil as reported
50% of child deaths worldwide are related to poor water by  [5].  The consequences of long-term irrigation with
quality as reported by [2]. Moreover, industrialization has As-contaminated groundwater for bioaccumulation in
a positive and significant impact on the environment as food crops and hence dietary exposure to As and other
mentioned by [3]. The industrial activities of the last metals  are  a  threat  to  the  resident  as concluded by [6].

exposure to heavy metals. Mercury, lead, chromium,
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Heavy metals bios-accumulate in living organisms, pollute accelerate the transition as recognized by [12]. Wheat and
the food chain and possibly threaten the health of rice constitute important cereal crops and any
animals. Many industries, fertilizers, truck, automobile, contamination may pose potential adverse impacts on
paint, groundwater and animal feed are sources of human health as recorded by [13]. Excessive use of
contamination of heavy metals. Cadmium (Cd) and Pb phosphorus-based fertilizers may lead to environmental
have negative impacts on a number of physiological and damage and accumulation of heavy metals (HMs) in soil
biochemical processes when exposed to sub-lethal doses. and crops as mentioned by [14]. Heavy metal (HM)
The nephrotoxic effects of Pb, As and Cd are well known pollution is extremely harmful because of its toxicity on
and high amounts of naturally occurring environmental humans, animals and plants. HMs are unmanageable to
metals as well as occupational populations with high degradation; therefore, insistent in the environment for a
exposures  have  an  adverse  relationship  between longer period adding to the concern. HMs at high
kidney damage and toxic metal exposure as stated by [7]. concentrations have adverse effects on the production of
Much attention was focused on cadmium (Cd) ions as one food as they affect the metabolic activity of plants. HMs
of the most toxic elements for plants as concluded by [8]. have serious consequences for human health, reaching
The food chain, through vegetable consumption, is the tissue via direct ingestion, dermal contact, inhalation
considered to be an important route of heavy metal and adsorption. Several methods have been explored for
exposure. Consumption of food grown in contaminated the eradication of HMs from the environment.
soils may be a significant human exposure pathway to Conventional methods of metal removal are restricted by
pollutants, including toxic elements. The inorganic the processing problems, expenses and the generation of
pollutants are being discarded in our waters, soils and toxic sludge, therefore more research is now focused on
into the atmosphere due to the rapidly growing agriculture the use of bacteria, fungi, plants and diatoms for the
and metal industries, improper waste disposal, fertilizers removal of metal ions from the environment as reported by
and pesticides. Some metals affect biological functions [15].
and growth, while other metals accumulate in one or more There was no enough information about the
different organs causing many serious diseases such as relationship between the content of heavy metals in wheat
cancer as discussed by [9]. Heavy metals are well-known and the usage of irrigation waters, soils, fertilizers and
environmental  pollutants owing to their toxicity, wheat’s genotypes inside the Greater Cairo region.
longevity  in  the  atmosphere  and ability to accumulate Therefore, this work was planned to study the impact of
in the human body via bioaccumulation. Most heavy the irrigation water quality, fertilizers, soil type and
metals occur naturally, but a few are derived from wheat’s genotype on specific heavy metals (Cr, Cd, Ni
anthropogenic sources. Heavy metals are categorized by and Pb) and nutritional elements (Fe and Zn) content of
their high atomic mass and toxicity to living organisms. wheat grains.
Heavy metals can become strongly toxic by mixing with
different environmental elements, such as water, soil and MATERIALS AND METHODS
air and humans and other living organisms can be
exposed to them through the food chain as referred by Sampling: All samples (water, soil and wheat) were
[10]. The pollution of soil by trace elements is a global personally  collected  from  the  Greater Cairo region
problem; conventional methods of soil bioremediation are (Cairo, Giza and Qalioubiya governorates) during years of
often inapplicable, so it is necessary to search intensively 2019 and 2020 according to the Figure (1).
for novel techniques for cleaning up ecosystems, such as
phytoremediation as reported by [11]. Cereal grains are Irrigation Sources and Sampling: Through three
the main dietary source of energy, carbohydrates and governorates of the Greater Cairo region, 100 ml of water
plant proteins world-wide. Currently, only 41% of grains samples were collected from five types of irrigation water
are used for human food consumption and up to 35% are i.e., (Nile River, artesian water, rainwater, agricultural
used for animal feed consumption. Cereals have been wastewater and sewage water). Samples collected in
overlooked as a source of environmentally sustainable polypropylene bottles pre-treated with nitric acid (1%)
and healthy plant proteins and could play a major role in then transported using Ice box and kept refrigerated at 4
transitioning towards a more sustainable food system for °C until delivered to the Environmental and Food
healthy diets. Rapid development of new grain-based Biotechnology laboratory located at Genetic Engineering
food ingredients and use of grains in new food contexts, and Biotechnology Research Institute (GEBRI), University
such as dairy replacements and meat analogues, could of Sadat City, Egypt and maintained at 4 °C until analyzed.
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Fig. 1: Egypt country from Google Earth Fig. 2: The Greater Cairo region (Cairo, Giza and
Qaliobya governorates)

Sampling of Soil: The targeted land points to obtain soil from (Kom Birah and Kafr Hakeem (Ezbat El-Shimy)
samples were drilled to a depth of 10-15 cm using a villages  and the other samples were collected from
stainless-steel drill and all collected soils were partially (Nahya village) at year 2019, (Kafr Hakeem village) at year
manually cleaned from foreign remains then transported 2019 and 2020 and (Shabramant village) at year 2020.
using Ice box and kept refrigerated at 4°C until delivered
to the same laboratory, then maintained at 4°C until Samples Preparation
analyzed. The soil samples were dried using a forced-air Soil and  Wheat  Sample  Preparation: Samples of soil
oven (MMM Venticell55 made in Germany S.N B072925) and  wheat  were  dried  at  105°C  for  48 hours even
at 72 °C for 47 hr. Dried samples were placed in weigh  stability   and    mineralized    with    nitric  acid
polyethylene bags, labelled and sealed until chemically 65%  (Merck, Germany) and hydrochloric acid 36%
analyzed as recorded by [16]. (Merck, analytical grade, Germany) as ratio 1:3 in molar

Sampling of Wheat: Wheat grain samples were collected for 10 min using Centrifuge (HERMLE a product of
as a whole wheat plant from the field and packed in paper HERMLE LABORTECHNIK, Germany) according to the
bags and the wheat grains were separated manually then method described by [17]. The extracts were filtered
partially manually cleaned to remove foreign particles and through  disposable  0.2  µm PTFE syringe filters
packed in the same paper bags then delivered to the same (DISMIC-25HP, Advantech, Tokyo, Japan). The metal
laboratory. The wheat grain samples were placed in a concentrations in these extracts were determined by
forced-air oven at 72 °C for 48 h. After the moisture was means of inductively coupled plasma-mass spectroscopy
removed, the samples were ground into a fine powder (ICP-MS) (iCAP, Thermo, Germany). Certified reference
using an electric domestic grinder model (Fresh, Egypt). materials (Merck, Germany) were included in the analyses.

Explanation of the Studying Area Qtegra (USA) software was used for average and relative
Map of the Greater Cairo Region (Cairo, Giza and standard deviation calculation as requirement of APHA
Qalioubiya Governorates) [18].
Collected Samples from Qalioubiya Governorate:
Samples of Qalioubiya governorate at years 2019 and 2020 Water Samples Preparation: The water samples were
were collected from (Bahadah and Al Bradah villages at Al filtered through disposable 0.2 µm PTFE syringe filters
Qanater Al Khairia city) and from Moshtohor village at (DISMIC-25HP, Advantech, Tokyo, Japan). The metal
Toukh city according to the Figure (1). concentrations in these extracts were determined by

Collected Samples from Cairo Governorate: Samples of (ICP-MS) (iCAP, Thermo, Germany). Certified reference
Cairo governorate at years 2019 and 2020 were collected materials (Merck, Germany) were included in the analyses.
from Al Marj district. The recovery of metals was within the certified limits.

Collected Samples from Giza Governorate: Samples of standard  deviation calculation as registered by APHA
Giza governorate at year 2019 and 2020 were collected [18, 19].

ratio until clear digestion then centrifuged with 6000 rpm

The recovery of metals was within the certified limits.

means of inductively coupled plasma-mass spectroscopy

Qtegra software was used for average and relative
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Table 1: Materials, chemicals, reagents and media.

Test Materials, Chemicals, Reagents and Media

pH Standard pH technical buffers (7.0 model: STP7 order No. 108 708, 10.01 Model: STP10 order No. 108 722 and 4.01 model STP4
order No. 108 706), Provided by WTW.

TOC STABLCAL  Formazan standards model HACH are used (<0.1 NTU Calibration Solution-Cat NO. 2659701, LOT A3123, 20®

NTU-Cat NO. 2660101, LOT A3140 and 200 NTU- Cat NO. 2660401, LOT A3135.

TDS Standards of 1413 ìS/cm by WTW model E/SET, order no. 300 572(APHA, 2005(81).

Chlorides a. Potassium chromate indicator. K CrO2 4

b. Silver nitrate. AgNO  (0.0141N).3

Sulfate a) Sulfate reagent
b) Barium chloride crystal

ICP-MS Concentrated HNO3

Instruments, Apparatuses, Equipment’s and Glassware: pH: pH values were measured using an analytical pH
pH meter (WTW Model InoLab pH 7110, WTW, meter fitted with a combined glass electrode and a
Germany, Serial No.: 13321210) fitted with a combined temperature  probe.   The   instrument  was  calibrated
glass electrode and a temperature probe. daily using  standard  pH   technical   buffers as
Total organic carbons (TOC) analyzer (HACH model registered by APHA [18]. Distilled water used for
2100 N, HACH Co., USA, Serial No.: 13040C030093) electrode   washing   by   instrument   M-Q  water
with measuring cell. (Purelab, Flex), Veolia, UK Water, Solutions and
Electric conductivity meter and total dissolved solids Technologies.
(TDS) meter (WTW Model InoLab cond 720, WTW,
Germany Serial No.: 7420286) fitted with conductivity Conductivity & Total Dissolved Solids (TDS):
probe. Conductivity and TDS were measured using an analytical
Spectrophotometer (CECIL of CECIL unit conductivity meter, fitted with conductivity probe
INSTRUMENTS, CAMBRIDGE, ENGLAND. Serial after being calibrated by standards of 1413 ìS/cm as
No.: 146-189). recorded by APHA [18]. Distilled water was used for
Inductively couple plasma- mass spectroscopy by probe washing.
ICAQ (Scientific Fisher, USA).
Oven (MMM Venticell55 made in Germany S.N Chloride Determination: Chloride, in the form of chloride
B072925). (Cl )  ion was determined by using argent metric method.
Filter Holder Manifold: the manifold may be used for A sample of 100 ml was introduced into 500 ml clean flask
simultaneous filtration. of three or six test samples. and then 3 drops of potassium chromate indicator were
Each filter holder support station accepts any added to the sample. The sample was titrated against
Millipore filter holder fitted with a No. 8 silicone AgNO (0.0141N) till the end point of red color
perforated stopper. precipitates of silver chromate as recorded by APHA,
Balance (Redgeway made in Romania S.N 1422588). (2005).
Heater with magnetic stirrer (VWR: CAT No.: 12365-
508, serial number: 071009026, Made in the USA by Calculation:
HENRY TROEMNER L.L.C.
Centrifuge. (HERMLE a product of HERMLE
LABORTECHNIK, Germany).

Physical and Chemical Analyses  of  Water  Samples: where:
The quality of water samples was determined by A = ml titration for sample,
measuring  pH,  Total  Dissolved Solids (TDS), TOC B = ml titration for blank and
(Total Organic carbons), chloride and sulfate. All the N = normality of AgNO3.
physicochemical analyses were done in duplicates and
determined by the procedures of Standard Methods done Heavy Metals: Apparatus Atomic absorption
for the Examination of Water and Wastewater APHA [18]. spectrometer and associated equipment:

-

3
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Reagents: Air, cleaned and dried through a suitable filter multi-elements standard solution iv, lot # hc379062) in
to  remove oil,  water  and  other  foreign  substances. accordance with ISO/IEC 17025:2017 requirements and the
The source may be a compressor or commercially bottled testing methods referenced below meets ISO/IEC
gas. 17025:2017 and accreditation bodies requirements.

Argon gas cylinder (99.9992%), standard commercial
grade. Argon which always is present in Argon  cylinders, Statistical Analysis: Statistical analysis data were
can be prevented from entering and damaging the burner analyzed using one or two ways ANOVA and mean
head by replacing a cylinder when its pressure has fallen compared was conducted using LSD . Analysis was
to 689 Kilopascal (kPa) (150 pound per square inch (psi) conducted using SAS program [20].
pressure.

Metal-free Water: Metal-free water was used for
preparing all reagents and calibration standards and as Effect of Fertilization Types and Types of Soil on the
dilution water. metal-free water Prepared by deionizing tap Chemical Analysis and Metals Content of Soil in Greater
water and/or by using one of the following processes, Cairo from 2019 to 2020: The data in Table 1. outlined
depending on the metal concentration in the sample: the effect of fertilization and soil types on the chemical
single distillation, re-distillation, or sub-boiling. Always analysis and metals content of soil in Greater Cairo region
check deionized or distilled water to determine whether during years 2019 - 2020. Information appeared that the
the element of interest is present in trace amounts. If the cruel  esteem  of pH of soil tests was 7.75; the least esteem
source water contains Mercury (Hg) or other volatile was 7.11 in the clay soil (ClayGz4) fertilized by the urea
metals, single- or redistilled water may not be suitable for fertilizer (UreGZ4) collected from Giza governorate amid
trace analysis because these metals distill over with the year 2019 and the greatest esteem was 8.35 in the clay soil
distilled water. In such cases, use sub-boiling to prepare in the clay soil (ClayQ2) fertilized by the urea fertilizer
metal-free water. (UreQ2) collected from Qalioubiya governorate amid year

Multi-elements Standard Solution: The samples (TDS) of soil tests was 176.29 ppm; the least esteem was
described below was tested in the environmental and food 126.48 ppm within the clay soil (ClayGz5) fertilized by the
biotechnology laboratory by using NIST National urea fertilizer (UreGz5) collected from Giza governorate
Institute of Standards and Technology (s) traceable amid year 2020 and the most extreme value was 239.08
reference   equipment    and   materials   (Merck   kgaa, icp ppm  within  the  clay soil  (ClayGz4)  fertilized by the urea

0.05

RESULTS AND DISCUSSION

2020. The mean esteem of the entire broken down solids

Table 1: Effect of fertilization types and types of soil on the chemical analysis and metals content of soil in Greater Cairo region during years 2019-2020
Nutritional

Chemical analysis (ppm) Metals content (mg/kg) elements (mg/kg)
Types of Type of ------------------------------------------------------------------ ------------------------------------------------ ----------------------

Years region Govern. fertilizer soil PH TDS Chlorids Sulfates Total Carbon Cr Cd Ni Pb Fe Zn
2019 Greatwr Cairo NitCa1 ClayCa1 7.94 222.88 106.22 49.62 142.92 0.187 0.886 0.503 1.600 3.064 1.124a b c c c d c c c c c

Cairo NitCa4 ClayCa4 7.77 203.70 95.28 45.66 128.04 0.244 0.920 0.523 1.659 3.180 1.166ab e c c c c c c c c c

NitCa7 ClayCa7 7.76 201.78 94.29 44.68 126.94 0.229 0.880 0.493 1.589 3.090 1.096ab e c c c c c c c c c

Giza UreGZ1 ClayGz1 8.03 210.26 138.20 104.160 120.60 0.616 2.325 1.322 4.196 8.039 2.948a d b b b b b b b b b

UreGZ4 ClayGz4 7.11 239.08 213.04 110.38 158.54 1.352 5.096 2.898 9.197 17.622 6.462c a a a a a a a a a a

UreGZ7 SiltGZ1 8.03 217.26 108.20 94.16 108.60 0.616 2.325 1.322 4.196 8.039 2.948a d b b b b b b b b b

Qalioubiya NitrQ1 ClayQ1 7.75 201.70 92.28 42.66 125.04 0.214 0.820 0.423 1.639 3.080 1.066ab e c c c c c c c c c

NitrQ4 SiltQ1 7.49 169.66 103.22 48.64 137.98 0.151 0.406 0.231 0.732 1.404 0.515bc c c c c e d d d d d

NitrQ7 SiltQ4 7.47 149.69 101.82 46.94 136.99 0.140 0.386 0.171 0.582 1.294 0.475bc c c c c e d d d d d

LSD --------- -------- 0.38 124.80 34.95 16.71 16.63 0.027 0.103 0.059 0.186 0.357 0.131
2020 Cairo UreCa2 ClayCa2 7.49 155.84 59.16 24.32 31.18 0.014 0.002 0.005 0.077 0.107 0.624b c cd c c d b d f c c

UreCa5 ClayCa5 8.34 149.90 56.88 23.32 29.98 0.016 0.004 0.004 0.125 0.116 0.267b c cd c c d b d e c e

UreCa8 ClayCa8 7.41 147.90 56.08 23.02 29.58 0.029 0.001 0.005 0.184 0.125 0.348b c c c c b d b c d

Giza UreGz2 ClayGz2 7.70 126.76 118.12 48.64 62.54 0.052 0.060 0.058 0.136 0.217 1.100b a a a a b a a d b a

UreGz5 ClayGz5 7.69 126.48 114.17 46.95 60.86 0.049 0.048 0.048 0.140 0.210 1.080b a a a a b a a d b a

UreGz8 SiltGZ2 7.39 158.80 60.24 24.72 31.76 0.054 0.002 0.006 0.162 0.186 0.609b bc cd c c b b d c b c

Qalioubiya UreQ2 ClayQ2 8.35 169.74 64.42 26.50 33.94 0.030 0.004 0.052 0.130 0.115 0.218a bc b b b c b b de c f

UreQ5 SiltQ2 8.31 167.96 63.86 23.94 31.99 0.028 0.003 0.050 0.130 0.115 0.2100a bc b b b c b b de c f

UreQ8 SiltQ5 7.39 153.86 58.36 24.02 30.80 0.063 0.005 0.011 0.224 2.091 0.700b c cd c c a b c a a b

LSD ---------- -------- 0.38 11.92 3.73 1.53 1.98 0.002 0.001 0.002 0.007 0.035 0.032
Means with the same letter are not significantly different within the same column at level 0.05
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Fig. 3: The relation between types of soil and fertilizer in the Greater Cairo region during years 2019- 2020 and pH values
of soil.

Fig. 4: The relation between types of soil and fertilizer in the Greater Cairo region during years 2019- 2020 and
concentration of Total Dissolved Solids (TDS), Chlorides, Sulfates and Total Organic Carbons(TOC) (ppm) of
soil.

Fig. 5: The relation between types of soil and fertilizer in the Greater Cairo region during year 2019 and concentration
of heavy metals content (Cr, Cd, Ni and Pb) (ppm) of soil.
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Fig. 6: The relation between types of soil and fertilizer in the Greater Cairo region during year 2020 and concentration
of heavy metals content (Cr, Cd, Ni and Pb) (ppm) of soil.

Fig. 7: The relation between types of soil and fertilizer in the Greater Cairo region during year 2019 and concentration
of nutritional elements content (Fe and Zn)) (ppm) of soil.

Fig. 8: The relation between types of soil and fertilizer in the Greater Cairo region during year 2020 and concentration
of nutritional elements content (Fe and Zn)) (ppm) of soil.
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fertilizer (UreGZ4) collected from Giza governorate amid the least esteem was 0.107 ppm within the clay soil
year 2019.The cruel esteem of the chloride of soil tests (ClayCa2) fertilized by the urea fertilizer (UreCa2) collected
was 94.66 ppm; the least esteem was 56.08 ppm within the from Cairo governorate amid year 2020 and the greatest
clay soil (ClayCa8) and fertilized by the urea fertilizer esteem was 17.622 ppm within the clay soil (ClayGz4) and
(UreCa8) collected from Cairo governorate amid year 2020 fertilized by the urea fertilizer (UreGZ4) collected from Giza
and the greatest esteem was 213.04 ppm within the clay governorate amid year 2019.The cruel esteem of the Zinc
soil (ClayGz4) fertilized by the urea fertilizer (UreGZ4) (Zn) of soil tests was 1.275 ppm; the least esteem was
collected from Giza governorate amid year 2019. The mean 0.210 ppm within the silt soil (SiltQ2) fertilized by the urea
value of the Sulfate of soil tests was 47.35 ppm; the least fertilizer (UreQ5) collected from Qalioubiya governorate
esteem was 23.02 ppm within the clay soil (ClayCa8) amid year 2020 and the most extreme esteem was 6.462
fertilized by the urea fertilizer (UreCa8) collected from ppm within the clay soil (ClayGz4) fertilized by the urea
Cairo governorate amid year 2020 and the most extreme fertilizer (UreGZ4) collected from Giza governorate amid
esteem was 110.38 in the clay soil (ClayGz4) fertilized by year 2019 and prosecuted that there were critical contrasts
the urea fertilizer (UreGZ4) collected from Giza at (p 0.05) within the chemical investigation (pH, TDS,
governorate amid year 2019. The cruel esteem of the chloride, sulfate and add up to carbons values) and metals
overall carbons of soil tests was 84.90 ppm; the least substance (Cr, Cd, Ni, Pb, Fe and Zn values) in all
value was 29.58 within the clay soil (ClayCa8) fertilized by governorates within the more noteworthy Cairo locale.
the urea fertilizer (UreCa8) collected from Cairo Comparable comes about were gotten by [21] who explore
governorate amid year 2020 and the most extreme esteem the inconstancy of chemical applications on Cd, Pb and
was 158.54 ppm within the clay soil (ClayGz4) and As concentrations of wheat grain-cultivated soils and
fertilized by the urea fertilizer (UreGZ4) collected from Giza shown that the result demonstrated that Cd, Pb and As
governorate amid year 2019. The cruel esteem of the concentrations were expanded within the developed soils
Chromium (Cr) of soil tests was 0.227 ppm; the least due to fertilizer application. Fertilizers can altogether
esteem was 0.014 ppm within the clay soil (ClayCa2) increment edit yields but can too harm the soil supplement
fertilized by the urea fertilizer (UreCa2) collected from adjust and can cause natural contamination as recorded
Cairo governorate amid year 2020 and the most extreme by [22]; [23]. In streams and water bodies with intemperate
value was 1.352 ppm within the clay soil (ClayGz4) and fertilizer runoff, eutrophication can happen, which makes
fertilized by the urea fertilizer (UreGZ4) collected from Giza an overabundance of supplements. In expansion,
governorate amid year 2019.The cruel esteem of the intemperate fertilizer utilize can sully the groundwater with
Cadmium (Cd) of soil tests was 0.787 ppm; the least inorganic chemicals as reported by [24]; [25].
esteem was 0.001 ppm within the clay soils (ClayCa8)
fertilized by the urea fertilizer (UreCa8) collected from Impact of Fertilization Types and Soil Types on the
Cairo governorate amid year 2020 and the most extreme Metals Content of Wheat Grain Types in the Greater
esteem was 5.096 ppm within the clay soil (ClayGz4) Cairo Region and its Governorates During Years 2019-
fertilized by the urea fertilizer (UreGZ4) collected from Giza 2020: The data in Table 2 showed the Impact of
governorate amid year 2019.The cruel esteem of the Nickel fertilization types and soil types on the metals content of
(Ni) of soil tests was 0.451 ppm; the least esteem was wheat grain types in the Greater Cairo region and its
0.004 ppm within the clay soil (ClayCa5) fertilized by the governorates during years 2019-2020. The data showed an
urea fertilizer (UreCa5) collected from Cairo governorate average value of 1.232 ppm for chromium (Cr); the lowest
amid year 2020 and the most extreme esteem was 2.898 value was 0.018 ppm in Gemmiza 9 (Gem9Ca1) wheat grain
ppm within the clay soil (ClayGz4) and fertilized by the samples collected in Cairo governorate in 2020 when
urea fertilizer (UreGZ4) collected from Giza governorate grown on clay soil (ClayCa1) and fertilized with urea
amid year 2019. The cruel esteem of the Lead (Pb) of soil fertilizer (UreCa1) and the peak value was 2.993 ppm in
tests was 1.483 ppm; the least esteem was 0.077 ppm Giza 171 (Giz171Gz2) wheat grain sample collected from
within the clay soil (ClayCa2) fertilized by the urea Giza governorate in 2019 when grown on clay soil
fertilizer (UreCa2) collected from Cairo governorate amid (ClayGz4)  and  fertilized  with  urea  fertilizer  (UreGz4).
year 2020 and the most extreme value was 9.197 ppm The average value of Cadmium (Cd) in wheat grain
within the clay soil (ClayGz4) fertilized by the urea fertilizer samples was 0.923 ppm; the lowest value was 0.001 ppm
(UreGZ4) collected from Giza governorate amid year 2019. in Gemmiza11 (Gem11Q1) wheat grain sample collected in
The cruel esteem of Iron(Fe) of soil tests was 2.894 ppm; Qalioubiya  governorate  when  grown  on silt soil (SiltQ1)
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Table 2: Effect of fertilization types and types of soil on the metals content of wheat grain types in Greater Cairo region and its governorates during years 2019-2020. 
Nutritional

Heavy metals content (mg/kg) elements (mg/kg)
Types of Type of Types of ---------------------------------------------------------------- --------------------------

Years Region Govern. fertilizer soil wheat grain Cr Cd Ni Pb Fe Zn
2019 Greater Cairo Cairo NitCa2 ClayCa2 Gem9Ca2 1.208 1.522 2.393 0.828 25.072 10.006d b b e a a

NitCa5 ClayCa5 Gz71Ca2 2.932 4.732 2.162 2.725 22.116 10.10b a d a b b

NitCa8 ClayCa8 Gz71Ca5 2.991 4.727 2.283 2.631 23.106 10.124b a d a b b

Giza UreGZ5 SiltGZ2 Gem11Gz2 0.151 0.001 0.036 2.113 0.245 0.369e e e b f e

UreGz4 ClayGz4 Giz171Gz2 2.993 4.749 2.584 2.925 26.136 10.184b a d a b b

UreGZ8 ClayGz5 Sak95Dz2 2.502 0.182 2.184 0.529 22.241 0.910c d cd f c d

Qalioubiya NitrQ5 SiltQ2 Gem11Q2 2.972 0.523 2.107 1.337 10.470 3.272a c a c e c

NitrQ8 SiltQ5 Gem9Q2 0.090 0.001 0.015 2.825 0.330 0.307e e e a f e

NitrQ2 ClayQ2 Misr1Q2 2.956 0.142 2.227 1.037 17.274 3.021b de c d d c

LSD ---------- ---------- ---------- 0.125 0.136 0.118 0.105 1.002 0.349
2020 Cairo UreCa1 ClayCa1 Gem9Ca1 0.018 0.017 0.006 1.454 0.067 0.486f a f a f a

UreCa4 ClayCa4 Gem9Ca4 1.434 0.004 0.071 2.128 0.279 0.252a b d b a e

UreCa7 ClayCa7 Gz71Ca1 0.619 0.003 0.042 1.607 0.236 0.377b c e c b b

Giza UreGz7 SiltGZ1 Gem11Gz1 0.620 0.003 0.041 0.606 0.177 0.202b c e de c f

UreGz4 ClayGz4 Misr1GZ1 0.074 0.004 0.085 1.393 0.054 0.185e b c c g g

UreGz1 ClayGz1 Skh95GZ1 0.177 0.001 0.198 0.733 0.135 0.262cd e a d d e

Qalioubiya UreQ1 SiltQ1 Gem11Q1 0.170 0.001 0.191 0.403 0.123 0.352d e b e e c

UreQ4 SiltQ4 Gem11Q4 0.200 0.002 0.192 0.504 0.232 0.287c d ab de b d

UreQ7 ClayQ1 Misr1Q1 0.070 0.003 0.087 1.619 0.053 0.180e c c c g g

LSD ---------- ---------- ---------- 0.028 0.0000 0.006 0.258 0.008 0.015
Means with the same letter are not significantly different within the same column at level 0.05

Fig. 9: The relation between types of soil and fertilizer in the Greater Cairo region during year 2019 and concentration
of heavy metals (Cr, Cd, Ni and Pb) and nutritional elements content (Fe and Zn) (ppm) of wheat grains.

Fig. 10: The relation between types of soil and fertilizer in the Greater Cairo region during year 2020 and concentration
of heavy metals (Cr, Cd, Ni and Pb) and nutritional elements content (Fe and Zn) (ppm) of wheat grains.
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Fig. 11: The relation between types of soil and fertilizer in the Greater Cairo region during year 2019 and concentration
of heavy metals (Cr, Cd, Ni and Pb) (ppm) of wheat grains.

Fig. 12: The relation between types of soil and fertilizer in the Greater Cairo region during year 2020 and concentration
of heavy metals (Cr, Cd, Ni and Pb) (ppm) of wheat grains.

Fig. 13: The relation between types of soil and fertilizer in the Greater Cairo region during year 2019 and concentration
of nutritional elements content (Fe and Zn) (ppm) of wheat grains.
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Fig. 14: The relation between types of soil and fertilizer in the Greater Cairo region during year 2020 and concentration
of nutritional elements content (Fe and Zn) (ppm) of wheat grains.

and fertilized with urea fertilizer (UreQ1) in 2020 and the governorate in 2020 when grown on clay soil (ClayQ1)
maximum value was 4.749 ppm in Giza 171 (Giz171Gz2) and fertilized with urea fertilizer (UreQ7) and the Giza 171
wheat grain samples collected from Giza Governorate (Giz171Gz2) collected in Giza governorate in 2019 when
when grown on clay soil (ClayGz4) and fertilized with urea grown on clay soil (ClayGz4) and fertilized with urea
fertilizer (UreGz4) in 2019. The mean value of the Nickel fertilizer (UreGz4) had a peak value of 10.184 ppm. Data
(Ni) in wheat grain samples was 0.939 ppm; the lowest indicated that there were significant difference P  0.05) in
value was 0.006 ppm in Gemmiza 9 (Gem9Ca1) wheat grain metals contents (Cr, Cd, Ni, Pb, Fe and Zn) in all
samples collected in Cairo governorate in 2020 when governorates of Greater Cairo. The results obtained were
grown on clay soil (ClayCa1) and fertilized with urea consistent with those of [26, 27], who reported rapid
fertilizer (UreCa1) and the peak value was 2.584 ppm in changes in metal concentrations in agricultural land and
Giza171 (Giz171Gz2) wheat grain sample collected in Giza its products. On the other hand, indiscriminate and
province in 2019 when grown on clay soil (ClayGz4) and prolonged use of fertilizers is a major cause of soil and
fertilized with urea fertilizer (UreGz4). The mean value of water pollution as referred by [28-30], damaging pristine
lead (Pb) in wheat grain samples was 1.522 ppm; the terrestrial and aquatic ecosystems and human health
lowest value was 0.403 ppm in Gemmiza11 (Gem11Q1) downstream, is brought to risk. Soil naturally contains
wheat grain samples collected from Qalioubiya heavy metals (HM) such as cadmium (Cd), mercury (Hg),
governorate in 2020 when grown on silt soil (SiltQ1) and arsenic (As), chromium (Cr) and lead (Pb), but excessive
fertilized with urea fertilizer (UreQ1) and the maximum fertilizer application can damage the soil.
value was 2.925 ppm in wheat grain sample Giza 171
(Giz171Gz2) collected in Giza governorate in 2019 when Chemical Analysis and Metals Content of Irrigation
grown on clay soil (ClayGz4) and fertilized with urea Water in the Greater Cairo Region and its Governorates
fertilizer (UreGz4). The average value of Iron (Fe) in wheat During Years 2019 - 2020: The data in Table 3
grain samples was 8.241 ppm; the lowest value was 0.053 summarized the chemical analysis and metals content of
ppm in Misr 1 (Misr1Q1) wheat grain samples collected irrigation water in Greater Cairo and its governorates
from Qalioubiya governorate in 2020 when grown on clay during 2019-2020. The data showed that the average pH
soil (ClayQ1) and fertilized with urea fertilizer (UreQ7) and of the irrigation water samples was 7.23; the lowest value
the peak value was 26.136 ppm in Giza 171 (Giz171Gz2) was 6.31 for agricultural and human sewages irrigation
collected in Giza governorate in 2019 when grown on clay water samples (AgSeHGz2) collected in Giza governorate
soil (ClayGz4) and fertilized with urea fertilizer (UreGz4). in 2019 and the identical values ??for the artesian and
The average value of zinc (Zn) in wheat grain samples was rainwater irrigation water samples (ArtRnCa4) collected in
2.826 ppm; the lowest value was 0.180 ppm in wheat grain Cairo governorate in 2020 was 7.75. The average of total
sample Misr 1 (Misr1Q1) collected from Qalioubiya dissolved solids (TDS) of the irrigation water samples was
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Table 3: Chemical analysis and metals content of irrigated water in the Greater Cairo region and its governorates during years 2019 - 2020.
Nutritional

Chemical analysis (ppm) Metals content (mg/kg) elements (mg/kg)
Irrigated ------------------------------------------------------------------------ --------------------------------------------------- ---------------------

Years Region Governorate water PH TDS Chloride Sulfates Total Carbons Cr Cd Ni Pb Fe Zn
2019 Cairo AgSeHCa3 7.33 805.93 253.12 91.30 290.80 0.037 0.002 0.009 0.011 0.156 1.749a a a a a c d c c c a

AgSeHCa6 7.31 800.90 212.02 91.32 290.72 0.107 0.004 0.025 0.031 0.176 1.742a a a a a a a a a c a

ArtCa3 7.20 604.44 90.34 60.56 155.84 0.079 0.003 0.019 0.024 0.278 1.299a b d e e b c b b b c

Giza AgSegGz3 7.29 803.92 120.12 80.42 207.44 0.022 0.004 0.024 0.012 0.644 1.618a a c b d d b a c a b

AgSeHGz2 6.31 945.30 194.52 91.50 290.82 0.107 0.005 0.025 0.032 0.709 5.686a a b a a a a a a a a

ArtGz6 7.31 521.30 94.32 78.49 262.02 0.082 0.004 0.018 0.025 0.286 1.335a b d c b b b b b b c

Qalioubiya NileQ3 7.00 605.90 223.11 65.54 224.30 0.107 0.004 0.025 0.031 0.176 1.549a a a d c a a a a c a

NilHuQ3 7.31 301.72 94.32 65.50 226.30 0.037 0.002 0.009 0.011 0.128 1.593a c d d c c d c c d b

ArtQ3 7.31 621.30 194.51 73.41 260.12 0.062 0.004 0.019 0.022 0.236 1.315a b b c b b b b b b c

LSD --------- 0.36 32.11 9.01 3.79 12.15 0.004 0.000 0.001 0.001 0.014 0.076
2020 Cairo ArtRnCa3 7.25 585.58 77.42 49.62 124.10 0.013 0.002 0.008 0.011 0.459 2.086b e d e d d b c d d d

ArtRnCa4 7.75 304.63 98.28 87.34 82.40 0.015 0.002 0.005 0.010 0.128 1.593a c a a f cd b e d d b

NilRnCa3 6.85 481.40 71.50 44.70 112.18 0.010 0.002 0.004 0.009 0.598 1.614b e e f e d b f e b e

Giza ArtRnGZ3 7.13 645.12 93.30 59.56 148.88 0.013 0.002 0.009 0.011 0.461 2.101b d e d b b b b d d d

ArtsGZ3 7.05 791.04 76.44 65.50 136.00 0.016 0.002 0.004 0.014 0.321 2.577b c d c c c b g c e c

NilRnGz3 7.64 538.38 87.34 77.42 73.44 0.030 0.000 0.003 0.026 0.509 4.885a b c b g b b g a c b

Qalioubiya ArtRanQ3 7.74 228.28 70.50 59.56 125.06 0.005 0.003 0.006 0.004 0.094 0.761a g e d b f a d f g g

ArtsnQ3 7.19 602.49 90.29 60.48 153.89 0.070 0.003 0.017 0.022 0.278 1.299b de bc d a a a a b f f

ArtsnQ6 7.18 601.99 90.23 60.37 152.89 0.070 0.003 0.016 0.021 0.278 1.299b de bc d a a a a b f f

LSD --------- 0.36 47.45 4.11 3.11 6.18 0.002 0.000 0.001 0.001 0.022 0.143
Data within the same letter are not significantly different within the same column at level 0.05

Fig. 15: The relation between the geographical location in the Greater Cairo region during years 2019-2020 and pH values
of irrigation water. 

Fig. 16: The relation between the geographical location in the Greater Cairo region during years 2019-2020 and
concentration of TDS, Chloride, Sulfate and Total Carbons (ppm) of irrigation water.
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Fig. 17: The relation between the geographical location in the Greater Cairo region during years 2019-2020 and
concentration of heavy metals content (Cr, Cd, Ni and Pb) (ppm) of irrigation water.

Fig. 18: The relation between the geographical location in the Greater Cairo region during years 2019-2020 and
concentration of nutritional elements content (Fe and Zn)) (ppm) of irrigation water.

599.42 ppm; the lowest value was 228.28 ppm in the sewages irrigation water samples (AgSeHGz2) collected in
artesian and rainwater (ArtRanQ3) collected from Giza governorate in 2019. Average total carbon was 184.29
Qalioubiya in 2020 and the peak value was 945.30 ppm in ppm; the lowest level was 73.44 ppm in Nile River and
2019 for agricultural and human sewages irrigation water rainwater (NilRnGz3) collected in Giza governorate in 2020
samples (AgSeHGz2) collected in Giza governorate in and the peak value was 290.82 ppm in agricultural and
2019. The average chloride value was 123.98 ppm; the human sewages irrigation water samples (AgSeHGz2)
lowest value was 70.50 ppm for Artesian and rainwater collected in Giza governorate in 2019. Chromium (Cr) had
irrigation water (ArtRanQ3) collected in Qalioubiya an average value of 0.049 ppm; the lowest value was 0.005
governorate in 2020 and the maximum value was 194.52 ppm for confined water and rainwater (ArtRanQ3)
ppm in agricultural and human sewages irrigation water collected in Qalioubiya province in 2020 and the maximum
samples (AgSeHGz2) collected in Giza governorate in value was 0.107 ppm in agricultural and human sewages
2019. The average sulfate level was 70.14 ppm; the lowest irrigation water samples (AgSeHGz2) collected in Giza
level was 44.70 ppm in Nile and rainwater irrigation water governorate in 2019. Cadmium (Cd) averaged 0.003 ppm;
(NilRnCa3) collected in Cairo governorate in 2020 and the the minimum value was 0.000 ppm for Nile and rainwater
maximum value was 91.50 ppm in agricultural and human irrigation  water  (NilRnGz3)  collected  in Giza governorate
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in 2020 and the maximum value was 0.005 ppm in seed/grain revealed high increase of heavy metals. Good
agricultural and human sewages irrigation water samples agricultural practices and consistent monitoring of soil,
(AgSeHGz2) collected in Giza governorate in 2019. crop and water quality with avoidance of bad agronomic
Average nickel (Ni) was 0.014 ppm; the lowest value was practices to agricultural crops is a way to reduction the
0.003 ppm for Nile and rain irrigation water (NilRnGz3) potential health risks for inhabitants. Using low quality
collected in Giza governorate in 2020 and the maximum water in cultivation has bad belongings on both soil
value was 0.025 ppm in agricultural and human sewages properties and establishing crop by either accumulative
irrigation water samples (AgSeHGz2) collected in Giza their contents of heavy metals which distresses badly on
governorate in 2019. The average value for lead (Pb) was the human health or by increasing salinity intensities.
0.018 ppm; the lowest value was 0.004 ppm for confined Heavy metal toxicity is one of foremost environmental
water and rainwater (ArtRanQ3) collected in Qalioubiya health complications and potentially hazardous due to
province  in 2020 and the maximum value was 0.032 ppm bioaccumulation. Therefore, heavy metals pollution of
in agricultural and human sewages irrigation water soils and plants has developed an increasing problem.
samples (AgSeHGz2) collected in Giza governorate in Based on the achieved results, the subsequent
2019. The average value for iron (Fe) was 0.329 ppm; the recommendations could be assumed for the best
lowest value was 0.094 ppm for confined water and managing of soil quality:
rainwater (ArtRanQ3) collected in Qalioubiya province in Treat wastewater in order to boundary toxic heavy-
2020 and the peak was 0.709 ppm in agricultural and metal pollution from this source.
human  sewages   irrigation   water   samples  (AgSeHGz2) Carefully accomplish fertilizer and pesticide use and
collected in Giza governorate in 2019. The average value teach farmers about the side-effects of using
for zinc (Zn) was 2.006 ppm; the lowest value was 0.761 excessive and uncontrolled fertilizers and pesticides.
ppm and for confined water and rainwater (ArtRanQ3) Use the appropriate method for remediation and
collected from Qalioubiyain 2020 and with a peak value of washing soil that undergoes from pollution.
5.686 ppm, in agricultural and human sewages irrigation Factory locations must have environment-friendly
water samples (AgSeHGz2) collected in Giza governorate plants over the real use of resources and application
in 2019. Data showed significant differences in chemical of environmental administration to save biodiversity
analysis (pH, TDS-, chloride, sulfate, total carbon  values) through the proper controlling of chemicals and
and metals. (p 0.05). All administrative district contents collaboration with local societies.
(Cr, Cd, Ni, Pb, Fe and Zn values gave Greater Cairo. From Monitor the polluted soil occasionally.
the data obtained, it was possible to conclude that the
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