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ABSTRACT 
The existence of heavy metals in the environment is one of the most significant environmental challenge 
due to the potential health risk for human and animal. The aim of this study was to investigate the impact 
of wheat varieties genotype, type of soil, type of fertilization and type of irrigation water on specific 
heavy metals and nutritional elements content in wheat grains at Nile Delta region, Egypt during the 
years 2019-2020. Soil, irrigation water and wheat grain samples were collected from all the Nile Delta 
Governorates in Egypt (Dakahlia, Damietta, Monufia, Kafr Al-Sheikh and Gharbia).The chemical 
properties (PH, TDS, Chlorides, Sulfate and Total carbons) of soil and irrigation water samples were 
assessed and the level of specific heavy metals; Chromium(Cr), Nickel (Ni), Cadmium (Cd) and lead 
(Pb), and specific nutritional elements; Iron (Fe) and Zinc (Zn) were estimated in all collected samples 
using Inductive Coupled Plasma Mass Spectrometry instrument (ICP-MS). The obtained results were 
Statistically analyzed using one or two ways ANOVA and mean compared was conducted using 
Duncan's LSD. The results that obtained indicated that the clay soil samples collected from the Nile 
Delta region when fertilized with urea during year 2019recoded higher concentrations than year  2020 
of TDS, chlorides, sulfates, total carbons, Cr, Cd, Ni, Fe and Zn, except for the level of pH than other 
soil samples. On the other side the heavy metals content of wheat grains Gemmiza 11, Giza 11 and Giza 
175 collected from the Nile Delta region specially at Kafr El-Sheikh and Damietta governorates during 
year 2019, which cultivated in the clay soils and fertilized with urea or nitrate gave higher 
concentrations of Cr, Cd, Ni, Pb, Fe and Zn than year 2020.On the other hand, the Nile irrigation water, 
Nile and human sewage irrigation water, artesian irrigation water samples collected from Gharbia and 
Damietta governorates during year 2019 recoded higher concentrations of pH, chlorides, sulfates, total 
carbons, Cr, Cd, Ni, Pb levels than year 2020. On contrast TDS, Fe and Zn at year 2020 for Nile 
irrigation water and artesian irrigation water collected from Kafr Al-Sheikh and Damietta recoded 
higher concentrations than other irrigation water samples. 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 by treatment of wastewater source is important to limit its content of toxic heavy-metal. 
 
Keywords: Wheat, Heavy metals, Fertilization, water Irrigation, nutritional elements,Egypt. 

 
1. Introduction 

The rapid growth of the human population, industrialization and urbanization considerably reduce 
agricultural areas, but various harmful factors also adversely affect the agricultural soils and production 
of edible plants as recorded by Ali et al., (2019); Ning et al. (2022). As these areas are closer to the 
main pollutants in the ecosystem, the effects on cultivated plants become more common as mentioned 
by Abrahams (2002); Rajkovi´c et al. (2012). All living organisms are negatively affected by 
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environmental pollution as reported by Ning et al.(2022); Bhunia  (2017). Environmental toxins include 
both organic and inorganic pollutants represented a significant threat to the ecosystem as a whole as 
mentioned by Alengebawy et al.(2021). According to previous studies performed all over the world, 
anthropogenic industrial activity is a major cause of heavy metal pollution in the environment as 
referred by Trumbulovic (2008); Li  et al.(2014); Cao  et al. (2020), Yu and Liu,  (2021); Zhang  et 
al.(2022). Modern agriculture practices are a substantial anthropogenic source of heavy metals due to 
the use of inorganic mineral fertilizers, pesticides and fuel burning as recorded by Ali  et al. (2019); 
Loncari´ (2012); Toth  et al.(2016); Marrugo  et al. (2017); Waheed  et al. (2017). Heavy metals and 
metalloids, including Cr, Zn, Cu, Cd, Sn, Mn, Co, Ni, Pb and Hg, can result insignificant toxic impacts 
as concluded by Waheed  et al. (2017); Mitra et al. (2022). The ability of heavy metals to enter water 
and food supply systems and their failure to break down could have long-term effects on human food 
safety as referred by Khan et al. (2015); Zhang  et al. (2018). The harmful effects of heavy metals on 
humans, animals, and plants are contributed by their persistent nature, bioavailability, high toxicity, and 
potential risk for superior bioaccumulation as mentioned by Jiang  et al. (2022). Such contaminants can 
cause acute and chronic diseases, such as osteoporosis, lung cancer, renal dysfunction and 
cardiovascular diseases as reported by Lei  et al. (2015); Turner  et al. (2016); as well as the occurrence 
of various neurological diseasesin children and adults as discussed by Lu  et al.(2014); Tsatsakis  et 
al.,(2017); Mitra  et al. (2022). Plants grown on polluted soil can accumulate high amounts of heavy 
metals and may act as the main pathway for transferring metals via the food chain as registered by 
Alengebawy  et al. (2021); Al-Othman  et al.(2016); Yang  et al.(2018). Due to the aforementioned 
considerations, it is urgently critical to monitor and control the amount of heavy metals in the 
agricultural soil and their absorption by plants. The accumulation of heavy metals in plants occurs both 
in the roots and shoots of the plantas recorded by Rattan et al.(2005); Mickovski-Stefanovic  et al. 
(2012); Clemens and Ma, (2016); and the study of the bioavailability, accumulation, and translocation 
of heavy metals has attracted further studies by researchers. Therefore, water resource scarcity has been 
occurred everywhere in the world. The limitation of freshwater resources has attracted researchers and 
officials to use unconventional water, such as rain water, saltwater, and wastewater as recorded by 
Soleimani  et al. (2022); Badeenezhad et al. (2021); Karamia, et al. (2019). Physical soil qualities, soil 
structure, fertility, and organic matter content can all be improved by irrigation with treated wastewater 
as mentioned by Sharafi  et al. (2012) So, wastewater reuse projects, especially municipal wastewater, 
are being applied in developing countries in a large-scale as recorded by Pirsaheb  et al., (2017). Treated 
domestic wastewater used in agricultural irrigation became an alternative source to compensate for the 
lack of fresh water as described by Kormoker  et al. (2022). The combination of domestic wastewater 
effluents and fresh water supply can meet the nutritional needs of plants; on contrast, an important point 
that should be considered is investigating the physical and chemical properties of usage treated domestic 
wastewater on cultivated edible crops therefore human health and ecosystem as summarized by Proshad  
et al. (2021). Prolonged usage of wastewater effluents for irrigation often increases soil heavy metal 
content and buildup decreases soil fertility and crop quality while interfering with the soil’s ecological 
function and effects on other ecosystem elements. Furthermore, HMs can be released as solutions, 
which the rhizosphere of the plants can then absorb when the soil’s capacity to contain heavy metals 
declines due to a rise in HMs at the soil level as discussed by Kormoker  et al. (2021). Wheat (Triticum 
aestivum L.) is a staple food that is consumed by around half of the world’s population and provides 
almost 20% of the total calories and protein in the daily diet as concluded by Shewry  (2009); Shiferaw  
et al.(2013); Giraldo  et al.(2019); Dolijanovic  et al. (2019); Iqbal  et al. (2021). Regarding the 
contamination of the human food chain by heavy metals, pollution of wheat is a major issue as described 
by Orisakwe  et al.(2012), Liu  et al. (2017). In terms of food security and human health, more concern 
should be given to the safety of wheat grain. The content of heavy metals in wheat is mainly relatedto 
their content in the soil as recorded by Yang  et al. (2022),and so the content of organic matter, PH of 
the soil, the mechanical composition of the soil,capacity of exchangeable cations as referred by 
Feszterová  et al. (2021); Zhang  et al. (2021), the cultivation system as mentioned by Dolijanovic  et 
al.(2022), temperature, soil moisture, and plant physiology as registered by Khan  et al. (2015). A 
significant influence on the accumulation of heavy metals in soil and plants related to the atmospheric 
deposition and prevailing wind direction as reported by  Yu  and  Liu, (2021); Hermanson  et al. (2020); 
Xing et al.(2020), Yu  et al. (2022); Korzeniowska, (2023). 
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This work aimed to assess the heavy metal contamination in Egyptian wheat grain varieties, 
irrigation water and agricultural soils randomly in the Nile Delta region, Egypt (Dakahlia, Damietta, 
Monufia, Kafr Al-Sheikh and Gharbia Governorates). 
 
2. Materials and Methods 
2.1. Sampling  

All samples (irrigation water, soil, and wheat grains) were collected from the Nile Delta region 
(Dakahlia, Damietta, Monufia, Kafr Al-Sheikh and Gharbia governorates), Egypt, during two seasons 
2019 and 2020 according to the map of the Nile Delta region provided by the Field Crops Research 
Institute, Agricultural Research Center, Giza, Egypt. 
Figure (1and 2). 
 

Fig. 1: Egypt country (Google earth).  Fig. 2: Nile Delta region, Egypt (Google earth) 

2.2. Irrigation sources and sampling 
Through five governorates of the Nile Delta region, 100 ml of water samples were collected from 

five types of irrigation water i.e., Nile fresh water, artesian water, mixed water (Nile fresh water and rain 
water, agricultural wastewater and sewage water) Samples collected in polypropylene bottles pre-treated 
with nitric acid (1%) then transported using Ice box and kept refrigerated at 4 °C until delivered to the 
Environmental and Food Biotechnology laboratory located at Genetic Engineering and Biotechnology 
Research Institute (GEBRI), University of Sadat City, Egypt, and maintained at 4 °C until chemically 
analyzed. 

2.3. Sampling of soil  
The targeted land points to obtain soil samples were drilled to a depth of 10–15 cm using a 

stainless-steel drill and all collected soils were partially manually cleaned from foreign remains then 
transported using Ice box and kept refrigerated at 4 °C until delivered to the same laboratory, then 
maintained at 4 °C until analyzed. The soil samples were dried using a forced-air oven (MMM 
Venticell55 made in Germany S.N B072925) at 72 °C for 47 hr. Dried samples were placed in 
polyethylene bags, labelled and sealed until chemically analyzedas concluded by Rhue and Kidder, 
(1983). 
 

2.4. Sampling of wheat  
Wheat grain samples were collected as a whole wheat plant from the field and packed in paper 

bags, and the wheat grains were separated and cleaned manually to remove foreign particles and packed 
in the same paper bags then delivered to the same laboratory. The wheat grain samples were placed in 
a forced-air oven at 72 °C for 48 h.as described by Hermanson  et al. (2020). After the moisture was 
removed, the samples were milled into a fine powder using an electric domestic grinder model (Fresh, 
Egypt). 
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2.5. Study Area Description 
2.5.1. Nile Delta region and its governorates (Dakahlia, Damietta, Monufia, Kafr Al-Sheikh and 
Gharbia) 

Collected samples from Dakahlia Governorate at year 2019 were from Dikirnis, Belkas and 
Shirbin, while the samples collected at year 2020 were from MitGhamr, Aga and Talkha. 
Collected samples from Damietta Governorate at year 2019were from Kafr Saad, Al Zarqa and Kafr Al 
Battikh, while the samples collected at year 2020 were from Faraskur, as Sirw and Ras Al-Bar. 

Collected samples from Monufia governorate at year 2019 were from Sadat city, El-Salam village 
(KafrDawoud), Minuf (Dibirki vellage)and El-Bagour (Kafr Al Khadrah), while the samples collected 
at year 2020 were from Minuf (ZawiatRazien village), Minuf (Dibirki village) and El-Bagour (Kafr Al 
Khadrah). 

Collected samples from Kafr al-Shaykh Governorateat year 2019 were from Biyala,Desouk and 
Sidi Salem, while the samples collected at year 2020 were from Qillin,Mutubas and El-Hamoul. 
Collected samples from Gharbia Governorateat year 2019were from [El-Mahalla El-Kubra 
(Bashbish,El-Ensha El-Hadeisa village), As Santah and Kafr El-Zayat, while the samples collected at 
year 2020 were from Zifta, Samannoud and Qutur. 
 
2.6. Samples preparation 
2.6.1. Soil and wheat sample preparation 

Samples of soil and wheat were dried at 105oC for 48 hours even weigh stability and mineralized 
with nitric acid 65% (Merck, Germany) and hydrochloric acid 36% (Merck, analytical grade, Germany) 
as ratio 1:3 in molar ratio until clear digestion then centrifuged with 6000 rpm for 10 min by Centrifuge. 
(HERMLE a product of HERMLE LABORTECHNIK, Germany) according to the method described 
by  Ibeto  et al. (2010).The extracts were filtered through disposable 0.2 µm PTFE syringe filters 
(DISMIC-25HP, Advantech, Tokyo, Japan). The metal concentrations in these extracts were 
determined by means of inductively coupled plasma-mass spectroscopy (ICP-MS) (iCAP, Thermo, 
Germany). Certified reference materials (Merck, Germany) were included in the analyses. The recovery 
of metals was within the certified limits. Qtegra (USA) software was used for average and relative 
standard deviation calculation as requirement of APHA (American public health association), (2005). 

 
2.7. Instruments, apparatuses, equipment’s and glassware 

pH meter (WTW Model Ino Lab pH 7110, WTW, Germany, Serial No.: 13321210) fitted with a 
combined glass electrode and a temperature probe. 
Total organic carbons (TOC) analyzer (HACH model 2100 N, HACH Co., USA, Serial No.: 
13040C030093) with measuring cell. 
Electric conductivity meter and Total dissolved solids (TDS) meter (WTW Model InoLabcond 720, 
WTW, Germany Serial No.: 7420286) fitted with conductivity probe. 
Spectrophotometer (CECIL of CECIL INSTRUMENTS, CAMBRIDGE, ENGLAND. Serial No.: 146-
189). 
Inductively couple plasma- mass spectroscopy by ICAQ (Scientific Fisher, USA). 
Oven (MMM Venticell55 made in Germany S.N B072925). 
Filter Holder Manifold: the manifold may be used for simultaneous filtration. of three or six test 
samples. Each filter holder support station accepts any Millipore filter holder fitted with a No. 8 silicone 
perforated stopper. 

Balance (Redgeway made in Romania S.N 1422588. Heater with magnetic stirrer (VWR: CAT 
No.: 12365-508, serial number: 071009026, Made in the USA by HENRY TROEMNER L.L.C. 
Centrifuge (HERMLE a product of HERMLE LABORTECHNIK, Germany). 

 
2.8. Physical and chemical analyses of water samples 

The quality of water samples was determined by measuring pH, total dissolved solids (TDS), 
TOC, chloride and sulfate. All the physicochemical analyses were done in duplicates and determined 
by the procedures of Standard Methods done for the Examination of Water and Wastewateras recorded 
by APHA, (2005). 
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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 μS/cm by WTW model E/SET, order no. 300 572(APHA ,2005(81). 
Chlorides 
 

Potassium chromate indicator. K2CrO4 
Silver nitrate. AgNO3 (0.0141N). 

Sulfate 
Sulfate reagent 
Barium chloride crystal 

ICP-MS Concentrated HNO3 

 
2.9. pH 

pH values were measured using an analytical PH meter fitted with a combined glass electrode 
and a temperature probe. The instrument was calibrated daily using standard pH technical buffersas 
registered by APHA, (2005). Distilled water used for electrode washing by instrument M-Qwater 
(Purelab, Flex), Veolia, UK Water, Solutions and Technologies. 

 
2.10. Conductivity & Total Dissolved Solids 

Conductivity  and TDS were measured using an analytical unit conductivity meter, fitted with 
conductivity probe after being calibrated by standards of 1413 μS/cm as recorded by APHA, (2005). 
Distilled water was used for probe washing. 

 
2.11. Chloride determination 

Chloride, in the form of chloride (Cl–) ion was determined by using argent metric method. A 
sample of 100 ml was introduced into 500 ml clean flask, and then 3 drops of potassium chromate 
indicator were added to the sample. The sample was titrated against AgNO3 (0.0141N) till the end point 
of red color precipitates of silver chromate as recorded by APHA, (2005). 
 

Calculation 

Where: 
A = ml titration for sample, 
B = ml titration for blank, and 
N = normality of AgNO3. 

 
2.12. Heavy metals 

Apparatus Atomic absorption spectrometer and associated equipment: 
 

2.13. Reagents 
Air, cleaned and dried through a suitable filter to remove oil, water, and other foreign substances. 

The source may be a compressor or commercially bottled gas. 
Argon gas cylinder (99.9992%), standard commercial grade. Argon which always is present in 

Argon cylinders, can be prevented from entering and damaging the burner head by replacing a cylinder 
when its pressure has fallen to 689 Kilopascal (kPa) (150 pound per square inch (psi) pressure. 
 
2.14. Metal-free water 

Metal-free water was used for preparing all reagents and calibration standards and as dilution 
water. metal-free water Prepared by deionizing tap water and/or by using one of the following 
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processes, depending on the metal concentration in the sample: single distillation, re-distillation, or sub-
boiling. Always check deionized or distilled water to determine whether the element of interest is 
present in trace amounts.  If the source water contains Mercury (Hg) or other volatile metals, single- or 
redistilled water may not be suitable for trace analysis because these metals distill over with the distilled 
water. In such cases, use sub-boiling to prepare metal-free water. 

 
2.15. Multi-elements standard solution 

The samples described below was tested in the environmental and food biotechnology laboratory 
by using NIST National Institute of Standards and Technology (s) traceable reference equipment and 
materials (Merck kgaa, icp multi-elements standard solution iv, lot # hc379062) in accordance with 
ISO/IEC 17025:2017 requirements and the testing methods referenced below meets ISO/IEC 
17025:2017 and accreditation bodies requirements. 
 
2.16. Statistical analysis 

Statistical analysis data were analyzed using one or two ways of Analysis of variance (ANOVA) 
and mean compared was conducted using Duncan's Least significant difference (LSD). Significance 
level was p>0.05. Analysis was conducted using SAS program Anonymous (2003). SAS statistics and 
graphics guide, release 9.1. SAS Institute, Cary, North Carolina 27513, USA. 

 

3. Results and Discussion 
3.1. Effect of the geographical location, fertilization and soil types on chemical analysis, heavy 
metals and nutritional elements content of soil in the Nile Delta region during year 2019. 

The data in Figures (3, 4, 5 and 6) relate to the effect of the geographical location, fertilization and 
soil types on chemical analysis, heavy metals and nutritional elements content of soil in the Nile Delta 
region during year 2019. The data showed that the average pH value of the soil samples was 7.56;the 
minimum value was 6.97 in the silt soil samples (SiltDm1) collected from Damietta governorate when 
fertilized with the nitrate fertilizer (NitraDa2);the maximum value was 7.99 in the clay soil samples 
(ClayMe2) collected from Monufia governorate when fertilized with the urea fertilizer (UreaMe2).The 
mean value of the total dissolved solids (TDS) was 459.85 ppm; the minimum value was 159.59 ppm in 
the clay soil samples (ClayKr3) collected from Kafr al-Sheikh governorate when fertilized with the urea 
and nitrate fertilizer (UreNitKr); the maximum value was 927.88 ppm in the clay soil samples 
(ClayDm4) collected from Damietta governorate when fertilized with the nitrate fertilizer (NitrDa2).The 
mean value of the chloride was 186.95 ppm; the minimum value was 63.52 ppm in the silt soil samples 
(SiltMe1) collected from Monufia governorate when fertilized with the nitrate fertilizer (NitMe1); the 
maximum value was 620.34 ppm in the clay soil samples (ClayKr2) collected from Kafr al-Sheikh 
governorate when fertilized with the urea fertilizer (UreKr2). The mean value of the Sulfate was 76.11 
ppm; the minimum value was 29.78 ppm in the silt soil samples (SiltMe1) collected from Monufia 
governorate when fertilized with the nitrate fertilizer (NitMe1); the maximum value was 143.94 in the 
clay soil samples (ClayKr2) collected from Kafr al-Sheikh governorate when fertilized with the urea 
fertilizer (UreKr2). The mean value of the total carbons was 143.45 ppm; the minimum value was 76.49 
in the clay soil samples (ClayMe2) collected from Monufia governorate when fertilized with the urea 
fertilizer (UreaMe2); the maximum value was 383.10 ppm in the clay soil samples (ClayDK2) collected 
from Dakahlia governorate when fertilized with the urea fertilizer (UreaDk1). The mean value of the 
Chromium (Cr) was 0.252 ppm; the minimum value was 0.040 ppm in the clay soil samples (ClayMe2) 
collected from Monufia governorate when fertilized with the urea fertilizer (UreaMe2); the maximum 
value was 0.736 ppm in the clay soil samples (ClayDK2) collected from Dakahlia governorate when 
fertilized with the urea fertilizer (UreaDk1). The mean value of the Cadmium (Cd) was 0.813 ppm; the 
minimum value was 0.045 ppm in the clay soil samples (ClayKr2) collected from Kafr al-Sheikh 
governorate when fertilized with the urea fertilizer (UreKr2); the maximum value was 2.777 ppm in the 
clay soil samples (ClayDK2) collected from Dakahlia governorate when fertilized with the urea fertilizer 
(UreaDk1). The mean value of the Nickel (Ni) was 0.460 ppm; the minimum value was 0.030 ppm in 
the clay soil samples (ClayDk3) collected from Dakahlia governorate when fertilized with the urea and 
nitrate fertilizer (UreNitDk); the maximum value was 1.579 ppm in the clay soil samples (ClayDK2) 
collected from Dakahlia governorate when fertilized with the urea fertilizer (UreaDk1). The mean value 
of the Lead (Pb) was 1.522 ppm; the minimum value was 0.130 ppm in the clay soil samples (ClayMe2) 
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Fig. 3: The relation between types of soil and fertilizer in the Nile Delta region during year 2019 and pH values of soil. 
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Fig. 4: The relation between types of soil and fertilizer in the Nile Delta region during year 2019 and concentration of TDS, Chloride, Sulfate and 
Total Carbons (ppm) of soil. 
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Fig. 5: The relation between types of soil and fertilizer in the Nile Delta 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 Nile Delta region during year 2019 and concentration of nutritional elements content (Fe and Zn) 

(ppm) of soil. 
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collected from Monufia governorate when fertilized with the urea fertilizer (UreaMe2); the maximum 
value was 5.012 ppm in the clay soil samples (ClayDK2) collected from Dakahlia governorate when 
fertilized with the urea fertilizer (UreaDk1). The mean value of the Iron (Fe) was 3.494 ppm. The 
minimum value was 0.792 ppm in the clay soil samples (ClayGh1) collected from Gharbia governorate 
when fertilized with the urea fertilizer (UreGh1); the maximum value was 9.603 ppm in the clay soil 
samples (ClayDK2) collected from Dakahlia governorate when fertilized with the urea fertilizer 
(UreaDk1). The mean value of the Zinc (Zn) was 3.089 ppm; the minimum value was 0.291 ppm in the 
clay soil samples (ClayGh1) collected from Gharbia governorate when fertilized with the urea fertilizer 
(UreGh1); the maximum value was 13.180 ppm in the clay soil samples (ClayDk3) collected from 
Dakahlia governorate when fertilized with the urea and nitrate fertilizer (UreNitDk), and indicated that 
there were significant differences at (p≤0.05) in the chemical analysis (pH, TDS, chloride, sulfate and 
total carbons values) and metals content (Cr, Cd, Ni andPb);(Fe and Zn values) in all governorates in the 
Nile Delta  region. Similar results were obtained by Khan et al. (2018) who indicated that the fertilizers 
used in the agriculture sector, cause contamination of soils and waters. Fertilizers contain vital nutrients 
required for soil improvement and proper growth of crop plants. Being extremely vital for agriculture, 
on the other hand fertilizers have a harmful effect to the environment, human, and livestock. The results 
obtained were consistent with those of Atafar et al. (2010) who showed that Cd, Pb and As concentration 
sin potting soil increased with fertilizer application. Statistical analysis indicated that these heavy metals 
were significantly increased (P-value<0.05), while lead and arsenic concentrations increased 
dramatically compared with Cd concentration. This may be related to over-application of fertilizers and 
pesticides used to control crop pests, herbsandrats. Further similar results were obtained from Salem et 
al. (2022) who showed that three sources of heavy metals were determined. 
 
3.2. The effect of fertilization types and soil types on the chemical analysis,heavy metals and 
nutritional elements content of soil in the Nile Delta region during year 2020. 

Data in Figures (7, 8, 9 and 10) indicated the effect of fertilization types and soil types on the 
chemical analysis, heavy metals and nutritional elements content of soil in the Nile Delta region during 
year2020. Data showed that the mean value of pH in soil samples was 7.90; the minimum value was 
7.52 in the clay soil samples (ClayDa1) collected from Damietta governorate when fertilized with the 
urea fertilizer (UreaDa1); the maximum was 8.55 in the clay soil samples (Clay2Gh) collected from 
Gharbia governorate without fertilizer (Without F); the mean value of the total dissolved solids (TDS) 
was 482.10 ppm; the minimum value was 145.92 ppm in the clay soil samples (ClayDk2) collected 
from Dakahlia governorate when fertilized with the urea fertilizer (UreaDk); the maximum value was 
843.62 ppm in the clay soil samples (Clay1Gh) collected from Gharbia governorate when fertilized 
with the urea fertilizer (UreaGh2).The mean value of the chloride was 197.34 ppm; the minimum value 
was 55.38 ppm in the clay soil samples (ClayDk2) collected from Dakahlia governorate when fertilized 
with the urea fertilizer (UreaDk); the maximum value was 319.58 ppm in the clay soil samples (Clay 
Me) collected from Monufia governorate when fertilized with the urea fertilizer (Urea Me3).The mean 
value of the Sulfate was 80.91 ppm; the minimum value was 22.72 ppm in the clay soil samples (Clay 
Dk2) collected from Dakahlia governorate when fertilized with the urea fertilizer (Urea Dk); the 
maximum value was 131.00 in the clay soil samples (Clay Me) collected from Monufia governorate 
when fertilized with the urea fertilizer (Urea Me3).The mean value of the total carbons was 104.41 
ppm; the minimum value was 29.18 in the clay soil samples (Clay Dk2) collected from  Dakahlia 
governorate when fertilized with the urea fertilizer (Urea Dk); the maximum value was 169.74  ppm in 
the clay soil samples (Clay Me) collected from Monufia governorate when fertilized with the urea 
fertilizer (Urea Me3). The mean value of the Chromium (Cr) was 0.100 ppm; the minimum value was 
0.023 ppm in the silt soil samples (SiltMe1) collected from Monufia governorate when fertilized with 
the urea fertilizer (Urea Me1); the maximum value was 0.351 ppm in the clay soil samples (ClayDk2) 
collected from Dakahlia governorate when fertilized with the urea fertilizer (UreaDk). The mean value 
of the Cadmium (Cd) was 0.093 ppm; the minimum value was 0.002 ppm in the silt soil samples 
(SiltMe1) collected from Monufia governorate when fertilized with the urea fertilizer (UreaMe1); the 
maximum value was 0.335 ppm in the clay soil samples (Clay Dk2) collected from Dakahlia 
governorate when fertilized with the urea fertilizer (Urea Dk).The mean value of the Nickel (Ni) was 
0.119 ppm; the minimum value was 0.054 ppm in the clay soil samples (Clay2 Gh) collected from 
Gharbia governorate without fertilizer (Without F); the maximum value was 0.391 ppm in the clay soil 
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Fig. 7: The relation between types of soil and fertilizer in the Nile Delta region during year 2020 and pH values of soil. 
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Fig. 8: The relation between types of soil and fertilizer in the Nile Delta region during year 2020 and concentration of TDS, Chloride, Sulfate and Total Carbons 

(ppm) of soil. 
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Fig. 9: The relation between types of soil and fertilizer in the Nile Delta region during year 2020 and concentration of heavy metals content (Cr, 

Cd, Ni and Pb) (ppm) of soil. 
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Fig. 10: The relation between types of soil and fertilizer in the Nile Delta region during year 2020 and concentration of nutritional elements content (Fe and 
Zn)) (ppm) of soil. 
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samples (ClayDk2) collected from Dakahlia governorate when fertilized with the urea fertilizer (Urea 
Dk).  

The mean value of the Lead (Pb) value was 0.195 ppm; the minimum value was 0.100 ppm in 
the silt soil samples (SiltDk1) collected from Dakahlia governorate when fertilized with the urea and 
nitrate fertilizer (UreNtDk1); the maximum value was 0.743 ppm in the silt soil samples (SiltMe1) 
collected from Monufia governorate when fertilized with the urea fertilizer (UreaMe1).The mean value 
of the Iron (Fe) was 1.803 ppm; the minimum value was 0.102 ppm in the silt soil samples (SiltMe1) 
collected from Monufia governorate when fertilized with the urea fertilizer (UreaMe1); the maximum 
value was 6.402 ppm in the clay soil samples (ClayDk2) collected from Dakahlia governorate when 
fertilized with the urea fertilizer (UreaDk). The mean value of the Zinc (Zn) was 5.210 ppm; the 
minimum value was 0.202 ppm in the silt soil samples (SiltKr1) collected from Kafr al-Sheikh 
governorate when fertilized with the phosphate fertilizer (PhosKr1); the maximum value was 12.481 
ppm in the clay soil samples (ClayDk2) collected from Dakahlia governorate when fertilized with the 
urea fertilizer (UreaDk), and indicted that there were significant differences at (p≤0.05) in the chemical 
analysis (pH, TDS, chloride, sulfate and total carbons values) and metals content (Cr, Cd, Ni, Pb, Fe 
and Zn values) in all governorates in the Nile Delta  region. Addition of excessive fertilizers that contain 
high concentrations of metals in soil can significantly increase crop yields, but also impair soil nutrient 
balance and cause pollution as recorded by  Cai et al.(2019) and Kumar et al. (2019). The results 
obtained are consistent with those of  Nyika  et al., (2022) and Naz  et al. (2022) who reported rapid 
changes in metal concentrations in agricultural land and its products. On the other hand, indiscriminate 
and prolonged use offertilizers is major cause of soil and water pollution as reported by Hudak, (2000); 
Hanson, (2002); Almasri and Kaluarachchi, (2004). 
 
3.3. The effect of fertilization types and soil types on the heavy metals and nutritional elements 
content of wheat types in the Nile Delta region and its governorates during years 2019. 

The data in Table 2. show the effect of fertilization types and soil types on the heavy metals and 
nutritional elements content of wheat types in the Nile Delta region and its governorates during years 
2019. The data showed an average value of chromium (Cr) of 2.366 ppm; the minimum value was 0.027 
ppm in wheat samples Gemmiza 9 (Gem9Ka1) collected from Kafr al-shiekh governorate when 
cultivated in the clay soil (ClayKr3) and fertilized by the urea and nitrate fertilizer (UreNitkr); the 
maximum value was 6.970 ppm in wheat samples Gemmiza 11 (Gemm11K) collected from Kafr al-
shiekh governorate when cultivated in the clay soil (Claykr1) and fertilized by the urea fertilizer 
(UreKr1). The mean value of the Cadmium (Cd) was 0.691 ppm; the minimum value was 0.000 ppm 
in wheat samples Giza 168 (Giza168) collected from Dakahlia governorate when cultivated in the clay 
soil (ClayDk3) and fertilized by the urea and nitrate fertilizer (UreNitDk); the maximum value was 
4.651 ppm in wheat samples Gemmiza11 (Giz11GH2) collected from Gharbia governorate when 
cultivated in the clay soil (ClayGh2) and fertilized by the yrea fertilizer (UreGh2). 

The mean value of the Nickel (Ni) was 2.415 ppm; the minimum value was 0.004 ppm in wheat 
samples Giza 168 (Giza168) collected from Dakahlia governorate when cultivated in the clay soil 
(ClayDk3) and fertilized by the urea and nitrate fertilizer (UreNitDk); the maximum value was 6.796 
ppm in wheat samples Giza 175 (Giza175) collected from Damietta governorate when cultivated in the 
clay soil (ClayDm1) and fertilized by the nitrate fertilizer (NitraDa1).The mean value of the Lead (Pb) 
was 0.819 ppm; the minimum value was 0.006 ppm in wheat samples Giza 175 (Giza175) collected 
from Damietta governorate when cultivated in the clay soil (ClayDm1) and fertilized by the nitrate 
fertilizer (NitraDa1); the maximum value was 2.417 ppm in wheat samples Gemmiza 11 (Gemm11K) 
collected from Kafr Al-Shiekh governorate when cultivated in the clay soil (Claykr1) and fertilized by 
the urea fertilizer (UreKr1).The mean value of the Iron (Fe) was 19.735 ppm; the minimum value was 
0.093 ppm in wheat samples Gemmiza 9 (Gemm9M1) collected from Menoufia governorate when 
cultivated in the clay soil (ClayMe1) and fertilized by the urea fertilizer (UreMe1); the maximum value 
was 68.309 ppm in wheat samples Giza175 (Giza175) collected from Damietta governorate when 
cultivated in the clay soil (ClayDm1) and fertilized by the nitrate fertilizer (NitraDa1).The mean value 
of the Zinc (Zn) was 4.335 ppm; the minimum value was 0.103 ppm in wheat samples Giza168 
(Giza168) collected from Dakahlia governorate when cultivated in the clay soil (ClayDk3) and fertilized 
by the urea and nitrate fertilizer (UreNitDk); the maximum value was 16.831 ppm in wheat samples 
Giza175 (Giza175) collected from Damietta governorate when cultivated in the clay soil (ClayDm1) 
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and fertilized by the nitrate fertilizer (NitraDa1), and indicted that there were significant differences at 
(p ≤ 0.05) in the metals content (Cr, Cd, Ni, Pb, Fe and Zn values) in all governorates in the Nile Delta  
region. 
 
Table 2: Effect of the geographical location, fertilization types and types of soil on the metals content 

of wheat types in Nile Delta region and its governorates during year 2019. 
 

Years 

R
eg

io
n

  
Govern. 

Types 
of 

fertilizer 

Type 
of 

soil 

Type 
of 

wheat 

Metals content (mg/kg) Nutritional 
elements (mg/kg) 

Cr Cd Ni Pb Fe Zn 

2019 N
il

e 
D

el
ta

 

Dakahlia 

NitDk1 SiltDK2 Gem9DK1 0.959ghij 0.140g 2.695f 1.025e 7.262g 2.985gh 

UreaDk1 ClayDK2 Gem9DK2 1.009ghij 0.023h 3.402b 0.216k 8.128fg 3.073gh 

UreNitDk ClayDk3 Giza168 0.040j 0.000h 0.004h 0.121i 0.844h 0.103j 

Damietta 

NitrDa2 ClayDm4 Gem9Da1 1.208gh 1.522b 2.893de 0.828f 29.272b 11.406b 

NitraDa2 SiltDm1 Gemm11D 2.757de 0.616c 3.322bc 0.720g 26.371c 4.862c 

NitraDa1 ClayDm1 Giza175 3.485d 0.470d 6.796a 0.006m 68.309a 16.831a 

Gharbia 

UreGh1 ClayGh1 Giz11GH1 5.875c 0.243e 3.195c 0.498i 13.444e 3.474f 

UreGh2 ClayGh2 Giz11GH2 5.493b 4.651a 2.793ef 2.094b 9.412fg 2.942h 

UreaGh3 SiltGh1 Giz11GH3 1.335fg 0.558c 3.004d 0.461i 19.104d 4.398de 

KafrShei 

UreNitkr ClayKr3 Gem9Ka1 0.027j 0.001h 0.012h 0.115i 0.893h 0.109j 

UreKr1 Claykr1 Gemm11K 6.970a 0.551c 2.969d 2.417a 67.914a 4.345de 

UreKr2 ClayKr2 Giza11K 2.201ef 0.210ef 3.179c 0.574h 12.806e 4.062e 

Monufia 

NitMe1 SiltMe1 Gemm11Me 1.052ghi 0.154fg 2.956d 1.125d 7.967g 3.275fg 

UreMe1 ClayMe1 Gemm9M1 0.072ij 0.002h 0.008h 0.278j 0.093h 0.125j 

UreaMe2 ClayMe2 Gemm9M2 0.239hij 0.002h 0.267g 1.412c 0.121h 0.418i 
LSD -------- -------- -------- 0.887 0.062 0.146 0.051 1.347 0.289 

 
Similar results were obtained by Maji  and  Mistri, (2022) showing that chemical fertilizer-based 

fields were the major pathway for heavy metals (PLI=1.96) and the reference limit (PLI=1.96) and 
reference limit analyzed that DAP, superphosphate, and zinc sulfate were the largest potential sources 
of the major contaminant metals (Cd, Pb, and Zn), according to the National Agricultural Sciences. 
Academy (NAAS) by India. Excessive and continuous use of fertilizers accumulates these contaminants 
in the soil to environmentally unfriendly levels as recognized by Atafar  et al. (2010); Alengebawy et 
al. (2021). Elements produce several other toxic effects compared to individual pollutants Haiyan and 
Stuanes, (2003). 
 
3.4. The effect of fertilization and soil types on the heavy metals and nutritional elements content 
of wheat types in the Nile Delta region and its governorates during years 2020. 

The data in Table 3. relate to the effect of fertilization types and soil types on the heavy metals and 
nutritional elements content of wheat types in the Nile Delta region and its governorates during 
years2020.Thedatashowedanaveragevalueofchromium(Cr) was 0.541ppm; the minimum value was 
0.005 ppm in wheat samples Seds 14 (Sids14Dk) collected from Dakahlia governorate when cultivated 
in the clay soil (ClayDk1) and fertilized by the urea and nitrate fertilizer (UreNtDk2); the maximum 
value was2.339 ppm in wheat samples Gemmiza 11 (Gem11Dk2) collected from Dakahlia governorate 
when cultivated in the clay soil (ClayDk2) and fertilized by the urea fertilizer (UreaDk). The mean 
value of the Cadmium (Cd) was 0.002 ppm; the minimum value was 0.000 ppm in wheat samples Misr 
1 (Misr1Da) collected from Damietta governorate when cultivated in the clay soil (ClayDa2) and 
fertilized by the urea and compost fertilizer (UreCompD); the maximum value was 0.005 ppm in wheat 
samples Gemmiza 11 (Gem11Dk2) collected from Dakahlia governorate when cultivated in the clay 
soil (ClayDk2) and fertilized by the urea fertilizer (UreaDk).  
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Table 3. Effect of the geographical location, fertilization types and types of soil on the metals content 
of wheat types in Nile Delta region and its governorates during year 2020. 

 
Years 

R
eg

io
n

 

 
Govern. 

Types 
of 

Fertilizer 

Type 
of 

soil 

Types 
of 

wheat 

Metals content 
(mg/kg) 

Nutritional 
elements 
(mg/kg) 

Cr Cd Ni Pb Fe Zn 

2020 

N
il

e 
D

el
ta

 

Dakahlia 

UreNtDk1 SiltDk1 Gem11Dk1 0.223d 0.002d 0.263c 0.476k 0.119ghi 0.322de 

UreaDk ClayDk2 Gem11Dk2 2.339a 0.005a 2.045a 1.608b 1.359a 0.353c 

UreNtDk2 ClayDk1 Sids14Dk 0.005d 0.001e 0.003c 0.154m 0.024j 0.093k 

Damietta 

UreaDa1 ClayDa1 Gem11Da 0.669c 0.003c 0.043c 0.227i 0.222c 0.233h 

UreaDa2 SiltDa1 Gem12Da1 0.217d 0.003c 0.228c 2.349a 0.198d 0.532a 

UreCompD ClayDa2 Misr1Da 0.007d 0.000f 0.002c 0.103m 0.035j 0.107k 

Gharbia 

UreaGh2 Clay1Gh Gem11Gh1 0.207d 0.002d 0.214c 1.466d 0.144f 0.404b 

WithoutF Clay2Gh Gem11Gh2 0.199d 0.001e 0.216c 0.622i 0.136fg 0.313e 

UreaGh1 SiltGh Giza171G 0.170d 0.001e 0.014c 1.262e 0.107i 0.122j 

KafrShei 

PhosKr3 ClayKr1 Gem11Kr1 0.217d 0.002d 0.267c 0.894f 0.120ghi 0.330d 

PhosKr1 SiltKr1 Misr2Kr1 0.614c 0.003c 0.041c 1.540c 0.179e 0.257fg 

PhosKr2 SiltKr2 Misr2Kr2 1.451b 0.004b 0.070c 0.812g 0.242b 0.200i 

Monufia 
UreaMe1 SiltMe1 

Gem11Me
1 1.294b 0.001e 

1.670b 0.686h 0.130fgh 0.268f 

UreaMe2 SiltMe2 Gem9Me1 0.281d 0.001e 0.017c 1.268e 0.113hi 0.105k 

UreaMe3 ClayMe Gem9Me2 0.222d 0.002d 0.268c 0.539j 0.112hi 0.244gh 

LSD --------- --------- --------- 0.291 0.000 0.398 0.054 0.018 0.014 

Means with the same letter are not significantly different within the same column at level 0.05. 
 
The mean value of the Nickel (Ni) was 0.357 ppm; the minimum value was 0.002 ppm in wheat 

samples Misr 1 (Misr1Da) collected from Damietta governorate when cultivated in the clay soil 
(ClayDa2) and fertilized by the urea and compost fertilizer (UreCompD); the maximum value was 2.045 
ppm in wheat samples Gemmiza 11 (Gem11Dk2) collected from Dakahlia governorate when cultivated 
in the clay soil (ClayDk2) and fertilized by the urea fertilizer (UreaDk). The mean value of the Lead 
(Pb) was 0.934 ppm; the minimum value was 0.103 ppm in wheat samples Misr 1 (Misr1Da) collected 
from Damietta governorate when cultivated in the clay soil (ClayDa2) and fertilized by the urea and 
compost fertilizer (UreCompD); the maximum value was 2.349 ppm in wheat samples Gemmiza 12 
(Gem12Da1) collected from Damietta governorate when cultivated in the silt soil (SiltDa1) and 
fertilized by the urea fertilizer (UreaDa2). The mean value of the Iron (Fe) was 0.216 ppm; the minimum 
value was 0.024 ppm in wheat samples Seds 14 (Sids14Dk) collected from Dakahlia governorate when 
cultivated in the clay soil (ClayDk1) and fertilized by the urea and nitrate fertilizer (UreNtDk2); the 
maximum value was 1.359 ppm in wheat samples Gemmiza 11 (Gem11Dk2) collected from Dakahlia 
governorate when cultivated in the clay soil (ClayDk2) and fertilized by the urea fertilizer (UreaDk). 
The mean value of the Zinc (Zn) was 0.259 ppm; the minimum value was 0.093 ppm in wheat samples 
Seds 14 (Sids14Dk) collected from Dakahlia governorate when cultivated in the clay soil (ClayDk1) 
and fertilized by the urea and nitrate fertilizer (UreNtDk2); the maximum value was 0.532 ppm in wheat 
samples Gemmiza12 (Gem12Da1) collected from Damietta governorate when cultivated in the silt soil 
(SiltDa1) and fertilized by the urea fertilizer (UreaDa2), and indicted that there were significant 
differences at (p≤0.05) in the metals content (Cr, Cd, Ni, Pb, Fe and Zn values) in all governorates in 
the Nile Delta  region. The results obtained were agreed with those found by  Tadesse, (2006);  Al-
Gahri  and Almussali,  (2008),  Dai  et al. (2018);  Yang et al. (2018);  Alexander  and  Akoto, (2018)  
who noted that the development of metal resources, especially heavy metals, in arablesoils is currently 
the most important research project pointed out to be one of the similar results were reported by  Yang  
et al. (2018) mentioned that the very high iron content of flour produced in Turkey and confirmed the 
health benefits of using this flour due to its fortification Zinc, etc. the content of other nutritionally 
important elements is also has a positive effect on human health. 
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3.5. Chemical analysis, heavy metals and nutritional elements content of wheat samples 
irrigation water in the Nile Delta region and its governorates during year 2019. 

The data in Table 4. show the chemical analysis, heavy metals and nutritional elements content 
of wheat samples irrigation water in the Nile Delta region and its governorates during year 2019. The 
data showed that the average pH of wheat samples irrigation water was 7.23. The lowest value was 6.60 
for the Nile river irrigation water in Menofia governorate (NileMe1); the peak value was 7.76 in a 
sample collected by Gharbia governorate in irrigated Nile water (NileGh1). The average of total 
dissolved solids (TDS) of the irrigation water was398.26 ppm; the lowest level was 233.26 ppm in 
samples collected from Dakahlia governorate of the Nile and human sewage irrigation water 
(NilHuDk1); the peak value for the Nile River and human sewage irrigation water (NiHuDm1) in 
Damietta governorate was 813.86 ppm. The average chloride value was 93.05 ppm; the lowest level in 
Nile irrigated water (NileGh2) taken by Gharbia governorate was 68.50ppm; a peak value of 156.82 
ppm was observed in the Nile River irrigation water (NileGh1) in Gharbia governorate. The average 
sulfate was 62.28 ppm; the lowest level was 42.70 ppm in the Nile irrigation water (NileKr2) in Kafr 
Al- Sheikh Governorate; the maximum value was121.08 ppm in the Nile irrigated water (NileGh1) from 
Gharbia governorate. Average total carbon was 142.87ppm; the lowest value was 115.19 ppm in the 
Nile and articulated irrigation water samples (NilArtKr) collected from Kafr Al Sheikh governorate, the 
peak value was 227.30 ppm in the Nile river irrigation water (NileGh1) in Gharbia governorate. 
Chromium (Cr) had an average value of 0.033 ppm; the lowest value was0.007 ppm for the Nile and 
artesin irrigation water (NilArtKr) from Kafr Al-Sheikh province; the maximum value was 0.079 ppm 
in a sample of artesinirrigation water (ArtesDa1) collected from Damietta province. Cadmium (Cd) 
averaged 0.002 ppm; the lowest value was 0.000ppm in the Nile and self-flowing irrigation water 
(NilArtKr) collected from Kafr al-Sheikh governorate; the maximum level was 0.006 ppm in the Nile 
river irrigation water (NileGh1) fromGharbiaprovince. Average nickel (Ni) was 0.013 ppm; the lowest 
value was 0.000ppm in the Nile and artesein irrigation water (NilArtKr) collected from Kafr al-Sheikh 
governorate; the maximum value was 0.034 ppm in the Nile irrigation water (NileGh1) in Gharbia 
province. The average value for lead (Pb) was 0.016 ppm; the lowest value was 0.006 ppm in the Nile 
and self-pressurized irrigation (NilArtKr) samples collected from Kafr al-Sheikh governorate; the 
maximum value was 0.043 ppm in Nile irrigation water (NileGh1) in Gharbia province. The average 
value for iron (Fe) was 0.222 ppm; the lowest value was 0.139 ppm in the Nile and and self-flowing 
irrigation water (NilArtKr)for samples collected in Kafr Sheikh; the maximum value was 0.358 ppm in 
the Nile and human sewage irrigation water (NilHuDm1) in Damietta province. The average value for 
zinc (Zn) was 1.178 ppm; the minimum value was 0.189 ppm in the in Nile irrigation water (NileMe1) 
samples collected by Monufia governorate; the maximum value was 2.358 ppm in a sample taken in 
the Nile irrigation water (NileGh1) in Gahrbia governorate, with chemical analyzes (pH, TDS, 
chlorides, sulfates) and total carbon content and metal content (values of Cr, Cd, Ni, Pb, Fe, and Zn). 
The results obtained are consistent with those of Abdelrazek, (2019), who found that heavy metals, pH, 
and salinity in all canals, some drains and canals in northern Egypt were polluted and reached critical 
levels. Limits were exceeded and are used for irrigation as recorded by  Jatav et al., (2022) who stated 
that the application of sewage and treated wastewater from municipal sewage treatment plants to 
cultivated land can change soil physical and nutrational properties. Wastewater irrigation supports 
phosphorus and nitrogen and provides organic matter to the soil. However, accumulation of toxic 
elements (Mn, Cu, Pb, and Cd) and nutritional elements (Fe and Zn) is a concern, which feed crops and 
contain high levels of macro- and micronutrients. 

Chemical analysis, heavy metals and nutritional elements content of wheat samples irrigation 
water in the Nile Delta region and its governorates during year 2020.Data in table 5. indicated the 
chemical analysis, heavy metals and nutritional elements content of wheat samples irrigation water in 
the Nile Delta region and its governorates during year 2020. Data showed that the mean value of pH of 
irrigation water was 7.23; the minimum value was 6.10 in the samples collected from Damietta 
governorate in the Nile and artesian irrigated water (Art RanDa); the maximum value was 7.52in the 
Nile irrigated water (NileKr) in the samples collected from Kafr Al-sheikh governorate. The mean value 
of the total dissolved solids (TDS) was 433.12 ppm; the minimum value was 182.68 ppm in the Nile 
and rain irrigation water (Ni RanMe2) in the samples collected from Monufia governorate; the 
maximum value was 960.48 ppm in the Nile irrigation water (NileKr2) in the samples collected from 
Kafr Al-sheikh governorate. 
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Table 4: Chemical analysis and metals content of irrigated water in Nile Delta region and its 
governorates during year 2019. 
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NilArtDk 7.40ab 312.66g 77.42f 61.52def 119.10g 0.008i 0.001f 0.001k 0.006i 0.141j 1.131g 

NilHuDk1 7.31b 233.26i 74.46f 63.52de 122.10fg 0.016g 0.003c 0.017f 0.009j 0.244f 1.143g 

NileDk1 7.34b 260.02h 92.32d 43.68hi 129.02ef 0.053c 0.001e 0.004i 0.021d 0.165i 0.209j 

D
am

ie
tt

a ArtsDa1 7.20bc 604.44d 90.34de 60.56ef 155.84c 0.079b 0.003c 0.019e 0.024c 0.278d 1.299f 

NilHuDm1 7.25b 813.86b 122.10b 81.38b 209.44b 0.026e 0.004b 0.025c 0.013h 0.358a 1.676d 

NileDm1 7.39ab 243.20hi 86.36e 64.54d 131.00e 0.019f 0.002d 0.013g 0.007k 0.190h 0.886h 

G
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NileGh1 7.76a 730.38a 156.82a 121.08a 227.30a 0.046d 0.006a 0.034a 0.043a 0.307c 2.358a 

NileGh2 7.20bc 238.20hi 68.50g 64.54d 124.10efg 0.011h 0.004b 0.028b 0.015f 0.209g 1.904c 

NileGh3 7.45ab 258.06hi 77.42f 70.50c 123.08efg 0.016g 0.003c 0.017f 0.009j 0.244f 1.143g 

K
af

r 
E

l-
S

h
ei

k
h

 

NilArtKr 7.36ab 308.69g 75.48f 60.56def 115.19g 0.007i 0.000f 0.000k 0.006i 0.139j 1.129g 

NileKr1 6.67d 256.08hi 91.30de 46.66gh 123.08efg 0.048d 0.001e 0.004i 0.019e 0.150j 0.190j 

NileKr2 6.85cd 349.36f 98.28c 42.70i 129.02ef 0.047d 0.002d 0.011h 0.014g 0.163i 0.760i 

M
on

u
fi

a ArtesMe1 7.45bc 468.46e 101.22c 48.64g 143.94d 0.066a 0.004b 0.022d 0.028b 0.332b 1.554e 

NilRanMe 7.20bc 645.12c 93.30d 59.56f 148.88cd 0.013h 0.002d 0.003j 0.011i 0.262e 2.101b 

NileMe1 6.60d 252.18hi 90.38de 44.79gh 121.19efg 0.045d 0.001e 0.004i 0.017e 0.148j 0.189j 

LSD -------- 0.35 22.97 4.59 3.14 6.98 0.002 0.000 0.001 0.001 0.011 0.065 

 
The mean value of the chloride was 63.72 ppm; the minimum value was 22.87 ppm in the Nile and rain 
irrigation water (NiRanMe2) in the samples collected from Monufia governorate; the maximum value 
was 123.08 ppm in the Nile irrigation water (NileKr2) in the samples collected from Kafr Al-Sheikh 
governorate. The mean value of the Sulfate was 37.72 ppm; the minimum value was 8.76 ppm in the 
Nile and rain irrigation water (Ni RanMe2) in the samples collected from Monufia governorate; the 
maximum value was 78.42 ppm in the artesian and rain irrigation water (Art RanDa) in the samples 
collected from Damietta governorate. The mean value of the total carbon was 81.01 ppm; the minimum 
value was 14.96 ppm in the Nile and rain irrigation water (Ni RanMe2) in the samples collected from 
Monufia governorate; the maximum value was 161.80 ppm in the artesian and rain irrigated water (Art 
RanDa) in the samples collected from Damietta governorate. The mean value of the Chromium (Cr) 
was 0.006 ppm; the minimum value was 0.001 ppm in the Nile and rain irrigation water (NiRanMe2) 
in the samples collected from Monufia governorate; the maximum value was 0.020 ppm in the artesian 
and rain irrigation water (Art RanDa) in the samples collected from Damietta governorate. The mean 
value of the Cadmium (Cd) was 0.005 ppm; the minimum value was 0.001 ppm in the Nile and rain 
irrigation water (Ni RanMe2) in the samples collected from Monufia governorate; the maximum value 
of was 0.030 ppm in the Nile irrigation water (NileDa1) in the samples collected from Damietta 
governorate. The mean value of the Nickel (Ni) was 0.006 ppm; the minimum value was 0.002 ppm in 
the Nile and rain irrigation water (Ni RanMe2) in the samples collected from Monufia governorate. the 
maximum value was 0.018 ppm in the Nile irrigation water (Nile Da1) in the samples collected from 
Damietta governorate. The mean value of the Lead (Pb) was 0.006 ppm; the minimum value was 0.001 
ppm in the Nile and rain irrigation water (Ni RanMe2) in the samples collected from Monufia 
governorate; the maximum value was 0.017 ppm in the artesian and rain irrigation water (Art RanDa) 
in the samples collected from Damietta  governorate. The mean value of the Iron (Fe) was 0.516 ppm; 
the minimum value was 0.129 ppm in the artesian and rain irrigation water (ArtRnGh3) in the samples 
collected from Gharbia governorate; the maximum value was 2.321 ppm in the Nile irrigation water 
(NileKr2) in the samples collected from Kafr-AlSheikh governorate. The mean value of the Zinc (Zn) 
was 1.011 ppm; the minimum value was 0.249 ppm in the Nile irrigated water (NileMe1) in the samples 
collected from Monufia governorate; the maximum value was 3.250 ppm. 
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Table 5  : Chemical analysis and metals content of irrigated water in Nile Delta region and its 
governorates during year 2020. 
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 NilArtDk 7.40abcd 312.66e 77.42d 61.52b 119.10c 0.007d 0.003c 0.004d 0.006d 0.141i 1.131c 

NileDk1 7.41abc 184.60g 23.82h 8.94f 15.88i 0.001h 0.004c 0.003d 0.004h 0.323g 0.304i 

NlArtDk1 7.40abcd 310.69e 75.48d 60.57b 117.19c 0.007d 0.004c 0.003d 0.006d 0.140i 1.131c 
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ArtRanDa 6.10de 918.10b 91.30c 78.42a 161.80a 0.020a 0.003a 0.008a 0.017a 0.405e 3.250a 

NileDa1 7.23abcde 341.42e 61.52e 38.72c 98.28e 0.007d 0.030a 0.018a 0.006d 0.131i 1.052d 

NileDa2  7.62a 779.14c 100.26b 37.72c 68.50f 0.003f 0.005c 0.008c 0.004e 0.925c 0.597g 
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 ArtRnGh1 7.23abcde 338.48e 60.56e 36.79c 96.26e 0.006d 0.005a 0.009a 0.005d 0.130i 1.051d 

ArtRnGh2 7.23abcde 334.45e 58.57e 36.77c 95.39e 0.006d 0.002a 0.009a 0.005d 0.129i 1.049d 

ArtRnGh3 7.23abcde 330.42e 55.52e 34.78c 93.29e 0.006d 0.002a 0.009a 0.005d 0.129i 1.048d 
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 NileKr1 6.93e 327.52e 42.70f 15.88d 28.80g 0.002g 0.004c 0.009c 0.003f 0.576d 0.683f 

NileKr2 7.52ab 960.48a 123.08a 61.52b 110.20d 0.008c 0.003c 0.003a 0.010c 2.321a 0.753e 

NileKr3 7.47abc 272.96f 35.72g 12.92e 23.82h 0.005e 0.002c 0.004b 0.006d 1.449b 0.469h 
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a NiRanMe1 7.20bcde 645.12d 93.30c 59.56b 148.88b 0.013b 0.002b 0.003a 0.011b 0.262h 2.101b 

NiRanMe2 7.41abc 182.68g 22.87h 8.76f 14.96i 0.001h 0.001c 0.002d 0.001h 0.319g 0.303i 

NileMe1 7.08cde 258.06f 33.74g 12.92e 22.84h 0.002g 0.002c 0.003c 0.002g 0.363f 0.249i 

LSD --------- 0.35 26.10 3.39 2.13 4.55 0.000 0.000 0.000 0.000 0.038 0.061 

Data within the same letter are not significantly different within the same column at level 0.05 

 
The artesian and rain irrigation water (Art RanDa) in the samples collected from 

Damiettagovernorate, and indicted that there were significant differences at (p≤0.05) in the chemical 
analysis (PH, TDS, chloride, sulfate and total carbons values) and metals content (Cr, Cd, Ni, Pb, Fe 
and Zn values) in all governorates in the Nile Delta  region. Similar results were obtained by Balkhair 
and Ashraf, (2016) who indicated that Waste water is a source of toxic metals, while wastewater 
application to crop lands can improve the physical properties and nutrient content of soils as referred 
by Jatav et al. (2022). In many countries, farmers irrigate crops with industrial wastewater because of 
the lack of alternative water sources. Treated wastewater from municipal sewage treatment plants can 
become a water supply for crops, containing high levels of macro- and micro-nutrients and heavy metals 
as concluded by Patil et al. (2014) and Nyika, (2022). 

 
4. Conclusion 

The study has revealed that excessive application of chemical fertilizer has significantly affected 
agricultural soil health. It is important to use the fertilizers, within the recommended doses according 
to the local, international agricultural standards. Excessive application of chemical fertilizer in the soil 
acts as a potential risk factor for human health, either the plant nutrients are consumed directly or 
indirectly via the food chain. The study also revealed that Cd, Pb and Zn came up with moderately 
contaminated factors and chemical based fields have been identified as the most contaminated site in 
the study area. On the other hand, using low quality water in agriculture has bad effects on both soil 
properties and cultivating crop by either increasing their contents of heavy metals which affects severely 
on the human health or by increasing salinity levels, where increasing water salinity level decreased the 
production of dry matter. Heavy metal toxicity is one of major current environmental health problems 
and potentially dangerous due to bioaccumulation. Therefore, heavy metals contamination of soils and 
plants has become an increasing problem and using of contaminated water for irrigation and overuses 
of agrochemicals led to accumulation of heavy metals in soils and their uptake by the crops grown over 
there. The target hazard quotient showed health risk to local population associated with  Cd, Cr and Ni 
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contamination in wheat crops. Good agricultural practices and regular monitoring of soil, crop and water 
quality with prevention of metals entering into agricultural products are a way to decrease the potential 
health hazards for inhabitants. Based on the obtained results, the following recommendations could be 
given for the best management of soil quality by further investigations from the national Egyptian 
authorities: 

1. Treatment of wastewater source is important to limit its content of toxic heavy-metal. 
2. Carefully management of  fertilizers and pesticides usage and educate farmers about the good 

agricultural practices.  
3. Using the applicable method for remediation and cleaning the contaminated soil. 
4. Selection of new wheat species with heavy-metals tolerance or heavy metals-free wheat. 
5. Monitoring and measuring the contaminated soil periodically in order to control the 

contaminants. 
6. Commitment of the industrial factories for the environmental considerations to reduce their 

liquid, aerial and solid contaminants to the acceptable limits.   

 
References 
 
Abdelrazek,  A. E. S.,  2019. Monitoring irrigation water pollution of  Nile Delta of  Egypt with heavy. 

Alexandria Science Exchange Journal. 40 (3): 442-450. 
Abrahams, P.W.,  2002. Soils: Their implications to human health. Sci. Total Environ.  291: 1–32. 
Alengebawy, A.,  S.T. Abdelkhalek,  S.R. Qureshi, and  M.Q. Wang,  2021. Heavy Metals and 

Pesticides Toxicity in Agricultural Soil and Plants: Ecological Risks and Human Health 
Implications. Toxics.  9 (3): 42. 

Alexander,  K.A. and  R.  Akoto,  2018. Assisted phytoremediation of heavy metal contaminated soil 
from a mined site with Typha latifolia and Chrysopogon zizanioides. Ecotoxic. and Environ. 
Safety. 148: 97–104. 

Al-gahri, M. A. and M.S.  Almussali, 2008. Microelement contents of locally produced and imported 
wheat grains in Yemen. E-J. of Chem. 5 (4): 838-843. 

Ali, H.,  Khan, E. and I.  Ilahi, 2019. Environmental chemistry and ecotoxicology of hazardous heavy 
metals: Environmental persistence, toxicity, and bioaccumulation. J. Chem. (2019): 1-14. 
[CrossRef]. 

 Almasri, M.N. and J.K.   Kaluarachchi 2004. Assessment and management of long-term nitrate 
pollution of ground water in agriculture-dominated watersheds.  J. of Hydro. 295 (1): 225-245. 

Al-Othman, Z.A.,  R.  Ali, A.M. Al-Othman, J. Ali, and M.A.  Habil, 2016. Assessment of toxic metals 
in wheat crops grown on selected soils of Khyber PukhtoonKhaw, Pakistan, irrigated by different 
water sources. Arab. J. Chem.  9: 1555–1562. [CrossRef]. 

American Public Health Association [APHA]  2005. Standard Methods for the Examination of Water 
and Wastewater 22nd ed. APHA, Inc. Washington, D.C. 

Atafar, Z., A.  Mesdaghinia,  J. Nouri,  M. Homaee, M. Yunesian, M.  Ahmadimoghaddam, and A.H. 
Mahvi,  2012. Effect of fertilizer application on soil heavy metal concentration. Environ. Monit. 
Assess. Springer Science + Business Media B.V. 160 (1-4): 83-89. 

Badeenezhad,  A.,  M. Radfard , F.  Abbasi,  A.  Jurado,   M. Bozorginia,  Jalili, and  H.  Soleimani,  
2021. Effect of  land use changes on non-carcinogenic health risks due to nitrate exposure to 
drinking groundwater.  Environ. Sci. Pollut. Control Ser. 28: (31):41937–41947.  

Balkhair, K.S.,  M.A. Ashraf,  2016. Field accumulation risks of heavy metals in soil and vegetable 
crop irrigated with sewage water in western region of Saudi Arabia. Saudi J. of Biolog. Scien. 
23(1): S32-S44. 

Bhunia, P., 2017. Environmental toxicants and hazardous contaminants: Recent advances in 
technologies for sustainable development. J. Hazard. Toxic. Radioact. Waste. 10 (4): 870–878. 

Cai, A., M.  Xu, B. Wang,  W. Zhang,  G. Liang,  E. Hou, and Y.  Luo,  2019. Manure acts as a better 
fertilizer for increasing crop yields than synthetic fertilizer does by improving soil fertility. Soil 
Tillage Res. 189: 168–175. 



Middle East J. Appl. Sci., 13(4): 648-673, 2023 
EISSN: 2706 -7947    ISSN: 2077- 4613                                        DOI: 10.36632/mejas/2023.13.4.46 

670 

 Cao, X.,  C. Tan,  L. Wu, Y.  Luo,  Q. He, Y.  Liang,  B. Peng, and   P. Christie, 2020. Atmospheric 
deposition of  Cadmium in an Urbanized region and the effect of simulated wet precipitation on 
the uptake performance of rice. Sci. Total Environ. 700: 134513. 

Clemens, S. and   J.F. Ma, 2016. Toxic heavy metal and metalloid accumulation in crop plants and 
foods. Annu. Rev. Plant Biol.  67: 489–512. 

Dai, J.R.,  X.G. Pang,  J.H.  Song, J.  Dong, X.P.  Hu, and X.P.  Li,   2018. A study of geochemical 
characteristics and ecological risk of elements in soil of  Urban and Suburban areas of Zibo City, 
Shandong Province. Geology in China. 45(3): 617–627. 

Dolijanovi, Ž.,  S.R. Nikoli,  V.  Dragicevic, J.  Muti´c, S.  Šeremeši,  Z.  Jovovi, and  J.P.  Djordjevi, 
2022. Mineral Composition of Soil and the Wheat Grain in Intensive and Conservation Cropping 
Systems. Agronomy. J. 12 (6):  1321. 

Dolijanovi,´ Ž.,  S.R. Nikoli,  D.   Kovacevic,   S. Djurdjic, R. Miodragovic, M. Todorovic-Jovanovic, 
and P.J.  Djordjevic,  2019. Mineral profile of the winter wheat grain: Effects of soil tillage 
systems and nitrogen fertilization. Appl. Ecol. Environ. Res. 17: 11757–11771.  

Feszterová, M.,  L. Porubcová,  A. Tirpáková,  2021. The monitoring of selected heavy metals content 
and bioavailability in the soil-plant system and its impact on sustainability in agribusiness food 
chains. Sustainability J. 13: 7021.  

Giraldo, P.,  E. Benavente,  F. Manzano-Agugliaro,  and  E.  Gimenez, 2019. Worldwide research trends 
on wheat and barley: A bibliometric comparative analysis. Agronomy J.  9: 352. 

Haiyan, W.  and  A. Stuanes,  2003. Heavy metal pollution in air-water-soil-plant system of Zhuzhou 
city, Hunan province, China. Water Air and Soil Pollution J. 147 (1): 79- 107.  

Hanson, CR., 2002. Nitrate concentrations in Canterbury groundwater: a review of existing data. 
environment Canterbury. Report. 2 (17): 86937-457-6.   

Hermanson, M.H., E. Isaksson, R.  Hann, C. Teixeira, and  D.C.G. Muir,  2020. Atmospheric Deposition 
of Organochlorine Pesticides and Industrial Compounds to Seasonal Surface Snow at four glacier 
sites on Svalbard. Environ. Sci. Technol. 54:  9265–9273. 

Hudak, P.F., 2000. Regional trends in nitrate content of texas groundwater, J. of Hydrology. 228  (1): 
37-47. 

Ibeto, CN.  and C.O.P. Okoye, 2010. High levels of heavy metals in blood of Urban population in 
Nigeria.  Research J. of Environ. scien. 4 (4): 371 -382. 

Iqbal, M.A., J.  Rahim,  W. Naeem, S. Hassan, Y.  Khattab, and   A. El-Sabagh, 2021. Rainfed winter 
wheat (Triticum aestivum L.) cultivars respond differently to integrated fertilization in Pakistan. 
Fresenius Environ. Bull. 30: 3115–3121. 

Jatav, S. S., S.K.  Singh,  M. Parihar, A.M.  Alsuhaibani,  A. Gaber, and  Hossain, A. 2022. Application 
of sewage sludge in a rice (Oryza sativa L.)- wheat (Triticum aestivum L.) system influences the 
growth, yield, quality and heavy metals accumulation of rice and wheat in the northern gangetic 
alluvial plain. Life. 12(4): 484. 

Jiang, Y.,  H. Wen,  Q. Zhang,  L. Yuan, and  L.  Liu, 2022. Source apportionment and health risk 
assessment of potentially toxic elements in soil from mining areas in northwestern China. 
Environ. Geochem. 44: 1551–1566.  

 Karami, L .,  M.A.  Mohammadi, H.  Soleimani, and   M. Askari, 2019. Assessment of water quality 
changes during climate change using the GIS software in a plain in the southwest of Tehran 
province, Iran, Desalin.  Water Treat. 148: 119–127.  

Khan, A.,  S. Khan,  M.A. Khan,  Z. Qamar, and   M. Waqas, 2015. The uptake and bioaccumulation 
of  heavy metals by food plants, their effects on plants nutrients, and associated health risk: A 
review. Environ. Sci. Pollut. 22: 13772–13799.  

Khan, N.H.,  M. Nafees, and  A.  Bashir, 2018. Study of Heavy Metals in Soil and Wheat Crop and 
their Transfer to food chain. J. Sustain. Agric.  32: 70–79.  

 Kormoker, T.,  R.   Proshad,  M.S. Islam, and  S.  Ahmed,  2021. Toxic metals in agricultural soils near 
the industrial areas of  Bangladesh: ecological and human health risk assessment. Toxin Rev. 40 
(4): 1135–1154.  

Kormoker, T.,  R.  Karmoker, M.   Uddin,   and  M.  Kabir,  2022.Toxic elemental abundances in the 
sediment of the Jamuna River, Bangladesh: pollution status, sources, toxicity, and ecological risks 
assessment, in: Intern. J.  of Environ.  Analy.  Chemist. (3):  1–23. 



Middle East J. Appl. Sci., 13(4): 648-673, 2023 
EISSN: 2706 -7947    ISSN: 2077- 4613                                        DOI: 10.36632/mejas/2023.13.4.46 

671 

Kormoker, T., M.H.  Kabir,  R.  Khan, M.S.  Islam,  R.S. Shammi,  M.  Abdullah,  R. Proshad, U. 
Tammim,  M.E. Sarker,  M.T.I. Taj,  A. Akter, and  A.M. Idres,   2021. Road dust–driven 
elemental distribution in megacity Dhaka, Bangladesh: environmental, ecological, and human 
health risks assessment, Environ. Sci. Pollut. Control Ser. (2021) 1–22. 

Korzeniowska, J., 2023. Heavy Metal Content in the Soil along the road No. 7 near Chy˙ zne. 
Atmosphere J. 14 (2): 200-225.  

Kumar, R.,  R. Kumar, and  O. Prakash, 2019. Chapter-5 the Impact of Chemical Fertilizers on Our 
Environment and Ecosystem. Chief Ed. 35 (69): 1173-1189. 

Lei, L.,   D. Liang,  D. Yu, Y.  Chen, W. Song, and  J.  Li, 2015. Human health risk assessment of heavy 
metals in the irrigated area of Jinghui, Shaanxi, China, in terms of wheat flour consumption. 
Environ. Monit. Assess. 187 (10):  647.  

Li, Z., Z. Ma,  T.J. Van der Kuijp,  Z. Yuan, and  L.  Huang, 2014. A review of soil heavy metal 
pollution from mines in China: Pollution and health risk assessment. Sci. Total Environ.  468–
469, 843–853.  

Liu, B., S. Ali, W. Zhang, D. Huang, and Y.  Zhang, 2017. Assessment of the bioavailability, 
bioaccessibility and transfer of heavy metals in the soil-grain-human systems near a mining and 
smelting area in NW China. Sci. Total Environ. 609: 822–829. 

Loncaric, Z., V.  Ivezic, V. Kovacevic,  I. Kadar,  B. Popovic, K. Karalic, and D.A.  Rastija, 2012. 
Heavy metals in agricultural soils of eastern Croatia. In Proceedings of the XVI Internation.  Eco-
conference, Novi Sad, Serbia.  21: 155–164. 

 Lu, X.,   X. Zhang, L.Y. Li, and H.  Chen, 2014. Assessment of metals pollution and health risk in dust 
from nursery schools in Xi’an, China. Environ. Res.  128: 27–34.  

Maji, P. and B. Mistri, 2022. Chemical fertilization as potential pathways of heavy metal contents in 
agricultural soil in memari ii block, west bengal, india. Pollution Resear. J.  41 (3): 1008-10115. 

Marrugo-Negrete, J.,   J. Pinedo-Hernandez, and S.  Diez, 2017. Assesment of heavy metal pollution, 
spatial distribution and origin in agricultural soils along the Sinu River Basin, Colombia. Environ. 
Res. 154: 380–388. 

Mickovski-Stefanovic, V., V. Filipovic, V.  Ugrenovic,  D.  Glamoˇclija, and V.   Popovic,  2012. 
Accumulation of toxic metals in the vegetative parts of wheat. Sel. I Sem. 18: 31–39. 

Mitra, S.,  A.J. Chakraborty, A.M.  Tareq, T.B.  Emran,  F. Nainu, A.  Khusro, A.M.  Idris, M.U. 
Khandaker, H. Osman, F.A. Alhumaydhi, 2022. Impact of heavy metals on the environment and 
human health: Novel therapeutic insights to counter the toxicity. J. King Saud Univ. Sci.  34: 
101865. 

 Naz, S., F.  Fazio,  S.S. Habib, G.  Nawaz, S.  Attaullah,  M.  Ullah,  A. Hayat, and  I. Ahmed,  2022. 
Incidence of  heavy metals in the application of  fertilizers to crops  (Wheat and Rice), a fish 
(Common carp) pond and a human health risk assessment, sustainability.  14 (20): 13441. 

Ning, L.,  L. Yun, W. Jenmei, and C.   Xinyu, 2022. The sources risk assessment combined with 
APCS/MLR model for potentially toxic elements in farmland of a first-tier city, China. Environ. 
Sci. Pollut. Res.  29: 50717–50726. 

Nyika, J. (2022). Wastewater for agricultural productionbenefits, risks, and limitations. In: "Nutrition 
and Human Health". Springer, Cham. 22: 71-85. 

Orisakwe, O.E.,   J.K. Nduka,  C.N. Amadi,  D.O. Dike, and O.  Bede,  2012. Heavy metals health risk 
assessment for population via consumption of food crops and fruits in Owerri, South Eastern, 
Nigeria. Chem. Cent. J.  6:  77- 92. 

Patil, S. R.,  B.F.  Arnold, A.L. Salvatore,  B. Briceno,  S. Ganguly,  J.M. Colfordjr, and  P.J. Gertler,  
2014. The effect of India’s total sanitation campaign on defecation behaviors and child health in 
rural Madhya Pradesh: a cluster randomized controlled trial. PLOS Med. J.  11(8): 187-200. 

Pirsaheb , M., N.   Fattahi,  R.  Rahimi ,   K. Sharafi,  and H.R. Ghaffari,  2017. Evaluation of abamectin, 
diazinon and chlorpyrifos pesticide residues in apple product of Mahabad region gardens: Iran in 
2014.  Food Chem. 231: 148–155. 

Proshad, R., M.S.  T.  Islam, Kormoker ,  A.  Sayeed , S.  Khadka, and  A.M.  Idris,  2021. .Potential 
toxic metals (PTMs) contamination in agricultural soils and foodstuffs with associated source 
identification and model uncertainty, Sci. Total Environ. 789: (2021) 147962.  

Rajkovic, M.B., M. Stojanovic, D. Glamoclija, D. Toškovic, V. Miletic´, V.  Stefanovic´, C. Lacˇnjevac,  
2012. Wheat samples and heavy metals.  J. Eng. Process. Manag.  4: 85–126.  



Middle East J. Appl. Sci., 13(4): 648-673, 2023 
EISSN: 2706 -7947    ISSN: 2077- 4613                                        DOI: 10.36632/mejas/2023.13.4.46 

672 

Rattan, R.K., S.P.  Datta, P.K. Chhonkar, K.  Suribabu, and A.K.  Singh, 2005. Long term of irrigation 
with sewage effluents on heavy metal content in soils, crops and groundwater. Agric. Ecosystem 
Environ. J. 109: 310–322. 

Rhue, R. D. and G.  Kidder, 1983. Analytical procedures used by the IFAS extension soil testing 
laboratory and the interpretation of results. Soil Science Depart. Univ. of Florida, Gainesville. 

Salem, M., A.  Alzarqah,  A. Alnaas, O.  Sharif, Y. Nassar, and   H. Assad,  2022. Determination of 
some heavy metals concentrations in urban soils using pollution indices and multivariate analysis 
-A case study of Tripoli city, Libya. 

 Sharafia, K.,    M. Fazlzadehdavilb,  M.X.  Pirsaheb,  and    J. Derayata,  2012. The comparison of 
parasite eggs and protozoan cysts of urban raw wastewater and efficiency of various wastewater 
treatment systems to remove them. Ecol. Eng. 44:  244–248.  

Shewry, P.R.,  2009.  Wheat. J. Exp. Bot.  60: 1537–1553.  
Shiferaw, B.,  M.  Smale,  H.J. Braun, and E.  Duveiller, M. Reynolds, and  G. Mauricho,  2013. Crops 

that feed the world 10. Past scuccesses and future challenges to the role played by wheat in global 
food security. Food Secur. 5: 291–317.  

Soleimani, H., A. Azhdarpoor, H.  Hashemi, and M. Radfarad, 2022. Probabilistic and deterministic 
approaches to estimation of non-carcinogenic human health risk due to heavy metals in 
groundwater resources of torbatheydariyeh, southeastern of Iran, in: Intern. J. of Environ. Analy. 
Chemist. 102 (11):  2536–2550.  

Tadesse,  Z., 2006. Levels of trace Cadmium and essential Zinc in wheat flour commercially available 
in Addis Ababa, Ethiopia. Addis Ababa University School of Graduate Studies Department of 
Chemistry. A PhD Thesis. 

Toth, G.,  T. Hermann,  M.R. Silva,  and  L. Montanarella,  2016.  Heavy metals in agricultural 
soils of the European Union with implications for food safety. Environment 
International, 88, 299-309. 

Trumbulovic-Bujic,  L. and Z.  Cimovic-Pavlovic,   2008. Influence of air pollutants on air quality in 
industrial environment. J. Metall. 14: 229–240. 

Tsatsakis, A.M.,  M.A.  Nawaz, V.A. Tutelyan,  K.S. Golokhvast, O.I.  Kalantzi, D.H. Chung, S.J. 
Kang,   M.D. Coleman, N.  Tyshko, and S.H. Yang, 2017. Impact on environment, ecosystem, 
diversity and health from cuturing and using GMOs as feed and food. Food Chem. Toxicol.  107:  
108–121. 

Turner, A.,  E.R. Kearl, and  K.R.  Solman, 2016. Lead and other toxic metals in playground paints 
from south west England. Sci. Total Environ. 544:  460–466.  

Waheed, S., C.  Halsall,  A.J. Sweetman,  K.C.  Jones, and R.N.   Malik, 2017. Pesticides contaminated 
dust exposure, risk diagnosis and exposure markers in occupational and residential settings of 
Lahore, Pakistan. Environ. Toxicol. Pharmacol.  56:  375–382. 

WHO/HPR/OCH 96.2, 1996. Distr.: General, Biological Monitoring of Chemical Exposure in the 
Workplace Guidelines World Health Organization Geneva 1996 Volume 2, World Health 
Organization Geneva 1996 Volume 2 Contribution to the International Programme on Chemical 
Safety (IPCS). 

Xing, W., H.  Yang,  J.A. Ippolito, Q. Zhao, Y. Zhang,  K.G. Scheckel,  and L.  Li,  2020. Atmospheric 
deposition of arsenic, cadmium, copper, lead, and zinc near an operating and an Abandoned lead 
Smelter. J. Environ. Qual.  49:  1667–1678. 

Yang,  L.,   Q. Ren,  S. Ge,   Z. Jiao,   W. Zhan,  R. Hou,  X.  Ruan,  Y.  Pan,  and  Y.  Wang,  2022.  
Metal (loid) s spatial distribution, accumulation, and potential health risk assessment in soil-
wheat systems near a Pb/ Zn smelter in henan province, Central China. Int. J. Environ. Res. Public 
Health. 19:  252- 269. 

Yang, Y., C.  Andrew,  M.W. Chang,   C. Weiping, and  P.  Chi,  2018. Assessing cadmium exposure 
risks of vegetables with plant uptake factor and soil property. Environ. Pollut. 238:  263–269.  

Yu,  E.J.,   and  H.Y. Liu,  2021. Effect of atmospheric deposition on cadmium accumulation in soils: 
A Review. Environ. Anal. Ecol. Stud.  8:  432–846. 

Yu, E., H.  Liu,  Y. Tu, X. Gu,  X. Ran,   Z.  Yu, and   P. Wu,  2022.  Superposition effects of zinc 
smelting atmospheric deposition on soil heavy metal pollution under geochemical anomaly. 
Front. Environ. Sci. 10: 777- 894.  



Middle East J. Appl. Sci., 13(4): 648-673, 2023 
EISSN: 2706 -7947    ISSN: 2077- 4613                                        DOI: 10.36632/mejas/2023.13.4.46 

673 

Zhang,  P.,   C. Qin,  X.  Hong,   G. Kang,   M. Qin,  D.   Yang,   B. Pang,  Y.  Li, J.   He, and  R.P. 
Dick,  2018.  Risk assessment and source analysis of soil heavy metal pollution from lower 
reaches of  yellow  river  irrigation in China. Sci. Total Environ.  633: 1136–1147.  

Zhang, Q.,  F.  Zhang, and  C.  Huang, 2021. Heavy  metal distribution in particle size fractions of flood 
plain  soils from Dongchuan, Yunnan Province, Southwest China. Environ. Monit. Assess.  193:  
54- 62. 

Zhang, Z.,   M.Z. Malik, A.  Khan,  N. Ali,  S. Malik, and   M. Bilal,  2022. Environmental impacts of 
hazardous waste, and management strategies to reconcile circular economy and eco-
sustainability. Sci. Total Environ.  807: 153-172.  

Zhengqian, Y.E.,  K.  Zhao,  L.  Zhang,   J.  Dong,   J. Wu, W.  Zhao,  L.  Ding, and  W.   Fu,  2020. 
Risk assessment, spatial patterns and source apportionment of soil heavy metals in a typical 
Chinese hickory plantation region of south eastern China.  Geoderma. J.  360 (15):  250-270. 




