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A B S T R A C T

The present study aim to assess the effect of phosphate and urea fertilizers on the physicochemical properties, pH
and electrical conductivity (EC) of the soil. The effect of these fertilizers on cation exchange capacity (CEC),
organic matter (OM), and the possibility of contamination with heavy metals (HM) (Cr, Cu, Cd, Mn, Zn, Ni, Fe,
and Pb) were studied on the soils of Alshati agricultural project at different seasons after forty years of fertil-
ization. Uncultivated soil samples were also analyzed for comparison and considered as reference. Mean values of
soil pH, EC, CEC, and OM ranged between 6.88-7.32, 0.14–0.26 μS/cm, 2.95–4.19 Cmol/kg and 0.49–0.53%,
respectively, in all seasons. Concentrations of HMs were 9.50–38.38, 0.0–2.05, 0.0–0.47, 0.0–29.81, 0.0–13.85,
2.83–25.95 and 104–512.20 mg/kg respectively, for Cr, Cu, Cd, Mn, Zn, Ni and Fe. The concentrations of the HMs
in the soil were found to be vary significantly with the seasons (winter, spring, summer, and autumn). However,
no traces of Pb was found in the soil samples. The result showed a significant correlation between, pH, EC, CEC,
OM and HM content of the soil. The geochemical index of contamination shows that there was no contamination
with Cu, Cd, Zn, Pb, Cr, Mn, Ni, and Fe.
1. Introduction

Heavy metals (HMs) are natural constituents of the earth crust and
biologically important at trace levels (Juvanovic et al., 1995). The two
major sources of HMs in the soil area are natural pedo-geochemical
background and anthropogenic contamination occurred via compost-
ing, sewage sludge, aerosol deposition and waste animal manure
(Abdolhossien et al., 2012). Soil is a substantive component of the
biosphere and forms the major sink for metals released into the envi-
ronment from a wide variety of anthropogenic activities such as trans-
port, agricultural practices, municipal refuse, industrial activities and
disposal of wastes (Wang et al., 2016; Enunekua et al., 2017; Jiang et al.,
2018). Composition of soil reflects the distribution and the intensity of
trace elements in the soil. It is also representing the integration of mul-
tiple physical, chemical and biological processes occurring concurrently
within the soil. Applications of chemical fertilizers, manure, pesticides
and untreated or partially treated wastewater to the agricultural soil for
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long term leads to contamination of soil with HMs. Accumulation of
pollutants in agricultural soils is of increasing concern due to food safety,
surface run-off to nearby rivers, and leaching into underground water
(Wilson and Pyatt, 2007).

HMs are most frequent contaminant of soil and has become increas-
ingly a serious problem in many parts of the world (Zhou et al., 2015).
HMs are non-degradable, biologically or thermally and keep on accu-
mulating in the environment to levels exceeding permissible limits that
can adversely affect the soil hydrology, biota and soil chemistry which
leads to socio-economic implications (Rodrigo-Comino et al., 2018;
Antonelli et al., 2018; Kirpichtchikova et al., 2006; Sharma et al., 2007).
Due to their longer half-life and fairly immobile nature (some of them are
mobile), HMs are persistent in soil, therefore, they are transferred to
aquifer via soil and plant roots (McBride and Spiers, 2001; Inoti et al.,
2012; Sherene, 2010). HMs are existing in the soil in a variety of chemical
forms such as water-soluble, exchangeable and bound to specific sites of
organic and inorganic components and in the structure of primary and
ctober 2020
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secondary minerals (Violante et al., 2010). These forms of HMs affect
their reactivity, mobility, and bioavailability (Cao et al., 2018).

The concentration of HMs tends to increase with soil development, its
mobility can be changed by environmental conditions such as type of
soil, agricultural input, climate change and saturation capacity of the soil
(García-Carmona et al., 2019). The concentration of HMs in soil depends
on the geochemical characteristics of soils. Quality of soil dependsmainly
on a high degree of spatiotemporal variability of their physical, chemical,
and biological properties caused by natural and anthropogenic in-
terferences (Maltas et al., 2013). Distribution of HMs in the soil is
controlled by many reactions such as adsorption and desorption, mineral
precipitation and dissolution, ion exchange, aqueous complexation,
biological mobilization and immobilization and lastly by plant uptake
(Kumperman and Crreiro, 1997). Various factors such as pH, tempera-
ture, nutrient concentration, and available water content can affect the
accessibility of HMs to soils (Alloway, 1995).

Contamination of soil through HMmainly dependent on the location,
organic matter content and source of fertilizer. Moreover, the application
of agricultural fertilizers does not significantly increase total HM content
in the soil above background levels for several years (Rutkowska et al.,
2009).
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Organic matter has a vital role in controlling the mobility of HMs
in soil. It may decrease available concentrations of HMs in soils by
precipitation, adsorption or complexation processes (Collin and
Doelsch, 2010). Chemical fertilizers such as NPK which are added as a
source of nitrogen, phosphorous and potassium may contain some
HMs (Cd, As, Cr, Ni, and Pb) as impurities. The application of these
fertilizers to agricultural soil, dramatically decreased the pH of the soil
which causes desorption of HMs from the soil matrix (Nazir et al.,
2015). Application of excessive amounts of chemical fertilizers and
poultry manures can also increase levels of HMs such as Cd, Cu, Zn
and Pb in soils and subsequently in plants. Increasing levels of HMs in
the soil is a serious environmental concern, since HMs are causing
serious health problems such as HM induced tumors and other dis-
eases. Continuous increase of HM concentrations in terrestrial systems
also affects the health of plants, animals, and humans. Hence, most
countries brought a major shift of an international concern towards
the prevention of HMs accumulation in soil, food and other ecosystems
(Laidlaw and Taylor, 2011; Sidhu et al., 2017). Therefore, the reported
results suggest that, a deeper effort must be made to understand the
interaction of physicochemical properties with HM contents of the
soil.
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The present study was undertaken to investigate the physicochemical
properties and HM contents (Pb, Cd, Cr, Cu. Fe, Mn, Cr, and Ni) in soil
fertilized with chemical fertilizers such as urea and diammonium phos-
phate (DAP) in different seasons. The correlation between the physico-
chemical properties and HM contents of the soil were also investigated in
different seasons.

2. Materials and methods

2.1. Study area

Al Shati province is located in the southern west part of Libya be-
tween North latitudes of 23� to 28.5� and East longitudes of 10� to 16�

with an altitude of about 400 m above sea level (Figure 1). It is an arid
zone with average temperature range between 10 �C in winter and up to
45 �C in summer. This region is one of the important agricultural regions
in Libya as it’s represented by a vast expanse of farmlands for the pro-
duction of vegetables, cereals and forage for animals (Al-danasuri.,
1967). Brack-Ashkada agriculture project built in 1975 and contains 300
farms with sprinkling irrigation, each 12 farms are irrigated with one
artesian well, the area of each farm is about 10 ha. This agricultural
project was aimed to provide vegetables, fruits and grasses for human
being and animals, respectively. We chose one farm that had been
intensively cultivated along the year and fertilize systematically with
chemical fertilizers.

2.2. Geological and geographical features of the study area

Libyan soil is affected to the great extent by nature and conditions in
which soil was formed. Aridity is the main characteristics of such soil
however, most of the soil is undeveloped or partly developed. Desert
region is spread across the southern parts, where the climate is hot in
summers and cool in winters. Aeolian deposits are one of the important
process in the formation of the Libyan soils with a sandy texture (Ben--
Mahmoud; 1995; Zurqani et al., 2018). Libyan soil is typically shallow,
sandy in texture, low in organic matter content and low water holding
capacity. According to the modern soil classification of Russia and USDA
soil classifications, Aridisols and Entisols are the main soil orders in the
study area, and can be classified as sandy texture and low organic matter
content (Zurqani et al., 2012).

2.3. Collections of soil samples

As mentioned in study area we choose one of the farms that was most
exposed to the chemical fertilizers, and intensively cultivated by vege-
tables. The farm was divided into six sectors and 1kg of soil sample was
collected from each section with auger sampler at depth of 0–30 cm. The
samples were collected from the six different spots of each sector,
therefore the total of 36 samples were collected from the six sectors for
analysis.

Soil samples were collected in Summer (July) and Autumn
(November) of 2017 and Winter (January) and Spring (March) of 2018.
The soil samples were collected randomly (randomized design) in each
season. Soil samples were collected in clean polyethylene bags, labeled
properly and transferred to the laboratory for analysis. Uncultivated and
undisturbed soil samples were also collected from area nearby to the
study area in triplicate (collected with auger sampler from depth of 0–30
cm). Uncultivated and undisturbed soil sample was considered as a
reference soil. All soil samples were air-dried to constant weight at room
temperature, grounded to passed through 2 mm sieve. All soil samples
were stored in a dry place for physiochemical and HM analysis (Bhatti
et al., 2016).
3

2.4. Collection of water and fertilizer samples

A total of six samples were collected each from urea and diammonium
phosphate fertilizers and four samples from irrigation water. Approxi-
mately 1L of water sample was collected from the irrigation well for
analysis of physicochemical properties. Chemical fertilizers used for
fertilization are mainly urea (46%) and diammonium phosphate (DAP).
Samples of these fertilizers were subjected to chemical analysis to check
its purity of HMs impurities.

2.5. Physicochemical analysis of soil

Physicochemical characterization was carried out on air-dried soil
samples in the laboratory. The soil samples were suspended in water
(1:2.5 ratio w/v) for analysis of pH and electrical conductivity (EC). The
pH and electrical conductivity of soil was measured using laboratory pH
meter (JENWAY3310) and conductivity meter (JENWAY4310), respec-
tively. The cation exchange capacity (CEC) of the soil was determined by
the protocol reported by Peris et al. (2008). In brief, soil samples were
saturated with sodium acetate solution (pH-8.2) and the adsorbed so-
dium ions were displaced with ammonium acetate solution (pH-7.0). The
amount of displaced sodium ion was analyzed by flame atomic absorp-
tion spectrometry (Analytik Jena, NOVA-A400, Germany).

Organic matter (OC) content of the soil sample was determined by the
procedure reported by Walkley and Black (1974). The amount of organic
carbon (%) and total organic matter (%) were determined by Eqs. (1) and
(2),

OC (%) ¼ N ((B–S))/W � 0.003 � 100 (1)

OM (%) ¼ OC (%) � 1.724 (2)

Where, N ¼ normality of ferrous ammonium sulfate, B ¼ volume of
ferrous ammonium sulfate required for blank (mL), S¼ volume of ferrous
ammonium sulfate required for soil sample (mL) and W ¼ mass of soil
sample (g).

2.6. Determination of HMs in soil, irrigation water, and chemical fertilizer
samples

The dried soil samples (~1g) were digested in aqua-regia (HCl: HNO3,
3:1 ratio) (15 mL) at 110 �C (hotplate) for 4-5 h. The digest was cool
down, filtered through filter paper (Whatman no. 42) and diluted with
deionized water up to 50 mL in the volumetric flask (Rahman et al.,
2012). These diluted samples were analyzed for HM content using the
atomic absorption spectrophotometer (air-acetylene flame) (Analytik
Jena, NOVA-A400, Germany).

The HMs content of the irrigation water was analyzed as per the
protocol reported by Inoti et al. [13]. In brief, approximately 1 L of
irrigation water was taken in a clean plastic container and 2.5 mL of
concentrated nitric acid was added to it. These diluted samples were
analyzed for HM content by atomic absorption spectrophotometer
(Analytik Jena, NOVA-A400, Germany). The blanks samples containing
only distilled water were analyzed using the same procedure. The HM
contents of the chemical fertilizers (diammonium phosphate and urea)
were determined by placing fertilizer samples (5 g) in 5 % (v/v) HNO3
(40 mL) in 150 mL beaker and heated at 80 �C. The samples were then
filtered through filter paper (Whatman no. 42) and transferred to the
volumetric flask and diluted up to 50 mL with 5 % v/v HNO3 and
analyzed using atomic absorption spectrophotometer (Alloway, 1995).

Validation of analytical results was assessed by analyzing all samples
in triplicates. The working standard solutions for each metal ion were
prepared freshly before every analysis. The concentration of all HMs was
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measured at 358 nm for Cr, 325 nm for Cu, 229 nm for Cd, 279 nm for
Mn, 214 nm for Zn, 232 nm for Ni, 248 nm for Fe and 283 nm for Pb. The
detection limit of atomic absorption spectrophotometer is 0.081, 0.133,
0.151, 0.068, 0.137, 0.084, 0.032 and 0.049 ppm for Cd, Cr, Pb, Zn, Cu,
Mn, Ni and Fe, respectively.

2.7. Geochemical index (Igeo)

The geochemical index (Igeo) was calculated as per the method
described by Muller (1969). This method is widely used for the assess-
ment of the degree of contamination by comparing the levels of HMs
obtained to background levels (uncultivated soil) originally used with
bottom sediments. The contamination in soil is assessed by using Eq. (3),

Igeo ¼ log2 Cn/ (1.5Bn) (3)

Where, Cn ¼ concentration of the element in the enriched samples. Bn ¼
background or pristine value of the element, and constant 1.5 is intro-
duced to minimize the effect of possible variations in the background
values which could be attributed to lithological variations. The method
assesses the degree of metal pollution in terms of seven enrichment
classes (Table 1) based on the increasing values of the geochemical index.

2.8. Statistical analysis

All the experiments were carried out in triplicates. Statistical analysis
of the data was performed using the SPSS 16 software package. Pearson
correlation significance was computed among various physicochemical
parameters and concentrations of HMs in the soil at 0.95 and 0.01 con-
fidence levels (P < 0.05 and P < 0.01) using a one-way analysis of
variance (ANOVA).

3. Results and discussion

Alshati agricultural project serve the region as a source of vegetables,
cereals, fruits for human consumption and grasses for animals. The
texture of the studied soil was sandy which was characterized by its low
organic matter, high porosity and low water retention capacity (Mah-
moud and Ramadan, 1995). To evaluate the effect of chemical fertilizers
on soil, uncultivated soil samples were used as reference for comparison
of physicochemical properties and accumulation of HMs with cultivated
soil samples.

3.1. Physiochemical properties of selected soils in different seasons

The physicochemical properties of the soil samples in different sea-
sons are presented in Table 2 pH of soil plays an important role in
regulating solubility and mobility of HMs. Most of the HMs are found be
available for the plants in acidic pH (Wang et al., 2018). However, the
alkaline pH of the uncultivated soil does not affect the fertility of soil
since these pH values are still close to neutrality. The mean pH of the soil
samples was found to be 6.68 and 7.32 in the autumn and winter season,
respectively. Lower pH value of the soil sample in autumn season might
Table 1. Geochemical index (Igeo) for contamination levels in soil.

Igeo value Igeo class

>5 6

4–5 5

3–4 4

2–3 3

1–2 2

0–1 1

0 0

4

be probably due to the applications of urea fertilizer, while the pH of
uncultivated soil was tending to slightly alkaline (8.14). Another reason
for decrease in pH of soil is due to the long-term applications of
nitrogen-containing fertilizers such as diammonium phosphate and urea.
Another reason for decrease in pH of soil is due to release of Hþ ions by
the plant roots leads to acidification of soil (Constantin et al., 2010). The
present finding is in agreement with an earlier report (Geetha et al.,
2017).

Electrical conductivity is used to estimate the concentration of soluble
salts in the soil. The electrical conductivity of soil samples was found to
be 0.14 μS/cm and 0.26 μS/cm in winter and summer seasons respec-
tively, whereas the mean electrical conductivity of uncultivated soil
sample was found to be 4.05 μS/cm (Table 2). The low electrical con-
ductivity of the of the cultivated soil is due to low salt content which had
washed down during the irrigation processes. The washing out of the
salts during irrigation process might be attributed due to sandy texture of
the soil. Another reason for decrease in electrical conductivity might be
due to complex precipitation of salts and transport to plants. The
decrease in electrical conductivity of the cultivated soil is in agreement
with the previous study (Geetha et al., 2017).

Cation exchange capacity (CEC) is a measure of the soil ability to bind
or hold exchangeable cations. The results showed that mean CEC was
found to be 2.95 Cmol/kg and 4.19 Cmol/kg in summer and spring
season, respectively. The mean value of CEC for uncultivated soil was
found to be 5.17 Cmol/kg. The increase in CEC of cultivated soil in the
summer seasonmight be attributed to an increase in temperature or some
stimulation of biological activity by temperature in summer. However,
CEC was found to be decreased in autumn and winter season. The present
results corroborate with the earlier finding (Abah et al., 2014).

The organic matter of the cultivated soil samples was found to be
0.44% and 0.53% in autumn and spring season, respectively, while it was
0.93% for uncultivated soil samples. The decrease in the organic matter
content of cultivated soil over uncultivated soil might be attributed to the
sandy texture of the soil. Also, the higher temperature of soil enhances
the degradation of OM. The low organic matter in the soil is not favorable
for HM absorption. The present finding corroborates with the previous
reports (Bhatti et al., 2016).
3.2. Chemical analysis of irrigation water and fertilizer samples

The chemical fertilizers such as diammonium phosphate (DAP) and
urea are usually added in the beginning of November and middle of
January with random quantities regardless of actual need. The HM
contents of the fertilizers are represented in Table 3. The results showed
concentrations of Cd (1.15 mg/kg), Cr (3.3 mg/kg) and Ni (2.6 mg/kg)
were found to be significantly higher in DAP than permissible limits
(WHO/FAO, 2001). However, urea contains only traces of Zn, Ni, and Cr
(Table 3). Phosphate fertilizers have been reported to contain high
amounts of HMs including Cd and Ni whereas HMs contents in urea
fertilizers were reported to be within the permissible limits (WHO/FAO,
2001). It has been reported that phosphate fertilizers from different
countries contain high concentrations of Cr and low concentrations of Hg
Contamination level

Extremely contaminated

Strongly to extremely contaminated

Strongly contaminated

Moderately to strongly contaminated

Moderately contaminated

Uncontaminated to moderately
contaminated

Uncontaminated



Table 2. Physiochemical properties of the selected soil samples in different seasons.

Parameter Values Seasons Uncultivated soil

Winter Spring Summer Autumn

pH Mean 7.32 7.01 6.95 6.88 8.14

Std. Error of Mean 0.10 0.14 0.07 0.10 0.04

Minimum 7.12 6.69 6.68 6.62 8.00

Maximum 7.68 7.45 7.14 7.28 8.22

EC (μS/cm) Mean 0.14 0.15 0.26 0.18 4.05

Std. Error of Mean 0.01 0.01 0.01 0.01 2.79

Minimum 0.12 0.13 0.23 0.14 0.83

Maximum 0.16 0.17 0.31 0.22 17.97

CEC (Cmol/kg) Mean 3.39 4.19 2.95 3.16 5.17

Std. Error of Mean 0.18 0.39 0.37 0.28 0.67

Minimum 2.97 3.13 1.83 2.25 2.70

Maximum 4.00 5.40 4.25 3.90 6.80

OM (%) Mean 0.49 0.53 0.48 0.44 0.93

Std. Error of Mean 0.10 0.07 0.08 0.09 0.18

Minimum 0.20 0.33 0.27 0.23 0.60

Maximum 0.85 0.75 0.70 0.77 1.80

Table 3. Concentration of heavy metals (ppm) in chemical fertilizers and irrigation water.

Samples Heavy metals (mg/kg)

Cr Cu Mn Zn Cd Ni Fe Pb

Diammonium Phosphate 3.40 � 0.25 0.87 � 0.01 ND 33.86 � 2.06 1.18 � 0.02 2.64 � 0.05 6.49 � 0.80 ND

Urea 0.15 � 0.10 ND ND 0.34 � 0.05 ND 0.26 � 0.03 1.98 � 0.01 ND

Irrigation water ND ND 1.64 � 0.04 0.31 � 0.03 0.04 � 0.01 0.46 � 0.07 2.64 � 0.01 ND

Cultivated soil 25.683 � 0.32 0.678 � 0.09 12.229 � 2.90 2.912 � 0.65 0.067 � 0.027 10.444 � 0.29 263.64 � 34.22 ND

Uncultivated soil 27.43 � 0.54 ND 13.51 � 1.117 ND ND 6.923 � 0.25 649.5 � 59.73 ND

*Canadian Standard ND ND ND 1850 20 180 ND 500

(ND) Not Detected
* Canadian Standard for fertilizers.
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(Mortvedt, 1995). The results of HM contents in chemical fertilizers used
for cultivation were found to be low (Table 3). However, an earlier study
on superphosphate fertilizer reported to contain a considerable amount
of Cu (7.8 mg/kg) and Zn (15.80 mg/kg) as impurities (Banson et al.,
2014). It is also reported in the literature that, phosphate fertilizers
manufactured in Turkey contains high impurities than ammonium and
urea fertilizers (Saltali et al., 2005). However, considerable amount of Fe
(6.4 mg/kg), Mn (1.7 mg/kg), Zn (0.3 mg/kg) and Cd (0.25 mg/kg) were
also detected in irrigation water. These values of metal ions exceeded the
permissible limits for irrigation water set by Canadian standards
(Table 3) (Heekmah, 2006).
3.3. The concentration of HMs in soil samples

HM contents of soil samples were analyzed in winter, spring, summer
and autumn seasons, and were compared with HM content of unculti-
vated soils as a reference (Table 4). The mean concentration of Cr was
found to be 37.56, 31.89, 20.13 and 13.15 mg/kg in autumn, spring,
winter, and summer season, respectively, while it was found to be 27.43
mg/kg in an uncultivated soil sample. However, the mean concentration
of Cr in cultivated and uncultivated soil was found to be below the
permissible limits of WHO/FAO (2001). The high concentration of Cr
(58.3–62.3 mg/kg) in agricultural soil was reported as a result of irri-
gation with wastewater (Belay et al., 2002). Moreover, 47.76–89.23
mg/kg of Cr was reported in cultivated soils that were exposed to
chemical fertilizers for a long time (Li et al., 2011). The mean concen-
trations of Cr in cultivated soil were found to be in the range of
5

8.86–35.58 mg/kg in Punjab, India (Bhatti et al., 2016). The significant
changes of Cr concentrations in different seasons, refer to the fact that
farmers usually adding chemical fertilizers to the soil at the first month of
autumn (August), and they didn't add any fertilizers at the beginning of
March. Therefore, crops consumed most of the HM present in fertilizers
before summer time. The present results corroborate with the earlier
finding where the 28.3 mg/kg of Cr was reported in Spanish agricultural
soil due to climatic variations (Rodriguez et al., 2008).

The mean concentration of Cu was found to be 0.028, 0.122, 0.155
and 0.051 mg/kg in winter, spring, summer, and autumn, respectively.
However, Cu was not detected in uncultivated soil samples. The low
content of Cu in the soil attributed to i) non-industrial area of studies ii)
low contents of Cu in applied chemical fertilizers and irrigation water.
Therefore, there is no apparent source of contamination with this
element. Contamination with Cu was attributed to anthropogenic activ-
ities such as the application of excessive and low quality of chemical
fertilizers and irrigation water (Bhatti et al., 2016).

Cd is considered as one of most ecotoxic HM and reported to
exhibit an adverse effect on soil health, plant metabolism, biological
activity and health of animals and human beings (Sun et al., 2016).
The concentration of Cd in soil samples was found to 0.068, 0.013 and
0.185 mg/kg in winter, spring and summer season, respectively, which
were below the permissible limits (WHO/FAO, 2001). The detection of
Cd (cultivated soil samples) in winter, spring and summer season
attributed to cultivation and fertilization with chemical fertilizers
which contains traces of Cd during 40 years of cultivation. However,
Cd was not detected in the autumn season and uncultivated soil



Table 4. Mean values of total heavy metal concentration in soil samples (cultivated and uncultivated) in different seasons.

HM (mg/kg) Values Cultivated soil Uncultivated soil Permissible limit (mg/kg)

Winter Spring Summer Autumn

Cr Min. 19.49 31.45 9.50 37.24 25.56 100

Max. 20.63 32.40 14.89 38.35 29.43

Mean 20.130 31.89 13.15 37.560 27.43

SD. Mean 0.165 0.165 0.791 0.175 0.546

Cu Min. - 0.08 0.99 0.49 - 100

Max. 0.15 1.00 2.05 0.85 -

Mean 0.043 0.475 1.487 0.705 -

SD. Mean 0.028 0.122 0.155 0.051 -

Cd Min. - - 0.010 - - 3.0

Max. 0.240 0.040 0.470 - -

Mean 0.068 0.013 0.185 - -

SD. Mean 0.037 0.006 0.067 - -

Mn Min. 18.58 6.92 - - 10.66 2000

Max. 28.87 18.52 29.81 18.40 17.90

Mean 22.75 12.77 7.088 6.308 13.51

SD. Mean 1.872 1.931 4.662 3.120 1.117

Zn Min. 0.1 - 2.62 2.00 - 300

Max. 0.52 - 13.85 7.29 -

Mean 0.256 - 6.802 4.588 -

SD. Mean 0.093 - 1.596 0.935 -

Ni Min. 2.83 5.40 6.18 23.61 6.35 50

Max. 4.31 6.06 9.95 25.95 8.05

Mean 3.697 5.715 7.663 24.70 6.923

SD. Mean 0.230 0.100 0.521 0.330 0.254

Fe Min. 104 257.65 187.70 266.81 516.0 50,000

Max. 296.60 382.83 427.15 512.20 886.00

Mean 140.92 308.09 258.34 347.21 649.50

SD. Mean 40.333 18.080 36.687 41.804 59.739

Pb Min. - - - - - 50

Max. - - - - -

Mean - - - - -

SD. Mean - - - - -

Data shown are Mean � S.D; ND ¼ Not Detected; Permissible Limit, WHO/FAO 2001.
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samples. The Cd unable to adhere to the soil due to its solubility under
set environmental conditions and potentially bioavailable for uptake
by plants. The present finding is in agreement with the earlier study
(Yahaya et al., 2009). The present finding suggests that the application
of phosphate fertilizers for more than 40 years has not influenced the
available Cd content of soils significantly. The present results are in
agreement with the earlier finding reported by Lehoczky et al. (2004).
However, high levels of Cd were reported in soils irrigated with
wastewater and excessive use of agrochemicals or located in heavy
traffic and industrial area (Bhatti et al., 2016; Ebong and Ekong,
2015).

The mean concentration of Mn in cultivated (winter, spring, summer
and autumn seasons) and uncultivated soil were found to be below the
permissible limits (Table 4) (WHO/FAO, 2001). However, the concen-
tration of Mn higher in winter than in summer, this might be attributed to
the precipitation observed in rainy and, summer season which partially
removes the soluble metal contents from the soil. Low concentrations of
Mn, Cr, Cu, Ni, C, and Zn, reported in soil samples irrigated with river
water in the Swat district in Pakistan (Khan et al., 2013).

The mean concentration of Zn in cultivated and uncultivated soil
samples was found to be very low in comparison with the permissible
limits (WHO/FAO, 2001). However, Zn was not detected in the spring
season and uncultivated soil samples. The low concentrations of Zn
attributed to the sandy nature of the soil and the low accumulation of Zn
ions from the added chemical fertilizers. Earlier reports also indicated the
6

lower concentrations of Zn in soil samples from Accra and Ghana
(Fosu-Mensah et al., 2017). However, higher concentrations of Zn were
reported in soil samples collected from e-waste and dump sites (Li et al.,
2011).

The mean concentrations of Ni in the cultivated and uncultivated soil
were found to be below the permissible limits for agricultural soil
(WHO/FAO, 2001). The existence of Ni in the soil samples could be
attributed to impurities in the chemical fertilizers and sandy nature of
soil (Shahbaz et al., 2018). Ni occurs in a very low amount in nature and
essential in small doses, but it can be toxic when maximum tolerable
concentration is exceeded (Sreekanth et al., 2013). The Ni concentrations
of 15.1 mg/kg were reported in cultivated and uncultivated soil in
Turkey (Saltali et al., 2005). Also, the Ni concentrations of 21.16–41.18
mg/kg were also reported for agricultural soil as a result of long-term
agricultural activities (Jia et al., 2010). The concentration of Ni from
four different locations of soil samples collected from Punjab (India) was
found to be in the range of 9.67–24.32 mg/kg (Chahal et al., 2014).

Iron was found to be the most predominant metal ion among essential
elements in agriculture soil samples. The iron content of uncultivated soil
samples was found to be higher than the cultivated soil samples and was
much lower than the permissible limits for agricultural soil (WHO/FAO,
2001). High concentrations of Fe, range between 10979-19807 mg/kg,
have been reported in agriculture soil samples in the Segura river valley
in Spain (MicoLlopis et al., 2006). While low concentrations of Fe 2809
-5304 mg/kg were found in agriculture soil samples of Punjab, India, as a



Table 5. Average Igeo and contamination levels in soil samples.

Heavy metal Igeo value Contamination level

Cr 0.188 Uncontaminated to moderately contaminated

Cu 0.0 Uncontaminated

Cd 0.0 Uncontaminated

Mn 0.230 Uncontaminated to moderately contaminated

Zn 0.0 Uncontaminated

Ni 0.326 Uncontaminated to moderately contaminated

Fe 0.081 Uncontaminated to moderately contaminated

Pb 0.0 Uncontaminated

Table 6. Correlation between physical properties and heavy metal contents of the soil.

pH EC CEC OM Cr Cu Cd Mn Zn Ni Fe Pb

pH 1

EC -0.53 1

CEC -0.95** 0.69 1

OM -0.82* 0.75 0.96** 1

Cr 0.76 -0.92** -0.82** -0.78 1

Cu 0.43 0.45 -0.17 0.06 -0.14 1

Cd 0.55 -0.17 -0.38 -0.15 0.50 0.42 1

Mn -0.78 0.90* 0.91* 0.93** -0.94** 0.17 -0.34 1

Zn -0.28 0.81* 0.51 0.64 -0.71 0.69 -0.15 0.78 1

Ni -0.02 -0.63 -0.02 -0.07 0.47 -0.53 -0.07 -0.26 -0.34 1

Fe -0.77 0.85* 0.92** 0.96** -0.88* 0.16 -0.24 0.99** 0.76 -0.15 1

Pb a a a a a a a a a a a a

a Cannot be computed because at least one of the variables is constant.
** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Mansour.A. Salem et al. Heliyon 6 (2020) e05224
result of long-term irrigation with wastewater and continuous use of
inorganic fertilizers (Chahal et al., 2014).

The results of HM concentrations showed that the concentration of
Cu, Zn, Ni, and Fe were found to be lower in the winter season than other
seasons. It has been reported that the concentration of HMs was lower in
the wet season than the dry season. In a heavy rainy season. Most of the
suspended materials which are not complexed and precipitated with soil
or organic matter and other compounds may be flashed out through the
canal into adjoining vast flood zone (Rahman et al., 2012).

Among the HMs studied Pb was not detected in cultivated and
uncultivated soil samples. The possible reason could be the use of
irrigation water and chemical fertilizers free of Pb metal ion. The
study area is also far away from the heavy traffic/industrial area
and farms do not have irrigation history with wastewater. However,
contamination with Pb exceeded the maximum permissible limit of
100 mg/kg had been reported in agricultural soils in some sites, for
instance in Italy up to 582 mg/kg (Abollino et al., 2002). The high
total content of Pb up to 4705 mg/kg reported in alluvial soils in
the Pribram region in the Czech Republic as a result of the smelting
industry (Vanek et al., 2005). The concentration of Pb up to 350
mg/kg also reported in agriculture soils as a result of the applica-
tion of Pb containing compounds on to the field of Amritsar, Punjab
India by Bhatti et al. (2016). In the Olkusz district of Poland,
concentration Pb up to 404 mg/kg reported in some arable soils
close to industrial areas (Miskowiec et al., 2015). The high con-
centration of Pb was also found in soil samples from the recycling
site of e-waste in Accra Ghana by Fosu-Mensah et al. (2017).

The decrease in HM content (cultivated soils) in different seasons
might be attributed to transport of HMs to plants.
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3.4. Geoaccumulation index

The average of Igeo and contamination levels of different metals in
soil samples are presented in Table 5. The results show that the study area
was particularly uncontaminated with Cu, Cd, Zn, and Pb. Due to the
absence of pollutant sources such as anthropogenic activities, heavy
traffic or irrigation with polluted waters. The low values of Igeo might
have also raised from the metals geochemical and biological interactions
and variations. However, the soil samples were uncontaminated to
moderately contaminated with Cr, Mn, Ni, and Fe. This contamination
could be attributed to the application of chemical fertilizers for the long-
term. The present results corroborate with the earlier results reported by
Fosu-Mensah et al. (2017).

3.5. Statistical analysis

The correlation between HMs and physicochemical properties of
soil are presented in Table 6. The correlation among various
physicochemical parameters and concentrations of HMs in the soil
at 0.95 and 0.01 confidence levels (P < 0.05 and P < 0.01) using
ANOVA are presented in Table 7. The results show that there is
significant difference at 95% confidence level for metals and phys-
icochemical properties and non-significant for OM at F3,20. The
significant differences between the concentration of metals and the
physicochemical properties may be due to the variation of tem-
perature in different seasons which affect the absorption of heavy
metals in the soils. Pearson correlation with 2-tailed test showed
that, at 0.01 level (p < 0.01) positive significant relationships
existed between CEC-OM (r ¼ 0.960), CEC-Fe (r ¼ 0.924), OM-Mn



Table 7. Analysis of variance (ANOVA) between and with heavy metals and physicochemical properties at different seasons at 95% confidence level.

Parameters DF F Sig.

pH Between groups 3 5.0 0.008

Within groups 20

Total 23

CEC Between groups 3 3.0 0.039

Within groups 20

Total 23

EC Between groups 3 33.0 0.000

Within groups 20

Total 23

OM Between groups 3 0.165 0.919

Within groups 20

Total 23

Cr Between groups 3 143.0 0.000

Within groups 20

Total 23

Cu Between groups 3 43.8 0.000

Within groups 20

Total 23

Cd Between groups 3 7.1 0.002

Within groups 20

Total 23

Mn Between groups 3 6.0 0.004

Within groups 20

Total 23

Zn Between groups 3 11.0 0.000

Within groups 20

Total 23

Ni Between groups 3 595.0 0.000

Within groups 20

Total 23

Fe Between groups 3 5.0 0.007

Within groups 20

Total 23

Pb Between groups 3 0.0 -

Within groups 20

Total 23

DF: Degree of freedom used to estimate the variance, F: ratio of two variances or technically two mean squares.

Mansour.A. Salem et al. Heliyon 6 (2020) e05224
(r ¼ 0.931), OM-Fe (r ¼ 0.966) and Mn–Fe (r ¼ 0.987) due to the
high affinity of metals to soil organic matter. Similarly, significant
positive correlation between the HMs themselves suggesting the
similar and identical origin of the HMs, and indicating that the
anthropogenic activities could enhancing the mobility of these ele-
ments. The present finding corroborates with the earlier results
(Qfishlaqi and Moore, 2007). Adverse correlation was found be-
tween pH-CEC (r ¼ -0.949), EC-Cr (r ¼ -0.926), Cr–Mn (r ¼ -0.943).
The negative correlation might be attributed to the low content of
organic matter which plays a significant role in determining the
availability and mobility of HMs in soil, and/or to the nature of soil
texture. The present finding corroborates with the earlier results
reported by Wokhe et al. (2013). At level 0.05 level (p < 0.05)
there is also positive significant correlation between EC-Mn (r ¼
0.90), EC-Zn (r ¼ 0.81), EC-Fe (r ¼ 0.85), CEC-Mn (r ¼ 0.91), while
there is an adverse correlation between pH-OM (r ¼ -0.82), CEC-Cr
(r ¼ -0.82) and Cr–Fe (r ¼ -0.88). The present results corroborate
with the earlier results reported by Zeng et al. (2011). Soil pa-
rameters had common sources or mutual dependences subject to
certain factor controls. The high correlation between HMs in soil
may reveal that the accumulated concentrations of these HMs result
from similar pollution sources (Nagarajan et al., 2010).
8

4. Conclusions

The results indicate the fluctuation of physicochemical parame-
ters was observed from season to season. The concentration of all
studied HMs was below the maximum permissible limits for agri-
culture soils set by WHO/FAO 2001. The fluctuation of HMs con-
centration observed in different seasons. This fluctuation is
attributed to the intensive agriculture practices and to the nature of
soil texture which considered to be sandy. Both factors can cause
leaching of metals to lower ground layers.

The geochemical index showed that soil samples were uncontami-
nated with Cu, Cd, Zn and Pb whereas uncontaminated to moderately
contaminated with Cr, Mn, Ni and Fe. Significant correlation relation-
ships were found between HM contents (Cr, Mn, and Zn) and studied soil
physical parameters (pH, EC, CEC, OM). The results also show that,
despite the application of phosphate and urea fertilizers for more than
forty years, the concentration of studied HMs was still below the
permissible limits set by WHO/FAO 2001. The use of these fertilizers is
not expected to cause a detrimental effect with regards to HM pollution,
however, a slight annual increase could be expected. Possible increasing
of HMs content, in agriculture soils, might occur from other sources.
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Therefore, it is necessary to monitoring the changes of HMs concentra-
tions in soils and developing pollution control strategies.
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