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ABSTRACT
Heavy metals in the site received industrial effluents were investigated to assess the pollution 
levels, distribution of metal among solid-phase fractions and possible metal sources. The soil 
samples at different depths of 0–5, 5–25 and 25–50 cm were collected and analyzed for Fe, Mn, 
Cd, Zn, Cu, Ni and Pb. Among all metals, Cd content was not detected in all soil samples. The 
average contents of Pb and Zn are higher than the corresponding values of common range in 
earth crust. Meanwhile, the maximum contents of Cu and Zn are higher than those of Dutch 
optimum value but lower that the Dutch protection act target value. The maximum contents of 
Cu, Pb and Zn are higher than the average shale value. The most investigated heavy metals are 
mostly found in the potentially labile pool (>50.0%) including metal bound to carbonate, Fe/Mn 
oxides, or organically fractions. Enrichment factor (EF) in combination with multivariate analysis 
including principal component analysis (PCA) and hierarchical cluster analysis (HCA) suggest 
that Mn and Ni associated with Fe in the soil samples were primarily originated from lithogenic 
sources. Pb was largely derived only from anthropogenic source, while Cu and Zn in the soil 
samples were controlled by the mixed natural and anthropogenic sources. These results suggest 
that discharging the industrial effluents into dumping site increased pollution level of Pb, Zn 
and Cu as well as enhanced their potentially labile pool that may be responsible for occurring 
potential toxic impacts on environmental quality.

1. Introduction

Urban areas contain high levels of pollutants due to high 
human population density and activities, and it has been 
reported that the sources of environmental pollution in 
urban areas are varied such as traffic, industrial emis-
sions and waste, energy production processes, burning 
of fossil fuels and municipal wastes, disposal of urban 
wastes, and various other human activities [1–3]. Among 
anthropogenic sources, solid and liquid wastes derived 
from industrial processes are considered to be one of 
the most dangerous outcomes. These wastes contain 
industrial pollutants including greases, acids, alkalis, sus-
pended solids, heavy metals, salts, detergents, cyanide, 
solvents, halogenated organic matter and nutrients, and 
other chemicals. Industrial emissions and wastes could 
represent the most important source of soil pollution 
[4,5]. The accumulation of heavy metals in soils can signif-
icantly reduce environmental quality with public health 
implications, mainly due to their toxicity and nature of 
non- biodegradability [3].

The industrial effluents contain solid suspends, 
which vary in their size and chemical composition as 

well as physical characteristics. Therefore, in addition 
to increasing heavy metals levels, the accumulation 
of such effluents on the soil surface might change 
the physico-chemical properties of the soil, which are 
responsible for altering the forms of heavy metals and 
thus increased or decreased heavy metals mobility. The 
soil received industrial effluents can be considered a 
source of pollutants as well as they have the ability to 
transport contaminants into the groundwater and the 
food chain, creating serious human health issues [5,6]. 
Several investigators reported that the disposal of indus-
trial effluents into soil leads to the accumulation of heavy 
metals in soil and subsequently, it could result in higher 
than normal concentrations of heavy metals in plant 
tissues [6–8]. Therefore, potential toxic effects of heavy 
metals are possible on environmental quality. In a study 
conducted by Awomeso et al. [6] to investigate impact 
of industrial effluents on water, soils and plants, indus-
trial effluents resulted in increasing metal levels higher 
than the recommended limits in effluent discharges in 
all the investigated samples in the study area. So, it is of 
importance to assess the levels and mobility of heavy 
metals in dumpsite soils located in urban areas for the 
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2. Materials and method

2.1. Areas of study, soil sampling and analysis

There are two industrial cities including more than 2150 
factories at Riyadh city, Saudi Arabia. In the current study, 
the investigated area that received industrial effluents is 
located at the northern second industrial city in Riyadh. 
This dumping site for industrial effluents is estimated to 
727.4 km2. The investigated dumping site is considered 
as an area for receiving liquid waste derived from pulp, 
textile, or plating industries [17]. This area is located on 
longitude (E) 46° 55′, and latitude (N) 24° 32′.

For soil sampling, the dumping site area was divided 
into 17 square grids (Figure 1). Soil samples of the study 
area were collected from the three depths (0–5, 5–25, 
and 25–50 cm). From each square grid, five soil samples 
of each depth were collected and then, mixed together 
for one large representative sample at each depth. A 
total of fifty-one soil samples were collected from study 
area. The soil samples were air-dried at room tempera-
ture, and sieved through a 2 mm screen. The particle size 
distribution was determined by the hydrometer method 
[18]. Soil pH was measured using a glass electrode in a 
suspension of 1:5 ratio of soil to water. Electrical con-
ductivity (EC) was measured in the soil extracts of soil 
to water ratio of 1:5. Calcium carbonate (CaCO3) content 
was determined using a calcimeter. Physico-chemical soil 
properties in the studied area are presented in Table 1.  
The average pH values of soil samples accounted for 
7.6, 7.7 and 7.8 at 0–5, 5–25 and 25–50 cm depth. The 
EC values ranged between 0.2–4.4, 0.2–4.3 and 0.1–6.4 
dSm−1 at 0–5, 5–25 and 25–50 cm depth, respectively. 
The most soil samples have soil texture of loamy sand 

prevention and control soil and ground water from long 
term pollution loading.

In addition to quantify their concentrations, it is of 
importance to identify the heavy metals sources. Heavy 
metals in different environmental compartments can 
be originated from lithogenic and/or anthropogenic 
sources [9]. It has been reported that there are several 
methods to identify metal sources such as metal sol-
id-phase fractions, profile distribution, and soil spa-
tial variability. However, these methods might be not 
sufficiently reliable to identify the sources based on 
heavy metal content [10]. Recently, correlation matrix 
and multivariate analyses including the principal com-
ponent analysis (PCA) and hierarchical cluster analysis 
(HCA) have been introduced to make distinguishing 
between lithogenic and anthropogenic origin of heavy 
metals [9,11–16].

Due to intense urbanization and industrialization, the 
environmental pollution with heavy metals is a serious 
problem in Saudi Arabia. To our knowledge, in Saudi 
Arabia, there is insufficient information and research on 
heavy metals content and their mobility in dumpsites 
received industrial effluents. Thus, it is very necessary to 
assess dumping site soils of industrial effluents to ensure 
environmental protection and sustainability for long 
periods. Therefore, the objectives of the current study 
are: (1) to assess the heavy metals levels of dumpsite 
soils received industrial effluents in the city of Riyadh, 
Saudi Arabia, (2) to determine the distribution of heavy 
metals among various solid-phase fractions as well as 
their overall lability, and (3) to identify heavy metals 
sources using enrichment factor and multivariate sta-
tistical analyses.

Figure 1. Study area and location of the sampling points for soil collection.
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or sandy loam. The content of CaCO3 varied in the stud-
ied soil samples from 8.8 to 54.4% with an average of 
18.0, 19.9 and 21.7% at 0–5, 5–25 and 25–50 cm depth, 
respectively.

The total metal (Fe, Mn, Cd, Zn, Cu, Ni and Pb)  
content in soils was determined following the diges-
tion method of Hossner (HF–H2SO4–HClO4) [19] and 
their concentrations were analyzed using Inductively 
Coupled Plasma Optical Emission Spectrometer (ICP-
OES, Perkin Elmer Optima 4300 DV, USA). The chemical 
fractionation method according to Kashem and Singh 
[20] and modified from Tessier et al. [21] was applied in 
the current study. This method fractionated heavy metals 
into six fractions including water extractable metal (F1), 
exchangeable form (F2), carbonate bound metal (F3),  
Fe/Mn oxides bound metal (F4), organically bound metal 
(F5) and residual fraction (F6).

2.2. Enrichment factor

In this study, enrichment factors (EF) for soils were cal-
culated with respect to Fe, using the following definition 
[22].

where (Cx/CFe) soil is the ratio of concentration of the 
tested metal in the soil sample (Cx) to that of (CFe) in 
the soil sample; and (Cx/CFe) earth’s crust is the ratio of 
metal concentration Cx to Fe in the reference Earth’s 
crust according to Taylor [23]. In this study, earth 

EF =
(

Cx/CFe

)

soil
/
(

Cx/CFe

)

Earth’s crust

crust was selected as the reference value because 
the background values of heavy metals have not yet 
been reported for the study area. Five pollution levels 
based on Enrichment values have been proposed to be 
as follows: EF ≤ 2 represents no or minimal pollution; 
2 < EF < 5 moderate pollution; 5 < EF < 20, significant 
pollution; 20 < EF < 40, strong pollution and EF > 40 
indicates extreme pollution.

2.3. Lithogenic and anthropogenic contributions

The heavy metal contribution of lithogenic and anthropo-
genic were calculated using the equation by Hernandez 
et al. [24]. To calculate the metal content of lithogenic, 
the following equation was used:

where [M]lithogenic: Metal concentration of lithogenic  
origin in the sample (mg kg−1); [Fe]sample: the total content 
of Fe in soil samples (mg kg−1); and ([M]/[Fe])lithogenic: the 
ratio of metal concentration and iron in the earth’s crust. 
Moreover, the anthropogenic heavy metal content was 
calculated using the following equation:

where [M]anthropogenic: the anthropogenic heavy metal 
content; and [M]total: the total content of heavy metal 
measured in soil samples.

2.4. Quality assurance and quality control

The collected soil samples were digested and analyzed 
in four replicates. For quality control of soil heavy metals 
analysis, four reference soils (Till-1 and Till-4) were used 
in the current study. The recoveries of heavy metals by 
the Hossner digestion method for Till-1 and Till-4 were 
66 and 66% for Fe, 83 and 79% for Mn, 85 and 87% for 
Zn, 132 and 92% for Cu, 163 and 173% for Ni, and 29 and 
50% for Pb, respectively. However, Cd content of Till-1 
and Till-4 was under detection limit of ICP-OES. To ensure 
the analytical performance of the ICP-OES, a standard 
of heavy metals concentrations was run after every ten 
samples.

2.5. Statistical analysis

The values of minimum, maximum, mean, median, stand-
ard deviation (±SD), skewness and coefficient of variation 
for the obtained data are calculated and reported. The 
multivariate analysis including the PCA and HCA was per-
formed to identify the relationship among investigated 
heavy metals and their sources. The statistical analysis 
was performed by using statistical software Statistica for 
Windows [25].

[M]lithogenic = [Fe]sample×([M]/[Fe])lithogenic

[M]anthropogenic = [M]total − [M]lithogenic

Table 1. Descriptive statistics of physico-chemical soil properties.

Statistics

EC

pH

CaCO3 Clay Silt 

(ds m−1) (%)

0–5 cm

max 4.4 8.1 41.9 14.5 48
min 0.2 7.2 8.8 6.5 0.0
av 1.2 7.6 18 10 13.5
SD 1.2 0.2 8.9 2.5 9.9
median 0.6 7.6 15.5 10.5 10.0
Cv 117 3 37 24 63
Skw 1.3 −0.2 1.5 0.1 1.7

5–25 cm

max 4.3 8.4 44.7 14.5 30
min 0.2 7.4 10.5 4.5 0.0
av 1.2 7.7 19.9 9 12.2
SD 1.2 0.2 10.1 2.3 8.9
median 0.7 7.7 15.0 8.5 10.0
Cv 105 3 50 25 82
Skw 1.1 0.8 1.2 0.3 0.5

25–50 cm

max 6.4 8.3 54.4 15.9 32
min 0.1 7.2 9.2 4.5 4
av 1.4 7.8 21.7 9.2 12.8
SD 1.5 0.3 10.5 2.3 7.1
median 0.8 7.8 20.0 8.5 10.0
Cv 100 4 50 28 62
Skw 1.7 0.1 1.7 0.7 0.9
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addition, the maximum contents of Cu and Zn are higher 
than those of Dutch optimum value but lower that the 
Dutch Protection Act target value [28]. The maximum 
contents of Cu, Pb and Zn are higher than the average 
shale value [29].

3.2. Solid-phase fractions and overall heavy metal 
lability

Heavy metals can be found in various solid-phase frac-
tions in soil, exhibiting different soil physico-chemical 
behavior in relation with chemical reaction, lability, 
bioavailability and metal toxicity. Therefore, it is very 
important to quantify the metal species among various 
solid-phase compartments to assessing metal mobility 
and transport with changing environmental conditions. 
The major mechanisms and possesses responsible for 
metal accumulation and distribution in soils provide 
various forms of heavy metals including water soluble, 
exchangeable, bound to carbonate, bound to reducible 
phases (iron and manganese), bound to organic matter 
and residual. These six forms have different behaviors 
in relation with solubilization and remobilization with 
changing environmental conditions.

Figure 2 shows percentage of heavy metals frac-
tions among various solid-phases. The fractions 1 and 
2 exhibit the soluble and exchangeable metal forms, 
respectively. The results showed the lowest quantity of 
these two fractions for all metals. However, the fraction 
in phase 3 bound to carbonate and in which there are 
higher percentages of Pb (16.6–32.3%), Mn (25.4–26.3%), 
Cu (6.3–18.8%) and Zn (9.6–17.6%) in comparison to Fe 
(<1%) and Ni (2.9–3.5%). This may be due to heavy metals 
affinity to co-precipitate with carbonate minerals under 
alkaline conditions [30,31]. The results indicated that 
Cu, Zn and Pb bound to carbonate and exchangeable 
fractions were changed with soil sampling depth. It was 
observed that these three heavy metals bound to the 
carbonate and exchangeable fraction showed lower pro-
portions in the third layer (25–50 cm depth) than those 
of surface layers (0–5 cm and 5–25 cm). The percentage 
of Cu bound to carbonate fraction decreased from 18.8% 
at the first layer (0–5 cm depth) of the soil to 12.0 and 
6.34% at the second layer (5–25 cm depth) and the third 
layer (25–50 cm depth), respectively. The percentage of 
Pb bound to carbonate fraction accounted for 28.7% 
(at 0–5 cm depth) and 32.3% (at 5–25 cm depth), which 
decreased to 16.6% at the lowest layer of 25–50  cm 
depth. The percentage of Zn bound to carbonate fraction 
accounted for 17.0 and 17.7% (at 0–5 cm and 5–25 cm 
depth, respectively), which decreased to 9.6% at the low-
est layer of 25–50 cm depth.

The fraction bound to the easily reducible Fe/Mn 
oxides has been reported to be in relation with anthro-
pogenic discharges for heavy metals [30,32,33]. The 
results showed that this fraction retained 61.3–66.4% 

3. Results and discussion

3.1. Descriptive statistics of soil heavy metal 
content

The statistical summary of the total metal content in soil 
samples with depth is given in Table 2. The data show 
that Fe is the dominant heavy metal but Cd was not 
detectable in the collected soil samples. Among other 
investigated metals, Pb, Cu and Ni have lower content 
than Mn and Zn. Based on maximum and mean content, 
the highest Cu and Pb were pronounced at the surface 
soil sample of 0–5 cm depth, while the highest Zn was 
recorded at the second layer of 5–25 cm depth. Due to its 
higher mobility, Zn may be easily transferred downward 
with percolating water and thus, accumulation in subsur-
face layers of the soil [26]. It was observed that the con-
centrations of Cu, Pb and Zn showed high coefficient of 
variations and positive skewness, suggesting that there is 
a strong skewness factor for these heavy metal. However, 
Fe and Mn content in surface soil samples show much 
lower skewness with negative skewness values than in 
subsurface soil samples.

Table 1 also shows that the average contents of Pb 
and Zn are higher than the corresponding values of com-
mon range in earth crust reported by Lindsay [27]. In 

Table 2.  Descriptive statistics of heavy metal content in soil 
samples.

  Cd Cu Fe Mn Ni Pb Zn 

0–5 cm

max BDl 69 8430 150 34 37 200
min BDl 9.0 5080 77 22 nD 22
av BDl 27 6930 110 27 15 75
SD BDl 17.30 1056 17.9 3.7 12 55
med BDl 22.5 6850 115 26 17 60.2
vC BDl 65 15 16 14 76 73
Skw BDl 1.71 −0.28 −0.23 0.60 0.19 1.11

5–25 cm

max BDl 57 9000 160 38 28 340
min BDl 6.0 4000 79 19 nD 15
av BDl 22 6500 110 26 12 88
SD BDl 11.6 1330 19.2 5.00 8.8 87.3
med BDl 19.5 6700 104 26.0 11 58.0
vC BDl 52 20 18 19 77 100
Skw BDl 1.79 0.05 1.21 0.77 0.23 1.91

25–50 cm

max BDl 64 9150 170 40 21 240
min BDl 9 5000 74 21 nD 15
av BDl 20 6600 110 27 8 59
SD BDl 12.1 1199 22.8 4.7 6.3 66.5
median BDl 19 6450 103 26 8 28
vC BDl 59 18 21 17 79 112
Skw BDl 3.11 0.65 1.30 1.38 0.40 1.87

Common range [23]

max 0.7 100 55000 3000 500 200 300
min 0.01 2 7000 20 2 5 10
av 0.06 30 38000 600 40 10 50

Dutch [24]

optimum 
value

0.8 36 na na 35 85 140

action 
value

12 190 na na 210 530 720

average shale value [25]

  0.30 45 46,700 850 68 20 95



82   A. R. A. USMAN ET AL.

of 0–5 cm depth to 17.7% at the second layer of 0–5 cm 
depth and to 20.8% at the third layer of 25–50 cm depth. 
The relatively higher increases in Cu quantity associated 
with organically fraction might be attributed to its high 
affinity to organic matter through organo-metal com-
plexes formation [37–39].

Heavy metal bound to F6 is corresponding to the 
residual fraction (geochemical phase), indicating 
more chemically stable fraction and inactive in terms 
of biological processes. There are high percentages of 
Fe (78.0–80.2%), followed by Cu (46.5–56.6%) and Ni 
(42.8–46.4%) in comparison to Mn (23.4–23.7%), Pb 
(14.0–23.3%) and Zn (10.9–16.1%). Higher percentage 
of Fe and/or Cu associated with residual fraction were 
reported by other researchers [35,40]. The high propor-
tion of Cu in the residual fraction might be attributed to 
the ability of Cu to substitute Fe and Mg in the structure 
of alumino-silicate minerals [34,41]. The results indicated 
also that Cu, Zn and Pb in phase 6 bound to residual 
fraction tended to increase with increasing soil sam-
pling depth. The percentage of Cu, Zn and Pb bound to 
residual fraction increased from 46.5, 10.9 and 14.0% 
at the first layer (0–5 cm depth) of the soil to 52.6, 11.4 
and 19.3% at the second layer (5–25 cm depth) and to 
56.6, 16.1 and 23.3% at the third layer (25–50 cm depth), 
respectively.

of Zn followed by 41.4–42.8% of Mn and 37.2–45.4% 
of Pb, which were higher than those for Ni 33.5–35.5%, 
Fe 17.7–19.6%, and Cu 14.3–17.8%. This result indicates 
the highest quantity of Zn associated with Fe/Mn oxides 
among all heavy metals. Several other researchers have 
also reported that Zn was bound to Fe–Mn oxides [34–
36]. Our results suggest that metals associated with  
Fe–Mn oxides could be remobilized and released in case 
of reduced conditions. In the current study, there were 
no obvious changes in the content of most investigated 
heavy metals bound to the easily reducible Fe/Mn oxides 
fraction along the soil depth. However, some changes in 
Pb bound to the easily reducible Fe/Mn oxides fraction 
were observed along the soil depth. The results indicated 
that Pb bound to the easily reducible Fe/Mn oxides frac-
tion showed the lowest percentage (37.2%) at the sec-
ond layer (5–25 cm depth) and the highest percentage 
(45.4%) at the third layer (25–50 cm depth).

The metal in F5 is mainly bound to organic matter. It 
was found that organic matter fraction has a higher sig-
nificant quantity of Cu (12.2–20.8%) and Ni (16.1–17.8%) 
than those for Pb 10.2–14.1%, Mn 5.4–6.1%, Fe 1.74–2.0% 
and Zn 5.5–5.9%. The results indicated that Cu bound to 
organic matter tended to increase with increasing soil 
sampling depth. The percentage of Cu bound to organic 
matter increased from 12.2% at the surface soil sample 

(a) (b)

(c)

Figure 2. percentage of heavy metals fractions among different solid phases (a: at soil sampling depth of 0–5 cm; b: at soil sampling 
depth of 5–25 cm; c: at soil sampling depth of 25–50 cm).
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fraction) in comparison with residual fraction (immobile 
form) has been reported by Ogundiran and Osibanjo 
[43], mainly due to soil contamination by anthropogenic 
inputs. Among all investigated metals, Fe (78.0–80.2%) 
was found to be more in the residual fraction (non- 
labile form) of soil samples than those of potentially 
labile form. Additionally, the most quantity of Cu was 
distributed between potentially labile (41.4–48.8%) and 
residual (46.5–56.6%) fractions, depending on soil sam-
pling depth. Our results suggest that the highest pro-
portions of most investigated metals associated with the 
potentially labile pool including Fe–Mn oxide, carbonate 
and organic matter fractions may result in potential toxic 
impacts on environmental quality through solubilization 
and remobilization of heavy metals bound to this pool. In 
this context, heavy metals of the potentially labile pool 
are highly dependent upon soil properties and environ-
mental factors including the redox potential and pH [30].

3.3. Identification of heavy metal enrichment and 
sources

The enrichment factor (EF) has been reported to be as a 
measure for determining heavy metal source and com-
paring the earth crust metals abundance with those 

Based on metal fractionation, the heavy metals frac-
tions among solid-phase components were determined 
and grouped into three pools including the readily labile, 
potentially labile and non-labile pools to predict over-
all lability of heavy metals [34]. The concentrations of 
heavy metals in water soluble and exchangeable frac-
tions are considered as a readily labile pool, and those 
of the carbonate, Fe/Mn oxides, and organically fractions 
are considered as a potentially labile pool. However, the 
concentrations of heavy metals in the residual fraction 
are considered as a non-labile pool.

The results showed the lowest content of readily 
labile pool for all heavy metals, which varied in the stud-
ied soil samples from 0.051 to 4.7% (Figure 3). A high 
soil pH and calcium carbonate content of soil samples 
could be responsible for lowering the concentrations 
of heavy metals in the readily labile pool (water solu-
ble  +  exchangeable phase) through metal sorption, 
mainly by precipitation [31,42]. However, the most 
investigated heavy metals are mostly found in the poten-
tially labile fractions (>50.0%). The order of potentially 
labile fractions for the metals was Zn (81.9–86.5%) > Pb 
(76.0–84.6%) > Mn (73.4–73.9%) > Ni (53.4–56.6%) > Cu 
(41.4–48.8%) > Fe (19.7–21.9%) in overall soil samples 
depth. High percentage of mobile forms (non-residual 

(a) (b)

(c)

Figure 3. percentage of overall heavy metals lability (a: at soil sampling depth of 0–5 cm; b: at soil sampling depth of 5–25 cm; c: at 
soil sampling depth of 25–50 cm).
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for Zn, Pb and Cu, and to represent moderate pollution 
for Ni and no or minimal pollution for Mn. The average 
values of an EF for Zn, Pb and Cu were much higher than 
2, suggesting that their contaminations may be of con-
cern. It has been previously suggested that a value of 
EF ≤ 2 indicates that heavy metal could not be impacted 
by anthropogenic sources and it is mainly controlled by 
the parent materials of the soils and natural processes of 
weathering. On the contrary, soil samples having EF val-
ues greater than 2 suggest that the environmental exist-
ence of heavy metal is of human activities rather than the 
result of lithogenic origin [24]. Thus, the heavy metals 
of Ni and Mn with much lower EF in soil samples may 
be as a consequence of the parent materials or natural 
soil forming factors and processes (Table 3 and Figure 4).  
However, the EF values of heavy metals of Zn, Pb and 
Cu greater than 2 in the most soil samples suggest 
that these three heavy metals were strongly impacted 
by anthropogenic inputs. In line with the results of EF 
values, the calculated lithogenic and anthropogenic 
proportion of these metals showed higher significant 
anthropogenic contribution >50% (especially Pb and Zn 
with much higher proportion). This suggests that these 
metals might be mainly introduced into the soils through 
anthropogenic sources and the environmental metal 
contamination of industrial effluents might be occurred.

Table 4 shows the correlation matrix of the heavy 
metals at the 0.05 significance level in the soil samples. 
The simple correlation analysis showed that there is a 
positive significant correlation between Fe and Mn with 
correlation coefficient (r) accounting for 0.85, indicat-
ing a strong linear correlation. The strong correlations 
between these two metals suggest that they may come 
from the same source. It has been reported that Fe and 
Mn take place naturally at great quantities and are thus 

found in soil samples [11,14]. Table 3 shows descriptive 
statistics of heavy metal EF. It was observed that the aver-
age EF values of an individual metal in the soil samples 
were decreased in the following order: Zn (0.0–26.8) > Pb 
(0–15.3) > Cu (1.1–12.0) > Ni (1.4–3.0) > Mn (0.7–1.2). The 
results indicated that the values of EF for heavy metals 
were changed with soil sampling depth. It was observed 
that the average values of EF for Cu, Pb and Zn at the 
first surface layer (0–5 cm depth) and the second layer 
(5–25 cm depth) were higher than those of the third layer 
(25–50 cm depth). Based on the maximum values of EF, 
soil samples were found to present significant pollution 

Table 3. Descriptive statistics of heavy metal enrichment factor 
(eF).

Statistics

EF

Cu Mn Ni Pb Zn

0–5 cm

max 12 1 2 15 16
min 1.5 0.8 1.6 0.0 0.0
av 5 0.9 2 7 7
SD 2.80 0.07 0.21 5.39 4.40
median 4.5 0.9 2.0 8.7 5.7
vC 57 8 10 73 65
Skw 1.29 −0.22 0.02 −0.08 0.64

5–25 cm 

max 9 1 3 13 27
min 1.1 0.8 1.4 0.0 1.7
av 4 0.9 2 6 8
SD 1.96 0.11 0.41 4.69 6.62
median 4.5 0.9 2.0 5.8 6.0
vC 44 12 19 78 85
Skw 0.42 1.03 0.53 0.10 1.75

25–50 cm

max 9 1.1 2.4 9.3 17.8
min 1.5 0.7 1.9 0.0 1.6
av 4.0 0.9 2.1 4.0 5.2
SD 1.77 0.11 0.16 3.08 4.96
median 4.1 0.9 2.1 4.3 3.0
vC 45 11 8 76 95
Skw 1.73 −0.09 0.35 0.14 1.66

Figure 4. lithogenic and anthropogenic proportion for heavy metals at each soil sampling depth.
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(PC1) is characterized by Fe, Mn, Ni and also Cu and Zn. 
The results also showed that Cu and Zn showed a lower 
contribution to PC1 than Fe, Mn, and Zn. Among these 
five metals, Fe, Mn and Ni in PC1 showed a high similarity 
with the highest significant loadings (>0.83), indicating a 
similar source. Similarly, several other researchers found 
that Fe, Mn or Ni were found to be associated with parent 
rocks, indicating that these heavy metals were related 
with the soil-forming factors and suggesting their nat-
ural origin [9,11,14,15,44]. Additionally, in the obtained 
PCA loading 2-D plots of the current study, Cu and Zn 
and a group of Fe, Mn and Ni in PC1 are separated by 
a distance with significant correlation between them. 
Since Cu and Zn showed a combined relationship with 
Fe, Mn and Ni and lower contribution to PC1, they may 
have mixed origin. However, Pb and a group of other 
metals are separated by a long distance in PCA loading 
2-D plots. Additionally, Pb showed the highest loading 
(0.98) in PC2 with no significant correlation with other 
investigated heavy metals of Fe, Mn, Cu, Zn and Ni, sug-
gesting different behaviour and probably another differ-
ent source. Our findings are almost comparable to other 
studies. In a study conducted by Almasoud et al. [11] 
to assess heavy metal sources in the soils affected by 
industrial activities using multivariate analysis, there is 
a high loading of Fe, Mn, Ni, Co, and Cr, indicating that 
these heavy metals are is of lithogenic origin. However, 
the contents of Zn, Cu, and Pb are controlled by anthro-
pogenic activity. Ayoubi et al. [9] also found that Fe, Mn, 
Ni, Co and Cr were associated in the lithogenic factor 
(factor 1), while Pb, Cu and Zn showed high loadings in 
the anthropogenic factor (factor 2). These findings are 
also partially in agreement with the results reported by 
Taghipour et al. [15], who found that the contents of Co, 
Cr, and Ni were associated with the lithogenic factor. 
Their results also indicated that both Zn and Pb contents 
were associated with the anthropogenic factor and Cu 
was associated with the lithogenic-anthropogenic factor. 
Hierarchical cluster analysis was also applied in the cur-
rent study to identify the relatively homogeneous groups 

seldom affected by anthropogenic contributions [14], 
inferring their strong correlation in the soil samples. 
Ni is also considered as an element of naturally occur-
rence in earth crust and its strong correlation with Fe 
(r = 0.74) and Mn (r = 0.68) indicate that its occurrence 
could mainly be naturally. Cu showed significant pos-
itive correlations with Fe (r  =  0.33), Mn (r  =  0.33) and 
Ni (r = 0.53). Similarly, Zn exhibited positive correlations 
with Fe (r = 0.56), Mn (r = 0.33) and Ni (r = 0.50). However, 
there is no relationship between Zn and Cu. Among all 
heavy metals, Pb did not correlate significantly with any 
metal, suggesting that its sources and behaviour may be 
different from those of the others.

The PCA is documented to be a useful statistical tool 
to distinguish heavy metals sources [11,12]. The results 
of PCA for the contents of heavy metals are shown in 
Table 5. Based on the obtained results of PCA, only the 
two first components having eigenvalues of >1.0 before 
and after the matrix rotation were presented. The two 
first components explained 69.07% of the total variance 
(Table 5). The first component explained 51.75% of the 
total variance including Fe, Mn and Ni with factor loads 
of 0.91, 0.83, and 0.90, respectively. The positive factor 
loads for Fe, Mn and Ni suggests these three metals 
come from similar sources, mainly lithogenic contribu-
tion. The second component explained 17.50% of the 
total variance including only Pb. The 2-D plots (PC1 vs. 
PC2) of PCA showed that the investigated heavy met-
als can be classified into different sources (Figure 5). 
The results indicated that the first principal component 

Table 4. pearson’s correlation matrix of heavy metals in the soil 
samples.

*Significance at p = 0.05 level.

Metal Cu Fe Mn Ni Pb Zn
Cu 1.00
Fe 0.33* 1.00
mn 0.33* 0.85* 1.00
ni 0.53* 0.74* 0.68* 1.00
pb −0.04 −0.05 −0.16 0.06 1.00
Zn 0.22 0.56* 0.33* 0.50* 0.00 1.00

Table 5. total variance and factor loadings of the contents of heavy metals for the first two components having eigenvalue of >1.

notes: extraction method: principal component analysis; Rotation method: varimax normalization; pCa factor loadings greater than 0.70 are significant and 
shown in italic.

Component Initial eigenvalues Rotation sums of squared loadings

  Total % of variance Cumulative (%) Total % of variance Cumulative (%)

total variance explained

1 3.10 51.75 51.75 3.09 51.57 51.57
2 1.04 17.33 69.07 1.05 17.50 69.07
3 0.83 13.77 82.84
4 0.68 11.32 94.16
5 0.24 4.04 98.20
6 0.11 1.80 100.00

metal
Unrotated component matrix Rotated component matrix    

pC1 pC2 pC1 pC2    
Fe 0.92 −0.03 0.91 −0.09
mn 0.85 −0.19 0.83 −0.25
ni 0.89 0.15 0.90 0.09
Zn 0.65 0.16 0.66 0.11
Cu 0.57 0.04 0.57 0.00
pb −0.07 0.98 0.00 0.98
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loading in PC2 and did not correlate significantly with 
any metal. The median EF values of Pb in the overall soil 
sampling depth varied from 4.3 to 8.7 with about 74.5% 
of the soil samples having EF values of >2 and anthropo-
genic contribution greater than 50%. The enriched levels 
of Pb in the investigated soil samples suggest that it is 
originated largely from anthropogenic sources, mainly 
due to discharge industrial effluents. Therefore, Pb can be 
termed the anthropogenic factor. The third group con-
tains Cu and Zn, which may come from mixed natural 
and anthropogenic sources. It was noted that 84.3 and 
90.2% soil samples, respectively, contained EF values of 
Zn and Cu greater than 2 with anthropogenic contribu-
tion greater than 50%, indicating anthropogenic origin. 
On the other hand, these two heavy metals showed 
significant correlation with Fe, Mn and Ni, indicating Cu 
and Zn can also be controlled and attributed to litho-
genic sources. Therefore, a mixed source (lithogenic and 
anthropogenic inputs) is possible for Cu and Zn. Other 
researchers also confirmed high anthropogenic contribu-
tion and enrichment of Pb, Zn, and Cu in soils affected by 
industrial activities [4,9,11]. Pandey et al. [5] investigated 
the accumulation of heavy metals in soil irrigated with 
industrial effluent and their results revealed that Cr, Cu 
and Pb were in higher content in soils. They reported 

of heavy metals. Figure 6 shows that Mn and Fe were 
significantly and strongly correlated with each other and 
formed a cluster. This cluster was associated with Ni. This 
indicates similar distribution pattern for Fe, Mn and Ni.

Based on PCA, HCA, EF and anthropogenic contribu-
tion analyses, the obtained results suggest that the heavy 
metals in the soils received industrial effluent could be 
classified into three groups including metals derived from 
lithogenic, anthropogenic and mixed sources. The first 
group consists of Fe, Mn and Ni, which is found in the 
first factor of PCA that is of lithogenic origin and their 
variability can mainly controlled by the parent materi-
als of the soils. The median EF values of Mn and Ni in 
the overall soil sampling depth were about 0.9 and 2.0, 
respectively, with about 100 and 60% of the soil samples 
having EF values of less than 2 (Table 3 and Figure 7). 
Only about 40% of the soil samples had EF values of Ni 
greater than 2 (i.e. moderate pollution) but they mostly 
are still close to 2 and 60% of the soil samples having 
EF values of <2, indicating that soil contamination by Ni 
was limited. As indicated from the data of anthropogenic 
contribution, the three metals (Fe, Mn, and Ni) of the first 
factor in PCA showed a significant lithogenic contribu-
tion, being mainly controlled by soil-forming factors. The 
second group includes Pb, which showed the highest 

Figure 5. pCa loading 3D plot for heavy metals at overall soil sampling depths.

Linkage Distance (1-Pearson r)

Pb

Zn

Ni

Mn

Fe

Cu

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6

Figure 6. Cluster dendogram for heavy metals by Ward’s method (pearson’s r) at overall soil sampling depths.
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