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Abstract
This study was designed to investigate heavy metals concentrations in the suburban agricultural soils with particular 
emphasis upon their risk assessment. Therefore, a total of 36 collected soil samples were investigated for heavy metals 
analysis by atomic absorption spectrophotometer. The results showed that the mean concentrations were 126.8 mg kg−1, 
83.1 mg kg−1 and 118.5 mg kg−1 for Cr, Ni, and Pb, respectively, higher than the Canadian and European Union permis-
sible limits of metals in agricultural soils; while the concentrations of Co, Cu and Zn were 34.7 mg kg−1, 21.36 mg kg−1 
and 92 mg kg−1, respectively, within permissible limits, and were higher than guideline values at some sites. However, 
enrichment factors showed a substantial anthropogenic input of the studied metals. A significant to very high enrichment 
was recorded for Pb. Moreover, the geo-accumulation index revealed that these soils were moderately polluted with Pb. 
In general, pollution load index indicated moderate pollution of soils, which was mainly caused by Pb. The correlation 
and principal component analyses revealed that traffic emissions, tanneries, municipal waste and automobiles repair 
workshops were the predominant sources of Pb, Cr, Ni and Co; whereas Cu and Zn are of geogenic origin in agricultural 
soils of Sialkot.
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1 Introduction

Unplanned urban and industrial expansion is causing an 
accumulation of heavy metals in suburban agricultural 
soils, which is a serious and growing concern in recent 
decades in Pakistan [1–3]. Such upsurges of metal con-
centrations are mainly caused by anthropogenic activities 
such as traffic emissions, use of agrochemicals, industrial/
municipal wastes and atmospheric deposition [2, 4]. The 
soil contamination with heavy metals is of special concern 
due to metal’s ability to damage the soil environment, 
which can compromise soil ecological functions. Moreo-
ver, the long-term input of heavy metals could result in 

decreased buffering capacity of soil, further aggravating 
the threats to the ecological environment [5]. These met-
als can also be detrimental for living organisms through 
bioaccumulation and inclusion in the food chain, and 
inevitably compromise human health via ingestion [4, 6]. 
Long-term consumption of contaminated food (with ele-
ments viz., Cr, Cd, Pb, and Ni) obtained from crops, which 
are grown in heavy metal contaminated soil, can cause 
accumulation of these metals in the human liver and kid-
neys, which can lead to organ malfunction [6]. In Pakistan, 
the excessive release of toxic metals from various sources 
and the general lack of environmental management have 
led to large-scale pollution of soils [2, 7].
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It is particularly significant to evaluate the potential 
ecological risk and predict the pollution trend of heavy 
metal in these soils in order to carrying out a targeted 
control or prevention measures. Soil quality monitoring 
employing different environmental quality indices for the 
assessment of metal contamination has been carried out 
globally [7–13]. For example, the enrichment factor (EF) 
and geo-accumulation index (Igeo) are utilized to evaluate 
the degree of anthropogenic influence on soil contami-
nation by heavy metals, and to differentiate the metals 
originating from human activities and those from natural 
sources [14]. These indexes of potential contamination are 
calculated by the normalization of one metal concentra-
tion in the topsoil respect to the concentration of a refer-
ence element (Iron was chosen as reference element in 
this study). Similarly, the pollution load index (PLI) was 
applied for detecting pollution which permits a compari-
son of pollution levels between sites and at different times 
[4, 15]. The PLI was obtained as a concentration factor of 
each heavy metal with respect to the background value 
in the soil. In this study, the world average concentrations 
of the metals studied reported for shale were used as the 
background for those heavy metals. The PLI is able to give 
an estimate of the metal contamination status and the 
necessary action that should be taken. The potential eco-
logical risk index (RI) evaluates the potential ecological risk 
of heavy metals. This method comprehensively considers 
the synergy, toxic level, concentration of the heavy metals 
and ecological sensitivity of heavy metals [15]. Though, 
such indices are a powerful tool for the development and 
evaluation of environmental information, which will aid 
decision makers and environmental managers. However, 
there have been limited studies on soil quality monitoring 
in suburban agricultural fields of Pakistan that are signifi-
cant sources of food but are exposed to nearby urban and 
industrial pollution. Identifying the sources of these metals 
also plays a basic role in controlling further pollution of 
agricultural lands.

Sialkot is an important industrial area of Pakistan 
housing 3229 unplanned industrial units erected within 
the city and around agricultural lands [2]. Unfortunately, 
these industries lack adequate waste disposal techniques 
and discharge their metal-enriched effluents directly into 
dug wells and water channels [7]. Irrigation of agricultural 
land by these contaminated water channels is a common 
practice in Sialkot district [3]. These contaminated agricul-
tural soils might be of great public health concern when 
used to grow crops. In many agricultural areas, the prob-
lem of metals pollution is increasing in the absence of any 
adequate preventative measures. Therefore, ecological 
indices can be very useful tools for monitoring pollution 
to provide information for mitigation of agricultural areas. 
The objectives of this study are: (1) to determine metals 

concentrations viz., Co, Cr, Cu, Ni, Pb and Zn in suburban 
agricultural soils, (2) to evaluate the potential ecological 
risk using enrichment factor, rate of accumulation, poten-
tial load index, and potential ecological risk index; and (3) 
identification of various contributing sources of toxic met-
als in these soils.

2  Materials and methods

2.1  Study area and surface soil sampling

Sialkot district is located between  32o24′–32o37′N latitude 
and  73o59′–75o02′E longitude at an elevation of 244 masl 
in northeastern Pakistan at the foothills of the Pir Punjal 
Range of Azad Kashmir (Fig. 1). Sialkot district covers an 
area of 3016 km2 and its soils are categorized into four 
groups following soil taxonomy [16], i.e., Haplustalf ’s 
(order; alfisols), Ustochrepts (order; inceptisol), Ustoflu-
vents (order; entisols), and Natrustalfs (order; alfisols) [7]. 
Periodic alluvial deposition confers the fertile nature of 
soils that in turn serves the agricultural activities in the 
area [3]. Export quality rice, wheat, sugarcane and barley 
are important crops of Sialkot. Irrigating these crops with 
stream water containing sewage waste emanated from the 
city and industries is common practice. Sometimes, during 
storms, the overflow of local streams spreads their hazard-
ous contaminants onto these agricultural lands [2]. A total 
of 36 composite (combining 3 subsamples; 1.5 kg) surface 
soil samples (depth: 3–15 cm) were collected from subur-
ban agricultural soils (Fig. 1). The sampling was conducted 
before the onset of monsoon rainfall to avoid leaching 
and washing of metals from surface soils. The collected 
samples were cleaned for any coarse foreign material, 
stored in labeled polyethylene bags and transferred to 
the laboratory.

2.2  Sample preparation and analytical procedures

Air-dried soil samples were ground and sieved with a 
2 mm pore size mesh sieve. Soil pH, electrical conduc-
tivity (EC), and total dissolved solids (TDS) were meas-
ured in a 1:9 soil/deionized water suspension using a 
portable combined meter (Milwaukee, model SM 802). 
The soil texture was determined by estimating the per-
cent sand, silt and clay in a given sample based on tex-
tural triangle using hydrometer method [17]. Organic 
matter (OM) was determined using the Walkley–Black 
wet-digestion method [18]. The heavy metals in soil 
samples were extracted by acid digestion following 
USEPA method 3051A [2]. Briefly, a 0.5 g soil sample was 
digested with a 15 mL mixture of  HNO3 (69% purity), HCl 
(28% purity) and  HClO4 (65% purity) (10 mL  HNO3 + 2 mL 
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HCl + 3 mL  HClO4) in a microwave accelerated reaction 
system (MARS,  CEM®) at 220 °C for 30 min. Thereafter, soil 
extracts were analyzed for total metal contents using fast 
sequential AAS (Varian FS-AA-240).

2.3  Quality control/quality assurance

Standard reference material (SRM) of the National Insti-
tute of Science and Technology (NIST, 2709 San Joaquin 
Soil) and an internal reference material were used for 
quality control and assurance. The chemicals, metal 
standards (1000 mg L−1) and other reagents of analyti-
cal grade were purchased from Sigma/Merck/Fluka. All 
glassware were washed with 10%  HNO3 and thereaf-
ter rinsed with deionized water. Each batch of analysis 
accompanied a reagent blank to check any cross con-
tamination during extraction. All samples and blanks 
were extracted in triplicate to exclude procedural errors. 
The relative standard deviation (RSD), ranged from 5 

to 10%. Recovery rates of selected metals were within 
90 ± 10% and detection limits were 0.02–0.05 mg kg−1.

2.4  Risk assessment and quantification of soil 
pollution

2.4.1  Enrichment factor (EF)

The enrichment factor assessed the heavy metal pollu-
tion and their probable emission sources (anthropogenic 
and/or natural) using Eq. (1)

where (Ci/CM)sample and (Ci/CM)background are the concentra-
tion ratios of target metal and reference metal (Iron) in the 
soil samples and in the background materials, respectively. 

(1)EF =

(

Ci

CM

)

sample
(

Ci

CM

)

background

Fig. 1  Study area map showing the sampling sites (green stars) for suburban agricultural soils in Sialkot
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Sutherland et al. [19] have developed five EF contamina-
tion levels (Table S1).

2.4.2  Geo‑accumulation index (Igeo)

The Igeo quantified the degree of heavy metal pollution in 
soil samples as:

where Cn is concentration of target metal in a given soil 
sample, Bn is the geochemical background concentration 
of target metal in shale [20] and factor 1.5 was used to 
account the possible variations in the background values. 
Förstner et al. [21] listed seven Igeo classes (Table S1).

2.4.3  Pollution load index (PLI)

The PLI is a multi-metal approach for an overall assessment 
of soil heavy metals contamination along with proper con-
sideration to relative metal toxicity. The PLI is calculated 
through the following formula [22]:

where CF is the contamination factor and n is the number 
of elements.

2.4.4  Potential ecological risk index (RI)

To quantify potential hazard from soil heavy metal contami-
nation, the potential ecological risk index (RI) was used. The 
RI shows the sensitivity of the study area to soil metals con-
tamination and presents potential ecological risks. The RI 
evaluates the metals contaminations and response of the 
environment as given in Eq. (4b).

(2)Igeo = Log2

(

Cn

1.5Bn

)

(3)PLI = n
√

CF1 × CF2 × CF3 ×⋯⋯⋯ × CFn

(4a)
E
i

r
=

(

Ti × fi

)

; fi =

(

Ci

Bi

)

where fi is metals contamination; Ci is measured metal con-
tent in the soil sample; Bi is background values of metals in 
uncontaminated soil; Ei

r
 is potential ecological risk factor 

of individual metals; Ti is toxic response factor suggested 
by Hakanson [23]; RI is potential ecological risk index of 
multiple metals. The risk factor for a single metal and risk 
index for multiple metals was taken from Hakanson [23] 
to assess soil metal pollution (Table S2).

2.5  Statistical analyses

Descriptive statistics, correlations, and PCA were deter-
mined using SPSS (version 20). PCA was applied to extract 
more significant variables and to eliminate the less sig-
nificant variables [2, 24]. Varimax normalized rotation 
increased the variances of factor loadings across variables. 
Varimax factors with loading values of 1 or above were 
considered [25].

3  Results and discussion

3.1  Physico‑chemical parameters of agricultural 
soils

The basic descriptive statistics for physico-chemical 
parameters in suburban agricultural soils are given in 
Table 1 (detailed information provided in Table S3). The 
soil types recorded in the study area were silt loam (39%), 
loam (36%), sandy loam (11%) and sandy clay loam (11%) 
(Fig. 2). These soils ranged narrowly in pH from 6.6 to 8.7, 
reflecting slightly saline soils. About 27.7% of soil samples 
had pH between 7 and 7.5, 44.6% of samples had pH range 

(4b)
RI =

∑

E
i

r

Table 1  Statistical summary 
of studied parameters in the 
suburban agricultural soils of 
Sialkot

a Average background values in shale calculated by Turekian and Wedepohl [20]
b Canadian soil quality guidelines for the Protection of Environmental and Human Health (CCME) [29]
c European Union soil quality guidelines [30]

Variables Min Max Mean SD ASBa CCMEb EUc

pH 6.60 8.70 7.77 0.46 – – –
TDS (ppm) 40.00 280.00 123.61 52.05 – – –
OM (%) 0.09 0.57 0.27 0.12 – – –
EC (mS/cm) 0.07 0.41 0.18 0.07 – – –
Pb (mg kg−1) 95.00 156.00 118.50 17.6 20 70 100
Cr (mg kg−1) 81.80 457.20 126.77 71.82 90 64 100
Zn (mg kg−1) 54.10 236.54 91.99 43.43 95 200 200
Ni (mg kg−1) 62.60 110.60 83.14 10.53 68 50 70
Co (mg kg−1) 23.60 46.00 34.70 6.69 19 40 50
Cu (mg kg−1) 7.50 77.50 21.36 14.37 45 63 100
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of 7.6–8, 25% had pH values above 8 and only 5.5% of soil 
samples were slightly acidic. The saline nature of the sur-
face soil can be attributed to the presence of excessive 
calcium, magnesium and potassium salts [2, 26]. Further-
more, sodium chloride might have increased soil salinity 
as it is used as animal hides preservative in tanneries and 
in later stages disposed to the water channels and soils 
[3]. OM, TDS, and EC concentrations were 0.09–0.57%, 
40–280 ppm and 0.07–0.41 mS cm−1, respectively. Such 
low concentrations of OM may be the result of intensive 
agricultural practices and rapid mineralization in these 
soils under hot and humid conditions [2, 27]. TDS are com-
prised of inorganic salts and EC is the measure of these 
salts. The concentration of TDS in soil can be of natural 
(weathering of bedrocks) and anthropogenic (salts used 
hide preservatives in tanneries) origins [3]. However, TDS 
and EC values reported in this study were not harmful for 
agricultural soils and salinity sensitive crops. Soil physico-
chemical properties play an important role in metal accu-
mulation and/or leaching in surface soils. For example, soil 
OM forms stable complexes with metals, which results in 
the accumulation of metals in given area [13, 28]. The pH is 
another important variable in the retention of heavy met-
als in soil, which allows precipitation of metals at higher 
pH and their leaching at low pH [28]. 

3.2  Heavy metal contents in suburban agricultural 
soils

Descriptive statistics of trace elements such as mini-
mum, maximum, mean and standard deviation in soils in 
Sialkot are summarized in Table 1. The elemental average 
concentrations (mg kg−1) in these soils decreased in the 
order of Cr > Pb > Zn > Ni > Co > Cu. The average concentra-
tions of Pb, Cr, Ni and Co were 5.9, 1.4, 1.2 and 1.8 times 
as high as the background values in shale [20]. Moreover, 
the mean concentrations of Pb, Cr and Ni were higher, 
whereas Zn, Co and Cu were lower than their Canadian 

and European Union maximum permissible levels for agri-
cultural soil quality (Table 1). Based on Canadian permis-
sible levels for agricultural soils, 100% of the soil samples 
were moderately or heavily polluted by Cr, Ni and Pb. In 
relative terms, Pb was the leading contributor to heavy 
metal contamination followed by Ni and Cr in the study 
area. Presence of these metals in agricultural soils could 
be attributed to anthropogenic activities [2]. In this study, 
the agricultural soils close to the roads and urban areas 
showed higher concentration of Pb and Ni indicating their 
origin from traffic related activities. Micó et al. [31] sug-
gested that atmospheric deposition of Pb could occur in 
soils near roads with considerable traffic, from solid parti-
cles and toxic fumes in the atmosphere. Similarly, Ali and 
Malik [10] also reported higher Pb and Ni contents along 
the roadside soils in Islamabad, indicating traffic input of 
these metals. Tanneries waste dumping and irrigation of 
crops with wastewater could cause various metals pol-
lution of these soils [2, 3, 7, 32]. However, in this study 
only Cr showed elevated concentration, suggesting its 
anthropogenic origin (tanneries waste). As the sampling 
was conducted before the monsoon season, the higher 
concentration of elements was due to prolonged drought 
conditions [13] and minimum leaching of these elements 
[2]. It can be concluded that anthropogenic activities may 
affect the input of Cr, Ni, Pb and Co in the study area and 
Cu and Zn may be of natural origin.

The mean values of metals were compared with the 
means of those reported elsewhere (Table 2). In this study, 
Pb, Cr, Zn, and Cu concentrations were lower, while Ni and 
Co concentrations were similar to those obtained in ear-
lier studies from Pakistan [10, 11, 33]. Higher content of 
Pb, Zn, and Cu were reported from agricultural soils of 
Bangladesh and China in comparison with our study [5, 
34]. Higher concentrations of metals in agricultural areas in 
Bangladesh and China compared with our study could be 
due to presence of coal mine and copper smelter around 
these agricultural fields. The Pb, Cr, Zn and Co concentra-
tions found in this study were higher than those reported 
from agricultural soils in Greece, whereas Ni and Cu were 
lower than those reported from Greece [1]. Sharma et al. 
[35] reported lower concentrations of Pb, Cr, Zn and Ni 
from agricultural soils in Varanasi, India compared with 
current study. Moreover, levels of Cr, Cu, Pb, and Zn were 
higher than those from Spain, Serbia and China [28, 31, 
36] (Table 2).

3.3  Correlation analysis

Organic matter (OM) showed a significantly positive cor-
relation with Zn (0.472, p ≤ 0.01) and Cu (0.392, p ≤ 0.05) 
despite the fact that the OM content was low in the study 
area (Table 3). These results were consistent with those 
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Fig. 2  Percentages of different soil types of the study area
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obtained by Dragović et al. [36] for natural surface soils of 
Zlatibor, Serbia. Cu was found preferably associated to soil 
OM and along with Zn also formed inner sphere complex 
with soil OM [36]. These relationships can be explained by 
the strong affinity of Cu and Zn to form complexes with 
OM. It is well established that soil OM plays a fundamental 
role in reducing the mobility of metals in soil by forming 
stable complexes that might explain the correlation of Cu 
and Zn with OM [13, 28].

Similarly, pH also plays an important role in the reten-
tion of heavy metals in soil, such that at high pH metals 
tend to precipitate and lower pH promotes the dissolu-
tion of metals in water and making them more easily avail-
able [28]. However, significant negative correlations of pH 
were only observed with Cu and Zn. The reason for the 
lack of significant correlation between pH and heavy met-
als might be attributed to a continuous input of metals, 

variations of pollution sources, soil type and fertilizer use 
within the sampling area [37]. Positive correlations of Cu 
and Zn were reported with EC and TDS, which could be 
due to their use in the tanneries during hide processing 
[3]. The significant correlation of Cu and Zn with many 
of the soil properties could be due to their high mobil-
ity, as, Antoniadis and Golia [27] also reported that even 
small changes in soil parameters can affect mobility of 
these metals. Soil particle size and proportion have sig-
nificant impacts on metal accumulation [38]. However, 
in this study we could not find any correlation between 
soil particles and the heavy metals, which suggested that 
soil particles might have not played any significant role in 
heavy metals deposition.

Although a significant correlation is not always 
expected to be a common source, inter-element relation-
ships could still provide interesting information on the 

Table 2  Mean concentrations 
(mg kg−1) of metals in soils of 
the world in comparison with 
Sialkot, Pakistan

NA not available

Country Soil type Number 
of samples

Pb Cr Zn Ni Co Cu References

Pakistan Agricultural 36 118.5 126.8 92 83.1 34.7 21.4 Current study
Pakistan Industrial 25 152 301.6 359.4 58.8 32.5 144.8 [11]
Pakistan Agriculture 10 217.5 475.5 907.9 78.1 0.6 229.8 [33]
Pakistan Urban 834 209.2 NA 1658 90.8 16.3 17.4 [10]
Greece Agriculture 132 19.5 83.1 74.9 146.8 21.99 74.7 [1]
India Agriculture 173 17.8 94.2 74.7 14.5 NA 32 [35]
China Agriculture  92 43.7 60.7 159 25.8 NA 105 [5]
Bangladesh Agriculture 30 433 NA 296 NA NA NA [34]
Spain Agriculture 54 22.8 26.5 52.8 20.9 NA 22.5 [31]
Serbia Natural soil 174 41.5 46.3 21.8 320 NA 8.6 [36]
China Paddy soil  27 9.7 0.7 5.80 NA NA 6 [28]

Table 3  The Pearson correlation coefficients among heavy metals and soil properties in suburban agricultural soils (n = 36)

**Correlation is significant at the 0.01 level (2-tailed)

*Correlation is significant at the 0.05 level (2-tailed)

Sand Silt Clay pH EC TDS OM Pb Cr Zn Ni Co

Silt − 0.862**
Clay 0.454** − 0.836**
pH 0.296 − 0.290 0.199
EC − 0.197 0.144 − 0.044 − 0.279
TDS − 0.208 0.138 − 0.026 − 0.284 0.998**
OM − 0.128 0.011 0.064 − 0.336* − 0.150 − 0.145
Pb − 0.114 − 0.047 0.163 − 0.049 − 0.098 − 0.096 0.118
Cr − 0.242 0.275 − 0.213 − 0.269 0.132 0.127 0.326 − 0.100
Zn − 0.351* 0.288 − 0.143 − 0.363* 0.349* 0.345* 0.472** 0.213 0.526**
Ni 0.067 − 0.249 0.350* − 0.277 0.129 0.123 0.284 0.710** 0.070 0.555**
Co 0.049 − 0.192 0.258 − 0.134 − 0.032 − 0.030 0.113 0.864** − 0.249 0.175 0.812**
Cu − 0.180 0.157 − 0.118 − 0.335* 0.449** 0.434** 0.392* 0.123 0.466** 0.854** 0.493** 0.087
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sources and pathways of the metals [37]. High positive cor-
relations were found among metals and they were catego-
rized into two groups (Table 3). Pb, Ni and Co showed very 
high positive correlation (r 0.71–0.86, p ≤ 0.01), grouped 
together indicating that these metals may have common 
emission sources. The second group comprised of Cr, Zn, 
and Cu with high positive correlation (r 0.47–0.53, p ≤ 0.01) 
may also share the same sources.

3.4  Risk assessment using pollution indexes

3.4.1  Enrichment factor (EF)

Enrichment factor (EF) provides interesting information 
about the geochemical trends and comparisons between 
areas to estimate the anthropogenic inputs of metals in 
soil [38]. With the help of EF, anthropogenic inputs of six 
metals’ concentrations were calculated in the agricul-
tural soils of Sialkot as shown in Table S5. This study illus-
trated that metals with average EF value Pb (15.33) > Co 
(4.71) > Cr (3.69) > Ni (3.16) > Zn (2.51) > Cu (1.24) were 
found in agricultural soils (Fig. 3). In this study, not even a 
single sampling site has extreme high enrichment of any 
metal as none of the metal has EF > 40. Among studied 
metals Pb showed the highest EF value and ranged from 
10.2 to 32.8 suggesting its significance regarding the very 
high enrichment in these soils. These agricultural soils 
were moderately to significantly enriched with Cr and Co, 
and moderately enriched with Ni and Zn.

The EF value fluctuates between 0.5 and 1.5 if the 
metal is of crustal origin or a result of natural weathering 
of rocks in a given area [4, 39]. However, in this investi-
gation except Cu the ranges of EFs for metals exceeded 
the limit of 1.5 suggesting that significant proportions 
of these elements were of anthropogenic origin [4, 39]. 

Thus, the presence of these metals in the study area may 
be influenced by human activities such as emissions 
from traffic, industry (especially tanneries), pesticide/
fertilizer application, and automobile repair workshops 
[2, 4, 8]. All of these activities have been observed to 
contribute toxic metals in Sialkot district [2, 3]. The EF 
values of Cu for almost all samples and Zn for more than 
half of studied samples are hovering around 1.5 indicat-
ing their natural input.

3.4.2  Geo‑accumulation index (Igeo)

Geo-accumulation index was used for the estimation of 
toxic metals accumulation and the comparison of these 
metals in pre-industrial soils with those of agricultural 
soils of Sialkot [40]. The detailed information of Igeo for the 
metals at different sampling sites is provided in Table S5. 
The Igeo is not readily comparable to the other indexes of 
metal enrichment due to the nature of the Igeo calculation, 
which involves a log function, and a background multi-
plication of 1.5 [16]. This was the reason of clearly differ-
ent results of Igeo from EF of the studied metals in soils. 
These metals were classified into their respective groups 
based on Igeo index computed for the agricultural soils of 
Sialkot (Fig. 4). Figure 4 illustrates that Pb have mean Igeo> 
1, while all other metals have mean Igeo < 1. The Igeo values 
for Pb ranged from 1.66 to 2.38 with an average value of 
1.97 and represented moderately polluted soils. However, 
detailed analysis showed that 53% sites were moderately 
polluted and 47% were moderately to strongly polluted 
with Pb. Soils were unpolluted to moderately polluted 
with Co based on the geo-accumulation index. The geo-
accumulation calculation elucidated that agricultural soils 
were unpolluted with Cr, Cu Ni, and Zn.

Fig. 3  Enrichment factor (EF) 
for heavy metals in the subur-
ban agricultural soils, Sialkot 
and EF value (1.5) for natural 
inputs (red dotted line)
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3.4.3  Pollution load index (PLI)

The pollution load, as determined by the PLI, was vari-
able over the investigated area. These PLI values showed 
the pollution load at each sampling site and are sum-
marized in Table S5. The PLI values ranged from 0.92 to 
2.33 with an average value of 1.38 (Table 4). The mean 
PLI was similar to the mean PLI reported for Korang river 
sediments from Pakistan [13] and in agricultural soils of 
Bangladesh [34]. Only two sites showed PLI values > 2 
and were assigned class  C2, which characterized these 
sites heavily polluted. The remaining 34 sites had PLI val-
ues (0.92–1.89) < 2 (class  C1) and were considered mod-
erately polluted. These PLI values revealed pollution in 
the study area is related to anthropogenic activities [13]. 
The highest PLI (2.33) was reported from a site near an 
industrial area and was also characterized by heavy traf-
fic. Those sites with low PLI values were mostly situated 
in the outskirts of the city and comparatively far from 
roads and industrial units. The distribution of these PLI 
classes revealed that the agricultural soils in Sialkot are 
under the risk of metal pollution.

3.4.4  Potential ecological risk index (RI)

RI represents the sensitivity of the biological community 
to toxic substances and illustrates the potential ecological 
risk caused by the overall contamination of metals [12]. 
This study computed the risk factor ( Ei

r
 ) for four toxic met-

als and RI was the sum of Ei
r
 of these metals (Table 4). In 

this study Pb has the highest average Ei
r
 value (29.72). The 

Ei
r
 values for Cr, Zn and Cu were 2.82, 0.97 and 2.37, respec-

tively. The Ei
r
 values of all these metals were < 40, which 

revealed low potential risk to soils by individual metals. 
The observed Ei

r
 for Pb, Cr, Zn and Cu were higher than 

those reported from a waste dumping site [9] and lower 
than those reported from an industrial area [11] in Paki-
stan. The potential ecological RI for the agricultural soils 
in the study area indicated low potential ecological risk. 
The total potential ecological risk was mainly caused by 
Pb, which contributed 63–90% of the total risk. The mean 
RI in this study was 12–18 folds lower than those reported 
from waste dumping and industrial sites from Pakistan 
(Table 4). This huge difference in RI values resulted from 
cadmium that has high toxic factors and cause the higher 
RI values [5]. Based on the estimates of the Ei

r
 and RI, it 

was concluded that the investigated soils had low metals 
contamination and the biological community of these soils 
are facing low potential ecological risk. Although there is 
low ecological risk, a more careful analysis is necessary 
for metals, especially with highly toxic factors (cadmium), 
when estimating their ecological risks in terms of the back-
ground values. Non-degradable metals may accumulate 
over a period of time and can pose a threat to humans 
on consumption of metals-enriched food. Therefore, it 
is recommended that care must be taken to not irrigate 
agricultural soils with wastewater and also control metals 
release in natural environments.

3.5  Metals source identification using PCA

The PCA was applied to find the possible emission sources 
of studied metals in the agricultural soils. Three principal 
components (PCs) with eigen values > 1 explaining a total 

0.001

0.01

0.1

1

10

Co Cr Cu Ni Pb Zn

I g
eo

 v
al

ue
s

Heavy metals

Fig. 4  Geo-accumulation index (Igeo) for heavy metals in the subur-
ban agricultural soils

Table 4  Potential ecological 
risk (Ei), risk index (RI) and 
pollution load index (PLI) of 
metals in suburban agricultural 
soils of Sialkot and comparison 
with other studies

NA not available

Statistics Pb Cr Zn Cu RI PLI References

Min 23.8 1.8 0.6 0.8 27.55 0.92 Present study
Max 39.0 10.2 2.5 8.6 47.92 2.33
Mean 29.72 2.82 0.97 2.37 35.78 1.38
Mean 0.64 0.03 0.47 2.81 432.49 0.20 [9]
Mean 112.8 377 10.66 76.2 644.66 21.83 [11]
Mean NA NA NA NA NA 2.05 [13]
Mean NA NA NA NA NA 2.87 [34]
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of 87% variance in the data were extracted (Table 5). PC1 
explaining 35% of the total variance was positively loaded 
on Pb, Ni and Co. These metals may share the same emis-
sion source in the study area and are considered as com-
mon pollutants of urban areas [2, 4, 12]. The concentra-
tions of these metals were higher than their earth’s crust 
values in soil, therefore it could be concluded that they 
were anthropogenic in origin. Comparatively higher con-
centrations of Pb, Co and Ni in agricultural fields along 
roadsides, low-lying areas and in close vicinity of the city 
could be related with anthropogenic input of these met-
als. Similar results in association to our results were also 
observed in earlier studies [2, 10, 12, 41] depicting that 
Pb from automobiles and atmospheric deposition and 
Ni from automobile and Ni–Cd battery repair workshops 
caused the upsurge of these metals in agricultural surface 
soils. Pb is a well-known traffic related pollutant and Ni 
could also be related with automobile use [41]. Automo-
bile and nickel-cadmium battery repair shops are signifi-
cant sources of Ni pollution in the natural environment 
[10]. Qadir et al. [3] reported high levels of Ni from the tan-
neries effluents, which suggested that tannery industries 
could be another potential source of Ni.

PC2 with positive significant loading of Cr, Zn, Cu, and 
OM explained 29.1% of total variance. All soil samples 
were enriched with Cr indicating its substantial anthro-
pogenic input. The soil samples collected near the tanner-
ies or from those agricultural fields irrigated with sewage 
water were highly enriched with Cr. In Sialkot, tanneries 
and other industries dispose of waste water containing Cr 
openly into the water channels [2, 3, 32]. Higher content 
of Zn was observed in samples collected near tanneries, 
which may be related with tanneries. However, most of the 

samples have lower content of Zn, depicting its natural 
origin in the study area. The concentration of Cu was quite 
low and did not vary greatly in the study area. This uniform 
distribution may be indicating that Cu is of geogenic ori-
gin. High loading of OM on PC2 also justified the input 
of industry and municipal related pollutants. Leather pro-
cessing results in an addition of hairs, skin, epithelial cells 
and pieces of meat in streams that, on degradation, serve 
as OM; and municipal and house waste is another source 
of OM. Hence, tanneries and municipal waste could be the 
possible sources of Cr and in some areas of Zn. However, 
Cu and Zn are of geogenic origin as well, which shows that 
PC2 is the mixture of anthropogenic and natural sources. 
PC3 explaining 22.9% variation in the data is positively 
loaded by TDS and EC, which means that the value of EC 
increases along with TDS concentration. As discussed ear-
lier, natural weathering and anthropogenic activities are 
adding salts to the soil in the study area. The results of 
multivariate analysis are consistent with those obtained 
by correlation analysis of heavy metal contents and soil 
physico-chemical characteristics. The PCA showed the 
attribution of the metals in two factors: the first one con-
tained metals interpreted as related to traffic, automobiles 
batteries and atmospheric deposition. The second factor 
discriminated the tanneries, sewage waste and natural 
origin metals.

4  Conclusions

This study highlighted the significance of the high con-
centrations of Pb, Cr and Ni that exceeded the CCME and 
EU maximum permissible levels of metals for agricultural 
soils and are therefore potential threats for the environ-
ment. The enrichment of these metals resulted in moder-
ate to high contamination of suburban agricultural surface 
soils. This study revealed that Pb contributed to high soil 
enrichment and caused significant to very high pollution 
of these soils. Pollution load index indicated moderate pol-
lution of soils, which was mainly caused by Pb. However, 
there was low potential ecological risk caused by studied 
metals. Anthropogenic sources were major contributors in 
polluting the agricultural soils with metals. The PCA results 
visualized that the Pb, Cr, Ni and Co in the study area have 
their origin mostly from traffic, tanneries and municipal 
waste. However, Cu and Zn are of geogenic origin. The 
results of this study emphasized the need to restrict grow-
ing consumable food items on such contaminated lands 
with associated toxic metals. It is necessary to immediately 
regulate or even stop industrial waste disposal into agri-
cultural soils and water systems, and refrain from using 
wastewater for agricultural purposes.

Table 5  Principal component loadings of studied parameters in 
suburban agricultural soils (n = 36)

Boldfaced values shows loadings higher than 0.7

Variables PC1 PC2 PC3

Pb 0.92 0.04 − 0.10
Cr − 0.25 0.72 0.016
Zn 0.22 0.84 0.26
Ni 0.82 0.40 0.09
Co 0.96 0.01 − 0.02
Cu 0.16 0.78 0.38
pH − 0.07 − 0.52 − 0.22
TDS − 0.02 0.14 0.97
OM 0.06 0.74 − 0.34
EC − 0.02 0.15 0.97
Eigen value 3.1 2.6 2
% total variance 35 29.1 22.9
% cumulative variance 35 64.1 87
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