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Abstract Tanning industry has been identified as a
significant source of heavy metals; however, heavy
metals contamination in farmland soil due to smallscale tanning activities remains unstudied. Here,
samples from topsoil, profile soil, water and sediments
in the vicinity of a small-scale tanning area in
Nanning, Guangxi Zhuang Autonomous Region,
southern China, were collected to explore the contamination characteristics and source apportionment
of Cd, Cr, Hg, As, Cu, Pb, Ni and Zn. The results show
that the farmland soil was mainly contaminated by Cr
and its content was 33.40–3830.00 mg kg-1. The
highest level of Cr, Cd and Hg was above their
thresholds, while the average contents of Cd, Cr, Pb
and Hg exceeded the corresponding background
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levels. Moreover, enrichment of Cr in soil profiles
and stream sediments were also observed, whose
concentrations varied from 11.50 to 2590.00 mg kg-1
and 738.00 to 11,200.00 mg kg-1, respectively. Concentrations of Cr in top soils and soil profiles from
farmland surrounding the stream were significantly
higher than those from other areas, and the soils
surrounding the stream were moderately to heavily
polluted. The multivariate statistical analysis indicated that the heavy metals originated from traffic (Cu,
Ni, Zn, Hg, and Pb), agriculture (Cr and Cd) and nature
(As). Source apportionment with PMF model results
showed that the relative contribution rates of heavy
metals by traffic, tanning, agriculture, other industrial
activities and natural sources were 16.00%, 18.88%,
20.88%, 22.04% and 22.20%, respectively. These
findings indicate that small-scale tanning activities
could also lead to heavy metal accumulation in the
surrounding environment, which requires decisionX. Jin (&)  H. Wu (&)
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makers to pay more attention and to develop effective
remediation procedures.
Keywords Small-scale tanning activities 
Chromium  Heavy metal pollution  Farmland 
Statistical and spatial analysis

Introduction
The leather and its products represent an important
regional economic pillar in many developing countries
(Alemu et al. 2017). However, tannery operations
associated with chromium and other chemicals have
been a serious environmental problem (Kumar et al.
2019). For example, the concentration of Cr in the
tanning wastewater is between 2000 and 5000 mg/L,
which is much higher than the allowable limit for
wastewater discharge (Sharma and Goyal 2009).
Unfortunately, improper treatment and uncontrolled
discharge of tanning wastewater could lead to severe
contamination in the vicinity of tanneries areas
(Ahmed et al. 2016; Mondol et al. 2017). Dotaniya
et al. (2017a) reported that farmland soil around the
leather industry zone in Kanpur, India was highly
contaminated by heavy metals. In the Hazaribagh area
of Bangladesh, although some tanneries have been
relocated, the development and utilization of historical
sites were restricted by heavy metal contamination
(Alam et al. 2020).
The high toxicity and bioaccumulation of heavy
metals may cause a potential threat to the surrounding
creatures and human health, particularly in developing
and industrialized countries (Amaral et al. 2018;
Andleeb et al. 2018; Lee et al. 2006). For instance, the
accumulation of heavy metals may change the physical and chemical properties of soil and even enter the
human body through food chain (Dotaniya et al.
2017b; McBride et al. 1997). The symptoms of Cr
toxicity in plants include impaired photosynthesis,
inhibition of enzyme activity, reduced germination
and inhibition of plant growth (Dotaniya et al. 2014).
Cr(VI) is carcinogenic and capable of causing severe
stimulation to live cells by inhalation (Ma et al. 2003;
Saxena et al. 2017). The barren soil in Kasur, Pakistan
was closely related to the excessive load of Na and Cr
in tannery wastewater discharged to the soil (Bareen
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and Tahira 2011). Moreover, the Cr in the blood, urine
and hair were detected in the employees of leather
industry (Hasan et al. 2019; Junaid et al. 2017). In
addition, the surface water and groundwater are
extensively contaminated by heavy metals through a
long-term soil percolation (Alam et al. 2020). Sadeghi
et al. (2020) reported that the arsenic content in wells
around the Moghan tannery in Ardabil, Iran exceeded
the maximum permissible level.
Leather tanneries are still in operation in smallscale tanning areas in some less developed regions,
such as Pakistan, India and China (Ahmed et al. 2016;
Chen et al. 2012; Mondol et al. 2017). A large amount
of tannery wastes containing chromium and other
chemicals would be generated during the liming and
tanning processes in leather industry. These wastes
represent the largest environmental impact in the
tanning process, because the wastewater treatment
facilities are usually limited or non-existent (Saxena
et al. 2017; Zhang et al. 2016). Additionally, the
abandoned tanning sites could further serve as pollution sources due to the non-degradability of heavy
metals in soil, even after suspension of the tanning
operations (Alam et al. 2020). Over the past two
decades, although it has been well documented that
large-scale tanning operations can lead to pollution
and ecological risks (Alam et al. 2020; Junaid et al.
2017; Ma et al. 2003; Paul et al. 2015; Sadeghi et al.
2020; Tariq et al. 2005), there is evidently no report
concerning contamination of heavy metals for smallscale tanning activities. Hence, urgent measures are
required for the mitigation of environmental impact,
the restoration of ecosystem health and the security of
agricultural production. With regard to those, it is
particularly pivotal to investigate the farmland heavy
metal pollution around the historical small-scale
tanning area and identify the sources of pollution.
Approaches to analyze the sources of pollution
include source identification in terms of qualitative
analysis, and source apportionment in terms of
quantitative analysis (Chen and Lu 2018; Yang et al.
2011). Multivariate statistical analysis methods such
as cluster analysis (CA), principal component analysis(PCA), geostatistical analysis and correlation analysis have been widely used in the identification of
pollution sources (Afzal et al. 2014; Majeed et al.
2018; Shafiq et al. 2017). Nevertheless, source identification methods are incapable of quantifying the
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contribution of each source. The positive matrix
factorization (PMF) adopted by the US Environmental
Protection Agency has been frequently used in the
quantitation of pollution sources (Deng et al. 2019;
Guan et al. 2018).
In Guangxi, there was a small-scale tanning area,
which began in the 1990s. Tanneries were previously
scattered in villages or farmlands, and some were even
operating in the form of family workshop. Due to the
lack of environmental protection facilities, most of
sewage generated during the tanning process was
discharged without treatment. Although the polluting
tanning enterprises have been closed or moved out
from the study area since 2012, the impact of
abandoned tanning sites on the surrounding environment remains unclear. Consequently, this work aims at
(i) evaluating the contamination characteristics and
potential threats of heavy metals in farmland from the
vicinity of a small-scale tanning area; (ii) revealing the
spatial variation characteristics of heavy metal content
in the topsoil and profile soil; (iii) identifying the
sources of heavy metals in the surface soil through
multivariate statistical analysis and the PMF model.

Materials and methods
Study area
The study area is located peri-urban of Nanning City
(22° 540 *23° 370 N, 108° 320 *109° 150 E), Guangxi
Province, China, with a total land area of 102 hm2
(Fig. 1). Climate in this region is a typical subtropical
monsoon, with mean annual temperature and precipitation amount of 20.8 °C and 1589.2 mm, respectively. The soil type is lateritic paddy soil. Many small
tanneries emerged in the 1990s, scattering near the
farmland in the southern part of study area. A stream
flows successively through the tanning and study area
and finally flows out from the farmland between
villages D and E, as illustrated in Fig. 1. The most
distinctive feature of agriculture here is the irrigation
with sewage, which may result in heavy metal
contamination of the soils. Other industrial activities
including smelting, electro-plating materials, chemical and medical industries, as well as sewage treatment
plants sequentially came into running, which may
exacerbate the accumulation of heavy metals in soils.

Sample collections
Samples of surface water, sediment and farmland soils
(including topsoil and profile soil) were collected in
June 2017 (Fig. 1). Firstly, a 50 9 50 m grid for
topsoil (0–20 cm) sampling was established. Five subsamples were collected from the five directions of each
grid. Then five sub-samples from each grid were
mixed thoroughly to form a composite sample
(MEPRC 2004). A total of 348 topsoil samples were
collected. Subsequently, based on the flow direction of
the sewage, three profile soil points were excavated
(P1, P2 and P4). Besides, a profile soil sample (P3) was
located in the far away from the stream. For each
vertical profile, samples were collected with a depth
interval of 20 cm in the range of 10–110 cm depth.
Thereafter, samples of water (n = 7) and sediment
(n = 7) were collected from the stream specified above
(S1 * S7).
Sample analysis
All the soil and sediment samples were air-dried and
then ground to pass through 0.149 mm sieve for
concentration analysis after removing the stones,
coarse material and plant tissues (MEPRC 2004). Soil
pH was measured by a pH meter (Met-tler Toledo
FE28). The soil and sediment samples were digested
using the method of HNO3–HF by a microwave
heating program (CEM MARS6, USA) (USEPA
1996). The concentrations of dissolved metals in the
digestion liquids and water samples were determined
by inductively coupled plasma mass spectroscopy
(ICP-MS) (Thermo Fisher iCAP Q, Thermo Fisher
Scientific Co., Ltd., USA) following the US Environmental Protection Agency (USEPA) methods
(USEPA 2007).
Quality assurance and quality control
All reagents used in the experiment were of guaranteed reagent (GR) grade. The glassware and plastic
utensils were soaked in diluted nitric acid (1:1) for
24 h. In order to ensure the accuracy of the analysis,
the blank and replicate samples were prepared and
adopted throughout the experiment. The national
standard materials (GSS1 and GBW07304a) were
referenced to ensure and control the accuracy of the
measurement method. The spiking recoveries of eight
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Fig. 1 Location of the study area and sampling sites

metals in the reference materials were in the range of
90.9 to 116%. The relative deviation of the replicate
samples was \ 10.3% for all batch of treatments
(Table S1).
Research methods
(1)

rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
C2
Cn
n C1

  
PLI ¼
B1 B2
Bn

Nemerow index

The Nemerow synthetical pollution index (Pn) has
been frequently applied to investigate the comprehensive pollution level of various pollutants and can be
calculated by following formulas (Cheng et al. 2007):
Ci
Si
rﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
P2iave þ P2imax
Pn ¼
2

Pi ¼

ð1Þ

ð2Þ

where Ci is the concentration of pollutant i (mg kg-1)
in the topsoil samples; Si refers to the risk screening
values for the soil pollution control standard of China
(MEPRC 2018); Pi is the single pollution index of
each heavy metal; Pimax is the maximum level of
single pollution index (Pi); and Piave is the average of
each individual pollution index. The level of contamination is listed in Table S2.
(2)

Geo-accumulation index
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Geoaccumulation index Igeo is frequently used to
assess the impact of human activity, which can be
obtained by the following equations (Sekabira et al.
2010; Shi et al. 2014).


Ci
Igeo ¼ log2
ð3Þ
1:5Bi
ð4Þ

where Ci is the concentration of heavy metal i; PLI
refers to the pollution load index of all selected metals;
and Bi is the background level of each heavy metal
(Wei et al. 1991). These values are 0.10, 61.00, 0.06,
11.20, 22.60, 23.80, 26.90 and 74.20 mg kg-1 for Cd,
Cr, Hg, As, Cu, Pb, Ni and Zn, respectively. The
values of Igeo and PLI are listed in Table S3.
(3) PMF analysis
Positive matrix factorization (PMF) is an improved
factor analysis receptor model proposed by Paatero
and Tapper (1994). When applying the PMF model, no
source configuration file is needed, but each individual
data point needs to be processed with weights to obtain
an appropriate magnitude of uncertainty (Chen and Lu
2018). The uncertainty magnitude corresponding to
the receptor data in this study is obtained by the
following equations:
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5
For c  MDL; Unc ¼ MDL
6
qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
For c  MDL; Unc ¼ ðg  cÞ2 þ MDL2

ð5Þ
ð6Þ

where g is the relative standard deviation; MDL is the
method detection limit; and c is the content of heavy
metal (Guan et al. 2018; Men et al. 2018).
The spatial distribution of the super-standard pollutants in the topsoil samples was accomplished in
ArcGIS 10.2. The pollution sources were identified in
SPSS 22 software by multivariate statistical method.
Determination of factors is a key step in controlling the
final contribution and composition of sources during
the application of PMF model. Based on the results of
multivariate statistical analysis, PMF software (Ver.
5.0, USEPA) was applied to quantify the sources of
elements.

Results and discussion
Statistical analysis of heavy metals in the surface
soil of farmland
Table 1 depicts the statistical characteristics of the
heavy metal contents and pH in top soil samples. All
soil samples were acidic and the pH range was
4.28–6.66. The mean values of Cr, Cd, Pb and Hg
concentration were higher than the background values
for the soil in Guangxi, whereas those of Ni, As, Cu
and Zn were marginally lower than the background
values. Mean concentrations of Ni, Pb, Cu and Zn
were also considerably below those measured in the
tannery-affected soils (Chen et al. 2012; Paul et al.
2015). Additionally, the average concentrations of Cr,
Cd and Hg in surface soil were at least twice as high in
the corresponding background values, indicating that
the accumulation of heavy metals may be influenced
by anthropogenic activities (Sun et al. 2018). Particularly, their maximum concentrations could be as high
as 3830.00, 0.42 and 0.72 mg kg-1, respectively.
Afzal et al. (2014) reported a mean Cr concentration of
2443.00 with a range from 1970.00 to 2980.00
mg kg-1 soil in the Kasur region in Pakistan, while
a concentration of 562.00 mg kg-1 soil was identified
in the agricultural soil around a tannery in Hazaribagh,
Bangladesh (Rahaman et al. 2016).

However, the determination of Cd was far below
those reported in tannery-affected soils from Sialkot
district, Pakistan (Ali et al. 2015). The Cd concentration in the vicinity of tannery sites in Iran and
Bangladesh was found at 0.0012–0.025 mg kg-1 and
0.06–0.16 mg kg-1, respectively (Alam et al. 2020;
Sadeghi et al. 2020). Soil heavy metals from natural
sources may be associated with mineral weathering
processes. Nevertheless, anthropogenic activities such
as industry, agriculture and traffic contribute significantly to the accumulation of heavy metals in soil
(Cho et al. 2019). Based on the Chinese soil quality
standard grade at different pH values (MEPRC 2018),
15.20%, 4.90% and 0.30% of the soil samples
exceeded the corresponding thresholds of Cr, Cd and
Hg, respectively. The pollution of Cd was occurred in
acidic soil (pH B 5.5), while up to 64.60% of the
neutral-acidic (6.5 \ pH B 7.5) soil samples
exceeded the quality standard value for Cr. Dotaniya
et al. (2017a) reported that the accumulation of Cr in
the tannery sewage-irrigated soil was correlated to pH.
In addition, long-term usage of tannery sludge as soil
amendments and fertilizers by local farmers could lead
to an increase in soil pH (Rani et al. 2017).
Significant standard deviation and high CV percentage were observed in Cr, suggesting considerable
variability in the Cr contents, and inhomogeneity in
the spatial distribution of Cr (Qing et al. 2015). The
low CV values of other seven heavy metals indicated
that they were less affected by external disturbances.
Except for Pb, the skewness and kurtosis values of the
investigated elements were greater than 0, demonstrating steeper feature of distributions compared with
normal distribution. These results indicated that
farmland soil was naturally enriched with heavy
metals, while the tanning activities further exacerbated the accumulation of Cr, Cd and Hg. It was found
that the accumulation of heavy metals in soil and
groundwater resources were exceeding the allowable
limit by long-term irrigation with tannery effluent in
Southeast Asia (Afzal et al. 2014; Dotaniya et al.
2017a; Tariq et al. 2005). Considering the hazards of
heavy metals, the impact on the surrounding farmland
soil cannot be ignored in small-scale tanning
activities.
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Table 1 Statistical analysis of heavy metals in surface soil/mg kg-1 (n = 348)
Element

Cd

Cr

Hg

Mean

0.22

226.28

Max

0.42

3830.00

Min
SD

0.11
0.06

33.40
465.15

CV (%)

27.27

205.56

Skewness

0.76

3.84

As

0.20

Cu

Pb

Ni

Zn

pH

9.30

18.40

41.14

13.88

61.56

24.80

35.30

53.10

25.60

126.00

6.66

0.06
0.09

5.10
2.76

9.60
4.67

24.90
5.98

8.57
3.21

31.40
18.01

4.28
0.69

45.00

29.68

25.38

14.54

23.13

29.26

13

1.34

1.76

0.97

-0.42

1.22

0.10

–

0.72.00

5.10

Kurtosis

0.50

17.35

3.92

4.76

0.84

-0.44

1.51

0.89

–

Background valuesa

0.10

61.00

0.06

11.20

22.60

23.83

26.90

74.20

–

b

pH B 5.5 /Eceed
(%)

c

0.3
(7.0%)

250 (0.0%)

0.5
(0.0%)

30 (0.0%)

50 (0.0%)

80 (0.0%)

60 (0.0%)

200 (0.0%)

–

5.5 \ pH B 6.5/
Eceed (%)

0.4
(0.0%)

250 (0.0%)

0.5
(0.0%)

30 (0.0%)

50 (0.0%)

100 (0.0%)

70 (0.0%)

200 (0.0%)

–

6.5 \ pH B 7.5/
Eceed (%)

0.6
(0.0%)

300 (64.6%)

0.6
(1.2%)

25 (0.0%)

100 (0.0%)

140 (0.0%)

100 (0.0%)

250 (0.0%)

a

Background values from Wei et al (1991)

b

Soil pollution risk control standard of China (MEPRC 2018)

c

Proportion of samples with heavy metal concentrations exceeding the standard value

Contamination characteristics of heavy metals
Mean Pi of selected elements in Fig. 2a showed in
order of Cr (0.78) [ Cd (0.63) [ Pb (0.45) [ Hg
(0.37) [ As (0.32) [ Cu (0.31) [ Zn (0.293) [ Ni
(0.20). The surface soil can be classified as unpolluted
to moderately polluted on the basis of the Pi values of
heavy metals. The highest Pi values of Cr, Cd and Hg
were 12.77, 1.27, 1.21, respectively, indicating a
moderate to extreme pollution. The contamination
contributed by these chemicals had disrupted the soil

equilibrium. All the heavy metals in the soil samples
can be categorized as warning (Pn = 0.87) level
according to the Nemerow index. However, based on
the range of Nemerow index (Pn = 0.30–9.13), the
investigated surface soil can be identified as safety to
seriously polluted, and approximate 5% of the sampling sites were seriously polluted.
To quantitatively evaluate pollution status, geoaccumulation index (Igeo) was determined by comparing
recent and preindustrial concentrations, and the results
are presented in Fig. 2b. The average Igeo values

Fig. 2 Box-plots of the Nemerow index (Pn) (a) and geoaccumulation index Igeo (b) values for heavy metals in surface soil
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showed in order of Hg (0.98) [ Cd (0.56) [ Pb
(0.19) [ Cr, As, Ni, Zn and Cu. The results obtained
from Igeo were therefore distinctly different from
Nemerow index. The latter methods are, however,
more suitable for evaluating the metal enrichment in
tannery-affected soil. In fact, the toxicity of Cd and Hg
in soil is relatively high, which requires more intensive
metigation interventions than pollutions caused by
other heavy metals (Deng et al. 2019; Xiao et al.
2019). Among the trace metals, Cd was of particular
interest as its concentration (0.11–0.42 mg/kg) in
4.9% soils was above the risk screening values (RSVs)
in farmland soils (0.30–0.60 mg/kg) (Table 1). In such
soils, higher accumulation of Cd in the edible part of
the crop is expected, which can harm the production
quality due to its high mobility (Xiao et al. 2019).
However, over 22% of soil samples were moderately
([ 1) up to extremely ([ 5) contaminated by Cr. The
mean value of pollution load index (PLI) was 1.24,
indicating a moderately pollution level. Classification
of pollution levels on the basis of Nemerow index and
pollution load index consider only the total metal
content, irrespective of the toxicities of individual
metal. However, soils can be contaminated to a variety
of degrees by heavy metals, and the associated
ecological risks are varying. Cr(III) has relatively
low toxicity and mobility and is considered to be a
necessary element for the normal operation of organisms (Kotaś and Stasicka 2000; Kumar et al. 2019).
Cr(III) represents the main species in tannery-affected
soils in other regions (Shi et al. 2016). In addition,
minerals may have provided sufficient protection that
the main Cr(III) species are biologically inert to redox
process in soil (Johnston and Chrysochoou 2015).
Nonetheless, increased metal concentrations in the
agricultural sector may adversely affect nutrient
conversion in soil and deterioration of soil health
(Dotaniya et al. 2017b). In short, the risks posed by
heavy metals in farmland soil of some sampling sites
within the study area were high and this was largely
associated with the Cr contamination. The heavy
metals contamination of the soils in the vicinity of
small-scale tanning areas should be strictly monitored.
Therefore, it is essential to identify ‘‘hot spot’’ regions
with high concentration of heavy metals and to
identify the potential sources via spatial interpolations
of heavy metal concentrations.

Spatial distribution of heavy metals in surface soil
The spatial distribution of heavy metals with higher
contents than the risk screening value (Cr, Cd, Hg) was
approximately consistent with increased concentrations in the eastern area (Fig. 3). Higher concentrations of Cr were distributed in the southeast and
northeast of the study area. The spatial distribution of
Cd showed a similar trend. The level of Hg pollution
was low, which may suggest that Hg had different
origins. According to the Nemerow index, heavily
polluted areas were mainly distributed in parts of the
southeast, while moderately polluted areas were
located in the northeast of the study area. It was found
that the concentration of Cr was highest in the near
field of stream. These results clearly indicated that the
areas with moderate or severe pollution levels were
mainly located near the stream, which may be closely
related to the emission of chromium-containing effluent and sludge from the tanneries.
Differences in the distribution of Cr and Cd in some
areas can be observed. Differently, soil enrichment in
Cd and Hg that exceed the risk screening values may
originate from industrial activities other than leather
processing. For instance, the contents of Cd, Cu, Ni,
Pb and Zn were very low in the sludge of tanneries in
Malaysia (Haroun et al. 2007). Soils in the west of
stream were either slightly polluted or non-polluted
according to the corresponding Nemerow indices.
Thus, tannery activities may not be the dominant
sources of these metals. The tannery activities are
significant contributor of chromium in the surrounding
environment, and discharges from other industrial
activities may also contain heavy metals.
The surrounding farmland may be contaminated by
tanning activities through various channels, including
spillage of chemicals from raw materials, particulate
dust, dumping of tannery sludge and generation of
large amounts of tannery effluent (Mondol et al. 2017).
Factually, only 60% of the chromium salt is fully
utilized during the tanning process, and the remaining
chromium may enter the tanning effluent (Fahim et al.
2006). In addition, the tannery sludge, produced
during the treatment of tannery wastewater, may be
used directly by local farmers as land fertilizer
(Lofrano et al. 2013). Unfortunately, organic compounds and chemicals may enter the soil and groundwater when being transferred from wastewater to
sludge (Dotaniya et al. 2017b). Table S4 summarizes
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Fig. 3 Spatial distribution of concentrations of Cr, Cd, Hg and Nemerow index in surface soil in farmland from the vicinity of a smallscale tanning area

the water quality of the stream flowing through the
study area. The content of total Cd, Cr(VI), Hg, Cu,
As, Se, Zn and Pb were within the standard value for
irrigation water quality (MEPRC 2005). As a matter of
fact, tanneries have been closed or moved out from the
study area since 2012, as such, heavy metal pollution
due to effluent discharge may not occur since that
time. However, the mean Cr concentration in the
sediment was as high as 4921.1 mg kg-1 (Table S5).
This may indicate that the contamination of farmland
soil was associated with accumulation of heavy metals
in sediments, which is consistent with previous studies
suggesting that most of the Cr in the stream originates
from tanning sites (Cruz et al. 2019). There were 208
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units of a 30-year-old tannery in the study area, whose
solid waste and wastewater were discharged without
treatment. As the tanning sludge are scattered on the
upstream, leaching of chromium from the sludge may
enter the river sediment and surrounding farmland
when the sludge storage site lacks the effective
protective measures. Thus, the impacted zone may
be significantly enlarged.
Contamination of heavy metals in farmland soil
profiles
Figure 4 shows the distribution characteristics of
heavy metals in the four different soil profiles. The
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Fig. 4 Profile distribution of heavy metals in farmland soil (P4
was the aquifer below 80 cm), background value according to
the local soil parent material (Wei et al. 1991), the Level I and II

values are based on the soil contamination of agricultural land in
China soil environmental quality (MEPRC 2018)

concentration of Cr was much higher than the
background and risk intervention values (Level II) in
each depth interval, which was obviously different
from the performance of other heavy metals. The
contents of Cu, Hg, Ni, Pb, Zn and As showed a
limited change below the standard thresholds.
Although the contents of Cd at P1, P3 and P4 soil
profiles were within the corresponding risk screening
value (0.30 mg kg-1 Level I), Cd was enriched in the
top 30 cm of the profiles. Only between the 0 and
30 cm of the top soil samples from P1and P3 profiles,
slight enrichments of Cr (up to approximately
136 mg kg-1) can be detected. In contrast, P2 and
P4 profiles displayed substantially higher Cr concentrations up to 2590 mg kg-1 (P2 0–30 cm depth). In
addition, the contents of Cd at the top 30 cm of P2
profile were slightly above the risk screening value
(Level I). The reason may be that P2 and P4 profiles
are located on each side of stream, indicating that the
tanning activities have an important influence on the
migration of Cr in the surrounding soil. The spatial

distribution showed that Cd and Cr in the study area
were densely enriched in the topsoil (Fig. 3). The
vertical distribution of chromium in soil is generally
high in the surface layer and less in the bottom layer of
soil (Ertani et al. 2017), because the external
chromium that enters the soil is predominantly in the
arable layer and rarely penetrates downward (Choppala et al. 2013). Cr is retained in the top soil for a few
years after utilization of polluted sludge on farmland;
however, Cr may translocate to a depth of 60 cm in
over 15 years (Ma et al. 2003).
Hence, the high enrichment of Cr was observed at
P2 and P4 soil profiles in the vicinity of stream, with
values well above the corresponding thresholds.
Moreover, distinct depth trends in the Cr contamination may be strengthened by the continuous agricultural influence. In contrast to Cu, Hg, Ni, Pb, Zn and
As, depth trend for Cd was somewhat different,
suggesting a causal relationship between Cd and other
metals due to their different origins. Difference in
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sources, other than tannery effluent and sludge, may
play a role in the vertical distribution of heavy metals.
Source analysis of soil heavy metals in the study
area
Multivariate statistical analysis was applied initially to
identify the sources of heavy metals in the surface soil,
and then the individual contribution rate of each
source was determined by the PMF model. Pearson’s
correlation coefficients of eight heavy metals are listed
in Table S6. Cd and Zn, Cr and Ni, Cr and Zn, Pb and
Zn, Pb and Ni, Ni and Zn, Ni and Hg (P \ 0.01)
displayed a significant positive correlation. Pb, Ni, Zn
and Hg were closely related to Cu (P \ 0.01),
respectively, which suggested that they were possibly
originated from the same sources. In contrast, there
was no significant correlation between As and Zn,
indicating that these two heavy metals may have
different sources.
Principal component analysis (PCA) is also used to
further explore the relationship of heavy metals (Yang
et al. 2011; Zhou et al. 2007). Table S7 shows the
extraction factor using the Kaiser-normalized orthogonal rotation method. Component 1 was accounted by
Cu, Zn, Ni and Hg, representing 49.644% of the total
variance. Transportation is considered as the main
sources of Cu, Zn and Pb in soil (Men et al. 2018).
Automotive exhaust, tires and mechanical parts are
important sources of Cu, Zn and Pb (Adachi and
Tainosho 2004; Duzgoren-Aydin et al. 2004; Sadiq
et al. 1989). Increased motor vehicles may lead to
enhanced impact on the surrounding soil environment
(Zhang et al. 2018). Therefore, component 1 may be
affected by traffic activities. Component 2 accounted
for 16.219% of the total variance, and the loadings of
Cr, Cd and Zn were 83.2%, 73.4% and 68.2%,
respectively. Leather industry may be the main cause
of Cr enrichment in farmland soil due to the absence of
other significant sources of Cr. In addition to
chromium, cadmium (Cd) is also widely used as a
pigment in the leather industry (Alam et al. 2020).
However, Cd may also originate from other wastewaters discharged into the tannery wastewater channel
(Dotaniya et al. 2017a). Pesticides and fertilizers used
in agriculture may also bring Cd and Zn to farmland
soil (Balkhair and Ashraf 2016). Thus, component 2
may be affected by tanning activities and agricultural
activities. Only 13.492% of the total variance was
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shown in component 3, while As (87.7%) represented
the dominant variance, but the factor loading of Pb and
Cd was relatively low. The mean concentration of As
in the surface soil (Table 1) was slightly below the
corresponding background level, indicating that the
As concentrations were mainly determined by the
parent materials. Therefore, the third component may
be a natural factor. Figure 5a plots the three-dimensional factor loading of each heavy metal and demonstrates the correlation between heavy metals in soil
around the tanning area. Furthermore, Zn was affected
by the sources of the first component and the second
component, and Pb was affected by these three
components together.
Cluster analysis (CA) is often employed in combination with PCA to search the potential sources of
contamination (Ogunlaja et al. 2019). The results of
cluster analysis revealed that the heavy metals in the
tanning area could be divided into two categories:
natural and anthropogenic sources (Fig. 5b). And the
eight heavy metals could also be categorized into three
clusters: Cu–Ni–Zn–Hg–Pb, Cr–Cd and As, which
was consistent with the results of PCA (Fig. 5a).
Overall, the results demonstrated that the content of Cr
and Cd in farmland soil was strongly influenced by
agricultural activities, such as the use of tannery
wastewater for irrigation and sludge as fertilizer.
Meanwhile, Cu, Ni, Zn, Hg and Pb may be affected by
traffic activities. However, the source apportionment
results showed that the As may originate from
different sources than those of other heavy metals,
indicating that As may be originated from natural
source.
To quantify the contribution of different sources to
the concentration of the eight elements, the PMF
model was applied based on these concentrations and
the calculated uncertainties (including sampling and
analytical errors) (Guan et al. 2018; Liu et al. 2018).
According to the results of multivariate statistical
analysis, the best solution with the PMF should
contain at least 3 sources. Thus, the number of sources
was set to 3, 4 and 5, respectively, to start the PMF
modeling. The minimum Q and strong correlations
among heavy metals (except Pb) were observed
(Fig. S1), and most of the residuals were between -3
and 3 when the PMF model contained five factors
(Fig. 6a). Factor 1 was dominated by As (55%),
followed by Cd (23.7%) and Hg (34.4%). According
to the multivariate statistical analysis, factor 1 may be
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Fig. 5 (a) 3-D plot of principal component analysis; and (b) dendrogram of cluster analysis for heavy metals

Fig. 6 Source apportionment results from PMF model: (a) source contribution ratios of heavy metals; and (b) the overall percent
contribution of each source

attributed to a natural source. Factor 2 was loaded
predominantly on Cr (81.6%). This source accounted
for 18.88% of the total variances. In this paper, factor 2
was likely to be associated with tannery effluent and
sludge. Factor 3 was dominated by Cd, Pb and Zn
(47.8%, 38.9% and 24.5%, respectively. With regard
to the results of multivariate statistical analysis, Cd
may be related to agricultural activities. In addition, it
is notable that Cu and Zn are present in pesticides and
manures as additives (Luo et al. 2009). Cu and Zn
enrichment are connected with the usage of pesticides
and manures (Guan et al. 2018; Jiang et al. 2017).
Thus, factor 3 can be divided as agricultural sources.
The fourth factor was weighted significantly on Hg
(51.1%) and slightly on Cu (26.9%), Ni (23.7%) and
Zn (17.2%). The traffic source was determined as the
fourth factor according to the results of multivariate

statistical analysis. The fifth factor, which represented
22.04% of the total variance, was associated with Ni,
Zn, Pb, As, Cu and Cd. These metals are widely used
in various industrial processes, such as mining,
smelting, electroplating materials, electronic components and knitting factories (Jiang et al. 2017; Wu et al.
2018). Factor 5 can therefore be attributed to other
industrial activities.
Depending on the PMF modeling result, the sources
of the eight elements were determined (Fig. 6b). Five
sources were apportioned including traffic (16.00%),
tanning (18.88%), agriculture (20.88%), other industrial activities (22.04%) and natural sources (22.20%).
In general, anthropogenic activities represent the
predominant factors, influencing the contents of metal
elements in soil with a proportion of approximately
77.8%. It was estimated that approximately 18.88% of
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heavy metals in soil originated from tanning activities.
Therefore, small-scale tanning activities may have a
considerable impact on the heavy metals in soils,
which cannot be ignored.

Conclusions
This study analyzed the level and source of heavy
metal contamination in soils around a typical smallscale tanning area. The results showed that the
contents of Cr, Hg and Cd in some sampling sites
exceeded the standard limit of China and the associated background values. The highest index values for
the Igeo and Pi were represented by Cr, Cd and Hg, and
these values indicated moderate to extreme levels of
pollution. Horizontal and vertical spatial heterogeneity were observed in Cr, Cd and Hg concentrations,
which may be attributed to the different nature of
influencing factors. Overall, spatial variations in Cr
contamination, both laterally and vertically, were most
significant in farmland soils around the stream, due to
the fact that tannery effluents and wastes from chrome
tanning processes were discharged into the stream for
a long period of time. Source analysis based on the
multivariate statistical and PMF modeling demonstrated that the accumulation of Cr was dominantly
attributed to tanning activities, while Cd was mainly
affected by agricultural inputs and soil parent materials; Cu, Ni, Zn, Hg and Pb were closely related to
traffic and other industrial activities; and As was likely
to be originated from natural sources.
It can be concluded that long-term tanning processes led to farmland heavy metal pollution in the
vicinity of a small-scale tanning area and Cr was the
primary metal pollutant. Although the production
capacity of tanneries in small-scale tanning areas is
limited, leakage of leachate from sludge dump areas
and random dumping of wastewater or sludge may
cause the beginning of long-term heavy metal pollution and therefore deserves more attention.
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