
Introduction

Soil is suffering from serious risk elements 
contamination globally for the past few decades, which 
has become a great concern topic [1-3]. Soil pollution is 
particularly serious in China [4]. According to the report 
released by the global soil pollution symposium in 2018, 

16% of soil and 19% of agricultural soil in china were 
regarded as contaminated [5]. The rapid development of 
urbanization, industrialization and rural intensification 
have led to the massive emission of toxic risk elements 
and pollutants [6, 7]. What’s more, soil resources 
are facing unreasonable exploitation and utilization, 
such as overuse of chemical fertilizers and pesticides, 
unreasonable treatment of industrial gas and waste 
water, which result in severe environmental pollution 
[8-10]. Soil risk elements are difficult to degrade and 
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can migrate to plants and human bodies through food 
chains and water supply systems, which cause direct or 
indirect harm to food safety and human health [11-13]. 
In recent years, pollution load index (PLI), ecological 
risk index (ERI) and geo-accumulation index (Igeo) were 
widely utilized to evaluate the pollution level of risk 
elements all over the world [14-17]. Meanwhile, hazard 
quotient (HQ), average daily exposure dose (ADD) and 
hazard index (HI) developed by the US EPA had been 
widely used to determine the CR and NCR of human 
health [18, 19].

Due to the high density and continued anthropogenic 
activities in urban areas, the pollution level of risk 
elements in urban areas are significantly higher than 
in rural areas [20]. Although existing studies of risk 
elements paid high attention to industrial lands, suburbs 
and surrounding roads, campuses, reservoirs, and 
playgrounds in urban areas [21-26] and many types of 
researches have been implemented on risk elements 
content, spatial distribution, contamination level, source 
identification, health risk in past decades [27-31], some 
specific and potentially vital exposure locations such as 
children’s amusement parks were neglected. In China, 
amusement parks are the main recreational places for 
children. It’s probably becoming accumulated sites of 
potential risk elements for amusement parks exposure 
to the external environment of urban chronically. 
Furthermore, children are more susceptible to risk 
elements pollution than adults. Children can ingest 
risk elements through using hands or mouth when they 
contacted soil or inhaled polluted particulate matter 
from environmental air [32, 33], which might cause 
adverse cardiovascular and respiratory health risks in 
the long term [34]. Xi’an, a very popular international 
tourist destination and national central city, is in the 
northwest China. The speeding of industrialization and 

urbanization are rapid in the past decades. In Xi’an, 
environmental pollution is becoming more and more 
serious, and the environment has been affecting by 
the increase of vehicles, continuous construction, and 
the emissions of industrial [35]. Various studies had 
been reported to analyze the situation of risk elements 
pollution [36-39]. Previous studies had shown that 
urban topsoil and dust existed risk elements pollution 
in Xi’an [40-42]. For example, risk elements from the 
urban topsoil were investigated by some scholars, 
and they found that soil was polluted by natural and 
anthropogenic factors [43]. Risk elements in street dust 
of Xi’an were measured in recent years, and the results 
showed that fossil fuels and construction activities 
could lead to risk elements pollution [44, 45]. Besides, 
some studies also focused on risk elements pollution 
on roads, campuses, and leisure squares [46-48]. 
Meanwhile, some researchers took coal-fired power 
plants and rivers as the study areas [49, 50]. However, 
the results were rare on risk elements distribution and 
health risk assessment for children in urban amusement 
parks. Besides, previous studies neglected the 
phenomena of risk elements pollution in different urban 
planning districts due to the influence of various human 
activities. Therefore, it is indispensable to study topsoil 
risk elements pollution for amusement parks in Xi’an, 
and take further measures to prevent risk elements 
pollution issue.

The purposes of this study were: (1) to measure 
the concentration of eight risk elements including 
Cr, Ni, Cu, Zn, As, Pb, Mn, and Co from four urban 
amusement parks (the Urban Sports Park (USP), the 
Xing Qing Park (XQP), the Feng Qing Park (FQP), 
and the Heritage Park of Tang Dynasty (HPTD)), 
respectively; (2) to evaluate the pollution level of risk 
elements through using Igeo and PLI; (3) to illustrate the 

Fig. 1. The map of the study area and the location of soil sampling in Xi’an, China ((a-d) denote the USP, the XQP, the FQP, and the 
HPTD, respectively).
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spatial distribution of risk elements by a GIS; (4) to 
evaluate the health risks for children by introducing a 
health risk model of EPA. This research may provide 
a scientific suggestion for remediation and pollution 
treatment for risk elements.

Materials and Methods

Study Area

Xi’an is located in the Guan Zhong Basin, northwest 
China (Fig. 1). The overall terrain is elevated in 
the north and south and low in the center. It has a 
warm, temperate, semi-humid, continental monsoon 
climate with four distinct seasons. The annual 
average temperature is 15.6ºC, the average annual 
precipitation is 649.0 mm, and the main soil type is 
cinnamon soil. Xi’an is a National Central City and 
an important tourist destination [51-54]. In 2017, it 
received 18,093,140 visitors from home and abroad, 
and the GDP was 932.119 billion Yuan (1$ = 7.13 yuan) 
in 2019. The city has a total area of 10096.81 km2, 
a built-up area of 832.16 km2, and a population of 
4.66 million in the main region, accounting for 47.90% 
of the city’s total population. In recent years, the speed 
of expansion was very rapid in Xi’an city. In order to 
build an international metropolis, the large number of 
cultivated lands had been transformed into construction 
lands. At the same time, massive human activities 
have caused the accumulation of soil risk elements in 
Xi’an. Furthermore, the economic development and 
people’s living standard have been influenced due to 
environmental issues. So the Xi’an city has been chosen 
as the study area in the current study. Meanwhile, 
we have chosen four parks situated in different urban 
planning districts as sampling areas to indicate various 
human activities may generate varying influences on 
risk elements pollution. According to the urban planning 
of Xi’an, the north, the south, the west, and the east of 
Xi’an are the administrative center, educational center, 
pharmacy and chemical enterprise areas, and textile 
industry areas, respectively.

Sampling and Analysis

A total of 111 samples (36 samples from the USP, 
33 samples from the XQP, 20 samples from the FQP, 
and 22 samples from the HPTD) of topsoil (0-20cm) 
[55] were collected on April 1, 2019 (HJ/T166-2004)  
(Fig. 1). Furthermore, five sub-samples around each 
sampling site were taken and mixed thoroughly to 
determine a representative in-situ sample. A portable 
Global Positioning System (GPS) was used to record 
the WGS-84 coordinate of each sample site. Besides, 
polyethylene bags were utilized to store each sample. 
Soil samples were taken back to the laboratory and air-
dried. Then, samples were crushed with wood sticks and 
removed impurities, gravel, and other foreign matters. 

Moreover, a GGG-9053AD electric thermostatic air-
drying oven was used to dry samples until constant 
weight [56]. Next, samples were ground and sieved 
through a 0.7mm nylon aperture sieve and were put into 
clean polyethylene bags for analyzing. Then weighing 
4 g of the soil sample into the 32 mm mold to squeeze 
a tablet with boric acid edge under 30 ton pressure for 
SPECTRO xSORT (A XRF device from Germany). 
The average value of each sample was taken after three 
measurements to reduce error. Finally, Sample Result 
Manager (a specific software for SPECTRO xSORT), R 
and ArcGIS 10.3 were used for analyzing and mapping 
in this paper.

The quality assurance and quality control (QA/QC) 
were evaluated. Soil and sediment standards including 
the GSS-series and GSD-series geochemical reference 
materials (Institute of Geophysical and Geochemical 
Prospecting, Langfang, China) were used to calibrate 
the device. We have remained some soil samples for 
validation, and we measured the remained soil samples 
by calibrated XRF instrument and compared the results 
with the standard values. Besides, some in-situ soil 
samples of the present study were sent to Xi’an Institute 
of Geology and Mineral Resources Experimental Testing 
Center for measuring contents through the inductively 
coupled plasma (ICP) instrument. Finally, we found that 
the relative standard deviation ranged from 3% to 5%.  
It proves that the precision of XRF instrument is 
reliable.

Pollution Assessment Methods

Geo-accumulation Index (Igeo)

The index of geo-accumulation (Igeo) for a single 
metal was introduced by Muller (1969) [57] to assess 
risk elements accumulation and pollution level of 
sediment [58]. (Eq. (1)) 

                      (1)

...where Igeo is the geo-accumulation index, Cn is the 
measured concentration of risk elements n, and Bn is the 
geochemical background value of risk elements n [59]. 
In this study, we chose the background value of Shaanxi 
province as Bn. The constant 1.5 was introduced to 
analyze natural fluctuations in the concentration of a 
given substance in the environment [57], and the Igeo 
for each risk element was evaluated and classified as 
follows (Table 1).

Pollution Load Index (PLI)

CF, developed by Hakanson (1980) [60], denotes 
the degree of each risk element pollution in soil. The 
PLI, developed by Tomlinson et al. (1980) [61], can be 
used to evaluate risk elements contamination levels 
of various sampling sites at different times and was 
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utilized to determine the overall contamination levels 
for all risk elements (Eq. (2), Eq. (3),and Eq. (4)) [62].
 

                          (2)

                (3)

           (4)

...where Ci is the measured concentration of ith risk 
elements, Coi is the geochemical background value for 
each risk element, and we chose the soil background 
value of Shaanxi province as Coi (the same to Bn in 
Eq.(1)) [59]. N is the number of risk elements in soils, 
m is the number of sampling sites, CFi is the ith risk 
element contamination factor, PLI is the pollution load 
index on a site, and PLIzone is the pollution load index 
(Table 2).

Spatial Distribution of Risk Elements 

The Inverse Distance Weight Interpolation (IDW) 
is a weighted average interpolation method [63]. In 
this study, the IDW was used to determine the spatial 
distribution of soil risk elements (Eq. (5) and (6)).

                     (5)

                          (6)

...where Z(x) is the predicted value at an interpolated 
point, zi denote the value at a known point, n is the total 

number of known points used in interpolation, di is the 
distance between point i and the prediction point, wi is 
the weight assigned to point i, and u is the weighting 
power that decides how the weight decreases as the 
distance increases.

Health Risk Assessment for Risk Elements

Risk elements enter the human body via three 
main approaches including direct ingestion, inhalation 
through nose and mouth, and dermal absorption 
through exposures [64, 65]. In this study, health risk 
models were introduced to evaluate the exposure risk 
of risk elements for children [66]. Cr, Ni, Cu, Zn, As, 
Pb, Mn, and Co have chronic NCR, and Cr, Ni, As and 
Co have both CR and NCR. The average daily exposure 
dose (ADD, mg·kg-1·d-1) of risk elements was calculated 
as follows (Eq. (7), Eq. (8), and Eq. (9)).

Oral Intake:      (7)

Inhalation:                 (8)

Dermal Contact: 

 (9)

...where CS is the concentration of risk elements in soil, 
(mg/kg); IngR and InhR are the amount of ingestion 
and inhalation of risk elements in soil, respectively, 
(mg/d); EF is the exposure frequency, (d/a); ED is the 
exposure duration, (a); BW is the average body weight, 
(kg); AT is the average exposure time period, (a); PEF 
is the particle emission factor, (m3/ kg); SA is the skin 
exposed area, (cm3) [67]; SL is the skin adherence 
factor, (mg·(cm2·d)-1); and ABS is the dermal absorption 
factor [68]. The daily average exposure of children with 
carcinogenic risk elements in different exposure routes 
(LADDi) were also calculated by Eq. (7), Eq. (8) and Eq. 
(9), but the values of AT are different (Table 3).

HQ was chosen to determine the potential NCR of 
all risk elements through the three pathways (ingestion, 
inhalation, dermal) (Eq. (10)). There would be a concern 
for NCR if the HQ>1. The hazard index (HI) was 
introduced to determine the total potential NCR (Eq. 
(11)) [19].

                       (10)

                       (11)

...where ADDi denotes average daily exposure dose 
by ingestion (ADDing), average daily exposure dose 
by inhalation (ADDinh), and average daily exposure 
dose by dermal absorption (ADDdrem), respectively 
(mg·kg-1·d-1); where RfDi is the homologous reference 
dose and originates from Table 4 [67] (Table 4).

Table 1. The classification standards for the Igeo.

Classification Igeo  Pollution levels

0 Igeo ≤0 Uncontaminated

1 0<Igeo ≤1 Uncontaminated to moderately 
contaminated

2 1<Igeo ≤2 Moderately contaminated

3 2<Igeo ≤3 Moderately to heavily 
contaminated

4 3<Igeo≤4 Heavily contaminated

5 4<Igeo≤5 Heavily to extremely contaminated

6 5 Extremely contaminated

Table 2. The classification standards for the PLI.

Classification PLI  Pollution levels

0 PLI<1 Uncontaminated

1 1≤PLI<2 Moderately contaminated

2 2≤PLI<3 Heavily contaminated

3 PLI≥3 Extremely contaminated
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Eq. (12) and Eq. (13) were used to determine the 
carcinogenic risk (CRi). 

                   (12)

                       (13)

...where ADDi  is the same to Eq. (10); SFi is the 
homologous slope factor of carcinogenic risk elements, 
((kg·d)·mg-1); CRi is the carcinogenic risk index of each 
exposure pathway; TCR is the sum of the CR from each 
exposure pathway. CR>10-4 or TCR>10-4 indicated that 
there was carcinogenic risk; while CR<10-6, TCR <10-6 
or 10-6<TCR<10-4 indicated that carcinogenic risk could 
be neglected.

Results and Discussion

Soil Risk Elements Concentration Statistics

Cr was not detected in the USP because the 
concentration of Cr was lower than the detection limits 
of the device. The orders of the average content of 

risk elements in the USP, XQP, FQP and HPTD were  
Mn>Co>Zn>Cu>Ni>Pb>As, Mn>Co>Zn>Cu>Cr>Pb> 
Ni>As, Mn>Co>Zn>Cu>Cr>Pb>Ni>As, Mn>Co>Zn 
>Cu>Cr>Ni>Pb>As, respectively. Clearly, the content of 
Mn was the highest. On the contrary, the concentration 
of As was the lowest in each park (Table 5). In the 
USP, the coefficient variation (CV) of As was 0.84 and 
was larger than 0.35 which showed a strong variation 
(CV>0.35), the CV of Ni, Zn, Co, Pb, and Mn were 
0.19, 0.15, 0.15, 0.27, 0.21 and 0.18 respectively, and 
belonged to medium variation (0.15<CV<0.35). In 
the XQP, As with a CV value of 0.66 belonged to the 
strong variation, Cr with a CV value of 0.35 and close 
to the strong variation, CV value of Ni, Pb, Mn, and Co 
belonged to the medium variation. In the FQP, the CV 
value of As (0.54) and Zn (0.37) belonged to the strong 
variation. CV value of Cr (0.24) and Pb (0.28) belonged 
to the medium variation. In the HPTD, CV value of Ni 
(0.18), As (0.30) and Pb (0.16) belonged to the medium 
variation, and Cr (0.15) and Co (0.15) were close to 
medium variation. Besides, the average concentration 
of risk elements except As have exceeded Shaanxi soil 
background value [59], and parts of risk elements not 
only exceeded Shaanxi and China soil background 

Table 3. The parameters of health risk assessment for risk element

Parameters Meaning Units  Value Data sources

CS Soil heavy metal content mg·kg-1 95%UCL Measured by authors

IngR Ingestion rate mg·d-1 100 US EPA

InhR Inhalation rate m3·d-1 7.6 US EPA

EF Exposure frequency d·a-1 180 US EPA

ED Exposure duration a 6 US EPA

BW Average body weight kg 15 US EPA

AT Average exposure time a
2190 (NCR)

US EPA
25550 (CR)

SA Skin exposed area cm3 1150 [67]

SL Skin adherence factor mg·(cm2·d)-1 0.2 US EPA

PEF Particle emission factor m3·kg-1 1.36×109 US EPA

ABS Dermal absorption Factor — 0.001 (As is 0.03) [68]

Table 4. The reference dose and slope factors for different exposure pathways.

Parameters Cr Ni Cu Zn As Pb Mn Co

RfDing 3×10-3 2×10-2 4×10-2 3×10-1 3×10-4 3.5×10-3 4.6×10-2 2×10-2

RfDinh 2.86×10-5 2.06×10-2 4×10-2 3×10-1 3×10-4 3.52×10-3 1.4×10-5 5.71×10-6

RfDderm 6×10-5 5.4×10-3 1.2×10-2 6×10-2 1.23×10-4 5.25×10-4 2.39×10-3 1.6×10-2

SFing 0.5 1.7 1.5

SFinh 42 0.84 4.3×10-3 9.8

SFderm 2 42.5 1.5
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value but also surpassed the results of previous studies 
[69, 70]. Furthermore, all elements except As have 
different degrees of accumulation (Table 5).

Soil Risk Elements Pollution Assessment

The Igeo was used to evaluate the contamination 
level for a single risk element (Fig. 2) (Table 6). 
In the USP, according to the classification of Igeo 
(Table 1), Ni (-0.16), and As (-1.62) were determined 
on an uncontaminated level, Zn (0.62), Pb (0.27), and 

Mn (0.15) were determined on an uncontaminated 
to moderately contaminated level, Cu (1.31) was 
determined on a moderately contaminated level, Co 
(3.97) was determined on a heavily contaminated level. 
In the XQP, the Igeo values of Cr (-1.23), Ni (-0.53), As 
(-1.74), and Mn (-0.76) were on an uncontaminated level, 
Zn (0.32) and Pb (0.12) belonged to an uncontaminated 
to moderately contaminated level, Cu (1.02) was on a 
moderately contaminated level, Co (4.07) was on a 
heavily to extremely contaminated level. In the FQP, 
the pollution levels of risk elements except for Co (3.92) 
were the same as the XQP. In the HPTD, the Igeo values 
of Cr (-0.49), Ni (-0.24), As (-0.88), Pb (-0.002) and 
Mn (-0.55) were on an uncontaminated level, Zn (0.38) 
were on an uncontaminated to moderately contaminated 
level, Cu (1.21) was on a moderately contaminated level, 
Co (4.01) was on a heavily to extremely contaminated 
level. Overall, the contamination level of Co was the 
highest in each park.

According to the classification of PLI (Table 2), the 
value of PLI in each park was on a heavily contaminated 
level (Fig. 3). Clearly, the proportion of contaminated 
samples was higher than the uncontaminated samples in 
each park. In the USP, 36 samples were on a heavily 
contaminated level, and the pollution level of the 21st 
site with a value of 2.94 was the highest and close to 
extremely contaminated level. In the XQP, 32 samples 
were identified as heavily contaminated and 1 site 
belonged to moderately contaminated level, and the 
pollution level of the 1st site with a value of 2.84 was 
the highest. In the FQP, all samples were on a heavily 
contaminated level, and the contamination level of the 

Fig. 2. The Igeo for each metal in four parks (the darkest, the 
moderate, and the light-colored dashed line denote the thresholds 
of the heavily contaminated, moderately contaminated, and 
uncontaminated level, respectively).

Table 5. The statistics on risk elements contents (mg/kg).

Locations Cr Ni Cu Zn As Pb Mn Co

USP (n = 36)

Mean 38.89 79.86 159.44 5.43 38.75 844.03 248.89

SD 7.47 7.22 23.84 4.55 7.96 149.65 36.26

CV 0.19 0.09 0.15 0.84 0.21 0.18 0.15

XQP (n = 33)

Mean 72.27 43.79 91.36 167.42 5.76 56.97 574.39 266.82

SD 25.41 6.96 10.02 20.92 3.81 11.45 99.55 49.73

CV 0.35 0.16 0.11 0.12 0.66 0.20 0.17 0.19

FQP (n = 20)

Mean 81.25 36.00 101.50 196.75 7.48 63.75 579.25 240.25

SD 19.53 3.84 13.09 72.13 4.01 17.91 75.89 30.93

CV 0.24 0.11 0.13 0.37 0.54 0.28 0.13 0.13

HPTD (n = 22)

Mean 66.59 36.59 74.09 135.45 9.45 32.05 570.45 256.36

SD 10.05 6.62 8.11 13.71 2.75 5.27 22.09 38.80

CV 0.15 0.18 0.11 0.10 0.30 0.16 0.04 0.15

Shaanxi soil background value 62.50 28.80 21.40 69.40 11.10 21.40 557.00 10.60

Chinese soil background value 61.00 26.90 22.60 72.40 11.20 26.00 583.00 12.70

Pan [69] Mean 145.0 30.8 54.7 268.6 124.5 510.5 30.9

Zhang [70] Mean 69.8 30.7 32.4 101.3 12.2 36.9 663.3 25.0
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13th site with a value of 2.90 was the highest. In the 
HPTD, 12 samples were on a heavily contaminated 
level and 10 samples were identified as moderately 
contaminated, and the contamination level of the 22nd 

site with a value of 2.18 was the highest. Obviously, 
the pollution level of the FQP was determined as the 
highest and all sites showed heavily contaminated 
characteristics (Fig. 4).

The Igeo of Co (4.07) in the XQP was the highest 
due to the park was close to roads and there were a 
lot of automobile service enterprises around the park  
(Fig. 1). The PLI of the USP was the largest (2.54) 
because the park was near to the administration 
center which was built since 2010s and many building 
materials were consumed . The XQP with severer risk 
elements pollution level (2.35) for the park was one 
of the earliest parks with old entertainment facilities 

Table 6. The Igeo for each risk element in four parks.

Locations Cr Ni Cu Zn As Pb Mn Co

USP -0.16 1.31 0.62 -1.62 0.27 0.15 3.97

XQP -1.23 -0.53 1.02 0.32 -1.74 0.12 -0.76 4.07

FQP -0.21 -0.26 1.66 0.92 -1.16 0.99 -0.53 3.92

HPTD -0.49 -0.24 1.21 0.38 -0.88 -0.002 -0.55 4.01

Fig. 3. The PLI for each park (the dashed line denotes the 
threshold of the heavily contaminated level).

 
Fig. 4. The maps of PLI for each sample in four parks.
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in Xi’an and the density of roads around the park was 
high. The FQP located in the western suburbs was 
a dense area of power and chemical enterprises in 
Xi’an, which was prone to risk elements accumulation  

(Fig. 1).The HPTD was situated in the south suburb of 
Xi’an with a superb environment condition and without 
any industrial distribution, so the risk elements pollution 
level was low in this area. Obviously, the pollution level 

Fig. 5. The spatial distribution maps of metals in four amusement parks in Xi’an ((a-d) denote the USP, the XQP, the FQP, and the HPTD, 
respectively.)
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of risk elements showed significant spatial heterogeneity 
in each park, which implied that the sources of risk 
elements for four amusement parks were significantly 
different and mainly caused by human activities.

Spatial Distribution of Risk Elements

Risk elements with similar distribution 
characteristics may have the same sources. However, 

Fig. 5. Continued.
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the distribution characteristics of risk elements in this 
study were completely different. In the USP, the maps 
of Cu, Pb, Mn, and Co have the same characteristic and 
the higher content were around the boundaries because 
there were four roads around the USP including Wen 
Jing Road, Feng Cheng Ninth Road, Wei Yang Road 
and Feng Cheng Eighth Road, the density of roads 
was high, and a large number of auto repair service 
enterprises were distributed around the USP (Fig. 1). 
Besides, the higher content of Zn mainly distributed 
in the middle of the park, and the higher content of Ni 
located in the southwest of the park. In the XQP, Cr, Cu, 
Co, and As mainly distributed around the boundaries 
and the distribution showed peripheral high and middle-
low characteristics (Fig. 5). The higher content of Zn, 
Pb, Mn, and Ni mainly distributed in the middle of the 
park, and there were seven hot spots, four hot spots, 
two hot spots, and one hot spot with higher content of 
Zn, Pb, Ni, and Mn inside the park, respectively. The 
park was adjacent to Xian Ning East Road and Xing 
Qing Road with large traffic flow in Xi’an. In the FQP, 

the concentration of Cr distributed along the road  
tended to decrease from edge to center because there 
were three main roads including Tao Yuan Road, Feng 
Qing Road, and Second Ring Road around the park.  
The content distribution characteristics of Ni and 
As were high in the north and low in the south. The 
distribution trend of Cu, Zn, and Co was increasing 
from the east and west to the center. Pb showed a trend 
of decreasing from northwest to southeast. There was 
a high concentration of Mn in partial samples in the 
south and north. In the HPTD, Cr and Pb showed a 
trend of decreasing from northeast to southwest. Some 
sites of Ni element located in the low concentration 
zone in the northwest of the park, and other samples 
with higher content located in the south of the park. The 
higher content of Zn mainly located in the northeast 
and southwest of the park. Both As and Mn showed that 
samples in the southeast were in a low concentration 
zone and indicated an obvious planar distribution 
pattern. The distribution of Co was relatively scattered 
(Fig. 5). In short, the risk elements accumulation 

Table 7. The non-carcinogenic and carcinogenic exposure doses for children in different exposure routes.

Locations Parameters Cr Ni Cu Zn As Pb Mn Co

USP 
(n = 36)

ADDing 1.28×10-4 2.63×10-4 5.24×10-4 1.79×10-5 1.27×10-4 2.77×10-3 8.18×10-4

ADDinh 7.42×10-9 1.52×10-8 3.04×10-8 1.04×10-9 7.39×10-9 1.61×10-7 4.75×10-8

ADDderm 2.94×10-7 6.04×10-7 1.21×10-6 1.23×10-6 2.93×10-7 6.38×10-6 1.88×10-6

LADDing 1.10×10-5 1.53×10-6 7.01×10-5

LADDinh 6.12×10-10 8.55×10-11 3.92×10-9

LADDderm 2.52×10-8 1.06×10-7 1.61×10-7

XQP 
(n = 33)

ADDing 2.38×10-4 1.44×10-4 3.00×10-4 5.50×10-4 1.89×10-5 1.87×10-4 1.89×10-3 8.77×10-4

ADDinh 1.38×10-8 8.35×10-9 1.74×10-8 3.19×10-8 1.10×10-9 1.09×10-8 1.10×10-7 5.09×10-8

ADDderm 5.47×10-7 3.31×10-7 6.91×10-7 1.27×10-6 4.35×10-8 4.31×10-7 4.34×10-6 2.02×10-6

LADDing 2.04×10-5 1.23×10-5 1.62×10-6 7.52×10-5

LADDinh 1.14×10-9 6.90×10-10 9.07×10-11 4.20×10-9

LADDderm 4.68×10-8 2.84×10-8 3.73×10-9 1.73×10-7

FQP 
(n = 20)

ADDing 2.67×10-4 1.18×10-4 3.34×10-4 6.47×10-4 2.46×10-5 2.10×10-4 1.90×10-3 7.90×10-4

ADDinh 1.55×10-8 6.87×10-9 1.94×10-8 3.75×10-8 1.43×10-9 1.22×10-8 1.11×10-7 4.58×10-8

ADDderm 6.14×10-7 2.72×10-7 7.68×10-7 1.49×10-6 5.65×10-8 4.82×10-7 4.38×10-6 1.82×10-6

LADDing 2.29×10-5 1.01×10-5 2.11×10-6 6.77×10-5

LADDinh 1.28×10-9 5.67×10-10 1.18×10-10 3.78×10-9

LADDderm 5.27×10-8 2.33×10-8 4.84×10-9 1.56×10-7

HPTD 
(n = 22)

ADDing 2.19×10-4 1.20×10-4 2.44×10-4 4.45×10-4 2.97×10-5 1.05×10-4 1.88×10-3 8.43×10-4

ADDinh 1.27×10-8 6.98×10-9 1.41×10-8 2.58×10-8 1.72×10-9 6.11×10-9 1.09×10-7 4.89×10-8

ADDderm 5.04×10-7 2.77×10-7 5.60×10-7 1.02×10-6 6.82×10-8 2.42×10-7 4.31×10-6 1.94×10-6

LADDing 1.88×10-5 1.03×10-5 2.54×10-6 7.22×10-5

LADDinh 1.05×10-9 5.76×10-10 1.42×10-10 4.04×10-9

LADDderm 4.32×10-8 2.37×10-8 5.85×10-9 1.66×10-7
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were affected by many factors, this study showed that 
human activities play a significant role in risk elements 
distribution.

Health Risk Assessment of Risk Elements

The average daily exposure doses orders for NCR 
risk elements through three pathways in the USP, the 
XQP and FQP, and the HPTD were Mn>Co>Zn>Cu> 
Ni>Pb>As, Mn>Co>Zn>Cu>Cr>Pb>Ni>As, and  
Mn> Co>Zn>Cu>Cr>Pb>Ni>As, respectively. And 
the CR risk elements through three pathways in the  

USP, the XQP and FQP, and the HPTD were Co>Ni>As, 
Co>Cr>Ni>As, and Co>Cr>Ni>As, respectively. 
The exposure pathways order for CR and NCR were 
oral intake>dermal contact>inhalation in each park. 
Clearly, in each park, the largest average daily exposure  
doses of NCR were Mn element, the largest average 
daily exposure doses of CR were Co element, and  
the main exposure route was oral intake (Table 7).

The value of HI and HQ were less than one indicated 
that there was no NCR for all observed risk elements. 
For CR risk elements, the value of CR and TCR 
were less than 10-6 or in the range of 10-6 to 10-4, and 

Table 8. The non-carcinogenic and carcinogenic risks of risk elements in different parks in Xi’an.

Locations Parameters Cr Ni Cu Zn As Pb Mn Co

USP 
(n = 36)

HQing 6.39×10-3 6.56×10-3 1.75×10-3 5.95×10-2 3.64×10-2 6.03×10-2 4.09×10-2

HQinh 3.60×10-7 3.81×10-7 1.01×10-7 3.45×10-6 2.10×10-6 1.15×10-2 8.32×10-3

HQderm 5.45×10-5 5.03×10-5 2.01×10-5 1.00×10-2 5.58×10-4 2.67×10-3 1.18×10-4

HI 6.45×10-3 6.61×10-3 1.77×10-3 6.95×10-2 3.70×10-2 7.45×10-2 4.93×10-2

Total HI 0.245

CRing 1.86×10-5 2.30×10-6

CRinh 5.14×10-10 3.68×10-13 3.84×10-8

CRderm 1.07×10-6 1.58×10-7

CR 1.97×10-5 2.45×10-6 3.84×10-8

Total CR 2.22×10-5

XQP 
(n = 33)

HQing 7.92×10-2 7.20×10-3 7.51×10-3 1.83×10-3 6.31×10-2 5.35×10-2 4.11×10-2 4.39×10-2

HQinh 4.82×10-4 4.06×10-7 4.36×10-7 1.06×10-7 3.66×10-6 3.09×10-6 7.83×10-3 8.91×10-3

HQderm 9.11×10-3 6.13×10-5 5.76×10-5 2.11×10-5 3.54×10-4 8.21×10-4 1.82×10-3 1.26×10-4

HI 8.88×10-2 7.26×10-3 7.57×10-3 1.86×10-3 6.35×10-2 5.43×10-2 5.07×10-2 5.29×10-2

Total HI 0.327

CRing 1.02×10-5 2.10×10-5 2.43×10-6

CRinh 4.78×10-8 5.79×10-10 3.90×10-13 4.12×10-8

CRderm 9.37×10-8 1.21×10-6 5.60×10-9

CR 1.03×10-5 2.22×10-5 2.44×10-6 4.12×10-8

Total CR 3.50×10-5

FQP 
(n = 20)

HQing 8.90×10-2 5.92×10-3 8.34×10-3 2.16×10-3 8.19×10-2 5.99×10-2 4.14×10-2 3.95×10-2

HQinh 5.42×10-4 3.33×10-7 4.84×10-7 1.25×10-7 4.75×10-6 3.46×10-6 7.89×10-3 8.03×10-3

HQderm 1.02×10-2 5.04×10-5 6.40×10-5 2.48×10-5 4.60×10-4 9.18×10-4 1.83×10-3 1.14×10-4

HI 9.98×10-2 5.97×10-3 8.41×10-3 2.18×10-3 8.24×10-2 6.08×10-2 5.11×10-2 4.76×10-2

Total HI 0.358

CRing 1.14×10-5 1.72×10-5 3.16×10-6

CRinh 5.37×10-8 4.76×10-10 5.06×10-13 3.71×10-8

CRderm 1.05×10-7 9.92×10-7 7.27×10-9

CR 1.16×10-5 1.82×10-5 3.17×10-6 3.71×10-8

Total CR 3.30×10-5
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the CR can be ignored according to the USEPA. 
Besides, the maximum NCR of risk elements was found  
in the FQP, and the NCR could be ignored. The rank 
for NCR was FQP>XQP = HPTD>USP. For CR, the 
maximum value appeared in the XQP, and the CR of all 
metal elements were within the safe range. The rank for 
CR was XQP>FQP>HPTD>USP (Table 8).

Analyzing for Risk Elements 
Concentration

The Mn concentration was the highest in each park 
because the natural factors had been identified as the 
main source in previous studies [71]. Besides, some 
reports suggested the accumulation of Mn in the soil 
might be affected by industrial activities [72, 73]. The 
Mn concentration was higher than the background 
value in the USP, which might have been significantly 
influenced by anthropocentric activities (Table 5). 
Meanwhile, As concentration was affected by soil-
forming factors lower than the background value in 
each park, and the main sources of As element were 
coal combustion and steel smelting [74, 75]. What’s 
more, Co concentration was twenty times higher  
than the background value in each park. The possible 
sources for Co might be from coal combustion, 
metallurgical industry, automobile tire corrosion, and 
automobile exhaust [76]. Besides, many researches 
had reported that Cu was mainly used in mechanical 
parts [77], and the emission of automobile exhaust was 
the main source of Pb in urban environment [78-80].  
The main source of Cr was from burning of fossil  
fuels [81, 82]. The corrosion of zinc-plated automobile 
parts was the main source of Zn in urban soil [83]. 
Besides, the CV can be used to reflect the degree  
of influence of humans for risk elements. The higher  
CV indicated that risk elements concentration were 
more likely to be affected by human activities. In 
this study, the CV for each metal showed completely 
different and revealed the sources for risk elements 
were different.

Correlation analysis was applied to identify the 
sources for risk elements in this study. According to 
Pearson correlation analysis (Table 9), Cu and Zn were 
significantly correlated to each other (P<0.01) and 
revealed a common origin for these two elements, most 
probably anthropogenic activities, such as industrial 
activities. Pb, Cu, and Zn were strongly correlated with 
each other (P<0.01) and indicated they originated from 
the same emission sources such as automobile exhaust 
and tire wear. Besides, Ni and Cr (P<0.01), Co and As 
(P<0.05), Mn and Pb (P<0.01), As and Zn (P<0.05), and 
Mn and As (P<0.05) also were correlated with each 
other. These results were similar to previous studies, 
such as Cd and Cu were good indicators of pollution 
in soil and markers of traffic emission [84]. As and Pb 
were from coal combustion and fossil fuels [74]. Mn 
and Ni were correlated with Hg and As significantly 
and showed that they were influenced by the coal fired 
source emissions.

Measures for Reducing Health Risk

First, the wastes discharged by factories around the 
parks should be treated with purification and be strictly 
controlled to meet the emission standards. Second, 
old vehicles should be limited to use. Besides, the 
government should encourage people to buy new energy 
vehicles including electric vehicles and ethanol vehicles 
and recommend people to use public transportation 
to reduce the use of private cars. Third, the modified 
inhibitors (such as lime, phosphate and calcium silicate, 
etc.) should be applied to the soil to make them interact 
with risk elements to produce insoluble compounds 
and reduce the migration capacity of risk elements 
into the soil and plants. Besides, public awareness of 
environmental protection should be strengthened, and 
garbage classification, especially for risk elements 
enriched garbage (such as batteries, paint, smelting, 
hardware, machinery, electroplating, cosmetics, etc.) 
should be advocated for recycling and treatment. 
Finally, the results showed that oral ingestion was the 

Table 8. Continued.

HPTD 
(n = 22)

HQing 7.30×10-2 6.01×10-3 6.09×10-3 1.48×10-3 9.89×10-2 3.01×10-2 4.08×10-2 4.21×10-2

HQinh 4.44×10-4 3.39×10-7 3.53×10-7 8.61×10-8 5.74×10-6 1.74×10-6 7.77×10-3 8.57×10-3

HQderm 8.39×10-3 5.12×10-5 4.67×10-5 1.71×10-5 5.55×10-4 4.62×10-4 1.80×10-3 1.21×10-4

HI 8.18×10-2 6.07×10-3 6.14×10-3 1.50×10-3 9.94×10-2 3.06×10-2 5.03×10-2 5.08×10-2

Total HI 0.327

CRing 9.38×10-6 1.75×10-5 3.81×10-6

CRinh 4.40×10-8 4.84×10-10 6.11×10-13 3.96×10-8

CRderm 8.63×10-8 1.01×10-6 8.77×10-9

CR 9.51×10-6 1.85×10-5 3.82×10-6 3.96×10-8

Total CR 3.19×10-5
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Table 9. The correlation matrix of risk elements contents in four parks.

USP Ni Cu Zn As Pb Mn Co

Ni 1

Cu .076 1

Zn .205 .199 1

As .057 -.105 -.096 1

Pb .180 .283 .215 -.806** 1

Mn -.184 .171 -.010 -.482** .484** 1

Co -.397* .089 .088 .029 -.077 .131 1

XQP Cr Ni Cu Zn As Pb Mn Co

Cr 1

Ni .528** 1

Cu .365* .159 1

Zn -.102 -.119 .051 1

As -.037 -.232 .140 -.366* 1

Pb .261 .344* .228 .677** -.526** 1

Mn -.649** -.139 -.276 .150 -.170 -.065 1

Co .034 -.280 .208 -.043 .033 -.105 -.007 1

FQP Cr Ni Cu Zn As Pb Mn Co

Cr 1

Ni -.018 1

Cu .183 .178 1

Zn .027 .321 .768** 1

As -.022 -.216 .123 .073 1

Pb .031 .440 .637** .857** .119 1

Mn -.008 -.038 -.354 -.085 -.365 -.139 1

Co .050 -.346 .295 .186 .567* .119 -.017 1

HPTD Cr Ni Cu Zn As Pb Mn Co

Cr 1

Ni .032 1

Cu .413 -.327 1

Zn -.023 -.205 .304 1

As -.252 -.330 .220 .481* 1

Pb .385 -.200 .157 -.162 -.374 1

Mn .372 -.152 .275 .227 .469* .186 1

Co .022 .047 .352 -.010 -.364 -.078 -.269 1

*. Correlation is significant at the 0.05 level (two-tailed).
**. Correlation is significant at the 0.01 level (two-tailed).
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primary exposure route for children. Therefore, we 
strongly recommend that children’s playgrounds should 
be covered with materials such as plastic, lawn or wood 
chips to block the access chance of the soil for children 
in activity areas.

Conclusions

With the rapid development of urbanization, the 
topsoil of amusement parks in Xi’an were slightly 
contaminated by risk elements. This study tried 
to map the distribution and evaluate the health 
risk of risk elements by GIS and models. The 
concentration of certain risk elements (Ni, Cu, Zn, 
Pb, Mn, Cr, and Co) exceeded the Shaanxi soil 
background value with following decreasing trend 
(Mn>Co>Zn>Cu>Ni>Pb>As) in the USP, with following 
decreasing trend (Mn>Co>Zn>Cu>Cr>Pb>Ni>As) 
in the XQP and FQP, and with following decreasing 
trend (Mn>Co>Zn>Cu>Cr>Ni>Pb>As) in the HPTD. 
The risk elements showed significant variation among 
the four amusement parks, and different distribution 
characteristics in the concentration were found. The  
Igeo of Co exhibited the highest contamination level 
in four amusement parks. The PLI exhibited a high 
contamination level in the USP. The results showed that 
the sources for risk elements were strongly affected 
by human activities. Fuel combustion, vehicle exhaust, 
and polluted enterprises may be the main sources 
of risk elements in Xi’an. The results of health risk 
assessments revealed that oral intake posed higher risks 
than other pathways for children. All of the elements 
showed there were no NCR and CR risks in the study 
areas. This study can supply a reference for further 
researches of risk elements pollution in other cities and 
provide a scientific basis for risk elements pollution 
treatment. Furthermore, it can urge the government to 
pay more attention for risk elements contamination in 
the northwestern cities of China.
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