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a b s t r a c t 

Nowadays, more people tend to spend their recreational time in large national parks, and 

trace metal(loid)s in soils have attracted long-term attention due to their possible harm 

to human health. To investigate the pollution levels, potential sources and health risks of 

trace metal(loid)s in road soils, a total of eight trace metal(loid)s (including As, Cd, Cr, Cu, Ni, 

Pb, Zn and Hg) from 47 soil samples along roads were studied in the Huangshan National 

Park in Southeast China. The results showed that the concentrations of As, Cd, Pb, Zn and Hg 

appeared different degrees of pollution compared with their corresponding background val- 

ues. According to the pollution indices, Hg and Cd were recognized as significant pollutants 

presenting moderate to high ecological risk. Combining principal component analysis and 

positive matrix factorization model, the results showed that traffic, industrial, agricultural 

and natural sources were the potential origins of trace metal(loid)s in this area, with contri- 

bution rates of 39.93%, 25.92%, 10.53% and 23.62%, respectively. Non-carcinogenic risks were 

all negligible, while the carcinogenic risk of As was higher than the limit (1 × 10 −6 ). More- 

over, children were more susceptible to trace metal(loid)s by ingestion which appeared to 

be a more important exposure pathway than dermal contact and inhalation. The contribu- 

tion rates of different sources to non-carcinogenic risks and carcinogenic risks were similar 

among children and adults, while traffic and industrial sources have a significant impact on 

health risks. This study will give more insights to control the environmental risks of trace 

metal(loid)s in national parks. 

© 2021 The Research Center for Eco-Environmental Sciences, Chinese Academy of 

Sciences. Published by Elsevier B.V. 

 

 

 

 

 

 

 

 

Introduction 

Soil supports all forms of terrestrial life ( Memoli et al., 2019 )
and is generally regarded as the most vulnerable part of
the environment to trace metal(loid) accumulation ( Marchand
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et al., 2011 ; Mazurek et al., 2017 ). As one of the main inor-
ganic pollutants in soils, trace metal(loid)s are natural ele-
ments in bedrock ( Cheng et al., 2014 ), mainly derived from
geochemical weathering and human activities, such as ve-
hicle exhaust, agriculture fertilizers and industrial activities
( Chen et al., 2019 ; Yang et al., 2019 ). Due to their high stabil-
ity, toxicity and accumulation in food chain, trace metal(loid)s
in soils can pose significant threats to soil ecosystem, animal
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ife and human health ( Zhang et al., 2018b ), even lead to car- 
inogenic and chronic diseases ( Khan et al., 2016 ). Recently,
race metal(loid) pollution in soil has become a critical en- 
ironmental issue that needs urgently to be resolved in the 
orld ( Jin et al., 2019 ). 

National parks play an important role in protecting the 
uality of environment and facilitating the development of 
ecreation and tourism ( Memoli et al., 2019 ; Ya ̧s ar Korkanç,
014 ). Unfortunately, they are also one of the most suscepti- 
le recipients of trace metal(loid) contaminant and have at- 
racted the attention of the global public ( Hamad et al., 2019 ; 
azurek et al., 2017 ; Mrimi et al., 2019 ). Trace metal(loid)s ac- 

umulated in park soils can be easily transferred to the hu- 
an body by inhalation, ingestion or dermal absorption path- 
ays ( Wu et al., 2019 ), and accumulate in adipose tissue ulti- 
ately affecting organ functions (such as destroying the ner- 

ous and endocrine systems). Nowadays, with the improve- 
ent of economic level, more and more people choose to 

pend their leisure time in national parks, which greatly in- 
reases their exposure risks to trace metal(loid)s in soils. For 
hildren who often go to the park, they may be more vulner- 
ble to trace metal(loid) pollution than adults ( Bocca et al.,
004 ; Gu et al., 2017; Waisberg et al., 2003 ). Recently, researches 
n trace metal(loid) pollution in soils are mainly concen- 
rated in mining areas ( Irzon et al., 2018 ), agricultural regions 
 Yang et al., 2019 ), large cities ( Zhang et al., 2019 ), industrial
states ( Gao and Wang, 2018 ; Li et al., 2020 ) or urban parks
 Hung et al., 2018 ), but few studies involve the national parks 
ar from a city. The topsoils of national park roads are most 
ikely to be exposed to tourists ( Memoli et al., 2019 ), so there
s an urgent need to explore the human health risks caused 

y trace metal(loid)s. However, these risks are often underes- 
imated or ignored. 

A comprehensive method to evaluate the accumulation 

nd contamination of trace metal(loid)s in soil is greatly 
mportant for national parks, which based on the use of 
ppropriate pollution assessment indices to determine the 
ollution status and identify ecological risks ( Elmira et al.,
019 ; Gasiorek et al., 2017 ; Gu et al., 2016 ; Hakanson, 1980 ;
eissmannová and Pavlovský, 2017 ; Zhang et al., 2018a ). Re- 

ently, research has gradually focused on quantifying pollu- 
ion levels in different situations and identifying the sources 
f soil pollutants ( Tian et al., 2018 ). To effectively reduce soil 
race metal(loid) contamination and the cost of soil remedia- 
ion, it is essential to apportion the sources in road soils of na- 
ional parks. Many studies have used multivariate statistical 

ethods for source identification such as Absolute principal 
omponent scores-Multivariate linear regression (APCS-MLR),
luster analysis (CA) and Principal component analysis (PCA) 

o qualify the sources of soil contaminants. While fewer stud- 
es focused on the quantitative receptor models like Chemical 

ass balance (CMB) and Positive matrix factorization (PMF) to 
uantify the sources of soil contaminants ( Caeiro et al., 2005 ; 
aatero and Tapper, 1993 ; Zhang et al., 2018a ). In this study, to
ffectively apportion the sources of trace metal(loid)s, a com- 
ination of qualitative and quantitative analysis was used.
irst, PCA and correlation analysis were applied to preliminar- 
ly identify the sources of trace metal(loid)s, and then PMF fur- 
her quantified the types and contribution rates of the sources 
ased on previous results ( Zhang et al., 2018b ). 
Huangshan National Park, located in the more developed 

outheastern region of China, attracted a total of 3.5 million 

ourists in 2019 due to its excellent ecological environment 
nd landscape. However, in recent years, the rapid develop- 
ent of the industries around the park has raised concerns 

hat it may be affected by the surrounding pollutants. There- 
ore, taking Huangshan National Park as a research case, the 

ain research objectives of this study were to explore: (1) 
hat are the pollution status and spatial distribution of trace 
etal(loid)s in this study area? (2) How to identify poten- 

ial pollution sources of trace metal(loid)s and quantify their 
espective contributions? (3) Whether tourists suffered from 

ealth risks posed by trace metal(loid)s in road soils of the 
ark? 

. Materials and methods 

.1. Study area 

uangshan National Park (118 °6 ′ E - 118 °13 ′ E, 30 °4 ′ N - 30 °11 ′ N),
ith an area of 160.6 km 

2 , is in the southeastern Yangtze River 
conomic Zone which is one of the most developed regions in 

hina. It is located on the southern margin of the northern 

ubtropical zone, with an altitude of 238–1864 m, an average 
nnual temperature of 16.3 °C, and an average annual precip- 
tation of 2394.4 mm. The vegetation type is mainly evergreen 

road-leaved forest with a forest coverage rate of 98.29%. The 
oil is generally acidic, mainly composed of yellow-red soil 
nd yellow soil, and rich in organic matter. The soil matrix 
s usually granite and quartzite, with obvious horizontal and 

ertical zonal characteristics. This park has been included in 

he World Cultural and Natural Heritage List as a World Geop- 
rk by the United Nations Educational Scientific and Cultural 
rganization (UNESCO), and rated as a national 5A scenic area 
y the National Tourism Administration of China, which has 
ncreased more interest and attention to the quality of this 
rea. 

In fact, surrounded by numerous densely populated mu- 
icipalities, Huangshan National Park is the largest and most 
isited national park in the southeastern region of China 
nd has witnessed rapid economic and tourism development,
hich caused soil environment threatened by various con- 

aminants such as trace metal(loid)s. In addition, the study 
rea is surrounded by many famous tea-producing areas in 

hina, with a long history of tea planting and extensive use of 
esticides and fertilizers ( Jiang, 2019 ). Meanwhile, due to the 
ich coal and mineral resources in the study area, some min- 
ng activities were carried out in the early years, but they have 
ow been stopped. 

.2. Soil sampling and chemical analysis 

ourists mostly visit the park along roads, and roads were con- 
idered as the most likely potential places for people to be 
xposed to trace metal(loid)s in park ( Memoli et al., 2019 ). A
otal of 47 soil samples (0–20 cm depth) were collected along 
he main roads in the study area, excluding those roads with 

ess impact on tourists such as cableways and highways. The 
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Fig. 1 – Location of the study area and sampling groups. The area inside red curve represents the core scenic area. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

adjacent sampling sites were divided into 19 tourist aggrega-
tion groups ( Fig. 1 ), and based on the density of traffic and
tourist attractions, the 19 sampling groups were further di-
vided into the core scenic areas (including the group of BEL,
YGSZ, YPF, LRF, AYF, GMD, BH, HHS, SXF and CGG) and the non-
main scenic areas (including the group of FX, DQA, NDM, BYA,
XDM, BDM, SCC, WNG and KZX). The exact locations of sam-
pling sites were recorded by GPS. 

Each sample was a composite of five sub-samples of equal
weight. Sub-samples were collected from five locations from
a nearby 1 m 

2 area (Appendix A Fig. S1) with a stainless
steel hand auger according to the method of GB/T 36197–
2018 issued by the Standardization Administration of China.
Then, these sub-samples were completely mixed and reduced
by quartering (Appendix A Fig. S1) to obtain an aggregate
soil sample of about 1 kg. After each sampling, we used tis-
sue paper to remove the soil in contact with the sampler
and washed the sampler with distilled water to avoid cross-
contamination. Samples were kept in polyethylene bags, num-
bered and marked separately, and then transported to the lab-
oratory. 

In laboratory, all soil samples were air-dried, ground, sieved
and digested before analyses. Chemical analyses and qual-
ity control were conducted in accordance with the Techni-
cal Specifications for Soil Environmental Monitoring of China
(HJ/T 166–2004). Soil pH was measured by pH vale meter (pHs-
3C, Leici, China), soil dry weight (dw) was measured by ana-
lytical balance (XP105DR, Mettler, Switzerland), organic mat-
ter (OM) and cation exchange capacity (CEC) were determined
by titration. Total nitrogen (TN) was measured by spectropho-
tometer (UV2501, Shimadzu, Japan), while available potassium
 

concentration was measured by flame photometer (HAD-
FP6400A, Shanghai Precision Instrument, China). After digest-
ing the samples, concentrations of Cd, Cr, Cu, Ni, Pb, and
Zn were measured by ICP Spectrometer (ICPMS-7900, Thermo
Fisher, USA), while As and Hg were measured by atomic flu-
orescence spectrometer (AFS-8220, Beijing Titan Instruments,
China). The detection limits of As, Cd, Cr, Cu, Ni, Pb, Zn and Hg
were 0.5, 0.01, 0.1, 0.1, 0.1, 0.1, 0.5 and 0.05 mg/kg, respectively.
The relative standard deviations (RSD) for soil properties of
duplicates were < 3%. 

1.3. Evaluation methods of pollution 

For the comprehensive assessment of soil pollution degree in
the study area, four indices including Geo-accumulation index
( I geo ), Nemerow index (PI Nemerow 

), Potential ecological risk in-
dex (RI) and Pollution load index (PLI) were calculated, and the
calculation formulas, parameters and classification criteria of
the indices are shown in Table 1 . These indices allow to assess
the degree of soil pollution with individual trace metal(loid)s
( I geo , PI), holistic evaluation of soil quality (IPI, PLI), and the as-
sessment of the ecological risk (RI). Hierarchical cluster analy-
sis (HCA) heat map was integrated to spatially estimate pollu-
tion status and potential threats caused by trace metal(loid)s.

1.4. Source apportionment methods 

The PMF model is one of the receptor models recommended
by the USEPA for source apportionment, first proposed and de-
veloped based on the previous studies of Paatero Paatero, 1994 ,
1997 ; Paatero and Tapper, 1993 ). It has a wide range of appli-
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Table 1 – Calculation formulas, parameters and classification criteria of the pollution indices used in this study. 

Indices Formula Parameters description classification criteria 

Geo-accumulation 
index ( I geo ) 

I geo = 

lo g 2 [ C i / ( k × B i ) ] 
C i - content of measured 
metal(loid) i in the samples, 

I geo ≤0, practically unpolluted (Class 0); 
0–1, unpolluted to moderately polluted (Class 1); 
1–2, moderately polluted (Class 2); 
2–3, moderately to heavily polluted (Class 3); 
3–4, heavily polluted (Class 4); 
4–5, heavily to extremely polluted (Class 5); 
I geo > 5, extremely polluted (Class 6). 

B i - the geochemical background 
values of metal(loid) i in 
sedimentary rocks (ordinary 
shale), 
k - coefficient, generally taken to 
be 1.5, is introduced to minimize 
the possible variations in the 
background values due to 
lithogenetic origins. 

Potential ecological 
risk index (RI) 

C i f = C i /C i n 
E i r = T i r × C i f 

RI = 

m ∑ 

i =1 
E i r 

C i f - pollution coefficient of 
metal(loid) i , 

E i r < 40, RI < 150, low risk; 
40 ≤ E i r < 80, 150 ≤ RI < 300, moderate risk; 
80 ≤ E i r < 160, 300 ≤ RI < 600, considerable risk; 
160 ≤ E i r < 320, 600 ≤ RI < 1200, high risk; 
E i r ≥ 320, RI ≥1200, extreme risk. 

C i n - regional background value of 
metal(loid) i (centre, 1990), 
E i r - single potential ecological risk 
of metal(loid) i , 
T i r - toxicity response parameter 
(toxicity coefficient) of metal(loid) i 
( Hakanson, 1980 ), 
RI - comprehensive potential 
ecological risk index. 

Nemerow pollution 
index (PI Nemerow) 

PI = C i / S i 
IPI = √ 

( P 2 max + P̄ 2 ) / 2 

PI - single pollution index of 
particular trace metal(loid), 

PI ≤0.5, unpolluted (Class 0); 0.5 < PI ≤ 1, unpolluted 
to moderately polluted (Class 1); 1 < PI ≤ 2, 
moderately polluted (Class 2); 2 < PI ≤ 3, moderately 
to heavily polluted (Class 3); PI > 3, heavily polluted 
(Class 4). Besides, IPI < 0.7, safety; 0.7 ≤ IPI < 1.0, 
precaution; 1 ≤ IPI < 2, slightly polluted; 2 ≤ IPI < 3, 
moderately polluted; IPI ≥ 3, seriously polluted. 

S i - standard value of soil 
environmental quality, 
IPI - integrated pollution index, 
P max - maximum value of the 
single pollution index of the trace 
metal(loid), 
P̄ - mean value of the single factor 
index. 

Pollution load index 
(PLI) 

PL I i = ( C 1 f × C 2 f × C 3 f × · · · × C n f ) 
1 /n 

PLI for a zone = ( PL I 1 × PL I 2 × PL I 3 × · · · × PL I n ) 1 /n 

PLI < 1, not polluted; 
PLI > 1, polluted; PLI = 1, baseline levels of pollution 

c
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ation in the identification of trace metal(loid) sources in soil 
ecently due to the non-negative source contribution of each 

ata point and the apportionment of source factor contribu- 
ions to each trace metal(loid) ( Guan et al., 2018 ; Huang et al.,
018 ; Li and Feng, 2012 ). The optimal factor profiles and fac- 
or contributions are obtained by the PMF model that mini- 

izes the objective function Q . The concentration matrix X i j 

nd function Q can be calculated by Eqs. (1) -( (2) : 

 i j = 

p ∑ 

k =1 

g ik f k j + e i j (1) 

 = 

n ∑ 

i =1 

m ∑ 

j=1 

⎡ 

⎣ ( x i j −
p ∑ 

k =1 

g ik f k j ) / u i j 

⎤ 

⎦ 

2 

(2) 

here, i and j are the number of samples and trace 
etal(loid)s, respectively. X i j (mg/kg) is the concentration ma- 

rix of trace metal(loid) j in sample i , g ik (mg/kg) is the contri- 
ution of source k on sample i , f k j is the contribution of source 
 on trace metal(loid) j, e i j is the modeling error on the concen- 
ration of trace metal(loid) j in sample i , and u i j is the uncer- 
ainty of trace metal(loid) j in sample i . PMF v5.0 requires two 
nput files including concentration data and uncertainty data,
nd the uncertainty (Unc) of the concentration was calculated 

s Eqs. (3) - (4) : 

or c ≤ MDL , Unc = 

5 
6 

MDL (3) 

lse , Unc = 

√ 

( Error fraction × c ) 2 + ( MDL / 2 ) 2 (4) 

Here, c (mg/kg) is the concentration of trace metal(loid)s,
DL is the species-specific method detection limit, Error frac- 

ion is a percentage of the measurement uncertainty. 

.5. Human health risk assessment model 

uman health risks caused by exposure to trace metal(loid)s 
ontained in contaminated road soils mainly occur through 

hree pathways including inhalation, ingestion and dermal 
ontact. The risks caused through ingestion and dermal path- 
ays can be estimated by the average daily dose (ADD ingest ,
DD dermal , respectively, mg/(kg • day)), while risk through in- 
alation can be estimated by the concentration of the chem- 

cal in air as the exposure metric ( C air-inhal , mg/m 

3 ). They are
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calculated as Eqs. (5) - (7) : 

 air −inhal = c × EF × ED / PEF × AT (5)

AD D ingest = 

[ (
c × R ingest × EF × ED 

)
/ ( BW × AT ) 

] 
× 10 −6 (6)

AD D dermal = [ ( c ×SA ×SL ×ABF ×EF ×ED ) / ( BW ×AT ) ] × 10 −6 

(7)

The parameters and the real data for Chinese people that
were used in Eqs. (5) - (7) are defined in Appendix A Table S1. For
the non-cancer risk, H Q i is the hazard quotient of the i th ex-
posures pathway, and the total hazard indices ( HI ) is the sum
of the hazard quotient ( HQ ). If the values of HI > 1, it indi-
cates that there are possible adverse health effects. For car-
cinogenic risk (CR), if the values of CR are greater than 1 × 10 −4 ,
it indicates the carcinogenic risk affects human health, and
if CR values are lower than 1 × 10 −6 , it means the reverse
Huang et al., 2018 ). They are determined as Eqs. (8) - (11) : 

For ingestion and dermal pathways, 

HI = 

∑ 

H Q i = 

∑ 

AD D i j /R f D i j (8)

CR = 

∑ 

AD D i j × S F i j (9)

For inhalation pathway, 

HI = 

∑ 

H Q i = 

∑ 

C air /R f C i j (10)

CR = 

∑ 

IUR × C air × 10 exp ( 6 ) (11)

The corresponding reference dose ( R fD ), slope factors ( SF )
inhalation reference concentration ( RfC ), and Inhalation Unit
Risk (IUR) values from the literature are shown in Appendix A
Table S2. 

1.6. Statistical analysis 

The descriptive statistical parameters and principal compo-
nents analysis (PCA) were calculated by IBM SPSS v26.0 (IBM,
USA). Box plots of I geo and PI were conducted by Origin 2018
(ESRI, US) to determine the data dispersion. The analysis re-
sults of the heat map with cluster correlations among sam-
pling sites were visualized by the Heatmap Illustrator v1.0,
based on the average concentration for each metal(loid). PMF
analysis was conducted with the PMF v5.0 (USEPA, USA). The
concentration data and uncertainty data related to these trace
metal(loid)s in road soils were input to the PMF model. All
those trace metal(loid)s with a signal-to-noise ratio (S/N) de-
fined as "strong". The factor numbers for PMF were set to 3, 4, 5
and 6, respectively. With start seed number chosen randomly,
the PMF model was run 20 times. The most appropriate factor
number was selected by judging the most stable and smallest
Q true value, and the last five factors were the optimal num-
bers. Moreover, their residuals were between −3 and 3. 
2. Results and discussions 

2.1. Trace metal(loid) concentrations and distributions in 

road soils 

2.1.1. Descriptive statistics of soil properties and trace
metal(loid)s 
Several soil parameters (including pH, dry weight, organic
matter, cation exchange, total nitrogen and available potas-
sium) were investigated, and the basic statistical summary
(e.g. minimum, maximum, mean, median) was presented in
Appendix A Table S3. The mean pH value of the study area
was 4.57, which was lower than that of the average local back-
ground with a value of 6.3 (Appendix A Table S3). Previous
studies have found that the lower the soil pH, the lower the
binding capacity of trace metal(loid)s ( G ̨asiorek et al., 2017 ;
Meharg, 2011 ). It is obvious that soil in this study area was
generally acidic, which may lead to a high concentration of
soluble trace metal(loid)s. The mean and median concentra-
tions of soil organic matter (SOM) in the study area were 59.53
and 52.30 g/kg, respectively, which were much higher than the
local background value of soils in Anhui Province of China
(20.0 g/kg) (Appendix A Table S3). Because SOM involves the
solid-liquid equilibrium constant ( K p ) of trace metal(loid)s, it
can affect the mobility and bioavailability of trace metal(loid)s
(Center, 1990). Cation exchange (CEC) can affect the migration
and enrichment of trace metal(loid)s in soils and the mean
value of CEC in the study area was 14.16, indicating that soil
preservation capacity was at the intermediate level. In addi-
tion, the results also showed that the total nitrogen level (TN)
was relatively high, with a mean value of 2.74 g/kg, and soil
available potassium content was moderate, with a mean value
of 86.00 mg/kg. 

As shown in Table 2 , all mean element concentrations
were in accordance with the Chinese soil guideline (GB 15618–
1995) and increased in the following order: Hg (0.14 mg/kg)
< Cd (0.29 mg/kg) < Ni (12.22 mg/kg) < As (13.68 mg/kg) <
Cu (14.83 mg/kg) < Cr (23.63 mg/kg) < Pb (40.93 mg/kg) <
Zn (77.89 mg/kg). Obviously, among all elements, the mean
concentrations of As, Cd, Pb, Zn and Hg in this study were
higher than their corresponding background values in An-
hui Province of China (8.4 mg/kg, 0.084 mg/kg, 26 mg/kg,
58.6 mg/kg, 0.028 mg/kg, respectively). In addition, the mean
values of surface enrichment for these elements were signif-
icantly greater than 1 (1.63 for As, 3.45 for Cd, 1.57 for Pb,
1.33 for Zn and 5.00 for Hg, respectively). In particular, the
mean concentrations of Cd and Hg presented at 3.45 and 5.00
times of their local average background values (0.084 mg/kg
and 0.065 mg/kg, respectively), suggesting that soil in the
study area has been mildly polluted by anthropogenic activ-
ities ( Jiang et al., 2017 ). Comparing to other national parks of
the world, the trace metal(loid) concentrations of this study
area were at a low or moderate level. The mean Pb concentra-
tion (40.93 mg/kg) in this study was relatively higher than that
of other national parks, such as the parks in Iraq (16.22 mg/kg),
Poland-Roztocze (19.64 mg/kg), Montenegro (27.97 mg/kg),
China-Xixi (39.20 mg/kg) and Spain (36.71 mg/kg). The mean
concentrations of Cd, Zn and Hg were at the lower middle
level, meanwhile the concentrations of Cr, Cu and Ni were rel-
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tively low, especially for Ni (12.22 mg/kg) which was much 

ower than the concentrations in parks of Iraq (328.00 mg/kg) 
nd Turkey (2935 mg/kg). Due to the difference in geologi- 
al backgrounds and human activities, the concentrations of 
race metal(loid)s in soils of national parks in different regions 
ary greatly ( Liu et al., 2020 ). 

.1.2. Spatial distribution characteristics of trace metal(loid) 
ollution 

o investigate the spatial distribution of trace metal(loid)s 
mong the sampling sites, the heat maps coupled with vi- 
ualized hierarchical cluster analysis (HCA) ( Li et al., 2015 ; 
ang et al., 2018 ) were performed and the results were shown 

n Fig. 2 . It was notable that the clustering results were di-
ided into five main groups. In the C1 group, the sites (includ- 
ng GMD, YGSZ, BEL, AYF and BH), located in the western pe- 
ipheral non-main scenic areas, were clustered together with 

ainly Hg pollution, and in a smaller extent with Pb, Cd and 

s pollution. The pesticides and fertilizers applied in the west- 
rn part of the national park may contribute to the Hg accu- 
ulation in road soils ( Dong et al., 2017 ). The sites of group C2
ere mainly in the core scenic area with the most tourist at- 

ractions, and mainly polluted by Cd and Pb, followed by Zn, As 
nd Hg. Due to the high traffic density in these sites, long-term 

mission of vehicle exhaust may cause pollutions with Pb, Cd 

nd Zn in the topsoils ( Jiang et al., 2017 ; Zhang et al., 2018b ).
he sites of C3 group, located in the non-main scenic areas 

n the eastern periphery, were mainly polluted by Cd and Cu.
he C4 cluster consisting of the sites of HHS and SXF also was

he central part of the core scenic area. The trace metal(loid) 
ollution in this study area was the most serious, with hot 
pots ranging from "orange" to "red", characterized by high Cd 

nd Hg pollution. The concentrations of As, Cu and Cd in the 
5 group were higher, which were attributed to the emissions 

rom copper and coal mining areas near the SCC site. However,
ll sites were basically free of Cr and Ni contamination. 

The high concentrations from HCA heat maps indicated 

hat trace metal(loid)s in road soils of the study area were 
ainly accumulated in the core scenic areas with a high den- 

ity of tourist attractions and traffic volume, and sparsely dis- 
ributed in the non-main scenic area of the study area. The 
djacent mining area also had a bit of impact. It was obviously 
ound that soils in this area were affected by Cd and Hg pol-
ution to varying degrees, which may be hazardous to human 

ealth (Zhang et al., 2018c). 

.2. Comprehensive assessment of pollution status 

ssessment of pollution status for trace metal(loid)s partly re- 
ects the potential risks to ecosystems. Table 3 showed the 
ean ± SD values of pollution indices. The Geo-accumulation 

ndex ( I geo ) assesses the pollution in soils based on the com-
arison of trace metal(loid) concentrations with the soil geo- 
hemical background ( Liu et al., 2018 ). Results of I geo from the
ighest to the lowest values were: Hg > Cd > Pb > As > Zn
 Cu > Cr > Ni. Hg showed the highest pollution level among
ll trace metal(loid)s, followed by Cd. Except for Hg (1.78), Cd 

0.97) and Pb (0.01), the mean I geo values of the other five trace
etal(loid)s were all lower than 0, indicating a practically un- 

olluted level. According to the calculated I geo values, it can be 
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Fig. 2 – Hierarchical cluster analysis (HCA) heat maps of trace metal(loid)s in road soils, providing information of 
relationship among trace metal(loid)s and sites. Ward method and squared Euclidean correlation were used for clustering 
(left of the map), and the clustering results were divided into five main groups (C1-C5). The color intensity (log scale) in each 

panel showed the concentration of the certain metal(loid) in the site, referring to the color key at the right side. The name of 
the sites used the acronym of the local place names, such as FX which stands for Fuxi. The concentration used here is the 
normalized concentration (measured concentration / local value of the element in soil of the study area). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

seen clearly in boxplots ( Fig. 3 a) that the maximum values of
Cr and Ni were less than 0, which suggested all sites were prac-
tically unpolluted. Meanwhile, the minimum value of Hg was
greater than 0, indicating all sites were at a polluted level. The
class distributions of eight trace metal(loid)s in soils ( Fig. 3 b)
revealed that the I geo values of all soil samples for Hg and Cd
ranged from Class 0 to Class 4. Among which, the pollution
levels of both elements belonged to Class 3 and 4, were 30%
and 9%, respectively. The overall degree of soil pollution with
Hg and Cd was significantly higher than that of the other trace
metal(loid)s. 

Based on the Nemerow index, the mean, minimum and
maximum values of PI of Cd (1.0, 0.33–3.03) and Hg (0.5, 0.27–
1.2) were relatively high in road soils ( Table 3 and Appendix
A Table S5). The mean values of PI decreased in the follow-
ing order: Cd > Hg > As > Zn > Cu > Ni > Pb > Cr. In terms
of the class distribution of Cd and Hg, the PI > 0.5 (warning
limit) were 87% and 35% in all samples, respectively ( Fig. 3 d),
while all the samples were unpolluted with Cr (Class 0). For
the integrated pollution of the entire study area, the IPI in-
dex suggested that the study area was in the precaution risk
level (IPI = 0.94), and the PLI index indicated that it was in the
slightly polluted level (PLI = 1.13), based on the values and clas-
sification in Table 1 and Table 3 . Among all trace metal(loid)s,
Cd had the highest IPI pollution level of 2.26, and according
to the classification criteria for pollution level, the soils were
moderately polluted with Cd. 

According to the ecological risk index, the trace
metal(loid)s with potential ecological risks decreased in
the order of Hg > Cd > As > Pb > Cu > Ni > Zn > Cr. The
values of single potential ecological risk assessment of trace
metal(loid)s ( E i r ) indicated that Cd and Hg were the two main
contributors to ecological risks. This was because their as-
sessment results were much greater than those of other trace
metal(loid)s ( Table 3 ). Hg had the greatest risk value of 216.78,
which was followed by Cd of 97.85. The biological toxicity
of Hg and Cd currently presented high and considerable
potential for ecological risks, respectively, showing that they
have a significant effect on the results of potential ecological
risk assessment (RI). The RI value was 347.10, suggesting that
the ecological risk level of the eight trace metal(loid)s in road
soils of this study area was considerable. 

2.3. Source apportionment by combining PMF and PCA 

Firstly, the principal component analysis (PCA) and correla-
tion analysis were used to preliminarily identify the poten-
tial sources of trace metal(loid)s in soils ( Fig. 4 ). To reduce
the number of highly loaded elements on each component,
varimax rotation was used to Kaiser normalization for trace



68 journal of environmental sciences 111 (2022) 61–74 

Fig. 3 – Boxplots (a, c) and class distribution (b, d) of the I geo and PI values for the eight trace metal(loid)s in the study area. 
The black dashed horizontal line in boxplots presented the guideline values (0 for I geo and 0.5 for PI) . 

Fig. 4 – Identify the correlations between concentrations of trace metal(loid)s. Pairwise comparisons of trace metal(loid)s are 
shown, with a color gradient denoting Pearson correlation coefficients. Factor loadings for varimax rotated Principal 
component analysis (PCA) were related to each trace metal(loid). Edge color denotes the ranges of factor loadings, and edge 
width corresponds to the values of loading in proportion. 
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metal(loid) concentrations in PCA ( Zhang et al., 2018b ). The
detailed numerical results were given in Appendix A Tables
S6 and S7. Based on the results of eigenvalues, PCA extracted
three components (named as PC1, PC2 and PC3, respectively)
which explained 88.9% of the cumulative variance, and their
loading plots were presented in Fig. 5 a. The PCA results indi-
cated that PC1 mainly loaded on Cd, Pb and Zn, with a signif-
icant correlation between these trace metal(loid)s ( p < 0.01)
(Appendix A Table S6). PC2 was weighted heavily on As, Cr, Cu
and Ni with high loadings (0.934, 0.882, 0.766 and 0.686, respec-
tively), while PC3 was dominated by Hg with a high loading of
0.963. Strong correlations suggest a common source ( Jin et al.,
2019 ). 

To more accurately identify the sources of the eight trace
metal(loid)s and quantify their corresponding contributions in
road soils of the study area, the PMF model was further used.
The model fitting showed that the fitting coefficients ( r 2 ) of all
trace metal(loid)s were greater than 0.82 (Appendix A Fig. S2),
indicating that the overall fitting effect between the observed
and the predicted concentrations of the PMF model well ex-
plained the information included in the original data and the
results were reliable ( Zhang et al., 2018b ). Ultimately, accord-
ing to the PMF processing results, five factors (including Fac-
tor 1, Factor 2, Factor 3, Factor 4 and Factor 5) were identified
( Fig. 5 b and Appendix A Fig. S3). Comparing the results of PCA
and PMF model, it was found that the PMF model provides a
more detailed and quantifiable explanation for the sources of
trace metal(loid)s in road soils, and the contributions of each
source were showed in Fig. 5 c. 

Factor 1 which accounted for 10.53% of the contribution
rate was dominated by Hg (78.5%, Fig. 5 c). Previous studies
have shown that the strong correlations of Pearson correlation
coefficients suggest a common source ( Ali et al., 2016 ; Jin et al.,
2019 ). As shown in Fig. 4 , because Hg had a low positive or
even negative correlation with the other 7 trace metal(loid)s,
it suggested that the pollution source of Hg might differ from
other trace metal(loid)s ( Zhang et al., 2018a ). The average con-
centration of Hg (0.14 mg/kg) was moderately enriched in road
soils as compared to background value (0.0675 mg/kg), and ac-
cording to the I geo and RI results of Hg, most sites were at pol-
luted level indicating an anthropogenic source. Hg is an impor-
tant element in fertilizers and pesticides with strong volatility
and migration ( Dong et al., 2017 ; Giersz et al., 2017 ), and can
migrate into soil, water and atmosphere, leading to high Hg
concentrations in these environmental media. Moreover, the
spatial distribution analysis also shown that Hg pollution was
widespread, and the western peripheral non-main scenic ar-
eas (C1 group) with a large amount of forestland were mainly
controlled by Hg pollution ( Fig. 2 ). Since this study area is sur-
rounded by many famous tea-producing areas, Hg pollution
may be attributed to the extensive use of Hg-containing pesti-
cides and fertilizers for large-scale tea planting and greening
care in and around the study area ( Jiang, 2019 ; Men et al., 2018 ).
Therefore, Factor 1 may originate from an agricultural source.

Factor 2 with a contribution rate of 34.02% was mainly
loaded on Zn (52.4%) and Pb (43.3%), while Factor 3 with a
contribution rate of 5.91% was mostly loaded on Cd (49.0%)
( Fig. 5 b and Appendix A Fig. S3). A growing number of stud-
ies have proved that the accumulation of Cd, Pb and Zn in
soils and plants along roads were caused by traffic source
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Fig. 5 – Apportion the potential sources of trace metal(loid)s. (a) Factors loadings for rotated components of the PCA; (b) the 
concentrations of species and source contributions from PMF model; (c) the source apportionment of trace metal(loid)s by 

the combination of qualitative (PCA) and quantitative analysis (PMF). 
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 Brtnicky et al., 2019 ; Dao et al., 2014 ; Jiang et al., 2017 ;
anosky et al., 2012 ). It was reported that Cd is an impor- 
ant element contained in tires and lubricating oil ( Duan and 

an, 2013 ), while Pb and Zn were mainly found in automobile 
xhaust ( Zhang et al., 2016 ). Since the sampling sites were ad- 
acent to the busy roads with heavy traffic, a higher concen- 
ration of Cd, Zn and Pb in this study area than their average 
ackground concentration in Anhui province suggests their 
robable source from the traffic emission. In addition, Cd, Zn 

nd Pb are highly correlated ( p < 0.01), which also indicates 
hat they may have the same source (Appendix A Table S6).
ence, Factors 2 and 3 can be combined and attributed to traf- 
c sources. 

Factor 4, contributing 23.62%, was mainly supported by Ni 
58.6%), Cr (55.3%) and Cu (51.7%). The correlations among 
r, Cu and Ni in the study area are statistically significant ( p 
 0.01), which suggested that they might share a common 

ource (Appendix A Table S6). Previous studies indicated that 
he parent material and pedogenic process are the main con- 
ributors affecting the content of Cr and Ni ( Lu et al., 2012 ,
017 ; Madrid et al., 2002 ; Zhang et al., 2018b ). The average con-
entrations of Cr, Cu and Ni were significantly lower than the 
ackground values of Anhui province, and according to the re- 
ults of I geo assessment ( Fig. 3 ), there was no Cr and Ni pollu-
ion in road soils of the study area, and Cu was slightly pol- 
uted, showing no significant anthropogenic impact of these 
race metal(loid)s. Thus, Factor 4 was identified as a natural 
ource. 
Factor 5, mainly loaded on As (68.8%) and Pb (55.7%), was 
onsidered as an industrial source. It was reported that As was 
ommonly used as alloy additives, catalysts and some elec- 
roplated materials ( Li et al., 2020 ). In addition, coal consump-
ion was an important cause of human activity to As pollution 

 Liu et al., 2020 ). In this study, the average concentration of As
as 13.68 mg/kg, exceeding the background value (8.4 mg/kg),

nd the high concentration of As was found in C5 group adja- 
ent to coal and copper mining areas ( Fig. 2 ), suggesting a po-
ential anthropogenic source from industrial influence, such 

s smelting, mining activities and so on ( Ma et al., 2018 ). Al-
hough Pb was the main element of traffic source associated 

ith automobile emission, it was widely founded in wastew- 
ter discharges from mine tailing, smelting ( Liao et al., 2017 ) 
nd the production of Pb batteries as well ( Urrutia Goyes et al.,
018 ). Therefore, Factor 5 was most probably associated with 

ndustrial sources. 

.4. Human health risk assessment 

he health risks (including non-carcinogenic risk and car- 
inogenic risk) of adults and children posed by soil trace 
etal(loid)s through three exposure pathways were analyzed,

nd the results were shown in Table 4 . The result of PMF was
dopted to quantify the contribution of different sources to 
uman health risks. Health risks caused by the apportioned 

ources were obtained by multiplying the health risk values of 
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individual trace metal(loid)s by the contribution rates of iden-
tified sources ( Ma et al., 2018 ) ( Fig. 7 ). 

The non-carcinogenic risk was evaluated by the total haz-
ard index (HI), and all the HI values were lower than 1, which
indicated that trace metal(loid)s of road soils in the study area
posed no significant non-carcinogenic health risks to chil-
dren or adults through the three pathways mentioned above.
The HI values for children decreased in the order of As > Pb
> Cr > Ni > Hg > Cu > Cd > Zn. However, compared with
adults, the non-carcinogenic risk for children was significantly
higher, showing that children were more susceptible to the
eight trace metal(loid)s in the study area. In addition, the non-
carcinogenic risk values for the trace metal(loid)s were 1–4
orders of magnitude higher for the ingestion pathway than
for the inhalation pathway ( Table 4 ), and the relative contri-
bution of the ingestion pathway to the total risk of the trace
metal(loid)s ranged from 77.77% to 99.07% for children and
from 69.41% to 98.65% for adults ( Fig. 6 and Appendix A Table
S8). The result suggested that the ingestion of soil particles
appeared to be more important than the other two exposure
pathways through which health risks are posed to tourists,
and the inhalation pathway contributed to the almost negli-
gible risks. The main ingestion pathway might be in part be-
cause of incidental hand-to-mouth contact ( Ma et al., 2018 ).
This result was consistent with previous studies ( Gu et al.,
2016 ; Yang et al., 2018 ). Therefore, it is quite necessary to
instruct children to take protective measures, such as wash
hands frequently or wear protective gloves to reduce the risks
through ingestion and dermal contact pathways when they
play in the national park. 

As shown in Table 4 , the total carcinogenic risk values of As,
Cd, Cr, Ni and Pb for children from ingestion, inhalation and
dermal decreased in the order of As > Pb > Cr > Ni > Cd. It is
generally considered that if the value of total risk exceeds the
limit (1 × 10 −4 ), it indicates a significant risk of cancer effects;
and if the value is lower than 1 × 10 −6 , it indicates negligible
cancer risk effects ( Tepanosyan et al., 2017 ; USEPA, 2009 ). The
carcinogenic risks for As, Cd, Cr, Ni and Pb through inhalation
exposure pathway were all significantly lower than 1 × 10 −6 ,
indicating negligible inhalation carcinogenic risks in this area.
However, CR values of As for children and adults through in-
gestion and dermal contact were higher than the limit value
of 1 × 10 −6 , indicating As pollution in park road soils should
be paid more attention to protecting human health from car-
cinogenic risk. 

The contribution rates of different sources to the non-
carcinogenic risks and carcinogenic risks were similar among
children and adults ( Fig. 7 and Appendix A Fig. S4), which
was consistent with the previous study ( Ma et al., 2018 ).
Hence, only the health risks of adults were discussed here.
As shown in Fig. 7 , the industrial and traffic sources were the
two most important anthropogenic sources of the health risks
for adults, with non-carcinogenic risks accounting for 52.72%
and 24.76%, and the carcinogenic risks accounting for 65.14%
and 4.14%, respectively. It indicated that industrial and traf-
fic sources could pose significant impacts on human health
risks, with the industrial source was mostly characterized by
Pb and As, and traffic source was mainly loaded on Cd, Zn and
Pb. Therefore, to reduce the health risks for tourists in the na-
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Fig. 6 – Relative contributions to the hazard index (HI) for each metal(loid) through three exposure pathways (ingestion, 
inhalation, and dermal exposure). 

Fig. 7 – Contributions of each source to the health risks for adults. 
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ional parks, it is essential to consider predominant sources in 

ealth risk assessment. 

onclusions 

n conclusion, to explore the pollution levels, potential sources 
nd health risks of trace metal(loid)s in road soils, a highly- 
isited national park was investigated. Results showed that 
g and Cd were the most accumulated elements in road 

oils of the study area, and the pollution of trace metal(loid)s 
ainly originated from traffic, industrial, agricultural and nat- 

ral sources. The PMF model provided a more detailed and 

uantifiable explanation for the sources of trace metal(loid)s 
n road soils compared with PCA. However, the combination 

f these two models can well apportion the pollution sources 
ualitatively and quantitatively. 

According to the results of the health risk assessment,
hrough inhalation, ingestion or dermal pathways, the trace 
etal(loid)s posed no obvious non-carcinogenic health risks 
o children or adults. However, industrial and traffic sources 
eriously affected the health risks, indicating risk control 
hould be given priority to these sources. Model results are 
losely related to the selection of parameters and the deter- 
ination of parameter values. Therefore, to reduce the uncer- 

ainty of the risk assessment results, optimizing the model 
nd conducting a more extensive investigation of exposure 
actors (such as exposure frequency, soil intake rate and skin 

dhesion factors) for different regions will be the focus of our 
ollow-up research. 
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