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Determination of priority control
factors for risk management of
heavy metal(loid)s in park dust in
Mianyang City

Huaming Du?, Xinwei Lu?*“ & Xiufeng Han3

In order to determine the priority control elements and sources of heavy metal(loid)s (HMs) pollution
in park dust, this study collected dust samples from 25 parks in the urban area of Mianyang City and
measured the contents of 10 HMs. Based on Monte Carlo simulation, the probabilistic pollution levels
and ecological-health risks of HMs were assessed. We found that the average contents of Zn, Co, Pb,
and Cr were much higher than their background values in local soil and were influenced by artificial
activities. The pollution assessment found that 5 parks were moderately polluted. The comprehensive
pollution of HMs in the dust was mainly caused by Zn and Cr, and industrial source was the main
contributor to Zn and Cr pollution. The contribution of As, Co, and Pb to the comprehensive ecological
risk was high, accounting for 54.6%. Co, Pb, and As were the priority control HMs of ecological risk,
while mixed source and industrial source were the priority control sources. HMs presented potential
carcinogenic health risks to both children and adults. The non-carcinogenic risk to adults was within
safety level, while some parks showed non-carcinogenic risk to children, which should be paid
attention to. The source-specific health risk assessment showed that Cr and As were the priority control
HMs for human health, while mixed source and industrial source were the priority control sources.

Keywords Park dust, Heavy metal(loid), Monte Carlo simulation (MCS), Pollution evaluation, Ecological
risk evaluation, Health risk assessment, Priority control factors

The Global Environment Outlook 6 (GEO6) shows that a healthy environment is a prerequisite for economic
prosperity, human health, and well-being'. With the rapid development of social economy, cities have become
the areas most affected by human activities>’. Due to intensive human activities, heavy metal(loid)s (HMs)
can accumulate in dust and are difficult to be degraded, making them important environmental indicators and
more serious environmental hazards?. With the increasing attention to urban environmental quality and human
health, HM pollution of dust has gradually become a hot research topic. Researchers have conducted extensive
research on the content, sources, pollution assessment, health risks, and environmental effects of HMs in dust>?,
and have made some progress in studying the distribution characteristics, chemical speciation, particle size
effects, sources, and influencing factors of HMs in dust!?-!*. Related studies have shown that urban construction,
transportation, and industrial activities have a significant impact on the concentration of HMs in dust. HMs can
enter the human body through inhalation, skin contact, and ingestion, posing a threat to human health!®.
Urban parks are important places for city residents to take walks, run, rest, and entertain themselves. Urban
park dust is an important carrier of HMs, and the impact of HM pollution in park dust on human health is
receiving increasing attention. In recent years, extensive research has been conducted on the pollution of HMs in
dust from different urban parks. As reported in the literature!®-?2, research has been conducted on the pollution
and health risk assessment of HMs in park dust in Trinidad, Krakow, Beijing, Nanjing, Lanzhou, Changchun,
and Accra. These studies mainly focused on the content, pollution characteristics, and health risk of HMs in
park dust, as well as qualitative source identification using correlation analysis, principal component analysis,
and cluster analysis. Quantitative source apportionment using PMF receptor model was rarely conducted.
Qualitative source identification can only identify the type of pollution source, cannot provide the contribution
rate of the pollution source, and cannot quantify the contribution rate of the pollution source to human health
risks. Quantitative apportionment of pollution sources is an important means of scientifically and effectively
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controlling environmental pollution. The risk assessment method combining quantitative source analysis with
ecological-health risk models can help identify the priority sources for dust HMs pollution control, accurately
formulate pollution control measures, reduce management investment, and effectively control the impact of dust
pollution on human health. Therefore, the ecological-health risk assessment model of HMs in park dust based
on quantitative source analysis has become an important means for scholars to quantitatively identify pollution
risks.

The research on HM pollution in park dust in China mainly focuses on large cities , while there is a
significant lack of research on HM pollution caused by park dust in emerging industrial cities. Mianyang is a
typical emerging industrial city?®, with medicine, new energy, electronic information industry, and auto parts
as its main components?®. In recent years, with the rapid development of industrial production, population
increase, urban construction, and urbanization in Mianyang City, the problem of urban ecological environment
has become increasingly prominent, and the urban topsoil has been polluted by some HMs?. With the
intensification of industrial development and urbanization in Mianyang City, the impact of park dust on people’s
living environment and human health is becoming increasingly significant. However, the pollution status of
HMs in park dust and whether there is an exposure risk to citizens urgently need to be addressed. The main
purposes of this study were to: (1) measure the concentrations of 10 HMs (Ba, As, Cr, Co, Cu, Pb, Mn, Ni, Zn,
and V) in urban park dust of Mianyang using an X-ray fluorescence spectrometer; (2) assess the probabilistic
pollution levels, probabilistic ecological risks, and probabilistic human health risk of HMs; and (3) apportion the
contribution rates of diverse pollution sources to contamination, ecological, and health risk using the improved
Nemerow index (INI), Nemerow comprehensive ecological risk index (NCRI), and health risk assessment (HRA)
model, in order to determine the priority pollution HMs and pollution sources. Our research results aim to offer
a scientific basis for the prevention of dust HM contamination and the treatment of priority pollution sources
in Mianyang urban parks.

6,19-21

Sampling and methods

Study area

The urban area of Mianyang City (104°35’-104°50" E, 31°21’-31°35’ N) is situated in the northwest of Sichuan
Province. The Fujiang River and Anchang River pass through the city, and the terrain is flat with an average
elevation of 490.6 m. The climate of Mianyang urban area is a north subtropical humid monsoon climate. The
mean annual temperature is 16.6 °C, and the average annual precipitation is 878.2 mm?®. The study area is
mainly composed of fluvial alluvium, sandstone, and mudstone weathering material. The main urban area of
Mianyang includes most of the industrial, commercial, and residential areas. By the end of 2022, the built-up
area of Mianyang city had reached 189.2 km?, the urban industrial land area had reached 34.9 km?, and the
urban resident population had reached 2.3 million?’. The ecological environment of Mianyang city is facing
severe challenges brought by rapid urbanization and industrialization?>2°.

Dust sampling and experimental analysis

After field investigation, we selected the gate entrances, sidewalks, entertainment areas, and sports field of each
park as sampling points, collected dust with plastic brush and dustpan, and mixed the collected dust from each
park into one sample. From January to February 2022, a total of 25 mixed dust samples were collected in the
parks of Mianyang urban area (Fig. 1). For each sample, after removing the plant residue and bricks from the
dust?®, the mixed dust samples of 200 g were stored in a polyethylene bag with a sample label on it. Finally, the
surrounding environmental conditions at the time of sample collection were recorded.

The samples were placed indoors and air-dried under natural conditions. After grinding with agate mortar,
passed through a 20 mesh nylon sieve, then ground with vibration grinder and passed through a 200 mesh nylon
screen, finally the ground dust samples were sealed in polyethylene self-sealing bags for testing?®. The 5.0 g
sample of ground dust was pressed into circular sheets by a press machine, and the concentrations of Ba, As, Cr,
Co, Cu, Ni, Pb, Mn, V; and Zn in the samples were measured by X-ray fluorescence spectrometer (XRF, Bruker,
S8 Tiger, Germany)®. To ensure the accuracy of the measurement results, the instrument components were
cleaned and debugged before analysis. Our quality control was carried out with 10% duplicate samples?® and soil
standard material (GSS-3), with an analysis error within 5%.

Geo-accumulation index (Igeo) and improved Nemerow index (IN/)
The I, is used to evaluate the contamination degree of a single HM, and it is calculated using the following

Eq. (D)
&
15- B,

I{/(’u = IOgQ (1)

where C, is the content of HM i in park dust, mg kg™'; B, is the geochemical reference value of HM i, mg kg™".
INT is applied to evaluate the comprehensive contamination degree of all HMs, and it is calculated using the
following Eq. (2)*%:

2 2
INT = Loeomax” + Lgeou, (2)

2
where Iyeo ax and Lgeo,,, represent the maximum and average L,,, values of the evaluated HMs, respectively. The

pollution degree of Loeo and INT are shown in Table S1.
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Fig. 1. Park dust sampling points of Mianyang urban area [the figure was generated by Huaming Du using the
ArcGIS 10.3 (https://developers.arcgis.com/)].

The potential ecological risk factor (E) and the Nemerow comprehensive ecological risk
index (NCRI)
E, is used to assess the ecological risk of a single HM, and it is calculated using the following Eq. (3)*%

Gi

E =T
x5

3)

where Ti is the toxicity coeflicient of HM i. The toxicity coefficients of Ba, Mn, Zn, Cr, V, Pb, Cu, Co, Ni, and As
are1,1,1,2,2,5,5,5,5, 10, respectively.

NCRI is mainly used to assess the comprehensive ecological risk of all HMs in dust, and it is calculated by
Eq. (4)%:

2 2

NCRI = 7‘111%; lavg 4

where NCRI is the Nemerow comprehensive ecological risk index of all HMs in dust. Ej; .. and F;, represent
the maximum and average E, values of the evaluated HMs, respectively. Table S2 shows the grade of E; and NCRI.

Health risk assessment model (HRA) of HMs

The health risk assessment of HMs in park dust was based upon the USEPA human risk assessment model. All
of the 10 HMs detected have chronic non-carcinogenic risks, As, Cr, Ni, and Co also have carcinogenic risks!>3!.
The exposure dose is calculated by Egs. (5)-(7)*-%":

C x IRy x EF x ED
BW x AT

Cx EF X IRy, x ED
PEF x BW x AT

ADlI,, = x 107° (5)

ADI’I',nh, = (6)
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CxSAxSLx ABS x EF x ED
BW x AT

ADIierma = x 1076 (7)

where ADI, , ADI, ,,and ADI, . respectively, represent the average daily exposure dose (mg kg™' day™") via
direct ingestion, inhalation, and dermal absorption; C is the concentration (mg kg™!) of HMs (95% UCL), mg
kg™ IR, is the ingestion rate, mg day™'; EF refers to exposure frequency, day year™'; ED means exposure time,
year; BWmeans average body weight, kg; AT is the average time, day; IR, , means inhalation rate, m* day~'; PEF
is the particle emission factor, m® kg™!; SA is exposed skin area, cm? SL is skin adhesion factor, mg cm™2 day™!;
ABS means dermal absorption factor. Table S3 shows the meanings and values of all parameters®~*2,

The total non-carcinogenic risk index (HI) and the total carcinogenic risks (TCR) of all HMs in park dust are

calculated by Eq. (8) and Eq. (9), respectively**-6:

ADI,;
HI:ZHQ,;:ZRJCD; (8)
TCR=Y CRi =Y (ADI; x SFy) (9)

Where HQ, and CR, are the non-carcinogenic risk and carcinogenic risk values of a single HM i, respectively;
RfD,. is the reference dose (Table S4), SFi]. is the carcinogenic slope factor (Table S4). The risk levels for HI and
TCR are shown in Table S5.

Monte Carlo simulation (MCS)

In order to accurately reflect the risk characteristics of HMs in park dust, MCS was used to evaluate the risk
probability of HMs based on the uncertainty of HM content in this study?’, and at the same time, the contribution
of each HM to the risk was quantitatively evaluated, and the main risk contributing factors were identified. The
principle of this method was to sample repeatedly from the probability distribution of several input variables to
obtain the distribution of the output variables. In this study, the contents of 10 HMs in park dust are taken as the
uncertain parameter, and the distribution characteristics of the 10 HMs are shown in Table 1. We set I oo INL,
E, NCRI, HI, and TCR as target variables, and then simulated the pollution level, ecological risk, and human
health risk of HMs in park dust 10,000 times using Crystal Ball software based on Egs. (1), (2), (3), (4), (8), and
(9), respectively.

Results and discussion

Contents of HMs in dust

The HM content in park dust of the study area and the background values of the topsoil in Sichuan Province
are shown in Table 2. The contents of As, Ba, Co, Cr, Cu, Mn, Ni, Pb, Zn, and V in park dust ranged from
5.0 to 16.3, 399.5-1084.5, 7.8-67.1, 60.9-378.3, 23.3-61.1, 411.2-975.6, 18.2-41.6, 21.2-211.3, 75.7-306.3, and
52.5-93.1 mgkg" L respectively. Table 2 shows that the mean contents of Ba, Cr, Co, Pb, Zn, and Cu were 1.4, 2.3,
1.9, 1.7, 2.1, and 1.2 times of their background values*, respectively. The coefficient of variation (CV) of HMs is
used to study the variation and dispersion of HMs in regional sampling sites. When the CV of the HM content
in the study area is greater than 20%, it is considered to be disturbed by human activities?*. Table 2 shows that
the CV values of Pb (80.9%), Co (66.0%), and Cr (55.2%) in park dust were much higher than 20%, indicating
that Pb, Co, and Cr were greatly influenced by human activities. The CV values of Ba (23.7%) and Mn (20.3%)
were close to the critical values, indicating that human activities had some affection on the distribution of these
2 HMs in park dust. However, Ni (19.7%) and V (15.2%) with small CV values might be mainly influenced by
natural factors.

Comparing the concentration of HMs in park dust of Mianyang City with that in 12 urban parks in China
(Table 2), the concentration of As in park dust of Mianyang City was lower than that in Nanjing, Lanzhou,
Wuhan, Zhengzhou, and Jiaozuo, but higher than that in Baotou. The concentration of Ba was slightly higher
than that in Baotou. The concentration of Cr was higher than that in Beijing, Nanjing, Lanzhou, Changchun,
Wuhan, Zhengzhou, Chengdu, Xi'an, Hangzhou, Baotou, and Jiaozuo. The content of Co was lower than that in

Element | Mean | Median | Standard deviation | Minimum | Maximum | Distribution
As 7.3 6.8 2.3 5 16.3 Lognormal
Ba 662.1 | 652.2 157.2 399.5 1084.5 Logistic

Cr 178.7 | 180.5 98.6 60.9 378.3 Beta

Co 33.7 352 222 7.8 67.1 Beta

Cu 387 | 35.9 10.1 233 61.1 Lognormal
Ni 26.0 | 245 5.1 18.2 41.6 Max Extreme
Pb 51.0 42.3 412 21.2 211.3 Lognormal
Mn 646.7 | 651.3 131.6 411.2 975.6 Beta

Zn 185.0 | 1954 57.2 75.7 306.3 Beta

v 66.7 | 63.7 10.1 52.5 93.1 Lognormal

Table 1. Distribution test and fitting results of HM contents.
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Element As |Ba Cr Co |Cu Ni Pb Mn |Zn A%

Minimum 50 [399.5 [60.9 |7.8 | 233|182 | 212 |4112 | 757|525
Maximum 16.3 | 1084.5 | 378.3 | 67.1 | 61.1 [41.6 |211.3 |975.6 | 306.3 | 93.1
Mean 7.3 |662.1 [178.7 |33.7 | 38.7 |26.0 | 51.0 | 646.7 | 185.0 | 66.7
Standard deviation 23 |157.2 |98.6 |222 | 101 |5.1 41.2 | 131.6 57.2 | 10.1
Coefficient of variation (%) | 31.5 [ 23.7 |552 |66.0 | 26.0 | 19.7 | 80.9 |20.3 309 | 15.2
Reference value*® 10.4 | 4740 [79.0 |17.6 | 31.1 | 326 30.9 | 657.0 86.5 | 96.0
Beijing'® NA |NA 69.3 |NA | 72.1 {260 |201.8 | NA 2192 | NA
Nanjing' 17.3 | NA 133.0 | 11.5 | 141.0 | 115.0 | 119.0 | 602.0 | 585.0 | 43.3
Lanzhou? 123 | NA 788 |NA | 543|362 | 658 |NA 246.5 | NA
Changchun?! NA |NA 593 |NA | 378|231 | 69.1 |[NA 169.3 | NA
Wuhan® 10.3 | NA 720 |NA | 474|282 | 458 [682.1 | 1842 |NA
Zhengzhou® 121 | NA 348 |NA | 160|117 | 344 |NA 942 | NA
Chengdu® NA [NA 553 |NA | 61.0 {20.1 | 78.8 |NA 275.0 | NA
Hong Kong®! NA |NA NA |NA |1388 |NA |248.1 [496.8 | 1998.0 | NA
Xian®? NA |NA 153.4 |35.6 | 36.4 |268 | 78.0 |330.5| 912|540
Hangzhou NA |NA 54.0 |22.0 | 69.0 |28.9 95.4 | 536.0 | 194.8 | NA
Baotou® 6.5 | 6404 |[154.1 |529 | 269 |251 | 362 |504.4 | 497|713
Jiaozuo'? 23.1 |NA 112.1 | 253 | 49.9 |51.7 | 553 |473.8 | 374.3 | NA

Table 2. The contents (mg kg™!) of HMs in Mianyang park dust and other published park dust in China. NA
means not available.

Baotou and Xian, but higher than that in Jiaozuo, Hangzhou, and Nanjing. The concentration of Cu was lower
than that in Beijing, Nanjing, Lanzhou, Wuhan, Chengdu, Hong Kong, Hangzhou, and Jiaozuo, but higher than
that in Changchun, Zhengzhou, Xian, and Baotou. The content of Ni was similar to Beijing, lower than that
in Nanjing, Lanzhou, Wuhan, Xi'an, Hangzhou, and Jiaozuo, and higher than that in Changchun, Zhengzhou,
Chengdu, and Baotou. The concentration of Pb was lower than that in Beijing, Nanjing, Lanzhou, Changchun,
Chengdu, Hong Kong, Xian, Hangzhou, and Jiaozuo, but higher than that in Wuhan, Zhengzhou, and Baotou.
The concentration of Mn was lower than that in Wuhan, but higher than that in Nanjing, Hong Kong, X{an,
Hangzhou, Jiaozuo, and Baotou. The content of Zn was lower than that in Beijing, Nanjing, Lanzhou, Chengdu,
Hong Kong, Hangzhou, and Jiaozuo, but higher than that in Changchun, Wuhan, Zhengzhou, Xi'an, and Baotou.
The content of V was lower than that in Baotou, but higher than that in Xi'an and Nanjing. Compared with other
12 cities, we found that the concentrations of Ba, Mn, and Cr in park dust of Mianyang urban zone were slightly
higher, the contents of Co and V were at a moderate level, and the concentrations of As, Pb, Cu, Zn, and Ni were
slightly lower. The contents of HMs in urban park dust is closely related to the regional geological environment,
urban scale, industrial activities, urban traffic, and people’s environmental protection awareness. The specific
reasons need further investigation and analysis.

Results of contamination evaluation based on MCS

Table S6 shows the results of the geo-accumulation assessment of HMs in urban park dust, and we found that the
simulated mean [, values of all HMs were consistent with the detected mean I, values. The mean [, values
of HMs in park dtist were Zn> Cr> Co>Pb>Ba> Cu>Mn>Ni> V> As. The average I, values of Znand Cr
were between 0 and 1, indicating that the pollution degree of Zn and Cr was unpolluted to moderately polluted.
However, the I, values of Zn in park 22 and the [, values of Cr in park 5, 8, 10, 12, 17, 19, 22, and 24 were all
greater than 1, 1nd1cat1ng moderate pollution (Flgure S1). The average Ig values of Co, Pb, Ba, Cu, Mn, Ni, V,
and As were all less than 0, which were —0.1, -0.1, -0.1, -0.3, -0.6, -0.9, 1.1, and — 1.2, respectively, indicating
that these HMs were generally unpolluted. However, it was worth noting that the I values of As in park 22,
Ba in park 6, 8, 10, 12, 13, 22, and 25, Cu in park 6, 8, 11, 16, and 24, were all greater than 0, indicating non-
pollution to moderate pollution (Figure S1). In 7 parks, Co was unpolluted to moderately polluted, while in 7
parks is presented moderate pollution. Regarding Pb, 5 parks were unpolluted to moderately unpolluted, 2 parks
were moderately unpolluted, and 1 park was moderately to heavily unpolluted. Overall, the HM contamination
degree in park dust of the study area was relatively low.

The simulated INT values of HMs at every park were basically consistent with the detected INI values (Table
S$7). In addition, the sensitivity analysis showed that the sensitivity of Zn and Cr were 50.0% and 29.0% (Figure
S$2), respectively, indicating that the comprehensive contamination of HMs in dust of Mianyang urban parks was
mainly caused by Zn and Cr. The comprehensive contamination levels of HMs at each park are shown in Fig. 2.
Figure 2 showed that most of parks were unpolluted to moderately polluted, while park 5, 15, 21, 22, and 24 were
moderately polluted.

According to our previous source appointment results?, the source-oriented pollution assessment indicated
that industrial source was the main contributor to Zn and Cr pollution (Fig. 3a). HMs from building sources,
mixed sources, and industrial sources exhibited uncontaminated to moderately contaminated, while HMs
from natural sources presented moderately contaminated (Fig. 3b). Overall, anthropogenic industrial sources
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contribute significantly to HM pollution in park dust, which is related to the pollutant emissions caused by the

rapid development of industry in Mianyang?’.

Results of ecological risk evaluation based on MCS

The simulated mean E, values and detected mean E, values of HMs in Mianyang urban park dust were
basically the same (Table S8). The mean E, values of 10 HMs in park dust were as follows: Co>Pb> As
>Cu> Cr>Ni>Zn>Ba> V> Mn. Overall, the mean E, values of all HMs belong to low risk. Figure S3 showed
that the E, values of Ba, Cr, Cu, Ni, Mn, Zn, and V in park dust were less than 15, presenting low risk. The mean
E; value of Co was the highest, and 7 parks were moderate risk. Next is Pb, park 15 and 25 were moderate risk
and park 22 exhibited considerable risk. In addition, park 22 presented moderate risk of As.

The simulated NCRI values of HMs at each park were close to the detected values (Table S9). Figure 4 shows
the spatial distribution of the NCRI values of HMs in all parks. From Fig. 4, it can be seen that in 23 parks
had NCRI values <15, indicating low risk. 2 parks had NCRI values between 15 and 30, indicating moderate
risk. The moderate risk samples are mainly distributed in industrial zones in the east. Based on the sensitivity
analysis of NCRI predictions value (Figure S4), it was found that Pb, As, Cu, Ni, and Co played a dominant role
in NCRI, and their sensitivities were 33.3%, 24.0%, 18.1%, 11.3%, and 7.2%, respectively. This may be related to
the toxicity coefficients of diverse HMs. The toxicity coefficients of Pb, As, Cu, Ni, and Co were 5, 10, 5, 5, and 5,
respectively, which were higher than those of other HMs. The key to controlling the ecological risk was to reduce

the concentrations of Pb, As, Cu, Ni, and Co in park dust.

Theresults (Fig. 5) of source-oriented NCRI assessment indicated that the contribution rates of the four sources
of HMs in park dust to the comprehensive ecological risk in the study area, from high to low, were as follows:
mixed source of natural and traffic (33.6%) > industrial source (28.3%) > building source (21.0%) > natural
source (17.1%), with the mixed source having the highest impact on ecological risk. From the analysis of the
contribution value of HMs from diverse pollution origins to the comprehensive ecological risk, the total risk of
Co and Pb accounted for more than 39.2%, indicating that Co and Pb were the chief contributing HMs to the
ecological risk. In addition, the toxicity coeflicient of As was much higher than those of other HMs, so it had a
high ecological risk, with a contribution rate of 15.4% to ecological risk. In summary, As, Pb, and Co were the
preferred HMs for dust ecological risk control in the study area, while mixed source and industrial source were

the priority sources.
By comparing the results of I

, INL, E,, and NCRI, we found that due to the different focus of these evaluation

methods, the result of I, and II%I were sllghtly different from those of E; and NCRI. I, and INI mainly consider
the geochemistry factors, focusing on the influence of dust HM contents and theit background values, with
an emphasis on the human impact of HMs. Besides the contents of HMs, E, and NCRI also take into account
the toxicity difference of different HMs, so more attention should be paid to the contamination prevention
and control of HMs with obviously higher toxicity coefficients such as As and Pb. The combination of these
assessment methods can objectively and comprehensively reflect the current status of HM contamination in
park dust, providing a basis for future environmental protection and pollution control.

HRA of HMs based on MCS

The simulated and detected exposure doses of HMs by different routes were basically consistent (Table S10).
From the exposure paths of HMs, we found that both non-carcinogenic and carcinogenic daily exposure doses

for adults and children followed the pattern of ADI, |

9
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4> ADL . indicating that direct ingestion was

Unpolluted to moderately polluted
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Fig. 2. The INI degree of HMs in Mianyang urban park dust [the figure was generated by Huaming Du using
the ArcGIS 10.3 (https://developers.arcgis.com/)].
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Fig. 3. The source-specific probabilistic contamination level of HMs in park dust [the figure was generated by
Huaming Du using the ArcGIS 10.3 (https://developers.arcgis.com/)].

the primary way of exposure risk of HMs in park dust, accounting for over 89% of the total daily exposure dose.
From the perspective of the population, the exposure dose of children was much greater than that of adults,
which may be due to their frequent hand-mouth behavior and higher inhalation rate per unit weight, resulting
in children being more exposure to and ingestion of HM-contaminated dust particles than adults.

The concentrations of 10 HMs were taken as the uncertainty parameter, probability ranges and sensitivity
analyses (Figures S5 and S6) of non-carcinogenic and carcinogenic risks for children and adults were obtained
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Fig. 4. The NCRI level of HMs in park dust [the figure was generated by Huaming Du using the ArcGIS 10.3
(https://developers.arcgis.com/)].

using Crystal Ball software after 10,000 simulations®. The simulated HI values and TCR values were consistent
with the detected HI values and TCR values for both children and adults (Table S11).

The simulated average HI values for children and adults were 7.7E-01 and 1.3E-01, respectively, both less
than the USEPA guideline value of 1, indicating the non-carcinogenic risk was minimal or negligible. The value
of the 5th percentile is generally considered the least harmful, while the value of the 95th percentile is considered
the worst-case scenario?”. The 95% confidence level of non-carcinogenic risk in children was (7.3E-01, 8.1E-01),
and the 95% confidence level of non-carcinogenic risk in adults was (1.2E-01, 1.4E-01). The 95% HI for children
and adults were all lower than 1, indicating that HMs do not pose a non-carcinogenic risk to human health.
Table S11 shows that the order of non-carcinogenic risks of 10 HMs in park dust to adults and children was as
follows: Cr> As > Mn>Pb >V >Ba> Co > Ni> Cu>Zn, and the non-carcinogenic risk of each HM was lower
than 1, indicating that the non-carcinogenic risk caused by HMs from all sources was at a safe level. However,
the HI value of children was 0.8, which is close to the critical value of non-carcinogenic risk (1), indicating that
the HMs in park dust have potential non-carcinogenic risks to children. The non-carcinogenic risks of direct
ingestion by children through hand-mouth cannot be ignored and should be taken seriously.

The carcinogenic risk order of Ni, Cr, Co, and As in dust for children and adults was As >Cr> Co>Ni.
Table S11 showed that the simulated average TCR values of children and adults were 5.3X 10 and 3.7 x 1079,
respectively. The 95% confidence levels for carcinogenic risk in children were (4.2E-06, 6.7E-06) and in adults
were (2.9E-06, 4.7E-06), showing that the 4 HMs have potential carcinogenic risk to children and adults.
Combining content and pollution evaluation, it was found that although the content of As in dust was low and
the pollution degree was not high, its carcinogenic risk cannot be ignored.

Figure 6 showed that the non-carcinogenic risks for children in parks 5, 15, 22, and 24 were all higher than 1,
indicating that these parks had obvious non-carcinogenic risk for children. The non-carcinogenic risk values for
children in parks 4, 8, 10, 12,17, 19, and 25 (0.8-1.0) were close to the critical value of non-carcinogenic risk, and
showed a larger trend of non-carcinogenic risk to children. The non-carcinogenic risks to adults were negligible
in all parks. The TCR values of children and adults were all greater than 10-¢, indicating a potential carcinogenic
risk in all parks, which should be taken seriously.

Through the sensitivity analysis of non-carcinogenic risk, it was found that As, Cr, Ba, V, and Pb had
significant effects on the non-carcinogenic risk for both children and adults. The contribution rates of As and
Cr to the non-carcinogenic risk in children were 36.6% and 34.6%, respectively, and the contribution rates of As
and Cr to the non-carcinogenic risk in adults was 35.5% and 32.8%, respectively (Figure S5), indicating that As
and Cr had a significant impact on non-carcinogenic risks in children and adults. The result of carcinogenic risk
sensitivity is shown in Figure S6. As had the highest sensitivity and should be regarded as the priority control
element, followed by Cr. The sensitivity of IR, to children and adults was 5.4% and 1.1%, respectively, indicating
that reducing direct intake can greatly reduce the carcinogenic risk.

Health risk assessment can only help understand the level of risk, but cannot effectively control health risks.
Therefore, it is need to screen the priority control HMs in dust pollution control and identify key pollution
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Fig. 6. Distribution of HI and TCR in different parks [the figure was generated by Huaming Du using the
ArcGIS 10.3 (https://developers.arcgis.com/)].
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Fig. 7. Contribution rates of diverse pollution origins to non-carcinogenic risks and carcinogenic risks of
children and adults.

sources. In this study, we assessed non-carcinogenic and carcinogenic risks of HMs from different sources, as
shown in Fig. 7. Industrial source contributed the most to non-carcinogenic risks for children and adults. The
contribution rates of the 4 sources to carcinogenic risk for children and adults were mixed sources > industrial
source > building source > natural source.

Conclusion

The concentrations of Cr, Zn, Co, and Pb in park dust were significantly higher than their background values,
which were 2.3, 2.1, 1.9, and 1.7 times higher than their background values, respectively. The accumulation of Zn
and Cr is most evident in dust. Zn in 1 park and Cr in 9 parks were moderately polluted, with industrial source
being the main source of Zn and Cr pollution. The ecological risks of As, Co, and Pb were higher than those
of other HMs. Mixed source and industrial source contribute the most to ecological risks and are the priority
control sources. Co, Pb, and As are the priority control sources for ecological risks. The non-carcinogenic risks
caused by HMs in park dust are within an acceptable range for adults, while 4 parks had non-carcinogenic risks
for children. There has a potential carcinogenic risk for both children and adults in all parks. Overall, children
in the study area had higher non-carcinogenic and carcinogenic health risks compared to adults. Industrial and
mixed sources are the priority control sources for health risks, while As and Cr are the priority HMs.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on
reasonable request.
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