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Abstract; To assess the pollution characteristics and the health risk, and identify the sources of heavy metals in
soils of different types of urban parks in Guangzhou, 118 soil samples were collected from 24 urban parks in
Guangzhou from June to July 2023. Heavy metals pollution in different types of soils was investigated using
geo-accumulation index methods, and the associated health risk was assessed using the US EPA model. Principal
component analysis (PCA) and absolute principal component score-multiple linear regression model (APCS-MLR)
were used to identify the sources of heavy metals. Our results indicated that the average concentrations of Pb, Cd,
Cr, Zn, Mn, Ni, Cu, V, Mo, Sb, Co, and Ti were respectively 4591, 0.12, 30.84, 85.53, 302.60, 10.50, 40.90, 61.26,
5.94,2.76,0.58, and 458.18 mg-kg' in the surface soil of children’s parks, while the concentrations in other urban
parks were 56.02, 0.19, 28.83, 70.51, 263.72, 9.06, 41 .68, 61.02, 5.63, 2.74, 045, and 320.27 mg-kg’l. The con-
centrations of Mo, Sb, Cu, and Zn in the soil of children’s parks, and Pb, Cu, Mo, Sb, and Cd in other urban parks,
exceeded the soil background values of this city. The geo-accumulation index indicated that the pollution levels of
Sb and Mo in children’s parks were moderate, while mild for other elements. In other parks, Mo, Sb, Cd, Cu, V,
and Zn showed moderate pollution levels, while unpolluted to mildly polluted levels for other elements. Four
sources of heavy metal contaminations were identified using APCS-MLR. The mixed domestic/traffic sources
accounted for 31.81% with Cd, Cu, Ni, Pb, and Zn as the dominant elements, 31.97% for industrial sources with
Cr, Mo, Sb, and V, 17.23% for natural sources with Co, Mn and Ti, and 18.98% for unknown sources. The
non-carcinogenic health risk indices for heavy metals in all the samples were within the acceptable range for both
children and adults. Similarly, source-oriented non-carcinogenic health risk assessment showed that the non-carci-
nogenic health risk levels for both adults and children from the four sources were within permissible limits. These
outcomes will provide a theoretical basis for soil environmental risk management in urban parks.

Keywords: heavy metals; pollution characteristics; health risk assessment; source apportionment; park soil
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Fig. 1

Schematic of park sampling sites from Guangzhou City
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Table 1 Enrichment factor and geo-accumulation
index classification
IR e LS YRR
Grade Pollution levels  Contamination degrees
0 <0 x
1 0~1 EEIES
2 1~2 Py B2
3 2~3 g
4 3~4 (LEN; S
5 4~5 TR
6 >5 JUEE

R2 PETEEEREERNEITNRZESHY

Table 2 Exposure factors of health risk assessment for heavy metals in park soil samples

S X Hp HEEGON) EOLE) E= BTN
Parameters Meaning Unit Data (Adults) Data (Children) Reference
c 3 s e R mg-kg™! 95% UCL 95% UCL [20-21]
Lnr RSN m’-d™! 156 126 [20-21]
Lgr 3 H R AR mg-d™! 50 66 [20-21]
EF AR d-a™! 350 350 22]
ED T FR AL ] a 25 6 22]
BW ENGiFy kg 595 336 [20-21]
AT A AR d 73 27%365 73 27%365 [20-21]
SA 575 YA TR ) B R R T R cm? 16 000 11 600 [20-21]
AF BIRB B R EL mg-cm™ 0.133 0.133 [20-21]
PEF o HE g K m’ kg™ 1.36E+09 1.36E+09 [19]
ABS AT ES N 1 0.001 0.001 [20-21]

F:495% UCL” %R 95% &% IR,
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Table 3 RfD of soil heavy metals in different

exposure pathways

(mg-kg™"-d™")
RfD
JLHR
e T-FUEREE PRORA
Ingestion Inhalation Dermal
Pb 3.50E-03 3.52E-03 525E-04
Cd 1.00E-03 1.00E-03 1.00E-05
Cr 3.00E-03 2 86E-05 6.00E-05
Zn 3.00E-01 3.00E-01 6.00E-02
Mn 4 60E-02 143E-05 1.84E-03
Ni 2.00E-02 2.06E-02 540E-03
Cu 400E-02 4.00E-02 120E-02
\Y% 7.00E-03 7.00E-05
Mo 5.00E-03 1.90E-03
Sb 4.00E-04 8.00E-06
Co 2.00E-02 5.71E-06 1.60E-02
Ti

F4 ITNTAREBEBETAEFMTEESRERE

Table 4 Heavy metal concentrations in soil samples of two types of parks from

Guangzhou City

UNTESI] 2
AP i Pb Cd C  Zn Ma Ni Cu VMo Sb Co T
Type of park Index
=} / .k -1
AR me kg™ 6943 036 5755 13734 47598 1633 6062 11356 783 4.67 261 130947
Maximum value/(mg-kg™")
I:!/\ / -k -1
/M mg-kg™) 23.77 — 1046 3748 11745 441 2491 3604 424 1.33 — 9549
Minimum value/(mg-kg™")
JLE N _
S T4 (mg - kg ™)
Children’ s 4591 0.12 3084 8553 30260 10.50 4090 6126 594 2.76 058 458.18
Average value/(mg-kg™')
parks
FrifE2E/(mg-kg™")
1574 013 1137 3368 12062 423 1178 2624 1.11 1.18 0.78 34575
Standard deviation/(mg-kg™")
AR 5 R %
l#ﬁzﬁ ,u, 034 1.06 037 0.39 040 040 029 043 0.19 043 136 0.75
Coefficient of variation/%
K/ (mg kg™
R ffime ke 13409 086 5045 22722 61370 2138 9339 26095 1594 763 304 74137
Maximum value/(mg-kg™")
Fe/MA(mg kg™
Jhfitfme-ke™) 2884  — 981 1403 79.02 314 2057 1855 266 052 — 5648
Minimum value/(mg-kg™")
HoAb 2 el 44 {f (mg - kg ™!
e q:ﬂ]{H( gke) 5602 019 2883 7051 26372 906 4168 6102 563 274 045 32027
Other urban parks  Average value/(mg-kg™")
FE2/(mg kg™
FifE 2 /Ame-ke™) 2979 024 1329 5528 14365 527 2177 63.13 342 2.02 085 16944
Standard deviation/(mg-kg™")
AR S5 2B
LIARA% 053 127 046 078 054 058 052 103 061 074 191 053
Coefficient of variation/%
% M)/ (mg kg™
%ﬁ(rjlfﬁ)( eke) 4700 0.15 4400 71.00 31000 1600 2200 7700 120 1.10 8.00 3 995.00

Reference point (Guangzhou City)/(mg-kg™')

T =" FR R T R,
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Fig. 3 Source apportionment of heavy metals in park soils of the study area
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Table 6 Source-specific health risks of heavy metals from different sources for adults and children (HI)
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