5545 B 2 W) K A P 3 4 Vol.45, No.2
2025 4F 4 H Bulletin of Soil and Water Conservation Apr., 2025

% BIEERAEKETEESESRESE.
i SR 5 47 T i B R A

RER", BEXHE, 2 #°, & R, B EET
QLA AR MR 2 MOl 5 4 4 R Be . #ivT Bl 3113005 2.5 MO B A3 53 B
SV HRGHE MO A 5T T, WEVT UM 3114005 3.4R VT U5 A Bl & H s . WiiT A 324307)

#OE: [HM] RFERTTIRE 0 Bl K 4 o 4 i o i AR AR I PP M 79 e R B, A0 A B & TR ORI A
AR 110 e e RIS S AR o A B 5 X35 P 3 4 ) T e B 4 R R AR AP SR R 2 AR . [ vk ] SRR IR
FEIX 61 RS P pH B LK T 4 8 56 (CD VHF (Pb) LR (Hg) VB (Cr) LBl CAs) VR (ND L 4l (Cu) F1EE
(Zo) W& s H— ROV E0E BT 0 0 R 28 07 55 07 12 HEAT 17 4 8 T 3R 95 YRR A 5 AR A8 KUK 3T f
A R AT o T B X AF 5 DX PN A e B U AT PP A . (45 2R ] O XK R R, L
Cd,Pb,Hg,Cr,As,Ni,Cu fll Zn X 8 FhE 4@ FH¥ &= 0% 0.19,32.74,0.13,67.06,4.43,24.90,21.51,
94.60 mg/kg, HWILA HIEFFAMEXT L AN, ELJE He, Cr,Ni,Cu, Zn FIH E &M T L4 HEH
B R SE R 1.32,1.71,2.0,1.19, 1.13 % . OXF T+ KUK 5 16 {4 o 3, B4R Cd 1Y 5 BB AR 2R 3k
T 6.56% ,Ni I Cr B9 s L FR R 43 51 0 3.28 V0 Fl 1.64 %0 o {H J& DLl £ 14 /K 1 2 4 Ja % &= B (E A0 3% , oF
FE K 8 Tl 4 S A V- AR A /N TR Y e T - g KU B e . O S Ty e R L, L
RSB R & 5 A5 B A WIE S5 G 16 AT JL 300 25 4 S0 £ B XURS: 4b 1 7T i 52 RUBS
(4518 ] BT IR 520 Fel /K - 98 o 63 3 e AR MR, A B2 3 J8 /4 28 XU (A7 7R Cr # NI T 3R 1995 B
WK 5 J 4 SR TE 2R Al 252 M) N M fek RRE 1) 32 B2 S0 R 3K

K@ BRILEERAR; LIRE SR HRPE; BFa0r; xR

XEARIRES: A X EHS: 1000-288X(2025)02-0001-11 FESES: X53
NS H: RER, W0, W, S5 ERTLURE KA K H 3 48 15 YRR 3K IR 43 BT B A B R 3
WIT] K AR FEHR,2025,45(2) :1-11. Wu Haotian, Lan Wenchao, Xu Zhe, et al. Characteristics, source
analysis, and health risk assessment of heavy metal pollution in paddy soil at Qianjiangyuan National Park

[J]. Bulletin of Soil and Water Conservation, 2025,45(2):1-11. DOI:10.13961/j.cnki.stbctb.2025.02.001;
CSTR:32312.14.stbctb.2025.02.001.

Characteristics, source analysis, and health risk assessment of heavy
metal pollution in paddy soil at Qianjiangyuan National Park
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311300, China ; 2.Research Institute of Subtropical Forestry, Chinese Academy of Forestry, Hangzhou ,
Zhejiang 311400, China ; 3.Qianjiangyuan National Park Administration Bureau s Quzhous Zhejiang 324307, China)

Abstract: [ Objective | The characteristics of heavy metal content in paddy soil at Qianjiangyuan National Park
were explored, and its pollution level was assessed. The sources of heavy metals were analyzed, and the
associated human health risks were evaluated, in order to provide a reference basis for the prevention and
control of soil heavy metal pollution and soil protection. [ Methods] The pH value and contents of heavy
metals, including Cd, Pb, Hg, Cr, As, Ni, Cu, and Zn, of 61 soil samples were determined. Index, factor

and cluster analyses were employed to assess the characteristics of and ecological risks posed by the heavy
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metal pollution, analyze their sources, and evaluate human health risks. [ Results ]| @ The surface soil of the
paddy fields was acidic. The average Cd, Pb, Hg, Cr, As, Ni, Cu, and Zn contents were 0.19, 32.74, 0.13,
67.06, 4.43, 24.90, 21.51, and 94.60 mg/kg, respectively. The average contents of Hg, Cr, Ni, Cu, and Zn
exceeded the Zhejiang provincial soil background values by 1.32, 1.71, 2, 1.19, and 1.13 times, respectively. @ The
average contents of the eight heavy metals were lower than the corresponding risk screening values for
agricultural land soil, as represented by the average heavy metal content in the paddy fields. The exceedance
rates of sampling points for Cd, Ni, and Cr were 6.56 %, 3.28%, and 1.64%, respectively. @ The results of
factor analysis and the other methods showed that the soil heavy metal sources were predominantly
anthropogenic and were the result of a combination of human and natural influences. The overall carcinogenic
health risk for children was deemed tolerable. [ Conclusion ] The level of heavy metal pollution in the paddy
soil at Qianjiangyuan National Park was low, as was the overall ecological risk. However, pollution risks
were associated with Cr and Ni. The heavy metal As is the primary carcinogenic factor affecting human health.

Keywords: Qianjiangyuan National Park; soil heavy metals; pollution prevention and control; factor analysis;
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Qianjiangyuan National Park
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Table 1 Pollution classification criteria of geoaccumulation index method
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Table 2 Parameters and values of heavy metal exposure in soil
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Table 3 Referent dose of heavy metals in carcinogenic risk assessment
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Table 4 Descriptive statistics of heavy metal mass fraction of paddy soil in Qianjiangyuan National Park
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Pb 9.00 59.89 32.74 7.46 22.78 35.10 27.87 80.00 0.00

Hg 0.03 0.33 0.13 0.07 55.10 0.10 55.74 0.50 0.00

Cr 21.00 263.65 67.06 40.06 59.74 39.10 81.97 250.00 1.64

As 1.54 9.33 4.43 1.94 43.72 6.49 18.03 30.00 0.00

Ni 11.00 96.66 24.90 15.65 62.86 12.40 90.16 60.00 3.28

Cu 13.00 38.06 21.51 5.15 23.93 18.10 73.77 50.00 0.00

Zn 55.00 155.28 94.60 17.43 18.43 72.10 93.44 200.00 0.00
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Fig. 2 Box diagram of distribution of heavy metal mass fraction in soil
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Fig. 3 Single factor pollution index (a) of heavy metals in paddy soil and proportion of each pollution grade (b)
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Fig.4 Heavy metal geoaccumulation index (a) and proportion of different pollution level (b) in paddy soil
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Fig.5 Correlation analysis results of heavy metal content in soil
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Table 5 Analysis of heavy metal content factors in soil

A : ﬁﬁ%ﬁ{ﬂ‘? : ‘ ﬁﬁ%)?% :
F, F, F, F, F, F;
Cd 0.753  0.507  0.088  0.657  0.297  0.558
Pb 0.161  0.876  0.131 0.241 —0.184  0.848
Hg  —0.147 0.786  0.453 —0.206 —0.111  0.889
Cr 0.736 —0.491  0.433 0.234  0.943 —0.163
As 0.616 —0.009 —0.531 0.789  0.012 —0.196
Ni 0.722 —0.443 0,513 0.187  0.969 —0.085
Cu 0.873  0.152 —0.188  0.833  0.332  0.129
Zn 0.788  0.186 —0.279 0.824  0.204  0.109
7 22 Bk 3.439 2,138 1.076 2.617  2.114  1.922
Tk R 42,990 26.724 13.447  32.718 26.423  24.020
ZHMTTERER 42,990 69.714 83.161  32.718 59.141 83.161
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Fig. 6 Cluster analysis of heavy metal elements in paddy soil
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Table 6 Non-carcinogenic exposure risk indices of heavy metals in soil

Cd Pb Hg Cr As Ni Cu Zn B (HD
WA 1.42X10° % 5.12X10°°% 2.40X10°%" 1.45X10°2 7.94X10°° 6.73X10° %' 2.90X10 ' 1.71X10 " 2.90X10 ?
JLE  9.68X10 * 3.81X10°% 1.77X10° 1.02X10 ' 5.94X10°% 5.03X10° 2,17X10° 1.28X10 % 2.11X10"!
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Table 7 Carcinogenic exposure risk indices of heavy metals in soil

U 7 75 AU 45 BUE (CR)

NFE TCR
Cd Pb Hg Cr As Ni Cu Zn

M 9.21X1077  4.45X1077 7.86X1077 3.58X107° 4.91X107° 5.74X107°

JLE  6.90X10 ° 3.39X10°° — 3.89X10°° 2.67X10°° 7.05X10° — — 4.09X10°°
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