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Enrichment F: actors, Health RlSk, ,and ‘Source Identlf“ catlon bf Heavy Metals m

Agrwultura'l Soils in Semi-arid ng‘lon' of Halnan Island (| ¢ o T

YANG |Jian-zhou's*, GONG Jing-jing' WANG Zhenahangl 2% GAO Jian-weng' YANG Jidn- “kun® ;HU Shu'gi' >, TANG Shiaxin >

(1 Inslitute of Geaphysical and Geochemical Exploration, CHingse /\cad@lmy of Geological Sciences, Iangfang“'OGSOOO China; 2. Key Laboratory of Geochemical Exploration
I

Teahno gy, Mlnlslq of Natural Resources, Langfang 065000 Chma 3. Hebei Regiondl Geological Survey Institute, Langfang 065000, China)

Abstract ; i unddrstaid the entidhment factors and pollution levels6Fheaty- 'metals.-lﬁ' agricultural soils in the semi-arid region of Hainan island, 1818 surface soil samples
were colleeted i Gancheng Town and analyzed for their heavy metal conténts and physwochemlcal composition. Correlation analysis was used to determine the heavy metal
enrichment fafctops. The geo-.accumulalion index (/ ge“) , comprehensive ecological risk index (RI), and hazard index (HI) , as well as carcinogenic risk (CR) , were used to
assess the degree of pollution and health risk. Positive matrix factorization (PMF) was used to determine the primary sources of pollution and priority sources. The average
values of heavy metal contents in the topsoil were 22.7, 0.128, 33.4, 14.5, 0.032, 9.32, 32.5, and 43.3 mg-kg™" for As, Cd, Cr, Cu, Hg, Ni, Ph, and Zn,
respectively. With the exception of Zn, the concentrations of other heavy metals in the topsoil were higher than the soil background values of Hainan, showing different degrees

of heavy metal accumulation effect. The I revealed that the major pollutant element in soils was As, followed by Cd and Cu. The RI showed that the proportion of soil

geo
samples that were high-risk level or worse was 29.4% of the total number of samples, among which As was the major source of risk. The health risk assessment results

indicated that As, Cr, and Ni exposure presented carcinogenic risk for children with high CR values. Based on PMF, four major sources of heavy metals were identified in the
study area. Hg was derived mainly from industrial sources, and As was closely associated with agricultural activities. Ni, Cu, Cr, and Zn were related to soil parent materials.
Pb and Cd were associated with agricultural activities and traffic emissions. The PMF models combined with correlation analysis were useful for estimating the source
apportionment of heavy metals in soils.

Key words: semi-arid region; soil heavy metal; ecological risk; health risk; positive matrix factorization ( PMF)
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Table 3  Basic statistics of heavy metals and other physicochemical components in soils of the study area
WH pH As cd Cr Cu Hg Ni Pb Zn Mn
e/ ME 3.55 0.660  0.002  0.008  1.258  0.005  1.082  4.745  4.395 31.0
IEN: 8.66  1161.3  7.821  201.1 169.9  1.273 1258  423.4 1077.3  5019.1
EHIE 5.72 22.7 0.128 33.4 14.5 0.032 9.32 32.5 43.3 366. 2
SRLIVAI T 5. 64 8. 66 0. 069 26.0 9. 64 0. 024 6.07 30.5 33.0 247.6
5 5 Z A 16.5 227.8  256.5 78.2 108.0  147.4  106.0 70.8 108.9 104.1
Pyt rfr(26] — 3.30 0. 063 49.9 9.93 0.035 13.4 33.4 60. 1 —
TR gy 530 — 1.34 0. 04 27.5 6.1 0. 02 7.24 24. 4 44.4 163.5
4o [E )2 Ty Y — 11 0. 097 61 23 0. 065 27 26 74 585
<5.5 40 0.3 150 50 1.3 60 70 200 —
01 B 15618-2018) 1 5.5~6.5 40 0.3 150 50 1.8 70 90 200 —
6.5-7.5 30 0.3 200 100 2.4 100 120 250 —
>7.5 25 0.6 250 100 3.4 190 170 300 —
BiH TN TP TK  AHLE  ALOs Ca0) NapOi  TFe,05  Mg0~ 7 8i0)
e/ ME 0.06 0.07 0,98 0.78 1.41 0.04 n.d. 0.12 0.025" /5046
SEONIER 2.41 3.39 410600 24.98  21.21 50507 7.03, \14.71 4.58 4 96:20
FHME 0.74 0.37  22.92 7.17 9.56 0197  0.42 ] 12.39 0.30+" }.}";7.73._
S REIA(ED 0.71 0732 248 6.63 9.50 0.16"  0:37 1.88 0.23 * 7_7.,-6"1?,, g
A5 R 49.1 61.8 45.6. ~50:3 41.5 9.2 109.3  |77,1 87.9 =fF* [ 9.0
sk / — (/20 - Pl - 71
R RS S 0.20  0.197%/ zj,g7§,x’ — 18.19 0,11 0.04 %73.05 0.31 . 65.86-"
cEFERETE™) ) — A Ty 125 g2 1.5, 4.2 .30 6 =
4 FA — 17— F — — -~ 4 3 — —
) == — vy 8 I — i — — — i
AT (GB 15618-2018), %% n N : '
] — = o N — — — = — —

1)n 31 8185 — 7R WA A HU

®4 FTERIBSLESELARBXRY"

Table 4  Pearson correlation coefficients between soil pH, chemical properties, and heavy metals

o o pH TG4 | TR 3 Kyme- ke~ TN . TP . TK AT LA K ke ! | FAx M0 %

ERHER E 3(a) |, 45 RFM, HF5E X 1 sz 3|
As 154% HR N Cd FI Cu, HAFE &R 5 R E®
. Ho As JUR WP RETS YL RS B TS Y R TS

As Cd Cr Cu Hg Ni Pb Zn

TN 0. 554 ** 0.552* 0.726 ** 0. 643 ** 0.619 ** 0. 693 ** 0.530 ** 0. 698 **

TP 0.338 ** 0.383 ** 0. 469 ** 0.510 ** 0.352* 0. 407" 0.371* 0.513*

TK 0.275 ** 0.268 ** 0.326 ** 0. 205 ** 0.243 ** 0.211° 0. 682 ** 0. 395 **

Mn 0. 629 ** 0. 646 ** 0. 704 ** 0. 676 ** 0.418 ** 0.753 ** 0. 399 ** 0.711*

UL 0. 564 ** 0.548 ** 0.723 ** 0. 650 ** 0.614 ** 0. 704 ** 0.478 ** 0. 680 **

pH 0.039 * 0.159 * 0.016 0.051* 0.107 ** 0. 070 ** 0.014 0. 104 **

AL0s 0.615** 0.527 ** 0. 785 ** 0. 640 ** 0.478 ** 0.716 ** 0.720 ** 0. 754 **

Ca0 0.327 ** 0.473 ** 0.419 ** 0. 409 ** 0.396 ** 0.417" 0. 466 ** 0.521*

TFe,04 0.736 ™ 0.623* 0.961* 0. 849 ** 0.511* 0.912* 0.526* 0.833 *

MgO 0. 695 ** 0.618 ** 0. 898 ** 0.792 ** 0.530 ** 0. 881 ** 0. 549 ** 0. 852"

Na,0 0.252* 0.258 ** 0. 309 ** 0.146 ** 0. 206 ** 0.189 ** 0.577 " 0.329 "

Si0, -0.638* -0.558 -0.839* -0.735* ~0.480 " -0.803 * -0.580 " -0.764 "

1)n=1818; B&T pH A, AT HAL B, = FIR P<0.01, " F/R P<0.05

3.3 RS EIGYRE PG LA E 1 F A 3300 ok 28. 4% 25. 7% F1 28. 5% ;
UM B RIZHEESESE NS R, TE  Cd eRP S P S Y I S YL g )

DL HA A3 5 R 14. 5% . 5.2% F13.4% 5 Cu JTGE
FREE G Y R A RS Y N RS g o LA B
A9 R 14.1% . 5. 0% F1 1. 5% .
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T4 8 AT RE RS I 1R 75 L
R UM, S T 4 R R AR 4 £ 8L AR SCR
Pearson A13¢ R AR /R T 42 AR DG HE , 45 5 WL 3%
5.Cr, Cu, Ni, Zn fll Cd 3X 5 FpE 4 )& ] A 3
AR E R K, Pb T Cd LB A BB ORI GE R, 39
WM SER, RN GG A L I, i
As, Hg AT T 4 I A O 2 B0 X B0/, R 9T As
A1 Hg 45 A HAT AR IR HAUE.
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Table 5  Pearson correlation matrix for the heavy metal concentrations in soil samples

As Cd Cr Cu Hg Ni Pb
Cd 0.341™
Cr 0. 457 * 0.272*
Cu 0.426 ™ 0.263 ™ 0.826 "
Hg 0.358 ™ 0.220 " 0. 164 0.165 ™
Ni 0. 454 ™ 0.257 " 0. 888 ** 0.771 ™ 0.142*
Pb 0. 402 * 0. 609 ™ 0.254 " 0.193™ 0.241™ 0.155*"
Zn 0.617 ™" 0. 690 ** 0.528 ** 0.479 ™ 0.515™ 0.483 " 0. 605 **

1) ™ R P<0.01
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