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Spatial distribution and health risk assessment of toxic elements in the soils of southern Ganzhou City

LI Shaokun', WANG Shaojun'", ZHANG Zhi*, CHEN Xiaogian®, WANG Lei*, LEI Tianci*

(1.School of Geography and Information Engineering, China University of Geosciences, Research Center for Spatial Planning and Human—
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430074, Chinaj; 3.School of Geosciences, Yangtze University, Wuhan 430100, China;4.Wuhan Center of China Geological Survey, Wuhan
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Abstract: Pollution owing to toxic elements in soil poses serious environmental hazards and risks. In this study, 230 topsoil samples were
collected from Yudu County and southern Ganxian County, which are ecologically fragile areas. The content of Hg, As, Cu, Ni, Pb, Cr, Cd,
and Zn in soil was analyzed. Based on the minimum/maximum autocorrelation factor analysis and sequential Gaussian simulation, the
multivariate geostatistical simulation technique was utilized to analyze the spatial distribution of toxic elements in soil. The human health
risk index model was developed to assess the carcinogenic and noncarcinogenic risks for children and adults. The results showed that
except for Ni and Zn, the content of the other six elements was higher than the background values of soil in Jiangxi Province; however, the
average values of all elements were lower than the soil risk screening values defined in the Soil Environmental Quality Standards for Soil
Pollution Risk Control in Agricultural Land (Trial). The island pattern of distribution was observed in eight toxic elements, and the high

value areas of As, and Cr, were mainly distributed in Tieshanlong, and Wangmudu towns. The results of human health risk assessment
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showed that except for the As noncarcinogenic hazard index (HI) for children being greater than the specified threshold of 1, the other

element noncarcinogenic HI in both children and adults was less than 1. The total carcinogenic risk index was between 107 and 10™. This

indicates that the two types of health risks caused by soil toxic element pollution are of acceptable levels.

Keywords : soil toxic metals; geostatistical simulation; health risk assessment; Ganzhou City; ecologically fragile area
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Table 1 Exposure parameters of health risk assessment model
24 X AL JLE AR 28 R4 Hfi L3 AR
Parameter Meaning Unit Children Adult Parameter Meaning Unit Children Adult
IngR [EEETIE S mg-d”! 200 100 AT s T Y A R I [R] d 26 280 26 280
InhR B H R med” 7.5 14.5 PEF IR R T m’ kg 1.36x10°  1.36x10°
EF BN RS d-a 350 350 SA TR R AR TR cm’ 2800 5700
ED eI SRS RN a 6 24 SL FRREE ZEC mg-em™-d” 0.20 0.07
BW ST kg 15.9 56.8 ABF s 20 BRI 2R 0 — 0.001 0.001
AT s ARBURT- 2 B2 75 0 1] d 2190 9125 ABF s BURS K IR M 2 50 — 0.01 0.01
PEEE Ry /57 € S N i
Note: “—" indicates no data. The same below.
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2.1 RSS2

A YEGE I M 45 0 (32 3) W, W95 X pH -
BIE N 446, R, 098 X+ 8 F T K As.Cd.
Hg.Cr.Ni.Cu.Zn .Pb iF-34 5 it 73 51 o 24.83 .0.11
0.07.66.28.20.20,25.12.,52.67.39.46 mg-kg'. Fi Ay
JUE M S I E IR TR B i & i 1
s e RS B AR E (1017 ) ) (GB 15618—2018) i 1%t
fHo BRNiZndb, BDIHER IR 6FA FELR T EHH
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Table 2 RfD and SF of different toxic elements exposure pathways

RfD/(mg-kg™"-d™")

SF/(kg-d-mg™")

s ZIHEA PRI A e Ak ZIHEA PRI e B
Oral intake Inhalation Skin exposure Oral intake Inhalation Skin exposure
Cd 1107 1107 1107 6.1 6.3 —
Cr 3x107° 2.68%x10° 6x107° — 42 —
Ph 3.5x107 3.52x107 5.25x10™ — — 0.008 5
Zn 3x10™ 3x10™ 6x107 — — —
Cu 4x107™* 4x107? 1.2x107 — — —
Ni 2x107 2.1x107 5.4x107 — — —
As 3x10™ 3x10™ 1.23x10™ 1.5 15.1 3.66
Hg 3x10™ 8.57x10™ 2.1x107° — — —
=3 MREXLTFEHELER pH R ST
Table 3 Descriptive statistics of toxic elements and pH in the study area
R ltem (mgA-i/g") (m;-(li(/g") (m:i/g") (mg(zll;/g") (mgl\f;(/g") (mg(‘-i/g"') (mgz-rli/g"‘) (m;-]i/g") pH
/M 3.08 0.02 0.03 9.25 2.95 2.99 23 9.12 3.58
TRl 114.92 0.83 0.15 120 50.3 153 188 271 5.83
SFEME 24.83 0.11 0.07 66.28 20.20 25.12 52.67 39.46 4.46
brifi 2 26.81 0.12 0.03 26.47 10.34 19.90 28.90 37.96 0.49
i £ 1.70 3.83 0.76 -0.34 0.96 4.00 2.45 3.99 0.08
6354 1.93 18.08 0.14 -0.39 0.68 23.61 7.39 20.18  -0.43
K-Sti45(P) <0.01 <0.01 0.098 0.171 <0.01 <0.01 <0.01 <0.01  0.025
5 S5 ZH (%) 108 109 43 40 51 79 55 96 0.03
TLVYAE TR 4R AT S E 14.3 0.108 0.053 45.8 21.5 222 81.1 30.4 —
A& T3t 358 75 G AU B e (E (pH<5.5) 40 0.3 1.3 150 60 50 200 70 —
http://'www.aed.org.cn — 677 —



MV BEIR S BRI 24 - 5 39 4 - 2 400

TRV 1Y 3.87.3.06 ffF . LIETT SAHA G & HARRAE
WA ELCERN G MRX P EESECRCS
M R, A E A SIE s R E
JLERMRE RIS LA E CRERN &
P 2 LA A5 5K Ak B 5476, Bl 25 15 ) 1 4
B, B EU R & LR BN, X 15 B 1 1
Z ARIEE A B IS Y . S B SR 7 0% AR
SERBCV) 09, 8 i E LR AR 7 R B b
T8 FEITE 40%~109% Z 8] , 3 )& T = B AR 55 (CV>36%) .
FEE As Cd 19728 5 REGE 1 HA T 2=, BB m
TLR AT 5] ] BEZ N IETE S S AR .
K-SH 36022 B 145 rp Cr He S5 & IE A0, Higy 6 b
TCENIATFE IS, e B J5 (i 2 43R4
BIES . R IX A 3 pH A8 5 R R 0.03, %
A - S FRAR P R A A AR E

W N T 5 HAth IR T () -3 FE OO R A ik AT
gl g5 Rk 4 s BN T As TTR I 2=
F AT, 5 P T 14 2208 =35 23.66 mg - kg5 Cd
-8 5 = BT AR [R] RS T At X5 Cr (9
B AR T BT LT Co X S T
St T, 5N AR T R 2R He T8
S LR AR T A T, 5 5G4 T A B 5 Ni Y
¥ i ST O s Ph AT B R T
7 F 4 T AR AL X ; Zn (973575 i B AL
X . 28 AR, 5T XA As P44 35t e T oAl
X, Cr,CuNi.Pb [ F-35 & 5 76 i A7 3l X b rp 45
K, Hg Zn  Cd (93735 & 4 5 LAt b DXAH B K OF- 48
o TN R B SRR T A F TR E 4R
AT RBST IR TT PR R AL AR R A G

2.2 FEIGHT

XA GR X A A T 2 B e R i 2 S i AT
MAF 2 #r , 15 B /5 & IEAS A 19 8 A~ B M e 7
(1Cs) o THH 84~ A AHC K 719742 5 R i, R SGS
23] o AL, 4 DR AL ADL 25 SR e b Ry i i A i 4
i, 0 ArcGIS ¥ Fou 2= & AL 45 SR AT LAk .
FE F AR F e A SR O A B s 2 A
75 S5 R e 2 AT LA RS o b 220 T AR R ) 2 () 4
PP TR S8 KA B 4 500 A 2 A ERAR LAY XT 1Cs i
4, W65, 1C1.1C2.1C3 . 1C4 IC5 ¥yn] FHe4:5%
I 2 BRI A 5 1C6 AT ICS HLfg 4 %k0n Fi
— ABRORBE RS, 5540 1 A BROIRBERUR2F &, R i
AR . 1C6 AN IC8 P 4 B/ 8 7 ZE R T 0.25,
Ul IR A 22 8] 14 243 ) A DG PR 5 5 Higr 61> ICs A Bk
S T ZEETE 30%~80% 22 8] , 136 B FEAS 22 6] fit 2
[ A DA 2 R

P2 B9 X A3 v 8 FiA 5 T 3 K pH 1 %5 [H]
AL, SR, ks E TR A L R R 2 (8] 4y
A 5 B AR A ey, U As Ni X PRI EE 42 )@ 1 2
AR AAL (] 2a . 2e) , REIX FEAR —F. As S{EHIX
Gy AAE F ARG AR J0ER Ak L P e AR X
BRI HBE S AR & a2 A (B 2a) .
Cd 3= 240 A A2k I e BB V0 36 L KR £ 95 38 (A
2b) . Hgm{EX A TERIF £ J0E8 R FHARA Bk
IR AA AR B B, He 1 2 2 78 3 AR 58 KRR A = (&
2¢) , e L X 43 A e Ak L 28 R Y (0 A 4l A 1A 2y
F] I A A AR A 2 I e - - EE e
WG T2 Al b 2= A 5w , BRI 3 3 He 7
AR . Ph I EE X E AR TR FEHAN (K

R4 ARREHMPH T L IEFSHTRHFHEE(mg-kgh)

Table 4 Average content of eight elements in the research area and other cities (mg-kg™)

W City Hg As Cr Cu Ni Ph Zn Cd 2:7% 3CHik Reference
M T 0.07 24.83 66.28 25.12 20.20 39.46 52.67 0.11 NI
AT 0.23 18.95 89.30 — 26.24 52.18 — 0.33 [21]
E7 AN 0.31 1.17 22.60 — — 2.65 — 0.26 [22]
=T 0.09 6.80 21.60 19.50 5.98 55.10 57.20 0.11 [23]
B4 0.10 10.05 43.79 — 15.86 28.51 — 0.13 [24]
Hebki 0.13 14.30 52.30 23.50 21.30 43.20 115.00 0.36 [25]
el Nl 0.70 10.90 64.70 24.00 12.35 58.00 162.60 0.30 [17]
Hrilii 0.20 17.60 77.20 56.90 38.30 50.70 131.30 0.40 [17]
AT 0.64 18.09 57.57 43.13 25.05 45.68 101.36 0.21 [26]

o 1 S 0.07 11.20 61.00 22.60 26.90 26.00 74.20 0.10 [18]
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Table 5 Parameters of variogram fitting of autocorrelation factors

A *ﬁa‘é% —— sl 4544 1 Structure 1 454 2 Structure 2 B (f/ 04722
Autocorrelation Model structure Nugget HEH AR HEE AR Nugget v'alue/total
factor value Abutment  Variation/m Abutment Variation/m variance

IC1(Pb) e 0N+ BOR S5 40 + BROIRE 1y 0.42 0.26 4687 0.37 18 726 0.53
1c2(cd) e 0N+ BOR S5 10 + BROIRES 1 0.32 0.09 7439 0.42 22678 0.42
1C3(Cr) e 0N+ BOR S5H0 + BROIR S 1 0.35 0.28 11256 0.27 34 621 0.37
1C4(Hg) e 80N+ BROR S5 40 + BROIR 251 0.34 0.26 62 425 0.24 21351 0.36
1C5(As) e 4 bn; + Bk GG + BROR 25 7 0.28 0.22 6342 0.41 22 345 0.32
1C6(Cu) 42N+ BRAR 2 1) 0.63 0.17 17 684 0.20
IC7(Ni) BRI +BRCR 25 F + BRAR S5 1) 0.60 0.19 5631 0.45 45923 0.53
1C8(Zn) GO+ BRIk 54 0.21 0.84 18 098 0.22

As/(mg-kg™")
£3.087~14.489 ®m35.102~50.450
7 14.490~24.137 wm50.451~75.447
= 24.138~35.101 wm75.448~114.916

d.Cr

Cr/(mg-kg™)

£711.919~39.040 ™ 65.315~74.637
£739.041~53.025 M 74.638~86.078
[ 53.026~65.314 == 86.079~119.98

Zn/(mg-kg™")

[123.055~43.042 mm 64.964~83.015
743.043~52.068 mm 83.016~111.384
9 52.069~64.963 mm 111.385~187.463

Cd/(mg-kg™)

£90.023~0.061 B9 0.126~0.182
3 0.062~0.088 == 0.183~0.273
9 0.089~0.125 == 0.274~0.801

e.Ni

Ni/(mg-kg™")
[13.129~14.406 mm 22.727~27.902

7 14.407~18.2890 mm 27.903~35.667
7 18.290~22.726 mm 35.668~50.273

h.Pb

LRI (T
\ T RS

Kl RS

?Ii%illléﬁ\}j

Pb/(mg-kg™)

779.148~29.632 == 70.601~116.689
7729.633~44.995 W 116.690~184.285
0 44.996~70.600 == 184.286~270.317

c.Hg ZN\

Hg/(mg-kg™")
L 0.025~0.055 == 0.078~0.088
= 0.056~0.066 mm 0.089~0.108
7 0.067~0.077 wm 0.109~0.150

f.Cu

Cu/(mg-kg")

3.002~19.999 = 36.997~53.407
£220.000~27.619 == 53.408~87.986
2 27.620~36.996 W 87.987~152.457

3.20~3.49
£3.50~3.72
E23.73~4.01

50 100 km

mm 4.02~4.05
= 4.06~4.89
. 4.90~6.64

B2 ARXTEEERZR pHHZESH

Figure 2 Spatial distribution of toxic elements and pH in the study area
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Figure 3 Human health risk of non carcinogenic and carcinogenic with respect to both children and adults
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