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Spatial Variability Characteristics and Influencing Factors of Soil Arsenic and Mercury in the Typical Hilly
Region of Central Sichuan, China

XU Xiao—xun, ZHANG Shi-rong, LI Dan—yang, LI Ting, LI Yun, TANG Mei—ying

(College of Resources and Environment, Sichuan Agriculture University, Yaan 625014, China )

Abstract: The heavy metal accumulation in soils has become a potential threat. Understangding spatial variability and influencing factors of
soil heavy metals is an important precondition for safety in agricultural production. 325 random sampling points in topsoil(0~20 c¢m ) from the
typical hilly region of Central Sichuan were assembled for testing the content of As and Hg, and geostatistical methods were used to analyzed
their spatial distribution. The results showed that the average contents of As and Hg were (8.57+0.175)mg kg™ and (0.078+0.067 )mg - kg™,
respectively. And the contents of heavy mental were lower than the soil threshold levels of the Grade I criteria for the Chinese environmental
quality standard. The highest value regions(>10.5 mg-kg™) of As mainly distributed in northwest and middle—eastern area, then reduced
gradually towards north and southeast, presenting annular distribution on the whole. While the lowest value regions(<6.5 mg-kg™) located in
southeast part of study area. Relatively, the distribution pattern of Hg was more complicated. There were four highest value regions (>0.09
mg-kg™) and mainly distributed in northwest, east and southwest. Taking the highest part as the center, the Hg content decreased towards
northwest and southeast. On the other hand, the lowest value regions(<0.045 mg-kg™) were situated in southwest and middle—eastern area.
The distribution of soil As and Hg was influenced by land use types, soil texture, soil pH and organic matter(OM ). In different land use types,
the content of As and Hg were highest in paddy field and lowest in woodland. The content of As and Hg in soil had significant difference with
soil texture. The contenf of As was highest in clay(10.09+2.93 mg-kg™) and Hg was highest in loam(0.11+0.12 mg-kg™). Additonally, the
content of As and Hg exhibited significant negative correlation with soil pH and remarkable positive correlation with soil OM.
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Figure 1 Distribution map of sampling points
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TA 5 mL 2 mol-L HCl, i5ffHe5] , B A ZE 25 mL,
B 108 2 A EDIR P RRI o FRINECR A 36 E R
/A7 ICP-AES(IRIS Intrepid INWIRE
1.3 EMGitatn

R FH SPSS13.0 & HIERM AR S EN ST HHE
{8, R AR B3 4087 L B R 7 22438 (ANOVA ) i
TR E RSN, FIEECR AR/ B 2= H0k
(LSD),
1.4 FETERIFMEDH

FIH ArcGIS9.0 44 GPS Ml 3| f 378 Ak brid
SR BRAE R B S M AR AR 23 (8] A5, FEE T 4%
R, AR A MAGR S BN SRR TR E
AR A Z R BUE, RABIREEE (Spherical
Model) #E4T40A , %18 58 BL 4% ¥4 (Ordinary Kriging)
AT AR TR AR & B2 (B AR A AR

2 HRESH

2.1 TIEMANRGIHFEE S T

ST oy il R B X AR & 2
IR IE A 437, Hofr 85 514 (8.57+3.15 )mg kg™
(0.077+0.067 )mg-kg™ (& 1), IR EZK T EIA T TR
FrRfE(GB 15618—1995) , +- 3 & Bk 3 E K — 5
TR AR R S B A OB B 96.6%
3.4% , +HER E Bk BN E R —F A — B rERIRE S5
23 ) i AR RSB 89.2% 11 10.8%, NAE T R BORE,
TIERFIRIYE TR EA S, A5 REU IR 36%F1
86% , i HH 185K bt SRR X L 1 S iR
L RATER SRS REARGFEAEES . N
WE LA, TEMACRY 26 WE, NEE R EE,

TR A IR
2.2 TIEEMIANR Y E T RAFAE ST

ARG T A R BB ULRH I S R FISR 1Y
EEFHE, N RETR AT R BLIFSY X - SRR FISR & B %S
[ AL . 18 IG5 58 AR — AR 1Y
RIEFREIN L ] R AR R A A ARRAE , B AN R B2 R B
PRIV B8 2 %) THG R DX 3, DA THTG B8 37 Wb EE A bl 3R
AP XY + R ISR 2 7] A48 AL
221 A5 REHT

iz i ArcGIS9.0 H (Y Hb 52 T4 B H T3 [H] 1]
PR T7 22, 43 0 FBRIR | 5 B A B0 S B A AU F
AR, EEUAERFHERRERHITES,
PG T EER AR SIS (R 2), TEEMFIERA
Co/(CotC) 551K 61.03%.53.58% , i Hl —F 1 HA
SGos [AAHOCE , H REAILER 435 | RS A0 25 [A) S o MR B A
TR o IX R SE X L AR A28 (AR R R T —Lk
WE B FRIVE R (IS fs B8 Y . 3 i . 3
HRAE) S P FE TR R ZS A M, — 2
AMER - (Anpt AE BEVE RS b R T B 55 )t [R] B
TEEMVER, XA AE S 5 iR R 25 (8] AH MU
o MWAFEREM RS A B EZFE K,
2.2.2 38 v EAKEIE b7

I TR B T 25 BT AY | N R 38 FEN A%
L TR NG, KRG R ERRR A2 BRI 45 R
(F 2K 3), BIRX TEmE 28k L 2RRS10,
DRH - BE— AP REERS -—8-2
o —r 2N EES 0 (5105 mg-kg™), FFHX
A RO ] G A AR B EE P 2R i A . AR X (<
6.5 mg-kg") FESMTEARM I - — &
B AL, WAMERE LA B IE S

%1 13 As #0 Hg BIGEHSEE

Table 1 Descriptive statistics of soil As and Hg

BiH R Pl B/MEMin/  RRE Max/  SPI{H Mean/ i BRAK  WE T
Item  Sampling No.  Distribution type mg-kg™ mg-kg™ mg-kg™ Std. Dev./mg-kg™ Ccv Skewness ~ Kurtosis
As 325 YEES 1.34 24.52 8.57 3.15 36% 0.80 1.54
Hg 325 YHEOEA 0.006 0.459 0.077 0.067 86% 2.614 9.231
R 2 TEMAREREBEXSH
Table 2 Semivariance models of soil As and Hg

FMiRZ Predication errors
BiH ] G P Ml HEH Bt/ EE = ;
ltem Model Range/km Co CotC C/(CotC) AR Mean error ML FAgBE
Mean standardized error
As BRI spherical 48.288 7.361 2 12.062 4 0.610 3 0.000 73 -0.000 187
Hg BRI spherical 48.639 0.002 869 9 0.005 356 2 0.535 8 0.000 55 0.009 033
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Figure 2 Spatial distributions for soil As
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Figure 3 Spatial distributions for soil Hg
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Figure 4 As and Hg contents with different landuse
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[ 5,319=2.934,P=0.013 2], iﬁ—ﬂ}ﬁﬁi‘gi tl:ﬁ?ﬁffﬂ s
i AR R 12[(10.0942.93 )mg - kg B 77 , Kl - AN
HELPEESTREL BELRT L, PELRM
RELWRTER, HEES TUEL DGR 3),
Ko BATHEA[(0.112+0.120)mg kg " &, B2
FTREL AP RED 1 TSR R E g A
A TC B E R B LR & BR300
(4.09+1.68 )mg kg™ 1(0.035£0.032 )mg kg, F=AIX
i 0 %) S X AT BB Fh T i R ALK L AL
PG  BEERS  SOK 2 GBS E K MR S
R G M E , A TSR AR 4, I3RS
PE AR VEFIR FFFRE IR, TG 3R T IR HRE ST o
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Table 3 As and Hg contents under different texture in soil

JRiHs Texture  #f5%Y Sampling No. As/mg-kg®  Hg/mg-kg™
A+ Clay 141 10.09+2.93 a 0.078+0.051 ab
i+ Heavy loam 128 7.89+2.26 a  0.073+0.066 ab
thiE+ Loam 33 747+3.71 ab 0.112+0.120 a
#25E + Light loam 7 492431 be 0.051£0.029 be
b+ Sandy loam 12 4.57+1.17 cd 0.045:+0.026 bc
#r+ Sandy soil 4 4.09+£1.68 d 0.035£0.032 ¢

R— SR E AR FRFRTE P<0.05 K EZEREE, FTH,

233 +EEpH{E

3 pH {E 2 AL AR A0 SR8 R Bk, (Rt
EHMESRTF LS ERRR ., H5
X + 3 pH {E$%<5.0.5.0~6.5.6.5~7.5.7.5~8.5.>8.5
Gy SRR YR RRYE | P R SR BRI LI T S
GI0T, R (3R 4)R I, AR 13 pH Z A 55 &
Tl B = (K 4 20=1.587, P=0.178], R T BB IL B 3F
2% 5 [Flam=1.619,P=0.135], ZH A Z5 R 5 I AH
[l AR MR, 13 pH {E5 T3 R L
H r=-0.140 8%, 5 Hg AL R ECH r=-0.115 2*,pH {H
SRS BZAYERENRMAERR (n=325,
roes=0.108 8 ,ro0=0.142 7 ,r>ro0s) » UiEAEE 13 pH {E
AR, T3 SRS B S B KA E ., X T AR R

R 4 TELEpH TRHIFEZNHEE
Table 4 As and Hg contents under different pH in soil

FRRFE pH  FES 8 Sampling No.  As/mg-kg”  Hg/mg-kg™
<5.0 2 7.63+6.75  0.056:0.008
5.0~6.5 39 934348  0.086x0.081
6.5~75 33 9.36+320  0.110£0.101
7.5-85 246 8.38:3.08  0.073:0.059
>8.5 5 7.30£1.13  0.044x0.035

B THE SRR P IR P AR AL B R 5
PR s >, T BE pH B A3 R 3880t 3 42 TR A IR
YERIR B, B a T2
2.3.4 AHLR

TIHA YRR TR R YRR R A
Yo @A AL S . A PRSI RE S +
BHELSETRNAFIESS N, N L EhESE
Rk, KRBT X LA PR & Bi% <5 .5~15,
15~25.25~35 mg kg™ F1>35 mg-kg? /0 [ . M.
W% NEMV R, J52=0, A RAHESHRIA
AR & B A R 3 22 57 (Flu a0 =5.045, P=0.000 6], 5K
HEWANEE 2K 420=25.901,P=0.000 1], #—
BT 2 E BRI, MRS EEA LR N2
BRI REH(RS), HP, REEBNVREERT
HA LS . AR TRE, DAL S T EaAE
KRB R r=0.248 8%% | HRMFZRECH r=0.523 2%*
AU E Zn R EBEZ AN ER B E N IEAHRKR
(n=325,r005=0.108 8,70;=0.142 7,r>r001) » X A BERZH
THYLUE P 2RI RE A B 1 e fr i 22, PR
X, KEHESREHETFRABORN% G IS ERE
Ho

RS5 FRLEANRTHICRHSE

Table 5 As and Hg contents under different organic matter in soil

OM/mg-kg™  F5%L Sampling No.  As/mg-kg™ Hg/mg kg
<5 11 7.95+4.74 a  0.043:0.021 d
5~15 199 8.03+3.00 a  0.061+0.042 d
15~25 76 9.35+2.93 a  0.092+0.061 ¢
25~35 33 9.79+3.31a  0.142+0.090 b
>35 6 10.95+2.31 a  0.234%0.173 a
3 &g

(1)ASH T X A AR 38 B X B A0 A, 3R
R (8.57+0.175)mg kg™, KRBT EN
(0.078+0.067 )mg-kg™, HjA Mt EHR HIEAE TR
— bRt

(2) 3RS () S AR AR APE LR = 55 -
— AP RBERS -—R-S R — T ERHF
fEH0 (5105 mg-kg™), H:H X BIAN .0 [ JLER AR
TR PR RS . MIRMEIX (<6.5 mg-kg™) FE A
AR - T — L = A M. R
Z AR B EIR 0, JRER B BT ek
Ko BEA 0 (50.090 mg-kg™ ) 4 4b, HAPEILER
HIL-BE-R 55— Hg & &1k %] 0.090~0.459 mg-
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FHRKR, M HEE VRS —E BB E XK
o

B30k :

[1] N Sridhara Chary, C T Kamala, D Samuel Suman Raj. Assessing risk of
heavy metals from consuming food grown on sewage irrigated soils and
food chain transfer[]J]. Ecotoxicology and Environmental Safety, 2008,
69:513-524.

[2] S Khan, Q Cao, Y M Zheng, et al. Health risks of heavy metals in con—
taminated soils and food crops irrigated with wastewater in Beijing, Chi—
na[J]. Environmental Pollution, 2008, 152.686—-692.

[3] Pingguo Yang, Renzhao Mao, Hongbo Shao, et al. An investigation on
the distribution of eight hazardous heavy metals in the subarn farmland
of Chinal[J]. Journal of Hazardous Materials, 2009, 167 : 1246-1251.

[4] PingZhuang, Murray B McBride, Hanping Xia, et al. Health risk from
heavy metals via consumption of food crops in the vicinity of Dabaoshan
mine, South China[J]. Science of the Total Environment, 2009, 407 .
1551-1561.

[5]S C Wong, X D Li, G Zhang, et al. Heavy metals in agricultural soils of
the Pearl River Delta, South China[J]. Environmenial Pollution, 2002,
119:33-34.

[6] K L Hu, F R Zhang, H Li, et al. Spatial patterns of soil heavy metals in
urban—rural transition zone of Beijing[J]. Pedosphere, 2006, 16 :690—

698.

[7] Prosun Bhattacharya, Alan H Welch, Kenneth G Stollenwerk, et al. Ar—
senic in the environment: Biology and Chemistry[J]. Science of the Total
Environment, 2007, 379:109-120.

[8] Rui—Qing Huang, Shu-Fang Gao, Wei-Ling Wang, et al. Soil arsenic
availability and the transfer of soil arsenic to crops in suburban areas in
Fujian Province, southeast China [J]. Science of the Total Environment,
2006, 368:531-541.

[9] M P Elless, B W Ferguson, C A Bray, et al. Collateral benefits and hid—
den hazards of soil arsenic during abatement assessment of residential
lead hazards[J]. Environmental Pollution, 2008, 156 :20-28.

[10] Yuan—Ming Zheng, Yu—Rong Liu, Hong-Qing Hu, et al. Mercury in
soils of three agricultural experimental stations with long—term fertiliza—
tion in China[J]. Chemosphere, 2008, 72 :1274-1278.

[11] Jennifer Harris—Hellal, Tatiana Vallaeys, Evelyne Garnier—Zarli, et al.
Effects of mercury on soil microbial communities in tropical soils of
French GuyanalJ]. Applied Soil Ecology, 2009, 41 :59-68.

[12] Xingmei Liu, Jianjun Wu, Jianming Xu. Characterizing the risk assess—
ment of heavy metals and sampling uncertainty analysis in paddy field
by geostatistics and GIS[J]. Environmental Pollution, 2006, 141.257-
264.

[13] G J Rebecca, K Anna. A spatially—evaluated methodology for assessing
risk to a population from contaminated land[J]. Environmensal Pollu—
tion, 2006, 142 :227-234.

[14] A P Reis, L Menezes de Almeida, E Ferreira da Silva, et al. Assessing
the geochemical inherent quality of natural soils in the Douro river
basin for grapevine cultivation using data analysis and geostatistics[J].
Geoderma, 2007, 141:370-383.

[15] Tao Chen, Xingmei Liu, Xia Li, et al. Heavy metal sources identifica—
tion and sampling uncertainty analysis in a field-scale vegetable soil of
Hangzhou, ChinalJ]. Environmental Pollution, 2009, 157 :1003-1010.

[16] Luis Rodriguez Lado, Tomislav Hengl, Hannes 1 Reuter. Heavy metals
in European soils: A geostatistical analysis of the FOREGS Geochemi—
cal database|J]. Geoderma, 2008, 148.189-199.

[17] Dou Lei, Zhou Yongzhang, Ma Jin, Li Yong, et al. Using multivariate
statistical and geostatistical methods to identify spatial variability of
trace elements in agricultural soils in Dongguan City, Guangdong, Chi—
na[J]. Journal of China University of Geosciences, 2008, 19:343 —
353.



