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Fig.1 Location of Guangdong Province in China (A); Geological sketch indicating the distribution of limestone and sandshale (B) and sampling locations (C)
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Table 1 Summary statistic of the data for 260 soil profiles in Guangdong (“a” indicates untransformed data; “b” indicates log-transformed data).
LR RIE IR/ME I IRKAE fAHE AM £ SD GM £ GSD
AZ
w(As)/(mg-kg™") 260 12 10.3 309.2 5.6% 0.68° 17.7+30.2 104+1.5
w (VR0 % 256 12.0 51.6 90.0 -0.1 50.4+13.9 482+1.2
w (BB % 256 0.3 17.3 46.7 0.7 18.4+38.9 158+£1.3
w (AL % 260 0.17 242 9.94 1.5 2.75£1.55 237£1.29
pH(H,0) 257 4.0 4.9 8.5 1.6 5.17+£0.78 5.12+1.06
B )z
w(As)/(mg-kg™") 257 0.6 10.4 340.0 5.7%0.39° 19.0+32.4 10.7+1.5
w (R0 % 254 3.0 41.8 91.6 0.5 43.4+159 40312
w Bk % 254 0.4 19.2 51.7 0.6 204+99 175+13
w (L)% 257 0.07 0.86 3.83 1.7 0.99£0.63 0.82 £1.32
pH(H,0) 254 4.1 5.1 8.5 1.5 5.40+0.85 5.34£1.06
CJz
w(As)/(mg'kg™) 258 1.3 11.3 255.2 4.6%0.47° 19.6 £30.4 113+1.5
w (KL)% 255 4.60 439 91.6 0.3 44.6+16.7 41.1+12
w (FRD) % 254 0.30 18.0 51.7 0.9 20.1+10.4 171+13
w (BHLR)/ % 258 0.03 0.50 3.56 26 0.65+0.57 049+ 1.4
pH(HO) 256 3.5 52 9.0 1.3 5.48 £0.83 5.43 £1.06
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Fig.2 Distribution frequency of Arsenic concentration in A-, B-, and C-Horizon soils in Guangdong (up: origin data; down: log-10 transformed data)
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Table 2 Pearson correlations between log;oAs content
- and some soil properties
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EBRH w(As)/(mg'kg")  1.000 0.008 0.137*  -0.098  0.047
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Fig.3 Lognormal probability plot for total arsenic concentration in W HLR) % 1.000 0.290%*  -0.131* (.223%*
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Fig.4 Spatial distributions of Arsenic concentrations in A-, B-, and

C-Horizon soils in Guangdong, China

A 2.75% ), ANEA AR A YIERIL 2 B B AE
. REERERH L TR BB K T B IE,
(2) WX I KIS AT, B +3% pH
{ELFN) 32 50 A5 1 2 AR AE B Bl R g K P 38
2ES L2 BT R R 20 N KT .
(3) M HER Ak 2 = A B RRLR i
RGN, I b ALKk, BT,
IURAE FHEE AR 147 458 km?, SF - EEBR AR
1x10° kgm™, 4F T 8RR 1x10% ¢, 84 UT
BEVL . AUIT. ZRVTRIPGVI KIS A0, #HR FRs
P, FAEZ /A 1040 t it g T 3362 bl kA
| B7AT NP B 5 T A W | A 1 e 0 5 S Ty 1
B BBk 45.1. 68.2 A1 21.6 mgkg !, Hirigk
[ A B Ak 4.96% .4.21%F1 3.96% P91 Peters
BB 5T 45 TR h 45 4 il 3 B2 4 TR
AR 3t Ve F A & e i S A TR

TaliE. i, AR T R IR A T
TEFR XA ST X 1) b 2 R K A 5 B A7 7 G T
TE B o

Sk

(1] WHER, SEH, R, L3 haia (b2 Py, BREER 2 kR
1998, 6(1): 22-37.

XIE Zhengmiao, HUANG Changyong, HE Zhengli. Chemical
Equilibria of Arsenic in Soils. Advances in Environmental Science [J].
1998, 6(1): 22-37.

[2] THORNTON I, FARAGO M. The geochemistry of arsenic, in:
Abernathy, C.O., Calderon R.L., Chappel, W.R. (Eds.), Arsenic:
Exposure and health effects [M]. London: Chapman and Hall, Kluwer
Academic Publisher, 1997: 1-16.

[3] WANG L F, HAN J H. Chronic arsenism from drinking water in some
areas of Xinjiang, China. In: Nriagu, J.O. (Ed), Arsenic in the
Environment, Part II: Human Health and Ecosystem effects [M]. New
York: John Wiley & Sons, 1994: 159-172.

[4] NICKSON R T, MCARTHUR J M, BURGESS W G, et al. Arsenic
poisoning of Bangladersh groundwater. Nature [J]. 1998, 395: 338.

[5] ACHARYYA S K, CHAKRABORTY P, LAHIRI S, et al. Arsenic
poisoning in the Ganges delta. Nature [J]. 1999, 401: 545.

[6] ENVIRONMENTAL PROTECTION AGENCY. Integrated Risk
Information System (IRIS), Arsenic, Inorganic. CASRN 7400-38-2.
U.S. Cincinnati, OH, 1998.

[7] WHO. Arsenic Compounds, Environmental Health Criteria 224,
second ed. World Health Organization, Geneva, 2001.

[8] PETERS S C, BLUM J D, KLAUE B et al. Arsenic occurrence in New
Hampshire drinking water. Environmental Science and Technology [J].
1999, 33: 1328-1333.

[9] BERG M, TRAN H C, NGUYEN T C, et al. Arsenic contamination of
groundwater and drinking water in Vietnam: a human threat.
Environmental Science and Technology [J]. 2001, 35: 2621-2626.

[10] MAARTHUR J M, RAVENSCROFT P, SAFIULLA S, et al. Arsenic
in groundwater: Testing pollution mechanism for sedimentary aquifers
in Bangladersh. Water Resources Research [J]. 2001, 37: 109-117.

[11] SHEPPARDS S C. Summary of phytotoxic levels of soil arsenic.

Water Air and Soil Pollution [J]. 1992, 64: 539-550.

[12] VRREE, XUBSHE. T 7R4% L3R Im s SLAANIR 5L ik i i 0 5.

AR RO KSR T]. 1996, 17(4): 58-62.

XU Lianfeng, LIU Tenghui. The zonal differentiation of soil

environmental background values and critical contents in Guangdong.

Journal of South China Agricultural University [J]. 1996, 17(4): 58-62.

PRIFD®R, FBER, BRAE, S5, Jbntrh 13 48 & i SEm R e

WFFE. FREERIE[D]. 2004, 25(1): 117-122.

CHEN Tongbing, ZHENG Yuanming, CHEN Huang, et al.

Background Concentrations of Soil Heavy Metals in Beijing.

Environmental Science [J]. 2004, 25(1): 117-122.

PRIFDE, AR, BRME, 4. JEntii AR bl 2RI 1 5emh &

FHFE[)]. HUFRRTFSY, 2005, 24(2): 229-235.

CHEN Tongbing, ZHENG Yuanming, CHEN Huang, et al. Arsenic

Accumulation in Soils for Different Land Use Types in Beijing.

Geographical Research [J]. 2005, 24(2): 229-235.

[15] BRIEDGR, A, FBxH, . JCnUiTB SRS - aem & it K OH
FERBAIHT[I]. HuERE4R, 2006, 61(3): 297-310.

CHEN Tongbing, SONG Bo, ZHENG Yuanming, et al. A Survey of
Arsenic Concentrations in Vegetables and Soils in Beijing and the

(13

[14



WRERIESE: TR LR CR =S AL S SR T 961

Potential Risks to Human Health. ACTA GEOGRAPHICA SINICA [J]. Talanta, 2002, 58: 201-235.

2006, 61(3): 297-310. [26] Xzt JTARLHEM]. 7RG LA DA E. bt BB
[16] PRENE, FHAPH, BRA, . AiE AR e 5 T X i 1 st #t, 1993.

SERFIET]. Bl2FE 4R, 2002, 37(3): 207-210. GSGIO. Guangdong soil. Liu, A.S., editor. Guangdong Soil General
(17] HwAM, BREDE, w0, & RO ——Fob R & Investigation Office[M]. Beijing: Science publish house, 1993.

BEREI)]. ARSI, 2002, 22(5): 777-778. [27] £z, M. TERFTTRAAM]. dLat: i EBRER2A AR

WEI Chaoyang, CHEN Tongbing, HUANG Zhechun. Cretan Brake 11, 1995: 42-58.

(Pteriscretica L.): an Arsenic-accumulating Plant[J]. Acta Ecologica WANG Yun, WEI Fusheng. Chemistry of elements in the pedsphere

Sinica, 2002, 22(5): 777-778. environment [M]. Beijing: China Environmental Science Press, 1995:
(18] Beds, BRIFGE, e, 5. BRIXwhs e s e m 42-58.

FZMm: FHIRISSEIRRSE[T]. SREERLA2EHR, 2004, 24(3): 455-462. [28] ZHU B Q, ZHU L X, SHI C Y, et al. Application of geochemical

LIAO Xiaoyong, CHEN Tongbing, XIE Hua, et al. Effect of methods in the search for geothermal fields[J]. Journal of Geochemical

application of P fertilizer on efficiency of As removal from Exploration, 1989, 33: 171-183.

As-contaminated soil using phytoremediation[J]: Field study. Acta [29] ZHU B Q, YU H. The use of geochemical indicator elements in the

Scientiae Circumstantiae, 2004, 24(3): 455-462. exploration for hot water sources within geothermal fields[J]. Journal
[19] ¥, AT, Fkol, %, LGt KRR mI]. 3 of Geochemical Exploration, 1995, 55: 125-136.

BBk, 2006, 27(7): 1393-1397. [30] Rorge, F4kMg, w567, . AR LR WX 3 S A

GUO Wei, ZHU Yongguan, LIANG Yongchao, et al. Effect of [J] JK - PREE ], 2003, 23 (3): 36-38.

Application of Silicon on Arsenic Uptake by Rice Seedlings in Soil[J]. ZHU Lian, WANG Jizheng, ZUO Muning, et al. Regional Disparity of

Environmental Science, 2006, 27(7): 1393-1397. Soil and Water Loss in Guangdong Province[J]. Bulletin of Soil and
[20] MATSCHULLAT J. Arsenic in the geosphere — a review[J]. Science of Water Conservation, 2003, 23 (3): 36-38.

the Total Environment, 2000, 249: 279-312. [31] BOWEN H J M. Environmental chemistry of the elements[M].
[21] CHILVERS D C, PETERSON P J. Global cycling of arsenic. In: Academic press, London, 1979: 333.

Hutchinson, T.C., Meema, K.M., editors. Lead, mercury, cadmium, [32] ZHANG H H, YUAN H X, HU Y G, et al. Spatial distribution and

and arsenic in the environment. Scientific Committee on Problems of vertical variation of arsenic in Guangdong soil profiles, China[J].

the Environment (SCOPE) 31[M]. New York: John Wiley & Sons, Environmental Pollution, 2006, 144(2): 492-499.

1987, 279-301. [33] CRESSIE C. Statistics and Data Analysis in Geology, second ed [M].
[22] CHEN M, MA L Q, WILLIE G H. Baseline concentrations of 15 trace New York: John Wiley & Sons, 1991.

elememts in Florida surfaces soils[J]. Journal of Environmental [34] TR&LE, WRiEF, 250 ErdnpiseM]. duat: Bt i,

Quality, 1999, 1173-1181. 1994.
[23] CHEN M, MA L Q, HOOGEWEG C G, et al. Arsenic background ZHANG lJingwei, YAO qingyi, LI Huashan. Study on slope land in

concentration in Florida, U.S.A. surface soil: determination and south China [M]. Beijing: Science Press, 1994.

interpretation[J]. Environmental Forensics, 2001, 2: 117-126. [35] ZHANG C S, WANG L J. Multi-element geochemistry of sediments
[24] ZHANG X P, DENG W, YANG X M. The background concentrations from the Pearl River system, China[J]. Applied Geochemistry, 2001,

of 13 soil trace elements and their relationships to parent materials and 16: 1251-1259.

vegetation in Xizang (Tibet), China[J]. Journal of Asian Earth Sciences, [36] PETERS S C, BLUM J D, KLAUE B, et al. Arsenic occurrence in

2002, 21: 167-174. New Hampshire drinking water[J]. Environmental Science and
[25] MANDAL B K, SUZUKI K T. Arsenic round the world: a review[J]. Technology, 1999, 33: 1328-1333.

Spatial variation and environmental indications
of soil arsenic in Guangdong province

CHEN Junjianl, ZHANG Huihua' %, ZENG Xiaoduo', LIU Jialngrningl

1. Guangdong Institute of Eco-Environmental and Soil Sciences, Guangzhou 510650, China;

2. State Key Laboratory of Soil and Sustainable Agriculture, Nanjing 210008, China

Abstract: Total of 260 soil profiles were reported to investigate the arsenic spatial distribution and vertical variation. The arsenic
geometric mean concentration of 10.4 mg-kg" was higher than that of China. An upper baseline concentration of 23.4 mg-kg™ was
estimated for surface soils. Arsenic spatial distributions presented the similar patterns that high arsenic concentration mainly located
in limestone and sandshale areas, indicating that soil arsenic distribution was dependent on bedrock properties. From A- to C-horizon
arsenic geometric mean concentrations had an increasing tendency of 10.4, 10.7 to 11.3 mg-kg". This vertical variation may be
related to the lower soil organic matter and soil degradation and erosion. Consequently, the soil arsenic export into surface and
groundwater would reach 1 040 t-a” in the study area.

Key words: Soil arsenic; Spatial variation; Baseline concentration; Guangdong
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