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Abstract: Contam ination of ils by arsenic (A s) resultsfrom mining, snelting of sulfide ores, pesticides, timber preservation
and A srich groundw aters A rsenic contaminated 0ils, sedments and sludges are major urces of contanination in the food
chains and w ater supplies The uptake of arsenic (A s) by vegetablesfrom contam inated soilspresentsa health hazard that may
affect the use of agricultural land Contam ination of foods by A s remains a possible danger under long time consumer.

W ithin the Hunan Province, Guiyang and Shimen county contain the largest numbers of people living in proximity to
sulfide ores, containing A s Because of these ore bodies and mining activity for over 1500 years, high A s concentrations in il
are not exceptional Soil A s concentrations > 200mg/kg occur on 54 km of the region The effectson A s bioavailability w ere
assessed using a range of vegetables grown in the field Four locationsw ere used, w here il was contaninated by A s from
different ources Sweet potato, lettuce, potato, radish and ginach et al. were grown at the most contan inated sitew ith a
mean of 64 mg/kg in the clay loan. A rsenic concentrations in ®ils and vegetables collected from Chen Zhou City, Hunan
Province, were investigated in thispaper. The results showed that A s concentrations in the silswere 19 5 327 2mg/kg,
average as 63. 9 mg/kg, median as 47.8 mg/kg, repectively, 2 25 times higher than that of average A s level in China
W hile, therew ere obviously A s concentrations existed in edible partsw hen they grev in A s contam inated area, ranging from
0.04 to 2.64mg/kg average as 0. 74 mg/kg, median as 0. 54 mg/kg, repectively; A s concentrations of more than 54% of
edible partswere far beyond 0. 5mg/kg, theA sM aximum Pemitted Concentration (M PC) of N ational Standard of V egetable

Sanitation (GB4810-84); Therew ere serious overstandard of A s concentrations in edible parts of ginach, crown daisy and

(6990002); (40232022);
(KZCX2-401)
1 2003-07-30; 1 2003-12-16
(19712 ), , ) ) )

1A uthor for correpondence E-mail: chentb@igsnrr. ac cn
Foundation item: N atural Science Foundation of Beijing (No 6990002), N ational N atural Science Foundation of China (Na 40232022) and
Chinese A cadany of Sciences Innovation Progran (Na KZCX-401-01)
Received date 2003-07-30; A ccepted date 2003-12-16
Biography: CA 1Bao-Song, L ecturer, mainly engaged in phytorenediation E-mail: chentb@igsnrr. ac cn



712

24

lettuce, themost A s concentrations reached asmuch as 5 tmesof M PC.

Key words arsenic;, vegetable pollution; safety; il

- 1000-0933 (2004) 04-0711-07 :Q143 A
, 3900
, 700 s, ,
2 , 19 ,
1. 7mg/kg™® itk
[10]; , , , [11]
- 12 161 K locke'*"
, 20mag/kg (AD )
0.07 0.83mg/kg, 0.02 0.56mg/kg, 0.001 0.039mg/kg, < 0.78mg/kg™
[10.20] 1500a 20 80 ,
, 1995 , , [21]
1
1.1
1.2
0 20an, S 5 , 5 1
, , 100
( ), 1 2kg, ,
, 3, , 80 15min, 60 24n,
1.3
EPA 3058 (22) 1 1 HNOs H0:0VA) , HO:
, - (A FS$-2202, ) ,
(GBW 07401)
EPA 3010a [ , HNOs: HCIos=4 1V A) :
- (A FS-2202) (GBW 07604)
1.4
SPSS , L D (L east-Significant D ifference)
2.1
1 54hm* 8hm? , 62hm*
, 1
22
2 3 2 , 19.5 237.2mg/kg,
63.9mg/kg, 47.8mg/kg ( ) 9.2mg/kg™, 5
25 2 , 0.04 2.64mg/ky,
0. 74mg/kg, 0.54mg/kg (GB 4810-84) (<05
mg/kg) 5 , .



4 713
1
Table1l Brief desription of the smpling areas
A rea Polluted level Description of contam inated sites
| (N = 15)
Low contam inated '
I N=17) 100 500m 0 100m,
M id contam inated
(N = 16) 0 100m )

I
High contaninted , ,

2
Table 2 Arsnic concentration in snilsand vegetables
Soil part Edible parts

A rea Site V egetable Edible part (mg/kg) (mg/kg PW *) BE’
| 1 Garlic Stem 24 3 Q 066 Q 003
2 Spinach Stan 231 1 095 Q 047
3 Celery Stam 23 9 Q 591 Q 025
4 Beet Stam 195 Q 365 Q 019
5 W elsh Onion Shoot 24 5 Q 423 Q 017
6 M ustard Shoot 255 Q 591 Q 023
7 Radish Shoot 339 Q 175 Q 005
8 Pak-choi L eaf 331 1 007 Q 031
9 Carrot Root 333 Q 102 Q 003
10 Celtuce Stem 311 Q 080 Q 002
11 L ettuca L eaf 310 1 664 Q 053
12 Chinese Cabbage L eaf 41 3 Q 394 Q 009
13 Coriander L eaf 40 3 Q 343 Q 009
14 Cabbage L eaf 62 8 Q 204 Q 004
15 Papper Fruit 68 4 Q 102 Q 001
I 16 Pak-choi L eaf 39 3 1 029 Q 026
17 Beet Stem 387 Q 606 Q 016
18 Crown Daisy Stem 37 4 2 387 Q 064
19 Spinach L eaf 49 6 2 124 Q 043
20 Celery Stam 42 3 Q 788 Q 019
21 Radish Shoot 51 2 Q 146 Q 003
22 Chinese Cabbage L eaf 57. 8 Q 183 Q 003
23 Cabbage L eaf 47 1 1854 Q 039
24 Carrot Shoot 47 8 1 664 Q 035
25 M ustard Stem 47 5 1 453 Q 031
26 Rutabaga Stam 56 9 Q 080 Q 001
27 Swveet Potato Root 52 8 Q 037 Q 001
28 papper Fruit 85 8 Q 307 Q 004
29 W elsh onion Stan 71 3 Q 526 Q 007
30 Coriander L eaf 64 9 Q 562 Q 009
31 Ginger Root 70 5 Q 037 Q 001
il 32 Garlic Root 42 6 1175 Q 028
33 Celery Stem 47 8 1 007 Q 021
34 Chinese Cabbage L eaf yand Q 489 Q 010
35 Beet Stem 59 9 Q 891 Q 015
36 L ettuca L eaf 43 0 2 606 Q 061
37 Crown Daisy Stam 55 4 1 139 Q 020
38 Spinach L eaf 67. 0 2 635 Q 039
39 Cabbage L eaf 61 7 Q 577 Q 009
40 Pak-choi L eaf 95 1 1241 Q 013
41 Carrot Root 91 2 Q 051 Q 001
42 W elsh Onion Stam 60 6 Q 518 Q 009
43 Garlic Root 168 5 Q 569 Q 004
44 Sw eet Potato Root 236 6 Q 088 Q 001
45 Swv eet Potato Root 237 2 Q 095 Q 001
46 Radish Root 200 2 Q 124 Q 001
M ean 63 9 Q 745 Q 012

* BF Bioaccumulation Factor, FW  Fresh W eight
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(p< 0.09), ; ,
(p< 0.05), : ,
; L), I , il
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4 Table 3 Statistic of Asconcentration in soilsand vegetables
(ma/kg) (mg/kg)
' ' A rea SoilA's V egetableA s
BF) | 34.4% 3 0.48 a
(p< 0.01); Il 53.8 b 0.86a
il 101.0c 0.88b
1 M ean 63.9" " 0.75"
3 1 26 *,p<0.05 * *, p< 0.01, # ,Values fallowed by different
24.3 237.2 mg/kg 80.0 letters are significant at the 0.5 level
mg/kg, 0.037 1.24mg/ky, 4
0. 31mg/kg, Table 4 Correlation analysis of s0il and vegetable As concentrations
. 2 16 19.5 67.0 Item SoilA's V egetableA s BF
’ ’ ' ' SoilA's 1 NS NS
mg/kg, 40-7mg/kg V egetable A s 1 0.913" "
0.4 2.6mg/kg, 1.2mg/kg, BF 1
* p< 0.05 * * p< 0.01NS=No Significance
3 4 , 23.1 43.0mg/kg, 33.6mg/kg, 1.1 2.6
mg/kg, 1.94mg/kg, , 1
3 , )
2.4
(0. 003) (0.003) (0. 004) (0. 001) (0.001 0.003)
(0.001) (0.001 0.004) (0.001 0.003) (0.002) (0.001) ( 2
3
3.1
3 , )
W HO) 1mg/( - )( ), 0.143mg /d® 5.3
mg/kg, 0. 5kg , As 2.6mg, WHO 6 :
3.2

[26]
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mg/kg SO < 18mg/kg( )
29.1mg/kg( ), 72.8mg/kg( ) ,
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1
Fig 1 Dendrogran using complete vegetables in contaninated areas
3.3
: 0.8mg/kg™
, , 58.9 mg/kg,
666. im?  150000kg 8.8kg/666. 7m?; : :
. 10.2mg/kg( ); 3 ;

4000 kg/666. Tn? , 666. 7m? 12000 kg ; ,  666.7m?
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0.2kg 58.9mag/kg 55a 128 ,
20a 0.5 2.0%
[29,30] ,
5070mg/kg, 1200 kg , 6.1 kg/666. T
, 2a la
5% 24%, 200 , )
References
[1] DebaP S, Kunnath SS A rsenic poisoning inW est Bengal Science, 1996, 274: 1285 1289
[2] NicksonR, M carthur J, BurgessW , et al. A rsenic poisoning of Bangladesh groundv ater. N ature, 1998, 395 338
[3] Chowdhury T R, Basu G K, M andal B K. A rsenic poisoning in the Ganges delta N ature, 1999, 401: 545 546
[4] KarimM M. A rsenic in groundw ater and health problens in Bangladesh W ater Research, 2000, 34: 304 31Q
[ 5] Christen K. The arsenic threat worsens Environrmental Science & Technology, 2001, 35 286 291
[6] MaryL B, ReinaH, LeeM, etal A rsenic lacedwater in Chile Science, 1998, 281: 783
[7] Meharg A A, Rahman M D. A rsenic contamination of Bangladesh paddy field soils mplications for rice contribution to arsenic
consumption Enviroomental Science & Technology, 2003, 37: 229 234
[8] BergM, TranH C, Nguyen T C, etal A rsenic contanination of groundw ater and drinkingw ater inV iethan: A human health threat
Envirooment Science & Technology, 2001, 35 2621 2626
[9] Kirk D N. Worldwide occurrences of arsenic in groundw ater. Science, 2002, 296: 2143 2145
[10] XuH N, XuJL. Causeof formation and distribution of arsenic in abnomal area of China Soil, 1996, 28: 80 84
[11] Pandey P K, Yadav S, Nair S, etal A rsenic contamination of the envirorment: A new perspective from central-east India Environrment
International, 2002, 28: 235 245
[12] Zhang SQ, YangJR. Absorption and dynamical of Cd, Pb and A s in crops A gro-enviroomental Protection, 1992, 11: 171 175
[13] YangJR, Ren Y. impact on il microorganisn and il biochamical activity by arsenic Soil, 1996, 28 101 104
[14] XuJL, YangJR Influence the factors and crop interact in arsenic contaminated il Soil, 1996, 28 85 89
[15] Abedin J, Cresser M, Meharg A A. A rsenic accumulation and metabolisn in rice (Oryza stativa L. ). Enviroomental Science &
Technology, 2002, 36: 962 968
[16] AbedinM T, FeldnannJ, M ehargA A. U ptake kineticsof arsenic species in rice(Oryza SativaL. ) plant Plant Physiology, 2002, 128:
1120 1128
[17] Klocke A. Soil contamination by heavy metals Proceedings of International Workshop on Risk A ssessnent of Contaminated Soil,
D eventer, N etherlands, 1986 42 54
[18] Liao ZJd Pollution and danger d themetallic elenent a little concentration in Enviroorment Beijing: Science Press, 1989 101 138
[19] Xong X X, L iuC T. M ineralogical study of realgar from the ShimenA s(A u) deposit, Hunan province A cta petrologica etmineralogical,
1998, 17: 378 384
[20] ChenTB, LiuGL, XieKY, etal A scontentof il and crop contaminated critical value in high A sdistrict of hunan province Soil and
Fertilizer, 1992, 22 1 4
[21] Liao X Y,Chen T B,Xiao X Y, etal Space variation character of A s content in contaminated Paddy il Geographical Research, 2003,
22 635 643
[22] EPA 305(B. www. epa gov/epaoswer/haav aste/test main htm, revision 2, 1996, 305(B: 1 12
[23] EPA 3010A. www. epa gov/epaoswer/haav aste/test main him, revision 2, 1996, 3010A: 1 5
[24] ChinaN ational Environrmental M onitoring Center (CNEM C). The background values d soil elenents in China Beijing: Chinese
Environrment Science Press, 1990 87
[25] World Health Organization (WHO). Environmental Health Criteria 18, A rsenic, International Progranme on Chemical Safety,
Guidelines for D rinking-w ater Quality. Geneva, Sw itzerland, 1984, 1. 53
[26] GuoD FE Environrmental sourcesof Pb and Cd and their toxicity to human and animal A dvances in Enviroomental Science 1994, 2. 71
75
[27] JiZH, Wang SY. Criterion collected of fodder by industrial standard China Standard Press, 1999 56 62
[28] Tongd Pollution of the heavy metals to il can’t be ignored Environmental Science, 1989, 10: 37 38



717

[29]

[30]

[10]
[12]
[13]
[14]
[18]
[19]
[20]
[21]
[24]
[26]
[27]
[28]
[29]
[30]

Chen TB,WeiCY, Huang ZC, etal A rsenic hyperaccumulator PterisvittataL. and itsarsenic accumulation ChineseScienceB ulletin
2002, 47: 207 21Q

Chen T B, Fan ZL, LeiM, et al Effect of phogphorus on arsenic accumulation in A shyperaccumulator Pteris vittata L. and its
mplication Chinese ScienceB ulletin, 2002, 47. 1156 1158

, . . , 1996, 28: 80 84

, . . , 1992, 11 171 175

, . . , 1996, 28 101 104

, . . , 1996, 28: 85 89
,1989 101 138

, . () / ,1998, 17. 378 384
, , + \ ) , 1992, 2 1 4
, , . . , 2003, 22: 635 643
,1990 87
,1994, 22 71 75
, . . : , 1999 56 62

, 1989, 10: 37 38
) , . . ,2002, 47: 207 21Q
) ) v . ,2002, 47 1156 1158



