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Abstract; The characteristics of concentrations and biocaccumulation factors of arsenic in edible plant portions of vegetables and grain crops were
summarized and analyzed based on the reported data in the literature. The results indicated that the range of As concentrations in vegetables was 0. 001 ~

! and

1.07 mg-kg ™' and 0.001 ~8.51 mg-kg ™' (fresh weight) in the clean and polluted regions, respectively, with geometric means of 0. 035 mg-kg~
0. 068 mg-kg~'. Arsenic concentrations in grain crops ranged from 0. 001 to 2. 20 mg-kg ™! and from 0. 007 to 6. 83 mg-kg ™' in clean and polluted
regions, respectively, with geometric means of 0. 081 mg- kg ™' and 0.294 mg-kg~'. Arsenic concentrations in the different varieties of vegetables
followed the trend: leafy vegetables > root-stem vegetables > melon-fruit vegetables > fresh bean vegetables, and the bioconcentration factor ( BCF) of
As in leafy vegetables was significantly higher than for root-stem vegetables, fruity vegetables and fresh bean vegetables. Results of hierarchical cluster
analysis on the As BCFs in different species of vegetables showed that the plants could be statistically separated into two groups based on BCF. Celery
(Apium graveiolus) , water spinach (Ipomoea aquatica Forsk), crown daisy ( Chcoronarium var. spatiosum Baily) , mustard ( Brassica juncea L. ) had
higher As BCFs while beetroot ( Beta vulgaris) , peas( Pisum ativum L. ) , cauliflower ( Brassica oleracea L. ), leek (Allium tuberosum Rottler) , common
beet ( Beta wvulgaris L. ), squash ( Cucurbita L. ), sweet potato ( Ipomoea batatas L. ), waxgourd ( Benincasa hispida ), tomato ( Lycopersicon
esculentum) , kidney bean ( Phaseolus vulgais L. ), Chinese cabbage ( Brassica pekinensis) , carrot ( Daucus carota L.), spring onion ( Aubergine
Broceoli) , radish ( Raphanus sativus L. ), chili ( Capsicum annuum L. ), cabbage ( Brassica oleracea L. ), taro ( Colocasia esculenta L. ), potato

( Solanum tuberosum L. ), pakchoi ( Brassica chinensis L. ), and rape (Brassica napus L. ) had lower As BCFs. The BCF of maize was obviously lower

EEWH: BRAUEFER¥ESE (No.40325003)
Supported by the National Science Foundation of China for distinguished Young Scholars ( No. 40325003 )

EEB M. BHT(1973—), %, {1, E-mail; xiaoxy@ igsnrr. ac. cn; * @il {EH (|MFE(EH ), E-mail: chentb@ igsnrr. ac. en
Biography: XIAO Xiyuan (1973—), female, Ph. D. , E-mail: xiaoxy@ igsnir. ac. cn; * Corresponding author, E-mail: chentb@ igsnrr. ac. cn



292 3F 5 #

%% 29 %

than those of rice and wheat. The As concentrations in 48.2% of all the statistical vegetable samples from As polluted regions in China are higher than the

food standard of 0. 25 mg-kg ™' set by WHO/FAO, and the statistical percentage of vegetable samples in which the As concentrations were higher than The

Tolerance of Limit of As in foods for China ( TLAC) of 0.5 mg-kg ™' fresh weight in vegetables was 32.2% . The As concentration in 64.1% of leafy

vegetable and 27.7% of root-stem vegetables were found to be higher than the TLAC. The As concentrations in 34. 8% of all the grain crop samples

overran the standard limit of 0.7 mg-kg ™' dry weight set by China, with the percentage of rice grain samples which exceeded the standard limit of 0.7

mg-kg ™! reaching 42.9% . Thus the As concentrations in leafy vegetables and rice grain may pose a health risk to humans.

Keywords: arsenic; bioconcentration; grain crop; health risk; oil crop; vegetable

1 B|E& (Introduction)

BRABRENBEERRMER T RAENE
B BN E RBERARBERED D&
B R fg i XU 45 ) & T R T R & B 5T ( Warren
et al. , 2003; Das et al. , 2004; Liao et al. , 2005;
BHEE | 2005; BREIMEZE, 2006). Tripathi 55 (1997)
PR RH, AMEEBU BRI RETRAKAR
Yy, B R HEARNEHAR 1% . BT
B A0 EQ A ER 4 Hb 5 B 9% X ( Del Razo et al. , 2002,
Roychowdhury et al. , 2002; 2003) AENEY S
ARTR 5 B EA RN 20% . 720 B K H K % 3
BEMBRAOMK, ERXNEXEDHRFHBARA
HBEOMWEERR, HBARLSEMBARN
73.3% LA _k ( Uchino et al. , 2006) . 35 [ F1 B i & &
ABHEYHBRARBAER S, BATHEARN
TEREAUR T A K, MRS 2 £ (Schoof et al. ,
1999).2000 4, ¥ H 12 M W BIERKWER
HAERA REBFIARXIREX(BEAL.E
RER)TIBANHLOIBEEHEASRNT5.6%,
HRary 60.4% (R MF, 2006). £ kNI
(1999) M WIR AT TR XML ABMRR(XE
BEIKMEY) WREER, REZEMTT XY
ABPEYMMTIRE Y 83.6%. BT, £ 58
EV-ANEBRBELEAHBAMNRERERRRE . B
KHARBEPHMEERFRIERENETERA
‘.

AORFBEHIARTHREAME P& B BB
RER NREGHH RRESNEEBRMEHT R
GE 5y 0, i 3 LR TS L BB D BURBIMEI AN 2R, DA
B R e 5 e XL B 4 RN R R RS R LR AE AR
PR MR 24 R

2 ## 5% % (Materials and methods)

2.1 HKEXRFE
ATHRAFRRED T ERL, AXLRR
BEMBEHETIE 30 FRE A ERBTIH R TR

RFRMEY B & B B8 (35 112 53Uk, 1338
FKid sk, Hd 1087 £k B FRE), &
Arsenicbase 4% FE ( By T 4% @ FR %1, 0t 46 7 fn 1% 4
) XBABEERETFHXLXHEE
( Elsevier Science, Springerlink + Kluwer, ACS,
Blackwell) .34 [7] 75 [ 85 T (1973 ~2006) . &
PR 4 304 3 T (1989 ~2006) . % T AR i
BERSHAAHFFERXRER, XPHBEHEERH
W EE&GT (B AE BHERE LT HHM
H)WREZER, AGIHHERABHER.
MERX. BERXETEANCEFREN . BERZE
BB g X, T I5 e X 45 5 7% 3 X 8
BV RX T EMRX R EAEHX. B3R
RTIEREETABMVHBERSU LS. RN T
BHEHUES R, KA CRREN TERE, H
#90% MK RITE M E (4%, 2005). K
EYh & BY LT E I, 68 BB W 20% K5
KEHERTE.
2.2 KUt

BAEAL PR 7 2 o A A IR 28 43 Hr A SPSS 13.0
RFVEA AR 56 F A Oringin 7. 5 ( Shapire-Wilk
%) 84 K SPSS (kS B K K (Sample K-S) ) 58 .
LR, 48 K E 2R A B4 AR A X B R ol
BomER. By, AXWHER 95% 1 B 15 X A
By AU B {8 B 0 S i

3 4R (Results)

3.1 HXMEERESLEMOCENXR

N ESEOREHERRE, BHEXEROES
B IEA 0.001 ~1.07 mg-kg ™' (#FE, TRH),HHE
$0.023 mg-kg™', ¥ {E K 0.035 mg-kg ' (HIER
% : Arsenicbase) . 15 4% X 3% 32 9 B & & 4L 18 &%
K, P {EFMBE 55K 0. 080 mg- kg™ H 0.068
mg-kg ™.

KREGRAXNBEEXELBRREN TFHRER
JoaM3EE > RER > HEH = MRE(ELD.
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FESFRA GREHREPHIBYERERT HWHSEVUEEK, STHREXHRE VIR
THRREEGRER, MARKEXNHEEYN RRNHIBEEEER MEXAHFEXHMRE
BRERTREXR NRITESL BHEXAERIGERX HRXOWITRDFRTHRE

£1 RiemhaaSRER

Table 1 Comparison of As concentrations in vegetables and grain crops

As &8/ (mg-kg™")

*E fewm o s o T . BuE o BA i
fHX M FHE  REE FHE nHEE
SRR KX LI 149 A 0.001~8.22 0.127 ~0.235  0.277 0.586 0.971 0.172 b 6.67
WA 76 ¥  0.001~8.51 0.061~0.169  0.105 0.444 1.11 0.101 cd 7.88
kB3 57 ¥  0.001~1.48 0.028 ~0.067  0.031 0.133 0.266  0.043 ¢ 4.69

WER 12 St#  0.001 ~0.788 0.009 ~0.362  0.165 0.218 0.215 0.056 cdef  18.8

BY OE% 6 ¥ 0.011~6.82 0.200~3.31  0.860 1.73 2.54 0.814 a 3.81

k2 7 ¥ 0.215~1.63 0.205~1.04  0.310 0.662 0.636  0.462 ab 2.41

RuHk 139 ¥ 0.007~5.19 0.224~0.355  0.310 0.618 0.871 0.282 ac 3.95

HHR HX -3 319 %3 0.001 ~1.02 0.021 ~0.028  0.027 0.057 0.106 0.024 f 4.21
e 137 H#H  0.001~1.07 0.015~0.026  0.020 0. 068 0.165  0.020 fg 4.87

FhEK 202 & 0.001 ~0.527 0.012~0.018  0.020 0.033 0.050 0.014 g 4.60

Bk 61 ¥ 0.001~1.02 0.012~0.026  0.025 0.069 0.189 0.017 fg 5.15

B 5% 12 ¥ 0.003 ~0.320 0.029 ~0.143  0.084 0.101 0.086 0.064 cde 3.59

FHHK 151 ¥ 0.003~1.27 0.067 ~0.096  0.100 0.139 0.170  0.080 d 3.15

B 10 SE  0.011 ~2.20 0.040~0.479  0.128 0.455 0.700  0.137 bed 5.75

E:), MNEFBERETARAAREYHHSENEESARBSR - FHATERAIREEEZR AARAFERAFEREEZR,

p <0.05.

TR RBEHEX BTG RX, A R KRR E
B B, 3% 9 A SR 2 B S X i i B R A X IR
(FR1). LTAEBYRWARG, ETEZRERER, Lk
] | ¥ %% 3& ( Berry, 1986; Meharg et al. |
1991). B, ZER B H BT, ALY 7k P B 4 43 7 3L
B R > B2E > (R L) K K (Carbonell-
barrachina et al. , 1995). ’

IR RS R, NS B A< 5 X iRy
BEEEE X, FAREZ L EMEBRNEN. &4
BAXNMEESIEMIBEERBEEEMEX
(F£2).

£2 THAREDHIBEREDHBEERBPOAXXR
Table 2  Correlation between BCF and As concentration in vegetables

and grain crops and soils

Bk (n=365) ME(n=158)
MEERY ®WIE MEERH WEE
THEBER  -0.094 0.203** ~-0.189*  0.275*"
MERRY 0.557"" 0.222""

H:*,p<0.05, = x,p< 0.01

3.2 MtEHHLERES L EMEENRXRAR

KB EE X FORMmEY R & 242688 0. 001
~2.20 mg-kg”' (FE, TH), ¥ EE K (0. 081
mg-kg™'). ¥ & XK RS OB & B 0. 003 ~ 1. 27
mg-kg ™', BIMH N 0. 140 mg- kg™, /N E T F K B Bf
Er B AR, 5514 0. 046 F 0.055 mg-kg ™. 5
FXORMEY & B WE K (0.007 ~ 6. 83
mg-kg ') , B K 0.294 mg-kg .

FESWMER BRXHURBEYHHER
HF:EH > WmEE > REX, MREBHRHR
HEYHREERN  REE > WKk > TH(E
D). KEBHHSERERT/DEMEKRGES) , L
BIRHREETFREMEY. —HTRNERE: &
BAREHT, 2 EPRMERD As() BRFE
(Abedin et al. , 2002) ,Tij As( I ) W FTEETHE3R , & 8
VEYI R WL (Marin et al. , 1992).

THMREEEREEMRMEYRH SR 28
R, T EPHEERESRMEYRNBIRBREREEY
IEEMR(F2).
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Table 3 ANOVA statistical results of As concentrations in grain crops from different regions
g C,, FBZE
BRI ey R HIEX
IE(25) EXK(35) KA (62) N (40) EXK(39)
BHX 7Kg (65) 0.259" 0.349" 0.412" 0.860" 0.939"
nE 0.090 0.153 0.601" 0.680"
EX 0.064 0.511* 0.591*
HHK Vi1 0.448 " 0.528"*
Mg 0.080

H: » BEBERKFp < 0.05, BSHNHEELK.

3.3 EXPRBEANHERRAK
HEERANREYHSES I RTHEEN
HE, B ARBURBEY X + BRI E
SO BE SR R BB/, T 5% B A 4 R WOR B RE
FIBE RIS R AR BR. BAIRE R
I EEREEREA 0 ~14.0(TE, TR, MM
FE R o B R R BOBE, AR N 0 ~ 0. 419

(R 4). NAREFIHRNBHEERYORE , HHK
RAEMPBEERBYENAE R TRER JLREM
BT, AR ZE 2 ISR I & 5 251 3% 2 (8] 5 B
BERAUERSEE. RMEDF E K. SR
FRMHERABREFMT AR BEX N EE

®4 REFEREHDPOBEERYY

Table 4  As bioconcentration factor (BCF) of vegetables and grain crops

As HERE
Y A n A 3] i 95% B (5 X I il BAR _ Jui| _

THME bR ¥ E PR

Hx X 192 ST 0~2.080 0.019 ~0.034  0.027 0.119 0.238  0.025 a% 7.62
WK 84 ¥ 0~14.00 0.009 ~0.021  0.012 0.214 1.525  0.013b 7.89

FRERK 71 wH  0-~0.381 0.010 ~0.021  0.018 0.036 0.061  0.014b 4.80

@Ek 22 ¥ 0~0.307 0.007 ~0.039  0.021 0.048 0.070  0.016 ab 6.97

iR KK 73 ¥ 0-~0.419 0.008 ~0.018  0.012 0.035 0.063  0.012 be 5.11
I 27 XHE 0-~0.364 0.007 ~0.018  0.001 0.035 0.088  0.011 be 3.50

EXx 38 B 0~0.056 0.001 ~0.005  0.003 0.009 0.014  0.002d 6.94

g% 13 ¥ 0-~0.081 0.001 ~0.006  0.001 0.012 0.024  0.001d 10. 80

Mkl 10 XtH  0.001 ~0.059  0.002~0.009  0.002 0.009 0.018  0.003 cd 3.56

E:) EYHHHERRRYUTER, 2) MEFRRFIBETAFYHHERRSNEZURRE R AHRAFEERRA LB ELR, £

HRFHRRFEBEER, p<0.05.

B T AR IR AL B 58 7 1, R [ b 2R 1R M % B Y
REMRBEFERRER. AARBERMERE,
MY MR EREABEERAR(E ). R
GROMBERBRK, RABRZRRETRHEE
AR 4R(EL) FFRNHEERBBTE %, K
XTP ) SRR B R PSR B TR R
HEERBRZ, M AHE 28K E  EK FEX.
A BCERE T R AN THHEERERET
FERBERARRMA TR BE AL,
EE AN E AN DINEAR NS N E I N =
RXHE DN HRE B DN FERHE.FL 5.5
KRS RAENE. FENLRRNBERERL
B, AT WAL % A R W BE S B8 AR R

WREET MRS WRBRN T REMAEFRRR
A BiERFM R SRR AN LR, A
R AL R ML B Bl AR R R B B AR TR B BR SRR, AL
HRHE 1+ e 2 R O 0 B 0 R B ) B 55 M B K
AR R E MR IR A A P TR E S R
TR TIR X s R e =l (H 4T
4, 2008). FTLL FE R B L3 Hh , A E R TR B
B ERFLEEMNTRRKER, EAMHEE
ABBEMER, S MLHREHERGR, URE
BEMAIARYE REEYFERNHEERN
WER0.002, EERT KB NENMERRL
(R 4), R E RN L0 0 RARE N5 F ik,
FERP 15 4 X AT DUAG 5T 55 18 e Ff A 0K, AR B 35
Zer XU
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Fig. 1 Box and Whisker plots showing median, mean, upper and lower 25% percentiles of As BCFs in vegetables
CASE 0 s 10 15 20 25 MERALARET RYMEBNERAFE. R
bel
an 21— T4 (WHO) FIBE A B RUR 4148 (FAO) BE 4 ]
w%% 7] SEH R A AR BRI 8 0.25 mg kg™ (8
%§ 12 B, RENAEWHEXHIBERBIZENO.5
AN - -
gi 25 mg-kg™' (BT) (GB4B10-1994). i 1535 5K & B
mes 2 A TR AR (R S), RARER LK MK
ug | b SEREA A 48. 2% B RE A B & R #853 WHO/FAO
B ] MR ARUE 532, 2% BOBE SERE A B & LB AT 0. 5
i mg-kg™' (GB4810-1994) , 3L ot 3L AT AR 25K
Ts %1 R EERK BB AR R A SN 47.9% 7 12.8% . 55
L 0 O 20 R A R ATV L, O X 0 SR
ﬁgi 27 EHHEBRERRY/NT 5%.
31
oL %5 BERXGHSREENR
*5 3 Table Percentages of vegetable samples exceeding the As concentration
R 15 s
FiE 3 2 standard in China
- G RR R & RN
L] 13 T FUES > 0.25 mg-kg™'* > 0.5 mg-kg™!*"
ol BRK  WEK ERK WK
10 | MK 64.1% 3.1% 47.9% 1.0%
TS 27.7% 2.8% 12.8% 1.9%
H2 EFREXMELERNLABENEERASAEGR FRA 18.5% 2.5% 3.7% 1.5%
Fig. 2 Hierarchical cluster analysis based on geometric means of Tk 37.5% 5.1% 12.5% 1.7%
As BCF of vegetables 2% 48.2% 3.0% 32.2% 1.4%

ZRE ARNHEERES L HHTEOH
XUERRE ERMIEDHHERRRE RN
BERBERMR(E?2).

3.4 HE R EFOM 1 0 A BARE R
R T IR X AR R TE B, A R E R

¥+ WHO/FAO f5¥E; * » GB4810-1994

SRERBEDEEANEITRR, SRER®
B EREIRE(< 0.7 mg-kg™" ) ML, RBITHR
X3 RE YA EIR RN 34.8% , K
KRG ERADENBIREIRET 20% (K6).
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£6 REIERQEWHANHIEBRER
Table 6 Percentages of staple grain samples from China exceeding the

As concentration standard

W& BEFRE(> 0.7 mgrkg ') Y

ik MRS

L] 42.9% 5.0%
INE 21.7% 0
X 30.4% 0
&% 34.8% 2.9%

¥:1) GB4810-1994

4 #5i2 (Conclusion)

DAEREANEITRA, REYHHIER
W EE > WEE > RAFK > bFK > WEX
> BER > MRLWEBEWEEREY ML
> #ER > RER ~ ML > WL > 5,
HPERMHmE Y8R,

DXWEBREERRMIEY KM ETERS L
BEHSBRERETIHX LBEERESBRTAW
MR EERRA.

INRETHFRKA 32.2% H XM 34.8% EBER

HEMHESFHSERTRERAHREGE
(GB4810-1994).
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