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Variation of Cd, Zn and Se Contents of Polished Rice and the Potential Health Risk

for Subsistence-Diet Farmers from Typical Areas of South China
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Abstract: In this study, a total of 70 polished rice samples were randomly collected at agro-product markets from some typical regions of South
China . Their contents of Cd, Zn and Se were determined by atomic adsorption spectrophotometers ( AAS) and atomic fluorescence spectrometry
( AFS) respectively. The variation of the contents with rice areas was described in terms of soil conditions and the potential health risk by food
exposure to these rice grains for subsistence-diet farmers is discussed. Over 70% of the total samples have Cd contents exceeding the State
Food Security Standards (0.2 mg-kg™') with Cd/Zn ratios exceeding the suggested critical threshold of 0.015. Widest variation was found for
Cd and smallest for Zn, showing rice Cd prone to environmental stress. The extent to which the contents of the analyzed elements varied with
rice areas was greater for Cd and Se than for Zn, though the contents followed in the same order: polluted area > acid paddy area and neutral
paddy area. This further evidenced a determinacy of chemical availability in rice Cd uptake. Taking the reference dose values by WHO and
USEPA, the health risk by Cd exposure to the rice diet from different areas was estimated. The consumption of rice from polluted area and acid
paddy area may impose serious health risks for subsistence diet farmers though those from neutral paddy area may be still safe under the WHO
guideline. It is demanded that the problem of the rice grains high in Cd and low in Zn and Se, and serious potential risk should be taken into
account while developing high-yielding rice in acid and polluted rice area of South China. Technology for depressing Cd uptake and low-Cd
cultivar breeding should be pursued in rice production sector in the future.
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Chaney P #5 i, i1 T Cd 3 E WL A W7k s T 31
R BB RERM B B R, B+ cd BTN
A5 CdEEAX, MEARERRTH cd/Zn. K
FE Cd/Zn HFT R K E Cd #FAEWHEHER B
AEBEEERY XU TBEELEWN cd SBHER
ARRZFUEXK KENFESLBYRENT S
ERMFEE" & cd FKEE Cd/Zn TTHEMB Cd
FENKPRE WESBALEEBENREZ
— REBEMRREELUSYNE HHMEE
FRICE Zn 1 Se AT Z , T AT BE I T ARG K
HEBWAR GCAEEFNBENR . 2EFRRK
BRI RAERA, KkCd S84 HRE
Cd-Zn-Se X R TR KM EFHE", Bl KK cd
FREE/RABNEDEZENRH =X EFEER
P ARRBAHASHHE 2 AR MK L#T T EE
KR ZRBKFBME B/ ARLE, RIKBXY L
B od Wk ERYE AERM I EPRRER, &
EF A BHEBERBIBMEWAEM=E KK Cd &
R M, R A N ERK AR
BEXHBERMEEFNEZ I TIARBEIF KNG E
BERSEHMER AN R B & TKE™
DX B 43117 3 A 15 Gy Hh DX e P B AL SR B OKOK AR S, T
ETAE =R FEHEAST CdZn.Se F&,1HAK
AP XETTRE B LM RN,
FAK IR T AR 28 2R A 36 R IR AR 4 B

HHEMBRA RD HMEEERFHRYHEBRLEHE
TS F ol s 04 26 AR Cd TR R B KR, U N
M KREE P Cd EH A Cd Re TR HERF
WA .

1 #R57A*E

1.1 SR KOCRBE SRR

ZEIFEH KB L FERBBEE TR U
B B0 T SRR RS o 0 47 338 [ B 45 i o L K RS 11
AR KRS Cd YR B3 + 4 pH 1", 2008 4E 4
H 43 5k Z 8 o i f e i (RR K LT
FEEM R KB L, pHAF 6.1 ~7.5"),
AEAMMTT(REEFAKEMAERXKEL, pHA
F6.2~7.0") IAHHBEE AAE(REKEF
AREBRAKB LR, pH A+ F 4.5~6.5"), 4
RFWRF T G 8 B R KR VLR WK KH & 63
MEDCATXE, EESRENEHY LALT
N ES RIS X (R KE WL # X 3 5B
SRMHX KN EAREERX LA AREE- KL
X)), MR FIELE T 154 RE H W= KOkEE 7
A XEEREX EpHNF 4.2~5.6, Cd &
F 2 ~5 mgkg', Pb FEAN T 80 ~ 250
mg-kg™') . WAL 70 4 H A LOAHIKE K. &
AL TR A HRWR L.

R1 REBRXNTESH

Table 1 Distribution of the rice samples collected from different rice areas

7 355 8 X 84 BAK Hiok 20
KRR X TR T To W 98 A N T 38 3
MHEABLX LR #E R R 25 25
BREHK FFHRREWQ) JLEARESEQ) MskH I RTQ) N EEHEQ) 7 7

1.2 #Aabm B ARBUR B K KB 21,0000 g, B F 100 mL

BRARBEDARGE RN BB (K EENR
FW80) ¥y 7% , i 60 H i , 35434 1 .

1.3 BGHESHFURH &

Cd.Zn TF 3% B & %5 : R A HNO,-HCl0, (&R
Feky 4:1) AL B FREBUS IR B9 AR KA 21,0000
~2.0000 g, & F 100 mL 5 BIBEAH, 0A 10 mL &
L 4:1 9 HNO,-HCIO, IRA B, ¥ ML I & . K
H¥ R E T LR B IS L7 165~ 175CF
B HAR AR EERTRNESR, AR
BEALEHEAHE BEBRE 2ml £/, 2 4H,
HAEBFRKERE 25 mL, 25,750

Se F W ¥ B il 4% . & F§ HNO,-HCIO,-HC! 4 4k

B B AR, B HNO,-HCIO, BRI & , HIL 2 B A
b BBEBRARE 2 ol £A8, 8, HE 120CTF
A5 mL B HCL (AR DEBRERE, EERR
BEME,OH  HEETFKEEE 25 ul, B5, BW
10 mLBESWET 15 mL HEBE T, INA 2 mL ¥k
B IRS) R
1.4 H5H Cd.Zn.Se FEHKWE

R Cd\Zn W58 - R F TR Mo 20 o it 4 3
(4t 703 #r TAS986) . LA H R Ar#EHy fk GBW 08511[ K
KFBIRAEYI R, Cd &7 (0.50 £0.02) mg-kg™' ],
GBW(E) 080684 [ K K ¥, Zn & B H (13 £ 1.3)
mg kg™ IR NIFREE SIS MT R B, W E Cd BRI N
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97.40% ~ 102.47%, Zn B FI WL H K 92.27% ~
104.97% .

I Se U IR TR 64 6 bIE A
(JL3 % F| AF-610A) . DL E K4 ¥ i GBW (E)
080684 & K ¥, Se & & 7 (0.045 £ 0.015) mg-kg™']
KHNFFEE SRR, W E Se MR 92.53% ~
111.04% .

1.5 BELBE5H T

BB A T Microsoft Excel 2003 #E4T , 43T 047
MERBEWAK ) SPSS11.0 Kit&kiF, B FHE
5IK¥EH p<0.01.

2 ZER5itie

2.1 HEREKKEEGR T Cd Zn.Se F BT
LUK 70 N KORBEAR Cd Zn Fl Se B EH
AR HWE 1R, REHERAEK 2. i
i 3 L EH,Zn M Se S RAPEIES 44, T Cd
BEERMESMH MIEAKK CAdF Se SENERR
BRIk 51.52% M 47.73% ,Ti Zn SRAE R R
N 12.82% . X 5LART X KM A EE R &
BERKERLLT?  cd HFEHTILEERK, K
3K 50 4% ,Se J 25 45, 2n R K 2.3 4% . Biesr &1
Xk BEEARRTHIKE 91 S CdZn.Se &
BEXRHTRF . CAMSe SRMUERRZEST N
128.86% 1 65.63% , i Zn 135 19.83% , % # 4 B
K412 fEH 28 45, Zn RA 3.6 5. Bk, Xk
CdEBTRBAT In WER(FE2).

£2 HIAHR CI.Zn.Se FRE Cd/Zn THER
Table 2 Variation of Cd,Zn, Se contents and Cd/Zn ratio

of the rice samples

TE Cd/mg-kg~! Zn/mg-kg~' Se/mgrkg! Cd/Zn
BKRIE 1.00 23.88 0.075 0.061
B/ ME 0.02 10.43 0.003 0.002
FiE 0.33 14.98 0.028 0.021
bR 0.17 1.92 0.013 0.01
TREL % 51.52 12.82 47.73 47.13

AR CdFTBRXWFEHTE0.2~0.5
mg kg™, T 76% B FE S P E A & AR
(GB 15201-2002) FIR W R “ T A E R H P
#E(NY 5115-2002) LB KK cd S BEMBE KA
W02 mg- kg™  Hb , REBRX BN LXK H
KokeH@ER, P L XOE 55% B REA B . I
BHAKBEEE CAEE 1.0 mg-kg™' , 45 4 15;2Zn
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Fig.1 Frequency distribution of Cd, Zn and Se contents
of the polished rice samples studied

SEBHEZH12~18 mg'kg™' ,Se FE LK 0.01 ~
0.04 mg kg™ . HITHMHME Se BIRTEY Se &
Bi5 518 0.06 mg-kg™',JB T Se Kk . Ho A
26% KK Se BTE 0.02 mg'kg ' AT, BT ™E
B se KK, EBEAHFHH LK.

B Cd/Zn Z24E6F 0.002 ~ 0.061, 2 1 7£ 0.020
~0.035 Z[8.73% A M E B Y Cd/Zn W
R A 0,015 B AT K 4 . iR Kk cd/
In5HCGASEREEBEENREEMRXXR (A
KRG W) BHRF KL Cd/Zn P EE T Lin H
MEROLE MRS R, U EF KKkE Cd B
B In X BB REMNFESRILEXR, &K
EREABERTEAK Cd WEEFHEREESENR.
2.2 KK Cd.Zn F1 Se FRM=HESR

B R KK Cd.Zn F1 Se & BT RE = 4y
g, HE BR FE 2. WA S, S kB &
i Cd.Zn.Se H R X A ZFRILHE  NTEH
#oxt SRR, TRKE >BELR > hH IR (p<
0.01). = EF, M ERL Cd K, BFHRK
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[(0.59+£0.19) mg-kg ' JRLIIFEH/KFE L X [(0.41
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Fig.2 Variation of contents of Cd, Zn and Se, and the Cd/Zn of the rice samples with rice areas

MARF = XA ST AT LUE W, 7= i
T EERBEXS KRG Cd TR AR R AR B Y B R T T K
FXF Zn MR . AR BFR GRS, SR AL E R
RN Cd S BMEMETET 22" AREA
PEMERMIRRABBE LR BREAF LD
) Cd WA FAFRL Cd BB E R AFH = Frhth kg +
il + o Cd R B B M (LA )
RRER—MRAKE dREHEIERE™ MR
BEEETERT WML Y¥EHHNTER
ERLECdEE . T pH AHLR.CEC ™ %%
REREL AR TREKBLEIHKFETEELE
SREUAY Cd B FRERL Cd TR B 40 3 B 3 X
TR OENKE L, TREFEART AR
KEF=H g MM BUIRFR, i T L8 pH{E
BE, BENERES, KBH Cd RIEFREK Cd B
RZRMH . YR, GREAGT ATROCAATS
T, 7KFg Cd Bl kKR #E, B AT =4 Cd K,
HIFARF=4 Zn XK.

FRREN 3 M AW F=# A8 K KA Cd ~ Cd/Zn
KXERTEIERHELFHX, KEEEYEHK
PXRR, XML XREE Cd R B T Z B R
B EERAG TR IMBER, A REERY
Fr Bt R, 78 Cd AR R = IR g R K
Cd FLEH Zn AHXT L= i — 25 B . B H £+ 7 3tb
X F075 4= 11 X 49 Cd/Zn # KT 0.015 BB B 7
HRE BT XS X cd NRE BB —
K EN, SRR R, FERH Cd Rk
R 7 T 22 HE£E A [F) BROABE i - S PP R AR
2.3 Xk EWELERNK

HADAEHARAE, Y Se TRMTF 0.1
mg- kg™ ' B 5 1 A GRAR , 3 B IR BN R RN E
EEWEEE0.1~0.3 mg-kg ' ZEY . LRAR
X Se S EALE 0.1 mg-kg ' AT . AEHMKX Zn &
BHZHTERE MR CFSG 7K ZIn S EM
{4 50 mg-kg ™" . B MLt , BLIA R 7 R R X 89 Kok
BERITETE Zn . Se SRE M B Y i R KR FIBE . BR T
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Fig.3 Correlation of Cd/Zn with Cd content of rice samples

from different regions

KRS L R X 409% B REAR Ah, 3K RS 0 KOk Y
CAER#MIT 0.2 mgekg ' WEBHTEREUK
Cd/Zn #1F 0.015 I RE . B R, B L X KK
HCEERMNTERAYEEWRETR™ERY.
REXAE 65U LW ADOLURAKNER.B
FTRERRHRKAKBBEFREERDERNPLHEE
B Wl EURBR A EENE X, B EE
FRORBEEL Cd X A BE{@ R A W AE M 1E . WHO #
ERREANB KAV CdEARRD E)™ X7
pge (kg d) " RIERE T HRYHEHREHR, AH

BEHRBELSSLEREBEY 206 kg, BRAYY
RFRK, WA RIBHRREK 0.564 kg RELRBTS
ReynEad LE-HY-ANEBRRHBARAIANKE
LR EARK 50%", BIEL 50% 9 R,D {8 M 4R %,
ARAFEHIEE 60 kg T E, MBAEHHE K ALK
Cd AN 210 pg. AT, EIx b Cd BIRESRHEH
% ™ ¥, USEPA # ## B RD (cd)™ ¥
1 pge(kg-d) " BHITE, BABBRERKAHF CdE
ANEUH 30 pg. 8% WHO 1 USEPA H#EFE /) R,D 14
HARHER KK ALK Cd WEEFEERBS F
3N, KKk CAWBMBHERABEBEESYR
BRBRK=HX NS . BRTAE XY HEEAFRE
EHEWRZERNR, HXIL R WHO s & 2
USEPA 3 #E , 15 §e /& H X K 1) 95 75 {2 e 2 58 KU
EEWSRE,BE WHO A iF R BRI &L 2 15,8
H USEPA RS RBHE 15, B2 +49™E. LK
RBEIEKRE X KK, 2 FiirdE T RE
ERBERERNKE A 100% P L, #8313 USEPA 7 ¥
B 6 15 . PHKRE = H X A Cd W7 2 58 KR B/,
WHO tr#E F ik 3 60% , il USEPA bR T {048 fuifF
BHIF RS EHEERTYHEHBED, XK
HHRNE 0% ERT . BEHERYASE Cd, Ht
BAKMEY Cd B TR 74T WHO ARHER L 4
K BB RARGER 2 USEPA R 2R

%3 FRABKERARBHBAR CANBEARFRERR"

Table 3 Potential exposure dose and risk of rice Cd for subsistence diet farmers

WK KK Cd & & Cd REME BRENK/%

/mg-kg™! Jpgrd™! WHO USEPA
PR LK 0.22+0.12c 124 + 68¢c 59 +32 414 + 226
MAKELX 0.41 £0.05b 231 + 28b 110+ 13 771 £ 94
Cd R ARBLX 0.59+0.19a 333 £ 107a 158 £ 51 1109 + 357

) BERBRRERESAMEERBENRSEANFRBBHA S AAFARFERAARFXEKNRBEER(p<0.01)

M ERSHTAT L, BT KRS X8 Cd R 25
KB R AR ZARE, BHN TR E N RE, X—
RS REBHER. YAERERRIL2R
PR RIRTIR T, 28K, A BB EBE RN
REBAREFWEELF MAXH BRABEEE
FiH Cd RERRE AT 3R K Cd R 5 I 1] B R]
REEARL L MBS EREAEE>K, X
EBERE X, RYE A VLR Z LRk
TEAREST, HRMX KKk Cd WY R LN MHE
Al B, b T BRI R 2HT, B3k
R K LR SR PR LB % Cd A

DEHEMEREHWARE, URIEREY cd WK,
3 &g

(1) FiREMEE H AR F=# X KK Cd.Zn.Se
SERELEEEMNESR,CAM Se HF-HEZ R B F
BT Zn, Cd SEA C/Zn HRER , MAKTRH
WEERTE Zn.Se SRIWIK.

(2) BER KK AEH B CdoZn.Se & B R #b X |
ERFAR - BRFHEK Cd FERXKKE TEREARS
K, EEXHERTHHAE L HX , R
8B 7E 100% L4 k-, {B Zn B3 X (8] 2 B U LE 10%
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K.

) BRTHHKRBLEHR KK Cd BIzRE
40% 5, 1T J 7 o X AL MK R £ 7= X 1 Cd
PR TE 100% , 88 ) R 1B & ik 200% ~ 400% . R
WHO 1 USEPA H R,D fH 4 #7 £ B, BRME KR 17
Hb X R0 T5 YK RS 1 70 X A R OR X T 5 e T 3 AR
AR Y % 2 R, U KRS 7 H# X
S KA T WHO IRHE M B R 2.

(4) BFRBERIF L /KRB £ cd MRk EZ L+
R R EUE W, KRR Zn R 7B B
9.EEABREKEL TSR, DIRESEERA
B BAOBELT, L ERKBEFTRBPRKY
CAHBEREMERRERBHE R ABNBY L2
B sk CA ERMAMSE cd BRBEATEN TR
EHRKKBETWATRHFERRTHLE.
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