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Abstract: To assess the heavy metal contamination in rice and human health risks induced by rice consumption
in Gaohong Town, Zhejiang Province, 51 local and 37 commercial rice samples were collected and analyzed for
heavy metal concentrations. This was followed by a pollution index calculation, correlation analysis, and cluster
analysis. In addition, potential health risk through rice consumption was evaluated using a hazard index (i)
based on the data and questionnaire surveys. Results showed that rice samples were contaminated by Cr, As,
and Pb in Gaohong Town with concentration ranges of 0.03-13.45 mg-kg™ for Cr, 0.01-1.64 mg-kg™ for As,
and 0.04-7.84 mg-kg™ for Pb. Of the rice samples that exceeded the National Food Safety Standard, 70.59%
were Cr, 31.37% were As, and 27.45% were Pb. The comprehensive pollution index of local rice reached 3.01,
which implied a moderate pollution level. By comparison, the pollution index of commercial rice from external
sources was 1.95, meaning a mild pollution level. The Iy value of local rice samples was 3.50, and for market
rice samples it was 2.18. Thus, the overall health risk from heavy metals induced through local rice
consumption was higher than commercial rice. [Ch, 2 fig. 6 tab. 19 ref. ]
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Table 1 Values of the parameter used in the calculation of HQ for heavy metals

LG MR (4) e Hg Ho
R HS B s Ao S 38 2 £ IR

RSN H B BRI T e R AT H bR LI He bR
(mg-kg™d™); Run WEEIEE  ¢/(mg-kg) ks ety it W 2 W 2 45
# 2% a (mg kg™ -d™) M Ly(kged?)  REKEYHEEAR 030 25 25
Hu>1.00, £U%ELBAEG Eo/da)  REHE 365 SCHR9]
WA BT ARy, FEH Ewh REER 30 itk [9)
Hyo WS M, % Fh 4 Byyw/kg AR AR T 60 Rk [9]
T B T 1 B AR e AR 70 kL]
365 Bl JRCHE 365 deart AT, (B 2 AT R PO B0 T 4 03 1 PR
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VR RIS B 45 5, PR, 8 A 48 50 (1) i FH 390 4 18 P A0 35 42 s oo 38 6 MR i fa e XU o o TR
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Li=Hyup+H g+ +Hg.o (5)
LG Ins1.00, RUTEA PR AEREZm, A2 AR g # Tw>1.00, WK E 4R
XoF N At B i B RV B T RE M LA s 24 1w >>10.00 BF, TN A% M0 & 4 B AE 7 B 18 vE e, e iy
4 Ja 2 A it R 2 ™ Y R
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Table 2 Statistical results of heavy metal contents in rice samples

w g4/ (mg-kg™)

KIS i P # i i i e %
A H e /ME 0.19 1.60 0.30 0.01 0.01 0.04 FH 0.00
T ok IS ONi] 11.59 52.25 13.45 0.31 1.64 7.84 1.49 0.04
(n=51) BEfii) 1.54 7.99 1.93 0.05 0.18 0.68 0.29 0.01

Rl 2.44 10.53 2.24 0.05 0.30 1.44 0.33 0.01
T fe/ME 0.20 1.63 0.61 0.01 0.01 0.04 Fe ko ity 0.00
oKk SN} 6.59 28.24 5.53 0.15 0.50 2.85 0.82 0.02
(n=37) ¥E 1.19 5.83 1.35 0.04 0.10 0.46 0.14 0.01

T v 24 1.33 6.72 1.16 0.04 0.12 0.76 0.22 0.01
T ok vh s ey BR 10.00 a 50.00 a 1.00 a 0.20 a 0.15b 0.20.00 b 030 a 0.02 a

Ui : a TR MEbRES I NYSO1-2004CHR B (&8 . B2 B2 Kbl b gy, 4. . R, . o . B 8 oo &
FRHEY; b o B b5 2 IR GB2715-2005 O£ AR AR UE D -
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BEAT TR, IR AT A 1) B 2 P390 (2.30+4.30) mg-ke™, Z0F 1% NEREAR. SRR ARG D
AT, HRMA—ERENE. N2, WK B UG AR A AR R T, R A B T REPEE R . X
U, FATHEMIROR BB, AT RES (A AL 5 o AR MR R AN T B S A K rp (9 i R 114 o B )
WA AR AN AT AR AES TG AR K A 16 SRR a1 8l A PR3 (E 0.15 mg-kg™, A4
BIAE L ZE T 10.0 A5 754 o AR R ORI T B A K B0 1 2 SR 3 B0 ) 0 0.68 il 0.46 mg kg™,
TR T A AR R AE A A BR AR 0.20 mg-kg™'s

5 At b, DX R R ARE (it o G TR I T A 0 B R B (8 3) A DR K v 1 il B ) G St 43 BB T O
At i DR K H 0 B8 A0 9 B 22K RROK P S R 0 RO T R T G R S A X, TR
Beg A IE T WA 2R T IR R A AR T A M X % TR 3 s B O 2 R SN A Y IR
B, oAb 3 X1 R S A 3 AR 22 AN 5 A S R LT R A AR TR B, A DX AR
BT A B T SN A T X, T R T U X B A O A B AR T, (R T X
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Table 3 Comparison of heavy metals concentrations in grains from different areas

0 54/ (mg-kg™)

i kil B % 5 fif B i K FERDRTR
Wi T4 (e AL (AR ) 1.54 7.99 1.93 0.05 0.18 0.68 0.29 0.01 A5
LR A NETH R 2440 5.43 16.99 0.11 0.09 0.14 0.06 0.01 CHk[14]
WA 2R 6.80 0.13 0.06 0.10 0.14 0.01 CHK[15]
RS BT 0.38 0.04 0.07 0.03 SCik (8]
RHETT G HE X 4.45 22.73 3.91 0.07 0.17 0.62 0.02 SCHk[13]
#0448 DX FIDW #°[X 22.87 28.24 2.58 0.46 0.33 7.36 0.10 Hk[17]
VLA BT 4.49 0.10 0.03 SCHR[16]
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221 B RFFEEBCGEN SUCERORPE . BEL B WL B BT FRSRAYSIE AP, 4
R 4, AR R, . ORS00 T5 P B H KT 1.00, #AR R 50N 70.59%
31.37%F1 27.45% . Hofh ot 2 14 B0 7 75 Y38 B0 (/N F 1.00, 55 0T A8 A b RS K RE 5y b 1 4 8 19 B A 3R
8 IR IR Ay A = il > b > 5 > > 5 > =" =4 o o BT B T 4B R R S B R 1) SRR TS e AR O
KT 1.00, WAL 35.14% , G FIAN B AR 350 510 24.32%F1 21.62% . HAB TR A MM ER . £
A s WA T R K AR 7 R K 2 4

222 AT RIMBOGPN UL EUR M RR AT B ROK A5G T Y AR B0 o 3.01 F 195, A
Ay AL T S YRR TS Y I KO o R RS RAR K 40 A LR 1, AR R K R, A 15.69%
MR K AL T4 255 90, 29.41 %Rk Ab T8, RIS Jmy Rk b7 33.33%, A v BE TS QL iR i
IR 21.57% MR K AL T EEG YKo @UrsEh B Rk H, b T4 2 S GO R R FE 5 ik
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Table 4  Single factor pollution index in rice

WK G | . %ﬁ)ﬁ?ﬁ%?ﬁﬁ A
il B s i fif i il K
EN /MY 0.02 0.03 0.30 0.07 0.05 0.19 0.11
[EP/N e KAE 1.16 1.05 13.45 1.55 10.93 39.21 4.98 2.06
(n=51) Y 0.15 0.16 1.93 0.24 1.22 3.40 0.95 0.70
PR AR & EL R % 1.96 1.96 70.59 1.96 31.37 27.45 43.14 19.61
i f/ME 0.02 0.03 0.61 0.03 0.05 0.2 0.07
UEES SN 0.66 0.56 5.53 0.77 3.33 14.27 2.75 0.90
(n=37) M 0.12 0.12 1.35 0.18 0.64 2.30 0.47 0.36
PR A LR % 0 0 35.14 0 2432 35.14 21.62 0

FERUA L, R S135%, FEEMLNMEES L HI N 8.11%, A 13.51% MY, TGN
10.81%, 16.22%W)FE KAk F 5 B i3 YL it K- .
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FITHA AR R L B B B BRL B WERREE 100 1
@%m%%ﬁm%S%%oﬂu%m:%?Z%,@%$ﬁ%7§ 80 |
ﬁﬁﬁ%Z@ﬁE%mi%%Ew%%,ﬁ%ﬁ%ZQﬁ%$7ﬁgw, O i |
ol T AR A7 S T R B (1 02 V5 e 8, ik il 4 IR e e §§ B s
BYRRTT BOKRR R I BF S 45 R — B, RORERERAMBERRBE & 2107 [ 4 i e
Ak, RSB, QA WL SRR e £ 20| e
WIRERE, 4. B R, B S Al 4 R T A BB e, TR 0
DA AT i 72 T 7K R 28 4 TR 1 W IO AR B 55 00 28 A B 1 M T L K AR K il 5 7 ok
F A B/ AL DI B L KR K 7 A e o 2 AR S i T 5 RS
. BRI E SR NEA EAICBA M, MREEmengs B FRBERGTRFASH
FHA, VIR A T 4 R 18] B9 U R VE A Figure 1 Distribution of pollution degree in rice

R5 SEHERAMEARTARRELEZER Pearson #HXx &%
Table 5 Pearson correlation coefficients for heavy metals in rice

EeR il B #% i fifp i Tir

il 1

BE 0.953%:* 1

L7 0.943%3* 0.937%:* 1

i 0.947%:* 0.925%:* 0.965%* 1

fifi 0.800%*3* 0.821%:* 0.893%:* 0.859%:* 1

It 0.960%:* 0.939%:* 0.983%:* 0.975%:* 0.858*:* 1

it 0.661%* 0.683%:* 0.776%* 0.684%* 0.835%:* 0.689%** 1

K -0.135 -0.125 -0.159 -0.148 -0.187 0.164 -0.092

LT SRR B AR F A OCHE (P<0.01), n=51.
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Figure 2 R-cluster analysis of heavy metal concentrations
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F 1.00, 4350k 3.50 Fi12.18, Hifii#RAELE— & BITEAEE
SEEAEE.

MBI ERTE, 1508 ROk MR Ik 2 Fiooh s S BRE R A PN 25 R B — B, B e A4S
T B8 R A 110 8 AR 2 0 AR B B RRE ™ A e, R AP e — E R E N E SR E S /aH o 2 Mok 4R
9 2 S T BT R 45 R L e 4% T8 2R BT S 15 BCHE PP A B XUBS: 1 7 A B 22001, 2 200 o TR A A vh BT R
FHEOVEA bR 2R IS HBOA B AN )
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Table 6  Intaking amount and health risk assessment of heavy metal by rice consumption for people in Gaohong Town

ToE Rul(mg-kg'-d) Aol merkg ) e _— -
FWRK  WREK  AWRK  mREK AWRK RREDK
| 0.040 00" 3.30x107 2.55x107 0.08 0.06 3.50 2.18
[ 0.300 00™" 1.71x107 1.25%107 0.06 0.04
(78 0.003 00" 4.13x107 2.88x107 1.38 0.96
= 0.001 00" 1.01x10* 7.76x107 0.10 0.08
Tt 0.000 30" 3.93x10* 2.06x107* 1.31 0.68
B 0.004 00" 1.46x107 9.87x10™ 0.36 0.25
Tif 0.005 00" 6.13x10™ 3.01x10™* 0.12 0.06
K 0.000 351 2.99%x107 1.55x107 0.09 0.04

T M LA 4 R R A 2 o R N AR R XU, JC AR o B R g XUBS: B o o o I L 1) 2
RGBS e, PR AT BB K R X A W R SR RE B R, KR K B RUAE Y, AL T K RN A
5T ZR N A 285 1) AR ) A 0P S e 1) = AN 2SR AL, AT 8 5 BORRIR R HOF R N R R . A
WFFER], ST SRR 20, AT RUAT AR AR K e Al g M SR SR AR, R, AT SRS R A SR S RO
14 114 M X R P 7 e 5 2 LA R AR R K e 1) i 20

HIBE AT L . SRR E— E R MR S5 U, X5 2002 A=Al FR K S HE ] i JBRE A
B o B G 45 R B — 8k, I E T ERRAATE S —E R G5 g, H R A
1 5% # MR B, X5 e EROKRIGUORBUA 22 5% o JRIAAE T, i B 38 v 0 1) B JBORE X T i T4
(R FF SRR, () AR b 8 P TG £ 5k 0 SR X A v, ot T X A B AT B R RS BOAE Y, PR, A
R K H R A 114 RS A

3 i
AU TR R B B B L BY . ANFOR AR AR R . AHAMEK P ESR
JoHE 73 B R A M X R OR T R A R R R RO T L BRI 9 e LR
R PP 75 Y AR BOR A 25 5 15 QAR 805, X e L R R b 8 Fh & Jm 15 Y AT IF MY, SR B
R s AR R OR R T A A K v < S 2 25 5 T Y AR B0 3.01 A1 1,95, BEAR B3 i Ak T R IS e R
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