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Occurrence and exposure assessment of heavy metals in local-planted rice collected from Fuyang
district of Hangzhou
HONG Yuwei, LI Haipeng, XIE Xinxin, QIAN Xiaoping
(Fuyang District Center for Disease Control and Prevention, Zhejiang Hangzhou 311400, China)

Abstract: Objective To provide theoretical guidance and decision-making basis for food security in Fuyang district,
the levels of lead, cadmium, chromium and arsenic in native rice in Fuyang district in Hangzhou were studied, and the
potential risk of eating native rice to human health was evaluated. Methods 450 representative and mature rice samples
were collected from 8 areas in Fuyang from 2018 to 2020. The other 50 samples from the supermarket were used as the
control group. The pretreatment conditions of microwave digestion were optimized and then the exposure amount of heavy
metals were detected according to Chinese national standards. And the risk assessment was carried out by MOS or MOE
method. Results The average values of lead, cadmium, chromium and arsenic in native rice samples were 38. 0, 180,
83.8, 77.2 pglk, respectively. The qualified rate of lead, chromium and inorganic arsenic in native rice was 100%. The
over-limit rate of cadmium in native rice was 26%, and the qualified rate of commercial rice in control group was 100%.

The exposure of lead, cadmium, chromium and arsenic to the health risk of residents were acceptable, and the risk level

was Cd>Cr>Pb>As. Conclusion

According to the results of dietary risk assessment, the health risk caused by the

exposure of four heavy metals to the native rice consumed in Fuyang district is relatively low.

Key words: Fuyang rice; heavy metal; exposure; risk assessment
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AR S R A FE > TR SRR v i 7 43 e OC
RGN ) AR R

i BH D, AR T UM TR X, R RR Y
o BB AR B AR BR BT A AR GE A OK AR K
HoA% & S TE AR AT K RE IR, A D o 0 ot T AR L T
Ko RN EHEZAPEERZ S EAR
AL FERR T RN T B i Z, R
i TEAEHE . JHHES S aHEE . REEIL
A XU R D B 55 ks T T s AR R E T
NG HRAE DT S5 N K T — SE 5 gL Ay Al (H
B R T T g LR S IIROR By R i Y
PEATIAS 5B 202 S LR 3l 2o X & P X6 X
PR 3t A P R G R R AR K BT AE—
TE M e G m TS QR B ) U R X
JE: R f R

N T HE— 0 TR B DA Ml ROK Y A IR
DU, AR SO BH DA i 7= ROK R B Y VR % LB O
R I AT IR A NS, I 8 A £ L I KA IX
F14 8 R A BT TS0 G LA Tk < Jm 0 R I T e 1S O
IS HAEAT B 55 PPAL B O B X AR R 2 R
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1 #RE5H%
1.1 FEAE 50

MARS6 I i A (S5 ] CEM A 7)) 5 PE-900
A1 B AP OGS (€ E PE A H) 5 AFS-9230
J5F 2 M43 Y6 BE T (b 5t 3% RAUER A PR W) 5
A3 - R A 25 T I L (Waters €2695-
Agilent ICP-MS/MS) ; AB-204N Hi T K F ( Hi +
Mettler Toledo 2Y 7)) ; SIGAM 4-16KS &5 .0 #L ( £ [H
Sigma A F]) o

69% il 1R (I 2 4l , 18 [ R va 22 7] ) 530% B4R
K, H 258 7) 51 mg/mL 8 (Ph) 5 1 %
(GSB 04-1742-2004 [H % A A 4 )& ) ; | mg/mL 4%
(Cd) R MEIR W (GSB 04-1721-2004 F XA 48 ) ;
1 mg/mL % (Cr) b5 1 % W (GSB 04-1723-2004 [ 5
AEO4E)E) ;1 meg/mL i (As)FRIEAE R (GSB 07-3171-
2014 E A G 48 ) KKK b it (GBW (E)
100357) .
1.2 FESORIR

F R AE 2018—2020 4 A 2] 14 AK B BE A
BHE 2 9 HoRE] 10 HH1. R 5 % B il 103k
P TR AE K Bl F5 4738 A fl53E B 78 C 454k 8
A S B IE N AR P KRS AR S o I A R

B D750y, ok £ A 50 7y, BTt 450 1.
T3 AR AR B BH DX PN T A I RORRE 50 403 4 X
PR O o KAERE MRS, e K R SR It 22 1
R N N R | DO R . T
500 g ZE AT BIRE K o OB A5 B A0 ORS K M 1B AR 20
RS .
1.3 SEE 5k
131 W5 5 vk B A e br i

HILR WML R MK T XN & 5k 2%
GB5009. 12—2017C & i H #9022 ) b 5 — 1 A 55
P T WU L GB5009. 15—2014¢ £ & i g 1
T 7 ) B A 28 0 D IR IS0 3% 325 A GB5009. 123—
20148 A% 1 DU 5 ) 1Y) A B R I RO T
I Z A 5E 77 ¥ 2% GB5009. 11—2014( & i
At F 000 2 ) o B — e R AR ik SR R R
JE - 9 6 6 T 1 R AR R JE ML AR S A A — R TR
AH 0,7 - LB 5 A S R

K 45 3 4% GB2726—2017( £ & 4 4 B % br
E A TS YL B ) e B A R L JCHIL A PR
AR IR E
1.3.2  FEShATAL P

FREL 0.2~1. 0 g KKKy A W) BT T 5 VO 3 & I
BB T A A5 R, A3 I R A TR R BLRK , IR A
MARS6 fCi I Mg A v, A3 1 TH IR AR P 00 47 ik ipt T
fiff 24 W AR A R AR T AV A0 B S R U O
A FE 145 "CIRE T HEATEEMR , For T F WA BN T
0.5 mL, B W MR 2 10 mL IR, 1% 1
MBI E RS 10 mL, £ GFAAS HGAFS HPLC-
ICP-MS/MS I 5E 47 i % TR & it

F 1 ORI TR T AR

Table 1 ~ The microwave digestion procedure of the rice

standard materials

i 1] /min L/ C HER/W {445 B ] /min

0 % T 1 600 —
5 120 1 600 5
10 140 1 600 5
15 170 1 600 5
25 180 1 600 10

1.4 BFEEAL

1.4.1 PR

1.4.1.1 x%E

I A [ R A 2H 21/ 5L T A= 20 28 S n 50 R
E L ZF 5 4 (Jion FAO/WHO Expert Committee on
Food, JECFA) 2010 4F HUIH T 4% 19 & & & J8 ] Tif
% & A & (Provisional tolerable weekly intake , PTWI)
25 pg/kgBW , R A8 2 i i HEdE S (. {H JECFA
3 PEAG A3 AR N YRR R A RS L 45 T DA
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O IS R0 A A 1) S5 o ) Y 95% B X (] T
PR {& (Benchmark dose limit, BMDL) 1. 3 pe/kg BW
(K24 T4 A 39 wg/kg BW)'™2 0 7 3¢ LA g JE v 54
0] {5 DX TA) T BRAELFE R DAk B 5% 58 00 KT 3
1.4.1.2 HuL#

JECFA 2011 4F il 7 09 £ &b 19 5% 09 B 2 1
0] ifif 5% $% A &t (Provisional tolerable monthly intake,
PTMI)25 pg/kgBW 1 hy 4 04 filt e 6 6
1.4.1.3 I

JECFA 2011 4F il %€ @ & & 19 8 19 PTMI
6.70 wg/kg*BW (A T8 H 28.71 ng/kg-BW)FE
R 1 AR S
1.4.1.4 ®LE

JECFA 2010 4EHUJH 7 R ML A PTWI 15 pg/
kg*BW. {H JECFA i#@ it PFAG 4347, 45t 17 LLICHL A
BN g 2R SR E R = 1Y 95%CT T BRE
3 pe/kg BW (M Y4 T4 H 90 pg/kgBW) . ASCLL
1M 356 o 390 2 T X ) BRAELAE Sk DA A 2 5 A A
WA A

BEAE SR IR BT P DL = 0 A NS A 5 e
BT, MR EY VTR EFRITE, WA M
B 10Dk [ B A8 i I 5 ARG B Ol — S BRI
AR A B 52 o A F 7 A B o T R SOA T AL A A
AL Z 5 ALY fa 5 3R REEA NS
24y WA T AR RTE LR Z 4, R RDE 4S5 /8 %
AR AH R T S A B 5 b X % T R AT B
FEVTA A SO JRURSE: PPl O/~ T ) P 5 R L 5
OGN Y B T (AT 2 R IT AR
1.4.2 PAETrk

AR S 7 78 VEAS R S EAG 1R . AR R BH X
A My ROK R 4 JE 0 OF 2 RS M RO
9 i TR BH XA ROk T 4 SR R R
i, jgi%ﬁﬁgfémﬁ(l\/[argin ofsafety,MOS)E‘z%
# 1 5 18 (Margin of exposure, MOE) i) J5 ¥ XF A |
J& BH 2 1 A b 7 ROK TR Y B LRS RAR 4 R R 4
J& T Z ) R AT KU PEAL . A FRAE MOS E X
R R E S EREEZRERENILE. X MOS>
1A, 3R 2 58 0 Ja B (R XU mT DA 422 57, B fH
K KU /) 5 24 MOS<1 B, 3678 22 58 % i B i B
FEAE A AT $2 32 0 35 R AU, B0(E /DS, XU K
T FE MOE & Xk 35 v 751 o o] {75 X i) F BRAE
HERECRERMIE. —BOA R L{E>100 B
ANIFAERTEIAEL . MOE /N %9 5 S0 & Fo 1
K.RZBAN, BREFESE(HTEARNZES
R ORA L)) BUE 60. 6 kg i R4EH %
K B 100 2% S 25 BRIV AE W VLA o s R

i B SR ACIR UL 5, HUE 0. 280 8 kg/ A -d. &
P B 07 MR OK 3 S e 3 I 0 B — R E R,
MERMEMIAETESR. B 4MESEN
T A, A% A AHE. Wik, 7%
THE A SR % H H 5 7R B B Bl B3 LA 30
ER AT

ARG A RBEN  EXP, = 3 5o x 30

MOS=PTMI/ i £ % #% & ; MOE=BMDL/Ji§ % %

8y
K, EXP, O R RAEHBE S 2% & (pg/kgBW-
H)sx, B kAR R RO 98 it (kg) s C, 5 k
e fh i — & E AP & i (ng/ke) s P AR 1 R
HO R L AP E E s BW O WA RE B9 F 1 4K
it (kg) 5 f o TR, A SCR 2% S8 o T HT e
4R A AR IUE 1.
1.5 Seil=oahr

AR SR Y TG B9 2 B0 ok 18 M VLA T
S R B IR AR B GE ) WF 58 6 B o AR
NHE o R DU 45 5 LSE A7 4 I (8 1 7 BB R0, iR
U KO P5 >% I SPSS 21. 0 Al Excel 2017 #E47 48143
B o 00 5040 IS T A o PR A R R R PR 1/2
PWAG . LhP<0.05 NESAGIT¥E X,

2 HRESW
2.1 JHESIHLAE

PE$ 5 mL HNO,.5 mL HNO,+1 mL H,0,.5 mL
HNO,+3 mL H,0,.3 mL HNO,+3 mL H,0, P45 A & 4y
TH A 28 00 ROKOB A HE ) o AT D 5 o 000 5 2R AL
* 2, MNEIEE R P &M, KA 5 mL HNO;+1 mL
H,0, B 7 ff AR 22 A5 4 PR S B e R & 1
TE b5 0 BN, B LR 97, 3%~102. 0%
I, 5 mL HNO,+1 mL H,0, 42 i 13 8 i 1K 2, 80 2 %
5 mL HNO,+1 mL H,0, 1 2y il 5 K #E 5 59 75 fi
M.
2.2 S KA R

iz A g 3CPF o il s vt 26, 00 11 RORE
235 T A5 9 b A 22 09 3 A% S XN OT R A
BE o [m] B Ay O I D0 25 S o o T S R R A T
T Ky B A3 3 AT A E A SRR AR LR LR
i o AT R O SR ERUE LR . AR Eos,
Pb J7 # 5 y=0.002 31x+8.991 2x107, r*>0. 999 5,
K B h 1,07 pe/kg; Cd 2 R y=0. 048 7x+
4.030 2x107,720.999 5, Kt R4 1. 05 pg/kg; Cr
5 y=0.010 7x+3. 081 4x107°,°>0. 999 5, K
MR 2. 71 pg/kgs As T FE A y=0. 007 92x-0. 002 28,



—440—

CHINESE JOURNAL OF FOOD HYGIENE

AR AR

20224E%0 34 55 3 W

2 AR R T IOK AR i 57 1 0 45 2R

Table 2 The measured results of the rice standard materials under different digestion system

JLE brifEfE/ (mg/kg)

5 mL HNO,

5 mL HNO;+1 mL H,0,

5 mL HNO;+3 mL H,0

3 mL HNO;+3 mL H,0,

MEE/ (mg/kg) FICR /% W EAE/ (mg/kg)  TFICR /% WEE/ (mg/kg) B /% M E{E/ (mg/kg) IR/ %

Pb 0.11+0.02 0.0892 81.1 0.111
Cd 2.16+0.06 1.81 83.8 2.15
Cr 0.063+0.007 0.0523 87.2 0.0612
As 0.105+0.008 0.0628 62.8 0.0973

100.9 0.112 101.8 0.0739 67.2
99.5 2.13 98.6 1.73 80.0
102.0 0.0623 103.8 0.0433 72.2
97.3 0.0952 95.2 0.0511 51.1

#>0.999 5, K R M 1.61 pg/kg, PR R,
A AR ER AR o T 4 B SR KM B4y 4 B
TR/ AN IS SR =l i W 011 N
J90.111,2.15,0.061 2.0.097 3 mg/kg, 5 #r i £
ff (Pb: 0. 11+0.02 mg/kg, Cd: 2. 16+0. 06 mg/kg,
Cr: 0.063+0. 007 mg/kg, As: 0. 105+0. 008 mg/kg)
Fe#, BAF 4 GB/T 27404—2008( 52 1 38 i H+ 42 il
A ARG D) A 4 R BESR
2.3 FHDCAHL P OROK AT B R A

ki

PR 13,2 PR ALAL AR T AL B 5 VAR 1,301
FIE R B0 R 5 3 % P X 8 AN 2 4 A T P R M

En

), HHLE AR MEBR . Ph.Cd JCHL As:<0. 2 mg/kg,
Cr:<1.0 mg/kg, MX il & JCHLAR PR 5 1 £ b 7] 5
I 5 G R, Y A A KO AN T LA R I, AN

W SE JCHLAH LI A A X 2% 0 3R AT B R R
PEA B R 3 AT RE B IX 8 A SRR IE YA ML Y

450 173 ROKRAE B LB S i KO RIG, iR
g R 100%;%%5’]3%7J<¥ﬁ%},%%%ﬁﬁ
R 26% ;1 450 3 FE 5 A6y 1Y R

0.2 mg/kg, 4% %} 0.210,0.239.0.281, 0.284,
0.217 F1 0.235 mg/kg, % /il GB 5009. 11—2014 [
T3 1 0 H T HLAH S 5, 43 02 0,051 3.0. 067 4,
0.077 1.0.0727.0. 054 2 i1 0. 061 1 mg/kg, K It 450

Y 450 3 KK RE S A DGR T P AY 8 10 50 13 Rk

FE S AT AT B AR 4 FP R 4R T R Ut
BRI 3 IR,

m

R,

K

Hur, 59 & HE S ES RN GB
2762—2017¢ & /i & 4 B FEbn e & & s e Y[R

%3

oy KK h JE HLA
' BA DA DX T B 32 Y 50 0y ROK A AR
AR AR,
KRR ST R LRV R

4 38.0.180.83.8.77.2 pg/kg. 5K

B BE DA 7™ B T ROK R BT B RV B Y 2

%% N E$

R AR,

E R K 100%.

= |
YA IRNPION

LR 100% . A ML=k

it S

Table 3 The content of lead, cadmium, total chromium and tatal arsenic in residential rice in Fuyang district

7K -4 5 )
Kosh R

BE S By it/ (pg/kg) e/ (wg/kg)
AR i E o~ A s i =g —
s i O w pes wmmm o O TREER e pes wwwm P
brifE 22 B/% F/% WE2 B/ % F/%
i A 75 51.4+35.0  40.6 140 19.0~193 68.0 0 84.2+59.4 68.9 229 20.1~298 70.6  2.67
#1iE B 50 41.0£20.5 343 872 10.4~973  50.0 0 105+47.8 108 186 16.2~261 45.6 2.00
Ail C 50 50.1x28.2 433 114 19.0~119 56.3 0 65.7+43.3 44.8 151 14.6~179 65.9 0
AT D 50 39.2+34.0 254 127 ND~187 86.7 0 288+267% 196 859  ND~1.07x10° 962  50.0
Wi E 75 38.9+28.1 283 109 18.0~148 72.2 0 4394290 368 997  65.6~1.16x10° 66.1  72.0
Bl F 50  46.7+30.6  36.1 109 ND~148 65.5 0 371+304% 304 867 28.2~1.79x10° 82.0  70.0
i G 50 16.9+20.0  5.27 456  ND~110 118 0 45.6+35.7 35.2 130 ND~136 784 0
i H 50 19.9+29.1 527 75.5 ND~166 146 0 50.7+34.3 39.6 125 11.1~139 67.7 0
it 450  38.0+30.9  35.1 102 ND~193 81.3 0 180+232 849 667 ND~1.79x10° 129  26.0
B FE 50 12.4+192  2.50 448 ND~110 155 0 28.1+29.8 13.8 869 ND-~121 106 0
T — B R/ (pe/ke) - o — B AR/ (wg/kg) - A
[X 3%, . $ﬂjﬁz bR S x# EEE i ?ﬁﬂ‘i’iﬁlﬂm GRS Pos W x# E L i
2% B/% /% e /% /%
Al A 75 87.7+96.9 514 326  15.2~351 110 0 64.9+44.5 503 170 ND~193 68.5 0
HiE B 50 118+76.1 102 316 ND~379 64.2 0 52.0+36.8 46.8 108 ND~116 70.8 0
3l C 50 73.6+£94.0 347 315 ND~351 128 0 69.1+63.2  51.6 258 ND~284 91.4 0
i D 50 110105 520 302 ND~336 95.2 0 96.6+35.3 102 143 ND~149 36.5 0
HiEE 75 113+84.6 116 298 ND~378 74.8 0 118+45.4 128 195 10.7~217 38.3 0
HiEF 50  94.7+81.0 832 310  15.4-~364 85.5 0 120£36.6 114 203 23.5~235 30.4 0
16 G 50 47.5+30.1 375 972 11.3~139 63.4 0 47.8+33.2 40.0 115 ND~136 69.3 0
A7l H 50 24.9+20.8 187 892  10.3~100 83.6 0 48.5£342 379 125 ND~160 70.6 0
it 450 83.8+84.4 453 288 ND~379 101 0 77.2+50.6 705 152 ND~284 65.5 0
TR 50 30.4+28.5 207 959 ND~99.5 93.6 0 51.3+324 539 110 ND~137 63.2 0

RN B Z T (P <0.05) ;ND FR LK H
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FH DA 3 77 K B 5t DX A T A DROK by B4 T
PR AR T 1 2 HE BRAE, T 4 9 &5 K P48
1,450 Gy RE L PAT 117 Gy i B AR e R . e
Kruskal-Wallis H A4 54047, 25 S /s 538 D Hy
B EFEIE F = XA RoT R & D s THA
5AHBIX, P B 25 S BAT G it o7 L (P<0. 05) .
2.4 DA OROK AT A R 28R DAL
AR 5 BH DA M 7™ R OK 43 Jm 1) 2 (R &
KPP AR B VA R T B 0 5L K MOS B
MOE ¥4 77 % , nl DL 53 15 2 5 4 Jm 2% o5 &
MOS 5 MOE, {n3% 4 fx .
4 XA HLJE R 2 A b O 4B R 4 i R
B
Table 4 The exposure to four metals per month in residential

rice in Fuyang district

W H it fEOBA AL
PTMIZ{ BMDL, (pg/kgBW) 39 25 2871 90
YRR (pg/kgBW) 528 250 11.6 107
MOS, 5 MOE, 738 1.00 246 8.39
TR A EEA(POS) I ZRHE 5 21.3  40.0 92,7 142
MOS, 5 MOE, 1.85 0.624 0310 6.35

1 :MOS, 5 MOE %t i - 3 % % it ; MOS, 5 MOE, %t Ji 75 5 ¢ i 7K
9 FE A (P95) 1Y 5% 5% 5k s BMDLy, S 5 & 1% Ivid A= 26 1 959% I £
I i g B A

M % 4 RTAVE BH XA M JE BT 9% A b = Kok
HOEY R R PR H O R R N T EE T
JECFA i %t PTMI 5% BMDL,, {8 . 40 5% & B8 F 1y
RO MOS, 5 MOE,, #Y 4% 4% il 4 fh &
4 B U0 2R Y B R R B At B XU 18 AT 4 7, XU
KR IR Cd>Cr>Pb>As, 1 44 M8 O = vk B 7K SF- 1
KOKFE A (P95) (1Y 2 &% & R 1T MOS, 5 MOE,, 1|
B2 b 4 R T R I AR B 0T JE IR A B KU T 4
2,5 B2 B G R s R A ORI . (2
¢ B ST TR VR B KP4 KOKHE i (POS) 1Y) 5% 5 1 R 1T
B MOS, 5t MOE, B, 2R FI 1 488 Ay B v 14 {15, 55 B
TH 2% A ] BE R & s B AR ™ K, it LA

o
=)

BRI 40

3 i

B 5 Tl b 0 3 A A 1 R T R R A T TS
(i) 50 e B ™ 3 e B XU T A B B T
KK T 4 @ i Y xR A i 1 R o A SR
W45 BGRB8 i 4R E SR TR
AT b [X 8 A H S8 A R L (A R TR R B Y
KOV, R KRR 6 2 1975 e K OF 22 SRR .

WA GB2762—2017¢ £ i % 4 [F K hr . £ i
g Yy B ) X 4% T R AT AR VT, B X 8
A S B I NS 77 B 450 ) RORBE B R A %

HAKCEBIR, & B RES B FN 100%; 5
KB R BRI N 26% ;47 6 03 BE & R B A
it O R A o (O TE LR S R AR . B R
X4 DX PN R T B S S0 O KOKR R VB L B LB
fif 5 AR R AR, B A% AN 100%, A M KOKHE
TSR TN RSN ISR TN iU RES - ) o G G R 5 ]
38.0.180.83.8.77.2 pg/kg. L, LK 45 R Wow
B E DA Hl 7 K A R TR AL R T
] G b 1 BR AL, 17 40 9 & £ 7K P88 a1, 450 £ B i
A 117 Oy HE o [ G AR ME PR (B . 3 2 Kruskal-Wallis
H #5087, & BT D B5iE E fEGE F 3 A4
DX AR OC 2R & i 2 e T A 5 M X, P L
25 BG4 E L (P<0.05) .

H i, % 3E 8t 1% 5 4 0 AR So@ W (a4 .
B B fa B MEVEAL L 8 R 7E NOAEL Y &Rl E - n
b A R R B B R A A G (Acceptable
daily intake, ADI) 8 PTWI, JI] ADI 5§ PTWI 5 A
PR AR A K HEAT LA % L E R MOS, B 1T X %
W E R S B PR TE AT VT AL o TN a8t A% B 3K
Ty CAngy (i), DAAE B9 f& B P 1 A5 TA S g S AT fig
4 Ml X ) T, BE IR A 2% X ) T A A A
SO0 1R 5 0 06 &R L WV 5 R AT B 22 1 T A7 1
A, DRI AS BB DA I o 5 2 W A8 TS e ) 1 i R
B 4 it AE SCAE 75 22 VP Ak 3 4R HEAS ] 46 A i T B
T ) AN T £ B e 6 B A5 R o PRLG, EBR b AR X
) T HEAT S B P DA s A 18 7 2 A A
BMDL 1 MOE #47#¢4% . BMDL,, .BMDL,,.BMDL,,
I3 R K 1% 5% B 10% i % A2 ) 95% Tl
15 X [a) 4 T BRAA , BMDL B LA BEAG P18 A, T
MOE. MOE #& /N, %9y 51 3500 16 1 1 ol 8 K, e
ZUER N o AR ST VP AR R T ARV R 8 SUPRAG
LI JECFA i 22 i fd Bl 4 2 (8 & H 7T I 32 46 A &
PTMI 5 3 o 7] it BMDL A 37 Al 4K 45 , AR 41 & BH X
A 7 ROK G R YT 2 28R &, ] MOS B
MOE #EA7 XU PPAL o TR £ RURS: PP A% 45 2R W, & FH
DA Hb 7= ROK Y R LB B 4 R G B TR 1Y oF
Yo % 5 /KT %k e R A o XU 243 ] 4 32, i PF A 4
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