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Perchlorate characteristics of rice and rice products sold in markets in Foshan, China
GU Chunhui, XTAO Xuehua, LU Qingxia, JIANG Yannan, PANG Zhifeng, ZHONG Guoqiang
(Foshan Center for Disease Control and Prevention, Guangdong Foshan 528000, China)

Abstract: Objective To investigate the concentration of perchlorate in rice and its products sold in Foshan and provide
a theoretical basis for formulating food safety standards and risk management. Methods In March 2021, 233 samples of
rice and its products sold in 25 communities from the five districts of Foshan were collected from farmers’ markets,
supermarkets, restaurants, and maternal and child stores. An LC/MS-based method was utilized to evaluate the
perchlorate concentration in the rice and rice products. Results Perchlorate was detected in 57.8% (52/90) of rice
samples, 98.8% (79/80) of wet rice noodles samples, 90% (18/20) of glutinous rice products, 100% (12/12) of local
rice products, and 87.1% (27/31) of baby complementary rice-based food samples. The average concentrations of
perchlorate were 2. 5 pg/kg in rice samples, 6.5 pg/kg in wet rice noodles samples, 3.7 pg/kg in glutinous rice products
samples, 4.3 pg/kg in local rice products samples, and 5.5 pg/kg in baby complementary rice-based food samples.
Among different types of rice, the average concentration of perchlorate was 2.9 pg/kg in indica rice, 0.5 pg/kg in
japonica rice, and 4. 2 pg/kg in glutinous rice. Conclusion Perchlorate pollution is prevalent in rice and rice products
sold in the markets of Foshan. Lower levels are detected in rice compared with rice products and infant/young children’s
complementary foods. Wet rice noodles have the highest level of perchlorate contamination among rice products; the
second highest level of perchlorate contamination was detected in baby complementary rice-based foods.
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A FRAEL, SR Hy T BRI b A i SRR ER 75 Y A
e SRR R A XU M A 25 SR [ A [
el 2 Rl DX 3T A BR A (PR B 2 B (A 2 5,
I A )RR A 2H SURT I SR T AR A S B R S
% K Z 51 4 (Joint FAO/WHO Expert Committee
on Food Additives, JECFA) T 2011 4E & H = & iR b
B 2 B H i K 32 5 A & (Provisional maximum
tolerable daily intake , PMTDI) >} 0. 01 meg/kg*BW-d,
Il T e SR 7 R T 2K ARG B 5 iR D
0.7 pg/kg  BW-d', 1fij BX % Z% 5% 45 (European Union,
EU) 5 2020/685 5 2% 11 KL 7K R 1 = 1Y s S8 R
MR 0. 05 mg/kg, 240 JLHC 7 W3 453 FIR 5 8Lt 1 15
IR R By 0. 01 mg/kg(HLrf 2L i (Y 7 AR
HIRE N 0.02 mg/keg, £ IEE M 0.01 mg/kg)”:o
FI T3 i R B A O i & bR R . A ISR
R, A 2T AR R B R ORI
— U BV AG G A W 3R e SR R AR
1 STk R 2k 28.12% . FE K K H SR 2 0
P R A e R, 2 T R O M X 3R SR Y
AW 2R A SR O TR K B H AR R R
V5 Y AKOT 1 PR A S A RO PR S R R
B F A AT W 2% A R R BCEC R B £ 2 4
[ia) A - T 58 F0 G T o

AT 5 38 3 SR A T AR A A LT T O [
I Tr) it T oK R JFC A iy, R FHVBROAR €5 335 AR 056 5T 34X
VG I HG R SR R 5 R W) A6 0 BT RIR I R oK B
il ity o SRR R TS R AR LU R IR K A e R
0 RH O A R AL e SR R A 4 ) SR s 2 A3 5 Al
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1 #RE5F%
1.1 FEACREE

2021 FEAE) ARG WL T 5 AN IX 25 AT E R
By T AR ORI SRR Rl AL R B R OK B H
fi 233 ), AL F 90 1 FEOK AR i 80 3 Y K B BE A
20 53 45 Kl A RE A 12 0 L b R € K I AR
an A 31 B A L CF SR KB FE FR ok 3D FE
it o FF il R B S IBORE K K G ] o S 4 7S G 1 R Y
A, F-18 CHEAE 5% .
1.2 AR e

Fi BEC2021 A E R & G5 Qe A E R RS
W TAE T Crp 25 ) )£ o e SRR R R0 SR R DU
JE AR WE SR VR R T (WA 3 T ), m SR SR 1

Kri R 1.5 pe/keg, R A 4.5 pe/ke.
1.2, 1 bRifE T4 il £ 61

= AR A A R AR W (100£1. 0 pg/mL,
Cambridge Isotope Laboratories) #i B4 1. 00 pg/mL
14 P (08 FH Y, v 4 AR A 1 V5 T (1 000 pg/mL,
02si) T B A 1.000 wg/mlL B bR 4 W 1 AN
0. 100 0 we/mL A4 fE A R 2, {8 FH W0 oo o £ FH
WA AR W, GRS OB W (TR % i =
1:2, LR E 20 mmol/L) # B 15 21 e B 3 51l
0.0.20.0.50.1.0.2.0.5.0.10.20.50 ng/mL ¥ ¥
HE T AERRZE , NFRIRE N 5. 0 ng/mL
1.2.2  FEShAT AL 3

PREL 2.00 g i FE, A 100 L[5 457 AR 18
W7, 0 mL A AEK i HEHR 5 $2 B 5 min, fITA 13. 0 mL
CME IRAT K B 7 H B 30 min, {17 S 0 AL
(Allegra X-30R , Beckman Coulter) 10 000 r/min IR E D
10 min, %M 3.0 mL FE W, &8 PRIME HLB [# A1 %5
FEJ2 0.22 um AR R R B WL 2 1 mL ) 4R U8
VL, PR IRAH €8 73 BB B T (SN 7
1.2.3 AU

i A 1290 Infinity ﬁ%&ﬁﬁ*ﬁ@ﬁaﬁ(Agﬂent) $
X AP1 4000 QTARP — U4 FF i i 1 (AB SCIEX)
7 9 i r 1) e SRR AR VR E
1.2.3.1 i s&m

P R P 55 L S 1 S AU (EST-) s B8 1
M5 25 L s - =4 000 V; i B : 400 °C 5 GAS1: 40 psis;
GAS2: 60 psi; £ #f #5 2 . £ & [ W M (Multiple
reaction monitoring, MRM) ; 45 1k & W 1) Ji % 2 8
Wk 1,

x1 FUHESH

Table 1  Parameters of mass spectrometer

wEY REAN A /min - FEET FET DP/V CE/V
N 98.8 82.9 -67 -33
SECNIEN 2.50

100.8 84.8 -70 -34
AR ER MR 2.50 106.8 88.9 -96 -38

1.2.3.2 @i

{0354 . Waters Torus DEA £ (2. 1 mmXx100 mm,
1.7 wm) s #E 3R : 35 °C; Wi sh A A: 20 mmol/L £ &
B AN B: S s HERERAR 5 WL BB TR AR P
W% 2,
124 i P i 4

ARG 0 15X A i T A BT 95 e 4 9 6 A g L
HEAT i SR #h A TSI 3K, LLRE S aT RE A0S 4t . Bt
YR ity A 382 /D G — A ok B AR s 1, SR
FERE il 23 1 v SR R & AR T O IR A R 5
ARG YR IR T LU R . A iR b R
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Table 2 Gradient elution program A K VB T 5 €5 K ) 4 1 RS
T min WA/l /min) A% RARB% e A 5 B4 L AR SRR B JROR AL,
0 500 65 35 - B N
R ITEILE 3,
0.5 500 65 35
4.0 500 35 65 ®3ORMEEL
5.0 500 10 90 Table 3 Sampling information of rice and rice products
7.0 500 10 90 S i Y B BRI
8.0 500 65 35 *‘5** 50 40 - -
KA 19 46 15 —
2 500 65 35
1 K 6 4 10 _
B e 5E L S L H 5 i e 0 KA i 5 4 3 —
R M R B MO (R ey R e .

£ Y P .

eI 5E 3t A v il A s o ) AR R R
i FE L B8R 0B [l 3 56 0 A R A AR [k
RIEHAE 80%~120% . HHLFE AR 10% 1474
At R AE 15~20 AN FE S TR]— 03 A v 1 TRk
o Y 40 J5T G A (S ) R 1
1.3 Giiterair

KH R 4.0.5 BT BIE G 0. R X
o 36 LGS [R) PP SRR i 0 = R Sh At R, Z R
WAL IE P (B o 7F A B R R S Y SR
ERI5 YLK OB K AR A Y SRR ER R L (LR 0,
i Fl Wilcoxon i 38 ¥E 17 b %% , £ & & % B A% 1E
P1H.

2 H#R
2.1 RFEEFLR

AHIF 5 R AR R OK B A i 3t 233 £y, b ROk
A4 [ 77 RHE EREOK, b A AL RIK ORE K FIDRE K 5

VE e R 26 T H K R A R
2.2 FEOK B b Y e AR R TS Y L

AW 5T R A 0 25 SRR B b s R AR R R
(KPR 1.5 we/kg) N3 4 FIias o KRR 230 3 2%,
390 SR R K R K A TR KRy R K il R oK
il ) RS Ay L B, REOK i R SRR A R
57.8%(52/90) , FF K il it v (0 5 SR ER A R R
97.3%(109/112) , 240 L & b (1) = SR SR 46 R
h87.1%(27/31) , FF oK v () /& A R Eh A s 30 g 3%
TR G MBEY L E(LZERRKIE, R
K s KA, P<0. 0015 fF K os 240 LA &, P=
0.023) . FEKM =AW A, bl oK o ) v SR R 4
%N 80. 9% (38/47) MK Hh iy a1 4 IR £ 46 HH R
h12.5% (3/24) , kG K () i IR #h K 1 R
57.9%(11/19) K 1Y = SRR Fh A6 Hh 3 0 25 I TR
KRG K (28 22 ARG I IE , KliK s BE2K , P<0. 0015
Fiok vs BEOK ,P=0.014) o AS TR FE R A9 A K il i =22 1]

4 REABHA bR s AR R 15 YK

Table 4 Contamination Level of Perchlorate in Rice and Rice Products

o Py ——
BEGF% R THMEGe/ke MGk AMEpe/ke TR ek  POS(ug/ke) iﬂﬁjﬁ; iﬂéjf&
[ERS 90 2.54 n.d. 12.40 2.00 7.34 57.8(52/90)  27.8(25/90)
Kk 47 2.92 n.d. 6.88 2.71 6.61 80.9(38/47)  29.8(14/47)
i3 24 3.00 n.d. 6.88 2.85 5.26 87.5(21/24)  29.2(7/24)
AT 6 1.58 n.d. 3.39 1.85 3.14 66.7(4/6) 0
0K 6 3.06 n.d. 6.82 2.38 6.81 50.0(3/6) 50.0(3/6)
Bk 24 0.46 n.d. 6.22 n.d. 2.68 12.5(3/24) 4.2(1/24)
Bk 19 0.58 n.d. 6.22 n.d. 3.12 15.8(3/19) 5.3(1/19)
AL 3 n.d. n.d. n.d. n.d. n.d. 0 0
ok 19 424 n.d. 12.40 5.05 11.32 57.9(11/19)  52.7(10/19)
K 80 6.47 n.d. 16.90 6.37 9.19 98.8(79/80)  85.0(68/80)
bOE 20 6.11 1.91 9.02 6.59 8.75 100.0(20/20)  80.0(16/20)
Koy 20 5.38 n.d. 9.17 5.32 8.28 95.0(19/20)  70.0(14/20)
i 20 7.43 4.42 16.90 6.92 9.45 100.0(20/20)  95.0(19/20)
P AT A3 20 6.97 4.41 9.90 7.07 9.74 100.0(20/20)  95.0(19/20)
i A 20 3.74 n.d. 8.70 3.91 5.57 90.0(18/20)  30.0(6/20)
LR N 12 4.83 1.75 11.25 3.96 10.11 100.0(12/12)  41.7(5/12)
B LA 31 5.48 n.d. 20.30 5.13 11.50 87.1(27/31)  51.6(16/31)
BB 26 5.57 n.d. 20.30 5.30 11.53 88.5(23/26)  53.8(14/26)
BT 5 5.00 n.d. 10.80 2.75 10.45 80.0(4/5) 40.0(2/5)
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AW 5T R A 1 25 R b SR AR TS Lok
SEUNEL 1 BTN o BERE S A R REOR R K R 4
JUBH A =28 W58 R BREK b i i SRR 26 15 L /K
BEMTRARHSMEYILHE (XL ERLBK
1E, P<0. 001 5 P<0.000 1), 40 1A fia. A2
TR K AR At %) v SR R 75 L AKSF- 8] 1B Al
Bl 1C Frs Al K FORR K v Y v SR R 15 L oK F- i
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e, K A s SR TS Y K T 3 KT i R A
B AT H (22 2 B A S0 2 IE , KBy vs B H, P<0. 0152k
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Contamination level of perchlorate in different types of rice and rice products
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FAK & AR R 15 Yo e i . 3 5 ARG & B Rl K
Hh i R R AR A R R RS YK O TR A AR A
BEAh, 4 ARG B 0 58 0 A vl i AN TR 1 5
i R h e L 5 AR A

A B 5 SR S 0 R KRR S P i SR Rk
(n. d. ~12. 4 pg/kg) = F 2007 4F4 [ 26 4 103 (1)
Ar a5 (0. 16~4. 88 we/kg) F1 2015 4F B #0515 PO PAE
di R A 45 5R (0. d. ~9. 05 wg/kg) ', X 5 4
9 AT H R K bR AR #h T e B R O —
Y B, 2019 4E—T0HF 5 7E R E AR X A
HAE T RAERGARE S 387 10, K A5 2 RG22 B A 1
o SRR AG HH RGK F)] 86. 82% , I AR AL SN
17.17 wg/kg, & & JLHTE n. d. ~119. 25 pg/kg, MiHl
TR K P @ R S AW 18.92% 4
FERE K P m @R & | WA 25.91%, 5
A v SRR ER 75 G KT T AR 58 R AR 0k 1l i B
FEKU L B A1, A5 3 AR b Xt LUK ARG A 2
11,2014 4F 5 [E — TR 5 K SRR K v i IR k1 o
PIue E 7 0.21 pg/kg(n. d. ~1.79 pg/kg) ", 2K
TR, X 0] B85 Y b bR A K RS R 2 R K
P

T K i K — el Rl K TE R ALK
SR K A T i S p R K R R TR €8 K R Y e
KL WA E R RV EMB KB I E S
DK it R AR R 1 R SRR R A S AR
K3 1 1 SRR ER V5 G KT TR K RTRR €8 0K
il i, 3355 Rl K FIORE O (8] A A 25 SR A0 e . 2R ik —
e P A, AT 5T R A IR K v SR R 75 YL K
F T ORIK (P<0.001) 1 A K 548 K i 9 s
PR 75 YL K OF- 22 S I G it 2 B S HOHE TR K Ry
e R R 5 e oK T i TR K S A 0 D R T R R IR
Kb 1) SR 22— VE R A A — o Y e AR R 5 L X
— AT A K SIS B AN TR e ) A ) BB IE
DKy SR T K Y 2 v v SR R TS Qe KO R AR Y
il B A VE A i A A S A L TE R R Tl
rhft P e A KA — 28 Tk, G e g R R T
BB A HE— 25 B0 5% IR A

BT RAER 31 L LA K ET A 3 7
Rt e S TR AR VR T R AR (0. 01 mg/kg)'T,
1M 2019 45 —IWF SR R T 11 4 B~ Kk Fn 9 177
HE K, o SRR ER 4 B A | o Y4 DU {8 43 1) A
0.014 F10.016 9 mg/kg'"™s', 15 L 7K - &5 T A WF 57 %
£E (10 B2 4h LA 26 5 £ (0. 005 48 mg/kg) , ixX 2 7% [
P 1 2 4 B BR A G B

ABIE G ) Jry BRAVE 3 2 P A, — N R A K &
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