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Exposure and health risk assessment of cadmium in rice in China
GU Fengying, DING Yanan, ZHU Jinjin, WANG Feng
(Institute of Food Science and Technology, Chinese Academy of Agricultural Science/Key Laboratory of
Agro—Products Processing, Ministry of Agriculture and Rural Affairs, Beijing 100193, China)

Abstract: Objective To provide reference for rational rice consumption and government safety supervision in China,
the potential health risk in different populations was evaluated based on the investigation results of Cadmium (Cd)
exposure from rice. Methods Cd of 6 249 rice samples was determined by inductively coupled plasma mass spectrometry
(ICP-MS) , the Cd pollution level and distribution characteristic in rice were analyzed. Monte-Carlo simulations were
employed to estimate the cumulative distribution function of Hazard quotients (HQ) and Cancer-risk index (CR) of Cd
exposure from rice to assess the potential health risks of rice consumption. Results The average Cd content in rice
samples from four regions, weighted by regional yield, was 0. 1661 mg/kg, 25.99% of the overall rice samples and
56. 64% of the rice samples from Central China exceeded the national limit. Analysis showed that Cd exposure level from
rice in Northeast China was low and there was no carcinogenic or non-carcinogenic health risk. In other regions, the
probability range of non-carcinogenic health risk level of HQ>1 was 0. 06%~7. 12% for adults and 0. 15%~11. 44% for
children, respectively. The probability range of carcinogenic risk level of CR>10™ was 0. 16%~72. 55% for adults and
0.26%~77.93% for children, respectively. The potential health risk caused by Cd exposure from rice was highest in
Central China. Conclusion There are high health risks of Cd exposure from rice in part of China, especially in Central
China. The exposure risk of Cd from rice to children was higher than that of adults. It’ s suggested that more attention
should be paid to Cd exposure from rice for the critical areas and children.
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Table 1  Parameter values for human health risk assessment model of cadmium contamination in rice
i X g3 CEE) Ui
RfD/(mg/kg-d) 22 2% & FH 71 & oral reference dose TRI(0.001, 0.001, 0.01) [12]
CSF/(kg-d/mg) JEAIE BFR K F cancer slope factor TRI(0, 0.38,0.38) [13]
JL# : TRI(0.25, 0.2885, 0.30)

IR/(kg/d) 4 H # A intake rate Ny ’ ’ 14-15

B £ HHHA Bt intake rate J A TRI(0.28, 0.3367, 0.35) [14-15]

JLFE : TRI(26.5, 31, 35.5)

BW/k Jii i body weight N 14-15

. WP body weig B - TRI(55.5, 60.7, 66) [14-15]
EF/(d/year) T W& MR exposure frequency 350 [11]
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ED/year %k F R 22T 8] exposure duration Jjjz.j\ﬁ: 70 [11]
AT/(d/year) - 1) 5 72 K B averaging exposure time EDx365 [11]
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Table 2  Statistical results of cadmium content in rice in China
FESCREE R/ WL/ i ek e
31 [l 15y (mg/kg) /(mg/kg) /%
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X 3501 ND~3.28 0.320 5+0.324 0° 56.64
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VE < ND S AR 7 RS S, R ) 5 B 3 % SO0 1 4
k25 5+ (P<0.05)
1), SR ARk B2 A A% L 3X 15 4 46 b 8] i 245
—FH IS EEESR S RN AL K
Al DX o A R B, R A A AE
ND~0. 882 1 mg/kg(1. 5 i PU 43 FE ) i [ A, iz
{H-M 0. 2300mg/kg,1f§ﬂ:qzi’8{ﬁ 28. 2%, Vi B4
b DX 7R 4 2 R DR RE B O 5 AR R R A R b X
FE K59 & & 90 | 4r AL s {E 539 R 0. 215 2 mg/kg
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Figure 1 Distribution of cadmium content in rice samples
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Figure 2 SFPI distribution ranking of cadmium content in rice
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Figure 3 Noncarcinogenic risk distribution of cadmium in rice
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Figure 4 Carcinogenic risk distribution of cadmium in rice
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Table 3 Sensitivity analyses of health risk parameters for HQ Table 4 Sensitivity analyses of health risk parameters for CR
pm sm wike I D R R pa mH wikse o B SRR R
X /% HIX/% HIX/% HIX/% WX /% HIX/% HIX/% HIX/%
C 79.04 71.44 64.65 74.61 46.89 C 86.95 82.02 75.21 85.36 64.40
A RfD -19.28 -26.46  -32.07 -2337 -48.70 CSF 11.14 15.04 21.73 12.60 30.40
" IR 1.68 1.91 3.00 1.92 4.08 A IR 1.72 2.77 2.98 1.80 5.11
BW -0.01 -0.19 -0.28 -0.10 -0.33 BW -0.19 -0.17 -0.08 -0.25 -0.08
C 76.31 68.31 60.64 71.26 42.11 C 83.31 77.26 72.09 79.08 55.72
L RfD -19.05 -2472 -30.13  -22.50 -45.83 L CSF 10.76 14.93 18.57 13.71 27.88
L IR 4.46 6.69 8.80 6.06 11.75 - IR 5.73 7.53 9.17 6.93 15.63
BW -0.18 -0.29 -0.43 -0.18 -0.31 BW -0.20 -0.28 -0.18 -0.27 -0.77

H ) 16 5, iZH X HQ Fl CR XUG W N 4 477 X
W (EARF 2015 4R 7 3R I R b DX R 1 R
K 4w AU DAl 45 S (REOKR B F- 34 & 1ol 0,312+
0.434 mg/kg, HQ i~ 2.29,CR 4 0.034 3)",
AR E TS Y T E A 2 —  ROR SR
T Gl S A 2 T ISR K 7 R A, A b X
Y 50% LA o AR SCAE bl IXOR IR RE R TS YK
P4 v R RE 5 e I e AR R AR S Y R A

AT Ko ARR b XORN AR b DXORE R TS G K O B
UL BT HE 25720 P8 A 2 L, Hol i 2006—2016
A [R) T VLA TR 7= X R OK 50 15 Y I8 4 2 IR A 3R 3k
20. 7% ,“F ¥ & 0. 117 mg/kg, LA 1L # i A5k
B HQ 4394 0.603 F1 0. 604, CR ¥4 1. 58107,
(PSS RTE S A TESIYN NP A ECEIE
S0 g B S KRS, R K R OK s & i 22 7
M T X B ) R OK B A R R X

i
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T5 22 TTHR AR AL 50% , 2 5 R B S PRE iR T
AR S (B U HQ , B B 7 o JHG 14 52 e 1T g
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T, B B 9 | R T A T 2] g 3 R A A
G Jm A A (EUREOR B RR LI TR A R R e 4
A ey (U PN S e U R N R I S e S I
Jr KPS T 2016—2017 48 LABEAE T 19 4 477 X
R K Fh R 0 2R R e A A T XU, HG P R S LORE K
T, 52 I A5 PR AE I ) | 25 J) LR R A 5 I Y 2%
PERRA, PEAG S5 R A — R BRI . A B 5T
BERORAE IETRE 4 D F XK S REE
0.166 1 mg/kg, 45 £ Monte-Carlo #5584t 3 & [ 1
NG44 EDT(H 29 0 5 N 35 pg/d, B 29 45 J4
4 pg/kg BW 3 8E H 28 pe/keBW, i T MK & &
] (European Food Safety Authority, EFSA) {5t 19
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