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The comparison of three risk assessment models based on cadmium exposure level in rice
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Abstract: Objective The advantages and disadvantages of three statistical models commonly used in food contaminant
exposure assessment, namely the observed individual means (OIM) model, the beta-abinomial and normal (BBN) model
and the non-parametric model were compared by an example of the estimation of long-term exposure to cadmium via rice.
Methods Rice, cadmium and diet were used as Chinese and English keywords to search the literature on cadmium
concentration in rice in China National Knowledge Infrastructure, Wanfang Data Knowledge Service Platform and PubMed
database. Long-term levels of exposure to cadmium via rice for the total population and age groups in China were estimated
by combining partial consumption frequency data obtained from the Chinese nutrition survey. Results In the total
population, the OIM model showed that the 2. 5" to 97. 5" percentile (P2.5.P97.5) of the exposure to heavy metal Cd in
rice was 0.081-0.576 pg/(kg-BW-d) , the non-parametric model result was 0.081-0.573 pg/(kg*BW+d) , and the
BBN model result was 0. 104-0. 611 wg/(kg*BW+d). The average results of the OIM model, non-parametric model and
BBN model in different populations were close. The average values of the three models in the total population were 0. 278,
0.277 and 0.278 pg/(kg*BW-d) , respectively. Conclusion With large sample data, non-parametric models have
similar assessment results to the OIM model, while BBN models can allow for a more conservative assessment of exposure
by subtracting differences in consumption frequency within individuals, and better evaluate the long-term exposure level of

pollutants.
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F 1 IE 2000—2020 4F 548 FOK H 4 R B
Table 1 ~ The content of cadmium in rice in various provinces of China from 2000 to 2020

EEPEN Ay (R Fri/(mg/kg) EEB TN 0y [OF Fri/(mg/kg)
[12] 2000—2002 142 0.127 [31] 2011—2015 160 0.0415
[13] 2000 120 0.06 [32] 2004—2010 26 0.112 8
[14] 2001 30 0.032 [33] 2010—2012 138 0.136 9
[14] 2002 20 0.026 [34] 2011—2012 63 0.014 05
[14] 2003 36 0.049 [35] 2012 100 0.19
[14] 2004 30 0.019 [36] 2011—2012 16 0.010 1
[15] 2003 16 0.07 [37] 2007—2014 3167 0.114
[16] 2000—2005 393 0.126 [38] 2012—2014 1 898 0.091
[17] 2005—2006 20 0.173 [39] 2009—2012 16 0.087 6
[18] 2005—2007 14 0.06 [40] 2011—2013 50 0.158
[19] 2008 10 0.017 [41] 2010 228 0.028
[20] 2005—2006 19 0.092 [42] 2007—2014 370 0.05
[21] 2008 5 0.017 4 [43] 2009—2015 304 0.041
[22] 2002—2007 117 0.023 [44] 2012—2013 25 0.02
[23] 2009 10 0.14 [45] 2014 80 0.018
[24] 2009—2010 20 0.24 [46] 2014 35 0.006 08
[25] 2010 10 0.002 [47] 2011—2015 19 786 0.062
[26] 2005 20 0.033 [48] 2014—2015 40 0.006 53
[26] 2006 11 0.022 [49] 2010—2011 86 0.01
[26] 2007 18 0.008 [50] 2001—2009 184 0.025
[26] 2008 54 0.009 5 [51] 2012—2017 680 0.095
[27] 2007—2010 16 0.010 1 [52] 2013—2018 87 0.0339
[28] 2011 10 0.067 [53] 2013—2016 20 0.019 6
[29] 2009 420 0.077 5 [54] 2015—2019 886 0.126 85
[30] 2008 248 0.037 30254 0.072 15

F2  —wirbE R R O A A rp o R A X g Y 3  FRE— AR DA IR 7 75 K P g/ (kg BW -d)]

FEAR N D225 A Table 3 Exposure to cadmium in rice of the general population

Table 2 Basic demographic information of some subjects in a

survey of dietary consumption of Chinese residents

Sl ANEC ANHE FR/2 RFE/kg
YN 2340 6867 43.34 59.19
Pk 1100 3225 43.32 62.84
Lk 1240 3642 43.35 56.16
JL#E(2~11%) 244 717 6.89 28.95
FHAAE(12~17 %) 106 305 14.39 47.95
WA (>18%) 1990 5845 4934 61.04

2.2 3R 2E R LA

OIM 1 Al 2 B 7 T BBN A5 0 3540 25
3 N S5 R IR E 4 A2 R OK G 2 5R 1)
1k 0.278.0.277.0.278 wg/(kg:BW-d) , £/~ 3
Tl A% 70 127 W 458 DAk 2 58 43 A 17 B KT A 4%
S ZH B R S B o B3 . AR FE X A AR
TR, 2 3 B R TR AR AT 1Y) R 2R KO
9% 2.5 F1 97.5 @ 43 ir ¥ 43 B A 0. 081~0. 576,
0.081~0.573.0. 104~0. 611 pg/(kg*BW+-d) ., it
A UL, BBN A5 Y LA it % 58 A 43 A0 (H 2w T Al PR
R Y | 7E 5 i 5% 88 E 437, 40 P99. 9 1 & Ry
g4

[F] B SR FH AN [) A5E 780 43 551 R AT % S 20 5 47 1
ENRE S TVINUEL N i R E A S e G A
AR L AR e T AR AL . TEIR] 2 B 3 R A
T TR KOV 43 A B S s, FH A P AR bl T

and different subgroups in China [pg/(kg-BW - d)]

2150 Y P25 P50 P90 P95 P97.5 P99 P99.9

J PN

OIM 0278 0.081 0.260 0.439 0.500 0.576 0.680 1.031
EZH 0277 0.081 0.260 0.435 0.500 0.573 0.670 1.060
BBN 0278 0.104 0.252 0.448 0.529 0.611 0.705 0.997
5

OIM  0.290 0.082 0.268 0.459 0.517 0.584 0.689 0.985
JEZ% 0.290 0.080 0.268 0.459 0.528 0.574 0.674 0.999
BBN  0.291 0.107 0262 0.470 0.558 0.647 0.751 1.061
7Pk

OIM  0.264 0.084 0.257 0.407 0.454 0.518 0.618 0.997
S 0.263 0.086 0.257 0.398 0.450 0.518 0.612 1.028
BBN 0265 0.106 0.242 0.415 0.484 0.554 0.642 0.870
JLE

OIM 0390 0.127 0.374 0.607 0.682 0.797 0.862 1.086
S8 0390 0.126 0.374 0.607 0.685 0.798 0.872 1.093
BBN 0390 0.151 0.354 0.621 0.732 0.838 0.968 1.346
H AR

OIM 0304 0.100 0.298 0.475 0.552 0.583 0.601 0.602
JEZ% 0.305 0.095 0296 0.477 0.552 0.592 0.602 0.602
BBN  0.298 0.113 0.275 0.469 0.542 0.624 0.721 0.977
LN

OIM 0281 0.090 0.264 0.433 0.504 0.575 0.678 1.030
ES% 0.280 0.091 0.260 0.433 0.508 0.591 0.709 1.028
BBN  0.282 0.111 0257 0.446 0.518 0.598 0.694 0.921

BBN HEAUFIBR T AR N AR 5 NHERA B8 A I AE AE 3K
INEAE S L EBRIEAG LI DL 25 pe/keg BW SR 4E
A 3z 550 2 (R H 3248 A2 R 0. 833 pe/kgBW),
BBN R Bl & B8 i L A9 0 B R
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Figure 2 Probability distribution map of rice cadmium

exposure level calculated by 3 models in the total population
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