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Abstract: Objective To calculate the lower limit of 95% confidence interval of benchmark dose (BMDL) of 3-
monochloro-1, 2-propanediol (3-MCPD) and its esters for renal tubular hyperplasia effect based on benchmark dose
(BMD) method. Methods The data of the most sensitive endpoint of renal tubular hyperplasia in the 2-year chronic
toxicity and carcinogenicity study of 3-MCPD were analyzed. BMD model and analysis were used by methods of
frequentist, frequentist model averaging and Bayesian model averaging, respectively. Smooth dose response curve was
obtained by fitting the nine conventional models, and then the optimal fitting model and BMDL,; estimation value were
obtained. Results The best data set was selected by comparing the conservative degree of results across different data
sets. Under the same data set, the selection of restricted or non-restricted model parameters, and the selection of single
model or model averaging, were key factors to affect the BMDL results of 3-MCPD and its esters. According to model
fitting degree and conservative degree, BMDL,; of the most sensitive endpoint of renal tubular hyperplasia of 3-MCPD and
its esters was 0. 87 mg/kg'BW. The health based guidance value (HBGV) needs to be further determined by the BMDL,,

with uncertainty factor. Conclusion The results of this research could be applied for the risk assessment of 3-MCPD and
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its esters in key foods of China, and further provide scientific advice on the supervision and control of key foods based on

the assessment results.

Key words: 3-MCPD and its esters; benchmark dose (BMD) ; Bayesian model averaging
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Table 1

Two-year chronic toxicity and carcinogenicity study of 3-MCPD

SUNAHARA &1

CHO &'

F 5T 2 Al 2 A S A TR A BRI I 5T 2 AFMg 1 B AN BUE R I 5

JEL TR LN Fischer 344 K F (4 4129 ; T AL MEAE 45 50 5 5~6 JlY ) SD KR (A1 MEMES 50 H ;4 41 8h 9 ;4 J5I%)
ZiW 3-MCPD(Cas No. 96-24-02) 3-MCPD(Cas No. 96-24-02)

50 JE] 104 J 104 J#

EEEpEe 0.20.100 8% 500 mg/L 3-MCPD {4k F 7k 0.25.100 8 400 mg/L 3-MCPD 4k FH 7K
Tt R R 252577 5/ (mg/ kg BW) 0.11 1.1 5.2 28.3 0 2.0 8.3 29.5
T R B /NS G A R AR R 3/50 6/50 15/507 34/50™° 1/50 11/50° 21/50° 36/50°
HEPE R B2 2555 5/ (mg/ kg BW) 0 1.4 7.0 35.0 0 2.7 103 37.0
W R U /N R AR R R 2/50 4/50 20/50"" 31/50™" 1/50 0/50 1/50 10/50°
T * R P<0.05 ;4 3/R P<0.01; ##+3 /% P<0.001

1.3 ik DU - 7 AE 78 12 A7 ok kB di 4R 1.2 #E4T BMD #E45

300 SR PR AR IR A6 B v 930 S 1 A Y 4 A 35 R

BMD @A b 3k BMR i 0. 1, XU 25 A R
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Figure 1

BMDS model fitting curves of dataset 1
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Table 2 Dichotomous models and parameters in BMDS

A AR B S PR i 2 %k
. B . O<g<1
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it (dose) !
dose ) = —_—
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p(dose) = ®(a + Bdose)
i x - _
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- N 2
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Figure 2 BMDS model fitting curves of dataset 2
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Table 3 Proast model weights and confidence interval for MA BMD analysis
B two stage log logistic weibull log probit gamma exp hill BMDL BMDU
LSTE 0 0.08 0.13 0.21 0.18 0.20 0.20 0.28 4.21
i 2 0.01 0.15 0.17 0.15 0.17 0.17 0.17 0.12 1.97
TE:BMDU by BMD B {5 X ] F B ; BMD A9 5 {5 X 8] & T 200 4~ i A= S5 4
bootstrap curves bootstrap curves
based on model averaging based on model averaging
10} version:70.0 0F version:70.0
. model averaging results model averaging results
dtype 6 dtype 4
selected all selected all
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BAbcL b !
8061 028421 806 0.121.97
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o o
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Figure 3 Proast bootstrap curves for MA BMD analysis (Based on MA)
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% 4 BBMDS X 3-MCPD B /N 34 25 30007 ) 43 B
Table 4 BBMDS analysis on renal tubular hyperplasia effect of 3-MCPD

igiE S statistic model average logistic log logistic probit log probit quantal linear multistage2 ~ weibull dichotomous hill
J& 9 A AUAY T N/A 0.04 0.18 0.05 0.01 0.42 0.13 0.08 0.08
Y1 BMDL(5th (140 7) 191" 5.27 1.54 5.00 4.67 1.95 2.15 2.41 1.90
95th A 43 i 10.07 7.98 21.11 7.41 25.48 3.55 6.04 23.59 9.29
J BB R A N/A 0.00 0.48 0.00 0.00 0.21 0.06 0.05 0.20
BAESE2 BMDL(5th 5 43H7) 1.04* 4.54 1.04 4.43 3.25 1.65 1.75 1.84 0.82
95th H 43 i/ 3.59 6.84 2.97 6.45 7.75 2.82 3.61 4.33 6.42

IR A S SR NIA R

#£5 BMD MM &G AL
Table 5 Summary of BMD analysis results

GRS B/ A BMR BRI/ BRI 24 s —BOAL/BEAIEY) BMDL /(mg/kgBW)  BMDU /(mg/kgBW)
BMDS(3.2 ) 0.1 PR 1 log-logistic 1.08 4.11
a4 BMDS(3.2 i) 0.1 NS Gamma 0.25 4.02
e Proast(70.0 2% - 0) 0.1 PN e SR aT 0.28 421

BBMDS 0.1 — DL H7 A5 7R S 2y 1.91(5th F 40 fii*) 10.07(95th F 43 fi*)
BMDS(3.2 i) 0.1 B 4 log-logistic 0.87* 2.05
S 2 BMDS(3.2 i) 0.1 AN B Al log-logistic 0.22 1.91
Proast(70.04% i) 0.1 AN Bl EIES R | 0.12 1.97

BBMDS 0.1 — DL i A - 3 1.04(5th & 43 %) 3.59(95th & 43 *)

VE 2 B 00 1) SRR A 45 5 s # B IR REAS B0 55 5 T 40 0 BN R = BMDL, X 1 T 2% [ FF 4 J5) BMDS Hf i 649 8831 95CT 9 T B 5 J5 B R AR (465 95
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