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Figure 1 Dietary risk assessment process considering parameter
uncertainty

itk WEEAR BB S0, AR ATk AT
S5 36 TS 36 (posterior predictive check, PPC). %46
Ber e B A A L N St 5 B A b ) S0 73 A1 R
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PRGN E A AL A TR A R 2, BB
AR, BG4 TEIEE AR BRI, A R X

Table 1 Posterior distribution characteristics of parameters in the bayesian linear regression model: focus on 95% ClIs

s SRR R SRR SURCERIE AU Rwtn Rk oswni
R P(incl) P(excl) P(incl|data) P(excl|data) BF inclusion Mean SD Lower Upper
iR 1 0 1 1 0.203 0.02 0.16 0.248

It [ (d) 0.5 0.5 0.346 0.654 0.529 —0.004 0.011 —0.036 0.017
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Figure 2 Fitting results of Bayesian linear regression model. A: Forest plot of posterior estimates for Bayesian linear regression parameters; B:
marginal posterior distribution density plot of the intercept term; C: plot of standardized residuals vs. fitted values; D: Q-Q plot (quantile-quantile plot)

of Bayesian linear regression; E: posterior predictive check
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Figure 3 Validation results of MCMC simulation convergence. A: Validation of MCMC simulation convergence: trace plots and posterior density

distributions; B: autocorrelation validation plot of MCMC simulation
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Table 2 Comparison of dietary HQ percentiles among different probabilistic simulation methods
LR vE 50th 75th 95th 97.5th 99.9th
@risk 0.086%~0.605% 0.117%~0.819% 0.177%~1.240% 0.201%~1.411% 0.344%~2.418%
Crystal ball 0.092%~0.644% 0.125%~0.875% 0.191%~1.200% 0.129%~1.279% 0.242%~1.698%

MCMC&Crystal ball

MCMC

0.125%~0.878%
1.500%

0.135%~0.945%
2.250%

0.149%~1.044%
2.850%

0.153%~1.077%
2.925%

0.170%~1.192%
2.997%

~1.077%)~ 99.9th(0.170%~1.192%). M3 hr BURFAE
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2 BT 5 I S WO R R 1 BT T 0 XU R AL
JSE. AT TR T 48 P S S 7 A A0 [ Bk B o
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AEETEEE, AN S N HQ M I 22 7, A B0 3R
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PR 7 o 12

24 JiEEATH

DRI AN [F R 254D 5 R AE T R N R £ XU 1T
R BLZE S, B @risk, Crystal ballfé 48 772, PL
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FE1£450th, 75th, 95th, 97.5th, 99.9th 48 437 H e T %ot
tb. MEIEE, @riskffTHQ i X [A]50th-40.086%
~0.605%, 95thi%0.177%~1.240%; Crystal ball 50th[X
[8]0.092%~0.644%, 95th’0.191%~1.200%; il & /772
B AL EUX B] (50th: 0.125%~0.878%-+ 95th: 0.149%
~1.044%%5) 2 BRI, MCMCTTVE % 70 Rr 28500
[E E{H, 50thf&1.500%, 75th92.250%, 95thik2.850%,
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Crystal ballf& 4t /7740 2 5 o] Fl: 75 HR 53057 £(50th,
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Probabilistic assessment of cyflumetofen dietary exposure risks by a
Bayesian framework with Markov Chain Monte Carlo
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Traditional probabilistic assessment methods based on @Risk and Crystal Ball focus solely on the randomness of input variables,
while neglecting the uncertainty of core model parameters (e.g., a, f, o in residue regression models). To address this limitation, this
study proposes a hybrid approach integrating Bayesian Markov Chain Monte Carlo (MCMC) simulation with probabilistic modeling
for quantifying the dietary risk of cyflumetofen in strawberries. A Bayesian linear regression model for pesticide residues was
constructed using JASP to obtain the posterior distributions of parameters. MCMC chains of a, 5, and ¢ were extracted in R software,
and posterior predictive concentration samples incorporating both parameter and residual uncertainties were generated. These samples
were imported into Crystal Ball, where dietary exposure and hazard quotient were calculated by combining strawberry consumption
data (Gamma distribution) and human body weight data (normal distribution). After 100,000 Monte Carlo simulations, the 95th
percentile (P95) of the hazard quotient distribution was derived and further validated by comparison with traditional methods. Results
showed that traditional probabilistic assessment methods based on @Risk and Crystal Ball overestimated the dietary risk of
cyflumetofen due to the omission of model parameter uncertainty. The hybrid approach proposed in this study can effectively quantify
the impact of parameter uncertainty, and provide a more accurate and scientific basis for risk assessment for the safety regulation of
cyflumetofen in strawberry production.

Bayesian, MCMC, probabilistic simulation, residue risk, dietary exposure
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