Applying Uncertainty Analysis to a Risk Assessment for the Pesticide Permethrin
R. Woodrow Setzer!, Jimena Davis?!, Rogelio Tornero?, Jianping Xue?, Valerie Zartarian? research§gevelopment

U.S EPA, ORD: 'National Center for Computational Toxicology; 2National Exposure Research Laboratory

Computational Toxicology
Pl

Methods/Approach Results/Conclusions
Projected — work in progress:
- - -prediction of the population distribution of the
SCIence QueStlon dose-metric, with confidence intervals

. ) ) . . Coupling of SHEDS to PBPK model. The PBPK model needs two -characterization of the contribution to the overall
ORD is engaged in a collaboration across Integrating Models for Risk Assessment sets of information: uncertainty (which is quantified by the confidence
labs (NHEERL, NERL, NCCT) n -Characteristics of the person being exposed, which may affect intervals) which is due to various sources of
consultation with the Agency’s Office of T the exposure as well as physiology uncertainty (e.g., uncertainty about exposure
Pesticide Programs (OPP) to develop posre Do Permmetrs (Uneetanty) -Actual exposures and durations for each route of exposure parameters, extrapolation, PBPK model
coupled models for exposure (StOChaSth 25 For efficient computation, we separate the SHEDS computations parameters)
Human Exposure and Dose Simulation —

from the PBPK model computations. This allows embarrassingly -Ultimately use in the Agency’s cumulative risk
parallel computations, making full use of EPA’s cluster y

computing. Information is passed from SHEDS to PBPK via files assessment for the pyrethr01d pest1c1des.
with a standard format.

SHEDS — exposure model), dose (PBPK T
models) and effect (dose-response models
based on measured and inferred internal
dose) to inform the Agency’s pyrethroid
cumulative risk assessment.  Critical

PBPK Model

Brain Dose
. . (24 h k)
questions for the larger model are initially . . nws
being answered for the pyrethroid Motivation
pesticide permethrin: — Impact and Outcomes
- How to efficiently couple the output k 10 £ e p
2 i chemical-specific
of SHEDS to the PBPK model? 08 ° B etz
- How to evaluate the uncertainty in 57 o g - Incorporation into the Agency’s cumulative risk
. ] 06 £ . L . .
PBPK model predictions? g 081 2 00 01 02 03 04 05 odet ° assessment for pyrethroid pesticides, which will be
;] . 5 T physiological . . . ..

- How to efficiently characterize and § 06 g o4 Concentration saaec used to inform reregistration decisions.
communicate the uncertainty in the 3 oe 02 Tndividual Bxposure Values Wﬁ”““"‘”\ : ot 022 00t 008 038 010 02 -Better characterization of uncertainty of the internal
predictions of the coupled model? A ‘Z Admiristred Rocent PP Y. . e e dose, allowing more refined risk management

X ; N 00 - 4 <10 sels) e param ) ) 7. . .
- How to identify the important 0006 0010 00t 0018 — £ Uncertainty analysis for coupled model. decisions (a better sense of what is a ‘conservative’
sources of uncertainty? Geometric Mean 000 0.02 0.04 0.06 0.08 0.10 0.12 E ¢ Dependts on ll)lgc;;{taint‘iiesl in expotsure . choice).
arameters, model parameters, an . .- .
o o o Hoe ) : Eg dent to human extrapo lcftian (in the -Characterization of the critical contributors to
The problem this project addresses is akin (o this simple example. We want to estimate “parallelogram approach” in risk overall uncertainty, including uncertainty in internal
the distribution of doses to critical subsegments of the population (say, children), for a oy Weight W . th . . A N
given exposure scenario (say, the current pattern of use of a pesticide on food crops and v ) Zg?;me:lt:ﬁtitatei:zlme?/t:ma:iznctz:mmy dos1metry, so future studies can efﬁmently reduce the
for residential pest treatment). For sake of the example, suppose we can characterize this o v ey e overall uncertainty_
Resea rc h G oa IS distribution with a lognormal distribution, depending on its median and coefficient of success of conventional approaches to : . :
variation (CV) & » dep & animal to human extrapolation (e.g., body -Science AdVlSOl’y Panel (SAP) Review, late July,
) weight scaling, direct extrapolation of 20009.
- Develo software implementation of Even a modest amount of uncertainty in parameter values can have a large impact on partition coefficients). . .. . .
P P uncertainty of extreme quantiles. The solid curve in the right figure represents the 3 Key -SAP Review of a mini-cumulative assessment, mid
PBPK model and file formats for empirical distribution function of 10000 subjects sampled from a log-normal distribution & e > EmDEer) 0006 0010 0014 0018 2010.
transferring exposure simulations from with median 0.1 anﬁl CV 0.5 (repr'esented by the larger red point on the let?. H‘orizom‘al O s cedSEmTD
SHEDS, allowing loose Coupling of the %reen bars mark 95% confidence intervals for the 50, 99, and 99.9 percentiles in the right Y s ey commten
igure. (a)
two sub-models. For. esn ; i :
: : . . Now, what happens when you are uncertain about the parameters for the lognormal Population Parameters (Uncertainty) Uncgnalnty analysis mVOlVe§ simple (but
- Estimate a baseline for computation times P S . o . massive) Monte Carlo sampling from . .
. . distribution? Suppose the uncertainty is characterized by a CV of 20% for the median and inty distibuti d projecting th F utu re D 1 rectl ons
for PBPK uncertainty runs to estimate 30% for the CV. The black points in the left figure represent a sample of 500 from such a uncertainty distributions, and projecting the
i iabili distribution (centered on the nominal values), and the gray curves in the right figure plot resulting uncertainty in the distribution of the
uncertainty and variability. istril , gray gure p .
. L . . target dose metric. We have developed a core
Compute Bavesian osteriors for corresponding distribution functions for 10000 samples for each realized parameter value. tructure for translati PBPK model int L. . . .
- puh ) Yy ol p d Horizontal red bars show the extent of the same quantiles as before. Z(::pill:d :Or d;agst?el?ugnain the s:t?stiecalln 0 -Similar assessment of uncertainty in cumulative
ermethrin mode arameters an : :
l.) f . . f p hemical ifi language R, which runs efficiently on multiple model (muhlple p}"fethmlds)
informative priors for chemical-specific ) ) ) platforms (Milestone: R package ‘RDynamic’, Milestones: Estimation of PBPK parameters for
parameters Bayesian computation of posteriors for rodent parameters for in parf), i /
Quantify t.h Ttaint £ imal PBPK model informs uncertainty in model and rodent-specific ’ deltamethrin and other pyrethroids;
- Quanti ¢ uncertammty oI anima (0} " ¢ : P
parameters. SAP  review of cumulative assessment for
human PBPK ext}'apolatlon. . Milestone: Parameter estimates and model comparison for pyrethmids.
- Develop 1(11ncerta11:jtyl ?nalysm for ;:mcllpled permethrin. - Add effects model, using rodent PBPK model to
exXposure-aose model 1or an example dose- 7 : :
ptr' e o p . Global Sensitivity Analysis for Uncertainty infer rodent dose-metric and .extrapolatlng ‘r(‘)dent
metric (Sa}.’, -hour peak brain permethrin Global sensitivity analysis, focusing on the effect of the potency to human potency, strict dose-additivity at
concentration) for subset of proposed VarPopt . vaﬁan:‘cestfor ;:;lcem;ir:'ty and vaﬁabilityf(:(lli§§ibutions, provi(;es the level of internal dose.
exposure scenarios. UnoPop2 . an estimate of the relative importance of different sources o . .
D P l - . lysi U:E_P:; . variability and uncertainty and their interactions, on the overall - Generalize methods for other dynamic models,
- Develop quantitative sensitivity analysis Uno SHEDS? . uncertainty of the distribution of the target dose metric. such as vLiver, vEmbryo.
approaches to quantify relative importance Unc.SHEDS1 . Miil[esmr;f.' Uncert7[mjv analysis and global sensitivity Milestones: Planning and execution of uncertainty
: H analysis for permethrin. A A
of different sources of uncertainty to Interaction ° analysis for vLiver and vEmbryo.
M T T T T T T
overall uncertainty. o 20 40 60 8 100

% of Uncertainty in Target Quantile

00 0 0 0 00 0 0.0
0 000 0 ] 00 0 0 0 000 0 ]
000 00 ) 00010 0010 0
00 00 0 00 0 00 00 00 00 0 00 C ) 00000
0 0 ) 0 0 [ 0 0 C 0 )
000 0 0 000 000 0 00
0700 0 ;0.0 Q0
0 )
0

:

[ 0
000 0 0.0 ] 0 0 000 0 0

) 0 0 C 0 C ) 0 0 C ) 0
0

0
0 0 00 L 0
0 0.0 ] 0 0 ] 0 0 0

: 048] 5 i 38 i : ) 8 v i1 119258107080 2 gioiilo ¥ 1011 o  § 'I!r;i‘s”ﬁésl;‘é;r:‘dqes not wﬁ'qd’éss,arilgl réﬂg;q”ipEP/;\ pSquy." Meén i&?\i,fof turéde‘,mames,‘i oro
By ‘ 084 8 38018 a ; ICOMPUTATIONAL - “*8efgi" '
TOX ‘

258 gl 59 .+ commerciak praducts does noticonstitute €nddrsement or recomrendatiori for. tse,

0 (




