“EPAA  Selection of candidate amphibian dermal

exposure models for regulatory use

Leveraging exposure data and Approximate Bayesian
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e Pesticide Labeling

The label is a binding legal
agreement between a regulator,
the product registrant and the
product user

Pesticides contribute to
documented amphibian declines

Amphibian dermal contact has
not explicitly assessed,
mammals/ birds have been used
as proxies for terrestrial dermal
exposure
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Structural differences:
Relatively thinner
Thin stratum corneum

No external hydrophobic <
barrier

Less keratinized

High rates of gas and water
exchange

Seat patch as preferential __
pathway '

Physiological properties |
change over life history §

Mammalian dermal
properties

Hydrophilic (low K,,,) and lipophilic
(high K,,,) molecules have separate
pathways for dermal exposure in
humans

Lipophilic molecules get the most
attention with a focus on non-ionic
(neutral, lipophilic) chemicals for
dermal.
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High rates of gas and water
exchange

Seat patch as preferential
pathway

Physiological properties

change over life history

Mammalian dermal
properties

Hydrophilic (low K,,,) and lipophilic
(high K,,,) molecules have separate
pathways for dermal exposure in

~
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“E™ . What does this mean for dermal pesticide
exposure?

The more terrestrial an amphibian’s life cycle is, the
more likely it is to use the skin to regulate its water
content in order to maintain hydration.

Also more likely to use soil water or puddles as
rehydration sources — with higher pesticide
concentrations.

Therefore, amphibian dermal contact from enhanced
skin permeability can be a key exposure pathway
compared to non-amphibian receptors.

First we examine a pathway dose model for terrestrial
vertebrates and estimate its contribution to total
dose.




TS e Diffusion-based approaches to

dermal exposure
Conductance/Resistance traditionally used to estimate
diffusion of a chemical across the dermis
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Diet-Based Ingestion Exposure Dose (mg/kg BW/d)
Dpia= FMR / I"EH'? * (Ctruaras A1 ?:;i'}
FME. = Field Metabolic Rate (kcal/d)
BW = body weight (g)
Clinsects = concentration of contaminant on insects
1.7 = msect ingestion rate (kcal'g)

(a) Spray Droplet Inhalation Dose (mg/kg-bw) (b) Vapor Inhalation Dose (mg/kg)
SID, =(Cpyx IR,x DX Fj) / (60 x AW,) VID, =(C.x IR, x D) / (1.0x106 x AW,)
Cai= air column concentration (mg a.i. cm®)* C. = saturated air concentration (mg/m>)*
IR = inhalation rate of assessed species (cm®/hr)* IR. = inhalation rate of assessed species (cm®/hr)*
D = duration of direct spray inhalation D = duration of exposure, 1 hour
Fr=Fraction of spray inhaled AW; = body weight of assessed species (kg)
AWz = body weight of assessed species (kg) 1.0 x 10% = conversion factor (cm¥/m?)
60 = conversion factor

*For description of equations, see STIR Version 1.0 User Guide
D CK,ATB,F,
der W

Calculate exposure for diet (Weir et al. 2010) and dermal for
amphibians, birds, mammals, reptiles.

Solve for 2000 pesticides and a range of appropriate body
weights for insectivores in each class (instead of
representative receptor).

Range of K.

Compare total dose between classes and relative contribution
of dermal.

No tox comparisons, just looking at exposure.

1.00

0.75

0.50

Dermal proportion of total dose

0.25

0.00

Amphibia

Monte Carlo Relative Pathway Exposures

Aves Mammalia
Vertebrate Class

Reptilia
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Eesmmaml Protection Method
Amphibian Movement Behavior  :
* Seasonal t

* Additive exposures over time
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 Spray drift considerations N

body weight (g)
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Agriculture Habitat

Adult dispersal to and
metamorph dispersal from
breeding ponds can coincide
with pesticide applications

Seasonal activity of Hyla arborea in Germany based on mnformation in Pfeffer ef al. (2011). Darker area represents the main period of activity.
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sgeeeee - The seat patch Burrowing behavior

Amphibian seat patch is a preferential
path for osmotic water
uptake. Water potential
dependent.

Irrigated farm systems are preferential
habitats, terrestrial amphibians prefer
soils with high moisture content.

Amphibians (often) burrow, overnight or
overwinter, to rehydrate - 100%
contact with soil can be a significant
portion of exposure.

Amphibian seat patch is crenulated -
effective surface area for uptake is
much larger than the actual size of
the patch.

Movement exposes seat patch to
pesticides sprayed on bare soil and
leaf surfaces. = R
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w--Some parameters are known, some are unknown

* We know the pesticide tissue residue, that is
what we are trying to model

* We also know experimental parameters—
chemical used, application rate, weight of each
amphibian, soil concentration, tissue residue

* We generate predictions for physical + chemical
properties using OPERA v2.5 —octanol-water
partitioning, molecular weight, biodegradation
half-life, etc. st LS Chemiton 018 101

https://doiorg/10.1186/513321-018-0263-1 @ Journal Of Cheminfﬂrmatics
RESEARCH ARTICLE Open Access

OPERA models for predicting ®-
physicochemical properties and environmental
fate endpoints

173

Kamel Mansouri , Chris M. Grulke', Richard S. Judson' and Antony J. Williams'
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Approximate Bayesian computation (ABC)--Setup

We don’t know other important input

parameters; we want inference on these [
so we canh generalize the model to other | B rp—

amphibian Spp and pestiCideS ®' E Fraction of exposed surface area

Time spent per patch exposure

Collated experimental data as our observations Observed body burden data, » ' Absorpion fraction

Prior Distribution

Y = (y]_) o '}yn) -~ 7

/ o} \
Vector of known parameters i
Vector of unknown parameters P (3)
— i 1) Standard maximum \‘\ _ N simulations of
(e 9 170 en) a bOUt these O bse rvat|0 nS likelihood approach (unbiased) — l){/ .\ D given parameter ©, @
O is a random quantity that is SampIEd 2) Altered acceptance criterion @ g D : T
: et : to adjust for underpredicti T "
from a prior distribution (O |A) D TR .o <e _— @
A being a vector of hyperparameters—accounts rancs it ceermines fconpuiod MUl gnertonsl rosteriorisibufion o1,
for variability across study x chemical x species e s e ™Y untilcrterion improves by < 1%/

\\\ //,

combinations

] 16
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ABC—Sequential Monte Carlo

@

Parameter ©

Observed body burden data, D

1) Standard maximum
likelihood approach (unbiased)

2) Altered acceptance criterion
to adjust for underpredictions

Poisson exposure term

Fraction of exposed surface area

Time spent per patch exposure

Prior Distribution

.;//-..--- - e

n simulations of
D given parameter

@
o.myss = @

Acceptance criterion, where ¢ is
tolerance that determines if computed

| summary statistic, D, is acceptably

close to observed data, D

Multiple generations of
— improved simulations continue
until criterion improves by < 1%

Absorption fraction

]

_—

,/I

©)

Posterior Distribution of ©,

We want to find the distributions of our
unknown parameters--this will allow us to
generalize the model to other amphibian
spp x pesticide combinations

We generate proposal simulations from the
prior distributions, calculating predicted
body burdens

Compare predictions to the observed body
burdens, use particle filtering to accept-
reject proposals, based on a fitness
criterion

Once we get 5k accepted proposals, we
update our priors (MLE) based on the
inputs from the accepted simulations

Multiple generations of this iteration
approach, until the stopping criterion is
met

17
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Simulations vs Observations
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e Conclusions

Calculated dietary, inhalation and dermal doses, parameterized for terrestrial
vertebrate classes: Amphibians, Birds, Mammals, Reptiles

Amphibians/Reptiles get significant percentage of dose from dermal in simplified
model, Birds/Mammals less so

Lots of uncertaintY about inputs and form of a more refined amphibian dermal
exposure mode

ABC-SMC allows for inference on these unknown parameters when we have
observations with some known parameters

Resulting probability model can be used for other species x pesticide combinations

Modh;ication)ﬂs for regulatory use, ensure sufficient degree or protectiveness (issues
with MLE

Implications for eco risk endpoint selection, also assessment of threatened and
endangered amphibians

AB%—SMC robust approach for regulatory decision-making under uncertainty, combine
the

ABC-SMC is customizable, we can build in a safety factor to the observations or layer
other decision rules to the particle filtering approach while maintaining the
metanalysis type incorporation of the observations
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