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Ecological Risk Estimation for Registration and 
Effects Assessment

• Tiered ecological risk for 
pesticides (effects determination, 
registration)

• Must clear external review
• Complex problem- many 

combinations of:
• species, 
• chemicals, 
• physical settings, 
• data sources, 
• application rates/methods;
• often a spatial component.

• Many lines of evidence and 
models are evaluated for a 
pesticide registration.

U.S. Environmental Protection Agency – FIFRA assessments have evolved over time
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U.S. Environmental Protection Agency – Program Office develops a lot of their own models 4
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https://www.epa.gov/pesticide-science-and-assessing-pesticide-
risks/technical-overview-ecological-risk-assessment-1

https://www.epa.gov/pesticide-science-and-assessing-pesticide-risks/technical-overview-ecological-risk-assessment-1
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https://www.efsa.europa.eu/en/consultation
s/call/170410

https://www.efsa.europa.eu/en/consultations/call/170410
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Amphibian Dermis and Exposure

Comparatively thinner 
stratum corneum

Less keratinized 

Lack outer 
hydrophobic 

barrier

Gas & water 
exchange

Highly vascularized seat 
patch

Water transport
via 

aquaporins



Office of Research and Development

Image: Steve Garvie
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Amphibian dermis 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
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Mammalian dermal

Hydrophilic (low Kow) and lipophilic (high 
Kow) molecules have separate pathways 
for dermal exposure in humans
For humans, lipophilic molecules get the 
most attention with a focus on non-ionic 
(neutral, lipophilic) chemicals for dermal.
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The seat patch

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

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.
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Behavioral Assumptions are Important
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Burrowing behavior

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. 

Also while burrowing for long periods of time they ingest 
shedded skin, adding a dermal component to the 
ingestion scenario.
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Agriculture Habitat

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

Fryday & Thompson 2012
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Amphibian Movement Behavior

•Seasonal, Night/Day
•Additive exposures over time
•Specific behaviors can increase or 
decrease exposures
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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, terrestrial amphibians are more likely to use soil 
water or puddles as rehydration sources – with higher 
pesticide concentrations.

Behavior can amplify exposures beyond ‘conservative’ 
screening assumptions, or decrease exposures.

Amphibian dermal contact can be a key exposure 
pathway compared to non-amphibian receptors.
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Dermal contact approaches for eco risk

Higher trophic level ecological risk assessment endpoints 
are usually mammals and/or birds (surrogates)

Dermal exposure is generally assumed to be negligible for 
birds and mammals (Suter 2006)

Hope (1995) recommended 2 dermal models:
1) organism is exposed to all contamination in soil it is in 
contact with while at rest

2)

These one-size-fits-all models can seem conservative, but 
they may underestimate
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Physical differences in skin causes differences 
in empirical permeability rates – cm/hour

Number of studies available for mammals, few 
for non-mammals.

Permeability coefficient is primarily a function of 
hydrophobicity - log(Kow) - and molecular 
volume or perhaps could be empirical

Estimating dermal dose with Kp
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Measured dermal permeability 
coefficients
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Initial modeling study--Relative 
pathway exposures

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

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

Range of Kow.
Compare total dose between classes 

and relative contribution of dermal.
No tox comparisons, just looking at 

exposure.

Weir et al. 2010.  Ecological risk of anthropogenic pollutants to reptiles: 
Evaluating assumptions of sensitivity and exposure.  Environmental Pollution, 
158:3596-3606.

Field Metabolic Rates (Nagy 2005)
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MC of Dietary, Dermal and Relative 
Dose Estimates
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Initial Modeling Exercise Conclusions

Calculated dietary and dermal doses, 
parameterized for Amphibians, Birds, Mammals, 
Reptiles

Amphibians/Reptiles may get significant percentage 
of dose from dermal, Birds/Mammals not so much.

Significant uncertainties and data limitations for 
assessing dermal exposure: needs – data!, dermal 
properties, aquaporin impacts, seat patches, soil 
water, chemical property effects, etc.

We decided to conduct some amphibian exposure 
studies.
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Rearing Amphibians

S. Leopard Frog Fowler’s 
Toad

Gray 
Treefrog
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Exposure Methods
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Sample Extraction
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Protocol Development

Whole body frog tissue, livers, soil, water extraction 
methods

Methanol and MTBE solvents

GC/MS & LC/MS analysis of pesticide body burdens, 
metabolomics



Office of Research and Development



Office of Research and Development

Selected Research Questions

– Is hydrophobicity (using Kow as a proxy) a useful predictor like it is on other 
terrestrial vertebrates?

• Answer: not so much. Van Meter et al. 2014, Environmental Pollution.
– Is there a significant difference between direct (aerial) and indirect (soil) 

exposures for dermal uptake?
• Answer: Yes, significant difference. Van Meter et al. 2015. Environmental Contamination 

and Toxicology.
– Does soil organic carbon content impact amphibian uptake?

• Answer: Yes, high OC content significantly negatively impacts uptake. Van Meter et al. 
2016

– Can we quantify hepatic microsomal metabolic rates of pesticides with known 
degradates?

• Yes, for commonly applied pesticides in south Georgia. Glinski et al. 2018a.
– Can we identify changes in metabolic profiles for exposed amphibians versus 

controls?
• Yes, Snyder et al 2017, Aquatic Toxicology. Van Meter et al 2018, Glinki et al 2018b

– Can we quantify forested exposure concentrations experienced by treefrogs?
• Yes, pesticide concentrations characterized in stemflow and canopy throughfall in south 

Georgia. Glinski et al. 2018c.
– Does the hydration status of an exposed amphibian affect dermal uptake?

• Answer: Yes, but in the opposite way that we expected. Glinski et al 2018c.
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Amphibian Exposure Database

Each published study tests a hypothesis but also added another 
terrestrial amphibian exposure database to the literature.

Species used: Barking treefrog (Hyla gratiosa), Green treefrog (Hyla cinerea),  
American toad (Bufo americanus), Southern leopard frog (Lithobates
sphenocephala), Fowler’s toad (Anaxyrus fowleri), Eastern narrowmouth toad 
(Gastrophryne carolinensis)
Amphibians reared in Athens (field collected adults -> fertilized eggs -> 
metamorph stage)
Pesticides used in the lab: Imidacloprid, Atrazine, Triadimefon, Fipronil, 
Pendimethalin, Metolachlor, Bifenthrin, Tebiconazole, Chlorothalonil.
Pesticide applications at maximum labeled rates.   
Untargeted analyses of field caught amphibians and associated exposure 
concentrations in south Georgia

We have combined these data sets into a single data set for testing 
amphibian dermal exposure models
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Collated dataset is now published (in 
press IEAM) and publicly available

https://github.com/amphibian-exeff/purucker_dermalcollation

https://github.com/amphibian-exeff/purucker_dermalcollation
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Metadata

1158 observations of 
tissue residues in 11 
amphibian species 
across 14 different 

pesticides.
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Dataset



Office of Research and Development

Exposure data set utility

This data set can be used to test the protectiveness and 
accuracy of amphibian dermal exposure models
• We have tested screening models to ensure that they 
do not underpredict body burdens

• Can be used by us (and others) to evaluate screening 
and higher tiered models of dermal exposure

This is only one aspect of amphibian exposure modeling, 
but an important area where not much info was available
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Testing existing/proposed models

We have used this dataset to test the dermal component 
of TIM and a proposed EFSA modification
Can also be used to test other surrogate models in use, 
proposed models at different tiers
Comparing to available field data to estimate differences 
between post-exposure field and laboratory body 
burdens
Lower-tier models can be evaluated to ensure that they 
do not underpredict body burdens, higher-tier models 
can be evaluated/calibrated for accuracy while ensuring 
protectiveness
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TIM Dermal Exposure Algorithm 
(Direct Interception)
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EFSA Modification
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Model ratios: 
(Model_Predictions/Observations)

Model 
overpredicts

Model 
underpredicts

Comparison of 
model predictions 
to observations

model under Factor10
tim_default_direct 0% 11.9%
tim_amphib_direct 11.3% 63%
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Why the difference?
We have used this dataset to test the dermal component 
of TIM (based on birds) and a proposed EFSA 
modification (using amphibian surface area)
Can also be used to test other surrogate models in use, 
proposed models at different tiers
EFSA uses Hutchison modification
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Ongoing work- field data 
collation
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Field v Lab Data 
(Pesticides combined)

Field

Lab
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Ongoing work
We are also leveraging this dataset to parameterize and 
test alternative candidate models
Trying different model constructs, physical properties, 
exposure assumptions, etc.



Office of Research and Development

Status and Next Steps

Dermal exposure for amphibians is an important route for 
many species and habitat combinations (T-Rex covers 
ingestion, TIM adds dermal)
We have published a collated data set that can be used to 
evaluate existing and proposed dermal exposure 
algorithms
The USEPA current TIM dermal approach is protective 
(though perhaps not for the right reasons)
The proposed EFSA modification with amphibian surface 
area modifications is logical but problematic (for screening)
This data set can be used to evaluate new fit-for-purpose 
amphibian-specific exposure algorithms at different tiers
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