
Paul Schlosser
Center for Public Health and Environmental Assessment (CPHEA)

U.S. Environmental Protection Agency

Office of Research and Development
Center for Public Health and Environmental Assessment

SOT Biological Modeling Specialty Section (BMSS) Webinar

January 14, 2022

Not a One-Size-Fits-All Solution: 
EPA’s Flexible PBPK Template Software Exactly 

Replicates Many Models 
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Mathematical 
representation of body 

tissues, blood flows, and 
other processes to 

describe ADME.
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Model parameters are 
based on anatomy, 

physiology, and 
biochemical properties.
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Motivation

PBPK

Published Paper

PBPK

Computer Model

Quality Assurance

PBPK models allow for extrapolations in chemical risk assessments, but we need to 

evaluate the models before applying them!

A quality assurance 
(QA) review is 

needed!

Does the computer 
implementation 

match the published 
paper?
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Reporting template 
(Cecilia Tan’s presentation) 
should assure good quality 
documentation of model 

features and details.

How can we quickly and efficiently check 
the computer implementation?



Key points of PBPK model selection process

• EPA seeks to use PBPK models published in the scientific 
literature if they appear to be the best available science 
based on the paper
• Often multiple models to choose from

• Usually don’t try to re-fit parameters

• Deference to judgment of peer reviewers

• If the model structure (code) is changed, the model’s fit 
may be degraded
• Hence, goal is to exactly replicate model structure, equations
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Previous ad-hoc QA process

• Early in EPA’s PBPK review process (less formal then), code for what 
appeared to be the best published model was not provided
• EPA could not replicate model results shown in paper

• Months of effort

• Were parameters changed for different plots?

• Conclusions:
• A PBPK model is not available science if code isn’t available

• Will not try to replicate models without code

• Remaining issues:
• Primary model file may not be sufficient by themselves

• QA of code (and scripts) still requires checking line-by-line
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"Frustration (was: threesixtyfive | day 244)"
by Sybren A. Stüvel

Is licensed under CC BY-NC-ND 2.0

https://www.flickr.com/photos/73509078@N00/2468506922
https://www.flickr.com/photos/73509078@N00
https://creativecommons.org/licenses/by-nd-nc/2.0/jp/?ref=openverse&atype=rich


Newer Challenges of Availability & External Review

• Computational models used by the EPA in support of regulations 
(including PBPK models) should be publicly available

• Reviewers should be able to access and run the models

• Legacy software (acslX) is no longer available
• Magnolia is now available to run .csl models, but we were uncertain of its 

longevity, ongoing support.
• For EPA IRIS assessments (chemical-specific PBPK models), we have been 

using a combination of R and MCSim
• R is maintained by a very large user community and (also) freely available
• MCSim models can be compiled, significant computational advantage

• Use of R requires conversion of acslX model code
• There is RMagnolia, that I have not yet explored, but appears to offer 

equivalent functionality without the need for .csl conversion
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Could a Single Model be Sufficiently Flexible to 
Accurately Reproduce Many Specific Models?
How would that work?

• Existing models already have features that can be                       
“turned off” by setting specific parameters to zero.

• Easy to imagine: 
• Extra tissue compartments can be left unused if blood flow is set to zero

• Optional metabolic pathways are turned off if Vmax or k is zero

• A single model code with enough optional features should be able to 
subsume many specific models, matching them exactly

• The EPA has begun development (with QA) of such a code, called…

9

PBPK

Computer Model



10

The PBPK Model Template

• The template uses a single 
model structure (.model file) to 
implement a variety of models.

• Models are matched exactly, 
with no loss of detail.

• Generic model equations in the 
template are reviewed using a 
rigorous QA process, so don’t 
require additional review for 
specific models.

• Only model parameters need to 
be reviewed.

Template

PFHxS

PFOA/PFOS

Chloroform

DCM

Methanol



The first version of the PBPK model template could 
implement PFAS PBPK models.
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• This work was presented by Bernstein et al. (2021).

https://doi.org/10.1093/toxsci/kfab063


Case Study: PFHxS PBPK Model

The PFHxS PBPK 
model of Kim et 
al. (2018) was 
implemented 

using the 
published 
parameter 

values.
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Case Study: PFHxS PBPK Model

• We matched some of the 
published results.

• However, model-
predicted liver PFHxS 
concentrations were 
lower than the published 
results, leading us to 
quickly identify an error.

• We implemented and 
reproduced published 
results for 4 other PFAS 
using the template.
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Blood flow rate 
leaving the 

liver was too 
low in the 
published 

model. 

(It did not 
include blood 
flow entering 

the liver via the 
portal vein!)
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Mapping PFAS PBPK Models to Template



Extending the template to accommodate more chemical 
specific models – current focus on VOCs
• New challenges: differences in gas exchange 

and lung tissue structure, central blood 
compartments

• First example: PBPK model for methylene 
chloride (dichloromethane, DCM)
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Results for DCM reproduced

• Closed chamber air 
concentration data and 
predictions are shown for 
100-1,000 ppm initial 
concentrations.

• Template implementation 
matched the published 
output to within 0.5%.
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Features added to implement 
the PBPK model for methanol
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Results for methanol reproduced

• Blood concentration data 
and predictions are shown 
for 100-20,000 ppm, 8-hour 
exposures.

• Template implementation 
matched the published 
output to within 0.003%.
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Implementation of published model for chloroform: no new 
features needed!
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Results for chloroform reproduced

• Blood concentration data 
and predictions are shown 
for a 100- ppm, 6-hour 
inhalation exposure.

• Template implementation 
matched the published 
output to within 0.3%.
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PBPK Model Template: Current State

• The PBPK model template is coded using R and MCSim.

• The template now encompasses various PFAS and VOCs.

• Features are selected and parameter values set using an 

Excel input file.

• Large discrepancies between template-based predictions 

and published results identify errors in PBPK models.

• QA of template-implemented models only requires checking 

of parameter files, unless a large discrepancy is seen.
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PBPK Model Template: Future Work

• Features we plan to add:
• Menstruation and lactation as excretion pathways

• Dermal route of exposure

• Time-dependent life stage modeling – pregnancy, growth

• Tracking metabolites in addition to parent compounds

• Preferably: keep a single model code file “under the hood”

• Implementing such a wide range of options in a single 
model, with a manageable input file, will be challenging
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Thanks for your attention

schlosser.paul@epa.gov
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