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Presenter Notes
Presentation Notes
Hello Everyone, Thank you for joining us today for the Occupational Exposure Workshop. During this presentation, we will go over modeling and monitoring approaches for occupational dermal assessments followed by a period for discussion. Please save any questions or comments to the end of the presentation and we will discuss as a group.
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Presenter Notes
Presentation Notes
Occupational exposures occur in several industrial and commercial activities such as chemical manufacturing, processing, distribution, as well as a broad range of other Conditions of Use that are considered under TSCA, which was noted in an earlier presentation by Catie Taylor. A worker may contact the chemical through several pathways as shown in the figure, and the receptors for occupational exposures that we consider consist of both workers and occupational non-users. Occupational non-users are those who work near the chemicals but do not handle them directly, such as custodians or office personnel. These receptors may be exposed through one or more routes; however, the focus of the presentation today will be the dermal route of exposure. Specifically, the purpose of this talk will be to discuss dermal modeling and monitoring approaches for estimating occupational dermal exposures, and to elicit feedback on these approaches. On the next slide, we will look at models for assessing dermal exposure.




Models for Assessing Dermal Exposure
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Dermal Model for Finite Doses – Fractional Absorption

Dermal Model for Infinite Doses – Flux-Based Permeability

Model Applicability
• “Splash-type” exposures
• Non-immersive and non-occluded scenarios
• Liquids: <  10 µL/cm2, Solids: 1 – 5 mg/ cm2

(OECD 428 Guideline for Skin Absorption Testing)

Model Applicability
• Continuous supply of chemical against skin
• Immersive or occluded scenarios 

 Example: Material trapped under glove
• Liquids: >100 µL/cm2, Solids >10 mg/ cm2

(OECD 28 Guidance Document for the Conduct of Skin
Absorption Studies)

Challenge: 
Choice of model for a given 
scenario is not always obvious

𝑫𝑫𝒆𝒆𝒆𝒆𝒆𝒆 = 𝑸𝑸𝒖𝒖 × 𝒇𝒇𝒂𝒂𝒂𝒂𝒂𝒂 × 𝑺𝑺𝑺𝑺 × 𝑭𝑭𝑭𝑭 × 𝒀𝒀𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅
Dexp = Dermal Exposure (mg/day)
Qu = Dermal Loading (mg/cm2-event)
fabs = Fractional Absorption
SA = Area of Contact (cm2)
FT = Frequency of Contact (events/day)
Yderm = Weight Fraction of  Chemical

𝑫𝑫𝒆𝒆𝒆𝒆𝒆𝒆 = 𝑲𝑲𝒑𝒑,𝒄𝒄 × 𝑪𝑪 × 𝑺𝑺𝑺𝑺 × 𝒕𝒕𝒆𝒆𝒆𝒆𝒆𝒆
Dexp = Dermal Exposure (mg/day)
Kp,c = Skin Permeability Coefficent at Conc. C (cm/hr)
C = Chemical Concentration (mg/cm3)
SA = Area of Contact (cm2)
texp = Contact Time (hrs/day)

Presenter Notes
Presentation Notes
When it comes to assessing dermal exposure, there are two models typically considered: one that is applicable to finite doses and is based on a fractional absorption approach, and the other that is applicable to infinite doses and is based on a flux-based permeability approach. 

A fractional absorption model (shown on the upper right side of the slide) is typically applicable to splash-type exposures, which are non-immersive and non-occluded in nature, with lower levels of dermal loading. 

A flux-based permeability model (shown on the lower right side of the slide), this is typically applicable to exposures where there is a continuous supply of chemical against the skin which may be immersive or occluded. One such occluded scenario that occurs in the workplace is when chemical is trapped underneath the gloves, where chemical evaporation is inhibited by the glove barrier. 

However, one challenge here is that the choice of model (fractional absorption or flux-based permeability) is not always obvious for a given scenario. For instance, OECD defines a finite dose for solids as 1 -5 mg/cm2 and an infinite dose for solids is greater than 10 mg/cm2. What about scenarios where dermal loading is in between, such as 7 mg/cm2? This is just one example to illustrate the challenge that the choice of model is not always obvious based on conditions of the exposure scenario. On the next slide, we will look at approaches for modeling and monitoring key dermal exposure parameters.




Modeling and Monitoring Parameters of Dermal Exposure

PARAMETER MODELING APPROACH MONITORING APPROACH

DERMAL 
LOADING

Knowledge-based models: RISKOFDERM, DREAM
Study Examples: Cinalli 1992, Lansink 1996

Challenge: Models and studies may not be applicable
to all representative conditions

Interception methods: Gauze, Charcoal pad
Removal methods: Wiping, washing

Challenges: 
• Monitoring of volatile substances
• Representativeness of monitoring data

FRACTIONAL 
ABSORPTION

NIOSH model: Finite Dose Skin Permeation Calculator
AIHA model: IH Skin Perm

Challenge: Models may not be applicable to all
representative conditions

In vitro absorption testing: 
Human & Animal Skin

In vivo absorption testing: 
Animal with PBPK modeling

Challenges: 
• Study conditions (e.g., diluents)
• Utilization of data (e.g., in vitro/in vivo

extrapolation)

SKIN 
PERMEABILITY 
COEFFICIENT

Statistical regression: Model using p-chem properties 
(Kow, MW) and regression analysis of chemical dataset
Regression Example: Potts & Guy 1992

Challenge: Models may not be applicable to all
representative conditions
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Presentation Notes
Now, looking at how we can use modeling and monitoring approaches to obtain condition-specific values for a few significant dermal parameters. The key here is to keep in mind that these parameters are specific to the condition of use being evaluated. 

Let’s begin with a quick review of modeling approaches for these three dermal parameters. As we see in the middle column here, there are various models and studies available that can be used to predict dermal loading, fractional absorption, and skin permeability coefficient. However, the challenge with utilizing these models and studies is that they may not be applicable to all representative conditions under investigation in a TSCA risk evaluation. 

Looking to monitoring approaches in the right-most column, beginning with dermal loading, there are various methods of interception and removal that can be used to quantify dermal loading. However, challenges have become apparent with respect to dermal monitoring, such as the monitoring of volatile substances and the representativeness of monitoring data for a condition of use. 

Lastly, monitoring approaches for determining empirical values of fractional absorption and skin permeability coefficient include in vitro and in vivo absorption testing; however, utilizing these types of data can present challenges as well. Specifically, study conditions such as diluents or co-formulants used in absorption testing can drastically affect results, so data from a single diluent or concentration may be lacking information. Also, there can be notable differences between in vitro and in vivo absorption, and it can be challenging to extrapolate in vitro data to in vivo conditions. On the next slide, we will summarize the challenges and opportunities in dermal exposure assessment. 





Challenges and Opportunities in Occupational Dermal Exposure Assessment

Challenge 1: Selecting appropriate dermal exposure model for given exposure scenario
 Opportunity - Development of clear decision logic for choosing appropriate dermal model

Challenge 2: Modeling dermal exposure parameters
 Opportunity - Development of more robust models that are applicable to broad range of conditions

Challenge 3: Dermal monitoring in the workplace
 Opportunity - Protocol development for dermal monitoring of volatile substances

- Clear decision logic for representative monitoring based on condition of use

Challenge 4: Utilization of in vitro and in vivo dermal absorption testing data
 Opportunity - Dermal absorption testing that accounts for representative conditions

- Further studies to compare in vitro and in vivo absorption results

Challenge 5: Incorporation of tiered approach for occupational dermal exposure assessments
TIER 1: Conservative Assumptions, TIER 2: Published Literature Values, TIER 3: Condition-Specific Evaluation
 Opportunity - Streamline dermal exposure assessments through efficient tiered approach
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Though there have been improvements with respect to dermal exposure modeling and monitoring in recent decades, there are several challenges and opportunities when it comes to dermal exposure assessment. 

First, we can consider the challenges associated with selecting the appropriate dermal exposure model for a given scenario, as the distinction is not clear for some scenarios. For example, if a worker is wiping a surface with a rag for 30-min, should this be modeled with a flux-based model or a fractional absorption model? The answer may not be very straightforward. Therefore, it seems that development of a clear decision logic for choosing the most appropriate model to estimate dermal exposure for a given set of conditions would be greatly beneficial for dermal exposure assessors. 

Next, let us consider challenges and opportunities associated with modeling dermal exposure parameters. Often, it is not possible to utilize existing models or studies in such a way that accounts for the reality of an exposure scenario including worker activity, chemical concentration, and composition of formulation. Existing models and studies may not be representative of the condition being assessed. Therefore, development of more robust, verified models that are applicable to a broad range of conditions remains as an opportunity for the modeling of dermal exposure. 

Another area of focus is dermal monitoring in the workplace. Measuring dermal exposure to volatile chemicals seems to present challenges, as highly volatile chemicals may evaporate before the load is measured. Also, it is very important to make sure that the sampling method captures data that is representative of the condition of use. Therefore, method development leading to a verified protocol for dermal monitoring of volatile substances seems to be a great opportunity, as well as methodology for sampling in such a way that captures representative data for the condition of use. 

Moving on to Challenge 4: Utilization of in vitro and in vivo dermal absorption testing data. Because we are using dermal absorption data for particular conditions, we need the absorption studies to reflect the conditions under investigation. Therefore, dermal absorption testing that accounts for representative conditions, such as analysis of multiple diluents, as well as further studies that compare in vitro and in vivo absorption results, are large areas for opportunity in dermal exposure assessment. 

Lastly, the challenge of incorporating a tiered approach within dermal exposure assessments is one that requires much thought and discussion, as noted in an earlier presentation by Rehan Choudhary. The idea behind a tiered approach would be to first consider conservative, higher-level exposures and then move to more refined estimations if risk is determined within the more conservative tier. The exact approach has yet to be defined, but could present an opportunity for more efficient and streamlined occupational dermal exposure assessments in the future. 



THANK YOU FOR ATTENDING

QUESTIONS/COMMENTS/DISCUSSION
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Presenter Notes
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Thank you for attending the Occupational Exposure Workshop today, and I would like to open the floor to questions, comments, and discussion.


	Dermal Exposure Modeling and Monitoring for Occupational Exposure Assessments

J. Aaron Murray
U.S. Environmental Protection Agency
Office of Chemical Safety and Pollution Prevention
	Pathways and Routes of Exposure
	Models for Assessing Dermal Exposure
	Modeling and Monitoring Parameters of Dermal Exposure
	Challenges and Opportunities in Occupational Dermal Exposure Assessment
	THANK YOU FOR ATTENDING

QUESTIONS/COMMENTS/DISCUSSION

