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PREFACE

The Exposure Modelling Sector of the Physical ahér@ical Exposure Unit, Institute for Health and
Consumer Protection of the European Commissionig Research Centre, organized a series of five
specialized Workshops orf Consumer Exposure Models Inter-comparison (Phase) I+
Framework/Policy and Research/Science major issueghese workshops, were held in June 20-24,
2005, in Intra (Italy), and constituted the top mvef the activities of the Global Net on “Consumer
Exposure Modelling” for 2005, a growing consortiwhexpert model developers and users from
Europe, America, Canada and Asia, aiming at harmmogi and validating existing consumer
exposure models on the basis of common procedmetprtocols. This activity is contributing to
the consumer exposure assessment efforts of the URGHE: supporting the EU General Product
Safety Directive 2001/95/EQ and providing technical support to aspects of REARegistration,
Evaluation and Authorisation of CHemicals

During the first Global CEM Net Workshop orCénsumer Exposure Models Inter-comparison
(Phase I) — The state of the science and reseagedheld in Ispra, on 26-27 of October 2004, the
need on focusing on five major topics was iderdiftencerning model harmonization and validation.
A series of five Workshops has been then organiredune 2005, based on the draft agendas
prepared in the first Global CEM Net Workshop, dealvith the following five major topics:

Research/Science

Workshop no. 1- “Dermal transfer and penetration algorithms”
Monday 28'to Tuesday Z1of June, 2005

Moderator: J. J. van Hemmen

Rapporteur: K.E. van der Jagt

Workshop no. 2— “Source characterization, transport and fate”
Monday 28 to Tuesday Ziof June, 2005

Moderator: M. Jayjock

Rapporteur: A. Arvanitis

Framework/Policy

Workshop no. 3— “Exposure modelling framework/model management issisé
Wednesday 22 of June, 2005

Moderator: M. Jantunen

Rapporteur: A. Arvanitis

“In-between”

Workshop no. 4— “Exposure-related data”
Thursday 2% of June, 2005

Moderator: J. van Engelen, C. Money and P. Price
Rapporteur: A. Arvanitis

Workshop no. 5— Scenario development

Friday 24" of June, 2005

Moderator: J. van Engelen

Rapporteur: A. Arvanitis
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The Workshop no. 1 on“Dermal Transfer and Penetration Algorithms” held on Monday 20
and Tuesday Z1of June 2005.

The general rationale of this workshop was:

Many chemicals pose potential problems upon humammal exposure. This requiresan
estimate of dermal uptake, based on experimentd da mathematical modeling for risk
assessment purposes.

This specific workshop (Dermal transfer and periemaalgorithms) addressed two general areas
separately; viztransfer to the skin andpenetration algorithms.

The purpose of this workshop was:

1. To survey and discuss the general state-of-therse of the methodology for assessing dermal

penetration.
2. To identify recommendations for next steps idefimg dermal exposure to consumer products
and then prioritise the recommendations for futtgsearch.

The focus of the workshop was not on specific arfxsts but on the identification and development
of general modelling constructs capable of desugibihe relevant factors for the multitude of
substances impacting and penetrating human skin.

The expected duties of and opportunities for thiéigpants have been to:

1. Provide feedback and material to the Workshguoreto be drafted by the Moderator
before, discussed during and finalised afier Workshop.

2. Formally or informally present relevant researttiat they have done or have specific
knowledge of, relative to these two generaharef study.

This was done by covering at least the followirspes:

a. How to use JRC EIS-Chemrisks “ExpoData” to hatiive research needs?

b. How to address regulatory policy, specificallg Buidance Document on Dermal
Absorption dated 19 March 2004?

c. Considering the tiered approach to modellingndal exposure, what sort of approach is
necessary? A simple approach to screen manyichés or a refined approach to estimate
chemical specific dermal exposure?

d. What are the data needs for modelling dermabseype to consumer products?

e. Which dermal exposure models are readily avéland documented (either separate or
integrated)?

f. How to address dermal uptake (experimental andet) uncertainty and variability?

g. How to “compare or corroborate” model predictiso experimental results?

h. What are the top priority dermal exposure cheisiproducts/scenarios?

In previous workshops, formal presentations inflemary session by the participants have signifigan
helped to set the tone for subsequent discussikmsuch, participants were encouraged to preseitt th
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(and others) work. They were also kindly askeddwise the Workshop Moderator concerning the topic
of the presentations and time required. The JRCdaoator and the Workshop Moderator have in turn
planned the workshop potentially balancing the ath@es of these presentations with the time auailab

Since this specific workshop followed straight affee workshop on a similar subject took placehat t
OEESC-2005 (in Stockholm, mid June 2005), sevdrtieparticipants of this Workshop may be at both
workshops. This means that the results of the &tlak workshop were presented in this Workshop and

taken further ahead.

The report of this Workshop as well as other relatecumentation could be downloaded from the
following Global CEM Net Website:

http://cem.jrc.it/cemdb/gstart.php

IR

g =1 oo |Lns”
BT consumer Exposure Modelling Tools 1}{”}7 i

Instit for Health & Cons

The wposure Modellng Task Force (CEM TF) activty makes integral part of the
THESAS-Chem Action (Totel Human EXposure Assessment for Chemicals) of the THCP's
(Ensitute for Health & Consumer Protection) PCE (Physical and Chemical Exposure) Uit
: “This activiy has been mofivated from the need to proceed with the harmomsaﬂon and validation of
consumer exposure models in EU which has be inte:

This activity is meant as being o

the CEFIC/LRI Ezposure Fal:tor ook pr rdinated . the J'RCV]HCP

EIS-CHEMRISKS (funded by DG SANCO) and SEXPO and EUSES projects, with

the ultimate goal to harmonise and validate existing consumer exposure models with particular
on those use

to make an inventory of existing = osure models (w:th special foc
odels), to identlfy harmonisat aldat s an
finally to proceed with the - oo o an
models based on specific scenarios

More specifically, the CEM TF is working out an inventory on existing exposure models (with
pam:ular emphasis on consumer exposure models) on the basis of model fa:t sheets that have
been preparcd on the basis of info collected from different sources concerning (a) existing
exposure models, (b) exposure studies in EU/USA and models employe: dmLhmand( ) degree
of exposure models validation.

B

e through all models
Browse through or compare specific features of all the models available in the database

Model selection guide
The model selection guide helps out a user who has a specific applicafion in mind to select the
appropriate model(s). Through this form the user builds a mode] profil step by step by selecting
predefined features of his application needs. The outcome s a list of the dafabase models which
it this profie

Keyword search
Reyword search performs a free text search through the feaures of all models.

Word(s).

| E
[&1Bme [0 (@ et
A Stan | BRIES: nvocton - Nelscape | 533Foto d Atene perBiogou .| 53 e Frd SHEDS specker .| (3 Exloing - Aindoot_noie. | &]CEMDE - Micosotntene | []icoselt PoweiPorn-ICE. | 7.258M
| WEm

Dr. Stelios KephalopouloéGlobal CEM Net Coordinatoy
Dr. Joop J. van Hemmer(Global CEM Net Workshop no. 1 Moderatpr
Dr. Katinka van der Jagt (Global CEM Net Workshop no. 1 Rapporteur
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INTRODUCTION

The Global Net on “Consumer Exposure Modelling” sponsored by the Physical-Chemical
Exposure Unit of the Joint Research Center of theogean Union in Ispra. It focuses on
development, and international harmonization antida@on of consumer exposure modeling
approaches.

In the context of a series of five workshops orgadi by the Global CEM Net in June 2005, a
workshop was held that focused on the skin absormf chemicals “Dermal transfer and penetration
algorithms”. In fact this workshop can also be sesna follow-up and further extension of a
workshop held at the international Occupational BEndironmental Exposures of Skin to Chemicals
Conference in June 2005 at the Karolinska Instittenpus in Stockholm, Sweden. For that
workshop a preliminary white paper was preparedyekas a series of statements (8@pendix )
that formed the basis of the discussions.

Prof. Richard Guy (Method development and modellmmgharacterize penetration, absorption, dose,
and local effects resulting from dermal absorptiandl Dr. Nick Warren (Bayesian and probabilistic
exposure modelling) gave plenary key note lectdioeshe conference, whereas Prof. Annette L.
Bunge (Quantitative risk assessment), Dr. John i@héDermal exposure and uptake of chemicals
for systemic risk assessment) and Dr. Derk Brougratial and temporal variability of dermal
exposure) introduced some relevant issues to simtihe two-hour workshop discussions in order to
bring together the scientists working on dermalosxpe and those working on dermal penetration.

For the workshop held two weeks later in ltaly, fhreeliminary white paperAppendix 2 was
essentially the same as for Stockholm and formempless the basis as well as the boundaries for
discussions. The statements prepared for the Sabokivorkshop were also used for the present
workshop. The workshop was on invitation only afidoat three invited speakers and participants
did in fact join for the workshop. Professors Balemaugh, Richard Guy and James McDougal could
not make it for various reasons.

Each participant was asked to present his or lews/ion a subject that fitted in the major goal of
both workshops, which again was to bring togethes¢ working on dermal exposure and on dermal
penetration, as much as possible related to tHg wark of that participant. The main items on the

agenda for this two-day workshop are presentetppendix 3

The specific purposes of the workshop were:

1. To survey and discuss the general state-ofthese of the methodology for assessing dermal
penetration.

2. To identify recommendations for next steps imletiog dermal exposure to consumer products
and then prioritize the recommendations for futkggearch.

Further, within Europe greater application is dpated as a result of the forthcoming Registration,
Evaluation and Authorisation of Chemicals (REACHyiklation. It is foreseen that QSARs could
reduce greatly the cost of, and number of animsé¢siun, REACH. As a result there is an impetus to
provide guidance for the use of predictions fromARS for regulatory purposes.
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PRESENTATIONS

The presentations of all participants (see lispaiticipants inAppendix 4 on the first day of the
workshop, in so far as they cover scientific cohtanre summarized by themselves and presented in
the following pages. The summaries are presentédeirorder of the agenda. The oral presentations
were followed by a short discussion focused orhirrtlarifications where needed.
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DISCUSSIONS AND CONCLUSIONS

On the second day of the workshop (21 June 2088)discussions took place firstly in break-out
groups covering:

1) Use of Kp in risk assessment (algorithisas)l
2) Integrating exposure and absorption (how caeitdone in modeling approaches?)

The results of the break-out group discussions wegsented by the corresponding rapporteurs in a
plenary session and are summarised below. It sHmikbted that these are group presentations, not
necessarily accepted by all participants, as definwas the case for the general conclusions and
recommendations.

A list of research needs as deduced from the wogksliscussions is presented at page 17.
It is the intention to produce on the basis of discussions and result of the workshop a posterior

white paper (using as a frame the prior white pdpppendix ) that would then be submitted to a
known Journal.
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DISCUSSIONS OF BREAK-OUT SESSION 1

1. Use of Kp in risk assessment (algorithms)
(Mark Cronin, rapporteur of break-out sessioh 1

The remit of the group was defined as:
* How to use QSAR estimates
» Definition confidence limits on QSAR predictions
* How to use Kp in risk assessment
+ How to move to a different dose (concentrations)
» Effect of vehicle
* How to use finite dose
* Inclusion of lag-time with risk assessment to actdar exposure period
» Use of tiered approaches — max flux
» How should skin reservoir be handled

How to use QSAR estimates

QSARs may not be accurate enough to deal with sthalhges in formulation e.g. 1% - 2%. There is
a requirement to quantify the accuracy of QSARdmt®ns. Techniques are available to assign
confidence and at the edges of the domain thed®mde will be lower than in the center, and outside
of the domain uncertainty will be very low.

QSARs may not be able to make predictions beyormr@der of magnitude.
RecommendationGuidance may be required to use a QSAR

Definition confidence limits on QSAR predictions

A tiered approach could be envisaged when the egiplity domain is defined, then having the
ability to say that it is not possible to make adiction from a QSAR. Other solvents could be used
and QSARs developed for these.

Boundaries of confidence:
» E.g. Potts and Guy; log Kow -1 to 4.

Is octanol-water the best system for partitiongg, membrane-water systems?
To use a QSAR for skin permeation, we should usevéitiance and co-variance of the original data
set.

In current screening guidelines, should maximum Be used instead of Kp? Max Flux may be more
comprehensible for a risk assessor.

Maybe worth giving some worked examples in theedéht areas of domain of e.g. Potts and Guy to
help regulators.

Guidance on how to use QSAR, examples could bengive

RecommendatiorHow to assign confidence to a prediction.
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How to use Kp in risk assessment

Should we use QSARs on maximum flux or use QSARKprand multiply by a value for water
solubility (calculated or measured). Water soliypighould ideally be measured for chemicals under
analysis.

There are difficulties in calculating solubility dmelting point.

There may be some experimental data for compoungls selubility, melting point, although
prediction methods are available. Many data ardaila for solubility (e.g. IUPAC).

How do other vehicles alter the skin? Assume marinflux, this is independent of vehicle (unless
the vehicle permeates the skin). However a velmeyg change the flux. Is it possible to make a flux
estimation on a vehicle?

A possible concern is the proportion of chemicaihiw the reliable part of the applicability domain
(“happy domain”). If a QSAR will not deal with marghemicals there may be no need to worry
about use of Kp as there will be a requirementéasare flux.

RecommendatiorGuidance, don’t use Kp alone, use with waterlsitity, more effort on measuring
solubility

Effect of vehicle
Accessibility of data in a database for vehicled gossibly create an algorithm for use by risk
assessors.

Formulations are elaborate chemical mixtures desida target particular parts of an organism.
Volatility of solute / solvent may also be importan

The exposure routes for cosmetics and pesticided teebe considered. They will be different.
Exclusion criteria should be defined for QSARs d.gomething crystallizes out of a mixture.

Maximum flux is assumed to depend on water solybiii the epidermis. The epidermis is mainly
constituted of water, and vehicles that permeasavifil alter the solubility characteristics.

RecommendationsCollate and evaluate data, measure data, makgicpve models? Identify
vehicles where they will alter permeation — whéereré will be problems for risk assessment e.g. of
cosmetics.

Collect data (e.g. literature) for effects of difat solvents and affect on permeability, to assess
effect of vehicles.

How to use finite dose

Finite dose exposures, how to proceed... Finite despire 2 parameters e.g. permeability
coefficient and partition coefficient. Another QBAs required for the partition coefficient.
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Diffusion coefficients have little variability e.dor pesticides as there is a narrow molecular tteig
range, however for consumer products the rangebmayreater. Sufficient data are required for each
chemical to be able to derive fluxes, time of maximflux, etc., from finite doses, for lipophilic
chemicals in particular.

Tiered approach for use of Kp data; within each ti& enter an unknown area where more
information may be required.

Use Kp, max flux and, if exposure time is less tBaimes the lag time, use the lag time as exposure
time. This will take into account the reservoireeff of the skin.

To convert max flux to an amount transferred cdioes need to be made. If the estimated absorbed
amount from the maximum flux is higher than thendkiad, the absorbed amount should be equal to
the skin load (100% absorption).

Uniformity is required amongst exposure assessmengs from EU to US. E.g. Harmonization
programmes in US EPA. There is no requirement pinajrammes change procedures to achieve
uniformity.

A method to represent the calculations to obtafiormation from a finite dose experiment for
regulators is required. From the Kp and water-glartition coefficient the diffusivity is estimatdxy
means of differential equations the finite doseogtson is simulated. Half of the dose will be
absorbed at the lag-time.

RecommendatiomA method to represent or simplify the calculatido obtain information from a
finite dose experiment for regulators is required.

How should skin reservoir be handled?

Should effect of skin reservoir be included? lackepted in the UK that it should not be included:
e.g. stratum corneum. There are concerns howespecally for e.g. hair dyes, for cancer risk

assessment. Is it possible to put a figure (e.§0)58n how much of reservoir is bioavailable. Hair

dyes may be a special case; however, they mayeaabborbed. Nevertheless, the inclusion of the
skin reservoir in the risk assessment is still @ieotious subject.

The EPA Superfund document recommends to risk sgsefiow to deal with skin reservoir. Can
this be used as a template? Overall, skin resestmuld be included with some techniques to
determine uptake. Maybe this requires a scenasedaonsideration. Extending the exposure to 2 x
lag-time may eliminate these problems. If fluxasv| the absorbed amount will be low: the lag-time
is derived from the permeation coefficient andtstracorneum-water partition coefficient as below:

2
lagtime infinite dose = 65_D (houry

2
time max. absorption rate finite dose= g—D (houry

Psc* D

permeationcoefficien Kp = (cm/ hour)

Psc= 064+ 025* Kow® (partition coefficientSC/ water)
D = effectivediffusioncoefficier in stratumcorneu

} lI5age 15 Jln 98
0 = thicknessstratumcorneum
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Several approaches to deal with the skin researeirequired, some work is required to evaluate thi
further e.g. to collate data and investigate them.

There is variability in experimental lag time data.

QSAR for partitioning is required. Some partitionefficient data are available which may be
suitable for QSAR modeling.

Examples and guidance on how to compile data mayaheable to regulators. This could lead to
higher quality databases. Some guidance may alsedugred for partition coefficient measurement.
Also guidance on how to calculate the value ofipant coefficient (see above).

RecommendatiorQSAR for partitioning is required. Some partitiooefficient data are available
which may be suitable for QSAR modeling.

Other comments

Inter-laboratory variability of methyl paraben ttudy the same membrane. Over an order of
magnitude variation, making a saturated solutiors veanongst the most problematic issues.
Maintaining a saturated solution is difficult andsgibly a 50% solution would be better, for
lipophilic compounds. Revisit literature on effe¢tsolubility.

There is little uniformity in skin preparation etgickness, sources. This may be worth investigatin
For some compounds skin metabolism is importamhay make compounds pass through the skin at
a different rate.

Examples and guidance of how to compile data maydleable to regulators. This could help

develop higher quality databases. Some guidance atsy be required for partition coefficient
measurement. Also guidance on how to calculatedhes of the partition coefficient.
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DISCUSSIONS OF BREAK-OUT SESSION 2

2. Integrating exposure and absorption. What do weed from the modelers to improve risk
assessment?
(Cees de Heerapporteur of the break-out session 2

The need for a detailed look at dermal absorptiay tvoth be driven by the degree of exposure to
the compound as well as the toxicity of the commbun the absence of actual data, the extent of
dermal absorption can be assessed in a structuagdesg. by means of a tiered approach as is done
for the evaluation of pesticides within Europestrch a tiered approach, each higher tier bringgemor
refinement into the assessment. Much of the disoudscused on the (further) development of such
a tiered approach.

As a first tier, 100% absorption was considereceptable, although it was envisaged that often a
next tier has to be entered. However, if the méashemical on the skin cannot be well defined, the
maximum flux should be used instead of 100% abgmrph tier 1 (two parallel tiers). Examples for
the latter are specific exposures situations, schmmersion in a swimming pool and exposure to
vapors.

The modeling of dermal absorption could be oneha higher tiers, e.g. by means of PBPK
modeling. Since modelers for various reasons hapeessed a preference to model the permeation
coefficient (Kp) as an estimate for dermal absorptthe question was raised when we can accept a
kp for risk assessment purposes? It was recogiiedhe Kp is not a straightforward measure for
finite exposures and that the Kp is vehicle speciflaybe, however, the Kp can be used to rank
absorption at finite exposures. As an alternative,maximum flux, derived from saturated solutions,
may be an alternative product from the mathematieainal absorption models.

At present, QSARs are available to calculate thr fiom an aqueous solution. The solubility ratio

can be used to correct the predicted flux valuesofoer solvents. However, this does not take the
vehicle effect into account. Therefore, the develept of predictive models for vehicle effects was

encouraged.

In addition, there was a need expressed for theetimgdof absorption from chemical mixtures and
formulations.

The following structured tiered approach for theemsment of dermal absorption was developed
during the session:

* Tier1 100% (not for immersion, vapors)

o Tier 2 max flux

» Tier 3avitro test human or pig skin

» Tier 3bvitro test rat

» Tier 4 vivo test rat (PBPK)

* Tier 5 biomonitoring (PBPK)

In general, mass loading was considered more impbthan concentration as measure of exposure.
With respect to the modeling of (internal) dermape@sure it was concluded that mass loading is
usually not evenly distributed over the body (sgalistribution). In addition, regional differencies

absorption through the skin are known to occur.sTleads to the situation where absorption is
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generally overestimated. For these reasons, a Ipiisa rather than deterministic approach is
preferable for the prediction of (internal) dermeaiposure. Such a probabilistic assessment should
address both variability and uncertainty of theadaind all stages of the assessment should include
realistic input variables (not conservative) to glistic output. This could include e.g. disttibas

for species differences, use rate, absorption,agedrelated changes in permeability. Unfortunately,
present databases do not allow a proper probabiégposure assessment (wide confidence limits).
For the moment, better default assumptions fortardenistic approach: e.g. based on data like 90%
mass loading on 20% of the body area could be aferayard.

The relevance of skin residue dose could be furdinetyzed based on physicochemical properties.
However, this was only touched upon very briefly.
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GENERAL CONCLUSIONS AND RECOMMENDATIONS
(Han van de Sandtchair of concluding sessipn

After the presentations of the results of the breakgroups a general discussion took place which
led to the following conclusions and recommendation

1.

In occupational situations, the skin contactetirm often estimated on the basis of worst case
considerations (e.g. 6-8 h per day). However mattiviies, such as mixing and loading, are
generally performed within a much shorter time spanaddition, loading of the skin is not
necessarily an instant process, but may occurtover

The deposition of a substance is not homogeneweersthe exposed skin area. The variability of
the loading of the skin is likely to affect the slabsorption since relative skin absorption (% of
dose) of a substance decreases with increasing dose

In order to address points 1 and 2 in the riseasment, there is a need for probabilistic exposu
models. Dedicated studies should provide suitabla dor these generic models. New studies
may be needed to fill data gaps.

From a scientific point of view, the maximum Xlshould be used in preference to relative
absorption in risk assessment. However, it is re@mgl that this approach may lead to
overestimation of the actual skin absorption. QSARsy be used in the following tiered
approach:

Tier 1 100% absorption

Tier 2 QSAR for max flux

Tier 3ain vitro testing using human (or pig)rski

Tier 3bin vitro testing using rat skin

Tier 4 in vivo test in rat (PBPK)

e Tier 5 biomonitoring (PBPK)

Guidance on the use of QSARs for regulatory purp@seonsidered necessary.

5.

For further development of QSARs, databasesagung measured and well-defined skin
absorption data are of great importance. Evaluabiothis existing data will allow for proper
definition of the use of QSAR (e.g. applicabilitgrdain, dose levels, vehicles).

. There is a need for generating data outside pitesent applicability domains (“unhappy

domain”). Although it is recognized that human iivos studies are the gold standard,
standardized in vitro methodology is considered aatkgeous for cost-effective testing of
substances with toxic or unknown properties.
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WORKSHOP-SPECIFIC QUESTIONS AND ANSWERS
(with list of research needs)

The specific questions asked to the workshop (speradix 3) have been answered as follows:
a. How to use JRC EIS Chemrisks “ExpoData” to hefjsive research needs?

A short presentation on the JRC EIS Chemrisks pteyas given by the project leader Demosthenes
Papameletiou. He indicated the importance of imtiéonal harmonization of terms and the
importance of the approach taken in describinglladatabase on exposure data. Since none of the
participants had had access to the database mefwanclusions could be drawn.

b. How to address regulatory policy, specificallyCEGuidance Document on Dermal
Absorption dated 19 March 2004?

The Guidance document as such has not formed #asitibs part of the discussion, apart from the
tiered approach as indicated above. The overalloggh seems quite reasonable and may be
considered a step forward. Specific guidance is aéeded for other areas, similar to that developed
for the cosmetic area (guidance by SCCP).

c. Considering the tiered approach to modeling derml exposure, what sort of approach is
necessary? A simple approach to screen many chemligaor a refined approach to
estimate chemical specific dermal exposure?

It is likely that both approaches may be used imjwaction. The screening approach may hopefully
lead to a relatively small number of compounds Winieed than to be investigated extensively.

d. What are the data needs for modeling dermal esyp@ to consumer products?

This needs to be dealt with in a more detailed @pgr such as covered in some of the other
workshops in the series. The question has not aeswered in the present workshop.

e. Which dermal exposure models are readily avaiabnd documented (either separate or
integrated)?

This again has been approached in other worksimojpe iseries. The question has not been answered
in the present workshop.

f. How to address dermal uptake (experimental anddel) uncertainty and variability?

This can best be approached by a second order Mzarle approach, forcing more investigations
into unknown variables.

g. How to “compare or corroborate” model predictisrio experimental results?

Generally more funding should be directed to siemébus collection of environmental and
biomonitoring data in carefully targeted cases.udttmeans by which agreement is declared
“adequate” are still a matter of research.
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h. What are the top priority dermal exposure chew&/products/scenarios?
This question was not tackled at the workshop.
Listing of clear research needs that were indicatethroughout the workshop (not exhaustive)

- Dermal exposure
o Development of techniques that determine mass ngadnd not mass itself, as a
function of time
o Knowledge on spatial and temporal variation of dsrexposure
- Percutaneous absorption
o Development of QSARs that estimate uptake for emévconditions (e.g., vehicle,
mixtures and finite dose)
Relevance of Kow, or another measure, for compouessmbling octanol
Experimental and interpretation boundaries pemagind (specific) QSARs
Development of dedicated mechanistic/mathematicalets for skin penetration
More work is needed on comparisonifvivo andin vitro methods for assessing skin
absorption, using similar experimental conditions
o Percutaneous absorption from solids (dried liquadg) contaminated soil particles
- Risk assessment
0 Relevance of skin reservoir for risk assessmenigees
o0 Development of an approach for the use of dermalomgdtion data other than
percentage absorption

O O 0O
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IMPRESSIONS ON THE WORKSHOP ON ‘QUANTITATIVE RISK
ASSESSMENT AT THE OEESC-2005 CONFERENCE IN STOCKHOLM,
SWEDEN

Joop J van Hemmen, moderator
Food & Chemical Risk Analysis
TNO Chemistry
Zeist, The Netherlands

Introduction

The Occupational and Environmental Skin Exposuraf@ence in Stockholm, was the second in a
series that started in Washington DC, USA threegsyago. The main sponsor and organizer of the
series is Sid Soderholm on behalf of the US Natibrstitute of Occupational Safety and Health.

The conference brought together about 200 scisritisgtrested in exposure of chemicals to the skin
and the related health effects. At the conferenserges of short workshops was organized, one of
which was focusing on the relation between exposum@ penetration. In a plenary meeting the
workshop subject was introduced by Dr. Nick Warrgtealth and Safety Laboratory, UK)
introducing ‘Bayesian and probabilistic dermal esyp@ modeling’, and by Prof. Richard Guy
(University of Bath, UK) presenting an overview tMethod development and modeling to
characterize penetration, absorption, dose and éfieerts resulting from dermal exposures’.

Workshop presentations and discussions

Nick Warren discussed the present state-of-th@agtermal exposure modeling, where attention is
mainly focused on point estimates. By replacingrtheith distributions, representing variability in
work patterns, exposures, personal protective egenp, dermal absorption and other physiological
parameters, a probabilistic exposure assessmam@i to characterize the whole distribution of
systemic exposure across the work population. 2ebsional Monte Carlo simulation can
simultaneously evaluate both variability and uraiety, and thereby, give risk assessors a more
scientifically rigorous basis for their decisionkimay. Modeled uncertainties in systemic exposure
can be very large reflecting the cumulative unaeties in external dermal exposure, mitigation due
to clothing or PPE and dermal absorption. In th&iseations Bayesian techniques that allow the
synthesis of dermal exposure measurements withrejmgment and biological monitoring data
may provide risk assessors with additional reassrahat margins of safety are met or not. Dr.
Warren presented a series of case studies tordtasthe use of these techniques in quantitative
chemical risk assessment. No further details wallpgpesented here, since Dr. Warren has extended
his presentation for the workshop in Italy.

Richard Guy indicated that from a theoretical sgaidt the permeation of chemicals through human
skin can be adequately described in most cases model based upon transport through the
extracellular lipid domains of the stratum cornewskin’s outermost and least permeable layer.
Extension of a simple solubility-diffusion model ofembrane transport has produced an explicit
relationship for a drug’s permeability coefficietiirough the stratum corneum, from an aqueous
solution in terms of its molecular size and octamater partition coefficient. This, however, pre-
supposes a large similarity between octanol andlifhids of the stratum corneum. Although
substantial insight into this (dis)similarity hasdm obtained, additional effort is required to eotly
deal with penetration/absorption of very lipophitompounds and the modeling of non-aqueous
vehicles, including particulates (such as soil).

Page 20 di 98



Global CEM Net Report of the Workshop no. 1 on
“Dermal Transfer and Penetration Algorithinintra (Italy), 20-21 June 2005

Prof. Guy also described a new approach, callecha@pharmakinetic modeling in which the topical
bioavailability by tape-stripping is measured asigrogate for levels at the target site in the .skirs
clear that this approach is most relevant for pla@eunticals which are intended to be applied and
penetrate through the skin.

Both presentations were widely acclaimed for thr@insparency and suitability to introduce the main
goals for the workshop to the wider audience. Thakshop itself was attended by some 70
participants and was further introduced througleehshort presentations by Derk Brouwer (TNO
Chemistry, The Netherlands), introducing ‘Spatiadl aemporal patterns of dermal exposure and the
relevance for uptake’. John Cherrie (Institute afc@ational Medicine, UK) discussed ‘Dermal
exposure and uptake of chemicals for systemic asdessmenQSARS and other models’. Prof.
Annette Bunge (Colorado School of Mines, USA) pntsed an overview on ‘Quantitative risk
assessment’.

Dr. Brouwer indicated the importance for using ageg terms in describing the process of exposure.
He also expressed the importance of the distributbd material on the skin and its variation
throughout the daily work. Realizing these variasiondicates the importance of using appropriate
measurement techniques that assess the right f@tdescribing the exposure process and the mass
loading onto the skin. Such techniques are notladai although attempts have been made to
develop them. The current techniques in use destonhate the right values for the relevant exposure
metrics, such as exposure mass, exposure loadthgx@osure concentration in all cases.

Dr. Cherrie focused on the results of a recent slook, on QSAR development and evaluation.
Based on statistical analysis the available QSARlef® relate the permeability coefficient to
properties of the chemicals (QSPeRs). There isgeliew not a solid theoretical basis for that. There
are further important limitations for industrialezhicals. First of all there are only relevant data
agueous solutions, and secondly the data onlyipddateady-state conditions (infinite dose). Eher
is quite some development in multi-compartment nwdédich incorporate differences in solubility
in different media and predict non-steady stateabigin and attempts to cover finite and infinite
doses. Research in this area is still emerging.

Prof. Bunge focused in her presentation on the rakso dose. She shortly described the
methodological approaches that are used to estithatebsorbed dose from either the external dose
or using QSAR predicted parameters and describet s the difficulties (and possible solutions)
encountered with non-aqueous solutions and sdlids.major part of the presentation was aimed at
the extrapolation from large to small doses. Cleaidence was presented to indicate that the
systemically absorbed dose is not independent efatiplied dose. The percentage absorption is
decreasing when the applied dose goes up. Anathkee iof concern is the distribution of a chemical
over the surface. The dermal absorption is likelydepend on the importance of lateral and
transdermal diffusion. Another important issue lgtfuup was the skin reservoir. To what extent
should this be taken account of in the risk assessMmApparently, the current evidence indicates tha
this may very much depend on the specifics of tmappund and needs therefore further research.

The general discussion with some 70 participanthénaudience was obviously difficult. The room
for the workshop was also rather unsuitable fohsaaliscussion. Nevertheless, John Cherrie, the
chairman, stimulated discussions which focusecdersét of statements that are included in appendix
1. However, no formal conclusions could be reachatth the audience that apparently ‘talked
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different languages’, which was in fact a majorsato bring scientists from different backgrounds
together. It proved very difficult, not to say ingstble, to understand each other. It proved to be,
however, a good first attempt.

The moderator of the workshop, Joop J. van Heme@mgluded the workshop with the promise that
the preliminary white paper, which was publishedtloa website of the conference (at the NIOSH
website) and apparently not read by more that one@@ members of the audience would be updated
after the workshop in Verbania/lntra, where a magialler audience of scientists dedicated to the
subjects would make it in principle much easiectme to conclusions and recommendations for
further research.

The final paper would be published on the websit ossibly also published as an overview paper
in a learned journal.

More details on the OEESC-2005 conference can bedfan the Final Programme and Abstracts
book, and on the website for the conference.
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SPATIAL AND TEMPORAL VARIATION IN EXPOSURE

Nicholas Warren
Computational Toxicology Section
Health and Safety Laboratory

Buxton, UK

Spatial variation in dermal exposure

The current methodology for dermal exposure ass&ssisimainly based on assessing total exposure
mass. As a result most regulatory risk assessncafdglate the systemic dose of a chemical via the
dermal route using a % dermal absorption factomweéier, the total mass of chemical may not be the
most appropriate exposure metric for determiningesyic uptake, either because not all the mass is
available for uptake or because it is distributedyvheterogeneously. A more useful exposure metric
might be the contaminated skin area to be use@mjunction with the flux of the chemical across
the skin and the duration (or residency time) ohu# exposureUnfortunately, there is only a weak
correlation between the mass of chemical and expasea (figure 1).
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Figure 1. Correlation between dermal exposure mass and expasa.

There is considerable spatial variation in exposath between individuals and between anatomical
regions Figure 2 shows the area fraction that is exposeda given mass loading for two forestry
workers exposed to cypermethrin. For both operatibere is a wide variation in the concentration
on the overall, but for packers there is a more dgeneous pattern of exposure. The highest
exposure concentration for the sprayer is aroundrder of magnitude higher but 50% of the area is
unexposed. In both cases the distribution of exmosicross the body is highly skewed with the
highest mass loadings covering just a small pathefbody. This pattern is repeated across all the
spatial data that HSL has collected.
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Figure 2. Area / mass loading profiles for two forestry waskin the UK.

Overall, around 2/3 of the total exposure is actedirfor by the most highly exposed 10% of the
body surface area (figure 3) - although the locatbthis area will differ between individuals. §hi
may have an important influence on dermal absanptiwith most of the dermal exposure occurring
at considerably higher mass loadings than the nmmeass loading over the entire body. If the
absorbed dose per unit area is not proportiondhéoapplied dose then a default assumption of
uniformly distributed exposure will result in anesvestimate of the systemically absorbed dose.

Cumulative exposure (mass) vs Area

% of total exposure

10 20 30 40 50 60 70 80 90
Fraction of area %

Figure 3. Variation in the mass loading profiles between wdlials.

The effect of spatial heterogeneity in exposureabsorption has been examined using a case study
for lindane (where in vitro data shows % dermalapton is dose dependent — Zendzian 2000). This
case study compares estimates of systemic dosel hgge mean mass loadings with estimates
calculated from the entire distribution of massdiog for 41 workers hypothetically exposed to
lindane. Mass loading profiles were taken from presly monitored workers using the Dirichelet—
PXRF technique (Wheeler 2002). Assuming a spatiatifjorm pattern of exposure has been shown
to overestimate systemic dose by up to 2.5 timgarg 4).
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Degree of over-estimation of the uniform model
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Figure 4. Degree of over-estimation attributable to the asstiom of homogeneous dermal
exposure.

One approach would be to make a calculation baged an assumption of spatially uniform dermal
exposure and then apply an uncertainty factor poesent the unknown effect of spatial variation.
The distribution of this factor could be obtainednfi a similar analysis to that shown in figure 4.

The alternative method of calculating systemic ddrdose based upon flux and the exposed surface
area is critically dependent upon realistic estenaif the skin area covered by the chemical. The
estimation of this area, particularly at low levels exposure (such as pesticide residues), is
problematic with estimates varying depending upo@ $patial resolution of dermal assessment
method

Temporal aspects of exposure and modeling dermal pasure over multiple days

Traditionally, occupational exposure assessment® tt@anded to focus on determining systemic
exposures resulting from a single exposure scenarak-shift or day. Longitudinal modeling
considers the profile of systemic exposure oveorayér period — perhaps weeks, months or even
years. Such an approach has several advantageshifémic health-effects cumulative exposure (or
equivalently average exposure over the relevarg feriod) provides a more appropriate exposure
metric than a short-term daily dose and allows askessments to be based upon the probability of
long-term over-exposure. Additionally, uptake affreemical following dermal exposure can continue
over a number of days so that systemic exposuee2a-hour period is a composite function of the
previous day’s exposures. These 'residual’ coritoibs to systemic exposure are not captured by
single-day assessments. In these circumstancs®nsg dose on a given day is a composite of
contributions from the current and several previdays. It is possible to model such systemic
exposure using a moving average process:

Systemic=...+%abs, ,, X ADE_, + % abs,,_,,x ADE_, +% abs_,, x ADE
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Where ADEis the actual dermal exposure on th¢durrent) day, ADE, the actual dermal exposure
on the previous day, % abss is the % dermal exposure occurring in the firstiurs after
exposure, % abs.4g is the % dermal exposure occurring in the 2nd @dré after exposure etc.
Represented in this manner, systemic exposures wngti-day periods (longitudinal exposure
modeling) can be evaluated using probabilistic nepies. Proper consideration of the absorption
process over multiple days can lead to a smoothintpe predicted uptake of a chemical via the
dermal route and a corresponding reduction in4imidévidual variation in exposure. In turn, thissha
implications for risk assessment as regulatory AEskessments are usually based upon high-end
exposure percentiles.
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A USERS EXPERIENCE WITH THE DERMAL MODULES OF CONSEXPO
AND PROMISE, AND A VISION FOR FUTURE MODELS

Tipton Tyler
Health Studies Management & Consulting
4212 Wynnwood Drive, Annandale, VA 22003 USA

Abstract

The dermal uptake of a hydrocarbon solvent frona@io polish scenario was used to evaluate two
scenario-based models useful in estimating expasuc®nsumer products; n-decane, a component
of the hydrocarbon solvent, was evaluated for psgpf this study. Both models proved useful for
the estimation of dermal exposure. Modules uskmg germeability estimation procedures that were
common to both models gave similar but not idehtregults for the systemic uptake. A 2-fold
difference was found in doses obtained using esittmgrocedure giving the lowest and highest
rates of skin permeation. A much lower dermal kptsome 3 to 4 magnitudes lower than with the
estimating procedures, was obtained when experatigrderived skin permeability or flux values
were used. A comparison of a number of featurésden the two models and some suggestions for
improvement, particularly with respect to probadtit modeling are given.

Introduction

This study was conducted to better understand dpatilities of two different computer simulation
programs, PROMISE version 7.0 (Sielken, R. L. ()20& ConsExpo version 4.0 (Van Veen, M. P.,
2001), used in scenario-based chemical exposureelmgd This report addresses the modules of
these two programs used to assess dermal uptaiethiat systemic circulation. The exposure
scenario used in this study was that of a teenagjag an auto polish, and is described as follows:

“A teenage male weighing 70 kg polishes a car gamage. The polish is a slightly viscous
fluid consisting of water, hydrocarbon solventsd ararious polishing and emulsifying
agents with a specific gravity of 0.95. Approximwt219 ml was applied to the car surface.
The operation consisted of applying the liquid glolto the auto surface and then, after
drying, the surface was buffed with a clean, dottcl The polish was applied by pouring the
solution onto a cotton cloth and then rubbing thiato the auto finish with an ungloved
hand. The entire operation required 30 minutel§,dfiavhich was involved in applying the
polish (15 minutes), the remainder in buffing theface.”

Methods

For both models, a contact surface area of 228veas assumed. This is equivalent to the skin area
of the palm of an adult hand (ICRP, 1975). A skimtact time of 0.33 minutes (20 seconds) was
used. This value was based on the assumptiontttoatki 5 seconds to pour polish onto the cloth and
15 seconds to rub the polish on the auto finighihdn follows that 45 of these events occurreth@
15-minute polish application period. Based on thsuaption that 10% of the polish applied to the
cloth came in contact with skin, the contact volumas calculated to be 0.268rl1.9cni/45
applications = 0.26). The concentration of n-decam the polish was assumed to be the entire
weight content of the solvent and was calculatebet@27 mg/cth(119cn? X 0.95g/cni = 113g X
45% = 50.85g n-decane/119tm= 427mg/cm auto polish). The dermal uptake of n-decane was
calculated either by using one of a number of eqoatto estimate skin permeability or by using an
experimentally derived dermal flux for decane, 1uéficnf/hr, or the skin permeability coefficient,
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5.5 X 10° cm/hr (McDougal, J. N, et al., 2000). The experitaévalues were obtained froim vitro
studies with human skin using static diffusion eglparatus.

The equations used to estimate skin permeabilgyg@nerally based on the molecular weight and
octanol water partition coefficient of the matensdder study. For n-decane a molecular weight of
140 along with the log K20y Of decane,6.25, was used (McDougal, J. N. e2@00). ConsExpo
allows the user to directly input a skin perme#&piialue whereas PROMISE requires some type of
manipulation to use experimentally derived valugsor PROMISE the flux value was used to
determine the total quantity of n-decane penematime skin in 20 seconds and total uptake
determined by using this quantity, 100% fractiamatake and 45 events per day.

Results

The values for the absorbed dose of n-decane @otaising both models and the various skin
permeation estimating equations or using the exp@rial derived skin permeability approaches are
given in Table 1. Both PROMISE and ConsExpo vergid® use three of the same skin permeability
estimating equations. In general these estimatingedures gave fairly consistent results with only
an approximate 2 fold difference between that gjvine lowest estimate, McKone & Howd using
PROMISE and those giving the highest estimatesré\rseBergerova, Guy & Potts and the Bogan
equations using ConsExpo. Both models gave sirddae estimates using the Fiserova-Bergova and
Guy & Potts procedures, 71.2 for PROMISE and 72d@kgievent for ConsExpo. These values
represent essentially complete absorption, as theesalue obtained by ConsExpo using the Bogan
equation. A slight difference was obtained betwesrdels when using the McKone & Howd
equation. The reason for this difference is neaichbut it should be noted that PROMISE asks for
the explicit input of blood volume and flow ratesthe site of contact. ConsExpo does not ask
explicitly for these values, but instead uses defalues that might be somewhat different from the
default values of PROMISE and used in this studyp addition it is possible that these modelshmnig
use different calculation routines that accountlier difference.

Of greater significance, however, were the extrgntige differences between the absorbed doses
calculated by the various permeability estimatiogtines and doses obtained using experimentally
derived values of skin permeability or flux. Thesds calculated from these experimentally derived
rates were three to four magnitudes lower thanettodgained by the estimating procedures. Again,
the reason for these large discrepancies is nbt tumderstood but may relate to the fact that the
estimating procedures are based on the permedtremicals from aqueous solutions. The alkanes
that are used in the auto polish are relativelyewansoluble and the experimentally derived
permeation rate (flux) used was obtained usingt"neadiluted) decane. Thus, the fact that the flu
value was not obtained from an aqueous solution acapunt for some of the discrepancy between
the experimentally derived result and that usirgggbtimation procedures.

Discussion

The main objective of this study was to gain eigare with the two models used for scenario-based
exposure assessment. Both these models are panfticuseful in assessing exposure to consumer
products. The work reported here was, in fact, para larger study that not only investigated
exposure due to dermal uptake, but also to upteka wapor inhalation. Therefore many of the
observations regarding model attributes and neddseas both these routes. ConsExpo version 4 is
clearly much more “user-friendly” than PROMISE. @ other hand, PROMISE provides more
interim data, i.e. tabulated percentile output andss balance information, and its calculation

! personal communication with Christiaan Delmaar, R)WBilthoven, The Netherlands
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algorithms appear to function somewhat faster thase of ConsExpo. This latter point is evident
when conducting probabilistic analyses for whichthbmodels have capability. One of the really
convenient features of ConsExpo is the abilityriteea large variety of units for most input values
feature not found in PROMISE.

Table 1. Dermal absorption of n-decane obtained using twitedint scenario-based exposure
models, different skin permeation estimating eaqumstior experimentally derived
values

Procedure Dose (mg/kg/event)
PROMISE | ConsExpo

Fiserova-Bergerova 71.2 72.3

Guy & Potts 71.2 72.3

McKone & Howd 37.6 58.4

Robinson 66.6

New Robinson 42.3

TenBerge 54.1

Bogen 72.3

Modeled using Flux Rate (Promise) 0.001

Modeled using Skin Permeability 0.04

Coefficient (ConsExpo)

PROMISE does have great versatility in allowing ifgout of variables necessary in the calculation
of results. It is, however, difficult to obtain am@ngful data on many of these variables, for imsta
blood volume and blood flow rates at site of cofjtaad the user generally ends up using default
values. ConsExpo simplifies the problem for mahthese difficult to obtain values by simply using
defaults. It should be noted that PROMISE doe<lalinked library with referenced input values
that can be selected by users. PROMISE would oértéienefit from an ability to directly enter
experimentally derived skin permeation or flux \esdu

A major deficiency of both models is their inabjlito take into account dependency of input
variables when conducting probabilistic analysésor instance, when independently varying the
body weight and skin contact area of an individitais likely that some simulations will use very
small contact areas with very large body weight$ @ine versa. Similarly, in painting scenariosit i
likely that some simulations will use unrealistlgalong application times with very small room
sizes. This is a difficult problem and this autimnot aware of any scenario-based exposure models
that address it successfully. The problem carllbeiated to some extent by careful thought given t
the input values with an attempt to avoid depengendhus ConsExpo avoids the room size
application dependency by using a rate of appbecaitiput variable.

In lieu of resolving the dependence problem, howeadabulation of each input variable for each

simulation would be helpful such that the user daXamine the inputs of the upper end percentiles
to evaluate their relevance to real world situatiomNeither ConsExpo nor PROMISE incorporates
this feature in their current design.

Conclusions
The dermal uptake of n-decane from an auto poligihaio was used to obtain experience with the
dermal modules of two consumer oriented, scenaseth exposure models, ConsExpo and

Page 29 di 98



Global CEM Net Report of the Workshop no. 1 on
“Dermal Transfer and Penetration Algorithinintra (Italy), 20-21 June 2005

PROMISE. Seven different skin permeability estim@tiprocedures were used between the two
models, three of them common to both. The estirggtmcedures common to both models yielded
relatively consistent but not identical resultsvegall there was an approximate two-fold difference
in dose between skin permeability estimating pracesl yielding the highest and lowest values. A
much greater difference in dose, three to four ritades lower than that used in the estimation of
skin permeability, was obtained when using expemialéy derived values for skin permeation or

flux.

Both models proved useful in estimating exposurth@éauto polish scenario. ConsExpo was much
easier to use whereas more data output was probl@ROMISE. Dependency of input variables is
a problem shared by both models and probably bthellcurrent scenario-based models capable of
probabilistic approaches. Careful thought to avgddependent input variables and the output of
input variables for each simulation would be usefiodifications in these models.
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EFFORTS TO HARMONIZE DERMAL EXPOSURE METHODS AT EPA

Michael Dellarco
US EPA, National Center for Environmental Assessmen
Washington, DC, USA

Dermal exposure to chemical contaminants occurgxesure to water, soil, and air, direct contact
with treated surfaces or pure chemicals, frequeintlynixtures. The site of dermal exposure is

directly related to the activity being performedttad time of exposure and depending on the media
and anatomical site of contact, the contaminantg b absorbed differently. Several factors can

influence dermal exposure (Kissel, 1996; Dermaldsxpe Network, 1999). These include:

» Reduction or increases in the chemical contact skth due to clothing;

» Protective clothing and gloves and the amount ofgation they offer;

» Individual differences in dermal exposure due tffedng degrees of speed, care, and
dexterity in performing work;

« Variance in the amount of material available fornda absorption due to actions such as
wiping the affected area with the hand;

» Variances in the penetrability of the skin in diéfat parts of the body;

* Individual variability in regard to skin penetratil due to age and skin condition, such as
thickness of the stratum corneum; and

» The matrix of the chemical contaminant, solid, ithar vapor.

The amount of chemical coverage on the skin surdaceinfluence the amount of dermal absorption.
Chemical coverage of the skin may be incompletexaeed the exposed skin surface area by piling
up. Likewise the transfer efficiency from a contaated surface or liquid solution to the skin may be
highly variable due to the nature and extent ofdyetact, chemical compaosition, or the depositibn o
chemical residue due to evaporation of the liqidssive diffusion is considered to be the main
processes of dermal penetration of chemicals thrabg stratum corneum. After a chemical has
passed through the stratum corneum, the outermpast bf the skin, it can be transferred through the
viable epidermis (the next skin layer) into therdak blood supply and on to the systemic circulation
Dermal penetration can be measurednbyivo or in vitro procedures.

In vivotechniques can be used to measure dermal penetedti@r directly or indirectly (Bunge and
McDougal, 1999). In indirect techniques dermal apton is inferred from the surface
disappearance of the chemical. In direct metho@snatal is measured in the blood or excreta, on
strips of tape that progressively remove stratumem or implied by biological or pharmacological
responses. The following list describes sevaralivo methods used to estimate dermal absorption
(Wester and Maibach, 1999):

» Surface recovery. The amount of chemical remaiairipe end of the exposure is measured (i.e.,
the recovered dose). The absorbed dose is assuntetlthe difference in the applied dose and
the recovered dose.

» Surface disappearance. The disappearance a ragledatompound from the surface of the skin
is measured on the skin (i.e., the chemical isrewtoved) using the appropriate instrumentation.
This method is limited because the techniques dsedot measure chemical that has absorbed
into the skin.
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* Measuring the total amount of chemical appearingtia excreta. The compound (often
radiolabeled) is applied to the skin and the tatabunt of excreted in the feces and urine (i.e.,
measurements continue until the concentration lsAbdetectability) is compared to the amount
of excreted following a parenteral administratig¥hen determined by radioactivity, this method
does not account for dermal or systemic metaboliscause the amount of radioactivity would
include both parent compound and metabolites.

* Measuring the total amount of chemical in the blobkiis is measured by the ratio of the areas
under the plasma concentration versus time cuna@bwing dermal and intravenous
administration. When radiolabeled chemicals areluggs method does not account for dermal
or systemic metabolism because the radioactivitylccanclude both parent compound and
metabolites (unless combined with methods separatinent and metabolite).

» Biological and pharmacological response. A biolagj@ssay is substituted for a chemical assay.
Absorption is estimated from observing the magratofithe biological response. This method is
limited because compounds must elicit responses#mbe measured easily.

» Tape stripping method. This method determines tmeentration of the chemical in the stratum
corneum after a specified exposure time. The teglninvolves sequentially applying adhesive
tape strips to the exposed site (after the remaisurface chemical is removed) until all of the
stratum corneum is removed.

Somein vivo procedures measure percutaneous penetration. Fonpéx, thein vivo protocol
specified by the US EPA for testing pesticides messthe amount in excreted material during the
exposure and the amount in the carcass at the fmide cexposure (Zendzian, 1994; 2000). In
addition, the amount in the washed skin from theosed site is determined. Provided that the wash
is 100% efficient, this combined with the amounthe carcass and the excreted material should be
the total amount dermally absorbed.

Indirect in vivo techniques have been used successfully but theres@me drawbacks. These
techniques can be used only for chemicals thatnatevolatile. Directin vivo testing is more
complicated and time consuming; however, they canige estimates of the total absorbed amount
of chemical in the blood or tissue and the amouimieated (Zendzian, 2000). Pharmacokinetic
modeling can also be used to estimate absorption Blood, exhaled breath, or tissue concentrations
(Bunge and McDougal, 1999). The tape stripping wetban be used to determine the amount of
chemical in the stratum corneum. However, disachga’ of the tape stripping method includes, the
stratum corneum must be stripped completely andlisghemical analysis can be difficult because
the amount of chemical can be small, and therebeama large amount of data variability due to
irregular skin stripping efficiency.

In vitro methods have appeal because they lack use ofriveads, are less expensive than in vivo
methods, can be used with skin from several speicielsiding humans, and can asses the impact
vitro procedures can be used to estimate dermal abmworpiiowever, he did not use appropriate
statistical procedures to make these compariscasaf@lli et al.,2000) of chemical toxicity or skin
damage without ethical issues. Two different typé# vitro techniques have been used to study
dermal absorption, the infinite dose and finiteedtechnique (OECD, 2000; Sartoradti al.,2000).
The infinite dose technique is the most frequentiyzed method. It involves mounting the skin as a
barrier between two chambers of fluid. A large antaf chemical, usually in water, is added on one
side and absorption is quantified by measuringctircentration in the receptor solution on the other
side as a function of time. Measurements are coetiruntil steady state is achieved as indicated by
or the cumulative mass in the receiving chamberesming proportion to time. The permeability
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coefficient is then calculated using the slopehef linear regression of the cumulative mass versus
time (Bunge and McDougal, 1999). In the finite désehnique skin is mounted in a diffusion cell
and bathed from below by isotonic saline kept e#maperature of 37°C. The donor chamber contains
a known amount of the chemical and the concentratidhe penetrating chemical is measured in the
receiving chamber to provide a measure of the cativel amount that has penetrated a specified area
of skin in a given exposure time. The advantagtheffinite dose technique is that it allows for any
type or amount of substance to be tested in camditisimilar to the living state. The chief
disadvantage is that meaningful permeability cogffits cannot be determined.

One of the major factors affectirig vitro percutaneous penetration results is the choiceadptor
fluid for collecting the chemical that penetratiee skin. Generally, it should provide sink condiso
without altering the skin barrier function. The @t OECD guidelines require that sink conditions
be insured by proving adequate solubility in theepor fluid (OECD, 2000). The receptor fluid
should be chosen to maintain skin metabolic agtiwhen fresh skin is used and the absorbing
chemicals may be metabolized.

Efforts to comparen vivo andin vitro dermal absorption methods have generated mixadtses
(Franz, 1975; Dellarcet al, 2000; Zendzian and Dellarco, 200i)vitro methods may overestimate
or underestimaten vivo measurements depending on the chemicals involes,ekperimental
procedures followed and the data analysis procedusedIn vivo measurements for exposure times
that are not long relative to the lag time will mally overestimate the steady-state permeability
coefficient because dermal absorption is initiddgter than at steady state. Bunge and McDougal
(2000) concluded that this is consistent with thedély stated observation thist vivo permeability
coefficients are larger than those measumedtro”. This may not reflect differences in vitro and

in vivotesting methodology, but errors in data interpreta{Bunge and McDougal, 1999). Notably,
in vivo measurements that determine penetration can unideses the steady-state permeability
coefficient unless the lag time is considered mdhata analysis. Franz (1975) compared results from
in vivo andin vitro tests and concluded that compairedivo andin vitro dermal absorption methods
in different species. They found tlr vivo results for lag time, maximal flux and systemically
available amount varied considerably between rdtrarman. All results fronm vitro methods were
similar to humanin vivo methods based on absorbed dose. However, maximalafid amount
systemically available were significantly overesited for the humam vivo model usingin vitro
methods. Zendzian and Dellarco (2002) compamedvo andin vitro dermal absorption data in the
rat for acetochlor and found that the results friiin vitro method did not approximate those
obtained for thein vivo method. The Percutaneous Penetration Subgroup) (BP&he Dermal
Exposure Network (DEN) published a report that &mmion standardization and validationirof
vitro experiments (Sartorelét al.,2000). The objectives of the PPS were to analyeegthidelines

on percutaneous penetration vitro studies presented by various organizations and esfigg
standardizedin vitro methods while taking into account their individuasearch experience,
literature data and existing guidelines. Key issares data gaps reported included:

* How to use percutaneous penetration data in risgsasnent;

» Factors influencing the results from percutanecarsefrationin vitro studies (i.e. the choice
of the donor phase, cell characteristics, skin ntamds present, and receptor fluids);

» Agreement on and validation of existing guidelif@sconductingn vitro studies;

» Use of penetration data to predict plasma levels;

» Effects of cutaneous metabolism on dermal absarptio

» The selection of appropriate reference chemicalgfaitro study;
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» Use of microdialysis ifn vivo studies; and
» The correlation oin vitro andin vivo study results.

Recently, the US EPA’s Risk Assessment Forum caeduen evaluation of dermal absorption
methods used in the Agency as part of an effdnatononize dermal exposure assessment procedures
(US EPA, 2005). They found that harmonization wapeded by method differences (in vitro vs. in
vivo methods) and procedures used to estimate déransfer efficiencies. More study is required to
evaluate the comparability of vivo andin vitro dermal absorption procedures.
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DERMAL ABSORPTION DATA GENERATED BY IN VITRO METHOD S
WHY DO THEY DIFFER FROM QSAR PREDICTIONS?

Faith M Williams
University of Newcastle, Newcastle, UK

A range of approaches have been used to defineitpesous penetration of chemicals including
studies in animals following application vivo, in vitro absorption studies with rodent skin or with
human skin and studies in human volunteers in wkiiehchemical is applied to the skin and the
internal dose monitored. The vivo data can be used to validate thevitro studies. Percutaneous
penetration data can also be obtained from modedipgroaches such as QSAR (quantitative
structures activity relationships) and computationadels. All of these approaches are required to
generate new exposure relevant dermal absorptiten that can be used in the risk assessment
exposure to chemicals Evaluation of the differgugraaches is particularly important currently with
the EU requirements for generation of risk assesswiechemicals under the REACH Regulations.
There has been particular emphasis on the useuitfto methods with isolated human skin, pig skin,
or rodent skin, in order to reduce the use of alsrf@ toxicology within the European Union and a
number of guidelines and protocols have been asltedal for conducting these studies (OECD etc).
The European Commission has funded a multi centesearch project (EDETOX
www.ncl.ac.uk/edetgxWilliams et al., 2004) to assess a range of agmires to obtaining directly
occupationally relevant dermal absorption data.ithW this project absorption data was generated
using a protocol which followed the OECD guidelinsrly closely but allowed the flexibility
inherent in the guidelines between laboratorien@Sat al., 2004). The robustness of thevitro
method was assessed between 10 laboratories usingasdized application of model substrates,
benzoic acid, testosterone and caffeine, but aerafgell designs, flow through and static and full
thickness and dermatomed human skin. The choiceeadptor fluid ensured that the absorbed
material was soluble. This study allowed an assess of the inter-laboratory variability and the
inter-skin variability Inter-laboratory variationas great than intra laboratory variation although
ranking was the same for all laboratories. Theas an influence of the thickness of the skin used
for the absorption studies, particularly for lipdhtestosterone where full thickness human skin
resulted in significantly lower absorption to retmepfluid than dermatomed skin. The study also
found that variability was introduced by use offeliént samples of human skin both within
laboratory and between laboratory. The variabitistween samples of skin was greater than the
variability between cells using the same samplskaf within a laboratory. Variability between the
permeability of different human skin samples cdnites to difficulties in standardizing the
technique between laboratories, where it was nesipte to control the samples of skin to be used
and the numbers were, by necessity, only smallusecaf skin availability. When considering the
influence of full thickness versus dermatomed hurslan in the flow through system there was a
five-fold difference in the flux and in the totainaunt absorbed by 24 hours for testosterone but a
smaller effect for caffeine of 50% increase. (Wikkon et al., 2005) It was previously shown that
testosterone absorption (both flux and total amacaimgorbed) varied eight-fold between eight
samples of human female breast skin (Lee et @120

The variability identified between human skins (&aet al 2004) and that with a silicone membrane
(Chilcott et al., 2005) have stimulated discussatmout the need to tightening the guidelines. This
was particularly addressed at the CEFIC Workshamgs et al., 2004 www.iom.org) where

protocols were proposed for generating data usitly finite and infinite doses that might be used to
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support the application of data derived from ergptQSAR models to obtain exposure relevant
absorption data.

When conducting dermal absorption studies two aggres can be used; firstly to obtain exposure
relevant data generally by applying a finite (spndtbse in the appropriate vehicle to simulate drop
exposure and allow evaporation. Secondly to gémeatata relevant to the QSAR approaches with
the application of an infinite dose of a saturasetution in water. (An infinite dose application
results in no significant changes in volume andceatration of the dose during the experiment).
The absorption profiles obtained may differ sigrafitly. Following an application for an infinite
dose, steady state absorption is established amtthaes throughout the whole study, whereas for a
finite dose steady state absorption may be eskedalior a short time and then with loss of material
from the surface of the skin, either by evaporatioiy absorption, the rate will decrease or begaus
of these factors a steady state absorption prafilenever be obtained. This needs to be takea int
account when applying data derived from Kp from $AR to finite dose exposure situations. It is
important to have selected the appropriate dosevahitle in a finite dose to establish relevance to
the actual exposure situation. The distributioofifr through the skin is an important determinaint
the relevant interpretation of the data; in paticuhe amount of material remaining in the stratum
corneum reservoir should be determined in ordenaéie a decision about whether this should be
included as absorbed, potentially available foroghtson, or not available for absorption. The
approach is important for lipophilic molecules whethe stratum corneum reservoir may be
significant. The question of availability of thipid bound material has entertained considerable
discussion and for lipophilic pesticides the cutrgaideline is that this material should not be
included as absorbed or potentially available.

Results obtained during the EDETOX project do molidate that model predictions can substitute
for well designedn vitro absorption studies when there is a requiremegeterate relevant data for
risk assessment. Infinite dose data was genefate?ll chemicals that were not currently included
in the Flynn or Patel database, and not used irculhent relationships described by Potts and Guy
(Fitzpatrick, Corish and Hayes, 2004). The inéritose data generated for these 21 chemicals fitted
well within the domain between log p 0 and 4 andyadl the relationship described by the Potts and
Guy equation.

For some chemicals applied as a finite dose thedhserved was very much over estimated by the
flux calculated using the Kp derived with an infenidose. Therefore, not only was the flux
misleading but also the absolute amount absorbedpancentage dose absorbed tended to be an
overestimate. In comparative studies an infinitsedof 90% saturation in water (200in flow
through) was compared with a finite dose, alsd0&b Saturation in water (). The maximum flux
measured at finite volume was significantly lowleart from an infinite dose though the rank order
was similar for malathion testosterone, parathiod ticlosan. Following the finite dose applicatio
the phase of maximum flux was short though absmmptiontinued throughout the time course to
some extent, even after evaporation of the vehitle,apparent lag time of the finite dose was
reduced compared with the infinite dose. There wasabsolute relationship between the dose
absorbed under the finite dose conditions and ladtipugh similar proportions of malathion and
testosterone were absorbed in 24 hours despitiffeeence in log p (Wilkinson et al 2005).

The effect of vehicle was determined by applicatadnsolute in different vehicles at equivalent
saturation when thermodynamic activities were smilFor caffeine the flux related to the
concentration in the different vehicles and wasp®hdent of the nature of the vehicle. The greates
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flux was from a 50/50 water/ butoxyethanol mixtwkere 25% saturation was 10mg/ml, compared
to water 25% saturation at 4.4mg/ml and butoxyeth@b% saturation 2.25mg/ml. and the Kp
values were similar (Traynor et al 2005). HoweWer, testosterone (log p 3.4) 25% saturated
testosterone in butoxyethanol at 29mg/ml had alainfiux to that at 25% saturation in 50/50
butoxyethanol /water at 5mg/ml and the Kp from Byt&ghanol /water was six times greater than that
from butoxyethanol. Similar results were obtaif@d50% saturated solutions in butoxyethanol and
butoxyethanol/ water and octanol.

An apparent interaction occurs between butozyethamd water and with the skin barrier resulting
in changes in absorption from the mixtures althoulge mechanism is not fully understood.
Butoxyethanol absorption from a water mixture wasyvmuch greater than from a neat solution
(Wilkinson et al., 2004) and the Kp increased iatlitg an interaction of the butoxyethanol/ water
mixture with the skin resulting in barrier changesl deviation from Fick’s law of Diffusion. This
was confirmed by comparing absorption through &aie membrane where there was a fixed
relationship between concentration and flux ashim®xyethanol was diluted in water. (Traynor et
al., 2005) This effect of dilution of butoxyethdno water on absorption through skin was also
observedn vivoin human volunteers (Jakasa et al., 2004) anddants.

In conclusion, in vitro absorption studies usingriam skin conducted in line with the Guidelines
provide exposure relevant absorption informatiéiux and amount absorbed derived from QSARs
which predict Kp values currently has limitatidmscause of a tendency to overestimate the actual
absorption when extrapolating from the saturatggeaus solution to the actual vehicle giving a
worst case scenario. A major limitation is theklat information on the influence of vehicles om th
absorption of solute through skin. This informati@n required before QSAR predictions from
aqueous databases can be applied. and it is ilmpadcayenerate data using a range of vehicles of
different physicochemical properties and their uefice on absorption of a series of marker
chemicals eg caffeine, and testosterone in omleyenerate some rules which could be used for
applying QSAR Kp derived absorption fluxes for resssessment . A decision making process could
be established to predict whether a vehicle wonftiénce absorption by interaction with the skin
(see figure)
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THE ASSESSMENT OF THE DERMAL BIOAVAILABILITY OF
CHEMICALS BY USING APPROPRIATE IN VITRO METHODS

Wilfried Steiling
Henkel KGaA, Dusseldorf, Germany

Introduction

Following the increasing scientific interest inkrisather than hazard assessment, and convinced of
the three R’s approach for animal testing (RefiReduce, Replace), an vitro method for the
assessment of dermal absorption and percutaneaedrgigon of topically applied chemicals was
developed. As a first step a comparison of methlodsently used by the European cosmetic industry
and described in the scientific literature has beemformed. The experimental details and
recommendations were published as a COLIPA Guieeiin 199582 By an international inter-
laboratory comparison stuffyand with nearly a decade of experience withindbemetic industry,

the robustness and relevance of this method haae dcnfirmed.

For the safety evaluation of chemicals, knowledf¢heir bioavailability is crucial, in addition to
recognized intrinsic toxicological potentials. Tlsigstemic availability is represented by the qugnti
of topically applied chemicals and in particularcosmetic ingredients found in the living epidermis
and/or dermis and in the circulatory fluids. Toadisiinate the portion bound to the horny layer, the
stratum corneuns.c.), from that amounts found in deeper tissens, three terms have been
defined (Fig. 1): the “dermal adsorption” (on otthim the s.c.), the “dermal absorption” (within the
living epidermis/ dermis) and “percutaneous petietna (substance passing through the skin).

Figure 1. Important terms

Horny Layer
(Stratum corneum) — Dermal
Epidermis
Dermis (corium)
Dermal
Subcutaneous Layers
(hypodermis)
Circulation ___ Percutaneous
Penetration

Following the established routine testing procedwed the 3R principles, the assessment of dermal
absorption / percutaneous penetration should beéedaoutin vitro. Both, the use of human skin
from cadaver or cosmetic surgémnd the use of excised pig skithe latter yielding comparable
results and being of much easier access on a fneqasis, is recommended for such tests.

Methods

To mimic in vivo exposure conditions and to take into consideratlon influence of specific
chemicals on the dermal transfer, the test substhas to be assessed in an appropriate solvent
and/or in a representative standard formulatiordiahally, the applied dose per skin area, as well
as the duration and exposure condition (open ousie®), should mirror as closely as possible the
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intended use situation. All of these details havdeé laid down in the test protocol to follow the
principles of Good Laboratory Practice (GLP) andind official acceptance of test results.

Skin disks, either human or porcine, are fixed @ngtration cells, separating the donor from the
receptor chamber (Fig. 2). Since these penetratiocesses through the skin are known to be passive
and assuming the limited impact of skin-specifictabelism on normal skin penetration, properly
frozen skin can be used strikethrough up to attl8asionths after excision. This option helps to
standardize the skin disks (e.g. about 120 diskpipg.

Figure 2. Scheme of a penetration cell

- Skin disk
= .| _
.-=': - Water jacket

Magnetic stir bar
Stirrer

The test chemical as such or within a standard dtation is topically applied to the horny layereth
upper outside of the skin. The receptor solutideally a sufficient solvent for the test chemigal,
direct contact with the deeper skin layers, shdmddchemically inert and without compromising the
skin integrity during the test run.

The exposure of the test chemical should be teeuhlay careful rinsing, or for cosmetic ingredients
like hair dye§, by sensitive washings with a mild shampoo. Stisbamtinuatiorof the exposure has
to be performed e.g. after 30 min. for rinse-offl after 24 hours for leave-on cosmetic raw material
to be close to the intended use (expected exposanglitions.

The sampling, either continuously or at fixed tipgnts during the study’s run gives kinetic data to
draw the penetration diagrdndemonstrating the time related passing of thediesmical through
the skin. The total test run should cover an appaigptime span (normally 24, but up to 48 houos) t
be able to consider any retarded delivery from iptessdeposits in specific skin layers into the
receptor fluid after termination of exposure.

At the end of the study, exposed skin samples arefuly rinsed e.g. with water, blotted with
appropriate tissue papers and than tape-strippednove the horny layer with any adsorbed test
substance. Normally, 10-15 tape strips are sufficte remove an appropriate quantity of s.c. To
obtain the amount defined as bioavailable, thedtediskin is analyzed, often after separation of
epidermis and dermis, for absorbed and the rec@ptdrfor penetrated test substance.

It should be stressed that appropriate analyticgthods are essential to be able to measure the test
chemical, especially in the complex biological matf the skin. When possible, the use of radio-
labeled test substances should be preferred, tease the effectivity of analytical detection and t
reach a mass balance of at least 85%.

Discussion and recommendations

For risk and/or safety assessment of topically iadpthemicals it is of main interest to know, in
addition to their toxicological profile, their sgshic availability after dermal contact. Specific
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exposure data hereon is needed to mimic experithettia intended use condition or the foreseeable
exposure scenario, respectively

The amount adsorbed to thsratum corneumis taken separately from the amounts found in
epidermis and dermis and those having penetratedkin and found in the receptor fluid. This latter
amount of chemical, which would normally reach tiweulatory fluids, is defined as systemically
available. Due to the vascularisation of the deranid its close association with the living epides;mi
the quantity found in these skin layers is addetthéoproportion, which is regarded as bioavailalile.
should be mentioned that the amounts found in agpendages like sweat- or sebum glands or hair
follicles and shafts are taken as systemicallylalbe as a conservative assumption. The excludion o
adsorbed test substance is justified by two aspiaty the stratum corneuneonsists only of death
cells, corneocytes without any contact with thecumtion in living skin, and secondly, the
physiological process of desquamation, which leéad®ntinuous renewal of this skin la§enderin
vivo conditions.

It should be mentioned that any mechanical or mygical skin defect could affect the bioavailable
of exposed chemicals. This would result in an iaseeof the margin of exposure within the risk
and/or safety assessment.

The use of skin samples of different individual denand replicate measurements are helpful to
consider the biological variation in thickness ampendages, which is well known for human skin.
Based on our experience 4 replicates of each ofitmors should be appropriate.

If information exists on specific skin metabolisintioe test substance, e.g. the cleavage of esters,
use of fresh skin may be preferable to frozen stanconsider any potential impact of metabolic
activity in skin on the absorption and penetration.

The describedn vitro method cannot, of course, be employed for thesagssent of systemic
distribution and elimination of absorbed and/or gtestted test chemicals. To answer such questions,
the additional use of a standardizediivo model is recommended as an appropriate tool.

The use of artificial skin models instead of exdiskin may in future be helpful to run thesevitro
studies. But not all of these models are curresul§iciently standardized and quite often theirrlsar
properties are not yet acceptable.

Conclusions

Today the use of excised human or pig skin is nelfi recommended for cosmetic ingredients like
UV-filters, preservatives and hair dyes by Eagopean Scientific Committee on Consumer Products
(SCCPJ. In 2001 thisin vitro method was in principal accepted by the OECD amd finally
published as the OECD guideline no. 428 in 2004.
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QSAR, REACH AND THE PREDICTION OF SKIN PERMEABILITY

Mark TD Cronin
School of Pharmacy and Chemistry,
Liverpool John Moores University,
Liverpool, England

(Quantitative) structure-activity relationships JEAR) attempt to relate the biological activity af
chemical, or series of chemicals, to their physibemical and / or structural properties. QSARs are
normally statistical algorithms that formalize teeslationships allowing for some form of predietiv
model. They are based on techniques varying in texitp from regression analysis to neural
networks. These techniques have been applied witelproduct development to make more
efficacious compounds, and for risk assessmentréaligt toxicity and fate. There are many
advantages to the use of QSARs, including the fd#ua$ once created they are cheaper than
traditional (n vivo) tests, and they negate the use of animalsieder, their successful use is often a
skilled process requiring an appreciation of tihathtions of the model. For a full background te th
science of QSAR, the reader is referred to Cronthlavingstone (2004) as a starting point.

QSARs have been developed for numerous endpoikatsigeto risk assessment. These include both
toxicity and fate effects. In terms of modeling 8ken penetration of chemicals, QSARs are best able
to model the intrinsic permeability of chemicaldig is because models are able to treat this as a
steady-state phenomenon, which is analogous toqaighemical effects such as passive diffusion.
The skin penetration endpoint that is most freqyepredicted is the skin permeability coefficient.

There have been many attempts to predict permgabiiefficients. Good reviews of QSARs for
skin penetration exist e.g. Cronin (2005), Geinbale(2004) and Moss et al. (2002). In terms &f th
use of QSAR, preference is normally give to transptand mechanism-based models, even if these
are compromised in terms of statistical fit (Cromind Schultz 2003). Approaches to predict skin
permeability have ranged from the use of smalllloizda sets e.g. for congeneric series to larger
series of compounds. More applicable in terms ofsomer products and forthcoming regulations,
however, are the more generally applicable moddysin (1990), for instance, proposed a qualitative
scheme to estimate permeability coefficieng)(Kndeed, many of the more reliable QSAR studies
have been based around data originally collate&lipgn (1990) and extensiord these data. The
most relevant models are based on algorithms fatadlas follows:

Log K, = a Hydrophobicity - b Molecular Size + constant

Wherea andb are the regression coefficients.

Hydrophobicity is well characterized by the logamit of the octanol-water partition coefficient (log
Kow) @and molecular size by parameters such as moleagight (MW). This approach led Potts and
Guy (1992) to develop the following model:

Log Kp = 0.71 log Ky - 0.0061 MW - 6.3

n=93 f=0.67
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where:
n is the number of observations
r? is the coefficient of determination

The model has been improved upon and refined bipwsmworkers, as reviewed by Cronin (2005).
These latter approaches have improved the staliftiof the models by the rationalizing of thetala

set (updating erroneous values) and by addingdugthrameters. The data set has been expanded in
particular by efforts such as the EDETOX projedtzfgatrick et al., 2004). A computerized version

of the modified Potts and Guy equation is alsolabé in the DERMWIN software, which is part of
the EPISUITE software from the United States Envinental Protection Agency (US EPA), and can
be downloaded free of charge frantp://www.epa.gov/oppt/exposure/docs/episuitedi. ht

QSARs for toxicity and fate are applied widely Bgulatory agencies worldwide (Cronin et al,

2003a, b). Within Europe greater application isicipéited as a result of the forthcoming

Registration, Evaluation and Authorisation of Chealts (REACH) legislation. It is foreseen that

QSARSs could reduce greatly the cost of, and nurabanimals used in, REACH. As a result there is
an impetus to provide guidance for the use of ptemtis from QSARSs for regulatory purposes. To
this end, the Organization for Economic Co-operatiad Development (OECD, 2004) has ratified a
series of principles for the assessment of theligalof a QSAR. These state that a (Q)SAR should
be associated with the following information:

a defined endpoint

an unambiguous algorithm

a defined applicability domain

appropriate measures of goodness-of-fit, rolmsstiand predictivity
a mechanistic interpretation, if possible

oghrwbPE

As such, these criteria provide a framework withiclhito evaluate (Q)SARs. However, it should be
noted that the endpoints required by REACH do nolude skin permeability directly, and that this
is more likely to be important for risk assessnmaamd the determination of exposure. Further, there i
considerable debate regarding the value of a grediof permeability coefficient in itself (these
latter issues are described elsewhere in this vejum

With regard to skin permeability, an evaluation@®ARS is on-going through 2005 as part of a
contract funded by the European Chemicals Bureherelare a number of important issues when
evaluating a predictive model, high amongst thesthe concept of the applicability domain i.e. the
structural, physico-chemical and biological spaekngd by the training set. These concepts are well
described by Netzeva et al (2005). Whilst the dats used to develop QSARs for permeability
coefficients are expanding, the applicability domhas yet to be sufficiently defined. It is protebl
that a range of values i.e. the maximum and mininofi@ach descriptor will be too simplistic, and a
more non-linear description of the domain is regglirEven within this description of the domain
there may be areas where greater confidence cassigned to modeling and thus the predictions. A
full assessment of the applicability domain of h€XSARs is lacking at this time. Specifically with
regard to the use of QSARs in REACH, there is alrfee guidance by the beginning of 2007. It is
envisaged that this will be provided by the OECDcaoilaboration with the European Chemicals
Bureau.
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Conclusions

Structure-based prediction methods, known as QS&®Rswidely available for skin permeability
coefficients. Models developed following paradigsash as that described by Potts and Guy (1992)
are general in nature and robust. However, as wlthpredictive models, QSARs for skin
permeability coefficients are very dependent oradatality and other issues e.g. vehicles, test
protocol etc. There is a probability that QSARsI Wi applied widely in the forthcoming REACH
legislation and there may be a role for predictimfisskin penetration in exposure assessment
(although it is not an endpoint specified in REACR)rther consideration will be required as to how
to utilize permeability coefficients for risk assegent and how to assign confidence to a prediction.
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MODELLING SKIN PENETRATION: QSARS AND MATHEMATICAL
MODELS

John Corish
Department of Chemistry, Trinity College
University of Dublin, Dublin2, IRELAND

Abstract

The results relating to the utilization of expegmal skin penetration data measured in the EDETOX
[1] project are reviewed. On their own these datesfound not to be adequate to define a new
QSAR to predict skin permeability but when they evadded, in conjunction with other improved
data, to an existing large database they confirthedralue of a QSAR in the well-established Potts
and Guy format to predict&alues [2]. In addition, the use of two mechanistiathematical models

to analyze and interpret new permeation data fanraber of compounds is reported. They are used
to extract values for the stratum corneum/vehicetifoon coefficient and the diffusivity of the
penetrants using both infinite and finite dose eixpental data. The results calculated by the two
models are in good agreement and should provide madiable parameters for the skin penetration
process. One of the models is also capable of usilc) parameters to produce a wide range of
information for realistic occupational and leisesgosure regimes.

The EDETOX project and QSARS

New dermal penetration data for twenty one compsundre measured in the EDETOX project.
Initially the values of the molecular weights (MVBj the compounds, their 4 values and the
measured Kvalues were used in an attempt to establish a Q&fARe general Potts and Guy form:

log K, = a+blog Kw+c MW

which could be used to predict the, Kf compounds for which no penetration data had been
measured. The data were examined using lineargsigreanalysis with the three data fields (Igg K
log Kow and MW for each compound). However none of thdfoaents apart from the intercept had
acceptable significance in each others presencales), and the p-value related to the F-statistic
indicates that there is little evidence for a lineglationship between the permeability and thesioth
variables. It is apparent that that this datasetoisof sufficient size to be capable, on its owh,
defining a useful QSAR in the context of the cutretate of the art in the field. However these new
data for 21 compounds taken from the EDETOX proyeete then combined with a set of data for
162 compounds taken from references [3] to [6].eMvrdata set for 181 compounds was formed —
where there were duplicates the EDETOX data wersai These data were found to define an
acceptable QSAR of the Potts and Guy form withféflewing parameters:

log K, (cm hi') = - 2.3160 + 0.7415 logd§ — 0.0098 MW

The scatter plots indicated possible linear retetiops with the expected slopes and the lineat leas
squares fitting was almost as good as had beer\ahiwith the original smaller datasets. The
EDETOX points were not more widely scattered nar ttiey appear to fit any better than the others
and no strong conclusions can be drawn from queqtibintile plots or from other statistical

diagnostics. The successful incorporation of thésenty-one new independent and carefully
measured data into the previously existing QSABefPotts and Guy form serve to validate it as the
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best available general purpose linear QSAR andriphasize its robustness. It should increase the
level of confidence that can be placed in the gbof this QSAR to predict the values of, Kor
compounds on the basis of their molecular weight@etanol-water partition co-efficient.

Mechanistic models with infinite and finite permeaton data

Two newly developed mechanistic models have beed tes analyze and interpret both infinite and
finite dose permeation data measured especiallythigr purpose. They are both one-dimensional
diffusion models with four compartments: vehicleagim corneum, viable epidermis and receptor.
The models were implemented in tandem for the mepaf comparison and validation. The two
layers of the skin (VE and SC) are each charaeterig/ a thickness and a diffusion coefficient. The
values of the diffusion coefficients depend ondfee of the penetrant. The distribution between the
different compartments is determined by partitioef@cients, which depend on the lipophilicity of
the penetrant and on the composition of the diffecempartments. Both models were adapted from
their original versions so that they ran with ama$t common set of parameters and their results
could be reliably compared. The first model, whiste shall call the Kriise model, was first
developed by Krise and Verberk [7] and run with R€SL software package: here it was
implemented using the Berkeley Madonna package.s€eend model, which we shall call the AR
model, was based on two papers by Anissimov ane@R®[B, 9]. In this implementation its interface
was altered to give parameters analogous to thesd in the Kriise model and it was run on two
platforms, both different from the Micro Maths SGIEIST used by the original authors. In the first
of these a numerical Laplace inversion routine a@sined from Mathematica. Symbolic solutions
to the model equations were obtained in Laplaceespad numerically inverted. In the second, the
model was implemented in Standard C++ on the Lplaiform, using a numerical Laplace inversion
routine written in-house. C++ routines for cumwatabsorption, flux, and other variables were then
attached to the R statistical environment via itaRI.

Experimental data, measured in both infinite anddidose experiments, for testosterone, parathion,
malathion, caffeine and triclosan were extensiaiplyzed using these models [10] to give values
for the diffusivity through the stratum corneumycCand the partition coefficient between the vehicle

and the stratum corneum,gsdf Both the cumulative quantity absorbed and fluxvea were
analyzed with the results from the two models b&mgery good agreement. Fitting the infinite dose
experimental data was typically found to give twausions in which the values of o were

essentially the same but with very widely differgatues for Kcp Fitting the finite dose data was
less satisfactory but these data could be usedstmglish between the two solutions from the
infinite dose data using the following method. Wltlea parameters from the two solutions to fitting
the infinite dose data were used to calculate thigefdose curves, by appropriately altering the
concentration in the vehicle, one set was foundefwoduce the data well over approximately the
first four hours of exposure while the other sdethcompletely to reproduce the experimental curve
The former set was then taken to be the parambesisrepresenting the absorption process. It was

also noted that the value fogdt, chosen in this way could also be determined byetjation
KsC/W = min‘Kisdw - KQSAJ’ | O {12,.. }

which compares the fitted value otdg with the value expected according to Potts and &uy
Bunge and Cleek: §sar= Ko™~ This equation held true for each of the substficewhich data
was measured and fitted in this work.

The importance of the results summarized here aedepted fully elsewhere [10] is that the
parameters determined by the fitting can reprodhatk the infinite and finite dose data and so dre o
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particular relevance in calculations of the delfveates in occupational scenarios. The use of the
mechanistic models also makes it possible to deétermmore accurate values fop Ky dividing the
maximum flux calculated in the model by the cormsting vehicle concentration. The values so
obtained have been shown to be different, in soasesby as much as an order of magnitude, from
those resulting from a simple analysis in which $keady state flux, if such could be measured, was
divided by the initial concentration in the vehiciuch more accurate values fog End also more
accurate and appropriate values faf,Kshould serve as the basis for the developmemharke
accurate and dependable QSARs for skin penetrdfimally it should be noted that, in particular,
the model developed by Krise is quite flexible @ad be used to simulate a variety of exposure
scenarios, including those typical of occupaticarad leisure regimes. This means that the parameters
governing the rate of skin penetration determinedhe comprehensive fitting, and capable of
reproducing penetration from both infinite and tendoses, can be used to make the predictions
necessary for risk assessments from such dermalsesgs. These predictions could include the
quantity absorbed and passed into the receptorcanéent of the skin reservoir, the effects of
multiple exposures and the rates at which all es¢éhprocesses occur.
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DERMAL EXPOSURE ESTIMATES: POSSIBLE IMPROVEMENTS

Wil ten Berge
Santoxar, Westervoort, The Netherlands

Introduction

This presentation deals with already existing ideaw to estimate the human exposure via the
dermal route. The following points are addressed:

» Relevant items of exposure scenarios for workedscamsumers

* Mechanism of dermal absorption and feasibility @8AR

* Finite and infinite dose

e Skin absorption of mixtures

Dermal exposure scenarios

For quantitative risk assessment of exposure @alérmal route, the following elements are needed:
e Skin load per cm2

e Skin area

» Type of contact (vapor, liquid, solid)

» Duration of dermal contact

» Duration of exposure (not equal to duration of eshtlue to storage in the stratum corneum)

Mechanism of dermal absorption and feasibility forQSAR

In the European Technical Guidance Documents fosk RAssessment of Substances it is
recommended to use 100% dermal absorption foruhstances with a molecular weight of less than
500. No guidance is provided on the dermal absamptate. This is surprising, because the dermal
absorption rate is equivalent with the dose rateseDrate dependent toxicity is not an uncommon
phenomenon in toxicology and should be considergaoper risk assessment.

The skin permeation coefficient from aqueous sohdi (Kp in cm/hour) might be useful for
estimating the maximum skin absorption rate. Miittggion of the Kp with the solubility in water
(mg/cm3) results into an estimate of the maximummaé flux (mg/cni/hour). Multiplication with
the exposed skin area (cm2) provides the maximumadisorption rate in mg/hour, which is equal
to the dose rate via the dermal route.

Unfortunately, the aqueous skin permeation coefficiis reported only for a limited number of

chemicals (ca. 150). In the scope of the futureopean REACH legislation risk assessment of all
chemicals has to be done, including exposure @aldrmal route. It is not well feasible to deterenin

the skin permeation rate of about 30000 chemicalke scope of REACH. So a QSAR (Quantitative
Structure Activity Relationship) might be helpfuh iestimating the aqueous skin permeation
coefficient.

In order to be able to derive a QSAR it is usetutonsider the dermal permeation process in more

detail. An outline can be found in the picture belovhich is a rough sketch of the so-called
Robinson model.
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Aqueous solution of substance

Stratum
Corneum
Al:queous layer iof Epidermis
H - ] -.;.
Blood capillaries
Lipids Proteins

The substance may pass the protein and lipid dathe stratum corneum simultaneously. The
preference for the one or the other is dependett@tipophilicity. Lipophilic compounds will pass
predominantly via the lipid part and hydrophilicngpounds via the protein part of the stratum
corneum, but both pathways are parallel. Finally slhbstance has to pass the aqueous epidermis,
before being absorbed in the blood capillaries. i@ resistance for permeation is in the stratum
corneum. The permeation coefficient increases Viftbphilicity. However, the water solubility is
decreasing and this hampers the permeation ofpilderenis.

In order to estimate the overall permeation coedfitit is assumed, that each part of the stratum
corneum has its own permeation coefficient and #isoaqueous epidermis. So the combination of
these 3 permeation coefficients should finally kesuo the overall permeation coefficient. This is
presented in the equations below.

1
KPsicwater = 1 1 cm/ hour

+
Klip + Kpol Kaq
Ylog(Klip) = bl + 2**°log(Kow) + b3* Mw®’
b5

Mw®’
Klip = permeatiorcoefficien lipid layer

Kpol = permeatiorcoefficiets proteinlayer
Kag = permeatiorcoeffcientaqueoudayer
Kow = octanol/water partition coefficiem
Mw = molecularweight

bl, b2, b3, b4, b5 = regressiorcoefficiers

Kpol = Kag=

W0.7

This model may gain more confidence, if it is pbksito derive the regression coefficients from
experimental data. Experimentally observed perropatioefficients, published by Wilschut et al.
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(1995) were used. Octanol/water partition coeffitsewere derived from EPlsuite (EPA, 2003).
Non-linear regression produced the following result

Filename of data = Wilschut et al (1995)
residual variance = 4.946E-01

degrees of freedom = 107

regression explained = 0.640

b1l =-1.736E+00 Studentt forb 1 =-8.982&+0
b2 = 7.219E-01 Studentt forb?2 = 8.234&+0
b3 =-5.993E-02 Studentt forb 3 =-8.751&+0
b4 = 2.976E-04 Studentt forb4 = 1.051&+0
b5 = 4.209E+00 Studentt forb5 = 5.257E-0

The regression coefficient b1, b2 and b3 apphheogermeation coefficient for the lipophilic paft o
the stratum corneum. The resulting equation is \&mjlar to the Potts and Guy equation (1992).
The regression coefficients b4 and b5 apply toeethypely the Kp of the protein part of the stratum
corneum and that of the aqueous epidermis.

It is interesting to study, in which domain of mmléar weight and octanol/water partition coeffidien
the three permeation coefficients control the gigrmeation rate. This is shown in the picture below

Skin Permeation Coefficient for different
diffusion pathways

—— SC lipophilic

0 7& Ag.diff.layer

10_og (Perm. coeff.) cm/hour

log(Kow) -2

_10 1 1
0 200 400 600 800 1000

Molecular Weight

The red lines represent the lipophilic permeatioefficient, dependent on molecular weight and the
log(Kow), that is the log(octanol/water partitiooetficient). This lipophilic permeation coefficierst

the rate limiting step for compounds with a molecweight of 200 and a log(Kow) between -1 and
4. This is more or less the domain of substancesidered by Potts and Guy (1991). From the above
graph it can be read for each substance, whichethiree permeation coefficients are limiting the
absorption rate dependent on the log(Kow) and tbkecalar weight. For very lipophilic compounds
the rate limiting step will be the aqueous parthef epidermis. The transfer of a substance via the
aqueous epidermis is heavily controlled by thelsibty in the aqueous epidermis.

Page 51 di 98



Global CEM Net Report of the Workshop no. 1 on
“Dermal Transfer and Penetration Algorithinintra (Italy), 20-21 June 2005

Finite and infinite skin dose and the use of Kp

How can the Kp of aqueous solutions play a roleisk assessment. This will be explained on the
basis of the fate of an example compound in coniattt the skin and on the basis of some well-
known and widely adopted mathematical formulatibthe skin permeation diffusion process.

The following steps are important:

» Contact time with the skin. The time of contactac$olid is controlled by the time of actual use
and washing frequency. The time of contact witigaidl is controlled by the time of actual use,
the time needed for evaporation of the skin andier washing frequency. In proper risk
assessment, the contact time is increased witHathhé¢ime in order to take into account the
absorption from the remaining substance in thdwstracorneum.

» The absorption rate will be assumed to be the maxirabsorption rate from a saturated aqueous
solution of the substance (infinite dose).

* The substance might accumulate in the stratum oamnén order to take this accumulated
amount into account for absorption, the minimumation of absorption is assumed to be twice
the lag time, even if the contact time is less thaimes the lag time.

* A check is made, that the estimated absorbed anwdsubstance is not more than the total skin
load. If this condition is fulfilled the skin dosaight be considered as an infinite dose. If the
estimated absorbed amount via the skin is highem the total skin load, it might be assumed
that the skin dose has been a finite dose.

The equations below provide the tools for estinmatib the absorbed amount of a substance by skin
absorption.

Psc* D

Permeationcoefficiet Kp = (cm/ hour)

Psc= 064+ 025* Kow®® (partition coefficiert SC/ water)
D = effectivediffusion coefficier in stratumcorneum

0 = thicknessstratumcorneum (0.0015cm)
2
Lagtime infinite dose = 65_D (hourg

2
Time max. absorption rate finite dose= 65_D (hourg

It should be kept in mind, that the Kp is the prodaf the partition coefficient of the substance
between stratum corneum and water and the effestraéum corneum diffusion coefficient, divided
by the thickness of the stratum corneum. The pamtitoefficient of the substance between stratum
corneum and water (Psc) can be derived from a QS®Rirolled by the octanol/water partition
coefficient, derived by (McKone and Howd 1992).

If the value ofKp, thed and thePschave been quantified, the effective diffusion Gicefnt can be
estimated. The lag time is estimated from the iaat’/(6D).
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In case of a finite dose it has been derived madiieaily that the maximum absorption rate occurs
at the lag time of an infinite dose. In practices tneans, that the absorption of a finite dose KEcitu
a period of twice the lag time.

Skin absorption of mixtures

Water solubility is an important parameter for peation of the epidermis. Especially for lipophilic

compounds it might be quite rate limiting. Congiits of a mixture, which are also permeating the

stratum corneum and enhance the solubility of thestnce in the aqueous phase of the epidermis,

will increase the absorption rate considerablyifSosubstance is part of a mixture of chemicals in

contact with the skin, it is worthwhile to consider

* The permeation rate of each constituent next tstiistance of interest. If not any constituent of
a mixture except the substance of interest permmdhéeskin, the permeation rate is more or less
similar to the permeation rate from an aqueoustieoiu

* The composition of the permeating mixture at epidsrlevel (what is the level of the
constituents of the mixture in the epidermis in panson with the composition of the applied
mixture upon the skin).

» The solubility of the substance in the permeatingfune at the epidermis level. For instance, the
permeation of a lipophilic substance from an agsemmlution in ethanol will be faster than from
a pure solution in water, because also ethanol geties the skin fast.

* An estimate of the permeation rate of the substantee mixture. The corrected permeation rate
might be the product of the agqueous skin permeato@ificient and the enhanced solubility due
to permeation of constituents of the mixture in¢pelermis.

Conclusions on skin permeation modeling

1. Published permeation coefficients of organicssamces from aqueous solutions through human
skin in vitro appeared to support a theoretical edddr simulation of permeation of organic
substances through the skin.

2. Modelling of skin permeation requires not onlybstance properties like the octanol/water
partition coefficient and the molecular weight dwetmolar volume, but should also include
diffusion kinetics.

3. Diffusion kinetics may provide additional undersling for the rate of permeation of gases, of
liquids and of solid substances dissolved in water.

4. The model applies to non-ionized substances;iwdhd not irritate, do not remove lipids from the
skin and permeate faster than the substance i9oteed in the epidermis.

5. Model predictions are accurate within one oremagnitude. This is accurate enough to get
some feeling for the contribution of dermal absomptin comparison with absorption by
inhalation or ingestion.

A simple example of dimethyl nitrosamine

Dimethyl nitrosamine is a toxic volatile compourgkecause of its carcinogenicity no experimental
studies are likely to be performed. Still it is pitde to make an assessment of the permeabilith®n
basis of the model above. On the basis of the mabele it has been estimated, that nitrosamine
might have a maximum flux through the skin of 0.¢/em2/hour. In addition, vapor is as fast
absorbed via the skin as absorbed by inhalatiosase of airborne exposure. This means that
respiratory protection will decrease exposure toadhyl nitrosamine for no more than 50% and is in
fact not very efficient.
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EFFECT OF SKIN MODEL FORM ON PBPK PERFORMANCE

John C Kissel
AM Norman, JH Shirai, JA Smith
DEOHS, University of Washington, Seattle, WA, USA
Annette L Bunge
Chemical Engineering Department
Colorado School of Mines, Golden, CO, USA

Abstract

Only a few experimental investigations of dermadiibility have been conducted vivo in human
volunteers. Those that have primarily involve ddrmbsorption of volatile organic compounds
(VOCs) from aqueous solution. Compounds for whigmhnin vivo experiments have been reported
include chloroform (Gordoret al, 1998; Xu and Weisel, 2004), methyl chloroform €Pet al,
2000a), trichloroethylene (Poet al, 2000b), toluene (Thrakt al, 2002), methyl-tertbutyl ether
(Gordonet al, 2002), and haloketones (Xu and Weisel, 2004).c€nfmation of VOC in exhaled
breath is the primary measure of absorption. Derpaimeation must then be estimated from
observed breath measurements using some type oélminwestigators have typically adapted
previously described multi-compartment physiolotijchased pharmacokinetic (PBPK) models to
their cases by simply adding a skin compartmentniaépermeability coefficients obtained by back-
fitting PBPK models to breath concentration datdahese experiments diverge to varying degrees
from values obtained using the modified Potts-Galatronship recommended by current U.S.
Environmental Protection Agency (EPA) guidance. Tiaified Potts-Guy equation is a regression
of permeability coefficients observedimvitro experiments on molecular weight and octanol-water
partition coefficient. Lack of correspondence bedwepermeability coefficients determined by
vivo andin vitro methods is potentially problematic if regulatonptocols rely uporn vitro results.
However, little attention has been given to datethie effect of alternative skin models on
performance of the resulting PBPK models. Thresivaes of a skin model are considered here: the
traditional approach, which treats skin as a camtirsly stirred tank reactor (CSTR) in which the
VOC concentration is uniform throughout, a finitéerence (FD) model which treats the skin as a
membrane with an internal concentration gradient an approximate membrane model which
matches some performance characteristics of the membrane model but is more easily
implemented in the context of a PBPK framework. ifostration, these models have been applied to
simulation of a scenario involving exposure to ampsechloroform (CHG). Observed differences in
initial and post-exposure response time, storage fux and effect on the apparent permeability
coefficient are relevant to interpretation of outpivom PBPK models that include a skin
compartment.

Methods

A multi-compartment physiologically based pharmanetic (PBPK) model was constructed. Three
alternative representations of skin were utiliZBagke first is the traditional approach in which gken

is modeled as a continuously stirred tank reac8TR). In a CSTR model, the blood exiting the
skin is assumed to be in equilibrium with a singlemogeneous skin compartment. The second
model is an approximate membrane model constriolexmiving the work of McCarley and Bunge
(1998, 2001) and Reddst al (1998). The version shown here is the “simplifiede lag” (STL)
model. The approximate membrane model is achieyeshdnipulation of coefficients of the CSTR
model to give results that match a true membrandeinior selected conditions. The last model is a
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Finite Difference (FD) Membrane Model created byemding finite difference representations of
exposed and unexposed skin to the PBPK modelsiallilations shown here are based on the same
scenario: 30 minutes of exposure to 40°C wateralhit containing 91 ppb of chloroform; body
weight of 72.6 kg; exposed skin surface of 21,3006 and permeability coefficient estimated by the
modified Potts-Guy regression. Simulations weretiooed for an additional hour assuming removal
of the external chloroform exposure source. Allufesswere generated in MATLAB 7.0.1 (The
MathWorks, Inc., Natick, MA).

Results

Figure 1 displays predicted time courses of chlmmof concentration [ppb] in breath. In general, the
CSTR model predicts more rapid rise in breath cotragon upon initiation of exposure and more
rapid decline upon cessation. Unlike the FD motted, CSTR model displays no delay in breath
response.

Figures 2a-c display mass balances on the skithéothree approaches. Plots show predicted masses
absorbed from water, stored in skin, and releasddet blood stream. Skin storage is negligiblénan t
CSTR model in comparison to the approximate otdidifference membrane models.

Figures 3a-c display disposition of mass absoriéa the blood stream. Absorbed mass must be
metabolized, exhaled or stored in tissues othar tha exposed skin. More rapid penetration of skin
in the CSTR model leads to higher levels in intetrssues which in turn leads to greater mass
exhaled and metabolized in the first 30 minutes.

Discussion

Prediction of highly variant breath profiles by G8&nd membrane models using the same value of
the permeability coefficient is evident in Figureltlfollows that back-fitting of a given data det
experimental data will yield variant estimatesloé permeability coefficient. Estimates derived from
in vivo experiments should therefore be interpreted aaugird

Absence of holdup in skin accounts for predictibmore rapid exhalation of chloroform shown in
Figure 1. The absence of skin storage in the CSTidemalso explains the rapid post exposure
decline in breath concentration.
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Figure 1. Breath concentration profiles for the CSTR (solite), approximate membrane (dashed
line), and FD (dotted line) models.
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Figures 2a, 2b, and 2cMass balance on skin for the CSTR, approximate mameb and FD
models. The green, red, and blue lines represeamtrigt mass (mg) of CHCtransferred from
exposed stratum corneum to the bloodstream, magsdiCHC} transferred from water to stratum
corneum, and mass (mg) of CHGtored in exposed stratum corneum, respectively.
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Figures 3a, 3b, and 3cDisposition of absorbed mass for the CSTR, appratdrmembrane, and
FD models. The green, purple, brown, and aqua lirgzresent the net mass (mg) of CKICI
transferred from exposed stratum corneum to theoddtream, mass (mg) of CHCstored in
compartments other than exposed stratum corneurss (mag) of CHGImetabolized, and mass (mg)
of CHCE exhaled, respectively.
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DERMAL EXPOSURE TO SOILS AND SOLVENT DEPOSITED SOLI DS: IS
ABSORPTION PROPORTIONAL TO THE EXPOSED DOSE?

Annette L Bunge
Colorado School of Mines, Golden, CO, USA

1. Dermal absorption from contaminated soill

The results from a series of experiments of comated soils on silicone rubber membranes and
human skin were described. These experimentsataltbat dermal absorption only occurs from soil

particles that have direct contact with the membran skin surface. Reporting results from

contaminated soil experiments in terms of percésbgption can greatly underestimate the amount
of absorption when the amount of soil on skin ssléhan required to completely cover it with soil.

The study is described in a poster presented aHEESC-2005 [1].

The potential health risk from dermal exposure tmtaminated soils depends on the amount
absorbed and the toxicological potency. Dermal gdigm measurements from soils usually are
reported as the percent of the amount of chemipplied (i.e., the% absorption, in which the
amount of chemical is the product of the contantimamcentration on the soiC{,) and the amount

of soil on the skinNls;i/A). In actual exposures the amount of soil on s&itess than required to
completely cover the exposed area. Despite theyrakion experiments are almost always conducted
with enough soil to cover the skin surface withesal layers. If chemical from the extra soil layers
does not migrate to the skin, then the % absorpticaan actual exposure could be much larger than
observed in these multi-layer experiments. Thug,gbal of this study is to better understand the
effect ofMsei/A on the % absorption.

The permeation of 4-cyanophenol (4CP, moleculagitet 119, octanol-water partition coefficient
= 40) from soil was measured through human skisilamone rubber membranes (SRM) used as a
surrogate for skin. The SRM from Samco SiliconedBcts (Nuneaton, Warwickshire, UK) was
about 360um in thickness. Split-thickness, human skin caéidcand frozen within 24 h of death
was acquired from NDRI (Philadelphia, PA) and kepzen at < -68C until used. SRM or skin was
clamped into Franz-type vertical diffusion celle(PeGear, Bethlehem, PA) and equilibrated with
the receptor solution for several hours. The difin area was 0.64 érand the average temperature
of the cells was 3Z. The receptor solution, degassed deionized watas introduced to the
diffusion cell using a peristaltic pump (Ismate@l€ Parmer Instrument Co., Chicago, IL). The
solution from the receptor chamber was collectéaeeicontinuously in 1-h intervals when the flow
was constant (either 1 or 6 ml* lor applications of soil and aqueous solutionpegsively), or
periodically by pumping 30 mL “hfor one minute every two hours (i.e., 0.5 mL). eTlatter
sampling protocol was useful when the flux was $ifg it is for soil on skin). The volume of the
receptor chamber and outlet tube was determinbeé 0.2 mL.

The soil in this study was the < 2ffn fraction of a clay loam collected from Ft. CadljrCO, which
contained approximately 1 weight percent organiba@a. This soil was contaminated with 4CP to a
concentration@soi) of 300 mg ¢ by mixing 30 g of soil with 5 mL of 4CP in aceton&he acetone
was then removed by evaporation. The amount of dfthe soil was then confirmed by extraction
into acetonitrile and quantification of the extrdmt GC-FID®* Following a procedure described
elsewhere, the solubility limit of 4CP in this saithich had been aged for about 2 years, was
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determined to be approximately 150 mg. g Thus, the soil used in these experiments is
supersaturated, meaning that an excess of 4Clessimit

Experiments were conducted with the whole contatathaoil (i.e., all particles < 250m) or with

the 38 to 63um fraction of the whole contaminated soil. Soilswapplied in an amount that
produced multiple layers (40 mg &nor in smaller amounts between 0.2 and 8 mgfcrm a few
experiments, 40 mg cfof soil was applied and then dumped off leaviriia layer of particles that
adhered to the skin or SRM. The mass loading isfatithering layerwas approximately 1 to 2 mg
cm? Often, after a specified exposure time, the wai$ removed, the membrane was rinsed with
de-ionized water and then covered with a saturaggeous solution of 4CP. After this, the
experiment was continued for another 6 or 8 h. dawh diffusion cell, the flux of chemical through
the skin or SRM was monitored by HPLC analysishefteceptor solution collected over time.

Silicone Rubber Membrane (SRM). Early in the SRM experiments, the fluxes from sia¢urated
solution and from the supersaturated soil are amnds we might expect since the thermodynamic
driving force for transfer through the SRM are #ame. However, the flux from soil decreased in
time, unlike the saturated solution, for which fiwas constant. This decrease was even larger for
the adhering layer.

After 12 h, about 67% of the 4CP from the adheriager had penetrated the SRM. In the
experiment with 40 mg cfof applied soil, the flux decreased by 5 to 1@HoVer the 12 h exposure
even though only about 6% of the chemical had patest the SRM. This suggests that there was
limited transfer of chemical from soil particlestido not have direct contact with SRM.

In a similar experiment, 40 mg &of soil was added to the adhering layer after 1&8nH the
diffusion cells that originally had 40 mg &wof soil were shaken at 7, 10 and 15 h. The aufdif
soil to the adhering layer increased the flux almioghe value early in the experiment. A similar,
but less dramatic response occurred when the rwuli@yers of the 40 mg cfapplication was
redistributed by shaking.

Chemical penetration of 4CP through the SRM in@dasith soil loading until the loading was ~8
mg cm?, after which further increases in soil loading madeffect. This is consistent with the idea
that increasing the soil loading above the amoeqtired to completely cover the surface does not
increase dermal absorption. For the sieved swtlihg had no affect when it was larger than ~2 mg
cm? (data not shown).

It was further shown that the cumulative mass oP48at penetrated through the SRM from the
sieved soil (38-63um) and whole soil (< 25um) as a function of time and soil loading in
experiments conducted on two different days. Tdmilts for experiments repeated on both days
were similar, indicating reasonable day-to-day edpcibility. The penetration rate through SRM
was greater from the sieved soil fraction than frdme whole soil at a similar soil loading.
Penetration through SRM from the sieved soil apipliéth a loading of 0.8 mg chwas similar to
that obtained for 3.1 mg ¢frof the whole soil and was nearly twice as much@s 1.6 mg crif of

the whole soil. This suggests that the adheriggrlaonsists mostly of small particles. Independen
determination of 4CP concentration on the whole sieded soil fraction showed no significant
difference. This would indicate that increased 4€Retration from the sieved soil was not due to an
increased amount of 4CP on the smaller particles.
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Skin. The contaminated soil was replaced after 12 batyrated aqueous solution in an experiment
similar to the one with SRM, but now withhuman skifrom saturated water, the flux after 8 h was
approximately 50% larger through skin than throtlgh SRM. However, much different than SRM,
flux through skin from the contaminated soil wassleghan 10% of that from saturated water.
Because absorption into skin from the contaminat@ldwas small, contaminant concentration on the
soil changed only a little and consequently, tle filid not decrease in time as was observed in the
SRM experiments. The reason for the much smdill&rffom the contaminated soil compared to the
saturated aqueous solution is unknown, althoughpmssibility is that skin is heterogeneous while
SRM is not.

Interestingly, the flux from saturated water reatbkeeady state in 6 h in the SRM experiments, but
continued to increase over 8 h in the skin expenisie By contrast, steady state flux through skin
was easily established in 4 h in experiments inctvlsaturated water was applied after a previous
application of 38-63um sieved pure 4CP powder. It seems that the &m@hag procedure leaves
particles on the skin surface that affect absonpfiiom water while they are slowly released froma th
skin surface.

Comparing the data, it is evident that the fluotigh skin from the contaminated soil is almost the
same as from the pure powder, perhaps becauséehisly contaminated soil is similar to pure
powder. It is important to stress that flux thrbwgkin from the contaminated soil has a much greate
variability than was observed in the SRM experiraenh 12-replicate experiment with 1.5 mg€m
of the sieved soil had a coefficient of variatioh 5% in the cumulative amount of 4CP that
penetrated the skin in 8 h. As a result, a pleppared for skin showed no apparent correlation
between flux and soil loading.

The conclusionsvere as follows:

Based on the observations described above, th@eaepto be little transfer of chemical from soil
particles that do not have direct contact with tembrane or skin. Although SRM is commonly
used as a surrogate for skin, absorption throughstitows some important differences compared to
SRM. For SRM, the flux from contaminated soil imast the same as from the saturated aqueous
solution and pure powder, until absorption into ##M reduces the concentration of chemical in the
soil layer that is in contact with the SRM. Bringifresh soil into contact the SRM surface increase
the flux to its earlier value. For skin, the fltrom contaminated soil is only about 10% of thatnir
saturated solution, which is too small to causefline to decrease during the experimental times
studied. For whole soil on the SRM studied, abmmpincreased to a maximum value at a soil
loading of about 6 mg cA) above which absorption did not increase furth&rsimilar relationship
between soil loading and absorption could not ldabdished because of the large variability in the
skin experiments.

2. Dermal absorption from solids deposited on thekn surface from solvents

Many experiments have been conducted in whichid dasolved in a volatile solvent is placed onto

skin. The solvent evaporates leaving behind tHel sthemical on the skin surface. There is

considerable experimental evidence that dermalrpben of solvent deposited solids is less than

proportional to the applied dose. A descriptiontltd examples described is included in a poster
presented at the OEESC-2005 [2], which are predésglow along with the conclusions.

In many occupational exposures, a solution cormiginiolatile components evaporates leaving a
residue of nonvolatile components on the skin serfa Often these nonvolatile components are
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solids. Furthermore, in many dermal absorptiomlisg) solid compounds are applied to skin in a
volatile solvent (e.g., acetone or ethanol), wisabsequently evaporates leaving a film of the solid
compound. It is almost always assumed that deafsdrption from solvent deposited solid films is
proportional to the exposed dose (i.e., the amainsolid compound deposited onto the skin
surface). Despite this, there is considerable ex@atal evidence that dermal absorption is propor-
tional to concentration raised to a power less thae. In this poster, we review several dermal
absorption studies of pesticides and drugs. Aljhothe compounds and the formulations varied
significantly, in all cases dermal absorption waspprtional to the exposed dose raised to a power
less than 1. Based on this result, we anticigaaé reducing dermal exposure to solvent deposited
solids may not produce proportionally less hedkh.r Here we examine the literature for answers to
the question: Is dermal absorption from solvergodged solid films, either the amount or rate,
proportional to the applied dose? We presentitefuam several studies involving a wide variety of
chemicals that address this question.

Example 1 — Pesticide Registrant Studied?esticide registrants provide to the US Enviromtale
Protection Agency (EPA) measurementsirofvivo absorption of radiolabeled pesticides deposited
onto the backs of male laboratory rats as prestribeheZendzianprotocol (Zendzian, 2000)In
these experiments, the concentrated formula and32ddutions (usually approximately 10-fold with
water) are applied to skin as a small volume (noterthan 10 mL cif) on an area of at least 10
cn?. Water evaporates soon after application. Thmsed site is protected with a non-occlusive
covering. During the exposure time, urine and $eme collected. At the end of the exposure time,
the animal is sacrificed and the amounts are détedrin the carcass, and on the skin and in the ski
at the exposed site. Exposure times of 0.5, 4, 20 and 24 hours are typical. Four rats arellysua
measured for each exposure time and applied dodidt
Typical of many pesticides that are solids at skmperature, the percent that absorbed systemically
Table 1. Properties of six conazoles

Pesticide MW Tmp (°C)  logKow Sw (mg/L)
C Cyproconazole 292 107.5 291 140
D Diniconazole 326 145 4.3 4.0
F Fenbuconazole 337 125 3.23 0.2
H Hexaconazole 314 111 3.9 17.0
P Propiconazole 342 liquid 3.72 100
U Uniconazole 292 155.5 3.67 8.41

decreased dramatically as the applied dose inaease

Dermal absorption of six different conazoles (fundgs) with the properties listed has been studied.
Physical properties are listed in Table 1 and theownts that penetrated skin (i.e., amounts
systemically absorbed) in a 10 h exposure are shiowigure 2 [2]. Dermal absorption of the 5
conazoles that are solids at skin temperatas less than proportional to the applied doseat &

Dermal Absorptior] (Applied Dose@ and b < 1.

In addition to this, we have statistically analyzitmal absorption of these 5 conazoles along With
other pesticides (Table 2). All 12 are solidskah $emperature and were studied using the Zendzian
protocol. These 12 pesticides did not damage shkihnot evaporate, and less than 50% dermally
absorbed (i.e., the amount on the skin surface always at least 50% of the applied dose). On
average for these twelve pesticides, the amourdrbed was proportional to the square-root of the
applied dose divided by the density of the pesticidhe amount absorbed was also proportional to
the square-root of octanol solubility (as approxedaby the product of the octanol-water partition
coefficient and the water solubility).
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Example2 — Ibuprofen and Flurbiprofen. Akhter and Barry (1985) studidd vitro absorption of
radiolabeled ibuprofen and flurbiprofen depositedoohuman skin using acetone. Three or four

different doses were applied in a small volume Z<@_/cn®) of solution. Acetone evaporated soon
(< 2 min) after application. Cumulative penetratioto receptor solution (phosphate buffered saline
at pH 7.4) was measured. They measured penetiiiongh skin for 60 hours without occlusion
and then for 40 more hours with occlusion (by phmdf For Flurbiprofen the penetration rate was
proportional to the applied dose raised to the P@8er. For Ibuprofen, penetration rate was propor
tional to the applied dose raised to the 0.71 power

Table 2. Properties of seven additional pestici

Pesticide M Tmp (°C) logKom Sw (Mg/L) log(KomwSw)
Azionphos-methyl 317 140 2.96 8.4 3.88
Imazalil 297 53 3.82 180 6.07
Iprodione 330 134 3.00 13 4.11
Isoxaflutole 359 140 2.32 6.2 3.11
Lindane 291 113 3.72 7.3 4.58
Phosmet 317 73 2.95 25 4.35
Vinclozolin 286 108 3.00 2.6 3.41

Example3 — Cortisone. Scheuplein and Ross (1974) studied the absorpfimortisone deposited
from acetone onto human skimvivo. They found that th&ansfer coefficientdefined as the % of
the applied dose that penetrated skin per hr, dsetkas the applied dose increased. The decrease

was most dramatic for applied doses less than 3@mg. Consistent with the previous examples,
skin penetration was less than proportional toapelied dose. According to Scheuplein and Ross,
“the transfer coefficient, is quite dependent om dmantity of material applied.”

Example4 — Various Drugs and Pesticides.Wester and Maibach (1999) reviewed the effect of
applied dose on dermal absorption in a varietyystesns i vivo, in vitro, human, rhesus monkey
and hairless dog). In the following studies ofveolt deposited solids onto skin, the percent of the
applied dose that dermally absorbed decreasecaaptilied dose increased.

» Testosterone, hydrocortisone and benzoic acid mea@suvivoin rhesus monkeys and humans.

* Lindane measured in humaimsvivo.

* N-diethyl-m-toluamide and sulfonamide were in resd dog.

» Nitroglycerin from an unspecified skin source. this study the % absorbed was approximately

constant for applied doses < 1000 mgiut decreased for applied doses > 1000 mcm
Dinoseb deposited onto rat skinvivowas the single case for which the percent of theiegh dose
that absorbed did not decrease as the appliedinisased.

There is little experimental support for the asstiompthat the percent absorption is independent of
applied dose. There is considerable experimentaleace that dermal absorption of solvent
deposited solids is less than proportional to fygied dose: Experimental measurements of dermal
absorption are often made on applied doses thalasger than real exposed doses. Extrapolating
experimental measurements at these high dosewé& loses by assuming the percent absorption is
constant can greatly underestimate dermal absarfdiad the potential health risk).
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3. The effect of vehicle

Dermal absorption should be proportional to thertteelynamic activity of the absorbing compound
in the vehicle. An example was provided of sataasolutions of phenanthrene in two different
vehicles: water and light viscosity silicone oilAlthough the phenanthrene concentration in the
silicone oil was nearly 10,000-fold larger than ttwncentration in water, dermal absorption was
nearly the same, which is consistent with the fhat the thermodynamic activity of phenanthrene
was almost the same in these two vehicles.

4. Dermal absorption estimates based on maximum ghavide a measure of the likelihood of

dermal absorption that can be used as an alteen#ti\either percent absorption or permeability
coefficient values. The maximum flux approach ussigmated values of the permeability coefficient
from water multiplied by the water solubility. Asng as the vehicle does not alter skin too much,
the maximum flux should represent the maximum giigwr rate. If the concentration in a vehicle is
less than saturated, then the flux would be prapuat to the degree of saturation in the vehicle.
Examples of the maximum flux approach were providedhese example calculations were
compared with experimental data of dermal absamatioppesticides measured in ratsvivo.

References

1. Sandrine E. Deglin, Donald L. Macalady and Aten¢. Bunge, Absorption from contaminated
soil into skin and silicone rubber membranes, Faogne book for OEESC-2005, Stockholm,
Sweden.

2. Annette L. Bunge, Dermal exposure to solvenbdepd solids: Is absorption proportional to the
exposed dose?), Programme book for OEESC-2005kI8itra, Sweden.

- Other references: see the posters in Programwiefoo OEESC-2005, Stockholm, Sweden.
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COSMETICS: SKIN ABSORPTION DATA IN HUMAN RISK ASSES SMENT

Walter Diembeck
Beiersdorf AG, Hamburg, Germany

Definition: “Cosmetic Product®

Any substance or preparation intended to be plataedntact with the various parts of the human
body (epidermis, hair system, nails, lips and exdkgenital organs) or with the teeth and the macou
membranes of the oral cavity with a view exclusivet mainly to cleaning them, perfuming them,
changing their appearance and/or correcting boaysodnd/or protecting them or keeping them in
good condition. [93/35/EEC]

Definition “Cosmetic Ingredient*

Any chemical substance or preparation of syntheti®atural origin, used in the formulation of
cosmetic products.

A cosmetic ingredient may be:

1- a chemically well-defined single substance witimolecular and structural formula

2- a complex preparation, requiring a clear ddbnitand often corresponding to a mixture of
substances of unknown or variable composition aolddical nature,

3- a mixture of 1 and 2, used in the formulation aoffinished cosmetic product. [93/35/EEC,
SCCNFP/0321/00]

Data required from cosmetic ingredients suppliers

» chemicals skin absorption data normally not required by Bahgerous substances legislation
(Directive 67/458/EEC + amendments).

» cosmeticsskin absorption data required by cosmetic ingufsir safety dossier to be presented to
SCC(NF)P (6th and 7th Amendment to Directive 78/E&C) esp. of “actives”, e.g. colorants,
preservatives, UV filters, substances with lima@as (concentration, site of action).

Data required from the cosmetic industry

Skin absorption data must be provided by cosmaticstry in the safety dossier “TIF* (Technical
Information File) which must be kept available e tmanufacturer or importer of each cosmetic
product within the EU and made accessible to thepsient authorities of the Member States on
demand (according to 6th and 7th Amendment to Gbnmective 76/768/EEC) of all ingredients,
in particular “actives®, e.g. colorants, preservasi, UV filters, substances with limitations
(concentration, site of action).

Safety assessment of a cosmetic product

Overall toxicologic profile of ingredient§remark: importance of purity, impurities, origin!
chemical compositioand_degree of exposure

for intended use and foreseeable misuse (e.g. shypleised as shampoo, face care product used for
hand or body care).

Exposure
Dermal exposure = process of contact between ant agel skin at an exposure surface over an
exposure period.
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Exposure assessmedsta prerequisite:

topical application > dermal uptake (spray: inhala)
lipcare > dermal and additional oral uptake (ingegt
oral care (e.g. mouthwash) > oral uptake.

Helpful questions:

- what (product)

- where (site of application)

- how (mode of application, e.g. spray, liquidyyaier)

- how much (applied amount)

- how long (leave-on [hours, days], rinse-off [omi@s])

- how often (daily ...)

- user (children <> grown-ups, consumer <> busijes

Available human and animal tests

Studies can be performed in human volunteers inctse of low toxicity of cosmetic product /
ingredient. Often, no human data are available.

Forin vivotesting see:

« OECD TG 427 (2004)

» OECD Guidance Document for the Conduct of Skin Apgon Studies No. 28 (2004).

Available alternative methods

In vitro testing is preferably carried out on excised pighoman skin (avoid use of lab animals in

cosmetic industry in EU due to politics).

Forin vitro testing see:

 OECD TG 428 (2004)

» Diembeck at al., Fd.Chem.Tox. 37, 191-2005 (1999)

* OECD Guidance Document for the Conduct of Skin Apgon Studies No. 28 (2004)

» Basic criteria for thein vitro assessment of dermal absorption of cosmetic ingmned
[SCCNFP/0750/03].

In vivo and/or in vitro ?

National regulatory authorities may have differgmeferences foiin vivo and/orin vitro skin
absorption studies.

Choice should be in line with requirements of auties and depends on the situation to be evaluated
(e.g. exposure different for leave-on vs. rinsepoffducts).

The test should mimick the intended use conditions.

European UnionAccording to the 7th Amendment to Dir. 76/768/EEXD03/15/EC] thein vivo
study will be prohibited for cosmetic ingredientsrh 11 March 2009 on (already now aninmal/ivo
studies prohibited for finished cosmetic products).

In vitro method has been used in industry since many years f
. selection of suitable ingredients (BDF: also relgay skin irritation potential, phototoxicity)
» optimization of cosmetical formulations with respto safety and efficacy (effect of vehicle!)
* in-house hazard identification and safety asseasm
* prerequisite for compatibility testing on humasiunteers
» regulatory purposes
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Choice of vehicledepends on

. properties of ingredient of interest
e.g. lipophilicity, solubility, stability
. intended use of product

leave-on (e.g. sunscreen)
rinse-off (e.g. hair-dyeing, cleansing)

Composition of vehicle influences

delivery of ingredient(s) to skin

extent of absorption / penetration
acceptance of product by the consumer
efficacy of product

safety of product

Dose - activity analysis

(on a case-by-case basis, SCCNFP recommendation)
- amount / product / person / day

- amount / body weight

- amount/ area

- Systemic_ Eposure sage [amount/kg body weight])
- Margin d Safety = NO(A)EL / SED

What we do in Beiersdorf

* In vitro penetration studies are integral part of cosmetioduct development (also for
dermatologics).

» Exposure to cosmetics is localized, quantifiabl@lumtarily > realistic assumptions for known
ingredients and products. Results expressed inpSleal dose] or [ug/...].

* BDF uses experimental data (mostly excised pig,etiones human skin, no 3D-skin models)
(mostly in-house) only

* No mathematical modelling in BDF because of comipfexf cosmetic vehicles, lipophilic
molecules, experienced shortcomings of mathematioalels for our purposes at date.

Recommended literature

The SCCNFP's Notes of Guidance for the Testing afr@etic Ingredients and their Safety
Evaluation (5th Revision) [SCCNFP/0690/03 Finabpid 20 October 2003].
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HOW DERMAL BIOAVAILABILITY DATA IS USED IN HUMAN Rl SK
ASSESSMENT OF PESTICIDES/BIOCIDES

John Ross
Infoscientific
Carmichael, CA, USA

The large surface area and unique compositioneobther layers of the human body present both a
significant barrier and some portals of entry te thterior (slide 3). Dermal absorption data has
many sources. Early on (30+ years ago) methodge weveloped to study dermal absorption in

humans (Feldmann and Maibach, 1974) and abous#me time, it became evident that the dermal
route contributed most exposure (Wolfe, 1976). régulation of pesticide exposure evolved into

quantifying absorbed dose (NAS, 1983), the regeyab@mmunity recognized the value of human

and non-human primate dermal absorption data. rGasehoice most knowledgeable regulators

would prefer to have in vivo primate data, but @gfuently request it and never require it. Less tha

20% of all registered pesticides have any in vieonthl absorption data, and <3% have any in vivo
primate data. Further, primate data are frequdimtliged by having only a single dose tested while

in vivo rat data usually has 3 dose levels spanttiagexpected range of exposure.

The lack of in vivo data and expense and ethicasiderations in producing it has prompted the EU
to adopt in vitro data in a tiered approach to ddrpenetration in risk assessment. The firstitier
such an approach is the default assumption of 1@@8availability. If the 100% assumption
produces unacceptable calculated risk, a seconddignate using physicochemical parameters, e.g.,
molecular weight, log octanol/water partition co@éint or oral bioavailability is used. Those
chemicals not passing Tier Il screening can themeleired to produce in vitro dermal absorption
data, although in vivo data is given preferenceTier Il assessments. Ultimately, if all elseldai
biomonitoring can be used to most accurately meaabsorbed dosage. The tiered approach just
described for the EU is radically different in NorAmerica for Tier Il and Ill. In North America,
dermal toxicity data compared to a dermal dosevsrgpreference over calculated absorbed dose
that is compared to oral toxicity endpoints. FeliTier Il, the North American approach goes
directly to in vivo dermal absorption as no in eittata of any kind are allowed in regulation. As w
can see from the varying regulatory approachesdouse of dermal penetration data, measures of
dermal bioavailability can be assessed several wapgnding on the need for accuracy (ranked in
slide 7) in approximately the order of accuracy.

There are a number of methods to interpret in wimal bioavailability data, and they are
dependent on study design. Regardless of the ohetbed, from a regulatory standpoint there is a
desire never to underestimate resulting in “coret@re” interpretation of the data. Three regulator
methods of data interpretation are discussed: @esrhalance method (Zendzian, 1994), the plateau
method (Thongsinthusak et al., 1999), and the Mdilmaethod (Feldmann and Maibach, 1974). The
plateau method and mass balance method tend tdlggveame numbers if excreta is collected until
limit of detection is reached, and there is litttesse remaining at the treatment site following wai$h

at termination. The Maibach method also is simitaresult to the mass balance method (within +
60% for six different compounds tested by both rod#) Ross et al., 2005).

Clearly, the rat as a model for human dermal ali&orps extremely conservative averaging five
times the estimated bioavailability of humans usihg same pesticides (Ross et al.,, 2001). The
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variability introduced by using an inbred laborgtanimal (e.g., the rat) under very rigid contrdlle
conditions is typically less than that observechwite human population (see slide 12 for an actual
comparison of results from both species for azispmethyl). However, the uncertainty introduced
by using rat data as indicated above tends to tgerahan the variability introduced from using
human subjects. Ideally, to reduce uncertaintwviuld be desirable to have human dermal
bioavailability data. However, for a variety ohs®ns, <3% of all registered pesticides/biocide® ha
in vivo dermal data. An alternative now used ie #U as part of the tiered approach to refining
dermal bioavailability estimates is in vitro absiwp. Unfortunately, North American regulators
will not currently use in vitro data and a concdradfort to demonstrate the utility of in vitro dat
using paired data sets of in vitro and in vivo aatl human data for the same compounds has not
been undertaken. This is not because the dataidexist; rather it is because the data have never
been adequately compiled for a reasonable numbssropounds (n=67?).

Depending on the data available d@hd intended use, dermal bioavailability dataxisressed several
ways, although a very vociferous group opines thais the “best” method. The use of dermal
bioavailability data is varied depending on theiesapplication. For example, it may be used to
estimate systemic dose from a dermal dose, or w&rea (estimating dermal exposure from an
absorbed dose measured in a biomonitoring studwith the increased interest in children’s
exposure, dermal bioavailability must be distingeid from non-dietary oral exposure resulting from
hand to mouth activities. Because the vast mgjafitsystemic dosage occurs via the dermal route
(high vapor pressure compounds excluded), it isié& to use biomonitoring data generically, i.e.,
to incorporate it into dermal exposure databasgs BOEM. To do this meaningfully, one must
have a human dermal pharmacokinetic study, however.

The equation for calculating operator exposure whging a database e.g., POEM makes dermal
bioavailability the singular variable that is cheaiispecific, and therefore a very critical deteramit

of absorbed dosage. The methods for estimating g@mglication or reentry systemic exposure
whether for workers or residents are very simildncreasingly, with standardization of transfer
coefficients (e.g., US EPA’s Policy 3.1), the deradasorption factor is becoming more critical.

North American regulatory agencies have been usigly dosage dermal toxicity studies as the basis
for regulatory NOAELs for operators and residenihis regulatory approach is in contrast to the
method used in the EU where an oral toxicity Stt9AEL is compared to the absorbed dose
calculated using a dermal bioavailability factdmese conflicting regulatory approaches can lead to
differences in conclusions about pesticide/biocsdéety, and must be resolved in the interest of
science and harmonization. While the North Americaethod nominally avoids route to route
extrapolation, it ignores several factors that mtran offset the uncertainty of route to route
extrapolation. First, the gut excels at absorptioa to peristalsis, dilution with digestive juicesd a
very large effective surface area. Secondly, giigor rate is limited when dermal dose exceeds a
monolayer on the skin versus gut. Finally, irf@ator tissue damage from high dermal doses and/or
repeat applications confounds the interpretatiodenial dose toxicity studies.
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CONDUCT AND INTERPRETATION OF DERMAL ABSORPTION DAT AIN
HUMAN RISK ASSESSMENT

John M Perkins
Global Leader Dermal Absorption
Human Health Assessment
Dow AgroSciences
Milton Park Abingdon, UK

Introduction

Dermal Absorption values are among the Critical fpoahts in the Commissions Review Report for
compounds assessed under the 91/414/EC DirectiMeese absorption values can have a more
significant impact on the Risk Assessment thanvimability in the selection of the AOEL or the
external exposure received by the worker.

There are well established International OECD Ginds and Guidance (2004) on the conduct of
dermal absorption studies. These documents coalidime information to facilitate the generatian o
regulatory acceptable dermal absorption data. Weweo guidance is given on the interpretation of
dermal absorption data which result in the CritE€at-point values.

Guidance for the Interpretation of Dermal Absorptidata
Guidance on the interpretation is currently covebgdan EU Guidance Document on Dermal
Absorption, Sanco 222/2000 rev. 7, 19 March 200de guidance covers two scenarios:

1. Compounds with no dermal absorption studiesumtiss that are deemed not relevant.
2. Dermal absorption studies which meet the cul@aCD guidelines.

Specific aspects of these two scenarios are caeside detail below.

Compounds with No Dermal Absorption Studies or i8tutthat are Deemed Not Relevant

The EU guidance states that for ongoing evaluatidmsre no measured data are availabléefault
value of 10% may still be used in the risk assessment by thep&&eur Member State for the
purpose of deciding on ‘one safe use’ in accordaoterticle 5(1) unless there are clear
indications that 10% would be unrealistically low €.g. based on physical chemical properties of
the active substance).

In order to qualify for Default Values of 10% th@lbéwing criteria have to be matched:

Molecular Weight > 500
and
Log Kow <-1 or >4

Outside these criteria the proposed value is 100%owever, how many pesticides have a
“Molecular Weight > 500"?? The outcome is therefore a default value of 100%.

This presentation proposes that a more refinedi®nesl Option should be considered based on the
Potts and Guy Model (1995) which considers Lqag,KMW or MV and various constants to yield a
theoretical Skin Permeability gKvalue.

Page 71 di 98



Global CEM Net Report of the Workshop no. 1 on
“Dermal Transfer and Penetration Algorithinintra (Italy), 20-21 June 2005

i.e. Log K, = 0.71 Log Ky — 0.0061MW - 6.3.

When this approach is applied to dilute aqueoustienls of commercial formulations the theoretical
skin permeability can be compared to the experiaignterived dermal absorption value (e.g. %
absorption).

Theoretical Skin Permeability and Dermal
Absorption from Aqueous solutions
(0.001 to 0.1 mg/0.64cm2)
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Dermal Absorption in excess of 10% has only beemdofor theoretical Skin Permeability values of
-5.6 to -6.5. ALL compounds have Molecular Weigh08.

Dermal Absorption Studies Meeting Current OECD @liites

The OECD documents recommend tape stripping thetustr corneum from epidermis/dermis.

However the Sanco guideline states “the amounttéolcan the skin is included as being absorbed
based on expert judgment”. No reference is madape stripping and/or exclusion of the SC from
absorbed dose. The Scientific Committee on Pl&@pril 2002, exclude Stratum Corneum from

absorbed dose.

An example of the potential importance of the simatorneum:

Location % of Dose
Stratum Corneum Tape Strips
2-4 3.5
5-7 1.7
8-10 1
11-13 0.3
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14-16 0.1
17-19 0.1

Total SC 6.8
Epidermis/Dermis 6.1
Receptor Fluid 2.9

Does the distribution in the stratum corneum sugtes this residue should be included in a total
absorbed dose which is used to generate a dailyr)24stemic exposure for comparison with an
end-point expressed as mg/kg/day?

A related issue is the residue remaining at théicon site inin vivo studies. The

EU Guidance Document States “in case the experiiseigrminated before serial no detects....the
amount in the skin should be considered as absorBagert Judgment must be used.” There is an
on-going problem with the lack of expert judgmeegardinginterpretation of the dose at the
Application Site.

An example of the potential importance of the aggilon site was considered:

Sampling Matrix Percentage
Interval (hrs)
48 Application site 38
72 Application site 35
72 Systemic Absorption 12
0-24 Systemic Absorptioh 8.23
24-48 Systemic Absorption 2.21
48-72 Systemic Absorptio 1.73

Residues were detected in excreta at the end ofttiay, i.e. no serial non-detects. Shotlid
application site be addedo give total absorption to be used in a per day riskkssessmentwhen
only 5% of the application site is contributingtbe systemic exposure residue over 48 to 72 hours?

Conclusions

The following areas require more detailed guidand&e interpretation of dermal data:

Impact of formulation type on dermal absorptior, é@ample solvent- or water-based formulations
and powders.

Impact of concentration and/or matrix on QSAR mbig!

Contribution of the Stratum Corneum and Applicat®ite residues to the dermal absorption values
and the resulting impact on Risk Assessment.

Page 73 di 98



Global CEM Net Report of the Workshop no. 1 on
“Dermal Transfer and Penetration Algorithinintra (Italy), 20-21 June 2005

References
- OECD Guidance for the Testing of Chemicals. Glinée427 and 428. 13 April 2004. Guidance

Document for the Conduct of Dermal Absorption S&sdiOECD Series on Testing and Assessment.
No 28. " March 2004.

EU Guidance Document on Dermal Absorption, San@2Z000 rev. 7, 19 March 2004.

- Opinion of the Scientific Committee of Plants @ommission Draft Guidance on Dermal
Absorption (Doc SANCO/222/2000-rev 4. 2002).

- Potts, R.O., Guy R.H.1992. Predicting Skin Pexbilgdy. Pharmaceutical Research 12, 1628-
1633.

Page 74 di 98



Global CEM Net Report of the Workshop no. 1 on
“Dermal Transfer and Penetration Algorithinintra (Italy), 20-21 June 2005

DERMAL ABSORPTION IN RISK ASSESSMENT: THE USE OF RE LATIVE
ABSORPTION VERSUS PERMEATION COEFFICIENT (k p)

Cees de Heer
TNO Quiality of Life, Zeist, the Netherlands

Introduction

Dermal absorption of chemicals is often expressepesicentage of the dose coming in contact with
the skin. The QSARs for dermal absorption, howewaeg, all designed to predict kp-values. This
raises the question in which way and for which expe conditions the kp-value will provide a

meaningful estimate for dermal absorption.

Modelling of skin absorption; theoretical considerdions

Like the passage of substances through an artifrtembrane, skin absorptiois a passive,
concentration-driven process tlwn be described by Fick's law. For descriptionno¥itro dermal
absorption often the following modification of tHeaw is applied:Jss= k,* C, where ds = steady
state flux (after an initial lag time), k= permeation or permeability constant, and C =ceairation
of penetrant in donor fluid (concentration in retegluid assumed nil).

Fick’s law is however only valid for homogenous nieames and under the condition of a constant
concentration gradient over the skin in time. Theseditions often do not reflect the situation of
absorption of substances through the skin undéistieeexposure conditions.

From testing for dermal absorption of chemical samses dissolved in different vehicles and
formulations, it became clear that the matrix inchha substance is presented to the skin is decisiv
for the outcome of the experiment. Vehicles andstires may alter the barrier function of the skin,
either increasing or decreasing its permeabilityrtiiermore, partitioning between vehicle and
stratum corneumwill vary with the nature of the vehicle.

Additionally, experimental data for e.g. nicotineda2-butoxy ethanol, have shown that the steady
state flux is not always linear with the concentratof a substance in an aqueous solution over the
entire concentration range. The latter is a vergidoassumption in the modelling of dermal
absorption at infinite dose conditions.

The above means that the theoretical assumptioderiying the equations modelling dermal
absorption may not always hold true under real lifexposure conditions.
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Relative absorption (% of dose) versus permealtzbifficient (k):

Relative absorption (% of Permeability coefficient Kp)
dose)
Use in risk - finite exposure, such as - infinite exposure, such as splash
assessment spraying of plant protection | incidents
products or biocides or - environmental exposures, such|as
dermal application of exposure to contaminated wate
cosmetics
Assumptions - exposure duration realistic ferconcentration on the skin surfade
worker or consumer, does not change during exposure
- amount of substance/ém - steady-state flux does not change
realistic for worker or during exposure period
consumer

- vehicle/formulation realistic
for worker or consumer

Advantages - experimental conditions can- useful to estimate absorbed dose
be directly matched to reflect from different exposure
worker exposure conditions | conditions by extrapolation using

-can be used fdn vivostudies| computational modelling

- skin depot can be taken into approach
account by adding the
percentage dose retained
Disadvantages - extrapolation to alternative| - may result in overestimation or
exposure conditions is underestimation of dermal
difficult absorption

-no QSARs available

- may result in overestimation
or underestimation of derma
absorption

Using k, for finite dose dermal absorption estimates
kp-values can be used to obtain a simple estimatthefmaximum amount of absorption to be
expected using the following formula:

A=k, *C*t*SA

where A = amount absorbed (mg); &kpermeability constant (cmi'l; C = concentration (mg ¢,
t = exposure time (h); and SA = exposed skin &red)

In this project, this calculation was applieditiovitro experimental data from a TNO-database and
the EDETOX-database. For thig,-\kalues were estimated with Potts & Guy QSAR (Pé&ttSuy,
1992) based on log P and molecular weight. Subsglguéhe dermal absorption in the diffusion cell
was calculated with the above formula and compaiitidthe actual experimental results.
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Results

The use of modeled,kalues (derived from QSARs) to predict the der@asorption inin vitro
experiments may lead to both overestimation anergstimation of dermal absorption. However, in
most cases a significant overestimation of the ewmntal absorption was observed. When
comparing relative dermal absorption data measureitro to calculations on the basis of modeled
kp-values, overestimations (of actual absorption)taica. 1000 times the measured values were
observed and underestimations up to a factor 3.

Underestimation of actual absorption may occur when
- sink conditions are not ideal, e.g. when the coamgl accumulates in the dermis, leading
to a reduced flux
- presence of skin depot, which may become systdiyiavailable, is not taken into
account
- test compound or formulations decrease skin éafunction
- absorption of compound in vehicle has a clearighér skin penetration than neat
compound (e.g. nicotine, 2-BE)
Overestimation may be due to:
- Test compound or formulations increase skin barri
- Lag-time is significant compared to exposure time
- Exhaustion of the donor compartment

Conclusions
Use of k-values (infinite dose, using water as vehicle) eyl to over- or underestimation of actual
absorption due to e.g. influence of test compounekbicle on barrier function

Direct use of only jkvalues to calculate absorption at finite dosesdwe produce realistic results

A better ‘extrapolation’ of kvalues to finite dose conditions is a prerequisitdoroad application of
the k in risk assessment.

Recommendations
Develop generic models (preferably requiring litdeno experimental data) to extrapolate kp-values
to finite doses

Investigate whether implicit and explicit assumpsdor deriving kp-values hold true for a (large)
number of model compounds

Develop QSARs for vehicles other than water (éggld formulations)
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CONSUMER PRODUCTS - DERMAL EXPOSURE AND RISK ASSESSMENT

David McCready
The Dow Chemical Company, South Charleston, Weginid, USA

This presentation focuses on the Dow approach foodweling dermal exposure to consumer
products. It uses an efficient, tiered approachSome practical risk assessment guidance and
common areas with the EC approach were discussed.

A summary of the tiered modeling approach for démemposure:

Exposure assessment is performed in steps.

Dermal absorption is the key variable in the tiespgroach.

One iterates from simple to refined analysis. Ldf@rgcost to high effort/cost.

Tiered approach has common areas with EC Guidammmuient on Dermal Absorptiofor
pesticide products.

Dow may use experimental data or QSARS.

A description of the tiered modeling approach lastrated in Figure 1:

Tier 1 is a screening analysis that requires lichitdormation. Makes conservative assumptions,
such as 100% absorption of the substance. Worstasdsnate of the potential exposure.

Tier 2 uses more realistic assumptions. Steadg-stermal uptake equation in a spreadsheet.
Use skin permeability from experiment or QSAR.

Tier 3 refines the penetration and uptake by uaimgn-steady state model. Use PROMISE® or
ConsExpo models

Tier 4 physiologically based pharmacokinetic (PBRkodel.

The following issues were discussed:

* Why Evaluate Consumer Exposure?

» Typical Steps in an Assessment

» Dermal Exposure Scenarios

» Typical Products & Substances Evaluated

» Exposure Scenario Development

* Many Products? Which to Evaluate First ?

* Risk or Hazard Assessment Steps

» EC Guidance Document on Dermal Absorption, Mardd420
» Other important variables; contact time and surtxea.

Some summary issues:

To reduce effort — use previous studies, highgpbsure product/scenario, use a tiered approach.
Skin permeability is a primary variable. Use esmental data or QSAR.

Applicability domain for experimental data or Q8Ahould match product.

If use 100% dermal uptake, must refine otheralades.

Library of exposure factors is helpful.

Substance toxicity may determine the tier used.
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Figure 1. An lllustration of the Tiered Approach
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+a— T2 Steady-state uptake equation

-—

Limited = T1100%

Limited data, many assumptions; lower cost, higteutaint)

Page 79 di 98



Global CEM Net Report of the Workshop no. 1 on
“Dermal Transfer and Penetration Algorithinintra (Italy), 20-21 June 2005

APPENDIX 1

Statements for Discussion in the Workshop
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ISSUE 1: There is a disconnect between exposuresassment data collection and dermal
absorption calculations. How can this be improved?

1. How can we proceed to estimate uptake when expaseasurements are generally only reported
in terms of mass on skin when models of permeagi@framed in terms of concentration of
chemical applied to the skin?

2. Different exposure measurement methods, for pl@ninterception and removal techniques,
produce measurements in the same units but theptdmeasure the same thing! How should we
ensure greater comparability in exposure measuredata?

3. Currently available methods to quantify outcomh@lermal exposure provide a lot of ‘noise’ in
view of uptake by skin. Estimates of mass, loading concentration cannot be interpreted. State-
of-the-art knowledge on uptake of chemicals by sty needs adequate estimates of skin
surface exposedndexposure duration

4. There can be considerable spatial heterogeireiye distribution of a chemical over the body
region, with in some instances most of the chentesihg accumulated over a small fraction of
the body’s surface area. If dermal absorption (esped as a percentage of the available dose)
varies with the mass loading of the skin, then l®whe systemic dose determined from a single
value representing the total mass of chemical iggidn skin?

5. What is the effect of non-uniform distributiohamemical on dermal absorption?

6. There are clear indications for substantial terap and spatial variability of all exposure
parameters. These should be addressed in uptakessto remain the driver for development of
guantitative dermal exposure methods.

7. Extrapolating data from largmplied doses to smalpplied doses
* |s absorbed dogeé to applied dose?
» Stated differently, is % absorption constant?

ISSUE 2: Effect of vehicles or matrices. Extrapaiting from one vehicle (often water) to
another (e.g. formulations)

8. The vehicle or matrix, in which a chemical camgathe skin, is a significant determinant of the
resulting exposure. The level of uptake from onkiale cannot be assumed to be predictive of
that from a different matrix.

9. The permeability coefficient (Kp) of a chemidedm aqueous solution can be predicted with
some reliability from its physicochemical propestieCaution, and additional information,
however, is required when using Kp to estimate (is&., a quantitative determination of
exposure) following dermal contact.

10. Extrapolating data from water to non-aqueoysidis
» Can we use data measured from water to estimatemims from non-aqueous liquids?
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e How?

11. To what extent are models based on aqueouscsEuadequate? Are theoretical models and
appropriate QSPeRs a realistic prospect in thet $tianedium term? If not then how should we
proceed?

ISSUE 3: How should the skin reservoir be handled risk assessment?

12. The skin can act as a reservoir for a chensicdhat absorption can continue long after exposure
to the surface of the skin has ended. In thesemistances, the systemic dose on any particular
day is a composite function of the exposure prasdstegrated over the current and previous
days. In these circumstances, the capacity ofkimetg act as a reservoir will lead to a smoothing
of the exposure process. Therefore, single day sxpoassessments (whether deterministic or
probabilistic) have a tendency to overestimate af@m in systemic exposure with a
corresponding overestimation of risk.

13. Do we fully understand what happens when the skexposed to chemicals? How does a
chemical mixture interact with the skin contaminsater and how well do we capture these
processes in models that are used to predict uptake

14. Should contributions from the skin reservoircbasidered?
» Atthe end of the exposure, is the amount of cheahmicthe skin significant?
» Does the chemical in skin at the end of the exposantribute to health risk?

ISSUE 4: Almost no reliable measurements (and meaement methods) of bioavailability

15. Methods for the determination of local (i.&in$ bioavailability of a chemical contacting thiars
have not been optimized. Quantitative estimatespassible from bothn vitro and in vivo
experiments, but a validated, relevant and saf&l"ggandard” remains an elusive objective.

ISSUE 5: Estimates of uncertainty

16. Uncertainty in dermal absorption, expressedither percentage penetration or as permeability
coefficients will vary considerably depending upiie source data. For probabilistic exposure

assessments to be viable there is an urgent nesdefitee default uncertainty factors for animal-
to-human, vehicle-to-vehicle armlvitro to in vivo extrapolations.
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APPENDIX 2

Dermal Transfer and Penetration Algorithms (prior to Global CEM
Net Workshop, June 20-21, 2005, Intra (Italy) WhitePaper)
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The purpose of this working paper is to providetegnfor the discussions in Workshop 1 of the
Global Net meeting in June 2005. The text is alnmos$tll currently identical to a white paper for a
workshop at the OEESC-2005 Stockholm conferencgkomnissues.

Some recent activities

Recent studies, specifically the RISKOFDERM prajéetve established a large database of dermal
exposure levels of chemicals in several occupalttios@ scenarios (Ann. Occup. Hyg., 48/3 (2004)).
The methods used to obtain these measurements basezl on the OECD Guidance Document
OCDE/GD (97)/148. Data were obtained over (part af)work shift using state-of-the-art
methodology that assessed the potential dermalsexpoThis approach provides estimates of the
mass of contaminant chemical that may be availtblee taken up into the body, but does not take
account of the protective effect of clothing or thass of chemical that is likely to be taken uj int
the body. Estimation of uptake of chemicals throtigs skin is most relevant for risk assessment
where an evaluation of systemic exposures is éasent

Other recently completed research, for example th&€DETOX project
(http://www.ncl.ac.uk/edetox/index.htjnlhas focused on evaluation of permeation of chalsi
through the skin. These studies have used bothitro andin vivo assessment methodologies to
assess the dermal uptake of chemicals. Howevisrjritpractical to measure dermal permeation for
the many thousands of industrial chemicals in wskay. An alternative approach that has been
proposed is to use predictions of steady-state @ation from statistically derived relationships
between physical-chemical properties and the pdritityacoefficient of representative chemicals,
relationships known as QSARs (quantitative striestantivity relationships).

In 2004 the European Chemical Industry Council (€BEponsored a scientific workshop to discuss
skin permeation measurement methodistp(//www.iom-world.org/news/ppworkshop.ghpThe
workshop discussed, amongst others, the use of Q®ARisk assessment purposes. The data
currently used for QSARSs are obtained from “infinitose’in vitro absorption studies, i.e. there is no
limit to the amount of permeating chemical. Sutidies determine the maximum flux (for the
applied concentration), and from that flux a perbilés coefficient k, is calculated. The
permeability coefficients for a set of chemicals selated by QSARSs to physical-chemical properties
such as octanol-water partition coefficient andenolar weight. However, realistic risk assessment
scenarios usually correspond to “finite dose” ctiads, plus current exposure assessment methods
do not measure the concentration of contaminanmhaieds.

The main immediate need identified by the CEFICkshop was to establish the link between finite
and infinite dose experiments, thus linking the @&Sderived information with the inputs required
for risk assessment. The linkage between finitkiafinite dose experiments relies on mathematical
modelling and the associated relevant and reliallgerimental data. These techniques enable a
sound theoretical basis to be used in the inteapogt of the data, and this should improve the
reliability of parameters calculated from experitandata. The models also should enable
extrapolation to predict absorption under differéosing conditions.

Up till now, there has been surprisingly little erdction between the researchers involved with
occupational dermal exposure assessment and teesarchers working on dermal permeation. This
may be an important reason why there is a misnagtiveen the external exposure data obtained in
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the field or through modelling attempts, even aftarrection for clothing penetration, and
experimental or QSAR data on dermal permeation.

Dermal exposure

Humans are dermally exposed to environmental cantarts via three media of exposure water,

soil, and air and as pure chemicals or mixturescicupational settings. The site of dermal exposure
is directly related to the activity being performatl the time of exposure. Several factors can
influence dermal exposure during activities. Thiestude:

» reduction or increases in the chemical contact skih due to normal clothing;

» protective clothing and gloves worn by workers #mlamount of protection they offer;

» individual differences in dermal exposure due tffedng degrees of speed, care, and
dexterity in performing work;

» variance in the amount of material available fornt absorption due to actions such as
wiping the affected area with the hand;

» variances in the penetrability of the skin in diéfiet parts of the body;

» individual variability in regards to skin penetriilyi due to age and skin condition, such as
disease and thickness of the stratum corneum; and

» the matrix of the chemical contaminant, solid, itjwr vapor.

Dermal exposure is defined as the process of cbhieteveen an agent and skin at an exposure
surface over an exposure period. The (target) expaurface in view of the dermal route is the skin

contaminant layer (SCL) compartment, i.e. the camnpant on top of the stratum corneum of the

human skin, and is formed by sebum lipids, swedt adiditional water from transepidermal water

loss, rest products from cornification and unshexdheocytes, and is given by its three dimensional
volume.

Parameters of the result of contact are: dermabsx@ mass, i.e. the mass of agent present in the
contact volume; dermal exposure loading, i.e. edposnass divided by the skin surface area where
an agent is present; dermal exposure concentrat@ngexposure mass divided by the exposure

volume (SCL) or the exposure mass divided by thesneantained in the SCL.

The current dermal exposure assessment methodaogyld be improved so that biologically
relevant data are to be collected. The current otetlogy is mainly based on assessing total
exposure mass. Measurement methods for dermal exgassessment, i.e. to identify and quantify
an agent, can be grouped according to three mejuijples:

« sampling by interceptionf agent mass transport towards clothing and/or Bk the use of
collection media (pads) placed at the skin surfaceeplacing (work) clothing during the
sampling time followed by Detection, e.g., chemiaaalysis of extracts from the collection
matrix;

« sampling by removabf the agent mass from the skin surface (SCLngtgaven time or the
end of the sampling period (by wash liquid, wipbrfes, etc.), followed by detection in the
collection matrix;

» direct assessmehy in situ detection of the agent or a tracer at the skifasar e.g. by image
acquisition and processing systems, at a given time
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Sincein situ techniques also determine the surface areas jcexgdosed, the results also indicate
exposure loading of the SCL, whereas the resulteewioval techniques can be used to estimate
exposure loading of the skin surface.

Mass transport processes can be divided into psesgswards the clothing and skin compartments
and processes from clothing and skin compartmé@rits. latter are subdivided into two pathways:
from the skin contaminant layer into the skin bytake, and transport from the skin contaminant
layer to other compartments by removal, resuspansioevaporation. High or low transport rates
will bias the results obtained by different samglimethods. Low transport rates allow use of
removal and in situ detection techniques appliechédiately before decontamination to adequately
estimate the level of contamination of the skintaamnant layer relevant for uptake. If the removal-
resuspension / evaporation rate is low, but uptake is high, an interception sampler or an in-situ
direct technique would give a good measure of dermnptake. If the removal-
resuspension/evaporation rate is high and uptateeisalow, an interception sampler (assumed to
have a better retention performance compared tg slould greatly overestimate uptake. In this case
biological monitoring, being a non-route specifiethod for uptake, would be preferable, and also in
the cases that both transport rates are high. Seceesults obtained by different sampling pritesp
are influenced by a range of mass transport presessd may have to be extrapolated beyond the
sampled contact volume, all sampling methods aredfavith fundamental problems, such as:

* interception and retention characteristics of iwgption techniques differ from real skin or
clothing;

* removal methods, e.g. tape stripping, solvent washand use of surfactants, may influence
the characteristics of the skin; they may alsofidaroted use for repeated sampling;

» removal techniques, e.g. skin washing, are notapfate for all body parts;

» extrapolation from small areas sampled, e.g. padsciies) or skin strips, to the whole
exposed area can introduce substantial errors;

» Behavior of a (fluorescent) tracer introduced im timass transport when using in situ-
techniques may differ from the behavior of the saibses of interest.

As indicated, the total mass measured may be aguvavgate for the uptake, either since the mass of
chemicals on the skin is not all available for kptar is spread very unevenly on the skin. It would
be more relevant to measure the exposure usingplesathat was a closer mimic of the skin, just as
for inhalation exposure respirable dust sampling ba used to select the biologically relevant
exposure to dust. Progress has been made in denglagprototype diffusive dermal sampler based
on an adsorbent sandwiched between a semi-perméabteer membrane and an impervious
backing. Further development of this type of sampiay in the longer term offer a more appropriate
measurement method.

Information about soil or sediment adherence, dermaasfer from surfaces, contact rates, and
frequencies for important exposure scenarios ig Maiited. Only a few studies have been conducted
to better characterize dermal contact and chertri@asfer to the skin. These studies have focused o
chemical release from sediments, sediment adherenskin, and residue transfer from treated
surfaces to skin. More studies are needed to bettaracterize activities associated with these
environmental exposures.

Surface contact occurs when the skin comes inttacomvith a contaminated surface and chemical
residue is transferred to the skin. This may cbota to oral exposure if chemical residues on the
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hands are transferred to the mouth or transfenad the hands to food. One major step to estimate
dermal contact accurately is to better define ttevity being performed at the time of exposure. If
the activity patterns of humans were better charasd, the uncertainty of the dermal exposure
characterization process would be greatly reduced.

Dermal absorption

The physiology and biochemistry of the skin cancaot for much of the variability associated with
dermal absorption of substances. The three rotitestry through the skin are the stratum corneum,
the sweat duct, and the hair follicle.

The amount of chemical coverage on the skin surdaceinfluence the amount of dermal absorption.
Chemical coverage of the skin may be incompletexaeed the exposed skin surface area by piling
up on itself. Likewise the transfer efficiency fmoa contaminated surface to the skin or liquid
solution may be highly variable due to the natunel axtent of the contact or the deposition of
chemical residue due to evaporation of the liquid.

Quantitative exposure assessments for contaminantgater and air are based on the use of a
permeability constant (Kin cm/hr), which is a measure of the rate of petien into the skin. Kis
usually measured in the laboratory framvitro studies at steady state (infinite dose experiments
For exposure to soil, percutaneous absorptionuallysexpressed as the fraction of the applied dose
absorbed from bothn vivo and in vitro studies. For applications of soil containing dqua
concentrations of a contaminant, the amount oftbail adheres to the skin determines the amount of
contaminant absorbed. Many of the permeabilityffaoents are based on predictive methods that
commonly use octanol-water partition coefficienB,J and molecular weight due to a lack of
experimentally derived permeability coefficients fmany chemicals. Most experimentally derived
permeability coefficients are determined using ploee chemical deposited onto skin in a volatile
solvent (e.g., acetone or ethanol) or the cheniicah aqueous solution. A number of factors may
influence dermal absorption estimation such as iphysand chemical characteristics of the
contaminant (including factors such as corrosiyitgatrix composition, physiological characteristics
of the skin (including anatomical site or speciemyount of surface area contact, and rate and
mechanism of absorption.

Quantification of percutaneous penetration is aemf$al step in reducing the uncertainty of dermal
risk assessment. Generally, if no quantitative giismn data are available for a substance it is
assumed that 100% of the material applied to the skrface is available systemically. This is an

extremely conservative assumption, yet necessaytalthe lack of data concerning absorption rates
for chemicals.

Rates of permeation of chemicals cannot be prgciselasured by analysis of absorbed material in
excreta. Therefore, permeability constants ardcditf to determine by thosin vivo techniques,
althoughin vivo Kp assessments can be improved by blood samgbiigwed by pharmacokinetic
analysis. In vitro techniques can be used to provide fast, direct wmeagents of flux and
permeability constants (Kp) in human skin. In addit factors affecting dermal absorption from
various matrices (soil, water, oil etc.) can be toaled in in vitro studies. The most relevant
percutaneous penetration data comes from humamnteaustudies, but these data are rare. Costs and
ethical constraints frequently rule out the teswhdgoxic compounds in humans. This necessitates th
use ofin vivo animal orin vitro methods which requires extrapolation of the reswatthose expected

in humans.
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Predicting dermal absorption with mathematical mdbieg

An approach for validatingh vitro techniques is to us@ vitro derived parameters of skin barrier
function (i.e., the permeability coefficient and riigon coefficient) in mathematical model
representingn vivo absorption. In this approach, experimental varsethein vitro andin vivo
studies do not have to be identical as long asmiffces are described in the mathematical model.

Mathematical modelling can be used to describe deamal absorption process by applying
conservation of mass equations. Mathematical motledé are mechanistically based require
physicochemical parameters for the absorbing chamie.g., diffusion coefficients and partition
coefficients or parameters derived from these the permeability coefficient). Depending on the
situation that these mathematical models are dsesgrithey will also include the volume of the
vehicle, blood flow rates and so on. If the physleemical parameters for a given compound are
available, then these models can be used to desdeitmal absorption for situations other than those
used in the experiments in which the physicochelnpoaperties (e.g., permeability coefficient and
partition coefficient) were measured. For exampte, mathematical model can use steady-state
vitro measurements to predict unsteady-state finite ohogiwo measurements, at least when lag time
or equivalent information is known. These modets distinctive from QSAR models in that QSAR
models are used to relate chemical structure tgltiysicochemical parameters that are important to
dermal absorption, i.e., permeability coefficierdad partition coefficients. For example, the
permeability coefficient is a measure of a chenscdlffusivity and solubility in the skin layers
relative to the vehicle. Diffusivity is known to yawith molecular size. Small molecules diffuse
faster than big molecules. Solubility depends ow komilar (or different) the chemical is to therski
layers (i.e., the stratum corneum and the viabidegmis) compared to the vehicle that the chemical
is in when it is presented to the skin. QSAR modetsused to estimate/predict the physicochemical
properties needed in the dermal absorption modet Tmathematical model lets you use
measurements made in one type of experiment tma&idermal absorption in a different exposure
scenario.

Predicting dermal absorption with QSAR techniques

Penetration of chemicals through the skin can bscriteed as diffusion through a pseudo-
homogenous membrane. This can be described usohkis First law that states, “the flux of the
penetrating chemical at a location within the meanler barrier is proportional to the membrane
diffusion coefficient and the concentration gradien that position”. When skin is exposed to a
chemical, chemical penetration through the strabemeum will be initially rapid and slow as it
satisfies the capacity of the stratum corneum lier cthemical. At this point absorption is unsteady
and the chemical has not reached the systemidaiiao. The chemical will then reach the systemic
circulation and, if exposure continues, the coneiuin gradient through the skin will become
constant. At this point absorption has reacheddgtetate meaning the mass of chemical entering and
leaving the skin are constant. A simplified math@oal model has been developed that successfully
estimates dermal absorption from infinite dose agaesolutions by taking into account both the
non-steady state and steady state period of almorpihis model can be represented using 2
algebraic equations, one for the non-steady staserption period and one for the steady state
absorption period. In combination with QSAR modelsthe permeability coefficient and partition
coefficient, this model can predict dermal absapfior chemicals that have not been studied. These
simple equations have provided reasonable estin@ftéis vitro and in vivo data. It should be
mentioned that nearly all of the QSAR equations déstimating permeability coefficients are
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restricted to aqueous solutions. This is becausmgmbility coefficients are vehicle dependent and
nearly all of the data are from aqueous vehicles.

The first type of equation/model is used to estenthe physicochemical parameters that characterize
dermal absorption, i.e., permeability coefficienpgrtition coefficients, diffusion coefficients,ga
times, and so on. The second type of equation/moskes these physicochemical parameters in an
equation to estimate dermal absorption.

Most of the QSAR equations are the first type. They structure-activity based equations designed
to estimate chemical properties in skin. Many & @SAR equations for skin estimate "steady-state"
permeability coefficients from agueous vehicleswdwer, there are QSAR equations for estimating
partition coefficients between the stratum corndanmsometimes skin) and aqueous vehicles and for
estimating effective diffusion coefficients in thkin.

Dermal absorption is usually estimated using tloesé type of equation, which is some sort of mass
balance model that uses parameter estimates, pefttap a QSAR equation. These equations can
and have been written to account for lag time d&edrhaterial remaining in the skin as well as for
concentrations changing in the vehicle applieckin.d-or example:

Cumulative mass absorbed = permeability coeffictectincentration * exposure time (Eq. 1)

This equation comes from a steady-state mass lmalafitce permeability coefficient may be
estimated using QSAR, but this does not make tbgeabquation itself a QSAR equation. Eqg. 1 does
not account for lag time. If the exposure timeaisein to be the time until the exposure ends, tleen E
1 also does not account for material that willl §t¢ in the skin when the exposure ends. However,
these flaws are not part of the QSAR equation; Hreyflaws of the mass balance equation.

Mass balance equations are not restricted to steiadly and can be derived to include absorption of
chemical in the skin at the end of the exposurés Ehthe case in the equations recommended for
estimating dermal absorption from contaminated waide recommended magmlance based
equations (i.e., the second type of equation) agetime (really an estimate of the diffusion
coefficient) and permeability coefficient. Estimaitef lag time and the permeability coefficient are
calculated using QSAR equations. The permeabilagffccient can be estimated with the same
equation.

There are a very few equations of a third type,ciwhastimate dermal absorption directly using only
structure-activity parameters, but these equat@amsonly be used for the situations in which they
were derived.

The chief advantage of the strategy of estimatiegphysicochemical parameters by QSAR and then
incorporating these into mass balance equatiottsaisit can be used for a wide variety of exposure
scenarios, provided we have the appropriate phgiseroical data.

The chief problem right now is that permeabilityeffecients (or alternatively, partition coefficiext

are not available for non-aqueous vehicles and waat know how permeability coefficients are
affected by dermal absorption of multiple compouatthe same time.
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Mind set and goals of the workshop
The purpose of this workshop was:

1. To survey and discuss the general state-of-¢leise of the methodology for assessing
dermal penetration.

2. To identify recommendations for next steps imatimg dermal exposure to consumer
products and then prioritize the recommendatiomdufture research.

The focus of the workshop is not on specific sulsta but on the identification and development of
general modelling constructs capable of describing relevant factors for the multitude of
substances impacting and penetrating human skin.

The expected duties of and opportunities for thiéigpants have been to:

1. Provide feedback and material to the workshoporeto be drafted by the moderator
before, discussed during and finalized after theR&twop.
2. Formally or informally present relevant researttat you have done or have specific
knowledge of, relative to these two general ardasaly.

This was done by covering at least the followirspes:

a. How to use JRC EIS Chemrisks “ExpoData” to hielpe research needs?

b. How to address regulatory policy, specificallp Buidance Document on Dermal Absorption
dated 19 March 20047

c. Considering the tiered approach to modellingrd¢rexposure, what sort of approach is necessary?
A simple approach to screen many chemicalsrefimed approach to estimate chemical specific
dermal exposure?

d. What are the data needs for modelling dermabsuie to consumer products?

e. Which dermal exposure models are readily availabd documented (either separate or
integrated)?

f. How to address dermal uptake (experimentalrandel) uncertainty and variability?

g. How to “compare or corroborate” model predicti@da experimental results?

h. What are the top priority dermal exposure chaisiproducts/scenarios?
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APPENDIX 3

Agenda for Global CEM Net Workshop no. 1 on “DermalTransfer and
Penetration Algorithms” June 20-21, 2005, Intra (laly)
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Day 1 (June 20, 2005)

Moderator:Joop J. van Hemmen
RapporteurKatinka E. van der Jagt

1. General

- Introduction to the workshop and Global ConsurBgposure Modeling NetworkStylianos
Kephalopoulok
- Results of the OEESC-2005 workshop (June 12, 20@ockholm)(Joop J. van Hemmen)

2. Methodology

Exposure modeling
- The effect of spatial and temporal variationgxposure on dermal absorptidsi¢k Warrer)
- A users experience with the dermal modules ofSEapo and PROMISE, and a vision for
future modelsTip Tyler)

Skin absorption

In vivo
- Efforts to harmonize dermal exposure assessmeimiotetMike Dellarco)

In vitro
- Dermal absorption data generated by in vitro o@sh Why do they deviate from QSAR
predictionsqFaith Williams)
- The assessment of the dermal bioavailability leérgicals by using appropriate in vitro
methodgWinfried Steiling)

(Q)SARs
- QSAR, REACH and the prediction of skin permeapiMark Cronin)
- Modelling skin penetration: QSARs and mathenaticodels(Sean Corish)
- The possibilities to make more reliable risk msties of exposure to substances via the
dermal route\(Vil ten Berge)

PBPK
- Effect of skin model form on PBPK performarn(dehn C. Kissel)
- Dermal exposure to soils and solvent depositdilissois absorption proportional to the
exposed doséAfinettte L. Bunge)

3. Use of skin absorption data in human risk asses&nt

Cosmetics
- Skin absorption data in human risk assessifWatter Diembeck)

Pesticides/biocides
- How dermal bioavailability data is used in humisik assessment of pesticides/biocides
(John Ross)
- Conduct and interpretation of dermal absorpti@iadin human risk assessmegdbhn
Perkins)
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General chemicals
- Dermal absorption in risk assessment: the useelative absorption versus permeation
coefficient (k) (Cees de Heer)

Consumer products
- Human risk assessment for dermal exposure taucoaisproductgDavid McCready)

Day 2 (June 21, 2005)
1. Break-out groups

Use of Kp in risk assessment (algorithms)
[Chair: Annette L. Bunge; Rapporteur: Mark Cronin]

Integrating exposure and absorption (how can ddoee in modelling approaches?)
[Chair: John Ross; Rapporteur: Cees de Heer]

2. Plenary session
Reports and conclusions from break-out groups
3. Conclusions and recommendations
- Are all issues covered and what can be recomniéhde
- Directions for future research
- Some specific questions were posed in advance:

a. How to use JRC EIS Chemrisks “ExpoData” to higlpe research needs?

b. How to address regulatory policy, specificalllC Esuidance Document on Dermal
Absorption dated 19 March 2004?

c. Considering the tiered approach to modellingrdérexposure, what sort of approach is
necessary? A simple approach to screen many chisnuca refined approach to estimate
chemical specific dermal exposure?

d. What are the data needs for modelling dermabsuie to consumer products?

e. Which dermal exposure models are readily aviailabd documented (either separate or
integrated)?

f. How to address dermal uptake (experimental andet) uncertainty and variability?

g. How to “compare or corroborate” model predictido experimental results?

h. What are the top priority dermal exposure chafsiproducts/scenarios?

[Chair: Han van de Sandt; co-chair: David McCready]
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APPENDIX 4

List of Participants to the Global CEM Net Workshop no.1 on “Dermal
Transfer and Penetration Algorithms”
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Abstract:
The purpose of the Global Net on “Consumer Exposucaléling” Workshop no. 1 onDermal transfer and
penetration algorithms” took place on 20-21 June 2005 in Intra (Italy) was:

1. To survey and discuss the general state-of-the-science of the methodol ogy for assessing dermal
penetration.

2. To identify recommendations for next stepsin modelling dermal exposure to consumer products and
then prioritise the recommendations for future research.

The focus of the workshop was not on specific sulzsts but on the identification and development ofegal
modelling constructs capable of describing the releVaators for the multitude of substances impacting and
penetrating human skin.

The outcome of the Workshop is summarized below:

After the presentations of the results of two breakgvaoups a general discussion took place which latido
following conclusions and recommendations.

1. In occupational situations, the skin contact timseoften estimated on the basis of worst case
considerations (e.g. 6-8 h per day). However maniyities, such as mixing and loading, are generally
performed within a much shorter time span. In addjtioading of the skin is not necessarily an instant
process, but may occur over time.

2. The deposition of a substance is not homogeneardite exposed skin area. The variability of tregling
of the skin is likely to affect the skin absorptisimce relative skin absorption (% of dose) of a sulcsta
decreases with increasing dose.

3. In order to address points 1 and 2 in the risksassent, there is a need for probabilistic exposureeiaod
Dedicated studies should provide suitable data feseltgeneric models. New studies may be needed to fill
data gaps.

4. From a scientific point of view, the maximum flaRould be used in preference to relative absorption in
risk assessment. However, it is recognized that thpsoaph may lead to overestimation of the actual skin
absorption. QSARs may be used in the following tienggroach:

Tier1 100% absorption

Tier2 QSAR for max flux

Tier 3a in vitro testing using human (or pig) skin

Tier 3b in vitro testing using rat skin

Tier 4 invivo test in rat (PBPK)

Tier 5 biomonitoring (PBPK)

Guidance on the use of QSARs for regulatorp@ses is considered necessary.

VVVYYVYYVY

5.  For further development of QSARs, databases conggmeasured and well-defined skin absorption data
are of great importance. Evaluation of this existirggadwill allow for proper definition of the use of
QSAR (e.g. applicability domain, dose levels, vidsk

6. There is a need for generating data outside the miremgplicability domains (“unhappy domain”).
Although it is recognized that human in vivo studi@® the gold standard, standardized in vitro
methodology is considered advantageous for cost-gféetesting of substances with toxic or unknown
properties.
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