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PRINCIPLES TO COVER (BRIEFLY)

Dermal deposition, liquids and solid particulates, for pure
substances and mixtures

General dermal exposure models
o Deposition
o Absorption

Dermal permeation theory

Octanol-water partitioning, its importance and methods of
estimation

Important tools and data sources

PRINCIPLES TO COVER --- IN MORE DETAIL

IH SkinPerm development, theory and use
Neat compounds
Aqueous mixtures
Air to dermal absorption
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ESTIMATES OF DEPOQSITION MODELS — HOW MUCH
GETS ONTO SKIN

RISKOFDERM: The RISKOFDERM model was developed for

(14

estimating potential dermal exposure, 1.e., the total amount of a
substance coming into contact with the protective clothing, work
clothing and exposed skin ... it does not estimate absorption. The
model originally consists of a set of equations, which have been
entered into a user friendly MS Excel® spreadsheet. This model is
used to estimate potential dermal exposure to a product or substance
used for, or handled in a separate process or task within a workday.

.. not targeted at experts in occupational hygiene, physicians,

toxicologists or enterprises with the capability to carry out more
detailed dermal risk assessments. However, these experts may find
the toolkit useful as an initial rough estimate of dermal hazard,
dermal exposure and dermal health risk before starting in-depth
investigations.”

RiskofDerm was build with occupational task scenarios, but can be

easily extrapolated to consumer task exposures in similar categories

To find the link to download the tool from TNO, just Google search

RiskofDerm
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THE OLD UK HSE MODEL EASE INCLUDED
ESTIMATES OF DEPQSITION

EASE an expert system that used rules on a
scenario description to search an evaluated
exposures database

For described scenario and substance properties,
1t delivered an estimated load 1in mg/cm? for the
affected skin area

It did not predict absorbed dose or evaporated
fraction

The principles of this seem to have been
expanded and updated in RiskofDerm
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ESTIMATING DEPOSITION VIA FIELD STUDIES
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How CAN CONTACT LEADING TO DERMAL DEPOSITION OCCUR?

direct contact with the chemical, or matrix
containing the chemical

contact with contaminated surfaces (e.g. tools,
tables, walls, clothing, even other persons)

contact with an aerosol after deposition
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DETERMINANT CATEGORIES FOR DERMAL CONTACT

substance and product characteristics
task done by the user

task process techniques and equipment
exposure control measures

user characteristics and habits

environmental conditions

Source: Marguart 2003, Ann. Occ. Hyg. Vol. 47, No. 8, pp. 599-607.

See the publication for more details on dermal exposure
determinants
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CALCULATING A DERMAL QEL EQUIVALENT

In some cases, an existing airborne OEL can be used to
evaluate semi-quantitative data for dermal exposures

Inhalation rates: 11-19 m? air inhaled/day (moderate
activity - EPA Exposure Factors Handbook); 10 m3/day
1s a typically assumed occupational value

OEL (mg/m?) x m?3 air inhaled/work day = mg/day

However, for some substances the retained inhaled
systemic dose < the total inhaled dose

Since 1t 1s USUALLY based on TLVs, 1t does not account for sensitive
subpopulations and long tem continuous exposures, but some
organizations apply a series of safety factors to OELs
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Various sources of general population target doses may be useful for
comparison to dermal doses such as RfDs



INTACT SKIN IS A COMPLEX STRUCTURE

sweat duct hair shart

3 stratum comeum

~ k viable epidermis

- dermis

| vasculature

sweat gland nairrollicle  sebaceous gland

Dermal permeation goes from surface deposition through the
strateum corneum and viable epidermis to the vasculated layer
where agueous solubility drives systemic uptake
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HERE IS A DESCRIPTION OF INTACT SKIN

The strateum corneum is the outermost layer, of flattened
dead ketatinized corneocytes in a lipid matrix
Corneocytes are polyhedral, anucleated cells without cytoplasmic
organelles, interlocked with each other and organized as vertical

columns of 10-30 cells and embedded within a highly
hydrophobic lipid matrix to form the stratum corneum.

This layer can absorb up to three times its weight in water

The viable epidermis is the next layer down — living cells in
an aqueous matrix

Keratinocytes in the viable epidermis will multiply
through cell division and migrate toward the skin surface.

From the viable epidermis, the permeating material is
available for dissolution and uptake via the capillary bed

The interstitial fluid 1s largely water, but with some blood
lipids
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HOW THICK IS THE EPIDERMIS?

In humans 1t 1s thinnest on the eyelids at
0.05 mm (0.0020 1n) and thickest on the palms
and soles at 1.5 mm (0.059 in)

This different thickness affects the lag time of
permeation and the loading in the epidermis.

This thickness also affects the time 1t takes for
the loading in the skin to be absorbed

27171 ‘Bunnsuo) ausIBAH [euonednadO YHEVM L



SOME EXAMPLES OF DERMAL EXPOSURE MODELS

The models presented can be used only for
systemic toxics — they do not address \/ A|H A
sensitization or irritation or corrosio:

of the skin

Three basic “models” presented here:
Calculation of a dermal OEL equivalent

AITHA dermal exposure model (conservative, uses
a 100% absorption value by default, but that is
easily modified)

IH SkinPerm Tool - Revised Robinson model
(estimates skin absorption based on exposure
concentration and chemical-specific skin
permeation rate)
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AIHA'S EXPOSURE ASSESSMENT STRATEGIES
COMMITTEE MODEL: DERMAL EXPOSURE MODEL

D = G)(QWE)(FQ)ABS)

D = potential dose (mg/day)

S = surface area of contact (cm?)

Q = amount retained on the skin (mg/cm?)

WF = C = concentration of chemical (percent by weight)
FQ = number of contact events per day

ABS = absorption (default 100% absorption into skin; or empirically derived
data may be appropriate)
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Variations on this model are widely used

Ignacio and Bullock, eds. A Strategy for Assessing and Managing Occupational Exposures, 3rd ed.
Fairfax, VA: AIHA Press, 2006. Appendix II: Dermal Exposure Assessments.



SKIN SURFACE AREAS

Taken from the U.S. EPA’s Exposure Factors Handbook, 1997, Volume I,
Chapter 6: Dermal, Table 6-4, Surface Area by Body Part for Adults, m?,
and 2009 Chapter 7: Dermal, Table 7- 11, Surface Area of Adult Males (21
Years and Older) 1n Square Meters

Thumb ~24 cm?

=

>

Body Part Mean (Men) 1997  Mean (Men) 2009
Head 1180 cm? 1360 cm? £
Arms 2280 cm? 2890 cm? 2
Forearms 1140 cm? 1460 cm? %
Hands 840 cm? 1070 cm? Z
Palms 150 cm? 4

WHOLE BODY about 20,000 cm?




AMOUNT OF CHEMICAL RETAINED ON SKIN

The amount retained on skin, or Q values, have
been experimentally estimated

These are given as mass per surface area of skin
(surface density) rather than mass per volume
(concentration)

The US EPA table of suggested Q values for
common industrial tasks (and similar
consumer tasks)- is available 1in the course
handouts: routine or incidental contact in the
range of 0.7 — 2.1 mg/cm?

(consider lower values for thin watery fluids,
and higher values for thicker oily compositions)

Values from updated EPA Exposure Factors
Handbook (2009) for solids are in the range of
0.13 - 0.27 mg/cm? for adults

These are for the whole matrix. A
constituent would be proportionally less.
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THICK VISCOUS FILMS ON SKIN HAVE SEVERAL
ASPECTS TO CONSIDER

The total quantity of the substance of concern
may not be available if it remains in the film.

There will be a concentration gradients, possibly
at the skin-film and air-film interfaces.

The kinetics of molecular diffusivity may limit
the quantities delivered to the skin interface or to
the air interface.

Is the thick layer wiped off or washed off before the
applied dose can be absorbed?
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EXAMPLE: AIHA MODEL DERMAL CALCULATION FOR
METHANOL

A person is filling an automobile windshield washer solvent
reservolr. The solvent is water with 30% methanol by weight.
Both hands may be slashed with the solvent.

D=5SxQxWF x FQ x ABS
S = Surface area = 2 hands = 840 cm?
Q = Amount retained on skin = 1.4 mg/cm?
WF = Concentration by weight = 30% or 0.30
FQ = Number of contacts = 1
ABS = 100% or 1.0 (default assumption)
D = 840 cm?*1.4mg/cm?*0.30*1*100%
D= 354 mg
PEL/REL = 260 mg/m3 x (10m?/day) = 2600 mg/day

US EPA IRIS CHRONIC RfD 2 mg/kg/day for 50 Kg = 100
mg/day
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What “errors” ... and in what direction ...
might we identify in this estimate of D?



EXAMPLE: DERMAL CONTACT CALCULATION FOR BENZENE

A home mechanic is replacing a fuel line filter on a lawn mower.
Contact of one hand with gasoline containing 1% benzene by
weight occurs.

D=SxQxWF x FQx ABS

S = Surface area = portion of hands = 300 cm?

Q = Amount retained on skin = 1.4 mg/cm?

WF = Concentration by weight = 1% or 0.01

FQ = Number of contacts =1

ABS = 1% (derived empirically) WHY JUST 1%?

D =300cm? X 1.4 mg/cm? X 1x0.01 X0.01 =0.42 mg/day
PEL/REL = 1.6 mg/m?3 x 11 m3/day = 17.6 mg/day

US EPA IRIS RfD 4 x 10-3 mg/Kg/Day for 70 KG = 0.28 mg/day

What “errors” ... and in what direction ...
might we identify in this estimate of D?
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LIMITATIONS OF ESTIMATES THAT USE A
PERCENT ABSORPTION FACTOR

The absorption rate in the real world is typically
variable, not constant

The absorption rate is linked closely to the mass
loading of the contaminant on the skin, and
absorption rate increases as the topical exposure mass
Increases

Time 1s a key aspect of absorption (most absorption
occurs within 24 hours) — time must be the same when
comparing values

EVAPORATION is not considered in a rigorous way —
just via the estimate of the ABS fraction
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ESTIMATING SKIN ABSORPTION

Two 1mportant variables in dermal absorption
estimation are:

Mass of the contaminant on the
skin and

Kp, or permeability rate

If concentration is constant, Kp = cm/hr

Based on Fick’s Law of Diffusion and flux:

Kp = Flux (mg/cm?/hr) / Conc. (mg/cm?)
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ESTIMATING KP VALUES

Some sources of Kp values:

SkinPerm tool computes estimated Kp values:
http://home.planet.nl/~wtberge/home.html

IH SkinPerm calculates estimated Kps too, using a few
physical chemical properties and algorithms

EPA’s Dermal Exposure Assessment: Principles and
Applications (1992), Summary of Compound-Specific Kp
values, pp. 5-65 to 5-98.
http://ctpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=12188
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Some are available in published literature.


http://home.planet.nl/~wtberge/home.html
http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=12188

SKIN ABSORPTION

A model that attempts to refine Potts & Guy* is the
revised Robinson Equation (this model is in the IH
SkinPerm Tool):

Kp = 7 (Cm / hour)
1 + 7
Klip + Kpro Kaqg

The terms K, K, and K, have further
mathematical components

The model requires the octanol-water partition
coefficient (log K,,,) and molecular weight

*Potts, R.O., and R.H. Guy: Predicting skin permeability. Pharm. Res. 9:663-669 (1992).
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Use oF LoG Kow

The logK_, value provides an estimate of a chemical’s
relative oil (lipid) and water solubility, which can be a
predictor of dermal absorption

In general, a logK_  value between 1 and 3 indicates
significant dermal absorption potential

SRC Website estimates LogKow values:

http://www.svrres.com/esc/kowdemo.htm

The US EPA EPIWIN suite (that uses the SRC method)
also gives methods to estimate LogKow values
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http://www.syrres.com/esc/kowdemo.htm

SOME DATA SOURCES

Syracuse Research Corporation website, LogKow values
Syracuse Research Corporation website, Kp Values

U.S. Environmental Protection Agency, Dermal Exposure Assessment:
Principles and Applications, Summary of Compound-Specific Kp Values,
1992, pp. 5-65 to 5-98: http://www.epa.gov/nceawww 1/pdfs/derexp.pdf

U.S. Environmental Protection Agency:
http://www.epa.gov/oppt/exposure/pubs/episuitedl.htm

Note: The DermWin module in EPI Suite has LogKow and chemical
physical properties for substances

Merck Index of chemicals: https://www.rsc.org/Merck-Index/

Note: Limited access without access rights. This index contains information
on chemicals including common and generic names, trademarks and
associated companies, CAS Registry Numbers, chemical structures,
molecular formulae, weights and percentage composnlon physical and
toxicity data, and caution and hazard information.

o U.K. Royal Society of Chemistry:
http://www.rsc.org/ChemSpider/index.asp

Note: The ChemSpider program reportedly has SOME
LogKow Values at skin pH of 5.5
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https://www.rsc.org/Merck-Index/

GETTING TO LOGKOW — SMILES FROM CHEMSPIDER

S/‘ il @ www.chemspider.com/Chemical-Structure.105625.html
B3 2 Most Visited B Google f:J Google Scholar 3 Your Library Record N... 3 The Western Jersey W... 2 Maps | | Sho
3 g ry

ChemSpider

Search and share chemistry

About More Searches Web APIs Help

OH 4-Methylcyclohexanemethanol
ChemSpider ID: 105625
Molecular Formula: C_H,_O USQfU.l.
8 16 . o
Average mass: 128.212006 Da Slrnphfled
Monoisotopic mass: 128.120117 Da mole CU.l ar

w Systematic name

(4-Methylcyclohexyl)methanol 1nput line

@ 20 3D S:I,: - v SMILES and InChis entry
SMILES: system
occ1cee(c)eet

Std. InChil:
InChl=1S/C8H160/c1-7-2-4-8(6-9)5-3-7/h7-9H,2-6H2,1H3
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EPIWIN, EPIWEB

o

File Edit Functions Batch Mode 1 Show

Structure

EPI Suite - Welcome Screen

Search CAS

Output Fugacity 5TP Help

Clear Input Fields

Save User

PhysProp Previous

Calculate

Dutput
" Ful
(® Summary

Draw

AOPWIN
KOWWIN
BIOWIN

Input Chem Name: |

MPBPYP
WSKOW Name Lookup |
3 -
WATERNT Heniy LC: atm-m /mole Water Solubility: | mg/L

-

<

<
HENRYWIN 1 Melting Point: | Celsius Vapor Pressure: | mm Hg
R i Boiling Point: ﬁ Celsius Sl '7

KOCWIN
BCFBAF
HYDROWIN
BioHCwin
DERMWIN
ECOSAR
EPI Links

River Lake

‘Water Depth: | T meters

1
Wind Velocity: | 5 | 0.5 meters/sec
1 k

Current Yelocity: | 0.05 meters/sec

The Estimation Programs Interface (EPI) SuiteTM was developed by the US Environmental Protection Agency's Office of Pollution Prevention
and Toxics and Syracuse Research Corporation [SRC). It is a screening-level tool, intended for use in applications such as to quickly screen
chemicals for release potential and “bin" chemicals by priority for future work. Estimated values should not be used when experimental
[measured) values are available.
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KOWWIN TAB

X
Draw Previous | GetUser | Save User| CAS Input | ExpValadj | Calculate |
Enter SMILES: gcci ccc(c]c(;‘l
(]
Enter NAME: ]
NameLookup| i
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RESULTS ESTIMATED LOG Kow

. E J )
# | Kowwin Results | = EF X |
M\ (M 5

Jprint Save Results Copy RemoveWindow Help

-

Log Kow(version 1.68 estimate): 2.55

SHILES : OCC1CCC{C)CCAH
CHEM :

MOL FOR: C8 H16 01
MOL WT : 128.22

------- e et b —-= - - - - - —-= Rt e
TYPE | HUH | LOGKOYW FRAGMENT DESCRIPTIOHN | COEFF | VALUE
------- F——————— - - - - - - - e e
Frag | 1 | -CH3 [aliphatic carbon] | 473 | 8.5473
Frag | 5 | -CH2- [aliphatic carbon] | 4911 | 2.4555
Frag | 2 | -CH [aliphatic carbon] | 8.3614 | 8.7228
Frag | 1 | -OH [hydroxy, aliphatic attach] |-1.4086 | -1.4086
Const | | Equation Constant | | ©.2299
------- e - - - - - - - e

Em
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ExaAMPLE OF SRC’s LOG Kow
CALCULATOR: HEXANE

KowWin(LogKow) Log P Calculation:
SMILES : C(CCCC)C

y

CHEM - Hoxane Usgful. S}mpllfled molecular 2
MOL EOR: C6 H14 input line entry system S
MOL WT : 86.18 o
------- S V. S—— =
TYPE |[NUM| LOGKOW v1.66 FRAGMENT DESCRIPTION | COEFF | VALUE %’
------- T S S 2
Frag | 2 | -CH3 [aliphatic carbon] | 0.5473 | 1.0946 éf
Frag | 4 | -CH2- [aliphatic carbon] 10.4911 | 1.9644 2
Cons t| | Equation Constant | | 0.2290 g
------- S S =
Log Kow = 3.2880 &

Experimental Database Structure Match: (E

Name: n-Hexane

CAS Registry Number : 000110-54-3
Experimental Log Kow: 3.90

Experim. Reference : Hansch,C et al. (1995)




IDEALLY, KOW AT PH 5.5
From: Geochemical Journal, Vol. 46, pp. 517 to 520, 2012

4 1 L 1 L 1
3 ° - =,
- g
. >
e~ =
29 - r I
o Py
3 ™~ (@]
E 17 ~ - 8
8 D S
D
=
0 —— r o
S
=
Fig. I. Chemrc.af structure of: {a}_ﬂm)m,\c(m, neutral form —17 | —=—Eosin Y (this stuay) <
(H,FI°); (b) eosin Y, deprotonated form. —a -Fluorescein (this study) L=
o Fluorescein (Kashavia et al., 1999) o
-2 T T T T T T @D
4 4.5 5 5.5 6 6.5 7 7.5 8 Q
pH 2
c
Fig. 2. Values of log K, vs. pH for fluorescein (this study; %’
Kasnavia et al., 1999) and eosin Y (this study). Data points .
represent average of 3 to 5 experiments, and error bars repre- P
sent | standard deviation. Some error bars are smaller than (@)

the data symbol.

This pH effect is important for acids, bases. Skin pH =5.5



RELATIONSHIP OF LOG Koyw TO KP

Permeability of Human Skin (In Vitro) to Alcohols
(Aqueous Solutions)

Compound Kp Log Ko/w

Methanol 0.0005 -0.77 O%
Ethanol 0.0008 -0.31 N é
Propanol 0.0014 0.30 £
Butanol 0.0025 0.65
Pentanol 0.0060 1.56 <
Hexanol 0.0130 2.03 vV g
Kp tends to increase with increasing Log Ko/w (up té

saturation)

Taken from: Dermal Exposure Assessment:
Principles and Applications, U.S. EPA, 1992



IH SKIN PERM CAN ESTIMATE THE LOSS TO EVAPORATION,
SKIN ABSORPTION AND SYSTEMIC DOQSE

Penetration 1s complex;
models can assist 1n
estimating the dose which

}
<
. - >
may be systemically Deposition =
. Vapor pressure Evaporation g
aVallable x Molecular weight ;)‘ A §
For volatiles, the program | substance <
estimates evaporation along J | c.ingine 2‘@ — z
. . stratum water penetration (.?D
with absorption comeum  Difusiiy o :
. . Corneum S
It 1s important to | g
understand the principles Absorption l‘é‘é?&ﬁ[|.i‘;e“‘°'e) &
and limitations behind any | i iavte ©
model .

To Systemic Circulation

Illustration from IH SkinPerm



IH SKINPERM: PART OF THE AIHA EASC TOOLBOX

Thoughts from Wil ten Berge, a primary developer of IH SkinPerm
theory and QSARs:

Published permeation coefficients of organic substances from aqueous solutions
through human skin in vitro appeared to support a theoretical model {Note:
SkinPerm} for simulation of permeation of organic substances through the
skin.

Modeling of skin permeation requires not only substance properties like the
octanol/water partition coefficient and the molecular weight or the molar
volume, but should also include diffusion kinetics.

Diffusion kinetics may provide additional understanding for the rate of
permeation of gases, of liquids and of solid substances dissolved in water.
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The model applies to non-ionized substances that do not irritate, do not removes
lipids from the skin and permeate faster than the substance is metabolized in
the epidermis.

RN

Model predictions are accurate within one order of magnitude. This is accurate
enough to get some feeling for the contribution of dermal absorption in
comparison to absorption by inhalation or ingestion.



IH SKINPERM: BASIS FOR THE THEORETICAL MODEL

IH Skinperm is based on 2 critical QSARs for:

+ Human aqueous permeability coefficient of the stratum corneum,
predicted from the log(Ko/w) and the molecular weight. This QSAR was
derived from 182 measured and validated human aqueous skin
permeation coefficients in vitro (ten Berge 2009, Vecchia and Bunge 2002a).

*  Stratum corneum/water partition coefficient, predicted from the
log(Kow). This QSAR was derived from 97 measured and validated
human stratum corneum/water partition coefficients in vitro (ten Berge
2009 and Vecchia and Bunge 2002b).

Vecchia, B.E., Bunge, A.L., (2002a). Skin absorption databases and predictive equations. In: Guy, R.H., Hadgraft, J. (Eds.), Transdermal Drug Delivery.
Publisher Marcel Dekker, pp. 57-141 (Chapter 3).

Vecchia BE, Bunge AL, (2002b). Partitioning of chemicals into skin: Results and Predictions. Chapter 4 in Transdermal Drug Delivery, edited by Guy RH,
Hadgraft J, Publisher Marcel Dekker.

ten Berge WF. (2009). A simple dermal absorption model: Derivation and application. Chemosphere 75, 1440-1445
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WHAT IS “UNDER THE HOOD"” IN IH SKINPERM?

1 cm
10[0g [Kpsk—water | = 1olog 1 1 | hr

Klip + Kpol + Kaq

Klip = 1O[b1+b2*10l0g(KOW)+b3*Mw]

b6

b4
Kpol = ——= Kagq = Vb7

M4—b5

Klip = permeation coef ficient lipid medium
Kpol = permeation coef ficient corneocytes [proteins]

Kaq = permeation coef ficient epidemis [aqueous medium]

octanol

Kow = partition coef ficient

water

Mw = molecular weight

b1,b2,b3,b4,b5,b6,b7 = regression coef ficients
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USES OF IH SKINPERM

Neat liquids
Instantaneous deposition (e.g. one splash)
Deposition over time

Portions absorbed, evaporated, remaining in or on skin

Aqueous mixtures
Instantaneous deposition (e.g. one splash)
Deposition over time

Portions absorbed, evaporated, remaining in or on skin

Uptake via skin of vapor from air

It 1s not ready for use with non-aqueous mixtures —
but this 1s a development goal
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RUNNING IH SKINPERM INITIAL SCREEN

v AIHA

Protecting Worker Health

IH SkinPerm

Exposure Assessment Strategies Committee

IEninsh :

EASC Committee |

Disclaimer I

Sheet tabs, on/off

The goal in developing IH SkinPerm was to help increase understanding of
dermal absorption and provide a practical tool to estimate dose from
dermal exposure. Although the science and terminology associated with
dermal exposure estimation may initially seem complex, the diagrams,
explanations, and graphs we hope will promote basic understanding and
better knowledge to help target where dermal exposure prevention
considerations should be emphasized.

Getting started is easy, simply click on the "blue" arrow to
navigate from this introduction page to the data input sheet.

Substance selection and scenario types are the initial parameters decided.

Scenario choices include instantaneous or deposition over time exposure
nditions.

For further information visit Inside AIHA Exposure Assessment Strategies
ommittee for a link to the Dermal Project Team web page.

‘ Dermal Project Team Web

Deposition
Vapor pressure Evaporation
Molecular weight /
Substance ’]
Loading into
stratum SC/vater penetration
COlpeun Diffusivity
Thickness Stratum
I Corneum
. wat hicle,
Absorption So?uﬁ,f,,{;’e ‘
Viable
I epidermis

\Z

To Systemic Circulation

If this file doesn’t work, enable macros ! )

Wersion 1,022 comments

==F

ReadMe file

J | | NULII2UU Y TUTIVH [SUVICUlivuy AHS V/VIL




DISCLAIMER SCREEN

v AIHA IH SkinPerm Disclaimer (D)

Protecting Worker Health

Developers and users of this and earlier versions of the Excel spreadsheet have found it to be useful in estimating skin permeation. Equations
and concepts upon which this model is based are m the public domain through published literature. Equations embedded in this spreadsheet
were verified upon released. However, no certainty is assigned to the results for any given situation as the results are based on a imited set of
data collected under laboratory conditions. The user of this spreadsheet assumes all responsibility for selection of the model, understanding its
limitations, selection of values for input variables, and interpretation of its' results and calculations. Additional guidance on skin permeation is
contained in ""Mathematical Models for Estimating Occupational Exposure to Chemicals", 2nd Edition, C. Keil, Editor, ATHA Press 2009. Any
user "unlocking" a worksheet and modifying the equations contained within assumes all responsibility for any modifications' adequacy and
DISCLAIMER : The material embodied on this software is provided "as-is" and without warranty of any kind, expressed, implied or otherwise,
incliding without limitation any warranty of merchantability or fitness for a particular purpose.

In no event shall the authors: Wil ten Berge, Daniel Drolet, Rosalie Tibaldi or the American Industrial Hygiene Association (AIHA) be liable
for any direct, indirect, special, incidental, or consequential damages of any kind, or any damages whatsoever, including without limitation loss
of profit, loss of use, savings or revenue, or the claims of third parties, whether or not Wil ten Berge, Daniel Drolet, Rosalie Tibaldi or the
ATHA has been advised of the possibility of such loss, however caused, and on any theory of liability, arising out of or in connection with the
possession, use or performance of this free software.

Acknowledgements

Wil ten Berge created the original SkinPerm model In collaboration with Wil ten Berge, Daniel Drolet and Rosalie Tibaldi as members of the
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DATA ENTRY SCREEN

) You can use the
IH SkinPerm existing list or Data input a

define your own

" @ Substance selection
o Choose

®  SkinPerm
O Users

=

Database

® Scenario parameters

add a new substance ... |

® Instantaneous deposition

{2 Deposition over time ©® Timing parameters

(> Vaporto skin scenario

Start deposition 0hr

Instantaneous deposition dose 100 mg Duration of deposition

Affected skin area 1000 cm? End time observation 8 hr

® Report parameters
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Calculation intervals/hour 10000

Thickness of stagnant air 3cm Report intervals/hour 10

® # °o

Reset




MAXIMUM SKIN ADHERENCE

The skin adherence field is greyed out and a
default of -1 1s indicated if the substance 1s a liquid
at 25°C. Smart logic 1s built into IH SkinPerm; the
program recognizes whether a substance 1s a solid
or liquid at standard temperature (25°C) based on
the physicochemical properties. For substances
that are solids at 25°C a maximum adherence
value up to 2 mg/cm? is allowed based on studies of
soll-on-skin adherence. If the deposition rate
results in an increase above the input figure (0.2-2
mg/cm?), 1t 1s assumed that the surplus disappears
just by removal from the skin.
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EVAPORATION RATE

Evaporation rate is calculated based on REACh technical guidance and uses the
following equations and assumptions:

B*Mw*Vp

Evaporatian rate(LF) = eq. 8

RN IR s T

mRELE]0

0.15 0.04
peo kX

Molecular weight

Vapor pressure of the liquid at skin temperature in Pascal

Gas constant in J/Mol/°K

Skin temperature in°K (normal range 28-32°C) (assume 303°K)
Coefficient of mass transfer in the vapour phase in meter/hour

Velocity of air (at workplaces ranges 0.3 to 0.6 m/s) (assume or 0.3 m/s ie.

1080 meter/hour)

Diffusivity of the liquid in the gas phase (range 0.03 to 0.06 m2/hr)
(assume 0.05 m2/hr)

Kinematic viscosity of air (Literature value 0.054 m2/hour)

Length of the area of evaporation in the direction of the air stream (assume 0.1 meter)
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IH SKINPERM ESTIMATES THE MAXIMUM DERMAL
ABSORPTION FOR 2000 cM2 IN ONE HOUR (MG)
(FROM LIQUID)

A surface area of 2000 cm? 1s the approximate skin
surface area of the hands and forearms. If the
dermally absorbed amount (mg) in one hour is
oreater than a tenth of the OEL inhalation dose
equivalent (mg) then the substances meets the EU
Skin Notation criteria

27171 ‘Bungnsuo) susibAH [euonednddO YHEVM L



THIS IS THE IH SKINPERM REPORT PAGE

IH SkinPerm Report sheet

T Situation after ..
— ==
Lheraiion 0 hours mg
oo aposiion Omg
Fravtion abs S-D% Deposition Evasporation
Amact 3bs mg ] -
WATER AlR
Kp-liids uekicle wster®HBOE v ooy ™t HHOE T Srrdr p-fpids (uehicle st P [ #vaLuE: |
Kp-keratins [vehicle water 0.00E +0 errdhr UTIOOE+0 crrdhr £ Kp-kerating (vekicle 3ir) w I —l
Lag time stratum cormewm Ormin gﬂ'ﬂl‘d-”j E
Diffusivity of Stratum cormeur 0.00E +0 crmdhr U ILODE+0 errbr Kp-stagnant ait lager® ormeam Absorption >
Skinf'w! ater partition ratic’ 1] 1]  Skindir partition 100 “ S
WATER AlR | T
Permeation cosfficient watery . .0DE+0 crrinr B.G0E + 0 errfir  Permeation cosfticih ai aie i
Sthpercertie watel, 000 +0 crir B00E v crribr | Sth percente st » Sl Py
S5th percentile wate 0.00E +0 crifhr 0.00E + 10 crrdhr | 95tk percentile air Y O
(@]
Mz, derm. abe] 0L00E +0 mgtorméhr b g 3 5 g 5 q = B 7 l 8
Time: (Hrs] To Systemic Circulation
& surface area of 2000 cm’ is the ——amcesrrha S E— . —Totw Ansaroed. mg (Hrs) YS! -QD)
. i approvimzte ckin surface of the hands and —
Example Comparitive Analysis farearms. If the dermally sbsorbed amount 6
[mg}in L hour i higher than one tenth of ]
Max. derm. abs. for 2000 cm 0.00E+D the OELinhzlation dose equivalent (me), >
in 1 hour [(mg) (from lig - +img the substance meets the EU skin notation fl
criteria
= g I
Dermalifespirator g é
uptake R E o9 —
(from airborne vapo § § § i ﬁ @D
This means that full respiratory protection wi c 08 >
i rcent protection against % D
ure: 1o the substance in the form of g or
e vz peLr absorpron over 2 O
ersion 1022 @ whale body surface! o0& %
A / 05 g
04 —
=
03 >
[(®]
o2 =
—
a1
—
0 L L . L L (@]
0 02 04 06 02 ime (Hrs) 12
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CHEMICAL PROPERTIES DATABASE TABLES THE
SKINPERM TABLE AND USER DEFINED TABLE

SkinPerm database USER database Nurrber: 3

Num | Substance CAS | Mw | T3P Yapour Dressure S;f;gl:iaﬁty Logiombil skin Dersily ME&SED%E&?EW' Nurn | Substarce CaS | Mw | T5mP VapourDressure S;fgligﬁftv Logiombil skin Dersity ME&SL;:?EW'
1 Hikrichlorosthane 7HEEE 1334 1 05 13300 4400 249 1320 1 ltestina 1t D 15 [ 17 1
2 i12-Dichloroethane 07-06-2 | 9895 | 25 10500 500 148 230 2 {chloroform in water 6756310 T8 | 35 5066 9300 197 1180
3 Hfa-dinitrobenzens 9956 . B . o5 0.027 530 152 575 3 iNN-diethultoluarnide 134-62-3 19128 . 25 0.267 420 28 454
4 methyinaphihalene 120 P W22 %5 8.9 5.8 287 1145
5 iZ24-dichlorophenoxy acetic acid 94-75-7 221 25 am E77 0.0 Hz0 —|
6 | ZGditertbulphencl 128-392 ; 2064 ; 25 ik ir} 543 910 2
7 iZ-chloronitrobenzene 88-73-3 7 E 25 38 530 242 1368 >
8 imethinaphihalene 9676 | W22 | 5 7.3 246 386 1000 [oe)
3 | 2-ritrophenal 8755 | 1391 | 2 69 1300 13 430 T
0 olens 108-38-3 | 0617 | 25 110 11 32 870 pu)
1 d-hydroxp-benzonitil 767000 © ™92 | 25 0.24 10000 16 1000 (@)
12 [dertbutyiphencl 90544 | BO2 | 25 064 % 331 408 8
13 |Acstochlor 2568211 269771 25 0.0037 223 203 1136 _g
" Acstone 67641 1 581§ 25 24000 800000 -0.24 740 =
B acrlamide 79061 L 711 1 5 09 7155 067 1130 o)
6 | Ah(rusk) 1506-02-1 | 258411 25 0.0662 125 57 919 8
7 allylglycidylether 06-82-3 | 406 25 527 140000 045 962
8 Ariline E2633 | 93 | o5 40 34000 09 1022 E
19 | Anihracens 120127 7B 5 0.068 0.0434 445 1250 Q,
20 |Arildone 56219-57-9] 3669 ] 25 0.0002 2 587 1078 g
21 {B-ohloropreen 126-99-6 | 885 | 25 25000 256, 173 9583 @
22 {Berzene M43z P78 1% 12673 1780 21 G786 Q
23 {Benzolalpyrene 50328 | %52 0 o5 0.00000073 0.00162 ] 1286 >
24 {Berzylalcohel 00516 | 08W | 25 24 42900 11 1042 8
25 Betamethason 7e-449 § 392471 25 13609 89 19 12400 =,
26 Biphenl 926524 | 421 25 119 £.94 3,98 492 (3
27 {Butoxyethanol 762 | 1182 | 25 117 500000 0.83 857 ‘E_
28 {Caffeine 56082 | W42 25 2000 21600 007 230 —
23 iCaprolsctarn 05-50-2 i M3z 25 03 620000 019 1010 . O




IH SkinPerm Tool: Data for n-Hexane

IH SkinPerm Data input

Substance selection

Choose

@ Skinperm N-hexane w

Ty User's A
LogKow at skinpH 5.5: 3.5

Database

. add a new substance ... +
® Scenario parameters

@ Instantaneous deposition Timing parameters

»  Deposition over time

Start deposition 0hr
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Instantaneous deposition dose 100 mg
Affected skin area 1070 cm? End time observation 1hr
4]
Report parameters
Calculation intervals/hour 1000
e .
Q% / Start Report intervals/hour 100
Reset

Vs FEER




SKINPERM TooOL: RESULTS FOR N-HEXANE

J AlHA IH SkinPerm Report sheet

St g N-h exane

Oepostion | Instantaneous
T <=
Fot Geposbiony, 100me Back to Datg in
Fracuion absorbed 11
Amouneabobedt  10813me
Water AlR

F.p-lipids [vehicle waterﬁ 2.41E01 cm/hr {3 a7E03 cm/fhr Hp-lipidE (wehicle air]

F.p-keratins [vehicle waterﬁ 9.98E-05 cm/hr i 1.40E-06 cm/hr Kp-kerating ['.Ie-hicl;air]

Lagtime statumeomeur, 1808 min L T
Diffusivity of Stratum comeum:  2.10E05 cm/hr | 1.136402 cm/hr {Kp-stagnant air '35'9’
Skinfwater partiion atioy 23032 GL....93E  Skintir partition raflo
.................... WATER o e B
Permeation coefficient I.-.'ateF 2.41E01 cm/hr 3.47E03 cm/hr F'e-rme-ath:-n coefficient air

S percentile '.'.'atE'FE 1.47E01 cm/hr : § 2.12E03 cm/hr _5 percentile air

95" percentile '.-.'ate-?é 3.895E-01 cm/hr i | 5 EEE03cm/hr {95 percentile air

Max. derm. abs| 2.41E-02 mg/cm®/hour
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KINPERM TOOL: DATA FOR N-HEXANE

IH SkinPerm

Sutwivwe N-hexane

Report sheet

AlR

347E-3 erdhr Kp-lipidz [vehicle air) h

140E-E crrthr Fp-kerating [vehicle aiﬁ

T1E3E+2 ermthr K.p-stagnant air layer h

033 Skirdair partition ratio A
AIR
3 47E-3 crrthr Permeation coeffici ent’air

212E-3 crthr Btk percentile air

BBBE-3 crdhr 95th percentile air

Flamoaion Instantaneous
Lraticn?
Fob Danosition 100 rg
Fracior sheadhad 113
Aanwsw abwated 1.0823 g
WATER
Kp-lipids [vehicle waterT 24E-1 erthr
Kp-kerating [vehicle water) 9.98E-5 crfhr
Lag tirme straturm corneurn 1909 min
Diffuzivity of Stratum corneurn 210E-5 crndhr
Skinwater partition ratio 23032
WATER
Permeation coefficient wate? 241E-1ermihr
Ath percentile water 147E-1 crthr
95tk percentile water 3.95E-1 crmibr
Max. dermn. ab31 2.47E-3 mglcrm@hr

Example Comparitive Analysis

Max. derm. abs. for 2000 cm®

in 1 hour (mg) (from liquid) 4.83E+0 mg

DermallRespiratory

uptake Ratio 0.0000666

[From airborne vapor]

Jersion 1,022 @

A surface area of 2000 cm? is the
approximate skin surface of the hands and
forearms. If the dermally absorbed amount
(mg)in 1 hour is higher than one tenth of
the OEL inhalation dose equivalent (mg),
the substance meets the EU skin notation
criteria.

This means that full respiratory protection will
provide 100 percent protection against
overexposure to the substance in the form of
vapour due to dermal vapour abserption over
whole body surface!
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RESULTS GRAPHS FOR N-HEXANE — DIFFERENT
DURATIONS, ETC. WILL AUTOSCALE

N-hexane - Chemical Fate After
Instantaneous deposition of 100 mg (1070 cm?

120 Situation after ...
=3
g | obromin
P
X U
= t
Deposition Evaporation —
80
I ;%
Substance . Z
60 i T
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40
L 8
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Viable \lr °
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o
I >
D
0 —
0 0.2 0.4 0.6 0.8 1 1.2 '&' T
Time (Hrs) To Systermic Circulation <
——— Meman wn aeze B ——— MeminEnom —— Total Absorbed, 1.08 mg «Q
=
>
@D
N-hexane : Absorption rate (mgshr) after ._. @)
Instantaneous deposition of 100 mg (1070 cm?) g
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5 c
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IH SKINPERM TOOL:

IH SkinPerm

@ Substance selection

DATA FOR BENZYLALCOHOL

@ SkinPerm
Database
{::' User's

e Scenario parameters

@ Instantaneous deposition
D Deposition over time

O Vapor to skin scenario

Benzylalcohal

LogKow at skinpH 5.5 : 1,1

add a new substance ... +

© Timing parameters

Start deposition

Instantaneous deposition dose

100 mg

Duration of deposition

Affected skin area

300 cm?

End time observation

O Report parameters

Calculation intervals/hour

Report intervals/hour

NE| &

Reset

Version 1,07

Start

0 hr

2 hr

10000

200
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RESULTS FOR BENZYL ALCOHOL

"IH SkinPerm

Report sheet

Sitance Benzylalcohol
Slaoai Instantaneous
Sharanian
Tt Saoeaiian 100 rng
Frautinn ahs ] h9 422
Amast AbsarbaTy 53.39 g
WATER AlIR
k. p-lipids (vehicle water 299E-3 crrthr 23TE+2 crthr | Kpelipids [wehicle 2T
k. p-kerating (vehicle water V.33E-5 crthr BEE+D crrdhr | Kp-kerating uehicle 3ir
Lag time stratum cormeum 13.954 min
Diffusivity of Stratum cormeum 290E-6 crdlbr 1T0E+2 crfhir | Kp-stagnant air layer
Skirue ater partition ratico 21396 165593 SkindAir partition ratg
WATER AlR
Permeation coefficient wate A07E-3 crrthr F12E+1crfhr i Permeation coekficient air
Sth percentile wate 2.26E-3 crfhr E44E+Tcrdhr |5thpercentile it
35th percentile wate 4 16E-3 crthr TP E+Tcrtbr | 95tk percentile sir

Maw. derm. al:-s“

1.32E -1 rnglern@hr

Example Comparitive Analysis

& surface area of 2000 cm? is the
gpprovimate skin surface of the hands and
forearms. If the dermally absorbed amount
[mg}in 1 hour i higher than one tenth of

Max. derm. abs=. For 2000 cm™;

the CELinhalation dose eguivalent [me),
the substance meets the EU skin notation

criteria.

in 1hour [mg) [from quuidlé 2.63E+2 mg
DermaliRespiratory |
uptake Flaliug 1.3661

(from airborne vaporl

YWersion 1,022 Q%

This means that full respiratory protection wi
provide 42.3 percent protection against
ovErEXposUre to the substance in the form of
vapour due to dermal vapour absorption over
whole body surface!
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Quantity (mg)

IH SKINPERM TOOL: DATA FOR BENZYLALCOHOL

Benzylalcohol : Chemical Fate After ...

Instantaneous deposition of 100 mg (300 cm?
120 - ! ) Situation after ...

o]
100 0 hr 34 min . P 100 mg
| —
H | é
’ 5
| Deposition Evaporation T
80 ; A A S
s o« I -
: N 257 % e
i Substance I I} B
: 1 1 L g.
1 1 =]
: Stratum Jr I v =
Corneum E
=3
50 % Absorption %
| @)
S
Viable Jr =3
epidermis =
@
212% -
| ~
O I I I L I I " I L I i I i L " A . A I 1 1 1 (.)
0 05 1 1.9 2 2.5 *
Time (Hrs) To Systemic Circulation

Total Evaporsted mg ———Mazsin Str.Cmmg — TOta] Absorbed, 51 ,B mg

Mzszs on skinsurface mg




IH SKINPERM: VALIDATION STUDIES OF THE

THEORETICAL MODEL

The model has published validation data against which 1t was tested.

(e.g., 1. ten Berge 2009 2. Jongeneelen and ten Berge 2011,)

Plot of observed versus estimated permeation coefficients

0 -
v

-1 J v
5 v y WY hA< Y
s 2 v vy "v"' Yy
£ v
2 3 MRS AN
QL v v 'v J' v w
=] y vy
S v "‘ MR
— _4 vy v ‘

v v v
v
5 v v v
‘6 1 1 1 1 1 1
-6 -5 -4 -3 -2 -1 0

Log(observed)

Estimated blood/air PC

100000 T T rIImTT T TIIT T TITTITIITTTTTm

10000 £

1000 &

100 &

PR TTTT RS TTT| RE R U7 S AR TTT WA

Dataset 1
= Regr1

° Dataset 2 4

= Regr 2 —§

1 10 100 1000 10000 100000
Observed blood/air PC

1. 1s for aqueous permeation coefficients (human skin in vitro)
2. 1s for the blood/air partition coefficient (human PBPK)

The model has been used and “validated” against chemical hazards in

addition to those in the original validation set and beyond these two

graphic analyses
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IH SKINPERM PARAMETER GUIDANCE

Thickness of stagnant air layer
3 cm 1f clothing involved

1 cm if bare skin involved

Adherence of solids

Max 2 mg/cm?
Range of liquid film loading 0.7 to 2.5 mg/cm?
Range of Log Kow -3 to 6
MW < 600
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ADDING A COMPOUND TO THE DATABASE IN IH SKINPERM
WE CAN ALSO USE THIS TO DEFINE CHARACTERISTICS OF AN AQUEQUS MIXTURE

Values Units

CAS number

Molecular weight

Temperature

Vapour Pressure

Optional
Water Solubility P

27171 ‘Bunnsuo auaIfAH [euoednaoO YHEVYML

LogKow at skin, pH 5.5

Density

Measured Perm. Coeff.




CASE STUDY: DERMAL EXPOSURE TO A CHEMICAL IN
WATER DURING SHOWERING

4-Methylcyclohexanemethanol in water at
100mg/liter = 0.1 gr/L = 0.1gr/Kg = 0.0001 wt%

LogKow 2.546

MW 128, CAS # 34885-03-5

VP 0.133 Torr at 25 C at

The Raoult’s Law Partial VP = 5.8 E-9 at 0.0001wt%
Water solubility estimated about 2 grams per liter
Whole body skin exposure 20000 cm2

Activity coefficient (UNIFAC estimate) shows major
departure from 1deality (Activity coeff. about 2000)
so PVpa = 1.15E-5 Torr so we might expect very
little lost to air. What actually happens?
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A SPREADSHEET MAY BE USEFUL IN CALCULATING AND
DOCUMENTING SOME OF THESE INPUT PARAMETERS

EXAMPLE

Contact Total
Mass Load  Skin Area Mass mg
Density
Compound MW (g/ml) gr/L VP Torr Weight% Moles Mole Fr PVp Activity C PVpa Torr Pvpa Pa mg/CM2 cM2 Compound
MCHM 128 0.884 8 0.133 0.0001 7.8125E-07 4.33984E-08 5.77199E-09 2000 1.1544E-05 0.00015 20000 3
Water 18 1 0.9999 18.0018002 0.999999957 1.5 20000 29997

18.001801
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ACTIVITY

o Discussed in IH Mod webinar

S
]

W | &

Calculate| Clear |Clipboard| Define | Database| About
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= System Conditions
Temperature  |303 |°C v
d UNIFAC Activity
Component Mole Fraction Coefficient "
1 | 4methylcyclohexane ;] 0.01 2.5476E02
|| 2 [water | [os3 1.0027E00 -
[ 3 |<<empty>> zl
| 4 | << empty >> E] |
5 | << empty >> 3
l B |<< empty >> 3
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ACTIVITY COEFFICIENT APPLIED TO RAQULT'S LAW
PARTIAL VP

I H S ki n P erm Report sheet 4MCHMin Water0.0001 - Chemical Fate Affer ..

Instantaneous deposition of 3 mg (20000 cm?)

35
Sutsisrce. AMICHMinWater0.0001 =
Do Instantaneous m‘ NOt mUCh evaporated‘ —
S H Not all absorbed. Some s
ot Dapesition 20003 mg 8 o . 5 >
Bt sborbed e a5 remaining in SC at this %
Amnan srovhed 19027 mg . I
WATER AR time course i 3
KpHlipids (vehicle water) 252E-2 crihr U oG0E«Torhr Kpdipids (vebicle air) 2
{p-keratins [ehicle water] 5.83E-5 ormihr U BOEsDcmhr Kpekeratin (vehicls air] 9
Lag tirne stratum corneunn 71165 min 15 (@]
Diffusivity of Straturn corneurn F.B0E-E errithr 9.28E+1crribr Kp-stagnant air layer N -g
Skirf\Water partition ratio 8.9915 926213 SkirtAir partition ratio M QD
WATER AIR 1 g‘
Permealion cosfficient water, 2.53E-2 o B.93E+1cribr Permeation cosfficient s >
Gth percentile water 187E-2 crdthr 8.82E+1crrhr Gth percentile air 05 Q_J
S6th percentile water 342E-2 crrdr 9.0TE +1 cridhr 5th percentile air I
<
- ) o o1 0z 0.3 04 08 06 @D
[ Asurface area of 2000 cm? is the PR PR — [ o emmmos — Total Absorbed, 1.9 mg el (:g
approximate skin surface of the hands and
Example Comparitive Analysis forearms. |fthe dermally absorbed amount Q
—— {mg) in 1 hour is higher than one tenth of S
Max. derm. abs. for 2000 cm? 4.04E-1mg the OELinhalation dose equivalent (mg), AMCHMinWater0. 0001 : Absorption rate (mg/hr) after .. 8
in 1 hour (mg) (from liquid) the substance meets the EU skin notation . —_
E criteria. Instantaneous deposition of 3 mg (20000 cm?) =
— 45 >
DermallRespiratory i E’ E.Q
uptake Ratio 1.7146 . £ 4 5 —
(From airborne vapor), . This means that full respiratory protection will 35 ""--,_ [y
provide 36.8 percent protection against % ’ B @]
overexposure to the substance in the form of § 30!
vapour due to dermal vapour absorption over = :
Version 1022 @ whole body surface! 25 _ .




MCHM As DILUTE AQ
VAPOR PRESSURE —

IH SkinPerm

Ssianze AMCHMinWater0.0001

Instantaneous

Report sheet

fgaidon
Lharation:
ot Fpiin 3.0003 g
Fraciion abeaded B34
A el 19027 mg
WATER AlR
Kp-lipichs [wehicle wale T 252E-2 crohr ZEIE+Zomir  Kpipids [vehicle air)
Kp-keratinz [vehicle water] 5.83E-5 crrthr B.02E+0 crivthr iKp-keratins [vehicle ain
Lag time stratum corneurn T.165 min
Diffusivity of Straturn corheurnn F.B0E-E crnihr 9.25E+1errihr :Kp—slagnant air layer h
Skin ater partition ratio 8.9915 928213 ESkiriA\r partition ratia h
WATER AlR
Permeaticn cosfficient water 253 -2 cmihr BIIE+lemihr  Permeation coefficient 3i
Gth percentile water: 187E-2 crrthr B.82E +1cmihr Bth percentile air
95th percentile water 3.42E-2 crrthr 9 0ME+1 crrthr 95th percentile air

Max. derm. abs. 2.02E-4 mglomihr

Example Comparitive Analysis

Max. derm. abs. for 2000 cm?}
in 1 hour (mg) [Ffrom liquid)

4 04E-1mg

DermallRespiratory o
uptake Ratio
[From airborne vapor]

1.7146

=

wiersian 1027

Asurface area of 2000 cm? is the
approximate skin surface of the hands and
forearms. If the dermally absorbed amount
{mg)in 1 hour is higher than one tenth of
the OEL inhalation dose equivalent (mg),
the substance meets the EU skin notation
criteria.

This means that full respiratory protection will
provide 36.8 percent protection against
overexposure to the substance in the form of
vapour due to dermal vapour absorption over
whole body surface!

UEQUS SOLUTION WITH PARTIAL
QULT'S LAW

IMCHMNoACCoeff - Chemical Fate After ..

Insfantaneous depesition of 3 mg (20000 cm?)

35

Absorption rate (mg/hr)

2
1.5
1
05
0
o o1 0z 03 04 05 08
Time (Hrs)
———— wmman mon meece — TemEagoa ———— Massio@Om —— Total Absorbed, 1.9 mg
4MCHMNoACtCoeff : Absorption rafe (mg/hr) after ..
Instanfaneous depasition of 3 mg (20000 cm?)
45
35 [
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MCHM AS NEAT LIQUID — SAME MASS LOADING

IH SkinPerm

Seewizae NMICHMNeat

Report sheet

Danasiion Instantaneous
Lharations
Foub Dlanaaiion 3.0001mg
Fraeier s 40.0%2
SN AN 1.201 g
WATER AlIR
Kp-lipids [wvehicle water 252E-2 crrthr 221E-1crrhr éKp-Iipids [wehicle a“']
Kp-kerating [wehicle water 5.83E-5 crthr SI0E-4 crithr K p-kerating [vehicle‘air]
Lag time straturn corneumn 71165 min
Diffuzivity of Stratumn corneurn 5.60E-6 crn@hr 9.28E+1crrfhr iKp-stagrnant air Iaya'
Skindwater partition ratio 89915 7H.EE2 i SkirdAir partition raho
WATER AlIR
Permeation coefficient water 283E-2 crithr 221 -1crrthr Permeation coefficiant air
Bth percentile water 187E-2 crfkr 1E3E-1crmihr Ath percentile air
95th percentile water 342E-2 crthr 2.98E -1 crrthr S5th percentile air N

Iax. derm. abs]

2.02E-4 mglcrmdhr

Example Comparitive Analysis

Max. derm. abs. for 2000 cm?;
in 1 hour [mg] (from liquid)

4 04E-1mg

DermaliRespiratory:
uptake Ratio;
[From airborne vapor] i

0.0042344

ersion 1,022 @

" Asurfaceareaof 2000 cm? isthe

approximate skin surface ofthe handsand
forearms. Ifthedermally absorbed amount
{mg) in 1 hour ishigherthan cnetenth of
the OEL inhalation dose equivalent (mg),
the substance meststhe EU skin notation
criteria.

This meansthat full respiratory protection will

provide 89.6 percent protection against
overexposure to the substance in the form of
vapour dueto dermalvapour absorption over

whole body surface!
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WHICH ESTIMATE IS “RIGHT?"

Who can say without experimental evidence?

Even with experimental evidence, these are close
enough that the experimental scatter would hide a
difference

Which 1s the more conservative?

What “accuracy” is needed for the risk assessment
decision?
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VAPOR TO SKIN WHOLE BobDY N-METHYLPYRROLIDONE

IH SkinPerm Data input n

(1 Substance selection

Choose
® SkinPerm N-methylpyrrolidone v
Database ,
& User's ~
LogKow at skinpH 5.5 : -0.38
@ Scenario parameters add a new substance .. |

) Instantaneous deposition

) Deposition over time © Timing parameters

@ Vaporrto skin scenario

Start deposition 0hr

Duration of deposition 0.5 hr

Affected skin area 20000 cm? End time observation 8 hr

® Report parameters

Air concentration 250 mg/m? Calculation intervals/hour 1000

Thickness of stagnant air 3cm Report intervals/hour 1000
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NMP AIR TO DERMAL RESULTS

IH SkinPerm

Report sheet

N-methylpyrrolidane - Chemical Fate After

Vapor exposure ... 250 mg/m? (20000 ¢m?)

300
B 0 min | exposure

Diypasifions
i £ 0|
Fast Dispasiions 31933 ma 3
At i 786%
A dsatie 25095 g 200 - F
WATER AIR
Kelipids [veicle water] 284E-4 crrdr U iBME-2crmibr iKpelipids (vehicle air)
Kp-keratins [vehicle water] % 2365 crohr 4aTEsTomir Kpekerating [vehicle air] 150 |-
Lag time straturn cormeurn 26979 min
Diffusivity of Stratum cornewm 150F -6 omAhr 105E+2 b | Kp-stagnant sit layer
Skidwater partition ratio 043423 i 260045 ESkirtir partiionrato | 100 [
WATER AIR
Permeation coefficient water 366E-4 crrdr GO7E+Tcrnir  iPermnestion coficient 3ir
5th percenile water 2 50E -4 crrdr SREiomibr  [Bthpercenilssir s0 [
S5t perceniile water 5.37E -4 et 77E+ ey 195ih percentile air

Max. derrn. abs. 3.BBE-1 rnglerndhr o

6 7 8 3

A surface area of 2000 cm? is the
approximate skin surface of the hands and

Tol Evaparated mg

———Mass o SE.Cm mg

Time (Hrs)
——Total Absorbed, 251mg

Example Comparitive Analysis forearms. If the dermally absorbed
amount {mg)in 1 hour is higher than one

tenth of the OEL inhalation dose equivalent

Max. derm. abs._ for 2000 em#*

Vapor exposure

N-methylpyrrolidone : Absorption rate (mg/hr) after
250 mg/m?* (20000 6m?)

in 1 hour (mg) (from liquid) | 7.33E+2 mg (mg), the substance meets the EU skin
) r— notation criteria.
250
DermallRespiratory
uptake Ratio 1.3188
{From airborne vapor]

This means that full respiratory protection
will provide 43.1 percent protection against
overexposure to the substance in the form of
wvapour due to dermal vapour absorption over
whole body surface!

Absorption rate (mahr)
L&)
8

INE

Wersion 115

US EPA “Point of Departure” 56 mg/kg-day for 70 Kg male = 3900 mg
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HERE ARE A FEW THOUGHTS ABOUT NON-AQUEQUS
SOLUTIONS

Chemical activity likely has a role in the various
“fates” of evaporation, penetration, retention in SC

Competing processes evaporation and dermal
penetration remain as with aqueous mixtures

The applied dose, application site, degree of hydration
can be important as with aqueous solutions

For volatiles, airflow velocity across the deposition
layer can impact the evaporation fraction — velocity
changes the thickness of the boundary layer as with
aqueous mixtures

Differential concentration effects may occur — is the
vehicle more or less volatile than the compound of
concern (CoC)

Emulsion effect of enhanced absorption may in part
be due to surfactants — enhanced penetration
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WHAT SORTS OF STUFF DOES QUR SKIN ENCOUNTER?
AS CONSUMERS, WOMEN ARGUABLY GET THE MOST.

slightly
censored
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WHAT ABOUT SENSITIZERS?

There has been work 1n computational toxicology and
QSARS

Warne, M. A., et al. "A QSAR investigation of dermal and
respiratory chemical sensitizers based on computational

chemistry properties." SAR and QSAR in Environmental Research
20.5-6 (2009): 429-451.

Fedorowicz, Adam, et al. "Structure-activity models for contact
sensitization." Chemical research in toxicology 18.6 (2005): 954-
969.

Miller, Matthew D., et al. "Quantum mechanical structure-
activity relationship analyses for skin sensitization." Journal of
chemaical information and modeling 45.4 (2005): 924-929.

Estrada, Ernesto, et al. "Computer-aided knowledge generation
for understanding skin sensitization mechanisms: the TOPS-
MODE approach." Chemical research in toxicology 16.10 (2003):
1226-1235.

Kupczewska-Dobecka, Jakubowski, Czerczak, Environmental
Toxicology and Pharmacology 30 (2010) 95-102
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DERMAL EXPOSURE MODELING:
SUMMARY

Models can be a useful tool for IHs to estimate
dermal exposures because of the complexities
involved 1n dermal absorption and penetration

Some practical tools are available to assist in
conducting these calculations

Modeling can be faster and easier than sampling, but
may not be as “accurate” — appropriate model inputs
are critical
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® BACK UP MATERIALS
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UNDERLYING HYPOTHESES

1. The skin disposition of small topical doses of
most materials follows nearly first-order kinetics
and can be predicted from physico-chemical
properties and environmental factors.

2. Ingredient interactions can affect the
thermodynamic activity of fragrance components,
thus having a significant impact on the rate
of both the absorption and evaporation
processes.
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dA
=tk k)4

In eq. 3.1, A 1s the amount of ingredient on
skin surface, k 1 1s the evaporation rate
ConStantp J s = cONSELX S, x MW ™

and k 2 1s the absorption rate constant.

The absorption rate 1s proportional to the
product of maximum flux,

and the fractional saturation of the surface layer,
A/A max . B approx = 2.7

kyA = const.x(A] A, ) S, MW ™
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k, =kl x MW"

In eq. 3.3, molecular weight has been
expressed 1n dimensionless or “reduced” form,
MW r =MW/100 Da, for computational
convenience. The parameter, T k 2, 1s as yet
undetermined. The superscript indicates that its
value 1s a function of skin temperature, T (see
Discussion). The value of T k 2 for a room
temperature exposure (T = 30°C) will be
determined later by calibration with
experimental data. ... s o o o

properties P, = P,,/1 torr and (K,.S,), = (KoeS,)/1000 gL are dimensionless values chosen
k| — k]\: x R,‘m, /(Km_.,S“ ),- again for computational convenience. Like k], the value of k; must be determined from

experiment. The functional dependence of & on airflow will be discussed later.

07171 'Bunynsuo susiBAH euonednodO YHEVYML



The theory can now be completed. Integration of eq. 3.1 with initial dose 4, yields

A(t) = A, exp[—(k, +k,)t] (3.6)

the fractions of the dose evaporated and absorbed
after a long time are, respectively,

k Substituting the results from egs. 3.3 and 3.5 into eqgs. 3.7 and 3.8, and expressing the results as a
oy = —
o kl +k ) percentage, yields
X,
Y%evap =100 x —! 3.9)
k+x,
and
k
Sy =——— Y%abs =100 — %evap (3.10)
k, +k,

In eq. 3.9, k is a parameter depending on v and 7, but having the same value for all fragrance
ingredients, Its value, equal to the ratio &, /k, must be determined experimentally, The

parameter x, is the following dimensionless ratio of physicochemical properties of the PRM:

P, MW,
X, =
T (KWS,),
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