EPA/540/R/99/005

OSWER 9285.7-02EP
PB99-963312
September 2001

Risk Assessment Guidance for Superfund
Volume I: Human Health
Evaluation Manual
(Part E, Supplemental Guidance
for Dermal Risk Assessment)
Interim

Review Draft -
For Public Comment

Office of Emergency and Remedial Response
U.S. Environmental Protection Agency
Washington, D.C. 20460

AL ORI

9841



Review Draft — For Public Comment

APPENDIX A
WATER PATHWAY

General guidance for evaluating dermal exposure at Superfund sites is provided in Risk Assessment
Guidance for Superfund (RAGS), Human Health Evaluation Manual (HHEM), Part A (U.S. EPA, 19894).
Dermal Exposure Assessment Principles and Applications (DEA) (U.S. EPA, 1992a) details procedures for
estimating permeability coefficients of toxic chemicals and for evaluating the dermal absorbed dose. Section A.1
summarizes equations to evaluate the absorbed dose per event (DA,,.,) in Equations 3.2 and 3.3 and other
equations from the DEA. It also updates the regression model to predict the water permeability coefficient for
organics. Statistical analysis of the regression equation provides the range of octanol/water partition coefficients
(K,,) and molecular weights (MW) where this regression model could be used to predict permeability coefficients
(Effective Prediction Domain - EPD), as recommended by the Science Advisory Board review in August 1992.
Predictive values of the dermal permeability coefficient (K,) for over 200 compounds are provided with the 95%
lower and upper confidence level in Appendix B (Exhibit B-2).

For chemicals with MW and K, outside the EPD, a model for predicting the fraction absorbed dose (FA)
is proposed for those chemicals with high K,,, taking into account the balance between the increased lag time of
these chemicals in the stratum corneum and the desquamation of the skin during the absorption process; the

consequence of which results in a net decrease in total systemic absorption.

Because the variability between the predicted and measured K, vaues is no greater than the variability in
interlaboratory replicated measurements, this guidance recommends the use of predicted K; for all organic
chemicals. This approach will ensure consistency between Agency risk assessments in estimating the dermal
absorbed dose from water exposures. The Flynn database contains mostly hydrocarbons which might bear little
resemblance to the typical compounds detected at Superfund sites. Predicting K, from this correlation is
uncertain for highly lipophilic and halogenated chemicals with log K, and MW values which are very high or low
as compared to compounds in the Flynn database, as well as compounds for those chemicals which are partially
or completely ionized. Alternative approaches are recommended for the highly lipophilic and halogenated
chemicals, which attempt to reduce the uncertainty in their predicted K. Complete calculation of dermal
absorbed dose (DAD) for the showering scenario using default assumptions is performed for over 200

compounds, and included in Appendix B (Exhibit B-3). For inorganics, Section A.2 provides permeability
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coefficients of several metals. Section A.3 discusses the uncertainty of the parameters used in the estimation of
the dermal dose. Section A.4 provides the assumptions and calculations for the screening provided in Chapter 2:
Hazard Identification. Section A.5 summarizes the calculation procedures as well as the instructions for using the

spreadsheets, which are provided on the Internet at the following URL.:

http://www.epa.gov/superfund/programs/risk/ragse/index.htm

A.1 DERMAL ABSORPTION OF ORGANIC COMPOUNDS

A.1.1 ESTIMATION OF K, FOR ORGANIC COMPOUNDS

As discussed in DEA, the thin outermost layer of skin, the stratum corneum, is considered to be the main
barrier to percutaneous absorption of most chemicals. The stratum corneum can be described as sheets of dead,
flattened cells containing the protein keratin, held together by alipoidal substance. Numerous studies, presented in
the DEA, show that when this stratum corneum serves as the limiting barrier to diffusion through the skin, the
permeability coefficient of a compound in water through the skin can be expressed as a function of its oil/water
partition coefficient (K,,, or most often, log K,,,), and its molecular weight (MW). This correlation was presented
in the DEA as the Potts and Guy’s equation (DEA: Equation 5.8), obtained based on the Flynn database (Flynn,
1991), shown in Exhibit B-1 of Appendix B.

In RAGS Part E, the Potts and Guy correlation has been refined to the following equation by excluding
the three in vivo experimental data pointsin DEA, Table 5-8: ethyl benzene, styrene, and xylene, to limit the

Flynn database to in vitro studies using human skin. The new algorithm results in Equation 3.8.

log X, = -2.80 + 0.66 log K, - 0.0056 MW r? = 0.66 (3.8)
where:
Parameter Definition (units) Default Value
Kp =  Dermal permeability coefficient of compound in Chemical-specific, see Appendix B
water (cm/hr)
Kow =  Octanol/water partition coefficient (dimensionless) Chemical-specific, see Appendix B
MW =  Molecular weight (g/mole) Chemical-specific, see Appendix B
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As can be seen from Equation 3.8, the molecular weight and polarity described by the octanol/water
partition coefficient are the sole predictors of K. The above equation containing predicted values of K, was
evaluated againgt actual experimentally determined values for K, and was found to correlate reasonably well, with
few exceptions that may be attributed to experimental or analytical error. In DEA, it was recommended that the
predicted values be used over the experimental measurements for the following two reasons: 1) for consistency
with chemicals without an experimental measurement of K and, 2) to minimize inter-laboratory differences.
Recently, Vecchia (1997) examined almost twice as many permeability coefficient values as those in the Flynn
data set and found that replicated experimental measurements often vary by one to two orders of magnitude.
This finding confirms the current continued recommendation that, for organics in water, the predicted values for

K, obtained from the above algorithm be used instead of actual measured values.

To determine the range of MW and log K,,, where Equation 3.8 would be valid for extrapolation to other
chemicals given that the physico-chemical properties used in the K correlation (MW and log K,,,) are not
completely independent of each other, the following Effective Prediction Domain (EPD) is determined using
Mandel's approach (Mandel, 1982, 1985) for collinear data. This approach uses experimental data points in the
derivation of the regression equation (here, the Flynn database, presented in Exhibit B-1) to determine the specific
ranges of MW and log K, where the predictive power of the regression equation would be valid. This analysis

uses the software MLAB (Civilized Software, Bethesda, MD, 1996).

Using Mandel’s analysis (Mandel, 1985), the following boundaries of MW and log K, for the above

regression correlation were determined and are presented by Equations 3.9 and 3.10.
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-0.06831 < 0.5103 x 10°* MW + 0.05616 log K, = 0.5571 (3.9)
-0.3010 < -0.5103 x 106" MW + 0.05616 log K, < 01758 (3.10)
where:
Parameter Definition (units) Default Value
Kow =  Octanol/water partition coefficient Chemical-specific, see Appendix B
(dimensionless)
MW =  Molecular weight Chemical-specific, see Appendix B

The points defining the EPD are shown in Exhibit A-1. The axes shown in the middle of the exhibit are
obtained by trandating the origina axes (defined at 0 for both MW and log K,,,) to the center of the Flynn data
set. The actual boundaries of the EPD are constructed by rotating these axes by 45°, then by drawing lines
through the EPD points parallel to the new axes. All of Flynn's data would fall within the EPD, using the above
exact solutions given by Equations 3.9 and 3.10.

From the list of 200 common pollutants, those which are outside the EPD, as defined by Equations 3.9
and 3.10, are summarized in Exhibit A-2 . The compound characteristics for which the modified Potts and Guy

correlation would not apply would be those with a combination of log K, and MW satisfying those two equations.

The permeability coefficients of two classes of chemicals with very low K, and very high K, have
been known not to correlate well with the log K, (Leahy, 1990). Correlations like those in Equation 3.8 are
based on the assumption that chemical absorption is primarily through a dissolution-diffusion process in the lipid
materia of the stratum corneum. Chemicals with low K, will have limited permesbility through the lipid material
of the stratum corneum, and penetration by other routes (e.g., appendages such as sweat glands or hair follicles or

through regions of the stratum corneum with even minor damage) may contribute significantly. Permeability
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coefficients reported in the Flynn data set are measured at steady-state (i.€., tyo > 2.4 Jo.). Consequently, for
chemicals with very high log K, experimental values of permeability coefficients will include contributions of the

viable epidermis.

Exhibit B-2 summarizes the predicted K, for over 200 organic chemicals. Results of the current EPD
analysis points out that for about 10% of those chemicals, this prediction would not be valid, according to the
current use of Flynn’s data set as the basis for the correlation equation between K, and log K, and MW.
Strictly, chemicals with very large and very small K, are outside of the EPD of Equation 3.8. Although large
variances in some data points contributed to the definition of the EPD, it is defined primarily by the properties of
the data used to develop Equation 3.8. With no other data presently available for chemicals with very large and
very small K,,, it is appropriate to use Equation 3.8 as a preliminary estimate of K.
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EXHIBIT A-1

Effective Prediction Domain (EPD)
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EXHIBIT A-2

COMPOUNDS FROM APPENDIX B WITH PERMEABILITY COEFFICIENTS OUTS DE OF THE
EFFECTIVE PREDICTION DOMAIN OF THE MODIFIED POTTS AND GUY CORRELATION

Log K, <-2 LogK,, >4

Chemicas LogK,, | MW Chemicals Log K, MW

Urea -2.11 60 Benzo-a-anthracene 5.66 228

Hydrazine H-sulfate -2.07 32 Benzo-a-pyrene 6.10 250
Benzo-b-fluoranthene 6.12 252
Chrysene 5.66 228
DDT 6.36 355
Dibenzo(a,h)anthracene 6.84 278
Indeno(1,2,3-c,d)pyrene 6.58 276.3
PCB-chlorobiphenyl 6.50 292
PCB-hexachl orobiphenyl 6.72 361
Penanthrene 4.46 178.2
Pentachl orophenol 5.86 266
TCDD 6.80 322
Tris(2,3-dibromopropyl) phosphate 4.98 697.6

'Range was approximated from properties of the chemicals identified by the EPD analysis, but do not define the
EPD.
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A.1.2 CALCULATION OF OTHER PARAMETERSIN DA,

The two-compartment model used to represent the skin (recommended in DEA) is unchanged in RAGS
Part E, although all equations used in the evaluation of the dermal absorbed dose (DA,,.,) are updated, according
to the latest literature [Cleek and Bunge (1993) and Bunge and Cleek (1995)]. At short exposure durations,
Equation 3.2 specifies that the DA, is proportional to the stratum corneum permeability coefficient (K) and the
contribution of the permeability of the viable epidermisis not included. Significantly, B (the ratio of the
permeability coefficient of a compound through the stratum corneum relative to its permeability coefficient across
the viable epidermis) does not appear in the equation for short exposure duration [Eq 3.2] because the absorbing
chemical has not had enough time to travel across the stratum corneum. Consequently, for short exposure
durations, the amount of chemical absorbed depends only on the permeability coefficient (K,) of the stratum
corneum (SC), the outermost skin layer. For longer exposure durations, Equation 3.3 specifies that the DA, iS
restricted by the permeability of the viable epidermis and the stratum corneum, and thus B, the ratio of the
permeability of the stratum corneum to that of the epidermis, appears in Equation 3.3.

The following presentation and Equations A.1 to A.8 summarize and update the equations from those in
the DEA, Chapters 4 and 5, for estimating all parameters needed to evaluate DA,,.,. For adetailed explanation
and derivation of the equations, please refer to DEA, Chapters 4 and 5, and Cleek and Bunge (1993) and Bunge
and Cleek (1995).

The dimensionless parameter B expresses the relative contribution of the permeability coefficient of the
compound in the stratum corneum (K, estimated from Equation 3.8) and its permeability coefficient in the viable
epidermis. Bunge and Cleek (1995) discussed four different methods to estimate B, and recommended the use of

Equation A.1, as adopted in this document.

The complete derivation of Equation A.1 is presented in Bunge and Cleek (1995). Asdefined, B isa
function of the permeability coefficient (K,), which is a function of molecular weight (MW) and the partition

coefficient (log K,,) given by Equation 3.8. Exhibit A-3 shows how B changes with MW and log K,,,..
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where:

Parameter

K
.,
Z,. 2.6

Definition (units)

Dimensionlessratio of the permeability
coefficient of acompound through the stratum
corneum relative to its permeability coefficient
across the viable epidermis (ve)

Steady-state permeability coefficient through
the viable epidermis (ve) (cnmvhr)

Dermal permeability coefficient in water (cm/hr)
Molecular weight (g/mole)

Equilibrium partition coefficient between the
epidermis and water for the absorbing chemical
(dimensionless)

Effective diffusivity of the absorbing chemical
in the epidermis (cm?/hr)

Effective thickness of the epidermis (cm)

Default Value

Kpve = KewDelLe  Kgy, =1 assuming
epidermis behaves essentially as water; L,
=102 cm,

D, =7.1x10%/MW cm?¥s assuming D,=10"°
cm?/s when MW = 50 (Bunge and Cleek,
1995)

Equation 3.8

Chemical-specific

Chemical-specific

Chemical-specific

102

(A1)
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EXHIBIT A-3
EFFECTSOF MW AND LOG K,, ON B
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Using the same approach as in DEA, Equations 5.13, A.2 and A.3 are derived to estimate D/l (cm/hr).

where:
Parameter Definition (units)
Dy =  Effective diffusion coefficient for chemical

transfer through the stratum corneum (cm?hr)
I =  Apparent thickness of stratum corneum (cm)
MW =  Molecular weight (g/mole)

D
log —= = -2.80 - 0.0056 MW (A-2)
llﬂ
or: D. _ 1p(- 280 - 00056 1W) (A.3)
(/3

Default Vaue

Chemical-specific

103 cm
Chemical-specific

Assuming I, = 10 cm as a default value for the thickness of the stratum corneum, t ., can be evaluated using

Equation A .4:
l2
- e _ DDSE MW
T = = 0.105 x 100 (A4
6D,
where:
Parameter Definition (units) Default Value
Jevent = Lagtime per event (hr/event) Chemical-specific
D =  Effective diffusion coefficient for chemical Chemical-specific
transfer through the stratum corneum (cm?hr)
I =  Apparent thickness of stratum corneum (cm) 108
MW =  Molecular weight (g/mole) Chemical-specific
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Default Value

Chemical-specific

Chemical-specific
Chemical-specific
Chemical-specific

10°

Cdculatet’:
| J—
IfB< 06 thent*=241
. 2
IFR>06 thent* =61, (b -b2-cd
21+
b= (—'&2 -
x
_ 1+ 3R+ 3R2
3(1 + B
where:
Parameter Definition (units)
B = Dimensionless ratio of the permeability
coefficient of a compound through the stratum
corneum relative to its permeability coefficient
across the viable epidermis (ve)
(dimensionless).
t° = Timeto reach steady-state (hr)
Jevent =  Lagtime per event (hr/event)
Dy =  Effective diffusion coefficient for chemical
transfer through the stratum corneum (cm?hr)
I = Apparent thickness of stratum corneum (cm)
b, c =  Correlation coefficients which have been fitted
to the Flynn’s datato give Equation 3.8

(A.5)

(A.6)

(A.7)

(A.8)

All the above calculations are performed for over 200 chemicals for a defined default scenario (adults

showering once a day for 35 minutes) with the results tabulated in Appendix B. These calculations are also

provided in two Lotus spreadsheets:. one for organics (ORG04_01.WK4), and one for inorganics
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(INORG04_01.WK4), which will be available at the RAGS E website: http://www.epa.gov/superfund/programs/

risk/ragse/index.htm.

A.13. MODEL ADJUSTMENT FOR LIPOPHILIC COMPOUNDS OUTSIDE EPD

The above model assumes that all chemicals absorbed into the skin during the exposure event (ty,q,)
would eventually be absorbed into the systemic circulation, with the stratum corneum being the main barrier for
most chemicals. For highly lipophilic chemicals, the viable epidermis can be a significant barrier for chemical
transfer from the stratum corneum to the systemic circulation. When this occurs, the relative rate of
desguamation of the stratum corneum and cell proliferation rate at the base of the viable epidermis contribute to a
net decrease in the total amount of absorbed chemical. For similar reasons, stratum corneum desquamation can
reduce the amount of absorption for chemicals that are not highly lipophilic but large enough (high MW) that

penetration through the stratum corneum is slow (i.e., lag times are long).

A mathematical model was developed by Reddy et al. (2000) to account for the loss of chemical available
for systemic absorption due to the desquamation of the outer layer of the stratum corneum. This model accounts
for the relative rates of epidermal turnover and percutaneous penetration. Using the assumptions that the average
turnover time of the stratum corneum is 14 days (t,, ~ 14 days or 336 hours), while that of the viable epidermisis
28 days (twice the time for the stratum corneum to turnover) in normal skin, Reddy et al. (2000) solved a set of
partia differental mass balances for the stratum corneum and viable epidermis. After solving these equations,
they calculated the fraction of the chemical that is ultimately absorbed (FA), alowing for losses by stratum
corneum desquamation. Reddy et al. (2000) showed that FA is amost independent of t,,.,. However, FA
depends strongly on the chemical’s lipophilic characteristic and molecular weight as expressed in the B parameter
and the lag time (t.,..), asillustrated in Exhibit A-4. A large number of the chemicals outside the EPD fall into
this category, as well as afew chemicals within the EPD, especially those with high molecular weight. Given B
and t,.,, FA vaues can be obtained from Exhibit A-5. FAs are included in Exhibit B-3 and in the spreadsheet
ORG04_01.WK4. There are only a small number of chemicals that have a FA value < 0.5, but since most of
those are highly lipophilic molecules that are often found in Superfund sites, the Dermal Workgroup is

recommending that FA should be included in the calculation of DAD when applicable.
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A.1.4 MODEL VALIDATION

Two papers in the literature have offered an attempt to validate the dermal absorption model (from now

on referred to as the DEA model) presented in Section 3.1 for organics: McKone (1993) and Pirot et al. (1997).

McKone (1993) used experimentally measured and previously reported (Jo et al., 1990) ratios of
chloroform concentrations in inhaled air to tap-water concentration to evaluate the exposure model predictions.
Particular attention was given to the implied dermal uptake measured by these experiments and to whether thisis
consistent with the recommended value for skin uptake of chloroform calculated by the DEA model. The
Workgroup finds that the K, implied by the Jo et al. (1990) shower data is 2.4 times higher than the value
predicted by McKone and Howd (1992) and 6.7 times higher than the value predicted by the DEA model; and that
the DA, implied by the Jo et al. (1990) shower datais 2.6 times higher than the value predicted by McKone
and Howd (1992) and 5 times higher than the value predicted by the DEA model. Also found was that both
predictive models appear to have lag time estimates higher than is consistent with the Jo et al. (1990) shower
data.

The Workgroup concludes that these results do not likely indicate any inherent flaws in the two predictive
models, but instead reveal that models are only as reliable as the data they employ, and that a more formal
process to assess sources of uncertainty is needed. For example, McKone and Howd (1992) have shown that the
estimation error in their prediction of K, has a geometric standard deviation (GSD) of three and they have
estimated the GSD in the DEA model prediction of K, as 3.8, confirmed as given by the 95% confidence level
(95% CL) in Exhibit B-2. If this estimation error is applied to the measurement errors in the Jo et al. (1990a)
experiments, the predicted and experimentally implied skin uptake parameters could reasonably differ from each

other by factors of 3to 7.

More recently, Pirot et al. (1997) have used attenuated total reflectance Fourier Transform infrared
spectroscopy to quantify in vivo the uptake of 4-hydroxybenzonitrile by human stratum corneum. Results of this
analysis were used to construct a time profile of the cumulative amount of 4-hydroxybenzonitrile permeating the
skin as a function of time. The authors show that the calculated permeability coefficient (K, ~ 3.6 x 10 cm/hr)
based on an assumed value of |, = 1.5 x 10 cm, agrees well with that predicted by Equation 3.8, which yields a
K, = 6.8 x 10° cm/hr.
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EXHIBIT A-4

FRACTION ABSORBED (FA) ASA FUNCTION OF SPECIFIC COMBINATIONS OF B AND Jeendts
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EXHIBIT A-5
EFFECT OF STRATUM CORNEUM TURNOVER ON FRACTION ABSORBED (WATER) ASA FUNCTION OF B

t event (hr) for t,.=14d

340 34 3.4 0.34
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tsc/'[event

0.0

no ve: No viable epider mis—A model solution obtained assuming
that the stratum corneum isthe only barrier to dermal absor ption.
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A.2 DERMAL ABSORPTION OF INORGANIC AND IONIZED ORGANIC COMPOUNDS

As discussed in Chapter 3, Equation 3.4 should be used in evaluating dermal absorbed dose for inorganics
or highly ionized organic chemicals. As a consequence of and in keeping with recommendations in DEA (Chapter
5), using actual measured values of K is recommended for the inorganics. If no value is available, the
permeability coefficient of 1 x 10 cm/hr is recommended as a default value (DEA) for al inorganics.
Organometallics (e.g., tetraethyl lead) probably behave more like organic chemicals than inorganic chemicals and
should be treated with the procedure outlined for organics.

Dermal Absorbed Dose per event for 1norganic Compounds - Water Contact

DA, (Mg/cr?-event) is calculated for inorganics or highly ionized organic
chemicals asfollows

DA, .. = K, X Cf X Ly (3.4)

where:
Parameter Definition (units) Default Value

DA gont Absorbed dose per event (mg/cm?-event) —

K, =  Dermal pameahility coefficient of compound Chemical-specific, see Exhibit A-6 and

in water (cm/hr) Appendix B
C, =  Chemica concentration in water (mg/cm®) Site-specific
tevent = Event duration (hr/event) See Exhibit 3-2

Exhibit A-6 shows a more detailed compilation of the apparent permeability coefficients in humans for
most of these inorganic chemicals at different concentrations (Hostynek et al., 1998). The data in this table may
be used to give a better estimate of the apparent permeability coefficients of the corresponding inorganic
chemicals when the specific speciesis known. This table may also be useful in evaluating high exposure

concentrations that approach those in several cited experimental studies.
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EXHIBIT A-6
APPARENT PERMEABILITY COEFFICIENTS OF INORGANICS

Metal Compound Concentration Apparent Permeability Species and
Coefficient Experimenta
K, (cm/hr) conditions
Cadmium Cdci, 0.239M 11x10° guineapig, in vivo®
Chromium Na,CrO, 0.01-0.2 M 1.0-21x 10° human, in vivo
Chromium Na,CrO, 0.017-0.398 M 0.9-15x 103 human, in vitro
Chromium CrCl, 0.017-0.398 M 1.0-1.4x 103 human, in vitro
Chromium Na,CrO, 0.034 M 0.02-0.31 x 103 human in vitro®
Chromium K,Cr,0O, 0.03-0.25% Cr 0.01-1.0x 103 human, in vitro
(0.006-0.081 M)
Chromium K,Cr,0O, 0.034 M Cr 0.43x 103 human, in vitro
Chromium CrQ, 0.005 M 2.7 x 10°% human, in vitro®
Chromium CrO, 2.1 0.23x 103 human, in vitro®
Chromium Cr(l11) 0.006 M 0.4 x10° human, in vitro®
Chromium Cr(I11) 12M 0.013 x 10 human, in vitro®
Chromium CrCl, 0.034 M 0.041 x 10® human, in vitro
Chromium Cr(NO,), 0.034 M 0.030 x 10 human, in vitro
Mercury HgCl, 0.005 M 0.02-0.88 x 103 human, in vitro
Mercury HgCl, 0.080-0.239 M 0.10-0.93 x 103 human, in vitra®
Mercury Hg vapor 0.88-2.7 ng/m? 61.0-240.0 x 103 human, in vivo
Potassium KCl 0.155 M 2.0x 103 rabbit, in vitro®
Potassium KCl 0.155 M 2.0x 10° pig, in vitro®
Nickel NiSO, 0.001-0.1 M 0.003-0.01 x 10® human, in vitro
Nickel NiSO, 0.001 M <0.002-0.27 x 103 human, in vitro'
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EXHIBIT A-6

APPARENT PERMEABILITY COEFFICIENTS OF INORGANICS (continued)

Metal Compound Concentration Apparent Permeability Species and
Coefficient Experimental
K, (cm/hr) conditions
Nickel NiCl,, NiSO, | 1.32 mg Ni/ml 0.003-0.23 x 103 human, in vitro
Nickel NiCl, 0.62-5% NiCl, <0.0026-0.022 x 107 human, in vitro
Nickel NiCl, 5% NiCl, 0.05x 103 human, in vitro
Lead Pb(CH,CO,), | 6 mM, 9 mmol/kg 0.0005 x 103 human, in vivo
Lead Pb(NQ,), 05M 0.13x 10 human, in vitro
Sodium NaCl 0.155 M 0.06 x 10°® human, in vivo
Sodium NaCl 0.156 M 0.028 x 103, fresh human, in vitro
0.050 x 10®, frozen
(medians)
Sodium NaCl 0.015-1.59 M 0.006-1.19 x 102 (range) | human, in vitro

-taken from Hostynek, et al., 1998

& n guinea pigs; there are no published data on human skin.

PDepends upon the time interval; larger values are for the first few hours.

“Through epidermis.

9In rabhits; there are no published data with human skin.

°In pigs.

fFrom various vehicles and for various durations.
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Recently, Vecchia (1997) collected permeability coefficients from the literature for in vitro penetration of
human skin by several ionized chemicals, including cations, anions and zwitterions. Like permeability coefficients
for inorganic chemicals, these K, values are 10° cm/hour or lower. Thus, 10° cm/hour is recommended as a

conservative estimate for ionized organic chemicals.

Calculations of DAD and screening levels for inorganics using default exposure assumptions are

presented in Exhibit B-4 for al inorganics with a given experimental Gl Absorption value (ABS, from
Exhibit 4-1).

A.3 UNCERTAINTY ANALYSIS

Sources of uncertainty in the above calculations compared with actual human exposure conditions include
uncertainty in the model assumption, its formulation, and default values of the parameters used in models.
Uncertainty discussion is provided below for the assumptions made in the development of the dermal absorption

model, the modified Pott and Guy's K, correlation, and the concentration of the chemicals in water.

As mentioned above, the skin is assumed to be a two-compartment model, with the two layers: stratum
corneum and viable epidermis. Although exact solutions to this two-compartment model have been derived
(Cleek and Bunge, 1993), these exact solutions are simplified in the recommended exposure assessment
procedure for easy application for the regional risk assessors. Several assumptions are made with the application
of these solutions, including the thickness of the stratum corneum (I, = 10° cm) and the use of part of Equation

3.8in Equations A.2 and A.3 to estimate D/l

For the permeability coefficient, the modified Flynn database is obtained from in vitro human diffusion
studies, where the K, was estimated. Vecchia (1997), in reexamining a more comprehensive database of K,
(twice the size of the Flynn database), found one to two orders of magnitude difference in replicated
measurements. The correlation coefficient (r> = 0.67) resulting from the modified Potts and Guy correlation
shows that 67% of the experimentally observed variance in K| is explained by this regression equation. The
remaining 33% can be explained by inherent experimental errors and laboratory variabilities, and by the errors

inherent in the choice of the K, value, whether it is measured or predicted. The residua error analysis provides
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the average residual error between the measured log K, (K, mss) and the log K, that is predicted (K, ) using

the regression. The residual error or standard error of the estimator (SEE) is calculated in Equation A.9 as:

2
(eg K —leg X D
SEE of log K= f} - wud s (A.9)
n=1 -2
where:
Parameter Definition (units) Default Vaue
N = Number of chemica samplesused in the Site-specific
estimation protocol
Ko = Dermal permeability coefficient of compound Chemical-specific, see Exhibit A-6 and
in water (cm/hr) Appendix B
Koma = MeasuredK, Chemical-specific
Kopea = PredictedK, Chemical-specific

where N is the number of chemical samples used in the estimation protocol, and log K, s — 109 K, o4 iS the
difference between logarithms of measured (K, ;) and predicted values of K, (K, ). For the Potts and Guy
correlation, the SEE is calculated to be 0.69. Exhibit A-7 shows that there might be a wedge pattern to the
residuals, which indicates the true value could be almost anything (i.e., large scatter between predicted and
experimental value) when the predicted value is small. However, when the predicted K, is large, the vaue is
likely to be quite close to the true value. This result is consistent with experimental uncertainties, some of which
are probably not chemically dependent (e.g., penetration through appendages or damaged regions of the skin).

Consequently, these sources of variability contribute less significantly when the measured value is larger.
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EXHIBIT A-7
STUDENTIZED RESIDUALS OF PREDICTED K, VALUES
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The equations used for the estimation of the 95% confidence interval (lower and upper limits) are given in

Equation A.10 asfollows:

95% rgzper and lower comftdence level of Ky = By £ty 511 013 TR (A.10)
where:
K, = Predicted K, from Equation 3.8
Var (K,) = Variance of K, (see Draper and Smith, 1998 for definition of
m variance for linear regression with two independent variables)
ar [ ) =

Standard error of the predicted K, This standard error is
smaller for compounds in the Flynn data set, which results only
from errors in the correlation coefficients. For new
compounds, this standard error is much larger because it
includes both the errors from the correlation coefficients and
the residua error of the model.

t = Student’s t distribution for two independent variables with a
sample size of n and a two-sided confidence interval of 100 (1-

asfollows:

Wischut et al. (1995) provides an analysis of the reliability of five mathematical models used for
simulating the permeability coefficient of substances through human skin. A database containing 123
measurements for 99 different chemicals was used in the analysis. Reliability of the models was evaluated by
testing variation of regression coefficients and the residual variance for subsets of data, randomly selected from
the complete database. This study found that a revised Potts and Guy model using these data had a lower residual
variance than the McKone and Howd (1992) model, but that the McKone and Howd model and a revised
unpublished model by Robinson (Proctor and Gamble) could provide better prediction of the permeability
coefficient of highly lipophilic compounds. The Robinson model for K is based on a theoretical basis of a
maximum permeability coefficient to account for the limiting transport properties of the epidermis. The current
approach in this document, using the Potts and Guy model in combination with the parameter B in the dermal
absorption model to account for the effect of permeation in the epidermis, provides the same theoretical basis as
the Robinson model! for K, alone. Among all the models discussed by Wischut et al. (1995), the revised Robinson
model had the lowest residual variance, which is the SEE squared.
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Several other physico-chemical characteristics can also be added to improve the above correlation, e.g.,
molar volume (Potts and Guy, 1992). Alternatively, the data could be grouped into smaller subsets of more
homogeneous chemical classes, which could yield much better correlations, as reviewed and summarized in DEA,
Table 5.6. This selection of the Potts and Guy approach is based on the universal availability of the MW and the
K. Which allow for the easy extrapolation of this correlation to other organic chemicals. However, the large
uncertainty resulting from these assumptions gives a 95% confidence interval of one to three orders of magnitude
for the K, estimated by this correlation, as shown in Exhibits B-1 and B-2. Because of this uncertainty,
suggestions have been made to simplify the skin two-compartment diffusion model to the standard Ficks' first law,
which would provide a more conservative apparent K,. This approach is retained to balance application of more
defined, available modeling to limited empirical data correlation. This approach might not improve the uncertainty
much for chemicals with small lag time, reflected by using the simplified Ficks' first law equation for the
inorganics. However, for those chemicals with long lag time, the two-compartment approach, together with the

empirically predicted K,, provides a much better description of the dermal absorption processes.

A note of caution is added here regarding the use of Equation 3.8 to estimate K, for halogenated and
other chemicals with large MW relative to their molar volume. Notably, the list of 200 pollutants in Appendix B
includes several halogenated chemicals. Specifically, correlations like Equation 3.8 would be expected to
underestimate K. The Flynn data set, from which Equation 3.8 was derived, consists almost entirely of
hydrocarbons with a relatively constant ratio of molar volume to MW. As a consequence, for this database, there
is amost no statistical difference in aregression of the K, data, using MW to represent molecular size compared
with a regression using molar volume (the quantity which is expected to control permeability) to represent
molecular size. Because halogenated chemicals have a lower ratio of molar volume relative to their MW than
hydrocarbons (due to the relatively weighty halogen atom), the K, correlation based on MW of hydrocarbons will
tend to underestimate permeability coefficients for halogentated organic chemicals. Unfortunately, K, data are
only available for a small number of halogenated organic chemicals [only seven in the Vecchia (1997) database,
which is larger than the Flynn data set]. Vecchia (1997) found that K, values for six of seven halogenated
compounds were underestimated by a correlation of similar form to Equation 3.8. To address this problem, a new

K, correlation based on molar volume and log K,,, will be explored.

The EPD for the modified Potts and Guy correlation, an evaluation based on Mandel’ s approach, depends
entirely upon the database used to generate both the correlation and the EPD. Sources of uncertainty in this

Flynn database include actual chemicals used for the correlation, as well as values of K, associated with those
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chemicals, values which would contribute to the predictability of the correlation, as well as to the range defined by
the EPD. For compounds with long lag time, where the adjustment of the fraction absorbed (FA) takes into
consideration the desquamation of the skin, another uncertainty of about 10-20% arises from the assumption of

steady-state and the approximation of these values from Exhibit A-5.

For highly lipophilic molecules, which are often found on Superfund sites, there are uncertainties in severa
steps of this approach. The permeability coefficients (K,) of most of these compounds are outside of the
predictive domain, and the large uncertainty of these values is reflected in the large range of the 95% confidence
interval limit. For most of these chemicals, avaue of FA < 1 is due to the effects of desquamation. However,
estimation of the Dermal/Oral contribution using standard default assumptions in Exhibit B-3 for these compounds
reveals that even using the lower 95% confidence limit of the K, afew compounds would yield aratio
Dermal/Oral > 10%, which is the criterion used for inclusion of these chemicalsin the site risk assessment

guantitative analysis. These results are shown in Exhibit A-8.

The recommendations from the Dermal Workgroup for these chemicals include: 1) conducting
experimental studies to obtain their K; values, for at least in vitro exposure conditions under saturation
concentration, and 2) including these chemicals in the quantitative analysis and characterizing the uncertainty of

the risk assessment results clearly.

For the concentrations of chemicals in water (C,) in Equations 3.2 through 3.4, values used for C, should
reflect the available concentration of the chemicals in water for dermal absorption, and might be potentially
different from the measured field values. This difference would result from the conditions of the samples and the
type of chemicals to be analyzed. For the sample conditions, higher concentration of chemicals of interest might
be found in unfiltered groundwater samples as compared to filtered samples, due to the existence of particulate
matter and undissolved chemicals. However, to be consistent with existing RAGS guidance (U.S. EPA, 1989), it
is recommended that unfiltered samples be used as the basis for estimating the chemical concentration (C,) for

calculating the dermal dose.
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EXHIBIT A-8
EVALUATION OF DERMAL/ORAL CONTRIBUTION FOR LIPOPHILIC COMPOUNDS

CHEMICAL CASNo. [MwT log |K, K, K, FA Derm/  |Derm/  |Dermv
K.,  |95% LCY(cm/hr)  |95% UCL Oral Oral Oral

predicted 95% L Cladgrage [95%
UCL K,
* 19 |Benzo-a-anthracene 56553] 228.3] 5.66] 1.7E-02] 4.7E-01] 1.3E+01 1 45%]| 1283%] 36172%
* 20 |Benzo-a-pyrene 50328] 250.0] 6.10] 2.4E-02] 7.0E-01] 2.0E+01 1 75%)| 2186%] 63553%
* 21 |Benzo-b-fluoranthene 205992] 252.3] 6.12] 2.4E-02] 7.0E-01] 2.0E+01 1 76%)] 2221%| 64633%
* 49 |Chrysene 218019] 228.3] 5.66] 1.7E-02] 4.7E-01] 1.3E+01 1 45%| 1283%]| 36172%
* 56 |DDT 50293] 355.0] 6.36] 9.2E-03] 2.7E-01] 7.8E+00 0.7 40%)| 1156%]| 33682%
* 62 |Dibenzo(ah)anthracene 53703] 278.4] 6.84] 4.9E-02] 1.5E+00] 4.7E+01 0.6] 110%] 3388%)]104681%

* 126 |Indeno(1,2,3-CD)pyrene 193395] 276.3] 6.58] 3.5E-02] 1.0E+00| 3.1E+01 0.6 77%| 2307%| 69550%
* 170 |PCB-chlorobiphenyl, 4- 2051629] 292.0] 6.50] 2.5E-02] 7.5E-01| 2.2E+01 0.6 62%]| 1844%| 54977%
* 171 |PCB-hexachlorobiphenyl ]26601649] 361.0] 6.72] 1.4E-02] 4.3E-01] 1.3E+01 0.5 46%] 1376%] 41414%

* 173  |Pentachlorophenol 87865] 266.4] 5.86] 1.4E-02] 3.9E-01] 1.1E+01 0.9 43%| 1226%] 34780%

* 176  |Phenanthrene 85018] 178.2] 4.46| 5.5E-03] 1.4E-01] 3.8E+00 1 11%| 283%| 7446%

* 186 |TCDD 1746016] 322.0] 6.80] 2.7E-02] 8.1E-01|] 2.5E+01 0.5 66%] 2003%| 61044%

* 203 |Tris(2,3-dibromopropyl) 126727 697.6] 4.98] 1.3E-05] 3.9E-04] 1.1E-02 1 1%| 22% 642%
phosphate

Note: All the above calculations are done using the same assumptions as those in Exhibit B-3

The types of chemicals in the samples would a so influence the available concentration of the chemicals
for dermal absorption, due to their ionization status in the samples. This discussion is detailed in Bunge and
McDougal (1998). For organic chemicalsin which K is calculated using Equation 3.8, G, should be the
concentration of only the non-ionized fraction of the chemical, C,, to be consistent. If the organic chemical is not
ionizable, C, is equal to the total concentration of chemical in the agueous solution, G,,. For organic acids with

one dominant acid-base reaction of pK,, C, is calculated using Equations A.11 or A.12.
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For organic acids with one dominant acid-base reaction of pK,, C, is

C

c, = = (A.11)
1+ 10P7° 20D

For organic bases with one dominant acid-base reaction:

c

C, = = (A.12)
u - .
1+ 16%5%7 2P

where:

Parameter Definition (units) Default Vaue

C, =  Concentration of non-ionized species (mg/l) Site-specific

Ciot =  Totd concentration (mg/l) Site-specific

pK, = Log of theionization equilibrium constant of the Chemical-specific

chemical in the agueous solution

For organic chemicals with more than one ionizable group, in general, pK, values should be known for all
ionizing reactions, and the concentration of the non-ionized species, C,, should be calculated by combining

expressions for species mass balances, electroneutrality, and reaction equilibrium.

For organic chemicals, both ionized and non-ionized species at conditions of the agueous solution,
calculate DA, as the sum of the DA, for the non-ionized species (using Equations 3.2 and 3.3 and the
concentration of the non-ionized species, G, = C,, with the K, of the non-ionized species) and the DA, for the
ionized species (using Equations 3.2 and 3.3 and the concentration of the ionized form of the chemical, C, = C,, -
C,, with the K, of the ionized species). For inorganic chemicals, G, = C,. If the K, of the ionized speciesis
always smaller than the K;, of the non-ionized species, using C, as a defauilt total concentration would always

yield a conservative estimate of the dermal absorbed dose.

A4  SCREENING PROCEDURE FOR CHEMICALSIN WATER

For purposes of scoping and planning an exposure and risk assessment, it is useful to know whenit is

important to consider dermal exposure pathways. Assessors must decide what level (from cursory to detailed) of
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analysisis needed to make this decision. The following screening procedure addresses this issue primarily by
analyzing when the dermal exposure route is likely to be significant when compared to the other routes of
exposure. This discussion is based on methodology presented in Chapter 9 of the DEA using the parameters
provided in this current guidance, and provides the basis for the current Chapter 2 on Hazard Identification .

Readers are encouraged to consult the DEA document for more details.

The first step is to identify the chemicals of interest. The next step is to make a preliminary analysis of
the chemical's environmental fate and the population behavior to judge whether dermal contact may occur. The
third step is to review the dermal toxicity of the compound and determine if it can cause acute effects. The scope
of this screening procedure has been limited to dermal exposure assessments in support of risk assessments for
systemic chronic health effects. However, consideration of other types of health effects can be a critical factor in
determining the overall importance of the dermal exposure route. Even if the amount of a compound contacting
the skin is small compared to the amount ingested or inhaled, the dermal route can till be very important to

consider for compounds that are acutely toxic to the skin.

The remainder of this procedure evaluates the importance of dermal contact by comparing it to other
exposure routes that are likely to occur concurrently. For example, the importance of dermal contact with water
is evaluated by assuming that the same water is used for drinking purposes as for swimming or bathing and
comparing these two pathways. However, the underlying assumption that concurrent exposure routes will occur
isnot valid in all situations. For example, the water in a contaminated quarry may not be used as a domestic
water supply but may be used for occasiona recreational swimming. Even where concurrent exposure routes
occur, the contaminant concentrations may differ. For example, in a situation involving a contaminated river used
as a domestic water supply, swimmers may be exposed to a higher concentration in the river than occurs during
ingestion of tap water due to treatment. Thus, the assessor should confirm the assumptions that concurrent
exposures occur and that the same contaminant levels apply. Where these assumptions are not valid, dermal

exposure should be evaluated independently.

Where the same water supply is used for drinking and bathing, the importance of dermal contact with
water can be evaluated by comparing the possible absorbed dose occurring during bathing relative to that
occurring as a result of ingestion, represented by the standard default of drinking 2 liters of water per day per
person. Assuming a 35 min (0.58 hr) showering (RME value from Exhibit 3-2), for al the 200 pollutants included
in Exhibit B-3, the following ratio of the dermal absorbed dose relative to ingestion is presented in Equations A.13
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to A.16 for organics and Equation A.13 for inorganics.

Dermal Dose

DA, (SA)EY)

Ingestion Dose i (C YIR(1000cm > L)(ABS )

For short exposure (t oo <t *):

where:
6 Cruens ™ Luvend
2(C)FA SA
Dormal Dosa L COFDEDNEAED, .
Ingestion Dose (€, YARY(1000cm > LY(ABS ;)
Parameter Definition (units) Default values
DAyex = Absorbed dose per event (mg/cm?-event) Equation 3.2
C, = Chemica concentration in water (mg/cm®) 1mg/l or 1 ppm
FA =  Fraction absorbed (dimensionless) Exhibit A-5
Ko = Dermal permeability coefficient of compound in Equation 3.8
water (cm/hour)
Jevent = Lagtime per event (hr/event) Equation A .4
tevent =  Event duration (hr/event) 35 minutes
SA = Skin surface area available for contact (cm?) 18,000 cm?
BV =  Event frequency (events/day) 1 event/day
IR =  Water ingestion rate (L/day) 2 L/day
ABS;, =  Fraction of contaminant absorbed in the 1
gastrointestional tract (dimensionless)
t* Time to reach steady-state (hr) Chemical-specific

(A.13)

(A.14)

Assuming an adult ingestion rate (IR) of 2 L/day, Gl tract absorption fraction (ABS,) of 1, a skin area of

18,000 cn?, and severa other factors (Equation A.13 and A.14), this ratio becomes:
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Dearmal Dose _
= 19 FA Kmhm

Ingested Dose (A.15)
where:
Parameter Definition (units) Default Vaue
Ko =  Dermal permeability coefficient of compound in Chemical-specific, see Appendix B
water (cm/hour)
Jevent Lag time per event (hr/event) Chemical-specific, see Appendix B
FA =  Fraction absorbed (dimensionless) Chemical-specific, see Appendix B

Using the screening criteria of 10% dermal to ingestion, the dermal dose exceeds 10% of the ingested dose

as presented in Equation A.15 when:

N Dermal
For organics. T vedion > 10% whan (FA) K) ‘/‘I:m > 0.005 (A.16)

It should be noted that this screening procedure for exposure to water-borne chemicals is limited to the
ingestion and showering pathways (using RME value for showering duration) for adults, and does not include
consideration of swimming exposures, and therefore should not be used for screening chemicals in surface water
where exposure may be through swimming activity. This procedure has also been evaluated to be more
conservative than the scenario of children bathing for one hour (RME vaue for children bathing). In addition, site-

specific scenarios and exposure conditions should always be used when available.

The screening criterion of 10% dermal exposure to ingestion exposure was selected to ensure that this
screening procedure does not eliminate compounds of potential concern. This criterion introduces a safety factor
of 10. For compounds with low GI absorption (e.g., < 50%), this screening procedure should not be used, and the
actual Gl absorption fraction should be used to adjust for the toxicity effect (see Section 3.2 on Dermal Absorption

from Soil for methodol ogy).
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Exhibit B-3 in Appendix B lists more than 200 common organic pollutants and their permeability
coefficients. The compounds are listed in alphabetical order. Assessors can check this list to see if the compound
of interest ison the list. Chemicals which are considered appropriate to evaluate for the dermal pathway are
indicated in Exhibit B-3 with a"Y" in the "Chemicals To Be Assessed" column. Exhibit B-4 provides the same

information for all inorganics with a Gl absorption fraction provided in Exhibit 4-1.

For inorganics, using the same procedure, the screening equation results in Equation A.17.

For immorganics. % > 10% when K, > ABS g, (A.17)

A5 PROCEDURESFOR CALCULATING DERMAL DOSE

This section presents the steps required to identify appropriate values for the exposure and absorption
parameters, and notes how to combine these values to estimate the dermally absorbed dose of a compound in an

aqueous medium.

Step 1. Select Values for Exposure Parameters

Site-specific measurement or modeling is required to identify values for the concentration of the
contaminant(s) of interest in water. Concentration values should be used that are representative of the location
and time period where exposure occurs. Lacking site-specific data to the contrary, the default values presented in

Exhibit A-9 are recommended for the parameters characterizing water contact during bathing.

Background information and the rationales supporting default recommendations are obtained from the
Exposure Factors Handbook (U.S. EPA, 1997a), and are briefly summarized here. The exposed skin area is based
on the assumption that people are entirely immersed during bathing or swimming; the corresponding body areas
were presented in the Exposure Factors Handbook. The bathing frequency of 350 days/year is based on
information that most people bathe once per day (1 event/day). The bathing event time is based on the range given
in the Exposure Factors Handbook to be representative of baths as well as showers and considering that some

water residue remains on the skin for a brief period after bathing. The exposure duration of 9 to 30 years
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represents the likely time that a person spends in one residence, with 9 years used for central tendency residential

exposure duration, and 30 years used for high end residential exposure duration.

EXHIBIT A-9

DEFAULT VALUES FOR WATER CONTACT EXPOSURE PARAMETERS

Parameter Bathing Default Parameters

Adult Skin Area (cn¥) 18,000

Event Time and Freguency 35 min/event, 1 event/day
and 350 days/yr

Exposure Duration (years) 9-30

Step 2 Select Normalizing Parameters Used in Dose Equations

Dose estimates are normalized over body weight and time to express them in a manner that is consistent
with dose-response relationships. An average body weight [70 kg for adults, see U.S. EPA, 1989 for age-specific
values for children] is used for this purpose. For cancer risk assessments, an averaging time egual to a mean
lifetime (70 yr) isused. For noncancer risk assessments, an averaging time equal to the exposure duration is used.

(For more details regarding these parameters, see U.S. EPA, 1989.)
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Step 3. Estimate DA,

These eguations were given in Chapter 3 and Appendix A. Section A.1 gives the equations for the

organics; Section A.2 gives the equations and values for inorganics. For organics:

Dermal Absorbed Dose per event for Organic Compounds - Water Contact

DA e (Mg/cn?-event) is calculated for oganic compounds as follows :

61 x t
» . = event svant
-[ftwmst.then..DAm—2FA><prcw\' - (3.2)
J 1+ 3B+ 3R
It >t* then: DA  =FA xE x (O |22 +2¢ 3.3
went e 5 CulTep "} e (1 + By 53
where:
Parameter Definition (units) Default Value
DA..x = Absorbed dose per event (mg/cm>event) -
FA =  Fraction absorbed (dimensionless) Chemical-specific, See Appendix B
Ky =  Dermal permesbility coefficient of compound Chemical-specific, See Appendix B
in water (cm/hr)
o} = Chemical concentration in water (mg/cm®) Site-specific
Jevent =  Lagtime per event (hr/event) Chemical-specific, See Appendix B
tevent =  Event duration (hr/event) See Exhibit 3-2
t = Timeto reach steady-state (hr) = 2.4 J o Chemical-specific, See Eq. A5t0 A.8
B =  Dimensionlessratio of the permeability Chemical-specific, See Eq. A.1

coefficient of a compound through the stratum
corneum relative to its permeability coefficient
across the viable epidermis (ve)
(dimensionless).
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Equations A.1 to A.8 update those in the DEA for estimating all parameters needed to evaluate DA, ..

X
B=—2 - g MW
» 26

z (A.2)
ve
where:
Parameter Definition (units) Default Value
B = Dimensionlessratio of the permesbility --
coefficient of a compound through the stratum
corneum relative to its permeability coefficient
across the viable epidermis (ve)
Kpve = Steady-state permeability coefficient through Kpve = KewDelLe , Kgy =1 assuming EPI
the viable epidermis (ve) (cm/hr) behaves essentially aswater; L, = 102 cm,
D, =7.1x10°/MW cm?¥s assuming D,=10"°
cm?/s when MW = 50 (Bunge and Cleek,
1995)
Ko = Derma permeability coefficient in water (cm/hr) Equation 3.8
MW =  Molecular weight (g/mole) Chemical-specific
Using the same approach as in DEA, Equation 5.13, A.2 and A.3 estimate D/l (cm/hr).
D
log —% = -2.80 - 0.0055 MW (A.2)
l:e
or.
D, = 10280 - DDOSEMW) (A.3)
(73
where:
Parameter Definition (units) Default Value
Dg =  Effective diffusion coefficient for chemical Chemical-specific
transfer through the stratum corneum (cm?hr)
le =  Apparent thickness of stratum corneum (cm) 10°°
MW =  Molecular weight (g/mole) Chemical-specific
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Assuming . = 10° cm as adefalt vaue, t . can be evauated using Equation A .4:

2
l
T, = —=_ = 0.165 x 1000056 M7 (A.4)
et 6D

where:

Parameter Definition (units) Default Value
Jevent Lag time per event (hr/event) Chemical-specific
Dy =  Effectivediffusion coefficient for chemical Chemical-specific

transfer through the stratum corneum (cm?hr)
I = Apparent thickness of stratum corneum (cm) 103
MW =  Molecular weight (g/mole) Chemical-specific
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Cdculatet':
IfFB< 06 thent* =241
vt (A.5)
l2
.[fB>D.6,thent*=Cb-\/b§-c§)é-
D, (A.6)
where:
where:
21+
p= 2 +B (A7)
x
_ 1+ 3B+ 3R?2 A9
3(1 + B '
Parameter Definition (units) Default Value
B = Dimensionlessratio of the permeability Chemical-specific
coefficient of a compound through the stratum
corneum relative to its permeability coefficient
across the viable epidermis (ve)
(dimensionless).
t* =  Timeto reach steady-state (hr) Chemical-specific
Jevent =  Lagtime per event (hr/event) Chemical-specific
Dg =  Effective diffusion coefficient for chemical Chemical-specific
transfer through the stratum corneum (cm?hr)
le = Apparent thickness of stratum corneum (cm) 10°®
b, c =  Correlation coefficients which have been fitted Chemical-specific
to the Flynn’ s data to give Equation 3.8
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For Inorganics:

Dermal Absorbed Dose per event for 1norganic Compounds - Water Contact
DA, (Mg/cr?-event) is calculated for inorganics or highly ionized organic
chemicasasfollows
DAM = Kp x cu . twm (3-4)

where:
Parameter Definition (units) Default Value

DA..: = Absorbed dose per event (mg/cm?event) -

K, = Dermal permeability coefficient of compound Chemical-specific, see Exhibit A-6 and

inwater (cm/hr) Appendix B
C, = Chemica concentration in water (mg/cm®) Site-specific, non ionized fraction, see
Appendix A for more discussion
tevent = Event duration (hr/event) See Exhibit 3-2

Step 4: Integrate Information to Determine Dermal Dose

Finally, the dermal dose is calculated by collecting the information from the earlier steps and substituting

into Equation 3.1.
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Dermal Absorbed Dose - Water Contact

DA, ... < BV x ED x EF x SA
bAD = (3.1)
BW x AT
where:
Parameter Definition (units) Default Value
DAD = Dermally Absorbed Dose (mg/kg-day) -
DAge: = Absorbed dose per event (mg/cm?-event) Chemical-specific, see Eq. 3.2 and 3.3
SA = Skin surface area available for contact (cm?) See Exhibit 3-2
BV =  Event frequency (events/day) See Exhibit 3-2
EF =  Exposure frequency (days/year) See Exhibit 3-2
ED =  Exposure duration (years) See Exhibit 3-2
BW =  Body weight (kg) 70 kg
AT = Averaging time (days) noncarcinogenic effects AT = ED x 365 d/yr

carcinogenic effects AT =70 yr x 365 diyr

Step 5. Further Refinement of Dose Estimate

Where dose estimates are desired for children during specific age ranges, a summation approach is
needed to reflect changes in skin surface area and body weight. Assuming all other exposure factors remain
constant over time, Equation 3.1 is modified to Equation A.18; where m and n represent the age range of interest.
The skin surface areas for the ages of interest can be obtained from Exhibit C-3 (Appendix C) and body weights
from the Exposure Factors Handbook (U.S. EPA, 1997a).
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Dermal Absorbed Dose - Water Contact
Surface Area/Body Weight Adjustment

DA, . EV EF E: S4, ED,
DAD = %At~ -~ —_— A.l
a . (A-18)
where
Parameter Definition (units) Default Value
DAD = Dermal Absorbed Dose (mg/kg-day) --
Dayex = Absorbed dose per e\/ent (mg/cm?event) Chemical-specific, see Equation 3.12
BV = Event frequency (events/day) See Exh| bit 3—5
EF =  Exposure frequency (days/year) See Exhibit 3-5
ED =  Exposure duration (years) See Exhibit 3-5
Body weight (kg) EFH (U.S. EPA, 19973)
Stﬁqﬁ Screen' "/eraging time (days) noncarcinogenic effects AT = ED x 365 d/yr
Domal Dose DA,,,..(SA)E7) (A.13)
Ingestion Dose  (C' y(IR)(1006em /LY(ABS )
where:
Parameter Definition (units) Default Value
_ 2 4\ fa H HH H 212
B vevent ArbserBed-dese per-event (l 6 Evefty Reriedt $€€|| €-see EQHGE Sfrot=
C, =  Chemical concentration in water (mg/cm?) Site-specific, non ionized fraction, see Appendix A
for more discussion
SA = Skin surface area available for contact (cm?) See Appendix C and Equations 3.13-3.16
BV = Event frequency (events/day) See Exhibit 3-5
IR =  Water ingestion rate (L/day)
ABS;, = Fraction of contaminant absorbed in the gastrointestional tract (dimensionless)

- For Organics: ABS;, isassumed to be 1 (or 100% absorption)
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Step 7: Evauate Uncertainty

As explained in Chapter 4 and Section A .4, the procedures for estimating the dermal dose from water
contact are very new and should be approached with caution. One "reality check" that assessors should make for
bathing scenarios is to compare the total amount of contaminant in the bathing water to the dose. The amount of
contaminant in the water is easily computed by multiplying the contaminant concentration by the volume of water
used (showers typically use 5 to 15 gal/min). Obviously, the dose cannot exceed the amount of contaminant in the
water. In fact, it seems unlikely that a high percentage of the contaminant in the water could be dermally
absorbed. Asapreliminary guide, if the dermal dose estimate exceeds 50% of the contaminant in the water, the
assessor should reexamine the assumptions and sources of data. Volatile compounds have been shown to volatilize
significantly during showering. Andelman (1988) found that about 90% of TCE volatilized during showering. This
would suggest that the effective concentration of volatile contaminants in water, and thus the resulting dermal dose
for volatiles, may be reduced. So for volatile compounds, assessors may want to assume a reduced contaminant

concentration in water contacting the skin.

The dermal permeability estimates are probably the most uncertain of the parameters in the dermal dose
equation. As discussed in Section A.4, the measured values probably have an uncertainty of plus or minus a half
order of magnitude. In addition, FA is obtained graphically to the nearest one significant figure, and therefore
contributes somewhat to the uncertainty of the final calculation. Accordingly, the final dose and risk estimates
should be considered highly uncertain. Some idea of the range of possible values can be obtained by first using
average or typical values for each parameter to get atypical dose estimate. Setting two or three of the most
variable parameters to their upper values and the others to their average values will also yield some idea of the

possible upper-dose estimate.

A.5.1 STEPWISE PROCEDURE FOR CALCULATING DERMAL DOSE USING SPREADSHEETS

Revised spreadsheets have been set up on LOTUS 123 to support the calculations for the dermally
absorbed dose described in Chapter 2 and this Appendix for the organics (ORG04_01.WK4) and the inorganics
(INORG04_01.WK4). These spreadsheets replace the previous ones sent to the Regions with the 1992 document.

Electronic versions of the spreadsheets are provided on the Internet (http://www.epa.gov/superfund/
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programs/risk/ragse/index.htm). The spreadsheets provide data for 209 organics and 19 inorganic chemicals, with

all equationsincluded. Calculations are also given for these chemicals, using either default or assumed values for

the purpose of illustration.

Results from the spreadsheets for the organics are tabulated in Appendix B, Exhibits B-1 to B-3. For the
organics, Equations A.1 to A.8 and 3.1 to 3.8 are set up for over 200 compounds in the spreadsheet. Given the log
K., and MW of chemicals, Kp is estimated using Equation 3.8. Depending on the exposure duration (t,,), €ither
Equation 3.2 or 3.3 should be selected to be used in Equation 3.1. All other default exposure factors in Equation
3.1 are obtained from Chapter 3 and Appendix A.

Compounds from Exhibits B-2 and B-3 marked with an * are the highly lipophilic compounds which are

listed in Exhibit A-2. Compounds from the organics list marked with an ** are the halogenated compounds.

For each new site risk assessment, the following procedures need to be followed:

Step 1. Input parameter values common to all chemicals at the top of the spreadsheet, i.e. SA, t,.., EV, EF, ED,

BW, AT. Default values for all these parameters can be found in Chapter 3 and in Appendix A.

Step 2 Compile the list of chemicals on the site and their concentrations.

Step 3: Find the chemicals on the spreadsheet provided. If not listed, find their Molecular Weight and Log K,

and enter data for the new chemicals at the bottom of the spreadsheet. Copy the respective formulas for
all the calculations to these new chemicals. Numerical values corresponding to the conditions on the site
will be calculated automatically. Delete the ones not found on the site to obtain your own spreadsheet for

the site.

Step 4 Enter the actual concentration of each chemical found on the site in the column marked "Conc".

Step 5 Check in the Column "Chemicals to be assessed” to find out whether or not you need to include that

chemical in your Risk Assessment.
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Step 6: Check on all Print setup for your particular printer. Y ou can rearrange the columns to print only the
values of interest by copying your spreadsheet to a new spreadshest, pasting the values only, and not the
formulas. This new spreadsheet can be formatted freely, as well as imported into a wordprocessing
software as tables. Note that any changes in calculations still need to be done in the original spreadsheet

with the embedded equations.
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APPENDIX B
SCREENING TABLESAND REFERENCE VALUES
FOR THE WATER PATHWAY

Note: The following exhibits are provided using K, values from the DEA (U.S. EPA, 1992a). EPA is currently
revising criteria for selecting K,,, values, and these exhibits will be updated with appropriate K, values, as well
as expanded to include more chemicals. The new changes may also affect Equation 3.8 and all other related

evaluations.
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Notes:

EXHIBIT B-1

FLYNN DATA SET

1. The predicted K, was calculated using Equation 3.8 using the Lotus spreadsheet software, and is the average

value of the regression correlation equation.

2. 95% LCL (lower confidence level) and UCL (upper confidence level) of K, are calculated using the
statistical software package STATA (STATA Corporation, 702 University Drive East, College Station, Texas
77840, USA).

3. Compoundsin italics are common to both the Flynn data set and the organic data set. For these compounds,
the 95% LCL and UCL are obtained from Exhibit B-1 and are common to both Exhibits B-1 and B-2.

Flynn'sin vitro experimental data |[MW |Log K, [K, K, K, K,
95% Predicted M easured| 95%
LCL (cm/hr) (invitro JUCL
data)
cm/hr
1|Aldosterone 360.4 1.08 4.4E-05 7.8E-05 3.0E-06] 1.4E-04
2JAmobarbital 226.3 1.96 1.2E-03 1.7E-03 2.3E-03 2.4E-03
3]Atropine 289.4 1.81 4.1E-04 5.9E-04 8.5E-06] 8.6E-04
4|Barbital 184.2 0.65 2.4E-04 3.9E-04 1.1E-04 6.4E-04
5|Benzy! alcohol 108.1 1.10 1.3E-03 2.1E-03 6.0E-03] 3.4E-03
6 |4-Bromophenol 173 2.59 5.8E-03 8.8E-03 3.6E-02] 1.3E-02
7|2,3-Butanediol 90.12 -0.92] 5.2E-05 1.2E-04 4.0E-05] 2.8E-04
8|Butanoic acid (butyric acid) 88.1 0.79 9.9E-04 1.7E-03 1.0E-03] 2.9E-03
9|n-Butanol 74.12 0.88 1.3E-03 2.3E-03 2.5E-03] 4.0E-03
10[2-Butanone 721 0.28 5.1E-04 9.5E-04 45E-03|  1.8E-03
11|Butobarbital 212.2 1.65 8.8E-04 1.3E-03 1.9E-04] 1.8E-03
12}4-Chlorocresol 142.6 3.10 1.7E-02 2.9E-02 5.5E-02] 4.9E-02
13]2-Chlorophenol 128.6 2.15 5.2E-03 8.0E-03 3.3E-02] 1.2E-02
14}4-Chlorophenol 128.6 2.39 7.3E-03 1.2E-02 3.6E-02] 1.8E-02
15|Chloroxylenol 156.6 3.39 2.1E-02 3.7E-02 5.2E-02 6.6E-02
16]Codeine 299.3 0.89 7.6E-05 1.3E-04 4.9E-05] 2.2E-04
17|Cortexolone 346.4 2.52 5.6E-04 8.4E-04 7.4E-05 1.3E-03
(11-desoxy-17-hydroxycorticosterone)

18|Cortexone (deoxycorticosterone) 330.4 2.88 1.2E-03 1.8E-03 45E-04] 2.7E-03
19|Corticosterone 346.4 1.94 2.2E-04 3.5E-04 6.0E-05 5.4E-04
20|Cortisone 360.5 1.42 7.7E-05 1.3E-04 1.0E-05 2.2E-04
21]o-Cresol 108.1 1.95 4.8E-03 7.7E-03 1.6E-02] 1.2E-02
22|m-Cresol 108.1 1.96 4.9E-03 7.8E-03 1.5E-02] 1.2E-02
23 |p-Cresol 108.1 1.95 4.8E-03 7.7E-03 1.8E-02] 1.2E-02
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EXHIBIT B-1

FLYNN DATA SET (continued)

Flynn'sin vitro experimental data |[MW |Log K,, |K, K, K, K,
95% Predicted [M easured| 95%
LCL (cm/hr) (invitro  JUCL
data)
cm/hr

24In-Decanol 158.3 4.57 9.5E-02 2.2E-01 7.9E-02| 5.1E-01
25]2,4-Dichlorophenol 163 3.06 1.2E-02 2.1E-02 6.0E-02] 3.4E-02
26|Digitoxin 764.9 1.86 3.5E-07 1.4E-06 1.3E-05] 5.4E-06
27|Ephedrine 165.2 1.03 5.8E-04 9.0E-04 6.0E-03] 1.4E-03
28|B-estradiol 2724 2.69 2.0E-03 2.8E-03 3.0E-04] 4.1E-03
29|B-estradiol (2) 272.4 2.69 2.0E-03 2.8E-03 5.2E-03] 4.1E-03
30|Estriol 288.4 2.47 1.2E-03 1.7E-03 4.0E-05] 2.4E-03
31|Estrone 270.4 2.76 2.2E-03 3.3E-03 3.6E-03] 4.7E-03
32|Ethanol 46.07 -0.31 2.6E-04 5.4E-04 7.9E-04] 1.1E-03
33]2-Ethoxy ethanol (Cellosolve) 90.12 -0.32 1.5E-04 3.0E-04 2.5E-04] 6.1E-04
34|Ethyl ether 74.12 0.89 1.4E-03 2.3E-03 1.6E-02] 4.0E-03
35|4-Ethylphenol 122.2 2.58 1.0E-02 1.7E-02 3.5E-02] 2.7E-02
36|Etorphine 4115 1.86 7.6E-05 1.3E-04 3.6E-03] 2.3E-04
37|Fentanyl 336.5 4.37 8.4E-03 1.6E-02 5.6E-03] 3.2E-02
38|Fentanyl (2) 336.5 4.37 8.4E-03 1.6E-02 1.0E-02] 3.2E-02
39|Fluocinonide 494.6 3.19 1.8E-04 3.5E-04 1.7E-03]  6.8E-04
40|Heptanoic acid (enanthic acid) 130.2 2.50 8.4E-03 1.3E-02 2.0E-02 2.1E-02
41|n-Heptanol 116.2 2.62 1.2E-02 1.9E-02 3.2E-02] 3.2E-02
42|Hexanoic acid (caproic acid) 116.2 1.90 4.1E-03 6.4E-03 1.4E-02] 1.0E-02
43|n-Hexanol 102.2 2.03 5.8E-03 9.3E-03 1.3E-02] 1.5E-02
44|Hydrocortisone 362.5 1.53 9.0E-05 1.5E-04 3.0E-06] 2.5E-04
45JHydrocortisone (2) 362.5 1.53 9.0E-05 1.5E-04 1.2E-04 2.5E-04
46|[Hydrocortisone-21-yl]-N,N dimethyl 489.6 2.03 3.1E-05 6.3E-05 6.8E-05] 1.3E-04

succinamate
47|[Hydrocortisone-21-yl]-hemipimelate 504.6 3.26 1.7E-04 3.4E-04 1.8E-03] 6.8E-04
48|[Hydrocortisone-21-hemisuccinate 462.5 211 5.3E-05 1.0E-04 6.3E-04 1.9E-04
49|[Hydrocortisone-21-yl]-hexanoate 460.6 4.48 1.8E-03 3.9E-03 1.8E-02 8.2E-03
50|[Hydrocortisone-21-yl]-6-hydroxy 476.6 2.79 1.3E-04 24E-04 9.1E-04] 4.5E-04

hexanoate
51|[Hydrocortisone-21-yl]-octanoate 488.7 5.49 4.8E-03 1.3E-02 6.2E-02] 3.3E-02
52|[Hydrocortisone-21-yl]-pimelamate 503.6 2.31] 3.9E-05 8.0E-05 8.9E-04 1.6E-04
53|[Hydrocortisone-21-yl]-proprionate 418.5 3.00, 4.1E-04 6.9E-04 3.4E-03 1.2E-03
54|[Hydrocortisone-21-yl]-succinamate 461.6 1.43 1.8E-05 3.6E-05 2.6E-05 7.3E-05
55]Hydromorphone 285.3 1.25 1.7E-04 2.7E-04 15E-05] 4.1E-04
56|Hydroxypregnenolone 330.4 3.00 1.4E-03 2.2E-03 6.0E-04] 3.3E-03
57|17a-Hydroxyprogesterone 330.4 2.74 9.7E-04 1.5E-03 6.0E-04 2.2E-03
58I soguinoline 129.2 2.03 4.3E-03 6.6E-03 1.7E-02]  1.0E-02
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EXHIBIT B-1

FLYNN DATA SET (continued)

Flynn'sin vitro experimental data |[MW |Log K,, |K, K, K, K,
95% Predicted [M easured| 95%
LCL (cm/hr) (invitro  JUCL
data)
cm/hr
59|M eperidine 247 2.72 2.8E-03 4.1E-03 3.7E-03 6.0E-03
60|Methan0l 32.04 -0.77 1.4E-04 3.2E-04 5.0E-04] 7.3E-04]
61|M ethyl-[hydrocortisone-21-yl]-succinate 476.6 2.58 9.1E-05 1.7E-04 2.1E-04] 3.3E-04
62|M ethyl-[hydrocortisone-21-yl]-pimelate 518.6 3.70 2.6E-04 5.5E-04 5.4E-03 1.2E-03
63 |M ethyl-4-hydroxy benzoate 152.1 1.96 3.0E-03 4.4E-03 9.1E-03] 6.5E-03
64|M orphine 285.3 0.62 5.8E-05 1.0E-04 9.3E-06 1.8E-04]
65]2-Naphthol 144.2 2.84 1.1E-02 1.9E-02 2.8E-02] 3.1E-02
66|Naproxen 230.3 3.18 6.6E-03 1.0E-02 4.0E-04 1.6E-02]
67|Nicotine 162.2 1.17 7.6E-04 1.2E-03 1.9E-02 1.8E-03
68|Nitroglycerine 227.1 2.00 1.3E-03 1.8E-03 1.1E-02 2.5E-03
69]3-Nitrophenol 139.1 2.00 3.7E-03 5.5E-03 5.6E-03] 8.4E-03
70}4-Nitrophenol 139.1 1.91 3.2E-03 4.8E-03 5.6E-03] 7.3E-03
71n-Nonanol 144.3 3.77 4.0E-02 7.8E-02 6.0E-02] 1.5E-01]
72|Octanoic acid (caprylic acid) 144.2 3.00 1.4E-02 2.4E-02 25E-02] 4.0E-02
73n-Octanol 130.2 2.97 1.6E-02 2.7E-02 5.2E-02] 4.7E-02
74]Pentanoic acid (valeric acid) 102.1 1.30] 1.9E-03 3.1E-03 2.0E-03 4.9E-03]
75]n-Pentanol 88.15 1.56 3.4E-03 5.5E-03 6.0E-03] 8.9E-03
76|Phenobarbital 232.2 1.47 5.1E-04 7.4E-04 4.6E-04 1.1E-03
77 |Phenol 94.11 1.46 2.7E-03 4.3E-03 8.1E-03] 7.0E-03
78|Pregnenolone 316.5 3.13 2.0E-03 3.2E-03 15E-03] 4.9E-03
79|Progesterone 314.4 3.77 5.0E-03 8.6E-03 1.5E-03 1.5E-02)
80|n-Propanol 60.1 0.25 5.6E-04 1.1E-03 1.4E-03] 2.0E-03
81|Resorcinol 110.1 0.80 7.7E-04 1.3E-03 2.4E-04] 2.1E-03
82|Salcylic acid 138.1 2.26 5.4E-03 8.4E-03 6.3E-03] 1.3E-02
83|Scopolamine 303.4 1.24 1.3E-04 2.1E-04 5.0E-05] 3.3E-04
84|Sucrose 342.3 -2.25) 1.6E-07 6.0E-07 5.2E-06 2.3E-06
85|Sufentany| 387.5 4.59 5.7E-03 1.2E-02 1.2E-02] 2.4E-02
86|T estosterone 288.4 3.31 3.8E-03 6.0E-03 4.0E-04 9.4E-03
87 |Thymol 150.2 3.34 2.1E-02 3.7E-02 5.2E-02] 6.6E-02
88]2,4,6-Trichlorophenol 197.4 3.69 1.9E-02 3.5E-02 5.9E-02] 6.2E-02
89 |Water 18.01 -1.38 5.8E-05 1.5E-04 5.0E-04] 3.9E-04]
90]3,4-Xylenol 122.2 2.35 7.4E-03 1.2E-02 3.6E-02 1.9E-02]
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EXHIBIT B-2

PREDICTED K, FOR ORGANIC CONTAMINANTSIN WATER

Notes:

1.

Chemicals with an asterisk (*) preceding them have been identified to be outside the effective prediction
domain (EPD). EPD determination is calculated using the software package MLAB (Civilized Software,
Inc., 8120 Woodmont Avenue, #250, Bethesda, MD 20814, USA).

2. Chemicals with two asterisks (**) are halogenated compounds. Because halogenated chemicals have a lower
ratio of molar volume relative to their molecular weight than hydrocarbons (due to the relatively weighty
halogen atom), the K, correlation based on molecular weight of hydrocarbons will tend to underestimate
permeability coefficients for halogenated organic chemicals. To address this problem, a new K, correlation
based on molar volume and log K,,, will be explored. In selecting the halogenated compounds, the focus was
on trihalomethanes, the halogenated acids, and the hal ogenated aliphatics with halogenated molecules
contributing to alarge percentage of the molecular weight.
3. K, isobtained from the modified Potts and Guy’s equation (Equation 3.8). Values in the exhibit are obtained
from the organic spreadsheet (ORG04_01.WK4) where the coefficients of Equation 3.8 carry more
significant figures than shown in Chapter 3 and Appendix A.
4, 95% LCL and UCL are calculated using the statistical software package STATA (STATA Corporation, 702
University Drive East, College Station, Texas 77840, USA). Compounds in italics are common to both the
Flynn data set and the organic data set. For these compounds, the 95% LCL and UCL are obtained from
Exhibit B-1 and common to both Exhibits B-1 and B-2.
5. All calculations are performed using the Lotus spreadsheet software, except where noted.
CHEMICAL CASNo. [Mw log Kow  |Kop Kop Kop Kp
95% (cm/hr) (cm/hr) 95% UCL
LCL predicted |measured
1]A cetaldehyde 75070]  44.1 -022]  2.4E-05 6.3E-04 1.6E-02
2|Acetamide 60355 59 -1.26 3.9E-06 1.1E-04 2.9E-03
3JAcetylaminofluorene, 2- 53963 223 3.24 5.0E-04 1.2E-02 3.1E-01
4|Acrolein 107028 56.1 -0.10]  2.5E-05 6.5E-04 1.7E-02
5|Acrylamide 79061 71 -0.67| 8.5E-06 2.2E-04 5.9E-03
6JAcrylonitrile 107131 53.1 0.25] 4.5E-05 1.2E-03 2.9E-02
7]Aldrin 309002 365 3.0l 5.7E-05 1.4E-03 3.5E-02
**  gJAllyl chloride 107051 76.5 145 22E-04 5.4E-03 1.3E-01
9JAmino-2-methylanthraguinone, 1- 82280] 237.3 2.80 2.2E-04 5.3E-03 1.3E-01
10JA minoanthraguinone, 2- 117793 223 2.15]  9.7E-05 2.4E-03 5.7E-02)
11JAminoazobenzene, p- 60093 197 2.62 2.8E-04 6.8E-03 1.7E-01
12JAminoazotoluene, o- 97563] 225.3 3.92 1.4E-03 3.4E-02 8.7E-01
13JAminobiphenyl, 4- 92671] 169.2 2.80] 5.2E-04 1.3E-02 3.2E-01
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EXHIBIT B-2

PREDICTED K, FOR ORGANIC CONTAMINANTSIN WATER (continued)

CAS No. IMW

CHEMICAL log Kow [Kp Ko Ko Kp
95% (cm/hr) (cm/hr) 95% UCL
LCL lpredicted Imeasured

14]Aniline 62533 93.1 0.90 7.5E-05 1.9E-03 4.7E-02
15]Anisidine, o- 90040 145 1.18] 5.9E-05 1.5E-03 3.6E-02)
16JAuramine 492808] 267.4 354 45E-04 1.1E-02 2.8E-01
17|Benzene 71432 78.1 2.13 5.9E-04 1.5E-02 3.7E-01
18|Benzidine 92875] 184.2 1.34] 4.6E-05 1.1E-03 2.8E-02

*  19|Benzo-a-anthracene 56553 228.3 5.66 1.7E-02 4.7E-01 1.3E+0]]
*  20|Benzo-a-pyrene 50328 250 6.10] 2.4E-02 7.0E-01 2.0E+0]]
*  21|Benzo-b-fluoranthene 205992 252.3 6.12 2.4E-02 7.0E-01 2.0E+01]
22|Benzoic acid 65850 122 1.87 2.3E-04 5.7E-03 1.4E-0]
23|Benzotrichloride 98077 195 2.92 4.5E-04 1.1E-02 2.7E-01
24|Benzyl chloride 100447 127 2.30| 4.1E-04 1.0E-02 2.5E-01
25|Bis(2-chloroethyl)ether 111444 143 1.29 7.2E-05 1.8E-03 4.4E-02

**  26|Bromodichloromethane 75274 163.8 2.09 1.9E-04 4.6E-03 1.1E-01
**  27|Bromoform 75252 252.8 2.37 9.2E-05 2.2E-03 5.5E-02]
**  28IBromomethane 74839 95 1.19 1.1E-04 2.8E-03 7.0E-02
29|Bromophenol, p- 106412 173 2.59] 5.8E-03 8.8E-03 1.3E-02
30|Butadiene, 1,3- 106990 54 1.99 6.5E-04 1.6E-02 4.1E-01
31J2,3-Butanediol 513859] 90.12 -0.92] 5.2E-05 1.2E-04 4.0E-05 2.8E-04]

32 |n-Butanol 71363] 74.12 0.88] 1.3E-03 2.3E-03 2.5E-03 4.0E-03
33|Butoxyethanol, 2- 111762 118 0.83 4.9E-05 1.2E-03 3.0E-02
34|Captan 133062 300 2.35 4.8E-05 1.2E-03 2.9E-02
35|Carbon disulfide 75150 80 2.24] 6.9E-04 1.7E-02 4.3E-01

** 36]Carbon tetrachloride 56235| 153.8 2.83 6.6E-04 1.6E-02 4.0E-01
37|Chlordane 57749] 409.8 554] 1.4E-03 3.8E-02 1.0E+00
38|Chlordane (cis) 5103719 410 5.47] 1.2E-03 3.4E-02 9.2E-01
39|Chlordane (trans) 5103742 410 5.47 1.2E-03 3.4E-02 9.2E-01
40|Chlorobenzene 108907 112.6 2.84 1.1E-03 2.8E-02 7.1E-01
4114-Chlorocresol 59507] 142.6 3.10] 1.7E-02 2.9E-02 5.5E-02 4.9E-02

**  42|Chlorodibromomethane 124481 208.3 2.23 1.3E-04 3.2E-03 7.9E-02]
**  A3]Chloroethane 75003 64.5 1.43 2.4E-04 6.1E-03 1.5E-0]
**  A4]Chloroform 67663 119.4 1.97 2.8E-04 6.8E-03 1.7E-01
** A5]Chloromethane 74873 50.5 0.91 1.3E-04 3.3E-03 8.3E-02)
46|2-Chlorophenol 95578| 128.6 2.15] 5.2E-03 8.0E-03 3.3E-02 1.2E-02

47 |4-Chlorophenol 106489] 128.6 2.39] 7.3E-03 1.2E-02 3.6E-02 1.8E-02
48|Chlorothalonil 1897456 265.9 3.86 7.4E-04 1.9E-02 4.7E-01

*  49]|Chrysene 218019] 228.3 5.66] 1.7E-02 4.7E-01 1.3E+01
50|Cresidine, p- 120718 137.2 1.67 14E-04 3.4E-03 8.4E-02

51 |m-Cresol 108394] 108.1 1.96] 4.9E-03 7.8E-03 1.5E-02 1.2E-02
52Jo-Cresol 95487] 108.1 1.95] 4.8E-03 7.7E-03 1.6E-02 1.2E-02
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EXHIBIT B-2

PREDICTED K, FOR ORGANIC CONTAMINANTSIN WATER (continued)

CAS No. IMW

CHEMICAL log Kow  [Kp Ko Kp Kp
95% (cm/hr) (cm/hr) 95% UCL
LCL lpredicted Imeasured

53 |p-Cresol 106445] 108.1 1.95] 4.8E-03 7.7E-03 1.8E-02 1.2E-02

*  54|DDD 72548 320 5.80] 6.4E-03 1.8E-01 5.0E+00)
* 55|DDE 72559 318 5.69] 5.6E-03 1.6E-01 4.3E+00)
* 56|DDT 50293 355 6.36) 9.2E-03 2.7E-01 7.8E+00
*  57In-Decanol 112301] 158.3 4.57] 9.5E-02 2.2E-01 7.9E-02 5.1E-01
58|Di-2-ethylhexyl phthalate 117817 391 5.11] 9.4E-04 2.5E-02 6.6E-01
59|Diaminoanisole, 2,4- 615054] 138.2 -0.12] 8.5E-06 2.2E-04 5.6E-03
60|Diaminotoluene 95807 122 0.34] 2.2E-05 5.4E-04 1.4E-02
61|Diaminotoluene, 2,4- 101804 200 2.06] 11E-04 2.8E-03 6.7E-02)

*  62]Dibenzo(a,h)anthracene 53703 278.4 6.84 4.9E-02 1.5E+00 4.7E+01
63|Dibuty! phthal ate 84742 278 4.13]  9.4E-04 2.4E-02 6.1E-01
64|Dichlorobenzene, 1,2- 95501 147 3.38 1.6E-03 4.1E-02 1.0E+00
65|Dichlorobenzene, 1,3- 541731 147 3.60) 2.3E-03 5.8E-02 1.5E+00
66|Dichlorobenzene, 1,4- 106467 147 3.39 1.7E-03 4.2E-02 1.1E+00
67|Dichlorobenzidine, 3,3' 91941] 253.1 351 5.1E-04 1.3E-02 3.2E-01

**  68]Dichlorodifluoromethane 75718] 120.9 2.16]  3.6E-04 9.0E-03 2.2E-01
**  69|Dichloroethane, 1,1- 75343 99 179 2.7E-04 6.7E-03 1.7E-01
** 70|Dichloroethane, 1,2- 107062 99 1.48 1.7E-04 4.2E-03 1.0E-01]
** 71|Dichloroethylene, 1,1- 75354 96.9 213 4.7E-04 1.2E-02 2.9E-01
** 72|Dichloroethylene, 1,2- (trans) 540590 96.9 1.86] 3.1E-04 7.7E-03 1.9E-01
73]2,4-Dichlorophenol 120832 163 3.06] 1.2E-02 2.1E-02 6.0E-02 3.4E-02

** 74|Dichloropropane, 1,2- 78875 113 2.00] 3.1E-04 7.8E-03 1.9E-01
** 75|Dichloropropene, 1,3- 542756 111 1.60 1.7E-04 4.3E-03 1.1E-01
76|Dichlorvos 62737 221 1.47] 3.5E-05 8.5E-04 2.1E-02)
77|Dieldrin 60571 381 4.56] 4.7E-04 1.2E-02 3.2E-0]
78|Diepoxybutane 1464535 86.1 -1.84]  1.1E-06 3.1E-05 8.7E-04]
79|Diethyl phthalate 84662 222 247 16E-04 3.9E-03 9.5E-02)
80|Diethyl sulfate 64675 154 1.14] 5.0E-05 1.2E-03 3.0E-02)
81|Dimethoxybenzidine, 3,3'"- 119904] 2544 1.81] 3.8E-05 9.3E-04 2.3E-02)
82|Dimethyl phthalate 131113 194 156] 5.7E-05 1.4E-03 3.4E-02
83|Dimethyl sulfate 77781 126 1.16]  7.3E-05 1.8E-03 4.5E-02
84|Dimethylamine, n-nitroso- 62759 74.1 -0.57 9.6E-06 2.5E-04 6.6E-03]
85|Dimethylaminoazobenzene, 4- 60117 225 4.58] 3.6E-03 9.5E-02 2.5E+00
86|Dimethylbenzidine, 3,3'"- 119937] 212.3 234 15E-04 3.6E-03 8.8E-02)
87|Dimethylcarbamyl chloride 79447 1075 0.00]  4.9E-06 3.9E-04 3.4E-03
88|Dimethylhydrazine, 1,1- 57147 60 -1.50 2.6E-06 7.3E-05 2.0E-03
89|Dimethylphenal, 2,4- 105679] 1222 230 4.4E-04 1.1E-02 2.7E-01
90|Dimethylphenal, 3,4- 95658 122 2.23] 4.0E-04 9.8E-03 2.4E-01
91|Dinitrophenal, 2,4- 51285] 184.1 154] 6.3E-05 1.5E-03 3.7E-02
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EXHIBIT B-2

PREDICTED K, FOR ORGANIC CONTAMINANTSIN WATER (continued)

CAS No. IMW

CHEMICAL log Kow  [Kp Ko Kp Kp
95% (cm/hr) (cm/hr) 95% UCL
LCL lpredicted Imeasured
92|Dinitrotoluene, 2,4- 121142] 182.1 1.98] 1.3E-04 3.1E-03 7.5E-02
93|Dinitrotoluene, 2,6- 606202 182.1 1.72]  8.5E-05 2.1E-03 5.1E-02)
94|Dioxane, 1,4- 123911 88.1 -0.27] 1.3E-05 3.3E-04 8.6E-03
95|Diphenylamine, n-nitroso- 86306] 198.2 3.13] 5.9E-04 1.5E-02 3.6E-01
96|Diphenylhydrazine, 1,2- 122667] 184.2 2.94] 5.3E-04 1.3E-02 3.2E-01
97|Dipropylamine, n-nitroso- 621647 130.2 1.36 9.5E-05 2.3E-03 5.8E-02
98|Endrin 72208 381 456 4.7E-04 1.2E-02 3.2E-01
99|Epichlorohydrin 106898 92 -0.21] 1.3E-05 3.5E-04 8.9E-03
100|Ethanol 64175] 46.07 -0.31] 2.6E-04 5.4E-04 7.9E-04 1.1E-03
101 |Ethanol, 2-(2-butoxyethoxy)- 112345 162 -0.92]  1.8E-06 4.7E-05 1.3E-03
102]Ethanol, 2-(2-ethoxyethoxy)- 111900 134 -0.08]  9.6E-06 2.5E-04 6.3E-03
103|Ethanol, 2-(2-methoxyethoxy)- 111773 120 -0.42 6.7E-06 1.7E-04 4,5E-03]
104 ]2-Ethoxy ethanol (Cellosolve) 110805] 90.12 -0.32] 1.5E-04 3.0E-04 6.1E-04]
105|Ethoxyethyl acetate, 2- 111159 132 0.65] 3.1E-05 7.7E-04 1.9E-02
106|Ethyl acrylate 140885 100 1.32] 1.3E-04 3.2E-03 8.0E-02
107|Ethyl| carbamate 51796 89 -0.15]  1.5E-05 3.9E-04 1.0E-02
108 |Ethyl ether 60297 74.12 0.89] 1.4E-03 2.3E-03 1.6E-02 4.0E-03
109|Ethylbenzene 100414] 106.2 3.15] 1.9E-03 4.9E-02 1.2E+00
110|Ethylene oxide 75218 4.1 -0.30] 2.2E-05 5.6E-04 1.5E-02
** 111|Ethylenedibromide 106934 188 1.96] 1.1E-04 2.8E-03 6.8E-02)
112|Ethyleneimine 151564 43 -1.12]  6.0E-06 1.6E-04 4.4E-03
113|Ethylenethiourea 96457 96 -0.66]  6.3E-06 1.7E-04 4.3E-03
114 }4-Ethylphenol 123079] 122.2 2.58] 1.0E-02 1.7E-02 3.5E-02 2.7E-02
* 115|Fluoranthene 206440] 202.3 495 8.3E-03 2.2E-01 6.0E+00
116|Formaldehyde 50000 30 0.35| 7.1E-05 1.8E-03 4.6E-02)
117|Glycerol 56815 92.1 -1.76]  1.1E-06 3.2E-05 9.1E-04
118|Heptachlor 76448 3735 427 3.4E-04 8.6E-03 2.2E-01
119|n-Heptanol 111706] 116.2 2.62| 1.2E-02 1.9E-02 3.2E-02 3.2E-02
* 120|Hexachlorobenzene 118741 284.8 5.31 4.9E-03 1.3E-01 3.6E+00
** 121|Hexachlorobutadiene 87683] 260.8 4.78 3.1E-03 8.1E-02 2.1E+00
** 122|Hexachloroethane 67721 236.7 3.93] 1.2E-03 3.0E-02 7.6E-01
123|Hexamethylphosphoramide 680319 179 0.03 6.4E-06 1.6E-04 4.1E-03]
124 |n-Hexanol 111273] 102.2 2.03] 5.8E-03 9.3E-03 1.3E-02 1.5E-02
* 125|Hydrazine/Hydrazine sulfate 302012 32 -2.07 1.5E-06 4.4E-05 1.3E-03
* 126]Indeno(1,2,3-CD)pyrene 103395] 276.3 6.58] 3.5E-02 1.0E+00 3.1E+01
127]l sophorone 78591 138.2 1.67 1.4E-04 3.4E-03 8.3E-02
128|Lindane 58899 291 372 4.3E-04 1.1E-02 2.7E-01
129|M echl orethamine 51752 156 1.07 4.4E-05 1.1E-03 2.6E-02
130]Methanol 67561] 32.04 -0.77] 1.4E-04 3.2E-04 5.0E-04 7.3E-04
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EXHIBIT B-2

PREDICTED K, FOR ORGANIC CONTAMINANTSIN WATER (continued)

CHEMICAL CAS No. IMW log Kow  [Kp Ko Kp Kp
95% (cm/hr) (cm/hr) 95% UCL
LCL lpredicted Imeasured
131|Methoxyethanol, 2- 109864 76 -0.77]  6.8E-06 1.8E-04 4.8E-03
132|M ethoxypropan-2-ol, 1- 107982 90 -0.18 1.4E-05 3.7E-04 9.6E-03]
133|Methyl ethyl ketone 78933 72 0.29] 3.8E-05 9.6E-04 2.4E-02)
134 |Methyl-4-hydroxy benzoate 99763| 152.1 1.96] 3.0E-03 4.4E-03 9.1E-03 6.5E-03

** 135]Methyl iodide 74884 142 151 1.0E-04 2.5E-03 6.2E-02)
136|Methylaziridine, 2- 75558 57 -0.60]  1.1E-05 3.0E-04 7.9E-03
137|Methylene bis(2-chloroaniline), 101144 267.2 3.94 8.2E-04 2.1E-02 5.2E-01

4,4'-
138|Methylene 101611 254 475 3.2E-03 8.4E-02 2.2E+00
bis(N,N'-dimethyl)aniline, 4,4'-

** 139|Methylene chloride 75092 84.9 125 14E-04 3.5E-03 8.8E-02)
140|Methylenedianiline, 4,4'- 101779 198 159] 5.7E-05 1.4E-03 3.4E-02
141|Michler's ketone 90948] 268.4 4.07]  9.8E-04 2.5E-02 6.3E-01

** 142 |Mustard Gas 505602] 159.1 2.03] 1.8E-04 4.5E-03 1.1E-01
143|Naphthalene 91203] 128.2 3.30] 1.8E-03 4.7E-02 1.2E+00
144]2-Naphthol 135193] 144.2 2.84] 1.1E-02 1.9E-02 2.8E-02 3.1E-02
145|Naphthylamine, 1- 134327] 1432 2.25| 3.1E-04 7.7E-03 1.9E-01
146|Naphthylamine, 2- 91598] 143.2 2.28] 3.3E-04 8.1E-03 2.0E-01
147|Nitrilotriacetic acid 139139 191 -0.18]  3.9E-06 1.0E-04 2.6E-03
148|Nitro-o-anisidine, 5- 99592 152.7 1.47 8.4E-05 2.1E-03 5.1E-02
149|Nitrobiphenyl, 4- 92933] 199.2 3.77] 15E-03 3.8E-02 9.7E-01

* 150|Nitrofen 1836755] 284.1 5.53] 6.8E-03 1.9E-01 5.2E+00)
151 |Nitrophenal, 2- 88755] 139.1 1.79] 1.6E-04 4.0E-03 9.9E-02
152|Nitrophenol, 2-amino-4- 99570] 154.1 1.36]  7.0E-05 1.7E-03 4.2E-02
153|3-Nitrophenol 554847| 139.1 2.00] 3.7E-03 5.5E-03 5.6E-03 8.4E-03
154 4-Nitrophenol 100027 139.1 1.91] 3.2E-03 4.8E-03 5.6E-03 7.3E-03
155|Nitrophenol, 4-amino-2- 119346] 154.1 0.96 3.8E-05 9.3E-04 2.3E-02
156|Nitropropane, 2- 79469 110 0.55] 3.5E-05 8.8E-04 2.2E-02
157|Nitroso-di-n-butylamine, n- 924163] 158.2 1.92 1.6E-04 3.8E-03 9.4E-02
158|Nitroso-N-ethylurea, n- 759739 117.1 0.23] 1.9E-05 4.9E-04 1.2E-02
159|Nitroso-N-methylurea, n- 684935] 103.1 -0.03 1.5E-05 3.9E-04 1.0E-02
160|Nitrosodiethanolamine, n- 1116547 134 -1.58]  8.9E-07 2.5E-05 6.9E-04
161|Nitrosodiethylamine, n- 55185 88 0.48 4.2E-05 1.0E-03 2.6E-02
162|Nitrosodiphenylamine, p- 156105] 198.2 3.50] 1.0E-03 2.6E-02 6.4E-01
163|Nitrosomethylvinylamine, n- 4549400 86.1 0.00] 2.0E-05 5.1E-04 1.3E-02
164|Nitrosomorpholine, n- 59892] 116.1 -0.44] 6.9E-06 1.8E-04 4,6E-03]
165|Nitrosonornicotine, n- 16543558 177.2 0.03 6.5E-06 1.7E-04 4.2E-03
166|Nitrosopiperidine, n- 100754] 350.3 0.36 1.1E-06 2.9E-05 7.6E-04
167In-Nonanol 143088] 144.3 3.77] _4.0E-02 7.8E-02 6.0E-02 1.5E-01
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EXHIBIT B-2

PREDICTED K, FOR ORGANIC CONTAMINANTSIN WATER (continued)

CAS No. IMW

CHEMICAL log Kow  [Kp Ko Kp Kp
95% (cm/hr) (cm/hr) 95% UCL
LCL lpredicted Imeasured

168]n-Octanol 111875] 130.2 2.97] 1.6E-02 2.7E-02 5.2E-02 4.7E-02
169|Parathion 56382 291 3.83] 5.1E-04 1.3E-02 3.2E-01

* 170|PCB-chlorobiphenyl, 4- 2051629 292 6.50] 2.5E-02 7.5E-01 2.2E+01]
* 171|PCB-hexachlorobiphenyl 26601649 361 6.72) 1.4E-02 4.3E-01 1.3E+01]
** 172]Pentachloronitrobenzene 82688] 295.3 4.64] 1.6E-03 4.2E-02 1.1E+00
* 173|Pentachl orophenol 87865] 266.4 5.86] 1.4E-02 3.9E-01 1.1E+01
174|n-Pentanol 71410] 88.15 1.56] 3.4E-03 5.5E-03 6.0E-03 8.9E-03
175|Pentanone, 4-methyl-2- 108101 100 119] 11E-04 2.7E-03 6.6E-02)

* 176|Phenanthrene 85018 178.2 4.46 5.5E-03 1.4E-01 3.8E+00
177]Phenol 108952] 94.11 1.46] 2.7E-03 4.3E-03 8.1E-03 7.0E-03
178]Phenol, 4,6-dinitro-2-methyl- 534521] 198.1 2.12] 1.3E-04 3.1E-03 7.6E-02)
179|n-Propanol 71238 60.1 0.25] 5.6E-04 1.1E-03 1.4E-03 2.0E-03
180|Propiolactone, beta- 57578 72 -046] 1.2E-05 3.1E-04 8.0E-03]
181 |Propylene oxide 75569 58.1 0.03] 3.0E-05 7.7E-04 2.0E-02]
182 |Resorcinol 108463 110.1 0.80] 7.7E-04 1.3E-03 2.4E-04 2.1E-03]
183|Safrole 94597] 162.2 2.66] 4.6E-04 1.1E-02 2.8E-01
184|Styrene 100425] 104.1 2.95] 1.5E-03 3.7E-02 9.4E-01
185|Styrene oxide 96093 120 161 1.6E-04 3.9E-03 9.6E-02)

* 186|TCDD 1746016 322 6.80] 2.7E-02 8.1E-01 2.5E+01]
** 187[Tetrachlorethylene 127184 165.8 3.40 1.3E-03 3.3E-02 8.4E-01
** 188|Tetrachloroethane, 1,1,2,2- 79345] 167.9 2.39] 2.8E-04 6.9E-03 1.7E-01
189|T hioacetamide 62555 75 0.71] 7.0E-05 1.8E-03 4.4E-02
190|Thiodianiline, 4,4'- 139651 216 2.03] 8.8E-05 2.1E-03 5.2E-02)
191|Thiourea 62566 76 -0.95] 5.1E-06 1.4E-04 3.7E-03
192 |Thymol 89838] 150.2 3.34] 2.1E-02 3.7E-02 5.2E-02 6.6E-02
193|Toluene 108883 92.1 2.73] 1.2E-03 3.1E-02 7.8E-01
194|Toluidine hydrochloride, o- 636215] 143.2 1.29 7.2E-05 1.8E-03 4.4E-02
195|Toluidine, o- 95534 107 1.32] 1.2E-04 3.0E-03 7.3E-02)
196|T oxaphene 8001352 414 4.82] 4.5E-04 1.2E-02 3.1E-01
197|Trichlorobenzene, 1,2,4- 120821] 181.5 3.98] 2.6E-03 6.6E-02 1.7E+00

** 198|Trichloroethane, 1,1,1- 71556] 1334 249 5.1E-04 1.3E-02 3.1E-01
** 199|Trichloroethane, 1,1,2- 79005 1334 2.05| 2.6E-04 6.4E-03 1.6E-01
** 200[Trichloroethylene 79016] 1314 242 ATE-04 1.2E-02 2.9E-01
** 201[Trichlorofluoromethane 75694] 1374 2.53 5.1E-04 1.3E-02 3.2E-01
202|2,4,6-Trichlorophenol 88062| 197.4 3.69] 1.9E-02 3.5E-02 5.9E-02 6.2E-02

*  203|Tris(2,3-dibromopropyl)phosphate 126727] 697.6 4.98 1.3E-05 3.9E-04 1.1E-02
204[Tris(aziridinyl)-para-benzoguinone 68768] 231.3 -1.34] 3.7E-07 1.0E-05 2.8E-04]

*  205|Urea 57136 60 -2.11]  9.9E-07 2.9E-05 8.3E-04]
** 206|Vinyl bromide 593602 107 157] 1.8E-04 4.3E-03 1.1E-0
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EXHIBIT B-2

PREDICTED K, FOR ORGANIC CONTAMINANTSIN WATER (continued)

CHEMICAL CASNo. MW  Jlog Ko Kp Ko Ko Kp
95% (cm/hr) (cm/hr) 95% UCL
LCL lpredicted Imeasured
** 207|{Vinyl chloride 75014 62.5 1.36 2.2E-04 5.6E-03 1.4E-01
* 208 |Water 7732185] 18.01 -1.38] 5.8E-05 1.5E-04 5.0E-04 3.9E-04
209|Xylene, m- 108383] 106.2 320 2.1E-03 5.3E-02 1.4E+00
B-11 September 2001
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EXHIBIT B-3

CALCULATION OF DERMAL ABSORBED DOSE FOR
ORGANIC CHEMICALSIN WATER

Note: The following default exposure conditions are used to calculate exposure to chemicals in water through
showering, assuming carcinogenic effects. Site-specific exposure conditions should be used in the spreadsheet
ORGO04_01.WKA4 for appropriate health effects (cancer or noncancer).

Concentration in ppb (1 ppb = 1 ng/L x mg/1000 g x L/1000 cn¥):
Conc = 1 ppm = 1000 ppb = 1000 no/L = 1 mg/L = 10*mg/cn? (default value for purpose of illustration)
(site-specific concentration should be used in actual calculations)
Surface area exposed (crr?): SA = 18000 cim?
Event time (hr/event):  t,.. = 0.58 hr/event (35 minutes/event)
Event frequency (events/day): EV = 1.0 event/day
Exposure frequency (days/year): EF =  350.0 days/yr
Exposure duration (years): ED = 30.0 years
Body weight (kg): BW = 70.0 kg
Averaging time (days): AT = 25550 days
for carcinogenic effects, AT = 70 years (25550 days)
for noncarcinogenic effects, AT = ED (in days)
Skin thickness (assumed to be 10 nm): I, =10°cm
Time to reach steady-state (hr): t* is chemical-specific
Fraction absorbed (FA, from Exhibit A-5, to the nearest one significant figure)
K, used in the calculation of DA, isthe K, predicted for all chemicals

Default conditions for screening purposes. Compare Dermal adults (showering for 35 minutes per day) to Oral
adults (drinking 2 liters of water per day)
DAD (mg/day) = DA,,ox X SA X EV
Oral Dose (mg/day) = Conc x IR x ABSg,
IR: Ingestion rate of drinking water = 2000 (cm¥/day = L/day x 1000 cn/L)
ABS,,: Absorption fraction in Gl tract = 1.0 (assuming 100% Gl absorption)

The actud ratio Dermal/Oral is given in the column labeled “Derm/Oral”, the next column “Chem Assess’ gives
the result of the comparison of these two routes of exposure as“Y” when Dermal Exposure exceeds 10% of
Drinking Water (ratio of DAD from Dermal to Oral). The Oral route is represented by drinking 2 liters of water

per day.

The spreadsheet (ORG04_01.WK4) aso provides the calculation of the ratio of the dermal dose absorbed to the

total dose available from a showering scenario, assuming 5 gallons/minute as a flow rate. Refer to Chapter 3 and
Appendix A for equations to evaluate DA, ahd DAD.

All calculations are performed using the Lotus spreadsheet software, except otherwise noted.

For chemicals noted with “*” or “**”, see Notes on Exhibit B-2.

Revison No. 1 B-12 September 2001



Review Draft — For Public Comment

EXHIBIT B-3

CALCULATION OF DERMAL ABSORBED DOSE FOR
ORGANIC CHEMICALSIN WATER (continued)

CHEMICAL CAS No. [K, B It t* FA |DAgerx |DAD Derm/ JChem
(cm/hr) (hr) |(hr) (mg/cm? |(mg/kg |Oral A ssess
-event) |-day) (%)
1]Acetaldehyde 75070] 6.3E-04 0.0] 0.19 0.45] 1.0] 6.1E-07] 6.4E-05 1%] N
2|Acetamide 60355 1.1E-04 0.0] 023 0.55] 1.0 1.1E-07] 1.2E-05 0%]| N
3JA cetylaminofluorene, 2- 53963]  1.2E-02 0.1] 1.90 456] 1.0] 3.6E-05] 3.8E-03 33%]| Y
4]Acrolein 107028  6.5E-04 0.0] 022 0.53] 1.0] 6.7E-07] 7.0E-05 1%] N
5|Acrylamide 79061 2.2E-04 0.0] 0.27 0.64] 1.0 24E-07] 2.6E-05 0%] N
6]Acrylonitrile 107131} 1.2E-03 0.0] 021 0.51] 1.0] 1.2E-06] 1.2E-04 1%| N
7JAldrin 309002 1.4E-03 0.0] 11.89] 2854 1.0] 1.0E-05] 1.1E-03 9%] N
**  8JAllyl chloride 107051]  5.4E-03 0.0] 029 0.69] 1.0] 6.1E-06] 6.4E-04 5%] N
9|Amino-2-methylanthraq 82280] 5.3E-03 00] 228 5.48| 1.0 1.7E-05] 1.8E-03 15%| Y
uinone, 1-
10JA minoanthraquinone, 2- 117793 2.4E-03 0.0] 1.90 4.56] 10| 6.9E-06] 7.2E-04 6%
11JAminoazobenzene, p- 60093] 6.8E-03 0.0] 1.36 3.26) 1.0] 1.7E-05] 1.8E-03 15%
12|Aminoazotoluene, o- 97563] 3.4E-02 02] 196 4.69] 10| 1.0E-04] 1.1E-02 91%
13]Aminobiphenyl, 4- 92671 1.3E-02 0.1] 095 2.27] 1.0] 2.6E-05] 2.8E-03 24%
14]Aniline 62533] 1.9e-03 0.0] 0.35 0.85| 1.0 2.3E-06] 2.5E-04 2%
15]Anisidine, o- 90040] 1.5E-03 0.0] 0.69 1.66] 1.0] 2.6E-06] 2.7E-04 2%
16|Auramine 492808 1.1E-02 0.1] 3.37 8.09] 0.9] 3.9E-05] 4.1E-03 35%
17|Benzene 71432]  1.5E-02 0.1] 0.29 0.70] 1.0 1.7E-05] 1.8E-03 15%
18|Benzidine 92875 1.1E-03 00] 115 2.76] 1.0] 2.6E-06]) 2.7E-04 2%

* _19|Benzo-a-anthracene 56553] 4.7E-01 2.8] 2.03 853] 1.0] 14E-03] 1.5E-01] 1283%

*  20|Benzo-a-pyrene 50328] 7.0E-01 43] 269 11.67] 1.0] 2.4E-03] 2.6E-01] 2186%

*  21|Benzo-b-fluoranthene 205992 7.0E-01 43| 277 12.03] 1.0] 25E-03] 2.6E-01| 2221%
22|Benzoic acid 65850] 5.7E-03 0.0] 051 1.24] 1.0] 8.6E-06] 9.1E-04 8%
23|Benzotrichloride 98077]  1.1E-02 0.1] 132 3.17] 1.0] 2.7E-05]) 2.8E-03 24%
24|Benzyl chloride 100447]  1.0E-02 0.0] 055 1.32] 1.0] 1.6E-05) 1.7E-03 14%

25|Bis(2-chloroethyl)ether 111444 1.8E-03 0.0] 0.68 162] 1.0] 3.1E-06] 3.3E-04 3%
**  26|Bromodichloromethane 75274, 4.6E-03 0.0] 0.88 212] 1.0] 9.2E-06] 9.7E-04 8%

<1IZ1Z1Z1ZI1<IK1IZ1ZI1Z|1Z K KIZIKIKKIZIKIKIZIZ KIKIK ]|z

**  27]Bromoform 75252]  2.2E-03 00] 279 6.70] 1.0 7.9E-06] 8.4E-04 7%
** 28]|Bromomethane 74839] 2.8E-03 0.0] 0.36 0.87] 1.0 3.6E-06] 3.8E-04 3%
291Bromophenol, p- 106412]  8.8E-03 0.0] 0.99 2.39] 1.0] 1.9E-05] 2.0E-03 17%
30|Butadiene, 1,3- 106990  1.6E-02 0.0] 0.21 0.51] 1.0 1.6E-05] 1.7E-03 15%
31)2,3-Butanediol 513859 1.2E-04 0.0] 0.34 0.82] 1.0] 1.5E-07] 1.6E-05 0%
32|n-Butanol 71363] 2.3E-03 0.0] 0.28 0.67] 1.0 2.6E-06] 2.7E-04 2%
33|Butoxyethanol, 2- 111762 1.2E-03 0.0] 0.49 1.17] 1.0] 1.8E-06] 1.9E-04 2%
34|Captan 133062 1.2E-03 00] 513] 1232 1.0] 57E-06] 6.0E-04 5%
35]Carbon disulfide 751501  1.7E-02 0.1] 0.30 0.72] 1.0 2.0E-05] 2.1E-03 18%

Revison No. 1 B-13 September 2001



Review Draft — For Public Comment

EXHIBIT B-3

CALCULATION OF DERMAL ABSORBED DOSE FOR
ORGANIC CHEMICALSIN WATER (continued)

CHEMICAL CASNo. |K, B e t* FA |DAeex |PAD  |Derm/ [Chem
(cm/hr) (hr) |(hr) (mg/cm? |(mg/kg |Oral A ssess
cevent) _Lday) (%)

**  36|Carbon tetrachloride 56235 1.6E-02 0.1 0.78 1.86] 10| 3.0E-05] 3.2E-03 271%] Y
37|Chlordane 57749 3.8E-02 0.3] 21.21 50.91] 0.7] 2.6E-04] 2.7E-02 231%| Y
38|Chlordane (cis) 5103719 3.4E-02 0.3] 21.27 51.05] 0.7] 2.3E-04] 2.4E-02 208%] Y
39]Chlordane (trans) 5103742 3.4E-02 0.3] 21.27 51.05] 0.7] 2.3E-04] 2.4E-02 208%]| Y
40|Chlorobenzene 108907 2.8E-02 0.1] 0.46 1.09] 1.0] 4.0E-05] 4.2E-03 36%| Y
41]4-Chlorocresol 59507 2.9E-02 0.1] 0.67 1.61] 1.0] 4.9e-05] 5.2E-03 4% Y

**  A2]Chlorodibromomethane 124481 3.2E-03 0.0 157 3.77) 1.0] 8.5E-06] 9.0E-04 8%| N

** A31Chloroethane 75003]  6.1E-03 0.0] 024 0.59] 1.0] 6.3E-06] 6.7E-04 6%] N

**  A4|Chloroform 67663 6.8E-03 0.0 0.50 1.19] 10] 1.0E-05] 1.1E-03 9%] N

** A5]Chloromethane 74873]  3.3E-03 0.0] 0.20 0.49] 1.0] 3.3E-06] 3.4E-04 3%] N
46]2-Chlorophenol 95578] 8.0E-03 0.0] 0.56 1.34] 1.0] 1.3E-05] 1.3E-03 11%] Y
47]4-Chlorophenol 106489 1.2E-02 0.1 0.56 1.34] 1.0] 1.8E-05] 1.9E-03 16%) Y
48] Chlorothal onil 1897456]  1.9E-02 0.1] 3.30 7.93] 0.9] 6.4E-05] 6.8E-03 58%] Y

*  49]Chrysene 218019 4.7E-01 2.8 2.03 853 1.0] 14E-03] 15E-01] 1283%] Y
50|Cresidine, p- 120718]  3.4E-03 0.0] 0.63 1.50] 1.0] 5.7E-06] 6.0E-04 5%] N
51|m-Cresol 108394 7.8E-03 0.0 0.43 1.03] 10| 1.1E-05] 1.1E-03 10%] N
52]o-Cresol 95487 7.7E-03 0.0 0.43 1.03] 10] 1.1E-05] 1.1E-03 10%] N
53|p-Cresol 106445 7.7E-03 0.0 0.43 1.03] 10] 1.1E-05] 1.1E-03 10%] N

*  54]DDD 72548 1.8E-01 1.2 6.65) 25.99] 0.8] 7.8E-04] 8.3E-02 703%] Y

* B5|DDE 72559 1.6E-01 11 6.43 25.08] 0.8} 6.7E-04] 7.1E-02 602%] Y

*  56|DDT 50293 2.7E-01 19| 1045 4251] 0.7] 1.3E-03] 14E-01] 1156%]| Y

*  57|n-Decanol 112301] 2.2E-01 11] 0.82 3.18] 1.0] 4.2E-04] 45E-02| 380%] Y
58|Di-2-ethylhexyl 117817 2.5E-02 0.2] 16.64 39.93] 08| 1.7E-04] 1.8E-02 155%] Y

phthal ate
59|Diaminoanisole, 2,4- 615054]  2.2E-04 0.0] 0.63 152 1.0] 3.7E-07] 3.9E-05 0%] N
60]|Diaminotoluene 95807 5.4E-04 0.0 0.51 1.24] 10] 8.3E-07] 8.7E-05 1%] N
61|Diaminotoluene, 2,4- 101804 2.8E-03 00] 141 3.38] 1.0] 6.9E-06] 7.3E-04 6%]| N

*  62|Dibenzo(a,h)anthracene 53703] 1.5E+00 9.7 3.88 17.57] 0.6] 3.8E-03] 4.0E-01] 3388%] Y
63|Dibutyl phthal ate 84742  2.4E-02 0.2] 3.86 9.27] 0.9] 9.0E-05] 9.5E-03 81%] Y
64|Dichlorobenzene, 1,2- 95501 4.1E-02 0.2 0.71 1.71] 10] 7.4E-05] 7.8E-03 66%] Y
65]Dichlorobenzene, 1,3- 541731 5.8E-02 0.3 0.71 1.71] 1.0] 1.0E-04] 1.1E-02 93%| Y
66]Dichlorobenzene, 1,4- 106467 4.2E-02 0.2 0.71 1.71] 1.0] 7.5E-05] 7.9E-03 67%| Y
67|Dichlorobenzidine, 3,3' 91941 1.3E-02 0.1 2.80, 6.72] 1.0] 4.5E-05] 4.8E-03 41%) Y

**  68]Dichlorodifluoromethane 75718]  9.0E-03 0.0] 051 1.22] 1.0] 1.3E-05] 1.4E-03 12%] Y

**  69|Dichloroethane, 1,1- 75343 6.7E-03 0.0 0.38 0.92] 1.0] 8.8E-06] 9.3E-04 8%] N

** 70]Dichloroethane, 1,2- 107062]  4.2E-03 0.0] 0.38 0.92] 1.0 5.5E-06] 5.8E-04 5%] N

** 71|Dichloroethylene, 1.1- 75354, 1.2E-02 0.0 0.37 0.89] 1.0] 1.5E-05] 1.6E-03 14%] Y
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EXHIBIT B-3

CALCULATION OF DERMAL ABSORBED DOSE FOR
ORGANIC CHEMICALSIN WATER (continued)

CHEMICAL CASNo. |K, B It t* FA |DAget  |DAD Derm/ JChem
(cm/hr) (hr) |(hr) (mg/cm? |(mg/kg |Oral A ssess
cevent) _Lday) (%)
** 72|Dichloroethylene, 1,2- 540590 7.7E-03 00| 037 0.89] 1.0 9.9E-06] 1.0E-03 9%]| N
(trans)
73]2,4-Dichlorophenol 120832 2.1E-02 0.1] 087 2.10] 1.0] 4.1E-05] 4.3E-03 37%) Y
** 74IDichloropropane, 1,2- 78875  7.8E-03 0.0] 0.46 1.10] 1.0] 1.1E-05] 1.2E-03 10%] N
** 751Dichloropropene, 1,3- 542756 4.3E-03 0.0 0.45 1.07] 1.0] 6.1E-06] 6.4E-04 5%] N
76|Dichlorvos 62737 8.5E-04 00] 185 444] 10| 2.5E-06] 2.6E-04 2%] N
77|Dieldrin 60571 1.2E-02 0.1] 1462] 3509 0.8] 7.9E-05] 8.3E-03 71%) Y
78|Diepoxybutane 1464535 3.1E-05 00| 0.32 0.78] 1.0 3.7E-08] 3.9E-06 0%] N
79|Diethyl phthalate 84662]  3.9E-03 0.0] 187 4501 1.0] 1.1E-05] 1.2E-03 10%] Y
80|Diethyl sulfate 64675]  1.2E-03 0.0] 0.78 1.87] 1.0] 2.3E-06] 2.4E-04 2%] N
81|Dimethoxybenzidine, 119904 9.3E-04 00| 285 6.84] 1.0 3.3E-06] 3.5E-04 3%| N
3,3-
82|Dimethyl phthalate 131113] 1.4E-03 00] 130 3.13] 1.0] 3.4E-06] 3.5E-04 3%| N
83|Dimethyl sulfate 77781 1.8E-03 00] 054 1.30] 1.0] 2.8E-06] 3.0E-04 3%| N
84|Dimethylamine, 62759 2.5E-04 0.0] 028 0.67] 1.0 2.8e-07] 3.0E-05 0%]| N
N-nitroso-
85|Dimethylaminoazobenze 60117 9.5E-02 05] 195 4.67] 10| 28E-04] 29E-02| 251%| Y
ne, 4-
86|Dimethylbenzidine, 3,3'- 119937]  3.6E-03 0.0] 165 3.97] 1.0] 9.8E-06] 1.0E-03 9%] N
87|Dimethylcarbamyl 79447 3.9E-04 0.0] 043 1.02| 1.0} 5.4E-07] 5.7E-05 0%]| N
chloride
88|Dimethylhydrazine, 1,1- 57147  7.3E-05 0.0] 023 0.55] 1.0] 7.6E-08] 8.0E-06 0%]| N
89|Dimethylphenoal, 2,4- 105679 1.1E-02 0.0] 052 1.24] 1.0] 1.7E-05] 1.7E-03 15%] Y
90]Dimethylphenol, 3,4- 95658]  9.8E-03 0.0] 051 1.24] 1.0] 1.5E-05] 1.6E-03 13%] Y
91|Dinitrophenol, 2,4- 51285]  1.5E-03 0.0] 115 2.76] 1.0 3.5E-06] 3.7E-04 3%] N
92|Dinitrotoluene, 2,4- 121142 3.1E-03 00] 112 269 1.0] 6.9E-06] 7.3E-04 6%] N
93|Dinitrotoluene, 2,6- 606202] 2.1E-03 00] 112 269] 1.0] 4.6E-06] 4.9E-04 4%] N
94|Dioxane, 1,4- 123911] 3.3E-04 0.0] 0.33 0.80] 1.0 4.0E-07] 4.3E-05 0%] N
95|Diphenylamine, 86306] 1.5E-02 01] 138 3.31] 1.0 3.6E-05] 3.8E-03 32%) Y
N-nitroso-
96|Diphenylhydrazine, 1,2- 122667]  1.3E-02 0.1] 1.15 2.76] 1.0 3.0E-05] 3.1E-03 271%)| Y
97|Dipropylamine, 621647 2.3E-03 0.0] 0.57 137] 1.0] 3.7E-06] 3.9E-04 3%] N
N-nitroso-
98|Endrin 72208] 1.2E-02 0.1] 14.62] 35.09] 0.8] 7.9E-05] 8.3E-03 71%| Y
99|Epichlorohydrin 106898 3.5E-04 0.0] 035 0.84] 1.0] 4.3E-07] 4.6E-05 0%]| N
100]Ethanol 64175] 5.4E-04 0.0] 0.19 0.46] 1.0 5.2E-07] 5.5E-05 0%] N
101]|Ethanol, 112345 4.7E-05 0.0] 0.86 2.07] 1.0 9.3E-08] 9.8E-06 0%]| N
2-(2-butoxyethoxy)-
102|Ethanol, 111900 2.5E-04 0.0] 0.60 1.44] 1.0] 4.0E-07] 4.2E-05 0%]| N
2-(2-ethoxyethoxy)-
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EXHIBIT B-3

CALCULATION OF DERMAL ABSORBED DOSE FOR
ORGANIC CHEMICALSIN WATER (continued)

CHEMICAL CASNo. |K, B It t* FA |DAger |[DAD Derm/ JChem
(cm/hr) (hr) |(hr) (mg/cm? |(mg/kg |Oral A ssess
cevent) _Lday) (%)
103|Ethanol, 111773 1.7E-04 0.0] 050 120 1.0] 26E-07] 2.8E-05 0%]| N
2-(2-methoxyethoxy)-
104]2-Ethoxy ethanol 110805 3.0E-04 00] 034 0.82] 1.0 3.7E-07] 3.9E-05 0%]| N
(Cellosolve)
105]Ethoxyethyl acetate, 2- 111159] 7.7E-04 0.0] 0.59 141} 1.0] 1.2E-06] 1.3E-04 1%] N
106]Ethyl acrylate 140885]  3.2E-03 0.0] 0.39 0.93] 1.0] 4.3E-06] 4.5E-04 4%] N
107|Ethyl carbamate 51796] 3.9E-04 0.0] 0.34 0.81] 1.0 4.8E-07] 5.1E-05 0%] N
108]Ethyl ether 60297] 2.3E-03 0.0] 028 0.67) 1.0] 2.6E-06] 2.8E-04 2%] N
109|Ethylbenzene 100414 4.9E-02 02] 042 1.01] 1.0] 6.7E-05] 7.1E-03 61%| Y
110]Ethylene oxide 75218] 5.6E-04 0.0] 0.19 0.45] 1.0 5.4E-07] 5.7E-05 0%] N
** 111)Ethylenedibromide 106934] 2.8E-03 00] 121 2.90] 1.0 6.4E-06] 6.8E-04 6%] N
112]Ethyleneimine 151564] 1.6E-04 0.0] 0.19 0.45] 1.0 1.5E-07] 1.6E-05 0%] N
113]Ethylenethiourea 96457 1.7E-04 0.0] 037 0.88] 1.0 2.1E-07] 2.2E-05 0%| N
114}4-Ethylphenol 123079 1.7E-02 0.1] 052 124] 1.0] 25E-05] 2.7E-03 23%| Y
* _115|Fluoranthene 206440  2.2E-01 1.2] 145 5.68] 1.0] 5.7E-04] 6.0E-02] 512%| Y
116]Formaldehyde 50000]  1.8E-03 0.0] 0.16 0.38] 1.0 1.6E-06] 1.7E-04 1%] N
117]|Glycerol 56815  3.2E-05 0.0] 035 0.84] 1.0] 4.0E-08] 4.3E-06 0%] N
118|Heptachlor 76448] 8.6E-03 0.1] 13.27] 31.85| 0.8] 5.3E-05] 5.6E-03 48%| Y
119]n-Heptanol 111706 1.9E-02 0.1] 048 1.15] 1.0 2.8E-05] 3.0E-03 25%]) Y
* 120|Hexachlorobenzene 118741 1.3E-01 09] 422] 16.21] 0.9] 5.2E-04] 55E-02| 469%] Y
** 121]Hexachlorobutadiene 87683] 8.1E-02 0.5] 3.09 7421 0.9] 27E-04] 2.9E-02] 243%] Y
** 122]Hexachloroethane 67721]  3.0E-02 0.2] 227 5.44] 1.0] 9.6E-05] 1.0E-02 86%] Y
123|Hexamethylphosphorami | 680319] 1.6E-04 00| 108 258 1.0 36E-07] 3.8E-05 0%]| N
de
124]n-Hexanol 111273] 9.3E-03 0.0] 040 0.96] 1.0] 1.2E-05] 1.3E-03 11%| Y
* 125|Hydrazine/Hydrazine 302012 4.4E-05 0.0] 0.16 0.39] 1.0 39E-08] 4.2E-06 0%]| N
sulfate
* 126]Indeno(1,2,3-CD)pyrene 193395] 1.0E+00 6.7] 3.78] 16.83] 0.6] 2.6E-03] 2.7E-01| 2307%] Y
127]I sophorone 78591]  3.4E-03 0.0] 0.63 152 1.0] 5.7E-06] 6.0E-04 5%] N
128]Lindane 58899 1.1E-02 0.1] 457 1097] 09] 4.4E-05] 4.6E-03 40%) Y
129|M echl orethamine 51752 1.1E-03 0.0] 0.80 192 1.0] 2.0E-06] 2.1E-04 2%] N
130|M ethanol 67561 3.2E-04 0.0] 0.16 0.39] 1.0 29E-07] 3.0E-05 0%]| N
131|M ethoxyethanol, 2- 109864] 1.8E-04 0.0] 0.28 0.68] 1.0 2.0E-07] 2.1E-05 0%] N
132]M ethoxypropan-2-ol, 1- 107982] 3.7E-04 0.0] 0.34 0.82] 1.0 4.6E-07] 4.8E-05 0%] N
133|Methyl ethyl ketone 78933 9.6E-04 0.0] 0.27 0.65| 1.0] 1.1E-06] 1.1E-04 1%| N
134|Methyl-4-hydroxy 99763| 4.4E-03 0.0] 0.76 182 1.0] 8.1E-06] 8.6E-04 7%]| N
benzoate
** 135|Methyl iodide 74884 2.5E-03 0.0] 067 1.60] 1.0] 4.3E-06] 4.6E-04 4%] N
136]Methylaziridine, 2- 75558]  3.0E-04 0.0] 0.22 053] 1.0 3.1E-07] 3.3E-05 0%] N
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EXHIBIT B-3

CALCULATION OF DERMAL ABSORBED DOSE FOR
ORGANIC CHEMICALSIN WATER (continued)

CHEMICAL CAS No. [K, B |t t* FA |DAeet |DAD Derm/ [Chem
(cm/hr) (hr) |(hr) (mg/cm? |(mg/kg |Oral A ssess
-event) _lday) (%)
137|Methylene 101144 2.1E-02 01] 336 8.06] 09| 7.2E-05] 7.6E-03 65%] Y
bis(2-chloroaniline), 4,4'-
138|Methylene 101611 8.4E-02 05] 283 6.80] 1.0 3.0E-04] 3.2E-02| 270%| Y
bis(N,N'-dimethyl)aniline
, 4.4-

** 139]M ethylene chloride 75092]  3.5E-03 0.0] 0.32 0.76] 1.0 4.2E-06] 4.5E-04 4%] N
140]M ethylenedianiline, 4,4'- 101779] 1.4E-03 0.0] 137 3.30] 1.0 3.4E-06] 3.6E-04 3%] N
141]Michler's ketone 90948]  2.5E-02 0.2] 341 8.19] 0.9] 8.7E-05] 9.2E-03 78%| Y

** 142|Mustard Gas 505602 4.5E-03 0.0] 083 2.00] 1.0] 8.6E-06] 9.1E-04 8%| N
143|Naphthalene 91203] 4.7E-02 02] 056 1.34] 1.0] 7.4E-05] 7.8E-03 66%| Y
144]2-Naphthol 135193]  1.9E-02 0.1] 0.69 1.64] 1.0] 3.3E-05] 3.5E-03 30%]) Y
145|Naphthylamine, 1- 134327  7.7E-03 0.0] 0.68 162] 1.0] 1.3E-05] 1.4E-03 12%] Y
146]Naphthylamine, 2- 91598]  8.1E-03 0.0] 0.68 1.62] 1.0] 14E-05] 1.5E-03 13%] Y
147|Nitrilotriacetic acid 139139] 1.0E-04 00] 1.26 3.01] 1.0 24E-07] 2.5E-05 0%] N
148]Nitro-o-anisidine, 5- 99592  2.1E-03 0.0] 0.77 1.84] 1.0] 3.8E-06] 4.0E-04 3%| N
149|Nitrobiphenyl, 4- 92933]  3.8E-02 0.2] 1.40 3.35] 1.0] 9.5E-05] 1.0E-02 86%] Y

* 150]Nitrofen 1836755|  1.9E-01 12] 4.18] 16.33] 0.9] 7.3E-04] 7.7E-02] 660%] Y
151|Nitrophenol, 2- 88755]  4.0E-03 0.0] 0.64 154] 1.0] 6.8E-06] 7.2E-04 6%] N
152|Nitrophenol, 2-amino-4- 99570 1.7E-03 0.0] 0.78 187 1.0] 3.2E-06] 3.4E-04 3%| N
153]3-Nitrophenol 554847]  5.5E-03 0.0] 064 154] 1.0] 9.4E-06] 9.9E-04 8%| N
154}4-Nitrophenol 100027]  4.8E-03 0.0] 0.64 154] 1.0] 8.2E-06] 8.6E-04 7%] N
155]Nitrophenol, 4-amino-2- 119346]  9.3E-04 0.0] 0.78 1.87] 1.0] 1.7E-06] 1.8E-04 2%] N
156]Nitropropane, 2- 79469] 8.8E-04 0.0] 0.44 1.06] 1.0] 1.2E-06] 1.3E-04 1%] N
157|Nitroso-di-n-butylamine, | 924163] 3.8E-03 0.0] 082 197] 10| 7.3E-06] 7.7E-04 7%| N

n-
158]Nitroso-N-ethylurea, n- 759739] 4.9E-04 0.0] 0.48 1.16] 1.0] 7.2E-07] 7.6E-05 1%| N
159|Nitroso-N-methylurea, n-] 684935 3.9E-04 0.0] 0.40 0.97] 1.0 5.3E-07] 5.6E-05 0%]| N
160|Nitrosodiethanolamine, 1116547 2.5E-05 0.0] 0.60 1.44] 1.0] 4.0E-08] 4.3E-06 0%]| N
n-
161|Nitrosodiethylamine, n- 55185]  1.0E-03 0.0] 0.33 0.80] 1.0 1.3E-06] 1.3E-04 1%] N
162|Nitrosodiphenylamine, 156105 2.6E-02 01] 138 3.31] 1.0] 6.4E-05| 6.7E-03 57%] Y
p-
163|Nitrosomethylvinylamin | 4549400] 5.1E-04 00] 032 0.78] 1.0 6.2E-07] 6.5E-05 1%] N
e, n-
164|Nitrosomorpholine, n- 59892 1.8E-04 0.0] 0.48 1.14] 1.0] 2.6E-07] 2.7E-05 0%] N
165|Nitrosonornicotine, n-  ]16543558]  1.7E-04 0.0] 1.05 252 1.0 3.6E-07] 3.8E-05 0%] N
166]Nitrosopiperidine, n- 100754 2.9E-05 0.0 9.83 23.60] 1.0] 1.9E-07] 2.1E-05 0%] N
167|n-Nonanol 143088]  7.8E-02 04] 0.69 165 1.0] 14E-04] 14E-02] 122%] Y
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EXHIBIT B-3

CALCULATION OF DERMAL ABSORBED DOSE FOR
ORGANIC CHEMICALSIN WATER (continued)

CHEMICAL CASNo. |K, B It t* FA |DAger |[DAD Derm/ |Chem
(cm/hr) (hr) |(hr) (mg/cm? |(mg/kg |Oral A ssess
-event) _lday) (%)
168|n-Octanol 111875] 2.7E-02 0.1 0.57 1.37] 1.0] 4.4E-05] 4.6E-03 39%]| Y
169|Parathion 56382 1.3E-02 0.1 4.57 10.97] 0.9] 5.2E-05| 5.5E-03 47%] Y
* 170]PCB-chlorobiphenyl, 4- 2051629 7.5E-01 4.9 4.63 20.27] 0.6] 2.0E-03] 2.2E-01] 1844%] Y
* 171]PCB-hexachlorobiphenyl | 26601649]  4.3E-01 3.2] 11.29] 47.90] 0.5] 1.5E-03] 1.6E-01] 1378%] Y
** 172|Pentachloronitrobenzene 82688 4.2E-02 0.3 4.83 11.60] 0.9] 1.7E-04] 1.8E-02 157%] Y
* 173]Pentachlorophenol 87865] 3.9E-01 25] 333] 1382 09| 14E-03] 14E-01| 1226%)| Y
174]n-Pentanol 71410 5.5E-03 0.0 0.33 0.80] 1.0] 6.6E-06] 7.0E-04 6%]| N
175]Pentanone, 4-methyl-2- 108101}  2.7E-03 0.0] 0.39 0.93] 1.0] 3.5E-06] 3.7E-04 3%] N
* 176]Phenanthrene 85018 1.4E-01 0.7 1.06 4.11] 1.0} 3.1E-04] 3.3E-02 283%] Y
177]Phenol 108952 4.3E-03 0.0] 0.36 0.86) 1.0] 5.5E-06] 5.8E-04 5%] N
178|Phenal, 534521  3.1E-03 0.0] 138 3.30] 1.0 7.7E-06] 8.1E-04 7%]| N
4,6-dinitro-2-methyl-
179|n-Propanol 71238 1.1E-03 0.0 0.23 0.56] 1.0] 1.1E-06] 1.2E-04 1%| N
180]Propiol actone, beta- 57578 3.1E-04 0.0 0.27, 0.65] 1.0] 3.4E-07] 3.5E-05 0%] N
181]Propylene oxide 75569 7.7E-04 0.0 0.23 0.54] 1.0] 8.0E-07] 8.5E-05 1%] N
182]Resorcinol 108463 1.3E-03 0.0] 044 1.06] 1.0] 1.8E-06] 1.9E-04 2%] N
183|Safrole 94597 1.1E-02 0.1 0.87 2.08] 1.0] 2.2E-05] 2.3E-03 20%] Y
184]Styrene 100425 3.7E-02 0.1] 041 0.98] 1.0] 5.0E-05] 5.3E-03 45%) Y
185|Styrene oxide 96093 3.9E-03 0.0 0.50 1.20] 10] 5.8E-06] 6.2E-04 5%] N
* 186]TCDD 1746016 8.1E-01 5.6 6.82 30.09] 0.5] 2.2E-03] 2.4E-01] 2003%] Y
** 187|Tetrachlorethylene 127184] 3.3E-02 0.2] 091 2.18| 1.0] 6.7E-05| 7.1E-03 60%] Y
** 188|Tetrachloroethane, 79345 6.9E-03 0.0] 093 224 10| 14E-05| 1.5E-03 13%]| Y
1,1,2,2-
189] T hioacetamide 62555 1.8E-03 0.0] 028 0.67] 1.0] 2.0E-06] 2.1E-04 2%] N
190|Thiodianiline, 4,4'- 139651 2.1E-03 0.0 1.73 4.16] 1.0] 6.0E-06] 6.3E-04 5%] N
191 Thiourea 62566]  1.4E-04 0.0] 028 0.68] 1.0 1.5E-07] 1.6E-05 0%] N
192|Thymol 89838 3.7E-02 0.2 0.74 1.78] 10] 6.8E-05] 7.2E-03 61%] Y
193]|Toluene 108883] 3.1E-02 01] 035 0.84] 1.0] 3.9E-05] 4.1E-03 35%] Y
194]Toluidine hydrochloride,| 636215 1.8E-03 0.0 0.68 1.62] 10| 3.1E-06] 3.3E-04 3%| N
o-
195]Toluidine, o- 95534 3.0E-03 0.0 0.42 1.02] 1.0] 4.1E-06] 4.3E-04 4%] N
196 Toxaphene 8001352 1.2E-02 0.1] 22.40 53.75] 0.8] 9.5E-05] 1.0E-02 85%] Y
197|Trichlorobenzene, 1,2,4- 120821 6.6E-02 0.3 1.11 2.66] 1.0] 1.5E-04] 1.6E-02 133%]| Y
** 198|Trichloroethane, 1,1,1- 71556 1.3E-02 0.1 0.60) 143] 1.0] 21E-05] 2.2E-03 19%] Y
** 199|Trichloroethane, 1,1,2- 79005 6.4E-03 0.0] 060 143] 1.0] 1.0E-05] 1.1E-03 9%]| N
** 200]|Trichloroethylene 79016 1.2E-02 0.1] 0.58 1.39] 1.0] 1.9e-05] 2.0E-03 17%) Y
** 201 Trichlorofluoromethane 75694 1.3E-02 0.1 0.63 151 10| 21E-05] 2.3E-03 19%] Y
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EXHIBIT B-3

CALCULATION OF DERMAL ABSORBED DOSE FOR
ORGANIC CHEMICALSIN WATER (continued)

CHEMICAL CASNo. |K, B It t* FA |DAger |[DAD Derm/ |Chem
(cm/hr) (hr) |(hr) (mg/cm? |(mg/kg |Oral A ssess
-event) _lday) (%)
202]2,4,6-Trichlorophenol 88062 3.5E-02 0.2 1.36 3.27] 1.0] 8.5E-05] 9.0E-03 7% Y
* 203 Tris(2,3-dibromopropyl) 126727 3.9E-04 0.0] 874.39] 2098.53] 1.0] 2.4E-05] 2.6E-03 22%| Y
phosphate
204]Tris(aziridinyl)-para-benz 68768 1.0E-05 0.0 2.11 5.07| 1.0] 3.1E-08] 3.3E-06 0%]| N
oquinone
* 205|Urea 57136] 2.9E-05 0.0] 0.23 0.55] 1.0 3.0E-08] 3.2E-06 0%] N
** 206]Vinyl bromide 593602 4.3E-03 0.0 0.42 1.02] 10] 6.0E-06] 6.3E-04 5%] N
** 207|Vinyl chloride 75014] 5.6E-03 00| 024 0.57] 1.0] 5.9E-06] 6.3E-04 5%] N
* 208|Water 7732185 1.5E-04 0.0 0.13 0.32] 1.0] 1.3E-07] 1.4E-05 0%] N
209|Xylene, m- 108383 5.3E-02 0.2 0.42 101} 1.0] 7.3E-05] 7.7E-03 65%| Y
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EXHIBIT B-4

CALCULATION OF DERMAL ABSORBED DOSE FOR
INORGANIC CHEMICALSIN WATER

Note: The following default exposure conditions are used to cal culate exposure to chemicals in water through
showering, assuming carcinogenic effects.

Given below are default values from Exhibit 3-2. For site-specific conditions, change default values to site-
specific values.

Conc = 1 ppm = 0.001 mg/cne (default value for purpose of illustration)
= 18000 cn?

tovent = 0.58 hr/event (35 minutes/event selected to be RME, due to high uncertainty in the value)
= 1 event/day

EF = 350 days/yr

ED = 30 years

BW = 70 kg

AT = 25550 days

Default conditions for screening purposes:

Compare Dermal adults (showering for 35 minutes per day) (RME vaue for showering) to Ora adults drinking 2
liters of water per day
DAD (mg/day) = DA, X SA X EV
Oral Dose (mg/day) = Conc x IR x ABSg;,
where:
IR: Ingestion rate of drinking water = 2000 (cm®/day = L/day x 1000 crré/L)
ABS,,: Absorption fraction in Gl tract (chemical specific, from Exhibit 4-1)

Condition for screening: "Y" when dermal exposure exceeds 10% of oral dose value.
Refer to Appendix A for equations to evaluate DA, and DAD.

The spreadsheet (INORG04_01.WK4) also provides the calculation of the ratio of the dermal dose absorbed to
the total dose available from a showering scenario, assuming 5 gallons per minute as a flow rate.

All calculations are performed using the Lotus spreadsheet software, except where noted.
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EXHIBIT B-4

CALCULATION OF DERMAL ABSORBED DOSE FOR
INORGANIC CHEMICALSIN WATER (continued)

CHEMICAL Kp Sour ce of DA ovent DAD IABSg, Derm/ Chemical to be
(cm/hr) K, (exp or (mg/cm?-e |(mg/kg (chemical [Oral assessed
default) vent) -day) specific) (%)
1]Antimony 1.0E-03]default 5.8E-07 6.2E-05 15 350 N
2]Arsenic (arsenite) 1.0E-03]default 5.8E-07 6.2E-05 95 0.55 N
3|Barium 1.0E-03]default 5.8E-07 6.2E-05 7 750] N
4|Beryllium 1.0E-03]default 5.8E-07 6.2E-05 0.7 75.00 Y
5|Cadmium 1.0E-03]experimental 5.8E-07 6.2E-05 2.5 21.00 Y
6]Cadmium 1.0E-03]experimental 5.8E-07 6.2E-05 5 10.50 Y
7|Chromium (l11) 1.0E-03]experimental 5.8E-07 6.2E-05 1.3 40.38 Y
8|Chromium (V1) 2.0E-03]experimental 1.2E-06 1.2E-04 2.5 42.00 Y
9|Copper 1.0E-03|default 5.8E-07 6.2E-05 57 0.92 N
10|Cyanate 1.0E-03]default 5.8E-07 6.2E-05 47 1.12] N
11|Manganese 1.0E-03]default 5.8E-07 6.2E-05 875 N
12[Mercuric chloride 1.0E-03]experimental 5.8E-07 6.2E-05 7.50 N
(other soluble salts)
13]Insoluble or metallic 1.0E-03]experimental 5.8E-07 6.2E-05 7 7.50 N
mercury
14Nickel 2.0E-04]experimental 1.2E-07 1.2E-05 4 2.62 N
15|Selenium 1.0E-03|default 5.8E-07 6.2E-05 30 175 N
16|Silver 6.0E-04]experimental 3.5E-07 3.7E-05 4 7.88 N
17|Thallium 1.0E-03|default 5.8E-07 6.2E-05 100 052] N
18|Vanadium 1.0E-03]default 5.8E-07 6.2E-05 2.6 20.19 Y
191Zinc 6.0E-04]experimental 3.5E-07 3.7E-05 highly variable
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APPENDIX C
SOIL PATHWAY

This appendix describes the methods used to derive the activity specific body-weighted soil adherence factors

and is divided into four sections: (1) Background; (2)Body Part-Specific Surface Areas and Activity-Specific Sail
Adherence Factors; (3) Overal Weighted Soil Adherence Factors; and (4) soil loading at the hypothetical mono-layer

for the Soil Conservation Service standard soil classifications.

Background

Recent data from Kissel et al. [Kissdl et al. (1996a), Kissel et al. (1996b), Kissel et al.(1998), and

Holmes et al. (1999)] provide evidence to demonstrate that:

»  Soil properties influence adherence;

»  Soil adherence varies considerably across different parts of the body; and

»  Soil adherence varies with activity.

Given these results, the EPA now recommends that an activity which best represents all soils, body parts,
and activities be selected (U.S. EPA, 1997a). Body-part-weighted AFs can then be calculated and used in
estimating exposure via dermal contact with soil based on assumed exposed body parts. Data on body-part-
specific AFs for specific activities are summarized in Exhibit C-2 and were taken from Exposure Factors

Handbook (U.S. EPA, 1997a), Table 6-12 and from Holmes et al. (1999). The raw data are available

electronically at http://depts.washington.edu/jkspage as presented in Exhibit C-2. These body-part-specific
adherence data are then combined as a surface weighted average and 95" percentile for each activity using the
exposed body parts that are listed for each scenario.  The surface area calculations are presented in Exhibit C-1

and the overall values in Exhibit C-3 and Exhibit 3-3.

Body-Part-Specific Surface Areas

The surface area parameter (SA) describes the amount of skin exposed to the contaminated media. The
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amount of skin exposed depends upon the exposure scenario. Clothing is expected to limit the extent of the

exposed surface areain cases of soil contact. All SA estimates used 50" percentile values to correlate with the
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EXHIBIT C-1
BODY PART-SPECIFIC SURFACE AREA CALCULATIONS
(CHILDREN)
CHILDREN
Fraction of Total SA (unitless)* Total Body SA (m? 50th %tile)?
Age (y) Head Face’ Arms Forearms Hands Legs Lower legs' Feet Age (y) Male Child Female Child
<1® 0.182 0.0607 0.137 0.0617 0.053 0.206 0.082 0.0654 <1° 0.603 0.579
1<2 0.165 0.0550 0.13 0.0585 0.0568 0.231 0.092 0.0627 1<2° 0.603 0.579
2<3 0.142 0.0473 0.118 0.0531 0.053 0.232 0.093 0.0707 2<3 0.603 0.579
3<4 0.136 0.0453 0.144 0.0648 0.0607 0.268 0.107 0.0721 3<4 0.664 0.649
4<5 0.138 0.0460 0.14 0.0630 0.057 0.278 0.111 0.0729 4<5 0.731 0.706
5<6° 0.131 0.0437 0.131 0.0590 0.0471 0.271 0.108 0.069 5<6° 0.793 0.779
6<7 0.131 0.0437 0.131 0.0590 0.0471 0.271 0.108 0.069 6<7 0.866 0.843
<8 0.12 0.0400 0.123 0.0554 0.053 0.287 0.115 0.0758 7<8° 0.936 0.917
8<9° 0.12 0.0400 0.123 0.0554 0.053 0.287 0.115 0.0758 8<9° 1 1
9<10 0.12 0.0400 0.123 0.0554 0.053 0.287 0.115 0.0758 9<10 1.07 1.06
10<11° 0.0874 0.0291 0.137 0.0617 0.0539 0.305 0.122 0.0703 10<11° 118 117
11<12¢ 0.0874 0.0291 0.137 0.0617 0.0539 0.305 0.122 0.0703 11<12° 123 13
12<13 0.0874 0.0291 0.137 0.0617 0.0539 0.305 0.122 0.0703 12<13 134 14
13<14 0.0997 0.0332 0.121 0.0545 0.0511 0.32 0.128 0.0802 13<14 147 148
14<15° 0.0796 0.0265 0.131 0.0590 0.0568 0.336 0.134 0.0693 14<15° 161 155
15<16° 0.0796 0.0265 0.131 0.0590 0.0568 0.336 0.134 0.0693 15<16° 17 157
16<17 0.0796 0.0265 0.131 0.0590 0.0568 0.336 0.134 0.0693 16<17 176 16 Total avg SA for
17<18 0.0758 0.0253 0.175 0.0788 0.0513 0.308 0.123 0.0728 17<18 18 163 male/female (m?)
Fraction of Total SA: Age-Weighted Body Part-Specific Average
<lto<6 0.149 0.050 0.133 0.060 0.055 0.248 0.099 0.069 Total SA (<1to<6yr): 0.666 0.645 0.656
<7t0<18 0.097 0.032 0.133 0.060 0.053 0.307 0.123 0.072 Total SA (<7to<18yr): 1.330 1.293 1312
Surface Area by Body Part (cm?)”
<lto<6 977 326 874 393 358 1624 650 451
<7to<18 1276 425 1749 787 700 4026 1610 949
1. Taken from Exposure Factors Handbook 1997, Table 6-8. 2. Taken from Exposure Factors Handbook 1997, Table 6-6 (male) and Table 6-7 (female).
3. Face SA was assumed to be 1/3 of head SA. 4. Assumed forearm-to-arm ratio (0.45) and |owerleg-to-leg ratio (0.4) equivalent to an adult.
5. Dueto lack of datafor indicated ages, it was assumed that children <1 and 1<2 yr old had 6. Dueto lack of datafor indicated ages, it was assumed that body-part-specific fraction of total SA was equal to that
the same total SA as children 2<3 yr old. of the next oldest age with data.
7. Body-part-weighted SA for children was cal culated by multiplying body-part-specific fraction of 8. Taken from Exposure Factors Handbook 1997, Tables 6-2 (male) and 6-3 (female).

total SA by total SA (avg. of male and female). Adult body-part SA was taken from 50%tile body-part

SA (avg. of Male/Female). All areas reported to two significant digits.
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EXHIBIT C-1
BODY PART-SPECIFIC SURFACE AREA CALCULATIONS
(ADULTYS)
ADULT
Surface Area of Adults (50" percentile®) (cm?)
Body Part Male Femae Average

Total 19400 16900 18150

Face® 433 370 402
Forearms® 1310 1035 1173

Hands 990 817 904
Lower Iegs4 2560 2180 2370
Feet 1310 1140 1225

1. Takenfrom Exposure Factors Handbook 1997, Table 6-8.

2. Taken from Exposure Factors Handbook 1997, Table 6-6 (mal€e) and Table 6-7 (femde).

3. Face SA wasassumed to be 1/3 of head SA.

4, Assumed forearm-to-arm ratio (0.45) and lower leg-to-leg ratio (0.4) equivalent to an adult.

5. Duetolack of datafor indicated ages, it was assumed that children <1 and 1<2 yr old had the sametotal SA aschildren 2<3yr old.

6. Due to lack of data for indicated ages, it was assumed that body-part-specific fraction of total SA was equal to that of the next oldest age with
data.

7. Body-part-weighted SA for children was calculated by multiplying body-part-specific fraction of total SA by totd SA (avg. of male and female).
Adult body-part SA wastaken from 50%tile body-part SA (avg. of Mae/Female). All areasarereported to two significant digits.

8. Takenfrom Exposure Factors Hhandbook 1997, Tables 6-2 (male) and 6-3 (female).
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EXHIBIT C-2

ACTIVITY BODY PART-SPECIFIC SOIL ADHERENCE FACTORS

Post-activity Loading (mg/cn?) Weighted AFs (mg/cn®)
Activity ° A Gonder Hands | Arms | Legs Faces Feet Gﬁr;‘;t]”c 95th Percentile
Children
Playing CPGP014 M 0.193 |0.015 | 0.056 0.002 X
(dry sail) CPGP015 M 0.139 |0.010 | 0.022 0.004 X
CPGP016 F 0.021 |0.002 | 0.020 0.002 X
CPGP017 M 0.147 |0.018 | 0.017 0.002 X
CPGP018 F 0.102 |0.095 | 0.336 0.022 X
Avg(In x) -2.337 |-4.305 | -3.163 | -5.565 X
Stdev(In x) 0.881 |1.424 | 1.250 1.042 X
GeoMean 0.097 |0.014 | 0.042 0.004 X
1-tailed t-dist. | 2.132 |2.132 | 2.132 2.132 X
value
95th Percentile | 0.632 ] 0.281 | 0.608 0.035 X
(face, forearms, hands, lowerlegs)] 0.040 0.431
Daycare
Children Dlal 6.5 M 0.252 ]0.027 | 0.067 X 0.205
No. la
D1a2 4 M 0.088 ]0.044 | 0.015 X 0.087
D1a3 2 M 0.208 ]0.043 | 0.030 X 0.024
Dlad [L.75 M 0.081 |0.027 | 0.023 X 0.110
D1a5 1 M 0.114 ]0.029 | 0.041 X 0.031
D1a6 1 F 0.043 ]0.008 | 0.027 X 0.171
Daycare
Children No. D1bl |65 M 0.094 |0.018 | 0.026 X 0.210
Lb
D1b2 4 M 0.089 ]0.024 | 0.019 X 0.117
D1b3 2 M 0.505 ]0.037 | 0.023 X 0.126
Dilb4 [1.75 M 0.104 ]0.035 | 0.027 X 0.111
D1b5 1 M 0.263 ]0.084 | 0.018 X 0.082
D1b6 1 F 0.091 ]0.017 | 0.026 X 0.204
Daycare
Children D3a 45 M 0.031 |0.015 | 0.017 X 0.015
No. 3
D3b 15 F 0.026 ]0.010 | 0.020 X 0.008
D3c 1.3 M 0.040 |0.011 | 0.040 X 0.013
D3d 2 M 0.050 |0.010 | 0.003 X 0.000
Avg(In x) -2.375 |-3.791 | -3.787 X -3.015
Stdev(In x) 0.823 |0.652 | 0.652 X 1.630
GeoMean 0.093 |0.023 | 0.023 X 0.049
1-tailed t-dist. | 1.753 | 1.753 | 1.753 X 1.753
vaue
95th Percentile | 0.394 ]0.071 | 0.071 X 0.853
(forearms, hands, lowerlegs, feet] 0.043 0.324
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EXHIBIT C-2

ACTIVITY BODY PART-SPECIFIC SOIL ADHERENCE FACTORS (continued)

Post-activity Loading (mg/cnm?) Weighted AFs (mg/cnv)
Aavity ° A Gender Hands | Arms | Legs Faces Feet Gﬁrg;rlc 95th Percentile
Children
Playing CPGPo1 M 1.398 ]10.026 | 1.320 0.013 X
(wet soil) CPGP02 F 0.290 ]0.005 | 0.184 0.010 X
CPGPo3 M 0.127 ]0.009 | 0.037 0.012 X
CPGPo4 M 0.928 ]0.069 | 0.669 0.009 X
CPGPo5 M 0.036 ] 0.008 | 0.004 0.005 X
CPGPo6 F 0.565 ]0.011 | 0.010 0.002 X
CPGPo7 F 0.681 ]0.015 | 0.131 0.006 X
CPGPo8 M 0.163 ]0.006 | 0.072 0.004 X
CPGP09 F 4.743 ]0.101 | 0.778 0.006 X
CPGP010 M 4.969 ]0.064 | 0.001 0.002 X
CPGPo11 M 0.274 ]10.003 | 0.000 0.001 X
CPGP012 F 1.384 ]0.005 | 0.001 0.001 X
CPGP013 M 4,326 |0.034 | 0.002 0.006 X
Avg(In x) -0.421 ]-4.185 | -3.634 | -5.409 X
Stdev(In x) 1509 ]1.134 | 2.732 0.870 X
GeoMean 0.656 ]0.015 | 0.026 0.004 X
1-tailedt-dist. | 1.782 [1.782 | 1.782 | 1.782 X
value
95th Percentile | 9.660 |]0.115 | 3.439 0.021 X
(face, forearms, hands, lowerlegs)| 3.327
Indoor Children
No. 1 IKla 13 F 0.003 ]0.004 | 0.004 X 0.011
IKlb 15 M 0.008 ]0.003 | 0.003 X 0.010
IK1c 10 M 0.014 ]0.011 | 0.011 X 0.020
IK1d 6.5 M 0.009 ]0.002 | 0.002 X 0.011
Indoor Children
No. 2 IK2a 13 F 0.022 ]0.005 | 0.002 X 0.004
IK2b 1.5 M 0.011 ]0.003 | 0.002 X 0.007
IK2c 10 M 0.015 ]0.010 | 0.005 X 0.015
IK2d 6.5 M 0.010 ]0.001 | 0.002 X 0.007
IK2e 7 M 0.025 ]0.004 | 0.004 X 0.014
| K 2f 3 F 0.009 ]0.005 | 0.004 X 0.015
Daycare
Children D2a 4 M 0.042 ]0.015 | 0.018 X 0.063
No. 2
D2b 1 F 0.064 ]0.020 | 0.012 X 0.056
D2c 1 M 0.070 ]0.020 | 0.007 X 0.035
D2d 2 M 0.070 ]0.032 | 0.009 X 0.034
D2e 2 M 0.159 ]0.033 | 0.011 X 0.041
Avg(In x) -3.889 |-4.912 | -5.282 X -4.089
Stdev(Inx) 1.076 ]0.994 | 0.743 X 0.823
GeoMean 0.020 ]0.007 | 0.005 X 0.017
1-tailed t-dist. | 1.761 |1.761 | 1.761 X 1.761
vaue
95th Percentile | 0.136 ]0.042 | 0.019 X 0.071
(forearms, hands, lowerlegs, feet] 0.011 0.059
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EXHIBIT C-2

ACTIVITY BODY PART-SPECIFIC SOIL ADHERENCE FACTORS (continued)

Post-activity Loading (mg/cnm?) Weighted AFs (mg/cnv)
Aavity ° A Gender Hands | Arms | Legs Faces Feet Gﬁrg;rlc 95th Percentile
Children-in-Mud
No. 1 Kla 11 M 74.283 15.863 | 36.130 X 51.528
K1b 11 M 42.074 | 2.672 | 15.022 X 19.960
Klc 10 F 18.669 |0.931 | 18.440 X 36.569
Kld 14 M 108.669 158.217 | 86.589 X 104.444
Kle 9 M 13.222 |23.164 | 38.571 X 2.377
K1f 9 M 22.203 |91.537 | 68.453 X 20.507
Children-in-Mud
No. 2 K2a 11 M 145.065 |54.855 | 15.457 X 22.738
K2b 11 M 99.781 ]2.353 |11.983 X 9.923
K2c 10 F 31.991 ]13.949 | 2.042 X 0.051
Kad 14 M 103.279 ]46.281 | 20.643 X 43.810
K2e 9 M 16.018 | 3.568 | 12.798 X 4.975
K2f 9 M 49.127 |5.104 | 7.145 X 35.152
Avg(In x) 3.808 ]2.386 | 2.919 X 2.539
Stdev(In x) 0.836 | 1.515 | 1.012 X 2.022
GeoMean 45.059 |10.873 | 18.525 X 12.663
1-tailed t-dist. | 1.796 |1.796 | 1.796 X 1.796
value
95th Percentile ]202.293 J165.249]113.959 X 478.270
(forearms, hands, lowerlegs, feet] 20.601 230.663
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EXHIBIT C-2

ACTIVITY BODY PART-SPECIFIC SOIL ADHERENCE FACTORS (continued)

Post-activity Loading (mg/cnm?) Weighted AFs (mg/cnv)
Aavity ° A Gender Hands | Arms | Legs Faces Feet Gﬁrg;rlc 95th Percentile
Grounds keepers
No. 1 Gla 52 M 0.444 ]0.007 X 0.004 0.024
G1b 29 F 0.053 ] 0.004 X 0.001 0.013
Grounds keepers
No. 2 G2a 33 F 0.037 |0.001 | 0.001 0.007 X
G2b 34 M 0.195 |0.006 | 0.001 0.018 X
G2c 28 M 0.171 |0.004 | 0.002 0.024 X
G2d 37 F 0.056 |0.001 | 0.001 0.007 X
G2e 22 M 0.133 |0.003 | 0.001 0.005 X
Grounds keepers
No. 3 G3a 43 M 0.026 | 0.005 | 0.003 0.009 X
G3b 40 F 0.006 |0.001 | 0.000 0.001 X
G3c 45 F 0.058 | 0.002 X 0.003 0.004
G3d 30 M 0.029 ]0.002 | 0.002 0.013 X
G3e 43 M 0.034 ]0.002 | 0.001 0.005 X
G3f 49 M 0.029 ]0.003 | 0.001 0.002 X
G3g 62 M 0.086 | 0.004 | 0.001 0.010 X
Grounds keepers
No. 4 Gda 38 F 0.067 ]0.011 | 0.000 0.002 X
G4b 30 M 0.030 ]J0.021 | 0.001 0.006 X
G4c 22 M 0.128 |0.027 | 0.001 0.005 X
G4d 34 F 0.050 ]0.005 | 0.002 0.002 X
Gde 27 F 0.017 ]0.010 X 0.002 0.018
Gaf 29 M 0.034 ]0.012 | 0.000 0.001 X
G4g 35 M 0.053 ]0.022 | 0.001 0.003 X
Grounds keepers
No.5 Gba 44 M 0.052 |0.032 | 0.001 0.006 X
G5b 43 M 0.014 |0.033 | 0.001 0.005 X
G5c 40 F 0.016 |0.018 | 0.001 0.001 X
Gbd 64 M 0.033 |0.049 | 0.001 0.006 X
G5e 45 F 0.042 |0.030 | 0.001 0.002 X
G5f 31 M 0.056 |0.045 | 0.002 0.006 X
Gbg 49 M 0.033 |0.024 | 0.001 0.004 X
Gbh 19 M 0.037 |0.002 | 0.001 0.008 X
Avg(In x) -3.069 |-4.983 | -6.942 | -5.468 | -4.388
Stdev(In x) 0.863 |1.278 | 0.565 0.819 0.776
GeoMean 0.046 |0.007 | 0.001 0.004 0.012
1-tailed t-dist. | 1.701 |1.701 | 1.711 1.701 2.353
vaue
95th Percentile | 0.202 ] 0.060 | 0.003 0.017 0.077
Residentia Scenario (face, forearms, hands, lowerlegs)] 0.011 0.055
Commerciad/lndustrial (face, forearms, hands)] 0.021 0.105
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EXHIBIT C-2

ACTIVITY BODY PART-SPECIFIC SOIL ADHERENCE FACTORS (continued)

Post-activity Loading (mg/cnm?) Weighted AFs (mg/cnv)
Aavity ° A Gender Hands | Arms | Legs Faces Feet Gﬁrg;rlc 95th Percentile
L andscaper/
Rockery LR1 43 F 0.067 ]0.034 X 0.010 X
LR2 36 M 0.159 ] 0.060 X 0.007 X
LR3 27 M 0.091 ]0.039 X 0.007 X
LR4 43 M 0.028 ]0.010 X 0.002 X
Avg(In x) -2.630 }-3.507 X -5.168 X
Stdev(In x) 0.730 ]0.755 X 0.635 X
GeoMean 0.072 ]0.030 X 0.006 X
1-tailed t-dist. | 2.353 | 2.353 X 2.353 X
value
95th Percentile | 0.402 ]0.177 X 0.025 X
Residential Scenario (face, forearms, hands, lowerlegs)] 0.041 0.234
Commercial/Industria (face, forearms, hands)] 0.041 0.234
Gardeners
No. 1 GAla 16 F 0.515 ]0.055 | 0.065 0.065 X
GAlb 21 F 0.262 | 0.026 X 0.025 X
GAlc 22 F 0.094 ]0.030 X 0.043 X
GAld 35 F 0.071 ] 0.267 X 0.059 0.066
GAle 22 F 0.177 ]0.035 X 0.097 X
GA1f 27 M 0.310 ]0.044 | 0.080 X 0.440
GAlg 23 F 0.257 ]0.033 X 0.060 X
GA1lh 31 F 0.194 ]0.070 X 0.088 X
Gardeners
No. 2 GA2a |43 F 0.155 ]0.048 | 0.053 0.093 X
GAZ2b 32 M 0.173 ]0.059 X X 0.263
GA2c 34 M 0.262 ]0.071 X 0.058 X
GA2d 32 F 0.083 ]0.018 | 0.013 0.024 X
GAZ2e 33 F 2.057 ]0.407 X 0.056 X
GA2f 52 F 0.116 ]0.049 | 0.028 0.031 X
GA2g 26 F 0.043 ]10.017 | 0.013 0.047 X
Avg(In x) -1.662 ]-2.961 | -3.411 | -2.949 | -1.626
Stdev(In x) 0.919 ]0.872 | 0.802 0.463 0.983
GeoMean 0.190 ]0.052 | 0.033 0.052 0.197
1-tailed t-dist. | 1.761 |1.761 | 2.015 1.782 2.920
value
95th Percentile | 0.958 ]0.240 | 0.166 0.119 3.473
Residential Scenario (face, forearms, hands, lowerlegs)] 0.068 0.328
Commercial/Industria (face, forearms, hands)] 0.102 0.482
Irrigation IR1 41 M 0.281 |0.039 | 0.007 0.006 X
Installers
IR2 35 M 0.279 ]0.014 | 0.004 0.006 X
IR3 20 M 0.110 ]0.003 | 0.004 0.004 X
IR4 23 M 0.132 ]0.008 | 0.003 0.008 X
IR5 28 M 0.129 ]0.045 | 0.015 0.008 X
IR6 23 M 0.300 |]0.062 | 0.007 0.007 X
Avg(In x) -1.671 ]-4.007 | -5.214 | -5.064 X
Stdev(In x) 0.467 11.170 | 0.610 0.289 X

Revison No. 1 C-9 September 2001



Review Draft — For Public Comment

EXHIBIT C-2

ACTIVITY BODY PART-SPECIFIC SOIL ADHERENCE FACTORS (continued)

Post-activity Loading (mg/cnm?) Weighted AFs (mg/cnv)
Activity ID Age Gender :
Hands | Arms | Legs Faces Feet Gﬁrg;rlc 95th Percentile
GeoMean 0.188 ]0.018 | 0.005 0.006 X
1-tailed t-dist. | 2.015 |2.015 | 2.015 2.015 X
value
95th Percentile | 0.482 ]0.192 | 0.019 0.011 X
(face, forearms,hands)] 0.078 0.268
C-10 September 2001
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EXHIBIT C-2

ACTIVITY BODY PART-SPECIFIC SOIL ADHERENCE FACTORS (continued)

Post-activity Loading (mg/cnm?) Weighted AFs (mg/cnv)
Aavity ° A Gender Hands | Arms | Legs Faces Feet Gﬁrg;rlc 95th Percentile
Staged
Activity: APDGPola M 0.131 ]0.003 | 0.001 0.003 X
Pipe Layers APDGPo2a M 0.243 ]10.036 | 0.258 0.006 X
(dry soil) APDGPo03a M 0.216 ]0.010 | 0.113 0.020 X
APDGPo4a F 0.158 ]0.009 | 0.046 0.003 X
APDGPo5a F 0.106 ] 0.008 | 0.093 0.003 X
APDGPo6a F 0.174 ]0.008 | 0.296 0.003 X
APDGPol1b M 0.182 ]0.005 | 0.000 0.001 X
APDGPo2b M 0.125 ]0.007 | 0.166 0.007 X
APDGPo3b M 0.133 ]0.108 | 0.115 0.004 X
APDGPo4b F 0.397 ]0.011 | 0.095 0.004 X
APDGPo5b F 0.124 ]0.015 | 0.112 0.008 X
APDGPo6b F 0.075 ]0.004 | 0.393 0.007 X
APDGPolc M 0.551 ]0.005 | 0.001 0.002 X
APDGPo2c M 0.311 ]0.022 | 0.355 0.006 X
APDGPo03c M 0.184 ]10.088 | 0.246 0.004 X
APDGPo4c F 0.226 ]0.019 | 0.131 0.006 X
APDGPo5¢ F 0.168 ]0.010 | 0.104 0.012 X
APDGPo6c F 0.133 ]0.012 | 0.579 0.008 X
Avg(In x) -1.721 |-4.419 | -2.713 | -5.354 X
Stdev(In x) 0484 10.984 | 2.214 0.663 X
GeoMean 0.179 ]0.012 | 0.066 0.005 X
1-tailed t-dist. | 1.740 | 1.740 | 1.740 1.740 X
value
95th Percentile | 0.416 |]0.067 | 3.122 0.015 X
(face, forearms, hands)] 0.072 0.186

Construction
Workers CO1 26 M 0.376 ]0.132 | 0.066 0.033 X
CO2 27 M 0.283 ]0.044 | 0.046 0.013 X
CO3 24 M 0.230 ]0.129 | 0.056 0.045 X
CO4 22 M 0.179 ]0.061 | 0.052 0.023 X
CO5 22 M 0.440 ]10.128 | 0.125 0.035 X
CO6 30 M 0.141 ]0.102 | 0.080 0.026 X
CO7 24 M 0.164 ]0.132 X 0.058 X
CO8 21 M 0.266 ]0.105 | 0.063 0.021 X
Avg(In x) -1.418 |-2.328 | -2.716 | -3.550 X
Stdev(In x) 0.401 ]0.416 | 0.334 0.478 X
GeoMean 0.242 ]0.098 | 0.066 0.029 X
1-tailed t-dist. | 1.895 ]1.895 | 1.943 1.895 X

vaue
95th Percentile | 0.518 ]0.215 | 0.127 0.071 X
(face, forearms, hands)] 0.139 0.302
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EXHIBIT C-2

ACTIVITY BODY PART-SPECIFIC SOIL ADHERENCE FACTORS (continued)

Post-activity Loading (mg/cnm?) Weighted AFs (mg/cnv)
Aavity ° A Gender Hands | Arms | Legs Faces Feet Gﬁrg;rlc 95th Percentile
Heavy
Equipment Ela 54 M 0.115 ]0.053 X 0.064 X
Operators
No. 1 Elb 34 M 0.281 | 0.080 X 0.104 X
Elc 51 M 0.155 |0.091 X 0.152 X
Eld 21 M 0.940 ]0.161 X 0.109 X
Heavy
Equipment E2a 54 M 0.206 ]0.192 X 0.146 X
Operators
No. 2 E2b 34 M 0.430 ]0.339 X 0.194 X
E2c 51 M 0.227 |0.223 X 0.499 X
E2d 21 M 0.500 ]0.358 X 0.200 X
Avg(Inx) -1.245 -1.867 X -1.874 X
Stdev(In x) 0.682 |0.692 X 0.605 X
GeoMean 0.288 ]0.155 X 0.154 X
1-tailed t-dist. | 1.895 | 1.895 X 1.895 X
vaue
95th Percentile | 1.049 ]0.573 X 0.483 X
(face, forearms, hands)] 0.203 0.732
Utility Workers Ula 45 M 0.149 ]0.052 X 0.095 X
No. 1
Ulb 27 M 0.243 ]0.131 X 0.079 X
Ulc 24 M 0.561 ]0.184 X 0.084 X
uld 35 M 0.364 ]0.783 X 0.215 X
Ule 24 M 0.437 |0.311 X 0.082 X
Utility Workers
No. 2 U2a 23 M 0.269 ]0.189 X 0.062 X
U2b 28 M 0.906 ] 0.835 X 0.197 X
U2c 24 M 0.187 ]0.179 X 0.074 X
uad 34 M 0.109 ] 0.298 X 0.113 X
U2e 24 M 0.221 ]0.219 X 0.092 X
U2f 36 M 0.390 ] 0.426 X 0.119 X
Avg(Inx) -1.226 |]-1.385 X -2.283 X
Stdev(In x) 0.611 ]0.793 X 0.393 X
GeoMean 0.293 ]0.250 X 0.102 X
1-tailed t-dist. | 1.812 | 1.812 X 1.812 X
vaue
95th Percentile | 0.889 | 1.053 X 0.208 X
(faceforearmshands)] 0.242 0.856
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EXHIBIT C-2

ACTIVITY BODY PART-SPECIFIC SOIL ADHERENCE FACTORS (continued)

Post-activity Loading (mg/cnm?) Weighted AFs (mg/cnv)
Aavity ° A Gender Hands | Arms | Legs Faces Feet Gﬁrg;rlc 95th Percentile
Staged
Activity: APWGPola M 2122 10.018 | 1.410 0.019 X
Pipe X
Layers APWGPo02a M 19.708 ]0.999 | 3.730 0.018
(wet soil) APWGP03a M 10.531 |0.030 | 0.000 0.001 X
APWGPo4a M 0.334 ]0.005 | 0.001 0.002 X
APWGPo5a F 0.019 ]0.001 | 0.169 0.000 X
APWGPo6a F 0.445 ]0.013 | 0.001 0.004 X
APWGPo7a F 0.978 ]0.003 | 0.012 0.003 X
APWGPo1b M 4573 ]0.113 | 3411 0.019 X
APWGPo2b M 14.032 |0.446 | 1.856 0.018 X
APWGPo3b, M 3.319 ]0.001 | 0.001 0.004 X
APWGPo4b M 1.257 ]0.018 | 0.005 0.004 X
APWGPo5b F 4.052 ]0.013 | 0.905 0.011 X
APWGPo6b F 1.050 ]0.018 | 0.002 0.001 X
APWGPo7b, F 1.872 ]0.004 | 0.001 0.006 X
APWGPolc M 1.263 ]0.370 | 2.005 0.012 X
APWGPo2c M 7.890 ]0.439 | 2.485 0.018 X
APWGPo3c M 6.866 ]0.147 | 2.124 0.007 X
APWGPo4c M 0.087 ]0.002 | 0.001 0.002 X
APWGPo5c F 6.280 ]0.085 | 1.662 0.037 X
APWGPo6c F 0.181 ]0.010 | 0.003 0.003 X
APWGPo7c F 3.658 ]0.029 | 0.087 0.004 X
Avg(In x) 0.527 |-3.741 | -3.008 | -5.325 X
Stdev(In x) 1.758 |2.058 | 3.607 1.320 X
GeoMean 1.694 ]0.024 | 0.049 0.005 X
1-tailed t-dist. | 1.725 |1.725 | 1.725 1.725 X
value
95th Percentile | 35.138 ] 0.826 | 24.864 | 0.047 X
(face, forearms, hands)] 0.630 13.212
Soccer Players
No. 1 Sla 13 M 0.068 ]0.019 | 0.022 0.012 X
Slb 14 M 0.052 ]0.021 | 0.251 0.020 X
Slc 14 M 0.116 ]0.005 | 0.015 0.012 X
Sid 15 M 0.120 | 0.006 | 0.047 0.011 X
Sle 13 M 0.280 ]0.026 | 0.092 0.009 X
Sif 14 M 0.170 ]0.004 | 0.060 0.009 X
Slg 13 M 0.146 ]0.015 | 0.008 0.020 X
Slh 13 M 0.055 ]0.007 | 0.005 0.006 X
Avg(In x) 2224 |-4555 | -3.481 | -4.457 X
Stdev(In x) 0589 |0.714 | 1.322 0.398 X
GeoMean 0.108 ]0.011 | 0.031 0.012 X
1-tailed t-dist. | 1.895 |1.895 | 1.895 1.895 X
vaue
95th Percentile | 0.330 ]0.041 | 0.377 0.025 X
(face, forearms, hands, lowerlegs)l 0.039 0.250
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EXHIBIT C-2

ACTIVITY BODY PART-SPECIFIC SOIL ADHERENCE FACTORS (continued)

Post-activity Loading (mg/cnm?) Weighted AFs (mg/cnv)
Aavity ° A Gender Hands | Arms | Legs Faces Feet Gﬁrg;rlc 95th Percentile
Soccer Players
No. 2 S2a 31 F 0.042 ]0.003 | 0.004 0.012 X
S2b 24 F 0.075 ]0.003 | 0.003 0.016 X
S2c 34 F 0.063 ] 0.003 | 0.007 0.011 X
S2d 30 F 0.043 ]0.008 | 0.033 0.038 X
S2e 24 F 0.049 [0.021 | 0.042 0.015 X
Saf 25 F 0.055 ]0.005 | 0.379 0.020 X
S2g 29 F 0.075 |0.002 | 0.007 0.014 X
S2h 24 F 0.001 |0.002 | 0.004 0.012 X
Soccer Players
No. 3 S3a 28 F 0.012 ]0.005 | 0.010 0.009 X
S3b 24 F 0.014 ]0.002 | 0.008 0.012 X
S3c 30 F 0.039 ]0.002 | 0.004 0.014 X
S3d 34 F 0.020 ] 0.002 | 0.010 0.007 X
S3e 31 F 0.013 ]0.013 | 0.012 0.015 X
S3f 28 F 0.026 ] 0.003 | 0.005 0.008 X
S3g 25 F 0.021 ]0.002 | 0.013 0.027 X
Avg(In x) -3.638 |-5.632 | -4.540 | -4.274 X
Stdev(In x) 1.047 ]0.780 | 1.253 0.439 X
GeoMean 0.026 ]0.004 | 0.011 0.014 X
1-tailed t-dist. | 1.761 |1.761 | 1.761 1.761 X
value
95th Percentile | 0.166 |0.014 | 0.097 0.030 X
(face, forearms, hands, lowerlegs)] 0.012 0.084

Revison No. 1 C-14 September 2001



Review Draft — For Public Comment

EXHIBIT C-2

ACTIVITY BODY PART-SPECIFIC SOIL ADHERENCE FACTORS (continued)

Post-activity Loading (mg/cnm?) Weighted AFs (mg/cnv)
Aavity ° A Gender Hands | Arms | Legs Faces Feet Gﬁrg;rlc 95th Percentile
Farmers
No. 1 Fla 39 F 0.380 ]0.025 | 0.002 0.014 X
Flb 39 F 0.326_]0.020 | 0.003 0.013 X
Filc 44 M 0.794 10.190 | 0.015 0.025 X
Fid 42 M 0.301 J0.132 | 0.012 0.022 X
Farmers
No. 2 F2a 41 F 0.245 ]0.033 | 0.033 0.027 X
F2b 40 F 0.622 ]0.175 | 0.224 0.321 X
F2c 43 M 0.571 ]0.337 | 0.170 0.045 X
F2d 39 M 0.538 ]0.154 | 0.008 0.014 X
F2e 19 M 0.584 ]0.142 | 0.014 0.038 X
F2f 18 M 0.407 ]0.094 | 0.018 0.022 X
Avg(In x) -0.802 |-2.376 | -4.033 | -3.524 X
Stdev(In x) 0.374 ]0.966 | 1.506 0.932 X
GeoMean 0.448 ]0.093 | 0.018 0.029 X
1-tailed t-dist. | 1.833 |1.833 | 1.833 1.833 X
value
95th Percentile | 0.890 ]0.546 | 0.280 0.163 X
(face, forearms, hands, lowerlegs)| 0.117 0.448

Rugby Players
No. 1 Rla 22 M 0.207 |0.163 | 0.266 0.072 X
R1b 20 M 0.427 |0.279 | 0.695 0.119 X
Ric 20 M 1.123 10451 | 0.733 0.094 X
R1d 20 M 0.338 ] 0.152 | 0.267 0.008 X
Rle 21 M 0.237 ]0.156 | 0.237 0.066 X
Rif 22 M 0.456 ]0.418 | 0.341 0.197 X
Rlg 22 M 0.413 ]0.345 | 0.503 0.032 X
R1h 21 M 0.454 ]0.399 | 0.189 0.059 X

Rugby Players
No. 2 R2a 33 M 0.147 ]0.093 | 0.203 0.066 X
R2b 28 M 0.074 ]0.095 | 0.064 0.038 X
R2c 27 M 0.168 ]0.141 | 0.190 0.044 X
R2d 26 M 0.139 ]0.102 | 0.160 0.055 X
R2e 23 M 0.195 ]0.178 | 0.140 0.043 X
R2f 27 M 0.097 ]0.058 | 0.086 0.029 X
R2g 27 M 0.164 ]0.229 | 0.253 0.070 X
R2h 30 M 0.179 ]0.071 | 0.173 0.039 X

Rugby Players
No. 3 R3a 27 M 0.052 ]0.028 | 0.050 0.021 X
R3b 26 M 0.052 ]0.040 | 0.083 0.015 X
R3c 27 M 0.073 ]0.023 | 0.051 0.015 X
R3d 27 M 0.043 ]0.025 | 0.042 0.022 X
R3e 30 M 0.033 ]0.034 | 0.060 0.015 X
R3f 27 M 0.109 ]0.042 | 0.062 0.045 X
R3g 24 M 0.023 ]0.028 | 0.061 0.020 X
Avg(In x) -1.919 |-2.282 | -1.896 | -3.244 X
Stdev(In x) 0.968 ]0.978 | 0.858 0.773 X
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EXHIBIT C-2

ACTIVITY BODY PART-SPECIFIC SOIL ADHERENCE FACTORS (continued)

Post-activity Loading (mg/cnm?)

Weighted AFs (mg/cnv)

Revison No. 1

Activity ID Age Gender :
Hands | Arms | Legs Faces Feet Gﬁrg;rlc 95th Percentile
GeoMean 0.147 ]0.102 | 0.150 0.039 X
1-tailed t-dist. | 1.727 | 1717 | 1717 | 1717 X
value
95th Percentile | 0.774 ]0.547 | 0.655 0.147 X
(face forearms, hands, lowerlegs)] 0.129 0.609
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EXHIBIT C-2

ACTIVITY BODY PART-SPECIFIC SOIL ADHERENCE FACTORS (continued)

Post-activity Loading (mg/cnm?) Weighted AFs (mg/cnv)
Aavity ° A Gender Hands | Arms | Legs Faces Feet Gﬁrg;rlc 95th Percentile
Archeologists AR1 16 F 0.139 |0.060 | 0.031 0.103 0.299
AR2 21 F 0.175 ]0.066 | 0.021 0.062 X
AR3 22 F 0.098 ]0.019 | 0.002 0.037 X
AR4 35 F 0.158 ]0.083 | 0.138 0.102 0.357
AR5 22 M 0.201 ]0.064 | 0.070 0.047 0.161
AR6 27 M 0.114 ]0.018 | 0.047 0.030 0.233
AR7 23 M 0.138 ]0.025 | 0.030 0.023 0.194
Avg(In x) -1.950 |-3.203 | -3.567 | -2.996 | 0.249
Stdev(In x) 0.248 ]0.651 | 1.400 0.584 0.079
GeoMean 0.142 ]0.041 | 0.028 0.050 1.283
1-tailed t-dist. | 1.943 |1.943 | 1.943 1.943 2132
vaue
95th Percentile | 0.230 |0.144 | 0.429 0.156 1.518
(face, forearms, hands, lowerlegs, feet] 0.302 0.546
Reed
Gatherers RD1 67 F 0.733 ]0.086 | 0.333 X 0.844
RD2 50 F 0.583 ]0.017 | 0.006 X 0.041
RD3 42 F 1.392 ]0.049 | 0.391 X 1.024
RD4 45 F 0.315 ]0.022 | 0.820 X 4.492
Avg(In x) -0.418 1-3.336 ] -1.837 X -0.457
Stdev(In x) 0.613 ]J0.742 | 2.215 X 1.965
GeoMean 0.658 ]0.036 | 0.159 X 0.633
1-tailed t-dist. | 2.353 |2.353 | 2.353 X 2.353
value
95th Percentile | 2.787 |]0.204 | 29.245 X 64.598
(forearms, hands, lowerlegs, feet] 0.316 26.662
Tae Kwon Do TK1 42 M 0.006 |0.002 | 0.002 X3 0.005
TK2 8 M 0.013 ]0.001 | 0.001 X 0.004
TK3 8 M 0.008 ]0.000 | 0.003 X 0.004
TK4 10 M 0.006 ]0.011 | 0.006 X 0.001
TK5 11 M 0.011 ]0.005 | 0.001 X 0.005
TK6 12 M 0.003 ]0.001 | 0.001 X 0.002
TK7 14 F 0.003 ]0.005 | 0.003 X 0.001
Avg(In x) -5.081 ]-6.289 | -6.230 X -6.014
Stdev(In x) 0581 ]1.301 | 0.599 X 0.743
GeoMean 0.006 ] 0.002 | 0.002 X 0.002
1-tailed t-dist. | 1.943 ]1.943 | 1.943 X 1.943
vaue
95th Percentile | 0.019 ]0.023 | 0.006 X 0.010
(forearms, hands, lowerlegs feet] 0.003 0.012

Daycare Children No. 2 from 1997 Exposure Factors Handbook (U.S. EPA, 1997), Table 6-11, and Indoor Children Nos 1 & 2 were combined.

Revison No. 1 C-17 September 2001



Review Draft — For Public Comment

average body weights used for all scenarios and pathways. This was done to prevent inconsistent parameter
combinations as body weight and SA are dependent variables. Body part-specific SAs were calculated as described
under Chapter 3 for adult (>18 years old), teenager (>6 to <18 years old), and child (<1 to <6 years old) receptors and
documented in Exhibit C-1.

Weighted Soil Adherence Factors

Given that soil adherence is dependent upon the body part, it is necessary to calculate an overall body part-
weighted AF for each activity. The assumed clothing scenario determines which body part-specific AFs are used
in calculating the 50" and 95" percentile weighted AFs. The weighted AFs are used in combination with the relative
absorption, exposure frequency and duration, exposed surface area, body weight, and averaging time to estimate the
dermally absorbed dose. Details on the methods used to calculate the overall weighted AFs are contained under

Chapter 3 of the document. The results from the supporting calculations are shown in Exhibit 3-3.

Mono-layer Soil Loading for SCS Soails.

The range of possible soil adherence factors (AF) was calculated using the Soil Conservation Service (SCS) textura
classes and the Duff and Kissel (1996) equation for a mono-layer, assuming spherical particles and face-centered

packing,

43

- 6 ..
AP oier = [P paricte a2 ]'PpmiehT'

using the SCS arithmetic mean particle diameter and particle density, P.q.= 2.65 gm/cn?®, from the Soil Screening
Guidance (U.S. EPA, 1996h).

These values can be used as bounding estimates as maximums for AF using site-specific soil properties. The AF
should not exceed these estimated values based on the mono-layer theory. To restate the recommendation of this
guidance, construct the RME exposure scenario with a site-specific upper-end activity pattern, mean AF from Exhibit
C-3, and upper-end exposure time. The uncertainty can be bounded by using these maximum estimated mono-layer

AF values,
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EXHIBIT C-3

OVERALL BODY PART-SPECIFIC WEIGHTED
SOIL ADHERENCE FACTORS

Weighted Soil Adherence Factor (mg/cm?)

Age
(years) Geometric Mean 95" Per centile

CHILDREN?

Indoor Children 1-13 0.01 0.06

Daycare Children (playing indoors and outdoors) 1-6.5 0.04 0.3

Children Playing (dry soil) 8-12 0.04 04

Children Playing (wet soil) 8-12 0.2 33

Children-in-Mud? 9-14 21 231
RESIDENTIAL ADULTS®

Grounds keepers >18 0.01 0.06

L andscaper/Rockery >18 0.04 0.2

Gardeners >16 0.07 0.3
COMMERCIAL/INDUSTRIAL ADULTS?

Grounds keepers >18 0.02 0.1

L andscaper/Rockery >18 0.04 0.2

Staged Activity: Pipe Layers (dry soil) >15 0.07 0.2

Irrigation Installers >18 0.08 0.3

Gardeners >16 0.1 0.5

Construction Workers >18 0.1 0.3

! Weighted AF based on exposure to face, forearms, hands, lower legs, & feet.

2 Information on soil adherence values for the Children-in-Mud scenario is provided to illustrate the range of values for this type of
activity. However, the application of these data to the dermal dose equations in this guidance may result in a significant
overestimation of dermal risk. Therefore, it is recommended that the 95 percentile AF values not be used in a quantitative dermal risk

assessment.  See Exhibit C-4 for bounding estimates.

3 Wei ghted AF based on exposure to face, forearms, hands, & lower legs.

4 Wei ghted AF based on exposure to face, forearms, & hands.

Note: this resultsin different weighted AFsfor similar activities between residential

and commercial/industrial exposure scenarios.
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EXHIBIT C-3

OVERALL BODY PART-SPECIFIC WEIGHTED
SOIL ADHERENCE FACTORS (continued)

Weighted Soil Adherence Factor (mg/cm?)

Age
(years) Geometric Mean 95" Per centile

COMMERCIAL/INDUSTRIAL ADULTS* (continued) >18 0.2 0.7

Utility Workers >18 0.2 0.9

Staged Activity: Pipe Layers (wet soil) >15 0.6 13
MISCELLANEOUSACTIVITIES®

Soccer Players#2 (adults) >18 0.01 0.08

Soccer Players #1 (teens, moist conditions) 13-15 0.04 0.3

Farmers >20 0.1 0.4

Rugby Players >21 0.1 0.6

Archeologists >19 0.3 0.5

Reed Gatherers >22 0.3 27

5 Weighted AF based on all body parts for which data were available
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EXHIBIT C-4

ESTIMATION OF SOIL ADHERENCE FACTOR AT MONO-LAYER
FOR SOIL CONSERVATION SERVICE (SCS) SOIL CLASSIFICATIONS

SCS Textura Class Diameter (cm) AF a mono-layer (mg/cn®)
sand 0.044 61
loamy sand 0.040 55
sandy loam 0.030 42
sandy clay loam 0.029 40
sandy clay 0.025 35
loam 0.020 28
clay loam 0.016 22
silty loam 0.011 15
clay 0.0092 13
silty clay loam 0.0056 7.7
st 0.0046 6.4
silty clay 0.0039 54
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SAMPLE SCREENING CALCULATIONS

APPENDIX D

D.1 SAMPLE CANCER SCREENING CALCULATION FOR DERMAL CONTAMINANTSIN

WATER

The equations used in calculating the risk from dermal exposure for contaminants in water are summarized

in Exhibit D-1. This example illustrates the steps used to calculate the clean-up level from dermal exposure to

compounds in water given an acceptable risk of 10°. The default scenarios used in the calculations are (1) the adult

30 year exposure, and (2) an age-adjusted 30 year exposure incorporating a child bathing for 1 hour/event (RME

value), once a day, 350 days/year for 6 years and an adult showering at 35 min/event (RME value), once a day, 350

dayslyear for 24 years. The genera equations are presented for any compound, and the example gives the calculation

for one compound in water with a cancer risk of 107,

EXHIBIT D-1
SUMMARY OF DERMAL RISK ASSESSMENT PROCESS

SFas Equation 4.2

Risk Assessment Process Cancer Risk Hazard I ndex
Hazard ID Section 2 Section 2
Exposure Water Dose Soil Dose Water Dose Soil Dose
Assessment Child or Adult
Section 3.1, Section 3.2, Section 3.1, Section 3.2,
Equations 3.1-3.4 Equations Equations Equations
Appendix A 3.113.12 3.1-34 3.11/3.12
Age-adjusted See Note Section 3.2.2.5 See Note Section 3.2.2.5,
Child/Adult Equation 3.21 Equation 3.21
Toxicity Assessment Section 4, Section 4,

RfD,gs, Equation 4.3

Risk Characterization

Section 5.1, Equation 5.1
DAD X SFpgs

Section 5.1, Equation 5.2

DAD/RfD s

Uncertainty Analysis Section 5.2

Note:  Thecalculationsused in developing the screening tablesin Appendix B (Exhibits B-3 and B-4) for the water pathway determined that
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the adult

receptor

experien

Procedures. Given acancer risk level at 10° ﬁ,‘j;*;
dermd
dose.

1) For cancer risk, from Equation 5.1: Therefor
e the
adult

exposure

_ Dermal cancer sk (Dermal cancer risk) x (ABS e

- &F - [ (Dl) recomme

ARE [»] nded for

screening

purposes.

However,

2) For hazard quotient, from Equation 5.2: gd nage
St

e(JpLé)s;re

scenario

DAD = Dermal hazerd guotiont x RD 5. for the
(D.2) damd

routeis
Darmal hazard guotient x RD, x ABS, oot
consisten
twith
methods

3) Evauate DA from Equation 3.1 o i

ng the
risk of
DAD x BW x AT o
f
DA, = x Pz D.3 oxpoare
wert EVxEDx EF x SA (D:3) E,?;’;
gmlsle
o ] calculatio
4) Evauate permissible water concentration C,; e
a5

guidance.

DAD

For organics, from Equations 3.2 and 3.3:

I type < t* then: C, = DA‘";"’T — (D.4)
2:FApr\' "’"‘; event
Ity >t" them: C, = Dloven
FAxE, |Jom . o4 {1*”*332}} (05
P11 +B avent Aa + B

For inorganics, from Equation 3.4
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Event (mg/cn?-event)

Parameter Definition Default - Default -
Child Adult
TRL Target Risk Level 10°® 10°®
(unitless)
BW Body Weight (kg) 15 70
AT Averaging Time (yr) 70 70
SF s Absorbed Cancer Slope chemical- chemical-
Factor (mg/kg-day)™ specific specific
ED Exposure Duration (yr) 6 30
EV Event Frequency 1 1
(events/day)
EF Exposure Frequency 350 350
(dayslyr)
FA Fraction Absorbed chemical- chemical-
(unitless) specific specific
toventRME Event Duration (hr) 1 0.58
(bathing) (showering)
SA Surface Area (cn¥) 6,600 18,000
K, Permeability coefficient chemical- chemical-
(cm/hr) specific specific
ABS;, Absorption Fraction chemical- chemical-
(unitless) specific specific
Jevent Lag time per event (hr) chemical- chemical-
specific specific
Sk, Oral Cancer Slope chemical- chemical-
Factor (mg/kg-day) specific specific
t* Time to Reach Steady chemical- chemical-
State (hr) specific specific
DAD Dermal Absorbed Dose site-specific site-specific
(mg/kg-day)
DAD, e Absorbed Dose per site-gpecific site-specific
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Sample Calculations for Exposure to a Carcinogen in Water

Tetrachloroethylene (PCE)

SF, =5.2x10% (mg/kg-d)*

K, = 0.033 cm/hr

ABS; =1

t* =218 hr

Joer =0.91 hr

toew = 0.58 hr

FA=1

Residential exposure scenarios

Using Equations D.1, D.3 and D.4 and default values presented:

Adult:

DA DAD x AT[ ]
= X
went EV, x BD, x EF, x SA, (b3
Dlm = (1910 ‘mglke- day) (25550day)[ T0kg ]= 1.8 x 1077 mglerne’= svent
1 svantiday x SOvr x 350daypyr x 18,000em 2

1xFALE, l._M.i"” (D.4)

-7 2.
1.2x1077 mgiem - avent = 27 x 107 mglem®

2 (1) (0.033 cm/hpy | 5% 091 i:tr x 0.58 hr

C,=27x 10"Smglem® = 2.7 ugll = 2.7 ppb
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Age-Adjusted:

BW ;50 BW ppur ]
+
EerEDcx.EchSAC EleEDﬂxEFﬂxSA

DA, = DAD x AT

Note: age-adjusted t,,., for 6 years as child and 24 years as adult.

_ (6 year x | hrievent) + (24 years x 0.58 hrievent)
30 years

tm

s = 0.66 hrievent

. 15kg Toke
DA~ (1910 mglke- day) (25550day)[. = + = ]
faad § 1 eventlday Gr 350dqyfyr E800ewe” 1 evemtlday 24yr 350dayfyr 18,000em”

- -7 2_
DA m-7.5:10 mglcm - avent

Cy = 7.5 x 1077 mglem?- avent = 11 x 0-Smglem?
2 (1) (0.083 calhr) \B 6x 0.91 hr x 0.66 hr

n

1.1 x 16 5mglem® = 11 ugll = 11 ppb
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D.2 SAMPLE NON-CANCER SCREENING CALCULATION FOR CONTAMINANTSIN
RESIDENTIAL SOIL

The equations to be used in the determination of a dermal hazard index for residential soil contamination are
outlined in Exhibit 5-1. This example uses cadmium in soil and calculates a level of concern that is equal to a hazard
index of 1. Following the four steps of the risk assessment process.

Hazard ID: cadmium has both an oral reference dose and ABS, to allow for a quantitative evaluation.

Exposure Assessment: the scenario to be evaluated is residential soil. Equations 3.11 and 3.12 are combined and

solved for the soil concentration C; resulting in the following.

Example Derma Calculations Using Child, Adult and Age-Adjusted Scenarios

Screening Level Equation for Dermal Contact with Non-car cinogenic Contaminantsin
Residential Soil

¢ . o THQ x RD x BY x AT x 365 dyr x 10° mgleg
ol ED x BV x EF x SA x AF x ABS,

Equation for use with age-adjusted parameters:

Co = THQ x RD x AT x 365 daysiyr x 105 mglkg
e EV x BF x SFS_ x ABS,
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Parameter Definition Default - Default - Adult Default - Age-
Child Adjusted
THQ Target Hazard Quotient 1 1 1
(unitless)
BW Body Weight (kg) 15 70 --
AT Averaging Time (yr) 6 30 30
RfD Reference Dose chemical- chemical- chemical-specific
(mg/kg-day) specific specific
ED Exposure Duration (yr) 6 30 --
EV Event Frequency 1 1 1
(events/day)
EF Exposure Frequency 350 350 350
(days/yr)
SA Surface Area (cnr) 2800 5700 -
AF Adherence Factor 0.2 0.07 --
(mg/cnr-event)
ABS Absorption Fraction chemical- chemical- chemical-specific
(unitless) specific specific
SFS,; Age-Adjusted Derma 360
Factor -- -
(see equation below)
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The age-adjusted, body-part weighted dermal factor is as presented in Section 3.2.2.5.

A9 x M YxED 9 S5 x50 xED s

o @0 @50

S, - @m? x @2mgon?-wad) x § | (ST00m?) x QUTmgom? -awand x 247
(A5kg) (70kg

SFSG = 360 mg-yrs/kg- event
The dermal absorption fraction for cadmium comes from Exhibit 3-4 and is 0.001.

Toxicity Assessment: In order to determine the dermal reference dose, data from Exhibit 4-1 suggests that the
gastrointestinal adjustment for cadmium is either 5% for water or, more applicable for this example, 2.5% from food.
Therefore, the dermal reference dose is 3E-5 (mg/kg-day) using Equation 4.3, the oral reference dose of 1E-3 from
food, and a Gl absorption of 2.5%. Note: since the pharmacokinetic model used to derive the oral RfD is based on
human data and the differential absorption data between different media is taken into account, the dermal reference

dose would be the same via either media, food or water.

RD gps=RD, x ABSgq

(1x 10 3mglkg-day) x (0.029)= 2.5x 10" Smglkg-day

Risk Characterization: Incorporating al the previous data results in the following:
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Sample Calculations for Exposure to a Non-Car cinogen
Cadmium

Child:

) * QO0ODS mehe-dyh x (15 kg x & v x B6S dysjrh « (10mplep
G x (| wamiidg)) x (350 danjm) x (2800 em? x (02 mgam?=sved) x (D.000)

c” =

Coq = 700 mglkg = 700 ppm

Adult:

) * Q000D mehg-dyh x (70 kp x 30 v x 65 dyejr) x (0 mglkp
{30,m) x (1 sveriidgh) x (350 daysir) & (ST00 em?) x D07 mgiom*-sved x D.OON)

CM =

Cq = 4.500 mglkg = 4,606 ppm

Age-Adjusted:

c, o = D x @O0D0OS mgkg-dgh x G0 ym) x GES Aysir) & (Wmgld
( wadiay) x G0 dyxims x (36D mg-yricg-evmd) x PO

Coq = 2,200 mglkg =2,200 ppm
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CHAPTER 1

INTRODUCTION AND FLOWCHART

11 INTRODUCTION

This guidance is the fifth part (Part E) in the
series Risk  Assessment Guidance for  Superfund:
Volume | - Human Health Evaluation Manual
(RAGSHHEM) (U.S. EPA, 1989). Pat A of this
guidance describes how to conduct a Ste-specific
baseline risk assessment. Part B provides guidance for
calculating risk-based concentrations that may be used,
aong with applicable or relevant and appropriate
requirements (ARARs) and other information, to
develop prdiminary remediation goals (PRGs) during
project scoping. PRGs and final remediation levels can
be used throughout the analyses in Part C to assist in
evauatiing the human hedth risks of remedial
aternatives. Part D complements the guidance
provided in Parts A, B and C and presents approaches
to standardizing risk assessment planning, reporting and
review. Part E is intended to provide a consistent
methodology for assessing the dermal pathway for
Superfund human hedlth risk assessments. It
incorporates and updates principles of the EPA interim
report, Dermal Exposure Assessment: Principles and
Applications (DEA) (U.S. EPA, 1992a). Exhibit 1-1
illustrates the correspondence of RAGS/HHEM
activities with the steps in the Comprehensive
Environmental Response, Compensation, and Liability
Act (CERCLA) remedia process.

In January 1992, the Office of Health and
Environmental Assessment (OHEA), in the Office of
Research and Development (ORD) of the U. S
Environmental Protection Agency (EPA) issued an
interim  report, Dermal Exposure Assessment:
Principles and Applications (U.S. EPA, 1992a). The
1992 ORD document, from now on referred to as DEA,
provided guidance for conducting dermal exposure
assessments. The conclusions of the DEA were
summarized at the National Superfund Risk Assessors
Conference in January 1992 when Regional risk
assessors requested that a workgroup be formed to
prepare an interim dermal risk assessment guidance for

the Superfund program based on the DEA. This
Superfund program guidance serves to promote
consistency in procedures used by the Regions to
assess dermal exposure pathways at Superfund
sites. In August 1992, a draft Superfund Interim
Dermal Risk Assessment Guidance document was
circulated for comment but was never issued as an
Office of Solid Waste and Emergency Response
(OSWER) Directive. This current guidance
supersedes the 1992 Superfund document.

This 2001 Superfund RAGS Part E, Interim
Supplemental Guidance for Dermal Risk
Assessment (from now on referred to as RAGS
Part E) is the result of  Superfund Dermal
Workgroup meetings from FY 95 through FY 00 on
issues associated with the characterization of risk
resulting from the dermal exposure pathway. RAGS
Part E updates the recommendations presented in
the DEA, the updated Exposure Factors
Handbook (U.S. EPA, 1997a), and additional
information from literature as cited. Users of this
guidance are strongly encouraged to review and
understand the material presented in the DEA. This
guidance is considered interim, pending release of
any update to the DEA from ORD. As more data
become available, RAGS Part E may be updated.

It should be noted that this document limits
its guidance on dermal exposure assessment to the
discussion of systemic chronic health effects
resulting from low-dose, long-term exposure.
However, acute chemical injury to the skin should
aso be examined to present an accurate and
comprehensive assessment of toxicity through the
derma route. The potential for direct dermal
contact resulting in dermal effects such as alergic
contact responses, urticarial reactions,
hyperpigmentation, and skin cancer should be
discussed qualitatively in the exposure section of the
risk assessment.
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This document does not provide guidance on
guantifying dermal absorption of chemicals resulting
from exposure to vapors. The Superfund Dermal
Workgroup agreed with the finding in the DEA report
that many chemicals, with low vapor pressure and low
environmental concentrations, cannot achieve adequate
vapor concentration to pose
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a dermal exposure hazard. For chemicals with the
potential to achieve adequate vapor concentrations, this
guidance assumes that they are primarily absorbed
through the respiratory tract. Additional information on
dermal absorption of chemical vapors can be found in
the DEA, Chapter 7.

12 ORGANIZATION OF DOCUMENT

This guidanceis structured to be consistent with
the four steps of the Superfund risk assessment
process. hazard identification, exposure assessment,
toxicity assessment, and risk characterization. Chapters
2.0 - 5.0 of RAGS Part E follow these steps:

Chapter 2: Hazard | dentification-- identifies
those chemicas that make a significant
contribution to exposure and risk a a
Superfund site.

Chapter 3. Exposure Assessment--
evaluates the pathways by which individuas
could be exposed to chemicas present at a
Superfund site.

Chapter 4. Toxicity Assessment--
identifies the potential adverse health effects
associated with the contaminants of concern
identified at the site.

Chapter 5: Risk Characterization--
incorporates information from the three
previous chapters to evaluate the potential risk
to exposed individuals at the site. This chapter
also contains a discussion of the uncertainties
associated with estimating risk for the dermal
pathway.

Chapter 6: Summary and
Recommendations -- provides a summary of
the main points for each step in the dermal risk
assessment process and recommendations for
future data needs to improve the evaluation of
dermal exposures.

13 FLOWCHARTS

The following flowcharts (Exhibit 1-2 and
Exhibit 1-3) facilitate the process of performing a
dermal risk assessment, by identifying the key steps
and the locaions of specific information. Separate
flowcharts are provided for the water and the soil
pathways. Descriptions of the processes illustrated
in both flowcharts follow.

Dermal Risk Assessment Process for
Water Pathway -- The screening process
illustrated in Exhibit 1-2 identifies those
chemicals that should be evaluated for the
dermal pathway. The process identifies
those chemicals where the dermal pathway
has been estimated to contribute more than
10% of the oral pathway, using conservative
residential exposure criteria.  Screening
tables in Appendix B (Exhibit B-3 for
organics and Exhibit B-4 for inorganics)
hep provide a recommendation as to
whether the dermal pathway should be
evaluated for a given chemicd. If so, the
next step is to determine the rate of
migration of the chemical through the skin,
using the dermal permeability coefficient
(K,), derived from either experimentaly
measured or predicted values. If default
residential  exposure assumptions are
appropriate for the risk assessment, then the
absorbed dose, DA, term, can be
extracted from either Exhibit B-3 or B-4,
and used with the chemical concentration to
caculate the dermdly absorbed dose
(DAD) term. If default residential exposure
assumptions are not appropriate, references
to the specific equations and information
sources are provided in the Exhibit 1-2
flowchart. Finally, the procedures for the
toxicity assessment and risk characterization
steps are also outlined.

Dermal Risk Assessment Process for
Soil Pathway -- There is no screening
process for eiminating chemicals in a soil
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matrix from a dermal risk assessment, as
thereis for the water pathway. The first
step in the hazard identification process
illustrated in Exhibit 1-3 is to determine if
guantitative dermal absorption from soil
(ABS)  vaues ae availadble for the
chemical to be evaluated. If not, the
decision whether or not to use default
values as surrogates for those chemicals
without specific recommended values must
be made. If data are available, a site-
specific ABS value could be used.

S e c t i o] n
3.0, Exposure Assessment, summarizes
exposure parameter values for a
reasonable maximum exposure (RME)
exposure scenario as well as activity-
specific values. The steps in the

t o] X i c i t y
assessment and risk characterization
a r e

the same for both the soil and water
pathways.
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HAZARD
IDENTIFICATION

EXPOSURE
ASSESSMENT

Exhibit 1-3 SOIL PATHWAY

spacific soil

absorption (4BS)
value listed for

chemical in Exhikit

default value or
other data available
to estimate dermal
absonption from

eqil? ;

Discuss the lack of
sufficiznt information
about dermal exposure
in the uncertainty section

Select RME exposure
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Exhikit 3-5 for EV, EF,

ldentify sppropriate activity-specific soil
adherence factor values for an adult or child
{Exhibit 3-3), and other exposure parametsrs

ED SA, and AF {EV. EF, EC, 8A) from Exhibit 3-5

~ L

[dentify soil absorption value {ABE)
from Exhikbit 3-4

'

Caleulate Dermal Dose {DAD) with site-specific
s0il cencentration, using eq. 3.10 and 3. 11

adjustment of
toxicity values

TOXICITY
ASSESSMENT

recommended
Exhibit 4-17

Adjust oral tosdcity value using eq. 4.2
{SFaps ) oreq. 4.3 (RfDsps) and Gl
absorption value from Exhibit 4-1

Use aral toxicity values for SFags
and RfDﬁES

~

/

Calculate Dermal Risk using DAD with SF 4gs and RiDags, using

RISK
CHARACTERIZATION

ene.5.1 and 5.2

'

Characterize uncertainty from potential sources
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CHAPTER 2

HAZARD IDENTIFICATION

The hazard identification step identifies those
chemicds that contribute to the majority of exposure
and risk at a Superfund site.  The “contaminants of
potential concern” (COPCs) are chemicals chosen
because of their occurrence, distribution, fate, mobility
and persistence in the environment. Each chemical’s
concentration and toxicity is aso considered.
Algorithms, permeability constants and other
parameter values presented in this guidance supersede
the derma methodology provided in DEA and the Risk
Assessment Guidance for Superfund (RAGS, U.S.
EPA, 1989).

CHOOSING CONTAMINANTS OF
CONCERN FOR THE DERMAL-
WATER PATHWAY

21

Consideration of the dermal exposure pathway
is important in scoping and planning an exposure and
risk assessment. The assessor should decide the level
(from cursory to detailed) of analysis needed to make
this decision. The screening procedure presented in
Section A.4 of Appendix A analyzes whether or not
the dermal exposure route is likdy to be significant
compared to the other routes of exposure.  This
discussion is based on the methodology in the DEA,
Chapter 9, using parameters provided in this guidance.
Readers are encouraged to consult the DEA document
for more details. The screening procedure in Section
A.4 isintended to focus attention on specific chemicals
that may be important for dermal exposure and is
provided for the convenience of the risk assessor.
However, risk assessors may decide not to use the
screening and proceed to a quantitative assessment of
al chemicas at asite.

Exhibit B-3 in Appendix B provides the results
of applying the Appendix A screening procedure to
identify organic chemicals that contribute significantly
to the risk at a site for the dermal route. For this
guidance, the Superfund Derma Workgroup

decided that the derma route is significant if it
contributes at least 10% of the exposure derived from
the oral pathway. These results are based upon
comparing two main household daily uses of water, as
a source for drinking and for showering or bathing.
This screening procedure is therefore limited to
residential exposure scenarios where both ingestion
and showering/bathing are considered in the site risk
assessment.  The screening procedure does not
consider swimming exposures, and thus should not be
used for screening chemicals in surface water where
exposure may be through swimming activity.
However, if swimming is an actua or potential
exposure scenario in the site risk assessment, dermal
exposure should be quantitatively evaluated, using input
parameters described in the document.

Note that the results of this screening
procedure are the actua results of a quantitative
exposure assessment for these two routes of
exposure. All calculations needed for the evauation of
DAD for water, as described in Chapter 3 and in
Appendices A and B, were performed for the list of
chemicals presented in Exhibit B-3 and Exhibit B-4,
using the exposure conditions specified in each exhibit.
These exhibits are provided as a screening tool for risk
assessors to focus the dermal risk assessment on those
chemicals that are more likdy to make a contribution
to the overdl risk.

The example screening results are provided in
two columns in Exhibit B-3 and Exhibit B-4: the
column labeled “Derm/Ord” gives the actual ratio of
the derma exposure route as compared to the
ingestion route (two liters of drinking water), and the
column labeled “Chem Assess’ gives the result of the
comparison as a 'Y (Yes) or N (No) using the 10%
criterion discussed above.  When these default
exposure assumptions are not appropriate, stepwise
instructions are provided in Chapter 3 and Appendix B
to incorporate Site-specific exposure parameters.
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well designed studies. If a detected compound does
not have a dermal absorption value presented in
Chapter 3, other sources of information, such as new
exposure studies presented in the peer reviewed
literature or site-specific in vitro and in vivo studies,
may be considered to estimate a dermal absorption
value. The EPA risk assessor should be consulted
before conducting site-specific dermal absorption
studies, to ensure that a scientifically sound study is
developed and approved by the Agency.

CHOOSING CONTAMINANTS OF
CONCERNFOR THEDERMAL-SOIL
PATHWAY

22

The number of contaminants evaluated in the
risk assessment for the dermal-soil pathway will be
limited by the availability of dermal absorption values
for chemicals in soil. Very limited data exist in the
literature for the dermal absorption of chemicals from
soil.  Chapter 3 provides recommended dermal
absorption factors for ten chemicals in soil based on
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CHAPTER 3

EXPOSURE ASSESSM ENT

The exposure assessment evaluates the type
and magnitude of exposures to chemicals of potential
concern at a site. The exposure assessment considers
the source from which a chemical is rdeased to the
environment, the pathways by which chemicals are
transported through the environmental medium, and the
routes by which individuas are exposed. Parameters
necessary to quantitatively evaluate dermal exposures,
such as permeability coefficients, soil absorption
factors, body surface area exposed, and soil adherence
factors are developed in the exposure assessment. In
this chapter, the dermal assessment is evaluated for
two exposure media water (Section 3.1) and soil
(Section 3.2).

EPA’'s Policy for Risk Characterization
(U.S. EPA, 1995a) states that each Agency risk
assessment should present information on a range of
exposures (e.g., provide a description of risks to
individuals in average and high end portions of the
exposuredistribution). Generally, within the Superfund
program, to estimate exposure to an average individua
(i.e.,, a central tendency), the 95% upper confidence
limit (UCL) on the arithmetic mean is chosen for the
exposure point concentration, and central estimates
(i.e., arithmetic average, 50" percentile, median) are
chosen for all other exposure parameters. This
guidance document provides recommended central
tendency values for dermal exposure parameters,
using updated information from the Exposure Factors
Handbook (U.S. EPA, 1997a).

In comparison with the average exposure, the
“high end” exposure estimate is defined as the highest
exposure that is reasonably expected to occur at a site
but that is 4ill within the range of possible exposures,
referred to as the reasonable maximum exposure
(RME) (U.S. EPA, 1989). According to the
Guidance on Risk Characterization for Risk

Managers and Risk Assessors (U.S. EPA, 1992b),
risk assessors should approach the estimation of the
RME by identifying the most sensitive exposure
parameters. The sensitivity of a parameter generally
refers to its impact on the exposure estimates, which
correlates with the degree of variability of the
parameter values. Parameters with a high degree of
variability in the distribution of parameter vaues are
likdy to have a greater impact on the range of risk
estimates than those with low variability. For one or
a few of the senditive parameters, the maximum or
near-maximum vaues should be used, with central
tendency or average values used for al other
parameters. The high-end estimates are based, in
some cases, on statistically based criteria (95" or 90"
percentiles), and in others, on best professional
judgment. In general, exposure duration, exposure
frequency, and contact rate are likely to be the most
sensitive parametersin an exposure assessment (U.S.
EPA, 1989). In addition, for the dermal exposure
route, the soil adherence factor term is also a very
sengitive  parameter. This guidance provides
recommended upper end estimates for individual
exposure parameters and a recommended RME
exposure scenario for residential and industrial settings,
using updated information from the Exposure Factors
Handbook (EFH) (U.S. EPA, 1997a) and other
literature sources.

31 ESTIMATION OF DERMAL
EXPOSURES TO CHEMICALS IN
WATER

3.1.1 STANDARD EQUATION FOR
DERMAL CONTACT WITH

CHEMICALSIN WATER

The same mathematical model for dermal
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absorption recommended in DEA is used here. The
skin is assumed to be composed of two main layers,
the stratum corneum and the viable epidermis, with the
stratum corneum as the main barrier. A two-
compartment distributed model was developed to
describe the absorption of chemicals from water
through the skin as a function of both the thickness of
the stratum corneum (I,) and the event duration
(toe)- The mathematical representation of the mass
balance eguation follows Fick’s second law and is a
partial differential equation with concentration as a
function of both time and distance. The exact solution
of this model is approximated by two algebraic
equations: (1) to describe the absorption process when
the chemical is only in the stratum corneum, i.e., non-
steady state, where absorption is a function of t,.,%
and (2) to describe the absorption process as a
function of t,.,, once steady state is reached. One
fundamental assumption of this model is that
absorption continues long after the exposure has
ended, i.e, the finad absorbed dose (DA.,..) IS
estimated to be the total dose dissolved in the skin at
the end of the exposure. For highly lipophilic
chemicals or for chemicds that are not highly lipophilic
but exhibit along lag time (t,,,), some of the chemical
dissolved into skin may be lost due to desquamation
during that absorption period. A fraction absorbed
term (FA) is included in the evaluation of DA, to
account for this loss of chemical due to desgquamation.
As shown in Appendix A, for norma desquamation
rates to completely replace the stratum corneum in
about 14 days, only chemicals with log K,, > 3.5 or
chemicals with t ., > 10 hours (at any log K,,)
would be affected by this loss.

The following procedures represent updates
from the DEA and are recommended for the
estimation of the dermal absorbed dose (DAD):

For Organics:

. The equation for DA, is updated to include
the net fraction available for absorption in the
stratum corneum after exposure has ended
(FA).

. The equation for the permeability coefficient
(K,) is updated by excluding three data points
from the Flynn data base in the development
of the correlation equation for K. The 95%
confidence intervals are aso provided for the

egimation of K, using this correlation
equation.
. The screening procedures are updated to

include the new vaues for K, and FA to
provide guidance when the derma route
would pose more than 10% of the ingested
dose.

. A satistical andysis of the correlation
equation for K, provides the ranges of the
octanol-water partition coefficient (log K,,)
and molecular weight (MW) where the
extrapolation of the K, correlation equation
would be valid.

. A discussion of the model vaidation and
uncertainties related to the dermal absorption
model for chemicals in water is included.

. Appendix A gives a detailed discussion of the
above changes.
. The spreadsheet ORGO04 01.WK4 and

Exhibits B-1 through B-3 of Appendix B
provide the calculations of the dermal
absorbed dose for over 200 organic chemicals,
using a default exposure scenario.

For Inorganics:

. The measured vaues of the permesbility
coefficients for avaladble chemicds are
updated based on the latest literature.

. Screening procedures for inorganics are
updated to include the relative fraction
absorbed by accounting for the actual
gastrointestina absorption (ABS,).
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Dermal Absorbed Dose - Water Contact

DA, ... > BV x ED x EF x SA

DAD = (3.1)
BW x AT
where:

Parameter Definition (units) Default Value

DAD = Dermally Absorbed Dose (mg/kg-day) 6

DA en = Absorbed dose per event (mg/cm?-event) Chemical-specific, see Eq. 3.2, 3.3and 3.4

SA = Skin surface area availablefor contact (cnm?) See Exhibit 3-2

EV = Event frequency (events/day) See Exhibit 3-2

EF = Exposure frequency (day</year) See Exhibit 3-2

ED = Exposure duration (years) See Exhibit 3-2

BW = Body weight (kg) 70 kg (adult) 15 kg (child)

AT = Averaging time (days) noncarcinogenic effects AT = ED x 365 d/yr

carcinogenic effects AT =70yr x 365 d/yr

. Appendix A gives a detailed discussion of the

above changes.
. The spreadsheet INORG04 01.WK4 and

Exhibit B-4 of Appendix B provide the
caculations for the inorganics with available
measured K, or ABSg;,.

For chemicals in water, Equations 3.1, 3.2, 3.3
and 3.4 are used to evauate the dermal absorbed
dose. The following discussion summarizes the key
steps in the procedure detailed in Appendix A.

For short exposure durations to organic
chemicals in water (Equation 3.2), DA, iS not a
function of the parameter B, which measures the ratio
of the permeability coefficient of the chemical in the
stratum corneum to its permeability coefficient in the
viable epidermis, because neither the vidble epidermis
nor the cutaneous blood flow will limit derma
absorption during such short exposure durations.

For long exposure times, Equation 3.3 should
be used to estimate DA, for organic chemicals.
The lag time is decreased because the skin has a
limited capacity to reduce the transport rate of
inorganic and/or highly ionized organic chemicals. In
addition, the viable epidermis will contribute
inggnificantly as a barrier to these chemicals.
Consequently, for inorganic and highly ionized organic
chemicals, it is appropriate to assume that J,,, and
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B are both near zero, whic uation 3.3 to
Equation 3.4, If ABson}?ed%o& per event for Organic Compounds - Water Contact

DA« (TBRET5RYCH 160 el AtREk ofr e epmpounds as follows

K,) and al other parameters for water media are
found in Section 3.1.2, with more detals and data in 6 Tous * Lovent
Appendix A. Dw!r'erﬁam %ﬁﬁllon2FA x K, x C, z

model and equations for calculatl ng al the parameters

jo evaluate the dermal absorbed dose for organics

DA, in Equations 3.3 and 3.4) are provided in

Appendix A.1, and for inorganics (DA, in Equati L - 2
Al ot Pl Do = m@e@i&ﬁ”tm{“gf*”)} .5
B-4) contains chemical-specific DA, and D (a+ 57 (3.3)
values per unit concentration, using default

meotlons Instructions for calculating DA,,,, and

DAD values with site-specific exposure assumptions

ey aReyided  (see Appendix A.5), and the

Spreadsheetsfiniidd R@H4_01.WK4 and

NORG04 01.WK4), including al the calculations, will Default Value

be Beikabl eon tHdsAKesAEosE Beedino(nBgTfrRyent) -

(3.2)

Chemical-specific, See Appendix B

ht . ) o .
ra0§e/|ndex htaterchr) in Chemical-specific, See Appendix B
C, =  Chemical concentration in water (mg/cm?®) Site-specific, non-ionized fraction, See Appendix A
for more discussion
Jevent =  Lagtime per event (hr/event) Chemical-specific, See Appendix B
tevent =  Event duration (hr/event) See Exhibit 3-2
t* =  Timeto reach steady-state (hr) = 2.4 J e Chemical-specific, See Eq. A.5t0 A.8
B =  Dimensionlessratio of the permeability coefficient Chemical-specific, See Eq. A.1

of acompound through the stratum corneum
relative to its permesability coefficient across the
viable epidermis (ve) (dimensionless).

3.1.2 EXPOSURE PARAMETERS

3.1.2.1 Permeability Coefficient for Compounds
in Water (K, in cm/hr)

Some discussion of criteria for selecting an
experimental K, was presented in DEA, Chapter 5.
The procedure recommended by RAGS Part E to
estimate the permesbility coefficient (K, of a
compound is obtained from updating the correlation
presented in DEA. Three data points which came
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Event duration (hr/event)

Dermal Absorbed Dose per event for 1norganic Compounds - Water Contact

DA, (mg/cné-event) is calculated for inorganics or highly ionized organic chemicals as follows:

'DAm = Kp . C‘ll . twm
where:
Parameter Definition (units)
DA,.. = Absorbed dose per event (mg/crm-event)
Ko = Dermal permeability coefficient of
compound in water (cm/hr)
C. = Chemical concentration in water (mg/cm®)

(3.4)

Default Value

Chemical-specific, see Exhibit A-6
and Appendix B

Site-specific, non-ionized fraction, see
Appendix A for more discussion

See Exhibit 3-2

from in vivo studies (ethyl benzene, styrene and
toluene) from the Flynn database are now excluded in
the development of the new K, correlation, limiting its
representation to in vitro studies using human skin.
Updated K, values for over two hundred common
organic compounds in water are provided, in Appendix
B, as estimated using procedures described below. It
is recommended that these K, values be used in
Equations 3.2 and 3.3. K, values for several inorganic
compounds are given, and default permeability
constants for al other inorganic compounds are
provided in Exhibit 3-1, to be used in Equation 3.4.

Organics. The permeability coefficient is a
function of the path length of chemical diffusion
(defined here as stratum corneum thickness, L), the
membrane/vehicle partition coefficient of the chemical
(here as octanol/water partition coefficient K,, of the
chemical), and the effective diffusion coefficient (D)
of the chemical in the stratum corneum, and can be
written for a smple isotropic membrane as presented

in Equations 3.5 and 3.6.

In this approach, K, from Equation 3.7 is
estimated via an empirical correlation as a function of
K,, and MW (Potts and Guy, 1992) obtained from an
experimental data base (the Flynn data base
composed of about 90 chemicals, see DEA, Chapter
4, and Appendix B of this document) of absorption of
chemicals from water through human skin in vitro.

For ionized organic compounds, Equation 3.8
can be used to estimate K, with the appropriate K,
value. Note that for ionizable organic chemicals, the
K, vaue used in Equation 3.8 should be the K, of
only species which are non-ionized. Similarly, for
these chemicals, the concentration C, used in
Equations 3.2 and 3.3 should be that of the non-
ionized fraction. (See Appendices A and B for more
discussion on this topic.) Organic chemicals which
are aways ionized (including ionized but uncharged
zwitterions) and ionized species of ionizable organic
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chemicals at the conditions of interest should be
treated the same as inorganic chemicals.

For halogenated chemicals, Equation 3.8 could
underestimate K. The Flynn data set from which
Equation 3.8 was derived consists ailmost entirely of
hydrocarbons with a relatively constant ratio of molar
volume to MW. Because halogenated chemicals
have a lower ratio of molar volume relative to their
MW than hydrocarbons (due to the relatively weighty
halogen atom), the K correlation based on MW of
hydrocarbons will tend to underestimate permeability
coefficients for halogenated organic chemicals. To
address this problem, a new K correlation based on
molar volume and log K, will be explored.
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K b
K = ehe X [
P llc

or:

loag . = o D
og K, = gKm+log-l=-

Empiricaly it has been shown that (Kasting, et al, 1987):
log Ky, =alogK,, +b
and D.=D, exp(-b MV)

Equation 3.6 leads to the general form:

lch,=b+¢long— c MW

Theoretical Derivation of Permeability Coefficient for Organic Chemicals

where D, and b are constants, characteristic of the medium through which diffusion is occurring. For
hydrocarbons, MV will be related directly to molecular weight (MW). Combining these two relationships with

(35)

(3.6)

(3.7)

where:
Parameter Definition (units) Default Value
Ko =  Derma permeability coefficient of compound in Chemical-specific, see Appendix B
water (cm/hr)
Kow =  Octanol/water partition coefficient (dimensionless) Chemical-specific, see Appendix B
K s = equilibrium partition coefficient between the Chemical-specific
stratum corneum and water (dimensionless)
D, =  Diffusivity of ahypothetical molecule with a Chemical-specific
molecular volume (MV) = 0 (cm¥hr)
b =  Constant specific for the medium through which Medium specific
diffusion is occurring
D, =  Effective diffusion coefficient for chemical transfer Chemical-specific, see Spreadsheet
through the stratum corneum (cm?hr) ORG04_01.WK4 (on website given in Section
3.11)
le =  Apparent thickness of stratum corneum (cm) 10°% cm
ab,c = correlation coefficients which have been fitted to the --
Flynn’s data to give Equation 3.8.
MV = Molar volume (cm*mol) Chemical-specific
MW =  Molecular weight (g/mole) Chemical-specific
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species (dimensionless)

Empirical Predictive Correation for Permeability Coefficient of Organics

= = - 2 _
log K, = -2.80 + 0.66 log K, - 0.0056 MW @2 = 0.66) (3.8)
where:
Parameter Definition (units) Default Vaue
K, = Dermal permeability coefficient of compoundsin water Chemical-specific, see Appendix B
(cmvhr)
Kow =  Octanol/water partition coefficient of the non-ionized Chemical-specific, see Appendix B

Based on the Flynn data set, Equation 3.8 can
be used to predict the permesbility coefficient of
chemicals with K,, and MW within the following
“Effective Prediction Domain”(EPD), determined via
a statistical anaysis (see Appendix A, Section A.1) as
presented in Equations 3.9 and 3.10.

Strictly, chemicals with very large and very
sndl K,, values are outside of the EPD. Although
large variances in some data points contributed to the

definition of the EPD, it is defined primarily by the
properties of the data used to develop Equation 3.8.
With no other data presently avalable for chemicals
with very large and very small K, it is appropriate
to use Equation 3.8 as a preliminary estimate of K,

For many chemicals with log K,, and MW
outside of the prediction domain, a fraction absorbed
(FA) is estimated to account for the loss of chemicals

Boundaries of Effective Prediction Domain

=0.06831 < 0.5103 x 1077 MW + 0.05616 loglﬂ s 03577 (3.9

-0.3010 = -0.5103 x 10~* M7 + 0.05616 log K, s 01758 (3.10
where:

Definition (units) Default Vaue
Parameter
K ow =  Octanol/water partition coefficient of the non- Chemical-specific, see Appendix B
ionized species (dimensionless)

MW =  Molecular weight (g/mole) Chemical-specific, see Appendix B
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due to the desguamation of the skin, which would
decrease the net amount of chemicals available for
absorption after the exposure event (t.,.,) has ended.
Predictions of chemical-specific K, and their usein the
estimation of DA,,.,, ae included in Exhibit B-3 for
about two hundred chemicals.

Inorganics. Exhibit 3-1 summarizes permesbility
coefficients for inorganic compounds, obtained from
specific chemical experimental data, as modified and
updated from DEA, Table 5-3 and from Hostynek, et
al (1998). Permeability coefficients from these
references are condensed for each metal and for
individual valence states of specific metals. To be

of chemicals in water is the state of ionization, with
the non-ionized form being much more readily
absorbed than the ionized form. The fraction of the
chemical in the non-ionized state is dependent on the
pH of the water and the specific ionization constant
for that chemical (pK,). Further information on the
formulas for calculating these fractionsis provided in
the DEA and in Appendix A. However, given the
complexities of calculating the non-ionized fraction
across multiple samples and multiple chemicals, it is
recommended that a standard risk assessment should
make the heath-protective assumption that the
chemical is entirdy in the non-ionized state.
Therefore, the total concentration of a chemicd in

EXHIBIT 3-1

PERMEABILITY COEFFICIENTS FOR INORGANICS

Compound Permeability Coefficient K, (cm/hr)
Cadmium 1x 10°
Chromium (+6) 2x 103
Chromium (+3) 1x 103
Cobat 4x 10*
Lead 1x 10
Mercury (+2) 1x103
Methyl mercury 1x 103
Mercury vapor 0.24
Nickel 2x10*
Potassium 2x 103
Silver 6 x 10
Zinc 6 x 10*
All other inorganics 1x 103

most protective of human hedlth, the value listed in this
exhibit represents the highest reported permeability
coefficient. More detailed information is presented in
Appendix A (Exhibit A-6).

3.1.2.2 Chemical Concentration in Water

One of the issues regarding the bioavailability

water samples (C,) should be equa to the tota
concentration of the chemical in water.

Edimates of C,, and therefore potentia
impacts of dermal exposure, may be strongly
influenced by the presence of particulates in the
sample. Although filtration of water samples in the
fidd has been used to reduce turbidity and estimate
the soluble fraction of chemicals in water, existing
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RAGS guidance (U.S. EPA, 1989) recommends that
unfiltered samples be used as the basis for estimating
the chemical concentration for calculating the oral
dose. Therationaleis that particulate-bound chemicals
may dill be avalable for absorption across the
gastrointestinal tract. To be consistent with existing
EPA guidance, it is recommended that unfiltered
samples aso be used as the basis for estimating a
chemical concentration for calculating the dermal
dose. However, it should be noted that particulate-
bound chemicals in an agueous medium (e.g.,
suspended sediment particles) would be considered to
be much less bioavailable for dermal absorption, due to
inefficient adsorption of suspended particles onto the
skin surface and a slower rate of absorption into the
skin. The uncertainty in the estimation of the dermal
dose from a water sample with high turbidity is directly
proportional to the magnitude of the difference in the
concentration between an unfiltered and filtered
sample. The actual bioavailable concentration is likely
to lie somewhere between the unfiltered and filtered
sample concentrations. The impact of this health-
protective assumption and relevant field factors (e.g.,
turbidity) should be discussed in the uncertainty
section. To reduce the uncertainty in estimating the
bicavalable chemical concentration, water sample
collection methods that minimize turbidity should be
employed (U.S. EPA, 1995b, 1996), rather than
sample filtration.

3.1.2.3 Skin Surface Area

The surface area (SA) parameter describes
the amount of skin exposed to the contaminated media.
The amount of skin exposed depends upon the
exposure scenario. For dermal contact with water, the
total body surface area for adults and children is
assumed to be exposed for both swimming and
bathing. Since body weight and SA are dependent
variables, dl SA estimates used 50™ percentile vaues
in order to correlate with the average body weights.
The recommended SA exposed to contaminated water
for the adult resident is 18,000 cm?. This SA vaue
was calculated by incorporating data from Tables 6.2
and 6.3 for the Exposure Factors Handbook (EFH)
(U.S. EPA, 1997a), averaging the 50" percentile
values for males and females.

The recommended SA vaue for exposure to
contaminated water for the child resident is 6,600
cm? This SA was calculated by incorporating the
data from the EFH for the 50" percentile of the total
body surface area for mae and femae children, and
caculating a time weighted average surface area for
a 0-6 year od child. Thelack of datafor al ages led
to a conservative assumption that a 0-1 year old and
1-2 year old had the same surface area as a 2-3 year
old. This recommended child SA was caculated by
averaging the male and female surface areas.

3.1.2.4 Event Time, Frequency, and Duration of
Exposure

Exhibit 3-2 summarizes the default exposure
values for both surface area and exposure duration,
presented as central tendency and RME. All the
central tendency values were obtained from the EFH,
while the RME values were derived as previoudy
presented. Recommended event duration values are
provided for a showering activity. Even though
children may be bathing for a longer duration, the
showering adult remains the most highly exposed
receptor.

32 ESTIMATION OF DERMAL
EXPOSURE TO CHEMICALS IN
SOIL

321 STANDARD EQUATION FOR

DERMAL CONTACT
CHEMICALSIN SOIL

WITH

The general guidance for evaluating dermal
absorption of compounds from soil is presented in
Risk Assessment Guidance for Superfund (RAGS,
U.S. EPA, 1989) and is expanded upon in the DEA.
This section briefly discusses the rationde and
updates specific parameters. The standard equation
for dermal contact with chemicas (Equation 3.11) is
the same as that in Section 3.1.1. (Equation 3.1).
Equation 3.12 provides DA, for soil contact.

3.2.2 EXPOSURE PARAMETERS
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EXHIBIT 3-2

RECOMMENDED DERMAL EXPOSURE VALUES FOR CENTRAL TENDENCY AND RME
RESIDENTIAL SCENARIOS - WATER CONTACT

Exposure Parameters Central Tendency Scenario RME Scenario
Showering/ Swimming Showering/ Swimming
Bathing Bathing

Concentration- C,, (mg/cm®) Site-specific Site-specific Site-specific Site-specific
Event frequency- EV 1 Site-specific 1 Site-specific
(events/day)
Exposure frequency- EF 350 Site-specific 350 Site-specific
(dayslyr)
Event duration- teyent Adult! Child? Adult Child Adult! Child? Adult Child
(hr/event)

0.25 0.33 Site-specific 0.58 1.0 Site-specific
Exposure duration- ED (yr) 9 6 9 6 30 6 30 6
Skin surface area- SA (cm?) 18,000 6,600 18,000 6,600 18,000 6,600 18,000 6,600
Dermal per meability Chemical-specific values Exhibits B-3 and B-4
coefficient-K, (cm/hr)

1 Adult showering scenario used as the basis for the chemical screening for the dermal pathway, as shown in Appendix B, Exhibits B-3 and
B-4. Event duration for adult exposure is based on showering data from the EFH (U.S. EPA, 19974).
2Event duration for child exposure is based on bathing datafrom the EFH (U.S. EPA, 1997a).

3.2.2.1 Skin Surface Area

The skin surface area parameter (SA)
describes the amount of <kin exposed to the
contaminated media. The amount of skin exposed
depends upon the exposure scenario. Clothing is
expected to limit the extent of the exposed surface
area in cases of soil contact. All SA estimates used
50" percentile values to correlate with average body
weights used for dl scenarios and pathways. This
was done to prevent inconsistent parameter
combinations since body weight and SA are dependent
variables. Body part-specific SAs were calculated for
adult (>18 vyears old) and child (<1 to <6 years old)
residents as described beow and documented in

Appendix C.

Adult resident. The adult resident was assumed to
wear a short-sleeved shirt, shorts and shoes;
therefore, the exposed skin surface is limited to the
head, hands, forearms and lower legs. The
recommended SA exposed to contaminated soil for
the adult resident is 5700 cm? and is the average of
the 50" percentile for males and femaes greater than
18 years of age. Surface area data were taken from
EFH, Tables 6-2 (adult male) and 6-3 (adult female).
Exposed SA for the adult resident was calculated
using Equation 3.13, documented in Appendix C with
the assumption that the female adult forearm SA
was 45% of the arm SA (based on the adult male
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Adult commercial/industrial. The adult
commercial/industrial receptorpgﬁias assu to
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Dermal Absorbed Dose - Soil Contact

A short-sleeved shirplgpy panis 065" therefore
the exposed skin surface is limited to the hd2l hendd”
nd forearms.  The recommended SA exposed to
contammated s0il for the adult commercial/industrial
receth"or is 3300 cn? and is the average of the 50"
percentile for malgs ang Im&s greater than 18 years
Of 9B Surfagsuigan Bdal B AFRo g EFH,
Tablﬁ@,enﬁ -2= (ambtsoraw ebsepsl e (rhaptimht-cfemal €).

= Skin surface area available for contact (cm?)

EV =  Event frequency (events/day)
EF =  Exposure frequency (days/year)
ED =  Exposure duration (years)

BW = Body weight (kg)

AT =  Averaging time (days)

(3.12)

Default Vaue

Chemical-specific, see Equation 3.12

See Appendix C and Equations 3.13 to 3.16
See Exhibit 3-5

See Exhibit 3-5

See Exhibit 3-5

70 kg (adult), 15 kg (child)

noncarcinogenic effects AT = ED x 365 d/yr
carcinogenic effects AT =70 yr x 365 diyr

DA et (Mg/c?-event) is calculated as follows:

DA = C g x CF x AF x ABS,

SVent &

Dermal Absorbed Dose Per Event - Soil Contact

(3.12)

where:
Parameter Definition (units) Default Vaue
DA..: = Absorbed dose per event (mg/cm?-event) -
Cqil = Chemical concentration in soil (mg/kg) Site-specific
CF = Conversion factor (10 kg/mg) 10 kg/mg
AF = Adherence factor of soil to skin (mg/cm?-event) See Section 3.2.2.3 and Appendix C
(Referred to as contact ratein RAGS, Part A)
ABS, =  Dermal absorption fraction See Exhibit 3-4
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Surface Area Exposed for Adult Resident - Soil Contact
Exposed EA (Adult Resident) = B * BA s A Ay (3.13)

where:

Parameter Definition (units) Default Vaue

SA = Skin surface area available for contact (cm?) See Appendix C
receptor was caculated using Equation 3.14 and is Appendix C with the following assumptions: (1)
documented in Appendix C with the assumption that because of the lack of data for certain ages, the
the female adult forearm SA was 45% of the arm SA fraction of total SA was assumed to be equal to the
(based on the adult male forearm-to-arm SA ratio). next oldest age group that had data and (2) the

forearm-to-arm ratio (0.45) and lower leg-to-leg ratio
Exposed 8A (Adult CommercialIndustrial) = 54, , + BA, + 84, (3.14)
Surface Area Exposed for Adult Commer cial/lndustrial - Soil Contact

where:

Parameter Definition (units) Default Vaue

SA = Skin surface area available for contact (cm?) See Appendix C
Child. The child resident (<1 to <6 years old) was (0.4) are equivalent to those of an adult. These
assumed to wear a short-sleeved shirt and shorts (no assumptions introduce some uncertainty into the
shoes); therefore, the exposed skin is limited to the calculation, but are used in the absence of age-
head, hands, forearms, lower legs, and feet. The specific data
recommended SA exposed to contaminated soil for the
child resident is 2800 cm? and is the average of the While clothing scenarios described above for
50" percentile for males and females (<1 to <6 years the adult and child residents may not be appropriate
old). Body part-specific data for male and female for al regions, the climate in some areas would alow
children were taken from EFH, Table 6-8, as a a short-sleeved shirt and/or shorts to be worn
fraction of total body surface area Total body SAs throughout a majority of the year. In addition, in
for mae and female children were taken from EFH, some regions of the country, children may remain
Tables 6-6 (mae) and 6-7 (female), and used to barefoot throughout a major portion of the year.
calculate average maeffemale total SA (see Appendix These clothing scenarios were chosen to ensure
C). Exposed SA for the child resident was calculated, adequate protection for those receptors that may be
using Equations 3.15 and 3.16 and is documented in exposed in the warmer climates, with the realization
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that risks would likely be overestimated for some
seasons.

Given these results, the Workgroup
recommends that an activity which best represents all

Surface Area Exposed for Child Resident - Soil Contact

SA fraction, o +.S'Aadwn" - +...+S‘Am1q‘ -

Ration of Totad S,p 03 = i a L 6""‘ i <4 (3.15)
Expased 54 - (FTiA, M54, + (FTid, 54D + (FISA, Y58, + (FISA, . Mid >+ (FISA A, ) (3.16)
where:
Parameter Definition (units) Default Value

FTSA Fraction of total surface area for the specified See Appendix C

body part (cm?)

SA = Skin surface area available for contact (cm?) See Appendix C

At = Total skin surface available for contact (cm?) See Appendix C

(FTSA)(SA 1o1) = Surface area for body part "E" (cm?) -

For colder climates, the surface area may be
weighted for different seasons after coordination with
the project risk assessors. As some studies have
suggested that exposure can occur under clothing
(Maddy, etal, 1983), these clothing scenarios are not
considered to be overly conservative. Site-specific
conditions should be evaluated when selecting the
surface area.

3.2.2.2 Soil-to-Skin Adherence Factors

The adherence factor (AF) describes the
amount of soil that adheres to the skin per unit of
surface area. Recent data (Kissel et al., 1996; Kissdl
et al., 1998; and Holmes et al., 1999) provide evidence
to demonstrate that 1) soil properties influence
adherence, 2) soil adherence varies considerably
across different parts of the body; and 3) soil
adherence varies with activity.

soils, body parts, and activities be selected (U.S.
EPA, 1997a). Body part-weighted AFs can then be
caculated and used in estimating exposure via
dermal contact with soil based on assumed exposed
body parts. Given that soil adherence depends upon
the body part, an overall body part-weighted AF must
be calculated for each activity. The assumed clothing
scenario determines which body part-specific AFs
are used in calculating the 50" and 95" percentile
weighted AFs. The weighted AFs are used with the
relative absorption, exposure frequency and duration,
exposed surface area, body weight, and averaging
time to estimate the dermal absorbed dose. The
general equation used to calculate the weighted AF
for a particular activity is shown in Equation 3.17.

Adult resident. The adult resident (>18 years old)
was assumed to wear a short-sleeved shirt, shorts
and shoes; therefore, the exposed skin surface was
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SurfacSAracoVd garédergit echibelch eberenar fesiomer cial

where:
where: . .
Parameter Definition (units) Default Value
Pateter = Ef‘egmlt:c'neuacﬂr Of SOII 0 sk|n (mg/om® et'v:nt) Default Value
AAFF = Ac%era 8(:?8 f n (m&cmEar n} " SeA dix C
i - (QV erre(ﬁjo ascgﬁtaatﬁt rate |WQ3Q§ !ar %3: -event) pRendix
AF; =  Qveradl agdherence factor of soil to skin (meI See Appendix C
A, = Sklrt1)surface area avallable for contact body part See'Appendix C
2
SA, = SKin n}gce areaavailable for contact for body part See Appendix C
nEr(~2)

(B19)

limited to the face, hands, forearms and lower legs.
The weighted AFs for adult residentia activities (e.g.,
grounds keepers, landscapers, and gardeners) were
caculated using Equation 3.18 and are documented in
Appendix C. Note: This calculation differs from that
presented in Section 3.2.2.1 in the areas used for head
and face. In the total surface area calculation
presented earlier, the total head area was used. For
the soil-to-skin adherence factor, empirical
measurements were from the face only and the face
surface area was estimated to be a the total head
surface area.

Adult commercial/industrial. The adult
commercial/industrial receptor was assumed to wear
a short-sleeved shirt, long pants, and shoes.
Therefore, the exposed skin surface was limited to the
face, hands, and forearms. The weighted AFs for
adult commercia/industrial activities (e.g., grounds
keepers, landscapers, irrigation installers, gardeners,
construction workers, equipment operators, and utility
workers) were caculated using Equation 3.19, and
documented in Appendix C.

Child resident. The child resident (<1 to <6 years
old) was assumed to wear a short-sleeved shirt and
shorts (no shoes). Therefore, the exposed skin was
limited to face, hands, forearms, lower legs, and feet.
Weighted AFs for children in day care and “staged”
children playing in dry and wet soil activities were
calculated using Equation 3.20, and documented in
Appendix C.

A S
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noted in Appendix C, body part-specific AFs for both
child and adult receptors were not always available for
dl body parts assumed to be exposed. Weighted
adherence factors for receptors were caculated using
only those body parts for which AFs were available
because of the difficulty in trying to assign an AF for
one body part to another body part. For example, the
weighted AF for the children in day care was based on
the forearms, hands, lower legs, and feet (AFs for the
face were not available). However, the surface area
for dl exposed body parts was used in calculating the
dermal absorbed dose. For the day care child
example, the surface area used in estimating the DAD
included the whole head, forearms, hands, lower legs
and feet. Therefore, the body part that may not have
had AF data avalable was assumed, by default, to

activity from AF data which best represents the
exposure scenario of concern and using the
corresponding weighted AF in the dermal exposure
caculations (U.S. EPA, 19978). To make this
selection, activities with available AFs were
categorized as those in which a typical residentia
child, residential adult, and commercia/industrial adult
worker would be likely to engage (see Appendix C).
Within each receptor category, activities were ranked
in order from the activity with the lowest to highest
weighted AF (50" percentile) (Exhibit 3-3). The 50"
percentile weighted AF was used in ranking the
activities from those with the lowest to highest
weighted AFs, because the 50" percentile is a more
stable estimation of the true AF (i.e., it is not affected
as significantly by outliers as the 95" percentile).

Surface Area Weighted Soil Adherence Factor for Adult Resident
(2 10\
\\J. .I.U}
where:
“r, o - b
Waritd A7 = . ;
Parameter *Definition (units) : s aue (3-20)
vivEre: = Adherence factor of soil to skin (mg/cm?-event) (Referred -
to as contact rate in RAGS, Part A)
PAGmeter = %ﬁ“ﬂg{lpﬁgmfactor of soil to skin (mg/cm?-event) B8 ARPegiix ©
AF = Adherence factor of soil to skin (mg/cm?event) . - i
A = 9 SHHatS AeaALeRRI Y RSt g Pagy part 'k See Appendix C
2
AF, = all adherence factor of soil to skin (mg/cm?-event) See Appendix C
SA; = Skin surface area available for contact for body part See Appendix C
"B (cm?)

have the same amount of soil adhered as the weighted
AF.
3.2.2.3 Recommended Soil Adherence Factors

This section recommends default soil AFs for
the child resident, the adult resident, and the adult
commercial/industrial worker, and provides the basis
for the recommendations. EPA suggests selecting an

As with other contact rates (e.g., soil
ingestion), the recommended default vaue is a
conservative, hedth protective value. To maintain
consistency with this approach (i.e., recommending a
high-end of a mean), two options exist when
recommending default weighted AFs. (1) select a
central tendency (i.e., typical) soil contact activity and
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use the high-end weighted AF (i.e., 95" percentile) for
that activity; or (2) select a high-end (i.e., reasonable
but higher exposure) soil contact activity and use the
central tendency weighted AF (i.e., 50" percentile) for
that activity.

It is not recommended that a high-end soil
contact activity be used with a high-end weighted AF
for that activity, as this use would not be consistent
with the use of a reasonable maximum exposure
(RME) scenario. The use of these values also needs
to be evaluated when combining multiple exposure
pathways to insure that an overal RME is being
maintained.

Adult resident. Given that there were data available
for a wide variety of activities that an adult resident
may engage in, a high-end soil contact activity was
selected and the central tendency weighted AF (50"
percentile) was derived for that activity. In so doing,
the recommended weighted AF for an adult resident is
0.07 mg/cn?, and is based on the 50" percentile
weighted AF for gardeners (the activity determined to
represent a reasonable, high-end activity). The basis
for this recommendation is as follows: (1) although no
single activity would represent the activities an adult
resident engages in, a comparison of the gardener 50"
percentile weighted AF with the other residential-type
activities (Appendix C) shows that gardening
represents ahigh-end soil contact activity; (2) common
sense suggests that gardening represents a high-end
soil contact activity, whereas, determining which of the
other activities (i.e., grounds Kkeeping and
landscaping/rockery) would represent a reasonable,
central tendency (i.e., typical) soil contact activity
would be difficult; and (3) selecting the central
tendency weighted AF (i.e., 50" percentile) of a high-
end soil contact activity is consistent with an RME for
contact rates.

Child resident (<1 to <6 years old). Avalable data
on soil AFs for children were limited to children (1-6%2
years old) playing indoors and outdoors (3.5-4 hours)
at a day care center (reviewed in U.S. EPA, 1997a)

and children (8-12 years old) playing for 20 minutes
with an assortment of toys and implements in a
preconstructed 8'x8' soil bed (i.e., “staged” activity)
containing dry or wet soil (see Kissel et al., 1998, and
Appendix C). Therefore, it was not possible to
identify a reasonable worst-case soil contact activity
as was done for the adult resident. As such, both of
the following approaches were used in determining
the appropriate weighted AF for children: (1)
selecting a central tendency (i.e., typical) soil contact
activity using the high-end weighted AF (i.e, 95"
percentile) for that activity; and, (2) selecting a high-
end soil contact activity using the central tendency
weighted AF (i.e.,, 50" percentile) for that activity.
The recommended weighted AF for a child resident
(<1 to <6 years old) is 0.2 mg/cn? and is based on the
95" percentile weighted AF for children playing at a
day care center (central tendency soil contact
activity) or the 50" percentile for children playing in
wet soil (high-end soil contact activity).
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EXHIBIT 3-3

ACTIVITY SPECIFIC-SURFACE AREA WEIGHTED SOIL ADHERENCE FACTORS

Exposure Scenario Weighted Soil Adherence Factor (mg/cm?)
Age
(years) Geometric Mean 95" Per centile
CHILDREN!
Indoor Children 1-13 0.01 0.06
Daycare Children (playing indoors and outdoors) 1-6.5 0.04 0.3
Children Playing (dry soil) 812 0.04 04
Children Playing (wet sail) 812 0.2 33
Children-in-Mud® 9-14 21 231

RESIDENTIAL ADULTS?

Grounds keepers >18 0.01 0.06
L andscaper/Rockery >18 0.04 0.2
Gardeners >16 0.07 0.3

COMMERCIAL/INDUSTRIAL ADULTS®

Grounds keepers >18 0.02 0.1
L andscaper/Rockery >18 0.04 0.2
Staged Activity: Pipe Layers (dry soil) >15 0.07 0.2
Irrigation Installers >18 0.08 0.3
Gardeners >16 0.1 05
Construction Workers >18 0.1 0.3
Heavy Equipment Operators >18 0.2 0.7
Utility Workers >18 0.2 0.9
Staged Activity: Pipe Layers (wet soil) >15 0.6 13

MISCELLANEOUSACTIVITIES*

Soccer Players #1 (teens, moist conditions) 13-15 0.04 0.3
Farmers >20 0.1 0.4
Rugby Players >21 0.1 0.6
Archeologists >19 0.3 05
Reed Gatherers >22 0.3 27

Soccer Players#2 (adults) >18 0.01 0.08
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EXHIBIT 3-3

ACTIVITY SPECIFIC-SURFACE AREA WEIGHTED SOIL ADHERENCE FACTORS (continued)

1 Weighted AF based on exposure to face, forearms, hands, lower legs, & feet.
2 Weighted AF based on exposure to face, forearms, hands, & lower legs.
3 We ghted AF based on exposure to face, forearms, & hands.
Note: thisresultsin different weighted AFsfor similar activities between residential and commercial/industrial exposure
scenarios.
“Weighted AF based on all body parts for which data were available.
SInformation on soil adherence values for the Children-in-mud scenario is provided to illustrate the range of values for this type of
activity. However, the application of these data to the dermal dose equationsin this guidance may result in a significant overestimation
of dermal risk. Therefore, it is recommended that the 95th percentile AF values not be used in a quantitative dermal risk assessment.
See Exhibit C-4 for bounding estimates.

soil for the full duration of the activity; and (2) the
children played in wet soil, which is known to have

Children playing a a day cae center higher AFs than dry soil, for the duration of the
represent a central tendency (i.e., typical) activity activity. The 50" percentile weighted AF for children
given that: (1) the children played both indoors and playing in wet soil is a central tendency estimate of a
outdoors; (2) the clothing worn was not controlled (i.e., high-end soil contact activity.
some subjects wore long pants, long-deeve shirts,
and/or shoes); and (3) soil conditions were not Use of the 95" percentile weighted AF for
controlled (e.g., other soil types, moisture content, etc., children playing at a day care center (0.3 mg/cn¥) or
could result in higher AFs). The 95" percentile the 50" percentile for children playing in wet soil (0.2
weighted AF for children playing at the day care mg/cn¥) as a recommended weighted AF for a child
center is a known, reasonable, “real-life” activity that resident (<1 to <6 years old) is consistent with
represents the magjority of the population, given that recommending a high-end of a mean for contact
children 1 to 6 years old are either in day care or at rates.
home and are likdy engaging in activities similar to
those at the day care center, and represents a high-end While this value (0.2 mg/cn?) is at the lower
of atypica activity. end of the range of soil adherence factors reported

in DEA and based on Lepow et al. (1975) and Rods

The “staged” activity of children playing in et al. (1980) studies, those studies were not designed
wet soil for 20 minutes under controlled conditions to study soil adherence and only alowed calculation
(i.e., al subjects were clothed similarly, the duration of of soil adherence to hands. In addition, the central-
soil contact was controlled, and the soil properties tendency adherence factor of 0.2 mg/cn? estimated
were characterized) is a high-end soil contact activity here is based on soil adherence studies for dl of the
because: (1) the children were in direct contact with rlevant body parts (i.e., head, hands, forearms,
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lower-legs, and feet). Kissd et al. (1998) reports soil
adherence factors for children’s hands of 0.5-3
mg/cn? (median of 1 mg/cn?) for relatively moist soil,
which is comparable to the range of vaues previoudy
reported for soil adherence to children’shands (0.5-1.5
mg/cn?; U.S. EPA, 19974). Exhibit C-2 contains data
used to calculate the central tendency and high end
AFsfor children.

Commercial/industrial adult worker. Given that
there were data available for a wide variety of
activities that a commercial/industrial adult worker
may engage in, a high-end soil contact activity was
selected and the central tendency weighted AF (50"
percentile) derived for that activity. In so doing, the
recommended weighted AF for a
commercial/industrial adult worker is 0.2 mg/cn? and
is based on the 50" percentile weighted AF for utility
workers (the activity determined to represent a high-
end contact activity). The bases for this
recommendation are as follows: (1) athough no single
activity would be representative of activities a
commercial/ industrial adult worker engages in, a
comparison of the utility worker 50" percentile
weighted AF with other commercial/industria-type
activities (Exhibit 3-3) shows that the utility worker
represents a high-end soil contact activity (i.e., grounds
keepers, landscaper/rockery, irrigation installers,
gardeners, construction workers); (2) acombination of
common sense and data on the weighted AFs supports
the assumption that utility worker activities represent
a high-end soil contact activity, whereas, determining
which of other measured activities might represent a
reasonable, central tendency (i.e., typica) soil contact
activity would be difficult; and (3) selecting the central
tendency weighted AF (i.e., 50" percentile) of a high-
end soil contact activity is consistent with a RME for
contact rates.

Recreational. No specific default values are being
recommended for a recreational scenario since many
site-specific concerns will impact the choice of
exposure variables, such as, climate, geography,
location, and land-use.  The risk assessors, in
consultation with the project team, should reach

consensus on the need to evaluate this scenario and
the inputs before incorporating this into the risk
assessment. The EFH should be consulted to obtain
appropriate exposure estimates.

3.2.2.4 Dermal Absorption Fraction from Soil
DEA (Chapter 6) presents a methodology for

evaluating dermal absorption of soil-borne
contaminants. In that document, ORD reviewed the
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available experimental data for dermal absorption from
contaminated soil and presented recommendations for
three compounds/classes. Recommendations were
presented as ranges to account for uncertainty which
may arise from different soil types, loading rates,
chemica concentrations, and other conditions. In
RAGS Part E, selection of a single value is based on
recommended ORD ranges to simplify the screening
risk calculation. In addition, recommended values for
other compounds according to review of literature and
default values for classes of compounds are provided.
For tetrachlorodibenzo-p-dioxin (TCDD), sufficient
data allow specific recommendations based on organic
content of the soil.

Vdues in Exhibit 3-4 have been determined to
be applicable, using the Superfund default human
exposure assumptions, and are average absorption
values. Other vaues will be added to this list as
results of further research become available.
However, as an interim method, dermal exposure to
other compounds should be treated quditatively in the
uncertainty section or quantitatively using default
vaues after presenting the relevant studies to the
regiona risk assessors so that absorption factors can
be agreed upon on a site-specific basis before the start
of the risk assessment. Particular attention should be
given to dermally active compounds, such as
benzo(a)pyrene, and they should be addressed fully as
to their elevated risk by this route of exposure.

This guidance provides a default dermal
absorption fraction for semivolatile organic compounds
(SVOCs) of 10% as a screening method for the
majority of SVOCs without derma absorption
fractions. This fraction is suggested because the
experimental values in Exhibit 3-4 are considered
representative of the chemical class for screening
evauations. If these are used quantitatively, they
represent another uncertainty that should be presented
and discussed in the risk assessment. There are no
default dermal absorption values presented for volatile
organic compounds nor inorganic classes of
compounds. The rationale for this is that in the
considered soil exposure scenarios, volatile organic

compounds would tend to be volatilized from the soil
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EXHIBIT 34

RECOMMENDED DERMAL ABSORPTION FRACTION FROM SOIL

Dermal Absorption

Compound Fraction (ABS,)* Reference
Arsenic 0.03 Wester, et al. (1993a)
Cadmium 0.001 Wester, et al. (1992a)

U.S. EPA (19923)
Chlordane 0.04 Wester, et al. (1992b)
2,4-Dichlorophenoxyacetic acid 0.05 Wester, et al. (1996)
DDT 0.03 Wester, et al. (1990)
TCDD and other dioxins 0.03 U.S. EPA (1992a)

-if soil organic content is >10% 0.001

Lindane 0.04 Duff and Kissel (1996)
Benzo(a)pyrene and other PAHs 0.13 Wester, et al. (1990)
Aroclors 1254/1242 and other PCBs 0.14 Wester, et al.(1993b)
Pentachlorophenol 0.25 Wester, et al. (1993c)
Semivolatile organic compounds 0.1 --

! The values presented are experimental mean values.

on skin and should be accounted for via inhalation
routes in the combined exposure pathway analysis.
For inorganics, the speciation of the compound is
critical to the dermal absorption and there are too little
data to extrapolate a reasonable default value.

Although Equation 3.12 implies that the ABS,
is independent of AF, this independence may not be
the case. Experimental evidence suggests that ABS,
may be a function of AF (Duff and Kissel, 1996 and
Yang, 1989). Specificaly, ABS, has been observed
to increase as the AF decreases below the quantity of
soil necessary to completely cover the skin in a thin
layer of soil particles, which is discussed in the DEA as
the mono-layer concept. This mono-layer will vary

according to physical characteristics of the applied
0il, e.g., particle size. Most significantly, nearly al
experimental determinations of ABS; have been
conducted at loading rates larger than required to
completely cover the skin, while the recommended
default values for AF for both adult and children are
at or less than that required to establish a mono-layer.
The absolute effect of soil loading on these
parameters is not sufficiently understood to warrant
adjustment of the experimentally determined values.
Consequently, actual ABS; could be larger than
experimentally determined and the effect of this
uncertainty should be appropriately presented in the
risk assessment.

Equation 3.12 includes no explicit effect of
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exposure time, which also adds to the uncertainty and
consequently assumes exposure time is the same asin
the experimental study that measured ABS, For
vaues presented, the exposure time per event is 24
hours. Site-specific exposure scenarios should not
adjust ABS; per event but rather adjust the exposure
frequency (EF) and exposure duration (ED) to account
for site conditions.

A discussion of theoretical models that
estimate DA, on the basis of a soil permeability
coefficient rather than ABS, is presented in DEA. The
permeability coefficient approach offers some
advantages in that the partitioning coefficient from soil
should remain constant over a wider range of
conditions, such as the amount of soil on the skin and
the concentration of the contaminant in the soil.
However, as soil partitioning procedures are not well
developed, the Workgroup recommends that the
absorbed fraction per event procedures presented in
this guidance be used to assess dermal uptake for soil.

3.2.25 Age-adjusted Dermal Factor

An age-adjusted dermal exposure factor
(SFS,;) is used when dermal exposure is expected
throughout childhood and into adult years. This
accounts for changes in surface area, body weight and
adherence factors over an extended period of time.
The use of SFS,; incorporates body weight, surface
area, exposure duration and adherence factor
parameters from the risk equation. To calculate
SFS,;, assumptions recommended above for the child
(age 0-6 years) and adult (age 7-30 years) were
caculated using data from the EFH and the
methodology described for the residential child. The
recommended age-adjusted dermal factor is calculated
using Equation 3.21.

3.2.2.6 Event Time, Exposure Frequency, and
Duration

This guidance assumes one event per day; that
during this event, a percentage of a chemical is
absorbed systemically; and that exposure time is the

same as in the experimental study that measured
ABS, (i.e., 24 hours), as recommended in Exhibit 3-4.

Limited data suggest that absorption of a
chemical from soil depends on time. However,
information is insufficient to determine whether that
absorption is linear, sublinear or suprainear with time.
Whether these assumptions would result in an over-
or underestimate of exposure and risk is unclear. Site-
specific exposure scenarios should not scale the
dermal absorption factor of the event time. The
exposure frequency for the RME is referenced from
RAGS, Part A (U.S. EPA, 1989) but may be adjusted
to reflect site-specific conditions.

The recommended central tendency and
RME vaues for exposure duration (Exhibit 3-5) are
referenced from RAGS Part A (U.S. EPA, 1989),
but may be adjusted to reflect site-specific conditions.

33 ESTIMATION OF DERMAL

EXPOSURES TO CHEMICALS IN
SEDIMENT

Exposures to sediment will differ from
exposures to soil due to potential differences in the
chemical and physical properties between the two
media and differing conditions under which these
types of exposures occur. Since studies of dermal
exposure to sediments are limited, it is recommended
that the same risk assessment approach described in
this document for soil exposures be used for
sediments, with the following considerations:

C Sediment samples must be located in areasin
which individuds are likdy to come into
direct contact with the sediments. For
wading and swimming, this includes areas
which are near shore and in which sediments
are exposed at some time during the year.
Sediments which are consistently covered by
considerable amounts of water are likely to
wash off before the individua reaches the
shore.
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Age-Adjusted Dermal Exposur e Factor

—_ (84, JUF, JED, o) (E4; o)) AF; 3 )(ED, )

“ (B, o

('BW1-31>

. (2800cm )(0.2mglem?-even)(Gyr) | (5700cm *)(0.07mglem? - event)(24yr)

(3.21)

&FE
d (15kg) (7okg)
SFS oy = 360 mg-yrs/kg-event
where:
Parameter Definition (units) Default Vaue

SFSy = Age-adjusted dermal exposure factor -
(mg-yrgdkg-events)

AF. = Adherence factor of soil to skin for achild 0.2 (EFH, 1997a)
(1 - 6 years) (mg/cm?-event) (Referred to as contact
ratein RAGS, Part A)

AF,, = Adherence factor of soil to skin for an adult 0.07 (EFH, 1997a)
(7 - 31 years) (mg/cm?-event) (Referred to as
contact rate in RAGS, Part A)

SAls =  Skin surface area available for contact during ages 1 2,800
-6 (cmd)

SA,s =  Skinsurface areaavailable for contact during ages 7 5,700
- 31 (cm?)

ED,¢ =  Exposure duration during ages 1 - 6 (years) 6

ED,5 =  Exposureduration during ages7 - 31 (years) 24

BW,s = AverageBody weight during ages1 - 6 (kg) 15

BW,5; = AverageBody weight during ages7 - 31 (kg) 70

Since data are generdly reported in dry
weight, the impact of moisture content in the
in situ sample (i.e., wet weight) on exposure
and uptake should be considered and
discussed in the Uncertainty Section. The
greater the moisture content of a sediment
sample, the greater the difference in dry vs.
wet  weight contaminant concentration.
Mesasures of sediment adherence reflect wet
weight, therefore dose estimations utilizing

sediment concentration recorded in dry
weight will serve to over-estimate risk in
direct proportion to the moisture content of
the sediment sample.

When applying standard equations for
DA, (EQ. 3.12) and DAD (Eg. 3.11) to
sediment scenarios, assumptions about
surface area exposed, frequency, and
duration of exposure will depend on site-
specific conditions.

Revison No. 1

3-24

September 2001



Review Draft — For Public Comment

The amount of chemical absorbed from
sediment is dependent on a number of
chemical, physical and biological factors. The
relative importance of some of these factors
on absorption may differ between soils and
sediments. Until more information becomes
available, the same dermal absorption fraction
for soils (Exhibit 3-4) should be applied to
sediments. The uncertainties associated with
this approach should be discussed in the
Uncertainty Section of the risk assessment.

soil adherence for the same activity in wet
and dry soil. The increased moisture content
may aso affect the relative percent
absorbed.

In addition, assumptions about soil loading (or
adherence) will affect absorption estimates
For example, as soil loading increases, the
fraction absorbed will be constant until a
critical level is reached a which the skin

EXHIBIT 3-5

RECOMMENDED DERMAL EXPOSURE VALUES FOR CENTRAL TENDENCY AND
RME RESIDENTIAL AND INDUSTRIAL SCENARIOS - SOIL CONTACT

Exposur e Parameters Central Tendency RME Scenario
Residential Industrial Residential Industrial

Concentration- Cg;, (mg/kg) site-specific values
Event frequency (events/day) 1 1 1 1
Exposure frequency (days/yr) site-specific 219 350 250
Exposure duration (yr) 9 9 30 25
Skin surface area Adult 5,700 3,300 5,700 3,300
()

Child 2,800 2,800
Soil adherence factor Adult 0.01 0.02 0.07 0.2
(mg/em?)

Child 0.04 - 0.2
Dermal absorption fraction chemical-specific values (Exhibit 3-4)

—: does not apply
. The adherence factor is perhaps, the most

surface is uniformly covered by soil (defined
as the mono-layer) (Duff and Kissel, 1996).
The soil loading a which a mono-layer exists
is dependent on gran sze It is

uncertain parameter to estimate for sediment
exposures. Increasing moisture content will
increase the ability of sediments and soils to
adhere to skin, as demonstrated by comparing
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recommended that the value chosen
for adherence be consistent with the
activity and surface area assumptions
as well as the mono-layer concept.
Exhibit C-4 presents upper bound
estimates caculated for the Soil
Conservation Service classifications
using mean particle diameters and a
simplified packing modd. These
vaues can be used as bounding
estimates in constructing site-specific
exposure parameters. The impact of
the adherence factor assumptions on
absorption should be discussed in the
Uncertainty Section.
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CHAPTER 4

TOXICITY ASSESSMENT

PRINCIPLES OF ROUTE-TO-ROUTE
EXTRAPOLATION

4.1

Dermal contact with contaminants can result
in direct toxicity at the site of application and/or
contribute to systemic toxicity via percutaneous
absorption. The issue of direct toxicity is addressed in
Section 4.4. Idedlly, a route-specific (i.e., dermal)
toxicity factor would not only consider portal-of-entry
effects (i.e., direct toxicity) but would aso provide
dosimetry information on the dose-response
relationship for systemic effects via percutaneous
absorption.

In the absence of dermal toxicity factors, EPA
has devised a simplified paradigm for making route-to-
route (oral-to-dermal) extrapolations for systemic
effects. This process is outlined in Appendix A of
RAGSHHEM (U.S. EPA, 1989). Primarily, it
accounts for the fact that most oral reference doses
(RfDs) and slope factors are expressed as the amount
of substance administered per unit time and body
weight, whereas exposure estimates for the dermal
pathway are expressed as absorbed dose. The
process utilizes the dose-response relationship obtained
from ora administration studies and makes an
adjustment for absorption efficiency to represent the
toxicity factor in terms of absorbed dose.

This approach is subject to a number of
factors that might compromise the applicability of an
oral toxicity factor for dermal exposure assessment.
The estimation of oral absorption efficiency, to adjust
the toxicity factor from administered to absorbed dose,
introduces uncertainty. Part of this uncertainty relates
to distinctions between the terms “absorption” and
“bicavailability.” Typically, the term absorption refers
to the “disappearance of chemica from the
gastrointestinal lumen,” while oral biocavailability is
defined as the “rate and amount of chemical that
reaches the systemic circulation unchanged.” That is,
bioavailahility accounts for both absorption and pre-

systemic  metabolism. Although pre-systemic
metabolism includes both gut wal and liver
metabolism, for the most part it is liver metabolism or
liver “first pass’ effect that plays the major role.

In the absence of metabolic activation or
detoxification, toxicity adjustment should be based on
bioavailability rather than absorption because the
dermal pathway purports to estimate the amount of
parent compound entering the systemic circulation.
Metabolism in the gut wal and skin can serve to
complicate this otherwise simplified adjustment
process. Smple adjustment of the ora toxicity factor,
based on oral absorption efficiency, does not account
for metabolic by-products that might occur in the gut
wall but not the skin, or conversely in the skin, but not
the gut wall.

More importantly the oral administered dose
experiences the liver “first pass’ effect. The efficiency
of “first pass’ metabolism and whether this is an
activating or detoxifying process determines the nature
of the impact this effect has on route-to-route
extrapolations. One example is a compound that
exhibits poor ora systemic bioavailability due to a
prominent “first pass’ effect which creates a highly
toxic metabolite. The adjusted dermal toxicity factor
may overestimate the true dose-response relationship
because it would be based upon the amount of parent
compound in the systemic circulation rather than on
the toxic metabolite.  Additionaly, percutaneous
absorption may not generate the toxic metabolite to the
same rate and extent as the gastrointestinal route.

Toxicity is a function of contaminant
concentration at critical sites-of-action. Absorption
rate, as well as extent of absorption, determines
contaminant concentration a a site-of-action.
Differences in the anatomic barriers of the
gastrointestinal tract and the skin can affect rate as
well as the extent of absorption; therefore, the route of
exposure may have significant dose-rate effects at the
site-of -action.
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42 ADJUSTMENT OF TOXICITY
FACTORS

Methodologies for evauaing percutaneous
absorption, as described in DEA give rise to an
estimation of absorbed dose.  However, Integrated
Risk Information System (IRIS)-verified indices of
toxicity (e.g., RfDs, dope factors) are typicaly based
on administered dose. Therefore, to characterize risk
from the dermal exposure pathway, adjustment of the
oral toxicity factor to represent an absorbed rather
than administered dose is necessary. This adjustment
accounts for the absorption efficiency in the “critical
study,” which forms the basis of the RfD. For
example, in the case where oral absorption in the
critical study is essentially complete (i.e., 100%), the
absorbed dose is equivalent to the administered dose,
and therefore no toxicity adjustment is necessary.
When gastrointestinal absorption of a chemical in the
critical study is poor (e.g., 1%), the absorbed dose is
much smaller than the administered dose; thus, toxicity
factors based on absorbed dose should be adjusted to
account for the difference in the absorbed dose
relative to the administered dose.

In effect, the magnitude of toxicity factor
adjustment is inversely proportional to the absorption
fraction in the critical study. That is, when absorption
efficiency in the critical study is high, the absorbed
dose approaches the administered dose resulting in
little difference in a toxicity factor derived from either
the absorbed or administered dose. As absorption
efficiency in the criticd study decreases, the
difference between the absorbed dose and
administered dose increases. At some point, a toxicity
factor based on absorbed rather than administered
dose should account for this difference in dose. In
practice, an adjustment in oral toxicity factor (to
account for “absorbed dose” in the dermal exposure
pathway) is recommended when the following
conditions are met: (1) the toxicity value derived from
the critical study is based on an administered dose
(e.g., delivery in diet or by gavage) in its study design;
(2) a scientifically defensible database demonstrates
that the gastrointestinal (Gl) absorption of the chemical
in question, from a medium (e.g., water, feed) smilar
to the one employed in the critical study, is significantly
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less than 100% (e.g., <50%). A cutoff of 50% Gl
absorption is recommended to reflect the intrinsic
variahility in the analysis of absorption studies. Thus,
this cutoff level obviates the need to make
comparatively small adjustments in the toxicity value
that would otherwise impart on the process a level of
accuracy that is not supported by the scientific
literature.

If these conditions are not met, a default value
of complete (i.e., 100%) oral absorption may be
assumed, thereby eliminating the need for oral toxicity-
vaue adjustment. The Uncertainty Analysis could
note that employing the oral absorption default value
may result in underestimating risk, the magnitude of
which being inversely proportional to the true oral
absorption of the chemical in question.

The recommended Gl absorption vaues
(ABS,) for those compounds with chemical-specific
dermal absorption factors from soil are presented in
Exhibit 4-1. For those organic chemicals that do not
appear on the table, the recommendation is to assume
a 100% ABS, vaue, based on review of literature,
indicating that organic chemicals are generaly well
absorbed (>50%) across the Gl tract. Absorption data
for inorganics are also provided in Exhibit 4-1,
indicating a wide range of absorption values for
inorganics. Despite the wide range of absorption
vaues for inorganics, the recommendation is to
assume a 100% ABSg, value for inorganics that do not
appear in this table. This assumption may contribute
to an underestimation of risk for those inorganics that
are actualy poorly absorbed. The extent of this
underestimation is inversely proportional to the actua
Gl absorption. These criteria are recommended for
the adjustment of toxicity values for the assessment of
both soil and water contact.

Equation 4.1 indicates that as the ABS;, value
decreases, the greater is the contribution of the
dermal pathway to overal risk relative to the ingestion
pathway. Therefore, the ABS, can greatly influence
the comparative importance of the dermal pathway in
arisk assessment.

43 CALCULATION OF ABSORBED

TOXICITY VALUES

Once the criteria for adjustment have been
met and a specific ABS, value has been identified, a
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Dermal Risk

Impact of Oral Absorption Efficiency on the Ratio of Dermal to I ngestion Risk

where:
Parameter Definition (units)
ABS; =  Fraction of contaminant absorbed in

gastrointestinal tract (dimensionless) in the
critical toxicity study

Tngestion Risk ~ ABSg

(4.2)

Default Value
Chemical-specific, see Exhibit 4-1 and
Appendix B

toxicity factor that reflects the absorbed dose can be
calculated from the oral toxicity values as presented in
Equations 4.2 and 4.3.

The RfD,gs and SF,gs should be used in the
calculation of dermal risk, as described in Chapter 5.

44  DIRECT TOXICITY

The discussion in Section 4.2 on toxicity factor
adjustment is based on the evaluation of chronic
systemic effects resulting from Gl absorption.
Chapter 3 of this document provides amethodology for
estimating a systemically absorbed dose secondary to
dermal contact with chemicals in water and soil.

However, dermal contact with a chemica may aso
result in direct dermal toxicity, such as allergic contact
dermatitis, urticarial reactions, chemical irritation, and
skin cancer. EPA recognizes that the dose-response
relationship for the portal-of-entry effects in the skin
are likdy to be independent of any associated systemic
toxicity exhibited by a particular chemical. However,
at this time, chemical specific dermal toxicity factors
are not avalable.  Therefore, this dermal risk
assessment guidance does not address potential dermal
toxicity associated with direct contact. The dermal
risk assessment methodology in this guidance may be
revised to incorporate additiona information on portal-
of-entry effects as it becomes available.

SF 3 =
where:
Parameter Definition (units)
SFass = Absorbed slope factor
SFo =  Oral slopefactor (mg/kg-day)*
ABS; =  Fraction of contaminant absorbed in

gastrointestinal tract (dimensionless) in the
critical toxicity study.

Derivation of Cancer Slope Factor based on Absorbed Dose

(4.2)

Default Value
Chemical-specific, See Exhibit 4-1
Chemical-specific
Chemical-specific, see Exhibit 4-1 and
Appendix B
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Derivation of Reference Dose based on Absorbed Dose

RDp = RD, x ABS,, (4.3)

where:
Parameter Definition (units) Default Value
RfDags =  Absorbed reference dose (mg/kg-day) Chemical-specific, see Exhibit 4-1
RfDg = Reference dose oral (mg/kg-day) Chemical-specific
ABS; =  Fraction of contaminant absorbed in Chemical-specific, see Exhibit 4-1 and
gastrointestinal tract (dimensionless) in the Appendix B
4-5 September 2001
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EXHIBIT 4-1

SUMMARY OF GASTROINTESTINAL ABSORPTION EFFICIENCIESAND RECOMMENDATIONS FOR ADJUSTMENT

OF TOXICITY FACTORS FOR SPECIFIC COMPOUNDS

Gl Absorption IRIS Critical Toxicity Study Adjust?
Ref Species Dosing Regimen % Absorbed Species Dosing Toxicity
ABSg, Regimen Factor
Organics
Chlordane Ewing, 1985 Rats assume aqueous 80% Mice diet SF No
Ohno, 1986 gavage ) ) )
Mice inhalation RfD
2,4- Knopp, 1992 Rats assume aqueous >90% Rats diet RfD No
Dichlorophenoxyacetic Pelletier, 1989 gavage
acid (2,4-D)
DDT Keller, 1980 Rats vegetable il 70-90% Rats dissolved in RfD No
oil, mixed
with diet

Pentachlorophenol Korte, 1978 Rats diet 76% Rats diet RfD No

Meerman, 1983 Rats water 100%
Polychlorinated Albro, 1972 Rats squaene 96% Rats diet SF No
biphenyls (PCBs) .

Muhlebach, 1981 Rats emulsion 80%
Tanabe, 1981 Rats corn oil 81%
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EXHIBIT 4-1

SUMMARY OF GASTROINTESTINAL ABSORPTION EFFICIENCIESAND RECOMMENDATIONS FOR ADJUSTMENT
OF TOXICITY FACTORS FOR SPECIFIC COMPOUNDS (continued)

Gl Absorption IRIS Critical Toxicity Study Adjust?
Compound R _ _ _ . . -
Ref Species Dosing Regimen % Absorbed Species Dosing Toxicity
ABSg, Regimen Factor

Polycyclic aromatic Chang, 1943 Rats starch solution 58% Mice diet SF No
hydrocarbons(PAHS) i

Hecht, 1979 Rats diet 89%
TCDD Fries, 1975 Rats diet 50-60% No

] i under review

Piper, 1973 Rats diet 70%

Rose, 1976 Rats corn oil 70-83%
Other Dioxing/ ATSDR, 1994a multiple studies >50% under review No
Dibenzofurans
All other organic multiple references generdly multiple studies RfD or No
compounds >50% SF

Inorganics
Antimony Waitz, 1965 Rats water 15% Rat water RfD Yes
Arsenic (arsenite) Bettley, 1975 Human | assume aqueous 95% Human water SF No
Barium Cuddihy and Griffith, Dog water 7% Human water RfD Yes
1972

Taylor, 1962
Beryllium Reeves, 1965 Rats water 0.7% Rat water RfD Yes
Cadmium IRIS, 1999 Human diet 2.5% Human diet and RfD Yes

water
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EXHIBIT 4-1

SUMMARY OF GASTROINTESTINAL ABSORPTION EFFICIENCIESAND RECOMMENDATIONS FOR ADJUSTMENT
OF TOXICITY FACTORS FOR SPECIFIC COMPOUNDS (continued)

Gl Absorption IRIS Critical Toxicity Study Adjust?
Ref Species Dosing Regimen % Absorbed Species Dosing Toxicity
ABSg, Regimen Factor
Human water 5% Yes
Chromium (I11) Donaldson and Rats diet/water 1.3% Rat diet RfD Yes
Barreras, 1996
Keim, 1987
Chromium (V1) Donaldson and Rats water 2.5% Rat water RfD Yes
Barreras, 1996
MacKenzie, 1959
Sayato, 1980
Cyanate Farooqui and Ahmed, Rats assume aqueous >47% Rat diet RfD No
1982
Manganese Davidsson, 1989 Human diet/water 4% Human diet/water RfD Yes
IRIS, 1999
Ruoff, 1995
Mercuric chloride IRIS, 1999 Rats water 7% Rat ora gavage RfD Yes
(other soluble salts) in water;
2X lweek
Insoluble or metalic ATSDR, 1994b Human acute inhaation 74-80% Human Inhalation RfC No
mercury of Hg vapor
Methyl mercury Aberg, 1969 Human agueous 95% Human diet RfD No
Nickel Elakhovskaya, 1972 Human diet/water 4% Rat diet RfD Yes
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EXHIBIT 4-1

SUMMARY OF GASTROINTESTINAL ABSORPTION EFFICIENCIESAND RECOMMENDATIONS FOR ADJUSTMENT
OF TOXICITY FACTORS FOR SPECIFIC COMPOUNDS (continued)

Gl Absorption IRIS Critical Toxicity Study Adjugt?
Ref Species Dosing Regimen % Absorbed Species Dosing Toxicity
ABSg, Regimen Factor
Selenium Y oung, 1982 Human diet 30-80% Human diet RfD No
Silver Furchner, 1968 Dogs agueous 4% Human i.v. dose RfD Yes
IRIS, 1999 (based on
estimated
ora dose)
Thalium Lie, 1960 Rats agueous 100% Rat water RfD No
gavage
Vanadium Conklin, 1982 Rats gavage 2.6% Rat diet as V,0O. RfD Yes
Zinc ATSDR, 199%4c Human diet highly Human diet RfD No
vaigble supplement

! Literature references are listed here by first author. Complete citations are provided in Reference Section.
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CHAPTER 5

RISK CHARACTERIZATION

51 QUANTITATIVE RISK EVALUATION dermal pathway are based on induction of systemic
toxicity and carcinogenesis, as they are for the oral

511 RISK CALCULATIONS and the inhalation routes of exposure. Therefore, the
estimate of total risk for exposure to either soil or

In contrast to caculation of average lifetime water contaminants is based on the summation of

dose for the oral and inhalation routes of exposure individual risks for the oral, the inhalation, and the

which is based on an administered dose, the evaluation dermal routes.
of exposure for the dermal route is based on an
estimated absorbed dose, or dermal absorbed dose 52  UNCERTAINTY ASSESSMENT
(DAD). The DAD term is calculated separately for
the water and soil pathways, as described in Chapter The importance of adequately characterizing
3. In Chapter 4, the oral toxicity values are adjusted uncertainty in the risk assessment is emphasized in
according to the estimated extent of gastrointestinal several U.S. EPA documents (U.S. EPA, 1992b; U.S.
absorption in critical toxicity studies. Once the DAD EPA, 1995a; U.S. EPA, 1997a; U.S. EPA, 1997b).
and the adjusted toxicity values have been derived, the EPA’s 1995 Palicy for Risk Characterization calls for
cancer risk and hazard index for the dermal route are greater clarity, transparency, reasonableness and
calculated using Equations 5.1 and 5.2. For evaluating consistency in Agency risk assessments. To ensure
the risk, the age-adjusted child/adult receptor is the transparency and clarity, the Workgroup recommends
most sensitive receptor for cancer endpoints. For non- that an assessment of the confidence, uncertainties,
cancer endpoints, the child is the most sensitive and influence of these uncertainties on the outcome of
receptor. the risk assessment be presented.
The steps involved in the dermal risk Several sources of uncertainty exist in the
assessment are summarized in Exhibit 5-1. recommended approach for estimating exposure and
risks from dermal contact with water and soil. Many
512 RISKS FOR ALL ROUTES OF of these uncertainties are identified in the DEA,
EXPOSURE Chapter 10. Exposure parameters with highly varigble
distributions are likey to have a greater impact on the
Endpoints for assessment of risk for the outcome of the risk assessment than those with lower

variability. Which exposure parameters will vary the

Calculation of Dermal Cancer Risk

Dermal cancer risk = DAD x SF . (5.1)
where:
Parameter Definition (units) Default Value
DAD = Dermal Absorbed Dose (mg/kg-day) See Equation 3.1 or Exhibit B-3 (water)
See Equations 3.11 and 3.12 (soil)
SFass = Absorbed cancer slope factor (mg/kg-day)™® See Equation 4.2
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Calculation of Dermal Hazard Quotient
R bAD
Dermal hazwrd guotiont = ———— (5.2)
ABY
where:
Parameter Definition (units) Default Value
DAD = Dermal Absorbed Dose (mg/kg-day) See Equation 3.1 or Exhibit B.3 (water)
See Equations 3.11 and 3.12 (soil)
RfD,gs =  Absorbed reference dose (mg/kg-day) See Equation 4.3
EXHIBIT 5-1
SUMMARY OF DERMAL RISK ASSESSMENT PROCESS
Risk Assessment Process Cancer Risk Hazard Index
Hazard ID Section 2 Section 2
Exposure Water Dose Soil Dose Water Dose Soil Dose
Assessment Child or Adult
Section 3.1, Section 3.2, Section 3.1, Section 3.2,
Equations 3.1-3.4 Equations 3.11/3.12 | Equations Equations 3.11/3.12
3.1-34

Age-adjusted Section 3.2.2.5, Section 3.2.2.5,

Child/Adult See Note Equation 3.21 See Note Equation 3.21

SFS apj
Toxicity Assessment Section 4, SF,gg Equation 4.2 Section 4, RfD,gs, Equation 4.3
Risk Characterization Section 5.1, Equation 5.1 Section 5.1, Equation 5.2

DAD X SFpgs DAD/RfD pgg
Uncertainty Analysis Section 5.2

Note: The calculations used in devel oping the screening tablesin Appendix B (Exhibits B-3 and B-4) for the water pathway determined that
the adult receptor experiencesthe highest dermal dose. Therefore, the adult exposure scenario is recommended for screening
purposes. However, if an age-adjusted exposure scenario for the dermal routeis selected to be consistent with methods for

determining therisk of other routes of exposure (e.g. ora), sample calculations are provided in Appendix D asguidance.

most will depend on the receptor, (i.e., residentia adult,

commercial adult, adolescent trespasser) and chemical
evaluated. For the dermal-soil pathway, the adherence
factor and the value used to represent the
concentration in soil are likdy to be sendtive variables
regardless of the receptor. For the dermal-water
pathway, the K, and the value used to represent the

concentration in water are likdy to be sensitive
variables.

A detailed analysis of the uncertainty
associated with every exposure model and exposure
variable presented in this guidance is not possible due
to insufficient data. RAGS Part E recommends that a
quditative evauation of key exposure variables and
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models, and their impact on the outcome of the
assessment, be conducted when the database does not
support a quantitative Uncertainty Anaysis. Below is
a discussion of key uncertainty issues associated with
the recommended approach for derma risk
assessments in this guidance. Exhibit 5-2 summarizes

which contribute 10% or more of the dose that is
achieved through the drinking water pathway.
Although this is a reasonable assumption for exposure
assessments in which the drinking water pathway is
evaluated, this may result in a dight underestimate of
the overdl exposure and risk. In addition, the selection

EXHIBIT 5-2
SUMMARY OF UNCERTAINTIESASSOCIATED WITH DERMAL EXPOSURE
ASSESSMENT

Exposur e Factor High Medium L ow
COPC selection for dermal-water pathway X
C,, - exposure point concentration site-specific, data-dependent
C, - ionization state X
Event duration for showering (tq. ) X
K, X
C, - exposure point concentration site-specific, data-dependent
Event time for dermal-soil pathway X
Surface area (SA) - dermal-soil pathway X
Exposure frequency (EF) X
Adherence Factor (AF) X
Default dermal-soil absorption values and lack of X
absorption values for other compounds (ABS, )
Lack of dermal slope factor for cPAHs and other X
compounds
Lack of info on GI absorption (ABS,) X

the degree of uncertainty associated with the dermal
exposure assessment.
5.2.1 HAZARD IDENTIFICATION

Uncertainty is associated with the assumption
that the only chemicals of concern in the risk
assessment for the dermal-water pathway are those

of chemicals of concern for the dermal-soil pathway is
limited by the availahility of dermal absorption values
for soil. If soil derma absorption values are not
available, a chemica may be dropped out of the
guantitative evauation of risk, which could potentialy
result in an underestimate of risk. The recommended
default screening value of 10% for semivolatile organic
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chemicals should limit the degree of underestimation
associated with this step of the dermal risk assessment

approach.

5.2.2 EXPOSURE ASSESSMENT

5.2.2.1 Dermal Exposure to Water -
Uncertainties Associatedwith the M odel
for DA

When evaluating uncertainties, it is important
to keep in mind that the model used to estimate
exposure can contribute significantly to uncertainty.
Uncertainty in model predictions arises from a number
of sources, including specification of the problem,
formulation of the conceptual modd, interpretation, and
documentation of the results. Although some attempts
have been made to vdidate the model for DA,
utilized in this document, a greater effort and more
formal process will be necessary before a more
accurate assessment of the sources of uncertainty
associated with the model can occur. A detailed
discussion of the model for DA, its validation and
remaining uncertainties is presented in Appendix A,
Sections A.1.4 and A.3.

Concentration in water (C,). Thevdueusedfor C,
in the equation for DA, IS dependent on severd
factors, including the method for estimating the
exposure point concentration (EPC) (e.g., 95% upper
confidence limit of the mean [95%UCL], a maximum
concentration, etc.); and the physico-chemical
characteristics of the water-borne chemicals. The
Superfund program advocates the use of the 95%UCL
in estimating exposure to contaminants in
environmental media This policy is based on the
assumption that individuals are randomly exposed to
chemicals in soil, water, sediment, etc., in a given
exposure area and that the arithmetic mean best
represents this exposure.  To develop a conservative
estimate of the mean, a 95% UCL is adopted.
However, when data are insufficient to estimate the
95%UCL, any vaue used for C, (whether it be a
95%UCL, maximum value or arithmetic mean) is likely

to contribute significantly to the uncertainty in
estimates of the DA, - The degree to which the
value chosen for the EPC contributes to an over- or
under-estimate of exposure depends on the
representativeness of existing data and the estimator
used to represent the EPC.

The biocavailability of a chemical in water is
dependent on the ionization state of that chemical, with
the non-ionized forms more readily avalable than the
ionized forms. To be most accurate in estimating the
dermally absorbed dose, the DA, should be equal to
the sum of the DA, values for the non-ionized and
ionized species (see Section 3.1.2.2). For most
Superfund risk assessments, however, the DA, iS
most likey to be based on a C, which is derived
directly from alaboratory report. The value presented
in alaboratory report represents the total concentration
of ionized and non-ionized species and thus does not
provide the information necessary to calculate
separate DA, vaues for ionized and non-ionized
groups. A dight overestimate of exposure for organic
chemicals of low molecular weight is likely to occur if
the equations presented in Section 3.1.2.1 are not
utilized.

Another factor affecting bioavailability of
chemicals in water is the aqueous solubility of the
chemical and adsorption to particulate materid.
Although filtration of water samples in the field has
been used to reduce turbidity and estimate the soluble
fraction of chemicals in water, the use of data from
filtered samples is not recommended for either
ingestion or dermal exposure assessments. Therefore,
data from unfiltered samples should be used as the
basis for estimating the chemical concentration (C,)
for caculating the dermal dose. The use of data from
unfiltered samples may tend to overestimate the
concentration of chemical that is availde for
absorption, the extent of the overestimate determined
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by the magnitude of the difference between the
filtered and unfiltered sample.  However, water
sample collection methods should be employed that
minimize turbidity, rather than relying on sample
filtration.  The impact of this health-protective
assumption can be discussed in the Uncertainty
Andysis.

In addition, since the concentration of some
compounds in water decreases greatly during
showering, the impact of volatilization should be
considered when estimating G, for the dermal-water
pathway. The exposure andysis for the inhalation
pathway should account for compounds which
volatilize.

Exposure Time. The recommended default
assumptions for exposure time in showering/bathing
scenarios are 15 minutes for the central tendency
scenario and 35 minutes for the RME scenario. This
is consistent with the recommended 50" and 95"
percentiles for showering presented in EPA’s EFH.
If a showering/bathing scenario exceeded 35 minutes
(the recommended central tendency and RME
exposure parameters for bathing time are 20 and 60
minutes, respectively), the default assumption for
exposure time might result in a dight underestimate of
risk. The degree of underestimation is dependent on
the actual showering time.

Permeability coefficients (K ). Permeability
coefficients have been identified as major parameters
contributing uncertainty to the assessment of dermal
exposure for contaminants in aqueous media (DEA).
Two maor groups of uncertainties can be identified.
The Flynn database, upon which the predictive K
correlation is derived, includes in vitro data for
approximately 90 compounds. The log K,,, and MW
of these compounds and the experiments designed to
measure their K, values introduce some measures of
uncertainty into the correlation coefficients. Using this
correlation to predict K, introduces severa other
uncertainties. Accuracy of K, (whether measured or
estimated) would affect both the correlation coefficient
of Equation 3.8 and the predicted K, of specific

chemicals.  Different interlaboratory experimenta
conditions (e.g., skin sample characteristics,
temperature, flow-through or datic diffusion cells,
concentration of chemicals in solution) influence the
vaue of the resulting measured K, included in the
Flynn database.

Since the variability between the predicted and
measured K, vaues is no greater than the variability in
interlaboratory replicated measurements, this guidance
recommends the use of predicted K, for dl organic
chemicals. This approach will ensure consistency
between Agency risk assessments in estimating the
dermally absorbed dose from water exposures. The
Flynn database contains mostly smaller hydrocarbons
and pharmaceutical drugs which might bear little
resemblance to the typica compounds detected at
Superfund sites.  Predicting K, from this correlation
is uncertain for highly lipophilic and halogenated
chemicals with log K, and MW which are very high
or low as compared to compounds in the Flynn
database, as well as for those chemicals which are
partidly or completely ionized. Alternative approaches
are recommended for the highly lipophilic and
halogenated chemicals, which attempt to reduce the
uncertainty in their predicted K, values.

Another major source of uncertainty comes
from the use of K, obtained from in vitro studies to
estimate (in vivo) dermal exposure at Superfund sites.
Ths could introduce further uncertainty in the use of
estimated K, in the assessment of exposure and risk
from the dermal-water pathway.

5.2.2.2 Dermal Exposure to Soil

Concentration in soil (Cg). The Superfund
program advocates the use of the 95% UCL in
estimating exposure to contaminants in environmental
media. This policy is based on the assumption that
individuals are randomly exposed to chemicals in soil,
water, sediment, etc., in a given exposure area and
that the arithmetic mean best represents this exposure.
To develop a conservative estimate of the mean, a
95% UCL is adopted. However, when there are
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insufficient data to estimate the 95% UCL, any vaue
used for C; (whether it be a 95% UCL, maximum
value or arithmetic mean) is likely to contribute
dgnificantly to the uncertainty in estimates of the
DA,.: - The degree to which the value chosen for
the EPC contributes to an over- or under-estimate of
the exposure is dependent on the representativeness of
the existing data and the estimator used to represent

the EPC.

Event time (EV). In order to be consistent with
assumptions about absorption, the equation for DAD
presented in this guidance assumes (by default) that
the event timeis 24 hours, (i.e., that no washing occurs
and the soil remains on the skin for 24 hours). This
assumption probably overestimates the actual exposure
time for most site-specific exposure scenarios and is
likdy to result in an overestimate of exposure. The
degree to which exposure could be overestimated is
difficult to determine without information on absorption
rates for each chemical.

Surface area and frequency of exposure. Default
adherence values recommended in this guidance are
weighted by the surface area exposed and are based
on the assumption that adults will be wearing short
sleeved shirts, shorts and shoes and that a child will be
wearing a short-sleeved shirt, shorts and no shoes.
This may not match the year-round exposure scenario
assumed to exist at every site. For instance, thereis a
four-fold difference between the surface area exposed
for a residential adult based on the default assumption
of clothing worn versus an assumption that an adult is
wearing a long-sleeved shirt, and long pants. There is
also a four-fold difference between the surface area
exposed of a residential child based on the default
assumption of clothing worn versus an assumption that
a child is wearing a long-sleeved shirt, long pants,
shoes and socks. The value chosen for surface area
can introduce a moderate degree of uncertainty into
exposure and risk estimates. Risk assessors may need
to adjust defaults depending upon site conditions such
as climate and activity patterns.

The vaue chosen for frequency can also
introduce moderate amounts of uncertainty into

exposure and risk assessment estimates. For instance,
it is assumed that a resident comes into contact with
residential soils 350 days/yr. If the actual frequency is
sgnificantly less (for instance one day per week,
equivaent to 52 daysl/yr), a sevenffold difference
occurs, which directly impacts exposure and risk
estimates.

Adherence factors. Although RAGS Part E provides
dermal adherence factors for several different types of
receptors, the conditions at a particular site may not
match the conditions in the study upon which the
default dermal adherence factor is based, (i.e., specific
activity, clothing worn, soil type, soil moisture content,
exposure duration, etc). For example, Kissd, et al.
(1996), has found that finer particles adhere
preferentialy to the hands unless soils are greater than
10% moisture. Some studies have found that soil
particles greater than 250 microns do not adhere
readily to skin. Thus the soil type, including moisture
content, can affect the adherence of soil. In addition,
the specific activity which occurs in the site-specific
exposure scenario may not directly match the activities
for which adherence factors are available in this
guidance. All of these factors can introduce significant
uncertainties into the exposure assessment. Each of
these factors should be carefully evaluated in each risk
assessment conducted for the dermal pathway.

Dermal-soil absorption factors. The amount of
chemical absorbed from soil is dependent on a number
of chemical, physical and biological factors of both the
soil and the receptor. Examples of factors in soil
which can influence the amount of chemical that is
available to be absorbed include; soil type, organic
carbon content, cation exchange capacity, particle size,
temperature, pH, etc. For example, increasing particle
size has been found to correspond with decreased
absorption across the skin for some chemicals.
Chemical factors which can affect absorption include
lipid solubility, chemical speciation, aging of the
chemical, etc. Physical factors which can impact
absorption include soil loading rate, surface area
exposed to soil, soil contact time and soil adherence.
For example, fraction absorbed from soil is dependent
on the soil loading. In genera, as the soil loading
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increases, the fraction absorbed should be constant,
until one gets above a critical level at which the skin
surface is uniformly covered by soil (i.e., the mono-
layer). Since nearly al existing experimental
determinations of fraction absorbed have been
conducted above the mono-layer, the actual fraction
absorbed could be larger than experimentdly
determined.  Biological factors which can affect
absorption include diffusivity of skin, skin blood flow,
age of the receptor, etc. The exact relationship of al
of these factors to dermal absorption is not known.
Thus, there is uncertainty in the default dermal
absorption factors.  This discussion should be
presented in the risk assessment, but until more is
understood quantitatively about this effect, adjustment
of the dermal-soil absorption factors is not warranted.

Default Dermal Absorption Values for
Semivolatile Organic Chemicals. This guidance
identifies a default dermal absorption value of 10% for
semivolatile organic compounds as a class. This
suggested value is based on the assumption that the
observed experimental values presented in Exhibit 3-4
are representative of al semivolatile organic
compounds for which measured dermal-soil absorption
vaues do not exist. Chemicals within classes vary
widely in structure and chemical properties. The use
of default dermal absorption values based on chemical
class can introduce uncertainties into the risk
assessment which can ether over- or under-estimate
the risk.

L ack of dermal-soil absorption values. The ability
to quantify the absorption of contaminants from
exposure to soil is limited. Chemical-specific
information is available for only a few chemicals. For
most chemicals, no data are available, so dermal
exposures have not been quantified. This lack of data
results in the potential underestimation of total
exposure and risk. The degree of the underestimation
is dependent on the chemical being evaluated.

5.2.3 TOXICITY ASSESSMENT

Oral reference dosesand slope factors for dermal
exposures. Quantitative toxicity estimates for dermal
exposures have not been developed by EPA.
Therefore, oral reference doses and oral cancer
potency factors are used to assess systemic toxicity
from dermal exposures. The dermal route of exposure
can result in different patterns of distribution,
metabolism, and excretion than occur from the ora
route. When oral toxicity values for systemic effects
are applied to dermal exposures, uncertainty in the risk
assessment is introduced because these differences
are not taken into account. Since any differences
between oral and dermal pathways would depend on
the specific chemica, use of oral toxicity factors can
result in the over- or underestimation of risk, depending
on the chemical. It is not possible to make a genera
statement about the direction or magnitude of this
uncertainty.

Lack of a dermal slope factor for polynuclear
aromatic hydrocarbons (PAHs) and other
chemicals. This guidance focuses on the expected
systemic effects of dermal exposure from chemicals
in soil and water. EPA does not have recommended
toxicity vaues for the adverse effects that can occur
at the skin surface. Thislack of dermal toxicity values
is considered to be a significant gap in the evaluation
of the dermal pathway, particularly for carcinogenic
PAHs. The statement in RAGS claiming that “it is
inappropriate to use the oral slope factor to evaluate
the risks associated with exposure to carcinogens such
as benzo(a)pyrene, which causes skin cancer through
direct action at the point of application” should not be
interpreted to mean that the systemic effects from
exposure to dermally active chemicals should not be
evaluated. In fact, there is a significant body of
evidence in the literature to generate a dose-response
relationship for the carcinogenic effects of PAHs on
the skin. In addition, PAHs have adso been shown to
induce systemic toxicity and tumors at distant organs.
For these reasons, the lack of dermal toxicity vaues
may significantly underestimate the risk to exposure to
PAHs and potentidly other compounds in soil. Until
dermal dose-response factors are developed, EPA
recommends that a quantitative evaluation be
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conducted for systemic effects of PAHs and other
compounds and that a quaitative evaluation be
conducted for the carcinogenic effects of PAHs and
other compounds on the skin.

5.2.4 RISK CHARACTERIZATION

Lack of information for Gl absorption. Oneissue
in the dermal-soil risk assessment approach presented
in this guidance is how would the route comparison
(i.e., ora to dermal) change if the Gl tract absorption
fraction were much less than the assumed 100%. As
discussed in Chapter 10 of the DEA, cancer dope
factors are intended to be used with administered
dose. Since dermal doses are absorbed, it is necessary

to convert the SF to an absorbed basis which can be
done in an approximate way by dividing it by the Gl
tract absorption fraction. When ABSg is high,
adjustment of the SF to an absorbed dose is not as
important and the earlier conclusions for when the
dermal dose exceeds the ingested dose do not change.
However, when ABS;, is low, the adjustment of the
SF to an absorbed dose can substantially increase the
importance of the dermal route relative to the ingestion
route and it is important to consider. In the absence of
information on gastrointestinal absorption, the risk
characterization for the dermal pathway has used
unadjusted reference doses and dlope factors. This
may result in underestimation of risk for dermal
exposures to both soil and water.
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6.1

CHAPTER 6

CONCLUSIONSRECOMMENDATIONS

SUMMARY

The following summary presents the major

points made in each chapter of this guidance;

Hazard I dentification

For the dermal-water pathway, only those
chemicals which contribute to more than 10% of
the dose from the oral (drinking water) pathway
should be considered important enough to carry
through the risk assessment.

For the dermal-soil pathway, the limited availability
of dermal absorption values is expected to result in
a limited number of inorganic contaminants being
considered in a quantitative risk assessment. An
important decision for the risk assessor is whether
the default value of 10% dermal absorption from
soil, for dl organic compounds without specific
absorption values, is to be applied to a quantitative
risk assessment.

Exposur e Assessment

C

Since the K, parameter has been identified as one
of themajor parameters contributing to uncertainty
in the assessment of dermal exposures to
contaminants in aqueous media, it isimportant that
risk assessments be consistent when estimating
this parameter. Since the variability between the
predicted and measured K vaues is no greater
than the variability in inter-laboratory replicated
measurements, this guidance recommends the use
of predicted K, vaues (Appendices A and B)
based on the equations in Chapter 3. However,
there are some chemicals (Exhibit A-1) that fal
outside the Effective Prediction Domain for
determining K, particularly those with a high
molecular weight and high K, vaues. To
address these chemicals, a fraction absorbed (FA)

term is applied to account for the loss of chemical
due to the desquamation of the outer skin layer
and a corresponding reduction in the absorbed
dermal dose. For halogenated chemicals, Equation
3.8 could underestimate K, due to the lower ratio
of molar volume related to molecular weight for
these halogenated compounds as compared to
those included in the Flynn database. A new K,
correlation based on molar volume and log K,
will be explored.

This guidance presents recommended default
exposure values for al variables for the dermal-
water and dermal-soil pathways in Exhibits 3-2
and 3-5, respectively.

For dermal-water exposures, the entire skin
surface area is assumed to be avalable for
exposure when bathing and swimming occurs.
The assessor should note that a wading scenario
may result in less surface area exposed. For
dermal-soil exposures, clothing is expected to limit
the extent of exposed surface area.  For the adult
resident, the total default surface area includes the
head, hands, forearms and lower legs. For a
residential child the default surface areas include
the head, hands, forearms, lower legs and feet.
For an adult commercia/industrial worker, the
total default surface area includes the head, hands
and forearms.

During typical exposure scenarios, more soil is
dermaly contacted than is ingested. The default
soil adherence factor (AF) for RME adult
residentia activities (0.07mg/cn?) is based on the
central tendency vaue for a high-end soil contact
activity (e.g., a gardener). The default AF value
for aRME child resident (0.2 mg/cn¥) is based on
both the high end estimate for an average soil
contact activity (i.e., children playing in dry soil)
and the central tendency AF estimates for a high-
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end soil contact-intensive activity (i.e., children
playing in wet soil). The default AF value for a
commercial/ industrial adult worker (0.2mg/cne )
is based on the central tendency estimate for a
high-end soil contact activity (i.e., utility worker).

The contribution of dermal absorption of chemicals
from soils to the systemic dose is estimated to be
more significant than direct ingestion for those
chemicals which have a soil absorption fraction
exceeding about 10%.

Dermal-soil absorption values for ten compounds
are provided in this guidance. Screening
absorption values are provided for semi-voldile
organic compounds as a class. No screening
values are provided for inorganic compounds, due
to the lack of sufficient data on which to base an
appropriate default screening level for inorganics
other than arsenic and cadmium. As new
information on dermal absorption from soil
becomes available, this guidance will be updated.

Toxicity Assessment

C

6.2 EXPOSURES NOT

Before estimating risk from dermal exposures, the
toxicity factor should be adjusted so that it is based
on an absorbed dose. Adjustments of the toxicity
factor are only necessary when the Gl absorption
of a chemical from a medium similar to the one
employed in the critical study is sgnificantly less
than 100% (i.e.,, 50%). Recommended Gl
absorption values are presented in Exhibit 4-1.

INCLUDED IN

CURRENT DERMAL GUIDANCE

This guidance does not explicitly recommend
exposure parameters for contact with
contaminated sediment. This exclusion is due to
the high degree of variability in sediment
adherence and duration of sediment contact with
the skin. However, information is included in the
guidance document that would allow a risk
assessor to assess sediment exposure on a
site-specific basis.

This guidance does not specificaly address dermal
toxicity, either acute or chronic. The dermal dose
derived with this methodology provides an
estimate of the contribution of the dermal pathway
to the systemic dose. The exclusion of dermal
toxicity should be considered an uncertainty issue
that could underestimate the total risk.

Current studies suggest that dermal exposure may
be expected to contribute no more than 10% to the
total body burden of those chemicals present in the
vapor phase. Therefore, this guidance does not
include a method for assessing dermal absorption
of chemicals in the vapor phase, with the
assumption that inhaaion will be the maor
exposure route for vapors. An exception may be
workers wearing respiratory protection but not
chemical protective clothing.

The methodology described in this guidance does
not cover the exposure associated with dermal
contact with contaminated surfaces.

RECOMMENDATIONS

The Superfund Derma Workgroup will be
avaldble for consultation on dermal risk
assessment issues. It is recommended that the
Workgroup be consulted before dermal absorption
values other than those listed in Exhibit 3-4 or in
Appendix B are used in quantitative risk
assessments. In the future, risk assessors are
encouraged to provide the Workgroup with new
information regarding chemical-specific studies of
dermal absorption from soil, or water, as well as
any other exposure factors for the dermal
pathway.

Areas where additional research would provide
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much needed information for addressing the
dermal exposure pathway include: 1)
quantification of dermal absorption from soil
(percent absorbed) for high priority compounds,
including inorganic compounds, using both in vivo
and in vitro techniques, 2) determination of the
effect of soil type/size on bioavailahility of soil-
bound compounds, and 3) methods for assessing
risks associated with direct dermal toxicity of
chemical exposures.

A Peer Consultation Workshop on Issues
Associated with Derma Exposure and Uptake
was held December 10-11, 1998. The Workshop
was sponsored by the EPA Risk Assessment
Forum . A report summarizing the proceedings
and recommendations of the Workshop can be

obtained from the Risk Assessment Forum Web
site (http://www.epa.gov/ncea/raf /rafrprts.htm).

Many of the Workshop recommendations for
immediate action were incorporated into this
guidance document. EPA is considering the
development of a dermal database to be located
on the EPA Web ste that would provide
information on chemico-physical properties, soil
absorption and permeability coefficients of specific
chemicals and information on dermal exposure
parameters. Additional long-term
recommendations, particularly the development of
a unified model for assessing derma exposure
from multiple media (e.g., water and soil), will be
considered for future research initiatives.
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DISCLAIMER

This document provides guidance to EPA Regions concerning how the Agency intends to exercise its
discretion in implementing one aspect of the CERCLA remedy selection process. The guidance is designed to
implement national policy on these issues.

Some of the statutory provisions described in this document contain legally binding requirements.
However, this document does not substitute for those provisions or regulations, nor isit aregulation itself. Thus, it
cannot impose legally-binding requirements on EPA, States, or the regulated community, and may not apply to a
particular situation based upon the circumstances. Any decisions regarding a particular remedy selection decision
will be made based on the statute and regulations, and EPA decisionmakers retain the discretion to adopt
approaches on a case-by-case basis that differ from this guidance where appropriate. EPA may change this
guidance in the future.
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WHATIT IS

FOR WHOM

WHAT IS
NEW

PEER

REVIEW

DISTRIBU-
TION PLAN

ABOUT THISDOCUMENT

This document is Interim Supplemental Guidance (Part E) to the Risk Assessment Guidance
for Superfund, Volume |: Human Health Evaluation Manual (RAGS). This document
incorporates and updates the principles of the EPA interim report, Dermal Exposure
Assessment: Principles and Applications (DEA) (U.S. EPA, 1992a), released by the Office
of Health and Environmental Assessment (OHEA), in the Office of Research and
Development (ORD), in January 1992. RAGS Part E is intended to provide a consistent
methodology for assessing the dermal pathway for Superfund human health risk assessments
and supersedes any previous dermal risk assessment guidance.

This guidance document is for risk assessors, risk assessment reviewers, remedial project
managers (RPMs), and risk managers involved in Superfund site investigations and human
health risk assessments.

RAGS Part E updates or expands the following elements in dermal risk
assessment methodol ogy:

S updated dermal exposure assessment equations for the water pathway

S updated table for screening contaminants of potential concern (COPCs) from
contaminants in water

S specific dermal absorption from soil values for ten chemicals and recommended
defaults for screening other organic compounds

S updated soil adherence values based on receptor activities

S updated dermal exposure parameters that are consistent with the Exposure Factors
Handbook (U.S. EPA, 19973)

S an expanded Uncertainty Analysis section that discusses and compares the
contribution of specific components to the overall uncertainty in a dermal risk
assessment.

This guidance document has been reviewed by internal EPA peer review (May 1997),
external
peer review (January 1998), and followup external peer review (January 2000). In addition,
specific technical recommendations were provided by a Peer Consultation Workshop organized
by the Risk Assessment Forum (December 1998).

This guidance document is being released as an interim document designated as RAGS Part E.
This release accompanies a Federa Register Notice requesting public comment and soliciting
additional data. Specific information and data tables within this document are available on the
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EPA WebPage:

http://imww.epa.gov/superfund/programs/risk/ragse/index.htm
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ABOUT THIS DOCUM ENT (continued)

WHERE TO Senior Process Manager for Risk

SEND RAGS Part E

COMMENTS U.S. Environmental Protection Agency
Office of Emergency and Remedia Response
Ariel Rios Building (5202G)
1200 Pennsylvania Avenue, NW
Washington, DC 20460
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PREFACE

This guidance is the fifth part (Part E) in the series Risk Assessment Guidance for Superfund: Volume
| - Human Health Evaluation Manual (RAGS/HHEM) (U.S. EPA, 1989). Part A of this guidance describes
how to conduct a site-specific baseline risk assessment. Part B provides guidance for calculating risk-based
concentrations that may be used, along with applicable or relevant and appropriate requirements (ARARS) and
other information, to develop preliminary remediation goals (PRGs) during project scoping. PRGs and final
remediation levels can be used throughout the analyses in Part C to assist in evaluating the human health risks of
remedia alternatives. Part D complements the guidance provided in Parts A, B and C and presents approaches
to standardizing risk assessment planning, reporting and review. Part E is intended to provide a consistent
methodology for assessing the dermal pathway for Superfund human health risk assessments. It incorporates and
updates principles of the EPA interim report, Dermal Exposure Assessment: Principles and Applications (U.S.
EPA, 19923).

Severa appendices are included in this guidance to support the summary calculations presented in the
main body of the document (Appendix A), to provide physical constants for specific chemicals (Appendix B), and
to provide tables for screening chemicals for the pathway (Appendix C). Appendix D provides sample
calculations.
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ACRONYMSABBREVIATIONS

Acronym/
Abbreviation Definition
a b, c Correlation coefficients which have been fitted to the Flynn’s data to give Equation 3.8
ABS Dermal absorption from soil
ABS, Fraction of contaminant absorbed dermally (dimensionless)
ABS,, Fraction of contaminant absorbed in gastrointestinal tract (dimensionless)
AF Adherence factor of soil to skin (mg/cn?-event)
ARARs Applicable or Relevant and Appropriate Requirements
AT Averaging time (days)
Constant specific for the medium through which diffusion is occurring
B Dimensionless ratio of the permeability coefficient of a compound through the stratum
corneum relative to its permeability coefficient across the viable epidermis (dimensionless)
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
BW Body weight (kg)
CF Conversion factor (10° kg/mg)
CcoC Contaminant of Concern
COPC Contaminant of Potential Concern
cPAH Carcinogenic polynuclear aromatic hydrocarbons
Cai Chemical concentration in soil (mg/kg)
Cut Total concentration of chemical in the agueous solution (mg/l)
C, Concentration of the non-ionized species (mg/l)
C., Chemical concentration in water (mg/cnr)
DA, e Absorbed dose per event (mg/cn-event)
DAD Dermal absorbed dose (mg/kg-day)
. Effective diffusivity of the absorbing chemical in the epidermis (cré/hr)
o Diffusivity of a hypothetical molecule with a molecular volume (MV) = 0 (cné/hr)
< Effective diffusion coefficient of the chemical through the stratum corneum
DEA Derma Exposure Assessment: Principles and Applications (U.S. EPA, 1992a)
ED Exposure duration (years)
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EF Exposure frequency (days/year)
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ACRONYMSABBREVIATIONS (continued)

Acronym/
Abbreviation Definition
EFH Exposure Factors Handbook (U.S. EPA, 1997a)
EPA U. S. Environmental Protection Agency
EPC Exposure point concentration
EPD Effective Prediction Domain
EV Event frequency (events/day)
FA Fraction absorbed water (dimensionless)
FTSA Fraction of total surface area for the specified body part
Gl Gastrointestinal
GSD Geometric standard deviation
HHEM Human Heslth Evaluation Manual
IR Water ingestion rate (liters/day)
Kew Equilibrium partition coefficient between the epidermis and water for the absorbing chemical
(dimensionless)
Kow Octanol/water partition coefficient (dimensionless)
K, Dermal permesbility coefficient of compound in water (cm/hr)
Ko msa Measured dermal permeability coefficient of compound in water (cm/hr)
Ko pred Predicted dermal permeability coefficient of compound in water (cm/hr)
Kove Steady-state permeability coefficient through the viable epidermis (ve) (cm/hr)
Ko Equilibrium partition coefficient between the stratum corneum and water (chemical specific
dimensionless)
L. Effective thickness of the epidermis (cm)
o Apparent thickness of stratum corneum (cm)
MV Molar volume (cm¥mole)
MW Molecular weight (g/mole)
IRIS Integrated Risk Information System
NCEA National Center for Environmental Assessment
OERR Office of Emergency and Remedial Response
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OHEA Office of Health and Environmental A ssessment
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ACRONYMSABBREVIATIONS (continued)

Acronym/
Abbreviation Definition
ORD Office of Research and Development
OSWER Office of Solid Waste and Emergency Response
Praticie Particle density (g/cnT)
PAH Polynuclear aromatic hydrocarbon
PCBs Polychlorinated biphenyls
pK, Chemical specific ionization constant
PRG Preliminary Remediation Goals
RAGS Risk Assessment Guidance for Superfund (U.S. EPA, 1989)
RfD Reference dose
RfD,. Absorbed reference dose (mg/kg-day)
RfD, Reference dose oral (mg/kg-day)
RME Reasonable maximum exposure
SA Skin surface area available for contact (cn¥)
SC Stratum corneum
SCS Soil Conservation Service
SEE Standard error of the estimator
SF Slope factor
SF s Absorbed slope factor (mg/kg-day)*
SF, Oral dope factor (mg/kg-day)*
Sk, Dermal cancer slope factor (mg/kg-day)*
SFS,; Age-adjusted dermal exposure factor (mg-yrs/kg-event)
SVOCs Semivolatile organic compounds
TCDD Tetrachlorodibenzo-p-dioxin
Jevent Lag time per event (hr/event)
t Time to reach steady-state (hr)
tovent Event duration (hr/event)
THQ Target Hazard Quotient (non-cancer)
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TRL Target Risk Level (cancer)
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ACRONYMS/ABBREVIATIONS (continued)

Acronym/
Abbreviation Definition
te. Turnover time for the stratum corneum (days)
95% CL 95% confidence level
95% LCL 95% lower confidence level
95% UCL 95% upper confidence level
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