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Foreword

As the largest organ of the body, the skin performs multiple critical functions, such as
serving as the primary barrier to the external environment. For this reason, the skin is
often exposed to potentially hazardous agents, including chemicals, which may contribute
to the onset of a spectrum of adverse health effects ranging from localized damage (e.g.,
irritant contact dermatitis and corrosion) to induction of immune-mediated responses
(e.g., allergic contact dermatitis and pulmonary responses), or systemic toxicity (e.g.,
neurotoxicity and hepatoxicity). Understanding the hazards related to skin contact with
chemicals is a critical component of modern occupational safety and health programs.

In 2009, the National Institute for Occupational Safety and Health (NIOSH) pub-
lished Current Intelligence Bulletin (CIB) 61: A Strategy for Assigning New NIOSH Skin
Notations [NIOSH 2009-147]. This document provides the scientific rationale and
framework for the assignment of multiple hazard-specific skin notations (SK) that
clearly distinguish between the systemic effects, direct (localized) effects, and immune-
mediated responses caused by skin contact with chemicals. The key step within assign-
ment of the hazard-specific SK is the determination of a substance’s hazard potential, or
its potential for causing adverse health effects as a result of skin exposure. This determi-
nation entails a health hazard identification process that involves use of the following:

* Scientific data on the physicochemical properties of a chemical
* Data on human exposures and health effects
* Empirical data from in vivo and in vitro laboratory testing

* Computational techniques, including predictive algorithms and mathematical
models that describe a selected process (e.g., skin permeation) by means of ana-
lytical or numerical methods.

This Skin Notation Profile provides the SK assignment and supportive data for p-
phenylene diamine (PPD; CAS No. 106-50-3). In particular, this document evaluates
and summarizes the literature describing the substance’s hazard potential and its assess-
ment according to the scientific rationale and framework outlined in CIB 61. In meet-
ing this objective, this Skin Notation Profile intends to inform the audience—mostly
occupational health practitioners, researchers, policy- and decision-makers, employers,
and workers in potentially hazardous workplaces—so that improved risk-management
practices may be developed to better protect workers from the risks of skin contact with
the chemical of interest.

John Howard, M.D.

Director, National Institute for
Occupational Safety and Health

Centers for Disease Control and Prevention
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Abbreviations

ACGIH
CIB
cm?

cm/hr
DEREK™
DIR

EC
GHS
GPMT
IARC
(IRR)

aq

Koo

I<-psc
LDs,

LDLO
].Og KOW

mg
mg/kg
mg/kg/day

mg/m?

mlL/kg
MW
NIOSH
NOAEL
NTP
OEL
OSHA
PPD
REL

RF

American Conference of Governmental Industrial Hygienists
Current Intelligence Bulletin

squared centimeter(s)

centimeter(s) per hour

Deductive Estimation of Risk from Existing Knowledge

skin notation indicating the potential for direct effects to the skin
following contact with a chemical

European Commission

Globally Harmonized System of Classification and Labeling of Chemicals
guinea pig maximization test

International Agency for Research on Cancer

subnotation of SK: DIR indicating the potential for a chemical to be a
skin irritant following exposure to the skin

coeflicient in the watery epidermal layer

skin permeation coefficient

coeflicient in the protein fraction of the stratum corneum
permeation coeflicient in the lipid fraction of the stratum corneum
dose resulting in 50% mortality in the exposed population
dermal lethal dose

base-10 logarithm of a substance’s octanol-water partition
cubic meter(s)

milligram(s)

milligram(s) per kilogram body weight

milligram(s) per kilogram body weight per day
milligram(s) per cubic meter

milliliter(s)

milliliter(s) per kilogram body weight

molecular weight

National Institute for Occupational Safety and Health
no-observed-adverse-effect level

National Toxicology Program

occupational exposure limit

Occupational Safety and Health Administration
p-phenylene diamine

recommended exposure limit

retention factor
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SEN skin notation indicating the potential for immune-mediated reactions

tollowing exposure of the skin

ST ratio ratio of skin dose to inhalation dose

SK skin notation

Sw solubility

SYS skin notation indicating the potential for systemic toxicity following

exposure of the skin

USEPA United States Environmental Protection Agency
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Glossary

Absorption—The transport of a chemical from the outer surface of the skin into both
the skin and systemic circulation (including penetration, permeation, and resorption).

Acute exposure—Contact with a chemical that occurs once or for only a short period
of time.

Cancer—Any one of a group of diseases that occurs when cells in the body become
abnormal and grow or multiply out of control.

Contaminant—A chemical that is (1) unintentionally present within a neat substance
or mixture at a concentration less than 1.0% or (2) recognized as a potential carcinogen
and present within a neat substance or mixture at a concentration less than 0.1%.

Cutaneous (or percutaneous)—Referring to the skin (or through the skin).
Dermal—Referring to the skin.
Dermal contact—Contact with (touching) the skin.

Direct effects—Localized, non-immune-mediated adverse health effects on the skin,
including corrosion, primary irritation, changes in skin pigmentation, and reduction/
disruption of the skin barrier integrity, occurring at or near the point of contact with
chemicals.

Immune-mediated responses—Responses mediated by the immune system, including
allergic responses.

Sensitization—A specific immune-mediated response that develops following expo-
sure to a chemical, which, upon re-exposure, can lead to allergic contact dermatitis
(ACD) or other immune-mediated diseases such as asthma, depending on the site and
route of re-exposure.

Substance—A chemical.

Systemic effects—Systemic toxicity associated with skin absorption of chemicals after
exposure of the skin.
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1 Introduction

1.1 General Substance Information

Chemical: p-Phenylene Diamine
(PPD)

CAS No: 106-50-3
Synonyms:

PPD; 1,4-Diaminobenzene; p-
Diaminobenzene; 4-Aminoaniline;
1,4-Benzenediamine

Molecular weight (MW): 108
Molecular formula: C;HN,

Structural formula:

H,N NH,

Uses:

p-Phenylene Diamine (PPD) is used
primarily as a fur and hair dye and as a
chemical intermediate in the production
of numerous substances, including dyes

and polymers [HSDB 2010].

1.2 Purpose
'This Skin Notation Profile presents (1) a

brief summary of technical data associated
with skin contact with PPD and (2) the
rationale behind the hazard-specific skin
notation (SK) assignment for PPD. The
SK assignment is based on the scientific
rationale and logic outlined in the Current
Intelligence Bulletin (CIB) 61: A Strategy
for Assigning New NIOSH Skin Notations
[NIOSH 2009]. The summarized infor-
mation and health hazard assessment are
limited to an evaluation of the potential
health eftects of dermal exposure to PPD.
A literature search was conducted through
July 2010 to identify information on PPD,
including but not limited to data relating
to its toxicokinetics, acute toxicity, repeat-
ed-dose systemic toxicity, carcinogenicity,
biological system/function—specific effects
(including reproductive and developmen-
tal effects and immunotoxicity), irritation,
and sensitization. Information was con-
sidered from studies of humans, animals,
or appropriate modeling systems that are

relevant to assessing the effects of dermal

exposure to PPD.

1.3 Overview of SK Assignment for PPD
PPD is potentially capable of causing

multiple toxic effects following skin con-
tact. A critical review of available data has
resulted in the following SK assignment
for PPD: SK: DIR (IRR)-SEN. Table 1
provides an overview of the critical effects

and data used to develop the SK assign-
ment for PPD.

2 Systemic Toxicity from Skin
Exposure (SK: SYS)

Few studies were identified that investi-
gated the dermal absorption potential of
PPD in humans and animals. The dermal
absorption or the percutaneous penetra-
tion rate of PPD in cosmetic hair dyes
has been investigated under exposure
conditions that mimicked the intended-
use conditions for such hair dyes. Un-
der the intended-use conditions, dermal

Skin Notation Profiles | p-Phenylene Diamine (PPD) 1
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Table 1. Summary of the SK assignment for PPD

Skin notation Critical effect Data available
SK: DIR (IRR) Skin irritation Sufficient human and animal data
SK: SEN Skin allergy Sufficient human and animal data

absorption of 0.54% to 2.7% in volunteers
[Wolfram and Maibach 1985; Goetz et
al. 1988; Steiling et al. 2001; Hueber-
Becker et al. 2004] and 2.7% in monkeys
[Maibach and Wolfram 1981; Wolfram
and Maibach 1985; Steiling et al. 2001]
has been reported. Dermal absorption of
2.7% has been noted in human cadaver
skin [Dressler 1990]. The degree of der-
mal absorption was reported as 0.93%
[Steiling et al. 2001] in excised pig skin.
Hueber-Becker et al. [2004] reported
similar dermal absorption values, of 2.44%
and 3.39% in vitro, in human and pig skin,
respectively. These results indicate that
the chemical is absorbed to a lesser extent
from hair-dye formulations than from the
neat chemical, presumably because lower
amounts of PPD are applied under typical

use conditions.

The potential of PPD to pose a skin ab-
sorption hazard was also evaluated with
use of a predictive algorithm for estimat-
ing and evaluating the health hazards of
dermal exposure to substances [NIOSH
2009]. The evaluation method compares
an estimated chemical dose accumulated
in the body from skin absorption and an
estimated dose from respiratory absorp-
tion associated with a reference occupa-
tional exposure limit. On the basis of this
algorithm, a ratio of the skin dose to the
inhalation dose (SI ratio) of 63.1 was cal-
culated for PPD. An SI ratio of 20.1 indi-
cates that a chemical is capable of produc-
ing systemic toxicity from skin exposure
[NIOSH 2009]. Additional information
on the SI ratio and the variables used in its
calculation are included in the appendix.

No quantitative estimate of the lethal
dermal dose (LLD;,) for humans has been
identified for PPD. A value for dermal
LDs, (the dose resulting in 50% mortal-
ity in the exposed population) of greater
than 7,940 milligrams per kilogram body
weight (mg/kg) was identified in a study
of rabbits [Younger Laboratories 1978],
whereas an LDy, (the lowest reported le-
thal dose) of 5,000 mg/kg was reported
in another study of rabbits [Burnett et al.
1977]. Because the lowest lethal dose of
5,000 mg/kg for rabbits is greater than the
critical dermal LDs, value of 2000 mg/kg
body weight that identifies chemical sub-
stances with the potential for significant
acute dermal toxicity [NIOSH 2009],
PPD is not considered acutely toxic fol-
lowing dermal exposure. However, be-
cause no standard dermal acute toxicity
studies have been conducted, this conclu-
sion cannot be considered certain.

No epidemiological studies have been
identified for PPD. However, repeated-
dose (subchronic and chronic) studies
with PPD alone or with hair formula-
tions containing varying amounts of PPD
mixed with hydrogen peroxide have been
conducted. In a well-conducted chronic
study [Stenback et al. 1977], percutane-
ous application of 5% or 10% PPD in ac-
etone applied in a volume of 0.02 milliliter
(mL), which was administered twice per
week for a lifetime to mice or for 85 weeks
to rabbits, did not result in any treatment-
related systemic toxicity or local toxicity at
the site. On the basis of the default aver-
age chronic body weight of 0.0332 kg for

Swiss mice of both sexes [United States

2 Skin Notation Profiles | p-Phenylene Diamine (PPD)



Environmental Protection Agency (USE-
PA) 1988] used in the study, the applied
doses were 8.6 milligrams per kilogram
per day (mg/kg/day) (mg/kg/day) and
17.2 mg/kg/day, respectively. The no-ob-
served-adverse-effect level (NOAEL) in
that study was estimated to be 17.2 mg/
kg/day, the highest dose tested.

Toxicity studies with hair formulations con-
taining PPD did not result in treatment-re-
lated systemic effects in Swiss mice or New
Zealand white rabbits. For example, topi-
cal application of 0.05 mL (5 mg) of three
different oxidative hair-dye formulations
containing 1.5% PPD, mixed 1:1 with 6%
hydrogen peroxide, to mouse shaved skin
once weekly or once every other week for
18 months elicited no systemic toxicity or
skin irritation [Burnett et al. 1975]. In that
study, the NOAEL was 3.2 mg/kg/day, with
the assumption (1) of a default body weight
value as above, (2) that the formulation was
diluted with an equal volume of hydrogen
peroxide prior to topical application, and (3)
that the chemical was applied once weekly.
In another chronic study involving four
hair-dye-composite formulations contain-
ing 1%, 2%, 3%, or 4% PPD mixed 1:1 with
hydrogen peroxide, topically applied once
a week for 21 to 23 months (0.025 mL/
mouse) [Burnett et al. 1980], the highest
NOAEL of 4.3 mg/kg/day could be calcu-
lated. A dermal, 13-week, subchronic study
was also identified for hair-dye formulations
containing 1% to 4% PPD [Burnett et al.
1976]. No evidence of systemic toxicity was
observed. The available findings from animal
studies using product formulations do not
indicate the potential for systemic effects;
however, doses of PPD in these studies were
well below the 1000 mg/kg/day criterion es-
tablished for assessing systemic toxicity from
dermal application [NIOSH 2009]. No
subchronic or chronic toxicity studies using
neat PPD at doses higher than 4.3 mg/kg/

day were identified, precluding estimation of

the threshold for systemic effect following
prolonged or high-dose dermal exposures.

No epidemiology studies were identified
that investigated the carcinogenic poten-
tial of PPD alone following dermal expo-
sure. Several dermal carcinogenicity stud-
ies [Boutwell and Bosch 1959; Burnett et
al. 1975,1977,1980; Stenback et al. 1977]
in mice and rabbits, involving the use of
PPD alone or hair-dye formulations con-
taining PPD mixed with the oxidant hy-
drogen peroxide, revealed no increase in
the incidence of tumor formation in any of
the species that were attributable to such
applications. One carcinogenicity study in
rats revealed mammary gland tumors in
temales but no tumors of statistical signif-
icance in males, following application of
a 1:1 mixture of 5% PPD (in 2% ammo-
nium hydroxide) and 6% hydrogen per-
oxide once per week for 18 months [Ro-
janapo et al. 1986]. This finding has not
been demonstrated in other species. Table
2 provides a summary of carcinogenic des-
ignations from multiple governmental and
nongovernmental organizations for PPD.

No standard toxicity or specialty studies
evaluating biological system/function—spe-
cific effects (including reproductive and de-
velopmental effects and immunotoxicity)
tollowing dermal exposures were identified
for PPD. However, Burnett et al. [1976]
reported no reproductive or developmen-
tal effects of biological significance when
hair-dye formulations containing 1% to 4%
PPD, mixed with an equal volume of 6%
hydrogen peroxide just before application,
were applied topically at doses of 2 mil-
liliter per kilogram body weight (mL/kg),
equivalent to 2 mg/kg, to groups of preg-
nant rats with seven intermittent applica-
tions over 19 days of gestation.

The available information on kinetics fol-
lowing dermal absorption in humans and

Skin Notation Profiles | p-Phenylene Diamine (PPD) 3
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Table 2. Summary of the carcinogenic designations” for PPD by numerous
governmental and nongovernmental organizations

Organization Carcinogenic designation

NIOSH [2005] None

NTP [2009] None

USEPA [2009] None

TARC [1999] Group 3: Not classifiable as to carcinogenicity to humans
EC [2010] None

ACGIH [2001]

Group A4: Not classifiable as a human carcinogen

Abbreviations: ACGIH = American Conference of Governmental Industrial Hygienists; EC = European Commission, Joint Re-
search, Institute for Health and Consumer Protection; IARC = International Agency for Research on Cancer; NIOSH = National
Institute for Occupational Safety and Health; NTP = National Toxicology Program; USEPA = United States Environmental

Protection Agency.

*Note: The listed cancer designations were based on data from nondermal (such as oral or inhalation) exposure rather than der-

mal exposure.

animals indicates that PPD has limited
absorption potential in humans but some-
what greater absorption in guinea pigs.
Furthermore, the limited acute dermal
toxicity studies provide no evidence that
PPD is acutely toxic. Data are inadequate
to assess the threshold for effects following
subchronic and chronic exposure. Available
data indicates that PPD does not cause
cancer in animals. Therefore, on the basis
of the data for this assessment, PPD is not
assigned the SK: SYS notation.

3 Direct Effects on Skin (SK: DIR)

No evidence of skin corrosivity of PPD
was identified. E.I. DuPont De Nemours
and Company [1981a] reported no skin
corrosion in rabbits administered 500 mg
of PPD. The direct skin effects of PPD
and hair-dye formulations containing
PPD have been evaluated both in humans
and in several experimental animals. In
humans, baboons, dogs, pigs, guinea pigs,
and mice, the chemical was mildly irritat-
ing [Davies et al. 1972], and in rabbits it
was mildly to moderately irritating [Han-
zlik 1932; E.I. DuPont De Nemours and
Company 1970a,1970b,1970c; Morikawa

1976; Herve-Bazin et al. 1977; Loyd et al.
1977].In three separate studies conducted
in guinea pigs, E.I. DuPont De Nemours
and Company reported mild to moderate
irritation following administration of 40
mg to 90 mg PPD to the intact or abraded
skin [DuPont 1970a] and reported mild
to strong erythema following application
of 0.05 mL, equivalent to 0.05 mg PPD,
of a 1% PPD solution [E.I. DuPont De
Nemours and Company 1970b] or a 25%
PPD solution [E.I. DuPont De Nemours
and Company 1981]. No irritation was re-
ported when guinea pigs received 0.05 mL
of a 25% or 10% PPD solution (weight/
volume basis) [E.I. DuPont De Nemours
and Company 1973b], a 2.5% PPD so-
lution [E.I. DuPont De Nemours and
Company 1981b], or a 3% or 30% PPD
solution [E.I. DuPont De Nemours and
Company 1982]. In rabbits, E.I. DuPont
De Nemours and Company [1970a] ob-
served that doses above 450 mg/kg pro-
duced erythema and edema in rabbits,
whereas Younger Laboratories [1978]
reported no signs of irritation following a
500-mg/kg dose. Predictions made with
structure-activity  relationship  models
provide some information regarding this
endpoint. On the basis of the chemical

4 Skin Notation Profiles | p-Phenylene Diamine (PPD)



structure of PPD, it is predicted by De-
ductive Estimation of Risk from Existing

Knowledge (DEREK™) for Windows to

be negative for irritation.

The available data indicate skin irrita-
tion following dermal exposure to PPD
in a variety of species [Davies et al. 1972;
E.I. DuPont De Nemours and Com-
pany 1970a, 1970b, 1970c, 1973a, 1973b,
1981a, 1981b, 1982"]. Therefore, on the
basis of the data for this assessment, PPD
is assigned the SK: DIR (IRR) notation.

4 Immune-mediated
Responses (SK: SEN)

Data from studies of both humans and
animals are sufficient to demonstrate that
PPD has potent skin-sensitizing proper-
ties. Beliauskiene et al. [2010] examined
the prevalence of contact allergy in the 816
patients with suspected allergic contact der-
matitis in Lithuania via patch testing using
standard criteria. A 1% solution of PPD was
applied for 48 hours in petrolatum using
Finn Chambers on Scanpor; readings were
performed on day 2 and day 3. Forty-seven
patients exhibited positive reactions towards
PPD. Beliauskiene et al. [2010] concluded
that PPD was one of the most prevalent
contact allergens and affects 6.0% (95% CI
4.3-7.8) of the study population.

Several cases of contact dermatitis have been
reported following occupational exposure to
dyes containing the chemical. Birnie and
English [2007] described a case of immedi-
ate hypersensitivity in a trainee hairdresser
following application of numerous hair dyes
on her right arm. The arm became red and
extremely pruritic. The hairdresser revealed
that she had a history of mild asthma that
had worsened noticeably in the 5 months
since her training commenced. Although
no standard patch testing was conducted,

Birnie and English [2007] reported that
scratch testing with PPD-containing hair
dyes used by the patient resulted in a strong
urticarial reaction within 10 minutes and
thus a diagnosis of immediate hypersensi-
tivity (type 1 allergy) to PPD causing con-
tact urticaria. Balato et al. [2008] reported
a case of erythema multiforme-like lesions
attributed to dermal contact with PPD. The
patient was admitted to the hospital with
acute dermatitis involving the scalp, ears,
and limbs, following application of hair
dyes believed to contain PPD. Balato et al.
[2008] stated that patch testing with the
standard Societa Italiana di Dermatologia
Allergologica, Professionale e Ambientale
series yielded positive reactions to PPD and
nickel sulfate. In another study, Dickel et al.
[2002] conducted standard patch testing on
over 4,000 workers who had been identified
as having previously had occupational skin
disease. The authors identified PPD (free
base) as one of the most common sensitizers
to which these workers were exposed. Ad-
ams and Maibach [1985] and Eiermann et
al. [1982] have also identified the chemical
as the third most common ingredient, after
fragrances and preservatives, that can cause
contact dermatitis from cosmetics (mainly
skin-care products, hair preparations and
colorants, and facial makeup products). Sev-
eral other studies have also reported positive
patch tests with the chemical in hairdressers
or their clients who presented with derma-
tological problems due to hair cosmetics.

PPD is also a potent sensitizer in the guin-
ea pig maximization test (GPMT) [Xie et
al. 2000; Basketter et al. 2005] and a strong
sensitizer in the Buehler test [Basketter et
al. 2005]. In guinea pigs, positive sensiti-
zation reactions to challenge were noted
[American Cyanamid Company 1956;
E.I. DuPont De Nemours and Company

*References in bold text indicate studies that served
as the basis of the SK assignment.
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Table 3. Summary of the previously issued skin hazard designations for PPD

Organization

Skin hazard designation

NIOSH [2005]

[skin]: Potential for dermal absorption

OSHA [2009] [skin]: Potential for dermal absorption
ACGIH [2001] None
EC [2010] R24: Toxic in contact with skin

R43: May cause sensitization by skin contact

Abbreviations: ACGIH = American Conference of Governmental Industrial Hygienists; EC = European Commission, Joint
Research, Institute for Health and Consumer Protection; NIOSH = National Institute for Occupational Safety and Health;

OSHA = Occupational Safety and Health Administration.

1970b, 1970c, 1973b, 1981b, 1982]. Bas-
ketter et al. [2005] have listed the sub-
stance as sensitizing to mice skin also [Ka-
lish and Wood 1995]. On the basis of its

chemical structure, PPD is predicted to be
a probable skin sensitizer by DEREK™.

There is sufficient information available
from human studies [Eiermann et al.
1982; Adams and Maibach 1985; Dickel
et al. 2002; Beliauskiene et al. 2010] as
well as positive results of predictive tests
in animals (GPMTs and Buehler tests)
[Kalish and Wood 1995; Xie et al. 2000;
Basketter et al. 2005] to demonstrate that
PPD is a skin sensitizer. Therefore, on the
basis of the data for this assessment, PPD
is assigned the SK: SEN notation.

5 Summary

'The available information on kinetics fol-
lowing dermal absorption in humans and
animals indicates that PPD has limited
absorption potential in humans. Dermal
toxicity studies indicate low acute toxic-
ity. The available human experience and
animal data indicate that PPD is a skin
irritant in a variety of species [Davies et
al. 1972; E.I. DuPont De Nemours and
Company 1970a, 1970b, 1970c, 1973b,
1981b, 1982]. There is sufficient informa-
tion available from human studies [Eier-

mann et al. 1982; Adams and Maibach

1985; Dickel et al. 2002; Beliauskiene
et al. 2010] as well as positive results of
predictive tests in animals (GPMTs and
Buehler tests) [Kalish and Wood 1995;
Xie et al. 2000; Basketter et al. 2005] to
demonstrate that PPD is a skin sensitizer.
Therefore, on the basis of these assess-
ments, PPD is assigned a composite skin

notation of SK: DIR (IRR)-SEN.

Table 3 summarizes the skin hazard designa-
tions for PPD previously issued by NIOSH
and other organizations. The equivalent
dermal designations for PPD, according to
the Global Harmonization System (GHS)
of Classification and Labelling of Chemi-
cals, are Acute Toxicity Category 3 (Hazard
statement: Toxic in contact with the skin)
and Skin Sensitization Category 1 (Hazard
statement: May cause an allergic skin reac-

tion) [European Parliament 2008].
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Appendix: Calculation of the SI Ratio for PPD

'This appendix presents an overview of the
SI ratio and a summary of the calculation
of the SI ratio for PPD. Although the SI
ratio is considered in the determination of
a substance’s hazard potential following
skin contact, it is intended only to serve as
supportive data during the assignment of
the NIOSH SK. An in-depth discussion
on the rationale and calculation of the SI
ratio can be found in Appendix B of the
Current Intelligence Bulletin (CIB) 61: A
Strategy for Assigning New NIOSH Skin
Notations NIOSH 2009].

Overview

'The SI ratio is a predictive algorithm for
estimating and evaluating the health haz-
ards of skin exposure to substances. The al-
gorithm is designed to evaluate the poten-
tial for a substance to penetrate the skin
and induce systemic toxicity [NIOSH
2009]. The goals for incorporating this
algorithm into the proposed strategy for
assigning the SYS notation are as follows:

1. Provide an alternative method to
evaluate substances for which no
clinical reports or animal toxicity
studies exist or for which empirical
data are insufficient to determine
systemic effects.

2. Use the algorithm evaluation re-
sults to determine whether a sub-
stance poses a skin absorption haz-
ard and should be labeled with the
SYS notation.

The algorithm evaluation includes three
steps: (1) determining a skin permeation
coefficient (K,) for the substance of in-
terest, (2) estimating substance uptake by
the skin and respiratory absorption routes,
and (3) evaluating whether the substance
poses a skin exposure hazard.

The algorithm is flexible in the data re-
quirement and can operate entirely on the
basis of the physicochemical properties
of a substance and the relevant exposure
parameters. Thus, the algorithm is inde-
pendent of the need for biologic data. Al-
ternatively, it can function with both the
physicochemical properties and the ex-
perimentally determined permeation co-
efficient when such data are available and
appropriate for use.

'The first step in the evaluation is to deter-
mine the K, for the substance to describe
the transdermal penetration rate of the
substance [NIOSH 2009]. The K, which
represents the overall diffusion of the sub-
stance through the stratum corneum and
into the blood capillaries of the dermis, is
estimated from the compound’s molecular
weight (MW) and base-10 logarithm of
its octanol-water partition coefficient (log
Kow). In this example, K, is determined
for a substance with use of Equation 1. A
self-consistent set of units must be used,
such as cm/hr, outlined in Table Al. Oth-
er model-based estimates of K, may also

be used [NIOSH 2009].

Equation 1: Calculation of Skin Permeation
Coefficient (K,)

K + !
4 1 1
+
Kpsc + Kpol Kaq

where K, is the permeation coefficient in
the lipid fraction of the stratum corneum,
K, is the coeflicient in the protein frac-
tion of the stratum corneum, and K, is
the coefficient in the watery epidermal
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Table A1l. Summary of data used to calculate the SI ratio for methyl cellosolve

Variables used in calculation Units Value

Skin permeation coefficient

Permeation coeficient of stratum corneum lipid path(K,..) cm/hr 0.00043

Permeation coeflicient of the protein fraction of the cm/hr 1.46071 x 10°

stratum corneum (K,

Permeation coeflicient of the watery epidermal layer (K,,) cm/hr 0.24041

Molecular weight (MW)* amu 108

Base-10 logarithm of its octanol-water partition None -0.3

coefficient (log Kow)”

Calculated skin permeation coefficient (K,) cm/hr 0.00044
Skin dose

Water solubility (Sw)" mg/cm? 37

Calculated skin permeation coefficient (K,) cm/hr 0.00044

Estimated skin surface area (palms of hand) cm? 360

Exposure time hr 8

Calculated skin dose mg 47.33
Inhalation dose

Occupational exposure limit (OEL)T mg/m? 0.1

Inhalation volume m’ 10

Retention factor (RF) None 0.75

Inhalation dose mg 0.75
Skin dose—to—inhalation dose (SI) ratio None 63.1

*Variables identified from SRC [2009].

TThe OEL used in calculation of the ST ratio was the NIOSH-recommended exposure limit (REL) [NIOSH 2005].

layer. These components are individually
estimated by

log K. = -1.326 + 0.6097 x log Kow -
0.1786 x MW?>

K, = 0.0001519 x MW-05
K, = 2.5 x MWs

'The second step is to calculate the biologic
mass uptake of the substance from skin
absorption (skin dose) and inhalation (in-
halation dose) during the same period of
exposure. The skin dose is calculated as a
mathematical product of the K, the water
solubility (Sw) of the substance, the exposed
skin surface area, and the duration of expo-
sure. Its units are milligrams (mg). Assume

that the skin exposure continues for 8 hours
to unprotected skin on the palms of both
hands (a surface area of 360 cm?).

Equation 2: Determination of Skin Dose
Skin dose = K, x Syy x Exposed skin sur-

face area x Exposure time

K (cm/hr) x S, (mg/cm?) x
360 cm? x 8 hours

'The inhalation dose (in mg) is derived
on the basis of the occupational expo-
sure limit (OEL) of the substance—if the
OEL is developed to prevent the occur-
rence of systemic effects rather than sen-
sory/irritant effects or direct effects on the
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respiratory tract. Assume a continuous
exposure of 8 hours, an inhalation volume
of 10 cubic meters (m?) inhaled air in 8
hours, and a factor of 75% for retention of
the airborne substance in the lungs during
respiration (retention factor, or RF).

Equation 3: Determination of Inhalation Dose

Inhalation dose = OEL x Inhalation

volume x RF

= OEL (mg/m?®) x 10
m? x 0.75

'The final step is to compare the calculated
skin and inhalation doses and to present
the result as a ratio of skin dose to inhala-
tion dose (the SI ratio). This ratio quantita-
tively indicates (1) the significance of der-
mal absorption as a route of occupational
exposure to the substance and (2) the con-
tribution of dermal uptake to systemic tox-
icity. If a substance has an SI ratio greater
than or equal to 0.1, it is considered a skin
absorption hazard.

Calculation

Table Al summarizes the data applied
in the previously described equations to
determine the SI ratio for PPD. The cal-
culated SI ratio was 63.1. On the basis of
these results, PPD is predicted to repre-
sent a skin absorption hazard.

Appendix References

NIOSH [2005]. NIOSH pocket guide to chemical
hazards. Cincinnati, OH: U.S. Department of
Health and Human Services, Centers for Dis-
ease Control and Prevention, National Institute
for Occupational Safety and Health, DHHS
(NIOSH) Publication No. 2005-149 [http://
www.cde.gov/niosh/npg/]. Accessed 07-07-10.

NIOSH [2009]. Current intelligence bulletin
61: a strategy for assigning new NIOSH skin
notations. Cincinnati, OH: U.S. Department
of Health and Human Services, Centers for
Disease Control and Prevention, National In-
stitute for Occupational Safety and Health,
DHHS (NIOSH) Publication No. 2009-147
[http://www.cdc.gov/niosh/docs/2009-147/
pdfs/2009-147.pdf]. Accessed 07-07-10.

SRC [2009]. Interactive PhysProp database demo
[http://www.srcinc.com/what-we-do/databas-

eforms.aspx?id=386]. Accessed 12—-02-09.

Skin Notation Profiles | p-Phenylene Diamine (PPD) 13

X
i)
>
o
S

=
o
5
3
=
]
=
5
o
=
o
=)










VIOSH

Delivering on the Nation’s promise:
safety and health at work for all people
through research and prevention

To receive NIOSH documents or more information about
occupational safety and health topics, contact NIOSH at

1-800-CDC-INFO (1-800-232-4636)
TTY: 1-888-232-6348
E-mail: cdcinfo@cdc.gov

or visit the NIOSH Web site at www.cdc.gov/niosh.

For a monthly update on news at NIOSH, subscribe to
NIOSH eNews by visiting www.cdc.gov/niosh/eNews.

DHHS (NIOSH) Publication No. 2011-154

SAFER * HEALTHIER * PEOPLE™

DEPARTMENT OF HEALTH AND HUMAN SERVICES
Centers for Disease Control and Prevention

National Institute for Occupational Safety and Health

4676 Columbia Parkway
Cincinnati, Ohio 45226-1998

Official Business

Penalty for Private Use $300



