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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 glutar-
aldehyde (CAS No. 111-30-8). In particular, this document evaluates and summarizes
the literature describing the substance’s hazard potential and its assessment according to
the scientific rationale and framework outlined in CIB 61. In meeting this objective, this
Skin Notation Profile intends to inform the audience—mostly occupational health prac-
titioners, 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

(COR)

DEREK™
DIR

EC
g/mL
GHS
GPMT
IARC
K,

K,
Koo

I<-psc
LDs,

LDy,
LLNA
LOAEL
log Kow
M

m3

MEST

mg

mg/kg
mg/kg/day
mg/m’
mD/kg
MW
NIOSH
nmol/cm?/hr
NOAEL
NTP

American Conference of Governmental Industrial Hygienists
Current Intelligence Bulletin

square centimeter(s)

centimeter(s) per hour

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

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

gram(s) per milliliter

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

International Agency for Research on Cancer

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

local lymph node assay

lowest-observed-adverse-eftect level

base-10 logarithm of a substance’s octanol-water partition
molarity

cubic meter(s)

mouse-ear swelling test

milligram(s)

milligram(s) per kilogram body weight

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

milliliter(s) per kilogram body weight

molecular weight

National Institute for Occupational Safety and Health
nanomoles per square centimeter per hour
no-observed-adverse-effect level

National Toxicology Program
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OFL
OSHA
ppm
REL
RF
SEN

SI ratio
SK

Sw
SYS

USEPA

occupational exposure limit

Occupational Safety and Health Administration
parts per million

recommended exposure limit

retention factor

skin notation indicating the potential for immune-mediated reactions
tollowing exposure of the skin

ratio of skin dose to inhalation dose
skin notation
solubility

skin notation indicating the potential for systemic toxicity following
exposure of the skin

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: Glutaraldehyde
CAS No: 111-30-8
Synonyms:

1,5-Pentanedial; 1,5-Pentanedi-
one; Dioxopentane, Glutaral; Glu-
taralum; Glutaric Acid Dialdehyde;
Glutardialdehyde; Glutaric Alde-
hyde; Glutaric Dialdehyde; Glutaral;
Pentane-1,5-dial; Pentanedial

Molecular weight (MW): 100
Molecular formula: C;H;O,

Structural formula:
O\W ©

Uses:

Glutaraldehyde is an organic com-
pound commonly used as a preser-
vative, as a disinfectant in medical
applications, and as embalming flu-
id. In addition, the substance is used
within oil exploration as a biocide.

1.2 Purpose

This Skin Notation Profile presents (1) a
brief summary of technical data associated
with skin contact with glutaraldehyde and
(2) the rationale behind the hazard-specific
skin notation (SK) assignment for glutar-
aldehyde. 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 [INIOSH 2009]. The sum-
marized information and health hazard
assessment are limited to an evaluation
of the potential health effects of dermal
exposure to glutaraldehyde. A literature
search was conducted through July 2010
to identify information on glutaraldehyde,
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,
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and sensitization. Information was con-
sidered from studies of humans, animals,
or appropriate modeling systems that are
relevant to assessing the eftects of dermal
exposure to glutaraldehyde.

1.3 Overview of SK Assignment for
Glutaraldehyde

Glutaraldehyde is potentially capable of
causing multiple adverse health effects fol-
lowing skin contact. Undiluted glutaral-
dehyde or solutions containing more than
25% glutaraldehyde are capable of causing
skin corrosion, whereas diluted solutions (1
to 25% glutaraldehyde) are irritating to the
skin. In addition, available data indicates
that glutaraldehyde is a potent sensitizing
agent. A critical review of available data has
resulted in the following SK assignment for
glutaraldehyde: SK: DIR (COR)-SEN.

Table 1 provides an overview of the critical
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Table 1. Summary of the SK assignment for glutaraldehyde

Skin notation Critical effect Data available
SK: DIR (COR) Skin corrosion Sufficient human and animal data
SK: SEN Skin sensitization Sufficient human and animal data

effects and data used to develop the SK as-
signment for glutaraldehyde.

2 Systemic Toxicity from Skin
Exposure (SK: SYS)

No specific human data were identified
that reported the degree of absorption of
glutaraldehyde following dermal expo-
sure. However, the kinetics of percutane-
ous absorption have been investigated. For
example, Ballantyne and Jordan [2001]
reported that 0.3% to 2.1% and 7.5% to
24.9% of the glutaraldehyde administered
dose was absorbed percutaneously in the
rat and rabbit, respectively. Following a
study that evaluated the in vitro penetra-
tion of glutaraldehyde in a 10% aqueous
solution through isolated human epider-
mis (chest and abdomen), isolated human
epidermis (abdominal), and human thick
stratum corneum (blister tops from the
sole), Reifenrath et al. [1985] reported
that 2.8% to 4.4% and 3.3% to 13.8% of
the applied dose penetrated the isolated
epidermis and thin stratum corneum, re-
spectively, after 1 hour, but glutaraldehyde
did not penetrate the thick stratum cor-
neum. In another in vitro study, Frantz
et al. [1993] noted average absorptions
of less than 0.5% and less than 0.7%, re-
spectively, of the applied radioactivity fol-
lowing application of 0.75% and 7.5%
aqueous solutions of glutaraldehyde to
excised skin from rats, mice, guinea pigs,
rabbits, and humans (females undergoing
reconstructive mammoplasty). These find-
ings indicate that glutaraldehyde did not
penetrate human or animal skin in vitro

2

to any substantial degree. On the basis of
the proportion of the applied dose avail-
able for systemic absorption, Ballantyne
and Jordan [2001] and Frantz et al. [1993]
suggested that only a minimal amount of
the chemical may be available for systemic
uptake and distribution following dermal
exposure and that potential for cumulative
toxicity is unlikely because of the rapid
biotransformation and elimination of the
material from the body. The potential of
glutaraldehyde to pose a skin absorption
hazard was also evaluated, with use of a
predictive algorithm for estimating and
evaluating the health hazards of dermal
exposure to substances [NIOSH 2009].
'The evaluation method compares an esti-
mated dose accumulated in the body from
skin absorption and an estimated dose
from respiratory absorption associated
with a reference occupational exposure
limit. On the basis of this algorithm, a ra-
tio of the skin dose to the inhalation dose
(SI ratio) of 191.55 was calculated for
glutaraldehyde. 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.

Although no dermal lethal dose (LD; ) for
humans has been estimated, Ballantyne
and Jordan [2001] reported these dermal
LDs, values (lethal doses in 50% of the ex-
posed population) for rabbits: 1.59 to 2.54
milliliters per kilogram body weight (mL/
kg; reported as 434 to 898 milligrams per
kilogram body weight [mg/kg]) for a 50%
glutaraldehyde solution; 2.00 to 2.71 mL/
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kg (reported as 1006 to 1363 mg/kg) for
a 45% solution; and 8.80 to 16.00 mL/kg
(reported as 2341 to 4256 mg/kg) for a
25% solution. These LDs, values are cal-
culated as 1749 to 2970 mg/kg for the
50% solution, based on a density of 1.1 g/
mL [International Occupational Safety
and Health Information Center 2000];
2200 to 2981 mg/kg for the 45% solu-
tion, based on the density of a 50% solu-
tion; and 9346 to 16,992 mg/kg, based on
a density of 1.062 g/mL [Sigma-Aldrich
2007]. The animal LDy, values were re-
ported to be dependent on the concentra-
tion of the aqueous solution used. Because
the reported acute dermal LDs, values
for rabbits are nearly all greater than the
critical dermal LDs, value of 2000 mg/
kg body weight that identifies chemical
substances with the potential for acute
toxicity [NIOSH 2009], glutaraldehyde is
considered to have low acute toxicity fol-
lowing exposure by the dermal route.

Although no epidemiology data were iden-
tified concerning systemic effects following
human glutaraldehyde exposure, several
short-term and subchronic dermal toxic-
ity studies were identified that involved
experimental animals. No chronic toxic-
ity studies were identified. In a subchronic
study, rats exposed epicutaneously to aque-
ous glutaraldehyde at concentrations up to
7.5% (reported to be equivalent to doses
up to 150 milligrams per kilogram body
weight per day [mg/kg/day]) for 6 hours
a day for 26 days (for a total of 20 appli-
cations) exhibited slight changes in body
weight and food consumption, but no
treatment-related mortality or biochemi-
cal or morphological evidence of systemic
target organ or tissue toxicity [Bushy Run
Research Center 1994; Werley et al. 1996].
The indicated no-observed-adverse-effect
level (NOAEL) was 150 mg/kg/day at the
highest dose tested. A 6-week subchronic
study in rabbits elicited no evidence of

Skin Notation Profiles | Glutaraldehyde

systemic toxicity following topical applica-
tion of 0.5 milliliter (mL) of a 2% activated
glutaraldehyde solution given in a total of
47 applications [Stonehill et al. 1963]. On
the basis of a 1.01 g/mL density for a 2%
glutaraldehyde solution [Dow Chemical
Company 2002] and a default average sub-
chronic body weight of approximately 3 kg
for New Zealand rabbits [USEPA, 1988],
the dose would be approximately 3 mg/kg.
'The apparent NOAEL is 47 mg/kg and the
apparent  lowest-observed-adverse-eftect
level (LOAEL) is 94 mg/kg for systemic
effects in mice, whereas the NOAEL for
rats was the highest tested dose of 150 mg/
kg. The relative systemic toxicity identi-
fied in these studies is consistent with the
toxicokinetic differences among species as
noted above. Thus, the results of the study
involving rats are considered most repre-
sentative of potential human response and
are given greater weight in this assessment
than results of the studies involving mice
and rabbits. A free-standing NOAEL of
150 mg/kg/day for the most representative

species is used for the overall assessment.

No standard toxicity or specialty studies eval-
uating biological system/function—specific
effects (including reproductive and de-
velopmental effects and immunotoxicity)
following dermal exposure to glutaralde-
hyde were identified. In addition, no stud-
ies evaluating the carcinogenic potential
of glutaraldehyde were identified. Table 2
provides a summary of carcinogenic des-
ignations from multiple governmental and
nongovernmental organizations for glutar-

aldehyde.

Toxicokinetic studies indicate glutaralde-
hyde is poorly absorbed, as reflected by the
high doses required to elicit acute toxic-
ity. The repeat-dose studies are inadequate
to indicate whether an effect level in the
most representative species (rats) would
occur at doses lower than 1000 mg/kg/
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Table 2. Summary of the carcinogenic designations” for glutaraldehyde by
numerous governmental and nongovernmental organizations

Organization Carcinogenic designation
NIOSH [2005] None
NTP [2009] None
USEPA [2009] None
TARC [2009] None
EC [2010] None

ACGIH [2001]

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.

day, because the highest dose tested of
150 mg/kg/day did not cause systemic ef-
fects. These data show limited absorption
potential and low acute toxicity following
exposure by the dermal route, which is
consistent with the absence of published
reports of systemic effects in exposed
workers. Therefore, on the basis of this as-
sessment, glutaraldehyde is not assigned a

notation of SK: SYS.

3 Direct Effect(s) on Skin
(SK: DIR)

Reports of corrosivity and irritancy in hu-
mans and animals were identified. Glu-
taraldehyde solutions may be corrosive
or cause mild to severe irritation in the
skin of humans and animals, depending
on the dose, duration, and site of contact
[Takigawa and Endo 2006]. A controlled
human study indicated that sustained
contact with 1% aqueous glutaraldehyde
solution was the threshold for erythema
and edema, whereas concentrations of
45% or greater were capable of producing
corrosion [Ballantyne and Jordan 2001].
Application of 0.1 mL of a 2% solution to
the skin of volunteers for 30 minutes daily

for 3 days caused a marked skin irritation
[Frosch and Kligman 1976]. A 10% aque-
ous solution applied to the ankle and heel
area of 12 volunteers over an 8-week pe-
riod produced irritation [Reifenrath et al.
1985]. In patch tests conducted by Union
Carbide Corporation [1972; 1980], vol-
unteers showed severe irritation when ex-
posed to 5% glutaraldehyde, symptoms of
moderate irritation when exposed to 0.5%
to 2% glutaraldehyde solution, but no ir-
ritation when exposed to 0.1% to 1% solu-
tion. Union Carbide Corporation [1972]
indicated that effects of aqueous solutions
of 25% and above in animals range from
moderate/severe irritation to corrosion,
whereas concentrations between 1% and
25% produce slight irritation and 1% solu-
tions produce no effect. The structure ac-
tivity relationship model, Deductive Esti-
mation of Risk from Existing Knowledge
(DEREK™) for Windows, predicted glu-
taraldehyde to be a skin irritant.

It appears from the available information
on humans [Union Carbide Corpora-

tion 1972, 1980; Ballantyne and Jordan

*References in bold text indicate studies that served
as the basis of the SK assignment.
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2001" ] and animals [Ballantyne and Jor-
dan 2001] that glutaraldehyde is corrosive
at concentrations of 25% and above and
a skin irritant at concentrations between
1% and 25%. Therefore, on the basis of the
data for this assessment, glutaraldehyde is
assigned the SK: DIR (COR) notation.

4 Immune-mediated
Responses (SK: SEN)

Skin sensitization resulting from dermal
exposure to glutaraldehyde has been dem-
onstrated in the reports of cases and con-
trolled volunteer studies. Several exposed
workers who developed allergic contact
dermatitis, some with no history of atopy
or skin disease, tested positive to patch-
testing with glutaraldehyde [Nethercott
et al. 1988; Fowler 1989; Ballantyne and
Jordan 2001]. Sixteen of 109 volunteers
had a positive irritant reaction to 0.5%
glutaraldehyde, and 2 of 109 had an aller-
gic reaction when a challenge patch was
applied thereafter [Ballantyne and Jordan
2001]. The Union Carbide Corporation
[1980] reported that weaker solutions, of
0.1% to 0.2%, show no sensitization po-
tential. Repeated topical application of a
10% aqueous solution of glutaraldehyde
over an 8-week period produced one case
of sensitization in 12 volunteers [Refein-
rath et al. 1985]. Union Carbide Corpo-
ration [1966] reported no sensitization in

subjects exposed to 5% glutaraldehyde.

In a guinea pig maximization test (GPMT),
unbuffered glutaraldehyde was reported to
produce a higher sensitization incidence
index than buffered glutaraldehyde [Union
Carbide Corporation 1993]. However, a
Magnusson-Kligman sensitization test sub-
mitted to the United States Environmental
Protection Agency (USEPA) [1991] elicited
no positive responses. Investigators have re-
ported a concentration-dependent increase
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in lymphocyte proliferation when glutar-
aldehyde in concentrations ranging from
0.1% to 5% [Hilton et al. 1998] or 0.75%
to 2.5% [Azadi et al. 2004] were applied to
mice in local lymph node assays (LLNA).
In a mouse-ear swelling test (MEST),
Azadi et al. [2004] reported an immediate
contact hypersensitivity response in mice
induced and challenged with 2.5% glutar-
aldehyde, whereas animals induced with
0.1% or 7.5% and challenged with 2.5%
exhibited a delayed response. Glutaralde-
hyde was also reported to induce a contact
hypersensitivity-type reaction in a MEST
and a concentration-related stimulation of
lymph node activity in an LLNA, indicat-
ing skin-sensitization potential [ Ballantyne
and Jordan 2001]. Glutaraldehyde is pre-
dicted by DEREK™ to be a skin sensitizer.

The results in several reported cases
[Nethercott et al. 1988; Fowler 1989;
Ballantyne and Jordan 2001], repeat-
ed-insult patch tests in humans [Union
Carbide Corporation 1980], and predic-
tive tests in animals (i.e., GPMT, LLNA,
MEST) [Union Carbide Corporation
1993; Hilton et al. 1998; Ballantyne and
Jordan 2001; Azadi et al. 2004] demon-
strate that glutaraldehyde is skin sensitizer
in both humans and animals. Therefore,
on the basis of the data for this assess-
ment, glutaraldehyde is assigned the SK:
SEN notation.

5 Summary

Toxicokinetic studies of the kinetics of
percutaneous absorption of glutaralde-
hyde indicate that the chemical is poorly
absorbed. This finding is also supported
by the high doses required to elicit acute
toxicity, although a mathematical model
predicted the chemical to have the po-
tential for dermal absorption. Findings
in the identified repeated-dose studies
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Table 3. Summary of the previously issued skin hazard designations for glutaraldehyde

Organization Skin hazard designation
NIOSH [2005] None

OSHA None

ACGIH [2001] None

EC [2010] R34: Causes burns

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.

are inadequate to indicate whether an ef-
fect level in the most representative spe-
cies (rats) would occur at doses lower than
1000 mg/kg/day, because the highest dose
tested of 150 mg/kg/day did not cause
systemic effects. Overall, the data demon-
strate limited potential of glutaraldehyde
to induce systemic eftects following der-
mal exposure. Several studies involving
humans [Union Carbide Corporation
1972,1980; Ballantyne and Jordan 2001]
and animals [Ballantyne and Jordan
2001] show that glutaraldehyde is corro-
sive at concentrations of 25% and above
and is a skin irritant at concentrations be-
tween 1% and 25%. The ability of glutar-
aldehyde to cause dermal sensitization is
well-documented. Allergic reactions ob-
served in several reported cases [Nether-
cott et al. 1988; Fowler 1989; Ballantyne
and Jordan 2001], repeated-insult patch
tests in humans [Union Carbide Corpo-
ration 1980], and positive sensitization
results observed in several predictive tests
in animals (GPMT, LLNA, and MEST)
[Union Carbide Corporation 1993; Hil-
ton et al. 1998; Ballantyne and Jordan
2001; Azadi et al. 2004] demonstrate the
sensitization potential of glutaraldehyde.
'The information available for this assess-
ment, including data on both humans and
animals, if sufficient to show that glutar-
aldehyde is corrosive to the skin and is a
skin sensitizer. Therefore, on the basis of

these assessments, glutaraldehyde is as-
signed a composite skin notation of SK:

DIR (COR)-SEN.

Table 3 summarizes the skin hazard des-
ignations for glutaraldehyde previously is-
sued by NIOSH and other organizations.
The equivalent dermal designations for
glutaraldehyde, according to the Globally
Harmonized System (GHS) of Classifica-
tion and Labeling of Chemicals, are Skin
Corrosion Category 1B (Hazard statement:
Causes severe skin burns and eye damage),
and Skin Sensitization Category 1 (Hazard
statement: May cause an allergic skin reac-
tion) [European Parliament 2008].

References

Note: Asterisks (*) denote sources cited in
text; daggers (T) denote additional resources.

*ACGIH (American Conference of Governmen-
tal Industrial Hygienists) [2001]. Glutaralde-
hyde. In: Documentation of threshold limit
values and biological exposure indices. 7th Ed.,
Vol. 2. Cincinnati, OH: American Conference
of Governmental Industrial Hygienists.

*Azadi S, Klink KJ, Meade BJ [2004]. Divergent
immunological responses following glutar-
aldehyde exposure. Toxicol Appl Pharmacol
197(1):1-8.

*Ballantyne B, Jordan SL [2001]. Toxicologi-
cal, medical and industrial hygiene aspects of
glutaraldehyde with particular reference to its

Skin Notation Profiles | Glutaraldehyde



biocidal use in cold sterilization procedures. ]
Appl Toxicol 21(2):131-151.

*Bushy Run Research Centre [1994]. Glutaral-
dehyde: twenty-eight day repeated cutaneous
dose toxicity study in Fischer 344 rats. Unpub-
lished data on file, submitted by Union Car-
bide, Bound Brook, NJ.

“Dow Chemical Company [2002]. Properties of
glutaraldehyde-based formulations. In: Bioshare
[http://www.metrex.com/index/cms-filesystem-
actionrfile=Metrex-PDF/glutaraldehydepro-
perties-dowbiosharedatasheets.pdf].  Accessed
07-07-10.

“*EC (European Commission) [2009]. Glutaral-
dehyde. In: EINICS (European Inventory of
Existing Commercial Chemical Substances)
[http://ecb.jrc.ec.europa.eu/esis/]. Accessed
07-07-10.

*Fowler JF Jr [1989]. Allergic contact dermatitis
from glutaraldehyde exposure. ] Occup Med
31(10):852-853.

*Frantz SW, Beskitt JL, Tallant M], Futrell JW,
Ballantyne B [1993]. Glutaraldehyde: species
comparisons of in vitro skin penetration. ] Toxi-
col Cutan Ocul Toxicol 12(4):349-361.

“Frosch PJ, Kligman AM [1976]. The chamber-
scarification test for assessing irritancy. Contact
Dermatitis 2(6):314-324.

“Hilton J, Dearman RJ, Harvey P, Evans P, Bastetter
DA, Kimber I [1998]. Estimation of relative skin
sensitizing potency using the local lymph node
assay: a comparison of formaldehyde with glu-
taraldehyde. Am J Contact Dermat 9(1):29-33.

*HSDB (Hazardous Substance Data Bank) [2010].
Glutaraldehyde [http://toxnet.nlm.nih.gov/
cgi-bin/sis/htmlgen?HSDB]. Accessed
07-07-10.

“JARC (International Agency for Research on
Cancer) [2009]. Agents reviewed by the IARC
monographs. In: IARC monographs on the eval-
uation of carcinogenic risks to humans [http://
monographs.iarc.fr/ENG/Classification/Lista-
gentsalphorder.pdf]. Accessed 07-07-10.

“International Occupational Safety and Health In-
formation Center [2000]. Glutaraldehyde 50%
solution. ICSC: 3052. International Labor Or-
ganization. [http://www.ilo.org/legacy/english/
protection/safework/cis/products/icsc/dtasht/_
icsc03/icsc0352.htm]. Accessed 07-07-10.

*Nethercott JR, Holness DL, Page E [1988]. Oc-
cupational contact dermatitis due to glutaralde-
hyde in health care workers. Contact Dermati-

tis 78(4):193-196.

Skin Notation Profiles | Glutaraldehyde

*NIOSH [2005]. NIOSH pocket guide to chemi-
cal 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.

*NTP (National Toxicology Program) [2009]. Elev-
enth report on carcinogens [http://ntp.niehs.nih.
gov/index.cfm?objectid=32BA9724-F1F6-975E-
7FCE50709CB4C932]. Accessed 07-07-10.

“Reifenrath WG, Prystowsky SD, Nonomura JH,
Robinson PB [1985]. Topical glutaraldehyde:
percutaneous penetration and skin irritation.
Arch Dermatol Res 277(3):242-244.

*Sigma-Aldrich [2007]. Glutaraldehyde solution (25
wt. % in H,O). In: Sigma-Aldrich catalog [http://
www.sigmaaldrich.com/catalog/ProductDetail.
do?N4=G4004]. Accessed 12-14-09.

*Stonehill AA, Krop S, Borick PM [1963]. Buff-
ered glutaraldehyde: a new sterilizing chemical
solution. Am ] Hosp Pharm 20:458-485.

“Takigawa T, Endo Y [2006]. Effects of glutar-
aldehyde exposure on human health. ] Occup
Health 48(2):75-87.

*UNECE (United Nations Economic Commission
for Europe) [2007]. Part 3: health hazards. In:
Globally harmonized system of classification
and labeling of chemical (GHS). 2nd Rev. Ed.
[http://www.unece.org/trans/danger/publi/ghs/
ghs_rev02/02files_e.html]. Accessed 07-07-10.

TUNEP (United Nations Environmental Pro-
gramme), Chemicals Branch [1998]. Screening
information datasets (SIDS) for high volume
chemicals: glutaraldehyde [http://www.chem.
unep.ch/irpte/sids/OECDSIDS/INDEX-
CHEMIC.htm]. Accessed 07-07-10.

*Union Carbide Corporation [1966]. Repeated in-
sult patch test of glutaraldehyde, 5% solution,
with cover letter dated 11/14/95. Danbury, CT:
Union Carbide Corporation. On file with the
U.S. Environmental Protection Agency under
TSCA Section 8D. OTS# 0558276. Document
#: 86960000136.

o
c
~*
o
q
an
o
®
s>
<
-3
®




o
c
~*
Y
*
al
Q
®
>
<
q
™

*Union Carbide Corporation [1972]. Dialdehydes,

by Dernahl CU. Danbury, CT: Union Car-
bide Corporation. On file with the U.S. En-
vironmental Protection Agency under TSCA
Section 8D.OTS# 0558275. Document #:
86960000135

*Union Carbide Corporation [1980]. Repeat-

ed insult patch test of glutaraldehyde (0.1%,
0.2%, 0.5%). New York: Testkit Laboratories
Inc. Study #80-39 I and IIf. On file with the
U.S. Environmental Protection Agency under
TSCA Section 8D. OT'S# 0558274. Document
# 86960000134

*Union Carbide Corporation [1993]. Letter from

Union Carbide Corp. to USEPA regarding
acute irritation and sensitization studies of glu-
taraldehyde. Danbury, CT: Union Carbide Cor-
poration. On file with the U.S. Environmental
Protection Agency under TSCA Section 8D.
OTS# 0556612. Document # 86940000016.

*USEPA (United States Environmental Protec-

tion Agency) [1988]. Recommendations for and
documentation of biological values for use in
risk assessment. Washington, DC: U.S. Environ-
mental Protection Agency, EPA/600/6-87/008.

“USEPA [1991]. Letter to USEPA regarding the

enclosed evaluation summary on the lever modi-
fication of the Magnusson-Kligman guinea pig
maximization test with glutaraldehyde (sani-
tized), with attachment [1980]. On file with the
U.S. Environmental Protection Agency under
TSCA Section 8D. OT'S# 0533498. Document
# 86-920000277S.

“USEPA [2009]. Integrated Risk Information

System (IRIS) [http://www.epa.gov/iris/]. Ac-
cessed 07-07-10.

*Werley MS, Ballantyne B, Neptun DA, Losco PE

[1996]. Four week repeated skin contact study
with glutaraldehyde. ] Toxicol Cut Ocul Toxicol
15:179-193.

Skin Notation Profiles | Glutaraldehyde



Appendix: Calculation of the SI Ratio for Glutaraldehyde

'This appendix presents an overview of the
SI ratio and a summary of the calculation
of the SI ratio for glutaraldehyde. Although
the SI ratio is considered in the determina-
tion of a substance’s hazard potential fol-
lowing skin contact, it is intended only to
serve as supportive data during the assign-
ment of the NIOSH SK. An in-depth dis-
cussion 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
coeflicient (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.
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'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 coeflicient (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, as outlined in Table Al.
Other 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 A1. Summary of data used to calculate the SI ratio for glutaraldehyde

Variables used in calculation Units Value
Skin permeation coefficient

Permeation coefficient of stratum corneum lipid path(K,) cm/hr 0.00060

Permeation coefficient of the protein fraction of the cm/hr 1.51809 x 10°
stratum corneum (K,

Permeation coefficient of the watery epidermal layer (K,,) cm/hr 0.24985

Molecular weight (MW)* amu 100

Base-10 logarithm of its octanol-water partition None -0.18
coefficient (log Kow)*

Calculated skin permeation coefficient (K) cm/hr 0.00061

Skin dose
Water solubility (Sw)*
Calculated skin permeation coeflicient (K,)
Estimated skin surface area (palms of hand)
Exposure time
Calculated skin dose

Inhalation dose
Occupational exposure limit (OEL)T
Inhalation volume
Retention factor (RF)
Inhalation dose

Skin dose—to—inhalation dose (SI) ratio

mg/cm? 167

cm/hr 0.00061
cm? 360
hr 8
mg 294.51
mg/m? 0.205
m?3 10
None 0.75
mg 1.54
None 191.55

*Variables identified from SRC [2009].

TThe OEL used in calculation of the SI 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,y = 0.0001519 x MW
K, = 2.5x MW™3

aq

'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 ex-
posed skin surface area, and the duration of

10

exposure. Its units are milligrams (mg). As-
sume 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 Sy x Exposed skin sur-

tace area x Exposure time

= K, (cm/hr) x Sy (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 oc-

currence of systemic effects rather than
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sensory/irritant effects or direct effects on
the respiratory tract. Assume a continuous
exposure of 8 hours, an inhalation vol-
ume of 10 cubic meters (m?) inhaled air in
8 hours, and a factor of 75% for retention
of the airborne substance in the lungs dur-
ing 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 quan-
titatively indicates (1) the significance
of dermal absorption as a route of occu-
pational exposure to the substance and
(2) the contribution of dermal uptake to
systemic toxicity. If a substance has an SI
ratio greater than or equal to 0.1, it is con-
sidered a skin absorption hazard.

Calculation

Table Al summarizes the data applied in
the previously described equations to de-
termine the SI ratio for glutaraldehyde. The
calculated SI ratio was 191.55. On the basis
of these results, glutaraldehyde is predicted

to represent a skin absorption hazard.
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