TOXI COLOG CAL PROFI LE FOR
2- HEXANONE

Agency for Toxic Substances and Di sease Registry
U S. Public Health Service

Sept enber 1992



DI SCLAI MER

The use of conpany or product nanme(s) is for identification only and does
not inply endorsenent by the Agency for Toxic Substances and Di sease Registry.



iii
FOREWORD

The Superfund Amendments and Reauthorization Act (SARA) of 1986
(Public Law 99-499) extended and amended the Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 (CERCLA or Superfund).
This public law directed the Agency for Toxic Substances and Disease
Registry (ATSDR) to prepare toxicological profiles for hazardous
substances which are most commonly found at facilities on the CERCILA .
National Priorities List and which pose the most significant potential
threat to human health, as determined by ATSDR and the Environmental
Protection Agency (EPA). The lists of the 250 most significant
hazardous substances were published in the Federal Register on April 17,
1987; on October 20, 1988; on October 26, 1989; and on October 17, 1990.
A revised list of 275 substances was published pn October 17, 1991.

. Section 104(i)(3) of CERCLA, as amended, directs the Administrator
of ATSDR to prepare a toxicological profile for each substance on the
lists. Each profile must include the following content:

(A) An examination, summary, and interpretation of available
toxicological information and epidemiological evaluations on the
hazardous substance in order to ascertain the levels of significant
human exposure for the substance and the associated acute,
subacute, and chronic health effects.

(B) A determination of whether adequate information on the health
effects of each substance is available or in the process of
development to determine levels of exposure which present a
significant risk to human health of acute, subacute, and chronic
health effects.

(C) VWhere appropriate, an identification of toxicological testing
needed to identify the types or levels of exposure that may present
significant risk of adverse health effects in humans.

This toxicological profile is prepared in accordance with
guidelines developed by ATSDR and EPA. The original guidelines were
published in the Federal Register on April 17, 1987. Each profile will
be revised and republished as necessary.

The ATSDR toxicological profile is intended to characterize
succinctly the toxicological and adverse health effects information for
the hazardous substance being described. Each profile identifies and
reviews the key literature (that has been peer-reviewed) that describes
a hazardous substance’'s toxicological properties. Other pertinent
literature is also presented but described in less detail than the key
studies. The profile is not intended to be an exhaustive document;
however, more comprehensive sources of specialty information are
referenced.
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Foreword

Each toxicological profile begins with a public health statement,
which describes in nontechnical language a substance's relevant
toxicological properties. Following the public health statement is
information concerning levels of significant human exposure and, where
known, significant health effects. The adequacy of information to
determine a substance’s health effects is described in a health effects
summary. Data needs that are of significance to protection of public
health will be identified by ATSDR, the National Toxicology Program
(NTP) of the Public Health Service, and EPA. The focus of the profiles
is on health and toxicological information; therefore, we have included
this information in the beginning of the document.

The principal audiences for the toxicological profiles are health
professionals at the federal, state, and local levels, interested
private sector organizations and groups, and members of the public.

This profile reflects our assessment of all relevant toxicological
testing and information that has been peer reviewed. It has been
reviewed by scientists from ATSDR, the Centers for Disease Control, the
NTP, and other federa. agencies. It has also been reviewed by a panel
of nongovernment peer reviewers. Final responsibility for the contents
and views expressed in this toxicological profile resides with ATSDR.

William L. Roper, M.D., M.P.H.
_Administrator

Agency for Toxic Substances and
Disease Registry
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1. PUBLI C HEALTH STATEMENT

This Statement was prepared to give you information about 2-hexanone and
to enphasi ze the hunman health effects that may result from exposure to it.
The Environnmental Protection Agency (EPA) has identified 1,177 sites on its
National Priorities List (NPL). 2-Hexanone has been found in at |east 15 of
t hese sites. However, we do not know how nany of the 1,177 NPL sites have been
eval uated for 2-hexanone. As EPA eval uates nore sites, the nunber of sites at
whi ch 2- hexanone is found may change. This information is inportant for you to
know because 2- hexanone may cause harnful health effects and because these
sites are potential or actual sources of human exposure to 2-hexanone.

When a chenmical is released from a large area, such as an industrial
plant, or from a container, such as a drum or bottle, it enters the
environment as a chemcal enission. This enmssion, which is also called a
rel ease, does not always lead to exposure. You can be exposed to a chem cal
only when you cone into contact with the chemcal. You nay be exposed to it in
the environment by breathing, eating, or drinking substances containing the
chem cal or fromskin contact with it.

If you are exposed to a hazardous chem cal such as 2-hexanone, several
factors will determ ne whether harnful health effects will occur and what the
type and severity of those health effects will be. These factors include the
dose (how ruch), the duration (how long), the route or pathway by which you
are exposed (breathing, weating, drinking, or skin contact), the other
chem cals to which you are exposed, and your individual characteristics such
as age, sex, nutritional status, famly traits, life style, and state of
heal t h.

1.1 WHAT IS 2- HEXANONE?

2- Hexanone, also known as nethyl n-butyl ketone or MK, is a clear,
colorless liquid with a somewhat sharp odor. The liquid form can easily
evaporate into the air as a vapor. It is a waste product of wood pul pi ng, coa
gasification, and oil shale operations. 2-Hexanone was fornmerly used in paint
and paint thinner and in various chenical substances. However, since it
was found to have harnful health effects, it is no longer nade in the United
States, and its uses have been restricted. There are no known major natural
sources of 2-hexanone in the environment. When 2-hexanone is released to
rivers or lakes, it dissolves very easily, and it may evaporate into the air
in a few days. W do not know if 2-hexanone binds to soil. Wen 2-hexanone is
rel eased to the water, air, or soil, it is probably broken down into smaller
products, possibly within a few days.

More information on the physical and chemcal properties, uses, and
rel eases of 2-hexanone and how it behaves in the environnent can be found in
Chapters 3, 4, and 5.
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1.2 HOWM GHT | BE EXPOSED TO 2- HEXANONE?

You can be exposed to 2-hexanone if you live near an industry or
hazardous waste site that releases the liquid into wastewater or the gas form
into the surrounding air. These industries include coal gasification plants,
oil shal e operations, and wood pulping mlls. W have no information on
background | evel s of 2-hexanone in the environnent.

2- Hexanone has been found as a natural substance in foods such as cheese,
nectarines, nuts, bread, and chicken nmuscle. W do not know the | evels of 2-
hexanone in these foods. 2-Hexanone has been found in mlk and cream at |evels
up to 0.018 ppm (0.018 parts of 2-hexanone in one mllion parts of liquid).
These | evels are far below the | evels that have caused harnful effects in
animals. It has al so been found in drinking water and soil near hazardous
waste sites. Exposures at these sites may take place if you drink the
contam nated water or bathe in it, if you get contaminated soil on your skin,
or if you breathe the contaninated air.

More informati on on how you mi ght be exposed to 2-hexanone is given in
Chapt er 5.

1.3 HOW CAN 2- HEXANONE ENTER AND LEAVE My BODY?

2- Hexanone can enter your body when you breathe its vapors, eat food or
drink water that contains it, or when you cone in contact with it through your
skin. Wien 2-hexanone is breathed in, about 75%of it is taken up and renains
in the body unchanged or as a breakdown product for an unknown | ength of tine.
If it enters the body by nouth, about 65% of the chem cal |eaves the body
slowy (in about a week), either unchanged or as breakdown products, in the
breath and urine. The rest may either stay in the body or may | eave the body
slowy through the breath or urine. One of the breakdown products, called 2,5-
hexanedi one, may be responsible for the harnful effects on the nervous system
(see Section 1.4). Wien 2-hexanone gets in through the skin, sone | eaves the
body through the lungs and urine within a few hours. W have no information on
how nuch stays in the body or for how long. If you Iive or work near a
hazardous waste site, you may be exposed to 2-hexanone in the air that you
breathe or in the water you drink or bathe in, if it contains small anounts of
this chemi cal

More informati on on how 2-hexanone enters and | eaves the body is given in
Chapter 2.

1.4 HOW CAN 2- HEXANONE AFFECT MY HEALTH?

The nost inportant health concern for humans from exposure to 2-hexanone
is its harnful effects on the nervous system These effects were seen in
wor kers who were exposed to 2-hexanone for alnost a year. The nmjor effects
wer e weakness, nunbness, and tingling in the skin of the hands and feet.
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Simlar effects were seen in animals that ate or breathed high |evels of 2-
hexanone; these effects included weakness, clunsiness, and paral ysis.

We do not know whet her 2-hexanone can cause cancer or birth defects. In
one study, when pregnhant rats were exposed to 2-hexanone in the air, fewer
offspring lived after birth, and those that did survive had |ow birth weights.

Many of the studies in which the health effects of 2-hexanone in humans
or aninmals were reported did not use pure 2-hexanone. Therefore, we do not
know whet her the results were caused by 2-hexanone itself or by the other
chem cals in the nixture.

More information on health effects of 2-hexanone can be found in
Chapter 2.

1.5 1S THERE A MEDI CAL TEST TO DETERM NE WHETHER | HAVE BEEN
EXPOSED TO 2- HEXANONE?

Tests can be used to find out whether you have recently been exposed to
2- hexanone. The tests neasure |levels of 2-hexanone or its breakdown products
in blood or urine. These tests require special equipnment and are done in a
special laboratory, so they are usually not available in a doctor's office.
However, these tests cannot be used to predict whether harnful effects wll
occur.

More informati on on how 2- hexanone can be neasured in exposed humans is
given in Chapters 2 and 6.

1.6 WHAT RECOMVENDATI ONS HAS THE FEDERAL GOVERNMENT MADE TO
PROTECT HUVAN HEALTH?

The federal governnment has set certain regulations and guidelines to help
protect people fromthe possible health effects of 2-hexanone in the
wor kpl ace. The Cccupational Safety and Health Administration (CSHA) has set a
[imt of 5 ppm (5 parts of 2-hexanone in 1 million parts of air) as an average
exposure level to this chem cal over a 40-hour work week. The American
Conference of Governnental Industrial Hygienists (ACGH) has nade the same
recomrendati on. The National Institute for Qccupational Safety and Health
(NI CSH) recommends an even lower limt, 1 ppm as an average exposure during a
10- hour peri od.

More informati on on governnental regulations regardi ng 2- hexanone can be
found in Chapter 7.
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1.7 WHERE CAN | CGET MORE | NFORMATI ON?

If you have any nore questions or concerns not covered here, please
contact your state health or environnmental departnment or:

Agency for Toxic Substances and Di sease Registry
Di vi si on of Toxi col ogy

1600 difton Road, E-29

Atl anta, Georgia 30333

Thi s agency can al so provide you with information on the location of the
near est occupational and environnental health clinic. Such clinics specialize

in recogni zing, evaluating, and treating illnesses that result from exposure
t o hazardous substances.
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2. HEALTH EFFECTS

2.1 | NTRODUCTI ON

The primary purpose of this chapter is to provide public health
of ficials, physicians, toxicologists, and other interested individuals and
groups with an overall perspective of the toxicology of 2-hexanone and a
depi ction of significant exposure |levels associated with various adverse
health effects. It contains descriptions and eval uations of studies and
presents |levels of significant exposure for 2-hexanone based on toxicol ogi cal
studi es and epi deni ol ogi cal investigations.

In the evaluation of studies described in this chapter, the purity of the
test conpound was considered. As shown in the text, tables, and figures, three
general categories of 2-hexanone purity were indicated in the studies:

Purity of 96% or nore
e 70%purity (technical grade)
e Purity was not stated in the cited publication

In technical grade 2-hexanone, the 30% inpurity was identified as nethyl
i sobutyl ketone, and the possible inplications of its presence in the test
subst ance were di scussed.

2.2 DI SCUSSI ON OF HEALTH EFFECTS BY ROUTE OF EXPOSURE

To hel p public health professionals address the needs of persons |iving
or working near hazardous waste sites, the infornation in this section is
organi zed first by route of exposure--inhalation, oral, and dermal--and then
by health effect--death, system c, imunol ogical, neurol ogical, devel opnental
reproductive, genotoxic, and carcinogenic effects. These data are discussed in
terms of three exposure periods --acute (less than 15 days), internediate (15-
364 days), and chronic (365 days or nore).

Level s of significant exposure for each route and duration are presented
in tables and illustrated in figures. The points in the figures show ng
noobserved- adverse-effect |evels (NOAELS) or | owest-observed-adverse-effect
|l evel s (LOAELS) reflect the actual doses (levels of exposure) used in the
studi es. LOAELs have been classified into "l ess serious" or "serious" effects.
These distinctions are intended to help the users of the docunment identify the
| evel s of exposure at which adverse health effects start to appear. They
shoul d also help to determ ne whether or not the effects vary with dose and/or
duration, and place into perspective the possible significance of these
effects to human heal t h.

The significance of the exposure | evels shown in the tables and figures
may differ depending on the user's perspective. For exanple, physicians
concerned with the interpretation of clinical findings in exposed persons may
be interested in | evels of exposure associated with "serious" effects. Public
health officials and project managers concerned with appropriate actions to
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take at hazardous waste sites may want information on | evels of exposure
associated with nore subtle effects in humans or animals (LOAEL) or exposure

| evel s bel ow whi ch no adverse effects (NOAEL) have been observed. Estinates of
| evel s posing minimal risk to humans (M ninmal Ri sk Levels, MRLs) may be of
interest to health professionals and citizens alike.

Esti mates of exposure |levels posing mnimal risk to humans (MRLs) have
been made, where data were believed reliable, for the nbst sensitive noncancer
effect for each exposure duration. MRLs include adjustnents to reflect human
variability fromlaboratory animal data to humans.

Al t hough net hods have been established to derive these |evels (Barnes et
al . 1988; EPA 1989), uncertainties are associated with these techni ques.
Furthernore, ATSDR acknow edges additional uncertainties inherent in the
application of the procedures to derive less than lifetinme MRLs. As an
exanpl e, acute inhalation MRLs nay not be protective for health effects that
are del ayed in devel opnent or are acquired follow ng repeated acute insults,
such as hypersensitivity reactions, asthma, or chronic bronchitis. As these
ki nds of health effects data becone avail able and nethods to assess |evels of
significant hunman exposure inprove, these MRLs will be revised.

2. 2. 11 nhal ati on Exposure

Nurer ous studi es have been conducted in which animals were exposed to 2-
hexanone via inhal ati on. However, the purpose of many of these studies was to
assess the potential effects of conbined exposure to 2- hexanone and anot her
substance (usually chloroformor nethyl ethyl ketone [MEK]). Study design has
consequently involved exposure to only one concentration of 2-hexanone as a
control exposure. A single high dose of 2-hexanone was used in several other
studies in order to elicit and study hi stopathol ogi cal changes in the affected
nervous tissue, In addition, the grade or purity of the 2-hexanone
adm ni stered was not stated in nmany studies, or in some cases, hexanone with
purity as low as 70% was used. As a result of these various conplications, the
useful ness of the available data is limted.

2.2.1.1 Deat h

The only lethality data available for inhalation exposure to 2-hexanone
are froma study by Abdo et al. (1982) in which 1 of 5 hens exposed
conti nuously to 200 ppm 2- hexanone (70% purity) died on day 72 of a 90-day
study. At 400 ppm 2 of 5 hens died by day 27. The cause of death was not
stated. No deat hs were observed in the groups exposed to 100 ppm and bel ow.

The hi ghest NOAEL value and a reliable LOAEL val ue for death in this
species and duration category are recorded in Table 2-1 and plotted in Figure
2-1.



TABLE 2-1.

Levels of Significant Exposure to 2-Hexanone - Inhalation

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure? Species duration System (ppm) (ppm) (ppm) Reference Purity
INTERMEDIATE EXPOSURE
Death
1 Hen 90 d 100 200 (death) Abdo et al. 1982 T
24 hr/d
Systemic ’
2 Human +10 mo Other 9 (up to 60 1b Allen et al. U
(occup) weight loss) 1975
3 Rat 6 mo Other 100 Egan et al. 1980 P
7d/wk
22hr/d
4 Rat 6 mo Hepatic 50 Duckett et al. U
5d/wk Renal 50 1979
8hr/d
5 Rat 11 wk Hemato 700 (40X decrease Katz et al. 1980 P
72 hr/wk in WBCs)
18 hr/d Other 700 (decreased
weight gain)
6 Rat 25-29 wk Other 100 1000 (decreased body Johnson et al. U
5d/wk weight) 1977
6hr/d
7 Hen 90 d Other 50 200 (42X weight loss) Abdo et al. 1982 T
24 hr/d
Neurological
8 Human +10 mo 9 (neuropathy) Allen et al. U
{occup) 1975
9 Rat 6 mo 50 (histopathology) Duckett et al. U
5d/wk 1979

8hr/d

T

S10344d HITVAIH



TABLE 2-1 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serlous Serious

figure® Species duration System (ppm) (ppm) (ppm) Reference Purity

10 Rat 4 mo 1300 (nerve Spencer et al. U
5 d/wk degeneration) 1975
6 hr/d

11 Rat 6 mo 100 (histopathology) Egan et al. 1980 P
7d/vwk
22hr/d

12 Rat 6-9.5 wk 225 (paralysis, Saida et al. i)
24hr/d histopathology) 1976

13 Rat 11 wk 700 (neuropathy, Katz et al. 1980 P
72 hr/wk histopathology)
18 hr/d

14 Rat 29 wk 100 (neuropathy) Johnson et al. U
5d/wk 1977
6hr/d

15 Monkey 41 wk 100 (mild neuropathy) Johnson et al. ]
5d{wk 1977
6hr/d

16 Hen 90 d 100 (ataxia) Abou-Donia T
5 d/wk et al. 1985a
NDhr/d

17 Hen 90 d 10 50 (ataxia) 200 (paralysis, Abdo et al. 1982 ' T
24 hr/d histopathology)

Developmental

18 Rat 21 Gd 2000 (decreased pup Peters et al. U
6hr/d survival and 1981

weight)

19 Rat 21 Gd 1000 (behavioral Peters et al. U

6hr/d effects in 1981

offspring)

C

S10344d HLIVIH



TABLE 2-1 (Continued)

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serious Serious
figure?® Species duration System (ppm) (ppm) (ppm) Reference Purity
Reproductive
20 Rat 11 wk 700 (decreased testes Katz et al. 1980 P
72 hr/wk weight, histo-
18 hr/d pathology)

*The number corresponds to entries in Figure 2-1.

d = day(s); Gd = gestation days: Hemato = hematologlcal; hr = hour(s); lb = pounds: LOAEL = lowest-observed-adverse-effect level;
mo = month(s); ND = no data; NOAEL = no-observed-adverse-effect level; occup = occupational; P = >96% 2-hexanone; T = 70X 2-hexanone;
U = 2-hexanone purity not stated; WBC = white blood cells; wk = week(s)

T

S103449 HI'IVAH



FIGURE 2-1. Levels of Significant Exposure to 2-Hexanone — Inhalation
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2.2.1.2 Systemic Effects

The system c effects observed after inhalation exposure to 2-hexanone are
di scussed bel ow. The NOAEL val ues and all reliable LOAEL val ues for systemc
effects in each species and duration category are recorded in Table 2-1 and
plotted in Figure 2-1.

No studies were |ocated regarding respiratory, cardiovascul ar,
gastrointestinal, or dernmal/ocular effects in humans or animals after
i nhal ati on exposure to 2-hexanone.

Herat ol ogi cal Effects. No studies were | ocated regardi ng hemat ol ogi cal
effects in humans after inhal ati on exposure to 2-hexanone.

A reduction in total |eukocyte counts to about 60% of contro
val ues(p<0.05) was observed in rats intermttently exposed to 700 ppm 2-
hexanone (96. 1% purity) after 8 weeks of an ||-week study (Katz et al. 1980).
Henogl obi n concentration, hematocrit, and differential white cell counts were
simlar to control values. Although the decrease in total white bl ood cel
counts suggested an effect on bone marrow, the authors found no m croscopic
evi dence of such danmge. Therefore, the clinical significance of their
findings was uncertain. In addition, only a single dosage |evel was used in
t he study.

Muscul oskel etal Effects. No studies were |ocated regarding
nmuscul oskel etal effects in humans or aninmals after inhalation exposure to 2-
hexanone. Weakness and | ack of coordi nati on have been observed in several
st udi es; however, these effects have been attributed to nerve danage (see
Section 2.2.1.4).

Hepatic Effects. No studies were | ocated regarding hepatic effects in
humans after inhal ati on exposure to 2-hexanone.

There was no effect on hexobarbital-induced sleep tines in rats exposed
conti nuously to 225 ppm 2-hexanone (purity not stated) for 7 days (Couri et
al. 1977). Thus, 2-hexanone exposure under these conditions does not seemto
af fect the hepatic microsomal enzynme activities associated with this response.
No hi stopat hol ogi cal effects were seen in the livers of rats exposed to 50 ppm
2- hexanone (purity not stated) for 6 nonths (Duckett et al. 1979). However, no
addi tional data on potential hepatic effects were found.

Renal Effects. No studies were |located regarding renal effects in hunmans
after inhalation exposure to 2-hexanone. No hi stopathol ogi cal effects were
seen in the kidneys of rats exposed to 50 ppm 2- hexanone (purity not stated)
for 6 nonths (Duckett et al. 1979).
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O her Systenmic Effects. The nbst common system c effect observed
foll owi ng i nhal ati on exposure to 2-hexanone is weight |oss or a decreased rate
of weight gain in devel opi ng ani nal s.

A 1973 out break of distal polyneuropathy involving 86 of 1,157 enpl oyees
was reported in a plant that had been using 2-hexanone for about 10 nonths in
t he production of plastic-coated and color-printed fabrics (Allen et al. 1975;
Billmaier et al. 1974). (Neurological effects associated with this exposure
are discussed in Section 2.2.1.4.) dinical evaluations indicated that of 10
wor kers whose body wei ght was recorded, weight |oss ranging from3 to 60
pounds was observed in the eight workers found to have noderate to severe
neurol ogi cal inpairment (Allen et al. 1975). O the mlder cases, no
significant weight change could be correlated with the presence of the
di sorder. Atnospheric sanpling conducted after this incident indicated that 2-
hexanone | evel s averaged 9.2 ppmin front of the printing nachi nes and 36 ppm
behi nd the machi nes. After the use of 2-hexanone was di scontinued, weight gain
was uniformy noted in those who had | ost weight.

In ani mal studies involving 3-6 nonths of inhalation exposure to 2-
hexanone, both wei ght |oss and decreased rates of weight gain in devel opi ng
ani mal s were not ed.

A progressive but not statistically significant |oss of body wei ght was
reported i n nonkeys, beginning 4 nonths after exposure to 1,000 ppm 2- hexanone
(purity not stated) (Johnson et al. 1977). These effects were not seen at 100
ppm Exposure of rats to 1,000 ppm 2- hexanone (purity not stated) resulted in
statistically significant weight |oss at weeks 2-10 and 20-24 (Johnson et al.
1977). No effects were seen at 100 ppmin that study or in a simlar 6-nonth
study in rats (Egan et al. 1980). Qher avail able single-dose |evel studies in
rats generally support these observations. A marked reduction in weight gain
was observed in rats exposed to 700 ppm 2-hexanone (96.1% purity) within 3
days of exposure during an ||-week study (Katz et al.1980). Sl ow progressive
weight loss (no details provided) in rats after 10 weeks of exposure to 1,300
ppm 2- hexanone (purity not stated) has al so been reported (Spencer et al.
1975).

In hens, a clear dose-response relationship for effects on body wei ght
resulting frominhal ati on of 2-hexanone was observed during a 13-week study by
Abdo et al. (1982). No effects were seen at 10 or 50 ppm Hens exposed to 100
ppm wei ghed about 92%of their initial weight at the end of 13 weeks of
exposure. Hens exposed to 200 ppm wei ghed 58% of their initial weight after 10
weeks of exposure, and hens exposed to 400 ppm wei ghed 48% of their initial
wei ght after 4 weeks of exposure. Hens exposed to 100 ppm 2- hexanone (70%
purity) for 13 weeks had a nonsignificant increase in body wei ght (Abou-Donia
et al. 1985a).



13
2. HEALTH EFFECTS

It is noteworthy that in three species (nonkeys, rats, and hens), 3-6
mont hs of exposure to 2-hexanone at 100 ppmresulted in little or no effect on
body wei ght paraneters. Levels neasured in the epidem ol ogi cal study of
exposed workers, however, were only 9.2-36 ppm (Allen et al. 1975). However,
these levels were neasured after the incident. If these |ow | evels of 2-
hexanone are a reasonably accurate indication of the conditions of human
exposure that resulted in the observed wei ght |oss, humans may be a very
sensitive species with regard to this paraneter. It is not clear whether the
affected individuals had decreased appetites and/or food consunption levels in
conjunction with their weight |oss.

2.2.1.3 I mmunol ogi cal Effects

No studies were |ocated regardi ng i nmunol ogi cal effects in humans after
i nhal ati on exposure to 2-hexanone.

A reduction in total white blood cell counts to 60% of control val ues
(p<0.05), but no changes in differential white cell counts or evidence of bone
marr ow damage, was found in rats intermttently exposed to 700 ppm 2- hexanone
after 8 weeks during an |l-week study (Katz et al. 1980). These fi ndings,
al t hough i nconcl usi ve, suggest that imrunol ogical effects may warrant sone
consideration in future assessnents of the potential toxicity of inhalation
exposure to 2-hexanone.

2.2.1.4 Neurol ogical Effects

In hunans, the nost inportant effect associated with inhal ati on exposure
to 2- hexanone i s neurol ogi cal dysfunction, nbst commonly observed as
peri pheral neuropathy. Wdespread attention was brought to this phenonmenon
after a 1973 outbreak of distal neuropathy in an Onhio fabric finishing plant
that had introduced the use of 2-hexanone into its processing operations
approxi mately 10 nonths before the first cases of neuropathy were reported.
The screening of 1,157 enpl oyees resulted in the detection of 86 verified
cases of neuropathy (Allen et al. 1975). El even of these cases were noderate
to severe with both notor and sensory involvenent; 38 were nmild with sensory
signs prevailing; and 37 were considered mnimal, wthout clinica
mani festations but with characteristic el ectrodi agnostic abnormalities.
Ceneral characteristics of the neuropathy included nuscle weakness, sensory
loss (inability to discrimnate pain, touch, tenperature, or vibration) in the
hands and feet, and diminution or |oss of reflexes. Electronyographic (EM3
testing generally indicated that nerve conduction velocities (NCVs) were
sl ower, especially in the ulnar, peroneal, tibial, and sural nerves, and the
distal latencies (times to response) were prolonged in parallel to the
reduction of the NCV. O her abnornalities included waves and fibrillations,
especially in the nore severe cases, and a decrease in the nunber and an
increase in the size of notor unit potentials. No histol ogi cal evidence of
nerve damage was obtained in any of these patients. Atnospheric sanpling
conducted after this incident indicated that 2-hexanone levels in the
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processi ng plant averaged 9.2 ppmin front of the printing nachines and 36 ppm
behind them After the use of 2-hexanone was di sconti nued, marked i nprovenent
was seen in the affected enployees during the next few nonths, including al

of the noderate-to-severe cases and nost of the mld and m ni mal cases.
However, the authors stated that it was not possible to rule out a possible
synergistic effect with nethyl ethyl ketone or with other chem cals used at
the plant.

This industrial incident apparently pronpted nost of the ensuing anim
research on the effects of inhalation exposure to 2-hexanone. Several studies
were conducted in rats in an attenpt to describe the histopathol ogical basis
of the observed neuropathy, and several other studies were concerned with the
ability of 2-hexanone exposure to potentiate the adverse effects of exposure
to other agents. As described above, nost of the aninmal neurotoxicity studies
i nvol ved the use of only a single dose of 2-hexanone, usually as a control
group for conparison with the effects of conmbi ned exposure to 2-hexanone and
anot her conpound, and several other studies used a single high dose of 2-
hexanone in order to elicit neurotoxicity and assess the acconpanyi ng
hi st opat hol ogi cal changes.

In all aninmals studied, including nonkeys, cats, rats, and chickens, the
clinical observations generally indicated a progression fromweakness and
ataxia to conplete paralysis of the linbs. These clinical observations were
acconpani ed or preceded by norphol ogi cal changes in the peripheral nerves,
including an increase in the nunber of neurofilanments in the nerve fibers,
axonal swelling, and inpouchings and thinning of the nyelin sheath. It is also
inportant to note that 2,5-hexanedi one, a nmetabolite of 2-hexanone in rats,
gui nea pigs, and humans (D Vincenzo et al. 1976, 1978; Eben et al. 1979) has
been observed to elicit severe neuropathy following oral adm nistration to
rats (Krasavage et al. 1980) and following oral, dermal, or intraperitonea
admi ni stration to hens (Abou-Donia et al. 1982, 1985b). Conparative studi es of
the relative neurotoxicities of 2-hexanone, 2,5-hexanedi one, and ot her
conpounds have concl uded that 2, 5-hexanedione is a nore potent neurotoxicant
t han 2- hexanone (Abou-Donia et al. 1982; Krasavage et al. 1980).

Severe neurotoxicity was reported in rats as a result of 7 days of
conti nuous inhal ati on exposure to 225 ppm 2- hexanone (Couri et al. 1977).
However, no data for this toxic effect were given in the study. Paral ysis was
observed in rats exposed to 225 ppm 2- hexanone (purity not stated) for 9.5
weeks or to 400 ppmfor 6 weeks (Saida et al. 1976). Inpouchings of the nyelin
sheath of the peripheral nerves occurred as early as 16 days at both dose
| evel s. Ot her histopathol ogi cal findings included denuded fibers and swol | en
axons. Continuous inhal ati on exposure of rats to 2-hexanone (purity not
stated), initially at 600 ppm but | owered to 400 ppmto prevent weakness and
weight loss, resulted in hind |inb dragging at 11-12 weeks (Mendell et al.
1974b). Hi st opat hol ogi cal observations were axonal swelling and denyelination
of nerve fibers. In rats exposed to 100 ppm 2- hexanone for 25-29 weeks, there
was a progressive, statistically significant decrease in the maxi mum not or
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conduction velocity (MCV) of the sciatic-tibial nerve at 29 weeks and of the
ul nar nerve at 17 weeks. An effect on operant behavior, manifest as a reduced
response rate in bar-pressing studies, was also reported. At 1,000 ppm
exposure, these effects were seen earlier (Johnson et al. 1977). Rats exposed
to 700 ppm 2- hexanone (96. 1% purity) during an |Il-week study devel oped
clinical signs of neurotoxicity as early as the second week of exposure (Katz
et al. 1980). Observations included reduced body nuscle tone and weakened

hi nd- and forelinb grasping of a wire nesh.

In a 6-nmonth study, rats exposed to 100 ppm 2- hexanone (96. 7% purity) did
not denonstrate clinical signs of neuropathy. However, after 4 nonths of
exposure, giant axonal swellings and denyelination were seen in fibers of the
ti bial nerves; by 6 nonths degeneration had ascended to the sciatic notch. In
the central nervous system 4-nonth observations included gi ant axonal
swellings in the nedulla oblongata and cerebellum By 6 nonths the spinal cord
had scattered fiber degeneration in the gracile tract and the | unbar region
(Egan et al. 1980). In a 6-nonth study in rats, inhalation exposure to 50 ppm
2-hexanone (purity not stated) resulted in histopathol ogical effects including
denyel i nation of the sciatic nerve, and axonal hypertrophy and beadi ng
(Duckett et al. 1979). Rats exposed to 1,300 ppm during a 40-week study
devel oped a pronounced symetrical hindlinb footdrop, hindlinb and forelinb
weakness, and nerve fiber swelling and degeneration (Spencer et al. 1975).

In a 10-nmonth study, nonkeys exposed to 1,000 ppm 2- hexanone had abnor mal
results in electrodi agnostic tests (Johnson et al. 1977). There was a
progressive and statistically significant decrease in the naxi mum notor
conduction velocity of the sciatic-tibial nerves starting at 4 nonths of
exposure and a decrease in the nmaxi mum conduction velocity of the ul nar nerves
starting at 1 nonth. Decreased anplitude of evoked muscle action potential was
al so seen at 1,000 ppm Results of 100 ppm exposure were sinilar to those of
controls except for a statistically significant decreased response in the
ul nar nerve at the 1 and 3 nonth neasurenents and in the sciatic-tibial nerve
only at 9 and 10 nonths. Recovery to pre-exposure values for notor conduction
vel ocities took 2 nonths for the 100 ppmgroup and 6 nmonths for the 1,000 ppm

group.

Cinical signs of neuropathy were evident in cats after continuous
i nhal ati on exposure to 400-600 ppm 2- hexanone (purity not stated) for 5 weeks
or nmore (Mendell et al. 1974b). (Initial exposure to 600 ppmwas |lowered to
400 ppmin order to prevent weakness and wei ght [ oss.) Hindlinb draggi ng was
foll owed by forelinb weakness and eventual paralysis. The EMG studi es showed a
dramati c decrease (56% in the ulnar nerve conduction velocity. Axonal
swel ling and denyelination of the nerve fibers were also observed. One of
these cats was observed by Saida et al. (1976) for 4.5 nonths after exposure
in order to assess recovery. The animal eventually regained the ability to
wal k, swollen axons were greatly reduced in nunber, and nerve fibers showed
signs of renyelination.
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Conti nuous inhal ati on exposure of hens to 2-hexanone (purity not stated)
initially at 200 ppm then |lowered to 100 ppmto prevent weakness and wei ght
| oss, resulted in overt clinical signs of neuropathy at 4-5 weeks when the
animals could no Ionger stand (Mendell et al. 1974b). Hi st opat hol ogi cal
observations included axonal swelling and denyelination of nerve fibers. In a
go-day inhalation study in hens followed by a 30-day recovery peri od,
neurol ogi cal effects were not apparent in the group exposed to 10 ppm 2-
hexanone (70% purity) (Abdo et al. 1982). MId ataxia (dimnished | eg
movenents and reluctance to wal k) was seen with 4 weeks of exposure to 50 ppm
this progressed to near paralysis by 13 weeks. At higher levels, these effects
were seen earlier. Exposure to 200 ppmresulted in nld ataxia after 2 weeks
and paralysis after 10 weeks. Denyelination and axonal swelling were seen in
the spinal cord at 50 ppmand in both the spinal cord and peripheral nerves at
100 ppm and above. During the 30-day recovery period, slight clinical
i nprovenent was seen in the 50 ppm group. I n another go-day study, hens
exposed to 100 ppm 2- hexanone (70% purity) had mild ataxia after 39 days of
exposure but no evidence of histopathol ogical changes in nerve tissue (Abou-
Doni a et al. 1985a).

As noted above, the test conpound used in two of the studies in hens,
Abdo et al. (1982) and Abou-Donia et al. (1985a), was technical grade 2-
hexanone with a purity |evel of 70% The other 30% conponent of this
formul ati on was net hyl isobutyl ketone. In a 90-day study in which hens were
exposed to pure nethyl isobutyl ketone at 1,000 ppmvia inhalation, this
conpound failed to induce neurotoxicity (Abou-Donia et al. 1985c). However, in
hens simultaneously exposed to 1,000 ppm n-hexane (which by itself was mldly
neurotoxic), with increasing concentrations of methyl isobutyl ketone (I 00-
1,000 ppn) there was a dose-rel ated response of increasingly severe ataxia
progressing to paralysis. In addition, histopathological changes of the
nervous system progressed to degeneration of the spinal cord and lesions in
t he peripheral nerves. These results are inmportant to note because they serve
toillustrate that a potential for synergistic interaction or potentiation
exi sts with conbi ned exposure to nmethyl isobutyl ketone and at | east one other
compound, n-hexane. It is, therefore, possible that conbined exposure to 2-
hexanone and net hyl isobutyl ketone, as in the Abdo et al. (1982) and Abou-
Donia et al. (1985a) studies can result in synergistic interaction or a
potentiation effect (see Section 2.6).

In addition to the neurol ogical effects in the studies described above,
behavi oral alterations were reported in the offspring of pregnhant rats exposed
to 1,000 ppm 2-hexanone (purity not stated) during and after gestation (Peters
et al. 1981) (see Section 2.2.1.5).

The hi ghest NOAEL value in hens and all reliable LOAEL val ues for
neurol ogi cal effects in each species in the internmedi ate-durati on category are
recorded in Table 2-1 and plotted in Figure 2-1.
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2.2.1.5 Devel oprmental Effects

No studies were |ocated regardi ng devel opnmental effects in humans after
i nhal ati on exposure to 2-hexanone.

Behavi oral alterations were reported in the offspring of pregnant rats
exposed to 1,000 ppmor 2,000 ppm 2-hexanone (purity not stated) during 21
days of gestation (Peters et al. 1981). These effects consisted of reduced
activity in the open field, increased activity in the runni ng wheel, and
deficits in avoi dance conditioning. Ofspring of treated dans (both dose
I evel s) clung to an inclined screen | onger than offspring of controls at al
ages (newborn, weanling, puberty, and adult) except geriatric in which results
were simlar to those of controls. For offspring in the puberty and adult
categories, pronounced sex differences were noted, with females in all
exposure categories (including controls) clinging from24%to 100% | onger than
mal es. However, the biological significance of this observation is unknown.
There was a decreased rate of avoidance |learning in puberty-aged fenal es of
treated dans and increased random novenent in both puberty-aged and adult
of fspring of treated dans. Behavioral tests in nost cases indicated that
mat ernal exposure to 2-hexanone was associated with hyperactivity in the young
and decreased activity in the geriatric stage, which the authors speculated to
be due to premature aging resulting fromthe earlier hyperactivity. It is not
cl ear whether these effects are the result of transplacental exposure to 2-
hexanone or of postnatal exposure to 2-hexanone and/or its netabolites via the
m | k of the exposed dans.

In addition, decrenents were observed in the weight gain of pregnant rats
exposed to 1,000 ppmor 2,000 ppm 2-hexanone during 21 days of gestation
(Peters et al. 1981). These decreases were 10% and 14% respectively;
statistical significance was not addressed. Rats in the 2,000 ppm exposure
group were observed to eat less than did the controls. There was also a
significant decrease in the nunber and weight of live offspring of danms in the
2,000 ppm exposure group.

The LOAEL val ues for devel opnental effects in rats in the
i nt ermedi at edurati on category are recorded in Table 2-1 and plotted in Figure
2-1.

2.2.1.6 Reproductive Effects

No studies were |ocated regardi ng reproductive effects in hunans after
i nhal ati on exposure to 2-hexanone.

Mar ked and significant reductions in absolute and relative testes wei ght
and atrophy of testicular germnal epitheliumwere observed in male rats
exposed to 700 ppm 2- hexanone for 11 weeks (Katz et al. 1980).

The LOAEL val ue for reproductive effects in rats for the internediate-
duration category is recorded in Table 2-1 and plotted in Figure 2-1.
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2.2.1.7 Genotoxic Effects

No studies were |ocated regardi ng genotoxic effects in humans or aninmals
after inhalation exposure to 2-hexanone.

2.2.1.8 Cancer

No studies were |ocated regardi ng cancer effects in humans or aninals
after inhalation exposure to 2-hexanone.

2.2.2 Oral Exposure

Several studies were conducted in which only a single high dose of 2-
hexanone was orally adm nistered to rats in an attenpt to i nduce and
consequently study the resulting neurotoxic effects. In addition, only a few
of the studies were conducted using 2-hexanone of a stated purity of 96% or
better. Ot her studies used a fornulation containing 70% 2- hexanone or the
purity of the test substance was not stated. As a result, the useful ness of
the existing data base using the oral route is limted.

2.2.2.1 Deat h

An LD, of 2,590 ng/kg was cal cul ated for a gavage adm nistration of 2-
hexanone (purity not stated) to rats (Snmyth et al. 1954). One of 4 hens
adm ni stered 2-hexanone (70% purity) at 2,000 ng/ kg by gavage di ed (Abou-Donia
et al. 1982). No lethality occurred in 24 hours in 6 male rats that received
2-hexanone (>99% purity) at 1,500 ng/kg by gavage (Hewitt et al. 1980a).

The hi ghest NOAEL value, a reliable LOAEL value for death and an LD, val ue for
t hese species in the acute-duration category are recorded in Table 2-2 and
plotted in Figure 2-2.

2.2.2.2 Systemic Effects

The system c effects observed after oral exposure to 2-hexanone are
di scussed bel ow. The hi ghest NOAEL val ues and all reliable LOAEL val ues for
systemi c effects in each species and duration category are recorded in Table
2-2 and plotted in Figure 2-2.

No studies were |ocated regarding respiratory, cardiovascular, _
gastrointestinal, hematol ogical, muscul oskeletal, or dermal/ocular effects in
humans or aninmals after oral exposure to 2-hexanone.

Hepatic Effects. No studies were |ocated regarding hepatic effects in
hurmans after oral exposure to 2-hexanone.



TABLE 2-2. Levels of Significant Exposure to 2-Hexanone ~ Oral

Exposure LOAEL (effect)
Key to frequency/ NOAEL Less serlous Serilous
figure? Species Route duration System (mg/kg/day) (mg [kg/day) (mg/kg/day) Reference Purity
ACUTE EXPOSURE
Death
1 Rat (G) 1x 2590 (LD50) Smyth et al. u
1954
2 Rat (GO) 1x 1500 Hewitt et al. P
1980a
3 Hen (G) 1x 2000 (death of 1/4) Abou-Donia T
et al. 1982
Systemic
4 Rat (G) ix Hepatic © 1500 Hewitt et al. U
1986
5 Rat (GO) 1x Hepatic 1500 Hewitt et al. P
Renal 1500 1980a
INTERMEDIATE EXPOSURE
Systemlc
6 Rat (G) 90 d Other 660 (welight loss) Krasavage et al. P
5d/wk 1980
1x/d
7 Rat (GW) 40 wk Hepatic 400 Eben et al. 1979 P
1x/d Renal 400
Neurological
8 Rat G) 90 d 660 (paralysis, Krasavage et al. P
5d/wk histopathology) 1980
1x/d
9 Gn pig (W) 24 wk 600 (abnormal pupil Abdel-Rahman U

response)} et al. 1978
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TABLE 2-2 (Continued)

Exposure : LOAEL (effect)
Key to frequeney/ NOAEL Less serious Serious
figure® Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Purity
10 Hen (G) 90 d 100 (ataxia) Abou-Donlia T
7d/wk et al. 1982
1x/d

*The number corresponds to entries in Figure 2-2.

d = day(s): (G) = gavage; (GO) = gavage - oil; Gn pig = guinea pig; (GW) = gavage - water; Hemato = hematological;
LD50 = lethal dose, 50X mortality; LOAEL = lowest-observed-adverse-effect level: NOAEL = no-observed-adverse-effect level;
P = »96X 2-hexanone; T = 70X 2-hexanone; U = 2-hexanone purity not stated; (W) = water:; wk = week(s): x = time(s)
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FIGURE 2-2. Levels of Significant Exposure to 2-Hexanone — Oral

4

S10d44d HITIVIH
1¢

ACUTE INTERMEDIATE
(<14 Days) (15-364 Days)
Systemic Systemic
N
il
¥ ¥ NS
3 & s & & 3 ©
> o o &
S I & ¢ @
(mg/kg/day)
10,000 —
M
@ 2t
O2p O4«Osp  Osw
1,000 —
Qerp @sp
Dogu
Om Om
100 @ 100t
Key
r Rat W LD50 (D LOAEL for less serious effects (animals) p = »96% 2-Hexanone
g Guinea pig @ LOAEL for serious effects (animals) (O NOAEL (animals) t = 70% 2-Hexanone
o Other (Hen) The number next to each point corresponds to entries in Table 2-2. u = 2-Hexanone purity not stated




22
2. HEALTH EFFECTS

Various studies were conducted in rats in which the potential hepatic
effects of oral adm nistration of 2-hexanone conbined with exposure to another
agent were assessed. In rats given single doses of 2-hexanone up to 1,500
ng/ kg by gavage, no effects were observed on liver histology, plasm glutanic-
pyruvi c transam nase |levels (as a neasure of centril obul ar necrosis),
nmeasurenments of the perneability of the biliary tree, mal ondi al dehyde
production (as a neasure of |ipid peroxidation), or total bilirubin levels in
pl asma (Cow en et al. 1984b [ 2-hexanone purity not stated]; Hewitt et al.
1980a [ 2- hexanone purity >99%; Hewitt et al. 1986 ]2-hexanone purity not
stated]). Rapid depletion of hepatic glutathione (GSH) |evels was observed in
rats given a-single gavage dose of 2-hexanone (purity not stated) at 1,000
ng/ kg (Cow en et al. 1984a) and at 1,500 ng/kg (purity not stated)

(Branchfl ower and Pohl 1981). The effect at 1,000 ng/ kg was reported to be
transient. Branchflower and Pohl (1981) postulated that this depletion m ght
be associated with the potentiation of toxic effects fromchloroform (CHCO )
when coadni ni stered with 2-hexanone, since depletion of hepatic GSH coul d

al l ow nore phosgene (COC ) (the toxic oxidation product of chloroform to
react with sensitive tissue conmponents.

In a 40-week study in which rats were adm ni stered 2-hexanone at 400
mg/ k/ day, the levels of liver enzynmes (al ani ne am notransani nase and aspartate
transam nase activities) nmeasured at 4-week intervals were normal (Eben et al
1979).

Renal Effects. No studies were |ocated regarding renal effects in humans
after oral exposure to 2-hexanone.

In studies in which rats were given a single gavage dose of 2-hexanone up
to 1,500 ng/ kg, no alterations were observed in renal norphol ogy, renal
cortical p-am nohi ppurate accunul ation, plasna creatinine concentration (Brown
and Hewitt 1984), blood urea nitrogen (BUN), renal GSH | evels (Branchfl ower
and Pohl 1981), ornithine carbanyl transferase (OCT) activities, or
accunul ati on of p-am nohi ppurate (PAH) or tetraethyl ammonium (TEA) (Hewitt et
al. 1980a). In male rats given 2-hexanone at 1,500 ng/kg, however, 9.6% of the
renal tubul es exam ned were degenerated (as conpared with 1% of controls)
(Hewitt et al. 1980a). The statistical significance of this finding was not
addressed. Plasma urea concentrations were normal in rats that received daily
gavage adm ni strations of 2-hexanone at 400 ny/ kg/day for 40 weeks (Eben et
al. 1979). Oher Systemc Effects. No studies were |ocated regarding effects
on body weight in humans after oral exposure to 2-hexanone.

Decreased wei ght gain was (specific data and statistical significance not
provided) reported in rats given daily doses of 400 ng/ kg/day for 40 weeks
(Eben et al. 1979). Rats given 2-hexanone (undiluted) by gavage at
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660 ng/kg/day in a 90-day study, weighed about 65% of control weights by 10
weeks of exposure (Krasavage et al. 1980). However, it is not clear fromthe
data provi ded whether these rats were too weak or ataxic to eat.

2.2.2.3 I'mmunol ogi cal Effects

No studies were | ocated regarding i mmunol ogi cal effects in humans or
animal s after oral exposure to 2-hexanone.

2.2.2.4 Neurological Effects

No studies were | ocated regardi ng neurol ogical effects in hunans after
oral exposure to 2-hexanone.

Neur ol ogi cal effects resulting fromoral adm nistration of 2-hexanone
have been reported in three species of aninmals. In hens that received a single
gavage dose of 2-hexanone at 2,000 ng/kg, nmild weakness was observed on the
day of administration, followed by apparent recovery in 4-5 days. Hens that
recei ved 100 ng/ kg showed no signs of neurotoxicity (Abou-Donia et al. 1982).
In a subchronic (90-day) phase of the sane study, hens adm ni stered 2-hexanone
at 100 ng/ kg/ day or higher devel oped severe ataxia or near paralysis. There
was al so evidence of histopathol ogi cal changes including swelling or
degeneration of thoracic and |unbar regions of the spinal cord. Sone of the
observations were described by the authors as equivocal .

Severe hindlinb dragging or paralysis was observed in all rats that
recei ved 2-hexanone (undiluted) by gavage at 660 ng/kg/day at about day 56 (8
weeks) of a go-day study (Krasavage et al. 1980). Morphol ogi ¢ changes
i ndi cative of "giant axonal" neuropathy included multifocal axonal swellings
and nyelin infolding and paranodal retraction. In rats that received 400
ng/ kg/day in a 40 week study, there was a tenporary weakness of the hindlinbs
from1l7 to 28 weeks of exposure (Eben et al. 1979). Inprovenent was observed
after that period.

Abnormal pupillary responses to |ight (measured by changes in pupillary
di aneter) were observed in guinea pigs given 2-hexanone in drinking water at
dosage | evel s of approxi mtely 600 ng/kg/day during a 24-week study (Abdel -
Rahman et al. 1978). Effects were seen fromthe first week of treatnent.

It is inportant to note that 2,5-hexanedi one, a netabolite in the bl ood
and urine of rats and in the urine of guinea pigs orally adninistered 2-
hexanone (D Vincenzo et al. 1976; Eben et al. 1979), has been denobnstrated to
elicit severe neurotoxicity followi ng oral, dermal, or intraperitoneal
adm ni stration to hens (Abou-Donia et al. 1982; 1985b) and foll ow ng oral
adm nistration to rats (Krasavage et al. 1980).
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Rel i abl e LOAEL val ues for neurol ogical effects in each species in the
i ntermedi ate-duration category are recorded in Table 2-2 and plotted in Figure
2-2.
2.2.2.5 Devel opnental Effects

No studies were | ocated regardi ng devel opnental effects in humans or
animal s after oral exposure to 2-hexanone.

2.2.2.6 Reproductive Effects

No studies were | ocated regardi ng reproductive effects in hunans after
oral exposure to 2-hexanone.

Mal e rats that were given 2-hexanone at 660 ng/ kg/day (undiluted) by
gavage in a 90-day study were observed to devel op atrophy of the germ na
epitheliumof the testes (Krasavage et al. 1980). However, the statistical
significance of this observation was not addressed.
2.2.2.7 Genotoxic Effects

No studi es were | ocated regardi ng genotoxic effects in humans or aninals
after oral exposure to 2-hexanone.

2.2.2.8 Cancer

No studies were |ocated regardi ng cancer effects in humans or aninals
after oral exposure to 2-hexanone.

2.2.3 Dermal Exposure

Very little information was | ocated regarding health effects in humansor
animal s after dermal exposure to 2-hexanone.

2.2.3.1 Death

No studies were |located regarding death in humans or animals afterdernma
exposure to 2-hexanone.

2.2.3.2 Systenmic Effects

No studies were located regarding respiratory, cardiovascul ar,
gastroi ntestinal, hematol ogical, nuscul oskeletal, hepatic, or renal effects in
humans or aninals after dermal exposure to 2-hexanone.

Dermal / Ocul ar Effects. No studies were | ocated regardi ng dernal/ocul ar
effects in humans after dermal exposure to 2-hexanone.
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Application of undiluted 2-hexanone to the skin of rabbits for 24 hours
resulted in Gade 1 (least severe) irritation (Snyth et al. 1954). Ccul ar
instillation resulted in Gade 3 (noderate) corneal necrosis.

2.2.3.3 Immunol ogi cal Effects

No studies were | ocated regarding i nmmunol ogi cal effects in humans or
animal s after dermal exposure to 2-hexanone.

2.2.3.4 Neurological Effects

No studies were | ocated regardi ng neurol ogical effects in hunans after
dermal exposure to 2-hexanone.

2- Hexanone (99% purity) applied to the backs of hens' necks at 100
ng/ kg/ day for 90 days resulted in gross ataxia (Abou-Donia et al. 1985b).
Hi st ol ogi cal changes observed were swol |l en axons without obvious fragmentation
of the axon or nyelin sheath. No precautions against |icking were nmentioned in
t he study.

The LOAEL for neurol ogical effects in hens in the internedi ate-duration
category is recorded in Table 2-3.

No studies were located regarding the following health effects in hunmans
or animals after inhalation exposure to 2-hexanone:

2.2.3.5 Devel opnental Effects
2.2.3.6 Reproductive Effects
2.2.3.7 CGenotoxic Effects
2.2.3.8 Cancer

2.3 TOXI COKI NETI CS

Data on the toxicokinetics of 2-hexanone, as described in this section,
were derived from studi es using 2-hexanone with purity of 97% or nore. As
di scussed bel ow, absorption of this compound has been denpnstrated in humans,
dogs, and rats after administration via inhalation, oral, or dermal exposure.
Very little information is available on distribution. A metabolic pathway has
been proposed based on the netabolites of 2-hexanone identified in the bl ood
of guinea pigs and rats after intraperitoneal and oral administration,
respectively. Expired breath and urine appear to be the main routes of
excretion for 2-hexanone and its netabolites.



TABLE 2-3. Levels of Significant Exposure to 2-Hexanone - Dermal

Exposure . LOAEL (effect)
frequency/ NOAEL Less serious Serious
Species Route duration System (mg/kg/day) (mg/kg/day) (mg/kg/day) Reference Purity
INTERMEDIATE EXPOSURE
Neurological
Hen 90 d 100 (ataxia) Abou-Donia et P
7d/wk al. 1985b
ix/d

d = day(s); LOAEL = lowvest-observed-adverse-effect level: NOAEL = no-observed-adverse-effect level; P = >96% 2-hexanone;
wk = week(s); x = time(s)

¢
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2.3.1 Absor ption
2.3.1.1 I nhal ati on Exposure

The avail able data indicate that 2-hexanone is well absorbed after
administration via the inhalation route. An analysis of the expired breath of
humans who i nhal ed 2-hexanone at 10 or 50 ppmfor 7.5 hours or 100 ppmfor 4
hours indicated that 75% 92% of the inhal ed 2- hexanone vapor was absorbed by
the lungs and respiratory tract (D Vincenzo et al. 1978).

Simlarly, beagles that inhaled 2-hexanone at 50 or 100 ppmfor 6 hours
absor bed 65% 68% of the inhaled vapor (Di Vincenzo et al. 1978).

2.3.1.2 Oal Exposure

2- Hexanone al so appears to be well|l absorbed after oral administration.
Humans who ingested a single capsul e containing “C 2-hexanone at 0.1 ng/kg
excreted about 40% of the “Cin breath and 26%in urine during the next 8 days
(Di Vincenzo et al. 1978). This indicates that the absorbed ambunt averaged at
| east 66% of the adm ni stered dose.

Adnmi nistration of 1-YC 2-hexanone at 20 or 200 ny/ kg by gavage to rats
resulted in excretion of about 1.2% of the administered radioactivity in the
feces, about 44%in the breath, 38%in urine, and 16% renaining in the carcass
(Di Vincenzo et al. 1977). The results were similar at either dosage |evel.
These findings suggest that about 98% of the adm ni stered dose was absor bed.

2.3.1.3 Dermal Exposure

2-Hexanone is al so absorbed after dermal application. The excretion of “C
in the breath and urine of two human vol unteers was neasured after a 60-ninute
occl usi ve application of “C 2-hexanone to their shaved forearns (DiVincenzo et
al. 1978). Calcul ated skin absorption rates were 4.8 and 8.0 pg/ m n/cnf;
however, the fraction of 2-hexanone that was absorbed was not cal cul ated. “C
Hexanone was al so applied to the clipped thorax of beagle dogs, and absorption
was observed to be slow at first but increased dramatically after 20 m nutes.
At 60 minutes, 77 mg of 2-hexanone had penetrated the skin (D Vincenzo et al
1978). The fraction of applied 2 hexanone that was absorbed was not
cal cul at ed.

2.3.2 Di stribution
2.3.2.1 I nhal ati on Exposure

No studies were |located regarding distribution in humans or ani nals
after inhalation exposure to 2-hexanone.
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2.3.2.2 Oral Exposure

No studies were |located regarding distribution in humans after oral
exposure to 2-hexanone.

In rats admnistered a single dose of '“C-2-hexanone at 200 ng/ kg by
gavage , tissue distribution was reported to be w despread wi th highest counts
in the liver and blood. No quantitative data were given on tissue distribution
(Di Vincenzo et al. 1977). An analysis of subcellular distribution of the “C
| abel in liver, brain, and kidney tissue indicated hi ghest counts were
associated with the crude lipid fraction and protein, with some recovery in
DNA, and little or none in RNA

2.3.2.3 Der mal Exposure

No studies were located regarding distribution in humans or animals after
dermal exposure to 2-hexanone.

2.3.3 Met abol i sm

The proposed netabolic pathway for 2-hexanone, based on 2-hexanone
nmet abolites identified in blood during intraperitoneal studies in guinea pigs
(D Vincenzo et al. 1976) and oral studies in rats (Di Vincenzo et al. 1977) is
presented in Figure 2-3. Because inhalation exposure of humans to 2- hexanone
has resulted in the appearance of carbon dioxide in expired air and 2,5-
hexanedi one in serum Di Vincenzo et al. (1978) have hypot hesi zed that the
nmet abol i ¢ pathway for 2-hexanone is simlar in humans and experi nental
ani mal s. The netabolism of aliphatic ketones has generally been found to
proceed via reduction to the correspondi ng secondary al cohol, which accounts
for the formati on of 2-hexanol. An alternate pathway is oxidation of the 5-
met hyl ene group to the correspondi ng al cohol, 5-hydroxy-2-hexanone, which may
be followed by further oxidation to the di ketone 2, 5-hexanedi one. Anot her
possibility in the nmetabolismof 2-hexanone is the cyclization of 5-hydroxy-
2-hexanone to the correspondi ng di hydrofuran and oxidation to 2, 5-
di net hyl furan (D Vincenzo et al. 1977). However, the formation of these furan
noi eties may be the result of thermal dehydration and cyclization during gas
chr omat ography (Di Vi ncenzo et al. 1977). In addition, the gamra-val erol actone
found in the urine (not shown in figure) is hypothesized to result from
al phaoxi dati on of 5-hydroxy-2-hexanone to 2-keto-5-hydroxyhexanoi c acid,
decar boxyl ati on and oxi dation to 4-hydroxypentanoic acid, and |lactonization to
gamma- val erol actone (Di Vincenzo et al. 1977).

A strong rel ati onshi p has been noted between the concentration of 2,5-
hexanedi one in the urine and the onset of neuropathic synptons (Eben et al.
1979). Simlarly, 2,5-hexanedi one was described as eliciting severe neurotoxic
synptons follow ng oral, dermal, or intraperitoneal adninistration to hens
(Abou-Donia et al. 1982, 1985b) and followi ng oral adnministration to rats
(Krasavage et al. 1980).



Figure 2-3. Proposed Metabolic Pathway for 2-Hexanone *
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There are two mgj or hypotheses related to the mechani smof neurotoxicity
of 2, 5-hexanedi one: coval ent binding with axonal conponents of nerve tissue
and inhibition of enzynmes associated with the production of energy in this
tissue. In vitro studies in which 2,5-hexanedi one was i ncubated with proteins

denmonstrated that this conpound binds to the lysine e-anmino group resulting in

the formati on of the substituted pyrrole adduct e-N-(2,5-dinmethyl pyrrolyl)
norl eucine (DeCaprio et al. 1982). Coval ent binding of 2,5-hexanedi one with
axonal conponents |leading to pyrrole formation and protein cross-|inking was
hypot hesi zed as a possible initiation step | eading to axonal degeneration and
t hus may account for the neurotoxic effects observed with exposure to
gammadi ket ones in general (DeCaprio et al. 1982, 1988). In vivo confirmation

of pyrrole formation was reported based on the presence of e-N(2,5-

di met hyl pyrrol yl)norl eucine in the hydrolyzed serum of a hen that had received
2, 5- hexanedi one at 200 ng/ kg/day by gavage for two weeks (DeCaprio et al.
1982).

O her studi es have denonstrated that both 2-hexanone and 2, 5- hexanedi one
can inhibit sul fhydryl-dependent enzynes such as fructose-6-phosphate ki nase
(an enzyne in the pentose phosphate pat hway) and gl yceral dehyde- 3- phosphat e
dehydrogenase (an enzynme in the glycolytic pathway) (Sabri et al. 1979b; Sabri
1984). Both of these neurotoxicants inhibited fructose-6-phosphate kinase
crystallized fromrabbit nuscle or in rat brain honbgenates; in each case,

2, 5-hexanedi one was the far nore potent inhibitor (Sabri et al. 1979b).
Preincubation with dithiothreitol protected this enzynme frominhibition, which
suggests that these conpounds interfere with the sul fhydryl groups required
for fructose-6-phosphate kinase activity. However, dithiothreitol could not
restore enzyne activity after these conpounds had been added. |n addition,
fruct ose- 6- phosphat e ki nase activity was al so reduced in the brain honpbgenates
of rats that had received 2, 5-hexanedione at 0.5%of their drinking water for
10- 12 weeks (Sabri et al. 1979b). Crystalline glyceral dehyde-3-phosphate
dehydrogenase fromrabbit muscle was al so inhibited by both conpounds; in this
case, 2-hexanone was the nore potent inhibitor (Sabri 1984). Levels of ATP
were reduced in cat sciatic nerves treated with 2,5-hexanedi one (Sabri 1984).
2- Hexanone was found to irreversibly inhibit rat brain and rabbit nuscle
creatine kinase and nouse brain adenyl ate kinase (Lapin et al. 1982).

In addition, oral administration of |-"C 2-hexanone to humans or rats
results in the appearance of ™CO, in the expired breath (DiVincenzo et al.
1977, 1978), indicating oxidation/cleavage of the al pha carbon.

Adm ni stration of SKF525A (a m xed function oxidase inhibitor) to rats before
oral adm nistration of 2-hexanone resulted in a nmarked decrease in the
excretion of respiratory “CO, for the first 4 hours after adninistration

foll owed by a marked increase at 4-8 and 12-24 hours. This suggests that this
oxidative step is nmediated by a mcrosonal m xed function oxi dase system

(Di Vincenzo et al. 1977).
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2.3.4 Excretion
2.3.4.1 I nhal ati on Exposure

I n humans exposed to 2-hexanone via inhalation at 10 or 50 ppmfor 7.5
hours or to 100 ppm for 4 hours, unchanged 2-hexanone (but none of its
nmet abolites) was found in expired air, and neither 2-hexanone nor any of its
met abolites was found in urine during or after exposure (D Vincenzo et al.
1978). 2-Hexanone was not detected in the expired air 3 hours after exposure
to 50 or 100 ppm These results suggest slow cl earance and possible
accumrul ati on of 2-hexanone in humans exposed by this route.

I n beagl e dogs exposed to 2-hexanone via inhalation at 50 or 100 ppm for
6 hours, 32% and 35% respectively, of the inhaled vapor was excreted in the
expired breath (D Vincenzo et al. 1978). By 3-5 hours after exposure, 2-
hexanone was no | onger detected in expired air. Excretion via other routes was
not addressed.

2.3.4.2 O al Exposure

In two humans who received a single oral dose of 1-%“C 2-hexanone, breath
excretion of “CO, CO, reached a peak within 4 hours, then decreased slowy over
the next 3-5 days. Average overall recovery of the “Clabel in 8 days was 40%
in breath and 26%in urine. Feces were not analyzed (Di Vincenzo et al. 1978).

In rats administered a single oral dose of 1-"C 2-hexanone, DiVincenzo et
al. (1977) observed simlar results. Radioactivity in breath accounted for
about 45% of the admini stered dose (5% was in unchanged 2-hexanone; 40% was in
“00,,); 35%was found in the urine; 1.5%was recovered in the feces; and about
15% renained in the carcass. In nmale rats that received daily gavage doses of
2- hexanone at 400 ng/ kg/day for 40 weeks, very |ow concentrations of free 2-
hexanone were detected in the urine fromthe third week. A maxi nmum
concentration of approximately 20 ug was reached in the 17th week (Eben et al.
1979). Sinmlarly, free 2,5-hexanediol was found in the urine after 3 weeks and
peaked in the 17th week. Free and conjugated 2,5-hexanedi one were present in
the urine fromthe 1st week of the study. The conjugated form peaked in the
7th week; whereas excretion levels of the free formwere fairly consistent
t hroughout the study. A strong correlation was observed in this study between
the onset of neuropathy and the urinary concentration of 2,5-hexanedi one when
2- hexanone, 2, 5-hexanedi one or 2, 5-hexanedi ol was adm nistered orally to rats
at 400 ng/ kg/ day.

2.3.4.3 Dermal Exposure

“C from|-"C 2-hexanone applied to the forearns of two human vol unteers
was found in the breath and urine (D Vincenzo et al. 1978). In one subject,



32
2. HEALTH EFFECTS

excretion was simlar by both routes; in the other subject, the levels were
much hi gher (about 3:1) in the breath. Levels of radioactivity in feces were
not neasured.

2.4 RELEVANCE TO PUBLI C HEALTH

As discussed in Section 2.2, estimates of |evels of exposure to 2-
hexanone posing mnimal risk to humans (MRLs) were to have been made, where
data were believed reliable, for the nost sensitive noncancer effect for each
route and exposure duration. However, no MRLs coul d be derived for 2-hexanone.
No data were located on effects of acute-duration or chronicduration
i nhal ati on exposure to 2-hexanone in humans or animals. Available information
concerning effects of internedi ate-duration inhalation exposure in humans and
animal s identifies neurological effects as the npbst sensitive indicator of
toxicity, but this information does not reliably identify the threshold for
this effect. Therefore, no inhalation MRLs were derived. Available information
on acute-duration oral exposure in animals does not identify the nopst
sensitive effect, and while available information on internediate-duration
oral exposure to 2-hexanone in ani mals suggests that neurotoxicity may be the
nmost sensitive effect, data do not reliably identify the threshold for
neurotoxicity. No information was |ocated on effects of chronic-duration
exposure to 2-hexanone in humans or animals. Therefore, no oral MRLs were
derived. Acute-duration, intermediate-duration, and chronicduration derm
MRLs were not derived for 2-hexanone due to the lack of an appropriate
nmet hodol ogy for the devel opnent of dermal MRLs.

As denonstrated in humans as well as in |aboratory animals, the nost
i mportant concern associated with exposure to 2-hexanone is neuropathy. In al
speci es observed, this neurological effect is generally acconpanied by effects
on body weight. Based on the results of animal studies, other potential
concerns are adverse hematol ogi cal effects and effects on reproduction and
fetal devel oprment.

Death. There are no data to suggest that lethality is a concern for
humans exposed to 2-hexanone via any route. Lethality data in animals include
an inhalation study by Abdo et al. (1982) in which 1 of 5 hens died after 72
days of continuous exposure to 200 ppmand 2 of 5 hens died by day 27 of
exposure to 400 ppm No deaths were recorded in hens exposed to 100 ppmfor 90
days. An oral LD, of 2,590 ng/kg has been reported for rats (Snyth et al.
1954). No lethality studies using the dermal route have been | ocated. These
findings suggest that lethality is possible with very high concentrati ons of
2-hexanone. However, it is unlikely that humans in any setting would be
exposed to levels high enough to result in death.

System c Effects.

Hemat ol ogi cal Effects. There is no evidence that adverse henatol ogi cal
ef fects occurred in workers exposed to 2-hexanone (Allen et al. 1975). The
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potenti al hematol ogi cal effects of exposure to 2-hexanone were investigated in
an inhalation study by Katz et al. (1980) in which rats were exposed to 700
ppm 2- hexanone intermttently for 11 weeks. No effects were observed on
henogl obi n concentration, hematocrit, or differential white blood cell counts.
However, at about 8 weeks, total white cell counts were reduced to about 60%
of control values. Since there was no evidence of a corresponding effect on
bone marrow, the authors stated that the clinical significance of this finding
was uncertain. However, it is possible that hematol ogi cal effects may occur in
humans exposed to 2- hexanone by inhal ati on.

Hepatic Effects. There are no data on hepatic effects occurring in humans
exposed to 2-hexanone; however, these effects have been investigated in
several studies in animals using inhalation or oral adm nistration. No effect
was found on hexobarbital -induced sleep tinmes in rats continuously exposed to
2-hexanone via inhalation at 225 ppmfor 7 days (Couri et al. 1977); no
hi st opat hol ogi cal effects were found in the livers of rats exposed to 50 ppm
for 6 nonths (Duckett et al. 1979). In studies conducted via the oral route,
si ngl e-dose adni ni stration of 2-hexanone at levels up to 1,500 ng/kg did not
result in effects on liver histology, plasma glutam c-pyruvic transam nase
| evel s (as a neasure of centrilobular necrosis), perneability of the biliary
tree, mal ondi al dehyde production (as a neasure of |i poperoxidation), or total
bilirubin levels in plasma (Cowen et al. 1984b; Hewitt et al. 1980a, 1983,
1986). The results of liver enzyme nmeasurenents (al ani ne am notransferase,
aspartate am notransferase) given at 4-week intervals were normal in rats
recei ving 2-hexanone at 400 ng/kg/day for 40 weeks (Eben et al. 1979).

Hepatic effects were reported in two studies. The rapid depletion of
glutathione (GSH) | evels was observed in the livers of rats given a single
dose of 2-hexanone at 1,500 ng/ kg (Branchfl ower and Pohl 1981), and in another
study, an increased liver to body weight ratio was found in rats given 2-
hexanone at the same dose (Hewitt et al. 1983).

Based on the available data in ani mals, 2-hexanone does not appear to be
hepat ot oxi c. However, there is evidence to indicate that it can greatly
enhance the hepatotoxicity of other chem cals such as chloroform (see Section
2.6).

Renal Effects. There are no avail able data to suggest that renal effects
are a potential risk associated with human exposure to 2-hexanone. No
hi st opat hol ogi cal effects were seen in the kidneys of rats exposed to 50 ppm
2-hexanone via inhalation for 6 nonths (Duckett et al. 1979). Renal effects
were al so investigated in a study in which rats were adm nistered a single
gavage dose of 2-hexanone at 1,500 nyg/kg. Degenerative changes were reported
in 9.6%of the renal tubules in treated animals, as conpared with a 1%
i ncidence in controls (Hewitt et al. 1980a). The statistical significance of
this finding was not addressed. However, these data do not support a concern
for potential renal effects in hunmans exposed to 2-hexanone.
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Dermal / Ocul ar Effects. 2-Hexanone applied to the skin of rabbits was
mnimally irritating; ocular instillation resulted in noderate corneal
necrosis (Snyth et al. 1954). Human ocul ar contact with this chem cal woul d,
t herefore, be of concern.

O her Effects. In both animals and humans, the nost common systemic
ef fect observed follow ng inhalation or ingestion of 2-hexanone was wei ght
| oss or decreased weight gain in devel oping animals. Weight |oss and decreased
wei ght gain nmay be secondary to | oss of appetite or inability to feed. Weight
| oss, ranging from3 to 60 pounds was reported by Allen et al. (1975) in
wor kers exposed to 2-hexanone for several nonths in a fabric-finishing plant.
These | osses were generally seen in the workers with nore severe neurol ogi cal
i mpai rnment (peripheral neuropathy). Wight |oss and decreased rates of weight
gain in developing animals were reported in several species exposed via
i nhal ation including rats (Johnson et al. 1977; Katz et al. 1980; Spencer et
al. 1975), and hens (Abdo et al. 1982). In nost of these studies, little or no
ef fect on body wei ght was observed with exposure to 100 ppmor less. In oral
studi es, effects on body weight were also reported in rats (Krasavage et al.
1980). These observations indicate that weight loss in adults and decreased
wei ght gains in children would be an area of concern associ ated with exposure
to 2- hexanone.

I mmunol ogi cal Effects. There is no information on the inmunol ogi cal
ef fects of human exposure to 2-hexanone. Reductions in total white bl ood cel
count to 60% of control values were reported in rats intermttently exposed to
700 ppm 2- hexanone via inhalation for about 8 weeks (Katz et al. 1980).
Because there were no effects on differential counts or evidence of bone
marrow damage, the full inplications of their findings to potential
i mrunol ogi cal effects in humans are not clear. It is interesting to note that
in male mce given either single or 7 daily oral doses of 2,5-hexanedi one, a
net abol i te of 2-hexanone, at a dose that was too lowto elicit neurotoxicity
(20% of the LD,), there were reductions in the cellularity of the spleen,
t hynus, and mesenteric |ynph nodes. Abnornmal results in i mune function tests
such as del ayed hypersensitivity reaction tests, plaque-formng cell assay,
phagocytosi s by adherent peritoneal exudate cells, and resistance to endotoxin
shock were al so reported (Upreti and Shanker 1987). In fermale rats given
single or 7 daily oral doses of 2,5-hexanedione at |0% 50% of the LD,
decreased cellularity of various |ynphoid organs was al so observed (Upreti et
al . 1986). These studi es suggest that immunol ogical effects may be an area of
potential concern for humans exposed to 2- hexanone.

Neur ol ogi cal Effects. Neurol ogical effects are the nost likely public
heal t h concern associated with exposure to 2-hexanone. Peripheral neuropathy
was reported in workers using 2-hexanone in fabric finishing operations (A len
et al. 1975). In aninmal studies, neuropathy progressing frommld ataxia to
paral ysis was reported in inhalation studies using cats (Mendell et al. 1974b;
Saida et al. 1976), nonkeys (Johnson et al. 1977), rats (Johnson et al. 1977,
Saida et al. 1976), and hens (Abdo et al. 1982), and in oral studies using
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rats (Eben et al. 1979; Krasavage et al. 1980), guinea pigs (Abdel-Rahman et
al. 1978), and hens (Abou-Donia et al. 1982). Pathological alterations in
hens, cats, and rats have been reported to be simlar and the clinical

mani festations in the experinmental aninmals and the exposed workers were
conmparabl e (Mendell et al. 1974b).

Exam nation of the affected nerves in these test species indicated that
denyelination and axonal swelling were generally associated with the observed
clinical effects. A significant finding was that in rats that becane paral yzed
as a result of 2-hexanone exposure at 225 ppmfor 9.5 weeks or to 400 ppm for
6 weeks, histopathol ogi cal changes of the peripheral nerves occurred as early
as 16 days at both exposure levels (Saida et al. 1976). In another study, no
clinical signs of neuropathy were observed in rats exposed to 100 ppm 2-
hexanone for 6 nonths, whereas histopathol ogi cal changes of both peripheral
nerves and tracts of the spinal cord were seen after 4 nonths of exposure
(Egan et al. 1980). These findi ngs suggest that nerve degeneration may al so
occur in exposed humans well before the characteristic synptons of peripheral
neur opat hy (muscl e weakness and sensory loss in the hands and feet) becone
apparent. El ectronyographic testing, as used in sone of the studies discussed
in Sections 2.2.1.4 and 2.2.2.4, appears to be sensitive enough to detect
abnormalities in the conduction characteristics of nerves before clinical
mani f estati ons occur

U trastructural studies of nerve fibers in the peripheral and central
nervous systens of exposed animals from several of their studies have |ed
Spencer and Schaunberg (1977b) to the use of the term "dyi ng-back"” to describe
the nature of the pathology. The nost distal extremties of the | ongest and
| ar gest axons appear to be affected first; axonal degeneration seens to,
Progress proximally to fibers in the central nervous system

Devel opmental Effects. There are no avail able data on the devel opnent al
effects of human exposure to 2-hexanone. Concern that the offspring of wonen
exposed to 2-hexanone during pregnancy may be at risk for devel opnent al
effects comes froman inhalation study in which behavioral alterations were
seen in the of fspring of pregnant rats exposed to 1,000 ppm 2- hexanone duri ng
gestation (Peters et al. 1981). These effects consisted of reduced activity in
the open field, increased activity in the running wheel, and deficits in
avoi dance conditioning. There was al so a decrease in the nunber and birth
wei ght of live offspring of these rats. These findi ngs suggest that neonate
survival nmay be a concern for hunman exposure.

Reproductive Effects. There are no avail able data on the reproductive
ef fects of human exposure to 2- hexanone. Reproductive effects may be a
concern for wonen exposed to 2- hexanone based on the findings of an inhalation
study in which there were decrenents in the weight gain of pregnant rats
exposed to 2,000 ppm 2- hexanone during gestation (Peters et al. 1981).
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In addition, marked and significant reductions in absolute and relative
testes weight and atrophy of testicular germnal epitheliumwere reported in
mal e rats exposed to 700 ppm 2- hexanone via inhalation for 11 weeks (Katz et
al . 1980), and atrophy of the testicular gernmnal epithelial was al so observed
in male rats that received 2-hexanone at 660 ng/ kg/ day by gavage during a 90-
day study (Krasavage et al. 1980). Hi stol ogical changes and reduced testicul ar
wei ght have al so been observed in rats that received 2, 5-hexanedi one for 4
weeks at 1% of their drinking water (about 1,400 ng/kg/day) (Boekel heide
1987). These observati ons suggest that effects on semen production and nmal e
fertility may be a concern for nen exposed to 2-hexanone.

Genotoxic Effects. No studies were |ocated regarding the potenti al
genotoxic effects in humans or animals foll owing any route of exposure to 2-
hexanone. No in vitro studi es have been | ocated for 2-hexanone.

Cancer. No studies were |ocated regarding the potential carcinogenic
effects in humans or animals follow ng any route of exposure to 2-hexanone.

2.5 Bl OMARKERS OF EXPOSURE AND EFFECT

Bi omarkers are broadly defined as indicators signaling events in biologic
systens or sanples. They have been classified as narkers of exposure, markers
of effect, and markers of susceptibility (NAS/ NRC 1989).

A bi omar ker of exposure is a xenobiotic substance or its netabolite(s) or
the product of an interaction between a xenobiotic agent and sone target
nol ecul e(s) or cell(s) that is neasured within a conpartnment of an organi sm
(NAS/ NRC 1989). The preferred bi onarkers of exposure are generally the
substance itself or substance-specific netabolites in readily obtainable body
fluid or excreta. However, several factors can confound the use and
interpretation of bionarkers of exposure. The body burden of a substance may
be the result of exposures fromnore than one source. The substance being
nmeasured may be a netabolite of another xenobiotic substance (e.g., high
urinary |evels of phenol can result fromexposure to several different
aromati ¢ conpounds). Depending on the properties of the substance (e.g.,
biologic half-life) and environnental conditions (e.g., duration and route of
exposure), the substance and all of its nmetabolites nay have left the body by
the time biologic sanples can be taken. It may be difficult to identify
i ndi vi dual s exposed to hazardous substances that are conmonly found in body
tissues and fluids (e.g., essential mneral nutrients such as copper, zinc,
and sel eniun). Biomarkers of exposure to 2-hexanone are discussed in
Section 2.5.1.

Bi omarkers of effect are defined as any neasurabl e bi ochem cal,
physi ol ogic, or other alteration within an organismthat, depending an
magni t ude, can be recogni zed as an established or potential health inpairnent
or di sease (NAS/NRC 1989). This definition enconpasses bi ochem cal or
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cellular signals of tissue dysfunction (e.g., increased |liver enzynme activity
or pathol ogic changes in female genital epithelial cells), as well physiologic
signs of dysfunction such as increased bl ood pressure or decreased | ung
capacity. Note that these markers are often not substance specific. They al so
may not be directly adverse, but can indicate potential health inpairnent
(e.g., DNA adducts). Biomarkers of effects caused by 2-hexanone are discussed
in Section 2.5.2.

A bi omarker of susceptibility is an indicator of an inherent or acquired
limtation of an organisms ability to respond to the challenge of exposure to
a specific xenobiotic substance. It can be an intrinsic genetic or other
characteristic or a preexisting disease that results in an increase in
absor bed dose, biologically effective dose, or target tissue response. |f
bi omar kers of susceptibility exist, they are discussed in Section 2.7,

" POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE. "

2.5.1 Bi omarkers Used to Identify and/or Quantify Exposure to 2-Hexanone

2- Hexanone and its various netabolic products (2-hexanol, 2,5-
hexanedi one, 5-hydroxy-2-hexanone, 2,5-dinethylfuran) can be neasured in
bi ol ogi cal tissue, fluid, and excreta (Fedtke and Bolt 1986; Noneir and Abou-
Doni a 1985; White et al. 1979). The currently avail able information, however,
does not indicate whether the levels of these substances can be used to
cal culate or estimate corresponding | evels of exposure to 2-hexanone. An
addi ti onal conplication is that because the sanme netabolites have been
identified in the urine of rats orally exposed to n-hexane (Fedtke and Bolt
1986), the selection of a specific bionmarker for exposure to 2-hexanone is
t hus unli kel y.

2.5.2 Biomarkers Used to Characterize Effects Caused by 2-Hexanone

There are currently no subtle or sensitive biomarkers of effects
associ ated with exposure to 2-hexanone. El ectronyographic testing, however,
may prove to be useful in the detection of nerve conduction abnormalities in
their early stages, even before they are acconpani ed by clinical
mani f estati ons. Specific el ectrodi agnostic patterns associated with exposure
to 2-hexanone have not been clearly delineated.

2.6 | NTERACTI ONS W TH OTHER CHEM CALS

Based on the results of several aninmal studies, exposure to 2-hexanone
can result in the potentiation and exacerbati on of adverse effects associ ated
with the adm nistration of other toxic conpounds. Oral admnistration of 2-
hexanone followed by intraperitoneal adm nistration of chloroformto rats has
resulted in a variety of hepatic and renal effects including decreased hepatic
gl utathione | evels, increased plasma | evels of glutam ¢ pyruvic transani nase
and bl ood urea nitrogen, and degenerati on and necrosis of hepatic and renal
ti ssue (Branchflower and Pohl 1981; Brown and Hewitt 1984; Cow en et al.
1984a, 1984b; Hewitt et al. 1980a, b, 1983). Simlarly, oral
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adm ni stration of both 2-hexanone and chloroformto rats resulted in altered

perneability of the biliary tree (Hewitt et al. 1986). In these studies, sone
or no effect on the end points of interest was observed after adm nistration

of 2-hexanone or chl oroform al one; adm nistration of both substances resulted
in statistically significant and dramatic changes in these effects.

These aut hors have specul ated that 2-hexanone potentiates the hepatic
toxicity of chloroform by decreasing glutathione | evels (Branchfl ower and Pohl
1981; Hewitt et al. 1980a) and by increasing the netabolismof chloroformto
t he potent hepatotoxicant, phosgene (Branchfl ower and Pohl 1981; Cow en et al.
1984a, 1984b). Branchfl ower and Pohl (1981) have specul ated that the
nmet abol i sm of chl oroformto phosgene may al so be involved in the rena
toxicity seen in these studies.

2- Hexanone has al so been shown to potentiate the neurotoxic effects of
sonme conpounds.. I n hens, dermal or inhalation exposure to 2-hexanone in
conbi nation with dermal application of the pesticide 0-ethyl-0-4-nitrophenyl
phenyl phosphonot hi oate (EPN) has resulted in earlier onset and far nore severe
clinical and histol ogical manifestations of neurotoxic effects than with
ei ther chem cal exposure al one (Abou-Donia et al. 1985a, 1985b). The authors
specul ated that this potentiation effect may have been due to induction of
hepatic m crosomal cytochrone P-450 by EPN, |eading to increased netabolism of
2- hexanone to its neurotoxic netabolite, 2,5-hexanedione. An alternate
expl anation is that local trauma to the nervous tissue produced by 2-hexanone
and EPN m ght increase vascular perneability and thus increase the entry of
t hese conmpounds and their metabolites fromcircul ation

A study in which rats were exposed via inhalation to a conbinati on of 2-
hexanone and nethyl ethyl ketone resulted in the potentiation of severe
neurotoxi c effects including paral ysis and hi stopat hol ogi cal changes. These
effects were either not observed or they occurred at much | ower frequencies
when either of the two conpounds was adm ni stered separately (Saida et al
1976) .

These results suggest that persons living or working in the vicinity of
hazardous waste sites or workers who are exposed to 2-hexanone in conbination
with any of the potentially toxic substances di scussed above may be at speci al
risk for the effects of exposure to the combination of cheni cals.

2.7 POPULATI ONS THAT ARE UNUSUALLY SUSCEPTI BLE

No popul ation has been identified which is unusually susceptible to toxic
effects resulting from 2- hexanone exposure.

2.8 MTIGATI ON OF EFFECTS

This section will describe clinical practice and research concerning methods
for reducing toxic effects of exposure to 2-hexanone. However, because sone
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of the treatnents discussed may be experinmental and unproven, this section
shoul d not be used as a guide for treatnent of exposures to 2-hexanone. \Wen
speci fic exposures have occurred, poison control centers and nedica

t oxi col ogi sts should be consulted for nedical advice.

Human exposure to 2-hexanone may occur by inhal ation, ingestion, or derna
absorption (see Chapter 5). Dermal exposure to 2-hexanone may cause ocul ar and
skin irritation. Exposure by any route nay cause peripheral neuropathy, with
nerve degeneration and paral ysis (see Section 2.2).

Procedures for reducing toxic effects foll owing acute, high I evel exposure to
2-hexanone include nmeasures to reduce or elininate further absorption.
Fol | owm ng dermal or ocul ar exposure, these procedures include renoving

contam nated cl ot hi ng and t horoughly washing the skin and eyes (Bronstein and
Currance 1988; Stutz and Janusz 1988). Followi ng acute, high | evel oral
exposure, these procedures include enptying the stomach, using care to avoid
aspiration of the gastric contents, followed by adm nistration of activated
charcoal and a cathartic to stinulate fecal excretion (Stutz and Janusz 1988).

The half-life of 2-hexanone and its metabolites in blood plasnma has not been
est abl i shed; however, elimnation fromthe body does appear to occur in |ess
than 24 hours follow ng both inhalation and i ngestion exposures (D Vincenzo et
al . 1977, 1978). 2-Hexanone is not known to accunul ate over tine in any
tissues in the body (see section 2.3.4). Wile elinination enhancenent

t hrough stinul ati on of metabolism of 2-hexanone may reduce sonme fornms of
toxicity, if used within the short tine that 2-hexanone is retained in the
body, there is the risk that these sanme netabolic reactions may formreactive
nmet abol i tes such as 2, 5-hexanedi one. Furthernore, concurrent exposures to

ot her substances may al so occur for which stinmulation of these sane netabolic
pat hways is contraindi cated. Therefore, the benefit of stimulating specific
nmet abol i ¢ pat hways to enhance 2-hexanone elim nation is unclear and should be
studi ed further.

The maj or toxic effect of exposure to 2-hexanone is neuropathy. Neuropathy can
be caused by both 2-hexanone and its netabolite 2,5-hexanedi one. A reduction
of the neuropathy caused by exposure to 2-hexanone could theoretically be

achi eved through shunting of netabolismto | ess toxic netabolites. However, as
di scussed above, the toxicity of those other netabolites, and the effect of
the treatnent on netabolismof other potential toxicants, would have to be
clearly assessed.

Two maj or hypot heses concerni ng the mechani sm of action of either 2-hexanone
or 2, 5-hexanedi one have been suggested (see section 2.3.3 Metabolisn). These
mechani sns are 1) inhibition of sulfhydryl dependent enzymes (Lapin et al
1982; Sabri et al. 1979b; Sabri 1984), and 2) coval ent binding to axonal
conmponents leading to pyrrole formation, protein crosslinking, and axonal
degeneration (DeCaprio et al. 1982, 1988). Dithiothreitol has been shown to
reduce the inhibition in one of the inhibited enzynmes in vitro, suggesting
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t hat bl ocki ng accessibility of the sulfhydryl groups may be an effective
met hod of bl ocking toxic effects (Sabri et al. 1979b).

Interaction of 2-hexanone with EPN (Abou-Donia 1985a) and net hyl ethyl ketone
(Saida et al. 1976) may occur through the potentiation of the production of

2, 5- hexanedi one. An effective method of reducing the neurotoxic effects of
conbi ned exposures to these conmpounds woul d be to pharnmacol ogi cally bl ock the
nmet abol i ¢ pat hways that |ead to the production of 2,5-hexanedi one, given the
sane caveats presented for interference with nmetabolic pathways presented
above. Increasing the breakdown or clearance of 2,5-hexanedi one m ght al so be
ef fecti ve.

2- Hexanone has been found to enhance the hepatotoxicity of chloroformin

ani mal s (Branchfl ower and Pohl 1981). This may occur in part through

depl etion of glutathione |levels by 2-hexanone, and in part by a 2 hexanone-
medi ated i ncrease in the production of phosgene from chl orof orm (Branchfl ower
and Pohl 1981; Cow en et al. 1984a). It is possible that ensuring sufficient
gl utathione stores in the body nay reduce the chances of toxic effects
foll ow ng conmbi ned acute exposure to 2-hexanone and chloroform Specific

bl ockage of the production of phosgene, through the inhibition of liver
cytochrome P450, m ght be an effective nethod of reducing |liver danmmge.
However, an analysis of the net effect of this inhibition on the toxicity of
t he conbi ned exposure woul d need to be nade prior to recommendi ng this nethod
as a mtigation treatnent.

2.9 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as anended, directs the Adm nistrator of
ATSDR (in consultation with the Adm nistrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate information on the
health effects of 2-hexanone is avail able. \Were adequate information is not
avai |l abl e, ATSDR, in conjunction with the National Toxicology Program (NTP)
is required to assure the initiation of a program of research designed to
determine the health effects (and techni ques for devel opi ng nmethods to
determ ne such health effects) of 2-hexanone.

The foll ow ng categories of possible data needs have been identified by a
joint team of scientists from ATSDR, NTP, and EPA. They are defined as
subst ance-specific informational needs that, if nmet, would reduce or elinmnate
the uncertainties of human health assessnent. In the future, the identified

data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.
2.9.1 Exi sting Information on Health Effects of 2-Hexanone

The existing data on health effects of inhalation, oral, and dernal
exposure of humans and animals to 2-hexanone are sunmarized in Figure 2-4.
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FIGURE 2-4. Existing Information on Health Effects
of 2-Hexanone
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The purpose of this figure is to illustrate the existing information
concerning the health effects of 2-hexanone. Each dot in the figure indicates
that one or nore studies provide information associated with that particul ar
effect. The dot does not inply anything about the quality of the study or
studies. Gaps in this figure should not be interpreted as "data needs”
information (i.e., data gaps that must necessarily be filled).

Figure 2-4 graphically depicts the information that currently exists on
the health effects that have been observed or studied in humans or aninmals
foll owi ng exposure to 2-hexanone. Data on internediate-duration systen c and
neurol ogic effects in humans were derived froma single study of workers
exposed to 2-hexanone for about 10 nonths. Although there is nore information
on animals, as discussed below, certain factors, such as the use of 2-hexanone
of I ow or unknown purity or the use of a single dosage level in the test
protocol, conplicate the interpretation of these studies and |imt their
usef ul ness.

Some information is available fromani mal studies conducted via the
i nhal ation route in several categories of toxicity including lethality,
system c effects resulting frominternedi ate-durati on exposure, neurol ogic,
reproductive, and devel opnental effects. In studies conducted via the oral
route, sone information is available on lethality, systemc effects resulting
fromacute- or internediate-duration exposure, reproductive effects, and
neurol ogic effects. Only two studies using the dermal route were avail abl e.
These provided informati on on acute and neurol ogic effects.

2.9.2 Dat a Needs

As di scussed in previous sections, many of the currently avail able
studi es on 2-hexanone used a single dose |evel of the test conmpound, the
purity of the test conpound was not stated in sonme studies or in sonme cases,
the purity was stated to be as low as 70% Therefore little or no dose-
response information is available in the existing database. In addition,
studi es usi ng 2-hexanone of |low purity introduce the conplications associ ated
Wi th exposures to multiple substances and the potential for chenica
interactions. As a result, the available data are limted in their useful ness
and must be interpreted with caution.

Acut e-Duration Exposure. Currently, no data are available on hunmans for
this exposure duration for any route of exposure. In addition, there is no
i nformati on on acute toxicity in animals follow ng inhal ati on exposure.
Lethality data are available for the rat and hen via the oral route (Abou-
Donia et al. 1982; Hewitt et al. 1980a; Snmyth et al. 1954). Existing data are
insufficient to derive an MRL for any route of exposure. Acute-duration
studies for all routes of exposure using a range of exposure concentrations
woul d be useful in determ ning potential target organs, especially the nervous
system to identify any dosage thresholds, and to establish dose-response
relationships for these effects. Brief human exposure to 2-hexanone nay occur
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at hazardous waste sites, at the site of accidental spills, or in the
wor kpl ace.

I nt ernedi at e-Durati on Exposure. The currently avail abl e data on humans
exposed to 2-hexanone for this duration period is based on a study of workers
exposed to 2-hexanone for about 10 nonths (Allen et al. 1975). Peri pheral
neur opat hy and wei ght | oss were the nmajor observations. Repeated-dose studies
in rats, cats, nonkeys, hens, and guinea pigs indicate that the nervous system
is the primary target of 2-hexanone exposure via inhalation (Abdo et al. 1982;
Abou-Doni a et al. 1985a; Duckett et al. 1979; Egan et al. 1980; Johnson et al.
1977; Katz et al. 1980; Saida et al. 1976; Spencer et al. 1975), oral (Abdel-
Rahman et al. 1978; Krasavage et al. 1980), or dermal (Abou-Donia et al.
1985b) exposure for this duration. In addition, decreased weight gain has been
reported in rats and hens exposed via inhalation, decreased white bl ood cell
counts in rats exposed via inhalation (Abdo et al. 1982; Johnson et al. 1977,
Katz et al. 1980), and decreased weight gain in rats exposed via gavage
(Krasavage et al. 1980). However, the data were not sufficient to derive an
MRL for any route. Internedi ate-duration (90-day) studies in aninmals via the
i nhal ati on and derrmal routes would be useful in devel opi ng dose-response
rel ati onshi ps, especially in relation to neurological effects. Such
i nformati on woul d be valuable for predicting human health effects, because the
potential exists for such exposure anong popul ations in the vicinity of
hazardous waste sites and in the workplace. In addition, because 2-hexanone
has been found in surface water, groundwater, and drinking water in the
vicinity of hazardous waste sites, a 90-day study using the oral route would
al so be useful. These studies should al so include investigation of a nunber of
endpoi nts including the potential henatol ogical, imunol ogical, devel opnental
and reproductive effects of exposure to 2-hexanone, because the avail able data
i ndicate that these are areas of potential concern in humans.

Chroni c-Duration Exposure and Cancer. There is currently no avail able
i nformati on on humans or ani mal s exposed to 2-hexanone for this duration
period via any route of exposure. Chronic exposure studies using the
i nhal ati on, oral, and dernmal routes would be useful, because chronic | ow | evel
exposure via each of these routes is likely to occur in the vicinity of
hazardous waste sites or in occupational settings. Data derived from 90-day
studi es woul d be useful in determining the dose |levels to be used for the
chroni c-duration studies.

There is currently no infornmation on the carcinogenic potential of 2-
hexanone. Chronic-duration studies conducted via any route of exposure shoul d
assess this potential effect, since persons living in the vicinity of
hazardous waste sites or in occupational settings may be chronically exposed
to low | evel s of 2-hexanone via the oral, inhalation, and dermal routes.

Genotoxicity. There are currently no in vivo or in vitro studies that
address the genotoxic potential of 2-hexanone. A battery of in vitro
genotoxicity tests with 2-hexanone woul d be useful as a prelimnary step in
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assessing its nutagenic potential and determining if further genotoxicity
tests woul d appear to be warranted.

Reproductive Toxicity. There is no infornmation on the effects of 2-
hexanone on reproductive paraneters in exposed humans via any route of
exposure. Available data in animals indicate that inhalation exposure of
pregnant rats to 2-hexanone resulted in reduced maternal weight gain (Peters
et al. 1981). In male rats, reduced testicular weights and atrophy of the
testicular germnal epitheliumwere reported to result frominhal ation
exposure (Katz et al. 1980) and atrophy of the testicular germ nal epithelium
fromoral exposure (Krasavage et al. 1980). Because of the |linmted data base
for all routes of exposure, it would be useful to have 90-day studies for al
three routes in order to investigate the potential dose-response relationship
of exposure to this conpound on a nunber of end points including sperm count
and reproductive organ pathol ogy. Because effects on reproducti on have been
observed, a multi-generation study would be hel pful in assessing the potenti al
i mpact of 2-hexanone exposure on the reproductive capacity of persons |iving
in the vicinity of hazardous waste sites and exposed workers.

Devel opmental Toxicity. There is no information on the effects of
exposure to 2-hexanone via any route on human devel opnent. There are no ani mal
studies using the oral or dernmal routes. The currently avail able data for
animal s is based on a single inhalation study in pregnant rats indicating that
2- hexanone exposure resulted in decreased litter size and pup weight (Peters
et al. 1981). Additional studies investigating a nunber of devel opnental end
poi nts, and a dose-response relationship via inhalation, oral and derma
exposure woul d be useful in assessing the potential risks to persons exposed
to 2-hexanone in the vicinity of hazardous waste sites or in the workpl ace.

| mmunotoxicity. There are currently no data on the effects of 2-hexanone
on the human inmune systemvia any route of exposure. Animal data included an
i nhal ati on study in which there was a 40% decrease in peripheral white bl ood
cells in rats exposed to 2-hexanone (Katz et al. 1980). In addition, 2,5-
hexanedi one, a netabolite of 2-hexanone, was shown to adversely affect
| ynphoi d organs of the inmmune systemin rats and to cause inpairnent of
immunity in mce (Upreti and Shanker 1987). | munol ogi cal assessnents,
i ncludi ng anal ysis of peripheral bl ood conponents and effects on | ynphoid
ti ssue, conducted as part of intermediate- or chronic-duration studies and
skin sensitization tests would be useful in devel oping a dose-response
rel ationship and assessing the potential risk to chronically exposed persons
inthe vicinity of hazardous waste sites or to exposed workers.

Neurot oxi city. The nervous system has been clearly established as the
maj or target for 2-hexanone in humans exposed via inhalation (Allen et al.
1975) and in animals exposed via any route of exposure (Abdel-Rahman et al
1978; Abdo et al. 1982; Abou-Donia et al. 1982, 1985a,b; Duckett et al. 1979;
Egan et al. 1980; Johnson et al. 1977; Katz et al. 1980; Krasavage et al.
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1980; Saida et al. 1976; Spencer et al. 1975) and in the offspring of pregnant
rats exposed via inhalation (Peters et al. 1981). However, nost of the

avail able information is derived from studi es usi ng 2- hexanone of | ow or
unknown purity or using it at a single dosage level, its usefulness is
limted. Aninmal data that would clearly establish dose-response rel ati onships
for neurol ogi cal effects, including histopathol ogi cal danage as well as
clinical manifestations, as a result of exposure to pure 2-hexanone via al
routes of exposure and using a range of exposure durations would be useful.
This informati on woul d be valuable in assessing the potential risks of
neurotoxicity in persons exposed to 2-hexanone in the vicinity of hazardous
waste sites or at the workpl ace.

Epi demi ol ogi cal and Human Dosinetry Studies. The only epi dem ol ogi cal
information that is currently available is the study of workers exposed to 2-
hexanone for about a year (Allen et al. 1975). Humans may be exposed to 2-
hexanone -through contanmnated air in the workplace and in the vicinity of
hazar dous waste sites and consunption of and dermal contact w th contani nated
water, especially in the vicinity of hazardous waste sites. Epideni ol ogi cal
studi es that followed popul ati ons exposed to 2-hexanone, either in the
vicinity of hazardous waste sites or in the workplace, would be useful in
assessi ng adverse health effects in humans. In any such studi es, enphasis
shoul d be placed on neurol ogi cal, hematol ogical, imrunological, reproductive,
and devel opnental effects. Sinmilarly, human dosinetry studi es of these
popul ati ons woul d be useful in associating 2-hexanone levels with the reported
effects.

Bi omarkers of Exposure and Effect. Measurement of 2-hexanone and its
nmetabolites in blood or urine may not provi de an adequate indication of
exposure to this substance, since these netabolites may also result from
exposure to n-hexane (Fedtke and Bolt 1986; Noneir and Abou-Donia 1985; Wite
et al. 1979). Further work in devel opi ng unequi vocal evidence of exposure to
2- hexanone woul d be useful.

The mmj or target organ of 2-hexanone in humans is the nervous system
(Allen et al. 1975), and norphol ogi cal effects may occur before clinical
mani f estations of toxicity (Egan et al. 1980). Therefore, the identification
of sensitive nonnorphol ogical effects of 2-hexanone exposure (such,as a
certain pattern of responses in electronyographics testing) would be useful.

Absorption, Distribution, Metabolism and Excretion. A though sone
information is avail able on each of these topics from studies conducted in
several species, nore information in each of these areas would be useful. In
addi ti on, because nost of these studies were conducted by the sanme group of
researchers, further studies in other |aboratories in each of these areas
woul d be useful in confirmng the avail abl e data.

Avai |l abl e data indicate that 2-hexanone is readily absorbed by humans and
various ani mal species after inhalation, oral, or dermal admnistration
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(Di Vencenzo et al. 1977, 1978). However, information on the rates of
absorption via the inhalation and oral routes, as well as estimtes of the
fraction of the applied dernal dose that is absorbed, would be useful in
assessing potential absorption by exposed humans. In addition, information on
potential determ nants of absorption such as dose level and nutritional status
woul d al so be hel pful

Distribution data are limted to a single study in rats using the oral
route (D Vincenzo et al. .1977); no quantitative information was provided. The
use of multiple species and a conparison of tissue |evels of 2-hexanone
associated with nultiple doses via each route of exposure would be useful in
assessing the |ikelihood that 2-hexanone will reach various potential target
organs in exposed humans.

The proposed netabolic pathway for 2-hexanone is based on bl ood
nmet abolites identified during intraperitoneal studies in guinea pigs
(Di Vincenzo et al. 1976) and oral studies in rats (D Vincenzo et al. 1977).
The nmetabolite 2,5-hexanedi one has al so been found in human serum after
i nhal ati on exposure (D Vincenzo et al. 1978). Because studies in rats exposed
to 2-hexanone have indicated a strong rel ationship between the concentration
of 2,5-hexanedione in the urine and the onset of neuropathic synptons (Eben et
al. 1979), it would be useful to also have this information for humans.

Limted excretion data are available in humans receiving 2-hexanone via
i nhal ation, oral, and dernal.exposure, in dogs via inhalation exposure, and in
rats via oral exposure (Di Vincenzo et al. 1977, 1978). However, human data on
excretion of 2-hexanone via feces are not avail able, and the avail abl e
informati on in dogs concerns excretion via exhaled breath only. In these and
any other studies, information on all routes of excretion would help to
eval uate the potential for 2-hexanone clearance in the exposed species.
Excretion data in rats receiving 2-hexanone via inhalation and dernal
application and in other species receiving 2-hexanone via all three routes
woul d be useful for conparison with the hunman data and to assess the
conparative risks of exposure by each route. In addition, information on
excretion rates in each species via each route would be hel pful in
under st andi ng how | ong 2- hexanone and its netabolites may persist in the body.

Compar ati ve Toxi cokinetics. The toxicokinetic studies available in both
humans and ani mal s (dogs, rats, and gui nea pigs) suggest that there nay not be
any major differences in the kinetics of this compound across certain species.
Met abol i tes of 2-hexanone in the expired breath (carbon dioxide) of humans and
rats exposed via the oral route and the presence of 2,5-hexanedione in the
serum of humans exposed via inhalation, as well as in the blood and uri ne of
orally exposed rats and the intraperitoneally exposed gui nea pigs, suggest
that there is a simlar netabolic pathway i n hunmans and experinental aninals
(D Vincenzo et al. 1976, 1977, 1978). Confirmation of this assunption would be
useful. Simlar toxic effects, neuropathy and wei ght | oss, have been noted in
several species (humans, nonkeys, rats, cats, hens, and guinea pigs)
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(Abdel - Rahman et al. 1978; Abdo et al. 1982; Abou-Donia et al 1982, 1985a, b;
Allen et al. 1975; Duckett et al. 1979; Egan et al. 1980; Johnson et al. 1977;
Katz et al. 1980; Krasavage et al. 1980; Saida et al. 1976; Spencer et al.
1975). Therefore, it would al so be useful to investigate patterns of
distribution, to identify target organs, and to neasure rates of excretion in
several species and to identify blood nmetabolites in humans in order to
investigate interspecies simlarities and differences. Studies in this area
woul d be val uable for predicting toxic effects in humans and for studying the
mechani sns of action of this chem cal.

Mtigation of effects. Recomended nethods for the nitigation of acute
ef fects of 2-hexanone poi soning include prevention of absorption of 2-hexanone
fromthe gastrointestinal tract by adninistration of enetics, binding agents
and cathartics or adm nistration of oxygen if exposure is by inhalation
(Bronstein and Currance 1988; Stutz and Janusz 1988). No information was
| ocated concerning mtigation of effects of |lower-level or |longer-term
exposure to 2-hexanone. Further information on techniques to nitigate such
effects woul d be useful in determ ning the safety and effectiveness of
possi bl e methods for treating 2-hexanone-exposed popul ati ons surroundi ng
hazar dous waste sites.

2.9.3 On-goi ng Studies

No research on the toxicity or toxicokinetics of 2-hexanone is known to
be in progress.

There are, however, sone studies currently in progress that are
i nvestigating the nechani sm of neurotoxicity of the 2-hexanone netabolite,
2, 5-hexanedi one. A study is being conducted at the Oregon Heal th Sci ences
Uni versity, under the direction of Dr. Bruce CGordon Gold, to correlate the
time course of any abnornmal expression of phosphoryl ated neurofil ament
epi topes (a pathol ogical alteration which occurs in several human
neurofibrillary disorders including amyotrophic |ateral sclerosis) and distal
swel | ings and axonal degeneration in chronic 2,5-hexanedi one neuropathy (in
addition to other chemically-induced neuropathies). It is the intention of
this study to establish a nore universal marker for the presence of secondary
changes in neuronal perikarya and to clarify the significance of these
alterations in several human di sorders such as anyotrophic | ateral sclerosis.

In a study being conducted at Case Western Reserve University under the
direction of Dr. Lawence Sayre, trifluoromnethyl-substituted anal ogs of 2,5-
hexanedi one wi |l be synthesized, conpared with the parent conpound in chenica
nodel studies, and evaluated for neurotoxicity in rats. This is part of an
effort to address how gamra-di ket one-i nduced pyrrole formation at
neur of i | ament - based | ysi ne epsilon-am no groups | eads to neurofil anent
accunul ati ons. Nucl ear magnetic resonance (NVR) studies will provide direct
visual i zation of the nature of chem cal nodification
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O her research being conducted at Case Western Reserve University under
the direction of Dr. Lawence Sayre is a study in which anal ogs of 2,5-
hexanedi one will be synthesized, studied chemcally, and biologically
evaluated in an effort to clarify the structural basis of toxicity,
particularly in respect to the direct chemnmical nodification of neurofil anent
proteins by these anal ogs or any of their netabolites.

A study to investigate the possible selective vulnerability of specific
neuron types or neuronal components to 2,5-hexanedione, as well as to
acrylam de, is being conducted at the Medical College of Georgia under the
direction of Dr. Barry Goldstein. The aimof this project is to study the
functional changes caused by these conpounds in sensory and notor systens
whi ch either have different dianmeter axons or differing | evels of adaptation.

El ectrophysi ol ogical studies will determne the tine course and severity of
i nvol verrent of various nociceptors, nuscle spindles, and notor unit types to
these chem cal s. Axoplasmi c transport changes will be exam ned in axons of

varied diameter and in different notor unit types (and adaptation |evels).
The goal is to determ ne whether there is selective vulnerability of neurons
to these toxicants, and if so, whether it is based on axonal dianeter or on
the functional ability to maintain discharge.

A project at Duke University, under the direction of Dr. Doyle Graham is
i nvestigating the nol ecul ar pat hogenesis of the neuropathy associated with
2, 5- hexanedi one. The goal is to synthesize novel anal ogs of 2,5-hexanedi one
and the putative crosslinking nmetabolites of other toxicants in order to test
specific steps in the pathogenetic schenes and to define the identities of the
crosslinking adducts. This project includes the synthesis of a series of
gamma- di ket ones whi ch, through the presence of electron-w thdraw ng or
el ectron-donating groups, will enhance or inpair the rate of pyrrole formation
and retard or facilitate oxidation of the resulting pyrrole ring.
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3.1 CHEM CAL | DENTITY

Table 3-1 lists compn synonyns, trade names, and other pertinent
identification information for 2-hexanone.

3.2 PHYSI CAL AND CHEM CAL PROPERTI ES

Table 3-2 lists inportant physical and chem cal properties of
2- hexanone.
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TABLE 3-1. Chemical Identity of 2-Hexanone

Characteristic Information Reference
Chemical name 2-Hexanone Sax 1984
Synonyms Methyl p-butyl ketone; NIM 1989;

2-oxohexane; p-butyl
methyl ketone;

propylacetone Sax and Lewis 1987
Trade names No data
Chemical formula CgH;,0 v Windholz 1983
Chemical structure ACGIH 1986
Ter Tt
1§ g
H H H H H
Identification numbers:
CAS registry 591-78-6 Sax and Lewis 1987
NIOSH RTECS MP1400000 Sax 1984
EPA hazardous waste No data
OHM/TADS No data
DOT/UN/NA/IMCO shipping No data
HSDB 543 HSDB 1989
NCI No data

CAS = Chemical Abstracts Service; DOT/UN/NA/IMCO = Department of
Transportation/United Nations/North America/International Maritime Dangerous
Goods Code; EPA = Environmental Protection Agency; HSDB = Hazardous Substances
Data Bank; NCI = National Cancer Institute; NIOSH = National Institute for
Occupational Safety and Health; OHM/TADS = 0il and Hazardous
Materials/Technical Assistance Data System; RTECS = Registry of Toxic Effects
of Chemical Substances
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TABLE 3-2. Physical and Chemical Properties of 2-Hexanone

Property Information Reference
Molecular weight 100.16 Windholz 1983
Color Colorless Windholz 1983
Physical state Liquid Windholz 1983
Melting point -57°C Weast 1985
Boiling point 128°C Weast 1985
Density at 20°C 0.83 Windholz 1983
Odor Similar to acetone EpA 1981
Odor threshold:
Water 0.25 mg/L Amoore and Hautala 1983
Air 0.076 ppm (0.31 mg/m®) Amoore and Hautala 1983
Solubility:
Water at 20°C 20,000-35,000 mg/L Morrison and Boyd 1974;
Verschueren 1983
Organic solvents Soluble in alcohol, Weast 1985
ether, acetone
Partition coefficients:
Log octanol/water 1.38 EPA 1981
Log K. No data
Vapor pressure at 25°C 11.6 mmHg Ambrose et al. 1975
Henry's law constant:
at 20°C No data
Autoignition temperature 991°F (533°C) Sax 1984
Flashpoint 95°F (35°C) (open cup) Sax 1984
163°F(73°C)(closed cup) EPA 1981
Flammability limits No data
Conversion factors 1 ppm = 4.097 mg/m®
(calculated)
1 mg/m® = 0.244 ppm
(calculated)

Explosive limits 1.2%-8%

Sax and Lewis 1987
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4.1 PRODUCTI ON

In 1977, the conbined U S. production and inport of 2-hexanone was
bet ween 453 netric tons and 4,500 netric tons (EPA 1987b, 1981); no breakdown
of these figures was provided. The only U.S. producer of 2-hexanone, the
Tennessee Eastman Conpany division of Eastnman Kodak, discontinued its
production of 2-hexanone in 1979 and sold its renaining reserves by 1981 (EPA
1981, 1987b; HSDB 1989; Lande et al. 1976). 2-Hexanone was comrercially
produced by the catal yzed reaction of acetic acid and et hyl ene under pressure
(EPA 1987Db).

4.2 | MPORT/ EXPORT

Currently, 2-hexanone is not produced or used in the United States, and
consequently, there is no information on exports or inmports (EPA 1987b; HSDB
1989).

4.3 USE

2-Hexanone is not currently manufactured, processed, or used for
comrercial purposes in the United States (EPA 1987b). 2-Hexanone had been used
as a solvent for many materials, primarily in the lacquer industry as a
solvent for lacquers and varnish renovers. It had al so been used as a sol vent
for ink thinners, resins, oils, fats, and waxes. 2-Hexanone had al so been used
as an internediate in the synthesis of organic chem cals (ACA H 1986; HSDB
1989).

4.4 DI SPOSAL

No data were |ocated regarding the disposal of 2-hexanone or on
regul ati ons and guidelines regarding its disposal. The favored nethod for
di sposal of ketones is incineration (Lande et al. 1976). No quantitative data
were | ocated regarding either the generation or disposal of 2-hexanone which
may be produced as a degradation product of coal gasification, wood pul ping,
or oil shale processing.
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5.1 OVERVI EW

2-Hexanone is a volatile organic liquid that is very soluble in water.
It is expected to be quite nobile in water and soils. Its rate of
volatilization is likely to be noderately fast, but equilibration with
sedinments will be | ow Biodegradati on of 2-hexanone may occur slowy in water
and soil, but bioconcentration is not expected.

Exposure of the general population to 2-hexanone is not likely to be
hi gh. However, persons |iving near hazardous waste sites or wood pul pi ng,
coal -gasification, or oil-shale processing plants nay be exposed to 2 hexanone
in contam nated environnental media. |In the past, occupational exposures to 2-
hexanone resulted fromits nmanufacture and use. However, since 2-hexanone is
not currently manufactured or used commercially in the United States,
occupational exposures related to these activities are no | onger of speci al
concern.

The EPA has identified 1,177 NPL sites. 2-Hexanone has been found at 15
of the sites evaluated for the presence of this chem cal. However, we do not
know how many of the 1,177 NPL sites have been eval uated for the presence of
2-hexanone. As nore sites are evaluated by the EPA, the nunber nmay change
(View 1989). The frequency of these sites can be seen in Figure 5-1. O these
sites, 14 are located within the United States and 1 is located in the
Conmmonweal th of Puerto Rico (not shown).

5.2 RELEASES TO THE ENVI RONMENT

Because 2-hexanone is not currently manufactured, inported, processed, or
used for commercial purposes in the United States (EPA 1987b), releases to the
environment are not likely to be high. Although it is reported to be rel eased
from wood pul pi ng, coal -gasification, and oil-shale processing plants, |evels
resulting fromthese operations have been reported as being | ow. This compound
is not listed in the Toxics Rel ease Inventory (TRI).

5.2.1 Alr

No studies were |ocated regarding the amount of 2-hexanone released to
t he at nosphere. However, since 2-hexanone is no |onger produced in the United
States (EPA 1987b) or used conmercially (EPA 1987b; Lande et al. 1976;
O Donoghue 1985), atnospheric enissions fromindustrial sources are likely to
be snall.

5.2.2 WAt er
2-Hexanone is released to water by industrial facilities and at

hazar dous waste sites. 2-Hexanone was detected in 2 of 3 effluents from coa
gasification plants and in 1 of 2 effluents fromoil shale processing plants
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at mean concentrations ranging from7 to 202 ppb (pg/L) (Pellizzarri et al
1979). The conpound has al so been tentatively identified in 1 of 63 industrial
effluents (Perry et al., 1979), the effluent froma chem cal plant

(Shackel ford and Keith 1976), and in one rnunicipal landfill |eachate at 0.148
ppm (ng/L) in a study of |eachates from 58 nunicipal and industrial landfills
(Brown and Donnel ly 1988).

2- Hexanone has al so been detected in both groundwater and surface water
at hazardous waste sites (CLPSD 1989) (see Section 5.4.2), indicating that
this is a source of 2-hexanone release to the environnent.

5.2.3 Soi |

Soils or sedinments nay becone contam nated with 2-hexanone by landfilling
W th 2- hexanone-containing solid wastes or by the discharge of contam nated
wat er. 2- Hexanone has been detected in soil sanples from hazardous waste sites
(CLPSD 1989) (see Section 5.4.3).

5.3 ENVI RONVENTAL FATE
5.3.1Transport and Partitioning

2- Hexanone exists in the atnosphere as a vapor. Liquid 2-hexanone is
volatile; its vapor pressure has been neasured as 1.53x10° atm (11.6 nmHg) at
25°C (Anbrose et al. 1975). Because 2-hexanone is very soluble in water, a
| arge fraction of 2-hexanone rel eased to the atnosphere, may dissolve in water
vapor (such as clouds and rain drops). A Henry's |law constant (H) estinates
the tendency of a chemical to partition between its vapor phase and water. A
value for H may be cal cul ated by dividing the vapor pressure of 2-hexanone by
its solubility in water at the sane tenperature (Mabey et al. 1982). In this
case, an estimated value for His 4.4-7.7x10-° atmm/ nol e at about 25°C. The
magni tude of this value suggests that a large fraction of vapor-phase 2-
hexanone will dissolve in water, and that precipitation my be an inportant
physi cal renoval nechanism An anal ogous air-water partition coefficient
measured for 2-hexanone at 37°C was approximately 2.3x10* atmni/ nole (Sato and
Nakaji ma 1979), which indicates that precipitation will also be an inportant
renoval nechani sm at this higher tenperature.

2-Hexanone is very soluble in water, approxinmately 20-35 g/L (Mrrison
and Boyd 1974; Verschueren 1983). The magnitude of the estinmated Henry's | aw
constant (4.4-7.7x10° atmni/nole) indicates that 2-hexanone will volatilize
fromwater, with a half-life in river water of about 10-15 days (Mabey et al.
1982). Vol atilization will be slower from|akes or ponds (Mabey et al. 1982).
There is no infornmati on on whet her 2-hexanone in water is expected to
partition to soils and sedi nents.
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2- Hexanone wi Il probably not be bioconcentrated by organi sns in water
An octanol /water partition coefficient (K ) estimates the partitioning of a
chem cal between octanol and water. Octanol is believed to best inmtate the
fatty structures in plants and animal tissues. The K of 2-hexanone is
approxi mately 20-40, based on its solubility in water (Hassett et al. 1983).
These | ow val ues suggest that 2-hexanone will not partition to fatty tissues.

A bioconcentration factor (BCF) relates the concentration of a chem ca
in plants or animals to the concentration of that chemical in the nediumin
which they live. A BCF of about 7 was cal cul ated for 2-hexanone (Lande et al.
1976) using the enpirical regression of Neely et al. (1974). This | ow BCF
i ndi cates that bioconcentration is probably not an inportant fate mechani sm
for 2-hexanone released into the environnment. Bionmagnification of 2-hexanone
is also not expected to occur to any great extent (Lande et al. 1976).
However, no experinental data on the bionagnification potential of 2-hexanone
were | ocated to corroborate these assunptions.

5.3.2 Transformati on and Degradati on
5.3.2.1 Air

The maj or fate mechani sm of atnospheric 2-hexanone is photooxi dati on.
This ketone is al so degraded by direct photolysis (Calvert and Pitts 1966),
but the reaction is estimated to be slowrelative to reaction wth hydroxyl
radicals (Laity et al. 1973). The rate constant for the photochem callyi nduced
transformati on of 2-hexanone by hydroxyl radicals in the troposphere has been
measured at 8.97x10" cnmi/ nol ecul e-set (Atkinson et al. 1985). Using an
average concentration of tropospheric hydroxyl radicals of 6x10° nol ecul es/cni
(Atkinson et al. 1985), the cal cul ated atnospheric halflife of 2-hexanone is
about 36 hours. However, the half-life may be shorter in polluted atnospheres
wi th higher OH radical concentrations (MacLeod et al. 1984). Consequently, it
appears that vapor-phase 2-hexanone is labile in the atnosphere.

5.3.2.2 Wat er

2- Hexanone is a ketone, and ketones are generally not degraded by
hydrol ysis (Lande et al. 1976; Morrison and Boyd 1974). Based on its reactions

inair, it seens likely that 2-hexanone will undergo photolysis in water,
however no information was | ocated. Based on studies with m croorgani sns (see
Section 5.3.2.3), it is probable that 2-hexanone will be biodegraded in water.

5.3.2.3 Soi |

2- Hexanone nay be bi odegraded in soil. 2-Hexanone has been shown to be
degraded by hydrocarbon-utilizing nycobacteria (Lukins and Foster 1963; Perry
-1968). Sinmlarly, certain yeasts have been isolated that can use 2-hexanone
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as a carbon source (Lowery et al. 1968). In a study using acclinated m crobial
cultures, 2-hexanone was significantly biodegraded (Babeu and Vai shnav 1987).
An experinental 5-day biological oxygen demand (BCD) determ nati on was about
61% of the theoretical BOD val ue. Al though these studi es have denonstrated

t hat 2- hexanone may be bi odegraded under ideal conditions, no information was
| ocated on its biological half-life in soils.

5.4 LEVELS MONI TORED OR ESTI MATED I N THE ENVI RONMENT
5.4.1 Ar

No studies were | ocated whi ch neasured or estimted the concentrati on of
2-hexanone in anbient air.

In the past, workplace air concentrations in facilities where 2-hexanone
was manufactured or used as a solvent ranged from1l to 156 ppm (4.1 to 640
mg/ M) (ACG H 1986), and air concentrations up to 1,636 ng/m were neasured in
t he operations areas of sone facilities (Bierbaumand Marcel eno 1973;
Marcel eno et al. 1974). However, because 2-hexanone is no | onger produced or
used commercially in the United States, and because OSHA has reduced the
Perm ssible Exposure Limt (PEL) to 5 ppm (20 ng/ ) (OSHA 1989), it is
unlikely that current workplace air concentrations are as high as they were in
t he past.

5.4.2 Wat er

Data estimati ng 2- hexanone concentrations in water are sparse. 2-
Hexanone was identified in one of three groundwater sanples at a concentration
of 87 pg/L (ppb) near a hazardous waste site in Florida (Myers 1983). This
compound was al so identified in a study of drinking water concentrates and
advanced waste treatnment concentrates (Lucas 1984).

2- Hexanone has been detected in both surface water and groundwat er at
hazardous waste sites. Data fromthe Contract Laboratory Program (CLP)
Statistical Database indicate that 2-hexanone was found at 2% of the sites at
a geonetric nean concentration of 7.5ug/L (ppb) in positive surface water
sanpl es and 12 pg/L (ppb) in positive groundwater sanples (CLPSD 1989). This
dat abase provides data fromboth NPL and non- NPL waste sites.

5.4.3 Soi

2- Hexanone was detected in soil sanples at 3% of hazardous waste sites
(both NPL and non-NPL) at a geonetric nmean concentration of 40 pg/ kg (ppb) in
positive sanples (CLPSD 1989). No other data were | ocated regarding estimation
of 2-hexanone in soils or sedinents.
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5.4. 4 O her Environnental Media

2- Hexanone has been identified anong the natural volatile conponents of
several foods including blue and Beaufort cheeses, nectarines, roasted
filberts, and chicken nuscle (Day and Anderson 1965; Dunont and Adda 1978;
Grey and Shrinpton 1967; Kinlin et al. 1972; Takeoka et al. 1988); levels were
not stated in these reports. It has al so been detected in ml|k and cream at
concentrations ranging fromO0.007 to 0.018 ppm (7-18 ppb) and in bread (Lande
et al. 1976). Because few quantitative data are available, it is not known if
food is an inportant source of hunman exposure to 2-hexanone.

No studies were |ocated regarding the occurrence of 2-hexanone in any
ot her medi a.

5.5 GENERAL POPULATI ON AND OCCUPATI ONAL EXPOSURE

Human exposure to 2-hexanone may occur by inhal ation, ingestion, or
dermal exposure. Exposure to small anounts of 2-hexanone may occur by
i ngestion of foods in which it has been detected. However, since this conpound
is no |longer nanufactured or used comercially in the United States,
wi despread or high-1evel exposure of the general population to 2-hexanone is
not |ikely.

According to surveys conducted by NI OSH, the nunber of enpl oyees
potentially exposed to 2-hexanone dropped from 41,600 in the early 1970s (NOHS
1989) to 1,100 in the early 1980s (NI OSH 1989). Neither the NOHS nor the NOES
dat abases contain information on the frequency, concentration, or duration of
exposures of workers to any of the chemicals listed therein. These surveys
provide only estimates of the nunmber of workers potentially exposed to
chem cals in the workplace. This dramatic reduction in the extent of
occupati onal exposure parallels the halt of production and the reduction in
use of this chem cal (EPA 1987b). It is unlikely that many persons are
currently occupationally exposed to 2-hexanone, other than as a degradation
product resulting fromwood pul ping, oil shale processing, or coa
gasi fication operations. The NI OSH does not |ist 2-hexanone anobng the
chem cal s considered in an occupati onal exposure eval uation of coa
gasification plants (N OSH 1978b).

5.6 POPULATI ONS W TH POTENTI ALLY H GH EXPOSURES

Popul ati ons with potentially high exposure to 2-hexanone include people
[iving near or working in coal gasification, oil shale processing or wood
pul pi ng operations, or living near the hazardous waste sites at which 2-
hexanone is likely to occur. The nost |ikely exposure routes are ingestion
of or dermal contact with water contam nated fromthese sources or inhalation
of 2-hexanone which has volatilized from contam nated water or soil.
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I ndividuals may still be exposed by inhalation or skin absorption from
consumer products manufactured prior to 1982 such as | acquers, priners,
seal ers, and thinners that contai n 2- hexanone.

5.7 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as anended, directs the Adm nistrator of
ATSDR (in consultation with the Adm nistrator of EPA and agenci es and prograns
of the Public Health Service) to assess whet her adequate information on the
health effects of 2-hexanone is avail able. Were adequate information is not
avai |l able, ATSDR, in conjunction with the NTP, is required to assure the
initiation of a program of research designed to determne the health effects
(and techni ques for devel opi ng nethods to determ ne such health effects) of
2- hexanone.

The followi ng categories of possible data needs have been identified by a
joint teamof scientists from ATSDR, NTP, and EPA. They are defined as
subst ance-specific informati onal needs that, if net, would reduce or eliminate
the uncertainties of human health assessnent. In the future, the identified
data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.

5.7.1 Data Needs

Physi cal and Chemical Properties. The physical and chenical property data
avail abl e for 2-hexanone are sufficient to allowa linmted estimation of the
potential environnmental fate of this chemcal. The estimated Henry's | aw
constant (Mabey et al, 1982) and K_ (Hassett et al. 1983) need to be verified
experinmentally to help confirmthe estimtes of partitioning in environnmental
nmedi a. Since there does not seemto be a consensus on the solubility of 2-
hexanone in water (reported val ues range from about 20-35 g/L) (Morrison and
Boyd 1974; Verschueren 1983), additional neasurenents woul d be useful to nore
accurately predict the environmental fate of this conmpound.

Production, Inport/Export, Use, and Di sposal. 2-Hexanone is no |onger
produced, inported, or used commercially in the United States (EPA 1987b).
Any future manufacture or use is required to be reported to EPA (EPA 1987h).
Data fromthese reports would be helpful in estimating the potential for human
exposure to this compound. No data on di sposal of 2-hexanone were | ocat ed.
I nformati on on di sposal practices for wastes containing 2-hexanone is
necessary for estinmations of human exposure fromthis source. No regul ations
govern the disposal of 2-hexanone.

Envi ronnmental Fate. The probable transport and partitioni ng of
2-hexanone in environnmental mnedia have been predicted based on estimted
partition coefficients. Experimental confirmation of these values would hel p
to increase the accuracy of transport and partitioning assessnments. The | oss
mechani sns of 2-hexanone transfornations in the atnosphere are fairly-well
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understood (Atkinson et al. 1985; Calvert and Pitts 1966; Laity et al. 1973;
MacLeod et al. 1984), but the reaction pathways and environnental fates of the
transformati on products are not known. Very little is known about the fate of
2-hexanone in water or soil (Babeu and Vai shnav 1987; Lande et al. 1976;
Lowery et al. 1968; Lukins and Foster 1963; Perry 1968). Data on

phot odegr adati on and bi odegradati on of 2-hexanone in surface water and

bi odegradati on of 2-hexanone in groundwater and soil may be hel pful in
assessing the persistence of 2-hexanone in these nedia.

Bi oavailability from Environnental Media. Infornmation on absorption by
humans and ot her animal species indicates that it is well absorbed via the
oral and dermal routes (D Vincenzo et al. 1977, 1978). 2-Hexanone has al so
been denonstrated to be well absorbed by humans and ani mals foll ow ng
i nhal ati on exposure (D Vincenzo et al. 1978). Information on its
bi oavailability fromcontam nated soils would be useful in assessing the risk
fromexposure to this nedium by populations in the vicinity of hazardous waste
sites.

Food Chai n Bi oaccumul ati on. There are no data on the bioaccumnul ati on of
2-hexanone in food chains. This lack of data may not be a major limtation in
t he database because it is unlikely that 2-hexanone is bioconcentrated by
pl ants, aquatic organisns, or aninals at lower trophic |evels based on its
hi gh water solubility (Lande et al. 1976). However, data confirm ng that
bi oconcentrati on does not occur would help to nore accurately assess the
probability of bioaccunulation of 2-hexanone.

Exposure Levels in Environnental Media. Very few data are avail abl e
regardi ng the presence of 2-hexanone in any environnmental nedia (CLPSD 1989;
Lucas 1984; Mers 1983). Al though high levels of this conpound are not
expected to occur in anbient air, water, or soil, concentrations of 2-hexanone
in these nedia near effluent sources or hazardous waste sites woul d be hel pful
in assessing the potential extent and nagni tude of hunman exposures. Exposure
Level s in Humans. No information has been | ocated on exposure |evels of hunmans
to 2-hexanone in the workplace or in the vicinity of hazardous waste sites. It
woul d be useful to collect information on |evels of exposure to 2-hexanone in
t he environnent and associ ated bl ood, urine or tissue | evels of 2-hexanone
and/or its nmetabolites in the exposed popul ations. Additional information
relating those levels to the subsequent devel opnent of health effects would
al so be extrenely useful.

Exposure Registries. No exposure registries for 2-hexanone were
| ocated. This conpound is not currently one of the conmpounds for which a
subregi stry has been established in the National Exposure Registry. The
compound will be considered in the future when chem cal selection is nade for
subregi stries to be established. The information that is anassed in the
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Nati onal Exposure Registry facilitates the epidemi ol ogi cal research needed to
assess adverse health outconmes that nay be related to the exposure to this
conpound.

5.7.2 On-goi ng Studi es

Renedi al investigations and feasibility studies conducted at the 15 NPL
sites known to be contam nated with 2-hexanone will add to the avail able
dat abase in the categories of exposure |levels in hunmans, exposure levels in
the environnental nedia, and exposure registries.

No ot her on-going studies were located on the fate, transport, or
potential for human exposure for 2-hexanone.
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The purpose of this chapter is to describe the analytical nethods that
are available for detecting and/or measuring and nonitoring 2-hexanone in
environmental nedia and in biological sanples. The intent is not to provide an
exhaustive list of analytical nmethods that could be used to detect and
guantify 2-hexanone. Rather, the intention is to identify well-established
nmet hods that are used as the standard nethods of analysis. Many of the
anal yti cal nethods used to detect 2-hexanone in environmental sanples are the
nmet hods approved by federal agencies such as EPA and the National Institute
for QOccupational Safety and Health (NIOSH). O her nethods presented in this
chapter are those that are approved by groups such as the Association of
Oficial Analytical Chem sts (AOAC) and the Anerican Public Health Association
(APHA) . Additionally, analytical nmethods are included that refine previously
used nethods to obtain | ower detection limts, and/or to inprove accuracy and
preci si on.

6.1 BIOLOGE CAL MATERI ALS

I n biological systenms in which 2-hexanone may have been netabolized, or
may itself be a netabolite, consideration nust be given to possible binding of
the anal yte as a conjugate. In such cases, 2-hexanone nay be rel eased by
hydrolysis with acid (Fedtke and Bolt 1986). Follow ng pre-treatnent, which
varies with the sanple and may incl ude honbgeni zati on, centrifugation, and
acidification, 2-hexanone can be rel eased from biol ogi cal sanples by purging
or perfusion and trapped on a sorbent, extracted with a solvent such as
acetone, or extracted directly onto sorbent solids.

Sensitive and selective nethods are available for the qualitative and
guantitative nmeasurenent of 2-hexanone, after it is separated fromits sanple
matri x. Gas chromat ography using sensitive and highly specific nmass
spectronmetry (MS) or highly sensitive flanme ionization detection (FID) is the
anal yti cal nmethod nost commonly used. Capillary gas chromatography, also known
broadly as high resolution gas chromat ography (HRGC), has greatly facilitated
t he anal ysis of conmpounds such as 2-hexanone that can be neasured by gas
chr omat ography and has resulted in vast inprovenents in resolution and
sensitivity. It has nade the choice of a stationary phase nuch | ess crucial
than is the case with the ol der nmethod using packed col ums. The instrunental
capability to separate volatile analytes by HRGC is, for the npbst part, no
longer the limting factor in their analysis. H gh performance liquid
chromat ography (HPLC) may al so be used and has the advantage of conpatibility
with the liquid matrix of biological sanples.

Met hods for detection of 2-hexanone in biological materials are
sumarized in Table 6-1.



TABLE 6-1. Analytical Methods for Determining 2-Hexanone in Biological Materials

. Sample
detection Percent
Sample matrix Preparation method Analytical method limit recovery Reference
Urine Hydrolysis of metabolic HRGC/MS 0.05-0.08 pg/mL 81+3.2%* Fedtke and
conjugates with HCL, Bolt 1986
extraction on C18
cartridges, desorption
Biological samples Extraction with ether after HRGC/FID No data 7824 %° Nomeir and
(chicken plasma)® addition of HCl and Na,SO,, Abou-Donia 1985
concentrated under N, :
Biologlical samples Extraction with ether after HPLC/UV No data No data Nomeir and
(chicken plasma)® addition of HCl and Na,SO,, . Abou-Donia 1985 o
concentrated under N, .
Biological tlssues, Homogenization with acetone, GC/MS No data 98:12%~ White et al. 1979 g;
(blood, brain, centrifugation, injection 110:162° >
kidney, liver)® of acetone extract Eg
Blood (human)* Perfusion at 95°C, » GC/MS No data No data Anderson and - o
collection on Tenax®, Harland 1980 g (o)}
release by heating =
=
3]
x|
*Percent recovery for 2,5-hexanedione was 83+3.6X. Eg
®This method was also used in the determination of 2,5-hexanedione, a metabolic product of 2-hexanone. o
w

“Percent recovery for 2,5-hexanedione was 62:3X
YPercent recovery for 2,5-hexanedione was 96+13X to 110:16%
*CeH,,0 ketone detected in blood of fire victims at necropsy

GC = gas chromatography: FID = flame ionization detector: HPLC = high performance liquld chromatography: HRGC = high
resolution gas chromatography: MS = mass spectrometry; RSD = relative standard deviation: UV = ultraviolet light
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6.2 ENVI RONVENTAL SAMPLES

For the determ nation of 2-hexanone in air, the analyte is usually
trapped and concentrated froma large volune of air on a solid sorbent such as

Tenax® or activated carbon fromwhich it can be released thernmally or el uted
with a solvent such as carbon disulfide for subsequent neasurenent. For
aqueous sanpl es, 2-hexanone is purged with an inert gas and collected on a

solid such as Tenax® followed by thernmal desorption and neasurenent.
Cryogeni ¢ trapping has al so been used for renoval of 2-hexanone from water
sanpl es (Badings et al. 1985). Gas chromatography using sensitive and highly
specific M5 or highly sensitive FID is the analytical nmethod of choice for the
determ nati on of 2-hexanone in environnental sanples.

Met hods for the determ nation of 2-hexanone in environnmental sanples are
summari zed in Table 6-2.

6.3 ADEQUACY OF THE DATABASE

Section 104(i)(5) of CERCLA, as anmended, directs the Adm nistrator of
ATSDR (in consultation with the Adm nistrator of EPA and agenci es and prograns
of the Public Health Service) to assess whether adequate information on the
health effects of 2-hexanone is avail able. Were adequate information is not
avail able, ATSDR, in conjunction with the NTP, is required to assure the
initiation of a program of research designed to deternmine the health effects
(and techni ques for devel opi ng nethods to determ ne such health effects) of 2-
hexanone.

The foll owi ng categories of possible data needs have been identified by a
joint teamof scientists from ATSDR, NTP, and EPA. They are defined as
subst ance-specific informational needs that, if nmet, would reduce or elinmnate
the uncertainties of human health assessnent. In the future, the identified

data needs will be evaluated and prioritized, and a substance-specific
research agenda will be proposed.
6.3.1 Dat a Needs

Met hods for Determ ning Bi onmarkers of Exposure and Effect. As noted in
Section 6.1, nethods are available for the qualitative and quantitative
measur enment of 2-hexanone after it is separated fromits sanple matriXx
(Anderson and Harl and 1980; Fedtke and Bolt 1986; Noneir and Abdou- Doni a 1985;
VWhite et al. 1979). Hi gh-resolution gas chromatography for 2-hexanone

anal ysis has been devel oped to the point that the instrunmental capability
to separate volatile analytes by HRGC is, for the nost part, no | onger the
limting factor in their analysis. Flane ionization detection has enabl ed
detection at very low |l evels and M5 has assured specificity in neasurenent.



TABLE 6-2. Analytical Methods for Determining 2-Hexanone in Environmental Samples

Sample
detection Percent

Sample matrix Preparation method Analytical method limit recovery Reference
wastewater‘and Collection on Tenax®, HRGC/FID; No data No data Hawthorne et al.
spent oil shale thermal desorption GC/MS 1985
Alr Retention by activated GC/FID 20 pg No data NIOSH 1984

carbon, elutlon with

carbon disulfide
Water, environ- Purge, cryogenic trap HRGC <10 pgl/kg No data Badings et al.
mental samples 1985
Groundwater Purge by helium, GC/MS 50 pg/L No data EPA 1986

collection on solid,

thermal desorption
Solid waste Purge by helium, GC/MS 50 pgl/kg No data EPA 1986

collection on solid,
thermal desorption

FID = flame ionizatlion detector; GC = gas chromatography: HRGC = high-resolution gas chromatography; MS = mass spectrometry

9
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More specific nmethods to deternine bionmarkers of exposure to 2-hexanone
woul d be hel pful in detecting exposure to this conmpound before adverse
nmor phol ogi cal or clinical effects occur. Finding biological markers of
exposure to 2-hexanone is conplicated by the fact that this conpound is itself
a biological indicator of exposure to n-hexane (Fedtke and Bolt 1986). In
addition, the presence of the nmetabolite, 2,5-hexanedi one, nay indicate
exposure to 2-hexanone, but it is also a biological indicator of exposure to
n- hexane (Fedtke and Bolt 1986). There is insufficient information in the
literature to determne if methods for determ ning bi omarkers of exposure and
ef fect of 2-hexanone are sensitive enough to nmeasure background levels in the
popul ati on and | evel s at which biol ogical effects occur. The precision,
accuracy, reliability, and specificity of these nethods are not sufficiently
docunented. This information would be valuable for interpreting nonitoring
dat a.

Ref i nement of existing purge-and-trap extraction techni ques and
i nvestigation of alternative concentration methods such as cryotrapping
(Pankow and Rosen 1988) and supercritical fluid extraction (King 1989) would
be useful. In addition, several major challenges remain. One of these is to
transfer anal ytes that have been isolated froma biological or environnental
matrix quantitatively and in a narrow band to the HRGC. Anot her major
challenge is to identify and accurately measure the quantity of conpounds in
t he HRGC peaks. Mass spectronetric detection has been outstanding for
identification, but other techniques, particularly Fourier transforminfrared
spectroscopy (FTIR), may offer sone advantages (Weboldt et al. 1988).

Met abol ites of 2-hexanone in biological naterials are difficult to
determine in routine practice because of the lack of standardized nethods for
their measurenent. As shown in Table 6-1, there are very few well
characterized nethods for the determ nati on of netabolites of 2-hexanone in
bi ol ogi cal materials (Nonmeir and Abou-Donia 1985; White et al. 1979). The
preci sion, accuracy, reliability, and specificity of existing nmethods need to
be eval uated, and the methods refined and adapted to routine practice.

Met hods for Determ ning Parent Conpounds and Degradation Products in
Envi ronmental Medi a. The nedia of nobst concern for hunan exposure to 2-
hexanone are drinking water (primarily from groundwater sources) and air.
From the data presented in Table 6-2 (Badings et al. 1985; EPA 1986; Haw horne
et al. 1985; NIOSH 1984), it nay be concluded that the nmethods avail able for
the determ nation of 2-hexanone in water and air are not sensitive enough to
det ermi ne background | evels of this conmpound. Existing nmethods are
satisfactory for nmeasuring levels at which health effects occur.

The precision, accuracy, reliability, and specificity of methods to
determ ne 2-hexanone in water and air are not well docunented, and additi onal
work is needed in this area.



70
6. ANALYTI CAL METHODS

Met hods for determining the parent compound, 2-hexanone, in water, air,
and waste sanples are avail able (Badings et al. 1985; EPA 1986; Hawt horne et
al. 1985; NI OSH 1984). Sanpling nethodol ogi es for conpounds such as 2-hexanone
continue to pose probl ens such as nonrepresentative sanples, insufficient
sanmpl e vol unes, contamnination, and | abor-intensive, tedious extraction and
purification procedures (Green and Le Pape 1987). It would be hel pful to have
means to nmeasure organi ¢ conpounds such as 2-hexanone in situ in water and
ot her environnmental nedia w thout the need for sanpling and extraction
procedures to isolate the analyte prior to anal ysis.

6.3.2 On-goi ng Studi es

There are no known on-goi ng studies to inprove nethods of analysis for
2-hexanone or its metabolites in biological or environnental sanples.
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Because of the potential of 2-hexanone to cause adverse health effects
i n exposed people, a nunber of regulations and gui delines have been
establ i shed by various national and state agencies. These val ues are
summarized in Table 7-1.
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TABLE 7-1. Regulations and Guidelines Applicable to 2-Hexanone

Agency Description Information References
NATIONAL
Regulations:
a. Alr:
OSHA PEL TWA 5 ppm (20 mg/m’) OSHA 1989
(29 CFR
1910.1000)
Table 2-1-A
b. Nonspecific
media:
EPA OSW Groundwater monitoring list Yes EPA 1987a
(Appendix IX) (40 CFR 264)
EPA OTS Significant new use rule Yes EPA 1987b
(40 CFR 721.385)
Guidelines:
a. Alr:
ACGIH TLV TWA 5 ppm (20 mg/m®) ACGIH 1986
NIOSH IDLH 5,000 ppm NIOSH 1985
TWA (10 hr) 1 ppm (4 mg/m?)
STATE
Regulations and
Guidelines:
a. Alr: Acceptable ambient air concentrations NATICH 1989
Connecticut 80.0 pg/m® (8 hr)
Nevada 0.476 mg (476 ug)/m® (8 hr)
North Dakota 0.20 mg (200 ug)/m* (8 hr)
Virginia 350 ug/m® (24 hr)
Massachusetts 10.88 ug/m’ (24 hr) West 1990

ACGIH = American Conference of Governmental Industrial Hygienists; EPA = Environmental Protection Agency:
IDLH = Immediately Dangerous to Life or Health Level; NIOSE = National Institute for Occupational Safety
and Health; OSHA = Occupational Safety and Health Administration; OSW = Office of Solid Wastes;
OTS = Office of Toxic Substances; PEL = Permissible Exposure Limit; TLV = Threshold Limit Value;
TWA = Time-Weighted Average
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Acut e Exposure -- Exposure to a chemical for a duration of 14 days or |ess, as
specified in the Toxicol ogical Profiles.

Adsorption Coefficient (K ) -- The ratio of the anobunt of a chenical adsorbed
per unit weight of organic carbon in the soil or sedinent to the concentration
of the chenmical in solution at equilibrium

Adsorption Ratio (K) -- The anount of a chenical adsorbed by a sedinent or
soil (i.e., the solid phase) divided by the anpbunt of chemical in the solution
phase, which is in equilibriumwth the solid phase, at a fixed solid/solution
ratio. It is generally expressed in nicrograns of chenical sorbed per gram of
soi | or sedinent.

Bi oconcentration Factor (BCF) -- The quotient of the concentration of a
chem cal in aquatic organisns at a specific tine or during a discrete tine
period of exposure divided by the concentration in the surroundi ng water at
the sanme tinme or during the sane period.

Cancer Effect Level (CEL) -- The | owest dose of chemical in a study, or group
of studies, that produces significant increases in the incidence of cancer (or
tunors) between the exposed popul ation and its appropriate control.

Car ci nogen -- A chenical capable of inducing cancer.

Ceiling Value -- A concentration of a substance that should not be exceeded,
even instant aneously.

Chroni ¢ Exposure -- Exposure to a chem cal for 365 days or nore, as specified
in the Toxicol ogical Profiles.

Devel opnental Toxicity -- The occurrence of adverse effects on the devel opi ng
organismthat nay result fromexposure to a chemical prior to conception
(either parent), during prenatal devel opnent, or postnatally to the tinme of
sexual maturation. Adverse devel opnental effects may be detected at any point
inthe life span of the organi sm

Enbryotoxicity and Fetotoxicity -- Any toxic effect on the conceptus as a
result of prenatal exposure to a chemcal; the distinguishing feature between
the two terns is the stage of devel opnent during which the insult occurred.
The terns, as used here, include nmalformations and variations, altered grow h,
and in utero death.

EPA Heal th Advisory -- An estimate of acceptable drinking water |evels for a
chem cal substance based on health effects information. A health advisory is
not a legally enforceable federal standard, but serves as technical guidance
to assist federal, state, and |ocal officials.
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| medi atel y Dangerous to Life or Health (IDLH) -- The maxi mum environmnent al
concentration of a contam nant from which one could escape within 30 mn
W t hout any escape-inpairing synptons or irreversible health effects.

I nt ernedi at e Exposure -- Exposure to a chemical for a duration of 15-364 days
as specified in the Toxicol ogical Profiles.

I mmunol ogi ¢ Toxicity -- The occurrence of adverse effects on the i mune system
that nay result from exposure to environmental agents such as chenicals.

Vitro -- Isolated fromthe living organismand artificially nmaintained, as

|
i a test tube.

n
n
In Viva -- Cccurring within the living organism

Lethal Concentration 4 (LC.) -- The |owest concentration of a chemical in air
whi ch has been reporied to have caused death in hunans or aninals.

Let hal Concentration,, (LC,) -- A calculated concentration of a chemical in
air to which exposure for a specific length of time is expected to cause death
in 50% of a defined experimental animal popul ation.

Lethal Dose , (LD, -- The | owest dose of a chem cal introduced by a route
other than inhalation that is expected to have caused death in humans or
ani mal s.

Let hal Dose, (LD,) -- The dose of a chenical which has been calculated to
cause death 1n 50% of a defined experinmental aninmal popul ation.

Lethal Time,, (LT,) -- A calculated period of time within which a specific
concentration of a chemcal is expected to cause death in 50% of a defined
experi nental ani mal popul ati on.

Lowest - Qbserved- Adver se- Ef fect Level (LOAEL) -- The | owest dose of chemical in
a study or group of studies, that produces statistically or biologically
significant increases in frequency or severity of adverse effects between the
exposed popul ation and its appropriate control.

Mal formati ons -- Pernmanent structural changes that may adversely affect
survival, devel opnent, or function

M nimal Risk Level -- An estimate of daily human exposure to a chenical that
is likely to be without an appreciable risk of deleterious effects
(noncancerous) over a specified duration of exposure.

Mut agen -- A substance that causes nutations. A nutation is a change in the
genetic material in a body cell. Mitations can lead to birth defects,
m scarriages, or cancer.
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Neurotoxicity -- The occurrence of adverse effects on the nervous system
foll owi ng exposure to chemni cal

No- Gbserved- Adverse-Ef fect Level (NOAEL) -- The dose of chem cal at which
there were no statistically or biologically significant increases in frequency
or severity of adverse effects seen between the exposed population and its
appropriate control. Effects nay be produced at this dose, but they are not
consi dered to be adverse.

Cctanol -Water Partition Coefficient (K) -- The equilibriumratio of the
concentrations of a chemcal in n-octanol and water, in dilute solution.

Per m ssi bl e Exposure Limt (PEL) -- An allowable exposure |evel in workplace
air averaged over an 8-hour shift.

g,. -- The upper-bound estimate of the | ow dose slope of the dose-response
curve as determ ned by the nultistage procedure. The q* can be used to

cal cul ate an estimate of carcinogenic potency, the increnmental excess cancer
risk per unit of exposure (usually pg/L for water, ng/kg/day for food, and
pg/nB8 for air).

Ref erence Dose (RfD) -- An estimate (with uncertainty spanni ng perhaps an
order of magnitude) of the daily exposure of the human population to a
potential hazard that is |likely to be without risk of deleterious effects
during a lifetime. The RED is operationally derived fromthe NOAEL (from

"ani mal and human studi es) by a consistent application of uncertainty factors
that reflect various types of data used to estinate RfDs and an additi onal
nodi fying factor, which is based on a professional judgnent of the entire

dat abase on the chenical. The RfDs are not applicable to nonthreshold effects
such as cancer

Reportable Quantity (RQ -- The quantity of a hazardous substance that is
consi dered reportabl e under CERCLA. Reportable quantities are: (1) 1 Ib or
greater or (2) for selected substances, an anount established by regul ation
ei ther under CERClI A or under Sect. 311 of the Clean Water Act. Quantities are
measured over a 24-hour period.

Reproductive Toxicity -- The occurrence of adverse effects on the reproductive
systemthat nay result from exposure to a chemical. The toxicity nmay be
directed to the reproductive organs and/or the related endocrine system The
mani festati on of such toxicity may be noted as alterations in sexual behavior,
fertility, pregnancy outcomes, or nodifications in other functions that are
dependent on the integrity of this system

Short-Term Exposure Limt (STEL) -- The maxi num concentration to which workers
can be exposed for up to 15 min continually. No nore than four excursions are
al | oned per day, and there nust be at |east 60 m n between exposure periods.
The daily TLV-TWA may not be exceeded.
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Target Organ Toxicity -- This termcovers a broad range of adverse effects on
target organs or physiol ogical systenms (e.g., renal, cardiovascul ar) extending
fromthose arising through a single limted exposure to those assuned over a
lifetime of exposure to a chem cal

Teratogen -- A chenical that causes structural defects that affect the
devel opment of an organi sm

Threshold Limt Value (TLV) -- A concentration of a substance to which nost
wor kers can be exposed without adverse effect. The TLV may be expressed as a
TWA, as a STEL, or as a CL.

Ti me-wei ghted Average (TWA) -- An all owabl e exposure concentrati on averaged
over a nornal 8-hour workday or-40-hour workweek.

Toxi c Dose (TD,) -- A calculated dose of a chemical, introduced by a route
ot her than inhalation, which is expected to cause a specific toxic effect in
50% of a defined experinental animal popul ati on.

Uncertainty Factor (UF) -- A factor used in operationally deriving the RfD
fromexperinental data. UFs are intended to account for (1) the variation in
sensitivity anong the nenbers of the human popul ation, (2) the uncertainty in
extrapol ating aninmal data to the case of human, (3) the uncertainty in
extrapolating fromdata obtained in a study that is of less than lifetine
exposure, and (4) the uncertainty in using LOAEL data rather than NOAEL dat a.
Usual |y each of these factors is set equal to 10.
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Chapter 1
Public Health Statenent

This chapter of the profile is a health effects summary witten in

nont echni cal |anguage. Its intended audience is the general public especially
people living in the vicinity of a hazardous waste site or substance rel ease.
If the Public Health Statenent were renpved fromthe rest of the docunment, it
woul d still comunicate to the lay public essential information about the
substance. The major headings in the Public Health Statenent are useful to
find specific topics of concern. The topics are witten in a question and
answer format. The answer to each question includes a sentence that wl|
direct the reader to chapters in the profile that will provide nore

i nformati on on the given topic.

Chapter 2
Tabl es and Figures for Levels of Significant Exposure (LSE)

Tables (2-1, 2-2, and 2-3) and figures (2-1 and 2-2) are used to sunmari ze
health effects by duration of exposure and endpoint and to illustrate
graphically levels of exposure associated with those effects. Al entries in
these tables and figures represent studies that provide reliable, quantitative
estimat es of No- Observed- Adverse-Effect Levels (NOAELs), Lowest- Cbserved-
Adverse-Effect Levels (LOAELs) for Less Serious and Serious health effects, or
Cancer Effect Levels (CELs). In addition, these tables and figures illustrate
differences in response by species, Mniml R sk Levels (MRLs) to humans for
noncancer end points, and EPA' s estinmted range associated with an upper-bound
i ndi vidual lifetine cancer risk of 1 in 10,000 to 1 in 10, 000, 000. The LSE
tabl es and figures can be used for a quick review of the health effects and to
| ocate data for a specific exposure scenario. The LSE tables and figures
shoul d al ways be used in conjunction with the text.

The | egends presented bel ow denponstrate the application of these tables and
figures. A representative exanple of LSE Table 2-1 and Figure 2-1 are shown.
The numbers in the left colum of the | egends correspond to the nunbers in the
exanpl e table and figure.

LEGEND
See LSE Table 2-1
(D) Rout e of Exposure One of the first considerations when revi ew ng
the toxicity of a substance using these tables and figures should
be the rel evant and appropriate route of exposure. Wen sufficient
data exi st,
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three LSE tables and two LSE figures are presented in the docunent. The
three LSE tables present data on the three principal routes of exposure,
i.e., inhalation, oral, and dermal (LSE Table 2-1, 2-2, and 2-3,
respectively). LSE figures are limted to the inhalation (LSE Figure 2-1)
and oral (LSE Figure 2-2) routes.

Exoosure Duration Three exposure periods: acute (14 days or |ess);
internmediate (15 to 364 days); and chronic (365 days or nore) are
presented within each route of exposure. In this exanple, an inhalation
study of intermedi ate duration exposure is reported.

Health Effect The major categories of health effects included in LSE
tables and figures are death, system c, inmunol ogical, neurol ogical,
devel opnental , reproductive, and cancer. NOAELs and LOAELs can be
reported in the tables and figures for all effects but

cancer. Systemic effects are further defined in the "System col um of
the LSE table.

Key to Figure Each key nunber in the LSE table |inks study information to
one or nore data points using the sane key nunber in the correspondi ng
LSE figure. In this exanple, the study represented by key nunber 18 has
been used to define a NOAEL and a Less Serious LOAEL (al so see the two
"18r" data points in Figure 2-1).

Speci es The test species, whether animal or human, are identified in this
col um.

Exposure Frequency/Duration The duration of the study and the weekly and
daily exposure reginen are provided in this colum. This permts

conpari son of NOAELs and LOAELs fromdifferent studies. In this case (key
nunber la), rats were exposed to [substance x] via inhalation for 13
weeks, 5 days per week, for 6 hours per day.

System This colum further defines the systenic effects. These systens

i nclude: respiratory, cardi ovascul ar, gastrointestinal, hematol ogi cal
muscul oskel etal, hepatic, renal, and dermal/ocular. "Other" refers to any
systenic effect (e.g., a decrease in body weight) not covered in these
systens. In the exanple of key nunber 18, one system c effect
(respiratory) was investigated in this study.

NOAEL A No- Observed- Adverse- Ef fect Level (NOAEL) is the highest exposure
| evel at which no harnful effects were seen in the organ system studi ed.
Key nunber 18 reports a NOAEL of 3 ppmfor the respiratory system which

was used to derive an internedi ate exposure, inhalation MRL of 0.005 ppm
(see footnote "c").

LOAEL A Lowest - Gbserved- Adverse-Effect Level (LOAEL) is the | owest
exposure level used in the study that caused a harnful health effect.
LOAELs have been classified into "Less Serious" and "Serious" effects.
These, ,distinctions help readers identify the | evels of exposure at which
adverse health effects first appear and the gradation of effects with

i ncreasi ng dose. A brief description of the specific end point used to
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quantify the adverse effect acconpanies the LOAEL. The "Less Serious"”
respiratory effect reported in key nunber 18 (hyperplasia) occurred at a
LOAEL of 10 ppm

Ref erence The conplete reference citation is given in Chapter 8 of the
profile.

CEL A Cancer Effect Level (CEL) is the | owest exposure |evel associated
with the onset of carcinogenesis in experinmental or epidem ol ogical
studi es. CELs are always consi dered serious effects. The LSE tables and
figures do not contain NOAELs for cancer, but the text may report doses
whi ch did not cause a measurable increase in cancer.

Foot notes . Expl anati ons of abbreviations or reference notes for data in
the LSE tables are found in the footnotes. Footnote "c" indicates the
NQAEL of 3 ppmin key number 18 was used to derive an MRL of 0.005 ppm

LEGEND

See LSE Figure 2-1

LSE figures graphically illustrate the data presented in the correspondi hg LSE
tables. Figures help the reader quickly conmpare health effects according to
exposure levels for particular exposure duration.

(13)

(14)

(15)

(16)

(17)

Exposure Duration The same exposure periods appear as in the LSE table.
In this exanple, health effects observed within the internedi ate and
chroni ¢ exposure periods are illustrated.

Heal th Effect These are the categories of health effects for which
reliable quantitative data exist. The sane health effects appear in the
LSE tabl e.

Level s of Exposure Exposure | evels for each health effect in the LSE
tables are graphically displayed in the LSE figures. Exposure |evels are
reported on the log scale "y" axis. Inhalation exposure is reported in
ng] nB or ppm and oral exposure is reported in ng/kg/day.

NOAEL In this exanple, 18r NOAEL is the critical end point for which an
i nternmedi ate i nhal ati on exposure MRL is based. As you can see fromthe
LSE figure key, the open-circle synbol indicates a NOAEL for the test
species (rat). The key nunber 18 corresponds to the entry in the LSE
tabl e. The dashed descending arrow i ndicates the extrapol ation fromthe
exposure | evel of 3 ppm(see entry 18 in the Table) to the MRL of 0.005
ppm (see footnote "b" in the LSE table).

CEL Key nunber 38r is one of three studies for which Cancer Effect Levels
(CELs) were derived. The dianond synmbol refers to a CEL for the test
species (rat). The nunber 38 corresponds to the entry in the LSE table.
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Esti mat ed Upper-Bound Hunman Cancer Risk Levels This is the range
associated with the upper-bound for lifetinme cancer risk of 1 in 10,000
to 1l in 10,000,000. These risk levels are derived from EPA' s Human Heal t h
Assessment Group's upper-bound estimates of the slope of the cancer dose
response curve at |ow dose levels (q,*).

Key to LSE Figure The Key explains the abbreviations and synbols used in
the figure.
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E — TABLE 2-1. Levels of Significant Exposure to [Chemical x] - Inhalation
Exposure LOAEL (effect)
Key toa frequency/ NOAEL Less serious Serious
figure Species duration System (ppm) (ppm) (ppm) Reference

E}—+ INTERMEDIATE EXPOSURE

Systemic

m——b 18 Rat 13 wk Resp 3b 10 (hyperplesia) Nitschke et al.
S5d/wk . 1981
6hr/d

..............................................................................................................................

CHRONIC EXPOSURE

Cancer EP

38 Rat 18 mo 20 (CEL, multiple Wong et al. 1982
5d/wk organs)
Thr/d
39 Rat 89-104 wk 10 (CEL, lung tumors, NTP 1982
Sd/wk nasal tumors)
6hr/d
40 Mouse 79-103 wk 10 (CEL, lung tumors, NTP 1982
5d/wk hemangiosarcomas)
6hr/d

8 The number corresponds to entries in Figure 2-1.

@-—v b Used to derive an intermediate inhalation Minimal Risk Level (MRL) of 5 x 1073 ppm; dose adjustéd for intermittent exposure
and divided by an uncertainty factor of 100 (10 for extrapolation from animal to humans, 10 for human variability).

CEL = cancer effect level; d = day(s); hr = hour(s); LOAEL = lowest-observed-adverse-effect level; mo = month(s); NOAEL = no-
observed-adverse-effect level; Resp = respiratory; wk = week(s)
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Chapter 2 (Section 2.4)

Rel evance to Public Health

The Rel evance to Public Health section provides a health effects summary based
on eval uations of existing toxicol ogical, epidemological, and toxicokinetic
information. This sumary is designed to present interpretive, weight-of-

evi dence di scussions for human health end points by addressing the foll ow ng
guesti ons.

1. VWhat effects are known to occur in humans?

2. What effects observed in animals are likely to be of concern to
humans?

3. What exposure conditions are likely to be of concern to humans,

especi ally around hazardous waste sites?

The section discusses health effects by end point. Human data are presented
first, then animal data. Both are organi zed by route of exposure (inhalation,
oral, and dermal) and by duration (acute, internediate, and chronic). In vitro
data and data from parenteral routes (intranmuscular, intravenous,

subcut aneous, etc.) are also considered in this section. If data are | ocated
in the scientific literature, a table of genotoxicity information is included.

The carcinogenic potential of the profiled substance is qualitatively

eval uat ed, when appropriate, using existing toxicokinetic, genotoxic, and
carci nogeni ¢ data. ATSDR does not currently assess cancer potency or perform
cancer risk assessnents. MRLs for noncancer end points if derived, and the end
poi nts from which they were derived are indicated and discussed in the
appropri ate

section(s).

Limtations to existing scientific literature that prevent a satisfactory
eval uation of the relevance to public health are identified in the
Identification of Data Needs section.

Interpretation of Mnimal Risk Levels

Where sufficient toxicologic informati on was avail able, MRLs were derived.
MRLs are specific for route (inhalation or oral) and duration (acute,

i nternmedi ate, or chronic) of exposure. ldeally, MRLs can be derived from al
Si X exposure scenarios (e.g., Inhalation - acute, -internediate, -chronic;
Oral - acute, - internediate, - chronic). These MRLs are not neant to support
regul atory action, but to aquaint health professionals with exposure |evels at
whi ch adverse health effects are not expected to occur in hunmans. They shoul d
hel p physicians and public health officials determine the safety of a
community living near a substance em ssion, given the concentration of a
contaminant in air or the estimated daily dose received via food or water
MRLs are based |argely on toxicological studies in animals and on reports of
hurman occupati onal exposure.
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MRL users should be famliar with the toxicological information on which the
number is based. Section 2.4, "Relevance to Public Health," contains basic

i nformati on known about the substance. O her sections such as 2.6,
"Interactions with her Chemicals" and 2.7, "Popul ations that are Unusually
Suscepti bl e" provide inportant supplenental information.

MRL users should al so understand the MRL derivation nmethodol ogy. MRLs are
derived using a nodified version of the risk assessnent nethodol ogy used by
the Environnmental Protection Agency (EPA) (Barnes and Dourson, 1988; EPA
1989a) to derive reference doses (RfDs) for lifetine exposure.

To derive an MRL, ATSDR generally selects the end point which, in its best
judgenent, represents the nost sensitive humanhealth effect for a given
exposure route and duration. ATSDR cannot make this judgenent or derive an MRL
unl ess information (quantitative or qualitative) is available for al

potential effects (e.g., system c, neurological, and devel opnmental). In order
to conpare NOAELs and LQAELs for specific end points, all inhalation exposure
| evel s are adjusted for 24hr exposures and all intermttent exposures for

i nhal ati on and oral routes of internediate and chronic duration are adjusted
for continous exposure (i.e., 7 days/week). If the information and reliable
quantitative data on the chosen end point are avail able, ATSDR derives an MRL
usi ng the nost sensitive species (when information fromnultiple species is
avai l able) with the highest NOAEL that does not exceed any adverse effect

| evel s. The NOAEL is the nost suitable end point for deriving an MRL. Wen a
NCQAEL is not available, a Less Serious LOAEL can be used to derive an MRL, and
an uncertainty factor (UF) of 10 is enployed. MRLs are not derived from
Serious LOAELs. Additional uncertainty factors of 10 each are used for human
variability to protect sensitive subpopul ati ons (people who are nost
susceptible to the health effects caused by the substance) and for
interspecies variability (extrapolation fromanimals to humans). |In deriving
an MRL, these individual uncertainty factors are nmultiplied together. The
product is then divided into the adjusted inhalation concentration or oral
dosage selected fromthe study. Uncertainty factors used in devel oping a
substance-specific MRL are provided in the footnotes of the LSE Tabl es.
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ACRONYMS, ABBREVIATIONS, AND SYMBOLS

ACGIH American Conference of Governmental Industrial Hygienists

ADME Absorption, Distribution, Metabolism, and Excretion

ATSDR Agency for Toxic Substances and Disease Registry

BCF bioconcentration factor

BSC Board of Scientific Counselors

CcbC Centers for Disease Control

CEL Cancer Effect Level

CERCLA Comprehensive Environmental Response, Compensation, and Liability
Act

CFR Code of Federal Regulations

CLP Contract Laboratory Program

cm centimeter

CNS central nervous system

DHEW Department of Health, Education, and Welfare

DHHS Department of Health and Human Services

DOL Department of Labor

ECG electrocardiogram

EEG electroencephalogram

EPA Environmental Protection Agency

EKG see ECG

FAO Food and Agricultural Organization of the United Nations

FEMA Federal Emergency Management Agency

FIFRA Federal Insecticide, Fungicide, and Rodenticide Act

il first generation

fpm feet per minute

ft foot

FR Federal Register

g gram .

GC gas chromatography

HPLC high performance liquid chromatography

hr hour

IDLH Immediately Dangerous to Life and Health

IARC International Agency for Research on Cancer

ILO International Labor Organization

in inch

Kd adsorption ratio

kg kilogram

Koc octanol-soil partition coefficient

Kow octanol-water partition coefficient

L liter

LC liquid chromatography

LGy, lethal concentration low

LC5, lethal concentration 50 percent kill

LD, lethal dose low

LDgq lethal dose 50 percent kill

LOAEL lowest-observed-adverse-effect level




LSE

m

mg
min
mL
mm
mmo 1l
mppcf
MRL
MS
NIEHS
NIOSH
NIOSHTIC
nm

ng
NHANES
nmol
NOAEL
NOES
NOHS
NPL
NRC
NTIS
NTP
OSHA
PEL
PE
pmol
PHS
PMR
ppb
ppm
ppt
REL
RfD
RTECS
sec
SCE
SIC
SMR
STEL
STORET
TLV
TSCA
TRI
TWA
U.s.
UF
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Levels of Significant Exposure

meter

milligram

minute

milliliter

millimeters

millimole

millions of particles per cubic foot

Minimal Risk Level

mass spectroscopy

National Institute of Environmental Health Sciences
National Institute for Occupational Safety and Health
NIOSH's Computerized Information Retrieval System
nanometer

nanogram

National Health and Nutrition Examination Survey
nanomole

no-observed-adverse-effect level

National Occupational Exposure Survey

National Occupational Hazard Survey

National Priorities List

National Research Council

National Technical Information Service

National Toxicology Program

Occupational Safety and Health Administration
permissible exposure limit

picogram

picomole

Public Health Service

proportional mortality ratio

parts per billion

parts per million

parts per trillion

recommended exposure limit

Reference Dose

Registry of Toxic Effects of Chemical Substances
second

sister chromatid exchange

Standard Industrial Classification

standard mortality ratio

short-term exposure limit

STORAGE and RETRIEVAL

threshold limit value

Toxic Substances Control Act

Toxic Release Inventory

time-weighted average

United States

uncertainty factor
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World Health Organization

greater than

greater than or equal to
equal to

less than

less than or equal to
percent

alpha

beta

delta

gamma

micron

microgram
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Director, Physical Oganic Chem stry Departnment, SRl International, Menlo
Park, California. A second panel of reviewers was assenbled to reviewthe
sections on mtigation of effects. This panel consisted of: Dr. Brent Burton
Medi cal Director, Oregon Poison Center, Oregon Health Sciences University,
Portl and, Oregon; Dr. Alan Hall, Private Consultant, Evergreen, Col orado; and
Dr. Alan Wholf, Director of Cinical Pharmacol ogy and Toxi col ogy,
Massachusetts Poi son Control System The Children's Hospital, Boston,
Massachusetts. These experts collectively have know edge of 2-hexanone's
physi cal and chem cal properties, toxicokinetics, key health end points,
mechani sns of action, human and ani mal exposure, and quantification of risk to
humans. All reviewers were selected in confornmity with the conditions for peer
review specified in Section 104(i)(13) of the Conprehensive Environnental
Response, Conpensation, and Liability Act, as anmended.

Scientists fromthe Agency for Toxic Substances and Di sease Registry
(ATSDR) have reviewed the peer reviewers' conments and determ ned which
comrents will be included in the profile. Alisting of the peer reviewers'
comments not incorporated in the profile, with a brief explanation of the
rationale for their exclusion, exists as part of the adm nistrative record for
this conpound. A |ist of databases reviewed and a |list of unpublished
documents cited are also included in the adm nistrative record.

The citation of the peer review panel should not be understood to inply
its approval of the profile's final content. The responsibility for the
content of this profile lies with the ATSDR
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