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PREFACE

This report summarizes and evaluates information relevant to a prelimi-
nary interim assessment of adverse health effects associated with methyl
Jsobutyl ketone. A1l estimates of acceptable intakes and carcinogenic
potency presented in this document should be considered as preliminary and
reflect limited resources aliocated to this project. Pertinent toxicolagic
and environmental data were located through on-line literature searches of
the TOXLINE, CANCERLINE and the CHEMFATE/DATALOG data bases. The basic
Titerature searched supporting this document is current up to May, 1986.
Secondary sources of information have also been relied upon in the prepara-
tion of this report and represent large-scdie health assessment efforts that
entail extensive peer and Agency review. The following Office of Health and
Environmental Assessment (OHEA) sources have been extensively utilized:

U.S. EPA. 1980a. Hazard Profile for Methyl Isobutyl Ketone.
Prepared by the Environmental Criterta and Assessment Office,
Cincinnati, OH for the Office of Solid Waste, Washington, DC.

U.S. EPA. 198B6a. Integrated Risk Information System (IRIS).
Reference Dose (RfD) for Oral Exposure for Methyl Isobutyl Ketone.
Online (verification date 5/30/86, data input pending). Office of
Health and Environmental Assessment, Environmental Criteria and
Assessment O0ffice, Cincinnati, OH.

The intent in these assessments is to suggest acceptable exposure levels
for noncarcinogens and risk cancer potency. estimates for carcinogens
whenever sufficient data were avallable. Values were not derived or larger
uncertainty factors were employed when the vartable data were limited in
scope tending to generate conservative (i1.e., protective) estimates.
Nevertheless, the interim values presented reflect the relative degree of
hazard or risk associated with exposure to the chemical(s) addressed. )

Whenever possible, two categories of values have been estimated for
systemic toxicants (toxicants for which cancer 1is not the endpoint of
concern). The first, RfDg (formerly AIS) or subchronic reference dose, is
an estimate of an exposure level that would not be expected to cause adverse
effects when exposure occurs during-a limited time interval (i.e., for an
interval that does not constitute a significant portion of the 1lifespan).
This type of exposure estimate has not been extensively used, or rigorously
defined, as previous risk assessment efforts have been primarily directed
towards exposures from toxicants 1in ambient air or water where lifetime
exposure is assumed. Animal data wused for RfDg estimates generally
include exposures with durations of 30-90 days. Subchronic human data are
rarely availlable. Reported exposures are usually from chronic occupational
exposure sttuations or from reports of acute accidental exposure. These
values are developed for both inhalation (RfDgy) and oral (RfDgg)
exposures.
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The RfD {formerly AIC) is similar In concept and addresses chronic
exposure. It s an estimate of an exposure level that would not be expected
to cause adverse effects when exposure occurs for a significant portion of
the 1ifespan [see U.S. EPA (1980b) for a discussion of this concept]. The
RfD 1s route-specific and estimates acceptable exposure for either oral
(RfFDg) or 1inhalation (RfDy) with the Implicit assumption that exposure
by other routes is insignificant.

Composite scores (CSs) for noncarcinogens have also been calculated
where data permitted. These values are used for fidentifying reportable
quantities and the methodology for their development is explained in U.S.
EPA (1983).

For compounds for which there is sufficient evidence of carcinogenicity
Rf0g and RFD values are not derived. For a discussion of risk assessment
methodology for carcinogens refer to U.S. EPA (1980b). Since cancer is a
process that 1is not charactertized by a threshold, any exposure contributes
an increment of risk. For carcinogens, qi*s have been computed, if appro-
priate, based on oral and inhalation data i1f avatlable.
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ABSTRACT

In order to place the risk assessment evaluation 1in proper context,
refer to the preface of this document. The preface outlines limitations
applicable to all documents of this series as well as the appropriate
interpretation and use of the quantitative estimates presented.

Chronic toxicity and carcinogenicity data for MIBK by both oral and
inhalation exposures are lacking. A 13-week rat gavage study (Microbio-
logical Associates, 1986) provides the only available subchronic oral
toxicity data for MIBK and defines a NOAEL of 50 mg/kg/day. Higher doses
caused increased relative kidney and liver weights and general nephropathy.
Using this NOAEL, RfDgg and RfDp values of 0.5 and 0.05 mg/kg/day (35
and 3.5 mg/day for a 70 kg human), respectively, were calculated.

An RfDgyr of 14 mg/day and an Rfﬂg of 1.4 mg/day were calculated from
a NOAEL 1in rats exposed 6 hours/day, days/week at 50 ppm (205 mg/m3) for
14 weeks (Union Carbide Corp., 1983b). At a higher exposure level, 250 ppm
(1024 mg/m3), hyaline droplets in the proximal tubules of the kidneys were
observed. A CS of 11.5 was calculated for the occurrence of hyallne
droplets in kidneys of rats exposed at this higher level.



ACKNOWLEDGEMENTS

The initial draft of this report was prepared by Syracuse Research
Corporation under Contract No. 68-03-3112 for EPA's Environmental Criteria
and Assessment Office, Cincinnati, OH. ©Dr. Christopher DeRosa and Karen
Blackburn were the Technical Project Monitors and John Helms (Office of
Toxic Substances) was the Project Officer. The final documents in this
series were prepared for the 0ffice of Emergency and Remedial Response,
Washington, DC.

Sctentists from the following U.S. EPA offices provided review comments
for this document series:

Environmental Criteria and Assessment Office, Cincinnati, OH
Carcinogen Assessment Group

0ffice of Air Quality Planning and Standards

0ffice of Solid Waste

0ffice of Toxic Substances

0ffice of Drinking Water

Editorial review for the document series was provided by the following:
Judith Olsen and Erma Durden
Environmental Criteria and Assessment Qffice
Cincinnati, OH

Technical support services for the document series was provided by the
following:

Bette Zwayer, Jacky Bohanon and Xim Davidson

Environmental Criteria and Assessment Qffice
Cincinnati, OH

vi



TABLE OF CONTENTS

1. ENVIRONMENTAL CHEMISTRY AND FATE. . . . . . . . . . .+« « « ..
2. ABSORPTION FACTORS IN HUMANS AND EXPERIMENTAL ANIMALS . . . . . .
2.1. ORAL . . . . e e e e e e e e e e e e e e e e e e e e e
2.2. INHALATION . . . . . o o oo s v b o s e e

3. TOXICITY IN HUMANS AND EXPERIMENTAL ANIMALS . . . . . . . . . ..
3.1. SUBCHRONIC . . . & ¢ v v ittt et e e e e e e e e e e
3.1 0ral. & . . e e e e e e e e e e e e e e e e e

3.1.2 Inhalation. . . . . . ¢ ¢ ¢ . . 0w e o0 e e .

3.2. CHRONIC. . . & & & o e i e e e e e e e e e e e e e e e
3.2.1. 0ral. . & . e e e e e e e e e e e e e e e

3.2.2. Inhalation. . . . . . . « . . . . . ...

3.3. TERATOGENICITY AND OTHER REPRODUCTIVE EFFECTS. . . . . . .
3.3.1. 0ral. . & .t s e e e e e e e e e e e e e e

3.3.2. Inhalation. . . . . « . « ¢ v v v vt e e e

3.4. TOXICANT INTERACTIONS. . . . . . « . v v v v v v v v o o

4. CARCINOGENICITY . . . & & v i i e e e e e e e e e e e e e e e
4.1. HUMAN DATA . . . . o o s e ot e e e e e e e e e e e e e e
4.2. BIOASSAYS. & . & e e e e e e e e e e e e e e
4.3. OTHER RELEVANT DATA. . . . . & & o v i e v e e e e e e e
4.4, WEIGHT OF EVIDENCE . . . . . . . . « .« v v . v v v v ..

5. REGULATORY STANDARDS AND CRITERIA . . . . . . . . . . . « . ...
6. RISK ASSESSMENT . . . . . & v v v i e e e e e e e e e e e e e
6.1. SUBCHRONIC REFERENCE DOSE (RfDg) . . . . . . . . . . ...
6.1.1. Oral (RfDgg). - - - - « « « ¢ v v o o oo

6.1.2. Inhalation (RfDgr). . . . . . . . . . . . . . ..

6.2.  REFERENCE DOSE (RfD)
6. Oral (RfDg)
6.
6.3.  CARCINOGENIC POTENCY
7. REFERENCES. . . . . . . ..

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

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

2.1.
2.2. Inhalation (RfD7) . . . . . . . . . .. ...

o T e

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

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

@D @ — -J W\

(¥el

1
1
"
1
"
12
13
13

13
13

14

14
14

17
18
24



CAS
CNS
cs
LOAEL
MED
MIBK
NOAEL
NOEL
ppm
RFD
RFDY
RFDQ
RFDg
RFDg]
RFDgg
RVg
RV
STEL
TLC
TLV
TWA

LIST OF ABBREVIATIONS

Chemical Abstract Service

Central nervous system

Composite score
Lowest-observed-adverse-effect level
Minimum effect dose

Methyl isobutyl ketone
No-observed-adverse-effect level
No-observed-effect level

Parts per million

Reference dose

Inhalation reference dose

Oral reference dose

Subchronic reference dose
Subchronic inhalation reference dose
Supchron1c oral reference dose
Dose-rating value

Effect-rating Value

Short-term exposed level
Taurolithocholate -

Threshold 1imit value

Time-weighted average

vit



1. ENVIRONMENTAL CHEMISTRY AND FATE

The relevant physical and chemical properties and environmental fate of
MIBK are presented in Table 1-1.

The atmospheric half-l1ife of MIBK is based on its reaction with photo-
chemically generated HO radical. The atmospheric half-1ife was calculated
using measured hydroxyl reaction rate constants of (1.24-1.52)x10721
cm3/molecule-sec and an ambient HO radical concentration of 8x10s
molecules/cm3. Biodegradation, photolysis and volatilization are possible
mechanisms by which MIBK may be removed from aqueous systems (Lande et al.,
1976); however, the overall rate of removal could not be Tlocated in the
available literature. The volatilization half-life from agitated water T m
deep was calculated to be 16.8 hours using the measured mass transfer

coefficlent for MIBK and @, at 25°C (Rathbun and Taj, 1982). Based on fits

2
relatively high water solubility and low soil adsorpt‘ion coefficient, MIBK
ts predicted to be highly mobile in soil (Swann et al., 1984). Monitoring
data reveal that this compound has been identified in leachates from land-
f111s and could potentially contaminate groundwater (Francis et al., 1980;

Sawhney and Kozloski, 1984). ’
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TABLE 1-1

Selected Physical and Chemical Properties and Half-Lives For MIBK

Property

Value

Reference

CAS number:

Chemical class:

Molecular weight:
Vapor pressure:
Water solubility:

Log octanol/water
“partition coefficient:

or

Bioconcentration factor:

Soil adsorption

108-10-1

satuyrated aliphatic
ketone

100.16
15 mm Hg at 20°C
2.04x704 2 at 20°C

1.09 (estimated)

2 (estimated)

»

Lande et al., 1976

Lande et al., 1976

Hansch et al., 1968

Lyman et al., 1¢82

coefficient: 19 (estimated) Lyman et al., 1982

Half-1ife in air: <1 day Cox et al., 1S80;
Darnall et al., 1976

0081h -2~ 02/03/87



2. ABSORPTION FACTORS IN HUMANS AND EXPERIMENTAL ANIMALS
2.1. ORAL
Acute toxicity studles in animals indicate that MIBK is absorbed from
the gastrointestinal tract (U.S. EPA, 1980a). DiVincenzo and Krasavage
(1974) have shown that MIBK is metabolized in guinea pigs and is excreted in
the urine.

2.2.  INHALATION
Acute toxicity studies in animals indicate that MIBK 1is absorbed from

the respiratory tract (U.S. EPA, 1980a). MacEwen et al. (1971) exposed
rats, dogs, monkeys and mice by inhalation to 100 or 200 ppm MIBK for 2-week
periods. The results of these studies indicated that MIBK is absorbed from

the respiratory tract and excreted primarily through the kidney.
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3. TOXICITY IN HUMANS AND EXPERIMENTAL ANIMALS

3.1.  SUBCHRONIC
3.1.1. Oral. Microbiological Associates (1986) conducted a 13-week study
in which groups of 30 male and 30 female Sprague-Dawley rats received gavage
doses of 0, 50, 250 or 1000 mg/kg/day MIBK in corn o})l. Extensive analyses
of hematological parameters, clinical chemistry and urine chemistry were
performed on 10 rats/sex from each treatment, along with histopathological
examination of all major tissues. The only clinical sign of toxcity was
lethargy which occurred only in high-dose rats of both sexes. Two high-dose
females and one control female died during the study. There was a slight
(9%) reduction in body weight gain among high-dose males. Slight hemocon-
centration occurred in females given 250 or 1000 mg/kg/day. Hypoglycemia
and hypercholesterolemia occurred in females given 250 mg/kg/day and to a
greater extent in both sexes at 1000 mg/kg/day. No other hematological or
c¢linical chemistry parameters were affected. Generalized nephropathy and
increased relative kidney weights occurred in both sexes at 1000 mg/kg/éay.
Relative kidney weights were also increased, but to a lesser extent, in the
250 mg/kg/day groups. Hepatomeg§1y occurredlin both sexes at 1000 mg/kg/day
and possibly in males at 250 mg/kg/day. No treatment-reiated his{opatho;
logical lesions were found in the liver or any other tissue. The authors
concluded that 50 mg/kg/day for 13 weeks was a NOEL for rats in ;his study.

In a study by Union Carbide Corporation (1983a), groups of five female
Wistar rais were exposed to drinking;uater containing 0 or. 1.3% MIBK (1.04
g/kg/day) for 120 days. Rats were examined for neurological effects and

body weiqhts were recorded at regalar 1intervals throughout the study.
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Necropsies were performed after terminal sacrifice and animals were examined
for neuropathy and muscle atrophy. The only effect noted in MIBK-treated
rats was a significant (p<0.05) increase in kidney weights as compared with
controls.

3.1.2. Inhalation. Silverman et al. (1946) exposed 12 male dand female
volunteers to MIBK vapors for 15-minute periods. According to most of the
volunteers, 100 ppm (410 mg/m3) was the highest tolerable concentration
for 8 hours. At 200 ppm (820 mg/m3), the odor was objectionable and the
vapor was irritating to the eyes.

MacEwen et al. (1971) conducted inhalation experiments with rats, dogs,
mice and monkeys exposed to MIBK. Initial 2-week range-finding studies were
performed with groups of 4 monkeys, 8 dogs, 40 mice and 50 rats exposed
continously to 100 or 200 ppm (410 or 820 mg/m2) MIBK. Controls consisted
of 3 monkeys, 4 dogs, 20 mice and 25 rats. No obvious toxic effects were
observed and no gross pathology, hematological effects or clinical chemistry
effects occurred. The only observed effects were increased relative kidney
weights of rats at both doses, and increased relative liver weights of
high-dose rats. '

In a subsequent ‘udy, MacEwen et al. (1971) exposed groups of 100 male

Wistar rats,-B male beagle dogs, 2 male monkeys (Macaca mulata) to 0 or 410
-mg/m3 MIBK vapors continously for 90 days. - Because the purpose of the
study was to investigate possible effects of MIBK vapors released from
plastics in a space cabin environment, the efperiment was conducted under
simulated atmospheric conditions (1;e., oxygen-rich environment, 1ou_ "
atmospheric pressure). The gas mixture was 68% oxygen and 32% nitrogen and

the pressure was 5 psia. Dogs and monkeys uere-unaffected by MIBK exposure,
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evidenced by hematological and c]inicai chemistry measurements and histo-
pathological examinations. The growth rate of rats appeared to be unaffect-
ed by treatment. Control and treated rats appeared to average 0.35 kg
during the experiment {estimated from graphic presentation of growth curve).
Rats exposed to MIBK had increased relative liver and kidney weights. A1}
exposed rats had hyaline droplet degeneration of the proximal tubules with
occasional tubular necrosis. These results suggest that rats are more
sensitive to MIBK than dogs and monkeys; however, these results are of ques-
tionable relevance to environmental exposures and risk assessment because of
the specialized conditions under which this experiment was conducted.

Union Carbide Corporation (1983b) exposed groups of 14 ma]es. and 14
female Fischer 344 rats and B6C3F1 mice to 0, 50, 250 or 1000 ppm (O, 205,
1024 or 4097 mg/m?) 6 hours/day, 5 days/week for 14 weeks. The parameters
examined were clinical observation, body weight, organ weights (heart,
kidney, liver, lungs and testes), urinalysis (rats only), serum chemistry
(rats only) and hematologic, ophthalmologic, gross pathologic and histologic
evaluations.

The results of the study showed significantly increased absolute and
relative 'I’r weights in male mice and rats exposed at 1000 ppm MIBK. Male
mice exposed at 250 ppm MIBK had an increase 1in absolute liver weight
{p<0.05). No effects on liver weighis were noted in female mice or rats.
An increase in the incidence of hyaline droplets in the proximal tubules in
' male rats exposed at 250 and 1100 pbm was alsq noted. This effect was not
observed in female rats or male and female mice. No other chemical-related

changes were noted in either MIBK-exposed rats or mice.
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Spencer et al. (1975) exposed a qroup of six rats to 1500 ppm (6140
mg/m3) MIBK, 6 hours/day, 5 days/week, for -up to 5 months and compared
them with a control group of three rats. No effects on body weight gain or
neurological function occurred. Histopathological examination, Tlimited to
selected peripheral nerves, revealed invaginations of the Schwann cells,
focal swelling and dilated mitochondrial remnants in the adaxonal segments
of the tibial and ulnar nerves. The authors attributed these findings to
contamination of the MIBK with methyl n-butyl ketone, which caused similar
effects in a companion study.

Geller et al. (1979) conducted behavioral experiments with four juvenile
male baboons exposed to 50 ppm (205 mg/m3) MIBK 24 hours/day for 7 days.
The baboons were exposed to other ketones as well, but at least 1 month
e1épsed between the exposures to different chem16a1s. Effects were
evaluated using a delayed match-to-sample discrimination task. Accuracy of
performance was minimally affected, but response time was slowed by MIBK.

Abou-Doﬁia et al. (1985) conducted 1nﬁa1at1on experiments with groups of
five hens exposed to 1000 :(4090 mg/m3) MIBK for 90 days followed by a
30-day observétiqn period. MIBK exposure resulted in leg weakness with
subsequent recovery. ‘
3.2. CHRONIC —
3.2.1.  Oral. Chronic ordl toxicity studies with MIBK could not be
located in the available literature.

3.2.2.»» Inhalation. There are several reports of humans occupationally
exposed to MIBK vapors. Linari et al. (1964) reported that 19 workers near
a centrifuge were exposed-to 500 ppm {2050 mg/m?) MIBK for 20-30 minutes/

day, while concentrations elsewhere in the room were 80 ppm (330 mg/m?).
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Over 50% of the workers experienced nausea, headache, burning in the eyes
and weakness; some also experienced somnolence, fJnsomnia and intestinal
pain, and four appeared to have slightly enlarged livers. Armell et al.
(1968) conducted a similar study of this workplace 5 years 1later, when
hygiene improvements resulted in MIBK concentrations of 100-105 ppm (410-430
mg/m3) near the centrifuge during its 15-30 minutes of operation and 50
ppm (205 mg/m?) elsewhere in the room. A few workers still experienced
gastrointestinal and CNS symptoms, and slight liver enlargement was found in
two workers. Elkins {1959) reported that workers exposed to MIBK levels of
100 ppm (410 mg/m3) complained of headache, nausea and respiratory
frritation.
3.3.  TERATOGENICITY AND OTHER REPRODUCTIVE EFFECTS
3.3.1. Oral. Data concerning teratogenfc1ty or other reproductive
effects of MIBK could nat be located in the available literature.
3.3.2. Inhalation. Union Carbide Corporation (1984) conducted terato-
gén1c1ty studies using rats and.m1ce following inhalation exposure to MIBK.
Groups of 25 pregnant Fischer 344 rats and 25 CD-1 mice were exposed to O,
300.: 1000 or 3000 ppm (0, 1229, 4097 or 12,290 mg/m3) MIBK vapors, 6
hours/day on gestation days & through 15. Rats were sacrificed on day 2
and micé on day 18 of gestation. '
Haternal: toxicity was observed in rats and mice. Rats exhibited

reduction in body weight, loss of Eoord1nat1on, negative tail and toe pinch,
partial paralysis, muscular weakness in hindlimbs, piloerection, lacrimation
and red perioral encrustation. At sacrifice, relative kidney weights of the
dams were aiso significant]y increased compared with controls. In mice, no

changes in body weight were noted; however, 3/25 mice died. Clinical signs

of toxicity included 1rfegu1ar gait, partial paralysis, hypoactivity,
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ataxia, negative toe pinch, unkempt fur and lacrimation. At sacrifice,
absolute and relative liver weights were significantly 1ncre;sed.

Results of reproductive parameters showed no treatment-related effects
on the number of corpora lutea, total implantations per Tlitter, percent
preimplantational loss, percent live fetuses or sex ratio in eilther rats or
mice. Fetal weight per 1itter was significantly reduced in rats at 300 and
3000 ppm but not at the 1000 ppm exposure level. In mice, there was a
significant decrease in the number of live births and fetal body weights per
1itter at 3000 ppm. Teratogenic examination revealed no statistically
significant increases in maliformations in either rats or mice. An increased
incidence of poorly ossified or unossified skeletal elements was observed in
rats and mice at 3000 ppm. Investigators concluded that inhalation exposure
of pregnant rats and mice to MIBK at >3000 ppm was associated with maternal
and fetal toxicity but not teratogenicity.

3.4. TOXICANT INTERACTIONS

Plaa and Ayotte (1985) studied potentiaion of TLC toxicity in rats by
MIBK pretreatment. Pretreatment of male Sprague-Dawley rats with 3.75 or
7.5 mmol/kg for 3 or‘7 days enhanced the cholestasis caused by intravenous
injections of TLC. Another study found MIBK to potentiate the hepatonecro-
genic properties of cﬁ]oroform and carbon tetrachloride (Vezina et al.,
1985) .

The inhalation studies by Abou-Donia et al. (1985) and Geller et al.
(1979), also contained information about the interaction of MIBK with other
'tox1cants. In the Geller et al. (1§79) baboon behavioral study, adminis-
tration of MIBK and methyl ethyl ketone together .caused an 1increase in
responses and a decrease in response times, effects not seen when the

chemicals were administered individually. Abou-Donia et al. (1985) exposed
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hens to mixtures of MIBK and n-hexane (1000 ppm) to study the effect of MIBK
on n-hexane-induced neurotoxicity. They found that exposure to the mixture
potentiated clinical signs of n-hexane-induced neurotoxicity, which were
MIBK-dose-related in intensity. The ability of MIBK to potentiate n-hexane
neurotoxicity may have been due to its ability to induce liver microsomal

enzymes resulting in 1increased activation of n-hexane to more toxic

metabolites (Abou-Donia et al., 1985).
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4. CARCINOGENICITY

4.1. . HUMAN DATA

Pertinent data regarding the carcinogenic potential of MIBK by oral or
inhalation exposure to humans could not be located 1in the available
Titerature.
4.2. BIOASSAYS

Studies regarding the carcinogenicity of MIBK to animals exposed by the
oral or inhalation routes could not be located in the available literature.
4.3. OTHER RELEVANT DATA

In a report by the Chemical Manufacturers Association (1984), MIBK was

found to be negative for reverse mutation in Salmonella typhimurium strains

TA98, TA100, TA1535, TA1537 and TA1538 both with and without S-9 metabolic
activation. MIBK was also found to be negative for unscheduled ODNA
synthesis and in the mouse micronucleus assay. The mouse lymphoma assay for
forward gene mutation was positive, however, only at a concentration that
p}oduced 97% cell death. MIBK was also studied in a cell transformation
assay in the presence and absence of S-9 metabolic activation. This assay
showed positive results in the nonactivated but not in the activated
cultures; however, a repeat assay indicated that MIBK did not significantly
increase the number of transformed foci in elther the presence or absence
of 'S-9.
4.4, WEIGHT OF EVIDENCE

Data concerning potential carcinogenicity of MIBK could not be Jocated
~in the available 1iterature.. MIBK has not been classified; however,
according to the U.S. EPA (1986b) Guidelines for Carcinogen Risk Assessment,
MIBK would most appropriately be classified as a Groub D chemical, 1.e., not

classifiable as to human carcinogenicity.
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5. REGULATORY STANDARDS AND CRITERIA

ACGIH (1986) recommended a TLV-TWA of 50 ppm (205 mg/m3) and a
TLV-STEL of 75 ppm (300 mg/m3) for occupational atmospheric exposure to
MIBK. This value was based on the animal data of MacEwen et al. (1971) and
the human data of Elkins (1959), which indicated that adverse effects (head-
ache and nausea in humans and increased kidney weight in animals) occurred
at 100 ppm (410 mg/m2). NIOSH (1978) also proposed a TWA 1imit of 50 ppm
(205 mg/m3). The OSHA (1983) standard for MIBK is 100 ppm (410 mg/m3).
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6. RISK ASSESSMENT
6.1. SUBCHRONICQREFERENCE DOSE (RFDS)

6.1.1. Oral (RfD The study by Microbiological Associates (1986)

so)-
provides the only suyitable basis for deriving an RFDSO. In this study,
MIBK was administered to groups of 30 male and 30 female Spraque-Dawley rats
by gavage in corn oil daily for 13 weeks. Nephrotoxicity and increased
Tiver and kidney weights occurred in males and females at 1000 mg/kg/day and
to a lesser extent at 250 mg/kg/day. No adverse effects occurred at 50
mg/kg/ day. By dividing this NOEL by an uncertainty factor of 100, to
account for interspecies extrapolation and intraspecies vartations in

sensitivity, an RfD_., value of 0.5 mg/kg/day (35 mg/day) can be derived.

SO

6.1.2. Inhalation (RfD Subchronic inhalation studies avallable for

s1)-
consideration in the derivation of an’ RfDSI are limited to the 90-day
continuous exposure study by Mactwen et al. (1971) in which rats were
exposed to 100 ppm (410 mg/m2) MIBK and a 14-week intermittent exposure
study by Union Carbide Corp. (1983b) in which rats and mice were exposed to
0, 50, 250 and 1000 ppm (0, 205, 1024 and 4097 mg/m3) MIBK. Because the
Mactwen et al. (1971) study was conducted under reduced atmospheric and
increased oxygen concentration .and because only one exposure level was
tested which did not define a NOAEL, the Union Carbide Corp. (1983b) study
was considered more appropriate for estimation of an RFDSI. Exposure to
250 ppm (1024 mg/m3) MIBK for 6 hours/day, 5 days/week resulted in an
Increase in absolute liver weights in male mice and an increase in hyaline
droplets of the proximal tubules of the kidney in male rats. No effect was
seen in either male or female rats or mice at 50 ppm (205 mg/m3).
Therefore, the 50 ppm dose was considered a NOEL and the 250 ppm dose a
LOAEL. An equivalent inhalation dose for rats was calculated by multiplying

the NOEL exposure dose (205 20/m?) by the animal breathing rate (0.223),
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dividing by the reference body weight for rats (0.35 kg) and multiplying by
the faétors of 6 hours/24 hours and 5 days/7days to expand to continuous
exposure. The resultant inhalation dose is 23.3 mg/kg/day. An RfDSI of
0.23 mg/kg/day or 16 mg/day for a 70 kg man was derived by applying an
uncertainty factor of 100, 10 to account for interspecies variation and 10
to provide greater protection for unusually sensitive individuals.

6.2. REFERENCE DOSE (RfD)

6.2.1. Oral (RfDo). Data regarding the chronic oral toxicity of MIBK
could not be located in the available literature. The 13-week rat study by
Microbiological Associates (1986) provides suitable oral subchronic data for
deriving an RfDo. The resulting RfD0 ts 0.05 mg/kg/day (3.5 mg/day),
which is the same as the RfD value calculated by U.S. EPA (1986a).

The data from the 13-week rat gavage study by Microbiological Associates
(1986) are the only bases suitable for deriving CSs for oral exposure.
These calculations are summarized in Table 6-1. Using standard methodology
and dividing by an uncertainty factor of 10 to account for use of subchronic
data, a human MED of 261 mg/day and an RVd of 1.9 were calculated. An
RVe of 4 was assigned to the effect, resulting in a CS (RVd X Rve)
of 7.6.

6.2.2. Inhalation (RfDi). Data concerning the chronic inhalation
toxicity of MIBK could not be located in the availlable Tliterature. An
RfD for MIBK can be derived by the application of an additional

I

uncertainty factor of 10 to the RfDSI of 16 mg/day derived from the
subchronic study by Union Carbide Corporation (1983b). The resultant RfDI

of 1.6 mg/day for 70 kg adult is recommended for inhalaticn exposure to MIBK.
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ACGIH (1986) cited an occupational exposure study reported by Elkins
(1959) in which workers involved in the waterproofing of boots were exposed
to 100 ppm (410 mg/m?) MIBK and complained of headache and nausea. An
RfDI for MIBK could be derived using the TLV of 50 ppm based on the above
study by Elkins (1959) and animal studies by Geller et al. (1979). However,
because of the uncertainty associated with the estimation of concentrations
in the human studies, an RfDI derived from the RfDSI ts more appropriate
{Union Carbide Corp., 1983b).

CSs can be calculated for the effects of MIBK by inhalation exposure.
Several reports (Linari et al., 1964; Armeli et al., 1968; Elkins, 1959)
associate exposure In the workplace to irritation, nausea, headache, dis-
turbed sleep and CNS symptoms. Elkins (1959} appears to be the only study
to quantify the effects of MIBK in humans; the author reported headache,
nausea and respiratory irritation in workers exposed to 100 ppm. In the
90-day continuous inhalation rat study at 410 mg/m2® (MacEwen et al., 1971)
and the 14-week rat study at 1024 mg/m® (Union Carbide Corp., 1983b),
histopathological changes were observed in the kidneys; in the S5-month rat
study by Spencer et al. (1975), 1500 ppm (6140 mg/m3) was associated with
histopathological changes 1in the bkaﬁn. Inhalation concentrations in
mg/m3 were expanded tb continuous exposure, mu1t1p1ied by reference
inhalation rates and divided b§ appropriate measured or assumed animal body
weights (if appropriate) to estimate exposed dose in terms of mg/kg/day.
fFrom animal studies, human MEDs were cailculated (see Secﬁion‘6.2,1.). -Tﬁese
CSs are presented in Table 6-1. The highest CS (11.5) based on histopatho-
logical effects in the kidneys of rats exposed by inhalation (Union Cérbide

Corp., 1983b), is appropriately chosen to represent the toxicity of MIBK.
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6.3. CARCINOGENIC POTENCY (q1*)
Data concerning possible carcinogenicity of MIBK could not be located in

the available literature.
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