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Ambient Water Quality Value for
Protection of Sources of Potable Water

SUBSTANCE: Acetone CAS REGISTRY NUMBER: 67-64-1
AMBIENT WATER QUALITY VALUE: 50 ug/L
BASIS: General Organic Guidance Value [6 'NYCRR 702.15 (a)(1)(ii)]
SUMMARY OF INFORMATION

tr i

Acetone, or 2-propanone has the formula C;H,O and a molecular weight of 58.08
(Walter et al., 1975). It is widely used as an industrial and general laboratory solvent
(Merck, 1983; as cited by NTP, 1991). : . '

harm ineti

Acetone is reported to be readily absorbed by oral, dermal and inhalation
administration (Rowe and Wolf, 1963, Krasavage et al., 1982; both as cited by NTP,
1991). Following absorption, this highly water soluble substance is readily taken up by
the blood and wudely and quickly distributed throughout the :issues according to their
water content and is metabolized or excreted unchanged (Haggard et al., 1944, Rowe
and Wolf, 1963, Krasavage et al., 1982, Wigaeus et al., 1982; all as cited byNTP 1991). .
Three gluconeogenic pathways of acetone metabohsm have been described (Price and
Rittenberg, 1950, Sakami, 1950, Mourkides et al., 1959, Casazza et al., 1984, Kosugi et
al., 1986a,b; all as cited by NTP, 1991).

Large doses of acetone are predominantly removed by its elimination
unmetabolized, but metabolism plays a greater role in the removal of small doses
(Haggard et al., 1944, as cited. by NTP, 1891).
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Oral LD, values for acetone include 3,000 mg/kg in the mouse, 5,340 mg/kg in
the rabbit, and 5,800 mg/kg in the rat (RTECS, 1992). LD, values by other routes
include 1,297 mg/kg in the mouse (intraperitoneal), 5,500 mg/kg in the rat (intravenous)
and 20 g/kg in the rabbit (skin). An LC,,,, of 50,100 mg/m /8 H in the rat was also
reported.

Chronic Toxicity:

A 1986 U.S. EPA 90-day gavage study in rats is the basis for an oral reference
dose (RfD) for acetone (IRIS, 1991). In this study, groups of albino rats (30
animals/sex,/group) were dosed with acetone at 0, 100, 500 or 2,500 mg/kg/day. No
effects were observed at 100 mg/kg/day. Female rats showed significantly increased
kidney weights in the 500- and 2,500 mg/kg/day groups. Both sexes exhibited increased
liver weight and liver/body weight ratios and increased kidney-to-body and brain weight
ratios at the high dose. A marked increase in severity in tubular degeneration of the
kidneys and hyaline drop accumulation was noted with increasing doses. This
accumulation was significant in males at 500 mg/kg/day and in both sexes at the high
dose. A NOEL and LOAEL of 100 and 500 mg/kg/day respectively were |dent|ﬁed based
on nephrotoxicity and increased liver and kidney weights.

NTP (1991) conducted a 13-week drinking water study in rats and mice. Male and
female F344/N rats (10/sex/group) and female B6C3F, mice (10/group) were exposed
to acetone in drinking water at 0, 2,500, 5,000, 10,000, 20,000 or 50,000 ppm. Male
BBC3F, mice (10/group) were exposed to drinking water containing acetone at 0, 1,250,
2,500, 5,000, 10,000 or 20,000 ppm.

Effects in rats shown by the NTP study include increases in relative organ weights.
Statistically significant differences were noted at 2,500 ppm and 20,000 ppm and up in
females and 50,000 ppm in males for increases in relative kidney weights; 20,000 ppm
and up for both sexes for increases in relative liver weights, and 50,000 ppm in males for
an increase in relative testis weight. Also at 50,000 ppm, male rats exhibited depressed
sperm motility, caudal weight, and epididymal weight and an increase in the incidence of
abnormal sperm (p <0.05 compared to controls for each parameter). In addition, sperm
motility was decreased. (p<0.01) at 2,500 ppm but not at 10,000 ppm. Effects on the
blood were noted at several dose levels. Males at the two highest doses demonstrated
a statistically significant leukocytosis, caused by an absolute increase in lymphocytes.
Females at 50,000 ppm exhibited the same effect. Other statistically significant
hematological changes in males include increases in both mean corpuscular hemoglobin
and mean cell volume at 2,500 ppm and at 10,000 ppm and higher, and a decreased
. concentration of reticulocytes at 5,000 ppm and up. Also in males, hemoglobin and
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erythrocytes were significantly different from controls (decreased) at 5,000, 20,000 and
50,000 ppm. The same was true for hematocrit at 5,000 and 20,000 ppm. Male rats also
showed an increase in the incidence and severity of nephropathy with increased dose,
a spontaneous, long-term progressive condition.

Effects in mice reported by NTP include decreased fluid intake in females only at
all dose levels. The only significant and consistent organ weight changes were in females
at the high dose, as increased liver and decreased spleen weights. Statistically significant
changes in hematologic parameters included increased hemoglobin at and above 5,000
ppm in males and 20,000 ppm in females, increased mean corpuscular hemoglobin in
males at 20,000 ppr: and increased hematocrit in females at 50,000 ppm. Centrilobular
hepatoceliular hyper:-ophy, at a minimal degree of severity, was noted in 2/10 females
at 50,000 ppm.

Male Wistar rats exposed to drinking water containing 0.5% acetone (the only dose
tested) for six weeks were assessed for neurobehavioural toxicity (rotarod test) and
peripheral nerve conduction velocity (NCV) (Ladefoged et al.,, 1989). No effect on
balance time was noted in the rotarod test, but NCV was reduced compared to controls
after 6 weeks (value significantly different from control, p <0.05).

Rengstorff and Khafagy (1985) reported that guinea pigs treated once daily with
0.5 ml acetone, applied to the skin 5 days/week for 6 weeks developed cataracts (12/40
animals) approximately 3 months after the end of treatment. None were seen in the ten
saline controls, but no statistical determination was provided.

Rengstorff et al. (1972) dosed albino guinea pigs cutaneously with 0.5 ml acetone
3x/week for 3 weeks. Animals were followed for six months after the initial administration.
Two of 12 animals showed a cataractous response, specifically extensive vacuolated
areas that involved the entire periphery of the lens. None in a group of over 500
unexposed animals had cataracts. In a second study, two out of four guinea pigs given
1.0 ml acetone cutaneously twice a day, five days per week for eight weeks developed
cataracts within six months. No lens abnormalities were found in eight control animals.
No statistical evaluations were provided for these two experiments.

In workers exposed to 1,000 ppm for three hours per day over a period of "many”
years, complaints included chronic inflammation of airways, stomach and duodenum, and
dizziness (Anon., 1985).

Reproductive/Developmental Effects:

Mast et al. (1988) reported a NOEL of 2,200 ppm for developmental toxicity of
acetone by inhalation in both the Sprague-Dawley rat and Swiss mouse. Animals were
exposed for 6 hr/day on days 6-17 (mice) and 6-19 (rats) of gestation. Mice exposed to
6,600 ppm acetone (reduced from 11,000 ppm after one day) exhibited a statistically
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significant reduction in fetal weight and a statistically significant increase in the percent
incidence of late resorptions. In rats, fetal weights were significantly reduced at 11 000
ppm compared to controls.

Mast et. al. (1989; unclear if the same as the precedlng study) exposed Sprague-
Dawley rats to acetone vapors for 6 hr/day, 7 days/week on days 6-19 of gestation and
reported significantly reduced fetal body weights at 11,000 ppm. In Swiss (CD-1) mice
exposed for the same duration on days 6-17 of gestation, the 6,600 ppm level showed
a significant reduction in fetal body weights and a significant increase in resorptions.

In another inhalation study (Nizyayeva, 1982, as cited by NTP, 1991) animals
(unspecified) exposed to acetone at 0, 30 or 300 mg/m® on days 1-20 of gestation
showed a statistically significant but not concentration-related decrease in the percentage
of live embryos at both test concentrations.

ln pregnant women exposed to acetona at approxlmately 30 mg/m® and 300
mg/m® embryotropic effects ranging from high lipid levels to embryotoxic effects,
respectively, were reported (Nizyaeva, 1982, as cited by Walsh, 1890).

In a study where chicken eggs were injected with 0.1 ml acetone, the treated group
showed decreased percentage hatchability and increased embryonic mortality in the first
week of incubation. (Ameenuddin and Sunde, 1984). Acetone was shown to result in
embryolethality and dysmorphogenesis in an in vitro rat embryo study (Kitchin and Ebron,
1984).

g icity:

In a number of studies, acetone did not show genotoxic effects (all as cited by
IRIS, 1991):

. Salmonella typhimurium strains TA 98 and TA 100; Schizosaccharomyces
pombe strain P1 with or without liver homogenates (McCann et al., 1975;
Abbondandolo et al., 1980; Maron et al., 1981; Hallstrom et al., 1981).

. Cell transformation systems (Freeman et al., 1973 Rhim et al., 1974;
Quarles et al., 1979 g, b).

. Assays for chromosomal aberrations and sister chromatid exchange
(Norppa et al., 1981; Norppa, 1981; Tates and Kriek, 1981).

«  DNA binding (Kubinski et al., 1981).



. Point mutation in mouse lymphoma cells (Amacher et al., 1980).
'« Transfection of E. coli CR63 cells (Vasavada and Padayatty, 1981).

Results for acetone were negative in five strains (TASS, TA100, TA1535, TA15637,
TA1538) in the Ames Salmonella reverse mutation assay (De Flora et al., 1984; as cited
by HSDB, 1992).

Acstone was reported to result in chromosomal aberrations in a study by Kawachie
et al. (1980; as cited by IRIS, 1991). It was found to induce a dose-dependent increase
in the frequency of chromosomal malsegregation using Saccharomyces cerevisiae D61.M
(Albertini, 1991).

0 icity:

U.S. EPA classifies acetone as D: not classifiable as to human carcinogenicity, on
the basis of a lack of data concerning carcinogenicity in humans or animals (IRIS, 1991).

NTP (1991) states that, "there is no evidence that exposure to acetone is
associated with an increased incidence of cancer in humans.” Furthermore, NTP states
that "no reports are available in the literature on the long-term toxicity or carcinogenicity
of acetone to animals” (Kawachi et al., 1980, Soderman, 1982; both as cited by NTP,
1991). ‘ L

A study in which 0.1 ml acetone was applied to the skin of 20 ICR/Ha Swiss mice
3x/week for 365 days, followed by observation for 208 additional days, revealed no
tumors of any kind (Van Duuren et al., 1971, as cited by Walter et al., 1975). No tumors
were found when the cervical protio and os of virgin C3H/HeJ mice were painted with an
unspecified amount of acetone for periods of up to 5 months (Park and Koprowska, 1968;
as cited by Walter et al., 1975).

Interacti ith Other Subst :

NTP (1991) notes that acetone interacts synergistically with and exacerbates the
hepatorenal toxicity and/or mutagenicity of a wide variety of carcinogens and/or
toxicants. It was shown in mice that oral treatment with acetone before the administration
of chloroform, 1,1,2-trichlorosthane or trichloroethvlene increased the hepatotoxicity of the
chlorinated hydrocarbons (Traiger and Plaa, 1574; as cted by Walter et al., 1975).
Acetone has been shown to enhance the mutagenicity of N-methyl-N'-nitro-N-
nitrosoguanidine (Gichner and Veleminsky, 1987). . -

The toxicity (presumably ret oral LD,,) of 50% mixtures of acetone with 25 solvents

was reported to be additive, that of 50/50 acetone/acetonitrile was supra-additive (Smyth
et al., 1969; as cited by Walter et al., 1975).
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The acute toxicity of ethanol to rats was potentiated by pretreatment with acetone
(Patty; as cited by HSDB, 1992). Acetone in drinking water was found to potentiate the
effect of 2,5-hexanedione on both behavior and nerve conduction velocity of rats -
(Ladefoged et al., 1989). 2,5-Hexanedione in combination with acetone results in non- -
reversible infertility (Larsen et al., 1991). Acetone has also been shown to potentiate the
testis injuring effect of 2,5-hexanedione in the rat. Elovaara et al. (1990) reported that the
pulmonary toxicity of styrene is potentiated by pretreatment with acetone. Mikalsen et al.
(1991) reported that acetone plus fasting results in induction of microsomal Cr(Vl)
metabolism and increases chromium toxicity. The administration of acetone increased
the amount of cytochrome P-450 and the rates of metabolism of several substrates
(Kobusch et al., 1989). A P-450 isoform that can activate N-nitrosodimethylamine to its
carcinogenic product, is increased in rats after treatment with acetone (Hunt and
Westerkam, 1989). Deethylation of diethylnitrosamine (DEN) is assumed to be the first
step toward the formation of an active intermediate that leads to an oncogenic effect
(Puccini et al., 1989). These investigators reported that acetone induces DEN deethylase
of rat liver microsomes. ‘

r r idelin

Under New York State Department of Health regulations (10 NYCRR Part 5),
acetone is an unspecified organic contaminant (UOC) with a maximum contaminant level
(MCL) of 50 ug/L in drinking water (NYS DOH, 1990).

DERIVATION OF VALUE
Regulations [6 NYCRR 702.15(a)(1)] require that the ambient water quality value

be the more stringent of the values derived using the procedures in sections 702.3
through 702.7 or a "general organic guidance value" of 50 ug/L.

From the NOEL of 100 mg/kg/day from the 80-day gavage study in rats, USEPA
applied an uncertainty factor of 1,000 to derive an oral reference dose (RfD) of 0.1
mg/kg/day (IRIS, 1891). According to procedures in regulation (6 NYCRR 702.5), New -
York State would also derive an acceptable daily intake (ADI), equivalent to an RfD, of 0.1
mg/kg/day. A potential ambient water quality value based on this ADI would be 700

ug/L.

Values can also be derived from the 13-week rat and mouse studies described
above. In the male rat, considering the hematological changes at 2,500 ppm to be a
LOAEL, a potential water quality value of 140 ug/L can be derived using 702.5. From a
daily acetone consumption level of 200 mg/kg (as described by NTP) and an uncertainty

factor of 10,000 (comprised of 1,000 for a less than long-term animal study, and 10
because a NOAEL is not available) an ADI of 20 ug/kg/day is derived, which yields a
potential water quality value of 140 ug/L. .
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In the male mouse, the hematological change at 5000 ppm represents a LOAEL,
and the next lower value of 2500 ppm a NOAEL. From an acetone dose of 1,353
mg/kg/day (described by NTP) and a uncertainty factor of 1000 for a NOEL from a less
than chronic animal study, an ADI of 1.4 mg/kg/day and potential water quality value of
9800 ug/L are calculated.

A value can also be derived from the study by Ladefoged et al. (1989). Taking the
only dose tested (0.5%) as the LOAEL, using those authors’ experimentally reported water
consumption data and an uncertainty factor of 10,000 for a LOAEL from a less than long-
term animal study, an ADI of 0.07 mg/kg/day and potential water quality value of 490
ug/L is calculated. - :

Although the available non-oncogenic data on acetone yield a value less stringent
than 50 ug/L, substantial data gaps exist for both chronic oral toxicity and oncogenicity.
These gaps include the lack of an adequate lifetime drinking water study and acetone’s
classification as "D: not classifiable® based on a lack of data with respect to
carcinogenicity in animals or humans. Accordingly, there are not adequate and sufficient
data available to justify values greater than 50 ug/L based on both oncogenic and non-
oncogenic effects as described in 702.15(a)(1)(ii). The appropriate ambient water quality
guidance value for acetone, therefore, is 50 ug/L, based on the "general organic
guidance value" [702.15 (a)(1)(ii)]. :
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