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This summary is based on information retrieved froma systematic
search linmted to secondary sources (see Appendix A). These sources
i ncl ude online databases, unpublished EPA i nformation, governnent
publications, review docunents, and standard reference materials. No
attenpt has been nade to verify information contained in these databases
and secondary sources.

. CHEM CAL | DENTITY AND PHYSI CAL/ CHEM CAL PROPERTI ES

The chemical identity and physical/cheni cal properties of nethano
are sumuarized in Table 1

TABLE 1. CHEM CAL | DENTI TY AND CHEM CAL/ PHYSI CAL PROPERTI ES OF METHANCL

Characteristic/Property Dat a Ref erence
CAS No. 67-56-1
Conmon Synonyns net hyl al cohol, wood
al cohol , wood spirit Budavari et al. 1989
Mol ecul ar Fornmul a CH40
Chem cal Structure H
|
H- C- O™
|
H
Physical State colorless liquid Ver schueren 1983
Mol ecul ar Wi ght 32.04 Budavari et al. 1989
Mel ting Point -97. 8aC Budavari et al. 1989
Boi | i ng Poi nt 64. 7gC at 760 nm Hg Budavari et al. 1989
Water Sol ubility nm sci bl e Budavari et al. 1989
Density d20/ 4, 0.7915 g/ nL Budavari et al. 1989
Vapor Density (air = 1) 1.11 Budavari et al. 1989
KOoC 9 CHEMFATE 1994
Log KOW -0.77 HSDB 1994
Vapor Pressure 126 mm Hg at 25@C CHEMFATE 1994
Reactivity Fl ammabl e; may expl ode
when exposed to flane HSDB 1994
Fl ash Poi nt 12¢C Budavari et al. 1989
Henry's Law Const ant 4.55 x 10-6 atm n8/ nol CHEMFATE 1994
Fi sh Bi oconcentration
Fact or <1 (estinmated) HSDB 1994
Qdor Threshol d hi ghly variabl e, ranges

over several orders

of magni tude (10 ppm

to 20,000 ppmin air) HSDB 1994
Conversi on Factors 1 ppm= 1.33 ng/nB

1 ng/nB = 0.76 ppm Ver schueren 1983




1. PRODUCTI QN, USE, AND TRENDS
A. Production

Met hanol , al so called nmethyl alcohol, is manufactured by 13
producers in the United States. Table 2 lists producers, plant

| ocations, and plant capacities. Annual production capacity is
approximately 1,626 nmillion gallons. 1In 1992, 1,345 million
gal l ons of methanol were produced in the US, 495 mllion gallons
were inported into the US, and 50 mllion gallons were exported
(Mannsvill e 1993).

B. Use

Met hanol is used in a variety of industrial applications. |Its
| argest use is as a raw material for the production of nethyl
t-butyl ether (MIBE), a gasoline additive. It is also used in
t he production of formal dehyde, acetic acid, chloronethanes,
net hyl nethacryl ate, nethylam nes, dinmethyl terephthalate, and
as a solvent or antifreeze in paint strippers, aerosol spray
paints, wall paints, carburetor cleaners, and car w ndshield
washer compounds. Table 3 shows the estimated 1993 US end-use
pattern for methanol

C. Trends

US consunpti on of nethanol reached an all-tine high in 1992,
with estimted 1993 consunption surpassing this |level. Demand
is expected to continue to rise, due prinmarily to predicted
i ncreases in demand for MIBE as a gasoline additive. Demand
for MIBE is expected to at |east double by 1995 (Mannsville

1993).
TABLE 2. United States Producers of Methano
Conpany Pl ant Locati on Pl ant Capacity
(in mllions of gallons)
Air Products Pensacol a, FL 60
Ashl and Cheni cal Co. Pl aquen ne, LA 130
Beaurmont Met hanol Beaurmont, TX 250
Bor den Gei smar, LA 210
Coast al Cheni cal Cheyenne, W 26
Enron (Tenneco) Pasadena, TX 140
Georgia @l f Pl aquen ne, LA 140
Hoechst Cel anese Bi shop, TX 160
Lyondel | Petrochem cal s Channel vi ew, TX 220
Quant um Chemni cal Deer Park, TX 100
Sand Creek Chemi cal Commerce City, CO 25
Tennessee East man Ki ngsport, TN 65
Texaco Cheni cal Del aware City, DE 100

Source: Mannsville 1993.



TABLE 3. Estinmated 1993 Unites States End-Use Pattern of Methano

Use of Methano
(typical Standard Industria
Classification (SIC) Code) (see end note 1)

Percent age of US
Met hanol Use

Met hyl t-butyl ether (production, SIC 2911)
For mal dehyde (production, SIC 2869)
Acetic acid (production, SIC 2869)
Chl or oret hanes (SI C Codes unknown)
Met hyl nmet hacryl ate (production, SIC 2821)
Met hyl am nes (SI C Codes unknown)
Di net hyl terephthal ate (SI C Codes unknown)
Sol vents and autonotive

chem cal s (production, SIC 2842)
M scel | aneous (no applicable SIC Code(s))

37%
24%
10%
6%
3%
3%
2%

8%
7%

Source: Mannsville 1993.

[11. ENVI RONMENTAL FATE

A. Environnmental Rel ease

Met hanol ranked third in the U S. anpong al
in 1992, O the total

total releases into the environnent

chem cals for

rel eased, 195 million pounds were into the atnmosphere, 16.4

mllion pounds were into surface water

27 mllion pounds into

underground injection sites, and 3.3 mllion pounds were onto
land (TRI 92 1994). Methanol detected in the air from Point
Barrow, Al aska averaged 0.77 ppb (CHEMFATE 1994). Anbi ent
concentrations from Stockhol m Sweden ranged from3.83 to 26.7
ppb while concentrations fromtwo renpte |ocations in Arizona

were 7.9 and 2.6 ppb (HSDB 1994).

In one survey, nethanol was

detected in drinking waters from6 of 10 U S. cities (HSDB

1994) but |evels were not included.

The chem cal has al so

been detected in rainwater collected from Santa Rita, Arizona

(HSDB 1994) .

B. Transport

The miscibility of nethanol in water and a | ow KOC (9) indicate
that the chemcal will be highly nobile in soil (HSDB 1994).

Vol atilization half-lives from a nopdel

river and an

environnental pond were estimated at 4.8 days and 51.7 days,

respectively (HSDB 1994). Methano

C. Transformation/ Persistence

1. Air - Once in the atnosphere, nethano

can be renoved fromthe
atnosphere in rain water (HSDB 1994).

exi sts in the vapor

phase with a half life of 17.8 days (HSDB 1994). The chem ca
reacts with photochemcally produced hydroxyl radicals to

produce fornal dehyde (HSDB 1994).

Met hanol can al so react

with nitrogen dioxide in polluted air to formnethyl nitrite



(HSDB 1994) .

Soil - Biodegradation is the major route of renoval of methano
fromsoils. Several species of Methylobacterium and Methyl ononas
isolated fromsoils are capable of utilizing nmethanol as a sole
carbon source (CHEMFATE 1994).

Water - Mpst nethanol is renpved from water by biodegradation
The degradati on products of methane and carbon dioxi de were
detected from aqueous cultures of mi xed bacteria isolated from
sewage sl udge (CHEMFATE 1994). Aerobic, Gramnegative bacteria
(65 strains) isolated fromseawater, sand, rmud, and weeds of
marine origin utilized nethanol as a sole carbon source
(CHEMFATE 1994). Aquatic hydrolysis, oxidation, and photolysis
are not significant fate processes for nethanol (HSDB 1994).

Bi ota - Bioaccunul ation of nmethanol in aquatic organisns
is not expected to be significant based on an esti mated
bi oconcentration factor of 0.2 (HSDB 1994).

V. HUVAN HEALTH EFFECTS

A. Phar macoki netics

1

Absorption - Methanol is readily absorbed after oral

i nhal ation, or dernmal exposure. Oral doses in humans of

71 to 84 ng/kg resulted in blood levels of 4.7 to 7.6

ng/ 100 nL of blood within 3 hours (Rowe and McCollister

1981). Inhalation of 500 to 1000 ppm met hanol for 3 to

4 hours gave urine concentrations of 1 to 3 ng methanol /100

nmL of urine at the end of exposure (Rowe and McCol | ister 1981).
Based on urinary methanol |evels, the rate of absorption of the
chemical appears to be proportional to the concentration of vapor
i nhal ed (HSDB 1994). The rate of dermal absorption increased
for 35 mi nutes then decreased over the next 25 minutes (no

ot her details given) (HSDB 1994).

Distribution - Methanol distributes rapidly in dogs exposed
to 4000 to 15,000 ppm for 12 hours to 5 days; the highest
concentrations of the chem cal were found in blood, eye fluid,
bile, and urine (HSDB 1994).

Met abol i sm - Methanol is oxidized in the human liver by the enzyne
al cohol dehydrogenase (Rowe and McCol lister 1981). Metabolic
products include formal dehyde and formc acid (HSDB 1994). The
rate of metabolismfor nethanol (25 ng/kg/hr) is nuch sl ower

than for ethanol (175 ng/kg/hr) and is independent of concen-
trations in the blood (HSDB 1994). Formic acid is responsible

for the toxic effects of nethanol (ACAH 1991).

Excretion - Methanol is excreted either as parent conpound in
the urine or expired air, or as the formc acid netabolite in
urine (Rowe and McCol lister 1981; HSDB 1994). The anopunt of
form c acid excreted varies greatly with species from1%in
rabbits to 20%in dogs; hunans are internedi ate (HSDB 1994).

In humans, the half-life of nmethanol elimnation in expired air
after oral or dernal exposure is 1.5 hours (HSDB 1994).



B. Acute Toxicity

Acut e nmet hanol intoxication is manifested initially by signs of
narcosis. This is followed by a latent period in which formc
acid accunul ates in the body causing netabolic acidosis. Severe
abdom nal, |leg, and back pain occur and visual degeneration can
| ead to blindness.

1. Hunans - Ingestion of 80 to 150 nL of nethanol is usually fata
to humans (HSDB 1994). One worker died from exposure to vapor
rangi ng from 4000 to 13,000 ppmover 12 hours (ACGEH 1991).

The concentration of 4000 ppmis roughly equivalent to a total of
1140 ng/ kg over the 12 hour period (see end note 2). Poisoning

by nonl et hal doses can be described in three stages: (1) narcotic
stage simlar to ethanol; (2) latent period of 10-15 hours; (3)

vi sual disturbances and central nervous system | esions (Rowe

and McCollister 1981). Visual disturbances can |ead to blindness
due to edema of the retina and atrophy of the optic nerve head
(HSDB 1994). Third-stage CNS | esions include headache,

di zzi ness, abdoni nal, back, and leg pain, deliriumthat can |ead
to comm, and nausea (HSDB 1994). Formi c acid production causes
severe mnetabolic acidosis (Rowe and McCol lister 1981).

2. Animals - Oral LD50 values for nethanol in animals are 0.4 g/kg
in the nouse, 6.2 to 13 g/kg in the rat, 14.4 g/kg in the rabbit,
and 2 to 7 g/kg in the nonkey (Rowe and McCol | i ster 1981). The
LD50 for dermal application to rabbits is 20 nm/kg (approxi mtely
16 g/ kg) (Rowe and McCol lister 1981). Dose-response data for
i nhal ation vary with species, dose, and duration (8800 ppmfor 8
hours to 152,800 ppm for 94 minutes). Synptons of intoxication
i ncl ude incoordination, salivation, |ethargy, narcosis, and death
(Rowe and McCol lister 1981).

C. Subchronic/ Chronic Toxicity

Chroni ¢ exposure to nethanol, either orally or by inhalation, causes
headache, insomia, gastrointestinal problens, and blindness in
humans and hepatic and brain alterations in aninmals. EPA has derived
an oral RfD (reference dose) (see end note 3) for nethanol of 0.5

ny/ kg/ day, based on the absence of liver and brain effects in aninmals
exposed by mouth to 500 ng/ kg/ day.

1. Humans - "Chronic" exposure to nethanol vapors (no time or dose
gi ven) caused conjunctivitis, headache, giddi ness, insomia,
gastric di sturbances, and bilateral blindness (ACGH 1991).

Mar ked vi sion | oss occurred in one worker exposed to 1200 to
8000 ppm vapor for 4 years (ACG H 1991).

2. Animals - No effects were seen in rats given 1% (approxi mately
140 ng/ kg/ day) nethanol in drinking water for 6 nmonths (Rowe
and McCollister 1981). Hepatic abnornalities (proteinic
degeneration, altered RNA metabolism occurred in rhesus
nonkeys given 3 to 6 g/kg for 3 to 20 weeks and in rats given
10, 100, or 500 ng/ kg/day for one nonth (Rowe and McCol | ister
1981). Rabbits chronically fed nethanol (no dose or tine given)
had i ncreasing blood I evels, brain and eye edemn, and nyelin



thinning (HSDB 1994). Male and fermale rats were gavaged with

100, 500, or 2500 ny/kg/day for 90 days (U S. EPA 1994).

Increased |l evel s of SGPT and SAP as well as decreased brain

wei ghts were seen in both sexes at the highest dose; a no-
observed- adverse effect |level (NOAEL) for the study was 500

ngy/ kg/ day. Based on these data, the U S. EPA (1994) cal cul ated

a chronic RfD (see end note 4) for nethanol of 0.5 ny/kg/day.

No toxic effects were seen in dogs exposed by inhalation to

ei ther 10,000 ppmfor 3 mnutes, 3x/day, for 100 days or

to 450 or 500 ppm 8 hours/day for 379 days (Rowe and

McCol |ister 1981). U trastructural changes were observed in

t he photoreceptor cells of rabbits exposed to 46.6 ppm for

6 nonths (Rowe and McCol lister 1981). Rowe and M:Collister (1981)
concl uded that the effects of conbined oral and inhalation
exposure appear to be additive. Rats exposed by inhalation to
16.8 ppm 4 hours/day, for 6 nonths and admi nistered 0.7 ng/kg/ day
orally had changes in bl ood norphol ogy, oxidation-reduction
processes, and liver function (Rowe and McCol lister 1981).

D. Carcinogenicity

No i nformati on was found on the carcinogenicity of methanol in
t he secondary sources searched.

1. Hunans - No information was found in the secondary sources
searched concerning the carcinogenicity of methanol to humans.

2. Animals - No information was found in the secondary sources
searched concerning the carcinogenicity of nethanol to aninals.
The NTP has assigned a project |eader for methanol and the design
of the study is in progress (NTP 1994).

E. Genotoxicity

Met hanol was negative for cell transformation in Syrian

hanster enbryo cells (clonal assay and viral enhanced), sister
chromatid exchange in vitro, and for aneupl oi dy and chronosone
aberrations in Neurospora crassa (GENETOX 1992). The nicronucl eus
test and the assay for chronbpsonme aberrations in manmalian

pol ychromati c erythrocytes were inconcl usive (GENETOX 1992).

F. Devel opnent al / Reproductive Toxicity

No i nformati on was found on the devel opnental toxicity of nethano
in hunans. Methanol can cause adverse effects in the devel opi ng
offspring in rats at doses that cause overt nmaternal intoxication

1. Humans - No information was found in the secondary sources
searched regardi ng the devel opnental or reproductive toxicity of
net hanol to humans. However, one of the breakdown products of
the artificial sweetener asparatame is nethanol. |[Increased
bl ood met hanol |evels did not |lead to increased formc acid
I evel s in wormen receiving up to 200 ng/ kg asparatanme (no
other details reported) and no evidence of fetal risk
was detected (HSDB 1994).

2. Animals - Rats were exposed by inhalation, 7 hours/day, to 5000



or 10, 000 ppm net hanol on gestation days 1-19 or to 20,000 ppm

on days 7-15. Maternal intoxication (unsteadi ness) occurred at

t he hi ghest dose and coincided with extra or rudinmentary ribs and
urinary or cardiovascul ar defects in the fetuses (ACG H 1991).
Mal e rats had significantly |owered testosterone |evels after

i nhal ati on exposure to 200 ppm net hanol for 6 weeks; at 10, 000
ppm a change in |uteinizing hornobne was al so observed (HSDB 1994).

G Neurotoxicity

Met hanol causes central nervous system depression in hunans and
aninmal s as well as degenerative changes in the brain and visua
system

1. Humans - Methanol causes narcosis simlar to ethanol intoxication
and nonl ethal doses can lead to blindness. Autopsy of individuals
after |lethal doses reveal ed edema and hyperem a of the brain and
degeneration of the ganglion cells of the retina (Rowe and
McCol | i ster 1981).

2. Animals - Acute nethanol intoxication in aninmals causes CNS
depression as observed by narcosis, incoordination, |ethargy,
drowsi ness, and prostration (Rowe and MCollister 1981).

V. ENVI RONMENTAL EFFECTS
A. Toxicity to Aquatic Organi sns

Met hanol has | ow acute toxicity to aquatic organisns; |etha
concentrations are much greater than 100 ng/L. Ninety-six

hour LC50 values for fish are 28,100 ng/L for Pinephal es pronel as
(fathead m nnow), 20,100 ng/L for Oncorhynchus nykiss (rai nbow
trout), and >28,000 nmg/L for Al burnus al burnus (bl eak) (AQU RE
1994). Forty-eight hour LC50 values for Cyprinus carpio

(common carp) and Carassius auratus (goldfish) are 28,000 ng/L

and 1,700 ng/L, respectively (AQU RE 1994). Gowth inhibition
occurred for 4 strains of Anabaena (bl ue-green al gae) over a range
of EC50's of 2.57-3.13%for 10-14 days (AQUIRE 1994). The LC50 for
Artem a salina (brine shrinp) is >10,000 ng/L in 24 hours and that
for Cul ex restuans (nmpsquito) is 20,000 ng/L in 18 hours

(AQUI RE 1994).

B. Toxicity to Terrestrial Organisns

No i nformati on was found in the secondary sources searched regarding
the toxicity of nmethanol to terrestrial organisnms. However, based
on the range of oral LD50's, 0.4 to 14.2 g/kg, for nobnkeys, rats,

m ce, and rabbits (Rowe and McCollister 1981), it is unlikely that
nmet hanol woul d be toxic to terrestrial aninmals at environnental

| evel s.

C. Abiotic Effects

Met hanol reacts with nitrogen dioxide in polluted atnospheres to
produce methyl nitrite (HSDB 1994). According to the definition
provided in the Federal Register (1992), nethanol is a volatile
organi ¢ conmpound (VOC) substance. As a VOC, nethanol can contribute



to the formation of photochenical snbg in the presence of other VCCs.

VI . EPA/ OTHER FEDERAL/ OTHER GROUP ACTI VI TY

The C ean Air Act Amendments of 1990 |ist nethanol as a hazardous
air pollutant. Cccupational exposure to nethanol is regulated by
the Occupational Safety and Health Adm nistration. The pernissible
exposure limt (PEL) is 200 parts per mllion parts of air (ppn) as
an 8-hour tine weighted average (29 CFR 1910.1000).

Federal agency and other group activities for methanol are
summari zed in Tables 3 and 4.

TABLE 3. EPA OFFI CES AND CONTACT NUMBERS FOR | NFORMATI ON ON METHANOL

EPA OFFI CE LAW PHONE NUMBER

Pol I uti on Prevention Toxic Substances Control Act
& Toxics (Sec. 8E) (202) 554-1404
Enmer gency Pl anning and Comunity
Ri ght -t o- Know Act ( EPCRA)

Regul ati ons (Sec. 313) (800) 535-0202
Toxi cs Rel ease I nventory data (202) 260-1531
Air Clean Air Act (919) 541-0888
Solid Waste & Conpr ehensi ve Environnent a
Emer gency Response Response, Conpensation, and

Liability Act (Superfund)/
Resource Conservation and Recovery
Act / EPCRA (Sec. 304/311/312) (800) 535-0202

TABLE 4. OTHER FEDERAL OFFI CE/ OTHER GROUP
CONTACT NUMBERS FOR | NFORVATI ON ON METHANCL

O her Agency/ Department/ G oup Cont act Nunber

Agency for Toxic Substances & Disease Registry (404) 639-6000
Anerican Conference of Governnenta

I ndustrial Hygienists
(Reconmended Exposure Linmit (see end note 5):

200 ppm
(Reconmended Short Term Exposure Limt (see end

note 6): 250 ppm (513) 742-2020
Consumer Product Safety Comm ssion (301) 817-0994
Food & Drug Administration (301) 443-3170

Nati onal Institute for QOccupationa
Safety & Health
(Reconmended Exposure Linit (see end note 5):

200 ppm (800) 356-4674
Qccupational Safety & Health Administration Check | ocal phone book
(Perm ssible Exposure Lint (see end note 7): for phone nunber under

200 ppm Depart ment of Labor




VI1. END NOTES

1. Standard Industrial Cassification code is the statistica
classification standard for all Federal economic statistics. The code
provi des a convenient way to reference econom ¢ data on industries of
interest to the researcher. SIC codes presented here are not intended to
be an exhaustive listing; rather, the codes |listed should provide an

i ndi cation of where a chemical nay be nost likely to be found in comrerce.

2. Calculated using the factor 1.33 (Verschueren 1983) to convert 4000 ppm
to 5320 mg/ nB which is multiplied by 0.214 (the 12-hour breathing rate, 15
n8 [fromthe occupational standard 8-hour breathing rate, 10 n8] divi ded
by the assuned adult body weight, 70 kg) to obtain the dose in ng/kg (U.S.
EPA 1988) .

3. The RFDis an estimate (with uncertainty spanning perhaps an order of
magni t ude) of the daily exposure |evel for the human popul ation, including
sensitive subpopulations, that is likely to be without an appreciable risk
of deleterious effects during the tine period of concern

4. The RfFDis an estimate (with uncertainty spanni ng perhaps an order of
magni t ude) of the daily exposure |evel for the human popul ation, including
sensitive subpopulations, that is likely to be without an appreciable risk
of deleterious effects during the tine period of concern

5. The ACA H NI OSH exposure limts are tine-weighted average (TWA)
concentrations for an 8-hour workday (ACA H) and up to a 10- hour workday
(NIGsSH) for a 40-hour wor kweek

6. This is a recomended 15-mi nute exposure linit value that should not be
exceeded at any tinme.

7. The OSHA exposure limt is a tinme-weighted-average (TWA) concentration
t hat nmust not be exceeded during any 8-hour workshift during a 40-hour
wor kweek.
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