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Environnmental Health Criteria
PREAMBLE
hj ectives

In 1973 the WHO Environnmental Health Criteria Programme was
initiated with the foll ow ng objectives:

(1) to assess information on the relationship between exposure to
envi ronnental pollutants and human health, and to provide
gui del i nes for setting exposure |linmts;

(ii) to identify new or potential pollutants;

(iii) to identify gaps in know edge concerning the health effects of
pol | ut ant s;

(iv) to pronote the harnonization of toxicological and
epi dem ol ogi cal nethods in order to have internationally
conpar abl e resul ts.

The first Environmental Health Criteria (EHC) nonograph, on
mercury, was published in 1976 and since that time an ever-increasing
nunber of assessnents of chemicals and of physical effects have been
produced. In addition, many EHC nonographs have been devoted to
eval uati ng toxi col ogi cal nethodol ogy, e.g., for genetic, neurotoxic,
terat ogeni ¢ and nephrotoxic effects. Oher publications have been
concerned with epi dem ol ogi cal guidelines, evaluation of short-term
tests for carcinogens, biomarkers, effects on the elderly and so
forth.

Since its inauguration the EHC Programme has wi dened its scope,
and the inmportance of environmental effects, in addition to health
ef fects, has been increasingly enphasized in the total evaluation of
cheni cal s.

The original inpetus for the Programme cane from Wrld Health
Assenbly resol utions and the recomendati ons of the 1972 UN Conference
on the Human Environment. Subsequently the work becane an integral
part of the International Programre on Chenical Safety (IPCS), a
cooperative programe of UNEP, ILO and WHO. In this manner, with the
strong support of the new partners, the inportance of occupati onal
health and environnental effects was fully recogni zed. The EHC
nmonogr aphs have becone wi dely established, used and recogni zed
t hroughout the worl d.

The recommendati ons of the 1992 UN Conference on Environnment and
Devel opment and the subsequent establishnment of the |ntergovernnental



Forum on Chem cal Safety with the priorities for action in the six
progranmme areas of Chapter 19, Agenda 21, all lend further weight to
the need for EHC assessnments of the risks of chem cals.

Scope

The criteria nonographs are intended to provide critical reviews
on the effect on human health and the environment of chemicals and of
conbi nati ons of chemi cals and physical and bi ol ogi cal agents. As
such, they include and review studies that are of direct rel evance for
the evaluation. However, they do not describe every study carried
out. Worldwi de data are used and are quoted fromoriginal studies,
not from abstracts or reviews. Both published and unpublished reports
are considered and it is incunmbent on the authors to assess all the
articles cited in the references. Preference is always given to
publ i shed data. Unpublished data are only used when rel evant
publ i shed data are absent or when they are pivotal to the risk
assessment. A detailed policy statenent is available that describes
the procedures used for unpublished proprietary data so that this
informati on can be used in the evaluation w thout conpronmising its
confidential nature (WHO (1990) Revised Cuidelines for the Preparation
of Environnental Health Criteria Mnographs. PCS/ 90.69, CGeneva, World
Heal th Organi zation).

In the evaluation of human health risks, sound human dat a,
whenever avail able, are preferred to aninmal data. Animal and
in vitro studies provide support and are used nmainly to supply
evi dence missing fromhuman studies. It is mandatory that research on
human subjects is conducted in full accord with ethical principles,
i ncluding the provisions of the Hel sinki Declaration.

The EHC nonographs are intended to assist national and
international authorities in nmaking risk assessnments and subsequent
ri sk managenent decisions. They represent a thorough eval uati on of
risks and are not, in any sense, recomendations for regulation or
standard setting. These latter are the exclusive purview of national
and regi onal governnents

Cont ent
The [ ayout of EHC monographs for chemicals is outlined bel ow.
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* Previ ous eval uations by international bodies, e.g., |ARC, JECFA,
JMWPR

Sel ection of chenicals

Since the inception of the EHC Programme, the |IPCS has organi zed
meetings of scientists to establish lists of priority chemcals for
subsequent eval uation. Such neetings have been held in: Ispra, Italy,
1980; Oxford, United Kingdom 1984; Berlin, Gernany, 1987; and North
Carolina, USA, 1995. The selection of chenicals has been based on the
following criteria: the existence of scientific evidence that the
subst ance presents a hazard to human health and/or the environment;

t he possible use, persistence, accunmul ation or degradation of the
subst ance shows that there may be significant human or environmenta
exposure; the size and nature of populations at risk (both human and
ot her species) and risks for environnent; international concern, i.e.
the substance is of major interest to several countries; adequate data
on the hazards are avail abl e.

I f an EHC nonograph is proposed for a chem cal not on the
priority list, the I PCS Secretariat consults with the Cooperating
Organi zations and all the Participating Institutions before enbarking
on the preparation of the nobnograph.

Pr ocedur es

The order of procedures that result in the publication of an EHC
nmonograph is shown in the flow chart. A designated staff nenber of
| PCS, responsible for the scientific quality of the docunent, serves
as Responsible Oficer (RO. The IPCS Editor is responsible for
| ayout and | anguage. The first draft, prepared by consultants or,
nmore usually, staff froman I PCS Participating Institution, is based
initially on data provided fromthe International Register of
Potentially Toxic Chemicals, and reference data bases such as Medline
and Toxl i ne.

The draft docunent, when received by the RO, nmay require an
initial review by a small panel of experts to deternmine its scientific
quality and objectivity. Once the RO finds the docunment acceptable as
a first draft, it is distributed, inits unedited form to well over
150 EHC contact points throughout the world who are asked to coment
on its conpl eteness and accuracy and, where necessary, provide
additional material. The contact points, usually designated by
governments, may be Participating Institutions, |IPCS Focal Points, or
i ndi vidual scientists known for their particular expertise. Generally
sone four nonths are all owed before the coments are considered by the
RO and author(s). A second draft incorporating comments received and
approved by the Director, IPCS, is then distributed to Task G oup
menbers, who carry out the peer review, at |east six weeks before
their neeting.

The Task Group nenbers serve as individual scientists, not as
representatives of any organi zation, governnent or industry. Their
function is to evaluate the accuracy, significance and rel evance of
the information in the docunent and to assess the health and
environnental risks fromexposure to the chemical. A summary and
recommendations for further research and i nproved safety aspects are



al so required. The conposition of the Task Goup is dictated by the
range of expertise required for the subject of the neeting and by the
need for a bal anced geographical distribution.

The three cooperating organi zati ons of the |IPCS recogni ze
the inportant role played by nongovernnental organizations.
Representatives fromrel evant national and international associations
may be invited to join the Task Goup as observers. Wile observers
may provide a valuable contribution to the process, they can only
speak at the invitation of the Chairperson. Qbservers do not
participate in the final evaluation of the chenical; this is the sole
responsibility of the Task Goup nenbers. Wen the Task G oup
considers it to be appropriate, it may nmeet in canera.

Al'l individuals who as authors, consultants or advisers
participate in the preparation of the EHC nonograph must, in addition
to serving in their personal capacity as scientists, informthe ROIf
at any tine a conflict of interest, whether actual or potential, could
be perceived in their work. They are required to sign a conflict of
interest statenent. Such a procedure ensures the transparency and
probity of the process.

When the Task G oup has conpleted its review and the RO is
satisfied as to the scientific correctness and conpl et eness of the
docunent, it then goes for |anguage editing, reference checking, and
preparation of canera-ready copy. After approval by the Director,

I PCS, the nmonograph is submtted to the WHO Office of Publications for
printing. At this tinme a copy of the final draft is sent to the
Chai rperson and Rapporteur of the Task Group to check for any errors.

It is accepted that the following criteria should initiate the
updati ng of an EHC nonograph: new data are avail able that woul d
substantially change the evaluation; there is public concern for
health or environnmental effects of the agent because of greater
exposure; an appreciable tine period has el apsed since the | ast
eval uati on.

All Participating Institutions are informed, through the EHC
progress report, of the authors and institutions proposed for the
drafting of the docunments. A conprehensive file of all coments
recei ved on drafts of each EHC nonograph is maintained and is
avai |l abl e on request. The Chairpersons of Task Groups are briefed
bef ore each nmeeting on their role and responsibility in ensuring that
these rules are followed.
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ENVI RONMENTAL HEALTH CRI TERI A FOR METHANOL

A VWHO Task Group on Environnental Health Criteria for Methanol
met at the British Industrial Biological Research Association (Bl BRA)
Toxi col ogy International, Carshalton, Surrey, United Kingdom from 28
to 31 Cctober 1996. Dr D. Anderson opened the neeting and wel coned
the participants on behalf of the host institute. Dr E. Smith, |PCS,
wel coned the participants on behalf of the Director, IPCS, and the
three I PCS cooperating organi zations (UNEP/I LOWHO). The Task G oup
reviewed and revised the draft criteria nonograph and nmade an
eval uation of the risks for human health and the environment from
exposure to methanol .

Dr L. Fishbein, Fairfax, Virginia, USA prepared the first draft
of this nonograph. The second draft, incorporating comments received



following the circulation of the first draft to the | PCS Contact
Points for Environnental Health Criteria nonographs, was al so prepared
by Dr Fi shbein.

Dr EM Smith and Dr P.G Jenkins, both of the IPCS Central Unit,
were responsible for the overall scientific content and technica
editing, respectively.

The efforts of all who helped in the preparation and finalization
of the nonograph are gratefully acknow edged.

ABBREVI ATI ONS
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1. SUMVARY

1.1 ldentity, physical and chem cal properties, analytical nethods

Met hanol is a clear, colourless, volatile flammable liquid with a
m | d al coholic odour when pure. It is niscible with water and many
organi ¢ solvents and forns many binary azeotropic m xtures.

Anal ytical methods, principally gas chromatography (GC) with
flame ionization detection (FID), are available for the determ nation
of nethanol in various environnental nmedia (air, water, soil and
sedi nents) and foods, as well as the determination of nethanol and its
principal netabolite, formate, in body fluids and tissues. In addition
to GC-FID, enzymatic procedures with colorinetric end-points are
utilized for the determination of formate in blood, urine and tissues.

Det erm nation of nethanol in the workplace usually involves
col l ection and concentration on silica gel, foll owed by aqueous
extraction and CGC-FI D or GC-nmass spectronmetry analysis of the extract.

1.2 Sources of hunan exposure

Met hanol occurs naturally in humans, animals and plants. It is a
natural constituent in blood, urine, saliva and expired air. A nean
uri nary nethanol level of 0.73 ng/litre (range 0.3-2.61 ng/litre) in
unexposed individuals and a range of 0.06 to 0.32 pg/litre in expired
air have been reported



The two nost inportant sources of background body burdens for
met hanol and fornmate are di et and netabolic processes. Methanol is
available in the diet principally fromfresh fruits and vegetabl es,
fruit juices (average 140 ng/litre, range 12 to 640 ng/litre),
fermented beverages (up to 1.5 g/litre) and diet foods (principally
soft drinks). The artificial sweetener aspartane is w dely used and,
on hydrolysis, 10% (by weight) of the nolecule is converted to free
met hanol , which is available for absorption.

About 20 nmillion tonnes of nmethanol were produced worldwi de in
1991, principally by catalytic conversion of pressurized synthesis gas
(hydrogen, carbon di oxi de and carbon nonoxi de). Wrldw de capacity was
projected to rise to 30 million tonnes by 1995.

Met hanol is used in the industrial production of many inportant
organi ¢ compounds, principally methyl tertiary butyl ether (MIBE)
formal dehyde, acetic acid, glycol nmethyl ethers, methylan ne, nethy
hal i des and net hyl methacryl ate.

Met hanol is a constituent of a |arge nunber of comrercially
avail abl e sol vents and consuner products including paints, shellacs,
var ni shes, paint thinners, cleansing solutions, antifreeze sol utions,
aut onoti ve wi ndshi el d washer fluids and deicers, duplicating fluids,
denaturant for ethanol, and in hobby and craft adhesives. Potentially

| arge uses of nethanol are in its direct use as a fuel, in gasoline
bl ends or as a gasoline extender. It should be noted that the highest
morbidity and nortality has been associated with deliberate or

acci dental oral ingestion of nethanol-containing mxtures.

Met hanol has been identified in exhausts from both gasoline and
di esel engines and in tobacco snoke.

1.3 Environnental |evels and human exposure

Em ssions of methanol primarily occur from the niscell aneous
i ndustrial and donestic solvent use, nethanol production, end-product
manuf acturi ng and bul k storage and handling | osses.

Exposures to methanol can occur in occupational settings through
i nhal ation or dernal contact. Many national occupational health
exposure limts suggest that workers are protected from any adverse
effects if exposures do not exceed a tine-weighted average of
260 ng/ n® (200 ppn) met hanol for any 8-h day and for a 40-h working
week.

Current general popul ati on exposures through air are typically
10 000 tines | ower than occupational limts. The general population is
exposed to nethanol in air at concentrations ranging fromless than
0.001 my/n® (0.8 ppb) in rural air to nearly 0.04 ng/n® (30 ppb) in
urban air.

Data on the occurrence of nethanol in finished drinking-water is
limted, but methanol is frequently found in industrial effluents.

If the projected use of methanol as an alternate fuel or in
adnmi xture with fuels increases significantly, it can be expected that



there will be wi despread exposure to nmethanol via inhalation of
vapours from net hanol -fuel | ed vehicl es and/ or siphoni ng or
per cut aneous absorption of methanol fuels or blends.

1.4 Environnmental distribution and transformation

Met hanol is readily degraded in the environnent by photo
oxi dation and bi odegradati on processes. Half-lives of 7-18 days have
been reported for the atnospheric reaction of nethanol w th hydroxyl
radi cal s.

Many genera and strains of mcroorganisns are capabl e of using
met hanol as a growth substrate. Methanol is readily degradabl e under
bot h aerobi c and anaerobic conditions in a wide variety of
environnental nedia including fresh and salt water, sedinments and
soils, ground water, aquifer material and industrial wastewater; 70%
of nethanol in sewage systens is generally degraded within 5 days.

Met hanol is a normal growth substrate for many soi
m croor gani sns, which are capabl e of conpletely degradi ng nethanol to
carbon di oxi de and water.

Met hanol has a fairly | ow absorptive capacity on soils.
Bi oconcentration in nmost organisns is | ow.

Met hanol is of lowtoxicity to aquatic and terrestrial organi sns,
and effects due to environmental exposure to nethanol are unlikely to
be observed except in the case of a spill.

1.5 Absorption, distribution, biotransformation and elin nation

Vet hanol is readily absorbed by inhalation, ingestion and dernal
exposure, and it is rapidly distributed to tissues according to the
distribution of body water. A small anmount of nmethanol is excreted
unchanged by the [ungs and ki dneys.

Fol | owi ng i ngestion, peak serum |l evels occur within 30-90 m n,
and methanol is distributed throughout the body with a vol une of
distribution of approximately 0.6 litre/kg

Met hanol is netabolized primarily in the |iver by sequentia
oxi dative steps to fornal dehyde, formic acid and carbon dioxide. The
initial step involves oxidation to fornmal dehyde by hepatic al coho
dehydrogenase, which is a saturable rate-limiting process. The
relative affinity of al cohol dehydrogenase for ethanol and nmethanol is
approximately 20:1. In step 2, fornal dehyde is oxidized by
f or mal dehyde dehydrogenase to form c acid/or fornmate dependi ng on the
pH. In step 3, formc acid is detoxified to carbon dioxide by fol ate-
dependent reactions.

Eli mi nati on of methanol fromthe blood via the urine and exhal ed
air and by netabolism appears to be slowin all species, especially
when conpared to ethanol. C earance proceeds with reported half-tines
of 24 h or nore with doses greater than 1 g/ kg and hal f-tines of
2.5-3 h for doses less than 0.1 g/kg. It is the rate of netabolic
detoxification, or renoval of formate that is vastly different between
rodents and prinmates and is the basis for the dramatic differences in



met hanol toxicity observed between rodents and pri nmates.
1.6 Effects on laboratory nmanmals and in vitro test systens
1.6.1 Systemic toxicity

The acute and short-termtoxicity of nethanol varies greatly
bet ween different species, toxicity being highest in species with a
relatively poor ability to netabolize formate. In such cases of poor
met abol i sm of formate, fatal nethanol poisoning occurs as a result of
met abol i ¢ aci dosi s and neuronal toxicity, whereas, in aninals that
readily netabolize formate, consequences of CNS depression (conm
respiratory failure, etc.) are usually the cause of death. Sensitive
pri mate species (humans and nonkeys) devel op increased bl ood fornate
concentrations follow ng nethanol exposure, while resistant rodents,
rabbits and dogs do not. Humans and non-human prinmates are uni quely
sensitive to the toxic effects of nethanol. Overall nethanol has a | ow

acute toxicity to non-primte animals. The LDs, val ues and mi ni nal

| et hal doses after oral exposure range from 7000 to 13 000 ng/kg in
the rat, nouse, rabbit and dog and from 2000 to 7000 ng/ kg for the
nonkey.

Rats exposed to |levels of methanol up to 6500 ng/n® (5000 ppm
for 6 h/day, 5 days/week for 4 weeks, exhibited no exposure-rel ated
ef fects except for increased discharges around the nose and eyes.
These were considered reflective of upper respiratory irritation.

Rats exposed to nethanol vapour levels up to 13 000 ng/n®
(10 000 ppm for 6 h/day, 5 days/week for 6 weeks, failed to
denonstrate pul nmonary toxicity.

In the rabbit, nethanol is a noderately irritant to the eye. It
was not skin-sensitizing in a nodified maxim zation test.

Toxic effects found i n nethanol -exposed primates include
met abol i ¢ aci dosis and ocular toxicity, effects that are not nornally
found in folate-sufficient rodents. The differences in toxicity are
due to differences in the rate of nmetabolism of the nethano
metabolite formate. For instance, the clearance of formate fromthe
bl ood of exposed prinates is at |east 50% sl ower than for rodents.

Monkeys recei vi ng net hanol doses hi gher than 3000 ng/ kg by gavage
denonstrated ataxia, weakness and | ethargy within a few hours of
exposure. These signs tended to disappear within 24 h and were
foll owed by transient cona in some of the aninals.

I n nonkeys exposed to nethanol for 6 h/day for 5 days a week, 20
repeat ed exposures to 6500 nmg/ n® (5000 ppn) nethanol failed to elicit
ocul ar effects.

1.6.2 Genotoxicity and carci nogenicity

Met hanol has given negative results for gene nutation in bacteria
and yeast assays, but it did induce chronmpsomal mal segregation in
Aspergillus. It did not induce sister chromatic exchanges in Chinese
hanster cells in vitro but caused significant increases in nutation



frequencies in L5178Y nouse | ynphoma cells.

Met hanol inhalation did not induce chronbsonal damage in nice
There is sone evidence that oral or intraperitoneal adm nistration
i ncreased the incidence of chronpbsonal danage in mce

There is no evidence fromaninmal studies to suggest that nethano
is a carcinogen, although the lack of an appropriate animal nodel is
recogni zed.

1.6.3 Reproductive toxicity, enbryotoxicity and teratogenicity

Conflicting results have been reported on the effects of
i nhal ati on of nethanol for up to six weeks on gonadotropin and
testosterone concentrati ons.

The inhal ati on of methanol by pregnant rodents throughout the
period of enbryogenesis induces a wi de range of concentration-
dependent teratogenic and enbryol ethal effects. Treatnent-rel ated
mal f ormati ons, predonmi nantly extra or rudinmentary cervical ribs and
uri nary or cardiovascul ar defects, were found in fetuses of rats
exposed 7 h/day for 7-15 days of gestation to 26 000 ng/n®
(20 000 ppm) nmethanol. Slight maternal toxicity was found at this
exposure level, and no adverse effects to the nother or offspring were
found in animals exposed to 6500 ng/ n® (5000 ppm, which was
interpreted as the no-observed-adverse-effect |evel (NOAEL) for this
test system

I ncreased inci dences of exencephaly and cleft palate were found
in the offspring of CD-1 m ce exposed 7 h/day, on days 6-15 of
gestation, to nethanol |evels of 6500 my/n® (5000 ppm) or nore. There
was i ncreased enbryo/fetal death at 9825 ng/n® (7500 ppm) or nore and
an increasing incidence of full-litter resorptions. Reduced fetal
wei ght was observed at 13 000 and 19 500 ng/n® (10 000 or 15 000
ppn). The NOAEL for devel opnental toxicity was 1300 ng/n® (1000 ppm
met hanol . There was no evi dence of maternal toxicity at methanol
exposure | evel s bel ow 9000 ng/ n® (7000 ppn).

When litters of pregnant CD-1 mice were given 4 g nethanol/kg by
gavage, the incidences of adverse effects on resorption, externa
defects including cleft palate, and fetal weight were simlar to those
found in the 13 000 ng/n® (10 000 ppm inhal ati on exposure group
presunably due to the greater rate of respiration of the nouse. The
nmouse is nmore sensitive than the rat to devel opmental toxicity
resulting frominhal ed nethanol

Transi ent neurol ogi cal signs and reduced body wei ghts were found
in CD-1 dans exposed to 19 500 ng/n® (15 000 ppm) for 6 h/day
t hroughout organogenesi s (gestational days 6-15). Fetal nalfornmations
found at 13 000 and 19 500 ng/n® (10 000 and 15 000 ppn) i ncl uded
neural and ocul ar defects, cleft palate, hydronephrosis and |inb
anomal i es.

1.7 Effects on hunmans

Humans (and non- hunman primates) are uniquely sensitive to
met hanol poi soning and the toxic effects in these species is



characterized by form c aci daem a, metabolic acidosis, ocular
toxicity, nervous system depression, blindness, cona and death. Nearly
all of the available information on nethanol toxicity in humans
relates to the consequences of acute rather than chronic exposures. A
vast mgjority of poisonings involving nethanol have occurred from
drinki ng adul terated beverages and from nmet hanol - cont ai ni ng products.

Al t hough ingestion dom nates as the nost frequent route of poisoning,

i nhal ati on of high concentrations of methanol vapour and percutaneous
absorption of nmethanolic liquids are as effective as the oral route in
produci ng acute toxic effects. The npbst noted health consequence of

| onger-term exposure to |ower |evels of nmethanol is a broad range of
ocul ar effects.

The toxic properties of nethanol are based on factors that govern
both the conversion of methanol to formc acid and the subsequent
met abolismof formate to carbon dioxide in the fol ate pathway. The
toxicity is manifest if formate generation continues at a rate that
exceeds its rate of metabolism

The | ethal dose of nethanol for humans is not known for certain.
The m ninmum | et hal dose of nethanol in the absence of nedical
treatnment is between 0.3 and 1 g/kg. The m ni mum dose causi ng
per manent visual defects is unknown.

The severity of the netabolic acidosis is variable and may not
correlate well with the anpbunt of nethanol ingested. The wi de
interindividual variability of the toxic dose is a promnent feature
i n acute met hanol poi soning.

Two inportant determ nants of human susceptibility to nethano
toxicity appear to be (1) concurrent ingestion of ethanol, which slows
the entrance of nethanol into the nmetabolic pathway, and (2) hepatic
fol ate status, which governs the rate of fornmate detoxification.

The synptonms and signs of nethanol poisoning, which may not
appear until after an asynptomatic period of about 12 to 24 h, include
vi sual di sturbances, nausea, abdom nal and nuscl e pain, dizziness,
weakness and di sturbances of consci ousness ranging fromcoma to clonic
sei zures. Visual disturbances generally devel op between 12 and 48 h
after methanol ingestion and range frommnl|ld photophobia and nisty or
blurred vision to nmarkedly reduced visual acuity and conplete
bl i ndness. In extreme cases death results. The principal clinica
feature is severe netabolic acidosis of the anion-gap type. The
acidosis is largely attributed to the formc acid produced when
nmet hanol is metabolized.

The nornmal bl ood concentrati on of methanol from endogenous
sources is less than 0.5 nmg/litre (0.02 mmol/litre), but dietary
sources may increase blood nethanol |evels. Generally, CNS effects
appear above bl ood nethanol |evels of 200 ng/litre (6 muol/litre);
ocul ar synptons appear above 500 ng/litre (16 mmol/litre), and
fatalities have occurred in untreated patients with initial nethano
levels in the range of 1500-2000 ng/litre (47-62 nmol/litre).

Acut e inhal ati on of nmethanol vapour concentrations bel ow
260 ng/n® or ingestion of up to 20 ngy met hanol / kg by heal thy or



noderately fol ate-deficient humans should not result in formate
accumul ati on above endogenous | evel s.

Vi sual di sturbances of several types (blurring, constriction of
the visible field, changes in col our perception, and tenporary or
per manent blindness) have been reported in workers who experienced
met hanol air |evels of about 1500 ng/n® (1200 ppm) or nore.

A widely used occupational exposure limt for methanol is
260 ng/ n® (200 ppn), which is designed to protect workers from any of
the effects of nethanol -induced fornic acid netabolic acidosis and
ocul ar and nervous systemtoxicity.

No ot her adverse effects of nethanol have been reported in
humans except mnor skin and eye irritation at exposures well above
260 g/ n® (200 ppmn).

1.8 Effects on organisns in the environnment

LCsq val ues in aquatic organisns range from 1300 to
15 900 ng/litre for invertebrates (48-h and 96-h exposures), and
13 000 to 29 000 ng/litre for fish (96-h exposure).

Met hanol is of lowtoxicity to aquatic organisns, and effects due
to environmental exposure to nethanol are unlikely to be observed,
except in the case of a spill.

2. I DENTITY, PHYSICAL AND CHEM CAL PROPERTI ES, ANALYTI CAL NMETHCDS

2.1 ldentity

Chemi cal formul a: CH;CH
Chenical structure: H

H- C- O

H

Rel ati ve nol ecul ar nass: 32.04
CAS cheni cal nanme: met hanol
CAS registry numnber: 67-56-1
RTECS nunber : PC 1400000
Synonyns: met hyl al cohol, carbinol, wood

al cohol, wood spirits, wood

napht ha, Col unbi an spirits,
Manhattan spirits, colonial spirit,
hydr oxymet hane, net hyl ol

nmet hyl hydr oxi de,

nonohydr oxymet hane, pyroxylic
spirit

Impurities in conmmercial nethanol include acetone, acetal dehyde,



acetic acid and water.
2.2 Physical and chem cal properties
2.2.1 Physical properties

Met hanol is a colourless, volatile, flammable liquid with a mld
al coholi ¢ odour when pure. However, the crude product nmay have a
repul sive pungent odour. Methanol is mscible with water, al cohol s,
esters, ketones and nost other solvents and forns nmany azeotropic
m xtures. It is only slightly soluble in fats and oils (Cayton &
Cl ayton, 1982; Wndhol z, 1983; Elvers et al., 1990).

| mportant physical constants and properties of methanol are
sumarized in Table 1.

Table 1. Sone physical properties of nethanol?

Appear ance clear colourless liquid

Qdour slight al coholic when pure;
crude material pungent

Boi | i ng poi nt 64.7°C

Fl ash poi nt 15.6°C (open cup)
12.2°C (cl osed cup)

Freezi ng poi nt -97.68°C

Specific gravity 0. 7915 (20/4°C)

0.7866 (25°C)

Vapour pressure

at 30°C 160 nmHg
at 20°C 92 nmHg
Henry's Law Constant (25°C) 1.35 x 10 *atm n®/ nol e
Log P (octanol/water) -0.82; -0.77; -0.68
Partition constant -0.66; -0.64
Ignition tenperature 470°C
Explosive limts in air | ower 5.5
(% by vol une) upper 44
Refractive index n?° 1.3284

a Data from dayton & Clayton, 1982; Elvers et al., 1990;
Grayson, 1981; Howard, 1990; W ndhol z, 1983.

In the USA, sales grade nethanol nust normally neet the



foll owi ng specifications:

nmet hanol content (weight % m ninmum 99. 85
acet one and al dehydes (ppm naxi mum 30
acid (as acetic acid) (ppm) naxinmum 30
wat er content (ppm maxi num 1. 500
specific gravity (dy?) 0.7928
per manganate tinme, mnimum 30

odour characteristic

distillation range at 101 kPa 1°C, rmust include
64.6°C

col our, platinum-cobalt scale, maximum 5

appear ance cl ear-col ourl ess

resi dual on evaporation, g/100 m 0.001

carboni zabl e inpurities, colour 30

pl ati num-cobalt scal e, nmaxi mum 5

Grade AA differs in specifying an acetone maxi mrum (20 ppm, a
m ni mum for ethanol (10 ppn), and in having a nore stringent water
content specification (1.000 ppm nmaximnm (G ayson, 1981).
2.2.2 Chemical properties

Met hanol undergoes reactions that are typical of alcohols as a
chem cal class. The reactions of particular industrial inmportance
i nclude the follow ng: dehydrogenati on and oxi dati ve dehydrogenati on
over silver or nol ybdenun-iron oxide to form fornal dehyde; the
aci d-catal ysed reaction with isobutylene to formnethyl tertiary buty
ether (MIBE); carbonylation to acetic acid catal ysed by cobalt or
rhodi um esterification with organic acids and acid derivatives;
etherification; addition to unsaturated bonds and repl acenent of the
hydroxyl group (Grayson, 1981; Elvers et al., 1990).

2.3 Conversion factors

1 ppm= 1.31 ng/n® (25°C, 1013hPa) 1 mol/litre = 32 ng/litre
1 ng/n® = 0.763 ppm (25°C, 1013hPa) 1 ng/litre =31.2 pnol/litre
(Adapted from Cl ayton & C ayton, 1982)
2.4 Analytical nethods

Prior to the advent of sensitive gas chromatographi c techniques,
the anal ysis of nethanol in environmental, consuner and bi ol ogi cal



sanpl es was performed by procedures involving isolation of the

vol atile alcohol and titrimetry. This was followed |later by nore
sensitive spectrophotonetric methods based on the oxidation of

met hanol to formal dehyde wi th potassi um pernanganate then reaction
with Schiff's reagent or rosaniline solution to produce an easily
recogni zabl e and stable colour (Gettler, 1920; Boos, 1948; Skaug,
1956; Hi ndberg & Weth, 1963; N OSH, 1976).

The earliest procedures for the determ nation of nmethanol in
bl ood and urine were based on the initial distillation to isolate the
volatile al cohol (Gettler, 1920). Feldstein & Kl endshog (1954)
deternined nethanol in biological fluids by initial mcrodiffusion
foll owed by oxidation to formal dehyde and subsequent reaction with
chronotropi c acid (1, 8-di hydroxy napht hal ene- 3, 6-di sul fonic acid). The
recovery ranged from80 to 85%for less than 0.10 ng nmethanol. In the
procedure of Harger (1935), nethanol was determ ned by oxidation with
bi chromat e to carbon di oxi de and water followed by titration with a
m xture of ferrous sulfate and nethyl orange. Jasel kis & Warri ner
(1966) deterni ned nethanol in aqueous solution by titrinmetry enpl oyi ng
xenon trioxi de oxidation. Methanol was determ ned at a | evel of
0.03 ng with a relative standard devi ation of 4%

2.4.1 Environnmental sanples

The deternination of nethanol by primarily GC-FID procedures has
been frequently reported in anbient air, workplace air, fuels, fue
em ssi ons, sewage and aqueous sol utions, soils, coal-gasification
condensate water and tobacco snoke.

The neasurenment of nethanol in anbient and workplace air, usually
i nvol ves a preconcentration step in which the sanple is passed through
a solid absorbent containing silica gel, Tenax GC, Porapak or
activated charcoal (NI OSH, 1976,1977,1984; CEC, 1988). It can also be
acconpl i shed by on-colum cryogenic trapping or can be anal ysed
directly. Direct reading infrared instrunents with gas cuvettes can be
used for continuous nonitoring of methanol in air (Lundberg, 1985).

2.4.1.1 WMethanol in air

The use of absorption tubes to trap nethanol from amnbi ent and
wor kpl ace air with subsequent liquid or thernal desorption prior to
gas chromat ographi ¢ anal ysis has been reported frequently. The US
National Institute of QOccupational Safety and Health (N CSH
1977, 1984) reconmended the use of a glass tube (7 cmx 4 mminterna
di ameter) containing two sections of 20-40 nmesh silica gel separated
by a 2-mm portion of urethane foam (front=100 ng, back=50 ng). Water
is used to extract the methanol, which is separated on a 2 mx 2 mr
i nternal dianmeter glass colum containing 60-80 nesh Tenax GC or the
equi val ent using flame ionization detection (FID). The working range
is 25 to 900 ng/n® (19 to 690 ppm nethanol for a 5-litre air sanple.
The limt of detection has been reported to be 1.05 nmg/n® in a
3-litre air sanple (NIGSH, 1976). At high concentrations of nethano
or at high relative humdity, a large silica gel tube is required
(700 ng silica gel front section). The injection, detector and col um
tenperatures are 200°C, 250-300°C and 80°C respectively. Positive
identification by nass spectronetry may be necessary in sone cases,
and al ternative gas chronmat ographic columms, e.g., SP-1000, SP-2100 or



FFAP, are also conformation aides.

Al t hough GC-FID provides greater sensitivity than GC-Ms, the
latter is generally considered nore reliable for the neasurenent of
met hanol in sanples contai ning other alcohols or | ow nol ecul ar wei ght
oxygenat es. Anal ysi s of methanol in workplace air has been carried out
by head-space GC-FID using a colum containing 15% Car bowax 1500 on
di at omaceous earth, 70-100 nesh operated at 100°C. The detection limt
was below 5 m/n® ( Heinrich & Angerer, 1982). Methanol in workpl ace
air was initially collected in silica gel tubes and the nethanol
concentrations anal ysed by GC-FID equi pped with a 50 msilica
capillary colum contai ni ng Carbowax 20M Additionally, nethanol
vapour concentrations in the workpl ace have been anal ysed by a Mron-B
anal yser with detection at a wavel ength of 9.70 um

Met hanol and ot her | ow nol ecul ar wei ght oxygenat es have been
deternmined in anbient air by cryogradi ent sanpling and two-di mensi onal
gas chromat ography (Jonsson & Berg, 1983). Sanples were initially
separated on a packed colum (1, 2,3-tris (2-cyanoethoxy)propane on
Chronosorb W AW, then refocused on-line in a fused-silica capillary
cold trap, followed by on-line splitless reinjection onto a 50 m x
0.3 mminternal dianeter fused silica capillary colum. The detection
limt for a typical oxygenate (3-methylbutanol) was 0.1 pg/n® using a
3-litre sanple. The detection linmt for nethanol was slightly higher.

Spectrophotonetric net hods have al so been enpl oyed for the
determ nati on of nmethanol in air. Agueous potassium pernmanganate
acidified with phosphoric acid was used to absorb nethanol fromair
with the sinultaneous oxidation to formal dehyde. After the addition of

p- am noazobenzene and sul fur di oxide, the resulting pink dye was
det erm ned spectrophotonetrically at 505 nm The Iimt of detection
was 5 pug nethanol/m air (Verma & Gupta, 1984).

Met hanol fromair was absorbed by acidified potassiurmr
per manganat e produci ng fornal dehyde which on reaction with
4-nitroaniline produced a yell ow dye determ ned spectroscopically at
395 nm (Upadhyay & Gupta, 1984).

Infrared spectronetry and infrared | asers have al so been enpl oyed
for the deternination of nethanol in air (D az-Rueda et al., 1977;
Sweger & Travis, 1979). Methanol together with acetone, toluene and
ethyl acetate were recovered from10 litres of air at a flow rate of
11 mM/mn by passage through a tube containing 150 ng of activated
charcoal . The carbon disulfide extracts of the organi c conpounds were
determined by infrared at 1300 cn! using caesi um brom de wi ndows.
The m ni mrum concentration of methanol detected quantitatively was
0.77 my/ m® (0.60 ppm) and the m ni mum concentration required for
identification was 0.24 ng/n® (0.18 ppn) (Diaz-Rueda et al., 1977).

Infrared | asers have been used to detect trace organic gases
i ncludi ng nethanol. An air sanple at 8 Tor was introduced to a
20-litre capacity sanple cell, and |laser radi ati on was detected
synchronously by a nmercury-cadm um Te detector. The |laser line
enpl oyed was P (34), the electric field was 1.40 kV/cm and t he
measurenment tine was 2 min. The detection limt for nethanol was
0.105 ng/m® (0.08 ppm) (Sweger & Travis, 1979).



Met hanol in the workplace can be neasured by portable direct
readi ng instrunents, real-tinme continuous nonitoring systens and
passi ve dosineters (NI OSH, 1976, 1977, 1984; Liesivouri & Savol ai nen,
1987; Kawai et al., 1990).

Kawai et al. (1990) described a personal diffusive badge type
that could absorb nethanol vapour in linear relation to the exposure
duration up to 10 h and to exposure concentrations up to 1050 ng/n®
(800 ppm the naxi mum duration and concentration tested respectively.
Additionally it was shown that the response to short-term peak
exposure was rapid enough and that no spontaneous desorption woul d
occur

2.4.1.2 WMethanol in fuels

Agarawal (1988) determnm ned net hanol quantitatively in conmercia
gasoline via an initial extraction with ethylene glycol then by GC
utilizing a G-1 fused silica capillary colum (Ov-1 equivalent, 60 m
x 0.32 mminternal dianmeter) and FID. The recovery of 4% methanol in
gasoline by this procedure was 95.4 + 2.34% (SD).

In the procedure of Tackett (1987), gasoline sanples were
injected directly on a Carbowax 20M col utm operated at 50°C for 3.0
mn and then programmed to rise to 150°C at a rate of 10°C per nin.
The calibration curve is linear up to 10% (v/v) nethanol and the
detection limt was 0.2% enploying a thermal conductivity detector

Low nol ecul ar wei ght al cohols and MIBE were determ ned in
gasoline by GC-FID utilizing dual colums: 4.6 mx 3.2 mmo.d. colum
packed with 30% m m ethyl ene glycol succinate on Chronosorb P (85-100
mesh) and a 2.7 mx 3.2 mmo.d. stainless steel colum packed wth
Porapak P (80-100 nesh) operated at 150°C (Luke & Ray, 1984).

Gas chromat ographi ¢ anal yses of nethanol, ethanol and tert-
but anol in gasoline have been reported by Pauls & McCoy (1981). The GC
colum was 150 cmx 3 mmin o.d. stainless steel packed with Porapak R
(80-100 nesh) operated at 175°C and the injector and FID detector
tenperatures were maintai ned at 250°C

A direct liquid chromatographic method for the determ nation of
Cl-C3 al cohols and water in gasoline-al cohol blends was described by
Zinbo (1984). The separation was perforned on either one or two
m croparticul ate size-exclusion colums of ultrastyragel with tol uene
as the nobil e phase. The quantification of alcohols and water in the
ef fluent was achieved by a differential refractoneter at 30°C. The
lower limts of detection for Cl1-C3 al cohols was 0.005 vol % Methanol
i n gasoline-al cohol blends has been deternm ned by nucl ear magnetic
resonance (Renzoni et al., 1985). The nethod takes advantage of a
wi ndow i n the proton nucl ear magneti c resonance spectrum of gasoli ne
that extends froma chemical shift of 2.8 to 6.8 ppm Methanol was
quantified in gasoline by integration of the methyl singlet at
3.4 ppm The nethod gave linear calibration curves in the range of
0-25% (v/v) methanol with a detection limt of less than 0.1%

2.4.1.3 Methanol in fuel em ssions

Met hanol has been detected in nptor vehicle em ssions at |evels



of 0.9 ng/n® (0.69 ppm and in anbient air by GC-FID utilizing a
360 cm x 0.27 cminternal dianmeter stainless steel colum packed with
Porapak Q (50-80 mesh) operated at 150°C (Bellar & Sigshy, 1970).

Seizinger & Dimtriades (1972) determ ned nethanol in sinple
hydrocarbon fuel enmissions utilizing GCwith tine-of-flight mass
spectronetry. The anal ytical procedure involved concentration of the
exhaust oxygenates drawn t hrough a Chronosorb bed foll owed by GC-FID
initially on a 30 in by 1/4 in o.d. colum packed with 10% 1,2, 3-tris
(2-cyanoet hoxy) propane (TCEP) programred from-20°C to 110°C at
4°C/min. The second-stage columm was a 45 mx 0.05 cminterna
di aneter by 0.03 o.d Carbowax 20M support coated on tubul ar (SCOT)
col um programed from 60°C to 210°C at 10°C/ min. The col um effl uent
was split for parallel detection with FID and nass spectronetry.

Met hanol was found at levels of 0.1-0.8 nmg/n® (0.1-0.6 ppm in
t he exhaust of sinple hydrocarbon fuels.

Met hods for the quantification of evaporative em ssions (running
| osses, hot soak, diurnal and refuelling) from nethanol -fuelled notor
vehi cl es (et hanol / gasol i ne fuel m xtures of 100, 85, 50, 15 and 0%
met hanol ) have been described (Snow et al., 1989; Federal Register,
1989; Gabel e & Knapp, 1993).

Met hanol emi ssions from nmet hanol -fuel l ed cars were determ ned by
GC enpl oying a Quadrex 007 methyl silicone 50 m x 0.53 nm i nternal
diameter colum with 5.0 umfilmthickness. The separati on was
affected isothermally at 75°C (limt of detection 0.25 pg/m)
(WIlliams et al., 1990).

2.4.1.4 Methanol in sewage and aqueous sol utions

Fox (1973) determ ned nethanol at levels of 0.5-100 ng/litre
(0.5-100 ppn) in sewage or other aqueous sol utions by GC-FID enpl oying
a 0.5 mx 3.175 mmo.d. stainless steel columm packed with Tenax GC
60/ 80 mesh and operated at 70°C i sot hernal.

C;-C, al cohols in aqueous solution were determn ned
quantitatively by GC-FID using a 1 mx 0.32 cm stainless steel colum
packed with 5% w w Carbowax 20M on Chronosorb 101 (80-100 nesh) with a
colum tenperature of 65°C for methanol and et hanol and 100°C for n-
propanol and n-butanol (Sinms, 1976).

Met hanol and ethanol at the ng/litre |level in aqueous sol ution
were deternined by Koners & Sir (1976) utilizing a conbination of
stripping and GC-FID techni que. The al cohols were anal ysed as their
corresponding volatile nitrite on a 170 cmx 0.4 cminternal dianeter
gl ass colum cont ai ni ng Chronosorb 102 (80-120 nmesh) operated at
104°C. Approximately 1 pg of the individual alcohol could be
deternined in sanple volunes of about 5 m.

Mohr & King (1985) determ ned nmethanol in coal -gasification
condensate water by GC. Condensate water was injected directly on a 45
x 0.32 cm Porapak R colum progranmed from 80-200°C at 20°C/ min.

A standard nmethod for the analysis of nmethanol in raw, waste and
pot abl e wat ers has been published by the UK Standi ng Conmittee of
Anal ysts (1982). The nethod is based on direct injection GC-FID using



a 2 mstainless steel colum with 15% car bowax 1540 m chronpsorb
WB0-100 DMCS. The limt of detection is 0.11 ng/litre.

2.4.1.5 WMethanol in soils

The bi odegradati on of methanol in gasolines by various soils was
determ ned by Novak et al. (1985). Methanol extracted in water (25%
v/v) was neasured by direct injection GC-FID using a 2.1 mx 3 mr
stainl ess steel columm packed with 0.2% Carbowax 1500 On 80/ 100 nesh
Car bopak C at 120°C i sot her nal

2.4.2 Foods, beverages and consuner products

Lund et al. (1981) determ ned nmethanol in orange and grapefruit
juice, fresh and canned, by GC-FID using a 1.5 x 3 mm col unm packed
with 50/ 80 nesh Porapak Q at 100°C with injector port and detector
bl ock at 200°C.

Greizerstein (1981) utilized GC-FID and GC-Ms for the anal ysis of
al cohol s, al dehydes and esters in conmercial beverages (beers, w nes,
distilled spirits). Separations were carried out using a 3 mx 2 mr
i nternal diameter glass colum packed with 30% Carbowax 20 M at 150°C
A nore satisfactory separation of nethanol fromthe other congeners
was achi eved using a 180-cm Porapak P colum. Methanol was found at
levels of 6-27 ng/litre beer; 96-321 ng/litre in w nes and
10-220 ng/litre in distilled spirits. Methanol in distilled Iiquors
and cordi al s has been determ ned by GC-FID (AOCAC, 1990).

Rast ogi (1993) anal ysed net hanol content of 26 nobdel and hobby
gl ues and found nethanol in 12 of them by head-space GC-FI D enpl oyi ng
capillary colums of different polarity. The polar GC colum was a
Supel cowax 10, 60 m x 0.32 mminternal dianmeter; and the non-polar
colum was a CP-Sil-5 CB, 50 mx 0.32 mm The detection linmt for
met hanol was 20 ng/litre

Met hanol in wi ne vinegars was deterni ned by GC-MsS (Bl anch et al.
1992). Methanol with many other mnor volatile components was
fractionated using a sinultaneous distillation extraction technique
before GC analysis on a 4 mx 0.85 mminternal dianmeter mcropacked
colum coated with a m xture of Carbowax and bis-(2-ethyl hexyl) -
sebecate (92:8), 4% on desilanized Vol aspher A-2. The col um
tenperature was 60°C and the injector and FID detector were at 180°C.

2.4.3 Biological materials

A variety of primarily gas chronat ographi ¢ met hods have been
utilized for the determ nation of methanol in biological sanples from
normal , poi soned and occupationally exposed i ndividuals. Mthano
exposure has been neasured in exhal ed breath, blood and urine sanples.

2.4.3.1 WMethanol in exhaled air

Prior to analysis, expired air sanples are normally collected in
sanpl i ng bags or glass containers or after preconcentrati on on Tenax
or other solid sorbents in adsorbent tubes and thermally desorbed, or
utilizing cryotraps (Franzblau et al., 1992a).



Free met hanol has been detected and nmeasured by GC in the expired
air of normal healthy humans with separati ons made on 1.52 mx 0.3 cmr
colums filled with Anakrom ABS, 70-80 nesh coated with 2% N, N, - N, - N-
tetranmet hyl azel eam de and 8% behenyl al cohol at 86°C. The
concentration of nmethanol in nine subjects ranged from
0.06-0.32 pg/litre (Eriksen & Kul karni, 1963). Methanol was only

infrequently detected in sanples of human expired air and saliva by
Larsson (1965) enploying GC-FID and a 1.75 nx 3.5 mminternal dianeter
gl ass col um cont ai ni ng pol yet hyl ene gl ycol (M=1500) 20% on Chronpsorb
w

Met hanol in expired air and in head-space anal ysis of plasm was
deternmined as the nitrite ester utilizing GC-Ms (Jones et al., 1983).
Condensed expired air sanples were anal ysed on Porapak Q and the assay
of nethanol nitrite ester was acconplished on a 2 mx 2 mMminterna
di aneter sil ani zed gl ass colum contai ning Tenax GC (30-60 nesh) at
60° C.

Krot osynski et al. (1977) anal ysed expired air from nornal
heal t hy subjects using for sanple preconcentration a 18 cm x 6 nmm o. d.
stainl ess steel columm containing Tenax GC. Sanple anal ysis was
performed using GC-FID and a 91 mx 6 mm stai nl ess steel colum coated
wi t h Enul phoron-870. Apart from nethanol, 102 organi c conmpounds were
det ect ed.

Al veol ar air of workers exposed to nethanol was first coll ected
in gas sanpling tubes and then anal ysed by GC-FID using a Porapak G
(80-100 nesh) colum at 150°C (Baunmann & Angerer, 1979).

The detection of nmethanol and other endogenous conpounds in
expired air by GC-FID with on-colunm concentration of sanple and
separation on a 1.5 mx 3 mmo.d. stainless steel colum packed with
Porapak Q 80-100 nesh nmi ntai ned at 35°C was described by Phillips &
Greenberg (1987).

The expired air of volunteer subjects exposed for periods of
about 90 min to atnospheres artificially contaminated with |ow | evel s
of nethanol (ca. 130 ng/n® (100 ppm) was nonitored during and
after the exposure using an atnospheric pressure ionization mass
spectroneter (API/MB) fitted with a direct breath anal ysis systenm
(Benoit et al., 1985).

A transportable Fourier TransformlInfrared (FTIR) spectroneter
was utilized for the analysis of nethanol vapour in alveolar and
ambient air in humans exposed to nethanol vapour. The infrared
spectrum regi on used for nmethanol quantification was in the 950-1100
cmregion. For the analysis of nethanol in alveolar air with FTIR the
limt of detection for nethanol was 0.4 ng/m® (0.32 ppn), and for
met hanol in anbient air the detection limt was 0.13 ng/n® (0.1 ppm
(Franzblau et al., 1992a).

2.4.3.2 WMethanol in bl ood
A nunber of methods have been used to extract methanol from bl ood

prior to analysis including purge-and-trap, head-space anal ysis and
sol vent extraction.



Baker et al. (1969) reported the sinultaneous determ nation of
| oner al cohols, acetone and acet al dehyde in blood by CC-FID utilizing
a 183 cmx 5 mminternal dianeter colum containing Porapak Q operated
at 100°C. The nmethod did not require precipitation of protein prior to
anal ysi s.

Met hanol in whol e bl ood and serum was anal ysed by GC-FIC
employing 1.2 mand 1.8 mx 3 mminternal dianeter glass colums
packed with 20% Hal | comi d or 10% Car bowax on 60-80 nesh Di at opor TW
operated at 70°C (Mather & Assinps, 1965).

Bl ood serum was deproteinized and acetone and al i phatic al cohol s
i ncl udi ng net hanol were determ ned by GC-FID using a pre-colum of 3%
Ov-1 on Gas Chrom Q and an anal ytical 30-mcapillary colum packed
with SPB-1 and operated at 35°C. Methanol and other al cohols were
separated in less than 3 min (Smth, 1984).

Met hanol in deproteinized bl ood sanples from occupationally
exposed workers was quantified by GC-FID enploying a 1.8 mx 4 nmr
i nternal dianeter glass colum packed with 60-80 nesh Carbopak B/ 5%
Carbowax 20M at 60°C. The detection linit for methanol was about
0.4 pg/mM (Lee et al., 1992).

Met hanol in blood of occupationally exposed workers was
det erm ned by head-space GC-FID utilizing a columm containing 15%
Car bowax 1599 on di at omaceous earth, 70-80 nesh and operated at 70°C
The detection linmt was 0.6 ng/litre (Heinrich & Angerer, 1982).

The sinmul taneous determ nation of nethanol, ethanol, acetone,
i sopropanol and ethylene glycol in plasma by GC-FID was acconplished
using a 180 cmx 4 mminternal dianeter glass colum packed with
Porapak Q 50-80 nesh. The col um tenperature was progranmed from
199-210°C at 2°C/min, and the injection port and detector tenperatures
were 210°C and 240°C respectively. The detection limt for nethanol
was 0.1 nnol/m . The procedure was recommended for methanol and
et hyl ene gl ycol intoxication cases (Cheung & Lin, 1987).

Met hanol in blood fromoccupationally exposed workers was
deternmined directly without further pretreatnent by GC-FID using a 4 i
x 3 mm gl ass colum packed with 10% SBS 100 on Shinalite TPA, 60-80
nmesh. The detector and oven were heated at 180°C and 60°C,
respectively (Kawai et al., 1991a).

Head- space GC-FI D on nethanol in blood fromworkers exposed at
sub- occupati onal exposure linits was reported by Kawai et al. (1992).
A 30 mx 0.53 mmcapillary colum coated with 1.0 um DB-Wax was used
with the injection port and detector heated at 200°C and the oven
tenperature kept at 40°C for 1 min after the injection and then
elevated at a rate of 5°C/min to 110°C for 15 min. The detection limnit
for methanol in blood was 100 pg/litre.

Leaf & Zatman (1952) utilized a colorinmetric procedure for the
determ nation of methanol in air as well as in the bl ood and urine of
occupational ly exposed workers in a nethanol synthesis plant. The
procedure invol ved acid pernmanganate oxidation of methanol to
formal dehyde, which was then determined with a nodified Schiff's



reagent. Concentrations of methanol up to 150 ng/litre were determ ned
to within 3%

Det erm nation of methanol in patients with acute nethano
poi soni ng was acconplished with a colorinmetric procedure foll ow ng
per manganat e oxi dation to formal dehyde and t he subsequent reaction
with chronotropic acid (1, 8-di hydroxy naphthal ene 3, 6-di sul fonic
acid). Quantitative recovery of 100% was found for nethanol follow ng
the analysis of 3 m of plasma, which required 45 min (Hi ndberg &
Weth, 1963).

Accumul ati on of methanol in blood was detected in al coholic
subj ects during a 10-15 day period of chronic al cohol intake using
CGC-FID and a 1.8 mcolum packed with Porapak Q 80-100 nesh, or
Chronosorb 101 operated at 140°C (Majchrowi cz & Mendel son, 1971). The
identity of nethanol was al so confirmed chenically using the
specificity of the colour reaction between permnganate and
f or mal dehyde.

Head- space GC was used to deternine the concentrations of
met hanol and et hanol in bl ood sanples from 519 individuals suspected
of drinking and driving in Sweden. Methanol was deternined in whole
bl ood without prior dilution with an internal standard. Carbopack C
(0. 2% Car bowax 1500) was used as the stationary phase and the oven
tenperature was 80°C (Jones & Low nger, 1988).

Met hanol i n whol e bl ood of poisoned patients was determ ned
wi t hout pretreatment by GC-FID using a 1800 nm x 4 nmm i nternal
di ameter gl ass colum packed with 80-100 nmesh Carbopack C/ 0.2% CW 1500
operated at 80°C, the detector tenperature was 120°C (Jacobsen et al.
1982a) .

Serum et hanol concentrations in nen after oral adm nistration of
the sweet eni ng agent aspartame were determ ned by GC-Ms utilizing a
fused silica capillary colum 26 mx 0.22 nminternal diameter of
CPWAX 57 CB operated at 50°C isothermally (Davoli et al., 1986).

Met hanol and formate in blood and urine of rats adm nistered
met hanol intravenously was determ ned by HPLC enpl oyi ng a REZEX- ROA-
organic acid colum (300 mMm x 7.8 mminternal dianeter) and a
simlarly packed pre-columm (50 mMmm x 4.6 mminternal diameter). The
nmobi | e phase was 0.043 N sulfuric acid with 10% acetonitrile at a flow
rate of 1 m/min (Horton et al., 1992).

Met hanol in serum has al so been determined by high-field (500
MHZ) proton nuclear magnetic resonance at the 3.39 singlet peak. For
serum cont ai ni ng 20-500 ng of added nethanol/litre, peak area was a

l'inear function of concentration (r=0.998). This NMR techni que
permtted the determ nati on of methanol and acetone in bl ood serum at
a level of less than 1nM (Bock, 1982).

Pol | ack & Kawagoe (1991) determ ned methanol in deproteinized
whol e bl ood of rats by capillary GC-FID with direct colum injection
utilizing a 15 mx 0.54 nmminternal dianeter fused silica capillary
colum coated with Carbowax and operated at 35°C. The limt of
detection was 2 ug/nl.



2.4.3.3 Methanol in urine

Sedivec et al. (1981) determ ned nmethanol in urine in five
vol unt eers exposed to methanol vapour for 8 h. Head-space GC-FID was
used with a 120 cm x 3 mm col um packed with Chronosorb 102, 60-80
mesh at 120°C. The detection Iimt of methanol was 0.1 ng/litre. The
met hanol content in urine of 20 subjects occupationally exposed to
met hanol was determ ned by head-space GC-FID utilizing a colum
contai ni ng Porapak QS, 80-100 nesh and operated at 130°C. The
detection limt was 0.6 ng/litre (Heinrich & Angerer, 1982).

Met hanol in the urine of exposed workers was deterni ned by
head-space GC-FID using a 4.1 mx 3.2 mm glass col unm containi ng 10%
SBS- 100 on Shinalite TPA, 60-80 nmesh. The oven and injection port
tenperatures were 60°C and 180°C respectively. The limt of detection
for methanol in urine was 0.1 ng/litre (Kawai et al., 1991b, 1992).

Urinary nethanol as a neasure of occupational exposure was
deternmined by GC-FID utilizing a 2 mglass colum packed w th Porapak
Q 80-100 nmesh. The detection linmt for nethanol was 0.32 nmg/litre
(Liesivouri & Savol ai nen, 1987).

Urine concentrations of nmethanol in volunteers who had ingested
smal | anpunts of nethanol was determ ned by head-space GC-FI D using
Tenax GC as the colum packing (Ferry et al., 1980).

2.4.3.4 Methanol in mscellaneous biological tissues

Met hanol and ot her al cohol s have been determined in tissue
honbgenates either per se or as their nitrite esters by GC-FID
enploying a 1.8 mx 6 nmo.d. glass colum packed with Chronpsorb 101
operated at 145°C. The sensitivity was 8 pug per g of tissue (Gessner,
1970) .

2.4.3.5 Methanol netabolites in biological fluids

The principal nmetabolite of methanol in hunans and nonkeys is
formate and it has been shown that accurmul ati on of bl ood fornate at
hi gher | evels of methanol exposure coincides with the devel opnent of
met abol i ¢ aci dosis and visual systemtoxicities (Clay et al., 1975;
McMartin et al., 1975; Baunbach et al., 1977; Tephly, 1991). Formate
i s an endogenous product of single carbon netabolismand is normally
found in the urine of healthy individuals.

Format e has been anal ysed in bl ood and urine sanples prinmarily by
enzymatic methods with a colorinmetric or fluorimetric end-point or by
derivatization followed by analysis by GC-FID. Formate in plasnma has
al so been determ ned by isotachophoresis (Sejersted et al., 1983).

Ferry et al. (1980) neasured formc acid as an ethyl ester forned
by the treatnent of urine with 30% sulfuric acid in ethanol. The
sanpl es were anal ysed by head-space GC-FID on a col um packed with 10%
silar 10C on Chrom Q

The analysis of formc acid in blood was performed via an initia
transformation of formc acid by concentrated sulfuric acid into water



and carbon nonoxi de, the latter being reduced to nethane on a
catalytic colunmn and anal ysed directly by GC-FID (Angerer & Lehnert,
1977; Baumann & Angerer, 1979; Heinrich & Angerer, 1982).

Uinary formc acid was deternined after the nethylation of the
acid and its conversion to N, N-di nethyl formani de with GC-FI D equi pped
with a 50-msilica capillary colum containing Carbowax 20M I i quid
phase. The detection linmt was 2.3 ng/litre (Liesivouri & Savol ai nen,
1987) .

Franzblau et al. (1992b) found that urinary formic acid in
speci nens collected 16 h foll owi ng cessation of nethanol exposure and
anal ysed by head-space GC-FID may not be an appropriate approach to
assess net hanol exposure biol ogically.

Enzymatic nethods for the deternmination of formate are based
primarily on the enzyme-catal ysed conversion of fornmate to carbon
dioxide in the presence of nicotinam de adeni ne di nucl eotide (NAD),
generating NADH as the other reaction product. NADH formati on can be
subsequently neasured directly or reacted in a coupled reaction to
generate a fluorescent or col oured conpl ex.

A specific assay for formc acid in body fluids based on the
reaction of formate with bacterial formate dehydrogenase coupled to a
di aphorase-cat al ysed reduction of the non-fluorescent dye resazurin to
the fluorescent substance resorufin was reported by Makar et al.

(1975) and Makar & Tephly (1982). This permitted the accurate
determ nation of about 6 ng fornate/litre blood at excitation

wavel ength of 565 nm and an emni ssion wavel ength of 590 nm ( Makar et
al ., 1975; Makar & Tephly, 1982).

A serum formate enzym c assay based on nodifications of the
format e dehydrogenase (FDH)-di aphorase procedure usi ng NAD-di aphorase-
i odonitrotetrazoliumviolet to devel op a red-col oured conpl ex, which
is measured at 500 nm was described by Gady & Osterloh (1986). The
calibration curve was |inear over the formate range of 0 to
400 ny/litre.

Formate in plasma was deternmined by Lee et al. (1992) enpl oying
an enzymatic procedure (G ady & GCsterloh, 1986; Buttery & Chanberlin
1988) and neasured spectrophotonetrically at 510 nm The detection
limt was about 3 pg/m.

Lee et al. (1992) determ ned that fornmate associated with acute
met hanol toxicity in humans does not accunul ate in bl ood when
at nospheric met hanol exposure concentrations are below the
occupational threshold linmt value of 260 ng/n® (200 ppm) for 6 hin
exposed heal t hy vol unteers.

d' Al essandro et al. (1994) found that serum and urine formate
deterninati ons were not sensitive biological markers of methano
exposure at the threshold Iinit value (TLV) in human vol unteers.
Formate in serum was anal ysed by the enzymatic-colorinetric procedure
of Grady & Osterloh (1986). The sensitivity of the nethod was
0.5 ng/litre of formate in serum

Buttery & Chanberlin (1988) devel oped an enzynatic nethod for the



deternminati on of abnormal |evels of formate in plasma requiring no
deproteinization and utilizing a stable col our reagent consisting of
phenazi ne net hosul fate, p-iodonitrotetrazoliumand NAD to produce a
stable red formazan col our. The precision at 1.0 and 5.0 mml/litre
formate was 2.9% and 1.7% respectively, within-day and 5.5% and 2.3%
respectively, between days.

Urinary form c acid was deterni ned using fornmate dehydrogenase
(FDH) in the presence of NAD. The detection limt was 0.5 ng/litre
The normal fornmic acid excretion in urine is between 2.0 and
30 ng/litre (Triebig & Schaller, 1980).

3. SOURCES OF HUMAN AND ENVI RONMVENTAL EXPOSURE
3.1 Natural occurrence

Met hanol occurs naturally in humans, animals and plants (Axel rod
& Daly, 1965; CEC, 1988). It is a natural constituent of blood, urine
and saliva (Leaf & Zatman, 1952) and expired air (Erikssen & Kul karni
1963; Larsson, 1965; Krotosynski et al., 1979; Jones et al., 1990),
and has al so been found in nother's mlk (Pellizzari et al., 1982).
Hummans have a background body burden of 0.5 ng/kg body wei ght (Kavet
& Nauss, 1990).

Level s of nethanol in expired air are reported to range from 0. 06
to 0.49 pg/litre (46-377 ppb) (Eriksen & Kul karni, 1963). Methanol has
been detected in the expired air of normal, healthy non-snoking
subjects at a nean level of 0.5 ng/litre (Krotosynski et al., 1979).

It is believed that dietary sources are only partial contributors
to the total body pool of nmethanol (Stegink et al., 1981). It has been
suggested that nethanol is forned by the activities of the intestinal
m croflora or by other enzynmatic processes (Axelrod & Daly, 1965). The
met hanol -form ng enzyme was shown to be protein carboxyl net hyl ase, an
enzynme that nethylates the carboxyl groups of proteins (Kim 1973;
Morin & Liss, 1973).

Nat ural em ssion sources of nethanol include vol canic gasses,
veget ation, microbes and insects (Onens et al., 1969; Hol zer et al.
1977; Graedel et al., 1986). Isidorov et al. (1985) identified
met hanol emi ssions of evergreen cyprus in the forests of Northern
Europe and Asia. Methanol was identified as one of the volatile
conponents enmitted by alfalfa (Omens et al., 1969) and it is forned
during biol ogi cal deconposition of biological wastes, sewage and
sl udges (US EPA, 1975; Howard, 1990; Nielsen et al., 1993).

3.2 Anthropogeni c sources

The maj or ant hropogeni ¢ sources of nethanol include its
production, storage and use, principally its use as a solvent, as a
chemical internmediate, in the production of glycol ethers, and in the
manuf act ure of charcoal, and exhaust from vehicle engines (US EPA,
1976a, b, 1980a, b; CEC, 1988).
3.2.1 Production levels and processes

3.2.1.1 Production processes



The earliest inportant source of methanol ("wood al cohol") was
the dry distillation of wood at about 350°C, which was enpl oyed from
around 1830 to 1930. In countries where wood is plentiful and wood
products forman inportant industry, nethanol is still obtained by
this procedure (I1LO, 1983).

In 1880, about 1.5 million litres of wood al cohol were produced
in the USA while in 1910 the ambunt had increased to over 3 nillion
litres (Tyson & Schoenberg, 1914). However nethanol produced from wood
contai ned nore contami nants, primarily acetone, acetic acid and allyl
al cohol, than the chem cal -grade nethanol currently avail abl e
(Grayson, 1981; Elvers et al., 1990). Methanol was al so produced as
one of the products of the non-catal ytic oxidation of hydrocarbons (a
procedure discontinued in the USA in 1973), and as a by-product of
Fi scher-Tropsch synthesis, which is no |onger industrially inportant
(Grayson, 1981).

Modern industrial scale nethanol production is based exclusively
on the catal ytic conversion of pressurized synthesis gas (hydrogen,
car bon nonoxi de and carbon dioxide) in the presence of netallic
het er ogenous catal ysts. Al carbonaceous materials such as coal, coke,
natural gas, petroleum and fractions obtained from petrol eum (asphalt,
gasol i ne, gaseous conpounds) can be enployed as starting materials for
synt hesi s gas production (Gayson, 1981; Elvers et al., 1990).

The required synthesis pressure is dependant upon the activity of
the particular netallic catalyst enployed, w th copper-containing zinc
oxi de-al um na catal ysts being the nbst effective in industrial
met hanol plants (Elvers et al., 1990). By convention the processes are
classified according to the pressure used: |ow-pressure processes,

50- 100 at nospheres; mnedi um-pressure processes, 100-250 atnospheres;
and hi gh-pressure processes, 250-350 atnospheres. Low- pressure
technology is the nost widely enployed globally and accounted for 55%
of the USA nethanol capacity in 1980 (Grayson, 1981).

Al nost all the nethanol produced in the USA is nade fromnatura
gas. This is steamreforned to produce synthesis gas, which is
converted to nethanol by | ow pressure processes. A small anount of
met hanol is obtained as a by-product fromthe oxidation of butane to
produce acetic acid and fromthe destructive distillation of wood to
produce charcoal (Grayson, 1981; Elvers et al., 1990).

The conposition of nmethanol obtained directly fromsynthesis
wi t hout any purification or with only partial purification varies
according to the synthesis (e.g., pressure, catalyst, feedstock). The
principal inmpurities include 5-20% (by vol une) water, higher al cohols
(principally ethanol), nethyl forrmate and hi gher esters, and snaller
anounts of ethers and al dehydes (G ayson, 1981; Elvers et al., 1990).
Met hanol is purified by distillation, the conplexity required
dependi ng on the desired nethanol purity and the purity of the crude
met hanol (Grayson, 1981; Elvers et al., 1990).

Nat ural gas, petrol eumresi dues and naphtha accounted for 90% of
wor | dwi de et hanol capacity in 1980, m scell aneous of f-gas sources
constituting the remaining 10% Natural gas al one accounted for 70%
petrol eum resi dues 15% and naphtha 5% (G ayson, 1981). Natural gas



feedst ock accounted for 75%in the USA and 70% of gl obal capacity in
1980. Met hanol produced fromresidual oil accounted for approximtely

15% of USA and worl dwi de capacity in 1980, while naphtha and coa

f eedst ocks accounted for approximately 5% and 2% respectively, of
wor | dwi de et hanol capacity in 1980 (G ayson, 1981). About 90% of the
gl obal nethanol capacity is currently based on natural gas (SRl

1992).

The production of nmethanol fromcoal, being i ndependent of oi
and natural gas supplies, is noted to be an attractive alternative
feed stock in some quarters (G ayson, 1981; CEC, 1988). Newer
approaches to the production of nmethanol that have been suggested
include the catalytic conversion from carbon di oxi de and hydrogen
avoi di ng conventional steamreform ng (Rotnman, 1994a) and the direct
catal ytic conversion of nethane to methanol (Rotman, 1994b).

3.2.1.2 Production figures

As shown in Table 2, worldw de annual capacity for nethano
production has increased over the past decades from approxi mately 15 x
10% tonnes in 1979 (Gayson, 1981) to 21 x 10% tonnes in 1989
(Elvers et al., 1990) and nore than 22.1 x 10° tonnes in the
begi nning of 1991 (SRI, 1992). Wrl dw de denand was projected to rise
further to about 25.8 x 10°% tonnes in 1994 (Anon., 1991; Niel sen et
al ., 1993) and 30.1 x 10°% tonnes in 1995 (SR, 1992). The data
avai |l abl e do not allow capacity and production figures to be conpared;
however, it is assumed that approxi mately 80% of production capacity
is utilized (Fiedler et al., 1990).

The USA and Canada are the | argest methanol - produci ng countri es.
About 85% of Canada's production is exported to the USA, Japan and
Europe (Heath, 1991). In Western Europe, Gernany, the Netherlands and
the United Kingdom are the maj or nethanol - produci ng countri es,
accounting for 7% 3% and over 2% of the world capacity, respectively
(SRI, 1992). The production of nethanol in Germany in 1991 and 1992
amounted to 715 000 and 770 000 tonnes respectively.

The annual capacity in Eastern Europe was estimated to be 5.8 x
10% tonnes in 1987. The production in the former USSR was 3.28 x 10°
tonnes and 3.21 x 10° tonnes in 1987 and 1988, respectively (Ri ppen,
1990) .

Table 2. Methanol production or production capacity (x 10°% tonnes per
year) from 1978 to 1995

Year Wor | d-wi de USA Canada West ern Japan
Capaci ty/ Ref er ence
Eur ope
production

1978 12 3.4 3 1
capacity Grayson (1981)



production

1979 15 4.05 3.45 1.35
capacity Grayson (1981)

1980 2.5
production CEC (1988)

1981 8
production CEC (1988)

1983 15.9 5.52 (33% 1.75 (11% 2.53 1.27
(8% capacity SRl (1992)
production CEC (1988)

1988 1.91
production Ander son (1993)

1989 21
capacity El vers et al. (1990)

19

production

1990 22.3
capacity Anon. (1991);
Ni el sen et al. (1993)

1991 22.1 4.42 (20% 2.21 (10% 2.65 (129 ® 0. 22
(1% capacity SRl (1992)

1991 2.22 0. 077
production Ander son (1993)

1992 2.15 0. 034
production Ander son (1993)

1992 3. 66 2.15
production Rei sch (1994)

1993 4.78
production Rei sch (1994)

1995 30.1
capacity SRl (1992)

a Only Germany,

The figures in Table 2 indicate a mgjor shift
production fromthe devel oped countries to the devel opi ng areas.
t he net hanol
the 1980s as a result of the discovery of
renote regions having little demand for
production is a very suitable alternative for marketing

fact,

nmet hanol

i ndustry under went

the Netherlands and the United Ki ngdom

i n met hanol

I'n

| arge structural changes during
large natural gas fields in
natural gas thenselves. Since



nat ural gases, a nunmber of methanol production plants for export were
built or proposed to be built in Asia (Bahrein, Oran, Qatar, Saud
Arabi a, |Indonesia, Mlaysia), South America (Chile, Mexico,

Venezuel a), the Caribbean (Trinidad) and in New Zeal and and Norway
(Fiedler et al., 1990; SRI, 1992). The largest single train plant
based on this concept cane on streamin southern Chile in 1988 with an
annual output of 750 000 tonnes (Fiedler et al., 1990).

Future trends in nethanol production and demand are being driven
to a large extent by increasing demand for nmethyl tertiary butyl ether
(MIBE), which is used in gasoline blending as an octane enhancer and
to reduce carbon nonoxi de em ssions (Anon., 1991; Morris, 1993;

Ni el sen et al., 1993).

3.2.2 Uses

During the 1890s, the nmarket for nethanol (then better known as
wood al cohol) increased as a comrercial product and as a solvent for
use in the workplace. It was included in nany consuner products such
as witch hazel, Jammica ginger, vanilla extract and perfunes (Wod &
Bul l er, 1904). The nost notorious use of wood al cohol was and
continues to be as an adulterant in al coholic beverages, which has |ed
to | arge-scal e epi sodes of poisonings since 1900 (Bennett et al.

1953; Kane et al., 1968).

Historically, in terns of comercial usage, about half of al
met hanol produced has been used to produce fornmal dehyde. Qther earlier
| ar ge-vol ume chemi cal s based on net hanol include acetic acid, dinethy
terephthal ate, glycol nmethyl ethers, nethyl halides, nethylam nes,
met hyl acryl ate and various solvent uses (Grayson, 1981; CEC, 1988;
El vers et al., 1990; N elsen et al., 1993).

3.2.2.1 Use as feedstock for chemical syntheses

Approxi mately 70% of the nethanol produced worl dw de is used as
feedst ock for chenical syntheses. As shown in Table 3, formal dehyde
met hyl tertiary butyl ether (MIBE), acetic acid, nethyl nethacryl ate,
and di methyl terephthalate are, in order of inportance, the main
chem cal s produced from nethanol. Methyl halides produced from
met hanol include nmethyl chloride, nmethylene chloride and chl orof orm

Nearly all the formal dehyde manufactured worl dwi de is produced by
oxi dation of nethanol with atnospheric oxygen. The annual fornal dehyde
production was projected to increase at a rate of 3% but because
ot her bul k products have higher gromh rates, its relative inportance
with respect to nethanol use has decreased (Elvers et al., 1990;
Fiedler et al., 1990).

Table 3. Use pattern for nethanol (as a percentage of production)
according to region and year

d obal G obal USA
USA Japan West ern Europe Br azi



1979 1988 1973
1985 n.g. 1985 n.g.

Use for synthesis of:

f or mal dehyde 52 40 39
30 47 50 60
MTI'BE 4 20
8 - 5 -
acetic acid 6 9 3.4
12 10 5 -
di net hyl terephthal ate 4 6.1
4 1 4 16
net hyl net hacryl ate 4 3.7
4 6 3 2
net hyl hal i des 8 6.1
9 3 6 -
nmet hyl ani nes 3.3
4 2 4 9
gl ycol nethyl ethers 1.1
Direct use
sol vent
10 6 6 2
fue
6 - 5 -
M scel | aneous 14 16.9
13 25 12 11
Ref er ence® [1] [2] [3]
[ 4] [4] [ 4] [4]
a together with nmethyl amines production

b Ref erence: [1] Kennedy & Shanks (1981); [2] Elvers et al. (1990); [3]
US EPA (1980a); [4] Ri ppen (1990)
n.g. = year not given

MIBE has becone an inportant octane-enhanci ng bl endi ng component
in gasoline, particularly in the USA where the Cean Air Act
Anmendnents of 1990 have pronpted further steps toward reducing
em ssions from notor vehicles by changi ng the fornul ations of
gasoline. This is achieved by using so-called oxygenated fuel, i.e.
fuel containing at |east 2% oxygen by weight in the form of
oxygenates, but |ess benzene and ot her aronatic conmpounds than
conventional fuel (Health Effects Institute, 1996). MIBE is produced
by reacting nmethanol with isobutene in acid i on exchangers. In 1987,
MIBE (production of 1.6 x 10°% tonnes) ranked 32nd anmong the top 50
chenical s produced in the USA (Scholz et al., 1990). In 1993, 11 x
10% tonnes were produced, ranking MIBE ninth of the top 50 chemicals
(Rei sch, 1994).

Acetic acid is produced by carbonyl ation of nethanol w th carbon
nmonoxi de. Annual growth rates of 6% have been estinmated (Fiedler et



al ., 1990).

Met hanol is present in a broad variety of commercial and consuner
products including shellacs, paints, varnishes, mxed solvents in
duplicating machi nes (95% concentration or greater), antifreeze and
gasol i ne deicers (generally containing 35-95% net hanol ), w ndshield
washer fluid (contains 35-90% net hanol ), cleansing sol utions
(contai ni ng around 5% et hanol ), nodel and hobby gl ues and adhesi ves,
and Sterno ("canned heat") containing 4% net hanol (Posner, 1975; US
EPA, 1980a; CEC, 1988; ATSDR, 1993).

Met hanol is also used in the denitrification of wastewater,
sewage treatment application (carbon source for bacteria to aid in the
anaer obi ¢ conversion of nitrates to nitrogen and carbon dioxide), as a
substrate for fermentati on production of aninmal feed protein (single
cell protein), as a hydrate inhibitor in natural gas, and in the
met hanol ysi s of polyethyl ene terephthalate (PET) fromrecycled plastic
wast es (Posner, 1975; US EPA, 1980a; Kennedy & Shanks, 1981; ATSDR,
1993).

3.2.2.2 Use as fue

Met hanol is a potential substitute for petroleum It can be
directly used in fuel as a replacenent for gasoline in gasoline and
di esel blends. Methanol is in favour over conventional fuels because
of its | ower ozone-forming potential, |ower em ssions of sone
pol lutants, particularly benzene and polycyclic aromatic hydrocarbons
and sul fur conpounds, and | ow evaporative enissions. On the other
hand, the possibility of higher formal dehyde emi ssions, its higher
acute toxicity and, at present, |ower cost-efficiency favour
conventional fuels (CONCAWE, 1995).

For use in gasoline engines, pure nethanol (so-called MLOO fuel)
or mxtures of 3, 15 and 85% met hanol with conventional petrol eumr
products (M3, ML5, MB5) are npst conmon. |n diesel engines nethanol
cannot be used as an exclusive fuel because of its |ow cetane number
that woul d i npose proper ignition. Therefore, nmethanol is injected
into the cylinder after ignition of the conventional diesel fue
(Fiedler et al., 1990).

3.2.2.3 Oher uses

Met hanol is used in refrigeration systens, e.g., in ethylene
plants, and as an antifreeze in heating and cooling circuits. However,
its use as an engine antifreeze has been replaced by glycol - based
products. Methanol is added to natural gas at the punping stations of
pi pelines to prevent formation of gas hydrates at | ow tenperature and
can be recycled after renoval of water. Methanol is also used as an
absorption agent in gas scrubbers to renove, for exanple, carbon
di oxi de and hydrogen sul fide. According to Table 3, |arge anmounts of
met hanol are used as a solvent. Pure nethanol is not usually used
al one as a solvent, but is included in solvent mixtures (Fiedler et
al ., 1990).

3.2.2.4 Losses into the environnent

G ven the high production volunme, w despread use and physical and



chenmical properties of methanol, there is a very high potential for
| arge amounts of nmethanol to be released to the environnent,
principally to air (US EPA, 1976a,b, 1980a,b, 1994; N elsen et al.
1993). Emi ssions of methanol primarily occur from m scel | aneous

sol vent usage, nethanol production, end-product nmanufacturing, and
bul k storage and handling | osses. The | argest source of emni ssions of
met hanol is the mscell aneous sol vent use category.

US EPA (1980b) estimated enission factors for the rel ease of
met hanol and vol atile organi ¢ conpounds (VOC) fromthe | ow- pressure
synthesi s of nethanol from natural gas in a nodel plant with a
capacity of 450 000 tonnes/year. The process and capacity were typica
of those built in the |ate 1970s. The overall enission factors were
estimated to be: uncontrolled em ssions, 1.56 kg nethanol/tonne
produced; controlled em ssions, 0.14 kg nethanol /tonne produced
(Nielsen et al., 1993).

It was estinmated that about 1% of the methanol used in the
production of formal dehyde woul d be rel eased to the environment during
the production process by which formal dehyde is produced by either a
metallic silver-catal yst process or a netal oxide-catalyst process (US
EPA, 1976a; 1980b). In the oxidation-dehydrogenati on process with
metallic silver catalyst, 0.89 kg nmethanol/tonne of 39% (by wei ght)
formal dehyde sol ution was rel eased principally fromthe product
absorber vents, and 1.24 kg nethanol/tonne fromthe fractionator
vents. The production of formal dehyde using the catal ytic oxidation,
met al oxi de catal yst process resulted in the release of 1.93 kg

met hanol /tonne of 37% f ormal dehyde sol ution with enissions fromthe
absorber vent (US EPA, 1980b).

US EPA (1994) reported that nethanol was the nost rel eased
chemical to the environment (air, water and | and) based on the 1992
Toxi ¢ Rel ease I nventory which utilized 81 016 individual chem ca
reports froma total of 23 630 facilities (approximtely 65% of
facilities reporting). The air, water and |and rel eases of nethano
totalled 1.09 x 10° tonnes, consisting of 1.53 x 10* tonnes of
fugitive or non-point air enissions, 72 956 tonnes of stack or point
air enmssions, 7444 tonnes of surface water discharges and 15 095
tonnes released to |l and. Additionally, 1.283 x 10* tonnes were
transferred via underground injection.

Met hanol had the | argest off-site transfers (51 672 tonnes) to
publicly owned treatnent works (POTW) in 1992. During the sane
period, nethanol ranked third |largest of the Toxic Rel ease Inventory
Chemicals with off-site transfers for treatnent. The total transfers
to treatnment were 18 098 tonnes, consisting of 4 tonnes for
solidification, 10 295 tonnes for incineration/thernal treatnment, 1971
tonnes of incineration/insignificant fuel value; 5311 tonnes for
wast ewat er treatnent and 147 tonnes to waste broker-waste treatnent. A
total of 493 980 tonnes of nethanol was treated, consisting of 260 875
tonnes treated on-site and 197 400 tonnes off-site. A total of 1510
tonnes of methanol was released to land, prinmarily to on-site
landfills (US EPA, 1994).

The total ampunt of nethanol release in Canada in 1993 was
306 222 tonnes distributed as follows: air, 15 326; water, 14 248;



under ground, 819 and land, 205 (Mnistry of Supply & Services Canada,
1993).

Tail pipe enissions as well as evaporative em ssions are
moni t ored by a nunber of agencies. Emissions and air quality nodelling
results have been reported from net hanol/gasoline blends in prototype
flexiblel/variable fuelled vehicles (US EPA, 1991; Auto/Q Il Air Qality
Research Program 1992, 1994). Motor vehicle em ssions are affected in
various ways by the use of nethanol fuels in production flexible/
variabl e fuel vehicles. H gher nolecul ar wei ght hydrocarbons are
reduced and carbon nonoxide is reduced under sone circunstances, while
i ncreases in methanol and formal dehyde can occur (US EPA, 1991).

Met hanol has been found in significant amounts in the exhaust
from gasol i ne- powered vehicles as well as in diesel exhausts. Methano
was nmeasured at |evels of 100-226 ng/kg in the exhaust enissions from
non-cat al yst vehicles fuelled wi th isobutane/nethanol/gasoline
(2/15/83; N-15). Methanol em ssions froma light-duty diesel vehicle
fuelled with 95% net hanol were one order of nagnitude higher
(3.4 g/kg) (Jonsson et al., 1985).

Chang & Rudy (1990) reported nmethanol emission factors for
vehicles fuelled by M-85 (85% nmet hanol + 15% gasoline) and M-100 (100%
met hanol) in the USA. For N-85-fuelled vehicles, factors were 0. 156-
0.7 g methanol/mle driven in exhaust em ssions and 0.055-0.25 g
met hanol /m | e driven in evaporative em ssions. For N-100 fuelled
vehicles, they were 0.5 g nmethanol/mle driven in exhaust em ssions
and 0.072-0.134 g nethanol/nmile driven in evaporative emn ssions.

Met hanol was found at |evels of 130-800 pg/n® (0.1 to 0.6 ppm
in the exhaust from ni ne hydrocarbon test fuels, e.g., iso-octane
i so-octene, benzene, 2-nmethyl-2-butene, toluene, o0-xylene,
benzene/ n-pentane, toluene/ n-pentane and iso-octane/tol uene/
i so-octene (Seizinger & Dimtriades, 1972).

Met hanol , formal dehyde and hydrocarbon em ssi ons from net hanol -
fuelled cars were reported by Wllians et al. (1990). The variable
met hanol -fuel | ed vehicl es using fuel mxtures of 100, 85, 50, 15 and
0% et hanol and a dedi cated nethanol vehicle all gave simlar enission
patterns. The organi c conposition of the exhaust was 85-90% net hanol
5- 7% f or mal dehyde and 3- 9% hydrocar bons.

4. ENVI RONVENTAL TRANSPORT, DI STRI BUTI ON AND TRANSFORIVATI ON
4.1 Transport and distribution between nedia

Met hanol is released into the environnent from both natural and
man- made sources, the latter being the nost significant. Methano
is released predominantly fromits production and use as a sol vent
in industrial processes (in extraction, washing, drying and
recrystallization operations), and to a | esser degree froma variety
of industrial processes and donestic uses (US EPA, 1980a, b; G aedel et
al ., 1986; CEC, 1988; Howard, 1990; N elsen et al., 1993).

Met hanol vol atilization half-lives of 5.3 and 2.6 days have been
estimated for a nodel river (1 mdeep) and an environnental pond,
respectively (Howard, 1990).



Met hanol is expected to exist alnost entirely in the vapour phase
in the anbi ent at nosphere, based on its vapour pressure (Eisenreich
et al., 1981; Graedel et al., 1986). Because of nethanol's water
solubility, rain would be expected to physically renpove sonme nethanol
fromthe air (US EPA, 1980a, b; Snider & Dawson, 1985).

Met hanol has been found in the atmmosphere (Graedel et al.,
1986). It can be the product of atnospheric al kane chem stry with
concentrations as high as 131 pg/n® (100 ppb) being found. Met hanol
is expected to beconme an inportant additional trace gas in the
at nosphere due to its projected increased use as an alternative fue
to gasoline or in a gasoline blend (CEC, 1988; Chang & Rudy, 1990).

The miscibility of nmethanol in water and its | ow octanol/water
partition coefficient suggest high mobility in soil. Lekke (1984)
studi ed the adsorption of nethanol onto three soil types at 6°C. The
soils tested conprised two sandy soils (organic matter contents of
0.09 and 0.1%, and a clay soil (organic matter content of 0.22%.

Met hanol solutions with concentrations of 0.1, 1.0, 9 and 90 ng/litre
were used in 1-h exposure studies. Adsorption coefficients for al

soi | methanol concentrations and soil types ranged fromO0.13 to 0. 61,
i ndi cati ng nmet hanol has a | ow adsorptive capacity on these soils.
However Nielsen et al. (1993) suggested that the soils used in the
Lekke (1984) study had | ow organic matter contents conpared to typica
agricultural surface soil which can have organic matter contents of 1
to 2% and up to 5% in some soils. A soil containing a typical anopunt
of organic matter mght therefore be expected to retain nethanol and
prevent it fromreaching the subsoil

Additionally, the relatively high vapour pressure and | ow
adsor ptive capacity suggests significant evaporation fromdry
sur faces.

4.2 Transformation
4.2.1 Biodegradation

Met hanol is readily biodegradable in soil and sedinments, both
under aerobic and anaerobic conditions. A |arge nunber of strains/

genera of m croorgani sns have been identified as capable of using
met hanol as a growth substrate (Hanson, 1980; Braun & Stolp,

1985; N elsen et al., 1993). These include Pseudononas sp.,
Met hyl obact eri um or ganophi | i um Hyphom crobi um sp., Desul fovibrio;
Streptonyces sp., Rhodopseudononas aci dophilia; Paracoccus

denitrificans; Mcrocyclus aquaticus; Thiobacillus novell us;

M crococcus denitrificans; Achronobacter 1L (isolated from activated
sewage sludge) and Mycobacterium50 (isolated fromactivated sewage
sl udge). Most microorgani sns possess the enzyme al cohol dehydrogenase
whi ch is necessary for nethanol oxidation. The methanogen,

Met hanosar ci ne barkeri can grow on and produce nethane from net hano
(Hi ppe et al., 1979).

The follow ng genera of methanol -oxidizing yeasts have been
reported: Pichia; Saccharomyces; Hansenul a; Rhodotorul a; Kl oechera;
Candi da; Torulopsis (Stensel et al., 1973; Hanson, 1980; Nielsen et

al ., 1993). kpokwasili & Amanchukwu (1988) isolated Candida sp.



from N ger Delta sedinent which utilized nmethanol as a growth
substrate.

4,.2.1.1 Water and sewage sl udge

In a closed bottle test, according to OECD gui deline 301D
met hanol was found to be readily biodegradable with 99% COD renpva
after the test period of 30 days (Hils AG 1978). In another closed
bottle test using unadapted i noculum from donestic sewage the
degradati on of nmethanol at concentrations of 3, 7 or 10 ng/litre in
both freshwater (settled donestic wastewater) and synthetic seawater
i ncubated for a nmaxi num of 20 days under aerobic conditions was
studied by Price et al. (1974). Methanol was readily degraded in both
inocula at all concentrations with average di sappearance of nethano
as follows: a) after 5 days, 76% bio-oxidation in fresh water and 69%
in salt water; b) after 10 days, 88% bi o-oxidation in fresh water and
84%in salt water; c) after 15 days, 91% bio-oxidation in fresh water
and 85%in salt water and d) after 20 days, 95% bi o-oxidation in fresh
water and 97%in salt water.

Mat sui et al. (1988) studied the biodegradability of nethanol in
a batch reactor using activated sludge froman industrial wastewater
treatment plant which was acclimtized to the wastewater origi nating
froma petrochenmi cal conplex in Japan. Methanol at an initia
concentration of 100 ng/litre and an acclimtion period of 1 day was
found to be highly biodegradable with 91% COD renoval and 92% TCC
renoval achi eved

I ncubation of 0.05 ng nethanol/litre for 5 days in activated
sl udge from a mnuni ci pal sewage plant resulted in the degradation of
37% of the nethanol (Freitag et al., 1985). Hatfield (1957) found that
at a feed rate of 333 or 500 ng/litre, methanol was virtually
conpl etely oxidized (with a najor portion of the BOD and COD renpved)
by acclinmated nicroorganisns within 6 h in a settled donestic sewage
i nocul um

The m crobial netabolismof nmethanol in a nodel activated sl udge
system nonitored by Swain & Sonerville (1978) reveal ed that nethano
was not broken down when added transiently (0.23% by volunme) to the
systemoperating with a retention tine of 11 h. However adaptation of
the sludge in such a systemto 0.1% by vol unme occurred over a period
of several days. After 2 days acclimation, about 50% of the nethano
was utilized, and after 6 days acclination nore than 80% of the
met hanol had been netabolized. There were no apparent toxic effects
caused by the addition of methanol (0.1% by volune) to the sludge
prior to and after adaptation to nethanol.

The anaerobi c treatment of wastes containi ng nethanol and hi gher
al cohols (approxi mtely 50:50 m x) was studied by Lettinga et al
(1981). In batch and conti nuous experinents using an inocul urr
consi sting of sugar beet waste and active anaerobic sludge, the
br eakdown of methanol began within a few days while the breakdown of
hi gher al cohols occurred i medi ately depending on the initial |oad of
wast e appli ed.

Denitrification is facilitated by heterotrophic and autotrophic
bacteria. Heterotrophic bacteria require a carbon source for their



grow h and cell metabolismwhich can be supplied by nmethanol (Stensel
et al., 1973; Nyberg et al., 1992; Jansen et al., 1993; Upton, 1993).
Bacteria such as the organi sns of the genera Pseudononas,

M crococcus, Achronobacter, Spirillum and Bacillus reduce
nitrate, nitrogen oxide and nitrous oxi de under anaerobic conditions.
The addition of methanol to pronote denitrification has been suggested
in situations where nitrate accumul ates, and met hanol has been
added as an economi c exogenous organic carbon source to increase
denitrification (Stensel et al., 1973; Nyberg et al., 1992; Jansen et
al ., 1993; Upton, 1993).

At a wastewater treatnent plant in Ml no, Sweden, conplete
denitrification was obtained after approximately one nonth at 10°C
after methanol was added for denitrification. M croscopic exam nation
reveal ed a growi ng popul ati on of buddi ng and/ or appendaged bacteri a,
presumably Hyphom crobrium spp. reaching a stable maxi num at the
time when optimal nitrate renoval occurred (Nyberg et al., 1992)

Upt on (1993) described a pilot study in the United Kingdomrr
indicating that denitrification in deep-bed sand filters is a feasible
technol ogy utilizing nethanol addition. Nitrogen renovals greater than
70% were possible at wi nter sewage tenperatures.

Several other | aboratory studies using a variety of nethodol ogi es
have denonstrated the rapi d bi odegradation of methanol by sewage
organi sns. These show degradati on of between 66 and 95% and usually
greater than 80% within five days (Kenpa, 1976; Huls AG 1978; Matsu
et al., 1988).

4.2.1.2 Soils and sedi nents

Met hanol is biodegradable in soils and sedi nents, both under
aer obi ¢ and anaerobic conditions. Methanol is a nornal growth
substrate for many soil microorgani sns, which are capabl e of
conpl etely mneralizing nmethanol to carbon nonoxi de and water (CEC,
1988; Howard, 1990; Howard et al., 1991; Nielsen et al., 1993).

Met hanol at concentrations of up to 1000 ng/litre was degraded to
non- measur abl e anounts within a year or less in subsurface soil and
ground water sites in Pennsylvania, New York and Virginia (USA)
believed to be previously uncontan nated. Conpl ete degradati on of
100 g nethanol/litre occurred in | ess than 30 days in one aerobic soi
sanpl e froma Pennsylvania site (Novak et al., 1985).

Scheunert et al. (1987) nonitored the formation of !*CC, from
| abel | ed met hanol in aerobic and anaerobi ¢ suspended soil and found
met hanol to be readily degradable after 5 days incubation at 35°C.
Rat es and patterns of biodegradation of methanol in surface and
subsurface soils fromeight sites in New York, Pennsylvania and
Virginia in static mcrocosns under anaerobic conditions were
eval uated by Hi ckman & Novak (1989) and Hickrman et al. (1989). The
rates of methanol degradation varied considerably between sites, but
the soils could be characterized into two general types, nanely fast
soils, in which degradation rates were high and rates were increased
by addition of nitrate and sulfate, and slow soils, in which
bi odegradation rates were | ow and decreased by the addition of nitrate
or sulfate and inhibition of sulfate increased degradation rates
Bi odegradation rates in subsurface soils were generally within the



range of 0.5-1.1 ng/litre per day and indicated that no acclimtion
period was required. Biodegradation rates were cal cul ated and used to
estimate a half-1ife of between 58 and 263 days for nmethanol in these
soils (Hi ckman et al., 1989).

Conpared to other substrates studied, e.g., acetate,
trimethyl ani ne and net hyl am ne, methanol (at concentrations |ess than
3 UM was degraded relatively slowy mainly to carbon di oxi de,
principally via sulfite-reducing organi sns, and could not be
considered a significant in situ precursor in surface sedinents of
an intertidal zone in Maine, USA (King et al., 1983).

Met hanol was found to be an inportant substrate for nethanogenic
bacteria in anaerobic sedinents (highly reduced and contai ni ng net hane
and hydrogen sulfide), collected froma salt nmarsh located in
San Francisco Bay, California. The sedi nents were honpgeni zed
anaerobically with San Franci sco Bay water and 310-340 pnol nethanol/
flask, resulting in 83-91% conversion to nethane, carbon dioxi de and
water after 3 days (Orenmland et al., 1982).

A sul fate-reduci ng bacterium of the genus Desulfovibrio, which
i s capabl e of degrading nethanol after growth on pyruvate, nalate or
fumarate, conpletely converted anaerobic sanples of *C-nethanol to
carbon di oxi de. However the *C-label was not used as a carbon source
by the bacteriumand was not assinmilated into cellular material (Braun
& Stolp, 1985).

4.2.2 Abiotic degradation
4.2.2.1 \ater

In a 5-day experiment, *C-l1abelled methanol applied to
soi | -wat er suspensi ons under both aerobic and anaerobic conditions
yi el ded 53.4 and 46. 3% “CC,, respectively (Scheunert et al., 1987).

Hal f-1ives of 5.1 years and 46. 6 days for the photooxidation of
met hanol in water have been reported based on the neasured rate data
for the reaction with hydroxyl radicals in aqueous sol utions (Howard
et al., 1991). A binolecular reaction rate constant of 8.5 x 10713
cn®/ ol ecul e per second for the reaction of methanol and hydroxyl
radicals in water has been reported by Lemaire et al. (1982).

The rate constant for the reaction of nmethanol w th hydroxyl
radi cals in aqueous solution is approximately 1 x 10° litre/ mol per

second (Gurten et al., 1984). If the hydroxyl radical concentration of
sunlit natural water is assunmed to be 1 x 10°Y nol/litre (M1l et
al., 1980), the half-life of nmethanol would be approximtely 2.2 years

(Howar d, 1990).

Sedi ment and cl ay suspensions did not photo-catal yse the
degradati on of nethanol in aqueous solution during ultraviolet
irradiation at 300 nm However, the addition of sem -conductor powders
such as titaniumdioxide led to |large increases in the yield of
formal dehyde upon irradiation, in contrast to the small amounts of
formal dehyde formed fromthe irradi ati on of 10% aqueous net hanol
(Aiver et al., 1979).



Hustert et al. (1981) reported that methanol in aqueous solution
was st abl e when exposed to sunlight. Al cohols are generally resistant
to environmental aqueous hydrolysis (Lyman et al., 1982; Howard,
1990) .

4,2.2.2 Ar

Met hanol reacts in the atnosphere with oxidizing species (Barnes
et al., 1982; Lermmire et al., 1982; Whitbeck, 1983; Graedel et al.,
1986; Montgonery, 1991; N elsen et al., 1993; US EPA, 1994).

The at nospheric lifetinme of methanol has been estimted to be 20
days based on the reaction of conmpounds with the hydroxyl radical
and assunming a hydroxyl free radical concentration of 5 x 10°
radi cal s/cn® (Gaedel et al., 1986). Methanol half-lives of 8.4 days

(US EPA, 1979), 8.0 days (Lemaire et al., 1982) and 7.3 days (Barnes
et al., 1982) have al so been reported based on reactions at 300°K and
equations reported in Lyman et al. (1984) and Resenblatt (1990).
Gusten et al. (1984) reported that at 300 °K and at nbspheric pressure,
an average hydroxyl concentration of 1 x 10° nol ecul es/cn® and a
reaction rate constant of 0.95 x 10°!2 c¢n® /nol per sec, the half-

life of nethanol was 8.4 days.

Reaction of nethanol with nitrogen dioxide in a snbg chanber
yielded nmethyl nitrite and nitric acid and the surface reaction of
met hanol and nitrogen di oxi de was enhanced under ultraviolet |ight
(Aki noto & Takagi, 1986). The reaction of nethanol with nitrogen
di oxi de may be the major source of methyl nitrite found in polluted
at nospheres (Takagi et al., 1986; Howard, 1990). Only 4.1% of the
met hanol applied to silica gel was degraded when irradiated for 17 h
at wavel engths greater than 290 nm (Freitag et al., 1985).

4.2.3 Bioconcentration

Bi oconcentration factors (BCFs) of nethanol experimentally
measured in aquatic organisns using a |l og ko, value for methanol of
-0.77 and correlation equations reported in Lyman et al. (1990) ranged
fromO0.01-0.51 (Nielsen et al., 1993). Based on the octanol/water
partition coefficient of -0.77, the BCF value for nethanol was
estimated to be 0.2 (Howard, 1990).

Freitag et al. (1985) reported a BCF of < 10 (wet weight basis)
for the golden ide (Leuciscus idus nelanotus) after 3 days exposure
to 0.05 ng nethanol/litre.

Guth et al. (1985) proposed a BCF of about 1 for the carp

Cyprinus carpio exposed to “C-methanol for up to 72 h. The anpunt
of radioactivity was neasured in the liver, kidneys, intestine,

muscl e, blood and gills of carp exposed to nethanol at 5 ng/litre. The
initial uptake of nethanol into the different tissue types was the
sane after 24 h and | evels renmi ned constant for over 72 h in the
liver, kidneys, gills and intestines, but dropped slightly in the

bl ood and nuscl e.

Ceyer et al. (1984) calculated a BCF of 28 400 (dry wei ght.
basis) for the green alga Chlorella fusca exposed to 0.05 ng/litre



14C-1 abel | ed nethanol for 24 h at a tenperature of 20-25°C with 16 h
illumnation and with agitation. Nielsen et al. (1993) suggested that
thi s high bioconcentration factor is anonal ous conpared to those for
ot her aquatic organisns. It nay be due to the fact that nethanol is
nmet abol i zed by the al gae, and the C-label, which is neasured to
calculate the BCF value, is incorporated into the algae in netabolic
forms other than nethanol.

5. ENVI RONMVENTAL LEVELS AND HUMAN EXPOSURE
5.1 Environnental |evels
5.1.1 Air

Met hanol was detected at mean anbi ent concentrations of 10 and
3 pg/n® (7.9 and 2.6 ppb) at Tucson, Arizona, USA, and two renote
Arizona | ocations, respectively, during nmonitoring in 1982 of air
pollutants in the USA (Snider & Dawson, 1985). It was al so detected in
rural air in Al abana (Hol zer et al., 1977). Methanol was detected at
concentrations of 0.65-1.8 pg/n® (0.5-1.2 ppb) (average 0.77 ppb
met hanol plus ethanol) in Arctic air from Point Barrow, Al aska, in
Sept enber 1967 (Cavanaugh et al., 1969).

U ban air levels of nethanol in the range of 10.5-131 pg/n®
(8-100 ppb) have been reported (G aedel et al., 1986). Jonsson et al
(1985) reported significant amounts of methanol (0.59-94 g/ nd;
0.45-72 ppb) at dense traffic sites in Stockholm Sweden. Average
ambi ent et hanol concentrations of 5-30 upg/n® (3.83-26.7 ppb) were
detected at five sites in and around Stockhol m

In 1994, nethanol was |isted as one of the 189 hazardous air
pol lutants (HAPs) under the Cean Air Act Anendnent of 1990, Title I
in the USA (Kelly et al., 1994). In a US EPA (1993) sumuary, nedian
met hanol |evels of 6-60 ug/n® were found in 52 sanples fromthree
| ocations (Boston, Houston, and Lima, OChio) in the USA.

5.1.2 Water

Data on the occurrence of nethanol in water, particularly
finished drinking-water, is limted. Methanol was identified in water
at 24 locations in the USA during the period 1974-1976 (US EPA,
1976b) . The frequency of occurrence was as follows: finished drinking-
water, 12; effluents fromchemcal plants, 6; effluents from sewage
treatnment, 4; effluents from paper production, 1; and effluents fron
| at ex production, 1.

Met hanol was detected in the USA at a nmean |evel of 22 ug/litre
in rainwater collected during a thunderstormin Arizona in 1982
(Sni der & Dawson, 1985).

Met hanol at |evels of 17-80 nyg/litre (17-80 ppnm) was detected in
wast ewat er effluents froma speciality chenicals manufacturing
facility in Massachusetts, USA, but none was detected in associ ated

river water or sedinments (Jungclaus et al., 1978). A concentration of
42.4 ng/litre were found in a | eachate fromthe Love Canal in Niagara
Falls, New York (Venkataraman et al., 1984). Methanol at a |level of

1050 ng/litre was detected in condensate waters di scharged froma coa



gasification plant at North Dakota, USA (Mhr & King, 1985).
5.1.3 Food

Di etary nethanol can arise in large part fromfresh fruits and
veget abl es where it occurs as the free al cohol, nethyl esters of fatty
aci ds or methoxy group on pol ysaccharides such as pectin (Kirchner &
MIler, 1957; Casey et al., 1963; Self et al., 1963; Lund et al.

1981; Stegink et al., 1981; Monte, 1984).

The net hanol content of fresh and canned fruit juices
(principally orange and grapefruit juices) varies considerably and may
range from 1-43 ng/litre (Kirchner & MIler, 1957), 10-80 ng/litre
(Lund et al., 1981; Mnte, 1984) and 12-640 ng/litre with an average
of 140 ng/litre (Francot & Ceoffroy, 1956; Mnte, 1984). Methano
evol ved during the cooking of high pectin foods (Casey et al., 1963)
has been accounted for in the volatile fraction during boiling and is
quickly lost to the atnosphere (Self et al., 1963). However entrapment
of the volatiles during canning is possible and probably accounts for
the el evated net hanol levels of certain fruits and vegetabl es during
this process (Lund et al., 1981).

Fernmented distilled beverages can contain high | evel s of
met hanol, with sone neutral spirits having as nmuch as 1.5 g/litre
(Francot & Ceoffroy, 1956). Methanol was found at |evels of
6-27 ng/litre in beer, 96-321 ng/litre in wines and 10-220 ng/litre
in distilled spirits (Geizerstein, 1981). The nethanol content in
representative beverage al cohol varied between 40 and 55 ng/litre
bourbon. This value is conparable with those reported by the
distillers. The concentration of nethanol in 50% grain al cohol was
found to be approximately 1 ng/litre (M chrowi cz & Mendel son,
1971). The presence of nmethanol in distilled spirits is directly |inked
to the pectin content of the raw naterials. During the process of
making fruit spirits, pectic substances contained in different parts
of the fruit undergo degradati on by pectin nethylases, which can | ead
to the formation of significant quantities of nethanol (Bindler et
al ., 1988). Concentrations of nmethanol permitted in brandies in the
USA, Canada and Italy range from6-7 g/litre ethanol (Bindler et al.
1988) .

Met hanol has been identified in the volatile fraction of sherry
wi ne vinegars (Blanch et al., 1992), |enbn, orange and |ine extracts,
distilled liquors and cordials (AQAC, 1980, 1990).

Met hanol has been identified as a volatile conponent of dried
| egumes with reported levels of 1.5-7.9 ng/kg in beans, 3.6 ng/kg in
split peas and 4.4 ng/kg in lentils (Lovegren et al., 1979). Mt hanol
has al so been reported (no levels stated) in roasted filberts (Kinlin
et al., 1972) and baked potatoes (Colenman et al., 1981). It has been
detected in low-boiling volatile fractions of cooked foods, including
Brussel s sprouts, carrots, celery, corn, onion, parsnip, peas and
potatoes (Self et al., 1963).

Humans can al so ingest varying amounts of nethanol in foods and
or drugs isolated or recrystallized frommethanol, e.g., nethanol is
used as an extraction solvent for spice ol eoresins and hops (Lew s,
1989). Additionally, certain foods and drugs, consuned or admi nistered



as their nethyl ester, can release methanol during their netabolismr
and excretion (Stegink et al., 1981; Davoli et al., 1986). For

exanpl e, 10% of the sweetening agent aspartanme (L-aspartyl-L-
phenyl al ani ne net hyl ester) hydrolyzes in the gastrointestinal tract
to becone free nethanol. Carbonated beverages contain about 555 ng
aspartane/litre (Medinsky & Dorman, 1994), equivalent to approximtely
56 ng met hanol per litre.

The amount of nethanol present in an average serving of beverage
sweet ened by aspartanme alone is considerably less than in the sane
vol une of many fruit and vegetable juices. For instance, tonato juice
wWill result in 6 tines the amobunt of methanol exposure than
consunption of an equival ent vol une of aspartame sweetened beverage
(Wicherpfennig et al., 1983)

Exposure to several industrial conmpounds such as nethanol
f ormal dehyde and acetone may contribute to increasing amunts of
formate in the body (Boeniger, 1987). Formate is present in blood at
background or endogenous | evels that range fromO0.07 to 0.4 nmM
Al though it is essential for survival, an excess of formate, which
often occurs after intake of |arge doses of nethanol, can cause severe
toxicity and even death (Medi nsky & Dornman, 1994).

I ngestion of formate can arise fromsuch foods as honey, fruit
syrups and roasted coffee as well as fromits use as a food
preservative. Fornate is also produced as a by-product of severa
met abol i ¢ pat hways incl udi ng histidine and tryptophan degradati on
(Stegink et al., 1983).

The possible utility of formic acid as a bi omarker for
occupati onal exposure to nethanol has been investigated (Angerer &
Lehnert, 1977; Baumann & Angerer, 1979; Ferry et al., 1980; Heinrich &
Angerer, 1982; Liesivouri & Savol ai nen, 1987; Franzblau et al., 1992b
Lee et al., 1992; d' Alessandro et al., 1994).

5.1.4 Tobacco snpke

Met hanol at | evels of 180 pg/cigarette has been detected in the
vapour phase in nmainstream snoke (Norman, 1977; Guerin et al., 1987).
It has been reported to represent about 2% by wei ght of the nmainstrean
snmoke organi ¢ phase and particulate matter (Dube & G een, 1982).

5.2 COccupational exposure

US NI OSH (1976) estimated that 175 000 workers in the USA are
potentially exposed to nethanol. As stated in Clayton & C ayton
(1982), the US Departnent of Labor reported that 72 occupations
i nvol ve exposure to nethanol. Estimates derived fromthe N OSH

1972/ 1974 Nati onal QOccupational Hazard Survey and 1982-1983 Nationa
Cccupati onal Exposure Survey indicate that approximately 1-2 mllion
workers in the USA are potentially exposed to nethanol (Howard, 1990).

In a 1978-1982 survey of solvent products associated with USA
i ndustrial workplace exposure, nethanol was identified in 9.8% of 275
sol vent sanpl es collected. The products represented sol vent cl asses
such as thinners, degreasers, paints, inks and adhesives (Howard,



1990) . Wr kpl ace concentrations in the range of 29-108 ng/n® were
found during production of "fused collars" (G eenberg et al., 1938)
No signs or synptons of nethanol intoxication were observed.

In the vicinity of "spirit" duplicator machi nes operated with
met hanol - based duplicator fluids, nmethanol concentrations of between
475 to 4000 ng/n® were found in the breathing zone. Teacher aides and
clerical workers exposed to these concentrations experienced typica
synptons of methanol intoxication (Kingsley & Hirsch, 1955; N OSH
1981; Frederick et al., 1984).

In a Japanese factory produci ng canned fuel containing mainly
met hanol, air |evels of nethanol were high (Kawai et al., 1991b). A
mean geometric concentration of 600 ng/n® (459 ppm) with a geonetric
standard derivation of 4.1 was found in the breathing zone of 22
production workers (8-h sanpling). This resulted in high blood and
urine levels of nethanol (see section 8.1.3 for further details).

In a chem cal plant, 30-m n workplace concentrations ranged from
about 49 to 303 nmy/n® during the course of a shift, with a geonetric
mean of 129 ng/n®. After an 8-h exposure, average methanol bl ood and
urine levels of 8.9 + 14.7 and 21.8 + 20.0 ng/litre and a nean formc
acid urine level of 29.9 + 28.6 ng/litre were found (Heinrich &
Angerer, 1982).

I ncreases in blood and urine methanol and formate | evel s can be
measured i n hunans exposed to methanol vapours in the workplace at
concentrations bel ow the ACAH threshold linmt value (TLV) of 260
mg/ n® (200 ppn). The reconmended linit of 260 ng/n® for methanol was
first proposed by Cook (1945), based on previous studies of Sayers et
al . (1942) who observed no synptoms in dogs exposed daily (7
days/ week) for 379 days at concentrations between 590 and 655 ng/m®
(450 and 500 ppm). Printing office and chem cal workers exposed to
approxi mately 130 ng/n® (100 ppm) during the workshift exhibited a
1.5- to 2.5-fold increase in blood and urinary formate and a 15- to
20-fold increase in blood and urinary nethanol at the end of the
wor kday, whereas unexposed workers did not exhibit an increase in
their blood and urinary methanol or formate | evels (Baumann & Angerer,
1979; Heinrich & Angerer, 1982).

5.3 General popul ation

Humans are routinely exposed to nethanol from both the diet and
natural netabolic processes. Sedivec et al. (1981) reported a nmean
bl ood nmet hanol level of 0.73 ng/litre in 31 unexposed subjects (range:
0.32-2.61 ng/litre). Eriksen & Kulkarni (1963) neasured a nean | eve
of 0.25 pg/litre in the expired air of 9 "normal" people (range:
0.06-0.45 pg/litre).

Met hanol is available fromthe ingestion of dietary fruits and
veget abl es, fromthe consunption of fruit juices and fernmentation
beverages, and fromthe use of the synthetic sweetener aspartane,
whi ch on hydrolysis yields 10% of its weight as free nmethanol, which
is available for absorption. Estinmates of intakes of nethanol from
these sources vary considerably. Consunming a 354 m carbonated
beverage is approximately equivalent to a nmethanol intake of 20 ng.
Excl udi ng exposure from carbonated beverages, daily aspartane intake



can average 3-11 ng/kg (0.3-1.1 ng nethanol/kg), with the 99th
percentile ingesting up to 34 ng/ kg (3.4 ng/ kg nethanol) (Stegink
1981; Medi nsky & Dorman, 1994). |f aspartame were used to replace al
sucrose in the diet, its average daily ingestion would be

7.5-8.5 ng/ kg which would be the equivalent to 0.75-0.85 ny

met hanol / kg (Stegink et al., 1981; Davoli et al., 1986).

The average i ntake of nethanol from natural sources varies, but
limted data suggest an average intake of considerably |ess than 10 ng
met hanol / day (US EPA, 1977; Monte, 1984).

Esti mat ed net hanol body burdens for selected situations were
reported by Medi nsky & Dornmam (1994). The "background" body burden of
met hanol was estimated to be 0.5 ng/kg. Fruit juices containing
12-640 ng nmethanol/litre would have a variable effect on body burden,
whi | e personal garage exposure (200 nmg/n® 15 nmin) and sel f-service
refuelling (50 my/n3 4 min) woul d increase the body burdens by an
estimated 0.6 ng/ kg and 0.04 ng/ kg, respectively.

Met hanol , either 100% or in gasoline blends (85% nethanol and 15%
gasoline), has the potential to becone a mmjor autonotive fuel
particularly in the USA in the next century (Kavet & Nauss, 1990;

Medi nsky & Dorman, 1994). Emi ssions of nethanol can arise fromits
rel ease as unconbusted fuel in the exhaust or fromits evaporation
during refuelling and after the engi ne has stopped. Fornal dehyde

em ssions can result fromthe inconplete conbustion of nethanol fuels
(Medi nsky & Dorman, 1994).

The US EPA has nodel | ed nethanol exposure |evels that m ght occur
under specific conditions of use (Kavet & Nauss, 1990). For exanple
if 100% of all autonobiles were powered by nethanol -based fuels,
nmodel s predict concentrations of nethanol in expressways, street
canyons, railroad tunnels or parking garages ranging froma | ow of
1 my/n® to a high of 60 ng/n®. Methanol concentrations in a persona
garage during engine idle or hot soak conditions are predicted to

range from2.9 to 50 ng/n® while those predicted during refuelling
of vehicles ranged from 30 to 50 ng/n®. For conparison, the American
Conference of Governnental |ndustrial Hygienists (ACAH Threshold
Limt Value (TLV) for exposure to methanol over an 8-h workday is
260 ng/ n® (200 ppn) for working popul ations.

Sone net hanol exposure concentrations have been cal cul ated for
various scenarios (traffic conditions, wind patterns, mneteorol ogica
conditions) fromem ssion data froma few cars using net hano
di spersi on nodel s. The hi ghest nethanol concentration projected to
occur in a personal garage is 490 ng/n® (375 ppm during the cold
start. In public garages, assum ng 100% of the vehicles were fuelled
wi th nmet hanol, concentrations were projected to be as high as
200 ng/n® (150 ppn), while in either scenarios the concentrations
woul d be expected to be lower than 65 ng/nm® (50 ppm. In the majority
of cases, exposure to the general public would be brief but repeated
intim (Gld & Mulif, 1988).

Most avai |l abl e evi dence indicates that exposure to nethano
vapour fromuse as a notor fuel is not associated with adverse effects
(Gold & Moulif, 1988). The uncertainties in this conclusion are based



on the lack of information at reasonabl e projected exposure |evels and
of studies exam ning end-points of concern in sensitive species. Lack
of conpl ete data (dose-response, exposure) reveals that nunerous
uncertainties exist in the safety/risk assessnents. Small effects and
trends in behavioural and neurophysi ol ogi cal responses and subjective
rati ngs have been reported but need to be further substanti ated.

6. KINETICS AND METABCLI SM | N LABORATORY ANI MALS AND HUMANS
6.1 Absorption

The primary routes of methanol exposure are inhalation and
i ngestion, with dermal exposure currently of much |ess inportance in
terms of total daily intake for both the general and occupationa
popul ati ons. Regardl ess of the exposure route, nethanol distributes
readily and uniformly to all organs and tissues in direct relation to
their water content (Yant & Schrenk, 1937; Haggard & G eenberg, 1939).
Thus all exposure routes are presuned to be toxicol ogically equival ent
(Tephly & McMartin, 1984). No differences exist between the
capabilities for absorption of methanol anong various ani mal speci es,
and bl ood levels are entirely predictable based on the concept that
met hanol distributes uniformy to body water content.

6.1.1 Inhal ation

I nhal ati on of nmethanol is the nbst common route of entry in an
occupational setting. Experiences in occupational health and vol unteer
studi es show that nmethanol is rapidly absorbed after inhalation
(Angerer & Lehnert, 1977; Baumann & Angerer, 1979; Ferry et al., 1980;
Sedivec et al., 1981; Heinrich & Angerer, 1982; Liesivouri &
Savol ai nen, 1987; Kawai et al., 1992; d' Al essandro et al., 1994).

The body burden is estinmated from net hanol concentration,
ventilation rate, duration of exposure and |lung retention. Around
60-85% of inhal ed nmethanol is absorbed in the |ung of humans (Leaf &
Zat man, 1952; Sedivec et al., 1981). Bl ood nethanol concentration,
frequently enployed to characterize the body burden of nmethanol is, on
average, equal to 83%of its aqueous concentration. Urine contains
met hanol concentrations 20-30% hi gher than bl ood (Yant & Schrenk,

1937; Leaf & Zatman, 1952).

Fol | owi ng upt ake and di stribution, nethanol clears fromthe body.
In humans, clearance proceeds after either inhalation or oral exposure
with a half-life of 1 day or nmore for high doses (greater than 1 g/kg)
and about 3 h for |ow doses (less than 0.1 g/kg) with first-order
ki netics in hunans, nonkeys and rats (Leaf & Zatman, 1952; Teply &
McMartin, 1984).Methanol is either excreted unchanged in the urine and
breath or it enters a netabolic pathway whose ultinmate product is
carbon di oxide. The tine course for the di sappearance of nethanol from
the circulation is dependent upon the conbined action of both direct
excretion and nmetabolism The elimnation of nethanol fromthe bl ood
appears to be very slowin all species, especially when conpared to
et hanol (Tephly & McMartin, 1984).

Rel ati onshi ps between nethanol inhal ati on exposure,
concentrations, duration of exposure and urinary nethanol
concentrati ons have been characterized in exposures of volunteers and



in occupational settings. Ferry et al. (1980), Sedivec et al. (1981),
and Heinrich & Angerer (1982) reported that urinary nethanol

concentrations strictly depend on the duration and intensity of the
met hanol exposure, suggesting that measurenment of urinary methanol
concentrations would be a reliable parameter for evaluating the degree
of met hanol exposure.

Sedi vec et al. (1981) exposed four volunteers to nethanol at
concentrations of 102, 205 and 300 ng/n® for 8 h/day. Urine was
nmoni tored for nethanol during exposure and for 18 h afterwards. The
concentrations in urine were proportional to the air concentrations.
When exposure ceased, urinary nethanol |evels decreased exponentially
with a half-life of about 1.5-2 h; a nean urinary level of 0.73 ng/litre
(range 0.32-2.61 ng/litre) in 31 unexposed subjects was al so
reported. Heinrich & Angerer (1982) deternined nethanol in blood and
urine and formc acid in urine from 20 subjects occupationally exposed
to nethanol. The air concentration was on average 145 nmg/n® (111 ppm
but varied from49 to 303 nmg/n®. An 8-h exposure resulted in nethano
levels in blood and urine of 8.9 £ 14.7 ng/litre and 21.8 %
20 ng/litre, respectively. Formi c acid concentrations were 29.9 %
28.6 ng/litre. The correspondi ng normal values were < 0.6, 1.1 + 0.9
and 12.7 + 11.7 ng/litre.

Vol unt eers exposed for 6 h to 260 ng/n® (200 ppm) met hanol, the
current permissible US OSHA 8-h tinme-weighted average limt, were
found to have a bl ood nethanol concentration increase froma nmean of
1.8 pg/m to 7.0 pg/m (3.5-4 fold increase) conpared to their
pre-exposure levels. Formate did not accumul ate in the bl ood above its
background | evel (8.11 pg/m) following the 6-h exposure (Lee et al.,
1992).

Franzblau et al. (1993) denonstrated the absence of formc acid
accurmul ation in the urine of five volunteers following 5 days of
exposure to an atnosphere containing 260 my/ m® (200 ppm) of met hanol
in a test chanber. These results indicated that there was no day-to-
day accunul ation of formic acid in urine in conjunction with 5
consecutive days of near-maxi mal perni ssible airborne nethanol
exposure and that nmeasurenent of formic acid in urine specinmens
collected 16 h foll owi ng cessation of exposure did not appear to
refl ect inhalation methanol exposure on the precedi ng day.

Twenty-si x vol unteers exposed at rest to 260 ng/m® (200 ppm) of
met hanol vapour for 4 h did not show significant differences in serum
or urinary formate concentration. At the TLV of 260 nmg/n® (200 ppm
met hanol exposure did not contribute substantially to endogenous
formate formation (d' Al essandro et al., 1994).

I nhal ation of from 650 to 1450 ng/n® (500 to 1100 ppn) met hano
for periods of 3-4 h in humans yiel ded urine concentrati ons of about
10-30 ny/litre at the end of the exposure period (Leaf & Zatnan,
1952). Based on their findings, it was suggested that an 8-h exposure
to 3990 ng/n® (3000 ppm) nethanol woul d be necessary before a gradua
accumul ati on of methanol would occur in the body.

6.1.2 Oal



Met hanol is rapidly absorbed fromthe gastrointestinal tract with
peak absorption occurring in 30-60 mn depending on the presence or
absence of food in the stonmach (Becker, 1983).

I ngestion of methanol has been the principal route of exposure in
the many reported cases of acute poisoning (Buller & Wod, 1904; Wod
& Buller, 1904; Bennett et al., 1953; Erlanson et al., 1965; Kane et
al ., 1968; CGonda et al., 1978; Naraqgi et al., 1979; Swartz et al.

1981; Jacobsen et al., 1982; Becker, 1983; Litovitz et al., 1988).

During met hanol poisoning in humans, concentrations of nethano
and formc acid in blood and urine are quite variable. Concentrations
of both conpounds are highly dependent upon dose, tine follow ng
exposure and concomtant ingestion of ethanol (Lund, 1948a, CGonda et
al ., 1978, Jacobsen et al., 1982a). Excretion of nethanol in urine is
initially high and decreases with tine follow ng exposure. Maxi nun
excretion of formc acid in urine may occur as |late as the second or
third day follow ng ingestion (Lund, 1948a).

Bl ood net hanol concentrations during experinentally induced
et hanol intoxication in alcoholics during a 10-15 day period of
chroni ¢ al cohol intake showed that bl ood nethanol |evels increased
progressively from2-27 ng/litre fromthe first to the 11th day of
drinki ng, when bl ood ethanol concentrations ranged between 1500 and
4500 ng/litre. Bl ood nethanol |evels decreased at the rate of 2.9 %
0.4 ng/litre per h only after blood ethanol |evels decreased to 700 to
200 ng/litre. Blood nethanol disappearance |agged behind the |inear
di sappearance of ethanol by approxinmately 6-8 h and conpl ete cl earance
of methanol required several days. Methanol probably accunulates in
the blood as a result of the conpetitive inhibition of alcoho
dehydrogenase by ethanol and the presence of endogenously forned
met hanol (Maj chrowi cz & Mendel son, 1971).

Oral doses of 71-84 ng nmethanol/kg in humans resulted in bl ood
levels of 47-76 nmg/litre blood 2-3 h later. The urinary concentrations
of nethanol rapidly reached a peak capacity in 1 h and declined
exponentially, reaching control values in 13-16 h. The urine/bl ood
concentration ratio was found to be relatively constant at 0.30 (Leaf
& Zatman, 1952). Leaf & Zatman (1952) nonitored nethanol disappearance
fromthe circulation of three volunteers orally adninistered 3, 5 and
7mM (2.4, 4.0 and 5.6 g) (highest dose, 0.08 g/kg). Blood and urine
met hanol di sappearance obeyed first-order kinetics with a half-tinme of
about 3 h.

Aspartame (see section 5.1.3) is a widely used artificial
sweet eni ng agent which is hydrolysed in the intestinal mucosa to 10%
met hanol by wei ght. Beverages totally sweetened with aspartane
typically contain 0.5-0.6 ng aspartane/m or approxinmately 195 ng/

350 m soft-drink; dry m xes and puddi ngs use about 100 ng/serving and
pre-sweet ened cereal products about 60 ng/25 m (cup). The net hanol

body burden follow ng ingestion of any of these products could vary
from6-20 ng (Stegink et al., 1981,1983). C earance of methanol from
human circul ati on after body burdens as high as 80 ng/ kg foll ows
first-order kinetics with a half-tine of about 2.5-3 h (the rate
constant for total clearance k; is 0.23-0.28/h (Stegink et al., 1981;
Kavet & Nauss, 1990).



After intake of small quantities of methanol (10-20 m), human
subj ects showed no nethanol in blood after 48 h, and the concentration
of formic acid in the urine was normal (6.5-12.8 mg% within 24 h
(Lund, 1948a). Follow ng i ntake of |arge amounts of nmethanol (50 ni),
met hanol was found in the bl ood (250-1200 ng/litre) after 48 h. Formc
acid was found in the blood (26-78 ng/litre) as well as an increased
excretion of formic acid in the urine (540-2050 ng/litre), and up to
20 500 ng/litre within 24 h. Maxi mum excretion of formic acid was
found to occur not |ater than the second or third day after intake of
met hanol (Lund, 1948a).

6.1.3 Dernal

It has been known for sone tinme that pure nethanol has an
anonal ously high diffusion rate through epiderm s because of the
damage it produces on the stratum corneum (the thin sheath of
keratinized cells that conprise the outernost |ayer of the epiderms)
The perneability of epidernmis for pure nmethanol is 10.4 nmg/cn? per h
(Scheupl ein & Bl ank, 1971).

Ski n absorption rate studies of nmethanol ranging from 0.031-0. 241
ng/ cn? per nmin conducted in human vol unteers showed that an average
of 0.192 ng met hanol /cn? per nin is absorbed through direct contact
of the skin to nethanol. Conpared with absorption via the respiratory
tract, exposure of one hand to liquid nmethanol for only 2 min would
result in a body burden of as nuch as 170 ng nmethanol, similar to that
resulting fromexposure to an approxi mate air concentration of
50 ng/n® (40 ppm) nethanol for 8 h (Dutkiewicz et al., 1980). It was
al so reported that in the context of a 20-mn i mersion of one hand in
met hanol , the curul ative urinary excretion of nethanol over 8 h was
2 ng. However, it should be noted that the assessnent of Dutkiew cz et
al. (1980) would inmply that a 10-m n exposure of one hand to liquid
met hanol roughly corresponds to an 8-h inhal ati on exposure at
260 ng/ n® (200 ppn). Such an inhal ation exposure was found to be
acconmpani ed with a post-shift urinary nethanol concentration of about
40 ng/litre (Sedivec et al., 1981; Kawai et al., 1991b) or 6.5
mg/litre (Franzblau et al., 1993).

The rate of absorption into the skin has been found to be higher
with M-85 (85% net hanol - 15% gasol i ne) than with pure nethanol. The
gasol i ne was suggested to act by drying out the skin allowi ng the
met hanol to be nore readily absorbed (Machiele, 1990). In 11 children
treated for percutaneous nethanol intoxication, nethanol blood |evels
ranged fromO0.57 to 11.3 g/litre (nean 4.61 g/litre) (G nmnez et al.,
1968). Methanol was identified in the urine and in peritoneal fluid
(no quantitative estimation) in an 8-nmonth-old boy poi soned by
per cut aneous absorption of nethanol (Kahn & Blum 1979).

Downi e et al. (1992) reported a case of percutaneous industria
met hanol toxicity involving two workers who spent 2-3 h cleaning out a
cargo tank with methanol while wearing positive pressure breathing
apparatus. One of the workers, who suffered froma previous sunburn,
wore no protective clothing during cleaning. He experienced nethano
toxicity from percut aneous exposure and required hospitalization and
met hanol poi soni ng treatnent.



6.2 Distribution

Met hanol distributes readily and unifornmly to organs and tissues
in direct relation to their water content (Yant & Schrenk, 1937;
Haggard & G eenberg, 1939). The apparent volune of distribution of
met hanol is 0.6-0.7 litres/kg, simlar to that of ethanol. In methanol
i nhal ati on studi es conducted in dogs, Yang & Schrenk (1937) reported
that the hi ghest concentrations of nethanol were found in the blood,
vitreous and aqueous hurour, bile and urine, and the | owest in bone
marrow and fatty tissue. In other animal studies, high concentrations
of met hanol have been reported in the kidney, liver and gastro-
intestinal tract with smaller concentrations in brain, muscle and
adi pose tissue (Bartlett, 1950).

Post nort em anal ysi s of nethanol concentrations in body fluids and
ti ssues reported in fatal human cases of methanol poi soning has
reveal ed high concentrations of nethanol in cerebrospinal fluid (CSF),
vi treous hunour and bile (Bennet et al., 1953; Wi Chen, 1985).

Met hanol concentrations in these fluids were higher than bl ood
concentrations. In one study the ratio of nethanol in blood to
vitreous hurmour was 0.82, which was simlar to the ratio of ethanol in
bl ood to vitreous hunpur of 0.89 (Coe & Sherman, 1970). In tissues the
hi ghest concentrations were found in brain, kidney, |lung and spl een,
with | ower concentrations in skeletal nuscle, pancreas, |iver and
heart (Wi Chen et al., 1985). Met hanol -i nduced alterations in

ut eropl acental bl ood-flow were studied in CD-1 mice and Sprague-Daw ey
rats enploying microdialysis as a tool for investigating the flux of
toxi cants across the maternal -conceptual unit. M crodialysis probes
were inserted into the uteri of gestational day 20 rats and nethano
was admi nistered as either an intravenous bolus (100 or 500 ng/kg) or

i nfusion (100 or 1000 ng/kg/ hour).

In separate studies, methanol (100 or 500 ng/kg) and 3H,C
(20 pGi/kg) were administered intravenously on gestational days
20 and 14 to rats and on gestational day 18 to mice. The nethano
concentration-tine data were consistent with saturable materna
elimnati on and apparent first-order transfer between maternal and
conceptual conpartments. At distribution equilibrium conceptua
met hanol concentrations exceeded those in the dam by approxi mately
25% The initial rate of conceptual perneation of nethanol was
proportional to the reciprocal of maternal bl ood nethanol
concentration (r? = 0.910).

The data indicated that high circul ating maternal nmethanol
concentrati ons decrease the rate of presentation of nethanol and
®H,0 to the conceptus, and, depending on the severity of the
decrease, fetal hypoxia could also result (Ward & Pol |l ack, 1996b).

6.3 Metabolic transformation

After uptake and distribution, nost of the nethanol is
met abolized in the liver to carbon dioxide (96.9%, while a snal
fraction is excreted directly to the urine (0.6% and through the
lung. In all mamualian species studied, nethanol is nmetabolized in the
liver by sequential oxidative steps to form fornmal dehyde, formc acid
and CC, (Fig. 1). However, there are profound differences in the rate
of formate oxidation in different species which determne the



sensitivity to nethanol (Rietbrock, 1969; Palese & Tephly, 1975;
McMartin et al., 1977; Eells et al., 198la, 1983).

Two enzymes are inportant in the oxidation of nethanol to

formal dehyde, al cohol dehydrogenase and catal ase. I n non-human

pri mat es and humans, al cohol dehydrogenase nedi ates this reaction
(Makar et al., 1968; Rbe, 1982). In rats and other non-prinmate species
this reaction is nediated by catalase. Definitive evidence of these
di fferences has been provided by studies of nethanol oxidation

in vivo using alternative substrates (ethanol, 1-butanol) and
selective inhibitors of catalase (3-am no-1,2,4-triazole) and al cohol
dehydr ogenase (4-am no-pyrazole). The hepatic nicrosomal m xed-
function oxi dase system (P45l | E1) has al so been inplicated in the
conversion of methanol to formal dehyde, but there is no definitive
information on its role in vivo (Rietbrock et al., 1966; Teschke et
al ., 1975). Despite the difference in enzyne medi ation, the conversion
from et hanol to formate occurs at simlar rates in non-human primates
and in rats (Tephly et al., 1964; Makar et al., 1968; Noker et al.
1980; Eells et al., 198la, 1983). The netabolism of nethanol can be
significantly inhibited by co-exposure to ethanol, which acts as a
conpeting substrate for al cohol dehydrogenase (Jones, 1987).

For mal dehyde is oxidized to formate by several enzyne systens
i ncluding a specific fornal dehyde dehydrogenase. In the reaction
catal ysed by this enzyne, formal dehyde combi nes with reduced
glutathione to form S-fornyl glutathione, which is hydrolysed in the
presence of thiolase to formate and reduced glutathione (Strittmatter
& Ball, 1955; Uotila & Koivusalo, 1974). The second step of this
reaction is irreversible (Strittmatter & Ball, 1955). Fornal dehyde
dehydrogenase activity has been shown to be present in nunerous
speci es and tissues including human liver and brain (Strittmatter &
Bal I, 1955; Kinoshita & Masurat, 1958; Goodman & Tephly, 1971).



Folic
fnid —= OHF —= THF

FORMATE # 1D-FnrmgI-THFJ, COo

Tl [£]

5§, 10-methenyl-THF

I

5, 10-methylens-THF

-

F s

1] Formyl THF Sunthetase

[3]
2] Formyl THF Dehydrogenasze l
B-methyl-THF
3] Methylene THF Reductase
*
4] Methionine Synthetaze L B 1 2' SAM J'
* Site of Ma0 Effect 4] HEHH‘
homacysteine methionine

Fig. 1. Metabolism of formate by folate-dependent factors
{from: Eells et al., 1981a)

The elimnation of formal dehyde in nmany species including
primates is extrenely rapid with a half-life of approximately 1 min
(Ri etbrock, 1965; McMartin et al., 1979). Malorny et al. (1965) found
that equi nol ar infusions of formal dehyde, formc acid and sodi umr
formate in dogs produced equi val ent peak concentrations of formc
acid, indicating that fornmal dehyde was rapidly netabolized to formc
acid. In a human case of fornal dehyde poi soning, toxic concentrations
of formate (7-8 nm) were detected within 30 min of ingestion,
confirming rapid netabolismof fornaldehyde to formate in humans
(Eells et al., 1981b). Fornal dehyde has not been detected in body
fluids or tissues follow ng toxic nethanol exposures (Mkar & Tephly,
1977, McMartin et al., 1977, McMartin et al., 1980a). Fornmate is
oxidized to CC, in vivo in nmamulian species prinarily by a
t et rahydr of ol at e- dependent pathway (Fig. 2). Formate enters this
pat hway by conmbining with tetrahydrofolate (Hifolate) to form
10-fornyl -H,folate in a reaction catal ysed by fornyl-tetrahydrofol ate
synt hetase. 10-Fornyl -Hfol ate may then be further oxidized to CGC,
and H,fol ate by fornyl-Hfol ate dehydrogenase (Kutzbach & Stokstad,
1968) (Fig. 1). Rietbrock et al. (1966) found an inverse correl ation
bet ween plasnma concentrations of folate in different ani mal species
and the half-life of exogenously adm nistered formate, suggesting that
folates are involved in formate nmetabolism Formate nmetabolismin rats
and nonkeys has been shown to be nedi ated by the fol at e-dependent
pat hway (Makar et al., 1968; Pal ese & Tephly, 1975). Inhibition of
catal ase with anminotriazole had no effect on formate oxidation,
whereas fol ate-deficiency markedly reduced fornmate oxidation in both
speci es. Tetrahydrofolate is derived fromfolic acid in the diet and



is the major determ nant of the rate of formate nmetabolism (MMartin
et al., 1975).

The fol ate-nedi ated oxidati on of formate proceeds about tw ce as
slowy in non-human primtes and humans as in rats. This explains the
susceptibility of primates to the accunul ati on of fornmate, which is
seen to occur at doses of nethanol greater than 0.5 g/ kg (Tephly &
McMartin, 1984) (Fig. 2).There is substantial clinical and
experimental evidence that formic acid is the toxic nmetabolite
responsi ble for the netabolic and visual toxicity characteristic of
met hanol poi soning. Specifically, formc acid is the toxic netabolite
responsi ble for the netabolic acidosis observed in nethanol poisoning
i n humans, in non-human primates and in fol ate-depl eted rodents
(MchMartin et al., 1975, 1977, 1980; Eells et al., 1983; Jacobsen &
McMartin, 1986; Eells, 1991; Murray et al., 1991; Lee et al., 1994).
Formic acid is believed to be the toxic nmetabolite responsible for the
ocular toxicity in nmethanol - poi soned humans (Sharpe et al., 1982), and
is also responsible for the ocular toxicity produced in non-human
pri mates and fol ate-depleted rodents (Martin-Amat et al., 1977, 1978;
Eells et al., 1983; Eells, 1991; Lee et al., 1994a,b).

Primates CH30H Rodent=
hethanol
Alcahol dehydrogenase l, Catalaze

HCHO
Formaldehyde

Formaldehyde debydrogenasze l’ Faormaldehyde dehydrogenase

HCOO ™
Formate

Litnited Hy folate l, Ahundant Hg folate

COg
Carbon dioxide

Fig. 2. Scheme for the metaboliem of methanol. Major
enzymes for primates (left) and rodents {right) are noted.
Species differences in methanol toxicity are due primarihy
to the metabolic conversion of formate to carbon dioxide,
which i= rapid in rodents but slow in primates {from:
Medinsky & Dorman, 1994).

A conmparative nmetabolism study between rodents and non- human
pri mates showed that formc acid concentration in blood of rats and
nmonkeys was sinilar at doses of 25, 125 and 600 ng net hanol / kg, but
becane substantially higher in nmonkeys at 3000 ng/ kg. Monkeys and
rodents showed different excretion patterns for methanol. As the dose
i ncreased, nonkeys tended to excrete an increasing percentage of
met hanol in urine, whereas in rats, the percentage of methano
excreted in expired air increased. Additionally, rats excreted nuch
hi gher levels of carbon dioxide in expired air (as a percentage of
dose) than nonkeys (Katoh, 1989).

In a study of formate netabolismin young swi ne (Makar et al.
1990), it was found that the pig, conpared to other species (nouse,



rat, nonkey and hunmans), has extrenely low | evel s of hepatic folates.
Furthernore, the rate of formate elimination in the pig was much | owner
in the pig than in the rat. It was suggested that the pig nmight be
sensitive to the nethanol toxicity syndrome (metabolic acidosis and

bl i ndness) .

Ward & Pal |l ack (1996a) studied the in vitro biotransformation
of methanol in Sprague-Dawl ey rat and CD-1 nouse fetal livers to
assess the capability of the near-termrodent fetus to netabolize
nmet hanol . Adult near-termrodent |ivers netabolized nethanol to
formate (at gestational day 20) with a maxi mum of about 85%that in
livers from non-pregnant rodents (p < 0.05). This was consistent with

in vivo experinments (Ward & Pol | ack, 1996a).

Fetal rat and nouse |iver was capabl e of netabolizing nethanol
invitro, but only at a rate of < 5% of the respective adult liver.
The difference was in fact even greater, considering the difference in

organ wei ght between the conceptus and the dam (about 10-fold).

Fetal nouse |iver honpgenates converted nethanol to formal dehyde
at a significantly higher (about 40% rate than fetal rat liver
honpgenat es. These data suggest that the near-termrodent fetus does
not possess a significant ability to biotransform nmethanol to
formal dehyde and ultimately formate in situ.

6.4 Elimnation and excretion

The primary route of nethanol elimnation fromthe body is via
oxidation to fornmal dehyde and then to formic acid, which may be
excreted in the urine or further oxidized to carbon di oxide.

In humans, nethanol is primarily elimnminated by oxidation and only
2% of a 50 ng/ kg dose of nethanol is excreted unchanged by the |ungs
and ki dney (Leaf & Zatman, 1952). The small excretion of unchanged
met hanol was al so observed in nethanol - poi soned subjects in whomthe
renal and pul nonary excretory cl earances of nethanol were 1 and
6 mM/mn, respectively (Jacobsen et al., 1982a, 1983b).

The elimnation of formal dehyde in nmany species, including
primates, is extrenely rapid with a half-life of approximately 1 mn
(McMartin et al., 1979). Toxic concentrations of formate (7-8 mV) were
detected within 30 min of ingestion in a hunan case of fornal dehyde
poi soni ng, confirm ng the rapid nmetabolismof fornal dehyde to formate
in humans (Eells et al., 1981b).

Fol | owi ng uptake and distributi on nethanol is either excreted
unchanged (direct excretion) in urine or exhaled breath, or it enters
a netabolic pathway in the liver, whose ultinmate product is carbon
di oxi de. The tine course of the disappearance of methanol fromthe
circulation is dependent upon the conbi ned action of both direct
excretion and metabolism The clearance fromthe circul ation of humans
following | ow1|evel exposures to nethanol administered orally
(& t0.1 g/kg) (Leaf & Zatman, 1952) or by inhal ation (102-300 ng/ n®)
(Sedivec et al., 1981) indicated that nethanol di sappearance obeyed
first-order kinetics with a half-tine of about 2.5-3 h in both studies
as determ ned by blood and urinary methanol concentrations. In genera
estimated nethanol dose correlated with resulting blood and urine



met hanol |evels after both ingestion and inhalation, and nethano
concentrations in urine were approxi mately 30% hi gher than in bl ood
(Leaf & Zatman, 1952).

Eli mination half-1ives of nmethanol ranging from 110-213 min were
found in human vol unteers foll owi ng consunpti on of 1000-1500 m red
wi ne (95% w w ethanol, 100 ng/litre nethanol) the previous evening
(Jones, 1987). After conconmitant ingestion of a very | ow dose of
met hanol (< 2 ng/kg) and ethanol (ethanol: nethanol = 10), by hunman
subj ects, a 10 fold increase in blood nethanol was observed due to the
conbi ned ingestion of the alcohols (Jones, 1987). Jacobsen et al
(1982a) reported that during haenolysis in 2 patients being treated
for nethanol poisoning, the elimnation half-1ives were 219 and
197 m n respectively.

At hi gher doses of nethanol, the elimnation appears to becone
saturated, resulting in nonlinear elimnation kinetics. In an
unt reat ed net hanol - poi soned subj ect, nethanol elimnation was
clearly zero order with a rate of 85 ng/litre per h, about half the
elimnation rate of ethanol (Jacobsen et al., 1988). The rates of
elimnation in two other cases appeared to be 30-50 ng/litre per h
(Kane et al., 1968).

The ki dney apparently exerts no active control over the urinary
concentrati on of methanol. The nethanol content that enters the
bl adder reflects the aqueous concentration of nethanol in the blood
(Yant & Schrenk, 1937; Leaf & Zatman, 1952; Sedivec et al., 1981). The
rate at which nethanol clears into the urine is directly proportional
to its blood | evel which satisfies the condition for first-order
ki netics (Kavet & Nauss, 1990).

In the lung, a small fraction of bl ood-borne nethanol is exhal ed
The amount of nethanol that crosses the blood-air barrier is
proportional to its blood concentration (first-order kinetics) and is
governed by its blood-air partition ratio (Kavet & Nauss, 1990). In
contrast to direct renal and pul nonary excretion, the metabolic
conversion of methanol to carbon dioxide is not a linear function of
concentration (Tephly et al., 1964; Mkar et al., 1968).

Eli mi nati on of methanol fromthe blood appears to be slowin all
speci es especially when conpared to ethanol (Tephly & McMartin, 1984;
Tephly, 1991).

One to 7 g of nethanol/litre of blood (1000-7000 ng/litre) was
found in the blood of rats followi ng oral adm nistration of 4 g
met hanol / kg body wei ght, and 70% of the methanol |ost was elim nated
in expired air (Haggard & G eenberg, 1939).

Fol | owi ng adni ni stration of a 10% et hanol solution (1 g/kg)
of C-nethanol by gavage to the rat, 89% of the administered
radi oactivity was recovered after 48 h; 65%as CGC, in expired air, 3%
as nmethanol in urine; 3%as formic acid in urine and 4% fixed in
ti ssues. An oxidation rate of 25 ng/kg/h was found during the first
28 h followi ng nethanol administration (Bartlett, 1950a).

Met hanol was oxidi zed at a constant rate of 24 ng/kg per h during
the first 28 h following intraperitoneal administration of a 10%



14C- et hanol solution (1 g/kg) to male albino rats. By the end of

36 h, 77% of the nethanol had been converted to **CC, and 24% of the

dose was excreted unchanged. About equal quantities of nethanol were
elimnated by the pul nonary and renal plus faecal routes (Tephly et

al ., 1964).

Conparative studies in rats and nonkeys have shown that 75-80% of
a 1 g/ kg dose of “C-methanol was recovered as *CC,; 10-18% was
excreted unchanged in expired air and 6-11%elimnated in the urine as
met hanol or formate within a 24-h period (Eells et al., 1981, 1983).
Excretion of sinmilar amounts of unchanged net hanol elim nated by
pul monary (10-15% and renal (3-19% routes in rats and gui nea-pigs
have al so been reported (Bartlett, 1950; Tephly et al., 1964).

After oral administration to dogs of a single dose of nethanol
(1.97 g/ kg), about 10% was excreted unchanged in the urine, over a
period of about 100 h. The met hanol concentration in the organs was
nearly half as high as that found in the urine. About 20% of the
admi ni stered dose was excreted as formic acid in the urine, which
ceased after 100 h. Form c acid concentrations in tissues were about
one-half to one-quarter that found in serum (Lund, 1948b).

Oral administration of 2.38 g nethanol/kg to nmale rabbits
resulted in 10% of methanol being excreted unchanged in the urine and
essentially no increase in formc acid in the urine. Fornic acid is
oxi di zed al nost conpletely in the rabbit (Lund, 1948c).

Dam an & Raabe (1996) investigated the dose-dependent elimnation
of formate in male CD rats enploying a perfused liver systemto
separate the kinetic contributions of hepatic nmetabolismand renal
excretion in the total elimnation of formate. Formate was elininated
fromthe perfused rat liver followi ng Mchaelis-Mnten kinetics.

The in vitro and in vivo dose-dependent studies of fornate
elimnation, in conjunction with the proposed toxicokinetic nodel (a
central, well-nixed conpartnent and a urine conpartnent, endogenous
production of formate), indicated two main pathways of fornmate
elimnation in the rat: (a) hepatic netabolismvia Mchaelis-Mnten

ki netics which predom nates at | ow levels, and (b) extrenely rapid and
extensive urinary excretion that predoni nates at hi gh dose |evels.
Urinary excretion consists primarily of glomerular filtration with

sat urabl e tubul ar reabsorption.

6.5 Modelling of pharmacokinetic and toxicokinetic data

Phar macoki netic and toxicokinetic nodel s have been devel oped in
order to gain better insight into the interspecies variation in the
upt ake, netabolic fate and excretion of nethanol and its netabolites,
both conpartnmental |y and physiol ogically based (Horton et al., 1992;
Pol lack et al., 1993; Dornan et al., 1994). As has been noted, the
elimnation of formal dehyde in nany species, including primates, is
extrenely rapid (McMartin et al., 1979).

A phar macoki neti ¢ nmodel of inhaled nethanol in humans and
conpari son to methanol disposition in mce and rats was described by
Perkins et al. (1995). Mchaelis-Menten elimnation parameters (Vo=
115 ny/litre per h; ky = 460 ng/litre) were selected for input into
a sem - physi ol ogi cal pharnacoki netic nodel. Literature values for



bl ood or urine methanol concentrations in humans and non- human

pri mates after methanol inhalation were enployed as input to an

i nhal ati on disposition nodel that eval uated the absorption of nethano
expressed as the fraction of inhaled nmethanol concentration that was
absorbed. Incorporation of the kinetic parameters and absorption into
a pharmacoki neti c nodel of human exposure to nethanol, conpared to a
simlar analysis in rodents, indicated that, follow ng an 8-h exposure
to 6550 ng/n® (5000 ppn) of methanol vapour, blood nethano
concentrations in the nouse would be 13-18 fold hi gher than in hunans
exposed to the same net hanol vapour concentration. Bl ood nethano
concentrations in the rat under simlar conditions would be 5-fold

hi gher than in humans. The prediction of higher concentrations in rats
was due to the greater respiration rates and consequent greater

absor pti on of nethanol by rats.

To address the problens associated with the appropriate design of
chroni ¢ met hanol studies, nethanol pharmacokinetics were characterized
in mal e Fischer-344 rats and rhesus nonkeys exposed to atnospheric
met hanol concentrations ranging from65 to 2600 ng/ n® (50-2000 ppm)
for 6 h (Horton et al., 1992). A physiologically based pharnmacokinetic
(PBPK) nmodel was then developed to sinulate the in vivo tine course
data. The nodel s were used to predict the atnospheric nethano

concentration range over which the | aboratory species exhibit
quantitative simlarities with humans. Bel ow 1500 ng/ n® (1200 ppm

the nodel predicted all three species would exhibit simlar end-of-
exposure bl ood et hanol concentrations which would be proportional to
at nospheric concentrations. At higher concentrations the increase of
met hanol in the blood of rats and nonkeys was predicted to becone
non-1inear, whereas for humans bl ood nethanol |evels were predicted to
increase in a linear fashion (Horton et al., 1992).

Femal e Sprague-Dawl ey rats at gestational days 7, 14 and 21 and
CD-1 mice at gestational days 9 and 18 were exposed to nethanol
i ntravenously and orally (100-2500 ng/kg) or by inhal ati on exposure to
1310 to 26 200 ng/m® (1000-20 000 ppm) for 8 h and the concentrations
of methanol were nmeasured in blood, urine and amiotic fluid (Pollack
& Brouwer, 1996). Methanol disposition was virtually unaffected by
pregnancy and the fetal nethanol concentrations were approximtely
simlar to those in the nother. M ce accunul ated nmethanol at a rate 2
to 3 tines faster than rats, despite the two-fold higher rate of
elimnation observed in the nouse

A phar macoki netic nodel described the disposition of nethanol in
rats and mice with the disposition profile being partitioned into
saturabl e and linear nmetabolic elimnm nation pathways. The saturable
pat hway was evi dent at | ower doses (100 and 500 ng net hanol / kg) and
di spl ayed cl assical carrier-nediated M chaelis-Menten kinetics with a
rate-limting step. The |inear pathway, which consisted of passive
elimnation via pulnonary and urinary clearance of nethanol in
approxi matel y equal anounts, appeared at the hi ghest dose (2500 ng/kg
iv) and displayed the first-order kinetics of elimnation that are
characteristic of passive-diffusion nechanisns (Pollack & Brouwer,
1996) .

In further studies of the conparative toxicokinetics of nethanol
in pregnant and non-pregnant Sprague-Dawl ey rats and CD-1 mice (Ward &



Pol | ack, 1996a), nethanol disposition in the pregnant rodent was found
to be qualitatively simlar to that in non-pregnant animals. Rats
received a single dose (100 or 2500 ng/kg) of methanol either orally
(by gavage) or intravenously; mce received a single oral or

i ntravenous dose of 2500 ng/kg.

The maximal rate of nmethanol elimnation (Vi) in vivo
decreased at termin both species. Vu in near-termrats and mice
was only 65-80% of that in non-pregnant aninmals. The kinetic
paraneters that appeared to be npbst sensitive to the gestational stage
were the rate constants associated with interconpartnmental transfer
(k2 and k), although there was no obvious rel ati onshi p between the
estimte of these paraneters and gestational stage. The data generated
in both the in vivo and in vitro studies denonstrated that
alterations in nmethanol disposition associated with gestational stage
shoul d be accounted for in the devel opnent of a toxicokinetic nodel
for methanol in pregnant mamal s.

The exami nation of the toxicokinetics of intravenously
admi ni stered nethanol to fermal e Sprague-Dawl ey rats as a single bolus
dose of 50 or 100 ng/ kg, or 2500 ng/ kg admi ni stered over 2 nin,
resulted in a narkedly non-linear elimnation of nmethanol fromthe
systenic circul ati on suggesting a significant capacity-limted rate of
elimnation. The data fromthe 2500 ng/ kg group was described by a
ki neti c nodel incorporating parallel first-order and saturable
elimnation processes; a portion of this apparent linear elimnation
pat hway was due to renal excretion of the unchanged al cohol (Poll ack
et al., 1993). The bl ood nethanol concentration-tinme profile was
consistent with the presence of parallel linear pathways for nethanol
el i m nation.

The toxicokinetics of methanol in female CD-1 mice and Sprague-
Dawl ey rats was exanined by Ward et al. (1995). Non-linear disposition
of nethanol was reported in both female CD-1 mice adnministered a
singl e dose of 2.5 g nethanol/kg either by gavage or intravenously (as
a 1-mn infusion) and Sprague-Dawl ey rats receiving a single oral dose
of 2.5 g/kg. Data obtained after intravenous administration were
wel | -descri bed by a one-conpartnent nodel with M chaelis-Menton
elimnation. Blood nmethanol concentration-tinme data after oral
admi ni stration could be described by a one-conpartnent (mce) or a
two-conpartnent (rats) nmodel with M chaelis-Menton elimnation
fromthe central conpartnent and bi phasic absorption fromthe
gastrointestinal tract. Kinetic paraneters (Vg for elimnation),
apparent volune of the central conpartnment (V.), first-order rate
constants for interconpartnmental transfer (ky;, and k,;), and first-
order absorption rate constants for fast (ka) and sl ow (Kjs)
absor pti on processes were conpared between species. Mce showed a
hi gher maxinal elimnation rate than rats (when nornalized for body
weight) (Viex = 117 + 3 ng/ kg per h versus 60.7 + 1.4 ng/kg per h for
rats). Additionally, the contribution of the fast absorption process
to overall nethanol absorption was larger in the nmouse than in the
rat. The study denonstrated that the disposition of methanol is
simlar in rats and mce, although mce elimnated nmethanol nearly
twice as rapidly as rats.

The pharmacoki netics of #C-nethanol and “C-formate were
studied in normal and fol ate-deficient (FD) female cynonol gus nonkeys



anaest heti zed and exposed by lung-only inhalation to 13, 60, 260 and
1200 ng/n® (10, 45, 200 and 900 ppm) “C-methanol for 2 h to

determ ne the concentration of nethanol-derived formate to the tota
formate pool. The bl ood concentration of !*C-nethanol -derived fornmate
fromall exposures was 10-1000 tines |ower than the endogenous bl ood
formate concentration (0.1-0.2 nmol/litre) reported for nonkeys and
orders of magnitude | ower than | evels that produce acute toxicity
(8-10 mmol/litre). This suggested that |ow-|Ievel exposure to nethanol
woul d not result in elevated blood formate concentrations in humans
under short-term exposure conditions (Dorman et al., 1994) (Medki nsky
& Dorman, 1985). This was confirmed in a subsequent short-duration

i nhal ati on study in which anaesthetized fermal e cynonol gus nonkeys were
exposed for 2 h to nethanol vapour (tagged with radiol abelled carbon)

at concentrations of 13, 59, 262 and 1179 ng/n® (10, 45, 200 and

900 ppm, and nonkeys fed on a diet deficient in folic acid were
exposed to 1179 nmg/n® (900 ppm for the same duration (Mdinsky et

al ., 1997). The blood | evels of nethanol increased in a dose-dependent
manner. Blood formate | evels increased by only a small extent in both
groups of nonkeys.

7. EFFECTS ON LABORATORY MAMVALS AND I N VI TRO TEST SYSTEMS
7.1 Single exposure
7.1.1 Non-prinmates

The | ethal oral dose of nethanol for nbst experinental aninmals is
relatively high conpared to the I ethal dose for humans and non- human
primates. In all non-primate species that have been studi ed, nethanol
has been shown to be the |least toxic of the aliphatic al cohols
(Koi vusal o, 1970). The LDsy values or nininmum | ethal dose for a
single oral dose of methanol have been reported to be 9 g/kg for dogs
(Glger & Potts, 1955), 7 g/kg for rabbits (Hunt, 1902; Gl ger &
Potts, 1955), 7.4-13 g/kg for rats (G lger & Potts, 1955; Rowe &

McCol lister, 1982) and 7.3-10 g/kg for mce (Glger & Potts, 1955;
Smith & Taylor, 1982) (Table 4). These doses are 6-10 tinmes the |ethal
human dose of nethanol (Tephly & McMartin, 1984; Jacobsen & McMartin,
1986; HEl, 1987).

Table 4. Single-dose oral toxicity values for nethanol in aninals

Speci es LDso (g/kg) Ref er ence

Rat 6.2 Kimura et al. (1971)
9.1 Wel ch & Sl ocum (1943)
9.5 M.L? Glger & Potts (1955)
12.9 Dei chmann (1948)

13.0 Snyth et al. (1941)



Mouse 0. 420 Snmyth et al. (1941)

7.3-10.0 Smith & Tayl or (1982)
Rabbi t 7.0 MLD Glger & Potts (1955)
Dog 8.0 G lger & Potts (1955)
Monkey 2-3 MLD Glger & Potts (1955)

7.0 MLD Cooper & Felig (1961)
a M ni mum | et hal dose

O her reported oral LDsg val ues for methanol in Sprague-Dawl ey
rats varied in 14-day-old, young adult and older rats ( 7.4, 13.0 and
8.8 m/kg respectively), suggesting that young adult rats were | east
susceptible to nethanol toxicity (Kinura et al., 1971).

Youssef et al. (1992) reported that the order of oral LDsg in
adult fenmale albino rats increased as follows: 95/5% ethanol /et hanol ,
pure net hanol, pure ethanol, and 65/ 35% et hanol / et hanol . d i ni cal
features of intoxication in treated rats generally progressed fronm
signs of inebriation to gait disturbances, dose-proportional decreases
in response to painful stinuli, respiratory depression and cons,
ending in death due to cardio-respiratory failure. In al nost all
i nstances, overnight cona was followed by death of the aninmal. G oss
and hi st opat hol ogi cal exam nations of the gastric nucosa reveal ed
di ffuse congestion with dilation of gastric blood vessels, but with
absence of gross haenorrhage and ul cerati on.

Rats exposed to 1.0, 2.0 and 3.0 g nethanol/kg by gavage
exhibited an altered response in an operant conditioning paradigmr
designed to assess notor deficits produced by neurotoxicants. Methano
decreased the rate of response in a dose-related fashion that
suggested i npaired coordi nati on and/ or reduced endurance (Youssef et
al ., 1993).

Met hanol admi ni stered by gavage or intraperitoneally induced
hypothermia in Fischer and Long-Evans rats, e.g., brain tenperature
decreased 1.5°C within 35 min and col onic tenperature was
significantly | ower (Mhler & Gordon, 1990). This occurred at dose
| evel s of 2-3 g/kg, which is about 20% of the reported LDs, val ue
of 10 g/kg inrats (Glger & Potts, 1955).

Anmong 40 strains of mce, 72 h oral LDsy, values ranged from?7.3
to 10.0 g/kg with a nean of 8.68 g/kg methanol for nice fed a standard
| aboratory chow diet (Smith & Taylor, 1982). Methanol -dosed C57BL/ GCs
(acatal asenic) mice exhibited slightly |lower LDsy than Cs? (norna
catal ase) mice, irrespective of their folate state (7.1-8.0 versus
8.6-9.0 g/kg). Oral nethanol 72-h LDsg val ues ranged fromé6.4 to
7.3 kg for mice with folic acid deficiency (FAD) diets, depending upon
the concentration of nethionine in the diet (0.2-1.8%.

Female mnipigs (Mnipig YU Charles River) treated with a single
oral dose of nethanol at 1, 2.5 and 5.0 g/ kg body wei ght by gavage



showed dose-dependent signs of acute methanol intoxication, including
m |l d CNS depression, trenors, ataxia and recunbency, which devel oped
within 0.5-2.0 h and resol ved by 52 h. Methanol - and fornat e-dosed

m ni pigs did not devel op optic nerve | esions, toxicologically
significant formate accumul ati on or netabolic acidosis (Dornman et al.
1993).

The effects of single exposures of nmethanol by inhalation are
sunmari zed in Table 5. The follow ng signs of intoxication were noted:
increased rate of respiration, a state of nervous depression foll owed
by excitation, irritation of the nmucous nmenbranes, |oss of weight,
ataxia, partial paralysis, prostration, deep narcosis, convulsions and
death occurring fromrespiratory failure (Loew & von der Heide, 1914;
Tyson & Schoenberg, 1914; Eisenberg, 1917; Wese, 1928; Scott et al.
1933; Mashbitz et al., 1936).

Under acute inhalation conditions, fol ate-deficient Long-Evans
mal e rats exposed to 4000 ng/ n® (3000 ppm nethanol for 20 h/day did
not survive nore than 4 days. Rhesus nmonkeys exposed to 4000 ng/ n®
(3000 ppn) nethanol for 21 h/day survived the 20-day exposure period
and rhesus nonkeys exposed to 13 000 ng/n® (10 000 ppm) nethanol for
21 h/day survived for nore than 4 days (Lee et al., 1994).

The LDsy, for single intraperitoneal injections of nethanol was
10.5-11.0 g/kg in Swiss albino nale nmce. The animals initially
entered into deep narcosis within a few nmi nutes and death usually
occurred within 24 h follow ng recovery fromdeep narcosis (G| ger et
al ., 1952). The LDs, val ues (nmol e/ kg) for single intraperitonea
admini stration were as follows: nale Wstar rats, 237; male strain H
m ce, 336; nale Syrian hanmster, 267 (Tichy et al., 1985). These val ues
were calcul ated to correspond to 1489, 1493 and 1499 mmol e/ n® body
surface, respectively. Tichy et al. (1985) al so determ ned LDsg
val ues for intravenous adninistration of methanol. The val ues reported
inrats and nmice were 66.5 and 147 nmol e/ kg, corresponding to 418 and
653 mmmol e/ > body surface, respectively.

Studi es of rats have indicated that there are changes in |evels
of dopam ne, norepi nephrine, serotonin and 5-hydroxyi ndol e acetic acid
in various brain regions after a single intraperitoneal injection of
3 g methanol / kg (Jegnat han & Namasi vayam 1989). Studies on the
steady-state | evel of rat brain showed that there was severe depletion
of dopamine level in the striatumbut a significant increase in the
| evel of dopami ne, serotonin and 5-hydroxyindole acetic acid in the
hypot hal amus. At the sane time, norepi nephrine and epi nephrine |evels
were reduced in the hypothalamus as well as in the striatum These
effects do not seemto be induced by netabolic acidosis. The changes
in monoani ne levels are very well correlated with the bl ood and brain
| evel of methanol as shown by nmintaining a higher nethanol |eve
ei ther by simultaneous adm nistration of ethanol or by bl ocking
met hanol netabolism by pretreatment with 4-nethyl pyrazole and
3-anmino-1,2,4-triazole. It is thus postul ated that nonoam ne changes
i nduced by nethanol appear to be the direct effect of methano

per se on the nonoam nergi ¢ neuronal menbranes.

Table 5. Effects fromsingle inhalation exposure to methano



Ani mal Concentration Dur ati on of Si gns of Qut come

Ref er ence
ppm exposure (h) I nt oxi cati on
Mouse 72 600 54 nar cosi s di ed
Weese (1928)
72 600 28 narcosi s di ed
54 000 54 nar cosi s di ed
48 000 24 nar cosi s survi ved
10 000 230 at axi a survived
152 800 94 nin nar cosi s
Mashbitz et al. (1936)
101 600 91 nin nar cosi s
91 700 95 nin nar cosi s
76 400 89 nin nar cosi s overal |
61 100 134 mn nar cosi s nortality
45 800 153 mn nar cosi s 45%
30 600 190 mn nar cosi s
Rat 60 000 2.5 nar cosi s
convul si ons
Loewy & Von Der Heide
22 500 8 nar cosi s
(1914)
13 000 24 prostration
8800 8 | et har gy
4800 8 none
Dog 3000 8 none
32 000 8 prostration survived
i ncoor di nati on
13 700 4 none
2000 24 none

7.1.2 Non-human pri nmates

The lethal oral dose of nethanol in nonkeys (Table 4) has been
shown by several investigators to be of the sanme order of magnitude as
the I ethal dose for humans. G lger & Potts (1955) reported a m ni mun
| ethal dose (MLD) for methanol of 3 g/kg for the rhesus nonkey

(Macaca nulatta). Clinically the signs of toxicity were simlar to
those noted in humans. There was a slight initial CNS depression for
1-2 h, followed by a latent period of about 12 h, a progressive
weakness, coma and death usually in about 20-30 h. Al the nonkeys (4)
given a |l ethal dose becane severely acidotic within 24 h. Two of the
ani mal s showed signs typical of nethanol anblyopia observed in humans
i ncluding dilated, unresponsive pupils and changes of the retina. One
nmonkey exhi bited evi dence of optic disc hyperaenia and retinal oedena.

Cooper & Felig (1961) reported a MLD dose of 7 g nethanol/kg
admini stered orally to rhesus nonkeys and observed inebriation
narcosis, coma and death within 24 h (usually wi thout a | atent



period). Sixteen animals survived 6 g nmethanol/kg or |ess. Acidosis
(an increased urinary excretion of organic acids) was reported in nost
cases.

Studies by McMartin et al. (1975) and Clay et al. (1975) were in
agreenent with earlier studies in nonkeys by Glger & Potts (1955).
Rhesus nmonkeys and pigtail nonkeys (Mcaca nenestrina) adm nistered
3 g nethanol /kg orally, showed an initial slight CNS depression
followed by a latent period of 12-16 h, during which tinme the animals
showed no obvi ous signs of toxicity. This was foll owed by progressive
deterioration characterized by anorexia, voniting, weakness,
hyper pnoea and tachypnoea foll owed by coma with shall ow and i nfrequent
respiration and finally death due to respiratory failure 20-30 h after
oral adm nistration of methanol. The gradual devel opment of netabolic
aci dosis coincided with the accunul ation of formc acid in the bl ood
and the decrease of bicarbonate in the plasma (McMartin et al., 1975).

An attenuated but prol onged syndrome was produced i n nonkeys by
the admi nistration of an initial nethanol dose of 2 g/ kg body weight.
and subsequent doses (0.5-1.0 g/ kg at 12-24 h intervals), producing
profound ocul ar toxicity approxi mtely 40-60 h after the initia
dosage (Baunbach et al., 1977; Hayreh et al., 1977; Martin-Amat et
al., 1977).

Vari ous speci es exposed to nethanol by inhal ation have exhibited
haenorrhage, oedenm, congestion and pneunonia in the lungs (Ei senberg,
1917; Wese, 1928; Tyson & Schoenberg, 1914). Al bumi nous and fatty
degeneration and fatty infiltration of the Iiver and ki dneys have al so
been noted (Ei senberg, 1917; Wese, 1928). Fatty degeneration of
cardi ac nuscle has been observed in rabbits exposed repeated over 2 to
6 nonths to nmethanol via inhalation (Eisenberg, 1917). This subchronic
exposure to methanol in rabbits was al so associ ated with notable
central nervous systemeffects such as optic nerve danege, |esion and
atrophy of the cerebrum cerebellum medulla and pons, along with

decreases in neurocytes, Nissl's granules and in severe cases,
parenchyma cells. Repeated inhalation of nethanol resulted in
hyperaem a of choroid, oedema of ocular tissue including the retina
and optic disks, and degeneration of ganglion cells and nerve fibres
in a nunmber of species such as the dog, rabbit and nonkey (Tyson &
Schoenberg, 1914). Acute exposure to nethanol via inhalation, as well
as oral and derrmal exposure, was associ ated with degeneration and
necrosi s of parenchynmal tissue and neurons, acconpani ed by capillary
congesti on and oedenma, and degeneration of the retina and optic nerve
in rats, rabbits and nonkeys (Scott et al, 1933).

An approxi mate intraperitoneal nethanol LDs, of 3-4 g/kg for
pi gtail nonkeys (Macaca nenestrina) was reported by Clay et al.
(1975). Doses of 2 and 3 g/ kg produced netabolic acidosis in the
ani mal s, while nonkeys given 4 g/kg becane severely acidotic and
exhibited signs of toxicity that were remarkably sinmlar to those
reported in human poi soning (Kane et al., 1968). These aninals
di spl ayed a sharp decrease in blood pH (7.03) at 7.5-21 h after
met hanol adm nistration. Bicarbonate was the single blood electrolyte
observed to change during the course of nethanol acidosis. There was a
latent period of 15-18 h prior to the onset of overt signs of
toxicity, followed by a sequence of signs beginning with behavioura



distress, coma within 24-30 h and death. This tine-course parallels
that reported for humans suffering from net hanol poisoning (Roe,
1955) .

7.2 Short-term exposure
7.2.1 Inhal ation exposure

Mal e and fenmal e Sprague-Dawl ey rats exposed to 650, 2600 and
6500 nmy/ n® (500, 2000 and 5000 ppm) nethanol for 6 h/day, 5 days/week
for 4 weeks, exhibited no exposure-related effects except for
i ncreased di scharges around the nose and eyes which were consi dered
reflective of upper respiratory tract irritation. No consistent
treatnment-rel ated effects were found for organ wei ght or body weights
or in histopathol ogi cal or ophthal nbscopi cal exam nations. No ocul ar
effects were noted in rats from 20 repeated exposures to 6500 ng/ m®
(5000 ppn) (Andrews et al., 1987).

Mal e Sprague-Dawl ey rats exposed to methanol vapour at
concentrations of 260, 2600 and 13 000 ng/n® (200, 2000 and
10 000 ppm for 6 h/day, 5 days/week for 6 weeks, did not devel op
pul monary toxicity. No significant changes were found at the |ung
surface and in lung tissue (Wite et al., 1983).

Rat s exposed to 16.8 methanol (0.022 ng nethanol/litre of air)
4 h/day for 6 nonths and sinultaneously admninistered 0.7 ng
met hanol / kg daily by gavage exhi bited changes in bl ood norphol ogy,
oxi dation-reduction processes and |iver function (Pavl enko, 1972).

A prelimnary study reported that F-344 rats fed control and
fol ate-deficient diets and exposed to nethanol at a concentration of
1050 ng/ n® (800 ppm for 20 h/day; 7 days/week for 13 weeks showed
spont aneous degeneration of retina and optic nerve in both diet
groups, while Long-Evans rats did not devel op such ocul ar |esions. The
aut hors suggest that F-344 rats are unsuitable for ocular toxicity
studies (Lee et al., 1990).

M ce exposed to 63 000 ng/n® (48 000 ppm) nethanol for
3.5-4 h/day up to a cunulative total of 24 h were in a state of
nar cosi s but survived, whereas nice becane conat ose when exposed to
71 000 ng/n® (54 000 ppm) for 54 h (Pavlenko, 1972).

Rabbi ts exposed by inhalation to 61 ng/n® (46.6 ppnm) nethano
for 6 nonths (duration of exposure/day not reported) exhibited
ultrastructural changes in the photoreceptor cells of the retina and
Mil ler fibres (Vendilo et al., 1971).

Two nal e dogs exposed to nethanol vapour in air at 13 000 ng/n®
(10 000 ppm) for about 3 min in each of 8-h periods/day for 100
consecutive days, exhibited no synptons, unusual behaviour or visua
toxicity. Methanol |evels in blood neasured at weekly intervals showed
medi an val ues of 65 and 140 ng/litre blood (Sayers et al., 1944).

In contrast to many studi es of nethanol toxicity that reported no
ef fect of | ow doses, two Russian studies (Chao, 1959; Ubaidull aev,
1966) reported evidence of neurobehavioural toxicity at | ow doses as
shown by altered chronaxinetry (chronaxinetry is the ratio of the



mnimumtine necessary for a stinmulus of twice the absolute threshold
intensity to evoke a response neasured as nuscle contractions in
response to an electric current applied to an animal's hind |eg).
Normal |y, the flexor chronaxia is shorter than the extensor chronaxi a,
and their ratio is stated to be relatively stable.

Chao (1959) reported that the average chronaxia ratio for rats
exposed in the high-dose group (49.77 my/n®) for 12 h/day, 5
days/week for 3 nonths, differed significantly fromthat in the
control group of animals at week 8 of exposure. The average chronaxia
ratio returned to normal during the recovery period and the effects in
the | ow-dose group (1.77 nmg/n®) were insignificant. H stopathol ogica
changes found in the high-dose group, but not in the | ow dose group,
i ncl uded poorly defined changes in the mucous nmenbranes of the trachea
and bronchi, hyperplasia of the subnmucosa of the trachea, slight
lymphoid infiltration, swelling and hypertrophy of the nuscle |ayer of
arteries, slight degenerative changes to the liver and changes in the
neurons of the cerebral cortex (Chao, 1959). Ubai dull aev (1966)
reported that nale rats exposed continuously for 90 days to a
concentration of 5.3 mg/n® (4 ppm) of nethanol vapour, exhibited
changes in chronaxia ratio between antagonistic muscles, in whole
bl ood cholinesterase activity, in urinary excretion of coproporphyrin
and in albumn-globulin ratio of the serum Mle rats exposed to
0.57 mg/ n® (0.4 ppm) of methanol vapour continuously for 90 days
showed no changes.

It should be noted, however, that an analysis of these studies
by Kavet & Nauss (1990) indicated that, due to flaws in the study
desi gns, these studies do not provide adequate evidence of an
associ ati on between neur obehavi oural effects and | ow-| evel exposure to
met hanol . Both studies were linmted by the use of small nunbers of
ani mal s per dose group, as well as insufficient reporting of
experimental nethods, study results and statistical analysis. Kavet &
Nauss (1990) al so stated that the biological significance of changes
in the chronaxia ratio is uncertain.

Mal e and fenal e cynonol gus nonkeys (Macaca fascicularis), three
per sex per dose, that were exposed to 650, 2600 and 6500 ng/m® (500,
2000 and 5000 ppm) nethanol for 6 h/day, 5 days/week for 4 weeks
showed no upper respiratory tract irritation. Neither gross,
m croscopi ¢ nor opht hal nbscopi ¢ exani nati ons di scl osed any ocul ar
effects in the nonkeys exposed to 6500 ng/n® (5000 ppn) (Andrews et
al ., 1987).

7.3 Long-term studies

In two 12-month chronic inhalation studies, Fischer-344 rats
(20 femal e and 20 nal e ani nal s per group) and B6C3F1 mice (30/30
femal e/ mal e) were exposed to 13, 130 and 1300 ng/n® (10, 100 and
1000 ppm) of methanol to examine toxic effects unrelated to
carci nogenesi s. A concentration of 130 ng/n® (100 ppm) was found
to be the NOEL in both species. At the highest exposure, a slightly
reduced weight gain in male and female rats and a small but not
significant increase in the relative liver and spleen weight in female
rats were observed. In mice, the body weight was significantly higher
in the highest exposure groups in both nales (after 6 nmonths) and in
females (after 9 nonths). In addition, the incidence and degree of



fatty degeneration of hepatocytes was significantly enhanced in the

hi ghest exposure groups of mce. However, this could have been due to
the higher incidence of fatty degeneration in nice of great body weight.
Clinical laboratory results did not show any changes attributable to

met hanol (NEDO, 1987; Katoh, 1989)

Monkeys (Macaca fascicularis) (eight fenal es per group) were
exposed to 13, 130 or 1300 ng/n® for periods of 22 h/day for up to 29
nmont hs. Body wei ght, haenatol ogi cal and pathol ogi cal exam nations did
not reveal any dose-dependent effects except for hyperpl asia of
reactive astroglias in the nervous system However, this effect was
not correlated to dose or exposure tinme and was found to be reversible
in a recovery test (NEDO 1982)

7.4 Skin and eye irritation; sensitization

In a nodi fi ed Magnusson-Kligman maxi m zation test with 10 fenal e
gui nea-pigs no sensitization was found after intracutaneous or
per cut aneous i nduction and chall enge with 50% met hanol solution in
distilled water or with Freud's adjuvant. No skin irritation effects
were observed. In a parallel test, a 25% fornal dehyde sol uti on was

applied in order to test for possible sensitizing effects resulting
fromthe netabolic transformation of nmethanol to fornal dehyde. Again
negative test results were seen (BASF, 1979).

New Zeal and White al bino rabbits treated by application of 100 pu
met hanol into the | ower conjunctival sac according to CECD test
gui delines and Draize scoring criteria exhibited the follow ng nean
scores of conjunctivitis, chenpsis, iritis and corneal opacity after
1, 4, 24, 48 and 72 h (Jacobs, 1990).

Time after application (h): 1 4 24 48 72

Mean score of conjunctivitis: 0.89 2.00 1.67 2.28 2. 22
Mean score of chenosis: 2.00 2.00 0.67 1.00 0.50
Mean score of irititis: 0.33 1.00 1.00 0.50 0.33
Mean score of corneal opacity: 0.00 0.00 0.50 0.50 O0.67

Thi s denonstrates that nethanol causes significant conjunctivitis
under the conditions of this test. Initial oedema (chenpsis) seen up
to 4 h had decreased significantly by 72 h. O her ocul ar |esions were
much | ess significant.

7.5 Reproductive toxicity, enbryotoxicity and teratogenicity
7.5.1 Reproductive toxicity (effects on fertility)

When mal e Sprague-Dawl ey rats were exposed for 8 h/day, 5
days/week to airborne nethanol concentrations of 260, 2600 or
13 999 ngy/n® (200, 2000 or 10 000 ppm) for 1, 2, 4 or 6 weeks,
significantly decreased levels of circulating free testosterone were
found anong rats exposed to 260 my/n® for 2 and 6 weeks and to



2600 my/ n® for 6 weeks. However, the 13 000 ng/m® group showed

no change. Significant changes in luteinizing hornone (LH were found
after 6 weeks in animals exposed to 13 000 ng/n® but no changes

in follicle-stimulating hornmone (FSH) were observed at the various
exposure |levels (Caneron et al., 1984). Sprague-Dawl ey rats exposed to
260 ng/n® for 6 h for either 1 day or 1 week showed significant
depression (59% in serumtestosterone inmediately after the first
exposure, but not after 1 week of daily 6-h exposures (Caneron et

al ., 1985).

In a subsequent study groups of 10 nal e Long- Evans hooded rats,
60 days of age and acclinmatized (or not) to handling, were exposed to
0, 260, 6500 or 13 000 mg/nm® (0, 200, 5000 or 10 000 ppm) nethano
for 6 h and killed either immediately on renoval fromthe chanbers or
18 h later. Simlar groups of rats, acclimtized to handling or not,
wer e exposed to 6500 ng/n® during 1, 3 or 6 h and killed inmedi ately.
Serum testosterone | evels were not significantly increased at 6 or
24 h in acclimtized rats, but |evels were increased in non-

acclimtized rats exposed to 6500 ng/n® and killed after 24 h. The
serum | uteini zing hornone (LH) level was increased in acclinmatized
rats exposed to 13 500 my/n® and killed at 6 and 24 h but the LH

| evel was reduced in non-acclinmatized rats exposed to 6500 or

13 000 g/ at 6 h but not 24 h. This experinent did not confirmthe
earlier report that exposure to 260 ng/m for 6 h reduced serun
testosterone levels. In the second experinent serumLH and
testosterone levels did not differ at any tinme point between controls
and rats exposed to 6500 ng/n® (Cooper et al.,1992). Methanol

inhal ation at 260 ng/n® for 8 h/day for up to 6 weeks did not reduce
serum testosterone |levels in normal Sprague-Dawl ey rats (Lee et al.
1991). In Long-Evans rats fed either control or folate-reduced diets
and exposed to 1040 ng/n® for 20 h/day for 13 weeks, no adverse

ef fect on testicul ar norphol ogy was observed with 10-nonth-old rats
fed either diet. A greater incidence of testicular degeneration was
however noted with 18-nobnth-old rats given the fol ate-reduced diet,
suggesting that nmethanol potentially accelerates the age-rel ated
degeneration of the testes (Lee et al., 1991).

7.5.2 Developnental toxicity

The inhal ati on of nethanol by pregnant rodents throughout the
peri od of enbryogenesis to high atnmospheric concentrations (6500 to
26 000 ng/n® 5000 to 20 000 ppn) inpaired neural tube closure and
i nduced a wi de range of concentration-dependent teratogenic and
enbryol ethal effects (Nelson et al., 1985; Rogers et al., 1993; Bol on
et al., 1993, 1994). In these studies, significant increase in the
i nci dence of exencephaly were observed followi ng naternal methano
exposures of > 6500 mg/ m® (> 5000 ppn) in mice, while simlar
effects were observed in rats foll owing exposures of > 13 000 ng/ m®
(> 10 000 ppm, indicating that mce are nore sensitive than rats to
the enbryotoxic effects of nethanol

Pregnant Sprague-Dawl ey rats were given by inhalation for 7 h/day
ei ther 6500 or 13 000 ng/n® (5000, or 10 000 ppm nethanol on days
1-19 of gestation, or 26 000 ng/n® (20 000 ppm nethanol on days 7-15
of gestation. The blood | evels of nmethanol in the 26 000 g/ n® group
ranged from8.34 to 9.26 ng/m after 1 day of exposure and from 4. 84



to 6.00 ng/ M after 10 days of exposure. Methanol induced a dose-
rel ated decrease in fetal weights and an increase in nalformations.
The hi ghest met hanol concentration (26 000 ng/ ) produced slight

mat ernal toxicity (slightly unsteady gait) after the initial days

of exposure, and a high incidence of congenital nalformtions

(p < 0.001), predonminantly extra or rudinmentary cervical ribs and
urinary or cardi ovascul ar defects. Simlar nmalformations were found in
the groups exposed to 13 000 ng/n® but the incidence was not
significantly different fromthat of the controls. No increase in
mal formati ons was found in the group exposed to 6500 ng/n®

(5000 ppn), which was suggested to be a no-observed-effect |evel for
this test system (Nelson et al., 1985).

Pregnant CD-1 nmice were treated by inhalation to 1300, 2600
6500, 10 000, 13 000 or 19 500 ng/mn® (1000, 2000, 5000, 7500, 10 000
or 15 000 ppm of methanol for 7 h/day on days 6-15 of pregnancy.
Significant increases were observed in the incidence of exencephaly
and cleft palate at 6500 ng/n® or nore. |ncreased enbryo/fetal death
was found at exposures of 10 000 ng/n® or nore, including an
increasing incidence of full-litter resorptions. Reduced fetal weight
was found at 13 000 ng/n® or nmore. A dose-related increase in
cervical vertebrae was significant at 2600 ng/n® or nore. The NOAEL
for the devel opnental toxicity was suggested to be 1300 ng/m® (1000
ppm nethanol in this test system There was no evi dence of materna
toxicity at methanol exposures below 10 000 ng/n® (Rogers et al.
1993).

A spectrum of cephalic neural tube defects was found in near-tern
(gestation day 17) CD-1 nouse fetuses follow ng maternal inhalation of
met hanol at hi gh concentration (19 500 ng/n® 15 000 ppm) for 6 h/day
during neurulation (gestation days 7-9). Dysraphism chiefly
exencephal y, occurred in 15% of the fetuses, usually in association
with reduction or absence of multiple bones in the craniofacia
skel eton and ocul ar anomalies (prematurely open eyelids, cataracts,
retinal folds). Exposure to a high concentration of nethano
(19 500 g/ n®) injured the nmultiple stem popul ations in the
neural ati ng nmouse enbryo. Significant neural pathology may remain in
ol der conceptuses even in the absence of gross |esions (Bolon et al.
1994) .

Transi ent neurol ogi cal signs and reduced body wei ghts were found
inup to 20% of CD-1 dams exposed to 19 500 ng/n® (15 000 ppm
met hanol 6 h/day throughout organogenesis (gestational days 6-15).
Near-term fetuses reveal ed enbryotoxicity (increased resorptions,
reduced fetal weights and/or fetal malformations) at 13 000 and
19 500 g/ m® (10 000 and 15 000 ppn) met hanol while 3-day exposures
at 6500 ng/ n® (5000 ppm for 6 h/day yielded no observabl e adverse
effects (Bolan et al., 1993). In the studies of Bolon et al. (1993,
1994), terata included neural and ocul ar defects, cleft palate,
hydronephrosis, deforned tails and Iinb (paw and digit) anonali es.
Neural tube defects and ocul ar |esions occurred after methano
i nhal ati on by pregnant CD-1 m ce between gestational days 7 and 9,
while |linmb anomalies were induced only during gestational days 9-11
cleft palate and hydronephrosis were observed after exposure during
ei ther period. The spectrum of teratogenic effects depended upon both
the stage of enbryonic devel opment and the nunber of nethano
exposures.



Long- Evans rats adnini stered single oral doses of 1.3, 2.6 or
5.2 m nethanol / kg by gavage on day 10 of gestation, exhibited dose-
rel ated anomalies, e.g., undescended testes and eye defects
(exopht hal mi a and anophthalma) in the offspring. At the nethanol dose
of 5.2 m/kg, the maternal weight |oss was > 10% which was the only
clinical toxic manifestation/histopathol ogical change noted for the
dans. A significant decrease in fetal body weight (11-21% was
associated with oral ingestion of nethanol in the dans. Methanol given

acutely can produce anomalies in the offspring where there are no
apparent maternal toxic responses (Youssef et al., 1991).

Met hanol was shown to inpair uterine decidualization during early
pregnancy in Holtzman rats admnistered 1.6, 2.4 or 3.2 g nethanol/kg
per day by gavage during days 1-8. Reductions in pregnant uterine and
inmplantation site weights seen on day 9 were the result of nethano
i mpedance of normal uterine decidualization as denonstrated by effects
on decidual cell response techni que. Methanol (3.2 g/kg per day)
produced a non-specific maternal toxicity (reduction in body weight)
by day 9, but no effect on days 11 or 20 on enbryo and fetal survival
or devel opnent were found (Cunmmi ngs, 1993).

When pregnant CD-1 mice were gavaged orally with 4 g nethanol / kg
the incidences of fetal resorption, external defects (including cleft
pal ate) and reduced fetal weight were simlar to those observed in the
13 000 g/ m® (10 000 ppn) inhal ati on exposure group. Cdeft palate
(43.5% per litter) and exencephaly (29% per litter) were the
predom nant external defects seen foll ow ng nethanol exposure by oral
gavage. Methanol blood | evel in the gavage study was 4 ng/m, which
was reportedly simlar to the blood level at the 13 000 nmy/ m®
i nhal ati on exposure group (see above) (Rogers et al., 1993).

No effects on reproductive performance were reported in a two-
generation reproductive study in F-344 rats adninistered 13, 130 or
1300 ng/ n® (10, 100 or 1000 ppm) nethanol by inhal ation for
18-20 h/day. A statistically significant decrease in brain weight was
found at the 1300 ng/n® level in 3-, 6- and 8-week-old pups of the
F. generation. In the F, generation reduced brain thynus and
hypophysi s wei ght was observed. (NEDO, 1987; Katoh, 1989). Ter at ol ogy
studies with Sprague-Dawl ey rats exposed to 260, 1300 or 6500 ng/n®
(200, 1000 or 5000 ppm nethanol by inhalation for 22 h/day during
gestational days 7-17 reveal ed significant weight decreases in brain,
thyroid and thynus of the offspring resulting from maternal exposure
to 6500 ng/n®. However, no abnormal changes were detected
hi st opat hol ogi cal | y. Evi dence of maternal toxicity was found at this
| evel of exposure and toxic effects to fetuses were reported,
including death. No effects were found at 1300 kg/n® (NEDO, 1987
Kat oh, 1989).

A pilot devel opnental toxicity study was conducted by Ryan et al.
(1994) to assess the utility of the folic-acid-deficient rat nodel, a
nmodel that would be sensitive to nethanol and potentially reflective
of the human ri sk/response. Methanol was admi nistered in drinking-
wat er on days 6-15 of gestation at concentrations of 0.5, 1.0 and 2. 0%
to three groups of 7 to 9 sperm-positive Long-Evans rats. The average
bl ood | evels were given as 0.21, 0.26 and 0.67 ng/m, respectively. A



dose- dependant increase in the incidence of maternal and devel opnent al
ef fects was observed. For both end-points the NOEL was assumed to be

| ess than 0.5% et hanol in drinking-water, corresponding to a bl ood

Il evel of 0.21 ng/m.

Weiss et al. (1996) studied devel opnental neurotoxicity of
pregnant Long-Evans rats and their newborn offspring exposed to
5900 mg/ m® (4500 ppm) of nethanol by inhalation for 6 h daily,
begi nning on gestation day 6, with both dams and pups then being
exposed t hrough postnatal day 21. Although findings suggested
signi ficant functional consequences in rats resulting fromthis
exposure, these consequences were considered subtle in character.
Exposure to 5900 ng met hanol /n® did not affect the suckling tine
and conditioned ol factory aversion test of newborn rats. Methanol -
exposed newborn pups were | ess active on postnatal day 18 and nore
active on postnatal day 25 than control newborn pups (notor activity
test). The study found only isolated positive results that were small
and variable. The two adult assays, the fixed-rati o wheel -runni ng
test and the stochastic discrimnation test, yielded evidence of a
significant methanol effect.

No evi dence of brain danage energed on the basis of neuro-
pat hol ogy, although differences in neural cell adhesion nol ecul es
(NCAMs) arising from net hanol exposure were observed in neonata
cerebella (Wiss et al., 1996). Methanol treatnment caused a decrease
in expression in both NCAM 140 and NCAM 180.

Furt her el aboration of the effects of perinatal exposure on NCAV
in Long-Evans rats exposed to 5900 ng/n® (4500 ppn) met hanol vapour
for 6 h daily (beginning on gestation day 6 with dans and pups then
exposed until postnatal day 21) were described by Stern et al. (1996).
Bl ood net hanol concentrations from sanpl es obtai ned i medi ately
followi ng a 6-h exposure reached approxi mately 500-800 pg/m in the
dams during gestation, and |actation average concentrations for pups
attained |l evel s about twi ce those of the dans. Light-microscopic
anal ysis showed no significant abnornmalities in the brains of the
met hanol -treated ani nal s. However, assays of NCAMin the brains of
pups sacrificed on postnatal day 4 showed staining for both the 140
and the 180 kDa isoforns to be less intense in the cerebell um of
exposed ani mals. NCAM di fferences were not apparent in animals
sacrificed after their final exposure. NCAM 140 is the primary isoform
expressed during the stages of neuronal nigration and NCAM 180 is
expressed during synaptogenesis where it is critical to neurona
plasticity, learning and menory. NCAMs are devel opnental |y regul at ed
gl ycoproteins that serve critical roles in the formation and
nmai nt enance of the nervous system (Stern et al., 1996).

7.5.3 Behavioural effects

Neonat al behavi oural toxicity was reported in studies involving
two groups of primigravid Long-Evans rats given drinking solutions of
2% net hanol either on gestational days 15-17 or 17-19, with the
average daily intake on these days anobunting to 2.5 g met hanol / kg.
Lack of maternal toxicity was indicated by nmeasurenents of weight
gain, gestational duration or daily fluid intake. Litter size, birth
wei ght and infant nortality did not differ between the two treatnent
groups and the control. Pups from nethanol -treated rats required



| onger periods than controls to begin suckling on postnatal day 1. On

postnatal day 10, they required nore time to |ocate nesting materia
fromtheir hone cages, suggesting that prenatal nethanol exposure

i nduced behavi oural abnormalities early in |ife, unacconpani ed by
overt toxicity (Infurna & Wiss, 1986).

Fol | owi ng inhal ati on exposure of Long-Evans rats to 19 500 ny/n®
(15 000 ppm nethanol for 7 h/day on gestational days 7-19, naternal
bl ood | evel s decreased significantly from3.8 ng/litre on the first
day of exposure to 3.1 ng/litre on the 12th day of exposure. Methano
transiently reduced maternal body wei ght by 4-7% on gestational days
8- 10 and of fspring body wei ght by 5% on post-natal days 1-3. Motor
activity, olfactory | earning, behavioural thernoregulation, T-maze
| earning, acoustic startle response, pubertal |andmarks and passive
avoi dance tests perforned at the end of the exposure period failed to
reveal significant effects. Prenatal exposure to high |evels of
i nhal ed net hanol appeared to have little effect beyond post-natal day
3inthis series of tests (Stanton et al., 1995).

7.5.4 In vitro studies

Met hanol is developnentally toxic to both nouse (CD-1) and rat
(Sprague- Dawl ey) enbryos during organogenesis in whole enbryo culture
(WEC), a technique which renoves the confounding naternal influences
(Andrews et al., 1993). Conparabl e devel oprental stages of CD-1 nouse
and Sprague-Dawl ey rat enbryos were exposed to methanol (0-16 ng/n
for rat and 0-8 ng/mm for nmouse enbryos) for 24 h. Rat enbryos were
cultured for an additional 24 h wthout nethanol in the medium having
a total culture time of 48 h. Concentrati on-dependent decreases in
sonite nunber, head | ength and devel opnmental score occurred in both
species, with significant effects inthe rat at > 8 ng/m and in
the nouse at > 4 ng/m (Andrews et al., 1993).

In studies of 8-day mouse enbryos cultured in nethanol,
concentrations greater than 2 ng nmethanol/m caused a significant
decrease in devel opnental score and crown-runp length; the 8 ng/mn
group al so suffered 80% enbryolethality (Andrews et al., 1993). Mouse
enbryos were affected at nethanol concentrations that were not
dysnor phogeni ¢ or enbryotoxic in the rat follow ng teratogenic

in vivo exposures (Rogers et al, 1993), suggesting that the higher
sensitivity of the npbuse was due, at least in part, to the greater
intrinsic enbryonal sensitivity of this species to nethanol (Andrews
et al., 1993).

Dependi ng on the concentrati on and duration of nethanol exposure
(0-20 my/mM for 6 h, 12 h, or 1 or 4 days) on enbryonic CD-1 nouse
palate in serun-free organ culture, the nedial epitheliumeither
degenerated conpletely or renmained intact in unfused pal ates (either
condition would interfere with fusion) (Abbott et al., 1994). Cellul ar
proliferation appeared to be a specific and sensitive target for
met hanol as craniofacial tissues responded to methanol with reduction
in DNA content at an exposure that did not effect total protein
However both DNA and protein | evel s decreased with increasing exposure

to met hanol . Methanol selectively altered the norphol ogi cal fate of
the nedial palatal epitheliumcells and the specific effect on cel



survi val was exposure dependent (Abbott et al., 1994).
7.6 Mitagenicity and rel ated end-points
7.6.1 In vitro studies

The structure of nmethanol (by anal ogy with ethanol) does not
suggest that it would be genotoxic.

Met hanol gave negative results when tested in Sal nonella
typhi murium pl ate incorporation assays with or w thout netabolic
activation using strains TA98, TA100, TA1535, TA1537 and TA1538
(Simmon et al., 1977). It was al so negative in the presence or absence
of metabolic activation in strains TA1535, TA100, TA1538, TA98 and
TA1537 (De Flora et al., 1984) and in a DNA repair test in E. col
using strains WP 2, WP 67 and CM 871 in the presence or absence of
met abolic activation (De Flora et al., 1984).

Met hanol (6.0% v/v) induced 3.02% chronosonmal mal segregation in
Aspergillus nidulans diploid strain P1L (Crebelli et al., 1989). The
result was statistically significant at two concentrations and a dose-

response rel ati onship was evident.

Met hanol was negative for gene nutation at the ade 6 | ocus
in the yeast Schizosaccharonyces ponbe with or without the
postm tochondrial fraction fromnouse |iver (Abbondandolo et al.
1980). It was also negative in a mutagenicity test for n+l1 aneupl oi dy
arising fromneiotic disfunction of |inkage group | in the fungus
Neur ospora crassa (Giffiths, 1981).

Met hanol did not induce sister chromatid exchanges (SCES) in
Chi nese hanster cells in vitro during treatment for 8 days to a
final concentration of 0.1% (v/v) (Cbhe & Ristow, 1977). Only in the
presence of S-9 nmix and nethanol (7.9 nmg/m) was there a significant
increase in the nmutation frequency in L5178Y nouse | ynphona cells
(MG egor et al., 1985), possibly because this assay detects
chronmpsone danmage as well as gene nutation. Met hanol was negative in
two in vitro tests for cell transformation: the Syrian hanster
enmbryo cell (SHE) clonal system (Pienta et al., 1977) and the Rausher
| eukaem a virus-infected rat enbryo cell (RLV/RE system (Heidel berger
et al., 1983).

Addi tion of nethanol (or ethanol) to unl eaded gasoline as a fuel
extender did not appear to significantly alter the genetic toxicity of
particul ate exhaust particles when tested in S. typhinuriumstrains
TA100, TA98, TA98 NR, and TA98 DNPR with S-9 activation. In all the
al cohol - bl ended fuel tests, the nass of particle-associated organics
emtted fromthe exhaust was | ower than that observed during the
control tests using gasoline alone (Clark et al., 1983).

7.6.2 In vivo studies

No i ncreased frequencies of mcronuclei in blood cells, of
SCEs, chronosone aberrations or mcronuclei in lung cells, or of
synapt onemal conpl ex damage i n spermatocytes were found in nice
exposed by inhalation to 1050 or 5200 ng/n® (800 or 4000 ppm
met hanol for 5 days (Canpbell et al., 1991).



Uine frommce orally adm nistered five daily doses of methanol
(5 g/kg total) showed no mutagenic activity, and no increase in the
i nci dence of abnornmal spermwas reported (Chang et al., 1983). O al
admi nistration of 1 g nethanol/kg to mce increased the incidence of
chronmosonmal aberrations, particularly aneupl oidy and SCEs, as well as
the incidence of mcronuclei in polychromatic erythrocytes (Pereira et
al ., 1982).

The oral administration of *C-labelled nmethanol to rats
resulted in coval ent binding to haenpgl obin, with binding exhibiting a
linear dose rel ationship between 10 and 100 unol/kg (Pereira et al.
1982) .

B6C3F, mice treated with five daily oral doses of 1 g
met hanol / kg exhi bited abnormal (banana type) sperm norphol ogy. The
bi ol ogi cal significance of these changes is unknown (Ward et al.
1984). It should be noted that the above results, nanely altered sperm
(Ward et al., 1984) and haenogl obin binding (Pereira et al., 1982) are
end-points not generally used for genotoxic evaluation and their
assessment in terns of mutagenicity is unclear.

There is sone evidence that bone marrow cytogenetic anal ysis
i ndicated a dose-rel ated response for structural aberrations,
especially centric fusions in nmce treated with three daily
i ntraperitoneal methanol doses of between 75-300 ng/kg total dose
(Chang et al., 1983).

In vitro and in vivo nmutagenicity studies on nethanol, i.e.,
the Anes test, somatic nmutation assay in CH- V79 cells, chronpsomne
aberrations, SCEs and the micronucleus test in mce conducted by NEDC
(1987; Katoh, 1989), were all reported to be negative.

7.7 Carcinogenicity

There have been no studies reported in the peer-revi ened
literature on the potential carcinogenicity of nmethanol per se in
| aboratory ani nal s.

The New Ener gy Devel opnment Organi zation (NEDO) in Japan reported
carcinogenicity studies in which B6C3F, nmice and Fischer-344 rats of
both sexes were exposed by inhalation to 13, 130 or 1300 ng/n® (10,

100 and 1000 ppn) nethanol for 20 h/day for 18 and 24 nonths,
respectively (NEDO, 1987; Katoh, 1989). No evidence of carcinogenicity
was found in either species. High-dosed animals had a higher, but not

statistically significant, incidence of papillary adenonas than
controls , and histopathol ogi cal exam nation suggested that these
changes were between non-neopl astic and neopl asti c changes.

Addi tionally, seven cases of adrenal pheochronocytoma were found in
hi gh- dose animals conpared to one case in controls. This observation
was not statistically significant according to the Fisher exact test
(Kat oh, 1989).

It is unlikely that methanol is carcinogenic to nouse skin. In an
experiment using four strains of female mce (Balb/c, Sencar, CD-1 and
Swi ss) to study N-nitrosonethylurea carci nogenesis, nethanol was



used as a solvent control. Four groups of 20 nice of each strain
received 25 pl nmethanol tw ce weekly for 50 weeks foll owed by
observation for lifespan. Only one skin tunour was observed anong the
80 control animals (Lijinsky et al., 1991).

7.8 Special studies
7.8.1 Effects on hepatocytes

When Garcia & Van Zandt (1969) admninistered repeated doses of 3
to 6 g/ kg by gavage to rhesus nonkeys (Macaca nulata) for 3-20
weeks, average serum | evel s of nmethanol of 4750 ng/litre were attained
within a few hours. Animals were killed at the end of treatnent and
livers exani ned histologically. Hepatocytes showed nucl eol ar
segregation (zoning of nucleus), hyperplasia of endoplasmic reticulumr
and swel ling of mitochondria. These changes were al so found in one
nmonkey sacrificed 12 weeks after the end of treatnent.

7.8.2 Toxic interactions

I nhal ed nmet hanol potentiated the hepatotoxicity produced by
carbon tetrachloride in adult male F-344 rats. Rats were exposed to
met hanol (0 or 13 000 ngy/nm®) 10000 ppmfor 6 h, then treated 24 h
later with oral CCl,4 (0.075 m/kg). Cd, al one produced a | ow | evel
of hepatotoxicity within 3 days. Methanol plus Cd, resulted in
mar ked i ncreases in serum aspartate am notransferase and al ani ne
am notransferase that |asted for 7 days. Methanol al so exacerbated the
hi stol ogi cal evidence of CC 4 induced centril obul ar degeneration and
necrosis (Simmons et al., 1995).

Met hanol exposure by inhalation induced cytochronme P4502E1
(CYP2EL1l), which appeared to be the principal toxicokinetic mechanisn
under | yi ng net hanol potentiation of carbon tetrachloride
hepatotoxicity (Allis et al., 1996).

When di chl or omet hane (DCM is metabolized carbon nonoxide is
formed, leading to increased carboxyhaenogl obin (COHb) levels in
bl ood. Pankow & Jagi el ki (1993) found that in rats pretreated with
met hanol , net hanol doses of 790-6330 ng/ kg (24.7-198 mmol / kg)
stinul ated increased netabolismof DCM as seen by further increases
in COHb | evel s. When net hanol was adm ni stered sinultaneously with

DCM a decrease in COHb formation was seen at mnethanol doses of 4736
to 7900 ng/ kg (148-247 mol /kg) but not at 3162 ng/ kg (98.8 mmmol/kg).
Thus net hanol can interact with DCM netabolismboth by induction and
by conpetitive inhibition, the latter only at very high doses.

Poon et al. (1994) reported no significant interactive effects in
young Sprague-Dawl ey rats exposed to vapours of nethanol/tol uene
(400/ 110 ng/ n®; 400/1100 ng/n® 4000/110 nmg/ n® and 4000/ 1100 ng/ n®)
for 6 h/day, 5 days/week for 4 weeks. Exposure to nethanol (400 to
4000 g/ n®) and to toluene (110 ng/n® to 1100 ng/n®) or to a mxture
of both produced mld biochenical effects and histological changes in
the thyroid (noderate reduction in follicle size in the thyroids) and
nasal passages.

The bi ocheni cal, haenatol ogi cal and histol ogical effects on



Sprague-Daw ey rats after exposure to methanol (3000 ny/n?;

2500 ppm), gasoline (3200 ppn) and met hanol / gasol i ne (2500/ 3200 ppn
vapour 6 h/day for 4 weeks were exam ned by Poon et al. (1995).
Gasoline was largely responsible for the adverse effects, the nost
significant of which included depression in weight gain in the nales,
increased |iver weight and hepatic mcrosomal enzyme activities in
bot h sexes, and suppression of uterine eosinophilia. No apparent
interactive effects between nmethanol and gasoline were observed.

7.8.3 Studies with exhaust enissions from nethanol -fuell ed engines

There are few data related to the effects of em ssions from
met hanol -fuel | ed engi nes. Since nobst such fuels will contain a
proportion of gasoline and other additives and the emissions will be
conpl ex, the interpretation of these data in relation to methano
toxicity is conplicated.

Maejima et al. (1992, 1993 and 1994) studied the effects of
em ssions from M-85 et hanol -fuel l ed engi nes (nethanol with 15%
gasoline), without a catalyst, on Fischer-344 rats for periods up to
12 weeks. The exhaust contai ned significant amounts of carbon nonoxi de
(89.9 ppnm), oxides of nitrogen (22.9 ppm, fornmal dehyde (2.3 ppm and
met hanol (8.1 ppn). The effects observed were considered to be
primarily related to fornal dehyde. No increase in plasnma nethanol or
form c acid was detected.

7.9 Mechani smof ocular toxicity

Formic acid, the toxic netabolite of methanol, has been

hypot hesi zed to produce retinal and optic nerve toxicity by disrupting
m tochondrial energy production (Fig. 1) (Martin-Amat et al., 1977,
Sharpe et al., 1982). It has been shown in vitro to inhibit the
activity of cytochrome oxidase, a vital conponent of the mitochondria
el ectron transport chain involved in ATP synthesis (Nicholls, 1975).

I nhibition occurs subsequent to the binding of formic acid to the
ferric haemiron of cytochrome oxidase, and the apparent inhibition
constant is between 5 and 30 mM (Ni cholls, 1975). Concentrations of

formate present in the blood and ti ssues of nethanol -intoxicated
humans, non-human primates and rodent nodel s of methanol -intoxication
are within this range (Martin-Amat et al., 1977; Sejersted et al.
1983; Eells, 1991).

St udi es conducted in nethanol -sensitive rodent nodel s have
reveal ed abnornalities in retinal and optic nerve function and
nmor phol ogy, consistent with the hypothesis that formate acts as a
m tochondrial toxin (Fig. 2). In these animal nodels, formate
oxidation is selectively inhibited by dietary (Lee et al., 1994) or
chemical (Eells et al., 1981) depletion of folate coenzynes, thus
allowing formate to accurmul ate to toxic concentrations follow ng
met hanol adm ni stration. Methanol -i ntoxi cated rats devel oped formc
aci daem a, netabolic acidosis and visual toxicity anal ogous to the
human met hanol poi soning syndrome (Eells, 1991; Murray et al., 1991;
Lee et al., 1994a,b).

Sixty hours after the administration of the first dose of
met hanol , bl ood formate val ues ranged from 8-20 nM wi th bl ood hydrogen



carbonate values in the range of 5-12 nEg/litre and bl ood pH val ues of
6.83-7.08. Simlar blood formate concentrations, hydrogen carbonate

| evel s and pH val ues were reported i n nmethanol -i nt oxi cat ed nonkeys
(Martin-Amat et al., 1977) and in severe cases of human net hano

poi soning (McMartin et al., 1980a; Sejersted et al., 1983; Jacobsen et
al ., 1988).

Vi sual dysfunction was neasured as reduction in the flash evoked
cortical potential (FEP) and electroretinogram (ERG. The FEP is a
measure of the functional integrity of the primary visual pathway from
the retina to the visual cortex and the ERGis a gl obal nmeasure of
retinal function in response to illum nation (Creel et al., 1970;
Dow i ng, 1987). The FEP was progressively di mnished in nethanol -
intoxicated rats, indicative of a disruption of neuronal conduction
along the primary visual pathway fromthe retina to the visual cortex
(Eell's, 1991). ERG anal ysis in nethanol-intoxicated rats revealed a
significant early deficit in b-wave anplitude, foll owed by a
tenporally del ayed | esser reduction in a-wave anplitude (Mirray et
al., 1991). The b-wave of the ERG is generated by depol arization of
the Muller glial cells and reflects synaptic activity at the | evel of
the bipolar cells (Dowing, 1987). The b-wave of the ERGis
extrenely sensitive to conditions that interfere with retinal energy
met abolismand is reduced or abolished follow ng brief ischaem a or
the admi nistration of netabolic poisons (Bresnick, 1989; Dow i ng,
1987). Both FEP and ERG alterations occurred at the sane tinme as
accunmul ation of blood formate, indicative of a causal relationship
bet ween formate-induced netabolic and visual disturbances. Simlar ERC
reducti ons have been reported in nethanol -intoxicated prinmates
(I ngemansson, 1983) and in human net hanol intoxication (Ruedenann,
1962; Murray et al., 1991).

In addition to neurofunctional changes, bioenergetic and
nmor phol ogi cal alterations indicative of formate-induced disruption of
retinal energy netabolismhave been docunented in methanol -i ntoxi cated
rats (Murray et al., 1991; Eells et al., 1996; Garner et al.,
1995a, b) . Morphol ogi cal studies, coupled with cytochrome oxi dase
hi stochem stry, reveal ed generalized retinal oedenm, photoreceptor and
RPE vacuol ation, mitochondrial swelling and a reduction in cytochrone
oxi dase activity in photoreceptor nitochondria from nethanol -
intoxicated rats (Murray et al., 1991; Eells et al., 1995, 1996). The
nmost striking structural alterations observed in the retinas of
met hanol -i ntoxi cated rats were vacuol ation and mnitochondrial swelling
in inner segments of the photoreceptor cells (Mirray et al., 1991).
Phot oreceptor mtochondria from nethanol -i ntoxicated rats were swoll en
and expanded to disrupted cristae and showed no evi dence of cytochrone
oxi dase reaction product. In contrast, photoreceptor mtochondria from
control ani mals showed nornmal norphol ogy with well-defined cristae and
were noderately reactive for cytochronme oxidase reaction product.
These findings are consistent with disruption of ionic honoeostasis in
the photoreceptors, secondary to inhibition of mtochondrial function
Bi ochem cal neasurenents al so showed a significant reduction in
retinal and brain cytochrone oxidase activity and ATP concentrations
in nmethanol -intoxicated rats relative to control animals (Eells et
al ., 1995). Surprisingly, no differences fromcontrol val ues were
observed in hepatic, renal or cardiac cytochronme oxidase activity or
ATP concentrations in methanol -intoxicated rats. The reduction in
retinal function, inhibition of retinal, optic nerve and brain



cytochrome oxi dase activity, depletion of retinal and brain ATP
concentrations, and mtochondrial disruption produced in nethanol -
intoxicated rats are consistent with the hypothesis that formate acts
as a mitochondrial toxin with selectivity for the retina and brain.

Studies by Eells et al. (1996) conpared the effects on retina
function and structure of rapidly increasing fornmate concentrations
typical of acute nethanol intoxication with |ow-|level plateau formate
concentrations nore likely to be generated by subacute or chronic
met hanol exposure. Methanol -intoxicated rats that accunul ated formate
concentrations of 8-15 nmM devel oped netabolic acidosis, retinal
dysfunction, and retinal histopathol ogical changes. Retina
dysfunction was neasured as reductions in the a- and b-waves of
the electroretinogramthat occurred at the same tine as bl ood formate
accunmul ation. Hi stopathol ogi cal studies reveal ed vacuolation in the
retinal pignment epithelium and photoreceptor inner segments. Rats
exposed to formate concentrations ranging from4 to 6 mMfor 48 h
showed evi dence of retinal dysfunction in the absence of netabolic
aci dosis and retinal histopathology. These data indicated that
format e-i nduced retinal dysfunction in nethanol -intoxicated rats can
be produced by steadily increasing concentrations of formate and,

i mportantly, can also be produced by prol onged exposure to | ower
concentrations of formate

Martinasevic et al. (1996) studied conponents of folate-dependent
formate oxidation, e.g., folate and 10- CHC- H;-f ol at e dehydrogenase
(10-FDH), in human and rat retinae. Total folate levels in human and
rat retinal tissues were much lower than the levels in liver. However
folate levels in human retina were only 14% of those deternmined in rat
retina. Conparable anpbunts of this 10-FDH were present in both
cellular conpartnents in each species. However, the amount of 10-FDH
in the human retina was approxinmately three times the amount found in
the rat retina. |Imunohistochem cal staining for 10- FDH showed t hat
this enzyme was preferentially localized in Miller cells. Since Miller
cells appear to represent the target for fornmate-induced ocul ar
toxicity, the authors suggested that fornmate oxidation reactions m ght
serve two roles, first a protective role and then a role in nethanol -
i nduced toxicity in Miller cells.

Garner & Lee (1994) enploying oscillatory potential analysis
showed that retinal ischaem a was not involved in nethanol -i nduced
visual systemtoxicity.

The role of retinal nmetabolismin nethanol -induced retina
toxicity in folate-sufficient (FS) rats and fol ate-deficient (FR)
rats, sone of which were also pretreated with disulfiram (DSF), was
exam ned by Garner et al. (1995). Folate-deficient rats treated with
met hanol di spl ayed el evated bl ood and vitreous hunpbur formate |evels
al ong with abnormal el ectroretinograns (ERG, whereas nethanol - exposed
folate-deficient rats pretreated with DSF di d not. Fornal dehyde was
not detected in blood or vitreous humour, either with or wthout DSF
treatment, suggesting that formate is the toxic netabolite in
met hanol -i nduced retinal toxicity. Additionally, intravenous infusion
of formate to | evels seen in methanol toxicity did not alter ERG
| evel s, suggesting intraretinal netabolismof methanol to formate may
be necessary for retinal toxicity.



St udi es measuring ATP synthesis in mtochondria isolated from
bovi ne retina and bovi ne heart have provi ded additional evidence for a
ti ssue-selective action of formate (Eells et al., in press). In these
studi es, mtochondrial ATP synthesis was nmeasured in the presence of
different metabolic substrates. Formate sel ectively inhibited ATP
synthesis in mtochondria isolated frombovine retina in the presence
of metabolic substrates supplying electrons at the |evel of conplex I,
conplex Il and complex IV in the mitochondrial respiratory chain. The
inhibitory effect of formate on retinal mtochondrial ATP synthesis
was concentration-dependent, significant reductions in ATP synthesis
bei ng produced at 10 nM fornmate and K; val ues for inhibition ranging
from30 to 50 mM formate. Conparative studies conducted in
m t ochondria isolated from bovine heart showed little or no inhibition
of ATP synthesis at formate concentrations up to 50 mM These findings
provide direct evidence that formate acts as retinal nitochondrial
toxi n and suggest that one conponent of the retinotoxic actions of
formate may be due to tissue-specific differences in mtochondria
transport mechanisnms or in mtochondrial netabolism

The apparent selective vulnerability of the retina and optic
nerve to the toxic actions of formate in nethanol poisoning has been
t he subject of considerabl e speculation (Rée, 1955; Sharpe et al.
1982; Jacobsen & McMartin, 1986). Al though nmethanol intoxication is
known to disrupt brain function and severe intoxication results in
coma and death, the npbst comon per manent consequence of nethano
intoxication is blindness (Roe, 1955). Several factors nay contribute
to the unique vulnerability of the retina and optic nerve to the
cytotoxic actions of formate. One conponent of this selectivity is
related to the differences in the distribution of formate in the eye
and the brain. Formate concentrations nmeasured in the vitreous hunour
and retinas of methanol -intoxicated rats (Eells, 1991; Eells et al.
1996) were equivalent to or greater than correspondi ng bl ood formate
concentrations. In contrast, the concentrations of fornate in the
brain were significantly | ower than bl ood fornmate concentrations.
These data suggest that the toxic actions of nethanol on the visua
system may be due to the selective accunulation of formate in the
vitreous hunmour and the retina as conpared with other regions of the
central nervous system Secondly, the retina has a very linmited
met abol i c capacity to oxidize and thus detoxify formate (Eells et al.
1996). Thirdly, cytochrone oxidase activity and ATP concentrati ons
have been shown to be selectively reduced in the retina, optic nerve
and brain in nethanol -intoxicated rats, suggesting that there may be
tissue- and cell-specific differences in mtochondrial popul ations and
in the actions of formate on nmitochondrial function (Eells et al.

1995). Finally, in vitro studies in isolated retinal and cardi ac
m t ochondria have shown that fornate selectively inhibits retina
m t ochondrial ATP synthesis (Eells et al., in press). These findi ngs

support the hypothesis that fornate acts as a selective mtochondria
toxin in the retina and establish a Iink between the effects of
formate in vitro and the retinal toxicity associated with formate
accumul ation in methanol intoxication

8. EFFECTS ON HUMANS
Acute oral and inhalation exposures, and to a | esser extent

per cut aneous absorption of high concentrations of nethanol, have
resulted in CNS depression, blindness, coma and death. The most noted



effects resulting fromlonger-termexposure to | ower |evels of
met hanol have been a broad range of ocular effects.

8.1 General popul ation and occupati onal exposure

The human health effects after exposure to methanol are
qualitatively the same for the general popul ation and for those
exposed in the workplace, and will be considered together. Acute
met hanol intoxication in the general population is an uncommon
occurrence, but often results in serious norbidity and nortality.
Litovitz et al. (1988) reviewed the acute net hanol exposure cases
reported in the USA. |In 1987, 1601 net hanol poi sonings were reported
to the Anmerican Association of Poison Control Centers (AAPCC). Hal f of
these individuals required hospitalization and the death rate was
0.375% It was estimated that the actual annual incidence of nethano
poi sonings in the USA in 1987 was about 6400 cases. Subsequent surveys
of net hanol exposure cases have been conducted by the AAPCC, and these
have shown simlar annual frequencies to that in 1987. These data
result from poi soning cases that are not usually reported el sewhere,
since case reports of nethanol poisoning are rarely published in
today's literature. Poisoning frequency surveys are not available from
the rest of the world, but reports in the bionedical literature and in
the press woul d suggest a worl dwi de distribution of nethanol poisoning
cases at least as great as in the USA

8.1.1 Acute toxicity

Met hanol (wood al cohol) has been recogni zed as a hunman toxic
agent since the end of the 19th century. Since the early part of the
20t h century, many hundreds of cases of nethanol intoxication have
been reported as single cases and as groups in many countries. Mny of
the human cases were due to the ingestion of denatured al cohol

The preponderance of nethanol poisonings have resulted fromthe
consunption of adulterated al coholic beverages, e.g., "noonshine", or
"boot | eg whi skey", wood al cohol and spirits m xed with whiskey. Buller
& Wod (1904) and Wod & Buller (1904) reported 235 cases of blindness
or death primarily connected with drinking adulterated beverages or
wood al cohol products, but these also included 10 deaths invol ving
i nhal ati on or absorption of nethanol through the skin.

Bennett et al. (1953) described a case that occurred in Atlanta,
Ceorgia, USA, in 1951, when within a 5-day period, 323 people consuned
boot | egged whi skey contami nated with 35-40% net hanol and 41 of then
died. Kane et al. (1968) reported the poisoning of 18 individuals, of
whom 8 di ed, when a diluted paint thinner containing approxi mately 37%
(by volune) nethanol was used as an al coholic beverage in Lexington,
Kent ucky, USA.

An epidemic in the State Prison of Southern Mchigan in 1979 in
whi ch nmet hanol diluent used in photocopyi ng nachi nes was used as
"hone-made" spirits (containing approximately 3% nethanol) resulted in
46 definite cases of nethanol intoxication and 3 deaths (Swartz et
al ., 1981). Methanol poisoning anpbng 23 servicenen in an Arny hospital
in Korea who had ingested bootleg sake contam nated w th net hanol was
reported by Keeney & Mellinkoff (1951). Tonning et al. (1956) reported
acute met hanol poisoning in 49 naval personnel who consuned drinks



made from duplicating fluid containing a high concentration of
met hanol

An out break of acute nethanol intoxication involving 28 young nen
in Papua New CGuinea in 1977, each of whom consuned an equival ent of
60-600 m pure nmethanol, resulted in all becom ng hospitalized within
8-36 h due to acute netabolic acidosis, severe visual inpairnent and
acute pancreatitis. Four died within 72 h after hospitalization. O 24
who recovered, 16 showed no residual conplications, 6 had bilatera
visual inpairnment and 2 had difficulty in speech as well as visual
i mpai rment (Dethlefs & Naraqgi, 1978, Naraqi et al., 1979).

Bef ore 1978, many al coholics in Sweden were reported to
suppl emrent their intake of al cohol with readily avail abl e cl eansi ng
sol utions containing up to 80% nethanol. Since 1978, the nethano
content of such solutions has been limted to 5% However, consunption
of these solutions by alcoholics is still wi dely seen, exposures of
1-2 weeks being associated with bl ood methanol concentrations ranging
from 1000 to 2000 ng/litre (31-62 mol/litre) (Heath, 1983).

Al t hough i ngestion of nmethanol historically has been shown to be
the npst frequent route of poisoning, percutaneously absorption of
met hanol |iquids or inhalation of its vapour is as effective as the
oral route in producing nethanol acute toxic syndrome in adult and
pedi atric poisonings (Buller & Wod, 1904; Wod & Buller, 1904;
G mnez et al., 1968; Kahn & Blum 1979; Dutkiewicz et al., 1980;
Becker, 1983). G minez et al. (1968) reported 48 children intoxicated
wi th percut aneously applied alcohol. Thirty of these patients had
severe respiratory depression, 14 were conmatose, 11 had sei zures, 7
had anuria or severe oliguria and there were 12 deaths.

About 100 cases of anblyopia (inpairment of vision) and death
frominhal ati on of wood al cohol were reported up to 1912, the majority
occurring from occupational exposure to the fumes (Tyson & Schoenberg
1914). Toxicity has also been associated with inhalation of nethano
vapour in excess of 400 ng/n® (300 ppm) (Becker, 1983; Frederick et
al ., 1984).

Hazar dous inhal ati on exposures of nethanol can occur in the
context of intentional inhalation of volatile preparations such as
carburettor cleaners. Frenia & Schauben (1993) reported seven cases
i nvol ving four patients who had inhaled a carburettor cleaner
contai ning toluene (43.8%, nethanol (22.3%, nethylene chloride
(20.5% and propane (12.5% . Measured bl ood net hanol |evels ranged

from504 to 1286 ng/litre. Blood formc acid |levels were 120, 193 and
480 pg/ m, respectively, in three patients. Ophthal m ¢ exam nati ons
reveal ed hyperaem ¢ di scs and decreased visual acuity in one patient.

Acut e nethanol toxicity in humans evolves in a fairly defined
pattern. A toxic exposure results in a transient ml|d depression of
the CNS, simlar to that of ethanol, but to a nuch |esser degree. The
initial depressant period is followed by an asynptotic |atent period,
whi ch occurs nbst comonly about 8-24 h after ingestion of the al coho
but may | ast from several hours to 2 or nore days. During the | atent
period the patients describe no overt synptonms or signs.



The latent period is followed by a syndrome that consists of an
unconpensat ed netabolic acidosis with superinposed toxicity to the
vi sual system Physical synptonms typically may include headache,
di zzi ness, nausea and voniting, followed in nore severe cases by
abdom nal and muscul ar pain and difficult periodic breathing (Kussmau
breat hing), which nay progress to coma and death, usually from
respiratory distress. Death may occur if patients are not treated for
met abol i ¢ aci dosis, and blindness may result even if treatnent for
met abolic acidosis is perforned (Bennett et al., 1953; Roe, 1955; Kane
et al., 1968; Tephly & McMartin, 1984; Tephly, 1991).

The neurotoxic effects of methanol on the visual system can
i nvol ve transient abnornalities such as peripapillary oedena, optic
di sc hyperaemi a, dimnished pupillary reactions to light, and central
scotomat a. Permanent ocul ar abnornalities include optic disc pallor,
attenuation of arterioles, sheathing of arterioles, dimnished
pupillary reactions to light, dimnished visual acuity, centra
scotomata, and other nerve fibre bundl e defects (Bennett et al., 1953;
Det hl efs & Naraqgi, 1978; Kavet & Nauss, 1990). Pallor of the optic
disc is an end-stage sign of irreversible effects of the visual systenm
and may appear 1 to 2 nonths after an acute nethanol dosage (or
possi bly followi ng chronic occupati onal exposure to nethanol vapour)
(Bull er & Whod, 1904; Wod & Buller, 1904; Bennett et al., 1953).

Wthin the general population, the range of the dose |evels that
i s hazardous to humans and the variable susceptibility to acute
effects are well recogni zed (Bul |l er & Wbod, 1904; Wod & Buller, 1904;
Bennett et al., 1953). As little as 15 m of 40% nethanol resulted in
the death of one individual while others survived follow ng the
consunption of 500 mM of the sane solution in the Atlanta, Ceorgia,
epi dem ¢ of 1951. There were large individual differences in the
duration of the latency period. Synptons of nethanol poisoning
appeared within a few hours or were delayed for up to 72 h. The
severity of the disease was not related to the I ength of the | atent
period or the ampunt of nethanol consuned (Bennett et al., 1953). (It
shoul d be noted that in earlier reported poisoning epidemcs, |arge
errors in dose estimtes may have been made).

I n anot her exanple of the range of dose |evels of nethanol that
are toxic, 120 m (4 fluid ounces) of Colunbian spirits, or 95 g of
met hanol (Col unbian spirits is basically pure nethanol), was lethal in
40% of the poisoning cases. For a 70-kg person, this dose is
equi val ent to about 1.4 g nethanol/kg body weight (Buller & Wod,
1904). This figure is consistent with currently accepted val ues for
lethality, and 0.3 to 1 g/kg is considered the range of a m ni mum
| ethal dose for untreated cases of nethanol poisoning (Rée, 1955
Erl anson et al., 1965; Gonda et al., 1978).

It has been suggested that the variability in the reaction to
met hanol may have been due to the concomitant ingestion of ethanol
wi th nmet hanol, which resulted in sone patients having a | onger | atent
period prior to the onset of poisoning (Roe, 1950, 1955). Anot her
explanation for the variability in susceptibility to methano
poi soning is the different levels of folate in the diet. Fol ate-
deficient individuals have a | esser capacity to netabolize formate, so
are nore susceptible to accunulation of formate to toxic levels (see
section 8.1.7 for sensitive sub-popul ations).



In some clinical cases, the blood nethanol level is lowin the
| ast phase of the poisoning. In three such cases, blood nethano
concentrations were 0.275, 0.277 and 0.194 g/litre, respectively
(Erlanson et al., 1965). On the assunption that the body in diffusion
equilibriumw th the bl ood represents about 70% of the body wei ght,
Roe (1982) cal culated that 0.19-0.14 g/ kg of methanol was present in
the body. However, |ow blood nethanol |evels do not indicate a | ower
susceptibility to toxicity, i.e., blood nethanol |evels do not
correlate with patient prognosis (Jacobsen & McMartin, 1986). Patients
that are examined |ate after methanol ingestion are likely to have |ow
bl ood met hanol |evels, yet high accunul ati on of formate. Such patients
of ten have poor prognosis.

Acut e net hanol poisoning patients with blood | evels of methano
above 500 ng/litre are generally regarded as requiring haenodi al ysi s
(Becker, 1983). The dose of nethanol required to achieve this blood
concentration is very small (0.4 m/kg body weight). This corresponds
to the ingestion of 4 m (less than a teaspoon of 100% net hanol by a
10-kg (1-year old) child and 28 m (less than 1 fluid ounce) by a
70-kg adult (Litovitz et al., 1988).

A case was reported of a 46-year-old nan who, after consumng a
beverage contai ni ng net hanol, exhibited one of the highest reported
serum met hanol |evels (4930 ng/litre), well above those at which
et hanol treatnent and haenodi al ysis are recommended (200 ng/litre
and 500 ng/litre, respectively). The | owest serum pH was 7.0
with a hydrogen carbonate |l evel of 8.8 and an anion gap of 42.8.
Additionally, his visual acuity decreased to a conplete |oss of
vision. The patient was aggressively treated wi th haenodi al ysis and
et hanol infusion, regained his vision with a visual acuity of 20/30
bilaterally and suffered no neurol ogi cal sequel ae (Panbies et al.
1993b) .

An addi tional nunber of cases are particularly informative
regardi ng treatnment of methanol intoxication and sequel ae of
poi soni ng. A case of nethanol intoxication was reported involving a
53-year-old man. Along with blindness and netabolic acidosis, this
resulted in cerebral oedema and subarachnoi d haenorrhage foll owed by a
comat ose state and subsequent death (del Carpio-O Donavan & 4 ay,
1992).

A 31l-year-old mal e al coholic who consuned et hanol containing
met hanol experienced severe signs and synptons of poisoning. He
underwent mininmal nedical treatment consisting of sodi um hydrogen
carbonate and peritoneal dialysis and exhibited necrosis and
haenorrhage of the (bilateral) putanmen and necrosis of bilateral
subcortical white matter and post-contrast gyral enhancenment at the
ot herwi se normal -1 ooki ng areas of the cerebral cortex by the 22nd day,
as reveal ed by conputed tonography (Hsieh et al., 1992).

A 31-year-old man entered hospital with a 370 ng/litre serum
met hanol |evel after exhibiting the signs and synptons of methanol
poi soni ng (nausea, vomting, diffuse abdoninal pain and blurred tunne
vision) for 7 days. Following a conplete reginmen of treatnent
consi sting of hydrogen carbonate, ethanol and folate conbined with a
6- h haenodi al ysi s, which corrected the acidosis and elim nated



met hanol (net hanol decreased to 100 ng/litre by the second day),
per manent blindness still resulted (Vogt et al., 1993).

A case study of acute nmethanol poisoning in a 27-year-old man
with a previous pattern of drinking was reported by King (1992).
Fol | owi ng a conprehensi ve treatnent reginmen consisting of
admi ni stration of alkali, fluids and ethanol, intubation and
haenodi al ysis, this patient exhibited significant neurol ogical and
physi cal inmpairnment, including trauma to the vocal cords and
hypophoni ¢ voi ce and urinary incontinence (of central origin), along
with cognitive defects. However upon discharge his vision was nornma
with no atrophy of the optic nerve.

A case of a severe nethanol poisoning in a 33-year-old man with a
hi story of al coholismwas reported by Burgess (1992). The individua
required 21 h of dialysis to bring the serum nethanol |evels down to a
non-toxic | evel. A haenodialysis treatnment usually |asts approxi nately
4 h but this nay not be sufficient in severe poisoning. Prolonged
haenodi al ysis treatment shoul d be considered in cases of severe
poi soni ng and al so possibly for patients with conproni sed rena
function.

Ext ensive white and grey matter brain damage was seen in an
al coholic 37-year-old nan who consunmed 1900 m of wi ndshield washer
fluid containing nethanol. Both CT scan and MR i nagi ng reveal ed
di ffuse white matter oedenma and danage throughout frontal and parieta
| obes. Bilateral changes in the basal ganglia and necrosis and
haenorrhage of putamen were also noted (d azer & Dross, 1993).

Autopsies fromvictinms of |ethal nmethanol poisonings reveal ed
gross pathology in the visceral organs, the brain, lung, liver,
ki dney and the CNS, all of which involved a variety of oedematous,
haenorrhagi ¢ and degenerative changes (Keeney & Mellinkoff, 1951;
Bennett et al., 1953; Tonning et al., 1956; Kaplan, 1962; Erlanson et
al ., 1965; McLean et al., 1980; Wi Chen, 1985; Suit & Estes, 1990).

A fatal case involving a 41-year-old man who had ingested a | arge
quantity of methanol disclosed a broad distribution of nmethanol in
postnortemtissues and fluids. The highest content of methanol was
found in the kidney (5.13 g/kg) followed by the liver (4.18 g/kg),
vitreous hunmour (3.9 g/litre), heart (3.45 g/kg), urine
(3.43 g/litre), pericardial fluid (3.29 g/litre), blood (2.84 g/litre)
and stomach contents (2.21 g/litre) (Pla et al., 1991).

Met hanol toxicity can cause brain oedenm, necrosis, brain atrophy
and cerebral haenorrhage. Putam nal necrosis and haenorrhage result
fromthe direct toxic effects of the nmethanol netabolites (e.qg.,
formate) and netabolic acidosis in the basal ganglia. The typica
appearance of bilateral putani nal necrosis has been described as
characteristic of nmethanol toxicity (Gonda et al., 1978).

Opti c neuropathy and putam nal necrosis are the two main
conpl i cations of methanol poisoning generally occurring in conbination
after severe poisoning of either suicidal or accidental origin (Sharpe
et al., 1982).

A case study of a worman who drank a substantial amount of



met hyl ated spirits, which resulted in optic neuropathy and putam na
necrosi s, has been reported (Pelletier et al., 1992). The woman
exhibited trenor and rigidity, hypokinesia, altered speech and | oss of
superficial and proprioceptive sensation of the lower extrenmities with
hyper pat hia. Signs of noderate bilateral sensory neuropathy and
extrapyram dal damage persisted for 2 nonths as did total blindness
due to optic atrophy. Repeat CT and MRl exani nations reveal ed the
damage to be a core lesion of the putamen with residual bilatera

put ami nal hypodensity suggestive of an ischaenmi c and necrotic process
possi bly including disruption of the bl ood-brain barrier

Post nortem anal ysi s of methanol concentrations in body fluids and
tissues reported in fatal human cases of nethanol poisoning has
reveal ed hi gher concentrations of nmethanol in cerebrospinal fluid
(CSF), vitreous hunmour and bile than in blood (Bennett et al., 1953;

Wi Chen et al., 1985). In tissues, the highest concentrations were
found in brain, kidney, lung and spleen, and there were | ower
concentrations in skeletal nuscle, pancreas, liver and heart (W Chen

et al., 1985).

Post nortem si gns of danage to the basal ganglia in the brain,
specifically the putanmen, have been reported in several cases
(Erlanson et al., 1965; Aquilonius et al., 1978; Suit & Estes, 1990).
A nunber of human studi es have shown that survivors of severe nethanol

poi soning may suffer residual disorders as a permanent conplication
(Erlanson et al., 1965; Guggenheimet al., 1971; Aquilonius et al.
1978; McLean et al., 1980; Ley & Gali, 1983). Ley & Gali (1983)

descri bed a case of Parkinsoni an syndrone after nethanol intoxication

Co-ingestion of nethanol with other solvents, e.g., nethyl ethyl
ketone (MEK) (found in multiple ink cleaning products) has resulted in
a hyperosnol ar coma w t hout anion gap netabolic acidosis in one
reported case of poisoning. MEK was believed to have inhibited
met hanol netabolismcontributing to the | ow serumformate (1.3
mml /litre) and normal ani on gap despite a bl ood nethanol |evel of
67 mmol/litre (Price et al., 1994).

8.1.2 dinical features of acute poisonings

The tinme course of clinical effects due to acute nethano
poi soning is heavily dose-dependent. Bl ood nethanol concentrations of
> 500 ng/litre are associated with severe acute clinical signs of
toxicity, although formate concentrations nay give a better indication
of potential toxicity (National Poisons Information Service, 1993).

Thirty minutes to 2 h after ingestion of nethanol, clinica
effects resenbl e those of mild ethanol inebriation, and drowsiness,
confusion and irritability are often noted. After a latent period,
whi ch can range froma few hours to 30 h (but nmay appear as early as
1 hor as late as 72 h), the patient shows nild CNS depression
foll oned by abdom nal pain, nausea, vonmiting, hypernoea, gradually
failing vision, progressive encephal opathy, severe netabolic acidosis
and hypokal aem a; conma and death may ensue. Patients nay conpl ain of
blurred or "snowfield" vision with whiteness, spots or m stiness
within the visual field. Survivors may have permanent blindness or
various neurol ogi cal sequelae. Mourtality and norbidity may be nore



related to the tinme between ingestion and therapy rather than to the
initial nethanol levels, thus enphasizing the need for rapid treatnent
(Mahieu et al., 1989; National Poisons Information Service, 1993;
Panbies et al., 1993a).

Met abol i ¢ aci dosi s associated with high anion and osnolal gaps is
consi dered an inmportant |aboratory indicator of nethanol poisoning
(Kruse, 1992). The difference between neasured and cal cul at ed
osnolality or osnolal gap permits a rough estimation of al coho
concentrations (Pappas et al., 1985) so that specific therapy is often
initiated before results of quantitative nmethanol determ nations are
avai | abl e.

The deternination of osnolal and anion gaps are readily avail able
techniques in the initial handling of poisoning with unknown agents
and of patients with a nmetabolic acidosis of unknown origin. A
conbi ned increase in both anion and osnol al gaps has been shown to be
a sensitive marker of either ethylene glycol or nethanol poisoning
(Jacobsen & McMartin, 1986). Reported earlier reference val ues for

osnol al gap and anion gap are -1 (+ 6) nosmikg H,O and 16 (+ 2)

mmol /litre, respectively (Jacobsen et al., 1982b). However, Aabakken
et al. (1994) determ ned osnolal and ani on gaps in popul ati ons that
were consecutively admtted to a hospital energency departnment and
suggested that the present reference values for anion and osnol al gaps
may be too narrow. They further suggested that the values for the
osnol al gap should be 5 + 15 nosm kg H,O (-10 to + 20 nosni kg HO

and for the anion gap should be 13 + 9 muol/litre (4-20 nmol/litre).
In their previous reports of nethanol poisonings, all patients
exceeded these ranges (Jacobsen et al., 1982).

Denedts et al. (1994) hypot hesi zed t hat excessive serum
osnol ality gaps that are not predictive of nethanol |evels as
frequently seen in acute poisonings may be attributed to methodol ogy
used to neasure nethanol (anal ysing sanpl es using head-space GC were
conpared to results found with gas-chromat ography using split-node
i njections). Although the determ nation of increased anion gap is
suggesti ve of methanol poisoning, definitive evidence would be
i ncreased bl ood or serum formate concentrations.

Characteristic clinical and | aboratory findings in nethano
poi soning are sumuari zed as foll ows:

* Physi cal findings
a) Kussmaul respiration (difficult, periodic breathing)
b) faint odour of nethanol on breath
c) vi sual di sturbances
d) nausea, vomting, abdom nal pain
e) altered sensation

* Laboratory findi ngs
a) el evat ed ani on gap
b) met abol i ¢ aci dosi s
c) el evated osnol gap
d) positive serum net hanol and/or serum formte assay

In treating nethanol poisoning a 3-step procedure i s common



1) administration of hydrogen carbonate to conbat netabolic acidosis;
2) administration of ethanol to conpete as a substrate for al coho
dehydr ogenase, and 3) haenodi al ysis to renmove nmethanol from the bl ood
(Erlanson et al., 1965; Gonda et al., 1978; MCoy et al., 1979; Lins
et al., 1980; Jacobsen et al., 1982a,b; Pappas & Silvernan, 1982;
Becker, 1983; Jacobsen & McMartin, 1986; Kruse, 1992; Panbies et al.
1993a, b). Current recommendati ons are that ethanol treatnent be
conducted for patients with bl ood nethanol |evels of 200 ng/litre or
nmore, while haenodi al ysis be used above 500 ng/litre (Jacobsen &
McMartin, 1986).

The rationale for the administration of ethanol (Rbe, 1950;
Keyvan-Larijarni & Tannenbaum 1974; MCoy et al., 1979; Becker, 1983)
is that al cohol dehydrogenase, the enzyne responsi ble for converting
met hanol to fornmal dehyde and fornmic acid, is also involved in the

met abol i sm of ethanol to acetal dehyde and acetate. The conversion of
met hanol to its toxic by-products is slowed in the presence of ethanol
due to conpetition for the enzyne.

4- Met hyl pyrazole (4-MP) is a nore specific inhibitor of alcoho
dehydrogenase, less toxic than pyrazole and has been shown to
dramatically inhibit production of formc acid from methanol in
experimental aninmals (Blonstrand et al., 1979; MMartin et al.
1980b). Monkeys given usually lethal doses of nethanol survived when
treated with 4-MP fol Il owi ng nmethanol administration (McMartin et al.
1980b). In humans the slower elimnation rate and | esser degree of
toxicity of 4-MP suggested that it mght be preferable to ethanol in
the treatnent of nethanol poisoning (Jacobsen et al., 1990). 4-MP is
currently undergoing clinical trials for treatnent of nethano
poi soni ng.

Haenodi al ysis effectively renoves nethanol and formate fromthe
circulation (Erlanson et al., 1965; Gonda et al., 1978; MCoy et al.,
1979). If haenpdialysis is not avail able, peritoneal dialysis has been
used with sone success in treating acute nethanol intoxication
(Keyvan-Larijarnc & Tannenberg, 1974). Discussion of the treatnent of
met hanol poi soning can be found in the I PCS Poi sons | nfornmation
Monograph (PIM No. 335 (IPCS, 1991).

8.1.3 Repeated or chronic exposure

In conparison to acute toxicity, reports of effects fromrepeated
or chronic nmethanol exposures have been only infrequently reported.
Information based on a linited nunber of case reports and even fewer
epi deni ol ogi cal studies (generally containing unknown | evel s and/ or
durations of nethanol exposure) suggests that extended exposure to
met hanol may cause effects qualitatively simlar to those observed
fromrelatively high | evel s of acute exposure, including in some cases
CNS and vi sual disorders (Buller & Wod, 1904; Wod & Buller, 1904,
Greenberg et al., 1938; Bennett et al., 1953; Kingsley & Hirsch, 1955
Frederick et al., 1984).

Greenberg et al. (1938) studied 19 workers enployed in the
production of "fused collars", where solutions of acetone-nethano
(3:1) were used to inpregnate collars which were then steam-pressed
Met hanol concentrations in the work roomwere 29-33 ng met hanol / n®



and 96-108 ng acetone/n®. The shortest period of enploynent in this
occupation was 9 nonths and the | ongest was 2 years. No CNS synptons
or visual anonumlies were observed

Frederick et al. (1984) reported on teacher aides who worked at
or near spirit duplicators that used a 99% nmet hanol duplicator fluid.
The exposures ranged from 1l h/day for 1 day/week to 8 h/day for 5
days/ week and had occurred for 3 years. Since the introduction of the
equi pnent, the aides began to experi ence headaches, dizziness and eye
irritation, blurred vision and nausea/ upset stomach while worki ng near
the nmachi nes. Fifteen-minute breathing zone sanples near 21 operating

machi nes cont ai ned between 475 and 4000 ng/n® of met hanol vapour.
Fifteen of these sanples exceeded the NI OSH reconmended 15-mn
standard of 1050 ng/n® (800 ppm). The aides were al so exposed while
collating and stapling papers inpregnated with the fluid up to 3 h
earlier and these exposures ranged from 235-1140 ng/n® . The results
suggested that chronic effects may occur when methanol concentrations
exceed the threshold limt value (TLV) of 260 mg/n® (200 ppm. The
effects reported in the study of Frederick et al. (1984) were simlar
in nature but appeared | ess severe than those reported from acute

poi soni ng by nethanol (Buller & Wod, 1904; Wod & Buller, 1904;
Bennett et al., 1953).

Kingsley & Hirsch (1955) reported frequent and persistent
headaches, but no visual effects or other permanent sequelae, in
clerical workers | ocated close to spirit duplicating equi prent that
used net hanol - based duplicating fluid. Methanol concentrations were
reported to be as high as 490 my/n® in the air surrounding the
duplicating equi pment after 60 nin of operation and approximately
130 my/ ® about 3 maway fromthe device. The nethanol concentration
around the duplicating equi pment al ways exceeded 260 ng/ . No
i nformati on was provided concerni ng the nunber of enpl oyees exposed or
af fected, nor on the actual duration of nethanol exposure.

NI OSH (1981) reported that 45% of "spirit" duplicating machine
operators at the University of Washi ngton experienced some synptons
(blurred vision, headache, nausea, dizziness and eye irritation),
consistent with the toxic effects of nethanol. Airborne methanol
concentrations of 1330 ng/n® were measured in the vicinity of the
duplicators when wi ndows and doors were open. No information on the
actual length of duration of methanol exposure anong the enpl oyees
engaged in the duplicating machi ne operations were provided.

A nunber of other studies have measured nethanol and formate in
the bl ood and urine of workers exposed during an 8-h day to between
100 and 200 mg/ n® of met hanol vapour (Baumann & Angerer, 1979;

Heinrich & Angerer, 1982. Although these studies were predicated on

i ssues of occupational health related to nethanol exposure, no health
effects were provided nor did the investigators inply that the workers
studi ed had suffered health effects.

Kawai et al. (1991b), utilizing nethanol in urine as a biologica
i ndi cator of occupational exposure, conpared subjective conplaints and
maj or clinical findings anong 33 net hanol - exposed workers over severa
8-h workshifts. Uine | evels of nethanol in controls were on average
1.9 £+ 0.8 ng/litre (n =91), and in 14 exposed workers pre-shift



concentrations were significantly el evated conpared to controls. At
the end of the shift the urine concentrations were generally above
100 ng/litre in 8 men with a nean exposure |evel of 1690 ny/n® and
30-100 ng/litre in 6 men with a nean exposure |level of 550 ng/nd. The
hi ghest exposures (breathing zone, 8-h/sanples) were 4000-7000 ng/n®
and corresponding urine |evels 300-500 ng/litre. The | eading

subj ective conplaints included: dinmed vision and nasal irritation

during work, and headache, di mmed vision, forgetful ness and increased
sensitivity of the skin in the extrenmties when off-work. The authors
attributed the dinmed vision to the fog created by nethanol vapours
and high humdity in air. No visual problens were noted when wi ndows
were kept open and fresh air was allowed to flowin. It was al so noted
that there were no conpl aints of photophobia (and thus perhaps no
maj or corneal involvenent). Fundus photography reveal ed that the optic
discs were normal and thus the synptom of di mred vision was not

recogni zed as a sign of inpending retinal involvenent. In three

wor kers with nethanol exposures of 1250-2130 ng/n®, 1385-2075 nmy/ n®
and 155-4685 nmg/ m® (953-1626 ppm 1058- 1585 ppm and 119-3577 ppm the
reaction of pupils to light was slowin two subjects, and a third

subj ect had slight nydriatic pupils. The duration of service of the
workers ranged fromO0.3 to 7.8 years. The exposures were high and the
met hods for neasurenment of visual toxicity were relatively crude, but
the data did not indicate that occupational exposure to such
concentrations caused permanent damage

The effects of nmethanol vapour (249 ng/n® SD + 7 nmg/n®) for
75 m n on neurobehavi oural neasures were studied in 12 healthy young
men. The exposure produced significant increases (approximtely 3
fold) in blood and urine nethanol |evels but no changes in plasna
formate |l evel. Al though nost of the neurobehavi oural end-points were
unaf f ected by exposure to nethanol, statistically significant effects
and trends were found for a cluster of variables, including the
| atency of the p-200 conmponent of event-related potentials,
performance on the Sternberg nenory task and subjective neasures of
fatigue and concentrati on. However, the effects were snmall and did not
exceed the normal range (Cook et al., 1991).

8.1.4 Reproductive and devel opnental effects

No studi es have been reported in the peer-reviewed |literature on
the reproductive and devel opnental effects of methanol in hunans.

8.1.5 Chronpsonmal and mutagenic effects

No studi es have been reported in the peer-reviewed |literature on
chronmosomal or nutagenic effects of nethanol in humans.

8.1.6 Carcinogenic effects

No studi es have been reported in the literature on the
carci nogenicity of nmethanol in humans.

8.1.7 Sensitive sub-popul ations

Fol at e-deficient individuals mght be at greater risk from
i nhal ati on of | ow concentrations of nethanol, conpared to norma



i ndi vi dual s. Human popul ations that are potentially at high risk of
fol ate deficiency include pregnant wonen, the elderly, individuals
with poor-quality diets, alcoholics and individuals on certain

medi cations or with certain di seases (API, 1993).

It has been suggested that the netabolic acidosis due to nethanol
m ght be exacerbated in individuals with diabetes since it is well
known that these patients suffer from di abetic ketoaci dosis (Posner,
1975). However, there are no clinical or experinental data on any
i nteraction between nethanol acidosis and diabetic ketoaci dosis.

9. EFFECTS ON OTHER ORGANI SMS | N THE LABORATORY AND FI ELD
9.1 Aquatic organi sns
9.1.1 M croorgani sns

The toxicity of methanol to each of three bacterial groups, i.e.,
aerobi c heterotrophic, N trosonbnas and net hanogens (key agents in the
natural recycling of organic material in the environment and in
wast ewat er treatment systemnms), was described by Blum & Speece (1991).
The following | G values (ng/litre) (the concentration that
inhibited the culture by 509 conpared to the uninhibited controls
were reported: N trosononas (after 24-h exposure), 880 ng/litre
met hanogens (after 48-h exposure), 22 000 ng/litre; and aerobic
het erotrophs (after 15-h exposure), 20 000 ng/litre. Methanol was
found to be conpletely inhibitory to amonia oxi dation by

Ni t rosomonas bacteria at a concentration of 5 x 10°° M (about
160 ng/litre) (Hooper & Terry, 1973).

A 15-mn ECso of 14 700 ng/litre for the |um nescent narine
bact eri um Phot obact eri um phosphoreum and a 4-h LG5y val ue of 1.0%
by volunme (7690 ng/litre) have been reported (Schiewe et al., 1985).
Calleja et al. (1994) found the ECs, for the marine bacteriun
Phot obact eri um phosphoreumin the Mcrotox(® test to be
29 348 ny/litre. Rajini et al. (1989) reported a 10-m n LG5y of 6%
(44 860 nyg/litre) for the ciliate protozoan Paraneci um caudatum

Toxicity threshold values for nethanol in the cell nultiplication
inhibition test of 6600 ng/litre for the bacterium Pseudononas
putida and > 10 000 ng/litre for the protozoa Entosiphonsul catumr
were reported by Bringnmann & Kihn (1980).

An experinental ECsy value (the concentration that reduced the
maxi mum observed bi odegradati on rate by 50% for nethanol of
2.8 mol/litre (89.7 g/litre) was obtained in a system enploying an
enriched m xed mcrobial culture derived fromdonestic waste water in
the USA (Vai shnav & Lopas, 1985).

9.1.2 Algae

Stratton (1987) determ ned the follow ng ECs, val ues:

Anabaena cylindrica: 2.57% (20 300 ng/litre)
Anabaena i naequal i s: 2.68% (21 179 nmg/litre)
Anaebaena sp.: 3.12% (24 650 ng/litre)

Anaebaena variabilis: 3.13% (24 730 ng/litre)



Nost oc sp.: 5.48% (43 290 ng/litre)

For the green alga Chlorella pyrenoi dosa an ECsy val ue of
28 440 ny/litre was found (Stratton & Smith, 1988). Bringman & Kihn
(1978), enploying a cell multiplication test, reported a toxicity
threshol ds of 8000 ng/litre for the green alga Scenedesnus
quadri cauda and 530 ng/litre for the cyanobacterium (bl ue green
alga) M crocystis aerugi nosa.

9.1.3 Aquatic invertebrates

The toxicity of methanol, as reported for a broad spectrum of
aquatic invertebrates, is summarized in Table 6. ECsy values for the
water flea (Daphnia nmagna) range from 13 240 to 24 500 ny/litre
Hel nstetter et al. (1996) exposed the nussel, Mtilus edulis, to
met hanol concentrations of 1, 2, 3, 5 and 10% (v/v) for 96 h. Al the
mussels in both the 5 and 10% exposure groups died within 13.5 h.
Subl et hal narcotic effects such as slow novenment and sporadic filter
feeding were reported in nussels exposed to 2 and 3% Missel s exposed
to 1% nmet hanol exhibited no adverse effects during the 96-h exposure
peri od.

9.1.4 Fish

The acute toxicity to fishis listed in Table 7. LCsy val ues
reported for freshwater fish species range from10 880 to
29 700 ng/litre.

The physi ol ogi cal changes in the carp (Cyprinus carpio)
af fected by a sub-lethal nethanol concentration of 1 m/litre
(790 ng/litre) included a significant increase in blood cortiso
|l evels after 6 h of exposure, but not after 24 or 72 h, significant
decreases in blood protein and chol esterol levels after 72 h of
exposure, and reduced concentration of glycogen in the |iver after
72 h. Methanol did not produce significant changes in blood gl ucose
|l evel s after any duration of exposure (A uth & Hanke, 1985).

The effect of methanol on the fertilization of chum sal non
(Oncorhynchus keta) ova was exami ned at nethanol exposure |evels of
0.001%to 10% by volune (7.9 to 79 000 ng/litre) (Craig et al., 1977).

Bot h ganmetes (sperm and unfertilized ova) and fertilized eggs were
exposed to nethanol for brief periods. Exposures up to and including
1% net hanol did not significantly affect fertilization, survival to
hat ching, hatching tinme, alevin size at hatch or physical deformties
among al evins, although a nmet hanol concentration of 10%was lethal in
nost cases (Craig et al., 1977).

Cuéllar et al. (1995) determned the effect of nethanol on the
enbryoni ¢ devel opnment of the medaka fish (Oryzias |latipes). The eggs
wer e exposed to nethanol in both Petri dishes and vials. No effects on
enbryoni ¢ devel opment were reported at a met hanol concentration of
0. 5%

Table 6. Acute toxicity of methanol to aquatic invertebrates



20+2

20+2

Organi sm Si zel age Stat/ Tenp
Par anet er © Concentration Ref er ence
flow? (°O
(mg/litre)d
Water flea & t24 h st at 20
48-h EC5¢ &gt 10 000 n Kuhn et al. (1989)
(Daphni a magna)
& t24 h st at 20
48-h ECy® &gt 10 000 n Kuhn et al. (1989)
& t24 h st at 20
24-h ECsg &gt 10 000 n Bri ngmann & Kuhn
(1982)
&t24 h st at 20
24-h ECyqo &gt 10 000 n Bri ngmann & Kuhn
(1982)
&t24 h st at 20
24-h ECsg 24 500 n Bri ngmann & Kuhn
(1982)
48-h LCs 13 240 n Vai shnav &
Korthal s (1990)
24-h ECsg 21 402 n Calleja et al.
(1994)
Water flea &'t24 h st at 22
18- h- LCsp 19 500 n Bowran et al.
(Daphni a pul ex)
(1981)
Water flea & t24 h st at
24-h ECsg 23 500 n Rossi ni & Ronco
(Daphni a obt usa) & t24 h st at
48-h ECsg 22 200 n (1996)
Brown shrinp adul t st at 15
48-h LCs 1975 n Port mann & W1 son
(Crangon crangon)
(1971)
adul t stat* 15
h LGCso 1340 n Port mann & W/ son
(1971)
st at 24.5
24-h LCsg 10 000 n Price et al. (1974)
Brine shrinp 24 h st at 25
24-h LGy 1578. 84 n Bar ahona- Gonari z

Har dness

(my/litre)®

(1)

(1)
(2)

(2)

154.5

250

250

seawat er

seawat er

seawat er

seawat er

pH

7.8-8.2

7.8-8.2

7.8-8.2

7.8-8.2

7.0-8.2

7.8%0.2

7.8+0. 2

96-



(Artem a salina)
et al. (1994)

48 h st at 25
24-h LGy 1101. 46 n Bar ahona- Gonari z
et al. (1994)
Table 6. Continued
Organi sm Si zel age Stat/ Tenp
Par anet er © Concentration Ref er ence
flow (°CQ
(mg/litre)d
Brine shrinmp 72 h st at 25
24-h LCs 900. 73 n Bar ahona- Gonari z
(Artem a salina)
et al. (1994)
24-h LCs 43 574 n Calleja et al
(1994)
d ass shrinp juvenile st at 2312
h- LCso 21 900 n Bowran et al.
(Pal aenonet es
(1981)
kadi akensi s)
St r ept ocephal us
24-h LCs 32 681 n Calleja et al
pr obosci deus
(1994)
Mussel 5-7 cm flow 15+0. 5
96- h LCsg 15 900 m Hel nstetter et al
(Mytilus edulis)
(1996)
Cockl e adul t st at 15
48-h LCs 7900 n Port mann & W1 son
(Cardi um edul e)
(1971)
adul t stat”* 15
h LGCso 2610- Port mann & W/ son
7900 n (1971)
Har pacti coi d, adul t st at 21+1
96- h LCsg 12 000 n Bengt sson et al.
copepod

(1984)

seawat er

Har dness

(my/litre)®

seawat er

seawat er

seawat er

seawat er

seawat er

7s

pH

18

96-

7.9



(Ni tocra spinipes)

Scud juvenile st at 2312
18-h LGCs 19 350 n Bowman et al.

(Hyal el l a azteca)
(1981)

Table 6. Conti nued

Organi sm Si zel age Stat/ Tenp Har dness pH
Par anet er © Concentration Ref er ence
flowt (°C (my/litre)®

(mg/litre)d
Rotifer

24-h LCs 35 884 Calleja et al.
(Brachi onus

(1994)

cal yci fl orus)

a stat = static conditions (water unchanged for duration of test);
stat* = senmi-static conditions (test solutions
renewed every 24 h); flow = flow through conditions (concentration
of toxicant continuously naintained);
s = salinity, expressed as %
b hardness expressed as ng CaCC; litre, unless stated otherw se; (1)-
total hardness = 2.4 nmol/litre;
(2)- total hardness = 2.5 mmol/litre

¢ Al EGCsy values refer to immobilization
n = noni nal concentration; m = nmeasured concentration
€ same as 24 h ECsy and EC, val ues

Table 7. Acute toxicity of nmethanol to fish

Organi sm Si zel age Stat/ Tenp Har dness

pH Par anet er Concentration Reference
flow (°0 (my/litre)®

(nmg/litre)©

Rai nbow t rout (juv) 0.813 g fl ow 12. 7+1 46. 4
7.0-8.0 24-h ECg® 13 200 m Poirier et al.

(Oncor hynchus
(1986)

myki ss)

(juv) 0.813 g flow 12. 7+1 46. 4

7.0-8.0 96- h ECso® 13 000 m Poirier et al.

(1986)



7.0-8.0 24-h LCs
(1986)
7.0-8.0 96-h LCs¢
(1986)
7.4 96-h LCs

El | ersieck (1986)

96-h LGCs" 20 100

Fat head m nnow

7.0-8.0 24-h ECs¢
(Pi mephal es
(1986)
pr onel as)
7.0-8.0 96- h ECs,®
(1986)
7.0-8.0 24-h LGy
(1986)
7.0-8.0 96-h LCsg
(1986)
7.5 96-h LCs
(1983)

Table 7. Conti nued

Organi sm
pH Par anet er

(nmg/litre)©

Bl uegi | I sunfi sh
7.0-8.0 24-h ECs®

(Leponim s
(1986)

macr ochi rus)

(juv) 0.813 g

20 300

(juv) 0.813 g

20 100

0.8 g
19 000

(fingerlings)
m US EPA

1-6 g

(28-32 d)
29 700
0.126 g

(28-32 d)
28 900
0.126 g

(28-32 d)
29 700
0.126 g

(28-32 d)
29 400
0.126 g

(30 d) 0.12 g

28 100

Si zel age

Concentration

(juv) 3.07 g

16 100

flow
m Poirier et

flow
m Poirier et

st at
n Mayer &
fl ow
(1983)
fl ow

m Poirier et

flow
m Poirier et

flow
m Poirier et

flow
m Poirier et

fl ow

12. 7+1
al .

12. 7+1
al .

12

12

23.3+1.7
al .

23.3+1.7
al .

23.3+1.7
al .

23.3x1. 7
al .

24-26

m Veith et al.

St at/
Ref erence
flow

flow
m Poirier et

Tenp
(°0

19.8+2. 3
al .

44

46.

46.

46.

46.

Har dness

(mg/litre)®

46.



7.0-8.0 24-h ECs®
(1986)
7.0-8.0 48-h ECs®
(1986)
7.0-8.0 96- h ECs®
(1986)
7.0-8.0 24-h LCg¢
(1986)
7.0-8.0 96-h LGy
(1986)
24-h LGCso¢ 19 230
96-h LCs 15 500
Quppy
7- day LCso 10 860
(Poecilia
Her mens &
reticul ata)
Leeuwangh (1982)
Col den orfe
7.0-8.0 48-h LGy
(Leuci scus idus
Ludemann
mel anot us)
(1978)
7.0-8.0 48-h LGy
Ludemann
(1978)
7.0-8.0 48-h LCyoo
Ludemann
(1978)

Table 7. Conti nued

(juv) 3.07 g fl ow 19. 8+2.
16 100 m Poirier et al.
(juv) 3.07 g fl ow 19. 8+2.
16 000 m Poirier et al.
(juv) 3.07 g fl ow 19. 8+2.
12 700 m Poirier et al.
(juv) 3.07 g fl ow 19. 8+2.
19 100 m Poirier et al.
(juv) 3.07 g fl ow 19. 8+2.
15 400 m Poirier et al.

1.5¢ fl ow 25
m US EPA (1983)

1.5¢ fl ow 25
m US EPA (1983)

2-3 nont hs stat* 21-23
m  Konenmann (1981)9

juv st at 19-21
&t 10 000f m Juhnke &

juv st at 19-21
7900f m Juhnke &

juv st at 19-21
&yt 10 000f m  Juhnke &

46. 4

46. 4

46. 4

46. 4

46. 4

25

(1)

(1)

(1)



Organi sm Si zel age Stat/ Tenp Har dness

pH Par anet er Concentration Reference
fl ow (°O (mg/litre)®

(nmg/litre)©

Bl eak 8 cm st at 10 7s
7.9 96-h LGCsg 28 000 n Bengt sson

(Al burnus
et al. (1984)

al bur nus)

Armed bul | head adul t stat* 15 seawat er
96-h LCg" 7900- Port mann &

(Agonus
26 070 n Wl son (1971)

cat aphract us)

a stat = static conditions (water unchanged for duration of test)
stat™ = senmi-static conditions (test solutions renewed every 24 hours)
flow = flow through conditions (concentration of toxicant

conti nuously mai ntai ned)
s = salinity, expressed as %

b har dness expressed as ng/ CaCCi/litre, unless otherw se stated; (1)-

total hardness = 2.7 mol/litre

¢ n = nom nal concentration
m = neasured concentration
sane as 48-h LCsg or ECsy val ues

€ ef fects on equilibrium behaviour and col oration

f two | aboratories following the sane test protocol, same result from

each | aboratory

9 consul ted for experinental nethod only

9.2 Terrestrial organisns
9.2.1 Plants

Hemring et al. (1995) deternined the effect of methanol on the
respiration of pepper (Capsicum annuum), tomato (Lycopersicon
esul entum) and petunia (Petunia hybrida). Wwole plants were
exposed to either nmethanol vapour or nethanol solution. The genera
response to net hanol was the sane for the three species, with a
respiratory rate increase of up to 50% at the | ower nethanol
concentrations tested. The response was the sane for exposure to
met hanol vapour or solution. Exposure of a single leaf resulted in a
systeni c response throughout the whole plant within a few hours. The
response |l asted for several weeks. Decreased netabolic rates and
wat er | ogged appearance were reported in plants followi ng a brief
exposure of a leaf to nethanol concentrations > 30% Root tissue
was reported to be nore sensitive; a decrease in nmetabolic rate was
reported follow ng brief exposures to > 10% net hanol

10. EVALUATI ON OF EFFECTS ON HUVMAN HEALTH AND THE ENVI RONVENT

10.1 Evaluation of human health risks



10.1.1 Exposure

Met hanol occurs naturally in humans, animals and plants. Humans
are routinely exposed to |l ow |l evels of methanol from both the diet
(fruits, vegetables, fruit juices and foods containing the synthetic
sweet ener aspartanme) and netabolic processes. Human exposure to | arge
acutely toxic amounts of nethanol via the oral route has principally
been noted in a relatively small nunber of individuals, generally
resul ting through accidental or intentional consunption of methanol in
illicit or contam nated al coholic beverages.

Met hanol is produced in |arge anmbunts in nmany countries and is
extensively used as an industrial solvent, a chem cal internediate
(principally in the production of nethyl tertiary butyl ether (MIBE),
formal dehyde, acetic acid and gl ycol ethers), as a denaturant of
et hanol and in a variety of consumer products.

The nost inmportant route of occupational exposure to methanol is
i nhal ati on. Sources of occupational exposure include the dissipative
em ssions of nethanol primarily occurring from mni scell aneous sol vent
usage, methanol production, end-product manufacturing and bul k storage
and handl i ng.

An increased nunber of people could be potentially exposed to
environnental methanol as a result of the projected expanded use of
met hanol i n net hanol - bl ended gasol i nes. Exposures would principally
ari se from exhaust, evaporative enissions and nornmal heating of the
engi ne. Sinulation nodels based on 100% of all vehicles powered by
met hanol - based fuels predict concentrations of nmethanol in urban
streets, expressways, railroad tunnels or parking garages ranging from
alowof 1 ng/n® (0.77 ppm) to a high of 60 ng/n® (46 ppm.

Predi cted concentrations during refuelling of vehicles range from 30
to 50 mg/m® (23-38.5 ppnm). For conparison and reference purposes, a
current occupational exposure limt for methanol in many countries is
260 ng/ n® (200 ppn) for an 8-h working day.

There are limted data on hunman dernmal exposure to nethanol but
the potential expanded use of nethanol in autonotive fuels would
i ncrease the potential for dernmal exposure in a |arge nunber of
peopl e.

10.1.2 Human health effects

Met hanol is rapidly absorbed by inhalation, ingestion and derna
exposure and is rapidly distributed to tissues according to the
di stribution of body water. The dose and bl ood concentrations of
met hanol and its netabolite fornate are anbng the mmj or determ nants
of the resultant toxicity in hunans.

The acute and short-termtoxicity of nethanol varies greatly
between different species, toxicity being highest in species with a
relatively poor ability to nmetabolize formate. Methanol has been
studi ed nost intensively in acute hi gh-dose oral exposures in
| aboratory aninmals and as case reports of ingestion in humans. In
general, humans and primtes respond to such exposures with transient
central nervous system (CNS) depression (intoxication), followed by an
asynptomatic | atent period culmnating in netabolic acidosis and



severe ocular toxicity (blindness).

Non- primate ani mals such as rodents do not ordinarily exhibit
met abol i ¢ acidosis or blindness on exposure to nethanol although they
exhibit the general narcotic effects noted in non-human primates and
humans. The cl earance of formate fromthe bl ood of exposed primates is
at |l east 50% sl ower than in rodents. Fornate, an endogenous bi ol ogica
substrate, is detoxified by a multi-step pathway to CC, via a
tetrahydrofol ate (THF) - dependent pathway. Species such as rodents with
hi gh hepatic THF | evels are |less sensitive to the toxic effects of
met hanol than species with | ow hepatic THF | evel s such as humans and
non- human primates. The faster rate of formate renoval neans that
rodents do not accurul ate fornate above endogenous |evel s and hence
are not susceptible to nethanol -i nduced netabolic acidosis or ocul ar
toxicity.

The primary enzymatic pathway that catal yses met hanol netabolisnm
i n humans and non- hunman primates i s al cohol dehydrogenase, while in
the rat it is the catal ase-peroxi dase system Avail able data suggest
that nmet hanol elimnation fromthe systenmic circulation is capacity-
limted in both rats and in humans.

Studi es in humans and non-human primates exposed to
concentrations of nmethanol ranging from13 to 2601 ng/n® (10 to
2001 ppm) and the wi dely used occupational exposure limt of
260 ng/ ng® (200 ppm) suggest that exposure to nethanol vapour during
the nornmal use of nethanol fuel does not pose an unacceptable risk to
heal thy adults. General popul ation exposures to nethanol through air
(al though infrequently neasured) are over 1000 tines | ower than
occupational limts.

Along with methanol, formate is present in blood at |ow
endogenous concentrations, being found naturally in sone foods and
al so produced as a by-product of several metabolic pathways, including
hi stidine and tryptophan degradation. Background | evels of formate in
humans have been shown to range from3 to 19 ng/litre (0.07-0.4 mVM).

Human susceptibility to the acute effects of nethano
i ntoxication are extrenely variable. On the basis of available human
case reports, the mninmum|lethal dose in the absence of nedical
treatnment is in the range of 0.3 to 1 g/kg. The najor determ nants of
human susceptibility to nethanol toxicity appear to be the concurrent
i ngestion of ethanol, which slows the entrance of nethanol into the
met abol i ¢ pathway, and the hepatic status of THF, which governs the
rate of formate detoxification.

Some human popul ations are at increased risk of folate
deficiency. These include pregnant wonen, the elderly, individuals
with poor-quality diets, alcoholics, and individuals on certain
nmedi cations or with certain diseases.

Much fewer data are avail able on the health effects in humans or
| aboratory ani nal s associated with chronic or repeated exposure to
met hanol . I n the absence of details of exposure (e.g., duration,
concentrations), the effects of prolonged exposure are consi dered
qualitatively very simlar to those reported for acute cases, ranging
from nausea and di zziness to blurred vision and tenporary or pernmanent



bl i ndness. Chronic exposure to nethanol vapour concentrations of
480- 4000 ng/ n® (365-3080 ppm) has resulted in headache, dizziness,
nausea and bl urred vision

There are no reports of carcinogenic, genotoxic, reproductive or
devel opnental effects in humans due to methanol exposures.

10. 1.3 Approaches to assessnent of risk

The assessnent of risk from chronic exposure requires dose-
response information in the formof quantitative data from ani nmal
studi es using appropriate test species and, where avail able, relevant
human epi deni ol ogi cal and clinical data. In the case of nethanol, the
assessment of the risks of exposure is confounded by the fact that
both nethanol and its toxic netabolite, formate, are endogenous
met abolic internmediates in all species including humans. Therefore, it
must be assuned that there are | evels of nethanol exposure that do not
represent significant risk. Determ ning the hazards associated with
met hanol exposure is additionally conplicated by the fact that there
are no adequate or conprehensive data fromaninmal tests for chronic
toxicity. Because of species differences in nethanol netabolism data
avail able fromnormal rats appear to be inappropriate for use in
characterizing the adverse effects of nethanol in humans.
Investigati on of fol ate-deficient rodent nodels nmay provide val uabl e
mechani stic, pharmacoki netic and toxicological effect information on
met hanol , particularly with respect to acute exposures. However, the
nature of this aninmal nmodel is such that it nmay have inherent
weaknesses for the toxicol ogical assessnent of |ong-term exposure
because of the adverse effects of folate deficiency itself and the
background nutritional status of these rats in chronic studies.
Simlarities in the netabolismof nethanol within primates suggest the
use of non-human prinates may be nore appropriate for determning the
nature of the hazards of nethanol for humans, but adequate findings
for chronic exposure are al so | acking. Human met hanol exposure data
are extensive but primarily focus on acute exposure and clinica
ef fects associated with poisoning. Al though this information from
humans does highlight the wide individual variability in the toxic
response to nethanol in humans, it contains |limted conprehensive
i nformati on on sub-chronic to chronic nethanol exposure

Taken together, the above considerations suggest a conventiona
safety or risk assessment woul d not appear feasible, and woul d nost
likely be inconplete at present. An alternative approach mi ght be one
based on consideration of blood | evels of the nost toxic netabolite,
formate. Since formate occurs naturally in humans, it woul d seermr
reasonabl e to assune that normal background | evels should not pose any
risk to health and consequently that |evels of human exposure that do
not result in levels of blood formate above background | evels could be
considered to pose insignificant risk. In this respect, based on
information from [imted studies in humans, it might be concluded that
occupational exposure to current exposure linits (around 260 ng/ )
or single oral exposure to approximately 20 ng/ kg body wei ght woul d
fall into this category.

10.2 Evaluation of effects on the environnent

Met hanol may be rel eased into the environnent in significant



anounts during its production, storage, transportation and use.

Met hanol is readily degraded in the environnent by phot o-
oxidation. Half-lives of 7-18 days have been reported for the
at nospheric reaction of nethanol w th hydroxyl radicals.

Met hanol is readily biodegradabl e under both aerobic and
anaerobic conditions in a wide variety of environnental nedia. Mny
genera and strains of mcroorgani sns are capabl e of using nethanol as
a growh substrate. Generally 80% of nethanol in sewage systens is
bi odegraded within 5 days.

Met hanol is a normal growh substrate for many soil mcro-
organi sns, which are capabl e of conpletely degradi ng nmethanol to
car bon di oxi de and water.

Met hanol is of lowtoxicity to aquatic and terrestrial organisns
and it is not bioaccunulated. Effects due to environmental exposure to
met hanol are unlikely to be observed, unless it is released to the
environnment in large quantities, such as a spill

In summary, unless released in high concentrations, methano
woul d not be expected to persist or bioaccurmulate in the environnent.
Low | evel s of release would not be expected to result in adverse
environnental effects.

11. RECOVMENDATI ONS FOR PROTECTI ON OF HUVAN HEALTH AND THE
ENVI RONMVENT

11.1 Protection of human heal th

a) Met hanol and met hanol m xtures should be clearly | abelled
with a warning of the acute toxicity of nethanol. Labels
shoul d use the description "nethanol"

b) St orage, process and drying plants should be designed to
protect against fire and explosion risks and exposure of
personnel to nethanol

c) Wor kpl aces where net hanol is present should be provided with
adequate ventilation to mininize inhal ati on exposure. Were
necessary, personnel handling methanol should be provided
with suitable protective clothing to prevent skin
cont ami nati on.

d) Clinicians should be aware of the latent period and signs
and synptons foll ow ng exposure to nethanol, particularly by
i ngestion. Consideration associated with the existence of
sensitive subgroups shoul d be recogni zed, including those at
i ncreased risk of folate deficiency.

e) To avoid m suse, nethanol used as fuel should be denatured
and should contain a colour additive.

11.2 Protection of the environnent

Al t hough nethanol is rapidly degraded in the environnent and is



of low acute toxicity to aquatic organi sms, care should be taken to
prevent spills of large quantities of methanol. Particular care should
be taken to prevent spilled nethanol reaching surface water.

12. FURTHER RESEARCH

a)

b)

d)

f)

9)

h)

k)

Further research is needed to characterize the nmechani sm and
pat hogenesi s of methanol -i nduced visual toxicity.

There is a need for definitive studies concerning the dose-
response relationship for subtle CNS function using
neur ot oxi ¢, neurobehavi oural and ocul ar end-poi nts across
species at both single and repeated | ow-1evel exposures.

I nvestigation of the netabolism of nethanol and formate in
target organs, including the brain, retina, optic nerve and
testes, under various exposure conditions is needed.

The phar macoki netics of methanol and fornmate during
pregnancy should be investigated in appropriate aninal
nmodel s to determ ne whether |ong-term exposure to nethanol
alters maternal or fetal disposition of methanol and
formate.

Addi ti onal studies are required to resolve whet her nethanol,
formate or a conbination of the two is responsible for
met hanol -i nduced devel opnental toxicity.

Exposure nodel s shoul d be devel oped and validated to
estimate exposure concentrations and routes of exposure in
speci fic exposure scenari os. Ambient and personal nonitoring
to determ ne the distribution of exposures should be

conduct ed.

Dose-effect and tinme-course relationships for both acute and
chronic effects of nethanol or fornmate generated from

met hanol , in humans or appropriate nodels, have not been
established and are essential for adequate risk assessment.

There is a need for studies into the nutritional, netabolic,
genetic and age-related factors that may contribute to
variation in susceptibility to nmethanol intoxication.

The genotoxic effects of methanol should be further
i nvestigated to deternine whether it is clastogenic.

A rapid, practical and inexpensive assay for formate in
bl ood and body tissues is needed for early diagnosis of
met hanol poi soni ng

I nproved therapeutic neasures, including the devel opnent of
4- et hyl pyrazol e and new agents for reversing formate-
i nduced visual neurotoxicity, are needed.

13. PREVI OUS EVALUATI ON BY | NTERNATI ONAL BCDI ES

Met hanol was evaluated in 1970 as an extraction solvent by the



Joi nt FAOQ VWHO Expert Conmittee on Food Additi ves.

The Committee recomended that when used as an extraction
sol vent, residues should be reduced to a mni mum by observi ng good
manuf acturing practice. It was considered that the linited uses of
met hanol as an extraction solvent for spice and hop oils neant that
residues fromthese sources were insignificant in the diet (FAQ WHQ
1971; WHO, 1971)
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