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Samenvatting en advieswaarde

Vraagstelling

Op verzoek van de minister van Sociale Zaken en Werkgelegenheid leidt de
Commissie Gezondheid en Beroepsmatige Blootstelling aan Stoffen (GBBS) van
de Gezondheidsraad gezondheidskundige advieswaarden af voor stoffen in lucht
waaraan mensen tijdens hun beroepsuitoefening blootgesteld kunnen worden.
Deze advieswaarden vormen vervolgens de basis voor grenswaarden — vast te
stellen door de minister — waarmee de gezondheid van werknemers beschermd
kan worden.

In dit advies bespreekt de commissie de gevolgen van blootstelling aan
methanol en stelt zij een gezondheidskundige advieswaarde vast. De conclusies
van de commissie zijn gebaseerd op wetenschappelijke publicaties die voor april
2009 zijn verschenen.

Fysische en chemische eigenschappen

Methanol (CAS nummer 67-56-1) is bij kamertemperatuur een heldere, kleur-
loze, vluchtige en ontvlambare viloeistof. Zuiver methanol heeft een mild alcoho-
lische geur.

In 2008 werd wereldwijd ongeveer 50 miljoen ton methanol geproduceerd.
Daarvan werd ongeveer 75% gebruikt voor de productie van andere chemische
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stoffen zoals formaldehyde, methyl tert-methylbutylether, tert-amylmethylether
en azijnzuur, en ongeveer 10% in brandstoffen.

Methanol wordt van nature in het lichaam gevormd; de concentratie metha-
nol in het bloed van mensen kan variéren van ca. 1 tot ca. 2,5 mg/L.

Monitoring

De Amerikaanse instanties NIOSH en OSHA en de Duitse DFG hebben metho-
den beschreven voor het bepalen van de concentratie methanol in de lucht op de
werkplek. Deze methoden zijn gebaseerd op gaschromatografische analyse (GC-
FID).

Voor de bepaling van methanolconcentraties in bloed en urine zijn onder
andere door de DFG methoden beschreven die gebruik maken van GC-FID. Ook
bepaling in uitademinglucht is op die manier mogelijk.

Grenswaarden

De huidige wettelijke grenswaarde voor methanol in de lucht op de werkplek
bedraagt in Nederland 260 mg/m3 (200 ppm), als tijdgewogen gemiddelde over 8
uur; deze waarde komt overeen met de IOELV van de Europese Unie. Ook in
landen als Denemarken, Duitsland, Engeland, Zweden en de Verenigde Staten
geldt een norm of aanbeveling van 200 ppm.

Verder geldt er in Nederland een STEL van 520 mg/m3 (400 ppm), als tijdge-
wogen gemiddelde over 15 minuten, terwijl in bovengenoemde landen die
waarde uiteenloopt van 250 ppm (325-350 mg/m3) in Denemarken, Engeland,
Zweden en de Verenigde Staten tot 800 ppm (1080 mg/m3) in Duitsland.

In vrijwel alle landen (inclusief Nederland) is een huidnotatie (H) voor
methanol van kracht, die aangeeft dat methanol gemakkelijk door de huid in het
lichaam wordt opgenomen.

\Voor effecten op het nageslacht is methanol in Nederland geclassificeerd in
categorie 2 (dient te worden beschouwd alsof het bij de mens ontwikkelingseffec-
ten veroorzaakt). De Duitse MAK-commissie heeft methanol geclassificeerd in
zwangerschapsrisicogroep C, wat inhoudt dat er geen prenatale toxiciteit te ver-
wachten is bij naleving van de MAK-waarde.

Kinetiek en toxisch werkingsmechanisme

Na inademing wordt methanol voor 60-85% via de bovenste luchtwegen opgeno-
men; verschillen tussen mens en dier zijn hierbij te verwaarlozen. Methanol kan
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ook via de huid worden opgenomen. In vrijwilligersproeven is bepaald dat de
snelheid van opname van methanol door de huid 8,1 mg per cm2 huid per uur
bedraagt.

Uit experimenten en modelmatige berekeningen blijkt dat er voor knaagdie-
ren en primaten een lineaire relatie is tussen methanolconcentraties in de lucht en
in het bloed bij blootstelling aan methanolconcentraties tot ongeveer 1600 mg/m3
(1200 ppm) en een blootstellingsduur tot 8 uur, waarbij bij ratten en apen de con-
centraties in het bloed bij blootstelling aan 266 mg/m3 (200 ppm) op het achter-
grondniveau blijven. Bij blootstelling aan concentraties hoger dan ongeveer 1600
mg/m3 (1200 ppm) nemen de methanolconcentraties in het bloed lineair toe bij
de mens, terwijl er een niet-lineaire toename zal zijn bij proefdieren (het sterkst
bij muizen, het minst sterk bij apen).

Na opname verdeelt methanol zich over het lichaam in verhouding tot het
watergehalte van weefsels: meer methanol in relatief waterrijke weefsels, minder
in relatief waterarme. Methanol wordt in de lever via formaldehyde (in knaagdie-
ren als rat en muis door catalase, in primaten als mens en aap door alcohol-
dehydrogenase) en formiaat omgezet in kooldioxide. In knaagdieren is de omzet-
ting van methanol in formiaat de snelheidsbepalende stap, in primaten de omzet-
ting van formiaat in kooldioxide. Dit betekent dat bij blootstelling aan hoge
concentraties of doses methanol bij knaagdieren ophoping van methanol en bij
primaten van formiaat kan optreden. Bij de mens treedt verzadiging van het
enzym dat formiaat omzet in kooldioxide, op bij een orale dosis van ongeveer
210 mg/kg lichaamsgewicht.

Na opname in het lichaam worden slechts kleine hoeveelheden methanol
onveranderd uitgescheiden via de longen en de nieren. Verreweg het meeste
methanol verlaat het lichaam als kooldioxide via de uitgeademde lucht. De meta-
bolieten formaldehyde en formiaat worden in het algemeen gebonden aan
lichaamseigen moleculen of worden opgenomen in gebruikelijke stofwisselings-
processen. De tijd die nodig is om de concentratie van methanol te doen halveren
(de halfwaardetijd), bedraagt bij mensen ongeveer 85 minuten tot 3 uur in bloed
en ongeveer 85 minuten in urine en uitademingslucht.

De meest geschikte methode om de hoogte van blootstelling aan methanol in
de werksituatie te schatten, is overigens het bepalen van methanolconcentraties
in urine.

Samenvatting en advieswaarde
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Effecten
Bij mensen

Studies over de acute effecten van methanol in de mens zijn beperkt tot casestu-
dies, waarin personen een niet nader gespecificeerde hoeveelheid methanol heb-
ben ingenomen of ingeademd, vaak in combinatie met andere chemicalién. Zulke
blootstellingen kunnen resulteren in een tijdelijke — aan methanol toegeschreven
— depressie van het centrale zenuwstelsel. Na een latentietijd van enkele uren tot
twee dagen worden dit effect op het zenuwstelsel vaak gevolgd door metabole
acidose, effecten op het gezichtsvermogen en sterfte; al deze ‘latere’ gevolgen
worden toegeschreven aan formiaat. Hoeveelheden methanol van minimaal 300
tot 1000 mg methanol/kg lichaamsgewicht kunnen dodelijk zijn. Sterfte is gere-
lateerd aan methanolconcentraties in het bloed van 1500-2000 mg/L; effecten op
het zenuwstelsel en het gezichtvermogen aan concentraties hoger dan respectie-
velijk 200 en 500 mg/L.

Gecontroleerde inhalatiestudies waarbij relatief kleine groepen gezonde
vrijwilligers werden blootgesteld aan methanolconcentraties van 200 ppm (260
mg/m3) gedurende ten hoogste 6 uur, hebben niet geleid tot relevante effecten op
het zenuwstelsel of irritatie Er zijn geen gegevens over sensibilisatie door metha-
nol bij mensen.

Er is vrijwel geen onderzoek beschikbaar naar de nadelige effecten als
gevolg van langdurige beroepsmatige blootstelling aan methanol, zoals bijvoor-
beeld kanker, verminderde vruchtbaarheid en afwijkingen bij het nageslacht, In
een Amerikaans onderzoek veroorzaakte blootstelling aan een kopieervloeistof
die ongeveer 99% methanol bevatte, gedurende vermoedelijk zo’n 3 jaar: 0og-
irritatie; duizeligheid; hoofdpijn; misselijkheid en onscherp gezichtsvermogen.
De methanolconcentraties die in de nabijheid van de kopieermachines werden
gemeten over perioden van 15 minuten, waren in 70% van de metingen hoger
dan 1064 mg/m3 (800 ppm).

Bij dieren

Dierexperimenteel onderzoek geeft aan dat contact met methanol als vloeistof
kan leiden tot matige huidirritatie maar niet tot overgevoeligheidsreacties. Con-
centraties hoger dan 29% veroorzaakten oogirritatie en blijvende oogschade.

In onderzoek waarin ratten en muizen gedurende 2% tot 8 uur inhalatoir wer-
den blootgesteld, waren de concentraties die sterfte veroorzaakten bij 50% van
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de blootgestelde groep (median Lethal Dose for 50% of subjects, LDs), respec-
tievelijk 79.000 en 130.340 mg/m3 (59.200 en 98.000 ppm). Bij blootstelling via
de huid was de LDy voor konijnen 17.000 mg/kg lichaamsgewicht. Bij ratten
veroorzaakte occlusieve blootstelling aan 35.000 mg methanol/kg lichaamsge-
wicht, in tegenstelling tot een hoeveelheid van 45.000 mg/kg lichaamsgewicht,
geen sterfte.

In onderzoek waarin proefdieren langdurig inhalatoir werden blootgesteld,
werden geen systemische effecten waargenomen. Het betrof onderzoek: bij apen
en ratten blootgesteld aan concentraties tot 6650 mg/m3 (6500 ppm), gedurende
6 uur/dag, 5 dagen/week, 4 weken; bij ratten blootgesteld aan 13.300 mg/m3
(10.000 ppm) gedurende 6 weken (alleen longen onderzocht); en vrouwelijke
apen blootgesteld aan concentraties tot 2394 mg/m3 (1800 ppm), 2% uur/dag,
gedurende ongeveer 350 dagen (onder andere tijdens paring en zwangerschap).

De (mogelijke) kankerverwekkende eigenschappen van methanol zijn onder-
zocht bij ratten en muizen. Na inhalatoire blootstelling aan concentraties tot 1330
mg/m3 (1000 ppm), 19-20 uur/dag, 7 dagen/week, gedurende 18-24 maanden,
werd geen toename in het voorkomen van tumoren of andere schadelijke effecten
waargenomen.

Er is geen overtuigend bewijs dat methanol genotoxisch is, dat wil zeggen
schade toebrengt aan het erfelijk materiaal. Hoofdzakelijk negatief waren de
resultaten van in vitro testen (uitgevoerd met bacterién, gist, schimmels, zoog-
diercellen) gericht op het opsporen van: mutaties; chromosoomafwijkingen en
genetische schade; en primaire schade aan het DNA. Bij onderzoek dat in vivo
bij muizen werd uitgevoerd, leidde inhalatoire blootstelling niet tot een toename
van rode bloedcellen of longcellen met micronuclei of tot chromosoomschade in
longcellen. Onderzoek waarbij methanol oraal of via injecties in de buikholte
werd toegediend leverde strijdige resultaten op; de testen met hogere doses en
herhaalde toediening waren negatief.

Tot slot heeft onderzoek uitgevoerd bij apen, ratten en muizen gegevens
opgeleverd over eventuele schade aan de voortplantingsorganen en het nage-
slacht. Bij vrouwelijke apen die ongeveer 350 dagen (voor en tijdens de paring
én tijdens de zwangerschap) gedurende 2% uur/dag werden blootgesteld aan
2394 mg/m3 methanol (1800 ppm ) werden zowel bij de moederdieren als de
nakomelingen geen relevante effecten gevonden. Over de eventuele effecten van
methanol op het gedrag van de nakomelingen kon geen definitief oordeel geveld
worden. De testen werden bij slechts een gering aantal nakomelingen afgenomen
en de afwijkingen die gevonden werden, waren gering en vertoonden grote ver-
schillen tussen de nakomelingen. Foetussen van ratten die tijdens de dracht
waren blootgesteld aan 13.300 mg/m3 (10.000 ppm) methanol, hadden een ver-
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laagd lichaamsgewicht terwijl bij blootstelling aan 26.600 mg/m3 (20.000 ppm)
ook afwijkingen aan skelet en ingewanden werden waargenomen. Ook bij mui-
zenfoetussen veroorzaakte methanol afwijkingen: blootstelling aan 2660 mg/m3
(2000 ppm) leidde tot de aanleg van een extra rib en blootstelling aan 6650
mg/m3 (5000 ppm) tot gespleten gehemelte en schedelafwijkingen (exencefalie).
Bij concentraties van 1330 mg/m3 (1000 ppm) werden er bij muizen geen ont-
wikkelingseffecten gezien; bij ratten zelfs bij concentraties tot 6650 mg/m3
(5000 ppm).

Evaluatie en advies

Op basis van de beschikbare gegevens over de carcinogeniteit heeft de Subcom-
missie Classificatie Carcinogene Stoffen van de commissie GBBS geconclu-
deerd dat methanol niet kan worden geclassificeerd (te vergelijken met EU-
categorie ‘not classifiable’). De subcommissie is verder van mening dat de resul-
taten uit genotoxiciteitsonderzoek aangeven dat het niet waarschijnlijk is dat
methanol genotoxische eigenschappen heeft.

Verder is de commissie — op grond van gebrek aan genotoxische potentie en
negatieve inhalatoire carcinogeniteitsstudies — van mening dat het niet waar-
schijnlijk is dat methanol kankerverwekkende eigenschappen heeft.

Op basis van de beschikbare gegevens over de effecten op de voortplantingsorga-
nen en het nageslacht heeft de Subcommissie Classificatie Reproductietoxische
Stoffen al eerder geadviseerd methanol wat ‘effecten op de ontwikkeling’ betreft,
te classificeren in categorie 2 (stoffen die dienen te worden beschouwd alsof zij
bij de mens ontwikkelingsstoornissen veroorzaken).

De commissie is van mening dat de methanolconcentraties die in het bloed
van ratten en muizen gemeten zijn bij de blootstellingsconcentraties die geen
(respectievelijk 1000-2170 en circa 100 mg/L) en wel een effect (respectievelijk
1840-2240 en circa 540 mg/L) veroorzaken, dermate hoog zijn dat het niet waar-
schijnlijk is dat beroepsmatige blootstelling aan methanol leidt tot effecten op het
nageslacht.

Om een gezondheidskundige advieswaarde af te kunnen leiden ontbreken
geschikte gegevens over de gevolgen van langdurige beroepsmatige blootstelling
aan methanol. De commissie neemt daarom de chronische inhalatiestudies met
ratten en muizen als uitgangspunt. In deze studies veroorzaakte blootstelling aan
methanolconcentraties van 1330 mg/m3, 19-20 uur/dag, 7 dagen/week, gedu-
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rende 18-24 maanden, geen schadelijke effecten. De commissie beschouwt de
concentratie van 1330 mg/m3 als de no-observed-adverse-effect level (NOAEL).

Uitgaande van de NOAEL van 1330 mg/m3 en een onzekerheidsfactor van
10 (voor inter- en intraspeciesverschillen) beveelt de commissie voor methanol
een gezondheidskundige limietwaarde aan van 133 mg/m3 (100 ppm). De com-
missie merkt daarbij op dat in bovengenoemde studies geen concentraties zijn
getest die hoger waren dan 1330 mg/m3 en dat de blootstelling vrijwel continu
was, zonder blootstellingsvrije herstelperiode; uitgaan van deze studies betekent
dus een extra veiligheidsmarge.

De commissie is van mening dat de gezondheidskundige advieswaarde van
133 mg/m3 (100 ppm), gemiddeld over een 8-urige werkdag, werkers ook tegen
nadelige effecten op het zenuwstelsel beschermt.

Omdat opname via de huid aanzienlijk kan bijdragen aan de lichaamsbelasting, is
de commissie GBBS van mening dat een huidnotatie moet worden toegekend.

Gezondheidskundige advieswaarde

De Commissie Gezondheid en Beroepsmatige Blootstelling aan Stoffen van de
Gezondheidsraad stelt voor beroepsmatige blootstelling aan methanol een
gezondheidskundige advieswaarde voor van 133 mg/m3 (100 ppm), gemiddeld
over een achturige werkdag. Ook adviseert zij een huidnotatie.

Samenvatting en advieswaarde
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Executive summary

Scope

At request of the Minister of Social Affairs and Employment, the Dutch Expert
Committee on Occupational Exposure Safety (DECOS), a committee of the
Health Council, proposes health-based recommended occupational exposure lim-
its for chemical substances in the air at the workplace. These recommendations
serve as a basis in setting legally binding occupational exposure limits by the
minister.

In this report, the committee discusses the consequences of occupational
exposure to methanol and recommends a health-based occupational exposure
limit. The committee’s conclusions are based on scientific papers published prior
to April 2009.

Physical and chemical properties

At room temperature, methanol (CAS number 67-56-1) is a clear, colourless,
volatile, flammable liquid. When pure, it has a mild alcoholic odour.

In 2008, global production of methanol amounted to ca. 50 million tonnes/
year. About 75% served as a feedstock for the manufacture of chemicals such as
formaldehyde, methyl tertiary butyl ether, tertiary amyl methyl ether, and acetic
acid (12%), and about 10% is used for fuel applications.

Executive summary
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Methanol occurs naturally in the human body; endogenous blood methanol
concentrations can range from about 1-2.5 mg/L.

Monitoring

The US National Institute of Occupational Safety and Health (NIOSH) and
Occupational Safety and Health Administration (OSHA) and the Working Group
on Analytical Chemistry of the Commission for the Investigation of Health Haz-
ards of Chemical Compounds in the Work Area (MAK Commission) of the Ger-
man Research Foundation (Deutsche Forschungsgemeinschaft - DFG) described
methods to determine concentrations of methanol in occupational air. These
methods are based on gas chromatographic analysis with flame ionisation detec-
tion (GC-FID).

For the determination of methanol in urine and blood, GC-FID methods are
described, amongst others, by the Working Group Analytical Chemistry of the
MAK Commission of the DFG. This technique enables also the determination of
methanol in exhaled breath.

Limit values

In the Netherlands, the current, legally binding, occupational exposure limit
(OEL) for methanol is 260 mg/m3 (200 ppm), as an 8-hour time-weighted aver-
age. This value is consistent with the Indicative Occupational Exposure Limit
Value (IOELV) of the European Union. Also in countries such as Denmark, Ger-
many, Sweden, the UK, and the USA, a limit value of 200 ppm (260 mg/m3) is
set or recommended.

In addition, in the Netherlands, there is a 15-minute Short-Term Exposure
Limit (STEL) of 520 mg/m3 (400 ppm), while in the afore-mentioned countries,
the STEL ranges from 250 ppm (325-350 mg/m3) in Denmark, Sweden, the UK,
and the USA to 800 ppm (1080 mg/m3) in Germany.

In almost every country, including the Netherlands, a skin notation (H) has
been designated.

With respect to reproduction toxic effects, methanol is classified in the Neth-
erlands in category 2 (‘substances which should be regarded as if the cause
developmental toxicity in humans’). The German MAK-committee has classified
methanol in Pregnancy risk group C (‘there is no reason to fear damage to the
embryo or foetus when MAK an BAT values are observed’).
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Kinetics and toxic mechanism of action

Inhaled methanol is absorbed for 60-85% through the, especially upper, respira-
tory tract, with not much difference between humans and animals. After dermal
exposure, methanol rapidly diffuses through the skin. In a human volunteer
study, a dermal penetration rate of 8.1 mg/cm?2/h has been established.

Results from toxicokinetic experiments and modeling indicate that blood
methanol levels in rodents and primates increase linearly at 8-hour exposures up
to ca. 1600 mg/m3 (1200 ppm), At higher levels, blood methanol levels increase
linearly in humans, but non-linearly in laboratory animals (most sharply in mice,
less sharply in monkeys). At exposures to ca. 266 mg/ms3 (200 ppm), levels in
rats and monkeys do not exceed endogenous levels.

Methanol distributes through the body uniformly to body water content. In
the liver, methanol is metabolised through formaldehyde (in rodents by catalase;
in primates by alcohol dehydrogenase) and formate to carbon dioxide. In rodents,
the rate-limiting step in the metabolism of methanol is the oxidation of methanol
to formate, while the oxidation of formate to carbon dioxide is rate limiting in
primates. As a consequence, exposure to high concentrations or doses of metha-
nol may cause accumulation of methanol in rodents and of formate in primates.
In humans, accumulation of formate may occur at methanol doses >210 mg/kg
bw.

By far the most of the methanol taken up and distributed is excreted as car-
bon dioxide and only minor amounts unchanged by the lungs and the kidneys.
The methanol metabolites formaldehyde and formate are thought to bind to vari-
ous endogenous molecules or enter a number of endogenous synthetic pathways.
In humans, elimination half-lives of methanol in blood were 1.4-3 h and in urine
and breath ca. 1.4 h.

The most suitable biological parameter for biological monitoring of persons
exposed to methanol is the methanol concentration in urine.

Effects
Human data

Studies addressing acute effects of methanol in humans are limited to case
reports in which subjects have ingested or inhaled unspecified high levels of
methanol, often in combination with other chemicals. Such exposures can result
in a transient depression of the central nervous system (CNS), which is thought
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to be a direct effect of methanol. After a latent period of several hours to two
days, the CNS depression is often followed by metabolic acidosis, ocular toxicity
(blindness), and mortality, which are formate effects. Minimal lethal oral doses
are between 300 and 1000 mg/kg bw. Fatalities were reported at blood methanol
levels of 1500-2000 mg/L, and CNS and ocular effects at levels above 200 and
500 mg/L, respectively.

In a number of controlled inhalation studies in which relatively small groups
of healthy human volunteers were exposed at concentrations not exceeding 200
ppm (266 mg/m3), for 75 to 240 minutes, no irritation or relevant neurophysio-
logical or neurobehavioural effects were observed. No data on sensitising proper-
ties of methanol in humans were available.

There were hardly any epidemiological studies addressing occupational
chronic exposure to methanol and adverse effects, including carcinogenicity and
reproduction toxicity. In one US study, exposure for presumably about 3 years to
a duplicator fluid containing 99% methanol at 15-minute average concentrations
ranging from 365 to 3080 ppm (485-4096 mg/m3), with 70% exceeding 800 ppm
(1064 mg/m3), induced eye irritation, dizziness, headaches, blurred vision, and
nausea.

Animal data

Laboratory animal studies indicated that liquid methanol may cause moderate
skin irritation, but no skin sensitisation. Concentrations >29% were irritating and
corrosive to the eyes.

For rats and mice, LCy, values ranged between 79,000 and 130,340 mg/m3
(59,200 and 98,000 ppm) (exposure duration: 2.25 to 8 hours). The dermal LDg,
in rabbits was 17,000 mg/kg bw. In rats, no mortality was observed after occlu-
sive application of 35,000 mg/kg bw; amounts of 45,000 mg/kg bw were lethal.

In repeated-dose toxicity studies, no systemic effects were observed in male
and female monkeys at exposure to concentrations of 665 to 6650 mg/m3 (500-
5000 ppm), 6 hours/day, 5 days/week, for 4 weeks, and in female monkeys to
concentrations of 266-2394 mg/m3 (200-1800 ppm), 2.5 hours/day, for ca. 350
days (i.e., during pre-mating, mating, and gestation), or in rats exposed to con-
centrations of 665 to 6650 mg/m3 (500-5000 ppm), 6 hours/day, 5 days/week, for
4 weeks, or to 13,300 mg/m3 (10,000 ppm) for 6 weeks (only lungs examined).

Well-performed inhalation studies in which rats and mice were exposed to
concentrations of 13 to 1330 mg/m3 (10-1000 ppm), 19-20 hours/day, for 18-24
months, did not show evidence of neoplastic or non-neoplastic effects of metha-
nol.
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There is no convincing evidence that methanol is a genotoxic compound. The
majority of mutagenicity tests in bacteria, yeasts, and mammalian cells, assays
on chromosome aberrations and SCEs in mammalian cells, micronucleus tests in
mammalian cells, and other tests on DNA or chromosome damage in bacteria
and fungi were negative. In vivo, exposure by inhalation did not increase the fre-
quency of micronuclei in peripheral blood or lung cells or of SCEs or chromo-
somal aberrations in lung cells of mice. Both positive and negative results were
observed in tests in which methanol was orally or intraperitoneally administered
to mice, but tests with higher doses and repeated dosing were negative. A muta-
tion test in fruit flies (D. melanogaster) was negative. All four cell transforma-
tion assays were negative.

Reproduction toxicity studies were performed with monkeys, rats, and mice.
No effects were seen in female monkeys exposed to methanol concentrations of
266-2394 mg/m3 (200-1800 ppm), 2.5 hours/day, during pre-mating, mating, and
gestation (ca. 350 days in total), and their offspring. A conclusive judgment of
the results of the neurobehavioural tests performed in the monkey offspring was
hampered because the changes were small, occurred in the presence of large var-
iations among offspring, and were assessed in a low number of offspring. Expo-
sure of pregnant rats to methanol concentrations of 13,300 and 26,600 mg/m3
(10,000 and 20,000 ppm), 7 hours/day, on gestational days 1-19 and 7-15,
respectively, caused decreased fetal weights and at 26,600 mg/m3 also increased
incidences of skeletal and visceral malformations. Also in mice, methanol
induced developmental effects. Exposure to 2660 mg/m3 (2000 ppm), 7 hours/
day, on gestational days 6 through 15, caused increased incidences of cervical
ribs at concentrations of 2660 mg/m2 (2000 ppm) and above and of cleft palate
and exencephaly at concentrations of 6650 mg/m3 (5000 ppm) and above. The
NOAELs for developmental effects were 6650 and 1330 mg/m3 (5000, 1000
ppm) in rats and mice, respectively. No maternal toxicity was observed in the
rodent studies.

Evaluation and recommendation

From the carcinogenicity data, the Subcommittee on the Classification of Carci-
nogenic Substances of DECOS concludes that methanol cannot be classified
with respect to its carcinogenicity (comparable with EU class ‘not classifiable”).
The subcommittee is further of the opinion that results from genotoxicity tests
indicate that methanol is not likely to have a genotoxic potential.

Executive summary
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Based on the lack of a genotoxic potential and negative results in inhalation
carcinogenicity studies, DECOS is of the opinion that methanol is not likely to
have a carcinogenic potential.

Based on the available data on reproduction toxic effects, the Subcommittee on
the Classification of Reproduction Toxic Substances recommended classification
of methanol in category 2 (‘substances which should be regarded as if they cause
developmental toxicity in humans’).

Based on the methanol levels measured in the blood of mice and rats at the
NOAELSs (ca. 100 and 1000-2170 mg/L, respectively) and LOAELSs (ca. 540 and
1840-2240 mg/L, respectively) of the reproduction toxicity studies, DECOS is of
the opinion that methanol is not likely to induce reproduction toxic effects in
occupationally exposed workers.

Since there were no human studies which allow to assess health effects following
chronic exposure to methanol, the committee takes the chronic inhalation studies
in rats and mice as starting points for deriving a health-based recommended
occupational exposure limit (HBROEL). In these studies, no neoplastic or non-
neoplastic effects were seen at exposure to methanol concentrations up to 1330
mg/m3 (1000 ppm), 19-20 hours/day, 7 days/week, for 18-24 months.

Taking the NOAEL of 1330 mg/m3 and applying an assessment factor of 10
for interspecies and intraspecies variation, the committee recommends a health-
based occupational exposure limit of 133 mg/m3 (100 ppm) for methanol. More-
over, the committee notes that the NOAEL was the highest concentration level
tested and that exposure was almost continuous, and concludes that these aspects
provide an additional margin of safety.

The committee is of the opinion that the HBROEL of 133 mg/m3 (100 ppm)
will also protect workers from acute neurotoxic/CNS effects.

Since dermal penetration may contribute significantly to the body burden,
DECOS considers a skin notation warranted.

Health-based recommended occupational exposure limit

The Dutch Expert Committee on Occupational Safety of the Health Council rec-
ommends a health-based occupational exposure limit for methanol of 133
mg/m3 (100 ppm), as an 8-hour time-weighted average. DECOS also recom-
mends a skin notation.
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1

Scope

11

Background

At request of the Minister of Social Affairs and Employment (Annex A), the
Dutch Expert Committee on Occupational Safety (DECOS), a committee of the
Health Council of the Netherlands, performs scientific evaluations on the toxicity
of existing substances that are used at the workplace. The purpose of the evalua-
tions is to recommend a health-based occupational exposure limit for concentra-
tions in the air, provided the database allows derivation of such a value. In the
Netherlands, these recommendations serve as a basis in setting public occupa-
tional exposure limits by the minister.

1.2

Committee and procedure

This document contains the assessment of DECOS, hereafter called the commit-
tee, of the health hazard of methanol. The members of the committee are listed in
Annex B.

In 2009, the President of the Health Council released a draft of the report for
public review. The individuals and organisations that commented on the draft are
listed in Annex C. The committee has taken these comments into account in
deciding on the final version of the report.

Scope
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13

Data

The committee’s recommendations on the health-based occupational exposure
limit of methanol have been based on publicly available scientific data. Except
for the sections on carcinogenicity, genotoxicity, and reproduction toxicity, the
evaluation of the toxicity of methanol builds on the review by the International
Programme on Chemical Safety (IPCS), a joint venture of the United Nations
Environmental Program (UNEP), the International Labour Organisation (ILO),
and the World Health Organization (WHO), published in 1997 in the Environ-
mental Health Criteria (EHC) series.! With respect to the data on carcinogenicity
and genotoxicity, the original publications were reviewed and evaluated by
DECOS’s Subcommittee on the Classification of Carcinogenic Substances. The
data on reproduction toxicity were taken from the evaluation of the effects of
methanol on reproduction and the recommendation for classification by DECOS’
Subcommittee on the Classification of Reproduction Toxic Substances, pub-
lished in 2006.2

Additional data were obtained from the on-line databases Medline, Toxline,
Toxcenter and Chemical Abstracts (1996 to March 2007), using methanol and
CAS number. 67-56-1 and words relating to inhalation exposure as key words,
published after 1996. This resulted in a database containing more than 400 refer-
ences. From this database, relevant papers were selected based on title, key-
words, and abstract (when available).

The final search, in Medline (PubMed) was performed on April 7, 2009.

In the sections below, first, data from the WHO/IPCS review are summarised
under “‘WHO/IPCS data’ and the studies to which it is referred are listed in
Annex D (“WHO/IPCS references’). Additional information is subsequently pre-
sented under “‘additional data’.
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Chapter
ldentity, properties and monitoring
2.1 Chemical identity
name :methanol (1SO)
methanol (CAS)
methanol (IUPAC)
synonyms . methyl alcohol, methyl hydroxide, methylol, carbinol,
hydroxymethane, monohydroxymethane, wood alcohol,
wood spirits, wood naphtha, Columbian spirits, Manhattan
spirits, colonial spirit, pyroxylic spirit
molecular formula : CH,0
structural formula H
H-C-OH
H
CAS registry number : 67-56-1
EINECS number : 200-659-6
EC number : 603-001-00-X
RTECS number PC 1400000
2.2 Physical and chemical properties

Methanol is a colourless, volatile, flammable liquid with a mild alcoholic odour
when pure. However, the crude product may have a repulsive pungent odour.
Methanol is miscible with water, alcohols, esters, ketones, and most other sol-
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vents, and forms many azeotropic mixtures. It is only slightly soluble in fats and
oils.1

Methanol undergoes reactions that are typical of alcohols as a chemical class.
The reactions of particular industrial importance include the following: dehydro-
genation and oxidative dehydrogenation over silver or molybdenum-iron oxide
to form formaldehyde; the acid-catalysed reaction with isobutylene to form tert-
butyl methyl ether (MTBE); carbonylation to acetic acid catalysed by cobalt or
rhodium; esterification with organic acids and acid derivatives; etherification;
addition to unsaturated bonds and replacement of the hydroxyl group.!

Physical and chemical properties of methanol are listed in Table 2.1.

Table 2.1 Physical constants and properties of methanol (data from 1.3-8),

molecular weight 32.04

melting point -97.5°C

boiling point 65°C

relative density 0.79 g/cm3 (20°C/4°C)

solubility

in water miscible

in ethanol miscible

in ether miscible

in benzene very soluble

in chloroform soluble

Log Poctanoliwater -0.82 to -0.68 (experimental); -0.64, -0.63 (esti-
mated)

vapour pressure at 20°C 12.8 kPa

relative vapour density 1.01

flash point

closed cup 10-12°C

open cup 15.6°C

odour threshold 133 mg/m3 (100 ppm); 13-26,840 mg/m3 (10-
20,000 ppm)

conversion factors at 20°C, 101.3 kPa 1 mg/m3=0.75 ppm; 1 ppm = 1.33 mg/m3

auto-ignition temperature 455-470°C

explosive limits in air (% by volume) 6-44%

2.3

EU Classification and labelling

The classification of methanol based on Regulation (EC) No 1272/2008 on clas-
sification, labelling and packaging of substances and mixtures (CLP) entered into
force on the 20 January 2009, implementing the Globally Harmonised System
(GHS), and replacing Directive 67/548/EEC (substances) and Directive 1999/45/
EC (preparations)?® is presented in Table 2.2.
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Table 2.2 EU classification and labelling of methanol.?

classification labelling specific concentra-
tion limits, m-factors

hazard class and  hazard statement pictogram, signal hazard statement

category code code word code code

Flam. Lig. 2 H225 GHS02 H225

Acute tox. 3 H331 GHS06 H331 STOT SE 1;

Acute tox. 3 H311 GHS08 H311 H370: C>10%
Acute tox. 3 H301 Dgr H301 STOT SE 2;

STOT SE 1 H370 H370 H371: 3%<C>10%

H225: highly flammable liquid and vapour
H301: toxic if swallowed

H311: toxic in contact with skin

H331: toxic if inhaled

H370: causes damage to organs

H371: may cause damage to organs

2.4 Analytical methods

In this section, well-established, standard methods for detecting and/or measur-
ing and monitoring methanol in occupational air and in biological samples are
described.

2.4.1 Occupational air samples
WHO/IPCS data

The measurement of methanol in workplace (and ambient) air usually involves a pre-concentration
step in which the sample is passed through a solid adsorbent containing silica gel, Tenax GC, Pora-
pak, or activated charcoal, liquid desorption, and gas chromatography with flame ionisation detection
(FID) or mass spectrometry (MS). The US National Institute for Occupational Safety and Health
(NIOSH) has published methods based on these principles (see below). In addition, methanol can be
measured by direct reading instruments, real-time continuous monitoring systems, and passive
dosimeters.

Additional data

The following methods concerned the determination of methanol in occupational

air:

e NIOSH Method 2000. In 1998, NIOSH published an improved version of
Method 2000, which had combined and replaced Method S59 and P&CAM.
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The method uses a pre-concentration step in which the sample is passed
through a solid sorbent tube containing silica gel, liquid (5% solution of 2-
propanol in water) desorption, and gas chromatography using flame ionisa-
tion detection. The working range is 0.3 to 916 ppm (0.4 to 1200 mg/m3) for
a 5-L air sample. The estimated limit of detection is 0.7 pg per sample. At
high concentrations of methanol or at high relative humidity, a large silica gel
tube is required (700 mg silica gel front section).10

OSHA Method 91. The US Occupational Safety and Health Administration
(OSHA) procedure involves sample collection by drawing air through two
Anasorb 747 sampling tubes which are connected in series, liquid (carbon
disulphide/dimethyl formamide solution) desorption, and gas chromatogra-
phy with flame ionisation detection. The recommended air volume and sam-
pling rates are 5 L at 0.05 L/min when relative humidity is more than 50% at
250C and 3 L at 0.05 L/min when relative humidity is less than 50% (at
250C). The detection limit of the overall procedure is 0.93 pg/sample (186
Hg/m3).11

DFG. The Working Group on Analytical Chemistry of the Commission for
the Investigation of Health Hazards of Chemical Compounds in the Work
Area (MAK Commission) of the German Research Foundation (Deutsche
Forschungsgemeinschaft - DFG) has developed a method which permits the
determination of volatile alcohols (viz., methanol, ethanol, 2-propanol, n-
butanol) and 2-butanone in workplace air by adsorption on silica gel, liquid
(deionised water), and analysis by head-space gas chromatography with
flame ionisation detection. The method was validated with air concentrations
equivalent to the German occupational exposure limit of methanol of 270
mg/m3, and could accurately determine 6% of this limit when the given sam-
pling conditions are observed.12

2.4.2

Biological samples
WHO/IPCS data

A variety of primarily gas chromatographic methods for the determination of methanol in biological
samples from normal, poisoned, and occupationally exposed individuals have been described. In

these methods, methanol concentrations were measured in exhaled breath, blood, and urine samples.
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Additional data

The Working Group Analytical Chemistry of the MAK Commission of the DFG
has published a method for the determination of methanol in urine and blood.
Methanol is determined by means of capillary gas chromatography using the
headspace technique and a flame ionisation detector (FID).12

In its documentation of a Biological Exposure Index (BEI) for methanol, the
American Conference of Governmental Industrial Hygienists (ACGIH) refers to
a number of gas chromatographic methods for the determination of methanol in
urine. These methods, of which some are described in the EHC monograph,
include gas chromatography using the headspace technique, flame ionisation
detection, and/or direct injection (see e.g.,12:15).

Identity, properties and monitoring
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3

Chapter
3.1 Natural occurrence
WHO/IPCS data
Methanol occurs naturally in humans, animals, and plants. It is a natural constituent in blood, urine,
saliva, and expired air, and has also been found in mother’s milk. The human diet is a source of the
body pool of methanol, as it occurs in fresh fruits and vegetables, fruit juices, and fermented bever-
ages. In addition, it has been suggested that methanol is formed by the activities of the intestinal
microflora or by other enzymatic processes.
Natural emission sources of methanol include volcanic gasses, vegetation, microbes, and insects.
Methanol is also formed during biological decomposition of biological wastes, sewage, and sludge.
3.2 Man-made sources
3.2.1 Production
WHO/IPCS data

In the 19t century, methanol was mainly produced by dry distillation of wood at about 350 °C. Mod-
ern industrial scale methanol production is based exclusively on the catalytic conversion of pressu-
rized synthesis gas (hydrogen, carbon monoxide and carbon dioxide) in the presence of metallic
heterogeneous catalysts. Starting materials for synthesis gas production are carbonaceous materials

Sources
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such as coal, coke, natural gas, petroleum, and fractions obtained from petroleum. About 90% of glo-
bal methanol production capacity is based on natural gas as the starting material.

Worldwide production capacity of methanol in 1995 was 30.1 million tonnes per year. The larg-
est production takes place in the USA and Canada. The production capacity of methanol in Western
Europe between 1978 and 1991 ranged from 2.5 to 3.45 million tonnes per year, the major producers
being Germany, the Netherlands and the United Kingdom. It is assumed that about 80% of production
capacity is utilized. A shift in methanol production from the developed countries to the developing
areas appears to take place.

Additional data

In the Netherlands, BioMCN has developed an innovative process to produce
‘bio-methanol’ from crude glycerine. Crude glycerine is a by-product formed
during the manufacture of biodiesel. The feasibility of the glycerine-to-methanol
process was demonstrated on a pilot plant scale in early 2008 at a former conven-
tional methanol plant site in Delfzijl. In 2009, a newly built larger unit should
have a capacity of 200,000 tonnes/year, which can be extended with another
three such units, adding up eventually to a capacity of 800,000 tonnes/year.16

The Methanol Institute reported that the Caribbean, Persian Gulf, and Asia
(China, Taiwan, Japan, South Korea) were the largest methanol-producing
regions in 2006 with a production of each 7-8 million tonnes/year. Western-
Europe produced about 3.3 million tonnes/year. Global production amounted to
ca. 40 million tonnes/year, which is approximately 90% of the total capacity. For
2008, figures for production and capacity were ca. 48 and 61 million tonnes,
respectively.1?

3.2.2

Use

WHO/IPCS data

Methanol is used in the industrial production of many important organic compounds, such as methyl
tertiary butyl ether (MTBE), formaldehyde, acetic acid, glycol methyl ethers, methylamine, methyl
halides, and methyl methacrylate. In addition, methanol is a constituent of a large number of com-
mercially available solvents and consumer products including paints, varnishes, paint thinners,
cleansing solutions, antifreeze solutions, automotive windshield washer fluids, denaturant for etha-
nol, and in hobby adhesives. Potentially large use of methanol is directly in fuel, as a replacement for
gasoline in gasoline and diesel blends.
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Additional data

Figures presented for 2008 by the Methanol Institute indicate that about 75% of
produced methanol serves as a feedstock for chemical synthesis. Manufacture of
formaldehyde is the primary use (35%) followed by production of fuel additives
(methyl tertiary butyl ether and tertiary amyl methyl ether; 13%) and acetic acid
(12%). About 10% is used for fuel applications. More recently developed indus-
trial uses of methanol include its application as a denitrification agent in waste
water treatment and as a reagent and solvent in biodiesel production facilities.
New applications may be in fuel cells for vehicles and consumer electronic prod-
ucts.17

Sources
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4

Exposure

4.1

General population
WHO/IPCS data

Humans can be exposed to methanol from ambient air, diet, and possibly water. Methanol concentra-
tions in ambient air in different urban air or at dense traffic sites in the US and in Sweden ranged from
0.45 to 100 ppb (0.6 to 133 pg/m3) (Graedel et al., 1986; Jonsson et al., 1985; Snider and Dawson,
1985), whereas ambient air concentrations in remote or rural areas in the USA ranged from 0.5 to 2.6
ppb (0.7 to 3.5 pg/m3) (Cavanaugh et al., 1969; Snider and Dawson, 1985).

Potential methanol exposure levels due to its use in automobile fuel have been modelled for spe-
cific conditions of use such as express ways, street canyons, railroad tunnels, and parking garages,
assuming 100% of all automobiles fuelled with methanol, under various traffic conditions and mete-
orological conditions. For these scenarios, exposure levels to methanol ranged from 0.75 to 150 ppm
(1 to 200 mg/m3). For personal garages, calculated methanol exposure concentrations ranged from
2.2 to 368 ppm (2.9-490 mg/m3) (Gold and Moulif, 1988; Kavett and Nauss, 1990). Methanol is also
present in tobacco smoke. Levels of 180 ug/cigarette have been detected in the vapour phase of main-
stream smoke (Guerin et al., 1987; Norman, 1977).

Methanol is available from the intake of dietary fruits and vegetables, fruit juices and fermenta-
tion beverages, and from the use of the synthetic sweetener aspartame which on hydrolysis yields
10% of its weight as free methanol, which is available for absorption. Methanol levels in some foods
and beverages are summarised in Table 4.1.

Exposure



Table 4.1 Methanol levels in some foods and beverages (data from WHO/IPCS?).

sample methanol level
fresh and canned fruit juices 1-43 mg/L
(orange and grapefruit juices) 10-80 mg/L
12-640 mg/L (average: 140 mg/L)
neutral spirits <1500 mg/L
beer 6-27 mg/L
wines 96-321 mg/L
distilled spirits 10-220 mg/L
bourbon 40-55 mg/L
50% grain alcohol ca. 1 mg/L
concentrations permitted in brandies 6000-7000 mg/L ethanol
in the USA, Canada, Italy
carbonated beverages ca. 56 mg/L (originating from aspartame)
beans 1.5-7.9 mg/kg
split peas 3.6 mg/kg
lentils 4.4 mg/kg

The intake estimates of methanol from these sources vary considerably. Consuming a 12-0z (ca. 350
mL) diet beverage containing aspartame results in a methanol intake of roughly 0.3 mg/kg bw.
Excluding exposure from these kind of beverages, daily methanol intake from aspartame can average
0.3-1.1 mg/kg bw (99 percentile: up to 3.4 mg/kg bw). If aspartame would replace all sucrose in the
diet, average daily equivalent methanol ingestion could be ca. 0.8 mg/kg bw. The ‘background’ body
burden of methanol was estimated to be 0.5 mg/kg bw (Kavett and Nauss, 1990).

Limited data on methanol in water report levels of 22 pg/L in rainwater (Snider and Dawson,
1985) and levels ranging from 17 to 1050 mg/L in industrial effluents (Jungclaus et al., 1978) in the
USA. Levels in finished drinking water were not reported.

Additional data

Inhalation exposure concentrations as a result from using methanol as an auto-
motive fuel were measured at different locations in a residential home with an
attached garage in New Jersey, USA. Measurements (vehicle emission control
devices, ventilation, temperatures of ambient air, garage and fuel tank, wind
speed) were taken under various conditions, during a 3-hour sampling time. The
highest methanol exposure concentration was measured in the garage (1.3 ppm
(1.7 mg/m3)), when the charcoal canister hose connection (emission control
device) was removed. Under these conditions, maximum methanol concentra-
tions in the room adjacent to the garage and in the remainder of the home were
0.23 ppm (0.31 mg/m3) and 0.11 ppm (0.15 mg/m83), respectively.18
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An additional source of exposure for the general public forms the use of con-
sumer products containing methanol, such as varnishes, adhesives, and wind-
shield washing fluid. One study investigated the exposure of automobile
occupants to methanol through inhalation of vapours of windshield washing
fluid. Winter-grade windshield washing fluids containing levels of methanol in
concentrations in the range of 44 to 46% were tested in two different cars, under
various normal operating conditions. Air samples were collected at 1-minute
time intervals and analysed for methanol. Concentrations of methanol ranging
from 1.4 ppm (1.9 mg/m3) to 1435 ppm (1909 mg/m3) were recorded, with peak
concentrations occurring when the car engine was hot, the heater was on, and
ventilation was off.1°

A dietary source of methanol is aspartame. In the Netherlands, the legislative
value for aspartame in soft drinks, fruit juices, concentrates, yoghurt drinks, and
drinking chocolates is 600 mg/kg (equivalent to 60 mg methanol/kg). Actual
mean levels in products present on the Dutch market ranged from ca. 60 to 145
mg/kg (=6-15 mg methanol/kg) with maximum levels up to ca. 460 mg/kg (=46
mg methanol/kg). For yoghurt and throat pastilles, legislative values are 1000
mg/kg (=100 mg methanol/kg). For these products, actual mean levels were ca.
60 and 100 mg/kg, respectively (=6, 10 mg methanol/kg) with maximum levels
of ca. 200 and 760 mg/kg (=20-76 mg methanol/kg). For vitamine preparations,
the legislative level is 5500 mg/kg (=550 mg methanol/kg). Actual levels were
ca. 6400 mg/kg (=640 mg methanol/kg) with a maximum of ca. 17,000 mg/kg
(1700 mg methanol/kg). The overall average daily intake of aspartame of the
general population was estimated to be 0.1 mg/kg bw (=0.01 mg methanol/kg)
(95 percentile: 0.5 mg/kg bw; 0.05 mg methanol/kg).20

Another dietary source of methanol is dimethyl dicarbonate, which is used as
a cold sterilisation agent for tea beverages, sports drinks, fruit or juice sparklers,
wines, and wine substitutes. It is unstable in aqueous solutions and primarily
breaks down to methanol and carbon dioxide. On a weight basis, 100 mg of
dimethyl dicarbonate in a beverage would produce 48 mg methanol. Dietary
daily intake of methanol through dimethyl dicarbonate was estimated to be 0.2
mg/kg bw (90% percentile).2!
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4.2

Working population
WHO/IPCS data

At the workplace, duplicator machines and solvent classes such as thinners, degreasers, paints, inks,
and adhesives form a source of exposure to methanol. In a chemical plant, 30-minute concentrations
ranged from ca. 49 to 303 mg/m3 (37-227 ppm) during the course of a shift (Heinrich and Angerer,
1982). Much higher concentrations were measured in the vicinity of spirit duplicator machines, low-
volume copiers using methanol as an ‘ink’ (475- 4000 mg/m3/356-3000 ppm) (Frederick et al. 1984;
Kingsley and Hirsch, 1955; NIOSH, 1981), and in a factory producing canned fuel (median: 600
mg/m3 with peaks of 4000-7000 mg/m3/3000-5250 ppm) (Kawai et al., 1991).

Additional data

The extent of methanol exposure among school workers during spirit duplicator
use was evaluated in five schools in North Carolina, USA. Samples were taken in
the breathing zone of 48 workers in the duplicating areas, at 11 sampling sites in
total. Instantaneous air concentrations were recorded using a gas analyser, every
0.5 to 2 minutes during duplicator use, and were used to calculate 3-minute time-
weighted averages. The estimated mean exposure for teachers and teaching assist-
ants were 404+296 ppm (537+394 mg/m3) and 3224248 ppm (428+330 mg/m3),
respectively. Most exposure durations lasted between 0.5 and 4.5 minutes, the
highest exposure duration was 40.5 to 44.5 minutes. Three measurements of mean
inhalation exposure during collating, stapling, and distributing freshly duplicated
materials exceeded 200 ppm (266 mg/m3). Dermal exposure to methanol may also
take place during handling freshly duplicated materials, but this was not
assessed.22

The International Agency for Research on Cancer (IARC) set up an international
database of exposure measurements of 246 different agents in the pulp, paper,
and paper product industries.23.24 In August 1996, the database included 31,502
measurements from 13 countries, the majority of which were taken from static
measuring points, i.e., area samples (61%) and breathing-zone air samples
(24%). The measurements varied in duration, purpose, and sample location.
Methanol concentrations were measured 301 times, mostly in the pulp produc-
tion and in the paper product manufacture. In 11% of the measurements, concen-
trations of methanol exceeded the threshold limit value. Concentrations
exceeding 8-hour occupational exposure limits were reported in off-machine
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coating areas. Details on the actually measured concentrations were not pub-
lished, apart from reported measured exposure concentrations in effluent water
treatment departments, which were under the detection limit.23 It is unknown
whether this data are representative for the average exposure levels of workers in
this industry, due to the lack of background information on the measurements.

The concentration of methanol in wood dust was measured to evaluate whether
methanol exposure may play a role in the correlation between the exposure to
wood dust and the development of nasal cancer as suggested by epidemiological
studies.25 Concentrations of methanol in wood dust varied from 355 to 452 mg/L,
depending on the wood humidity. The authors suggest that in situ generation of
formaldehyde from methanol plays an important role in the development of nasal
cancer. However, the results of this study do not assess the potential methanol
exposure concentrations of workers in the wood industry.

Concentrations of chemical compounds including methanol in a petrochemical
complex were measured using Open-Path Fourier Transform Infrared Spectros-
copy (OP-FTIS) on 11 different manufacturing plants in Taiwan.2é Continuous
and representative monitoring was conducted each year at each plant for three
years, with total sample duration of 77 days. Methanol was among the compounds
most frequently detected, and was detected at all 11 plants. The mean low esti-
mate for methanol was 23+79 ppb (31+106 ug/m3); the mean high estimate was
2479 ppb (32+£104 pug/m3). The maximum concentration measured was 2449 ppb
(3257 pg/ms).

As part of a study investigating the effect of exposure to irritants on the respi-
ratory mucus transportability, methanol concentrations in a foundry from area
and personal sampling were measured to range from <10 to 68 mg/m3 (7.5-51

ppm).27

Exposure
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Chapter
Kinetics
5.1 Absorption
WHO/IPCS data

The primary routes of methanol exposure are inhalation and ingestion, for both the general and occu-
pational population. No differences exist between the capabilities for absorption of methanol among
various animal species.

In an occupational setting, inhalation of methanol is the most common route of entry. Around 60
to 85% of inhaled methanol is absorbed in the lung of humans. A number of studies with human vol-
unteers investigating methanol and/or formic acid (formate) levels in blood and urine after methanol
inhalation exposure were reported (see Table 5.1).

One pharmacokinetic model predicted that after exposure to 5000 ppm (6650 mg/m3) methanol
vapour, blood methanol concentrations in mice and rats would be 13- to 18-fold and 5-fold higher,
respectively, compared to blood concentrations in humans, due to the greater respiration rates of mice
and rats (Perkins et al., 1995). Another pharmacokinetic model predicted that at exposure concentra-
tions below 1200 ppm (1596 mg/m3) for 6 hours, the end of exposure blood concentrations of metha-
nol would be similar for Fisher-344 rats, rhesus monkeys, and humans, which would be proportional
to atmospheric concentrations. At concentrations above 1200 ppm (1596 mg/m3), the increase of
methanol in the blood of rats and monkeys was predicted to become non-linear, whereas for humans
blood methanol levels were predicted to increase linearly (Horton et al., 1992).
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Table 5.1 Methanol and formate levels in blood and/or urine of humans exposed by inhalation to methanol (from 1).

number of  exposure conditons methanol levels formate levels reference
volunteers in blood in urine in blood in urine
(mg/L + SD) (mg/L + SD) (mg/L + SD) (mg/L = SD)
not reported  500-1100 ppm (665- not reported ca. 10 to 30 not reported not reported Leaf/Zatman,
1463 1952
mg/m3), 3-4 h
4 77,154, 225 ppm not reported proportional to not reported not reported Sedivec et al.
(102, 205, 300 mg/ concentrations in 198113
m3), for 8 h air
20 37- 231 ppm (49- 307 increase from increase from not reported increase from  Heinrich/
mg/m3) (arithmetic  <0.6 t0 8.9+14.7 1.1+0.9 to 21.8+20 12.7+ 11.7 to0 Angerer, 198214
mean: 111 ppm; 148 29.9+28.6
mg/m3), for 8 h
6 200 ppm (266 increase from not reported no accumulation not reported Lee etal., 1992
mg/m3), for 6 h 1.8t07.0 above back-
ground level
(8.1 mg/L)
5 200 ppm (266 not reported not reported not reported no accumulation Franzblau et al.,
mg/mg3), for 5 days 1993
(not further specified)
26 200 ppm (266 not reported not reported no increase no increase

mg/m3), for 4 h

Following dermal exposure to methanol in human volunteers, an average skin absorption rate of
0.192 mg/cm2/min has been reported (Dutkiewicz et al., 1980). In another study, the rate of absorp-
tion into the skin was found to be higher with M-85 (85% methanol and 15% gasoline) than with pure
methanol (Machiele, 1990). In an in vitro study, the penetration rate of pure methanol through the epi-
dermis was 10.4 mg/cmz/h (i.e., 0.18 mg/cm2/min) (Scheuplein and Blank, 1971).

Ingestion of methanol has been the principal route of exposure in the many reported cases of acute
poisoning. Oral exposure to methanol leads to rapid absorption from the gastrointestinal tract, with
peak absorption occurring in 30 to 60 minutes depending on the presence or absence of food in the
stomach (Becker, 1983). Blood and urine concentrations of methanol are highly dependent upon
dose, time following exposure, and concomitant ingestion of ethanol. Oral doses of 71 to 84 mg
methanol/kg in humans resulted in blood levels of 47 to 76 mg/L blood 2 to 3 hours later (Leaf and
Zatman, 1952). No methanol in blood was found 48 hours after intake of small quantities of methanol
(10-20 mL; i.e., ca. 110-230 mg/kg bw), but after intake of 50 mL (i.e., ca. 560 mg/kg bw) of metha-
nol, levels of 250 to 1200 mg/L were found in the blood (Lund, 1948). The methanol body burden
following ingestion of products sweetened with aspartame (typically 60 to 195 mg/serving) could
vary from 6 to 20 mg, due to the hydrolysis of aspartame to methanol (Stegink et al., 1981, 1983).
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Table 5.2 Methanol and formate levels in blood and/or urine of humans exposed by inhalation to methanol; additional data.

Additional data

A study investigating the site and characteristics of methanol absorption in rats
demonstrated that absorption of methanol from the lungs occurs almost entirely
in the upper respiratory tract. The results suggested further that the absorption of
methanol from the lungs in rats depended on the inhalation exposure concentra-
tion and duration and ventilation rate. Blood methanol concentration did not in
itself affect methanol absorption, but ventilation rate decreased with increasing
blood methanol concentration. Rats were exposed for 8 hours to 5000 and 15,000
ppm (6650, 16,625, 19,950 mg/m3) normally, and to 12,500 ppm (16625 mg/m3)
by a tracheal cannula while being anaesthetised. After being exposed for 4 hours,
some of the rats exposed to 5000 ppm received an intravenous injection of meth-
anol of 4 g/kg (over 2 min) to examine the effect of blood methanol on ventila-
tion and absorption; some of the rats exposed to 15,000 ppm were treated with
CO, or phenobarbital to assess the effect of the ventilation rate on methanol
absorption.28

Since the publication of the WHO/IPCS document, a number of studies in
humans have been published to examine kinetics of methanol after inhalation
exposure (Table 5.2).

number of  exposure condi- methanol levels formate levels reference
volunteers  tions in blood in urine in blood in urine
(mg/L + SD) (mg/L + SD) (mg/L + SD) (mg/L £ SD)
26 200 ppm (266  increased: from significantly increased no significant no significant Chuwers et al.,
mg/m3), for4 h 0.9+0.6 to 6.5£2.7  excretion rates difference: difference 1995; Osterloh et
from 12.7+6.4 al., 1996 2930
to 14.3+12.7
14 0, 100, 200, 400 not reported significant increase  not reported  modestincrease Franzblau et al.,
8 ppm (0, 133, 266, after exposure 19973t
532 mg/m3), for to 400 ppm
8h (532 mg/m3)
4 (0.5-2h); 800 ppm (1064 increased: increased: not reported  not reported  Batterman et al.,
3,12 (8h)  mg/m3), for 0.5, 0.5 h: from 2.0+0.9 to 0.5 h: from 1.1+0.5 to 199832
1,2,8h 5.3x14 3.2+1.2
1h: from1.3+0.6to 1 h: from 1.5+1.2 to
6.6x1.2 4.0x1.4
2 h: from 1.8+0.7to 2 h: from1.2+0.6 to
14.0£1.5 11.0£3.2
8 h: from 1.8+0.7to 8 h: from 2.0+1.7 to
30.7+6.9 74.0£33.5
8 100, 200 ppm increased: from 0.64 increased: from not reported  no significant Ernstgérd et al.,
(133, 266 t0 3.72, and 0.32t0 2.56, and differences 200533

mg/m3), for2h  from 0.64 to 7.91 from 0.64 to 6.41
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Low level methanol kinetics in humans was studied during and after controlled
inhalation exposure to water vapour (controls) or 200 ppm (266 mg/m3) metha-
nol for 4 hours in a randomised double blind study in 26 volunteers. Blood sam-
ples were collected at different time points throughout the exposure period and
the 4-hour follow-up period. Maximum methanol concentration in blood
(6.5£2.7 mg/L) was observed at the end of the exposure period, which was more
than a fourfold increase from baseline levels (0.9+0.6 mg/L). The absorption rate
constant under these exposure conditions was estimated at 0.87+0.6/h. The area
under the curve (AUC) of the serum methanol concentration-time curve from 0
to 8 hours was 35.9£12.6 (mg/L)*h, compared to 9.3+4.7 (mg/L)*h for the con-
trol group.30

Kinetics of methanol in humans was studied during and after inhalation exposure
to 800 ppm (1064 mg/m3) for 30 minutes and 1 and 2 hours in 4 subjects (2 ses-
sions for each concentration for each subject), and for 8 hours in 15 subjects (1
session/subject) Blood samples were collected at several time points during and
up to 8 hours following exposure. Baseline blood methanol concentrations
ranged from 1.3 to 2.0 mg/L and maximum blood methanol concentrations were
5.3+1.4, 6.6£1.2, 14.0£1.5, and 30.7+£6.9 mg/L, respectively, for the four expo-
sure durations. Methanol concentrations in blood lagged some 15-30 minutes
behind the termination of exposure. The blood data were used to develop first-
order models, which were used to estimate total uptake and uptake rates of meth-
anol for the different exposure durations. Estimated total uptake of methanol was
284, 359, 958, and 5084 mg for the four exposure durations, respectively. The
estimated uptake rates of methanol were higher for the 8-hour exposure duration
(587 mg/h) than for the short-term exposure durations (346 to 448 mg/h). How-
ever, the subjects used in the short-term exposure sessions (up to 2 hours) were
different from the subjects used in the 8-hour exposure sessions, which may in
part account for the differences found in the uptake rates of methanol.32

The uptake of inhaled methanol vapours and possible gender differences in toxi-
cokinetics were studied in four males and four females exposed at three different
times to 100 ppm (133 mg/m3) or 200 ppm (266 mg/m3) methanol or to clean air
for 2 hours in a stainless steel exposure chamber. During exposure, the volunteers
performed light physical exercise at a workload of 50 W on a bicycle ergometer.
Samples of blood were taken at different time points during and up to 23 hours

after the onset of exposure. Background levels of methanol in blood were 0.3-2.4
mg/L and did not differ between men and women. The concentration of methanol
in blood increased from 0.64 to 3.72 mg/L and from 0.64 to 7.91 mg/L after the
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2-hour exposure at 100 and 200 ppm (133 and 266 mg/m3) methanol, respec-
tively, and a workload of 50 W. Respiratory uptake fraction throughout exposure
was approximately 50% for both exposure levels. The AUC from 0 to 6 hours
increased linearly with exposure concentrations, indicating non-saturated first-
order kinetics in this exposure range. No gender differences in any of the toxi-
cokinetic parameters were seen.33

Model simulations using a physiologically based pharmacokinetic model based
on unpublished exhaled breath time course measurements from a study on anaes-
thetised female cynomolgus monkeys showed that there was no apparent trend
between exposure concentration and the relative respiratory uptake, indicating
linear absorption kinetics with respect to exposure duration (0.5-2 h) and concen-
tration (10-900 ppm or 13-1197 mg/m3).34

A biologically based dynamic model based on data from rats, monkeys, and
humans (including two of the studies in humans described above3032) demon-
strated that absorption of methanol from the lungs did not appear to be influ-
enced by the exposure level or duration, nor by the pulmonary ventilation rate in
exposure concentrations ranging from approximately 77 to 770 ppm (100 to
1000 mg/m3) and exposure durations ranging from 30 minutes to 8 hours. The
absorption fraction of methanol used for rats, monkeys, and humans were 0.60,
0.69, and 0.577/h, respectively, although for the simulation of the data of the
study in humans by Batterman et al. (see 32), a value ranging from 0.76 to 0.81/h
was deemed more appropriate.3>

Simulations of a kinetic model suggested that an 8-hour inhalation exposure of at
least 500 to 2000 ppm (655 to 2660 mg/m3) methanol, without physical activi-
ties, would be necessary for blood and urinary formate concentrations to reach
reported mean background values in humans.3> Nevertheless, in one of the toxi-
cokinetic volunteer studies, a modest increase in urinary formate was observed in
subjects exposed to 400 ppm (532 mg/m3) methanol for 8 hours.3! Also, in a
group of occupationally exposed subjects (n=20; concentration range: 37-231
ppm (49-307 mg/m3); duration: 8 hours), a small increase in urinary formic acid
levels was reported . The median of 20.7 mg/L in the exposed group was 2.5 fold
of that in the control group (8.4 mg/L).14
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Table 5.3 Half-lives and concentrations of methanol in blood after inhalation in rodents and primates, measured or predicted to
occur at the end of a 6-hour exposure period (adapted from OECD#, and NTP21),

rat mouse monkey human
exposure concentration  half-life blood methanol blood methanol half-life blood methanol blood methanol
(mg/m® (ppm)) Q) (mg/L) (mg/L) (h) (mg/L) (mg/L)
0 (background levels) 1.8-3 1.6 24 0.6-2.6
266 (200) 0.8 31-74 11 3.9 3-8
665-798 (500-600) ca. 10 ca. 10 ca. 10
1596 (1200) 1.0 26.6 ca. 150 3.2 37.6 ca. 25
2660 (2000) 21 79.7 ca. 500 29 64.4 ca. 50
6650 (5000) no data ca. 400-ca. 880 ca. 2000 no data ca. 240 ca. 140

Based on afore-mentioned data in this section, OECD presented a summarising
table (see Table 5.3) which illustrates species differences following inhalation
exposure.

These data indicate that, generally, blood levels seem to be similar in rats,
monkeys, and humans for 6-hour exposures up to ca. 1596 mg/ms3 (1200 ppm).
At higher levels, blood methanol levels increase non-linearly in rats and, less
steeply, in monkeys and linearly in humans. In mice, levels increase even more
sharply (which was thought to be due to their more rapid breathing and higher
absorption.#

One study was published in which the kinetics of methanol in humans after der-
mal exposure was investigated. In four volunteers, immersion of one hand in
99.8% methanol for 0, 2, 4, 8, and 16 minutes resulted in high methanol vapour
concentrations at exposed skin for several hours, indicating a reservoir effect of
the skin. Methanol concentrations in blood slowly raised to a maximum (13.3
mg/L) about 1 hour after exposure and then slowly decayed. From this study, an
average dermal permeation rate of 8.1+3.7 mg/cm/h (i.e., 0,14+0.6 mg/cm2/
min) could be determined.36:37

5.2

Distribution

WHO/IPCS data

Methanol distributes readily and uniformly to organs and tissues in direct relation to their water con-
tent. The apparent volume of distribution of methanol is 0.6 to 0.7 L/kg, similar to that of ethanol
(Haggard and Greenberg, 1939; Yant and Schrenk, 1937).

In animals exposed to methanol, relatively high concentrations (not further specified) were
found in blood, vitreous and aqueous humour, bile, urine, kidney, liver, and the gastrointestinal tract.
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Relatively low concentrations (not further specified) were found in bone marrow, fatty tissue, brain,
and muscle tissue (Bartlett, 1950; Yant and Schrenk, 1937).

Post-mortem analysis of methanol concentrations in body fluids and tissues reported in fatal
human cases of methanol poisoning has revealed high concentrations of methanol in cerebrospinal
fluid, vitreous humour, and bile. Concentrations in these fluids were higher than blood concentra-
tions. In tissues, the highest concentrations were found in brain, kidney, lung, and spleen and lower
concentrations were found in skeletal muscle, pancreas, liver, and heart (Bennet et al., 1950; Whu
Chen, 1985).

Additional data

A biologically based dynamic model based on data from rats, monkeys, and
humans determined an apparent volume of distribution for methanol of 0.92,
0.77, and 0.70 L/kg bw, respectively, and larger values for its metabolite formate
of 6.4, 4.6, and 4.2 L/kg bw, respectively. The larger value for formate suggests
binding to proteins.35

53

Biotransformation

WHO/IPCS data

After uptake and distribution, most of the methanol is metabolised in the liver to carbon dioxide
(96.9%), while a small fraction is excreted directly via the urine (0.6%) and through the lung. In all
mammalian species studied, metabolism includes sequential oxidative steps to form formaldehyde,
formate, and CO, (see figure 5.1).

The metabolism of methanol to formaldehyde in rats and other non-primate species is mediated
by the catalase-peroxidase system. In non-human primates and in humans, the reaction is mediated
by alcohol dehydrogenase, and can be significantly inhibited by co-exposure to ethanol, which acts as
a competing substrate. Formaldehyde is very rapidly oxidised (with a half-life of ca. 1 min) by many
species, including primates, into formate by several enzyme systems including a specific formalde-
hyde dehydrogenase. Despite differences in enzyme mediation, the conversion of methanol to for-
mate occurs at similar rates in non-human primates and in rats.
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Alcohol dehydrogenase J, Catalaze
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Figure 5.1 Metabolism scheme of methanol. Major enzymes for primates (left) and rodents
(right) are noted. Species differences in methanol toxicity are due primarily due to the metabolic
conversion of formate to carbon dioxide, which is rapid in rodents but slow in primates
(Medinsky and Dorman, 1994).

The oxidation of formate to CO, in vivo in mammalian species has been shown to be mediated by the
tetrahydrofolate-dependent pathway. There are profound differences in the rate of formate oxidation
in different species which contribute to the sensitivity to methanol. The folate-mediated oxidation of
formate proceeds about twice as slow in non-human primates and humans as in rats. Accumulation of
formate in primates is seen to occur at doses of methanol greater than 500 mg/kg bw (Tephly and
McMartin, 1984).

The pharmacokinetics of 14C-methanol and 4C-formate were studied in normal and folate-
deficient female cynomolgus monkeys exposed to 13 to 1200 mg/m3 for two hours. 14C-methanol-
derived formate levels in blood increased by only a small extent in both groups (Medinsky et al.,
1997).

Additional data

The reaction rates of methanol — formate and formate — CO, were ca. 30 and
ca. 73 mg/kg/h, respectively, in rats and ca. 48 and ca. 34 mg/kg/h, respectively,
in monkeys, indicating that the conversion of methanol into formate and that of
formate in CO, are rate limiting in rats and monkeys, respectively.4 These data

further indicate that formate accumulation will not occur in rats at any methanol
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dose since the maximal formate oxidation rate 73 mg/kg/h equivalent to 1.6
mmol/kg/h) exceeds the maximal rate at which formate is supplied (30 mg or 0.9
mmol/kg/h). In monkeys, on the other hand, sufficiently high methanol doses can
result in amounts of formate at a rate that can exceed the metabolic capacity of
the folate pathway (34 mg or 0.75 mmol/kg/h).38

Assuming that constants for methanol and formate oxidation were similar in non-
human primates and humans and that formate is relatively evenly distributed
through body water, Kavet and Nauss38 calculated that the methanol dose saturat-
ing the folate pathway would roughly be 210 mg/kg bw.

A biologically based dynamic model based on rat, monkey, and human data indi-
cated that an unspecified substantial fraction of formaldehyde is converted to
unobserved forms. This fraction, most plausibly, represents either the formalde-
hyde that (directly or after oxidation to formate) binds to various endogenous
molecules or is incorporated in the tetrahydrofolic-acid-dependent one-carbon
pathway to become the building block of a number of synthetic pathways. The
model also predicted that the saturation of methanol metabolism appeared to
occur at a lower exposure dose in rats than in monkeys and humans. In rats
exposed to 2000 ppm (2660 mg/m3) for 6 hours, a Michaelis-Menten affinity
constant for methanol metabolism (K,,,) value of 36.6 mg/L of blood and V,,,, of
19.4 mg/L/h were estimated whereas following a similar exposure in monkeys,
no saturation of methanol metabolism was apparent. In addition, it was predicted
that no saturation of methanol metabolism occurred in humans exposed to 800
ppm (1064 mg/m3) for 2 hours or to 229 ppm (305 mg/m3) for 8 hours. The esti-
mated metabolic rates differ substantially between rats on the one hand and pri-
mates and humans on the other hand for a number of steps in the metabolic
clearance of methanol. The metabolic rate constants of methanol to formalde-
hyde were 0.53, 0.96, and 0.4 h-1 for rats, monkeys, and humans, respectively.
The metabolism of methanol to formaldehyde is mediated by different enzymes
in rats compared to primates and is also saturated at lower doses in rats. The
metabolic rate constants for formaldehyde to formate were 14.6 h-1for rats and
7.2 h-1 for monkeys and humans. The whole body to exhaled air transfer coeffi-
cients combined with metabolic rate constants of formate to CO, were 0.32 h-!
for rats and 0.81 h-1 for monkeys and humans. The latter values indicate that for-
mate is cleared twice as slow in monkeys and humans compared to rats.3>

This biologically based dynamic model appears to be highly useful in extrap-
olating dosimetrics from animal studies (rats or monkeys) to humans for the pur-
pose of deriving a health-based recommended occupational exposure limit.
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Nevertheless, although methanol is metabolised via the same pathway through
the same enzymes, in humans and monkeys, there are differences in the quantity
of methanol that can be found in the bloodstream. Bouchard et al. predicted that
an acute exposure to 800/900 ppm (1064/1197 mg/m3) methanol for 2 hours,
would result in a blood concentration of methanol that is 4-5 times as high in
humans when compared to monkeys (up to 1000 ppm (1330 mg/m3), in steady
state concentrations of methanol in the blood).3%

5.4

Elimination

WHO/IPCS data

The primary route of methanol elimination from the body is via oxidation to formaldehyde and then
to formic acid, which may be excreted in the urine or further oxidised to carbon dioxide. In humans,
only 2% of a 50 mg/kg bw dose of methanol is excreted unchanged by the lungs and kidneys (Leaf
and Zatman, 1952). Methanol has also been found in mother’s milk, but no details were reported
(Pellizzarri et al., 1982).

The time course of the disappearance of methanol from the circulation is slow relative to ethanol
and depends on the combined action of both direct excretion and metabolism. In humans exposed to
low levels of methanol orally (<0.1 g/kg) (Leaf and Zatman, 1952) or via inhalation (75-225 ppm
(100-300 mg/m3) for 8 hours) (Sedivec et al., 1981), the clearance of methanol obeyed first-order
kinetics with a half-time of about 2.5 to 3 hours. The rate at which methanol clears into the urine or
into exhaled air is directly proportional to its blood level. At higher doses of methanol, the clearance
appears to become saturated, resulting in non-linear elimination kinetics.

Studies investigating formate levels in blood or urine after methanol inhalation exposure in
humans are discussed in Section 5.1 and listed in Table 5.1. No accumulation of formate was found in
urine or blood of volunteers exposed to 200 ppm (266 mg/m3) methanol for 4 hours, 6 hours, or 5
days (Lee et al., 1992; Franzblau et al., 1993; d’Allessandro et al., 1994). In contrast, a study with 20
subjects occupationally exposed to methanol at concentrations of 37 to 231 ppm (49-307 mg/m3)
(average: 111 ppm or 147 mg/ m3) for 8 hours found increased urinary formate levels (mean:
29.9428.6 mg/L vs. 12.7+11.7 mg/L in unexposed controls) (Heinrich and Angerer, 1982).

After intake of small quantities of methanol (10-20 mL), formate levels in urine were normal
within 24 hours. Following intake of large amounts of methanol (50 mL), formate levels in blood of
26 to 78 mg/L were found as well an increased excretion of formate in the urine (540-2050 mg/L)
(Lund, 1948).
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Additional data

In a study to evaluate methanol in urine and other potential biological determi-
nants of methanol exposure, volunteer subjects were exposed to 0, 100, 200, and
400 ppm (0, 133, 266, 532 mg/m3) during separate 8-hour sessions in an expo-
sure chamber. Subjects repeated each exposure twice: once while sedentary and
once while performing light, intermittent exercise (alternating rest and exercise
every 30 minutes) on a bicycle ergometer. During the exercise sessions, it was
estimated that overall mean ventilation rate was increased by 50%. Urine sam-
ples were collected before, throughout, and immediately after the exposure ses-
sion. Twenty-two subjects participated in at least one exposure session, and there
was a core group of 10 subjects which completed all exposure and exercise com-
binations. Concentrations of methanol in urine increased linearly with exposure
concentrations, but with considerable inter-individual variation. Concentrations
of methanol in urine were consistently higher after exposure sessions involving
exercise. A modest increase in urinary formate was observed at exposure to 400
ppm (532 mg/ms3).31

In 26 volunteers exposed to 200 ppm (266 mg/m3) methanol for 4 hours, urinary
methanol, but not formate, excretion rate was increased significantly at the end
of the exposure period. The overall elimination half-life of methanol in blood
plasma was 3.2+2.3 h. However, elimination from plasma fit a mono-exponential
model only for half of the subjects during the 4-hour post-exposure follow-up
period, with a mean half-life of 2.2 h. Possible contributing factors to the poor
fitting of other subjects included dietary intake, endogenous production, or the
limited number of sampling times or limited follow-up period.30

The committee notes that seven of the subjects included in the study were
smokers and were not requested to refrain from smoking before the experiment.
Since tobacco smoke has been reported to contain levels of methanol?, this may
be another contributing factor to the poor fitting of the mono-exponential model
for plasma elimination.

In a study investigating the kinetics of methanol after short-term inhalation expo-
sure, subjects were exposed to 800 ppm (1064 mg/m3) methanol for 30 minutes,
1, 2, or 8 h. Methanol was measured in blood, urine, and breath samples col-
lected at different time points during and up to 8 hours after exposure. The con-
centrations of methanol in blood, urine, and breath did not increase linearly with
exposure duration due to the fairly rapid clearance of methanol. The half-life
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estimates reported were 1.44+0.33 h in blood, 1.55+0.67 h in urine, and
1.40+0.38 h in breath.

The blood data generated in this study closely fit first order models, which
could be used to predict that concentrations of methanol asymptotically approach
the steady-state level reached after many hours of exposure. For exposure peri-
ods of 0.5, 1, 2, and 8 hours, maxima should reach 21%, 38%, 62%, and 98% of
the (unspecified) steady-state level, respectively.32

Data from the studies above30:32 and earlier studies have been used to develop
and validate a biologically based dynamic model to simulate the uptake and dis-
position of methanol and its metabolites in rats, monkeys, and humans.35 The
model predicted that the saturation of methanol metabolism appeared to occur at
a lower exposure dose in rats than in monkeys and humans. The model further
predicted that in monkeys and plausibly humans, a much larger fraction of body
formaldehyde is rapidly converted to unobserved forms.

The authors state that the model is able to quantitatively relate the parent
compound or the metabolites in biological matrices to the absorbed dose and tis-
sue burdens at any point in time in rats, monkeys, and humans for different expo-
sure situations, thus reducing the uncertainties in the dose-response relationship,
animal-to-human, and exposure scenario comparisons.

In volunteers (n=4/sex) exposed at three different times to 0, 100 ppm (133
mg/m3), or 200 ppm (266 mg/m3) methanol during light physical exercise (50 W)
in an exposure chamber. the time courses of methanol elimination from the
blood, urine, and saliva were parallel after exposure, with half-lives of 1.4, 1.7,
and 1.3 h, respectively. Directly after exposure, methanol concentration declined
about twice as rapidly in breath as in blood, saliva, and urine with a half-life of
0.8 h, possibly caused by the wash-out effect from the epithelial lining of the res-
piratory tract. The AUC of methanol in all sample media increased in proportion
to exposure up to 200 ppm (266 mg/m3), the highest level tested. These results
strongly suggest non-saturated first-order kinetics for this exposure concentra-
tion range. The excretion of formic acid was seemingly not affected by exposure
up to 200 ppm (266 mg/m3) methanol. No gender differences in any of the toxi-
cokinetic parameters were seen.33

It has been suggested that simultaneous exposure to volatile organic com-
pounds may affect the metabolic rate of the chemicals. In a study in rats, simulta-
neous exposure to methanol and toluene for 6 hours resulted in higher methanol
concentrations in blood compared to those in animals exposed to methanol
alone.39 The half-lives of the blood methanol concentrations were comparable
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(2.4 and 2.7 h) between the two exposure groups. Urinary formic acid excretion
rates were not affected by simultaneous exposure to toluene.3® Following simul-
taneous repeated exposure to both compounds (6 hours/day, 5 days/week, 4
weeks), the half-lives of methanol were significantly increased, although more in
the group exposed to methanol alone (25.7 h vs. 16.1 h for co-exposure).39.40

5.5

Biological monitoring

WHO/IPCS data

Humans have a background body burden of methanol of 0.5 mg/kg bw (Kavett and Nauss, 1990).
Ranges of 0.32 to 2.61 mg/L in urine (Sedivec et al., 1981) and of 0.06 to 0.49 mg/m3 in expired air
(Eriksen and Kulkarni, 1963) in unexposed, ‘normal’ subjects have been reported. Another study,
however, detected methanol in the expired air at a mean level of 0.5 mg/m3 in normal, healthy, non-
smoking subjects (Krotoszynski et al., 1979). An explanation for the large differences in methanol
concentration in expired air could not be found.

Urine contains methanol concentrations 20-30% higher than blood, and concentrations depend
strictly on the duration and intensity of the methanol exposure. For this reason, urinary methanol con-
centrations have been suggested to be a reliable parameter for evaluating the degree of methanol
exposure, next to direct measurements of methanol in blood.

Additional data

In its 1983 evaluation of a biological tolerance value (BAT value) for methanol,
the German MAK Commission considered the methanol concentration in urine
as the most suitable parameter for the biological monitoring of persons exposed
to methanol. However, due to a lack of data on a direct relationship between
methanol concentration in urine and effect from which a BAT value could be
determined, the MAK Commission performed an indirect derivation via the
MAK value, taking two studies into consideration. In the first (field) study on
employees of a chemical company (see Heinrich and Angerer!4), an exposure to
100 ppm (133 mg/m3) methanol resulted in urine concentrations of 20 mg/L.
Assuming a linear correlation between exposure to concentrations near the MAK
value of 200 ppm (266 mg/m3), a urinary methanol excretion of 40 mg/L can

be expected. In the second (volunteer) study under laboratory conditions (see
Sedivec et al.13), urinary methanol concentrations of 6.5 and 9.5 mg/L were
found in 4 test persons exposed for 8 hours to 154 or 225 ppm (205 or 300
mg/m3) methanol, respectively. These test persons showed ventilation rates of ca.
10 L/min. Taking a ventilation rate of 20 L/min for medium work as a basis, the
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results of the volunteer study could be extrapolated to a urinary methanol excre-
tion of ca. 20 mg/L at an exposure to 200 ppm. Based on these two extrapola-
tions, the MAK Commission set the BAT value at 30 mg methanol/L urine
(sampling time: second half of a shift at the end of the working week).41

In 2005, the American Conference of Governmental Industrial Hygienists
(ACGIH) recommended monitoring of methanol in urine as an indicator of
recent exposure to methanol. Other indicators such as formic acid in urine and
methanol and formic acid in blood were considered less useful. From the human
volunteer study of Sedivec et al.13, ACGIH inferred that an 8-hour methanol
exposure at 200 ppm when at rest resulted in ca. 8.3 mg/L in end-of-exposure
urine and 6.5 mg/L in whole-8-hour-exposure urine, which would correspond to
levels of 16.6 and 13 mg/L at a ventilation rate of 21 L/min (10 m3 per 8-hour
work shift). Being the mean of these values, 15 mg/L was selected as the Biolog-
ical Exposure Index (BEI). Toxicokinetic models confirmed that an 8-hour expo-
sure to 200 ppm should yield urinary methanol levels of 9-16 mg/L, depending
on the ventilation rates used. According to ACGIH, the volume concentration of
methanol correlated to the blood concentration and to recent exposure dose.
Measurements, therefore, reflect exposure during the sampling period and should
not be corrected for creatinine and specific gravity. Based on the likelihood of
uniformity versus non-uniformity of exposures across the shift, end-of-shift ver-
sus whole-shift sampling should be conducted.15

Methanol concentrations in saliva might also be used as a suitable biomarker of
methanol inhalation exposure. In a study exposing 8 volunteers to 100 or 200
ppm (133 or 266 mg/m3) methanol vapours for two hours, consistent and parallel
patterns were seen with regard to the methanol time courses in blood, urine, and
saliva, whereas the concentration in exhaled air decreased markedly faster.33

Skin headspace measurements have also been suggested as a biological exposure
indicator that shows the presence and site of a dermal exposure to methanol. In a
pilot study in which 4 volunteers immersed one hand in 99.8% methanol for 2 to
16 minutes, measured skin headspace concentrations at unexposed skin were
similar to breath concentrations and had a moderate to high correlation with
blood levels of methanol.3¢

Background concentrations of urinary methanol concentrations measured in 84
subjects from the city of Sdo Paulo, Brazil that were not occupationally exposed
to methanol ranged from <0.84 mg/L (the limit of detection) to 6.0 mg/L (mean:
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2.26 £ 1.26 mg/L; geometric mean: 2.10 mg/L). The levels did not differ statisti-
cally between male and female subjects.42

5.6

Summary

During inhalation, methanol is adsorbed by or dissolves into the respiratory air-
way and lung mucus; during exhalation, methanol desorbs from the respiratory
airway and lung mucus and is exhaled. This ‘wash-in, wash-out’ effect needs to
be considered when calculating the bioavailability of methanol after exposure via
the lung. The absorption fractions for humans reported range from 50 to 85%,
compared to modelled absorption fractions of 60 and 69% for rats and monkeys,
respectively. In one study in rats, the absorption fraction appeared to depend on
the exposure concentration and duration, but in this study, rats were exposed to
much higher concentrations (5115-15,346 ppm or 6650-19,950 mg/m3).

Following dermal exposure to methanol, methanol diffuses rapidly through
the skin. Immersion of one hand in 99.8% methanol for up to 16 minutes in 4
volunteers resulted in an absorption rate of 8.1 mg/cm?2/h.

Studies in humans indicate that the absorption rate is a linear function of
exposure concentration and duration, at least for exposure concentrations ranging
from approximately 77 to 770 ppm (100-1000 mg/m3) and exposure durations
ranging from 30 minutes to 8 hours. Generally, blood methanol levels seem to be
similar in rats, monkeys, and humans at exposures up to ca. 1596 mg/m3 (1200
ppm). At higher levels, blood methanol levels increase non-linearly in rats and,
less steeply, in monkeys and linearly in humans. Levels in mice raise even more
sharply than in rats.

Methanol distributes readily and uniformly to organs and tissues in direct
relation to their water content.

Methanol is metabolised in the liver by sequential oxidative steps to form
formaldehyde, formate, and CO,. There are substantial differences between rats,
monkeys, and humans with regard to metabolic rates and metabolic saturation in
the different steps of the metabolism of methanol. The metabolism of methanol
to formaldehyde is mediated by different enzymes in rats compared to primates,
but occurs at similar rates. In primates, on the other hand, oxidation of formate is
much slower than in rodents. In rats, the conversion of methanol into formate is
rate limiting and may result in accumulation of methanol at sufficiently high
methanol levels. Since the maximal rate of formate oxidation exceeds the maxi-
mal rate of methanol oxidation, formate will not accumulate in rats at any metha-
nol dose. In monkeys, the conversion of formate into CO, is rate limiting. The
formation rate of formate exceeds the rate at which formate can be converted into
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CO,, and formate can therefore accumulate at sufficiently high methanol levels.
In humans, this may occur at methanol doses >210 mg/kg bw.

By far the most of the methanol taken up and distributed is excreted as CO,
and only minor amounts unchanged by the lungs and the kidneys. Further, the
methanol metabolites formaldehyde or formate are thought to bind to various
endogenous molecules or enter a number of endogenous synthetic pathways.
Studies in which volunteers were exposed to methanol for 30 minutes to 8 hours
showed generally similar elimination half-lives of methanol in blood (1.4-3 h)
and in urine, breath, and saliva (ca. 1.4 h). In a study in rats, exposure to metha-
nol for 6 hours/day, 5 days/week, for 4 weeks, a half-life of 25.7 h was found for
methanol in blood, whereas half-lives after single exposures were similar to
those in humans (2.7 h).

In humans, small increases (i.e., compared to background levels) in formate
levels in blood or urine have been reported in workers, occupationally exposed to
methanol concentrations of 38 to 233 ppm (49-303 mg/m3) (average 112 ppm
(145 mg/m3)) for 8 hours, and in volunteers exposed to 532 mg/m3 (400 ppm for
8 hours), while no increased levels were observed in volunteers exposed to 266
mg/m3 (200 ppm).

The most suitable biological parameter for biological monitoring of persons
exposed to methanol is the methanol concentration in urine.
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Chapter

6

Mechanism of action

WHO/IPCS data

The mechanism of action for ocular toxicity of methanol has been attributed to its metabolite formic
acid. Formic acid has been hypothesised to produce retinal and optic nerve toxicity by disrupting
mitochondrial energy production (Martin-Amat et al., 1977; Sharpe et al., 1982). It has been shown
in vitro to inhibit the activity of cytochrome oxidase, a vital component of the mitochondrial electron
transport chain involved in ATP synthesis (Nicholls, 1975). Inhibition occurs subsequently to the
binding of formic acid to the ferric haem iron of cytochrome oxidase. The resulting disrupted retinal
energy metabolism probably underlies the visual dysfunction observed after methanol exposure. Sev-
eral factors may contribute to the unique vulnerability of the retina and optic nerve to the cytotoxic
actions of formate. Data from rat studies suggest that toxic actions of methanol on the visual system
may be due to the selective accumulation of formate in the vitreous humour and the retina as com-
pared with other regions of the central nervous system (Eells, 1991; Eells et al., 1996). Further, the
retina has a very limited metabolic capacity to oxidise and thus detoxify formate (Eells et al.,1996).
Finally, there may be tissue- and cell-specific differences in mitochondrial populations and in the
actions of formate on mitochondrial function (Eells et al., 1995).

In contrast to ocular toxicity, changes in monoamine levels in various brain regions appear to be the
direct effect of methanol itself on the monoaminergic neuronal membranes (Jegnathan and
Namasivayam, 1989).
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Additional data

The acute toxicity of non-reactive volatile organic compounds (VOCs), includ-
ing methanol, are generally believed to be due to a general narcotic effect on the
body described as non-specific toxicity.

The anaesthetic action of methanol was claimed to be the result of methanol
itself and not of its metabolites as administration of 4-methylpyrazole, an alcohol
dehydrogenase inhibitor, did not affect the anaesthetic process of methanol in
rats. The committee notes, however, that in rats, methanol is metabolised prima-
rily by the catalase-peroxidase system and not, as in humans, by alcohol dehy-
drogenase (see Section 5.3). The administration of 4-methylpyrazole may,
therefore, not have inhibited the metabolism of methanol.

However, the relevance of data generated in rat lethal toxicity studies for the tox-
icity in humans is questionable. The lethal dose for most non-primate laboratory
animals has been reported to be more than six times the average human lethal
dose.3 Initially, a (transient) depression of the central nervous system is
observed in humans after toxic exposure to methanol, indicating a possible simi-
lar mechanism of action as described for rats. However, after a latent period of
several hours to two or more days after exposure, accumulation of formate leads
to metabolic acidosis with superimposed toxicity to the visual system. Metabolic
acidosis almost never develops in non-primate laboratory animals, due to a more
rapid metabolism of formate. Especially individuals with a compromised folate
status are thought to be more susceptible to the metabolic acidosis caused by
methanol, as folate is involved in the metabolism of formate to CO, (see Section
5.3).

Some mild irritation effects of methanol have been reported in humans exposed
to methanol via inhalation. It has been suggested that pro-inflammatory media-
tors such as interleukin-8 and interleukin-1p synthesised or released by nasal epi-
thelial cells may play a role in these effects.44

Effects of methanol after repeated exposure have not been characterised as well
as acute effects. Studies report both general toxicity and developmental and car-
cinogenic effects in rodents (discussed in Section 7.2), but the mechanism of
action underlying these effects is unknown. In addition, there appears to be no
consensus on whether the effects are caused by methanol or by its metabolites.
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Chapter

Effects
7.1 Observations in humans
7.1.1 Irritation and sensitisation

WHO/IPCS data

Eye irritation was, amongst others, reported by teacher aides. They worked at or near spirit duplica-
tors using 99% methanol as a duplicator fluid; exposure times varied from 1 hour/day, 1 day/week to
8 hours/day, 5 days/week, presumably for about 3 years. Fifteen-minute breathing zone samples
showed methanol concentrations ranging between 365 to 3080 ppm (485-4096 mg/m3), with 15/21
measurements exceeding 800 ppm (1064 mg/m3). While collating and stapling papers impregnated
with the fluid up to 3 hours after duplication, 15-minute average concentrations were 180 to 875 ppm
(239-1164 mg/m3 (Frederick et al., 1984). No data on sensitising properties of methanol in humans
were reported.

Additional data

In a single-blind controlled study, 12 healthy, non-smoking male students were
exposed for 4 hours to either 200 ppm (266 mg/m3) or 20 ppm (27 mg/m3) meth-
anol in an exposure chamber.44:45 Exposure to 200 ppm (266 mg/m3) of methanol
resulted in an increase in interleukin-8 (IL-8) and interleukin-18 (IL-1B) in nasal
secretions. No effects were observed on interleukin-6 (IL-6), prostaglandin E,
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(PGE,), mucaociliary clearance, and scores on a subjective symptoms question-
naire relating to irritations before and after exposure. The authors conclude that
exposure to 200 ppm (266 mg/m3) caused a sub-clinical inflammatory response.

The committee notes that the relevance of the effects on the two interleukins
in nasal secretions to the actual occurrence of a clinically relevant immunologi-
cal disease is unknown. Actual discomfort as assessed by the questionnaire was
not increased after exposure to these concentrations of methanol. The committee
therefore regards the exposure concentration of 266 mg/m3 as a NOAEL in this
study.

In a study on acute effects on the human EEG, a questionnaire containing
amongst others items related to irritation (eyes, nose, throat, and skin) was filled
in by 12 subjects before and after 8-hour exposure to methanol concentrations of
27 and 266 mg/m3 (20, 200 ppm). No significant difference in irritation symptom
ratings was observed between groups (see Table 7.1).45

In only a few toxicokinetic studies, irritation due to inhalation exposure to
methanol was addressed.

Ernstgérd et al. recorded the level of perceived discomfort immediately
before, during, and after exposure to 0, 100 ppm (133 mg/m3), or 200 ppm (266
mg/m3) methanol. The subjects (n=4/sex) were exposed two at a time at three
different sessions in different exposure orders. Exposure sessions were separated
by at least two weeks. Discomfort was scored by means of a questionnaire con-
taining amongst others questions related to irritant symptoms (eyes, nose, throat,
or airways) No significant difference in irritation symptom ratings between
methanol-exposed and control subjects was noted (see Table 7.1).33

Lee et al. reported that none of the six subjects (healthy male; age: 29-55
years) had experienced eye irritation during 6-hour exposures to 200 ppm (266
mg/m3).46 The committee regards the exposure concentration of 200 ppm (266
mg/m3) as a NOAEL for acute irritating effects.

The committee did not find data on sensitising properties of methanol in humans.

Toxicity due to acute exposure
WHO/IPCS data
The preponderance of methanol poisonings has resulted from ingestion, for example consumption of

adulterated alcoholic beverages. Intoxications from inhalation of methanol occur mostly in the con-
text of intentional inhalation of volatile preparations such as carburettor cleaners.
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Acute methanol exposure results in a transient mild depression of the central nervous system (CNS).
The initial depressant period is followed by an asymptomatic latent period, which is followed by a
syndrome that consists of an uncompensated metabolic acidosis with superimposed toxicity to the
visual system. Physical symptoms typically may include headache, dizziness, nausea, and vomiting,
followed in more severe cases by abdominal and muscular pain and difficult periodic breathing
(Kussmaul breathing), which may progress to coma and death, usually from respiratory distress.
Death may occur if patients are not treated for metabolic acidosis, and blindness may result even if
treatment for metabolic acidosis is performed (Bennett et al., 1953; Kane et al., 1968; Roe, 1955;
Tephly, 1991; Tephly and McMartin, 1984).

The neurotoxic effects of methanol on the visual system can involve both transient and permanent
abnormalities (Bennett et al., 1953; Dethlefs and Naraqi, 1978; Kavet and Nauss, 1990). Pallor of the
optic disc is an end-stage sign of irreversible effects of the visual system and may appear 1 to 2
months after an acute methanol dosage (or possibly following chronic occupational exposure to
methanol vapour) (Bennett et al., 1953; Buller and Wood, 1904; Wood and Buller, 1904).

In the brain, methanol toxicity can cause oedema, necrosis of white and grey matter, atrophy, and
haemorrhage (del Carpio-O'Donovan and Glay, 1992; Glazer and Dross, 1993; Gonda et al., 1978,
Hsieh et al., 1992). In addition, tremor and rigidity, hypokinesia, altered speech, and loss of superfi-
cial and proprioceptive sensation of the lower extremities with hyperpathia were reported (Pelletier et
al., 1992).

Toxicity has been associated with inhalation of methanol vapours in excess of 800 ppm (1064 mg/m3)
(Frederick et al., 1984) (see Section 7.1.1).

Ingestion of 0.3 to 1 g/kg bw is considered the range of a minimum lethal dose for untreated
cases of methanol poisoning (Erlanson et al., 1965; Gonda et al., 1978; Roe, 1955), and fatalities
have occurred in untreated patients with initial methanol blood levels of 1500-2000 mg/L. CNS and
ocular effects seem to appear above methanol blood levels of 200 and 500 mg/L, respectively.

Additional data

Studies in which volunteers were exposed to methanol concentrations of 27-266
mg/m3 (20-200 ppm) for up to 4 hours are summarised in Table 7.1.
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Table 7.1 Acute neurobehavioural inhalation studies with methanol in human volunteers.

study design/ exposure end points remarks/results (N)OAEL  reference
population conditions
counterbalanced, 0,249 mg/m3  measured before, during, controls exposed to filtered LOAEL: Cook
double-blind (0, 187 ppm),  after methanol and control air; small number of subjects; 249 mg/m3 et al.47
controlled for 75 min exposure: blood, urinary only one concentration; short
12 males (age: methanol; plasma formate; oral duration; inability to mask
22-32 years; temperature; blood pressure; methanol odour.
healthy); subjective mood, alertness,
for 12 h prior to fatigue, workload, and symptom results: slight, significant
experiment, diet scales; spectral analysis of EEG; changes in P200 latency and in
restrictions (no visual- and auditory-event- reaction time in the Stenberg
alcohol, diet foods related potentials; contingent ~ memory test; higher fatigue
and drinks, fruit negative variation; respiration; levels when exposed; trend
and fruit juices, cardiac interbeat interval; toward poorer concentration and
and coffee). Symbol Digit substitution task; less vigour
three-choice reaction time;
Stroop colour-word test; simple
reaction time; visual function;
critical flicker fusion frequency;
hand steadiness; visual search
task; Gamberale reaction time
task; visual tracking task;
Sternberg memory task; interval
production task, speeded
addition task, and 2 dual tasks
controlled 0,266 mg/m3  serum methanol and formate controls exposed to water NOAEL: Chuwers
randomised (0, 200 ppm),  (before, during, after exposure); vapour; small number of 266 mg/m3 et al.29.30
double-blind; for4 h urinary methanol and formate  subjects; only one concentration;
corrected for age, (before, after exposure); Symbol inability to mask methanol
gender, serum Digit substitution test; Stroop  odour.
folate smoking, colour-word test; visual
alcohol; scanning performance 2 and 7 results: overall, no significant
15 males, 11 test (all before and during the  effect; when considering certain
female (age: 26-51 last 30 min of exposure); between-subject variables: post-
years; mean: Sternberg memory task; Vistech hoc regression analysis of

35.7+6.8; healthy)
for 24 h prior to
experiment, diet
restrictions

contrast sensitivity vision test;
Lanthony D-15 hue colour
arrangement test; P300 event-
related auditory evoked
potentials (all before and after
exposure)

within-condition changes
revealed a slight decrease in
P300 amplitude and an increase
in Symbol Digit score during the
control exposure
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controlled,
single-blind
cross-over; 12
males (mean age:
26.8+2.1 years;
healthy; non-
smoking);

placebo-
controlled,
Cross-over;

4 males,

4 females (age:
20-50 years;
healthy, non-
smoking)

for 48 h prior to
experiment diet
restrictions (no
alcohol, drugs,
fruits)

27 (“control’),
266 mg/m3
(20, 200 ppm),
ford h

0, 133, 266
mg/m3 (0, 100,
200 ppm), for
2 h during light
exercise (50 W
on a bicycle
ergometer)

questionnaire concerning 17
items on irritation (eyes, nose,
throat, skin), breathing
difficulties, pre-narcotic
symptoms (amongst others
headache, dizziness, nausea,
fatigue), severity degree scored
on an ordinary scale from 0-5;
EEG recorded with eyes closed,
with eyes open, and during a
colour-word test

[because of analytical
difficulties, no evaluation of
measurements of methanol in
hourly taken blood samples]
rating level of discomfort
immediately before, during 10,
50, 80, and 104 min, after
exposure (126 and 210 min)
concerning 10 items on irritation
(eyes, nose, throat, airways),
CNS symptoms (headache,
fatigue, nausea, dizziness,
feeling of intoxication),
difficulty in breathing, smell of
solvent; ratings performed on a
100-mm visual analogue scale,
graded from ‘not at all’ (0 mm
on the scale) through “‘allmost
unbearable’ (100 mm on the
scale)

NOAEL:
266 mg/m3

small number of subjects and
exposure concentrations

results: no differences in
symptom scoring/rating; at 200
ppm: decreased 6-power in
EEG suggesting slight
excitatory effect (which was
weaker than the changes due to
circadian rhythm)

NOAEL:
266 mg/m3

toxicokinetic study; small
number of subjects

results: between exposed and
controls, no difference in
symptoms ratings

Muttray

et al.4s

Ernstgard

etal.33

In the study of Cook et al.47, exposure of twelve 22-32-year-old male volunteers
to methanol concentrations of 249 mg/m3 (187 ppm) for 75 minutes did not result
in effects on most of the neurophysiological and neuropsychological end points
examined or in an increased reporting of symptoms. However, small but statisti-
cally significant changes were found in P200 latency and Sternberg reaction time
and in scores for fatigue and concentration. On the other hand, tests for alertness
and reaction time were unchanged. The committee notes that Cook et al. stated
that the aforementioned changes did not exceed normal ranges.

In other studies, exposure to somewhat higher concentrations (266 mg/ms3 or

200 ppm) for longer periods (4 or 6 hours) did not affect visual, neurophysiolog-
ical, and neurobehavioural test outcomes?29:30 or CNS symptom score ratings
(e.g., fatigue, dizziness, nausea, etc.).33:45.46

Overall, the committee is of the opinion that the negative results in the stud-

ies using longer exposure periods29.30.33.45.46 gutweigh the small, statistically sig-
nificant changes found in the Cook study47. Although all these studies were

Effects

63



performed with relatively small groups of healthy volunteers, the committee
judges that exposure to 266 mg/ms3 (200 ppm) for up to 4 hours will not result in
neurotoxic effects in workers.

Based on a limited number of cases (n=22) presented to a regional poison centre
in Phoenix, AZ, USA, LoVecchio et al. concluded that rarely serious sequelae
were observed following abuse of methanol-containing carburettor cleaners via
inhalation.48

Davis et al.#950 reviewed a total of 13,524 cases of human poisonings in
which methanol was the sole or primary or secondary agent reported to the Ame-
rican Association of Poison Control Centres (AAPCC) Toxic Exposure Surveil-
lance System during 1993-1998. The methanol poisonings occurred at a relative
constant rate over this period (average: 2254 cases/year; range: 2035-2486). In
approximately 96% of these cases, exposure was by ingestion, ca. 3% via inhala-
tion, and 1.5% ocular. For cases in which a specific product could be identified
(76%), 70% were from windshield wiper fluid, 30% from other automotive
sources (gasoline enhancer, gas line de-icers, cleaning solutions), and only 3%
from pure methanol. Twelve percent had occurred at the workplace. Of these
13,524 cases, 0.5% was lethal and in 1 and 5%, it concerned major and moderate
effects, respectively.

Accordingly, numerous case reports of methanol poisoning after ingestion
have been reported, which due to lack of added value compared to the studies
described in the WHO/IPCS document have not been included in this document.

Toxicity due to repeated exposure

WHO/IPCS data

Information based on a limited number of case reports and even fewer epidemiological studies (gen-
erally containing unknown levels and/or durations of methanol exposure) suggests that extended
exposure to methanol may cause effects qualitatively similar to those observed from relatively high
levels of acute exposure, including in some cases CNS and visual disorders (Bennett et al., 1953;
Buller and Wood, 1904; Frederick et al., 1984; Greenberg et al., 1938; Kingsley and Hirsch, 1955;
Wood and Buller, 1904). Visual disturbances of several types (blurring, constriction of the visible
field, changes in colour perception, and temporary or permanent blindness) have been reported in
workers who experienced methanol air levels of about 1200 ppm (1600 mg/m3) or more.

CNS effects appear above blood methanol levels of 200 mg/L (6 mmol/L); ocular symptoms
appear above 500 mg/L (16 mmol/L).
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After occupational exposure to 22 to 25 ppm (29-33 mg/m3) methanol and 40 to 45 ppm (96-108
mg/m3) acetone for 9 months to 2 years, no CNS symptoms or visual anomalies were observed in 19
workers (Greenberg et al., 1938).

Frederick et al. (1984) reported, amongst others, headaches, dizziness, blurred vision, and nau-
sea/upset stomach in teacher aides at 15-minute average exposure concentrations ranging from 365 to
3080 ppm (485-4096 mg/m3), with 70% exceeding 800 ppm (1064 mg/m3) (see also Section 7.1.1).

No studies have been reported on the carcinogenicity or reproduction toxicity of methanol in humans.
Additional data

Infante-Rivard et al. carried out a population-based case-control study including
790 incident cases of childhood acute lymphoblastic leukaemia and as many
healthy age- and sex-matched controls. Maternal occupational exposure to sol-
vents before and during pregnancy was estimated using the expert method, which
involved chemists and industrial hygienists coding each individual’s job for spe-
cific contaminants. Home exposure to solvents was also evaluated. Infante-
Rivard et al. did not observe an association between childhood acute lymphob-
lastic leukaemia and exposure to methanol from two years before pregnancy up
to birth (odds ratio - OR: 0.77; 95% confidential interval - Cl: 0.41-1.47;
adjusted for maternal age and education) or exposure during pregnancy (OR:
0.78; 95% CI: 0.39-1.55; adjusted for maternal age and education).5!

Rennix et al. calculated age-adjusted incidence rates for breast cancer for almost
275,000 enlisted women serving between 1980-1996. For 21 volatile organic
chemicals with a potential risk for breast cancer, exposure was assessed based on
job title histories and subjective exposure ratings (from ‘none’ to ‘high”). Poisson
regression analysis used to evaluate the association between the exposure rating
by job title and breast cancer showed that the incidence of breast cancer in the
cohort was significantly increased in women younger that 35 years of age, espe-
cially among black women, when compared to the age-specific rates in the gen-
eral population. Women working in occupations with a moderate to high
exposure potential to at least one of the substances had a 48% increased risk
(p<0.05) of breast cancer while on active duty between 1980-1996 when com-
pared to women with low to no exposure. However, no substance-specific, quan-
titative analyses were made.52

Based on the relatively high levels of methanol and methyl acetate found in sam-
ples of beech, oak, spruce, and pine, Bleich et al. suggested an aetiological role
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of methanol in the development of nasal cancer in wood workers due to exposure
to wood dust. According to Bleich et al., the permanent release of gaseous mate-
rials (e.g., methanol and methyl acetate vapours) from the small wood dust parti-
cles adhering to the nasal mucosa and the easy access of these substances to
exposed cells would result in a continuous in situ generation of formaldehyde.?
The actual occupational exposure level to methanol was however not measured
nor estimated.

Gattas et al.50 performed micronucleus tests in squamous oral cells obtained
from pump operators of 28 gas stations in the city of S&o Paulo, Brasil, at three
different periods: before and 1 year after a mixed fuel, containing 33% methanol,
60% ethanol, and 7% gasoline, was introduced (in 1989 and 1992, respectively),
and 3 years later when exposure to this mixed fuel had become very low (in
1995). The frequency of micronuclei observed in 79 attendants in 1992 (mean:
3.62+0.39) was significantly increased (p<0.001; Mann-Whitney) as compared
with those observed in 76 attendants in 1989 (mean: 1.41+0.26) and in 129 atten-
dants in 1995 (mean: 1.20+0.15). These differences were also significant when
compared with non-occupationally exposed controls (university employees). For
39 attendants participating in 1989 and 1992, there was a significant increase in
the frequency of micronuclei from 1.08 to 3.20 (p<0.0001; Mann-Whitney). For
the 17 subjects investigated at all three occasions, the average number of micro-
nuclei per individual increased significantly from 1.18 to 3.47 in 1989 and 1992,
respectively, and then decreased to 2.06 in 1995. The ANOVA of the three fre-
quencies through the Kruskal-Wallis test revealed that the heterogeneity did not
reach statistical significance. Gattas et al. performed a stepwise regression analy-
sis of the number of cells with micronuclei and the number of micronuclei per
2000 cells per individual by considering anamnestic data (independent vari-
ables), such as previous diseases, number of miscarriages related to operators’
partners, use of medicaments and X-rays in the six months before examination,
tea and coffee drinking, alcohol intake, smoking and use of psychotropic drugs
as semi-quantitative parameters. The number of cells with micronuclei per indi-
vidual showed a low but significant regression upon the frequency of miscar-
riages, which was confirmed by square root transformation (a tentative approach
for normalising dependent variables), and the number of micronuclei per 2000
cells a positive regression with age and tea drinking, which was also confirmed
by square root transformation. Gattas et al. further remarked that there was
always exposure to benzene and gasoline and that they were not able to disentan-
gle the effects of gasoline, ethanol, and the mixed fuel. In addition, no exposure
levels were measured and presented.
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The effects of exposure to methanol on reproduction have been reviewed and
separately published by DECOS’ Subcommittee on Classification of Compounds
Toxic to Reproduction. Data and conclusions presented by the subcommittee are
summarised below. For detailed information on individual studies, it is referred
to the subcommittee’s report.2

No studies on the effects of methanol on human fertility were presented.

Lorente et al.53 found inconclusive results in a study investigating the role of
maternal occupational exposure during pregnancy in the occurrence of oral clefts
in 851 women (100 mothers of babies with oral clefts and 751 mothers of healthy
referents) who worked during the first trimester of pregnancy. Further two case
reports were presented. One of these reported on a woman intoxicated with meth-
anol and given birth to an infant with no signs of distress six days after intoxica-
tion.>4 The other case concerned a woman who gave birth to an infant of
appropriate weight but representing acute fetal distress with significant meta-
bolic acidosis (with methanol blood levels of ca. 450 mg/L) and neurological
after exposure to a mixture of solvents containing methanol.55

No studies were found regarding the effects of exposure to methanol on
human lactation.

7.2

Animal experiments

7.2.1

Irritation and sensitisation

WHO/IPCS data

A modified Magnusson-Kligman maximisation test in guinea pigs did not show skin sensitisation or
irritation after intracutaneous or percutaneous induction and challenge with 50% methanol solution in
distilled water or with Freund’s adjuvant (BASF, 1979).

Methanol caused significant conjunctivitis after administration of 100 uL into the lower conjunc-
tival sac of New Zealand White albino rabbits. Initial oedema (chemosis) seen up to 4 hours
decreased significantly by 72 hours. Other ocular lesions (iritis and corneal opacity) were much less
significant (Jacobs, 1990).

In rats, exposed to methanol concentrations of 500-5000 ppm (665-6650 mg/m3), 6 hours/day,

5 days/week, for 4 weeks, a dose-related increase in mucoid nasal discharge was observed (Andrews
etal., 1987).

Effects

67



Additional data

Exposure to a (lethal) atmosphere saturated by methanol vapours at 20°C (i.e.,
>150,000 mg/m3 or 112,500 ppm); exposure duration not known) caused severe
irritation of mucous membranes and milky corneal opacity in rats.4

When methanol (dose not specified) was applied under occlusive conditions
for up to 20 hours to rabbit skin, no irritating effects were observed. However, in
another study, the application of 500 mg methanol to rabbit skin (again under
occlusive conditions), moderate skin irritation was reported, either due to pro-
longed contact or defatting actions of methanol.

In a second Magnusson-Kligman maximisation test performed by BASF (see
above ‘“WHO/IPCS data’) using 24 female guinea pigs (in two tests with 12 ani-
mals each), a slight skin response (score 1) was observed in 1/12 and 2/12 ani-
mals after 24 and 48 hours, respectively.4

Instillation of 0.05 mL of undiluted methanol into the eyes of rabbits (n=2)
caused slight erythema and corneal opacity and moderate oedema associated
with excretion after one hour. These effects were assessed as mild after 24 hours
and absent after 8 days.

Using EPA criteria, which were amongst others based on the Draize scoring
system, Morgan et al.58 classified methanol as corrosive (i.e., corneal involve-
ment, irritation or eye damage persisting for more than 21 days after treatment)
after instillation of 0.1 mL of undiluted methanol into the eyes of rabbits.

Using three to six rabbits, Nagami and Maki>’ determined that the maximum
concentration of methanol that did not cause eye irritation was 29%.

With respect to the respiratory tract, the sensory irritation of the upper part
was studied by determining the concentration associated with a 50% decrease in
the respiratory rate (RDsp). Using different strains and protocols, Muller and
Greffs8 and Kane et al.>® reported RDg, values of 33,649 (25,300 ppm) and
55,214 mg/m3 (41,514 ppm), respectively.

7.2.2

Toxicity due to single exposure

WHO/IPCS data

Dated studies with mice, rats, and dogs investigating the effects of methanol after single exposures
by inhalation up to 230 hours at dose levels ranging from 4800 ppm to 152,800 ppm (6384-203,224
mg/m3) found increased rate of respiration, a state of nervous depression followed by excitation, irri-
tation of the mucous membranes, loss of weight, ataxia, partial paralysis, prostration, deep narcosis,
convulsions, and death occurring from respiratory failure. Post-mortem examinations showed haem-
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orrhage, oedema, congestion and pneumonia in the lungs as well albuminous and fatty degeneration
and fatty infiltration of the liver and the kidneys (Eisenberg, 1917; Loewy and von der Heide, 1914;
Mashbitz et al., 1936; Scott et al., 1933; Tyson and Schoenberg, 1914; Weese, 1928).

The lethal oral doses (LDg,) of methanol were 6.2-13.0, 7.3-10, and 8.0 g/kg bw for rats, mice, and
dogs, respectively. For monkeys and rabbits, minimum lethal doses of 2-7 and 7.0 g/kg bw, respec-
tively, were reported. In primates, after oral or intraperitoneal administration of 3 to 6 g/kg bw meth-
anol, toxic effects found included metabolic acidosis and ocular toxicity, effects that are not normally
found in rodents. Clinically, the signs of toxicity were similar to those noted in humans, including ini-
tial CNS depression for 1-2 hours, followed by a latent period of about 12 hours, a progressive weak-
ness, coma, and death (Clay et al., 1975; Cooper and Felig, 1961; Gilger and Potts, 1955; McMartin
et al., 1975). An attenuated but prolonged syndrome was produced in monkeys by the administration
of an initial methanol dose of 2 g/kg bw and subsequent doses of 0.5-1.0 g/kg bw at 12-24 hour inter-
vals, producing profound ocular toxicity approximately 40-60 hours after the initial dosage (Baum-
bach et al., 1977; Hayreh et al., 1977; Martin-Amat et al., 1977). Female minipigs treated with a
single oral dose of methanol at 1.0 to 5.0 g/kg bw by gavage showed dose-dependent signs of acute
methanol intoxication, including mild CNS depression, tremors, ataxia, and recumbency. No optic
nerve lesions, toxicologically significant formate accumulation or metabolic acidosis were found
(Dorman et al., 1993). Studies in rats have indicated that there are changes in levels of dopamine,
norepinephrine, serotonin, and 5-hydroxyindole acetic acid in various brain regions after a single
intraperitoneal injection of 3 g methanol/kg bw, which appeared not to be induced by metabolic aci-
dosis, but a direct effect of methanol per se on the monoaminergic neuronal membranes (Jegnathan
and Namasivayam, 1989).

Additional data

For rats, LCs, values of 67,000 and 98,000 ppm (89,110 and 130,340 mg/m3)
were reported for single 6- and 8-hour exposures, respectively. Clinical signs
such as aqueous secretion of eyes and nose, laboured breathing, staggering,
apathy, and narcosis, were observed. In mice, the LCs, for a single exposure of
2.25 h was ca. 79,000 mg/m3 (59,250 ppm).4

The dermal LDs in rabbits was ca. 17,000 mg/kg bw. In rats, no mortality was
observed after occlusive application of 35,000 mg/kg bw; amounts of 45,000
mg/kg bw were lethal.
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7.2.3

Toxicity due to repeated exposure
WHO/IPCS data

Rhesus monkeys exposed to 3000 ppm (4000 mg/m3) methanol for 21 hours/day survived the 20-day
exposure period and rhesus monkeys exposed to 10,000 ppm (13,300 mg/m3) methanol for 21 hours/
day survived for more than 4 days. Folate-deficient rats exposed to 3000 ppm (4000 mg/m3) for 20
hours/day, however, did not survive for more than 4 days (Lee et al., 1994). Male and female
cynomolgus monkeys (Macaca fascicularis; n=3/sex/dose) that were exposed to 500, 2000, and 5000
ppm (665, 2660, and 6650 mg/m3) methanol, 6 hours/day, 5 days/week, for 4 weeks, showed no
upper respiratory tract irritation. Gross, microscopic, or ophthalmoscopic examinations did not dis-
close any ocular effects in the monkeys exposed to 5000 ppm (6650 mg/m3) (Andrews et al., 1987).

In female cynomolgus monkeys (n=8/group) exposed 10, 100, and 1000 ppm (13, 133, 1330
mg/m3), 22 hours/day, for up to 29 months, body weight, haematological and pathological examina-
tions did not reveal any dose-dependent effects except for hyperplasia of reactive astroglias in the
nervous system. However, this effect was not correlated to dose or exposure time and was found to be
reversible in a recovery test (NEDO, 1982).

In rats, exposure for up to 4 weeks to methanol concentrations of 500-5000 ppm (665-6650 mg/m3; 6
hours/day, 5 days/week) did not exhibit exposure-related effects except for increased discharges
around the nose and eyes which were considered reflective of upper respiratory tract irritation. In
addition, no effects were found on organ or body weight or after histopathological or ophthalmo-
scopic examinations (Andrews et al., 1987). In another study, no effects on the lungs was observed in
rats following a 6-week exposure to concentrations of up to 10,000 ppm (13,300 mg/m3) (White

et al., 1983). In 2 dogs exposed to methanol vapours at 10,000 ppm (13,300 mg/m3), for about 3 min-
utes in each of 8-hour periods/day for 100 consecutive days, no symptoms, unusual behaviour, or vis-
ual toxicity was noticed (Sayers et al., 1944). In contrast, rabbits exposed to 46 ppm (61 mg/m?3)
methanol for 6 months (duration of exposure/day not reported) exhibited ultrastructural changes in
the photoreceptor cells of the retina and Miiller fibres (Vendilo et al., 1971).

In two 12-month inhalation studies, Fischer-344 rats (n=20/sex/group) and B6C3F1 mice
(n=30/sex/group) were exposed to 10, 100, and 1000 ppm (13, 133, 1330 mg/m3) of methanol to
examine non-neoplastic toxic effects. At 1000 ppm (1330 mg/m3), slightly reduced weight gains in
male and female rats and a small, not significant increase in relative liver and spleen weights in
female rats were observed. In mice, body weights were significantly increased in both males (after 6
months) and females (after 9 months) exposed to 1000 ppm. In addition, the incidence and degree of
fatty degeneration of hepatocytes was significantly enhanced in the high-exposure groups of mice.
Clinical laboratory results did not show any changes attributable to methanol (Katoh, 1989; NEDO,
1987).
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Additional data

In well-performed carcinogenicity studies by the Japanese New Energy Develop-
ment Organization (NEDO) (see also Section 7.2.4 for neoplastic effects), spe-
cific-antibody-free rats (F344/DuCrj; n=52/sex/group) and mice (B6C3F;; n=52
males/group; 53 females/group) were exposed by whole-body inhalation to con-
centrations of methanol of 0, 13, 133, and 1330 mg/m3 (0, 10, 100, 1000 ppm),
19.5 hours/day, 7 days/week, for 24 months, and 19.1 hours/day, 7 days/week,
for 18 months, respectively. The study protocol was based on OECD guidelines.
Body weight and food consumption checks, general observations (appearance,
behaviour), ophthalmological, clinical-chemical, haematological, and
(histo)pathological examinations, and organ weight checks were performed. Sta-
tistical analyses included Student’s t-test, Welch’s t-test, Armitage’s Chi-square
test, and Fisher’s exact probability test.60.61

In rats, treatment did not induce clinical signs of intoxication or changes in
mortality rates or haematological or clinical chemistry parameters, or effects on
food consumption. In the female rats exposed to 1330 mg/m3, slightly, statisti-
cally significantly, decreased body weights (by up to 4%; p<0.05) between week
51 and 70 were observed. In the other treatment groups, body weights were not
affected. At autopsy, no effect on organ weights were observed. Complete his-
topathological examination, performed in all rats in the control and high-concen-
tration groups and in those found dead/killed moribund from the other two
groups, showed various types of non-neoplastic lesions. They were mostly natu-
rally occurring, age-related changes, and none of them was considered specific to
methanol exposure.61

In mice, apart from a slight increase in body weights of the males and
females exposed to 1330 mg/ms3 between month 6 and 12, and a slight decrease
in feed consumption in female animals of this group between month 7 and 12,
methanol treatment did not induce urinalysis, haematology, clinical chemistry,
organ weight, or non-neoplastic changes.0

Since in these studies exposure by inhalation to concentrations as high as
1330 mg/m3 (1000 ppm), the highest level tested, ca. 19 hours/day, 7 days/week
for 18 or 24 months did not induce significant, biologically relevant non-neoplas-
tic effects in mice or rats, the committee considers 1330 mg/m3 (1000 ppm) to be
the NOAEL for chronic effects in rats and mice.

The 12-month inhalation NEDO studies in rats and mice and the 29-month
NEDO study in monkeys cited above under “WHO/IPCS data’ were described
more comprehensively by other reviewers (e.g., Vyskocil and Viau43) and evalu-
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ating bodies (OECD*, German MAK Commission®2). According to OECD, the
body and organ weight effects seen in rats and mice exposed to 1330 mg/ms3 for
12 months were within a 5% limit. The fatty degeneration in mice livers was
‘moderate’, occurred obviously in males only, and was considered incidental
because of a high incidence of this lesion in controls as well.# However, these
studies could not be evaluated critically because of inadequate documentation
concerning technical data, histopathological findings, and statistical analy-
ses.43862 Therefore, the committee is of the opinion that no conclusions can be
drawn from these studies. However, the committee notes that no significant
effects were found in other NEDO studies in rats and mice exposed to up to 1330
mg/m3 for 24 and 18 months, respectively (see above and Section 7.2.4).

In a reproduction/developmental toxicity study (see Section 7.2.6), female
cynomolgus monkeys were exposed to methanol concentrations (up to 1800 ppm
(2394 mg/m3), 2.5 hours/day, for a total of about 1 year. No effects were found in
the female animals with regard to body weight and clinical observations. Corre-
sponding blood methanol levels were 35 mg/L.63 The NOAEL in this study is
1800 ppm (2394 mg/m3).

7.2.4

Carcinogenicity

In well-performed inhalation studies (see Section 7.2.3 for experimental details
and general toxicity), specific-antibody-free rats (F344/DuCrj; n=52/sex/group)
and mice (B6C3F;; n=52/sex/group) were exposed by whole-body inhalation to
concentrations of methanol of 0, 13, 133, and 1330 mg/m3 (0, 10, 100, 1000
ppm), 19.5 hours/day, 7 days/week, for 24 months, and 19 hours/day, 7 days/
week, for 18 months, respectively.60.61

In male rats, there was a suggestion of an increased incidence of proliferative
changes involving alveolar epithelium. Incidences of papillary adenocarcinomas,
papillary adenomas, and adenomatosis (probably transition to papillary ade-
noma) combined were 5/52 (0+1+4), 6/50 (0+5+1), 7/52 (0+5+2), and 11/52
(1+6+4) for animals exposed to 0, 13, 133, and 1330 mg/m3, respectively. How-
ever, the incidences in the treated groups did not differ statistically significantly
from those in controls. In female rats, slight, not statistically significant increases
in the incidence of phaeochromocytomas and of hyperplasia of medullary cells
were found in the adrenal glands of animals exposed to 1330 and 133 mg/m3,
respectively. The incidences of phaeochromocytomas and medullary cell hyper-
plasia were 2/50, 3/51, 2/49 and 7/52, and 2/50, 3/51, 7/49, and 2/51 for animals
exposed to 0, 13, 133, and 1330 mg/m3, respectively.6!
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In mice, there were no significant increases in incidences of any tumour in
methanol-treated animals compared to controls.80

The committee notes that the Italian European Ramazzini Foundation for Oncol-
ogy and Environmental Sciences (ERF) has published a carcinogenicity study in
which methanol was administered in drinking water for 2 years to male and
female Sprague-Dawley rats.4 However, because of severe flaws (see 65.66) that
bring into question the validity and the relevance of the results of the ERF study,
the committee will not present and discuss the data and findings (see Annex E).

No evidence of skin carcinogenicity of methanol was found in a study in

female mice where methanol was used as a solvent control. Mice of four strains
(n=20/strain; Balb/c, Sencar, CD-1, Swiss) were exposed to 25 uL. methanol,
twice weekly for 50 weeks, and observed until spontaneous death or killed when
moribund.&7

7.2.5

Genotoxicity

In vitro genotoxicity studies with methanol are summarised in Table 7.2, 7.3, and
7.4. In the majority of the studies, negative results were obtained. Nevertheless,
some genotoxic activity of methanol has been found in some of the studies.

In a mutagenicity test with S. typhimurium strain TA102, methanol, tested
with metabolic activation, induced a reproducible increase in revertants over
controls by a maximum factor of 1.5-2 at a dose of 240 mg/plate.58 In the for-
ward mutation test in E. coli strain SA500(Ac1857A431)(‘RK mutatest’), a 23%
methanol solution was not mutagenic (cell survival: 53%), while higher concen-
trations caused mutagenic and cytotoxic (survival <40%) effects.® In a study
designed to define the optimal amount of the S9 mix to be used to obtain maxi-
mum yield of mutations in the mouse lymphoma L5178Y cell mutation assay,
McGregor et al. found a positive response for methanol when testing a single
concentration of 8 mg/mL at S9-mix concentrations >2.5 mg/mL. These test con-
ditions were cytotoxic, reducing the relative total growth (RTG) to <30%. Con-
centrations of methanol of 4-40 mg/mL in the presence of 7.5 mg/mL S9 mix
caused mutagenicity and cytotoxicity (RTG <15%), but not in the presence of 2.5
mg/mL S9 mix.70

Methanol was reported to be positive in an SCE test in Chinese hamster lung
cells when tested without metabolic activation at a concentration of 28.5 mg/mL,
which caused 50% growth inhibition, while results were negative at lower levels
(i.e., 7.1 and 14.3 mg/mL) or when tested with metabolic activation (NEDO,
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1987; cited from OECD#). A DNA repair test in E. coli., in which the ratio of the
minimal inhibitory concentration of the repair-proficient to the minimal inhibi-
tory concentration of the of the repair-deficient strains was taken as indicator for
genotoxicity, showed a positive result in the liquid micromethod in the absence
of S9 and a negative result the presence of S9. The minimal inhibitory concentra-
tions for methanol were very high: 40 and 20 mg/well, respectively (i.e., about
120 and 60 mg/L). In the ‘treat-and-plate’ method, results were negative without
S9 and ambiguous with S9, while no cytotoxicity was observed in the spot test.68
In a chromosomal malsegregation assay in A. nidulans, cytotoxic concentrations
of methanol induced aneuploidy (at 5.0% v/v: 0; at 5.6%: 1.5%; at 6.0%: 3.0%;
at 7%: 0; survival: 26, 19, 10, and 5%, respectively).”®

Table 7.2 In vitro genotoxicity tests with methanol: mutation assays (from Greim62, OECD#, WHO/IPCS?, unless otherwise

noted).
test system concentrations results? reference
-S9 +S9
S. typhimurium TA98, TA100, TA1535, TA1537, <80 mg/plate - n.t. De Flora, 198172
TA1538
S. typhimurium TA97 <7.5 mg/plate - - De Flora et al., 1984¢8
TA102 - (+)b
S. typhimurium TA98, TA1535, TA1537, TA1538 <3.6 mg/plate - - Gocke et al., 198173
S. typhimurium TA98, TA100, TA1535, TA1537, 0.005-5 mg/plate - - Shimizu et al., 1985
TA1538
S. typhimurium TA98, TA100, TA1535, TA1537, not reported - - Simmon et al., 1977
TA1538
S. typhimurium TA98, TA100, TA1535, TA1537 3 imol/plate - - Florin et al., 1980
E. coli SA500(AcI857A431) 23-31% + n.t Hayes et al., 199069
E. coli WP2uvrA 0.005-5 mg/plate - - Shimizu et al., 1985
S. pombe 5% viv - - Abbondandolo et al.,
1980
S. cerevisiae ATCC 26422 2-8% - n.t Hamada et al., 1988
Chinese hamster V79 cells 15.8-63.3 mg/mL - - NEDO, 1987
reversion to 8-Aza, 6TG or Quabain resistance
mouse lymphoma L5178Y cells <48 mg/mL - n.t Amacher et al., 198074
mouse lymphoma L5178Y cells 10 uL/miL n.t +¢ McGregor et al., 198870
(8 mg/mL)
5-50 pyL/mL n.t. -[+d

(4-40 mg/mL)

a  n.t.: not tested; - = negative; + = positive; (+) = weakly positive; + = ambiguous
b Methanol, with metabolic activation, produced a reproducible, only 1.5-2-fold increase in revertants over controls at a dose

of 240 mg/plate

¢ Tested at S9-mix concentrations of ca. 0.3-7.5 mg/mL; positive response at S9-mix concentrations of >2.5 mg/mL. At these

concentrations, high cytotoxicity was observed (relative total growth - RTG - <30%).

d  Negative when tested at standard conditions, i.e., a S9-mix concentration of 2.5 mg/mL; positive when tested at a S9-mix
concentration of 7.5 mg/mL. Using the high S9-mix concentration was highly cytotoxic (RTG <15%).

74 Methanol



Table 7.3 In vitro genotoxicity tests with methanol: cytogenicity assays (from Greim62, OECD4, WHO/IPCS?).

test system concentrations resultsa reference

-S9 +S9
Chinese hamster lung cells; chromosome aberrations ~ 7.1-28.5 mg/mL - - NEDO, 1987
Chinese hamster lung cells; SCE 7.1-28.5 mg/mL +b - NEDO, 1987
Chinese hamster ovary cells; SCE 0.1% v/v 1x/d for 8 days n.t. - Obe/Ristow, 1977

a2 n.t.:not tested; - = negative; + = positive; (+) = weakly positive; + = ambiguous
b Postive only at 28.5 mg/ml, i.e., highest level tested.

Table 7.4 In vitro genotoxicity tests with methanol: other tests (from Greim62, OECD#, WHO/IPCS?, unless otherwise noted).

test system concentrations resultsa reference
-S9 +S9
E. coli WP2, WP67, CM871,; not reported De Flora et al., 198468
DNA repair: liquid micromethod (+) -
2-h preincubation ‘treat-and-plate’ test - +
spot test - n.t.
E. coli PQ37; SOS chromotest 0-100 mM - - von der Hude et al.,
(0-3.2 mg/mL) 198875
E. coli WP2, (A); prophage induction 0.15-5% - - DeMarini et al., 1991
A. nidulans P1; 5.2-7% viv Crebelli et al., 198971
chromosomal malsegregation: aneuploidy + n.t
crossing over - n.t
N. crassa; aneuploidy not reported - Griffiths, 1981
Chinese hamster V79 cells; micronucleus test 50 pyL/mL - n.t Lasne et al., 1984
(40 mg/ml)
Syrian hamster embryo cells; micronucleus test not reported (but -b Fritzenschaf et al., 1993
based on range-find-
ing)

a  n.t.:not tested; - = negative; + = positive; (+) = weakly positive; + = ambiguous
b Not clear whether test was performed with or without S9 or both.

In vivo studies, almost all performed in mice, are summarised in Table 7.5. Expo-
sure by inhalation to concentrations of 1060-5320 mg/m3 (800-4000 ppm; 6
hours/day, 5 days) did not increase the frequency of micronuclei in peripheral
blood cells, of SCEs, chromosomal aberrations, or micronuclei in lung cells, or
of synaptonemal complex aberrations in spermatocytes.’®

Following single oral (1000 mg/kg bw) or repeated intraperitoneal adminis-
tration (25-100 mg/kg bw/day, 3 days), increases in the incidences of chromo-
somal aberrations, particularly aneuploidy and centric fusions, respectively, were
found””.78 while a single oral dose (1000 mg/kg bw) caused an increased inci-
dence of SCEs’8. Oral administration of single doses of 1060-8410 mg/kg bw
(NEDO, 1987; cited from OECD#) and repeated doses of 2500 mg/kg bw?, did
not cause increases in the frequency of micronuclei. In a separate study, a posi-
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tive result was obtained following a single oral dose of 1000 mg/kg bw.”8 Two

intraperitoneal micronucleus assays with single doses of 1920-448073 and

repeated doses of 300-2500 mg/kg bw (API, 1991; cited from OECD*#80), respec-
tively, were negative. A sex-linked recessive lethal mutations in male D. mela-

nogaster was negative.”3

Table 7.5 In vivo genotoxicity studies with methanol.

test species ( strain) route, concentration/dose  results? reference
chromosomal aberrations mouse (C57B1/6J) inhalation; - Campbell et
(in primary lung-cell cultures; in spermatocytes) (n=10 males/group)  800-4000 ppm (1060-5320 al., 199176
mg/m3), 6 h/d, 5 d
chromosomal aberrations mouse oral (single dose); +b Pereira et al.,
(in bone marrow polychromatic erythrocytes) 1000 mg/kg bw 198278
chromosomal aberrations mouse intraperitoneal; +C Chang et al.,
(bone marrow) 25-100 mg/kg bw/d, 3d 198377
SCE mouse (C57B1/6J) inhalation; - Campbell et
(in primary lung-cell cultures) (n=10 males/group)  800-4000 ppm (1060-5320 al., 199176
mg/m3), 6 h/d, 5 d
SCE mouse oral (single dose); + Pereira et al.,
(in bone marrow polychromatic erythrocytes) 1000 mg/kg bw 198278
micronucleus mouse (C57B1/6J) inhalation; - Campbell et
(in primary lung-cell cultures and peripheral ~ (n=10 males/group) 800-4000 ppm (1060-5320 al., 199176
blood cells) mg/m3), 6 h/d, 5 d
micronucleus mouse oral (single dose); + Pereira et al.,
(in bone marrow polychromatic erythrocytes) 1000 mg/kg bw 198278
micronucleus mouse (ICR) oral (gavage; single dose); - NEDO, 1987
(in bone marrow polychromatic erythrocytes)  (n=6/group; sex not  1050-8410 mg/kg bw (cited from
reported) OECD¥)
micronucleus mouse (CD-1)d oral (gavage); - Fuetal,
(in adult and fetal peripheral blood cells) 2500 mg/kg bw, twice daily 199679
during gestational days 6-10
micronucleus mouse (NMRI) intraperitoneal (single dose);- Gocke et al.,
(in bone marrow polychromatic erythrocytes)  (n=2/sex/group) 1920-4480 mg/kg bw 1981
API,
1991 (cited
from OECD*
micronucleus mouse (Swiss Web- intraperitoneal, - O’Loughlin et
(in bone marrow polychromatic erythrocytes) — ster)d 300-2500 mg/kg bw/d, 4 d al., 199280
(n=10 males/group)
sex-linked recessive lethal mutations D. melanogaster 1000 mM in feed - Gocke et al.,
(male) 198173

-1 negative; +: positive
Particularly aneuploidy
Especially centric fusions

a o T

Mice were fed either a normal or folate-deficient diet
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Table 7.6 Cell transformation assays with methanol (from Greimé2; OECD#; WHO/IPCS?).

test system dose result reference
-89 +S9

mouse embryo fibroblasts C3H/10T1/2C18, +/- 5-100 mg/mL - - Ragan/Boreiko, 1981
TPA
baby Syrian hamster kidney cells BHK21 C13  10-100 pl/ml - - Strobel/Greb, 1981

(8-80 mg/ml)
Syrian hamster embryo cells (clonal system) 0.0625-8% - n.t.a Pienta et al., 1977
Syrian hamster embryo cells (infected by Simian 0.06-1 mg/mL - n.t.a Heidelberger et al., 1983

adenovirus SA7)

2  n.t. = not tested.
Cell transformation assays with methanol (see Table 7.6 were all negative.)
From these data, DECOS’ Subcommittee on the Classification of Carcinogenic

Substances concluded that methanol is not likely to have a genotoxic potential
(see Annex E).

7.2.6 Reproduction toxicity

Data on the reproduction toxic effects of methanol have been reviewed and eval-
uated by DECOS’ Subcommittee on the Classification of Reproduction Toxic
Substances, and are summarised below. No additional studies were retrieved. For
detailed information on individual studies, it is referred to the subcommittee’s
report.2

The committee notes that although in vitro embryo culture studies8!82
showed that formate may have developmental toxic properties in rats or mice, in
vivo experiments®3 did not demonstrate a significant role of formate in methanol-
induced developmental effects in mice. According to the committee, this might
indicate that the effects described below might be due to methanol and not to for-
mate. The committee further notes that the developmental effects might also be
the consequence of the saturation of catalase (which results in high methanol
blood levels associated with developmental effects in rodents). Catalase helps to
protect against toxicity induced by reactive oxygen species. In in vitro studies,
inhibition of teratogenicity caused by reproduction toxic agents such as pheny-
toin, benzo[a]pyrene, and arsenicals by the addition of catalase to cell cultures
has been reported, while in other experiments inhibition of catalase produced a
significant increase in malformations in mouse embryo cultures (see Clary84).
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Fertility

In female monkeys exposed to methanol concentrations 266-2394 mg/m3 (200-
1800 ppm), 2.5 hours/day, during pre-mating, mating, and gestation (ca. 350
days in total), no effects were observed on menstrual cycles, conception rate, and
live-birth index. The duration of gestation was decreased (within normal range),
and the number of delivery complications requiring Caesarean section was, not
dose relatedly, decreased.53 In a series of inhalation studies with male rats85-88,
inconsistent results concerning the effects of methanol on serum hormone con-
centrations were observed. In general toxicity studies with monkeys8 and
rats89.90.91 generally, no effects of inhalation of methanol were seen upon his-
topathological examination of reproductive organs or on reproductive organ
weights. In mice, oral administration of methanol caused a slight, but significant
increase in the incidence of banana-like sperm heads®2, but the biological signifi-
cance of this finding was not clear.

Developmental toxicity

Prenatal developmental toxic effects of methanol were studied in rats93,
mice83.94-97 and monkeys®3 after exposure by inhalation, and in rats96.98-100 gnd
mice79.101 after oral (gavage or drinking water) administration. Generally, prena-
tal developmental toxicity evidenced by decreased fetal weight, decreased inci-
dence of live fetuses and increased incidences of resorptions, dead fetuses,
exencephaly, neural tube defects, cleft palate and skeletal (cranium, vertebrae,
ribs, limb, tail) and visceral (eye, brain, cardiovascular and urinary system) mal-
formations was observed. In a number of these studies?9.93.94.96.99,100.102 metha-
nol induced slight developmental effects without overt signs of maternal toxicity
while more severe effects were seen in the presence of maternal toxicity such as
decreased body weight (gain), unsteady gait, and neurological symptoms (ataxia,
circling, tilted heads, depressed motor activity).83.93,94,95,97,100,101 |n the inhalation
study in rats®3, no effects on body weight (gain) or overt methanol-related toxic
effects were observed, apart from a slight unsteady gait during the first days of
exposure to 26,600 mg/m3 (10,000 ppm). The NOAEL was 5000 ppm (6650 mg/
m3), with a LOAEL of 10,000 ppm (13,300 mg/m3), at which decreased fetal
weights were induced. The methanol levels in maternal blood corresponding to
the NOAEL and LOAEL were 1000-2170 and 1840-2240 mg/L, respectively.
The mice studies were generally performed with one methanol concentration,
being 13,300 mg/m3 (10,000 ppm) or higher. In the study by Rogers et al.102,
mice were exposed to six concentrations ranging from 1330 to 19,950 mg/m3
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(1000-15,000 ppm; 7 hours/day, gestational days 6-15): no maternally toxicity
was observed at any of the concentrations. For developmental effects, the
NOAEL was 1330 mg/m3 (1000 ppm) and the LOAEL 2660 mg/m3 (2000 ppm),
at which increased incidences of cervical ribs were seen. The corresponding
methanol levels in maternal blood were 97 and 537 mg/L, respectively.

The prenatal developmental toxic effects found in vivo were confirmed by a
series of mechanistic in vitro developmental toxicity studies using rat and mouse
whole embryo culture assays.82:103-109

Post-natal development studies were performed in rats110.111 and in
monkeys®3 after exposure by inhalation and in rats!12 after oral (drinking water)
administration. In the offspring of rats exposed to 5985 mg/m3 (4500 ppm; 6
hours/day, gestational day 6 to post-natal day 21), only subtle neurobehavioural
effects were observed in both neonates and adults. There were no effects on dam
or pup body weights. Maternal blood methanol levels were 500-800 mg/L; those
of pups about twice as high.111 Except for a small delay in vaginal opening, no
effect was seen on any of the developmental parameters measured in the off-
spring of female rats exposed to 19,950 mg/m3 (15,000 ppm; 7 hours/day, gesta-
tional days 7-19). Body weights were decreased in the dams during the first
exposure days and in the pups on post-natal days 1, 21, and 35. Maternal serum
methanol levels declined from ca. 3800 mg/L on exposure day 1 to ca. 3100
mg/L on exposure day 12.110 Slight effects on neurobehavioural parameters, in
the absence of maternal toxicity, were seen in the offspring of dams treated with
ca. 2500 mg/kg bw/day in the drinking water (gestational days 17-17 or 17-
19).112

The committee has re-evaluated the developmental study with monkeys.63 In
this study, no toxic effects of methanol exposure were found in the mothers at
any of the concentrations tested (200-1800 ppm or 266-2394 mg/m3 with corre-
sponding maternal methanol blood levels of 5-35 mg/L). The developmental
findings in offspring were small, occurred in the presence of large variations
among offspring, and were assessed in a low number of offspring. In view of the
above and the large number of neurobehavioural tests that were performed in this
study, the committee concludes that this study is inconclusive.

Lactation

Effects on pup weight and neurodevelopmental toxicity parameters were
described in pups exposed to methanol via the lactating mother.113

Effects
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7.3

Summary

Acute effects of methanol in humans reported following ingested or inhaled
unspecified high levels of methanol, often in combination with other chemicals,
included an initial depression of the central nervous system, which after a latent
period of several hours to two days is often followed by metabolic acidosis and
ocular toxicity. The direct depression effects on the CNS are thought to be caused
by methanol, whereas metabolic acidosis and ocular toxicity are attributed to its
metabolite, formic acid. Minimal lethal oral doses are between 300 and 1000
mg/kg bw. Fatalities were reported at blood methanol levels of 1500-2000 mg/L,
and CNS and ocular effects at levels above 200 and 500 mg/L, respectively.

In a number of controlled inhalation studies in which healthy human volun-
teers were exposed at concentrations not exceeding 200 ppm (266 mg/m3), for 75
to 240 minutes, no irritation or relevant neurophysiological or neurobehavioural
effects were observed.

There were hardly any epidemiological studies addressing occupational
chronic exposure to methanol and adverse effects, including carcinogenicity and
reproduction toxicity. In one study, exposure for presumably about 3 years to a
duplicator fluid containing 99% methanol at 15-minute average concentrations
ranging from 365 to 3080 ppm (485-4096 mg/m3), with 70% exceeding 800 ppm
(1064 mg/m3) induced eye irritation, dizziness, headaches, blurred vision, and
nausea.

Liquid methanol was found not or moderately irritating to the skin of rabbits; it
did not have skin sensitising properties in guinea pigs. Depending on the amount
of undiluted material instilled, methanol induced mild or severe and persisting
damage to the eyes of rabbits; a concentration of 29% was found to be the maxi-
mum concentration not causing eye irritation. Sensory irritation of the respiratory
tract was examined in mice: depending on strain and protocol, RDs, values were
33,649 (25,300 ppm) and 55,214 mg/m3 (41,514 ppm).

For rats and mice, LCg, values range between 79,000 and 130,340 mg/m3
(59,200 and 98,000 ppm) (exposure duration: 2.25 to 8 hours). The dermal LDg,
in rabbits was 17,000 mg/kg bw. In rats, no mortality was observed after occlu-
sive application of 35,000 mg/kg bw; amounts of 45,000 mg/kg bw were lethal.
Oral LDsg, values range between 6200 and 10,000 mg/kg bw for rats, mice, and
dogs; for monkeys, minimal doses causing mortality were 2000-7000 mg/kg bw.

In repeated-dose toxicity studies, no effects were observed in male and
female monkeys at exposure to concentrations of 665 to 6650 mg/m3 (500-5000
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ppm), 6 hours/day, 5 days/week, for 4 weeks, and in female monkeys to concen-
trations of 266-2394 mg/m3 (200-1800 ppm), 2.5 hours/day, for ca. 350 days
(i.e., during pre-mating, mating, and gestation). In rats exposed to concentrations
of 665 to 6650 mg/m3 (500-5000 ppm), 6 hours/day, 5 days/week, for 4 weeks,
no effects were observed except for increased discharges around nose and eyes
while a 6-week exposure to 13,300 mg/m3 (10,000 ppm) did not cause pulmo-
nary toxicity.

Well-performed inhalation studies in which rats and mice were exposed to
concentrations of 13 to 1330 mg/m3 (10-1000 ppm), 19-20 hours/day, for 18-24
months, did not show evidence for neoplastic or non-neoplastic effects of metha-
nol.

The majority of mutagenicity tests in bacteria, yeasts, and mammalian cells,
assays on chromosome aberrations and SCEs in mammalian cells, micronucleus
tests in mammalian cells, and other tests on DNA or chromosome damage in
bacteria and fungi were negative. In vivo, exposure by inhalation did not increase
the frequency of micronuclei in peripheral blood or lung cells or of SCEs or
chromosomal aberrations in lung cells of mice. Both positive and negative results
were observed in tests in which methanol was orally or intraperitoneally admin-
istered to mice, but tests with higher doses and repeated dosing were negative. A
mutation assay in fruit flies was negative. All four cell transformation assays
were negative.

In reproduction toxicity studies, exposure of pregnant rats to methanol con-
centrations of 13,300 and 26,600 mg/m3 (10,000 and 20,000 ppm), 7 hours/day,
on gestational days 1-19 and 7-15, respectively, caused decreased fetal weights
and at 26,600 mg/m3 also increased incidences of skeletal and visceral malfor-
mations. These effects were not seen at 6650 mg/m3 (5000 ppm). In mice
exposed to 2660 mg/m3 (2000 ppm), 7 hours/day, on gestational days 6 through
15, there were increased incidences of cervical ribs at concentrations of 2660
mg/m2 (2000 ppm) and above and of cleft palate and exencephaly at concentra-
tions of 6650 mg/m3 (5000 ppm) and above which were not seen at 1330 mg/m3
(1000 ppm). No effects were seen in female monkeys exposed to methanol con-
centrations 266-2394 mg/m3 (200-1800), 2.5 hours/day, during pre-mating, mat-
ing, and gestation (ca. 350 days in total); a conclusive judgment of the results of
the neurobehavioural tests performed in their offspring was hampered because
they were small, occurred in the presence of large variations among offspring,
and were assessed in a low number of offspring.
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8

Chapter
Existing guidelines, standards and
evaluations

8.1 General population
Guidelines for the general population with regard to inhalation exposure to meth-
anol were not found.

8.2 Working population

Occupational exposure limits for methanol in some European countries and the
USA, listed in the most recent publications available to the committee, are pre-
sented in Table 8.1.

Existing guidelines, standards and evaluations
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Table 8.1 Occupational exposure limits for methanol in various countries.

country occupational exposure limit time-weighted type of notea referenceP

- organisation average exposure limit
mg/m3 ppm

the Netherlands

- Ministry of Social Affairs and 260 8h legally binding S 114

Employment 520 15 min

Germany

- DFG MAK-Kommission 270 200 8h S, d 115
1080 800 15 min¢

- AGS 270 200 8h S,
1080 800 15 min 116

Sweden 250 200 8h S Ly
350 250 15 min

Denmark 260 200 8h S 18

United Kingdom

- HSE 266 200 8h WEL S 119
333 250 15 min

USA

- ACGIH 200 8h TLV S 120

250 15 min STEL

- OSHA 260 200 8h PEL 120

- NIOSH 260 200 8h REL S 120
325 250 15 min

European Union
- SCOEL 260 200 8h I0ELV S 121

a S =skin notation; which means that skin absorption may contribute considerably to body burden; sens = substance can
cause sensitisation.

b Reference to the most recent official publication of occupational exposure limits.

¢ Maximum per shift: 4, with a minimum interval between peaks of 1 hour.

d Classified in pregnancy group C: i.e., there is no reason to fear a risk of damage to the embryo or fetus when MAK and Bat
values are observed.

e  There is no reason to fear a risk of damage to the embryo or fetus when MAK and Bat values are observed.

8.3 Evaluations

» European Union
The committee could not retrieve the documentation for the Indicative
Occupational Exposure Limit Value (IOELV) for methanol of 200 ppm (260
mg/m3) as an 8-hour time-weighted average.

» American Conference of Governmental Industrial Hygienists (ACGIH)
The TLV of 200 ppm (260 mg/m3) and the STEL of 250 ppm (325 mg/m3)
are based on the human and animal toxicological responses including sensory
irritation, headaches, nausea, and visual disturbances, as well as optic neu-
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ropathy, metabolic acidosis, narcosis, and respiratory depression at high
exposure levels (1000 to 10,000 ppm from chronic studies).122

Deutsche Forschungsgemeinschaft (DFG)

In Germany, the MAK value for methanol was re-evaluated in 1999. From
essentially the same data as presented in this report, the Commission for the
Investigation of Health Hazards of Chemical Compounds in the Work Area
concluded that the prevailing MAK value of 200 ppm (266 mg/m3) did not
have an adequate scientific basis. The DFG commission deemed the rodent
studies not suitable for the derivation of a MAK value due to differences in
metabolism, while the chronic study in monkeys was disregarded because of
inadequate methods and documentation. Based on limited occupational data
showing effects such as headaches and blurred vision occurring at concentra-
tions of 365-3080 ppm (485 to 4096 mg/m3), but of about 1040 ppm (1436
mg/m3) at average, and on data from volunteer studies showing no adverse
effects at 4-hour exposures to 200 ppm (266 mg/m3), the DFG commission
inferred that local and systemic effects would not develop at low concentra-
tions and that there would be no need to change the prevailing MAK value.
The DFG commission decided to retain this MAK value provisionally.62

Existing guidelines, standards and evaluations
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Chapter

9

Hazard assessment

9.1

Assessment of the health risk

Methanol is readily absorbed following inhalation, ingestion, and dermal appli-
cation. Methanol is metabolised in the liver by sequential oxidative steps to form
formaldehyde, formate, and CO,. The kinetics of methanol metabolism differ
both qualitatively and quantitatively between rodents and primates/humans.
While the conversion of methanol into formate is rate limiting in rodents, the
conversion of formate into CO, is rate limiting in primates/humans. As a result,
sufficiently high doses of methanol cause accumulating blood levels of formate
in primates/humans - resulting in formate-characteristic toxicity (metabolic aci-
dosis, ocular toxicity) - and of methanol in rodents. Generally, blood methanol
levels are not increased above background levels in rats and monkeys, and
slightly (i.e., by a factor 2-3) in humans following single 6-hour exposures up to
ca. 266 mg/m3 (200 ppm). At exposures up to ca. 1600 mg/m3 (1200 ppm), blood
levels seem to be similar in rats, monkeys, and humans. At higher levels, blood
methanol levels increase non-linearly in rats and, less steeply, in monkeys and
linearly in humans. Levels in mice raise even more sharply than in rats (see also
Table 5.3). Human blood methanol levels of >200, >500, and 1500-2000 mg/L
were associated with CNS effects, ocular effects, and mortality, respectively.
Formate accumulation due to saturation of the folate pathway may occur in
humans at single (bolus) methanol doses of ca. 210 mg/kg bw. The committee
notes that such a amount would be taken up at exposure to ca. 17,000 mg/m3
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(12,750 ppm) for 1 hour (assuming a 70-kg worker inhales 10 m3 during an 8-
hour working day and a pulmonary retention of 70%), and that it is, therefore,

unlikely that saturation of the formate metabolism would occur under ‘normal’
occupational conditions.

In controlled inhalation studies in which human volunteers were exposed at con-
centrations not exceeding 200 ppm (266 mg/m3), for 75 to 240 minutes, no irrita-
tion was observed. In occupational situations, eye irritation was reported at 15-
minute average concentrations mostly exceeding 1064 mg/m3 (800 ppm). In ani-
mal experiments, liquid methanol was not found to be skin irritating or sensitis-
ing; depending on the amount of undiluted material or of the concentration (%
dilution) instilled, methanol induced mild or severe and persisting damage to the
eyes. Sensory respiratory tract irritation, as measured by the RDs, occurred at
some tens of thousands of mg/ms3.

Acute system effects in humans generally include central nervous system
depression, (followed by) metabolic acidosis, ocular toxicity, and death. How-
ever, in view of the corresponding blood methanol levels (see afore), the commit-
tee is of the opinion that the aforementioned effects will occur only at
concentrations in the thousand or ten thousand mg/ms3 ranges. In controlled inha-
lation studies in which human volunteers were exposed at concentrations not
exceeding 200 ppm (266 mg/m3), for 75 to 240 minutes, no relevant central nerv-
ous system effects were observed. Although all these studies were performed
with relatively small groups of healthy volunteers, the committee judges that
exposure to 266 mg/m3 (200 ppm) for up to 4 hours will not result in neurotoxic
effects in workers.

In acute animal experiments, LCg, values range between 79,000 and 130,340
mg/m3 (59,200 and 98,000 ppm) (exposure duration: 2.25 to 8 hours) for rats and
mice. The dermal LD in rabbits was 17,000 mg/kg bw, while in rats, no mortal-
ity was observed after occlusive application of 35,000 mg/kg bw; amounts of
45,000 mg/kg bw were lethal. Oral LDg, values range between 6200 and 10,000
mg/kg bw for rats, mice, and dogs; for monkeys, minimal doses causing mortal-
ity were 2000-7000 mg/kg bw.

There were no human studies which allow the committee to assess health effects
following chronic exposure to methanol. In one study, irregular exposure for
presumably about 3 years to a duplicator fluid containing 99% methanol at 15-
minute average concentrations ranging from 365 to 3080 ppm (485-4096
mg/m3), with 70% exceeding 800 ppm (1064 mg/m3) induced eye irritation, diz-
ziness, headaches, blurred vision, and nausea. However, the committee notes that
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symptoms reported are more likely to be related to acute than to repeated expo-
sure. Further, health effects were recorded through a symptoms questionnaire
only and no additional physical or clinical examinations were done. The study
seems to have been triggered by complaints and may have been subject to
responder bias.

In laboratory animal studies, no effects were observed in male and female
monkeys at exposure to concentrations of 665 to 6650 mg/m3 (500-5000 ppm), 6
hours/day, 5 days/week, for 4 weeks, and in female monkeys to concentrations of
266-2394 mg/m3 (200-1800 ppm), 2.5 hours/day, for ca. 350 days (i.e., during
pre-mating, mating, and gestation). In rats exposed to concentrations of 665 to
6650 mg/m3 (500-5000 ppm), 6 hours/day, 5 days/week, for 4 weeks, no effects
were observed except for increased discharges around nose and eyes, which were
thought to be indicative of respiratory tract irritation. However, in another study,
a 6-week exposure to 13,300 mg/ms3 (10,000 ppm) did not cause pulmonary tox-
icity. These data indicate NOAELSs of at least 6650 mg/m3 (5000 ppm) for rats
and monkeys exposed 6 hours/day, 5 days/week, for 4 weeks, and of at least 2394
mg/m3 (1800 ppm) in monkeys exposed 2.5 hours/day, for ca. 1 year. The corre-
sponding blood methanol levels might be ca. 400 to ca. 880 mg/L in rats (see
Table 5.3) and were 35 mg/L in monkeys.

In well-performed inhalation studies in which rats and mice were exposed to
concentrations of 13 to 1330 mg/m3 (10-1000 ppm), 19-20 hours/day, for 18-24
months, no neoplastic or non-neoplastic effects were observed. No specific neu-
robehavioural tests were performed in these inhalation studies but post-mortem
brain histopathology and frequent observations of appearance and behaviour did
not reveal CNS effects. The results suggest that methanol is not carcinogenic fol-
lowing inhalation but the committee notes that an MTD (‘maximum tolerable
dose’) was not reached in these inhalation studies. From these findings, the Sub-
committee on the Classification of Carcinogenic Substances of DECOS con-
cludes that methanol cannot be classified with respect to its carcinogenicity
(comparable with EU class ‘not classifiable’).

The majority of in vitro genotoxicity tests performed in bacteria, yeast, fungi,
mammalian cells, and/or fruit flies on the induction of mutations, chromosome
aberrations, SCEs, micronuclei, or other kinds of DNA or chromosome damage
were negative. In vivo inhalation assays in mice on the induction of micronuclei,
chromosome aberrations, or SCEs were negative. Tests following oral or intra-
peritoneal administration to mice showed both positive and negative results, but
tests with higher doses and repeated dosing were negative. Cell transformation
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assays were negative. The aforementioned subcommittee is of the opinion that
the data indicate that methanol is not likely to be genotoxic.

Based on the lack of a genotoxic potential and negative results in inhalation
studies, the committee is of the opinion that methanol is not likely to have a car-
cinogenic potential.

Reproduction toxicity studies in mice indicate that methanol and not formate is
the compound causing developmental effects. No effects were seen in female
monkeys exposed to methanol concentrations of 266-2394 mg/m3 (200-1800
ppm), 2.5 hours/day, during pre-mating, mating, and gestation (ca. 350 days in
total); a conclusive judgment of the results of the neurobehavioural tests per-
formed in their offspring was hampered because they were small, occurred in the
presence of large variations among offspring, and were assessed in a low humber
of offspring. Exposure of pregnant rats to methanol concentrations of 13,300
mg/m3 (10,000 ppm; 7 hours/day, gestational days 1-19) caused decreased fetal
weights in the absence of maternal toxicity. These fetal effects were not seen at
6650 mg/m3 (5000 ppm). In mice exposed to 2660 mg/m3 (2000 ppm; 7 hours/
day, gestational days 6-15), there were increased incidences of cervical ribs but
no maternal toxicity. The NOAEL for developmental toxicity was 1330 mg/m3
(1000 ppm). Based on these prenatal developmental toxic effects, the Subcom-
mittee on the Classification of Reproduction Toxic Substances recommended
classification of methanol in category 2 (‘substances which should be regarded
as if the cause developmental toxicity in humans”) and labelling with T;R64
(‘may cause harm to the unborn child’). Based on the methanol levels measured
in the blood of mice and rats at the NOAELSs (ca. 100 and 1000-2170 mg/L,
respectively) and LOAELSs (ca. 540 and 1840-2240 mg/L, respectively) of the
reproduction toxicity studies presented above, the committee is of the opinion
that methanol is not likely to induce reproduction toxic effects in occupationally
exposed workers.

9.2

Recommendation of the health-based recommended occupational
exposure limit

Since there were no human studies which allow to assess health effects following
chronic exposure to methanol, the committee takes the laboratory animal studies
by Takeda®! and Matsuura® as starting points for deriving a health-based recom-
mended occupational exposure limit (HBROEL). In these studies, general obser-
vations (appearance, behaviour), ophthalmological, clinical-chemical,
haematological, and complete (histo)pathological examinations, and body and
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organ weight checks did not reveal neoplastic or non-neoplastic effects in rats
and mice exposed to methanol concentrations up to 1330 mg/m3 (1000 ppm),
19-20 hours/day, 7 days/week, for 18-24 months.

Taking the NOAEL of 1330 mg/m3 and applying an assessment factor of 10
for interspecies and intraspecies variation, the committee recommends a health-
based occupational exposure limit of 133 mg/m3 (100 ppm) for methanol. More-
over, the committee notes that the NOAEL was the highest concentration level
tested and that exposure was almost continuous, and concludes that these aspects
provide an additional margin of safety.

The committee is of the opinion that the HBROEL of 133 mg/m3 (100 ppm)
will also protect workers from acute neurotoxic/CNS effects.

Skin notation

According to the committee, a ‘skin notation’ is warranted if the amount
absorbed by both hands and underarms (total surface area: 2000 cm2) during a
1-hour contact with the liquid could amount to more than 10% of the amount
absorbed via the lungs following exposure to the occupational exposure limit for
eight hours (assuming that this limit is based on systemic effects rather than on

In a human volunteer study, an average dermal penetration rate of 8.1+3.7
mg/cm?/h was determined.38.37 Using this rate, it can be calculated that an
amount of 16,200 mg methanol (8.1 mg/cm2/h x 2000 cm2 x1 h) can be taken up
by dermal contact, which is far more than 10% of the amount absorbed via the
lungs at an 8-hour exposure to the proposed health-based occupational exposure
limit of 133 mg/m3 (100 ppm).

Therefore, the committee considers a “skin notation” for methanol war-

Groups at extra risk

Folic acid-deficient people might be at extra risk due to the involvement of folate
in the metabolism of methanol.

9.3
local effects).
ranted.

9.4

9.5

Health-based recommended occupational exposure limit (HBROEL)

The Dutch Expert Committee on Occupational Safety recommends a health-
based occupational exposure limit for methanol of 133 mg/m3 (100 ppm), as an
8-hour time-weighted average concentration, and a skin notation.

Hazard assessment
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Chapter

10

Recommendations for research

The committee recommends more research on the possible neurological effects
of methanol following acute and chronic exposure.

Recommendations for research
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Annex

A

Request for advice

In a letter dated October 11, 1993, ref DGA/G/TOS/93/07732A, to, the State
Secretary of Welfare, Health and Cultural Affairs, the Minister of Social Affairs
and Employment wrote:

Some time ago a policy proposal has been formulated, as part of the simplification of the governmen-
tal advisory structure, to improve the integration of the development of recommendations for health
based occupation standards and the development of comparable standards for the general population.
A consequence of this policy proposal is the initiative to transfer the activities of the Dutch Expert
Committee on Occupational Standards (DECOS) to the Health Council. DECOS has been established
by ministerial decree of 2 June 1976. Its primary task is to recommend health based occupational
exposure limits as the first step in the process of establishing Maximal Accepted Concentrations
(MAC-values) for substances at the work place.

In an addendum, the Minister detailed his request to the Health Council as

follows:

e The Health Council should advice the Minister of Social Affairs and Employment on the
hygienic aspects of his policy to protect workers against exposure to chemicals. Primarily, the
Council should report on health based recommended exposure limits as a basis for (regulatory)
exposure limits for air quality at the work place. This implies:

«  Ascientific evaluation of all relevant data on the health effects of exposure to substances using a
criteria-document that will be made available to the Health Council as part of a specific request
for advice. If possible this evaluation should lead to a health based recommended exposure limit,

Request for advice

107



or, in the case of genotoxic carcinogens, a ‘exposure versus tumour incidence range’ and a calcu-
lated concentration in air corresponding with reference tumour incidences of 10-4 and 10-6 per
year.

*  The evaluation of documents review the basis of occupational exposure limits that have been
recently established in other countries.

¢ Recommending classifications for substances as part of the occupational hygiene policy of the
government. In any case this regards the list of carcinogenic substances, for which the classifica-
tion criteria of the Directive of the European Communities of 27 June 1967 (67/548/EEG) are
used.

*  Reporting on other subjects that will be specified at a later date.

In his letter of 14 December 1993, ref U 6102/WP/MK/459, to the Minister of
Social Affairs and Employment the President of the Health Council agreed to
establish DECOS as a Committee of the Health Council. The membership of the
committee is given in Annex B.
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B

The committee

G.J. Mulder, chairman

emeritus professor of toxicology; Leiden University, Leiden

R.B. Beems

toxicologic pathologist; formerly employed at the National Institute for Pub-
lic Health and the Environment, Bilthoven

P.J. Boogaard, advisor

toxicologist; Shell International BV, The Hague

J.J.A.M. Brokamp, advisor

Social and Economic Council, The Hague

D.J.J. Heederik

professor of risk assessment in occupational epidemiology; Institute for Risk
Assessment Sciences, Utrecht University, Utrecht

R. Houba

occupational hygienist; Netherlands Expertise Centre for Occupational Res-
piratory Disorders, Utrecht

H. van Loveren

professor of immunotoxicology; Maastricht University, Maastricht, and
National Institute for Public Health and the Environment, Bilthoven

T.M. Pal

occupational physician; Netherlands Centre for Occupational Diseases, Uni-
versity of Amsterdam, Amsterdam
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Annex

C

Comments on the public draft

A draft of the present report was released in 2009 for public review. The follow-

ing persons and organisations have commented on the draft review:

e V. Gélvez Pérez, Centro Nacional de Nuevas Tecnologias, Madrid, Spain

e R.D. Zumwalde, National Institute for Occupational Safety and Health, Cin-
cinnati OH, USA.

Comments on the public draft
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E

Subcommittee on the Classification of
Carcinogenic Substances
E.1l Evaluation of data on carcinogenicity and genotoxicity

In studies by the Japanese New Energy Development Organization (NEDO), rats
and mice of both sexes were exposed to methanol concentrations of 13, 133, and
1330 mg/m3 (10, 100, 1000 ppm), approximately 19 hours/day, 7 days/week, for
24 (rats) or 18 (mice) months.12 The subcommittee concludes that methanol was
not carcinogenic in these experiments since no methanol-related, statistically
significant increases in tumour incidences were observed. The subcommittee is
of the opinion that the studies were well performed but notes that no exposure
concentrations were included that induced some kind of toxicity (i.e. a maximum
tolerated dose or MTD).

The subcommittee discussed a carcinogenicity study performed by the Italian
European Ramazzini Foundation for Oncology and Environmental Sciences
(ERF). In this study, methanol was administered in the drinking water for 2 years
to male and female Sprague-Dawley rats.3 The subcommittee notes that the
ERF’s claims of GLP compliance could not be confirmed by GLP compliance
monitoring authorities. In addition, ERF performed its studies according to an
unusual, non-guideline design. Animals were not sacrificed immediately after
terminating exposure, but kept until natural death. This complicates histopatho-
logical evaluations because of increase in background pathology and higher
probability of autolytic changes. Further, ERF only poorly reported results (such
as dosages and non-neoplastic and neoplastic lesions) and was not very willing to

Subcommittee on the Classification of Carcinogenic Substances
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allow a peer review of the pathology slides. ERF used Sprague-Dawley rats that
have been isolated and inbred at the ERF for decades. These rats were not spe-
cific pathogen free, which could make them very susceptible to chronic respira-
tory system infections. Respiratory system infections can cause lung lymphomas
such as seen in the ERF methanol study. Finally, the subcommittee notes the
uncertainty about the correctness of the diagnosis of some tumour types, such as
for instance the ear duct tumours seen in the methanol study (see evaluations by
EFSA* and for the National Petrochemical and Refiners Association and Metha-
nol Institute>6). The subcommittee is of the opinion that this study had severe
flaws which brought into question the validity and the relevance of the results.
Therefore, the subcommittee decides not to consider the ERF study in the evalu-
ation of the carcinogenicity properties of methanol.

With respect to genotoxicity, the subcommittee concludes that the majority of the
in vitro tests were negative. Some positive results were obtained at high, cyto-
toxic doses. In vivo inhalation tests were negative. Both positive and negative
results were observed when methanol was orally or intraperitoneally adminis-
tered but tests with higher doses and repeated dosing were negative. Overall, the
subcommittee is of the opinion that methanol is not likely to have a genotoxic
potential.

E.2

Recommendation for classification

The subcommittee concludes that there is only one valid carcinogenicity study.
The results of this inhalation study suggest that methanol is not carcinogenic in
rats and mice following inhalation. However, a final judgement is hampered
because the study did not include exposure concentrations that induced some
kind of toxicity (i.e., a maximum tolerated dose or MTD).

Overall, the subcommittee concludes that methanol cannot be classified with
respect to its carcinogenicity (comparable with EU class ‘not classifiable”).

E.3
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