
body. Methanol is available in diet from varied
sources such as fruit juices (10–640 mg/L, average
140 mg/L),28 beer (6–27 mg/L), wine (96–321 mg/
L), and in distilled spirits (10–220 mg/L).29

Additionally, certain xenobiotics consumed or
administered as their methyl ester, release
methanol during their metabolism.30 For exam-
ple, a 1-L bottle of soda, which contains 555 mg
of aspartame (L-aspartyl-L-phenylalanine methyl
ester), releases 55 mg of methanol into the
gastrointestinal tract and systemic circulation
from methyl ester hydrolysis.31

The intake of methanol from natural sources is
difficult to estimate, but is much lower than 10
mg/day.28 Since methanol is a widely used
industrial solvent, the ACGIH has established a
time-weighted average threshold limit value for
methanol vapor of 260 mg/m3 (200 ppm) for an 8-h
day, 40 h per week.32 On the other hand, the
general population exposure through air could be
several orders of magnitude lower than occupa-
tional limits, which suggests that inhalation of
vapor concentrations below 260 mg/m3 or inges-
tion of up to 25 mg methanol/kg body weight per
day (260 mg/m3! 20 m3/day! 8 h/24 h! 1/70 kg)
by humans would not result in blood formate
concentration above endogenous levels (4.9–10.3
mg/L),33–35 and thus would not lead to methanol-

dependent formate related metabolic acidosis and
ocular toxicity.

One may also estimate the daily exposure to
methanol (meaning total methanol passing
through the body from all sources, endogenous
or exogenous) by using themean level of methanol
in the blood and its total clearance. The concen-
tration of methanol in human blood is in the range
of 0.3–2.4 mg/L,33,35–37 while the total clearance is
approximately 0.21–0.3 L/min.38 Therefore, the
exposure of methanol would be in the range of
0.09–0.72 mg/min (0.3 L/min! 0.3–2.4 mg/L) or
0.13–1.03 g/day. Since we know that in humans,
after uptake and distribution, the majority of the
methanol is oxidized by liver alcohol dehydrogen-
ase to formaldehyde (Fig. 1), in principle, meta-
bolizing 0.12–1.03 g of methanol, generates 0.11–
0.96 g of formaldehyde per day (using molecular
weight equivalents). As will be discussed in the
following section, this amount is a small fraction
of formaldehyde in systemic circulation, which
suggests that environmental exposure to formal-
dehyde and methanol is insufficient to account for
the total circulating levels of formaldehyde and
the daily turnover of formaldehyde. An obvious
source is metabolic processes in the body that
produce formaldehyde such as various O- and N-
demethylation reactions of endogenous and

Figure 1. The metabolism and biological fate of methanol and formaldehyde in
humans.39,58–60
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