
formaldehyde and 5 mg for work places where
formaldehyde exposure occurs.

Given the high probability of exposure to
formaldehyde, it is not surprising that numerous
experiments have been performed to determine
the sensory irritation of inhaled formaldehyde in
humans.19–22 The general conclusions are that
formaldehyde vapors do cause a concentration
dependent irritation of the eyes (1–2.5 mg/m3),14

nose and throat (2.5–3.75 mg/m3). Although
formaldehyde does cause sensory discomfort in
humans, it should be mentioned that these
symptoms disappeared very quickly once the
source of vapors was removed.

Experiments have also been undertaken to
determine if exposure to formaldehyde vapors
increases the formaldehyde concentration in
human blood. In one such study, Heck et al.23

exposed six human volunteers to 2.5 mg/m3 of
formaldehyde vapor for 40 min. Although there
was variability in the blood formaldehyde con-
centration among the volunteers, there was no
significant difference in the average blood formal-
dehyde levels pre- and postexposure (2.77! 0.28
and 2.61! 0.14 mg/g, respectively). The failure of
inhaled formaldehyde vapors to increase blood
formaldehyde levels suggests that formaldehyde
is rapidly metabolized into formate (in a matter of
minutes) in the lining of the nose and upper part of
the lungs and is exhaled as carbon dioxide.24,25

Nevertheless, for the sake of argument, if one
assumes these volunteers were inhaling formal-
dehyde vapors at a concentration of 2.5 mg/m3 for
24 h instead of 40 min as was done in the
controlled experiment, an adultmanwould absorb
(respiratory volume per minute approximately
14 L/min, 0.014 m3/min) 35 mg of formaldehyde
per minute (0.014 m3/min" 2.5 mg/m3). There-
fore, the total exposure over a 24-h time frame
would be 50.4 mg (0.035 mg/min" 60 min/h"
24 h). Now, if one assumes that 91% of formal-
dehyde is metabolized in the respiratory tract as

estimated in rats and monkeys,26 a maximum of
9% would be free to distribute to other tissues
(assuming no metabolism in the blood or any
localized detoxification mechanism in the nasal
tissue). This fraction of unmetabolized formal-
dehyde, 4.53 mg (0.09" 50.4 mg), would be
presented to total body water (49 L). The con-
centration present is approximately 0.09 mg/L or
0.003 mM (0.09 mg/L" 1/30 g/mol), which clearly
is significantly lower than the concentration of
endogenous formaldehyde in the human blood
(approximately 0.1 mM). In humans, formal-
dehyde in the blood and tissue is rapidly
metabolized, which reduces the concentration of
free formaldehyde in total body water. It seems,
therefore, that inhaling formaldehyde vapors
would not increase its concentration in the blood
significantly.

Humans are also exposed to formaldehyde as a
natural component of many foods, such as fruits,
meat, and vegetables, or as a contaminant due to
fumigation (e.g., grains). Formaldehyde concen-
tration in some of the common food items has been
compiled in Table 2. The daily intake of direct
formaldehyde itself (not due to dealkylation of
components in these foods or methanol, etc.) is
difficult to evaluate since it depends upon the diet,
but is estimated to be in the range of 1.5–14 mg/
day for an average adult.

An additional source of formaldehyde exposure
is methanol since formaldehyde is the primary
metabolite of methanol. Therefore, does the
exposure to methanol from the environmental
and dietary sources contribute to the body pool of
formaldehyde in vivo?

Indeed, humans are exposed to methanol from
diet, the environment and endogenous metabolic
processes. Intake of fresh fruits and vegetables,
where methanol occurs as a free alcohol, methyl
ester of fatty acids or is generated due to
metabolism, for example, pectin,27 considerably
increases the concentration of methanol in the

Table 2. Formaldehyde Concentration in Various Food Groups

Food Item Formaldehyde Concentration (mg/kg)

Meat and poultry 5.7–2062

Fish (Gadidae family) 6.4–29363

Shellfish 1–9864

Fruits and vegetables 33–6065

Milk and milk products 0.027 (fresh) and 0.164 (processed)66

Sugar and sweeteners 0.7567

Coffee 3.4–1668

Alcohol beverages 0.27–3.069
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