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The hazards of exposure to formaldehyde have been widely discussed in recent years on account of the
health complaints of exposed persons. Both domestic and occupational exposure to formaldehyde is com-
mon. In the present study the effects of formaldehyde alone and in combination with wood dust, another
nasal irritant, on the upper and lower respiratory tract have been investigated. The effects were correlated
with the duration and degree of exposure. Discomfort from both the upper and lower airways was more
frequent in the exposed group than in the unexposed group. Nasal obstruction among the exposed sub-
jects in general could not be detected by rhinomanometric measurements, but, for the group exposed to
formaldehyde alone and with a history of nasal blocking, there was significant nasal mucosal swelling.
The nasal mucociliary clearance was significantly delayed, and the sense of smell was significantly reduced
in the exposed groups when they were compared with the referents. Spirometry showed a significantly
decreased forced vital capacity in the exposed groups. There were no signs in this investigation that dura-
tion of exposure or level of exposure to formaldehyde would have any influence on the severity of symp-

toms or the impairment of physiological conditions.
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Formaldehyde is a common substance in different oc-
cupational environments, for example, in the chemi-
cal, furniture, wood, textile, and paper industries. It
is also released in the general environment from, for
example, building material, cigarette smoke, and per-
fume (18).

Formaldehyde is a highly reactive gas and is readily
soluble in water. During nasal inhalation most of it
is absorbed in the nose, and only a minimal amount
reaches the lower airways (4).

The lowest concentration of formaldehyde that is
detectable from its odor has been calculated to be
0.05 mg/m? (13). It has also been found that 50 % of
a test group can detect 0.21 mg/m?. The eyes of hu-
man subjects can react with irritation to as little form-
aldehyde as 0.012 mg/m?* (16). Adaptation to form-
aldehyde takes place after long-term exposure (5).

Formaldehyde is an irritant to mucous membranes
in the upper respiratory airways and conjunctiva. In
a 5-h study, Andersen & Molhave (5) found no dis-
comfort with formaldehyde levels of up to 0.5 mg/m’.
With higher doses they found dose-related symp-
toms such as conjunctival irritation and dryness in
the nose and throat. With high levels of exposure
(6—38 mg/m?) irritation also occurs in lower air-
ways (18).

The effects of long-term exposure on physiological
variables have not been well investigated. Regarding
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the upper respiratory tract, very little is known.
However, Schoenberg & Mitchell (15) reported pulmo-
nary obstruction after long-term exposure.

Numerous health complaints have been reported by
occupants of homes insulated with material contain-
ing formaldehyde (7, 9). The concentrations of form-
aldehyde in such homes can reach 0.1 mg/m?® or more,
and in mobile homes concentrations of more than
1 mg/m* have been reported.

We had previously found that wood dust is a cause
of health complaints among occupationally exposed
men (17). Combined exposure to both formaldehyde
and wood dust is common in the furniture industry,
where formaldehyde is released from particle board.
Since both compounds are hazardous to the nose, it
was considered of interest to investigate whether ex-
posure to a combination of formaldehyde and wood
dust has an additive adverse effect. It could be pre-
sumed that wood dust would act as a carrier of ab-
sorbed formaldehyde to the lower airways.

The objective of the present study was thus to ex-
amine the effects of long-term exposure to formalde-
hyde alone and in combination with exposure to wood
dust with respect to symptoms and physiological vari-
ables in the upper and lower airways.

Subjects

In collaboration with the Swedish National Board of
Occupational Safety and Health, three test groups were
chosen to participate in a cross-sectional study. One
group consisted of 70 persons from a chemical plant



where formaldehyde and products based on formalde-
hyde were produced (resins and impregnation of paper
for laminate production). This group was exposed
almost exclusively to formaldehyde as the only nasal
irritant. The exposure levels were mainly between 0.05
and 0.5 mg/m?® [mean value in 1985: 0.26 (SD 0.17)
mg/m?)]. For the group of workers impregnating paper
(N =31) dust concentrations of up to 1 mg/m* have
been measured close to the machines. At other work-
stations the dust levels were much lower.

A second group of 100 persons was exposed to both
wood dust and formaldehyde during work with glued
wood in the production of furniture. Their mean lev-
els of exposure were mainly 0.2—0.3 mg/m?® [mean
value in 1985: 0.25 (SD 0.05) mg/m?] for formalde-
hyde and 1—2 mg/m? [mean value in 1985: 1.65 (SD
1.06) mg/m?] for wood dust.

The third group was a reference group of 36 per-
sons, most of whom were clerks in the local govern-
ment of the same village as the furniture workers. The
mean exposure to formaldehyde in their office over
a year was 0.09 mg/m°.

None of the participants of any of the three groups
was occupationally exposed to solvents. Exposure to
other chemicals such as phenol, ammonia, epich-
lorhydrin, methanol, and ethanol have repeatedly been
measured without any values over 1 % of the occupa-
tional exposure limit. None of the subjects refused to
participate in the investigation. Six participants were
excluded from the physiological tests because of up-
per airway infection.

The mean exposure of every participant to both
formaldehyde and wood dust was estimated for every
year since the beginning of their employment. This es-
timation was made possible by numerous current and
prior measurements of the exposure levels. In 1985 we
performed several measurements of the exposure level
at all different workstations using personal sampling
equipment placed in the breathing zone of the worker.
Samples were taken for the analysis of formaldehyde,
total dust, and respirable dust. The sampling lasted
1—2 h for formaldehyde, 4 h for total dust, and 8 h
for respirable dust. In the chemical plant several form-
aldehyde concentration measurements were made be-
tween 1979 and 1984. The exposure levels before 1979
were assumed to be the same as in 1979. In the furni-
ture plants the exposure levels could only be evaluated
reliably for 1985. Exposure prior to 1985 was thus as-
sumed to be the same as that of 1985 in the furniture
plants. A sum of the dose-years was thus obtained for
each participant (ie, annual exposure to formaldehyde
of 0.5, 0.3, and 0.3 mg/m? in three years gives a dose-
year of 1.1).

There were no significant differences in tobacco use
between the groups. The mean duration of occupa-
tional exposure was 10.4 (SD 7.3, range 1—36) years
for the formaldehyde group, 16.6 (SD 11.3, range
1—45) years for the wood dust-formaldehyde group,
and 11.4 (SD 5.4, range 4—18) years for the reference

group. The mean age of the subjects was 36.9 years
for the formaldehyde group, 40.5 years for the wood
dust-formaldehyde group, and 39.9 years for the refer-
ence group. In the formaldehyde group 87 % were
men. The corresponding figures for the wood dust-
formaldehyde group and the reference group were 93
and 56 %, respectively.

Methods

The examination of each participant was made on three
different days since the different methods might in-
fluence each other. The test for mucociliary clearance
and the spirometry was made one day, rhinomanom-
etry on another, and the olfactory test on a third. The
participants with current upper airway infections were
excluded from the physiological tests of the upper air-
ways. All the examinations took place in April or late
September in the subjects’ workplaces, indoors with
ordinary temperature and humidity.

A questionnaire was distributed a few days before
the medical examination. The answers to the questions
about work conditions and symptoms were thoroughly
checked by one of the authors in connection with this
examination.

The medical examination focused on the ear, nose,
and throat. The rhinomanometry was carried out as
described by Kumlien & Schiratzki (12), with record-
ing of the pressure drop and airflow rate in the nose
during inhalation. Duplicate measurements with an-
terior rhinomanometry were made both before and af-
ter decongestion (with an oxymetazoline spray). Cal-
culations of the curve of the nasal resistance were made
according to the method of Broms et al (8). The nasal
volume flow rate (V,) was used for the statistical cal-
culations.

The mucociliary activity was tested with a spot of
Cardiogreen® Sterile Indocyanine Green, (from Hyn-
son, Westcott and Dunning Products, Maryland,
United States) placed on both inferior turbinates 1 cm
posterior to the anterior border of the turbinate. The
time taken for the spot to reach the rhinopharynx was
measured. A transport time of more than 20 min on
one or both sides was considered pathological.

An olfactory test was performed with a series of bi-
nary pyridine dilution steps (from Olfacto Labs, El-
Cerrito, United States) as described by Amoore &
Ollman (3). For each participant the lowest concen-
tration of pyridine that could be reliably detected was
estimated. The normal range of sensitivity (found in
96 % of healthy persons aged 20—60 years) extends
from step 14 to step 21. A sensitivity below step 14
is regarded as hyposmia.

The spirometry was carried out with a vitalograph
(KIFA™® serial no 980230 made by Vitalograph Ltd,
England). At least three efforts were recorded by each
subject, and the best one was used for all the calcula-
tions. All the individual values were compared with
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the expected normal values (based on age, sex, smok-
ing habits, height, and weight) (6). Ex-smokers were
classified as smokers if less than two years had elapsed
since they stopped smoking; otherwise they were con-
sidered nonsmokers. Forced vital capacity (FVC) and
FEV % [(100 x the forced expiratory volume in
1 s)/FVC] were measured.

A chi-square test based on a binomial model or Fish-
er’s exact test was used to analyze the responses to the
questionnaire. The physiological variables were ana-
lyzed statistically with a two-tailed t-test except for the
evaluation of mucociliary clearance, for which the chi-
square test was used. The differences were classified
as significant if the P-value was <0.05.

Results

From the questionnaire it was found that nasal dis-
comfort occurred for 64 % of the group exposed to
formaldehyde, 53 % of the wood dust-formaldehyde
group, and 25 % of the reference group (table 1). The
differences between the exposed groups and the refer-
ence group were statistically significant (P < 0.001 for
the formaldehyde group and P <0.01 for the wood
dust-formaldehyde group). Symptoms from the lower
airways, ie, trachea and bronchi, were also more fre-
quently found in the exposed groups — in 44 %
(P<0.01) of the formaldehyde group and 39 %
(P<0.05) of the group exposed to wood dust and
formaldehyde, compared with 14 % of the reference
group. More specific symptoms, such as nasal obstruc-

tion and nasal watery discharge, were also more fre-
quent in the exposed groups (P < 0.05). Other findings,
such as eye symptoms and headache, were significantly
more frequent in the formaldehyde group than in the
reference group, but the difference between the wood
dust-formaldehyde group and the reference group was
not significant (table 1).

No symptoms were more common in the reference
group than in the other two groups. Most of the symp-
toms among the exposed groups were connected with
the groups’ occupation (table 1). In the reference group
only one person had symptoms during workhours (al-
lergy to a carpet), and therefore no statistical compar-
isons were made with the reference group in this
respect.

The symptoms had an earlier onset in the formalde-
hyde group than in the wood dust-formaldehyde
group. Nasal symptoms started 4.3 years after first em-
ployment in the former and 9.9 years after first em-
ployment in the latter. For symptoms of the lower air-
ways, the latency periods were 3.0 and 12.4 years,
respectively. A majority of workers (55—82 %) in both
the exposed groups considered the symptoms to have
remained unchanged in recent years. Among the ex-
posed subjects, 23—29 % reported that their symp-
toms had increased in severity in recent years, and
5—15 % stated that they had become less pronounced.

Symptoms related to the work situation decreased,
as expected, during free time. In about 60 % of both
exposed groups the symptoms improved during
weekends (table 2). During vacation however, there
was improvement in significantly more persons in the

Table 1. Workers exposed to formaldehyde alone and to both wood dust and formaldehyde and the reference group according

to experienced symptoms.

Total frequency of symptoms

Frequency of work-related symptoms

Wood dust-

Wood dust-

Formaldehyde Reference Formalde- f Ide- Reference
Symptom group formge:lodf:yde group hyde group h)?drerangroip group
(N=70) (N =100) (N =36) (N=70) (N = 100) (N = 36)
N % N % N % N % N % N %
Nasal discomfort 45 64 "* 53 53~ 9 25 36 51 44 44 1 3
Eye discomfort 17 24~ 21 21 2 6 14 20 16 16 -
Deeper airway dis-
comfort 31 44~ 39 39* 5 14 2 3 31 31 —
Frequent headache 17 24 17 17 2 6 13 18 8 8 —

*P<0.05 ** P<0.01, *** P<0.001.

Table 2. Relief from symptoms during weekends and vacation among workers with symptoms of the upper and lower airways.

(NS = not significant)

Formaldehyde group

Wood dust-formaldehyde group

Persons Persons (glfl?-ts'?u.:g?e
Number with relieved of Number with relieved of test)
symptoms on symptoms symptoms on symptoms
workdays — workdays e
N Y% N %
Weekends 43 26 61 56 36 64 NS
Vacation month 43 29 67 56 49 88 P =0.0170
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wood dust-formaldehyde group (88 %) than in the
formaldehyde group (67 %). This difference was sig-
nificant (P =0.017).

We divided all the subjects into three groups on the
basis of their current level of exposure to formalde-
hyde to see whether the frequency of symptoms was
correlated with the exposure levels. One group was ex-
posed to less than 0.24 mg/m?* (N =74, with 29 of the
74 from the formaldehyde group), another to
0.25—0.49 mg/m* (N =74, with 23 of the 74 from the
formaldehyde group), and a third to 0.5 mg/m® or
more (N=18, all from the formaldehyde group).
However, the frequency of airway symptoms or
headache did not differ with different exposure levels
in either the formaldehyde or the wood dust-formalde-
hyde group.

Rhinomanometry showed more pronounced mu-
cosal swelling in both exposed groups than in the refer-
ence group. The greatest degree of swelling was found
in the formaldehyde group, for which the difference
in nasal resistance (V, value) before and after decon-
gestion was 10.2, compared with 7.87 for the wood
dust-formaldehyde group and 6.5 for the reference
group. However, the differences between the exposed
groups and the reference group were not statistically
significant (T =1.76 for the formaldehyde group and
1.11 for the wood dust-formaldehyde group). There
was no evidence that the degree of mucosal swelling
increased after a long period of employment. Nor did
high cumulative exposure to formaldehyde (5.0 or
more dose-years) increase the mucosal swelling more
than moderate (1.5—4.9 dose-years) or low (< 1.5 dose-
years) cumulative exposure.

To investigate whether a history of a nasal obstruc-
tion was correlated with the rhinomanometric value,
we compared the nasal resistance values before and
after decongestion between workers with and without
such a history in each group. In the formaldehyde
group the difference in nasal resistance (AV,) was sig-
nificantly greater among the workers with a history of
nasal obstruction than among those without (P <0.05),
an indication of nasal mucosal edema in those with
symptoms. In the wood dust-formaldehyde group and
in the reference group the corresponding difference was
not significant.

The number of persons with impaired mucociliary
clearance in the nose differed between each of the ex-
posed groups and the reference group. In the formalde-
hyde group 14 out of 69 subjects (20 %) had patho-
logically slow nasal clearance, and in the wood dust-
formaldehyde group this number was 14 of 95 (15 %).
In the reference group only one subject out of 36 (3 %)
had a pathological clearance time. The results were sig-
nificant (P <0.05) for the formaldehyde group but not
for the wood dust-formaldehyde group in comparison
with the reference group.

Based on the mean values in the olfactory test, a sig-
nificant decrease in the sense of smell (P<0.01) was
found in both exposed groups when they were com-

pared with the reference group. The mean value was
14.2 for both the formaldehyde group and the wood
dust-formaldehyde group and 15.6 for the reference
group. There was thus no difference in the sense of
smell between the formaldehyde and formaldehyde-
wood dust groups. When the workers in the formalde-
hyde group were divided into one subgroup exposed
to a mean formaldehyde concentration of less than
0.5 mg/m? during the last year and another exposed
to more than 0.5 mg/m?*, no difference in the sense
of smell was found, the mean values in the olfactory
test being 14.2 and 14.1, respectively. When the sub-
jects’ own estimations of their sense of smell were com-
pared with the results of the olfactory test, a signifi-
cant correlation was found for the formaldehyde group
(P <0.05); thus nine subjects with subjective hypos-
mia had a mean value of 12.0 for the test, while the
mean value for those without hyposmia was 14.48. In
the wood dust-formaldehyde group there was no such
correlation. In both exposed groups there was a slight
decrease in olfactory sense with increasing age. There
was no significant deterioration in the sense of smell
with increasing duration of employment or in relation
to the cumulative dose of formaldehyde. Neither did
smokers have a lower sense of smell than nonsmokers.

To estimate whether nasal obstruction could explain
an impaired sense of smell, we compared workers
grouped according to degree of mucosal swelling (ie,
difference between the pre- and postdecongestion V,)
regarding their olfactory test results. The mean value
in the pyridine test was compared between the work-
ers with mucosal swelling above and below the group
mean of the mucosal swelling. No difference in the
pyridine test result was found either for the exposed
groups or the reference group between subjects with
different degrees of mucosal swelling.

In the results of the spirometric tests the mean FVC
of both the exposed groups was significantly lower
(P <0.001) than the expected value (table 3). In the
formaldehyde group this difference in FVC was
0.577 1 and in the wood dust-formaldehyde group it
was 0.664 1. In the reference group the FVC did not
differ significantly from the expected value. To ana-
lyze the relation between the duration of exposure and
the decrease in vital capacity, we divided the subjects
of the three groups into subgroups based on exposure
time. There were no signs of increasing restrictivity af-
ter longer employment than five years. Neither was
there any correlation between degree of decrease in
FVC and cumulated formaldehyde dose. No correla-
tion was found between the reduction in FVC and
smoking habits. Thus the differences from the expected
FVC values were not more pronounced among the
smokers than among the nonsmokers or ex-smokers.

The mean FEV % was 80.8 for the formaldehyde
group (expected value 80.6 %). In the wood dust-form-
aldehyde group the mean FEV % was 78.3, compared
with an expected value of 79.5 %, and in the refer-
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Table 3. Results of the pulmonary function tests in the group
exposed to formaldehyde, that exposed to both wood dust and
formaldehyde, and the reference group. In the statistical anal-
ysis (paired t-test} comparisons were made between the ob-
served and expected values.

Formaldehyde fc\)/\rlr?\%(ljdgﬁsge Reference
group groupy group
(N =70) (N =98) (N =36)
Forced vital
capacity
Observed 4979+ 4.929%** 4.539
Expected 5.556 5.593 4.718
FEV %32
Observed 80.8 78.3 81.4
Expected 80.6 795 80.7
a2 FEV % = (100 x forced expiratory volume in 1 s)/iforced vital
capacity.
*** P<0.001.

ence group the corresponding values were 81.4 and
80.7 % (table 3).

Discussion

The observed formaldehyde concentrations (0.05—0.5
mg/m?) are representive of Swedish industry of today.
The values are however well below the present Swed-
ish occupational exposure limit (1 mg/m?) and can also
be measured in certain nonindustrial environments.

In this study a high incidence of work-related symp-
toms was found among the exposed workers. Symp-
toms from the upper airways were especially
pronounced, but symptoms from the lower airways
were also more frequent than in the reference group.
The symptoms were mainly of the same type as those
described earlier for formaldehyde exposure (5). They
seemed to be more pronounced in the formaldehyde
than in the wood dust-formaldehyde group. This find-
ing might have been due to the fact that the formalde-
hyde exposure levels were higher in the former group
than in the latter. When, however, the formaldehyde
group was divided into subgroups according to degree
of exposure to formaldehyde, the symptoms were not
found to be significantly more pronounced in the group
exposed to more than 0.5 mg/m?® than that exposed
to a lower level.

It was found on the basis of several parameters
(rhinomanometry, spirometry, olfactory test) that the
workers’ symptoms did not become more severe after
long-term exposure. On the other hand, the workers
did not seem to develop tolerance to the formaldehyde
exposure with time, and a majority of the exposed in-
dividuals reported that their symptoms had remained
unchanged in recent years.

Even though there is a risk of questionnaire results
being biased, a very strong correlation was found be-
tween symptoms and work, as reported by 72 % of
the formaldehyde group, 79 % of the wood dust-form-
aldehyde group, and 6 % (one person) of the refer-
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ents. It is probable that the workers who had the most
pronounced symptoms left exposed work for a new
job.

Symptoms persisted longer during free time in the
formaldehyde group than in the group exposed to
wood dust and formaldehyde. The reason might be the
more severe symptoms in the former group and the
fact that they also had more pronounced histological
changes than the reference group (11).

One theory pertaining to the preceding finding is that
formaldehyde primarily causes symptoms through ac-
tion on the epithelial structures, and wood dust
through mucostasis. In another study (17), Wilhelms-
son & Drettner found a higher frequency of impaired
mucociliary activity among workers exposed to higher
levels of wood dust than was noted in the present study.
The role of impaired mucociliary activity is obvious.
The worker might notice it as nasal obstruction or dis-
charge. Ciliary stasis also gives the dust or chemical
substances more time to act on the mucosa.

Impairment of nasal function was found in the
formaldehyde group for all the physiological tests of
this function, ie, the olfactory test, the test of
mucociliary clearance, and the rhinomanometry (for
the last test statistically significant only for those per-
sons with symptoms of nasal obstruction). The olfac-
tory function was also decreased in the wood dust-
formaldehyde group when it was compared with the
reference group (P <0.01), but nasal obstruction and
the decrease in mucociliary clearance were not so
pronounced as in the formaldehyde group. The mech-
anism of depressed olfactory function is obscure. It
was not found that mucosal blockage could explain
the decrease in the sense of smell. A possible explana-
tion is a direct toxic effect of formaldehyde on the ol-
factory epithelium.

Statistically, no evidence was obtained that workers
exposed to formaldehyde had more nasal obstruction
in general, as measured by rhinomanometry, than the
reference group — although there was a large differ-
ence regarding the reported history of nasal blockage.
However, the workers with a history of nasal obstruc-
tion in the formaldehyde group showed a significant
decrease in nasal resistance (AV,) after decongestion,
a finding indicating nasal mucosal edema. It is con-
ceivable that the exposed workers had nasal obstruc-
tion that was not reversed by oxymetazoline spray.

In our study there was no statistically significant
decrease in the FEV % after long-term exposure to
formaldehyde. A significant increase in pulmonary re-
strictiveness was observed, as reflected by a decrease
in FVC in comparison with the expected value both
among the workers exposed to formaldehyde and
among those exposed to wood dust-formaldehyde.
However, it could not be excluded that there is hid-
den pulmonary obstructivity in these cases that is not
possible to determine with a vitalograph. We did not
perform any test of reversibility in pulmonary
resistance in this study.



It has been reported that rats exposed to formalde-
hyde 5 d a week for five weeks did not show physio-
logical changes in the deeper airways (14). During
short-term exposure of man, Alexandersson et al (2)
found a reduction in forced expiratory volume in 1 s
after a day of work, and this finding suggests the
possibility of bronchoconstriction. Schoenberg &
Mitchell (15) observed that workers developed chronic
airway obstruction after long-term exposure to phenol-
formaldehyde resins. Alexandersson et al (1) has shown
that in nonsmokers there is a significant restitution of
pulmonary obstruction and restrictivity after four
weeks’ rest from work among formaldehyde-exposed
workers.

Most formaldehyde inhaled through the nose is ab-
sorbed in the nose, and only a very small amount
reaches the deeper airways (4). In the presence of nasal
blockage, with mouth breathing, more formaldehyde
can probably reach the lungs. There is also a possibil-
ity that formaldehyde absorbed on particles, ie, wood
dust, might reach deeper airways more easily than
gaseous formaldehyde, especially if the mucociliary
system in the nose is defective. No signs of a
hematogenous distribution of formaldehyde to distant
organs have been found either in man or in rat (10).
Even with high exposure levels, no rise in the blood
concentration of formaldehyde has been observed.

In the presence of different substances that are nox-
ious to the lungs, tobacco smoking increases the risk
of disease. However, we did not find that more
pronounced restrictiveness developed in smokers than
in nonsmokers.

The pulmonary restrictiveness in the wood dust-
formaldehyde group was just as pronounced as in the
formaldehyde group, although the formaldehyde level
in the former group was lower. The reason for this
finding might be that, in the former group, the form-
aldehyde was absorbed by wood dust particles. In a
previous study (17) we found, however, that workers
exposed to wood dust alone also developed restrictive-
ness. But in that study the dosage of wood dust was
higher.
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