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Occupational asthma due to formaldehyde
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ABSTRACT Bronchial provocation studies on 15 workers occupationally exposed to formaldehyde
are described. The results show that formaldehyde exposure can cause asthmatic reactions, and
suggest that these are sometimes due to hypersensitivity and sometimes to a direct irritant effect.
Three workers had classical occupational asthma caused by formaldehyde fumes, which was
likely to be due to hypersensitivity, with late asthmatic reactions following formaldehyde expos-
ure. Six workers developed immediate asthmatic reactions, which were likely to be due to a direct
irritant effect as the reactions were shorter in duration than those seen after soluble allergen
exposure and were closely related to histamine reactivity. The breathing zone concentrations of
formaldehyde required to elicit these irritant reactions (mean 4.8 mg/m®) were higher than those
encountered in buildings recently insulated with urea formaldehyde foam, but within levels

sometimes found in industry.

Formaldehyde has been described as a sporadic
cause of occupational asthma since the first report in
a matchmaker in 1939.' Case reports describe occu-
pational asthma in a rubber tyre worker,” a laborat-
ory worker,®> and two nurses in a renal dialysis
unit.**> Formaldehyde is extremely widely used in
industry with production in the United States
exceeding 3600 million kg (8000 million 1b) a year
for use in the chemical, construction, textile, paper,
plastic, paint, adhesive, and cosmetic industries.
More recently urea formaldehyde has been widely
used for cavity wall insulation and for making parti-
cle board for mobile homes. Many symptoms have
been attributed to living in such homes, including
some symptoms. suggestive of asthma.®~®* We report
our experience with bronchial provocation testing
with formaldehyde in 15 workers occupationally
exposed to formaldehyde who had respiratory symp-
toms thought to be work related. Ten of the workers
were also exposed to other agents known to cause
occupational asthma.
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Subjects and methods

SUBJECTS

All those studied were referred for investigation
after presenting with symptoms suggestive of occu-
pational asthma. The details of the workers are
shown in table 1. Brief histories are given of subjects
1-3, who had evidence of specific hypersensitivity to
formaldehyde, and of subjects 4 and 5 in whom pre-
senting symptoms were likely to be due to irritant
reactions to formaldehyde. Subjects 6-14 were all
additionally exposed to other materials likely to be
the cause of their symptoms.

Subject 1 A 62 year old plastics moulder
developed cough, sputum, chest tightness, and
breathlessness after a few hours at work, and par-
ticularly after returning home from work. He would
wake frequently from sleep with breathlessness. His
symptoms were worse after night shifts than day
shifts and always improved during holidays. He first
noticed wheeze 24 years after starting work as a
phenolic moulder. His job involved preheating a
cake of phenol formaldehyde or melamine form-
aldehyde before putting it into a manually operated
compression moulding machine.

Subject 2 A 29 year old printer developed swollen
sore eyes, a running nose, and headache three
months after starting to mix Coates printing ink con-
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Table 1 Details of subjects
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Subject Age Sex  Job Interval from Smoking Previous Atopy Other History of Symptoms due
No first formaldehyde asthma or exposures late reaction  to
exfosure to onset rhinitis formaldehyde
of as
symptoms
1 62 M Plastic moulder 24 years 0 0 0 phenol + +
2 29 F Printer 0.5 Ex 0 0 — + +
3 59 M Manufacturer of 24 + 0 0 phenol + +
. henol
ormaldehyde
4 62 M Medicine packer 12 Ex (20y)  Rhinitis (14y) + old paint 0 +
5 45 M Farmworker 20 ys small X 0 0 ﬁay, grain, etc 0 +
amount then
single large
exposure
(75 23 l‘l‘:'l'1 3 Ex 8 0 isocyanates  + -
. + + i anates + -
8 53 M| printersor 12 + 0 0 isocyanates  + -
9 36 My X Herible 6 Ex 0 ] isocyanates  + -
10 260 M ke 1ble 4 0 Rhinitis + isocyanates  — -
11 41 M| packaging 5 0 Rhinitis + isocyanates  + -
12 45 M 9 Ex 0 + isocyanates + -
13 47 M Laminated 4 0 0 0 makore + -
tray maker
14 52 M Core shop 18 0 0 + isocyanates + -
worker furanes
15 35 M Core shop 0.5 + 0 + isocyanates  + -
worker furanes

taining urea formaldehyde. The symptoms would
start within an hour of coming to work and remit
two hours after leaving in the evening. Three
months later she developed breathlessness with
wheeze, particularly at night. Her wheeze was
improved when she was away from work.

Subject 3 A 59 year old process worker manufac-
tured phenol formaldehyde. Twenty four years after
starting this job he developed asthma towards the
end of a work shift, which was sufficiently severe to
need one to two weeks off work to recover, on 11
occasions in six months.

Subject 4 A 62 year old man sprayed the necks of
medicine bottles with a gold paint containing
melamine formaldehyde. After being sprayed the
bottles were put in an open oven at 120°C for cur-
ing. Twelve years after starting this work he
developed wheeze and breathlessness. Symptoms
would start within minutes of his coming to work

Table 2 Results of bronchial provocation tests in subject 1

and would improve at weekends and during holi-
days.

Subject 5 A 45 year old farmworker and shepherd
developed sneezing, cough, sputum, breathlessness,
and wheeze while making silage that was treated
with Sylade, a solution of 25% formaldehyde in
water. His symptoms became persistent during the
summer; he attributed this to the sheep dip next to
his cottage, which also contained a solution of form-
aldehyde. ‘

BRONCHIAL PROVOCATION TESTS

Bronchial provocation tests were carried out in a
6 m* chamber without air extraction during the test.
A saturated solution of formaldehyde was diluted
with distilled water to give solutions with 0-1%, 1%,
10%, 20%, and 25% of saturated formaldehyde.
The Sylade was used as manufactured. The form-
aldehyde solution was painted on to a paper surface

Day Exposure Duration Startin, Maximum % fall in FEV
(min) FEV ()
Immediate Late
1 Control 1.75 0 0
2 Melamine formaldehyde 150°C 4.5 1.95 5 23 e
3 Melamine formaldehyde 150°C 8 1.83 7 29 (with rhinitis)
4 Melamine formaldehyde 200°C 8 1.80 19 37
8 Formaldehyde 25% 18°C 12 1.88 7 22
15 Phenol formaldehyde 180°C ‘6 1.70 12 7
16 Phenol formaldehyde 180°C 12 1.80 6 8
17 Phenol formaldehyde 200°C 30 1.80 1 19
24 Formaldehyde 25 18°C 12 1.75 20 20

(9 pm start)
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Table 3 Results of bronchial provocation testing with formaldehyde in subjects 2-15
Subject Histamine Exposure Baseline Maximum fall in FEV |
No PC,, (mgiml) - FEV () -
formaldehyde concentration ?u]a)non Immediate (%) Late (%)
min,
2 >32 0.1% 30 2.55 0 16 (with rhinitis)
1% 30 2.66 17 23
Ink (1) 30 2.6 15 (with rhinitis) 18
3 >32 1% 30 2.62 12 18
10% (2) 30 2.2 6 31
4 2 10% 30 1.78 26 9
120°C neogene paint 2 2.0 27 9
10% (DSCG pretreatment) 30 1.65 26 11
5 >32 1% 30 3.25 11 0
10% 30 3.28 12 0
20% 10 3.38 15 8
Sylade (25%) (3) 7 3.63 26 9
6 2 10% 30 2.08 17 0
Melamine formaldehyde 200°C 15 1.98 18 0
7 >32 10% 30 2.8 12 9
8 4 10% 30 1.95 18 0
9 >32 10% 30 3.61 7 6
10 >32 10% 30 3.27 0 0
11 >32 Melamine formaldehyde 200°C 15 3.11 4 3
12 >32 Melamine formaldehyde 200°C 10 2.25 0 0
13 >32 10% 30 2.25 0 0
Phenol formaldehyde 210°C 14 2.07 8 6
14 2 1% 30 1.94 10 0
15 >32 1% 30 3.0 10 0

Formaldehyde concentration in air: (1) 0.17 mg/m?; (2) 0.33 mg/m*; (3) 31 mg/m’.

with a new paint brush for the duration of the test.
For phenol formaldehyde and melamine formalde-
hyde exposures 1g of the moulding powder was
heated on a hot plate. Atmospheric concentrations
of formaldehyde were measured 11 times during
formaldehyde exposure; the samples were taken in
the breathing zone of the exposed worker. Form-
aldehyde was assayed with nitroblue tetrazolium.
Thirty minute exposures to the 1% formaldehyde
produced a mean breathing zone concentration of
2.3 mg/m® and 10% formaldehyde 4.8 mg/m*. A 10
minute exposure to 20% formaldehyde resulted in
atmospheric concentrations of 13 mg/m?® and a seven
minute exposure to Sylade (25% formaldehyde)
31 mg/m>.

HISTAMINE REACTIVITY

Non-specific bronchial reactivity to histamine was
measured on the day before the formaldehyde bron-
chial provocation test in patients 2-15. Doubling
concentrations of histamine from 0.25 to 32 mg/ml
were inhaled for 30 seconds, with a Wright's nebul-
iser and rebreathing bag after the method of de
Vries.” The dose of histamine required to drop the
FEV, by 20% was denoted PC,,. Normal subjects
do not react at 32 mg/ml, whereas most people with
asthma react at concentrations below this.

Results

Subjects 1-3 had appreciable late asthmatic reac-

tions after formaldehyde exposure, suggesting true
sensitisation. Subjects 4, 5, 6, and 8 had appreciable
immediate reactions with no late reaction. The
results for the individual exposures are shown in
tables 2 and 3.

THE REACTIONS

Subject 1 Late reactions followed formaldehyde
exposure on six occasions. On two of these there was
also an appreciable immediate reaction. Late asth-
matic reactions reproducibly followed when 1g of
melamine formaldehyde was heated to 150°C and

Formaldehyde 9 om
control
~——-~ Formaldehyde 9 pm

o 1 2 3 1§ T 7 5 v Lo n
Hours after exposure
Fig 1 Bronchial provocation testing with 25 %
formaldehyde for 12 minutes with exposures starting at
9 am and at 9 pm in subject 1.
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phenol formaldehyde to 180°C, and 25% formalde-
hyde was breathed at room temperature. An
immediate reaction occurred before the late asthma-
tic reaction on the third day of melamine formalde-
hyde exposure. Because this man had a history of
symptoms that were worse on a night shift the form-
aldehyde exposure was repeated at 9 pm seven days
after his last formaldehyde exposure. He stayed
awake for the next 12 hours. The late asthmatic
reaction was similar to the reaction that followed the
same challenge at 9 am, but the 9 pm exposure was
followed by a short lasting immediate reaction in
addition (fig 1). Histamine reactivity was not meas-
ured.

Subject 2 Exposure to 0.1% formaldehyde
resulted in a late rhinitic reaction and watering eyes
10 hours after exposure. Exposure to 1% formalde-
hyde resulted in a significant dual immediate and
late asthmatic reaction. The interpretation of the
late reaction was complicated by occasional poorly
performed lung function measurements on the con-
trol day. Formaldehyde concentrations were
0.17 mg/m*® during the ink exposure.

Subject 3 There was no appreciable immediate or
late asthmatic reaction after exposure to 0.1%
phenol or 1% formaldehyde. Exposure to 10%
formaldehyde was followed by a 31% fall in FEV,
nine hours after exposure, indicating a considerable
late asthmatic reaction. Formaldehyde concentra-
tions were 0.33 mg/m*® during this exposure. The
immediate asthmatic reactions that followed form-
aldehyde exposure were notable for their short
duration. Several subjects developed broncho-
constriction that was made worse by the forced
expiratory manoeuvre. This was particularly notice-

3-64
3l
32+
3-04
- 2.8
264 E ‘ — Formaldehyde 23ppm

2.4 | ---- Water
[E73 Challenge

FEVq (1)

N
N
" |
-

T T I T i § T T T 1
0O 10 20 30 40 50 60 70 80 90
Minutes after challenge

Fig 2 Bronchial provocation testing with Sylade
containing 25 % formaldehyde for seven minutes in subject
5.
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able in subject 1. On each occasion the best FEV,
has been taken for the calculation.

RELATIONSHIP BETWEEN HISTAMINE
REACTIVITY AND FORMALDEHYDE REACTIONS
Three of the four subjects with histamine hyper-
reactivity had an immediate reaction alone when
exposed to 10% formaldehyde. Three subjects with
a normal histamine PC,, value also reacted to form-
aldehyde; subject 5 reacted to 20% but not 10%
formaldehyde (fig 2), while subjects 2 and 3 had in
addition late asthmatic reactions to formaldehyde.
One subject with histamine reactivity (subject 14)
and four subjects with normal histamine PC,, values
(subjects 2, 3, 5, and 15) failed to respond to 1%
formaldehyde (table 3).

Discussion

The compression moulder, ink maker, and phenol
formaldehyde process worker (subjects 1-3) join
the few properly documented workers with occupa-
tional asthma due to formaldehyde. Subject 1 had
his late asthmatic reaction reproduced on seven
occasions. Immediate reactions were induced on
only two occasions, one after a series of daily expos-
ures to heated melamine formaldehyde and the
other when the exposure was in the evening at 9 pm.
Histamine reactivity was not measured in this
worker, but it is known to increase after a late
asthmatic reaction.'® Histamine reactivity also shows
a diurnal variation in asthmatic patients, who have a
greater reactivity in the evening.'' Possibly therefore
his immediate asthmatic reactions occurred only
when his non-specific reactivity was greatest. The
ink maker and phenol formaldehyde process worker
reacted to formaldehyde at concentrations below
0.5 mg/m® (0.3 ppm).

Previous authors have investigated the effect of
relatively low concentrations of formaldehyde in
both normal and asthmatic subjects. Thirty seven
normal people had no reaction when exposed to
5.2 mg/m® (3.5 ppm) of formaldehyde.'>? A similar
study in nine asthmatic and nine normal subjects
and 10 people with symptoms possibly due to urea
formaldehyde foam insulation failed to show any
asthmatic response with exposures up to 3.1 mg/m?
(2.1 ppm), although rhinitic reactions occurred in
two subjects.'* Eleven workers exposed to form-
aldehyde and isocyanates were exposed to both dur-
ing bronchial provocation tests.'* Only the worker
with the greatest non-specific reactivity had a reac-
tion, and this lasted less than five minutes after a 30
minute formaldehyde exposure at 3.7 mg/m’
(2.5 ppm). The present study used exposures well
above the threshold limit value, but within those
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encountered in industry.'s One per cent formalde-
hyde (average breathing zone concentration
2.3 mg/m? (1.5 ppm)) failed to induce asthma in one
worker with severe histamine reactivity in line with
the asthmatic patients studied by Frigas.'> But all
three workers with histamine hyperreactivity
exposed to 10% formaldehyde (average breathing
zone concentration 4.8 mg/m* (3.2 ppm) had an
immediate asthmatic reaction. Although no worker
with normal histamine reactivity had an immediate
reaction to formaldehyde exposure at this level; a
higher concentration of 31 mg/m* (20.7 ppm)
resulted in an immediate reaction in one worker
with normal histamine reactivity. The close relation-
ship between histamine and formaldehyde reactivity
suggests that the two substances are acting by similar
(irritant) mechanisms during the immediate reac-
tion. Occupational asthma-due to substances which
are thought to be working as specific sensitisers,
such as isocyanates and colophony, has a less clear
relationship with histamine reactivity.'* The
immediate asthmatic reactions that follow form-
aldehyde exposure, with their short duration, are
different from the reactions seen after soluble
allergen exposure. Bronchoconstriction induced by
forced expiration occurs in a small proportion of
asthmatics, but was a particular feature after form-
aldehyde exposure. A similar effect was observed
after sulphur dioxide exposure in asthmatic
patients.!” These features suggest that all the
immediate reactions we observed were induced by
formaldehyde acting as a non-specific irritant.
Although sodium cromoglycate can block some
irritant reactions,'” it is generally less effective at this
than in blocking allergen induced immediate reac-
tions. The lack of effect of sodium cromoglycate in
subject 4 is therefore in keeping with an irritant
mechanism.

The workers described have all had direct expos-
ure to formaldehyde or exposure to melamine form-
aldehyde or phenol formaldehyde heated to a
sufficient temperature to liberate appreciable con-
centrations of formaldehyde. The late asthmatic
reactions to formaldehyde in subjects 1, 2, and 3
were in keeping with their history of occupational
asthma. The irritant reaction in the shepherd (sub-
ject 5) also accords well with his history. Subject 4
(using a gold paint containing melamine formalde-
hyde) had a history more suggestive of an allergic
occupational asthma. The symptoms of occupational
asthma in the other subjects with irritant formalde-
hyde reactions were all more likely to be due to the
isocyanates or wood dusts to which they also
reacted, with an allergic type response.

The problem of people exposed to urea formalde-
hyde used for home insulation is more complicated.
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Formaldehyde concentrations in houses within a few
days of insulation may reach 1-2 mg/m?,” * but are
usually lower. One woman who attributed asthma to
home insulation with urea formaldehyde has been
adequately investigated.!” She reacted to the urea
formaldehyde taken from the floor of her house but
not to newly foamed urea formaldehyde or to form-
aldehyde alone. Formaldehyde is therefore unlikely
to have been the cause of her asthma. Two carpen-
ters working with urea formaldehyde bonded cedar
board developed occupational asthma.? Although
reactions were greater after exposure to sawdust
from the urea formaldehyde bonded board, the dif-
ferences between this reaction and the reaction that
followed following cedar sawdust were small. The
role of formaldehyde was not investigated.

The present study suggests that irritant reactions
to formaldehyde usually occur at concentrations
above those likely to occur with home insulation.
These concentrations can be reached in industrial
situations, particularly when resins containing form-
aldehyde are overheated. Given the widespread use
of formaldehyde it is surprising how infrequently
occupational asthma due to formaldehyde is seen.

We would like to thank Moira Cavanagh for measur-
ing the formaldehyde concentrations, Dr David
Henrick for his helpful advice, and Dr A Newman
Taylor for permission to report one of the patients.
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