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Formaldehyde (FA), a common indoor air pollutant, has been associated
with increased prevalence rates of asthmatic symptoms among exposed
individuals in epidemiologic surveys. We studied the influence of FA
exposure on inhalative allergic sensitization in the guinea pig. Three
groups of guinea pigs (« = 12 each) were exposed to clean air or two
different FA concentrations (0.13 and 0.25 ppm) over 5 consecutive days.
Exposure was followed by inhalation of 0.5% ovalbumin (OA) as
sensitizing allergen. Three weeks later, specific bronchial provocation with
OA was performed with body plethysmographie measurement of
compressed air (CA). Furthermore, specific anti-OA-IgGl (reaginic)
antibodies were determined in serum. In a further six animals, the
respiratory tract was examined histologically for signs of inflammation
directly after the end of FA or clean air exposure. In the group exposed to
0.25 ppm FA, 10/12 animals were found to be sensitized to OA (positive
reaction on specific provocation) vs. 3/12 animals in the control group
(P<0.0\). Furthermore, CA measurements of specific bronchial
provocation and serum anti-OA-antibodies were significantly higher in the
0.25 ppm FA group than in controls (CA 0.35 vs. 0.09 ml median,
P<0.0\; anti-OA-IgGl 13 vs. <10 EU median, P<0.05), indicating
enhanced sensitization. In the group exposed to 0.13 ppm FA, no
significant difference was found compared to the control group. There was
no sign of inflammation of the lower airways in FA-exposed guinea pigs
other than mucosal edema, which was discovered by morphometry. We
conclude that short-term exposure to a low concentration of FA
(0.25 ppm) can significantly enhance sensitization to inhaled allergens in
the guinea pig.
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Formaldehyde (FA) is a chemically reactive gas
which is heavily used in industrial countries as a
component of foam insulation material (1).
Furthermore, it is part of cigarette sidestream
smoke; therefore, it is one of the most ubiquitous
airborne indoor pollutants. In view of the reduced
air exchange in houses due to energy-conserving
tneasures, this widely distributed air pollutant is
now of public health concern (2). In the last decade,
concern focused mainly on the potential role of FA
as a chemical respiratory tract sensitizer. Recent
studies, however, have found no consistent evidence
that FA causes acute or chronic hypersensitivity
disease (3), and the existence of immunologically
mediated FA asthma has been questioned (4, 5).

On the other hand, air pollution rnay play a role
in facilitating airway sensitization to common air-

borne allergens (6), as has been shown previously
for sulfur dioxide and ozone in animal models
(7-9). In a recent study, higher levels of specific
IgE antibodies to intratiasally applied antigens were
produced in mice exposed to FA (10).

Therefore, we studied the influence of expositre
to low FA concentrations on sensitization to inhaled
ovalburnin (OA) in a guinea pig model, atid we
were able to demonstrate a significant enhancement
of inhalative sensitizatioti after short-term exposure
to FA concentrations as low as 0.25 ppm.

Material and methods
Animals

Perlbright-white Dunkin-Hartley guinea pigs
(female, specific pathogen-free, weight 240-320 g)
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were purchased from the Winkelmanti Co. (Borken,
Gertiiany) at 4-5 weeks of age and kept on an
OA-free diet throughout the experiment to avoid
sensitization by the oral route.

Study design

Guinea pigs {n = l2 in each group) were exposed to
FA in two different concentrations (0.13 atid
0.25 ppm) or clean air (controls) for 5 days, followed
by sensitization to inhaled OA. Sensitization to OA
was investigated by specific bronchial provocation
with OA and deterrnination of specific reaginic
serum antibodies to OA (IgGl subclass). For proto-
col, see Fig. 1.

EA exposure

Groups of 12 anitnals were exposed to FA in two
different concentrations (0.13 ±0.04 ppm and
0.25 + 0.06 ppm, mean + SD) or to clean ambient
air (control group, FA 0 pptii). The exposure took
place in a 100-1 gas-tight glass exposure chamber
for 8 h on 5 consecutive days. FA frotn pressurized
bottles (Messer-Griesheitn, Dusseldorf, Gerrnany)
and ambient air were mixed to a constant fiow of
3 1/min for charnber ventilation, thus allowing com-
plete gas exchange in the exposure chatiiber nine
times per hour.

FA coticentrations were measured every 2 h by
the chemical rnethod described by Lyles et al. (11):
FA reacts with Tetrachlor mercurate, sodiutn sulfite,
atld Pararos atieline to produce stilfonic acid, which
can be measured phototiietrically. This tiiethod has
a sensitivity of 0.008 pptn and a relative standard
deviation (SD) of 2.6%.

Air sampling was carried out in the chamber with
a tube close to the heads of the animals, and a fan
was used to circulate air within the chamber.

The container atid all the tubing exposed to FA
were made of glass or had a nonstick coating.
Humidity was measured by a hygrotneter and kept
constant in the exposure chamber at 58.5 ±4.1%
(mean ± SD) by adding drying beads to the chatnber

Protocol

20 25 day

•f'g. /. Protocol: ^ exposure to FA in two different concentra-
tions, I sensitizing OA inhalation, T determination of anti-
OA antibody in serum, 0 specific bronchial provocation with
OA.

as needed while the tetnperature iti the chatnber
was at a constant level of 21.2± 1.1°C (tnean±SD).

Sensitization

After the last FA exposure (or clean air exposure
in the cotitrol group) on day 5 (for protocol, see
Fig. 1), the animals inhaled 0.5% OA (grade VII,
Sigtna Chemicals Co., Deisenliofen, Gertiiany) as
allergen, freshly prepared iti isototiic saline, in an
inhalatioti chamber specially desigtied for guinea
pigs. Iti this chatnber, the head of the animal was
fixed iti a 50-tiil head box in front of a nebulizer
outlet in order to optimize the density of the itihaled
allergeti. Inhalation was performed for 3 tniti with
a compressor nebulizer (Pari Co., Startiberg,
Germany, particle size 0.5-5.0 |im, output
0.75 ml/iiiiti). After 2 weeks (on day 19), the sensit-
izitig itihalation was repeated as a booster inhalation
with the same sensitizitig protocol. During this
booster inhalation, tio atiapliylactic reaction was
noted.

Bronchial provocation

After another week (on day 26), a specific brotichial
provocation test with OA was performed in order
to test for specific bronchial sensitization to OA:
after tneasuretnent of baseline pulmonary functioti
(see below), inhalatioti of tiebulized OA was carried
out for 1 min with a 400-ml inhalation bag and
cotnpressor nebulizer (Pari Co., see above). For
bronchial provocation, we used OA in a coticetitra-
tion of 1%, as this OA concetitratioti is followed by
reproducible brotichial obstruction in sensitized
animals, as seen in previous studies (12). OA itihala-
tion was followed by repeated lung-function
tiieasuremetits for 15 min to niotiitor brotichial
obstruction (see below).

Pulmonary function tneasuretnents were per-
formed in spontaneously breathitig anitnals with a
two-chatiiber body plethystnograph, as described in
detail elsewhere (9). In brief, the animals were
placed in the body chamber with the head in the
respiratory chamber and a rubber cuff aroutid the
head separating the two chatnbers, in which gas
conditiotis (identical volutne, 37°C, 100% humidity)
were kept cotistant. Pressure changes in the two
compartments were recorded by sensitive pressure
transducers (Svemor Co., Sweden, Type SP 2060,
0-6 Torr) and were volume-calibrated with a pump
with defined volutnes of 1-4 nil. The pressure
chatiges in both chambers were cotitinuously
recorded, stored, and plotted against each other
with an XY recorder (Philips Co., Kassel,
Gertnany).

Without respiratory resistatice between body
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chamber (lung) atid respiratory chamber (mouth),
a straight -45° line would result. With airfiow
obstruction, the end-expiratory turning point devi-
ates to the left from the ideal -45° line, indicating
compressed air (CA) in the lung, measured in
milliliters, which cannot be expired. The normal
range for CA in spontaneously breathitig healthy
atiimals was found to be 0.025 ±0.012 ml
(mean±SD). Significant airway obstructioti was
defined as CA of more than 0.10 tnl, representing
more than five standard deviations above the mean.

Two consecutive respiratory loops were recorded
for baseline pulmonary function and after antigen
challenge every 2 min for a period of 11 tniti. The
highest CA value recorded during this period (usu-
ally 3-5 min after antigen itihalation) was used for
statistical analysis. This fortn of pulmonary function
testing has been shown to be more sensitive than
measurements of airway resistance in spontaneously
breathing guinea pigs (13).

Antibody determination

For measurement of specific serutn antibodies
against OA, blood was obtained from all anitnals
by puncture of the retro-orbital plexus before FA
exposure (day 0) and on day 25, the day before the
bronchial provocation testing.

Specific anti-OA IgGl antibodies (the IgGl sub-
class represetits the main reaginic antibodies in the
guinea pig) were determined by a direct ELISA, as
described previously (14). Briefly, tnicrotiter plates
(Nunc Laboratories, Detimark) were coated with
OA (grade VII, Sigma Co.) at a concentration of
10 mg/1 and sealed with 0.1% gelatin. After addition
of serial 1:5 dilutions of guinea pig serum, plates
were incubated for 5 h. Plates were washed three
times before the second antibody was added (rabbit
anti-guinea pig IgGl at a dilution of 1:10000). All
preparations were purchased from Miles Scientific
Laboratories, Naperville, IL, USA. After incubation
for 2 h at room temperature and three washes,
alkaline phosphatase-conjugated goat antirabbit IgG
(Medac Co., Hatnburg, Germany) at a concentration
of 1:3000 was added, and plates were incubated for
18 h at room temperature. Finally /7-nitro-
phenylphosphate (1 mg/ml) was added. The reaction
was stopped after 100 min with I N NaOH, and
extinctions were measured at 405 nm in a multiscan
photometer. Results were expressed in terms of the
ELISA unit (EU), which was defined as the recip-
rocal value of the serum dilution which gave an
optical density of 1.0. To ensure reproducibihty, a
knowti serum pool of guinea pig anti-OA IgGl was
run with each test as a standard. This standard
serum was obtained by sensitizing guinea pigs to
repeated s.c. itijections of 0.5% OA with incomplete

Freund's adjuvant (Behring Co., Marburg,
Germany) over a period of 12 weeks. In serum from
notisensitized atiitnals on an OA-free diet, anti-OA
antibodies were not detectable (< 10 EU).

The specificity of the antibody had been demon-
strated by complete specific inhibition.

Histology

Histologic exatninations of lungs and tracheal tis-
sues were performed on three animals after exposure
to 0.20 ±0.02 pptn FA and clean air, respectively.
Itnmediately after exposure day 5, these atiitnals
were killed by a lethal intraperitoneal dose of
Embutratnide (T61, Hoechst Veterinar Co.,
Germany). To avoid injuries to blood vessels, the
lungs were retnoved in toto from the chest cavity
after thoracotomy.

The right pulmonary lobe was perfused with 4%
buffered Formalin, sliced into blocks (approxi-
tnately 1 x 1 cm), embedded in paraffin, cut at a
thickness of 5 |am, and stained with hematoxylin-
eosin (HE), periodic acid-Schiff (PAS), atid
elastica-van Gieson's (EVG) stain.

Morphometry

The wall thickness of the respiratory bronchioles
(T[br]) and alveolar septa (T[al]) was directly
measured with a tnicroscope-video-digitizing-table
set (Ibas I, Kontron, Oberjochen, Germany). The
thicktiess of at least 20 brotichial walls and alveolar
septa was tneasured.

For measurement of alveolar walls, a litie between
the respiratory bronchioU and the tiext pleural
surface or ititerlobular septum was drawn, and all
alveolar walls cut by this line were assessed for
thickness. This method of selection of alveolar walls
was chosen in order to reduce systematic errors due
to observer bias. The total wall thickness was meas-
ured iti the tniddle between the junctions of alveolar
walls, when both air-tissue interfaces could be dis-
cerned easily. Alveolar walls near larger blood
vessels and airways were excluded from measure-
ments. Cumulative mean plots were performed to
ensure that the number of bronchial walls or alve-
olar septa was sufficient to reduce the standard
error of the tnean to values lower than 5%.

Statistics

For statistical analysis, lutig-futiction parameters
(CA in milliliters) were compared between each
FA-exposed group and the cotitrol group with the
two-way ANOVA and Student's unpaired f-test.
Immunologic parameters (anti-OA IgGl in EU, not
nonnally distributed) were cotnpared betweeti the
0.25 ppm FA-exposed group and the control group
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with the two-tailed Mann-Whitney U-test. The
incidence of positive bronchial reactions on airway
challenge was cotnpared betweeti the FA group atid
the control group with Fisher's exact test. A proba-
bility of 5% (P<0.05) was considered to be
significant.

This experimental design was approved atid the
care of the experitnental animals supervised by
Staatliches Veterinaratiit, Regierungsprasidetit
Giessen, Gertnany.

Results

Allergen challenge

After exposure to 0.25 pptn FA, 10 of 12 animals
(83%) reacted with airway obstruction
(CA>0.1 ml) on OA challetige, indicatitig inhal-
ative sensitization to OA, while only three of 12
atiimals reacted in the control group {F<Q.O\). CA
as a paratneter of airway obstruction oti the bron-
chial provocation test was significantly higher in
the 0.25 ppm FA-exposed group (CA 0.35
[0.25-0.72] tnl tnedian with 95% cotifidence interval
[CI]) than in the clean air-exposed control group
(CA 0.088 [0.03-0.09] tnl; P<0.01, Fig. 2).

In the group with exposure to the lower FA
coticentration (0.13 ppm), the bronchial reaction on
allergen challenge did not differ frotn the control
group (Fig. 2).

Specific antibody determination

Specific anti-OA-antibody of the IgGl subclass
(major anaphylactic antibody of the guinea pig)
was not detectable (< 10 EU) in any of the anitnals
at the beginning of the experitnent. At the end of
the sensitizing period (day 25), control animals
again did not have detectable antibody titers.
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Controls FA 0.13 ppm FA 0.25 ppm

Pig. 2, Bronchial reaction on allergen challenge, compressed air
(CA) in milliliters as parameter for airway obstruction in control
group and two FA-exposed groups (— median, **P<0.0\).

whereas in the 0.13 pptn-exposed groups, 3 of 12
atiimals had increased specific antibody titers.

In the group exposed to 0.25 pptn FA, 6 of the
12 anitnals had increased antibodies to OA indicat-
ing setisitization, atid the anti-OA-IgGl antibody
titer was significantly higher in this group than in
the control group (13 [10-130] EU, median with
95% CI, vs.<10 EU, P<0.05, Fig. 3).

Histology

Histologic exatnination revealed edema of the bron-
chial tnucosa in anitnals exposed to FA without any
sign of tnucosal infiamtnation throughout the
tracheobrotichial systetn (Fig. 4). The thicktiess of
the brotichial walls (T[br]) was significantly higher
in the FA-exposed animals than in the controls
(T[br] 40.9±2.5 vs. 28.2±1.2|iin, tnean atid SD,
no overlap), while the thickness of alveolar septa
was not different between these groups (T[al]
5.2±0.2 vs. 5.3±0.2|ini). This fitiditig indicates
brotichial wall edema due to FA exposure and lack
of infiatnmation in lower airways.

Anti-0A-lgG1 [EU]

1.000

100

Controls FA 0.13 ppm FA 0.25 ppm

Fig, 3, Specific anti-OA antibody of IgGl subclass (reaginic
antibody) in ELISA units (EU) on day 25 in control group
and two FA-exposed groups (— median, */'<0.05).

. • . ,

Fig, 4, Histologic examination of bronchus of FA-exposed
guinea pig, demonstrating intramural edema without inflam-
matory reaction (HE x 160).
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Discussion
Formaldehyde, a ubiquitous air pollutant, is known
to cause irritation of mucous membraties in low
concentrations (15, 16). After short-term exposure,
only mild airway dysfunction has been found
in controlled clinical studies (17, 18). However,
chronic FA exposure in occupational settings over
many years may lead to lung-function impairment,
as recently shown by Kilburn et al. (19), whereas,
in earlier studies, an association between chronic
occupational FA exposure and respiratory symp-
toms could not be demonstrated (20, 21).

Air pollution has been previously shown to be
associated with allergic sensitization in epidemio-
logic studies (6). Furthermore, in animal experi-
ments, exposure to sulfur dioxide and ozone
significantly enhanced allergic sensitization to
inhaled allergens (7-9), and environmental tobacco
smoke, which contains FA in higher concentrations,
has been showti to increase the sensitization rate in
children (22, 23) and in experimental animal stud-
ies (21).

In a recent study, Tarkowski & Gorski (10)
demonstrated increased IgE anti-OA antibodies in
mice sensitized intranasally to OA, when exposed
to 2 mg/m^ (1.6 ppm) FA for 10 days. In the present
study, however, we have seen that FA exposure
enhances inhalative allergic sensitization to inhaled
OA in the guinea pig, even in concentrations often
encountered in daily life.

Epidemiologic studies of FA exposure in children
have shown that asthmatic symptotns are more
prevalent in FA-exposed children than in non-
exposed controls. Krzyzanowski et al. found higher
prevaletice rates in asthma among children living in
homes with FA concentrations of 60-120 ppb than
in less exposed households (24).

In a recent report, Czap et al. (25) compared
prevalence rates for asthma in children from homes
with higher indoor FA levels (mean 59.2 |ag/m'' =
0.05 ppm) with low-level homes (FA mean
7.4|j,g/m^). These authors found not only signifi-
cantly higher prevalence rates for physician-
diagnosed asthma (16.9 vs. 8.8%), but also for
asthma-like symptoms without confirmed diagnosis
of asthma (18.8 vs 8.4%). No difference, however,
was reported for hay fever or atopic eczema in this
study, but stepwise multiple regression analysis
including risk factors revealed an increased risk of
asthma development in children from households
with a higher FA level (odds ratio 3.3) (25).

However, in our guinea pig model, low-level,
short-term exposure to FA enhanced sensitization
depending on the FA concentration, thus indicating
a dose-response relationship. In this animal model,
we used CA as a sensitive body plethysmographie

parameter of airway obstruction (13) on specific
bronchial provocation test with OA and therefore
as a parameter of sensitization to OA. In the group
exposed to 0.25 ppm FA, reactions to OA inhalation
were significantly greater than in the control group,
but not in the group exposed to 0.13 ppm FA.

Furthermore, in the 0.25 pptn FA group, specific
antibodies of the IgGl subclass were found to be
significantly higher in serum before specific bron-
chial provocation than in the control group, indicat-
ing increased specific sensitization to OA in this
FA-exposed group. We measured the specific IgGl,
as this subclass has been shown to be the tnajor
reaginic antibody in the guinea pig (26).

In the 0.25 ppm FA group, only 6 of 12 anitnals
had increased specific anti-OA IgGl antibodies,
while 10 of 12 animals reacted to the specific
bronchial provocation test with airway obstruction,
indicating sensitization. Thus, the specific bronchial
provocation test may be more sensitive for airway
setisitizatioti than the determitiation of specific
reaginic serum antibodies in our guinea pig model.

No signs of itifiatntnatioti of the lower airways
were found histologically in FA-exposed animals.
This finding is in accordance with data from
Swiecichowski et al. (27), who reported no evidence
of infiammation after exposure to 0.3 ppm FA for
8 h in guinea pigs. The only significatit difference
seen histologically in our model was the thickness of
bronchial mucosa, itidicating bronchial epithelial
edema in FA-exposed atiimals compared to clean
air-exposed controls. This mucosal edema may be
due to the effects of mediators from the upper
airways where FA as highly water-soluble gas is
nearly completely absorbed. In dogs, about 95% of
FA has been showti to be absorbed in the upper
respiratory tract, including the trachea (28). Vascular
leakage causing mucosal edetna is a possible explana-
tion, but has not been investigated in this study.

We cannot completely exclude the possibility that
the FA-induced upper airway changes infiuenced
lung-function measuremetits of CA on specific bron-
chial provocation testing with OA in our tnodel.
However, as this provocation took place more than
2 weeks after the last FA exposure, this infiuence is
supposed to be neghgible.

We cannot comment on the relevance of this
animal experiment to hutiian beings. Guinea pigs
might be more sensitive to FA than man, as expo-
sure to concentrations as low as 0.6 ppm over 1 h
has been shown to increase airway resistance in
guinea pigs (29), but not in man.

Furthermore, the mechanism for increased sensit-
ization to inhaled allergens due to FA exposure was
not investigated in our study. Mucosal permeability
tnight be increased in the upper airways, where
infiammatory reactions have been detnonstrated
previously in guinea pigs (30). However, our study
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did not itivestigate the permeability of tnucous
membranes.

Moreover, mucociliary clearance has been shown
to be impaired at least after high concentrations of
FA (31), leading to prolonged allergen exposure on
concotnitant allergeti inhalation.

Fitially, we do not ktiow whether FA infiuences
immunologic reactions to itihaled allergens in the
guinea pig.

In coticlusion, exposure to relatively low concen-
trations of FA, which are frequently encountered in
the indoor environment, can enhance allergic sensit-
ization in the guitiea pig. Further studies oti the
relevatice of this anitnal tnodel to man are necessary
because FA is a conimoti air pollutant in the human
environmetit.

Acknowledgments
We thank S. Petzold for technical assistance and K. Martini for
typing the manuscript. This research was supported by Deutsche
Forschungsgemeinschaft (DFG), Bonn, Germany (Ri 589).

References
1. Harres JC, Rumack BH, Aldrich FD. Toxicology of urea

formaldehyde and polyurethrane foam insulation. JAMA
1981:245:243-6.

2. Godish T. Formaldehyde and building related illness.
J Environ Health 1981:44:116-21.

3. Dykewicz MS, Patterson R, Cugell DW, Harris KE, Wu
AF. Serum IgE and IgG to formaldehyde-human serum
albumin: lack of relation to gaseous formaldehyde exposure
and symptoms. J Allergy Clin Immunol 1991:87:48-57.

4. Kramps JA, Peltenburg LTC, Kerklaan PRM, Spieksma
FTM, Valentijn RM, Dijkman JH. Measurement of specific
antibodies in individuals exposed to formaldehyde. Clin
Exp Allergy 1989:19:509-14.

5. Ptoss HF, Day JH, Clark RH, Lees REM. Immunologic
studies of subjects with asthma exposed to formaldehyde
and urea-formaldehyde foam insulation (UFFl) of prod-
uets. J Allergy Clin Immunol 1987:79:797-810.

5. Bjorksten B. Risk factors in early childhood for the develop-
ment of atopic diseases. Allergy 1994:49:400-7.

7. Matsumara Y. The effects of ozone, nitrogen dioxide, and
sulfur dioxide on the experimentally induced allergic
respiratory disorder in guinea pigs. Am Rev Respir Dis
1970:102:430-47.

8. Osebold JW, Gershwin LJ, Zee YC. Studies on the enhance-
ment of allergic lung sensitization by inhalation of ozone
and sulfuric acid aerosol. J Environ Pathol Toxicol Oncol
1980:3:221-34.

9. Riedel F, Kramer M, Scheibenbogen C, Rieger CHL. Effects
of SOj exposure on allergic sensitization in the guinea pig.
J Allergy Clin Immunol 1988:82:527-34.

10. Tarkowski M, Gorski P. Increased IgE antiovalbumin level
in mice exposed to formaldehyde. Int Arch Allergy Immunol
1995:106:422-4.

11. Lyles GR, Dowling FB, Blanchard VJ. Ouantitative deter-
mination of formaldehyde at the part per hundred million
concentration level. Air Pollut Control Assoc 1965:15:106.

12. Riedel F, Naujukat S, Rusclihoff J, Petzoldt S, Rieger CHL.
SOj-induced enhancement of inhalative allergic sensi-

tization: inhibition by antiinfiammatory treatment. Int Arch
Allergy Immunol 1992:98:386-91.

13. Dorsch W, Waldherr U, Rosmanith J. Continuous recording
of intrapulmonary compressed air as a sensitive non-invasive
method of measuring bronchial obstruction in guinea pigs.
Pfiugers Arch 1981:391:236-41.

14. Muller G, Bernsau I, Muller W, Weissbarth-Riedel E,
Natzschka J, Rieger CHL. Cow milk protein antigens and
antibodies in serum of premature infants during the first 10
days of life. J Pediatr 1986:109:869-73.

15. Bardana EJ, Montanaro AM. Formaldehyde: an analysis
of its respiratory, cutaneous and immunologic effects. Ann
Allergy 1991:66:441-52.

16. Bhalla DK, Mahavni V, Nguyen T, McClure T. Effects of
acute exposure of formaldehyde on surface morphology of
nasal epithelia in rats. J Toxicol Environ Health
1991:33:171-88.

17. Horvath EP, Anderson H Jr, Pierce WE, Hanrahan L,
Wendlick JD. Effects of formaldehyde on the mucous
membranes and the lung. JAMA 1988:259:701-7.

18. Sauder LR, Chatham MD, Green DJ, KuUe TJ. Acute
pulmonary response to formaldehyde exposure in healthy
non-smokers. J Occup Health 1986:28:420-4.

19. Kilburn KH, Warshaw R, Thornton JC. Pulmonary func-
tion in histology technicians compared with women from
Michigan: effects of chronic low dose formaldehyde on a
national sample of women. Br J Ind Med 1989:46:468-72.

20. Levine RJ, DalCorso RD, Blunden PB, Battigelli MC. The
effects of occupational exposure on the respiratory health
of West Virginia morticians. J Occup Med 1984:26:91-8.

21. Malaka T, Kodama AM. Respiratory health of plywood
workers occupationally exposed to formaldehyde. Arch
Environ Health 1990:45:288-94.

22. Martinez FD, Antognoni G, Macri F, et al. Parental
smoking enhances bronchial responsiveness in nine-year-
old children. Am Rev Respir Dis 1988:138:518-23.

23. Ronchetti R, Bonci E, Cutrera R, et al. Enhanced allergic
sensitization related to parental smoking. Areh Dis Child
1992:67:496-500.

24. Krzyzanowski M, Quackenboss JJ, Lebowitz MD. Chronic
respiratory effects of indoor formaldehyde exposure.
Environ Res 1990:52:117-25.

25. Czap C, Nicolai T, Wolf R, von Mutius E. Asthma,
bronchial hyperreactivity and formaldehyde exposure in
children living near a chip-board factory. Eur Respir
J 1993:6:235s.

26. Parish WE. Homologous serum passive cutaneous anaphyl-
axis in guinea pigs mediated by two gamma-1- or gamma-
2-type heat-stable globulins and a non-gamma-1 heat-labile
reagin. J Immunol 1970:105:1296-8.

27. Swieeichowski AL, Long KL, Miller ML, Leikauf GD.
Formaldehyde-induced airway hyperreactivity in vivo and
ex vivo in guinea pigs. Environ Res 1993:61:185-99.

28. Egle JL, Richmond VA. Retention of inhaled fomialdehyde,
propionaldehyde and acrolein in the dog. Arch Environ
Health 1972:25:119-24.

29. Amdur MO. The response of guinea pigs to inhalation of
formaldehyde and formic acid and with a sodium chloride
aerosol. Int J Air Pollut 1960:4:201-20.

30. Pazdrak K, Gorski P, Krakowiak A, Ruta U. Changes in
nasal lavage fluid due to formaldehyde inhalation. Int Arch
Occup Environ Health 1993:64:515-19.

31. Morgan KT, Gross EA, Patterson DL. Distribution, pro-
gression and recovery of acute formaldehyde-indueed inhibi-
tion of nasal mucociliary function in F-344 rats. Toxieol
Appl Pharmacol 1986:86:448-56.

32. Riedel F, Ntisslein T, Rtischoff T, Rieger CHL. Tobacco
smoke enhances allergic bronchial sensitization in the guinea
pig. Pediatr Allergy Immunol 1990:1:26-33.

99




