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Abstract
Background: Exposure to cooking fumes may have different deleterious effects on the respiratory
system. The aim of this study was to look at possible effects from inhalation of cooking fumes on
pulmonary function.

Methods: Two groups of 12 healthy volunteers (A and B) stayed in a model kitchen for two and
four hours respectively, and were monitored with spirometry four times during twenty four hours,
on one occasion without any exposure, and on another with exposure to controlled levels of
cooking fumes.

Results: The change in spirometric values during the day with exposure to cooking fumes, were
not statistically significantly different from the changes during the day without exposure, with the
exception of forced expiratory time (FET). The change in FET from entering the kitchen until six
hours later, was significantly prolonged between the exposed and the unexposed day with a 15.7%
increase on the exposed day, compared to a 3.2% decrease during the unexposed day (p-value =
0.03). The same tendency could be seen for FET measurements done immediately after the
exposure and on the next morning, but this was not statistically significant.

Conclusion: In our experimental setting, there seems to be minor short term spirometric effects,
mainly affecting FET, from short term exposure to cooking fumes.

Background
Exposure to cooking fumes is abundant both in domestic
homes and in professional cooks and entails a possible
risk of deleterious health effects. When food is cooked at
temperatures up to 300°C, carbohydrates, proteins, and
fat are reduced to toxic products, such as aldehydes and
alkanoic acids[1-4] which can cause irritation of the air-
way mucosa[5-8]. Cooking fumes also contains carcino-

genic and mutagenic compounds, such as polycyclic
aromatic hydrocarbons and heterocyclic compounds[1-
3,9-13]. Exposure to cooking fumes has also been associ-
ated in several studies with an increased risk of respiratory
cancer[14-18]. Recently, the International Agency for
Research on Cancer has classified emissions from high
temperature frying as probably carcinogenic to
humans[19].
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Frying at high temperatures also produces aerosols of fat
with small aerodynamic diameters of 20–500 nm which
disperse in the air of the kitchen and nearby facilities.
Such aerosols, containing fatty acids, irritate the airway
mucosa, and can cause pneumonia[20-22]. It has also
been shown that the inhalation of aerosols of oil mist
from other kinds of oils can cause small airway obstruc-
tion[23-25]. Chinese investigations have shown that
exposure to cooking fumes at work can be associated with
rhinitis[26], respiratory disorders, and impaired pulmo-
nary function[27]. In two Norwegian studies, it has been
shown that cooks and kitchen workers had an increased
occurrence of respiratory distress associated with
work[28] and increased mortality from airway dis-
ease[29]. Few other studies have addressed the biological
effects of exposure to cooking fumes in western domestic
and professional kitchens.

Spirometry is the most common, and also a quite sensitive
pulmonary function test. It has been used for a long time
in many investigations, for detecting chronic work-related
impaired lung function in general, but it has also been
possible to study short term cross-shift changes in differ-
ent settings[30,31]. The traditional spirometric time-vol-
ume curve measures the bowl function of the lungs, while
flow-volume curves and other measures also give indica-
tions of the function of the smaller and more peripheral
airways.

The aim of this study was to see if short term exposure to
moderate levels of cooking fumes in an indoor environ-
ment causes changes in pulmonary function.

Methods
Twenty four voluntary non-smoking students without any
chronic or current respiratory disease were recruited for
the study. They were split into group A which consisted of
8 males and 4 females, and group B with 7 males and 5
females. For both groups, measurements of pulmonary
function were made under the same setting on two con-
secutive days during one week without exposure to cook-
ing fumes, and then on the same weekdays during one
subsequent week with exposure in an experimental set-
ting.

The subjects were exposed to controlled levels of cooking
fumes during the pan-frying of beef in a model kitchen of
56 m3 (2.5 × 4 × 5.6 m) by use of an electric hob for group
A and a gas hob for group B. The door and the window
were kept closed, and the only ventilation was a kitchen
ventilator which exhaled air at a rate of up to 600 m3/h.
The level of cooking fumes in the kitchen was regulated by
adjusting the quantity of beef in the pan, the extraction
rate of the kitchen ventilator, and the effect level of the
hotplate or the gas burner. The concentration of cooking

fumes was monitored with a MIE pDR-1200 optical aero-
sol monitor (Thermo Andersen Inc., Smyrna, USA)
located on a table 1.5 m from the cooking device and set
to register the concentration of PM5 aerosols. The level
was kept between 8–10 mg/m3 for group A, and 10–14
mg/m3 for group B. Group A was exposed to cooking
fumes in the kitchen for 2 hours, with each person per-
forming the frying 3 times for approximately 15 minutes
each time, while group B was exposed for 4 hours with
each person frying 3 times for approximately 25 minutes
each time.

The sampling of total particles was performed using pre-
weighed, double Gelman AE glassfiber filters (37 mm).
The filters were placed in a closed face, clear styrene, acry-
lonitrile (SAN) cassette connected to a pump (Casella
Vortex standard 2 personal air sampling pump, Casella
CEL, Bedford, England) with an air flow of 2 l/min. The
filters were placed on the right shoulder of the participant.
Before and after sampling, the filters were conditioned in
an exicator for 24 hours. The filters were analyzed gravi-
metrically, using a Mettler weight (0.01 mg dissolution).
An inner calibration was performed on the weight before
every weighing. Blank filters were included in the analysis
in order to control for deviations caused by temperature
or humidity.

The pulmonary function of the participants was measured
with standard spirometry (Spirare sensor model SPS 310
based on tachopneumographic principles) and data were
registered and analysed by the Spirare 3 software (Diag-
nostica corp., Norway). Spirometric parameters were
measured with the subject in a sitting position, wearing a
nose-clip, and breathing through the mouthpiece. Stand-
ardised instructions were given according to the criteria of
American Thoracic Society[32]. We measured forced vital
capacity (FVC), forced expiratory volume in one second
(FEV1), peak expiratory flow (PEF), forced expiratory
flows at 25, 50, and 75% of the vital capacity (FEF25,
FEF50, FEF75), and forced expiratory time (FET), defined
as the time from the start of the expiratory manoeuvre
until the beginning of the end-expiratory plateau. The val-
ues used in the analysis were from the best curve out of
three qualified performances. The best measurement was
defined as that with the greatest sum of FEV1 and FVC.
Measurements were done at four occasions for each per-
son both during the week without exposure ("blind") and
during the week with exposure to cooking fumes: 1) in the
morning before entering the kitchen (between 8 and 9
am), 2) when leaving the kitchen after two hours
(between 10 and 11 am (group A)), or four hours
(between 12 am and 1 pm (group B)), 3) six hours after
entering the kitchen (between 2 and 3 pm), and 4)
twenty-four hours after entering the kitchen (between 8
and 9 am). The programme on the "blind day" was exactly
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the same as on the day with exposure in regard to location
and activities, except that the subjects did not fry any beef,
and were not exposed to any cooking fumes. In this way,
the subjects were their own controls, making it possible to
compare each subject's change in pulmonary function on
a day with short term exposure to cooking fumes, with the
change in pulmonary function on a day without exposure.
Predicted values were based on a European reference
material [33].

Results were registered and analyzed using SPSS for Win-
dows version 14. Spearmen-Rank test was used to com-
pare the intra-individual change in pulmonary function
during the day with exposure, to the intra-individual
change during the day without exposure. A significance

level of 5% was chosen, and all statistical test results were
two-sided.

The study was approved by the ethical committee for
medical research in Central Norway. The participation
was entirely voluntary, and written information was given
to every participant about the project, also stating that he/
she at any time could withdraw from the study. All partic-
ipants received a symbolic allowance for their participa-
tion. There were no known conflicts of interest for any of
the authors.

Results
Table 1 shows the individual levels of exposure to cooking
fumes, and some background variables for group A (par-

Table 1: Personal exposure to particles from cooking fumes and personal characteristics of the twenty-four volunteers who 
participated in the study.

Group and subject number Personal
Exposure
mg/m3

Sex* Age (Years) Height (cm) Weight (Kg) Current cold Known allergy Current medication

A 1 13.8 F 24 173 65 No No No
2 14.4 M 25 193 105 No No No
3 14.9 F 24 163 61 No No Yes
4 13.9 F 21 152 45 No No No
5 18.9 M 24 183 90 Yes No No
6 20.8 F 22 166 66 No Yes Yes
7 24.1 M 26 193 95 No No No
8 24.4 M 28 177 75 No No No
9 15.4 M 26 184 76 No Yes No
10 32.9 M 25 172 67 Yes No No
11 23.7 M 25 187 74 No No No
12 16.7 M 24 187 84 Yes Yes No

All group A mean (SD) 19,5 (5,9) 50%
female

24.5 (1.8) 177.5 (12.7) 75.3 (16.4) 25% 25% 17%

B
13 33.1 F 24 172 65 No No Yes
14 43.2 M 23 185 73 Yes Yes No
15 50.1 F 21 165 65 Yes No No
16 32.8 F 21 162 49 No Yes Yes
17 53.2 F 24 166 85 No No Yes
18 31.9 M 23 187 86 No Yes No
19 38.6 F 19 170 58 No No No
20 31.2 M 31 176 78 No No No
21 52.5 M 21 165 68 No Yes Yes
22 44.8 M 25 171 63 No No No
23 47.3 M 22 169 63 Yes Yes Yes
24 54.9 M 23 180 95 No No Yes

All group B mean (SD) 42,8 (9,0) 42%
female

23.1 (3.0) 172.3 (8.1) 70.7 (13.2) 25% 42% 50%

All 24 mean (SD) 31,1 (14,0) 46%
female

23.8 (2.5) 174.9 (10.8) 73.0 (14.7) 25% 33% 33%

F = female, m = male
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ticipants 1–12) and group B (participants 13–24). The
individual level of exposure measured by gravimetric
analysis ranged from 13.8 to 32.9 mg/m3 for group A, and
from 31.2 to 54.9 mg/m3 for group B. The mean spiromet-
ric performance of the participants on the first unexposed
morning and the mean percent of their predicted values
are shown in Table 2. Group A had a higher mean forced
vital capacity (FVC) and forced expiratory volume in one
second (FEV1), but the groups have about the same results
relative to the percent of predicted values. Table 3 shows
the changes in spirometric performance during the course
of the days with and without exposure, while figure 1
shows the courses of some selected spirometric values as
such.

The forced expiratory time (FET) on entering the kitchen
compared to the FET six hours later was significantly
altered, with a 15.7% increase on the exposed day, com-
pared to a 3.2% decrease during the "blind day" (p-value
= 0.03).

The same tendency can be seen for FET measurements
done immediately after the exposure and on the next
morning, but this was not statistically significant. For the
forced expiratory flow when 50% is exhaled (FEF50),
group B showed a statistically significant increase between
both the first and the second (2-1) and the first and the
third (3-1) measurements.

For FEF25 (when 25% is exhaled), a similar difference was
found between the first and the third measurement (3-1).
We found no statistically significant differences between
the changes in other spirometric measurements during
the day of exposure, compared to the changes during the
"blind day".

Discussion
Most previous studies of effects from cooking fumes have
looked at manifest diseases and chronic respiratory effects
in cooks and other exposed groups[14-18,26-29]. In this

study we aimed to determine early, short term changes in
lung function in healthy subjects subsequent to exposure
to cooking fumes in an experimental setting. In such a set-
ting we did not expect to find dramatic changes in crude
spirometric measures such as FVC, FEV1 or PEF, but rather
hypothesised that there might be changes in measures
that reflected more the function of the small airways, such
as FEF 75 and FET.

In our paired analysis it was shown that FET developed
differently during the day of exposure, compared to the
"blind day". Prolonged FET has been associated with
obstructive disorders[34], and abnormalities in FET have
been found in symptomatic smokers with normal
FEV1[35]. FET has been suggested as a measure of small
airways obstruction[36]. It has been found to have an
important discriminatory ability[37], but also a rather low
repeatability[37-39]. A recent population study found
that FET had a high coefficient of variation (CoV) of
11.3% compared to FVC, FEV1, and PEF which had CoV
of 1.38%, 1.44% and 3.0% respectively [38]. It has also
been shown that airflow limitation tends to prolong FET,
even in healthy subjects [40]. The increase in FET during
the day of exposure in our study might thus be explained
by inflammatory responses and an obstruction in the dis-
tant peribronchiolar tissue caused by the inhalation of
cooking fumes. It has, however, been claimed that there is
an association between improved spirometric perform-
ance and the FET, and that repeated measurements can
lead to a training effect[41]. The increase in FET during the
day of exposure, which was subsequent to the "blind day",
could therefore alternatively be explained by better spiro-
metric performance resulting from a training effect. How-
ever, if a learning response was the explanation for the
prolonged FET in our study, one would expect to have an
increase in FET during the blind day as well, but instead,
a decrement in FET appeared. Moreover, if a prolonged
FET should be seen as a result of a training effect, the
change would probably have gone along with an increase
in the FVC and other parameters as well. The lack of such

Table 2: Spirometric values measured in the two groups and % of predicted values.

Spirometric measure Group A Group B All

Mean (SD) % of pred Mean (SD) % of pred Mean (SD) % of pred.

FVC, litres 5.2 (1.3) 105 4.6 (1.0) 101 4.9 (1.2) 103
FEV1, litres 4.0 (0.8) 95 3.9 (0.8) 102 4.0 (0.8) 99
FEV% 79.0 (8.8) n.a. 86.2 (3.6) n.a 82.6 (7.5) n.a.
PEF litres/min 570 (112) 103 550 (126) 106 560 (117) 104
FEF25 litres/sec. 7.0 (1.6) 88 7.7 (1.7) 104 7.4 (1.7) 96
FEF50 litres/sec 4.3 (0.8) 78 5.2 (1.1) 102 4.8 (1.0) 91
FEF75 litres/sec 1.9 (0.3) 73 2.2 (0.5) 92 2.1 (0.5) 84
FET seconds 5.1 (1.1) n.a. 3.9 (1.2) n.a. 4.5 (1.3) n.a.

n.a. = not applicable
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an improvement in our study makes the possibility of a
learning effect in regard to the observed increase in FET
less probable, in our view.

Although the other spirometric parameters did not
develop significantly differently on the "blind" day and
the day with exposure, there might have been a tendency.
We find it interesting that the mean FEV1 increased by
0.4% from the morning until 2 – 3 pm on the "blind" day,
while it decreased by 0.5% during the same period of time
on the day with exposure (Table 3 and Figure 1). The
increase of FEV1 during the blind day could reflect diurnal
variation. In a recent study FEV1 in young adults was
shown to increase by 120 ml from 9.00 A.M. until noon,
and decreased a little in the afternoon[42]. The diurnal
variation of FEV1 was, however, shown to be less pro-
nounced in those who were without symptoms and non-
smokers. As our subjects were young, a certain increase in
FEV1 from the morning till noon could be expected. On
the other hand, all of our subjects were both symptom-
free and non-smokers, which might explain the low
observed diurnal variation of FEV1 in our study. Also, in
the statistical analysis the diurnal variation was controlled
for since the change in spirometry was compared between

weeks with measurements at the same points of time. The
observation of some statistical improvement in FEF25 and
FEF50 in group B on the day with exposure compared to
the day without was unexpected. When exploring the
data, three subjects from group B had unusual, and unex-
plainably high, starting values for these variables solely on
the day without exposure (point 1, dotted line in figure 1).
Thus, the difference could as much be due to an unex-
plainable fall in these measurements on the blind day as
due to the slight increase on the exposed day. When the
three subjects with the unusual starting values were taken
out of the analysis, there were no statistically significant
differences.

One possible interpretation of the lack of statistically sig-
nificant changes in other spirometric measures than the
FET could be that the twenty-four subjects that we had
access to might be too few to render enough statistical
power when studying small changes in the airways. Thus,
we cannot conclude that some other parameters of the
pulmonary function were not affected, even though we
could not detect any significant differences between the
"blind" day, and the exposed day.

Table 3: Percentual changes in spirometric values at different points in time in the groups and during periods with (E) and without (B) 
exposure to cooking fumes.

Spirometric measure Group A (n = 12) Group B (n = 12) All (n = 24)

2-1# 3-1 4-1 2-1 3-1 4-1 2-1 3-1 4-1

FVC B -1.1 -0.6 +0.1 -1.7 -1.3 -2.3 -1.4 -0.9 -1.1
E +0.2 -0.5 -0.8 -1.3 -0.9 +0.1 -0.6 -0.7 -0.4

FEV1 B +1.1 +1.3 +0.6 -0.8 -0.6 -1.6 +0.2 +0.4 -0.5
E +0.5 -0.5 -1.2 -0.8 -0.5 -0.5 -0.2 -0.5 -0.9

FEV% B +2.3 +1.9 +0.6 +0.9 +0.8 +0.7 +1.6 +1.4 +0.7
E +0.3 +0.0 -0.3 +0.5 +0.5 -0.6 +0.4 +0.2 -0.5

PEF B +2.4 -0.5 -1.7 -1.7 -1.7 -3.0 +0.4 -1.1 -2.3
E -0.8 -0.2 -0.6 +0.9 +2.6 +1.4 +0.1 +1.2 +0.4

FEF25 B +3.8 +5.9 +3.6 -5.0 -5.4 -4.2 -0.6 +0.3 -0.3
E -0.9 +0.5 -0.4 -1.4 +1.9* +0.7 -1.2 +1.2 +0.1

FEF50 B +0.6 +3.4 -0.2 -2.6 -4.5 -4.6 -1.0 -0.6 -2.4
E -0.6 +0.7 -2.5 +6.5* +6.1* +0.6 +2.9 +3.4 -1.0

FEF75 B -0.7 +3.7 -0.9 +3.8 +3.8 +0.1 +1.6 +3.7 -0.4
E +2.3 +0.6 +0.9 +1.3 -1.0 -0.6 +1.8 -0.2 +0.1

FET B +1.0 +0.2 -4.5 -0.7 -6.7 +8.7 +0.1 -3.2 +2.1
E +1.0 +16.9 +1.0 +12.8 +14.6 +7.3 +6.9 +15.7* +4.2

* p < 0.05
# 2-1 is the difference between the first measurement and the measurement at the time of leaving the kitchen after 2 or 4 hours. 3-1 is the 
difference between the first measurement and the measurement taken 6 hours after entering the kitchen. 4-1 is the difference between the first 
measurement and the measurement taken 24 hours after entering the kitchen during the day with exposure compared to the day without 
exposure.
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We think that the chosen short term exposure of the
groups to cooking fumes was quite realistic. Both for
group A and B, the exposure was at a level that led to sub-
jective annoyance; thus we did not find it right to make it
any higher. Even so, it might still have been too low in

both groups to irritate the lungs enough to give a short
term response that can be measured by more spirometric
parameters. By gravimetrical analyses of the personal fil-
ters carried by the participants, the exposure seemed to be
higher than the levels measured on a stationary basis by

Development of selected spirometric varaiables from 1) Just before entering the model kitchen, 2) When leaving it after 2 (group A) or 4 (group B) hours, 3) Six hours after entering, and 4) 24 hours after entering (next morning)Figure 1
Development of selected spirometric varaiables from 1) Just before entering the model kitchen, 2) When leav-
ing it after 2 (group A) or 4 (group B) hours, 3) Six hours after entering, and 4) 24 hours after entering (next 
morning).
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the MIE instrument in the model kitchen. The reason for
this was most likely that the MIE instrument was placed
1.5 meters away from the hob, while the filters were
mounted near the breathing zone of the subjects, and thus
came closer to the hob when the subjects were actually fry-
ing beef.

With regard to the duration of the exposure, both two
hours (group A) and four hours (group B) might have
been too short to give a short term response that can be
measured by more spirometric parameters. On the other
hand, other studies have been able to unveil spirometric
changes over relatively short time spans[30,31]. It should
also be recognised that there were no differences in
changes in lung function between group A and B, even
though group B had a mean cumulative exposure (degree
× time) that was more than four times as high as for group
A. Thus, the study did not unveil any relationship between
cumulative exposure and lung function changes. One
should also be aware that there were other differences in
exposure between the groups in that group A worked with
an electrical hob, while B had a gas hob without observed
differences in spirometric changes.

Conclusion
In conclusion, there seems, in our experimental setting, to
be minor short term spirometric effects from exposure to
cooking fumes, mainly affecting FET.
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