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Abstract
Few studies on domestic indoor air pollution have given quantitative information
on the variation of the characteristics of the indoor source of particulate matter
(PM). This paper is intended to contribute to the understanding of this
phenomenon referring to beef-steak cooking by means of natural gas, which is
expected to be a cleaner source of PM, especially compared with biomass. The
origin of this paper is based on the variability of the power of the cooker in order
to study the sustainability of natural gas from the point of view of the induced
indoor human exposure to PM. Measurements were made by a GRIMM
analyzer, able to measure 16 granulometric classes from 0.3 to 20 µm. Using the
biggest cooker, the PM10 production gave results 3 times higher than the case
with the smaller one, even if the appearance of the cooked steaks was the same.
In particular, this increase is higher for the finest fractions of PM. It is clear that
good ventilation is compulsory to reduce human exposure to this kind of source.
Keywords: cooking, indoor air, natural gas, particulate matter.

1 Introduction
The presence of particulate matter (PM) in the ambient air has been a topic of
interest for decades. Monitoring activities were performed in all the continents as
demonstrated by the scientific literature [1–6]. Sites in low income [4], medium
income [7] and high income [8] countries around the world were studied in order
to generate data useful for the assessment of human exposure to PM. Even
remote sites were investigated for a background comparison [9]. Some research
zoomed from regional monitoring [10] to urban areas [11]. Other studies focused
on specific mobile sources [12–14] on the finest fractions of PM [8], on the
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seasonal variability of the PM concentration values [15] and on the specific
contribution of point sources [16].
All these studies allowed the development of prediction tools [17], but could
not complete the generation of the necessary data for the assessment of human
exposure. Indeed, in the literature, the role of particulate matter in indoor
environments showed a growing interest. Particular attention was made to indoor
concentrations in workplaces [11]. Recent studies focused on specific indoor
environments as pizzerias [18], hospitals [19], schools [20], churches [21] and
tunnels [22]. However, today it is well recognized that the role of domestic
indoor exposure is not negligible: high PM values were found both in low
income [23] and high income countries [24].
Only few researches on domestic indoor air pollution give quantitative
information on the variation of the characteristics of the PM indoor source. This
paper is intended to contribute to the understanding of this phenomenon,
referring to a specific cooking activity performed under different conditions. The
here studied source is natural gas, typically used for cooking in developed
countries. In terms of PM emissions, this source is cleaner in comparison with
the adoption of biomass, but particles are anyway generated during the cooking
process, especially for baking, grilling, roasting and toasting [25]. In such cases,
carbohydrates, fats and proteins undergo pyrolysis and aerosols are released into
the environment.
In a previous research [26] it was demonstrated that the role of PM exposure
in kitchen room could not be negligible: in that case study, exposure to PM in
kitchen represented about one third of the daily exposure. The originality of the
present paper is based on the variability of the power of the cooker. This aspect
has not been analyzed in previous researches [27].
Since PM10 is not adequate for a complete vision of the human exposure to
particulate matter, the instrument chosen for the experimental activities was an
analyzer able to measure also lower granulometric classes.

2 Material and methods
The main tool used for the measurements is the GRIMM analyzer 1.108. This
tool is similar to the one adopted in a recent research on indoor air pollution [23].
This instrumentation measures 16 granulometric classes from 0.3 to 20 µm [26].
This tool allows assessing particulate matter with different diameter. The values
taken into account in this paper for the developed case-study are PM10, PM2.5 and
PM1.0.
The ambient-air to be analyzed is drawn into the unit via an internal volumecontrolled pump at a rate of 1.2 liters/minute. The sample passes through the
sample cell, through the laser diode detector and is collected onto a 47-mm filter.
The entire sample can then be analyzed gravimetrically for verification of the
reported aerosol mass. The pump also generates the necessary clean air, which is
filtered and passes through the air regulator back into an optical chamber. This is
to ensure that no dust contamination comes in contact with the laser-optic
assembly. Data are also available via the built-in serial port. These data,
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available in intervals of every 6 seconds or every 60 seconds, can be transmitted
to an external computer. The particle size analyzer/dust monitor determines the
dust-concentration (counts/liter) through the optical-light-scattering method
directly. It must be pointed out that this method is generally not used as the
official one: the Environmental Agencies typically adopt gravimetric methods
according to the present regulations. If we consider the aim of the present
research, the used tool is suitable in order to obtain significant scientific results
about PM generation varying the characteristics of an indoor source.
For the development of the present research, the GRIMM instrument was
placed in the center of a selected kitchen, 2 m away from the stove location. This
choice was made in order to simulate the exposure of people sitting at the table.
The selected room is square-shaped, measuring 4.5 m on each side and with a
2.6 m height. The research concerned the cooking of beef-steaks, each weighing
200 g. Neither oil, nor dressing was used. All the steaks were well-done.
Indoor measurements for each beef-steak were made. Three natural gas
cookers, with different thermal powers, 1.65 kW, 2.3 kW and 3 kW, were used.
The stove was equipped with a hood filter for managing the exhaust gas. Its
correct operation was checked. The lasting of the measurements was chosen
taking into account the lasting of the cooking time. It took a few minutes to cook
the steaks. The window of the kitchen was opened about 20 minutes after
starting cooking.
Some outdoor measurements were also used in order to verify that outdoor
PM concentrations did not influence indoor PM concentration during steak
cooking. Some results from a previous study [25], here called “Steak 0”, were
also used for a comparison.

3 Results and discussion
The first steak, named “Steak 1”, was cooked using the smaller cooker
(1.65 kW). “Steak 2” was cooked using the medium one (2.3 kW) and “Steak 3”
using the larger one (3 kW). In all cases humidity in the kitchen was not critical
for the correct use of the GRIMM analyzer.
In Figure 1 the concentration of particulate matter due to the cooking of
“Steak 1” is reported. The cooking time was 7 minutes. A clear lag between the
starting of cooking and the detection of the increase of PM concentration can be
seen. This aspect can be explained by the distance of the measurement location
(on the table). From Figure 1, very high PM concentrations can be observed
when diffusion was complete. In particular, the finest fraction (PM1.0) reached
values higher than 600 µg m-3. The window was kept open for 26 minutes after
cooking was started.
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Figure 1:

PM concentration during the cooking of “Steak 1”.

In Figure 2 the PM concentration for “Steak 2” is reported. In this case the
cooking time was 6 minutes (shorter than the first case, as expected). The effect
of using a more powerful cooker is clear: PM1.0 concentrations reached values
higher than 1,000 µg m-3. The higher concentrations detected can explain the
shorter lag time between the starting of cooking and the detection of the increase
of PM concentration. The window was kept open for 26 minutes after starting
cooking.

Figure 2:

PM concentration during the cooking of “Steak 2”.

Figure 3 shows the PM concentration for “Steak 3”. In this third case, the
cooking time was 5 minutes and the window was kept open for 22 minutes after
starting cooking. As expected, cooking was quicker. In this case, PM1.0
concentrations reached values higher that 3,000 µg m-3.
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PM concentration during the cooking of “Steak 3”.

From the figures above, it can be seen that the higher the thermal power, the
higher the PM generation, especially regarding the finest particles (PM1.0 and
PM2.5).
Some considerations are needed for the peak concentrations of PM10. It is
clear that those values are significant, since they can reach even 6,000 µg m-3 for
a few minutes. The typical PM10 daily limit, according to the air quality
guidelines, is two orders of magnitude smaller. However, if we compare the peak
values with the permissible exposure limit (PEL) set by the Occupational Safety
and Health Administration in the USA for short time exposure (5,000 µg m-3 for
an averaging period of 8 hour), beef-steak cooking seems to be not critical. From
another point of view, such high peak values can cause problems to asthmatic
people. Efficient ventilation is then compulsory for keeping PM concentrations
under acceptable values.

Figure 4:

PM concentration during the cooking of “Steak 0”.
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“Steak 0” [25] was cooked using a cooker with a thermal power similar to the
one used for “Steak 2”, in a different room. In this case the kitchen had a
ventilation fan for gas extraction. The results are reported in Figure 4: the peak
values for PM10 were similar in the two cases, but the advantages of ventilation
compared to filtration are clear: in the “Steak 0” case the extraction of exhausted
gas allowed a quick decrease of PM concentrations after cooking.
In Table 1 the indoor and outdoor average concentrations are reported. The
indoor concentrations were monitored until the window opening. Then, the
outdoor concentrations were monitored for 1 hour. Outdoor values were
confirmed also from the fixed stations managed by the local environmental
protection agency. Taking into account the values from Table 1, it can be noticed
that indoor PM concentration before cooking and outdoor PM concentration did
not influence PM concentrations during steak cooking.
Table 1:
Unit

PM measurements.
Steak 0

Steak 1

Steak 2

Steak 3

Thermal power

kW

-

1.65

2.3

3

Lasting of the run

min

25

26

26

22

Cooking time

min

5

7

6

5

-3

Average PM1.0

μg m

73

371

543

1826

Average PM2.5

μg m-3

291

521

725

2383

Average PM10

-3

μg m

1180

1118

1348

3413

PM1.0 / PM10

-

6%

33%

40%

53%

PM2.5 / PM10

-

25%

47%

54%

70%

PM1.0 outdoor

μg m-3

10

6

10

4

PM2.5 outdoor

-3

11

7

11

6

μg m

Excluding “Steak 0”, the higher was the thermal power, the higher was PM
production in finest fractions. This can be seen also from Figure 5, where the PM
concentrations are reported taking into account the 16 different granulometric
classes from 0.3 to >20 µm. PM1.0 represents 33% of PM10 concentration during
“Steak 1” cooking and 53% during “Steak 3” cooking. PM2.5 represents the 47%
of PM10 concentration during “Steak 1” cooking and 70% during “Steak 3”
cooking. The increase in PM2.5 and PM10 concentration is connected with the
increase in PM1.0 concentration.
Data from the three presented runs have been used also to obtain the “logradius” distributions, as shown in Figure 6, where:



x-axis reports the average diameter of the class (expressed in µm and on
logarithmic scale);
y-axis reports the mass variation of the class (referred to the logarithm of
the diameter itself).
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PM concentrations taking into account the here considered 16
granulometric classes.

Figure 6:

Log-radius curves.

From the analysis of the log-radius curves, it is clear that an increase of the
thermal power for beef-steak cooking causes an increase of the particles with the
finest granulometry. The curves referred to “Steak 1”, “Steak 2” and “Steak 3”
present the same trend: a high particle concentration for the lower classes
(Dp<0.4 µm), a second peak around particles with Dp in the range 2–3 µm and a
third peak for particles with Dp in the range 4–10 µm. The curves show a quick
decrease for higher diameters.
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4 Conclusions
The thermal power of cookers can influence PM emission during beef-steak
cooking. Using the most powerful cooker, PM10 production resulted 3 times
higher than using the smaller one. In particular, this increase is connected with a
significant generation of PM1.0. The reached values were related to short-time
exposures but an optimization of kitchen ventilation is anyway compulsory.
These parameters (power and ventilation) should be taken into account carefully
when the role of kitchen rooms must be analyzed and quantified in human
exposure studies. Considering that such high PM concentrations were achieved
by means of natural gas cookers, higher concentrations would be expected if the
cooking process were carried out by burning biomass. The variation of the
domestic fuel and its effects on the indoor air quality represents a future step of
this research. An additional step will concern the chemical characterization of the
generated PM and the assessment of the health risk related to the exposure to
these peaks of concentration.
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