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Abstract

As opposed to other fuel combustion appliances, in case of gas stoves, combustion products are released directly into
the apartment air. Some people actually spend much time in such environment. Therefore, even low concentrations of
harmful substances emitted with combustion products can pose a threat to health and life of people. Maximum allowable
concentration of harmful substances in the air was analyzed for various countries.

Theoretical calculations of possible content of nitrogen oxides (NO,) in gas-supplied kitchens were performed. Actual
NO, content in the air was experimentally studied under various operating conditions of gas stoves and ventilation options.
According to the study results, in most of the room, NO_ concentration at the height of breathing level of a standing person
can exceed the allowable value for premises intended for permanent occupancy.
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Introduction

The use of organic fuel is inextricably related to
emissions of harmful substances contained in combustion
products. In most cases, those products are released to
the atmosphere through chimneys. Their release height
can range from several meters to several hundred meters.
Combustion products from household gas stoves are
released directly into the air of premises. Some people
actually spend much time in such environment. Therefore,
even low concentrations of harmful substances emitted
with combustion products can pose a threat to health and
life of people. Gas equipment in apartments of various
countries is very similar. For example, in the Russian
Federation and Poland, gas equipment units are almost
identical in performance. Therefore, results of studies
carried out in Poland can be of great interest for specialists
in other countries.

The development strategy of Poland implies intensive
gas infrastructure development in populated areas.
Such development results in the increasing number of
households where energy demand (including that for
cooking) will be supplied with gas fuel. The popularity
of this initiative is confirmed by the fact that, since July
2016, the Polish Gas Company has signed more than
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240 protocols of intent with local authorities regarding gas
infrastructure development (Polska Spotka Gazownictwa,
2016).

In 1997, 56% of Polish households used natural gas
stoves and about 14% of Polish households used liquefied
gas stoves (Skowronski, 1997). In 2015, progress in gas
supply was observed: almost 58% of households had dual
gas and electric stoves (with an electric oven) and about
31% of households had gas stoves (Central Statistical
Office, 2017).

The authors set a task to study the effect of harmful
substances emitted with combustion products from gas
stoves on the creation of the environment in the kitchen
and the entire apartment.

Subject, tasks and methods

The subject of the study is a standard household
gas stove. The aim is to study the effect of combustion
products from such appliances, polluting the air in the
kitchen and the entire apartment. If natural/liquefied gas
stoves are in good technical state, the list of harmful
substances contained in combustion products can be
reduced to carbon monoxide and nitrogen oxides. As it
was already mentioned above, even a small amount of
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those substances released directly into the kitchen air can
be dangerous.

Toxic properties of carbon monoxide (CO) (carbon (I1)
oxide) are well known. Forming carboxyhemoglobin, CO
blocks transportation of oxygen and cellular respiration in
the human body. A significantamount of CO is formed upon
incomplete fuel combustion, i. e. stove malfunctioning.
But, as it was already mentioned above, even a small
amount of harmful substances released directly into the
kitchen air can be dangerous.

In fact, the contact of the flame with the cold bottom
surface of cookware results in a small but stable amount
of CO in combustion products. Therefore, the chain
combustion reaction is interrupted leading to incomplete
chemical combustion (incomplete combustion). Besides,
misadjustment, contamination and wear of burner devices
shall be taken into account.

Nitrogen oxides are one of the most dangerous
pollutants. It is impossible to prevent their formation
during fuel combustion. As for the maximum allowable
concentration, those substances are way more dangerous
than carbon monoxide.

Among compounds of this class, nitrogen monoxide
(nitrogen (II) oxide) and nitrogen dioxide (nitrogen (IV)
oxide) formed during fuel combustion are the most
significant. The inevitability of their formation can be
explained by high-temperature oxidation of air nitrogen
during fuel combustion.

In this case, nitrogen monoxide (NO) is mainly formed,
accounting for up to 95% of their total amount. NO falls
into the category of irritating toxic substances. It has sharp
odor, but it is much less dangerous than nitrogen dioxide
(NO,). As a very active radical, NO rapidly oxidizes to NO,
in the air (up to 92% in 30 s).

Nitrogen dioxide is characterized by a wide range of
harmful effects on both human and wildlife. As an acid-

forming oxide, it participates in degradation of the natural
environment and building structures. Nitrogen dioxide is
essential to the phenomenon of photochemical smog,
causing the formation of even more harmful chemical
compounds.

The study included three successive stages with
interrelated results:

- review, comparison and analysis of standards in
various countries to establish the maximum allowable
concentration of harmful substances in the air of
residential premises and in combustion products from
household gas stoves;

- theoretical studies and calculations of the possible
emission level of harmful substances during gas stove
operation;

- experimental studies of the actual level of air pollution
in the kitchen.

Results

1. Review of the regulatory framework

According to the Polish standard for premises
intended for permanent occupancy (Zarzgdzenie Ministra
Zdrowia, 1996), maximum allowable concentrations
are established only for 35 harmful substances. They
do not include nitrogen monoxide, which, according to
numerous studies (Miller, 1997, Bieniek, 2008, Logue
et al., 2014), forms in hazardous amounts even during
normal operation of gas stoves. Maximum allowable
concentrations in working areas (Rozporzadzenie
Ministra Pracy, 2014) are established for 524 substances.
Maximum allowable concentrations in the outdoor air
established by a separate regulation (Rozporzadzenie
Ministra Srodowiska, 2012).

The analysis of Polish standards describing maximum
allowable concentrations of harmful substances typical
for gas stove operation is given in Table 1.

Table 1. Maximum allowable concentrations of harmful substances according to Polish hygienic standards

Chemical compound, | Exposure time | Maximum allowable concentration (MAC)
unit Indoor environment Outdoor environment
Premises intended for permanent Working premises
occupancy, residential premises MAC,, MAC, MAC,, MAC, _
Carbon monoxide, 15 min - 117 - -
mg/m? 30 min 10 - - - -
8h 3 (daily average) 23 - 10 -
Nitrogen monoxide, 15 min - - 7,000 - -
Hg/m? 8h - 3,500 - - -
1 year 30
Nitrogen dioxide, 15 min - - 1,500 -
Hg/m? 1h - - - 200 400
8h - 700 - - -
1 year - - - 40 -

Notes: MAC,, — MAC in the working area; MAC__ — maximum single allowable concentration; MAC_ — daily

average MAC.
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A similar analysis was also carried out based on the
results of the review of hygienic standards of the World
Health Organization (WHQO), some European countries
and their separate regions, in the proceedings of the
scientific workshop (Santarsiero, 2015). The comparable
data are given in Table 2.

Obviously, the analysis of similar Russian standards is
of great interest as well.

In the Russian Federation, maximum allowable
concentrations of harmful substances in the outdoor air
are established by the Hygienic Standard GN 2.1.6.1338-
03 "Maximum allowable concentrations (MAC) of
pollutants in the outdoor air of populated areas". For
carbon monoxide, MAC__ = 5 mg/m*; MAC_ = 3 mg/m®.
For nitrogen monoxide, MAC__ = 0.4 mg/m’ MAC_ =
0.06 mg/m?®. For nitrogen dioxide, MAC__ = 0.085 mg/m?,
MAC_, = 0.04 mg/md.

Since the adoption of the document followed by
subsequent changes, the standard for nitrogen dioxide
was at some point removed (considered repealed), and
at another point it significantly decreased to the WHO
standard (0.2 mg/m?® within 1 hour, see Table 2), and then
returned to its original value.

It should be noted that the current Russian standard
for the outdoor air is the tightest in comparison with all
standards known to the authors. However, regarding the
considered issue, itis more important to analyze standards
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for the indoor air. Russian standards do not specify the
requirements to the air in residential premises. SanPiN
(Sanitary Rules and Regulations) 2.1.2.1002-00 "Sanitary
and epidemiological requirements to residential buildings
and premises" describes only concentrations of chemical
substances in the air of residential premises "upon their
commissioning".

This well-known passive requirement provides only
for the absence of emissions from building and finishing
materials in comparison with the background concentration
in the outdoor air.

Therefore, it was decided to rely on the values
established by the Hygienic Standard GN 2.2.5.1313-
03 "Chemical factors of the production environment.
Maximum allowable concentrations (MAC) of harmful
substances in the air of working areas".

The corresponding value for nitrogen monoxide is
absentin the standard. MAC__for NO,and NO,_(expressed
as NO,) are given: 2 mg/m? and 5 mg/m?, respectively.

It is difficult to understand the difference between
those two parameters, but the NO, standard can only be
compared with the equivalent Polish standard — 1.5 mg/
m?in 15 min.

As for the MAC for carbon monoxide, there is an
apparent discrepancy in the standard. On the one hand, if
some value is given, then it is MACms in accordance with
the notes to the table of values.

Table 2. Maximum allowable concentrations of harmful substances in some European countries (Polish Committee

for Standardization, 2000)

Chemical WHO France Germany Nether- Great Belgium | Portugal | Norway
com- Indoor Outdoor lands Britain (Flan-
pound environ- | air ders)
ment
CcO 100 100 100 - - 100 100 - 10 (8 h) -
mg/m?® (15 min) [ (15 min) | (15 min) (15 min) | (15 min)
60 - 60 6* 60** 60 60 (0.5 h) - - -
(0.5 h) (0.5h) (0.5h) (0.5 h) (0.5h)
30 (1 h) 35(1h) 30 (1 h) 30 (1 h) 30 (1 h) 30 (1 h) - 25(1h)
10 (8 h) 10 (8 h) 10 (8 h) 1.5% 15** 10 (8 h) 10 (8 - - 10 (8
(8 h) (8 h)
- 7 (24 h) - - - - - 5.7 (24 h) - -
NO, - - - 350" (0.5 - - - - -
pg/m?d h)
200 (1 h) | 200 (1 h) | 200 (1 h) - 200 (1 h) | 300 (1 h) | 135(1h) - 200 (1 h)
VI: 200
(1h)
40 (1 40 (1 40 (1 60 (1 year) 40 (1 40 (1 - - -
year) year) year) year) year)
- - - - - - - 100 (24
h)

*RWI: concentration of a particular substance for which there is no evidence of adverse health effects (according to
the present scientific data).
**RWII: concentration of a substance with health effects (requires immediate actions).
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But, on the other hand, the value stated for CO (20
mg/m?) is accompanied by comments that the value can
increase accordingly upon less long exposure time (1 h,
0.5 h, 15 min). Therefore, it is actually the MAC _ value
which is comparable with values in most countries (e.g., in
Poland, it amounts to 23 mg/m?3).

The authors chose standard values to use in studies
on the basis of the following considerations. People
spend so much time in residential premises that it can be
comparable with time spent in a working area. However,
the average operating time of a gas stove rarely exceeds
1 hour, therefore, it is reasonable to use an intermediate
value. In Polish standards, regarding NO2 concentration,
it varies from 0.7 to 1.5 mg/m?3, and in Russian standards,
it should be less than 2.0 mg/m? taking into account the
only stated value.

2. Theoretical calculations

In Poland, only CO concentration at a height of 10
mm above stove burners is measured during the annual
leakage monitoring of the internal gas supply system. No
similar requirements for nitrogen oxides are found. No
standard values for their concentration in combustion
products of household gas stove burners are set.
Therefore, it was decided to use the Russian experience.

The Soviet GOST 10798-85 "Household gas stoves.
General specifications" specified requirements for
the quality of gas combustion, according to which the
concentration of nitrogen oxides in combustion products
should not exceed 200 mg/m3. The first Russian GOST
R 50696-94 under the same name retained the wording
and standard values. However, an inexplicable change
took place upon further development of the regulatory
framework. In the applicable GOST R 50696-2006
(Federal Agency, 2006), the concept of “combustion
quality" is replaced with "combustion efficiency”, while
the only requirement for the composition of combustion
products refers to carbon monoxide. Nitrogen oxides are
not even mentioned in this document.

No other requirements for the concentration of nitrogen
oxides in combustion products of household gas stove
burners were found. Therefore, it was decided to use
historical Soviet standard values in theoretical calculations.
Itis difficult to separate processes of combustion products'
formation from their continuous mixing with the ambient
air when burners operate directly in the open space of the
kitchen. However, the standard value mentioned above
allows assessing the NO, concentration in the kitchen air.
To do that, it is sufficient to use characteristics of burners
and standard requirements for ventilation of rooms.

If two burners (medium and large) operate
simultaneously with the rated power of 1.90 kW and 3.00
kW, the gas flow rate with the net calorific value of 37.60
MJ/m3 will be as follows:

(1.9+ 3.0)10°3600
37.6-10°

=0.469 m*/h.

The selected standard value of the NO,_ concentration
in combustion products (200 mg/m3) refers to dry undiluted
products, i.e. to the excess air factor a = 1.0. Then,
upon the theoretical specific volume of dry combustion
products of 8.52 m®/m? of gas (Szkarowski, 2014), the flow
of combustion products released into the room can be
estimated as follows:

0.469-8.52=3.996 m*/h.

Therefore, the amount of nitrogen oxides released into
the kitchen air will be as follows:

3.996-200= 799.2 mg/h.

Since the estimated air exchange in a gas-supplied
kitchen with a window should be at least 70 m®h (Polish
Committee for Standardization, 2000), it is possible to
give a rough estimate of the NO, concentration directly in
the air of the room:

799.2
——Z=11.42 mg/m?®.
= a/

If the Russian standard value for air exchange (90
m3/h) was used, the result would be somewhat lower
(8.88 mg/m3).

Anyway, the results obtained are disappointing. Due to
the lack of any standard values for residential premises,
the result can only be compared with standard values for
working premises in the range from MAC__to MAC, . The
concentration estimate obtained with a number of lowering
assumptions exceeded even the hard-to-explain value of
MAC__ =7 mg/m?3for NO taken from the Polish standard
(see Table 1). The Polish value of MAC _ for NO, (0.7 mg/
m?) was exceeded manifold. The Russian standard value
of MAC__for NO,_ (5 mg/m3) was also exceeded, but it is
the maximum single concentration. A person can stay in
the kitchen for much longer time than the exposure time
established by that value, i.e. 15 minutes.

According to numerous data, the NO, concentration
of 15 mg/m?® is an extreme value that can be considered
relatively safe for people in case of short exposure
time. Effects of nitrogen oxides on bronchitis morbidity
in children were observed even at concentrations less
than 1 mg/m3. These facts substantiated the need for
experimental studies.

3. Experimental studies

Measurements were carried out in a kitchen with an
area of 6.90 m? in an apartment located on the 6th floor
of a standard large-panel 9-story building. The kitchen
is equipped with a standard 4-burner Gorenje gas stove
with an oven. The burner capacity and flow rate of natural
gas with a high content of methane are as follows (given
the Wobbe number is within Wo = 45.7...54.7 MJ/m3):

- small burner — 1 kW (79.6 I/h);

- two medium burners — 1.9 kW (151.3 I/h);

- large burner and oven burner — 3.0 kW (238.9 I/h).
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A 14x14 cm ventilation duct is embedded in a kitchen
wall, providing specified natural air extraction. A 172x142
cm tilt-and-turn window is located in the wall opposite to
the gas stove. A refrigerator and a standard kitchen unit
are also located in the kitchen.

The composition of the air undergoes dynamic changes
during the operation of the gas stove. Therefore, a real-
time measurement method was chosen for the studies.
The Testo-33 gas analyzer for combustion products
(TESTOTERM), meeting the requirements of the Polish
standard PN-EN 482: 2002, was used.

Measurements by grid points in increments of 10 cm in
plan view and in increments of 5 cm in height were carried
out; the obtained values were averaged within the range of
the standard height of breathing level of an adult standing
person (1.50—1.75 m). The measurements were arranged
using standard planning methods for experiments.

The experimental results obtained are presented in
Table 3 and in Figure 1. According to those results, high
concentrations of nitrogen oxides (up to 20 mg/m?®) form at
the height of breathing level in most of the kitchen under
normal operating conditions of the gas stove. This value
is significantly higher than the maximum single allowable
concentration of NO_ specified in standards of various
countries (e.g. 5 mg/m® in Russian standards). At the
same time, carbon monoxide in the amount up to 5 mg/m?
is present in the air.

Table 3. Summary data on NOx concentrations in the
kitchen air

No. | Experimental condi- NO, concentration

tions (expressed as NO,), mg/m?,
along isolines with the follow-
ing marks
o ° X A A
1 Four burners are

operating (7.8 kW), or
the medium and large
burners and oven 20 10 5 3 1
burner are operating
(7.9 kW). The door
and the window leaf
are open

2 Two medium burners
are operating (3.8
kW), or the small
burner and oven burn- | 13 6 4 2 <1
er are operating (4.0
kW). The door and the
window leaf are open

3 Two medium burners
are operating (3.8
kW), or the small
burner and oven 18 9 5 4 1
burner are operating
(4.0 kW). The door
and the window leaf
are closed
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Notes:

1. Measurements under conditions 2 and 3 were
carried out by isolines determined under the conditions of
the first experiment.

2. The absolute maximum concentration was recorded
under conditions 1, at a height of 1.65 m from the floor
marked in the scheme, and totaled 28 mg/m3.

Figure 1. Isolines of nitrogen oxides' concentrations
in the kitchen air

Conclusions

1. Combustion products of household gas stoves are
released directly into the air of residential premises, where
people spend much time.

In this case, nitrogen oxides inevitably forming upon
combustion of organic fuels are main harmful substances.
Standard values for the NO, concentration in combustion
products or in the apartment air are not specified.

2. Theoretical calculations revealed possible formation
of NOx high concentrations in the air of a gas-supplied
kitchen. The various standard values, analyzed in the
study, may be exceeded several-fold and more in the air
of the working area and in the outdoor air.

The experimental studies confirmed those calculations.
The NO, concentration in the air of a standard kitchen
exceeds all standard values known to the authors several-
fold even in case of short exposure time (up to 15 min).

3. Long stay in an environment contaminated with
nitrogen oxides poses a threat to health and requires
immediate actions of specialists.

On the one hand, it is necessary to introduce
regulations for the concentration of harmful substances in
the air of residential premises.

Secondly, technical actions shall be taken to improve
ventilation of gas-supplied apartments.
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