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Abstract

Background: The health state assessment of the inhabitants of the Republic of Moldova in relation to the pollution of the indoor air during the
process of preparing food.

Material and methods: The study was conducted in three areas of the Republic of Moldova (North, Center and South). The research was based on
the inhabitants’ inquiry and some measurements of physical parameters (the temperature, the relative humidity of the air) and some chemical compounds
from the air (the carbon dioxide and the carbon monoxide) from the air. The measurements were carried out during summertime, with Air Quality
Monitor 500 in 4 stages: before cooking meals, one hour after the beginning of cooking, at the end of the cooking and one hour after the end of preparing
dishes. During the research a questionnaire has been completed, which included a number of questions referring the conditions present in the process
of cooking meals, the time needed for cooking, the illnesses supported, the type of the cooking appliances, the type of the fuel used.

Results: The analysis of the questionnaires emphasized that half of the respondents have suffered frequently from bronchitis, 28% have been sick with
pneumonia, 12% of the people suffered from obstructive bronchitis, 7% - from bronchial asthma and one person - from lung cancer. From the number
of the respondents inquired 20% presented a diagnosis of ischemic heart disease and 7% - a stroke. The type of the room in which the people surveyed
cooked the meals represents a certain risk in the development of the diseases. There is a huge risk to prepare the dishes in the living room (2.6<RR<2.9)
for different nosologic forms (p<0.01). The relative risk of the appearance of the diseases rose depending of the fuel used: biomass (3.3<RR<4.5, p<0.05),
agricultural waste (3.5<RR<3.6, p<0.01), hard coal (3.4<RR<3.5, p<0.01), in comparison to other types of fuel. In cases when the interviewees smoke in
the house, the risk is very high (3.4<RR<5.2, p<0.001).

Conclusions: It is necessary to focus our efforts on the communication strategies in order to motivate the awareness of the need of educational
programs intended to inform people about the sources of pollution of the rooms and the health risks.
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Introduction use of the fuel in Indian households and the epidemiologic
studies of the risks of the indoor air pollution in a series of
) i i developing countries indicate that annually approximately
qled because of the (?utdoor Poll}ltlon effects and 4.3 m%l— 440.000 of premature deaths of children under 5 and 34.000
lion -asa resullt (_)f arp ollu.tlon mn .the hous.eholds, j[hat 15 of female deaths resulted from chronic respiratory diseases,
smoke and emissions associated with cooking app hance.s, as well as 800 cases of lung cancer can be attributed to the
the fuel used (wood or coal), or because of heating appli- use of solid fuel. The recent study carried out by the World

ances. The mqst frequent dis.eases caused by air pollution Health Organization established the burden of the diseases
are the lung diseases, heart diseases and cancer. The study slightly smaller in India for the year 2000 [1, 3]

from 2012 also showed that there is a stronger connection, The perceived level of air pollution and the risks asso-

much stronger than it was believed, between air pollution ciated with health, as the study of the community states,
and heart diseases, as well as between lung cancer and air have been reduced among the inhabitants, thus indicating

pollution. the necessity to grow the awareness of the sources of air

Ther.efore, air poll.ution is. one of the most ir‘nportant pollution and the risks for health associated with them [2].
global risks of mortality and is to blame for the rise of the

risk of suffering from chronic diseases [2, 5]. An important Material and methods
role in air pollution in cooking spaces is played by the type
of fuel used. The greatest potential of indoor air pollution
is attributed to peasant stoves, which function on such fuel
as: wood, brushwood, biomass, agricultural waste, etc.

In rural areas biomass is frequently burnt in traditional
stoves with an open fire, in poorly ventilated rooms with
smoke emissions. The smoke emitted contains large quan-

According to a study of OMS [6, 7], 3.7 million people

The study was conducted in three areas of the Repub-
lic of Moldova (north, center and south). The research
was grounded on the questioning of the inhabitants and
the measurements of some physical parameters (the tem-
perature, the relative humidity of the air) and chemical
compounds (the carbon dioxide and the carbon monox-
tities of pollutants, which lead to severe consequences for ide) from the air. The measurements have been made in

the people exposed to it. The study made in India showed all types of rooms where the population prepares meals:
that 4-6% of the national burden of the diseases are attrib- kitchens, living rooms, summer k.1tchens, etc..
uted to the use of solid fuel. The researches made about the The measurements were carried out during summer-
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time, with Air Quality Monitor 500. 150 households were
included in the study (50 from each geographical area).
The stages of data collection were the following: before
cooking meals (the I-st stage of measurements), in an hour
after the beginning (the II-nd stage of measurements), at
the end (the III-rd stage of measurements) of the cooking
and an hour after the end of preparing dishes (the IV-th
stage of measurements) during summertime. The ques-
tionnaire has been composed of 11 items and filled with
the help of the method of direct interview. To evaluate the
conditions of cooking meals, there have been asked ques-
tions about the place of cooking, the type of fuel used, in
order to evaluate the influence of the cooking conditions
on health, the respondents have been also asked about the
diseases from which they suffered. To analyze the risk of
the appearance of some diseases related to the type of room
used for cooking, the type of fuel used, the presence/ab-
sence/functioning of the ventilation, the relative risk (RR),
attributable (RA), and the attributable fraction (FA) have
been calculated.

The relative risk shows how many times larger is the
proportion of the people with certain modifications
amongst the ones exposed to the risk factors in relation
to the proportion of the people unexposed to the risk fac-
tors (tab. 1). The risk evaluation of the factors predispos-
ing to cause the unwanted effects upon the state of health
has been done on the basis of the “Table of contingency
2x2”. The interpretation of the results for the relative risk in
made in relation to 1.

Table 1

The interpretation of the results of the relative risk [4]

RR Conclusions RR Conclusions
0.0-0.3 | Strong protection factor
RR<1 . 0.4-0.5 |Moderate protection
Protection factor
factor
0.6 -0.9 |Reduced protection factor
RR=1 | Indifferent factor 1.0-1.1 |Indifferent factor
1.2-1.6 |Reduced risk
RR>1 . .
Risk factor 1.7-2.5 | Moderate risk

>2.5 High risk

The attributable risk shows how much higher is the fre-
quency of the unwanted effect upon the ones exposed, in
relation to 0. The attributable fraction shows the percent-
age of how much the unwanted effect present at the peo-
ple exposed is due to the risk factor. In order to establish
whether there is a significant difference from the statistical
point of view between the groups surveyed, the value of the
calculated 2 has been compared to the one in the table.
The X2 table test (with liberty degree=1, for the “Table of
contingency 2x2”, which has been used in evaluating the
risk) presumes a probability of 0.05 at the value of 3.8; 0.01
probability at the value of 6.6 and 0.001 probability at the
value of 10.8. If the probability (p) is smaller than the criti-

cal value with 0.05, then there is a significant difference be-
tween the cases observed and the ones expected, thus the
null hypothesis is discarded. Any statistical analysis always
includes in a bigger or smaller proportion a series of errors
resulted from the sampling (the so-called effects of random
sampling), therefore the value RR calculated from the data
of the study will not probably be identical to the “real” val-
ue of RR. The statistical analysis gives us the possibility to
determine the “real” value of RR with the help of the inter-
val of confidence (CI) of 95%, which presumes that in 95%
of the cases this interval includes the “real” value of RR. In
order to interpret the results of the statistical analysis in a
pertinent scientific context, both extremities of the interval
of confidence should be analyzed [4].

Results and discussions

The research that has been fulfilled has shown that the
indoor air is more polluted in the case of cooking food in
the inhabited areas, that is, in the living rooms, thus in-
fluencing the state of health of the inhabitants. There has
been concluded that even in the cases when the population
had rooms used as kitchens, the cooking conditions were
not favorable, not corresponding fully to the requirements.
When preparing meals in summer kitchens, the chemical
and physical parameters of the air were relatively closer to
normal values because the respective rooms communicate
directly with the outside air. The values of the parameters
studied also depend on the type of cooking installations
used by the population and the fuel used. The research has
shown that the air was more polluted in the case of the us-
age of peasant stoves. The bottled gas used for the cooker
polluted the air even more than the natural gas. Among the
types of fuel used in peasant stoves more pollutant were:
agricultural waste, biomass, hard coal.

For the purpose of estimating the risk of contracting
certain diseases that depend on the type of space used for
preparing dishes, the type of cooking appliances, the type
of fuel used, the presence/ absence/ functioning of the ven-
tilation, the possibility to open the windows for airing, the
duration and frequency of cooking, the smoking, the val-
ues of physical and chemical factors present in the spaces
used for cooking, there have been calculated: the relative
risk, the attributable risk and the attributable fraction. The
evaluation of the role of the cooking conditions, the en-
vironmental factors in these rooms, through the calcula-
tion of the relative and attributable risk, has the purpose
to emphasize their prevalence, their hierarchical place and
degree of influence, in order to guide us toward the elabo-
ration of a set of measures to reduce their negative impact.

The type of room, where people prepare food presents
a certain risk in the disease development. Due to cooking
in the living room, there is a high risk (2.6<RR<2.9) to
contract different nosologic forms (p<0.01). 28.3 times (p
<0.01) are more likely to risk people preparing food in the
living room than in kitchens and 21.7 times (p<0.01) more
than in summer kitchens. In the case of preparing food in
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kitchens, the risk is moderate (1.8<RR<1.9, p<0.01) and
the population risks 12.4 times more than those who cook
in the open air. The part of the individual risk (RA) that
can be attributed to the exclusive connection to the type of
room constitutes 0.51 for bronchial asthma, 0.47 for bron-
chitis and pneumonias, 0.46 for strokes, 0.42 for ischemic
heart disease and 0.40 for obstructive bronchitis.

People, who cooked the meals on peasant stoves, pres-
ent a relatively moderate risk (RR) and risk 42.3 times more
in comparison to people who prepared food on cookers. If
we select the cases when the peasant stove was placed in the
living room, the level of the relative risk rises 2.2<RR<2.4,
p<0.001 and is 29.4 times higher than when preparing food
on cookers. The relative risk of the contraction of diseases
increases in relation to the quality of the fuel used: biomass
(3.3<RR<4.5, p<0.05), agricultural waste (3.5<RR<3.6,
p<0.01), hard coal (3.4<RR<3.5, p<0.01), in contrast to
other types of fuel. In cases when people were smoking in
the house, the risk rose (3.4<RR<5.2, p<0.001).

The absolute risk of suffering from all nosologic forms
is much higher in the case of preparing food on peasant
stoves (for bronchial asthma - 0.68, for strokes and ob-
structive bronchitis — 0.64, for the ischemic heart disease
- 0.56, for pneumonias - 0.55, for bronchitis — 0.48).

The respondents who prepared dishes on peasant stoves
and used agricultural waste present a lower risk (RR=1.3,
p<0.001) and can develop bronchitis 18.3 times more of-
ten than those who use other types of fuel, those who use
biomass (RR=1.2) risk 24.4 times more (p<0.01), when
using brushwood (RR=1.4, p<0.05), individuals risk 10.7
times more (p<0.01), when using wood (RR=1.2, p<0.001),
they risk 7.5 times more (p<0.001), when using hard coal
(RR=1.3, p<0.05) - 18.5 times more (p<0.01), when us-
ing processed coal (RR=1.2, p<0.001) they risk 12.3 times
more (p<0.01), in comparison to other types of fuel.

Moreover, the respondents who used agricultural
waste in the process of cooking, presented a moderate risk
(RR=2.2, p<0.001) and risk 25.5 times more to develop
obstructive bronchitis, people who use biomass (RR=1.5,
p<0.01) risk 27.8 times more (p<0.01), and those who use
brushwood (RR=1.4, p<0.01) risk 9.4 times more (p<0.05),
when using wood (RR=1.5, p<0.001), they risk 8.5 times
more (p<0.01), when using hard coal (RR=1.7, p<0.01)
they risk 15.1 times more (p<0.01), when using processed
coal (RR=1.5, p<0.01) they risk 14.2 times more (p<0.01),
in comparison to other types of fuel.

Thus, people who used agricultural waste are subjected
to moderate risk (RR=1.9, p<0.01) to develop pneumonias,
21.3 times more often (p<0.001) than those who use other
types of fuel, if biomass is used (RR=1.7, p<0.001), people
are subjected to a risk 24.4 times higher (p<0.01), if using
brushwood (RR=1.4, p<0.001) people are subjected to a risk
10.7 times higher (p<0.01), if using wood (RR=1.5, p<0.001),
people risk 7.5 times more (p<0.001), hard coal - (RR=1.9,
p<0.05) people risk 18,5 times more (p<0.01), when using
processed coal - (RR=1.8, p<0.01) people risk 12.3 times
more (p<0.01), in comparison to other types of fuel.

In the case when people used agricultural waste in the
process of cooking on the peasant stove, they are subjected
to very high risk (RR=2.3, p<0.001), thus risking to devel-
op bronchial asthma 36.6 times more often than (p<0.001),
people who use biomass (RR=2.1, p<0.01) risk 28.7 times
more (p<0.01), and those who use brushwood (RR=1.9,
p<0.01) risk 22.3 times more (p<0.01), when using wood
(RR=1.6, p<0.001), they risk 16.4 times more (p<0.001),
when using hard coal (RR=2.4, p<0.001) they risk 26.3
times more (p<0.01), when using processed coal (RR=1.9,
p<0.05) they risk 21.6 times more (p<0.01), in comparison
to other types of fuel.

A relatively moderate risk (RR=2.1, p<0.001) has been
detected for the development of strokes and people who
used agricultural waste may have a stroke 33.1 times more
often (p<0.001), if biomass is used (RR=2.1 p<0.05) people
are subjected to a risk 20.7 times higher (p<0.01), if us-
ing brushwood (RR=1.7, p<0.001) people are subjected to
a risk 8.3 times higher (p<0.01), if using wood (RR=1.8,
p<0.001) people risk 8.1 times more (p<0.001), hard coal
- (RR=2.2, p<0.001) people risk 14.6 times more (p<0.01),
when using processed coal (RR=1.9, p<0.001 people risk
11.8 times more (p<0.01), in comparison to other types of
fuel. The attributable risk varies between 0.50 and 0.68 for
different kinds of fuel used in the case when people who
suffer from obstructive bronchitis and strokes: 0.46-0.54 -
in the case of people with bronchial asthma, pneumonias
and ischemic heart diseases and 0.44 at people with bron-
chitis. The usage of less harmful fuel could prevent from
54.3% (bronchitis) to 82.5% (asthma) of illnesses.

The lack of ventilation in the kitchens constitutes a low-
er risk (1.4<RR<1.6, p<0.01), in the living room - a very
high risk (2.9<RR<3.7, p<0.001), in the summer kitchens —
a reduced risk (1.3<RR<1.5, p<0.05), and if applying ven-
tilation measures, there can be prevented from 32.3% to
41% of specific diseases. The presence and the functioning
of the ventilation systems in the kitchens, the presence and
the possibility to open the windows, the presence of the
ventilation duct in the living room and summer kitchens
represent a major factor of protection; in the kitchens —
constitute a major factor of protection (R=0.2, p<0.05), the
living room (R=0.3, p<0.01), and in the summer kitchens
(R=0.5, p<0.001) - factor of moderate protection.

The part of the absolute risk which is directly connect-
ed to the lack of an adequate ventilation system constitutes
0.88 for bronchial asthma, 0.64 for the ischemic heart dis-
eases, 0.61 for obstructive bronchitis, 0.54 for strokes and
pneumonias, 0.50 for bronchitis. In many spaces where
food is prepared the conditions are unfavorable due to the
lack of windows or their not being functional. This situa-
tion presents an absolute risk of 0.55 for obstructive bron-
chitis, 0.53 for strokes, 0.46 for the ischemic heart diseases,
0.41 for bronchial asthma, 0.40 for pneumonias, and 0.37
for bronchitis.

Calculating the risk in relation to nosology, it has been
established that people who prepared food in the living
room on the peasant stove, using biomass, agricultural
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waste and brushwood as fuel, the ventilation being in-
sufficient and the respondents being smokers, all of this
presents a very high risk of developing bronchial asthma
(R=7.9, p<0.001), obstructive bronchitis (R=6.5, p<0.01),
pneumonias (R=7.1, p<0.001), strokes (R=6.6, p<0.001),
the ischemic heart diseases (R=6.4, p<0.05) and moderate
risk present to develop bronchitis (R=1.9, p<0.05).

People who cook dishes in conditions with high tem-
perature and air humidity are put at risk to develop pneu-
monias (R=4.2, p<0.01), strokes (R=3.7, p<0.001), isch-
emic heart diseases (R=3.5, p<0.001), risk moderately to
develop obstructive bronchitis (R=1.8, p<0.001), bronchial
asthma (R=1.8, p<0.001) and present very high risk to de-
velop bronchitis (R=1.4 p<0.001). These people risk 38.6-
67.4 times more than people who cook at lower values of
physical factors. The absolute risk based on the modifica-
tion (surpassing the norms) of the physical factors from
the cooking spaces constitutes 0.53 for obstructive bron-
chitis, 0.51 for bronchial asthma, 0.48 for pneumonias,
0.47 for bronchitis, 0.46 for ischemic heart diseases and
0.40 for strokes.

The concentration which exceeds the norm of carbon
dioxide presents a very high risk in developing bronchial
asthma (R=8.5, p<0.05), ischemic heart diseases (R=6.8,
p<0.01), obstructive bronchitis (R=5.5, p<0.001) and re-
duced risk to develop bronchitis (R=1.4, p<0.01), pneu-
monias (R=1.4, p<0.001), strokes (R=1.2, p<0.001). People
subjected to excess carbon dioxide risk 46.8-63.4 times
more than the ones who cook in conditions with normal
concentrations of carbon dioxide. The undesirable effect
(RA) upon the population exposed to the higher concen-
tration of carbon dioxide is 0.47 for bronchial asthma and
obstructive bronchitis, 0.43 for the ischemic heart diseases,
0.41 for pneumonias and bronchitis and 0.36 for strokes.

In cases when carbon monoxide exceeds the norm,
the population risks very much to develop bronchial asth-
ma (R=7.1, p<0.001) and obstructive bronchitis (R=6.3,
p<0.01), risks moderately to develop strokes (R=2.4,
p<0.001), ischemic heart diseases (R=2.4, p<0.01) and
present a low risk to develop bronchitis (R=1.5, p<0.01)
and pneumonias (R=1.2, p<0.05).

People who prepare food in conditions with increased
concentrations of carbon monoxide risk 67.4-72.1, four
times more than those who cook in conditions with nor-
mal carbon monoxide concentrations. The absolute risk
of the appearance of nosologic forms specified by the re-
spondents who cook in rooms with carbon monoxide
concentration that exceeds the norm is also different and
constitutes 0.67 for the ischemic heart diseases, 0.55 for
bronchial asthma, 0.53 for strokes, 0.50 for obstructive
bronchitis, 0.46 for pneumonias and 0.45 for bronchitis.

Reducing the duration and the frequency of food pre-
paring, excluding the effect of the physical and chemical
factors in the rooms attributed to cooking meals, there
can be prevented 56.0% of cases of obstructive bronchitis,
54.3% of bronchial asthma, 51.3% of ischemic heart diseas-

es, 45.8% of the cases of pneumonias, 44.6% of bronchitis,
29.4% of cases of strokes.

Conclusions

The results of this research may help the factors of deci-
sion to become aware of the need of educational programs
intended to ensure the inhabitants with information about
the sources of pollution of the indoor air and the risks they
are subjected to. It is necessary to focus our effects upon
the communication strategy to motivate the direct per-
sonal perception or to become aware of the environmental
problems, such as air pollution. Such an approach enhanc-
es the understanding of the importance of the measures
taken by the environmental policies, which make these
measures easier to be received by the inhabitants, as well as
to improve the personal feedback in reducing the impact
of pollutants.

Without a substantial change in the policies, the total
number of people who depend on solid fuel will mostly
remain unchanged. The use of the pollutant fuel represents
a major burden for steady development. There is also acute
need of additional research in the public perception area,
in order to help to understand the factor which shapes hu-
man perception. The project was done during summer-
time. It would be necessary to carry out a similar project
with measurements during winter.
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