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Executive summary

A survey was carried out in 1188 low-income households in Maputo, Mogambique, in
order to assess the degree of exposure to air pollution and health effects associated with
this exposure. The hypothesis was that pollution from biomass fuels, especially wood,
impairs the health of the women using them, and that it would be possible to discern
this effect in a general population.

Average exposure levels during cooking time were found to be high, with a level
ofrespirableparticulates at 1200, 540 and 380 \i.g/m%for wood, charcoal and electricity
users respectively. Similarly carbon monoxide levels were 42, 37 and 5 ppm for the
same groups.

Wood users were found to have significantly more symptoms of respiratory
problems than users of other fuels, but also significantly more symptoms that could not
be immediately associated with household fuel pollution. Thus, wood users had lower
literacy, poorer housing, and more primitive access to water and sanitation. There was
little difference in health aspects between charcoal users and users of modern fuels,
though exposure to air pollution was higher among charcoal users.

In statistical analysis it was found that cough symptoms were significantly
associated with the use of wood as a principal fuel, but not with the use of charcoal.
Other variables that influenced the health outcome were the age when a woman started
helping her mother to cook, daily cooking time and kitchen ventilation. Most of the
variables associated to ill health were correlated to wood use. In contrast, charcoal use
was associated with a better health status in many respects. From the point of
pollution exposure and health, wood use should be limited, while charcoal appears to
be a feasible intermediate substitute for wood in the short term in Maputo.
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1 INTRODUCTION

1.1 Indoor air pollution in developing countries
The health effects induced by the use of biomass fuels in developing countries have
received much attention in recent years. The main focus has been on the emission
of smoke and gases from biomass fuel combustion, while other aspects have been
covered in a less systematic way (burns, inconvenient cooking positions, snake bites
while gathering wood, etc.).

While scattered reports during the previous twenty-five years have provided
evidence that wood smoke might actually cause more serious problems than
discomfort (Cleary and Blackburn, 1968; Clifford, 1972; Padmavati and Arora,
1976), a first attempt at a consolidated view of the area was taken by Kirk. R. Smith
in the late 80's. His book "Biofuels, Air Pollution and Health" (Smith, 1987) has
set the standard for the whole area. This book contains a wealth of references and
information about biomass smoke and pollution on the one hand, and health effects
of air pollution (notably tobacco smoking) on the other hand. However, the linkage
between biomass fuel smoke and health still remains indirect, to a great degree.
One of the reasons for this is that investigations in pollution has rarely tried to
include health aspects and vice versa. Thus the interpretation of pollution data with
respect to the health effects induced is actually still difficult.

One step to a greater understanding was taken when focus was shifted from
the monitoring of pollution in the ambient air, and using average concentrations
over long periods (Gore and Shaddidc, 1958; Burrows et al, 1968; Lawther and
Waller, 1978), into monitoring the exposure to which a person is actually subjected
(Spengler and Soczek, 1984; Smith, 1988). The exposure is summarized as the
average concentration actually encountered by a person during a time period, or
better still (but rare and difficult) as the actual amount (dose) of a pollutant which
the person receives. Clearly, the actual exposure is more relevant to the health
effects than are the ambient concentrations, which occur whether people are there
to be exposed to them or not.

The interest in actual exposure originated with the concern for workers in
industrial production, where work has been going on for a long time, and where
limits for exposure are defined in many countries. But exposure of workers during
work time and exposure of the general public during every-day life are two quite
different issues. The most obvious difference is that work exposure only takes place
during work hours, which in most of the world is around eight hours per day. The
remaining sixteen hours of the day, the worker will have at least an opportunity to
spend in cleaner environments. It could be reasonably expected that the worker,
if ill, stays at home, and, if allergic or incapacitated, selects another work environ-
ment1. Another difference between the worker and the housewife is that the

1 Obviously this relates to the ideal situation where people have a choice

1



2 / Introduction

worker has an employer in whose interest it is to keep the worker fit. The
employer has resources to invest in protective measures which the household rarely
has. And if the philanthropic care for the workers or profit maximization of
production are not enough to bring the employer to invest in protection measures,
there are sometimes trade unions that can impose rules. There are no trade unions
for women in the households.

Housewives cannot select not to cook if the smoke is getting too irritating,
and allergic children or old people cannot select another family to stay in. There
is no bell that tolls the time when they can leave their home environment and
repose in cleaner air. Thus the guidelines laid down for the work environment -
even if well founded for that environment - are not applicable to the "general
public". This has also been acknowledged by health institutions (see e.g. World
Health Organization, 1987) in the formulation of recommendations.

Most of the work on air pollution has, however, been carried out in
industrialized countries (e.g. Samet and Spengler, 1991), and the situation prevailing
in developing countries is little investigated. The concentrations found in polluted
situations in developed countries are often best compared to "clean" environments
in developing countries.

Much of the lack of interest in indoor air pollution in developing countries
could be attributed to a "common sense" attitude: People in developing countries
do not have enough to eat, clean drinking water and sewage treatment are scarce
or nonexistent, infant mortality is measured in percent rather than per mill, and
epidemics of cholera, dysentery, influenza and measles still take a large toll. In
such circumstances an interest in air pollution issues could be seen as a vain
endeavour.

But it is not automatically acceptable that an identified bad situation in one
area (e.g. endemic cholera) precludes action to prevent deterioration in another not
as bad (e.g. air pollution). It must, however, be conceded that if the effect of minor
ills (if the ills of air pollution are minor) are so small as not to be distinguishable
against the background of major ills, then it is questionable if the resources laid
down in combatting the minor ills are well spent.

But there is another argument against abandoning this area in developing
countries for the time being. Not investigating also means that you rely on the
information gathered among other populations for the conclusions you draw for
people in developing countries. It is by no means certain that this is correct, in fact
there is evidence for instance, that malnutrition increases the damage to the lungs
caused by air pollution (Weinstock and Beck, 1988) and that the lung capacity could
be reduced for similar reasons (Primhak and Coates, 1988). If this is generally so,
then there is also a stronger case for investigating the effects of air pollution in
developing countries. This has indeed been acknowledged by the WHO, who have
attributed very high priority to the investigation of causal relationships between
acute respiratory infections (ARI) and biomass combustion emissions, and high
priority on other health effects of biomass smoke exposure such as adverse
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reproductive outcome and chronic obstructive pulmonary diseases (COPD) (World
Health Organization, 1992).

12 Health effects of air pollution
Which, then, are the health effects that could be associated with air pollution of the
type that comes from cooking fires in developing countries? What is known of it,
who is affected and which are the agents?

To begin with the latter, the agents are the numerous compounds included
in the smoke. This includes gases (e.g. CH^, CO, NO2', SO2), and liquid or solid
compounds, of mostly organic origin. The liquids and solids are often combined
into a summary category of particulates, which has an extremely complex and
variable composition depending on the fuel and the combustion conditions.
Together with water vapour the particulates are what make up the smoke from the
fire. The compounds usually found in the smoke are complex organic molecules,
both aliphatic and aromatic, for instance aldehydes and polyaromatic hydrocarbons
(PAH). The most well investigated of the aldehydes is formaldehyde (HCHO),
and of the PAHs Benzo-a-Pyrene (BaP) is the most well-known for historical
reasons, though not necessarily the most mutagenic (Chuang et al, 1992a).

Broadly speaking, a distinction could be made between acute and chronic
effects. For acute effects there is little dispute of the association; smoke and
sulphur dioxide cause eye and throat irritation and cough, carbon monoxide causes
headache and dizziness. Gases are generally associated with acute effects.

The particles formed in household combustion are almost exclusively of
organic origin. They are formed through condensation of large organic molecules
around condensation nuclei which can be either droplets of other condensed matter
or minute particles of ash. Acute effects associated with the exposure to particles
(smoke) are cough, eyes tearing and airway irritation. Long-term effects range from
wheezing breath, cough, chronic bronchitis, cor pulmonale to cancers of the lung
and airways. Skin contact with depositions of organic combustion products (soot)
can cause tumours in other parts of the body. This was in fact among the first
associations of an external agent with cancer, observed in London chimney-sweepers
already at the end of the eighteenth century. A "natural" experiment in a part of
China (Xuan Wei county) provided a possibility to study the association between
smoke exposure and lung cancer in great detail. It was found that coal smoke from
one type of coal burned indoors in unvented fireplaces was strongly associated with
elevated prevalence of lung cancer. Further studies showed that the association was
both related to the actual concentration of particulates in the air (above 20 000
Mg/m3) and to a specific fraction of the PAH collected from the smoke. Though
another coal type had a similar smoke composition, its use was not associated with

Methane, a non-toxic gas that will cause health problems only in concentrations high enough
to cause asphyxiation, i.e. the action is not through the gas itself but through lack of oxygen
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lung cancer, and neither was the use of wood (Mumford et aL, 1989; Chuang et al,
1992b; Mumford, 1993).

It is probable that other effects of paniculate pollution than lung cancer are
more important with respect to loss of productivity and quality of life (World
Health Organization, 1992; Lawther and Waller, 1978). Smoke pollution is
associated with respiratory symptoms such as wheezing breath, cough, chronic
bronchitis and increased problems among asthmatics (Pandey et at, 1989; Smith,
1992).

Carbon monoxide is without question the most serious acute health risk from
household fuel combustion, since exposure to high concentrations that are realistic
(though unusual) in a house could lead to death if the exposure is a long enough.
There is a considerably greater disagreement with regard to the chronic effects of
carbon monoxide exposure (Coultas and Lambert 1991).

Sulphur dioxide is often presented as an indicator of air pollution, but in fact,
little is known about the health effects of SO2 in isolation. This has historical
reasons, since the kind of air pollution that was originally investigated always
contained particulates and sulphur at the same time. SO2 in the 1 ppm range for
short durations increases airway restriction in asthmatics (World Health Or-
ganization, 1987).

The health effect of nitrogen oxides is also disputed. Women cooking with
gas stoves reported allergic rhinitis to a greater extent at higher NO2 concentrations,
but no effect was found in children (Koo and Ho, 1990). The results of many
investigations are inconsistent and not adequate for establishing causal relationships
between exposure to NO2 and respiratory symptoms (Samet, 1991).

1.3 Hypothesis
The hypothesis was that air pollution from biomass fuels does impair the health
status of the women who use these fuels, and that the health impact is strong
enough to be discernible in a survey of the general population of users.



2 METHODS

The methods to test the hypothesis was by means of monitoring, measuring and
interviews. Monitoring was performed to define the risk groups with regard to
pollution exposure. The target group consisted of women in low-income suburban
areas of Maputo. This was to show that certain fuels are actually associated with
different levels of pollution exposure. Measurements of lung capacity were
performed in order to establish health effects in an objective way. These measure-
ments were validated and corrected for by body measurements. Interviews were
used to supply "subjective" health information as well as information on a number
of confounding variables.

2.1 Survey design
In order to obtain a sample as representative as possible, random selection of the
sample was used. Such a selection does of course inevitably result in a lower
number of observations for those fuels that are less common. In Maputo the
common fuels are wood and charcoal, and all the other fuels (LPG, electricity,
kerosene, coal, sawdust) are less common (see Section 3). This implies that
information about wood and charcoal users is fairly reliable, while for other fuel
users it is less so. Thus users of sawdust have generally been excluded from the
discussion due to the limited number.

In one fifth of the selected households, a woman doing the cooking was
monitored for exposure to smoke (particulates), and carbon monoxide. This was
done to find out if exposure differed significantly between users of different fuels.
If this were the case, then fuel use could feasibly be used as an indicator parameter
for exposure to air pollution.

In addition to exposure monitoring, three other variables were measured.
These were body height, body weight and peak expiratory flow rate. The latter is
used as an indication of lung capacity.

Information about all other features and conditions was gathered through an
interview, using a questionnaire (Appendix III). The questionnaire dealt with social
aspects, such as family size and composition, environmental conditions such as
access to water and sewage, fuel use (type, quantity and cost), and health aspects.

The questions on health relate to subjectively experienced symptoms. The
decision to use a questionnaire to assess health aspects was greatly influenced by
the experience of professor GostaTibblin (Tibblin, 1986). In epidemiology, sample
surveys with questionnaires are frequently used, though the method for their
distribution and completion is frequently different from that employed here. The
British Medical Research Council developed a questionnaire for the assessment of
chronic bronchitis (Medical Research Council, 1965), which has been widely used.
Variations and improvements of this questionnaire have subsequently been used by
other workers (Ferris, 1978; Pandey, 1984).



6 2 Methods

There was, in general, no independent test or check with any medical
expertise (other than in the design of the questionnaire). Thus what is presented
as results of the analysis is the perception of the woman herself. An implication of
this is that it is not possible to present a diagnosis in the medical sense with help
of the symptoms presented. For instance "chest pains" can refer to anything from
indigestion to a serious heart condition. Attempts to use questionnaire information
for predicting medical diagnoses have not always been successful (Dales et aL,
1987).

However, even if it is not possible to pose a medical diagnosis, the
information regarding symptoms is valuable in itself. Without cough, there will be
no bronchitis, without breathlessness there will be no asthma. But even if the
symptoms do not suffice as medical criteria for bronchitis or asthma they are
themselves proof of discomfort. If this discomfort can be related to an environmen-
tal parameter such as the use of a specific fuel this would essentially be enough.

A large number of health-symptom questions was included for different
reasons. One reason was to find out whether the general health situation in a fuel
user group was different from the others. Other questions were designed to capture
direct effects of carbon monoxide exposure. A question on cough in young children
was aimed to address the situation of children in the households.

It was mentioned above that there was in general no assessment of the
health status by a physician. This would have been impossible due to the large size
and limited time and resources available. However, a subsample of the respondents
were selected for examination by a physician at the Central Hospital in Maputo.
The selection was done on the criteria that the respondent had a cough and was
worried about breathing problems. Those so selected were given a remittance to
the Central Hospital, and money for the transport there. This was both because
some might be too weak to walk, and because even those fit to walk maybe would
not bother if no transport was provided. At the hospital the project paid for a
complete examination, and the respondent was given money to return home. In
addition to those selected through the above criteria, field workers were allowed to
remit persons soliciting medical care or obviously in need of it.

22 Sampling
The target area for the survey was the suburban areas of Maputo (see Appendix I),
mainly characterized by informal housing and low access to services such as piped
water, sewage and electricity. It is assumed that the population in these areas in
general can be characterized as poor families, although this by no means precludes
the existence of middle-income and even high-income families in these areas.

Out of the 17 suburban bairros3 closest to central Maputo, ten were
surveyed. Eight were selected to form the sampling frame on the basis that

Bairro: Part of town, township
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Table 2.1 Surveyed sample in this investigation and population of suburban Maputo
according to 1990 census

House-
holds Men Women

Total
population

Surveyed
households

n%

Surveyed bairros

Luis Cabral
Chamanculo A-D
Aeroporto A-B*
Mafalala"
Maxaquene A-D
Bagamoto
Hulene B
FPLM
Laulane
Malhazine

Subtotal (58%)

Bairros not surveyed

Xipamanine
Mavalane A + B
Micajuine
Hulene A
Urbanizacao
Polana Canico A-B
Jorge Oimitrov

Subtotal (42%)

All bairros (100%)

4746
9429
3918
2988
9588
2403
3292
1513
2403
1051

41331

3284
3932
1382
3240
1674
10997
5252

29761

71092

15567
29472

13115
8698
29726
8117
10948
4963
8117
3603

132236

9972
14456
4585
11422
5240
34593
15938

96206

228532

16203
30414
13597
9168
29888
8634
12287
5165
8634
3733

137723

10785
15321
4553
12116
5598
35703
16848

100924

238647

31770
59886
26712
17886
59614
16751
23235
10128
16751
7336

270049

20757
29777
9138
23538
10838
70296
32786

197130

467179

76
231
145
96
304
109
109
56
7
55

1188

1.6
2.4
3.7
3.2
3.2
4.5
3.3
3.7
0.3
5.2

2.9

population data for these was available in computer format at the Ministerio do
Piano. Thus the selection of these bairros is one of convenience, rather than
chance, though it appears that no specific bias had gone into the fact that these
bairros were available. The information consisted of lists of the whole population
of Maputo, including name, address and number of persons for each household.
It was based on the 1991 head-count of Maputo, and was thus rather recent. Two
additional bairros (Aeroporto and Mafalala) were included in spite of the fact that
the census information was not available on computer. The reason to include these
additional bairros is that they are densely populated, situated close to the city centre
and thus fairly stable as (sub)urban communities.

The two different samples prompted two different selection methods,
random selection from the computer list and random sequential selection in those
areas where no lists existed.

Sample selection in the listed bairros was done using the random generator
on a personal computer. The maximum file size of the programme limited the size
of the population to draw from at each occasion, so that the selection was finally
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made from groups of 400-600 families within each bairro. The probability of the
selection is discussed below.

From those bairros where computer lists did not exist, a random sequential
selection method was used. The field workers were assigned specific paths through
the bairro, determined on the basis of fairly recent city-planning maps (Courtesy of
Ministry of Planning). For each path an initial random number between one and
twenty was assigned, and the field workers initially skipped that number of houses.
From that place they counted all the houses to one side, skipped nineteen and
approached the twentieth for interview. This gave a probability of 5% for selection.
This procedure was then repeated until the whole bairro had been covered.

In none of the cases was it allowed to go to the neighbour if an interview
could not be completed in the selected household. In the case of listed bairros the
next randomly selected household was surveyed. In the case with sequential
selection it was necessary to pass another nineteen houses before making the next
attempt.

In Table 2.1 the population of the selected bairros according to the census
is presented together with the sample of finally surveyed households. Sampling was
carried out in an area comprising 58% of the population of suburban Maputo as
defined here (17 bairros). Maputo had a total population of roughly 800,000
persons according to the present definition (Matola is not included), of which
around 300 000 reside in the urban area, the "cement city".

The aim was to survey around 1000 households, which is 2.5% out of a
sampling frame of 40,000. In order to account for unavailable households a sample
of 3% was drawn in the first surveyed bairro, Luis Cabral. The actual sample
acquired was however only half of that (1.5%), and in the following a random
sample with a 5% probability was drawn.

The actual success rate of surveying the selected samples varied, and in the
end a total sample of 2.9% of the sample frame had actually been surveyed. In
Laulane the survey was discontinued due to logistic reasons, which is why the actual
sample was much lower there.

In those bairros where the completion rate could be checked (those where
the houses were listed), it was found to be on the average 65% (35% of the selected
households could not be surveyed). The major reasons for not completing the
survey with selected respondents was that nobody was home (38% of non-completed
surveys) followed by the team not finding the house or the family (23%) and that
the family had moved (11%). Only 4% were unwilling to take part in the survey.
24% gave various other reasons, among them that no woman was present.

When sampling from the computer lists, only households with female
members were chosen, thus segregating against all-male or bachelor households.
It is probably unreasonable to carry out a daytime survey and expect to find men
at home - let alone cooking - so this would probably have been the case even if
those households were not excluded from the sample. The amount of bias that this
procedure resulted in was investigated in blocks 1-6 of Chamanculo C. It was found
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that 2.5% of the households lacked male members, while 7.4% of the households
lacked female members.

The sample is most likely representative of suburban Maputo. The sampling
procedure has been as close to a true probability sampling as possible under the
circumstances. This should imply that the data acquired could be used to make
statements about women of households in suburban Maputo.

23 Field workers
The survey was carried out by field workers supervised by a field coordinator (Joao
Alves). The requirements for the field workers were that they could read and write
in Portuguese and that they could speak the most common local language, Shangani.
Most of the field workers were low-educated persons living in the same or similar
areas as those investigated. Thus it is not expected that the field workers
themselves would induce a cultural bias in the interaction with the respondents.

The field workers were trained for about two weeks prior to the actual field
work. Training consisted in a very thorough explanation of the questionnaire, with
special emphasis on the interpretation of the health questions, and possible
translations into Shangani, both linguistically and culturally. This was followed by
the field workers testing the questionnaires on each other. Then the field workers
were trained in the field, and the questionnaire was field-tested in an area which
was not to be surveyed later. The field workers were also trained in how to use the
different types of equipment: air pumps, diffusion tubes, PEF4 rate tubes and
measurement devices.

During the survey the field workers moved in teams of two. This was in
order to increase the personal security for the field workers. In order to acquire
confidence from the respondents no all-male teams were used.

2.4 Exposure monitoring
The pollution species monitored were respirable particulates ("smoke") and carbon
monoxide. These were selected on the ground that they are the most important
species with regard to health effects.

2.4.1 Particulates
Exposure to particulates was monitored using an air pump (Gil-Air SC) attached
to the respondents waist with an air inlet in the breathing zone. The particulates
were screened with a cyclone (SKC) so that only particles with an aerodynamic
diameter of less than 7.1 pm were collected. The screening is in accordance with
the Johannesburg Convention.5 There were two reasons to screen the particulates:

4 PEF = Peak Expiratory Flow

5 50% cut off at 5 nm, 100% at 7.1
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1. Most of the particulates emitted in biomass smoke are of very small sizes
(90% < 3.2 nm Smith, 1987). Thus screening gives a reasonable separation
from for instance road dust, which is generally larger. This makes it more
probable that the exposure actually monitored originates from household
cooking fires.

2 The smaller the particles are, the greater the probability that they will
penetrate deep inside the lungs of the persons exposed. Once there, they
will be more difficult to remove. This implies that the smaller particles
could be suspected to be more physiologically active than the larger ones,
which are trapped in the nose and throat, and subsequently sneezed or
coughed out.

Since the collected particulates are in the respirable size range they are called
Respirable Suspended Particulates or RSP.

The particles were collected on 37-mm cellulose-acetate filters (Millipore
SCWP 03700) with a porosity of 8 pm. The filters were conditioned in air-
conditioned laboratory air before weighing on a 5-digit laboratory balance.
Humidity in the laboratory was monitored with a Fischer hygrograph type 405.
Relative humidity generally varied between 50% at 2-3 pm and 70% at 8-10 am.
Weighing was done in the afternoon to reduce the influence of humidity.

In the field, paniculate monitoring was performed with women who were
actually cooking. Monitoring started just before cooking started and ended when
cooking ended. There was thus no minimum or maximum time for monitoring,
which meant that sometimes monitoring was for as little as twenty minutes, for
instance for making tea, and sometimes for as much as four hours. The average
monitoring time was 1.5 hours.

2.4.2 Carbon monoxide
Carbon monoxide exposure was monitored using a diffusion tube (Drager 6733191)
attached close to the breathing zone of the respondent. The diffusion tube is a
glass tube filled with a salt that darkens in contact with CO. The reading is ppmh
(ppm times hours), which is actually an exposure measure. The average con-
centration (in ppm) encountered can be calculated from this value if the exposure
time is known, by dividing the value with the time in hours.

The manufacturer gives standard deviation of 25% as an indication of the
precision of the test tubes. Cross-sensitivity with H2S could be a problem.

2.5 Lung capacity
As an objective test for lung capacity, the peak expiratory flow (PEF) rate was used.
PEF rate tubes (Mini-Wright Peak Flow Meter, Airmed) with clean disposable
mouthpieces were used. Each woman was first trained in blowing through the test
tube in the correct way (no leaks, maximum exhalation effort), and then three
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consecutive blows were performed. Of these, the maximum reading was recorded
as the current one for the woman. Each team carried one PEF-rate tube and a
number of clean mouthpieces.

2.6 Body measurements
Standing height was marked on a wall or tree or other reasonably straight vertical
object, and then measured with a measuring tape. The estimated precision was ± 1
cm for the height measurements.

The women were weighed using a small bathroom scale placed on a flat and
solid surface. Each team carried one scale. The precision of the scales was
estimated to be ±0.5 kg.

2.7 Data analysis
Data from questionnaires and measurements was analyzed using the SPSS statistical
package on the assumptions that the variables were randomly distributed.
Probability (p-values) levels given in the text refer to the probability that a
difference as large as the one observed would occur out of chance. The smaller this
probability is, the greater the reason to believe that an actual difference between
the groups exist with respect to this variable. Generally, t-tests were used for
comparison between two groups. In some tables the standard error of the mean is
presented as an indication of the distribution around the mean. The standard error
of the mean is the standard deviation of the mean divided by the square root of the
number of observations (S.E. = S.D./7n). The standard error of the mean is the
adequate distribution parameter when comparing means to each other, whereas the
standard deviation is appropriate when comparing individual values to the mean.



3 PATTERNS OF FUEL USE

Much of the presentation in this report hinges on the fact that people use different
fuels. In reality, and well known to all who have studied the household energy
situation in developing countries, it is quite rare that a family uses only one fuel.
In this investigation only 20% of the 1188 women interviewed stated they only used
one fuel and no alternatives. Having access to more than one fuel increases the
security in scarcity situations, and adds to the diversity in normal situations. All
fuels do not perform the same task as well. Wood may be more suitable for long
simmering while charcoal is better for a quick course. For cooking in large pots,
the kerosene stove may be inconvenient because it is often rather small and weak.

In this section the actual pattern of fuel use in suburban Maputo is
examined. Since random sampling was used, and most of the suburban areas of
Maputo were included, it is probably feasible to use this data as actual information
on the fuel use in low-income areas of Maputo. The inclusion of Luis Cabral in the
sample may, however, have overestimated the number of coal users to some extent,
since coal use was only found in that bairro.

Table 3.1 Principal fuel use in Maputo according to this investigation and according to
Behrens (1988).

Principal fuel

Wood
Charcoal
Electricity
LPG
Kerosene
Coal
Sawdust

Total

This investigation

Number of house-
holds

570
404
66
58
58
26
6

1188

Behrens 1988*

Percent of popula- Percent of popula-
tion

48.0
34.0
5.6
4.9
4.9
2.2
0.5

100

tion

59.6
17.7
6.1
14.2 .
2.4
-
-

100

* Investigation in Mafalala only

3.1 Fuels used most often
The basis for fuel use grouping in this study is the fuel that is generally used for
cooking. In answering this question, the housewives were asked to indicate in order
of priority the fuels they used, e.g. first, second, third up to possibly sixth priority.
Fuels that were not prioritized were coded as not used. The principal fuel used was
considered to be the fuel with priority 1. The prevalence of fuel use as defined by
the first priority (principal) fuel is presented in Table 3.1. For comparison, the
findings of Behrens (1988) are included in the table.

12
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As seen from Table 3.1, wood is the dominant fuel in the suburban bairros of
Maputo, with charcoal in a strong second place. It can also be seen that there are
three major differences between the results from the present investigation and those
of Behrens: wood use is less prevalent in this investigation and charcoal use is more
prevalent. Use of LPG as a fuel was much less prevalent in Maputo than what
Behrens found based on a survey in one bairn) only. The differences are even
more pronounced when only Mafalala itself is scrutinized: In the present study
wood use had gone down to 34% and charcoal use increased to 54% in Mafalala,
whereas LPG use was down to 4% (see Table 3.6). It is probable that the reason
for these differences is to be found in a changed economic situation coupled to the
fact that the access to LPG was especially good during 1988, since an attempt was
being made to popularize LPG use at the time (see Ellegard and Lopes, 1990). The
fact that wood use has decreased in favour of charcoal could depend on limitations
in the 1988 study, or that charcoal is now more widely available.

WOOD CHAR KERO LPG ELEC COAL SAWD

1ST PRIORITY 2ND PRIORITY 3RD PRIORITY

Figure 3.1 Fuel use and use priority by fuel as percent of whole sample

32 Priorities of fuel use
While Table 3.1 probably shows the most straight-forward way of looking at the fuel
use, reality is more complicated. As an illustration of this, the lower-order use
priorities are stacked on top of the first-order use in Figure 3.1. Looking at the
totals, wood and charcoal are even more dominant, and more similar. But also the
other fuels have a larger percentage of persons using them.
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The ranking of priorities within the fuel groups is shown in Table 3.2. This
shows the internal popularity of the respective fuel. Note that this table is seen from
the point of view of all persons using the fuel at all.

Table 3.2 Fuel use and use priority by fuel as percent of users of each fuel

First

Wood
Coal
Electricity
Charcoal
LPG
Kerosene
Sawdust

fuel

%

61
52
48
45
39
37
27

n

570
26
66

404
58
58

7

Second fuel

Sawdust
Charcoal
Kerosene
Wood
LPG
Electricity
Coal

%

54
52
45
34
31
29
28

n

14
463
69

313
46
39
14

Third

LPG
Electricity
Coal
Kerosene
Sawdust
Wood
Charcoal

fuel

%

27
22
18
17
15
5
3

n

40
30
9

26
4

48
27

Wood is the fuel most often selected as primary fuel by its users, and so is coal and
electricity. Among other fuels it is interesting to note that for charcoal, kerosene
and sawdust, secondary use of the fuel was the most common, showing that these
fuels could indeed be considered to be mainly secondary fuels rather than principal
fuels. The other fuels are all to the greatest extent used as primary fuels.

In Figure 3.2 the preference for wood and charcoal as secondary or lower
level fuels are shown against the principal fuel used. It shows that fewer (47%)
wood users use charcoal than the opposite: 91 % of principal charcoal users use
wood at times. Kerosene and coal users preferred wood as a substitute fuel before
charcoal, while among LPG users roughly the same proportion used wood and
charcoal. Charcoal was the most popular alternative fuel only among electricity
users.

Applying a reverse perspective, non-use of biomass fuels was very rare, with
only 2.4% not using either wood or charcoal at any level of priority. For modern
fuels (electricity and LPG) the situation was near the opposite: 78.3% did not use
either LPG or electricity at any priority level.

33 Fuel used today compared to principal fuel
In the comparisons of health and socio-economic indicators, the principal fuel as
defined above was used as the grouping variable. When monitoring the exposure
to pollution from specific fuels, it was instead necessary to relate it to the fuel
actually used during the monitoring session. Thus the fuel used at that time was
also recorded. This also gives a possibility to cross-check with the first-fuel
indication as given above. The overwhelming majority of users actually used their
principal fuel on the day of the investigation (Table 3.3). For charcoal and
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Figure 3.2 Wood and charcoal use as second and lower priority by principal fuel

electricity more persons used them than had selected them as principal fuel. This
might indicate that the meal cooked was a smaller meal, and that quick-cooking
fuels were most suitable. This explanation is feasible, since many of the families
cook their major meal in the afternoon, and the interviews were carried out during
the day.

Table 3.3

Principal
fuel

Wood
Charcoal
Kerosene
LPG
Electricity
Coal
Sawdust

Total

Fuel used

Wood

485
18
6
7
4
2
1

523

on the day

Charcoal

59
371

7
9
2
4
1

453

of the investigation by principal fuel

Fuel

Kero-
sene

5
5

44
2

56

used today

LPG

2
3

34

39

Electric-
ity

4
6

4
60

1

75

Coal

3

19

22

use.

Saw-
dust

4

2

4

10

Total

570
404
58
58
66
26

6

1188



16 3 Fuel Use Patterns

Those that cooked with wood on the day of the survey were not as many as
those that had stated wood to be their principal fuel, and the same was the case for
LPG, kerosene and coal as principal fuels. Most of the "principal" wood users that
had defected were instead using charcoal, while the "principal" LPG users were split
between charcoal, wood and electricity, and two even used sawdust. The relatively
low use of LPG might have been caused by a shortage during the investigation
period, but that could not be substantiated. Persons with kerosene as their principal
fuel and not using it on the day of the investigation used mainly wood and charcoal.

3.4 Use of only one fuel
As stated in the beginning it is quite rare to use only one fuel (in this study only
233 families, 20% of all), and it could be of some interest to see which fuels were
resorted to in these situations (Table 3.4). Again it is a case for the biomass fuels.
More than 90% of those that used only one fuel were using wood or charcoal.
Nobody had coal as their only fuel. Also in relation to the total users of each fuel,
biomass fuels were the most popular to depend exclusively on, with one of four
wood users and one of five charcoal users only using that fuel. Comparatively many
kerosene users were also single-fuel users (17% of kerosene users).

Table 3.4 Prevalence of single-fuel use by principal fuel (n = 233)

Principal fuel

Wood
Charcoal
Electricity
LPG
Kerosene
Coal
Sawdust

Use this as

n

138
78
4
2

10
0
1

their only fuel

% of all

11.6
6.6
0.3
0.2
0.8
0.0
0.1

Percent of all
single-fuel users

59
34
2
1
4
0
0.4

Percent of users of
this fuel who are
single fuel users

24
19
6
4

17
0

17

The very low exclusive dependence on modern fuels is interesting. The most
reasonable explanation is that the access is not reliable, since it was seen in the
survey that there is a fair number of households equipped with stoves or connected
to the grid (Section 3.6). Reliable supply is an important aspect when extended use
of electricity is advocated in the future.

3.5 How long has a fuel been used?
The time a fuel has been used has mainly interest with respect to the health
aspects, though it is by no means a simple relationship. In the case of users of
smoky fuels, it could be expected that their health will be further impaired the



Ellegdrd: Household Energy and Health in Maputo 17

longer they have used the fuel. For clean fuels (electricity and LPG) no health
effect should be expected. If somebody has switched from a polluting fuel to a
clean one, the health status may even be expected to improve over time. The
answers to the question "How long have you been using your principal fuel" was
sometimes answered by "always". In such cases, the time was assumed to be from
the time they started helping their mother, through to the present time as given by
their age.

Table 3.5 Average number of years the principal fuel has been used

Principal fuel Years used Std error n

Wood
Charcoal
Kerosene
LPG
Electricity
Coal

23.2
17.3
5.7

16.3
6.2
4.3

0.7
0.7
1.0
1.5
1.3
0.8

490
370
57
56
61
25

Wood, charcoal and LPG are well established in Maputo, and most of their users
have been using them for most of their cooking-active life (Table 3.5, compare to
Figure 6.4 for age). Coal, kerosene and electricity are much more recently
introduced in most families. In the parent's home, wood was the most common fuel
regardless of the fuel used presently. The prevalence of wood use in the parent's
home was as follows: wood users 90 %, charcoal users 72 %, coal users 65 %,
electricity and kerosene users 59 % and LPG users 52 %.

3.6 Daily cooking time
In spite of differences in the management of fuel and stove, cooking time did not
vary greatly between the different fuel user groups (Figure 3.3). The average for
all was 2.84 hours per day, with wood and LPG users slightly lower and charcoal,
electricity and coal users slightly higher. None of the differences between the
groups were statistically significant.

3.7 Stove ownership and fuel use
The use of any fuel requires an appropriate stove, though for wood (and maybe
coal) this could be fairly simple. For electricity, a connection to the electric grid
is of course necessary.
Of those 349 (30% of all) households connected to the electric grid, 62% did not
use electricity for cooking, and only 18% used it as first priority fuel. This could
be because most did not have a stove, maybe because it is expensive. Only 110
women (connected to the grid) stated that they had an electric stove. Of the
women with a stove 89% used it at all and 46% used it as a first priority. Other
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Figure 3.3 Daily cooking time by principal fuel. Mean and 95% confidence interval (n=1081)

reasons for not using electricity might be that they were unable to afford to pay the
bill, or that their connection is load-limited so that cooking is not possible.

In the investigation 118 persons stated they had an LPG stove. Of these
86% used it for cooking at some level of priority, though only 44% as a firsfpriority
cooking fuel, which is similar to the electricity users. For LPG access to gas
cylinders and LPG itself may have been important impediments to use.

Of those having a kerosene stove (139 persons) 93% used it at some level
of priority, and 39% as a principal fuel. Kerosene was accessible, since it is the
major fuel for illumination, but cooking on the kerosene stove may not be suitable
for all dishes. Among owners of a kerosene stove and answering the question on
stove type (86 persons), 13% indicated using a pressure stove and 87% used a wick
stove.

3.8 Fuels used for illumination
Lighting fuels are included in this investigations mainly because they sometimes
cause accidents with horrible burns as the result. This might be one of the most
serious health effects of household fuel use. Two simple types of kerosene lamps
were suspected for causing accidents: the xipefo garrafa and the xipefo lata. The
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Figure 3.4 Light sources in Maputo suburbs. Kerosene lamps are: Bottle (xipefo garrafa), tin
(xipefo lata), lamp (candeeiro de vidro) and lantern (lanterna).

former is a molotov-cocktail like lamp consisting of a bottle of kerosene with a
piece of cloth protruding through the neck. The latter is a home- or informally
made lamp, manufactured from a tin or some sheet steel. Neither of these types
have any glass protecting the flame.

The relative popularity of the different sources of light is shown in
Figure 3.4, where the priority levels are included as well. The lamp is an
industrially manufactured kerosene lamp with glass shielding the flame. In
Portuguese this is called a candeeiro de vidro.

Kerosene is by far the most important fuel for illumination (adding bottle,
tin and lantern), and in the majority of cases it is used as the primary fuel. Candles
are used by a fair percentage, but almost exclusively as a stand-by source of light.
Electricity, when available, was always the principal light source. Electric light was
used by almost all that were connected to the grid (96%), and by a further 8
families not connected.

3.9 Fuel use in the bairros
As seen in Table 3.6, the frequency of use of different primary fuels varies widely
between the investigated bairros. Use of wood ranged from 40% in Chamanculo6

Laulane with 28% wood use is not considered due to the limited number of surveys carried
out there.
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to over 70% in Bagamoyo and Malhazine, charcoal use from 5% in Malhazine to
over 50% in Mafalala. Coal was almost exclusively used in Luis Cabral.

Table 3.6 Use of primary fuel by bairro. Percent of fuels used in the bairro

Aeroporto
Bagamoyo
Chamanculo
FPLM
Hutene
Laulane
Luis Cabral
Mafalala
Malhazine
Maxaquene

All

Wood

46.9
70.6
40.7
42.9
64.2
28.6
43.4
34.4
70.9
42.8

48.0

Char-
coal

32.4
13.8
39.4
41.1
24.8
71.4
11.8
54.2
5.5

43.4

34.0

Kero-
sene

4.8
3.7
8.2
5.4
4.6

7.9
3.1
1.8
3.3

4.9

LPG

8.3
7.3
5.2
1.8
5.5

1.3
4.2
9.1
3.0

4.9

Electri-
city

6.2
4.6
5.2
8.9

.9

2.6
4.2

12.7
6.9

5.6

Coal

0.4

31.6

0.3

2.2

Saw-
dust

1.4

0.9

1.3

0.3

0.5

That Luis Cabralians use coal is explained by the vicinity to the coal-fired thermal
power plant, and hence to abundant supply of free or low-cost coal. Greater wood
use in Bagamoyo and Malhazine could be explained by the relative proximity of
these areas to woodland, where at least some of the requirement for wood can be
had free of charge. Higher use of charcoal in Mafalala, Chamanculo, and FPLM
could be explained by the relatively greater confinement of these bairros, in
addition to a longer history of urbanization which would have induced relatively
greater wealth and stability.



4 EXPOSURE TO AIR POLLUTION

4.1 Exposure to participates
Out of the sample of 1188 respondents, exposure to air pollution was monitored in
218 cases. Exposure to respirable suspended particulates was recalculated to show
the average concentration during cooking time (time-weighted average). The results
are shown graphically in Figure 4.1 and the values are presented in Table A.1
(Appendix II).
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Figure 4.1 RSP concentration by fuel used today. Mean and 95% confidence interval
(n = 218).

The fuel users could be divided into two groups according to exposure to
particulates: one group consisting of those using smokier fuels - wood, coal and
kerosene and the other consisting of charcoal users and users of electricity and
LPG. Wood users were exposed to significantly higher levels of particulates than
the second group, while coal and kerosene users had a much wider variation due
to the small number of observations together with a varying exposure situation. The
electricity and LPG users were also few in number, but the exposure situation was
less variable within and between these groups.

Thus exposure did not strictly follow a division between "traditional" and
"modern" fuels or biomass fuels versus fossil fuels. Wood closely resembles fossil

21
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coal in its emission pattern, and hence it is not surprising that air pollution exposure
among coal users resembled that among wood users. Kerosene users were inter-
mediate in exposure and perhaps surprisingly, more strongly exposed than charcoal
users. This was probably due to the fact that all of the kerosene users that were
monitored used wick stoves rather than pressure stoves. Pressure stoves emit much
less of particulates than wick stoves. Under these circumstances it seems futile to
propose a fuel switch to kerosene on the presumption that it should be less
polluting.

The relatively high levels encountered among electricity users also deserves
commenting, since electricity used for cooking does not emit any pollutants in the
place of use7. This means that particulates measured among electricity users must
come either from the dishes cooked (for example grilled meat, which appears less
likely) or from other sources, for example neighbours cooking. In an air pollution
survey in 1989 (Ellegard 1989 and 1993), it was found that the average ambient con-
centration of particulates in a suburban residential area of Maputo (Chamanculo)
was 230 Mg/m3 TSP, and the RSP level was 140 /ig/m3. These figures were monthly
averages for July. Though the meteorological situation is expected to be less
conducive to air pollution in March-April when the present study was carried out,
it goes to show that it is by no means unrealistic to expect high values even for
users of fuel that do not emit particulates. These levels are clearly in excess of
ambient standards (e.g. WHO 1987,70 /ig/m3 average for 24 hours) for all fuel user
groups, and most prominently so for wood users.

The case is similar for LPG users, though the levels encountered were even
lower. The confidence intervals between LPG and electricity users overlap, and
there is no statistically significant difference between the averages (p=0.354)8.

Grouping the sample according to higher or lower RSP exposure, the "high-
RSP" fuels (wood, coal and kerosene) average 1140 /xg/m3, whereas the "low-RSP"
fuels average 540 Mg/m3. The difference between these two groups is statistically
highly significant (p< 0.0005).

The small number of observations on coal and kerosene users make
generalizations difficult since the confidence limits are still very wide. For these
groups further monitoring of the exposure situation would be warranted.

42 Exposure to carbon monoxide
The situation with regard to carbon monoxide concentrations was slightly different
from the particle situation. The solid fuels all resulted in higher concentrations of
carbon monoxide than the other fuels. The values are given in Table A.2 and also
shown graphically in Figure 4.2, which is constructed in the same way as Figure 4.1.

7 While electricity production in thermal power plants like the one in Maputo certainly
contributes to pollution

8 Pooled variance estimate in T-test
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Carbon monoxide concentrations by fuel used today. Mean and 95% confidence
interval (n=216).

The extremes were coal and LPG, where coal users had the highest average
concentration and none of the three monitored LPG users were exposed to detec-
table levels of CO. For the largest groups, wood users and charcoal users, the CO
levels were almost identical. With regard to carbon monoxide exposure it would
be feasible to classify the fuel in solid fuels (wood, charcoal and coal) and modern
fuels (electricity, LPG and kerosene). According to this classification, the average
CO concentration for solid fuels was 42 ppm and for modern fuels 2.8 ppm. The
difference between these two groups is statistically highly significant (p< 0.0005, t-
test).

Though the average levels of carbon monoxide are probably not high enough
to cause symptoms among healthy adults (NAS, 1977), they are in excess of
recommendations by the WHO (WHO 1987) for the protection of susceptible
groups, where the maximum 1-hour average is stipulated to be 25 ppm.

43 Comparison with other places
Compared to the situation in Lusaka (Ellegard and Egneiis, 1992), the average
particulate concentrations encountered in Maputo were higher. In Lusaka the time-
weighted average concentration value for wood users was 890 Mg/m3 (1200 in
Maputo), for charcoal users it was 380 (540), and for electricity users 240 (380).
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This probably reflects a generally poorer air quality in Maputo. The time weighted
averages for electricity users can be assumed to reflect the ambient background
level at cooking time, since there is no reason to believe any emission of par-
ticulates from cooking with electricity. In a study in Accra (Ghana) using similar
monitoring procedures (Benneh etaL, 1993), the particulate pollution concentration
was lower for wood users (590 Mg/m3) but similar for charcoal users (340 /ig/m3).

Table 4.1 Hourly dose of respirable participates encountered in Lusaka and Maputo (|ig/h)

Wood users Charcoal users Electricity users

Maputo 1200 _•> 470 340
Lusaka 800 340 260

A similar picture results when the hourly doses of RSP are compared for some of
the fuel users groups in Maputo and Lusaka (Table 4.1). The dose was calculated
assuming that the normal breathing rate of a woman doing light work is 15 1/min.

The CO exposure situation in Maputo was different from that in Lusaka and
Accra. The average CO concentration levels among users of the major fuels (wood
and charcoal) in Maputo were 3-5 times higher than in Lusaka (Table 4.2).

Table 4.2 Average CO concentrations in Maputo, Lusaka and Accra (ppm)

Wood users Charcoal users Electricity users

Maputo
Lusaka
Accra

42
8.5
7.5

36
13
11

4.6
2.1
-

Accra values from Benneh ef a/. 1993
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Table 4.3 Mean CO exposure in Maputo, Lusaka and Accra (ppmh)

Wood users Charcoal users Electricity users

Maputo
Lusaka
Accra

49
43
24

37
65
33

7.5
10

-

Accra values are from Benneh ef a/. 1993

When the doses of CO are investigated, the differences between Lusaka and
Maputo become smaller (Table 4.3). One possible explanation would be that most
of the CO monitored originates from the own cooking fire. Naturally it is only
emitted when the fire is still burning or smouldering. The longer the monitoring
goes on beyond the burning time of the fire, the lower the average concentration.
The dose of CO to which the subject is exposed is not reduced, however. In
Lusaka, the monitoring time was 4.5 - 5 hours, while the actual cooking time was
no more than 2.8 hours (average). In Maputo the monitoring period was equal to
the actual cooking time, which on the average turned out to be 1.5 hours. Hence
the average concentration values for Lusaka, even if they are true for the
monitoring period, may be underestimating the concentration during the actual
cooking period. In Accra the monitoring period was 3 hours on the average, but
the actual cooking time was not stated.

4.4 Cooking location

Since the actual exposure of the woman cooking was measured it is not necessary
for the purpose of this survey to closely define the circumstances under which
cooking was performed. However, some data was collected in order to find out if
certain conditions were conducive to less exposure than others.

It is very difficult to describe the cooking location in a simple way. It is not
even clear exactly what is outdoor and what is indoor cooking, since any com-
bination can occur. The cooking place could have one wall and a roof, two walls
and a roof, four walls and no roof, four half walls and a roof, etc. The way to solve
this was to observe whether the cooking place had four walls and a roof or not, and
to record the number of doors and windows. Furthermore questions were asked
whether the woman usually cooked outdoors (of course it was observed where she
cooked on the day of the interview), and an estimate of the degree of ventilation
(good/bad) was done by the interviewer. More than half of biomass fuel users were
cooking outdoors, and all modern fuel users had cooking places with four walls and
a roof (generally part of the house. No statistically significant differences in
exposure were found with respect to cooking location or layout.
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In the previous section, the levels of exposure to particulates and carbon monoxide
in the different fuel user groups were described. Based on the exposure situation,
some further assumptions regarding the health status in the different groups can be
formulated.

Since wood users were exposed to significantly higher levels of particulates
than users of charcoal, electricity and LPG, this could be expected to result in a
greater number of respiratory symptoms among wood users. With regard to carbon
monoxide, the levels were similar to those encountered among charcoal users, which
would lead to expect that acute symptoms of carbon monoxide would be similar in
these two groups.

Electricity and LPG users were exposed to the lowest levels of both
particulates and carbon monoxide, and hence should have the fewest symptoms both
with regard to respiratory problems and to acute effects of CO. Kerosene users
would be similar to wood users with regard to effects of particulates, and similar to
users of modern fuels with regard to carbon monoxide effects. Coal users could be
expected to be similar to wood users, and possibly worse off in both these aspects.

Since it was found in the section on exposure that two different groupings
of the fuel users could be made with respect to exposure to particulates and carbon
monoxide, respectively, the health effects of exposure could broadly be tested by
using these groupings.

With respect to health effects, the principal fuel was the basis for fuel use
grouping, rather than the fuel used on the day of the survey.

5.1 Health indices
In order to compare the health status in the fuel user groups in a simple way,
symptoms were combined into health indices. While this reduces the precision of
the information to some extent, it greatly increases the possibility to analyse the
influence of variables other than fuel use.

Health indices were calculated in the following way: for each individual, the
answer to a number of questions regarding health (different questions for different
aspects of health) was added into a separate variable, the health index. The
addition based on the frequency of symptoms. The codes - based on symptoms
during the previous three weeks - were: "No/never" = 0 (zero), "Yes, sometimes"
= 1 (one) and "Yes, often" = 2 (two). The answer "sometimes" was defined as 1 -
4 times and "often" was defined as more than 4 times. The resultant index yields

a unique figure for each respondent, and the average index values for groups can
be treated statistically, based on the assumption of normal distribution.

Since tobacco smoking is an important confounding factor with respect both
to respiratory problems and other health aspects, the analysis was carried out using
the material on non-smokers only. The effect of smoking is discussed in section 5.5
below.

26
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52 Background health index
A background health index was designed to investigate the status with relation to
symptoms that are assumed to be independent of household fuel smoke exposure.
In Table 5.1 the questions included in this index is presented. The prevalence given
is the combined frequency of "Yes, sometimes" and "Yes, often". High-RSP fuels
are wood, coal and kerosene, low-RSP fuels are charcoal, electricity and LPG. This
index will indicate if there was any general difference between the groups with
respect to health status that could be expected to confound the conclusions
regarding health effects due to pollution.

Table 5.1 Questions included in the background health index and frequency (%) of positive
answers

During the past three weeks, did you...

...feel unnaturally tired?

...have sleeping problems?

...feel worried?

...have difficulties in concentrating?

...have stomach pains?

...feel sick?

...have a loss of appetite?

...sweat excessively in the night?

...have muscle cramps?

...have a dry mouth?

LowRSP
fuels

n = 534

58.1
53.4
51.7
47.8
50.7
44.2
37.4
49.4
45.9
15.7

High RSP
fuels

n = 654

66.2
61.0
59.3
52.9
56.1
48.3
45.3
53.4
51.2
17.4

All
n = 1188

62.5
57.6
55.9
50.6
53.7
48.1
44.1
51.6
48.8
16.7

The prevalence of symptoms was slightly higher for the high RSP fuels in all
variables, indicating that the general health situation was slightly worse for this
group.

The most important implication of this index is, that if a statistically
significant difference between users of different fuels is found with regard to
background health aspects, then differences between fuel user groups in other
health aspects where a difference is expected will be more difficult to attribute to
the kind of fuel used. The mean values of the background health indices in the
different fuel user groups are presented in Table A.3. The results are shown
graphically in Figure 5.1, together with a 95% confidence interval around the mean.
T-tests were performed in order to determine the exact statistical significance of the
difference between the groups. Wood users suffered from significantly more
background health symptoms than charcoal users (p=0.016) and users of electricity
(p=0.006) and LPG (p=0.001). Kerosene and coal users were also high in general
symptoms and the difference between these groups and electricity and LPG users
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was actually significant. The difference between charcoal users and these two
groups is not statistically significant.
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Figure 5.1 General health index by principal fuel and other fuel-related groupings. Mean and
95% confidence interval.

Grouping the sample according to smoky or less smoky fuels (high RSP or low RSP,
see section 4.1 on exposure) showed that users of smoky fuels (wood, coal and
kerosene) have significantly more background symptoms than those using less smoky
fuels (p< 0.0005).

It was also found that users of fuels that give more CO exposure (wood,
charcoal and coal) had significantly more symptoms than those that used low-CO
fuels (electricity, LPG and kerosene) (p=0.004). The users of the high-CO fuels
represent 84% (n=962) of the sample in this case.

This prompts the suspicion that wood users may live under conditions that
are more conducive to ill health than at least users of users of charcoal, electricity
and LPG. The same could be expected about coal and kerosene users, though the
difference to charcoal users was not as clear in this case. Background health
problems may be caused by poverty, lack of food, crowding or lack of sanitation.
These aspects will be investigated in section 6 of this report:

Generally the results lead to suspect that users of smoky fuels and fuels that
give high carbon monoxide exposure live under generally worse conditions than the
others, since the number of symptoms that are not directly linked to smoke
exposure are higher. This is hardly surprising, since the only fuels left with this
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differentiation of groups are the modern fuels (electricity and LPG), which in
general show less background symptoms.

S3 Respiratory symptom index
The index designed to capture symptoms related to respiratory problems is the one
of greatest interest in this investigation. Indoor air pollution is generally expected
to increase the respiratory symptoms, and health differences due to smoke exposure
would be captured by this index. The questions included are presented in
Table 5.2. The same conversion of positive answers as in the previous table was
performed. This index was further subdivided into two for the statistical analysis
in section 6. The two subdivisions relate to cough symptoms and non-cough
respiratory symptoms.

Table 5.2 Questions included In the respiratory symptoms index and frequency (%) of
positive answers

Low High RSP
RSP fuels All
fuels n = 654 n =

During the past three weeks, did you... n = 534 1188

...have a cough?

...have a cough with sputum?

...have a cough in the mornings?

...have a cough lasting for more than one month?

...have difficulties in breathing?

...your breath wheeze?

...feel breathless when walking uphill or in stairs?

...have difficulties inhaling?

...have difficulties exhaling?

...feel worried over breathing problems?

...panic about breathing problems?

...wake up in the night due to breathing problems?

...your breathing problems increase?

38.2
22.7
20.2
4.9

18.2
14.8
18.2
14.2
12.7
15.4
13.3
11.6
7.5

49.7
33.8
29.5
9.0

20.9
17.7
20.9
15.3
14.4
19.4
16.1
15.0
9.5

44.5
28.8
25.3

7.2
19.7
16.4
19.7
14.8
13.6
17.6
14.8
13.5
8.6

The first four questions reflect possible states of bronchitis, though it is not possible
to actually tell whether it is a bronchitis or whether it is chronic or not. The other
questions are more general and could, in addition to respiratory causes, be
attributed to other conditions, e.g. cardiac conditions or general anxiety. The
difference between those exposed to lower levels of RSP and those exposed to
higher levels is more pronounced with respect to respiratory problems than
background symptoms, and those more heavily exposed have higher prevalence of
symptoms on all accounts.

Figure 5.2 shows the averages of the respiratory problem index graphically,
together with their respective confidence limits (95%). The difference between
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Figure 5.2 Respiratory problem index by principal fuel and other fuel-related groupings.
Mean and 95% confidence interval.

wood and charcoal users is statistically significant (p= 0.003). None of the
differences in the index of breathing symptoms between other individual fuel user
groups are statistically significant. High-CO fuels are wood, charcoal and coal, low-
CO fuels are kerosene, electricity and LPG. The averages of the respiratory
problems index are presented in Table A.4.

There is also a statistically significant difference between users of smoky
fuels (high-RSP) and users of less smoky fuels (low-RSP) (p=0.006). However, the
difference between users of high-CO fuels and low-CO fuels is not statistically
significant (p=0.288). If this grouping actually reflects a difference in CO exposure,
a difference is indeed not to be expected, since the effects of CO exposure are
associated with other than respiratory effects.

It was further found that the main difference between wood users and users
of modern fuels (including charcoal) was with regard to cough and the nature of
cough. Looking only at the cough aspect, the wood users show significantly more
symptoms not only compared to charcoal users but also compared to electricity
users, while LPG users are on the margin. Coal users had on the average a larger
prevalence of cough than even wood users, but the spread was very great.

5.4 Acute effects index
The third index was designed to capture acute effects of exposure to carbon
monoxide. These are rather vague, and could easily be symptoms of other
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conditions, e.g. fever or starvation. Among symptoms of carbon monoxide ex-
posure are headache, dizziness, concentration difficulties, muscle weakness,
drowsiness etc. The questions included in the index and the frequency of symptoms
are presented in Table 5.3 divided according to groupings of carbon monoxide
exposure. High-CO fuels were wood, charcoal and coal. Low-CO fuels were
Electricity, LPG and kerosene.

Table 5.3 Questions included in the Index on acute effects of carbon monoxide exposure
and frequency (%) of positive answers

During the past three weeks, did you...

...you feel dizzy while cooking?

...you have difficulties in concentrating?

...your muscles feel weak?

...you suffer from headaches?

Low CO
fuels

n = 182

34.1
46.2
49.5
61.5

High CO
fuels

n = 1006

46.2
51.4
58.2
70.6

All
n = 1188

44.4
50.6
56.8
69.2

Symptoms of carbon monoxide poisoning are in fact so vague that even a trained
physician frequently misses the diagnosis. In a study in France, 30% of acute CO
poisoning cases were initially misdiagnosed, most frequently as food poisoning
(Coultas and Lambert, 1991). Hence the use of the index as an indication of
carbon monoxide effects may be limited.
The data is presented graphically in Figure 5.3. Statistics of the respiratory
problems index are presented in Table A.5. High-RSP fuels are wood, coal and
kerosene, low-RSP fuels are charcoal, electricity and LPG. High-CO fuels are
wood, charcoal and coal, low-CO fuels are kerosene, electricity and LPG.

Again wood users come out with a significantly greater number of symptoms
than charcoal users (p< 0.0005) and users of LPG (p=0.005) and electricity (p=
0.001). As in the case of the background health index there is no a priori reason
to suspect wood users to have greater acute problems than charcoal users (at least
not if these are actually indications of carbon monoxide exposure) since exposure
to carbon monoxide during cooking was almost identical in these groups (see
section 3.9). It is, however, expected that electricity and LPG users should have
lower acute effects of this kind (for the same reason), and this is what was actually
observed. Coal users should come out with a higher average than wood users due
to carbon monoxide exposure, a situation which could be supported by the data but
which is not statistically significant.
Users of smoky fuels had significantly more acute effect symptoms than users of less
smoky fuels (p< 0.0005). Users of high-CO fuels had significantly more symptoms
than users of low-CO fuels (p< 0.0005).
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Figure 5.3 Index of acute effects of carbon monoxide exposure by principal fuel and other
fuel-related groupings. Mean and 95% confidence interval.

5.5 Smokers
Tobacco smoking is an important confounding factor with respect to the symptoms
that are expected to arise from household fuel pollution. Of the 1188 respondents
answering this question, 49 were smokers. Overall, one third (33.4 %) of the
women lived in families where somebody else smoked. The whole sample was
tested to check whether there were any significant differences between smokers and
non-smokers. The results are presented in Table 5.4.

The last row of the table shows the average of the answers to the questions
"Did you have a cough?" and "Did you have a cough lasting for more than one
month?". These questions are included in the respiratory symptom index.

The results show that there are statistically significant differences in health
status with regard to smoking, though the only difference that was not statistically
significant is that regarding respiratory symptoms. In order to penetrate this result,
the fourth line was included. There appears to be a slightly significant difference
in cough prevalence but not in the other aspects of respiratory problems.

The above analysis was performed without dividing the sample according to
fuel use. Out of the 49 smokers 30 used wood and 12 used charcoal as their
principal fuel. Among wood users, no significant difference between smokers and
non-smokers was found in any of the health indices. For charcoal users the
difference between smokers and non-smokers was statistically significant in all cases
(p=0.013, p=0.022, p=0.043 for differences in background, respiratory symptoms
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Table 5.4 Mean health index averages for smokers and non-smokers. Smokers were those
who smoked sometimes or often.

Index
Non-smokers

(n=1139)
Smokers
(n=49)

Probability (p)
of difference

Background health
Respiratory symptoms
Acute effects
Cough

5.78
3.38
2.87
0.60

7.20
4.24
3.69
0.82

0.005
0.144
0.003
0.049

and acute effect indices, respectively). Smoking charcoal users had higher health
indices than smoking wood users and non-smoking charcoal users had lower indices
than non-smoking wood users.

60%

WOOD(570) ELEC(58) KER0(66)
CHAR(404) LPG(58) COAL(26)

SOMETIMES OFTEN

Figure 5.4 Eye discomforts while cooking by principal fuel. Figures in brackets show the total
number of respondents in each fuel user group.

5.6 Eye irritation
Eye irritation is an indicator of indoor air pollution exposure that is not included
in the acute effect index. The reason it is not included is that the emission of
smoke and carbon monoxide do not necessarily coincide; in wood fires their maxima
are generally separated in time, and charcoal fires emit less smoke but similar
amounts of CO compared to wood fires. The frequency of eye irritation in the dif-



34 5 Health Aspects

ferent groups is presented in Figure 5.4. It gives an indication of both the preva-
lence of problems (total height of bar), and the severity (fraction of respondents
reporting problems often). Wood users had the highest prevalence of problems
with smoke, and electricity and LPG users the least. Wood and coal users also had
a much large fraction reporting problems "often" compared to charcoal and
kerosene users.

5.7 Children's situation
It has been urged that while indoor air pollution may be a health threat to adults,
it is likely that children may suffer more. The WHO has selected the investigation
of the relationship between acute respiratory infections (ARI) and indoor air
pollution a top priority research area (World Health Organization, 1992).

In order to contribute some information on the situation of small children,
the question "Did any of your children (younger than 5) have a cough lasting for
more than one month?".

50%
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CHAR(279) LPG(34) COAL(22)

Figure 5.5 Frequency of cough lasting for more than one month in children below five years
of age by principal fuel. Number of eligible households in brackets.

In Figure 5.5 the frequencies of positive answers to the question are related to the
respective fuel user group. The basis for calculation of percentages is those families
that actually reported having children under five years of age.

The data in Figure 5.5 does (somewhat surprisingly) show higher prevalence
of cough among the small children of electricity and LPG users than among those
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of wood or charcoal users. It is only among coal users that the predicted increase
in prevalence among small children is supported by observation.
Figures for non-biomass fuel users are less reliable due to the smaller number of
observations, but the data does not indicate that children of biomass fuel users have
more respiratory symptoms than other children. Surjadi (1992) observed in Jakarta
that while respiratory problems in mothers could be associated with the type of fuel
used, no such association was present in children.

5.8 Burns
Burns could well be one of the major health effects from use of biomass fuels. In
Lusaka it was found that in 10 % of the households somebody had suffered burns
or scaldings during the previous three months. The frequency was slightly higher
among wood users than among charcoal users, and more than double that of
electricity users.

In the Maputo survey, the question was put somewhat differently, but
indicates a lower frequency of burns. Thus the average frequency of burns during
the previous year was 7 %, and during the past three months it was only 3 %.
Some of the difference could be explained by the fact that the Lusaka investigation
took place during the cold season, when people often light a fire to keep warm. In
Maputo the survey was carried out after the rain season when it was still warm.

Burns mostly affect children. Of the burned persons, 74 % were below
twelve years of age. The most common burning accident is scalding, where hot
liquid is poured over somebody. Scalding was the most common cause of burns,
with 74 % of the burn victims, against 3 % burned by lamps and 11 % by stoves.
Among other burn causes were oil, petrol and cigarettes.

Wood users were slightly under-represented among bum victims in Maputo
with 6.5 % burned, together with LPG (3.5 %) and electricity users (4.5 %). The
greatest over-representation was among sawdust users (17 %), coal users (16 %)
and kerosene users (9 %). Charcoal users were slightly over-represented with 7.5

5.9 Peak expiratory flow rate (PEF)
Peak expiratory flow is a measure of the upper airways diameter (Cotes etaL, 1983)
which is usually employed in intra-subject investigation of obstructive respiratory
diseases. It has, however been used in studies of larger populations, and it has been
shown that residence in areas with high levels of atmospheric pollution is conducive
to reduced PEF levels in both smokers and non-smokers (Gregg and Nunn, 1973)
and in children (Zwi et aL, 1990). Malnutrition is suspected to affect the PEF rate,
especially in children (Carswell et at 1973; Primhak and Coates, 1988).

5.9.1 PEF rate before and after cooking
Peak expiratory flow rate before cooking was measured in 1062 respondents. When
PEF was measured in a household selected for air pollution exposure monitoring,
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two measures were taken, one before and one after the monitoring period. The
PEF rate after cooking was measured in 221 cases.
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Figure 5.6 Peak expiratory flow rate by principal fuel. Mean and 95% confidence interval.

Of the 1062 monitored women, 41 were smokers. The average PEF rate among
non-smokers was 372 1/min and among smokers 3561/min. The difference in PEF
between smokers and non-smokers was not statistically significant (p=0.198). In
spite of this, the continued analysis was performed with the material on non-
smokers only.

The mean PEF rate before cooking in non-smokers is presented in Figure 5.6
together with the 95 % confidence limit of the mean. Wood and coal users had the
lowest mean PEF values, though as usual the confidence limit for coal users was
very large. LPG users had the highest mean value. Electricity users had a lower
average PEF than either LPG or charcoal.

The mean PEF rate before cooking among the 484 wood users was 365
1/min, and that for the 352 charcoal users was 3811/min. This difference between
wood and charcoal users is statistically significant (p=0.002). The PEF rate in
wood users was also lower than the average of 3851/min for the 50 LPG users, the
difference not being statistically significant. Coal users had a mean PEF (341
1/min) which is significantly lower than that of charcoal users (p=0.012) and LPG
users (p=0.015). No other differences were statistically significant.

If exposure to emissions from the cooking fire gives acute effects, which
could be the case for instance in asthmatic persons, then it could be expected that
the PEF rate after cooking is lower than it was before cooking. In the subjects that
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Table 5.5 Difference in PEF rate before and after cooking (PEF after - PEF before). Only
respondents monitored for exposure participated.

Principal fuel

Wood
Charcoal
Electricity
LPG
Kerosene
Coal

Mean

+5.8
+5.2
-20

+31
+32
+ 14

S.E.

6.2
8.2

17
33
37

5.0

n

106
66
8
7

13
8

standard error of the mean

were monitored for exposure, PEF rate was taken also at the end of the cooking
session. The averages of the individual differences before and after cooking are
presented in Table 5.5. It can be seen that there actually appears to be a slight
increase in PEF rate during the cooking period, with an unexpected exception
among electricity users. This might indicate that if there is indeed an acute effect
due to exposure to fuel emissions, this effect is smaller than the possible effect of
the learning. This explanation also suggests that the preliminary PEF readings
might be somewhat conservative, since they were taken at the first encounter with
the measuring device. However, the differences in measured PEF rate within the
fuel user groups before and after cooking are not statistically significant.

5.9.2 Influence of body height and age on PEF rates
The differences in actually measured PEF values do not take any account of
anatomical or physical differences in the subjects. Height and age are variables that
are commonly referred to as important determinants of PEF rate (Cotes et al,
1983). Therefore, a theoretical PEF value was calculated for each subject in which
both the age and height had been recorded. The calculation made use of an
equation (Ibid.) where observed values for about 3000 women9 had been weighed
together:

PEF = 330.06H - A.600A - 66.36 l/mln

Where H = standing height (m) and A = age (years)
Hence the mean theoretical PEF values that are presented in Figure 5.7 depend
only on the height and age of the subject, no other factors are included. They can
be used for two things, namely:

The populations for which the equation was calculated were women in Europe and North
America. It is not likely that they should be applicable to women in southern Africa. However,
the equation serves as a tool to compare the different fuel user groups, not to discuss the
actual difference between theoretical and measured values.
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Figure 5.7 Theoretically calculated PEF rates by principal fuel. Mean and 95% confidence
Interval. Group size In brackets.

a) To find out whether any significant difference between different fuel use
groups would be expected from their height and age composition. If such a
difference is expected between two groups, and a difference is actually found, then
this finding is less useful to support the claim that use of certain fuels influence the
respiratory status. On the other hand, if no difference is expected, and a difference
is found, then it strengthens the case for fuel use influence.

b) To compare the difference in magnitude between real and calculated PEF
rate within a fuel user group10. Those groups with the greatest difference between
measured and calculated PEF rate would be expected to have been influenced to
a greater extent by their fuel pollution than those with less difference.

Investigating the first aspect, it was found that significant differences between
various fuel user groups should indeed be expected due to age and height. Wood
users should be expected to have a significantly lower PEF rate than charcoal users
(p=0.002), kerosene users (p=0.002) and electricity users (p=0.018). The material
also suggests that kerosene users should have a higher PEF rate than coal users,
charcoal users and LPG users, though this was not statistically significant. All the
above statistics were calculated by means of t-tests.

10 The absolute magnitude of the difference is of little interest, since the equation was derived
from another population.
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Since it was indeed observed that wood users had lower average PEF
readings than charcoal and electricity users, and that this would actually be expected
from age and height, the assumption that the greater exposure to particulates
among wood users would be a contributing cause to this is weakened.

The observation that the average observed PEF rate for kerosene users was
lower than that in charcoal or LPG users does on the other hand suggest that there
could be an influence from the smoky kerosene fuel.

Table 5.6 Difference between measured and calculated PEF rate (l/min).

Fuel

LPG
Charcoal
Wood
Electricity
Kerosene
Coal

Difference between measu-
red and theoretical PEF

-9.4
-16
-25
-26
-34
-52

n

48
347
454
54
53
24

The measured PEF value was in all cases lower than the theoretical one. The
differences between theoretical and expected PEF rates are shown in Table 5.6. If
smoke from the household fuel were the only important factor in determining PEF
rate, it would be expected that the women using the smokiest fuels would show the
largest difference between measured and expected rates. This is to an extent the
case since coal and kerosene users should appear at the bottom of the list, with
LPG and charcoal users on the upper half. But there is one confusing observation.
The difference between measured and expected PEF rates in electricity users is
among the largest, on par with that of wood users and there is no apparent reason
for this to occur. Electricity users were exposed to lower levels of particulates than
LPG users, and their respiratory problem index was even lower than that for LPG
users, indicating less symptoms of the kind that could be expected to influence PEF
rate. It might be recalled that electricity users were also the only group where PEF
readings before and after cooking showed a reduction.

5.10 Examinations by a physician
Some of the subjects in the investigation were subjected to investigation by a
physician at the Department of Pneumology at the Central Hospital of Maputo.
One reason to do this was that the survey team had no medically trained staff, and
that sometimes they were bound to come across persons obviously ill or asking for
medical assistance.

It was necessary to use a simple screening method to determine which
respondents were to be sent for a check-up, since the selection would have to be
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done in the field by the field teams themselves. The criteria selected were that the
respondent should have had a cough 1-4 times during the previous three weeks, and
that breathing problems had caused worry. Due to the survey situation it was
impossible to use more elaborate criteria, which could have matched, for example,
the whole respiratory problem index.

The respondents meeting these requirements were issued a remittance to the
Pneumology Reception at the Central Hospital of Maputo. They had to commit
own funds to arrive at the hospital, but were reimbursed for the bus fare there and
received money for the return trip. At the hospital they were subjected chest x-ray
and to examination.

A total of 277 persons met the conditions (23 % of all) and were issued
remittances, and finally 57 persons were examined (21 % of the selected).

The distribution of different symptoms is shown in Figure 5.8. A large
number of persons meeting the criteria do not exhibit symptoms related to respira-
tory problems. In fact, the largest symptom group was hypertension. The reason
could be that hypertension could be associated with cardiac problems that is subjec-
tively conceived as respiratory problems. These problems frequently cause worry
which may be a reason for so many being present in this selection.

In Figure 5.9 the distribution of different specific diagnoses in the respiratory
symptoms group is presented. It is seen that about half of these exhibit more or
less chronic symptoms (asthma, tuberculosis) while the other half exhibit conditions
that could be described as acute.

RESPIRATORY (24.6%)-

-HYPERTENSION (31.6%)

OTHER (10.5%)

^-NORMAL (33.3%)

Figure 5.8 Diagnosis of symptoms among those women who had cough and worried about
breathing problems. (n=57)
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BRONCHITIS (14.3%)~\ (14.3%)

ASTHMA (28.6%)

(14.3%)

(28.6%)

Figure 5.9 Diagnoses related to respiratory problems (n=14).



6 LIVING CONDITIONS OF THE FUEL USER GROUPS

It was found above that there was a statistically significant difference in exposure
to cooking fuel smoke between at least wood and charcoal users. It was also found
that there were statistically significant differences in health status between these two
groups.

Unfortunately - because the analysis becomes more complicated - the
difference in health status between different fuel user groups prevailed in all three
health effect indices; not only with regard to respiratory symptoms where
differences would be expected, but also with regard to background health aspects
where no differences were expected. There is thus a tendency that wood users (at
least) constitute a group that generally has poorer health, and that the reasons for
this un-health are but partly to be sought in the fuel most commonly used.

In the following analysis some background variables that could have an
influence on health status are presented. Statistical significance (probability values,
p) have been computed using t-tests. Fuel use in this section is defined as the fuel
used most frequently, same as for the health investigations. The number of missing
cases for different questions was in general 1-2 %.

6.1 Food
Nutrition was only indirectly dealt with in the investigation. The question asked was
"Do you think that your family has enough to eat?", and while it is not a measure
of nutrition it is certainly a reflection of whether there is enough food or not. In
Maputo the satisfaction of food requirements in general appears very low as shown
in Figure 6.1. In Lusaka 65 % of the wood users and 77 % of the electricity users
reported their families had enough to eat. In Maputo, the range was only 21-39 %
with wood users at the lower end and LPG users at the top. The results presented
here suggest that wood users were worse off for food than the other fuel user
groups, but even among those better off it would not be surprising if lack of food
could be a factor to reckon with as a reason for impaired health. The low food
satisfaction in Maputo was to an extent expected due to the civil war and the
generally weak economy, and probably worsened by current drought in the area
during the time of the study. The latter fact could also be illustrated by findings in
Lusaka in the same year as the present study (drought year) when the percentage
of low-income women who stated that they had enough to eat was reduced to 55
% on the average. In that study it was further found that the answer to this
question was not significantly correlated to the consumption of calories, but to some
extent to protein consumption (Chiwele et aL, 1994).

62 Family size and age
A large family is commonly associated with poor living conditions, and poverty is
strongly linked to health status. In Figure 6.2 the average family size in the dif-
ferent fuel user groups is presented. The difference between wood and charcoal
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Figure 6.1 Percentage who had enough to eat by principal fuel (n= 1143).

users is statistically significant (p< 0.0005), and between wood and kerosene users
(p=0.016). The large size of electricity user's families shows that there is no simple
correlation between poverty and family size, since those that use electricity for
cooking must be expected to be relatively better off. Not only do they live in a
house that is connected to the grid, but they have also been able to afford to buy
an electric stove. This could be compared to the Lusaka study where it was found
that electricity users had the largest families of all. In that case it was attributed
to the "extended family" system, where wealthier families had relatives staying in
their home.

The number of children compared to the total number of persons in the
family might be an indication of the prevalence of the "extended family" system. If
the ratio of adults to children in the family is large, this may imply that there could
be grown-up relatives staying in the house. It is more likely that wealthier families
have to put up their relatives than poor ones. But if, on the other hand, the
number of children is large, this is an indication that the core family is large.

The number of children under 12 in the different fuel user groups is pre-
sented in Figure 6.3. Electricity users had significantly less children under twelve
than wood users (p=0.037), and the same goes for charcoal users (p=0.013). It is
thus suggested that wood users have larger core families (poverty indication), and
that electricity users have large families due to the extended family system. This
is further supported by the fact that family size and number of children were
negatively correlated with age among wood users (p<0.01 and p< 0.001, respec-
tively), but positively or not at all among electricity users (not significant).
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Figure 6.2 Average number of persons per family by principal fuel use. Mean and 95%
confidence interval (n=1186).

= J

< 3
Lu
o:
a.
z

§ 2 . 6 -

o
u.
O

S 2 . 2 -

NU
»

i 
i

-- -

-

WOOD CHAR KERO LPG ELEC COAL

Figure 6.3 Number of children per family by principal fuel. Mean and 95% confidence interval
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Figure 6.4 Respondent's age by principal fuel. Mean and 95% confidence interval
(n= 1128)

life expectancy in Mozambique is among the lowest in the world, with an average
for women of 48.1 years in 1985-1990 (for men 44.9) (Direcc,ao National de
Estatfstica, 1991). Age is an important factor with respect to health effects, though
it is not always true that older persons have more symptoms. For instance general
fatigue, headache and cough have been shown to decrease with age (Tibblin et al,
1990). For the effects of household fuel pollution, age could be an important
factor, however. In Figure 6.4 the age (not life expectancy) of the respondent is
shown against the principal fuel used. Wood users were significantly older than
charcoal (p < 0.0005), kerosene and coal users, other differences were not statisti-
cally significant. (Compare also Figure 3.2).

63 Education
Education is often used as an indicator of socio-economic status. In the present
survey, respondents were asked both whether they could read and write and how
many years they had been to school. Two percent of those that had never attended
school reported literacy anyway, and 8 % of those that had attended school were
still illiterate. As shown in Figure 6.5, the literacy rate was higher among the users
of modern fuels, and among charcoal users. Coal users had the lowest literacy rate.
The difference in literacy between wood users and charcoal users is an indicator
that there is actually a socio-economic difference between the two groups.
Compared to the national average of urban women in Mozambique in 1980, the
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Figure 6.5 Literacy rate by principal fuel (n=1187).
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Figure 6.6 Number of years spent in school by principal fuel. Mean and 95% confidence
interval (n=1092).
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literacy rate was higher in this investigation, 51 % compared to 44 % in 1980
(Direccao Nacional de Estatfstica, 1991). Among rural women in these age groups
the literacy rate in 1980 was around 10 % (Ibid.).

The number of years spent in school is shown in Figure 6.6 as another aspect
of education. In this case the average includes also those that did not go to school.
It can be seen that wood users had spent significantly fewer years in school than any
of the other fuel user groups except coal users. This does not only reflect the
higher proportion of wood users that had not been to school at all. When only
school-goers were selected, the wood users still had attended school for a
significantly shorter period than most of the other groups (e.g. compared to charcoal
users p< 0.0005), but the average number of years was roughly twice as high.

6.4 Housing conditions
Housing conditions is a reflection of family wealth and, as reflected in indoor
population density, is proposed to be important for respiratory disease (Surjadi,
1993). The average number of rooms per family is presented in Figure 6.7. It is
seen that electricity and LPG users had significantly more rooms than other fuel
user groups. There was no difference between wood and charcoal users.

An aspect of housing conditions is problems with moulds or fungi in the
house. Such a problem could indicate that the house is poorly built, or that the
area is unsuitable for residential construction. It has also been suggested that
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Figure 6.7 Number of rooms in the house by principal fuel. Mean and 95% confidence
Interval (n=1171).
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moulds or fungi in a building could cause allergies, which could be manifested as
respiratory problems. In Figure 6.8 the percentage of the fuel user groups that had
problems with mould or fungi is presented.
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Figure 6.8 Problems with moulds or fungi in the house by principal fuel (n=1183).

There was no statistically significant difference between charcoal and wood users
in this respect, but users of the modern fuel had less problems than wooid users.
The prevalence of mould problems was generally higher than what was found in Lu-
saka (wood users 26 %, charcoal users 28 % and electricity users 14 %). One
reason could be that the climate in Maputo is more humid. The order was the
same in Lusaka and Maputo: users of modern fuel had less problems with humidity-
induced conditions. In the case of electricity users this could be due to better
housing standards required for connection to the grid.

In Lusaka, mould problems were found to correlate with the general health
indicators, but not with indicators of respiratory health. In Maputo there was also
a correlation with general health factors, but in contrast there was a correlation with
respiratory problems as well, though weaker (see section 7.3).

Another indicator of poor housing quality is the existence of insects and
other household pests. In the present survey the question asked was whether the
house had been fumigated. This question does not tell whether there was
objectively a reason to fumigate, only if the family had found it worthwhile eco-
nomically and socially to do so. The results shown in Figure 6.9 indicate that quite
few of the households had fumigated their houses, but that electricity and LPG
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Figure 6.9 Prevalence of house fumigation by principal fuel (n=1083).
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Figure 6.10 Number of years that the family has stayed in the same house by principal fuel.
Mean and 95% confidence interval (n= 1112).
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users were more prone to fumigation than other groups. With the other infor-
mation on these groups, the greater tendency to control household pests appears to
be associated with greater hygienic awareness rather than greater problems with
insects. Twice the proportion of charcoal users had fumigated their houses
compared to wood users. The use of insecticides in itself may be a health hazard
(Mcgranahan, 1993).

An aspect which does not have a bearing on the actual quality of the house
(other than indirectly) but may be important to show the social stability of the fa-
mily, is how long the family has stayed in the same house. The average time stayed
in the house is presented in Figure 6.10. The only significant difference in time
stayed in the house was between the coal users who had a stayed significantly sho-
rter time than either electricity, LPG or wood users. The difference between wood
and charcoal users was not significant. This result would tend to set out coal users
as less stabilized socially, but it is also a natural effect of their being generally
younger.

6.5 Access to water and sanitation
Access to enough clean water is a prerequisite to good health. Water is needed for
drinking, cooking and washing. If the water source is contaminated the risk of
stomach disorders increases, and in certain situations it may even be conducive to
epidemics. While piped water in the house might not be necessary for good water
access, it gives an impression of two aspects. First, the quality of the water could
be assumed to be good, and second, the condition of housing situation is good since
piped water reflects a wealthier, more permanent type of dwelling. The frequency
of piped water in the house in the different fuel user groups is shown in Figure 6.11.
The percentages were rather low, and by far the most common source of water was
a neighbour, probably one with in-house water connection. This is at difference
with the situation for urban inhabitants in general, where 82 % were listed as
having in-house piped water in 1980 (Direcc,ao Nacional de Estatfstica, 1991). This
reflects both the sample selection (only suburban areas) in this study, and the
relatively large immigration into these areas during the past decade. LPG and
electricity users stand out as having better water access conditions, both higher per-
centage having in-house piping and greater number of choices. Wood users had a
lower proportion of in-house water connections and a higher frequency of using a
well as water source compared to charcoal users. Coal users were more strongly
dependent on public standpipes and LPG users were least dependent on that sou-
rce. Two respondents reported collecting water in the drainage canal, and three
from a dam or pond.

Water may be safe and plentiful, but in order to be safe for the individual
and neighbourhood it must also be disposed of in a safe way. The percentage of
households connected to sewage systems is presented in Figure 6.12. In general, it
is only on the fringes of the suburban areas that connection to the sewage system
is possible. Here electricity and LPG users were notably different from the other
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Figure 6.11 Running water In house by principal fuel (n=1173).
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Figure 6.12 Percentage of fuel user group connected to the sewage system (n = i070).
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PIT LATRINE IMPROVED LATRINE FLUSH TOILET

Figure 6.13 Type of toilet by principal fuel (n= 1184).

fuel user groups. Though a greater percentage (3.5 %) of charcoal users were con-
nected to the sewage system than the wood users (0.5 %), this is hardly a difference
that would affect the health status of these groups. The vast majority is still uncon-
nected in both groups (96.5 and 99.5 % respectively).

According to official statistics, 72 % of the urban population in Mozambique
had access to some kind,of latrine 1991 (Ibid.), though it is unclear what type. In
the present study, virtually all households actually had access to a latrine of some
sort, though the majority (95 %) used simple pit latrine, (see Figure 6.13). In spite
of the lack of connection to the sewage (or water) system, some use flush water
toilets with the pit latrine. There has been a campaign for introducing "improved"
latrines, though it was not investigated what this improvement, consisted of.

Wood users rely more on pit latrines than charcoal users, and less on
improved latrines. Electricity and LPG use had the greatest use of flush toilets and
improved latrines.

6.6 Body measurements
If, for instance, access to food is a fundamental difference between the fuel user
groups, this could be expected to be manifested in lower weight and even in stunted
growth.

The weight of the women in the different fuel user groups is presented in
Figure 6.14. "Wood users and coal users had lower than average weight. Electricity
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Figure 6.14 Body weight by principal fuel. Mean and 95% confidence interval (n=iO74).

users were heavier than average but significantly heavier than coal users only.
The height of the women is presented in Figure 6.15. Coal users were the

shortest but LPG users were also shorter than average. Electricity users were taller
than the other groups, significantly taller than all other groups except kerosene
users who in turn were significantly taller only than coal users. Height and weight
are actually associated to some extent to external factors such as education, social
class, number of children etc. (Omar et at, 1994).

A Body Mass Index (BMI) is sometimes calculated to facilitate comparison
of both these factors. Such an index was calculated here according to the equation:

BMI Weight
Heights

kg/m5

The body mass index for the Maputo women is shown in Figure 6.16. Average for
the whole sample was 23.5 kg/m2, which is similar to the BMI in other populations.
Among rural women in Somalia, the average BMI was found to be 21, with 30 %
of the women below 19 kg/m2, indicating underweight and malnutrition (Ibid.). In
the present study, the proportion of women with BMI below 19 was 12.8 %, with
a small variations between the fuel user groups. Wood users had the highest
percentage of underweight (14.2 %), and LPG users the lowest (8.0 %). Interes-
tingly, electricity users had a higher than average percentage underweight women
(13.8 %). In Lusaka mean BMI was 23.3, 24.4 and 24.6 kg/m2 for wood, charcoal
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Figure 6.15 Standing body height by principal fuel. Mean and 95% confidence interval
(n = 1072).
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Figure 6.16 Body mass index by principal fuel. Mean and 95% confidence interval (n=1061)
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and electricity users, respectively (Ellegard and Egneus, 1992). An investigation in
Italy showed a mean BMI of 21.8 for women under 35 years of age, and 23.5 - 24.5
for older women (Tawani et at, 1994), indicating that BMI could increase with age.
A study in New York revealed an average in white women 23.9 and of 22.5 in
women of Asian descent (Wang et al, 1994). The latter investigation shows that
there are differences that may be attributed to ethnic group. White women were
taller (mean 163 cm) than Asians (mean 157 cm), but appeared to have less body
fat. In a study in India, more affluent women had a higher BMI than comparable
poorer groups (25.8 versus 20.3 kg/m2, Kamat et al, 1992).

The only groups that differ significantly from each other with respect to BMI
are coal users and charcoal users (p = 0.022), though wood users had a lower mean
than charcoal users as well. In the Italian study above, moderate smokers (< 15
cigarettes/day) were found to have a lower BMI than non-smokers, which could
indicate that smoke has an influence on BMI. It is likely, however, that much of
the influence from tobacco smoke would come from nicotine, which is not present
in woodfuel smoke.

6.7 Background aspects of the bairros
Obviously, different bairros have different traits, peculiar to them. Access to
services like water or electricity vary, and so do the indicators of the quality of life.
In order to show some of the traits of the different bairros, the relative frequency
of different aspects of urban life is tabulated in Table 6.1. Laulane was omitted
due to the small number of respondents. Hul refers to the bairn) Hulene B. The
variables were all acquired from the questionnaire, and the figures presented are
frequencies of positive answers. In the case of "worry" and "stomach pains" the
frequency of the two positive answer categories ("sometimes" and "often") have been
combined.

The variables were so defined that a higher frequency represents a "better"
condition, though in some cases the opposite question was posed. This is in the
case of health questions (worry, stomach pains, burns, cough in children under five
years of age) and Xipefo garrafa. Hence, here the frequency of, for instance,
Xipefo garrafa represents the number of families who did not use this primitive
lamp as their primary light source.

With respect to three of the variables it is not entirely clear whether an
increased frequency is an indication of a better or a worse situation. In the case of
improved latrines, a higher number is regarded as a positive, though it is possible
that the higher number could be due to campaigns having been carried out in
certain baiiros simply because the conditions were especially bad in those areas.
Similarly with respect to fumigation, a higher frequency has been taken as an
indication of more care taken about hygienic conditions, but it could also be
interpreted as worse conditions prevailing so stronger measures are required to
counteract them. With respect to outdoor cooking, a higher frequency is taken to
represent less exposure to cooking fumes, and hence a better situation, but it could
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Table 6.1 Frequency of certain conditions and variables in suburban Maputo (percentages
of each balrro). The score is the number of variables where the bairro has worse
conditions than average. For a key to bairro names, see Table 2.1.

Food enough
literacy
Piped water
improved latrine
Fumigated
No Xipefo garrafa
Outdoor cooking
No cough in children
Electricity
Electric stove
Not worried
No bums
No stomach pain
Feel well

Score

Aer

31
51
35
15
7

90
48
79
37
12
46
95
50
76

4

Bag

22
63
39
27
6

94
53
93
39
9

56
96
47
82

2

Cha

31
53
34
19
10
86
51
80
33
14
50
92
36
77

6

FP

7
50
2

45
5

86
63
84
29

5
57
93
48
86

5

Hul

32
41
0

14
3

83
33
82
17
3

20
91
47
89

11

Lui

23
43
25
18
1

80
43
75
9
5

40
84
43
71

13

Maf

17
47
27
12
12
85
58
93
23
10
43
91
52
81

7

Mai

24
55
22
35
0

87
40
73
43
18
38
98
51
87

6

Max

27
52
19
22

4
85
54
85
31
10
42
95
50
81

4

All

26
51
24
21
6

86
50
83
30
10
44
93
46
80

also be interpreted as a more congested living space (not room for cooking indoors)
and the risk for other types of contaminations from the surroundings.

The last row (score) of Table 6.1 is compiled by adding the number of
aspects in which inhabitants of that bairro exhibit a frequency that indicates that
they are under worse conditions than the average. In this respect it appears that
conditions were better in Aeroporto, Bagamoyo and Maxaquene, and worse in
Hulene and Luis Cabral. In fact, much of the same view appears when looking at
the different averages of the health indices. Both with respect to background health
indicators and to indicators of respiratory symptoms, Luis Cabral and Hulene had
a higher score (worse health situation) than the rest, while Bagamoyo, Aeroporto
and FPLM had lower average health indices, indicating a better health.



7 LIVING CONDITIONS AND HEALTH: STATISTICAL ANALYSIS

As seen from the above presentation of the living conditions in suburban Maputo,
a number of variables that could affect the health status of the women cooking were
distributed unevenly among the fuel user groups. A way to assess the influence of
such variables is by compound analysis of variance. In this section, then, a
statistical analysis is presented in order to show which variables should be suspected
to affect the health status the most. The analysis will also show how much the
different variables affect the various health indices. While this is still not a measure
of absolute health, it is a useful tool to sort the relative importance of variables.

The analysis methods used in this section were correlation and regression.
Correlation was used to sift out those parameters that were significant to a certain
level (here 6 = 0.05), and regression was used to evaluate their relative influence.

Health effects were defined as a change in the three different health indices,
Background Health Index (BHI), Respiratory Health Index (RHI) and Acute
Effects Index of CO exposure (AEI). An analysis was also made where the
respiratory index was split into two, essentially on the basis of cough and non-cough
respiratory symptoms. The null hypothesis in all cases was that each variable makes
no difference with regard to the health outcome.

7.1 Analysis of linked variables
In the first step, a separate analysis including both correlation and regression was
carried out on some variables that were assumed to be linked to the health indices,
but which would not contribute much with respect to explanation of the outcome.
This is because these variables are themselves indicative of health status rather than
conditions for health. These variables were not included in the subsequent analysis
of explanatory variables, but are presented here as an indication of how much the
health indices actually reflect the subjective health status. In this category, there
are six variables:

Use of medicines
Toothache
Deformity of legs and feet
Visits to the doctor
Visits to the healer
Peak expiratory flow rate before cooking
Whether or not the respondent is feeling well
Whether the respondent was feeling worried or anxious

The last variable was included in the Background Health index, and was not used
in the analysis of that index. The two last variables were included in this analysis
to show the potential influence of the personal appreciation of the life situation on
the health indices. Correlation between the linked variables and the BHI was

57
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Table 7.1 Regression of significant linked variables with Background Health Index

Variable Factor p

Feeling well -2.13 <0.00005
Medicine 0.96 < 0.00005
Toothache 0.73 < 0.00005
Deformity 1.46 0.0009
Healer 1.06 0.0041

Constant 6.36 < 0.00005

r=0.4295, r*= 0.1845, DF(regr)=5, DF(reskJ) = 1009, Sum of sq.(regr)=2205, Sum of
sq.(resid)=9746, F-45.6, p(F)<0.00005

highly significant in all cases (p< 0.001). Regression analysis showed that the
association between the Background index and the variables Visits to the doctor
and Peak Expiratory Flow could reasonably have occurred out of chance (p>0.05),
so these were dropped. Analysis of variance showed the explained sum of squares
to be highly significant. The regression factors and their corresponding significance
levels are presented in Table 7.1. Information at the bottom of the table refers to
the statistical analysis of variance in the final regression equation. This analysis
makes it reasonable to believe that the BHI actually captures effects that relate to
the health status of the respondents, and that the subjective assessment of health
(feeling well) is a strong determinant of this health index.

Correlation between the linked variables (including anxiety) and the
respiratory health index was highly significant (p< 0.001) for all variables. Analysis
of variance showed that the explained sum of squares was highly significant
(F=19.8, p < 0.00005). The regression factors are presented in Table 7.2. This
analysis shows a similarity between the BHI and the RHI which may not be entirely
unexpected. The influence of the PEF rate on the RHI is slightly significant,
indicating that the RHI is more reflective of respiratory effects than the BHI, as it
should. The strong contribution of the anxiety variable indicates that the
assessment of symptoms is affected by the psychological status of the respondent.

Regression between the linked variables and the index of acute effects on
CO exposure (AEI) was highly significant (p< 0.001) for all variables except Visits
to Healer and Use of medicines. Analysis of variance showed that the explained
sum of squares was highly significant (F=70.0, p < 0.00005). The regression
factors are presented in Table 7.3. The variables most strongly affecting the AEI
were Anxiety and Feeling well, and the high coefficient of determination (r2) shows
that these variables actually contribute very much to the explanation of this health
index. In fact, so much so that the possible influence of carbon monoxide exposure
may be completely over-shadowed. Toothache was also an important factor. This
may be due to a high subjective confusion between headache and toothache. It is
also interesting to note that this is the only health index where visits to the doctor
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Table 7.2 Regression of significant linked variables with Respiratory Health Index

Variable Factor p

Feeling well -2.11 <0.00005
Anxiety 0.59 0.0002
Deformity 1.77 0.0008
Toothache 0.46 0.0017
Medicine 0.39 0.0179
Healer 1.05 0.0171
PEF rate 0.0033 0.0297

Constant 5.16 < 0.0005

r=0.3483, ^=0.1213, DF(regr)=7, DF(resid) = 1007, Sum of sq.(regr) = 1915, Sum of
sq.(resid) = 13878, F = 19.8, p(F)<0.00005

Table 7.3 Regression of significant linked variables with Acute Effects Index

Variable Factor p

Anxiety 1.06 < 0.00005
Feeling well -0.92 < 0.00005
Toothache 0.25 0.0001
Doctor 0.46 0.0010
PEF rate -0.0015 0.0177
Deformity 0.52 0.0188

Constant 3.14 < 0.00005

r=0.5423, ^=0.2941, DF(regr)=6, DF(reskJ) = 1008, Sum of sq.(regr) = 1028, Sum of
sq.(res)d)=2468, F=70.0, p(F)< 0.00005

had any significance. The phrasing of this variable question was: "Have you been
to visit the doctor in the past three weeks?". The positive contribution of this
variable shows that those that had done so actually felt worse, indicating they were
not actually cured, or curable, by the doctor.

12 Correlation of explanatory variables
In the following, the variables used in the analysis are presented together with a
short statement about why they should be included. This is followed by a
presentation of the correlation between each variable and the health indices
separately. The variables found to have a correlation more significant than p=0.05
were then used in the regressions which are presented in the next section.

The reason to include the different variables is due to their possible
influence on health effects that could be associated with use of certain fuels. There
was one variable for each principal fuel. All the fuel variables were of the Yes/No
character. The variables "Duration of fuel use", "Age when started to help cooking"
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are related to each other and to the age of the respondent. A longer duration of
fuel use would reflect a longer period of exposure to pollution in the case of
woodfuels, but would also be a natural reflection of greater age. In both cases it
would tend to increase the number of health complaints. The variable "Fuel is
costly" relates to the kind of fuel used (whether cheap or expensive) and the
economic status of the respondent (whether affordable or not). Variables on
illumination fuel were not included in this analysis. The correlation coefficients (r)
and related significance levels (p) are shown in Table 7.4. Though the correlation
coefficients were rather modest, significance occurred in a number of positions.

Table 7.4 Correlation of fuel variables with Health indices

Variable

Mainly use wood
Mainly use charcoal
Mainly use kerosene
Mainly use LPG
Mainly use electricity
Mainly use coal
Mainly use sawdust

Age when started cooking
Duration of fuel use
Fuel is expensive

Respiratory

' P

0.0801 *•
-0.0611 •
•0.0246
•0.0052
-0.0235
0.013

-0.0163

-0.1449 *•*
0.0648
0.0527 •

Background

r P

0.0912 •*
-0.0360
•0.0013
-0.0769 «
•0.0614 •
0.0266

•0.0209

•0.0977 "
0.1289 ***
0.0389

Acute

f P

0.1340 *•*
-0.0674 •
-0.0449
•0.0761 "
•0.0486 •
0.0258
-0.0218

-0.0752 **
0.1185 "•*
0.0217

n

1188
1188
1188
1188
1188
1188
1188

1128
1065
1118

* p<0.05, *• p<0.01, •** p<0.001

Wood use correlated significantly with increases in all health indices. The high
correlation with the AEI was somewhat counter to expectation, especially since
charcoal use was slightly negatively correlated to the AEI, since it was found (see
section 4.2) that the actual exposure to carbon monoxide was similar among
charcoal users and wood users. This would support the previous suspicion (section
5) that the AEI actually more strongly indicates something other than effects of
carbon monoxide exposure.

It is important to note that charcoal use was correlated to a reduction in
health indices (=better health) while use of wood was correlated to an increase in
health indices. For wood, this association was significant for all health indices, but
for charcoal only for the RHI and the AEI, and at a low level (p<0.05).

Use of LPG (Liquid Petroleum Gas) and electricity were significantly
associated with having fewer background health and acute symptoms, but not with
a reduction in the respiratory symptom index. The correlation with electricity use
was lower (p<0.05) than for LPG (p<0.01).

The age when the respondent started cooking or started help her mother
cooking was significantly correlated to the health indices. The correlation was
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negative, meaning that those that started at a more mature age had fewer
symptoms. The association was highly significant for the respiratory index
(p< 0.001) and less so for the other health indices.

The duration of cooking with the same fuel was also a significant variable
with regard to the health indices. This variable is linked to the age of the
respondent, since an older woman naturally has a greater possibility to have cooked
with the same fuel for a long time.

The respondent's age and use of tobacco and alcohol could be expected to
affect the health indices. Age affects many health aspects, though the connection
is not always positive. The influence of tobacco smoking on the respiratory status
is well documented. A list of the variables in this group, together with the
respective correlation coefficients and significance levels is presented in Table 7.5.

Table 7.5 Correlation of age, smoking and alcohol use with Health indices

Respiratory Background

' p<0.05, •* p<0.01, —* p<0.001

Acute

Variable

Aoe
Own tobacco smoking
Other person smoking
Use of alcohol

r

0.0633
0.0534
0.0670
0.0728

P

»«
*
*
•#

r

0.2296
0.0868
0.0147
0.1286

P

•••
•*

«*•

r

0.2411
0.1019
0.0294
0.1305

P

***
fttt*

* * •

1128
1188
1188
1188

Age was the variable most strongly correlated to health indices, with the highest
significance for background and acute symptoms and the lowest for respiratory
symptoms. Since wood users were significantly older than at least charcoal users
(section 6.2), this could be part of the explanation that wood users were found with
significantly higher health indices above.

Smoking was correlated with increase in all symptom groups, but most
significantly with acute effects of carbon monoxide exposure and least with
respiratory symptoms. This might be surprising, since smoking should definitely
affect respiratory symptoms. Passive smoking, on the other hand, was correlated
to an increase in respiratory symptoms, though at a low level of significance.

Alcohol use was correlated to increase in all health indices, and at a higher
level than smoking. This may be due to a greater prevalence of alcohol use than
of smoking in the sample.

Variables related to the socio-economic status of the household could be
expected to affect the health of the household members, including the cook. A
large household usually indicates a lower socio-economic level, but note the
discussion in section 6.2 about extended families. No direct question was asked
about the size of the income. It is difficult to say whether having an income would
be indicative of higher socioeconomic status (earns more) or a lower (must work).
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The same argument could be for the variable "Other persons with income" (present
in the household). If the earning is small, more persons would have to earn money
to achieve the same economic status. Whether or not the family has enough to eat
is clearly an estimate of how far the income goes to make ends meet. Variables
and correlations are presented in Table 7.6

Table 7.6 Correlation of socio-economic variables with Health indices

Respiratory Background

• p<0.05, " p<0.01, " * p<0.001

Acute

Variable

Number of persons In hh
Own Income
Other persons wttfi inoome
Family has enough to eat

r

-0.0204
•0.0112
-0.0397
•0.0622

P

•

r

-0.0428
0.0394
•0.0952
-0.0386

P

•»

r

•0.0269
0.0337

-0.0716
-0.0674

P

**
Ik

1186
1179
1141
1143

Family size did not correlate to the health indices, and neither did personal income.
Having another person in the household with an income of his/her own was
however significantly associated with a reduction in BHI and AEI, but not in RHI.
Though not significant, the correlation factor indicated that the same type of
association (negative) might be expected for respiratory symptoms as well. A
satisfaction of family food needs was correlated to a reduction in RHI and AEI at
a low level of significance, but somewhat surprisingly not correlated to the BHI.

Table 7.7 Correlation of education variables with Health indices

Variable

Respiratory Background Acute

Literacy
Years in school

-0.0678
-0.0706

-0.1975
-0.1895

-0.1582 * "
-0.1494 • • •

1187
1092

• p<0.05, "* p<0.01, * " p< 0.001

Education has a marvellous way of affecting the situation and conditions of people.
A higher education could result in higher incomes, better health and fewer children.
In demography, the level where education starts to be important is when the women
have been more than four years to school, so both these variables could be
important. You can learn to read without going to school. Two variables related
to education were included in this analysis, these and the corresponding correlations
are presented in Table 7.7.
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The two education variables were correlated to a reduction in all health
indices. The significance level was very high (p< 0.001) for the BHI and AEI, but
lower for the respiratory symptoms (p<0.01).
Housing conditions could influence the health. Crowding and a moist environment
make breeding ground for insects and an facilitate the transfer of pathogens
between people. Use of insecticides reflect the presence of insects to kill as well
as the preparedness and possibility to do so. Variables included are presented in
Table 7.8.

Table 7.8 Correlation of housing variables with Health indices

Variable

Number of rooms
Problems with mould
Use of chemicals

Respiratory

r P

-0.0054
0.0713 **

-0.0112

Background

r

-0.0611
0.0885

-0.0105

P

*
**

Acute

' P

-0.0515 *
0.0038

-0.0232

n

1171
1183
1169

* p<0.05, ** p<0.01, •** p<0.001

A less crowded living space as indicated by a larger number of rooms was
correlated to a reduction of the BHI and the AEI at a low level of significance.
Presence of mould or fungi in the house was significantly correlated to an increase
in respiratory and background symptoms.

Use of chemicals (mainly insecticides) was not significantly correlated to the
health indices, but the negative correlation coefficient suggests that a larger use of
chemicals would be associated with a better health, rather than the opposite.

One of the assumptions in this work is that the health is affected by the
pollution from wood fuels. The exposure to pollution could reasonably be expected
to depend on the cooking environment. The cooking environment is, in fact, one
of the most difficult aspects to capture in a survey form, and it is not entirely clear
that it was successful here. Nevertheless, some variables that define cooking
environment were included in the analysis. The three first variables of Table 7.9
relate to the physical cooking situation. The question on ventilation was a
subjective assessment by the enumerator, who was not specifically trained in such
matters. The following three questions (time and duration of cooking, time lived
in the bairro) could be seen as reflecting an "urbanization factor". The more
recently urbanized families generally cook the major meal in the middle of the day,
as is the habit in rural areas. Families that may have stayed in the city for
generations have often adopted the Portuguese habit of having their main meal in
the evening. This could, of course, also be seen as an effect of cooking when
people return from work, if they have one. The time a respondent has lived in the
same place is of course both indicative of the degree of urbanization and age.
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Table 7.9 Correlation of cooking condition variables with Health indices

Variable

Generally cook outdoor
Cooking plaoe has walls
Cooking plaoe has a roof
Cooking plaoe well ventilated
Time cooking the major meal
Total dairy duration of cooking
Years lived in the same plaoe

Respiratory

' P

0.0106
•0.0343
-0.0379
-0.019
0.0279
•0.1175 m

-0.0309

Background

f P

-0.0054
-0.023
•0.0199
-0.0383
0.0581 *

-0.1618 * "
0.0514 •

Acute

' P

0.0106
-0.0212
-0.0231
-0.0114
0.0452

-0.0663 •
0.0583 •

n

1182
1175
1171
1171
1165
1081
1112

None of the physical aspects of the cooking place had any significant
correlation to the health indices. The urbanization factor (if that is what the time
of cooking is) was slightly correlated to an increase in background symptoms. It
was not significant with respect to respiratory symptoms.

A somewhat surprising correlation was found between cooking duration and
health indices, indicating that cooking for a longer time would be associated with
fewer symptoms. This is especially surprising with respect to the respiratory
symptoms, since a longer cooking period would increase the exposure to pollution.
It should be kept in mind that the majority of the respondents were using wood
fuels (wood and charcoal). It can only be speculated what this association implies,
whether it is a case of mass significance, whether families with better food access
spend more time cooking, or whether the time spent cooking is indicative of more
time spent on household welfare and health in general.

The time living in the same place was positively correlated with slight
significance to an increase in BHI and AEI. It could be noted that the (insi-
gnificant) correlation of the same variable to respiratory symptoms was negative.

Infrastructure variables such as access to water, sewage and electricity
connection could be taken to reflect the socioeconomic status of the household,
since most of the services provided by the infrastructure are costly, but they could
also be indicative of conditions that affect the health status directly. Note that
connection to the electric grid is a necessary but by no means a "sufficient condition
for cooking with electricity. The acquisition of fresh water and riddance of soiled
water are some of the factors most clearly related to health. Variables and
correlations are presented in Table 7.10.

The background health index was significantly correlated to all infrastructure
variables, though most significantly (and positively) to the use of a pit latrine, and
least to the use of a flush toilet. Parenthetically it appears that the use of an
improved pit latrine is more effective in improving the health of the citizens than
the use of the water flush toilet. This may be due to the limited number of flush
toilets encountered in the investigated areas (see section 6.5).
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Table 7.10 Correlation of infrastructure variables with Health indices

Variable

Running water In house
Connected to sewage system
Use of pit latrine
Use of improved latrine
Use of flush toilet
Connected to electric grid

Respiratory

f P

•0.0526 *
-0.0299
0.0629 **
-0.0660 •
-0.0464
-0.0945 •*

Background

' P

•0.0690 • *
-0.0782 • *
0.1121 •*"
•0.0863 -
•0.0650
-0.0784 • *

Acute

f P

-0.0338
-0.0811 • •
0.1156 •*•

•0.1079 • "
•0.0338
-0.0580 *

n

1174
1070
1184
1184
1184
1169

• p<0.05, * * p<0.01, *** p<0.001

The pit latrine is certainly an indicator of (low) socioeconomic status as well as a
potential locus for disease spread. All other variables were negatively correlated
to the background index, indicating that their presence was associated with a better
background health situation.

The respiratory index was not significantly correlated to sewage or flush
toilet, but to all other infrastructure variables. The pattern was similar as for the
background index, but the level of significance was generally lower. Again, the
reason may be both generally socioeconomic and medical. The AEI was also
strongly correlated to latrine and sewage variables, but not to water access.

Connection to the electric grid was significantly correlated to a reduction in
all health indices, though at a lower level for the AEI.

13 Regression analysis of explanatory variables
Regression analysis was carried out in order to determine the influence of the
variables that were found to correlate significantly with the different health indices.
In contrast to the correlations carried out above, the regression takes into account
the influence of the different variables at the same time. Thus if two or more
variables are indicators of the same condition, generally only the most significant
one will be included in the regression.

A stepwise method was used. The procedure was that the variable initially
found to correlate most significantly with the respective health index was selected
for an initial regression with the health index as the dependent variable. All
variables found to correlate significantly (p<0.05) with the health indices in the
preceding section were used. The residual sum of squares was saved during the
regression, and this residual was then used as the dependent variable in a new
correlation run. Next, the variable with the most significant correlation to the
residual was selected and added to the regression analysis. The new residual was
saved, and the same procedure was repeated until there were no more significantly
correlated variables to add. The significance level required to include the variable
was p=0.05.



66 7 Statistical analysis

In each step of the regression, the combined variances of the selected
variables were compared to the variance of the (new) residual. The null hypothesis
was that the coefficients in the regression function were all equal to zero. The F-
variable was used. The level of significance required for rejection was p<0.01.

Table 7.11 Variables selected through stepwise regression with Respiratory Health Index

Variable Factor p

Age when started cooking -0.3048 < 0.00005
Time spent cooking each day -0.4346 0.0019
Use of pit latrine 0.9753 0.0026
Age 0.0256 0.0234

Constant 6.50862 < 0.00005

r=0.23H, r*=0.0.0534, DF(regr)=4, DF(reskJ)=748, Sum of sq.(regr)=656, Sum of
sq. (resid) = 11638, F=10.5, p(F) < 0.00005

7.3.1 Regression with respiratory health index as the dependent
The variables selected through regression with the Respiratory Health Index (RHI)
are presented in Table 7.11. Regression was carried out with RHI as the dependent
in all cases. The significance levels connected with the F values and degrees of
freedom acquired were in all cases less than p=0.00005, and thus the null
hypothesis could not be accepted. The p values in the table indicate the sig-
nificance level of the variable included in the regression, determined through t-test.
The degree of explanation of the RHI was low (^=0.05338), considerably lower
than for the linked variables ( r ^ 0.1213). Of the variables finally include'd, none
was directly related to fuel use.

In order to identify the possible influence of wood use on the respiratory
health index, the variables found significant for the respiratory health index in the
initial correlation run were correlated to wood use. The result of these correlations
are presented in Table 7.12.

Of the variables found most significantly affecting the respiratory index in the
regression, daily duration of cooking was found to be insignificantly correlated to
wood use (p>0.05), and the age when the woman started to help her mother was
only slightly significant. Age and use of pit latrine were both strongly correlated to
wood use. With regard to age it could be reasonably assumed that there is a double
influence. Older women would have more symptoms in general, and older women
using wood had more symptoms in particular. The use of pit latrine is obviously
more common among wood users. However the pit latrine variable was accepted
in the equation, rather than the wood use variable directly.

It is not surprising that the strongest (negative) correlation of all was that
between wood use and charcoal use, since wood users made up 48 % of the
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Table 7.12 Correlation of wood use to variables found correlating significantly with the
Respiratory Health Index

Variable r p n

Charcoal use
Years of fuel use
Years in school
* Use of pit latrine
Connected to electric grid
Literacy
•Age
Piped water
Improved latrine
Enough to eat
Passive smoking
Weight
Active smoking
Alcohol use
* Age when started cooking
* Duration of cooking
Mould problems
Fuel is expensive

-0.6894
0.3013

-0.2367
0.1995
-0.1829
•0.1686
0.1532

-0.1403
-0.1099
-0.0807
0.0709

-0.0698
0.0616
0.0592

•0.0531
-0.0435
0.0295
0.0048

<0.0005
< 0.0005
< 0.0005
< 0.0005
<0.0005
< 0.0005
< 0.0005
< 0.0005
< 0.0005

0.003
0.007
0.011
0.017
0.021
0.037
0.076
0.156
0.437

1188
1065
1092
1184
1169
1187
1128
1174
1184
1143
1188
1074
1188
1188
1128
1081
1183
1118

* Included in the final regression equation with RHS

respondents and charcoal users 34 %. If you did not use wood, the chance is high
that you would be using charcoal.

Table 7.13 Variables selected through stepwise regression with Cough Symptom Index

Variable Factor p

Time spent cooking each day
Good kitchen ventilation
Wood is principal fuel
Use of pit latrine
Finds fuel expensive
Used alcohol

Constant ^ „„__ _™_________

r=0.36469, r*=0.13300. DF(regr)=6, DF(reskJ)=820, Sum of sq.(regr)=624, Sum of
sq.(reskJ)=4074, F=21.0, Sig.(F) <0.00005

Though wood use was not a significant factor in the regression, several of the
factors accepted were correlated to wood use. Thus the living conditions of wood
users appear to be associated with an increase in respiratory symptoms, even if the
actual exposure to wood smoke pollution is not the most important factor in itself.

-0.5629
-0.8677
0.5249
0.5613
0.7852
0.2573

2.9136

< 0.00005
<0.00005
0.0012
0.0022
0.0033
0.0127

<0.00005



68 7 Statistical analysis

In order to further assess the influence of wood use the respiratory symptom
index was split in two, one relating to cough symptoms (cough, productive cough,
cough in the morning, cough while lying down and hoarseness) and one relating to
other respiratory symptoms including the other variables of the respiratory symptom
index. Multiple regression was then carried using these new indices variables as the
dependent variables. Results of this analysis are presented in Table 7.13, showing
that wood use was indeed significantly associated with cough symptoms, and that
other fuel and cooking related variables were also important. It is noteworthy that
age was not important in determining the cough symptoms.

The age when the woman started to help her mother cooking was the most
important variable determining the non-cough respiratory symptoms (Table 7.14),
so that those starting later had less respiratory symptoms. The other two variables
found significant for this set of symptoms were more strongly related to socioeco-
nomic conditions. The degree of explanation was, however, quite modest.

Table 7.14 Variables selected through stepwise regression with Non-Cough Respiratory
Symptom Index

Variable Factor p

Age when respondent started to help mother cooking -0.2753 < 0.00005
Family has enough to eat -0.5191 0.0314
Uses primitive bottle lamp 0.4958 0.0418

Constant 5.0767 < 0.00005

r=0.19567, ^=0.03829, DF(regr)=3, DF(reskJ)=949, Sum of sq.(regr)=398, Sum of
sq.(resid)=9992, F=12.6, Sig.(F) <0.00005

7.3.2 Regression with background health index as the dependent
For the background health index (BHI) the same procedure was followed. Starting
with only those variables that were significant for the BHI in the first correlation
run a stepwise method was applied to remove the insignificant variables. The
variables finally included are presented in Table 7.15.
The BHI was associated with the same variables as the respiratory index, but in
addition education was a slightly significant variable. Age was more important for
the BHI and the age when the woman started cooking was less important. Use of
pit latrine and daily duration of cooking were both more important than for the
respiratory health index.

7.3.3 Regression with acute effects index as the dependent
The index aiming to capture the symptoms of acute effects of CO exposure (AEI)
was treated in a similar way as the other health indices. The results are shown in
Table 7.16. Only age and two infrastructural variables turned out to be significant.
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Variables selected through stepwise regression with Background Health Index

Variable Factor

Time spent cooking each day
Use of pit latrine
Age
Number of years in school
Age when started cooking

Constant

-0.43
0.92
0.036
-0.15
-0.15

7.31

0.0003
0.0009
0.0010
0.0038
0.0112

< 0.00005

r=0.3151. ^=0.09927, DF(regr)=5, DF(resti)=690, Sum of sq.(regr)=743, Sum of
sq.(resid)=67461 F=15.2, p(F)<0.00005

Age affected the index in a similar way as the other symptom indices. Use of pit
latrine increased the number of associated symptoms, while connection to the
sewage system reduced the index. Schooling was just below the required
significance level (p = 0.0508). A separate run was performed with anxiety included
in the initial spectrum of variables. This resulted in the use of pit latrine rendered
insignificant, and anxiety itself a highly significant variable. The coefficient of
explanation increased substantially ( r ^ 0.2698, F=83.4), indicating that there is a
strong element of psychological factors involved in the assessment of the symptoms
included in this index.

Table 7.16 Variables selected through stepwise regression with Acute Effects Health Index

Variable Factor

Age
Use of pit latrine
Connected to sewage system

Constant

0.02987
0.3816

-0.9038

1.6718

< 0.00005
0.0174
0.0206

< 0.00005

r=0.2494, ^=0.06217, DF(regr)=3, DF(resid)=677, Sum of sq.(regr) = 143, Sum of
sq.(resid)=2153, F = 15.0, p(F)< 0.00005

7.4 Summary of statistical analysis
The statistical analysis revealed that a number of variables indicating substandard
living conditions were correlated to the use of wood. After regression with a great
number of variables, wood use was significantly associated only with cough
symptoms.

Respiratory symptoms were more common among women who had started
cooking at a low age. Average cooking debut among all fuel user groups was at ten
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to eleven years. Use of pit latrine and age were also associated with an increase
in respiratory symptoms. The latter two were strongly correlated to wood use.

The factors most strongly associated with an increase in general symptoms
were use of pit latrine and age. This finding would support the suggestion that
wood use was not the direct determinant of health problems, but rather an
indication among other of bad living conditions. Reduction of background
problems was associated with better education and a higher age at the cooking
debut.

A reduction of background health symptoms and respiratory problems was
somewhat surprisingly associated with a longer duration of cooking each day. This
might be an indicator of nutritional status (more food takes longer to cook), though
this could not be verified in the present study.

The symptoms on carbon monoxide exposure appeared to be rather more
strongly associated with psychological and infrastructural factors than with the
physical exposure to pollution as indicated by principal fuel use. This suggests that
levels of carbon monoxide pollution were not high enough to cause this type of
symptoms. The variable most strongly associated with an increase of such symptoms
was age. Use of pit latrine was associated with an increase in these symptoms, and
connection to the sewage system was associated with a reduction.
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8 SUMMARY

8.1 Fuel use patterns
The biomass fuels (wood and charcoal) are the completely dominating household
fuels in low-income areas of Maputo. More than 80 % of the households have
either wood or charcoal as their principal fuel. Wood is more often used as a
principal fuel and charcoal as a secondary fuel, though the difference is not large.
More than 97 % of the households resort to wood or charcoal sometimes. If a
family only uses one fuel it is most likely (93 %) that this fuel is wood or charcoal.

Slightly more than 5 % of the population in these areas use principally
electricity for cooking. Electricity is used for cooking by far fewer families than are
connected to the electricity grid. This could be because they cannot afford an
electric stove or because the connection is load-Limited. Of those that have an
electric stove most use it for cooking, but less than half use it as the main cooking
device.

LPG is the principal fuel among almost 5 % of the households. Almost half
of the households owning an LPG stove say this is their first priority fuel. Checked
against the fuel used on the day of the investigation it turned out that not everybody
stating LPG to be their principal fuel used it, in spite of its good cooking charac-
teristics. The reason might be lack of LPG at the time of the investigation.

Kerosene is also the first fuel among 5 % of the households. Kerosene is
most important as a secondary fuel. 75 % of the kerosene users have a wick stove,
the rest a pressure stove.

Households primarily using coal constitute less than 3 % of the population,
and are almost exclusively found in the bairro Luis Cabral. This is probably
because this is the location of the thermal power plant, and coal can be had cheaply
or at no cost at all from the storage heaps. Coal is most important as a principal
fuel (53 % of coal users) and the alternative fuel for those that primarily use coal
is charcoal and wood.

8.2 Exposure to cooking fuel pollution
Monitoring of exposure to pollutants among the different fuel user groups in
Maputo shows that the major groups - wood and charcoal users - are exposed to
significantly different levels of particulates but to almost identical levels of carbon
monoxide. The paniculate level among wood users could be high enough to cause
health effects. For this reason alone wood use should be discouraged in Maputo.

Other fuel users are few in number in this investigation, but it is clear that
LPG and electricity users are exposed to the lowest levels of particulates and
carbon monoxide. Kerosene users are exposed to low levels of CO and inter-
mediate levels of particulates. Coal users may be exposed to the highest levels of
both pollutants.

In comparison with a similar investigation in Lusaka, the time-weighted
average concentrations of RSP and CO were higher in Maputo. This is especially



72 7 Summary

true for CO among wood and charcoal users in Maputo, where the levels were
much higher. Part of this difference could be attributed to generally poorer air
quality in Maputo as shown, for example, by higher CO concentrations among
electricity users there.

Further investigation of the exposure levels among coal and kerosene users
is warranted. It would be especially important to investigate the importance of the
stove type with regard to exposure. In the case of coal users, stoves with chimneys
should be investigated. Among kerosene users, pressure stoves warrant more
attention. In both cases, a greater number of users of chimneyless stoves and wick
stoves should be investigated as well.

S3 Health effects

8.3.1 Health effect indices
Wood users reported significantly more respiratory symptoms than charcoal users
(p= 0.003). This is a support to the assumption that use smoky fuels adversely
affects the health of the women using them. Use of wood as a principal fuel was
found to be associated with increased symptoms related to cough, but not with other
respiratory symptoms. This is in support of the hypothesis that wood use causes
respiratory problems. However, there is a clear difference with regard to the type
of biomass fuels. Users of smoky fuels (wood, kerosene and coal) had significantly
(p < 0.0005) more acute effect symptoms than users of less smoky fuels (charcoal,
electricity and LPG). Users of high-CO fuels had significantly (p < 0.0005) more
symptoms than users of low-CO fuels. There was no difference in respiratory
symptoms between charcoal users and electricity users.

Wood users suffered from significantly more background health symptoms
than charcoal users (p = 0.016) and users of electricity (p = 0.006) and LPG (p =
0.001). Kerosene and coal users were also high in general symptoms and the
difference between these groups and electricity and LPG users is actually sig-
nificant, though less so than for wood users. This observation tends to erode the
conclusion that wood smoke is the most important agent in the interaction between
fuel and health, since it is not assumed that fuel as such should affect these
background health factors, and prompts a closer analysis of other factors affecting
the quality of life in the bairros.

Analysis of variance (regression) showed that, in addition to wood use being
associated with more cough symptoms, other factors that were also associated with
more health symptoms were often correlated to wood use.

8.3.2 Peak expiratory flow rate
PEF rate before cooking time was found to be lower among users of smoky fuels
(wood, coal and kerosene) compared to users of less smoky fuels (charcoal,
electricity and LPG).
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However, analysis of the influence of age and height showed that a lower
PEF rate should be expected among wood users compared to (at least) charcoal
users due to these factors, so in this case the lower PEF value is actually no
indication of fuel influence.

Looking at the relative differences between theoretical and observed PEF
rates, users of smoky fuels generally show greater deviations from the theoretical
values than less smoky fuels. Again, electricity users are the exception, appearing
at the same level as wood users.

In the end it appears that the PEF rates of LPG and charcoal users might
reflect a lower exposure to emissions, while that of kerosene and coal users could
be due to greater exposure. For wood and electricity users the indications are
inconclusive.

83.3 Burns
Biomass fuel users had a higher frequency of burns than users of modern fuels.
The most common type of burn was from scalding with a hot liquid. 74 % of burn
victims were children. The frequency of burns was higher among coal and sawdust
users than in any other group.

8.4 Group comparison
From the investigation of background material it appears reasonable to conclude
that wood users constitute a group that is subject to a number of conditions that
adversely affect health. The main focus has been on a comparison between wood
and charcoal users, since these are the major groups in this investigation. It is thus
established that, compared to charcoal users, wood users

have even less food to feed the family
have a larger family, with more children
are generally older
have less access to piped water (and thus rely more on their own well)
use pit latrines more extensively and improved latrines less extensively
are connected to the sewage system to a lesser degree
are less literate and have gone fewer years to school

Of the above factors all but food access and the use of a well were found to affect
the general health index significantly, while the respiratory problem index was
affected by literacy, use of pit latrines and, less strongly, food access. This was
established over the whole sample without grouping according to fuel use (and so
it may be circular logic).

There were also some factors where charcoal and wood users were similar.
These were the number of small children (<5 years) per family, the number of
rooms in the house, problems with mould in the house, body height and weight and
body mass index.



74 7 Summary

Generally coal users appear to be an even more deprived group than wood
users, though this is more difficult to ascertain, since the number of coal users in
the sample was fairly small. Kerosene users are an intermediate group with some
traits from the users of traditional fuel and some from users of modern fuel.

Electricity and LPG users appear generally to have better conditions than
charcoal users, and by inference, than wood users. These groups show almost the
opposite traits of the wood users.

In conclusion, the present study does not show that adverse health status
among wood users could be solely attributed to fuel use. On the other hand, a
number of the conditions shown to affect health variables were strongly correlated
to use of wood as a fuel.
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9 CONCLUSIONS
The hypothesis at the beginning of this work stated that the use of biomass fuels
would impair the health of women using them to a degree discernible in a general
population. This hypothesis was partly supported by the study presented here.

Wood users show significantly more respiratory symptoms than users of
electricity, LPG, and charcoal. It appears reasonable to connect this to the fact that
wood users are exposed to significantly higher levels of particulate pollution than
users of any of the other three fuels. On the other hand, differences were small
between users of charcoal on one hand and electricity and LPG users on the other.
Wood users also suffer to a higher degree from eye discomforts when cooking than
do users of other fuels. This supports the hypothesis above. Users of coal and
kerosene were similar to wood users, but there was a greater variation in these
groups.

The hypothesis was not, however, substantiated for charcoal users, who
showed no difference to users of modern fuels (electricity and LPG) with respect
to respiratory problems, and insignificantly more background symptoms. Charcoal
use was indeed found to be associated with a lower number of symptoms.

In spite of the fact that wood and charcoal users were exposed to similar
levels of carbon monoxide, diffuse symptoms of carbon monoxide exposure were
significantly higher among wood users. Charcoal users, though exposed to higher
levels of CO, did not exhibit more symptoms of CO-exposure than users of modern
fuels. This finding prompts the suspicion that factors other than CO concentrations
affect those symptoms, factors that could be due to the general life situation.

This was also found to be the case, in that wood users have less food, larger
families, less access to piped water and sewage and are less well educated.

Children of women using biomass fuels were not affected by long coughing
periods in any greater extent than children of women using modern fuels (electricity
and LPG).

In summary, wood users reported more health symptoms than users of other
types of fuel. Statistical analysis showed that the living conditions of the wood users
probably influence the health status appreciably. Thus it is likely that improvements
in water and sanitation, housing and education, would also have a strong effect in
improving the health of wood using women.

In as much as energy policies are planned from the argument of health
effects, the following recommendations are made:

Discourage the use of wood, coal and kerosene as cooking fuels in
urban areas.
Encourage the use of charcoal in anticipation of the possibility to use
cleaner fuel like LPG and electricity on a wider scale.
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Appendix I Map of Maputo

Map of Maputo showing location of the investigated bairros. The "Cement City" (Cidade
Cimento) is the truly urban part of the city. Map based on "Mapa Turistico: Cidade de Maputo,
Dinageca 1988".
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Appendix II Exposure and health index data

Table A.1 Exposure to respirable suspended particulates by fuel user group. Fuel is the fuel used for
cooking during monitoring.

Wood Charcoal Electricity LPG users Kerosene Coal
users users users users users

Mean RSP ng/m3 1200 540 380 200 760 940
n 114 78 8 3 10 4

Std. error 131 80 94 110 270 250

Table A.2 Exposure to carbon monoxide measured as time weighted average concentration during the
cooking period. Fuel grouping according to the fuel used for cooking.

Wood Charcoal Electric- LPG Kerosene Coal
users users ity users users users users

Mean CO ppm
n

Std. error

42
112

7.1

37
78
7.7

4.6
8
3.2

0.0
3
-

0.93
10
0.93

64
4

64

Table A.3 Averages of background health index for different fuel user groups. High RSP = wood, coal
and kerosene users; High CO = wood, charcoal and coal users

Group Mean S.E. n

ALL

Wood
Charcoal
Electricity
LPG
Kerosene
Coal

LOW RSP
HIGH RSP
LOW CO
HIGH CO

5.79

6.15
5.60
4.89
4.57
5.83
6.24

5.39
6.12
5.10
5.92

0.10

0.15
0.17
0.40
0.46
0.49
0.68

0.15
0.14
0.26
0.11

1139

540
392
63
56
58
25

516
623
177
962

S.E. - Standard error of the mean = Standard deviation /
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Wood
Charcoal
Electricity
LPG
Kerosene
Coal

LOW RSP
HIGH RSP
LOW CO
HIGH CO

3.77
3.00
3.08
3.21
2.98
3.28

3.03
3.68
3.09
3.44

0.18
0.19
0.53
0.50
0.51
0.54

0.17
0.17
0.30
0.13
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Table A.4 Averages of respiratory symptoms index for different fuel user groups. High RSP = wood, coal
and kerosene users; High CO = wood, charcoal and coal users

Group Mean S.E. n

ALL 3.38 0.12 1139

540
392
63
56
58
25

516
623
177
962

S.E. = Standard error of the mean = Standard deviation / v/n

Table A.5 Averages of the acute effects index for different fuel user groups. High RSP = wood, coal and
kerosene users; High CO = wood, charcoal and coal users

Group Mean S.E. n

ALL 2.87 0.06 1139

540
392

63
56
58
25

516
623
177
962

S.E. = Standard error of the mean = Standard deviation / Vh

Wood
Charcoal
Electricity
LPG
Kerosene
Coal

LOW RSP
HIGH RSP
LOW CO
HIGH CO

3.15
2.70
2.43
2.23
2.53
3.12

2.61
3.09
2.40
2.96

0.08
0.09
0.21
0.27
0.24
0.34

0.08
0.08
0.14
0.06



Appendix III Questionnaire used in Maputo

The questionnaire presented here is a translation of the Portuguese question-
naire used in Maputo. Boxes and answer space have been removed.
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IMPACTO PARA A SAUDE DERIVADO DO USO DE COMBUS-
TIVEIS DOMÉSTICOS

Ministerio de Industria e Energía
Direcçao Nacional de Florestas e Fauna Bravia
Faculdade de Medicine Universidad de Maputo

em cooperaçao com
Stockhom Environment Institute

Name of enumerators, Date of interview, Time of interview

1 Background
1.1 Identification

1.1.1 Bairro
1.1.2 Block No.
1.1.3 House No.

2 Information on household
2.1 Name
2.2 Age
2.3 No. of persons living and eating in this house
2.4 No. of children less than 12 years
2.5 No. of children less than 5 years

3 Information on energy use
Which fuel(s) do you usually use for cooking. Please indicate (1,2,3...)
in order of importance of most often used fuels
3.1 Wood
3.2 Charcoal
3.3 Kerosene
3.4 LPG
3.5 Electricity
3.6 Coal
3.7 Other
3.8 Which fuel are you using today?
3.9 For how many years have you been using the principal fuel?
3.10 Which fuel did you use before that?
3.11 Do you sometimes collect your wood fuel?

3.11.1 How often?
3.11.2 Where do you collect it?

Close to house
Far from house

3.12 How often do you buy the principal fuel? (times per period)
3.13 How much do you usually buy or collect?
3.14 When did you last buy fuel? (months/weeks/days) ago
3.15 How much did you buy?
3.16 Can I see how much is left?

(Make an estimate of quantity left)
3.17 Do you find fuel expensive?
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3.18 What is your source of light? (Indicate in order of importance
1,2,3...)

3.18.1 Candles
3.18.2 Xipefo garrafa (Bottle lamp)
3.18.3 Xipefo lata (Tin lamp)
3.18.4 Candeeiro de vidro (Kerosene lamp)
3.18.5 Electricity
3.18.6 Other

3.19 If you are using a kerosene lamp, what type of fuel do you put
in it?

3.20 Kerosene
3.20.1 Jet fuel
3.20.2 Gasoline
3.20.3 Other

4 Information on income and social aspects
4.1 Do you know how to read and write?
4.2 For how many years have you attended school?
4.3 Do you have your own income?
4.4 How many persons in the family have their own income?
4.5 Do you think your family has enough to eat?

5 Housing characteristics
(Observations)
5.1 Multi-family house
5.2 One-family house
5.3 Family has more than one house
5.4 Flat
5.5 How many rooms does the family occupy?
5.6 Is the house connected to the electric grid?
5.7 For how long time have you been living in this house?
5.8 Do you have piped water in the house?

If no, where do you collect water?
5.8.1 Public standpipe
5.8.2 Neighbour
5.8.3 Well
5.8.4 Pond
5.8.5 Drainage canal
5.8.6 Other

5.9 Is the house connected to the sewage system?
5.10 What type of toilet do you have?

5.10.1 Pit latrine
5.10.2 Improved latrine
5.10.3 Flush toilet
5.10.4 Other
5.10.5 None

5.11 Do you have problems with moulds or fungi on the walls and
ceiling of the house?
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5.12 How long is it since the house was fumigated against in-
sects/pests?
5.13 How often do you use chemical products? (e.g. naftaline,
insecticides, household sprays, stain removers)

Never
Sometimes
Often

6 Information on kitchen and cooking
6.1 Where do you generally cook?

6.1.1 Outdoors
6.1.2 Indoor

6.2 If generally cooking indoor
6.2.1 Separate kitchen
6.2.2 One of the rooms serves as kitchen
6.2.3 Number of doors and windows in the kitchen (room used
for cooking)
6.2.4 Size of cooking place (width, length (paces))
6.2.5 Are the doors and windows opne when you cook?

6.3 If generally cooking outdoor
6.3.1 Does the cooking place have 4 walls?
6.3.2 Does the cooking place have a roof?
6.3.3 Is the cooking place well ventilated?

6.4 Where do you cook today?
6.4.1 Indoor/outdoor

6.5 What type of stove do you use?
6.5.1 Three-stone fire
6.5.2 Wind protection?
6.5.3 Charcoal stove

6.5.3.1 Elevated/on the ground
6.5.4 Coal stove
6.5.5 Kerosene stove

6.5.5.1 Wick/pressure
6.5.6 Gas stove
6.5.7 Electric stove

6.6 Which fuel did you use most often in your parents house?
6.7 If you helped your mother to cook, at which age did you start
helping her?
6.8 How long do you usually cook each day, including breakfast, lunch
and dinner?
6.9 At what time do you cook the major meal?

7 Health questions. Unless otherwise stated, questions relate to
symptoms encountered during the previous three weeks.
7.1 General

7.1.1 Did you smoke?
7.1.2 Did anybody else in the house smoke?
7.1.3 Did you use medicine?
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7.1.4 Did you drink alcohol?
7.1.5 Did you feel unusually tired?
7.1.6 Did you have sleeping problems?
7.1.7 Did you feel dizzy after cooking?
7.1.8 Did you feel worried or anxious?
7.1.9 Did you have difficulties concentrating?
7.1.10 Did you have stomach pains?
7.1.11 Did you feel sick?
7.1.12 Did you have a loss of appetite?
7.1.13 Did you sweat excessively in the night?
7.1.14 Did your muscles feel weak?
7.1.15 Did you have muscle cramps?
7.1.16 Did you suffer irregular heartbeat?
7.1.17 Did you suffer from headaches?
7.1.18 Did your eyes water while cooking?
7.1.19 Did you have a dry mouth?
7.1.20 Did you have difficulties swallowing?
7.1.21 Did you suffer from toothache/loss of teeth?
7.1.22 Did you have a cough?

If yes, how was the cough?
7.1.22.1 Dry
7.1.22.2 With sputum
7.1.22.3 With blood
7.1.22.4 In the morning
7.1.22.5 While lying down
7.1.22.6 Cough lasting for more than one month

7.1.23 Did any of your children under five have a cough lasting
for more than a month?
7.1.24 Did you have a sore throat?
7.1.25 Did you suffer from coarseness?
7.1.26 Did you have chest pains?

7.2 Respiratory problems
7.2.1 Did you have breathing problems?
7.2.2 Did suffer from breathlessness when walking uphill or in
stairs??
7.2.3 Did your breath wheeze?
7.2.4 Did you have difficulties inhaling?
7.2.5 Did you have difficulties exhaling?

7.2.5.1 Did breathing problems make you worried?
7.2.5.2 Did breathing problems give you panic?
7.2.5.3 Did breathing problems wake you up in the
night?
7.2.5.4 Did your breating problems increase?

8 Questions on burns
8.1 During the last year, did you or anybody in your family suffer from
serious burns from the stove/cooking pots/lamps?
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8.1.1 Less than three months ago?
8.1.2 Bums from fire?
8.1.3 Burns from hot liquids (boiling water, oil, tea)
8.1.4 Were children under 12 involved?
8.1.5 Was first aid given to the person burned?

8.1.5.1 Was water put on the burn?
8.1.5.2 Was sand put on the bum?

The burn was caused by
8.1.6 The lamp
8.1.7 The charcoal stove
8.1.8 The stove
8.1.9 Other
8.1.10 Did any of your family members die of burns since
independence?
8.1.11 Does anybody in the house have scars, marks or defor-
mities from burns?
(If yes, give the remittance to Dr. Barradas ath the Central
Hospital)

9 Other questions related to health
9.1 Are you pregnant?
9.2 Are your feet or legs deformed?

9.2.1 Can you walk from the Central Market to Ronil without
rest?

9.3 Have you been to the hospital in the last three weeks?
9.3.1 If yes, for what reason?

9.4 Have you been to see a healer in the past three weeks?

9.4.1 If yes, for what reason?
9.5 Do you feel well now?

9.5.1 If no, why?

10 Measurements and final questions
10.1 Standing height (cm)
10.2 Weight (kg) (without pump and without shoes)
10.3 PEF rate before cooking
10.4 Air temperature at start of monitoring
10.5 Time when diffusion tube is broken
10.6 Time when the pump is started

Questions asked when collecting monitoring equipment
10.7 How long time have you been cooking since the pump was put
on?
10.8 Which type of meal did you cook?
10.9 Which food did you cook?
10.10 Did you have any problems with the pump? (e.g. heavy, tube
disconnected, felt embarrassed)

Notes at the end of visit
10.11 Air temperature at end of monitoring



10.12 Time of reading diffusion tube
10.13 Time when the pump was turned off
10.14 Reading of pump
10.15 PEF rate at end

11 Technical information for laboratory personnel
11.1 Pump No.
11.2 Initial air flow controlled (1.9 1/min)
113 Final airflow
11.4 Filter number
11.5 Filter cassette number
11.6 Cyclone number
11.7 Initial filter weight (/ng)
11.8 Final filter weight (jig)
11.9 Filter catch (ng)
11.10 Correction factor for this series (/ig)
11.11 Corrected filter catch (/ig)
11.12 Average paniculate concentration (/ig/m3)
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Stockholm Environment Institute
The Stockholm Environment Institute (SEI) was established by the Swedish Parliament in 1989 as an
independent foundation for the purpose of carry ing out global environment and development research. The
Institute is governed by an international Board whose members are drawn from developing and industrial-
ized countries worldwide.

Central to the Institute's work have been activities surrounding the Rio UNCED conference, and
previous to this, the Brandt and Palme Commissions and the work of the World Commission for
Environment and Development. Apart from its working linkages with the relevant specialised agencies of
the UN system, a particular feature of SEI's work programme is the role it has played in the development
and application of Agenda 21, the action plan for the next century.

A major aim of SEI's work is to bring together scientific research and policy development. The
Institute applies scientific and technical analyses in environmental and development issues of regional and
global importance. The impacts of different policies are assessed, providing insights into strategy options
for socially responsible environmental management and economic and social development.

The results of the research are made available through publications, the organisation of and
participation in conferences, seminars and university courses, and also through the development of software
packages for use in the exploration of scientific problems. SEI has also developed a specialised library
which functions as a central catalyst in the short-term and long-term work of the Institute.

Research Programme
A multidisciplinary rolling programme of research activities has been designed around the following main
themes, which are being executed via internationally collaborative activities with similar institutions and
agencies worldwide:

• Environmental Resources, including energy efficiency and global trends, energy, environment and
development, and world water resources;

Q Environmental Technology, including clean production and low waste, energy technology, envi-
ronmental technology transfer, and agricultural biotechnology;

• Environmental Impacts, including environmentally sound management of low-grade fuels, climate
change and sustainable development, and coordinated abatement strategies for acid depositions;

G Environmental Policy and Management, including urban environmental problems, sustainable
environments and common property management; and

• POLESTAR, a comprehensive modelling and scenario-based activity, investigating the dynamics
of a world with 10 billion people by the middle of the next century.

SEI's Network
SEI has chosen a global network approach rather than a more traditional institutional set-up. The work
programme is carried out by a worldwide network of about 60 full- and part-time and affiliated staff and
consultants, who are linked with the SEI Head Office in Stockholm or to the SEI Offices in Boston (USA),
York (UK) and Tallinn (Estonia). SEI has developed a large mailing register to communicate to key members
of society in government, industry, university, NGOs and the media around the world.
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