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An indeoer air pollution study was carried out in Marzgua,
Maragua District, Central Provinece, Kenya, in coordination with the
University of Nairobi and Kenyatta University, both located in
Nairobi. The project was linked to Ewo ART studies, which are
supported by the World Health Organization and the U.S5. Narienal
Academy of Science.

Repeated Z4~hour measurements of respirable suspended particles
and nitrogen dioxide were carried out in 36 randomly selected houses
where most of the cooking was done om open fires using firewood or
cxop residuals as fuels. In fthree houses hourly pollution
weasurements were made between & a.m. to 10 p.m. to observe the
times at which peak values occurred, A questionnaire was used to
collect information on demographic, house, fuel and cooking
characteristics.

*The mean af the 24-hour average RSP measurements was
1400 1g/m®. During the seven hours per day on average during
which the fire was burning levels were estimated to reach
3000 - 4000 we/me. In the evening peak levels up to
36000 pg/m* were observed, The average RSP conceptrations and
the peak levels during the evening indicate that health effects due
to excessive exposure to smoke from biomass cowbustion are likely to
occur among pre—school c¢hildren and women. Also, the concentrations
of selected polyeyelic aromatic hydrocarbens in  the particulate
material was found to be high. :

The average concentrations of NOp, CO, COHb and formaldehyde
were respectively 90 ppb, 8 ppm, 0.5% and < 0.1 ppm. These levels
were sigmificantly lower than found in other indoor air pellution
studies in developing countries. Low {02 concentrations pointed
to high ventilation rates.

Analysis of variance showed little or no correlation between
pollution levels and house characteristics., Alse very homogenecusly
distributed concentrations were found amongz the houses. This
corroborates the observation that no relation could be detected
between  ARI incidence and  pollution levels or housing
characteristics, To¢ draw such conclusions a subgroup with lower
exposure levels would have to be included in the study.
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2. PEEFACE

A review made by WHO some years ago of the scientific literature om
indoor air pollution caused by burning biomass fuels for cooking and heating
showed guite a relatively serious problem (WHO, 1984). Hot only are the
levels of different air pollutants in rural houses high but this problem
appears to exist in gural areas in Asia, Africa and Latin Ameriga and is
thereforce widespread. It is conservatively estimated that some 500 millien
persons, mostly women and children, are exposed to Jlevels of indooxr air
pollution that are well above those considered safe.

The extent and severity of health effects associated with biomass fuel
combustion is wnot well defined and WHO is undertaking a number of field
surveys Lo provide better information and data in this area. To zccomplish
these surveys cooperation was developed between the Respiratory Infections
Frogramme and the Unit for Prevention of Envirommental Pollution. The indoar
alr pollution surveys are being carried out in different countries where Acute
Respiratory Infection studies in children are in progress in order to be able
to correlate ihe data and information produced. 1n this document the results
of the first of the cooperative studies, which was carried out in Maragua,
Kenya, are reported,

The study involved the cooperation of the Ministry of Health and two
Universities in Nairobi as well as the Agricultural University in Wageningen,
the Netherlands. Sections of this report were preparsd by different experts
imvelved in the project both in Kenya and the Netherlands. The final report
wag assembled by WHO staff using the various contributions.

The uwltimate purpose of thiz field survey described above (amd others
to be implemented in the future) is to consider and evaluate in more detail
the health implications of indoor air pollution and to engage the health
sector in advocating solutions to eliminate or prevent the problem, Such
activities will imvolve the preparation of guideline documents, training of
rural health workers and cooperation in internmatiomal efforts te brimg about
teachnological changes such as the introduction of clean stoves, improved
housing design and community participation in implementing these changes.

3. LNLRCDUCTION

Indoor air pollution is increasingly being associated with acute
respiratory infections in children. In develeping countries, imdoor air
pollution is mainly due to biomass fuel ¢ombustion in dwellipgs that are often
poorly ventilated. Air Pollurants from biomass fuel combustion inmclude carbon
monoxide (CO), nitrogen oxides (NO,), formaldehyde (HCHO} and respirable
suspended particles (RSP). The RSF contain polyeyclic aromatic hydrocarbons
(PAH's), some of which are known to be carcinogenic (WHO, L984).

The air pollution study was carried out in the Maragua area, within the
epidemiology and aetiology study supported by the Werld Health Organization
and the National Academy of Sciences (NAS), USA. The WHO epidemiological
study is conducted inm an area of 12,000 children below five. The NAS study is
4 twomyear longitudinal study among children aged below five years on acute
respiratory infeetions (4RL). The study populatien is within 250 households
and comprises 470 children aged below five years,
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Important characteristics of the households of the study population for
the air pollution study 2re summaxizes below:

(i) The average household has seven members. Forty-six percent
of the mothers have five or more children while 14 percent
have nine or more children. Sixty-five percent of cepeat
births occurred within 30 months of the previous birth.

(ii) The houses have dirt floors im 94 percent with walls
usually made of mud and wood. Seventy—nine percent of the

roofs  consist of irenm  sheets while 20 percent are
thatched. 0On average, each house has three rooms.

{iii) 1In 97 percent of the homes cooking is done using wood.
Cooking is carried out within the house in 58 percent of
the homes and in a separate kitehen in 42 percent.
Lighting is provided in the homes by kerosene lanterns.

{iv} Eighty-four percent of the population have lived in their
present homes for eight or more years.

More detailed information on the househelds in the indoor alr
pollution study is given in Appendix I,

4. OBJECTIVES OF THE sTUDY

(i} Measure carbon monoxide (C0), carbon dioxide (C0O;), nitrogen
dioxide (NO,), respirable suspended particles (RSP) with their
assoclated pelycyclic aromatie hydrecarbons (PAH's), as ap indicator
of air pollution in a representative number of houses in the Maragua
area;

(i1} Evaluate the main factors contributing to high indoor air pollutieomn
exposure for children aged below five years in the study population;

(iii) Explore the feasibility of assessment of the relatiomship between
the level of indoor air pollution and the incidence of ARIL.

5. SELECTION QF THE HOQUSES

Thirty-six households were randomly selected from the 250 in the area
within the following groups stratified according to the roofing and kitchen
arrangements;

(i) ILron roof with attached kitchen — 9 households;
(i1} Izen roof with detached kitchen = 8 households;
{(iii) Grass zoof with attached kitchen - 10 households;

{iv) Grass roof with detached kitchen — 9 households,



RSD/B7.32
page b

The size of most houses is between 25 and 35 square meters. Typical
exanples of the houses are given in figures 1 and 2,

Figure i. Houses in the Muranga district, Kenya (iron roofs)

Most of the families have only a small area of land of about two ta
four acres where they grow corn and beans for own congumption and some cash
crops like bananas and coffee. The women do the actual farming as well as the
collection of the firewood, the cooking, the upbringing of the children ete.,
ebc. Many men have a job im Nairobi, and they are at neme only during the
weekend,

Most of the cooking 1s done abave an open fire usimg three stopes. An
alyminium pan, mostly for preparing tea or porridge or & pot made of special
clay for cooking coru and beans 1s put on the stones about 20 centimeters
above the fire. An example of the fireplace is given in figure 3. DMost of
the fuel that is used is wood of different types and guality, but sometimes
agricultural wastes from bananas (stem), sisal (stem) and corn (corm—cob) are

used.
\ . 1 . %;%;
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Figure 3. Iypical fireplace for cooking.

Only in a few houses a simple steve is present butbt without a chimmey.
The smoke of the fire circulates through the whole house as the walls between
the rooms do not reach up te the roef. The windows, mostly simple open spaces
in the wud wall, the outside doeor and an open space between the wall and the
lower rim of the roof, provide ventilation,

6. STUDY DESIGN
The air pollution survey had three components as follows:

6.1 Administration of a questionnaire

A questionnaire {(Appendix II) was administered to the mother of the
under five-year old child in each household studied. The information
collected concerned house characteristics, fuel used for cooking, duration of
fires, types of food cooked and activities of the mothex and children (five
years and under) during the time of the air pollutrion measurements.

6.2 24-hour average measurements

in all 36 houses 24-~hour average measurements for RSP and N0y were
performed twice with an interval between the two measurements of about one
week. For measuring the RSP level the pump/filter method followed by weighing
was used, This method consists of the following elements:
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A Dupont P 2500 constant flow unit was used as air mover. This pump
has aw electronic flow correction to compensate for inereasing resistance due
to filter loading. An extra battery was installed (5V, 4 aA-h) to allow =a
sampling time of 24 hours.

A PAS-6 fllterholder was wused ag sampling hesd. Although such =
filterholder has been designed fer measuring toral suspended particles, the
cut-off diameter of the particles measured iz lower {(ter Kuile, 1984). An
illustration of the filterholder apd further technical details are given in
Appendix I1I, figure 1. Glass-fibre filters (Whatman 6F/fA, 2.5 ewm) were
enployed.

A digital wmicrobalance (Mettler, 0.1 mg) was used at the Department of
Chemiztry, Kenyatta University., B®Before weighing the filters were placed for
al least 24 hours in a desicestor conteining a saturated potassiumcarbenate
golution.

At the beginning and the e¢nd of each sampling peried the flow of the
pumps was checked with 2 Frooks flowrator (rotameter type B~6-15-A, gplassz).
The flowrators were calibrated againsgt a sogpbubble meter, The pump and
battery were installed in a wooden box for protection and noise reduction.
Attached to thiz box was an aluminium pole through which the sampling tube was
led to the PAS~6 filterholder. The sampling height was 80 cm, corresponding
with breathing height during the preparation of the meal. An jllustration of
the measuring unit ig given in Appendizx III figure 2.

In 20 filters the amount of polyeyelic aromatic hydrocarbons (FAH} was
determined by the Dutch standard method (NVN 2798, 1986). The glass—fiber
filters were kept in rhe dark an a refrigerator at —-189% for a periocd of
about six months before analysis. The filters were extracted in cyeclohexane
under ultrasonification. Aliquots of the extracts were injected into 2 liguid
chromatograph with a Vydac 20l T¢ B5 column and the PAH were detected by
fiuorescence (254 um}, Only the less volatile PAH (4 rings or more) have been
analysed as the more volatile omes tends to evaporate from the filters and
carcinogenicity for the individual compounds is only found for the less
volatile PAH (IARC, 1983),

For 24-hour average measurements NO; Palmes diffusion tubes were
used, in whiech triethamolamine is uged as absorbent. Atmospheric NO; is
tranzferred from the open end of the tube to the absorbent at the closed cnd
by molecular diffusion. Affer adding the "Saltzmaon'" reagent the NOy can be
analysed spectrophotometrically (540 nm}; the method has been described in
detail by Boleij et al (1986). The tubes were placed in palrs on the same
support to which the PAS-6 folterholder was attached and at the same measuring
height (Appendix III).

6.3 Daily pollytion pattern measurements

To observe the variations in concentrations during the day in three
houses between 6 a.m. and 10 p.m. each hour several instantaneous measurements
were made. Three different types of houses not far apart were chosen (iron
roef with attached kitchen; iron roof with dertached kitchen; thatched 7oof
with attached kitchen). Spot measurements of RSP (piesobalance), GO0 and COy
(brHger tubes) were made cach hour. Formaldehyde and €O in expired breath
were occafionally assessed. Bach hour observations on time budgets and
activity patterns were made in the three houses. The same neasurements wore
occcasionally performed during house visitg fer the  2Z4-hour average
neaAsurements .,

The instantaneous RSP levels were measured wusing a direct reading
piezobalance : Thermo Systems Inc., wmodel 3500, Respirable Aerosocl Mass
Monitor, with a 3504 cut—off diameter of 3.5 pm. The principle of the
piezobalance is based on a change in vibration frequency of a crystal after
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loading with respirable particles from a kpown amount of air. The respirable
particles are precipitated on the crystal by impaction after preseparationm by
a cyclone,

The carbon dioxide, carbon monoxide, formaldehyde and CO in expired
breath measurements were made using Dridger indicator tubes. The indicator
tubes were used together with a hand operated pump. With the pump a measured
amount of air c¢an be pulled through the tube filled with an absorbent and
reagent giving & colour reaction. A scale has been printed on the table for

direct reading. The relative standard deviarien of this method is about 10 -
20 percent. The tubes that were used included;-

Catalogueé nymber

- GO CH 25601
- Cop CH 30801
= formaldehyde 6733081

- + activator tube 2935010

- COHb CHZ70

7. FIELDWORK

The equipment was prepared, charged and stored in a room at the Maragua
Rural Health Training Centre, the same centre from where the fieldwork of both
ARI-studies were carried out., Here also the filters and Palmes tubes were
stored after sampling.

Twoe groups of fieldworkers each placed 6 sets of equipment for the
24~hour average measurements. The sefs were collected the next day. Both
groups of fieldworkers were composed of at least one local ARI-fieldworker,
¢ne technician eor staff member from the Keuyatta University, Department of
Chemistry, Nairobi, and one teamworker of the Duteh Agricultural University,
Most days one or both groups were accompanied by staff members of the Health
Centre or the ARL research team from Nairobi, who were interested in seeing
the actual fieldwork,

The local ARI fieldworkers were of great nelp because they were very
familiar with the families from the regular wvisits. They acted as
interpreters and assisted with completing the questionnaires.

Prior to the first installation of measurement equipment in each house
an appointment was made during which an explanation about the measurements was
given to the occupants and permission was asked., HNone of the families
contacted refused to cooperate im the study.

The following time schedule was used for the fieldwork:

Ist measurement Znd measurement

1. placing equipment in firsc

of 6 houses Th. 18/4 We. 24/4
z. collecting equipment in first

2 groups of 6 houses Fr. ig9/4 Th. 25/4
3. placing equipment in second

2 groups of & houses Sa. 20/4 Fr. 26/4
4., collecting equipment in second

2 groups of 6 houses Su. 21/4 Sa. 27/4
5. placing equipment in third

2 groups of 6 houses Mo. 22/4 Tu. 30/4
B, collecting equipment in third

2 groups of 6 houses Tu. 23/4 We. 1/5
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In thiz way a total of 36 houses was wmonitored, The second
measurements about a week later were scheduled on different days of the week.
The mnight between collecting and replacing the equipment was used for
recharging the batteries.

During the first visit when the equipment was placed, the demographic
part of the questionnaire as well as the part onm house characteristics was
completed. At rChe same time the fieldworkers explained to the mother which
questions about activities during the period of measurement of the mother and
children participating in the ARI-study, were going to be asked the next day.
On the following day during collection of the equipmenmt the questionpmaire was
completed.

On the first day of the figldwork, spol measurements were made in gll
12 houses. Aflter evaluation of these first results the decision was made that
only im case of a burning fire it was useful to do spot measurements on €O,
CU; and HSP-levels.

{0 in expired breath in order to assess the COHb level was only
performed if the ambient CO concentration in the kitchen exceeded 10 ppm and
the mother had been in the kitehen for at least 30 minutes before the field
team arrived,

Formaldehyde was only measured when the fire was burning vigorously
and a high concentration (more than 2000 pz/m?) of RSP was found. As only
one RSP Piexo balance was available, one team used the meniter on "placing
day”, the other team on "collecting day".

3. RESULTS
The analysis and interpretation of the data collected in Maragua has
been partially c¢ompleted. Data on burning time of the fires are not yet

included in the analysis,

4.1 Analysiz of 24-hour RSP data

8.1.1 Summary of statistiecs and analysis of variance

Complete data sets of repeated measurcments are gvailable for 30
homes; in 6 homes the resnlts of one measuring period are missing due o
technical failures (4 times) or the absence of the family during the second
measuring time (2 times). ‘The individual data are given in Appendix IV.
Summary statistics of the results are presented below:

n AM sh GM G5 mif max
(Pg/m-") (fig/ms) (pe/m®) (/uzlms) (,ug/ms yug/mﬂ

serieg L 35 1391 853 1150 1.9 189 3212
series IT iz 1402 1140 1048 2.2 242 4379
series 1
+ IL 67 1397 997 1099 2.0 1589 4374
n = npunber G3D = Geometric Standaxd Deviation
AM = Arithmetilc mean minn = minilgum
AS = Standard Deviation of the AM max = maximum

CM = Geometric Mean
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A histogram of the results is presented in figure 4.
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Figure 4, Histogram of 24-hour average RSP levels (ug/m?)

A cumylative distribution of the levels is plotted in figure 5.
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Figure 5. Cumulative frequency distribution 24—hour average RSP
levels
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Figures 4 and > indicated a lognormal distribution of the data. This
was coufirmed by the probability plot correlation coefficient test (Filliben,
1975). Analysis of variance {8A3 Institute Inc., 1985) of the two sgeries of
measurements showed that 69% of the total variance was attributed to "within"
house variance (difference of RSP concentration between the first and second
series of megsurements in the same house). Only 31% of the total variance is
caused by the differences of RSP levels between the houses. This means that
the average difiference of RSP levels between different days in the same house
1s larger than the difference in REP level between the houses.

8.1.2 Correlation between R5F levels aad housing characteristies

The mean of the RSP levels for the various subcategories of
house characteristics are shown below. Individual data are given in Appendix
1v,

House type Number of houses Mean RSP Standard Deviation
{ug/m®)
Lron roof 17 1537 1097
Thatched roof 19 1294 916
Attached kitchen 19 1209 914
Detached kitehen 17 1643 1053
Iron roof 9 1187 1026

Attached kitchen

Iron roof & 1909 1074
Detached kitchen

Thatched roof 10 1229 841
Attached kitchen

Thatched roof 9 1408 1050
Detached kitchen

Analysis of varisnce (5A5 Institute Ine., 1985) wusing the log
transformed dats did pot show significant differences in mean conecentration
between the different house types. A tendency was found for detached kitchens
and iron roofs to have somewhat higher RSP levels. No significant differences
could be detected becauae most of the variance was within houses probably due
to the variation ip burning time of the fire,
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8.1.3 Chemical analysis of RSP filters

Twenty filters containing respirable suspended particles were
analysed. The results of this analysis are swmarized below giving the total
coefficient of variation, filter load for each of the substances analysed and
the corresponding air concentratioms.

Filter Alr concentrationsl)
content
Compound Cvtz) n AM §D AM Max, Min,
gpg/ms) (ng/m?) {ng/m?)
l. Flucranthene 29 20 178 209 254 779 34
2, Pyrene 57 20 545 551 779 2387 103
3. Benz[alanthracene 40 20 191 141 273 838 36
4, Chrysene i7 20 153 114 262 201 34
5. Benzol[blfluoranthene 33 20 74 54 106 324 14
6. Benzolklflucranthene 33 20 25 19 36 10% 5
7. Benzol[ajpyrene 37 20 60 50 86 263 11
8, Benzo[ghilperylene 21 13 176 124 252 771 33
9, Dibenz{a,h]an 34 18 100 89 143 438 14
10. Indeno[l,2,3~cd]pyrene 19 19 36 23 51 158 7

1) The air concentrations were calculated on the basis of the mean
PAH content of the 20 filters and the mean, maximim apd minimum of the
complete R5F data set.

2) Total c¢oefficient of variation on the basis of four duplicate
measuLSments.

8.2 Analysis of 24-hour average N0, data

8.2.1 Summary statistics and analysis of variance

Again complete dat 2 sets of repeated measurements azre available
for 30 homes. The individual data are given in Appendix IV, Summary
statistics are pregented below.

n AWM GM 5D GsD min max
{ppb) {ppb)  {ppb)

series 1 33 99 54 ge 1.7 20 181
series II i1 81 40 40 1.5 31 211
series 1 + I1 bh 90 47 &0 1.6 20 281
n = number GSD = Geometric Standard Deviation
AM = Arithmetic min = minimum
5D = Standard Deviation max = maximum
GM = Geometri¢ Mean
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Figure 6. Histograw of 24~hour average NO, levels (ppb)
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The NOy data were found to be lognormally distributed. Analysis of
variance {5A8 (nstitute Inc., 1985) of the two series of measurements showed
that 674 of the total variance was due to "within house" variance and 33% to
between house variance,

8.2,2 Correlation between WO, levels and house characteristics

The mean of the NO, levels for the various subcategories of
house characteristics is given below. Individual data are given in Appendix
v,
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House type Number of Houses Mean NOp conc. Standard
(ppb) Deviation

Iron roof 17 102 60
Thatched roof 19 79 32
Attached kitchen 19 a5 41
Datached kitehen 17 95 55
Iron toof 9 87 48
Attached kitchen

Iron reof 8 116 67
Detached kitchen

Thatched roof 10 23 36
Attached kitchen

Thatched roof 9 74 9

Detached kitchen

4lso for the log transformed data no sifnificant differences could be
detected for any of the house types. A tendemey was found for houses with
thatched roofs to have somewhat lower concentrations than those with iron
roofs.

8.3 Correlation between RSP and NQp levels

In figure 7 the RSP concentrations are plotted against the ROy
concentrations.
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Figure 7., Relation between RSP (pg/m®) and NO, (ppb)
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Correlation coefficients of r = 0.61 and r = 0.32 respectively were
caleulated for the first and second measurements period.

8.4 Daily pollution pattern measurement

Hourly measurements were made in one of each of three types of homes to
observe when the highest values of €0 and RSP would occur. The information
obtained is summarized below:

(1) Housetype t Iron roof - attached kitchen

Time Cco COy (%) RSP Fire
(ppm) (ug/m?) condition
7.26 5 0.06 1400 Moderate
8,34 0 0.08 50 High
9.34 1 0.08 O Low
10.34 3 Q.04 600 Low ./
11.34 2 0.04 530 Low
12,34 1 Q.04 150 Very low
13,34 0 0.03 0 N
14.34 0 0.05 -
15.34 - 0.06 -
16.34 - Q.04 -
17.34 - 0.04 _
18.34 6 Q.10 1050 Moderate
19.40 30 0.08 36700 High
21.20 12 .10 3300 Low

(ii) Housetype : Irom roof - detached kitchen

Time co COo(%) RSP Fire
(ppm) (pg/m?) condition

.00 10 0.06 1500 Moderate ¢

&.54 12 0.07 1200 Moderate

9,536 3 0.04 100 N

10,56 8] 0.04 Q No

L1.56 0 0.04 Q No

12.56 28 0.15 3250 Moderate

13.36 15 Q.04 O Low

14 .56 10 0.06 L400 Low

15.56 - 0.04 0 No

16,56 50 0.07 1800 Moderate

17.56 50 0.07 6650 High

18.56 98 0.13 3450 Moderate

20.19 5 0.04 750 Low
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(iii) Housetype : Grass roof — attached kitchen
Time co €045 (2) RSP Fire
{ppm) {ug/m?) condition
6,538 20 0.10 9350 Moderate
8.22 3 0.06 1000 Low
9.22 2 0.05 0 No
10.22 7 0.06 1500 Moderate
11.22 4 Q.04 150 Very low
12.22 10 0.04 4} Very low
13,22 0 0.03 250 Neo
14 .22 4] 0.05 0 No
15.22 0 0.04 0 No
16.22 0 0.04 G No
17.22 50 0.10 12250 High
18.22 20 0.08 4050 Low
19,27 5 0.08 150 Moderate
20,02 4 0.06 0 Very low

Az expected, the levels of pollutants are highest dutring cooking times

in the morning (6 to 8 hours), lunch time (12 to 14 houxs) and evening (17 to
21 hours) in all the three house—types., The levels of the indoor air
pollutants and especially those of RSP were highest in the evening. This is
possibly because of the fact that fires weve lit for the longest period amnd
the windows were shut at that time, This is significant because it is the
time when most of the family members especially the children are likely to be
indoors. G0, concentrations were equal to outdoor concentrations (0.04%)
when no fire was burning,

Most formaldehyde concentrations were below the detection limit of the
method used (0.1 ppm). Formaldehyde was only detected in the evening, with
levels of 0.75 ppm in house 408, 0.2 ppm in house 406 amd 0.8 ppm in house
378. At these periods, it was also moted that the levels of CO were elevared
in expired breath, measuring 1 ppm in house number 408, 1 ppm in house npumberx
406, and 2 ppm in house numbaer 378.

9. ART incidence
The number of ARI episedes per child below five years in a 42-week

period are shown in Appendix L. The average number of ARI episodes for the
various house types are given below:

House type Number of houses ARI episodes  Standard deviation
Attarhed kitchen 20 7.7 2.5
Betached kitchen 17 7.2 2.1
Thatehed roof 19 . 7.5 2.4
Iron roof 18 7.5 2.5

The results indicate that there is no difference between the average
uumber of ARY episodes per child and various house c¢haracteristics. This was
confirmed with statistical analysis (SAS Institute Inc., 1985). Alsoc no
relation was found between the number of ARI episodes and the RSP and/or NO4
levels measured in the houses.
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10.  QUALITY CONTROL

The use of the PA5S-6 filterholder for measuring RSP was validated by
comparing the results of PAS—6 measurements in three houses with those of the
RSP levels obtained from simultaneous measurements using a filter head with a
10 mm cyclone preseparator (Casella). The results for both measuring methods
were within 10% of one another.

For measuring KSP constant £low pumps were used. The flow was
checked at the beginning and the end of the measurement. If the flow change
after 24 hours exceeded 3% of the original flow, the results were comsidered
inaccurate and not used for further analysis.

To evaluate the precision of the 24-hour average RSP concentrations
in five houses duplicate samples were taken. The results of these
measurements are given in below

House concentration concentration A
number set 1 set 2 difference
1. 1282 1117 13.8
2. 1684 1507 11.1
3. 3034 3485 13.8
4. 433 388 11.0
5. 526 433 19.4

On the basis of the percentage of difference the totzl Coefficient of
Variation (CVp} was caleulated. A value of 9.8% was found, which means that
the total error is less than 25% in at least 93% of the samples.

On the basis of 4 duplicate determinations of the PAH, an average GV
of 32 was found with a standard deviation of 12,

All NOy measurements were donge in duplicate whiech resulted in a CVg
of 30X. Even though €V -values were less than 104 can be acnieved (Bolel]
et al, 1986} the CV, of 30% is considered quite satisfactory.

11, DISCUSSION AND CONCLUSIONGS

Respirable suspended particles

The 24-hour average RSP concentrations found in this study are very
high. The mean RSP levels in Kenya are 20 times higher than indoor RSP levels
from cigarette smoke in Duteh homes (Lebret, 1985}. During the 24-hour
measurement period the fires were burning for 5 to 12 hours with an average of
about 7. In case the fire was out, hardly sny RSP was detected. This means
that the sverage concentration during the 7 burning hours is about 3300 to
4000 ug/m?. This suggests that in many homes even the occupational
standard for RSP of 3000 pz/m? which holds for an averaging time of 8
hours and a healthy population, is exceeded. The occupational standard only
covers inert nuisance dust, while woodsmoke comtains active constituents. The
WHO recommendation for exposure to particulate matter for the general
population gives a maximum of 100 - 150 yug/m® with an averaging time of 24
hours., Most mothers and children under five years of age stay about 504 of
the time mear the burning fire. Tnis gives an average daily exposure of about
four hours, mostly during the evening when very high peaks can occur.
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The geometric standard deviatiom of the RSP concentrations in the homes
is relatively low indicating a low variation im the concentrations., Analysis
of variance showed that 2/3 of the total variance is caused by the differemce
in RSP level between the first and second measureément in the same house. Only
1/3 of the variance is attributed to the difference in RSP concentrations
between the houses. In combination with the relatively low overall variance
this indicates that exposure to RSP is homogeneous among the population.

Burnin% hours were not yet included in the analysis. This factor probably
would be the wost important compoment of variance. Little or no difference

could be detected for the various house characteristics on which the sample
stratification was based, This is explained by the fact that most of the
variance was within the houses and only little among the houses.

The instantaneous RSP measurements wmade during the home visits gave
concentrations up to 4000 ug/m?, depending on the intensity of the fire
and the wventilation. In the evening wunder Jlow ventilation conditions,
concentrations up te 36000 pg/m? were found. Under these conditions 1t
wag hard to remain in the kitchen for more than a few minutes, because of the
discomfort ecaunsed by the dense smoke. Although sampling conditions and
techniques of other studies mentiomed (WHO, 1984, p.19) might be different,
our findings are comparable with the reported data. Smith et al. (1983) found
mezn TSP concentrations during cooking of 6000 wg/m?® in four villages im
Northern India with personal measurements near the mother during 43 minutes er
shorter., Davidson et al. (1986) measured in 18 houses in various villages iun
Nepal at different altitudes. Sampling was done during 1 - 2 hours of stove
operation at a height of 0.7 m, one meter from the fireplace. The average RSP
concentration found was 4700 ug/m?.

Early studies in Kenya by Hoffman and Wynder (1972) and Clifford (1972)
observed concentrations ranging from 1500 to 7800 pg/m? with an average of
4000 pg/mt. A high correlation was found between concentration and
elevation because the wood fires were used for heating as well as for cooking.

Polycyclic aromatic hydrocarbons

In general the air comcentrations of the various PAH were very high,
These hiph concentrations reflect the high RSP c¢oncentrationg. Only {for
benzo[alpyrene =ir concentrations have been measured in similar situations
(WEo, 1984, p.l9). Generally, BaP c¢oncentrations in air observed in the past
were somewhat lower than in this study, however sampling time was mueh shorter
and only during the burning of the fire in the other studies.

in western societies similar concentrations can only be found in
heavily cigarette smoke polluted emviromments (IARC, 1985). In this study a
mean filter concentration of BO yug bensolalpyrene per gram respizable dust
was found. Daseh {L1982) found benzo[a]pyrene contents of filferable fireplace
emisgiong between 3 and 141 yug benzolalpyrene per gram of particulate matter
for various kinds of wood.

For & of the measured PAH (substances 3, 5, 6, 7, 9, 10) there is
sufficient evidence that they are carcinogenic to experimental animals {(IARC,
1983). All measured PAH are major c¢components of the total conteunt of PAH in
gsoot. The human carcinogenicity of soot in the form of lung cancer 1is
demonstrated by several cohort studies of mortality among chimneysweeps (IARC,
1985}, Although & thorough evaluarion of the carcinogenie rxisk is not
possible the levels observed in this survey can be considered as a real threat
to the population,
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Nitrogen dioxide

The 24~-hour average N0, concentration is approximately 90 ppb. These
levels are somewhat higher than the weekly average N0, concentration found
in Dutch kitchens where umvented gas cookers and water heaters are used
(Lebret, 1985). At these levels in some studies minor lumg function changes
and chronic non-specific lung disease symptoms were found (¥Fischer et al,,
1985; Lindvall, 1986).

Also for NO;, nwno iniluence of house characteristics would be
detected. As for RSP this is caused by the fact that most of the variance was
within houses and only little among the houses.

Some correlation is found between NO; and RSP levels., That no better
correlation exists, is explained by the fact that differemt processes in the

fire lead to N0, and RSP emissions respectively.

Daily pollution pattern measurements

The CO concentrations feound during coeking are much lower than
recorded in other studiez in developing countries {(WHO, 1984, p.19). This
might be due to differences in sampling locatiens. We were able to measure CO
concentrilions up to 400 ppm directly above the fire in the smoke plume.
However, these concentrations are not likely to be inhaled as people tend to
avold the direct inhalation of smoke, These peak levels of up to 400 ppm are
still much lower than the €0 concentrations of up te 3000 ppm found by
Sofoluwe (1968) in Nigeria. Our low €O concentrations are copnfirmed by the
low COHb found in the exposed mothers.

ilardly any formaldehyde was found. Only in cases of heavy smoke
emiszion and poor ventilatien (mostly during the evening) some formaldehyde
was detected (0.1 - 0.2 ppm), and the maximem level oniy once reached ©.7
ppw. The concentrations are much lower than found in Papua New Guinea by
Cleary and Blackburn (1968} and Anderson  (1978). They found average
Eormaldehyde concentrations of respectively 0.7 and 1.2 ppm during the anight.
enerally measuring methods for formaldehyde are diffieult snd infrerferences
are likely. Our method (Drdger tubes) has algoe limitariens in the
specificity. ‘Ihe indication of the ftube is based on a reaetion of
formaldehyde acid. The c¢olour of the tube changes from white te pink.
Acetaldehyde, acrolein, diesel fuel, furfuryl alcohol and styrene turn the
indicating layer yellow to brown. This brown colour oceurred several times.

The €Oy concentrations found in this study were between (.04% and
0,204, which is not unusvally high. The C0y level depends on the intemsity
of the fire and the ventilation rate (number and size of windows, open oz
closed; number of doorsz, open or closed; presence of an open space between
wall and roof). These low GCOp concentratioms indicate that there is a high
ventilation rate in the houses. In case there was no fire burning in the
house, the (€0, concentration was equal to the normal outdoor councentration
even if there were three or more people in the kitchen, where the measurement
was taking place. This also points £o & high ventilation rate. This high
ventilation could be responsible for the relative low concentrations of CO and
formaldehyde and the fact that there iz lirtle or no difference in pollution
levels in Thouses with different kitchen and =roof arrangements, The
ventilation, however, would have some influence on the RSP concentration too.
The RSP levels on the other hand are comparable with other findings and point
to a very high emizzion during cooking. After extinguishing the fire, the RSP
concentration dropped stecply and reached a level of 10 ug/m? after ouly a
few minutes.
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ARI incidence

RSP and NO; are known to affect ARI incidence. In this study RSP
levels are much higher than NO; levels im terms of effective dose. However,
no relation could be deteeted between the attack rate of ARIL incidences and
the measured RSP levels por with the NO; levels or a combination of RSP and
N0; levels. Also no correlation was found with the house c¢haracteristics.
This 1is ewplained by the fact that the pollution levels were wvery
homogeneously distributed among the houses in which the children lived with
hardly anmy influence of the house characteristies on the vawiation of the
levels. In the ongoing ARI study in the Maragus area the effect of smoke is
only likely to be detected if an intervention is incorpoxated in the study te

create a subpopulation with lower exposure levels. An alternative might be to
find a control population, which is comparable 1in all respects with the

exception of the pollution levels to which the population is exposed.
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APPENDIX I
HOUSEHOLD CHARACTERISTICS AND ARL
Serial Houschuld Humbar in Children No, of Tharched Carrugatnd Attached Datached Ne. of  No. of peopla  Na. of Ho. of ARI
Hugber  Huzhes Heuichold 5 yr3  rooma roofl 2enl kitchen kitehen windows gwoking tobateo eigacatlfes cigaroftea  cpldoded

{Fathat) (Mathac)

1 a0 1 1 2 1 - u 1 3 a - - 8.2
z L) 5 H 3 1 - 1 - 3 1 Rer aure [+ 1l
b alé 8 2 3 - 1 1 - 2 1 Mot sure o .63
L] a7k 5 5 3 - 1 - 1 1 1 ] a4 9.7
5 L % H a - 1 1 - ? 1 Mar wure o 4,75
4§ 2 F3 3 1 4 1 - 1 - 4 1 Mot sure ] 10.2
? 100 & 2 3 - 1 - 1 3 o @ ] 6.8
-3 112 10 7 4 1 - u 1 4 a -] [+] B
9 1313 3 1 4 1 - 1 - & 1 10 o i.2
1 184 5 b4 F 1 - 1 - o 3 Hot sute [} Tt
u o4 10 3 & - 1 - 1 4 1 oL aura [} 6.1
1 09 [ z k) 1 - = 1 E) 1 Hot aure o 11.33
13 232 & 1 H 1 - - 1 1 a ] Q T
14 43 4 2 14 1 - - 1 1 1 a ] §.95
15 b4 a Fi 2 1 - 1 - 4 "] o & B4
15 zra 9 2 a - 1 - 1 7 1 & a 7
1y 3ol 7 H h] - 1 1 - 3 L Her wura o 7.5
bt} n2 5 3 3 - 1 1 - 5 1 Ror iure Q 7.3
¥ 348 9 2 4 - 1 1 - & 3 Not sure o 8.1
10 352 1a 4 4 1 - - 3 3 1 Not sure o 4,1
3] 54 11 1 3 - 1 w 1 k] 1 Not suTe a 3.1
2 396 5 3 1 - 1 1 - Z a [+] [+] 6.7
Fi ) 435 ? 2 A 1 - 1 - & 1 4 a4 1.3
4 443 7 1 Fi 1 - 1 - z a o a 1.5
3 447 T 2 4 - 1 1 - 4 o Qo o 8.4
26 483 & 3 1 i - - 1 4 L LELRET Q [
17 323 k] 1 ] t - - 1 H a ] a 1.7
) 565 H 2 L) - 1 - 1 L) ] o L] 3.2
9 367 3 , F H 1 - 1 - 2 11 NOT suTe a 4
o 633 9 2 6 - 1 - 1 3 0 o o] 5
b} 615 4 F b 1 = 1 - 3 1 & 1} 7.3
3 Iﬁ-ﬁﬂ 7 2 El 1 - 1 - 3 Q o [} B.&
3 B33 ] 1 3 - 1 1 - 1 1 Nt duke 4] 3.t
". » 651 9 1 k] t - 1 - 3 1 o o 1.7
h 1 895 4 2 k - L - 1 1 1 Hot sute [+ b
1] 713t 3 1 2 - 1 - 1 1 1 Hoe apra +] 12
n T 3 1 ] - 1 1 - 2 1 Bt durc o 14
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Questionnaire “FIELD STUDY INDOOR AfR QUALITY"

1. Hougehold identification number [:[:[]
2. Name of head of househole ... 0. o i,

3. Number of rooms used in dwelling house [j

4, a. Number of people living in the dwelling house E:[]

Code: number of people = 1 - 98; don’t know = 99

b. Number of chidren younger than 5 years living in the
dwelling house [—]
Code: number of children = 1 - &; don't know = 9 =

5. Type of floor (material of construction) in the dwelling house LJ
Code: Dirt = 1; Cement = 23 Other = 3 (Specify ...... ... .. }
Don't know - 9
6. Type of roof (material of construction) in the dwelling house []
Code: Thatch= 1; Iron sheet = 2; Asbestos = 3; Paper Board = 4 ‘
Tile = &; Other = 6 (Specify.......... }: Don't know = 9 ’
7. Type of wall (material of construction) in the dwelling house [j
Code: Mud = 1; Wood = 2; Stone or Brick . 3: Other = 4
(Specily ... ... .. o) Don't know = 9
8. Finish of wall ]
Cade: Rough = 1; Smeoth - 2
9. Is cooking done within the dwelling house E:
Code: WMo = 0; Yes = 1; Don't kKnow = 9
10.  Size of the room ip which the cookiong is taking place (in m¥) []:j

Code: npumber of m* = 1 - 98: Don't know = 99

11, Number of doors in the raom in which the cooking is taking place []
Code: Number of doors 1 - 8; Don't kpow - 9

12, &, Number of windows in the room in wich the cooking is
taking place _ rj
Code: Number of windows = 1 - ¥; Don't khow = 9 - ‘
b. Are the windows nermaly open or closed during the cooking ’
periods? Ej

Code: normaly open = 1; normaly closed = EJ Don't know = 9

13.  Preaence of an open space between the walls and the roof in the
room in which the cocking is taking plarce []
Code: No - 0: Yes = 1; Don't know = O

14. What fuel is usually used lfor cooking within tLhe dwelling house [:]
or kitrhen
Code: Firewond - 1: Charcoal - 2: Gas - 3; FElectricity = 41;

Other = 5 (Specify ....... ... ... b; Don't know = 9

15. What fuel was used for cooking within the dwelling house or
kitchen during the 24 hours of measuring []
Code: Firewood - 1: charconl - 2: Gas - 3: Electricity = 4;
Other = 5 (Specify ....... ... ..... Yi: Don't know = 9
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16, What is the light source in the dwelling house [:]
Code: None = 0; Lantern = 1; Paraffin candle = 2. Cooking
Fire = 3; FKlectric light = 4; Other = 8
(Specify ........... ... Y1 Don't know = 9

17.  Number of times that cooking was taking place during the
24 hours measuring period.
Code: Number of times = 1 - £:; Don't know = 9

N

18.  Number of hours the fire was on {(not only for cooking) during
the 24 hours of measuaring.
a. First meal (Breakfast

)
Code: Not relevant = 0; Number of hours = 1-8; Dont know=90
bh. Second meal (Lunch)

Code: Not relevant = 0; Number of hours = 1-8; Don't know=9
¢, Third meal  {Supper)

Code: Not relevant = 0; MNumber of hours
¢, Others

Code: Not relevant = 0; Number of hours

1-8; Don't know=9

00 OU

1-8; Bon't know=7

19, Kind of food that is prepared during the 24 hours measuring period
a. First meal (Breakfast)
Code: Not relevant=0; Tea=1; Porridge:2: Ngima and stew/milk=3;
Isyo=4; Other=3; Don'l know=9
b. Second meal (Lunch) ]
Code: Not relevant-0; Tea=1; Porridge=2; Ngima and stew/milk=3;
Isyo=4;: Other-=5: Don't know=%
¢. Third Meal ({Suppoer) [j
- Code; Not relevant=0; Tea=1,; Porridge=2; Ngina and stew/milk=3
Isyo-d4; Other-5; Don't Know=9
d. Other E]
Gode: Not relevant=0; Tea=1; Porridge=2; Ngima and stew/milk=3
Isyo-4; OLlher=3; NDon't know=9

20.a.Activities of the mothep during the period of cooking during the
24 hours measuring period [:
Code: Stayed less than 25% of the time the fire was on in the
zame room as the fire place = 1
Stayed between 25% and 75% in the same room = 2
Stayed more than 75% in the same room = 3; don't know = 9

hh,Ig this the average situation 2
Code: Yes = 1; No = 2:;: Dan't know = 9

21.a.Activities of the first and oldest child participating in the NAS
study during the period of cooking during the 241 hours measuring
Code: Stayed lesa than 25% of the time the fire was on in the
Same room as the fire place = 1 ’
Stawed between 25% en 75 % in the same room = 2
Gtayed more than 75% in the same room = 3; don't know = 8@

b.What is the age of the child ? []
Code: age = 0 =5; not relevant = 8; don't know = 9
c.Is this an average situation 7?7 E:

Code: Yes = 1; No = 2; don't kprow = 9
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22.8.,Activities of the sccond and youngest child participating in the

23,

24,

26.

NAS study during the periods of cooking during the 24 hours

measguring period .

Code: Stayed less than 25% of the time the fire was in the
same room a3 the fire place = 1;

Stayved boetween 25% and 75% 1in the same room = 2
Stayed more than 75% in the same room = 3; don't know =D

b_What is the age of Lhe e¢hild 7

Code: age = 0 - 5; not relevant = 8

T

; don't know = 9

c.ls this the average situntion?

Code: Yes = 1; No = 2; don't know = 9

Cade which animals are present in dwelling units
Code:  Not present = 0; Present - 1: Don't know = 9
Dogs

Ciatyg
Cattle
Goats
Chicken
Sheep

Other (specify

How many people smoke a tobaeco product in the home
Code: None = 00; Number of smokers = 1-88; don't know = 9

Does the father smoke cigharettes
Code: None @ 00;  Number of cigarettes/day - 01-77;
Not appropriale - 88; Don't know - 99

Noes the mother smoke cigarettes
Code: None - 0:;  Number of cigarettes/day = 01 77
Not, appropriate = 88:; Don't know = 99

How many people in the household have chronic respiratory
problems (long =tanding history of cough, difficulty in
breathing, chest pain)

Code: None + 0; Number of penple with chrouvic respiratory
problem = 1-8; Don't lyow = 9

[

CLUOC OO0

LI




RSD/87.32
page 27

APPENDIX TT1IL

Figure 1.

PAS-6 filter
holder

f‘l
Determination of the cut—off diameter in M?
a4 windtunnal showed it to be in the
inhalable range. As suspended particles
emitted from wood and biomass combustion
are respirable (Cooper, 1980; Dash, 1982;
Smith, 1983) the partieles measured with
the PAS—6 can be considered respirable.

Figure 2

Measuring unit
24 h measurements i
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Figure 3, Palumes diffusion tube for measuring NO;
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AFPENDIX IV
INDIVIDUAL REPEATED 24-HOUR AVERAGE RSP
AND NO, MEASUREMENTS
House RSP RSP  Kitchenl) Roof2) N0 N0, ART
identification  (I) (11) (1 (LI} incidence
number

122 189 2261 2 2 106 6k 8.20
204 893 1624 2 1 105 30 .10
232 423 1665 2 2 20 71 7.00
248 1199 4379 2 2 72 63 6.95
264 1736 495 1 2 58 194 8.40
732 1968 1011 2 2 97 52 12,00
208 978 2368 2 2 48 67 11.35
278 2977 1382 2 1 56 44 7.00

16 2472 3684 1 1 162 99 9.65
184 645 670 1 2 63 71 7.60

78 3081 2690 2 1 251 145 9,20
138 832 629 - - - - -
100 3212 4089 2 1 189 211 6.80
352 900 841 2 2 65 124 &4.10
396 1208 1182 1 1 78 0 6.70
3Lz 564 410 1 1 34 31 7.30
348 479 383 1 1 - - 8.10
3324 2110 1013 2 1 178 84 5.10
84 3127 753 1 1 - - 4.75
483 998 486 2 2 84 69 6.00
447 1134 670 1 i 30 67 8.40
G443 667 1354 1 2 64 79 7.80
435 1595 1045 1 2 63 1 7.50
567 907 1253 1 2 66 47 4.00
S65 1147 242 2 1 90 102 5.20
655 705 456 1 i 71 33 5.10
649 2840 3485 1 Z 105 94 8.60
633 1145 1200 2 1 490 59 5.00
635 1749 210 1 2 135 67 7.30
691 446 405 1 2 109 87 7.70
302 - 343 1 1 199 52 7.60
695 1837 - 2 1 100 b4 7.00
523 963 - 2 2 131 - 7.7
92 670 - 1 2 55 - 10.20
734 1416 - 1 1 132 82 14.00
146 - 1260 1 2 - 90 2.20

4 1246 - 2 2 35 - 8.20

1) 1 = attached; 2 = detached
2)

corrugated iron; 2= thatched.




