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COMPARATIVE STUDIES OF CARBON MONOXIDE (CO) EXPOSUR E IN HOMES USING 2 

DIFFERENT COOKING FUELS 3 
 4 
 5 
 6 

ABSTRACT 7 

In-situ atmospheric monitoring of carbon monoxide (CO) was carried out in ten homes where n-butane 8 

gas, kerosene stove and firewood were used as cooking fuels respectively. Of the ten houses, four 9 

houses surveyed used n-butane gas only as the fuel type, four other houses used kerosene stove only 10 

while the last two houses used firewood only. A dosimeter, humidity/ temperature meter were used in 11 

determining the concentrations of the CO, the humidity and the temperatures in the selected homes in 12 

urban environments. The diurnal trends of carbon monoxide were monitored for about six weeks in these 13 

homes. Health Impact Assessment (HIA) was conducted in these homes using the different cooking fuels 14 

after baseline levels of carbon monoxide concentration in the homes were assessed during cooking hours 15 

and non–cooking hours. A total of 59 respondents drawn from the ten selected homes were interviewed 16 

concerning their experiences of symptoms suggestive of exposure to carbon monoxide. A total of 28 17 

(47.5%) respondents reported had symptoms suggestive of exposure to carbon monoxide. CO levels was 18 

highest in the houses were firewood was used as the fuel source and lowest in the houses where n-19 

butane gas was used. However, comparing the results obtained with the World Health Organization and 20 

Federal Ministry of Environment standards of 9ppm and 10ppm respectively, the CO values were found to 21 

be above limits in some of the houses where n-butane gas, kerosene were used and above the set limits 22 

in all the houses where firewood were used as cooking fuel. CO Routine monitoring is recommended and 23 

the discontinuous use of firewood as cooking fuel should be strongly enforced not only to reduce the CO 24 

concentration but also minimize deforestation. 25 

Keywords: In-situ, carbon monoxide, dosimeter, diurnal trends, HIA, n-butane gas, kerosene, firewood. 26 
 27 

1. INTRODUCTION 28 

Carbon monoxide CO, also known as carbon (II) oxide is an odourless, colourless gas that usually 29 

remains undetectable until exposure results in injury or death. Carbon monoxide poisoning is the most 30 

common type of fatal air poisoning in many countries (Omaye, 2002). Carbon monoxide is highly toxic. It 31 

combines with hemoglobin to produce carboxyhemoglobin, which is ineffective for delivering oxygen to 32 

bodily tissues. Concentrations as low as 667 ppm may cause up to 50% of the body's hemoglobin to 33 

convert to CarboxyHemoglobin (COHb) (Tikiusis et al,1992). A level of 50% COHb may result in seizure, 34 

coma, and fatality. Short time scales, carbon monoxide absorption is bioaccumulative, since the half-life is 35 

about 5 hours in fresh air. CO poisoning is preventable; nonetheless, unintentional, non--fire-related CO 36 

poisoning is responsible for approximately 15,000 emergency department visits and nearly 500 deaths 37 



annually in the United States (MMWR, 2005). Affected families often believe they are victims of food 38 

poisoning. Infants may be irritable and feed poorly. Neurological signs include confusion, disorientation, 39 

visual disturbance, syncope and seizures (Blumenthal, 2001). 40 

Carbon monoxide is present in small amounts in the atmosphere as a product of volcanic activity but also 41 

from natural and man-made fires (such as forest and bushfires, burning of crop residues, and sugarcane 42 

fire-cleaning). The burning of fossil fuels also contributes to carbon monoxide production. Carbon 43 

monoxide occurs in dissolved in molten volcanic rock at high pressures in the Earth's mantle (Astrid et al, 44 

2009). Because natural sources of carbon monoxide are so variable from year to year as the natural 45 

contributors such as volcanic eruption do not occur regularly, it is extremely difficult to accurately measure 46 

natural emissions of the gas. Man-made sources are more contributors to CO emissions. It is a temporary 47 

atmospheric pollutant in some urban areas from the exhaust of internal combustion engines (including 48 

vehicles, portable and back-up generators, lawn mowers, power washers, etc.), but also from incomplete 49 

combustion of various other fuels (including wood, coal, charcoal, oil, paraffin, propane, natural gas, and 50 

trash). 51 

 52 

Carbon monoxide (CO) poisoning is a leading cause of unintentional poisoning deaths in the United 53 

States (MMWR, 2007).  In the United States, the Permissible Exposure Limits (PEL) for CO in workplace 54 

atmosphere is between 35- 50 ppm time weighted average (TWA), (OSHA, 2002). Available studies 55 

indicate that indoor air pollution (IAP) from household cooking space and space heating apparently 56 

causes substantial ill health in developing countries where the majority of the household rely on fossil 57 

fuels, biomass and solid fuels(coal), but there are many uncertainties. The uncertainties include life style 58 

and habits of the occupants such as smoking, burning of refuse in the neighborhood e.t.c. Carbon 59 

monoxide is absorbed through breathing and enters the blood stream through gas exchange in the lungs. 60 

Normal circulating levels in the blood are 0% to 3%, and are higher in smokers. Carbon monoxide levels 61 

cannot be accessed through a physical exam. Laboratory testing requires a blood sample (arterial or 62 

venous) and laboratory analysis on a CO-Oximeter. Additionally, a noninvasive carboxyhemoglobin test 63 

method from Pulse CO-Oximetry exists and has been validated compared to invasive methods (Roth et 64 

al,2011) 65 

Although many people associate public exposure to  air pollution primarily with urban outdoor settings , 66 

but this study  gives awareness that indoor environments can be contaminated both from pollution 67 

penetrating from outside and from indoor sources. In closed environments, the concentration of carbon 68 

monoxide can easily rise to lethal levels. The American Association of Poison Control Centers (AAPCC) 69 

reported 15,769 cases of carbon monoxide poisoning resulting in 39 deaths in 2007. In 2005, the CPSC 70 

(U.S consumer product safety commission) reported 94 generator-related carbon monoxide poisoning 71 

deaths and forty-seven of these deaths were known to have occurred during power outages due to 72 

severe weather, including Hurricane Katrina. Still others die from carbon monoxide produced by non-73 

consumer products, such as cars left running in attached garages.  74 



CO is an indirect greenhouse gas that has the potential to increase the amount of other greenhouse 75 

gases (methane), and eventually oxidizes into the main greenhouse gas, CO2, thus contributing indirectly 76 

to global climate change and its attendant consequences.  77 

 78 

2. MATERIALS AND METHODS  79 
 80 
2.1 Study Area and Home Selection. 81 

This study was conducted at some selected homes in Benin City, Edo State. Southern Nigeria. Benin City 82 

is an urban city (2006 estimated population of 1,147,188) and the capital of Edo State in Southern 83 

Nigeria. It is a city approximately 25 miles north of the Benin River. It is situated 200 miles by road east of 84 

Lagos. Benin is the centre of Nigeria's rubber industry, but processing palm nuts for oil is also an 85 

important traditional industry (Benin City, Nigeria, 2005) 86 

The selection of household for this study was based on voluntary participation. 87 

In the ten household selected, n-butane gas, kerosene or firewood where used exclusively as an energy 88 

source for cooking. During each selection visit, questionnaires were administered to the head of each 89 

family that was willing to participate. The questions concerned the characteristics of the occupants in the 90 

home, type of cooking fuel, family size, cooking duration, and house and kitchen design, e.t.c, which 91 

provided information about the daily activity pattern in each home. 92 

 93 



 Fig 1: Map of Benin City in Edo State, Nigeria wit h the Coordinates of the Selected 94 

Homes  95 

2.2  CO DETERMINATION  96 

Carbon monoxide measurement was carried out using a CO dosimeter, model 627, BK Precision USA. 97 

This sampler has a range from 0-1000ppm, with a sensitivity of 1ppm, an accuracy of ±5%, operating 98 

temperature from 15 to 90%. (Wan-Kuen and Joon, 2006; Osuntogun, 2004, Ukpebor et al , 2009) . 99 

Continuous CO measurements were carried out during cooking and non –cooking hours. Sampling time 100 

ranges from 5.00am - 9.00am in the morning, 1.00pm - 3.00pm in the afternoon and 4pm - 8pm in the 101 

evenings at the respective homes where different fuel types were used for cooking. CO concentrations 102 

were determined indoor; kitchen, living room and outdoor. Air temperatures and humidity were measured 103 

simultaneously before and after the CO measurements using a humidity/ temperature meter with 104 

resolutions of 0.1% RH and 0.1ºC (model RS 1364, RS component Ltd, UK).  105 

The data/results were subjected to statistical evaluation from where the mean and standard deviations 106 

were obtained. 107 

 108 

3. RESULTS AND DISCUSSION 109 

TABLE 1: MEAN CO VALUES OBTAINED FROM THE DIFFERENT  HOUSES USING 110 
DIFFERENT FUEL SOURCES. 111 

Non-Cooking Hours                                                        Cooking Hours  112 
 
Household Description 
Code, Fuel type and 
Sampling Sites 

 
 
 
Morning  

 
 
 
Afternoon 

 
 
 
Evening 

 
 
 
Morning 

 
 
 
Afternoon 

 
 
 
Evening 

H1 (n-Butane Gas)       
Kitchen 0.00  ± 0.00 0.00  ±  0.00 0.00  ± 0.00 4.00  ± 0.00 3.00  ±  0.00 3.00  ± 0.00 
Living Room 0.00  ± 0.00 0.00  ±  0.00 0.00  ± 0.00 0.00  ± 0.00 2.00  ±  0.00 1.00  ± 0.00 
       
H2 (n-Butane Gas)       
Kitchen 1.00  ± 0.00            - 1.00  ± 0.00 6.60  ± 0.39            - 5.60   ± 0.14 
Living Room 1.00  ± 0.00            - 0.00  ± 0.00 1.00  ± 0.00            - 1.00   ± 0.00 
       
H3 (n-Butane Gas)       
Kitchen 0.00  ± 0.00            - 0.00  ± 0.00 15.50 ± 0.14            - 8.50   ± 0.07 
Living Room 0.00  ± 0.00            - 0.00  ± 0.00   8.30 ± 0.02            - 4.20   ± 0.04 
       
H4 (n-Butane Gas)       
Kitchen 1.00  ± 0.00 1.00  ±  0.00 1.00  ± 0.00 3.00  ± 0.00   3.81 ± 0.50 6.00   ± 0.10 
Living Room 1.00  ± 0.00 1.00  ±  0.00 1.00  ± 0.00 1.00  ± 0.00   1.00 ± 0.00    1.00   ± 0.00 
       
H5 (Kerosene)       
Kitchen 1.50  ± 0.50            - 1.00  ± 0.00 11.40 ± 1.60            - 10.60 ±  0.03 
Living Room 1.50  ± 0.50            - 1.00  ± 0.00   2.00  ± 0.00            -   4.40  ± 0.02 
       



H6 (Kerosene)       
Kitchen 1.00  ± 0.00 1.00  ±  0.00 1.00  ± 0.00 7.20  ± 0.20            -   4.30 ±  0.04 
Living Room 1.00  ± 0.00 1.00  ±  0.00 1.00  ± 0.00 5.50  ± 0.02            -   2.50  ± 0.03 
         
 
H7 (Kerosene) 

                 

Kitchen 1.00  ± 0.00 1.80  ±  0.04 2.00  ± 0.00 11.00 ± 0.03            - 11.40  ±  0.46 
Living Room 0.00  ± 0.00 1.90  ±  0.03 1.70  ± 0.50  2.80  ± 0.03            -    3.00 ±  0.00 
       
H8 (Kerosene)       
Kitchen 0.00  ± 0.00           - 0.00  ±0.00 5.60  ± 0.32            -  5.40 ±  0.30 
Living Room 0.00  ± 0.00           - 0.00  ±0.00  1.70 ± 0.03            -  2.00 ±  0.00 
       
H9 (Firewood)       
Kitchen 1.50  ± 0.05    0.00 ± 0.00   1.00  ±0.00 17.81 ±  0.05 16.49  ±  0.13  15.00  ± 0.11 
Living Room 1.75  ± 0.10    0.00 ± 0.00        1.00  ±0.00   2.48  ± 0.02   2.29   ± 0.01    2.60  ± 0.02 
       
H10(Firewood)       
Kitchen 1.00  ± 0.00    0.00 ± 0.00              1.00  ±0.00 15.36 ± 0.42 14.42  ± 0.20 14.59   ± 0.17 
Living Room 1.00  ± 0.00    0.00 ± 0.00             1.00  ±0.00   1.00  ± 0.00   1.85  ±  0.03 1.85  ±    0.02 

 Values are the mean of six replicates ± SD 113 
 114 

Air Quality Standards: 115 
• Federal Ministry of Environment =10.00ppm 116 
• World Health Organization= 9.00ppm 117 

Table 1 presents the results obtained from the determination of the concentration of CO in the different 118 

houses , during non – cooking and cooking hours respectively where  fuel source where n-butane gas, 119 

kerosene and firewood respectively in the morning afternoon and evening.  120 

Table 2 below represents the spatial trends of the carbon monoxide emissions from house 1-10 at the 121 

different sampling sites; kitchen and living room. 122 

TABLE 2 THE SPATIAL TRENDS OF THE CARBON MONOXIDE E MISSIONS FROM ALL 123 

THE HOUSES. 124 

 
SAMPLIG SITES 

 
NON – COOKING HOURS 

 
COOKING HOURS 

H1     
Kitchen 0.00  ± 0.00  3.30  ± 0.00 
Living room 0.00  ± 0.00  1.00  ± 0.00 
H2   
Kitchen 1.00  ± 0.00  6.10  ± 0.27 
Living room 0.00  ± 0.00  1.00  ± 0.00 
H3   
Kitchen 0.00  ± 0.00 12.00 ± 0.11 
Living room 0.00  ± 0.00  6.25  ± 0.03 
H4   
Kitchen 1.00  ± 0.00   4.27 ± 0.20 
Living room 1.00  ± 0.00   1.00 ± 0.00 
H5   



Kitchen 1.25  ± 0.25 11.00 ± 0.82 
Living room 1.25  ± 0.25  3.20  ± 0.01 
H6   
Kitchen 1.00  ± 0.00 5.75  ± 0.12 
Living room 1.00  ± 0.00 4.00  ± 0.03 
H7   
Kitchen 1.60  ± 0.01 11.20 ± 0.25 
Living room 1.20  ± 0.03  2.75  ± 0.02 
H8   
Kitchen 0.00  ± 0.00  5.50  ± 0.31 
Living room 0.00  ± 0.00 1.85   ± 0.02 
H9   
Kitchen 0.83  ± 0.03 16.43 ± 0.10 
Living room 0.92  ± 0.05  2.47  ± 0.02 
H10   
Kitchen 0.67   ± 0.00 14.75 ± 0.26 
Living room 0.67  ± 0.00  1.57  ± 0.02 
 125 
Air Quality Standards: 126 

• Federal Ministry of Environment =10.00ppm 127 
• World Health Organization= 9.00ppm 128 

 129 

From houses 1 – 10,during cooking hours, in the kitchen the CO concentrations was lowest in house 1 at 130 

3.00.ppm were n-butane gas was used as the fuel source and highest in house 9 at 16.43 ppm were fire 131 

wood was used as the fuel source. House 3 had the highest CO concentration in the living room during 132 

cooking hours which was at 6.25.ppm and lowest in house 1,2 and 4 at 1.00.ppm respectively.  The 133 

concentrations of CO outdoors and indoors during non – cooking hours, could be attributed to non – 134 

anthropogenic source; natural sources. CO concentrations indoors recorded during cooking hours is 135 

attributed to the emissions from the fuel source during cooking which are affected by meteorological 136 

factors such as; temperature and humidity, which were also monitored during this study as seen in the 137 

table. Concentrations of carbon monoxide during cooking hours varied in some houses with same 138 

cooking fuel. This could be attributed to the kitchen design in each houses, ventilation, source strength 139 

,even the state of the burners, as well as the family size consequently longer cooking hours and hence 140 

more CO emissions.    141 

CO concentration  in the kitchen during cooking hours were found to be below regulatory limits in houses 142 

1,2,4,6 and 8, at 3.30, 6.10, 4.27, 5.75 and 5.50 ppm respectively, while in houses 3,5,7,9,10  it was 143 

found to be above regulatory limits  at 12.00, 11.00, 11.20, 16.43 and 14.75.ppm respectively. In the living 144 

room, concentration of CO were found to be below the regulatory limits in all the houses under study 145 



during cooking hours as shown in bar chart showing mean CO values versus regulatory limits as shown 146 

in fig. 3b.  147 

 148 
 Sampling Site A (Kitchen) 149 
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Sampling Site B (Living Room)  168 
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FIG 2b 186 
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 187 
SPATIAL TRENDS OF CO EMISSIONS FROM THE DIFFERENT H OUSES DURING 188 
COOKING HOURS 189 
 190 
*H1-H4 (Fuel type: n-Butane Gas) * H5-H8 (Fuel type: kerosene) *H9 & H10 (Fuel type: firewood). 191 
*Outdoor Spatial Trends of CO Emissions in the Diff erent Houses.  192 
H1 = 2.00ppm     H3 = 2.00ppm    H5 = 1.83ppm      H7 = 1.17ppm   193 
H 2 =1.00ppm     H4 = 1.00ppm    H6 = 1.75ppm      H8 = 1.35ppm   194 
H9 = 1.87ppm     H10 = 2.66ppm 195 
 196 
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FIG 3a 214 
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 234 
FIG 3b 235 
 236 
SPATIAL TRENDS OF CO EMISSIONS FROM THE DIFFERENT H OUSES DURING 237 
COOKING HOURS VERSUS REGULATORY STANDARDS 238 
3.1 HEALTH IMPACT ASSESMENT REPORT 239 

 A total of 59 respondents drawn from ten homes were interviewed concerning their experience of 240 

symptoms suggestive of exposure to carbon monoxide. Table 1 show the age and sex distribution of the 241 

respondents. A higher proportion of the respondents 16 (27.1%) were less than 10 years. Nineteen 242 

(31.3%) were aged 21 to 40 years while only 4 (6.8%) were above 50 years of age. A slightly more than 243 

half 32 (54.2%) of the respondents were males. 244 

A total of 28 (47.5%) respondents reported having had symptoms suggestive of exposure to carbon 245 

monoxide. These symptoms of experienced by the respondents are shown in table 2. Headache was the 246 

most common symptom experienced by a higher proportion 12 (20.3%) of the respondents. This was 247 

followed by muscle twitches 9 (15.3%), palpitations 6 (10.2%) and dyspnoea when walking upstairs 6 248 

(10.2%). Five (8.5%) respondents experienced dizziness, chest pain and vomiting respectively. Only 2 249 

(3.4%) respondents reported nausea and dyspnoea when walking on level ground. Of the 28 (47.5%) 250 

who reported one symptom or another, 12 (42.9%) had relief in their symptoms outside their homes. 251 

Three houses surveyed used gas only as the fuel type, 4 houses used kerosene stove only while 2 252 

houses used firewood only. A review of the results from the questionnaire of the inhabitants from the 253 

different houses studied revealed that the complains/health effect recorded was as a result of the type of 254 

cooking fuels used in their respective homes. 255 

 256 

3.2 CONCLUSION 257 

There are air quality guidelines in force in order to control and reduce the impacts of air pollution on 258 

human health as well as other negative consequences e.g. vegetation damage, climate change, etc. In 259 

Nigeria, the national daily threshold for CO is 10.0 ppm (11.4 mgm-³) (FEPA, 2000). The WHO regulatory 260 

limit for the same pollutant is 9.0 ppm (10.0 mgm-³) (WHO, 2000). The measurement campaign presented 261 

herein shows that these limits were clearly exceeded the sampling homes firewood were used as fuel 262 

source and few houses where kerosene and n-Butane gas were used respectively. This observation 263 

therefore calls for precautionary measures. A recent report concludes that extended exposure to CO can 264 

lead to significant loss of life span due to heart damage (Henry et al, 2006). As already indicated, Nigeria 265 

has one of the lowest average life expectancies (44 years) in the world.  266 

Where the CO levels were found to be lower than the recommended limits, routine monitoring is 267 

recommended, to ensure that the CO emissions does not exceed the specified limits to avoid the dangers 268 

that could come from CO poisoning. It is also suggested that the continuous use of firewood should be 269 

discouraged as the CO emission is quite high. Even in houses were kerosene and n-butane gas is used, 270 

proper ventilation, better housing and kitchen design, maintenance and servicing of  cooking gas burners  271 



should be done regularly, can  reduce the concentration of CO in various homes. This suggests that 272 

current prevention efforts for CO poisoning, such as home installation of CO alarms, also can apply to the 273 

population management of CO on-site. This can be useful in monitoring the impact of such prevention 274 

efforts. Additionally, state health departments can partner with local poison centers to obtain additional 275 

information from case notes to further characterize populations at-risk, determine the circumstances 276 

preceding CO exposure, and help develop local- and state-level approaches to prevent CO exposure.  277 

 278 

 279 
 280 
FIG 4: Map of Benin City in Edo State, Nigeria  sho wing CO Concentrations in the Houses 281 
Under Study during Cooking Hours.  282 
 283 

CONSENT 284 

"All authors declare that written informed consent was obtained from the all parties that voluntarily 285 
participated in this study for publication of this case report. A copy of the written consent is available for 286 
review by the Editorial office/chief Editorial Board members of this journal." 287 
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APPENDIX 329 
 330 
Table 3: HOUSE HOLD CHARACTERISTICS 331 

 332 
 333 

 
 
House 
location 
code 
& fuel type 

 
 
 
Family 
size 

 
No of 
times 
cooking is 
done per 
day 

 
Cooking 
durations 
(mean 
values) 

   
Other 
household 
habits e.g. 
smoking 

 
 
 
Coordinates 

 

 
 
 
Elevation 

   Morning  Afternoon  Evening     
 
HI  
n-butane 
gas 

 
5 

 
3 times 

 
55 mins 

 
45 mins 

 
34mins 

 
None 

 
N  
06˚17’00.7’’ 
E  005˚38’57.8 

 
83m 

 
H2 
n-butane 
gas 

 
22 

 
2 times 

 
38 mins 

 
     ---- 

 
170mins 

 
None 

 
N   
06˚18’22.6’’   
E  005˚36’15.5 

 
69m 

 
H3 
n-butane 
gas 

 
6 

 
2 times 

 
79 mins 

 
      ---- 

 
65mins 

 
None 

 
N  
06˚16’57.8’’  
E  005˚36’59 

 
72m 

 
H4 
n-butane 
gas 

 
5 

 
3 times 

 
56 mins 

 
72mins 

 
73 mins 

 
None 

 
N  
06˚18’25.9’’ 
 E 005˚36’11.8 

 
80m 

 
H5  
Kerosene 

 
4 

 
2 times 

 
45 mins 

 
     ---- 

 
90mins 

 
None 

 
N  
06˚17’03.5’’ 
E 
005˚38’56.3’’ 

 
72m 

 
H6 
Kerosene 

 
7 

 
2 times 

 
60 mins 

 
     ---- 

 
90mins 

 
None 

 
N  
06˚17’07.1’’   
E 
005˚38’59.6’’ 

 
75m 

 
H7 
Kerosene 

 
2 

 
2 times 

 
40 mins 

 
      ---- 

 
72mins 

 
None 

 
N 06˚17’05.3’’  
E 
005˚38’57.5’’ 

 
68m 

 
H8 
Kerosene 

 
5 

 
2 times 

 
48 mins 

 
     ----- 

 
40mins 

 
None 

 
N 06˚16’57.5’’  
E 
005˚38’07.1’’ 

 
69m 

 
H9 
Firewood 

 
9 

 
3 times 

 
120 mins 

 
 162mins 

 
150mins 

 
None 

 
N 06˚17’08.2’’ 
E 
005˚38’46.1’’ 

 
66m 

 
H10 
Firewood 

 
5 

 
3 times 

 
71mins 

 
 79mins 

 
90mins 

 
None 

 
N 06˚17’08.9’’ 
E 
005˚38’51.8’’ 

 
75m 



Table 4: AGE AND SEX DISTRIBUTION OF THE RESPONDENT S 334 
 335 
Variable                                    Frequency (n = 59)             Percent  
Age group (years ) 

Less than 10                                     16                                      27.1                    

11 – 20                                             14                                      23.7 

21 – 30                                             10                                      16.9 

31 – 40                                               9                                      15.3 

41 – 50                                               6                                      10.2 

Above 50                                           4                                        6.8 

Sex 

Male                                                 32                                      54.2 

Female                                              27                                      45.8 

 336 
 337 
Table 5: SYMPTOMS OF EXPOSURE TO CARBON MONOXIDE AM ONG THE 338 
RESPONDENTS 339 
 340 
Symptom                                              Frequency (n = 59)             Percent  
Headache  
Yes                                                                   12                                     20.3 
No                                                                    47                                     79.3 
Muscle twitches 
Yes                                                                    9                                      15.3 
No                                                                    50                                     84.7 
Palpitation 
Yes                                                                    6                                      10.2 
No                                                                    53                                     89.8 
Dyspnoea when walking up stair case 
Yes                                                                     6                                      10.2  
No                                                                     53                                      89.8 
Dizziness 
Yes                                                                     5                                       8.5 
No                                                                     54                                      91.5 
Chest pain 
Yes                                                                     5                                        8.5 
No                                                                     54                                      91.5 
 
Vomiting 
Yes                                                                     5                                        8.5 
No                                                                     54                                      91.5 
 
Nausea 
Yes                                                                      2                                       3.4 
No                                                                      57                                     96.6 
Dyspnoea when walking on level ground 
Yes                                                                      2                                       3.4 
No                                                                      57                                     96.6 
Relief from symptoms outside home* 



Yes                                                                    12                                     42.9 
No                                                                      16                                     57.1 

*n = 28 341 
 342 
Table 6: DISTRIBUTION OF RESPONDENTS ACCORDING TO H OUSE NUMBER AND 343 
FUEL TYPE 344 
 345 
House No             Number of respondents        F uel type     
 
1                                      5                                     Gas                    

2                                      5                                     Gas 

3                                    14                                     Gas  

4                                     6                                      Gas 

5                                     5                                      Kerosene stove 

6                                     4                                      Kerosene stove 

7                                     6                                      Kerosene stove 

8                                     2                                      Kerosene stove 

9                                     5                                      Firewood 

10                                   7                                      Firewood 

 346 
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TABLE 7: METEOROLOGICAL PARAMETERS (MEAN VALUES) 348 
  349 
                             NON-COOKING HOURS                  COOKING HOURS 350 

 
SAMPLING 
SITE 

 
 
 

 
 
MORNING 

 
 
AFTERNOON 

 
 
EVENING 

 
 
MORNING 

 
 
AFTERNON 

 
 
EVENING 

H1        
Outdoor TEMP(˚ C) 27.10 ± 0.06 28.60 ± 0.08 28.10 ± 0.04 26.10 ± 0.19 27.70 ± 0.25 27.30±0.30 
 H % 96.70 ± 0.50 86.70 ± 0.34 88.30 ± 0.25 99.90 ± 0.00 89.60 ± 0.62 92.80±0.50 
Living room TEMP(˚ C) 27.80 ± 0.55 28.10 ± 0.08 28.10 ± 0.05 27.00 ± 0.00 27.30 ± 0.40 29.80±0.17 
 H % 94.70 ± 0.40 86.10 ± 0.18 90.30 ± 0.10 99.80 ±0.40 89.00 ± 0.50 85.60±0.40 
Kitchen TEMP(˚ C) 27.80 ± 0.00 28.10 ± 0.05 27.80 ±0.00 28.10 ± 0.65 28.40 ± 0.62 28.20±0.45 
 H % 98.00 ± 0.00 86.50 ± 0.08 92.10 ±0.12 95.80 ± 0.30 75.70 ±0.25 85.50±0.45 
H2        
Outdoor TEMP(˚ C) 22.60 ± 0.32           - 27.00 ±0.00 22.90 ± 1.00           - 25.10±1.63 
 H % 99.90 ± 0.00           - 87.00±4.10 99.90 ± 0.00           - 93.30±1.03 
Living room TEMP(˚ C) 25.80 ± 0.45           - 27.00±0.00 27.80 ± 1.46           - 26.40±0.52 
 H % 92.20 ±1.30           - 98.00±0.00 90.50 ± 0.34           - 92.80±0.32 
Kitchen TEMP(˚ C) 25.90 ± 0.11           - 28.80±0.00 29.20 ± 1.22           - 29.20±1.21 
 H % 88.60 ± 0.77              -  90.70±0.15 87.70 ± 0.60           -  91.90±0.47 
H3        



Outdoor TEMP(˚ C) 29.70 ± 0.47           - 26.80±0.69 27.50 ± 0.70           - 27.60±0.93 
 H % 99.00 ± 0.00           - 99.00±0.00 99.30 ± 0.69           - 91.90±0.08 
L.room TEMP(˚ C) 29.80 ± 0.18           - 28.20±0.00 29.30 ± 0.22           - 24.90±0.52 
 H % 87.10 ± 0.92           - 87.10±0.92 91.20 ± 0.16           - 85.50±0.12 
Kitchen TEMP(˚ C) 29.10 ± 0.48           - 29.10±0.48 29.90 ± 0.91           - 31.20±0.50 
 H % 95.20 ± 0.89           -  86.30±0.57 89.36 ± 0 .57           -  85.70±0.16 
H4        
Outdoor TEMP(˚ C) 27.20 ± 0.44 27.30 ± 0.00 26.40±0.00 25.10 ± 0.74 28.60 ± 0.08    26.50±0.79 
 H % 91.20 ± 0.17 80.50 ± 0.00 99.20±0.00 99.90 ± 0 .00 86.70 ± 0.34    95.10±0.95 
Living room TEMP(˚ C) 27.50 ± 0.08 28.30 ± 0.00 26.00±0.00 27.30 ± 0.58 26.00 ± 0.00 27.90±0.48 
 H % 96.10 ± 0.57 86.00 ± 0.00 94.00±0.00 94.50 ± 0 .15 83.00 ± 0.00 86.90±1.53 
Kitchen TEMP(˚ C) 27.50 ± 0.08 28.30 ± 0.00 25.90±0.00 27.40 ± 0.59 25.30 ± 0.00 28.10±0.68 
 H % 96.10 ± 0.13 86.00 ±0.00 93.00±0.00 92.90 ± 0. 03 84.00 ± 0.00 92.00±0.19 
H5        
Outdoor TEMP(˚ C) 24.30 ± 0.12           - 27.40±0.00 27.20 ± 0.50           - 27.10±0.14 
 H % 99.00 ± 0.00           - 99.00±0.00 93.30 ± 0.79           - 99.20±1.10 
Living room TEMP(˚ C) 26.40 ± 0.18           - 26.90±0.00 28.50 ± 0.99           - 28.80±0.70 
 H % 96.60 ± 0.41           - 97.00±0.00 92.80 ± 0.91           - 91.30±0.66 
Kitchen TEMP(˚ C) 26.50 ± 0.50           - 26.90±0.00 28.30 ± 0.84           - 29.70±0.27 
 H % 94.90 ± 0.08           -  97.00±0.00 94.80 ± 1 .30           -  87.30±0.90 
H6        
Outdoor TEMP(˚ C) 24.70 ± 0.15 27.00 ± 0.08 28.21±0.08 25.40 ± 0.39           - 26.70±0.68 
 H % 99.90 ± 0.00 91.60 ± 0.31 95.50±0.71 97.00 ± 0 .00           - 89.90±0.10 
Living room TEMP(˚ C) 26.40 ± 0.20 26.40 ± 0.20 27.90±0.07 27.30 ± 0.32           - 28.90±0.62 
 H % 99.90 ± 0.00 99.90 ± 0.00 89.90±0.24 99.70 ± 0 .43           - 93.30±1.09 
Kitchen TEMP(˚ C) 25.40 ± 0.12 28.30 ± 0.05 27.70±0.38 25.00 ± 0.00           - 28.20±0.30 
 H % 99.90 ±0.00 85.80 ± 0.30 91.20±0.17 79.00 ± 0. 00           -  89.20±0.03 
H7        
Outdoor TEMP(˚ C) 23.70 ± 0.12           - 28.10±0.05 27.20 ± 0.39           - 28.40±0.93 
 H % 99.00 ± 0.00           - 86.90±0.32 93.80 ± 0.30           - 92.80±0.57 
Living room TEMP(˚ C) 26.30 ± 0.09           - 28.10±0.06 28.30 ± 0.42           - 29.10±0.81 
 H % 99.80 ± 0.08           - 90.30±0.08 90.30 ± 0.38           - 88.80±0.90 
Kitchen TEMP(˚ C) 25.50 ± 0.16           - 27.70±0.00 28.60 ±0.90           - 30.20±0.75 
 H % 99.90 ± 0.00           -  94.50±0.00 94.50 ± 1 .13           -  93.90±0.28 
H8        
Outdoor TEMP(˚ C) 26.70 ± 0.19           - 26.90±0.00 23.60 ± 0.64           - 25.80±0.66 
 H % 99.90 ± 0.00           - 99.90±0.00 98.10 ± 0.70           - 97.70±0.27 
Living room TEMP(˚ C) 24.70 ± 0.08           - 28.00±0.00 26.70 ± 0.49           - 28.30±0.69 
 H % 94.00 ± 0.92           - 97.20±0.00 92.30 ± 1.12           - 91.50±0.67 
Kitchen TEMP(˚ C) 28.30 ± 0.38           - 27.80±0.00 27.89 ± 0.87           - 27.89±0.87 
 H % 94.70 ± 0.00           -  97.00±0.00 95.10 ± 0 .74           -  95.10±0.50 
H9        
Outdoor TEMP(˚ C) 27.00 ± 0.00 28.90 ± 0.14 27.80±0.00 25.10 ± 0.61 29.18 ± 0.72 27.55±0.40 
 H % 99.00 ± 0.00 85.40 ± 0.28 98.90±0.00 89.00 ± 0 .21 83.51 ± 1.41 87.13±0.66 
Living room TEMP(˚ C) 27.37 ± 0.54 28.30 ± 0.00 26.00±0.00 27.42 ± 0.55 27.96 ± 0.91 26.88±0.08 
 H % 90.17 ± 0.37 86.40 ± 0.33 99.90±0.00 96.98 ± 2 .51 83.17 ± 2.36 89.95±3.27 
Kitchen TEMP(˚ C) 26.00 ± 0.18 28.30 ± 0.00 27.10±0.00 27.72 ± 1.20 30.34 ± 0.22 29.19±0.19 
 H % 90.50 ± 0.55 87.00 ± 0.00 98.70±0.00 97.97 ± 1 .30 81.20 ± 1.39 86.20±0.57 
H10        
Outdoor TEMP(˚ C) 27.55 ± 0.26 28.80 ± 0.12 26.90±0.00 25.79 ± 0.68 31.09 ± 0.85 28.12±0.17 
 H % 99.00 ± 0.00 95.40 ± 0.24 99.90±0.00 91.40 ± 1 .96 81.13 ± 1.58 87.85±0.17 
Living room TEMP(˚ C) 27.69 ± 0.70 29.00 ± 0.00 27.80±0.00 29.22 ± 0.22 29.10 ± 1.11 30.07±1.19 
 H % 97.69 ± 0.17 85.40 ± 0.36 92.00±0.00 87.55 ± 0 .00 82.10 ± 1.84 88.28±1.25 
Kitchen TEMP(˚ C) 28.40 ± 1.71 28.00 ± 0.00 27.10±0.00 29.73 ± 0.00 31.84 ± 0.87 28.75±0.12 
 H % 98.70 ± 1.29 88.00 ± 0.00 92.00±0.00 91.23 ± 0 .00 73.58 ± 1.67 85.44±1.16 
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