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ABSTRACT

In developing countries the majority of people rely on solid biomass for
cooking and heating which results in poor indoor air quality. This study
investigated the indoor air quality of rural, sub-urban and urban housesin
Jalgaon District of Maharashtra state. The study was undertaken to esti-
mate the indoor dust concentrations and their effects on the rural, sub-
urban, and urban public. The study shows considerable high concentra-
tion of particulate matter particularly inthekitchen using biomassasfuel in
the rural areas as compared to urban areas. As a part of study 600 houses
were surveyed for indoor air quality from rural, sub-urban, and urban aress.
The health assessment (n=600) of exposed population was done by con-
ducting the pulmonary function test with these areas. The women are ex-
posed to the indoor house environment for a longer period and are most
vulnerable to the indoor biomass smoke. The male are less exposed to
indoor environment ascompared to thefemale. Significant declinesinforced
vital capacity (FVC), forced expiratory volumein one second (FEV ), Forced
Expiratory Flow 25-75 (FEF25-75) and peak expiratory flow rate (PEFR) was
observed in the rural public as compared to sub-urban and urban. The
study confirmed the reduction in lung efficiency in female as compared to
male. Ventilatory impairment shows that most of the subjects come under
the category of moderate and severely affected. The symptoms of respira-
tory diseaseslikefrequent coughing, irritation in respiratory tract, and short-
ness in breath were observed in the exposed population.
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INTRODUCTION

Indoor Air pollution hasbeenidentified asapoten-
tidly seriousenvironmentd public hedth probleminin-
dia. Accordingtothe 1991 Indian National census, in
rurd Indianearly 72% of househol dsrely on wood and
crop residueswhile about 20% on keroseneand dung
asther primary fud. Particlesgenerated from burning

of the biomassfue are capable of reaching the human
lungs during respiration process and may cause respi-
ratory problems. Particulate matter [essthan 10 micron
(PM ) hasdirect relationsto thehuman health. Studies
haveindicated that the exposureto smokeformindoor
air pollution can cause chronic obstructive pulmonary
disease, asthmaand bronchitis, lung cancer, and tuber-
culosig®a,


mailto:lalit.ingale17@gmail.com;
mailto:lalit.ingale@rediffmail.com

ESAIJ, 4(6) December 2009

T.Lalit Ingale et al.

In poor communities, the continuous use of the
biofuel combustion resultsin deteriorating housing con-
ditions. Intherural areas, women spend around 90%
of their times at indoors. They were exposed to the
elevated levelsof indoor air pollutants. According to
World Health Organization (WHO) estimates human
exposuretoindoor pollutantsis 1000 timesgrester than
the samerel easeat outdoor environment. A largevaria-
tion of particul ate matter has been recorded in kitchen
environment dueto the variety of biomassfuel used
during cooking®10.151,

Estimates proved that 28% deaths occur due to
indoor air pollutionin Indiarelated to the use of biom-
assfuelg*%, Theuseof fud isdetermined by the eco-
nomic status of the population. Padmavati et al.[45%3
reported that chronic obstructive pulmonary disease
(COPD) occurs 10 to 15 years earlier in women ex-
posed toindoor air pollutants. Thisshowshigher preva:
lenceof COPD inwomen dueto exposureto domestic
air pollution asaresult of solid biomassfuel burning.
Thestudieswith case-control designsreportedthe asso-
ciation between exposure to biomass smoke and
chronic bronchitisor COPD.

Themost commonly reported health effect of in-
door air pollutantsareincreasein theincidencesof res-
piratory morbiditiesviz. respiratory illnesses, cancer,
tuberculosis, perinatal outcomesincluding low birth
weight & eyediseasd®9. Large number of studiesin
devel oping countries hasreported the association be-
tween exposureto indoor air pollution and acute lower
respiratory infectiong?4, The women cooks are ex-
posed to far higher concentrations than other house-
hold membersand adult men experiencetheleast ex-
posureinrural houses of southern Indid*®. The mul-
tiplehouse variablessuch asthetypeof fud, sovefud,
kitchentype, kitchenventilation, roof materid, andwall
material playsvita roleon actual exposures of house-
hold toindoor air pollutants. Kitchen configurationis
animportant determinant of pollutant concentrationsin
solid-fuel user but not in gas-using houses>%, TataEn-
ergy Research Indtitute (TERI) configured suchfew vari-
ables of house as per the utility of fuel®.

Inthe present study author aimsto monitor indoor
ar environment and itseffectson the urban, sub-urban,
and rura householdsin Jagaon district. Temperature,
humidity and dust concentration was monitored for the
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urban, sub-urban and rural houses. The spirometry in-
cludesthelung functionssuch asforced expiratory vol-
umeinonesecond (FEV ), forced vita capacity (FVC),
peak expiratory forced volume (PEFR) and Forced
Expiratory Flow 25-75% (FEF25-75). The question-
nairewasused to determinetherespiratory symptoms
intheurban, sub-urban and rura householdsin Jagaon
digtrict.

MATERIALAND METHODS

Sudy area

Jagaon district islocated on the northwest region
of the state of Maharashtraand lies between 20° and
21° north latitude and 74°55’ and 76°28'east longi-
tude. The Jalgaon district isof 11,765sq.km and over
40 lacks of population. As per the censusof 2001 the
district has28lakh rurd populations. Thisincludes40%
below poverty linepopulation of thedistrict.

Sudy population

The campai gn was conducted by theauthorsinthe
rural areasto create awarenessabout indoor air pollu-
tion and itshedlth effects on human being. The study
subjectscomprised 100 ma esand 100 femalesof ru-
ral, sub-urban, and urban areas. The data on demo-
graphic characteristicsof the subject wascollected dur-
ing the questionnaire survey. Theseinclude age, gen-
der, weight and height. It was confirmed that none of
the subjects had respiratory tract symptoms such as
cold or cough during Spiro metrictesting.

Housescharacteristicssurvey

The dataon characteristics of housesin the study
areawasgenerated by actual survey during sampling.
All the variables are given in the percentage. The
kitchen patternsused arewithout partition, with parti-
tion, outdoor kitchen and separate kitchen. Kitchen
ventilation was assessed qualitatively by thevariables
poor, moderate, and good. Stovetypesweredivided
into traditional three stone stoves, chullawith mud &
ridges, LPG gas, and kerosene stove. Then thetypes
of fuel used werewood, agro waste (grass, leaves,
trash, and crop waste), L PG gas, kerosene, and dung.
Variablesused for roof and wall materia wasearthen,
wood, metal sheet, and cement concrete.
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Indoor environment

Indoor micro-environmental parameter liketem-
perature and humidity was monitored. Individual dust
exposure of the househol dswas measured by using the
handy dust exposure sampler (AS-2, Technovation
Analytical Instruments Pvt. Ltd., India) for 8 hours.
Householdswererequired to wear apersona monitor
designedto collect particulate presentintheair closeto
the subjectsbreathing zones.

Respiratory status

Forced vitd cagpacity (FV C) isthemaxima amount
of air that can exhaefollowing maxima inspiratory ef-
fort (Normal: Male4.8L, Femae 3.1L). Forced expi-
ratory volume (FEV ) isthevolumeof air exhaesin
one second during aforced vital capacity effort; peak
expiraory flow rate (PEFR) isthemaximum amount of
ar exndedwithforced effort duringthe FV C, and FEF
25-75% (FEF 25-75) isthe average flow during 25-
75 percent of forced vital capacity. FEF25-75 isthe
sensitiveindex of largeairway obstruction presentin
most clinical conditions such as asthmaand COPD.
Before spirometry test of the household’sage, height,
weight and gender were fed in to the spirometer.
Spirometer givestwo valuesviz. predicted and actual.
Thepredicted valuesarebased ontheage, haight, weight
and gender of the subject, whiletheactua valuesare
based on the maximal exhaation followed by maxima
ingpiration. The pulmonary function test was conducted
by sitting the subject comfortably in achair. Regular
sterilization of mouthpieceswasdone beforethe use.
The subjectswere asked to maximum exhaationfol-
lowed by maximum inspiration. Threesuchtestswere
performed and subjects were asked to improve the
performance. Best of three performances of FVC,
FEV, and PEFR weretaken into the consideration.

Theequationsfor prediction wereasfollows-
FVC (L)=0.050H-0.014A-4.49
FEV, (L)=0.040H-0.021A-3.13
PEFR (L /Sec) =0.071H-0.035A-1.82
Where, Hisheightincmand A isageinyears.

FVC: Forced Vita Capacity- isthe maximum amount
of air that can beexha ed followingamaximal inspira-
tory effort.

FEV, : Forced Expiratory Volumein one second- isthe
volume of air exhaled in one second during aforced
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vital capacity effort.

PEFR : Peak Expiratory FHow Rate- itisthemaximum

amount of air exnaled with forced effort duringthe FV C.

FEF 25-75 : Forced Expiratory Flow 25-75 %isthe

averageexpired flow over themiddlehdf of the FVC.
Theresultsof spirometry were assessed according

tothecriteriagiveninthemanua of the Medspiror.

Health survey

Thereisanincreasing interest in measurements of
perceived health statusin clinical settingsaswell as
health survey. Self-reported survey among the sub-
jectsismost frequently assessed hedlth perceptionsin
epidemiological research. The questionswere adopted
from the Respirator Medica Evaluation Questionnaire
(OSHA, 1998) for collection of the data. The data
wasthen processed for no difficulty in respiration and
difficulty inrespiration. Thedifficulty inrespiration was
assessed by the variablesviz. painin chest, frequent
coughing, andirritationinthroat. Thedefinition used
is chronic cough: cough production for at least 3
monthsayear for not lessthan 2 successive years''el.

Satistical analysis

The data was processed for mean and standard
deviation of demographic characteristicsand year of
exposure. Subjectswere classified according to age
group. Thesignificant difference based on One-way
ANOVA was cal cul ated for age groups at 95% confi-
denceinterval™. The comparisonswere madefor ven-
tilatory capacitiesbetween each category and the val -
uesof FVC, FEV , PEFR, and FEF25-75 were com-
pared for significance.

RESULTS

Housescharacteristics

The houses characteristics such askitchen type,
kitchen ventilation, and stovetype, type of fuel, roof
andwad | materid among the popul ation under Sudy are
givenintheTABLE 1.

Inrura and sub-urban areathekitchen typewith-
out partitionwashigher i.e. 38% and 32% respectively
compared with other variables of thekitchen. Inurban
areaseparaekitchen exhibitswas42%whichwashigher
than other variablesand categories. Kitchen ventilation
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TABLE 1: Housingcharacterigticsinthestudy area
Sub

L . Rural Urban
Characteristics Variable " urban .
(*n-200) (n-200) (*n-200)
Without 38 ) 21
partition
Kitchen type With partition 24 28 23
Outdoor kitchen 17 21 14
Separate kitchen 21 19 42
Poor 47 39 26
Kitchen
ventilation Moderate 31 37 28
Good 22 24 46
Traditional three 22 27 19
stone stove
Chulla with mud
Stove type & ridges 37 31 28
LPG Gas 23 31 46
Kerosene 8 11 7
Wood 28 26 21
Agrowaste
(Grass, Leaves,
Trash, crop st 2 19
Type of Fuel waste)
LPG Gas 21 30 47
Kerosene 11 9 8
Dung 09 8 5
Earthen 38 22 16
Wood 16 24 14
Roof material
Metal sheet 27 31 28
Cement concrete 19 23 42
Earthen 42 32 23
Wall material Wood & Mud 35 41 29
Cement concrete 23 27 48

*n-Number of houses surveyed

inrura, sub-urban and urban areawas poor in 47, 39
and 26% houses respectively. Stovetypeused in rural
houses was traditional three stone stovein 32% and
Chulain 37%. Theuseof LPG gasand kerosenewas
23 and 8% householdersin rural area. In urban area
46% houses used L PG gasfollowed by Chulaand tra-
ditiona stovewith less percentage of kerosene.

Typesof fud usedinrura houseswere agrowaste
followed by wood, L PG gas, kerosene and dung. In
sub-urban areathefuel used was 30% L PG gas, 27%
agrowaste, 26% wood, 9% keroseneand 8% dung. In
urban areafud used for cooking and heating was 47%
LPG gas, 21% wood, 19% agrowaste, 8% kerosene,
5% dung. Roof material used in rural areaswas 38%
earthen, 27% metal sheet, 16% wood, and 19% ce-
ment concrete. In urban areathe material used for roof
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was 42% cement concrete, 28% meta sheet, 16%
earthen and 14% wood. Thewall materia used for ru-
ral houses was 42% earthen, 35% wood & mud and
23% cement concrete. In urban areahousehol dsused
the 48% cement concrete, 23% earthen and 29% wood
& mud.

Indoor air environment

Thegeneral characteristicsof therural, sub-urban,
and urban areasareshown in TABLE 2.

TABLE 2: Demographic characteristicsof target groups
and indoor environmental quality
Sr. General

Urban Sub-urban Rural
No. characters

1 Temp.°C 33+11 35+11 3710

(n-200) (25-41) (29-43) (30-44)
2 Humidity % 54+28 49+18 47+16

(n-200) (34-73) (36-62) (36-59)
3 Ageinyears 41430 46142 44+39

(n-200) (16-78) (16-76) (16-72)
4 Weight in Kgs 55+37 54+32 52+33

(n-200) (29-78) (31-76) (28-74)
5 Heightin cms 160+25 155+27 157+27

(n-200) (142-178) (136-175) (138-176)

Dust

: 1.63+0.5 13.03+3.9 16.14+3.3

6 concentralions 5784 9 (947-18.34)  (13.67-21.90)

in mg/m°(n-200)
Note: The values are mean+SD of all samples. Values in paren-
theses show the range of parameter

Theaveragetemperature at thekitchen arearanged
from 33to 37°C. Average humidity observed wasfrom
47 to 54%. Average age of the subjects under study
was 44 years. The subjects sel ected for the study were
ranged from 16to 78 years. Average weight of thesub-
jectswasaround 54K gsand ranged from 28 to 78K gs.
Height among the subj ects reported on an average of
157cmsand ranged between 136 and 178. Dust con-
centrationsat urban, sub-urban and rural houseswere
1.63+0.5, 13.03£3.9, and 16.14+3.3mg/m?® respec-
tivdy.

Respiratory status

Thedataon pulmonary function testsof therural,
sub-urban and urban population was presented in
TABLES.

Theresultsindicatethat theforced vital capacity
(FVC) amongthefemale subjectsof rural areaswas
61% which wasl|ower than male (67%). Forced expi-
ratory volumeinonesecond (FEV ) indicates 71% ef-
ficiency infemal e subject whereas maehas 77% effi-
ciency inrural areas. Similarly thelower efficiency of
FEV, wasobservedinthe sub-urban areas. Peak expi-
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TABLE 3: Pulmonary function tests(PFT’s) with respect to gender in the target population

FvC FEV,

PEFR FEF 25-75

Category Sex p-value

EXP OBS % EXP OBS % EXP OBS % EXP OBS %
Femde 202+035 124+035 61 1.63t03 115+041 71 556+0.86 408+127 73 2.82+048  231t1.04 82

Rurd 0.04
Made 315049  4.22+055 67 257t048 3.98+056 77 818+1.26 897+198 75 536+0.68 4.98t151 93
Femde 214+031 142+030 66 1.7+0.27 123t035 72 528t149 423+139 80 348+055 292t119 84

Sub-urban 0.04
Made 6.68+0.73  4.63t0.56 69 518t064 3.98+t054 77 6.96+2.72 6.49+208 93 4.24+0.88 398t145 94
Femde 202+025 135t028 67 159+0.21  125+t037 79 4.24+057 351+1.137 83 258t044  2.27+098 88

Urban 0.02
Made 6.18+043  4.28+t053 69 451t042 3.78+t258 84 6.93+0.73 6.48+t1.96 94 385t055 3.80t1.22 99

Note: Overall differenceis based on one-way ANOVA p<0.04, 0.04 and 0.02. The test was performed for comparison of observed
values of pulmonary function test in rural, sub-urban and urban areas among male and female subjects, where F values in

ANOVA are significant. Significant difference at p<0.05 by multiple comparison tests. *Male n-100, Female n-100

ratory flow volume (PEFR) resulted in 73% efficiency
infemaecompareto 75% in maesubjectsinrurd cat-
egory. FEF25-75 observed in fema ewas82% whereas
inmaeit was93%. Theoneway ANOVA for thecom-
parison between femal e and mal e showsp-value be-
low 0.04.

Among the sub-urban subjectsthevaluesof FVC
were 66 and 69% in female and mal e subjects respec-
tively. FEV, vauesinthehouseholdswere 72 and 77%
for femaleand mae. PEFR efficiency wasobserved 80
and 93% in female and male subjects’. The FEF25-
75% in femaleand mal e subjects of sub-urban was 84
and 94%. Thep-vaueisbe ow 0.04 and showssignifi-
cant difference between the female and malein sub-
urban areas.

Thevauesof FVC intheurban householdswere
67 and 69% whereas FEV, were 79 and 84% in the
fema eand maesubjectsrespectively. PEFR efficiency
wasobserved 83 and 94% infemaeand maeof urban
areas. The FEF25-75 in femal e and mal e subjects of
urban areas was around 88 and 99%. The p-valueis
below 0.02 and shows significant difference between
themaleand female of urban aress.

Ventilatory impair ment

Ventilatory impairment datafor househol ds of
rural, sub-urban and urban areas is presented in
TABLE 4.

Inrurd areas 16 and 12% of femaeand mal e sub-
jectsshowsthe severe symptoms of air flow obstruc-
tion. Thevaluesof FVC for severe symptomsin sub-
urban householdswere 11 and 14% whereasin urban
8 and 10% in male and femalerespectively. In urban
subjects FV C vaue shows 20 and 40% subjectsarein

moderate rangewhereas 54 and 36% subjectshaving
mild symptomsof air flow obstruction. Inrurd category
38 and 32 % male and female werein moderaterange
of air flow obstruction. Ascompared to the urban sub-
jects, arural and sub-urban subject shows moderate
rangeof air flow obstruction. FVC valuesintherura
category were 22 and 24%in normal conditioninmale
and female whereas 23 and 21 of sub-urban and 18
and 14% of subjectswerenormal.

The subjectsof rural areas showed restrictive de-
fects(FEV,) vauesas14 and 16%inmaleand femae
and 24 and 12% subjectsin severe and normal cat-
egory respectively. The FEV | value shows 34% and
44% subject’sfall in moderate category in maleand
femalerespectively. 34% femal e subjects of sub-urban
category fallsin moderate category whereasonly 26%
of maleinthe same category. Restrictive defect values
in sub-urban category werel0 and 14% in male and
femaesubjects. 8% of maeand femaleeachwerehav-
ing restrictive defect in urban category.

Theasthmatic symptomsintherural subjectshav-
ing highest percentage (16 and 22%) of ventilatory
impairment in severe range followed by 30 and 36%
inmoderate category of maleand femalerespectively.
Rests of the subjects were having mild to moderate
impactson the ventilatory capacities. In the sub-ur-
ban subjects PEFR values shows that 24 and 22%
fallsin normal category and only 14 and 20%fall in
severe category in male and female. Mgjority of the
group was covered under mild to moderate effect cat-
egory. TheAsthmatic symptomsin urban maleand
femal e subj ects showsthat having 22% and 30% in
normal and 14 and 12% in severe category respec-
tively. The PEFR valuesin urbanwere 26 and 30%in
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TABLE 4: Gender-wiseventilatory Impair ment in thetar get population
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Sr. Rural Sub-urban Urban
Lung status
No. Male Female Male Female Male Female
Air flow obstruction
Norma (FVC>80 %) 22 24 23 21 18 14
1 Mild (FVC>60<80 %) 28 28 32 25 54 36
Moderate (FVC>40<60 %) 38 32 34 40 20 40
Severe (FVC<40 %) 12 16 11 14 8 10
Restrictive defect
Norma (FEV1>80 %) 24 12 28 18 26 38
2 Mild (FEV 1>60<80%) 28 28 36 34 42 34
Moderate (FEV 1>40<60%) 34 44 26 34 24 20
Severe (FEV 1?40 %) 14 16 10 14 8 8
PEFR asthmatic symptoms
Normal (PEFR>80%) 20 26 24 22 22 30
3 Mild (PEFR>60<80%) 34 16 30 30 34 32
M oderate (PEFR>40<60%) 30 36 32 28 30 26
Severe (PEFR<40%) 16 22 14 20 14 12

*N=100 in both male and female subjects in each target groups

female and male in moderate category and 32 and
34%in mild category.

Respiratory symptoms

The symptomsof respiratory diseasein the urban,
sub-urban, and rural households are presented in
TABLEDS.

In urban and sub-urban population 46 and 59%
maleand 57 and 76% femal e subj ects reported diffi-
culty inrespiration. Difficulty in respiration was ob-
served 66 and 86% inrural male & female subjects.
Higher percentage of no difficulty in respiration was
reported in male & femal e subjectsin urban ascom-
pared to sub-urban and rural population. Painin chest
ishaving more prevaence (13 and 19%) in rural sub-
TABLES5: Prevalenceof respiratory diseasesymptomsin the
target groupsunder thestudy

Sr.
No.
1 Population

Particular Percentage of prevailing symptoms

Urban Sub-urban Rural
category

2 Sex category Male Female Male Female Male Female

3 Nodifficuityin 54 e a4 24 U 1
respiration

4 Difficiltyin 46 57 59 76 6 86
Respiration

5 Paninchest 10 12 12 19 13 19

6 Frequent coughing 24 27 28 33 3R2 38

7 Irritaionin throat 12 18 19 24 21 29

*N=100 in both male and female subjectsin each target groups

jectswhereasits prevalence was reduced in sub-ur-
ban (12 and 19%) and urban subjects (10 and 12%).
Frequent coughing was reported by 38% female and
32% maleinthe category of rural areas. Sub-urban
(28 and 33%) and urban (24 and 27%) subjects of
both gender having less frequent coughing as com-
pared to rural subjects. Irritation in throat is more
prevalent intherural category (female29% and male
21%) as compared to sub-urban & urban subjects.
Thethroat irritation was reported by 12% maeand
18% female subjectswhereas 19% male & 24%fe-
malein the sub-urban and urban subjects.

DISCUSSION

Thenatureand levelsof indoor air pollutionisdif-
ferent in the devel oped and the devel oping world.
Thereisgrowing evidencesthat poor air quaity insde
the homes posesaseriousthreat to human hedth. The
study indicatesthat therura population isexposed to
high dose(16.14mg/n?) of PM .. Similar exposure of
therural population to the dust (8.5mg/m?3) in Paki-
stani. Inrural, sub-urban and urban sites, variation
was observed inmass of PM . A study conducted in
rural areaof Tamil Nadu on exposure from cooking
with biofuels revealed that PM, ranged from 500-
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2,000ug/m3 during a2-h cooking period and was de-
pendent on kitchentypeand fuel usé*¥. A largevaria-
tion of concentration of particul ate matter hasbeenre-
corded during a24-h cyclewithin thekitchen. Such
variationswere primarily dueto the contribution from
biofud ssmokeinsdethekitchen.

Forced vitd capacity (FV C) amongthefemaesub-
jectsof rurd areaswaslower than mae subjects. Forced
expiratory volumein onesecond (FEV ) indicatesre-
duced efficiency infemd e subject compared withmale
inrura, sub-urban, urban areas. Peak expiratory flow
volume (PEFR) resulted in decreased efficiency infe-
male compare to male subjects in each category.
FEF25-75 observed in femaewaslower than malein
all the category of the subjects. Among thefema e sub-
jectslargenumber showsmoderateto severeair flow
obstruction and restrictive defect than malesubjectsin
eachtarget groups. M oderateto severeasthmatic symp-
tomswere observedinthefemaleof rurd area. Inthe
femal e subj ects more problems of respiratory symp-
tomssuch aspainin ches, frequent coughingandirrite-
tioninthroat wereobservedinrura area.

CONCLUSION

The unhygienic conditionswere observed during
use of biomassfuel for cookinginrural areas. The
study showsthat higher dust concentration prevailsin
rural than urban and sub-urban houses. Therespira-
tory symptomsin the female subjectsin rural area
showed decreased pulmonary efficiency. Forced Vi-
tal Capacity of the female and male subjects of the
rural areaswereless as compared to sub-urban and
urban category. Theresult showsincreasein ventila-
tory impairment infemaeascomparetomalein each
category. Reduction in pulmonary efficiency within-
crease in exposure to the pollutants was observed.
Increased air flow obstruction isobserved in the sub-
jectsof rurd areasas compared to other target groups.
Restrictive defect was observed to a great extent
among the subjectsof rura areathan the other target
groups. The statistical andysisshowssignificant dif-
ference for respiratory functions among all these
groups. Difficulty inrespiration, painin chest, frequent
coughing, andirritation in throat are most prevalent
symptoms among the groups under study. Preva ence
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of asthmatic symptomsismoreintherural subjects.
The authors suggest that gas and smokel ess chulhas
could beabetter option for therural population. Low
economical conditionand lessavailahility of gascon-
nectioninrura areaarethemajor retarding factorsfor
useof liquefied natura gas.
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