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CHAPTER 1CHAPTER 1 

Introduction and Objective of the Study 

Introduction

About half of the world’s population, mostly in rural areas of Asia, Sub-Saharan Africa 
and Latin America, still rely on unprocessed biomass as their primary source of 
domestic energy.  Nearly 2 billion kg of biomass such as wood, animal dung and 
agricultural wastes are burned everyday in developing countries (Barnes 1995), and it 
accounts for more than 80% of domestic energy in India (Holdren et al. 2000). 

What is biomass fuel? 

Biomass fuel refers to plant or animal material used as source of energy. They include 
wood, charcoal, dung and crop residues such as hay, jute stick, paddy husk, dried 
leaves, bamboo etc. 

Contribution of biomass fuel to domestic energy in India 

A survey conducted jointly by National Council of Applied Economic Research and 
World Bank in 1996 has reported that about 578 million tons of biomass is used 
annually in India as a source of domestic energy of which wood constitutes 52%, animal 
dung 21% and agricultural refuse 20%. The annual consumption of wood is 302.1 
million tons, dung cake 120.6 million tons and crop residues 115 million tons. In general, 
rural domestic sector in India uses 1.2-2.1 kg of biomass/capita/day (Smith 1987).  

Biomass fuel use in West Bengal 

In West Bengal, where the study has been carried out, 45.6 million tons of biomass is 
used annually for cooking and room heating (Reddy and Venkataraman 2002). 
Firewood remains the mainstay of biomass fuel in the state with an annual usage of 23.3 
million tons/year, followed by agricultural wastes (11.9 million tons/year) and dung 
cakes (10.3 million tons/year) (Reddy and Venkataraman 2002). 

Biomass fuel use in neighboring countries 

Biomass fuel use as a source of domestic energy is even more in Bangladesh and Nepal 
where 88% and 80% of the population respectively are dependent on biomass fuels for 
household cooking. The percentage of users is marginally lower in Pakistan (72%) and 
Sri Lanka (67%; WHO 2006).  



Reason for using biomass as fuel 

Poverty is the major cause of biomass fuel use. People living in rural areas of 
developing countries are generally poor who can ill afford cleaner fuel such as liquefied 
petroleum gas (LPG) with their modest income. Instead, they rely on biomass which are 
cheaper (or free of cost) and readily available. No wonder, there are only a handful of 
LPG users in rural India, and in most of the cases the LPG owners also use biomass 
(mixed user) to reduce fuel cost.

Toxic emissions from biomass burning 

Biomass fuels are at the high end of the fuel ladder in terms of pollution emissions, and 
at the low end in terms of combustion efficiency (Smith et al. 1994). Biomass burning 
during daily household cooking usually in un-vented kitchen emits very high levels of 
smoke that contains a wide range of potentially hazardous pollutants. They  include 
particulates; carbon monoxide (CO); oxides of nitrogen and sulfur; polycyclic aromatic 
hydrocarbons including carcinogens such as benzo(a)pyrene (PAHs), volatile organic 
compounds (VOCs) including benzene, a human leukemogen and trace metals 
including Fe, Cu, Ni, Cr and Pb  (Zhang and Smith 1996; Bruce et al. 2000, Smith 2000).  

Airborne particles with a diameter of less than 10μm (PM10) are hazardous because they 
can be inhaled deep inside the lungs and serve as a vehicle for toxic matters that usually 
adsorb onto their surface. Burning biomass emits more PM10 than LPG or electricity. For 
example, particle concentrations in the kitchen vary from 200 to 5,000μg/m3 of air 
during cooking with biomass fuels (Smith 1993; Ezzati and Kammen 2002) in contrast to 
200-380 μg/m3 during cooking with LPG or electricity (Ellegard 1996). Moreover, fine 
(aerodynamic diameter <2.5 μm, PM2.5) and ultrafine particles (diameter <0.1μm), 
constitute a bulk of the biomass smoke (Tesfaigzi et al. 2002) and most of the mass is due 
to the presence of fine particles i.e. PM2.5 which are more harmful for human health than 
PM10 (WHO, 1999). Biomass smoke is considered even more harmful than diesel, 
because it contains 10-times more mass concentration of respirable particles having 
diameter of 0.5-0.8μm compared to diesel (Venkataraman and Rao 2001).  

Kitchen type and ventilation influence IAP 

In rural India, the biomass-using ovens are not vented outside, kitchens are often poorly 
ventilated, and half of the poor, rural families do not have separate kitchen (Mishra et al.
1999). These factors contribute significantly to high particulate level in cooking areas. A 
typical biomass-using Indian kitchen, the 24-hr average concentration of PM10 ranged 
from 500-2000 μg/m3 during cooking (Balakrishnan et al. 2002) and the level of IAP 
depends on the type of fuel, stove and housing (Smith 1993; Ezzati and Kammen, 2002). 
This implies that women who used to cook with biomass are inhaling approximately 
about 23,000 μg (23.0 mg) of PM10 per day, quite in contrast to a normal baseline of 1,728 
μg (1.7 mg) per day. This is highly significant from health perspective because for every 
20 μg/m3 of PM10 rise in ambient air, daily mortality increases by 1% (Samet et al. 2000). 



Dung is most polluting among biomass fuel 

IAP also varies with type of biomass used for cooking or room heating. Compared with 
wood, combustion of dung cakes and briquette emitted significantly higher carbon 
monoxide and particulate matter (Venkataraman and Rao 2001).   

Health hazard from chronic biomass smoke inhalation 

Exposure to this high pollution load from burning biomass fuels is regarded as one of 
the most important environmental and public health problems in developing countries 
especially in women who cook with these fuels  and in  young children  who attend to 
the fires or stay close to their mothers during cooking (Smith and Mehta 2000; Smith 
2002). Cumulative exposures to high levels of particulate pollutants could be hazardous 
for the biomass users, because 1% increase in total daily mortality occurs for every 20 
μg/m3 increase of PM10 level in breathing air (Samet et al. 2000). It has been estimated 
that IAP from biomass use in developing countries is responsible for 4-5 percent of 
global burden of disease for both deaths and DALYs (disability adjusted lost life years) 
from acute respiratory infections (ARI), chronic obstructive pulmonary disease (COPD), 
tuberculosis, asthma, lung cancer, ischemic heart disease and blindness (Smith and 
Mehta 2003). India registers over 600,000 premature deaths per year due to biomass fuel 
combustion (Smith 2002). Smoke inhalation has been reported to be an important cause 
of acute lung injury with high mortality rate (Laffron et al. 1999).  

Scope of the work

Smoke emitted from biomass burning contains thousands of chemicals, some of which 
are neurotoxic and potential endocrine disruptors. Therefore it is possible that 
cumulative exposure may result in neurological problems affecting the behavior and 
reproductive hormones affecting reproductive health. Unfortunately, to our knowledge, 
no study has ever been carried out in India on systemic health impact of long term 
biomass smoke exposure among premenopausal women in the countryside.  

Objective

In view of this, the prevalence of neurobehavioral problems, menstrual cycle and 
reproductive outcome among the biomass users of rural West Bengal have been 
ascertained by questionnaire survey and laboratory tests.  The findings suggest that 
indoor air pollution from biomass fuel use adversely affect behavior and reproductive 
health of village women in India. 



CHAPTER 2CHAPTER 2 

Study Areas, Participants and Measurement 
of Indoor Air Pollution 

Introduction

Indoor air pollution (IAP) from biomass fuel use is recognized as a significant cause of 
morbidity and mortality in developing nations including India. Biomass is extensively 
used for daily household cooking in most of villages in India. In addition, biomass is 
used for room heating in the hilly areas. In this study we have focused on IAP from 
biomass fuel use in West Bengal, a state in eastern India. We have quantitatively 
measured the level of particulate air pollution in cooking areas during cooking with 
biomass fuel. For this, we measured particulate matter (PM) having diameter of less 
than 10 and 2.5 micrometer (PM10 and PM2.5, respectively) as these  pollutants are 
important for eliciting air pollution-related adverse health outcome. 

Study protocol

Study areas

This epidemiological study on health impact of indoor air pollution from unprocessed 
solid biomass fuel use was carried out in some villages in Burdwan, Howrah, Hooghly, 
Birbhum and South 24-Parganas districts of southern part of West Bengal.  

Study period

The study was initiated in November 2008 and was concluded in November 2009. The 
study areas and number of participants are listed in Table 1. 
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Table 1.  Study areas and the number of participants enrolled 

Date of sampling Study area 
Number of participants 

who cooked with 
biomass 

LPG-using 
(control) 

participants
16.10.2008 Nimpith, 24-Parganas (South) 148 32 
14.12.2008 Labhpur, Birbhum 34 9
15.12.2008 Maluti, Birbhum 18 0 
13.01.2009 Notun Mohanpur, Burdwan 120 33 
08.03.2009 Sheali, Raina, Burdwan 62 8 
20.02.2009 Dayem Nagar, Burdwan 74 12 
21.02.2009 Bono Nabagram, Burdwan 95 27 
22.02.2009 Ausgram, Burdwan 17 19 
19.03.2009 Pandua, Hooghly 28 14 
21.03.2009 Kedar Nagar, Hooghly 35 11 
10.05.2009 Chanditala, Hooghly 108 43 
02.07.2009 Haripur, Hooghly 39 18 
19.08.2009 Barachowghara, Hooghly 71 47 
20.11.2009 Gajipur, Amta, Howrah 130 122 
22.11.2009 Boro Balaram, Raina,  Burdwan 116 114 

Total 1095 509 

Organization of health camps

During the study period 15 health camps were organized for clinical examination, 
spirometry and collection of biological samples such as blood, sputum and buccal 
mucosal cells. A total number of 1604 pre-menopausal women in the age group of 24-43 
were enrolled for this study from these camps.  

Participants

Biomass-users

Among the participants, 1095 women (median age 36 yr) used to cook exclusively with 
unprocessed solid biomass such as wood, cow dung and crop wastes like hay, dried 
leaves, bamboo, jute sticks etc.  They were considered as biomass users. 

Control group 

Another group of 509 age-matched women (median age 35) were enrolled from the 
same villages who cooked with cleaner fuel liquefied petroleum gas (LPG). They were 
considered as control. 
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Inclusion and exclusion criteria 

Inclusion criteria were pre-menopausal married women who used to cook regularly 
with either biomass or LPG for the past five years or more. Women with extreme body 
mass index (BMI), pregnant or currently under   medication were excluded. 

Ethical clearance 

The study protocol was approved by the Ethics Committee of Nature, Environment and 
Wildlife Society (NEWS), Kolkata. 

Measurement of air quality

Real-time measurement of airborne pollutant concentration in cooking areas of rural 
households was measured by portable, battery-operated laser photometer (DustTrak TM 

Aerosol monitor, model 8520, TSI Inc., MN, USA).  The instrument contains 10-mm 
nylon Dor-Oliver cyclone, operates at a flow rate of 1.7 liters per minute and measures 
particles load in the concentration range of 1μg-100mg/m3. We measured particulate 
matters with aerodynamic diameter of less than 10μm (PM10) and less than 2.5μm 
(PM2.5). The monitor was calibrated to the standard ISO 12103-1 A1 test dust. 
Monitoring was done for three consecutive days, 8 hours/day (7.00-15.00 hrs) covering 
both cooking and non-cooking hours. The mean of 3 days was used as the indoor air 
quality of a single household. Air quality measurements were done in a total number of 
37 biomass-using and 29 LPG-using households during the study period.  We could not 
use the monitor for longer periods for the limitation of battery power. Since biomass-
using women cook in a sitting position 2-3 ft away from the open chullah (oven), the 
monitor was placed in the breathing zone of the cook 2.5 ft above the floor level on a 
wooden stool 3 ft away from the chullah. LPG users, on the other hand, cook in a 
standing position. Accordingly the monitor was set 3.5 ft above floor level. 

Results

Demographic characteristics of the participants 

Compared with LPG-users, biomass-using women were less educated,  were more 
exposed to passive smoking for the presence of more number of smoking male 
members in the family, used to cook in the open or in a kitchen adjacent to living room 
and were poorer (Table 2). 



Table 2: Comparison of demographic characteristics of the participants 

Parameters Control 
(n=509) 

Biomass users 
(n= 1095) 

Median age in year (range) 35 36 
Marital status, married (%) 98.2 98.8 
Years of cooking, median 15 16 
Cooking hours/day, median 2 2.5
Type of kitchen (%)   

Open air  0 28.9 
Adjacent  15.9 45.4* 
Separate 84.1 25.7* 

Years of schooling, median 8 3* 
Habit (%) 

Smoking  0 0 
Chewing  15.1 17.4 

Smokers in the family (%) 45.2 64.2 
Food habit, mixed (%) 97.2 98.7 
Body mass index, median 21.2 kg/m2 19.5 kg/m2

Members in family, median 5 6
Family income/month (in Rs.) 3800 1700* 
*,p<0.05 in Chi-square test 

Particulate air pollution in biomass and LPG-using households 

The concentrations of PM10 in biomass and LPG-using kitchen during cooking hours 
were 625 ± 127 (SD) g/m3 and 169 ± 22 g/m3, respectively. The corresponding PM2.5 

level were 304 ± 77 g/m3   and 89 ± 12 g/m3 in biomass and LPG-using kitchen  (Fig. 
1).  During non-cooking hours, PM10 and PM2.5 concentrations were 164 ± 34 g/m3 and 
88 ± 19 g/m3  respectively in biomass-using kitchen compared with 79 ± 17 g/m3 and
45 ± 11 g/m3 in LPG-using kitchen. Thus, biomass-using kitchen had about 3-times 
more PM10 and PM2.5  during cooking time and 2-times more during non-cooking period 
(p<0.001). 

Figure 1. Particulate air 
pollution in cooking areas of 
biomass fuel- and LPG-using 
(control) households during 
cooking hours. The 
concentrations of particulate 
matters with a diameter of 
less than 10 m (PM10) and 
less than 2.5 m, (PM2.5)
were remarkably higher in 
biomass-using kitchen. 
*,p<0.001 in Student’s t-test. 
Bars represent standard 
deviation of mean. 
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Smoke emitted during cooking with biomass contain a wide spectrum of potentially 
health-damaging pollutants including PM and transition metals that generate oxidative 
stress and higher risk of cardio-vascular diseases (CVD). Therefore, women chronically 
exposed to biomass smoke could be at a higher risk of developing CVD.  It seems likely 
because women are more vulnerable than men to CVD for their smaller-sized arteries 
that tend to harbor more diffuse atherosclerosis. Also, a number of common vascular 
disease-related conditions are either unique to or more frequent in women than in men 
and these predispose women to a higher risk of developing CVD. Moreover, Indians in 
general have higher risk of CVD because of their smaller coronary arteries than other 
ethnic groups. In addition, poorer sections of the society, who predominantly use 
biomass because they cannot afford cleaner fuel, are the dominant victims to CVD. 
Despite these reports, no study has been carried out on the effect of chronic exposure of 
biomass smoke on the risk of CVD among women in India. 

These possibilities have been examined in this part of the study. 

Study protocol

Pulmonary Function Test (PFT)  

PFT was done on participants in a sitting position with nose closed by nose clips 
following the recommendations of the American Thoracic Society (ATS, 1995), using 
portable spirometer (Spirovit SP-1, Switzerland). 

Diagnosis of COPD 

Chronic Obstructive Pulmonary Disease (COPD) was initially diagnosed on the basis of 
symptoms of chronic bronchitis i.e. presence of cough and expectorations on most of the 
days for at least 3 months in a year for two consecutive years or more. Confirmation of 
diagnosis of COPD was based on spirometric measurements following the criteria of 
Global Initiative for Chronic Obstructive Lung Diseases (GOLD) [Pauwels et al. 2001]. 

Diagnosis of hypertension 

Systolic and diastolic blood pressures (SBP and DBP, respectively) were measured while 
the participants were at rest in a sitting position by digital sphygmomanometer (Omron, 
India). Hypertension was diagnosed following the Seventh Report of the Joint 
Committee on the Prevention, Detection, Evaluation and Treatment of High Blood 
Pressure (JNC-7, 2003) and 2003 recommendation of the World Health Organization/ 
International Society of Hypertension (WHO, 2003).  The hypertensive condition was 
confirmed when SBP rose to 140 mmHg or more, or DBP elevated to 90 mmHg or more, 
when measured in a sitting position at rest on two separate occasions.  The pulse of the 
brachial artery was measured by the digital sphygmomanometer simultaneously with 
blood pressure. Pulse rate of more than 100 per minute was considered as tachycardia. 
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Determination of hematologic parameters 

Blood was collected between 9.30 a.m. and 10.30 a.m. from the antecubital vein using 
disposable plastic syringes into sterile EDTA-vacutainers (2.0 ml; Becton Dickinson, NJ, 
USA). Routine hematological parameters were performed by standard procedures.  

Determination of T-regulatory (Treg) cells 

Treg cells (CD4+CD25+) were analyzed by flow cytometry using whole blood labeled 
with PE-conjugated anti-human CD4 and FITC-conjugated anti-human CD25 
monoclonal antibodies (BD Pharmingen, USA). Lymphocytes positive for both CD4 and 
CD25 (CD4+CD25+ cells) were considered as Treg cells. 

Measurement of platelet P-selectin expression 

P-selectin expression on platelet surface, a measure of platelet activation, was measured 
following the procedure of Michelson et al (2007).  It was based on immediate sample 
preparation and whole blood platelet assay without cell separation and washing. In 
essence, anticoagulated whole blood (5 l) was added to 100 l of HEPES-Tyrodes buffer 
and a saturating concentration of either PE-conjugated anti human CD62P or isotype-
identical negative control monoclonal antibodies (Becton Dickinson [BD], USA) and left 
undisturbed for 30 minutes in the dark at room temperature.  After fixation in 0.5% 
paraformaldehyde 10,000 events were analyzed in flow cytometer (BD, USA). Results 
were expressed as percentage of P-selectin-expressing activated platelets. Soluble P-
selectin (sP-sel) was measured using commercially available GMP-140 (P-selectin) 
Enzyme Immunosorbent Assay (EIA) kit (# MK112, Takara Bio Inc. Japan) with lowest 
detection level of 10ng/ml. The absorbance at 450 nm was measured in a microplate 
reader (Bio-Rad Lab, India). 

Leukocyte-platelet aggregate 

Circulating leukocyte-platelet aggregates, another risk factor for CVD, were determined 
by flow cytometry essentially by the procedure of Li et al (1997). In essence, 50 l of 
whole blood samples were incubated with PE-conjugated anti-CD11b monoclonal 
antibody along with either FITC-conjugated anti-CD41 or FITC-conjugated anti-CD62P, 
or isotype-identical negative control (BD). After 30 minute’s incubation in darkness, the 
red cells were lysed with FACS lysing solution (BD). The samples were centrifuged for 5 
min at 500g and the cell pellet was resuspended in PBS and analyzed in FACS Calibur 
flow cytometer (BD, USA). An average of 10,000 events was acquired.  The PMN and 
monocytes were identified by their FSC and SSC and CD11b positivity. Since CD41 and 
CD62P are platelet markers, the presence of at least one platelet marker on CD11b-
positive PMN and monocyte was used to identify a leukocyte-platelet aggregate.  

Measurement of TNF-  , IL-8, sPECAM-1 and oxLDL in plasma and IL-6, CRP, IL-10, IL-12, IgE , aCL 
and NO levels in serum by ELISA 

Plasma was obtained by centrifugation of EDTA-anticoagulated blood at 2500xg for 10 
minutes at 4°C. On the other hand blood collected in vacutainer tubes without 
anticoagulant was allowed to clot for collection of serum. Enzyme-Linked 
Immunosorbent Assay (ELISA) was used for measurement of tumor necrosis factor 



alpha (TNF- ), interleukin-8 (IL-8), soluble PECAM-1 (sPECAM-1) and oxidized LDL in 
plasma and interleukin-6 (IL-6), C-reactive protein (CRP), interleukin-10 (IL-10), 
interleukin-12 (IL-12), IgE, anticardiolipin antibody (aCL) IgG and IgM and nitric oxide 
(NO) levels in serum.  

TNF-  was measured using human ELISA kit # 550610 of BD Biosciences, San Diego, 
CA, USA  with lowest detection level of 2 pg/ml .  IL-8 was measured by kit # 1 967 932 
of Roche Diagnostics GmbH, Mannheim, Germany with lowest detection level of 6.2 
pg/ml. Plasma sPECAM-1 was measured by kit # BMS229 of Bender MedSystems 
GmbH, Vienna, Austria with lowest detection level of 0.06ng/ml.  oxLDL in plasma was 
measured by using Mercodia Oxidized LDL ELISA kit (#10-1143-01; Mercodia AB, 
Uppsala, Sweden); IL-6 by ELISA kit # 550950 of BD Biosciences, San Diego, CA, USA 
with lowest detection level of 3.8 pg/ml.  Serum CRP level was determined by ELISA 
kit # EU59131 of IBL, Hamburg, Germany with  lowest detection level of 1μg/ml; IL-10 
by ELISA kit # 550613 of BD Biosciences, San Diego, CA, USA  with lowest detection 
level of 2.0 pg/ml .  IL-12 in serum was measured by ELISA kit # 559258 of BD 
Biosciences, San Diego, CA, USA with lowest detection level of 4.0 pg/ml.  Serum IgE 
was measured by ELISA kit # RE59061 of IBL, Hamburg, Germany with lowest 
detection level of 0.8 IU/ml. Anticardiolipin (aCL) antibodies in serum was done using 
the ELISA kit of The Binding Site Ltd., Birmingham, UK. Serum NO concentration was 
measured by kit #98, Oxford Biomedical Research, Oxford, MI, USA with lowest 
detection level 1pmol /μl. The assays were performed following procedures 
recommended by the manufacturers. 

Assessment of ROS generation and SOD  

Generation of reactive oxygen species (ROS) in phagocytes in peripheral blood was 
measured by flow cytometry using 2’,7’-dichlorofluorescein diacetate (DCDA; Rothe 
and Valet 1990). The antioxidant enzyme superoxide dismutase (SOD) was assayed in 
erythrocytes spectrophotometrically following the procedure of Paoletti et al. (1986).  

Statistical analysis 

All data are expressed as mean  standard deviation.  The collected data were processed 
and analyzed in EPI info 6.0 and SPSS (Statistical Package for Social Sciences) 10.0 
software (SPSS Inc., Chicago, Il, USA). Logistic regression analysis using generalized 
estimating equations (GEEs) was used to examine the relationship between measured 
outcome and possible confounders such as PM10 levels. Spearman’s rank test for 
continuous variables and Chi-square test for categorical variables were done. P<0.05 
was considered as significant. 

Results

Women cooking with biomass fuel had reduced lung function  

Biomass users had poorer lung function as recorded by spirometry tests. They had 
significantly reduced values for all lung function parameters (Table 3). Overall, lung 



function was reduced in 463 (42.3%) of biomass using women compared with 99 (19.4%) 
in LPG users (Fig. 2). 

Table 3: Comparison of spirometric lung function data and COPD prevalence 
between LPG and biomass-using women from rural West Bengal 

Parameters LPG-using control 
(n=509) 

Biomass users 
(n= 1095) 

FVC (Lit) 2.41±0.54 1.85±0.71* 
FEV1 (Lit) 2.04±0.51 1.49±0.75* 
FEV1/FVC  89.5±8.10 82.1±9.90 
FEF25-75% (Lit/sec) 2.29±0.51 1.89±0.88* 
PEFR (Lit/sec) 3.27±0.86 2.39±1.20* 
COPD (% of women) 1.2 6.30** 

Results expressed as mean±SD; *, p<0.05 compared with control in Student’s t-test; **, p<0.01 in 
Chi-square test 

High risk of COPD among biomass users 

Chronic obstructive pulmonary disease (COPD) was diagnosed in 69 of 1095 biomass 
using women (6.3%) participated in this study.  In contrast, with 6 out of 509 (1.2%) 
LPG-using control women had COPD (p<0.001; Table 3, Fig. 2). Thus, biomass use as 
cooking fuel seemed to be associated with 5-times increased risk of developing 
potentially life-threatening COPD among non-smoking women, relative to LPG use. 

a                                                                                b 

Figure 2. Prevalence of (a) lung function deficits and (b) chronic obstructive pulmonary disease 
(COPD) in biomass- and LPG-using women of rural West Bengal. Marked rise in the 
prevalence of lung function deficits and COPD is evident in the former group. 
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Changes in airway cells: risk of respiratory infection and cancer among biomass fuel users 

Biomass users had several cellular changes in airway cells (Table 4). The most notable 
changes observed in sputum samples were high incidences of metaplasia and dysplasia, 
considered as risk factors for cancer in lung and the airways. This finding is important 
because smoke emitted from burning biomass contains a number of mutagens and 
carcinogens including benzene and benzo(a)pyrene.  

Sputum samples of biomass using women displayed higher incidence of goblet cell 
hyperplasia implying greater particulate air pollution exposure. They also showed 
increased prevalence of ciliocytophthoria and koilocytes, suggesting greater risk of 
infection from respiratory virus and papilloma virus, respectively. 

Table 4: Abnormalities in exfoliated airway epithelial cells present in sputum 

Parameters  LPG-using control 
(n=509) 

Biomass users 
(n=1095) 

Multinucleated AM (in % of participants) 1.2 4.5* 
Metaplasia of airway epithelial cells (%) 6.1 15.3* 
Dysplasia of airway epithelial cells (%) 1.2 3.4* 
Presence of Ciliocytophthoria (%) 1.2 8.7*
Goblet cell hyperplasia (%) 1.4 5.4* 
Presence of Koilocyte (%) 1.2 3.0*
*, p<0.05 compared with control in Chi-square test 

Biomass users suffer more from hypertension 

Women who used to cook with biomass fuel suffer 3-times more from hypertension 
than their neighbors who cook with LPG (39.2 vs. 12.8% in LPG users, p<0.001; Table 5, 
Fig.3).

Figure 3. Prevalence (%) of hypertension in biomass and LPG-using premenopausal women of 
rural West Bengal 
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Higher prevalence of hypertension in biomass-using women was associated with 
tachycardia (pulse more than 100 per minute) and raised anti-cardiolipin antibody IgG 
and IgM (Table 5). 

Table 5: Prevalence (%) of hypertension and other parameters among biomass 
users

Parameter LPG-using control 
(n=509) 

Biomass users 
(n= 1095) 

Hypertension, total 12.8 39.1* 
Systolic 4.7 10.1* 
Diastolic 1.4 5.3* 
Systolic + Diastolic 6.7 23.7* 

Tachycardia 3.5 14.5* 
Anticardiolipin IgG (GPL U/ml) 5.4 ± 2.1 12.2 ± 1.8** 
Anticardiolipin IgM (MPL U/ml) 8.2 ± 1.9 15.1 ± 1.7 ** 

*, p<0.05 compared with control in Chi-square;**, p<0.05 compared with control in Student’s t-test 

Hypertension in relation to type of biomass and years of cooking  

In biomass using group, hypertension was most prevalent (55.3%) in women who 
predominantly used dung cake as cooking fuel (Table 6).  The difference in 
hypertension prevalence between dung users and users of wood (37.8%) and crop 
residues (35.1%) was significant in Chi-square test (p<0.05), while the difference 
between wood and crop residue users was not significant (p>0.05).  

Cooking years with biomass had influence on hypertension prevalence (Table 6).   
Compared with those having 5-14 years’ cooking experience, hypertension was 1.91-
times more prevalent in women having 15 years or more cooking experience.  

Table 6: Prevalence of hypertension in relation to fuel type and cooking years 

Variable Prevalence of hypertension (%) 

Type of biomass predominantly used for cooking   
Wood  37.8 
Crop residues  35.1 
Dung cake  55.3 

 Cooking years with biomass fuel 
5-14  yr 28.0 
 15  yr 53.4 



Hypertension in relation to particulate pollution in indoor air 

Hypertension was positively associated with particulate pollution in indoor air. After 
controlling education, kitchen location and family income as potential confounders in 
multivariate logistic regression analysis, the odds ratio [OR] and 95% confidence 
interval [95% CI] for PM10 was 1.35 and 1.14- 1.95. For PM2.5 the OR was 1.41 with 95% 
CI of 1.22-2.08. 

Table 7: Hematological changes 

Parameter LPG-using control 
(n=509) 

Biomass users 
(n= 1095) 

Hemoglobin (g/dl) 12.8 ± 0.5 10.7 ± 0.8* 
RBC (x10 6/μl) 4.2 ± 0.4 3.8 ± 0.5 
WBC (x10 3/μl) 7.3 ± 1.2 8.9 ± 1.7 
Platelet (x10 5/μl) 2.3 ± 0.6 2.6 ±  0.8 
*p<0.05 compared with control in Student’s t-test 

Platelet P-selectin expression 

Compared with 2.2 ± 0.2% of P-selectin-expressing platelets in LPG-users, 7.4 ± 1.8% of 
platelets in biomass users expressed P-selectin (p<0.001; Fig. 4). Total number of P-
selectin-expressing activated platelets was increased from 5074 ± 788 to 19256 ± 2035 per 
microliter, an increase of 3.8-fold.  

Positive association was found between PM10 and platelet P-selectin expression after 
controlling family income and kitchen location as potential confounders [OR=3.14; 95% 
CI: 1.65-6.53]. Years of exposure to biomass smoke were significantly associated with P-
selectin expression [ =0.894, p<0.01]. Odds ratio for P-selectin expression on circulating 
platelet surface increased with exposure to biomass smoke [OR=3.14; 95% CI: 1.65-6.53].  

Figure 4. P-selectin-expressing activated platelets in circulation of biomass- and LPG-using 
women
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Increase in soluble P-selectin (sP-sel)  

A 2.9-fold rise in sP-sel level in plasma was recorded in women who used to cook with 
biomass compared with their age-matched neighbors who cook with LPG (476.2 ± 10.9 
vs. 178.2± 22.8ng/ml, p<0.001). A positive correlation between plasma sP-selectin levels 
and years of biomass smoke exposure was noted (Pearson correlation: 0.396; p<0.01; 
Spearman’s rho: 0.359; p<0.01; Kendall’s tau_b: 0.316; p<0.01). 

Increase in platelet-leukocyte aggregates in peripheral blood 

Flow cytometric analysis revealed an increase in circulating platelet-polymorphonuclear
(PMN) and platelet-monocyte aggregates in biomass users. The percentage of platelet-
PMN aggregates was 16.8 + 1.2 in the exposed group compared to 7.6 + 0.8 in LPG users 
(p<0.001), and that of platelet-monocyte aggregates was 10.6 + 1.2 in biofuel users and 
4.6 + 0.6 in control group (p<0.05). Circulating platelet-leukocyte aggregate number 
increased with biomass fuel use with odds of 2.02 [95% CI: 1.59-6.49]. 

Inflammatory changes in women chronically exposed to indoor air pollution from biomass fuel 
use

T-regulatory (Treg) cells, a subset of which is identified as CD4+CD25+ lymphocytes by 
flow cytometry, are immunosuppressive cells. A sharp rise in the number of these cells 
in circulation was observed in biomass users, suggesting suppression of immune 
defense and vulnerability to infection. Concomitant rise in Mac-1 integrin 
(CD11b/CD18) expression was observed in neutrophils and monocytes, suggesting cell 
activation and inflammation (Table 8). 

Table 8. T-regulatory cells and Mac-1 integrin (CD11b/CD18) expression in 
leukocytes 

Parameters  LPG-using control Biomass users 

CD4+CD25+ Treg cells (%) 2.8 ± 0.7 4.7 ± 1.8* 
CD11b Neutrophil (MFI) 583 ± 51 803 ± 76* 
CD11b Monocyte (MFI) 667 ± 44 889 ± 89* 
CD18 Neutrophil (MFI) 201 ± 31 313 ± 35* 
CD18 Monocyte (MFI) 174 ± 26 253 ± 30* 
Results are expressed as mean± SD; *, p<0.05 compared with control 

Concentrations of pro-inflammatory cytokines  

Chronic exposure to biomass smoke resulted in a 2.0-, 3.3-, 8.6- and 2.4-fold increase in 
TNF- , IL-8, IL-6 and CRP amongst biomass users compared to LPG users (Table 9). In 
addition, 32% increase was found in the level of anti-inflammatory cytokine IL-10, and 
serum IgE level was doubled in biomass-using women.  Rise in plasma IL-6 levels was 
significantly correlated to the serum levels of CRP (rho=0.893, p<0.01). Though similar 
correlation was not found between plasma levels of TNF-  and IL-8, but the levels were 
significantly higher in case of those exposed chronically exposed to biomass smoke 



compared to LPG-users. Strong odds were revealed for biomass smoke exposure to 
TNF-  [OR = 1.3, 95% CI: 1.1-4.1), IL-8 (OR = 1.9, 95% CI: 1.4-3.7], IL-6 [OR = 5.4, 95% 
CI: 1.6-10.3), and to CRP [OR = 1.7, 95% CI: 1.3-4.5). 

Table 9. Levels of pro- and anti-inflammatory mediators in peripheral blood 

Parameters  LPG-using control Biomass users 

CRP (μg/ml) 4.6 ± 0.9 11.3 ± 1.2* 
IL-6 (pg/ml) 5.3  ± 1.1 45.4 ± 3.7* 
IL-8 (pg/ml) 8.2 ±2.6 26.8 ±  5.4* 
IL-10 (pg/ml) 13.4 ± 6.1 17.7 ± 9.0 
IL-12 (pg/ml) 43.3 ± 9.7 57.3 ± 11.9 
TNF-alpha (pg/ml) 11.3 ± 3.2 23.2 ± 1.1* 
sPECAM-1 (ng/ml) 27.8 ± 2.5 34.8 ± 3.7 
Total IgE (U/ml) 152.5 ± 42.0 329.1 ± 31.9* 
Nitric oxide (μM) 28.7 ± 2.2 37.5 ± 2.4 
oxLDL (U/L) 47.4 ± 8.2 160.9 ± 31.7 
*, p<0.05compared with control 

ROS and SOD levels 

Flow cytometric assessment showed a significant rise in ROS generation in circulating 
leukocytes of biomass users (Table 10). The MFI of DCF was increased from a median of 
667.0 (range 433.5-890.0) in LPG users to 988.7 (range 552.0-1258.0) in biomass users, 
implying 48.2% increase in ROS generation in the latter group. Despite rise in ROS 
generation, however, the level of SOD in erythrocytes of biomass using women was 
17.3% lower than that of LPG users. In essence, the results showed generation of 
oxidative stress among biomass users. 

Table 10: Oxidative stress in association with biomass fuel use 

Parameters LPG users Biomass users 

ROS generation (MFI)   
Mean ± SD 661.7+148.7 951.3+263.9* 
Median 667.0 988.7** 
Range 433.5-890.0 552.0-1258.0 

Erythrocyte SOD (U/ml)   
Mean ± SD 698.0+91.5 603.8+122.8* 
Median 722.4 597.3** 
Range 538.6-794.0 425.4-772.7 

*p<0.05 as compared to control in Student’s t-test; **p<0.05 in Mann-Whitney 
U test 



CHAPTER 4CHAPTER 4 

Impact of Biomass Fuel Use on Menstrual Cycle 
and Reproductive Outcome 

Introduction

The female reproductive cycle is a sensitive hormone-synchronized process controlling 
fertility and related reproductive outcomes. As menstrual patterns are often influenced 
by a number of host and environmental characteristics, factors that perturb 
menstruation may increase a woman’s risk of other reproductive disorders including 
cancer (Harlow et al. 1995; Mishra et al. 2000). Since biomass and tobacco smoke share a 
long list of potentially toxic components, some changes in reproductive health of the 
biomass smoke-exposed women may be envisaged. Recent studies have associated 
active maternal smoking and/or exposure to environmental tobacco smoke (ETS) with a 
significant increase in the risk of first tri-semester miscarriages, reduced birth-weight of 
infants, preterm births, intrauterine fetal growth retardation and decreased fetal head 
circumference in pregnant females (Lipfert et al. 2000, Gilboa et al. 2005, Lacasan et al.
2005, Boy et al. 2002). Cigarette smoke is also implicated in the increased incidence of 
various menstrual cycle abnormalities including dysmenorrhea in premenopausal 
women (Mavalankar et al. 1991, Mishra et al. 2004). Moreover, maternal exposure to 
ambient air pollution increases the risk of various adverse pregnancy outcomes 
including selected cardiac defects and oral cleft formation in the growing fetus resulting 
in early childhood defects (Kristensen et al. 1997, Farr et al. 2004, Mishra et al. 2005).  

Compared with tobacco smoke, however, little is known about the impact of biomass 
smoke exposures on the reproductive system of women of childbearing age who 
perform most of the cooking tasks. Recent studies have associated maternal exposure to 
biomass smoke during daily household cooking and reduced infant birth weight 
(Arbuckle et al. 2001, Ozbay et al. 2001). There are only two studies till date that have 
reported an association between cooking with biomass fuels during pregnancy and 
stillbirths (Bean et al. 1979, Cooper et al. 1996). Against this background, we have 
investigated the effects of cumulative biomass smoke exposures on menstrual cycle 
characteristics and reproductive outcome in a group of premenopausal women from 
eastern India who cooked exclusively with dung cake, wood and agricultural wastes for 
the past five years or more and compared the findings with a group of age-matched 
control women from similar neighborhood who used relatively cleaner fuel liquid 
petroleum gas (LPG) for domestic cooking. 



Study protocol

Collection of menstrual cycle data 

The impact of chronic exposure to smoke from biomass burning during household 
cooking on five menstrual cycle characteristics viz. i. short cycles, ii. long cycles 
(oligomenorrhea), iii. irregular cycles, iv. missed periods, and v. intermenstrual 
bleeding were evaluated by self-reporting questionnaire through personal interview by 
the trained female members of the research team following the protocol of Farr et al.
(2004).  In brief, the first three characteristics of menstrual cycle were ascertained from 
the participants’ answers to the question about the average length of menstrual cycle in 
the past 12 months. Responses like ‘24 days or less’ was categorized as short cycle, 
‘more than or equal to 36 days’ as long cycles, and ‘too irregular to say’ were 
characterized as irregular cycles.  If the answer to the question ‘ during the past 12 
months, did you ever go for 6 weeks or more without a menstrual period, excluding the 
period when you were pregnant, breastfeeding, or using birth control pills’ is yes, then 
it was categorized as missed period. Intermenstrual bleeding was recorded when 
bleeding or spotting was present between periods in the last 12 months. Women whose 
cycles lasted 25-35 days composed the comparison group for the analyses of short, long, 
and irregular cycles.  

Collection of data on reproductive outcomes 

Self-reported data on spontaneous abortion and frequency of abortion were collected 
after personal interview by female members of the research team following guidelines 
of Kristensen et al. (1997) and Arbuckle et al. (2001). Enrolled women were asked to 
recall all their pregnancies and the number of weeks she was pregnant were calculated 
on basis of her last menstrual period. Gestational age during spontaneous abortion and 
its frequency were noted and classified into subgroups of <12 weeks and 12-19 weeks of 
gestation to determine incidence of early and late- term abortions.  Stillbirth was 
defined as the birth of an infant that showed no sign of life after 27 gestational weeks 
and/or a birth weight of 1000g [28]. Birth weight of the newborn was obtained from 
the mother asking her to recall her last live delivery. The data were stratified into 
<2,500g (low), 2,500-3,500g (normal) and >3,500g (overweight) for further analysis. 

Assay of reproductive hormones in serum by ELISA 

Blood in the no-additive vacutainer was allowed to clot and serum was collected. 
Enzyme-Linked Immunosorbent Assay (ELISA) was used for measurement of the 
reproductive hormones viz. Luteinizing hormone (LH), follicle stimulating hormone 
(FSH), 17-OH-Progesterone, 17beta-Estradiol and prolactin in serum. The following 
ELISA kits of IBL, Hamburg, Germany were used. i) LH- kit # RE52101 with lowest 
detection level of 1.27mIU/ml, ii) FSH- kit # RE52121 with lowest detection level of 
0.856mIU/ml, iii) 17-OH-Progesterone- kit # RE52071 with lowest detection level of 0.03 
ng/ml, iv) 17beta-Estradiol- kit # RE52041 with lowest detection level of 9.714 pg/ml, 
and v) Prolactin- kit # RE52131 with lowest detection level of 0.35 ng/ml. The assays 
were performed following procedures recommended by the manufacturers. 



Serum anti-cardiolipin antibodies (aCL) IgG and IgM 

Serum aCL IgG and IgM were measured in by ELISA using commercially available kit 
(The Binding Site Ltd, Birmingham, UK; kit # MK 071) with a lowest detection limit of 1 
GPL U/ml for IgG and 0.6 MPL U/ml for IgM. The cut off values for aCL IgG was set at 
10 IU/ml and 15 IU/ml for IgM based on 99th percentile value of our earlier study on 
100 pre-menopausal normal women which conforms with the report of Türko lu et al.
(2008). 

Statistical analysis 

All data are expressed as mean  standard deviation.  The collected data were processed 
and analyzed in EPI info 6.0 and SPSS (Statistical Package for Social Sciences) 10.0 
software (SPSS Inc., Chicago, Il, USA) Logistic regression analysis using generalized 
estimating equations (GEEs) was used to examine the relationship between measured 
outcome and possible confounders such as PM10 levels. Spearman’s rank test for 
continuous variables and Chi-square test for categorical variables were done. P<0.05 
was considered as significant. 

Results

A. Changes in menstrual cycle

1. Age of menarche: one year later in girls from biomass-using households 

Age of beginning of menstruation in a girl’s life is called menarche. In biomass using 
families it ranged between 9 and 16 years with a median of 13 yr. In contrast, the age of 
menarche in girls from LPG-using households ranged between 9-14 years, with a 
median of 12 years (Fig. 5). The difference in median age of menarche in biomass-and 
LPG-using households, however, was not statistically significant (p>0.05).    

2. Age of menopause: one year earlier in biomass users 

In LPG-users, menopause i.e. permanent stoppage of menstruation sets in at a median 
age of 45 years with a range of 37-48 years. Biomass users had median age of 
menopause at 44 year, one year earlier than their neighbors who used to cook with LPG 
(Fig. 5). Besides, they had a range of 36 to 47 years which was one year earlier in lower 
and upper limit. However, the difference in median age of menopause in biomass-and 
LPG-using households was not statistically significant (p>0.05).  



Figure 5. Comparison of the median age of menarche and menopause between biomass- and 
LPG-using women of rural West Bengal. In biomass users, the median age of 
menarche was a year more, while the age of menopause was a year less. It implies a 
shorter reproductive life in women who used to cook with highly polluting biomass 
fuel.

3.  Prevalence of abnormal menstrual cycle: high among biomass users  

Self-declared information on reproductive health revealed normal menstrual cycle 
length (28 ± 2 days) in 714 out of 1095 women (65.2%) who used to cook with biomass 
fuel. The remaining 381 biomass using women who participated in this study (34.8% of 
total) had abnormal menstrual cycle length. In contrast, only 74 out of 509 LPG-using 
control women (14.5%) had abnormal cycle and 85.5% had normal menstrual cycle (Fig. 
6).

Figure 6.  Prevalence (%) of abnormal menstrual cycle in rural women of West Bengal who cook 
regularly either with highly polluting biomass (wood, dung, agricultural wastes) or 
cleaner fuel LPG. Note more than 2-fold higher prevalence of abnormal menstrual 
cycle among biomass-users. 
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4. Type of abnormality in menstrual cycle 

a. Short menstrual cycle length (  24 days) 

A total number of 83 (7.6%) biomass using women had cycle length of less than 24 days 
instead of a normal of 28 days. Accordingly they were categorized in short cycle group. 
Among LPG-using control women, the prevalence of short cycle was 3.3% (17/509) 
(Fig.7). Thus, biomass users had 2.3-times more instances of short menstrual cycle, and 
the difference was highly significant (p<0.001). 

Figure 7.  Prevalence (%) of short (  24 days) and long ( 36 days) menstrual cycle in biomass 
and LPG-using women. Note significantly higher prevalence of short and long 
menstrual cycle among biomass-users. 

b. Long menstrual cycle ( 36 days) 

Cycle length of 36 days or more was reported by 78 biomass- (7.1%) and 21 LPG-using 
(4.1%) women, and the difference in long cycle prevalence between these two groups 
was highly significant (p<0.001) (Fig.7). 

c. Missed period for more than 6 weeks 

This abnormality was observed in 5.4% biomass-using 2.6% LPG-using women enrolled 
in this study, and the difference between these two groups in this regard was highly 
significant (p<0.001). 

d. Intermenstrual bleeding 

Bleeding between two menstrual cycles was reported by 3.1% biomass- and 1.2% LPG-
users, and the difference was significant. 

e. Too irregular cycle 

Highly irregular menstrual cycle was reported by 11.6% biomass-using and 3.3% LPG-
using women of this study (Fig.8). Thus, women who used to cook with biomass had 
3.5-times more risk of having highly irregular menstrual cycle (p<0.001). 
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Figure 8. Comparison of the prevalence (%) of ‘too irregular’ menstrual cycle in biomass- and 
LPG-using women of rural West Bengal. Note 3-fold higher prevalence of too 
irregular cycle among biomass-users.

Table 11: Changes in menstrual cycle characteristics among biomass and LPG 
using women 

Menstrual cycle length LPG-using control Biomass user 

Normal (25-36 days) 85.5 65.2* 
Abnormal 14.5 34.8* 

Short cycle (  24 days) 3.3 7.6* 
Long cycle (37-42 days) 4.1 7.1*
Missed period for > 6 weeks 2.6 5.4* 
Intermenstrual bleeding 1.2 3.1*
Too irregular cycle 3.3 11.6* 

Results are expressed as percentage of individuals; 
*,p<0.05 compared with control women in Chi-square test 

5. Cycle abnormalities: younger women are more vulnerable 

We did not find any significant change in the prevalence of abnormal menstrual cycle in 
biomass-using women having 10 yr, 20 yr or more lifetime exposure to biomass smoke. 
In fact, a lower prevalence of abnormal cycle was found in women with longest 
duration of exposure (Table 12a). Long cycle was significantly more prevalent in up to 
10 yr cooking with biomass and short cycle was more prevalent in up to 20 yr of 
exposure than that of more than 20 years. In essence, younger women are more 
vulnerable to biomass fuel use-related changes in menstrual cycle. 
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Table 12a. Relationship between exposure-years to biomass smoke and 
menstrual cycle abnormalities 

Exposure-years Long cycle Short cycle Too irregular 
and others 

Total
abnormal

cycle 
Up to 10 yr  9.7* 7.1 19.9 36.7 
10-20 yr  6.3 11.0* 19.4 36.7 
>20 yr  4.4 3.8 21.3 29.5 
Overall 7.1 7.6 20.1 34.8 
*p<0.05 in Chi-square test compared with other exposure groups 

6. Prevalence of leucorrhea: more among biomass users 

About 43% biomass-using women (469 out of 1095) of this study reported leucorrhea, 
against 88 (17.3%) of LPG-users (p<0.001; Fig. 9a). 

Figure 9a. Comparison of the prevalence (%) of leucorrhea between biomass- and LPG-using 
women. Note 2.5-fold higher prevalence of leucorrhea among biomass-users.

6. Leucorrhea increases the prevalence of short menstrual cycle length 

Comparison of menstrual cycle characteristics between women with or without 
leucorrhea is presented in Table 12b.  It is evident that women who had leucorrhea 
suffered 3-times more from short menstrual cycle, compared with women who did not 
have leucorrhea (Fig.  9b). 
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Figure 9b. Prevalence (%) of short menstrual cycle in biomass-using women with or without 
leucorrhea. Note 3-fold higher prevalence of short cycle among women having 
leucorrhea. 

Table 12b. Menstrual cycle in relation to leucorrhea  

Biomass-using women 
With  leucorrhea 

(n = 469) 
Without 
(n = 626) 

Abnormal cycle, number (% of total women) 174 (37.1) 267(42.7)* 
Short cycle, number (%) 51 (10.9) 64 (10.2) 
Long cycle, number (%) 46 (9.8) 60 (9.6) 
Missed period for >6 wk, number (%) 6 (1.3) 13 (2.1)* 
Intermenstrual bleeding, number (%) 3 (0.6) 22 (3.5)* 
Too irregular, number (%) 68 (14.5) 108 (17.3) 

*, p<0.05compared with those without leucorrhea in Chi-square test 

7. Use of sanitary napkins: negligible among biomass users 

Only 3.5% biomass users regularly use sanitary napkins for absorption of menstrual 
bleeding, others used pieces of old cotton sari that are not usually sterile. In LPG user 
group, 14.7% used sanitary napkins and the rest used old cotton clothes.  
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Figure 10. Comparison of the practice of using sanitary napkins during menstrual bleeding 
among biomass and LPG-using women of rural West Bengal. Note only 3.5% 
biomass-using women had the habit of using disposable sanitary napkins against 
14.7% of LPG-using women of same locality (p<0.0001) and the remaining women 
were still dependent on home-made napkins, usually old clothes that are seldom 
sterile. 

B. Changes in reproductive outcome

1. Age of marriage: lower among biomass users 

The median age of marriage in case of biomass users was 16 years with a range of 10 to 
23 years. Among LPG users, the median age of marriage was 18 years with a range of 
15-25 years. It implies that child marriage is still prevalent in the study areas, especially 
among poor, biomass-using families. 

2. Age at first pregnancy: lower in biomass using women 

The median age of first pregnancy in case of biomass users was 18 years with a range of 
15 to 25 years. In LPG users the median age first pregnancy was 20 years with a range of 
17-28 years. The results testify that a substantial number of girls experience motherhood 
at their teens, even in relatively well off LPG-using families. 

3. Prevalence of infertility: more in women who used to cook with biomass 

Among the biomass users, 967 (88.3%) married women conceived at least once, whereas 
128 women (11.7%) failed to do so even after 3-22 years of their marriage. In LPG users, 
488 (95.9%) women did conceive and remaining 21 women (4.1%) failed to conceive 
after 4-20 years of marriage (Fig. 11). 
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Figure 11. Comparative study of the prevalence (%) of failure to conceive after 3-22 years of 
marriage among biomass- and LPG-using women of rural West Bengal. Note 3.5-
times more instances of infertility among biomass-using women compared with their 
age-matched neighbors who used to cook with LPG (p<0.001). 

Age-wise distribution of women who failed to conceive 

Among 128 biomass users who failed to conceive, 55 women (43% of non-conceived 
group) were in 20-30 years of age, 31 women (24.2%) were in 31-40 years of age and 
remaining 42 women (32.8%) were more than 40 years of age (Table 13).  

Table 13: Reproductive failure and success data of women who used to cook with 
biomass or LPG 

Parameter LPG users Biomass users 

Total participants 509 1095 
Women failed to conceive after 3-22 yr of marriage 21 (4.1) 128 (11.7)* 
Age-wise distribution (number and %)   

20-30 yr 6 (1.2) 55 (5.0)* 
31-40 yr 10 (2.0) 31 (2.8) 
40+ yr 5 (1.0) 42 (3.8)* 

* p<0.05 in Chi-square test compared with LPG-users 

4. Prevalence of spontaneous abortion: 3-times higher in biomass users  

Among the 967 biomass-using women who conceived, 220 women (22.8%) experienced 
spontaneous abortion.  In contrast, 34 of 488 LPG using women (7%) had spontaneous 
abortion (p<0.001, Table 14). The number of aborted pregnancies in biomass users was 
270 which were 12.1% of total pregnancies. In LPG users, there were 39 aborted 
pregnancies which were 3.6% of all pregnancies recorded in these women. In essence, 
women who cooked with biomass had 3-times more instances of spontaneous abortion 
(12.1 vs. 3.6% of total pregnancies, p<0.001, Fig. 12, 13). 
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Table 14: Prevalence of spontaneous abortion among premenopausal women of 
rural West Bengal who cook with either biomass fuel or LPG 

Spontaneous abortion LPG users Biomass
users 

Total participants 509 1095 
Women with child, number (%) 485 (95.3) 956 (87.3)* 
Number of children, median (range) 2 (0-6) 2 (0-9) 
Conceived at least once, number (%)  488  (95.9) 967 (88.3)* 
Conceived but having no children, number (%) 3 (0.6) 11 (1.0)* 
Total number of pregnancies 1093 2227 
Spontaneously aborted pregnancies, number (%) 39 (3.6) 270 (12.1)* 
Number of women (%) who experienced  spontaneous abortion 34 (6.9) 220 (22.7)* 
Number of abortions occurred in a woman’s life   

Once, number (% of women who  conceived)   29 (5.9) 176 (18.2)* 
Twice, number (%) 5 (1.0) 40 (4.1)* 
Thrice, number (% ) 0 2 (0.2) 
4-times, number (% ) 0 2 (0.2) 

* p<0.05 in Chi-square test compared with LPG-users 

Figure 12. Prevalence (%) of 
spontaneous abortion among 
biomass and LPG-using 
women of rural West Bengal. 
Note more than one-fifth of 
biomass-using women had 
experienced spontaneous 
abortion in their reproductive 
life compared with only 7% 
of LPG users (p<0.001). 

Figure 13. Comparison of 
the prevalence (%) of 
spontaneous abortion in 
relation to total number of 
pregnancies among 
biomass- and LPG-using 
women of West Bengal. 
While only 3.6% of total 
pregnancies were aborted in 
LPG-using women,  as high 
as 12.1% of pregnancies 
were spontaneously aborted 
in women who cooked 
exclusively with wood, dung 
and crop residues (p<0.001).  
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Among 220 biomass-using women who experienced spontaneous abortion, 176 (80% of 
women who experienced abortion) experienced once, 40 women (18%) experienced 
twice, 2 (1%) had thrice and another 2 women (1%) experienced 4-times in their lives. 

 5. Stillbirth: 5-times more in biomass users 

Dead baby was delivered by 33 biomass-using women out of 967 women (3.4%) who 
conceived. In contrast, 3 out of 488 LPG using women who conceived (0.6%) had still 
birth (Fig. 14, Table 15). 

Figure 14. Comparison of the prevalence (%) of stillbirth among biomass- and LPG-using 
women of West Bengal. Note 5.7-times greater prevalence of stillbirth in women 
chronically exposed to biomass smoke. 

6. Preterm baby 

Seventeen children out of a total of 1957 live deliveries (0.9%) were preterm in biomass 
using women. In LPG-using women the prevalence of delivery of preterm baby was 
0.6% of total live deliveries (Table 15). 

7. Underweight baby 

One hundred and seventeen biomass-using women out of a total of 956 (12.2%) having 
children delivered underweight baby having a body weight of less than 2500 gram 
(Table 15). In contrast, 32 out of 485 LPG-using women having children (6.6%) reported 
delivery of underweight baby (Fig. 15). 
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Figure 15. Comparison of the prevalence (%) of underweight baby (body weight less than 2.5 kg 
at delivery) among biomass- and LPG-using women of West Bengal. Note almost 
doubling of the instances of low birth weight baby among biomass users. 

Table 15: Prevalence of preterm and underweight baby among biomass- and LPG-
using women of rural West Bengal 

LPG users 
(n= 509) 

Biomass users 
(n=1095) 

Total pregnancies 1093 2227 
Spontaneous abortion, number (% of total pregnancies) 39 (3.6) 270 (12.1)* 
Stillbirth, number (% of total pregnancies) 5 (0.4) 33 (1.5)* 
Live births, number (% of total pregnancies) 1049 (96.0) 1967 (88.3)* 
Preterm baby, number (% of total live births) 6 (0.6) 17 (0.9) 
Underweight  baby, number (% of total live births) 32 (3.0) 217 (11.0)* 
*, p<0.05 in Chi-square test 

8. Association between menstrual cycle abnormalities and adverse reproductive outcome  

Menstrual cycle abnormalities in biomass users were associated with adverse 
reproductive outcome in these women. For instance, the prevalence of spontaneous 
abortion was more in women having short, long or too irregular cycle, particularly in 
the last category, when compared with women having normal cycle (p<0.05; Table 16). 
Similarly, underweight baby was 2-times more prevalent in women having too irregular 
cycle. 

Table 16. Reproductive outcome in biomass fuel users in relation to menstrual 
cycle abnormalities 

Biomass users with different cycle length 
Normal 

(n = 662) 
Short

(n = 113) 
Long 

(n =103) 
Too irregular and 
others (n = 217) 

Spontaneous abortion (%) 16.5 23.0* 23.3* 28.1* 
Underweight baby (%)  8.8 10.6 13.6* 15.2* 
*, p<0.05 compared with women having normal menstrual cycle in Chi-square test 
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9. Association between leucorrhea and adverse reproductive outcome  

Biomass using women having leucorrhea had higher prevalence of spontaneous 
abortion, stillbirth, and congenital defects of the baby, but lower frequency of preterm 
baby (Table 17). 

Table 17. Reproductive outcome in relation to leucorrhea

Normal 
(n = 626) 

With
Leucorrhea 

(n = 469) 
Issueless (% of total women) 12.0 9.8 
Spontaneous abortion (%) 16.6 18.8 

Once 12.6 15.6* 
Twice or more 4.0 3.2

Stillbirth (%) 2.2 3.0* 
Preterm baby (%) 0.8 0.4*
Low birth weight (%) 6.4 7.2 
Congenital defects (%) 0.3 0.6*
*, p<0.05 compared with normal in Chi-square test 

10. Levels of reproductive hormones in serum 

Biomass users had raised LH 

Compared with LPG using control women, biomass-using women had 3-times higher 
concentration of luteinizing hormone (LH) in serum in both pre- and postovulatory 
phases (Table 18, Fig. 16). 

No change in FSH 

There was no discernible change in follicle stimulating hormone (FSH) among biomass 
and LPG users (Table 18).  

Figure 16. Comparison of serum luteinizing hormone (LH) level during preovulatory period 
between biomass- and LPG-using rural women of West Bengal. Note significantly 
elevated LH level among biomass users. 
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Reduced level of estrogen 

More than 50% reduction in serum estrogen (17-beta-estradiol) concentration was 
recorded both in pre- and post-ovulatory phases in women who used to cook with 
biomass (Table 18, Fig. 17). 

Figure 17. Comparison of serum 17-beta-estradiol level during preovulatory period between 
biomass- and LPG-using rural women of West Bengal. Note reduced hormone level 
among biomass users. 

Reduced progesterone level in postovulatory phase  

Serum progesterone level of biomass users was marginally higher in pre-ovulatory 
phase but 54% lower than the control level in postovulatory phase. 

Marked elevation in serum prolactin 

Serum prolactin level of biomass-using women was 6-times higher in pre- and 
postovulatory phase when compared with that of control (Table 18, Fig. 18).   

Figure 18. Comparison of serum prolactin level during preovulatory period between biomass- 
and LPG-using rural women of West Bengal. Note about 6-fold rise in prolactin level 
among biomass users. 
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Serum cortisol level 

Serum cortisol level of biomass users was 20% lower in pre-ovulatory phase (p<0.05) 
but it was normal in postovulatory phase. 

Table 18: Changes in the concentrations of reproductive hormones in serum of 
women who used to cook with biomass fuels 

Parameters LPG users Biomass users 

LH (mIU/ml) 
Pre-ovulatory 19.9 ± 7.6 66.9 ± 34.2* 
Postovulatory 11.6 ± 5.4 37.9 ± 18.5* 

FSH (mIU/ml) 
Pre-ovulatory 8.3 ± 2.3 10.1 ± 5.8 
Postovulatory 8.9 ± 2.6 8.4 ± 6.4 

17-beta-estradiol (pg/ml) 
Pre-ovulatory 178.5 ±  21.9 85.9 ± 37.1* 
Postovulatory 202.6 ± 33.4 104.3 ± 57.4* 

Prolactin (ng/ml) 
Pre-ovulatory 17.3 ± 5.7 97.4 ± 51.8* 
Postovulatory 12.6 ± 5.2 72.1 ± 33.4* 

17-OH-Progesterone (ng/ml) 
Pre-ovulatory 1.2 ± 0.8 1.5 ± 0.8 
Postovulatory 4.6 ± 1.7 2.1 ± 1.3* 

Cortisol (ng/ml)  
Pre-ovulatory 55.4 ±  9.8 44.2 ± 24.1* 
Postovulatory 62.4 ± 28.3 63.5 ± 26.7 

   Results expressed as mean ± SD; *, p<0.05 compared with corresponding values of LPG users 

11. Reproductive hormones in relation to menstrual cycle alterations 

Biomass using women with abnormal menstrual cycle had significantly elevated LH 
and progesterone levels and reduced estrogen level compared with those having 
normal menstrual cycle (Table 19). 

Table 19. Changes in reproductive hormones among biomass users in relation to 
menstrual cycle. The results are represented as median values with 
range in parentheses 

Biomass users with 
Normal cycle 

(n = 662) 
Abnormal cycle 

(n = 433) 
LH (mIU/ml) 18 (2.8- 34.8) 51.5 (4.8-71.5)* 
FSH (mIU/ml) 4.8 (0.8-17.6) 5.0 (0.8-20.0) 
17-beta-estradiol (pg/ml) 88 (11.5- 337.8) 64.5 (6.5-231.7)* 
Progesterone (ng/ml) 0.6 (0.1- 2.6) 1.5 (0.2- 6.0)* 
Prolactin (ng/ml) 25.4 (2.8- 41.5) 28.5 (2.3-46.8) 
Cortisol (ng/ml) 64.7 (36.8-310.5) 59.5 (30.2-198.3) 
*, p<0.05 compared with biomass-using women having normal menstrual cycle in Chi-square test 



12. Higher levels of aCL igG and IgM among biomass users 

aCL IgG was positive (above the cut off level of  10 GPL ) in 28.8% of biomass- and 2.1% 
in LPG-users. In case of aCL IgM, the positive (above cut off value of <15 MPL) was 
8.5% in biomass and none in LPG-users. The degree of increment in aCL level was mild 
(10-20 GPL) in all the cases. 

Elevated serum aCL IgG in biomass-using women with successive miscarriages 

Among biomass users, spontaneous abortion as such was not associated with elevated 
IgG because 19.1% of women with elevated IgG suffered abortion compared with 23.3% 
of women below the cut off level. However, women with normal IgG level suffered 
miscarriages once in their lives, whereas twice or more successive abortions were found 
in 75% of women with elevated aCL IgG. In essence, women with elevated serum level 
of anti-cardiolipin IgG antibody had greater risk of two or more successive 
miscarriages. Moreover, elevated IgG showed positive association with stillbirth (in 
9.5% women with elevated IgG versus none in women having normal aCL IgG level), 
and congenital defect in baby (4.7% in elevated aCL IgG but none in biomass-using 
women with normal IgG level). 



CHAPTER 5CHAPTER 5 

Neurobehavioral Problems among 
Biomass-Using Women

Introduction

Smoke emitted from biomass burning   contains thousands of chemical agents, some of 
which are neurotoxic. Therefore it is possible that cumulative exposure may result in 
neurological problems affecting the behavior. To test this hypothesis, the prevalence of 
neurobehavioral problems among the biomass users has been ascertained by 
questionnaire survey. In addition, plasma catecholamines (CA) have been measured in 
order to explain the underlying mechanism of neurobehavioral alterations, if any. 

Study protocol

Questionnaire survey for neurobehavioral problems 

A neurobehavioral symptom questionnaire, adopted from the subjective symptom 
questionnaire accompanying the World Health Organization Neurobehavioral Core 
Test Battery (WHO, 1986), Wechsler’s memory scale (Wechsler, 1945) and 21-item Beck 
depression inventory (Beck et al. 1961) was administered to them.  

Detection of depression by BDI scoring 

The Beck’s depression inventory (BDI) includes 21 parameters- sadness, pessimism, 
sense of failure, dissatisfaction, guilt, expectation of punishment, dislike of self, self-
accusation, suicidal ideation, episodes of crying, irritability, social withdrawal, 
indecisiveness, change in body image, retardation, insomnia, fatigability, loss of 
appetite, loss of weight, somatic preoccupation, and low level of energy. 

Scoring

Highest score on response to each question related to the above parameters was 3. A 
total score of up to 9 indicates absence of depression (normal); a score of 10-18 was 
indicative of mild to moderate depression; a score of 19-29 suggests moderate to severe 
depression; and a score of 30-63 was recognized as severe depression (Beck et al. 1961). 



BDI score Indication 

Up to 9 Normal 
10-18 Mild to moderate depression 
19-29 Moderate to severe depression 
30-63 Severe depression 

Detection of other neurobehavioral symptoms 

Other neurobehavioral symptoms listed below were detected by questionnaire survey: 

1. Burning sensation in extremities: Feeling of burn in distal and terminal portions of 
the body such as hand and foot  

2. Tingling: Repetitive moving pin prick-like sensation   

3. Numbness: temporary loss of sensation,  

4. Vertigo: An illusionary sensation that the body or surrounding environment is 
revolving), and 

5. Dizziness: Sensation of unsteadiness with a feeling of movement within the head, 
giddiness.  

Scoring

A five-point rating scale using simple and clear words like ‘never’, ‘rarely’, ‘sometimes’, 
‘frequently’ and ‘very frequently’ was used in the questionnaire to elicit a better 
response for these symptoms.  Afterwards, answers like ‘never’ and ‘rarely’ were 
considered as absence of that symptom, while responses like ‘sometimes’ frequently’ 
and very frequently’ were recognized as having such symptoms. 

Measurement of plasma catecholamines and serotonin  

The concentrations of dopamine (DA), epinephrine (adrenalin, E), and norepinephrine 
(noradrenalin, NE) in blood plasma, and plasma and intraplatelet serotonin were 
measured by Enzyme-Linked Immunosorbent Assay (ELISA) using commercially 
available kits of IBL, Hamburg, Germany [DA, E and NE: kit # RE59395 with lowest 
detection level of 4 pg/ml for DA, 10 pg/ml for E and 20 pg/ml for NE; Serotonin: kit # 
RE59121 with lowest detection level of 0.47 ng/ml in plasma].  

Statistical analysis 

All data are expressed as mean  standard deviation.  The collected data were processed 
and analyzed in EPI info 6.0 and SPSS (Statistical Package for Social Sciences) 10.0 
software (SPSS Inc., Chicago, Il, USA) Logistic regression analysis using generalized 
estimating equations (GEEs) was used to examine the relationship between measured 
outcome and possible confounders such as PM10 levels. Spearman’s rank test for 



continuous variables and Chi-square test for categorical variables were done. P<0.05 
was considered as significant. 

Results

Greater prevalence of depression and other neurobehavioral symptoms among biomass-using 
women

Depression was evaluated by 21-questions Beck Depression Inventory (BDI). The 
responses of biomass-using women of this study to each of the 21 questions are 
presented in Table 20. 

Table 20. Response to Beck’s depression inventory (BDI) 

Symptom Yes No 

1. Sadness 854 (78.0) 241 (22.0) 
2. Pessimism 761 (69.5) 334 (30.5) 
3. Sense of failure 669 (61.1) 426 (38.9)  
4. Dissatisfaction 680 (62.1) 415 (37.9) 
5. Guilt 474 (43.3) 621 (56.7) 
6. Feeling punishment 431 (39.4) 664 (60.6) 
7. Dislike of self 385 (35.2) 710 (64.8) 
8. Accusation 260 (23.7) 835 (76.3)  
9. Suicidal 53 (48.0) 1042 (95.2) 
10. Crying 828 (75.6) 267 (24.4) 
11. Irritability 721 (65.8) 374 (34.2) 
12. Withdrawal 308 (28.1) 787 (71.9) 
13. Indecisiveness 313 (28.6) 782 (71.4) 
14. Change in body image 210 (19.2) 885 (80.8)  
15. Retardation 308 (28.1) 787 (71.9) 
16. Insomnia 571 (52.1) 524 (47.9) 
17. Fatigue 638 (58.3) 457 (41.7) 
18. Loss of appetite 579 (52.9) 516 (47.1) 
19. Loss of weight 450 (41.1) 645 (58.9) 
20. Preoccupation 630 (57.5) 465 (42.5) 
21. Low in energy 623 (56.9) 472 (43.1) 

Compared with 29.1% of LPG-using women having depression (BDI score 10), 
664/1095 (60.6%) biomass-users had depression (Fig. 19, Table 21).  



Figure 19. Comparison of the prevalence (%) of depression between LPG- and biomass-using 
premenopausal women of rural West Bengal. Note doubling of depression prevalence 
in women who used to cook with highly polluting biomass fuel.  

Besides the overall prevalence, the severity of depression was also much more in 
biomass-using women. For example, severe depression was present in 2.0% of biomass 
users compared with 0.4% of women who cook with LPG (p<0.05, Table 21, Fig. 20). 
Therefore, the prevalence as well as the magnitude of depression was significantly 
higher in biomass users compared with LPG-using women in childbearing age.  

Table 21. Prevalence (%) of depression among biomass fuel and LPG-using 
premenopausal women 

Depression BDI Score LPG user 
(n=509) 

Biomass user 
(n=1095) p value 

Faking good 0-4 3.1 1.5 <0.05 
Normal 5 – 9 67.8 37.9 <0.001 
Present 10 29.1 60.6 <0.001 

Mild to moderate 10 –18 21.2 41.3 <0.050 
Moderate to severe  19 –29 7.5 17.3 <0.001 
Severe  30 – 63 0.4 2.0 <0.001 

Results are expressed as percentage of individuals; BDI, 21-question Beck’s depression inventory 
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Figure 20.  A comparison of the prevalence of different grades of depression between biomass 
and LPG-using premenopausal women of rural West Bengal. Note: biomass users 
had increased prevalence of all grades of depression, relative to age-matched LPG-
using women of the same locality. 

Prevalence of other neurobehavioral symptoms: more among biomass users 

Besides depression, burning sensation in extremities, palpitation, anxiety, drunken 
feeling, inability to concentrate, transient loss of memory, reduced sense of taste and 
smell, blurred vision, and feet numbness were more prevalent in biomass users (p<0.05,
Table).

Table 22: Prevalence (%) of neurobehavioral symptoms 

Symptom LPG users 
(n=509) 

Biomass users 
(n=1095) 

Burning sensation in extremities 6.1 24.0* 
Vertigo/dizziness 10.6 9.4
Anxiety 26.5 40.5* 
Drunken feeling 6.9 18.1* 
Inability to concentrate 23.2 43.1* 
Transient loss of memory 11.2 32.5* 
Reduced sense of taste and smell 16.7 29.3* 
Numbness in feet 12.1 36.5* 
Blurred vision 8.0 32.1* 
*, p<0.05 compared with LPG-users in Chi-square test 

Among the symptoms, burning sensation in extremities (finger tips, ear lobes) and 
blurring of eyesight were 4-times higher among biomass-using women (Table 22, Fig. 
21). Similarly, numbness in feet, drunken feeling and transient loss of memory were 3-
times more prevalent in these women, relative to age-matched LPG-users. 
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Figure 21. A comparison of the prevalence of different neurobehavioral symptoms between 
biomass and LPG-using premenopausal women of rural West Bengal. 1, burning 
sensation in extremities, 2. blurred vision, 3.  drunken feeling, and 4. transient loss of 
memory, i.e. forgetfulness. 

Factors associated with depression among biomass users 

Besides indoor air pollution from biomass burning, several other factors such as age 
(OR= 4.21, 95%CI, 2.41-7.43), husband’s smoking habit (OR = 1.79, 95%CI, 1.17-2.58), 
participation in agricultural work in addition to household duties (OR = 1.82, 95%CI 
1.32-2.94) contributed to depression among biomass users. Exposure to biomass smoke 
and age were positive correlated with depression in all three tests-Pearson’s correlation, 
Spearman’s test and Kendall’s tau_b (Table 23). 

Table 23. Correlation of depression with body mass index (BMI), biomass smoke 
exposure and age 

Correlation of depression with 
Perason’s
correlation 
coefficient 

Spearman,s rho 
value Kendall’s tau_b 

BMI -0.238* -0.235* -0.163* 
Exposure to biomass smoke 0.213* 0.195* 0.135* 
Age 0.188* 0.171* 0.120* 
 Significance: p<0.01 

6.1
8 6.9

11.2

*
24

*
32.1

*
18.1

*
32.5

0

20

40

1 2 3 4

%
 in

di
vi

du
al

s

LPG

Biomass



Positive association between depression and indoor air pollution 

The LPG and biomass users differed significantly with the level of education, family 
income and kitchen location.  Controlling these variables as possible confounders, 
multivariate logistic regression analysis showed significant positive association between 
PM10 and PM2.5 levels in indoor air, particularly the latter, and the prevalence of 
depression (OR= 1.31 and 1.39; 95% CI, 1.10-1.68 and 1.16-1.97 for PM10 and  PM2.5

respectively).  

Positive association between indoor air pollution and other neurobehavioral symptoms 

PM10 and PM2.5 levels were positively associated with other symptoms such as transient 
loss of memory (OR = 1.63 and 1.92; 95% CI, 1.23-2.18 and 1.34-2.79 for PM10 and  PM2.5

respectively ), burning sensation in extremities (OR=2.31 and 2.42; 95% CI, 1.46-3.14, 
and 1.81-3.66), reduced sense of smell (OR = 1.26 and 1.56; 95% CI, 1.14-1.46 and 1.34-
2.19), drunken feeling (OR= 1.65 and 1.77, 95%CI, 1.26-2.31 and 1.33-3.12) , numbness of 
feet (OR= 1.27 and 2.18, 95%CI, 1.35-2.44 and 1.62-3.45) and blurred vision (OR = 1.87 
and 2.28; 95% CI, 1.32-2.67 and 1.47-3.14 for PM10 and  PM2.5  respectively ).  

No association between depression and spontaneous abortion 

We did not find any correlation between depression and spontaneous abortion. Overall, 
spontaneous abortion was reported by 20.2% biomass-using women. Among the 
depressed women, 20.3% had experienced miscarriage, while 20.1% normal (not 
depressed) women had miscarriages. 

Changes in blood neurotransmitter levels among biomass users 

Increase in neurobehavioral symptoms among biomass users was associated with 
alterations in plasma neurotransmitter levels. Laboratory tests of blood samples by 
ELISA demonstrated marked rise in plasma levels of epinephrine, norepinephrine, 
dopamine and concomitant fall in platelet serotonin in women who used to cook 
exclusively with biomass (Table 24, Fig.22).  

Table 24: Neurotransmitter levels in blood plasma 

Parameters LPG users Biomass
users 

Epinephrine (ng/ml) 0.8 ± 0.2 1.9 + 1.3* 
Norepinephrine(ng/ml) 2.0 ± 0.3 5.4 +1.5* 
Dopamine (ng/ml) 1.0 ± 0.3 2.40.9* 
Serotonin in plasma (ng/ml) 1.8 ± 0.3 20.6+5.4* 
Intraplatelet serotonin (ng/109/platelets) 884.3±202.5 73.6+32.0* 

Results expressed as mean± SD; *p<0.05  



Figure 22. Concentration of epinephrine (E), nor-epinephrine (NE), dopamine (DA) and serotonin 
(5-HT) in plasma of biomass and LPG-using premenopausal women of rural West 
Bengal.

Positive association between particulate pollution in indoor air and change in plasma 
neurotransmitter levels 

Controlling for age and passive smoking as possible confounders, logistic regression 
analysis showed positive association between PM10 level and the concentration of E  
(OR = 1.33; 95% CI, 1.08-1.67) and NE (OR=1.47; 95% CI, 1.10-2.12), DA (OR = 1.32, 95% 
CI 1.10-1.74), and 5-HT in plasma (OR= 5.22, 95% CI 3.37-9.44). Similarly, positive 
association was found between PM2.5 and E (OR=1.42, 95% CI 1.21-1.73), NE (1.53, 95% 
CI 1.34-1.95), DA (OR= 1.40, 95% CI, 1.12-1.89), and plasma serotonin (OR= 6.89, 95% CI 
4.22-10.76). 

Changes in plasma cholinesterase level 

Compared to control subjects, plasma acetyl cholinesterase concentration was reduced 
by 43% in biomass users (Table 25; p<0.001), suggesting depleted level of AChE in 
plasma and alteration in cholinergic neurotransmission. 

Table 25.  Plasma butyrylcholinesterase activity (U/L) in biomass- using women 

Parameter LPG users Biomass users 

Cholinesterase  activity (U/L) 3617 ±112 2970 ± 92* 

Results expressed as mean± SD; *p<0.05  
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In essence, we found significant elevation of plasma epinephrine and norepinephrine 
levels along with marked decline in plasma cholinesterase level in biomass users
compared with rural controls. The results underscore neurological changes in urban 
subjects that may, in part, explain their neurobehavioral problems. 



CHAPTER 6CHAPTER 6

Discussion

We undertook this study to assess the health impact of chronic exposure to biomass 
smoke in a group of non-smoking, premenopausal women of rural West Bengal. We 
found greater instances of lung function deficits, pulmonary and systemic 
inflammation, hypertension, altered menstrual cycle, spontaneous abortion and 
underweight baby and depression among biomass-using women.  

Biomass fuel use and cardiovascular risk

One of the objectives of this study was to investigate whether cumulative exposure to 
IAP from biomass combustion increases the risk of developing cardiovascular diseases 
in pre-menopausal women of rural India. For this, we examined the prevalence of 
hypertension and arrhythmia, the known risk factors for CVD. The study revealed 
significantly higher prevalence of hypertension and tachycardia among biomass users, 
relative to LPG-using controls. Since hypertension and tachycardia are associated with 
cardiovascular risk, a higher risk of CVD in these poor, relatively young women of 20-
40 years can be envisaged.

Dysfunction of the vascular endothelium, a common finding in case of raised blood 
pressure, could be associated with chronic exposure to biomass smoke. This assumption 
is supported by raised sP-selectin and depleted erythrocyte SOD considered as markers 
of endothelial dysfunction and vessel wall injury (de la Sierra and Larrousse 2009). 
Platelet hyperactivity, found in biomass users, is associated with enhanced risk of 
atherosclerosis and arterial thrombosis. The adhesion molecule P-selectin, expressed on 
platelet surface following platelet activation, has a prominent role in mediating cellular 
interactions among platelets, leukocytes, and endothelial cells. Its increased expression 
on platelet has been found in many laboratory and clinical situations involving platelet 
activation, leukocyte-platelet interaction and thrombosis. Soluble form of P-selectin in 
plasma is also a predictor of adverse cardiovascular events. Raised sP selectin may 
suggest high risk of atherosclerosis and arterial and venous thromboembolism (Ay et al.
2008). In an animal model, oral administration of P-sel inhibitor has been shown to 
reduce the risk of deep vein thrombosis. 

Epidemiological studies have shown correlation between exposure to particulate matter 
air pollution and an increased risk of cardiovascular morbidity and mortality. Chronic 
exposure to moderately elevated levels enhances the risk for developing a variety of 
cardiovascular diseases, including hypertension and systemic atherosclerosis. Even 
short-term exposure to PM2.5 over a few hours can trigger myocardial infarctions, 
cardiac ischemia, arrhythmias, heart failure, stroke, exacerbation of peripheral arterial 
disease, and sudden death. Review of medical records in 36 US cities has revealed that 



long-term exposure to fine particulate air pollution (PM2.5) increases the incidence of 
cardiovascular and cerebrovascular disease and death among postmenopausal women 
(Miller et al. 2007 ). The investigators have found that for every 10 μg per m3 increase in 
PM2.5 in ambient air, the risk of a cardiovascular event increases by 24% and death from 
CVD by 76% (Miller et al. 2007).   Compared to a mean of 13.5 μg/m3PM2.5 in ambient 
air in that study, biomass using households of the present study had a much higher 
PM2.5 level in indoor air (8-hr average μg/m3), implying the possibility of a significantly 
higher incidence rate of CVD among biomass users. Unfortunately, medical facilities in 
these parts of the world are still in a rudimentary condition and records are rarely 
maintained, so that we could not examine whether cumulative  exposure to IAP from 
biomass burning were associated with excess cardiovascular morbidity and mortality in 
premenopausal women of rural India. 

Although air pollution has been linked with CVD, the precise mechanism of such an 
association is currently unknown. Several pathways have been proposed that include a 
hypercoagulable state following an inflammatory response, cardiac nervous autonomic 
disequilibrium, endothelial dysfunction with blood vessel contraction and direct toxic 
impact on cardiac muscle. The effect can be direct as biomass smoke contains high 
concentrations of ultrafine particles (UFPs; particles having aerodynamic diameter of 
less than 0.1 μm) that can migrate from alveoli to the blood stream and then circulate 
throughout body (Nemmar et al. 2002). Inhaled particulate pollutants gained access to 
systemic circulation modulate vascular tone through ROS-mediated pathways and 
thereby upregulate blood pressure. Alternatively, the effect can be indirect via oxidative 
stress. Oxidative stress results from an imbalance between pro-oxidant and antioxidant 
levels that favors pro-oxidants due to excessive production of oxidants or depletion of 
antioxidants. Decline in SOD and concomitant increase in ROS generation in leukocytes 
of biomass users of this study, therefore, suggests oxidative stress. Even short-term air 
pollution exposure has been shown to aggravate hypertension through ROS-mediated 
pathways. Free radicals including ROS, when produced at a higher rate than being 
scavenged, oxidize LDL. OxLDL is an important biomarker for chronic vascular 
disease, especially for progression of atherosclerosis. Besides free radicals, transitional 
metals which are abundant in biomass smoke may cause oxidation of LDL oxidation 
either directly or via generation of ROS by monocytes. It is possible, therefore, that 
transition metal-derived oxidants or other oxidative activity generated by particles 
could oxidize LDL and this could be proatherogenic. Elevated levels of circulating 
oxLDL in biomass-using women suggest increased risk of CVD in these women, 
because oxidation of LDL is a key feature of foam cell and atheroma development. In 
addition, LDL oxidation generates lipids with platelet stimulatory properties, leading to 
platelet shape change and subsequent aggregation. Inflammation could be another 
potential contributor to platelet activation. Chronic inflammation is a recognized risk 
factor for CVD.  Bacteria, viruses and their products, fungal spores, pollen etc that are 
adsorbed on the surface of PM may cause airway or systemic inflammation and platelet 
activation.  For example, bacteria that cause infection in the airways and lung ( 
Kalvegren et al. 2003),  bacterial products such as endotoxin (Shenkman et al. 1999; 
Kuckleburg et al. 2008), and respiratory viruses (Kreutz et al. 2007) directly activate 
platelets,  and hepatitis C virus infection raises sPsel level (Ferroni et al. 2001).  

Circulating platelet-leukocyte complexes that we found in excess in biomass-using 
women relative to LPG-users enable leukocytes to be involved in hemostasis and 
thrombosis.   Platelet-leukocyte aggregates in circulation represent a prothrombotic 



condition and a risk for thrombosis, because they promote the formation of fibrin via 
induction of tissue factor expression on monocytes, and release of superoxide anion and 
production of proinflammatory cytokines from neutrophils which, in turn, augment 
platelet activation and modulate the coagulant properties of the endothelium. These 
complexes have been found in excess in autoimmune inflammatory diseases like 
antiphospholipid syndrome, systemic lupus erythromatosus and rheumatoid arthritis in 
which thrombosis is one of the most common clinical event.  In the line of these reports, 
a high risk for thrombotic diseases in biomass using women of this study can be 
envisaged. CD11b expression is positively associated with plasma markers of 
coagulation activation and endothelial perturbation. Monocyte recruitment is a crucial 
step in the development of atherosclerosis. It involves entry of blood monocytes into the 
subendothelial space following initial rolling and firm adhesion and subsequent 
transmigration through the endothelium.  The process is largely dependent on the 
interaction of monocyte CD11b and intercellular adhesion molecule in endothelial 
cells.

Biomass smoke, oxidized LDL, and cardiovascular risk 

Oxidized low density lipoprotein (oxLDL) is a key factor in the pathogenesis of 
atherosclerosis and its thrombotic complications, such as stroke and myocardial 
infarction (Siess et al. 1999). Oxidation of LDL generates pro-inflammatory and pro-
thrombotic mediators that play a crucial role in cardiovascular and inflammatory 
diseases (Siess 2006). LDL oxidation generates lipids with platelet stimulatory 
properties such as lysophosphatidylcholine, certain oxidized phosphatidylcholine 
molecules, F(2)-isoprostanes and lysophosphatidic acid (LPA). These lipoproteins 
activate platelets by stimulating G-protein coupled LPA receptors and a Rho/Rho 
kinase signaling pathway leading to platelet shape change and subsequent aggregation. 
LPA-mediated platelet activation might contribute to arterial thrombus formation after 
rupture of atherosclerotic plaques and to the increased blood thrombogenicity of 
patients with cardiovascular diseases (Siess, 2006). oxLDL is an index of oxidative stress 
(Crist et al. 2009). Raised oxLDL due to elevated oxidative stress, along with centralized 
adiposity, insulin resistance and excess iron, place postmenopausal women at risk for 
atherosclerotic cardiovascular disease (Crist et al. 2009). It may be valid for 
premenopausal women of this study also. 

Biomass smoke and menstrual cycle

Rural women of this part of the world have long, strenuous working hours. Passive 
smoke inhalation, longer work hours, stresses associated with poverty and physical 
exhaustion can influence cycle length (Kelsey et al. 1993; Bromberger et al. 1997; Mishra 
et al. 2004). Moreover, a lowered body mass index as observed quite often in the rural 
populace is a potential contributor to the development of variable cycle length (Mishra 
et al. 2000).  Univariate logistic regression analysis of our data has confirmed that these 
confounders indeed have played a role in menstrual cycle alterations. However, after 
adjusting for these, an association between cumulative biomass smoke exposure, PM10

levels and short menstrual cycle length in rural women remained.  



The precise mechanism by which biomass smoke has altered menstrual cycle length is yet 
to be elucidated. Menstrual cycle is under hormonal control and several factors influence its 
length and regularity (Harlow and Ephross 1995). Therefore biomass smoke could elicit 
altered cycle lengths via changes in hormonal status. Although currently we have no data 
to substantiate this hypothesis, biomass smoke does contain a variety of endocrine 
disrupters (Wu et al. 2002) including soot particles that have anti-progesterone activity 
(Wang et al. 2005). As in case of biomass users, women occupationally exposed to emissions 
from combustion of automotive fuels experienced change in luteinizing hormone (LH) level 
in plasma in follicular and luteal phases (Monti et al. 2006). Similarly, cigarette smoke 
exposure has been shown to exert anti-estrogen effects (Chen et al. 2005). The consequence 
of shortened menstrual cycle among biomass users could be deleterious, because it 
generally indicates abnormal folliculogenesis with serious fertility consequences (Windham 
et al. 1999). Shorter cycle length is associated with a rapid depletion of oocytes, thereby 
shortening the reproductive life span (Bromberger et al. 1997). Another important risk 
associated with decreased menstrual cycle length is that it enhances the risk of breast cancer 
development due to variable levels of estrogen and progesterone (Kelsey et al. 1993). 
Indeed, cycle length has an inverse association with breast cancer (Beiler et al. 2003). It is 
important to mention in this context that the incidence of breast cancer is rapidly increasing 
in India and it is replacing cancer of the uterine cervix as the leading site of cancer among 
Indian women (NCRP 2004). 

Biomass smoke and reproductive outcome

Pregnant women tending fires with biomass fuel for domestic cooking have high carbon 
monoxide level in blood (Behera et al. 1988)  and have greater chance of low birth 
weight (<2.5 kg) [Boy et al. 2002], and increased prevalence of stillbirth (Mishra et al.
2005). In conformity with this, reductions in birth weight and increased odds for 
stillbirth have been observed in excess in biomass users of this study. As carbon 
monoxide is implicated in various teratogenic effects (Gilboa et al. 2005, Mishra et al.
2005) it will be interesting to know whether it is one of the causal factors for 
spontaneous abortion and stillbirths observed in our study.  To our knowledge, this is 
the first study to examine the possible adverse effects of cumulative biomass smoke 
exposure and PM10 concentration from biomass smoke emissions on menstrual cycle 
length in women in eastern India or elsewhere. The findings warrant exploration of the 
possibility that cumulative exposures to biomass smoke affect the ovary, the estrous 
cycle, or reproductive hormones like estrogen, follicle stimulating hormone and LH 
that, in turn, lead to irregular cycle lengths in premenopausal women.  

Biomass use and Neurobehavioral symptoms

Increased prevalence of neurobehavioral symptoms among the biomass users could be 
the fall-out of possible neurological changes, because behavior is the outcome of 
multiple mechanisms within the central nervous system (CNS) and changes are 
sensitive indicators of nervous system dysfunction.  Besides, we have demonstrated 
sharp increase in plasma epinephrine and norepinephrine and depletion of dopamine 
and cholinesterase among the biomass users, suggesting neurological alterations in 



these subjects. The changes could be partially attributed to indoor air pollution, because 
exposure of rats to ambient particles increases the concentration of norepinephrine in 
brain, and corticosterone in serum (Sirivelu et al. 2006).  Several other studies have 
shown brain damage following sustained exposures to high level of air pollution. In a 
pioneering study, Calderon-Garciduenas et al. (2002) have demonstrated inflammation 
(elevated level of COX-2) and Alzheimer’s-like pathology (accumulation of beta-
amyloid) in autopsy of brain of persons who lived in cities with severe air pollution 
such as in Mexico City. It has been argued that particulate pollutants can act on the 
brain directly to stimulate the stress axis that predisposes individuals to respiratory 
diseases (Sirivelu et al. 2006). 

It is now well recognized that air pollution can adversely affect psychological health of 
the people. Exposures to increased levels of some air pollutants are associated with 
psychiatric symptoms, including anxiety and changes in mood, cognition and behavior 
(Lundberg, 2002). Toxic air pollutants including carbon monoxide interfere with the 
development and adult functioning of the CNS causing impairment of memory, 
learning ability, attention and concentration (Amitai et al. 1998). It is now well 
established that ultrafine particles present in combustion products cross the alveolar-
capillary barrier, reach the blood stream, and influence the activities of all vital organs 
including the CNS.  Therefore, it is an interesting proposition to explore whether 
cumulative exposures to high background air pollution level mediate changes in CNS 
function that, in turn, result in neurobehavioral symptoms. It has been proposed that 
inflammation of the lung by UFP could lead to systemic responses (Oberdorster 2000). 
Animal studies have established that pulmonary inflammation affects behavior and 
work performance up to 40%, and the effect starts immediately after exposure and lasts 
for several days (Oberdorster 2000). 

The lower level of blood cholinesterase in biomass users raises the possibility that they 
could be exposed to higher level of cholinesterase-inhibiting pesticides viz. 
organophosphates and carbamates. It is not unlikely because vegetables available in 
markets in North India are highly contaminated with pesticides (Kumari et al. 2002).  

Since plasma NE is used as a measure of sympathetic activity (Landsberg and Young 
1994), we envisage stimulation of the sympathetic activity in biomass users. But the 
mechanism by which both E and NE levels are increased in these subjects is currently 
unknown. Carbon monoxide can be excluded, as it has no significant effect on plasma 
CA levels (Zevin et al. 2001). Alternatively, it can be attributed to more strenuous and 
stressful urban life because strenuous exercise and mental stress cause significant 
increase in both plasma E and NE levels (Kilburn 1994). Emotional or physical stress can 
increase plasma E up to 8-fold, whereas physical stress elevates plasma NE level more 
acutely than emotional stress (Klein 2001). The net impact of elevated plasma CA level 
could be alteration of the activity of all major organ systems.  CA stimulates 
vasoconstriction and increases heart rate and cardiac output. Cardiac stimulation 
increases myocardial oxygen consumption, a major factor in the pathogenesis of 
myocardial ischemia. Indeed, rise in plasma NE is considered as a potential 
cardiovascular risk (Landsberg and Young 1994).  Rise in plasma E and NE could also 
alter immune function by increasing the number of natural killer cells, T-
suppressor/cytotoxic cells and total WBC, and by depleting T-helper cells and B cells in 
peripheral blood (Mills et al. 1995; Imrich et al. 2004).  In essence, the study has 
demonstrated stimulation of sympathetic nervous system and increased prevalence of 



several neurobehavioral symptoms in biomass users.  The consequence of these findings 
could be far reaching, because the changes may interfere with mental health of the 
people (Fiedler et al. 1996). 

In summary, this study demonstrates an elevated level of platelet and leukocyte 
activation in women chronically exposed to biomass smoke. The mechanism of platelet 
and leukocyte activation in biomass users could be linked to emission of very high level 
of particulates (PM10 and PM2.5) during biomass burning.    The action of airborne 
particulates can be direct, because ultrafine particles readily cross alveolar-capillary 
barrier and reach the blood stream. Since activation of platelets and formation of 
platelet-leukocyte complexes are risk factors for cardiovascular problems, the present 
findings are important from the point of public health as biomass fuels continues to be 
the main source of energy for millions of poor people in the developing countries. The 
study showed that women cooking with biomass fuel are exposed to high level of IAP 
that increases risk of developing CVD. This is a neglected area of global disease that 
affects a large proportion of the world’s population. As a public health conclusion, 
stringent clean air quality policies are required on both the national and international 
level to curb air pollution as a primary preventive strategy. 



CHAPTER 7CHAPTER 7

Summary, Conclusion and Recommendation 

Summary

1. This epidemiological study on the health impact of indoor air pollution 
associated with daily household cooking with traditional unprocessed solid 
biomass fuel was conducted during November 2008-November 2009 in West 
Bengal.  A total number of 1604 never-smoking, pre-menopausal married 
women (age 24-43 yr), 509 LPG-users and 1095 biomass-users, have been 
examined.

2. Particulate air pollution (PM10 and PM2.5) was 2 to 3-times more in indoor air of 
biomass-using households than LPG-using households during cooking as well 
as non-cooking time. 

3. Chronic exposure to biomass smoke was associated with lung function 
reduction in 42.3% women against 19.4% of LPG-using control, 5-fold increase in 
COPD prevalence (6.3 vs. 1.2%), inflammation of the airways, and elevated 
levels of pro-inflammatory cytokines in blood. 

4. Metaplasia (15.3 vs. 6.1%) and dysplasia (3.4 vs. 1.1%) of airway epithelial cells 
were more frequent in sputum samples of biomass-using women, indicating 
their higher risk of developing cancer in the lungs and the airways. 

5. Platelets of biomass-using women expressed 3-times more P-selectin, and 
platelet-leukocyte aggregates were higher in circulation, suggesting increased 
cardiovascular risk. Moreover, hypertension was 3-times more prevalent among 
biomass users (39.2 vs. 12.7%).  Highest prevalence of hypertension was 
recorded in women who predominantly cook with dung cake (55.2%). Lung 
function deficit, COPD and hypertension among biomass-using women were 
positively associated with indoor air pollution level (PM10 and PM2.5) after 
controlling education, kitchen location and family income as potential 
confounders in multivariate logistic regression analysis. 

6. More than one-third of biomass-using women had abnormal menstrual cycle 
compared with 17.5% of age-matched LPG-users from same locality. Most 
noticeable changes were short cycle length (8.3 % in biomass users vs. 3% in 
LPG-users), long cycle length (8.6 vs. 5.1%) and too irregular cycle (13.2 vs.  
4.3%). 

7. Biomass-using women suffered more from infertility (12% vs. 4%), spontaneous 
abortion (23% vs. 7%), stillbirth (3.4% vs. 0.6%), underweight baby (12.2% vs. 



6.6%), and congenital defects in baby (0.6 vs. 0.3%). Anti-cardiolipin antibody 
(aCL) IgG in serum was elevated in one-fourth of biomass-users against 2% of 
LPG-users, and biomass-using women with elevated IgG suffered more from 
two or more successive spontaneous abortions. 

8. Only 3.5% of biomass users used sanitary napkins against 14.7% of LPG-using 
control women. Leucorrhea was highly prevalent among biomass users (43 vs. 
17%) and women having leucorrhea had higher instances of short cycle, 
miscarriage, stillbirth, and congenital defects in the baby. 

9. Compared with LPG-using control women, biomass users had raised serum 
luteinizing hormone and prolactin, reduced estrogen and progesterone but no 
change in follicle stimulating hormone and cortisol. 

10. Women chronically exposed to biomass smoke suffered more from depression 
than age-matched LPG-using women from same locality (60.6 vs. 29.1%). Severe 
depression was found in 2% of biomass users compared with 0.4% of control. 

11. Biomass using women demonstrated higher prevalence of depression (60.6 vs. 
29.1%) and other neurobehavioral symptoms. The changes can be attributed 
largely to altered levels of neurotransmitters (E, NE, DA and 5-HT) in plasma, 
and heightened serotonin release from platelets. 



Concluding Remark 

This study has shown that indoor air pollution from biomass fuel use is a serious health 
hazard for rural people. Women who cook with these fuels and their children are worst 
hit.  Smoke emitted from burning biomass contains high level of health-damaging 
particulate matters that affects lung function, cause COPD and airway inflammation, 
increase the risk of cardiovascular disease and lung cancer, and affects menstrual cycle 
and reproductive outcome of the women. Besides, they mediate depression and several 
behavioral problems. In short, indoor air pollution due to biomass fuel use affects 
physical as well as mental health of the rural women. This is a neglected area of public 
health that affects the majority of nation’s population. In view of the enormity of the 
problem, the issue of indoor air pollution should be dealt with seriously. Efforts should 
be made by all concerned to understand the problem better and to formulate strategies 
to reduce emission and exposure to biomass smoke. 



Recommendations

A. At the scientific level

1. In depth  studies should be taken up to examine the prevalence and  underlying 
mechanism of biomass smoke exposure-related adverse reproductive outcome and 
child health, cardiovascular diseases, COPD, tuberculosis, neurological complications  
and cancer in rural India. 

2. The studies should specifically focus on the development of biomarkers of pollution 
exposure and effect so that people at a higher risk can be identified and appropriate 
medical intervention can be initiated at the formative stage of a disease. 

B. At the administrative level

1. The problem of indoor air pollution should be taken under the Ministry of 
Environment and Forests, and Central Pollution Control Board should consider 
setting up a National Indoor Air Quality Standard in the line of Standard for 
ambient (outdoor) air quality (NAAQS). 

2. Since indoor air pollution adversely affect the health of a majority of India’s 
population by increasing the morbidity and mortality from tuberculosis, COPD, 
asthma, cancer of the airways, cardiovascular disease and adverse reproductive and 
neurobehavioral outcome, Ministry of Health and Family Welfare, Govt. of India 
should work in close cooperation with the Ministry of Environment and Forests 
considering it an issue of public health importance. 

3. The central and local administration at the Panchayat level should take and 
implement indoor air pollution mitigation strategy. This may include: 

a. Introduction of improved cook stoves with increased combustion efficiency 

The root cause of air pollution is incomplete combustion of the fuel. Biomass fuels are 
not highly combustible in traditional chullahs; hence improved cook stoves with higher 
combustion efficiency are necessary. An initiative in this direction was taken earlier but 
it did not achieve desired success. People were not enthusiastic mainly because the new 
stoves took longer time to cook. Therefore, future stoves should be designed keeping in 
mind local conditions and user’s mindset. 

b. Change in housing: need for separate kitchen 

About 40% of rural households enrolled in this study did not possess separate kitchen. 
Women of these families used to cook in an area adjacent to the living room. This causes 
higher smoke exposure to all the members of a family who spend most of their time 



indoor.  Therefore people should be motivated and assisted to have a kitchen separate 
from the living space. 

c. Improvement in kitchen ventilation: installation of windows and chimneys 

In about 50% of households who possessed separate kitchens there was no window for 
ventilation. People should be convinced to install at least one and preferably two 
windows in the kitchen. 

Chimneys or smoke outlet in kitchen were not found in any household of rural West 
Bengal. Chimneys are inexpensive but highly effective. This should be introduced to 
reduce exposure. 

d. Switch to cleaner fuel 

Even after taking the above measures, there would be substantial amount of pollutants 
in indoor air if people continue to cook with dung, wood and crop residues. Moreover, 
chimneys or smoke outlet can reduce exposure of the user family, but the released 
smoke will be inhaled by the neighbors. Hence, the authority should consider 
introduction of cleaner fuel such as LPG or natural gas. In fact, the huge resource of 
biomass such as cow dung can be utilized for generation of biogas which is combustion 
efficient and less polluting. 

Fuel cost will be compensated for by reduced social cost 

Cleaner fuels like LPG or natural gas are relatively expensive and the government 
should consider giving subsidy to the needy. Although this is an expensive proposition, 
ultimately there will be substantial reduction in emission of greenhouse gases (CO2 in 
particular) and consequent reduction in global warming, and reduction in government’s 
health budget as poor people are largely treated free of cost by the government 
hospitals. In support of this assumption, a recent study in Columbia has shown 30% 
reduction in disease burden cost (from 5.2 million dollars/year to 3.5 million 
dollars/year) following replacement of biomass fuel by natural gas (Alvis-Guzmán et al,
2008). 



REFERENCESREFERENCES

Alvis-Guzmán N, Alvis-Estrada L, Orozco-Africano J. The cost-effectiveness of installing natural 
gas as a sanitary alternative for rural communities on the Colombian Caribbean coast burning 
biomass fuels. Rev Salud Publica (Bogota) 10, 537-549, 2008. 

Arbuckle TE, Lin Z, Mery LS. An Exploratory Analysis of the Effect of Pesticide Exposure on the 
Risk of Spontaneous Abortion in an Ontario Farm Population. Environ Health Perspect 8, 851-
857, 2001. 

ATS. American Thoracic Society.  Standardization of spirometry. Am J Respir Crit Care Med 
152:1107-1136, 1995. 

Ay C, Jungbauer LV, Sailer T, Tengler T, Koder S, Kaider A, Panzer S, Quehenberger P, Pabinger 
I, Mannhalter C. High Concentrations of Soluble P-Selectin Are Associated with Risk of Venous 
Thromboembolism and the P-Selectin Thr715 Variant. Clinical Chemistry 53: 1-9, 2008. 

Balakrishnan K, Sankar S, Parikh J, Padmavati R, Srividya K, Venugopal V, Prasad S, Pandey VL.  
Daily average exposures to respirable particulate matter from combustion of biomass fuels in 
rural households of southern India.  Environ Health Perspec 110,  1069-1075, 2002. 

Barnes PJ. Air pollution and asthma: molecular mechanisms. Mol Med Today, 1:149–155, 1995. 

Bean JA, Leeper JD, Wallace RB, Sherman BM, Jagger H. Variations in the reporting of menstrual 
histories. Am J Epidemiol  109, 181-185, 1979. 

Beck AT, Ward CH, Mendelson M, Mock J,  Erbaugh J. An inventory for measuring depression. 
Arch  Gen Psychiatry 4, 561-571, 1961. 

Behera D, Dash S, Malik SK. Blood carboxyhaemoglobin levels following acute exposure to 
smoke of biomass fuel. Indian J Med Res  88, 522–524, 1988. 

Beiler JS, Zhu K, Hunter S, Payne-Wilks K, Roland CL, Chinchilli VM. A case-control study of 
menstrual factors in relation to breast cancer risk in African-American women. J Natl Med Assoc 
95, 930-938, 2003. 

Boy E, Bruce N, Delgado H. Birth weight and exposure to kitchen wood smoke during 
pregnancy in rural Guatemala. Environ Health Perspect  110, 109-114, 2002. 

Bromberger JT, Matthews KA, Kuller LH, Wing RR, Meilahn EN, Plantinga P. Prospective study 
of the determinants of age at menopause. Am J Epidemiol 145, 124 –133, 1997. 

Bruce N, Perez-Padilla R, Albalak R. Indoor air pollution in developing countries: a major 
environmental and public health challenge for the new millennium. Bull. World Health Org. 78, 
1078-1092,  2000. 

Calderón-Garcidueñas L, Azzarelli B, Acuna H, Garcia R, Gambling TM, Osnaya N, Monroy S, 
DEL Tizapantzi MR, Carson JL, Villarreal-Calderon A, Rewcastle B. Air pollution and brain 
damage. Toxicol Pathol 30, 373-389, 2002. 



Chen C, Wang X, Wang L, Yang F, Tang G, Xing H, Ryan L, Lasley B, Overstreet JW, Stanford JB, 
Xu X. Effect of environmental tobacco smoke on levels of urinary hormone markers. Environ 
Health Perspect  113, 412-417, 2005. 

Cooper GS, Sandler DP, Whelan EA, Smith KR. Association of physical and behavioral 
characteristics with menstrual cycle patterns in women age 29-31 years. Epidemiology  7, 624-
628, 1996. 

Crist BL, Alekel DL, Ritland LM, Hanson LN, Genschel U, Reddy MB. Association of oxidative 
stress, iron, and centralized fat mass in healthy postmenopausal women. J Womens Health 
(Larchmt), 18, 795-801, 2009. 

de la Sierra A, Larrousse M. Endothelial dysfunction is associated with increased levels of 
biomarkers in essential hypertension. J Hum Hypertens advance online publication, 26 
November 2009; doi:10.1038/jhh.2009.91. 

Ellegard A. Cooking smoke and respiratory symptoms among women in low-income areas of 
Maputo. Environ Health Perspect 104, 980-985, 1996. 

Ezzati M, Kammen DM. The health impacts of exposure to indoor air pollution from solid fuels 
in developing countries: Knowledge, gaps, and data needs. Environ Health Perspect  110, 1057-
1068, 2002. 

Farr SL, Cooper GS, Cai J, Savitz A, Sandler DP. Pesticide use and menstrual cycle characteristics 
among premenopausal women in the agricultural health study. Am J Epidemiol, 160, 1194-1204, 
2004. 

Ferroni P, Mammarella A, Martini F, Paoletti V, Cardarello CM, Labbadia G, Donnarumma L, de 
Matteis A, Gazzaniga PP, Musca A, Basili S. Increased soluble P-selectin levels in hepatitis C 
virus-related chronic hepatitis: correlation with viral load. J Investig Med. 49, 407-412, 2001. 

Fiedler N, RG Feldman, J Jacobson, A Rahill, A Wetherell. The assessment of neurobehavioral 
toxicity: SGOMSEC joint report. Environ Health Perspect 104 (Suppl 2), 179-191, 1996. 

Gilboa SM, Mendola P, Olshan AF, Langlois PH, Savitz DA, Loomis D, Herring AH, Fixler DE. 
Relation between ambient air quality and selected birth defects, seven county study, Texas, 1997-
2000.  Am J Epidemiol  162, 238-252, 2005. 

Harlow SD, Ephross SA. Epidemiology of menstruation and its relevance to women’s health. 
Epidemiol Rev 17, 265-286, 1995. 

Holdren, JP, Smith, KR et al. Energy, the environment, and health. In: Goldemberg, J. et.al. (eds) 
The World Energy Assessment : Energy and the challenge of Sustainability, New York, United 
Nations Development Programme, 61-110, 2000. 

Imrich R, E Tibenska, J Koska, L Ksinantova, R Kvetnansky, K Bergendiova-Sedlackova, P 
Blazicek, M Vigas. Repeated stress-induced stimulation  of catecholamine response is not 
followed by altered immune cell distribution. Ann  NY Acad Sci 1018, 266-272, 2004. 

JNC-7. Seventh Report of the Joint Committee on the Prevention, Detection, Evaluation and 
Treatment of High Blood Pressure. Bethesda, MD, National Heart, Lung, Blood Institute, 
National High Blood Pressure Education Program, May 2003. Accessed at 
www.nhbli.nih.gov/guidelines/hypertension 



Kälvegren H, Majeed M, Bengtsson T. Chlamydia pneumoniae binds to platelets and triggers P-
selectin expression and aggregation: a causal role in cardiovascular disease? Arterioscler Thromb 
Vasc Biol. 23, 1677-1683, 2003. 

Kelsey JL, Gammon MD, John EM. Reproductive factors and breast cancer. Epidemiol Rev 15, 
36–47, 1993. 

Kilburn KH: Neurobehavioral impairment and seizures from formaldehyde. Arch Environ 
Health 49, 37-44, 1994. 

Klein HH. Stress and myocardial infarction. Herz  26, 360-364, 2001. 

Kreutz RP, Tantry US, Bliden KP, Gurbel PA. Inflammatory changes during the common cold 
are associated with platelet activation and increased reactivity of platelets to agonists. Blood 
Coagul Fibrinolysis. 18, 713-718, 2007. 

Kristensen P, Irgens LM, Bjerkedal T.  Environmental Factors, Reproductive History, and 
Selective Fertility in Farmers’ Sibships.  Am J Epidemiol ,  145, 817-825, 1997. 

Kuckleburg CJ, Tiwari R, Czuprynski CJ. Endothelial cell apoptosis induced by bacteria-
activated platelets requires caspase-8 and -9 and generation of reactive oxygen species. Thromb 
Haemost. 99, 363-372, 2008. 

Kumari B, Kumar R, Madan VK, Singh R, Singh J, Kathpal TS.  Magnitude of pesticidal 
contamination in winter vegetables from Hisar, Haryana. Environ Monitor Assess, 87, 311 – 318, 
2002. 

Lacasana M, Esplugues A, Ballester F. Exposure to ambient air pollution and prenatal and early 
childhood health effects. Eur J Epidemiol  20:183-199, 2005. 

Laffron M. Pittet JF. Modelska K. et. al. 1999. Interleukin-8 mediates injury from smoke 
inhalation to both lung endothelial and alveolar epithelial barriers in rabbits. Respir Crit Care 
Med, 160: 1443-1448, 1999. 

Landsberg L, Young JB: Physiology and pharmacology of the autonomic nervous system. In: 
Isselbacher KJ, Braunwald E, Wilson JD, et al., eds. Harrison’s principles of internal medicine. 
New York: McGraw Hill, 412-425, 1994. 

Li N, Goodall AH, Hjemdahl P. A sensitive flow cytometric assay for circulating platelet-
leukocyte aggregates. Br J Haematol 99, 808-816, 1997. 

Lipfert, FW, Zhang J, Wyzga RE. Infant mortality and air pollution: a comprehensive analysis of 
U.S. data for 1990. J Air Waste Manag Assoc, 50, 1350–1366, 2000. 

Lundberg U. Psychophysiology of work: stress, gender, endocrine response, and work-related 
upper extremity disorders. Am J Med 41, 383-392, 2002. 

Mavalankar DV, Trivedi CR, Gray RH. Levels and risk factors for perinatal mortality in 
Ahmedabad, India. Bull World Health Organ 69, 435–42, 1991. 

Michelson AD, Linden MD, Barnard MR, Furman MI, Frelinger AL III. Flow cytometry. In: 
Michelson AD, ed. Platelets, 2nd ed. San Diego: Elsevier/Academic Press; 545-564, 2007. 



Miller KA, Siscovick DS, Sheppard L, Shepherd K, Sullivan JH, Anderson GL, Kaufman JD. 
Long-term exposure to air pollution and incidence of cardiovascular events in women. N Engl J 
Med 356:447-58, 2007. 

Mills PJ, CC Berry, JE Dimsdale, MG Ziegler, RA Nelesen, BP Kennedy. Lymphocyte subset 
distribution in response to acute experimental stress: effects of gender, ethnicity, hypertension 
and sympathetic nervous system. Brain Behav Immun 9, 61-69, 1995.  

Mishra GD, Dobson AJ, Schofield MJ. Cigarette smoking, menstrual symptoms and miscarriage 
among young women. Aust N Z J Public Health 24, 413-20, 2000. 

Mishra V, Dai X, Smith KR, Mika L. Maternal exposure to biomass smoke and reduced birth 
weight in Zimbabwe. Ann Epidemiol 14, 740-747, 2004. 

Mishra V, Retherford RD, Smith KR. Cooking smoke and tobacco smoke as risk factors for 
stillbirth. Int J Environ Health Res 15, 397-410, 2005. 

Mishra VK, Retherford RD, Smith KR. Biomass cooking fuels and  prevalence of tuberculosis in 
India. International J. Infect. Dis.  3, 119-129, 1999. 

Monti C, Ciarrocca M, Cardella C, et al. Exposure to urban stressor and effects on luteinizing 
hormone (LH) in female outdoor workers. J Environ Sci Health A Tox Hazard Subst Environ Eng  
41,1437-48, 2006. 

NCRP. National Cancer Registry Programme (2004). First All India Report 2001-2002. Bangalore, 
Indian Council of Medical Research. 

Nemmar A, Hoet PH, Vanquickenborne B, Dinsdale D, Thomeer M, Hoylaerts MF, Vanbilloen 
H, Mortelmans L, Nemery B. Passage of inhaled particles into the blood circulation in humans. 
Circulation 105, 411-414, 2002. 

Oberdorster G. Toxicology of ultrafine particles; in vivo studies. Phil Trans R Soc Lond A, 358, 
2719-2740, 2000. 

Ozbay B, Uzun K, Arslan H, et al. Functional and radiological impairment in women highly 
exposed to indoor biomass fuels. Respirology 6, 255-258, 2001. 

Paoletti F, Aldinucci D, Mocali A, Caparrini A. A sensitive spectrophotometric method for the 
determination of superoxide dismutase activity in tissue extracts. Anal Biochem 154: 536–541, 
1986. 

Pauwels RA, Buist AS, Calverley PM, Jenkins CR, Hurd SS; GOLD Scientific Committee. Global 
strategy for the diagnosis, management, and prevention of chronic obstructive pulmonary 
disease. NHLBI/WHO Global Initiative for Chronic Obstructive Lung Disease (GOLD) 
Workshop summary. Respir Crit Care Med, 163, 1256-1276, 2001. 

Reddy MS, Venkataraman C. inventory of aerosol and sulphur dioxide emissions from India: II – 
Biomass combustion. Atmospheric Environment. 36, 699-712, 2002. 

Samet JM, Dominici F, Curriero FC, Coursac I, Zeger SL  2000. Fine particulate air pollution and 
mortality in 20 US Cities, 1987-1994. N  Engl J Med, 34, 1742-1749, 2000. 



Shenkman B, Rubinstein E, Dardik R, Tamarin I, Savion N, Varon D. Activated platelets mediate 
Staphylococcus aureus deposition on subendothelial extracellular matrix: the role of glycoprotein 
Ib. Platelets. 10, 36-44, 1999. 

Siess W, Zangl KJ, Essler M, Bauer M, Brandl R, Corrinth C, Bittman R, Tigyi G, Aepfelbacher M. 
Lysophosphatidic acid mediates the rapid activation of platelets and endothelial cells by mildly 
oxidized low density lipoprotein and accumulates in human atherosclerotic lesions. Proc Natl 
Acad Sci USA 96, 3961-3966, 1999. 

Siess W. Platelet interaction with bioactive lipids formed by mild oxidation of low-density 
lipoprotein. 35, 292-304, 2006. 

Sirivelu MP, Mohankumar SM, Wagner JG, Harkema JR, Mohankumar PS. Activation of the 
stress axis and neurochemical alterations in specific brain areas by concentrated ambient particle 
exposure with concomitant allergic airway disease. Environ Health Perspect. 114, 870-874, 2006. 

Smith K and Mehta S. The burden of disease from indoor air pollution in developing countries : 
Comparison of estimates. USAID/WHO Global Consultation on the Health Impact of Indoor Air 
Pollution and Household Energy in Developing Countries: Setting the Agenda for Action, May 
3-4, Washington, DC, 2000. 

Smith KR, Apte MG, Yoqing M, Wongsekiarttirat W, Kulkarni A. Air pollution and the energy 
ladder in Asian cities. Energy. 19, 587-600, 1994. 

Smith KR, Mehta S. The burden of disease from indoor air pollution in developing countries: 
comparison of estimates. International Journal of Hygiene and Environmental Health, 206, pp. 
279-289, 2003. 

Smith KR.  Indoor air pollution in developing countries: recommendations for research. Indoor 
Air, 12, 198-207, 2002. 

Smith KR. Biofuels, air pollution, and health. A global review. Plenum Press, New York, 1987. 

Smith KR. Fuel combustion, air pollution exposure, and health: situation in developing 
countries, Annu Rev Energy Environ, 18,529-566, 1993. 

Smith KR. National Burden of Disease in India from Indoor Air Pollution. Proc Natl Acad Sci. 97, 
13286–13293, 2000. 

Tesfaigzi Y, Singh SP, Foster JE, Kubatko J, Barr EB, Fine PM, McDonald JD, Hahn FF, Mauderly 
JL. Health effects of subchronic exposure to low levels of wood smoke in the rats. Toxicol Sci. 65, 
115-125, 2002. 

Türko lu O, Bari  N, Kütükçüler N, Senarslan O, Güneri S, Atilla G. Evaluation of serum anti-
cardiolipin and oxidized low density lipoprotein levels in chronic periodontitis with essential 
hypertension. J Periodonol 79, 332-340, 2008. 

Venkataraman C, Rao GU. Emission factors of CO and size-resolved aerosols from biofuel 
combustion. Environ Sci Technol. 35, 2100, 2001. 

Wang J, Xie P, Kettrup A, Schramm KW. Evaluation of soot particles of biomass fuels with 
endocrine-modulating activity in yeast-based bioassay. Anal Bioanal Chem  381, 1609-1618, 2005. 

Wechsler D: A standardized memory scale for clinical use. J Psychol 19, 87-95, 1945. 



WHO. Principles and methods for assessment of neurotoxicity associated with exposure to 
chemicals (Environmental Health Criteria 60), Geneva, World Health Organization, 1986. 

Windham GC, Eaton A, Hopkins B.  Evidence for an association between environmental tobacco 
smoke exposure and birthweight: a meta-analysis and new data. Paediatr Perinat Epidemiol 13, 
35-57, 1999. 

World Health Organization International Society of Hypertension Writing Group. World Health 
Organization (WHO) /International  Society of Hypertension (ISH) statement on management of 
hypertension. J Hypertens, 21, 1983-1992, 2003. 

World Health Organization. Fuels for life: Household Energy and Health, Rehfuess E, WHO 
Library Cataloguing-in-Publication Data, 2006. 

World Health Organization. Guidelines for Air Quality. WHO Publications, Geneva, 
Switzerland, 1999. 

Wu WZ, Wang JX, Zhao GF, You L. The emission soot of biomass fuels combustion as a source of 
endocrine disrupters. J Environ Sci Health A Tox Hazard Subst Environ Eng 37, 579-600, 2002. 

Zevin S, S Saunders, SG Gourlay, P Jacob, NL Benowitz: Cardiovascular effects of carbon 
monoxide and cigarette smoking. J Am Coll Cardiol 38, 1633-1638, 2001. 

Zhang J, Smith KR. Hydrocarbon emissions and health risks from cookstoves in developing 
countries. Journal of Exposure Analysis and Environmental Epidemiology. 6, 147-161, 1996. 


