Environmental Burden of Disease Series, No. 4

Indoor smoke from solid fuels

Assessing the environmental burden of disease
at national and local levels

Manish A. Desai
Sumi Mehta
Kirk R. Smith

Series Editors i
Annette Priiss-Ustiin, Diarmid Campbell-Lendrum, Carlos Corvalan, Alistair Woodward

A Microsoft Excel spreadsheet for calculating the estimates
described in this document can be obtained from WHO/PHE.
E-mail contact: EBDassessment@who.int

World Health Organization
Protection of the Human Environment
Geneva 2004




WHO Library Cataloguing-in-Publication Data

Desai, Manish A.
Indoor smoke from solid fuels : assessing the environmental burden of disease at
national and local levels / Manish A. Desai, Sumi Mehta, Kirk R. Smith.

(Environmental burden of disease series / series editors: Annette Priiss-Ustun ... [et
al.]; no. 4)

1.Air pollution, Indoor - analysis 2.Smoke - toxicity 3.Fossil fuels - toxicity
4.Respiratory tract diseases - etiology 5.Cost of illness 6.Epidemiologic studies
7.Risk assessment - methods 8.Manuals I.Mehta, Sumi. II.Smith, Kirk R. III.Priiss-
Ustiin, Annette. IV.Title V.Series.

ISBN 92 4 159135 8 (NLM classification: WA 754)
ISSN 1728-1652

Suggested citation

Desai MA, Mehta S, Smith KR. Indoor smoke from solid fuels: Assessing the
environmental burden of disease at national and local levels. Geneva, World
Health Organization, 2004 (WHO Environmental Burden of Disease Series, No. 4).

© World Health Organization 2004
All rights reserved. Publications of the World Health Organization can be obtained from
Marketing and Dissemination, World Health Organization, 20 Avenue Appia, 1211 Geneva
27, Switzerland (tel: +41 22 791 2476; fax: +41 22 791 4857; email: bookorders@who.int).
Requests for permission to reproduce or translate WHO publications — whether for sale or
for noncommerecial distribution — should be addressed to Publications, at the above address
(fax: +41 22 791 4806; email: permissions@who.int).

The designations employed and the presentation of the material in this publication do not
imply the expression of any opinion whatsoever on the part of the World Health
Organization concerning the legal status of any country, territory, city or area or of its
authorities, or concerning the delimitation of its frontiers or boundaries. Dotted lines on
maps represent approximate border lines for which there may not yet be full agreement.

The mention of specific companies or of certain manufacturers’ products does not imply
that they are endorsed or recommended by the World Health Organization in preference
to others of a similar nature that are not mentioned. Errors and omissions excepted, the
names of proprietary products are distinguished by initial capital letters.

The World Health Organization does not warrant that the information contained in this
publication is complete and correct and shall not be liable for any damages incurred as a
result of its use.

The named authors alone are responsible for the views expressed in this publication.

Printed by the WHO Document Production Services, Geneva, Switzerland.



Table of Contents

Preface

Affiliations and acknowledgements

List of abbreviations

Summary

1

Introduction

1.1 Organization of the guide
1.2 Solid fuel use and indoor air pollution
1.3 Other sources of indoor air pollution

Summary of the method

Estimates of relative risk

Indoor smoke from solid fuels

3.1 Choice of health outcomes

3.2 Acute lower respiratory infections
3.3 Chronic obstructive pulmonary disease . .................
3.4 Lung cancer (from exposure to coal smoke) . ... ..
3.5 Lung cancer (from exposure to biomass smoke)
3.6 Asthma

3.7 Cataracts

3.8 Tuberculosis

3.9 Other health outcomes

Estimates of exposure levels ...
4.1 Choice of exposure variables
4.2 Ventilation coefficients

4.3 Surveys of household fuel use
4.4 Examples of exposure levels

Uncertainty
5.1 Relative risks

5.2 Exposure levels
5.3 Addressing uncertainty

Case study
6.1 Overview

6.2 Step 1 — obtain key data
6.3 Step 2 — calculate attributable fractions
6.4 Step 3 — calculate attributable burdens
6.5 Step 4 — final results
6.6 Step 5 —uncertainty

Interventions to reduce the burden of disease from SFU

References

il



Indoor smoke from solid fuels

Annex 1: Other indoor air pollutants . ...............c.ccoocoovrieierceereeeeecese e, 42
Annex 2: Summary of studies linking SFU with health outcomes ... 44
Annex 3: Alternative approaches ..., 55
Annex 4: Additional questions for surveys of household fueluse .. ............................... 58
Annex 5: Estimates of SFU by COUNTTY . ............cocoooiviiiiieceeeeeeeeeeee e 61
Annex 6: Summary results of the global assessment of disease burden from SFU ... 66
References cited in the ANNEXES . .............ccocoooiveiiiieeiiee s 70
List of tables in text
Table 1 Relative risks for strong and moderate health outcomes .. .............................. 8
Table 2 Household SFU by WHO subregion. .................c.ccccoovvvivoieveeeeeeeeeeeeeeeen, 21
Table 3 Relative risks for health outcomes in a case study for India_ ... 24
Table 4 Household SFU in India. ...............ocooioiiioeeeeiieeeeeeeeeee e, 25
Table 5 Population distribution by age and sex for India ...................ccccoovereiriiennnnee, 25
Table 6 Indian burden of disease from selected diseases in 2000 . ... ... 26
Table 7  Attributable fractions from SFU for India ......................cccoooooviiiiicec 26
Table 8  Attributable burdens from SFU for India.................c.ccccoooeviiiiiieccce 27
Table 9 Burden of disease from SFU for India.....................c.ocoooveeiiiieeeeeeeeeen, 27
Table 10 Comparison of burden of disease data and SFU results for India, ... 28
Table 11 Low and high scenarios for the burden of disease from SFU for India_ ... 29
List of tables in annexes
Table A2.1  Studies linking SFU with ALRI ......ccccooiiiiiieeeeeeee e, 44
Table A2.2  Studies linking SFU with COPD.........cccooiiiiiiiiiiiicieeeeeeee e 46
Table A2.3  Studies linking SFU with [ung cancer............ccccoeevveeviienciieeieeeee e 48
Table A2.4  Studies linking SFU with asthma..............cccovveiiiieiiiieie e, 51
Table A2.5  Studies linking SFU with cataracts...........cccceevieriieiiienieeiieieceeeee e, 52
Table A2.6  Studies linking SFU with tuberculosis.........cccceeuveerciieeniieeeiieeciee e 53
Table A3.1  Assessment methods for determining the EBD from SFU........................ 55
Table A5.1  Household SFU by COUNLIY.......ccooviiiiiiiriieiieiieeieee et 61
Table A5.2  Percentage of households using coal...........cccoeevieiiiiiiniiieiiieecie e, 65
Table A6.1  Regional country groupings for global assessment...........c.cccccveeeeuveerneenns 67
Table A6.2  Mortality and DALY attributable to SFU for 14 regions

Of the WOTId ..o e 68
Table A6.3  Selected population attributable fractions from SFU.........c..cccceeviriinennen. 68
Table A6.4  Attributable mortality and DALY's from SFU, by age group and sex......... 69

v



Indoor smoke from solid fuels

Preface

The disease burden of a population, and how that burden is distributed across different
subpopulations (e.g. infants, women), are important pieces of information for defining
strategies to improve population health. For policy-makers, disease burden estimates provide
an indication of the health gains that could be achieved by targeted action against specific risk
factors. The measures also allow policy-makers to prioritize actions and direct them to the
population groups at highest risk. To help provide a reliable source of information for policy-
makers, WHO recently analysed 26 risk factors worldwide, including indoor smoke from solid
fuels, in the World Health Report (WHO, 2002).

The Environmental Burden of Disease (EBD) series continues this effort to generate reliable
information by presenting methods for assessing the environmental burden of disease at
national and local levels. The methods in the series use the general framework for global
assessments described in the World Health Report (WHO, 2002). The introductory volume in
the series outlines the general method (Priiss-Ustiin et al., 2003), while subsequent volumes
address specific environmental risk factors. The guides on specific risk factors are organized
similarly, first outlining the evidence linking the risk factor to health, and then describing a
method for estimating the health impact of that risk factor on a population. All the guides take
a practical, step-by-step approach and use numerical examples. The methods described in the
guides can be adapted both to local and national levels, and can be tailored to suit data
availability.
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ALRI acute lower respiratory infection(s)
ARI acute respiratory infection(s)
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PM particulate matter
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Summary

Summary

This guide outlines a method for estimating the disease burden at a national or local level
caused by household exposures to indoor smoke from solid fuels. Solid fuel use is
defined as the household combustion of coal or biomass (such as dung, charcoal, wood,
or crop residues). Worldwide, approximately 50% of all households and 90% of rural
households utilize solid fuels for cooking or heating. Solid fuels are commonly burned
in inefficient simple stoves and in poorly ventilated conditions. In such situations, solid
fuel use generates substantial emissions of many health-damaging pollutants, including
respirable particulates and carbon monoxide, and results in indoor air pollution exposures
often far exceeding national standards and international guidelines.

The disease burden from solid fuel use is most significant in populations with inadequate
access to clean fuels, particularly poor households in rural areas of developing countries.
Women and their youngest children are most exposed because of their household roles.
Solid fuel use is most firmly associated with acute lower respiratory infections (including
pneumonia) in young children, and chronic obstructive pulmonary disease and lung
cancer in women (and to a lesser degree in men). Each of these three health outcomes
is a major disease category in most societies and thus household solid fuel use is likely
to be a major cause of disease burden in communities where it is prevalent. Globally,
2.6% of all ill-health is attributable to indoor smoke from solid fuels, nearly all in poor
regions.

The approach described in this guide utilizes a binary classification scheme for exposure
levels, separating the study population into those exposed to solid fuel use and those not
exposed. This strategy enables the application of relative risks derived from a
comprehensive review of the current epidemiological literature on solid fuel use. The
guide presents ways to assess household fuel use, and discusses the evidence linking
solid fuel use with major health outcomes. The combination of exposure levels and
relative risks enables the calculation of disease burdens. Uncertainty in final results can
be suggested through low-risk and high-risk scenarios. The guide closes with an
illustrative case study for India.

The recommended methodology does not include all possible health outcomes suspected
to be associated with solid fuel use, but just those for which the evidence is best. Annexes
cover other important sources of indoor air pollution; studies linking solid fuel use with
various other health outcomes; alternative approaches to determine the disease burden
from solid fuel use; and sample fuel use survey questions.

Determining the impact of solid fuel use at national or local levels is important for
identifying and prioritizing environmental and public health interventions. The two main
intervention options focus on developing the physical and economic infrastructure to
either encourage households to switch to cleaner fuels, or to employ improved stoves
with chimneys or other means of reliable ventilation. In either case, education plays a
vital role.
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