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PRE F ACE 

Among the various environmental health hazards, air 

pollution is recognized as an existing or emerging 

enviroDaental problem in many countries or areas of the WHO's 

Western Pacific Region. To date, air quality monitoring 

activities have almost exclusively focussed on outdoor 

monitoring and air pollution problems. 

It is now realized, however, that indoor exposure to air 

pollutants can be substantial, considering the fact that many 

people spend a large part of each day indoors in different 

micro-environments. Such exposures are extensive enough and 

common enough to account for significant increase in morbidity 

and premature mortality. 

The importance of indoor air pollution and the need to 

evaluate health effects and risks based on more realistic and 

reliable exposure indicators have led to the expansion of the 

WHO programmes in this area, and to the holding of this 

aegional Seminar on the effects on health from total 

(integrated) exposure to air pollutants, including the indoor 

and outdoor environments and the use of personal monitors. 



NOTE 

The views expressed in this report are those of the participants in the 
seainar and do not necessarily reflect the policies of the World Health 
organization. 

This report has been prepared by the Western Pacific Regional Centre for 
the Promotion of Environmental Planning and Applied Studies (PEPAS) for 
Governments of Kember States in the Region and for the participants in 
the Regional Seminar on Human Exposure to Outdoor and Indoor Air 
Pollution and its Effects on Health, held on 23-27 June 1986. 
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1. INTRODUCTION 

A Regional Seminar on Human Exposure to Outdoor and Indoor Air 
Pollution and its Effects on Health was held at the WHO Western Pacific 
Regional Centre for the Promotion of Environmental Planning and Applied. 
Studies (PEPAS) on the campus of the University of Agriculture, Malaysia 
(Universiti Pertanian Malaysia (UPH», Serdang, Selangor, Malaysia, from 
23 to 27 June 1986. The seminar was attended by IS participants from 12 
countries or areas in the WHO Western Pacific Region and 11 observers. The 
observers were from Malaysia, representing several government bodies, i.e. 
the Department of Environment, Kuala Lumpur City Hall, Petronas and the 
Universiti Pertanian Malaysia. A list of the participants, official 
observers, consultants and secretariat members is presented in Annex 1. 

2. OPENING SESSION 

Following some brief introductory remarks by Hr Somnuek Unakul, 
Director of PEPAS, the Dean of the Faculty of Science and Environmental 
Studies, University of Agriculture, Malaysia, Professor Dr Badri Muhammad 
welcomed the participants and observers to the University campus and 
expressed his own particular interest in and appreciation of the importance 
of the subject matter to be discussed during the technical sessions. 
Dr L. Verstuyft, the WHO Representative for Malaysia, Brunei and Singapore, 
delivered a message on behalf of Dr H. Nakajima, WHO Regional Director for 
the Western Pacific Region. The message stressed the importance of the 
seminar's subject matter in relation to environmental health, and indicated 
the underlying reasons which lead to its organization. The full text of 
these two addresses is given in Annex 2. Dr Verstuyft then declared the 
seminar officiallY open. 

Mr Unakul introduced the operational officer of the seminar, 
Dr N. Y. Kirov, acting air quality management adviser, PEPAS. Dr Kirov 
thanked on behalf of WHO, Dean Badrt and through him, the University 
authorities for the help and cooperation given to PEPAS in the organization 
of the seminar. He introduced the consultants, the guest lecturers and the 
secretariat, after which each participant introduced himself/herself 
individually. 

3. OBJECTIVES 

The broad objective of the seminar was to promote the attainment of 
health and well-being of the general public in relation to human exposure to 
air pollutants as part of the general health development programme of WHO. 

The specific objectives of the seminar were: 

to provide information on types and sources of outdoor and indoor air 
pollutants and their concentrations; 

2) to review monitoring techniques of outdoor and indoor air pollutants, 
including personal sampling teChniques; 

3) to discuss means of estimating the total human exposure to air 
pollutants; 

4) to discuss methodologies of assessing health effects of air pollutants, 
including risk assessment procedures, and 
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S. to promote the assessment of total human exposure to air pollution to 
provide the basis for the development of comprehensive air pollution 
control strategies for the protection of public health. 

4. SEMINAR PROGRAMME 

The seminar timetable, technical sessions and a list of working papers 
and background material provided to the participants are given in 
Annexes 3 and 4. Copies of the working papers prepared by the consultants 
are not attached to this report but were distributed to the participants and 
are available on request from PEPAS. 

Books, published papers, WHO reports and photographs relevant to the 
subject matter of the seminar were placed on display during the seminar for 
the use and reference of the participants. 

The seminar sessions were chaired by the Operational Officer, 
Dr N.Y. Kirov. During the first technical session he presented a background 
review of the WHO health related air monitoring programmes and activities, 
(working paper No.1). 

Most of the WHO environmental programmes were concerned with assessment 
of human exposure and health effects based on pollutant concentrations in 
the different media, i.e. air, water and food, as well as from actual 
measurements of pollutant concentrations in human tissues, target organs and 
body flu ids. 

With regard to the objectives of the sem,nar, the following activities 
were considered relevant and reviewed in detail: 

The GEMS/Air ambient air quality monitoring programme. 

Health effects and exposure relationships of outdoor and indoor 
air pollut ion. 

The UNEP/WHO pilot projects for assessment of human exposure to 
pollutants through biological monitoring. 

The health-related air pollution monitoring pilot project for 
assessment of human exposure to selected air pollutants. 

The assessment of human exposure to environmental pollutants, i.e. 
the Human Exposure As'sessment Location (HEAL) project. 

Reference was also made to the related supporting activities of the 
following organizations cooperating with WHO in the above programmes: 

The International Agency for Research on Cancer (rARC) 

The International Programme on Chemical Safety (IPCS) 

The International Register of Potentially Toxic Chemicals (IRPTC) 

The Monitoring and Assessment Research Centre (MARC). 
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The participants, who were selected from environmental or health 
"ministries, had prepared their country reports in accordance with the 

guidelines given in Annex 5. These reports were presented and discussed 
during the early sessions of the seminar.. A brief summary of the country 
reports i8 given in section 5; the original papers have been dep08ited in 
the PEPAS library and are available on request. 

Portable equipment for indoor monitoring and several types of personal 
monitors were displayed and demonstrated during the sessions on monitoring 
of air pollutants. 

Each day, a rapporteur was selected from the participants to assist the 
consultants in keeping a record of the day's proceedings. The five seminar 
rapporteurs, in order of participation, were Dr T. Brady (New Zealand), 
Mr J. Bower (Hong Kong), Mr S. Ong (Malaysia), Dr K. Bentley (Australia) and 
Ms D. Cahoon (Guam). The overview discussion session 18 was chaired by 
Dr K. Bentley. 

5. SUMMARY OF COUNTRY REPORTS 

The twelve country reports prepared by the participants in accordance 
with the guidelines provided in Annex 5 were presented over three full 
sessions. Each presentation was followed by questions and discussions. 
Brief summaries of the country reports are given in this section; the texts 
of the complete papers may be obtained from PEPAS on request. 

5.1 Australia (Dr K. W. Bentley) 

The Australian programme of monitoring and regulation of atmospheric 
contaminants was undertaken at a number of levels. The Federal Government 
operated through the aegis of independent health and environmental 
specialist advisory bodies such as th"e NatioD<ll Health and Medical Research 
Council and the National Occupational Health and Safety Commission. The 
statutory regulatory powers however resided with the States and Territories. 

Whilst control of industrial point emission sources and motor vehicle 
emissions (e.g. policies on unleaded petrol) had effected substantial 
reductions in ambient air pollution for a number of parameters, some 
pollutants continued to be of increasing concern (e.g. ambient and indoor 
NOx ) in major popUlation centres. A problem associated with unleaded 
gasoline was sometimes the presence of sulphur, giving rise to H2S 
problema. Carbon monoxide was also sometimes a problem for the public, 
particularly in restricted spaces such as car parks. 

Consideration of indoor air quality parameters had only recently been 
prioritized, and goals and guidelines were in the process of formulation. 
The present policy was one of Federally-funded indoor air quality health 
promotion programmes. Some indoor air pollution problems of concern were: 
the use of unflued gas fired convention heaters, kerosene heaters, solid 
fuel stoves and cigarette smoke. Indoor air pollution from asbestos and 
urea formaldehyde insulation was not significant and was reasonably well 
controlled. 
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5.2 People's Republic of China (D~ Qin Yuhui and D~ Geng Zingzhong) 

The main source of ene~gy in China is coal. Acco~ding to the data of 
1981, coal accounted fo~ 72.74% of total ertergy consumption. Ai~ pollution 
caua.d by coal combustion was an important p~oblem. Monito~ing data in the 
five cities participating in the GEMS/Air p~og~amme showed that the 
pollution by SPM was more aeve~e than that by 802' The concentrationa of 
SPM in the northern cities were higher than those in the southern cities. 
SPM reaulted mainly from coal combustion. Several studies auggeated that 
aome health effects aeemed to be induced by air pollution. 

With respect to indoo~ air pollution, the concentrationa of CO in the 
indoor eavironment were higher than thoae in ambient air, particularly in 
winter. The source of CO pollution in air was mainly from indoors, because 
of da.eatic heating and cooking with coal. The levels of pollutants in the 
indoor sir depended on the type of domestic fuel used and the housing 
conditions. In some cases, concentrations were very high due to the lack of 
chimneys. 

5.3 Fiji Islands (Mr S. Nanovu) 

While air pollution problems in Fiji were not serious, they sometimes 
occurred, especially in the following areas: 

i) eaission from exhausts of vehicles in the main centres, especially 
during peak hou~s; 

ii) in the industrial areas, not only in the main centres but slso in 
areas like Vatukoula - a gold mining town; 

iii) in buses and othe~ public service vehicles, and even homes and public 
buildings, where people gather~d together and did a lot of cigarette 
and tobacco smoking; 

iv) in homes, where firewood was used for cooking. 

This being so, there was a clear and urgent need for: 

1) monitoring and assessing of air pollution; 

2) assessing risks and health effects; 

3) planning health strategies for the protection of the public. 

The participant felt that WHO and countries that were fairly well 
advanced in air pollution activities could support Fiji in the development 
of an pollution control programme. 

5.4 Guam (Ms D. Cahoon) 

Guam, a small Western Pacific island, had relatively clean ambient air 
aa docu.ented in air monitoring data. However, in certain 
micro-environments, air· contaminants could accumulate aa a result of burning 
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wood or solid waste in neighbourhoods; emissions froa small businesses such 
as paint shops, boat repair shops and gas production; autoaobile emissions 
on the main highway; or downwind of the power plants. No efforts were being 
made to assess human exposure to air pollutants. In the near future, human 
exposure assess.ents were likely to be given lower priority in coaparison to 
initiating direct measures for controlling emissions. Outdoor kitchens and 
open burning were traditional for events and cooking, and the burning of 
wastes were a natural progression of this practice. The control of sir 
pollution arising froa such activities presented a difficult cultural, 
social and educational problem. Personal monitoring of asbestos exposure 
was provided for asbestos removal projects. Trained professional hazardous 
waste handlers were used for this work. 

5.5 Bong Kong (Mr J. Bower) 

The participant reviewed the Territory's relatively advanced ambient 
air quality monitoring programme and control/management strategies; similar 
progress in respect of occupational health studies waa also noted. In 
Hong Kong, as in much of the world, greater emphasis had so far been placed 
on assessing the ambient and occupational environments rather than on 
tackling indoor air quality or total exposure assessment issues. There were 
welcome signs, however, that this emphasis may change in the coming years. 
Indoor air pollutants of concern were levels of asbestos in schools and 
public buildings, pollutants from burning gas or gas leakage, emissions from 
kerosene stoves used for cooking and exposure to cigarette smoke. 

Acid rain and NOx were a real problem in Hong Kong. Photochemical 
smog was also a problem, but not in the city; oxidants were significant in 
the I80re distant outlying areas. Air <IuaHty control zones using "best 
practicable means" and fuel type restrictions were being introduced. 

5.6 Japan (Dr S. Goto and Mr S. Kurebayashi) 

The number of vehicles was steadily increasing in Japan year by year. 
In spite of the regulations on automotive exhaust emissions which have been 
established, these emissions had become major problems, especially in big 
cities. 

With regard to indoor air pollution, legislation existed for the 
maintenance of hygiene and sanitation standards. Pollution by N02, NO, 
C02 an,d CO have been the main subject of studies both in the indoor and 
outdoor envirouaents. Recently, a study estimating the total human exposure 
to some carcinogens had been initiated. 

5.7 Republic of Korea (Mr S.J. Yoon) 

The main environmental problems in the Republic of Korea resulted froa 
high population densities (400 persons/km2), migration of rural population 
to urban areas, increases in industrial activities and changes in life style. 

Yontan, an anthracite coal briquette fuel commonly used for heating and 
cooking in many Korean homes and small commercial buildings, created a 
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serious potential for carbon monoxide poisoning, especially during the 
winter season. Heavy cigarette smoking, particularly in public places, waS 
a problem too. 

Acid rain was a180 a problem, pH values being between 4.0 and 5.7. 
Strategies for controlling industrial pollution were being developed and in 
general were proceeding quite well. 

5.8 Malaysia (Mr Ong Sian and Mr Noor Alshurdin) 

Malaysia, as a developing country, was facing the problem of air 
pollution mainly from the various industries and also from the increasing 
numbers of motor vehicles. A network of monitoring stations had been 
established by the Department of Environment. Various regulations have been 
enacted to protect the outdoor as well as the indoor air quality in public 
and working places. The Factories and Machinery Department had carried out 
a few studies on the health of the workers in certain indoor environments. 
However, there was still a lack of study or research on the health effects 
of air pollutants in the country. Smoking in public places and public 
transport was probably the major indoor pollution problem of concern. There 
was some concern too about the extent of advertising of sport fixtures by 
tobacco companies. There was no organized study or research on the hes1th 
effects of air pollutants, total exposure assessment or the monitoring of 
non-occupational indoor air quality. 

5.9 New Zealand (Dr T. Brady) 

Having essentially a maritime climate, New Zealand did not in general 
experience long-term outdoor pollution'episodes, although Christchurch and 
to some extent smaller cities were subjected to periods of air stagnation 
during the evenings, causing particulate levels to rise often above those 
recommended in the WHO guidelines. Indoor air pollution was seldom a 
problem but monitoring programmes were in existence to determine levels of 
formaldehyde and radon in New Zealand homes. Cigarette smoke remained the 
principal source of indoor pollution, and the government employer (the State 
Services Commission) had declared that government work places would be smoke 
free, as a condition of employment; this required no legislation. 

Personal monitoring was in general restricted to occupational classes 
but a major epidemiological study had been in progress for 10 years, 
monitoring blood lead levels in Christchurch's inhabitants; airborne lead 
had been demonstrated to be a small fraction of the body burden. Levels of 
some pollutants i.e. S02 and NOx were now so low in some areas that 
traditional monitoring methods were inadequate in providing reliable 
measurements. The lead content of gasoline was currently 0.84 gil, but was 
projected for significant reduction in the future. 

With regard to particulates, there was more emphasis on smoke (RP), 
than on suspended particulates. Wood burning appliances were proliferating, 
and work had been undertaken to assess the nature and levels of pollutants 
generated from this source. 

-

-
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5.10 Papua New Guinea (Mr S. Zale) 

pa:t~cular ~roblems iden~ified in this country paper included exposure 
to pest.cldes, clgarette smoklng (active and passive), and high indoor smoke 
~nd leve~s of particul~tes resulting from cooking/heating fires. Currently, 
lndoor alr pollutants 1n Papua New Guinea appear to present a more 
significant health problem than air pollutants in the ambient air. 

In the ensuing discussions, the issue of indoor smoke levels was 
further reviewed. It was noted that early epidemiological investigations in 
the country had shown the seriousness of this phenomenon. More hopefully, a 
trend away from traditional cooking/heating models had lately been observed 
as a result of changing personal attitudes rather than by statutory 
legislation. The adoption of better ventilation techniques and separate 
cooking areas was of obvious importance in this context. 

5.11 Republic of the Philippines (Mr R. S. de Arroz) 

The Philippines, being a developing country, had much to learn from the 
more advanced countries of the region, like Australia, Japan and Hew 
Zealand. Cigarette smoking (some 70 to 80% of the adult male population 
were smokers), agri-business waste, odours and exposure to pesticides were 
cited as the more significant problema of concern. The major air pollution 
problem in urban centres was of course pollution from outdated and 
badly-maintained vehicles, particularly diesel-fuelled buses. Measures to 
control this pollution were initiated several years ago but efforts needed 
to be intensified, the real problem being lack of funds. 

Lack of equipment and funds had temporarily stopped all ambient 
monitoring activities, but instrumentation and methodologies were currently 
under review, and a new infra-structure was being established. On the 
regional level where air pOllution occurred in highly urbanized areas, it 
Was expected that morbidity and mortality cases due to air pOllutants would 
increase dramatically, unless effective prevention and control measures were 
taken by the authorities. 

5.12 Socialist Republic of Viet Ham (Prof. Dr D. N. Phong) 

Viet Ham was still in the process of postwar reconstruction. Some 
serious and urgent environmental problems had arisen as a result of rapid 
development of industrial and urban zones. 

A system of indicators rerlecting ecological reactions of man with the 
environment had been used in an assessment of health effects. Hanoi College 
of Medicine was conducting a study on a national scale on the impact of air 
pollution on people's health. Epidemiological methods had been used for 
investigation of chronic bronchitis in some industrial areas. Sulphur 
dioxide and particulates (deposited snd airborne) had sbown the most evident 
relationship with symptoms of chronic bronchitis, and these two pollutants 
were singled out as the major air pollutants of concern. 

Health risk areas had been identified and appropriate control measures 
were being taken to reduce pOllution and safeguard public health. 
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Soae apecial indoor problems being studied were the imp~ct of . 
microclimate on the health of people living in houses, of ch1ldren 1n 
kindergartens, of achoo1 children in classrooms, and patient. in ho.pitala. 

The parameters studied were temperature, humidity, indoor ventilation, 
examination of micro-organisms, carbon dioxide and carbon monoxide. Under 
hot humid conditions and restricted ventilation, (in small f1ata for 
example), concentrations of carbon dioxide and microorganisms were found to 
be high and there was an increase of moulds and haemolytic streptococci. 

The use of simple dispersion modelling techniques and linear 
regression/statistical models had been found useful. There was considerable 
discussion following the presentation, during which the importance of using 
sufficientlY large population statistics and proper control groupings in 
such epidemiologicsl studies was emphasized. 

6. PRESENTATION AND DISCUSSION OF WORKING PAPERS 

6.1 Sources and nature of indoor pollutants 

The pollutants of concern indoors are somewhat different than the 
traditional pollutants that have ~een most studied in outdoor environments. 
For those pollutants generated mainly outdoors, indoor levels tend to be 
lower. For thoae pollutants with sources both indoors and outdoors, indoor 
levels can be quite different depending on the housing and meteorological 
conditions. Thoae pollutants coming principally from indoor source a reach 
indoor concentrations at significantly higher levels than those measured 
outdoors. Outdoor monitoring stations, therefore, cannot be relied upon to 
give good indications of human exposure conditions for these pollutsnts 
although they are probably best in regions where houses are well ventilated. 

Discussion focused upon the lack of data about sources of indoor air 
pollution and indoor/outdoor relationships for tropical and subtropical 
areas. It was emphasized that ambient monitoring would also be necessary in 
any air monitoring programme, although in many circumstances the need may 
exist to supplement such data with indoor and personal monitoring. 

6.2 Biofuels, indoor air pollution and health 

More than half the world's households cook and/or heat daily with 
simple biofuels (wood, crop relidue, animal dung). In small-scale 
combustion conditions, these fuels have high emisson factors for a range of 
important air pollutants. When used indoors or in other situations with 
limited ventilation, extremely high indoor concentrations and human 
exposures can result. Exposures to these same pollutants in other 
situations at these concentrations are known to cause a range of health 
effects. The few available health effects studies of biofuel smoke in 
developing countries are consistent with the existence of significant health 
effects from such exposures. The major exception to this preliminary 
conclusion is lung cancer which does not seem to be a problem in regions 
where these exposures occur, in spite of the high concentrations of 
chemicals thought to be carcinogenic. Other solid fuels, such as coal, 
share some of the problem-causing characteristics of biofuels as well. 

• 

-

jl 

-
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Discussion focused on the need to develop a larger data base both on 
exposurea and health effects for these fuels. Concern was also expressed 
about the possible synergistic effects among the many polutants in biofuel 
S80ke. It was noted that epidemiological studies in the areas where such 
expoaures existed would be difficult because of many confounding factors 
leading to ill health. It was pointed out, however, that the high levels of 
exposures would make the determination of effects easier compared to typical 
urban studies. 

6.3 Health effects of principal pollutants 

The current state of knowledge about the health effects of five 
principal types of indoor air pollution were reviewed: nitrogen dioxide, 
carbon monoxide, formaldehyde, asbestos, and radon. In some cases, there 
had been recent revisions in thinking about the effects. A WHO working 
group. for example, had revised upwards the recommended levels for N02. 
Other indoor pollutants of ·COncern in developed countries were also briefly 
discussed. 

Discussion focused on the effects of the Chernobyl nuclear accident on 
radiation levels in Europe and the resulting population risks. It was also 
pointed out that there may be other chemical products used indoors. in the 
region that had not been the focus of health studies in Europe and North 
America where most of the research on indoor air pollution had occurred. 

6.4 Monitoring with emphasis on indoor and personal monitoring 

The general principles and terminology of air pollution monitoring were 
reviewed and followed by a presentation of some of the instruments nov 
available for personsl and indoor monitoring. Some of the major factors for 
consideration in choosing and using these monitors were mentioned. The 
particular probleas of monitoring emissions, concentration, exposure, and 
dose were discussed including some of the non-technical training needed for 
field operators. 

Discussion centred on the suitability of using portable monitors for 
outdoor monitoring and it vas concluded, based on the experience of some of 
the participants, that these devices could be used in this way over short 
periods if care vas taken in their calibration and maintenance. The 
participants tbought that there vas 8 need to develop simple and inexpensive 
monitoring devices for use in developing countries. 

6.5 Research at the University of Agriculture and field visit 

The air quality research programme of the University vas discussed 
along vith the detaila of the tbree ambient air monitoring station. nov 
being operated in the Kuala Lumpur area. The participants visited tvo of 
the sites to observe the automated stations in operation. 

Discussion centred on questions about the atrategies for monitoring 
acid rain and vertical placement of the sampling ports. It was reported 
that little vertical stratification of major pollutants near the ground 
vas observed in Hong Kong. 
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6.6 Biochemical markers for dose 

The major methods now available for determining dose to air pollutants 
by meanS of biochemical markers were summarized. While there were a number 
of techniques involving analysis of various bodyfluids, tissue, and breath, 
few were reliable and cheap enough for regular use at present. They had 
utility, however, in research programmes, for example, to check oral 
statements as to whether people were actually smokers or not. 

6.7 Total Exposure Assessment (TEA) techniques 

The relationships between indoor and outdoor air pollutants were 
reviewed. It was shown that there seemed to be three major factors which 
indicated the extent to which indoor concentrations were different from 
those measured outdoors: housing type (ventilation), number of smokers, and 
type of stove fuel. The two major types of TEA were presented and compared: 

1) indirect method in which area concentrations in a number of 
micro-environments are combined with surveys of the daily movements of 
the population to derive estimates of total exposures, and 

2) direct method involving personal monitoring. 

Discussion focussed on the relative value and cost of the two types of 
TEA and the need to develop protocols for applying TEA in the region. 

6.8 Development of environmental health criteria 

The criteria by which the air quality recommendations of the WHO are 
derived and some of the terminology employed were reviewed. Some of the 
difficulties involved in determining health effects and the need to consider 
sensitive populations were discussed. The contents and .cope of the major 
WHO criteria documents for air pollution were summarized. 

Concern was expressed in discussion that some of the WHO criteria 
documents were becoming dated and that new ones were needed. In addition, 
there might be important pollutants in the region that were not now covered 
by such reports. 

6.9 Risk assessment 

The terminology and teChniques of risk assessment with regard to air 
pollution were presented. Such methods were still not well developed and 
there were a number of remaining' problems. These involved not only the 
scientific difficulties of making the assessments but also the conceptual 
problems in making proper comparisons among risks of entirely different 
sort. A number of value judgements needed to be made in order to compare 
different risks but sometimes these were hidden in the analysi •• 
Nevertheless, risk assessment was a promising approach for rationalizing 
policy related to monitoring and control of a range of natural and 
teChnological hazards. 

Discussion followed on some of the cultural and social barriers for 
achieving reliable estimates and comparisons of risk. 

-
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6.10 Special preaentations by China and Japan 

A high rate of lung cancer had been found in one county of Hunan 
Province in China. Preliminary studies had determined high concentrations 
of particulates, ben~o(a)pyrene, and sulfur dioxide in households using 
local coals f~r cook1ng. Lower concentrations were found in nearby 
households uS1ng wood or .mokeless coals. Epidemiological and snimal 
studies found an association of tumor rates with the high indoor 
concentrations. 

Studies had been made in Japan of the relationship between chemical 
and mutagenicity measures of particulate air pollution. While there were 
many .imilarities, the mutagenicity mea.ure gave a somewhat different 
picture of the critical environments. indoors and outdoors. Seasonal 
variations, for example, were different for the two measures. 

6.11 Economic evaluation and exposure commitment 

The commitment concept was introduced and discussed for exposures, 
dosea, and health effects. Examples were given of how this concept could be 
used to compare the potential impacts of policy alternatives. The basic 
ideas of environmental economics were reviewed and the use of exposure 
commitmenta in economic analysis was illustrated. The related concepts of 
concentration and exposure "bubbles" were presented and examples were given 
of how they might be applied. 

Discussion centred on the difficulties of making economic evaluations 
of health effects. It wal stressed that a range of other factors in 
addition to economic ones should play a role in policy choices related to 
air pollution. Social and cultural conditions were important in making 
economic studies: for example, it waa'pointed out that women otten perform a 
larger proportion of the important economic tasks in rural areas of many 
developing countries than was typical in the cities of developed countries 
where economic analyses may have been done in the past. 

6.12 Discussion of major issues raised during the week 

A range of issues were raised and briefly discussed during this 
session. These included: 

The need to share information on the Characteristics and 
performance of monitoring equipment throughout the region. 

The need for training in this srea. 

The potential conflict between air quality and energy conservation 
goals in the indoor environment. 

The need to understand the effects of lead in petrol and the 
improvements possible by ita reduction. 

The detrimental influence of extensive and unrestricted cigarette 
advertising and the need for more public information on the health 
effects associated with smoking <active and passive) • 
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The desirability to revise and up-date WHO environmental health 
criteria document. and to focus on indoor air pollutants; 

The need for ca.e .tudie. of successful control pr·ogra_es for 
indoor air pollution. 

The need to evaluate the health effect·s of pesticides widely used 
indoors in the region. 

7. EVALUATION OF SEMINAR 

Overall the participant. were satisfied that the seminar had achieved 
it. objectives. Only one particip.nt felt th.t one of the five objectives, 
i.e. to discu •• methodologie. of •••••• ing health effect. of air pollut.nts, 
including risk a •• e •• ment procedures, was le.s .dequ.tely covered th.n 
expected. They .11 at.ted th.t they h.d le.rnt new skill •• nd concepta, 
which could be usefully .pplied in their countrie.: however, one particip.nt 
indic.ted th.t l.ck of equipment .nd tr.ined personnel would make this 
difficult. 

The limited time .v.il.ble .nd inaufficient fluency in the Engli.h 
language were cited by two p.rticipant. aa the main factora reatricting the 
expression of their ideas or problem. at the meeting. Neverthele •• , most 
participant. felt th.t there had been a me.ningful expre •• ion of ide •• and 
exchange of experiences. 

In gener.l, the participants were satisfied with all working papers 
provided. It w •• agreed th.t the concept of per.on.l exposure 8Qnitoring 
which was e.sential in any health-rel.ted study w •• well promoted and that 
in this respect the seminar had been of "i_nse value". 

The m.jority of participants fe'l't thst methods of introduction .nd 
presentation of topics, .nd the org.nization of the meeting were 
commendable; same p.rticipants thought that more time .hould h.ve been 
.llowed after each pre.entation for discu •• ion.. The majority of 
participant. stated that the field visit to monitoring stations had been 
worthwhile. 

They felt th.t the recommendation •• nd conclusion. of the seainar 
relfected the meeting'. conaen.u., that such meetines should be held 
regul.rly, and that their attendance ws. worthwhile to thea per.on.lly. 

All participant. expressed .atisf.ction with the vell-org.nized 
admini.tr.tive arr.ngements. • 

8. CONCLUSIONS AND RECOMMENDATIONS 

In the fin.l di.cu.sion. (.e •• ion. 19 .nd 20) the p.rticipants .. de the 
following ob.erv.tion •• nd recommend.tiona: 

1. Regional .nd intercountry tr.ining ia needed on .ir 8Oftitoing 
equipment, .tr.tegiea, .nd qu.lity .s.urance methoda. 

-

-

-

..., I 

..... I 

... , 
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2. Infor.ation exchange mechanisms should be developed to share 
infor.ation on equipment and availability of quality assurance 
expertiae within-the region (reference laboratories for example). 

3. Reaearch is needed to correlate and adjust ezisting indoor air quality 
(LAQ) atudies for the conditions in tropicsl and subtropical regions. 
Similar adjustments are needed to modify present conclusions for rural 
as well as urbanconditiona. The WHO, for example, may wish to repeat 
one of its pilot studies done as part of the GEMS programme in an urban 
and a rural site within the tropical part of the region. 

4. Epideaiological studies are needed 
indoor and outdoor air pollutants. 
(PAR) mixtures might be of special 

in the tropics for the important 
Polycyclic aroaatic hydroca~bon 

concern in this regard. 

5. At least three categories of pollutants seem to be of special concern 
within the region, combustion products from domestic use of solid fuels 
(biofuels and coal); pesticides within the home; and smoke from a range 
of tobacco forms, traditional and modern, including the increasing use 
of manufactured cigarettes. 

6. Little infor.ation seems to exist about the importance of formaldehyde. 
radon, and asbestos 8S indoor pollutants in the region. Surveys are 
needed. 

7. Research groups and manufacturers are urged to develop and validate 
simple methods of monitoring indoor pollutants of interest in the 
region. High sensitivity Bnd precision Bre not needed initially but 
low cost and ease of field use should be the goals. 

8. Public awareness of IAQ should be ·increased through a range of 
activities including, perhaps, promotion of an international day 
devoted to reducing pollution fn the home. 

9. Research on ventilation for the housing found in the region is to be 
encouraged in order to improve TEA (Total Exposure Assessment) methods 
and to help in the design of control methods for achieving LAQ. 

10. The seainar participants wiahed to emphasize their concern about both 
passive and active expoaures to tobacco smoke in the region. 
Additional efforts should be made to encourage the banning of 
advertisements and smoking in public places, similar to those being 
implemented in some countries or areas within the region. The need for 
stronger and earlier educa~ion in the schOOls about the health effects 
of smolting as well as the need for adult education was streased. Such 
efforta by the WHO and other international organizationa ahould be 
applauded and vigorously supported at national levels. 

11. Total exposure assessment (TEA) techniques need to be modified and 
applied to the region. A preliminary protocol was presented and 
discussed during the seaaion. It is outlined in Annex 6 as an 
illustration of the general approach thought by the seminar 
participants to be appropriate for the region. 
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12. In the light of the information presented at the seminar and the 
conclusions reached, it would be desirable for M.ember States to 
reassess their ambient monitoring activities, and supplement them as 
needed in order to arrive at a more realistic TEA. This is 
particularly important when TEA data are to be used in epidemiological 
studies and the assessment of health effects. 

13. Promotion of total exposure monitoring and risk assessment from a 
scientific point of view was needed to balance unfounded arguments put 
out by some groups. 

14. To assist nations in conducting air pollution TEA, along the lines 
indicated in Annex 6, the participants recommended that WHO might 
consider the following steps: 

Publish detailed protocols from the four urban indoor/personal 
monitoring studies that have been completed. 

Develop and publish detailed survey design questionnaires and 
methods for the person-hours assessments. 

Provide guidelines, training and equipment for complete air 
pollution TEA studies and for monitoring of indoor air pollutants. 

Develop and make available computer software packages for 
tabulating and analyzing data from such studies. 

15. National governments should -

organize seminars at national level on the same subject; 

review the report of the seminar and take action on the 
recommendations given, if appropriate to the country or area; 

increase their level of activity in monitoring, assessment and 
control of indoor air quality, if manpower and resources permit; 

collaborate closely with PEPAS in the implementation of their 
programmes. 

9. CONCLUDING SESSION 

FOllowing some brief remarks by the consultants, Mr Somnuek Unakul, 
Director of PEPAS, thanked the participants for their cooperation and active 
participation which had contributed considerably to the successful outcome 
of the meeting. 

He urged the participants to continue to share their experiences with 
the countries and areas within the Western Pacific Region and to avail 
tbemselves of the facilities provided by the Regional Cent.re, PEPAS, for the 
exchange of such information. 

--
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l.pleaentation of the conclusions and recommendations made during the 
Seminar required follow-up actions. and he hoped that each participant would 
initiate such actions with the appropriate authorities in his/her country. 

He wished the participants a pleasant and safe journey home and 
declared the seainar formally closed. 

Dr ~. Bentley. on behalf of the participants. expressed the thanks of 
all present to the World Health Organization and the staff of PEPAS for the 
organization of a most successful seminar from which he was sure all 
participants had benefitted. 
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ANNEX 2 

ADDRESSES PRESENTED AT THE OPENING SESSION 

2.1 Welcome address by the Dean of the Faculty of Science and 
Environmental Studies, University of Agriculture, Malaysia 

Mr Somnuek Unaku1, 
Director, Western Pacific Regional Centre for the 

Promotion of Environmental Planning and Applied Studies (PEPAS); 

Dr L. Verstuyft, 
Distinguished Representative of the WHO, and Regional Director of the 

Western Pacific Region; 

Seminar Participants, 

Ladies and Gentlemen, 

I am appreciative of the honour in having been invited to be with you 
this morning for the opening of this Regional Seminar on "Human Exposure 
to Outdoor and Indoor Air Pollution and its Effects on Health". I would 
like to take this opportunity to say "Se1amat Datang" (Welcome) to our 
green campus in Serdang and I hope that your visit will prove to be both, 
rewarding and pleasant. 

Ladies and gentlemen, 

This regional seminar is appealing to me for two main reasons. 
Firstly, we cannot afford to undermine,the importance of clean, good 
quality air on human health, and seco,nd 1y, although acceptable 1eve 19 for 
factors such as noise, radiation, and water quality, etc. have been 
formulated in Malaysia, none have yet been established for indoor air 
quality. This seminar is therefore of special interest to many of us in 
this University. 

Since 1984, we have started an ambient air quality monitoring 
programme in 2 townships and also in the city of Kuala Lumpur using a 
network of fixed monitoring stations working on a continuous basis. 
Through it we have been able to determine the pattern of changes in the 
ambient air quality in these areas. But the crucial question is whether 
such a network of fixed stations can provide a fair estimate of what 
people breathe; in other words, ~'What is their exposure?". Also, "Are 
ambient air quality measurements alone fair indicators of the exposure 
risks in cities with different climates, industrial patterns, 
socia-economic conditions, and life-styles?" For example, it is known 
that the exposure found inside residences, commercial buildings and motor 
vehicles may be as important as those derived from the occupational and 
outdoor environment. In addition, energy conservation practices are 
causing great concern to many because the reduction of ventilation rates 
to conserve energy may lead to elevated indoor pollution concentrations 
and consequently to increased exposure. Indeed, a study carried out by 
the Department of Environmental Sciences in our University has shown that 
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the ambient carbon monoxide and airborne lead levels in several 
underground car parks in the city rose to alarmingly high concentrations 
intermittently. It was estimated that a worker or tenant in the building 
who is exposed for 10 minutes in the car park daily for 250 days in a year 
could develop symptoms of lead poisoning in just under two years. 

Ladies and gentlemen, in developing countries particularly, such exposure 
information is lacking. Yet the effects of human exposure to environmental 
pollution may be severe especially to the newborn, the elderly, and the 
infirm with pre-existing lung or heart disease. Repeatedly, decisions are 
made regarding public health and environmental, protection which are based 
to varying degrees on whatever information on exposures is available. 
These decisions can have serious health or economic consequences. Lack of 
information on existing conditions and exposure can easily lead to 
protection measures which are more stringent than required to adequately 
protect public health because of the general tendency in such cases to err 
on the side of safety. If such measures are enacted, they place an 
unnecessary financial burden on the public affected. Alternatively, 
incomplete or inaccurate data on exposures could as well contribute to 
control meaSures which are far too lenient, or to no control at all, 
leaving the affected population at risk. Although we accept the fact that 
the task of improving the information base with respect to exposures of 
people i. indeed difficult, it is quite clear that adequate exposure data 
are important for initiating, establishing and supporting measures to 
protect public health. In developing countries particularly, shortcomings 
in methodology and the general lack of budgetary resources and qualified 
manpower pose serious difficulties. Perhaps, because of the wide 
variation in sensitivity of different groups in the population, data 
concerning the health effects on healthy persons may not be as important 
as data on the groups of people most likely to be sensitive. 

Ladies and gentlemen, 

What I have said are just some of the questions from a longer list to 
indicate the requirements for resources at country level with respect to 
the assessment of human exposure to environmental pollution. Nonetheless, 
despite these difficulties, we, in UPH shall continue to strive towards 
the task of improving the necessary information base with respect to 
ambient air quality measurements and exposure of people to environment·al 
pollution. We believe that despite their shortcomings, ambient air 
quality data provide essential inputs to exposure assessments. To begin 
an "exposure - assessment" study in a city where there are no ambient air 
quality data would not be very profitable, since such data provide 
considerable useful information. Outdoor exposures and indoor exposures 
(to a lesser extent) depend on ambient air quality. 

Ladies and gentlemen, 

From the provisional agenda of this seminar, I take note of the 
comprehensive and detailed study curriculum that has been prepared for 
you. While I sympathise with you over the heavy workload, I feel that you 
are lucky to be exposed to this impressive programme and I feel sure that 
you will benefit immensely from this seminar which has been prepared by 
WHO/PEPAS. 
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Please make full use of the facilities that are available in our 
campus and lastly, I wish you all a very successful week of discussions 
and deliberations. Thank you. 

2.2 Opening Adderess: Message by the Regional Director 

On behalf of Dr H. Nakajima, WHO Regional Director for the Western 
Pacific Region, I have pleasure in welcoming you to PEPAS ~o attend. this 
Regional Seminar on Human Exposure to Outdoor and Indoor A,r Pollution and 
its Effects on Health. 

Environmental degradation is associated with the activities of man. 
Industrial development, modern transportation and the increasing 
concentration of populations in urban centres are all contributing to 
enviroumental pollution which has become a problem of major concern, both 
to developed and developing countries~ Among the various environmental 
health hazards, air pollution is being recognized as an existing or 
emerging environmental problem in many Member States. 

WHO's air quality assessment activities began in 1972, and were 
expanded in 1975, when they were incorporated into the framework of the 
United Nations Environment Programme (UNEP) GEMS, that is the Global 
Environmental Monitoring System. 

Since then, the programme has been further developed to cover such 
activities as assessment of human exposure to selected air pollutants, 
biological monitoring and the Human Exposure Assessment Locations (HEAL) 
project. WHO is also closely collaborating with the International 
Progra.me on Chemical Safety. You will hear more about these activities 
during the technical sessions of the Seminar. 

The major effort to date, however, has been concerned with the 
outdoor air pollution problems, and air quality management activities have 
ranged from initial steps to monitor ambient air quality by a network of 
fixed stations to enforcement and implementation of air quality control 
measures. In this connection, one may ask: Are ambient air quality 
measurements alone fair indicators of exposure risks in cities with 
different climates, industrial patterns~ socio-economic conditions, and 
life styles? Can they provide a reliable estimate of what people breathe, 
i.e. human exposure? 

One reason for the recent interest in human exposure has been the 
findings of various studies that people in urban areas routinely come into 
contact with air quality levels that differ from those measured at 
monitoring stations. Any true assessment of the impact of air pollution 
on public health must therefore take into account the combined effects 
making-up an individual's exposure. 

There is a growing realization too, supported by recent studies, that 
fixed monitoring stations alone do not accurately reflect the exposure of 
the population to outdoor pOllutants in the indoor environment. The 
indications are that indoor pollutants can be very important contributors 
to air pollution burdens of the population and are thus of significant 
health importance, particularly when account is taken of the fact that 
many people spend a large part of each day indoors in different 
micro-eDvironments. 
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This realization has stressed the need to evaluate health risks based 
on the total human exposure to air pollutants. In this context, the term 
"human exposure tl stresses that the human being is the most important 
component of the environmental pollution problem.. Hence, "measurements of 
human exposure" are usually measurements in which the human being is 
treated as a receptor of environmental pollution. 

This seminar has been convened to discuss and assess the various 
approaches for the evaluation of scientific and clinical information on 
health effects and risks of priority air pollutants. Its overall 
objective, as part of the general health development programme of WHO, is 
to promote the attainment of health and well-being of the general public 
in relation to human exposure to air pollutants. 

In your deliberations, you will be exploring the factors affecting an 
individual's total exposure to air pollutants by considering the indoor 
and outdoor environments; the use of personal monitors for measuring total 
human exposure and the modelling of human exposure to air pollution; you 
will be discussing research needs and future actions, the implications of 
the results on the development of air pollution control strategies for the 
protection of public health, and the evaluation of the effectiveness of 
such strategies. 

In this way, you will be able to establish means of achieving more 
precise estimates of the total exposure of whole populations, and these in 
turn should give greater support to relevant epidemiological studies and 
regulatory actions. 

I sincerely hope that this seminar and the sharing of experiences 
will provide valuable information to the participants from Member States 
on the health effects resulting from·total human exposure to outdoor and 
indoor air pollution, and will prov"e a useful contribution towards 
achieving the objective of protecting and improving the health and 
well-being of the general public. 

I wish you all a successful and fruitful meeting. 
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SEMINAR AGENDA 

Session No (see attached time-table) 

MONDAY, 23 JUNE 1986 

~ Opening Session 

S2 

S3 

S4 

Welcome address and official opening ceremony 
Introduction of participants and consultants 
Seminar objectives 
Administrative briefing, group photograph 
WHO's Health-Related Air Monitoring 

Programmes and Activities 

Country Reports (1 - 4) 
(Australia, China, Fij i J Guam) 

Country Reports (5 - 8) 
(Hong Kong, Japan, Korea t Malaysia) 

TUESDAY, 24 JUNE 1986 

S5 Country Reports (9 - 12) 

S6 

87 

S8 

(New Zealand, Papua New Guinea, Philippines, 
Viet Nam) 

Sources and Nature of Some Major "Indoor 
Air Pollutants 

Biofuels, Indoor Air Pollution and Health 

Health Effects of Principal Indoor Pollutants 

WEDNESDAY, 25 JUNE 1986 

S9 

SlO 

512 

) Air Pollution Monitoring for Health with 
) Emphasis on Indoor and Personal Monitoring 
) 
) (Continued) 

) Air Quality Research in the University of 
) Agriculture, Malaysia - A General Outline 
) 
) The presentation was followed by 

inspection of the Department of Environmental 
Sciences and the monitoring stations on the UPM 
campus and at Kajang 

ANNEX 3 

Director, PEPAS 
Operat iona 1 
Officer 

WP 1* 

WP2 

WP3 

WP4 

WP5 

WP6 
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THURSDAY, 26 JUNE 1986 

S13 

S14 

S15 

Personal Monitors. Biological Monitoring 

Assessment of Total Human Exposure Including 
Modelling Techniques. Development of 
Environmental Health Criteria 

Risk Assessment with regard to Air Pollutants 

516 Overview Discussion 

FRIDAY, 27 JUNE 1986 

517 Economic Evaluation of Monitoring and Control 
Strategies with Consideration of Exposure 
Assessment 

519 Discussion of Draft Seminar Report 

S20 Discussion and Closing Session 

*WP = Working Paper 

WP 5 and 5A 

WP 7 and 8 
WP 8A 

WP 9 and 9A 

WP 10 
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MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY 

Time Sl S5 S9 S13 
517 I 

Opening country WP4 (cont'd) WP5 (cont'd) WP10 
Session Reports (9-12) WP5 WP5A 

C 0 F FEE B REA K 

S2 S6 S10 S14 S18 
WP1 -WP2 WP5 (cont'd) WP7 ----OVerview 

WP8 Discussion 
WP8A 

L U N C H B REA K 
================================== ================-=============_===a=~================_ 

53 S7 511 S15 519 
Country -WP 3 WP 6 WP9 Discussion 
Reports (1-4) Field WP9A Session: 

Visit Conclusions and 
RecOl1DDendations 

TEA B REA K 

54 S8 512 516 S20 
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Reports (5-8) WP 4 Visit Session (continued) 
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._------_. 
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ANNEX 4 

LIST OF WORltING PAPERS AND BACKGROUND REFERENCE MATERIAL 
PROVIDED TO THE PARTICIPANTS 

IIORltIllC PAPERS 

WPl 

WP2 

WP3 

WP4 

WP5 

WP SA 

WP6 

WP7 

WP8 

WHO'. healt, related air monitoring programmes and 
activities. A background review paper, by N. Y. Kirov 

Sources and nature of some major indoor air pollutanta, 
by N. Y. Kirov 

Supplement - air quality guidelines. Indoor air 
pollutants: - radon, formaldehyde. 

Biofuels, indoor air pollution and health, by K. R. Smith 

Supplement 1 - Air pollution and rural biomass fuels in 
developing countries: A pilot villages 
study in India and implications for 
research and policy. By K.R. Smith, A.L. 
Aggarwal and R.K. Dave. (Reprinted from 
Atmospheric Environment, Vol.- 17, No. 11, 
1983) 

Supplement 2 - Selected transparencies used in the 
presentation 

Health effects of principal indoor pollutants, 
by G. von Nieding 

Air pollution monitoring for health with emphasis on 
indoor and personal monitoring, by K.R. Smith 

Supplement I -
Supplement 2 -

Transparencies from the presentation 
A review of personal/portable monitors 
and samplers for airborne particles 

Biological monitoring, by G. von Nieding 

Air quality research in Universiti Pertanian Kalaysia - a 
general outline, by R. Inoue and Azman Zainal Abidin 

Assessment of total human exposure including .adelling 
techniques, by K.R. Smith 

Supplement 1 - Transparencies from the presentation 

Development of environmental health criteria, by 
N.Y. Kirov 



WP 8A 

WP9 

WP 9A 

WP 10 
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Criteria for determining 'Adverse Health Effects' of 
principal indoor pollutants and sensitive population, 
by G. von Nieding 

Risk assessment with regard to air pollutants, by 
K.R. Smith 

Risk assessment with regard to carcinogenic air 
pollutants, by G. von Nieding 

Economic evaluation of monitoring and control strategies 
with consideration of exposure assessment, by K.R. Smith 

COUNTRY OR AREA REPORTS 

CR/OOI 

CR/002 

CR/OO3 

cR/004 

CR/OOS 

CR/006 

CR/007 

CR/008 

CR/009 

CR/OIO 

CR/Oll 

CR/012 

WHO PUBLICATIONS 

L 

2. 

AUSTRALIA by Dr Keith William 8entley 

PEOPLE'S REPU8LIC OF CHINA by Dr Qin Yuhui and 
Dr Geng Zingzhong 

FIJI by S. V. Nanovu 

GUAM by Ms Dawn Cahoon 

HONG KONG 8y Mr Jonathan Stephen 80wer 

JAPAN by Dr Sumio Goto and Mr Shigeo Kurebayashi 

MALAYSIA by Mr Noor Alshurdin Md. Salleh and Mr Ong Sian 

NEW ZEALAND by Dr Terence John 8rady 

PAPUA NEW GUINEA by Mr Silas Zale 

REPU8LIC OF THE PHILIPPINES by Mr Ricardo S. de Arroz 

REPU8LIC OF KOREA by Mr Seung-Joon Yoon 

SOCIALIST REPU8LIC OF VIET NAM by Associate Professor 
Dao Ngoc Phong 

Estimating Human Exposure to Air Pollutants. WHO Offset 
Publication No. 69, Geneva, 1982 

Indoor Air Pollutants: Exposure and Health Effects. 
Report on a WHO Meeting. EURO Reports and Studies 78. 
WHO Regional Office for Europe, Copenhagen, 1983. 
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Human Exposure to Suspended Particulate Hatter and 
Sulphate in Bombay, India, WHO, GEMS, Doc. No. EFP/82.33, 
Geneva, 1982. 

Human Exposure to Suspended 
Sulphate in Bombay, India. 
EFP/84.66, Geneva, 1984. 

Human Exposure to S02, N02 
Matter in Toronto, Canada. 
EFP/82.38, Geneva, 1982. 
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ANNEX 5 

GUIDELINES FOR THE PREPARATION OF COUNTRY REPORTS 

Participants are requested to prepare a country report for 
presentation at the above seminar. The country report should be forwarded 
to PEPAS as soon as possible and not later than 31 May 1986. 

The following guidelines set out the general framework for the 
preparation of these reports. However, participants may, if they wish, add 
more material to their reports if they think that such material would be of 
interest to other participants at the seminar. 

1. Country or area 

Name, total area, population and general geographical features. 

2. Environmental Protection and Health 

What are the main areas of concern in your country or area? 

3. The Problem of Air Pollution 

How serious is it and what is the relative priority given to this 
problem amongst the range of national, social, environmental and health 
problems? 

4. Outdoor Air Quality 

Monitoring networks and data; major pollutants of concern; 
interpretation and use of this data in 'exposure assessment. 

5. Indoor Air quality 

List the nature, sources and concentration of pollutants; monitoring 
of indoor air pollution; relevant legislation; control strategies and 
enforcement. 

Please indicate any problems arlslng from cookers, heating systems, 
cigarette smoking in public, building materials, furnishings t ventilation 
and air conditioning systems t or seasonal factors such as temperature, 
humidity, air exchange rates, etc. 

6. Are You Experiencing any Special Indoor Air Pollution Problems? 

Give examples of pollutants of concern, e.g. carbon monoxide, sulphur 
oxides, sulphate, nitrogen oxides, ozone, benz (a) pyrene, cigarette smoke, 
odours, radon, formaldehyde, volatile organic substances, lead, asbestos 
fibre, respirable suspended particulates etc • 
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Refer to any known problems from such pollutants in: 

(a) homes; 
(b) schools, offices, work places; 
(c) public places and gatherings such as restaurants, bars, night 

clubs, sporting functions, stores, hospitals, skating rinks, 
markets, cinemas, open air eating places and the like; 

(d) transportation: likely adverse health effects on pedestrians, 
bicycle and motor cycle riders, cars, buses, commuter. trains, 
railway stations, aeroplanes. 

7. Assessment of Total Exposure 

A brief description of any experience, procedures, on-going research 
or health effect studies relating to air pollutants being carried out in 
your country would be helpful. 

To what extent a~'e personal air quality monitors and portable 
measuring devices used? Refer to your country1s experience in the use of 
biological indicators) e.g. carboxyhaemoglobin in blood, lead in urine and 
blood, organochlorine compound~ in milk, etc. 

8. Demographic and Socia-Economic Factors 

What relevance have the~e factors to the subject matter of the sem1nar 
in relation to -

(a) the domestic (micro) err, .. i.ronment 
(b) the occupational t:l1vironment 
(e) the local or conr.nu~ity environment 
(d) the regional ~nvir()nme~t 

9. Assessment of Heaith-R~iated Effects 

What air pollutants (i: .lilY) are used to assess health effects? Have 
any relevant epidemiological studies been undertaken in your country, or 
any studies conducted of industr~.al or occupational exposure which can be 
used for exposure efit:cc evaluations? Are any specific population groups 
at risks studiEd? Ho .... is tr\is information used in the development of air 
pollution control s~ra[egies? 

10. Additional Iniormati·.)n and Needs 

Is there any sp~cjfic topic of interest relevant to the present 
seminar on which you wi~h to 

(a) report, or 
(b) which you would likA dis~ussed, explained or further investigated? 

Length of Country Report; A concise summary under the above headings need 
not exceed 6 to 8 page" of siI:gle·-spaced typed text. Up to 20 minutes will 
be allowed fer the formal presentation of the papers. Facilities exist at 
PEPAS for overnead pn'ljection and 35 mm slides. 

-
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ANNEX 6 

A GENERAL APPROACH TECHNIQUE FOR TOTAL EXPOSURE ASSESSMENT 

The following is an illustrative example of a preliminary protocol 
which was considered by the seminar participants as suitable for Kember 
States of the Region to follow as an initial approach to total exposure 
a8seas.ent. 

a. Start with an assesment of the most important indoor micro
envirooaents. While a complete TEA would include transport corridors, 
com.ercial establishments and other locations where people spend 
significant amounts of time, the most important environment for MOst of the 
population is the home. This is particularly sO for some of the principal 
sensitive groupS: the old, the very young, and the. ill. 

Since the direct method of TEA involving personal monitoring's 
expensive and can only be done for a limited number of households at once, 
it is necessary to choose carefully the places where it will be applied. 
This can be done best after an initial application of the indirect method, 
which is done in a rough manner with relatively limited funds and time. It 
involves first gathering information on a range of parameters related to 
residential housing that are known to relate to indoor pollution levels. 
The purpose of this is to establish the principal categories of indoor 
environments in which the population spends most of the time. This can be 
done partly from existing census and housing data and partly by means of 
surveys in the communities of interest. Such surveys can be done by using 
standard methods of social science and need not be expensive or 
time-consuming. 

Table I shows a sample format for organ,z,ng the data from such 
surveys. While it is stratified according to the major factors known to 
affect indoor concentrations (housing, smoking, cooking), the format may 
need to be altered according to local conditions. The results of the 
survey would be tabulated in the form of person-hours per day or week in 
each cell. In any particular community, of course, most of the cells would 
be empty or have relatively small totals. The surveys should be designed 
to find how long each family member in a household spends at home. An 
infant, therefore, may have more person-hours per week in the home than an 
adult. 

For some purposes it may also be valuable to calculate the 
person-hours per week according to location in the community. In this way 
maps with equal person-hour contours can be drawn. Such maps would be 
quite helpful for siting new ambient monitoring stations as well as 
indicating those neighbourhoods where most indoor exposures are likely to 
occur for locating indoor and personal monitoring studies. 

b. The second step is to determine from presentations such as Table I 
those housing/cooking/smo~ing categories where the most person-hours are 
spent. It may well be that 60-80% occur in only 5 or 6 household types a8 
represented by the individual cells in Table 1. These, . then, would be the 
priority households for conducting indoor and personal monitoring. 
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c. Conduct integrated indoor monitoring in a random s .. ple of priority 
households of each type. In a small subset of these, conduct personal 
sa.pliac with each major category of family member. At a minimum, such 
sampling should encompass one week periods in each of the major climatic 
seasons of the year. Ideally, passive monitoring of ventilation rates 
should also be conducted along with detailed surveys of household and 
personsl activities (time budgets) related to exposures. 

d. If additional funds are available, continuous indoor monitoring can 
also be conducted in these households, again in association with personal 
monitoring. In addition, outside sampling (outdoor adjacent to the 
residence) .ight be done for comparison to the nearest ambient stations. 

e. In all cases, such efforts should be conducted in coordination with 
any ongoing ambient monitoring data-gathering efforts. 

f. Fro. these initial studies, it should be possible to deteraine to what 
extent existing ambient monitoring information should be adjusted for 
eatimating total exposures based on the indoor environ.ents experienced by 
most of the population. 

g. For those communities without existing ambient monitoring stations or 
with the opportunity to add new stations, steps a to c can assist in 
choosing sites for such stations that are most lIkely-to reflect the 
greatest portion of total exposures. 

h. The stepwise procedure indicated is such that the a.aunt of 
inforaation and funds increase at each step. Important improvements in 
TEA, however, can occur even with the relatively low-cost first steps. 

-

-, 
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TABLE 1 

SAMPLE FORMAT FOR TABULATING TOTAL PERSON-HOURS SPENT BY A POPULATION IN HOUSEHOLDS 
ACCORDING TO FACTORS THOUGHT TO BE MOST IMPORTANT FOR INDICATING INDOOR AIR POLLUTION EXPOSURES 

Cooking and/or Smoking 
Hou8ingb Heat ing Fue ls (How many in each 

household) Apartment Single fami ly Single family 
(multiple family) (modern) ( traditional) 

> 1 
Solid fuels 1 

0 

> 1 
Liquid fue ls 1 

0 

> 1 . 
Gaseous fuels 1 

0 

> 1 
Electricity 1 

0 

> 1 
Group Ab 1 

0 

>1 
Croup Bb 1 

0 

-

a In 80me communities, the existence or non-existence of air conditioning equipment might be 
another important ventilation-related factor for atratifying the indoor environment. In 
addition, there may be other housing types of major importance not listed here. 

b To be specified according to localconditiona 

, ( ( ( ( ( ( ( 

i 

I 

( ( 


	Blank Page
	Blank Page



