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Introduction

There are only a limited number of studies directly evaluating the community health impacts of air pollution from vegetation fires, such as those that affected Southeast Asia in 1997 and 1998.  In this chapter we describe the available information regarding air pollutant concentrations during “haze” episodes in Southeast Asia and use available data from the literature to discuss the potential population health impacts of the resulting exposures.  Several recent review papers have discussed the health impacts and pollutants associated with wood smoke air pollution (Larson and Koenig, 1994; Pierson et al., 1989; Vedal, 1993). Although the emphasis of these reviews was on North American community exposures, many of the conclusions are relevant to the broader understanding of vegetation fire air pollution. This chapter will also discuss the health impacts of exposures to biomass air pollution encountered by forest firefighters and by individuals in developing countries who use biomass for cooking and heating as these exposures demonstrate the plausibility of health impacts associated with exposures to smoke from vegetation fires.  In the context of public health impacts associated with haze we also discuss management strategies and efforts to mitigate health effects.

Exposures to air pollution from vegetation fires

Air pollution from vegetation fires, referred to here as biomass smoke, contains a large and diverse number of chemicals, many of which have been associated with adverse health impacts. The major chemicals present in biomass smoke and their sources are listed in Table 1.  These chemicals include both particulates and gaseous compounds. Although little is known about the toxicology of biomass smoke as a complex mixture, review of the exposure and health impacts literature, as well as evaluation of the available air monitoring data from the 1997-98 Southeast Asian episodes (Radojevic and Hassan, 1999), indicates that the pollutant variable most consistently elevated in association with biomass smoke is particulate matter. 

Particles in biomass smoke consist of solid and liquid compounds of small diameter composed predominantly of organic and elemental carbon (Pinto et al., 1998).  This type of pollution can be classified as particulate matter, which can be divided into several categories.  Suspended particulate matter (SPM), total suspended particulate (TSP) and total particulate matter (TPM) represent the sum of all the suspended particles in the atmosphere at a given time. The fraction of particulate matter consisting of particles less than 10 micrometers (µm) in aerodynamic diameter are termed PM10.  PM10 can be broken down into coarse particulate, comprising particles between 2.5 to 10 µm in aerodynamic diameter, and fine particulate, which is less than 2.5 µm in aerodynamic diameter (PM2.5).

The size of particulates produced in vegetation fires is an important factor in understanding potential health risks. Only smaller particles (PM10) are inhaled and have the potential to cause adverse health impacts. Respirable particles (PM2.5) penetrate into the lower respiratory tract and may present increased risk.  Due to the size distribution of biomass particulates, essentially all will be contained in the PM2.5 fraction, while the PM10 fraction will include additional particulates from resuspension of soil and ash. Biomass combustion particulate is typically smaller than 1 µm, with a peak in the size distribution between 0.15 and 0.4 µm (Hueglin et al., 1997; Sandberg and Martin, 1975).

Monitoring air quality in SE Asia

Many countries develop a network of air quality monitoring stations as a means of overseeing pollution levels.  A typical air quality monitoring station will routinely measure the concentrations of the major air pollutants: ozone (O3), carbon monoxide (CO), nitrogen dioxide (NO2), sulphur dioxide (SO2) and particulates ( usually measured as PM10).  Currently there are 22 stations in Malaysia, of which 17 are located in peninsular Malaysia and 5 are located in Sabah and Sarawak (http://www.kjc.gov.my/people/environ/environ.htm), while Singapore has 15 stations (Radojevic, 1997, 1998).  Brunei has one fully equipped air quality station monitoring the five major pollutants, as well as 7 other stations for measuring PM10 concentrations, with plans for further expansion (Radojevic, 1997).  In Indonesia, different government ministries conduct air pollution measurements independently of one another, in nearly all the capital cities of the 27 provinces (Heil, 1998).  Table 2 gives a breakdown of the monitoring that takes place in the countries affected by haze.  Partially because of the problem with haze, there has been an increase in the numbers of monitoring stations in the past decade.  Specifically, the focus has been on the measurement of particulates, as vegetation fires release these in much higher concentrations than other pollutants.  Therefore, better data are available for the more recent haze episodes.

Air quality standards and guidelines

Air quality guidelines and standards have been adopted to protect public health from the negative effects of environmental pollutants (http://www.who.int/peh/air/ airindex.htm).  These guidelines encompass the routinely measured pollutants, including CO, NO2, O3, SO2 and sometimes PM10.  The values given by the United States Environmental Protection Agency (US EPA), as their primary (to protect public health) National Ambient Air Quality Standards (NAAQS), and the World Health Organization (WHO), as well as those of several Southeast Asian countries, are given in Table 3.  Averaging times vary depending on the pollutant.
As discussed previously, the particulate matter standards and guidelines are of greatest relevance for air pollution from vegetation fires.  Currently, the US EPA has a standard for PM10 of 50 µg/m3 (annual average) and 150 µg/m3 for a 24-hour average.  For PM2.5 the annual and 24-hour standards are 15 and 65 µg/m3, respectively.  In its most recent revision of Air Quality Guidelines, the WHO elected not to set a threshold value, but instead has derived a linear relationship between PM10 or PM2.5 concentrations and various health impacts (http://www.who.int/peh/air/airguides2.htm).  This revision is based upon the absence of scientific evidence to support a no-effects threshold concentration for airborne particulate matter.  These relationships allow each country to manage particulate air pollution by assessing the health effects associated with different levels of particulate matter.
.

Air quality indices

Air quality indices have been developed as a simple way to inform the general public about pollution conditions.  There is currently no standardised air pollutant index for Southeast Asia.  In Malaysia, the Air Pollution Index (API) is used. The API is based on the Pollutant Standards Index (PSI) developed by the United States Environmental Protection Agency (Pinto et al., 1998).  The PSI is used in Singapore and Brunei, while Thailand reports the concentration of each pollutant.  Indonesia relies on visibility readings as a means to monitor haze (Radojevic, 1997).  Table 2 lists a summary of the means of reporting air quality in the countries of Southeast Asia.

The PSI and API are based on the measurement of five pollutants: carbon monoxide, sulphur dioxide, nitrogen dioxide, ozone and PM10.  The values for each pollutant are converted to a scale from 0 to 500, with only the highest value being reported.  A value of 100 represents the air quality standard for each country.  It is important to note that the PSI and API do not take into account the effects of the combination of pollutants.  The main difference between the PSI and API comes from the fact that the standards set by the US EPA and the Malaysian Department of Environment differ.  The main criteria pollutant during haze events is PM10, as concentrations far exceed those of the other pollutants. Table 4 gives the range of index values for the API and PSI with the corresponding PM10 value and cautionary statements.

Air quality during haze episodes

During the 1990s, five separate haze episodes (1990, 1991, 1994, 1997 and 1998) occurred in Southeast Asia.  Although not a new phenomenon, as haze in the area dates back to at least the early 1980s and even 1960s (Rindam, 1995), the increasing frequency is of great concern.  Figure 1 depicts estimated PM10 levels in Sarawak for the period of 1978 to 1997.  The haze episodes of 1991, 1994 and 1997 are clearly evidenced by the increases in PM10.  This figure is based upon PM10 estimated from visibility.  A quantitative relationship exists between visibility and the amount of particles in the air, though it is confounded by moisture.  An equation for predicting the amount of PM10 in the atmosphere can be developed by using this association (Brook, 1998).  Data on visibility, humidity and PM10 at stations in Sarawak, Malaysia were used to determine a linear equation for PM10 (Brook, 1998).  Potential sources of error in these estimates are that the correction factors were not derived for particles from vegetation fires, and the subjective nature of visibility measurements. Nonetheless, the equation is useful for identifying peak PM10 concentrations.  All of the haze episodes discussed are the result of biomass burning.

Many of the air quality concentrations reported in the literature for haze episodes are based on measurements of total particulate.  In order to standardise the data, TPM, SPM and TSP are converted to PM10.  The ratio of PM10 to total particulate varies depending on the stage of combustion, but the United States Environmental Protection Agency estimates that 92.8% of particulates from agricultural burning are less than 10 µm (http://www.epa.gov/nceawww1/ pm_vol1.htm).  Also, Ward (1990) suggests that up to 95% of particulate matter is less than 2.5 µm.  Therefore, we assume that 90% of total particulate matter is smaller than 10 µm and use this to convert all measured TPM, TSP and SPM values to estimated PM10 concentrations. Original measurement values are reported in parentheses.

1990

For a period of two weeks during 1990, haze affected areas of peninsular Malaysia resulting in reduced visibility and an increase in particulate concentrations.  The episode began around the middle of August and lasted until the end of that month.  A sudden decrease in visibility occurred on 21 August, with values as low as 1 km over the central states of peninsular Malaysia (Tussin, 1995).  Levels of particulates increased starting from 15 August.  Peak 24-hour values of PM10 were equivalent to 426 µg/m3 (TSP=473.8 µg/m3) in Petaling Jaya (Tussin, 1995) and 464 µg/m3 (TSP=516 µg/m3) in the Klang Valley (Rindam, 1995).  These quantities were up to four times the mean levels measured during non-haze periods (Tussin, 1995).

1991

Two separate haze episodes occurred in Malaysia during 1991.  The first, which will not be discussed further, took place in June as the result of the injection of ash from the volcanic eruption of Mt Pinatubo (Tussin, 1995; Hassan et al, 1995).  The second, at the end of September and lasting through most of October, was more severe and was the result of biomass burning from forest fires (Tussin, 1995).  The latter episode included two phases separated by a rainy period: from September 27 until October 11, and a less severe event from 22 to 31 October (Tussin, 1995; Hassan et al, 1995).  The impact of the haze was most evident in Malaysia (Hassan et al, 1995). Locations in western Borneo reported visibility of less than 2 km after 2 October (Tussin, 1995).  Days of low visibility corresponded to high concentrations of particulate matter (Hassan et al, 1995). 24-hour PM10 values in Kuala Lampur, Malaysia ranged from 102 µg/m3 to 254 µg/m3 (SPM=113 µg/m3 to 282 µg/m3) for the first period of 4 to 11 October and 95 µg/m3 to 153 µg/m3 (SPM=105 to 170 µg/m3) for 23 to 30 October (Hassan et al, 1995).  These values were significantly higher, up to three times the normal mean (Tussin, 1995), than those for the rest of the month (Hassan et al, 1995).  In Petaling Jaya, peak 24-hour averages were 445 µg/m3 (SPM=494.5 µg/m3) on 30 September  and 441 µg/m3 (SPM=489.8 µg/m3) on 8 October (Tussin, 1995).

1994

After two years of relatively haze-free air quality in 1992 and 1993, fires in 1994 brought haze again to the Singapore-Malaysia-Indonesia region (Nichol, 1997).  The area affected by the smoke spanned approximately 3 million square kilometers (Nichol, 1997).  The haze lasted from August to October in Indonesia, Malaysia (Hassan et al, 1995), Brunei (Radojevic and Hassan, 1999) and Singapore (Chia et al, 1995; Nichol, 1997).  Most of the available information comes from Malaysia.  Visibility was reduced to 1 km in Malaysia with a minimum of 0.3 km in Petaling Jaya, as compared to 30 km under normal conditions (Rindam, 1995).  Some measurements also suggest that the haze in 1994 was worse than in previous years in Malaysia (Rindam, 1995).  The highest 24-hour average PM10 reading reported in Petaling Jaya was 410 µg/m3 (TSP=454.5 µg/m3) on 30 September (Tussin, 1995), while in Kuala Lampur, PM10 reached 409 µg/m3 on 5 October (Hassan et al, 1995).  In Singapore, 24-hour average PM10 concentrations peaked above 250 µg/m3 (PSI>150) on 13 and 27 September and 29 October (Nichol, 1997).  Concentrations of other particulate constituents such as sulphur, potassium, titanium, vanadium, manganese, nickel, arsenic and lead were 3-6 times higher than average during the haze period in late October (Orlic et al, 1997).  The forest fires, though, did not have a significant influence on the levels of PAHs in Singapore (Chee et al, 1997).

1997

The 1997 fires in Indonesia drew worldwide attention as the haze impacted Malaysia, Singapore, southern Thailand and the Philippines and lasted from June through until November. As early as the beginning of May, air quality began to deteriorate in Singapore (Nichol, 1998).  24-hour average concentrations in Singapore peaked at approximately 230 µg/m3 (PSI=140) on 19 and 29 September (Nichol, 1998). These particulate levels in Singapore were not any more severe than those associated with the 1994 forest fires (Nichol, 1998).  In Sarawak, however, 24-hour average PM10 peaked as high as 930 µg/m3 on 23 September (Nichol, 1998), which represents a value more than 15 times the normal levels (Brauer and Hashim-Hisham, 1998).  Due to the location of fires and direction of the wind, Sumatra and Kalimantan in Indonesia were the most severely affected areas (Pinto et al., 1998).  Daily averaged concentrations of PM10 reached as high as 3546 µg/m3 (TPM=3940 µg/m3) in Sumatra at the end of September (Heil, 1998).  The concentrations were even higher in Kalimantan, on the island of Borneo, with a 24-hour maximum of 3645 µg/m3 (TPM=4050 µg/m3) (Heil, 1998).  Even at the beginning of November in Palembang when the air quality was improving, daily PM10 and PM2.5 still exceeded the US NAAQS (Pinto et al., 1998).  Aircraft measurements performed during this episode indicated that the smoke plume reached an altitude of 4 km and included high concentrations of O3, NOx and CO along with aerosols. In the lower layer of the plume, visibility was less than 500m (Tsutsumi et al, 1999). 

1998

With the persistence of the El Niño that started in 1997 and an abnormally short wet season (Levine et al, 1999), forest fires raged again in 1998 and resulted in another, more localized, haze event (Radojevic and Hassan, 1999).  In this case, the episode was most acute on Borneo and particularly in Brunei.  The haze first emerged on 1 February and remained until 30 April, with especially severe conditions at the beginning of April.  Daily average concentrations in the capital, Bandar Seri Begawan, reached nearly 450 µg/m3 and the 24 hour guideline for PM10 of 70 µg/m3 was exceeded 54 times during the period of 1 February to 30 April (Radojevic and Hassan, 1999).  The "warning stage," which is associated with a PSI value of 300 (24-hour average PM10 concentrations of 420 µg/m3), was exceeded on 15 April  (Radojevic and Hassan, 1999).  During the 1998 episode in Brunei, PM10 was the only significant pollutant contributing to the haze (Radojevic and Hassan, 1999).  Other gaseous pollutants such as SO2, O3 and NO2 were within acceptable limits, and only the 8 hr guideline for CO was exceeded on several occasions (Radojevic and Hassan, 1999).  In  Miri, Sarawak, Malaysia, 24-hour average PM10 concentrations rose above 600  µg/m3 (API=649) on March 30 (WHO, 1998).
Table 5 summarises the available information from the haze events described above.  

Acute health effects of haze

Indoor air pollution in developing countries

To understand the potential for health effects resulting from exposure to “haze” we first review the available information regarding exposure in indoor air in developing countries where wood and other biomass is used as a cooking and heating fuel. Respirable particulate levels measured in these settings are typically 1000-2000 µg/m3 depending upon the specific fuel, ventilation, cooking duration and measurement interval (Smith and Liu, 1993; Wafula et al., 1990; Smith, 1993; Brauer et al., 1996). These levels are 10 – 50 times above those observed in urban areas. In terms of exposure, domestic cooking and heating with biomass clearly presents the highest exposures since individuals are exposed to high levels of smoke on a daily basis for many years.  Exposures of this group are typically 70-85 hour-years of exposure.

The health effects of biomass smoke inhalation have been documented in developing countries where women, and in some cases, children spend many hours cooking over unvented indoor stoves.   A number of studies have reported associations of health impacts with use of biomass fuels, and a few have directly measured exposure.  These studies have been reviewed in detail by Smith (1993) and Chen et al. (1990). Exposure to biomass combustion products has been identified as a major risk factor for acute respiratory infections, the leading cause of infant mortality in the developing countries.  In addition to the risks of infants, the women who are cooking are also at risk from chronic respiratory diseases as well as adverse pregnancy outcomes (Perez-Padilla et al., 1996).  As these exposures (in terms of both concentration and duration) are much higher than would occur as a result of short-term exposure to biomass air pollution associated with forest fires, direct comparisons are difficult to make.  For example, individuals who are particularly susceptible may avoid indoor exposures, whereas this is not usually possible for ambient air pollution resulting from vegetation fires.  The studies conducted in developing countries indicate the serious consequences of exposure to high levels of biomass air pollution. Increased acute respiratory illness in children associated with biomass smoke exposure is a likely cause of infant mortality while the development of chronic  lung disease in  adults is  associated with premature mortality and substantial morbidity.

Wildland firefighters

Several studies have evaluated impacts of biomass smoke to another group with high exposures, wildland (forest) firefighters. Exposures of this population are seasonal (4-5 months per year) and highly variable depending upon the number of fires per season, the intensity of the fires and specific job tasks. Exposures of wildland firefighters were recently reviewed by Reinhardt and Ottmar (1997)  and appear to be dominated by high particulate (500 – 7000 µg/m3) and more variable CO exposures (4 – 40 ppmv). Limited monitoring of PAHs has measured low levels (mean exposures <100 ng/m3 except for phenanthrene at 380 ng/m3) (Materna et al., 1992). In summary, the exposure measurements of firefighters, while variable, indicate the potential for exposure to carbon monoxide and respirable particulates at levels (above 35 ppmv CO and above 5 mg/m3 respirable particulate) which have been associated with adverse health impacts.  

Epidemiological studies of wildland firefighters clearly indicate an association between exposure and acute effects on respiratory health (lung function, respiratory symptoms) of firefighters (Betchley et al., 1997). Cross-seasonal effects have also been observed in most studies although these effects appear to be relatively small and may be reversible (Letts et al., 1991).  It must be noted that firefighters are normally among the most physically fit in the entire population and do not normally suffer from any pre-existing health conditions. The demonstration of health impacts amongst firefighters provides strong evidence that similar effects will be observed within the general population at equivalent or lower levels of exposure.  

Community air pollution studies

Particulate air polluiton

This chapter will not discuss the voluminous particulate epidemiology literature in detail, as a book (Wilson and Spengler, 1996) and several review articles have recently been published (Dockery and Pope, 1994; Pope et al., 1995; Vedal, 1997). Instead, we provide an overview of particulate air pollution epidemiology and discuss available evidence associating biomass particulate air pollution with adverse health outcomes.  Many recent studies have indicated that current levels of particulate air pollution are associated with increased daily mortality (Dockery et al., 1992, 1993; Schwartz, 1991, 1993; Pope et al., 1992, 1995; Schwartz and Dockery, 1992a, 1992b; Schwartz et al., 1992; Spix et al., 1993). These studies indicate associations between particle air pollution and increased risk of death, primarily in the elderly and in individuals with pre-existing respiratory and/or cardiac illness (Schwartz, 1994a, 1994b). Recent studies have also suggested an association between particulates and infant mortality (Bobak and Leon, 1992; Woodruff et al., 1997) as well as with low birth weight (Wang et al., 1997).  Increased risk of hospital admissions and increased emergency room visits have also been associated with short-term increases in the levels of particle air pollution (Dockery and Pope, 1994; Pope, 1989, 1991; Schwartz, 1994b, 1994c, 1995, 1996; Schwartz et al., 1993).  One common feature of the study locales is that the ambient particulates are produced in combustion processes.  Studies of naturally-produced particles (such as those generated from windblown soil or volcanic eruptions) show a much smaller impact on health outcomes for an equivalent particle concentration (Hefflin et al., 1994; Buist et al., 1983; Dockery and Pope, 1994). Although inhalable particulates are regulated in many countries, the WHO Air Quality Guidelines declined to recommend specific guidelines for particulate matter as the available studies do not indicate an obvious exposure concentration and duration that could be judged as a threshold (World Health Organization, 1995). The document argues that the available data suggest a continuum of effects with increasing exposure.

Despite the evidence associating particulate air pollution with acute health impacts, only a limited number of studies have investigated long-term effects.  Of these, the most significant are the prospective cohort studies in which the analyses can control for individual differences in risk factors such as smoking. Dockery et al. (1993) studied over 8,000 adults in 6 cities with different levels of air pollution over a period of 16 years. The adjusted mortality risk was 26% higher in the most polluted city relative to the least polluted city.  Survival decreased with increasing particulate levels (Dockery et al., 1993). In a study of more than 500,000 adults with 8-year follow-up, Pope and colleagues found a significant association between fine particles with cardiopulmonary mortality after controlling for smoking, education and other potential confounding factors (Pope at al., 1995). The adjusted mortality risk was 15 – 25% higher in cities with the highest particulate levels relative to the cities with the lowest levels. Together, these studies indicate that long term exposure to particulate air pollution has a significant impact on survival. The results of the cohort studies of Dockery and Pope (1995) were used to estimate the reduction in life expectancy associated with long-term particulate exposure.  When applied to a 1992 life table for Dutch men, the estimated effect of life expectancy is 1.1 years for each 10 µg/m3 difference in long-term exposure to PM2.5.
In the only cohort study of morbidity associated with long-term particulate exposure, Abbey and colleagues studied a cohort of nearly 4000 non-smoking Seventh Day Adventists in California (Abbey et al., 1991a, 1991b). The relative risks of developing new cases of chronic respiratory disease were significantly associated with particulate levels. Significant risks for the development of new cases of chronic bronchitis and obstructive airways disease were found for annual average PM10 and PM2.5 levels of 20 - 100 µg/m3 (Abbey et al., 1995). Increased symptoms severity was associated with annual average concentrations of 20 – 40 µg/m3 and 40-50 µg/m3 for PM2.5 and PM10, respectively. In a more recent analysis, long term differences in PM10 concentrations were also associated with lung function decrements (Abbey et al., 1998).
Wood and other biomass smoke 

A number of epidemiological studies have evaluated respiratory symptoms and/or lung function in children of North American communities where wood burning is prevalent. In these communities, elevated levels of ambient air pollution are seasonal (3-8 months depending upon the climate) and variable.  24-hour average PM10 concentrations as high as 800 µg/m3 have been measured in these communities, although peak levels (24-hour averages) of 200 – 400 µg/m3 are more common (Heumann et al., 1991; Larson and Koenig, 1994; Vedal, 1993). As wood smoke is generally emitted outdoors and since people spend most of their time indoors, indoor penetration is an important variable for exposure assessment. It is estimated that approximately 70% of outdoor wood smoke particulate penetrates indoors (Larson and Koenig, 1994). 

Several early studies focused on the presence of a wood burning stove in the home as a risk factor since wood stoves, especially older varieties, can emit smoke directly into the home (Larson and Koenig, 1994). While these earlier studies strongly suggest that there are adverse impacts associated with wood smoke exposure, their crude exposure assessment precludes more specific conclusions. These studies suggest associations between wood stove use and increased risk of respiratory illness and increased respiratory symptom reporting in children (Dockery et al., 1987; Honicky et al., 1983, 1985; Tuthill, 1984; Butterfield et al., 1989).  In a significant improvement from these earlier studies, measured indoor particulate levels revealed an increased risk of hospitalization for acute lower respiratory illness for children living in households that cooked with any wood or had indoor particle concentrations above 65 µg/m3 (Robin, 1996). In this study, the indoor particle concentration was positively correlated with cooking and heating with wood but not with other sources of combustion emissions.  In the only study to date to evaluate impacts of wood burning on adult asthma, Ostro and colleagues found exposure to indoor combustion sources, including wood stoves, to be associated with increased asthma exacerbation (Ostro et al., 1994). 
Several other studies, summarized in Table 6, have evaluated health outcomes in communities where wood smoke is a major source of ambient particulates.  Heumann et al. (1991) studied lung function of 410 children in high and low exposure areas of Oregon where wood smoke accounts for as much as 80% of the winter period particulate. PM10 ranged from approximately 50 – 250 µg/m3 in the high exposure area and 20 – 75 µg/m3 in the low exposure area. Lung function decreased during the wood burning season for the children in the high exposure area, but not in the low exposure area (Heumann et al., 1991).  Two studies in Montana associated acute changes in lung function in a study of 375 children with increased levels of particulates. 24-hour averages ranged from 43-80 µg/m3 and 14-38 µg/m3 for PM10 and PM2.5, respectively (Johnson et al., 1990), of which approximately 68% of the particulate was attributed to wood smoke (Larson and Koenig, 1994).

A questionnaire study of respiratory symptoms compared residents of high (mean PM2.5 of 55 µg/m3) and low (33 µg/m3) wood smoke pollution areas of Seattle. Although no significant differences were observed between the high and low exposure areas when all age groups were combined, there were statistically significant higher levels of congestion and wheezing in 1-5 year olds from the high pollution area.  This finding supports those of other studies which suggest that young children are particularly susceptible to adverse effects of wood smoke (Browning et al., 1990). 

A more comprehensive study in the same high exposure Seattle area, where 80% of the particulates are from wood smoke (Larson and Koenig, 1994) measured significant lung function decrements in the asthmatic subjects in association with increased wood smoke exposure. The highest (nighttime 12-hour average) PM2.5 level measured during the study period was approximately 195 µg/m3 (Koenig et al., 1993). A companion study found a significant association between PM10 levels and asthma emergency room visits throughout Seattle (Schwartz et al., 1993). The mean PM10 level during the 1-year study period was 30 µg/m3.  At this concentration, PM10 appeared to be responsible for 12% of the asthma emergency room visits.  The authors indicate that, on an annual basis, 60% of the fine particle mass in Seattle residential neighborhoods is from wood burning.  A recent study in Santa Clara County, California, an area where wood smoke accounts for approximately 45% of winter PM10, demonstrated an association between wintertime PM10, increased daily mortality and exacerbations of asthma (Lipsett et al., 1997).  

In one of the few studies of air pollution from agricultural burning, 428 subjects with airways obstruction were surveyed for their respiratory symptoms during a 2-week period of exposure to straw and stubble combustion products.  During the exposure period, 24-hour average PM10 levels increased from 15-40 µg/m3 to 80-110 µg/m3.  The 1-hour levels of carbon monoxide and nitrogen dioxide reached 11 ppmv and 110 ppbv, respectively.  Total volatile organic compound levels increased from 30-100 µg/m3 before the episode to 100-460 µg/m3 during the episode. While 37% of subjects were not bothered by smoke at all, 42% reported that symptoms (cough, wheezing, chest tightness, shortness of breath) developed or became worse due to the air pollution episode and 20% reported that they had breathing trouble. Subjects with asthma and chronic bronchitis were more likely affected (Long et al., 1998). This study indicates that other forms of biomass air pollution, in addition to wood smoke, are associated with some degree of impairment, and suggests that individuals with pre-existing respiratory disease are particularly susceptible.  

Several studies have also evaluated the health impacts associated with forest and bush fires.  Duclos and colleagues evaluated the impact of a number of large forest fires in California on emergency room visits (Duclos et al., 1990). During the approximately 2½-week period of the fires, asthma and chronic obstructive pulmonary disease visits increased by 40 and 30%, respectively.  PM10 concentrations as high as 237 µg/m3 were measured.  During 1994, bush fires near Sydney, Australia, led to elevated PM10 levels (maximum hourly values of approximately 250 µg/m3) for a 7-day period; ozone levels were not elevated.  Two studies of asthma emergency room visits during the bush-fire smoke episode failed to detect any association with air pollution (Copper  et al., 1994; Smith et al., 1996).  These results appear to conflict with results of studies conducted in North America. Possible reasons are differences in study design and sample size, as well as differences in chemical composition of the particulates and differences in the relative toxicity of the specific particle mixture. 
Perhaps the study with the most relevance to the issue of biomass air pollution in Southeast Asia is an analysis of emergency room visits for asthma in Singapore during the 1994 haze episode (Chew et al., 1995). The study, described briefly in a letter to the Lancet, indicates an association between PM10 and emergency room visits for childhood asthma. During the haze period, mean PM10 levels were 20% higher than the annual average.  Although a time series analysis was not conducted, the authors suggest that the association remained significant for all concentrations above 158 µg/m3. 

Initial reports from surveillance monitoring activities conducted during the 1997 and 1998 episode also indicated effects of health care utilization.  In Singapore, for example, there was a 30% increase in hospital attendance for “haze-related” illnesses and a time series analysis indicated that a PM10 increase of 100 (g/m3 was associated with 12%, 19% and 26% increases in cases of upper respiratory tract illness, asthma and rhinitis, respectively.  This analysis did not observe any significant increases in hospital admissions or mortality (World Health Organization, 1998). Similar findings were also observed in Malaysia (Brauer and Hisham-Hashim, 1998; Leech et al., 1998). Preliminary results from an on-going study of the 107 Kuala Lumpur school children conducted found statistically significant decreases in lung function between pre-episode measurements in June-July 1996 and measurements conducted during the episode in September 1997 (Hisham-Hashim et al., 1998). These preliminary results suggest a measurable impact of the 1997 episode on the respiratory function of children.  Analyses of the long-term health impacts of the air pollution and the impact with more severe outcomes, such as daily mortality increases, have not yet been conducted.

The epidemiological studies of indoor and community exposure to biomass smoke indicate a consistent relationship between exposure and increased respiratory symptoms, increased risk of respiratory illness and decreased lung function. These studies have mainly been focused on children, although the few studies that evaluated adults also showed similar results.  A limited number of studies also indicate associations between biomass smoke exposures and visits to hospital emergency rooms, although the analyses of the Australian bushfires did not.  There are also indications from several studies that asthmatics are a particularly sensitive group. No studies have explicitly evaluated the effect of community exposure to biomass air pollution on hospitalizations or mortality, although relationships have been observed in areas where wood smoke is a major contributor to ambient particulates. By analogy with the findings of numerous studies associating increased mortality with urban particulate air pollution mixtures it is reasonable to conclude that similar findings would also be observed in locations exposed to biomass smoke. The particulate mortality studies also do not show evidence for a threshold concentration at which effects are not observed. 

Nearly all of the low-level indoor and community biomass smoke studies mentioned above evaluated impacts of concentrations which were much lower than those associated with the 1997 and 1998 Southeast Asian haze episodes.  Similarly, the studies of seasonal exposure to wood smoke involved exposure durations that were of comparable length to those experienced in Southeast Asia.  Based on these studies, it is reasonable to expect that the Southeast Asian haze episode resulted in the entire spectrum of acute impacts, including increased mortality, as well as sub-chronic (seasonal) effects on lung function, respiratory illness and symptoms.  It is not possible at this time to determine the long-term effect, if any, from a single air pollution episode, although repeated yearly occurrences of high biomass smoke exposure should be cause for serious concern.  Chronic (several years) exposure to particulate air pollution in urban areas, at much lower levels than experienced in Southeast Asia in 1997, has been associated with decreased life expectancy and with the development of new cases of chronic lung disease. 

Long-term health effects of haze: Cancer

Cohen and Pope (1995) recently reviewed the evidence associating air pollution with lung cancer.  Studies suggest rather consistently that ambient air pollution resulting from fossil fuel combustion is associated with increased rates of lung cancer.  Two recent prospective cohort studies observed 30-50% increases in lung cancer rates associated with exposure to respirable particulates, best viewed as a complex mixture originating from diesel exhaust, coal, gasoline and wood burning.  The excess lung cancer risk associated with ambient air pollution (relative risks of 1.0 – 1.6) is small compared with that from cigarette smoking (relative risks of 7 – 22) but comparable to the risk associated with long-term environmental tobacco smoke exposure (relative risk of 1.0 – 1.5). 

There is little direct information regarding the human cancer risks associated with biomass air pollution. A United States Environmental Protection Agency study found that, despite wood smoke being the major contributor to the mutagenicity of ambient particulate matter, it was 3 times less potent as a mutagen than extractable organics associated with vehicle emissions (Lewis et al., 1988). In an application of this and other work, the estimated lifetime cancer risk associated with 70 years of exposure to air pollution dominated by wood smoke (80%) was calculated to be approximately 1 in 2,000.   This calculation assumes lifetime exposure to PM10 levels of 25-60 µg/m3, of which wood smoke is a major component, for approximately 3 months every year.  Benzo(a)pyrene (BaP) is a probable human carcinogen as defined by the International Agency for Research on Cancer (IARC) and it is present in biomass smoke at high levels. Domestic biomass burning in developing countries has been associated with extremely high BaP levels (4000 times the levels in urban air).  Smith and Liu (1993) review studies of BaP levels in biomass smoke and discuss studies which have evaluated lung cancer risks. Despite high exposures to a known human carcinogen, there is relatively little evidence for a relationship between lung cancer and biomass smoke exposure.  If any effect does exist it is thought to be small, relative to other risk factors such as diet or exposure to air pollution from coal burning.  Lung cancer is itself relatively rare in areas of biomass fuel use, even if age-adjusted cancer rates are analyzed (Smith and Liu, 1993). A similar argument is presented for nasopharyngeal cancers, which are also rare in areas of biomass smoke use (Dekoning et al., 1985). Recently, however, a significant relationship between wood stove use and cancer of the mouth, pharynx and larynx has been reported in rural Southern Brazil (Pintos et al., 1998). 

Studies conducted in Xuan Wei, China, an area noted for high mortality from respiratory disease and lung cancer, suggested that the high lung cancer rates were strongly associated with the proportion of homes using smoky coal  for cooking and heating while no relationship was observed between lung cancer and the percentage of homes using wood (Mumford, 1990). A follow-up study indicated similar associations between lung cancer and coal but not with wood use (Chapman et al., 1988). Indoor PM10 concentrations measured during cooking were extremely high (24, 22 and 1.8 mg/m3 for smoky coal, wood and smokeless coal, respectively).  Mutagenicity tests of particulates collected from the various combustion processes indicated that smoky coal was approximately 5 times more mutagenic than wood (Mumford et al., 1987). This study suggests that there was little association between open-fire wood smoke exposure and lung cancer, despite very high exposures with long duration (women generally start cooking at age 12 yr).   

The available, although limited, data on biomass smoke and cancer do not indicate an increased risk even at very high levels of exposure. This evidence includes studies of long-term exposure to high levels of biomass smoke from domestic cooking in developing countries.  Evidence for a relationship between urban particulate air pollution and lung cancer is also limited, but is suggestive of a small increased risk. There have not been enough studies conducted to evaluate the consistency of any increased risk for different particle sources.  However, while biomass smoke is clearly mutagenic, it is much less so than motor vehicle exhaust, on a comparable mass basis.

Management of haze

The management of haze episodes is an important public health measure due to the potential for large numbers of people to be adversely affected.  As haze episodes may evolve into potentially complex emergency situations, the development of an effective early warning system involving the collaboration of multidisciplinary groups of scientists, technicians and administrators is critical. For example, monitoring systems involving traditional ground-based air monitoring and remote sensing should be operational and should be used to monitor the development of potentially serious episodes, with information effectively distributed to the public and to public health authorities.  Among the critical components of efforts to manage haze episodes is the education of the population regarding the potential health impacts of air pollution produced in vegetation fires. These education efforts must occur prior to the occurrence of an episode and also during episode periods to keep the population informed. The success of any response mechanism will rest on the timely exchange of data, information and experiences, and on the close cooperation between numerous public and private sector institutions.  Most haze management plans focus on the following aspects:

(  Informing the public and the authorities regarding air quality levels;

(  Advising the public on actions to be taken for health protection;

( Ensuring that medical and health supplies are available and establishing facilities to mitigate health impacts;

(  Minimizing locally generated air pollution.

Recently, the World Health Organization developed the Health Guidelines for Episodic Vegetation Fire Events which are designed to increase awareness of the potentially serious public health impacts of haze and provide a framework for governmental management and response plans (Schwela et al., 1999). These guidelines discuss the development of National Haze Action Plans to ensure full preparedness of the population to the potential health impacts of vegetation fire pollution. These action plans are to be widely publicized before the occurrence of any air pollution episode. Based on this action plan, government departments develop operating procedures and ensure that the population will be aware of any changes made to public services and facilities in an emergency situation. Additionally, the plans include the collection and reporting of surveillance information regarding air pollution related illnesses.  The plans also include special educational efforts for susceptible populations such as asthmatics, the elderly, and children to ensure that they are adequately prepared to deal with air pollution episodes and suggest that health authorities, via the media, should proactively address frequently asked questions.

Mitigation measures

Due to the limited effectiveness of exposure avoidance activities during regional haze episodes, priority emphasis must be given to elimination of the source of the air pollution, which in this case is extinguishing fires or preventing their occurrence. Close interaction between health, environment and meteorological agencies could result in effective forecasting of future air pollution episodes related to vegetation fires. However, despite efforts to prevent and control fires it is acknowledged that other measures may be necessary to help mitigate public health impacts. Following from basic principles of exposure control, if source control is not feasible, then administrative or engineering controls receive priority, followed by personal protective equipment such as dust masks.  In this exposure situation, administrative controls might include recommendations to the population to reduce their level of physical activity, while engineering controls include the use and/or enhancement of air conditioning or indoor air cleaning. Reduction of physical activity will certainly reduce the dose of inhaled air pollutants and will likely reduce the risk of health impacts, although no formal studies have been conducted for particulate matter.  Other mitigation measures are discussed in more detail in the following sections.

(a) Dust masks

During the 1997-98 haze episodes, one of the major government and commercial efforts to mitigate public health impacts was the distribution of facial masks. Many different types of masks with variable filtration effectiveness were used.  However, even the masks of highest filtration efficiency, approved respirators, must provide an airtight seal around the face in order for these to reduce human exposure to vegetation fire smoke.  Further, as all masks are designed for use by adult workers, the effectiveness of even the highest quality masks for use by the general public (including children) has not been evaluated.  It is unlikely that any mask will provide more than partial protection;  lower quality masks will offer even less protection.   In addition, while it is expected that such masks would also filter a high percentage of the smaller (<0.1 (m) particles present in biomass smoke, no performance data are available.  Finally, respirators and dust masks are uncomfortable and increase the effort of breathing, especially at moderate and heavy work loads (Jones, 1991).

In the USA, the National Institute for Occupational Safety and Health (NIOSH) certifies three classes of particulate respirators filters (N, R, and P) with different levels of efficiency (95, 99, and 99.97 %).  The efficiency indicates the degree to which the filter removes small (0.3 (m) particles. N series particulate respirators are for protection from particles that are free of oil or other severely degrading aerosols and are suitable for vegetation fire smoke.  In Europe, the European Committee for Standardization (CEN) classifies 3 types of particulate respirators: P1 80 %, P2 94 % and P3 99.97 %, all of which would be suitable to protect populations from vegetation fire smoke.

In addition to the respirators described above, other types of respiratory protection are available and have been used during haze episodes.  Wake and Brown (1988) evaluated one type, nuisance dust masks, for their filtration efficiency. These masks are designed for coarse dusts and not for the fine particles present in biomass smoke. Handkerchiefs and tissues were also tested.  Although the smallest particle size used in testing was 1.5 µm, they found no difference between wet and dry handkerchiefs, and in general found the penetration of 1.5 µm particles to be quite high (60-90%) for all dust masks tested. Penetration for handkerchiefs and tissues was 70-97% (Wake and Brown, 1988). Qian and colleagues evaluated dust/mist respirators which met older NIOSH regulations and surgical masks, and compared these to new N95 respirators which, by definition, meet newer NIOSH regulations (Qian et al., 1998). Under flow rate conditions which may be representative of general population use, efficiencies were 98.8, 86 and 80% for the N95 respirators, dust masks and surgical masks, respectively.  These efficiencies do not consider face seal leakage. As filter material is loaded, the pressure drop across it increases, encouraging air to bypass the filter material through any leaks that are present.  NIOSH has estimated that at least 10-20% leakage occurs in masks not fitted to the wearers’ face and measurements have confirmed this problem for dust masks (Tuomi, 1985). Although the N95 respirators have higher collection efficiencies, the dust masks, and even surgical masks will provide a high degree of protection, provided there is an adequate seal around the face and provided that they are changed once loaded.  

One dust mask which has been widely used during Southeast Asian haze episodes was tested by Hinds and Kraske (1987) who found that this mask type to be 80-90% efficient at normal resting or moderately active respiratory rates and for the particle sizes present in biomass smoke.  However, despite this relatively high filtration efficiency, the magnitude of the face seal leakage (up to 100% for sub-micron particles) indicates that fit testing and selection of tight-fitting masks is essential for protection.  Surgical masks, in contrast to approved dust masks, are not designed for fit testing or for an adequate face seal.  

The Ministry of Environment of Singapore developed recommendations for mask use during biomass air pollution episodes (24 Sep 97, http://www.gov.sg/env/sprd/Rel-Mask.htm). These recommendations suggest that surgical and other similar masks are not useful in preventing the inhalation of fine particles as they are not efficient in the filtration of particles of less than 10 µm, such as those present in biomass smoke. Accordingly, use of these masks may provide a false sense of wellbeing to the users.  The recommendations also suggest that respirators (which include some types of dust masks) are able to filter 80% to 99% of particles between 0.2 and 0.4 µm.  The recommendations indicate that respirators may be useful, but are uncomfortable and increase the effort of breathing.  The recommendations also suggest that during periods of intense air pollution, it would be better for the public to avoid outdoor activity than to put on a mask and stay outdoors for prolonged periods. However, for those who cannot avoid going outdoors, the use of respirators would provide some relief.

(b) Protection by remaining indoors

Another major recommendation for populations during haze episodes is to stay indoors. Unfortunately, this recommendation is likely to provide only partial protection, and in some cases, no protection at all.  Since the majority of time is spent indoor, exposure indoors is an important variable to consider, even for pollutants generated outdoors. The impact of outdoor particles on indoor levels, was discussed in detail by Wallace (1996).  Recent research has indicated that the impact of outdoor particles on indoor levels is a function of the particle penetration through the building envelope, the air exchange rate and the particle decay rate. Therefore, the impact of outdoor particles can easily be calculated for any air exchange rate.  In typical North American homes (where mean air exchange rates are 0.45-0.55/hr), outdoor air accounts for 75% and 65% of fine and coarse particles, respectively.  In general, air conditioned homes typically have lower air exchange rates than homes that use open windows for ventilation. In one study, air conditioned homes had air exchange rates of 0.8/hr, while non air-conditioned homes had rates of 1.2/hr, implying indoor fractions of outdoor PM2.5 of 67 and 75%, respectively. 

Data from studies conducted in the U.S. for combustion-source particulates indicate that approximately 44% and 88%, respectively, of outdoor particles penetrate indoors during summer for homes with and without air conditioning (Suh et al., 1992).  Limited measurements conducted in Singapore in 1994 indicate that during biomass episode periods on average 60% penetrated indoors (Chia, 1995).  Simultaneous indoor and outdoor measurements with continuous particle monitors performed in areas impacted by residential wood burning demonstrated a strong correlation between indoor and outdoor levels and an indoor:outdoor ratio of 0.98, presumably due to the high air exchange rates in these homes (Anuszewski, 1998).  Little information is available regarding commercial buildings although the infiltration of outdoor particles into commercial buildings is likely to be highly variable as it is dependent upon the air exchange rate and specific characteristics of the ventilation system, including the efficiency of air filters.

(c) Air cleaners

During the most recent haze episodes, air cleaners were also recommended as a potentially useful mitigation measure.   In Singapore, for example, the Ministry of Environment assessed portable air cleaners and found that several models were able to reduce the level of fine particles in a typical living room or bedroom to an acceptable level when there was an intense biomass episode (26 Feb 1998 http://www4.gov.sg/env/sprd/haze-rel-22-98.htm). The Singapore Ministry of Environment also suggests that households can add a special filter to window or split-unit air-conditioners to achieve similar results for particle removal. For central air conditioning systems, electrostatic precipitators, high-efficiency media filters and medium-efficiency media filters can be added so that the particle level in the indoor air can be kept within acceptable levels during a prolonged biomass smoke period. 

The effectivenss of air cleaners is also well documented in the scientific literature.  Offermann and colleagues found mixing fans, ion generators and small panel-filter devices to be ineffective for respirable particle removal while electrostatic precipitators, extended surface filters and HEPA filter units worked well, with effective cleaning rates (for removal of 98% of respirable particles in a room) of 100 – 300 m3/hr (Offermann, et al., 1985). Portable air cleaners were also discussed in a US EPA report which indicates that units containing either electrostatic precipitators, negative ion generators, or pleated filters, and hybrid units containing combinations of these mechanisms, are more effective than flat filter units in removing cigarette smoke particles.  The report also advises that the use of a single portable unit would not be expected to be effective in large buildings with central heating, ventilating, and air-conditioning (HVAC) systems (USEPA, 1990). 

(d) Other measures

During severe episodes, another protection strategy is the preparation of emergency shelters with effective air conditioning and particle filtration. Susceptible individuals who do not have access to other air-conditioned environments could be allowed free access to emergency shelters located inside large commercial buildings, educational facilities or shopping malls. 

The decision to close and curtail business activities will depend upon consideration of traffic, health, environmental, and socioeconomic factors and other local conditions. Depending upon building designs and the presence of air conditioning and filtration, exposure inside schools may be similar to those in homes or businesses.  Restrictions on industrial emissions may be warranted depending upon the local air pollution situation and the emission characteristics of particular industries. The emergency evacuation of whole populations to other geographical locations in response to smoke haze is not recommended as a mitigation measure.
(e) Recommendations for mitigation

As discussed above, the hierarchy for health protection is control or prevention of fires followed by administrative controls such as reduced physical activity and remaining indoors. To enhance the protection offered by remaining indoors, individuals/building managers should take actions to reduce the air exchange rate. Clearly there are comfort and economic costs associated with reduced air exchange, as well as potential health effects due to increased impact of indoor pollution sources.  It is not possible at this time to recommend more specific measures which would be feasible to employ on a population-wide basis. There is evidence that air conditioners, especially those with efficient filters, will substantially reduce indoor particle levels. To the extent possible, effective filters should be installed in existing air conditioning systems and individuals should seek environments protected by such systems.  There is strong evidence that portable air cleaners are effective at reducing indoor particle levels, provided the specific cleaner is adequately matched to the indoor environment in which it is placed.  Fortunately, most air cleaners have been evaluated by manufacturers and their effectiveness in known. Unfortunately, economics will limit the distribution of such devices throughout the population. As with air conditioners, the increased use of such devices by a large segment of the population will have a significant impact on energy consumption, and may in turn have negative impacts on ambient air quality.  The least desirable measure is the use of personal protective equipment, such as dust masks. While these are relatively inexpensive and may be distributed to a large segment of the population, at present their effectiveness for general population use must be questioned. Despite this reservation, it is likely that the benefits (even partial) of wearing dust masks will outweigh the (physiological and economic) costs. Accordingly, in the absence of other mitigation techniques, the use of dust masks is warranted. Education of the population regarding specific mask types to purchase, how to wear masks and when to replace them will increase their effectiveness as will the development of new masks designed for general population use.
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