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HEALTH EFFECTS OF PM, OZONE AND NITROGEN DIOXIDE 

WHICH EFFECTS ARE CAUSED BY AIR POLLUTION?

Exposure to ambient air pollution has been linked to a number of different health outcomes, starting from modest transient changes in the respiratory tract and impaired pulmonary function, continuing to restricted activity/reduced performance, emergency room visits and hospital admissions and to mortality. There is also increasing evidence for adverse effects of air pollution not only on the respiratory system, but also on the cardiovascular system. This evidence stems from studies on both acute and chronic exposure. The most severe effects in terms of the overall health burden include a significant reduction in life expectancy of the average population by a year or more, which is linked to the long-term exposure to high levels of air pollution with PM. A selection of important health effects linked to specific pollutants is summarized in Table 1.

WILL A REDUCTION IN AIR POLLUTION IMPROVE HEALTH?

The body of evidence on the effects on health of air pollution at levels currently common in Europe has strengthened considerably over the last few years. Both epidemiological and toxicological evidence have contributed to this strengthening.

The latter provides new insights into possible mechanisms for the hazardous effects of air pollutants on human health and complements the large body of epidemiological evidence, which shows, for example, consistent associations between daily variations in air pollution and certain health outcomes. One of the crucial questions – both for the scientific community and for policy-makers – is whether these associations are causal and, if so, which agent(s) involved in the air pollution mixture play a crucial role in the effects. Only if relationships are shown to be causal can it be assumed that a reduction in pollution will reduce health effects. The results of this review strongly suggest that it is indeed reasonable to assume that a further reduction in air pollution will lead to health benefits. This is also in line with recent “intervention studies” that have demonstrated health benefits following the reduction of pollution levels under various circumstances.

WHICH POPULATION GROUPS ARE AT HIGH RISK?

A number of groups within the population have potentially higher vulnerability to the effects of exposure to air pollutants. These are those who are innately more susceptible to the effects of exposure to air pollutants than others, those who become more susceptible (for example, as a result of environmental or social factors or personal behaviour) and those who are simply exposed to unusually large amounts of air pollutants. Members of the last group are vulnerable by virtue of exposure rather than as a result of individual susceptibility.

Unborn and very young children seem particularly sensitive to some pollutants (see Chapter 5). Other groups that are more sensitive include the elderly, those with cardio-respiratory disease, those who are exposed to other toxic materials that add to or interact with air pollutants, and the socio-economically deprived.

When compared with healthy people, those with respiratory disorders (such as asthma or chronic bronchitis) may react more strongly to a given exposure, either as a result of increased responsiveness to a specific dose and/or as a result of a larger internal dose of some pollutants than in normal individuals exposed to the same concentration. Increased particle deposition and retention have been demonstrated in the airways of people suffering from obstructive lung disease.

ARE THERE SAFE POLLUTION LEVELS?

In the past, the concept of no-effect thresholds played an important role in deriving air quality guidelines. The existence of such thresholds implies no effects of increasing air pollution until a “threshold” concentration is surpassed, at which stage risk rises. Thresholds are in principle an appealing concept that has also been used in defining air quality policies, such as in justifying the numerical value of air quality limit values. Nevertheless, recent epidemiological studies investigating large populations have been unable consistently to establish such threshold levels, in particular for PM and ozone. Rather, they consistently show effects at the levels studied. These findings also imply that the current WHO air quality guideline for ozone of 120 µg/m3 as an eight-hour mean value does not represent a level below which no adverse effects are expected. Consequently, the threshold concept is probably elusive at a population level for these pollutants. This is almost certainly because there are inevitably large differences in individual susceptibilities in large populations. Instead of thresholds, exposure/concentration–response relationships for different health end-points provide more realistic information for taking effective action to reduce adverse effects on human health.

ARE THE CURRENT LIMIT VALUES SUFFICIENT TO ENSURE NO ADVERSE HEALTH EFFECTS?

The recent WHO review reconfirmed that exposure to particulate matter and ozone poses a significant risk to human health at concentration levels common in Europe today. Thus, it can be concluded that further reductions in air pollution will have significant health benefits, even in regions where levels are well below current European Union (EU) limit values for PM and target values for ozone.

Current air quality standards are to a large extent based on the concept of an effect threshold, below which significant health effects are not likely to occur. As stated above, no such threshold is evident for PM and ozone. Therefore, even if the limit /target value is not exceeded significant health impacts, including a substantial reduction in life expectancy, are to be expected. Conversely, a reduction in pollutant concentrations below the current standards should result in health benefits.

WHAT IS PM?

The term particulate matter (PM) is used to describe airborne solid particles and/or droplets. These particles may vary in size, composition and origin (Fig. 2).

Several different indicators have been used to characterize ambient PM.

Classification by size is quite common because size governs the transport and removal of particles from the air and their deposition within the respiratory system, and is at least partly associated with the chemical composition and sources of particles.

Based on size, urban PM tends to be divided into three principal groups: coarse, fine and ultrafine particles. The border between the coarse and fine particles usually lies between 1 µm and 2.5 µm, but is usually fixed by convention at 2.5 µm in aerodynamic diameter (PM2.5) for measurement purposes. The border between fine and ultrafine particles lies at about 0.1 µm. PM10 is used to describe particles with an aerodynamic diameter smaller than 10 µm. The particles contained in the PM10 size fraction may reach the upper part of the airways and lung.

Fig. 3 shows schematically where particles are deposited in the respiratory tract, depending on their size. Smaller particles (in particular PM2.5) penetrate more deeply into the lung and may reach the alveolar region. Ultrafine particles contribute only slightly to PM10 mass but may be important from a health point of view because of the large numbers and high surface area. They are produced in large numbers by combustion (especially internal combustion) engines.

ARE ALL PM COMPONENTS EQUALLY DANGEROUS?

As stated above, PM in ambient air has various sources. In targeting control measures, it would be important to know if PM from certain sources or of a certain composition gave rise to special concern from the point of view of health, for example owing to high toxicity. The few epidemiological studies that have addressed this important question specifically suggest that combustion sources are particularly important for health. Toxicological studies have also pointed to primary combustion-derived particles as having a higher toxic potential. These particles are often rich in transition metals and organic compounds, and also have a relatively high surface area. By contrast, several other single components of the PM mixture (e.g. ammonium salts, chlorides, sulfates, nitrates and wind-blown dust such as silicate clays) have been shown to have a lower toxicity in laboratory studies.

Despite these differences found among constituents studied under laboratory conditions, it is currently not possible to quantify the contributions from different sources and different PM components to the effects on health caused by exposure to ambient PM. Nevertheless, it seems reasonable to include in abatement efforts those sources/constituents that have been shown to be critical, such as emissions from diesel engines.

WHICH INDICATORS SHOULD BE USED TO ASSESS AND REGULATE PM?

Many studies have found that fine particles (usually measured as PM2.5) have serious effects on health, such as increases in mortality rates and in emergency hospital admissions for cardiovascular and respiratory reasons. Thus there is good reason to reduce exposure to such particles. Coarse particles (usually defined as the difference between PM10 and PM2.5) seem to have effects on, for example, hospital admissions for respiratory illness, but their effect on mortality is less clear.

Nevertheless, there is sufficient concern to consider reducing exposure to coarse particles as well as to fine particles. Up to now, coarse and fine particles have been evaluated and regulated together, as the focus has been on PM10. However, the two types have different sources and may have different effects, and tend to be poorly correlated in the air. The systematic review therefore recommended that consideration be given to assessing and controlling coarse as well as fine PM. Similarly, ultrafine particles are different in composition, and probably to some extent in effect, from fine and coarse particles. Nevertheless, their effect on human health has been insufficiently studied to permit a quantitative evaluation of the risks to health of exposure to such particles.

Despite much effort, it has not yet been possible to identify with confidence which chemical constituents of PM are primarily responsible for the different effects on health. In population studies, effects have been related to sulfates, soot and acids, independently of particle mass indicators such as PM10 and PM2.5. On the other hand, experimental studies have not been able to show that sulfates, and substances such as nitrates and sea salt, are harmful in realistic concentrations. Some studies have focused on specific sources, and a number have shown that air pollution from traffic in general is related to adverse effects on health. The evidence is currently insufficient, however, to recommend that PM mass indicators should be replaced or supplemented by PM composition indicators in evaluating health effects and regulating air pollution mixtures.

ARE ACUTE OR CHRONIC EFFECTS THE MAIN CONCERN?

The systematic review confirmed that the public health significance of the longterm effects of exposure to PM clearly outweighs that of the short-term effects.

Nevertheless, the effects of short-term exposure to PM have been documented in numerous time-series studies,1 many of them conducted in Europe; these indicated large numbers of outcomes, such as attributable deaths and hospital admissions for cardiovascular and respiratory conditions. Both short-term (24 hours) and long-term (annual average) guidelines are therefore recommended.

SHOULD WE FOCUS ON SUMMER SMOG OZONE PEAKS?

Traditionally, the interest of the general public and policy-makers in ambient ozone has focused on high peak levels, which usually occur during hot, dry periods in the summer. Recent evidence suggests, however, that ozone levels lower than those experienced during episodes of “summer smog” may have considerable effects on human health. Time-series studies have demonstrated linear or near-linear relationships between day-to-day variations in ozone levels and health end-points even at low levels of exposure. As there are usually many more days with mildly elevated concentrations than days with very high concentrations, the largest burden on public health may be expected with the former rather than the latter. Consequently, abatement policies should not only focus on the few days with high peak concentrations but should aim to reduce ozone levels throughout the summer season.

WHAT IS THE APPROPRIATE AVERAGING TIME FOR A GUIDELINE?

For short-term exposure, it is clear that effects increase with time (e.g. 6–8 hours for respiratory function effects and lung inflammation). Thus, an 8-hour averaging time is preferable to a 1-hour averaging time. The relationship between longterm ozone exposure and health effects is not yet sufficiently understood to allow a long-term guideline to be established.

SHOULD WE KEEP THE AIR QUALITY GUIDELINE FOR NITROGEN DIOXIDE?

The WHO systematic review closely reviewed the scientific evidence in support of the current WHO air quality guideline value for nitrogen dioxide of 40 µg/m3 as an annual mean. This value is of considerable practical importance, since it has been transformed into a binding air quality limit value in EU legislation (10). The review concluded that there is evidence from toxicological studies that long-term exposure to nitrogen dioxide at concentrations higher than current ambient concentrations has adverse effects. Nevertheless, uncertainty remains about the significance of nitrogen dioxide as a pollutant with a direct impact on human health at current ambient air concentrations in the EU, and there is still no firm basis for selecting a particular concentration as a long-term guideline for nitrogen dioxide.

In recent epidemiological studies of the effects of combustion-related (mainly traffic-generated) air pollution, nitrogen dioxide was shown to be associated with adverse health effects even when the annual average concentration was within a range that included 40 µg/m3, the current guideline value. At this stage, there is no firm basis for establishing an alternative guideline, and it was therefore recommended that the WHO guideline value of 40 µg/m3 as an annual mean should be retained or lowered. Moreover, the short-term guideline for nitrogen dioxide of 200 µg/m3 is still justified.

