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AIR POLLUTION AND HEALTH

© LARS-ERIK HAKANSSON

Although the concentrations of air pollutants are in general on the way down in
Europe, the problems remain considerable — especially as regards ground-level ozone
and small particles. In some parts, too, the situation continues to become worse. In
the following is a digest of the chief effects, causes, and permissible limits to the
concentrations of the most pervasive pollutants.

Air pollution is not easily measured, com-  Limit values on the other hand are bind-
prising as it almost invariably does a mix- ing, and because they are compulsory, their
ture of many different substances, some okeconomic consequences have been taken
which are more toxic than others. By inter- into account when deciding on them.
acting in some cases, they become even It has not been possible to determine any
more harmful. minimum dose below which there will be
The effects of breathing toxic substancesno ill effects from carcinogenic substances.
may range from a slight feeling of discom- Resort has therefore been maderteedici-
fort to premature death. Those most at risknal low risk levelthat will keep the risk of
are children, the elderly, asthmatics andgetting cancer under a certain level, for ex-
persons with heart and circulatory prob-ample 1in 100,000, for individuals who are
lems. Sensitivity varies very widely, how- exposed to the specified concentration
ever, from one individual to another. throughout their lifetime.
The risk to health come mainly from the
Target values and limit values following pollutants in the outdoor air:
A number of target values and limit values
have been set up with the aim of confining Nitrogen dioxide
the pollutants to permissible levels. When inhaled, nitrogen dioxide can pen-
Target values,such as those from the etrate relatively deep into the airways, where
World Health Organization, aomlyrecom- it can cause irritation and damage to tissue.
mendations, and so not binding. These ardt can also aggravate both asthma and aller-
set at levels aiming to protect human healthgic reactions. It impairs, too, the defence
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mechanisms of the lungs against bactethere are high concentrations of particleswhen they are inhaled they can penetrate
ria, viruses, and other air pollutants suchis believed to reduce life expectancy. deep into the lungs. Their shape and
as ozone and particulate carcinogens. Re- Calculations have shown that in Aus- chemical composition as well as their size
peated exposure to nitrogen dioxide, eithertria, Switzerland, and France (Kiinzli et are thought to influence their harmful-
alone or in combination with other fac- al, 2000) small particlesf1,p) at cur-  ness, as do the substances that adhere to
tors, is suspected of starting off asthma inrent levels in air give rise to 40,000 pre- their surface.
children. mature deaths a year in these countries, Particles are now generally measured
Nitrogen oxides moreover have signifi- and the average life expectancy of peopleasPMm,o, wherepPm stands for particulate
cant indirect effects on health through theirliving in an urban environment to be re- matter and the number 10 indicates the
contribution to the formation of ground- duced by 18 months. Furthermore, theymaximum diameter in micrometers (ac-
level ozone and the conversion in the airstart off half a million asthma attacks eachtually particles of such a size that 50 per
to very small particles. See below. year and lead to a total of 16 million lost cent pass through a given sampling fil-
The main contributor to the concentra- person-days of activity. ter). For several years an even finer frac-
tions of nitrogen oxides in urban surround-  Itis the very smallest particles that aretion, Pm, 5, has also been measured in the
ings is usually road traffic, although in believed to be the most harmful, becauseus. This gives a better measure of the
some cities combustion plants make a sig-
nificant contribution. The target and limit
values applying at present are shown in

Table 1. Table 1. NITROGEN DIOXIDE (ug/m 3)
Sulphur dioxide 1-hour
L o Annual mean value
Sulphur dioxide also causes irritation of mean value
the airways. Long-term exposure in com-
Y g b WHO target value (WHO 2000) 200 |40 (health

bination with airborne patrticles increases
the likelihood of respiratory infections in

30 (vegetation; NO+NO,)
40 (health)

1 imi i A) (8)
children. Further effects on health can pe EU limit value, applies from 2010 200 30 (vegetation; NO+NO,) ©
traced to the part played by sulphur di-
oxide in the formation of particles in the (A) European Union 1999. (B) Must not be exceeded more than 18 times per calendar
air (see below). year. (C) Applies from 19 July 2001.

Sulphur dioxide can occur in high con-
centrations during periods of inversion. Table 2. SULPHUR DIOXIDE (ug/m 3)
It was probably the most harmful com-
ponent of the smogs that plagued Lon- 10-min. | l-hour [ Max.24-h. Annual mean
don in the early 1950s, costing thousands mean mean mean value
of lives. value value value

In most parts of Europe the levels of
sulphur dioxide have fallen considerably W*LO tgrge‘ value 29 ] 125 (health) fo (health)
in recent decades. Main emission sources (WHO 2000) 0-30 (ecosystem)
is the burning of_cqal and oil. The contri- EU limit value, o o o
bution from traffic is small. Currenéar- from 2005 ® - 850® 1125 20

get and limit values are given in Table 2.

) (A) European Union 1999. (B) Must not be exceeded more than 24 times per calendar year.
Particles (C) Must not be exceeded more than 3 times per calendar year. (D) To protect ecosystem.

Through the use of sophisticated statisti- Applies outside urban areas, with effect from 19 July 2001.
cal methods and more powerful comput-

ers, .researchers have been able to iden-  Taple 3. PARTICLES (PM 10, pg/m3)

tify links between exposure to particles

and a variety of effects on health even at Max 24-hour mean value Annual mean value
levels that had previously been consid-
ered safe. WHO target value dose response dose response
A large number of studies made both (WHO 2000)
in theus and in Europe have shown that EU limit value, from
when the concentration of small particles 2005 ® 50® 40
in air rises, even from low levels, there is
arise in mortalities from respiratory, car- Prel. EU limit value 50© 20
diac and circulatory diseases, and more 2010®
people seek hospital care for bronchitis Guide value proposed
and asthma. It is not known exactly how by IMM © 30 15
these particles cause damage, but they are
thought likely to excite and aggravate Current levels in Europe 10 (remote areas)
inflammations of the airways. 100 (heavily polluted areas)

Even exposure to low levels for long
periods is considered harmful. The long-
term effects have not yet been so well
researched, but living in regions where

(A) European Union 1999. (B) Not to be exceeded more than 35 times per year. (C) Not to be
exceeded more than 7 times per year. (D) IMM = National Institute of Environmental Medicine,
Sweden. See Pershagen 2000.
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very smallest particles, and presumably
a better indication of the effect on health.
In recent years a start has been made on
measuringPM, s in the Eu too, although

Table 4. BENZENE (ug/m 3)

Annual mean value

the present standards only applpta,. EU limit value, applies from 2010 (A) 5.0
A change in theu standards will be dis- :
cussed when the current directive is re- Low risk level (B) 13

vised in 2003.

Particles are classed as either primary
or secondary:

Primary particlesare those that are
formed during combustion, but may also
consist of dust, small soot flakes, pollen,
etc. Major sources are combustion proc-
esses (often small-scale burning) and in-

1-10 (background level)

Current levels, urban environment, Europe .
' » EUrop 20-50 (roadside)

(A) European Union 2000. (B) Assessment by National Institute of Environ-
mental Medicine, Sweden. Lifetime exposure to this concentration gives rise to
1 case of cancer per 100,000 inhabitants.

Table 5. OZONE (ppb; 1 ppb =2 ug/m 3)

ternal cpmbustlon engines (primarily die- 1-hour mean 8-hour mean 3-month mean
sel engines). At present the extent of these value value value
emissions and their distribution among
sources are not fu]ly know_n. _ WHO target value 60 (health)
Secondary particlesonsist mainly of (WHO 2000)
§u|pha§e and nitrate sal_ts that are fo_rmed Current EU target o
in the air from sulphur dioxide and nitro- values @ 90/180 55
gen oxides. Any source that emits these
substances therefore contributes to their Proposed EU 60 © AQOT40® =3,000
formation. target value © ppb-hours ®
Secondary particles are small and can
. . . . Proposed target
remain suspended in the air for long peri- value © 40 ppb
ods. There is an extensive transboundary

migration — in most places only a small
proportion is traceable to local emissions,
and a large percentage, particularly of the
finest fractions, consists of secondarily
formed particles. In urban areas in Europe
30-70 per cent of the measured levels of
PM, 5 derives from particles brought in
from afar, while the figure for rural areas |evel ozone — which is probably the most airways that lead to a reduction in lung
is closer to 100 per cent. significant health effect of this group as capacity, even at relatively low concen-
ThewHo guidelines do not set any tar- a whole. trations. Because ozone is a gas with low
get values for airborne particles, since it The group includes known carcino- solubility in water it can penetrate deep
is considered unlikely that a level willbe gens such as benzo(a)pyrene, ethene aridto the lungs. During periods of elevated
found that does not have harmful effects.penzene, as well as various aromatic hy4evels rises occur in the number of people
In Sweden the National Institute of Envi- drocarbons. Among the nitrated poly- who are admitted to hospital emergency
ronmental Medicineiim) has proposed aromatic hydrocarbons (nitmeaH) are  departments with respiratory problems.
limit values well below the levels so far some of the most carcinogenic substance§Vhen concentrations rise, even from rela-
considered acceptable. See Table 3. known to man, several of which are presentively low levels, the need for increased
According to calculations by theu  in diesel exhaust fumes. medication of asthmatic children and in-
Commission for 1995, almost 90 per cent  Petrol-driven cars that are either with- creased mortality are among the observed
of Europe’s urban population was living out or have only ineffective catalytic con- effects.
in areas where particle levels exceedederters are a main source of emissions of High levels occur primarily in spring
the maximum 24-hour mean and annualyolatile organic compounds in urban air. and summer, since ozone formation is a
mean values of the forthcomiag stand-  Also small-scale combustion, such as theprocess that is driven by sunlight. Con-
ard. This proportion is expected to fall household burning of wood or coal, can centrations in Europe exceed by a large
to around two-thirds by 2010 as a resultmake a significant contribution. margin every year the levels at which
of decisions already taken in respect of At present the limit values in tt®s  health effects begin to appear. Following
emission controls for combustion plants are only for benzene, but standards areso-called episodes, high levels can also
and vehicles, as well as of sulphur levelsalso being worked out for polyaromatic occur in areas with relatively clean air.
in fuels (European Commission, 2000). hydrocarbonsraH). However, the amount of ozone to which
In most European cities the levels of an individual is exposed will depend
benzene in the air exceed the medical lowlargely on how much time he or she spends
These compose a very large group of pol+isk limits by a large margin. For current outdoors —the indoor level always being
lutants. Some are fairly harmless, while |imit values and levels, see Table 4. much lower.
others are extremely toxic. They can oc- Following national and international
cur either as gases or bound to particles, agreements that will result in measures to
and several of the substances in this grouzone is a powerful oxidant and can givereduce the emissions of nitrogen oxides
contribute to the formation of ground- rise to eye irritations and irritations of the and volatile organic compounds, ozone

(A) European Community 1992. (B) 90 ppb is the level at which the public must be
informed, 180 ppb that at which a warning must be issued. (C) European Commission
1999. (D) Interim target 2010: not to be exceeded more than 20 times per year. (E) AOT40
= Accumulated exposure over the threshold of 40 ppb. (F) Interim target 2010:
AOT40=8.500 ppb-hours. (G) Bylin et al 1996.

Volatile organic compounds

Ozone
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and lead in ambient aiDfficial Journal L
163, 29/06/1999 p. 0041 - 0060

European Union, 2000. Directive 2000/69/
EC of the European Parliament and of the
Council of 16 November 2000 relating to
limit values for benzene and carbon mon-
oxide in ambient airOfficial Journal L
313, 13/12/2000 p. 0012.

Holland, M. et al. 1999. Cost-Benefit Analy-
sis for the Protocol to Abate Acidification,
Eutrophication and Ground-level Ozone in
Europe. Publicatiereeks lucht & energie nr.
133. Dutch Ministry of Environment,

levels are expected to fall over the next
few decades. Levels over Europe are how-
ever also affected by emissions from all
over the northern hemisphere, which
means that increasing emissions in Asia,
for example, could counteract this trend.
For target values and current levels, see
Table 5.

Asthma and allergies

In many industrialized countries the in-
cidence of asthma and allergies has risen
sharply in recent decades. So far no ex-
planation has been found. The incidence Distributiecentrum VROM, Zoetermeer,
of hypersensitive reactions is thought toAmann, M. et al. 1999. Integrated Assess- The Netherlands.

be due to hereditary dispositions as well as ment Modelling for the Protocol to Abate Kiinzli, N. et al, 2000. Public health impact
environmental factors. One as yet unex- Acidification, Eutrophication and Ground-  of outdoor and traffic-related air pollution:
plained phenomenon is the mugteater ~ level Ozone in EuropePublicatiereeks 4 European assessment. The Lancet. Vol.
increase in western than in eastern Eu- !ucht & energie nr. 132. Dutch Ministry of 356, September 2, 2000.

rope. . . Egglgmi?t’_rﬁsmZm:;f::gsum VROM, Pershagen G. (ed) 2000. Particles in ambient

Researchers do not believe that air pol- ’ : air — a health risk assessment. Scand. J.
lution is a critical factor that could ac- BYlin G., et al, 1996. Health risI§ evaluation  work Environ. Health 2000;26 suppl. 1:1—
count for this rise or for the differences ©f 0zone. Scand J. Work, Environ. Health.  gg.
between countries. Nevertheless air pol- 1996: 22 Suppl. 3:1-102. WHO 2000. Air Quality Guidelines for Eu-
lution does play an important role in this European Commission 1999. Proposal for a rgpe, second edition, WHO Regional Of-
context. Nitrogen dioxide, sulphur diox- ~ Directive of the European Parliament and  fice for Europe, 2000, Copenhagen.
ide, ozone, and particles have all been of the_r Council relating to ozone in ambi-
shown to aggravate and in some cases €Nt @i COM (1999) 125(02)
start off Symptoms of asthma in Suscep-EUfOpean Commission 2000. A Review of the
tible individuals. Ozone and nitrogen di-  Auto-Oil Il Programme. COM2000(626).
oxide have also been proved to increasdzuropean Community 1992. Council Direc-
sensitivity to pollen among sufferers from  tive 92/72/EEC of 21 September 1992 on
hay fever. This is because these pollutants air pollution by ozoneOfficial journal NO.
damage the mucous membranes of the L 297, 13/10/1992 P. 0001 - 0007
airways, so that allergenic substances ar&uropean Union, 1996. Council Directive 96/
more likely to trigger a reaction. 62/EC of 27 September 1996 on ambientHealth Effects Institute:

air quality assessment and management. Www.healtheffects. org

Preventive measures are profitable Official Journal L 296 , 21/11/1996 p. 0055 EMEP: www.emep.int (data on emissions,
Numerous studies have shown it to be —0063. long-range transboundary air pollution and
economically profitable to greatly reduce European Union, 1999. Directive 1999/30/ the deposition of pollutants)
the emissions of air pollutants, with the EC of 22 April 1999 relating to limit val-  International Institute for Applied System
greater part of the gain lying in the re- ues for sulphur dioxide, nitrogen dioxide  Analysis: www.iiasa.ac.at/~rains (informa-
duction of negative effects on people’s and oxides of nitrogen, particulate matter tjon on particles, etc.)
health.

One example is the cost-benefit analy-
ses that have been carried out to illustraté
the effect of implementing the Gothen-
burg Protocol under the Convention on
Long Range Transboundary Air Pollution
(Holland 1999; Amann 1999). Whereas
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The EU framework directive

In September 1996 th&J Council of Min-  was presented by the Commission in 199

the annual cost of doing so is estimated
to be 2.8 billion euros for 2010, the annual
profit would be 12.8 billion euros, or four
times greater than the cost.

If countries chose to reduce emissions
even further (in line with the so-called
G5/2r scenario) the cost would rise to 8.5
billion euros a year for 2010, but the profit
even more, to an enormous 42.3 billion
euros.

In both cases the most important item
on the profit side is the reduced damage
to people’s health, primarily as result of
lowered levels of harmful particles.

isters adopted the directive on ambient aiiEuropean Commission 1999) and a decisiq
quality assessment and management (96/68/expected in 2001. Work is in progres

EC). This is a framework directive which,on proposals for polyaromatic hydrocart
among other things, lays down how monibons PAH) and a number of heavy metals|

toring systems should be setup soastom
information on measurements readily acc
sible to the public.

ajfﬁe framework directive says nothing abou

that is up to each member country to de¢
So far it has been supplemented by twoide. It does however require that correq
daughter directives. The first was adoptetive measures should be taken if the stan
in 1999 and covers sulphur dioxide, nitrogeiards are not being met. The specified lim
dioxide, particlesgM;g) and lead (1999/30/ values are minimum standards, which mea

EC). The second, covering benzene and cahat member countries can introduce stricte

bon monoxide, was adopted in 2000 (200®&tandards if they wish.
69/EC). A proposal for target values for ozone

e?fow the limit values should be achieved;
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