Chapter 9. General approach

In the context of the updating and revison of these guidelines, the ecologica effects of maor
ar pollutants were condgdered in more detail. This was undertaken in cooperation with the
Working Group on Effects under the United Nations Economic Commisson for Europe
(ECE) Convention on Long-range Transboundary Air Pollution, capitdizing on the scientific
work undertaken snce 1988 to formulate criteria for the assessment of the effects of air
pollutants on the naturd environment.

The evdudion for the guiddines focused on the ecological effects of sulfur dioxide
(including sulfur and total acid deposition), nitrogen dioxide (and other nitrogen compounds
including ammonia) and ozone, which were thought to be currently of greatest concern
across Europe. A number of other amospheric contaminants are known to have ecologica
effects, but were not consdered by the working groups. In the case of metds and persistent
organic pollutants, levels of soil contamination or bicaccumulaion leading to adverse effects
have been proposed, but methods of linking these to amospheric concentrations or
depositions have not yet been developed. In the case of fluorides and particles, ecologica
effects are no longer of widespread concern in Europe, dthough air quality criteria have been
proposed in the past by other bodies, and new criteria for fluorides are currently under
congderation by certain nationa governments.

Use of the guidelinesin protecting the environment

Although the main objective of the guiddines is the direct protection of human hedth, the
WHO drategy for hedth for dl recognizes the importance of protecting the environment in
terms of benefits to human hedth and wdlbeing. Resolution WHA42.26 of the World Hedth
Assambly and resolutions 42/187 and 42/186 of the United Nations General Assembly
recognize the interdependence of hedth and the environment.

Ecologicadly based guiddines for preventing adverse effects on teredrid vegetation were
included for the firg time in the firg edition of Air quality guidelines for Europe in 1987, and
guidelines were recommended for some gaseous ar pollutants. Since that time, however,
ggnificant advances have been made in the scientific underdanding of the impacts of ar
pollutants on the environment. The redization that soils play an important role in mediating
both the direct and indirect effects of ar pollutants on terrestria and freshwater ecosystems
has led to the development and acceptance of the joint concepts of caitica levels and critica
loads within the framework of the ECE Convention on Long-range Transboundary Air
Pollution.

At the ECE Workshop on Criticd Loads for Sulphur and Nitrogen, held at Skoklogter,
Sweden (1) and a a workshop on critical levels hed a& Bad Harzburg, Germany (2), the
following definitions were agreed on.

Critical level is the concentration of pollutants in the aimosphere above which direct adverse

effects on receptors such as plants, ecosystems or materials may occur according to present
knowledge.
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Critical load is a quantitative estimate of an exposure, in the form of depostion, to one or
more pollutants below which ggnificant harmful effects on soecified sendtive dements of
the environment do not occur according to present knowledge.

The criticd levels and loads gpproach is essentidly a further development of the firgt edition
of these guiddines published in 1987. There are severad fundamental differences between
conventiond environmental objectives, critical levels and critical loads (Table 1).

Table 1. Differences between conventional environmental objectives,
critical levels and critical loads

Conventional objectives Critical levels Critical loads
Effects are generally Effects are experienced from Effects are usually manifested at the
experienced at the organism organism to ecosystem levels ecosystem level
level
Objectives are established on Objectives are established by Ecosystem studies are required to
the basis of laboratory tests laboratory or controlled establish values
environmental and field studies
Lethality or physiological Physiological, growth and Ecosystem effects are caused by direct
effects are the usual response  ecosystem effects are caused (abiotic change) or indirect (biotic
used in setting objectives by direct or indirect interaction) mechanisms
mechanisms
Environmental objectives are Objectives are set as close to Objectives are set as close to effect
set well below known effects effect thresholds as possible thresholds as possible
to provide some margin of
safety
No beneficial effects are likely = Changes may occur that are Changes may occur that are deemed
to occur in the environment at  deemed beneficial (such as beneficial (such as increased
any level increased growth) productivity)
Environmental damage from Environmental damage usually Environmental damage usually results
exceedances is usually results from short- to medium- from long-term (years, decades)
observed within a short time term exceedances exceedances and may be cumulative

Criticd levels rdae to direct effects on plant physology, growth and vitdity, and are
expresed as atmospheric concentrations or cumulative exposures over a given averaging
time. Typicdly, critica levels are based on effects observed over periods of from ane day to
severd years. Criticd loads relate to effects on ecosystem structure and functioning, and are
expressed as annud depostions of mass or acidity. Typicdly, critica loads relate to the
potential  effects over periods of decades. In the case of sulfur and nitrogen compounds,
criticad levels can be directly rdated to criticd loads when the depostion velocity for a given
vegetation type is known. Neverthdess, while critical levels provide effects thresholds for
relatively short-term exposures, and are not amed a providing complete protection of al
plants in dl gtuations from adverse effects, criticd loads provide the long-term deposition
below which we are sure that adverse ecosystem effects will not occur.

Both criticd levels and critica loads may be used to indicate the state of existing or required
environmental protection, and they have been used by ECE to define ar pollutant emisson
control drategies for the whole of Europe. They are being or may be used in a series of
protocols reaing to the control of sulfur dioxide nitrogen oxides, totd nitrogen (incuding
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oxidized and reduced species) and ozone. Full use has been made in this publication of the
data that underpin these protocols. The proposed guidelines cover the same rage of ar
pollutants and are amed a a wide range of vegetation types and ecosystems. Individua
gpecies, vegetation types and ecosystems may vary in ther sengtivity to a given pollutant,
and this sengtivity may dso depend on other factors such as soil type or climae. When
possible, therefore, different values of critica loads or levels are defined, depending on the
relevant factors. When this approach is not possible, values are based on protecting the most
sengtive type of vegetation or ecosystem for which good qudity deta are available.

There is thus a sound scientific basis for expecting that adverse ecologica and economic
effects may occur when the guiddines recommended below are exceeded. There is a
posshility that adverse effects might dso occur a exposures below these guiddines, but
there is condderable uncertainty over this and it was decided to recommend vaues with a
sound scientific bads rather than to incorporaie arbitrary uncertainty factors. Critica levels
and criticd loads thus fulfil the primary am of ar qudity guiddines in providing the best
avallable sound scientific basis for the protection of vegetation from significant effects.

To carry out an assessment based on the guiddines, due consderation has to be given b the
various problems caused by ar pollution and their impact on the stock that may be a risk.
The requirements for the former are often different from those needed to assess the risks to
human hedth. Neverthdess, methodologies have been developed that can assess the risks of
damage to vegetation and ecosystems.

Because of the different definition of criticd loads and criticd levels, the variable nature of
the ecologicd impacts caused by different pollutants, and the different types of scientific
evidence avalable, it is not possble to use a sngle methodology to derive the air qudity
guidelines presented in this section. For criticd levels, the methods used rey on andyss
ather of experimentd gudies in the laboratory or in fidd chambers or of field sudies dong
pollution gradients. For critical loads, the methods used rely on andyss of fied experiments,
comparisons of dtes with different depostion rates, or modelling. Where possible, data from
a combination of sources are used to provide the strongest support for the proposed
guiddines. Uncertainties in defining guiddines can aise (a) because of the limited
availability of appropriate data; (b) because the data exist only for specific vegetation types
and climates and therefore may not be representative of all areas of Europe; or ) because
exposure patterns in experimental chambers may not be representative of those under fidd
conditions.

In the fidd, pollutants are never present in isolation, while the same pollutant may have
severd impacts dmultaneoudy (for example, exposure to sulfur dioxide can cause direct
effects on leaf physology and contribute to long-term acidification, while depostion of
nitrogen can cause both acidification and eutrophication). Currently, knowledge of the
impacts of pollutant combinations is inadequate to define criticd loads or levels for such
combined impacts, and thus the guidelines are recommended for the ecologicad effects of
individud pollutants. When applying these guiddines in ecologica risk assessment, the
possibility of such combined impacts should be consdered. Furthermore, when consdering
an aea of mixed vegeation types or ecosysems, severd guiddines may apply. Thus
ecologicd risk assessment gpplying the criticd levels and loads approach must be aimed at
identifying or protecting the most sengtive dement of the environment.
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A smple oveview of the dements of how critical levels and criticd loads can be used is
gven in FHg 1. The left- and right-hand pathways indicate the requirements, enabling findly
the comparison of critica levels or criticd loads with ambient air concentrations (present
levels) or pollutant depositions (present loads) on broad spatid scades. The |eft-hand pathway
depicts the steps needed to obtain a geographica digtribution of criticd levels and loads over

European ecosystems.

Fig. 1. Critical levels/loads application pathway
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Since critical levels and criticd loads indicate the sengitivity of receptors (such as
individua plant species or ecosystems) to air pollutants, an important step in the critica
levels/loads gpplication pathway consists of the geographica determination and mapping
of the receptors and their sengitivities, at asfine a gpatia resolution as possible.

Critica levels are in most cases formulated in such a way that a certain receptor type (such as
forests or crops) has the same critical level vaue throughout Europe. In these cases, the
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resulting sendtivity maps look uniform over large aeas. More recent developments in
criticd levels research attempt to incorporate environmenta conditions into the assessment.
The incorporation of such modifying factors — such as water avalability, which influences
the opening of the stsomata and thus the uptake of gaseous pollutants by plants — can lead to a
higher degree of differentiation in the mapping of sengtivities.

Critical loads are also alocated to certain receptor types, such as forests, bogs, heathlands,
grasdands or lakes, but the gpatid differentiation is generdly more advanced than in the case
of criticd levels It is often possble to take into account environmental conditions such as
0il characteridtics, water conditions, precipitation amounts, land use and management
practices. The result isacritica 1oad map with ahigh spatia variation in sengtivities.

The right-hand pathway in Fig. 1 depicts steps to ensure comparability of present levels/loads
with criticd leveldloads. The comparison with present ambient air concentrations or present
depostions can only be made if the gpatia resolution is compatible with the mapped critica
leveldloads. The regiona digribution of ambient ar concentrations and depositions can be
modelled to reflect data measured by national and/or international monitoring networks over
Europe. Subject to the spatia resolution of these modedled data, comparisons of criticd
levelgloads with present levelgloads can be made at finer or coarser spatial resolutions. At
the European leve, present levels/loads are currently moddled for grid cdls with a sze of
150 km “~ 150 km or 50 km “~ 50 km by the ECE Co-operative Programme for Monitoring
and Evdudtion of the Long Range Transmisson of Air Pollutants in Europe (EMEP). In the
case of depogtions, compatibility with the mapped criticd loads can be achieved by
edablishing cumulative frequency didtributions of the criticd loads occurring in the grid cdll.
A low percentile vaue (such as 5) of these digtributions can be chosen for comparison with
the present loads. If, in the framework of effect-orientated pollutant emisson reduction
drategies, the present levels or loads are reduced to critical levels or a 5percentile vaue of
the criticd loads didribution, respectively, the protection of most sensitive receptors is
reliably estimated to be high (for example achieving potentid protection of 95% of the
ecosysemsin agrid cdl).

The left- and right-hand pathways of Fig. 1 findly lead to the assessment of exceedances of
critical leveldloads. Exceedances of critica levelsloads are interpreted in a qudlitative rather
than a quantitative manner, in that the probability of damage is conddered to be nonzero
whenever critical leveldloads are exceeded. Thus, the exceedance of critical levelsloads
implies non-sustainable stress, which can lead to damage a any point in time and to an extent
depending on the amount of excess pollution. Research is continuing to determine
quantitative regiond rdationships between the actud excess pollution and the expected
damage. Exposure-response relaionships for sendtive receptors, established in experimenta
or fidd dudies and modified for prevaling environmenta conditions, may tentativey be
used to quantify the consequences of excess pollution. However, research results are
consdered to lack the robustness needed to alow applications to European ecosystems as a
whole,

References

1. NILSSON, J. & GRENNFELT, P., ED. Critical loads for sulphur and nitrogen.
Copenhagen, Nordic Council of Minigters, 1993 (Miljaapport No. 15).

2. Final report of the Critical Levels Workshop, Bad Harzburg, Germany, 14-18 March
1988. Berlin, Federd Environment Agency, 1988.

8 WHO Regional Office for Europe, Copenhagen, Denmark, 2000 5



