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Abstract

Against the background of the growing demand for indices suited to assess the integral air quality that is not
restricted to a single air pollutant, formulations for statistical air stress indices and an impact-related air quality

index (DAQX) are presented. Their sensitivity depending on emission and air mass exchange conditions is
investigated by test calculations based on air pollution data from three different sites in southwest Germany
characterised by different air pollution levels and one site (Szeged) in southern Hungary with a comparatively
high air pollution level. The results can be explained by methodical characteristics of the indices and the local

emission situation.

Zusammenfassung

Vor dem Hintergrund der steigenden Nachfrage nach Indizes zur Bewertung der integralen Laftatialit”
Uber die standardafdige Beurteilung einzelner Luftkomponenten hinausgeht, werdest2enfit statistische
Luftbelastungsindizes und einen wirkungsbezogenen Luftasilitiex (DAQX) vorgestellt. Ihre Sensitiat]”

die von den Emissionsbedingungen und den Austauscalieissen abarigt, wirduber Testrechnungemif”

drei Standorte im @dwesten Deutschlands mit unterschiedlichem Emissionseinfluss und einen lufthygienisch
belasteten Standort (Szeged) ind8h von Ungarn analysiert. Die Unterschiede in den Resultaten lassen sich
Uber methodische Kennzeichen derdmsichtigten Indizes und die lokale Emissionssituationasg’

1 Introduction air pollution control networks. They can be categorized
into the two groups of air stress indices ASI and air qual-

Many problems concerning environmental meteoroloqu indices AQI.

include the evaluation of ambient air pollutants. The nor- 1,4 objectives of this study are (1) the description of

mal case is the assessment of single air pollutants. 'fHé methodology of both index groups, (2) an explana-

based on standards, which exist for single air pollutamts, ¢ specific formulations for ASI and AQI, and (3)

in al(rjnozt every COler.m.ry of the Worlfd.hHowevgr, these comparative analysis of results from ASI and AQI test
standards are insufficient in view of the persistent Geg e 1ations for sites with different air pollution condi-
mands for the assessment of the air quality, WhIChtf Sns.

not limited to a single air pollutant, because people Is

breathing in ambient air characterised by a mixture of

different air pollutants and not by one alone. Examplgs M ethodology

for these demands are the consideration of air pollution

in processes of urban or regional planning, for the eng2i1  Air stressindices

ronmental qualification of health and recreation resorts

as well as the daily information of people in the Interné general, air stress indices have the following struc-

on the current integral air pollution level. ture (BAUMULLER and REUTER, 1995; FENGER, 1999;
Therefore, indices for the assessment of the air pBIASSOMENOSet al., 1999; BARMA, 1999):

lution conditions were recently developed, which meet n

these demands and represent a supplementation to thag —

normal case. These indices consider frequently moni- Zl

tored air pollutants at long-term stations within officiadr
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Table 1: Urban land cover related assessment of the air pollution conditions on the basis GindSAS)H (according to M\YER et al.,
2002b).

ASl;: no single air pollutant exceeds the standard
ASl,: no single air pollutant shows a higher number
of cases per year with air pollutant specific standards are exceeded than the permitted number

level | very low air stress A%) ASl, < 0.2
level Il low air stress 0.X ASl;, ASl, < 0.4
level Il moderate air stress 04 ASly, ASI, < 0.6
level IV  distinct air stress 0.6 ASly, ASl, < 0.8
level V  strong air stress AGIASI, > 0.8

ASl;: at least one air pollutant exceeds the specific standard

ASl,: at least one air pollutant has a higher number of cases

per year with air pollutant specific standards are exceeded than the permitted number
level VI extreme air stress independent of A&hd AS)

In the case of assessing an average air pollution stregS(nis not included in Eg. (2.3) because a corresponding
is the number of air pollutants considered, C is the melab) standard is not available. Therefore, the approach for
concentration (mostly over one year) and R is a reféSl, contains benzene. For the application of A&id
ence value for the air pollutant i. In the second caseAsl,, a graded assessment scale was developed with re-
assessing a short-term air pollution stress, C is the apect to urban land covers (Table 1).
nual number of actual exceedences of air pollutant spe-Compared to ASland AS), the daily air stress in-
cific standards and R is the corresponding annual nuthex ASky developed by the Federal State Institute for
ber of exceedences permitted in directives or guideligvironmental Protection Baden-Wuerttemberg (Karls-
e.g. of the European Union (EU). ruhe, Germany) for the continuous information of peo-
Examples for air stress indices of the type (2.2) apée is of the type (2.1) and includes Que to its changed
the planning-related air stress index ARIr average air purpose (M\YER et al., 2002b):

pollution stress and the planning-related air stress index

ASI, for short-term air pollution stress both developed ASlgwy = C(02) C(CO) C(NG,)
by the Office for Environmental Protection, Urban Cli- 350ug/m® * 10mg/m?  200ug/m?
matology Section, City of Stuttgart, Germany AVER N C(Os) | C(PMyo) 2.5)
et al., 2002b): 180ug/mé  50ug/md '

In Eg. (2.5) C(SQ), C(NO,) and C(Q) are the air pol-

AS, = 1 ( C(02) C(NOy) (2.3) lutant specific highest daily 1-h mean valuggy(n?),
4 \20ug/m® ~ 40ug/m? C(CO) is the highest daily running 8-h mean value
n C(PMo) C(benzene)> (mg/mB) of CO and C(PMy) is the daily mean value
40ug/m? ~ 5ug/md (ug/m®) of PMyo. The reference values of Eq. (2.5) are
temporally corresponding EU standards.
AS, — 1 (N(soz) N(NO,) 2.4) 2.2 Air quallty |nd|.ce>j |
4 24 18 Impact-related air quality indices are very rare, because
N(PMyy) N(CO) it is difficult to quantify the impacts of a mixture of air
+ 35 1 > pollutants, which is typical of the ambient air, on well-

being and health of people in a graded way. Examples
In Eg. (2.3) C values are the arithmetic annual medifas such indices are the EPA air quality index AQI (EPA,
of the four air pollutants, while the long-term air pol1999) and the daily air quality index DAQX, which was
lutant specific standards of the EU serve as referemeeently developed and tested by the Research and Advi-
(denominator). In Eq. (2.4) N is the annual number ebry Institute for Hazardous Substances, Freiburg, Ger-
actual exceedences of air pollutant specific short-temany, and the Meteorological Institute, University of
EU standards and the denominator values are the deneiburg, Germany (MYER et al., 2002a, 2002b). The
responding annual number of exceedences permittedbbgkground for the development of DAQx has been the
the EU. As the secondary air pollutant ozong)(€an requirement for an impact-related index applicable for
be hardly influenced by planning methods, it is not cothe information of people in the Internet on the daily in-
sidered in Egs. (2.3) and (2.4). Compared to Eq. (2.4ggral air quality.
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Table 2: Assignment of ranges of specific air pollutant concentrations to DAQx values and DAQX classes inclusive of classification names
(according to M\YER et al., 2002a, b).

NO, SoJ Cco O3 PM1g DAQx DAQ classification

(ugin?®)  (ugi®)  (mg/n®)  (ugin®)  (ugin®)  value class

0-24 0-24 0.0-0.9 0-32 0.0-99 <14 1 very good

25-49 25-49 1.0-1.9 33-64 10.0-19.9 15-24 2 good

50-99 50-119 2.0-3.9 65-119 20.0-34.9 2.5-3.4 3 satisfying
100-199 120-349 4.0-9.9 120-179 35.0-49.9 3544 4 sufficient
200-499 350-999 10.0-29.9 180-239 50.0-99.9 4.5-54 5 poor

> 500 > 1000 > 30.0 > 240 > 100 >55 6 very poor

current concentration concentration ranges index
of air pollutant i for the air pollutant i class
Cy C; Cs
Cq 0-5 0-10 [»0-10 1
~
C, > 11-30 | 11-20 2
— > 640" | R
Cs 11-15"931-100 21-40 3 IDAQx=3!
| 1 -

| A

Figure 1: Schematic explanation of the method to determine DAQX.

The methodology of DAQX is to assign concentra- Ciow: lower threshold of specific air pollutant con-
tions of ambient air pollutants to different pollutant spe-  centration range,
cific ranges, which correspond to six index classes (Fig.

1). The highest single index class among the air pol-  DAQXxyp: index value corresponding tq,§;
lutants considered represents DAQX itself. The relation

to the impact on well-being and health of people is  DAQXxyp: index value corresponding tqdg.
given by the differently classified ranges of air pollu-
tant concentrations (Table 2), which were derived froAn example is given to explain the approach (2.6). A
numerous epidemiological and toxicological investigdaily maximum 1-h @ concentration of 11Qug/n?
tions. For practical purposes the second highest air gehds to the following DAQX value:
lutant specific index class can extend the information on
the air pollutants, which affect people strongest. 34-25
DAQx considers the same air pollutants as g8l DAQX = Km
(NOy, SO,, CO, O3 and PMy). To enable a linear inter-
polation between single index classes, DAQx is calcu- The major distinctions between air stress indices in
lated for each air pollutant — according to the EPA ind?ﬁ( ; fJE 53 5 5) and ai lity indi :
AQI — by: e form of Egs. (2.3) to ( ! ) and air quality indices in
the form of Eq. (2.6) are: (i) The method of air stress
indices is based on an arithmetic summation of relative
DAQXx = [(DAQé“p ([:)AQX'OW> - (Cirg. —C|0W)} concentrations of air pollutants resp. relative numbers
up — How of exceedences of air pollutant specific short-term stan-
dards. The only reference to human health is given by
(2.6) the air pollutant specific limit values, but there are no re-
sults in the field of environmental medicine, which give
where reasons for an arithmetic summation. (ii) Air quality in-
dices contain a distinct relation to the impact of single
Cing.: daily maximum 1-h concentration of NO air pollutants on people by the ranges of their concentra-
SO, and @, daily highest 8-h running mean contions, which differ significantly between single air pollu-
centration of CO or daily mean concentration aénts. For the DAQX class 5, the values of DAgpcor-
PMao, respond to the air pollutant specific EU standards. (iii)
Air quality indices have not the form of an arithmetic
Cup: upper threshold of specific air pollutant consummation, as the highest DAQX class determined for a
centration range (Table 2), single air pollutant governs the resulting DAQX class.

> -(110— 65)} +25=33 (2.7)

+ DAQXiow
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Figure 2: Daily ASIgy values at three official air quality monitoring stations in southwest Germany in the year 1998.
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Figure 3: Daily DAQx values at three official air quality monitoring stations in southwest Germany in the year 1998.

Table 3: Assignment of AS$y ranges to ASdy classes.

ASpy class ASgw range
I ASlgw < 0.5
Il 0.5 < ASlgy
<11
i 1.1 < ASlpy
<17
Y 1.7 < ASlgw
<23
\ 2.3< ASlgy
<29
Vi ASlgy > 2.9

3 Air pollution data

air stress and air quality indices. With respect to the last
group, the behaviour of DAQx should be analysed be-
cause it was not systematically investigated before. Tak-
ing into consideration the timescale of DAQX, Al
turned out to be the most suited air stress index of the
formulations discussed before.

Air pollution data to calculate Al and DAQX
originate from three official air quality monitoring sta-
tions in Baden-Wuerttemberg, a state in southwest Ger-
many: Swabian Jura (799 m a.s.l., far from strong emis-
sions on an agricultural plateau), Ehingen (530 m a.s.l.,
medium-sized city, 24.000 residents, with through traf-
fic and industrial parks), and Mannheim-South (95 m
a.s.l., larger city (325.000 residents) with high traffic and
stronger industry emissions, which are typical of urban
conurbations).

Test calculations were carried out to investigate the con-For comparison, air pollution data from Szeged, the
sequences on the assessment of the air pollution sitaggest city (79 m a.s.l., 155.000 residents) at the south-
tion due to different methods for the determination efstern plain of Hungary, were used. The total urban
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Figure 4: Daily ASIgy and DAQXx values at an official air quality monitoring station in Szeged, Hungary, in the year 2001.
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Figure5: Frequencies of Agly classes based on daily A} values at three official air quality monitoring stations in southwest Germany
in the period 1996-1998.

spread extends well beyond the city limits and includ@sthe state of Baden-Wuerttemberg in the year 1998 are
north of the town the largest oil field in Hungary wittanalysed as examples of general annual cycles. The re-
several oil torches. This oil field is a significant sourcilts for ASkyw (Fig. 2) can be summarised as follows:

of NOy and SQ. The power station, located in the westl) Different dispersion conditions caused by varying
ern part of the town, and motor vehicle emissions haweather situations lead to a non-systematic variability of
contributed to a comparatively high air pollution levealaily ASlgy values. (2) Highest daily Ag)y values oc-

in Szeged. The methods to monitor the air polluticcurr most frequently at the site with heaviest emissions
at Szeged are approximately comparable with thosgMannheim-South), while lowest daily Ag{ values

the selected air quality monitoring stations in Badeare determined for the site far from emissions (Swabian

Wuerttemberg. Jura). Mean A4y values amount to 0.86 at Swabian
Jura, 1.09 at Ehingen and 1.32 at Mannheim-South. This
4 Results behaviour corresponds to the customary expectations of

people. (3) A distinct annual course of Axlcan not

be found due to the annual behaviour of the specific air
pollutants included in ASly. (4) The annual variability
Annual courses of daily Agly and DAQXx values calcu- of the daily ASky values indicated by the standard de-
lated for the three official air quality monitoring stationgiation o is highest at Mannheim-South (0.43) followed

4.1 Annual coursesof daily ASlgw and
DAQx values
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Figure 6. Frequencies of DAQX classes based on daily DAQx values at three official air quality monitoring stations in southwest Germany
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Figure 7: Frequencies of ASly classes based on daily Al values at an official air quality monitoring station in Szeged, Hungary, in

the period 1997-2001.

by Ehingen (0.35) and lowest at Swabian Jura (0.26).deviationo is highest at Mannheim (0.60) followed by
The annual course of daily DAQx values in the ye&wabian Jura (0.55) and lowest at Ehingen (0.54)
1998 can be characterised by (Fig. 3): (1) A tendency of Compared to the emission conditions at the three
a slightly pronounced annual cycle can be detected wsites in Baden-Wuerttemberg, the elevated air pollution
a maximum in August caused by high-pressure weatlevrel at Szeged is reflected by relatively higher daily val-
over several days. (2) Though the ranges ofghSind ues of ASkyw and DAQX (Fig. 4) as well as higher mean
DAQx are not comparable, the fluctuations of DAQwalues of AShy (2.41) and DAQX (4.19) in the year
values from day to day become more evident. (3) TBB01, which has been used due to a better availability
distinct increase of daily Agly values from emission- of air pollution data. As in Figs. 2 and 3, daily A/
related background to large cities conditions is not coralues at Szeged are lower than daily DAQXx values but
tinuously reflected by the daily DAQx values. The maihmust be taken into account that (1) the formulations of
reason for this specific behaviour of both indices lies ASlgy and DAQX are quite different and (2) a graded as-
their different methods, particularly in the air pollutargessment scale for A} was not developed up to now.
specific differentiation of DAQx. (4) Mean DAQXx val-In contrast to the German sites, thevalue for ASkw
ues amount to 3.02 at Ehingen, 3.03 at Swabian J({©a85) is higher than for DAQx (0.72) due to the more
and 3.19 at Mannheim-South. (5) The annual variabironounced annual variability of the daily A®l val-
ity of the daily DAQx values determined by the standarges at Szeged.
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Figure8: Frequencies of DAQXx classes based on daily DAQx values at an official air quality monitoring station in Szeged, Hungary, in the

period 1997-2001.
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Figure 9: Comparative air pollutant related frequencies of DAQx (Arabic numerals) anghA&oman numerals) classes based on daily
DAQx and ASky values at the official air quality monitoring station Swabian Jura, southwest Germany, in the year 1998.

4.2 Frequency distributionsof daily ASIgw  quency distributions differ at first sight. With respect to
and DAQX values the daily ASkw values, it reflects the qualitative assess-
ment of the air pollution conditions by people so far,
To get summarised information on differences in assebs:-, air pollution decreases with increasing distance to
ing the integral air pollution conditions, frequency digmission sources. Owhich exhibits generally higher
tributions of daily ASkw and DAQx classes were devalues in areas with no direct anthropogenic emissions,
termined for a longer period than one year. It covesmainly responsible for the changed form of the fre-
the three years from 1996 to 1998 for the three sitggency distributions of the DAQX classes. The dominat-
in Baden-Wuerttemberg and the five years from 198% frequency maximum lies in the DAQXx class 3 (sat-
to 2001 at Szeged. Since Al has an indirect relationisfying) and does not show significant differences be-
to the impact on people at most, six ARtclasses (no tween the three sites of varying emission characteristic
air pollution stress: class I, highest air pollution stregSwabian Jura: 66 %, Mannheim-South: 64 %, Ehingen:
class VI) were statistically defined on the basis of daif2 %). Based on air pollution data over the period 1995
ASlgw values calculated in this investigation (Table 3)to 2002, RoST and MAYER (2004) extended the sen-
Comparing the results for A\ (Fig. 5) and DAQx sitivity studies for DAQx to 12 air quality stations in
(Fig. 6) at the German sites, the forms of both fr8aden-Wuerttemberg. Their results confirmed the pro-
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Figure 10: Comparative air pollutant related frequencies of DAQx (Arabic numerals) angh/A&Roman numerals) classes based on daily
DAQx and ASky values at the official air quality monitoring station Mannheim-South, southwest Germany, in the year 1998.
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Figure 11: Comparative air pollutant related frequencies of DAQx (Arabic numerals) anghASasses (Roman numerals) based on daily
DAQx and ASky values at the official air quality monitoring station Szeged, Hungary, in the year 2001.

nounced frequency maximum of the daily DAQx valued daily DAQX values (1998: 45 %, 1999: 52 %, 2000:
in class 3 as in Fig. 6. 44 %, 2001: 47 %) are determined for class 4 (suffi-
The frequency distributions of Agl (Fig. 7) and cient).
DAQX (Fig. 8) at Szeged exhibit a distinctly wider form s . . .
than at the German sites, particularly with respect 403 Significance of smglgalr pollutantswith
ASlgw. Therefore, the peak frequencies reach lower val- respect to ASlgw and DAQX
ues. In addition, they shift to higher Af) and DAQX The results in Figs. 5 to 8 do not contain any information
classes due to the elevated air pollution level in Szeged.the significance of single air pollutants in the class re-
CO and PMg are mainly responsible for the changelhted frequencies of Agl and DAQX. Therefore, fur-
form of the frequencies of DAQXx classes. Though thier analyses were carried out for the sites Swabian Jura
varying emission and air mass exchange conditioassd Mannheim-South (year 1998) as well as Szeged
cause slightly different frequency distributions of A%l (year 2001) to get an impression on the role of single
and DAQx from year to year, a change of the ranking air pollutants in dependence on site specific emission
the class specific frequency amounts can be hardly ebnditions. The results for the sites Swabian Jura (Fig.
served at Szeged during the investigation period. W8l Mannheim-South (Fig. 10) and Szeged (Fig. 11) can
the exception of the year 1997 where the peak frequeibeysummarised as follows: (1) At the site Swabian Jura,
of 44 % lies in class 5 (poor), the highest frequenciagich is far from strong emissionsz@ominates within
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each ASgyw resp. DAQX class prior to PM. (2) At The test calculations also give an overview on the
the site Mannheim-South, characterised by traffic aait pollutant, which is most responsible for the integral
industrial emissions typical of urban conurbationg, @ssessment of the air quality situation. The dominating
has the highest portion in each Aglclass followed role of G; at the site far from strong emissions can lead
directly by PM and NQ with, however, only slight to a modified estimation of the air pollution conditions
differences between both air pollutants. With respectdbhealth and recreation resorts.

DAQx, NO, dominates the classes 3 and 4 prior tp O Due to enhanced requirements, further formulations
and PMo, whereas @is the dominant air pollutant infor air stress and air quality indices are under discussion.
class 5 followed by Php. (3) At the site Szeged, with aThey stay abreast of changes in environmental medicine
comparatively more elevated air pollution ground lev@nd should serve as a basis for an international standard-
than at Mannheim-South, RMis the most significant isation of methods to assess the integral air pollution
air pollutant in all ASgy classes prior to CO in theconditions within different environments.

ASlgwy classes IV, V and VI resp. £In the ASky class

lIl. The DAQX classes 3, 5 and 6 are dominated by, Cknowledgements

followed by CO, whereas this air pollutant is most rel§he aythors thank the Federal State Institute for Envi-

vant in the DAQX class 4 prior to P (4) Compared onmental Protection Baden-Wuertemberg for support-
to both German sites in the year 1998, Nilays a sec- ing this study.

ondary role for the assessment of the air pollution con-

ditions in Szeged in the year 2001.
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