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INTRODUCTION

The evaluatien of the human health risks requires information on exposurcs to
various air pollutants (often determined as assessment of their actual concentration
levels in the air), the number of people exposed, including sensitive groups, and
knowledge of the quantitative relationship between exposure and health effects. This
means that during the whole process of environmental health impact assessment, the
quality, reliability and consistecncy of the information collected must be
maximized/optimized.

A number of international organizations (among them WHOQ/EUROQ) are
mvolved in the compilation, interpretation and dissemination of environmental and
health data. Via its European Centre for Environment and Health (through the Health
and Environment Geographic Information System for Europe (HEGIS)) WHO/EURO
is Interested in descibing the current state of health in relation to environmenta)
quality in the WHO European Region at the subnational level. The main objectives
also mcludes the identification and observation of “hot spots™ of poor health or of
environmental degradation that might have ncgative health impact and the
identification and assessment of the main cnvironmental risks to hcalth status.
Through 1its collaborating centre for Air Quality Management and Air Pollution
Control at the Institute for Water, Soil and Air Hygiene, German Federal
Environmental Agency, Berlin, WHO fosters the process of international
harmonization of air quality measurement activities by rccommending quality
assurance/quality control (QA/QC) procedures and guidelines for the design of air
monitoring networks and the selection of sites and measurement methods.

In the area of air quality data collection, analysis and interpretation, WHO-
ECEH collaborates with the Europcan Topic Centre on Air Quality (ETC-AQ)
(designated by the European Environmental Agency (EEA)), whose main task is to
maintain and improve European monitoring, modelling and information systems for
air quality and provide air quality asscssment, Via development of the Europcan Air
Quahty Monitoring and Information Network, the ETC-AQ will facilitate the
comparison of air quality zcross Europe to produce population/exposure relations and
cstimates of health effects. Therefore there is a need to establish common data
standards between national and international organizations in order to reach a basic
level of interoperability

The HEGIS programme for Europe began in response to a number of WHO
Consultations held between 1990 and 1993. Subsequent workshops in Bilthoven (The
Netherlands) in November and December 1994 further defined the concept of HEGIS,
finalised the requirements for indicators and reviewed the current state of
deveiopment of health and environment information systems in Central and Eastern
European countries, The objectives of this seminar were to:

* specify WHO EURO requirements for data on ambient air pollution to be
included in HEGIS for the purpose of risk analysis and health impact asscssment
of the general population.
harmomse WHO and EEA data collection requirements for the most widely
distributed so-called 'classical' air pollutants which pose a threat to human health
in Europe
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e promote the application of health-nsk assessment mcthodologies

« support the development of National HEGIS in Central and Eastern European
countries

The meeting was hosted by the Institute of Occupational Medicine and
Environmental Health (I(OMEH) in Sosnowicc, Poland from 21 - 23 November 1995
and was opened by the Director; Professor Jerzy Sokal. Dr Jaroslav Volf was elected
to chair the seminar, with Dr Jan E. Zejda as deputy and Mr John T. Wills as
rapporteur. Experts from 16 European countrics attended; a full list of the participants
and the working papers are listed in Annexe 6 and Annexe 5, respectively.

The primary aim of this meeting was to identify and select concentration-based
hezlth-related environment indicators for ambient air quality to be used in health
impact assessment in HEGIS on different levels of aggregation: regional, national.
subnational and local. The first stage i this process is identifymng the main
environmental health prnonties in Europe. To this end, the contnbution of
cnivironmental factors to health status and the possibilities for health risk assessment
were outlined using examples from the WHO project “Concern for Europe's
Tomorrow™ (CET). Based on the evidence from this report and other sources, WHO-
ECEH have identified the four air pollution phenomena which pose the most widely
distributed health nsks in Europe:

1. Winter-tvpe pollution, charactenised by increased levels of sulphur dioxide (SO7)
and total suspended particulate matter (TSP);

-2

Summer-type pollution, characterised by increased levels of ozone (O3) resulting
from emissions of volatile organic compounds (VOC) and nitrogen oxides (NOy ),

LN )

Long-terrm exposure in urban areas to 507, NO7, and TSP;

4, Long-term multi-media cxposure to air pollution, charactensed by high annual
average concemiration levels of other substances; e.g. benzo(a)pyrene (BaP) and
lead, in addition to 809 and TSP.

Data are therefore needed on human exposure to these pollutant phenomena.
Guidelines and ¢ntena are also needed to ensure the utility of the data collected.

DISCUSSION

The discussion centred on five main 1ssues:
= Data availability
« Indicator types
« Data quality and comparability
=  WHO ECEH requirements for air quality indicators
= Exposure and environmental health impact assessment
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Data Availability

Presentations on national menitoring were made by participants from those
member countries present. There was found to be considerable variation in the number
and type of monttoring stations used and the frequency of substances sampled. For
example, in Russia, particulates are measured in 20 minute intervals several times per
day (using TSP), whereas in the UK, they are measured continuously at a number of
automatic moniioring stations (using PM1¢). Despite this variation, there appears to
be general consistency in the range of pollutants monitored between different
countries. Monitoring was found to be more consistent among EU countries where
Member States nust provide data on a wide range of substances to demonstrate
compliance with air quality and emissions directives.

Air quality data in HEGIS database at ECEH (Bilthoven) incorporatcd
information from three different sources:

* “Exchange of Information” (Eol) database for EU Member States (in thc
{ramework of Council Decision 75/411 superseded by Decision 82/459) - hourly
and/or daily values from measurement stations for 14 pollutants from 1975 up to
1995.

WHO/EURO Member States provided data on urban annual concentrations of
sclected ar pollutants for WHOs project “Concern for Europe’s Tomorrow”. Data
for the foillowing pollutants mostly from 1978 up to 1991 is available: SO9, NO»,
TSP, BS, Pb.

EEA provided data which was collected for the report “Europe’s Environment; The
Dobris Assessment”. Data for the following pollutants from 1985/86 up to 1991/92
i1s available: 809, NO, PM1q, BS, O3,

On international level all necessary air quality information in support of
environmental policy for EU countries is provided by the ETC-AQ), under contract to
EEA. The air quality data been collected from the Member-States and up till now
form the two EU databases: APIS (air quality data) and GIRAFE (information on air
quahty networks and stations).

APIS (Air Pollution Information System) contains both raw air quality data
values as well as derived statistics for various averaging periods. The following 14
components are covered in the APIS:

* 503, BS, TSP, strong acidity (SO-equivalents), SO4: daily valucs:
= NOy, NO, NO3, O3, CO: hourly values and eight hourly values;
¢ Ph, Cd, Cu, Zn: daily values,

For the calendar year, tropical year, winter season and summer season the
following statistics arc available: the arithmetic mean, maximum, 50, 95 and 98
percentiles, the number of excecdances (3 days, 2 threshold values) and the number of
valid measurements. Time series vary, the earliest beginning in 1975 and the most
recent covenng up to 1994. Most stations selected are located in urban environments.

GIRAFE (Guide d’Information sur les Resaux de qualité de I’ Air Fonctionnant
en Europe - Information system for operational European Air Quality Monitorng
nctworks) contains nformation on all operational air quality monitoring networks in
the EU. It includes information on the location and cnvironment of all stations, the
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components monitored, techniques used and on the organizations responsible for the
networks, More then 3000 stations are described. The database was created m 1990,
some countries upgraded the information in 1994, Based on APIS and GIRAFE and
EEA needs the new system called AIRBASE is being developed at ETC-AQ, where
the information from the proposed European Air Quality Monitoring Network
{(EURO-AIRNET) will be stored and analysed.

Data Quality and Comparability

Unless data are both reliable and consistent, their use in health risk assessment
may lead to inaccurate or misleading conclusjons. Error can arise from a number of
different sources; including variations in sampling station height, monitoring
technique, measurement method, normalisation conditions and calibration. Data from
different monitoring networks, regions or countries may therefore be incomparable;
further hindering accurate exposure assessment.

For example, a number of different particle mass mcasures are employed in
monitoring network stations in different countries. Commeon measures are TSP (total
suspended particles), PM,,, PM, ,, black smoke (BS), and various measures of visual
range and particlc optical reflectance, e.g. Coefficient of Haze (CoH). To convert from
TSP to PM,, the factor suggested by EPA (1982) of 0.5-0.6 can be used in urban areas
if no other data are given. The ratio BS/TSP is suggested to be from 0.55 (California
Air Research Board, 1982) to roughly one (given that the particle concentration is
high)(EPA, 1984), but large variations with time and place make this relationship
particularly uncertain. The PM, ,/PM, ratio is suggested to be 0.6, the Cofl/PM,, ratio

15 suggested to be 0.35 and the Sof_/PMm ratio is suggested to be 0.25 (Dockery and
Pope, 1994). It should be stressed that these ratios are based mainly on the situation in
California and may differ from other areas.

Whilst final responsibility for data quality must lic with data producers, users
must be made aware of potential limitations or inconsistencics. The participants
therefore agreed on the need to develop data quality guidelines and to provide
adcquate documentation with any data submitted.

Participants' attention was drawn to a number of activities of the WHO
Collaborating Centre for Air Quality Management and Air Pollution Control at the
Tnstitute for Water, Soil and Air Hygiene in Berlin in the ficld of QA/QC and the
intercomparability of measurements of SOy, NO, NOp, CO and O3. The results of a
WHO Survey (in cooperation with ETC-AQ of EEA) of 70 different air quality
monitoring networks (national, regional and local) in 11 Member-States of the WHO
European Region was presented with information on the policy and legal basis, scope
of each network (continuous, automatic and/or discontinuous/sampling measurement),
description of measurement stations (sites and /or points), pollutants and frequencies
of measurements and measurement methods and devices.

Whilst the availability of data is set to increase, the participants agreed that the
high cost of monitoring presents a significant barrier to improving the availability of
data on human exposure in all countries. Moves towards privatisation in several
Central and Eastern European countries may also hinder the process, through
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diversification of ownership, the wading of environmental and health data and
reductions in the resources available for compiling and processing data. In addition,
monitoring throughout the region is currently concentrated in large and medium sized
cities; covering iess than 30% of the total European population. There is consequently
also a nced to develop cost-effcctive additional and alternative exposure assessment
methods; for example, by calculating exposure from emissions and source activity-
based indicators, or by modelling.

Indicator Types

Several presentations demonstrated the use of compound pollution indices in
assessing health tisks. Whilst the participants supported such efforts, it was agreed
that this approach has senous limitations. Indices may combine pollutants which
contribute to a range of divergent health effects. If, for example, an index is being
uscd to assess the relationship between environmental factors and cancer incidence,
the ndex should only contain pollutants which contribute to cancer incidence:
otherwise the results will be artificially skewed. There is also the question of whether
the component indicators should be evenly or unevenly weighted (e.g. based on the
potential significance of health impacts). Either way, weighting may bec based on
incomplete information and is often open to dispute. In addition, whilst individual
mndicators can be used to target policy measures by identifying the health effects of
single environmental factors, compound indices only describe general environment-
health relationships.

WHO-ECEH Requirements for Air Quality Indicators

The ambient air quality data in HEGIS should represent the so-called classical
air pollutants which are most widely distributed at the European Region and pose a
nsk to human health,

Whereas cmissions indicators are intended to deseribe long-term national
trends, the WHO ECEH concentration indicators aim to describe human exposure to
air pollution. Based on these indicators and available population distribution data, the
number of inhabitants who live in areas with certain air quality can be calculated for
the urban and rural population within Europe. This requircs the incorporation of data
from air dispersion medels and emission inventories in order to determine the
geographical distribution of air pollution at the place of concern and the contribution
from different sources.

Summarizing the zbove, the following principle is proposed: one population -
one average value for a specified time.

It should be noted that typical ambient concentrations derived from monitoring
networks are pot necessanily representative of human exposure, which may vary
greatly depending upom occupation, location of dwelling and activity of the
individual. So, the selection of monitoring stations, the values of which could most
accurately represent the exposure of population under surveillance, will be made by
expert judgement by representatives of counties’ participants.
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Bearing the aforementioned in mind, the requirements of WHO-ECEH for
ambient air pollution data for population exposure assessment are as follows:

Nemwork and station characteristics*

(a) Country
(b) Network affiliation (complete name of the network)
(c) Geographical coverage of the network
Local industry - covers an industrial estate, or around power piant
Towrn/city - covers small town/city less then 250.000 inhabitants
Urban arca/conurbation- covers an extensive urban arca more then
250.000 inhabitants
Administrative unit - province, county, etc.
Region - for example the Ruhr region
National - covers a complete country
Unknown

(d) Name of the city in which station 15 located (1f not in rural zone)
The local name of the station and its local code
Name of technical body responsibie for the station.
Complete name of the organization responsible for network management and/or
supply of data and the name of responsible person and his/her address.

Depending on the data source the following charactenistic/description of the
station type and monitoring site is kept:

Station rvpe

. Traffic
. Industrial
. Background

Station used for monitoring of traffic induced air pollution
Station used for monitoring industrial air pollution

Station used for momtoning of background air poliution levels.
These stations can be located mside (urban background) as well
outside (regional/background) cities

. Unknown - Station type is not known

If the type of the station is “traffic”, the type of the street and traffic volume must be
specified:

Type of the street:

Wide - D/H =1.5 (D = Distance between ax1s street and buildings)
Canyon D/H<1.5 (H = Height of buildings)

Highway Average speed vehicles > B0 km/h

Unknown

* Compatible with EC EEA AIRBADM station classification form
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Traffic volume:

High = 10.000 vebicles /day
Medium 2.000-10.000 vehicles /day
Low < 2.000 vehicles /day
Unknown

Type of zone

Urban Station is located i a city

Suburban Station is located on the outskirts (fring) of a city, or in smal
residential areas outside the main city

Rural Station 1s located outside a city

Unknown

Characterization of zone

residential

commercial

industrial

residential/commercial
commercial/industrial

mdustrial/ residential
residential/cornmercial/industrial
agricultural

natural

agricultural/natural

Methods and units of measurements

Although the methods used in a specific country are based on national and
international standardization, it would be preferable to follow the Air Quahity
Directives of the European Commission, at least knowing the differcnccs hetween the
different methods being used. It is recommended that air poliutant concentrations be
cxpressed in pg/m3. The pollutant code makes it possible to specify dxffcrcm
measurement units for exch pollutant.

Time coverape

Year- calendar year (1 January - 31 December).
Scasons: winter - from January to March and from October to December
melusive
summer - from April to September inclusive.
The ratio between the number of valid data for the two seasons of the year
considered cannot be greater than 2.
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Criteria for validity of stations
The following critenia have been used to establish the validity of a station:

To obtain ore-hour average values from data with a smaller averaging time - at
least 75% of valid data should be used;

To obtain an 8 hour “moving " average values from hourly measures, the
number of hours where valid measures have been performed must be for at least 18
(75%).

To obtain 24-hour average values from data with a smaller averaging time -
aver 50% of one-hour vahid data should be used and not more than 25% of successive
data values not accepted

To obtain a seasoral and annual average values- at least 50% of valid data for
the reported period should be used.

Indices and statistical parameters

For the stations that comply with the validity cntena the following indices are
calculated:
. One hour average for CO and NO»
. Maximum. 1 hour average and a maximum & hour “moving” average in a day
(24 hours) for Ozone
. Daily (24h) average for SO», TSP Black Smoke, and PMyg

»  Seasonal and annual average (with valid winter period) for Lead and B(a)P.

Calculation of statistical pararneters requires:
- for the mean (anthmetic): over 50% of data accepted,
- for the percentile (98) and maximum: over 75% of data accepted.

To obtain an annual mean, the following criteria of completeness must be met:
- for CO and NO»: valid winter and surnrer periods;
- for Orzone: valid summer penod;
- for SO TSP Black Smoke and PM () valid winter penod;

Population exposure “profile”

For each city or agglomeration with a defined population, the number of
monitoring stations im operation, each station's charactenstics and mformation about
their validity will be provided. Based on a stations validity cntena, the annual and
seasonal population exposure “profile” will be calculated according to the pollutant of
CONCEI.

e

A "profile” of the population exposure and/or a “profile” of sub-groups of the
population will be estimated based on the averaging of the corresponding data from
the valid stations, which in the experts opinion most accurately represents the
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cxposure of the population under surveillance. Once selected, the stations chosen for
calculating the population exposure “profile”, must remain stable during a vear and
should not be substituied. If the selection of stations for caleulating the population
cxposure profile 1s changed next year, WHO-ECEH, Bilthoven should be notified.

The ecalculation of population exposure “profile” should be based on the
averagmg of the daily valid data obtained from at least 2/3 of previously sclected
stations. If the data from less than 2/3 stations is available on a certain day, the daily
average exposurc is not calculated and the data from this day does not contribute to
the description of the population exposure “profile™.

If 2 "profile" of population cxposure was estimated by daily averaging of the
data from more than one monitoring station, the additional data (specified below) for
the “lowest stations profile” and the “highest stations profile” will be required.

The calculation of population exposure “profile” by averaging seasonzal or
annual monitoring stations “profile” will not be accepted.

Data capture: Number of days (or hours for CO and NO3) from which the annual and
the seasonal averages have been calculated for cach pollutant (the mumber of days or
haurs, for which the dailv (or hourly) average population_exposure “profile” was
caleulated is taken into consideration).

A "profile" of the population exposure for 802, TSP, Black Smoke and PM 1
ncludes:

- Drata capture: annual and scasonal
*  Number of days in which a daily (24h) average corresponded the following
catcgories (in pg/m):

=10 10-=20 | 20.=30 | 30-=40 | 40-<50 | 530-260 | 60-=70 | 70-=80 | 80-=90 | 90-
1000

100- 110- 120+ 130- 140 150- 160- 170- 180 190-

<110 <120 =130 =140 <150 =160 =170 <180 -.190) ~ 20

200- 250- 300- 350- =400

=250 <300 =350 =400

. Annual and seasonal arithmetic mean of 24 hour averages;
*  Annual 98 percentile of 24 hour averages;
*  Amnnual and seasonal maximurmn value of 24 hour average.

A "profile" of the population exposure for NO9, and CO includes:
»  Data capture: annual and seasonal

. Number of hours in which an hourly average corresponded the following
categories (in pg/m?3 for NO» and mg/m? for CO)
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10-=20 | 20-<30 | 30-<40 | 40-=50 | 50-<60 | 60-=<70 ) 70.<80 | 80-<90 | 90-
<100

100- 110- 120- 130- 140- 150- 160- 170- 180- 190-
=110 120 <130 =140 =150 <160 <170 <180 <190 <200

200- 250- 300- 3a0- 2400
<250 =300 =350 <400

¢  Annual and seasonal anthmetic mean of 1 hour averages;
. Annual 98 percentile of 1 hour averages.

A "profile" of the population cxposure for Ozone includes:

»  Data capture: arnual and seasonal

*  Number of days m which a maximum 1 hour average concentrations and a
maximum 8 hour “moving” average concentrations commesponded the following
categories (in ug/m>). The tables for a maximum 1 hour average and a
maximum & hour “moving” average are composed separately.

<10 10-20 | 20-<30 | 30-=40 | 40-<50 | 50-<60 | 60-=70 | 70-<8(} | 80-=90 [ 90-
=100

100- 110- 120- 130- 140- 150- 160~ 170- 180- 190-

=110 =120 <130 <140 <150 <160 <170 <180 <190 =200

200- 250- 300- 350- 2400
=250 <300 <350 =400

. Annual 98 percentile of daily maximum 1 hour averages;
+«  Annual 98 percentile of daily maximum & hour “moving” averages,
. Maximal annual and seasonal value of daily maximum 1 hour averages;

*  Maximal annual and seasonal value of daily maximum & hour “moving”
averages.

A "profile" of the population exposure for Lead and B(a)P includes:

. Data capture: In this case the seasonal and annual number of days from which
the correspondent averages have been calculated. For [L.ead and B(a)P the daily
average population exposure “profile” is not estimated.

. Annual and seasonal average values (in pg/m3 for Lead and in ng/m?> for BaP).

The “lowest station’s profile” and the “highest stations profile”

If a "profile” of population exposure was estimated by daily averaging of the
data from more than one monitoring station, the following additional for the “lowest
stations profile” and the “highest stations profile” is required.

Data capture: Number of days (or hours for CO and NO3) from which the annual and
the seasonal statistics have been calculated for each pollutant (irrespective of the
estimation of the population exposure "profile”).
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for SOy, TSP and Black Smoke, PM () - annual and scasonal arithmetic means of
24 hour averages, annual and seasonal maximum value of 24 hour average and
ammual 98 percentile of 24 hour averages.

for NO2 - annual and seasonal anilmetic mean of 1 hour averages and annual 9%
percentile of 1 hour averages.

for CO - annual 98 percentile of 1 hour averages.

for Ozone - annual 98 %ile of daily maximum 1 hour average; annual 98 %ile of daily
maximum 8§ hour “moeving” average, maximal apnual and seasonal valuc of
daily maximum 1 hour average, maximal annual and seasonal value of daily
maximum § hour “moving” average,

for Lead and B(a)P - annual and scasonal average.

Environmental health air pollution related " Hot-Spots”

We understand the term environmental health (air pollution related) "hot spots”,
i0 mean an area where a residential populaiion’s health is endangered by air pollution
in concentrations which significantly exceed WHO Air Quality Guideline levels. It
may be used to describe both the short and long term pollution concentratjons to
which the population may be exposed and which may result in adverse effects on
hcalth. Usually it also mcludes traffic and industrial emission impacts.

The recommended levels stated in air quality guidelines cannot be interpreted as
implying that concentrations exceeding the recommended are definitely harmful to
health, but nor can it be excluded that particularly vulnerable individuals may be
affected even at levels of exposure lower than the recommended air quality guidelines.

The sertousness of the health effect of air pollution depends on the hazardous
substance concemed, on whether the concentration exceeds the recommended air
quality guidelines and how often ihis occurs. A large number of excess values also
mcreases the probability of large cxcesses.

Exceass values

Ozone
* No. of days where a maximum 1 hour average > 150 pg/m>
=" No. of days where a maximuam 8 hour moving average > 120 ug/m3

NG

» No. of days where daily average > 150 ng/m-;
** No. of days where 1 hour average> 200 pg/m3

502
*» No. of days where 1 hour average> 350 pg/m?
** No. of days where daily average > 125 pg/m3

" According 10 the recommended revision of the WHO Air Quality Guidelines for Europe
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TSP
e No. of days where daily average > 120 pg/m3.

PM ¢ Thoracic particles, 50% efficiency "cut-off" at 10 um aerodynamic diameter
» No. of days where daily average > 70 pg/m3.
Black Smoke
Application of the black smoke value is recommended only in areas where coal

smoke from domestic fires is the dominant component of the particulate. It does not
necessarily apply where diesel smoke 18 an important contributor.

» No. of days where daily average > 125 pg/m3 (nominal units, assessed by

reflectance)
CO
»*Nao. of days where 1 hour average> 30 mg/m?3
«* No. of days where 8 hour average > 10 mg/m3 ,
Lead

Regarding the absorbed dose of lead, the contribution of inhaled atrborne lead is
1n the range of 15-70% in adults and 2-17% in children.

» The time weighted average guideline value is 0,5 pg/m? during 1 year
+* Annual average> (.5 p.g/m3

B(a)P

It has been cstimated (based on the studies of coke oven waorkers) that 9 out of
100.000 people exposed to 1 ng B(a)P per m? over lifetime would be at risk of
developing cancer.

«* The unit risk for BaP is 8.7 x 10° (ng/m®)".

This value 15 selected as a guideline value for BaP as the indicator, keeping in rmind ]
that no safe level of any carcinogenic substance can be recornmended. The {
corresponding concentrations of BaP producing lifetime cancer nisk of 1/10.000, \
1/100.000 and 1/1.000.000 are 1,2 ng/m3. 0,12 ng/m3 and 0,01 ng/m3raspcctively.

Exposure and Environment Health Impact Assessment

The presentations on national monitoring nctworks demonstrated the wade
vanety of purposes for which air quality data may be used; for example, to evaluate
the effectiveness of policy armed at reducing emissions, to monitor ambient air quality
and to cheek comphance with emissions limits. The structure of different monitoring
networks reflects the intended use of their data; sampling sites being positioned near
to roads or industry, or in background locations accordingly. As vet, very few
monitoring networks have been developed specifically for assessing human exposure

e —
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and there is consequently 2 need to cnsure that data collected are suitable for usc in
health risk assessment; namely, that they aceurately reflect human exposure.

It should be underlined, that ambient air quality 15 not the one apd only type of
exposure to humans (the majortty of the European population predominantly stays
indoors most of the time). People are inherently mobile and are cxposed to pollutants
at home, dunng commuting and at work; total external exposure vanes greatly
depending upon occupation, locaiion of dwelling and general Jeve] of activity. Air
quality is also lghly variable spatially; ten-fold variations may be found in the space
of only a hundred meires. In addition, the type of exposure data required (e.g. the
periodictty, number and type of substances) vary depending on whether acute or
chromic health effects are being studied.

Accurately reflecting this overall complexity is therefore inherently difficuit.
WHO and the EEA have consequently proposed lo concentrate on assessing
residential population exposure; using concentration data from city background
momtonng sites, whilst rccognising the future potential of emissions and source
activity-based exposure indicators. Although residential sites do not describe
conditions In pollution 'hot-spots’, they do providc a realistic picture of exposure
levels. A more detailed description of exposure would require very detailed data on
the spatial distnbution of both population and monitoring sites. The participants
concurred with this approach and agreed on the need to establish guidelines and
minimum data quality standards for conducting health risk assessments.

A rough, semi-quantitative, indication of the senousness of the pollution
situation as regards health effects can be obtained by estimating the number of people
fiving in areas where concentration levels exceed air quality guidelines. Information
on dosc-rcsponse relationships from cpidemiological studies should be utilized,
rcalizing, however, that the functions entail iarge uncertainties. General concerns with
cpidemiclogical studics are the misclassification of cxposure, biases in the sample
population, confounders and omiited variables. Despite the aforementioned. mcta-
analyses, or analyses based on resulis from several studies in the population with all
degrees of susceptibility present (even though concentration levels may differ from
actual exposure), 1s probabiy the best indicator of the relative pollution load. As a
precaution, the results should be seen in the light of toxicological studies and evidence
from occupational cxposure to ensurc that assumed cause-effect relations arc
biologically plausible.

Several examples of quantified health risk assessment are described in the
background documents, that are presented in the Annex 4 and Annex 5.

CONCLUSIONS AND RECOMMENDATIQNS

Quaniifymg and evaluating the health effects of air pollution is an essential pant
of integrated environmental health-impact assessment and required information on
exposures at an appropriate level of aggregation to the various zir pollutants
concemed. It requires the asscssment of their actual concentration levels in the air
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over time, the number and distribution of people exposed, including sensitive groups,
and knowledge of the quantitative relationships between exposure and health cffcets.

The considerable vanation in the number and type of momitoring stations used
and the frequency of air pollutants sampled in the WHO European Region reflects the
veriety of the intended uses of their data. Despite this variation, there appears to be
general consistency in the range of pollutants momtored between different countres.
As vet, very few monitoring networks have been developed specifically for assessing
human exposure and there is consequently a need to ensure that data collected are
suitable for use m health nsk assessment; namely, that they accurately reflect human
EXPDSBTC.

Data quality assurance and control are essential. Users must be confident that
data are both reliable and consistent for the use 1 health risk assessment. Error can
anise from a number of different sources; including vanations in sampling station
height, moenitoning technique, measurement method, nommalisation conditions and
calibration. Data from different monitoring networks, regions or countries may
therefore be incomparable; further hindering accurate exposure assessment.

The final responsibility for data quality lies on data producers, users must be
made awarc of potential limitations or inconsistencies. The participants therefore
agreed on the need to develop data quality guidelines and to provide adequate
documentation with any data submitted. The selection of monitoring stations, the
values of which could most accurately represent the exposure of the poputation under
survelllance should be made by expert judgement by representatives of counties’
participants.

A rough, semi-quantitative, indication of the seriousness of the pollution
situation as regards health effects can be obtained by estimating the number of people
living in areas where pollutants concentrations, known to be associated with certain
health effects, exceeds ar quahty guidelines. Further the findings on exposure-
response relationships from epidemiological studies should be utilized, realising,
however, that the functions entail uncertainties.

A population’s exposure “profile” should be estimated based on the averaging
of air pollution concentrations data from the valid stations, which in the expert’s
opinion most accurately represent the cxposure of the population under surveillance.
Once selected, the stations must remain stable dunng that year and should not be
substituted.

The caleulanion of population exposure profile should be based on the averaging
of the daily valid data obtained from at least 2/3 of previously selected stations. If a
"profile” of population exposure was estimated by daily averaging of the data from
more than one monitorng station, the additional data (specified below) for the “lowest
stations profile” and the “highest stations profile” will be required. The calculation of
“population exposure profile” by averaging “seasonal or annual monitoring stations
profile”™ will not be aceepted.

An environmental health (air pollution related) "hot spot” is an area where a
residential population’s health is endangered by air pollution concentrations which
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significantly exceeded WHO Air Quality Guidelines levels. It may be used to
describe the short and long terim pollution concentrations to which the population may
be exposed and which may result in adverse cifects on health. Usually it includes
traffic and indusirizal emission impact data.

It 15 recommended that efforts be concentrated on large urban populations,
where the majority of the population live and the availability of environment and
health data 13 best. Results should be processed and evaluated to their maximum usc
for decision-making. Given the similanties in the data required and the need to avoid
overwhelming member countries with numerous requests for data, WHO and the EEA
should harmonize their requests and combine their data collection processes.
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Annex 1
Profiles for pepulation exposure to air pollutants.
Data Collection Form for 5O, TSP, Black Smoke, M o
Calendar year: ( )
Country pollutant’s concentration | Total number of
Agglomeration name: o in (ugimB) days
=10
Total population size: {ihousand) 10-20
Population size for which “exposurc profile” 20-<30
is presented*™®: {thousand) 30.240
Data capture: annual (days) 10250
winter (days)
summer (days) 50-<60
- 60-<70
Annual arithmetic mean of 70-<80)
24 hour averages 80-<00
g
Winter arithretic mean of 90-<100
24 hour averages, 100-<110
Summer arithmetic mean of 110-<120
24 hour averages 1202130
Anrual 98%ile of 130-<140
24 hour averages 140150
Annual maximum valuc of 150-<160
24 hour average. 160170
Winter maximum value of 170-<180
24 hour average 180-=<190
Summer maximum value of 190-=200
24 hour averave 200-<250
* _ check off what 15 mappropriate according 250-<300
1o the specified pollutant 300-=350
#* _If “exposure profile” presented for the 350-=400
total population of the agglomeration, the =400

number should be the same as for the total
population size

The “lowest stations profile” and the “highest stations profile”
If a "profile" of population exposure was estimated by daily averaging of the data from more than one
monitoring station, the following additional data for the “lowest stations profile” and the “highest
stations profile” is required.

“Lowest” station “Highest” station

Local name and code of the station

Annual arithmetic mean of 24 hour averages
Winter arithmetic mean of 24 hour averages, y
Summer arithmetic mean of 24 hour averapes
Annual 98%ile of 24 hour averages
Annual maximum value of 24 hour average.
Winter maximum value of 24 hour average
Summer maximum value of 24 hour averags

Optional information
if aforementioned information is not available, please send the measured concentrations of specified
pollutants in the calendar year period on daily basis in electronic form for the stations you selected to
assess “population exposure profile” together with required statisties (arithmetic mean and 98%tle).




Profiles for population exposure to air pollutants.
Data Collectionp Form for NG3, and CO*

Calendar year:
Country
Agglomeration name:

Total population size: (thousand)
Population size for which “exposure profile”
is presented**: (thousand)
P)ata capture: annual (hours)
winter _ (hours)
summer (hours)

{ )

poliutant’s concentration
in (pg/m>)

Tatal number of
hours

<10

10-<20

20-<30

30-<40

40-<50

50-<60

60-=70

70-<80

80-90

Annual arithmetic mean of
1 hour averages

00-=100

100-<110

Winter arithmetic mean of
1 hour averages

110-=120

120-=130

Surmmer arithmetic mean of
1 hour averages

130-=140

140-<1350

Annuoal 98%ile of
1 hour averazes

150160

160-<170

* - check off what is inappropriate according
to the specified pollutant

** 1 “exposure profile” presented for the
total population of the agglomeration, the
number should be the seme as for the total
population size

The “lowest station’s profile” and the “highest stations profile”

170-<180

180-<190

190-<200

200-250

250-300

300-=350

350-=400

=400

Ita "profile” of population exposure was cstimated by daily averaging of the data from more than one
monitoring station, the following additional data for the “lowest stations profile” and the “highest

stations profile” is required.

“Lowest"” station

“Hirhest” station

{ ocal name and code of the station

Annual arithmetic mean of | hour averages

Winter srithmetic mean of 1 hour averages.

Surnmer atithmetic mean of 1 hour averages

Anmual 98%ile of 1 hour averages

Ogptiona) information

If afprementioned information is not available, please send the measured concentrations of specifled
pollutants m the calendar year period on daily basis in electronic form for the stations vou selected to
assess “populanion exposure profile” together with required statistics (arithmetic mean and 98%ile).
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Profiles for population exposure to air poliutants.
Data Collection Form for Qzone*
Calendar year: _
Country { )
Agglomeration name: poliutant’s concentration | Total number of
— in (;,Lg!m?’) days
Total population size: {thousand) <10
Population size for which “expesure profile” 10-<20
15 presented®™: (thousand) 20-230
Data capture: anmual {days) 30.240
winter {days) 20-30
SUMIMEr _ (days) 50260
Annual 98%ile of daily 60-<70
rmaximum 1 hour averages 70-=80
‘ . £0-=90
Maximal annual value of daily
maximum 1 hour averages 90-<100
Meaximal winter value of daily 100-<110
maximum | hour averages 110-=120
Maximal surnmer value of daily 120.<130
maximuem 1 hour averages 130-<140
Annual 98 percentile of datly ma- 140-<150
ximum ¥ hour “moving" averases 150-<160
Maximal annual value of daily ma- 160-170
ximum 8 hour “moeving” averages. 170-<180
Meximal winter value of daily ma- 180-=190
ximurn 8 hour “moving” averages. 190-<200
Meaximal summer value of daily ma- 200-=250
ximum § hour “moving” averages. 250-<300
* _ check off what is inappropriate according 300-<350
1o the specified pollutant 350400
** _ It “exposure profile” presented for the =400

total population of the agglomeration, the
number shouid be the same as for the total
population size

The “lowest station’s profile” and the “highest stations profile”
If a "profile" of population exposure was estimated by daily averaging of the data from more than one
monitoring station, the following additional data for the “lowest stations profile”™ and the “highest
stations profile” is required.

“L.owest” “Hiphest”
station station
Local name and code of the station

Annual 358%ile of daily maximum 1 hour averages

Maximal anmual value of daily maximum | hour averages

Maximal winter value of daily maximum | hour averages

Max. summer value of daily maximum 1 hour averages

Annual 98%ile of daily maximum & hour “moving™ aver.

Max. annual value of daily maximum & hour “moving”™ aver.

Max, winter value of daily maximum 8 hour “moving” aver.

Max. summer value of dajly maximum 8 hour “moving” aver,

Optional information
If aforementioned information is not available, please send the measured concentrations of specified
pollutants in the calendar year period on daily basis in electronic form for the stations you selected to
assess “population exposure profile” together with required statistics (arithmetic mean and 98%ile).
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Profiles for pepulation exposure to air pollutants.
Data Collection Form for Lead_(pg/mB')

Calendar year:
Country
Agplomeration nams:

Total population size: {thousand)
Population size for which “exposure profile™

Annual average

Winter average

Summer average

* - If “exposure profile” presented for the total
population of the agglomeration, the number

T Y apt - A
is prescated® : (thousand) should be the same as for the tota] population
Data capture: annual _ {days) gize

winter {days)

Surrmer {days)

The “lowest stations profile” and the “highest stations profile”
[f a "profile” of population exposure was estimated by daily averaging of the data from more than onc
monitoring station, the following additional data for the “lowest stations profile” and the “highest
stations profile” is required,

“Lowest” station “Highest” station

Local name and code of the station

Annual average

Winter averape

SUMIMEr average

Data Collection Form for E(a)P(ng/m3)

Calendar year:

Country Annual average

Agglomeration name; _ Winter average

. Summmer dverage

;zlﬂlﬁ?aulaﬁo? :;_m:: pE—— ([?IDUS?‘T(:{,), #* _If “exposure profile” presented for the
pulailon s1ze for which “exposure protile total prUlﬂtiQﬂ of the Hgg]CJU)ETE’HlUn, the

: *
is presented* . (thousand) number should be the same as for the 1wl
Data capture; annual (days) e G ere
. EE— population size
winter _ {days)
summer  {days)

The “lowest stations profiie” and the “highest stations profile™
If 2 "profile” of population cxposure was estrnated by daily averaping of the data from more than one
monitoring station, the following addivional data for the “lowest station’s profile” and the “highest
sfations profile” s required,

“Lowest” station “Highest” station

Local name and code of the station

Annual average

Winter averaze

Summer average

Ovptional information
If aforementioned information is not available, please send the measured concentrations for Lead and
B(2)P in the calendar ycar period on dzily basis in electronic form for the stations you selected to
2s5¢ss “population cxposure profile” together with required statistics (arithmetic mean and 98%ile).
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Annex 2
Station characteristics
(Should be attached to Annex 1 for cach polhutant)
Pollutant:
Calendar vear:
T‘o1¢ntry
Agglomeration name:
Agslomeration co-ordinales {degrees and minuies)
[ Total population size: (thousand)
Population size for which “exposure profile”
is presented {thousand)

A. Total number of stattons in operation in
the agglomeration area

B. Total number of stations in operation in
the ares in which population exposure profile
assessment has becn calculated

. Number of stations the data of which had
been uscd in population exposure profile
assessment’

Network affiliation (name of network) of the
stations C.

Name of technical body responsible for the
stations €

Fill in the imformation whach 1s referred to each of the station,
sclected for the population exposure profile assessment (“C”-stations)”

Statton local name and code

Station type

Type of zone

Characterization of zone

For “traffic” station type only:
Type of the street
Traffic volume

Statuon height above sround (metres)

Monitonng technigque (manual passive,
manuzl active, automatic fixed, automatic
remote sensing-0PSIS)

Measurement method/device
{chemoluminescent, diffusion tube etc.)

Normalisation conditions (temperature &
pressure - ISO standard, EC directive or WHO
guidelines)

Estimated magnitude of the error (% of
measured value due to uncertainty in
calibration and measurement)

Datw capture (N° of days with valid
measurements out of 3653)

'- it iz possible that the numbers in A, B, C arc the same, if all stations operanng in the agglomeration ares are
valid and their parameters were used in population exposure profile assessment,

‘- see network and station characteristics on page 9-10
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Annex 3

Information about data supplier.
(to be filled 1n and attached to Annex 1 and Annex 2)

Country

Name of the organization responsible
for network management and supply
of data

Street, postal box, postal code

Mailing add
ailing address City

Please, for tel. and fax use forrmat:
XX YY ZZZZZ
xx= Intemational access code of the country
yy= arca code (city code)
zz= telephone number of the organization

Your ¢-mail, phone & fax etc.

Last and first name of responsible
person
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Annex 4
METHODS FOR ASSESSING THE EXTENT OF EXPOSURE AND EFFECTS OF
AJR POLLUTION
Michal Krzyzanowski

WHO European Centre for Environment and Health

Introduction

Health nsks posed by amr pollution are well rccognised. Based on expenience from
high pollution episodes, occupational health and controlled human or animal exposure
studies, individual countries have established normative instruments controlling
concentrations of various pollutants in the atmosphere. WHO has recommended Air
Quality Guidelines.! It has been believed that “.., inkalation of an air pollutant in
concentrations and for exposure times below a guideline value will not have adverse
gffects on health ..”. However, 1t has been admitted that “Compliance with
recommendations regarding guideline values does nor guaraniee absolute exclusion
of effects at levels below such values™ due to the possibly exceptionally high
sensitivity in a part of the population and due to a “... combined exposure 1o various
chemicals, or the exposure 1o the same chemical by various routes”. Recent rescarch
on health effects of air pollution has indicated that adverse health effects in normal
urban populations of several of the most common air pollutants can be observed at
concentrations close to, or below, the WHO guidelines.” Based on this new data,
WHO has initiated an update of the guidelincs with the aim to produce the revised
assessment by the end of 1996.°

Ambient concentration of several air pollutants, such as SO., suspended particulate
matter, NOQ, and Q,, systematically exceeds the recommended AQG levels in many
locations of Europe.” This causes concern related to the impacts of the pollution on the
health of the population. The relevant question is not “Does the impact exist?” but
“What 1s its magnitude, what proportion of the population is affected, what is the
seventy of the health effects in individuals, and what is the public health significance
ot the exposure consequences?”. The above questions are asked by the general public
and by the public health services. Often, they are also asked by represcntatives of
vanous economic sectors of which the activities lead to the air poilution.® Estimated
impact on health 1s compared with the costs to the society related to the measurcs to
be taken to reduce air pollution. This comparison should support management of the
risk. In situations where nisk elimination is not realistic, risk reduction to an
acceptable level can be proposed.

The objective of this paper is to summanse the methodology for health impact
assessment which can be used to support risk management decisions. As it is
explained below, the impact assessment uses the existing data from research and from
routine monitoring; it is, therefore, an interpretation of the scientific data, and not a
research Dy itself. At the same time, the framework of the assessment identifies topics
which require more, or more focused, study. Some elements of the methodology have
been applicd in the preparation of the WHO-ECEH report “Concern for Europe’s

Tomomow™*
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Framework of health impact assessment of air poliution

The methodology of the health impact assessment can be presented using the
framework of risk assessment adapted from ecarlicr approaches by Covcllo and
Merkhofer.” Four main stages are: 1) release assessment, 2) cxposure assessment, 3)
conscquence assessment and 4) nisk estimation. All procedure 1s preceded by hazard
identification,

In this paper, the discussion focuses on the non-cancer endpoints and the term “impact
assessment” 15 used instead of “risk asscssment” to distinguish two situations. The
first one, considered here, cvaluates health effects of existing exposure. Provided the
assumptions uscd in the assessment are valid, this should reflect impacts which have
occurred in the population of concern. The latter situation refers to the potential health
impacts, assuming a hypothetical exposure scenario. In the analysis of air pollution
components with cancerogenous properties, the risk assessment term has been used;
this reflects probabilistic approach to the health outcome with (long) latency period.’

With the multitude of substances with hazardous properties which pollute ambient and
indoor air, the first step of impact assessment is to select the pollutants to be
considered. These can be individual chemicals, as 8O,, Pb or O,, or mixtures, such as
suspended particulate matter or environmental tobacco smoke. Sometimes an
individual substance is considered to be an indicator representing a more complex
mixture.® The sclection is often determined by the data availability - both related to
the health effects of the pollutant and to its levels in the environment. Usually, the list
of poliutants reduces to a few routinely monitored hazards or to substances for which
good, validated models are available. In investigations of specific pollution situations,
.§- in the nelghbourhood of a source of hazardous pollutants, the sclection can be
more speeific for the source. Knowledge of the human activity or natural process
being the source of risk may be necessary to select the hazardous substances subject to
assessment. For the nsk management, the knowledge of those processes is cssential,

RELEASE ASSESSMENT

One of the features of the well known, so called “classical” pollutants is their presence
in most locations where fossil fuels are used for heating, cooking, energy production
or transport. Their rclease 1s proportional to the intensity of these activities, to the
quality of fuel used, the technology of combustion and the presence of the measures to
control emussion, as “end of pipe” filters. Besides the emission from local sources,
transport in the atrmosphere contributes to the pollution as well.

The “release™ of secondary air pollutants depends on the presence of the precursor
pollutants and the conditions (processes) promoting the transformations. Ozonc is a
secondary pollutant formed in the atmosphere from NO, through the photochemical
reaction involving short wavelength light. Ozone is a highly reactive gas; its reactions
with NO reduces O, concentrations in the proximity of the NO sources. The presence
of volatile organic compounds influences the production - scavenging ratio and
increases the steady state level of ozone. The presence of high concentration peaks, in
“normal” primary pollution concentration, is usually dependent on the weather
conditions: high amount of sunshine, low wind velocity. This determines geographical
areas where one can cxpect increased concentration peaks of O..
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CONSEQUENCE ASSESSMENT

At this stage, scientific information on the quantitative relationship between the
exposure level and extent of health impairment 15 summanzed and its reliability is
assessed. The relationship can be expressed as a relative nisk for a qualitative health
outcome or a magnitude of change in continuous health parameter at a certain
exposure level. Establishment of this relationship is the domain of toxicology and
epidemiology.

Amimal experiments have been the most common method to study the biological
responses to chemicals. However, extrapolation of their results involves numerous
uncertainties and assumptions.” For the most common air pollutants, the evidence
from human studics, both from the experiments with controlled exposure and from
population studies, is crucial to quantify their health consequences. Occupational
stucies or health impact assessment of high air pollution episodes relate to rather
unusually high exposure situations. Controlled human exposure studies are limited to
observation of immediate health consequences of the exposures and, due to ethical
reasons, can not include people who are potentially the most susceptible to air
pollution. Often, the small number of subjects included in the study limits the study
power and precludes quantification of effects which vary between, and within, the
subjects. Nevertheless, controlled studies of exposure to ozone im concentrations
similar to those in ambient air have significantly contributed to the quantification of
the relation of pulmonary function to the exposure.

The study of the relationship of health and low-level air pollution 1s the domain of
epidemiological studies, investigating large populations to establish (sometimes weak)
associations.!' However, the integrity of the conclusions of various methodologics is
an inportant indicator of the validity of the exposure - consequence estimation.

For studies aimed at establishment of causality and at quantification of the hcalth
ctfect of the factor it is recommended to determine and quantify the presence of a
poliutant (or its metabolite) close to the target organ.” However, this requires invasive
methods and 1s rarely possible 1n a human population study. Therefore, most studies
aimed at the estimation of the association between the pollutant and health have used
environmmental indicators for the contact of the study subjects with the pollutant
assuming that there 1s a fairly good correlation between those indicators and the
causative factor.” Ambient concentrations of the pollutants have often been used as
such indicator due to the availability of routinely collected air monitoring data. A
potential drawback of this type of data results from the time and space vanability of
the pollutant concentration. Validity of exposure estimates based on ambient air
monitoning 15, therefore, a matter of thorough evaluation in each epidemioclogical
study." * In the case of several pollutants, however, the assessment of the effeets, and
even their quantification, 1s done without full understanding of the biological
mechanisms leading to the health damage. This is also the case for such important air
poliutant as particulate matter."

Besides the proper qualitative 1dentification of exposure indicator, the validity of its
measurement 1s 1mportant for quantification of the pollutant effects. Exposure
measurement errors, or musclassification of exposure status, may distort the real
assocration and lead to false conclusions. When the exposure measurement errors are
similar for study subjects with vanous health outcome status (“nondifferential
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misclassification™), the error can lcad, in most cases, to underestimation of the true
association between the pollution and outcome.”” Greater variability in exposure
measure than in true exposure leads to less distinction between the exposurc measure
distribution, and, in consequence, to a smaller relative measurc of effect, as relative
nsk or odds ratio. Statistical power of such studies 1s also reduced, and it may be
necessary to increase the sarnple size to achieve sufficient power.)” However, in some
situations nondifferential misclassification of exposure may result i an increase of the
appareni risk estimate. This 1s, among others, the case when the error in cxposure
estimatc depends on true exposure level (c.g. is greater at low pollation levels than 1n
high pollution).”® When the bias in exposure measurement is different in groups of
various health status (e.g. when the exposure 15 overestimated more often in sick than
in healthy subjects), the results of the study may both under- or over-estimate true
relationship. Such errors, therefore, make the study completely unusable for hcalth
rick assecssment.

Errors in mecasurement of confounding vanables may also bias results of the study,
and the adjustment with a poor measure of the confounder may be equivalent to ne
control for confounding. The bias may causc the association to appear stronger of
weaker than in reality.”

In summary, sevcral criterta determine the utility of an epidemmological study for
quantitative nisk assessment, and for its hcalth consequence assessment stage In
particular.'” Assuming that there is a positive association between the exposure and
health parameters, the study must be unbiased, confounding must be eliminated and
quantitative, and valid, exposure estimates available. Although, until rccently,
epidemiological studies have been criticised for not being able to cope with the above
cntena sufficiently well, there 1s a growing number of studies which can be, and are,
uscd for impact assessment.

Most of those studies deal with health consequences of short term vanability of air
poliution levels.” Temporal studies with aggrezated data on mortality or hospital
admissions consider health and exposurc parameters assessed at population icvel.'
The “all cause mortality” is considered by many studies as 1t is often available as the
only indicator. The specificity of this indicater of health outcome 15 fur from
satistactory. When the cause-specific rates are considered, the disease which may he
causally related to the elevated air pollution may be mentioned as a contributing cause
of death and not available for analysis.™ Less severe health outcomes may be more
appropriate for the studics of effects of air pollution; reports from hospitals on
admissions for respiratory diseases have been used for this purpose.”’ The health
services based morbidity indicators may be related to the activity pattern of the
services to a greater extent than fo health status of the population and this must be
carefully considered in the analysis.” The indicator of air pollution usually is an
average concentration of the pollutani calculated from the data routinely collected in
the arca of residence of the studied population.™ This method certainly lacks precision
and, 1n most cases, the analysis using it will underestimate the effect of a certain
concentration of a pollutant on health.

Panel studies consider information collected over a certain time (weeks - months)

from a selected group of individuals. In comparison to the temporal studies with
aggregated data, panel studies are more labour-intensive and, therefore, less common.
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Specially collected information gives, however, a more specific and more sensitive
description of the health parameters potentially related to ar pollution and,
potentially, better exposure indicators.**

In the temporal studies with aggregated data and in the panel studies, a health
parameter 15 correlated, after adjustment for confounding by a vanety of time-related
factors, with the air pollution indicator relevant for the time umt. Recent
developments of stafistical techniques which are able to account for peculiarities of
the data (autocorrelation, penodic changes) have contributed to quantification of these
correlations. Considering types of emmors In assessment of health and exposure
parameters, as well as the possible over-adjustment for the ttme-changing covanates,
it can be arcued that such studies provide a conservative estimate of the health
consequences of the pollution.

Less common are the studies on health consequences of prolonged exposures, or on
the consequences delayed in time, with the quantification of exposure. It 1s related to
numerous techmical difficulties such as the study duration (in cohort designs),
problems with quantification of exposure over a prolonged period of time (or validity
of retrospective exposure assessment), or appropriate accounting for the confounding
In studies comparing populations living in different environmental conditions.
Nevertheless, such studies have been completed and provided important indications
for the long term health impacts of air pollution.”” * Information on health
consequences 1s, usually, better defined in the Jongitudinal studies than in the
temporal studies using aggregated data. Often, individual data on health status and on
potential confounders 1s available in such studies allowing for a better definition of the
health endpoint, affected sub-groups of the population and possible individual
characteristics correlated with the response to air pollution (e.g. athopy).

Most of common air pollutants are associated with health outcomes of multifactorial
actiology. Epidemiological studies aim at comparison of the frequency of those
outcomes (or distnbution of continue health parameter) between groups exposed to
various extent to the studied pollutant. The desired outcome of the studies 1s a curve
indicating the nisk at each level of exposure (exposure-effect curve), and not only the
estirnated incrcase in risk between two exposure groups.

An important question pertinent to the stodies of health effects of air pollutants at low
concentrations 1s the shape of the exposure-effect curve, and, in particular, the
existence of a level below which no adverse effects are seen. This is a common task of
toxicological analysis to determine “no observed adverse effect level” (NQOAEL), used
in determination of health criteria for environmental factors.” The assumption of
existence of such “safe” level is a basis of “threshold limit values” (TLV) established
for occupational settings. For epiderniological studies of general population, 1t is very
difficult to determune the existence of such threshold level. It 15 mostly due to the
uncertainty of the low (or no) exposure status in a general population study: even 1f
the threshold exists, the (usually unspecific) health outcome can be obscrved in the
“low exposed” group. It may be impossible to determune 1f the effect 15 related to the
low-level pollution, to factors other than pollution, or is due to the exposure
misclassification. In studies of the most common air pollutants, it may be not possible
to establish a “non exposed” group since all individuals in the population are, or were
in the past, exposed to some non-zero level of the pollutants. Further complication in
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determiming the threshold are different levels of individual sensitivity. The threshold
may exist but may be different in each individual. Overall population picture may
depend on the proportion of the sensitive subjects in this population. Nevertheless, if
an appropriate exposure range 1s measured with sufficient precision, epidemiological
study can attempt to assess existence of the threshold™

Results from individual studies may be suffictent if nisk assessment relates to the
population considered in the given study. Caleulation of attributable proportion,
together with the estimaie of its confidence interval, may be included into the
Iinterpretation of study results. However, in most cases, the impact assessment is
conducted in populations without the relevant data from epidemiological study. The
cetimates of the strength of association must be extrapolated from studies conducted
clsewhere with the underlying assumption that the shape, and the magnitude, of the
association rcmains unchanged in various populations. The validity of such an
assumpiton should be supported by observations actnally conducted in various
populations and reviewed by individuals or groups of experts, '

A formaliscd review, and estimation of 2 summary statistics reflecting the relation of
sclected, and well specified, health consequences to exposure based on several studies
1s done In a meta-analysis.” ** A recently published paper summarises the main
criteria for application of this technique.’® Between the other relevant features, the
ability of the meta-analysis to 1dentify heterogeneity of effects among multiple studies
should be emphasised. However, the divergence of methodologies, health endpoints
and exposure 1ndicators used in various studies severely restricts present possibilities
for meta analysis in air pollution epidemiology. An important development in this
respect is the organisation and implementation of multicentre studies which, by
design, allow to compare associations between well defined, and measured n a highly
standardised way, air pollution and health parameters.”” ¥’ Combined estimates of
cffect of air pollution based on such studies provide the most desired jnput to the
health conscquence assessment.

EXPOSURE ASSESSMENT
The main clements which arc considered when exposure information is used in impact
ASSCSSIMCNL are:
Representativeness of the available environmental data for the (exposurc of)
population at risk.
- Averaging time sppropriaic for the [ink with health.
- The correspondence of the exposure indicator to the indicator at the exposure-
response (consequence) function used in the assessment.
An additional criterion, not necessary for the impact asscssment but, potentially,
useful for the recommendations related to the risk management following the
assessment, is a possibility to link the exposure with the poliution source.

The zbove points markedly differ from the aspects of exposurc assessment
recommended for epidemiological research studies mainly duc to the feasibility of
collection of the optimsa] data.

Representativeness of the exposure information for the population at risk requires that

the selected air pollution monitoring stations are Jocated in residential areas and in
other sites where substantial proportion of the population exposure to outdoor air
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pollution may occur. Stations located next to significant pollution sources or stations
located far away from built-up areas (“impact stations" or "background stations”
according to the ECE terminology™ should not be (directly) used for health impact
assessment. Based on the monitoning results, time- and space- speeific concentration
information should be denved.

The simplest method te estimate the population exposure is based on the average
value calculated from data measured at the stations operating in the region where the
population [ives (e.g. lown): this one value (in one trme unit) 15 then assigned to the
entire population of concern. Such a method may be quite advisable since the same
type of information has been used in several epidemmological studies being the source
of cxposure-consequence information® * Further, the town-specific average
concentration may well reflect the average concentration experienced by the residents
moving within the town during the time unit.”” This approach has also been used 1o
estimate exposure of urban population in Europe for the WHO report "Concem for

Europe's Tomorrow",*

Morc sophisticatcd methods use mapping of the pollutant concentrations often
supporting the monitoning data with statistical and/or dispersion modelling. Modelling
and mapping techniques are well developed to describe average pollution levels in
large rural areas.* Thetr application in densely populated urban areas is difficult due
to the required scale and precision, but several studies have attempted this approach.®
The estimated concentration fields are then overimposed (e.g. using Geographic
Informatton Systems techmiques) on the spatial distribution of the population to
produce population distribution of exposure in a given time unit. While that type of
modelling may improve spatial definition of the pollution and can account for spatial
differences In resident population density, it does not usually account for movement of
the population within the area, However, if better than presently available activity
pattern data are included, such modelling may significantly improve exposure
assessment 1n the population where impact assessment is condueted. Such data will be
nceessary when sufficient number of studies using personal exposure data will be
available for the quantification of health response, and included in the consequence
assessment part of the risk assessment.

IMPACT ESTIMATION

This stage combines information from the preceding stages with the aim to quantify
the impact, to indicate its (un)certainty and to indicate the elemcemnts influencing the
precision of the estimates. Further, impact estimation identifies factors which may
influence the impact, as special exposure conditions or susceptible groups.

Quantitative estimnate of the impact can be based on the calculation of the attributable
proportion (AP), indicating the fraction of the health outcome which can be attributed
to the exposure in a given population (provided there is a causal association between
the exposure and the health outcome). With the population distribution of exposure
deternuned in the exposure assessment stage, and the identified exposure -
consequence function, one can calculate the attributable proportion using the formula:

AP =X { [RR(©) - 1] * p(©)} / Z[RR(c) * p(c)]

where:  RR(c) -relative igk for the health outcome in category ¢ of exposure
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p(c) - proportion of target population in caiegory ¢ of exposure

Knowing (or, often, assuming) a certain underlying frequency of the outcome 1n the
population, I, the rate (or number of cases per unit population} attnbuted to the
exposurc in the population can be calculated as:

I,=1* AP

For a population of a given size, this can be converted to the estimated number of
cases attributed to the exposure,

When the response to the harmful exposure is expressed as a change 1n a continuous
parameter of health status {e.g. lung function, body weight, 1Q), the cstimate of impact
corresponds to the estimated mean change of the parameter in the exposed populaiion.
Using the mmformation on the vanability of the response (from the consequence
asscssment stage), the range of the impact should be estimated as well {c.z. as the 90-
or 95-percentile of the responsc) to demonstrate the impact in the specified group of
the more than average scnsitive individuals,

Each of the valucs used to derive this number is associated with an estimation error or
other sources of uncertamty (e.g. related to the use of assumptions and cxpert
judgement). Those unceriainties have to be considered at each stage of the estimation
to produce lower- and upper- boundaries of the estimate besides the “best expected
value”. More elaborate approaches include modelling of the impact probability
distribution, e.g. using Monte Carlo techmiques, Input data for such procedures include
information on the probability distmibutions of the exposure and consequence
estimates.” The same procedures can also be used in sensitivity analysis to assess the
elemments the most important for the precision of the impact estimates, as the form of
the exposure-consequence relationship or the distribution of the exposure in the
studicd population.

An approach similar to that used in sensitivity analysis can be used to estimate
changes in the impacts due to vanious exposure modification scenarios. This can
inerease the usefulness of the impact assessment for risk management.

Discussion

Extrapolation and practical application of rescarch involves simplification,
generalisation and application of assumptions which may be difficult to be tested.
This is often criticised by researchers since the tight quality standards are mixed with
less stnngeni methods of inference. However, these applications are the main
Justification of the studies. As a matter of prineiple, the research in cnvironmental
health 15 oriented on the determination of factors affecting the health of population
and aiming at prevention of adverse health impacts. Obviously, not al] populations can
be studied. Therefore, it is nccessary to generalise the rcsults obtained in onc
population to other groups. The precision of this generalisation may be relatively low,
but even this may be sufficient to identify local prioritics and to quantify the needs for
preventive actions. The approximate result based on impact assessment and using the
best available knowledge in a2 systematic, transparent way, 1s always better than a
subjective judgement based on emotions or arbitrary assumptions.*
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The procedure of impact assessment may indicate important gaps in knowledge and
imposes quality criteria for further, focused research. Reduction of the scientific
uncertainties pertaiming to the impact assessment should be a common goal of the
scicntists and the decision makers. Improved data from epidemiological studies and
from the studies describing exposure patterns i the populations are needed to refine
impact assessment. Without the progress in research, the assessment of health benefits
from the reduction or prevention of exposures to air pollution will remain uncertain.”
Environmental epidemiology, as a discipline studying the associations of interest in
the general population, can contribute most relevant data provided the studies are
conducted according to the desired standards.™

Particular caution in the interpretation of the impact assessment should be exercised
when the analysis is based on “indicator pollutants”, or on other exposure indicators
which only indirectly correspond to the pollutant causing the health effect. The
observed corrclation of this indicator with the true level of the exposure in one
pepulation may be not repeated 1n another population. This problem illustrates a need
for the exposure monitoring which is more relevant for the assessment of health
Impacts.

An mmportant imitation of the present methodology is its reliance on “one pollutant -
one outeome” approach. To some extent, this approach is determmined by the scarcity
of studles analysing health cffects of combination of pollutants characteristic for
ambisnt exposures, and on their interactions in particular. Determination of the
mixture compenent(s) which 1s (are) responsible for the health effect is important to
proposc actions which may efficiently reduce the health impact.” However, it is
possible that the same pollutant may have different impacts in the presence, or
absence, of elevated levels of other pollutants.™ Further, it is possible that a
susceptible part of the population responds to vartous types of air pollution in a
similar way. In such a case reduction of one of the pollutants may result in a smaller
than expected decrease in health problems since the effect of the other pollutants will
remain, Therefore, In situations when effects of individual pollutants are difficult to be
distinguished, a reduction of the pollution mixture, and of all 1its indicator
components, should be advised. For a more precise descniption of the rclationship
between air pollution and exposure, and for more specific preventive actions, better
epidemiological studies and understanding of mechanisms of action of the relevanmt
pollutanis are necessary.

In conclusion, application of a systematic impaet assessment helps to focus on
preventive actions for air pollutants with the greatest impacts on human health and on
the most affected populations. Use of this methodology enablcs to identify the most
pertinent questions which have to be answered by studies on pollution-health
relationships and on population exposure to air pollutants, Epidemiology has a great
potential to contribute to this regearch.
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Annex 5

METHODOLOGIES FOR HEALTH IMPACT ASSESSMENT AS PART OF AN
INTEGRATED APPROACH TO REDUCE EFFECTS OF AIR POLLUTION

Kristin Aunan’ and Hans Martin Seip'~
' Center for International Climate and Environmental Research - Oslo (CICERQ)
* Dept. of Chemistry, University of Oslo, Norway

Introduction

The economic damage due to adverse effects on health and environment caused by air
pollution may be very large in some countries. It is also very difficult to assess,
because there often are no market prices for the qualities that are damaged, for
nstance for human health and cultural assets. Concerning the possible effects of
emissions of greenhouse gases, the damage may be especially large, and so are the
uncertainties. The size of the investments needed to reduce emissions may on the
other hand also be very large and have marked effects on the economy of a country.

In the context of analysmg abatement stratcgies an imtegrated approach, across
diffcrent pollution components and environmental problems, is needed to develop
optimal, cost-effective strategies. A ranking of measurcs based on several effects may
wrn out to be quite different from that obtained considering only one effect such as
climate change. Under the bilateral environmental agreement between Hungary and
Norway a joint project between Hungarian and Norwegian researchers 1s used as z
case study aimed at testing and improving the methodology concerning integrated
damage assessment. The study partly draws upon expenences from a project carried
out In Norway - the Oslo Air Study. In this study, mitiated and organised by the
Norwegian State Pollution Control Authority, an analysis of air pollution abatement
measures related to the city of Oslo was conducted (SFT, 1987; Trennes and Seip
1988).

The follewing gives an introduction to the methodology and results from some
selected parts of the Hungary study (see also Seip et al., 1995 and Aunan et al.,
1995a).

Integrated assessment

Basically two approaches may be used to find cost-effective abatement sirategies
against pollution damages (Aaheim, 1995; Aunan et al.,, 1995b). In the “top-down
approach” (T-D) the assessment 1s done by the use of macroeconomic models, which
are particularly suitable for analysing the 1mpact of general measures, as taxes, on
main macroeconomic variables. From the predicted changes in cconomie activity the
emission reductions are deduced, and n principle the benefits from these reductions
can be fed back into the macroeconomic variables. In the “bottom-up approach” (B-U)
specific abaternent measures, for instance emission standards for vehicles, considered
appropriate for solving a problem are explored in detail. Their potentials for reducing
adverse exposure of recipients (people, crops, forests, materials etc.) and damage are
estimated. Assessments of the values of the costs and benefits are then made
according to observed or estimnated market prices. To a large extent monetization of
environmental and health qualities depends on subjective valuation and various
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methods have been applied for thus purpose, all of them have weaknesses and
problems (OECD, 1989; Navrud, 1994; Wenstep et al., 1994). The social net benefit
provides the basis for a ranking of measures.

Both approaches do, however, have major weaknesses: While T-D analyses tend to
oversimplify the biogeochemical relations, the B-U analyses tend to oversimplify, or
simply leave out, macroeconomic Consequences.

QOur approach is the B-U, becanse the main focus is the demage assessment, 1.e. the
relations between emission sources, concentration levels, exposure and effects on
health, vegetation, materials and climate. We also belicve that this approach has
advantages In explicit valuation of environmental amenities. Besides, the special
transicnt economic situation In post-communist couniries at present would be
extremely difficult to model. It is, however, necessary to analyse the political,
institutional and socio-economic enviromnent within which abatement strategies will
be chosen, in order to make the analysis realistic.

The severity of air pollution in selected areas

The emissions of air pollutants have been decreasing the last decade in many areas in
Eastern and Central Europe, but there are still some areas where the pollution load is
very high. In Hungary the main reasons for the reduced emissions arc a general
economic recession, imereased use of nuelear energy, some fucl switching from coal to
oil and gas, some specific abatement measures, and structural changes n the
cconomy. In many ways the changes display the same pattern as in Western Europe a
couple of decades ago, industry becoming less important as a poliution source and the
transportation sector becoming more lmportant. A predominant feature is that the
private tramsportation does not seem to be prevented from growing even by decp
cconomic recession. Traffic has become the fastest growing urban air pollution source
1 the past 15 ysars. In the penod 1985-1992 the reductions in green-house gases and
air pollutants in Hungary were approximately: CO,: 26%, SO,: 40%, TSP (total
suspended particulates): 60%, NO,: 28%, CO: 21%, nmVOC (non-methane volatile
organic compounds): 45%. The uncertainties in the emission data given arc cstimated
to £15% (see also Tajthy, 1993 and Tajthy et al., 1990).

Whereas the per capita emission of SO, has been decreasing in Hungary, as in Poland,
since the ;mid-1980s, the trend in many Asian countries is the opposite, China being a
good example. The per capita emission of SO, is considerably lower than in Eastern
and Central Europe, but 15 steadily increasing (see fig. 1). In some areas i China the
average concentration level is several times higher as compared to e.g. Crakow, onc of
the more heavily polluted areas in Europe.,

In Eastern and Central Europe large relative and absolute declines in health status
since the mid-1960s arc well decumnented (Feachem, 1994). It 1s beheved that the
main causes are lifestyle factors (diet, abuse of tobacco or alcohol), but pollution may
also play a role (up to 9%). In some parts of China, where the pollution situation 15
far more scvere, large effects on human health and environment are likely to oceur.
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Fig. 1. Per capita SO,-emissions in China, Poland, Hungary and Norway.

Assessing health effects

A rough, semi-quantitative, indication of the seriousncss of the pollution situation as
regards health effects can be obtained by estimating the number of people living in
areas where concentration levels exceed air quahity guidelines. In the Oslo Air Smdy
such estimates were the critenia by which the 1mpact of an abatement measure was
quantitatively assessed (Trennes and Seip, 1988). Estimates are provided for Hungary
in Sections 5.1 and 5.2,

However, the prevalence of effects will increase in the population as the concentration
increases above the guideline and it has alse been shown that the cxposurc-response
curves for some substances seem to continue below guideline levels as given e.g. by
the WHO (1987) (see e.g. Schwartz ct al., 1988; Sunyer et al., 1991; Schwartz, 1992,
Braun-Fahriidnder et al., 1952; Brunekreef et al., 1993).

In this study we utilized findings on cxposure-response relations in epiderniological
studies to estimate public health effects, realising that the functions entail large
uncertainties. The functions indicate the increased nsk of expeniencing an effect when

the concentration level mises to a higher level, expressed as the odds ratio (OR) or the
relative nisk (RR):

OR =p,(1-po)/pe{l-py)
RR =p/p,

p, and p, are the probabilities of a person getting the effect, or seen the other way, the
average prevalence or incidence frequency' in a population, given a higher or lower
concentration level, respectively.

! Prevalence is the percentage of the population which has the effect at any given point of time (point
prevatence). Incidence 1s the percentage of the population for which a new episode of the effect occurs
during a specific period. If 2 symptom has an average duration of 2 days, the average dajly prevalence
will be twice the average daily incidence.
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(seneral concerns regarding epidemiological studies are misclassification of exposure,
biases in the sample population, correlated variables {confounders) and omitted
variables. For instance, misclassification of exposure has in some studics been found
to result 1n a downward bias of the observed association between zir pollution and
health cffects (Roemer et al., 1993, and Krupnick et al., 1990). On the other hand, the
great advantage of epidemiological studies versus experimental studies in animals and
clinical studies in huimans, is the fact that effects are studied in a population with all
degrees of susceptibility present, and even if the concentration levels measured may
be far from the actual exposure, it is probably a good indicator of the relative pollution
foad. Mecta-analyses, analyses based on results from several studies by use of a
formalised statistical technique, have become an important toe)] to establish cxposure-
response functions on a broader basis (Mann, 1990). It is a matter of course that the
results are seen i the light of toxicological studies to ensure that assumed cause-cffcct
relations are biologically plausible.

When nterpreting results from epidemniological studies, it should be held in mind that
the confldence limits only take into consideration random variation in the data, not the
systematic errors, the biases and confounders. Some epidemiologists hold, as a
general rule of thumb, that the relative risk found to be associated with a certain
increase in a risk factor should be three or more to be taken serfously. In air pollution
cpidemiology this is very rarely the case, and other epidemiologists say that an
association; with an increased risk of tens of percents may be believed if it shows up
consistently in many different studies (see Taubcs, 1995). Concemning for instance
associations of particulate air pollution and daily mortality, numerous epidemiological
studies show quantitatively similar and consistent findings on cxposure-dependent
increases in risks. As noted by Schwartz (1994), the burden of proof has now shifted.
It is incumbent on those who disbelieve the causality to provide evidence showing
how the assoclations are confounded. As long as such evidence is absent, it is prudent
to treat these associations as causal.

The association between health cffeets and different components may be difficult to
disentangle in epidemiological studies. In our project the different health effects are
attnibuted to one indicator component, primarily for pragmatic reasons. There are
strong indications that parricles are a key agent for many effects, partly, but not
solely, as a vector for other components.

A number of different particle mass measures are employed in different
cpiderniological studies. This complicates an evaluation in terms of onc single
indicator component and is an obstacle for using any particle measure as indicator.
Common measures are TSP (total suspended particles), PM,,, (the thoracic fraction -
50% collection efficiency cut-off at 10 pm aerodynamic diameter), PM,. (the
respirable fraction - 50% cut-off at 2.5 pum), black smoke (BS), and various measures
of visual range and particle optical reflectance, e.g. Coefficient of Haze (CoH). The
carboneous part of the particles may have various organic chemicals, some of which
may be mutagenic, adsorbed onto its surface and particles may also contain heavy
metals involved in carcinogenic processes.

Whereas the coarscr fractions, up to as large as 100 um, indeed are important for some

upper airway effects, the finer fractions, below 10 um, are assumed to be better
indicators for airway cffcets in general and effects in the small airways and alveoli in
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particular. However, often only TSP is measured and an exposure-response function
for TSP is estimated, regardless of what kind of effect is looked at. TSP then acts as
an indicator of PM,, or some other particle-related fraction, e.g. acid aerosols as
discussed by Fairley (1990). In a study by Qzkaynak and Thurston (1987), particle
measures, closely related to the respirable fraction (PM, ;) and/or the toxic fraction
(e.g. 50,7), seemed to be better predictors of health risks linked to mortality than both
TSP and PM,,.

Particles, SO, and NO, are both chemically and biologically interrelated because the
gases participate in the formation of particles, and because the components partly arc
associated with the same type of effects. Ozone, O,, on the other hand, is chemically
more independent from reactions leading to particle formation and is partially
associated with other tvpes of effects, mainly in the lower respiratory system. In light
of the consistent evidence for health impacts of O, independent from simultaneous
exposure to particles, O, should be regarded as an indicator component 1n addition to
particles. However, since O, formation depends on the concentration of NQ,, nitrate
formation may be accelerated by O,, and since acidic components may potentiate the
respiratory effects of O, this indicator 1s not fully independent of what could be called
the particles/SO,/NO, complex (sec e.g. Litbkert-Alcamo and Krzyzanowski, 1995).

Eptdemiological studies focus on different end-points, that can be divided into two
categones:

- Biological end-points, c.g. mortality or lost years of life, reduced lung
function, prevalence of bronchitis, asthma attacks, and ecye irritation.
Biological end-points may be seclf reported or measured/reported by
professionals.

- Consequential end-points, e.g. occupational and school absenteeism and
hospital admissions (due to given health symptoms).

In connection with economic valuation of health damage due to air pollution, these
categories have different advantages and drawbacks. Some of the biological
parameters are assumed to be relatively reliable, e.g. measurements of changes in the
lung function (CEC/US, 1993). The problem is that it is often difficult to predict the
medical significance of these changes, e.g. in terms of affected physical capacity,
respiratory morbidity and hfe quality (SET, 1992). Conscquential end-points, like
emergency ward visits, are easier to assess in monetary units. On the other hand these
parameters are highly dependent on social conditions, for instance access to and costs
of these services. When results from one country are to be applied in another, these
factors may 1mply great uncertainties. Studies reporting biological end-points are
tocused in the following. However, the relative response in the two categories of end-
points should 1n most cases correlate.

A number of different effects are associated with air pollutants and classification of
the different effcets is a matter of balancing the need to define effect categories easily
valvated in economic terms, and the need to render the information given in the
studies as precisely as possible.
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Dose-response functions for several categories of health effects may be found in the
literature (it may not be a strict distinction between reversible and irreversible cffects
m all cases):

Reversible effects:

- Acute respiratory symptoms in children and in adults
- Chronic respiratory symptoms in children and adults
- Asthma episodes in children and adults

- Reduced pulmonary function

- Eye irritations

- Headache

Irreversible effects:
- Irreversible lung damage in chiidren
- Excess mortality
- Cancer incidence

Different mathematical models are used in the studies to approximate exposurc-
response relationships in a population. Many studies solely report the relative increase
within the concentration range that is observed (or estimated), whereas in other studies
a function assumed to be valid outside the range is adjusted to the data. Logistic
regression models, which are discrete regression models well suited for 0-1 data (no
effect - effect), are often applied in cpidemmiological studies of for instance respiratory
effects (e.g. Schwartz et al., 1988; Dockery et al., 1989; Schwartz and Zcger, 1990;
Krupnick et al., 1990). A logistic function is given by:

Jiry = R

= where  Fix)=a+px+s
I+ exp(i)

and a is the intercept of Ffx). B is the regression coefficient, x is the independent
vanable and £ is the error component,

It 15 very difficult to demonsirate a specific no-effect level in a population by means of
epidemiology. Clinical studies on humans may give indications of a threshold level,
but the most sensitive individuals are, naturally, not represented in such studics. Air
quality guidelines based on a no-effect Jevel criterion may therefore merely give an
indication of the level where, in simple statistical analysis, the role of air pollution is
swamped by the background of much larger causal factors. Concerning the exposure-
response relation in a population the S-shaped curve is biclogically more plausible
than the “hockey stick” (threshold of zcro response followed by a linear exposure-
response curve), because 1t reflects a normally distributed variation in susceptibility in
a population (the logistic distribution 1s very close to the cumulative normal
distribution).

Another feature of the logistic model, which makes it particularly attractive within
epidemiology, is that the odds ratio is casily calculated:

OR, = ¢P2¢ (1a)
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where (5 is the regression coefficient and AC, 1s the change in concentration. The
same applies to Poisson regression, often used in studies of mortality rates and other
low frequency events, where:

RR, = "¢ (1b)
Since €= I+ BC+ 4L BO)
a lingar percent point increase in response can easily be calculated to be
1000B per 10 ug/m’, if pC =<1.

When linear functions arc used there is a danger of overestimaimg at lower
concentrations and underestimating at higher. Within the concentration ranges usually
obhserved in ambient air, however, nonlineanty in exposure-response functions 1s often
of little practical relevance.

The functions make it possible to estimate the relative change in effect frequency,
rather than e.g. excess cases per population unit. A relative estimate probably 1s more
approprate than an absolute when the function 1s to be employed In a new
veographical context, where the frequency of the effects in question may be diffcrent
for other reasons than air pollution. Whenever possible one should employ data on
actual prevalence of health effects when estimating for nstance reduced prevalence
assoclated with reduced concentration levels. However, often one does not have data
for frequency of different symptoms and diseases. To make possible estimations in
such cases, a bascline prevalence, here called hAypothetical zero-concentration
prevalence, denoted p,, 1s estimated for each effect. These are calculated from the
data for actual prevalence (or incidence rates multiphied with average duration) and
concentration levels eiven in the studics, and are extrapolated down to zero
concentration by use of the OR or RR functions. Data on prevalence may differ
substantially depending on survey methodology, e.g. whether symptoms are self-
reporied or self-reporied with subsequent clinical consultation. This implies that
prevalence fisures should be employed with some discernment. The hypothetical
zeTo-conicentration prevaienec is given by:

obs obs

r : 4
w = 23 or » = 2b
p OR! _ ORI A pob: + pab.: ( ) p RR: ( )

where OR; and RR, are, respectively, the odds ratio and relative nsk estirated (by use
of the regression coefficient B) for an increase 1n the concentration level from zero to
C. and C is the concentration level at which the observed prevalence is p™. The
raiionale for this procedure 1s that the observed prevalence to some extent 15 caused
by air pollution.

For any concentration level, C, the prevalence, p,, can be calculated:

_ OR:pa
1—pn+ORi‘pn

D (3a) or pi= ps- RRi (3b)
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For short-term health effects the exposure-response functions given in the following
arc usually denved from the relation between daily mean concentrations, C,, and the
daily prevalence of the effects, pfC). To estimate the annual number of symptom
days (“person-days™), S,,., in a population N one ideally should calculate the daily
number of affected persons in the population and sum up over the year:

L - N 365 exp(B - C)- pe '
Sum = Z(p(ﬂ) N) z(l = po+exp(P-C)- po NJ (42)

=1

365 365

Som = D APCYN) = 3 po-exp(p-C)-N (4b)
]

iz

However, this procedure is time-consuming and in some cases one does not have data
for daily means. An approximation of S,,,, called §,,,,,..., can be obtained by using an

Tym?

estimated average prevalence as a function of the annual mean concentration,
By doing this one assumes lincarity in the response function around C _,,

iamn”

Sawrag«:d = p(aann) -N-365 = BXP(B : Cﬂ"n?;épo - N 365 (Sa)
1= po+ exp(P - Cann) - po

Sm'cragcd = p(E"””) N -365 = Per exp(ﬁ 'Ea"") -N-365 (Sb)

The difference between S, and S§,,,..., depends mainly on the linearity in the
response function m the conceniration range of concern and to some extent on the
distnbution of the daily concentration levels. The discrepancy increascs when large
vanations in daily C.'s concur with a Camn in a non-lincar part of the curve. However,
an approximate correction, which usuaily will be satisfactory, may be calculated if the
standard deviation, SD, of the daily concentration levels is available or can be

estimated. An adjusted pf Can ), J CannVadiust , 18 given by:

= Eﬂnn - SD + E:;unn + SD .
p(Cunn)adju.h‘ = p( ) 2 p( ) (6)

The adjusted number of symptom-days, Sagiese » 18 then given by:
Snwm = p(Eann)adiusr -N-365 (7)

With the concentration levels and distributions usually found in ambient air, S st
will be very close to S, and considering other uncertainties, connected to e.g.
cxposure assecssment, this procedure should provide a satisfactory approximation.
Finally, the excess number of symptom-days, S,,.... is calculated by subtracting the
baseline number of symptom-days (calculated from p,) from Sudjusr
We tested the approximation procedure using data on daily particulate concentration
levels in Budapest in 1993 (using the function on acute respiratory symptoms in
children, see Table 1). The ratio between §__ and Sperages W3S 1.07, whereas the ratio
between S, and S, was 1.05.
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In table 1 exposure-response functions for the effects listed above are shown. The
functions are bascd on a review of a substantial number of epidemiological studies
and meta-analyses (Aunan, 1996; Aunan, 1995). If the particle concentration data that
arc available in the area of interest apply to another sizc fraction than the one used in
the function, the coefficient, B, may, as an approximation, be transformed according to
the ratio between the particle fractions. In 5.3 somc examples of estimated health
cifects in Budapest are given.

Table 1. Exposure-vesponse functions for health effects. OR or RR = é<, B:

_regression coefficient, C: concentration level (from Aunan, 1995 and Aunan, 1996).

Health end-point Risk B (95% CI)! C unit (averaging Po
model timne)
Acule resp. SYmptoms.
Acute RS, children OR 0.003 (0.001 - 0.006) wg/m® TSP (daily) 0.068 - 0,074
Psendo-croup, children RR 0.124{0.064 - 0.183) log pg/m® TSP (daily) | 810%-1610°
Acute RS, adults OR 0.0015 (0.0007 - 0.0022) pg/m? TSP (daily) 0.026 - 0.030
Chronic resp. svmptoms:
Chronic RS, children OR 0.014 (0.001 - 9.028) ug/m® TSP (annual) 0.02 - 0.04
or OR 0.025 {0.003 - 0.050) pe/m’ PM, (anrual) 0.02 - 0.04
Chronic RS, adults OR 0.005 (0.004 - 0.007) ug/m® TSP (Jong-term) | 0.04 - 0.06
Chronic lung damage:
Children Absolute! 0.0028 (0.0015 - 0,0040)° ug/m’ O, (s=asonal)
Mortaling:
Total mortality RR 0.0013 (0.0011 - 0.015) ug/m’ PM, (daily) 19 - 2610*
or RR. 0.0009 (0.0006 - 0.0012 | pg/m® SO, (daily) 19-2610°
=65y RR 0.0018 (0.0014 - 0.0021) ug/m® PM,, (daily) 12-1710°
65y RR 0.0005 (0.0004 - 0.0006) | Lg/m® PM,  (daily) 7-910°
Infant mortzlity (0-1y)* | OR 0.009 (0.004 - 0.015) ug/m® PM,, (annualy | (4 - 9 per 1000
live births®)
Infani resp. mortality QR 0.02 {0.04 -0.04) wg/m® SO, (annual) 0.2 per 1000
' - live births®
Lung cancer incidence OR 0.0056 {0.0052 - 0.0060)" | ug/m’ TSP (lonu-term) | (9.0003)

" When several studies are used as a basis, the uncerainty has been calculated from the set of parameter
values;

when only one 13 used, the range 15 the statistical confidence reported in the study.
* Hypothetical zero-concentration prevalence, daily or annual depending on whether the function refers
o dasly

or annual {or long-term - several years) average concentration, see Section 4.
*Prevalence — B C
* Estimated uncertainty interval
" Deaths per live birth,
* The basis study is from the Czech Republic, and a generally applicable number is particularly difficult
18]

indicate for baseline infant mortality.
’ The confidence interval reflects the variation between the centrzl estimates in the two basis functions,
one of

which had negative lower confidence limmit.

The case of Hungary
In Hungary severely polluted areas are less frequent compared to other Central and
Eastern European countries, and only a few “hot spots” can be named, e.g. Budapest

and the industrial districts in the north-castern part of the country. Besides, the
difference between these areas and other parts of the country with more typical levels
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of pollution is less pronounced than in other countries in this part of Europe (REC,
1994). However, since the most polluted areas are also the most densely populated,
many pcople are exposed to adverse concentrations, 44% of the population according
to the Hungarian Ministry of Environment and Regional Policy (1992).

Health effects on a national scale

According to the Hungarian Ministry for Environment and Regional Policy (1992)
detnmental effects of air pollutants to health include mainly an increase in acute and
chrome upper and lower respiratory discases among children and adults (sec also Tar
and Tajthy, 1991).

Bascd on average local concentrations for the summer and winter season in 1992/-93
in 94 cities/towns in the 19 countics in Hungary, plus Budapest, we have madc a
rough estimate of the number of people living in urban areas where the air quality
guidelimes (AQG) (6 months’ mean) are violated, sec table 2. The uncertaintics in
these estimates are, however, very large 1.a. because the concentration levels are only
measured at a few points in each city. The estimation is based on concentration data
for the majority of the larger and medium sized cities in Hungary where ca. 5.4
million people live, 1.e. 52% of the population. According to Hungarian Central
Statistical Office (1993), 6.5 million people live in towns while 3.8 million people
live in villages and rural arcas. We had concentration data for cities representing 80%
of the urban population, except for TSP, where this figure was 60%. The total
population exposed to levels above AQGs was cstimated taking into consideration the
ratio betwseen the number of people living in eities where monitoring data were
available and the total urban population in Hungary. Since the towns from which we
did not have data are smaller, we assumed that violations would not occur in ail of
them. Hence, for all components, except TSP, we added 10% and 20% to the number
achieved from the cities where we had data, representing, respectively, low and hi gh
cstimates. For TSP we added 30% and 50% to obtain low and high estimates. The
assumption that violations of long-term guidelines mainly occur in citics and towns,
not in villages and rural areas, may, especially for TSP, imply that we are
underestimating the numbers: Generally, the uncertainties in the cstimated figures for
TSP arc larger than for the other components, reflected by the broader range between
the low and high estimates.

In the calculations we used the AQGs for NG, and SO, established by WHO (1995),
and the guideline for “settling dust”, i.e. dust fallout, given by Hungarian authorities
(the most strict protection class). No guideline values are proposed by WHO for
particulate matter, because there is no evident threshold for effects. However, to give
an mdication of the exposure level we have used the guideline for 6 months' mean of
PM,, proposed by the Norwegian Pollution Control Authority, (40 pg/m’, SFT, 1992).
and estimated a corresponding value for TSP using the estimated relationship between
TSP and PM,, in Budapest.
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Tuble 2. Estimated number of people living in cities where air quality guidelines (6
months) were violated in 1992/-93 (million pecple). The total population in Hungary
is 10.3 mifl.

Pop.> AQG in citics Total for Hungary

with monitoring

stations Low estimate High estimatc
TSP (> 110 yg/m' *) 3.79 4,93 5.68
NO._ (= 40 ng/m?) 1.45 1.59 1.74
80, (=50 “g;’mj) 0.24 0.26 0.29
Setling dust 0.58 0.64 0.70
{= 12.5 /m*/30 days)

*TSP was measured only in 20 cities/towns, cxceeding 100 pg/m’ in all of them,

TSP is the component causing most violations of the guidelines. Nine of the cities had
scasonal averages around or above 300 ug/m’, far above the levels associated with
increased frequency of health effects as impaired lung performance, chrome
pulmonary disease and exacerbation of bronchitis. The fact that m all citics where
particulates were measured at least one of the 6 months’ averages exceeded 110

g/m’, indicates that the population exposed to TSP above this level may be even
higher than the estimates given above.

Concerning NQ, fourteen citics (including Budapest) had ¢ months’ mean
concentrations above the euideline (40 ug/m’), but the violations were not very
aronounced. The SO, guidehne (50 ne/m’)y was violated in winter in 10 of the cities
and with few exceptions these cities are situated in two counties, namely Komarom-
Esztcrgom and Borsod-Abauj-Zemplén. The five cities where the concentrations were
the highest ( 70 pg/m’) are all situated in Komarom-Esztergom. Power plants are an
important air pollution source in this area. The SO, guideline was not violated 1n the
summer period in any city.

Air pollution in Budapest and violations of Air Quality Guidelines

In Budapest two menitoring sysicms are operating. One 1s discontinuous and records
twice a wesk at 53 stations throughout all the 22 ¢ity distnets (here called data set I).
These data represent 4-6 hours” measurcments and are usually recorded in the rush
hours. The other system is continuous and records at & stations in inner Budapest
(called dara set II). Probably due to location and measuring techniques there arc in
some cases large discrepancies between the two sets, especially for SO,.

The air quality in Budapest, where ca. 20% of the population live, has changed during
the last decades. The most distinct changes in this pertod have been for 5O, The 6
months’ average in the heating season in 1984/-85 was 70 pg/m®, while it had

decreased to 27 pg/m’ in 1993/-94 (data set I). The concentration levels are
considerable lower in the non-heating season and the reductions in this season are not
very pronounced. The main source of SO, pollution in Budapest is houscholds (34%).

For NO, the pattern seems to be opposite to that for SO, although the trend is not as
clear; In 1980 the yearly average concentration was 43 pg/m’, while it was about 52
pg/m’ in 1992 (data set I). Transportation is the dominant source (45%).
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There are no data for the changes in the concentration of TSP during the last decade,
but the emissions from the households, which is the largest source of particulates
(50% m 1992), werc reduced by about 42% during the period 1985-1992. This must
obviously have improved the air quality concerning TSP, even though emissions from
the transportation sector have increased somewhat,

Eased on data set [ (average for 1989 and 1990) 1.85 mill. people live in districts
where the 24h AQG for NO, (85 pg/m’, Hungarian Protection Class ) is violated once
or more during the year. The guideline is rather frequently violated in some districts
and about half & million of people live in districts where it is violated more than ca.
20% of the days. The maximum conceniration (4-6 hours' mean) recorded at any
station was about 400 ug/m’ both in 1989 and in 1990 (at heavily trafficked stations).
The long-term average concentration in inner Budapest has been above 50 pug/m’ the
last ycars. The population exposure level distribution for the whole city is shown in
Fig. 2.

Total suspended particles are given in data set IT. The measurements indicate that TSP
may be the air pollutant representing the largest health risk in Budapest. The
Hungarian guideline for 30 min. is 200 pg/m® (Proiection Class I). The 30 minutes
monthly maxima are often about 400-600 pg/m’, for some stations the value
sometimes exceeds 1000 png/m®.

According to data set I, the 24 h SO, guideline as given by Hungarian authorities, is
violated, but not frequently, and only at very few stations. These data are, however, in
strong disapreement with data set II, where the recorded concentrations are
significantly higher. In data set II the ycarly average in inncr Budapest (in 1992 and
1993) was 46 pg/m’. ‘

|
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Fig. 2. Number of people living in Budapest districts where the average NO,-
concentration during rush hours is in the given intervals.
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Concentration levels of CO and O, are given only in data set II. The CO concentration
level is usually well below the guideline, especially in summer time, except for the
stations close to the main roads and the data indicate that CO pollution does not
represent a major health problem. However, it is likely that clovated CO
concentrations to some extent may represent a health nsk in the vicinity of the main
roads.

There are frequent violations of the 1-h guideline for O, (100 pg/m®, SFT, 1992) in the
summer period, but very few during the winter (O, is measured only at two stations).
Generally, the ozone level is expected to be lower in the city, where there are high
NO, emissions, than in the air plume at some distance from the city, thus indicating
that violations of the Q, guidelines probably may be rather frequent 1n summer 1n the
areas affected by this plume (of course, the population density 1s lower there).

Estimates of health effects in Budapest

Based on concentration data for 1992 and 1993 in inner Budapest, wc have made
estimates of possible excess prevalence of some health effects due to air pollution.
Central estimates and Standard Deviation (8D) were calculated using the outcomes of
stochastic simulations (see below).

The annual average of PM,, in inner Budapest was 69 pg/m’. Using the exposure-
response function and p, for chronic respiratory illness in children given in Table 1, an
cstimated excess prevalence of 0.14 (SD=0.11), is obtained, i.¢ an additional 14% of
the chiidren is affected. The very large uncertainties in this estimate may be illustrated
by doing a stochastic (Monte Carlo) simulation. Random numbers are drawn from the
uncertainty digtributions of p and p, (normal distnibutions arc presupposed). The
resulting frequency distribution is shown in Fig. 3 (the skewness is due 1o the non-
linear dose-response function). For instance, the simulation indicates a 76%
probability that the excess prevalence is between (0% and 20%, and a 37% probability
that it is between 4% and 12% of the children. Fig. 4 shows a corresponding
simulation for chronic respiratory illness in adults. The estimated excess prevalence 15
0.019 (5D=0.006), i.e. 1.9% of the adults. The simulation indicates an 60%
probability that the excess prevalence is between 1.5% and 2.5% of the adults.

A preliminary risk assessment based on expert judgements of prevalence of mild or
moderate lung lesion in children (assurned to be an appropriate indicator of potential
chronic lung injury) indicates that the prevalence associated with a seasonal average
of ozone of 47 pg/m’ (average level in inner Budapest in summer) 1s 0.13 { 93% CI,
0.07 - 0.19) (McKee and Rodniguez, 1993, see also tab.1).

To llustrate the magnitude of excess prevalence of acute respiratory symptoms, we
used the daily concentration levels (in 1993) at a typical inner Budapest measunng
station (annual average of PM,;: 67 ug/m’). 10 000 drawings were made for the
regression coefficient and the baseline prevalence, p, for children and adults,
respectively. These were combined with the known concentration levels for each day.
Hence, we obtained a probability distnibution of the total anrual response for the two
age groups. The estimated average annual excess symptom-days per child due to air
pollution was 10.6 (SD=3.8). Using the annual average concentration and the
adjustment procedure descnibed n Section 4, gave 10.1 excess symptom-days per
child, indicating that the approximation 1s quite good. Figure 5 shows the result of the
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stochastic simulation. For instance, there is a 71% probability that the number of
annual cxcess symptom-days per child is between 6 and 14.

Figure 6 shows the result of a corresponding simulation for respiratory symptoms in
adults. The estimated annual excess symptom-days per adult was 2.2 (SD=0.7). Using
the annual average concentration and the adjustment procedure, gave 2.0 excess
sympiom-days per adult.

The basis for cstablishing exposure-response function for air pollution and mortality is
more firm than for other air pollution health effects. Quantitatively sitnilar estimates
for the effect of particles on mortality have been reported over a large range of
concentrations, in a variety of communities, with varying mixtures of pollutants and
different climatology (see Aunan, 1996).

Using the same inner Budapest measuring station we estimated the annual exccss
number of deaths per 100.000 in persons older than 65 y and younger than 65 v,
respectively. By using the day to day concentrations in a stochastic simulation we
amved at a mean number of excess deaths in the older population of 69 (SD=13), By
using the annual average concentration we arrived at 71 excess deaths. The results of a
stochastic simulation is shown in Fig. 7. For instance, there is 2 ca. 74% probability
that the number 1s between 50 and 80,

The vulnerability in persons <65 y of age is significantly Jower than in the older
group. The cstimated average annual excess deaths per 100.000 in the inner Budapest
arca 1s ca. 10 (8D=2). The uncertaintics in this estimatc are illustrated in Fig. 8.

Chronic respiratory syretoms in children
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I1g. 3. Frequency distribution of estimates of excess prevalence of chronic respiratory
symptoms in children in inner Budapest.
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Chroeic respiratary illness in aduits
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Fig. 4. Frequency distribution of estimates of excess prevalence of chronic respiratory

svmptoms in adults in inner Budapest.
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Fig. 5. Frequency distribution of estimates of excess annual number of symprom-days

per child in inner Budapest.




Acute respiratory symptoms in adults

Re. freq. (%)

Annual gxeess symptom-days per adult

Fig. 6. Frequency distribution of estimates of excess annual number of symptom-days
per adult in inner Budapest.
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Fig. 8. Frequency distribution of estimates of excess annual deaths of persons < 65 y
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