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INTRODUCTION

The European project 2-FUN (Full-chain and UNcatiaiapproaches for assessing health
risks in FUture eNvironmental scenarios) must ptewnethods and tools for the assessment
of health risks generated by environmental stressespecially chemical substances. The 2-
FUN’s developments will contribute to the "toolbokuilt by complementary projects (in
particular HEIMSTA) and aiming at allowing integedtfull-chain assessments.

2FUN project focuses on the following four issues:

- Construction of long term environmental and so@or®mic scenarios;

- Evaluation of the exposure profiles and toxic éfan multi-stress contexts (mixtures of
chemical stressors);

- Assessment of the exposure and health effectaaitse individuals, especially children;

- Establishment of margins of uncertainty and analydesensitivity.

This will result primarily in the development, thére implementation, of mechanistic models
simulating the transfer of pollutants in the enmimeent ¢f. 2-FUN’s WP2) and the human
organism ¢f. 2-FUN’s WP3), in order to provide answers in teoirisks of pathologies.
Besides, 2-FUN’s WP1 develops methods helping ¢imstcuction of scenarios: (i) ranking of
relevant scenarios to be investigated in priorityoilgh multi-criteria approaches; (ii)
improvement of input data treatment (e.g. valudevibeéhe limit of detection, outliers); (iii)
downscaling methods to generate local scenario fimimal input data.

These tools will be tested in three case studidschwwere selected according to the

following criteria covering:

» covering different sectorial and environmental giek (e.g. Water Framework Directive,
Soil Framework Directive, Climate Change policies);

» covering different stressors sources and typologyg.( metals, pesticides, PAHS,
particles);

» covering different spatial and temporal scalesviaié for future cost-benefit analysis.

Two other major criteria were also considered li@r $election of case studies:

» the availability of datasets (regarding emissiodsstribution of stressors in the
environment, environmental and health monitoringwoeks) that can be used for
initiating the case study as well as to validatmsantermediate results.¢. accumulation
of pollutants in environmental compartments ardnuman body);

» the existence of previous risk assessments, pegfibancording to current methodologies.
Such previous studies can give a ‘background’ leveisk assessment methodologies and
will allow to measuring the improvements allowedtbg 2-FUN approach.

Three case studies were selected to cover a widgge raf situations:

1. Evolution of air pollutants and thermal stress antBgal and implications for future health
risk scenarios;

2. Health risk assessment at a river watershed sBaled River — France);

3. Land management in a heavy industry region (Upflesi@ Region — Poland).

Because the investigated regions can be contardingtea wide range of stressors, a pre-
selection of substances that should be studiedianity was established during the 2-FUN’s
first annual meeting. This selection was basedogetcriteria:

* the investigated substances must be of interest for the European policies related to human
health risks. An analysis of relevant policies at the regional (e.g. Agreements for the
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management of a specific watershed, like the Danube or Rhine watersheds'), European
(Water Framework Directive (WEFD), Soil Framework Directive) and international levels (e.g.
OSPAR convention®) allowed to list the priority substances of interest (cf detailed analysis
provided in D 2.3)

during the first year of the 2-FUN project, the WPs in charge of the development of
assessment tools (exposure multi-media models simulating the transfer of substances to
environmental compartments of concern for man, and pharmacokinetic models (PBPK)
simulating the distribution of chemicals in human body) converged towards an objective of
chaining these tools. Taking into account the advance of their work, it is now possible to
define certain pollutants for which this coupling is accessible in a realistic way over the three
years to come;

the choice of substances of concern was established in such a way to cover a wide range of
chemical ‘families’ (i.e. metals, lipophilic non polar organics (e.g. PAHs), Volatile Organic
Compounds (VOC, like BTEX), polar compounds (like some pharmaceuticals)) in order to
demonstrate the capability of the 2-FUN tools to conduct homogeneous assessments for
various chemicals.

Crossing these three criteria, it was proposedotud the case studies on the following
pollutants:

= 3 metals: lead ; cadmium ; arsenic ;

= 2 PAHSs (representing the ‘neutral hydrophobic’ figmibenzo(a)pyrene, (BaP);

benzo(a)antracene (BaA) and/or dibenzo(a,h)anteai@ahA);

= 1 pesticide: Atrazine ;

= one pharmaceutical substance (representing thiséble’ family).

= Benzene

= Particulate matter (PM10) and ozone

= Heat-stress (as a physical agent)

The first stage of WP4 was to collegisting datasets for initiating CSs, for testing intermediate
prototypes of the methods and models provided by the other WPs, and for validating
intermediate results. Partners in charge of the CS gathered all the input information that are
needed for initiating the risk assessment process (z¢. emission datasets and/or population data
and/or contamination levels datasets and/or meteorological datasets and/or ‘upstream’ models
outputs, etc) and that can be further used for validating some step of the assessment (eg
concentrations data of pollutants in the environment, biomonitoring studies). This report
describes in detail the datasets thus collected for each of the CSs.

! Danube River Protection Convention (DRPC), Intermetic€ommission for the Protection of Rhine (ICPR)
2 International convention for the protection of marsystems
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1.CASE STUDY 1: EVOLUTION OF AIR POLLUTANTS AND
THERMAL STRESS IN PORTUGAL AND IMPLICATIONS FOR
FUTURE HEALTH RISK

)

1.1 Data Sources

In this case study present (2000-2004) and futesdtih impacts from ambient pollutants and
thermal stress will be assessed using the 2FUNbmolas well as the epidemiology methods
developed in the PHEWE and EUROHEAT projects. Futtiimate and socio-economic data
generated in WP1 will be used to assess the faeaéh impacts.

In order to test the full potential of the downgtgltool developed in WP1, in this case study,
we will focus on health impacts in Lisbon. As Lisbleas never been included in previous EU
research projects that addressed health and &utipal (i.e. ExternE, APHEIS, PHEWE, etc.)
or heat-stress (EUROHEAT) the results from thisecamidy will be of obvious scientific
value.

Six datasets required to conduct this case stugly ar
Observed demographics

Future demographics

Mortality data

Observed climate

Future climate data

Ambiant air polluant concentrations

oA WNE

Datasets 2 (future demographics) and 5 (futureatknwill be produced in task 1.2 within
the 2FUN project and will be available to WP4 agnfrM25. Data from the remaining
databases have been collected and are discustes document.

All demographic data was obtained from the NatioB#htistics Institute. This data is
publically available from their website (www.ine).pt

Observed annual and monthly mortality for Portugat obtained from the Health Ministry,

while the daily mortality data for Lisbon for thenod 2000-2004 from the National Statistics
Institute. The monthly data was publicly available the Ministry of Health annual reports.

On the other hand, daily mortality data is not pedlly available. It was obtained as a result
of a formal request to the National Statistics €¥fiThe daily mortality data obtained can
only be used for the research goals describedsmélquest.

Parallel to the mortality data, an attempt to abtdaily hospital emergency visits data was
unsuccessful because this data is not in electfonimat and assess to all Lisbon hospitals
paper patient records was not possible for confidiy reasons. Nevertheless, data form
previous research projects that use only one halgpata indicate that more than one third of
all daily hospital emergency visits in children pitals are due to respiratory complaints.

General indicators of the observed climate for iRyat were obtained from the Portuguese
Weather Institute. This data is freely availablanirtheir website (www.meteo.pt). Daily time
series data is not freely available from the Weathstitute, hence they were obtained from
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the European Climate Assessment & Dataset (httpcKami.nl) and the Portuguese Water
Institute (http://snirh.pt/).

Ambient air pollution data was obtained from thatBguese Environmental Agency. This
data is publically available from their website (wwambiente.pt). Hourly data is obtained
which then needs to be processed into daily andimhowalues and checked for quality. The
air pollution network in the Lisbon Metropolitan éa consists of 24 monitoring stations
(figure 1). In this study we used data from staidrelonging to the area above the Tagus
Delta (AML Norte) which geographical correspondsite district of Lisbon.

.......

Uy

Figure 1 — Lisbon Air quality monitoring station

1.2 Summary of Data Collected

1.2.1 Demographics

During 2000-2004, Portugal had an average populaifal0.4 million of which 15.8% were
below the age of 15 and 16.7% above the age oA85most job opportunities are located
along the coastal urban areas, the percentagedeflyelpopulation increases towards the
interior. The average birth, mortality, and infanortality rates (%.) during the same period
were 11, 10.2, and 4.8 respectively. Althoughenity infant mortality in Portugal is on par
with the EU average, it has improved significarahd constantly over the past decades, from
rates of 70%o in the 1960s, to 40%. in the 1970s, lA%he 1980s and 8%o in the 1990s. The
number of expected life years at birth has increasmtinuously over the past decade. In
2004, the expected life years at birth is estim&belde 77.8 years (74.5 years for males and

81.0 years for females).
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The percentage of public spending on health inugaitfor 2000-2004, fluctuated from 6.7%
to 7.2 %. Total (public and private) health spegdianged from 9.3% to 10% in relation to
the GDP. It has one of the highest total healtmdjmg in the EU when compared to the
national GDP. Consequently, it has a low adaptie@acity potential in the case of
unexpected health impacts.

The case study area of Lisbon is composed of 9 empatities which collectively are grouped
into what is termed “Grande Lisboa”. This area jgpraximately identical to one of the
Portuguese agglomerations, defined according teriteria of the EU Directive 1999/30/CE.
The area and resident population of each locatid®00D1 is listed in Table 1.

The average population in “Grande Lisboa” durin@@2@004 was approximately 2 million,
with about 15.3% of the population below the agelbfand 16.9% above 65 years. The
average birth rate (11.4%o) in this region is abtive national average, while the average
mortality (9.3%o0) and infant mortality (3.8%0) arelbe the national average.

Table 1 — Municipalities of district of Lisbon, area and resident population

Area 2001 Resident population
Municipalities (km2) 2001
Grande Lisbhoa 1084 1.947.261
Amadora 23,8 175.872
Cascais 97,3 170.683
Lisboa 84,6 564.657
Loures 167,9 199.059
Mafra 256,1 54.358
Odivelas 26,6 133.847
Oeiras 45,8 162.128
Sintra 319,5 363.749
Vila Franca de Xira 318,5 122.908

Lisbon is the capital and largest city of Portudaille to its economic output, standard of

living and market size, Grande Lisboa is considehedsecond most important financial and

economic center of the Iberian Peninsula. Theoregroduces 45% of the Portuguese GDP.
It is also the political centre of the country,s&sat of government and residence of the Head
of State.

Lisbon’s public transport network is consideraldy-feaching and has its Metro as its main
artery, connecting the city centre with the upped aastern districts, and now reaching the
suburbs. Bus, funicular, tram, and train serviaasstitute the secondary network. The city is
connected to the far side of the Tagus River by wdges. Lisbon International Airport is
located within the city limits. It is estimated ththere are 2.3 million trips realized to and
from Lisbon daily. The correspondent modal shiftesistituted by 49% of trips by collective
transport, 35% by private vehicle and 11% pedestrips.
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1.2.2 Mortality Dataset

1.2.2.1 Annual mortality data

Similar to other EU countries, the main causesed#thl in Portugal are from cardiovascular
diseases and tumors. In 2004, the main causesatiisievere from: cardiovascular diseases
(36%), tumors (22%), respiratory diseases (8.5%),external causes (5%).

Data from 2000 indicate that in the adult populattbe most common type of malignant
tumor cases are: Colon and rectal cancers (16%Y®adBrcancer (12%), Stomach cancer
(10%), Lung cancer (8.5%) and Prostrate (8%). Afyarh breast cancer, these cancer types
affect males more than females. For the populagmoup 0-14 years, the most common
malignant tumor cases are: cancers of the cergrabas system (23%), leukemia (21%), and
Hodgkin’s lymphoma (7%).

1.2.2.2 Daily mortality data

Daily mortality data was grouped by cause of deate and sex. Cause of death was
classified based on the ICD-9 and ICD-10 codes.aDaas grouped into the following
classifications:

* All causes (ICD-9 codes < 800 or ICO-10 codes AG®R

» Cardiovascular diseases (ICD-9 codes 390-459 or1CGDodes 100-199)

» Respiratory diseases (ICD-9 codes 460-519 or IC@et@s JO0-J98).

The data obtained was of excellent quality withdada gaps during the entire period. This
time series is summarized in figures 2 and 3. THagsincrease in mortality in the summer of
2003 is evident in figure 2. Table 2 lists a summaf the mortality values for the study
period.
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Figure 2 — Daily deaths (all causes) in Lishon Figure 3— Daily cardiovascular and

during 2000-2004. Red line is a 10 day| respiratory deaths in Lisbon. Black lines are
running average. 10 day running average. 1
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Table 2 — Summary of daily mortality cases in Lisbn, 2000-2004

Number of cases Causes of Death
All causes Cardiac Circulatory Respiratory

Average 58 12 2.1 4.8
Maximum 108 31 9 23
25" Percentile 50 9 1 3
50" Percentile 56 12 2 4
75" Percentile 65 15 3 6

Sex (%)
Male 51.1 47.1 39.4 53.8
Female 48.9 52.9 60.6 46.2

1.2.3 Climate Dataset

Mainland Portugal has a mild Mediterranean climatach is strongly influenced by the
Atlantic Ocean. The mean annual air temperaturegbe@tween 7C in the inner highlands of
the central region to 28 in the southern coastal area. Mean annual ptatigi is slightly
above 900 mm with much spatial variability. In therthwest mountains the mean annual
precipitation is above 3 000mm while in the soushedentejo it is approximately 500mm.
Figure 4 shows the mean monthly temperatures aedtation for selected locations in
Portugal.

The SIAM project (http://www.siam.fc.ul.pt/) ressiliclearly showed that the climate in
Portugal has changed over the past century. Duli6gl-2000, the mean annual air
temperature in Portugal shows an increasing trendesthe 1970s with an increase of
0.47C/decade in the maximum temperature and an increfa@et8C/decade during 1975-
2000. For Lisbon from 1975-2000, there was an msgeof 0.54C/decade and 0.28/decade
for annual mean minimum and maximum temperaturepeively. Relative humidity in
Lisbon during 1940-2002 increased at a rate of idegade attaining the highest recorded
values in 2002.

The same project also showed that there were gigntfchanges in the climatic indices used
to describe extreme events. For example, duringgb-P®D2, the number of nights with
temperatures above %D (called tropical nights) increased at a rate & dights/decade.
Similarly, the number of days with temperaturesvab25C (called summer days), increased
at a rate of 3.9 days/decade. During this periedetinas also being a significant reduction in
total annual precipitation associated with moreydient precipitation extreme events (both
drought and flooding) in Lisbon.

Figures 5 and 6 show the temperature and precguitamhonthly means for Lisbon during
1971-2000. The annual maximum mean temperaturagltiis period was 20’6 while the
minimum mean temperature was P81 For the same period, the absolute maximum
temperature recorded in heat-wave of 1981 was’@1Buring the entire period, the absolute
minimum temperature recorded was°G.4
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1.25 Observed daily weather

Daily and hourly data was obtained from 3 statiomd.isbon during 2000-2004 for the
following variables: temperature, dew point, wingked, precipitation, and relative humidity.
This data was of good quality. Time-series plotssimme of these variables are presented in
figures 7-10.

During this period, the average daily temperatums vt ?C and the average maximum
temperature 21°8. The absolute maximum daily temperature was°@3.6ecorded during
the 2003 heat-wave. Daily maximum temperatur® 58", 90", and 95' percentiles of AT,
26°C, 30°C, and 32C were recorded for 2000-2004.

The average daily dew point in Lisbon (2000-2004swi1.8C and the average daily
maximum 22C. For the same period, the average daily winédpeas 15.5 km/hr indicative
of a gentle breeze, while the daily maximum avenags 43.1 km/hr indicative of a strong
breeze.
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Figure 7 — Daily mean temperature in Lishéigure 8 — Daily maximum temperature in Lishon
(2000-2004). The red line is a 10 day runni(8P00-2004). The red line is a 10 day running
average. average.
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1.25 Ambient Air Pollutants

The main source of air pollution in Lisbon is urbtnaffic. The road transport sector
contributes with both vehicle exhaust particles sduspension of road dust (mineral dust of
street surface and abrasion of tires, brakes aaddhd surface). Due to it's geographical
location, dust particles from the Sahara also dmutie significantly (on average two thirds) to
the PM10 levels in Portugal.

1.2.5.1PM10

Data from nine monitoring stations are availablezeFare background stations (Olivais,
Loures, Reboleira, Mem-Martins and Quinta do Masjuand four traffic stations
(Entrecampos, Av. Liberdade, Odivelas and Casca@)all nine stations the data is of good
guality with efficacy of measurements above 75%uFes 11 and 12 are time series plots of
this data.

For the background stations the annual averagengl2D00-2004 was 3&/m° and the
maximum daily 192ug/m®. Results for the traffic stations were signifitgrhigher than
background. No obvious seasonal pattern is notieeab

PM2.5 is measured at the Entrecampos (trafficatatnd in the Olivais monitoring stations
(background station) since 2002 and 2004 respégtiResults are of good quality and above
80% efficacy. During 2002-2004, the annual PM2.fueaat the Entrecampos station was
21.31g/m’ and the annual average for 2004 at the Olivaisostatas 15.41g/m°. The average
PM2.5/PM10 ratio was 0.52.
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Figure 11 - Daily PM10 for background stationsfigure 12 — PM10 Annual average in differ
Lisbon (2000-2004) station types in Lisbon.
1.2.5.2 Ozone

Data available is from 8 background stations (Qd¢ivdBeato, Restelo, Loures, Alragide,
Reboleira, Mem-Martins and Quinta do Marques) amel taffic station (Entrecampos). This
data is of good quality with efficacy of measuretsesibove 75% in all stations. Only data
from the background stations was used. The timesséor this data is summarized in figures
13 and 14. These figures show the clear seasont@rpadf this pollutant as well as the
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increased levels in 2003 which are probably dué tie summer 2003 heatwave and related

wildfires.

During 2000-2004, the ozone 1 hour average wag/@f and reached a maximum value of

226ug/m°. For the same time period, the ozone 8 hour aeefrags 6jig/m® and the

maximum 16&g/nr.
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Figure 13 — Daily ambient ozonEigure 14 — Ambient ozone annual avergge
concentrations at background stations |viues in background stations in Lisbon
Lisbon

1.2.5.3Benzene

Benzene is monitored in two stations in Lisbon nigmehe stations of Entrecampos and
Beato. The available data is summarized in Tabld8e data from both stations is however
of poor quality with measurement efficacies beldWo/

Table 3 — Summary of ambient benzene concentrations Lisbon

Station/Year Type Efficacy (%) Annual average{m’)
Entrecampos Traffic
2003 63 2
2004 67 1
2005 56 15
Beato Background
2003 61 0,8
2004 58 0,4
2005 32 0,8
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2. CASE STUDY 2: MANAGEMENT OF A RIVER WATERSHED IN
FRANCE

2.1 Data sources

2.1.1 Seine-Normandy Water Management Agency
The Seine Normandy Water Agency (SNWA) is a puiplmivned establishment. Its mission
is to preserve the water resources, monitor waystems, stimulate the reduction of
pollutions, and restore the aquatic environmentertl (e.g. industry) which are responsible
for pollutant releases into aquatic bodies must tpags to the Agency; these taxes are then
redistributed to fund actions, projects and studiae to improve the quality of water bodies.
The Agency missions are planned by a multi-annuagiam elaborated by various actors
(e.g. consumers, industry, State representatives).
Among its missions, the SNWA is responsible fordlesign of monitoring networks covering
all the rivers of the watershed. The databasetregutom the monitoring network constitutes
an unique source of data because of its spatiatrage, and because a wide range of
substances were investigated over long-term periods
Recently, the SNWA financially contributed to 3easch programs, that could complete the
database, especially for some emerging substamdes materials not routinely monitored by
the SNWA :

= Piren-Seine interdisciplinary research program on the enwment of the Seine

watershed (see 3.1.2) ;
= Seine-Aval Program research program focused on the Seine estuary;
= Europol’Agro : program for the valorization of the agro-resosrocethe Champagne-
Ardenne area.

2.1.2 GISPiren Seine Program

The Piren-Seine research program was created &foyears ago. The PIREN-Seine is a
network of research institutes (e@NRS, ENSMP, INRA, CEMAGREF, CEREVE) aiming at
developing an overall vision of the Seine waterséstem, including: (i) the monitoring of
agricultural, industrial and urban pollutant sosrtcéii) the inventory of classical and
emerging pollutants levels in air, surface watgrsundwater and soils; (iii) modeling work
simulating the transfer of pollutants among theowss components of the watershed system;
(iv) socio-economic retrospective and prospectioeks in relation with the quality of waters.

Various models were developed by the PIREN-Seimgram and allow the simulation of
ecological and biochemical variations in the hydystem, from the streams to the estuarine
limit.

The Piren-Seine program developed its own datab&meshe capitalization of datasets
collected by its various actors. Some of thesebdesta are based on ‘easy-to-use’ interfaces
and can be a source of data in the frame of theeS®ise study.

2.1.3 GIP Seine Aval (Seine-Downstream)

The Seine Aval program is a research program aeat£995 and is focused on the estuarine
and coastal continuum of the Seine river. It isdtired around 3 main axes :

1. observation systems;

2. remediation and restoration ;

3. health and environmental risks.
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The program aims also at developing decision-mataots for the future management of the
estuarine and coastal Seine area.

The Seine-Aval Program is organized on two pillars

- a scientific pillar carrying out research projeftis a better understanding of
the estuarine ecosystem and its interactions withrapogenic activities. It is
coordinated by a Scientific Committee and gathexiedut 160 scientists who
have worked on the Seine estuary for more tharehdsy

- an operational pillar which carrying out valorizati and transfer actions
towards end users. It is coordinated by the teehmeam of the GIP (Grouping
of Public Interest) which associates many spe@édliechnical organizations.

2.2 Presentation of data collected on the SNWA's tebase

2.2.1 Contactswith the main actors

The SNWA's database contains chemical analyses mveger and groundwater of the
watershed.

The monitoring network allowing the collection ddtd in waters, called ‘Watershed National
Network’, as well the ‘network of subsoil water&MBO), are funded by the SNWA and the
Environment Ministry. The data are available sidi®¥1 for surface waters and 1997 for
subsoil waters. Measured parameters are used headydhe quality of aquatic environments
and their evolution. In addition to the ‘traditidh@hysicochemical parameters (dissolved
oxygen, nitrates, phosphates...), measuremensstitges, toxics, metals and hydro-biologic
indices are accessible. It must be noted thaivti@e of these data are public and accessible
via SNWA Internet site.

However, these networks did not completely satisé/objectives and criteria required for the
implementation of the WFD. Consequently, a new oeétwcalled ‘WFD network’, was
recently designed. For each monitoring stationingake point was defined: (i) in the middle
of the principal channel for raw water; (ii) in tiseirface layer (first centimetres) of the
delivery points for sediments. Water and/or sedisemill be measured according to the
following criteria: (i) only water if log K, < 3; (ii) water and sediments if3log Koy < 5;

(i) only sediments if log K, = 5. For measurements of organics carried out oenveaw
water will be considered, except for non-volatikganic substances and high SPM loads,
(dissolved and particulate concentrations will iniguished in this latter case). For metals,
only the dissolved concentration is measured (4bcut-off and mineralization). It should
be noted that some ‘old’ monitoring stations, falem in historical networks, were also
included in this new network, thus allowing theadatquisition on long-term periods.

The ‘Seine Aval’ and the ‘Piren-Seine’ researchgpams also expressed their interest for the
2-FUN project study. Even if the data collectedtl®se programs are more recent, but
certainly more frequent in some stations, they @@ulpplement the SNWA's data. Besides,
‘socio-economic’ research activities conductedniase programs could help the definition of
exposure scenarias

% A meeting aiming at defining the possible collatimms and exchange of data will be organized 2008.
Date: 10/10/08
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2.2.2 Examplesof data

To illustrate the ‘format’ of data that could betraxted from the SNWA's database, some
examples are given below. Stations included inrdoent ‘WFD network’ were preferred to
guarantee that the 2-FUN’s tools can be used anatdlected over a long term periods.

It must however be noted that pharmaceuticals Zemhisubstances) are not routinely
monitored in this networks.

Three contrasted stations are presented heretidgfaccording to the pollutant sources (e.g.
not submitted to urban discharges vs submittedht Raris megacity discharges), the
agricultural coverage and the population densitye Tollowing maps present the situation of

these three regions.

Station “upstream — basin” : the station of Méry sur Seineis not submitted to significant
urban or industrial influences :
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Station “downstream town of Paris” : the station ofCarrieres sous Poissyis situated
downstream of the Paris megacity and is particulatbmitted to discharges from the
Acheres waste treatment plant (one of the biggetstd world):
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Station “downstream — basin”: the stationd’Amfreville sous les Montsis situated just
before the transition zone towards the Seine es{iarses dam). Located downstream of the
Rouen city, this station is submitted to a strortgan and industrial influence.
LA - -
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The selected stations belong to the new ‘WFD nédtinard will thus be regularly followed in
the future. These stations were also monitoredhénftame of the ‘old’ networks previously
described and log term series are thus available.

The following table presents the materials monddi@ each of the substance of concern in
the future ‘WFD network’.
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Substance Family N° Chemical Code Most relevant | Percentage of
Abstract SANDRE support sites indicated
Services in the WFD
network
Arsenic and minerals Metals 7440-38-2 1369 Eau - 25%
compounds Sédiments
Atrazine Pesticides 1912-24-9 1107 Eau 100%
Benzo(a)pyrene PAH 50-32-8 1115 Sédiment 100%
Benzo(a)anthracene PAH 56-55-3 1082 Sédiment 25%
Cadmium Metals 7440-43-9 1388 Eau - 100%
Sédiments
Dibenzo(ah)anthraceng HAP 53-70-3 1621 Sédiments 25%
Lead Metals 7439-92-1 1382 Eau - 100%
Sédiments

In the following tables, some examples are presetdeillustrate the kind of information
(format, periods, frequency, support of measuremant, related information...) that can be
extracted from the SNWA's database. Data were etedafor the Amfreville sous les Monts.

Lead at Amfreville sous les Monts (« Poses »)

Number of values
. . Number of values| noted " < with the Years without
Unit Period -
over the period threshold of values
detection "
Concentration in ug/l 1990-2007 208 7 1993-1994
dissolved of water
ion i 1991
Concesngl\j“on in mglkg 1990-2007 279 0
1993-1994
Concentration in mg/kg 1985-2007 28 0 1995
sediments
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Concentration in the aqueous phase (ug/l)
w

0
11/08/87 07/05/90 31/01/93 28/10/95 24/07/98 19/04/01 14/01/04 10/10/06 06/07/09

¢ Ponctual value (ng/l) m Value below LOD (ug/l)

Figure 1. Lead in dissolved water
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Figure2: Leadin SPM
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Concentration in the sediments (mg/kg)
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Figure 3: Lead in sediments

Atrazine at Amfreville sous les Monts (« Poses »)

Number of values

Number of values
noted " < with the

Years without

Unit Period over the period threshold of values
detection "
Concentration in g/l 1996-2007 193 68 /

raw water
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Figure4: Atrazinein raw river water

Benzo(a)pyrene at Amfreville sous les Monts (« Poses »)

Number of values
. . Number of values| noted " < with the Years without
Unit Period .
over the period threshold of values
detection "
Concentration in
raw water g/l 2007 12 4 /
Concentration in
the sediments mg/kg 1991-2007 14 1 1995
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Figure5: BaP in raw water
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Figure 6 : BaP in sediments
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STUDY 3: LAND MANAGEMENT IN A HEAVY INDUSTRY

3.1 Sources of environmental and biomonitoring data

Case study data contain environmental and biolbgnmaitoring results (lead, cadmium and
polycyclic aromatic hydrocarbons) from Upper Sie#tegion, the most industrialised and
urbanised region in Poland. Case study includesigihga and unpublished data from 1990 to
2008.

Environmental data were selected according to thmiportance for interpretation of
biomonitoring data. The Upper Silesia Region isered by regular monitoring system of
environmental pollutants which is a part of naticaev monitoring networks carried by
governmental agencies. The information about pafiutoncentrations in Poland has been
primarily developed on the basis of analyses o& aatllected and processed at a national
level. There are two kinds of network:

1. national network of base stations (also calledithge network), subordinated to the

State Inspectorate for Environmental Protectio®§]

2. the network subordinated to the State Sanitaryectspate (PIS).
Long-term results of monitoring indicate a veryosty differentiation of concentrations of the
above-mentioned environmental contaminants. Thet mm#aminated part of the Region is
its central part in which the majority of industr@ants are located and road density is the
highest.
The described part of biological monitoring wastetl to determination of children exposure
to Pb, Cd and PAHs. The majority of these invesitiga took place in the vicinity of Pb-Zn
mining and smelting plants. The investigation wemeried out by research centres as well as
by non-governmental organisations like FoundatmmSafety of Silesian Children. The total
number of investigated children amounted to 20.0@@d blood level was the most frequent
parameter determining children exposure. Investigatincluded pre-school (age 2 to 6) and
school children (7 to 15) of both sexes. The mgjaf studies concern the centres of Pb-Zn
ores mining and smelting plants: MiastecZaskie, PiekarySlaskie, Bukowno, Bytom,
Katowice, Chorzéw. In a few studies statistical retation was found. The scientists
correlated levels of pollutants or their metabslite blood, hair, urine with different factors
like age, sex, socio-economic status and eatinghamhe-grown vegetables. In some
biomonitoring investigations authors presented tiohiresults of environmental monitoring
(pollutant), and did not calculate correlationsnmsn results of both kind of data.

3.2 Brief description of available data for the subtances of concern

3.2.1 Lead in the environment

Air

The lowest value of arithmetic mean was detectdteroutskirts of the Upper Silesia Region
(0.049 ug/m°). The highest value was detected in Bukowno, whseZn ore mining and
smelting complex is located (0.88)/m?). Due to dramatically diminishing dust emission
since 1990s the values have systematically wentnddtvshould be mentioned that the
number of studies concerning environmental contation have also strongly decreased
(Chtopicka et al, 1998 B; Bubak, 1998; Osman etl@Bb8; Zejda et al, 1998; Kulka et al,
2003).
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Soil

Lead concentration in industrial soil samples [na@y/lcollected in the towns located in the
central part of the region, varied in a very braashge, even in contaminated areas.
Arithmetic mean and range of lead concentratiorrural soil samples [mg/kg] (in the
outskirts of the Upper Silesia Region) were mucldo than in samples collected in the
central part of the region (Chtopecka, 1996; Veetal, 1996; Chiopicka et al, 1998 B; Zejda
et al, 1998; Ullrich et al 1999; Kulka et al, 20A0Kulka et al, 2000 B; Kulka, 2001; Kulka
et al, 2003; Loska et al, 2004; Baranowska et @052 Kulka & Krajewska, 2007). Some
examples are provided in the following Table.

Location Type of sall Number of samplds  Arithmetic mémg.kg?) | Range (mg.kd)
Bukowno Industrial soil 137 42 to 3570
PiekarySlaskie Industrial soil 16 455.8 64.2 to 1546
Bytom Industrial soll 122 627.0 69 to 5260
PiekarySlaskie Industrial soil 20 894.9 97.2 to 9301
Katowice Szopienice Industrial soll 14 740.7 115.8987.7
Suszec Rural soil 1228 39.8 17.810212.9

3.2.2 Lead in biomonitoring samples

Blood

As a consequence of high lead content in diffeemtironmental compartments, a lot of
studies were focused on human health. The biolbgiocaitoring results (e.g. lead blood level
PbB) showed high exposure to lead, especially anebrigren. The studies were carried out
mainly in the vicinity of Pb-Zn ores mining and dtirey plants The Pb levels in children
blood exceeded (even several times) the referesloe wf Pb in blood.

Blood lead level concentrations analysed until year 2000 were generally expressed as
arithmetic means (sometimes also as geometric elanthe last years, scientists reported
PbB concentrations mainly as geometric means. Cosagpaof blood lead for the whole
investigation period shows that PbB concentratiomsre systematically diminishing
(Dutkiewicz et al, 1993; Norska-Borowka Sliwa, 1994; Osman et al, 1994; Skiba, 1995,
Zejda et al, 1995; Zejda et al, 1996; Bursa, 1%3¥jda et al, 1997; Chiopicka et al, 1997,
Osman et al, 1998 A; Osman et al, 1998 B; Zejdd, et998; Chtopicka et al, 1998 B; Kulka,
1999; Osman et al, 1999; Kulka et al, 2003; Kul@0)4).

It is quite evident that PbB levels reported irt ksars were significantly lower than reported
in 1990 - 2000. The potential reason for that is:décreasing of pollutant emissions; (ii)
arising of ecological awareness; (iii) undertakaigreventive measures. After 2000, the PbB
levels are lower than the reference valuey@ail).

Some results of blood lead levels measured urgit 2600 and expressed as arithmetic means
[ng/dl] are reported in the following table.

Location Number of samples Arithmetic mean jig.dr) Range jig.di?)
Mystowice 31 2.98 1.5t06.3
Tarnowskie Gory 48 4.08 1.5t09.8
PiekarySlaskie 453 13.3 3.91049.5
PiekarySlaskie 575 16.8 4.4 to 50
Chorzéw 12 27.33 14.5 t0 43.6
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In case of the geometric mean Pb levatgdl] were different before and after the year 2000
until 2000:

Location Number of samplesGeometric mearyg.dl') | Range jig.drt)
Before 2000 MiasteczkBlaskie 192 14.71 5.38 to 28.3

MiasteczkaSlaskie 158 13.74 5.38 t0 26.5

PiekarySlaskie 575 15.1 4.4 to 50
After 2000 Olkusz 78 4.0 19to14.4

The results of the large-scale blood lead leveds dad surveys in pre-school urban children
living in the industrial area of Poland (KatowiceiVodship, Upper Silesian Region) were
presented. The occurrence of PbB aboveud@ll (14,2%-17,2%) was associated with the
floor on which the apartment was located, numbesildfngs, apartment's quality, presence of
a carpet in a child's room and frequent trips oletshe region. The occurrence of PbB above
15 pg/dl (2.5%-4.2%) was associated with the same blsaand, also with the place of
residence and intensity of vehicle traffic. Fromstatistical point of view, mean PbB
concentrations differ significantly between locasgboth sexes, all age groups: P=0.00002);
the effect of location is statistically significanteach sex (boys: P=0.01; girls P=0.0009); and
the age groups (both sexes, all locations: P=030Ghd in each sex (boys P=0.006; girls
P=0.01) (Zejda et al, 1997).

Seven-year study (1993-1999) assessed childreptserse to lead and associations of blood
lead levels (PbB) with season of sampling, quesage data and environmental levels of
lead. The geometric mean PbB was j6gédl, and over 13% of children had PbB >ig/dI.
There was a significant increase in the mean PUB wcreasing lead concentrations in air.
Poor housing, two or more siblings in the famibgH of recreational trips outside the region,
time the child spent outdoors and consumption ohéwgrown vegetables were associated
with elevated PbB (Jarasika et al, 2004).

Blood lead was positively correlated with haematdes0.16; p=0.048) and Pb and Cd were
significantly correlated (r=0.38, p<0.001). PbB walso correlated with family income
(r=-0.30, p=0.014, n=69). Moreover, there were mmiicant correlations between family
incomes and haematological parameters. SufficiEtay intake of iron may protect against
the absorption of both lead and cadmium in childremironmentally exposed to those metals
(Osman et al, 1998 A).

The objective of one of the studies was to inveséigthe contribution of environmental
exposures to lead in the development of cytogerddimage detected as the frequency of
micronuclei (MN) in children. Results suggest thia exposure to lead may be associated
with an increased frequency of MN; however, thduerfice of other factors (vitamins, and
minerals in the diet) cannot be excluded. Enviromigle exposure to lead resulted in
significantly increased levels of PbB, although éiverage level was much below the value of
the biological exposure limit = {@/dl. There is no significant influence of genderEd’'S
exposure on the concentration of lead in blood Kéagt al, 2007).

The hearing threshold was elevated in children waigther blood lead level. The hearing
defects stepped up with the increasing of PbB. efidgiearing defects were observed among
girls (Zejda et al, 1996; Osman et al, 1999).

Hair

Results of lead in hair (PbH) were reported in fisteidies carried out in the highly
contaminated areas of the region (Piekslnskie, Miasteczk®laskie, Chorzéw) (Zachwieja
et al, 1993; Kasznia-Kocot et al, 1996; Chitopickaak 1997; Chiopicka et al, 1998 A,
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Chtopicka et al, 1998 B). Arithmetic mean and thege of the analysed concentrating/p]

were as follows:

Location Number of samples Arithmetic mean g.gY) Range fig.g")
Bolestaw 155 3.14

Chorzéw 69 4.41 0.81 t0 15.91
MiasteczkaSlaskie 216 8.31 0.56 to 37.42
PiekarySlaskie 168 20.03

All these studies were conducted by a scientifianteand all results were very well
statistically elaborated. Hair of children living MiasteczkoSlaskie contains the elevated
amount of Pb. The level of Pb in blood and hair evdetermined in groups of children
selected after previous screening (rdfil). Blood level of Pb does not differ signifi¢dhn
among girls and boys. There was a correlation betwebB and PbH (r=0.306, p<0.0001)
(Chiopicka et al, 1997). The average levels of Rib @d in hair of boys were higher of girls
(p<0.001 for Pb and p<0.05 for Cd). The averagellef’PbB of boys was higher than that in
the blood of girls (p<0.001) (Chtopicka et al, 1998 slight correlation between Pb and Cd
(r=0.3593, p=0.002) in children hair was also obsdr(Kasznia-Kocot et al, 1996).

3.2.3 Cadmium in the environment

Air

The lowest value of arithmetic mean was detectdteroutskirts of the Upper Silesia Region
(0.0013ug/m’). The highest value of arithmetic mean amounte®]®544ug/m® was detected
in Tarnowskie Géry, with maximum of 1.073&/m’. Due to dramatically diminishing dust
emission since 1990s, the number of studies coimgeenvironmental contamination have
also strongly decreased (Sokal et al, 1995; Chikapét al, 1998 B; Kulka et al, 2003).

Based on cadmium concentrations in air, cancer fiaskhumans was estimated. For the
highest values it reached respectively 1.09%4a0d 2.15x13 (Sokal et al, 1995).

Soll

industrial soil

Cadmium concentrations in industrial soil samptag/kg], expressed as arithmetic mean and
range of cadmium concentration, which were measuréte towns located in the central part
of the region, varied in a very broad range eveoantaminated areas. Arithmetic mean and
range of cadmium concentration in rural soil sampitag/kg] (in the outskirts of the Upper
Silesia Region) were much lower than in sampletectdd in the central part of the region
(Chlopecka, 1996; Verner et al, 1996; Chiopickalel998 B; Kulka et al, 2000 A; Kulka et
al, 2000 B).

Location Type of sall Number of samplds  Arithmetic mémg.kg?) | Range (mg.kd)
Bukowno Industrial soil 137 21t073.2
PiekarySlaskie Industrial soil 20 41.66 2.46 to 507.3
Bytom Industrial soll 122 19.6 0.75 to 106
PiekarySlaskie Industrial soil 16 14.77 1.30 to 48.49
Katowice Szopienice Industrial soll 14 21.72 2.62 ta3g7
Suszec Rural soil 1228 0.8 0.2-2.07

3.2.4 Cadmium in biomonitoring samples
Blood
The number measurements related to Cd concentiiatiolood (CdB) is much lower than for
Pb (about 14 times) and they were carried out maimtil 2000 (Osman et al, 1994,
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1998 B; Kulka et al, 2003; Kulka, 2004). CdB expexs as arithmetic meansyfdl] were:

Location

Number of samples

Arithmetic mean jgg.dr)

Range ig.drY)

Chorzéw, Bytom, Sosnhowie

c 157

0.039

0.0124 to 0.326

Tarnowskie Gory 21 0.022 0.013to0 0.05
MiasteczkaSlaskie 98 0.55 0.08 t0 0.98
MiasteczkoSlaskie 60 0.48 0.13 to 0.94
Bytom 211 0.042 0.012 to 0.46

Urine

There are limited data originated only from oneadgtaoncerning cadmium level in children

urine (Jakubowski, 1995). Only geometric mean ia #tudy were presented and there are as

follows:

Location Number of samples Geometric meanug.dr?)
Zyglin 35 10.32
MiasteczkaSlaskie 84 9.78

Lasowice 105 5.4

3.2.5 Polycyclic aromatic hydrocarbons(PAHS) in the environment

Air

Three PAHs — benzo(a)pyrene (BaP), benzo(a)antta®aA) and dibenzo(a,h)antracene
(DahA) — were chosen for the 2-FUN'’s exposure fmototype. Range of arithmetic means of
these PAHs were expressed as rig/fie lowest value of arithmetic mean was deteirted
the outskirts of the Upper Silesia Region. The agjhvalues of BaP were detected in more
industrialised and urbanised cities like ZabrzetoBy, Wodzistaw, Mystowice and Chorzow.
High concentration of BaA and DahA in winter andnsoer samples were found in the
outskirts of the Upper Silesia Region (Zebrzydowiteszek) (Bodzek et al, 1993; Shska

et al 1995; Sokal et al, 1995; Bubak, 1998; 8ska et al 1999).

The lowest concentrations of selected PAHs deteictetie outskirts of the Upper Silesia
Region in winter and summer were as follows:

Season Location PAH substance Lowest PAHs concenisafimy.nT)
Winter Grzegorzowice BaP 7.12

Dabrowa Goérnicza-Ridow BaA 3.8

Grzegorzowice DahA 1.78
Summer Kidéw BaP 0.356

Dabrowa Gérnicza-Ridow | BaA 0.616

few places DahA not detected

The highest concentrations of selected PAHs wefellasvs:

Season Location PAH substance Highest PAHs concerisafing. )
Winter Mystowice BaP 173.8

Wodzistaw 206.2

Bytom 222.9

Zabrze 225.8

Olkusz BaA 68.1

Katowice 69.4

Bytom 72.2

Zebrzydowice 80.6

Dabrowa Goérnicza DahA 9.9

Mystowice 11.7

Chorzéw 13.6

Toszek 14.9
Season Location PAH substance Highest PAHs conceisathg.nt)
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Summer Mystowice BaP 98.7
Wodzistaw 119.2
Zabrze 124.9
Bytom 132.7
taziska BaA 10.9
Zebrzydowice 13.3
Bytom 16.5
Mystowice 30.4
Olkusz DahA 10.5
Zebrzydowice 18.4
taziska 23.6
Bytom 26.0

Soll

Arithmetic mean and a range of PAHs sum conceptratiere presented for industrial and
rural soil samples [mg/kg], while BaP was reportedy for industrial soil of the Upper
Silesia Region (Maliszewska-Kordybach, 1999):

Location Type of soll Substance(s) Number Afithmetic mear] Range (mg.kJ)
samples (mg.kg?)

Zabrze Industrial soil PAHs 25 7.364 0.7 to 29

Tarnowskie Gory Industrial soil | PAHs 68 1.852 0.062 2076

Zabrze Industrial soil | BaP 25 0.716 0.04to 4

Tarnowskie Gory Rural soil PAHs 52 1.92 0.064 to 12.76

3.2.6 Polycyclic aromatic hydrocarbons(PAHS) in biomonitoring samples

Urine

1-Hydroxypyrene, a major metabolite of pyrene, wiaed as a biological marker for the
measurement of human PAH exposure. The majorithettudied populations were exposed
to environmental tobacco smoke (ETS) at home. &tel lof 1-HP [nmol/l] was expressed as
median and a range of this metabolite (88ka et al 1995; Siwiska et al 1998; Siviska et

al 1999).

The lowest levels of urinary 1-hydroxypyrene wesda@lows:

Location ETS exposure Number oArithmetic  mear] Range (nmolf)
samples (nmol.r%)

Dabrowa Gérniczg yes 96 1.63 n.d. to 18.82

Dabrowa Goérnicza no 32 1.02 n.d. to 6.6

Dabrowa Gérniczg yes 82 3.21 0.711t0 18.82

Bytom yes 108 5.6 0.71t0 74.14

Sosnowiec yes 19 6.41

Sosnowiec no 11 3.66

Pilica no 66 3.66 05t017.4

Bytom no 27 4.08 0.7 to 25.8

The data showed high levels of urinary 1-HP indieih from the Silesia Region. The uptake
of PAH varied significantly among the examined arékhe urinary 1-HP concentration were
strongly influenced by indoor heating with coakfir stoves. Generally, children exposed to
ETS do not show significantly increased levels leg trinary 1-HP (Siwiska et al, 1995;
Siwinska et al, 1999).

The day-to-day variability of 1-hydroxypyrene lewvelis connected with home
microenvironment, including behavioural and dieti@agtors as well as with outdoor activities
of the children (Siwfiska et al, 1998).
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3.2.7 Health outcomes

The following health outcomes were studied as dicators of children health status and are
biological response on environmental contaminah&noglobin, hematocrit, erythrocytes,
mean corpuscular volume, mean corpuscular haemoglaoncentration, platelets,
erythrocyte zinc protoporphyrin, peak expiratioow] delta-aminolevulinic acid in urine,
hearing threshold.

Haemoglobin

The hemoglobin (Hb) level in children blood wasIgsad in 9 studies and expressed in [g/l]
(Kulka, 1999, Grabecki et al, 1993; Norska-Borovékaliwa, 1994; Skiba, 1995; Osman et
al, 1998 A; Osman et al, 1998 B; Zejda et al, 1998lka et al, 2003; Kulka, 2004). The
lowest value of arithmetic mean and range was:

72.9 n=17 range from 63.2 to 87.0 ChorZpw
The highest value of arithmetic mean and rangeasdsliows:

129.4 n=50 range from 114.0 to 148.0 Mystowice,
Hematocrit

Hematocrit (HCT) level in children blood was pretsehin 7 studies and expressed in %
(Norska-Boréwka &Sliwa, 1994; Skiba, 1995; Osman et al, 1998 A; Zejtal, 1998; Kulka
et al, 2003; Kulka, 2004). The lowest value oftarietic mean and range was:

34 n=17 range from 3 to 41 Chorzw
The highest value of arithmetic mean and range was:

39.56 n=50 range from 34.9 to 44.9 Mystowice.
Erythrocytes

The number of erythrocytes (RBC) in children blawak presented in 6 studies (Kulka, 1999,
Grabecki et al, 1993; Norska-BorowkaSSiwa, 1994; Skiba, 1995; Zejda et al, 1998; Kulka
et al, 2003; Kulka, 2004). The number of erythresyivas expressed as (xX41). The lowest
value of arithmetic mean and range was:

3.62 n=17 range from 3.15t0 4.2 ChorZpw
4.02 n=192 max 4.43 Bukowno
The highest value of arithmetic mean and range was:
4.66 n=46 range from 3.96 to 5.25 MiastecSkeskie®,
3.65 n=368 Bytorh

* The aim of the study was to assay health condaioth mental maturity of children with increaseddaldead
level above 2Qug/dl. In 12 of children, with blood lead level ove4 pg/dl, 5-day medical-prevention with the
aid of Ca Na2 EDTA was implemented. After that @ct{4 month later), blood lead level in childrenswa
measured again - it was lower. Eight from the exaahichildren showed lateralisation disorders.

® The increased absorptions of Pb were found imfathe examined groups. The highest levels of PleBew
detected in children population living in Pieka$iaskie (Pb mine and smelter plant "White Eagle")gii
biochemical changes of blood and urine were obserra there are no basis to consider them as g, earl
preclinical effects of lead

® The highest levels of PbB were detected in childpepulation living in Piekarglaskie and Miasteczko
Slaskie and there were statistically significantfetiénces between two sexes, but only in the indisareas
(industrial lead emitters). 8% of the total popiglathad more than 1fg/dl PbB, 22,5% in Piekar§laskie and
13,6% in Miasteczkélaskie, respectively. CdB results for 98 percendiigopulation were below the reference
limits, excluding two kindergarten from PiekaSaskie and Miasteczk8laskie.

"Mean PbB and SD in 9 years’ old children populatims larger than 9,8g/dl found in 32 children (8,7%) or
larger than 15ug/dl was found in 5 children (1,4%). Mean PbB irybevas statistically significant higher than
mean PbB in girls. Pb values were associated wdttergal smoking, housing conditions and apartment’s

Date: 10/10/08
Security: PP

Page: 30/36



(0 £~ erosEct
2jun

)

Mean corpuscular volume

Mean corpuscular volume (MCV) was reported in Gestigations concerning 7 areas located
in the centre of the Upper Silesia Region and &tk in the outskirts (Kulka, 1999; Skiba,
1995; Osman et al, 1998 A; Zejda et al, 1998; Kudkal, 2003; Kulka, 2004). The lowest
level of MCHC [fl] arithmetic mean with the standateviation was:

81.0 n=368 SD=3.1 Bytofhn
The highest level of MCHC [fl] arithmetic mean withe standard deviation was:
87.83 n=31 SD=3.32 Mystowice.

Mean corpuscular haemoglobin

Mean corpuscular haemoglobin concentration (MCH@3$ weported in the above-mentioned
investigations (Kulka, 1999; Skiba, 1995; Osmaalel1998 A; Zejda et al, 1998; Kulka et al,
2003; Kulka, 2004). The lowest level of MCHC [g/dlfithmetic mean with the standard
deviation was:

32.22 n=37 SD=0.68 Tarnowskie Gory,
The highest level of MCHC [g/dl] arithmetic mearthwvihe standard deviation was:
33.4 n=368 SD=1.1 Bytofn
Platelets

The number of platelets (PLT) in children blood wassented only in 4 investigations and all
of them were conducted in Bytom (Skiba, 1995; Osetaal, 1998 A; Zejda et al, 1998. The
number of platelets was expressed as 3)LThe lowest value of arithmetic mean was:

263 n=368 Bytorh
The highest value of arithmetic mean and range was:
375.39 n=112 range from 71 to 458 Bytom.

Erythrocyte zinc protoporphyrin
Erythrocyte zinc protoporphyrin (ZnPP) was deterdironly in one study (total number of
population was 492 children) (Grabecki et al, 1993)e lowest value of geometric mean of
ZnPP [ug/g Hb] with geometric standard deviatiorswa

0.96 n=195 GSD=1.38 Bukowfio
The highest value of geometric mean of ZnPP [uddy With geometric standard deviation
was:

1.39 n=169 GSD=1.76 Piekafyaskie®.

Peak expiration flow

Peak expiration flow (PEF) expressed as litre ofpa@r minute was analysed only in one
paper but 561 children (4, 5 and 6 years old) ftamminvestigated sites were tested (Kasznia-
Kocot J. & Buszman Z., 1995). The lowest PEF vabfiearithmetic mean with standard

deviation was:

54 n=31 SD=13,2 Chorzéw
The highest PEF value of arithmetic mean with stathdleviation was:
133,1 n=32 SD=27,2 Pszczyna

In all age groups and in both sexes PEF values imeegsely proportional to the degree of
atmospheric pollution. PEF in studied populatioondastrate a significant decrease if this
parameter in children coming from more pollutecharg¢PbB of children from 1976-1990).

location. Children with PbB>10ug/dl had statistically significant lower values dfie haemoglobin
concentration, haematocrit, mean corpuscular volantemean corpuscular haemoglobin.
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Delta-aminolevulinic acid in urine
Delta-aminolevulinic acid in urine (acid ALA) wasaysed only in one investigation carried

out in three different places (Grabecki et al, 199he lowest value of arithmetic mean
[mg/I] with standard deviation was:

4.7 n=168 SD=2.28 Bukowrlo
The highest value of arithmetic mean [mg/l] witarslard deviation was:
5.4 n=115 SD=2.33 Chorzéw

Hearing thresholds
Hearing thresholds for the children from Katowiceiwbdeship were determined in one

investigation in the following frequencies 0.5,21,4, 6 and 8 kHz and expressed in dB/ear
(Osman et al, 1999). The lowest value of arithmetgan was:

10.3 n=155 left ear Katowice Voivodeship,
The highest value of arithmetic mean was:
15.1 n=115 right ear Katowice Voivodeship.

The hearing thresholds increased significantly witlereasing blood lead levels at all
investigated frequencies. The audiometric resubarty indicate that auditory function in

children is impaired at blood lead concentratioarelielow 1Qug/dl.
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