Identifying challenges and opportunities to establish an exposure-dose-response triad

for Europe

R. Smolders*, G. Schoeters

VITO
Environmental Toxicology Department
Boeretang 200
2500 Mol
Belgium
Tel: 0032 14 336216
E-Mail: roel.smolders@vito.be

* Corresponding author


mailto:roel.smolders@vito.be

INTRODUGCTION ...ttt e bbbt e e sr e nr e ab e b e e nre s 2

1.1 THE EUROPEAN ENVIRONMENT & HEALTH ACTION PLAN 2004-2010......ccccceveiieeeeiiee e 2
1.2 SCOPE AND AIM OF WORK PACKAGE 3 (BASED ON ESBIO (2005)).....c.cccccieiieiirinireeeeeieeneesenies 3
1.3 A NEED FOR INTEGRATION ... uuttttitiieiiiiittrteeeeessiaistressessssaiistssssesssssisissssesssessimisssesssesssaissssessessssnssnes 4
THE EXPOSURE-DOSE-RESPONSE (EDR-) TRIAD ...coooiieii e 5
GEOGRAPHICAL ANALYSIS .ottt et et e et s e et e e e st e e e e s eatae e s sreeessrreeeean 8
3.1 INTRODUCTION INTO GIS FOR EPIDEMIOLOGICAL RESEARCH .....ovvviiiiiiiiiiiiriiieee e ssiiiriee e sisanieeeas 8
3.2 NUTS CLASSIFICATION IN EUROPE.......ctttiiiiiii ittt ettt e s st b e s e s e s s s sabbbaa e e e s s s e saaens 9
INFORMATION IN DATABASES AND REGISTERS ...t 10
41 E X P OSURE DATA ittt ettt e e e e et e it e e e e e e et bbb et et e e e e s s b b bbb e e e e e s s ea s b bbb e e e e e e s s abb b b e e e eessesabbbbseeeeeeas 10
A 1L AIE QUAIILY oottt bbbkt b e b et bbb ne e b b naen 12
o VY- (=Y o 0T 111 OSSN 19
g R T o o To o T = 11 /2SSOSR 22
S T 1| o U= SR S 35
4.1.5  Other POIULANT SOUICES.......cccviiieeieese ettt sae s re e neesaeeenrenrens 37
4.2 [0S = Y- N 38
4.3 R4 =S] 0] ST =l 0 7 TP T T 38
4.3.1 Health priorities within the European UNION ............cocviiiiininiiie e 38
4.3.2  Public health iINdIiCators fOr EUMOPE .........coiiiiiiieiiiese sttt 40
TG T OF- 1 U =Y YR o) o [=T= 11 o DT 44
R A OF- | (o1 <Y G0 F= | - TR 47
4.3.5 NeurodeVvelopmental data ..........cccceieriiiiiiiiiieece e 49
4.3.6  RESPIALOrY ISEASES.......ccviieiieieieiese ettt e st et sre et e et e testestesaeste e e eneeseeeenrenrens 50
4.3.7 ENndocring diSrUPtioN Gata..........ccvevereriiiiriiieeie st e e aesnennens 52
4.3.8 Start of life — end of life: Defining optimal data collection...........cccccocvivviviiiieciciescieine 54
PROVIDING LINKAGE AMONG THE EDR-TRIAD ......oviiiieee et 54
51 EXPOSURE-DOSE: PHYSIOLOGY-BASED PHARMACOKINETIC MODELING........cccovvvveeeeeeiiirrnneeeeennn 55
5.2 DOSE-RESPONSE: SPATIAL EPIDEMIOLOGY AND BAYESIAN STATISTICS ...ccoiiiiiiiiiiiee e siirieieeee e 56
FUTURE DEVELOPMENTS ...ttt ettt etee et e e eatae s s eataa e s s bae e s eanaessssntneessrbeneean 57
SUMMARY AND CONCLUSIONS ...ttt e e s eraee e s st e e s sreae e s ereeas 58
L ] O 62



1 INTRODUCTION

1.1 The European Environment & Health Action Plan 2004-2010

The “European Environment & Health Action Plan 2004-2010” originates from the concern
of EU citizens on the well-being of individuals and the general population. Together with
improving general public health, there are also indirect yet large benefits in terms of long-
term economic growth and sustainable development, since the indirect costs in productivity
losses due to illness or premature death may be substantially larger than the cost for direct
health care (EC, 2004a).

The Action Plan has three main themes:
1. Improving the information chain to understand the links between sources of
pollution and health effects (Action 1-4);
2. Filling the knowledge gap by strengthening research and addressing the emerging
issues on environment and health (Action 5-8);
3. Reviewing policies and improving communication (Action 9-13).

For each of these three themes, a number of actions were identified, with ESBIO itself being
a logical proceeding from Action 3 (Develop a coherent approach to biomonitoring in
Europe). It is specifically within this Action 3 that the need for integration with

environmental and health data is foreseen:

Biomonitoring is not an automatic instrument, which can be considered in isolation, but has
to be integrated with environmental monitoring, toxicological and eco-toxicological data

and especially with considerations related to analytical epidemiology. (EC, 2004b)

From this, it can be postulated that human biomonitoring (HBM) is not an island on itself,
but should be considered a stepstone between environmental and health data. In the
following, this stepstone aspect of HBM will be developed, and specific aim will be put on
the identification of opportunities and gaps to link these three levels of information, and
ways in which these data can be combined and interlinked. The final aim should be an

integrated and holistic system where HBM can on the one hand lean on environmental data



to provide detailed information on the sources and pathways of pollutants that enter the
human body, and HBM can on the other hand clarify new and existing hypotheses on the
relationship between environmental pollutants and the prevalence of diseases or the
occurrence and identification of disease clusters (Hoppin et al 2000).

1.2 Scope and aim of Work Package 3 (based on ESBIO (2005))

The idea behind Work Package 3 (WP3) in the ESBIO-project is twofold. In the first place,
WP3 focuses on establishing links between HBM, and environmental and health data. On
the other hand, WP3 should also deal with scenarios for translation of HBM results into risk
management and environmental and health policy. Although these two items are clearly

related, they will be addressed in different documents at different points in time.

The current document focuses on the establishment of guidelines for integration scenarios
and integration of HBM with environment and health monitoring, using aggregated data
sources at a European level. The possibilities of using individual environmental monitoring

data, and their link with HBM and health data, will be discussed in a subsequent document.

In the ESBIO proposal, these two objectives were identified in order to develop more
insight into this first aim of WP3:

[o Objective 3.1: Elaborate scenarios for linking biomonitoring data to available data
on environmental exposure in order to improve knowledge on relevant exposures
and exposure pathways for children health;

[o Objective 3.2: To establish scenarios for linking biomonitoring data to available
data on population health in order to improve predictability of environmental

health risks based on biomarker measurements.

The approach that was taken was similar for both objectives, and made use of a three-step
process:
1. Identification of relevant indicators of environmental or health data;
2. Search for strategies, databases or registers which may contain this information;
3. Overview of possible links to ascertain the relationship between HBM and

environment and health data.



We will try to maintain the logical structure of this approach in the current report, and will
as much as possible try to identify current opportunities and gaps in data availability.
However, it should always be kept in mind that establishing this links is to a great extend
unexplored territory in HBM, and large gaps may become apparent.

Practically, information and data were gathered through available databases and reports,
available both in scientific and gray literature and on the internet. Apart from this, several
personal contacts were established within relevant research projects or governmental bodies
(e.g. European Environmental Agency, DG Research, DG Environment, WHQO), their vision
on the usefulness of HBM within the Environment and Health Action Plan, the evolution of
research in both environmental and health topics, and the availability of environment and
health data in current and future databases was discussed. ESBIO aims at incorporating
HBM as a scientific and policy tool at a European level, and hence requires the availability
of European-wide structures for gathering, storing and analyzing environmental and health
data. Although the authors acknowledge that currently, many national or regional HBM
projects are taking place, the geographical complexity of a Europe-wide HBM network
requires more attention on harmonized reporting, data quality assessment, and geographical

representativeness of data.

1.3 A need for integration

Originally, HBM originates from occupational exposure, where often high exposure
concentrations were causing (semi-)acute effects in industry workers, and the effects of
remediation actions were usually rapidly visible. The same was true for ecotoxicological
testing, which was mainly based on non-ecological factors, such as convenience, availability
of test organisms and const-efficiency rations. Ecological factors were generally irrelevant
since water quality problems were acute and obvious , e.g. involving persistent mortality
over large areas due to deoxygenation of surface waters (Chapman, 1995).

However, due to a better sanitary legislation, improved technical capacities and increasing
awareness in the general population, consistent acute effects of environmental pollution are
currently rare, or at least attributable to accidental exposures (Pew Environmental Health

Commission, 2000).



With the acute effects mostly out of the way, scientists and policy makers however were
faced with an even bigger challenge, being the lack of detailed and specific information that

documented possible links between environmental hazards and chronic disease.

Unfortunately, there is no clearly defined framework in which to conduct this kind of
integrated studies. In the following, we will propose an Exposure-Dose-Response Triad as
such a framework to improve the integration of different lines of evidence in environmental

health monitoring.

2 THE EXPOSURE-DOSE-RESPONSE (EDR-) TRIAD

An integration of information on environment, HBM and health should preferably be
obtained within an Exposure-Dose-Response Triad approach (EDR-Triad). Exposure aims
at quantifying the amount of a pollutant present in the environment through different routes
or compartments, dose focuses on the internal concentration of this pollutant
bioaccumulated over time and pathways, and response incorporates the physiological and/or
epidemiological consequences of the observed internal dose (Committee on Biological
Markers of the National Research Council, 1987; Andersen et al, 1992; Dietert et al 2000).
It should be noted that within this EDR-Triad, dose is the central pivotal point, as a midway
marker with an optimal trade-off between interpretability and toxicological relevance
(Figure 2.1).

The advantage of using the dose as a proxi for pollutant exposure assessment, is clear if you
keep in mind that dose refers to the amount of a pollutant that has actually entered a
person’s body, and that the link between exposure and effect is a continuum rather than a
series of distinct events (Decaprio 1997, Nuckols et al 2004). This makes dose a more or
less person-specific, integrative parameter, as bioaccumulation and elimination
characteristics, age, sex, physiological condition, as well as factors related to behavior and
activity are taken into account in a dose. Furthermore, dose can also serve as an integration
of all previous exposure conditions through different pathways. This is especially important
for bioaccumulating substances, since current conditions may not necessarily be
representative for historical exposure. Also, since most health responses are the result of
long-term, chronic exposure to environmental pollutants, linking exposure to response

without looking at the dose will overlook the history of individuals. Finally, the use of dose



together with exposure monitoring has been shown to be an important tool to gain insight
into the specific toxicity mechanisms (Hoppin et al 2000, Mortensen et al 2003, Bushnell et
al 2005) and will in the future remain an essential intermediate to assess cause-effect
relationships and a more relevant risk assessment (Stokstad 2004).

Figure 2.1: Dose as the central pivotal point in an EDR-Triad, optimizing the trade-off between interpretation

and toxicological relevance
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Although it is recognized that there is a wide variety of data available in the context of the
EDR-triad among the different Member States, it is often difficult to integrate these
different data layers because of differences in database structures, geographical detail and
spatial distribution, or most importantly because the data simply were not meant to be

gathered and interpreted in the context of integrated human risk assessment.

Based on the “European Environmental Health Action Plan 2004-2010”, a wide variety of
research and consultancy activities have originated, aiming at the establishment of an
“Integrated Health and Environment Information System”. This system will evaluate the
myriad of environmental monitoring programs, and will highlight research and development
needs for making the information accessible in a more harmonized way (S. Brockett,

personal communication).



Figure 2.2 provides an overview of the scheme we will try to maintain during the following
discussion. This scheme identifies different relevant environmental compartments and

health outcomes, and shows the pivotal position of HBM between exposure and response.

Figure 2.2: A schematic representation of the EDR-triad identifying our current needs report
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In the following, we will try to identify relevant databases and policy support for these
different boxes, and a more complete scheme will be presented at the end of the document
(Figure 7.1).



3 GEOGRAPHICAL ANALYSIS

3.1 Introduction into GIS for epidemiological research

Geographical Information Systems (GIS) are “automated systems for the capture, storage,
retrieval, analysis, and display of spatially referenced data” (Clarke et al 1996; Higgs and
Gould 2001). A unifying feature in GIS is that all objects are unique since they are spatially
explicit and can be linked to a geographical map. This feature implies that different types of
data, in our specific interest environmental, HMB, and health data can be presented under a
common denominator, being their spatial location or distribution. This is achieved by
depicting the different data types as layers, and superposing these layers in the same

geographical reference grid.

Apart from simply plotting sampling or patient locations on a map, GIS also offers
important opportunities for inter- or extrapolation of data, for a geographical representation
of monitoring or modeling data and for the visualization of overlaps between different

layers of information.

Since ESBIO aims at establishing a Europe-wide HBM network, this geographical
component of a GIS system will prove to be indispensable for an efficient representation of
Europe-wide HBM data, and furthermore to create links with environmental and health data.
Additional advantages of using a GIS environment are the opportunity to represent data at
different geographical levels, thus incorporating local, regional, national and Europe-wide
information within the same platform, and an efficient dissemination of results through the

production of readily interpretable maps.

Because of these characteristics of GIS, an additional search term will be included in our
current investigations. Apart from screening which environmental and health data are
available or how they can be linked with HBM data, focus will also be on the availability of
geographically representative data. It is obvious that, in order to develop an EDR-triad that
is as sensitive and relevant as possible, data will be required at a fine geographical scale

throughout Europe.



Apart from creating a link with environmental and health data, a number of issues in HBM
could easily and routinely be resolved:

o Highlighting ‘hot-spots’, areas with significantly elevated biomarker values;

o Spatially and temporally illustrating the effects of remediation actions;

[o Target resources for disease prevention;

o Identification of information gaps;

o Integration of different geographical levels in one platform.
3.2 NUTS classification in Europe

If HBM is to be linked to environmental or health data, a common *currency” for these
three sources on information needs to be developed. As discussed above, a GIS environment
offers a platform where this common currency can be applied, and a possible and highly

attractive candidate has already been established, in the form of the NUTS classification.

The Nomenclature of Territorial Units for Statistics (NUTS) was established by Eurostat as
a uniform breakdown of territorial units for the production of harmonized regional statistics
for the European Union. In 2003, a Regulation of the European Parliament and of the
Council on the NUTS was adopted and from 1 May 2004, the regions in the 10 new
Member States have been added to the NUTS as a cornerstone of the European Statistical
System (EU, 2003). In order to improve the comparability of regional statistics, it was

required that these regions were of a comparable size in terms of population (Table 3.1).

Table 3.1: Theoretical average size of administrative units in European Member States (EU, 2003)

Level Minimum Maximum
NUTS 1 3 million 7 million
NUTS 2 800.000 3 million
NUTS 3 150.000° 800.000

a . . L .
If the total population of a Member State is below the minimum threshold for a given NUTS level,

the whole Member State whall be one NUTS territorial unit for this level

The NUTS classification was established and serves as a reference for three specific target

goals:



o For the collection, development and harmonisation of Community regional
statistics;

o For the socio-economic analyses of the regions;

o For the framing of Community regional policies.

This NUTS classification results in a subdivision of Europe into 1214 separate statistical
sectors. An overview of these sectors per Member State, together with their appropriate
nomenclature, is provided in Table 3.2. Overview maps for the different Member States can

be found at http://ec.europa.eu/comm/eurostat/ramon/nuts/home_regions_en.html.

Depending on the variable concerned, regional statistical data at one or more of the 3 NUTS
levels is available in publications and databases. Many variables and time series for regional
data in different domains such as environment, health, are available on the Eurostat website

(http://epp.eurostat.cec.eu.int).

4 INFORMATION IN DATABASES AND REGISTERS

4.1 Exposure data

In order to perform a thorough exposure assessment, it is important to have reliable data on
the presence of contaminants in the environment. However, monitoring environmental
contaminants is expensive, and thus few geographic monitoring locations are generally used
(Jarup 2004). Inter- or extrapolation of environmental monitoring data is usually performed
by mathematical modeling. Since environmental pollution, and especially air pollution, does
not stop at a nation’s borders, important efforts have been made to improve the
harmonization of environmental monitoring in Europe, and further evolution and evaluation

of the existing networks are still in progress.

In the following, focus will be on air, water and food as the most important sources of
environmental contaminants. The focus will be on:
[o The availability of harmonized data on the sources and distribution of
pollutants throughout Europe;
o The geographical representability of these data;
o Information on Cd, Pb, and MeHg as key pollutants

10
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o The presence of centralized structures to guarantee the quality of the available

data.

Table 3.2: Overview of the different NUTS statistical areas and their

http://ec.europa.eu/comm/eurostat/ramon/nuts/introannex_regions_en.html)

appropriate nomenclature (source:

NUTS 1 NUTS 2 NUTS 3
Gewesten/ Provincies/ Arrondissementen/
BE Régions 3 Provinces 1 Arrondissements 43
cz Uzemi Oblasti 8 Kraje 14
DK - - 1 Amter 15
DE Lénder 16 | Regierungsbezirke 41 Kreise 439
EE - 1 - 1 Groups of Maakond 5
GR Groups of d_evelopment 4 Periferies 13 Nomoi 51
regions
- . Comunidades y -
Agrupacion de comunidades - 19 Provincias
ES ; 7 ciudades . 52
autébnomas . + Ceuta y Melilla
auténomas
ZEAT Régions Départements
FR + DOM o + DOM 26 + DOM 100
IE - 1 Regions 2 | Regional Authority Regions 8
IT Gruppi di regioni 5 Regioni 21 Provincie 103
CY - 1 - 1 - 1
LV - 1 - 1 Regioni 6
LT - 1 - 1 Apskritys 10
LU - 1 - 1 - 1
T i Tervezési-statisztikai .
HU Statisztikai nagyrégiok 3 régiok 7 Megyeék + Budapest 20
MT - 1 - 1 Gzejjer 2
NL Landsdelen 4 Provincies 12 CORORP regio's 40
AT Gruppen von Bundeslandern | 3 Bundesl&nder 9 Gruppen von Politischen 35
Bezirken
PL Regiony 6 Wojewoddztwa 16 Podregiony 45
Comissdes de
PT Continente 3 | coordenagéo regional | 7 Grupos de Concelhos 30
+ Regides autbnomas
SI - 1 - 1 Statistilne regije 12
SK - 1 Oblasti 4 Kraje 8
= Manner-Suomi, Ahvenanmaa/ 5 Suuralueet / 5 Maakunnat / 20
Fasta Finland, Aland Storomréaden Landskap
SE - 1 Riksomraden 8 Léan 21
Counties (some Upper tier authorities or
UK: Government Office Regions; 12 grouped); Inner and 37 groups of lower tier 133
) Country Outer London; Groups authorities (unitary authorities
of unitary authorities or districts)
EU-15 72 213 1091
EU-25 89 254 1214

11
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4.1.1 Air quality

Emission

A first important step in the critical appraisal of environmental pollution, is the selective and
sensitive identification of pollutant sources. In Europe, an integrated database with emission
data of pollutant releases was established by the so-called European Pollutant Emission
Register (EPER) Decision of the European Commission in 2000 (Commission Decision
2000/479/EC). According to this Decision, the Member States have to report to the
Commission on emissions to air and water from all individual facilities with one or more
activities as mentioned in Annex | to Council Directive 96/61/EC (EC 1996). The
accompanying Guidance Document (EPER 2000) highlighted that the EPER is a publicly
accessible register with emission data. Only emissions to air and water are currently
withheld for a predefined set of pollutants. In addition to the list of pollutants, a threshold
value for each of the substances has been specified in order to avoid the need for industry to
report insignificant emissions while, at the same time, the reporting will cover at least 90%
of total industrial emissions in Europe (Table 4.1; EPER 2000).

Based on this harmonized database, which is centralized by the European Environmental
Agency (EEA) and is updated every three years, an overview of the main sources of
different pollutants can be identified and mapped. An example for the emission of Pb in air
is presented in Figure 4.1. More specific information on EPER can be found at
http://www.eper.cec.eu.int/.

Very recently, a new regulation was adopted by European Parliament on the establishment
of a European Pollutant Release and Transfer Register (PRTR, EC 2006). This new PRTR
buids on the same principles as EPER, but includes more pollutants, more industrial activity
categories, releases to land, releases from different sources and off-site transfers. It is
expected that the first reporting period for this new PRTR will be 2007. The new PRTR will
also be in the form of a publicly accessible electronic database and will implement the
UNECE Protocol on Pollutant Relesae and Transfer Registers.

12
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Figure 4.1: An overview of the most important sources of Pb emission in air according to the EPER database
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In direct relevance for the pollutants relevant within this stage of ESBIO, a number of
Parties to the Convention on Long-Range Transboundary Air Pollution in 1998 singed the
Protocol on Heavy Metals (EMEP). The aim of this protocol was to control the atmospheric
spread and deposition of the toxic metals Pb, Cd and Hg. Within the EMEP monitoring
network, heavy metal concentrations are determined in air and aerial precipitation. Apart
from this actual measuring of pollutant concentrations, there is also an extensive model
assessment of depositions and air concentrations of heavy metals throughout the European
Region, as well as the transboundary fluxes between the different European countries.

The EMEP monitoring program used data from 64 measurement sites for both Pb and Cd,
and 15 sites measuring at least one form of Hg. Unfortunately, only 23 sites measured Pb
and Cd in both air and precipitation, all the other sites measured only one of these
compartments. From Figure 4.2, it is apparent that the spatial distribution of monitoring
sites is skewed towards the North-Western part of Europe. However, this situation is
expected to improve with the recent adoption op the EMEP monitoring strategy for 2004-
2009 (EMEP 2005).

13



Table 4.1: List of pollutants to be reported if threshold value is exceeded (Source: EPER 2000)

Threshold air

Threshold water

Substance Identification Air Water
(kg/year) (kg/year)
1. Environmental themes
CH, X 100.000
co X 500.000
CO, X 100.000.000
HFCs X 100
N,O X 10.000
NH; X 10.000
NMVOC X 100.000
NOy as NO; X 100.000
PFCs X 100
SFs X 50
So, as SO, X 150.000
Total Nitrogen asN X 50.000
Total Phosphorus asP X 5.000
2. Metals and compounds
As and compounds total, as As X X 20 5
Cd and compounds total, as Cd X X 10 5
Cr and compounds total, as Cr X X 100 50
Cu and compounds total, as Cu X X 100 50
Hg and compounds total, as Hg X X 10 1
Ni and compounds total, as Ni X X 50 20
Pb and compounds total, as Pb X X 200 20
Zn and compounds total, as Zn X X 200 100
3. Chlorinated organic comp.
Dichloroethane-1,2 X X 1.000 10
Dichloromethane X X 1.000 10
Chloro-alkanes X 1
Hexachlorobenzene X X 10 1
Hexachlorobutadiene X 1
Hexachlorocyclohexane X X 10 1
Halogenated organic comp. as AOX X 1.000
PCDD+PCDF as TEQ X 0,001
Pentachlorophenol X 10
Tetrachloroethylene X 2.000
Tetrachloromethane X 100

14



Substance (Continued)

Identification

Air

Water

Threshold air

Threshold water

(kg/year) (kg/year)
Trichlorobenzenes X 10
Trichloroethane-1,1,1 X 100
Trichloroethylene X 2.000
Trichloromethane X 500
4. Other organic compounds
Benzene X 1.000
Benzene, toluene, ethylbenzene,
xylenes as BTEX X 200
Brominated dipheylether X 1
Organotin-compounds as total Sn X 50
PAHSs X X 50 5
Phenols as total C X 20
Total organic carbon astotal C or X 50.000
COD/3
5. Other compounds
Chlorides as total CI X 2.000.000
Chlorine and inorganic comp. as HCI X 10.000
Cyanides as total CN X 50
Fluorides as total F X 2.000
Fluorine and inorganic comp. as HF X 5.000
HCN X 200
PM10 X 50.000
Number of pollutants 50 37 26

Figure 4.2: Measurement network of Pb, Cd, (left) and Hg (right) in 2003 (Source: EMEP 2005)
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Apart from being a European-wide monitoring network, aiming at collecting harmonized
data on air pollution, the EMEP monitoring program has an extensive modeling angle. The
model developed is a three dimensional Eulerian —type chemical transport model, driven by
off-line meteorological data. It is developed to evaluate atmospheric transport and
deposition of heavy metals such as Pb, Cd, and Hg. Besides these, pilot parameterizations
for some other toxic metals such as Cr, Ni and As are included. The model domain covers
Europe and a part of Northern Africa and the Middle East with a spatial resolution of 50x50
km2 (EMEP 2005). The model has been thoroughly tested on sensitivity and uncertainty
analysis and the model’s sensitivity to input parameters is well defined. Comparison of
modeled and measured concentrations of both Pb and Cd are generally excellent, while a
slightly less satisfying fit is observed for gaseous mercury (EMEP 2005). Based on the
EMEP monitoring and modeling efforts, an overview of the aerial distribution of Pb, Cd,
and Hg exposure through air can be estimated. Results for the spatial distribution of Cd, Pb
and Hg for 2003 are presented in Figure 4.3.

Figure 4.3: Spatial distribution of Pb (left), Cd (right) and Hg (bottom) depositions in Europe in 2003 (Source:
EMEP 2005)

16



Ambient air policy in the new Environment and Health Information System

As mentioned above, the recent “European Environment & Health Action Plan 2004-2010”
should imply a change in policy towards an integrated and harmonized approach towards
environmental health. One of the background documents that was developed within the
framework of the Environment and Health Information System addresses the future
developments in ambient air quality monitoring and policy. A number of tasks is identified
that ambient air quality policy will need to tackle in the future. Although this work is still in
progress and should be seen more as an evolving document, a brief overview of the current
findings that are relevant to the ESBIO project is presented here.

[o Priority pollutants: The main aim is at particulate matter (PM) and NOx, with

ozone dealt with in some places. However, the system to be implemented will be
flexible enough to enable extension to other air pollutants (Task 1: examine how
new/emerging ambient air pollutants can be identified and addressed from the

point of view of policy-relevant information);

b QA/QC procedures: The background document identified three main issues to be
kept under control: Known representativeness of the site, quality of data, and
appropriate supporting metadata (Task 2: Develop integrated Quality
Assurance/Quality Control procedure for submission and maintenance of data to
Airbase);

o Structural indicators: The structural indicators proposed for ambient air quality

are the population-weighted average concentration for ozone and PM- a
concentration-based approach to exposure (Task 3: Identify the best option for
constructing the Structural Indicators and implementation across Europe);

o Geographical scales: Different geographical scales have to be discussed and

investigated. In practice, four major relevant geographical scales were identified:
hemispheric background, rural background, urban background and hot-spots
(Tasks 4-9);

[o Exposure, dosimetry and biomarkers: While dosimetry is deemed too expensive

to be performed on a routine basis, the guidance document identified
biomonitoring as a very useful proxy of exposure. However, ambient air quality
priorities are on PM, ozone or NO,, three pollutants which are not easily

measured using human biomarkers. A preferential focus on persistent pollutants

17



in air dust, or carcinogens present in air such as benzene or PAHs, would also be
advisable. (Task 13: Identify extend to which biomarkers can be used for policy
purposes in ambient air);

[o Relation between exposure assessment and exposure-response function: There

should be close co-ordination between developments in assessment of population
exposure, and development of exposure-response relations. (Task 14: Ensure that
research into exposure-response functions uses exposure metrics suitable for

implementation on a population basis);

Apart from these tasks and findings, there are still other items mentioned, especially on the
development of European wide studies (e.g. cohort studies) to estimate both the short- and
long term effects of air pollution, using epidemiological information and health survey data
and harmonization in the so-called super-regions (which are representative in terms of

geographic distribution, urban/rural contexts, proximity to sources, and so on).

Currently, there are a number of Europe-wide projects which look at potential links between
air pollution and epidemiological data, such as the APHEIS project (Air Pollution and
Health: a European Information System) (Medina et al 2001; Medina et al 2005), and before
that the APHEA project (Air pollution and health: A European approach using
epidemiological time series data). Also the use of GIS systems within an air pollution
context has been studied in the EUROHEIS project (A European Health and Environment
Information System for Exposure and Disease Mapping and Risk Assessment, EUROHEIS
2003) (also see chapter 6.2).

The philosophy behind the Ambient Air Monitoring strategy as presented in the background
documents for the “European Environment & Health Action Plan 2004-2010” provides
excellent opportunities for creating synergism with the HBM project. Data gathering is
harmonized at a central, European level, different levels of geographical scale are taken into
account and a GIS-angle is incorporated. There are thorough QA/QC procedures to
guarantee the usefulness of the data. A lot of hands-on experience is already available and
should improve the efficiency with which human biomonitoring and air quality data can be

combined within one larger environment and health context.

18



On the down side, Ambient Air Quality priorities are on PM, ozone, and NOX, pollutants
which have no direct link with human biomonitoring. However, the Ambient Air Quality

priorities should be flexible enough to ensure extension to other air pollutants (see Task 1).

4.1.2 Water quality

Emission
As already presented higher, the EPER program provides an overview of the main sources

of different pollutants, which can be identified and mapped. An example for the emission of
Pb in water is presented in Figure 4.4, in combination with the concentrations in marine

biota.

Figure 4.4: Identification and representation of Pb emission in water according to the EPER

database

Legend

Pb emission in water (EPER)
Pb emission (kg/year)
e 0-500
500 - 1.000
1.000 - 5.000
5.000 - 10.000

10.000 - 20.000

This database allows a direct identification of the most important pollutant sources for a

wide variety of pollutants (see Table 4.1).
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Drinking water and bathing water policy in the new Environment and Health
Information System

Within the context of the recent “European Environment & Health Action Plan 2004-2010",
there also appeared a background document on bathing and drinking water policy issues.
The aim of the background document is similar to the one on ambient air pollution, which is
to examine the information systems on exposure to environmental contaminants through
drinking water and bathing water, to assess whether any additional activities are justified
and to draw up a program of implementation of those activities if so. The current approach
to drinking water monitoring, is to follow end-point monitoring. This implies that
monitoring is performed to assess the water quality provided to the consumer at the tap.
However, there is a current tendency to shift emphasis from end-point monitoring to risk-
based operational monitoring, where information is developed on the operation of the
drinking water supply system, so as to be able to identify likely contaminant issues and
prevent or rectify them.

It should be noted that these two monitoring approaches are substantially different from a
third approach, the so-called exposure monitoring, where the aim is to directly assess

population distribution exposure to various stressors via drinking water.

Again, there are a number of findings in this background document that have a direct
relation with the ESBIO project:

o Identification of exposure sources: There is an intention to include geographical

referencing data in the European reporting requirements, which would facilitate
both linkage with drinking water abstraction, and with health impacts (Task 5:
Continue to develop the integration between information on ambient water
quality and drinking water quality including the consept of Water Safety Plans).

[o Harmonization of monitoring and analysis: There is a need to further harmonize

monitoring stations, quality parameters and the spatial and temporal aggregation
level for the resulting data (Task 6: Consider harmonization of sampling and
analysis in the context of revision of Directive 98/83/EC);

o Surveillance monitoring for exposure assessment: Current end-point monitoring

data is of limited use for comparison with biomonitoring or for the exposure
assessment. There is only a need to report non-compliance to the set water
quality standards, which limits the representativity of the data (KIWA 2002). It
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is proposed in the Water Information System for Europe (WISE) to establish a
database of automatic, electronic based reporting of raw monitoring data, which
would allow a periodic assessment of trends in the contaminant levels in
drinking water (Task 7: Develop access to the raw drinking water monitoring
data currently collected, in the context of the Water Information System for
Europe (WISE). Revision of monitoring protocols to focus on exposure
assessment);

Chemical contamination: There are a number of problems connected with

impact assessment. Among them are a lack of accurate information on
contamination levels, exposure duration, drinking water intake, and the number
of people exposed. Also, there is little information on specific health effects and
on exposure-response functions, particularly within the compliance range. The
ENHIS 1 project (Environmental Health Information system) concluded that for
selected pollutants, health impact assessment of drinking water is not possible in
Europe at present, due to the absence of epidemiological evidence at the levels of
exposure which result from consumption of drinking water (Task 12: Develop
epidemiological studies on the health effects of chemical contamination of
drinking water);

General evolutions: When identifying information priorities, the major issue for

drinking water is that most supplies are compliant with existing regulations.
Furthermore, these drinking water standards already make some allowance for
cross-route exposure, by allocating 10 or 20% of the Tolerable Daily Intake to
drinking water exposure, and the setting of wide safety margins. Apart from lead,
disinfection breakdown products, arsenic and copper, there are no dose response
functions within the compliance ranges. The key point is the cost effectiveness of
additional information measures in protecting health. The strong indication is
that drinking water protection should move towards a more risk-based
monitoring approach, based on Water Safety Plans, and that further effort on
exposure assessment and health impact assessment should not be the priority, but
rather quantifying the risks, and managing the sources of the risk, should be the
focus.
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On the upside, there is detailed information on the emission of pollutants in surface
waters around Europe through the EPER program. However, the drinking water and
bathing water policy in the new Environment and Health Information System is not
focused on exposure monitoring, which makes the acquisition of harmonized data on
pollutant load a difficult job. We are not aware of any centralized databank
systematically gathering information on the presence of toxicants in drinking water,
although task 7 aims at developing a raw drinking water monitoring database in the
context of WISE. However, currently we consider the lack of sufficient data to
estimate the contribution of drinking water as a relevant source of exposure relevant a

major data gap.

4.1.3 Food quality

Uptake of pollutants through food is a highly individual exposure route, hence making
detailed analysis of the impact of food quality on pollutant transfer on a broad geographic
scale extremely complicated. Although detailed information can be gathered based on food
basket analysis, this type of data generation is often too laborious and expensive to be

performed on a routine basis throughout Europe.

There are two types of data that need to be gathered when the contribution of food to the
uptake of pollutants is to be estimated. On the one hand, data on the quantity of food
consumed is necessary (how much is taken from which food groups) and on the other hand
the quality is important (what is the pollutant concentration in individual foods). Although
this type of data is difficult to come by, there are a number of approximations that can be
taken into account when food quality is to be incorporated as a key factor in human

biomonitoring.

The Data Food Networking (DAFNE) initiative (Food Quantity data)

Dietary patterns and nutritional intakes vary across Europe and within countries. The
DAFNE (Date Food Networking) databank may serve as a tool for identifying, quantifying
and depicting variation of food habits in Europe (Trichopoulou et al 2001). The DAFNE
project uses household budget surveys (HBSs) to collect food availability data at the
household level. Apart from data on food availability, also background information on
socio-economic, educational and demographic aspects were gathered. Three categories of
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location were formed on the basis of collected data: urban, semi-urban and rural. However,
Trichopoulou and the DAFNE contributors (2001) already indicated that data could be

presented on a finer geographic scale, e.g. for 13 geographical districts within Greece.

The end result of the DAFNE project was the development of a food classification system,
which allows the categorization of food data into 14 main food groups, with as much as 56
detailed subgroups. An overview of the categorization is provided in Table 4.2. Currently,
the DAFNE database is available online at http://www.nut.uoa.gr/DafnesoftWeb/ and holds
data for 15 European Member States and Norway (see Figure 4.5), with 8 more countries
(Albania, Bulgaria, Croatia, Cyprus, Latvia, Malta, Serbia and Montenegro, the Slovak
Republic, and Slovenia) to be added soon (DAFNE 2005). In Figure 4.5, the differences in
the availability of fish and sea food is given for urban, semi-rural and rural areas for 15
Member States and Norway. As seafood is an important source of contaminants such as
methylmercury (see further), it can already be appreciated here that the differences in food
preference among different Member States may have an important impact on contaminant

burden.

Table 4.2: An overview of the different DAFNE food groups (Source: Lagiou et al 2001)

Cereals and cereal products Non-alcoholic beverages

o Bread and rolls o Stimulants
o Rice and cereals o Coffee
b Flour 0 Teaand infusions
o Pasta o Cocoa
o Cereal and bakery products (grains, flour b Mineral water

and pasta excluded) o Soft drinks

Meat and meat products Vegetables (vegetable juices excluded

o Red meat (fresh and frozen) o Fresh vegetables

0 Pork meat 0 Green leafy vegetables
0 Beef, veal and calf meat 0 Cabbage
0 Red meat, other than pork or veal o Tomatoes
Poultry (fresh and frozen) o Carrots
Offals (fresh and frozen) 0 Onions and garlic
o]
P

Canned meat and meat products Other fresh vegetables

b
b
b
o Meat dishes
b
b

o Processed vegetables
Fish and seafood Milk and milk products

Fish (fresh, frozen and processed) b Milk

Seafood o Cheese
o Fish dishes o Milk products (milk and cheese

excluded)
Sugar, sugar preservers and confectionary Vegetable and fruit juices

o Sugar o Vegetable juices
o Sugar products and confectionary o Fruit juices
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http://www.nut.uoa.gr/DafnesoftWeb/

Total added lipids Fruits
o Lipids of animal origin o Fresh fruits
O Butter o Apples
0 Animal fat (butter excluded) o Citrus
o Lipids of vegetable origin o Bananas
0 Vegetable fat o Grapes
§ Margarine 0 Plums
§  Vegetable fat (margarine 0 Berries
excluded) 0 Apricots and peaches
0 Vegetable oils 0 Cherries and sour cherries
§  Olive il o Pears
§  Other seed oils 0  Other fresh fruits
o Processed fruits
Pulses Alcoholic beverages
pbWine
oBeer
o Spirits
Eggs Nuts

Figure 4.5: Overview of the mean availability of fish and seafood for rural, semi-urban and urban areas among

different European Member States and Norway

90 -
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@ Semi-urban area
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Mean availability of fish and seafood
(in g/person/day)

Maximum levels for certain contaminants in foodstuffs (Food Quality data)
The Commission Regulation 466/2001 and amendments provides the threshold
concentrations for among others Pb, Cd and Hg for specific foodstuffs. These values are

maximum values, and it is specifically stated that the presence of contaminants must be
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reduced more thoroughly whenever possible by means of good manufacturing or
agricultural practices. Table 4.3 provides an overview of the maximum levels for Pb, Cd and

Hg in foodstuffs (Office for official publications of the European Communities 2004):

White paper on food safety (Food Quality data)

The “White Paper on Food Safety” (EC 2000) meant a new approach on food safety control
within the European Union. Not only was the establishment of an independent European
Food Safety Authority (EFSA) proposed, but the aim was also to develop a more
coordinated, comprehensive and integrated approach to food safety. The Commission
realized that in order to perform accurate risk assessments for feed and food, more accurate,
up-to-date scientific data was necessary, including a scientific panel to perform these risk

assessments.

Table 4.3: Maximum levels for Pb, Cd and Hg in foodstuffs (in mg/kg wet weight)

Product® Pb Cd Hg
Cows’ milk 0.02
Infant formula 0.02
Meat of bovine animals, sheep, pig and poultry 0.1 0.05
Horse meat 0.2
Liver of cattle, sheep, pig and poultry 0.5
Kidney of cattle, sheep, pig and poultry 1.0
Edible offal of cattle, sheep, pig and poultry 0.5
Muscle meat of fish 0.2-0.4° 0.05-0.1° 0.5-1°
Crustaceans, excluding brown meat of crab 0.5 0.5
Bivalve mollusks 15 1.0
Cephalopods (without viscera) 1.0 1.0
Cereals 0.2 0.1-0.2°
Soybeans 0.2
Vegetables 0.1-0.3° 0.05-0.2°
Fruit, excluding berries and small fruits 0.1-0.2°
Fats and oils, including milk fat 0.1
(Concentrated) Fruit juices and fruit nectars 0.05
Wines 0.2

a . I o ! - .
Certain exceptions and definitions may be more elaborate than presented here. Please check Office for official publications of the
European Communities (2004) for the complete details

b Values depending on species
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A problem in the context of data availability is that chemical monitoring is limited to a large
extend to compliance monitoring, where concentrations in feed, food and agricultural
products only need to be checked with a list of maximum residue limits, and no raw data are
publicly available. In the identification of the actions that need to be taken within the
context of this new food safety approach, Action 38 (Amendment to Regulation No 194/97
setting maximum limits for certain contaminants) is of major importance for our discussion,
since its specific objective is “to set up limits for several contaminants: ochratoxin A,
cadmium, lead, 3-MCPD, dioxin and, possibly, PCBs” (EC 2000). For all these pollutants
(and a selected number of others, including methylmercury), opinion reports were prepared
by the CONTAM Panel of the EFSA. Below, a short overview of the CONTAM Panel’s
findings for Cd, Pb and MeHg are presented:

o Lead: EFSA (2004b) reported in their opinion on lead in animal feed that
animals are generally exposed to lead through consuming soil while grazing or
foraging on contaminated land, or consuming contaminated feed. However, the
levels of lead in commercial feed commodities are generally too low to induce
clinical signs of toxicity. In general, foodstuffs of animal origin are not a major
source of human exposure to lead.

o Cadmium: EFSA (2004a) reported in their opinion on cadmium in animal feed
that especially crustaceans and bivalve mollusks may exceed recommended Cd
levels, with fruits and vegetables exceeding the statutory level in certain polluted
regions. Cadmium is toxic to all animal species and will accumulate in kidneys
and (to a lesser extend) in liver. Therefore, concentrations may be highest in
offal from aged animals and wildlife, which can make a significant contribution
to human dietary exposure;

o Methylmercury: EFSA (2004c) reported in their opinion on mercury and
methylmercury in food that especially large predatory fish and seafood products
are a major source of methylmercury. Estimation of the average intake of fish
and seafood products may be close to the JECFA Provisional Tolerable Weekly
Intake (PTWI) of 1.6 ug/kg body weight, and may in some cases even exceed

this limit.
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SCOOP paper on food safety (Food Quantity data)
The objective of the Scientific Co-operation (SCOOP) “Task 3.2.11: Assessment of the
dietary exposure to arsenic, cadmium, lead and mercury of the population of the EU
Member States” (SCOOP 2004) was to provide the scientific basis for the evaluation and
management of risk to public health arising from dietary exposure to these compounds.
SCOOP gathered a substantial amount of information from 12 Member States and Norway,
that mainly concerned:

1. The concentration of cadmium, lead, and mercury in foodstuffs;

2. Food consumption data at the national level

3. Dietary intake of the elements at the Member State level.

Instead of using HBS data, the SCOOP report aimed at using individual dietary surveys to
estimate food consumption. The advantage is that information on preparation methods and
actual consumed amounts are considered, but different Member States did not report on all
different food groups. Hence, SCOOP used only food consumption data for which
occurrence data were provided. The consumption of food within the various food groups
(for which there are occurrence data available) varies considerably between the Member
States and regions, as can be seen in Table 4.4. The values in this table is an average of the
data presented for As, Cd, Pb and MeHg. It is clear that data availability is different among
countries, and the definition of the different food groups is often different. As an example,
some countries include drinking water in the Food Group of beverages, where others did
not. Also, Ireland only reported data for only two food categories (“Fish and fish products”,
and “Bivalves, crustaceans and cephalopods™). It should be clear that, although these food
quantity data give a detailed overview of the different pollutant sources through dietary
exposure, there remains an urgent need for harmonization if comparable data for the whole

of the European Union is to be gathered.

SCOOP paper on food safety (Food Quality data)

The SCOOP paper also reported on contaminant levels in individual foodstuffs, and
compared these with the maximum levels as defined in Commission Regulation (EC) No
466/2001 (see Table 4.4). An overview of the observed contaminant levels is provided in
tables 5.5-5.8.
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Although these tables depict a worst-case scenario (they are maximum levels measured in
the different foodstuffs), it is clear that there are still concentrations measured above the

maximum allowable levels.

SCOOP paper on food safety (Risk assessment)

Because data on food quality and food quantity were both combined in the SCOOP report, it
was possible to calculate weekly intake levels of Pb, Cd, and MeHg, and to compare these
with Provisional Tolerable Weekly Intake (PTWI1) of 27 ug/kg bodyweight (bw), 7 pg/kg
bw and 5 pug/kg bw for Pb, Cd, and MeHg respectively. It should be noted however that this
risk assessment is hampered by the fact that surveys for several Member States lack data
from one or several food groups, which will underestimate the intake. The composition of
the food groups may also result in an under-or overestimation of the contribution from that
particular food group. Table 4.8 gives an overview of the weekly intake by the mean adult
population, both in pg/week and expressed as a fraction of the PTWI.

Based on these data, the following conclusions could be drawn for the different pollutants:

[o Lead: None of the most consumed foodstuffs are generally high in Pb. The mean
intake by the adult population is 17% of the PTWI, but is considerably higher in
Portugal (54% of the PTWI). This may however be due to deficiencies in
analytical methods.

o Cadmium: None of the most consumed foodstuffs are generally high in Cd. The
most important sources of cadmium are cereals, fruits, vegetables, meat and fish,
due to their relatively large consumption. The intake by the adult population is
estimated to be lower than 30 % of PTWI, with the exception of the Netherlands
(38%).

o Mercury: fish is the main source of Hg in the diet. No data is available for
methylmercury, but it is assumed that more than 90% of total mercury is present
in fish and shellfish as methylmercury. The intake by the adult population is
estimated to be 19% of PTWI.
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Table 4.4: Consumption of food in g/day by the mean adult population in the Member States and Norway. The
figures are averages of occurrence data for As, Pb, Cd, and MeHg.

Food Group BE | DK Fl FR DE HE IR IT NL | NO PT SE UK

Milk and milk

238 | 374 | 420 | 158 | 20,6 | 112 130 463 344 | 281
products
Powder milk,
28,0 | 37,3 83,0 | 41,0 43,0 | 407 | 31,0 28,0 | 60,0
cheese, yoghurt
Fats and oils 55,8 20,0 | 21,0 20,0 10,0 27,0
Fruits and
258 | 421 | 146 | 353 | 352 | 6,1 448 | 360 | 255 | 342 | 171 | 379
vegetables
Confectionary 335 5,0 59 52,0 | 10,0 | 1,0
Cereals and
199 | 219 | 92,9 | 158 | 188 | 23,0 108 | 220 | 175 | 159 | 142 | 209
bakery wares
Meat 137 | 128 | 71,0 | 148 | 175 | 37,0 | 87,7 | 64,0 | 143 | 64,5 101 | 88,0
Offal 03 30 [ 32 | 20 | 16 | 09 | 65 10 | 22 1,0
Fish and fish
13,0 | 23,0 | 495 | 30,0 | 12,4 | 31,5 | 21,0 | 32,0 | 10,0 | 64,0 | 41,1 | 23,7 | 14,0
products
Bivalves,
crustaceansand | 23 16 | 48 | 08 | 52 | 05 10,7 | 20,0 | 30,0
cephalopods
Eggs 24,8 | 10,1 | 20,0 | 33,0 14,0 17,0 | 10,0 | 15,0 | 14,0
Sweeteners 0,4 1,1 | 16,0 | 13,0 8,1 6,0 | 31,0 | 06 | 630
Salts and spices 9,3 2.3 79,0 31,0
Beverages 1020 | 1915 | 476 | 821 | 312 84,0 | 1091 | 693 | 108 | 39,0 | 937
Ready to eat 717 11,0 | 2,0 2,0
Composite food 282

Although children generally have a lower uptake of pollutants, they also have a lower body
mass. This implies that their body burden per kg bodyweight will generally be larger than
for adults. Although data is limited, data for (mainly) German children indicate that they run
a greater risk than adults of exceeding the PTWI (an additional 10-20% of PTWI for all

three compounds).
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Table 4.5: Occurrence data (maximum values, in mg/kg) for Cadmium from Member States in different foodstuffs. Figures above the maximum levels (ML) as defined in

Commission Regulation (EC) No 466/2001 are in bold.

ML BE DK Fl FR DE HE IR IT NL NO PT SE UK
Meat (bovine, sheep, pig and
. 0.05 | 0.024 | 0.002 | 0.022 | 0.004 | 0.016 | 0.010 | 0.045 0.050 | 0.046 0.002 | 0.010
poiltry)
Horsemeat 0.2 0.041 0.024 | 0.056 0.075 0.042
Liver of cattle, sheep, pig and
0.5 0.068 0.034 0.270 | 0.081 0.011 0.028 | 0.077
poultry
0.102
Kidney of cattle, sheep, pig and
1.0 0.153 0.179 0.220 0.11 0.110
poultry
Muscle fish (some species) 0.05 | 0.027 | 0.003 | 0.009 | 0.007 | 0.011 0.008 | 0.003 | 0.049 | 0.026 | 0.005 | 0.017 | 0.013
Muscle fish (some species) 0.1 0.010 0.029 0.057 0.018
Crustaceans 0.5 0.021 0.010 | 0.087 0.005 | 2.540 0.100
Bivalve mollusks 1.0 0.403 0.077 0.239 | 0.116 | 2.368 | 0.429 | 0.100 | 0.793 1.125 | 0.104
Cephalopodes (without viscera) 1.0 1.200 0.500 0.002
Cereals, excl. bran, germ, wheat
) ] 0.1 0.033 | 0.056 0.037 | 0.027 | 0.025 | 0.028
grain and rice 0.029
Bran, germ, wheat grain and rice 0.2 0.070 0.037 0.072
Vegetables and fruits, excl. leafy
0.05 | 0.021 | 0.018 0.012 0.200 | 0.160 | 0.010 | 0.014 | 0.043 | 0.018 | 0.002
vegetables, and other products
0.052
Leafy vegetables, fresh herbs,
i ) ) 0.2 0.045 | 0.013 0.035 0.550 | 0.030 | 0.042 0.023
celeriac and all cultivated fungi
Stem vegetables, root vegetables
0.1 0.044 | 0.031 0.020 0.120 0.022 0.038 | 0.010 | 0.026

and potatoes
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Table 4.6: Occurrence data (maximum values, in mg/kg) for Lead from Member States in different foodstuffs. Figures above the maximum levels (ML) as defined in
Commission Regulation (EC) No 466/2001 are in bold.

ML BE DK Fl FR DE HE IR IT NO PT SE UK

Cows milk 0.02 0.004 0.023 | <0.010 | 0.002 0.014 0.012 0.050 0.007 0.002 <0.002 | 0.001
Fats and oils 0.1 0.036 0.089 0.001 0.005
Fruit 0.1 0.033 0.027 0.640 0.040 0.029
Berries and small fruits 0.2 <0.040 0.049
Vegetables 0.1 0.018 0.04 0.860 0.035 0.006 0.014 0.003
Potatoes 0.1 0.012 0.340 0.002 0.001
Cereals 0.2 <0.040 | <0.024 0.27 0.032 0.140 0.025 0.010 0.150 0.009 0.017
Meat 0.1 0.180 | <0.015 | 0.020 0.012 0.067 0.770 0.250 0.030 0.034 0.009 0.006
Edible offal 0.5 0.063 0.060 0.044 | 0.081 0.140 0.180 0.270 0.088 0.090
Fish muscle meat 0.2/0.

A 0.140 | <0.009 | 0.032 0.023 0.022 1.000 0.080 0.015 0.055 0.004 0.020
Crustaceans, excluding brown

0.5 0.110 0.065 0.24 0.099 0.880 0.630
meat of crab
Bivalve mollusks 15 0.12 0.360 0.150

0.400

Cephalopods 1.0
Fruit juices 0.05 | 0.018 0.037 | 0.024 <0.005
Wine 0.2 0.012 0.029 0.16 0.060 0.077 0.03




Table 4.7: Occurrence data (maximum values, in mg/kg) for Mercury from Member States in different foodstuffs. Figures above the maximum levels (ML) as defined in

Commission Regulation (EC) No 466/2001 are in bold.

ML BE DK Fl FR DE HE IR IT NL NO PT SE UK
Fish muscle (some species) 0.5 1.350 | 0.857 3.700 | 1.050 | 0.420 | 0.560 | 3.140 1.260
Fish muscle (some species) 1.0 0.849 | 4.300 0.432 | 1.260 | 0.450 | 0.770 | 3.980 2.200
Overall Fish 212 0.20 5.8 1.66 0.49
Bivalves, cephalopods 0.5 0.220 0.325 | 0.660 0.190
Crustaceans 0.5 0.159 0.065

Table 4.8: Weekly intake in pug/week, and as a fraction of PTWI by the mean adult population for the different member States (assuming an average weight of 70 kg for an

Member State adult)

Element ML BE DK Fl FR DE HE IR IT NL NO PT SE UK Mean
Weekly intake 265 128 46 397 330 176 7.8 208 146 933 33 186 296
Lead Weekly intake in %
18% 7% 24% | 24% 19% 10% | 04% | 12% 8% | 533% | 1.8% | 11% 14%
of PTWI
Weekly intake 114 112 66 74 134.8 135 2.73 141 176 110 116 45 85 101
Cadmium Weekly intake in %
27.1% | 22.2% | 12.2% | 16.0% | 27.3% | 27.6% | 0.5% | 28.9% | 38.2% | 21.6% | 23.6% | 8.7% 22%
of PTWI
Weekly intake 19.4 24.5 43.4 59.3 69.4 36.2 9.59 60.2 12.6 28.4 101 18.9 21.1 38.7
Methylmercury | Weekly intake in %
¢ PTWI 6.5% | 6.8% | 12.1% | 17.8% | 19.7% | 10.3% | 2.6% | 17.2% | 3.8% | 7.8% | 28.8% | 5.1% 18.8%
0
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ICES/OSPAR monitoring (Food Quality data)

From the previous, it appears that fish and seafood are an important source of contaminants
through dietary uptake. ICES (The International council for the Exploration of the Sea)
started in 1972 with a program to measure chemical contaminants (trace metals and
organics) in commercial species of fish and shellfish. At this time, ICES also offers its
services as a data centre to the Oslo and Paris (OSPAR) commissions for handling the data
collected under the OSPAR Commission’s Joint Assessment and Monitoring Program
(JAMP) and the North Sea Task Force Monitoring Master Plan (ICES 1994). The principal
objectives of the OSPAR hazardous Substances Strategy and related monitoring and
assessment requirements under the JAMP, and of European community measures relating to
hazardous substances are well comparable (OSPAR Commission 2005b)

Together with the contaminant monitoring program, studies were developed to promote the
harmonization, comparability and quality assurance of chemical analytical data, including
the production of SOPs (e.g. Lysiak-Pastuszak and Krysell 2004). The ICES Environmental
Data Center dates back to 1978 and has about 370.000 records on contaminants in fish and
shellfish. The database covers over 150 contaminants for many species of fish and shellfish,
as well as data on quality assurance measurements. Access to the database is publicly
available through the internet (http://www.ices.dk/datacentre/inventory/I111.asp). Among
others, these data are used to construct time series on for metals, generally indicating that in
80-90% of the time series which show significant linear trends, concentrations of Cd, Pb
and Hg in marine biota are decreasing (OSPAR Commission 2005a). Furthermore, the data
are geographically defined, which means that they can be incorporated in a GIS-system.
Figure 4.6 presents data for Pb in Mytilus edulis, the common blue mussel or Mytilus
galloprovincialis. Please note that red dots are Pb concentrations > 1.5 mg/kg, which is

above the maximum levels in foodstuffs (see table x.x).
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Figure 4.6: Pb concentrations (in mg/kg wet weight) in Mytilus species (Source: ICES database).
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From this all, it should be clear that it is an extremely complicated task to estimate the
uptake of pollutants through food stuff. Feeding patterns are highly individual, and only
general conclusions on the average feeding patterns can be drawn. However, there are at
least some efforts to generate a harmonized overview of differences in food use, some
general distinctions are made among geographical areas, and there also is baseline data on
the background concentrations of pollutants. However, food quality monitoring still is to a
large extent compliance monitoring. Noteworthy, seafood and fish are identified as a major
source of pollutants, and there is a wide variety of pollutant data available through the ICES
database. The only drawback is that this concerns wild-caught animals, while at least some

fish and seafood products currently originate from farms. Generally, considering the
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complexity of food quality and quantity as a source of pollutants, there is an adequate basic

knowledge on both quality and quantity of food.

4.1.4 Soil quality

Apart from the hand-mouth behavior of babies and infants, soil is not considered to be an
important source of contaminants for humans. Of course, soil can be a major sink of
pollutants, but readmission into the human exposure chain generally is through indirect
pathways, such as ground- and surface water contamination or dust particles. As is
illustrated in figure 4.2, the EMEP Air Quality Program also takes into account particulate

contamination through the measurement of pollutant load of precipitation.

Another important source of information is the Forum of Geological Surveys (FOREGS)
Geochemical Baseline Mapping program, which was initiated in 1998 to provide high
quality environmental geochemical baseline data in Europe (Tarvainen et al 2005). The
main objectives of this European survey, which included 26 European countries, were: 1) to
apply standardised methods of sampling, chemical analysis and data management to prepare
a geochemical baseline across Europe; and 2) to use this reference network to level national
baseline datasets (Salminen et al 2005). The database contains soil quality data on about 900
stations throughout Europe on 87 soil parameters, including e.g. Cd, Pb, or Hg content. The
database and related statistical and graphical analysis is available at
www.gtk.fi/publ/foregsatlas/maps_table.php. A clear harmonized sampling strategy was
used throughout all European participants, database verification and validation were carried
out by participating countries, and the data have been implemented in a GIS environment
(Tarvainen et al 2005). The project report also includes an extensive section on data

interpretation (De Vos and Tarvainen 2005).
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Figure 4.7: Example of the FOREGS maps and data on cadmium in Topsoil throughout Europe (taken from
Salminen 2005).
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4.1.5 Other pollutant sources

We are aware that air, water, and food are not the only possible significant contributors to
human pollutant loads. For specific classes of pollutants, other exposure routes are of major
importance, and air, water or food only offer minor or no contribution to the overall

pollutant load.

However, the characteristics of these additional exposure routes are generally different from
air, water and food since exposure generally occurs voluntarily, or at least documented and
the general public is to some extend aware of the hazardous nature of the chemicals they are
coming in contact with. For example, exposure to cleaning surfactants and other consumer
products, a wide variety of indoor air pollutants, the presence of a waste dump site or waste
incineration plant, generally can be quantified by deriving data on individual consumer
behavior (Chen et al 2001). Another excellent example is environmental tobacco smoke
(ETS), one of the priority pollutants identified earlier in the ESBIO project. Although
exposure is not necessarily voluntary (at least for non-smokers), exposure can to some

extend be documented because the general public is aware of its own exposure pattern.

For this type of exposure, well-thought out questionnaires can be an excellent help for
scientists (e.g. Hutter et al 2006). It can be argued that also food quantity can be determined
by using questionnaires. This certainly is the case, but it was preferred to discuss this in the

previous chapter, since food quality is less well questionable using questionnaires.

Questionnaires can provide information on individual exposure and potentially confounding
factors such as medical history, smoking or drinking habits, lifestyle and demographic
characteristics (Needham et al 2005). Not only can these factors alter a person’s
contaminant load, they can also provide additional information on the potential link between
dose and response in individuals. However, it should be noted that questionnaires cannot
replace chemical measurements, and should only be used as a proxy, and to provide
additional information on exposure patterns (Ozkaynak et al 2005). Furthermore,
questionnaires are among the only pieces of information that can be gathered after exposure
has occurred, because exposure patterns due to consumption behavior generally don’t vary

too much.
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To our knowledge, there are currently no harmonized efforts to develop a unified
questionnaire with regard to HBM projects. This is however incorporated in WP2 and
Deliverable 2.3.1. of the ESBIO project. In the USA, the National Children’s Study has
elaborated in their final White Paper on the use of questionnaires in their biomonitoring of
children (NCS 2004).

4.2 Dose data

It is outside of the scope of this document to deal with the requirements of dose data. These
requirements are outlines in other work packages. It would only need to be stressed that is is
imperative that data on dose (i.e. human biomonitoring data) are put in a geographically

referenced framework, preferably following as much as possible the NUTS classification.
4.3 Response data

4.3.1 Health priorities within the European Union

Within the EU “Environment and Health Action Plan 2004-2010°, four specific groups of

diseases or physiological disturbances were identified as the priority for the first
implementation phase. These four groups are:

o Respiratory disease and asthma: The European Environmental Agency (EEA

2005) indicates that the association between respiratory diseases and air

pollution is beyond all reasonable doubt, while this association for asthma and

air pollution is of a medium likelihood. For both diseases, the population impact

is high. The Clean Air for Europe (CAFE) program estimated that 350.000

people died prematurely in 2000 due to outdoor air pollution of fine particulate

matter (PM,5) alone. Figure 4.7 depicts the modeled statistical life expectancy

loss that could be attributed to PM, 5 for Europe;
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Figure 4.7: The modeled statistical life expectancy loss that could be attributed to identified
anthropogenic PM, s for Europe in 2000 (in months, CAFE 2005).

o (Childhood) Cancer: Although childhood cancer still is a relatively rare
phenomenon in Europe, it is still one of the most prevalent death causes among
children in industrialized countries. The most common childhood cancers are
leukaemia and brain tumors, but the role of environmental factors is still under
questioning and largely circumstantial (EEA 2005). Several studies suggest that
at least some cancers may already be initiated in the mother’s womb, thus
highlighting the need to protect both mother and foetus from carcinogenic
substances as e.g. environmental tobacco smoke;

o Neurodevelopmental disorders: these are disabilities in the functioning of the
brain that affect a child’s behavior, memory of ability to learn, such as ADHD,
autism, mental retardation,... Although there is only poor understanding of the
complete neural basis for these disorders, a large number of environmental
factors have been implicated as causes;

o Endocrine disruption: In combination with the neural system, the endocrine

system provides the coordination and control of bodily functions. Disruption of
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the endocrine system has widespread effects that affect most fundamental body

functions.

4.3.2 Public health indicators for Europe

In order for public health policies to be proficient, they have to be based on factual
information. Such information can effectively be summarized and presented in the form of
‘indicators’, which are at the crossroads of policy questions and data sets. Their selection
and definition is directed by both the needs of health policies and actions and data
availability. The establishment of public health indicators within the European Union was
recently accelerated by the ECHI-1 project (European Community Health Indicators-1),
which ran from 1998 to 2000, and later continued by the ECHI-2 project. The aim of the
ECHI project was the establishment of a list of health indicators for the European Union.
Some of the aims and objectives of the ECHI-1 and -2 project that can be highlighted for the
current ESBIO project are (ECHI 2005b):

o The further development of the current health indicator list;

[o The establishment of a shortlist of indicators for priotity implementation and
presentation of actual data;

o Promoting the use of the ECHI frame as a common conceptual structure for the

work on public health information in the EU context and in the Member states.

The so-called ECHI-*shortlist” was proposed as a priority list for starting the collection and
presentation of actual data and contents. The actual January 2005 final version of the
shortlist included 82 items, which were ordered according to their variable degree in data
availability. An overview of the indicators relevant for the ESBIO project is given in Table

4.9. The full list of ECHI indicators can be found at www.healthindicators.org.

Concomitant with the ECHI list, a related project “Indicateurs de santé pour les regions de
I’Europe” (ISARE) at the French National Federation of Regional Health Observatories
(FNORS) focused on the feasibility of health indicators exchange between the regions of
EU Member states (FNORS 2004). Based on the ECHI list, the ISARE project made a
shorter list of indicators. The ISARE projects aim specifically was to check the feasibility of
the data collection process at a intra-national level within Member States.
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On sending the relevant ISARE questionnaires, complete responses were gathered from 10
European countries (Austria, Belgium, England, France, Germany, Greece, Ireland,
Luxemburg, Portugal and Sweden). Finland and the Netherlands only provided data on a
limited number of topics, and Spain only was able to provide data on a limited number of

regions.

Table 4.9: Indicators on *health status’ and ‘determinants of health’ from the ECHI shortlist that are potentially
relevant to the ESBIO project (Source: ECHI 2005a)

Indicators on ‘health status’ for which data are readily available and reasonably comparable

Life expectancy (Low) birth weight
Infant mortality Injuries: road traffic
Standardised death rates (Eurostat 65 causes) Injuries: workplace
Drug-related deaths Perceived general health, prevalence
HIV/AIDS Prevalence of any chronic illness
Perinatal mortality (fetal deaths plus early neonatal Limitations of usual activities, health related, past 6
mortality months
Lung cancer Health expectancy, based on limitation of usual
activities
Breast cancer

Indicators on ‘determinants of health’ for which data are readily available and reasonably comparable

Regular smokers Consumption/availability of vegetables, excl.
potatoes and juice
Total alcohol consumption PMj, exposure

Consumption/availability of fruit, excl. juice

Indicators for which data are partly available and/or sizeable comparability problems

Smoking related deaths Acute myocardial infarction
Diabetes Blood pressure
Chronic Obstructive Pulmonary Diseases Asthma

For the indicators that are deemed relevant for the ESBIO project, a brief overview of the

results of the ISARE 2 study are discussed below.

[o Number of perinatal deaths: Information on this indicator is widely available on
a regional level. It is used routinely for local analyses, and its quality is sufficient
to permit geographic comparisons (between regions of one country) and time
trend analysis;
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[o Number of stillbirths: The availability of the number of stillbirths is high. It is

used systematically for local analyses and its quality is practically always
sufficient to allow geographic comparisons (between regions of one country) and
time trend analysis;

Number of deaths by age-band, sex and cause: The availability of these data is
high, but not as systematic as could be assumed. The use made of these data for
local analysis is very high, and its quality is adequate, allowing geographic and
temporal analyses.

Number of new cases of tuberculosis’: There is a very good availability of these
data, with a wide use for local analysis and a sufficient quality to permit spatial
and temporal comparison;

Number of new cases of breast cancer': The availability of the number of new
cases of breast cancer is moderate in the regions. In 30% of the cases, the data
are not conform the prescribed definition, and reservations were made as

whether the quality allows temporal analyses.

Table 4.10 gives an overview of the comparison among ISARE health regions and the

NUTS classification (or its nearest equivalent).

This would (theoretically) divide Europe into 224 NUTS regions, for which health data

could be gathered individually.

Table 4.10: ISARE health regions versus NUTS classification (or its nearest equivalent).

Country
Austria

Belgium
England

Finland

Recommended health region NUTS level Number of regions
Bundeslander 2 9

Province 2 11

Government office regions 1 12

Hospital districts ?3) (20)

! For “number of new cases of Tuberculosis” and “Number of new cases of breast cancer”, morbidity data
were gathered from just one region in each country.
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France
Germany
Greece
Ireland

Italy
Luxemburg
Netherlands
Portugal
Spain

Sweden

Regions

Land

Health regions (regroupées)
Health Board

Regioni

National level

GGD

Health care region
Autonomous communities

County

26
16
13
®)
21

(40)
@
19
21

In the ISARE 2 Final Report (FNORS 2004), an example was presented that very efficiently

depicts the possibilities of regional data collection and analysis. It concerns infant mortality,

and uses data from 156 ISARE health regions. An overview of the data per MS is given in

Table 4.11. The data are graphically presented in Figure 4.8, which provides a good

example of how health data can be presented in a detailed geographic framework, hence

increasing its potential usefulness to be linked with environmental data and HBM data.

Table 4.11: An overview of Infant Mortality in the 14 MS that took part in the ISARE project (Source:

FNORS 2004)

Country

Austria
Belgium
England
Finland
France
Germany
Greece
Ireland
Italy
Country

Luxemburg
Netherlands
Portugal
Spain

Number of Mean
responses
9/9 4.3
11/11 5.7
9/9 5.6
0/21 No data
22/22 4.2
16/16 4.4
12/13 5.3
0/8 No data
0/21 No data
Number of Mean
responses
11 41
40/40 5.5
5/5 5.2
10/17 4.2

SD

14
0.9
0.9
No data
0.7
0.7
1.8
No data
No data
SD

2.3
1.3
11

Lowest Highest
2.7 7.1
4.1 7.3
4.4 6.8

No data No data
2.6 5.6
3.1 5.6
2.9 8.5

No data No data

No data No data

Lowest Highest
4.1 4.1
1.5 11.7
3.9 7.2
1.9 59
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Sweden 21/21 3.7 1.6 0.9 7.8
Total 156/214 4.8 1.7 0.9 11.7

In a further ISARE 3 project, the project will be expanded towards gathering
information on the availability of regional health data within the new MS.

Figure 4.8: Infant mortality rates in the “ISARE health regions” in Europe (Source: FNORS 2004)

‘rtanl manally
o G000 e iy

4.3.3 Causes of death

Eurostat, the Statistical Office of the European Communities, maintains a large online
database on causes of death (COD) (website: europa.eu.int/comm/eurostat/). The COD

statistics are based on information derived from the medical death certificate. COD targets
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“the disease or injury which initiated the train of morbid events leading directly to death, or
the circumstances of the accident or violence which produced the fatal injury”. Data are
broken down by sex (male/female/both), age class (5 year increments) and 65 causes of
death. Moreover, data are available for EU-25, Iceland, Norway, Switzerland, Burgaria,
Romania, Albania, Croatia, and the former Yugoslav Republic of Macedonia. For most
countries, regional data are available at the NUTS 2 level (see Table 4.10 and Figure 4.9),
so that Europe is subdivided in 285 different regions (Schéfer et al 2005). At these regional
levels, COD data is available in absolute number (three year average), crude death rates (per
100.000 inhabitants, annual data and 3 years average) and standardized death rates (per

100.000 inhabitants, 3 years average).

The CODs are classified by the 65 causes of death that are identified in the “European
Shortlist of Causes of Death” (Table 4.12). Data are generally available from 1994 onwards
(1998 for New Member States and most Eastern European countries) and data input is fully
automated (WHO 2003). Quality control of data reporting procedures has been performed

(European Commission 2001).

A disadvantage of these data of course is that they only deal with mortality and not
morbidity. Since one does not necessarily reflect on the other, data may be skewed towards
less curable causes of death. For example, for the southeastern part of the Netherlands, the
five year survival ratio for testicular cancer is 95 %, while this is only 8% for pancreatic
cancer (Coebergh et al 1996).

Table 4.12: The European shortlist of Causes of Death

01 Infectious and parasitic diseases 37 Diseases of the respiratory system

02 Tuberculosis 38 Influenza

03 Meningococcal infection 39 Pneumonia

04 AIDS (HIV-disease) 40 Chronic lower respiratory diseases
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05 Viral hepatitis

41 of which asthma

06 Neoplasms

42 Diseases of the digestive system

07 Malignant neoplasms

43 Ulcer of stomach, duodenum and jejunum

08 of lip, oral cavity, pharynx

44 Chronic liver disease

09 of oesophagus

10 of stomach 45 Diseases of the skin and subcutaneous tissue

11 of colon

12 of rectum and anus 46 Diseases of the musculoskeletal system/connective
tissue

13 of liver and the intrahepatic bile ducts 47 Rheumatoid arthritis and osteoarthrosis

14 of pancreas

15 of larynx and trachea/bronchus/lung 48 Diseases of the genitourinary system

16 of which Malignant melanoma of skin 49 Diseases of kidney and ureter

17 of breast

18 of cervix uteri 50 Complications of pregnancy, childbirth and
puerperium

19 of other parts of uterus

20 of ovary 51 Certain conditions originating in the perinatal
period

21 of prostate

22 of kidney

52 Congenital malformations and chromosomal
abnormalities

23 of bladder 53 Congenital malformations of the nervous
system

24 of lymph./haematopoietic tissue 54 Congenital malformations of the circulatory
system

25 Diseases of the blood(-forming organs),
immunol.disorders

55 Symptoms, signs, abnormal findings, ill-defined
causes

56 Sudden infant death syndrome

26 Endocrine, nutritional and metabolic diseases

57 Unknown and unspecified causes

27 Diabetes mellitus

58 External causes of injury and poisoning

28 Mental and behavioural disorders

59 Accidents

29 Alcohol abuse (including alcoholic 60 of which Transport accidents
psychosis)
30 Drug dependence, toxicomania 61 of which Accidental falls
62 of which Accidental poisoning
31 Diseases of the nervous system and the sense 63 Suicide and intentional self-harm
organs
32 Meningitis (other than 03) 64 Homicide, assault
65 Events of undetermined intent
33 Diseases of the circulatory system
34 Ischaemic heart diseases
35 Other heart diseases
36 Cerebrovascular diseases

Figure 4.9: Example of age standardized COD data at NUTS 2 level for Chronic Lower Respiratory Diseases

for 1994-1996 (Source: European Communities 2003).
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4.3.4 Cancer data

Probably, cancer data are most available of the four priority disease groups. A number of

European-wide programs or Centers of Excellence are gathering data on different types of

cancer, or perform research on the effect of environmental pollutants on cancer occurrence.

An overview of some of these projects is given below. This list is not meant to be complete,

but simply aims at indicating the possibilities for data generation and analysis throughout
Europe.

o ACCIS: the ACCIS project (Automated Childhood Cancer Information System)

IS a project supported by the European Commission, with the objective of

collection, presentation, interpretation and dissemination of data on childhood

cancer in Europe. The ACCIS database contains more than 160.000 records on

childhood and adolescent cancer cases registered over the last 30 years (up to

November 2002) in 78 European population-based cancer registries. Among
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others, this database has identified the increase in childhood cancer over the last
few decades, with significant geographical patterns which suggest areas for
further study in the future (Steliarova-Foucher et al 2004). A negative aspect of
this project is that data gathering is not uniform, with some Member States being
completely covered (e.g. Finland, Germany, UK), others regionally (e.g. France
(33%), Spain (36%) or Italy (21%), and others not all (e.g. Belgium, Austria,
Portugal) (see Figure 1 and Table 1 in Steliarova-Foucher et al 2004 for more
detail). The ACCIS database is publicly available online through the website
http://www-dep.iarc.fr/accis.htm;

EUROCARE: The EUROCARE project (European cancer registries study on
cancer patients’ survival and care) is an international collaborative study on the
survival of cancer patients in Europe. It involves 67 population-based cancer
registries from 22 European countries (Berrino 2003), covering a total population
of 101 million Europeans. Eleven of the registries (Denmark, Estonia, Finland,
Iceland, Malta, Norway, Slovakia, Slovenia, Scotland, Sweden and Wales) are
national registries covering their entire populations. The others are regional
databases, covering between 3% and 62% of their respective country
(Capocaccia et al 2003). Capocaccia et al (2003) described the data collection
procedures and validation, quality assurance steps undertaken and statistical
analysis of the data sets. As was the case with the ACCIS project, a negative
aspect of the project is that there is no Europe-wide coverage, and the project
depends mainly on the goodwill of individual national or regional cancer
registries. A harmonization of efforts on a European scale would be more than
welcome. The EUROCARE database in publicly available online through the
website http://www.eurocare.it;

EPIC: the EPIC project (European Prospective Investigation into Cancer and
Nutrition) aims at investigating the aetiology of cancers at various sites in
relation to diet and lifestyle. The EPIC study recruited over 500.000 participants
in 23 centers located in 10 European countries. An additional feature of this
program is that biological samples, including blood plasma, blood serum, white
blood cells and erythrocytes were collected from 385.747 of the EPIC study
participants. More information on this program can be fount at the website

http://wwwe.iarc.fr/epic/index.html;
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o NAACCR: although this is a North American project and hence of little use
within the context of the current document, the North American Association of
Central Cancer Registries (NAACCR) have incorporated GIS technology as an
easy to use and appropriate tool for central cancer registries (Wiggins 2002). An
overview of the data requirements, spatial units, confidentiality issues and spatial
analysis techniques is provided and potential confounders are discussed. The
findings from this document should be transferable to other non-transferable
diseases (Wiggins 2002).

4.3.5 Neurodevelopmental data

Neurodevelopmental effects can be considered all impacts on the brain and nervous system
which can affect physiological and cognitive development. This is of particular concern for
children, since damage to the brain or nervous system in utero or during childhood can
result in life-long disabilities, and research has established profoundly that children’s
neurological development is most sensitive for external impacts. Probably the best known
and most documented example of the effect of environmental pollutants on the
neurodevelopmental development of children is the impact of lead on 1Q (Koller et al 2004,
Schnaas et al 2006). However, this is by no means the only priority pollutant, and both the
European Commission and other regulatory agencies have identified children’s
neurodevelopment as a priority issue in policy making (SCALE 2004, Szpir 2006, USEPA
2003).

There are still large data gaps when trying to establish a link between prenatal effect of
contaminants like environmental tobacco smoke (ETS), air pollutants, or pesticides, and
fetal growth and development. Perera et al (2003) successfully tested the hypothesis that
prenatal exposure to PAHs is negatively associated with birth weight and head
circumference. Because a reduction in head circumference at birth is also associated with
neurodevelopmental effects such as lower 1Q or poorer cognitive functioning and school
performance, this illustrates the cause for concern. Also Sram et al (2005), in an extensive
literature review, and Jedrychowski et al (2004) in a cohort study, highlighted the relevance
and sensitivity of pregnancy outcome data such as birth weight, premature birth, and

intrauterine growth retardation as a measure of the effects of ambient air pollution.
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It has extensively been shown that thyroid hormone deficit or excess during development
can have an irreversible impact on adult neurological functioning, and even subtle changes
in pregnant women’s thyroid levels can affect the neurological development of their
children (Zoeler et al 2002, Porterfield and Hendrich 1993). Congenital hypothyroidism is
one of the most preventable causes of mental retardation, and screening programs are
routinely established in Western Europe, North America, and many other parts of the world
(Rose et al 2006). It has extensively been illustrated that a number of environmentally
relevant compounds are known to affect thyroid status, such as PCBs (Langer et al 1998,
Zoeller et al 2002), pesticides and mercury (Takser et al 2005), or cadmium (Osius et al
1999).

4.3.6 Respiratory diseases

Although asthma, rhinitis or allergies do not have the same morbid reputation as AIDS,

cancer or cardiovascular diseases, it certainly is one of the most intrusive and pervasive

disorders globally (Van Moerbeke 2004). Also for respiratory diseases (especially asthma),

a number of large, Europe-wide follow-up studies are currently taking place. Again, we

would like to give a brief, non-exhaustive overview of some of the main projects that have
taken place or are currently ongoing.

o ECRHS I. One of the oldest projects is the ECRHS | project (European

Community Respiratory Health Survey). This study was developed in response

to the increasing prevalence of asthma and allergic diseases and included 25

countries and 56 centers (also non-European) (Janson et al 2001). The main aims

of the project were 1) to estimate variation in prevalence of asthma, asthma-like

symptoms, atopic sensitization and bronchial liability, 2) to estimate variation in

exposure to known or suspected risk factors for asthma and assess how they

explain variation across Europe and 3) to estimate variation in treatment for

asthma in Europe. Everyone of the participating centers recruited 3.000 men and

women for detailed screening, for a total of 137.619 participants. The results

clearly showed that there were important geographical differences, generally

finding high prevalence rates in English speaking countries, and low prevalence

rates in the Mediterranean region and Eastern Europe. The good agreement with

atopy and bronchial hyperresponsiveness supported the conclusion that this
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geographical variation was most likely due to environmental factors (Janson et al
2001);
ECRHS II: Based on the ECHRS 1 study, a nine year follow up study (ECRHS
I1) of more than 10.000 adolescents was performed through 29 centers in 14,
mostly European, countries. The main aims were:
o0 To determine the incidence of prognosis of allergy, allergic disease and low
long function throughout Europe;
0 To assess the relationship between exposure to environmental risk factors
and the incidence and prognosis of these diseases;
0 To determine the risk related to the chronic exposure;
o To identify susceptible subgroups;
0 To establish a blood bank of samples, suitable for DNA analysis.
More information on the ECHRS Il project can be found at www.ecrhs.org.
ISAAC: the most important geographical comparison worldwide, was performed
in the ISAAC project (International Study of Asthma and Allergy in childhood),
using standardized questionnaires. ISAAC included 280 centers in 106 countries,
and provided data for a worldwide comparison of asthma and allergy incidence
(Elwood et al 2005). The study gathered data on the prevalence of asthma
symptoms for 13-14 year olds (n=463.801) and 6-7 year olds (n=257.800).
Results indicate that there is a marked difference in asthma symptoms, with up to
15-fold differences among different countries (ISAAC 1998). Data were
gathered by regional centers, so data should give at least a scattered overview of
regional asthma prevalence throughout Europe. Furthermore, there was good
agreement between the ECRHS and ISAAC studies, indicating that these two
sources might be combined to develop a more conclusive picture of differences
in regional asthma prevalence in Member States.
IMCA: As already discussed earlier, the development of indicators of health may
provide a better focus on health problems and more appropriate, harmonized data
gathering (see chapter 5.3.2). The IMCA project (Indicators for Monitoring
COPD and Asthma in the EU) focused on developing health indicators for
COPD and asthma. The top four indicators for both COPD and asthma are
presented below (not in order of importance) (Duran-Tauleria 2005):
COPD Asthma
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Current smokers Prevalence of wheeze
Hospital admissions Prevalence of asthma attacks
Age specific death rate Hospital admission rate
Prevalence of physician diagnosed Prevalence of physician diagnosed
COPD asthma

Although the IMCA Steering Group is aware that a large amount of the more
than 260 indicators they proposed are not routinely available, they are certain
that with small methodological changes, a great improvement in the quality and
quantity of indicators could be achieved. An assessment of the data availability
on the proposed indicators however, showed that for the top priority indicators
listed above, only data on “age specific death rate” would be readily available for

15 Member States and Norway (Duran-Tauleria et al 2005).

4.3.7 Endocrine disruption data

According to Damstra et al (2002), a variety of human health concerns have been brought to
attention in relation to endocrine disruption. Although endocrine disruption in itself is a
physiological mechanism rather than a toxicological endpoint, alterations of the normal
endocrine environment has documented adverse effects on human health such as decreasing
age at menarche, decreasing semen quality, altered male-to-female sex ratio and prevalence
of testicular or breast cancers (Longnecker et al 2003, Sharpe and Skakkebaek 2003). There
appears to be at least some overlap of these endocrine disruption related effects with other
priority diseases, as the four main areas that were identified by Damstra et al (2002) were
reproduction, immune function, cancer, and neurobehavior. Hence, for a discussion on data
availability on cancer (particularly breast, uterus, testis and prostate cancer) and
neurobehavior, we would like to refer to chapters 5.3.4 and 5.3.5 respectively.

[o Reproduction: Changes that take place in various human reproductive health
statistics, in peculiar changes in temporal or geographical trends, play a key role
in the debate about the potential effects of endocrine disrupting chemicals
(EDC). Although there is a wide variety on effects that have been attributed to
exposure to EDCs (see Damstra et al (2002) for a more complete overview),
there is only limited data on Europe-wide geographical differences. Although

longitudinal studies of male sperm count indicate that there may be geographical
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differences among different Member States, the lack of a harmonized and
standardized approach makes drawing conclusions on a European level difficult
(Jorgensen et al 2001). Also for other clinical observations such as reduced
fecundity and fertility, regional differences may be observed, but a clear
harmonized and Europe-wide network is not established (Juul et al 1999).
Potentially the only parameter that may be backed-up by European-wide,
harmonized data, is the temporal trend in sex ratio, defined as the number of
male births divided by the number of female births. Again, EUROSTAT can
provide an overview of region-specific data on birth numbers for boys and girls,
leaving it easy to calculate sex ratios. Finally, Damstra et al (2002) concluded
that for the effects of EDC, there was no clear evidence for a worldwide decline
in sperm count or fertility, but there were clear indications for the presence of
geographical differences. They identified the lack of environmental exposure
data as the main limiting factor to provide a better insight in these potential links
between human reproductive health effects and EDC.

Immune system: Of the large number of compounds with immunotoxic
properties, only a few have been shown to work through an endocrine-disrupting
mechanism. Toxic responses may be observed then the immune system is a
passive target for chemicals, resulting in altered immune function. But toxicity
may also be observed when the immune system reacts to the antigenic specificity
of a chemical as part of a specific immune response, that is, hypersensitivity or
allergy (Damstra et al 2002). To our knowledge, there are no Europe-wide
studies on geographical differences of immunotoxicity, apart from the large-
scale projects on hypersensitivity and allergies that were previously discussed in
the above section on respiratory diseases (Chapter 5.3.6). A recent new initiative
to study the prevalence of food allergies in Europe, is the EUROPREVALL
consortium. The main aim is to determine the precise incidence of food allergy
in 12.000 newborns from Germany, Iceland, Greece, Great Britain, Lithuania,
the Netherlands, Poland, and Spain. This research effort is too recent to provide
more detailed research results. More information is available at

www.europrevall.org.
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There is currently a vivid interest in research on the presence of endocrine disruption
chemicals in both human and wildlife and their potential health effects. Among others, the
CREDO cluster (Cluster of research into endocrine disruption in Europe
(www.credocluster.info)) aims at gaining a better understanding in how human and wildlife
are affected by endocrine disrupting chemicals, and moreover aims at expanding the general
knowledge about the early symptoms of endocrine disruptions. However, it appears that this
type of research is still generally too fundamental to provide baseline, generally applicable
operation procedures to allow for a centralized, Europe-wide study on regional differences
in effects of environmental pollutants on the endocrine axis. More information can be found
on a website from the European Commission, which is dedicated to research activities in

Europe (http://ec.europa.eu/research/endocrine/activities_dg_en.html).

4.3.8 Start of life — end of life: Defining optimal data collection

From the above, there appears a consequent lack of reliable, Europe-wide data morbidity
data. The only data that generally are routinely gathered at a significant spatial resolution in
a harmonized way are birth statistics and related measures such as thyroid hormone levels
(start of life) and data on causes of death (i.e. the end of life). Most other health data are

currently not readily available, or are only available at insufficient geographical detail.

The establishment of harmonized indicators for different diseases will probably improve this
data availability and comparability, but the question remains to what extend this will allow
comparison among different regions, and in which time frame these data will become

available.

5 PROVIDING LINKAGE AMONG THE EDR-TRIAD

We have identified a wide variety of data sources that could provide information on sources
of pollutants in the environment (exposure) and effects on humans (response). Not all data
are of equal quality or use within the ESBIO framework, but will nevertheless provide more
insight in the exposure-dose-response triad as was introduced in chapter 2 of this document.
However, these different sources of information will need to be integrated by providing
linkage among exposure, dose, and response data. In the following, we try to give a brief
overview of possibilities and opportunities to do this. However, it should be kept in mind
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that this linkage is still to a large extend under development, and new and exciting

evolutions are taking place on an almost daily basis.
5.1 Exposure-dose: Physiology-based pharmacokinetic modeling

There is a long tradition in linking exposure and dose by means of physiology based
pharmacokinetic modeling (PBPK). In the following, we would briefly like to describe one
particularly well-established model, the USEPA Integrated Exposure Uptake Biokinteic
Model for lead in children (IEUBK, White et al 1998) (Figure 6.1). This however does not
mean that we promote the sole use of this model, or any other specified model for that
matter. It is only the aim of the authors to illustrate how PBPK models can help in

establishing links between exposure concentrations and internal dose data.

The link between environmental exposure to a pollutant and internal dose can very often not
be attributed to one single exposure pathway. Multimedia exposure pathways need to be
taken into account, especially for pollutants such as lead because of the multi-source, multi-
route exposure to this toxicant. The IEUBK model is a well-developed, tested and validated
model that focuses specifically on the multimedia uptake of lead by small children (0-84
months). The model involves a four-step procedure (exposure — uptake — biokinetics —
variability) that mathematically and statistically links environmental lead exposure to blood
lead concentrations. In the simplest situation, the model used measurement data on the
environmental lead concentrations for a location to calculate a realistic distribution of blood
lead levels, taking into account an underlying log-normal distribution. The output of the
IEUBK model hence provides estimated probabilities of elevated blood lead levels (White
et al 1998).

The model has been extensively validated, both from a theoretical-scientific point of view
(USEPA 1994, 2002) and using existing data sets (Hogan et al 1998), and fits the
framework of our exposure-dose-response triad approach. The model is available as a
windows-based software package, freely downloadable through the EPA website
(http://www.epa.gov/superfund/programs/lead/products.htm) and includes extensive
guidance documentation (USEPA 1994, 2002). In the wake of this project, also the
development of an Adult Lead Methodology (ALM) aimed at developing scientifically
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defendable guidance for the protection of adults to lead risks at non-hazardous waste sites
(USEPA 2001).

Currently, USEPA is developing an All Ages Lead Model (ALLM), which covers ages 0-90
years old, and also includes simulation of maternal and fetal biokinetics, and complex life-
time exposure patterns (USEPA 2005).

Figure 6.1: Biological structure of the IEUBK model for lead in children (Source: USEPA 1994)
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5.2 Dose-response: Spatial epidemiology and Bayesian statistics

There is quite a large amount of literature available on the link between environmental
contamination and epidemiological effects (e.g. Jarup et al 2004; Nuckols et al 2004; .
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However, the incorporation of dose as the central pivotal point has not often been
performed. This is tragically illustrated by the finding of Nuckols et al (2004), who
indicated that “we could not find an example of the use of GIS to estimate personal
exposure for an epidemiologic study”. However, insights from projects that link
environmental exposure, health outcome and risk through integrated geographical
information systems should allow us to generate similar procedures for the link between

dose and response.

The EUROHEIS project (A European health and environment information system for
exposure and disease mapping and risk assessment, EUROHEIS 2001, 2003) aimed at
providing these links among environmental exposure, health and risk assessment. The
project’s main target was the implementation and testing of an analysis tool, based on the
Rapid Inquiry Facility (RIF) developed at the Small Area Health Statistics Unit (SAHSU,
Imperial College London, UK). The RIF combines geographical information software (in an
ArcView environment) and health and environmental databases (in an Oracle environment)
in an easy to use exploratory tool, including advanced statistical analysis such as Bayesian
statistical modeling. In general, data at individual or aggregate levels should be analyzed
using hierarchical models that better describe the data and account for the limitations of the
data in terms of ecological bias (Mather et al 2004). Partners from different Member States
used the RIF-based analysis package to develop a number of national case studies, including
studying cancer risk near a polluted river in Finland (Verkasalo et al 2004), cancer incidence
in a population exposed to airborne dioxin (Poulstrup and Hansen 2004) or the relationship
between water hardness and cardiovascular and cerebrovascular diseases in Spain
(Ferrandiz et al 2004).

6 FUTURE DEVELOPMENTS

An apparent contradiction between exposure data and effect data exist. For at least some
exposure routes (e.g. air pollution), there are well-established programs to gather
harmonized data on exposure concentrations for a variety of pollutants, within a
geographically explicit framework. This is a laborious task, especially since it needs to be
elaborated for each individual pollutant and each specific exposure route, and involves the

establishment of specific administrative structures to gather, harmonize and analyze these
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data. So although data gathering structures are working and a lot of data is currently
available, there still is a huge amount of work to be done.

On the effect side on the other hand, there is a lot of morbidity data that is could easily be
collected routinely through well established structures (e.g. doctors and hospitals), and only
a limited number of (core) diseases that need to be focused on (Note: this reflection does not
necessarily hold for mortality data). However, there does not appear to be a clearly
harmonized, centralized approach to collect, analyze and disseminate data on morbidity on a
regional level, while it appears to be a much simpler task. And even if data is available (e.g.
through specific research projects such as APHEIS), there generally is a significant delay in
obtaining these data from 1 to 4 years (APHEIS 2000).

7 SUMMARY AND CONCLUSIONS

From our previous analysis, it is shown that the field of environment and health information
is evolving rapidly. We have tried to incorporate the latest, most up-to-date information
available, but there may always be actions, programs or projects that have escaped our
attention. This document is not supposed to be a full and final overview of the state-of-
science, but more an indication of what the aims and goals of both researchers and policy
makers are within the current “Environment and Health Action Plan 2004-2010".

We have tried as much as possible to translate these evolutions towards the availability of
data on environmental exposure and health effects for integration with the human
biomonitoring program, in an exposure-dose-response framework. The following matrix
(Table 7.1) gives a brief summary of the gaps and opportunities in data, and pinpoints some
of the major shortcomings that will be experienced if the link between environmental

exposure, human biomonitoring data and health outcomes is to be established.

It should be stressed that a lot is moving in the field of the environment and health Action
Plan, especially in the establishment of different indicators, and the harmonization of data
collection. Therefore, we predict that there will be important changes in the near future, and
some of the negative aspects indicated in Table 7.1 will considerably improve.
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Table 7.1: General overview of data availability and quality on different sources of information on
environmental exposure and health responses

Information on routes of | Awvailability | Geographical | Harmonization Quality Policy
exposure context control developments
Air emission + + + + +
Air imission + + + + +
Water emission + + + + -
Water imission 0 0 0 + -
Food quality 0 0 + + 0
Food quantity + + 0 0 0
Information on health Availability | Geographical | Harmonization Quality Policy
effects context control developments
Cancer (mortality) + + + + +
Cancer (incidence) 0 0 + 0 +
Asthma + 0 + +
Neurodevelopment 0 - - -

+ o+ o+

Endocrine disruption - - - -

The integration of HBM in this wide spectrum of databases on exposure and response will
induce better risk and health impact assessment, will hopefully provide better answers on
the causality of environment-related diseases and will generate new research efforts. Finally,
if the exposure-dose-response triad wants to prove its efficiency, data will have to live up to
three main criteria:

[o Harmonization of data collection throughout Europe

o Geographical representability

o Inherent quality assessment and control

Following the scheme we presented at the beginning of the document (Figure 2.2), the

following graphical summary of the document is given (Figure 7.1).
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Figure 7.1: A schematic representation of the EDR-triad identifying challenges and opportunities to establish an EDR triad for Europe
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Figure 7.1: A schematic representation of the EDR-triad identifying challenges and opportunities to establish an EDR triad for Europe (Cont.)
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