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a  b  s  t  r  a  c  t

Since  2002,  the Flemish  Government  decided  to carry  out  the  Flemish  Environment  and  Health  Survey
(FLEHS),  an  extended  human  biomonitoring  (HBM)  program,  which  is integrated  in the  environmental
health  policy.

Through  the  FLEHS  studies,  a  vast  amount  of  data  such  as biomarkers  of exposure  and  effect,  exposure-
effect  associations,  time  trends  and geographical  differences,  became  available  to the  Flemish  policy
makers.  In  order  to facilitate  the  policy  interpretation,  a phased  action-plan  was developed  collaboratively
by  FLEHS  researchers  and  policy  makers.

In this  article  we look  back on  more  than  15  years  of investments  of  the Flemish  government  in  HBM
and  reflect  on how  this  large scaled  and  challenging  HBM-initiative  contributed  to  shaping  the  envi-
ronmental  health  policy  in Flanders.  We  used  the  FLEHS  I (2002–2006)  and  II  (2007–2011)  results  on
persistent  organic  pollutants  (POPs)  and  the resulting  policy  actions  as  an  example  to illustrate  the
added  value  of  HBM  for policy  making.  Policy  measures  for POPs,  including  source-related  regulation
(e.g.  further  optimization  and  tightening  of existing  Flemish  legislation  on open  fires),  investment  in
monitoring  networks  and  communication  and  awareness  campaigns,  are  presented  and  the  added  value
for environmental  health  policy  is discussed.

We also  reflect  on how  HBM  can  support  science  and innovation  in the  environmental  monitoring
context.  Finally,  we  describe  what  society  can  gain  from  HBM  in terms  of opportunities  for  (1) feeding  the

political  and societal  debate,  (2)  stimulating  community  involvement  and (3)  empowering  participants
and  citizens.

All together,  the  gained  insights  and  phased  action  plan  showed  that  next  to compliance  with  high
scientific  standards,  results  of  the  Flemish  human  biomonitoring  campaign  could  be  translated  in targeted
policy  actions  even  for chemicals  that have  since  long  been  regulated.

©  2016  Elsevier  GmbH.  All  rights  reserved.
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1. Introduction

In 2002 the Flemish Government decided to initiate the Flem-
ish Environment and Health Survey (FLEHS), an extended human
biomonitoring (HBM) program to assess and monitor human expo-
sure of the Flemish population to environmental pollution and its
ue of a surveillance human biomonitoring program: The case of
/dx.doi.org/10.1016/j.ijheh.2016.09.013

impact on public health. Flanders is a densely populated area in
the North of Belgium with intense traffic and widespread indus-
trial and agricultural activities, which have a measurable impact
on environmental quality and human health. It has been estimated

dx.doi.org/10.1016/j.ijheh.2016.09.013
dx.doi.org/10.1016/j.ijheh.2016.09.013
http://www.sciencedirect.com/science/journal/14384639
http://www.elsevier.com/locate/ijheh
mailto:hans.reynders@lne.vlaanderen.be
mailto:ann.colles@vito.be
mailto:bert.morrens@uantwerpen.be
mailto:maja.mampaey@lne.vlaanderen.be
mailto:dries.coertjens@uantwerpen.be
mailto:gudrun.koppen@vito.be
mailto:greet.schoeters@vito.be
mailto:ilse.loots@uantwerpen.be
mailto:hana.chovanova@wvg.vlaanderen.be
mailto:wim.winderickx@ewi.vlaanderen.be
mailto:karen.vancampenhout@lne.vlaanderen.be
dx.doi.org/10.1016/j.ijheh.2016.09.013


 ING Model
I

2 giene a

t
D
w
t
d
w
o
e
o
a

e
e
g
f
i
i
t
v
a
v
l
2
2
e
h
D
L
O
F
c
p
g
b
a
s
o
r
s
E
f
i
l

m
t
2
e
m
b
p
i
i
m

F
s
a
o
o
1
p
a
a
p
r

ARTICLEJHEH-12982; No. of Pages 9

 H. Reynders et al. / International Journal of Hy

hat 6.3% of the total burden of disease in Belgium, assessed using
isability-adjusted life years (DALYs), is associated with a range of
ell characterized environmental stressors (i.e. particulate mat-

er (PM2.5), secondhand smoke, traffic noise, radon, lead, ozone,
ioxins, benzene and formaldehyde) (Hänninen et al., 2014). DALYs
ere estimated using primarily World Health Organization data

n burden of disease, national environmental exposure data and
pidemiological or toxicological risk estimates. However, for many
ther chemicals, the exposure levels and associated health effects
re not well assessed or poorly understood.

Within this scope, human biomonitoring (HBM) adds value to
nvironmental monitoring programs by assessing internal human
xposure to chemicals with potential health impact. HBM inte-
rates exposure through inhalation, ingestion and dermal uptake
rom a variety of sources taking into account personal character-
stics and individual life styles. The FLEHS HBM program provides
nformation on the distribution of chemicals in the general popula-
ion allowing to identify high exposure groups. It provides reference
alues for selected chemicals in a representative population and
llows to study time trends, spatial comparisons and exposure of
ulnerable population groups such as pregnant women and ado-
escents (Baeyens et al., 2014; Croes et al., 2014; Den Hond et al.,
013; Koppen et al., 2009; Morrens et al., 2012; Schoeters et al.,
012). Relationships between exposure and biological and health
ffects are studied to support environmental risk assessment and
ealth impact assessment (Choi et al., 2014; Croes et al., 2015, 2009;
en Hond et al., 2015; Dhooge et al., 2011; Franken et al., 2014;
agerqvist et al., 2015; van Larebeke et al., 2006; WHO  Regional
ffice for Europe, 2015). To assure the policy relevance of FLEHS, the
lemish government included specific requirements in the project
all. FLEHS had to be implemented as a surveillance program to
roduce reference values of selected exposure biomarkers for the
eneral population of Flanders. These reference values could then
e used to compare with so-called ‘hot spots’, e.g. cities, industrial
reas or regions with extensive fruit cultivation, and later on to
tudy time trends in Flanders. The multidisciplinary composition
f the research consortium (with all relevant scientific disciplines
epresented, including social scientists) and the establishment of
tructures for interaction with policy makers were other requests.
xtension to relevant scientific research projects was  encouraged
or optimal use of the information of the surveillance program and
ts logistic framework. In addition, a special program had to be
aunched to use FLEHS data for policy making.

Since 2003 HBM is also specifically mentioned as a legal instru-
ent for evidence-based environmental health policy making in

he Flemish Decree on Preventive Health Care. Moreover, since
004, the translation of HBM results into policy is mentioned in
very yearly policy declaration of the Flemish Minister of Environ-
ent. Accordingly, a dozen of additional projects were launched

uilding on the FLEHS results (additional research, participatory
rocesses to evaluate FLEHS results and develop targeted policy

nterventions and specific action plans). These initiatives clearly
ndicate the political support for HBM in Flanders and the engage-

ent to use HBM results for policy making.
So far, three successive FLEHS studies (FLEHS I: 2002–2006,

LEHS II: 2007–2011, FLEHS III: 2012–2015) were commissioned,
teered and funded by the Flemish government and were designed
nd carried out scientifically by the Flemish Centre of Expertise
n Environment and Health (CEH) (Fig. 1). A fourth survey is now
ngoing (FLEHS IV: 2016–2019). The FLEHS studies cover now
5 years of HBM in Flanders, in three age groups of the general
opulation (newborns and their mothers, adolescents and adults)
Please cite this article in press as: Reynders, H., et al., The added val
FLEHS in Flanders (Belgium). Int. J. Hyg. Environ. Health (2016), http:/

nd in several hot spots using a combination of cross sectional
nd prospective cohort studies. In total more than 5500 partici-
ants were included within the first three FLEHS studies, Flemish
eference values were obtained for more than 50 biomarkers of
 PRESS
nd Environmental Health xxx (2016) xxx–xxx

exposure and effect, including classical pollutants such as toxic
metals, dioxins, polychlorinated biphenyls (PCBs), polycyclic aro-
matic hydrocarbons (PAHs) and dichlorodiphenyltrichloroethane
(DDT), as well as new emerging pollutants which appeared in the
environment on a larger scale mainly during the last decade such
as phthalates, musks, parabens and organo phosphate pesticides
(Schoeters, et al., 2011). Biological effect markers and health effects
studied in FLEHS were genotoxicity markers (micronucleus assay,
comet assay), hormone levels (e.g. testosterone, FSH), puberty sta-
dia in adolescents, inflammation and oxidative stress markers in
e.g. breath condensate, self-reported information on fertility and
asthma and allergy (Baeyens et al., 2014; Croes et al., 2015, 2014;
Dhooge et al., 2011; Franken et al., 2014; Kiciński et al., 2012; Sioen
et al., 2013). Remaining biological samples are stored in a biobank,
currently containing about 10.000 samples.

Through these FLEHS studies, a vast amount of HBM data
became available for the Flemish policy makers. The evaluation of
these research results in terms of public health impact, priorities
for policy action and possibilities for policy intervention is, how-
ever, not always as straightforward as it might seem. This process
of interpretation is most often complicated by scientific complexity,
uncertainty and discussion. Also a plurality of societal perspectives
on environmental health risks, its acceptability and support for pol-
icy interventions need to be taken into account. In order to facilitate
this process, a phased action-plan was developed collaboratively
by FLEHS researchers and policy makers (Keune et al., 2009), and
was implemented after each FLEHS study. This phased action-plan
combines scientific analysis and societal deliberation in a struc-
tured and participatory approach. In several successive phases HBM
results are prioritized for policy action, explanatory factors are
identified and targeted policy interventions are developed. This
approach has successfully resulted in several action plans, with a
diversity of policy actions in addition to existing policies and in
cooperation with various national and regional actors.

In this article we  look back on more than 15 years of invest-
ments of the Flemish government in HBM and reflect on how this
large scaled and challenging HBM-initiative contributed to shaping
the environmental health policy in Flanders. Based on our experi-
ence with HBM, we  elaborate on the question why policy makers
need to keep investing in HBM, even for substances which have
already been regulated or banned since many years? We  will use
the FLEHS I and II results on persistent organic pollutants (POPs) and
the resulting policy actions as an example, to illustrate the added
value of HBM for policy making and the diversity of eligible policy
interventions. Secondly, we reflect on how HBM can support sci-
ence and innovation in the environmental monitoring context. And
thirdly, we  describe what society can gain from HBM.

2. Material and methods

In this methods section a brief description of the methodology
of the FLEHS campaigns, in particular FLEHS I and FLEHS II, and the
methodology of the phased action plan is included, as a basis for the
description of the POPs case to illustrate the added value of HBM
for policy making. Secondly, we  also clarify the methodology used
in this article to demonstrate the added value for policy, science
and society in Flanders.

2.1. The cycle of the Flemish human biomonitoring programs
(FLEHS I and FLEHS II) and the phased action plan
ue of a surveillance human biomonitoring program: The case of
/dx.doi.org/10.1016/j.ijheh.2016.09.013

In FLEHS I participants were recruited in eight geographical
areas with different environmental characteristics, while in FLEHS
II all Flemish provinces were included to establish reference values,

dx.doi.org/10.1016/j.ijheh.2016.09.013
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monitoring studies and policy translation process.
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Phased ac�on plan Prac�ce cycle in each phase

Step 1:  Desk resear ch   

Step 2: Expert consulta�on

Step 3: Stakeholder  advice 

Step 4:  Poli cy decision     

Phas e 1: Selec�ng priori�es 

Phase 2: Detailed interpreta�on and policy 

Phas e 3: Poli cy implementa�on  

Phas e 4: Poli cy evalua�on 
Fig. 1. Timeline of the FLEHS cycli, human bio

omplemented with the study of two industrial contaminated sites
hot spots).

The study populations consisted of mothers and their newborns,
dolescents (14–15 years of age) and adults (50–65 years of age in
LEHS I and 20–40 years of age in FLEHS II). All participants com-
leted a self-administered questionnaire to provide information
n explanatory factors such as occupation, life style, living condi-
ions, socioeconomic status, diet, tobacco smoke exposure, traffic
xposure, diseases and medication. Depending on the study pop-
lation samples of cord blood, peripheral blood, urine and/or hair
ere collected to be analyzed for biomarkers of exposure and/or

iomarkers of effect. More information on study design, protocol,
nalysis, database management and statistical analyses is available
n following publications: (Croes et al., 2014; Den Hond et al., 2013,
009; Schoeters et al., 2011; Schroijen et al., 2008).

After each campaign, the evaluation of FLEHS results and the
ormulation of a policy response was structured and facilitated
n a phased action plan, consisting of four successive phases
Fig. 2). In a first phase priorities for policy action were selected,
ot only based on scientific criteria but also taking into account
olicy and societal relevance. In a second phase possibilities for
olicy interventions were considered, by analyzing explanatory

actors on the one hand (such as potential sources, exposure
outes and vulnerable groups), but also by evaluating existing poli-
ies and acceptability and support for additional interventions.
n a third phase new policy was implemented, if deemed nec-
ssary in support of already existing policy. And finally a fourth
hase focused on the evaluation of implemented policy inter-
Please cite this article in press as: Reynders, H., et al., The added val
FLEHS in Flanders (Belgium). Int. J. Hyg. Environ. Health (2016), http:/

entions. The concept of the phased action plan is based on the
nalytical-deliberative approach, which stresses the importance of
ombining scientific analysis and societal deliberation to obtain
vidence-based but also more acceptable decisions for interested
Fig. 2. The different phases and practice steps in the phased action plan.

and affected parties (Stern and Fineberg, 1996). The main ele-
ments of this analytic-deliberative approach are incorporated in
the phased action plan by broadening the scope of relevant decision
criteria (to include societal and policy considerations in addi-
tion to merely scientific or medical criteria) and to invite diverse
scientific disciplines, policy makers and relevant stakeholders to
participate in the process (e.g. in a stakeholder jury, a commu-
nity advisory board and/or focus groups with citizens and FLEHS
participants, depending on the particular context of each FLEHS
study).

Successively action plans were developed for elevated plasma
levels of persistent organic pollutants (POPs) in rural areas, for the
increased asthma prevalence in urban areas, for exposure to PAHs
of the general population and for local increased chemical exposure
in the industrial hot spots Menen and Genk-Zuid. Each action plan
was coordinated by a policy advisor on environment and health
ue of a surveillance human biomonitoring program: The case of
/dx.doi.org/10.1016/j.ijheh.2016.09.013

leading to targeted policy actions communicated by the ministers
for environment and health.

dx.doi.org/10.1016/j.ijheh.2016.09.013
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.2. Different aspects of added value of the FLEHS studies for
olicy, science and society

We  hesitate to use ‘policy effectiveness’ as a key concept for the
valuation of the added value of the FLEHS studies. Effectiveness
efers to the demonstrated gain of policy outcomes (and accom-
lishing policy targets) on behalf of specific policy measures (and
he knowledge behind them). According to the methodologies of
olicy sciences and (environmental) policy evaluation in particu-

ar, it remains difficult to ‘assess’ effectiveness, given the lack of
ata to demonstrate causal relationship between knowledge, pol-

cy making and policy outcome (Crabbeı́ and Leroy, 2008). Taking
he science-policy nexus in mind, we prefer to modestly provide
llustrations of three different types of added value: for policy, for
cience and for society. We  extract examples, shared insights, policy
utputs and actions out of FLEHS’s study reports, papers, external
ssessments and policy documents but also gave the floor to the
xpert’s experiences within and outside the CEH.

(i) We  describe the added value of HBM for environmental health
policy with the action plan of POP’s in rural areas (FLEHS I) and
the action plan for hot spot Menen (FLEHS II), which partly
focussed on POPs as well. The actions for POPs are divided into
types of policy instruments, the added value is discussed, and
bottlenecks in the policy translation process are identified.

(ii) The added value of HBM for science and innovation is described
based on the evaluation of the scientific and innovative perfor-
mance during each FLEHS cycle, done through an independent
consultancy bureau. This evaluation was comprised of (1) a
self-evaluation by the CEH, (2) an evaluation of the policy
relevance by the stakeholders, in this case: the department
of Environment, Nature and Energy and the Agency for Care
and Health and cabinet members of the ministers of Envi-
ronment and Health and (3) an external evaluation by three
international scientific experts in the field of Environmental
Health research. The evaluation considered scientific criteria
such as innovative character of the research themes, inter-
national character of the research, relevance, valorization of
research results and productivity of the CEH. In addition, com-
position of the consortium, multidisciplinarity and exchange
of knowledge were judged as policy relevance criteria.

iii) The added values for society are described in terms of oppor-
tunities for (1) feeding the political and societal debate, (2)
stimulating community involvement and (3) empowering par-
ticipants and citizens.

. Results and discussion

.1. Key question 1: additional policy actions for already
egulated POPs

Performance in the science-policy nexus is firstly to be deducted
rom policy progress made by the Phased Action Plan. This can be
llustrated by the specific action plan developed for POPs. Firstly,
his paragraph looks into the specific insights that were gained for
n optimized and more targeted environmental policy making.

The FLEHS I study showed that HBM is able to reveal geograph-
cal differences in internal exposure in Flanders (Schroijen et al.,
008). Although the rural areas were originally expected to rep-
esent background levels for environmental exposure in Flanders,
xposure to dioxin-like compounds, PCBs and the pesticides HCB
Please cite this article in press as: Reynders, H., et al., The added val
FLEHS in Flanders (Belgium). Int. J. Hyg. Environ. Health (2016), http:/

nd DDE (DDT-metabolite) was found to be significantly (p < 0.05)
igher than average in all age groups from the rural areas. In lit-
rature, the organochlorine compounds have been associated with
ndocrine disrupting activities, interference with fetal growth and
 PRESS
nd Environmental Health xxx (2016) xxx–xxx

immune system (Croes et al., 2014; Den Hond et al., 2015; Govarts
et al., 2012; Leijs et al., 2009), and some are carcinogenic, indicat-
ing the health concern of increased exposure. In addition, despite
a declining time trend in chlorinated POP blood levels (Schoeters,
this issue) in Flanders, associations with biological body functions
and health effects were still observed in FLEHS I and II (e.g. effects
on hormone levels, fetal growth and increasing the odds of asthma)
(Croes et al., 2014; Govarts et al., 2012).

In the phased action plan the higher POPs blood levels in the
rural areas were selected as one of the priorities of FLEHS I for policy
making (Keune et al., 2009). Additional policy actions were needed
to further reduce POPs body burdens and to meet the objectives of
the Stockholm convention, signed by Belgium in 2006.

In a joint exercise with expert consultations and a stakeholder
debate, structured by the procedure ‘Phased Action Plan’, risk man-
agers formulated policy measures that were based on an extensive
evaluation of existing policies and led to either an extension or
optimization of current policy. An overview is given in Table 1.
These policy instruments represent a broad range, because they are
illustrative for − although not fully cover − the range of different
strategies behind policy responses (Bressers and Klok, 1988). Both
our examples (supporting existing policy and new policy actions)
go into command-and-control measures (source-related regula-
tion) and persuasive instruments (persuasion of target groups
via providing information, communication initiatives and aware-
ness raising). These suggested actions were accompanied by policy
measures of public administrations, such as investing in own mon-
itoring networks.

In Belgium, pesticides DDT and HCB were banned since the
1970s. Production of PCBs is banned since 1986, collection and
destruction of PCB applications was  completed in 2010. Since
the early 1990s environmental dioxin and PCB concentrations
decreased in Flanders mainly due to emission reduction programs
(Lieshout et al., 2001).

An interesting question rose on which additional actions could
be taken for pollutants already banned or regulated? The most
obvious type of measure is further reducing unintentional and
concealed emissions. Based on the HBM results in the identified
hot spots, companies were actively stimulated to apply the best
available technologies to reduce dioxin emissions. Based on the
still higher DDT blood levels in rural areas, extra control measure-
ments/inspections for the presence of banned pesticides like DDT in
farms were initiated (Keune et al., 2008a) to stimulate the reduc-
tion in use of pesticides and to collect residues of pesticides (e.g.
remaining stock of forbidden pesticides like DDT) via the already
existing Household Hazardous Waste collection in every munici-
pality. An analysis of the collected pesticides (residues and empty
packagings) set up by OVAM, the Public Waste Agency of Flanders,
showed the presence of DDT −containing pesticides in the collected
Household Hazardous Waste at the time the awareness campaign
ran. DDT-containing pesticides were collected in all studied geo-
graphical areas in FLEHS I, but higher amounts were collected in
areas with highest DDT-blood levels (e.g. rural areas).

Further desk research on the FLEHS data resulted in indications
of important routes of exposure. Indeed, inhabitants of the rural
regions of Flanders had a significant higher consumption of locally
grown food (70% of the participants in rural areas vs. 39% in other
areas) and use of stoves for heating (wood stove 22% of partici-
pants in rural area vs. 10% in other areas). Consumption of locally
grown food was  associated with increased plasma levels of PCBs,
HCB and DDE in newborns (e.g. p,p′-DDE +18% for participants con-
suming locally grown vegetables) and adolescents (Den Hond et al.,
ue of a surveillance human biomonitoring program: The case of
/dx.doi.org/10.1016/j.ijheh.2016.09.013

2009). Wood burning was  associated with increased serum lev-
els of PCBs (+6%) in the adult study population. In FLEHS II and III
the association between wood burning and consumption of locally
grown food with higher POPs blood levels was confirmed. Resulting

dx.doi.org/10.1016/j.ijheh.2016.09.013
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Table  1
overview of selected policy actions based on the POPs results in the FLEHS studies.

Source-related regulation Monitoring programs Communications/awareness raising

Supporting existing policy • Further optimisation and tightening of
existing Flemish legislation on open fires
(2015–2016)

• Active stimulation by the environmental
inspectorate of companies to apply the
best available technologies principle
(continuous)

• Optimizing and expanding the
monitoring network of dioxins and PCBs
in ambient air (new thresholds in 2010,
every year the monitoring network is
evaluated and adapted if necessary)

New policy actions • Extra control measurements/inspections
of  the environmental inspectorate for
the presence of banned pesticides in
farms (2008)

• Collection of remaining stock of banned
pesticides for waste disposal
(2007–2008)

• Monitoring chlorinated compounds in
mother milk in rural areas (2009–2011)

• Monitoring chlorinated compounds in
locally produced eggs in the hot spot
Menen (2013)

• Campaign of awareness raising on the
use of (banned) pesticides (first
campaign in 2007, last campaign in
2016)

•  Blueprint of ‘good practice’ for
cultivation of crops and eggs in (public)
gardens (2015)

• New campaigns of awareness raising on
outdoor and indoor stoking/wood
burning (since 2012)

• Construction of a common locally
embedded communication platform
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olicy actions reducing POPs exposure through wood/waste burn-
ng and consumption of locally grown food (Table 1) are expected
o contribute in reducing body burdens with consequent health
enefits.

Concerning actions regarding locally grown food, a specific cam-
aign of awareness raising for use of DDT and other forbidden
ersistent pesticides was set up by the Flemish government. Chlo-
inated compounds were analyzed in locally produced eggs of the
ndustrial hot spot Menen with the aim to adapt the general advice
n egg consumption to the locally increased levels. The adjusted
dvice for eggs was communicated to the general public in this hot
pot area. In a next step, a general blueprint of ‘good practice’ for
ultivation of crops and eggs in (public) gardens was developed and
ommunicated by the Flemish minister for Environment in March
015. This campaign puts emphasis on the positive aspects of gar-
ening such as economic benefits, less waste, less transport costs,
ore physical exercise, better social cohesion, awareness raising

or children concerning healthy food and feeding habits and less
ood wastage, but alerts the citizens for possible risks of soil pol-
ution. The main information channel was a website (http://www.
ezonduiteigengrond.be) with information on healthy gardening
nd healthy eggs.

In response to the results related to wood/waste burning, Flem-
sh legislation on open fires was further optimized and tightened as

 measure to decrease emissions (such as dioxins, PCBs) from com-
ustion processes into the air. A prohibition to make open fires was

ncluded in Flemish Environmental law (8 specific exclusions such
s extinguishing work, campfires and open fires for phytosanitary
easons). This measure is expected to reduce also exposure to other
ollutants such as PAHs. New campaigns on awareness raising on
utdoor and indoor wood burning were initiated (www.stookslim.
e). More than half (N = 180) of the 308 Flemish municipalities
rdered at least one of both information leaflets.

The higher POP blood levels in rural areas drew attention to the
act that exposure to POPs is wide-spread and not only restricted
o industrial or source-related areas. Based on these results the
lemish Environment Agency invested in additional environmen-
al monitoring stations. The monitoring network of dioxins and
Please cite this article in press as: Reynders, H., et al., The added val
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CBs in ambient air was optimized and recurrently expanded to
nclude also residential and agricultural areas in addition to source
riented (industrial) locations. Extra follow-up of the presence of
hlorinated compounds in mother milk in rural areas was  organised
between citizens, companies and local
authorities (2013–2014)

(Croes et al., 2012) and was  used in the policy evaluation pro-
cess to formulate targeted advice to lower personal exposure to
chlorinated compounds.

Taken all together, the action plans identified gaps of exist-
ing policies leading to their reinforcement and optimization. The
renewed attention for existing policy measures stimulated their
effectivity, capacity and acceptability. Thanks to the participative
nature of the process, the gap between policy, citizens and industry
decreased, leading to more cohesion and mutual understanding of
arguments and policy measures.

When carrying out and evaluating the phased action plans and
the policy translation process we also identified difficulties and
bottlenecks.

The procedure of the phased action plan designed for the POPs
proved to be very fruitful for policy translation of HBM results.
However, there is no blueprint that fits all purposes for policy trans-
lation. Moreover, not every environment and health issue urges
for a participatory and time-consuming approach. For acute or less
complex problems a short-cut is necessary and immediate action
following the HBM results is warranted. So a flexible approach is
recommended in which the procedure is always tailored to the
specific context.

A bottleneck identified in the phased action plan is finding suit-
able experts that are willing to participate. The pool of experts for
the FLEHS studies is limited since documents are only available in
Dutch. Participation fatigue might occur when the same experts
are consulted too often. In a European-wide HBM-campaign the
critical mass will increase as more experts can be consulted and
documents will be available in English.

Another difficulty encountered in the FLEHS studies is the fact
that policy translation of the FLEHS studies was mainly directed
towards the competences of the Flemish Government. Results of
the FLEHS studies, that were of relevance for national or interna-
tional legislation, have also been transferred to the national and
European level, but it is not clear how these results have con-
tributed to targeted policy advices or actions. Also, other examples
of good practice in policy translation are not shared easily and are
often not published in English or in peer-reviewed literature. It is
ue of a surveillance human biomonitoring program: The case of
/dx.doi.org/10.1016/j.ijheh.2016.09.013

therefore difficult to compare with the process of policy transla-
tion of HBM results in other (European) countries. The upcoming
European HBM project is however a good opportunity to make sig-
nificant progress in coordinating HBM data collection from member

dx.doi.org/10.1016/j.ijheh.2016.09.013
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tates and streamlining policy translation in an integrated frame-
ork.

Demonstrating the effectiveness of this policy translation pro-
ess remains another important bottleneck. Where the evaluation
f action plans in terms of specific outputs (implementation of pol-

cy measurements) is to some extent straightforward, evaluating
he outcomes and especially the impacts of the action plans (the

id  and long term effects in terms of decreases in pollutant levels
nd associated health effects) is much more difficult.

Despite a general declining time trend in blood POP concentra-
ions over the different FLEHS campaigns, the percentage decrease
ttributed to the specific action plans is not possible to assess
ince the further decrease in POPs concentrations also benefited
rom existing policy. Moreover POPs bioaccumulate in the body.

 decrease in dietary or environmental exposure is therefore not
mmediately reflected in a decrease in internal concentrations. This
omplexity and bottlenecks in evaluating the effectiveness of an
ction plan from a scientific point of view makes it difficult to
onvince politicians to invest in HBM. At the same time however
t also illustrates the long term nature of surveillance HBM pro-
rams.In addition, this highlights the need for criteria or indicators
o measure the performance and impacts of HBM programs both
n a regional and European level, capturing for example progress in
esearch activities and impact on policy. These criteria or indicators
ould help in providing rationales for a long-term HBM campaign
n a regional and European level.

Finally, it is also important to stress that not all environment and
ealth problems find their solutions in HBM. First of all, the appli-
ability of HBM depends on the availability of reliable biomarkers.
ontinued investments and efforts to improve analytical meth-
ds, to improve our understanding of metabolic pathways and to
evelop biomarkers for emerging pollutants are essential to keep
p with technological innovation. Secondly, HBM is a measure for

ntegrated exposure from different routes of exposure. Assigning
nternal biomarker concentrations to specific sources can be diffi-
ult and complex. For source identification directed emission and
mmission measurements are still the gold standard. The FLEHS
tudies however showed that for the identification of contributing
outes of exposure and determinants of exposure, HBM provided
aluable information for science and policy.

.2. Key question 2: the added value for science and innovation
uilt on the HBM platform in Flanders

Since 2001, the collaboration between all four Flemish uni-
ersities and the Flemish research institutes Provincial Institute
or Hygiene (PIH) and the Flemish Institute for Technological
esearch (VITO), established within the CEH resulted in an interdis-
iplinary team. The center includes epidemiologists, toxicologists,
ood scientists, social scientists, chemists and medical doctors. The
ombination of surveillance, science and communication within
ne research center was recognized as an important strength of the
EH. Over all these years, familiarity with the different vocabularies
nd methodologies increased. The CEH can operate in an integrated
ay: interdisciplinarity moved beyond multidisciplinary coopera-

ion.
The results of the FLEHS studies were published in high ranked

eer-reviewed scientific journals and were presented at interna-
ional scientific conferences. The FLEHS studies resulted so far in

ore than 120 peer-reviewed scientific publications and 16 PhDs.
Please cite this article in press as: Reynders, H., et al., The added val
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dditionally to the HBM program, more than 20 policy orientated
cientific research projects grafted on the HBM surveillance pro-
ram were initiated

Innovative research resulting from the HBM program includes:
 PRESS
nd Environmental Health xxx (2016) xxx–xxx

(i) Research on the development of biomarkers such as applica-
tion of non-invasive inflammation markers in exhaled breath
condensate or nasal mucus (Bloemen et al., 2010; De Prins et al.,
2014a,b) biomarkers of exposure to wood burning, optimiza-
tion of biomarkers for example pesticides and arsenic, the use
of transcriptomics data for regulatory purposes (Remy et al.,
2014) and the use of gene expression and epigenetic markers
for assessment of molecular pathways affected by environ-
mental stressors (Ketelslegers et al., 2008; van Leeuwen et al.,
2008; Vrijens et al., in press).

(ii) Research on vulnerable populations: the FLEHS studies
allowed exploring personal risk profiles in the context of social
inequality in environmental exposure (Morrens et al., 2012).
The FLEHS birth cohorts could be linked to other European
birth cohorts providing insight in early life exposure effects
(Bloemen et al., 2010; Delvaux et al., 2014; Govarts et al., 2014,
2012; Sioen et al., 2013). FLEHS was  embedded in several inter-
national scientific cooperations such as OBELIX, INTARESE,
ENRIECO, CHICOS, COST-action on Industrially Contaminated
Sites and Health Network (ICSHNet) (Govarts et al., 2014, 2012;
Iszatt et al., 2015). The effects of endocrine disruptors on hor-
monal systems such as sex hormones and the degree of sexual
maturation (Croes et al., 2009; Den Hond et al., 2015, 2011;
Dhooge et al., 2011, 2006; van Larebeke et al., 2006), thyroid
hormone levels (Maervoet et al., 2007) and neurobehavioral
function (Kiciński et al., 2012) were studied.

(iii) Research on associations between several types of environ-
mental and health data: In the context of the FLEHS studies,
HBM data were linked with air particulate matter collected in
the HBM regions. On these air samples analysis of oxidative
stress and DNA damage were assessed via in-vitro tests (De
Prins et al., 2013, 2014a), indoor air measurements on e.g. PAHs
(Pieters et al., 2013) and the use of HBM data in cost benefit
analysis of lead, methylmercury and p,p-DDE exposure studies
(Remy et al., submitted). The knowledge and expertise was also
used in the EU pilot projects for human biomonitoring such as
ESBIO, COPHES and DEMOCOPHES and for the preparation of
the European Human Biomonitoring Initiative (HBM4EU).

Overall, the HBM program used state-of-the-art knowledge on
integrated exposure to environmental chemicals and the related
health effects in a general population. It feeded policy makers with
accurate information about the actual body burden of the gen-
eral population and vulnerable groups like new-borns and socially
deprived groups. The HBM program also offered opportunities for
new innovative research projects broadening and improving the
knowledge of environmental health. Due to the interdisciplinary
and open minded collaboration between scientists, policy makers,
and moreover stakeholders and local actors, the process of mutual
learning contributes to a better understanding of needs and pos-
sibilities in policy, science and society (Keune et al., 2009, 2008a),
leading to policy-oriented science projects of which results were
directly transposed in environmental health policy.

3.3. Key question 3: added value to society and politics

Environmental health risks are not just technical or scientific
issues, they are also inherently interwoven with our way of life,
our perceptions, norms and values (Renn and Rohrmann, 2000;
Slovic et al., 2004). Thus, assessing and managing these risks with
HBM data implies not only scientific but also societal challenges.
ue of a surveillance human biomonitoring program: The case of
/dx.doi.org/10.1016/j.ijheh.2016.09.013

Anticipating these challenges within the research process can yield
societal benefits. This point goes into illustrations of added value
to society and politics, going beyond the science-policy nexus in
terms of policy output as already described in the first question.

dx.doi.org/10.1016/j.ijheh.2016.09.013
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Firstly, the HBM program and the publicity of the results created
genda-setting opportunities for politicians and pressure groups
nd fed the societal debate about environmental health problems.
ebate and the forming of opinions structure not only issues on the
olitical agenda, (needs that enter the policy process (Crabbeı́ and
eroy, 2008), but in the end also helped to generate and weigh solu-
ions. For instance, the results of the HBM program and the phased
ction plans supplied answers to 168 questions from the Flem-
sh parliament, addressed to the ministers of environment and/or
ealth since 1995 (until May  2016). In the late 1990s parliamen-
al questions were related to environmental pollution and health
ffects in the neighbourhood of waste incinerators, heavy metal
ollution hot spots or pesticide use in fruit cultivation areas. In
hese questions the need for a surveillance program to assess envi-
onmental health related problems and to stimulate appropriate
olicy actions was highlighted. This resulted in a pilot project in
999 (Koppen et al., 2002; Staessen et al., 2001) and finally in the
rst FLEHS programs. This means that political and social atten-

ion and pressure contributed to the start of the FLEHS campaign.
rom 2001 on, questions dealt with HBM and the meaning of results
or policy translation. HBM was widely discussed in environmental
ealth politics during the last decade. HBM not only constituted a
latform for political inquiry; addressed authorities were able to

all back and respond on the base of installed HBM programs.
Secondly, the HBM program actively responded to specific

local) concerns and public perceptions. The HBM studies in indus-
rial hot spots were always conducted in close collaboration with
ocal stakeholders and residents. In each hot spot, a community
dvisory committee was established during the entire research
eriod, consisting of a flexible group of about 30 persons represent-

ng societal gatekeepers as well as local authorities and industry.
embers could give voluntary advice during meetings and major-

ty voting was organised for crucial issues in the research design.
his extensive community involvement was required to address
he high concerns and trust deficit among local parties, often rooted
n environmental justice claims of unequal distribution of bur-
ens and benefits. By investing in a community-based participatory
esearch approach, local stakeholders were involved in all aspects
f the research process, which created openness towards issue
raming and research design, and increased the local relevance and
dded value of the HBM study. An example might be the increasing
nvolvement of industrial actors in the study and their additional
ngagement for local environmental care in line with the local
olicy action plan. Besides through local collaboration, concerns
nd preferences of citizens are also included in the HBM program
hrough risk perception questionnaires that were supplemented in
ll HBM- surveys. These questions provided insight in the way  par-
icipants perceive environmental health risks (air pollution being

entioned as one of the major concerns), showed that partici-
ants had more trust in scientific compared to political information
roviders and wanted to be informed and involved in the environ-
ental health politics (Keune et al., 2008b).

Thirdly, by measuring chemicals and health effects directly into
he human body, the HBM program made pollution personal and
ot citizens involved in scientific research. This provided opportu-
ities for awareness raising, empowerment and support for policy
ction. Moreover, the integrated approach with markers of expo-
ure to monitor body burden, also better matched the more holistic
raming of local residents of the global quality of their direct liv-
ng environment instead of a compartmentalized assessment of
ir, water, soil quality and food contamination and respective
orms and policy competencies. The Flemish HBM program has a
Please cite this article in press as: Reynders, H., et al., The added val
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ong tradition in dialogical risk communication and reporting back
tudy results (Keune et al., 2008c). Participants not only receive
heir personal results, they also are informed first about the col-
ective results for the region or complete age group, before any
 PRESS
nd Environmental Health xxx (2016) xxx–xxx 7

external communication or press release. Participant evaluation
surveys conducted by the CEH showed that around 25% of respon-
dents took personal initiatives as a result of their participation. It
mainly concerns changing (locally grown) food patterns, conduct-
ing preventive health monitoring or mobilising social support for
(local) policy actions. These findings were in line with the work
of Altman et al. (2008) and Brody et al. (2007) that demonstrated
how personal HBM data can shape participants’ embodied health
experiences.

4. Conclusion

The boundary work between different scientific disciplines and
between scientists, policymakers and stakeholders proved to be
very fruitful but should not be underestimated in complexity. It is a
process of learning by doing, of exploring and crossing the borders
of science and policy. There is no blueprint that fits all purposes
for policy translation. In addition the process is intensive and time
consuming.

Nevertheless, the gained insights and phased action plan
showed that next to compliance with high scientific standards,
results of the Flemish human biomonitoring campaign could be
translated in targeted policy actions even for chemicals that have
since long been regulated.
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