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Late 90´s...Late 90Late 90´́s...s...

StrategyStrategy Did not produceDid not produce expected results! expected results! 

•• IncreasingIncreasing SW production SW production (exponential in some countries)(exponential in some countries)

•• EUEU’’ target for 2000 target for 2000 ““300 kg / per capita . per year300 kg / per capita . per year””

NOTNOT achievedachieved
Over Over 500500 kgkg of MSW of MSW per capitaper capita are now being generated per year!are now being generated per year!

Waste issue in EuropeWaste issue in Europe



Portugal is not an exceptionPortugal is not an exception!!

Source: www.inresiduos.pt/xeo_cm_inr/attachfileu.jsp?look_parentBoui=12180267&att_display=n&att_download=y
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Portugal is not an exceptionPortugal is not an exception!!



19961996 FacilitiesFacilities 20022002

55 Organic Resource Recovery 55

00 Energy Recovery 33

1313 Landfills 3737

341341 Uncontrolled dumps 00

Late 90Late 90´́s...s...
MSW management inMSW management in PortugalPortugal

►Uncontrolled dumps: closed!
►Incineration: safe disposal of SW that cannot be recycled / reused



Late 90´s...Late 90Late 90´́s...s...
•• Public and scientific concern Public and scientific concern 
•• New legislative frame New legislative frame (Europe & Portugal)(Europe & Portugal)

Entities responsible for incineration plants Entities responsible for incineration plants are obligedare obliged: : 

•• To implement & To implement & evaluateevaluate measures to minimize impactsmeasures to minimize impacts

•• To To demonstrate efficacydemonstrate efficacy of of implemented measuresimplemented measures

Monitoring ProgramsMonitoring Programs

••AAddressedddressed to environmental quality to environmental quality && adverse health effectsadverse health effects

••Developed according to regulatory frame Developed according to regulatory frame (when applicable)(when applicable)



Late 90´s...Late 90Late 90´́s...s...

Overall objectiveOverall objective ofof Monitoring ProgramsMonitoring Programs
[[New or updatedNew or updated Solid Waste Incinerators]Solid Waste Incinerators]

• To guarantee quality of environmental media in SWI’s area of influence

• To ensure safeguard of Public Health for people living in same area

New waste management strategyNew waste management strategy



Monitoring Monitoring 
ProgramsPrograms

Independent institutions and expertsIndependent institutions and experts
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Late 90´s...
New waste management strategy
Late 90Late 90´́s...s...
New waste management strategyNew waste management strategy

LisbonLisbon

MadeiraMadeira

AzoresAzores

PORTUGAL

Oporto Oporto 

VALORSULVALORSUL

MEIA SERRAMEIA SERRA

New New Municipal Solid Municipal Solid 
Waste Incinerator Waste Incinerator 

19991999

Updated Updated Solid Solid 
Waste Waste 

Incinerator Incinerator 
20022002

Municipal, hospital, Municipal, hospital, 
slaughterhouse wasteslaughterhouse waste



“Classic” pollutants
SO2

HCl
HF
Particulate matter
NOx (OxidantOxidant pollutionpollution)

CO

AcidAcid pollution pollution 

Volatile
Non-volatile

Relevant pollutants from SW incineration

Heavy metals
Pb, Cr, Cu, Mn
Ni, As
Cd, Hg

MacroMacro--pollutantspollutants MicroMicro--pollutantspollutants

““DioxinsDioxins””
7 PCDDs

10 PCDFs
8 PCBs

Public Health perspectivePublic Health perspective



Pathologies/health conditions potentially associated

1.1. Asthma, allergies and respiratory problemsAsthma, allergies and respiratory problems

2.2. CancerCancer

3.3. Reproductive healthReproductive health disordersdisorders
Abortion, low birthAbortion, low birth--weight, infertilityweight, infertility

Infant and perinatal mortality, foetal malformationsInfant and perinatal mortality, foetal malformations

4.4. NeurodevelopmentalNeurodevelopmental disordersdisorders
Low birthLow birth--weightweight,, psychological psychological retardmentretardment

Learning disabilityLearning disability

5.5. Mental healthMental health disordersdisorders

6.6. Alterations in global health and wellbeingAlterations in global health and wellbeing

Public Health perspectivePublic Health perspective



ProVEpAs 
Environmental Health Surveillance Programs
ProVEpAs ProVEpAs 
Environmental Health Surveillance ProgramsEnvironmental Health Surveillance Programs

To monitor To monitor magnitude, spatial & time trendsmagnitude, spatial & time trends

• Indicators of exposure to environmental agents (area of influence) 

• Indicators of potential adverse health effects (residents in area) 

Main goalMain goal



ProVEpAsProVEpAsProVEpAs

(assuming incinerators under control)(assuming incinerators under control)

Pollutants’ body burden and associated health status of 

residents in the area of influence do not differ from those 

of similar residents at a greater distance from the plant

HypothesisHypothesis



1.1. ≠≠ distances from distances from SWISWIss ⇒⇒ ≠≠ levels of exposurelevels of exposure

ProVEpAsProVEpAs

Baseline and repeated observations

22 assumptions for Surveillance development assumptions for Surveillance development 

(( methodological implications)methodological implications)

Study groups: Study groups: EXPOSED EXPOSED andand CONTROLSCONTROLS

2.2. Levels of exposure may vary along timeLevels of exposure may vary along time



Human Biomonitoring Human Biomonitoring addressed toaddressed to EXPOSURE EXPOSURE 
of the most critical pollutants (of the most critical pollutants (measurements in the personsmeasurements in the persons))

ProVEpAsProVEpAs

Survey Survey of identifiedof identified ADVERSE HEALTH EFFECTS  ADVERSE HEALTH EFFECTS  
Epidemiology of pathologies/health conditions associated with crEpidemiology of pathologies/health conditions associated with critical pollutantsitical pollutants

33 complementary components:complementary components:

Survey Survey of identifiedof identified RISK FACTORSRISK FACTORS
Monitoring of potential confounding factors Monitoring of potential confounding factors 

Surveillance MethodologySurveillance Methodology



Human Biomonitoring Human Biomonitoring addressed toaddressed to EXPOSUREEXPOSURE

GENERAL GENERAL 
POPULATIONPOPULATION
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5 5 BIOMONITORING PROJECTS under developmentBIOMONITORING PROJECTS under development
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Human Human BiomonitoringBiomonitoring Projects Projects based on:based on:

Serial crossSerial cross--sectional studies sectional studies (at least, every 2 years)(at least, every 2 years)

Starting point: baseline establishment Starting point: baseline establishment before regular SWI operationbefore regular SWI operation

Administration of questionnaires Administration of questionnaires (confounding control)(confounding control)

►► Anthropometric and Anthropometric and sociodemographicsociodemographic factorsfactors
►► Lifestyle and behavioural variablesLifestyle and behavioural variables

Special consideration to Special consideration to ethical and communicationethical and communication issuesissues
Grafted research projects, Grafted research projects, whenever possiblewhenever possible

ProVEpAsProVEpAs Surveillance MethodologySurveillance Methodology



Epidemiological studies Epidemiological studies based on:based on:

1.1. Periodic analysis of health registries Periodic analysis of health registries ((whenwhen and and if availableif available))
Cancer mortality rates Cancer mortality rates (morbidity (morbidity not availablenot available))

Infant and perinatal mortality ratesInfant and perinatal mortality rates
Low birthLow birth--weight rateweight rate
Foetal malformations Foetal malformations ((deficientdeficient registry)registry)

2.2. SelfSelf--administered questionnairesadministered questionnaires
Asthma and Asthma and tobacco consumptiontobacco consumption
Mental health & selfMental health & self--perception of healthperception of health--statusstatus

3.3. Grafted research projects Grafted research projects 
Spontaneous abortion Spontaneous abortion (including (including HBMHBM of exposure and pregnancy status)of exposure and pregnancy status)

ProVEpAsProVEpAs Surveillance MethodologySurveillance Methodology



What about resultsWhat about results??
• Regularly communicated

•To the owners of the SWIs abundant “Gray literature”

•To local Environment and Health authorities

•To participants (mainly if remediation is possible)

• Disseminated to scientific community
•Mainly for the last couple of years

•Through usual means



Some resultsSome results

from                 ...from                 ...ProVEpAsProVEpAs

suggesting suggesting 
effective controleffective control of the of the SWIsSWIs



Human exposure to dioxins Human exposure to dioxins 
((measurements in measurements in blood blood of the General Populationof the General Population))

Differences Differences 

EXP EXP vsvs CTRCTR

not significantnot significant
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Suggesting Suggesting effective controleffective control in relation to dioxin emissionsin relation to dioxin emissions

Results from VALORSUL Surveillance ProgramResults from VALORSUL Surveillance Program



Human exposure to dioxins Human exposure to dioxins 
((measurements in measurements in bloodblood of the General Populationof the General Population))

Suggesting:Suggesting:
backgroundbackground exposureexposure lower lower than published levels than published levels in in comparable populationscomparable populations

Results from VALORSUL and MEIA SERRA Surveillance ProgramsResults from VALORSUL and MEIA SERRA Surveillance Programs
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Human exposure to dioxins Human exposure to dioxins 
((measurements in measurements in breast milkbreast milk))

Suggesting Suggesting trend for reductiontrend for reduction in relation to baseline in relation to baseline 

Results from VALORSUL Surveillance ProgramResults from VALORSUL Surveillance Program
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Human exposure to dioxins Human exposure to dioxins 
((measurements in measurements in breast milkbreast milk))

Suggesting:Suggesting:
backgroundbackground exposureexposure lower lower than published levels than published levels in in comparable populationscomparable populations

Results from VALORSUL and MEIA SERRA Surveillance ProgramsResults from VALORSUL and MEIA SERRA Surveillance Programs

0

20

40

60

80

100

EHP, 1994/A
(n=16)

EHP, 1994/B
(n=18)

CHEM, 1996
(n=7)

CHEMOSP,
1999 (n=15)

EHP, 2000
(n=71)

LIPOR, 2002
(n=19)

VALORSUL,
2001 (n=52)

VALORSUL,
2003 (n=41)

VALOR
AMBIENTE,
2004 (n=99)

Este
estudo,
(n=85)

pg
(W

H
O

-T
EQ

)/g
 fa

t

Este estudo, 
(n=85)

MEIA 
SERRA

VALORSUL



Pb

2

4

6

8

10

12

Te
or

es
 m

éd
io

s 
(u

g/
dl

)

Cd

0,0

0,2

0,4

0,6

0,8

Te
or

es
 m

éd
io

s 
(u

g/
dl

)

Hg

0,0

0,3

0,6

0,9

1,2

1,5

T1 T3 T4

Te
or

es
 m

éd
io

s 
(u

g/
dl

)

Impactes T0 IC-sup-T0 IC-inf-T0

Human exposure to Human exposure to PbPb, Hg, , Hg, CdCd
((measurements in measurements in bloodblood of the General Populationof the General Population))

Systematic and statistically significant reduction (p < 0.001) in relation to 
baseline levels for the most relevant heavy metals

In global terms, blood levels of Pb, Hg and Cd lower than lower limits of 
reference values or maximum admissible values (when established)

Results from VALORSUL Surveillance ProgramResults from VALORSUL Surveillance Program



Foetal exposure to Lead Foetal exposure to Lead 

Suggesting:Suggesting:
•• Incinerator Incinerator effective controleffective control in relation to in relation to PbPb emissionsemissions

•• Improvement of environmental quality concerning Improvement of environmental quality concerning PbPb foetal exposurefoetal exposure

Comparison between EXP and CTR along timeComparison between EXP and CTR along time
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Cancer mortality rates Cancer mortality rates (by cancer type)(by cancer type)
(using health and demographic registries)(using health and demographic registries)
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(long latency)(long latency)



• Differences EXP vs CTR statistically not significant ► Incinerator is controlled

• Temporal trend for relative stability

Prevalence of AsthmaPrevalence of Asthma

Comparing EXPOSED Comparing EXPOSED vsvs CONTROLS CONTROLS -- VALORSULVALORSUL
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• Differences EXP vs CTR statistically not significant ► Incinerator is controlled

• Temporal trend for relative stability

• Prevalence of asthma in VALORSUL Area ≅ 2x that in MADEIRA

Prevalence of AsthmaPrevalence of Asthma
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2002 5,7 6,2 0,71 6,0
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ConclusionsConclusions

1.1. Results from Results from Surveillance ProgramsSurveillance Programs show:show:

–– Generally differences between EXPOSED and Generally differences between EXPOSED and 

CONTROL CONTROL not statistically significantnot statistically significant for exposures for exposures 

nor for pathologies and health conditionsnor for pathologies and health conditions

–– Results suggest the Results suggest the effectiveness of source effectiveness of source 

control measurescontrol measures in relation to both in relation to both 

Incinerators under study Incinerators under study 



ConclusionsConclusions

2.2. Results from Results from Exposure determinationsExposure determinations show:show:

–– Generally lower levels in relation to those for Generally lower levels in relation to those for 

baseline or reference situationbaseline or reference situation

–– Meaning: evidence of a general significant Meaning: evidence of a general significant 

trend  for reductiontrend  for reduction of exposure to almost all of exposure to almost all 

studied relevant pollutants studied relevant pollutants 



ConclusionsConclusions

3.3. Comparing results from Comparing results from VALORSUL VALORSUL andand MEIA MEIA 

SERRASERRA, , levels are, in general, higher for levels are, in general, higher for 

VALORSULVALORSUL

Meaning: living in Madeira may result in lower Meaning: living in Madeira may result in lower 

exposure to critical pollutants and then in exposure to critical pollutants and then in 

lower related health risks lower related health risks 



ConclusionsConclusions
4.4. Advantages Advantages of developing ProVEpAsof developing ProVEpAs

(Besides main goal of demonstrating efficacy of implemented miti(Besides main goal of demonstrating efficacy of implemented mitigation)gation)

–– To fulfil To fulfil important gaps of important gaps of relevant informationrelevant information even only at even only at 
local levellocal level

–– To identify To identify relevant aspects susceptible of relevant aspects susceptible of PREVENTIONPREVENTION

–– To contribute To contribute to base to base decisionsdecisions e. g. for wastee. g. for waste
management strategies and management strategies and at least mat least maintenance/non aintenance/non 
deterioration of present situationdeterioration of present situation

–– To createTo create needed national capacity and experience, to needed national capacity and experience, to 
be able to participate in current or future be able to participate in current or future Environmental Environmental 
Health Strategies Health Strategies at national and/or European levelat national and/or European level
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