
 

”Cross-Mediterranean Environment and 
Health Network (CROME)” 

 

LIFE12 ENV/GR/001040 

 

 

 

 

 

Cross-Mediterranean Environment and Health 

Network 

 

 

CROME-LIFE 

 

 
ANNEX 14 

 

Deliverable C.2.1 

 

Socio-economic impact of the project actions on the  

local economy and population 

 

 

 
LIFE ENVIRONMENT PROGRAMME 

LIFE12 ENV/GR/001040 

 

 
http://www.crome-life.eu 

  

http://www.crome-life.eu/


 

”Cross-Mediterranean Environment and 
Health Network (CROME)” 

 

LIFE12 ENV/GR/001040 

 

 

 

 

1 

 

Cross-Mediterranean Environment and Health 

Network 
 
 

 
CROME-LIFE  

 
 

 

Deliverable: C2.1 
 

Socio-economic impact of the project actions on the  
local economy and population  

 

 

 
 
 

LIFE ENVIRONMENT PROGRAMME 

LIFE12 ENV/GR/001040 
 

Action: C2 
 

TASK: C2 
 

Report Date: 31/9/2016 

 

 
http://www.crome-life.eu 

http://www.crome-life.eu/


 

”Cross-Mediterranean Environment and 
Health Network (CROME)” 

 

LIFE12 ENV/GR/001040 

 

 

 

 

2 

 

Bibliographical Information 
 

 

Project: Cross-Mediterranean Environment and Health Network – 
CROME-LIFE 

 
Subject: Socio-economic impact of the project actions on the local economy 

and population 
 

LIFE ENVIRONMENT PROGRAMME  
Contract No. LIFE12 ENV/GR/001040 

Duration of Contract: 01/07/2013 - 31/12/2016 
ACTION: C.2 - Monitoring of the impact of the project actions  

TASK: C2.1 - Monitoring of the impact of the project actions 
 

Editing Partner: AUTH  
Other Partners: ISS, CSIC, JSI  

Report Date: 30/9/2016  

 
 

Pages: 24 (including figures, tables, attachments, references) 
 

Key Words:  DALYS, VOLY, monetary evaluation, economic cost, job creation 
 

Contact Person Editing Partner  Authors Editing Partner 
Name: Prof. Dimosthenis Sarigiannis    Name:  

Phone: +30 2310994562  Phone:  
Fax:      Fax:  

e-mail: sarigiannis@auth.gr   e-mail:  

 

 

CROME-LIFE web site:   http://www.crome-life.eu 

  

http://www.crome-life.eu/


 

”Cross-Mediterranean Environment and 
Health Network (CROME)” 

 

LIFE12 ENV/GR/001040 

 

 

 

 

3 

 

Table of Content 

Executive summary 4 

Introduction 5 

Description of the methodology for assessing socioeconomic impact 6 

Assessing mortality and morbidity monetary impact using DALYs 6 

Estimation of DALYs 6 

Estimation of mortality and morbidity cost per endpoint associated to exposure to PM on the basis 

of DALYs 9 

Assessing the monetary cost of exposure to mercury 10 

Results 11 

Greece 11 

Italy 14 

Slovenia 15 

Spain 17 

Job creation 18 

Conclusions 20 

References 22 

 

 

 

  



 

”Cross-Mediterranean Environment and 
Health Network (CROME)” 

 

LIFE12 ENV/GR/001040 

 

 

 

 

4 

 

Executive summary 

The current report aims at describing the socio-economic impact of the project actions on the local 

economy and population. The evaluation of the effectiveness of the proposed approach and of the actions 

concretely implemented in the different applications areas is a key aspect of the CROME-LIFE team’s 

vision. The CROME-LIFE team believes that the methods the project is based on have a robust and 

scientifically sound basis as they rely on data, analysis, and methodological approaches published in the 

peer-reviewed literature. For these reasons the CROME-LIFE partners have dedicated a particular 

attention in preparing a monitoring process, which will focus of the different impacts the project is 

expected to cause during its development and implementation.  

Considering the above, the main aim of this deliverable was to present the results of the monetary 

impact of the key environmental problems in the areas of interest. As a result, the main focus was on (a) 

the monetary impact of mortality and morbidity related to the biomass emitted PM in Greece and (b) 

exposure to mercury and the respective IQ loss in children leaving in the areas under study. 

Towards this aim, a comprehensive set of methodological tools has been employed, including the 

Disability-adjusted life years (DALYs) and the willingness-to-pay/accept (WTP/WTA), as well as to the 

loss of productivity due to IQ reduction concepts.  

A key finding of the monetary impact analysis is that in country scale the long term monetary impacts of 

increased mortality, morbidity and IQ loss due to exposure to selected key compounds is in the range of 

billions. These costs increase proportionally to the population size that is affected, but in any case, these 

long term monetary effects represent a non-negligible amount of each country growth domestic product 

(GDP). For example in Slovenia, the IQ loss results of this generation of population is in the range of 1.3 

billion euro, while this country has an annual GDP of almost 40 billion euro. In Greece, the situation is 

even worst regarding the health and monetary impact associated to biomass emitted PM. The additional 

annual cost of mortality and morbidity due to biomass burning in Greece is in the range of 2 billion, while 

the respective annual GDP is around 170 billion euro. Considering the significance of the respective 

monetary costs of environmental exposure in the society, the importance for applying countermeasures 

for restoring environmental quality is well understood. On the other hand, monetizing the impacts, 

provides a significant argument to policy makers on the necessity of environmental and human health 

protection. This was clearly reflected in the case of Greece; by precisely estimating the impacts 

associated to biomass originated PM during wintertime, resulted in the enforcement of a Joint 

Ministerial Decree for combating PM air pollution. It is very pleasant and a great success for CROME 

that the respective bunch of measures proposed and formed under the Joint Ministerial Decree resulted 

in significant financial benefits of more than 150 million euro annually, as a result of reduced mortality 

and morbidity during wintertime. 

Another key finding of the monetary impact analysis is that the related monetary impacts within a 

country might not follow the population distribution, but rather reflect the differences in exposure levels, 

as the result of significant local contamination sources (e.g. proximity to an industrially contaminated 

area) or dietary habits (e.g. increased fish and sea food consumption due to proximity in coastal area 
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that results in higher mercury exposure). This implied that targeted interventions should eventually 

include actions at regional or local level. 

Finally, another key finding is that even if exposure levels might not vary within the population, the related 

health and monetary impact is mostly attributed to the genetically susceptible. This was clearly 

demonstrated in the case where data on the population genetic profiles were obtained in Slovenia; 

although the genetically susceptible represent the 18% of the population, the monetary impact attributed 

to this part of the population is almost 40%. This further highlights the need for detailed assessment 

(including genetics and other omics approaches) of the more complex interaction between genes and 

environment in studying environmental health interactions. 

Introduction 

Aiming at cost efficient decision making on environmental health requires, a common understanding on 

monetizing the potential financial co-benefits. This is something controversial for experts from the 

financial sector, raising some concerns whether the potential indices for monetizing health impacts are 

realistic, considering the differing access to resources in different countries. Among the different policy 

interventions that could potentially be applied the ones considered as the most cost-effective should be 

chosen, based on robust evidence on monetized health impacts. 

Towards the aim of a common denominator for estimating health impacts, disability adjusted life year 

(DALY) has been established as a widely-accepted health metric for health impact assessment in a global 

scale. The concept of DALY was proposed for the first global burden of disease study (Murray et al., 

1994), providing the ground for evaluating different health related interventions  among various 

countries (World Health Organization, 2012a). Another point of controversy is the determination of cost 

per DALY, which is the next step for translating health impacts into monetary impacts, that will further 

allow the inter-comparison of the cost-efficiency among the various policy options. The efficiency of 

environmental health interventions are often evaluated by a cost effectiveness threshold, that has been 

set between one and three times gross domestic product (GDP) per capita (Bertram et al., 2016). 

These thresholds usually represent the population willingness-to-pay for a unit of health gain (such as the 

DALY). Thresholds are used as a tool for accelerating the evaluation of the different options and for this 

reason are widely used in decision making. 

Particular concern has to be paid when using national cost effectiveness thresholds for comparisons 

within countries, due to affordability issues.  Given the above, a global perspective on the valuation of 

costs and gains would allow a more robust inter-comparison and solid guidance on the most cost 

effective solutions. Aiming at the harmonization of the monetised impacts, comprehensive data on the 

DALY burden in a global scale have been provided by the Global Burden of Disease study for 2010 

(Murray et al., 2012).  

Given all the above, in the frame of the CROME-LIFE project, the monetary cost of the health impacts 

related to the local environmental problems were estimated. In order to have a common denominator 
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among the countries, a harmonized methodology was applied, that allowed us to estimate the related 

monetary impacts.   

Description of the methodology for assessing socioeconomic impact 

Assessing mortality and morbidity monetary impact using DALYs 

Estimation of DALYs 

Disability-adjusted life years (DALYs) are a summary metric of population health. DALYs represent a 

health gap; they measure the state of a population’s health compared to a normative goal. The goal is 

for individuals to live the standard life expectancy in full health. 

DALYs are the sum of two components: years of life lost due to premature mortality (YLLs) and years 

lived with disability (YLDs). 

YLLs are computed by multiplying the number of deaths at each age x by a standard life expectancy at 

age x. The standard selected represents the normative goal for survival and has been computed based 

on the lowest recorded death rates across countries in 2010. 

YLDs are computed as the prevalence of different disease-sequelae and injury-sequelae multiplied by the 

disability weight for that sequela. Disability weights are selected on the basis of surveys of the general 

population about the loss of health associated with the health state related to the disease sequela. 

DALYs are an absolute measure of health loss; they count how many years of healthy life are lost due to 

death and non-fatal illness or impairment. They reflect the number of individuals who are ill or die in each 

age-sex group and location. Population size and composition influences the number of DALYs in a 

population. 

The Disability Adjusted life Years or DALY for a disease or a health condition, are utilized defined as the 

sum of the Years of Life Lost (YLL) due to premature mortality in the population and the Years lost due 

disability (YLD) for people living with the health condition or its consequence, i.e.  

DALY = YLL + YLD          (1) 

Where YLL corresponds to the number of deaths multiplied by the standard life expectancy at the age at 

which death occurs and YLD to the number of incident cases in that period, multiplied by the average 

duration of the disease and a weight factor that reflects the severity of the disease on a scale from 0 

(perfect health) to 1 (dead), as defined in equations 2 and 3, 

YLL = N * L           (2) 

Where N is the number of deaths and L the standard life expectancy at age of death in years 

YLD = I * DW * L          (3) 

Where I is the number of incident cases, DW is the disability weight and L is the average duration of the 

case until remission or death in years. 
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It is noted that, for the mortality induced cases, DALY are computed solely from the YLL, whereas for 

morbidity incidences the YLD are utilized with appropriate use of a disability weight and duration of the 

case. 

The DALYs for the major health endpoints related to the CROME-LIFE case studies are given below in 

Table 1 and Table 2 for non-cancer and cancer endpoints respectively.  

Table 1. Disability weights for diseases and conditions 

Sequela weight (a) Range (b) Source 

Tuberculosis - Cases 0.271 0.264 - 0.294 GBD 1990 (c), varies with age 

Syphilis 

Congenital syphilis 

 

 
0.315 

 
 
 

GBD 1990 

Primary 0.015 0.014 - 0.015 GBD 1990 (c), varies with age 

Secondary 0.048 0.044 - 0.048 GBD 1990 (c), varies with age 

Tertiary -- Neurologic 0.283 
 

GBD 1990 

Chlamydia 

Cervicitis 

 

 
0.049 

 
 
 

GBD 1990 

Neonatal pneumonia 0.280 
 

GBD 1990 

Ophthalmia neonatorum 0.180 
 

GBD 1990 

Pelvic inflammatory disease 0.329 0.194 - 0.382 
GBD 1990 (c): untreated 0.420, treated 0.169 

Ectopic pregnancy 0.549 
 

GBD 1990 

Tubo-ovarian abscess 0.548 
 

GBD 1990 

Chronic pelvic pain 0.122 
 

GBD 1990 

Infertility 0.180 
 

GBD 1990 

Symptomatic urethritis 0.067 
 

GBD 1990 

Epididymitis 0.167 
 

GBD 1990 

Gonorrhea 

Cervicitis 

 

 
0.049 

 
 
 

GBD 1990 

Corneal scar -- Blindness 0.600 
 

GBD 1990 

Ophthalmia neonatorum 0.180 
 

GBD 1990 

Pelvic inflammatory disease 0.169 
 

GBD 1990 

Ectopic pregnancy 0.549 
 

GBD 1990 

Tubo-ovarian abscess 0.548 
 

GBD 1990 

Chronic pelvic pain 0.122 
 

GBD 1990 

Infertility 0.180 
 

GBD 1990 

Symptomatic urethritis 0.067 
 

GBD 1990 

Epididymitis 0.167 
 

GBD 1990 

Corneal scar -- Low vision 0.233 0.233 - 0.245 GBD 1990 (c), varies with age 

Stricture 0.151 
 

GBD 1990 

HIV/AIDS 

HIV cases 

 

 
0.135 

 

 
0.123 - 0.136 

 
 

GBD 1990 (c), varies with age 

AIDS cases not on ART 0.505 
 

GBD 1990 

AIDS cases on ART 0.167 0.145 - 0.469 GBD 2004 

Diarrheal diseases - Episodes 0.105 0.086 - 0.119 GBD 1990 (c), varies with age 

Pertussis 

Episodes 

 

 
0.137 

 

 
0.017 - 0.160 

 
 

GBD 1990 

Encephalopathy 0.452 0.402 - 0.461 GBD 1990 (c), varies with age and treatment 
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Poliomyelitis - Cases - lameness 0.369 
 

GBD 1990 

Diphtheria 

Episodes 

 

 
0.231 

 
 
 

GBD 1990 

Neurological complications 0.078 
 

GBD 1990 

Myocarditis 0.323 
 

GBD 1990 

Measles - Episodes 0.152 
 

GBD 1990 

Tetanus - Episodes 0.638 0.604 - 0.640 GBD 1990 (c), varies with age 

Meningitis 

Streptococcus pneumoniae – Episodes 

 

 
0.615 

 

 
0.613 - 0.616 

 
 

GBD 1990 (c), varies with age 

Haemophilus influenzae – Episodes 0.616 0.613 - 0.616 GBD 1990 (c), varies with age 

Neisseria meningitidis – Episodes 0.615 0.613 - 0.616 GBD 1990 (c), varies with age 

Lower respiratory infections    

Episodes 0.279 0.275 - 0.280 GBD 1990 

Chronic sequelae 0.099  GBD 1990 

Upper respiratory infections    

Episodes 0.000  GBD 1990 

Pharyngitis 0.070  GBD 1990 

Alzheimer and other dementias - Cases 0.666 0.627 - 0.667 GBD 1990 (c), varies with age 

Parkinson disease - Cases 0.351 0.324 - 0.395 GBD 1990 (c), varies with age and treatment 

 

Rheumatic heart disease - Cases 

0.253 0.186 - 0.300 GBD 1990 (c): untreated 0.323, treated 

0.171 Hypertensive heart disease - Cases 0.246 0.201 - 0.300 (f): untreated 0.323, treated 0.171 

Ischemic heart disease    

Acute myocardial infarction 0.439 0.405 - 0.477 GBD 1990 (c): untreated 0.491, treated 

0.395 
Angina pectoris 0.124 0.105 - 0.141 GBD 1990 (c): untreated 0.227, treated 

0.095 
Congestive heart failure 0.201 0.186 - 0.206 GBD 1990 (c): untreated 0.323, treated 

0.171 
Cerebrovascular disease    

First-ever stroke cases 0.920  (f) 

Long-term stroke survivors 0.266 0.228 - 0.295 (d), varies with age and treatment 

Inflammatory heart disease - All sequelae 0.252 0.201 - 0.300 GBD 1990 (c): untreated 0.323, treated 

0.171 
Chronic obstructive pulmonary disease    

Mild and moderate symptomatic cases 0.170  Netherlands study (e) 

Severe symptomatic cases 0.530  Netherlands study (e) 

Asthma -- cases 0.043 0.036 - 0.050 (f): untreated 0.054, treated 0.043 

Peptic ulcer disease   (f) 

Cases with antibiotic treatment 0.003  GBD 1990 

Cases not treated with antibiotic 0.042 0.024 - 0.092 GBD 2004 

Cirrhosis of the liver - Symptomatic cases 0.330  GBD 1990 

Appendicitis - Episodes 0.463  GBD 1990 

Nephritis and nephrosis    

 

Table 2. Disability weights for malignant neoplasms and their long-term sequelae 

 
Site 

Diagnosis/ 
therapy 

 
Waiting 

 
Long-term sequelae  

 
A 

 
B 

 
C 

 
D/E 

Mouth and oropharynx 0.09 0.09 
      

Oesophagus 0.20 0.20 
      

Stomach 0.20 0.20 
      

Colon and rectum 0.20 0.20 Stoma 
 

0.09 0.09 0.06 0.02 

Liver 0.20 0.20 
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Pancreas 0.20 0.20 
      

Trachea, bronchus and lung 0.15 0.15 
      

Melanoma and other skin 0.05 0.05 
      

Breast 0.09 0.09 Mastectomy 
 

0.03 0.05 0.06 0.08 

 
Cervix uteri 

 
0.08 

 
0.08 

Infertility incontinence and  
0.04 

 
0.11 

 
0.13 

 
0.17 

 
Corpus uteri 

 
0.10 

 
0.10 

Infertility incontinence and  
0.18 

 
0.18 

 
0.18 

 
0.18 

 
Ovary 

 
0.10 

 
0.10 

Infertility incontinence and  
0.18 

 
0.18 

 
0.18 

 
0.18 

Prostate 0.13 0.13 Impotence/ incontinence 0.06 0.06 0.06 0.06 

Bladder 0.09 0.09 
     

Non-Hodgkin lymphoma 0.06 0.06 
     

Hodgkin Lymphoma 0.06 0.06 
     

Leukemia 0.09 0.09 
     

Others 0.09 0.09 
     

Note: For all cancer sites, the disability weight is 0.75 for the metastasis stage, and 0.81 in the terminal stage 

Sources: Provisional weights based on the Netherlands study ((Stouthard et al. 1997) and on weights used in the Australian Burden of 
Disease Study (Mathers, Vos and Stevenson 1999). 

 

Estimation of mortality and morbidity cost per endpoint associated to exposure to PM on the basis of 

DALYs 

The starting point for the valuation of health end-points is the identification of the components that 

comprise changes in welfare. These components should be added to reckon the total welfare change, 

assuming no overlap between impact categories to avoid double-counting:  

- Resource costs i.e. medical costs paid by the health service or covered by insurance, and any 

other personal out-of-pocket expenses made by the individual (or family). 

- Opportunity costs i.e. the cost in terms of lost productivity (work time loss or performing at less 

than full capacity) and the opportunity cost of leisure (leisure time loss) including unpaid work. 

- Dis-utility i.e. other social and economic costs including any restrictions on or reduced enjoyment 

of desired leisure activities, discomfort or inconvenience (pain or suffering), anxiety about the 

future, and concern and inconvenience to family members and others. 

The welfare changes represented by components (i) and (ii) can be approximated using existing market 

prices for these. This measure needs to be added to a measure of the affected individual's loss of utility, 

as the latter is reflected in a valuation of the willingness-to-pay/accept (WTP/WTA), to 

avoid/compensate for the loss of welfare associated with the illness. For the endpoints considered in 

this paper, Table 3 presents a summary of the unit values derived in the course of the HEIMTSA project 

(UBath, 2011). These values are the result of both an evaluation of the evidence available in the existing 

literature and ad hoc population surveys in several European countries. 

For each health endpoint unit values are identified on the basis of an informal meta-analysis of the 

evidence, which accounted for the distribution of available values and an assessment of the quality and 

geographical focus of each study, incorporating thus considerable uncertainty in health valuation. 



 

”Cross-Mediterranean Environment and 
Health Network (CROME)” 

 

LIFE12 ENV/GR/001040 

 

 

 

 

10 

 

Uncertainty derives from a combination of (a) paucity of the evidence base, (b) difficulty that people have 

with identifying their preferences for (avoidance of) health conditions, and (c) lack of maturity in the study 

methods themselves. Nonetheless, in view of the wealth of data upon which they are based, the unit 

values given in Table 2 are robust estimates of both the central estimate and the upper and lower 

bounds of monetary valuation for each of the health endpoints considered in our study. 

Mortality costs of air pollution were also estimated based on change of life expectancy (LE), using the 

value of a life year (VOLY) as monetary valuation metric. According to the VOLY methodology air pollution 

premature mortality results in shorter LE loss per death compared to other causes of mortality such as 

fatal accidents (resulting in 30–40 years of LE loss), upon which VSL estimates are based (Desaigues et 

al., 2011). 

Table 3: Monetary evaluation (€) of health endpoints considered in this study 

Mortality/morbidity indices Low Medium  High Reference 

Mortality (all cause) based on VSL 1,120,000 1,650,000 5,600,000 
(Alberini et al., 

2006) 

Mortality (all cause) based on 

VOLY 
25,000 40,000 100,000 

(Desaigues et al., 

2011) 

Infant Mortality 1,120,000 2,475,000 11,200,000 
(Holland et al., 

2004) 

Chronic bronchitis (children and 

adults) 
43,000 60,000 100,000 

(Krupnick and 

Cropper, 1992) 

Cardiovascular hospital 

admissions 
2,990 2,990 8,074 

(Holland et al., 

2004; Navrud, 

2001) 

Respiratory hospital admissions 2,990 2,990 8,074 

(Holland et al., 

2004; Navrud, 

2001) 

Lung cancer 46,000 481,000 2,800,00 
(Alberini et al., 

2006) 

 

 

Assessing the monetary cost of exposure to mercury 

To assess the disease burden and the costs due to methyl mercury exposure, we used the 

environmentally attributable fraction (EAF) model. The EAF approach was developed by the Institute of 
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Medicine (IOM) to assess the “fractional contribution” of the environment to causation of illness in the 

United States, and it has been used to assess the costs of environmental and occupational disease 

(Leigh et al., 2001). It was used recently to estimate the environmentally attributable costs of lead 

poisoning, asthma, pediatric cancer, and neurodevelopmental disabilities in American children (Landrigan 

et al., 2002). The EAF is defined by Smith et al. (1999) as “the percentage of a particular disease 

category that would be eliminated if environmental risk factors were reduced to their lowest feasible 

concentrations.” The EAF is a composite value and is the product of the prevalence of a risk factor 

multiplied by the relative risk of disease associated with that risk factor. Its calculation is useful in 

developing strategies for resource allocation and prioritization in public health. The general model 

developed used in the present analysis is the following:  

           Costs disease rate EAF population size cost per case     

“Cost per case” refers to discounted lifetime expenditures attributable to a particular disease, including 

direct costs of health care, costs of rehabilitation, and lost productivity. “Disease rate” and “population 

size” refer, respectively, to the incidence or prevalence of a disease and the size of the population at risk. 

With regard to long term exposure to mercury, the most quantifiable endpoint is the loss of IQ (Trasande 

et al., 2005). For estimating the reduce in IQ, the findings from the Oken and Bellinger (2008) study, 

where an increase the concentration of mercury in maternal hair at childbirth by 1 ug/g, was found to 

decrease IQ by 0.7 points. To translate also children exposure to mercury into IQ reduction, this 

concentration was translated into an equivalent child blood or blood concentration, using the generic 

PBPK model developed in the CROME project. In this way, biomonitoring data from children, were 

translated into IQ loss. The major component of the social costs incurred by an IQ reduction is loss of 

productivity and thus a lower earning potential (Pichery et al., 2011). The economic consequence of 

prenatal exposure to MeHg is valued as the lifetime earning loss per person. It was also assumed that IQ 

deficits present at age 7 years or preschool ages are permanent (Debes et al., 2006). The estimated 

individual benefits are the avoided lifetime costs using 2008 data (slightly lower benefits are obtained if 

referring to more recent years, and benefits are only minimally affected by subsequent membership of 

the Euro zone). The benefit estimates originate from the 2008 figure of €17,363 per IQ point as recently 

calculated for France based on data from the United States (Trasande et al., 2005). For the various 

European countries involved, this value is adjusted for differences in purchasing power. The calculations 

were carried out after adjustment for productivity as the ratio of PPP-adjusted real GDP/capita in each 

country in relation to the US as a reference (Bellanger et al., 2013). The estimated value of an IQ point 

then takes into account the impact of labour costs and productivity. Finally, for estimating the relevant 

levels of monetary impact in the areas of interest, the relevant population size was taken into account as 

well. 

Results  

Greece 

Thessaloniki PM-PAHs – Mortality and morbidity related effects for Greece 
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Based on the measurements of PM air pollution in Thessaloniki, the integrated framework for exposure, 

health effects and monetary impact assessment, the associated monetary costs of the observed health 

effects in Thessaloniki, are dominated by mortality costs, resulting in an increase of ca. €200m 

(potentially up to a billion) in the cold period of the year compared to the warm period. Increase in 

morbidity costs due to cardiovascular and respiratory hospital admissions are in the range of €250,000, 

while lung cancer risks costs (associated with exposure to PAHs in both the particle and the gaseous 

phases) are lower, mainly due to the low incidence rate. 

Monetary costs related to annual mortality are in the range of billion euro no matter whether we apply 

the value of statistical life (VSL) or the value of a life year (VOLY) methodology. Following the VOLY 

method, the estimated costs are about 30% lower, mainly reflecting the different costing structure of life 

expectancy lost according to the age pyramid of the population studied. Morbidity cost related to chronic 

bronchitis (especially for children) is, generally, one order of magnitude lower (hundreds of millions). 

Morbidity costs related to cardiovascular and respiratory morbidity (the most directly immediate effects 

of increased PM pollution) are in the range of million euros.  

 

 

Figure 1. Monetary cost associated to biomass burning in Greece 

 

What is of particular importance, is the actual cost mitigation after the CROME intervention. The 

enforcement of the a Joint Ministerial Decree (KYA 3272, 23/12/2013) under the title “Short-term 

action plans to address air pollution by particulate matter” among Ministries of Health, Financial, Internal 
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Affairs, Development And Competitiveness, Education And Religious, Administrative Reform And 

Government - Wellness - Infrastructure, Transport And Networks - Environment, Energy And Climate 

Change - Public Order And Protection Citizen - Shipping And Islands for combating air pollution, resulted 

in a significant reduction of exposure to PM by 25%, which in turn resulted in reduced annual mortality 

and morbidity costs of almost 150 million € in Greece. The respective reduction in mortality and 

morbidity costs is presented in Figure 2. It has to be noted that the financial benefits from this 

intervention reflect the efficiency of the CROME methodology for (a) precisely assessing environmental 

risks and (b) proposing counter-effective measures for combating environmental pollution, human 

exposure, population adverse health effects and finally the mortality/morbidity financial cost.   

 

 

Figure 2. Financial gains through the CROME intervention  

 

 

Oinofoita – Monetary cost associated to mercury exposure 

In Greece, the monetary cost of exposure to Mercury has been estimated for the Oinofyta area in Attiki. 

These results reflect the exposure levels concerning a population of 118,000. It has to be noted that 

although mercury is among the heavy metals of concern in the respective area due to the significant 

industrial activity, mercury exposure levels are lower compared to other areas of relevance in CROME, as 

the result of lower fish consumption. Based on the above, the overall median monetary cost due to IQ 

loss in the area of Oinofyta in Greece, is almost 20 million € Figure 3. Considering that the main source 
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of exposure to mercury in this area is the contamination of water bodies and the local food web, 

measures related to reducing mercury releases are expected to result in significant monetary benefits in 

the range of million euro.  

 

Figure 3. Monetary cost due to IQ loss as a result of exposure to mercury in Oinofyta, Greece 

 

 

Italy 

In Italy, exposure to mercury has been assessed through biomonitoring in 3 different regions, namely 

Taranto, Friuli and Lazio. Among the 3 regions, the highest monetary impacts are expected in Friuli 

(median of 1,3 billion euro), followed by the area of Lazio (~ 1 billion euro) and Taranto (0.12 billion euro). 

The highest monetary cost in Friuli, reflect the significantly higher levels of mercury in hair (median of 

0.76 μg/g) compared to Taranto (0.43 μg/g) and Lazio (0.13), rather than the population size (5.9 

million in Lazio, 1.2 million in Friuli and 0.2 million in Taranto). Overall, different sources of mercury occur 

in the different areas, thus, the implementation of the respective countermeasures is expected to 

provide benefits in the range of few billion euro. 
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Figure 4. Monetary cost due to IQ loss as a result of exposure to mercury in Taranto, Friuli and Lazio 

(Italy) 

 

 

 

Slovenia 

In Slovenia, the estimated monetary cost of IQ loss due to mercury exposure, was estimated for the 

whole country population, since the respective biomonitoring data were obtained from samples from 

across all country regions. On the other hand, in Slovenia there are data on the e4 apolipoprotein 

carriers, which has been associated with higher rate of neurodevelopmental defects and consequently to 

IQ loss. As a result, although the frequency of susceptible genotypes reflects 18 % of the overall 

population, the median monetary cost of the susceptible genotypes is at a similar level (~ 0.8 billion euro) 

to the one of the non-susceptible phenotype (~ 0.5 billion euro). 
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Figure 5. Monetary cost due to IQ loss as a result of exposure to mercury in Slovenia, for the people of 

different genetic background. 

 

Focus of Slovenian part of the project was on reduction of exposure to metals especially to mercury.   

A project like CROME-LIFE has an important tool in prevention and awareness raising. Target groups 

addressed are survey participants, general public, policy makers and scientists. Adaptation of information 

given should be made according to the target group. In order to reach different target groups different 

communication tools, materials and activities were used: technical study report, policy information sheet, 

meetings with policy officials, website, study information sheet for general practitioners, scientific 

publications, press release… 

An awareness-raising of general public and professionals (dentists) about health risk of using amalgam 

fillings was done by promotion of reduction of use of amalgam fillings and careful removing of the fillings 

This is especially important for children population since Slovenian children had higher mercury levels due 

to higher number of amalgam fillings in comparison to other European children.  

Behavioral recommendations and medical advice were offered to the participants when necessary like 

frequency of fish consumption – but importance of fatty acids from fish should be addressed, chewing, 

appropriate handling with damaged products containing mercury (thermometers, light bulbs)… On the 

other hand, not only survey participants but also public should get the recommendation by regional and 

national health authorities which are based on scientific studies and evidence. CROME-LIFE was a project 

generating information mention before using integrated mechanistic approach, which contributed to 

further refinement of health risk related to selected compounds.  

Dietary guidance given to involved participants and other stakeholders about fish consumption were 

given to reduce lack of knowledge of local population. Fish consumption was encouraged because fish 

contain essential nutrients. However, an advice was given concerning which species should be eaten by 
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vulnerable groups of populations due to different amounts of mercury in fish species. Aquaculture was 

promoted as a sustainable way opposite to fishing. Consequences of consumption of healthier food will 

show in the future through welfare of population, better quality of life, lower healthcare costs. 

Education was an important part of environmental health studies. Within CROME-LIFE in Slovenia PhD 

and MSc students were involved. Beside diplomas and thesis, they benefit also from practical trainings. 

Qualified personnel on environmental health sector is currently needed a lot and students increased their 

carrier opportunities with involvement in the project. Such profile of employees can be useful in 

monitoring programs, promotion of healthier way of life… 

CROME-LIFE infrastructure (protocols and methods developed) were used in Croatian part of the project. 

Croatian partner in the project was included in the study later on as an associate member and within 

CROME-LIFE project developed protocols and methods were used to perform their cohort in the same 

way as other partners. CROME-LIFE framework and outcomes were already used in applications for new 

project at Slovenian and EU level which resulted in new projects on human biomonitoring area: CRP-V3-

1640 and HBM4EU.  

Cooperation on national and international level gave in Slovenia enhanced collaboration with public health 

sector, which led to joint projects. Result of enhanced international networking were special sessions on 

conferences (ICMGP, ICHMET, INCHES), special issue in scientific journal, WHO book on human 

biomonitoring, new projects (HBM4EU, UNEP) 

 

Spain 

 

Figure 6. Monetary cost due to IQ loss as a result of exposure to mercury in Valencia and Menorca (Italy) 
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With regard to Spain, the results of the areas under study (Valencia and Menorca) where data on 

mercury exposure were obtained, are presented in Figure 6. For a population of an overall size of 

880.000, the overall monetary burden was almost 0.5 billion €. More in detail, the respective cost for 

the area of Valencia is 0.44 billion €, while for Menorca is 0.066 billion €. Mercury exposure to these 

coastal areas that results in IQ reduction and the respective monetary loss, is the result of high fish 

consumption. Guidance on the recommended amount of fish to be consumed, is expected to result in 

reduction of the related monetary costs.  

Job creation 

In terms of direct job creation in Greece, our analysis, monitoring activities and interventions have 

created 6 long-term and 6 short-term positions for young scientists and engineers engaged in 

continuous monitoring of air pollution incidents and implementation of the risk management measures 

foreseen in the Joint Ministerial Decree. These positions include: 

LTP1: Assessment of ambient air PM levels in 3 main stations in Thessaloniki. This position aims at the 

sampling, collection and weighing the filters of PM1, PM2.5 and PM10 from three different locations in 

Thessaloniki (urban background, traffic and rural). LTP1 has the responsibility for following the EN 

12341/14907 protocol for PM sampling. 

LTP2: Chemical analysis of heavy metals of the collected PM filters from the 3 main stations in 

Thessaloniki. This position aims at the analysis of the filters of PM1, PM2.5 and PM10 from the three 

different locations in Thessaloniki (urban background, traffic and rural) for heavy metals (Pb, Cd, Cr, As, 

Hg). 

LTP3: Chemical analysis of polyaromatic hydrocarbons of the collected PM filters from the 3 main 

stations in Thessaloniki. This position aims at the analysis of the filters of PM1, PM2.5 and PM10 from 

the three different locations in Thessaloniki (urban background, traffic and rural) for the 16 priority PAHs 

proposed by EPA (naphthalene, 2-methylnaphthylene, acenaphthylene, acenaphthene, fluorene, 

phenanthrene, anthracene, fluoranthene, pyrene, benzo[a]anthracene, chrysene, benzo[b]fluoranthene, 

benzo[k]fluoranthene, indeno[1,2,3-cd]pyrene, dibenzo[a,h]anthracene and benzo[g,h,i]perylene). 

LTP4: Chemical analysis of ions and biomass tracers of the collected PM filters from the 3 main stations 

in Thessaloniki. This position aims at the analysis of the filters of PM1, PM2.5 and PM10 from the three 

different locations in Thessaloniki (urban background, traffic and rural) for ions (K, Na, Cl, Mg, Ca etc) and 

biomass tracers (levoglucosan, manosan, galactosan). 

LTP5: Chemical analysis of DDT activity of the collected PM filters from the 3 main stations in 

Thessaloniki. This position aims at the analysis of the filters of PM1, PM2.5 and PM10 from the three 

different locations in Thessaloniki (urban background, traffic and rural) for DDT activity, which is well 

established index of PM redox activity. 

LTP6: Source apportionment and health impact assessment based on the daily PM levels and chemical 

analysis data, PM levels forecasting of the next days, monitoring of  PM levels against the regulatory 

thresholds. 
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The six persons (young scientists) hired for the short-term positions, act as assistants to the 

corresponding LTPs described above. 

Moreover, the outcomes of CROME project have also resulted in the creation of two spin-off companies 

associated with AUTH, namely ENVELAB Systems and ENVELAB Technologies respectively. ENVELAB 

Systems will provide services in environmental and health impact assessment, taking stock of the 

integrative methodologies for environmental, exposure and health impact assessment tested in CROME. 

ENVELAB Technologies aims at providing the technological solutions for minimizing environmental 

footprint of manmade activities including waste management, ambient air emissions etc., accounting for 

the measures for minimizing exposure as identified in CROME. Both spin-off companies are expected to 

have an annual turnover above 200,000€ for the first year, which is expected to increase significantly 

within the next years. 

In addition to the above direct actions of CROME-LIFE in terms of during- and post-LIFE job creation, a 

Health Observatory was established in Greece during the last year of CROME-LIFE with the financial and 

operational support of the Regional Administration of Sterea Ellada. It runs jointly by the University of 

Athens Medical School – department of hygiene and public health – and the Regional Administration of 

Sterea Ellada. Based on the activities and knowledge gained through the CROME-LIFE project AUTH is 

scientific/technical advisor to the work of the Observatory together with Greek National Centre for 

Scientific Research Demokritos (NCSRD). The main scope of the Observatory will be to maintain a 

continued public health surveillance mechanism in the region of Sterea Ellada, focusing but not limiting its 

work on environmental contamination and its adverse health effects and to improve the availability and 

use of information and evidence on health status and trends and its social determinants for policy 

dialogue, and to monitor and evaluate the implementation of national/local strategies and plans. The 

Observatory in this regard aims to provide a comprehensive regional umbrella mechanism that 

implements environmental health prerogatives. Briefly its main functions will be to gather environmental 

and health data sets from various sources within an overall organizational flow framework, to interpret 

and transform data into usable knowledge, to integrate information to generate a comprehensive view of 

health and its determinants and to facilitate the exchange of information for decision support. Financially, 

the Health Observatory of Sterea Ellada has ensured resources until at least the end of the mandate of 

the incumbent regional administration 

At JSI (Slovenia) new group named Bio-analytics has been established and personnel on environmental 

health field has been expanded. Currently the expanded group consists of 2 permanent employees with 

PhD finished and 5 PhD students. 

Education is an important part of environmental health studies. In Slovenia, PhD (8) and MSc (2) 

students were involved in execution of monitoring campaigns, and in analytical and statistical work within 

CROME-LIFE+. Beside diplomas and PhD thesis, the students benefit also from practical trainings. 

Qualified personnel in the environmental health sector is currently in high demand, therefore students 

increased their carrier opportunities with involvement in the project. Such profile of employees can be 

useful in monitoring programs, promotion of healthier way of life 
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Two new permanent posts for a senior scientist and for a technician both working on analytical 

applications to environmental and human biomonitoring studies has been opened by CSIC (Spain). 

Personnel from the CROME-LIFE  group will apply to it. The evaluation will be done in June 2017. 

Furthermore, based on the enhanced publicity on the nutritional value of seafood a survey was conducted 

in the whole territory of Slovenia through the national Human Biomonitoring Programme to monitor the 

frequency of food consumption.  

Based on the questionnaire data 11.6 % of the people in Slovenia eat fish or other seafood once a week 

or more. Only 1.7 % eats fish or other seafood more than once a week. 

More in detail, 20.5 % of the total Slovenian population never eats fish or other seafood, 41.2 % eats 

fish less than once a month, 26.7 % once to three times a month, 9.9 % once a week, 1.5 % two to four 

times a week, 0.1 % five to six times a week and 0.1 % every day. Fish and other seafood consumption is 

the highest in the coastal part of Slovenia (Primorska region), where only 5.1 % of population never eats 

fish and 36.3 % of them eat fish at least once a week. 4 % of the coastal population eats fish more than 

once a week. In this region 16.2 % of the people eat locally caught fish, while in other regions 0 to 6.5 %. 

The percent of population of Primorska region (excluding the coastal part) that eats fish at least once 

per week is 19.3 %, among them 7.5 percent of the people eat fish more than once a week. In the 

capital of Slovenia (Ljubljana) the percentage of the people that eat fish at least once a week is 14.5 % in 

other regions around 10 % or lower. 

The fisheries sector contributes only 0.018% of the added value created by the Slovenian economy, or 

0.014% of GDP (average of the last five years). Activities, such as processing of fish and other aquatic 

animals marketing of fisheries products including aquaculture are not included. The added value of these 

activities sector is estimated at 0.05% of GDP in Slovenia. The total amount of the added value of the 

main areas amounts to only EUR 3.8 million. 

The Slovenian fisheries sector, including processing and marketing of fisheries products, provides a 

relatively small contribution to the national level (in recent years it employees 400 people, representing 

0.04% of all employees in Slovenia). Nevertheless, fisheries, aquaculture and processing and marketing 

provide vital employment at the regional (local) level, especially in the coastal zone. Statistics (Statistical 

Register of Employment) show that economic activity is higher in aquaculture and fisheries. In recent 

years, the trend indicates a decrease in employment in the fisheries sector and the increase in the 

number of employees in aquaculture, processing and marketing. It is expected that this trend will 

continue. 

Conclusions 

Translating environmental exposure and the respective major health impacts into monetary impact in the 

areas of interest of CROME-LIFE, allowed us to further understand the related impacts in a way that is 

easily perceived by non-experts of the environmental health arena, including major policy stakeholders, as 

well as the general population.  



 

”Cross-Mediterranean Environment and 
Health Network (CROME)” 

 

LIFE12 ENV/GR/001040 

 

 

 

 

21 

 

A key finding of the monetary impact analysis is that in country scale the long term monetary impacts of 

increased mortality, morbidity and IQ loss due to exposure to selected key compounds is in the range of 

billions. These costs increase proportionally to the population size that is affected, but in any case, these 

long term monetary effects represent a non-negligible amount of each country growth domestic product 

(GDP). For example in Slovenia, the IQ loss results of this generation of population is in the range of 1.3 

billion euro, while this country has an annual GDP of almost 40 billion euro. In Greece, the situation is 

even worst regarding the health and monetary impact associated to biomass emitted PM. The additional 

annual cost of mortality and morbidity due to biomass burning in Greece is in the range of 2 billion, while 

the respective annual GDP is around 170 billion euro. Considering the significance of the respective 

monetary costs of environmental exposure in the society, the importance for applying countermeasures 

for restoring environmental quality is well understood. On the other hand, monetizing the impacts, 

provides a significant argument to policy makers on the necessity of environmental and human health 

protection. This was clearly reflected in the case of Greece; by precisely estimating the impacts 

associated to biomass originated PM during wintertime, resulted in the enforcement of a Joint 

Ministerial Decree for combating PM air pollution. It is very pleasant and a great success for CROME 

that the respective bunch of measures proposed and formed under the Joint Ministerial Decree resulted 

in significant financial benefits of more than 150 million euro annually, as a result of reduced mortality 

and morbidity during wintertime. 

Another key finding of the monetary impact analysis is that the related monetary impacts within a 

country might not follow the population distribution, but rather reflect the differences in exposure levels, 

as the result of significant local contamination sources (e.g. proximity to an industrially contaminated 

area) or dietary habits (e.g. increased fish and sea food consumption due to proximity in coastal area 

that results in higher mercury exposure). This implied that targeted interventions should eventually 

include actions at regional or local level. 

Finally, another key finding is that even if exposure levels might not vary within the population, the related 

health and monetary impact is mostly attributed to the genetically susceptible. This was clearly 

demonstrated in the case where data on the population genetic profiles were obtained in Slovenia; 

although the genetically susceptible represent the 18% of the population, the monetary impact attributed 

to this part of the population is almost 40%. This further highlights the need for detailed assessment 

(including genetics and other omics approaches) of the more complex interaction between genes and 

environment in studying environmental health interactions. 
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