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1  CONTEXT 

Health Impact Assessments (HIA) are tools for promoting health equity, which allow to anticipate possible 

positive and negative impacts of any new intervention/decision on population’s health. With a special 

focus on the most vulnerable groups, they support recommendations to reduce health inequalities. 

The proposal under evaluation is related to the urban operations in the reconversion of industrial areas 

with contaminated soils: impact study on health. The work group includes elements from the Regional 

Health Administration of Lisbon and Tagus Valley, the National Statistics Institute, the Department of 

Epidemiology of the National Institute of Health Doutor Ricardo Jorge and a representative of the Nurse's 

Bar Association. The World Health Organization experts who participated in the Workshop held in 

November 2017 have accompanied the activities developed in this study. 

This proposal follows the detection of contaminated soils at the construction area where the urbanization 

operation undertaken to expand the CUF Descobertas Hospital was taking place. After this occurrence, a 

technical commission was set up to accompany the reconstruction work. This technical commission 

produced recommendations regarding urban operations in the reconversion of industrial areas with 

contaminated soils. This HIA’s objective is then to analyze the real or potential impact of the adoption of 

the Recommendations issued by the Technical Commission in urbanization operations in the reconversion 

of industrial areas with contaminated soils. 

1.1 SITE DESCRIPTION AND POLICY FRAMEWORK 

1.1.1 SITE DESCRIPTION 

The eastern part of the city of Lisbon was destined, by the 1948 Master Plan, for industrial use and, 

throughout the century, it was target of housing policies aimed at the low-income population known as 

the Cabo Ruivo Industrial Zone. The main industries there were related to petroleum (obsolete, degraded 

and quite polluting) and located around the logistic area of Olivais Dock, with many reservoirs of 

petroleum products half-buried; the Industrial Slaughterhouse of Lisbon; the General Deposit of War 

Material and a landfill and an urban waste composting station (Beirolas Sanitary Landfill). 

With the deactivation and obsolescence of some industries and the turning of the Portuguese economy 

to the tertiary/quaternary sector, the region consolidated as a social periphery. These conditions justified 

the choice to host in this area the 1998 World Expo (EXPO 98), an event allied to a redevelopment project 

aimed at constituting the "new centrality" of the Portuguese capital. 

Figure 1 shows the appearance of Cabo Ruivo Industrial Zone: to the left an image from before the 

demolition for Expo 98; to the right, an image from the area in 1953. 

In the absence of applicable Portuguese legislation, "Decontamination Objectives" (DO) have been 

established, based on Dutch and Canadian legislation and USEPA directives1. 

11 PARQUE EXPO - Re: inventar o território: da EXPO’98 ao Parque das Nações. [em linha] 2013. [Consult. 15 Jan 2019] Available at: 

https://fenix.tecnico.ulisboa.pt/downloadFile/3779579690611/Projecto_Parque_Nacoes_2Maio2013%20[Compatibility%20Mode].pdf 

https://fenix.tecnico.ulisboa.pt/downloadFile/3779579690611/Projecto_Parque_Nacoes_2Maio2013%20%5bCompatibility
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Figure 1 - Industrial area of Cabo Ruivo: left, before the demolition for Expo98; right, in 1953 (Photo: Lisbon 
Photographic Archive at https://rr.sapo.pt/el/111260/uma-rua-do-seculo-xix-num-bairro-do-seculo-xxi) 

During the development of the Parque Expo, environmental studies were carried out. Results indicated 

that, in general, the soil contamination resulting from the oil companies were not more than 2 meters 

deep. This was due to the geological characteristics of the place (presence of clays of reduced permeability 

that did not allow the migration of the contaminants in depth). In this sense, about 250,000 m3 of soils 

were treated, before progress was made towards the global modelling of the terrain. As the slopes of the 

Beirolas Sanitary Landfill had to be smoothed and stabilized using filler material, a technical solution was 

determined that allowed both operations to be incorporated, also adapted to the established deadlines 

and with lower execution costs. The soils contaminated with hydrocarbons were then excavated and 

transported to the landfill, where they were deposited in confined cells, served by a system of vertical 

drains. During these works, underground sludge was also extracted and decontaminated, composed of 

the various accumulated petroleum and aqueous products. 

Parque das Nações has a perimeter of 3.3 km2, distributed throughout the territories of Lisbon and Loures. 

It is considered as an urban intervention responsible for, in a decade, transforming a peripheral zone in 

the 2nd centrality and 2nd tourist destination of Lisbon (Figure 2). 

Besides an extensive housing area, Parque das Nações offers several services and recreational areas. 

Namely, an oceanarium and a shopping center are located there, as well as public services. 

Figure 2 - View of Parque das Nações 
(in https://www.researchgate.net/figure/Figura-1-Vista-aerea-do-Parque-das-Nacoes_fig1_316007539) 

https://rr.sapo.pt/el/111260/uma-rua-do-seculo-xix-num-bairro-do-seculo-xxi
https://www.researchgate.net/figure/Figura-1-Vista-aerea-do-Parque-das-Nacoes_fig1_316007539
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Alongside with tourism, business and housing development, a Private Hospital was created in this space. 

The CUF Descobertas Hospital was built as soon as EXPO 98 was finished and inaugurated on November 

6th, 2001. 

1.1.2 POLICY FRAMEWORK 

After the introduction of the Human Health Surveillance component in Environmental Impact 

Assessments, the political conditions in Portugal for the short-term implementation of a Model for Health 

Impact Studies/HIA have been created. 

This HIA project is in line with policy proposals that can protect and promote public health and the 

populations’s well-being by reducing health inequalities. 

1.2 DESCRIPTION OF PROJECT 

In order to expand CUF Descobertas Hospital, an urban operation was carried out, which included the 

construction of a building with 6 floors above the ground and 5 floors below the ground, with a total floor 

area of 11131.72 m². The work took place in the old lands of the refinery of Cabo Ruivo of Petrogal, 

disabled before EXPO 98. 

During this process, it was verified that much of the area covered had not been remediated, contrary to 

what had previously been advertised by Park EXPO, the entity responsible for the management of Parque 

das Nações. 

At the beginning of the work the existence of contaminated soils was detected, reason why the company 

José de Mello Health, as owner of the work, took measures to characterize and give adequate destination 

to the soils resulting from the excavation. A total of 40,550 m3 of soil was excavated (inert, non-hazardous 

and hazardous). 

A very comprehensive set of analyses was then carried out to allow the classification of the soils. Based 

on previous studies and historical site occupation data, petroleum hydrocarbons and BTEX (benzene, 

toluene, ethylbenzene and xylenes) were identified as the critical pollutants in the study area. Thus, the 

content of Total Petroleum Hydrocarbons (TPH C10-C40) and BTEX was evaluated in all samples. After the 

first sampling, it was decided to also analyse the most volatile fraction of petroleum hydrocarbons (TPH 

C5-C10). In some of the more contaminated samples the polycyclic aromatic hydrocarbons (PAH) content 

was also evaluated. 

In view of this situation the Portuguese Environment Agency (APA) set up a Technical Committee to follow 

up on the expansion of the CUF Descobertas Hospital in Parque das Nações. This Technical Committee 

included representatives of the following entities: Directorate-General for Health (DGS), Health Authority 

(AS), Regional Coordination and Development Committee of Lisbon and Tagus Valley (CCDR-LVT), 

Municipal Council of Lisbon (CML), Municipal Civil Protection Service (SMPC) and General Inspection of 

Agriculture, Sea, Environment and Spatial Planning (IGAMAOT), the latest as an observer. This Commission 

produced a report with the following recommendations: 

“ a) PHASE OF PREPARATION OF THE URBAN PLANNING PROJECT 

... "in areas where, taking into account, in particular, pre-existing pollutant activities, there is evidence that soils are 

contaminated with substances posing a risk to the population and the environment, with the possibility of affecting 

aquifers and aquitards, it is mandatory to carry out an assessment of the respective danger ", the applicant for an 

urban operation with intervention in the subsoil of Parque das Nações, in an area where there is evidence of 

contamination with substances hazardous to human health and the environment, must assess the quality of the 



6 

soil,... a Sampling Plan must be carried out by the applicant .... Water quality assessment may also be considered if 

there is evidence of contamination. Regarding the soil, it is recommended to characterize its physical parameters 

(granulometry, density, porosity, water content, permeability), to determine its pH and organic matter content, as 

well as conducting a sweep test ... to determine the possible presence of contaminants of the following groups, taking 

into account the activities developed in the past in the area that affects the Parque das Nações: 

• Heavy metals;

• TPH (petroleum hydrocarbons: C6-C10, C> 10-C16, C16-C34 and C34-50);

• PAH (polycyclic aromatic hydrocarbons);

• BTEX (benzene, toluene, ethylbenzene and xylene);

• Halogenated hydrocarbons.

The assessment of other groups of contaminants may also be considered depending on the type of activity carried

out in the past at the site, such as: cyanides, MTBE (tert-butyl methyl ether), phenols, explosives, PCBs or plant

protection products. The results of soil sampling shall be checked against the reference values set for the

contaminants in question, according to the intended use, in the appropriate table of the Ontario Standards ... "in the

case of a proven risk situation, the preparation and execution of a plan of decontamination of the soils and

restoration of sanitation is obligatory, which should precede any urban intervention". If the results of soil sampling

for the contaminants in question are higher than the set values, and if human exposure is expected to occur

considering the intended use, a quantitative risk analysis with soil remediation must be carried out ... As an

alternative to carrying out the quantitative risk analysis, the applicant may choose to remedy the soil up to the

reference values set for the contaminants in question.… 

b) PHASE OF LICENSE/PRIOR COMMUNICATION OF URBANISTIC OPERATION

After the licensing of the soil decontamination operation,... issuance of the license permit or previous communication 

title to carry out the urban operation. These elements will fulfil the requirement ... "execution of a plan of 

decontamination of the soils and replacement of health", enabling the applicant with the elements required in this 

scope. .... 

c) PHASE OF IMPLEMENTATION OF URBANISTIC OPERATION

 WASTE

Excavated soils classified as hazardous waste (code L0 05 05 03 * - soils and rocks containing dangerous substances) 

may be transported for temporary storage to a licensed waste management facility to receive them or to be disposed 

of landfill) or recovery (decontamination) at an Integrated Recovery, Recovery and Disposal Center (CIRVER).  (...) 

 UNDERGROUND WATER QUALITY

During the design phase or during the construction phase, where the groundwater quality assessment is justified, 

account shall be taken of the thresholds and quality standards set out in the Tagus River and Ribeiras do Oeste 

Hydrographic Management Plan (PGRH), established in accordance with Decree-Law n.º 208/2008, of 28 October. In 

addition, given that the Parque das Nações is covered by a body of groundwater classified as a protected zone for 

the abstraction of water for the production of water for human consumption, the values set out in Annex I to Decree-

Law n.º 236/98 of 1 August. 

 WASTEWATER

Where there is a need to extract contaminated water from the site, it must be managed as wastewater. (...) 

 AIR QUALITY ENVIRONMENT

If soil contamination is due to the presence of volatile organic compounds (VOCs), good practices should be 

established to minimize or prevent their release.(…) 

 OCCUPATIONAL HEALTH/HEALTH AND SAFETY AT WORK

All workers involved in works at Parque das Nações, including any decontamination operations, should benefit from 

occupational health services/occupational health and safety services organized by the respective employer, in 

accordance with the legal regime ( ...) In view of the possible presence of dangerous substances and/or mixtures (in 

accordance with Regulation (EC) No 1272/2008 of the European Parliament and of the Council of 16 December) in 

the context of work, some of which are classified as carcinogenic, mutagenic or toxic to reproduction, it should also 
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be considered the one recommended in Decree-Law n.º 301/2000 of November 18, in its current wording, regarding 

the "protection of workers against risks related to exposure to carcinogens or mutagens during work ". 

 INSPECTION / AUDITING

 (...) The inspection ..., in particular the licensing of soil decontamination operations, is incumbent on the entities 

listed in its article 66 - CCDR LVT, IGAMAOT, CML and police authorities.... the CML may also, in accordance with 

Article 93 of the Legal Regime of Urbanization and Edification, carry out the supervision in such a way as to "ensure 

that the operations comply with the applicable legal and regulatory provisions and prevent the dangers arising from 

their realization for the health and safety of persons, "and may for this purpose" request collaboration from any 

administrative or police authorities ". 

These recommendations should be applied in all urban operations to be developed in the Parque das 

Nações area and to other locations where reconversions of industrial areas with contaminated soils are 

performed. 

The objective of this Pilot Study is to study the actual or potential health impact resulting from the 

adoption of the Recommendations issued by the Technical Commission constituted to monitor the 

expansion of the CUF Descobertas Hospital in the Parque das Nações regarding to urban operations in 

future reconversions of industrial areas with contaminated soils, through the proposal of legislative 

measures. 

To this end, a mixed health impact study, retrospective, was applied as a method of evaluation, inasmuch 

as the reference situation is that of the CUF Descobertas Hospital, but a prospective one considering that 

it is intended to propose legislative measures for future territorial management operations in locations 

with contaminated soils. 

The existence of contaminated sites has major environmental and socioeconomic consequences, since 

contamination can make soil functions unfeasible, which contribute to the quality of surface and 

groundwater, to air quality and to the existence of specific ecosystems, among other aspects. 

This exercise, due to several constraints, intends to present the methodology to carry out the Health 

Impact Assessment (workshops carried out by WHO consultants, at INSA) in a "learning by doing” 

approach, reinforcing the importance of implementing good practices for the reconversion of 

contaminated soils from industrial areas into urban areas, in order to minimize eventual health impacts 

on the resident and working populations. 

The specific objectives are: 

1. Identify and characterize the health impact resulting from the decontamination or remediation of the

contaminated soils, proposed for the elaboration phase of the urban operation project;

2. Promote the engagement of the various stakeholders.

Figure 3 presents a time scale with the main events that were at the origin of this HIA. 
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Figure 3 - Timeline of the problem 

1.3 POPULATION PROFILE 

The data referring to this chapter was extracted from the document ACES Lisbon Central - Local Health 

Plan 2018-2021 - A Responsibility of All (Quitério et al, 2018). 

The Group of Health Centers (ACES) (Organizational Structure of Primary Health Care) Central Lisbon is 

integrated in the Regional Health Administration of Lisbon and Tagus Valley (ARSLVT). It is one of the three 

groups that integrate the geographical area of the Municipality of Lisbon, along with ACES North Lisbon 

and part of ACES Occidental Lisbon and Oeiras. 

The parish of Parque das Nações (Epicenter of the Health Impact Study) is part of ACES Central Lisbon. 

ACES Central Lisbon also includes: Olivais, Marvila, Areeiro, Beato, Arroios, Penha de França, São Vicente, 

Santo António, Santa Maria Maior, Campo de Ourique (only part), Misericórdia and Estrela (Figure 4). 

Figure 4 - Group of Health Centers of Central Lisbon and respective administrative organization of the parishes that 
compose it. Source: Administrative Charter of Portugal 2017 (Directorate General of Territory) 

The ACES Central Lisbon has an area of 32.94 km2 and an urban environment in its entirety. According to 

data from Census 2011, the area of influence covers 261,350 residents, totaling a population density of 

Industrial area 
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Construction of the 
Hospital Cuf
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Report with the  
recommendations 

– 2017
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approximately 7934 residents/km2, a register higher than the population density in the municipality of 

Lisbon (6448 residents/km2). 

Parque das Nações is the parish with the lowest population density (3864 residents/Km2) and Arroios 

(14860 residents/Km2) the parish that has the highest population density of the ACES Central Lisbon. 

Data from before 2012 is available for the parishes existing in the EXPO area before the administrative 

changes implemented in 2012 at the level of Lisbon’s parishes. Data on the resident population in the 

parishes existing in the EXPO area in 2001 and 2011 according to the Census data is presented in Table 1. 

Data shows that the resident population has not changed significantly between 2001 and 2011 for most 

of the parishes. 

Table 1 - Resident population in 2001 and 2011 (Census data) 

PARISH RESIDENT POPULATION IN 

2001 

RESIDENT POPULATION IN 

2011 

Marvila 38102 38767 

Santa Maria dos Olivais 51036 46410 

Moscavide 14266 12184 

Sacavém 18469 17659 

Santa Iria de Azoia 18240 17571 

São João da Talha 17252 17970 

Portela 11809 15441 

Bobadela 8839 8577 

Prior Velho 7136 6683 

Data on the resident population in the parishes existing in the EXPO area in 2011 (Census data) by sex and 

age group is presented in Table 2 and Figure 5. Data shows that the distribution of the resident population 

by age group is similar among the parishes and in both sexes. 

Table 2 - Resident population in 2011 by age group (Census data) 
TOTAL 0 - 14 YEARS 15 - 24 YEARS 25 - 64 YEARS 65 - 74 YEARS ≥75 YEARS 

Men and Women 

Marvila 38102 5257 4448 21272 4021 3104 

Santa Maria dos 

Olivais 

51036 7346 4943 26632 5544 6571 

Moscavide 14266 2077 1048 7751 1650 1740 

Sacavém 18469 2931 1902 10290 2078 1268 

Santa Iria de Azoia 18240 2815 1820 10343 2052 1210 

São João da Talha 17252 2502 1963 10054 1752 981 

Portela 11809 1440 1061 6442 1889 977 

Bobadela 8839 1154 772 5091 1059 763 

Prior Velho 7136 1328 814 4148 479 367 
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Figure 5 - Age distribution of resident population according to sex 

In 2014, in ACES Lisbon Central, about 27.8% of the resident population in the county was 65 or more 

years old. From the comparison between the elderly and the active population, through the aging index, 

it can be concluded that Lisbon has an youth and elderly dependence higher than that of Portugal 

(continental) (Table 3). 

Table 3 - Index of aging, dependency of young and old in the municipality of Lisbon and the Continent, in 2016 

MUNICIPALITY OF LISBON CONTINENT - PORTUGAL 

Index of aging 182 154 

Dependency of young 27.8 21.5 

Dependency of old 50.7 33.1 

In the field of social determinants of health, the territory of Central Lisbon is characterized by the 

coexistence of great inequalities and asymmetries in its territory. Most of the parishes have lower 

performances when compared to the municipality average for the relevant socioeconomic indicators: 

unemployment, illiteracy, school dropout, complete higher education and unskilled work. 

The number of beneficiaries of social insertion income in 2011 (Census) was higher than the average in 

Marvila, Beato, Olivais and Santa Maria Maior. It is in the more populated parishes (Marvila and Olivais 

concentrate more than 34% of the population from the area of coverage of the territory of Central Lisbon) 

that we find a greater number of women in fertile age and higher birth rate. 

There is a difference in the distribution by sector of economic activity in the municipality of Lisbon (tertiary 

sector - 89.2%, secondary sector - 10.5%), compared to the national scenario (tertiary sector - 70.2%, 

secondary sector - 26.8%). 
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In this study, it was not possible to consider the worker population in the parish of Parque das Nações due 

to the inherent limitations of data gathering. 

In Annex I morbidity data obtained from the SIARS Information System (Information System of the 

Regional Health Administrations) for the population enrolled in the local Health Units is presented. 

Mortality data for the city of Lisbon is also presented in Annex I. 

1.4 GOALS 

This study intends to contribute to: 

- Identification and characterization of the health impact due to the existence of contaminated soils,

according to the goals established in the recommendations for urban operations in areas with

contaminated soils.

- Proposal for measures to sensitize developers in urban areas to the potential health gains resulting

from the decontamination of contaminated soils.

- The development of technical knowledge and methodology adapted to the national context on

contaminated soils.

- Promoting the commitment and involvement of the various stakeholders.

- Propose new recommendations for the development of appropriate legislative measures.
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2 MANAGEMENT 

2.1 IDENTIFICATION AND PREDICTION OF HEALTH IMPACTS

In the screening stage the impact of conducting the HIA was assessed, the target population was identified, 

the study area was defined, the health status indicators were chosen, and a screening tool was applied. 

The result of the screening was that the work group should proceed with the HIA after some adjustments 

of the proposal. 

In the scoping stage, elements for the steering committee were identified and the functions of the steering 

committee were defined. At that stage, the terms of reference for assessment were defined and the 

research strategy developed. The key deliverables of the HIA were identified and an evaluation strategy 

developed. The HIA work plan was also defined. 

Among the social and economic conditions that could influence health, the following were considered: 

education, employment, childcare, community interaction, access to sports activities, access to cultural 

and recreational activities and access to health services. This selection concerns the high concentration of 

schools and companies, including nurseries and kindergartens, in the HIA target area. Considering that 

environmental contaminants may have a more pronounced health effect on more vulnerable groups of 

the population, such as children, this proposal could have a high impact. 

The EXPO area contains several spaces where sports activities and cultural activities can be carried out, as 

well as several parks and public spaces that can also be used for outdoor sports activities, as well as being 

the scene of several sporting events at national and international levels. 

The proposal has a direct impact on the health of the resident and working population, and effects on 

access to health care are expected. 

Regarding to structural issues affecting health, this proposal is expected to have a direct impact on the 

built habitat (private housing, public buildings, commercial buildings, parks) and green spaces. 

Water quality and soil quality are directly affected by the proposal, as recommendations will allow for safe 

construction in contaminated areas. Regarding to family and individual issues, the proposal will have an 

impact on the practice of physical activity, income and family cohesion. 

2.2 GOVERNANCE 

The operational work group for the present HIA includes members from several national organizations 

with expertise in different areas and is composed by the following members (alphabetic order): 

- Ausenda Machado (INSA - National Institute of Health)

- Cândida Pité-Madeira (ARSLVT)

- Lígia Ribeiro (ARSLVT)

- Manuela Ferreira (Nurses' Order)

- Sónia Namorado (INSA - National Institute of Health)

- Vera Noronha (ARSLVT) - focal point.

and Bernardo Lemos  from INE - National Institute of Statistics, as consultant in the initial phases of this 

work. 
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A Steering Committee (SC) for the HIA was established to function as an advisory group of the HIA 

operational work group. Experts in each of the areas identified as relevant to the HIA development were 

invited to the SC. The SC is composed by the following members (Table 4). 

Table 4 - Composition of Steering Committee 

MEMBER ORGANIZATION EXPERTISE/ CONTRIBUTION TO HIA 

Cristiano Amaro CCDR-LVT Expert in soil pollution 

Francisco Ferreira FCT/UNL Expert in air pollution 

Luísa Nogueira CCDR-LVT Expert in air pollution 

João Paulo Teixeira ISPUP Expert in environmental health 

Mª Carmo Figueira APA Expert in HIA 

Marco Martuzzi OMS Europa Expert in HIA 

Mário Pereira Health Authority Expert in Public Health 

Paulo Gomes CUF Descobertas Hospital Expert in Health Care 

The SC tasks will include helping in the collection of relevant information to the HIA, supporting the HIA 

operational work group in the interpretation of the risk appraisal results, reviewing the HIA final report 

and evaluating the contribution of each involved organization. 

The objective of the present HIA is to analyze the real or potential impact of the adoption of the 

Recommendations issued by the Technical Commission set up to monitor the expansion of the CUF 

Descobertas Hospital in Parque das Nações, in urbanization operations for the reconversion of industrial 

areas with contaminated soils. 

The EXPO zone has suffered an alteration at the level of the parishes in 2012, with the creation of a new 

parish - Parque das Nações - and the redefinition of the geographical limits from other parishes. The limits 

of the new parish do not coincide with the limits of the previous parishes and due to this alteration, the 

definition of the study area was difficult, because data from the Parque das Nações area previous to 2012 

is attributed to more than one parish. 

Considering all the constraints, the HIA geographical scope includes the area corresponding to the 

geographic limits of the Parque das Nações Parish Council. This area was chosen because it overlaps the 

geographical area of the previous existing refinery that was the source of soil contamination and is an 

official administrative area. 

The scope of the HIA in terms of population includes the resident and working populations of the Parque 

das Nações Parish Council. 

Data on the population working in the study area is not available and as such the characterization of this 

population is not possible. 

Since the present HIA is a pilot study, the resources committed are very limited: the human resources 

involved are the elements of the operational working group and there is no funding available. 
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For the elaboration of this study there were several limitations, namely: 

a) Difficulty in defining the study area, since the Parque das Nações has a relatively large area and a

large part of it was urban rehabilitation after the deactivation of large chemical companies, possibly

subject to other types of interventions prior to the present study;

b) The information available at the level of the parish is limited to the characterization of the resident

population. In addition, the parish of Parque das Nações was only created in 2012, with parts of the

old parishes of Santa Maria dos Olivais (Municipality of Lisbon) and the old parishes of Moscavide and

Sacavém (Municipality of Loures). The information presently available at parish level is of a later date,

which limits the construction of long time series in the already small set of what is available;

c) The geographical divisions of the area of public health services and the National Statistics Institute

(INE) are not coincident;

d) Difficulty in obtaining real health data, since the existing data refer to those obtained in public health

services and much of the population in the study area uses private health services and thus it is not

possible to obtain data related to the population using private services;

e) Difficulty in obtaining data on the working population in the area under study;

f) Difficulty in obtaining data on the population that uses the study area for leisure;

g) Difficulty in obtaining environmental data on soils, since the Portuguese Environmental Agency (APA)

was part of this group in the workshop, but has not collaborated in this work, having sent the data

request to the Lisbon City Council, who up to date has not answered to the request;

h) Difficulty in obtaining environmental data of air parameters related to soil quality (Volatile Organic

Compound - VOC), since the air quality monitoring network does not include this type of parameters;

i) Very limited time to perform HIA;

j) little support from WHO (Work started in 2017 and is finish now);

k) In addition to the above concern, access to relevant information to respond to the equity component

- limited information with the need to develop specific collections with complex methodologies and

high costs.

2.3 ENGAGEMENT 

The following organizations were identified as stakeholders: 

 Association of Residents of Parque das Nações (ARPN);

 Commission for Coordination and Regional Development of Lisbon and Tagus Valley (CCDRLVT);

 General Direction of Health (DGS);

 Lisbon Municipality (CML);

 Mello Group / CUF Descobertas Hospital;

 Parque das Nações Parish Council (JFPN);

 Portuguese Environment Agency (APA);

 Regional Health Administration of Lisbon and Tagus Valley (ARSLVT);

 Technical Committee set up to monitor the expansion of the CUF Descobertas Hospital in Parque das

Nações (TC).

Relevant stakeholders identified include organizations interested in the theme and responsible for the 

protection and promotion of health and wellbeing of the population living in the area. Among the 
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organizations interested in the theme, organizations with responsibilities in decisions concerning the 

Parque das Nações urban reconversion, namely Lisbon Municipality, Parque das Nações Parish and 

Commission for Coordination and Regional Development of Lisbon and Tagus Valley were identified. 

A stakeholders’ analysis was conducted for the identification of the relevant stakeholders and to have a 

first analysis of their value, expertise and willingness to contribute. The following parameters were 

considered in this analysis: 

 Contribution: Does the stakeholder have information, counsel, or expertise on the issue that could

be helpful to the working group?

 Legitimacy: How legitimate is the stakeholder’s claim for engagement?

 Willingness to engage: How willing is the stakeholder to engage?

 Influence: How much influence does the stakeholder have?

 Necessity of involvement: Is this someone who could derail or delegitimize the process if they were

not included in the engagement?

Each of the parameters was evaluated as low, medium or high. Table 5 presents the results of the 

stakeholder’s analysis. 

Table 5 - Stakeholders’ analysis 

STAKEHOLDER CONTRIBUTION LEGITIMACY WILLINGNESS 

TO ENGAGE 

INFLUENCE NECESSITY OF 

INVOLVEMENT 

ARPN Low High Low Low Low 

CCDR-LVT Medium High High Medium High 

DGS High Low Low Medium Medium 

CML Medium High High High High 

Mello Group Low High Medium High High 

JFPN Low High Medium High High 

APA High High Low High High 

ARSLVT High High High High High 

TC High High Medium Medium High 

A stakeholders’ mapping exercise was also performed to allow a better evaluation of the expertise and 

willingness to participate of the relevant stakeholders identified. Results of this exercise are presented 

in Figure 6. 
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Figure 6 - Mapping of willingness and expertise of HIA stakeholders 

The processes of stakeholder’s involvement have facilitating effects for the development of the present 

health impact study regarding the adoption of recommendations on urban operations in the conversion 

of industrial areas with contaminated soils. In this sense, a group of stakeholders was identified, according 

to Table 6, which highlights the process of involvement and communication with them. 

Table 6 - Stakeholders’ communication and engagement plan 

STAKEHOLDER POWER/INTEREST 

* 

KEY INTEREST & ISSUES COMMUNICATION 

VEHICLE 

FREQUENCY 

ARPN 3/1 HIA results: leaflet Email Once 

CCDR-LVT 1/2 HIA results: leaflet, Final 

Report 

Email 

Technical meeting 

Once 

Final meeting 

DGS 1/2 HIA results: leaflet, Final 

Report 

Email 

Technical meeting 

Once 

Final meeting 

CML 2/1 HIA results: leaflet, Final 

Report 

Email 

Technical meeting 

Once 

Final meeting 

Mello Group 3/3 HIA results: leaflet Email Once 

JFPN 3/1 HIA results: leaflet Email Once 

APA 1/2 HIA results: leaflet, Final 

Report 

Email 

Technical meeting 

Once 

Final meeting 

ARSLVT 2/1 HIA results: leaflet, Final 

Report 

Email 

Technical meeting 

Once 

Final meeting 

TC 1/1 HIA results: leaflet, Final 

Report 

Email 

Technical meeting 

Once 

Final meeting 

* 1 - high; 2 - medium; 3 - low 

Considering that the environmental contaminants identified may have a more pronounced health effect 

on more vulnerable groups of the population, such as children, and considering that the study area has a 

high concentration of schools, including nurseries and kindergartens, children will be one of the 

population groups where the present HIA may have the greatest impact. 

Pregnant women are also known to be a vulnerable group where health effects resulting from exposure 

to the environmental contaminants identified may be more pronounced. 
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Workers from construction sites may be exposed to higher doses of the identified contaminants, which 

may result in more pronounced health effects. 

Stakeholder engagement is an essential component of a HIA and should be initiated as early as possible. 

The objectives of stakeholder engagement are: 

 Obtaining input on the work developed by the operational work group;

 Ensuring transparency and a rigorous analysis of potential impacts;

 Obtaining local knowledge or scientific and other information that may improve the completeness

of the HIA;

 Promoting collaboration between the different institutions identified.
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3 ASSESSMENT 

3.1  CONCEPTUAL EXPOSURE PATHWAY 

The mere presence of contaminated soil does not represent a potential harmful effect on human health. 

An exposure pathway needs to be established and validated. Figure 7 shows a conceptual contamination 

exposure model with the following elements: 

 Likely sources of contamination removed (fuel tanks and other infrastructures);

 The route of contamination with infiltration of possible spills in the upper layers and their

transport to lower levels reaching groundwater;

 Future recipients of the site (the resident recipient and workers who will participate in the

construction of the new structures).

These receptors may be exposed to contamination through distinct exposure routes. While workers will 

be exposed through ingestion of soil, dermal contact with the soil and inhalation of volatiles, future users 

(since the area is practically all paved and the contaminated soils are at depths greater than 1 m, there is 

no direct contact between the receptors and the soils) will likely only be exposed via inhalation of volatiles. 

Figure 7 - Conceptual model of exposure pathway in a contaminated soil scenario 

Hoek et al (2018) proposed similar frameworks based on European models (Figure 8) to illustrate multi-

media exposures. In the setting of contaminated soil, the distinction between exposure and concentration 

in the environment is critically important. Exposure requires contact of humans with pollutants in the 

environment. Therefore, exposure is determined by the interaction between environmental 

contamination and human receptors. Soil ingestion, vegetable consumption, and vapour inhalation are 

often the most important pathways, but this depends critically on the contaminant. When focused on soil, 

the human exposure of a population living near a site depends on the following groups of factors: 

 Type of site, affecting the specific pollutant and magnitude of contamination;
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 Macro-level factors such as topography, hydrology, and meteorology that influence fate and

transport of pollutants;

 Soil properties including pH, organic carbon content, ground water flows;

 Pollutant properties, including solubility, vapour pressure, reactivity;

 Mechanisms for transformation and transport of pollutants between environmental medias;

 Use of the soil, such as growth of vegetables for consumption;

 Intake factors such as inhalation rate and consumption of locally grown vegetables.

Figure 8 - Exposure routes model (Hoek et al, 2018) 

3.1.1 EXPOSURE ASSESSMENT BY MULTI-MEDIA MODELS FOR RISK ASSESSMENT 

Exposure assessment methods for human health risk assessment of contaminated land have recently been 

reviewed. In this review, both monitoring and modelling of human exposure is discussed. In this section, 

we focus on modelling methods. 

A comparison of exposure models used in different EU Countries for screening risk assessment has been 

published by the Joint Research Centre based on input of a large group of national experts. Carlon and co-

workers reported substantial differences in model predictions, especially related to the choice of which 

receptors needed to be protected and which exposure pathways were included (Carlon et al, 2001). 

Particularly, the inclusion of ‘indoor air exposure’ and ‘consumption of home-grown vegetables’ had an 

important impact on total human exposure estimates. For the risk calculations, the inclusion of 

background pollution from sources other than the contaminated site (e.g., smoking for Cd) contributed to 

differences in risk estimation. A comparison of model predictions from 7 European models, including 

CSOIL and CLEA, showed differences with two orders of magnitude in the calculated total exposure in a 

series of scenarios. The differences were particularly large for the exposure pathways ‘indoor air 

inhalation’ and ‘consumption of contaminated vegetables’. For more mobile and volatile components, 

differences between models were largest.  
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3.1.2 CONCEPTUAL RISK MODEL 

Figure 9 shows a conceptual risk model that includes the following elements: 

 Existing sources of contamination (soil and water);

 Mechanisms to transport contamination from lower levels to the surface (indoor and outdoor);

 Residents, building workers and workers who will participate in the construction of the new

structures.

Figure 9 - Conceptual model of risk 

3.2 DESCRIPTION OF HEALTH EFFECTS 

Health risk assessment can be defined as “… a procedure for characterizing the nature and magnitude of 

health risks to human beings of chemical contaminants and other stressors that may be present in the 

environment. It uses standardized tools, formats, and scientifically established assumptions for risk 

modelling” (WHO, 2013). 

According to the literature (Cocarta et al, 2015) the contaminants of concern related to soil pollution by 

oil contamination are the following: 

a) Volatile Organic Compounds (VOCs): benzene, toluene, etylbenzene, m-xylene, o-xilene, methyl tert-

butyl ether;

b) Semi-Volatile Organic Compounds (SVOCs) and Polycyclic Aromatic Hydrocarbons (PAHs):

acenaphthene, acenaphthylene, anthracene, benzo anthracene, benzo pyrene, benzo fluoranthene,

benzo perylene, chrysene, dibenzo anthracene, fluoranthene, fluorene, indeno pyrene, naphthalene,

phenanthrene, pyrene;

c) Metals: cadmium, chromium (III), chromium (IV), lead.

Soil samples in the study area were tested for Total Petroleum Hydrocarbons (TPH C10-C40), the most 

volatile fraction of petroleum hydrocarbons (TPH C5-C10) and BTEX (benzene; toluene; ethylbenzene; and 
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o-, m-, and p-xylenes). In some of the more contaminated samples the PAHs content was also analyzed. 

Based on the results from the analyses, petroleum hydrocarbons and BTEX have been identified as the 

critical pollutants in the study area. 

The present HIA can have an impact on determinants from several areas, among which the following: 

1. Access to public services (e.g. childcare, healthcare): access to cultural activities, access to

healthcare services and access to sports;

2. Built environment & housing: housing, buildings, green areas and other public spaces;

3. Environment: air quality, soil quality, water quality;

4. Socio-economic factors (e.g. education, employment): education, employment and household

income;

5. Behavioural factors: family cohesion, community interaction and practice of physical activities.

Several of the identified determinants can have an effect on the health of the population. The association 

between air quality and respiratory and cardiovascular diseases is well documented in the literature 

(Schraufnagel et al, 2019; Mannucci et al, 2015; Shah et al, 2013). Air quality is also known to be associated 

with the occurrence of neoplasms, mainly lung cancer (Kim et al, 2018). Air quality is also related to 

reproductive outcomes (Guo et al, 2019). Some complaints and symptoms are also associated with air 

quality, namely headache (Vodonos et al, 2015). Some studies have documented the association between 

air quality and mental health and wellbeing, namely depression and suicide (Gładka et al, 2018). 

On the other hand, the practice of physical activity is associated with a reduced risk for cardiovascular 

disease (Eijsvogels et al, 2016). Mental health and wellbeing are associated with socio-economic factors 

and with behavioural factors such as family cohesion and community interaction. 

According with the identified determinants and the associated health effects, the causal pathway 

presented in Figure 10 was developed and proposed for the present HIA. 



Figure 10 - Causal pathway 
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Considering that petroleum hydrocarbons and BTEX have been identified as the critical pollutants in the 

study area and that some of these compounds are recognized as carcinogenic for humans [Benzene is 

classified as Group 1 according to IARC (IARC Working Group on the Evaluation of Carcinogenic Risks to 

Humans, 2017) and ethylbenzene as group 2B (IARC, 2000)], risk assessment will be performed on cancer 

risk. 

3.3 RISK ASSESSMENT 

The risk assessment for human health, as a rule, comprises the following stages, organized in a phased 

manner, as shown in Figure 11. 

Figure 11 - Risk assessment for human health 

3.3.1 IDENTIFICATION OF CONTAMINANTS 

As previously mentioned, Parque das Nações was an industrial zone where the deposits of the Cabo Ruivo 

Refinery and the petroleum products were located. There were, among others, gasoline, diesel, LPG, fuel 

oil, naphtha, jet fuel, bitumen (for asphalt and insulation) and sulfur (for pharmaceuticals, agriculture and 

pulp bleaching) and Matinha Gas Factory also operated coal, naphtha, phthalic acid and natural gas. The 

contaminants detected were characteristic of activities linked to the petroleum industry. According to 

available data, there is contamination to the north and south of CUF Descobertas Hospital, as shown in 

Figure 12, and the chemicals of interest are BTEX, TPH, PAHs and heavy metals. 

Figure 12 - Identification of contaminated sites in the surrounding area of CUF Descobertas Hospital 
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Data on air monitoring is available only for the two stations considered representative of the air quality 

for the study area: Beato (bottom station) and Olivais (bottom station). Annex I shows the parameters 

analyzed by each season and the years in which there is air quality data, and the results in the period from 

2012 to 2016. Table 7 classifies the air quality parameters, according to probability, scale, time horizon 

and distribution of effects, second to geographical area. 

Table 7 - Classification of air quality parameters, according to probability, scale, time horizon and distribution of 

effects, second to geographical area 

AIR QUALITY PARAMETERS PROBABILITY SCALE TIME EFFECTS DISTRIBUTION 

Sulfur dioxide (SO2) Mean Low 2012-2016 Olivais Station 

Ozone (O3) Mean Low 2012-2016 Geographical area 

Carbon monoxide (CO) Mean Low 2012-2016 Geographical area 

Benzene (C6H6) Mean Low 2013 Beato Station 

PM10 particles Mean Low 2012-2016 Geographical area 

PM2,5 particles Mean Low 2012-2016 Geographical area 

Nitrogen dioxide (NO2) Mean Low 2012-2016 Geographical area 

In soils and groundwater, the results demonstrated the existence of some substances with concentrations 

above the reference values, namely: 

a) In the soils:

- PAH: naphthalene, acenaphthylene, 2-methylnaphthalene;

- Metals: arsenic, lead, selenium;

- C06-C10, C10-C16 and C16-C40 hydrocarbons;

- Bis (2-ethylhexyl) phthalate;

- Bromomethane.

b) In groundwater:

- Hydrocarbons;

- Antimony;

- Phenol;

- C10-C40 hydrocarbons;

- Trichloroethene and tetrachloroethene.

The soil samples show concentrations of TPH C5-C10, TPH C10-C16, Benzene, Toluene, Xylenes, 

Naphthalene, Acenaphthylene, Benzo(a)pyrene, Arsenic, Copper, Lead and Zinc above the respective 

reference values of the Ontario Standard. 

Contaminated soil patches associated with each of the contaminants have varying extensions and depths, 

partially overlapping each other. The contaminant with the highest concentration is the TPH C10-C16. The 

contaminants with the greatest deep spread are: TPH C5-C10, C10-16 and Benzene, which is not surprising 

since these contaminants typically have high mobilities. 

At some points, however, the contaminants will have reached the groundwater, spreading laterally by the 

level of groundwater. 

The results are consistent with contamination of land of surface origin where the contaminants have 

infiltrated the soil in depth, and the episode or episodes of contamination have occurred in the relatively 

distant past. 
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The objective is to evaluate the risk to human health resulting from concentrations of pollutants in the 

soil and groundwater of the study area. 

The risk analysis is made considering that the population is exposed to contaminated soil through the 

exposure routes: soil ingestion, dermal contact with the soil and inhalation of volatiles. 

The specific chemical sources of the decontamination process are as follows: 

1. Contaminated soils have concentrations of C5-C10 TPH, Benzene, Toluene, Ethylbenzene and

Xylenes, though not throughout the affected zone, so that volatile hydrocarbons and BTEX are

released into the air during excavation. The amount and concentration of gaseous emissions are

not possible to predict.

2. Dermal and ocular contact with soil or contaminated groundwater. Workers may have dermal and

/ or ocular contact with soil and / or contaminated groundwater during excavation.

3. Intake of contaminated soil particles by workers is likely to occur during food and beverage

ingestion at the point of excavation or at the temporary storage site of contaminated soils.

The concentrations of the contaminants detected in the 2017 soil samples, along with the reference 

values for the hazard characteristics, are in Table 8. 

Table 8 - Contaminants and respective concentration from soil samples and reference values 

HIGHEST CONCENTRATION 
DETECTED 

REFERENCE 
VALUE 

Metals 

Arsenic (As) mg/kg dm 27 18 

Copper (Cu) mg/kg dm 210 180 

Copper Oxide (CuO) mg/kg dm 262 - 

Lead (Pb) mg/kg dm 140 120 

Zinc (Zn) mg/kg dm 2100 340 

Zinc oxide (ZnO) mg/kg dm 2614 - 

Monoaromatic hydrocarbons 

Benzene mg/kg dm 5,6 0,17 

Toluene mg/kg dm 14 6 

Ethylbenzene mg/kg dm 20 15 

Xylenes (sum) mg/kg dm 73 25 

Petroleum Hydrocarbons 

TPH C5-10 mg/kg dm 2400 65 

TPH C10-C16 mg/kg dm 2000 150 

Polycyclic aromatic hydrocarbons 

Naftaleno mg/kg dm 31 0,75 

Acenaftileno mg/kg dm 0,34 0,17 

Benzo(a)pireno mg/kg dm 0,43 0,3 

340 TPH Total (Gasoline) % mass 0,2 0,1 

351 TPH Total (Diesel fuel) % mass 1 -
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The reference values used consider land use as residential for non-potable groundwater condition, so we 

opted to use the values defined in Table 3 of the current version of the Ontario Standard: Full depth 

Generic Site Condition Standard in a Non Potable Groundwater Condition: Table 3 of the Standard for fine 

soils (Ontario Ministry of the Environment, 2011). 

3.3.2 EXPOSURE RISK CHARACTERIZATION AND QUANTIFICATION 

The Interactive CLEA software guide - Clea Software Version 1.071 of the Environment Agency of 2015 

(Jeffries, 2009) was used to carry out the exposure risk characterization. The CLEA software is based on 

the CLEA model. The CLEA model uses generic assumptions about the fate and transport of chemicals in 

the environment and a generic conceptual model for site conditions and human behaviour to estimate 

child and adult exposures to soil contaminants for those potentially living, working, and/or playing on 

contaminated sites over long time periods (Jeffries, 2009). 

In the selection of contaminants and concentrations to be adopted in the model, the following 

assumptions were made: 

a) Conservative soil and groundwater concentrations were assumed to have reached the maximum

concentrations obtained;

b) Evidence of health effect associated to the contaminant

As such, the selected substances were arsenic, lead, benzene, toluene, ethylbenzene and benzo(a)pyrene. 

The exposure quantification was conducted on all the population, considering both exposure to 

contaminated soil and exposure to remediated soil. Taking into consideration the differential health effect 

of contaminants in vulnerable population, six different scenarios were considered for this study: 

 Scenario 1 - Adults exposed to contaminated soil;

 Scenario 2 – Children exposed to contaminated soil;

 Scenario 3 - All population exposed to contaminated soil;

 Scenario 4 - Adults exposed to remediated soils;

 Scenario 5 - Children exposed to remediated soils;

 Scenario 6 - All population exposed to remediated soils.

For the contaminated soils scenario, the concentrations of the selected substances considered were the 

maximum concentrations obtained in the analysed soils samples from the area. The remediation scenario 

was developed considering that the process of remediation would decrease the soil contamination at 

least to achieve reference values. As such, for the remediation scenario the concentrations of the selected 

substances considered were the reference values for those substances. 

Furthermore, the following settings were used for the models: 

 Land use: residential (lifetime exposure)

 Building: Office (after 1970)

 Soil type: sand silt loam

 Exposure pathways:

o oral routes: direct soil and dust ingestion;
o dermal routes: outdoor;
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o inhalation routes: indoor dust, outdoor dust, indoor vapour, outdoor vapour.

The application of the model translated into results of exposure to risk factors. Results reflect exposure 

dose (mean daily exposure) and route of exposure (as a proportion) for each contaminant. 

3.3.3 QUANTIFICATION OF POTENTIAL HEALTH EFFECTS: CARCINOGENIC RISK ASSESSMENT 

The cancer risk was estimated considering equation 1 (Cocarta et al, 2017): 

Risk = Dose x Slope factor (Eq. 1) 

Where the dose reflects the human exposure pathway, duration and frequency of the exposure and the 

slope factor the relation between dose and response. Table 9 shows the cancer risk factor. 

Table 9 - Cancer slope factor 

CANCER SLOPE FACTOR 

(mg/kg/Day-1) 

Oral Inhalation References 

PAH 

Benzo(a)pyrene 7.3 3.1 US EPA, 2000 

Metals 

Arsenic 1.5 15.1 US EPA, 2000 

Lead 0.042 0.0085 OEHHA, 2009 

BTEX 

Benzene 0.055 0.027 US EPA, 2000 

Ethylbenzene 0.0087 0.011 US EPA, 2000 

The cancer risk was estimated for each contaminant, and total risk was determined as following: 

Total carcinogenic risk = Σ cancer risk 

According to the literature (Cocarta et al, 2017), the values usually considered from which it is assumed 

that there is potential for Cancer Risk (CR) and Hazard (P) are: 

 CR ≥ 1E-6, meaning one case per 1,000,000 individuals. This target value is valid both for each

contaminant and for the cumulative effects of the contaminants under analysis;

 P≥1, this value refers to the quotient between the entry rate calculated for each contaminant at

the point of exposure and the reference dose (i.e. the limiting concentration above which there

is a risk to human health).

The impact of the remediation was also determined as: 

Health impact = Cancer riskremediation - Cancer riskcontaminated soil

The total carcinogenic risk was determined for each scenario described, as well as the estimated 

remediation impact on children, adults and the entire population. Remediation was found to be the 

appropriate measure for all population groups considered.
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4 DISCUSSION OF RESULTS 

Health effects from exposure to contaminated soil, in particular cancer risk, have been identified. The 

main route of exposure is soil ingestion, which in the area in question is infrequent/absent. It is important 

not to allow community/urban gardens to be built and to avoid placing fruit trees in public gardens. 

The results show that there are health benefits to soil remediation. The most conservative scenario, 

remediation, allows the reduction of contaminants to the reference values. 

Remediation is effective in reducing the risk of cancer associated with exposure to study contaminants. 

For workers, during the construction period, occupational safety and health services and the health 

authority (regional and local) should define additional workers' health surveillance measures. This issue is 

defended in the APA recommendation. 

On the other hand, risk was measured only in the resident population, although there are a large number 

of working active population in the study area. Moreover, as it is a very relevant tourist area, it would be 

important to analyze the effect on this population. However, it was not possible to obtain information for 

these specific populations and include them in sampling. 

It should be noted that the values used for risk calculation were the highest recorded for each pollutant, 

so the actual value will eventually be lower. 
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5 CONCLUSIONS AND RECOMMENDATIONS 

Areas with contaminated soils to be future intervention, such as the EXPO area in Lisbon, may require 

urban planning strategies to minimize negative impacts on population health. 

Following the EIS, it has been found that there are risks associated with contaminated soils but are 

reduced with their remediation. Therefore, it is important to implement appropriate legislation in 

Portugal to protect populations from the risk of exposure to contaminated soil, supported by the APA 

recommendations. 

Other sources of exposure to contaminated soil could have been included in this study and other health 

effects may exist beyond the exposure. 

This study highlights the positive health gains / effects on the resident population resulting from the 

adoption of the APA recommendations. This effect will be more noticeable in the pediatric population. 

The environmental sampling plan for health impact studies shall include the components: soil, water and 

air. 
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ANNEX I – HEALTH DATA 

MORBIDITY 

Using the SIARS© information system (Information System of the Regional Health Administrations), it is 

possible to obtain indirect morbidity data from ACES Central Lisbon users, corresponding to the 

proportion of enrolled users attending the Health Units and with the pathology registry as an active 

problem by the family doctor. 

It should be noted that these data are merely indicative, in part because they represent only the 

subscribers and users of health systems and not the total population under analysis. In addition, it is 

known that the registration of health problems is not performed in a systematic and exhaustive way by 

all health professionals. 

Of note are hypertension (K86 + K87), changes in lipid metabolism (T93) and tobacco abuse (P17), which 

are some of the cardiovascular risk factors. Males only present a higher coding value for tobacco abuse. 

Women have a higher prevalence of diagnosis of depressive disorders (10.4%) than men (3.3%) (Figure 

13). 

Figure 13 - Proportion of enrolees (%) per active diagnosis in ACES Central Lisbon, in December 2015 

In females, the most frequent neoplasia in the ACES Central Lisbon registry is, as is the case at national 

level, malignant neoplasm of the breast (X76), whereas in the male sex it is prostate neoplasia (Y77). 

In order to assess potential health effects resulting from exposure to pollutants from contaminated 

soils, we have been examining existing records in primary health care databases. The data were 

extracted from the SIARS information system, which consists on the health databases allowing the 

analysis of population health data. From the SIARS, the morbidity due to oncological disease was 

analysed, using the medical diagnoses of the International Classification of Primary Health Care, 

version 2 (ICPC-2), in the year 2017. To carry out the comparative analysis between the potentially 

exposed people and individuals belonging to the ACES of Central Lisbon and Loures / Odivelas (n = 

630,913) with the population enrolled in these groups and resident in the parish of Parque das Nations 
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(n= 13,298). For the comparative study, proportions were used. The data presented has some 

limitations, because it is not standardized. 

From the analysis of Figure 14 and Table 10, we can conclude that the proportion of oncological 

disease registers is higher in the population enrolled in ACES Lisboa Central and Loures/Odivelas than 

a sub-population resident in the parish of Parque das Nações and enrolled in ACES Lisboa Central and 

Loures/Odivelas, with the exception of pathologies: Other neoplasms of the urinary tract and 

Malignant neoplasm of the neurological system. Thus, it appears that users of Primary Health Care 

residents of Parque das Nações generally have a lower prevalence of cancer disease. This result may 

be due to the fact that standardized morbidity rates are not being used. Furthermore it should be 

pointed out that the population living in the parish of Parque das Nações is younger and with a higher 

socioeconomic level, with less use of public health services (which sub-references this variable). 

Figure 13 - Distribution of the proportion of oncological disease registries in the population enrolled in ACES 

Lisboa Central and Loures/Odivelas and in the parish of Parque das Nações, in 2017 
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Table 10 - Distribution of the number and proportion of oncological disease registries in the population enrolled in 
ACES Lisboa Central and Loures/Odivelas and in the parish of Parque das Nações, in 2017 

2017 

Number of 

Registries in ACES 

Lisboa Central and 

Loures/Odivelas 

Number of 

Registries in the 

parish of Parque 

das Nações 

Proportion of 

Registries in ACES 

Lisboa Central and 

Loures/Odivelas 

Proportion of 

Registries in the 

parish of Parque 

das Nações 

Neoplasm of the benign digestive tract uncertain 3373 73 1,34 0,55 

Benign breast neoplasm 1801 55 0,76 0,41 

Malignant neoplasm of prostate 1662 48 0,57 0,36 

Malignant neoplasm of colon and rectum 1528 41 0,54 0,31 

Malignant neoplasm of skin 1414 34 0,45 0,26 

Genital benign neoplasm 845 37 0,36 0,28 

Genital neoplasm of uncertain nature 532 24 0,25 0,18 

Uncertain benign cutaneous neoplasm 652 17 0,25 0,13 

Benign thyroid neoplasm 616 16 0,24 0,12 

Benign neoplasm of urinary tract 362 13 0,20 0,10 

Malignant thyroid neoplasm 465 17 0,19 0,13 

Neuroplastic benign neoplasm 446 16 0,16 0,12 

Hodgkin's disease / lymphomas 426 15 0,14 0,11 

Malignant neoplasm of the bladder 461 10 0,14 0,08 

Other non-specific malignant neoplasms of the 

digestive tract 378 12 0,14 0,09 

Malignant neoplasm of the bronchi and lung 351 8 0,11 0,06 

Non-specific urinary tract neoplasms 275 10 0,10 0,08 

Malignant neoplasm of stomach 252 7 0,09 0,05 

Malignant neoplasm of kidney 269 8 0,09 0,06 

Neoplasm benign uncertain 214 9 0,08 0,07 

Leukemia 213 6 0,08 0,05 

Other malignant respiratory neoplasms 179 5 0,07 0,04 

Benign male genital neoplasm uncertain 116 3 0,07 0,02 

Other malignant neoplasms of the blood 236 5 0,07 0,04 

other non-specific endocrine neoplasms 175 4 0,06 0,03 

Benign Respiratory Neoplasia 144 6 0,06 0,05 

Other neoplasms of the urinary tract 157 8 0,05 0,06 

Other genital malignancies 113 6 0,04 0,05 

Malignant neoplasm of the neurological system 74 6 0,03 0,05 

Malignant neoplasm 82 1 0,03 0,01 

Neuroplastic neurological system of uncertain nature 72 4 0,03 0,03 

Malignant neoplasm of pancreas 57 1 0,02 0,01 

Neoplasm of the eye and appendages 36 3 0,02 0,02 

Ear neoplasm 34 1 0,02 0,01 

Uncertain benign neoplasm related to pregnancy 21 1 0,01 0,01 

Neoplasm of the circulatory system 13 0 0,01 0,00 

Malignant neoplasm related to pregnancy 5 0 0,00 0,00 
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Resulting from previous work on the analysis of exposure pathways to contaminants from exposure to 

contaminated soils and their potential health effects, some health indicators were analyzed. Figures 15 to 

20 show other health effects resulting from exposure to contaminating factors, regarding ICPC-2, in the 

years 2013 to 2017. It compares proportions estimated in ACES Lisboa Central and Loures / Odivelas totals 

and the sub-population enrolled in the Family Health Units (USF) of the parish of Parque das Nações of 

ACES Lisbon Central and Loures / Odivelas. 

All the figures reveal that a reversal of the evolutionary tendencies occurred in year 2014, associated to 

the process of development of the USF. From 2014 to 2017, the users enrolled in the USF of Parque das 

Nações parish showed a greater proportion of signs and symptoms (feeling sick, nausea, headache, 

dizziness and dizziness, migraine, and cluster headache) when compared to the users of the ACES Lisboa 

Central and Loures / Odivelas. 

Figure 15 - Evolution of the distribution of "feeling sick" in the population enrolled in ACES Lisboa Central and 
Loures/Odivelas and in the USF of the parish of Parque das Nações (2013-2017) 

Figure 16 - Evolution of the distribution of "nausea" in the population enrolled in ACES Lisboa Central and 
Loures/Odivelas and in the USF of the parish of Parque das Nações (2013-2017) 
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Figure 17 - Evolution of the distribution of "headache" in the population enrolled in ACES Lisboa Central and 

Loures/Odivelas, and in the USF of the parish of Parque das Nações (2013-2017) 

Figure 18 - Evolution of the distribution of "dizziness" in the population enrolled in ACES Lisboa Central and 

Loures/Odivelas and in the USF of the parish of Parque das Nações (2013-2017) 

Figure 19 - Evolution of the distribution of "migraine" in the population enrolled in ACES Lisboa Central and 

Loures/Odivelas and in the USF of the parish of Parque das Nações (2013-2017) 
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Figure 20 - Evolution of the distribution of "cluster headache" in the population enrolled in ACES Lisboa Central 

and Loures/Odivelas and in the USF of the parish of Parque das Nações (2013-2017) 

Figures 21 to 23 show the evolution of mental health and well-being conditions (results from SIARS, in 

relation to ICPC-2 from 2013 to 2017). 

For all the indicators considered (anxiety, nervousness and tension; depression, feeling and behaving in 

an irritable/angry manner, and sleep disturbance) a reversal of tendency was observed. Before 2014, 

users of ACES Lisboa Central and Loures/Odivelas had a higher proportion of records of health and well-

being indicators, as of 2014 users enrolled in the USF of the parish of Parque das Nações presented the 

highest proportion of records. 

Figure 21 - Evolution of the distribution of "ansiety, nerousness and tension" in the population enrolled in ACES 

Lisboa Central and Loures/Odivelas and in the parish of Parque das Nações (2013-2017) 
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Figure 22 - Evolution of the distribution of "acute stress reaction" in the population enrolled in ACES Lisboa Central 

and Loures/Odivelas and in the parish of Parque das Nações (2013-2017) 

Figure 23 - Evolution of the distribution of "feeling of depression" in the population enrolled in ACES Lisboa Central 

and Loures/Odivelas and in the parish of Parque das Nações (2013-2017) 

Figure 24 - Evolution of the distribution of "feeling and behaving in an irritable/angry manner" in the population 

enrolled in ACES Lisboa Central and Loures/Odivelas and in the parish of Parque das Nações (2013-2017) 
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Figure 25 - Evolution of the distribution of "sleep disturbance" in the population enrolled in ACES Lisboa Central 

and Loures/Odivelas and in the USF of the parish of Parque das Nações (2013-2017) 

From the analysis of Figures 24 and 25, we can conclude that the variables acute stress reaction and 

feeling of depression present an approximation between the population enrolled in ACES Lisboa Central 

and Loures/Odivelas and the one enrolled in the USF of the parish of Parque das Nações, in the year 2017. 

Regarding the potential effect on human health at the respiratory level, we can conclude from the analysis 

of Figures 26 to 29 that in 2014, a reversal of trend was observed. In fact, as of 2014, those enrolled in 

the USF belonging to the parish of the Parque das Nações are the ones with the highest proportion of 

respiratory variables considered in this study, when compared to those enrolled in ACES Lisboa Central 

and Loures/Odivelas. 

Figure 26 - Evolution of the distribution of "difficulty breathing, dyspnoea" in the population enrolled in ACES 

Lisboa Central and Loures/Odivelas and in the USF of the parish of Parque das Nações(2013-2017) 
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Figure 27 - Evolution of the distribution of "cough" in the population enrolled in ACES Lisboa Central and 

Loures/Odivelas and in the USF of the parish of Parque das Nações (2013-2017) 

Figure 28- Evolution of the distribution of "other nasal signs and symptoms" in the population enrolled in ACES 

Lisboa Central and Loures/Odivelas and in the USF of the parish of Parque das Nações (2013-2017) 

Figure 29 - Evolution of the distribution of "pneumonia" in the population enrolled in ACES Lisboa Central and 

Loures/Odivelas and in the parish of Parque das Nações (2013-2017) 
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As already mentioned, this study presents as limitation the fact of using non-standardized proportional 

morbidity, which limits the possibility for comparisons. 

Because exposure to pollutants from contaminated soils has been relatively recent, it is not possible, for 

chronology, to determine the carcinogenic effects of exposure. This study can only be done for a time 

horizon of another 10 to 15 years. 

Although the indicators of the groups of signs and symptoms, mental health and well-being, and 

respiratory problems, present greater proportional morbidity in the population enrolled in the USF of the 

parish of Parque das Nações, it is not possible to generalize these data. 

More and better health indicators would be needed to establish any causal or dose / response nexus 

between the level and duration of exposure and the emergence of human health effects from exposure 

to contaminated soil. 

These results refer to 15 years of exposure, which is a long-time horizon, but not so long for the 

development of cancer disease. Therefore, it is recommended that, within a period of 10 years, the health 

effects, in particularly oncological, should be reevaluated. 

In order to contain/minimize the potential health effects, it is noted that as the urban redevelopments 

are made, the soils have been remedied. 

MORTALITY 

In 2016, about 75% of the causes of death in the city of Lisbon were due to: diseases of the circulatory 

system (31.2%); malignant tumors (27.9%); diseases of the respiratory tract (10.7%); endocrine, 

nutritional and metabolic diseases (4.8%). 

Diseases of the circulatory system (such as acute myocardial infarction and stroke) and malignant tumors 

contribute to more than 50% of deaths in Lisbon. 

Analyzing in more detail it is possible to verify that, in 2016, approximately 77% of the deaths that 

occurred in individuals aged less than 70 years in Lisbon, were due to: 

 Malignant tumors (47.2%);

 Diseases of the circulatory system (18.4%);

 External causes and poisoning (6.3%), especially in males;

 Diseases of the respiratory system (4.8%).

In 2016, in the municipality of Lisbon, malignant tumors were responsible for a higher relative proportion 

of deaths among women younger than 70 years (57.1%) than among men (42.5%). On the contrary, 

diseases of the circulatory system (20.5%) and external causes of injury and poisoning (6.8%) represented 

a higher proportion of deaths among men under 70 years of age in relation to women of the same age 

group (14% and 5.4%, respectively). 

The distribution of proportional mortality makes it possible to highlight the relevance of external causes 

of injury as a cause of death in the younger age groups, as well as the weight of malignant tumors and 

diseases of the circulatory system in the more advanced age groups. 
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ANNEX II - AIR QUALITY 

According to the Lisbon Regional Coordination and Development Commission and Vale do Tejo (CCDR 

LVT), the air quality monitoring network is currently made up of 23 stations, distributed throughout the 

four zones of the Lisbon and Tagus Valley Region (RLVT). Figure 30 represents the location of the 

monitoring stations. 

Figure 30 - Location of air quality monitoring stations (CCDR LVT, 2018) 

The stations considered representative of the air quality, for the study area, were: Beato (bottom station) 

and Olivais (bottom station). Table 11 shows the parameters analyzed by each season and the years in 

which there is air quality data (CCDRLVT, 2018). 

Table 11 - Monitoring stations, evaluated parameters and respective evaluation years 

STATION NO2 SO2 CO O3 PM10 PM2,5 C6H6

Beato  

(urban background) 

2014 

2015 

2016 

- - 

2012 

2014 

2015 

2016 

- - 2013 

Olivais  

(urban background) 

2012 

a 

2016 

2012 

2013 

2014 

2015 

2016 

2012 

2013 

2014 

2016 

2012 

2013 

2014 

2015 

2016 

2012 

2013 

2014 

2015 

2016 

2012 

2014 

2015 

2016 

- 

Note: The missing years correspond to efficiency rates (ratio between the number of validated averages in each period and 

the total number of means possible in this period) of less than 85%, so that no assessment was made of compliance with 

the limit values). 

Considering that there are only data for 2013 for the benzene parameter, it was attempted to use the 

values obtained in the Air Quality Assessment program of the Valledul Urban Solid Waste Treatment Plant 

(CTRSU), started in 1999, whose monitoring of several air quality parameters is discontinuous. It was not 

possible, since in 2013 the benzene parameter was eliminated from monitoring (Gomes et al, 2016). 
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In the period from 2012 to 2016 (2017 data not yet available), the pollutant concentrations registered at 

the air quality monitoring network stations, were not  exceeded.  

The CCDRLVT refers to the following for the Stations of Beato and Olivais, parameter to parameter: 

- Carbon monoxide (CO) has its main origin in the emissions of road traffic, observing the highest

concentrations in traffic stations. The levels of this pollutant registered in the RMQA LVT stations,

between 2012 and 2016, never exceeded the legislated limit value.

- Nitrogen dioxide (NO2) main source of emissions is from road traffic, so that it is in the urban areas

with the highest concentration of traffic that the highest concentrations of this pollutant are recorded.

The results obtained show that in the period 2012-2016 the alert threshold and the annual average

were not exceeded.

- Tropospheric ozone (O3) is a secondary pollutant which generally results from the chemical

transformation in the atmosphere of certain primary pollutants, in particular oxides of nitrogen and

volatile organic compounds, by solar radiation. The primary pollutants (NOx, VOC) leading to the

formation of O3 are essentially emissions from motor vehicles and certain industrial activities. The

target value for human health protection is assessed on the basis of the average of the previous 3 years

and, according to the legislation in force, the year 2010 is the first year that should be considered for

the calculation of that average. The evaluation of the data for 2012 (average of 2010, 2011 and 2012),

2013 (average of 2011, 2012 and 2013), 2014 (average of 2012, 2013 and 2014), 2015 (average of

2013, 2014 and 2015) and 2016 (average of 2014, 2015 and 2016) shows that there was no overrun of

the target value. It should also be noted that in every year the maximum levels of all areas were very

close to the target value.

- Sulfur dioxide (SO2) is emitted at the time of burning of fossil fuels such as coal and fuel oil. The main

sources are thermal power plants, large industrial combustion plants and domestic heating and car

traffic. In the period 2012-2016, there was no non-compliance with the daily and daily VL and the alert

threshold, with a decrease in SO2 concentrations corresponding to a reduction in industrial activity in

the region and a reduction in sulfur content in the fuels.

- Particles are a complex set of substances, minerals or organic, which are suspended in the atmosphere,

in liquid or solid form. Their size can range from a few tens of nanometers to a hundred micrometers

(μm). They are mainly emitted in the burning of fossil fuels, the road traffic and certain industrial

processes. These substances may also be emitted from natural sources such as volcanoes, forest fires,

or resulting from the action of the wind on the ground and on aquatic surfaces (in Portugal the

contribution of suspended particles from the atmospheric transport of particles from the deserts of

North Africa, has been shown to be significant, being discounted before assessing compliance with VL).

• PM10 in the period of 2012-2016 no station presented defaults;

• PM2.5 the annual averages 2012-2016 never exceeded the annual limit value.

- Benzene (C6H6), together with toluene, ethylbenzene and xylene, are part of the family of volatile

organic compounds (VOCs), commonly referred to as BTX. Of these compounds only benzene is subject

to regulation. The BTXs come in the composition of fossil fuels, but also in the various products in

common use such as paints, glues, cosmetics, solvents and cleaning detergents, for domestic,

professional or industrial use. These compounds are emitted during their combustion or by

evaporation at the time of their production, storage and use. Road traffic is the main anthropogenic

source of BTX, so higher values are usually observed in urban areas than in rural areas. In the period

between 2012-2016, the levels recorded in the station that monitored benzene never exceeded the

annual limit value.
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a.1) Assessment of ambient air quality in the Lisbon and Tagus Valley region in 2014

The analysis of the results of the RMQA-LVT stations showed that, as in previous years, the highest

concentrations of pollutants with a predominant origin in road traffic, such as CO, C6H6, PM10, PM2,5 and

NO2, were observed in traffic stations, particularly in the North AML, while for O3 the highest

concentrations occurred in rural stations and in urban background stations, taking into account the

mechanisms of formation of this pollutant. In 2014, atmospheric pollutants SO2, C6H6, CO and PM2,5 

registered very low concentrations compared to the limit values and target values legislated, as in

previous years (in the case of SO2 since 2010). For the O3 pollutant, as in previous years, all monitored

stations recorded concentrations close to the target value for the protection of human health. Pollutants

PM10 and NO2 in 2014 continued to show concentrations in ambient air very close to the legislated limit

values and target values. However, it is worth noting the continuity of the trend of decreasing

concentrations for these pollutants observed in recent years.

a.2) Assessment of ambient air quality in the Lisbon and Tagus Valley region in 2015

The analysis of the evolution of the results of the stations of the Lisbon and Tagus Valley Air Quality

Monitoring Network (RMQA-LVT) since 2001 showed that a slight increase in the concentrations of several

pollutants occurred in 2015, with the exception of pollutants sulfur (SO2) and ozone (O3), contrary to the

trend of decrease recorded in previous years.

From the evaluation carried out in 2015, the following aspects, already observed in previous years (CCDR

LVT, 2018), are highlighted:

- The highest concentrations of pollutants with a predominant origin in road traffic, such as carbon

monoxide (CO), benzene (C6H6), PM10 and PM2,5 particles and nitrogen dioxide (NO2), were observed at

traffic stations, in particular in the North AML, while for O3 the highest concentrations occurred in rural

stations and in urban background stations, this being consistent with the formation mechanisms of

this pollutant;

- Atmospheric pollutants SO2, C6H6, CO and PM2,5 registered very low concentrations compared to the

limit values (VL) and target values legislated (in the case of SO2 this situation occurs since 2010);

- For the O3 pollutant all stations have concentrations close to this target value for the protection of

human health;

- For the NO2 pollutant, the average annual values close to the legislated limit value were observed in

the AML Norte urban traffic influences.

a.3) Assessment of ambient air quality in the Lisbon and Tagus Valley region in 2016

The quality of the air in the RLVT increased in 2016 compared to the results of 2015, a year in which there

was some degradation of the same, particularly in relation to the PM10, a pollutant for which, in the last

year, there was no limit values.

The air pollutant values recorded at the RMQA LVT stations in 2016 show that the average air quality was

good, observing only specific situations of non-compliance with air quality objectives for O3, during the

occurrence of heat waves in the summer period.




