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ABSTRACT 

Research in environmental engineering is an activity that benefits and develops preventive 

intervention technologies, abatement and rehabilitation so as to reduce or eliminate the 

adverse effects of pollution and decrease the intensity of use of natural resources, minimizing 

the negative impacts of human activity on the environment. This work contributes to an 

assessment of air quality in the Portuguese national territory. A review was made of the main 

air pollutants, emission sources, occurrence, and harmful effects on human health. A database 

was created using the values recorded in the monitoring sites of ambient air quality co-

ordinated by the Portuguese Environment Agency. The analysis, data processing and 

interpretation using the statistical program SPSS.  
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INTRODUCTION 

Air pollution is a well-established cause of morbidity and mortality. However, unlike 

smoking, air pollution is not an option. It is an involuntary exposure, which may affect 100% 

of the population, from the beginning to the end of life. Much of the world's population 

continues to live in areas with poor air quality for some pollutants and some regions the 

situation is not improving and could be even worse.  

Most prior research on environmental health risks has focused on urban populations. Rural 

populations, however, are potentially exposed to a variety of serious environmental risks from 

point and non-point pollution sources including industrial facilities, animal containment 

facilities, mining operations, agricultural activities, and others.  

 

METHODOLOGY 

Urban and rural areas have different environmental characteristics whose knowledge needs 

improvement. In this work the pollutant analysis focused on carbon monoxide (CO), nitrogen 

monoxide (NO), nitrogen dioxide (NO2), nitrogen oxides (NOx), ozone (O3), particulate 

matter (PM10 and PM2,5) and sulphur dioxide (SO2). The Portuguese Environment Agency 

(APA) provides data on air quality for more than 60 measuring stations. The station types in 

this study include rural stations located outside of built-up urban areas and urban stations 

located in built-up areas where pollution levels are not influenced significantly by any single 

source or street, but rather by a combination of many sources. The evolution of the 

concentrations of the pollutants was investigated for the period from 2010 to 2015.  
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Firstly it is of interest to assess possible correlations between the behaviors of the pollutant 

concentrations. Pearson correlation coefficients between pollutants for the year 2015 are 

presented in table 1. The existence of three groups can be verified: nitrogen pollutants are 

strongly positively correlated; ozone and carbon monoxide are strongly negatively correlated 

and moderately positively correlated particles. 

Table 1 - Correlation coefficients between pollutants 

 

 

CO, NO2 and O3 are considered as traffic related pollutants.  

 

RESULTS  

Large differences were found between the urban and the rural areas in relation to the nitrogen 

pollutants: nitrogen dioxide, nitrogen oxides and nitrogen monoxide. Boxplots for the 

concentration (µg/m
3
) of NO (left) and NOx (right) differentiated by urban and rural area for 

the year of 2015 are presented in Figure 1.  

 

Fig. 1 - Boxplots for the concentration (µg/m
3
) of NO (left)  and NOx (right) differentiated by 

urban and rural area for the year of 2015. 
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The visual analysis of these charts seems to show that, for the nitrogen group, the differences 

between the two means are more evident than for the other pollutants.  The graphics of the 

nitrogen highlight also the existence of abnormally high values of concentrations considered 

as outliers (values that deviate from the most frequent values). The main sources of nitrogen 

oxides (NO + NO2) are of anthropogenic origin namely road traffic and industrial activity. 

During the operation of the engines of motor vehicles internal combustion processes 

occurring at high temperatures with the formation of nitrogen oxides from the oxidation of 

nitrogen present in the reaction between the air and the fuel. Thus the main source of emission 

of NOx (NO (nitrogen monoxide) + NO2 (nitrogen dioxide)) is motor traffic therefore the 

concentration of these pollutants is higher in urban areas due to higher traffic intensity. 

Nitrogen oxides emissions are in the form of nitric oxide, which in the presence of 

atmospheric oxygen is oxidized to form nitrogen dioxide which is among the aggressive 

levels for public health, causing respiratory problems. Under these conditions only the years 

2011 and 2012 are in conformity with the established legislation. 

Other pollutants, differences between the two media (urban vs rural) are not so pronounced. 

Recent evidence on adverse effects of particulate air pollution on public health has led to 

more stringent standards for levels of particulate matter in outdoor air. Ambient Air Quality 

Standard for airborne particulate matter was revised, maintaining the previous indicator of 

particulate matter of less than or equal to 10 µm in aerodynamic diameter (PM10) and for fine 

particulate matter of less than or equal to 2.5 µm in aerodynamic diameter (PM2.5) and 

creating a new indicator for much finer particulate matter of less than or equal to 0.1 µm in 

aerodynamic diameter. PM2.5 particles in urban values are higher, being wide spread in rural 

areas. For PM10 the distribution in rural areas is markedly negative asymmetric. It should be 

noted, in the urban environment, the existence of two stations that feature outliers: Restelo 

(extreme severe) and Avenida da Liberdade (extreme moderate). Natural events can also 

change the values expected for inhalable particles (Apambiente, 2013). Nevertheless, CO and 

NO2 concentrations were higher in the urban areas and O3 concentrations were higher in rural 

ones. Boxplots for the ozone concentration discriminated by urban (red) and rural (green) 

areas and efficiency validation for the outliers are presented in Figure 2. 

 

Fig. 2 - Boxplots for the Ozone concentration (µg/m
3
), discriminated by urban (red) and rural 

(green) area and efficiency validation for the outliers. 
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With regard to ozone, both distributions are approximately symmetrical noting that the rural 

areas show higher values, presenting Terena the lowest value of the rural surroundings. 

Situated in the Alentejo Interior, the fixed continuous measurement Terena station is installed 

where major pollutants are measured. It is a station of "rural" type addressing 

location/environment and aim/influence. In Portugal there are 12 rural background stations, 

which represent the air quality free of the influence of anthropogenic emission sources. These 

stations serve to identify natural environmental disasters such as forest fires or the intrusion of 

air carrying dust from North-Africa (Afonso 2014; Geraldo, 2009).  

 

CONCLUSIONS 

A database was created using the values recorded in the monitoring sites of ambient air 

quality coordinated by the Portuguese Environment Agency. Pollutants were analyzed for 

identified areas, contributing to the surveillance of environmental pollution reduction policies. 

The analysis and data processing was performed using the statistical program SPSS. The 

association between pollution sources and mortality risk is not a phenomenon limited to 

metropolitan areas. Air pollution is a complex problem. Different pollutants interact in the 

atmosphere, affecting our health, environment and climate. Further research is needed to 

better understand the types and distributions of pollution and the health consequences. Cluster 

analysis, aiming to recognize behavior patterns of statistical data by station/region may be a 

starting point for future studies. Quantitative models for environmental risk analysis 

associated with well-identified areas will contribute to the surveillance of environmental 

pollution reduction policies. 
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