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Summary: In modern industrial society man spends the greater part of his life indoors. A large proportion of the population, over 90%, spends more than 20 hours a day in an artificial environment: at home, at the workplace, at shops, at variety of recreation places, cafes, theaters, cinemas, galleries, etc), during transportation etc. Since we spend most of our time indoors the character of the Indoor Environment Quality (IEQ) is of great significance for how we feel, for our health, wellbeing and productivity. Indoor environment quality has a special role as health determinant, and management of indoor air requires different approaches than outdoor air. To achieve indoor environment quality is determined by many factors, but the designers are focused on four different perspectives such as: Indoor Air Quality (IAQ), Thermal Comfort (TC), Visual Comfort (VC) and Acoustical Comfort (AC). The concept of Indoor Air Quality (IAQ) is used as a general denomination for the cleanliness of indoor air. The requirements of the occupants for the indoor air quality in a space are first that the health risk of breathing the air should be negligible and second that the air should be perceived to be fresh and pleasant rather than stale, stuffy and irritating. Indoor air quality may be controlled by a combination of pollutant source control and ventilation. Indoor air quality is vital to human health because most human activities take place in the indoor environment. Therefore the indoor air quality have become priority a for federal, provincial and regional health authorities.
Key words: Indoor air quality, WHO Indoor Air Quality Guidelines for Europe, outdoor air pollution, particulate maters (PM), ozone, nitrogen dioxide, sulfur dioxide, indoor air pollution, tobacco smoke, radon, volatile organic compounds (VOCs), mold, building materials
1. INTRODUCTION


Good health is a fundamental resource for social and economic development. Health is also one of the fundamental rights of every human being. That is why it is encouraging to know that health in the WHO European Region has improved considerable over time.

Clean air is considered to be a basic requirement for human health and well-being. Therefore, the World Health Organization has been concerted with air pollution and its impact on human health more for 40 years. The first WHO conference on public health aspects of air pollution in Europe was held in Milan 1957, and was followed by several activities of the Regional Office for Europe in this field. This activities culminated in the development of the WHO Air Quality Guidelines (AQGs) for Europe.

The first publication to deal with air pollution and its effect on health was “Air pollution”, published in 1958 [1]. It accepted the fact that air pollutions could damage health, and represent the first step in establishing the case for setting air quality standards to safeguard health.

There are many publications which contribute for development of the AQGs. Some of them are as follow:

· The European health report 2005 [2]

· Development of WHO Guidelines for Indoor Air Quality [3]

· EU Air Quality Policy and WHO Guideline Values for Health [4]

· Evolution of WHO air Quality guidelines [5]

The first edition of AQGs for Europe on air pollution and health was published in 1987, [6]. This guidelines providing recommendations in the form of numerical values/ranges or unit for a total of 28 pollutants WHO has published three editions of its AQGs, since 1987. Figure 1 shows the cover page of first edition of AQGs for Europe.
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Fig. 1 WHO AQGs for Europe 1987          Fig. 2 WHO AQGs for Europe,

                                                                                 Second Edition

A second edition of the WHO AQGs was published in 2000 (WHO AQGs Regional Office for Europe, 2000, [7]). In Figure 2 is presented the cover page of the second edition of the WHO AQGS for Europe. Third edition Air Quality Guidelines: Global Update 2005, was published in 2006, [8]. This guidelines is focused on just four classical air pollutants: PM particles (PM10 and PM2,5), ozone, NO2 and SO2. Figure 3 shows third edition  of the Air Quality Guidelines: Global Update 2005.
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 Fig. 3 WHO AQGs Global Update 2005
 Fig. 4 WHO Guidelines for IAQ:  

                                                                                  Dampness and mould     
In 2009 was published the WHO GUIDELINES FOR INDOOR AIR QUALITY: DAMPNESS AND MOULD [9]. This guidelines addressed and reviewed the scientific evidence on health effects resulting from dampness, associate microbial growth and contamination of indoor spaces. Figure 4 shows the cover page WHO GUIDELINES for IAQ: Dampness and Mould.
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Fig. 5 WHO Gs for IAQ: Selected pollutants     Fig. 6 WHO Gs for IAQ: Household 
                                                                                           Fuel Combustion

In 2010 was published second volume of WHO GUIDELINES FOR INDOOR AIR QUALITY: SELECTED POLLUTANTS, [10]. The guidelines were provided for nine indoor air pollutants: benzene, CO, formaldehyde, naphthalene, NO2, polycyclic, aromatic hydrocarbons, radon, trichloethylene and tetrachloroethylene. In Figure 5 is presented cover page of WHO guidelines for IAQ: Selected Pollutants.
In 2014 was published the WHO GUIDELINES FOR INDOOR AIR QUQLITY: HOUSEHOLD FUEL COMBUSTION [11]. The evidence on health effects of indoor air pollution due to combustion of household fuels was reviewed, but focused on the reduction of emission rates of indoor spaces, such as the use of certain fuel (coal or kerosene) and types of stoves. Figure 6 shows the cover page of the WHO Guidelines for IAQ: Household Fuel Combustion.

In the past, outdoor pollutants were primarily considered to be important. Recent indoor air quality research has garnered increased public and government attention as the quality of indoor air has become a significant public health issue.


Air pollution from both outdoor and indoor sources represents the single largest environmental risk to health globally. The enormous burden of disease due air pollution is increasingly being recognized by governments and institutions around the globe as a major public health concern.

Indoor air pollution seriously affects the health of many people, most evident in rural areas in developing countries, where fuels of biomass and coal are used for heating and cooking in crowded and badly ventilated homes. Furthermore, in the industrialized world, indoor pollutants are important health-related factors, although the health effects discussed are less fatal. 


Registered increased incidences of allergies, respiratory symptoms and asthma has been associated with indoor allergens, moisture or mold-contaminated environments and combustion sources, including environmental tobacco smoke. Emissions from building materials and finishing products, as well as emissions from indoor activities.


During the last ten years an increased interest has been shown as to how viruses and bacteria spread. Many studies show on importance to the necessary control of the ventilation system and air movement in a buildings besides efficient hygienic measures.


Ventilation plays a crucial role in relation to the indoor pollution levels but it is also of importance in relation to the management of outdoor pollution levels. 


During recent years, increased attention is given to the identification of the appropriate conditions for a sustainable built environment, including sustainable energy systems. This, in combination with the fact that an increased number of people live in cities and increased importance of urbanization has a clear impact on the potential of ventilation and the related challenges. 

There is a discussion about the reasons for ventilation and the role of standards and regulations. Specific attention is given to various aspects regarding ventilation and IAQ control. Ventilation is focused on strategies that allow to achieve at the same time an appropriate IAQ and energy efficiency. This include design, loads control and ventilation strategies.
2. AIR POLLUTION - MAJOR ENVIRONMENTAL RISK OF HEALTH

Air pollution from both outdoor and indoor sources represents the single greatest environmental risk to health globally. For nearly six decades, WHO has demonstrated its commitment to this public health issue by publishing a series of air quality reports to assess related scientific evidence. The new WHO/Europe publication Evolution of WHO air quality guidelines: past, present and future summarizes the history of the development of these air quality guidelines and role of the scientific evidence that formed the foundation of this work.


By reducing air pollution levels, countries can reduce the burden of disease from stroke, hearth disease, lung cancer, and both chronic and acute respiratory disease, including asthma. The “WHO Air quality guidelines” provide an assessment of health effects of air pollution and thresholds for health-harmful pollution levels. Policies and investments supporting cleaner transport, energy efficient buildings, power generation, industry and better municipal waste management would reduce key sources of urban outdoor air pollution.


It is already common knowledge that poor air quality can trigger and aggravate respiratory diseases like acute respiratory infections and chronic obstructive pulmonary disease. But WHO reported that its new data also shows a stronger correlation between air pollution and cancer, as well as air quality and cardiovascular diseases, including strokes and hearth disease.


According to the WHO new findings that show poor air quality is responsible for 7 million  deaths a year-one in eight total deaths worldwide. WHO estimates that indoor air pollution caused 4,3 million deaths in 2012 in households that burn wood, coal or biomass as cooking fuel, while outdoor air pollution contributed to 3,7 million deaths the same year. Because many people are exposed to both indoor and outdoor air pollutants, WHO could not simply add two figures together, but came up with an estimated  of 7 million deaths in 2012.


The risk from air pollution are now far greater than previously thought understood, for heart and strokes. WHO’s new data also revealed that cardiovascular diseases accounted for vast majority of deaths linked to air pollution: 40 percent of deaths caused by outdoor air pollution were due to heart diseases and another 40 percent were from strokes. Of deaths linked to indoor air pollution, strokes made up 34 percent of fatalities, while heart disease represent 26 percent. Lung cancer accounted for 6 percent of both outdoor and indoor pollution-linked deaths.


Low-and middle-income countries in Southeast Asia and the western Pacific were the most affected  by poor air quality, WHO reported, with a total 3,3 million deaths due indoor air pollution and 2,6 million deaths from outdoor air pollution.


In countries with poor air quality, WHO recommends government policies and programs to curb air pollution. The U.S. Environmental Protection Agency found that countries with clean air laws prevented 160.000 premature deaths in 2010. And in 2020, the agency predicts 230.000 premature deaths will be avoided because of improved air quality.
2.1 AMBIENT (OUTDOOR) AIR QUALITY AND HEALTH


Outdoor sources of air pollutants include vehicles, combustion of fossil fuels in stationary sources, such as power generating stations, and a variety of industries. Forest fires and deliberate biomass burning, although intermittent sources of air pollution, represent major sources of combustion pollution globally.


The World Health Organization, Air Quality Guidelines 2005 (WHO, AQGs 2005) offer global guidance on thresholds and limits for key air pollutants that pose health risks. The guidelines indicate that by reducing particulate matter PM10 pollution from 70 to 20 μg/m3, we can cut air pollution-related deaths by around 15%.


The guidelines apply worldwide and are based on expert evaluation of current scientific evidence for:

· Particulate matter (PM)
· Ozone (O3)
· Nitrogen dioxide (NO2) and Sulfur dioxide (SO2), in all WHO regions.
Particulate matter (PM)

PM affects more people than any other pollutant. The major components of PM are sulfate, nitrates, ammonia, sodium chloride, black carbon mineral dust and water. It consists a complex mixture of solid and liquid particles of organic and inorganic substances suspended in the air. The most health-damaging particles are those with a diameter of 10 μm or less (≤ PM10), which can penetrate and lodge deep inside the lungs.


Air quality measurements are typically reported in terms of daily or annual mean concentrations of PM10 particles in m3. Routine air quality measurements typically describe such PM concentrations μg/m3. When sufficiently sensitive measurement tools are available, concentrations of PM2,5 or smaller, are also reported.


There is a close, quantitative relationship exposure to high concentration of small particulates PM10 and PM2,5 and increased mortality and morbidity, both daily and over time. Conversely, when concentrations of small and fine particulates are reduced, related mortality will also go down-presuming other factors remain the same.


The effects of PM on health occur at levels of exposure currently being experienced by many people both in urban and rural areas and in developing countries, although exposures in many fast developing cities today are often far higher than in developed cities of comparable size.


Guideline values:

PM2,5: 10 μg/m3 (annual mean) and 25 μg/m3 (24-hour mean) 


PM10:  20 μg/m3 (annual mean) and 50 μg/m3 (24-hour mean)
Ozone ( O3 )

Ozone at ground level-not to be confused with the ozone layer in the upper atmosphere-is one of the major constituents of photochemical smog. It is formed by the reaction with sunlight (photochemical reaction of pollutants such as nitrogen oxides      (NOx) from vehicles and industry emissions and volatile organic compounds (VOCs) emitted by vehicles, solvents and industry. As a result, the highest levels of ozone pollution occur during periods of sunny weather.


Excessive ozone in the air can have marked effect of human health. It can cause breathing problems, trigger asthma, reduce lung function and cause lung diseases. In Europe it is currently one of the air pollutants of most concern.

Guidelines values:

100 μg/m3 (8-hour mean)

Nitrogen dioxide ( NO2 )


The current WHO guideline value of 40 μg/m3 (annual mean) was set to protect the public from the health effects of gaseous.


As an air pollutant, NO2 has several correlated activities, as follow:

· At short-term concentrations exceeding 200 μg/m3 , it is a toxic gas which causes significant inflammation of the airways;

· NO2 is the main source of nitrate aerosols, which form an important fraction of PM2,5 and, in the presence of ultraviolet light, of ozone.


The major sources of anthropogenic emissions of NO2 are combustion processes(heating, power generation, and engines in vehicles and ships).


Epidemiological studies have shown that symptoms of bronchitis in asthmatic children increase in association with long-term exposure to NO2. Reduced lung function growth is also linked to NO2 at concentrations currently measured (or observed) in cities of Europe and North America.

Guidelines values:

40 μg/m3 (annual mean); 200 μg/m3 (1-hour mean)

Sulfur dioxide ( SO2 )


A SO2 concentration of 500 μg/m3 should not be exceeded over average periods of 10 minutes duration. Studies indicate that people with asthma experience changes in pulmonary function and respiratory symptoms after period of exposure to SO2 as short as 10 minutes.


SO2 is a colorless gas with a sharp odor. It is produced from the burning of fossil fuels (coal and oil) and the smelting of mineral ores that contain sulfur. The main anthropogenic of SO2 is the burning of sulfur-containing fossil fuels for domestic heating, power generation and motor vehicles.


SO2 can affect the respiratory system and functions of the lungs, and causes irritation of the eyes. Hospital admissions for cardiac disease and mortality increase on days with higher SO2 levels. When SO2 combines with water, it forms sulfuric acid; this is main component of acid rain which is a cause of deforestation.

Guidelines values:

20 μg/m3 (24-hour mean); 500 μg/m3 (10-minute mean)
2.2 INDOOR AIR POLLUTION

Indoor air pollution from solid fuel use and urban outdoor pollution are estimated to be responsible for 3.1 million premature deaths worldwide every year, and 470.000 premature deaths a year in Europe.


The major sources of indoor air pollution worldwide include indoor combustion of solid fuels, tobacco smoking, outdoor air pollutants, emissions from construction materials and furnishing, and improper maintenance of ventilation and air-conditioning systems. Although some indoor air pollutants, such as environmental tobacco smoke, are concern globally, profiles of indoor air pollutants and the resulting health risk are generally very different in developed and developing countries. In developing countries, the most significant issue for indoor air quality is pollutants released during the combustion of solid fuels, including biomass (wood, dung and crop residues) and coal that are used for heating and cooking.


When people speak of air pollution, they probably think of things like smog, power plants and emissions from cars and trucks. Those are all examples of outdoor air pollution, but indoor air be polluted, too. Pollutants are any harmful contaminants in the air; therefore, indoor air pollution is when pollutants from things such gases and particles contaminate the air indoors.


Indoor air pollution is a very real and dangerous thing, because indoor air is far more concentrated with pollutants then outdoor air. For example indoor environment is two to five times more toxic than outdoor environment. In some cases, the measurements indoors have been found to be 100 times more polluted. It’s estimated that 2,2 million deaths each year are due to indoor air pollution (compared to 500.000 deaths from outdoor air pollution). There many sources of indoor air pollution, but they are different for developed and developing nations. First look of developing nations to see how indoor air becomes polluted in these locations. Then it will explore what causes indoor air pollution in developed countries.
2.2.2 INDOOR AIR IN DEVELOPING COUNTRIES


Indoor air pollution has a far greater impact impact on developing countries than it does on developed ones because fuel, such as wood, charcoal and animal dung, is burned inside homes for cooking and heating. Rarely is there proper ventilation to allow the pollutants to escape, so residents of these homes and up breathing in carbon monoxide an other dangerous contaminants.


Indoor air pollutants from fuel burning lead to serious human health problems, such as pneumonia, bronchitis, cancer, heart disease and asthma. And since more than half of the population of developing nations has no other method for cooking and heating, it’s not surprising that indoor air pollution from indoor fuel burning kills 1,6 million people each year.
2.2.2 INDOOR AIR IN DEVELOPED COUNTRIES


For developed nations the two dangerous indoor air pollutants are tobacco smoke and radon. Even if any people is not smoker, secondhand smoke can cause many of the same health problems as directly inhaling from cigarettes-things like lung cancer, emphysema, asthma and heart disease. Even if inhaling secondhand, people are still taking over 4.000 chemicals, a large number of which are carcinogens.

2.2.3 SOURCES OF INDOOR AIR POLLUTION

Inadequate ventilation is a primary cause of indoor air pollution and is why pollutants rise in homes during the winter. In highly urbanized and industrial areas, lack of air-conditioning and high levels of humidity can increase concentrations of pollutants inside.


Other sources include tobacco smoke, carbon monoxide or nitrogen oxides from unvented of faulty gas appliances, particles from wood-burning stoves, aerosol sprays, and biological agents such as pent dander, dust and mold. Asbestos, lead and radon are particularly dangerous indoor pollutants that can cause brain damage and cancer.

Tobacco smoke


Tobacco smoke generates a wide range of harmful chemicals and it as is know is the first pollutant which cause lung cancer. Tobacco smoke contains 200 know poisons and 43 compounds proven to cause cancer. It is well know that passive smoking causes a wide range of problems to the passive smoker (second-hand smoker). Second-hand smoke causes 3.000 deaths due to lung cancer, 35.000- 50.000 deaths due to cardiovascular disease, 15.000-300.000 cases of respiratory infections in flans and worsens asthma in 1 million sufferers.

Radon


Radon gas is also harmful indoors, and it is the second-leading cause of lung cancer. Radon gas is a radioactive gas that comes from the natural breakdown of uranium in soil, rock and water. When the uranium breaks down, the radon gas seeps up can get into buildings. Radon is especially dangerous because it is both colorless and odorless, which makes it impossible to detect without special testing equipment.

Volatile Organic Compounds  (VOCs)


Volatile Organic Compounds are hazardous chemicals that commonly exist in high concentrations indoors. VOCs are released from consumer products, such as aerosol sprays, solvents, glues and adhesives, cleaning products, paint, air fresheners, building materials, furnishings, office equipment, carpet, craft supplies and dry cleaning chemicals on recently treated clothing. Products of this nature release VOCs when in use or even while stored. Formaldehyde is a common VOC found in furniture, wallpaper and pressed wood products, such as plywood and particleboard.

Mold


Mold, mildew and viruses thrive indoors and must be treated. In the event of mold indoors should be call professionals who use green methods to take care of the problem. This is a serious problem and may even require to move it.

Building Materials

Asbestos  is a general name for a group of naturally-occurring minerals composed of small fibers. It is common in many building materials. Various diseases have been associated with exposure to asbestos fibers. The presence of asbestos in a building does not mean that the health of building occupants is endangered. As long as asbestos materials remain in good condition and are not disturbed or damaged, exposure is unlikely.

3. CONCLUSION

WHO’s work on air pollution and health, and in particular the various AQGs for ambient and indoor air pollutants, have made a most important contribution to the synthesis of the latest knowledge on the health effects of air pollutants.


Many studies according of indoor air quality show that ventilation rates are associated with the acute symptoms, perceived air quality, short-term sick leave and performance of work, depend of the type of work places. The analysis the association between ventilation and health need to be multidisciplinary and should try to establish much better the connection between indoor air pollution, ventilation rates and health.


Two lists of ventilated standards can be considered. The first list comprises indoor air quality directly address the functional properties. The second list is related to ventilation but does not specifically address measures that can influence indoor air quality.


The review of IAQ related standards which can be used for determination of ventilation rates EN 15251, [12] and EN 13779, [13], use different categories of comfort, based on documents EN ISO 7730, [14] and CEN CR 1752, [15]. Now are publish new ventilation standards (EN and EN ISO) for these applications. The general rule applied to these documents is that a better indoor air quality requires higher ventilation rates.


Considering the energy impacts and the potential benefits to be gained with better ventilation, for better indoor quality and climate.


Collect more information on actual ventilation rates and energy use in different type of existing buildings and simultaneous effects on IAQ, health, well-being and productivity in all climatic regions of Europe to evaluate the guideline values for ventilation rates.


It is strongly recommended that specification process of the Energy Performance of Buildings Directive and Building Products Directive will be continued and accelerated.


Performance standards for ventilation are needed and should be supported by prescriptive/technical standards as well. Similar tools as are present for temperature and humidity should be developed for IAQ.


Procedure for periodical inspection of IAQ and ventilation systems should be developed including the remedial programme for improvement of hygiene and performance of ventilation. Its integration with energy audits or regular inspection of boilers and heating systems and regular inspection of air-conditioning systems should be investigated.


Encourage and initiate information programs for public focused on of the health consequences of ventilation.
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