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Abstract: Construction sites can make a significant impact on the surroundings. Impact to the grounds and the underground waters is routinely performed, but the impact to the surrounding air is slightly more complicated and rarely done. Therefore, an analysis of pollutant levels, as well as solid particles impact to the immediate surroundings, will be presented in this paper. All construction phases – from the terrain preparation to the final implementation of the greenery will be considered. Special consideration will be given to the changing atmospheric conditions. Developing buildings, roads and similar infrastructures have significant temporary influence to the local air quality. Air quality monitoring can give us insight into the influence of particle and other pollution in the immediate vicinity of such sites.

As result, some guidelines and good practices on air quality monitoring and improvement will be presented, for new objects, as well as for the demolition sites. Ideally, an efficient system for air quality monitoring and control should be established on the basis of collected data on air quality, atmospheric conditions and particle size.
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1. INTRODUCTION

About half of all non-renewable resources mankind consumes are used in construction, making it one of the least sustainable industries in the world. From the other hand, mankind has spent the majority of its existence trying to manipulate the environment to better suit its needs. Our daily lives are carried out in constructions of one sort or another: we live in houses, travel on roads, work and socialize in buildings of all kinds. One of the problems of the day to day life is people not thinking or caring enough about the pollution those constructions cause.

Construction works can be traditional and modern. The traditional method of construction implicate that the construction is carried out trough established stages entirely, or largely, on a site: grading and site preparation, completing foundation, framing, finishes, electrical, plumbing and HVAC installations, external works... This method is a type of linear construction, mostly used in residential construction, where each individual step needs to be completed before the project can move on to the next phase. The modern method of construction is an off-site based construction method, during which individual components are prefabricated, transported to the site mostly finished and assembled on location. With this method, large and high-rise building can be erected as frame structures. Based on the comparison of structural components (slab, staircase, external walls and partition walls), the cost difference between the precast and conventional cast-in-situ method ranges from 25% to 35%. However, no matter which method is used, the air will be polluted.

The problem of pollution has become a global issue. The construction industry is a major source of pollution, responsible for around 4% of particulate emissions, more water pollution incidents than any other industry, and major noise pollutant. Although construction activities also pollute the soil, the main areas of concern are air, water, and noise pollution. Recently the awareness, as well as the need for proper measures to prevent and overcome this pollution source, has been increasing.

2. CONSTRUCTION LOCATION 
Large cities in poor and developing nations tend to have more air pollution than cities in developed nations.

The City of Niš is one of the oldest settlements in the Balkans. People have always used the benefits of Niš valley. The City of Niš position is relatively sheltered, being surrounded by relatively high mountains. Niš is characterized by relatively mild, temperate continental climate. Unfortunately, with the development of industry, transportation and the increase in the number of construction sites, like the one analyzed in this paper, sometimes even the ideal situation may lead to a large local increase in air pollution. For this reason, it is very important to know more about the possible systems which can make those problems alleviated or eradicated.
2.1 PLANNING, LAND-USE AND CONSERVATION
There is a wide range of environmental issues concerned with the interaction of the land use, planning system, and the construction industry. Almost all development undertaken by the construction industry requires planning permission.

Construction related activity has a significant impact upon transport movements. Considerable pressure can be placed on the local road network by quarrying operations. In turn, these factors can influence the levels of energy used along with the pollution and emissions created.
3. TYPES OF POLLUTION
Different pollutants affect the air in different forms. The reaction of sulfur and nitrogen oxides results in the occurrence of acid rain. Construction machinery, from their exhaust systems, emits substantial quantities of carbon monoxide and dioxide which have an adverse effect on the atmosphere. The ground level ozone (which is the basis of certain regions of the stratosphere) can also act as an air pollutant which in high concentrations aids the generation of smog. Coal combustion is another significant source of the air contamination. The incomplete coal combustion exhaust, mixed with the smoke from other sources, such as traffic, interacting with air humidity results in the generation of smog which is also a major type of air pollution. 
There are several sources of pollution from the construction sites. The first types of pollutants known as primary pollutants are those which are produced from a certain process like concrete mixer etc. The second types of pollutants are termed the secondary pollutants and these are the ones which are generated due to the reaction of primary pollutants with the surrounding air.
Estimation of global pollution levels that can be attributed to construction sites (share in the pollution (%)):
· Air quality (cities) - 15
· Climate change gasses - 20
· Drinking water pollution - 10

· Landfill waste - 25
· Ozone depletion – 30
3.1 WORK - PHASES OF A BUILDING CONSTRUCTION
Typical building construction involves following sequences or work-phases:

1. Mobilization

1.1. Demolition and construction effects

2. Ground works
3. Sub-Structure works
4. Super Structure works
5. Masonry works
6. Services works
7. Finishing works
8. Completion

1. Mobilization is the process of making ready the plot for starting construction. It includes making labor shed, ensuring service facilities, transferring construction tools and equipment to the plot, etc. This is a process that involves a large amount of dust and its share of the overall pollution is about 30%. 
1.1 The applicant has undertaken studies to assess the impacts to air quality arising from the demolition/construction phase of the development. The potential effects on ground level concentrations of nitrogen dioxide (NO2) and particulates (PM10 and higher) due to temporary changes in traffic density, during this phase, have been assessed. The mitigation of demolition and construction dust has also been considered.

2. Ground work includes cleaning the plot, leveling ground, bench-marking etc. The share of the overall pollution is about 20%.
3. Parts of structure which is contacted with earth - substructures. Such as foundation, short/neck column, grade/tie beam, ground floor, etc. The share of the overall pollution is about 10%.
4. The structure above ground is the super structure, includes columns, slabs, beams, staircases, parapets, etc. The share of the overall pollution is about 10%.

5. Masonry work includes - masonry wall work, plaster work, and, tile work, etc. The share of the overall pollution is about 10%.
6. Services works are electrical work, sanitary and plumbing work, etc. The share of the overall pollution is about 5%.

7. Typical finishing works in a building are painting work, wood work, aluminum work, metal work, etc. The share of the overall pollution is about 5%.

8. This is the last stage of construction of a project. This includes “final touch”, cleaning, final inspection, and handover. The share of the overall pollution is about 5%.

4. EXAMPLES OF GOOD PRACTICE
Mahovljani Motorway Interchange, one of the most important infrastructure projects in Republic of Srpska and Bosnia and Herzegovina, has started construction in April 2010. The location of MMI is on the part of the new motorway Gradiška-Banja Luka, from km 36 + 748 to km 38+237, in Mahovljani, about 20km northeast of Banja Luka. The space required for the interchange is 409.582m2.
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Fig. 1 The location of Mahovljani Motorway Interchange
Because of the inevitable environmental pollution it was necessary to include monitoring for the purpose of environmental protection. Supervision of environmental protection includes control of environmental measures, monitoring of environmental parameters (air quality, noise level, and surface water quality), analysis of results and corrective measures according to Environmental permit for the object. In this paper are shown only impacts of construction on air quality.
Besides the positive effect road construction projects may have, such as the quality of transport of people and goods, significant negative impacts might go along with the projects. Up-to-date research and studies of road construction impacts, conducted by the environmental impact assessment and feasibility studies for many road infrastructure projects, showed that major impacts occur during the construction phase.
The Contractor of Mahovljani Motorway Interchange was required to:

· Use all measures to mitigate adverse environmental impacts during the construction 

· Carry out planned monitoring of emissions, in compliance with environmental permit and documentation based on which it was issued.
The sampling of air quality, for the monitoring of environmental parameters (air, water, noise), after completion of the highway E66, was executed from 05.09.2014. to 12.09.2014. at the location Mahovljani.

Results of air quality measurements were compared with 24h parameter measurements of SO2, NO2 and PM10, 8h measurements of CO and O3, and 1h measurements of SO2 and NO2, according to the Decree of the air quality values.
Between sampling, the air time has been variable. Atmospheric temperature ranged from a minimum to a maximum 13.5ºC to 27.5ºC. Average humidity value during the measurement was RHX=80.18%. The wind was predominantly in the east and north-east direction, with the maximum recorded speed of 4.0m/s.

Evaluation of air quality
	pollutant
	chemical designation
	measurement time
	measured values (μg/m3)
	limit values (μg/m3)

	sulfur dioxide
	SO2
	1 day (24h)
	10.74
	125.0

	nitrogen dioxide
	NO2
	1 day (24h)
	80.94
	125.0

	particulate matter
	PM10
	1 day (24h)
	34.22
	75.0

	carbon monoxide
	CO
	1 day (24h)
	0.53
	10.0

	ozone
	O3
	8h
	73.88
	120.0


Niš and Banja Luka are very similar in terms of the local climate characteristics. Mahovljani was a big project, but there is also a large construction site in Niš where major construction is happening. In the beginning of 2017 construction Company ''Vagres'' started a big project, residential block development that will last for the next 5 to 7 years.
The large area site is located near the Niš brewery, Zetska Street. Greenery and tall trees surrounding the building location prevent pollution spreading. Typical winds in Niš are similar to those in Banja Luka, usually northwest or east direction, with the average speed of 3.70m/s. This location is pretty much as open as Mahovljani. 
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Fig. 2 The location of Vagres project
The process of mobilization, or process of making ready the plot for starting construction, is a process that involves a large amount of dust and its share of the overall pollution. In the ''Vagres'' project, this phase lasted 15 days, in the course of which all measures to mitigate adverse environmental impacts were used during the construction. The phase occurred at the end of April and beginning of May, so atmospheric temperature ranged from 15ºC to 25ºC. The space required for the project is about 40.000m2, which is an order of magnitude smaller than in Mahovljani case. 

Taking into account the location characteristics and assuming that all atmospheric and location conditions are similar in both cases, pollutant emission is expected to be approximately 5 times lower in ''Vagres'' than in Mahovljani case. Due to the green buffer zone of the construction site, pollutants couldn't spread significantly to the surrounding populated area. Measurements are planned to confirm those assumptions.
5. MEASURES TO PREVENT POLLUTION

There is an obvious need to reduce the significant polluting that occurs during the construction. Several types of measures can applied, in order to make this process more efficient. Those measures can be divided into categories, as is shown as follows.
Air pollution treatment
Prohibiting mixing of concrete at the construction site, using the ready-mixed concrete should be considered. Powdered material transport should be limited to the height to the higher parts of the vehicle to which it is transported or stored, and the surface sprayed with water and covered to prevent dust pollution. To reduce dust the construction site used for decoration should use semi-finished raw materials, such as plaster. Centralized dust sifting, mixing and set enclosures should be used to ensure reducing of the surrounding environment pollution.

Wastewater treatment
Wastewater stabilization ponds should be set in advance to import prohibited substances instead of directly discharging them into the city sewer and river. Sewage should be discharged into the municipal sewage pipe network, together with the construction waste water treated by the sewage treatment plant. Equipment that uses motor oil and lubricants should be thoroughly monitored for spilling and leakage. All waste grease is to be collected. Paint, oil and other chemical materials are to be carefully collected, prevented from access to children and untrained personnel. All measures are to be applied to prevent leakage that can cause chemical contamination.
Solid waste treatment
Construction waste and garbage should be collected into garbage tanks, respectively, with adequate coverage and timely removal obtained. The waste generated by carpentry work should be recovered and timely removal obtained. Electric welding scrap and waste packaging materials should be collected and provided unified treatment. The metal scrap should be collected into the pool.
Light pollution treatment
Reasonable preparation of construction work should be planned in advance, such as choosing lower-power lighting, lighting plus setting shade, managing light direction to be concentrated in the construction area, placing the irradiation direction away from the residents; and taking measures to screen the welding work.
To summarize:
1. To prevent erosion and run-off, minimize land disturbance and leave maximum vegetation cover.

2. Control dust through fine water sprays 

3. Screen the whole site to stop dust spreading, or alternatively, place fine mesh screening close to the dust source.

4. Cover skips and trucks loaded with construction materials and continually damp down with low levels of water.

5. Cover piles of building materials like cement, sand and other powders, regularly inspect for spillages and locate them where they will not be washed into waterways or drainage areas.

6. Use non-toxic paints, solvents and non-hazardous materials wherever possible

7. Segregate, tightly cover and monitor toxic substances to prevent spills and possible site contamination.

8. Cover up and protect all drains on site.

9. Collect any wastewater generated from site activities in settlement tanks, discharge the clean water, and dispose of remaining sludge according to environmental regulations.

10. Use low sulfur diesel; incorporate the latest specifications of particulate filters and catalytic converters.

11. No burning of materials on site.

12. Reduce noise pollution through careful handling of materials; modern, quiet power tools, equipment and generators; low impact technologies; wall structures as sound shields.

6. CONCLUSION

Our built environment and its interactions with the natural environment are complex and have a massive impact on the world around us. Hence sustainability is a complex concept which encompasses not just energy but all the resources needed to support human activity. A large part of building sustainability is concerned with addressing the global warming that is a driving force of the climate change. It is also about enhancing biodiversity, creating spaces that are healthy, economically viable and sensitive to social needs. Rather than constantly battling against the natural environment, we need to start respecting natural systems and learning from the ecological process, creating a better balance between human needs and the wider environment.

Although the concern for air quality is increasing, the fact is that construction industry causes big disturbances with its behavior. It is necessary to develop construction sites in a way of achieving the least negative impact on the environment, solving the pollution problems systematically. 
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