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Abstract 

This study aims to determine the level of air quality in the parking building based on the pollution content in it (CO, CO2, HCHO and, 

VOC), to analyze the effect of the weather, intensity of motorized vehicle traffic, and surface elevation to the air quality. The 

dependent variable is the level of air pollution. The research sample is the Makassar Bosowa Tower Parking Building, data collection 

was carried out by direct measurement and observation in 12 days from November 24, 2020 till December 17, 2020. The research was 

done using the comparative method, The data was processed using the Mann-Whitney difference test, and the Spearman correlation 

test using the SPSS application. The results showed that the average CO levels had exceeded the limit of good air quality, the average 

of CO2 levels was still within the limits for good air quality, and the average of HCHO and VOC levels were mostly within the limits 

for good indoor air quality, according to The Indonesia Minister of Health Regulation Number 1077 in 2011. The result of 

measurements and tests shows that the changes in the weather do not have a significant effect on the air quality. The amount and the 

intensity of motorized vehicle traffic affect the air quality, especially during rainy weather.  
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1. Introduction 

Indonesia is a tropical country that only has two 

seasons, namely the rainy season and the dry season [1], 

Makassar City is still being chosen by various countries 

to invest in [2], which make Makassar City is one of the 

cities with rapid development conditions in Indonesia [3]. 

The major contributor to increasing air pollution in 

Indonesia is motorized vehicles, considering that from 

the year 2004 - 2014, there has been a very rapid surge in 

the number of motorized vehicles, and approximately 

70% are distributed in urban areas [4]. Meteorological 

parameters are also affected pollutant levels in the air, air 

temperature and humidity are part of meteorological 

parameters that can affect pollutant levels in the air [5]. 

Urban areas often have temperatures 1-6 degrees 

Celsius higher than the surrounding areas (rural areas), 

this phenomenon is known as an "Urban Heat Island" 

(UHI) [6]. Part of the building that could be a source of 

pollution is the parking area, since the parking area is a 

place for motorized vehicles to pass which is the main 

cause of pollution in urban areas, from the description 

above the objective of this study is: 

• To determine the level of air quality in the parking 

building based on the pollution content in it. 

• To analyze the effect of the weather on the air quality. 

• To analyze the changes in the air quality based on the 

intensity of motorized vehicle traffic and surface 

elevation. 

2. Study Literature 

Good air quality is the air that has a low pollution 

content, and the levels of air pollution that are important 

to review in this study are Carbon Monoxide (CO), 

Carbon Dioxide (CO2), Formaldehyde (HCHO), and 

Volatile Organic Compound (VOC).  

The main cause of the emergence of Carbon 

Monoxide (CO) in cars is when the element of oxygen 

(air), complete combustion does not occur so that the 

carbon in the fuel does not burn completely. This is due 

to the imperfect mixing of fuel and air, causing the 

mixture to be difficult to burn completely or the 

combustion time is too fast [7].  

Causes of increasing of the Carbon Dioxide (CO2) to 

levels that can be dangerous, is smoking in the house, 

numbers of the occupant in the room are very high, and 

using the fuels material such as charcoal, wood, 

petroleum, and coal [8]. Formaldehyde (HCHO) is 

produced by burning carbon-containing materials, in the 

atmosphere, HCHO is produced from the reaction of 

sunlight and oxygen to methane and other hydrocarbons 

in the atmosphere. Formaldehyde can be used to 

eradicate most bacteria, so it is often used as a 

disinfectant and also as a preservative [9]. 
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Volatile Organic Compound (VOC) is a compound 

containing carbon, that evaporates at a certain pressure 

and temperature, or has a high vapor pressure at room 

temperature, the most commonly known VOCs are 

solvents, other types of VOCs such as monomers and 

fragrances, If VOC reacts with Nitrogen Oxide (NOx) 

and is exposed to sunlight to form ground-level ozone or 

fog, at certain concentrations in the air, ozone can affect 

health and the environment [10]. The limit of pollution 

levels to maintain indoor air quality is shown in Table 1. 

Table 1. Chemical requirements for indoor air quality [8] 

No Parameter Type Unit 
Required 

Rate 
Information 

1 CO Ppm 9 8 Hour 

2 CO2 Ppm 1000 8 Hour 

3 HCHO Ppm 0.1 30 Minute 

4 VOC Ppm 3 8 Hour 

Indirectly, air temperature also plays a role in the 

formation of secondary pollutants because solar radiation 

and air temperature have an interrelated correlation, air 

temperature can affect the increase in chemical reactions 

in the atmosphere and result in the formation of fine 

particulates naturally [11]. Humid air will help the 

process of deposition of pollutants because, with the 

humid condition in the air, some pollutants in the form of 

particles will bind to the water in the air and form larger 

particles so that they easily settle to the earth's surface by 

the earth's gravity [12]. 

3. Research Methods 

This research using quantitative method, and process 

in the quantitative research to find information uses data 

in form of numbers, to analyze the information about 

what you want to know [13], and the type of this research 

is comparative quantitative, where the comparative 

quantitative is a type of research that intended to find the 

differences in the studied variables [14]. 

The object of this study is the Makassar Bosowa 

Tower Parking Building, because Makassar City is one of 

the main growth centers in Indonesia, and also because 

the Bosowa Makassar Tower is the building with the 

largest office function in Makassar City, so the number 

of building users is very large according to the work 

hour, and consistently every week. 

The Makassar Bosowa Tower parking building 

consists of six floors, each floor is divided into two (split 

floors), where each floor is an area for parking for four-

wheeled vehicles/cars and is located separately from the 

main building of the Makassar Bosowa Tower. The 

placement of the measuring point is in the center of each 

floor in the measurement area, it is expected to be able to 

take the average value of air quality over the entire floor 

area, by determining the measuring point in the Split 

Floor Upper-Level area. The minimum height of the 

measuring instrument is at a height of 0.5 meters from 

the floor surface [15], and the measuring instrument is 

placed at that height. 

 

 

 

Figure 1. Makassar Bosowa Tower Parking building 

 
=   Measuring Point  

Figure 2. Makassar Bosowa Tower Parking building 

Data was collected by direct measurement and 

observation in 12 days from November 24, 2020 till 

December 17, 2020 in two different types of weather 

which six-day when the sunny day and also six-day when 

the rainy day, and to measure the level of air pollution an 

“Air Quality Detector” is used, and to measure the air 

temperature and humidity a “Thermo Hygrometer HTC-

1” is used. 
 

 
a 

 
b 

Figure 3. (a) Air quality detector; (b) Thermo Hygrometer HTC-1  
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Table 2. Research variables and indicators 

Variable Definition Indicator 

Air Quality (Y) 

Air quality is 

determined based on 
the content of 

pollution levels, 

where the better the 
air quality, contain 

less pollution. 

1. Carbon Monoxide 

(CO) levels shouldn’t 

pass 9 PPM (particles 
per meter) in 8 hours 

2. Carbon Dioxide 

(CO2) shouldn’t pass 
1000 PPM to achieve a 

comfortable indoor state 

3. Formaldehyde 
(HCHO) shouldn’t pass 

0.1 PPM for 30 minutes 

4. Volatile Organic 
Compound (VOC) 

shouldn’t pass 3 PPM 

for 8 hours 

Weather 
Changes (X) 

Analyze changes in 

air pollution levels 
based on changes in 

the weather under 

review, namely 
sunny weather and 

rainy weather 

1. Changes in air 

pollution levels during 

sunny weather (air 
temperature increases 

and air humidity 

decreases) 
2. Changes in air 

pollution levels During 

rainy weather (air 
temperature decreases 

and air humidity 

increases) 

Number of 

Vehicles 
(Z1) 

Analyze changes in 
air pollution levels 

based on the number 

of vehicles in the 
parking area and the 

intensity of passing 

vehicles 

1. Changes in air 

pollution levels based 

on the number of 
vehicles parked 

2. Changes in air 

pollution levels based 
on the intensity of 

passing vehicles 

Surface Altitude 

(Z2) 

Analyze changes in 
air quality based on 

differences in surface 

elevation (height 
±0.00 Meters is the 

ground floor of the 

building) 

Changes in air pollution 
levels at each different 

surface height of the 

parking area (Altitude 
±0.00, +5.00, +10.00, 

+15.00, +20.00, +25.00 

Meters) 

 

The dependent variable (Y) in this study is the 

concentration of CO, CO2, HCHO, and VOC, to 

determine the air quality, the independent variable (X) in 

this study is the weather changes from a sunny day, to a 

rainy day, Intervening variable (Z) in this study is the 

effect of motorized vehicles and surface height, 

explanation about the variable indicator can be seen at 

Table 2. 

4. Result and Discussion 

4.1. Measurement results 

Measurements of air pollutant levels, namely Carbon 

Monoxide (CO), Carbon Dioxide (CO2), Formaldehyde 

(HCHO), and Volatile Organic Compound (VOC), were 

carried out on each floor at an altitude of ±0.00, +5.00, 

+10.00, +15.00, +20.00 and +25.00 Meters based on the 

building level, and carried out when the weather is sunny 

and rainy with each measurement result can be seen in 

Fig. 4. 

 

 

 

 

Figure 4. Average pollution levels in the Makassar Bosowa Tower 
Parking Building 

 

Measurements of air temperature and humidity were 

carried out on each floor, were carried out on each floor 

at an altitude of ±0.00, +5.00, +10.00, +15.00, +20.00, 

and +25.00 Meters based on building level, and were 

carried out during sunny and rainy weather with each 

measurement result can be seen in Fig. 5. 
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Figure 5. Air temperature and humidity measurement at the Makassar 

Bosowa Tower Parking Building  

    

Figure 6. HVAC exhaust pipe in Makassar Bosowa Tower Parking 

building 

The measurement shows that when the weather is 

sunny, the highest air pollution level is at an altitude of 

+25.00 meter, because at that altitude is an area close to 

the HVAC exhaust pipe from the Makassar Bosowa 

Tower, which operates optimally when the weather is 

sunny, The average level of air pollution that exceeds the 

limit for good air quality is only found in Carbon 

Monoxide (CO), this happens because the parking 

building is a place for motorized vehicles to pass which 

is the main source of CO. 

Dangerous pollution such as Carbon Monoxide, 

Carbon Dioxide, Volatile Organic Compound, can be 

created from daily human activities, some building 

materials, and household products is a major source of 

indoor pollution, such as Formaldehyde, Benzene, Ethyl 

Benzene, Toluene, Xylene, and Styrene [16], these 

substances are pollutants that released from the exhaust 

fan, to maintain air quality inside the main building of 

Makassar Bosowa Tower. 

 
 

  = Data Collection Point  

  = Car Up Direction 

  = Car Down Direction   
  = Motorcycle Entry Direction 

  = Motorcycle Exit Direction 

Figure 7. Vehicle flow at an altitude ±0.00 at the Makassar Bosowa 

Tower Parking building 

During rainy weather, the highest air pollution level is 

at an altitude of ±0.00 meters (CO=78.98 PPM, 

CO2=788.25 PPM, HCHO=0.1 PPM, VOC=3.98 PPM), 

because at that altitude is an area with a high intensity of 

vehicular traffic, because it is not only traversed by four-

wheeled vehicles, but also by two-wheeled vehicles, and 

during the rainy weather air humidity increases (>80%), 

where air humidity can precipitate air pollution, resulting 

in average levels of HCHO and VOC at an altitude of 

±0.00, exceeding the limit for good air quality. 

 

4.2. Effect of weather changes on the air quality 

In this research, data were collected in different 

weather conditions, which is sunny and rainy, to find out 

if there was a change in air pollution levels in two 

different weather conditions, the "Mann Whitney" test 

was carried out, with the "Mann Whitney" equation and 

the results obtained are as follows.  

 
( ) ( )1 1 2 2

1 2 1 2

1 1

2 2

n n n n
U U R R

+ +
+ = − + −  (1) 

Based on the test results, it shows that the 

significance value of each level of air pollution based on 

weather changes, all of them show values above 0.05 

(sig. > 0.05), where the significance value of Carbon 

Monoxide (CO) is 0.753, Carbon Dioxide (CO2) is 

0.139, Formaldehyde (HCHO) is 0.859, and Volatile 

Organic Compound (VOC) is 0.890, so generally the 

weather changes does not affect the air quality, therefore, 

a more in-depth study of changes from the air 

temperature and humidity to the air pollution. 

Table 3. Mann Whitney test result of the effect of weather changes on 

the air pollution 

Test Statistics* 

 CO CO2 HCHO VOC 

Mann-
Whitney U 

42575 40171 42853 42933 

Wilcoxon W 85940 83536 86218 86298 

Z -.315 -1.479 -.177 -.139 
Asymp. Sig. 

(2-tailed) 
.753 .139 .859 .890 

*Grouping variable: Weather 
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Weather changes will affect the temperature and 

humidity, because when the sunny weather, the air 

temperature will increase and the humidity will decrease, 

and vice versa, to determine the correlation between 

levels of air pollutants (CO, CO2, HCHO, and TVOC) 

with temperature and air humidity, a test was carried out, 

called "Spearman" correlation test, where the 

"Spearman" correlation test equation and the results 

obtained are as follows. 

 
( )

,

cov ,
s rgX rgY

rgX rgY
r

rgX rgY


 
= =   (2) 

The correlation value according to Young [17] is 

categorized as follows: 

• < 0.2, is either positive or negative, the correlation is 

negligible or very weak 

• 0.2 – 0.4, either positive or negative, low or weak 

correlation 

• 0.4 – 0.7, both positive and negative, a strong 

correlation 

• 0.7 – 0.99, both positive and negative, high 

correlation, very strong 

• 1, both positive and negative, perfect correlation 
 

Based on the test results, it shows that air temperature 

does not affect air pollution levels (CO, CO2, HCHO, and 

VOC), air humidity levels almost have no effect on all of 

the air pollution levels except for CO2 levels, where CO2 

levels have a very weak and even negligible correlation, 

which is 0.132 and has a positive correlation, which 

means that if the air humidity increases, the CO2 level 

will also increase. 

4.3. Effect of motorized vehicle and surface height on the 

air quality 

Details about vehicle capacity, vehicle units that 

making reservations, and vehicle traffic in each parking 

area at different surface heights, on the Makassar Bosowa 

Tower Parking Building can be seen in Table 5. 

Table 4. Spearman correlation test results of correlation between air 

temperature and humidity with air pollution levels 

 CO CO2 HCHO VOC 

Air Temperature 0.049 -0.007 0.045 0.045 

Air Humidity 0.016 0.132** 0.031 0.03 

**Correlation is significant at the 0.01 level (2-tailed). 

Table 5. Number, average occupancy, and intensity of motorized 

vehicle traffic 

Surface 

Height 

Vehicle 
Capacity 

(Unit) 

Reservation 

(Unit) 

Average 

Occupancy 

Average 
Trafic 

Intensity 

±0.00 15 15 Full Very High 

±5.00 24 8 Full High 

±10.00 26 10 Full High 

±15.00 28  3/4 Filled High 

±20.00 28  1/2 Filled Low 

±25.00 28  1/4 Filled Very low 

Table 6. Spearman correlation test results of surface altitude to air 

pollution levels in different weather 

 CO CO2 HCHO TVOC 

Sunny -0.019 -0.07 -0.01 -0.013 

Rainy -0.253** -0.329** -0.238** -0.24** 

**Correlation is significant at the 0.01 level (2-tailed) 

The table above shows that the higher the surface 

height at a parking area, the number of vehicles and the 

intensity of vehicle traffic will decrease, this is following 

the results of measurements of the Carbon Monoxide 

(CO), where the higher the surface elevation, the CO 

levels will decreases, except on sunny days at an altitude 

of +25.00 meters, where CO levels are very high, due to 

the operation of the HVAC exhaust system from the 

Makassar Bosowa Tower. 

Surface altitude will affect air quality because it is 

influenced by the number and intensity of motorized 

vehicle traffic, therefore the correlation between surface 

height and air pollution levels is tested using the 

"Spearman" correlation test, with results that can be seen 

in Table 6. 

Based on Table 6, it can be seen that when the day is 

sunny, the surface elevation does not correlate with the 

level of air pollution, this condition occurs because the 

HVAC operating system in the building reduces the 

effect of differences in surface height on air quality. 

During the rainy day, surface elevation correlates with all 

levels of air pollution, although the correlation is weak 

(0.2 – 0.4), and the correlation is negative, which mean 

that if the surface elevation increase, the air pollution 

levels will decrease. 

5. Conclusion 

The air quality in the Makassar Bosowa Tower 

Parking Building when viewed from the pollutant Carbon 

Monoxide (CO), as a whole has been exceeded the limit 

of good air quality for humans (> 9 PPM). Overall levels 

of Carbon Dioxide (CO2) are still within the limits for 

good and safe air quality for human habitation because 

they are still below 1000 PPM. The levels of 

Formaldehyde (HCHO) and Volatile Organic Compound 

(VOC), most showed that the average level was already 

at a safe level, except at an altitude of ±0.00 Meters 

which had passed the safe level (>0.1 PPM for HCHO 

and >3 PPM for VOC). There is no effect from weather 

changes on the air quality, in terms of changes in air 

pollution (CO, CO2, HCHO, and TVOC). The results 

from the test on changes in air temperature and humidity, 

to the air pollution levels, only found a very weak 

positive correlation, between Air Humidity and CO2 

levels. 

Results from the observations during rainy weather 

show that the higher the parking area, the number and 

intensity of vehicle traffic will decrease, according to the 

analysis results which show that the higher the building 

surface, the pollution content from the vehicle decreases. 

When the weather is sunny, the HVAC exhaust pipe 

operates optimally, so that increasing the level of air 

pollution, especially at an altitude of +25.00 meters in the 

Makassar Bosowa Tower Parking Building, even though 

the vehicle traffic is very low in the parking area. 
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