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ABSTRACT 
 

This study was to determine the emission level of carbon monoxide (CO) due to transportation activities in 

Padang. Variables used include the number ofmotor vehicles and meteorological data. Carbon monoxide 

concentration is obtained by using the line equation of Gaussian source model. Gaussian model validation is 

done by comparing CO concentrations results of model calculations with CO concentration in the field. 

Correlation values were obtained by using statistical testsbetween the concentration of the calculation models 

and concentration in the field. Carbon monoxide dispersion in the air was visualized using Surfer 10 to give an 

overview about distribution of CO emissionsfrom the transport sectorin Padang. The modeling showed that the 

difference concentrations of each location was due to the emission rate and wind speed. 
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INTRODUCTION 
 

Padang is the capital city of West Sumatra Province which serves as a center of trade, services, 

education, tourism, transportation, and industry. This was followed by the growth of transportation that causes 

traffic on the streets inPadang. The number of vehicles in the city increased from 224,514 vehicles in 2004 to 

427,235 vehicles in 2014 [1,2]. The increase innumber of vehicles has an impact to air quality, which is due to the 

increasing carbon monoxide concentration (CO) in Padang[3].Carbon monoxide is a gas and is anessential 

component for the life of the organism, and also a minor element in the atmosphere contains about 0.4%, CO 

increased occur due to the burning of coal, oil, and gas on a large scale. As a result of the burning of excessive 

fossils fuel, this led to the accumulation of CO2 in the atmosphere, so that the earth's temperature rises. [4,5]. 

Carbon monoxidein large quantities (high concentration) can cause health problems and even cause 

death, carbon monoxide (CO)when inhaled into the lungs will go into the bloodstream and block the entry of 

oxygen that the body need, this can happen because CO is toxic who join to react metabolism with blood. 

Chemical bond of carbon monoxide and blood (carboxyhemoglobin) is more stable than the chemical bond of 

blood oxygen (oxyhemoglobin), this condition causes the blood becomes easier to capture carbon dioxide and 

make blood as vital function forcarrying the disrupted oxygen. Innormal circumstance the CO concentration in 

blood ranges from 0,2% to 1.0% and average about 0.5%. Beside that, CO level in the blood balanced as long as 

the level of CO in atmosphere is not increased and the respiratory rate constant [6,7,8]. 

Air quality modeling is very important because it helps to predict the impact of the development of 

activity, the main parameter is meteorological conditions and the concentration of pollutants, where the 

topography and the effects of  building is not belonging to the model. There are four developed models that is 

Langrange model, K model, Box model and Gaussian model [9,10]. 

 

MATERIALS AND METHODS 

 

METHODOLOGY 

Study Location 

 The figure 1 below shows the sampling locations carried out on roads types, example, arterial roads, 

collector roads and local roads. 
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Figure 1: Map showing Sampling Locations in Padang City 

Sources:Planning and Regional Development, Padang City 2014 

 

 

Primary Data Collection 
 The data was collected during rush hour at 16.00 to 17.00. The duration of the measurements 

performed during 1 hour of measurement point is different for each category of roads, such as: 

• 4 sampling point on arterial roads 

• 4 sampling pointon collector roads 

• 4 sampling pointon local roads 

The data collection consists of: 

1. Measurement of CO using the impinger 

2. Meteorological datacollection using the pocketweatherman and anemometer 

3. Data on the total number of vehicles using a hand tally counter. 

 

Secondary Data Collection 

 Secondary data that serves as the supporting data is atmosphere stability conditions at the time of 

measurement. 

 

Analysis method 
 The methods used for obtaining the CO concentration from transportation activities in this research. 

Gaussian line sourceequations where: 

C � �
2�2���	 
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1
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� � ���� ���� ��12 �

� � ���� ���� 
Variable: 

C = pollutant concentration (µg/m3) 

x = the distance from the source along the wind direction (m) 

y = the horizontal crosswinddistances 

z = the vertical crosswinddistances  (m) 

Q = emission rate (g/m.s) 

u = wind velocity (m/s) 

ho = stack height 

σz = standard deviations representing pollutantdispersion in the cross-wind directions(m) 

CO concentration obtained from Gaussian equations were validated by the CO concentration from field 

measurements using linear regression (simple linear regression): Y � a � bX 

 : Arterial :Collector : Local : Sampling Point 
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Variable : 

Y = CO concentration by impinger 

X =CO concentration by Gaussian  

a  = constant 

b = regression coefficient (slope) 

 After validation, the gas concentration further visualized using Surfer program version 10. The 

distribution of pollutants form by isopleth lines visualizationthat are displayed with a specific color range. 

 

RESULTS AND DISCUSSION 

 

Meteorology conditions 

 Sampling location has anaverage temperature ranged between 31°C - 33°C, temperature decrease cause 

anair pressureincreases, where air pressure at the samplinglocation is 752 mmHg - 755 mmHg. The average of 

humidity is 76% - 85% RH, these changes occur as a result of water vapor in the atmosphere condensed or 

evaporated. Wind speed and wind direction is dominant, while wind direction is dominated from the West city 

located on the beach which has a cycle sea and land breeze. 

 

Gas Concentration Carbon monoxide (CO) 

 The rate of emission was obtained from calculation of the number of vehicles with emission factors, the 

highest emission rate is 0.048 g/m.s while the lowest emission rate is 0.008 g/m.s. Thestandard deviations (σz) 

was obtained from empirical equation: 

 

Table 1: Empirical Coefficient of Dispersion Equations for Study Area 
Stability σy (m) σz (m) 

A-B 0.32 x (1 + 0.0004x)-1/2 0.24 x (1 + 0.0001x)1/2 

C 0.22 x (1 + 0.0004x)-1/2 0.20x 

D 0.16 x (1 + 0.0004x)-1/2 0.14 x (1 + 0.0003x)-1/2 

E-F 0.11 x (1 + 0.0004x)-1/2 0.08 x (1 + 0.0015x) -1/2 

 

 Atmosphere stability in Padang at the category B (unstable) and the distance of the sources pollution to 

the recipient (x) by 3 m. The value of σz = 1,2 m. Results of CO concentration using the Gaussian line source 

equation model: 

 

 
 

Figure 2: Carbon Monoxide Concentration in Road 
 

Validation is obtained between the concentration of CO gas in the field with the concentration of CO gas from 

the Gaussian line sourceequation model obtained the following result: 
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Figure 3: CO Concentration Validation Gaussian Model Equations vs Laboratory 

 

 CO concentrations that have been visualized divided into multiple images such as oversight with a high 

level of concentration, and in the region with low concentration levels. More details can be seen in the figure 

below: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: The highest CO concentration at Sudirman Street 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: The lowest CO concentration at Khatib Sulaiman Street 
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CONCLUSIONS 

 

The studies of carbon monoxideconcentration(CO) conducted on Padang roads stated that the highest 

CO concentration is 2,603.3 µg/m3, while the lowest CO concentration is 925.7µg /m3. The highest and 

lowestconcentration are on arterial road. From the lane of road, two-way road get a lower concentration than the 

one way road. 
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