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Abstract—The brick industry in Indonesia utilizes conventional burning methods that significantly impact CO and NO2 emissions, 

posing a severe environmental threat. The brick burning in Sidenreng Rappang Regency, South Sulawesi, uses rice husks as fuel, an 

agricultural waste product. Therefore, it is necessary to study the impact of the emissions produced, especially since rice husks contain 

much carbon. This research takes a unique approach by assessing the effects of CO and NO2 emissions from conventional brick burning 

in Sidenreng Rappang Regency, South Sulawesi, and examining the impact of husk volume on the combustion of the emissions 

produced. The research method involves the innovative technique of taking samples of ambient air around the brick kiln using an 

Impinger and analysis using a UV-Vis spectrophotometer. Air samples were taken at four different points, located at 2m, 4m, 6m, and 

8m, from the burning location for eight consecutive days. The results showed that CO and NO2 concentrations increased significantly 

during the combustion process, with the highest concentrations at 2m from the combustion location. Meanwhile, the CO and NO2 

concentrations increased at 8m from the combustion location. This research reveals that using rice husks as fuel is closely related to CO 

and NO2 emissions concentrations. Furthermore, this concentration is also influenced by environmental conditions, such as vegetation, 

which can reduce these emissions concentrations. The results of this research provide essential information for controlling air pollutant 

emissions from the brick industry, especially those that use rice husks as fuel, which can be used to develop air pollution mitigation 

strategies in the area. 
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I. INTRODUCTION

Human actions have a disadvantageous impact on the 
environment by contaminating the water, the air, and the soil 
[1]–[3]. Air pollution might be a severe threat to human health 
[4]–[6]. Ambient air pollution is undoubtedly the prime factor 
of environmental risk for morbidity and mortality [7][8]. 
Various research has found that ambient air pollutants were 
related to different harmful health effects, from asymptomatic 
effects to loss of life [9]–[11]. Ambient urban air pollution 
contains gaseous elements and particulate matter (PM) [12]. 
The former include ozone (O3), volatile organic compounds 
(VOCs), carbon monoxide (CO), and nitrogen oxides (NOx), 
and these are settled as stimuli that cause inflammation in the 
airway. However, the inflammatory effects of PM have been 
studied to a more prominent degree [13], [14]. Air pollution 
is especially alarming in developing megacities, such as 
Beijing, where pollutants from conventional sources, such as 

solid fuel combustion, are blended with those from advanced 
vehicles, on top of territorial pollution from industrial and 
other activities that are anthropogenic [15]. Fossil fuel 
combustion creates emissions of lasting greenhouse gas 
carbon dioxide and temporary pollutants, including sulfur 
dioxide, which add to the accumulation of atmospheric 
aerosol [16]–[18]. Disarrangement happens throughout the 
combustion, and fuel that is not burned and partially burnt will 
remain. Within the process, pollution mainly mixes with air 
to create further combinations, shaping the partially burnt fuel 
into an assortment of gasses [19]. 

Brick kilns are infamous for the precarious amounts of 
harmful pollutants that emanate into the air, which may have 
a devastating effect on human health [20]. Bricks are the 
earliest and the most common construction substance for 
building Parrock. They are traditionally delivered from clay 
in a tunnel kiln at soaring temperatures [21]. This technique 
guides the extensive emission of greenhouse gases [22]. Amid 
the combustion, the brick is heated and baked at the most 
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extreme temperature of 900–1200ºC, depending on the clay 
type. The combustion affects the brick quality and requires 
abundant energy [23]. 

The growth of the construction industry in Indonesia has 
triggered the development of the brick industry. The 
community developed this industry conventionally because 
the raw materials were accessible. Clay, the main ingredient 
for making bricks, is widely available in almost all regions of 
Indonesia. Apart from that, manufacturing methods that do 
not require special skills have become a driving force for the 
development of this industry. The brick industry in Indonesia 
generally uses traditional burning methods. The mass-printed 
bricks are then arranged vertically to form a furnace. The 
conventional stove system arranges the bricks so that the 
combustion can be even. Several articles explain that 
traditional brick stoves have fuel and air circulation chambers 
[24]. A previous study by [25], as discussed elsewhere [26]–
[29], has shown that burning bricks has an impact on 
environmental quality, including damage to land quality, 
health problems for workers and local communities, and 
disruption to the productivity of domestic animals. 

Sidenreng Rappang is one of the brick industry 
development areas in South Sulawesi. The home industry has 
been going on for half a century and uses rice husks as 
firewood. The brick industry was built conventionally, both 
in terms of firing techniques and workforce management. The 
burning method using a non-permanent type of furnace 
without using a chimney is thought to increase greenhouse gas 
emissions and can endanger human life and other natural 
resources. 

The type of fuel used is rice husk or agricultural waste. This 
material can be found easily throughout the year and is 
available in large volumes due to intensive agricultural 
activities. Industry players are changing wood fuel to husk ash 
due to the difficulty in obtaining wood fuel with low moisture 
content. 

A burning technique that uses an arrangement of bricks as 
a furnace and is not permanent. The volume of husk ash used 
in the firing process needs to be designed systematically 
according to the number of bricks processed. As a result, 
industry players need help to predict the burning time and how 
much husk volume is required in one burning cycle. Industry 
players also ignore the characteristics of husk, especially its 
water content. The amount of water in the husk affects the 
quality of combustion and phase changes at each combustion 
stage (volatile matter). 

The height of the kiln is only adjusted to the volume of 
bricks being processed. Most industries burn with a stove size 
of no more than 1.8 meters and do not use a chimney. The 
exhaust gas discharge chamber practically does not exceed the 
size of an adult's height. As a result, pollutants contained in 
exhaust gas have an impact on human health. The risk of 
pollution due to the brick industry impacts people's lives. 
Industrial locations in residential areas indicate a risk to air 
quality, which can indirectly affect human health and 
vegetation. Thus, the industry is considered to threaten human 
life, and if control is not carried out, it could threaten the 
sustainability of the brick industry. 

Based on the description of the facts, the pollutant content 
in brick kiln flue gas is essential to study. The risk of air 
pollution is increasing due to the increasing number of 

industries, even in densely populated areas. The findings of 
this study will contribute to the sustainability and 
development of an environmentally friendly brick industry. 
This sustainability means that more and more brick industries 
are recruiting workers simultaneously and ensuring the 
welfare of the population in the research area. 

This study measures two types of gas: carbon monoxide 
and nitrogen dioxide. Several studies illustrate that NOx gas 
in the air disrupts wheat production due to decreased 
chlorophyll, ascorbic acid, and carotenoid content [30]. NOx 
and CO emissions have negative impacts on human health and 
the environment. NOx can irritate the respiratory tract and 
form dangerous ozone on the earth's surface. In contrast, CO 
can cause carbon monoxide poisoning and harm human 
cardiovascular and nervous systems [31]. The concentration 
of emission gases varies depending on the month of the year 
[32]. Measurements were carried out at 8 locations with a 
variety of 4 measurement points, namely a distance of 2 m, 4 
m, 6 m, and 8 m from each location. Analysis of CO and NO2 
concentration measurements is also related to the volume of 
fuel (rice husks) used during the combustion process. Specific 
data regarding gas emissions from burning rice husks shows 
that rice husks have low fixed carbon and volatile matter 
content, producing more CO2 and particulate emissions than 
other biomass with higher carbon content [33]. The results of 
this study can be used to control pollutant concentrations 
based on fuel use. 

II. MATERIALS AND METHOD 

A. Materials 

The tools used in this study are as follows: 

1) Impinger: A tool used to take CO and NO2 samples 
using the chemical reaction principle of absorbing solutions 
with polluting gases with a flow rate of 1L/minute - 2 
L/minute (Fig. 1). 

 
Fig. 1  Impinger 

2) The Midget Impinger Adsorbent Bottle: A tool used to 
store absorbent solutions during measurement (Fig.2). 
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Fig. 2  The midget impinger adsorbent bottle 

3) Silica Bottle: A tool that stores silica connected to an 
absorber bottle to prevent water vapor from entering the 
impinger (Fig. 3). 

 
Fig. 3  Silica bottle 

4) Weather Station: A tool used to determine 
meteorological conditions around the sampling location, such 
as data on air humidity, pressure, and air temperature (Fig. 4). 

 
Fig. 4  Weather station 

5) Tripod:  A tool used to prop/sustain the impinger (Fig. 5). 

 
Fig. 5  Tripod 

6) Cables: Tools used to connect the impinger to a power 
source (Fig. 6). 

 
Fig. 6  Cables 

7) Cool Box: A tool used to store measurement samples and 
blanks before analysis in the laboratory (Fig.7). 

 
Fig. 7  Cool box 

B. Study Area 

This study was carried out in Watang Pulu Subdistrict, 
Sidrap Regency, South Sulawesi, Indonesia, at latitude 
03°54'081" - 03°54’122"S and longitude 119°44'365" - 
119°44'475"E. The location of this research is the local brick 
industry in Sidrap Regency. This industry uses conventional 
brick kilns. There are three sampling points (Figures 8 and 9), 
and the characteristics are shown in Table I. 

 

 
Fig. 8  Map of the conventional kiln in the sampling area 
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Fig. 9  The sampling area 

 

TABLE I 
THE CHARACTERISTICS OF THE SAMPLING POINTS 

Sampling 

point 

The brick 

industry activity 

area (m2) 

The presence 

of vegetation 

around the 

kiln 

The kiln 

with 

chimney 

1 277.5 Yes No 
2 205.9 No No 
3 198.2 Yes No 

C. Research Method 

The brick combustion in the local industry is carried out in 
Sidrap Regency, South Sulawesi. This combustion process 
uses rice husk fuel (waste from rice factories) and is executed 
by arranging bricks, as shown in Figures 10, 11, and 12. Data 
CO and NO2 are collected using an Impinger and analyzed 
using a UV-Vis spectrophotometer. Ambient air sampling 
was carried out at four points at different distances: 2 m, 4 m, 
6 m, and 8 m, respectively, from the brick kiln location. The 
ambient air tests include CO (carbon monoxide) and NO2 
(nitrogen dioxide). Measurements were carried out daily 
during the brick-burning process, specifically for eight days. 
The pile of bricks in one burn can reach the amount of 30,000–
40,000 bricks, depending on the kiln's capacity. 

 

 
Fig. 10  Rice husks 

 

 
Fig. 11  Conventional brick kiln 
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Fig. 12  Impinger tools 

D. Research Variables 

The variables in this study are the parameter values of 
ambient air pollutants CO (carbon monoxide) and NO2 
(nitrogen dioxide) with variations in sampling points, days, 
and distance of the combustion process. The CO parameters 
were obtained using an adsorbing solution of AgNO3 0.1 M 
and NH4OH 0.1 M spectrophotometrically. Carbon monoxide 
gas is adsorbed in the adsorbing solution to form a dark 
yellowish color. The solution concentration was determined 
spectrophotometrically at a wavelength of 550 nm (µg m-3). 
The NO2 parameters were obtained spectrophotometrically 

using the Griess-Saltzman method [34]. Nitrogen dioxide gas 
is absorbed in the Griess Saltzman solution to a red-violet azo-
dye-forming, which is stable after 15 minutes. The solution 
concentration was determined spectrophotometrically at a 
wavelength of 550 nm (µg m-3). Another variable from this 
research is the weight of rice husks used in the burning 
process. This variable is measured by weighing the amount of 
rice husks put into the furnace and measured in kg. 

E. Data Analysis 

This research uses three analysis stages: emission 
concentration analysis, emission increase analysis, and 
polynomial regression analysis. Emission concentration 
analysis aims to describe air quality in the brick kiln area. The 
data analysis used in this research is descriptive analysis, 
which provides an overview of the data obtained from the 
results of air quality measurements at local industrial brick 
kilns in Sidrap District. The CO gas concentration is 
calculated by converting the absorbance value obtained from 
laboratory analysis into µg m-3 units using equation 1 for each 
sample, namely: 
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whereas Y is absorbance concentration based on linear 
regression. 

The amount of NO2 (µg) in 1 ml of standard solution used 
in the calibration curve (b) can be calculated using equation 2 
(SNI 7119.2-2017). SNI is the Indonesian National Standard. 

 C�< = �
-�� × ?�

�= × -
 × -�

-��� × 10� (2) 

whereas NO2 is the amount of NO2 in the standard NaNO2 
solution (µg ml-1), a is the weight of the NaNO2 weighed (g), 
46/69 is molecular weight of NaNO2, is factor that shows the 
number of moles of NaNO2 (f value = 0.82), 10/100 is dilution 
factor of NaNO2 stock solution and 106 is grams to µg 
conversion. 

The total volume of air taken under normal conditions of 
25ºC 760 mmHg (Nm3) (v) can be calculated using equation 
3 (SNI 7119.2-2017). 

 F =  ∑ H
I
JKL
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whereas V is air volume (Nm3), Qi is i-th flow rate 
(Nm3/minute) records, n is number of flow rate records, t is 
duration of test sampling (minutes), Pa is average barometric 
pressure during test sampling (mmHg), Ta is average 
temperature during test sampling in Kelvin (K), 298 is the 
temperature under normal conditions (25ºC) into Kelvin (K) 
conversion, and 760 is standard air pressure (mmHg).Based 
on equations 2 and 3, the total NO2  concentration in the 
ambient air can be calculated using equation 4 (SNI 7119.2-
2017). 

 � =  N
O × -�

<A × 1000 (4) 

whereas C is NO2 concentration in the air (µg m-3), b is the 
amount of NO2 from the test sample calculated (used 
calibration curve) (µg), v  is corrected air volume under 

standard conditions 25ºC 760 mmHg (Nm3), 10/25 is dilution 
factor, and 1000 is liter to m3 conversion. 

Analysis of increased emissions shows the comparison of 
CO and NO2 concentrations on the last day of burning with 
the first day. This analysis uses the percentage method to see 
changes in emission concentrations. Polynomial regression 
analysis determines the trend of increasing emissions due to 
the amount of husk used in the combustion process. This 
analysis produces a better R2 value and shows the level of 
determination between the two variables. The data obtained is 
analyzed using regression analysis to estimate the relationship 
between the rice husk and CO and NO2 variables. It can be 
utilized to assess the strength of the relationship between 
variables and for modeling the future relationship between 
them [35]. 

III. RESULTS AND DISCUSSION  

A. Results 

1) CO Concentration due to Burning Duration Figure 13 
shows the CO (Carbon Monoxide) concentration measured at 
sampling point 1 at a distance of 2 meters, 4 meters, 6 meters, 
and 8 meters from the emission source during the burning 
duration from day 1 to day 8. The highest CO concentration 
was recorded at a distance of 2 meters and tends to decrease 
with increasing distance. At a distance of 2 meters, 
concentrations ranged from 5.733 to 6.658 µg m-3. At a 
distance of 4 meters, the concentration decreased to between 
3.932 to 4.876 µg m-3, and further away at 6 meters and 8 
meters, it ranged from 2.225 to 3.291 µg m-3 and 1.108 to 
2.262 µg m-3, respectively. The general trend shows increased 
CO concentration with increasing burning time, with the 
highest concentration on day eight at all measurement 
distances. The significant decrease at longer distances 
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indicates that dispersion occurs in the air as the distance from 
the emission source increases. 

 
Fig. 13  Relation between burning duration and CO concentration at various 
measurement distances (sampling point 1) 

 
Figure 14 depicts the CO concentration at sampling point 

2, measured at a distance of 2 meters, 4 meters, 6 meters, and 
8 meters for eight days of burning. Just like at sampling point 
1, the highest CO concentration was measured at a distance of 
2 meters and decreased with increasing distance. However, 
the CO concentration at sampling point 2 was slightly lower 
than at sampling point 1. At a distance of 2 meters, the 
concentration ranged from 5.672 to 6.974 µg m-3. At a 
distance of 4 meters, the concentration decreased to between 
3.791 to 4.968 µg m-3, and further away at 6 meters and 8 
meters, it ranged from 2.199 to 3.077 µg m-3 and 1.007 to 
2.502 µg m-3, respectively. The increase in CO concentration 
from day 1 to day 8 was also clearly visible, with a significant 
decrease at longer distances. 

 

 
Fig. 14  Relation between burning duration and CO concentration at various 
measurement distances (sampling point 2) 

 
Figure 15 displays the CO concentration at sampling point 

3. The observed pattern is similar to sampling points 1 and 2, 
where the highest CO concentration was recorded at a 
distance of 2 meters and decreased at a distance of 4 meters, 
6 meters, and 8 meters. The increase in concentration from 
day 1 to day 8 was also consistently seen at sampling point 3. 

However, the CO concentration at sampling point 3 was 
slightly higher than at sampling point 2, but it was similar to 
sampling point 1. At a distance of 2 meters, with a range of 
5.105 to 6.203 µg m-3. At a distance of 4 meters, 
concentrations ranged from 4.337 to 5.516 µg m-3. At 6 and 8 
meters, it ranges from 2.988 to 4.135 µg m-3 and 1.677 to 
2.877 µg m-3, respectively. 
 

 
Fig. 15  Relation between burning duration and CO concentration at various 
measurement distances (sampling point 3) 

2) NO2 Concentration due to Burning Duration: Figure 
16 shows the concentration of NO2 (Nitrogen Dioxide) at 
sampling point 1 at the same distance as the CO measurement. 
The highest NO2 concentration was detected at a distance of 
2 meters from the emission source and decreased with 
increasing distance. As the burning time progressed from day 
1 to day 8, the NO2 concentration also increased significantly, 
especially at a distance of 2 meters and 4 meters. At a distance 
of 2 meters, the circumferential concentration is between 
14.527 to 18.501 µg m-3, while at a distance of 4 meters, the 
concentration decreases to 11.536 to 15.638 µg m-3. The 
decrease in concentration at a greater distance shows the 
dispersion effect in the air. 

 
Fig. 16  Relation between burning duration and NO2 concentration at various 
measurement distances (sampling point 1) 

1276



 
Fig. 17  Relation between burning duration and NO2 concentration at various 
measurement distances (sampling point 2) 

 
Figure 17 depicts the NO2 concentration at sampling point 

2, following a similar pattern to sampling point 1. The highest 
concentration was recorded at a distance of 2 meters, with a 
significant decrease at distances of 4 meters, 6 meters, and 8 
meters. At a distance of 2 meters, the concentration ranges 
from 12.707 to 14.275 µg m-3, while at a distance of 4 meters, 
it ranges from 10.635 to 12.205 µg m-3. An increase in 
concentration from day 1 to day eight was also seen at 
sampling point 2, although with a slightly lower value than 
sampling point 1. 

 

 
Fig. 18  Relation between burning duration and NO2 concentration at various 
measurement distances (sampling point 3) 

 
Figure 18 displays the NO2 concentration at sampling point 

3, which follows the same pattern as the previous two 
locations. The highest NO2 concentration was found at a 
distance of 2 meters and decreased with increasing distance. 
At a distance of 2 meters, with a range of 18.296 to 19.772 µg 
m-3. At a distance of 4 meters, concentrations ranged from 
14.416 to 15.823 µg m-3. The increase in concentration from 
day 1 to day 8 was evident at sampling point 3, with 
concentrations slightly higher than at sampling point 2 but 
similar to sampling point 1. 

3) The volume of Rice Husk during the Burning Process: 

Conventional kilns for burning bricks use rice husks as fuel. 
The study of emissions due to combustion cannot be separated 
from the type of fuel and its volume. Therefore, researchers 

calculated the fuel volume for eight days of burning at three 
observation locations (Table II). 

TABLE II 
VOLUME OF RICE HUSK DURING THE BURNING PROCESS 

Burning 

Duration (days) 

Rice Husk (kg) 

Sampling 

Point 1 

Sampling 

Point 2 

Sampling 

Point 3 

1 5148.42 3615.20 4395.78 
2 8752.31 6145.84 7472.83 
3 12098.78 8495.73 10330.08 
4 15084.86 10592.54 12879.64 
5 16886.80 12175.09 14489.53 
6 18534.30 13331.96 15896.18 
7 20181.79 14488.82 17302.83 
8 21468.89 15356.47 18357.81 

 

The process of burning bricks requires that all the stones 
arranged in a furnace must receive heat. The volume of rice 
husks is crucial to ensure the fire stays lit and spreads heat 
throughout the furnace area. Table 2 explains the accumulated 
value of rice husks from day one to day eight. The volume of 
rice husks on day 8 showed four times the initial combustion 
volume. Apart from that, the combustion process in the 
furnace is also influenced by the air conditions in the furnace. 
If the furnace space is mainly filled with husks, the 
combustion process will be slow due to the lack of air. On the 
other hand, if the fuel volume is small, it can also prevent the 
fire in the furnace from spreading evenly. 

B. Discussion 

1) The Increase of CO Concentration: Figure 19 shows 
data on the increase in CO concentration at three different 
sampling points measured at various distances from the 
source of burning rice husks, namely at a distance of 2, 4, 6, 
and 8 meters. At Sampling Point 1, the CO concentration 
increased from 16.13% at a distance of 2 meters to 104.15% 
at 8 meters. At Sampling Point 2, the CO concentration 
increased from 22.95% at 2 meters to 148.46% at 8 meters. 
Meanwhile, at Sampling Point 3, an increase was seen from 
21.51% at 2 meters to 71.56% at 8 meters.  

 
Fig. 19  The increase in CO concentration at the three sampling points 
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This data shows that the increase in CO concentration tends 
to be more significant at a greater distance from the 
combustion source for most sampling points, especially at 
Sampling Point 2, which shows the sharpest increase. 
Variations between measurement locations suggest that local 
environmental factors, such as wind direction and topography, 
may influence the distribution and concentration of CO 
emissions in the area surrounding the combustion source. 
These findings emphasize the importance of considering 
distance and location in managing and monitoring air quality 
to reduce the negative impact of harmful gas emissions. 

CO concentrations from the brick-burning process 
generally result from incomplete solid fuel combustion. In 
other words, most of the heat produced is released into the air 
and encourages the release of CO gas into the air [36]. 
Specifically, the phenomenon at Sampling Point 2 showed the 
sharpest increase. The phenomenon of increasing CO 
emissions at this location can be related to the condition of the 
vegetation around the brick industry. At Sampling Point 1 and 
Sampling Point 3, the location survey showed the presence of 
tree vegetation. This allows the absorption of emissions by the 
vegetation. In contrast to Sampling Point 2, researchers found 
no trees that caused higher CO emissions. This is in line with 
Velasco's and Kafy’s description [37], [38] that the 
characteristics of trees and permeable surfaces influence the 
level of carbon absorption in the air. Vegetation and landscape 
are very effective in reducing carbon emissions from burning 
biomass. 

However, variations between measurement locations 
indicate that local environmental factors, such as wind 
direction and topography, influence the distribution and 
concentration of CO emissions around the combustion source. 
These findings emphasize the importance of considering 
distance and location in managing and monitoring air quality 
to reduce the negative impact of harmful gas emissions. 

2) The Increase of NO2 Concentration: Based on the 
graph in Figure 20, it can be seen that the increase in NO2 
concentration varies depending on the distance from the 
emission source and the specific measurement point. At 
Sampling Point 1, NO2 concentration increased from 27.36% 
at a distance of 2 meters to 63.41% at a distance of 8 meters, 
showing a clear pattern of increase. At Sampling Point 2, the 
NO2 concentration increased from 12.34% at 2 meters to 
40.68% at 8 meters, with a sharper increase at greater 
distances. Meanwhile, at Sampling Point 3, the increase in 
NO2 concentration was more moderate, from 8.07% at a 
distance of 2 meters to 20.32% at a distance of 8 meters. This 
analysis shows that the increase in NO2 concentrations tends 
to be more significant at greater distances from the emission 
source, especially at Sampling Points 1 and 2. Sampling Point 
1 shows the most consistent and significant increase with 
distance, while Sampling Point 3 shows a more stable and less 
sharp. The increase in NO2 emissions due to burning rice 
husks is in line with the results of Yerizam's research [39], 
which found that biomass fuel produces NO2 emissions. 
Furthermore, in another study, the distribution of NO2 
emissions was greatly influenced by the distance of the 
sampling point to the emission source and the stability of the 
air in the atmosphere [40]–[42]. 

 
Fig. 20  The increase in NO2 concentration at the three sampling points 

3) The Increase of CO Concentration due to Rice Husk 

Volume: Burning bricks using rice husks as fuel affects the 
concentration of CO emissions. Tables III, IV, V, and VI 
describe the equation of relation between rice husk volume (x) 
and CO concentration at the ordinate value. 

TABLE III 
EQUATION OF THE RELATION BETWEEN CO CONCENTRATION AND RICE HUSK 

VOLUME (2 M DISTANCE) 

Sampling 

Point 

CO Concentration (µg m-3) 

Regression R Square 

1 y = 2E-09x2 + 1E-05x + 5.6353 0.9900 
2 y = 1E-08x2 - 1E-04x + 5.8913 0.9951 
3 y = 8E-09x2 - 4E-05x + 5.1738 0.9950 

TABLE IV 
EQUATION OF THE RELATION BETWEEN CO CONCENTRATION AND RICE HUSK 

VOLUME (4 M DISTANCE) 

Sampling 

Point 

CO Concentration (µg m-3) 

Regression R Square 

1 y = 7E-10x2 + 5E-05x + 3.6675 0.9894 
2 y = 1E-08x2 - 0.0001x + 4.1769 0.9906 
3 y = 1E-08x2 - 8E-05x + 4.4988 0.9963 

TABLE V 
EQUATION OF THE RELATION BETWEEN CO CONCENTRATION AND RICE HUSK 

VOLUME (6 M DISTANCE) 

Sampling 

Point 

CO Concentration (µg m-3) 

Regression R Square 

1 y = 1E-09x2 + 5E-05x + 1.9795 0.9943 
2 y = 7E-09x2 - 6E-05x + 2.3271 0.9778 
3 y = 9E-09x2 - 7E-05x + 3.1269 0.9960 

TABLE VI 
EQUATION OF THE RELATION BETWEEN CO CONCENTRATION AND RICE HUSK 

VOLUME (8 M DISTANCE) 

Sampling 

Point 

CO Concentration (µg m-3) 

Regression R Square 

1 y = 4E-09x2 - 2E-06x + 1.0676 0.9846 
2 y = 1E-08x2 - 0.0001x + 1.2367 0.9923 
3 y = 1E-08x2 - 9E-05x + 1.8947 0.9947 

 

The results of calculating the relationship between two 
variables focus on the R Square value and the constant value 
in the polynomial regression equation. The R Square value for 
the three observation locations at four observation distances 
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is more significant than 0.98. These results indicate that the 
CO concentration is strongly influenced by the volume of rice 
husks used in the combustion process. The R Square value 
decreases as the sampling distance from the furnace increases. 
These data illustrate that the level of accuracy in CO emission 
estimates is getting smaller due to the location being further 
away from the furnace. This is caused by the dispersion of 
pollutants, pollutant accompanying substances, and the risk of 
other pollutant sources. The constant value in the equation 
also varies between 1.0676 µg m-3 and 5.8913 µg m-3. This 
value indicates the concentration of CO emissions originating 
from the brick-burning process. The most significant constant 
value was obtained at a distance of 2 meters and decreased as 
the distance between the sampling point and the furnace 
increased. This value decreases as the distance from the 
observation point rises. 

The first CO emission measurement was carried out 24 
hours after the fire spread evenly in the furnace. The equation 
constant at Sampling Point 1 and a distance of 2 meters shows 
5.8913 µg m-3, indicating the CO concentration after 24 hours 
of brick burning. This figure shows 5.8913 µg CO in the air 
with a volume of one cubic meter. This figure decreases 8 
meters from the sampling point; there is 1.0676 µg CO in the 
same air volume. This phenomenon indicates that CO 
emissions are dispersed.  

Previous studies revealed that pollutant dispersion occurs 
vertically and horizontally and is influenced by temperature 
and wind speed [43]. Horizontally, the air coming out of the 
furnace is at a height of between 1.2 meters and 1.8 meters, 
which causes the air to spread more slowly. This happens 
because the wind speed above 2 meters is higher than at a 
lower location. The results of this study are in accordance with 
the results of Gianfelice's and Huang’s studies [44][45], 
which show that wind speeds vary at each altitude interval. 
The higher you are from the ground, the higher the wind speed 
at that point. Wind speed causes the spread of pollutants into 
urban areas, affecting residents' health conditions and the 
quality of surrounding vegetation [46]. 

4) The Increase of NO2 Concentration due to Rice Husk 

Volume: The increase in NO2 emissions due to the volume of 
husk used is presented in Tables VII, VIII, IX, and X. The 
polynomial regression equation is to see the close relationship 
between two variables and the constant value as the basic 
concentration of NO2 emissions. 

TABLE VII 
EQUATION OF THE RELATION BETWEEN NO2 CONCENTRATION AND RICE 

HUSK VOLUME (2 M DISTANCE) 

Sampling 

Point 

NO2 Concentration (µg m-3) 

Regression R Square 

1 y = 1E-09x2 + 0.0002x + 13.534 0.9651 
2 y = 5E-09x2 + 4E-05x + 12.515 0.9974 
3 y = 9E-09x2 - 3E-05x + 18.325 0.9929 

TABLE VIII 
EQUATION OF THE RELATION BETWEEN NO2 CONCENTRATION AND RICE 

HUSK VOLUME (4 M DISTANCE) 

Sampling 

Point 

NO2 Concentration (µg m-3) 

Regression R Square 

1 y = 2E-08x2 - 0.0003x + 12.499 0.9489 
2 y = 5E-09x2 + 4E-05x + 10.429 0.9996 
3 y = 1E-08x2 - 7E-05x + 14.674 0.9965 

TABLE IX 
EQUATION OF THE RELATION BETWEEN NO2 CONCENTRATION AND RICE 

HUSK VOLUME (6 M DISTANCE) 

Sampling 

Point 

NO2 Concentration (µg m-3) 

Regression R Square 

1 y = 8E-09x2 - 7E-06x + 7.2953 0.9306 
2 y = 7E-09x2 + 2E-05x + 5.4956 0.9951 
3 y = 8E-09x2 - 2E-05x + 8.1695 0.9954 

TABLE X 
EQUATION OF THE RELATION BETWEEN NO2 CONCENTRATION AND RICE 

HUSK VOLUME (8 M DISTANCE) 

Sampling Point 
NO2 Concentration (µg m-3) 

Regression R Square 

1 y = 2E-09x2 + 0.0002x + 3.5389 0.8920 
2 y = 5E-09x2 + 4E-05x + 3.7879 0.9984 
3 y = 8E-09x2 - 1E-05x + 6.5812 0.9974 

 

The level of closeness of the relationship between rice husk 
volume and NO2 concentration ranges from 0.9626 – 0.9851. 
In other words, the weight of rice husks used in the 
combustion process is closely related to NO2 emissions. The 
level of closeness decreases as the observation distance from 
the furnace increases. The constant value at an observation 
distance of 2 meters ranges from 12.515 to 18.325. This 
indicates that NO2 emissions that do not originate from rice 
husks are worth 12.515 µg m-3. If we look at the highest NO2 
emission figure at 2 meter observation at sampling point 1, it 
appears that the constant value is 18.501, while the NO2 
emission at the same sampling point is 13.534 µg m-3, then it 
can be concluded that the NO2 emission value due to burning 
rice husks is only around 4.967 µg m-3. In other words, NO2 
emissions in the brick-burning process do not originate from 
burning husks but come from burning clay as the primary 
material for bricks.  

As a ceramic industry, the brick industry is a NO gas 
producer. Nitrogen dioxide gas is formed at high temperatures 
due to combustion. The formation of NOx concentrations in 
the air is caused by the oxidation process in the atmosphere 
with the air released from burning bricks [47]. The increase in 
NO emissions in the air due to burning bricks must be a 
concern [48]. The NOx oxidation process in the atmosphere 
produces nitric acid, the main component of acid rain. 
Decomposed NOx will easily combine with organic 
compounds, evaporating and forming O3 [49]. In addition, 
NOx gas is a particulate pollutant that affects plant 
morphology due to limitations in photosynthetic pigments. 
This influence will result in a decrease in crop production [50]. 
Therefore, many studies offer various emission control 
technologies from the brick industry [51]. 

The description of the research results shows that industrial 
bricks with traditional kiln models can impact the risk of air 
pollution. Industrial locations combined with residential 
locations and rice fields have an impact on reducing 
environmental quality and human health [52]. Additionally, 
crop production in rice fields is at risk due to increased 
pollutant emissions. The emission control method of the brick 
industry can be overcome by controlling the number of bricks 
produced in one cycle to prevent the accumulation of 
pollutants in the air [53]. 
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IV. CONCLUSION 

This study describes the CO and NO2 emission 
concentrations resulting from 8 days of red brick burning in 
Sidenreng Rappang District, South Sulawesi, Indonesia. The 
CO concentration decreases with increasing distance from the 
combustion source. However, the further the distance from the 
source, the more significant the increase in CO concentration 
produced. This can be seen from the increase in CO 
concentration at a distance of 2 meters from the combustion 
source, which is 16.12-22.95%. Meanwhile, the increase at a 
distance of 8 meters was 71.56-148.48%.  

The NO2 concentration decreases with increasing distance 
from the combustion source, as happens with the CO 
concentration. However, although there is an increase in NO2 
concentration with increasing distance, the magnitude is 
smaller than the increase in CO concentration. This is proven 
by the increase in NO2 concentration at a distance of 2 meters 
from the combustion source of 8.07-27.36%. Meanwhile, the 
increase at a distance of 8 meters is only 20.32-63.41%. 

The volume of rice husks used in the brick-burning process 
influences increasing CO concentrations. Larger husk 
volumes allow for more prolonged and more intense burning, 
which can result in more CO emissions. As with CO, 
increasing the volume of rice husks used in brick kilns can 
also cause an increase in NO2 emissions. Large volumes of 
husk cause more intense combustion and produce more NO2 
as a byproduct of burning organic matter. 

NOMENCLATURE 

Y absorbance concentration based on 
linear regression 

 

a The weight of the NaNO2 weighed g 
V Air volume Nm3 
Qi i-th flow rate records  
Nm3/minute n Number of flow rate records  
t Duration of test sampling minutes 
Pa Average barometric pressure during 

test sampling 
mmHg 

Ta Average temperature during test 
sampling 

 Kelvin (K) 

C NO2 concentration in the air µg m-3 
b The amount of NO2 from the test 

sample calculated (used calibration 
curve) 

µg 

v corrected air volume under standard 
conditions 25ºC 760 mmHg 

Nm3 
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