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Abstract. One impact of blasting activities is the release of toxic fumes capable of disturbing
living creatures around the blasting zone. Fumes are affected by several factors, including
blasthole conditions. Measurement for this research was performed in a coal mine called PT.
Kaltim Prima Coal in Kalimantan, Indonesia, to investigate the impact mentioned above through
a quantitative method, which was performed directly in the field. The results show that the
formed CO gas level ranged between 60.34 — 360.29 ppm, while the formed NO2 gas level
ranged between 0.3 — 3.16 ppm, with average temperature and relative humidity of the blastholes
at 31°C and 77.01%, respectively. Based on these results, the temperature and relative humidity
conditions in the blastholes have a linear effect on the formation of toxic fumes by 84%.
Considering the average wind speed at the measurement sites was 2.14 m/s, the trend of
decreasing toxic fumes, time variables, and threshold limit values of exposure for humans of up
to 15-minutes, it can be concluded that the safe time for workers to return to the site is less than
| minute.

1. Introduction

Blasting is a method extensively used in civil engineering and mining industry. Apart from its efficiency
in dismantling rocks, it also has several adverse impacts on the environment and humans (workforce)
[11, [2]. Direct adverse impacts from this conventional rock dismantling method are flying rocks, ground
vibrations, excess air pressure, broken backbone, and generation of fumes [3]-[5]. Fumes are gases
having toxifJproperties due to the imbalanced chemical reaction during blasting activities. The gases
formed are CO and NOx. Both post-explosiofffumes are direct products of the detonation process. The
release of these fumes can negatively affect human health and safety and the environment within the
radius of the blast sites [6]. Since NOx is unstable and sofffble in air, its concentration will decrease
rapidly after air movements, such as wind and ventilation. CO is relatively more stable, however, it 1s
the main cause of poisoning. Once the CO concentration reaches its peak, it will not disappear quickly.
It will take time to disappear, and this dynamic affects worker safety [7].

NOx is nitrogen oxide (NO) and nitrogen dioxide (NO:). These gases are hazardous and capable of
causing severe health risks to the exposed workers. There is a difference between nitrogen oxide and
nitrogen dioxide in terms of exposure effect towards the humans body. An example of this difference is
the hazardous threshold concentration (ppm) and length of exposure of each toxin. NO2 with a
concentration of 805 ppm can cause lethal choking in just 15 seconds of exposure, while NO with a
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concentration of 8,000 ppm and an exposure time of 60 seconds only causes loss of consciousness. [8].
Many studies and measurements on fumes, especially in underground mines, have been done for the
past few years. Analysis [{foxic fumes generation in underground mines has been developing rapidly,
one of which is by using a one-dimensional mathematical model and three-dimensional CFD numerical
simulations to analyze the concentration and movement of fumes from blasting activities. [9], [10].
However, only a handful of measurements and analyses are carried out in open-pit mining with the
application of the same methodology, i.e. qualitative methodology through visual observation of the
types of the formed toxic fumes to determine the hazard level. [1], [8], [L1], [12]. Research progresses
on the toxic fumes measurement between open-pit and underground mines are significantly different
[13].

Classification of toxic fumes generated from explosions based solely on visual observations cannot
be used as a standard representing the level of hazard toxic fumes may pose. Based on the results of
measurements using a gas detector, the white toxic gas still contains CO and NO2, making it highly
hazardous for mine workers, especially the blasting crews who camry out post-blast inspection [14].
Furthermore, the colour of the blasted fumes cannot be adequately classified due to the dust generated
by the cutting materials from blasthole drilling. The formed dust makes it challenging to distinguish
gasses. Therefore, clear measurement standards are needed to measure toxic fumes formed in open-pit
mines. Standard methods to measure the level of toxic fumes resulting from explosions that can be
performed safely, quickly and accurately are also required. This research was conducted in PT. Kaltim
Prima Coal (PT. KPC), a coal mine in East Kalimantan, Indonesia.

2. Methods

The research was conducted using action research and experimental methods with qualitative and
quantitative approaches. The action research method aims to calculate the levels of toxic fumes formed
from detonation, and the experimental method aims to find the right way to collect toxic fumes data.

2.1 Research Site

PT Kaltim Prima Coal, also known as PT KPC, is a company operating coal mining activities by
applying the open-pit mining method and selling coal to domestic and international customers from
various industrial sectors. PT KPC can produce more than 50 million tons of coal per year, while it
requires blasting activities as a method of excavation. PT Kaltim Prima Coal exports most of its products
to various countries in Asia, America, Europe, and the Mediterranean. At the same time, it only sells
approximately 3% of its total production in the domestic market. The location of this research is PT
KPC, Sangatta Sub-district, East Kutai Regency, East Kalimantan Province, Indonesia.

B2 Post-blast fiumes

Post-blast fumes are toxic nitrogen oxides and direct byproducts of the detonation process. We can easily
identify it as a yellow or orange post-blast cloud. Nitrogen oxides can also be produced from burning
reactions and secondary oxidation of NO to NO2 as the post-blasing fumes are mixed with air. The most
commonly used explosive product in the mining industry is ammonium nitrate fuel oil (ANFO) [8].

2.3 Blasthole temperature, relative humidity and wind velocity
Data collection on the temperature and humidity of the blastholes was carried out before filling
explosives into the holes [15]. We measured temperature and humidity in the blastholes using the TSI
9545-A. The measurement was carried out by inserting a probe into the blastholes at a minimum depth
of 3 inches (7.5 ¢cm) from the hole mouth to improve the accuracy of the measurement results (TSI
Velocity Calc operation and service manual). The measurement took place until the temperature and
humidity were constant, approximately 10 seconds after the insertion probe was inserted into the holes.
Wind direction and speed data were collected before blasting. Wind direction is determined through
flag direction in the blasting area, and wind speed is measured using an anemometer, Krisbow KW06-
653. The speed measurement was carried out at the higher elevation blasting area, such as an
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embankment confining the blasting area. The measurement lasted for =10 minutes to ensure accurate
results. In addition, wind direction and speed measurements are used as supporting data in drawing a
toxic fumes distribution map and determining the level of post-detonation toxic fumes reduction during
the measurement.

2.4 The levels of CO and NO: fumes generated from the blasting

Wind direction must be considered when measuring the toxic fumes generated from the blasting.
Therefore, a drone was used in the measurements. Therefore, the drone's flying route must be opposite
the wind to allow the toxic fumes to move towards the drone. The drone used was the DJI Phantom 4
Pro+ with a maximum speed (S) of 45 m/hour, a maximum altitude of 500 m, and a maximum remote-
control range of 4 miles (6.4 km). A gas detector was tied using rope to the drone leg, as shown in Figure
3a. The drone flew immediately after the detonation was performed. Since PT AEL Indonesia used an
electronic detonator product, the frequency of the drone signal could interfere with the detonation. The
gas detectorused was the MSA Altair 5x, which can measure CO, Oz, HzS, and NO: gases, and the alarm
limit levels can be set for STEL, TWA, and high alarm conditions, as shown in Figure la. MSA Altair
5x can measure CO gas up to 2,000 ppm, NO: up to 20 ppm, and HzS up to 200 ppm. The droneand the
MSA Altair 5X gas detector used in the measurement are available in Figure 1b.

(a) (b)
Figure 1. Tools for measurement a. Gases measured by MSA Altair 5x; b. Drone used to carry

3. Results and Discussion

3.1. Blasthole and Weather Conditions

This study measures blasthole temperature and humidity as supporting factors in toxic fumes generation.
The temperature and humidity values in the blastholes are strongly affected by the weather and
conditions of the blastholes. Wind direction and speed were measured to determine the direction and
distance of the fumes' movement at a specific time and to predict the locations significantly affected by
the fumes scattered in the wind direction. Data on wind direction and speed were measured before the
blasting. Wind direction data was used as supporting data in measuring fume levels using a drone, while
wind speed data was the basis for predicting fume movement. Table 1 shows the temperature and
humidity of the blastholes and the velocity of wind in every blasting location.

Table 1. Blastholes, wind and fumes conditions for every location
Relative

Date Temperature Wind Number  Peggentage
M1 Location forn humidity velocity of wet (]JCP%) (Blp%]
(%) (m/s) holes holes (%)
23 Nov Peri 309 3161 75.91 246 16 7 150.86  1.05
25 Nov TS"‘:;"' 3267 72.92 202 140 %2 1L8L 030
Melawd
WNoy U 280 82.53 183 18 0 32479 211




The 2nd International Conference on Mining and Environmental Technology 10P Publishing

10P Conf. Series: Earth and Environmental Science 1175(2023) 012003 doi:10.1088/1755-1315/1175/1/012003
Tania
30 Nov 558 29.73 79.3 268 0 0 19523 1.80
3 Dec Mellg;‘""“ 31.09 74.21 161 128 78 6034 075
Melawan
5 Dec 110 30.84 77.39 2.13 80 67 207.65 1.35
7 Dec Peri 323 30.91 74.43 1.00 0 0 7632 1.05
Tania
15 Dee 573 31.91 75.58 258 32 23 90.52 045
1 Dec  Per1326 31.38 78.89 1.92 97 78 22718 1.50
Melawan
18 Dec 130 30.3 76.51 131 83 58 9584  1.20
Tania
23 Dec 577 31.03 75.51 205 58 98 11536 0.45
26Dec  Peri33g 31.63 80.94 2.19 24 27 24315 1.95
Mustahil
31 Dec 148 31.23 75.58 1.08 10 20 360.29 3.16

When this research was conducted, rainfall was high enough to result in high humidity values in the
blastholes because rainwater entered the blast holes. The measurements were carried out in different
weather conditions; sunny weather, with temperatures ranging from 33°C - 36°C and humidity ranging
from 65% - 73%; cloudy weather, with temperatures ranging from 30°C - 32°C and humidity ranging
from 73% - 78%; and the weather after rain with temperatures ranging from 27 - 30°C and humidity
between 78% - 85%.

3.2. Fumes Measurement

The method of fume level measurements using a drone was considered very effective and safe. The
measurements were performed in safe blasting-distance areas of 500 meters. The drone was released to
fly after detonations were conducted in the areas because the drone signal could interfere with the Base
Station signal. Gas contents measured in every blasting location are available in Table 1. We used visual
weighting or fume classification as a standard because no other standards are available to classify fumes
generated from blasting in open-pit and underground mines based on their contents, as shown in Figure
4. Fumes are classified based on visual observation of the colour of the generated fumes, in which the
colour indicates the hazard level of the fumes [8].

3.3. Analysis

Weather and the materials in the blasting locations affect the temperature and humidity of the blastholes.
The blastholes' humidity has an average value of 70% - 80%. High moisture values found in the
blastholes are caused by the presence of water in the holes, which is due to the high groundwater level
at the locations and rainwater. High-water content in the blastholes causes a decrease in blastholes
temperature, so water vapour formation increases the humidity value in the blastholes. Based on the
results of the fume level measurements by a drone, the greater the humidity value of the blastholes, the
higher the fumes content is.

Based on the linear regression value shown in Figure 2, a hypothesis can be drawn: blasthole's
humidity affects Zero Oxygen Balance conditions in explosives, resulting in Negative Oxygen Balance
or the explosive mixture lacking oxygen value and resulting in CO gas. A deeper analysis of the effect
of hole humidity on chemical mixture and reactions of explosives is required. Thus the hypothesis that
blasthole humidity reduces the oxygen content in explosives and explosive reactions can be proven.
Blastholes humidity in other mine sites needs to be investigated, as each has different conditions.
Meanwhile, different conditions in mine sites lead to valuable materials and minerals diversity. The
average condition of the blasthole in every wet blasting location is caused by the presence of water in it,
as shown in Table 1. The use of $320 DRN 100 Eco emulsion with an emulsion percentage of 80%
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and AN-prill 20% has increased the level of explosive resistance to water. Therefore, wet blastholes
resulting from water presence do not affect the formation of toxic fumes.
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Figure 2. Graphic of relative humidity to the formation of NO, and CO gas

The number of blastholes filled with water was affected by weather and the presence of groundwater
in rocks. A high percentage of holes filled with water can affect the temperature and humidity of the
blastholes due to the increased water level in the blastholes. Based on measurement data of the water
content in rocks tested at PT KPC geotechnical laboratory, a comparison can be performed against the
level of toxic fumes formed using a linear regression equation, as shown in Figure 3.

The linear regression value of the water content factor in the rock on the formed CO and NO2 gas
content has a low level of confidence (R2). This is because the water content measurement in rocks
using drilling and cutting samples did not reflect the actual conditions in the blastholes, while
measurement provided less accurate data. Therefore, the water content in rocks does not significantly
affect the formation of toxic gases (fumes) generated from blasting.

400 4
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Figure 3. Graphic of wet hole percentage to the NO; and CO gas formation

4. Conclusion

The blasting fumes formed during blasting activities in PT KPC are CO gas and NO2 gas. The maximum
CO gas content formed due to blasting activities is 360.29 ppm, while the maximum NO2 gas content
formed due to blasting activities is 3.16 ppm. The water condition parameter in the blastholes has no
significant effect on the formation of fumes, but relative humidity in the blastholes affects fumes
formation resulting from the blasting activities. Based on the Threshold Limit Value (STEL) and the
relatively fast reduction of toxic fumes, it can be stated that workers can enter the blasting areas in less
than one minute after detonation.
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