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Abstract—The quality of inhaled air is
determined by the amount of pollutant gases
and by particulates in the air. Particulate
especially total suspended particulate (TSP)
contains heavy metal elements that can have
serious health effects. Among all the processes
that produce particulates, the coal mining
process is one of the most dangerous because it
produces dust which is included in the type of
fibrogenic and very toxic. The purpose of this
study was to determine the concentration of
total suspended particulate (TSP) at the X coal
mining in Kutai Kartanegara. This research
was quantitative descriptive type. The
population were the ambient air around the “X
coal mining area”. The samples were the
ambient air measured at six sampling point
namely "Jetty", "WD 7', "Pit Woest",
""Stockpile™, ""Desa Bakaran™, and "RT 09".
The results revealed the sampling point
"WEST PIT" had the highest concentration of
TSP that was 414 pg/m® for measurements in
January whereas for measurements in June
was 325 pg/m3. In January measurement, the
TSP concentration was around 78.26%,
whereas in June the TSP concentration was
around 72.30% compared to the TSP threshold
limit value based on government regulations
which was 90 pg/m® for 1-hour measurement.
Monitoring of ambient air quality around the
mine site especially in coal mining still needs to
be done but must be supported by additional
efforts such as routine health checks for
workers at the mine site thus it can anticipate
the onset of occupational diseases and other
health complaints due to particulate exposure.

Keywords: coal, mining, total suspended
particulate

I. INTRODUCTION

The quality of air inhaled by humans is
determined by the amount of pollutant gases and
the presence of particulates in the air™l. At present,
air quality in every country including developing
countries deteriorates due to population growth,
increasing number of vehicles and industriest?.
These problems as results of development progress
and usually followed by an increase in demand for
energy!®l. Differences in energy sources result in
differences in the type and level of pollution.
Currently the cheapest energy source is produced
from coal. Coal is a type of mining product which
provides 29.6% of the world's energy resources.
However, the presence of mines whose production
processes are mostly carried out on the surface is
considered to be one of the main causes of
increased pollution because it produces large
amounts of pollutant materials such as dust,
carbon monoxide, and other substances that are
hazardous and pose a threat to the environment!*
81 The coal mining process will produce coal dust
which is included in the type of fibrogenic, this is
very poisonous and able to damage the lungs, one
of which is pneumoconiosis. Some activities
responsible for this increase are drilling, blasting,
smoke removal from engine activities and coal
combustion processes(®l. Although technological
advances have been able to reduce the total burden
of air pollution associated with anthropogenic
activities including mining, much more needs to
be done to overcome these increasing health
riskst’l,

Among all pollutants scattered in the air,
particulate matter is one material that is closely
related to environmental factors and health aspects
from various points of view. One of these aspects
is that particulates contain many hazardous
substances which can be inhaled by humans and
enter the respiratory system resulting in serious

Copyright © 2020 The Authors. Published by Atlantis Press SARL.
Thisis an open access article distributed under the CC BY-NC 4.0 license -http://creativecommons.org/licenses/by-nc/4.0/. 121
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health effects including cardiovascular diseasel®
191 Particulates which have a diameter of 0.1 to
100 um or called total suspended particulate (TSP)
contain a number of dangerous heavy metals that
are carried through the air, some of these metals
are strong triggers of carcinogenesis, teratogenesis,
and mutagenesis in a number of living things
including humansi*-3l. It is also evident that high
concentrations of these particulates cause high
early mortality™4l.

A number of studies have reported that
prolonged exposure to high concentrations of
suspended particulate can cause an increase in
hospital visits, high incidence of respiratory
diseases, cancer, and deaths from cardiovascular
diseasel*®l. Some other effects due to particulates
include a decrease in visibility, this is because the
particulate absorbs and breaks down the light
entering the atmospherel*®l. In China, the condition
of visibility has become an important issue for the
public and the scientific community. In China, the
condition of visibility has become an important
issue for the public and the scientific community.
This can be seen from the increase in Shanghai
mortality due to accidents caused by decreased
visibilityl’l. Other studies have revealed that
heavy metal accumulation contained in inhaled
particulates can cause cancer, nerve damage, and
decreased immunity[™el,

In Indonesia, especially in East Kalimantan,
based on data from the East Kalimantan
Environmental ~ Protection  Agency, several
parameters such as SOz, NO2, CO, Oz, TSP, and
Pb still meet quality standards in accordance with
regulation. However, based on the results
monitoring activities for some time in two cities
(Samarinda and Balikpapan) carried out by the
Indonesian Ministry of Environment, showed that
specifically for the TSP parameters tended to
increase almost three times compared to the TSP
parameters in the City of Balikpapan!®®. In
addition, based on data in 2017 in Samarinda City,
the highest number of mining business permits is
in Kutai Kartanegara Regency, which is 625
mining business licenses out of a total of 1404.
The details are as follows: 366 mining business
licenses terminated, 7 evaluated, 89 in process,
159 permission received, 1 permission revoked(l,

Advances in Health Sciences Research, volume 25

1. MATERIAL AND METHODS

A. Studi area overview

This research was conducted at Mine X in the
Sanga-Sanga  sub-district area of Kutai
Kartanegara. The determination of research
location is based on the high potential of air
pollution because Mine X manages coal as the
main source of income. Measurements were
carried out twice, in January and June 2019 in six
locations namely "Jetty”, "WD 7", "Pit West",
"Stockpile”, "Desa Bakaran", and "RT 09".

B. Sampling and analysis methods

This research is an analytic observational type
with cross sectional approach. The population in
this study is ambient air around the mine site.
While the sample is ambient air measured at six
sampling points. The time span for conducting the
research is January - June 2019.

Data collection was carried out through
measurement of the concentration of TSP at the
study site. This field sampling is a type of active
sampling conducted in accordance with the
sampling stages listed in the Indonesian National
Standard number 7119-3:2017 concerning the
Total Suspended Particulate (TSP) test for ambient
air with gravimetric methods, using filter media
with High VVolume Air Sampler (HVAS).

In principle, HVAS will suck ambient air using
an HVAS filter (paper filter) with the help of a
high flow rate vacuum pump. Then, the number of
particles collected was analyzed using the
gravimetric method. The filter paper in the HVAS
device used in this study was a micro fiberglass
filter with porosity <0.3 pum with particulate
collection efficiency of 95% with a diameter of 0.3
um. The duration of sampling was included in the
short-term sampling because it is measured for 1-
hour.

Measurements were carried out twice, in
January and June 2019 at all 6 sampling locations.
For more accurate results, each location was
determined by 5 sampling points. 4 points based
on the cardinal direction and 1 point in the middle
of the location. Measurements were made once,
during peak hour production thus the total
sampling points were 60 points. The collected TSP
concentration data from each sampling point then
compared with the air quality standard according
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to government regulations number 41 of 1999 with
TSP threshold limit value was 90 pg/m?® for 1-hour
measurement.

[11. RESULTS AND DISCUSSION

A. Results

Total suspended particulate concentrations
obtained from the measurement of ambient air
samples for 1 hour at the study site. Based on the
data in picture 1, among all measurement points,
both at the first stage (January) and the second
stage (June), the "PIT WEST" sampling point has
the highest TSP concentration level of 414 pg/m?
for measurements in January and 325 pg/m® for
measurements in  June. The lowest TSP
concentrations among all measurement points
were found at the "JETTY" sampling site with a
concentration level of 9.52 ug/m® at the first stage
measurement (January) and 7.42 pg/m® at the
second stage of measurement (June).

The average value of TSP concentrations for all
sampling point in the first stage (January) was
95.98 pg/m®,  while in the second stage
measurement (June) that is 83.22 pg/m3. When
compared with the first stage measurement, there
was a decrease of 13.29% in the second stage
measurement.

n of TSP {ug/m3)
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W FirstStage Measurement 3571 119 28.57 95.98

W second Stage Measurement 7.42 B5.5 325 485 17.2 15.7 B3.22

Locations

Fig. 1. Average Concentration of Total Suspended Particulate in All
Sampling Points

B. Discussion

1. Factors affecting the concentration of Total
Suspended Particulate (TSP)

Advances in Health Sciences Research, volume 25

Our results showed that the average TSP
pollutant concentration for each sampling point in
the first stage measurement is higher than the
measurement in the second stage. This means that
there has been a decrease in the concentration of
TSP at the location of the study area. For each
point, the decrease in the concentration of TSP
pollutants ranged from 21.5% - 45.04%. However,
specifically for the "Pit West" sampling point, the
concentration of TSP in both the first and the
second stages of measurement has exceeded the
threshold limit value. In the first stage
measurement, the TSP concentration was higher
around 78.26% while in the second stage was
higher around 72.30% when compared to the TSP
threshold limit value based on the national ambient
air quality standard of 90 pg/m® for 1-hour
measurement. Even in several locations such as
"WD 7", "Stockpile”, and "Desa Bakaran", the
concentration of TSP pollutants in the second
stage of measurement increased when compared to
the first stage measurement. Although, if
compared with the air quality standard, the TSP
concentration at those locations were still within
safe limits. The increase in TSP concentrations
ranged from 10.88% - 30.81%. This can occur due
to several factors such as size, shape, density and
meteorological conditions. From all of these
factors, direction and speed of wind along with
meteorological conditions are considered to be the
main cause of the spread of particulates from one
place to another 241,

The lack of environmental monitoring efforts
carried out by mining companies is also one form
of threat to the mining environment associated
with open coal mining activities, such as
processing and transporting coal from the mining
location [#21. Each of these activities, enter into
certain types of processing. Different types of
processing will produce different types of
particulates. The top layer removal is the first
stage in the formation of particulates in surface
mines. At this stage, the material on the surface of
the stone/soil layers is removed, resulting in 7% of
the total particulates in the mining process. The
second stage is drilling, because it lasts for a long
time, at this stage the largest number of
particulates is produced compared to other
stages?®l, The third stage is the blasting, at this
stage the mining area is blown up so that the rock
fragments are easily removed by the excavator.

Indonesian Ministry of Research and Technology
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Although it lasted a short time, the number of
particulates produced was quite large. These two
stages produce 73% of the total particulate matter
in the mining process. The fourth stage is
extraction, the stage of removing coal from the soil
layer that has been dug before. This stage produces
3% of the total particulates in the mining process.
The last stage is the transportation and transfer of
material, at this stage the particulates are produced
from the process of moving lumps of land to the
coal processing equipment and the interaction
between the transport vehicles and the road
resulting in 17% of all particulates in the mining
processl?4 2%,

Top soil
removal
1%

Coal extraction
3%

Overburden
removal
7%

Wind erosion
17%

Coal processing
72%

Fig. 2. The mining operations and their corresponding contributions to the
formation of PM

2. Environmental health aspects of Total
Suspended Particulate (TSP) exposure

Several studies related to the effect of Total
Suspended Particulate on the environment and
health have been carried out in various parts of the
world. The effects of dust exposure on agriculture
and the ecological aspects of an area are
determined by the concentration of dust particles
in ambient air, the amount of pollutant
distribution, deposition rate, and the presence of
chemical particles. These factors can influence the
chemical elements of the soil and penetration into
the body of the plant, causing metabolic
disorders!?®l, While the health effects of dust
exposure on mining workers from surface mining
activities generally include nasal congestion,
sneezing, coughing, asthma, silicosis, asbestosis,
inflammation of the respiratory tissue, bauxite
fibrosis and siderosis(?” 21,

Advances in Health Sciences Research, volume 25

In addition, dust with a metal composition will
be very dangerous to health because it produces a
type of reactive oxygen on the surface of the lungs
that can injure the lungs. Particulates specifically
derived from coal mines also have an impact on
the respiratory system and can cause respiratory
diseases for  example  pneumoconiosis/?,
Pneumoconiosis is a disease that often occurs in
coal mine workers caused by inhaling dust,
causing sedimentation in the lungst® 34, The
body's inability to remove the accumulation causes
inflammation, fibrosis, and in the worst cases
becomes necrosist?. Some types of coal such as
peat, lignite, bituminous, and anthracite also have
different rates of pneumoconiosis for mine
workersB3-%1. Other studies have shown variations
in the impact caused by particulate matter
exposure resulting from coal mining on human
health in terms of gender, age group and distance
of mining locations!®!,

Children and women have a higher level of
vulnerability when compared to men due to
differences in biological and physiological
characteristics of the body. In addition, the miners
working time also shows an increased level of
vulnerability to exposure to dust and other
hazardous materials 7 1. In addition to health
impacts, the potential for early death is very likely
to occur if a worker inhales too many particulates
from coal mining. Research in China reveals that
burning from coal that produces PAHSs is a major
source of increased early death in the country?.
Other studies have revealed that in addition to
causing eye irritation, TSP also has the potential to
cause death in humans!?®l,

IV. CONCLUSION

Among all measurement points, both at the first
stage (January) and the second stage (June), the
"PIT WEST" sampling point has the highest TSP
concentration  level of 414 pg/m® for
measurements in January and 325 pg/m® for
measurements in  June. This means, the
concentration of TSP in both the first and the
second stages of measurement has exceeded the
threshold limit value. In the first stage
measurement, the TSP concentration was higher
around 78.26% while in the second stage was
higher around 72.30% when compared to the TSP
threshold limit value based on the national ambient
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air quality standard of 90 pg/m® for 1-hour
measurement.
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