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Abstract- Dust pollution is a major problem from opencast
mining activities like Drilling, blasting, loading,
transportation, crushing and conveying. Basically the dust
would be generated in the form airborne and fugitive in
which the airborne dust is comparatively dangerous because
its expansion is in the form of clouds from the source. The
monitoring and assessment of the dust is necessary to know
the various impacts of dust at the surrounding environment.
In the result these dust particles are the reason of dangerous
diseases like lung cancer, silicosis, carcinogen and
pneumoconiosis etc. In this project the basic purpose is to
monitor the concentration of PM10, PM2.5, SO2, CO, NO2
and to find out the difference of dust exposure between core
and buffer zone. So for the monitoring of PM10 and the
PM2.5 high volume dust sampler respectively Envirotech
APM 460 NL and Envirotech APM 550 is used and for
monitoring of S02 and NO2 U-V Spectrometry (the
automatic method of dust monitoring) is used.

Key Words: Airborne dust, fugitive dust, U-V
Spectrometry, carcinogen, pneumoconiosis and
silicosis.

1. INTRODUCTION

Mining is a significant practice for industrial and economic
development of any country. The development of
infrastructure is immediately linked with multiple
minerals like dolomite, limestone, iron ore, Bauxite, silica,
granite, magnetite and many others which are acquired
through the opencast mines. When it comes to dust
generation, comparison between the surface mines and
the underground mines, then it is obvious that the surface
mining operations are more associated with the
generation of dust. Surface mining emission of dust and
prediction of dispersion is difficult process as there are
various factors which are responsible for emission and
dispersion. Dust emission and dispersion are difficult to
predict through dispersion model due to the wide range of
fugitive sources in mining activities. For the safety purpose
and workable environment to a miner, it is required to
carry out dust monitoring on regular basis for the long
term and follow the guidelines of DGMS. The dust

dispersion pattern are affected by the Wind speed,
Precipitation and the sources of emission itself.

2. MATERIALS AND METHODS
2.1 Study Area

The study area is being connected at limestone mine. The
lease area of mine is 390.625 ha. which is 35 km from the
Sirohi, Rajasthan. This mine has the limestone production
capacity of 8 to 13 million TPA. National highway-14 is
3.5km from the mine in North-West direction.

Fig. 1: Boundary map of studied area, Sirohi (Rajasthan)

In India the limestone is the backbone for infrastructure
development as it is major raw material for manufacturing
of cement. Thus for the national growth it is essential to
mine the limestone.

2.2. Dust Measurement Standards

National Ambient Air Quality Standards (NAAQS) has
notified so many versions related to ambient air dust
monitoring in which the forth provision was related to
the air (Prevention & Control of Pollution Act), 1981. The
aim of central pollution control board (CPCB) is to provide
the uniform air quality to entire area and irrespective use
ofland

Patterns across the whole over country.
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There are so many parameters in the ambient air which
affect the human body, some of those parameters are
shown below according to their CPCB limits.

Table 1 National Ambient Air Quality Standards (2009)
with CPCB limits
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The principal of all the methods are different in which the
samples are collected on the field and than these samples
have to be sent to the laboratory for the analysis.

The strategies prescribed within the notification for
various parameters are the combination of physical
technique, wet-chemical technique and continuous on-line
method.

2.3 Dust Monitoring Methodology and Instruments

2.3.1 Dust Monitoring Methodology
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Fig. 2: Methodology of dust monitoring

The plan of work mainly focused on a comprehensive
assessment of the impact of dust due to mining activities.
The focus of the work is mainly to assess dust generation
at different working sources, to minimize the effect of dust
and to predict impact of dust generation by mining
activities in the surrounding areas.

2.3.2 Dust Monitoring Instruments

Gravimetric method of dust sampling is used to
measure the quantitative amount of airborne dust
which is collected from the different workplace. These
measurement are carried out to estimate occupational
exposures to evaluate the efficiency of air pollution control
technology. The gravimetric sampling technology is a
method in which air is gone through the channel and
basically this channel is the filter paper whose initial and
final weight would be calculated to analysis the dust
concentration. Here some of the sampling instruments are
given below:-

2.3.2.1 Envirotech APM 550 NL

In these forms of air samplers the dust particles of PMy5
can be measured. That is also known as the fine dust
particle sampler. The dust particle of 2.5 microns and less
can be measure by this instrument.

In this the ambient air enters the downward-directional
in APM 550 series sampler to provide a clean
aerodynamic cut-point for particles which are greater than
10 microns in size. Particles in the air stream which are
smaller than 10 microns proceed to a second impactor

© 2019,IRJET | ImpactFactorvalue:7.34 |

ISO 9001:2008 Certified Journal | Page 1434



\// International Research Journal of Engineering and Technology (IRJET)  e-1ssn: 2395-0056

RIET  yolume: 06 Issue: 08 | Aug 2019

www.irjet.net

p-ISSN: 2395-0072

chamber, which has an aerodynamic cut-point at 2.5
microns where the filter paper of 47mm diameter is
placed. The particle which has the diameter of more than
2.5 microns are collected on this and the remaining air
stream would come out from the below part. It can be
worked with a single individual sampling pump.

Fig. 3: Envirotech APM 550 NL
2.3.2.2 Envirotech APM 460 NL

The Envirotech APM 460 NL is used for the PMyo and
heavy particular mater in the cyclone. In this at the top a
filter paper of (8"x10”) is used for the collection of PM1o
size particle and the larger particles go down into the
cyclone bucket. As shown in the given Fig. 4 after proper
supply of power through motor the air passes completely
through the samplers and the filter system.

Fig. 4: Envirotech APM 460 NL

The filter paper is pre-weighted by the weighing machine
and then start the machine. Than after completion of 24
hours the difference in the filter

paper weight gives the particular dust mass. In this the
difference of mass is divided by the volume of air sampled
which gives the concentration of TSP. The upper chamber
of the sampler collect airborne particles from 10 to 100
micrometers (um) in diameter, the PMjo Particles are
collected on the filter paper and the large particles go
down in the cyclone.

high volume dust sampler are also used to measure total
suspended particles and the gases or chemical elements
present in the atmosphere which are harmful for human
health for example the measurement of SOz, NO, CO etc.

3. FIELD MONITORING
LABORATORY WORK

INVESTIGATIONS AND

3.1 Sampling and the analysis of PM1o with Envirotech
APM 460 NL

In this methodology first of all a fresh filter paper is
selected of the size of 20.3cm x 25.4 cm ( 8”x10”) and the
air drawn through a size particular. The ordinary flow rate
would be 1132 L/min. Process of sampling would be done
for the entire shift or for a day the particles who are less
than 10 microns in diameter or equal to them are collected
on the filter paper after sampling. The flow rate would be
in the range of 1.02-1.24 m3/min. The mass of PMyg
concentration can be calculated with the difference of the
weight of filter paper before and after of sampling. The
flow rate would be in the range of 1.02-1.24 m3/min. The
mass of PMio concentration can be calculated with the
difference of the weight of filter paper before and after of
sampling. It suggest that as the mass weight increases, the
concentration of PM1o increases. The concentration of the
PMyy is calculated by the weight gain in the filter paper to
the volume of air sampled.

The concentration of particulate matter 10 can be given by
the following formula which shows the presence of dust in
pg per cubic meter.

Concentration of PM1o (ug/m3) =(Wf- Wi) x 106/ V
Where,

PM1o = Concentration of PM1o, ug/m3

Wf = Initial weight of filter in gm

Wi = Initial weight of filter in gm

106 = Conversion of gm to pg

V = Volume of air sampled, m3
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Table 2 Ambient air quality monitoring for PM10 at core
(working) zone

S. | LOCATION AFR | FILTERPAPER  WT.of PMy  Tem  Humidity
NO | NAME PMus WEIGHT PMu | (pg/m?) | Q) (%)
(m’/ | INTIAL FINAL @ (gm)
min) | (gm) @ (gm)
I | Mine Osfice 1175 | 276568 28832 |Q1185 | 705 37 M1
2 ViewPoit OF | 1175 | 24584 | 25827 | Q1244 | 7401 86 |33
Crusher Arez
1 | Sgem L175 | 23442 22707 | 01265 | 7531 k6 352
| Machine Area
4 | NewDrlling | 1175 | 24358 27772 | Q1414 | B416 36 343
S| New Drilling | 1175 | 25995 31514 | Q1519 | 9041 379 |376
Pomt
6 | BetNo.12 1175 | 26547 27349 (01402 | 8343 01 |34
| Reject Area
7 Mine Area 435 | 1175 | 28551 27946 | 01395 | B3S 396 |375
| Mars.
g | NearCrusher | L1175 |21212 | 22653 | Q1441 |B578 381 364
Demp At L1175 | 26958 | 24787 (01415 | 8427 384 (333

| Waste
10 | MmeArea453 | LI75 | 24787 26089 (01302 | 7753 399 (376
Nirs. | |

Table 3 Ambient air quality monitoring for PM10 at buffer
(Village) zone

S. | LOCATION AR FILYERPAPER  WT.OF PMw | TEM | HUMIDITY

NO | NAME PMw | WEIGHT  PMe | (a/m) (O) | (%)
(m |INTIAL | FNAL | (gm)
min) | (gm) @ (gm)
1 Basaatgarh
iage 1175 | 27698 | 24784 | 01086 | 6451 397 341
2 |Marshvilge | 1175 | 24584 | 25655 | 020 | 6372 | 35| 363
3 |Rohidavillige | 1455 | 23442 | 22518 | 0a076| 6403 | 366 351
- Puravto |
phai 1175 | 26358 | 27384 | 01026 6105 | 385 | 33
5 |Siwavlage | 1175| 29995 33086 01071 6375 3791 371
6 | Rampura [
| vilage 1175 | 265871 27714 | ome7| 94| 4 356

Fig. 5: Working performance of Envirotech APM 460 NL &
Envirotech APM 550 NL

3.2 Sampling and the Analysis of PM:; with Envirotech
APM 550 NL

The principle of this method is to measure the dust particle
size of 2.5 micrometers and smaller which are very
harmful for the human body. In this a electric powered
motor is used for the monitoring of the ambient air at the
average flow rate of 16.7 lpm which is maintained by a
mass flow or volumetric flow controller that is coupled to a
microprocessor into initial particle size impactor which is
known as the cyclone. The particular size separator
separates the particulate matter of 2.5 micrometer size by
the collection of 47 mm polytetrafluoroethylene (PTFE)
filter over a specified sampling period. The filter paper
would be weighted carefully before and after of the
sampling to determine the net value of the particulate
matter.

Following equation is used to calculate the mass of fine
particulate matter on the filter paper:-

Mzs = (Mf- Mi) mg x 103 ug

Where,

M.s = total mass of fine particulate collected during
sampling period (ug)

Mf = mass of the filter paper after sample collection (mg)

Mi = initial mass of the filter paper before sample
collection (mg)

103 = unit conversion factor for milligrams (mg) to
micrograms (ug)

Now the volume of air sampled can be calculated
according to the given formula below

V=Qavgxtx103m3

Where,
V = total sample value (m?3)

Qavg = average flow rate over the entire duration of the
sampling period (L/min)

t = duration of sampling period (min)

103= unit conversion factor for liters (L) into cubic meters

(m?)

Now to determine PM; s mass concentration:-
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PM2s=Mzs5/V

Where,
PM;5 = mass concentration of PMy s (ug/m?3)

PM;s = total mass of fine particulate collected at the time
sampling period (pg)

V = total volume of air sampled according to the above
equation (m3)

Table 4 Ambient air quality monitoring for PM2.5 at core
(working) zone

'S. |LOCATION AFR |FILTERPAPER | WT.  PM:« | Tem | Hum- |
NO | NAME PMic | WEIGHT OF (g (O | Idity

(lpm) INTIAL | FINAL  PMis m') (")
(gm) {(gm) (gm)

] 'u - - T
R Reodiaiced 167 | 004896 | 014523 | 00005% | 2468 | 17 | 343 |
7| View poirn of \ [

|erushorares | 147 | 004767 | 014849 | 000062 | 2617 | 364 | 364 |
'3 | Saven
[ |machinearen | 167 | 014529 | 01459 | 000073 | 306A | 364 | 35S |
+ | Newdniling | ‘
‘ aren 167 | 014523 | 014596 | 00073 | 3070 | 3856 | 364 |
5 | New drilfing
|| point L 167 | 0048 | 014953 | 000074 | 3097 | 378 | 374 |
| & | Beltno 12
| | reject area 167 | 014696 | 014762 | 000064 | 2663 | 401 | 156
7 }Hmem—:ns
|| metres D167 | 04321 | 014386 | 00006s | 2747 | 395 | 363 |
b |Rearereher | 167 | oxsass | amsio |oovoss | 2am | 3s | wa |
|9 |Dumpatwaste | o | o1e789 | o459 | anoor | 2040 | 98 | 33 |
10 | Mine ares 453

| metres. L 167 | 004458 | 014724 | 000066 | 2746 | 405 | 355

Table 5 Ambient air quality monitoring for PM2.5 at buffer
(Village) zone

S. |LOCATION AFR FILTERPAPER | WI.  PMi Tem |Hum-
NO NAME  PM:s WEIGHT  OF (g (C) |ldity

(pm) INTIAL | FINAL PMis o) %)
(gm) | (gm)  {gm)
i Basaregarh
vilae | 167 | 004787 | 004855 | 000068 | 2868 | 397 | 341
1 | Adishrikge

167 | Q144 | 014504 | 000060 | 2¢%5 | 35 | 343

- rikzge 167 | Q14514 | Q15500 | 000066 | 2764 | 365 | ML
1 Puavtn ki
shai 167 | QI47B4 | 014841 | Q00057 | 2373 | 385 | Ml

S| Shavilge || oom | e | oome | 5% | 39 | 3

vilage 167 | Q14556 | Q14627 | Q000TE | 2965 | 401 | 376
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4 RESULTS FROM DUST MONITORING
4.1 Results for PMo

According to the objective of project the results are
described from the field investigation and laboratory work
done at different points of mine for different dust
parameters with various of technology.

rF. e
T
42“'1"._( ) 4 R gaka: -

end 4 2" el WY1,

Fig. 6: Weight monitoring of filter paper for PM1
concentration

As according to the object the dust parameters which are
measured at the working zone of mine area consider the
higher range of dust particles as compare to near
environmental baseline condition that mean it is clearly
shown from the dust particulate values in the core zone
and the buffer zone the dust concentration at the core zone
is high compare to the buffer zone.

Table 6 Concentration of PMy particles at core zone

PM,, Concentrion in March

® Actual PM10 (ug'm3)  # CPCB limit of PMI0 (pg/m3)  »
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Table 7 Concentration of PMy particles at buffer zone

PM,, Concentrion in March
l.uw./ru..
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w.—s Ak iBage  Babbte illegs  Parebe bl gl Sia s
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uiilllll.ll

lIl‘l)ll‘

* Armast ALY (ug ) S CPOR St o PO (g )

In the above chart the concentration of dust is high in
Rampura and Basantgarh villages because the Rampura
village was nearly 1.9 km to the crusher point and
Basantgarh village was 3 km from the working face zone
where the drilling is going on.

Above two tables resulted the Comparative curve of PMyg
between core and buffer zone table 8 shows that the
concentration of dust PMjy at core zone is higher than
buffer zone.

Table 8 Comparison curve of PM1o between core and
buffer zone

Comparative curve of PM,, between core and buffer

zone ,_.I Limit of PMu I

100
e
o0
“

0
s PM1D at Core zone === PM10 at Buffer zone

4.2 Results for PM; s

X Qe B, S

Fig. 7: Weight monitoring of filter paper for PM; s
concentration

Table 9 Concentration of PM; s particles at core zone

PM, ; Concentrion in March =
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Table 10 Concentration of PM; s particles at buffer zone

PM, ; Concentrion in March

Limit od PM.s

6l 60 60 60 60 60

60

80
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w -2 = 2 e pit 2
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Busantgarh  Adarsh village  Rohida village Puravto Kiphali - Sitwa village Rampury
village (I80372019)  (1803/2019)  (19032009) (19032019 village
(180372019) (19/032019)

8 Actual PM2S (ngm3) @ CPCB limit of PM2S (ugimd) =

In the Puravto ki phali (23.73) which is 5 km far from the
mine boundary so the dust concentration in this village is
comparatively less to the other villages so it is shown in
the green zone. In the above chart the concentration of
dust is high in Rampura and Basantgarh villages because
the Rampura village (29.65) was nearly 1.9 km to the
crusher point and Basantgarh village (28.68) was 3 km
from the working face zone where the drilling is going on.
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Table 11 Comparison curve of PM; s between core and
buffer zone

Comparative curve of PM,  between core and buffer
zone

== Limit of PM:.
" imit of s

s PM 2.5 at Core zone

PMLS at Buffer zone

the concentration of dust PMz;s at core zone is higher than
buffer zone but in the Basantgarh and Rampura villages
the dust concentration is greater than to core zone so
that’s why graph lines are intersecting each at these two
pints below.

5. CONCLUSIONS

In this study many achievements have been made for
fighting dust problems viz-a-viz generation, localization
and suppression during blasting and haul roads, which are
most important sources in dust generation.

In addition to present procedure, the dust expansion can
be reduced by effective water spraying technology at haul
roads. The dust which is expanded from the drilling is
controlled with the new wet drilling technology.

The flyrock, air blast and ground vibrations are the
damages from blasting which can be controlled with the
proper stemming material and air-decking techniques. At
the place of air decking or other filling material water bags
can be used as the stemming media, basically the water
bags reduce higher flyrock and ground vibrations. This
technology minimize the concentration of dust in the
surrounding areas.

To prevent/reduce the dust expansion at the site of shovel
dumper combination, movable or customized stationary
water sprinkler system can be deployed as these sites
contribute maximum in dust expansion.
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