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ABSTRACT

Objectives: This study measured and analyzed the concentrations of crystalline silica, elemental carbon and the contribution ratio
of pollutants which influence environmental and respiratory disease around the Ansim Briquette Fuel Complex in Daegu, Korea.
Methods: We analyzed the crystalline silica and elemental carbon in the air according to FTIR(Fourier Transform Infrared
Spectroscopy) and NIOSH(National Institute of Occupation Safety and Health) method 5040, respectively. In addition, lead stable
isotopes, and carbon and nitrogen stable isotopes were analyzed using MC-ICP/MS(Multi Collector-Inductively Coupled
Plasma/Mass Spectrometer), and IRMS(Isotope Ratio Mass Spectrometer), respectively.

Results: The concentration of crystalline silica in the direct exposure area around the Ansim Briquette Fuel Complex was found to
be 0.0014+0.0005 mg/Sm’, but not to exceed the exposure standards of the ACGIH(American Conference of Governmental
Industrial Hygienists). In the case of the autumn, the direct exposure area was found to show a level 2.5 times higher than the
reference area, and on the whole, the direct exposure area was found to have a level 1.4 times higher than the reference area. The
concentration of elemental carbon in the direct exposure area and in the reference area were found to be 0.0014+0.0006 mg/Sm’, and
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0.0006:+0.0003 mg/Sm’, respectively. This study confirmed the contribution ratio of coal raw materials to residentially deposited
dusts in the area within 500 meters from the Ansim Briquette Fuel Complex and the surrounding area with a stable isotope ratio of
24.0%(0.7-62.7%) on average in the case of carbon and nitrogen, and 33.9%(26.6-54.1%) on average in the case of lead stable

isotopes.

Conclusions: This study was able to confirm correlations with coal raw materials used by the Ansim Briquette Fuel Complex and
the surrounding area. The concentration of some pollutants, crystalline silica, and elemental carbon emitted to the direct-influence
area around the Ansim Briquette Fuel Complex were relatively higher than in the reference area. Therefore, we need to impose
continuous and substantive reduction countermeasures in the future to prevent particulate matter and coal raw materials in the
study area. It is time for the local government and authorities to prepare active administrative methods such as the relocation of

Ansim Briquette Fuel Complex.

Key words: briquette fuel complex, crystalline silica, elemental carbon, stable isotope ratio, respiratory disease
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Table 1. Experimental condition of Fourier Transform Infrared
Spectrophotometer

MIR source
DLa TGS, Ambient

Source Rear :

Detector Front :
Beam splitter Multi-layer on KBr
4,000-400 cm'l(single beam)
0.25 cm’

20

20

4.0 cm’”

5 kHz

Spectral range

Maximum resolution
Number of sample scans
Number of background scans
Resolution

Scan speed
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Table 2. Experimental condition of Isotope Ratio Mass Spectrometer

Program Setting Parameter N2 CO, SO,
Combustion tube temperature 1150C
Reduction tube temperature 850C
Adsorption column standby temperature 45T

Adsorption column cooling temperature 60C

Flush time 25 sec

O, delay time 5 sec
Integrator reset delay peak 15 sec 1 sec 1 sec
Peak anticipation 130 sec 130 sec 150 sec
Desorption temperature 45T 90C  220T

Source Parameter

Accelerating voltage(V) 3795.63 3959.29 2440.87

Extraction voltage 72 75.98  66.23
Half plate differential(V) -96.57 -95.78 =72

Z plate voltage(V) -69.94 -82.95 -41.65
Electron volts(eV) 73.89  69.92 71.76
Ton repeller voltage(V) -5 -4 -5
Trap current (uA) 200 200 200
Magnet current(mA) 4000 3000 3800
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Table 3. Experimental condition of Multi Collector-Inductively
Coupled Plasma/Mass Spectrometer

Instrument settings Conditions
RF Power 1300W
Acceleration voltage 6000V
Coolant gas flow 13.0 L/min
Auxiliary gas flow 0.8 L/min
Cone(sampler + Skimmer) Ni

6.0 x 10-9 mbar
32 ~ 354 V/ ppm
Sample introduction

DSN-100, Cold Vapor Generation

Analyzer pressure

Signal intensity

Desolvation system

Nebulizer type GE micromist nebulizer

Nebulizer pressure 30.0 psi

Sample uptake rate 100 pL/min

Spray chamber temperature 110T

Membrane temperature 110C

Hot gas flow 0.3 L/min

Membrane gas flow 2.80 L/min

Mix gas flow(CVG) 0.07 L/min
Analysis

Scan 25 Scans(1 block)

Internal standard correction
(NIST997 TI standard)

< 0.3%

Mass bias correction

Instrument drift

U PESUA ol FEAY odY B
PHEAULE ol gto] FeAY 2GAY 7]o]
2o 97 Aol 2]

atolth @ QR ESUAa BAL MCICP/MS(Multi
Collector-Inductively Coupled Plasma/Mass Spectrometer,
Nu plasma II, UK)Z 0|83}l om, ek gl 24 ok
YA BAS Ylo] IRMS(Isotope Ratio Mass
Spectrometer, GV Inst. Isoprime 100 with Vario micro
EAZ olg3tgit. 53, erilx o] Za Haw A
gt @G Ae] 7ol HrtoA= 44 EH ey 71
A9 tiagke AL olE Hge R Ad o
A 71oqeS ASHAH 53] 7]o& F7to] AR
2Ee US EPA IsoSource Model(Ver. 1.3.1, USA)S
0|23} FTHNIER, 2014).
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Table 4. Comparison of crystalline silica concentration according to the season in the Ansim Briquette Fuel Complex and its surroundings

(Unit:mg/Sm’)

Crystalline silica Mean+S.D." i
Sampling point Summer Fall Winter Mean Cone. ratio
A 0.0017+0.0005 0.0003+0.0003 0.0020+0.0011 0.0013+0.0009 0.9
B 0.0013+0.0002 0.0012+0.0009 0.0018+0.0004 0.0014+0.0003 1.0
C 0.0013+0.0009 0.0022+0.0032 0.0021+0.0004 0.0019+0.0005 13
D 0.0013+0.0002 0.0004-+0.0004 0.0018+0.0004 0.0012+0.0007 0.8
Mean 0.0014+0.0002 0.0010+0.0009 0.0019+0.00015 0.0015+0.0006 1.0
E 0.0015+0.0004 0.0004+0.0002 0.0017+0.0005 0.0014+0.0005
" S.D. : Standard Deviation
Conc. ratio : Crystalline silica concentrations in the direct exposure area/crystalline silica concentrations in the reference area
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Table 5. Comparison of crystalline silica concentration according
to the direct exposure area and reference area in the

Ansim Briquette Fuel Complex and its surroundings
(Unit : pxg/Sm’)

Crystalline Mean£S.D.
silica Coqc.
Direct exposure area Reference area  atlo
Season
Summer 0.0014+0.0002 0.0015+0.0004 0.9
Fall 0.0010+0.0009 0.0004+0.0002 2.5
Winter 0.0019+0.0002 0.0017+0.0005 1.1
Mean 0.0014+0.0005 0.0012+0.0007 1.4
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Table 6. Comparison of elemental carbon(EC) concentration according to the season in the Ansim Briquette Fuel Complex and its

surroundings

(Unit : mg/Sm’")

EC Mean£S.D. .
. . Conc. ratio
Sampling point Summer Fall Winter Mean
A 0.0014+0.0009 0.0010+0.0011 0.0015£0.0000 0.0013£0.0003 2.2
B 0.0015+0.0004 0.0010+0.0005 0.0009+0.0003 0.0011+0.0003 1.9
C 0.0004+0.0002 0.0020+0.0008 0.0024+0.0014 0.0016+0.0011 2.7
D 0.0007+0.0003 0.0005+0.0006 0.0035+0.0012 0.0016+0.0017 2.6
Mean 0.0010£0.0005 0.0011+0.0006 0.0011+0.0006 0.0014+0.0009 2.3
E N.D. N.D. 0.0006+0.0003 0.0006+0.0003
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Table 7. Comparison of EC concentration according to the direct
exposure area and reference area in the Ansim Briquette

Fuel Complex and its surroundings
(Unit : pg/Sm’)

EC Mean+S.D. Conc.
Season Direct exposure arca  Reference area  Tatio
Summer 0.0010-+0.0005 N.D. -
Fall 0.0011£0.0006 N.D. -
Winter 0.0021+0.0011 0.0006+0.0003 3.5
Mean 0.0014+0.0006 0.0006+0.0003 2.3
0.005 0.005
I Summer
E Fall
0.004 - =0 Winter 0,004
E
£
— 0.003 4 0.003
S
8 0002 1 4 0.002
S
o
o
w
0.001 - 0.001
0.000 - - ﬁ 0.000
A B c D E
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Figure 4. Effect of sampling point on EC concentration in the
Ansim Briquette Fuel Complex and its surroundings
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Table 9. Comparison of quartz and EC concentration according to the season in the Ansim Briquette Fuel Complex and its surroundings

(Unit : xg/Sm’)

Contents Seasons Crystalline silica

Elemental carbon

Sampling site Summer Fall Winter Mean Summer Fall Winter Mean

A 1.7+0.5 0.3+£0.3 2.0£1.1 1.3+0.9 1.4+0.9 1.0£1.1 1.5+£0.0 1.3£0.3

B 1.3+£0.2 1.2+0.9 1.8£0.4 1.4+0.3 1.5+0.4 1.0+£0.5 0.9+0.3 1.1+£0.3

C 1.3+£0.9 2.2+3.2 2.1£0.4 1.9+0.5 0.4+0.2 2.0+£0.8 2.4+1.4 1.6£1.1

D 1.3+£0.2 0.4+£0.4 1.8£0.4 1.2+0.7 0.7+0.3 0.5+0.6 3.5¢1.2 1.6+1.7

Mean 1.4+0.2 1.0+£0.9 1.9+1.5 1.540.6 1.0+£0.5 1.1+£0.6 1.1+£0.6 1.4+0.9
Reference area 1.5+0.4 0.4+0.2 1.7£0.5 1.4+0.5 N.D. N.D. 0.6+0.3 0.6+0.3
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Figure 5. Contribution ratio and distribution characteristics of
pollutant according to the stable isotope ratio of carbon
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Figure 6. Effect zone and direction analysis of deposited dust and
pollutant according to the lead stable isotope ratio

PM25

24 East
21
21
0 209
2
2 H
(o & 208
g 8
S 3 & 207 | Mufzgsy
e g = 15876 + 07254
109498
206 206
205 205
o 204 ;
083 084 085 086 087 083 084 085 026 087
207/206 Pb 207/206 Pb
2n South
21 ou!
P25
North 21
21
200
209
2
2 £
=20 Ao
g g
§207 | usmaame g 20
¥ L5 wase i
206 = P 206
7 4
205 205 CEEEEY

- - 204 v . v v
083 084 085 086 087 083 0835 084 0845 085 0855 086 0865 087
207/206Pb 207/206 Pb
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Figure 10. Contribution ratio and distribution characteristics of
pollutant according to the lead stable isotope ratio
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