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ABSTRACT

Objectives: The objective of this study is to assess airborne particulate matter(PM) pollution and its effect on health of residents
living near Ansim Briquette Fuel Complex in Daegu metropolitan region.

Methods: The California Puff(CALPUFF) dispersion model, version 5.8, which can estimate the dispersion direction and range of
airborn PM;, was used to determine the possible areas affected by PMj, pollutants emitted from Ansim briquette fuel complex.
The CALPUFF modeling with 200 m grid-cell resolution was performed based on PM;o emissions estimated from the amount of
coal consumption in the fuel complex for four months in 2012. The Weather Research and Forecasting(WRF) fields were
processed using CALMET to produce CALPUFF-ready meteorological inputs. Also, the distance from Ansim Briquette Fuel
Complex to the residence of each environmental pneumoconiosis patient was analyzed. In addition, the affecting region of the
pollutants emitted from briquette factories in Ansim Briquette Fuel Complex was determined.

Results: CALPUFF modeling results showed that the highest concentrations of PM;( were found near around the fuel complex. The
modeled PM,o distributions were characterized by significant decreases in concentration with distance from the complex.
Seasonally, the highest concentration of 45 pg/m*® was calculated in October which was mostly due to the distinct
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variation of amount of emission. Additional modeling with the maximum PM;, emission of about 88 tons per year in 1986 showed
that the highest concentration in October was nearly increased by 8 times than the concentration modeled with emission of 2010.
As a result of medical examination and interviews for the residents in Ansim Briquette Fuel Complex and its surroundings, 8
environmental pneumoconiosis patients were found. These patients do not have occupational exposure and history. These patients
have lived 0.3 ~1.1 km area in Ansim Briquette Fuel Complex and its surroundings.

Conclusions: Airborne particles emitted from Ansim Briquette Fuel Complex can contribute to significant increase in PM;o
concentration in residential areas near around the complex. Especially, the residents near fuel complex may exposed to the
pollutants emitted from the factories in Ansim Briquette Fuel Complex.

Key words: briquette, CALPUFF, environmental, fugitive dust, pneumoconiosis
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(Jeon et al., 1996; Jung et al., 1996; Cho et al., 1997,
Jung et al., 1997; Jung, 2008; Jung, 2012; Kang et al.,
2012; NIER, 2014; Jung et al., 2015).
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Figure 1. Monitoring site of this study in the Ansim briquette fuel
complex and its surroundings. A and B indicates
meteorological sites of Dacgu ASOS(Automatic Synoptic
Observation System and Susung AWS(Automatic
weather system), respectively
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Figure 2. WRF and CALPUFF modeling of this study in the Ansim
briquette fuel complex and its surroundings[(D3: 64x58(9
km), D4: 52x52(3 km), D5: 24x24(1 km))
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Table 2. Option of CALPUFF modeling

Parameters Configuration

Puff diffusion Gaussian

Terrain adjustment

method partial plume path
Stack downwash yes

Building downwash Briggs plume rise

Vertical wind shear yes
Puff split yes

Technical
options Aqueous phase o

transformation

Wet removal and dry

deposition yes
Chemical mechanism no
Puff diffusion PROFILE.DAT
coefficient

Rural areas: Urban areas:

Dispersion coefficients PG® MPb

Scheme

WSM3(dx=81 km, 27 km)
WDM6 scheme(dx=9, 3, 1km)

RRTM scheme

Physical option

Microphysics

Long wave radiation
Dudhia scheme

Kain-Fritsch scheme(dx=81km, 27km)
None(dx=9, 3, lkm)

Shortwave radiation
Cumulus parameterization

PBL physics Yonsei University scheme

Land surface physics Noah Land-Surface Model
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Table 3. Comparison and variation of briquette fuel production as
a function of year in the Ansim Briquette Fuel Complex
and its surroundings

Vear Production Vear Production
(Ton) (Ton)
1969 699,120 1983 1,328,956
1970 917,070 1984 1,426,836
1971 888,310 1985 1,459,096
1972 799,741 1986 1,496,705
1973 947,714 1987 1,448,493
1974 1,104,720 1988 1,425,320
1975 1,093,604 1989 1,261,012
1976 1,114,776 1990 1,142,386
1977 1,226,180 1991 933,000
1978 1,264,809 ;ggg ?g?ggg
1979 1,289,098 5010 126,000
1980 1,397,403 2011 116.800
1981 1,389,614 2012 116,600
1982 1,273,401 2013 121,000

HFA G2 1970t 8 A &2 07 an|gfo] 5
7¥sto] 19861 o AH|FS UElfiglen, of%
At Bkel kA o] i Stol| whel AghaH] R
o Hsl7l fEE ek w2 dAtolA= FHd
AekaveFS Uebd 19863 2 2010 2] A
WA W&FS ALAsH= HXlo g ZgPstgich 4]
(D)L HAFAA] HjEES A S 4o HIAMHZ|
= T2 oA Hu|(Pile)oll A F3H2Hgoll oJsf Hl4kE
Avt Aeto] ofz/ste] Al wjEE 4= QITHNIER,
2008; NIER, 2010; NIER, 2014).

dubA oz opA Y n| 7} FotE WA BIAFH A7} gt
st opAEm| o] BgRlE, F&, A7Polo] =4
S oste] AA k. 4 (2)9} o] ofA i ujof A
o] wjEFE ofA WA, wjEA ol ©JEIITHNIER,
2008; NIER, 2010; NIER, 2014).

H[AFH 2] Wi ETF = ofHr{u]o| A 2] BiEeF
+ ofA/FFe A Wik )]

oA T u|of A &] H]AFHA] v ZEH(kg/yr)
= P A(m’) x WjZARkg/m’lyr) x A|o1E (2)

Table 4= T2 W Al 39| AFIAHA, B, C) oF4
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Table 4. Input data of discharge amount of fugitive dust from
open storage yard in the Ansim Briquette Fuel Complex
and its surroundings

Discharge

Industry Area of open, SIOTAZE  vefficient Control
yard(m’) (kg/m?lyr) rate
A 5,523
B 9,420 0.148 0.1
C 7272
e 71 B H(1990) AA] FA| 2] of2]H 2 A}

29} ) FA Y wAAA] wlEAS 0.148 kg/m'/yr
(NIER, 2008)5 283t Zlolcth Alo]&2 oA tu]d]
op ol whel AR 2 At F3te] 9
3 wlAkE WA 90%= WAl Zhute] o) A
ol¥l= Aoz 7Pl B3 A= Aee]
St/opA Iy ol A thek AT 42 glom, A 35
B3] A3 4= QTHNIER, 2008; NIER, 2010;
NIER, 2014).

shoJ/opA] Al BIAFHA] ui & (kg/yr)
= XEt &3}k (ton/yr) x v A 4(kg/longton) (3)
*long ton(L/T) = 1.016 ton

7)4 AuEsiere 7t QA|e] Azt Aukay]
ARE Aot MEASE ARER=0.35)
FEE, AT SEPHMA5)S Beste] 4L
ATHA] 4). ABT F&ARE UT ASOSA Y 2
(20104, 2.1 m/s)S A-ga1gch ol A 4= Azt
X AR Mgl AR MBS A
el Z1o]CHNIER, 2008; NIER, 2010; NIER,
2014).

'l> oft o

vl = A =(kg/longton)

=k * (0.0016) * [(U/5)" / (M/2)"* ] 4)

k = 035(f01‘ PMlo)
U = Mean wind velocity(m/s)
M = Water content of briquette fuel(%) (=4.5)

A1~45 o] &3l A F wlEF-2 200 m 7HE 9]
AZTHA] A ZAloll #53HA vlijiE o] CALPUFF
o] He Y viEek {EE 259 tHNIER, 2008;
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(NIER, 2014; Jung et al., 2015).

m. Zat & 0#

1. QHAOI R EFX| H| A X| HY &2 MA

Table 5= M ARTA] opA Tjuof| 4 9] H]AFAA]
&S YA, B, O F&sto] 4Hgeh Ayt
ojt}. Zkztol AAutet wiEeo] tha ZpolE UrE
Ao, A 328.78 kg/yro] HjEE = AR 4HI
ATt E3SL Table 604 = P ARTA] of tju]o
A9 ZF M| EetE vjabHA] ST A wiESF
o] AAATE LpeERH Aot} Table 704 QHA <A
g e]l AA H4PHA O] wiEFE AFE ST
ettt shed/opd Al I == vAMHA] wiESF
= Ik Aa}, AetAl 9 An|EEe] 3hae) 3
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Table 5. Discharge amount of fugitive dust in the Ansim
Briquette Fuel Complex and its surroundings

Industry Production of fugitive dust(kg/yr)
A 81.74
B 139.42
C 107.63
Total 328.78

Table 6. Total discharge amount of fugitive dust in the Ansim
Briquette Fuel Complex and its surroundings

Discharge amount(kg/yr)

From open Open-air storage and

storage yard cargo working Total
Fugitive 1986 12878 87,195.24 87,524.02
dust 2010 ' 7,797.50 8.126.28

Table 7. Total discharge amount of fugitive dust in the Ansim
Briquette Fuel Complex and its surroundings

Production of briquette fuel(ton)

Year Quot.a
Month 2009 2010 2011 coefficient

1 14,775 18,331 18,661 0.144
2 9,952 10,376 9,102 0.082
3 6,936 10,232 8,870 0.072
4 4,896 7,798 3,856 0.045
5 5,470 4,816 1,832 0.034
6 3,047 2,468 1,241 0.019
7 1,070 1,776 1,103 0.011
8 1,872 2,258 2,850 0.019
9 5,880 7,487 9,838 0.065
10 18,231 23,268 20,949 0.173
11 20,678 25,441 19,745 0.183
12 16,919 19,593 18,771 0.154

t}. 3], dadzo & uj&e 1986Wx 20104
)

ol Z}7} 87,524 kgfyr, 8,126 kg/yr2 AR &gl om oF
90.7% 4%t Ao UERdT)

o] Aol At wiZaFe] Ak Wik 7 B
B Sekkgyr)ol €9, QA9 8T a1 24471
SF WA S AE AgSte] mEE 7|1t
gk A7 uiE T (ghn)S AL2sh3ich Table 80 4]
L oorgdzaAe el € MeduT 98 o
FAFE UEFH QITHNIER, 2014).
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Figure 3. Variation of briquette fuel production as a function of

month in the Ansim Briquette Fuel Complex and its
surroundings(a: 2010, b: 2013)
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Figure 4. Wind direction and distribution characteristics of the season

according to CALMET in the Ansim Briquette Fuel
Complex and its surroundings(Year: 2012, unit: m/s)
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(b) Fall(Oct.)

Figure 5. Wind direction and distribution characteristics of the
season according to CALMET in the Ansim Briquette
Fuel Complex and its surroundings(Year : 2012, unit: m/s)

(a) Summer(Jul.)
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Table 8. Maximum contribution concentration of PMjo according
to the season in the Ansim Briquette Fuel Complex and
its surroundings.

(ng/m’)
Season Year 2010 1986
Winter(Jan.) 14.7 140.0
Spring(Apr.) 4.1 51.8
Summer(Jul.) 1.4 13.8
Fall(Oct.) 447 356.0

7H o g7 3)5to] 7|olwEot JFde vkt
(NIER, 2014).

Table 89| A= AAERE Ml ATTEX| A viZE]
= PMp8] FHIAY il 7o Fe(TAE ATt

£ A%E gz 7 AN BaEE F A5
s UEtdtE viEFe] =31 dste] d3%=
drol ALy 7F2of =7 &9k, 1986 o] 2010
dof| mlaste] 7 yebgth ARbAeg s
XA HlAbE R O] GRFHE e/ EAR] o]
o TS QI oF 1 km o) A oA 7]of =7}
=7 degth ARHoRE 7hgof vlibH| o] gt
HHgo] 7HE WA ekt en k3, 450 7]os =
7h w8tk e viE ] vt niztetA ¥t
st 2y 9 AEFY] S ol sHbEE 24l
g 4= QIRITKNIER, 2014; Jung et al.,, 2015).

Figure 6914 7] Sharol] w2 ool R ekAof
A BlE %= PMio®] 71915 =(CALPUFF =ds 4
I, 20109 HiEE 719)9) YERSleH, wiE B4t
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km oo FE7F Elton, §5Eos oy
Edo] gtz Aol & AR 2AE T 7S
I ALH Gt ARTA A viEE = HAFHA] 9
FEA o] QA yehHaL, 53] 7Rl 7 =& 7]
As(H 44.7 ng/m’)7k UERTTE o]2dt olfr=
ARA A Aetiks stz 274 vEgE Ao = 5
A & 4= QIATHNIER, 2014; Jung et al., 2015). A&
H 7ol REE 2RI dah, AL(19) At
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Figure 6. Contribution concentration and diffusion distribution characteristics of PM;o according to CALPUFF modeling in the Ansim

Briquette Fuel Complex and its surroundings(Year: 2010)
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Figure 7. Contribution concentration and diffusion distribution characteristics of PM;o according to CALPUFF modeling in the Ansim

Briquette Fuel Complex and its surroundings(Year: 1986)
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Table 9. Pneumoconiosis patient and occupational history in the
Ansim Briquette Fuel Complex and its surroundings

Residence Distance
No.  period Occupational history
(Km)
(year)
1 41 Farm work 0.5
2 20 Farm work/housekeeping 0.7
3 30 Tire marketing 0.4
4 41 Farm work 0.4
5 22 Civilian employee of the army 0.8
6 23 Farm work/apartment guard 1.1
7 40 Farm work 0.7
8 22 Farm work 0.3
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Figure 8. Distribution characteristics of environmental pneumoconiosis
according to the patients in the Ansim Briquette Fuel
Complex and its surroundings
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