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ABSTRACT

Objectives: The objective of this study is to assess airborne particulate matter pollution and its effect on health of residents living
near Ansim Briquette Fuel Complex and its vicinities. Also, this study measured and analyzed the concentration of TSP, PMj,
PM. s, and heavy metals which influences on the environmental and respiratory disease in Ansim Briquette Fuel Complex, Daegu,
Korea.

Methods: In this study, we analyzed various environmental pollutants such as particulate matter and heavy metals from Ansim
Briquette Fuel Complex that adversely affected local residents's health. In particular, we verified the concentration distribution
and characteristics of exposure for TSP, PMo, and PM, s among particulate matters, and heavy metals(Cd, Cr, Cu, Mn, Ni, Pb, Fe,
Zn, and Mg). In that regard, the official test method on air pollution in Korea for analysis of particulate matter and heavy metal in
atmosphere were conducted. The large capacity air sampling method by the official test method on air pollution in Korea were
applied for sampling of heavy metals in atmosphere. In addition, we evaluated the concentration of seasonal environmental
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pollutants for each point of residence in Ansim Briquette Fuel Complex and surrounding area. The sampling measured periods for
air pollutants were from August 11, 2013 to February 21, 2014. Furthermore, we measured and analyzed the seasonal

concentrations(summer, autumn and winter).

Results: The average concentration for TSP, PM, and PM, 5 by direct influence area at Ansim Briquette Fuel Complex were 1.7,
1.4 and 1.9 times higher than reference region. In analysis results of seasonal concentrations for particulate matter in four direct
influence and reference area, concentration levels for winter were generally somewhat higher than concentrations for summer and
autumn. The average concentrations for Cd, Cr, Mn, Ni, Pb, Fe, and Zn in direct influence area at Ansim Briquette Fuel Complex
were 0.0008+0.0004 1g/Sm’, 0.0141+0.0163 rg/Sm’, 0.0248+0.0059 ¢g/Sm’, 0.0026+0.0011 xg/Sm’, 0.0272+0.0084 (g/Sm',
0.4855+0.1862 g/Sm’, and 0.3068+0.0631 1g/Sm', respectively. In particularly, the average concentrations for Cd, Cr, Mn, Ni, Pb,
Fe, and Zn in direct influence area at Ansim Briquette Fuel Complex were 1.9, 3.6, 2.1, 1.9, 1.4, 2.6, and 1.2 times higher than
reference area, respectively. The continuous monitoring and management were required for some heavy metals such as Cr and Ni.
Moreover, the average concentration in winter for particulate matter in direct influence area at Ansim Briquette Fuel Complex were
generally higher than concentrations in summer and autumn. Also, average concentrations for TSP, PM,o, and PM» s were from 1.5
to 2.0 times, 1.2 to 1.8 times, and 1.1 to 2.3 times higher than reference area, respectively. In results for seasonal atmospheric
environment, TSP, PMo, PM>s, and heavy metal concentrations in direct influence area were higher than reference area.
Especially, the concentrations in C station were a high level in comparison with other area.

Conclusions: In the results, some particulate matters and heavy metals were relatively high concentration, in order to understand
the environmental pollution level and health effect in surrounding area at Ansim Briquette Fuel Complex. The concentration of
some heavy metals emitted from direct influence area at Ansim Briquette Fuel Complex were relatively higher than reference
area. In particular, average concentration for heavy metals in this study were higher than average concentrations in air quality
monitoring station for heavy metal for 7 years in Deagu metropolitan region. Especially, the residents near Ansim Briquette Fuel
Complex may be exposed to the pollutants(TSP, PM;o, PM> s, and heavy metals, etc) emitted from the factories in Ansim Briquette

Fuel Complex.

Key words: briquette fuel complex, exposure assessment, heavy metal, PM;o, PM» s, TSP
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Figure 2. Procedure for trace metal analysis
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Table 1. Concentration of PM10 according to the season in
Dongu, Daegu (Unit : zg/Sm’)

PM,, Concentration (ug/m®)
>
3

Concentration Mean

Seasons

Area Spring Summer  Fall Winter

Sampling Point

Shinamdong  51.32 35.58 38.85 48.36

Dong-gu (B)
Yulhadong  61.22 38.22 50.61 64.86

Figure 2. Effect of sampling point on PM10 and TSP concentration
Daegu 57.52 3830 4474 54.69 in the Ansim Briquette Fuel Complex and its surroundings

Table 2. Concentration of TSP, PM10, and PM2.5 of direct exposure area and reference area according to the season in the Ansim

Briquette Fuel Complex and its surroundings (Unit : pzg/Sm’)
Contents TSP(MeantS.D.") PM;¢(Mean+S.D.) PM,5(Mean+S.D.)
Direct Ref. area Conc. ratio Direct Ref. area Conc. ratio Direct Ref. area Conc. ratio
Seasons  exposure area exposure area exposure area
Summer 57.746.1 38.2+5.8 1.5 47.545.5 39.9+ 2.9 1.2 27.8+8.6 17.2+5.7 1.6
Fall 54.2+17.9  26. 6+ 7.1 2.0 39.1+4.4 21.4+3.7 1.8 19.9+10.8 8.8+1.5 2.3
Winter 82.0+28.4 49.0+£23.7 1.7 54.0+17.5 42.5+8.8 1.3 42.1+£8.3 37.1+8.2 1.1
Mean 64.6+22.0 37.9+11.2 1.7 46.8+11.7  34.6£11.5 1.4 39.5+19.8  21.0+14.5 1.9

" S.D. : Standard Deviation
Conc. ratio : Particulate matter concentrations in the direct exposure area/particulate matter concentrations in the reference area

http://iwww.kiha.kr Journal of Korean Society of Occupational and Environmental Hygiene, 2015: 25(3): 380-391



3} TSPO] AR FEE AT 23, AR
Qg 4 AMoN AT TSP BEEE
(64.6:22.0 pg/Sm)y= Z1A(38.9+11.4 pgSm)zt
Hlwske] 1L.78) & oz SRlEgh E3 A
AEEs S daeR] FEHF 100 mof] 923 C
Ao F=7F AubAer tE Ao Hls| &2
FEOR ZAEGY EE, 2 At 2ARE <QE
AAzTRef x| Aol R ALE TSP &
e AvbA oz AS49~119 pgSm)o] 7h(41~
78 pgSm) 9 o F(36~66 pgSm)ol Bl Thar &
452 YEMY ATHNIER, 2014; Jung et al., 2015).

QAR Aol oul HHAA PMyg
w2 BAS A1, PMy BHEE46.8411.7 ugS
m)= LA Y(34.6£11.5 )T} vjaste] 148 =2
Tz RIEL AdEs HldREA] |
%‘j F 100 moﬂ A C A 7o) ﬁ‘%’lxﬁﬁi ==
|
Aot xubjx]oﬂoﬂ/q XHHFJ 74]?—-11% PMIO %Et TSP
oF FAMSHA ARtA o ® AL (36~78 ngSm) X o
F(40~54 pgSm)ol 7H(21~45 pgSm)of Hlsl o
4 #& S UESITHNIER, 2014).

olo} A M ARTA] AHE PMys S AT}
selRE Ay, AR HHdEEA dEEY
118 mo x5t tHAmTEX| e} Zar 2| H oA 2
g AEE PMys 5% A TSP 9 PM 0t ARG
FEEAS Yepgith et AR A o] A ¢4
o PMys 5525 A% 21} PMy Bt s e 3l
A7} vwste] 1.98) & —’F%RE SHeI= AT
A FFAS 47 A F oA AHFHT ALE PMas &
L= TSP, PMy &% AT FAFHACH, ey
o2 AHALB0~48 ugSmo] oE(22~40 pySm) L

N
JR o
E

H‘

O

>

N

lo
'l

BN
_|>L
Jﬂ
_r;
2
o>
rre
fu
or

01‘?‘,1 il

N

A

7F&(13~36 pgSm)of sl tha

- TSP, PMyo, PM.s

al
=

O
sa=

U] QItHNIER, 2014).

2.PMp L S35 s=2Z U A
AAAETER] PMp W
FA35}o] Table 3~79] YEF Qi) Table
gtz 2-dgegddAn Fux g A
B3} 28 w2 e olsh b
A PMiy W 7IEH

=
S =

~
=

3 289 AU %%
Figure 4(A)S} Figure 4(B)ell LeR) oiet. ¢b4)

w NE

nE

g 0z

r°~“’
)
o ME

A AHGFAG 4 AN AT AL PV
Ani

HPSE S ANAOR Agel oF o s
e glek AR o
26k HEYT 192 mol AT D Aol A

o vl &2

AR O
Te=

o2 T oo g ke pror ZAET

il o

D_goki

ot 0 A
e
s

f ot

re
U
a0
>
Ny

Zi

tI:

AsFA oA BEA @ slolw 7}
5= 0.0008+£0.0004 £g/SmO2 BH¢1E|Q)
AnThx FuAQ gy AHGFAY s
sl A o3 v aslo] 1.0v] &8 S
5}0] ] 9 CHNIER, 2014).

.

Table 33} Figure 404 St ARTR] A HFF
Ao A FlE A7 & YeErysler, &4
Ay} Z20| HFEEl 0.0141£0.0163 pgSmO R
AE2 AHeR 2 5E &

srelE9ie). S,
2o myon, 7

SO uehgth

Fl[‘ 5

W 35 =

m)o]

712(0.004~0.030 pg/Sm) =

420l wUEY gt 27
St A=RTR] AEE PMyo

Herg oz o] Z(0.011~0.049 ug/S

0.002 pgSm)oll Blsf AISHA &2

o,

mof 2%k D A3 0]

72:0.000 ~
52 ey

A RS 9A HARTA] 553 192

Il s Ke)

e —

o® T A7 v

Table 3. Concentration of heavy metals(Cd and Cr) of direct exposure area and reference area according to the season in the Ansim

Briquette Fuel Complex and its surroundings

(Unit : pg/Sm’)

Contents Seasons Cd Cr

Sampling site Summer Fall Winte Mean Summer Fall Winter Mean

A 0.0005+0.0005 0.0004+0.0001 0.0013+0.0007 0.0007+0.0005 0.0105+0.0158 0.0042+0.0030 0.0005+0.0010 0.0051+0.0051

B 0.0003+0.0002 0.0005+0.0001 0.0009+0.0008 0.0006+0.0003 0.0210+0.0154 0.0296+0.0040 0.0006+0.0012 0.0171+0.0149

C 0.0011+0.0007 0.0005+0.0002 0.0012+0.0006 0.0009+0.0004 0.0363+0.0521 0.0097+0.0071 0.0004+0.0007 0.0155+0.0186

D 0.0010+0.0000 0.0006+0.0004 0.0014:+0.0008 0.0010+0.0004 0.0491+0.0465 0.0054+0.0033 0.0019+0.0015 0.0188+0.0263

Mean 0.0007+0.0004 0.0005+0.0001 0.0012+0.0002 0.0008+0.0004 0.0292+0.0170 0.0122+0.0118 0.0009+0.0007 0.0141+0.0163

Ref. area 0.0006+0.0007 0.0002+0.0001 0.0005+0.0002 0.0004+0.0002 0.0026+0.0036 0.0092+0.0003 0.0000+0.0000 0.0039+0.0047
Mean(Daegu) 0.0002 0.0010 0.0014 0.0012 0.0230 0.0053 0.0053 0.0048
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Table 4. Concentration of heavy metals(Cu and Mn) of direct exposure area and reference area according to season in the Ansim Briquette

Fuel Complex and its surroundings

(Unit : xg/Sm’)

Contents Seasons Cu Mn

Sampling site Summer Fall Winter Mean Summer Fall Winter Mean

A 0.0534+0.0367 0.0369+0.0280 0.0290+0.0161 0.0398+0.0125 0.0263+0.0081 0.0242+0.0043 0.0207+0.0088 0.0237+0.0028

B 0.0314+0.0340 0.0315+0.0149 0.0249+0.0111 0.0293+0.0038 0.0263+0.0153 0.0300+0.0075 0.0105+0.0035 0.0223+0.0104

C 0.0320+0.0163 0.0639+0.0310 0.0194+0.0045 0.0384+0.0229 0.0278+0.0182 0.0265+0.0093 0.0265+0.0131 0.0269+0.0008

D 0.0462+0.0348 0.0276+0.0062 0.0397+0.0117 0.0378+0.0094 0.0338+0.0092 0.0262+0.0070 0.0192+0.0130 0.0264+0.0073

Mean 0.0408+0.0109 0.0400+0.0164 0.0283+0.0086 0.0363+0.0127 0.0286+0.0036 0.0267+0.0024 0.0192+0.0066 0.0248+0.0059

Ref. area 0.0589+0.0131 0.0808+0.0123 0.0320+0.0160 0.0572+0.0244 0.0125+0.0025 0.0117+0.0037 0.0114+0.0056 0.0119+0.0006
Mean(Daegu) 0.0374 0.0658 0.0412 0.0511 0.0259 0.0413 0.0416 0.0383
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Table 5. Concentration of heavy metals(Ni and Pb) of direct exposure area and reference area according to the season in the Ansim

Briquette Fuel Complex and its surroundings

(Unit : pg/Sm’)

Contents Seasons Ni Pb
Sampling site Summer Fall Winter Mean Summer Fall Winter Mean

A 0.0031+0.0012  0.0028+0.0014 0.0015+0.0014 0.0025+0.0009 0.0220+0.0058 0.0189+0.0038 0.0282+0.0119 0.0230+0.0047

B 0.0022+0.0010  0.0023+0.0009 0.0016+0.0014 0.0020£0.0004 0.0302+0.0168 0.0200+0.0025 0.0167+0.0084 0.0223+0.0070

C 0.0022+0.0014 0.0049+0.0032 0.0009+0.0003  0.0027+0.0020 0.0304+0.0354 0.0222+0.0110 0.0379+0.0178 0.0302+0.0079

D 0.0038+0.0026 0.0027+0.0006 0.0032+0.0012 0.0032+0.0006 0.0459+0.0316 0.0247+0.0101 0.0289+0.0147 0.0332+0.0112

Mean 0.0028+0.0008 0.0032+0.0012 0.0018+0.0010 0.0026+0.0011 0.0321+0.0100 0.0215+0.0026 0.0279+0.0087 0.0272+0.0084

Ref. area 0.0026+0.0006 0.0009+0.0001 0.0006+0.0011 0.0014+0.0011 0.0270+0.0212 0.0137+0.0054 0.0156+0.0040 0.0188+0.0072

Mean(Daegu) 0.0010 0.0031 0.0020

0.0029 0.0206 0.0282 0.0363 0.0397
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Figure 6. Effect of sampling point on Ni and Pb concentration in
the Ansim Briquette Fuel Complex and its surroundings
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Table 6. Concentration of heavy metals(Fe and Zn) of direct exposure area and reference area according to the season in the Ansim

Briquette Fuel Complex and its surroundings

(Unit : xg/Sm')

Contents Seasons Fe Zn
Sampling site Summer Fall Winter Mean Summer Fall Winter Mean
A 0.4266+0.1429 0.3664+0.0945 0.2916+0.1525 0.3615+£0.0676 0.3731+0.1807 0.2813+£0.0572 0.1584+0.1361 0.2709+0.1077
B 0.5682+0.2722 0.6119+0.0932 0.1675+0.0603 0.4492+0.2449 0.3195+0.1703 0.3817+0.0849 0.2436+0.0526 0.3149+0.0692
C 0.6360+0.4960 0.6110+0.1659 0.5045+0.2573 0.5838+0.0698 0.3567+0.1468 0.2837+0.0691 0.2738+0.0386 0.3047+0.0453
D 0.8399+0.2375 0.5102+0.1123 0.2927+0.1992 0.5476+0.2755 0.3457+0.1585 0.3306+0.0619 0.3334+0.1242 0.3366+0.0080
Mean 0.6177+£0.1719 0.5249+0.1159 0.3141+0.1399 0.4855+0.1862 0.3488+0.0225 0.3193+0.0474 0.2523+0.0729 0.3068+0.0631
Ref. area 0.1831+0.1060 0.2130+0.0524 0.1683+0.1238 0.1881+0.0228 0.3491+0.0998 0.3281+0.0460 0.1212+0.0951 0.2661+0.1260
Mean(Daegu) 0.6959 1.2470 1.1568 0.9924 - - - -
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Table 7. Concentration of Mg of direct exposure area and reference area according to season in the Ansim Briquette Fuel Complex and its

surroundings (Unit : pg/Sm’)
Contents Seasons Mg
Sampling site Summer Fall Winter Mean
A 0.1083+0.0112 0.1183+0.0275 0.0861+0.0349 0.1042+0.0165
B 0.1351+0.0866 0.1658+0.0501 0.0880+0.0174 0.1296+0.0392
C 0.1320+0.0740 0.1657+0.0449 0.1839+0.1099 0.1605+0.0263
D 0.1545+0.0317 0.1368+0.0181 0.0869+0.0477 0.1457+0.0125
Mean 0.1325+0.0189 0.1467+0.0233 0.1193+0.0559 0.1340+0.0320
Ref. area 0.0710+0.0114 0.0913+0.0063 0.0616+0.0492 0.0746+0.0152
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