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A Study on Characteristics and Countermeasures
of Fine Dust Discharge Sources in Cheongju*
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Abstract : According to the 2016 National Air Pollutant Emissions Statistics (CAPSS) released by the Ministry
of Environment, Cheongju produced about 4,776.8 tons of fine dust and ultrafine dust in 2016, of which about
2,910 tons (60.9%), Secondary fine dust is about 1,866.4 tons (39.1%). The ratio of secondary fine dust in
Cheongju is higher than that of nationwide average of 70:30, which is the ratio of primary fine dust to secondary
fine dust. This may be due to the high percentage of pollutants causing secondary fine dust compared to other
regions. Among the air pollutants emitted from Cheongju region, sulfur oxides are rapidly decreasing and
nitrogen oxides are insignificant but overall tend to decrease, while the amount of volatile organic compounds
increases. As a result of the chimney remote monitoring system (TMS), NOx also increases in the waste

*o] =2 FEUSHA FHRSHSAAA019) A|YE wot ZHIE Gl
wZBjshw X223} w4(Professor, Department of Geography Education, Chungbuk National University, terraic@cbnu,ac.kr)
B sty | Lkskw &3} B4 (Associate Professor, Department of Earth Science Education, Chungbuk National University,
dyoun@chungbuk . ac. kr)
Gl WA Sl X 2] WS- w<(Professor, Department of Geography Education, Korea National University of Education,
gis@knue ac.kr)
s 2 QTS R 2] W23} BPARER(ED.D, Candidate, Department of Geography Education, Seoul National University, shiles2995@naver,com)

-399-



pAEN
[=Fs)

21
(=]

PN

(i}

o1 20 - YYE - N

Ho
Hon
o

incineration plant. Estimates of volatile organic compounds have also been shown to be quite high in the

processing of waste. Accordingly, the main sources of fine dust in Cheongju are estimated to be road transport

pollutants (23.3%), non-road transport pollutants (9.4%), biomass combustion (8.7%), manufacturing combustion
(6.3%), and waste treatment (4.9%) to be. The rate of fine dust discharged by waste disposal is more than seven
times the national average of 0.67%. In particular, Cheongju seems to have a high proportion of incineration

of industrial wastes from outside, and research on the movement of waste incinerators between regions and

governmental regulation are essential. It seems necessary to establish a research infrastructure and foster human
resources to enable accurate analytical research and policy research in the region.
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matter)7} Bk, Ejolo] AANHLE ERu]AY uAHAY

10% o]} }o] efolo] uhiao] ozt A0 R Wi ¢
Hlste] QTAEE 40 OO R W girk, £l =
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71€9] B4 211 Q) om(Queral er al., 2004), 294
o] A =AW =20 PM9] 21%7}F He|o]a mfi,
38%7F ARl A Aol ok Zlo] 41%etal Harg
v} QlthBukowiecki er al, 2010). &L Z o A= 24|
Abo] 56%, AR A7} 41%2 e Qe EY9
HS29] A9 t2d 99 2492 PM,9] 50%7} B
A 71¥oe g BAE Q) OvNLenschow er al, 2001),
kA oz 271l 2w g Fok Helvt ast
CHPenkata er al., 2018). $HH =ujjof| A e] HrAlEF 414
o Fjele) 2k A T} S 2R Ay
AR HA] APY A] ZEEE =2 il o 5 28
3 APgslar Q= Ao YA Qo feuEhs =2
oA A= 8 9 vjEEe He g XA Bes)
bz, ol5 gMlste] Erhd m2of4 9] pmy, TAHE
& 40% oVFoR FAshe o] Bl A oR Holu,
T4 =4l tieh et #Ajo] Hagh Ao w ek
t} E3FPM,59) A AR dio) o5t gifo] ek A
©° 2 =A% tKPenkata er al, 2018), $HH
& BAT AT Al EXJ2] 2Ol
£2 o] Aahs Bro] WA £A] 2vlHwiA2)
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o wjofo] W4Ael Zlow welh
cheoR £ ofe ofgt wAmAe] 4
2 uj5e AR, A%
AU /MoR Wae s, 357 o
o Aol 52 Aug uio R WETe
APgSRL glek. e AA] 552 xpere] 23 A
of Zol7t ZAfEkE 797} Hot A4 ehgAe] g
Hlgo] EAR HFAL] 45 2019 109 AR
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58 W ol ot ¥FA ke %
so] 3ol 3636754e) 52 A% 7ed] TR

Apeko] 360,126TH(43.1%), 78+ Aol 385,786 TH(46%),
LPGAFE 68,884t 52 UFEhLbaL lof 3 Ao
ulgo] kg 2pgo] ]l & Holl HITHHEILF
1, 2019). o]2fgt FARE A EHE T theofA |
7] Yepb= EAo|t}, M2 0 5= 23,594,014T4 9] 5
2 25 718 3Pke A7 x=ko] 10,892,434TH(46,2%),

A4 2FeFo] 9,970,480TH(42.300) = Z-92te] Hl&o] A
W*—E whe oo}, o] ARollA ARAk wel
Hol Ao HAjo] £l FA9] o] ofd ZF £9
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= ANEAIG 2 AE RO vHsea 2 4
Q). R 4] WAe] TS 919 e o Wag
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4% ST APt & 4 Qloh dA] FFA] A
L] - 76,0004t} HellvA] 3+ 55 HEel
© A9 dRE WACKHE ARSSIAL 9lon, ol%

INGE ARg-sh= A2 7hAo] ZsE 1 ekt

A A AFAE, 2019), $HH AR o= B
e frE BT A A Hr1ed 249
=g 2R =to] dojuhaL itk SHEE AAE
Hohd 2019d R FHEE0] vEAEF 990,300kW 7
28 §-75 o83t 2 AH|7} 58,300kwW, AIAJAY o
Y7} 932,000kWE 2HA|gHcE Aol s I
Aujel #)7]& Aldo] glow, AR o|A] 71ed| 4=
o] 511,604kw, EJ5Z0] 365,211kW, HFO].2 2,140kW,
H71&E0] 53,054kWE ure}um QJEHFFE A ZAL,
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A A FEG.200S ARG = AgolA
29| dAAF Foto] WAsH= WAHAR Ay
Qg AR AME-E 71E0 R WARRS g8kl gl
T U] Ay D]l A 9] HfEo] F5 o]F = A
2 dHA Qlek FFe] A AL A& oR
7FstaL glof o] Fof| o] mAHA] viEE Adds]
7h Ao oA

HjAR A Floll= Faat Uyl e HEo) o
ARgo| ozt o] 5 o|FH ZF 71 O] mAIZEA ARG
S 2 AR AR HiETF 249 IA ARE &
STk Aoy tiEAILE i FA R EAIZEA(ING)
£ o83 /e By, A8 I B 5o A
o] F5 o|F= AR APAR] wiE EAlAE AT
S HlEE AAISRAL Qlom, 22} ulA|HA] HAdol = 4
I3t 71015 Bl AoE IHA JHEFA
2013), A&AL2] - m|AHA] BAYS] 3067} g w
7 FEo) wjEolglom 1 F 4607 7oA Q] T
o] FH ARIQI Ao YA, Bdw wAel| ok A
A S AP Qlek. HEA 9 AA| 372,742
7FH20179 712 7R TESE0] 164,733, AF
AT 10,9494 508 A3t =5 A8k glom,
OlIFE 194,653 7he-d| 19909 d] o]Xef Z|oj%] =%
O EES] Z9- /NEEHS shal glo] TESE W A
Hrea vz R 2Yefo] ghgo] st v
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et A2 d71E Ao 2t Aolci1.7%). H71E A
2] FE2 w7|E 47h w4 A, vid, Euist 59
H71E A& Qg oo 54 WEE Agur1E A
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gREolA Lefb, gelo] B trjeq Bae Wi
AR, BABLE, A §718KE T} ghayjotoch
Apers] BRYR Ao A 9le
AU glot, Tyl Bsh
S A galo] WAIRS AL

T=
HB|AE 23} n]yHA|E W=l 2

a3k a]lojx|ul, gk So 23
ato] =2Jof| A A|Ljatylet. & AT A= 2016 HY
A BAE 7I9Eo& 19999 0]F2] t7] o B4 uf
& iz} 2015 o] %2] T™S S A|AEI9] 7|28 vlgh
o7 FAoE Awusit)

A A1 A3E wpe} o] 22} wlAHA| €]
7ol HA| o2 TAR FAHR FAN
A= ot} ol ZF AAAEL A+t 9 5=
22} v AR O] HRAYRRS S28kal Qlek. A1 2016
Wl 22} A H A HhAY SRk obA] kR R] F9ko.
o, @7 A 8o MFPE|ar girk. ofof wpzt i A
oAl ode] It ke v 2} nlAHA] WA
e FSIATHGE 4). FFAIY] 22F Zu|AHA = A
7 1,866, 4ton 0 & 22} Ao gt Zu|AHA| 2] vl&
o] AFs| & AoR Ushtal gtk 58 d=Aowm
T 22} AAe] HIgo] EATL Al 1 H[go] Kot
Z ook, HFAIY] 22} Zu|AHA] WY B2 o)F
0] 36, %, AIRY Aa7}12.1%, H718A1S] ARgo] 11.4%,
HEE o]F0] 10.9%, H7|& A 2|7} 10.92%% HEft
I Qlek 12k} 22} vlAHA] 9 e A HA] RS

%ﬂ]

=

(¢]

T AT A5 vk HA| G5 7%), R 0]5(23.3%),
HI=R 0]89.4%), e A@.7%), A2 dx

6.3)7F F8 viEdor yeigton #HrlE A7t
4.9%5 AAskaL Qlch

27} wIAHA] Aol ofshs Y] Fa dir]e
d =4 7R ol M g AL NOK(14,996,527
kg/year)o]H, 71 th30] VOCs(17,079,989kg/year) 0| 1,
71 oFo| AL AL SO(787,602kg/year) O]t} 1999~2016
de] BAE 7o R ZF o] 24 wis o] wst
el 19 sof 2k AASIES WEo) 9l
A Holw|, eHE-L A

ek W Spd R)skekE
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YAl DIMEX] siE 3| S4ut thAtof e A+t

B 4, 37O 13 U 2% OIMBIK| 2y FHY

12} H|AHA] 22} A=A A
(PMy+PM, 5) (NOx, SOx, VOCs) (kg/year)
x4 8681 62,403 71,084
vt A 33,667 189,857 223,524
AzYgAa 75,113 226,395 301,508
BAEA 4,152 29,078 33,230
A% 0 13,746 13,746
F718A 0 213,450 213,450
T2 o) 430,620 684,582 1,115,202
HEE o|% 242,239 204,420 446,059
H7E A2 28,638 203,991 232,628
59 0 0 0
7lEld e 4545 224 4770
H|AF H7] 1,703,105 0 1,703,105
AEY da 379,669 38,223 417,892
gl 2910428 1,866,369 4776797

* TEHEEIE ST 71 @Ed wiEd Anl20198 A=2)E AR AR

25000 8000
NO, SOy
7000
L] - .
20000 4 .
. 6000
. . L
1 5000 . . .
15000 — L * .
' . 4000 .
. .
10000 3000 .
L L]
2000 D
5000 *
1000 *—s—1
0 . 0
Yo, Yo, % % Y % % Y Y Ve % % %, B D, %, Y b, % o lo W W W e da h b W %D B Y b
by "y %, 0’3 A N A A A AR N AN 3’@ %, %, %, 003 %y %, Y Yy s o".’:- Yy "y %, y':z % e Y Yy
25000 [ o, 4500
VOCs ®FMI0
4000 A A amv2s
4 APM2.32Rh
20000 . 3500
s | i
. : a . W 3000 &
15000 . -] ] A - o, 1
. v 2500 ] 4
. ! .
. 2000 Lo *$
10000 . L @ , 4
1500 . ® e . .
. i e a
5000 1000
. L]
500 -
il 0
’fp ap-’a,"a,"o"o f‘% "of‘of‘o-’o"a"a*’o"‘o o Yo N e b G G B b Y
Yy T / / 7 g, g, G, “@, “@, “6, “@, “a, G,
% AR g s o, My s Ty

33 5 FFA F2 i712Y SE HiEZ| H5H1999~2016')
4 - SHEEHY =7 d71egE2d WiETF AHI201999-2016 A=)

AaAehae] WAL oA =3 viek o] 19994 o]

N 4

Hlas GAAAY 27 Ak FHo| e FL

T shs oI AR 71 5ol e AL 4 =R Bk =8 FEUAAA: ARsAh
Atk 7P T8I uiEd AsAH ¥ S| T2 £ o] & ] S disf Ax IEP AAR ot

A AR AR RSl AR el Qi 09 = TR 1335 e QA 1’41 JO= Pt Fole2
20| ujEeF W} B3RS Alolsly] o3t o2 2Rl 2 7k 100,00000n ©)e] 2. EHE wiEshes A
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45 gUS - AdGE - MY
5 IFA T2 ir|eg gE gHlel TMS &3 Znt
() kg/year)
2015 2016 2017 2018

ZFed E4 1,123,934 1,235,507 1,169,578 1,207,332

HZ] 25,892 30,595 27,732 23,549

EE 135,811 146,190 91,505 48,354

AXEHE 811,581 850,262 822,623 891,656

Ak 31,447 42,025 49,286 52,899

QAbslERA 119,203 142,658 137,706 136,267
* 7NBAEY SHE AR HlgoR 2y,
gito® itk 2015-2018139) TMs S Aol ofshel & zlo® vehta glck @ AR SHo] ofe 7}
A2 29 viEo] A ek A0E Yehta B8 ARE XSt HANY A 7k Fdge
ool FF o go] Alga Ao melth, 2t Ab ol I3 sOQ) MRS 99,300 ek lo] HFA|
PAE2 H7lE AL} oyAaty] Aart 5 ol& o] Fet 285 4skstr] 93 ARHQ =g
o}, E3] 2015 ofjv] 20189 TMS &4 ATh= 10% d5AQl ZoR HQlt
ol F7Ft A L& Yehtal Qi o] 7t A £ SrA| =2J3t viel o] A Rr13REA S WY
2 45 g7|E FAE A et Ao mfoty] 2 A0 %7}’8}1 ‘zlittl, T Bt 1 A
L Qi ofof] thsh AAIAQ] ioke] mieo] Bash A S8 didrt o]ge SELAAAAL] /o] of
o welth, U ofg AFo| ¢ Arol Ml W WA, A HEEU 4 ol o &
A A HA AT A AR Sol o]Felx Qe |sREAe duHow oun bt AR, 4718
], A712E 23l 2 AlFo R 9] HEto] =71 Ao ARgol| ofste] WAsl= AR AHA Sk oy
)7 ik e o x}atsq B9 olsigbacl vl 2] S Aol SR, B Slatiol 7t Bl
So] ol th7]1 .99 A¥AQ Hofl= &Y & 1o 9 FFLRE QI VOCs HlEwRE APgEIth of7ol=
U, Aedsie] nas d3e o AXA 2 azfa B84 L Aol FoP|AolA SbgrkaEe
Holck, olofl 49) A= ATIPA oA LA A=Fe. Dol A o] wljE W A7 o] A <] HH s T
of gk EHSHHh AgrS 7hefoF & oz maltk 2ol o) F6 ol EghAch Skl A FHEs

SOx 2] HIZT-S SOk 787,602kg/year 2, S 22 H
o kA oz HiEro] §43] i otk 5).
SOx= T HE PO B 718 AR FEo| 35.8%E
2 HlISZ AAIskaL Slck 53] 7H& %:'—0“15*011 oJgk
| A LAYRES] 35,0005 A3 1]
= AAStAL glof ofof] thEt 243 o] &?LQE}.
SHH TR s0c9] 8 WYe 2= AEA) B3| A
AEAker TS ARR sk ], WACKE AR
she o|A4Y] A4 Fol ok =2 olFd} HlER
olF BT th7] B4 AR o]Foixl 2ARZ AR
E:L oz 015_4 H]—}\g 1— 5]& ﬂ_& EO]E]-

oA} Axx0] ¢ 0] A tgAtelA
HiEE = HEHERE TV 74]% Aihow o590 dm
S ZQjo] 2&E ofgolrt. IEHAAAY 574 2

o

\__ o= O
T} 4] 20154 o] E x|&A o g wheFo| 7hAska

SOy WAHE A

A

Lr‘ﬁ
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olsle] 7ol tairit otetal eron HFol B¢
0@ AR 5ol 7] mhel FRie] 71 $83 8
A7) "k, §718A19) A2 TJIE, o=, Aleks &
o L 8E 5 ol 2 1849 Kol v
A ArIekkE wETe APgske Alolw, AFdAl
A, 5w oS =, A, AlE, 71EF L,
714, oA E 22 To| xetEc) AHFo] AL 2016
d 7Hg gk vige2 /718AG2 100019, i
G 9 AL 3400]ch et W71 Helof ol
uiZgo] 30,9%% AAIFhck QA =3 v} o) w7
= Aglolls w7l=e] szvto] gy B 45
H7) aztel] ofgh ulE2: vhE Ao uste] i)
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H 6, FFAl A% HIIZ

YAl DIMEX] siE 3| S4ut thAtof e A+t

Sz s1&H2017H)

; PEs RIS 19 Xa=k
ATRA L 71 ATe (jorail/c(;aj (tojijle:r) (ton/jﬂj/)o
MEGUIEHT) AGH7IE AALZ 46(400)* 89,628 245.56
AR AH7E AL F AR 451 16,888 46,27
SR FUAE 9(48+51)** 39,166 107.30
FFAA(EAN ) FUAE 352(108+72+172) 123,580 338.58
teAAE&EFA FUAE 91 36,861 100.99
HAjo] FUAE A4GHAG) 40201 110,14
HEe o] FUAE 370 96,287 263.80
Edvl&E A7 18 AA 27 144 25,657 70.29
LG5} AH7E A A7 31 2976 8,15
AT skeA T A7 E AALZ ) 43,775 119.93
ATA AE7E 22 400 124,296 340.54

E4  FFE - =g g T 2018,
= 2B Ao ZMo| sholElglon), shARe] T EA o B

g ke el %

= 27) old9] 2| AP Z)0] ol A2 A2] §3Fo] 22| Rl ofok sht, 1) AlERRE SA A7t ool BAR 7 A1

Q7ko —‘}—7].

o o=

B 7 ZFA LY W72 XM2AFHE M2

() ton/day)

A EA A= E£3H A QA A7t A
24 | g | 24 | AEE | A | WE | &F | AEE | 24 | WY | & | AEgS
Y| 7| = 1,124 119 373 633 465 1 42 422 3 0 0 2
AAR7IE | 3440 565 934 | 1941 | 2,538 565 68 | 1904 903 1 866 37
AAH7= 3,578 1 74 | 3503 | 3578 1 74 | 3503 0 0 0 0
A 8,142 685 | 1381 | 6,077 | 6,381 567 184 | 5830 906 1 866 39

X BB - A=EHETE, 2018,

IV, B2 HFA9} H7]8 22b B4
299 B4 uiEol %OW A
I 7Pt 2 aelg B l%
oAzt 0. =4 lgOIE}. E3] 12} v
A2} 22} w|AHAE ;‘ P 739 AA| vlAHA] viESF
7Rt 4.9%7F #7)E Aol oJgt AR =& olF
(23.30%), H]EE 0]%(9.4%), EA dA46.7%), AZY
AA(6.3%)0] o] tHAl WA FQ &tk o= A
= B3t 0.67%2] 74l ool sfgsl= vl&olch T3t
SAEEO] 1.29%0]) BIBA = 4u) o) ol SlgEh= Hl&
ofc}, whha] HFA2 nlAHA] T oA T 11
o1} SAgh 2pol & el Fio] #7]E A FE
o7 & 4 9lrk 7MY Azt EAe e Wliu =
Zo] F4s T Fst 745‘ﬁ+~ g {7)E A F=
oA 2d B W&k H= Adge

27} A=Al B
= w71 Ao ofgt

FaslA] oFy o=

Z7hetchs Zolet. olel weh HFAle] H7)% He) 2
H 0 /\]‘L_E] EOH;]-

WA H|7]8 22| BRo A WAl £ W Luh
27H4e], 2% A2 A 27HAe]eks ahe 2~
A 2Nk 7SS 24, o), dx, Ak A =

ettt FHFAE e a4E H7E e wrlE AAE
i migtedol migshs A2 oulgic). mebA &
HAfe] o] thite: a2k onjshA €k 53] nAw

At 7] 2.9 B WE REL azivto] wijEch o
71E A A7) e *}%Vbﬂﬂgi ChA] U
e, L7 S AR A7 W Asto]
4, &4k Aesi, A}%*%ﬂlﬂgf ZF 7 AR

e AREAER F7)E A Yok vkdste] Al
ok AR 712 A H71E 3 o] sl
l°‘°ttl Rz A2 AAEelA S1EF H2lsiA |

Sz Bt Aol 1R WA, He] WAl

of 3
A
o, A
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PRIt o1&
7<l/‘<}Zﬂ°ﬂ AdE
5, AAste] FUsHeE Hof §le
o, gf5tof| whet 7} 5 WA At A
t}. Y& H7lEd A4 H7lE 59 A-fol= AFdAE
71E nR AR w7 1E A2 o] A Al gtk
g0 75 ol 27019 AAHA| w7 Afe] Al
o7ie] RIX H7 & XA A 2eja 1749 #7)E
o] W Aldo] QIEKEE 6). o] YT H7E FA
A 7k sl W% 719eR H7lE SAEE A
oz 3tk Ul 7192 AA HA H7E a4 17
FUAY LS Foke AAE AYAL Qlk 370 <A
“*%‘ H7]1E89E S sk Irhe gt - ek
o, 2018). AYAAHA| O] &G AL AP WA
%@ﬂﬂgﬂr Al ARl A AR B ES
7151l Q1o 2017 124,296tong 47t A28} 3ich
3t Sk Ae|agoll A HAIRE #71E 43,775ton GA
ZF A= ek AR AV 1919 AT E
HEl= o2 4730 & uiely ot 2jg-g, nj
o2 HQlE= FF AT AoR 47 EAol gt
9] YRof| sfgict 2017d AHFA AR Sl
A Sl B a2 A2 |75 O 503,995.5ton.8

4 BBk Sl

slat 244 B2t

34

gl

&+

s o

OH

¢

N

E

uﬁﬁhl—ﬂ

.]

o

2 g 7|52 A 24.7% Eolch Al A
|7 A PABFL 19 1909 1.3kg FEo|d, &
ABEE 1.25kg ook At B2 1.01kg 0.2 U}

Bt Sk, AZHOR QT 109 1A B 7] 2ol

ek 2|92 AlFER 1.93kgol GokH, 291= 7
OR 1 49kg 02 diA AT - T3, 2018).

ATt ZAo] 79 WEA I AR vl EA9
TE Ao Helth thE 299 A 11 A A
gtel, olof gt A7t gt AR Helrk

fzé A oA A S AR 7S 7k AR
A WellA] i”EIL 789 865.8ton/dayo|™, 22| A
o] HEPE] 2 (68 4ton/dayo |t} =, 1Y HF 934.2t0n
‘ﬂe c‘ﬂ 41171501 2Z1E|3L et R A

B4t 1,291.08ton/day GEHeHE
018> £ 28 FHAR A=
FA7E 1Y Heshs g2 1,448
ton/day &2 e} ME} 75 - Ssb 3 eh2018) A}
25 7eom & A9, AT H7E A 7hed)
S Ht 3560.9ton 142/\101]/\“] ek b= H71E

1o -

L

Z_1

oishl 32 6
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O

Xy

u ‘iltk AN )2 b A7tEks 7aon
282.90n9] 9 §elo] WASHE Ao
NECECE LR REEREIS

2 A FHS ISR B3 SYEE S0
2 el girk ol WA w71 Tebelq AkiA
7120] Helg the ojow ojdstolE i HlolA
s EAHOR el
22 ArjHel viggo) &
Q1 AR AZRE $1et o] AJso] Wgalolc), £
S T S Aol £29F 2 A

s

ﬂ.
r°“

%E}l

W H
>

|o

Wl T e v

=2

k)

ol

ﬁf,LEh:} etz o 2 A]?SHE]‘— H]A} Eﬁ_x] o R
o] 7)349] dA4R o1Ft =g o] u|AHA] 27 4
Thsitt AFeAF L] ARl £
A E2ofA] WAsh=
=29 A7 °ﬂ /%]'Ehﬂ' I AYAL Q)
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