Pipe—l TEFAEA) W32 H4S 2024. 12: 1-23

DOI http://dx.doi.org/10.15301/jepa.2024.32.4.1
pISSN 1598-835X  eISSN 27140601

SISIE X QA7IHIK|0| AIBZHH EY 24 g7

Analysis of Spatiotemporal Characteristics of Chemical Hazard-based
Result Score
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Abstract: The production and disposal of chemical products cause environmental problems,
and as such, regional information on chemical substance hazard level is required to ensure
environmental and human safety. The RSEl hazard-based result score is a quantitative
indicator that considers the degree of impact on human health as a toxicity-weighted value.
This study identify hazard contribution and spatiotemporal characteristics by region and
chemical by calculating a hazard-based result score using pollutant release and transfer
register (PRTR) data from 2011 to 2020. Identification of the hazard-based result scores
revealed differences in the type of chemicals and industry contributing to the discharge. The
results showed that ethylbenzene accounted for >80% of the discharged chemicals in the
discharge hotspots, while chromium accounted for 290% of the discharged chemicals in
the hazard-based result score hotspots. The RSEl hazard-based result score can be used
for the management of industries discharging chemical substances as well as local
environmental health management.
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l. M2

A7zt rgFstE HA SshEd SRot AR SUHE T S E A
2 0|83t A4t 5)7] g0l A BAEA 7F AR = B, o] 3t skt
B4 AHH) gt F9F FHE Fvtek JcHEAA - et ud S,
2021). BHEAE shdst7] A3t AH L 1AH A-FA 4, 241
AEAYE 7]dto] o]o] 3A | Abdega ol (At HEFIFH o]
ZgREa QoS- il @ 3], 2015).

sHEd #EE flste] FUlolAE stE A B AR} st A& o]
SZFRAL Z B 3= T Q). S EATARANE HEL AR, £,
5% 59 54T BHg SANEE 19989 R E FARAPL o]Fo|F L
™ 23ucH20104 ©] %) SARE  FEEH . A&l 5 FRAL
(Pollutant Release and Transfer Registers, PRTR) At&= AFAA7}F A 24U AL
LI A B 02 HiE = SehEA 9 g Hirsto] S0 A Fsk=
Zlolct. S-2uzte] st Al &0l T RA Al 1996\ OFCD 7HIAl
S Wi EF AR T £ Y-S &5, oSt M- i3 ste]
29 viEF A st e 2AE visisto] AP UTHIA G-
@A - YA - 0] A 5 oA E- 0] H <, 2018). BFsHEAREY 529 315}
B Wi EFERAR= P2 &R 39 A7 348 Hosky A
Aoz stojF SeEd wiEe] A7E sl st sEde H3
k= AFAol diste] 3 HstEA S HFohs FAgoA HiEE s g
A A% 52 FARIT YA|SHT Qle}. PRTRY 32|91 E-3o] Zlo] A
3E& A717] A% AYole E7-otaL, A PRTR FE = ool et Jx
AT o= AL HiEol e 59 ¥A AHo 5= of gk sHA
B9 240] A2 Apalo] A1 Qi A9 9] @ P4Eat slshEAo] Q1A
3/ Aol thet FH o E #HE 7HE 7Fsdo] At SshEdo] wet
2.2 Foloi = QAo 2 B v]A Fk Jlom vt 2 vij&sre ot 9l
A A F=rt He S ok AR Q] slshe A wiEego] o Q1A J3)
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< B71eka, A 57 SfakE A thigt Y8) 52 wefst] st ml=
9] 814 B § A (Environmental Protection Agency, EPA)2 3}sHe-Auj &4}
H(Toxics Release Inventory, TRI)E o]-&3}] SFsHE4 0] o3t JFF& 54
5}7] 95t 232y 249l Risk-Screening Environmental Indicators(RSE])
& 7WLsHITHUS EPA, 2019). RSEFE= A2 s B7k= ot ARt A
o, £4, 181 gFHY vlavt 7ksste] A F R A A7 99
(chronic health risk)o]l 7F3 & 9= & 5 U= 2, 95 A9 5= 04
T AEHE 5T S e 5 SAE AA” 5 UTHUSEPA,
2019).

RSEIS] A Hof tfato] H o] tfH B EE vhso] JEE F705HaL 9o
/N&E RSEIE -85t thdt & d A7t A= At RSEIS A<
THE(YLF, Aa5)2ke] #HYE wofgt A7t o] FoFH 2™ (Collins,
2011; Ash et al., 2018: Collins et al. 2016), 9]=+2] TRI ¥i&3F3 RSEIS] 3=
A& mtetsto] B44A £48 BV = = AHE AREA 7| 2448
B o] o]Fo]H tHAbel, Stephan, and Kraft, 2007; Zhou and Schoenung,
2009). RSEI Atg+= 8ha3 AT ol 2oz AAR A Ho] S-4&9 He A
AE EEol= 9 5 FARE 851 YtHCalifornia Office of
Environmental Health Hazard Assessment, 2021).

=] 7% PRTR 527} 20109 9 3715 22 20159 78 ¥ A7}
A=Y= A, A GE FAE TelstAY 874789 FSHA A9
2 SR A EAld 9 viEF T AL A A SRS B2 g A SR o1 F
ojfitt. NG FAE ettt AFolA= B4 HlEFo] A9E Aol
3t 2ol & HYAHAAIR 5, 2021: §43-=-4] @3], 2015). T3 WiAE, A
A SHEAY 7|dEE HiE - ol 5 AAQ EXo} v n o BN {5
715t T 7F B Q3 RES SIS 5= QU= 7| 2AEE AASFAHA AR
5, 2021).

PRIRAEE 8T X B4 AF=3FY SHY AQE EAJS
Rt A7t 2 AYE =g PRTRAFRE o]-g-510] v &AE4e} vi &
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Fo] AGUEEA A3} A H 3 dfE z}o]7} UERE 2 H(Yoon, Kang, and
Park, 2017), AF8| AA| A w0} sFE4 v E7te] fofn|st ARl B2
ArHe]l5E - ¥t HEQ0 - T Z- A2, 2018).

ol g a4 wiETF} o7 utA S0t FAT AFAE Q] FS- Fo]
€ ooty viEs R0 7|9 A=e] g I E B3 7| 2AE AA9|
TS EE A FE o|Fojzey, SolA 5HEA e w9
A FNEE B2 A9 $4H & wofelr] 913t 7|2 AR EA B8 EH
k. 43 H oA FFE AL} A7 BEH 0 F vjEsL] 99
Ae B ZAREEA A TS 123 e Y fofleES whet
ot A A7t g asie}. spA @A) v &g -0l 715HA| = 2po] 7h
Aok A4 FHEE EAoIU Rl 7|9 27} =4 UEhb= A9 &
3& oobgh A= wl g3t Aol

9o Ai= PRTR A28 Evf 2 s}sHE4 v &g} RSEIQ] -3f 7]t
A4E ARESIIL Al FHEE EAS njofelana) stgict. B3 354 oy
&3 fof 797t A& H 02 94 A9 s, d5H E4
< Hlwste] §a)7|9k FE)vt st R ES SRlsty A g8 ke
A A5k} gt

. A7tz & 4
1. G0l e W APKIE

2 Aol A 3}3HE4 v &7} RSEI 0179 A 28 AbEsto] (94 5
ZHE S mopsial v &t 87| WHA| 7 HF A o2 WAshs AgS
HA5}7| f15te] A= AlTH2507R, 20209 718)E 37 MR AHst
Aow PR sleE A EolEF ALE(PRTR)ASE(3,80374, 2020 7]
e L= SIAHEE D).
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(3™ 1) SESHHS0ISY X2 ZAALTY #1%1(2020H)

# [] mercpolimn government
et p Basic local government
o T e il + Chemicals discharge faciifes 2020)

Q

N

@ 0 45 90 180 Kilometers

£ Ao A= RSEI -3 719EA| & A&s1] 9i5te] 84 e] shEd
Bi&o| 5HPRTR) A=E -83t9rt sshadd, WA d(d7], ¢4, E
3) vlEF ol 5Fol J & A5 5= PRTR A F-2 19994 315124
v o] 52 A} A3 E o] T 2 202092022 F717]1&)0l= 3FeHA|
AR, 17 345 AR 5 3370 AT 228% SSHEAE Qo= AP}
o]FolAtt. PRTRZ APl A Al & di7], 4|, EFo & A vi&
gl viEa ARl A Felsks wib Al g EE At g o
ZIEXE YA R o] 5= A SR A Y YA g o R FRE
E dFoAE ARl A3 wiEEe e BiEgs SR
2011955 202097H4] AHEE 553

PRTR A2 55E A2 F4F 7|F2.E GeocodingTool(Biz GIS A
3 B0 FRE MBS A A FZ 5+ ArcGIS ProE A =3} f
At BAE A=E 79t & s WiEwdet Fo7NA g Ag st
AGEE ghatsto] Ald+E A2 E A&t
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2, A4E
1) RSEI 29| RaH7[HK|4 AP W

& Aol A= B HiEFol 598 7S AIE 7= HAIE A5t
12 B0 AE A8e A7 NS ARSI 2 AtollAlE
PRTR At 2] 7H8-442 2L2{to] Al 7HA] W1 5 oll7|8H A8 SA 2=
S &S EAS wHebotqitt. RSEIY] o7 1¥EAl = S22 vi&s
of miAd, & 28 54715 X (Toxicity Weight)g Foto] AF&3tc}. 4
3 RS AA, WA G} SR dS AAsta, 4, SHeHEAo] sfigst
+ 57 A& AYste, AR, S5HEA HiEgel 547 AE J5t]
Airetct, fa71%t 4= sekEd wiEg T 54 A7), 4, ED)
of| w2} tf-got= 547 A E Foto] AbEsh 2F o7 |R Al 4= 815t
29| WA FS T4t SR A &80 & 5471547 Y=
A% Rol719EA] 5= 00] EeHUS EPA, 2019).

2 A7olM= PRIRAIZE B85t A tiio] B 22839 33tE
Aol izt 37 REA| =5 ArEs T 54 R = 20229 5% RSEL H
7 2.3.109] 544715 ARE &85t 5497 A= iAE 242

off weh I, vl F8EE 547 gho] gt et dEE S
Z7 28t Oral slope factor(OSF)2F Sl 213t Inhalation unit risk
(IUR) E4d3kol A-8-=m, B2 8F7|F2] Reference dose(RID)2} &
I 7]5=9] Reference concentration(RfC)S ARE-SHHUS EPA, 2019). 531
78R S S RO A T 23 B E T2 78 589 WA
=4 PO SHE £ 5% g 547AE AESH =, 3EE
Zo] AU v BF LS 2= B 44 S47A & Aot 7t
=2 3ol g s 547EAR 2R,

S Fol719H A1 B & 7F EA15HA] ot vl & o] Ao
H| 17} opd A A v w7} 7hsobe 22 S Boto] A8H eEd
H, 45, A9 43 B7p7t 7Fssit. ol 2§ B E = RSEI 529 o}



SI512E Qol7|HXlof AIZ2E E4 BY A eT

ehojse, 4l Ao S0l Atd SRS Brhe 4 Qi 4 X7 Ak
o] ojafat 1|8 AelR W@ 4 9o

2) 74 2T 24

B o A= st A EA| 0] AR E E-gsto] 72 AR <] s)st
B4 W& o7 9hA o) digt 374 HiElS E451 9}, shehE Ay
AT 22 A A4S EE fEE 1A, 494, 274 g os
E7T 5 o0 1133, o4 mige] A= A o2 dast] ofg

7] Wzell SAA A S AHE-5HA A g9l - 2HE A - BHA)&, 2015).
e 404 #'d(kernel) 42 gAY A /A RES vIFE o
AR AA ) AH FHLEE FA45HA Fot. 9k 3242 AR5 F4UA
2H) A7} 57FIGE AAdo] ZAst Y3t 27]9] g E brandwidth)
< AAsto], I E Yo A A AR ES 71E 02 o] AR UL E 2
gtche] 3l - AAH, 2011). &, S0l AE2HE gAY AA| 7 A<
UL 75 F7517] A8l kerneloletl Bl FEYLIE o83t
ct. S Ao gt FHEE A9 T2 22 4] ()E B9 AFEEtHe] 3]
<, 2005).

A <1>

i=1T

A(8)=

A7) A, e ) Adds

150 ::g,;{]_-xggﬁ.r 317] 93t thH=(brandwidth)
5.(9) : 7P3AE B4 94

£ Aol A e A A d Y wiEF T o7 HEAl e Hiet A9 e R
L ArcGIS ProS o]-83to] AH&sl 1 A =3}e+%r}.
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3) StAZHHotspot) 244

A7) SHehE A Wl EF T} {3 71WHA| 5 kA3 Hotspot) A1 92 T4
5}7] Yot Al Z7EAINE Al ZH (spatiotemporal scan statistics, SaTScan)S
28519t SaTScan Kulldorff7b v]= 84 A+4(National Cancer
Institute)} 7jdst =& 19 0 2 Q- H|(likelihood ratio)el| 7] 238} 54
2 ZA(cluster)}S B ste] S AEHE Zropditk(Kulldorff, 2018). StA%
A g2 ZEAE A FE ou|dttt. SaTScane SEH[o] 215 F3+H 21
£ H|(log likelihood ratio: LLR)E ©]-8-5}0] AxthAtA]9] RE gAY
ofl T3t S-S AAYSHL, LIRS Zthzhg F-okH 1ufj o] AR go] 7
oI’k Z2 28 (primary cluster)7} 1=4er &, $EH|E Hlaste] 9=
H|E AFESHA B i =n|7t 54 X]qid—]r A717} vER AlE 7 FFol
HFAY shAT 2] o] HrHZ A, 2007). SaTScan A& FEjof wh} )
ol ®d zold 7Y &Y, Pyt RS HE 5 IHEE7] 5,
2008).

2 AFolA &85 et viEdd A7 = A4S ARRE
7 2dS FEstact. At B4 BHEE p=X/N, AR

. — - 2 i 4
7= (;rN . i A9 FATE 2,7 oS o =M= o A ()2
Zth(Kulldorff, Huang, and Konty, 2009).

( X:'_I-")2

1 7
Ly = H {r/g e ¥ (2)

E3H, SaTScan THA 0| A3l TAHY S0 AJ7H & 2
+ %3 Z4(retrospective analysis) ¥} 2| 43Z <A = A Bl
AL Qs A 9-E 2= A3FE E4(prospective analysis)?] F7H4] §
g2 FE = Aturinde and Mansourian, 2022).

2 Ao A= A Al - sk wiEd Fal7 1A =7 ASEHA



SI3EH Rol7|EX|+ AISTHE E4 2 g7 = 9

ol 2 9g FAEH] Qg kA By dA) AP o] Ala7t A5 W
£ ol 4= Q1= A B AAetqit). ShATE AL S3TScan v9.6
2 AR89 28 ArcGIS ProZ ©]-8-5to] R x3}s1it.

. At 2
1. S5I2 IS L QEH7|UIKIS 7|2SAT Y HIUE B

201195 € 2020974419 stehad st S84 Ro 7|9 9]
FAE nolst Aik= (O 9o 2t 7], $4, EY LR A viEEE
SIeHEA Bl &2 201 1 5-H 20139 71A] = 52,288,640kg A1 50,767,030
kg & ZrAsichzl 20166 57,247,558kgS® F7I6ka 2 20204
60,206,324kg 2. 2 2011 o] 1.2¥] 3715k A& EAch S47H5AE
13 SEHEE {7AS9] A= 20119 996,401,327,105904
20149 1,917,718,544,78020.2 A&7 02 F7lete FAIE ol 2016
ol Zh4asko] 22020 1,325,427,370,3982.2 |42 0 2 7h4sh=
FAE ety sishEd Wi EsFat g 7|HhA| 0] AE o]0 A Zjo]E
Bt

(38 2) 2011~20203 2t=HET ST RSH7IXIS FA

mm Hazard-hased scores =P of ch

2.5E+12 62,000,000

0,000,000
2E+#12
58,000,000
Amount
Hazard-
based 15E+12 000000 iveali
REONEy released
54,000,
)
1E+12 52,000,000

50,000,000
SE+11

48,000,000

o 46,000,000
2011 2012 2013 2014 2015 2016 2m7y 2018 2013 2020
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2011458 20209 7HA] A= 25071 Ale-9] 3F5HE4 wlj &3t RSEI
3} 719kA|5=9] 7| R B A FS (i 1)F} 2}, 1097 S5 viE g WS
275,734kgo1™ 3718k 4= Bt 7,502,554,12001 i}, BEH A= 3}
S22 WiEF 646,4797 FS719AIS: 31,975,767,4792.2 WHEASF
(sd/mean)& A4totH 34 i EF2.3)E Tt f-o) 719 A =(4.3)71 =A
Ueht 35 71ukx]429] A zlo]7t B & AoE BAF )

(& 1) 2011~20201 SttET HiSTY F507|UXI¢2 7I2SAE

e A% Hibe b1 Ay b i BEHR
& et T 50 75 o e

B2 X Hi=
ﬂﬁg(zjtﬂisg 0 | 514 | 23601 | 28635 6,845,502 275,734 646,479

BSIEE Qa7 |umls| 0 |68,007 | 9,866,813 | 658,513,498 | 484,074,160,509 | 7,502,564,120| 31,975,767,479

2 AT A= 2011958 20209747 SFeHE4 wiEF 3 -8 7] 9EA] 5
9] kA BAo] 9hA el mhete}y] flste] AY U R4S AA|s)
%om, 20114, 20164, 202099 A 3H2 (¥ 3)3} 2ot sk y)
EXN A9 HEFE EYE AFE QA0 R FHLEE FH5he oY,
sHEd & QAT o, F4E 45 7 ZA ol 3 x| o] tf2
A9 Er} spshE i &o] U e/t e el HYow drda 34
g ofel S Bt s wiEsgt e RSELRal7|9hA|e] B 9= 4
TEE Z7HE *o)7h wraysiich. 201190 SR §-8)7|ukA| 429
A9 39, B4 4R A Yol &2 gE BoH, 2 2020400 S
A GEA oA A fal 715 et 2 A QB =4 U
B
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(33 3) 2011~20201 StEHEE HET(A)Y RSEI R3H712X|(B)2 HEHUE &4

ssEY  hatw o
qaple g,
® M

20114 20164 2020

£ A7 AHE 33 54 mebg 913 A E 40 M RSEI#-3)7]
WA G571 w2 A2 54 A9l FFote] ehdal S-S FAE &
At SHEHE A viETF AR HI1A(2022)0014 Stehad WE 2 7
&) BT SAPFHA &2 W&ol g, A9 FHEANA
%= 3RHEA wiE ol o]& A Ye FHLE EA vEgt. UA AsidS
2R RSEIR3fi719HA 2] B9 AAIN T Q02DANA Al=E =
S7NEAI7 B S E, A HECNA A W7t #A UErd
. & g7olx= e HiEgoly faf7wtAl ol digt 54 AL
Stoto] 2| gE 2 pofel &= QI]iTt.

2. 31312 E! HiE2F U Q5|7 |8IX|4 SHATE BN

5714 HE oA Aol& B¢ siehEd &t 871k 4o st
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o] A0l YA = X 9L FAs}7] Y5te] SaTScan] A RE&
oj-gsto] FaFx BAy} ks BAL Akt 20118 HE 202097}
A A= 25070 Alt-o] st &gt a7 S e 88 stATt
BAS AAT A3}, 2 WiEFe] 49 FAN AR E AZEES0l
HRASH 2| -2 HAes 33k BA T AR AP oz k= (9L Y
Aok A B4 B% FHAH 92 5L SHAE 7 EAE A]
7] Aol & Bt}

SAMA] AT0] Tgka] B0 A 2011H5LE] 201549 7HA] v &T)o] W53
07 F2 S Ko, S AH?2 53 7% BAIE 201695
202074 ¥ ETFo] HFH 07 L2 Zhe Bt vp|uto g S AE 3
off BFsh= A CAl= 20121 51€] 20161 7H7] SFe24 v &gl A5 3
o2 WAsh= A0 R Y 4(A). AFE EXoAE ABC AY
TE 201697 E 20209 714] 3}sHEA wj& o] AFH o2 WAYsi oy
(28 4(0), 33HE4 vi& SEAT |92 3179 @A B5 vfj&sfo] &2
9oz gAE i},

SR = oA BT A BAoA gAE SHAH (99
Zpo| 7} WA¥stGIch T8 EAoAE S A XY AIE DAZF
= Qo A EHoAE A9 on 3553 EAoA S AH
20 Z3HE ST EAl, FAIZE WEFE BA0A S A 1o 2359l
(2™ 4(B),D)). 3t3H=4 viE%a} RSEL 5317192 = ShAagt 24 Azt
L pgo] 0.010|312 A1 H 02 Goln|3t Autz vt
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(7% 4) 2011~202048 AIBZIDHY SHSHEE (A C)Z R317]2EXI2:(B,D)
BAH £
UM ALY

(C) siet2d visey A% (D) S3{2H Rol7|2K| RAT

2011956 20209 &<t SHsHE4 v &30 StAR £4 A S 2H| 9]
2ol 2 744 598t A G S AH 1(primary cluster) Z8F% 243} A
A BA W A AR BHIE Q108 2011~2015Y B+ S}SFEA wiE
F2 5,258,271kg o2 FRAE N HE At 929 st wiE
208,834kg ik 258 o]A} A YT 2016~202099] 5%t W2
2015~20189 2.2 414 B 4,639,946kgo] ™ S A A HE A5t 9%
o] 3leh=A vl & W2l 205,740kg Er} 224 o]} EA Uehdtt. 28
2H 1 02 S rH7h 7 Yehd S8 A2 sjgshe A9 A7
BAE 3%z EAM3 A B9 stagtoz gug 7|zlo] BE
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2016~20209 0.2 et o 5z Pt viEFE 4,747,013k 2.2 22
AE2E A3t 2199 st wijETF Hd<l 209,85%gE ot 238) o4
A vepdet.

201195 ¥ 20204 <t RSEI 3171512 5=9] SEAZ A4 A3} 93F7]
A4 S22 12 §4H MR DAY AlF2E Aol TS A7
+2013~20159 2 & 37t B 53 7] 8EA] 4=4= 456,974,819,212% &9
AE 9 Ao P Ga)7|HRIS9 5,424,624,0195 T} 848f o] A} A
BT 2016 °|F {37|8HAI7} §24 6] Fasto] A BA A=
ZeAH g2 SRR ookt SHHE EAS FA Y] A 9= 34
A A= FeaH20 ZEGoH, HFH EXoA= 2 AHI X
el ol 715k A| =] SkAgE A Holot. EA|9} FAIY] 2016~20209 B 7
SA719EA| 4= 198,672,123,484 2.2 S22 H €] A Fo] B F3f718H 2|52
6,594,428,3135.t} 388f o)A} A UElstTt.

(& 2) 2011~20201 St=tEE WS R3H7|UXI+2| AISHAH SHE

=Hala i
L o B Ll e L||$]g B
S35 ABA
A 1(1) |2011-2015|200.06(0.001 5,258,271 208,834
aam 2(1) |2016-2020158.95|0.001 4747013 209,859
3(1) |2012-2016|142.16(0.001 4,515,249 210,323
sisiem Qap|uiie| 1(1) |2013-2015]441.99] 0.001(456,974,819,212|5,424,624,019
SATE 2(2) |2015-2019|283.93|0.001|209,860,977,8785,136,910,620
YN AZEY
i ) 1(1) |2016-2020|159.56(0.001 4,755,146 209,842
ﬂﬂi’i;\?%@ 2(1) |2016-2020158.95|0.001 4747013 209,859
3(1) |2016-2020107.48|0.001 3,980,172 211,395
ﬁ‘g@iﬂlﬂx% 1(2) |2016-2020|250.48|0.001|198,672,123,484 |5,168,878,775
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3. SATE X|2J0) SIBIET IS U RA7IEKIS 54

1) RAT XS99 sletEdd £

2 AT A E 38 BAoA viEFe] SeAH Qo= gH A B,
C A g} Faf719tA|4=9] SejAE NGO GME D, E, FAYS] vi&3F
7| etR] o] SR AEE gAE A7]9] B 315EA 7)ol g ot
SIATH(E 5)).

ISR ST StAT A G A A% AAEE CoF R3l7|kAl
9] AT A 9Q1 Mk DAY 3% di2 2AJA7T A6k 92
o, 31524 wjEFe] sshE A 4 H 8ol AR FEE EEd 3t
S ST SAMA] AT B AFGH(77.39%) 3} o 2 ¥l A(13.71%)°]
7V o] v &= o AAE T C AL #(83.51%)7 o 2l A(13.04%) &2
2 W&, AeHEE DAlE AL (61.67%)3 NEHA(12.17%) &2
2 &= Atk DA 49 ILE ¢ 1 39ES] E47HA7t
17,000,000 #-%- 2 3t Eo] DAY f-37]8kA] 5= 3FsHEZof) 95% ©]
A1) 719 =8 YER

%A A2 WiETH {79 AR AT A 9] 2016~20209 5
9 B 32 885l 49 7|2 E 1ofstiyitt. A, B, CAlY A%
o5k B4o)| A9 BHEY 7|0 ot FARSE 7|0 g B on, 57kt
A4 AT A Q1 SHEE A9 FAE titE AFIEHA 71 §1A]3 A9
0 & et siekE o] HiEE I Qltt EAI2FFA Q] A9 1= dASs
47} A= v]&o] 2} 17.15%, 25.42% Th2 3PetE A K} 22 v 8-S
A8kt 78R $=0] - EAl= Atstoldallo] 98%014f 71153
o FAl= 35 9 11 31kE0] 95% o4 7]od sttt
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(O3 5) AT X|HOjIA SH2HSH HEZN RF7INXI+2| SRIEH 7Y HIE

RRE AFTHEY TR AlZTHES

g . E
PAT A .

=Ha@E Y
ol
(L]

suEE
R R =
AT Xy
=Hat@d Y

2) AT X|e| HBE £

E AFoA = 38 EA3 A3 EAoA BF SA% 29 AYH
A B, C E FA9 9] 2016~20209 Y58 3tet=4 &gt |37 |9AS
ratio(fol 78R /v & )& A5 AFE RFa71WAS Blee] 7]of
=5 HOSATH(E 3)). S viE o] SHAT A Al 24 A% A
T CY A% 7et 2540 AR ANA viEE+ e w2 59 ¥
7H2016~2020)°] Z+Z} 4,736,858kg(99.62%), 3,967,833kg(99.69%) & 7}
B w2 &S B 24 AT A9 718 25788 AxYe] 54zt

5% °l oto Mi&F 57HES Kol o, AAdE CAlY 9= 5~10%9 &
2 Btk A7) 2 BAl= 59 B HiEFe] B2 452 AAsA € Ed
A (37.75%), BE, Fo| L FolAEB1.39%= Yettor A, CA g% &
2] o3t AF oA stEdo] uiEE 1 Sl EAl 9 A9 diafe 4438
SR 71 YA skaL 9o, S 9 SEHAIE A2 0lA 67.59%2] 710
EE Kol 5|7k 5% olste] F7he-Z Elrh A7) 44| A2y 734 vl
EFo| ot JF o= wfEF ] {9718k ratioZ} A UERELS
o, 31524 U 3IEHAIZ Y] A= MiEFE =1L Rol7 WA Sk o} Hl
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ST FE7INA S ratio7h B WehE B3 BA #8718
7= StAT A G2 FA| 9] - diot R s Aok Al A7) §1A]SHAL Qlof
o|F UFIA v &S = et wiEFe] B2 A28 YEhgT 171, 7
£, 371 2 87) 24 ZFUQ wiEFol 43.94%=2 7P w3k H 13 2%
Az0] 26.45%2 71 A =7t A Yeb T 13 55 A2 A2 WiEF2 5
Azt 5~10%2 $7he2 BAom A7), 7k4, 37 2 57 28 3992
10% o1d<] S7HE Bt wi&FE] F-31719HA % ratiow= AHsAL &
EF L3 A2AH 13 35 AR B4 et o= destid
&l A 737N S7E #A) HERE7] B2l

(E 3) FAZ X|H0A LBE SIS H HEY X R71LUXIS 710iE

A B C E F
g5 uEE%) BlE25%) HIS2(%) HIS (%) HIZS2(%)

Ratio** Ratio** Ratio** Ratio** Ratio**

3,468(0.07)
246

11,902(0.30)
157

4,736,858(99.62)
208

968(0.18)
2,020

7,273(1.70)
54

1 {11 1
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72,318(1.62)
4

428(0.01)
8 6,699
: =
21 3,224(0.07)
548

36,877(0.78) 369,347(67.59)

S sU8 -5%-0 | 0-5% | 5-10% |NSion

“1. 1% 34, 2. 717, 3. 19 Y SAASKE, 4. 34 JIZHE, 5. 7[EH 7| L B, 6. 7|EH &
BH), 7. 7IEH HiS, 8. HIZ4 ZEHE, 0. HQHE , 10. $5%, 11. 428, 12. 928 28 ¢
O, 13. Q) I 7IS0HH AL, 14. NSA ¥ EFUR, 16. 7|, 1A, 57| X 37| =M 33
o, 16, Z7|HH|, 17. T 2, ZHE, 34, 38 U SARH|, 18. BT U 2T AHAY, 19,
FAA, Gt MQHRIZ, 20, BT, F0| W FOME, 21. B2 47, 29, X2| W Y2 WYY,
22. 318 27 3 SIBHHE

*: RSEI Q317 |¥IX|/218t2 A vhE

£
[=]
9|

V. 2
2 AFolA= PRIRAIRE 8-85ta] A= A9 k24 visdat
o719 8 APl on, SstEduiEAl oA wiE s sehEd
vi&F} fo7]etA 0] 371 ofel-g violst Ay, s wiEgat
Fa719HA 429 F2HA wjEo] AJolstA] et AL Sletgtt. T3t
sFHEA vl & Rol7IRHAT Al g HE o8 Y H o s dAYstE o
AT A9 FA3E A3, BlshE Wi &) Raf7]ukR| o] ShAGE A



SSST Qo7 I¥AI40| AIZZHE B4 24 017+ 19

o] the A SAIE T, W&t )71k o] 7lofehe e £
QEOIAE Aol7} WAl Ao 2 peite. o] & Balol BhahE vjE
3} Sa71eIs0) SAS T ke Bel Wt Ha 4 e AA
sgict.

w3, RSEL-§817]5EA 4 Hep el 2| mant o} X)) 250l
v QA A RS sk B89 4 otk SRR MiETTe B
ok 249 A 54 giglo] 4 B7hE 15-40] 9o (Amanda et
al,, 2022) 81822 W&ol ek QA S0l 4 o] el Bt op et QlA]
Slolde Lottt AAl Bl S SAsto] 2o AHLolA RSELH3l719EAI 47
g89 % 9t

PRIRAES) 58 S5 2vlo] A7} $4& Bosh] 98 Ao u)
Fego] g Hat ohet Q14 SIslE Tt Aol AZE Bash
o}, @4 ) SR AEA LY A 24 HES volshet] A8
L 4ol HL 3824 wiEo] et Aolc). B8k WEe 2
7ol et A4 Gk st Eabh wkehd QA A7 o
o Joke 7o sk BB ot 450 SHEAE AHT & Yt
2Bl A E7h Wase), W&t ool QA A4FYe] AEE 43
s}t 4715215 A3 RSEL- G147} A9 A B B89 4
Q.

sjeh2 4 W&t §30719H4 |94 Fjol7} 2 ehte] 54 &
Qo] wet ool £ 4 glor AFHel o)A shohad viEo] of
3 374 S-S Hotsis AR oh et Al SIS TE Sl
¥R\ 4eo] gt B7HA 414918 Tolsti o] 5 A olo] that SatE el &
43} 9% B4 vholgho 2 94 Felthao] MAsto] AEHel BakE
4 e e AN 5 AL Aol

A%} AL D FASEE olstel o SAlPe e A
Hahd] 2 Q0] A3t $8 4 9lrk. RSEI K a7|8HA|4: Stagk A o
Q) FHUE PRIl sieted widakat So)7uA o) ek 74
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of Zto]7} eyttt FO] -9 3tehEd &S AISFerAN(25.42%), U=
YoK18.00%), 251 4E(15.64%) =02 ¥]5-S 2A|5191.0.1, RSEI 317
BER|=o]) gt SFshE A BlE2 AF 9 11 3RHE0] 95% oS AHAI5k%
t} 282 FAYAF-A(International Agency for Research on Cancer,
IARC)OIA 1A o] A= LLo7]= EZ2I Group 19 3Bok= =22
=47F5A = 43,000,0002 1-%- = Collins] 20119 Aol = ¥
3 sisME o] ARYFE A7) Bk A sl w2 stskEdol A
ZFAE ol 7] gekar A A5 .

£ Ao A &S RSEL-ol7| 9| 3 tpefst S1shad K= A
& 7R 5 32 5 shEd 2 e 9 B JloH ol B4 o
S AFAR Bwert S84 A7 wef A Hoto] Basit

315 T Qlof i S d Rt oby gl A A B4 o] w4
i A5 AAste] deloted €82 4= Aok SSEdEe EART
of el 4FE 7|1 =of Mk AT A GHE Zo]7} vepirt. sehad
HiETFo) StAT 2|9 9] A& 70Tt M w2 S VI8 5
2] Axdog, spsHEAerHYo] 202040 L7HgE iAo w=m
201849 718t 57gH] A2 o] MA| wiETF 21.5%F A5t 7 B
HiEF AF 2 & Yt 7]8 3734] A2 A9 viEe] 90% o143 A
o CA g9l ¢ P2 A L7 AAI6ka 2om, AR H 9] 739 2016~2018
W 371 A A (EANA 7| AT §=8A, 2019) 19|
A4 2702 AFEolE T SSHEA WS F76k o, CAg 9

£ A4/ I3t Qlste] wA StEhE A wjETol Aaste TS B
Ao wotErh F Y 3letE 7| o et AASE T v EA Y F
7t gon E4E4 HiEe] B9 F-2 923l FEo] ofd 2 HEAie] 7]
£ g 0 2 YePdth(Collins, Munoz, and Jaja, 2020). 3F8HE2 Hofof A
£ 45 AFoAN FAo] w2 =4 viE Y B2 FES AA| 51 o]2jgk &
3 1ot} A9 o] wh= TRt nhst R GEAS AAA
Z ek vl stoiof i
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2 Ao A AZF AET-E AR SFetEA wj &gt 53] 7]9kR| 49
A 94 EAS motsl . ARHA Q1 81524 ] A=kolA RSEIY WS
Ao B 7HA] Algkgo] k. AA, RSEIS] &2 X9t] 4%
(worst case scenario)g 7H43t = REFH 0o 2 13491 BYEFo|Y F
BrES AT FAE A4 8004 B840l 224 371 315a4 B
S =&37] YajrE HEo] Wasich E4, 547159 wet A

£ F7IA = G B4 digto] Tt 34 € 4= Slo] RSEIE &8
Sto] s}stEA 0] 94 #e] HEkS vpdAsHA Hotd 43 240 oigt 37t
AE7} 93 AL 7M1 et 33| spetE AT HE9] 29 A
Algt 5498 1123t RSEIQ] A3} gf4fo] o]Fof 4 4= 912 Ao|t}.

SH QYo TS A A4 B4 9] A} A HE AL
VTR Y H LAY FeY AT Ao gt He= A
Qi Q1ES AEH 0 & E83 5 U= F shutolct. 3ol RSEI 530
719258 A B2 o] &3}o] 31HE4 0] WU EF 43} AU A BE T8
g A, WA, steFE A9 A7 9TS B A7 A&H o= o] FojF
ohd SstE A Eol 5F A 291 Q17H9] A% A9 9] 87 g4t
71o% 4= A& Aol
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