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Recently, hazardous chemical accidents have increased in Korea due to large amounts of chemicals used for
industrial purposes and deterioration of individual facilities in national industrial complexes. However, there
is no information on which chemicals and areas should be preferentially managed on a local scale. In this study,
we developed a systematic method to select priority chemicals and areas for the response to chemical accidents
in national industrial complexes. This method was applied to Ulsan as a case study. The priority chemicals (top
10%) in Ulsan were listed as xylenes, ethylbenzene, toluene, ethylene, benzene, methanol, ethylene oxide, and
propylene. In addition, local areas of Yecheon, Joenha, and Gosa were expected as vulnerable areas for chem-
ical accidents. The method developed in this study can be applied to other cities and used for chemical accident

management systems by national and local authorities.
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Fig. 1. Locations of four industrial complexes and a meteorological observatory with seasonal wind directions in Ulsan.
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Fig. 2. Overall schematic of this study: (1) construction of DB for hazardous chemicals, (2) selection of high-risk chemicals,
(3) selection of high-risk areas, and (4) suggestion of management plans.
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2. Normalization

)

Z-score
range
Top 10% 100
10%-20% 90
20%-30% 80
30%-40% 70
40%-50% 60
50%-60% 50
60%-70% 40
70%-80% 30
80%-90% 20
90%-100% 10

-/

1. Parameters
- Emissionamounts
- Number of facilities

- Carcinogenicity
- Inhalation toxicity

Score

Physicochemical
property

- Explosive limit
- Flash point

-/

S slslEAs PRl A1 27

3. Equations of each scenario
g N

: Chemicals for routine monitoring

= Accident + Emission + Toxicity + Explosive limit + Flash point

Chemicals with high potential of accidents
= Accident + Emission + Explosive limit + Flash point

Scenario 3

Chemicals with high risk
= Accident + Emission + 2x(Toxicity + Explosive limit + Flash point)

- J

Fig. 3. Method for the selection of high-risk chemicals: (1) parameters, (2) normalization, and (3) equations of each scenario.
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Table 1. Top 10% of hazardous chemicals selected by Scenarios 1, 2, and 3

4 Emission Toxicity Physical property Total
Chemicals Accident Emission Number of Inhalation + Explosive Flash scores Groups
frequency amounts  facilities  carcinogenicity  limits point
Xylene 40 200 100 10 + 20 20 60 445
Ethylbenzene 20 170 90 20 + 30 20 60 400
Ethylene 10 100 90 0+ 20 70 100 390
Toluene 20 150 100 20 + 20 20 70 390
Benzene 60 90 80 10 + 50 20 80 385
Methyl alcohol 10 100 100 10 + 5 80 70 370  Scenario
Ethylene oxide 10 40 50 40 + 45 100 100 365 1
Propylene oxide 10 70 50 50 + 30 80 920 355
Methyl ethyl ketone 40 920 920 10 + 5 40 80 350
Propylene 10 100 80 10 + 20 30 100 345
2-Propanol 10 100 100 10 + 20 40 70 345
n-Hexane 40 90 90 10 + 5 20 90 340
Xylene 40 200 100 10 + 20 20 60 420
Ethylene 10 100 90 0+ 20 70 100 370
Ethylbenzene 20 170 90 20 + 30 20 60 360
Toluene 20 150 100 20 + 20 20 70 360
Methyl alcohol 10 100 100 10 + 5 80 70 360
Methyl ethyl ketone 40 90 90 10 + 5 40 80 340  Scenario
Benzene 60 920 80 10 + 50 20 80 330 2
n-Hexane 40 90 90 10 + 5 20 90 330
Propylene 10 100 80 10 + 20 30 100 320
2-Propanol 10 100 100 10 + 20 40 70 320
Acetic acid 20 90 100 10 + 5 40 60 310
Ethylene oxide 10 40 50 40 + 45 100 100 300
Ethylene oxide 10 40 50 40 + 45 100 100 630
Ethylene 10 100 90 0+ 20 70 100 580
Propylene oxide 10 70 50 50 + 30 80 90 580
Xylene 40 200 100 10 + 20 20 60 550
Vinyl chloride 10 70 20 10 + 50 70 100 550
Benzene 60 90 80 10 + 50 20 80 540  Scenario
Methyl alcohol 10 100 100 10 + 5 80 70 530 3
1,3-Butandiene 10 50 70 10 + 45 50 100 530
Ethylbenzene 20 170 90 20 + 30 20 60 520
Acrylonitrile 10 70 80 60 + 30 50 70 520
Toluene 20 150 100 20 + 20 20 70 510
Propylene 10 100 80 10 + 20 30 100 500

Bold: Accident preparedness substances by the Ministry of Environment.

], AL 2004 F7R A1
o} oplEARE: AL HE miEE mEdAE o
& AHlon, SR BA), FEIA 5.4~16%, 13t

He 30°CE Verit,

sfEAkaL A Sfsldol &
g, ogal, et Zzgd, A, s} vd,
A, g g3E, 1,3-7Eel, o

o
=
<!

’

28 opEARI]

AR L 3y 4ts}

2, olmdeYE

e 2 O m

Mo = O of mg e
o

=

Eg,

A3,

, B¢, Zegdelit, AU e 1, 20014 A=
7 vlaahd, Akst o ddl, ojddl, Aks) zegwl
TEEOH, dad, olmdEy
& Ayl 3M A EdT ol2d
S lEdAlE AviEs 54,

R AFEE 2 957} dAatEct

1,3-7E}
=4

A5k

Ad] e stehardivl = A A der S A



FRRIGA sshla o2 918

X—] /\]'——EEHH] ]( QE) = E H]-U—O}oiq' 51'73—1?‘ Z]ch)
/\].J_EHH]E;QO A—]EHO]L} SJ-_HL}HO] 7Po}oq /\]f/uL
A 7Fsgold FEltEsE 2 R fHEE 2R
A selEdAE o R 5He ?Jralﬂﬂ}%) 2 AT
Al 7 AluR]2ollA A78E 39l 10% =2 SOl 8
FEd gae, vgelgAlE, WA, Ak g, Ak
234, olFdRYEY, A3} Hd, EF<l)o] I
174 Abehel el ERETh 39 20%2 zthw

78, £SCHIERL olE, g}, 258, 4

N

ol f EREonR, B Ao AN ﬁ}w}m
ul2 Aol Aol Qe Aow wekE,

3.3. 8}5AlD F.JEIXIM MA

slerar AR HS A7) S8l tidAHed 478
719 AAE A4 0}04 tﬂ_ = Fo3sI3iTh(Fig. 6). Al

o Wl ue} Azl A5 24 4 9o, B AT
NME 3 km x 3 km 7HEL R F 2509 AAE A
AABIATHEAMA] F5: 45 km x 45 km). T HA &
AeAs wiEdAe] SIXE Aol YeRl], &
A ME AR ARSI dE E9f, 1310 Azt

¥sheid

9259 BEEAT B A4 31
o dA7F 57H 57, 177H ARkl GA7E 10707 &
Ak 1082 Arteldeh. Al Hal Sl E wiE
S AzpdE etk dAE 27 w9t HU
gk A} qtol] 23k A wiEFe itk A
AJo2HE 9] Agls WHAY ALt MY =
& A=}99, 101, 102, 116, 134)e] FAlo=RE 7
Azte] FA7A ] AXARE Alteldtt. AR 7}
e 10502 FFsleled, Az 308 A 71
3D o w FAE H-E Al o2 &

71FoR EFHEE 49 Al N Ars A

SIATHTable 2). 34, Hshde] WA=
Esie] F 7 AzpRiez 9o AH S 73

u]
=1~

2z} =

O:

fu

A

e

d
= 3
=8

AV 9] 10% =4 (‘&F—Xﬂﬂ 1670yl wisl 2t
7k A N ARE s 47N AZHHsHE o 9])

£ AAsIsler, o] FolA 7W FTEAo] =& AXE
ﬂrrﬂﬂ%ﬂi ARkslaAct. olgg #HE T3l AlvE e
1, 20lM= SAF(117), A3Fs(120), ZAFE(132)°], Al
Ugle 3eM= AR5 (117), 715 (131), ZAFs(132)
o] AAEAL} Al AU QoA FEE = AHF(117)

ﬂhaé
|

16

31 334

46 /a8

61 63 064

76 i 78 i 79%

91 192 9394

106107

121 1122 1123

1244 125

136 {137 {138 : 139

151 {152 {163 : 154

166 | 167 : 168

182 {183

196 {197 {198 200 {201 | 202

204 2Q5 7 ;208 {209 | 210

2111212 1213 {214 1 215 1 216 | 217

218

219 | 220"+ 223 i 224 | 225

Fig. 6. Total grids of Ulsan for predicting areas of hazardous chemical accidents accidents (one grid: 3 km x 3 km, the

number of total grids: 225).



32

Table 2. Scores of each chemical for individual grids to suggest as high-risk areas

. . Number of  Emission Distance from Total
Chemicals Grid No. e . ;i Groups
facilities amounts residential areas Scores
117 7.8 45 9.0 21.2
Methyl alcohol 132 4.4 4.9 8.0 174
147 10.0 10.0 6.0 26.0
131 8.0 1.2 3.0 12.2
Benzene 132 10.0 10.0 7.0 27.0
162 10.0 5.4 10.0 254
117 10.0 10.0 10.0 30.0
Ethylene oxide 131 3.3 6.2 10.0 19.5
132 6.7 6.3 5.0 18.0
120 3.3 10.0 9.0 22.3
Ethylene 132 10.0 4.4 6.0 20.4
134 3.3 5.7 10.0 19.0 Scenario
118 8.0 0.7 7.0 15.7 1,2, 3
Ethylbenzene 120 2.0 10.0 7.0 19.0
132 8.0 0.4 7.0 154
117 8.0 0.3 9.0 17.3
Xylenes 120 1.0 10.0 8.0 19.0
134 1.0 49 10.0 159
117 8.6 4.7 9.0 22.3
Toluene 118 8.6 10.0 7.0 25.6
120 14 8.7 8.0 18.1
117 3.3 04 10.0 13.7
Propylene 131 1.7 0.3 10.0 12.0
132 10.0 10.0 8.0 28.0
118 8.0 3.0 7.0 18.0
2-Propanol 120 2.0 10.0 8.0 20.0
134 2.0 4.7 10.0 16.7
132 8.0 10.0 8.0 26.0 .
n-Hexane 133 40 1.9 10.0 15.9 Scf“;m
162 10.0 15 3.0 14.5 '
117 2.5 10.0 10.0 22.5
Methyl ethyl ketone 118 5.0 0.1 9.0 14.1
162 10.0 0.3 6.0 16.3
117 10.0 0.5 10.0 20.5 .
Propylene oxide 131 33 0.5 10.0 13.8 Sc‘fn’;“"
132 6.7 10.0 5.0 21.7 ’
131 10.0 7.9 10.0 279 .
Acetic acid 132 10.0 0.2 9.0 19.2 Scerzlano
147 6.0 10.0 6.0 22.0
131 10.0 4.1 10.0 24.1
1,3-Butadiene 132 10.0 10.0 7.0 27.0
133 2.5 0.7 10.0 13.2
131 10.0 0.4 3.0 134 Scenario
Acrylonitrile 132 10.0 4.4 7.0 214 3
162 5.0 10.0 3.0 18.0
. . 117 10.0 10.0 10.0 30.0
Vinyl chloride 131 10.0 0.7 10.0 20.7
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