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Abstract

The total of 35 target VOCs (volatile organic compounds), which were included in the TO-14, was selected to
develop a VOCs’ source profile matrix of the Yeosu Petrochemical Complex and to test its collinearity by singular
value decomposition(SVD) technique. The VOCs collected in canisters were sampled from 12 different sources
such as 8 direct emission sources (refinery, painting, wastewater treatment plant, incinerator, petrochemical
processing, oil storage, fertilizer plant, and iron mill) and 4 general area sources (gasoline vapor emission, graphic
art activity, vehicle emission, and asphalt paving activity) in this study area, and then those samples were analyzed
by GC/MS. Initially the resulting raw data for each profile were scaled and normalized through several data
treatment steps, and then specific VOCs showing major weight fractions were intensively reviewed and compared
by introducing many other related studies. Next, all of the source profiles were tested in terms of degree of
collinearity by SVD technique. The study finally could provide a proper VOCs’ source profile in the study area,
which can give opportunities to apply various receptor models properly including chemical mass balance (CMB).
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Table 1. VOCs sources and sampling sites studied in this study.

Source category Sources

Sampling periods

Sampling sites

Gasoline vapor emission
Graphic art activity

General area source Vehicle emission (in tunnel)

Jun. ’01

J Gasoline station in Suncheon city
S Printing office in Suncheon city
The Suncheon 1st Tunnel on the Namhae Highway

Asphalt pavine activic Oct. ’01 A Road near the J Chemical Company’s in the
Sphalt paving activity Yeosu Industrial Complex
Storage facility Oct. *01
. - Wastewater treatment plants ) Various petrochemical processing facilities in the
Direct emission source . g .
Pumping facilities Aug. 02 Yeosu Industrial Complex

Shipping facilities
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Table 2, A summary of instrumental and analytical con-

dition of GC/MSD.

Instrument Instrumental model and conditions
Preconcentrator Entech, 7100
- Module 1 : Tenex & Glass bead trap
(cryo : —150°C, dsorb : 20°C)
+ Module 2 : Tenex Trap
(cryo : —10°C, dsorb : 180°C)
« Forcuser : (cryo : —160°C, dsorb : 80°C)
Diluter Entech, 4600
Cleaning system  Entech, 3100

GC/MSD HP-6890 / HP-5973N

» Column : HP~1 capillary column
(100m X 0.32mm X 5 pum)

+ Column temp : 40°C (5 min)
— 70°C (5 min)— 150°C (5 min)
— 200°C (5 min)— 220°C (5 min)

+ Ramp rate : 5°C/min to 200°C,

10°C/min to 220°C

- Column flow : | mL/min

- MS ion source temp : 230°C

+ MS scan range : 45~ 350 amu
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Table 3. Classification of emission sources selected for
this study in the Yeosu Industrial Complexes.

Classification Specific sampling sites

Storage facilities Storage tanks

Activated sludge tank, Precipitation,
Aeration tank, Flow control tank

Wastewater
treatment plants

Pumping facilities Vent, Separation, Distillation, Extraction

Products’ shipping

Shipping facilities (solid, powder and liquid, etc.)

etk &4, 23] HA A8 g
B2 AH4F A da 24lE
Y EAZAE 98 o4
7Hg7] Aol S35 Qlo] g A
7ol BAolm, dul, £ d7ae] APAese 1
e FA71REH e S v Y
RS FaE ARl AR u) Ql7) W),
vl 23] 2 g AT gl AEF 21346 gl
AMe 22 A& Ao Ao
1) HEAIM
o pAbtel] S1H3E 7 AR XA fEE
AE AzEA wet dar FrE tag oy
Al ABAEAMY AMrAHE 2 AR W Fe
AHEAE ARElT e Hande diez 3
Aok £ ATl ARA R 1~ 27040 A
A€ s on, 7 AN E T el Al
25 AFsMAS F 2 sl 29e) g3 AL w)
7% (vent hole)oll A A% AFslglon, o] & 29|
TEE Hsled YUAks (raw data)2 AT
2) HTX Al
A A M) AlaAH e 24 AR 23
F42R W 2~32 ST Aane DA
A 7S A4S T F e Ry ARlshe)
AHE o, AL A AR £ AH
aFdet.
3) H=AIM
WAL 7 ARdAele $AME At 3o
7b let VOCs thagl & A & shel P=zAde
oAbt el M ® A3 FAH T ok B ATl
M Atedtel] whel thas Aol glon, Pz Ao
A oventHlE HE-E FAor A8E AF s A
Bx ventHy Wk AR xR Z@ReA £3)b

A3 2 A
% g 4 U 22
AV AblA 291E ol
2

r:L rlr

i=_\



A # skt
4) EotAlY

Z3A AL 7 AdAe HE QAR 36
upet geksioh AR Al Eo 2y Pl 7k
g, 4 5 LNG, LPG Fo| vt =3 X433t
2 MfAlzGAL M= 324 (solid), ¥ (powder),
42 (resin) Fe| 2 | Fo] E31E7] wEo] &34
A Y AL B3, 553 2 A 5 He=
tokslA ok 2 7N E 74 ARl &
AR ZHFEE AHAA AEE HFH G A

319

T AL XYW 1.5m ZoloA], el AL 5]
TR A B SRR &2 A

3.1 VOCs 2R FHY 7|t

E 49 AAE 2494 PHARE BEEWD)R
g W x5 Fol7] 8 o e A
2}l g S33te] AAlst Aojok AR, 7 2. GHdM

Table 4. A source profile matrix for the general and industrial emission sources studied in the Yeosu Industrial

Complex (wt%).
Compounds Gasoline Graphic vpi, Road  Refi- Paint- \\:’:[S;f Inciner- Eﬁgﬁt Oil  Ferti- Iron
vapor art covering nery ing ator storage lizer mill
treat. plant
Freon-12 1.37 0.28 10.89 9.50 1.33 0.00 0.04 0.03 0.02 0.77 0.00 2.68
Methyl chloride 0.79 0.12 6.42 7.21 3.14 0.00 0.65 0.03 0.02 1.21 0.02 3.69
Freon-114 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.00 0.00 0.17 0.31 0.10
Vinyl chloride 0.76 0.00 0.00 0.00 0.23 0.00 58.14 0.22 0.01 0.00 0.25 1.35
Methy! bromide 0.52 0.00 0.00 0.00 0.00 0.00 0.08 0.00 0.02 0.00 0.00 0.34
Freon-11 0.35 0.09 2.82 2.44 5.28 0.00 0.04 0.03 0.01 0.65 0.01 0.65
Vinylidene chloride 0.16 0.09 1.27 0.91 0.00 0.01 0.11 0.04 0.01 0.00 0.00 0.13
Dichloromethane 1.38 0.00 6.80 4.77 9.08 0.96 0.34 5.63 0.15 0.49 0.01 436
Freon-113 0.91 0.45 7.94 6.03 11.17 0.00 0.15 0.05 0.04 1.68 0.01 0.68
1. 1 -Dichloroethane 000 000 000 000 000 000 017 011 000 000 000 0.3
cis-1, 2-Dichloroethylene ~ 0.00 000 000 000 000 155 005 001 000 000 000 026
Chloroform 0.47 0.00 348 2.71 5.83 0.01 0.88 0.58 0.24 0.12 0.01 122
1, 2~Dichloroethane 0.57 2.33 3.28 3.00 1.85 0.03 22.0! 1.03 0.02 0.00 0.02 092
Methyl chloroform 0.57 0.21 4.42 341 8.89 0.01 0.12 1.14 0.01 0.62 11.13 047
Benzene 1.11 0.32 424 4.14 1.27 0.41 12,07 1.22 0.17 23.02 0.10 37.33
Carbon tetrachloride 043 0.14 3.06 291 7.60 0.01 0.08 0.10 0.14  0.78 0.02 .11
1, 2-Dichloropropane 0.00 0.00 0.00 0.00 0.00 0.19 0.11 0.08 0.05 0.00 0.00 0.01
Trichloroethylene 0.81 0.00 6.60 4.84 8.45 0.00 0.14 8.22 0.02 0.00 0.00 036
cis-1, 3-Dichloropropene g9 990 000 000 000 000 000 414 000 000 000 0.02
trans—1, 3-Dichloropropene 05 000 000 000 000 000 000 006 000 000 000 0.00
1, 1, 2-Trichloroethane 0.00 0.00 0.00 0.00 0.00 0.02 0.58 0.02 0.00 0.00 0.00 0.06
Toluene 39.37 4.49 9.52 6.54 549 30.06 0.48 3925 9763 3223 4.82 30.65
1, 2-Dibromoethane 0.00 0.00 0.00 0.00 0.00 0.02 0.03 0.00 0.00 0.00 0.00 0.03
Tetrachloroethylene 0.75 0.00 6.15 549 10.84 0.01 0.15 0.08 0.02 0.09 0.00 0.10
Chlorobenzene 0.00 0.40 0.00 1.17 .77 0.30 0.03 0.17 0.99 0.19 0.00 0.14
Ethylbenzene 231 2140 3.09 4.32 261 1758 0.34  12.76 0.09 343 8154 287
m, p-Xylene 5.86  34.86 2.81 4.62 2.84 1292 1.33  11.87 0.05 4.58 0.12 248
Styrene 0.31 0.00 2.62 2.17 0.70 1.23 0.24 4.25 0.02 0.00 148 1.37
o—-Xylene 5.55 3130 4.08 6.53 2.84 17.89 1.06 7.09 0.05 4.37 0.09  2.00
1, 3, 5-Trimethylbenzene 8.72 0.00 4.30 6.14 1.70 7.23 0.12 0.98 0.04 6.44 0.01 1.6
1, 2, 4-Trimethylbenzene 26.95 3.52 621 11.15 1.11 9.56 0.13 0.70 0.17 19.15 0.03 040
m-Dichlorobenzene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.65
o-Dichlorobenzene 0.00 0.00 0.00 0.00 0.00 0.00 0.34 0.10 0.00  0.00 0.00 1.09
p-Dichlorobenzene 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.20
Hexachlorobutadiene 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Table 5. Comparisons of VOC’s source fingerprints from gasoline vapor emission (wt%).

Compounds Chicago, USA"Y  Atlanta, USA? Mﬁj[(;?cg;)ty 20 U{?;&ﬁ} ¢35 Scoul, Korea® This study
Chloroform 0.00 0.47
Benzene 0.50 0.86 2.57 1.2 0.51 1.11
Carbon tetrachloride 0.00 0.43
Trichloroethylene 0.00 0.81
Toluene 0.90 1.26 5.42 7.7 0.93 39.37
Ethylbenzene 0.04 0.11 1.41 1.3 0.04 2.31
m, p—Xylene 0.04 0.32 5.04 5.7 0.12 5.86
Styrene 0.01 0.32 0.1 0.00 0.31
o-Xylene 0.04 0.12 1.80 2.0 0.05 5.55
1, 3, 5-Trimethylbenzene 0.04 0.97 0.6 0.02 8.72
1, 2, 4-Trimethylbenzene 0.11 2.35 1.9 0.06 26.95

DScheff and Wadden (1993), ?Conner ef al. (1995), 3)Vega et al. (2000) YWatson et al. (2001), ¥ Na (2002)
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Table 6. Comparisons of VOC’s source fingerprints from graphic arts activities (wt%).

Scheff et al. (1989)

Compounds Chicago, USA” 20 urban areas, USA?  This study
Flexographic Rotogravure Composite
Chloroform 0.0 0.00
Methyl chloroform 0.0 0.21
Benzene 6.48 24.90 11.05 0.0 0.0 0.32
Carbon tetrachloride 0.0 0.14
Trichloroethylene 0.0 0.00
Toluene 93.1 04 4.49
Tetrachloroethylene 0.0 0.00
Ethylbenzene 0.0 43 21.40
m ,p-Xylene 0.00 2.00 0.82 6.9 15.5 34.86
Styrene 0.0 0.00
o-Xylene 0.0 6.2 31.30
1, 3, 5-Trimethylbenzene 7.8 0.00
1, 2, 4-Trimethylbenzene 14.2 3.52

! Scheff and Wadden (1993), 2 Watson ef al. (2001)
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Table 7. Comparisons of VOC’s source fingerprints from vehicle emission in tunnel (wt%).

ort—McHenr Tuscarora, Harbour, s egel, Berlin, i X .
Compounds BFaltimore, US/{’” Penr:.lsgyclz.i, (I)JSA” Austrzii}g?ey ng;masy;)n Seosu(;?%(d;ea“) This study
Benzene 55 7.1 5.2 4.0 4.6 4.2
Toluene 10.7 11.0 9.3 10.6 10.0 9.5
Ethylbenzene 2.6 22 1.3 2.0 1.2 3.1
m, p—Xylene 8.8 8.2 4.9 5.7 4.1 2.8
Styrene 0.5 0.1 2.6
o-Xylene 32 . 3.1 1.8 2.1 1.8 4.1
1, 3, 5-Trimethylbenzene 1.5 1.3 0.4 0.9 . 1.0 43
1, 2, 4-Trimethylbenzene 5.6 4.1 1.1 3.1 5.5 6.2

" Gertler et al. (1996), 2 Duffy and Nelson (1996), ¥ Thijsse ef al. (1999),  Na (2002)

Table 8. Comparisons of VOCs’ source fingerprints from
road covering activities (wt%).

Moo iy Kyanais, 1hi
Dichloromethane 0.09 4.77
Chloroform 0.46 2.71
Benzene 0.69 7.84 4.14
Carbon tetrachloride 0.00 2.91
Toluene 6.76 30.0 6.54
Ethylbenzene 3.68 2.18 4.32
m, p- Xylene 14.15 4.07 4.62
Styrene 0.26 0.10 2.17
o—-Xylene 4.38 3.12 6.53
1, 3, 5-Trimethylbenzene 1.05 1.66 6.14
1, 2, 4-Trimethylbenzene 1.57 7.07 11.15

DVega et al. (2000), PLee (2001)
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Table 9. Comparisons of VOC’s source fingerprints from major processing facilities in the Yeosu Industrial Complex

(wt%).
Oil storage Wastewater plant Pump seals Shipping

Compounds Kawasaki This New Jersey, Cincinnati,  This Kawasaki ~ This This
city, Japan”  study UsSA? USA? study  city, Japan"”  study study
Freon-12 0.00 0.00 0.13 0.02
methyi chloride 0.02 0.00 0.90 0.10
Freon-114 0.05 0.00 21.32 0.00
Vinyl chloride 0.05 0.03 4.79 10.11
Methyl bromide 0.00 0.00 0.01 0.00
Freon-11 0.01 0.01 0.30 0.03
Vinylidene chloride 0.00 0.00 0.04 0.01
Dichloromethane 0.02 8.65 0.00 0.59 5.09
Freon-113 0.02 0.00 0.85 0.04
1, 1-Dichloroethane 0.00 0.00 0.00 0.11
cis-1, 2-Dichloroethylene 0.00 0.00 0.00 0.04
Chloroform 0.00 0.01 9.73 0.0t 0.00 0.60 0.62
1, 2~Dichloroethane 0.01 0.66 0.00 1.45 3.98
Methyl chloroform 0.00 0.02 14.81 2.62 0.00 0.78 1.03
Benzene 2.63 0.02 1.15 1.87 0.08 0.52 1.63 2.57
Carbon tetrachloride 0.00 0.02 4.56 0.00 0.00 0.83 0.09
1, 2-Dichloropropane 0.00 0.00 0.00 0.09
Trichloroethylene 0.00 0.01 1.14 891 0.00 0.00 0.45 7.37
cis— 1, 3-Dichloropropene 0.00 0.00 0.00 3.72
trans— 1, 3~ Dichloropropene 0.00 0.00 0.00 0.06
1, 1, 2-Trichloroethane 0.00 0.00 0.10 0.02
Toluene 1.53 99.34 4.65 1.80 1.10 3.10 7.31 30.02
1, 2-Dibromoethane 0.00 0.00 0.00 0.00
Tetrachloroethylene 0.01 0.00 0.49 0.08
Chlorobenzene 0.03 0.28 0.00 0.00 0.20
Ethylbenzene 0.00 0.07 0.78 95.79 0.00 0.19 11.70
m, p—Xylene 0.00 0.03 0.02 1.34 0.37 10.86
Styrene 0.10 0.31 54.78 391
o-Xylene 0.00 0.03 0.01 0.00 0.78 6.61
1, 3, 5-Trimethylbenzene 0.01 0.00 0.44 0.94
1, 2, 4-Trimethylbenzene 0.10 0.00 0.86 0.44
m-Dichlorobenzene 0.00 0.00 0.00 0.00
o-Dichlorobenzene 0.00 0.00 0.00 0.13
p-Dichlorobenzene 0.00 0.00 0.00 0.00
Hexachlorobutadiene 0.00 0.00 0.00 0.00

UScheff e al. (1989), PHarkov et al. (1987), YDunovant er al. (1986).
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Table 10. Condition indexes and Pi martrix for VOC’s.

ID C.I. Refin. Paint. Waste. Inciner. Petroche Oil sto. Fertil. Iron. Gasol. Graphic Vehicle Road
Refinery 1.00 0.0024 0.0005 0.0002 0.0008 0.0004 0.0001 0.0008 0.0001 0.0001 0.0005 0.0002 0.0002
Painting 1.91 0.0414 0.0000 0.0007 0.0005 0.0024 0.0001 0.0116 0.0003 0.0001 0.0038 0.0010 0.0009
Wastewater 2.05 0.0206 0.0018 0.0159 0.0008 0.0000 0.0000 0.0583 0.0002 0.0000 0.0135 0.0008 0.0003
treatment plant
Incinerator 243 0.0059 0.0000 0.6505 0.0001 0.0003 0.0000 0.0050 0.0004 0.0001 0.0010 0.0001 0.0000
Pe;;ggg:g‘;ga' 3.04 0.0277 0.0010 0.0051 0.0005 0.0008 0.0000 0.2062 0.0010 0.0004 0.0299 0.0000 0.0005
Oil storage 332 0.0705 0.0003 0.1104 0.0074 0.0075 0.0013 0.0073 0.0047 0.0001 0.0015 0.0000 0.0008
Fertilizer 3.82 0.1000 0.0001 0.0209 0.0039 0.0002 0.0001 0.0659 0.0049 0.0029 0.0294 0.0003 0.0022
Iron mill 6.04 0.5991 0.0006 0.0003 0.0162 0.0059 0.0038 0.0038 0.0004 0.0037 0.0003 0.0204 0.0023
Gasoline vapor ~ 13.20 0.0163 0.1277 0.0011 0.5063 0.1681 0.0025 0.0011 0.0020 0.0060 0.0003 0.0001 0.0009
Graphic art 19.60 0.0100 0.6969 0.0018 0.1084 02817 0.0039 04688 0.0044 00126 08564 00145 0.0052
Vehicle emission 46.70 0.0907 0.0012 0.1883 0.2526 0.3595 0.7499 0.1544 0.8521 09118 0.0619 0.0156 0.0913
Road covering 6420 0.0154 0.7698 0.0048 0.1026 0.1733 0.0382 0.0169 0.0293 0.0022 0.0016 0.9469 0.8953
Table 11. Condition indexes and Pi martrix for VOC’s (except road covering).

ID C. L Refi.  Paint. Waste. Inciner. prtroche. Oilsto. Fertil.  Iron. Gasol. Graphic Vehicle
Refinery 1.00  0.0023 0.0007 0.0002 0.0013 0.0008 00001 0.0009 00002 00002 0.0006 0.0025
Painting 1.91 0.0080 0.0008 0.0018 0.0000 0.0020 0.0002 0.0623 0.0005 0.0001 0.0165 0.0008
Wastewater 2.09 0.1160 00011 0.0457 0.0007 00010 0.0000 0.0060 0.0000 0.0001 0.0016 0.0347

treatment plant
Incinerator 233 0.0186 0.0000 06210 0.0001 0.0003 00000 0.0046 0.0004 0.0000 0.0012 0.0035
prtrochemical 295 00002 00012 0.0159 0.0000 0.0002 0.0000 02393 0.0017 0.0004 0.0333 0.0002
Oil storage 325 00155 00002 0.1194 0.0072 0.0125 00012 0.0079 0.0060 0.0003 0.0167 0.0021
Fertilizer 4.03 0.0503 00004 0.0031 0.0192 0.0096 00011 0.0367 0.0038 0.0057 0.0109 0.0349
Tron mill 6.03 0.6696 00003 00004 00109 0.0020 00026 0.0018 0.0001 0.00i8 0.0001 0.5070
Gasoline vapor 1260 0.0123 0.1434 0.0010 0.6670 0.2293 0.0022 0.0015 0.0017 0.0058 0.0008 0.0255
Graphic art 5250 0.1002 0.0224 0.1894 0.1841 0.2922 09895 0.1626 0.9820 0.9735 0.0454 0.3656
Vehicle emission  18.80 0.0070 0.8295 0.0020 0.1094 0.4500 0.0030 04763 0.0037 0.0120 0.8730 0.0232
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Table 12. Condition indexes and Pi martrix for VOC’s (except graphic art).

D C. L Refi. Paint. Waste. Inciner. prtroche. Oilsto.  Fertil. Iron. Gasol. Vehicle
Refinery 1.00  0.0025 0.0027 0.0003 0.0016 0.0012 0.0001 0.0014 0.0002 0.0002 0.0027
Paint 203 0.1188 0.0003 0.0100 0.0002 0.0032 0.0001 0.0260 0.000f 0.0002 0.0308
Wastewater 216 0.0031 00077 0.1931  0.0015 00000 0.001 02004 0.0007 0.0000 0.0030

treatment plant
Incinerator 232 0.0189 0.0014 04780 0.0001 0.0005 0.0000 0.1296 0.0001 0.0001 0.0051
P;L‘fe};‘z?;‘gcal 310 00048 00084 01398 0.0050 00056 00009 00608 0.0085 00009 0.0004
Oil storage 3.80 0.0634 0.0125 0.0000 0.022! 0.0315 0.0014 0.0000 0.0019 0.0041 0.0312
Fertilizer 590 0.5498 0.0246 0.0015 0.0270 0.0020 0.0028 0.0914 0.0005 0.0048 0.3795
Iron mill 6.12  0.1204 02730 0.0013 0.01l16 0.0710 0.0000 0.3665 0.0013 0.0027 0.1409
Gasoline vapor 1240 0.0130 0.6639 0.0011 0.7847 0.2812 0.0024 0.0002 0.0019 0.0073 0.0236
Vehicle emission 50.60 0.1053 0.0056 0.1749 0.1463 0.6039 09921 0.1237 09846 0.9798 0.3828
Table 13. Condition indexes and Pi martrix for VOC’s (except vehicle emission).
D C. L Refi. Paint. Waste.  Inciner. prtroche. Oilsto.  Fertil. Iron. Gasol.
Refinery 1.00 0.0044 0.0033 0.0003 0.0020 0.0023 0.0002 0.0017 0.0004 0.0004
Painting 2.05 0.0362 0.0056 0.0675 0.0009 0.0014 0.0003 0.2683 0.0011 0.0001
W;jﬁ:va‘er treatment 216 00689 00002 05923 00001 00028 00000 00321 00003 0.0003
Incinerator 2.40 0.6589 0.0028 0.0590 0.0000 0.0001 0.0000 0.0726 0.0000 0.0000
Petrochemical processing  2.97 0.0008 0.0091 0.1502 0.0046  0.0081 0.0014  0.0594 0.0141 0.0017
Oil storage 3.80 0.0013 0.0148 0.0003 0.0276 0.0647 0.0034 0.0003 0.0025 0.0088
Fertilizer 5.80 0.0160 0.2785 0.0028 0.0317 0.1008 0.0007 04729 0.0029 0.0105
Iron mill 11.70 0.1504 0.6768 0.0019 0.7764 0.4099 0.0015 0.0000 0.0022 0.0129
Gasoline vapor 38.20 0.0632 0.0090 0.1257 0.1567 0.4100 0.9924 0.0926 09765 0.9653
Table 14. Condition indexes and Pi martrix for VOC’s (except gasoline vapor).
ID C. L Refi. Paint. Waste. Inciner.  prtroche.  Oil sto. Fertil. Iron.

Refinery 1.00 0.0075 0.0046 0.0006 0.0032 0.0060 0.0050 0.0037 0.0063
Painting 1.89 0.0239 0.0053 0.1426 0.0008 0.0024 0.0051 0.2705 0.0164
W;S;l‘:twater treatment 201 00839 00000 0638 00003 00090 00005  0.0703  0.0002
Incinerator. 2.20 0.7201° 0.0028 0.0624 0.0000 0.0002 0.0002 0.0809 0.0000
Petrochemical processing 9.60 0.1121 0.6597 0.0006 0.7347 0.4793 0.4592 0.0017 0.4442
Oil storage 6.66 0.0525 0.0516 0.0155 0.1396 0.3131 0.3276 0.2803 0.3524
Fertilizer 4.18 0.0001 0.1657 0.0005 0.0073 0.1457 0.0748 0.1940 0.0624
Tron mill 2.82 0.0000 0.0103 0.1398 0.0141 0.0442 0.0276 0.0986 0.1180
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