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ABSTRACT

Objectives: This study estimated the emission quantity of benzo(a)pyrene(BaP) produced by fuel combustion
in the Seosan area, and analyzed the uncertainty regarding the emissions.

Methods: It was based on data from a national agency and from public institutions. Emissions were estimated
by using national-level guidelines. The total estimated emissions were analyzed by performing Monte Carlo
analysis.

Results: The full emission quantity of BaP which was discharged by fuel combustion in the Seosan area stood
at 1,194.79 g/yr. The point source emissions came to 184.16 g/yr (95% CI; 158.40-209.39). The line source
emissions reached 315.33 g/yr (95% CI; 284.99-344.03). The area source emissions accounted for 695.31 g/
yr (95% CI; 605.10-793.88). Chemical and compound manufacturing was the highest with 639.13 g/yr (95%
CI; 542.95-728.24) in terms of emissions and oil refinery emissions were high with 153.10 g/yr (95% CI;
129.19~177.46). It was found in the Seosan area that the major source of BaP is the manufacturing of
chemicals and chemical products.

Conclusion: The emission quantity of BaP which was discharged by the fuel combustion in Seosan area
reached 1,194.79 g/yr. Research needs to be continued for the definite estimation of emission of BaP
henceforth.

Keywords: emission factor method, estimated of emissions, Monte Carlo analysis
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Table 1. Emission factors of BaP by fuel types

Sector Type Unit EI;;ZS;SH
Bunker-C g/kL 1.440 x 10

] Diesel gkL 1440 x 10*
Point source o cene gkL  1.440 x 10*
& Process Gas  g/1000 m* 4.630 x 10™

Area sources

Natural Gas g/ton  5.440 x 10

Anthracite g/ton  2.404 x 107

Gasoline LDV g/km  3.20 x 107

Diesel LDV g/km 6.30 x 107

Line source Diesel HDV ~ g/km  9.00 x 107
2-Stk(Cb) gkm 122 x 10°

4-Stk(Cb) gkm  6.60 x 10°
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Table 2. Total emissions of BaP estimated by using emission factor method and Monte-Carlo simulation in Seosan Area

(unit: g/yr)
o Monte Carlo simulated
Sector Calculated emissions o o o P 95"

Emission sources**

Point Source 184.16(15.4%) 158.40 172.72 184.40 195.11 209.39

Line Source 315.33(26.3%) 284.99 302.36 315.13 327.46 344.03

Area Sources 695.31(58.1%) 605.10 656.05 695.71 736.57 793.88
Fuel type**

Natural Gas 563.80(47.2%) 468.09 528.86 561.78 601.21 650.31

Gasoline 107.14(8.9%) 89.40 99.21 106.62 114.01 123.56

Kerosene 2.60(0.2%) 2.19 2.42 2.60 2.78 3.01

Diesel 219.97(18.4%) 195.60 209.52 219.56 230.16 243.52

Bunker-C 16.65(1.4%) 14.02 15.47 16.56 17.80 19.37

Process Gas 232.47(19.5%) 196.30 218.00 233.05 247.60 270.11

Anthracite 52.17(4.4%) 4391 48.97 52.15 55.41 60.78
Industrial Classification**

Energy industry 184.04(15.4%) 156.17 171.66 183.15 193.52 209.85

Nonindustry 55.71(4.6%) 46.79 51.87 55.77 59.29 64.34

Manufacturing 639.72(53.6%) 551.91 603.06 639.79 677.24 729.27

Mobile Emission 315.33(26.4%) 284.99 302.36 315.13 327.46 344.03

Total

1194.79(100%)

% p<0.001.
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Table 3. Total emissions of BaP estimated by using emission factor method and Monte-Carlo simulation in Point Source

(unit: g/yr)
Calculated Monte Carlo simulated
Sector ..

emissions Slh 25(]1 50(11 75(11 ()Sth
Oil refinery 153.10(83.1%) 129.19 143.72 153.49 163.48 177.46
Private power generation facilities 30.94(16.8%) 26.90 29.29 30.81 3245 34.66
Agriculture, Livestock, Fisheries Facilities 0.02(0.0%) 0.01 0.02 0.02 0.02 0.02
Other non-metallic mineral products 0.10(0.1%) 0.08 0.09 0.10 0.11 0.12

Total 184.16(100%)

Table 4. Total emissions of BaP estimated by using emission factor method and Monte-Carlo simulation in Line Source

(unit: g/yr)
Calculated Monte Carlo simulated
Sector emissions 5t 25h 50t 75" 95t

Gasoline LDV’ 107.12(0.0027) 89.42 99.62 106.76 114.03 124.10
Diesel LDV' 112.89(0.008") 93.45 104.34 112.90 120.56 131.49
Diesel HDV* 95.29(0.012%) 79.58 89.12 95.75 102.13 110.56
2-Stk(Cb)* 0.02 0.01 0.01 0.02 0.02 0.02
4-Stk(Cb)' 0.01 0.01 0.01 0.01 0.01 0.01
Total 315.33 - - - - -

*: Calculated emissions / one car

" light duty vehicle, *: heavy duty vehicle, : 2-stokes carburetor, ":4-stokes carburetor

Table 5. Total emissions of BaP estimated by using emission factor method and Monte-Carlo simulation in Area Sources

(unit: g/yr)
Calculated Monte Carlo simulated
Sector emissions 5 25" 507 750 95"
Commercial Facilities 0.11(0.0%) 0.09 0.10 0.11 0.11 0.12
Public facilities authority 0.78(0.0%) 0.65 0.73 0.78 0.83 0.90
Residential facilities 54.81(7.9%) 46.00 51.14 54.85 58.51 63.47
Chemical & compound manufacturing 639.13(91.9%) 542.95 596.64 635.87 673.13 728.24
The primary metals industry 0.49(0.0%) 0.41 0.45 0.49 0.52 0.57
Play for processing raw material producers  0.00(0.0%) 0.00 0.00 0.00 0.00 0.00

Total 695.31(100%) - _ i : -
v.a & 153.10 g/yr2 A YERSTH(Table 3). whebr] A4t
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HQl A} FAFsIcE

FAAAA ARAA vjEFo] 7.9%S XA}
Rt 19909 o] HAjeh e, A ()l
B AMgo| 343 7hAslal, AAHoZ LNGY A}
8ol F71sI7] wiEell 9Al vEeRrd Zlolet A7t
gtk o] 22 1991 = 20008 =7H] A4
o] FAAANA BaPo] wjEHo] A&EHORE A
g Aot e wigtolgt Azttt

259 Bape] =l A AT H7F o] A
o] AF3L, 712 TAAR Y57t Brbssie] o
5 oujEdel iR MERRE AP Sutel §l
Rom 2 ele] ztge HAOoR o]ET i
AATED T} B AFes SRR A0 A
Ak MEFF AP WS 71 FH0 R kL, w7t
713 2 FF7189] 20133 AEE EYE o] b
%S sl ng, 7t FEellA 1 AR o]
Bt & F Utk 238y 4,58 AFEA
gk 2k57F FASte] MAER A AR FellA
1,2,3% ARl s v &S 2 S bl
sSRorg AA BaP wiEFS G4 o] =& Z0]
g} Azpete}. T3 BaP7F AT E ©]5%E POPs
Edolng oA ] ffe] S Flolet o
et 538 W 7|17k 5 Y %2 PAHsL WiE
ol AA wjEe] 71osle Fag 991o® Il
I A3 ARE B, AMFe] Jgor T
N ALZHd o o] BaP7} FYHo] A ¢
St & o] Aol WAE = Aokl Azbsic) 1
gL U wiEAFe] FAR Aste] =9 wjEA
FE AT § g fislerz B3alado] uA)
Tk B3-S tke Q002 RE B
wjitol] FEHOZ AA = ofHTh? 2t 4l
g e wEF APEE 9% =8 (&K=
8= ojof ghrhar Azheiet, waka = s &A1
MNas} viE g 2Pgale] 355 B2 a3 2
o} 5 gt s Walste] E3AES A
eke AAE whds] Yrtop @ Aol

v& B

B Aol 2Hg et AMatR oA AT ALl <]
& ¥iEE BaP2| MIEES 1,194.79 g/yrol 2, A
AU MoAY, HodY viEde] AT AL

>

=
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A wlEHEe 247 184.16 g/yr(95% CI; 158.40~
209.39), 315.33 g/yr(95% CI; 284.99~344.03),
695.31 g/yr(95% CI; 605.10~793.88)°1At}t. B2
Aol AfAAAAANA ] ArALe oJg wEF
£ 153.10 g/yr(95% CI; 129.19~177.46)°]0 2L, &
odde] sIFEZ 9 3EHAIE AlRYL 639.13 g/
yr(95% CI; 542.95~728.24)°] ]t} MAER] 92 o)
B AR e} Afstet Bl 7 2AA)] FHAGeR
A SitEE 9 e E AlzddA 7P =4 U
ERton, 2 o2 AR AA A BaP7t Bol
HEEE A & F Atk 28y B840 U
AEle} glovg, ckoz sl BaPo] A =
WE3F A S flEte] wlEASE dsla, 258
H 2y e B ask Aset gEd sk A+t
A&H o2 o] Fojxof gt AY7gity.
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