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A Study of Emissions for PCDD/DFs and DL-PCBs

in the Iron and Steel Industry

Sung-Min KIM

Interdisciplinary Program of Earth Environmental Engineering,
Graduate school, Pukyong National University

Busan 608-737, Korea

Abstract

With the Stockholm convention coming into effect in 2001, there have been
a number of collaborative efforts to identify and characterize the release of
"Unintentional Persistent Organic Pollutants”(U-POPs) such as PCDD/DFs and
DL-PCBs. And the international organizations. and developed countries also
make the development and implementation of action plants to decrease them

continuously and, where feasible, eliminate them ultimately in the future.

Recently in Korea, according as emissions of U-POPs for waste incineration
plants decreases , emissions of U-POPs for the industryequipment increases
relatively, especially it was. reported: that among -others; the iron and steel
industry was very highly occupiedMinistry of Environment, 2005b;2007a).

Therefore, this study i1s aimed to characterize the emission of U-POPs for
the iron and steel industry, and to compare emission factors and emissions

considering the influence of various factors.

The results were summarized as followings.

First, the Correlation coefficient of PCDD/DFs and DL-PCBs was over 0.77

- viii -



in the most of subcategories. And average emitted concentrations of
PCDD/DFs and DL-PCBs were 0.550(n=34, +0.573) ng WHO-TEQ/Sm® and
0.035(n=30, +0.037) ng WHO-TEQ/Sm® for ’Integrated iron and steel -
sintering oven’, 0.017(n=8, *0.010) ng WHO-TEQ/Sm’ and 0.001(n=6, +0.002)
ng WHO-TEQ/Sm® for ’Integrated iron and steel — coke oven’, 0.155(n=8,
+0.148) ng WHO-TEQ/Sm’ and 0.025(n=6, +0.018) ng WHO-TEQ/Sm’ for
'Integrated iron and steel - electric steel furnace’, 0.197(n=48, +0.402) ng
WHO-TEQ/Sm” and 0.020(n=35, +0.033) ng WHO-TEQ/Sm’ for 'Iron/steel -
electric steel furnace’, 0.021(n=9, +0.020) ng WHO-TEQ/Sm® and 0.021(n=6,
+0.045) ng WHO-TEQ/Sm’ for 'Alloy iron - electric steel furnace’, 0.040(n=31,
+0.053) ng WHO-TEQ/Sm’ and 0.005(n=22, +0.009) ng WHO-TEQ/Sm’ for
'Tron/steel casting - ©pig-"iron casting’” and 0.023(n=7, =*0.026) ng
WHO-TEQ/Sm” and 0.003(n=6, +0.003) ng WHO-TEQ/Sm® for 'Iron/steel
casting — steel casting’. The emission concentrations from sintering’ oven and
electric steel furnace are similar to Japan.

Second, the early period of the research in 2001, relative errors of Semi
Bottom-up Approach and' Top-down Approach for U-POPs emissions were
about 30~409, and the error ratio was downed to about 10% when /a ratio of
actual research comes at 57.9% in 2007. The more a ratio  of actual research
increases, the less relative errors of=Semi Bottom-=up Approach and Top-down
Approach, so the Top-down Approach for-U=POPs emissions can be used in
early future if further actual researches are performed.

Third, it was shown that the representative emission factor excluding
outliers can counterbalance the overvaluation of missing value, also the
weighted average was more commensurate with emissions of U-POPs than the

arithmetic mean because the former i1s estimated with regards to product



outputs, which are very important factors in the emission.

Last, also emission concentrations of U-POPs was decreased significantly
after improvement of pollution control facilities. After improvement of pollution
control facilities, it was shown that emission concentration was decreased
about 80~90% for PCDD/DFs, and about 65~85% for DL-PCBs, respectively.
In conclusion, that emission factors must be adopted separately in accordance

with change of process for each emission sources.

Keywords : Iron and steel industry, PCDD/DFs, DL-PCBs, Emissions
Semi Bottom-up, Top—-down, U-POPs
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Table 2.1 Classification and target compounds of POPs (Modified from UNEP,
http://chm.pops.int)
Classification Compounds
Aldrin, Endrin, Dieldrin, Toxaphene,
POPs (12) Chlordane, Heptachlor, Mirex, HCB, PCBs,

DDT, PCDDs, PCDFs

New POPs (9)

a-HCB, B-HCB, HBB, Chlorodecone, PeCB,
Lindane, Tetra-BDE and Penta-BDE,

Hexa-BDE and Hepta-BDE, PFOS

2005;



1.1 PCDD/DFs¢ =83883 54 2 54

tho] & A & ZaZ =gy olg = o] Wl 2= - 1} 2}-t} o] &4l (Polychlorinated
dibenzo-p-dioxin, PCDDs)2.& 7} wlAldo] F 7jo] AFAadzrt Hd=w o
A¥o] Qa7 1AM 7hE A% F i, FES ZYFEMolHE talx
2@ (Polychlorinated dibenzofurans,PCDFs) 2. 2 F&7|o] F 7jo] wid o] = -
T2 AAH dol A mpzrbA R 871 ¢ =
7} #gHE o] tH(Rappe C, 1993).

Fig. 2.1 + 7}4] 49 &A47%E5 Yeh Aot

9 1 9 1
8 0] 2 8 I I 2
7 (0] 3 7 O 3
4 6
PCDDs PCDFs

Fig. 2.1 Molecular structures and numbering systems of PCDDs and PCDFs.

PCDD/DFs& +x490 2 v]53k 75719 135719 oA E 27t 71A 3 9o
A 300~5008] W= Aol A S el AAA T Aolek PCDD/DFEsell
ol AA g, A, medld Bl Z12AS 298ty 4 E S Table
2.2¢} Table 2.3°] YEMJATHWHO,1997). PCDD/DFsé] R& &A= Eo A
of galHA dow, Fr]Evlol= BlHARE S AhA A fvh =T
dHomE Qbdsta mA=ol o Ao EaEA Foew digrt SUF S
5§82 Folxt. thyh HpCDFs % OCDFe} #2 1¢dstES gy =

=3 4 4944 By s Aoz mauso] 9th(Mackay, 1992).



Table 2.2 Physical and chemical properties of PCDDs (Modified from Mackay et al., 1992)

No. of Cl No. of suii,t?t,ited Molecular Mole.cular Melting B.oiling
Isomer PCDDs formula weight  point(C) point(C)
1 2 C12H70Cl1 219 897106 316
2 10 C12HeOoClo 253 1517210 3587374
3 14 C12H50:Cl3 288 129 375
4 22 1 Ci2H4O2Cly 322 1727305 4197447
5 14 1 C12H30:Cls5 356 195 465
6 10 3 C12H20:Clg 391 273 488
7 2 1 C1oHO:Cl; 425 265 507
8 1 1 C120:Clg 460 322 510
sum 75 7
4~8 Cl 49 7




Table 2.3 Physical and chemical properties of PCDFs (Modified from Mackay et al., 1992)

Moot 1 0 st Yot Mol Mitng ol
PCDFs

1 4 C12H-,OCl 203 NA*? NA

2 16 Ci12HsOCl2 237 184 375

3 28 C12H50Cl3 272 NA NA

4 38 1 Ci12H40Cly 306 227 438

5 28 2 Ci12H30ClI5 340 196 465

6 16 4 C12H20Clg 375 226~232 488

7 4 2 C12HOCly 409 221~236 507

3 1 1 C120Clg 444 258 537
sum 135 10
4~8 Cl 87 10

a: not available.

Table 2.4 Physical and chemical properties of PCDD/DFs homologues (Modified from
Mackay et al., 1992)

Homologue Vapour Pressure Solubility in water Henry's
Log Kow®

Group (mmHg ‘at 25C) (mg/L at 25C) constant
TeCDDs 81 X 107 6.4 35 X 10 135 X 10°
PeCDDs 73 X 10" 6.6 1.2 %10 107 x 10
HxCDDs 59 x 10" 73 A <= 1.83 X 10°
HpCDDs 32 x 101 8.0 24 X 10° 514 X 10*

OCDD 83 X 10 8.2 74 X 10° 2776 x 10*
TeCDFs 25 X 10°® 6.2 42 X 10 6.60 X 10
PeCDFs 27 X 107 6.4 2.4 X 10 204 X 10*
HxCDF's 28 X 101 7.0 1.3 X 10° 587 x 10
HpCDFs 99 x 10" 79 14 X 10° 576 X 10

OCDF 38 X 10" 3.8 14 X 10° 404 X 107

a: Octanol/water partition coefficient.



1.2 DL-PCBs9 &334 E4 2 =54

PCBs+ 1881 Schmidtell ol3l #Hx= A= o] 1929 vl =ol A FdH ALk
o] AlZ+=l o], Arochlor, Clophen, Kaneclor 59 A&+%W o & 1930~1997d )
A AN A 130%Fe] Eo] A4 - AREE R om ) g2yt A= PCBs7F Al &5 A ¢

kil FE= A SolA Fdste] AbgE Aoz YA dnCteE,A 89,

2

-~

2008).
PCBsi= Fig. 2.29F o] F 7o) wAdo] diart AFHe= +2E 7HA AL
gov, olE F F Jhe WAool T Hwo| 9A3le] ortho X 2 s

Aa7b A ek

Lo

gskx] & PCBs (Non-ortho PCBs) 4% 3 ortho € *]o &t
PCBs (Mono-ortho PCBs) 8F o & % 12%¢) 3§ Eo| tfo] Al 79 FAe =
A FalAdE 7HA L e AR BaE s Qv (=g 74 25k 2003).

2 &

PCBs

Fig. 2.2 Molecular structures-and numbering systems of PCBs.

%% PCBst %49 244 mAolw, 3ol v¢ wrh e 243 g9
HW sl stelAm BelE @ w4 @out, AW 71§l F st
$A PCBst A, Avil, #84 2 7taA 5 ddE §E2 AHgHEAoM,



Lo

oz or AMAEE Edoltt 4~743F PCBse H=A0 tia] =AtE &g - 3}
5t4 A4S Table 250 YERHAT

o
X

Table 2.5 Physical and chemical properties of PCBs homologues (Modified from
Mackay et al., 1992)

Homologue M.W.*  MP.” BPS v.p? W.S.° Log Kow'

TeCBs 2919  47-180 360 0.002 0.0043-0.01 5.6-6.5
PeCBs 3259  77-124 381 0.0023-0.0051 0.004-0.02 6.2-6.5
HxCBs  359.84 85-160 400 0.0007-0.012  0.0004-0.0007  6.7-7.3

HpCBs 393.80 122-149 417 0.00025 <45%10° 6.7-7.0

a: Molecular weight, b: Melting point (C),
¢: Boiling point(C), d: Vapor pressure (Pa, at 257),
e: Water solubility (g/m3), f: Octanol/water partition coefficient.

Table 2.6 Congeners of DL-PCBs (Modified from Mackay et al., 1992)

Congeners TUPAC No. CAS No.

3,3',4,4"-TeCB 31 70362-50-4

Non 344" 5-TeCB 77 32598-13-3
—ortho 3,3",44' 5-PeCB 126 57465-28-8
3,344’ 55 -HxCB 169 32774-16-6
2,3,3",4,4'-PeCB 105 32598-14-4

2,3,4,4" 5-PeCB 114 74472-37-0

2,3",4,4" 5-PeCB 118 31508-00-6

Mono 2',3,4,4" 5-PeCB 123 65510-44-3
—ortho 2,33',4,4" 5-HxCB 156 38380-08-4
2,33',4,4" 5'-HxCB 157 69782-90-7

2,3",44" 55" -HxCB 167 52663-72-6

2,3,3",4,4" 55" -HpCB 189 39635-31-9

_10_



1.3 PCDD/DFs % DL-PCBs¢ =A% 7HA s

PCDD/DFs % DL-PCBs®| 542 7V 54 a2
I GgE SEAE FdAQ 549 vER Hriste] xdsta o ol 54T
7FAI5:(Toxic  equivalency  factors;  TEFs)Z}t  3st&=dl, SAAdAxE9
Aryl-hydrocarbon & A 9&S& HESF] 19838 NATO/CCMSel sl A& 4
fH o o5 A 5A 57 (International  toxic  equivalency factors;
[-TEFs)2 A4t tH(Kutz, et al., 1990).

1990 d ) Zuk Al A B 7] 7+ (World Health Organization; WHO) o A &= 7] & ¢]
I-TEFsE& A%®7}stal PCDD/DFsét  fASE S0l Sl Ao=  yehd
DL-PCBs® TEFs& F7Fetl=tl, ols AARAZ+ SA57H4(World
Health Organization toxic _equivalency factors; WHO-TEEs)® A3t}
WHO-TEFst I-TEFsel Hl3&l] 1,2,3,7,8-PeCDD+ 28] =, OCDD % OCDF+ 10
Hj grolzl kS A 83Fa Atk(Van den Berg et al; 1998).

T 20050 WHO HiE7t 2wolAe 45 =&d st TEFsE AlE 7tstho]
TA4¥ TEFsE AAstAH. 8 ¥WE AlgozZ+= 0OCDD, OCDF, PCB #31 %
#169+ 3W =2 FFoE, U A DL-PCBsi= &Y3skA 0000039 A8 AlA
39 tH(Van den Berg' et al., 2006).

T AE vl SA #E §k F8 A [-TEFsE A"skal slom™ {33 v
T ME oA 7X = [-TEFsE. AHESial SJorl 252 & Hoox = FHo=
2’4 ¥l TEFs(state-of-the-art TEFs)E AF&8 25 Q+sta vk A =414
o2 the] SAF R HristE 2 <l PCDDs 7%, PCDFs 10% % DL-PCBs 12%
of dlgt I-TEFs, WHO-TEFs 98 ¥ WHO-TEFs 05¢ %< vl usto] Table 2.7
of Yer At
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Table 2.7. I-TEF, WHO-TEFos and WHO-TEF,s (WHO, 1998; 2005)

U-POPs Congeners I-TEF  WHO-TEFs WHO-TEFuy
2,3,78,-TeCDD 1 1 1
1,2,3,7,8-PeCDD 05 12
1,2,3,4,7,8-HxCDD 0.1 0.1 0.1
PCDDs 1,2,3,6,7,8-HxCDD 0.1 0.1 0.1
1,2,3,7,8,9-HxCDD 0.1 0.1 0.1
1,2,3,4,6,7,8-HpCDD  0.01 0.01 0.01
OCDD  0.001 0.0001 0.0003
2,3,7,8-TeCDF 0.1 0.1 0.1
1,2,3,78-PeCDF  0.05 0.05 0.03
2,3,4,7,8-PeCDF 05 05 0.3
1,2,3,4,7,8-HxCDF 0.1 0.1 0.1
1,2,3,6,7,8-HxCDF 0.1 0.1 0.1
PCDEs 1,2,3,7,89-HxCDF 0.1 0.1 0.1
2,3,4,6,7,8-HxCDF 0.1 0.1 0.1
1,2,3,4,6,7,8-HpCDF ~ 0.01 0.01 0.01
1,2,3,6,7,89-HpCDF  0.01 0.01 0.01
OCDF - 0.001 0.0001 0.0003
3,3",4,4'-TeCB 0.0001 0:0001
non- 3,4,4' 5-TeCB 0.0001 0.0003
ortho 3,3',4,4",5-PeCB 0.1 0.1
3,3',4,4" 55'-HxCB 0.01 0.03
2,3,3",4,4'-PeCB 0.0001 0.00003
2.3:4,4" 5-PeCB 0.0005 0.00003
DL7PCBs 23" 44 5-PeCB 0.0001 0.00003
mono- 2',3,4,4"5-PeCB 0.0001 0.00003
ortho 2,3,3"4,4' 5-HxCB 0.0005 0.00003
2,3,3",4,4' 5'=HxCB 0.0005 0.00003
2,3'.44' 55 -HxCB 0.00001 0.00003
2,3,3",4,4' 5,5 -HpCB 0.0001 0.00003

a: Numbers in bold indicate a change in TEF values.
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Table 2.8 PCDD/DFs source categories by UNEP Toolkit (Modified from UNEP, 2005)

Emission Source Sub-categories

1) Municipal Solid Waste
2) Hazardous Waste
3) Medical Waste
1. Waste Incineration 4) Light weight aggregate (e.g. from shredder)
5) Sewage Sludge Incineration
6) Waste Wood Combustion
7) Animal Carcasses Incineration

1) Iron Ore Sintering
2) Coke Production
3) Steel Production
4) Copper Production

_ 5) Aluminum Production
2. Ferrous and Non-Ferrous 6) Lead Production

Metal 7) Zinc Production

8) Brass Production

9) Magnesium Production

10) Shredder (e.g. automobile)

11) Wire Reclamation by Combustion

1) Fossil Fuel Power Plant (coal, oil, gas of waste)
) 2) Biomass Power Plant
3. Power Generation and 3) Landfill, Biogas Combustion
Heating 4) Household Heating and Cooking
5) Domestic Heating (coal; weod)
6) Production of heat/energy in industry

1) Cement Kilns (Waste/not waste at next level)
2) Lime (Waste/not waste at next level)
3) Brick
4. Mineral Product 4) -Glass
5) Ceramic
6) Asphalt Mixing
7) Light Weight Aggregate Kilns

1) 4-stroke Engine

2) 2-stroke Engine

3) Diesel Engine

4) Heavy QOil Fired Engine

5. Transportation

6. Uncontrolled and 1) Fires/burnings - biomass (forest, grassland, field, etc.)
Combustion Processes 2) Fire-waste burning, landfill fires, industrial and other accidents

1) Pulp mills
. \ 2) Paper mills
7. Production of Chemical 3) Chemical industry
Consumer Goods 4) Petroleum industry
5)“Textile plant
6)-Leather. plant

1) Drying-of biomass
2; Drying-of feed materials
. 3) Crematories
8. Miscellaneous 4) Smoke House
5) Dry cleaning residues
6) Tobacco smoking

1; Landfill/leachate

. . 2) Sewage/sewage treatment

9. Disposal/Landfill 3) Open water dumping (e.g. into rivers, lakes, oceans)
4) Waste oil disposal (not combustion)

1) Production site of chlorinated organics
2) Production sites of chlorine
3) Formulation sites of chlorinated phenol
4) Application sites of chlorinated phenol
10. Hot Spot 5) Timber manufacture and treatment sites
6) PCB-filled transformers
7) Dumps of waste/residues from categories 1-9
8) Sites of relevant accidents
9) Dredging of sediment
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Table 2.9 PCDD/DFs source categories by USA Toolkit (Modified from US EPA, 1998)

Emission Source Sub Categories

1) Municipal waste incineration

2) Hazardous waste incineration

3) Boilers/industrial furnaces

4) Medical waste/pathological incineration
1 Waste Incineration 5) Crematoria

6) Sewage sludge incineration

7) Tire combustion

8) Pulp and paper mill sludge incinerators

9) Biogas combustion

1) Vehicle fuel combustion : leaded, unleaded

2) Wood combustion : residential, industrial

3) Coal combustion : residential, industrial/utility
4) Oil combustion : residential, industrial/utility

2 Power/Energy Generation

1) Cement kilns burning hazardous waste
2; Cement Kkilns not burning hazardous waste
: 3) Asphalt mixing plants
Other High 4) Petro. refining catalyst regeneration
5) Cigarette combustion
6) Carbon reactivation furnaces
7)-Kraft recovery-boilers

Temperature Source

1) Combustion of landfill~gas in flares
2) Landfill fires

3)-Accidental fires(structural)

4) Accidental fires(vehicle)

5) Forest, brush, and straw fires
6)Backyard trash burning
7)-Uncontrolled combustion of. PCBs

Minimally Controlled. -or
Uncontrolled Combustion

1) Sintering plants
Ferrous metal 2) Coke production
smelting/refining = 3) Electric arc furnaces
4) Ferrous foundries

Metallurgical

1) Secondary aluminum smelting
Processes Nonferrous metal

It fini 2) Secondary copper smelting
smelting/refining. 3) Secondary lead smelters

Scrap electric wire ‘recovery

Drum and barrel reclamation

1) Bleached chemical wood: pulp-and paper mill
2)-Mono-to tetrachlorophenols
3). Pentachlorophenol
) 4) Chlorobenzenes
6 Chemical Manufacture 5) Chlorobiphenyls (leaks/spills)
/Processing Sources 6) Ethylene dichloride/vinyl chloride

7) Dioxazine dyes and pigments
8) 2,4-Dichlorophenoxy acetic acid
9) Non-incinerated sludge
10) Tall oil-based liquid soaps

Biological Formation

Photochemical Formation

Reservoir Sources Emissions from chlorophenol-treated wood

_16_



23 4

QJH o] tho]| &AF WjEHEZ(Inventory)S 19991 69 “tho] LAl ul S A A o = 7
E3]o)7e] 22 BRuE AEste] AAson ‘tholSAl A FX 7| EA RS

2oz A2 MEAFES Hrlske] wid Agrlsta gl

-

o] A1 RE PCDDs ¥ PCDFs¢t 7] DL-PCBsE tho]SAlfFol| X330
¥, SAS7HIS(TER)E “to] SAEdZXH ] upe} WHO-TEF (1998)E ©]
g3to] FAE vt £33 WHO-TEF A 57HA5E o]&3ke] ol d el 1997d

2
Te R vhd tol&al wE

B=)
—
<o}
O
(0%}
T
1o
=
il
o
2
N,
ol
ol
2
o
H
1t
N\
R
il
il

A Eo A2 PCDD/DFs®| Hi= &5 Table 21091 Y EFHRA

_17_



Table 2.10 PCDD/DFs source categories by Japan Toolkit (Modified from Japan,
Ministry of the Environment, 1999)

Emission Source Sub Categories

1) General waste
2) Industrial waste
3) Small size waste
4) Landfill waste

1 Waste Incineration

1) Electric furnace for steelmaking

2 Ferrous metal smelting/refining 2) Sintering plant

1) Lead retrieval
2) Aluminum alloy
3) Aluminum strip
4) Cast steel/Forged steel
3 Nonferrous metal smelting/refining 5) First-copper/lead/zinc refining
6) Copper retrieval
7) Precious metals retrieval
&) New-material manufacture
9) Aluminum casting, Die casting

4 Other High Temperature Source Cement industry

5 Paper Paper industry

Chemical Manufacture . .
6 /Processing Jou s Vinyl chloride industry

7 Other industry Electric wire/cable industry

Electric supply industry/ Thermal

8 Power/Energy Generation ]
power generation

9 Transportation Vehicle exhausting gas

10 Others Smoking, Crematories
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Table 2.11 U-POPs source categories -adopted in—Korea (Modified from Korea,
Ministry of Environment, 2005b)

Main categories Sub categories

1. Waste treatment Waste incineration

Integrated iron and steel
iron/steel

alloy iron

iron/steel casting
Non-Ferrous alloy production/

2. Iron and Steel industry

3. Non-Ferrous metal industry
Foundry

Glass/Ceramic

4. Mineral product Cement Kkiln/Lime

Asphalt mixing
Chemical industry

Production of chemical
5. Tire production
consumer goods
Pulp/Paper mills

Power plant

6. Power generation
Local heating plant

7. Miscellaneous Crematories
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Table 2.12 Emissions of PCDD/DFs and DL-PCBs in Korea (Ministry of Environment, 2005)

Emissions (2001)

Main categories (g WHO-TEQ/year)

PCDD/DFs DL-PCBs

1. Waste treatment 987.4 78.0~105.7

2. Iron and Steel industry 103.3 10.3
Non-Ferrous metal

3. 15.7 4.1
industry

4. Mineral product 34 0.2
Production of chemical

5. 05 0
consumer goods

6. Power generation 10.3 0.7

7. Miscellaneous 4.8 0.3
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Table 3.1 Source categories of U-POPs for the Iron and Steel Industry

Categories number of
Main Semi sub Sub company
sintering oven 2
Integrated iron
coke oven 2
and steel
electric steel furnace 2
Iron and Steel .
) Iron/steel electric steel furnace 13
industry
Alloy iron electric steel furnace 3
Tron/steel pig iron casting 33
casting steel casting 10
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Extraction

PCDD/DFs
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Multi-layer
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column clean-up

< Spiki

HRGC/HRMS

ng internal-standards

Resolution>10,000, SIM

<« Spiking *Cl4-,2,3,7,8-TeCDD standard

DL-PCBs

< Spiking internal standards

Treatment with
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40ml (rinse)

<~ 5% DCM/n-Hexane,
120ml(for analysis)
< 50% DCM/n-Hexane, 160ml

< Spiking-internal standards

Resolution>10,000, SIM

Fig. 3.1. Pretreatment procedure for PCDD/DFs and DL-PCBs.
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Table 3.2. Analytical condition of HRGC/HRMS for PCDD/DFs and DL-PCBs

PCDD/DFs DL-PCBs

Column SP-2331 DB-5MS

o 60mx0.32m IDx0.2m 60m>x0.25mn ID*0.2m
120%C (Imin, 10%C/min)— 15OOC(1m%n, 29 C/n.nn)ﬁ
. . . . 185 (3min, 2C/min)—

Oven temp. 2007C (2min, 3'C/min)— . . . .

960°C (20min) 245°C (3min, 6'C/min)—
290°C (10min)

Injector temp. 260 C 300C

Injection mode splitless splitless

Purge off time  60sec 60sec

Source temp. 260 C 280 C

Ton mode Electron impact (positive)

Ion energy 32 eV

Monitoring mode Selective .ion monitoring
Mass resolution over 10,000 (at 10 %6 valley)
Trap current 300~400 pA
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Table 3.3. Monitoring ions and isotope ratios of PCDD/DFs and DL-PCBs

Homologue Exact m/z Selec_ted Theore_:tical
Native 13Clz labelled mass 1ons ratio
M/M+2
TeCDF 303.9016 315.9419 077
305.8987 317.9389 M/M+2
319.8965 331.9368 M/M+2 077
TeCDD 321.8936 333.9339 M/M+2 '
- 327.8847 M
M+2/M+4
PeCDF 339.8597 351.9000 155
341.8567 353.8970 M+2/M+4
M+2/M+4
PeCDD 355.8546 367.8949 155
357.8516 369.8919 M+2/M+4
M+2/M+4 1.24
HxCDF 373.8208 383.8639
375.8178 385.8610 M/M+2 0.51
M+2/M+4
HxCDD 389.8157 401.8559 124
391.8127 403.8529 M+2/M+4
M+2/M+4 1.04
HpCDF 407.7818 417.8253
409.7788 419.8220 M/M+2 0.44
M+2/M+4
HpCDD 423.7766 435.8169 104
425.7737 437.8140 M+2/M+4
441.7428
- +2/M+
OCDF 443 7398 M+2/M+4 0.89
M+2/M+4
OCDD 457.7377 469.7779 0.89
459.7348 471.7750 M+2/M+4
289.9224 301.9626
TeCB M/M+2 0.77
291.9194 303.9597
325.8804 337.9207
PeCB M+2/M+4 1.53
327.8775 3399178
359.8415 371.8817
HxCB M+2/M+4 1.23
361.8385 373.8788
393.8025 405.8428
HpCB M+2/M+4 1.02
395.7995 407.8398
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5) AA W ATk

= o O
PCDD/DFs ¥ DL-PCBs®4 o] Alg® ZF&E4de olge 2o ZHz A#s
FEHAL SUARZA 49352 05~200 ng/ml, 5~7A3EL 25~1000 ng/ml,
AgELS 5~2000 ng/ml FEHLAE ALESIAT. AFd A Fole 1vkE &

FEA0 9% 93 FAsu ARRYS ANFAT

®

HRGC/HRMS+ Al 213 sdd =744 8l 10,000 o]de=z =4
(Tuning)3F thF, 43t E0lA 8d3t=9 MEol2E5s HA ) o] AFo=w
o]l mtadE A4 (Magnet switching) 2 2 PFK(Pefluorokerosene)el t g+
AFAAS AAed. 4 252 HAT sty o] e e EF(Lock mass)e
A8 L 18] AFe]E AlZH(Cycle time)< 1,000 msec ©|H & 3} th PFK A=
A4A 3= PFKe| o] &9 252 27k 5.ppm ©]stE W6HAl ST

B ARE 1~10 w BHsF 7h-azEuEagy/Add2dAdd F4e s
Aol 250 dg AzvtEadS deA, doX AZvtEIaRAA] Jas AlF
I EA4% PN Aol 2orula WML 5o A e Ao o}

el oW HaFaATh

AEE 2 2378-FAA oel &t UCpAl B CLAE WiEEELR
& AUHFANS ol &ste] FFsdem A& Fe OCDFE “C-OCDF7h A
7bsE A kol Cp,tOCDDS o] 8% AuAZFAYew AFsgic. =3,
¥C13-23,78-TeCDD 5 153 IR EFE Lol e s=s A gagos 3
&S At o, dEu Ao S/NH(signal ite noise ratio)= 4 o322 519

!_,’:
o},
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EF X Wy
o]7]A], Cs : U-POPs TEQ concentration for emission gas(ng TEQ/Sm®)
Fe : Flow rate of emission gas(Sm”/day)
Wd : Weight of product(ton/day)
EF : Emission factor(ug TEQ/ton)

Wy : Weight of product(ton/year)

2 Ao A= FA oA\l =¥+ PCDD/DFs 2-DL-PCBs®] #j&A5 3
&S A7 918kl 20068 2007974 A e =5 wErtAE
SA (=647t o™, 20017 200697H4 = AFAem 383 FA do]
H(n=8171)& o|&tvh(2H73 -, 2006a~2007a; 27 ] &, 2005).

tgom EA4E 2

ol

w3t G r(AEAAE)AEE 20079 7 Eo®2 AL

gl 4= Bahel A
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3.1 Semi Bottom-up Approach ¢ Top-down Approach
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3
EATZ daEsAsE st e Al 2 g A 88k otk

i

Semi Bottom-up Approach™ Bottom-up Approach®} Top-down Approach %
A AEg o m ASAH disiA= ASAE T3l o 2o
SATE AEsta v ASAAE deie 252 T TEAE vWEAsER
ATE AAste] B A SAIA A &= BRlolth 20061 &4 H

0014 tho] Sl MjZE=o] oleqt WS o] & Blolth@ el

o) i

32 AFA AHEH

AE5A g &8l Slo] HFIA FEHEAE By o] dA(Outlier) o] A7
W 2AE obdet o] A& THEAR, 2004b).
Outlier : Outer fenceE HolW A&
Outer fence : [ @, —3.0xIQR] £+ [ Q, + 3.0xIQR]
7M., IQR= Q3— @,
Q, : AAHE 91
Qs - AIBARE S
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v 23 2 1%

1. PCDD/DFs % DL-PCBs #W&54

11 &=

4>
Ay

A He Az 49 Table 4.1 ¥ #Zo] PCDD/DFs? =%+ 0.005~
2059 ng WHO-TEQ/Sm’(n=34) F=olda, Szt 0417, HiF
0.550(Stdev+0.573)°1 91tk DL-PCBs¢ 4% =¥+ 0000~0120 ng
WHO-TEQ/Sm*(n=30) =&ella, F9ak 0.027, 373t 0.035(Stdev+0.037)°] 21
o},

AR o] 7§ 20080 AZAA 2574 Al A2l PCDD/DFs Hj&5%2 0.0003
5~0.56 ng WHO-TEQ/Nm’(n=31) o] L. (D& 2744, 2008), $-2v}ete] 725
olHtT} of7t ¥ FFo g ke 4 itk

StAIRE & = 24 ANA TAMA mE HiEF WS A B vpep o] =
W Ad=ze] A 200493 20070 WAIAAS] A o] A em, T 59
PCDD/DFs?] s=Z H¥ 0.006~0252 ng WHO-TEQ/Sm’o|%li HitFi:
0.098 ng WHO-TEQ/Sm’©. & i}e}ytt},

Al WA AL A S PCDD/DFsel &5+ Uy

A ta R FEow Prkd gl

i)
e
=]
o,
32
tlo
£
=
¥
P‘lﬂ
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Table 4.1 Concentrations of PCDD/DFs and DL-PCBs for Integrated iron and steel -

sintering oven

PCDD/DFs DL-PCBs PCDD/DFs DL-PCBs
No. ng ng No. ng ng
WHO-TEQ/Sm’| WHO-TEQ/Sm” WHO-TEQ/Sm” | WHO-TEQ/Sm”
1 0.435 0.039 18 0.170 0.009
2 0.354 - 19 0.575 0.031
3 0.054 0.006 20 0.795 -
4 0.450 0.025 21 0.409 0.029
5 0.471 0.043 22 0.096 0.007
6 0.229 0.019 23 0.805 0.041
7 0.191 0.007 24 0.979 0.068
8 0.207 0.009 25 0.705 0.047
9 2.059 0.118 26 0.033 0.005
10 1576 0113 27 1.501 -
11 0.006 0.002 28 0.423 0.049
12 0.005 0.000 29 0.745 0.058
13 0.631 0.042 30 0.134 0.011
14 0.616 - 31 1.661 0.112
15 0.008 0.001 32 1.876 0.120
16 0.013 0.002 33 0.411 0.029
17 0.012 0.002 34 0.062 0.007
Min. 0.005 0.000
Max. 2.059 0.120
Med. 0.417 0.027
Avg. 0.550 0.035
Stdev. 0.573 0.037
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AdA|He] IA~Z 79 Table 42 3 o] PCDD/DFse =¥+ 0.00
0~0.026 ng WHO-TEQ/Sm’(n=8) <F&oldx, Uit 0021, Hitzk
0.017(Stdev+0.010)°1 21 tk.  DL-PCBs¢ 4% =¥+ 0.000~0004 ng
WHO-TEQ/Sm’ (n=6) F%0]1%laL, 543k 0.001, 33k 0.001(Stdev+0.002) ©] A
=

Guorui Liu(2009) &= (China)9] ZA~¥A 3A|Ade A w7}~ & PCDD/DFs
2 DL-PCBsE&  ZA43s9a, =443  PCDD/DFst  0.001~1.698
WHO-TEQ/Nm’, DL-PCBs¢] 7$+ 0.004~0.088 WHO-TEQ/Nm’ 4=3=°] %t}

o
o
olsl mme W $Ytete] FE fEe wmA e Aow WY 5 9l

Table 4.2 Concentrations of PCDD/DFs and DL-PCBs for Integrated iron and steel -

coke oven

PCDD/DFs DL-PCBs PCDD/DFs DL-PCBs
No. ng ng No. ng ng
WHO-TEQ/Sm’| WHO-TEQ/Sm’ WHO-TEQ/Sm’| WHO-TEQ/Sm”
1 0.023 0.001 5 0.026 0.004
2 0.021 = 6 0.021 =
3 0.000 0.000 7 0.024 0.002
4 0.018 0.001 8 0.004 0.000
Min. 0.000 0.000
Max. 0.026 0.004
Med. 0.021 0.001
Avg. 0.017 0.001
Stdev. 0.010 0.002
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AdAAHe] A7 ZA7}e] 49 Table 4.

i

3 3 %ol PCDD/DFs® F=H<¢
0.022~0.451 ng WHO-TEQ/Sm’(n=8) <F&Foldx, 4z 0120,
0.155(Stdev+0.148)°1 $1tk.  DL-PCBs¢ 4% =¥+ 0.008~0.058 ng
WHO-TEQ/Sm’(n=6) F=%°l111, Tt 0023, Bz 0.025(Stdev+0.018) ©] A
t}.
A& AF FEvetet ERAAVE "dEAT FALNAY AA A2
A9 2008d% 917 AN FAHI ARFEFFES 0000~27 ng
WHO-TEQ/Nm’(n=112)°] (¥ 374, 2008), $-2lue} Fes3=e o9 va

=
@ ou ovaE UG A £EIS ¢ 4 Aok

9]
%

Table 4.3 Concentrations of PCDD/DFs and DL-PCBs for Integrated iron and steel -

electric steel furnace

PCDD/DFs DL-PCBs PCDD/DFs DL-PCBs
No. ng ng No. ng ng
WHO-TEQ/Sm’| WHO-TEQ/Sm’ WHO-TEQ/Sm’| WHO-TEQ/Sm”
1 0.101 0.020 5 0.138 0.008
2 0.022 6 0.040 ~
3 0.027 0.008 7 0.451 0.058
4 0.268 0.025 8 0.194 0.029
Min. 0.022 0.008
Max. 0.451 0.058
Med. 0.120 0.023
Avg. 0.155 0.025
Stdev. 0.148 0.018
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ADA el A7 2A7Fe] A giFE 2000~12000 KW 7|25 ARg-3al
Adem  Table 44¢ #o] PCDD/DFse SEWHE  0.002~2463 ng
WHO-TEQ/Sm*(n=48) &0, F9ak 0.068, w3t 0.197(Stdev+0.402)°] 21
t}. DL-PCBs¢] 4% =% $+E 0001~0.136 ng WHO-TEQ/Sm*(n=35) 40|
1L, gk 0012, FiF gt 0.020(Stdev+0.033) ©] Atk

’

SR BRI % A 712549 W= 95(0.000~2.7  ng

A Aoz YEEtHdE $44,

o
ot
N

WHO-TEQ/Nm”)# Hugl< w H T

2008).
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Table 4.4 Concentrations of PCDD/DFs and DL-PCBs for Iron/steel - electric steel furnace

PCDD/DFs DL-PCBs PCDD/DFs DL-PCBs
No. ng ng No. ng ng
WHO-TEQ/Sm’| WHO-TEQ/Sm’ WHO-TEQ/Sm’| WHO-TEQ/Sm’
1 0.046 0.008 25 0.028 0.007
2 0.041 - 26 0.022 -
3 0.362 0.022 27 2.463 0.136
4 0.233 0.012 28 0.096 0.004
5 0.005 0.001 29 0.066 -
6 0.199 0.016 30 0.097 0.006
7 0.175 0.009 31 0.094 0.012
8 0.327 0.045 32 0.017 0.002
9 0.078 - 33 0.016 -
10 0.181 0.036 34 0.299 0.058
11 0.184 0.029 35 1.336 0.036
12 0.448 0.056 36 0.019 -
13 0.017 0.003 37 0.048 0.004
14 0.239 0.020 38 0.012 0.002
15 0.070 0.017 39 0.118 0.015
16 0.041 0.007 40 0.030 -
17 0.035 - 41 0.003 0.001
18 0.116 0.049 42 0.175 -
19 0.058 0.026 43 0.241 0.027
20 0515 - 44 0.038 0.006
21 0.620 - 45 0.028 0.005
22 0.063 0.012 46 0.027 £
23 0.047 0.005 47 0.002 -
24 0.018 0.005 48 0.087 0.015
Min. 0.002 0.001
Max. 2.463 0.136
Med. 0.068 0.012
Avg. 0.197 0.020
Stdev. 0.402 0.033
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ol

tade] d7|2A47 6] 75 Table 459 #Zo] PCDD/DFs® =%+ 0.00
4~0.059 ng WHO-TEQ/Sm’(n=9) <o, F9g 0013, HiFz
0.021(Stdev+0.020)°1$itk.  DL-PCBs¢ 4% =¥+ 0000~0112 ng
WHO-TEQ/Sm’(n=6) F=%°l111, T4t 0002, B3k 0.021(Stdev+0.045) ©]
o},

Table 4.5 Concentrations of PCDD/DFs and DL-PCBs for Alloy iron - electric steel furnace

PCDD/DFs DL-PCBs PCDD/DFs DL-PCBs
No. ng ng No. ng ng
WHO-TEQ/Sm’| WHO-TEQ/Sm’ WHO-TEQ/Sm’| WHO-TEQ/Sm’
1 0.049 0.008 6 0.013 0.002
2 0.011 - 7 0.004 -
3 0.007 0.000 8 0.017 0.001
4 0.015 £
9 0.010 0.000
5 0.059 0.112
Min. 0.004 0.000
Max. 0.059 0.112
Med. 0.013 0.002
Avg. 0.021 0.021
Stdev. 0.020 0.045
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i

ATz MAFEFZ 4% Table 463 #o] PCDD/DFs® &%=W ¢
0.000~0206 ng WHO-TEQ/Sm’(n=31) <F&o|, %3 0015, Bzt
0.040(Stdev+0.053)°1$1tk.  DL-PCBs¢ 4% =¥+ 0.000~0035 ng
WHO-TEQ/Sm*(n=22) %ol 3L, T3k 0002, 3k 0.005(Stdev+0.009) ©] A
o},

Table 4.6 Concentrations of PCDD/DFs and DL-PCBs for Iron/steel casting - pig iron casting

PCDD/DFs DL-PCBs PCDD/DFs DL-PCBs
No. ng ng No. ng ng
WHO-TEQ/Sm’| WHO-TEQ/Sm’ WHO-TEQ/Sm’| WHO-TEQ/Sm’
1 0.000 0.000 17 0.124 0.007
2 0.151 0.035 18 0.086 -
3 0.206 - 19 0.152 0.024
4 0.007 0:000 20 0.015 -
5 0.007 - 21 0.007 0.001
6 0.029 0.001 22 0.005 0.004
7 0.009 - 23 0.006 0.001
8 0.012 0.002 24 0.064 0.008
9 0.009 - 25 0.026 0.002
10 0.034 0.001 26 0.012 0.001
11 0.005 0.001 27 0.016 0.004
12 0.007 - 28 0.103 0.017
13 0.051 0.001 29 0.015 0.002
14 0.036 - 30 0.015 0:000
15 0.007 0:001
5 0,009 : 31 0.009 0.002
Min. 0.000 0.000
Max. 0.206 0.035
Med. 0.015 0.002
Avg. 0.040 0.005
Stdev. 0.053 0.009

_47_



i

ATz FFEFZY 4$ Table 473 %ol PCDD/DFs? F=W ¢
0.000~0.075 ng WHO-TEQ/Sm’(n=7) <&olla, F9g 0017, B
0.023(Stdev+0.026)°1 21tk  DL-PCBs¢ 4% =¥+ 0.000~0009 ng
WHO-TEQ/Sm’(n=6) F=%°l111, T4t 0002, Bk 0.003(Stdev+0.003) © A

.

Table 4.7 Concentrations of PCDD/DFs and DL-PCBs for Iron/steel casting - steel casting

PCDD/DFs DL-PCBs PCDD/DFs DL-PCBs
No. ng ng No. ng ng
WHO-TEQ/Sm’| WHO-TEQ/Sm’ WHO-TEQ/Sm’| WHO-TEQ/Sm’

1 0.027 0.002 5 0.000 0.000

2 0.017 - 6 0.075 0.009
3 0.003 0.001

.y 0.007 o { 0.034 0.001

Min. 0.000 0.000

Max. 0.075 0.009

Med. 0.017 0.002

Avg. 0.023 0.003

Stdev. 0.026 0.003
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1.2 54 2 oA A ==2Z3Y(Profile)

Table 4.8% #o] A#AHe] AARZA PCDFs : PCDDs : DL-PCBs¢]
congener ¥ % H| &S 4711422 ey on tho]l S A HFE 7)E3 B &S 4142
LEbsTE F@Re DL-PCBs®  Hl&°] Mg FFEOE UeEon,
1,2,34,6,78-H;CDF, 344'5-T,.CB, 23344 -P;CB & zZ7} AAs%=e <10%
AEE AA A

WHO SA45713iA+E  A838& wWe  23478-PCDF7F oF  36%,
1,2378-PsCDD7} ¢ 13%= =2 #Hl&= AAS%lal, PCDFs @ PCDDs
DL-PCBs H] &< 71:20:8% YERST Yu, BW.(2005)¢] A2Z2F A isomer HE S
B 23478 PsCDF7} °F 43.4%= 7} Q3 olA4dx1g o™, PCDFs : PCDDs
o] W& 72282 ¥ A epfrAbe A3E UEUATH

2
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Table 4.8 Distribution of PCDD/DFs and DL-PCBs congeners emitted for Integrated

iron and steel - sintering oven (£Stdev.)
No. Congeners Conc.(n=29) Contribution WHO*’rIl‘gEQ /S Contribution
1 2,3,7,8,~T4CDF 0.31536(+0.3293) 4 % 0.03154(+0.0329) 7 %
2 1,2,3,7,8-PsCDF 0.27391(£0.3200) 4 % 0.00822(+0.0096) 2 %
3 2,3,4,7,8-PsCDF 0.53450(+0.6094) 8 % 0.16035(+0.1928) 36 %
4 1,2,3,4,7,8-HsCDF 0.23707(+0.2765) 3% 0.02371(+0.0277) 5%
5 1,2,3,6,7,8-HsCDF 0.41162(+0.4987) 6 % 0.04116(+0.0499) 9 %
6 1,2,3,7,89-HsCDF 0.40925(+0.4911) 6 % 0.04093(+0.0491) 9 %
7 2,3,4,6,7,8-HsCDF 0.04962(+0.0567) 1% 0.00496(+0.0057) 1%
8 1,2,34,6,7,8-H,CDF 0.76221(+0.9021) 11 % 0.00762(+0.0090) 2%
9 1,2,34,7,89-H,CDF 0.11328(+0.1382) 2 % 0.00113(+0.0014) 0 %
10 1,2,34,6,7,89-0sCDF 0.19361(+0.2444) 3 % 0.00006(+0.0001) 0 %
11 2,3,7,8-T4«CDD 0.01342(+0.0134) 0% 0.01342(+0.0134) 3%
12 1,2,3,7,8-PsCDD 0.05701(£0.0610) 1% 0.05701(+0.0610) 13 %
13 1,2,3,4,7,8-H¢CDD .0.04231(+0.0484) 1% 0.00423(%0.0048) 1%
14 1,2,3,6,7,8-H¢CDD. 0.07447(+0.0886) 1% 0.00745(+0.0089) 2%
15 1,2,3,7,89-H¢CDD 0.05240(+0.0611) 1.% 0.00524(+0.0061) 1%
16 1,2,3,4,6,7,8-H,CDD 0.26334(£0.3012) 4% 0.00263(+0.0030) 1%
17 1,2,3,4,6,7,89-0sCDD, 0.26189(+0.3993) 4 % 0.00008(+0.0001) 0 %
18 3,3,44'-T,CB 0.15753(+0.1573) 2 % 0.00005(+0.0000) 0 %
19 3,4,4" 5-T4,CB 0.69246(+0.7065) 10 % 0.00007(+0.0001) 0 %
20 3,3",4,4",5-PsCB " 0.33775(%0.3213) 5% 0.00001(+0.0000) 0 %
21 3,3",4,4" 5,5"~HsCB  0.05232(+0.0509) 1 % 0.00000(+0.0000) 0 %
22 2,33",4,4'-PsCB 0.67948(+0.7563) 10 % 0.00002(+0.0000) 0 %
23 2,3,4,4" 5-PsCB_ 0.08808(+0.0863) 1% 0.00000(+0.0000) 0 %
24 2,3",4,4" 5-PsCB 0:34704(+0:3639) 5 % 0.03470(%0.0364) 8 %
25 2',3,4,4" 5-PsCB 0.19291(%0.1922) 3% 0.00001(+0.0000) 0 %
26 2,3,3",4,4" 5-He¢CB 0.11475(+0.1144) 2 % 0.00000(+0.0000) 0 %
27 2,33',4,4" 5" -HsCB 0.09933(£0.0924) 1% 0.00000(+0.0000) 0 %
28 2,3',4,4" 55" -HsCB 0.08795(+0.0911) 1% 0.00264(+0.0027) 1%
29 2,3,3',4,4' 55" -H,CB 0.10841(+0.1163) 2 % 0.00000(+0.0000) 0 %
PCDFs 3.30042 47 % 0.31967 71 %
PCDDs 0.76484 11 % 0.09006 20 %
DL-PCBs 2.95803 42 % 0.03751 8 %

_50_



Table 49¢F #Zo] d#A|He zma~=ZA PCDFs : PCDDs @ DL-PCBs¢]
congener FX W& 21:11:682 DL-PCBs7} %A% o2 YEyton tjo
g2 21172 YEWTh Isomer%d 3,344 ,5-PsCBe}
233" 44'-Ps-CB7} AAls%E 5 27 15%, 29% 2 A dhs Aoz vegon o

SAFE VIS

ot

HAA-A7 247, AFDAL-A72A%, AdF2-HAHAFEF2 isomer HH
oo fAbgE 548 HolFa 9l

T3 WHO =457 A8 A&3tdS W= 234,78 PsCDF 7} °F 24%,
1,23,7,8-PsCDD7} oF 18%, 1,2,3,789-HsCDF7} oF 11%=H F23 Aoz 1}e}
wow PCDFs : PCDDs : DL-PCBs H]&°] 61:30:9% YE%t}.

N

_51_



Table 4.9 Distribution of PCDD/DFs and DL-PCBs congeners emitted for Integrated

iron and steel - coke oven (£Stdev.)
ng
No. Congeners Conc.(n=6) Contribution _ Contribution
WHO-TEQ/Sm’

1 2378-T,CDF 000887(x0.0072) 2%  0.00089(x0.0007) 6 %
2 12378-P-CDF 0.00668(x0.0051) 1 % 0.00020(+0.0002) 1 %
3 234,78 P;CDF 0.01143(0.0082) 2 % 0.00343(£0.0025) 24 %
4 1,2,34,78-HsCDF 0.00672(+0.0052) 1% 0.00067(+0.0005) 5 %
5 1,2,36,7.8-HsCDF 0.01281(+0.0111) 2 % 0.00128(+0.0011) 9 %
6 1,2,37.89-HsCDF 0.01565(+0.0155) 3% 0.00157(+0.0016) 11 %
7 2.34,6.7.8-HsCDF 0.00153(+0.0018) 0 % 0.00015(+0.0002) 1%
8 1,2,3.46,78-H;CDF 0.03818(+0.0460) 7% 0.00038(+0.0005) 3%
9 1,2,3.47.89-H;CDF 0.00436(+0.0035) 1% 0.00004(+0.0000) 0 %
10 123467,89-0sCDF 0.00408(+0.0046) 1% 0.00000(+0.0000) 0 %
11 9378-T,CDD 0.00043(:0.0007) 0 % 0.00043¢£0.0007) 3 %
12 1.2,378-P,CDD 0.00261(x0.0021) 0 % 0.00261(£0.0021) 18 %
13 1.2,34,7.8-HDD 0.00221(+0.0017) 0 % 0.00022(+0.0002) 2 %
14 1,2.3,6.7,8-HCDD 0.00399(+0.0035) 1% 0.00040(+0.0004) 3%
15 1,2,3,7.89-HCDD, 0.00431(x0.0042) 1% 0.00043(+0.0004) 3%
16 1,2.3.4,6,7.8-H,CDD 0.01551(+0.0123) 3% 0.00016(+0.0001) 1%
17 12346.7.89-0DD 0.03130(2:0.0357) 6 % 0.00001(+0.0000) 0 %
18 3,3",4,4'~T4CB '0.00731(£0.0109) 1% 0.00000(+0.0000) 0 %
19 3,4,4" 57 T4CB 0.04836(+0.0300) 9 % 0.00000(+0.0000) 0 %
20 3,3",4,4" 5-PsCB 0.07799(+0.1436) 15 % 0.00000(+0.0000) 0 %
21 33,44’ 55" -HsCB 0.00700(+0.0135) 1% 0.00000(£0.0000) 0 %
22 2,3,3",4,4'-PsCB 0.15241(+0.2814) 29 % 0.00000(0.0000) 0 %
23 2,3,4,4" 5-PsCB 0.01924(+0.0440) 4% 0.00000(+0.0000) 0 %
24 2,3",4,4' 5-PsCB 0.01227(+0.0142) 2% 0.00123(+0.0014) 9 %
25 2',3,4,4" 5-PsCB 0.01261(+0.0168) 2% 0.00000(+0.0000) 0 %
26 2,3,3",4,4" 5-HsCB 0.00540(+0.0066) 1% 0.00000(+0.0000) 0 %
27 2,3,3",4,4" 5'-HsCB 0.00532(+0.0073) 1% 0.00000(+0.0000) 0 %
28 2,3",4,4" 55" -HsCB 0.00328(+0.0039) 1% 0.00010(+0.0001) 1%
29 233,44’ 55 -H,CB 0.00386(+0.0041) 1 % 0.00000(+0.0000) 0 %
PCDFs 0.11030 21 % 0.00861 61 %
PCDDs 0.06036 11 % 0.00425 30 %
DL-PCBs 0.35504 68 % 0.00134 9 %
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Table 4.10 Distribution of PCDD/DFs and DL-PCBs congeners emitted for Integrated

iron and steel - electric steel furnace (+Stdev.)

No. Congeners Conc.(n=6) Contridution WHO*’rIl‘gEQ /S Contribution
1 2378 T.CDF 0.25549(x0.2613) 1%  002555(x0.0261) 15 %
9 12378-P,CDF 0.10129(x0.1117) 0 % 0.00304(+0.0034) 2 %
3 93478-P.CDF 0.14649(x01206) 1 % 0.04395(+0.0362) 26 %
4 1,2,34,78-HsCDF 0.06121(+0.0564) 0 % 0.00612(£0.0056) 4%
5 123678 H,CDF 0.08617(+00720) 0% 0.00862(+0.0072) 5 %
6 123789 H,CDF 0.06946(0.0590) 0%  0.00695(+0.0059) 4 %
7 2,3.46,78 HsCDF 0.00665(0.0069) 0 % 0.00067(+0.0007) 0%
8 1,234,678 H;CDF 0.14858(+0.1484) 1% 0.00149(£0.0015) 1%
9 1,2,3.4789-H,CDF 0.01762(+0.0221) 0 % 0.00018(£0.0002) 0 %
10 1,2.3.4,6,7.89-0sCDF 0.02665(+0.0418) 0 % 0.00001(+0.0000) 0 %
1 9378-T,CDD 0.00934¢0.0116) = 0 % 0.00984(+0.0116) 6 %
12 12,37 8-PCDD.0.03314(x0.0456) 0 % 0.03314(+0:0456) 20 %
13 1.2,34,7.8-HCDD 0.01412(+0.0167) 0 % 0.00141(+0.0017) 1%
14 1.2,36,7.8-HLDD 0.03039(+0.0346) 01% 0.00304(£0.0035) 2 %
15 1,2.3,7.89-HDD (0.01789(20.0190) 0 % 0.00179(+0.0019) 1%
16 1,2.34,6,7.8-H:.cDD 0.04816(+0.0422) 0 % 0.00048(+0.0004) 0 %
17 123467.89-0DD 0.05297(+0.0593) 0 % 0.00002(+0.0000) 0 %
18 3,3",4,4'-T4CB' 0.17550(+0.1340) 1 % 0.00005(+0.0000) 0 %
19 3,4,4" 5-T4CB 1.44033(£1.2601) 6 % 0.00014(+0.0001) 0 %
20 3,3",4,4" 55PsCB  4.75901(+2.8557) 21 % 0.00014(+0.0001) 0 %
21 3,3",4,4" 55" -HsCB 0.39783(+0.2239) 2 % 0.00001(+0.0000) 0 %
22 2,3,3",4,4'-PsCB..12.54844(+6,3554) 55 % 0.00038(+0:0002) 0 %
23 2,3,4,4' 5-PsCB 0.69828(+0.6822) 3 % 0.00002(+0.0000) 0 %
24 2,3",4,4" 5-PsCB 0.21633(0.1690) 1% 0:02163(+0.0169) 13 %
25 2',3,4,4' 5-PsCB 0.90794(+0.7757) 4 % 0.00003(+0.0000) 0 %
26 2,3,3",4,4" 5-HsCB 0.21297(+0.1828) 1% 0.00001(+0.0000) 0 %
27 2,3,3",4,4" 5'-HsCB 0.35319(£0.2842) 2 % 0.00001(+0.0000) 0 %
28 2,3",4,4" 55'-HsCB 0.02706(+0.0215) 0 % 0.00081(+0.0006) 0 %
29 2,33,44' 55 -H;CB 0.07356(+0.0613) 0 % 0.00000(+0.0000) 0 %
PCDFs 0.91960 4 % 0.09655 57 %
PCDDs 0.20653 1% 0.04973 29 %
DL-PCBs 21.81045 95 % 0.02324 14 %
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Table 4.11 Distribution of PCDD/DFs and DL-PCBs congeners emitted for Iron/steel -

electric steel furnace (#Stdev.)

No. Congeners Conc.(n=36) Contribution WHO*’rIl‘gEQ /S Contribution
1 237.8,-T«DF 0.13248(+0.1722) 1% 0.01307(+0.0168) 6 %
2 12,378-P,CDF 0.13313(£0.2092) 1% 0.00391(+0.0061) 2 %
3 234,78 P;CDF 0.17849(+0.3578) 2 % 0.05238(+0.1045) 24 %
4 1,23.47.8-H:CDF 0.12409(+0.2951) 1% 0.01214(£0.0287) 6 %
5 1,2.3,6,7.8-HsCDF 0.15770(+0.3515) 2 % 0.01534(+0.0342) 7%
6 1,23789-HsCDF 0.24424(+0.7595) 3% 0.02346(+0.0739) 11 %
7 2346.7.8-HCDF 0.02285(0.0673) 0% 0.00218(+0.0065) 1%
8 1,2,34,6,7.8-H;CDF 0.50110(£1.7429) 5 % 0.00480(+0.0169) 2 %
9 1,2,34,789-H,CDF 0.09216(+0.3535) 1% 0.00088(+0.0034) 0%
10 1,234,6,7,89-0sCDF 0.71099(£3.5710) 7 % 0.00020(£0.0010) 0 %
11 237.8-T.«DD 0.01317(£0.0169) 0 % 0.01336(+0.0169) 6 %
12 1,23,78-PCDD 0.04114(£0.0830) 0 % 0.04109(+0.0811) 19 %
13 1.2.34,78-H,CDD' 0.02705(+0.0640) 0 % 0.00266(+0.0062) 1%
14 12,3,6,7.8-H;CDD 0.06214(+0.1669) 1% 0.00605(+0.0162) 3%
15 12,37.89-H,CDD 0.03965(+0.1092) 0 % 0.00387(+0.0106) 2%
16 12346,78-H;CDD 0.20630(£0.5004) 2 % 0.00200(£0.0049) 1'%
17 123467.89-0CDD 0.21668(£0.5026) 2 % 0.00006(£0.0001) 0%
18 3,3',4,4"-T4CB- 0.14713(%0.1622) 2 % 0.00004(+0.0000) 0%
19 344" 5-T,CB 0.73887(+0.8304) 8 % 0.00007(+0.0001) 0 %
20 3,3',4,4" 5-PsCB 1.43575(£2.5616) 15 % 0.00004(+0.0001) 0 %
21 3344’55 -HsCB, 0.14797(%0.2116) 2 % 0.00000(£0:0000) 0%
22 2,3,3',4,4'-PsCB  3:23720(£5:7968) 34 % 0.00009(£0:0002) 0%
23 2,34,4' 5-PsCB 0.11021(+0.1437) 1% 0.00000(x0.0000) 0%
24 2,3',4,4' 5-PsCB 0.22250(+0.3170) 2% 0.02101(+0.0312) 10 %
25 2',34,4' 5-PsCB 0.32351(+0.6798) 3% 0.00001(+0.0000) 0%
26 2,3,3',44' 5-HsCB 0.11788(+0.2048) 1% 0.00000(+0.0000) 0%
27 233445 -HeCB 0.12597(+0.2578) 1% 0.00000(+0.0000) 0%
28 2344’55 -HsCB 0.04413(+0.0715) 0 % 0.00125(+0.0021) 1%
29 2334455 -H,.CB 0.07736(+0.1212) 1% 0.00000(+0.0000) 0 %
PCDF's 2.29723 24 % 0.12836 58 %
PCDDs 0.60613 6 % 0.06910 31 %
DL-PCBs 6.72849 70 % 0.02253 10 %
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Table 4.12 Distribution of PCDD/DFs and DL-PCBs congeners emitted for Alloy iron

- electric steel furnace (xStdev.)
ng
No. Congeners Conc.(n=6) Contribution _ Contribution
WHO-TEQ/Sm’
1 237.8,-T«DF 0.02177(+0.0191) 1% 0.00218(+0.0019) 5%
2 12378-P,CDF 0.01417(+0.0154) 1% 0.00043(+0.0005) 1%
3 2.34,78-PsCDF 0.02136(+0.0235) 1% 0.00641(+0.0070) 15 %
4 1,2,34,78-HsCDF 0.00899(+0.0102) 0 % 0.00090(£0.0010) 2 %
5 1,2,36,7.8-HsCDF 0.01777(+0.0198) 1% 0.00178(+0.0020) 4 %
6 1,2,37.89-HsCDF 0.01847(+0.0139) 1% 0.00185(+0.0014) 4 %
7 23,4678 H,CDF 0.00142(£0.0018) 0 % 0.00014(+0.0002) 0 %
8 1,2,34,6,78-H:CDF 0.05055(£0.0485) 2 % 0.00051(+0.0005) 1%
9 1,2,34,789-H,CDF 0.00588(+0.0101) 0 % 0.00006(+0.0001) 0 %
10 1,23,467,89-0sCDF 0.03638(+0.0859) 1% 0.00001(+0.0000) 0 %
11 2,3,7.8-T.«DD 0.00159(+0.0015) 0 % 0.00159(£0.0015) 4 %
12 1,2,37.8-PCDDP " 0.00432(+0.0044) 0 % 0.00432(£0.0044) 10 %
13 12.3478-HLDD 0.00245(+0.0024) 0 % 0.00024(+0.0002) 1%
14 12.3,6.7,8-HCDD 0.00378(+0.0043) 0% 0.00038(+0.0004) 1%
15 1,2.3,7.89-HLDD, 0.00230(+0.0026) 0% 0.00023(x0.0003) 1%
16 1,2.34,6,7.8-H.CDD 0.02445(+0.0273) 1% 0.00024(+0.0003) 1%
17 12346789-0:DD 0.05544(+-0.0606) 2 % 0.00002(+0.0000) 0 %
18 3,3",4,4'-T4CB " 0.01714(£0.0184) 1% 0.00001(+0.0000) 0 %
19 34,4' 5-T,CB 0.54952(*+1.2260) 21 % 0.00005(x0.0001) 0 %
20 3,3",4,4' 5-PsCB 0.42623(+0.9703) 16 % 0.00001(+0.0000) 0 %
21 3,344 55" -HesCB 0.06538(+0.1492) 2 % 0.00000(:£0.0000) 0 %
22 2,3,3',4,4'-PsCB 0.59010(+1.3151) 22% 0.00002(x:0:0000) 0 %
23 2,34,4' 5-PsCB 0.07185(+0.1673) 3% 0.00000(+0.0000) 0 %
24 2,3',4,4' 5-PsCB  0.19952(+0.4338) 8-2 0.01995(+0.0434) 47 %
25 2',3,44' 5-PsCB 0.18175(+0.4172) 7 % 0.00001(£0.0000) 0 %
26 2,3,3',4,4' 5-HsCB 0.08866(£0.2018) 3% 0.00000(+0.0000) 0 %
27 2,33'4,4'5'-HsCB 0.06528(+0.1491) 2% 0.00000(+0.0000) 0 %
28 2,3',44' 55" -HeCB 0.03067(+0.0545) 1% 0.00092(+0.0016) 2%
29 233,44’ 55 -H,CB 0.04973(£0.1033) 2 % 0.00000(+0.0000) 0 %
PCDFs 0.19676 7% 0.01425 34 %
PCDDs 0.09433 4 % 0.00702 17 %
DL-PCBs 2.33582 89 % 0.02098 50 %
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Table 4.13 Distribution of PCDD/DFs and DL-PCBs congeners emitted for Iron/steel

casting - pig iron casting (£Stdev.)
ng
No. Congeners Conc.(n=21)  Contribution _ Contribution
WHO-TEQ/Sm’

1 2,378, -T,CDF 0.03423(+0.0442) 2% 0.00342(x0.0044) 9 %
2 12378-P-CDF 0.02329(x0.0370) 1 % 0.00070(+0.0011) 2 %
3 234,78 PsCDF 0.03076(+0.0398) 2 % 0.00923(£0.0119) 24 %
4 1,2,34,78-HsCDF 0.01486(+0.0222) 1% 0.00149(£0.0022) 4%
5 1,2,36,7.8-HsCDF 0.02303(+0.0333) 1% 0.00230(+0.0033) 6 %
6 1,2,37.89-HsCDF 0.01688(+0.0302) 1% 0.00169(+0.0030) 4 %
7 23,4678 H,CDF 0.01154(£0.0288) 1% 0.00115(+0.0029) 3%
8 1,2.3.46,78-H;CDF 0.08743(+0.1768) 4 % 0.00087(+0.0018) 2 %
9 1,2,34,789-H;CDF 0.01135(£0.0240) 1% 0.00011(£0.0002) 0 %
10 123467,89-0sCDF 0.08569(+0.2176) 4% 0.00003(+0.0001) 0 %
11 9378-T,CDD 0.00344(£0.0048) 0 % 0.00344(x0.0048) 9 %
12 12378-P-CDD 0.00708(0.0095) 0 % 0.00708(+0.0095) 18 %
13 123478-HCDD 000391(x0.0054) 0%  0.00039(0.0005). 1 %
14 1.2,36,7.8-HDD 0.00712(+0.0098) 0% 0.00071(+0.0010) 2 %
15 1,2.3,7.89-HCDD. 0.00496(+0.0058) 0 % 0.00050(+0.0006) 1%
16 1,2.34,6,7.8-H.CDD 0.03002(+0.0506) 2% 0.00030(+0.0005) 1%
17 123467.89-0DD 0.05967(+0.1206) 3% 0.00002(+0.0000) 0 %
18 3,3",4,4'~T4CB " 0.06296(£0.1186) 3% 0.00002(x0.0000) 0%
19 3,4,4' 57 T4CB 0.28367(+0.4782) 14 % 0.00003(x0.0000) 0%
20 3,3",4,4' 5-PsCB 0.17871(+0.2774) 9 % 0.00001(=0.0000) 0%
21 3,3',44' 55" -HsCB 0.28834(+0.9671) 15 % 0.00001 (£0.0000) 0%
22 2,3,3",4,4'-PsCB 0.32619(+0.5269) 16 % 0.00001.(x0:0000) 0%
23 2,3,4,4' 5-PsCB 0.13871(+0.4119) 7% 0.00000(+0.0000) 0%
24 2,3",4,4" 5-PsCB 0.04958(+0.0824) 3% 0.00496(+0.0082) 13 %
25 2',3,4,4' 5-PsCB 0.03507(+0.0474) 2% 0.00000(x0.0000) 0%
26 2,3,3",4,4" 5-HsCB 0.03896(+0.0850) 2% 0.00000(x0.0000) 0%
27 2,33',4,4" 5'-HsCB 0.01967(+0.0310) 1% 0.00000(x0.0000) 0%
28 2,3",4,4" 55" -HsCB 0.01404(£0.0214) 1% 0.00042(+0.0006) 1%
29 233,44’ 55 -H/,CB 0.08863(£0.2744) 4 % 0.00000(x0.0000) 0 %
PCDFs 0.33905 17 % 0.02099 54 %
PCDDs 0.11619 6 % 0.01243 32 %
DL-PCBs 1.52454 7% 0.00546 14 %
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Table 4.14 Distribution of PCDD/DFs and DL-PCBs congeners emitted for Iron/steel

casting - steel casting (xStdev.)

No. Congeners Conc.(n=6) Contribution WHO*’rIl‘gEQ /S Contribution
1 237.8,-T«DF 0.01052(£0.0097) 1% 0.00105(x0.0010) 7%
2 1,2.3,7.8-P;CDF 0.00583(+0.0068) 0 % 0.00018(+0.0002) 1%
3 234,78 P;CDF 0.01580(+0.0159) 1% 0.00474(+0.0048) 30 %
4 1,2,34,78-HeCDF 0.00479(+0.0053) 0 % 0.00048(+0.0005) 3 %
5 1,2,36,7.8-HsCDF 0.00764(+0.0094) 0 % 0.00076(+0.0009) 5 %
6 1,2.37.89-H¢CDF 0.00522(+0.0061) 0 % 0.00052(0.0006) 3%
7 23,4678 HsCDF 0.00228(£0.0056) 0 % 0.00023(+0.0006) 1%
8 1,2,34,6,78-H:CDF 0.02258(+0.0247) 1% 0.00023(£0.0002) 1%
9 1,2,3,47.389-H,CDF 0.00162(+0.0026) 0% 0.00002(£0.0000) 0 %
10 1,2.3.4,6,7.89-0sCDF 0.00318(+0.0062) 0 % 0.00000(+0.0000) 0 %
11 2,37.8-T,CDD 0.00190¢£0.0023) 0 % 0.00190(+0.0023) 12 %
12 1,2,3,7.8-PsCDD.-0.00320(£0.0035) 0 % 0.00320(+0:0035) 20 %
13 1.2,34,7.8-HCDD 0.00058(+0.0012) 0 % 0.00006(=0.0001) 0 %
14 1.2,36,7.8-HLDD 0.00092(+0.0014) 07% 0.00009(+0.0001) 1%
15 1,2,3,7.8.9-HDD 0.00067(+0.0009) 0 % 0.00007(+0.0001) 0%
16 1,2.34,6,7.8-H.cDD 0.00684(+0.0074) 0 % 0.00007(+0.0001) 0 %
17 1,2346789-0scDD 0.01335(+0.0102) 1 % 0.00000(+0.0000) 0 %
18 3,3",4,4'-T4CB 0.02595(+0.0379) 1% 0.00001(+0.0000) 0%
19 34,4' 5-T4CB 0.27008(+0.6095) 14 % 0.00003(x0.0001) 0%
20 33,44’ 55PsCB  0.39437(+0.9166) 20 % 0.00001(x0.0000) 0%
21 3,3',44' 55" -HsCB 0.04380(£0.0755) 2 % 0.0000060.0000) 0%
22 2,3,3",4,4'-PsCB.. 0.96470(+2.2349) 49 % 0.00003(+£0:0001) 0%
23 2,34,4' 5-PsCB 0.03191(+0.0613) 21 % 0.00000(+0.0000) 0%
24 2,3',4,4"' 5-PsCB  0.02052(+0.0269) 1% 0:00205(+0.0027) 13 %
25 2',3,4,4' 5-PsCB 0.04355(+0.0835) 2% 0.00000(x0.0000) 0%
26 2,3,3",4,4' 5-HsCB 0.01356(+0.0197) 1% 0.00000(x0.0000) 0%
27 2,3,3",4,4' 5'-HsCB 0.02006(+0.0392) 1% 0.00000(x0.0000) 0%
28 2,3',44' 55" -HeCB 0.00578(+0.0034) 0% 0.00017(x0.0001) 1%
29 233,44’ 55 -H;,CB 0.00787(+0.0068) 0 % 0.00000(x0.0000) 0 %
PCDFs 0.07946 4 % 0.00820 52 %
PCDDs 0.02745 1% 0.00538 34 %
DL-PCBs 1.84216 95 % 0.00231 15 %
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Fig. 4.1. Correlation between PCDD/DFs and-DL-PCBs for the Iron and steel industries(continued).
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2. EAT ARAHHEY v & wjEF A
2.1 Semi Bottom-up Approach ¢} Top-down Approach®] H| X% 7}

Ak o 2 Top-down Approacht WlEA|Ado] B dXE o] o] Z A

1998; Jang, 2001).

FElvet HAZA e HiEYd ERE B A AFExAz
ARt e A AFEAE =
Al FF=5 TI7) = A== g5 SFeth

wteb A Bottom-up Approachi= AFEA E7158bH o9 7 fAFSE Semi
Bottom-up Approacht} Top-down Approach= ARg& 8k <= it} Table 4.150] <
=¥ Semi Bottom-up Approach € Top-down Approachd] W& s} ¥ E
LHERU A

A7 el ASxAE 2001,:2002, 2006, 2007360l of ol How F )
97 ¥ ASuEdae ves BE 20019 22.1%, 2002 30.3%, 20061
41.4%, 2007d9l= 57.9%¢] HZFo] o]FojHtt. PCDD/DFsel 74-% AZH| &0
EZol7FA A Semi Bottom-up Approach ¥lZ % th¥] Top-down Approach
Hl-&o] 2001 73.3%°N A 20073 87.4%7+A 57} 3Rttt DL-PCBse 7%=
2001 59.0% A 20073 92.6% 74 S 7t SF ST

AzAtde| g0l Z7F dFHA Semi  Bottom-up Approach®t Top-down

Approach®] W& Apo]7} Haehs HojFal gluh
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2.2 ©]’4A(Outlier) 2 & 59 B xAG7}

Outlier #te]l A& oFo w2 mEASF L wEZde ¥H3s AH 7] 98 7]
2AH o7 Top-down Approach WH & Algstdon quu|EA 59 A& Md
HEA T b3 dahs A8stdnt. 7 A3E Table 4.16,% Fig. 4.10.0] e}
o},

==

jus)

=
32

Table 4.16 Representative emission factor depend on Outlier

Representative emission factor

Categories (ug. WHO-TEQ/ton)
Out of Outlier Include Outlier
Main | Semi sub Sub PCDD/DFs| DL-PCBs |PCDD/DFs| DL-PCBs
sintering
1.236 0.079 1.236 0.079
Integrated SAASE
iron and | coke oven 0.024 0.002 0.024 0.002
steel| Tojectric steel
1.018 -3 1.018 0.153
Iron and furpace
electric: steel
steel |Iron/steel 1.240 0.184 1.605 0.215
. furnace
industry ) electric-steel
Alloy iron 0.460 0.050 0.756 1.029
furnace
pig iron
. 0.479 0.077 0.506 0.083
Iron/steel casting
casting | ool casting|  0.169 0.008 0.169 0.016
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23 Aedd, TF 2 7T HIEA H &Y Hugr}

2b& 9 7 (Arithmetic mean), & %#(Median) ¥ 7}5 3 1 (Weighted average)<
A4S AbEste]l vlus] Bkt o]E  98te] Top-down

Al
ApproachS 34 2 €393l Outliers ZthHE &3 HHS AL83A

TteHEe] VhsAEs esx: o edaAel M 2 dFe & 7 U=
=S Mgt B¢l Fig. 411 2= wiEZFae daaAE ve

O

dgem ARAF rgol or7ll AE wad Ee el 4w

8
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N
N
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dlo
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Ernission armount{giyean

u] 2et e+ Ge+ Bet+h 1e+7

Product amount

Fig. 4.3. Correlation between Product amount and Emissions.
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bt S % R Vs HEE S ol&ste AERE Ui wWEAST R wEH
S A&E3% A2 Table 4.17 ~ 4.199] YeERR AT
Table 4.17 Representative emission factors and emissions for using Arithmetic mean
Representative o
. Lo Emissions
Categories emission factor o/ )
ear
(ug WHO-TEQ/ton) &y
Main | Semi Sub Sub PCDD/DFs| DL-PCBs |PCDD/DFs| DL-PCBs
sintering
1.236 0.079 43.283 2.770
oven
Integrated
iron and | coke oven 0.024 0.002 0.296 0.026
steel electric steel
1.018 0.153 2.721 0.409
furnace
Iron and .
electric steel
steel | Iron/steel 1.605 0.215 38.735 5.197
dust furnace
mndustry . electric steel
Alloy iron 0.756 1.029 0.205 0.279
furnace
pig iron
! 0.506 0.083 0.646 0.106
Iron/steel casting
casting | el casting| 01169 0.016 0.007 0.001
Total 85.9 8.8
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Table 4.18 Representative emission factors and emissions for using Median

Representative o
. L. Emissions
Categories emission factor (a/ )
ear
(ug WHO-TEQ/ton) &y
Main | Semi Sub Sub PCDD/DFs | DL-PCBs | PCDD/DFs | DL-PCBs
sintering
1.004 0.056 35.161 1.960
Integrated oven
iron and | coke oven 0.014 0.001 0.166 0.006
steel electric steel
0.763 0.124 2.038 0.332
furnace
Iron and -
electric steel
steel |Iron/steel 0.676 0.091 16.308 2.201
d furnace
industry ) electricsteel
Alloy iron 0.457 0.064 0.124 0.017
furnace
pig iron
; 0.100 0.010 0.127 0.013
Iron/steel casting
casting [l weel/castid@l | 0.074 0.011 0.003 0.000
Total 53.9 4.5
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Table 4.19 Representative emission factor and Emissions for using Weighted average

Representative o
. L Emissions
Categories emission factor (a/ )
ear
(ug WHO-TEQ/ton) &y
Main | Semi Sub Sub PCDD/DFs | DL-PCBs | PCDD/DFs | DL-PCBs
sintering
1.460 0.084 51.121 2.946
Integrated oven
iron and | coke oven 0.028 0.002 0.347 0.023
steel  [ojectric steel
0.843 0.100 2.253 0.268
furnace
Iron and -
electric steel
steel |Iron/steel 1.627 0.181 39.283 4.374
. furnace
industry ) electric steel
Alloy iron 0.437 0.280 0.119 0.076
furnace
pig-iron
; 0.760 0.076 0.970 0.097
Iron/steel casting
Casting |/ ioeh cdsting g 040 0.022 0.008 0.001
Total 94.1 7.8

HEu AT AdEol Atedadst 7t

[

o

o] &3 A% Zt7te] wjE ol
PCDD/DFst 8592 WHO-TEQ/year, 94.1g WHO-TEQ/year, DL-PCBs= 8.8g
WHO-TEQ/year, 7.8¢ WHO-TEQ/year .= & Z}o] & W o] %] &3kt

AN FAS AEste]l wmEFS 4E ¢ A3%E PCDD/DFst 539¢
WHO-TEQ/year, DL-PCBs+ 4.5g WHO-TEQ/year2% At&Htolu} 7hE
S Agste Aol Hlal Fddl FAEvMEE iEge] EEHAT o]
9] PCDD/DFs¢ DL-PCBs &%7} ©& FEFFol w5 o] lojA Fdgtol

FEFFAA dgHelAy] i Ao ek
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24 A FAANLA e wWEeF A

& 3
Wol 2005 E] tholS4lo] mal A&How A4H fARAS A9 e L
on] T A3 20048 w3 20079 Zol TholSale] wE 7HaE $late] WA A4

S A AFEIZE ST

"ATFAS] AFRES g 20049 olHoll= WAAEEM H7]F %] 7](Electric
Precipitator)S AR&el ot 20049 ZHRE 20051 Zo] Z2x @A7|F{R7] &
ol AT £l AHE FIHslo] Al AlEdHoR TS SSlth

Table 4.20014 K=nkel ko] AQA S A4 A FdduE F7t2 HA3%

Ae mE AAdA PCDD/DFs ¢ DL-PCBs¢ S % 7422 Holal gt}

o

Table 4.20 Concentrations of PCDD/DFs and DL-PCBs on improvement of’ pollution

control facilities for "TA"

Average concentration
(ng WHO-TEQ/Sm”)
4
EP activated Ealibon facility
#1 0.395 0:252
#2 0.350 0199
PCDD/DFs #3 1.818 0.006
#4 0.624 0.011
#5 - 0.091
#1 0.039 0.016
#2 0.031 0.008
DL-PCBs #3 0.116 0.001
#4 0.042 0.002
#5 - 0.006
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"B'"AA AR AfolE 20079 o] doll= AgAleE o] MAAEEAN A7
%1 7] (Electric Precipitator)& AF&3l $k o, 2006 2H-H 2007d o 2 A
A7NHX7] et TRV ES T8[9 o} H{ 0 7](Bag Filter) S 4143}
A3} Table 4.210 4 H=nkel o] BE AlA A PCDD/DFs ¢k

1
DL-PCBs® v%= #AE Hola

Table 4.21 Concentrations of PCDD/DFs and DL-PCBs on improvement of pollution

control facilities for "B"

Average concentration
(ng WHO-TEQ/Sm®)
- EP_+ sodium bicarbonate
facility +BF
#1 0.593 0.096
#2 0.830 0.033
PCDD/DFs
#3 0.890 0.134
#4 1.316 0.062
#1 0.030 0.007
#2 0.052 0.005
DL-PCBs
#3 0.054 0.011
#4 0.087 0.007

metA wEAe 2 owEds e @ Afde WEswEd e = 7 U

FAAe Wt WA AAAGS mste] 1 wE AR JEer 1
A3 1 Fo MEFEE dotam WMEASE TRele] Agaor ¢ Aow @

i
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Table 4.2201 4= "A"s} "B" A9 WAAE W73 dap 52 wj
gto] 20079 = Es e Ve wE" WHItE Ay Rt

‘A Al A WAAA I % PCDD/DFs+= 90.4%, DL-PCDs+ 83.3%9]
HAaES BolH, "B"HA Y 4 -$ol= PCDD/DFs+ 81.7%, DL-PCBs+ 65.2%9]

Table 4.22 Emissions change depend on improvement of pollution control facilities of
”A” and ”B”

Not improvement | Improvement Reduction Rate
PCDD/DFs
29.1 2.8 90.4%
A (g WHO-TEQ/year)
DL-PCBs
1.2 0.2 83.3%
(g WHO-TEQ/year)
PCDD/DFs
43.8 3.0 81.7%
(g WHO-TEQ/year)
B
DL-PCBs
R.3 0.8 65.2%
(g WHO-TEQ/year)
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