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A Study of Emission Characteristics of
Dioxins in the Iron and Steel Industry

Dong-Ho Moon

Interdisciplinary Program of Farth Enuvironmental Engineering |

Graduated school, Pukyong National University

Busan 605 737, Korea

Abstract

The iron and steel industry is considered to be an important dioxin
source along with waste incineration or nonferrous metals industry.

This study investigated the level and the characteristic of dioxin in
a sintering furnace and an electric furnace which were known to be
major dioxin sources in the iron and steel indusiry. The subject of
this study was four sintering furnaces, thirteen steel melting furnaces,
and three alloy melting furnaces from eightecen plants in the iron and

steel industry.



In the iron ore sintering furnace, PCDDs/DFs and Co-PCBs
emissions were 0.666 and 0.040ngWHO TEQ/Nm®. In the electric steel
melting furnace, PCDDs/DEs and Co PCBs emissions were 0.107 and
0.022ngWHO - TEQ/Nm”, but in the atloy melting furnace, they were
0026 and 0.005ngWHO TEQ/Nm”, Generally, the Co PCBs values
were in the range of 6~17% of total WHO TEQs.

PCDFs showed an approximately four times higher than PCDDs,
and their TEQ values constituted 19~79% of total TEQs. The most
abundant congener was 2,34,7,8-PeCDF, and their TEQ values were
in the range of 44~52% of total TEQs.

The PCDFs had a linear relationship with PCDDs/DFs (1°=0.99).
The relationship with PCDDs/DFs and Co-PCBs in an electric steel
melting furnace was relatively good (r°=0.937) compared with other
process. In the sintering process, WHO-TEQ values were 1.15 times
higher than [-TEQ values, steel melting process were 1.33 times

higher, and alloy melting process were 1.25 times higher, respectively.

Keywords @ Tron and steel industry, PCDDs/DFs, Co-PCBs, TEQ



BelEy ol AAAE ARe] ASe vy g &7 dae 3
Ao A, AT Adel 4
dmads B e A deE zesta stk olele B A7lH D
Q= AT exkel, eEFel W, FAel g, Aua @ opd g Fo

a5 A5 BEEAE A f71EAE Wikselria de o

b

MAES AT o] A”le] s anE -

4

>

8

Aolv} (A3 1994, Nilsson Annika, 2000)
stAFo R EE2 Qe B F70 geEAeE kg Akl o]
dhetstol] wpel t)i o] el oz A 2 ot 1 Foll i thol s Aw

ol Mgedor MAFT FristebEd Jv}(Cleverly. D. et al,

rjo] L a1 ol7te] A st Tl olsA] AAE I fEAQ G EE e
A olzlE 27 A A, seEd Mz Y Fol 2 v
o 2k¢) T A A
FA 19650 dlEG AL ALEH TRA 2 PA R kel U o
HHon cloleae Eggdlydos vjo ckAsin] AR Zo] 43 2

Ao R, RS W R FEE okl S4E vedE Yl

“ir

7ou] ) 4ol & 2 (Endocrine Disruptor Chemicals, EDCs, 74 & = 5) £}
SHAFA 771995 A (Persistant Organic Pollutants, POPs)2 ®2&
Atz el iAol =3 9lE B4 FE Dok (Fiedler H et al., 1993)

S-elvhebell = 1996 S A H 7] E A bAoAl uiEE = ol &4

Sk HEA WA AR Ao Ae e 27 AREda, FhH e



© bl Al MEY A4S A% ewel olgrow wyjiabe el o
e R ERIE R R R R E E RS
bAoA MR W AAE 250 Ak el @474
27 9] BRIF AL thol Sale] WFo] o) o) Rofx X o} o]
Aol Fe el v)E 2, 8 A AR AANE A o2 Sl
% WAL ABH - 2N /)M 5 Al dure] 7 24
S AN SRR el T T gk AU Fabh e s A el

A, Az 2 4 S AR D NUAS chEos hu|shs Ak

Mol A 5o AREAe) vhel Sl MBS e we dran
Frasnoglew WA AfAllEE dgska glout Sejveke] el

A4 A8stv)i: oo AAH o (EU Summary Report, 1999)

Co Planar PCBsete] 434 Q9 2 ols S3¢] 547 545 ueo)

ataiz} ahir Aol o] A9 HH ol

oW T /| 2ATE Foke] AAYoIA HEHE Vo] S AR
12422 Sudla dolETlE 24 5 AR44d 8 g 2ud @

=



rpol 2 ale] AHAmale  [Polychlorinated dibenzo p dioxins; PCDD

g oloh G HE Foja BY o] o] Pdart o] g F Y
WAl 7t A FHoR M obFE 9l Ao &3E g ov)st
thar w0t Slvh(Rappe C, 1993, Mackay et al, 1992)

wepA, GolSAl2 Tsofe] walsle]l Y Ao abdel wlER T 9t

A FAE ZHA A, Al ele] st IH(Mono)el A 871(Octa)®) F%

g b seEa, Q) Aol
AT, olst HA PRE AN wE FAE B4 B - shob

AL MR TEe A w55, %, "Polychlorinated dibenzofuran ;
PCDFs; W TzaXelt-PCBs, Coplanar PCBs : Co PCBs; & ¥33) 3
Firel sgte S 2 7o) vhel 84l F(Dioxins) g Fhcl,

S s 2o dagol ni Heito]e] Al
A Weboleh el o = 2l AAY vhe] S alFe) e g4 H

TAe A AR 3402 Bl ot A4RAE B i

Aol dAaE d3tE HutERsES bz BEE 78550, o5
PCDDs ¥ PCDFs X5 1~491 29 6~99) 219 47} dA2 x3dko] 7}

ot AfE dael A% D 9Ael wep PCDDSE 757, PCDFSE:
13570s) ol At EAstel F 210% el ol4AlE bk AT,
PCBsiz 2709) Al elb 44 Adshi deE Aa 1~10749) 44
e ool TRR o] Qo 489 Pare 94

ILEel A ortho$] 2l ol d 42

A7 dan A

a
o
Do
[
~O
ot
o,
o
o
2
i
i
|
%0
o
o
itl{



x| gkah 2] -2 PCBs(Non ortho PCBs)$F ortho$l 2lo} dhupe] o A7) 7
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Fig. 2-1. Chemical structure of Dioxins and numbering system
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Table 2--1. Physical characteristics of Dioxins

Compounds Xl_elti?g Waler lSolubiliL\' '[ Vnpf)r Pressure ok
Point( ) (10 "ng/L) {mmilg)

2378 TCDD 3055 19.0 7.40<10 6.64
12,37 8-PeCDD 240.5 4.35x10 " 6.64
12347 8-HxCDD 274.0 14 3&2x10 ! )

1,236,7.8-HxCDD 285.5 36010 "
1,23789-HxCDD 2435 483x10 "
1234678 HpCDD | 2645 24 562x10 ¥ 820
OCDD 3055 0.4 825x10 8.60
2.378-TCDF 2275 419 150%10 ° 653
1,237.8-PcCDF 226.0 1.72x10 " 6.79
2.34,78-PeCDF 1965 236 263x10 " 692
1.234,78-1IxCDF 226.0 83 2.40x10 "
1.2.367 8-HxCDF 2330 177 208<10 "
1.2,3789-HxCDF 248.0
234.789-1IxCDF 2395 1.95x10 Y
1234678 HoCDF | 2365 14 353x10 " 792
1234789-HpCDF | 2220 465x10 "
OCDIF 250.0 1.2 375x10 " 878
33' 44'-TCB 4530 5% 1.34%10 6.21
33" 44" 5-PeCB 398.0 1030 29<10 6.89
33 44' 55 -HxCB | 4850 36.1 152x10 747
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SHe Be Aolsh A e w2 ¢ 4 Ao
Table 2-2. LDsg of PCDDs/DFs for animal spices
Chlorodibenzo Guinea .
. - Mouse Rat  Monkey Hamsler Rabbit  Dog

dioxin pig
2378-Toua 062 14 - 284 W~ A5 ~70 1157 ~3)531 115 2300,<3,000
Unsub 000 »1,000,000
BB >1 000,000
27-Di -2.000,000 > 1,000,000
28 TH 300,000 47,0004 22,000,000
1.47-Tri 15,000,000 »2,000.000
237 Tt 20,444 23,000 > 1.000,000
1234 Tetra 1,000,000
L368-Telra LIS000000  HZONEON0 »10,000,000
1,237 8-Penta 31 375
1.24,78-Penta L1225 0,000
1.234.78-Tlexa P24 N2
123678 exa 70100 1250
123788 Tlexa 50 100 1440
1234678 Hopta =00
Octa 254,000,000
28T S13000000 150004000
248 Tr 5000000 SBH00.000
2478 Tetru 310 265,000 51,000 1,000
2347 8-Penta <10
23467 8- Mexa 120

(Kociba et al., 1985)
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Table 2- 3. Suggestion levels of TDI and VSD for PCDDs/DFs
for each countries

TDI or V5D

Country o
(pg TEQ/kg/day)
WITO -;r‘j/(fc’ﬂ}\]-lr’_-}:- (E’.‘le_k] ir)
OF_]. \E 4*
Ak} 10
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Eat-hs]] 5"
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Table 2 4. Toxicity Equivalency Factors for Dioxins

Compounds NATO/CCMS (1988) WHO(1998)
I-TEQ WHO-TEQ

PCDD(7 %) -
2,378 TCDD 1 1
dzsasbeod | 05 | IR
L23ATR-HxCDD 0 0.1
I 236,78-HxCDD 0.1 0.1
123789-HxCDD 0.1 0.1
1234678 HpCDD 0.01 0.01
12346,789-0CDD 0.001 0.0001

PCDF(10%)

2378 TCDF ol 0.1
12378 PeCDF 0.05 0.05
23478 PeCDF 05 05
123478-HxCDF | 01 0.1
12367 8-HxCDF ol 01
124789 HeCDF 0.1 0.1
934678 TIXCDT 0.1 0.1
1234789 HpCDF ool 001
1234678 HpCDF oo 0.01
12346789-0CDE 0.001 0.0001
Non-Co-T'CB4&)

B35 -TCR e 0000L

33/ AATCB , B 0.0001
8.3 A4 5 eCB . | 0.1
3,3 44'55 TIxCB 0.01

Mono-Co-PCB(&%) -

233 AN PeCB 7 0.0001
2344 h-PeCB 0.0005
23 44" H-PeCB - 0.0001
23,44 5 PeC3 o 0.0001
2agarsise | | oo
233 A4 5 HxCB | 7 0.0005
ayadsSIXCB | 0.00001

243 A4’ 55 HpCB 0.0001
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Fig. 3-1. Schematic of iron and steel industries
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Fig. 3-2. Schematic of sinlering process
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Fig. 3 ‘3. Schematic of clectric melting process
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] A" 3f 3-1.9 ¢
Table 3-1. Sampling sile
T
Emission Sampling No.
Plant Name APCD
>, N B
Process PCDDs/DFs| Co-PCBs
Sintering |Electrostatic
Iron . 8 4
Furnace |Precipitator
Eletric i .
Steel Bag Filter 26 13
Melting Furnace
Eletric _
Alloy Bag Filter 6 2
Furnace
14
bAE U =

32 AlsAH 4
3.2.1 A=A H
3 A Al 7] =

ol A Aol Efel A Az st} A8 st

ol 4 A ¥

Tz
=]
B
KL

3211 A EAF
AT A= A& Hel 850T el A 24 7159k 2 A
3
EFASE 2417F 30
ojLE 4A] kol Al F

Falo R 1A[ZE 308 oAk Al A gt

a, XAD-O A2} A5 obAE o
22 (Soxhlet) A %] & o] &-5o] W&l a)

gal Ao gl A Azako] ALgaich,
A3 A2g A2997

z
&) _f;l;
el FAA
- w3200 duy

.

s

3.2.1.2 A #EA3 w4y

chol & 415 A)sa
o wheh dAstd o, AAAe AgE Al
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Table 3 2. Sampling cquipment

Equipment Model

Stack Sampler APEX (MC 572)
(ras Analyzer Dhgitron{Green Line)
Sample Probe 300-6,000 mm

322 A%, A=w @ 74

3221 Aok
P ALgE RE ACkTE BEB od G WA i Qg

=54 0 FREoFAHE
- Y F 229 € Dichloromethane 1000, ZHif %9k PCB A1 g -

dH e e g a8 Hefshd 2 0.063mm ~0.200mm(7

7]

fote] RHastst Al stAaLe ALE-sly] Fel dlel 7o) FAE 10mm o) 5f
= 8kl 130°C el A 9F 18A17F 713 & ule A AolEloA] o 308 7+

0~230M )2 el ZAAoA] gAlgF o4 tlFEf el 7 A X

o

of.
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Wek & ZnpR Al g-atgu

- kB E G B dEl7bA (IN NaOH 239% Silica Gel) @ #% 2) %
A2 100ge] IN PAShIER &9 30g2 2o Wolrby Fi
T+ 130TAA o 30+ 3+ A xste] Abgahaivt

<A 3ER A2 ZEAB0% H2S04 Silica Gel) @ Hajgl® A o)A
100gol Mgt 4dg& =34 Holvbm Wolg v} Fubo] E wjzhx] 4o

AHgatslch - okl AR AR b A g SFIHEAE 1, 47

) 13g & Zrbyel Wi g3lRel A 500T, 8AIZF dE 3 130T A%
oA B A E L8 Aell A A Aol B oA oF 3087k 2y 3 5] A}
&kl
- At &4 gA e Active carbon Impregnated Silica Gel) : T}9)
Sl PG o dujgtAe] diE A vHWako )& AHEE
ATEd
ekt S QaiA 7 AA o] WAl A Adgs bzt 2 - 8he)

A ddol U o Aoy A2 EAQEA] S F994aE A

-

1l

ghel 3

FEAe YA sed, Nsad A FE A 24 4, GOMS ¥
ERIRET IR

Al
AR5 1 vhel 41 B Pk A g o tho] g4l u

H

A1 A o] ¥l

i+ &% 5utAl gels, Co PCB ¥4 g A one meEgd
O.Ing/ml ~ 800ng /mé ¥ = Qolx &3y BaHo 21831990}

- GAL5E): ARy AA] A F AR Ao Hobsle] 4A
A efko)) o] &b},

AEA HUEEQ2E) - A AHd Wriste] B4 & S ol g3
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3.2.2.2 A
colAl L GE/CH ARE, Abg Aol n sliow A% & Apgea.
CRelE b UFERWGS o8 S84 AF & A1esa

=

i A = i |
3.2.2.3 =AA A

Sulre) ol g4 8 Co PCBs 42 Ao /1% AHEHAD 240
iz o] Hof )& s el o] By MER 2xE AHE ALE

ST, b5 e RG24 AL Ak 2A AH S et ol &

AR V)R AHE R A AR Aol AA § B Aol

Zgak Al el 2417 o] AE Al g Al A A (Alconox) & AFR-&}
o ARG $ FiE FRFE Mol i Axg fdA dzAz

oAl E, EFal, n-d4k tlER2 2 et Fod g M7 Hdx A

g ol S ok Aol AR gRIE AF T Abgw

- &AY FERA A 50 &% 20009 53} 500m Sohaz,
A7 43mmx120mm el -F2 4 A thimble, Z18] W24z 2 7jdwmE S

o2 AR AS AR 9]
3225 A48 714
- A7 dAg 49 ID= 1.3em, length= 35em, =17} 915, oo

A& 9jste] 138 A 2Fste] AFesha o)

WFuLE AAE 47 0 ID= lem, length= 30cm, 27} i, &

nf

£l

i_.



5 glstol 18§05 A ske] Abg sl

e Adekg Al D lem, length= 15em 91 A HS AY 85l

=y s e =up oy 5 (Kuderna Danish) ‘& &7 & AF838F95 v},
-9l  Fe F=7] 0 Buchi R134 Model 2 AF&35}4 0}
2w d A A7) D SONOREXAE AFE-3Fdv)

3.2.3 A2 A

AFH g Aol ol Ala Co-PCBs #4] #8555 18 3-40] L}El
Witk Co PCBsts AA|zA o dFvvaais) SAed8 348 A

) ergkuh, el Al WAel s opelsh 2o Wy o Mgk

Stark Soxhlet Fxloll W& 3 EZiol(] TBaker) &vl& o] &8t FE3]

Ak A R WE 2 ebo] = (Wako 1000) &7 E ALE-8fo] Aol
}6_.

Fel AW, o R W RS =et ¢ TYHTE Fo) vey

]

A G718 4Ee AR S8 S A g AAsdd. o] ¥
Mol B w7hA) 7 AR A00~600me 2] BAFS ARSI wmala A
A 100m=E AASE oe] 8 Sk, pH7F 540 2 wizbA] A A sk ot

HYEFLe R Oy
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FAZE BN AR

e

LEFVE E

r
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FaAut.
3233 el A
T4 shslE, Tk, HAEAS AAY HHog T vASs o

gobol AT ek VbR dEviRe] SRS AW obFE T

s
o
[
ofy
)
o
8
v}

A7), T 2 e 7 () T Bt EE g
Aas ddel #94 F =wda 150ms &5 A A h
3234 &5v}p A4

A=d S8E, 719244 sk PCBs, PCN& AAS H4202 ALE
Hodvh bAE lem, deo] 30eme] AAE Aglol (AFWL 13gE F 33}

) A7k AHARvIED

@
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SAarE 201
: /"] ’f] EJE—OO}

AA L A0g

Al

—TCL-2372%-TCDD

<FC1 - PCBsRC~-4978)

SRR - MR, W Ee e A ARl ojsto

|

R E TR
SR %

+ DCM ¥+ Toluene

l

chol &4 ¥4

«—

gk v

|

ezl

l

er i}

12
X
)

2% DCM/n-Hexane, 100ml

«—50% DCM/n-Hexane, 150ml

—

GC/MS

YCl- A A&

—n-Hexane, 150ml

TCli A WS

-l 10,0002, SIM

PCBs ¥4

e

BClo- % 4 £ (FRC-4977)

‘ <n-Hexane, 150ml

B 8}

hiah
oz
Fa N
pi)

GCAMS

<n-Hexane, 40ml(+]3)
«~5%DCM/n-Hexane, 1 20ml( & A1 &)

_<00% DCM/Mm-Hexane, 160ml( % 7H-4)

—"Cliy- " 97 /-8 (EC-4979)

- ¥-3E 10,00001 %, SIM

Fig. 3 4. Flow chart for analysis of PCDDs/Fs and Co-PCBs
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324 477 =4

btk e s/ 8 S B A AGOMS) el o) g Vo] S 415 o] B

s Ae] 20 o] & o]l A ER(SIM) 22 %’4%:—3}51, “L o Eo)
k= o 54

o Slels Ao T Yo A9 Auc
3241 b sEntE e s (GO)

A0 shEel A 8 BHEAA ) Ahx ol YAl BUS S5 SaAzeiE
S AvEA A GO BAEAE ofds & 3 3.9 2
Table 3-3. GC analytical condition for Dioxins

PCDDs/DFs Co-PCBs

Column| SP2331, 60m~=0.32mm IDx0.2um DBH MS, 80m<0.32mm IDx0.2m

1S0TCIF)—=180T (3R —246T
Oven [120T(1F) — 2007C(240) —260C(204)
(3H)—290 CU0F)

. Injéctor Temp. : 2607C * Injector Temp. © 2807C
G C e Injection © Splitless e [njection @ Splitless
® Purge Off Time @ 60sec * Purge Off Time : 60sec

3242 #H& BAAMS)
ol 4% d%F A4 (Double Focusing Type, Autospec Ultima,
UK)E Abgatdon, tho] 240 B Ao Abgg o]2o) Ak ol 2ol i

P =k 21 7] (Double Focusing Type)

o o] &3} WA A Hol 23 HAED, 32V
¢ o3t =4 Trap Current 500, o] &3k &1 @ 270T

¢ Fals 1 10,000 ] 4HB% Valley 7]4%)

o HEWH Aol AF SV
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326 A4 R AF

3251 A= AA

o o 1

ng/ptel  wE O W9elA SWHAIRE £33 CS1~CSHWellington
1613-CVS)& 2188t e Co PCB A8 fHabd 24 e 2pg/ul —~
08ng/piel w5 WA sHeAE 3% CS1~CS5(Wellington
WP CVS)& A48t sr,

tlol 24l 4 g #ld HPd AHE AFE BEE 42 05pe/ul—~

3252 A= HA(mass calibration)
bRt E )/ HRAA = SRR A 7
% 10,000 o] 42 2 %4 (tuning) 3 THE, 4G s E ol 4] 89 3H 2] ¥ o]
LE5S Ha A oo o2 uiyo] widlE A3 A (magnet
switching) 2 & PFKell it AF3 A5 dAgdc) 7 Jrgd H43 3
b ool o] g A lock mass)E AR 13 AlolE Al 7Hcycle
time)& 1000msec o W= sl PFK A7 4 A3+ PFKel o] &3] 9}

HEA 2] 2} S5ppm olsbE wEEA Sl

A A nE Ady EHete st o)/ E A o) F#9)

¢ ARuEIRS T8, dolzl azvte

el 540139} AspAlzrel Za HARE 27)9] dEol&e] vloja wlAu]
Ae) el distel 159 ool o 4 shdvh

Clo] Al ke #AE 7+ 2378 ol A4 9 oo st YoLA 2
:{TClif‘ﬂ? WhHEEFEE2Z ol A Adesids o] f5to] Ak &1 o ,\]

7 Fo] OCDF¥ "Cp» OCDF7} #7152 9o} MC,-0:0DDZ o) §3F
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Table 3 4. Theoretical 1on abundance ratios for Dioxins

u 7 Exact M/Z's e
| l)II'l(\)‘ T T T T .:/'1 5 T]!(‘()I'(‘Ii(‘éll Rﬂti()
(STHTEN Native P lype
ative Cy» labelled
TCDE 202, 9016 215. 9419 VMR 0.7
305. 8987 317. 4384 N '
319, 8965 331, 9368 MAE2 0.77
TCBD 301. 8436 3533, 9339 N
327. 8847 M
beCDE 339, 8397 351, 9000 Me2/MH 156
e 341, 8567 353. 8970 NN
Pl DD 355, 8546 367. 8919  ME2ARD 155
e 357. 8516 369. 8919 NE2/ AR
. 173, 8208 183, 8639 M/ 1.24
’* 375, 8178 385. 8610 VN2 0. 51
HxCDD 189, 8157 101, 8559 - MEAR L2
X 191, 8127 403. 8529 N2/ '
- 107.7818 A17. 8253 MR 1.04
P 109, 7788 419, 8220 MY 0. 44
HoCDD 1237766 435, 8169 MM L od
p 125, 7737 437. 8140 N2/ '
%,W_‘,
, 141, 7428 . :
T . DN i
OCDF 14 w0 | N2/ M 0. 89
, 157. 7377 469, 7779 y
0ChD 459, 7348 71,7750 M2/ M 0. 84
ot 289. 9224 301. 9626 e o
o 2919191 303, 95497 MM '
S 325, 8804 3537, 9207 - s
T 327, 8775 339. 9178 a -
s 359. 8415 171. 8817 . L
S 361, 8385 373, 8788 o
en 3G, 8025 405. 8428 - Lo
pLbs 395, 7995 A07. 8398 o '
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vhol §a1 Aa HEF 7F 2378 oA} ool thEatis FCpAl 2
TChAE R REEAR @ AUAFANS ol gate] W stgon A

g Zo OCDFE  YCr OCDF7F 275 A @ol PCh OCDDE o] 83

&8

PEFEELe] R FEE 4
%

x‘] o]gf_g] S/Nu] 40])&1—0

< 3}
CoPCBs 432 544 el E ol fslo] of= ko ¥5 5
& FEdel Al ol AsE A @ ¢ @E% 7 CoPCBs o144

of gt 13C12AE WY RER AR & HUARaEe o) 8ae A
steleh. wa 13C12 Al Co-PCBs 5 12%9) Wbxwedd s s48
Axrahsl o
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4. A% 2 3

=

4.1 A A-FAA2 PCDDs/Fs ¥ Co-PCBs ¥ %

Ard3 2d=2e PCDDs/Fs 5%+ 0350 ~ 1.502 ng TEQ/Nm3
(¥ 0666ng TEQ/Nm3), Co -PCBs &=+ 0.031~0.048 ng-TEQ/Nm3
"+t 0.040ng-TEQ/Nm3) = el ov] 47454 412 PCDDs/Fs
= 0.011~0.663ng - TEQ/Nm3(4 7F 0.107 ng TEQ/Nm3), Co PCBs ¥ %

= 0.002~ 0.149ng-TEQ/Nm3(HE+ 0.022ng-TEQ /Nm3), &+ 4 Az¥
4 #71=2¢] PCDDs/Fs FX+& 0002 ~ 0069 ng TEQ/Nm3 (3

0.026ng TEQ/Nm3), Co PCBs %%+ 0.001~ 0.008 ng TEQ/Nm3(¥ 7
0.00ong TEQ/Nm3)5 Wepston], dA-tda= 3 4-1.0 Jep vk
ol gale] He sARoAM PCDDsi= PCDDs/Fsel 18~33%(33 o 22
%), MN7ZAT4A A7)22 A$- 1059 %R 29 %), F=F A7z A%
6~79%(H 5 30 %)9] AR &S ek

TEE Bl oAl 23478 PeCDF

}-’1

A Sampleoltd 713 =2 w5
v e ie A PCDDs/Fs9] 44~51%, A7l 22 A9 31-47%, &3
drlae]l A9 24~50%9 Bl &S JdEflRth F de] LAl Fell th3lh A
F2 AARAE 43~47%, VIR AL 28-39%, &FH Ay =]
A 22~40%9 vEE vyt 53], a3 AV HA Y A9
12378 PeCDD®} 234,78 PeCDERF 71&%HA] o]Wje] k& vehigle
W, Tt 9] PCDDs/Fse] of Al wl$ vt 2% 3& el Ao
wALE AT, Co-PCBs® 4% Non ortho$! 3, 37,4, 47, 5 - PeCB
(126)7} A4 Co PCBs®l 95% o4& 2«3k Ao iy

2 oAgel M el KA G HA S (TEF) = WHO-TEFE A&t th

- 31



(che)

Table 4-1. Dioxins emissions of sintering, steel melting and alloy melling furnace
. ng-TEQ/Nm™

e Process

Sintering{n=8,4)

Electric Melting(n=26,13)

Alloy Melting(n=6,2)

Compound — Range(Ave ) Range(Ave ) Range(Ave )

| 2z78-TCOD 0.011 ~0.064(0.022) | 0.001 ~ 0.022(0.006) |0.000 - 0.004(0.002)
1‘2,3,;,8—PeCDD 0.04570.322(0.104} | 0.0027 0.121(0.019) {0.001 ~ 0.012(0.002)
1,2.3.4,7,8-HxCDD 0.003 7 0.016(0.007} 0,060"0.008 0.001) 0.000)

1.2,3.6,7,8-HxCDD

0.006 ~ 0.035(0.013

0.000 7 0.017(C. OOS)

{
0.000 7 0.001¢(
0.000 7 0.001(0.001)

1.2,3,7,8,9-HxCDD

0.004 7 0.029(0.010

0.000 " 0.011(0.002)

0.000 " 0.001(0.000

2,3,4,7.8-PeCDF

{
(
(
(
0.000 ~ 0.004(
{
(
(
(
(

0. 005~O 278(0. 043

{
1.2.3,4,6,7.8-HpCDD  |0.002 ™ 0.009(0.005 0.001) (0.000 ™ 0.001(0.000
OCDD 0.000 7 0.000(0.000) | 6.000 ~ 0.000(0.000) {0.000 ~ 0.000(0.000
T éCDDs 0.07170.475{0.161) | G.003 ~ 0.183(0.030) 10.001 ~ 0.020(0.007
2,3.7,8-TCDF 0.001 7 0.074(0.009) (
1,2,3,7,8-PeCDF 0.009 ~ 0.028(0.015) | 0.000 ~ 0.025(0. 004) 0.0CC ~ 0.002{0.001
)
)

1,2,3,4,7,8-HxCDF

0.014 7 0.043(0.024

0. OOO 0.024(0. 004

{
0.001 7 0.028(0.011
0.000 7 0.003(0.001

1,2,3,6.7,8-HxCDF

(
0.17070.654(0.318

(

{

0.026 7 0.093(0.047

0.001 7 0.037(0.007}

)
)
)
)
0.000 7 0.006(0.002)
)
)
)
)

0.G00 ™ 0.005(0.002

)
)
)
)
)
0.027 ~ 0.065(0.036)
)
)
)
)
)

0.024 7 0.113(0.050

0.001 ~ 0.031{0.607)

0.000 7 0.004(0.002}

1_2,3,7‘8.9 HxCD#

0.004 7 0.014{0.007}

0.000 7 0.004(0.007)

0.000 7 0.000(0.000)

1,2,3.4,6,7,8-HpCDF

0.004 ~0.014(0.008)

0.000 7 0.005(0.001)

0.000 ™ 0.001(0.000)

1,2,3.4.7,8.9-HpCDF  [0.001 ~0.003(0.001) | 0.000 ~ 0.002(0.000) |0.000 ™ 0.000(0.000)
OCDF 0.000 ~ 0.000(0.000) 0.000 ~ 0.000(0,000)
T PCDFs 0.279 0.008 ~ 0.481(0.076) :0.001 ~ 0.049(0.019

3,4,4' 5-TACB (81)

0.000 7 0.000(0.000

0.000 " £.000(0.000

3,3'.4.4-T4CB (77)

0.000 ~ 0.000(0.000

2 3,3',4,4'-PSCB (105)

{
(
" 1.027(0.506)
{
(
(

0.000 ~O 000(0.000

{
(
(
(
0.000 7 0.000(0.000}
{
(
(
(

0.000 ~ 0.001(0.000

0.000 ~ 0.000(0.000

2344 ,5-P5CB (114)

0.000 7 0.000(0.000

)
)
10.000 ~ 0.000(0.000)
)
)

5.000 ~ 0.001(0.000

)
)
0.000 ™ 0.000(0.000)
)
)

0.000 ™ 0,000(0.000

23 4,4 5-PBCRB (118

0.000 7 0.000{(0.000

0.000 "~ 0. 003{0.001}

0.000 ™ 0.000(0.0C0}

0.000 ™ 0.000(0.000)

0.000 ™ 0.000(0.000)

)
2'.3,4,4' 5-P5CB (123}
3,3'.4.4' 6-P5CB (126)

0.030 7 0.047(0.039

0.002”0.138(0.020)

(
{
{
{
(
(
0.000 ~ 0.000(0,000
{
(
(
(
{
{

0.001 ~0.008(0.005)

2.3,3'.4.4' 5-HBCB (158)

0.000 ™ 0.000(0.000

0.000 ™ 0.002(0.000)

0.000 ™ 0.000(0.000)

2,3,3'.4.4' 5-HBCB (157

0.000 7 0.000(0.000

0.000 ~ 0.001(0.000)

0.000 7 0.000(0.000)

0.000 ~ 0.000(0.000)

(.000 ~ 0.000(C.000)

)
2.3'.4,4'.5,5'-H6CB (167)
)

)
)
)
)
)
0.000 ~0.000{0.000)
)
)
)
)
)

{

{

{
0.000 ~ 0.000(0.000

(

(

{

- 32

3 3 .4,4',5,5'-HBCB (169] |0.001 7 0.001(0.001) | ¢.000 ~ 0.003(0.000} |0.000 ~ 0.000(0.000)
2,3,3'4 4 .8, 5 H?CBUBQ) 0.000 ~ 0.000 0.000} bl.OOO - 0.000(0.060) 0.000 ~ 0.000(0.000)
5 CO‘PCBS 0‘.‘037 7 0.048(0.040) | 0.002 7 0.148{0,022} 0.00T - 0.00SY0.00S)
s Dioxins 0.38t 7 1.550({0.706} |0.01370.812(0.129) 0.003 7 0.077(0.030)
# A3 n(PCDDs/DEs, Co PCBs)
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Fig. 4-1. Distribution of PCDDs/Fs

1somer for sintering furnace

AR AL 23478-PeCDF ¢4 47} PCDDs/Fs & 744

gl 4 2.9 Z2r)

- 33

S

© SA4E Ehl L 9ok =3 PCDDs/Fs 2 Co PCBs2] 2] &

st

i

A}

-
P



SARNA Co PCBi: WHO 545 7HA 72 ghabdt d A vho] 24l 5

Ratio

Hat 5.7%) o] WA E v sl ZARE i)

z PCDDs 2 PCDFs Z Co-PCBs

Fig. 4-2. Comparison of PCDDs/Fs and CoPCBs for sintering furnace

cho] &A1 =AM 5 ke 7)gEo] wH = 237.8-T4CDD %}

PCDDs/Fs®] AataAlE Auond AR 7F 097322 v =&

Aow bl

140
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100

080

PCDDs+PCDFs

a60

040

aza
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