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A Study of Emission Characteristics and Behavior
of Dioxins (PCDDs/DFs and DLPCBs) in process
of Air Pollution Control Devices in MSWI

Chul Su Kim

Interdisciplinary Program of Earth Environmental Engineering,

Grraduate School, Pukyong National University Busan 608-737, Korea

Abstract

This study was carry out for evaluation of concentration and removal
efficiencies of the air pollution control devices(APCDs) for Dioxins,
such as polychlorinated dibenzo p-dioxins (PCDDs), polychlorinated
dibenzofurans  (PCDFs), dioxin like polychlorinated biphenyls
(DLPCBs), in municipal solid waste incinerator (MSWI) in Korea. It
is investigated for MSWI to equipped with electrostatic precipitators
(E/P), wet scrubbers (W/S) and bag filter (B/F) as APCDs. Sampling
points  were sclected by main  stream of APCDs, such as boiler,

clectronie precipitator, wet scrubber and bag filter.



Samples were analyzed for Dioxins using high resolution gas
chromatography (HRGC) coupled to high resolution mass spectrometer
(HRMS). The concentration of dioxins in incinerator, electronic
precipitator and  wet  scrubbers were 2495 ng-TEQ/Nm3, 1.34
ng TEQ/Nm3, 2.55 ng-TEQ/Nm3, respectively. The concentration of
emission  gas in  stack was 0.045 ng-TEQ/Nm3. PCDDs/DFs
concentration of emission gas in stack was dominated by particulate
phase higher than gaseous phase. Waste heat boiler was st
treatment device in incineration facility and effluent flue gas
temperature was about 200C. Distribution of Dioxins concentration
was occupied a high level of particulate phase under waste heat
boiler. Ratio of Dioxins concentration (particulatc phase/gasecous
phase) was rapidly decreased in electronic precipitator by the removal
of fine particle. Nevertheless, PCDDs/DFs concentration was not
reduction. PCDDs/DFs of Particulate phase and TEQ concentration
from wet scrubber were increased by memory effect. Removal
efficiency of Bag filter was higher than other precipitator such as
electronic  precipitator and wet scrubber. Consequently, the
PCDDs/DFs distribution ratio of particulate phase was higher than
gaseous phase. In this result, It was confirmed that Dioxins were
decreased by injection into the bag filter if activated carbons in flue

gas and it 1s useful to the emission control from MSWI.

Keywords @ APCDs, PCDDs, PCDFs, DLPCBs, MSWI
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Table 1. Physical and chemical properties of PCDDs/DFs and DLPCBs

Melting

e
2'378 TeCDD 3055 | 19.()'
1,2,37,8-PeCDD 2405
12,34, 78-HxCDD 2740 44
1,2,36,78-HxCDD 2865
1,2,37,89-HxCDD 2435
1,2,34,6,7.8-HpCDD 2645 24
OCDD 320.5 0.4
23,718~ TeCDF 2215 419
1,2,3,7,8-PeCDF 2260
2,3,4,1,8-PeCDF 196.5 236
1,2,3,4,7,8-HxCDF 226.0 8.3
1,2,3,6,7,8-HxCDF 2330 17.7
1,2,3,7,8,9-HxCDF 2480
2,3,4,6,7,8-HxCDF 2395
1,2,34,6,78 HpCDF 2365 14
1,2,347,89-HpCDF 2220
OCDF 2390 1.2
3344 TeCB 450 %
3.37.44" 5-PeCB 398.0 1030
33744 55" -HxCB 4850 3.1

Vapor Henry's
i S e
740610 ASTEAE  162E-03°
43510 437E+06"  1.48E-03°
38210 " 617TE+07"  1.45E-03"
360x10 " 6ITE+07"  1.45E-03"
488<10 " 200E+07"  832E-(4°
562310 °  1LOOE+08"  8.32E-04"
825x10 ¥ 158E+08"  5.13E-04"
15010 " 3.39E+06"  2.69E-03"
172x107  617E+06" 191E-03°
263x10%  832E+06"  257E-03°
240<10 Y 200E+07*  191E-03°
2.18x10 " 200E+07° 191E-03°
200E+07"  955E-04°
195x10 " 200E+07  1.78E-03"
353x10 " THME+07  141E-03
465<10 7 7THE+07  1.00E-03°
375x10 © 63IEH8"  77I6E-04°
LMI0° LG2ZE06
29x10""  7.76E+06
152¢107  2.95E+07

"Data from Govers and Krop (1998).



Table 2. Word Health Organization toxic equivalency factor (WHO, 1997)

Isomer WHO TEF

PCDDs
2,3,7,8-TeCDD
1,2,3,7,8-PeCDD

1,2,3,4,7,8-HxCDD 0.1
1,2,3,6,7,8-HxCDD 0.1
1,2,3,7,89-HxCDD 0.1
1,2,3,4,6,7,8-HpCDD 0.01
oCcDD 0.0001
PCDFs

2,3,7,8-TeCDF 0.1
1,2,3,7,8-PeCDF 0.05
2,3,4,7.8-PeCDF 05
1,2,3.4,7.83-HxCDF 0.1
1.2,3.6,7,8-HxCDF 0.1
1.2,3,7.8,9-HxCDF 01
2,3,4.6,7.83-HxCDF 0.1
1.2,3,4,6,7,8-HpCDF 0.01
1,2,3,4,789-HpCDF 0.01
OCDF ... 00001
Non-DLPCBs

3345 -TeCB 0.0001
3344 -TeCB 0.0001
3.37.44'5-PeCB 0.1
33'44' 55" -HxCB 0.01
Mono -DLPCBs

233" 44'-Pel’B 0.0001
2:344' 5-PeCB 0.0005
23,44 5-PeCB 0.0001
2' 3445-PeCB 0.0001
2,3.3"44" 5-11xCB 0.0005
2,33 44" H'-HxCB 0.0005
2.3"44" 55" -HxCB 0.00001
233" 44" 55" -HpCB 0.0001
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Table 3. The Characteristics of wastes

Physical composition (%) Elementary analysis (%)

Paper Fiber Wood Vinyl Food | C N H S O

7 'spring' -
(2002)
summer

(2003)
autumn

(2003)

winter
(2003)
Average | 35.8 4.2

30.2 4.5 8.5 29.5 85 [ 269 05 45 0 133

33.7 3.2 0.4 307 182 | 256 02 43 0 159
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Boiler outlet
E/P inlet

Figure 3. Temperature of 1incinerating control process in each

sampling point (unit, C).
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Figure 4. Process diagram and sampling points of the MSWI.
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of 47he] A Al el dekat Fxbe] 8x A dAjstgl o, Zhzbe]
AAE Fh FEAA WETEEE SA FA4E A

2oATol M, wETEA AR A7) SAAGH Eeto A FHE
Ak ARG A= SA 7 Ao s iske] d 34 6
ULk W ETEEE AR ATMA L] AlRE YT R sl olF e &
7} Amberlite® XAD-2° (Supelco, USA), 1#] 3 Diethylene glycol
(Kanto chemical, Japan)& 724 o =2 #2l8g)o)

7t Al FE 04 WHIEFEA(EPA 1613LCS, Wellington Laboratories,
Canada) 2000 pg? DLPCBe] W3 FEAGIA LCS, Wellington
Laboratories, Canada) 1000 pg2 #7lste] +&3HA
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Fato] AAg Awi Abgshglc)
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Anhydrous Na, SO ,
10% AgNO ;  -silica gel

Silica gel
300 mm 22% H,80 4-silica gel
4 4% H,S50 4—silica gel
1 silica gel
2%KOH -silica gel
Silica gel

Figure 5. Multi-layer silica gel column chromatography for

PCDDs/PCDFs, DLPCBs analysis.

— 12 mm

Anhydrous Na,SQOy

250 mm ) .
Activated alumina 10 g

Anhydrous Na,SO,

Fgure 6. Activated alumina column chromatography for PCODs/PCDFs analysis.
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diameter, 0.2 um thickness, Supelco, USA)3¥ DB-5MS (30 m length,
0.25 mm inner diameter, 0.25 um thickness, J&W Scientific, USA)S A}
g3stel A Ak F7F 2z 46709 SebEa 7849 SEEs Y
skl

PCDDs/DFs¢t DLPCBs®| &4l 2189 WiEFE EHE Table 49
Table 59l vFebWd s, 7171 &AM 232 Table 6, 78 HERR AT
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Table 4 Mass labeled compounds of internal standards solution (EDF-8999)

... PCDDs _ PCDFs
2378 TeCDD ("C,99%) 2378 TeCDF ("C99%)
12378-PeCDD ("C1,99%) 12378 PeCDF (MC15,99%)
123478 HxCDD (“C12,99%) 234,78 PeCDF (¥C12,99%)
123678 -HxCDD (*C1,99%) 123478-HxCDF (*C12,99%)
1,234,678 HpCDD ("C15,99%) 1,236,73-HxCDF (*C1,99%)
OCDD (PC12,99%) 123789 HxCDF ("C1299%)

234678 HxCDF (Cy,,99%)
1,2.3.4,6,78 HpCDF ('C12,99%)
1,234,789 HpCDF (C1,,99%)

Table 5. Mass labeled compounds of internal standards solution (68A 1LCS)

DLPCBs - IUPAC No.
3,3'4,4" -TeCB ("C2,99%) 77
34,4' 5 TeCB (MC12,99%) 81
2,33'44" -PeCB (C2,99%) 105
2,344 5-PeCB (C,2,99%) 114
2,3'44" 5-PeCB ("C12,99%) 118
2’ 344" 5-PeCB (C15,99%) 123
33"44' 5-PeCB (C12,99%) 126
233" 44" 5 HxCB (C15,99%) 156
233'44' 5" HxCB (MC}5,99%) 157
2,3'44' 55 HxCB (*'C12,99%) 167
334455 HxCB (MC12,99%) 169
2.3.3'44' 55 HpCB (7C1,99%) 189
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Table 6. Instrumental conditions of HRGC/HRMS for PCDDs/DFs

Items B 46 PCDDs/DFs | 78 PCDDs/DFs
GCMS HPGS90 GC/IMSTOOD MS | HPBR90 GC/IMSTO0D MS
Column SP-2331 DB-5MS
(60 mx0.25 mmx0.2 m) (30 m>0.25 mmx0.25 m)

Oven 100TC (1 rr!in)HZO"C/minH"ZOO”C 50T m'in)—>10°C/min—>2?5()°C

—2C/min—2507T (29 min) —5C/min—300C (4 min)
Carrier gas Helium 1.2 mL/min Helium 1.2 mL/min
Injection mode Splitless Splitless
lonization mode El+ El+
[onization energy 38 eV 3B eV
Injector temp. 250°C 280°C
lon Source temp. 250°C 280°C
Resolution >10,000 =>10,000

Table 7. Instrumental conditions of HRGC/HRMS for DLPCBs

Items DLPCBs
(r(/l\lé - HP 6890 GC/JMS700 MS
Column - HT-8 -
(50 mx0.22 mm=0.25 m)
Oven i 9OC (1 min)fZ()iC/minHl?O“C (4 min) .
—35C/min—290T (5 min)—5C/min—320C (0.71 min)
Carrier gas Helium | ml./min
Injection mode Splitless
fonization mode El+
fonization energy 40eV
Injector temp. 29T
lon Source temp. 2710°C
Resolution >10,000
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3.1 Bl SARY FE 57 2 AALE

3.1.1 H ¥ Ae (Waste heat boiler)
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oich. WHO TEFE 483 =4%571%e z2t7h 0116 ng-TEQ/Nm’#
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3.1.2 A 7] A A A A (Electronic precipitator)

BoazbAde] Aa sbeis it 18%e] FRe E£FEn geor, 9

ARPUE AW T shael Aol FAw AAALEA) eYEn 3

EA LA = S A . O AA
o},
A7)QAZA o] Aeka} FeelMe] the]Salfe] % i 8108 ng/Nm'’

7 8387 ng/Nm'o. @ ZAlE|don] A7l 474 RoA tho] %Al el
S7b7F gl Ak vbH WHO-TEFE A &3 tjo] 8o s - &
choll A zb2zk 146 ng-TEQ/Nm'#} 134 ng-TEQ/Nm'e.2 vEh} TEQ
= A 21 homologue®t congener?] profile2 Figure 100] e}
W AT

A7V A Ay $ke] DLPCBsel &=

e
i

z}zt 267 ng/Nm'3}
574 ng/Nm'el], WHO-TEF #&3% %3 A711434x A - oA
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A e Aoty $oe] 2R TS Figure 119 YERR I

A71 7% %=1ell olgk TEQ ko] tho] Aol AA &2 83%=
Bl oy, TEQ ‘el DLPCBsy -H%2 A A=A A7 F
AgAlel o)gk w27t 7 sk AaE vehSivh

olegt A= HAIHIVINA  fly ash7b A AHAE EFsta
PCDDs/DFs % DLPCBs®] F7k7F vheluh @71 716l A 2] A ghAd o]
DA Aoz dvkAr) 539, DLPCBsel F7F7F 248 Hx7] o
Mol fly ash AFAI7ko]l skl 279 SAL%E7F 200C W2 2 A]
A7NHZ 7 A A fly ash7b AlA Rl = E-Fsthar F4u71 7~ & 5k
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3.1.3 54 Al A A (Wet scrubber)

TAAEE S A7 A GA ] Fakel] fAsta Ao, W7 A
F s WStz R e uA B3 GAsE, d3saE A7 s
7] fstel AAFE BEstn dow, FAAARUY AR Lee
0C R fFAste] Fdwa dr

FAANAE AFelA flue gas?] thel$A & FEi= 103.0 ng/Nm® o
Row, FAAGES T w77t Fof o] SAle] F e 1285
ng/Nm'e 2 tpebyteh 5 A A A g dutol e WHO-TEFE % &3
1789 ¥ %+ 1% ng TFQ/Nm‘P.E FAME oW, Tt o] FiEis 255
ng TRQ/Nm'e. & s%7} Z7}F shdoh

DLPCBs®l 49 #4448 dda $de] $27b 42 3161 ng/Nm’,
2346 ng/Nm'o.2 FAL H9low, 54 7SS 4839e W, %83
pg-TEQ/Nm'# 1341 pg- TEQ/Nm®*2.2 %A} o] DLPCBs®| L7t %
7V st eow, ojelgk At gol a3 fAbe AEE UErAdY. 12F
o} DLPCBs 5 %% Figure 14| Jehl Ao

FAAAE d - oA 244%9] ol EAlEE FHE e dow
stelg)d o olv]st FAFE ‘Memory Effect’o] 9|3 ‘s ZF7F & Ao
gk ®arel FASE Ay 2 LpEbW tH(Chang and Lin, 2001).

FHAAAEE el el ol gl T FrhAl VI E AAl sk
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profileol]l WERWH Afol Al ok 4 9l

el 2378 91 e wAlskal 176 congeneroll @ gk w e k] of F

ooquEl s o] A Al 12278 PCDDSF 23478 PCDERL #Hal v 9lu),
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3.1.4 o #}3d7%A (Bag filter)

b2 ALV E ol €8t Y atel flue gasel &2 & 170C A% &
o7 fFAste Aol F2 welA FHoA vhg g
tH(Kerisz et al, 1995).

A Y AZAAEE ARG A ] FHF EEE 167-172T =
A8t e Aoz FAEHAOH, 7w wEEHE HET AHHAAR
A, ol SAlgre]l AAE lste] 56-5.8 kg/hre]l #4EHES Fdeti 9l

AAAAFZ §AE = b9 tho] LAl 2= 1921 ng/Nm'o.

{40
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2 vehgon, 4R 30 E $ud olF AEm wiEFH: wWEss
o] F F:i: 285 ng/Nm'e.2 ebwttlh, WHO TEFZ #83% 2378
Aol FAargt}o] LAl 17F9 v HAukd} $rio|A zhzk 231 ng-
TEQ/Nm'# 0.045 ng-TEQ/Nm® 2.2 uvepygc, A3 dx7] dxksg
Skl A 9] 17% congener? profileS Figure 169 vhepui Ao}
AN AA Fog wjEH = DLPCBse @2 4044 pg-TEQ/Nm’
o g veigth #3377 Ao A9 DLPCBs: 9373 pg-TEQ/Nm’
o7 FAb HQon, Ay Fokol x =& Figure 179 vFERU AT}
oAt g Ael o3 tlojLale] A A F &S 9767%E LFERRE O,

DLPCBY A7 &EEE 9569%= w9 L 7+2 vheho] di7|2 w3y

oftjgh A A TES IS T HIVE] S 160-170T 2 A+
AroR delSafel AT A BT Fow g FAA

Aol o} sk 2yl Fhgkgl o)
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Figure 29. The contributions of DLPCBs in waste heat boiler inlet and

outlet (upper figure ; gaseous, lower figure ; particulate).
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Table 8. Contribution of NOx, SOx, and moisture content to the

particulate phase of PCDDs/DFs

B for Multiple
particulate phase B for ﬂ, for Moisture  correlation p value
NOx 50x content (R%)

2,3,7,8-TACDD 1.07 0.05 0.21 0.99 0.0004
1,2,3,7,8-P5CDD 1.07 0.04 0.20 0.99 0.0003
1,2,3,4,7,8-H6CDD 1.07 0.03 0.18 0.99 0.0002
1,2,3,6,7,8-H6CDD 1.06 0.02 0.16 0.98 0.0001
1,2,3,7,8,9-116CDD 1.07 0.01 0.19 0.99 0.0002
1,2,3,4,6,7,8-H7CDD 1.06 0.01 0.12 0.98 0.0006
O8CDD 0.98 -0.08 -0.11 0.82 0.09147
2,3,78-TACDF 1.08 0.04 0.19 0.99 0.0003
1,2,3,7,8-P5CDF 1.07 0.02 0.16 0.98 0.0003
2,3,4,7,8-P5CDF 1.05 -0.02 0.11 0.97 0.0014
1,2,3,4,7,8-H6CDF 1.06 -0.01 0.12 0.97 0.0008
1,2,3,6,7,8-H6CDF 1.05 -0.01 0.13 0.98 0.0006
1,2,3,7,8,9-H6CDF 0.97 -0.07 0.04 0.96 0.0077
2,3,4,6,7,8-H6CDF 0.97 -0.03 -0.01 0.93 0.0153
1,2,3,4,6,7,8-H7CDF 1.02 -0.04 0.05 0.96 0.0055
1,2,3,4,7,8,9-H7CDF 1.06 ~0.02 0.07 0.97 0.0032
O8CDF 0.85 -0.14 -0.16 0.82 0.1011

g - standardized regression coefficient.
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Table 9. Contribution of CO, SOx, and reciprocal temperature to

the homologue concentration

B for Multiple
B for CO B for SOx Reciprocal correlation p value
temperature (R%)
TCi)bS 17.09;7 | | 0.%)76;71 - 0.21 - 7()759 o O()O()l
PeCDDs 1.09 0.07 0.23 0.99 0.0001
HxCDDs 1.11 0.09 0.28 0.99 0.0003
HpCDDs 111 0.12 0.30 0.97 0.0015
OCDD 0.96 0.11 0.16 0.76 0.0947
TCDFs 1.10 0.07 0.25 0.98 0.0002
PeCDFs 1.10 0.09 0.30 0.96 0.0017
HxCDF's 1.01 0.06 0.27 0.95 0.0036
HpCDF's 1.06 0.05 0.22 0.94 0.0061
OCDF 0.88 -0.02 0.02 0.78 0.0797

B standardized regression coefficient.
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