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A study of Emission characteristics of Dioxins(PCDD/DFs and
dioxin-like PCBs) and PAHs by combustion of Briquet

Dong Uk Kim

Interdisciplinary Program of Earth Environmental Engineering,

Graduate School, Pukyong National-Cniwersity Busan 005-757, Aorea

Abstract

This study was carried out for evaluation of concentration in
briquet and ignition briquet for Dioxins, such as polychlorinated
dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs),
dioxin like polychlorinated biphenyls —(DLPCBs) and polycyclic
aromatic hydrocarbons (PAHs) in. briquet and ignition briquet. The
content of dioxins and PAHs in the flue gas were determined.

Sampling came into operation by 3 types(briquet, ignition briquet,
briquet and ignition briquet), samples were analyzed for Dioxins
using high resolution gas chromatography (HRGC) coupled to high
resolution mass spectrometer (HRMS) and analyzed for PAHs using
GC/MSD.

The evaluation of PCDD/DFs calculated from the homologue sums

were significantly higher for the briquet regarding their flue gas



concentrations. PCDD/DFs and dioxin-like PCBs were detected in
briquet samples from concentration of 0.963-4.889 ng WHO-TEQ/Nm”®
and 0.103-0.277 ng WHO-TEQ/Nm’, respectively.

The concentration of these compounds were predominantly TeCDF
and the profile indicated the low chlorinated congener as being
TeCDF as the most important contributor.

The total PAHs (16-EPA) concentrations ranged 1.250-17.293 1
g/m3 from briquet gas and 23.256-51.389 llg/m?’ from ignition briquet
gas. Total organic carbon (TOC) contents ranged from 69.19-78.68%
for briquet and 46.79-73.31% ignition briquet.

The Emissions Factors from briquet -gas were 13.043 ng-TEQ/kg,
PAHs 33.937 ug/kg, PAHcarcinogenesis(PAHcarc) 1.478 ug/kg,
respectively. Emissions amounts jof dioxins, PAHs and PAHcarc
from briquet gas are estimated at 26.217 g WHO-TEQ/yr, 68.214
kg/yr, and " 2.970 kg/yr, ~respectively as environmental release
contribution levels.

Consequently, this research will demonstrate-that the evaluation of
the homologue profiles and the isomer contribution indicates that the
mechanism of the formation of PCDD/DFs in the flue gas is similar
for both coal sorts. In this quantitative results, an assessment of
briquet domestic heating as a source of PCDD/DFs is identified in

this study.

Aevwords - Briquet, PCDD/DFs, DLPCBs, PAHs, Emission Factor
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PCDDs® PCDFs+ @49 X %dE Ao we PCDDsv 75%F,
PCDFs+ 135F 92 F 210F 9 oAHAE 7FA 2 Ut
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Fig. 1. Molecular structures and numbering systems of PCDDs and
PCDFs.
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Fig. 2. Molecular structures and numbering systems of PCBs.
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53 9t (Wenbin Liu et al., 2004). 133} ofA) &
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(Tanabe et al.,, 1987, Takayama et al.,, 1991).

PCDD/DFSs, dioxin-like PCBs (DLPCBs), PAHs®2] o] Al 4 ®=AF
2 28 - g d 548 Table 1, 39 247 vepd 2l o, PCDD/DFs
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Table 1. Physical and chemical properties of PCDD/DFs and DLPCBs

Melting e Vapor Henry’s

Point S(()ilub/zlllz)ty Pressure Kow Constant

(c) & (mmHg) (H)
2.3,7,8-TeCDD 305.5 190  740x10 " 437E+06° 1.62E-03
1,2,3,7,8-PeCDD 240.5 435x10 ' 437E+06° 148E-03°
1,2,34,78-HxCDD  274.0 4.4 3.82x10 " 6.17E+07"  1.45E-03°
1,2,36,7,8-HxCDD 2855 360x10 " 6.17E+07*  145E-03°
1,2,37,8,9-HxCDD 2435 488x10 "' 2.00E+07*  8.32E-04°
1,2,3,4,6,7,8-HpCDD 2645 24 56210 "% 1.00E+08* 832E-04°
OCDD 3255 04  825x10" 158E+08* 5.13E-04°
2.3,7.8-TeCDF 2275 419 150x10° 3.39E+06" " 2.69E-03"
1,2,3,7.8-PeCDF 226.0 1.72x10° 6.17E+06* 1.91E-03°
2.3,4,7,8-PeCDF 196.5 236 263x10° 8.32E+06" 257E-03°
1,2,3478-HXxCDE 2260 83 240x10 " 200E+07* 191E-03"
1,2,36,7,8-HxCDF 2330 177 2.18x10 " 200E+07* 191E-03"
1,2,3,7,89-HxCDF 2480 2.00E+07"  9.55E-04"
2.3,4,6,78-HxCDF 2395 1.95%10 "% 2.00E+07"  1.78E-03"
1,2,3,4,6,78-HpCDF 2365 14 353x10 " 794E+07"  1.41E-03°
1,2,3,4,789-HpCDF  222.0 465x10 " 794E+ 07" 1.00E-03°
OCDF 259.0 12 375x10 % 6.31E+08"  7.76E-04°
3,3'44'-TeCB 453.0 59 1.34x10°  1.62E+06
3,3'.4,4' 5-PeCB 398.0 1030 29x10"°  776E+06

3,3",44' 55" -HxCB 485.0 36.1 152x10°  2.95E+07

“Data from Govers and Krop (1998).
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Table 2. World Health Organization dioxin toxic equivalency factors(WHO, 1998)

WHO TEF
PCDDs 93,78~ Tetra-CDD 1
1,2,3,7,8-Penta-CDD 1
1,2,3,4,7,8-Hexa-CDD 0.1
1,2,3,6,7,8-Hexa-CDD 0.1
1,2,3,7,8,9-Hexa-CDD 0.1
1,2,3,4,6,7,8-Hepta-CDD 0.01
OCDD 0.0001
PCDFs 2,3,7,8-Tetra-CDF 0.1
1,2,3,7,8-Penta-CDF 0.05
2,3,4,7,8-Penta-CDF 0.5
1,2,3,4,7:8-Hexa-CDE 0.1
1,2i3,6,7,8-Hexa-CDE 0.1
1,2,3,7,89-Hexa-CDF 0.1
2,3,4,6,7,8-Hexa-CDF 0.1
1,2,3,4,6,7,8-Hepta-CDF 0.01
1,2,3,4,7,8 9-Hepta-CDF 0.01
OCDF 0.0001
Non-ortho-PCBs 3,3 44" -TCB (77) 0.0001
3,447 5-TCB (81) 0.0001
337 44  5-PeCB (126) 0.1
337,447 55" -HxCB (169) 0.01
Mono-ortho-PCBs 233 44  -PeCB (105) 0.0001
2,344  5-PeCB (114) 0.0005
237,44  5-PeCB (118) 0.0001
27344  5-PeCB (123) 0.0001
23,37 44" 5-HxCB (156) 0.0005
2337 44" 5 -HxCB (157) 0.0005
237,44 55 " -HxCB (167) 0.00001
233" 447 55" -HpCB (189) 0.0001
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Table 3. Physical and chemical properties of PAHs(Modified from

Wey et al.,, 1998; EPA method No. 610)

Melting Boilin Vapor
Abbreviati Chemical Molecular . g . g Pressure
Compound . Point  Point Structure
on Formula Weight ) (C) (mmHg,
27T)

Naphthalene NAP  CpHs 12816 80 218 7.1x10°
Acenaphthylene ACY  Cofls 1220 93 255 67x10°
Acenaphthene ACE CipHpp 156421 9% 2719 22x10° O‘O
Fluorene FLU . CuHy 16622 117 295 60x10° CI 1)
Phenanthrene PHE  CuMy, 17822 100 340 12x10" Og
Anthracene ANT _€uHi @822 - 218 342 .60x107°
Fluoranthene FTH = CuHp 20226 110 393 92x10° 008
Pyrene PYR  CuHo [20226 156 404 45x10° L
Benzo(a)anthracene . BaA'l, CyHp 22820 189 435 21x107
Chrysene CHR  CiHp 22829 256 w448  64x10° O§O
Benzo(b)fluoranthene BbF CoHip  252.32 168 393 NR. O'8Q
Benzo(k)fluoranthene  BKF  CuHp 2232 217 480 96x10™ CIOpd
Benzo(a)pyrene BaP  CuHp 2232 17T 4% 564107 (/7Y
Indeno(123-cd)pyrene  IedP  CzHp 27634 162 5% NR 5
Dibenzo(ah)anthracene  DahA  CxHuy  278.35 262 535 NR. g@g

) . 0 OO
Benzo(g,h,i)perylene BghiP  CpHp 27634 273 542 101x10° €0

_12_
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FA ol

Aol 55% (1805.7 g/7), #TEcol 3.0% (985 g/*),
05+1.7% (23 g/7), F&c°l 3.7% (1215 g/%), & 2 718 F5Ho
36.5+1.5% (11983 g/ = A dow, TATFS 4500 keal/ o]

(% T, 1994).

Table 4. Mean values and ranges of selected combustion parameters

in briquet gas

Temperature Flow Time Weight
°C) velocity(m/s) —(hour) (kg)
Ist 60-280 0.2-3.2 4 3.4
2nd 50-290 0.1-24 4 3.4
3rd 55-305 0.2-2.6 4 3.4

Fig. 3. Briquet and ignition briquet.
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223 dol&47F % PAHs® A& A3
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HRes shad 23S 24
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A3 v Y impinger boxolE & 4709 impinger & A WA

et

T WA impingerdl &= A A< 100 ml, 4 WHA  impingerol &
diethylene glycol 100 mL, Yl "1 # impinger°ol] = silica-gelS % ¥

Ao TR ABAAE 34

jinss

22 B4 2 thimble filter(Toyo Roshi Kaisha, internal diameter:
25 x external length; 90mm, Japan)el &8 X =v =ZHHE T3

b2 EHE F45 1, XAD resin 2 5T 28 FHsIWA FEAH
A& AFH Aol elean up standards(EPA-1613 CSS, Wellington

Laboratories, Canada)S XAD=2°(Supleco; USA)ell spiking 39

AR AR A HA e FAAGHN-SIA Gl A H AT
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-] Thimble filter Emission

o - >

3 4 5

Yacuum pum Gas meter
. Absorbent pump

Impinger 1,2 : water
Impinger 4 : diethvlene glvcol
Impinger 5 : silicagel

3 : XAD?

Gas analyzer

Fig. 4. Schematic diagram of sampling for briquet experiment.
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70-230mesh, &4 %= 1, Merck)E& THAIA BAs AT HAFAo= &
Fuly Zd AEntEadgE §3d Alses A &8st fraction)
A 3% CH:Cly/7z-Hexane 70 mLZ £&A7]1 F WA =3 (2nd
fraction)ol 4 50% CHCly/7z-Hexane 80 mLZ &
HA ZHoA 28 FFdS FHdo ATy sFHIN2 5T
T HFAHor 50 upLw A4S T F A4S ARE AHEEA
DLPCBs® 4%, WX +E 2 (68A-LCS, Wellington Laboratories,
Canada)< 1000 pge F+U& %, PCDD/DFs A A& 22 WHo=z o
s Ag7tA Zd ARvEIYIE ARREA oW, o] 95 HF
FZEeto] A4 A8 2 3% (Miyata et al,, 1994; Ok et al.,, 1999).
PAHsv %% 10 mLY A& 5 LnlLE +F st &4 714
Z+e a2l E 19 9 (Activated silica-gel column chromatography:70-230
mesh, &4, Merck)E& B HAIA AASAT. F&9 FAdS Hste U
B ®+E5 4 (ED-2522, Wellington Laboratories, Canada)g % 7}3}%

Fig. 62 244712 23S Jehfar 3l
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- 3
. T L5 mm 12 mm
Anhydrous o, 80 Emhydrms B aQSD.‘
[0 AgMO ,  -sibica gel
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e . Ly
300 mm S 5’_"_“3""": 250 mm , .
% Hy80 g-silica ge Artivated ahwmina 10 g
Stlica pel
206 KOH  -zalica gel
Hilica Arhypdrous M a,30,
e .

Fig. 5. Multi-layer silica-gel column. chromatography for PCDD/DFs,
DLPCBs and activated alumina column chromatography for
PCDD/DFs analysis.

T\ |

Averented mbeage] ig
for Thours st €00°C

el e

Fig. 6. Activated silica-gel column chromatography for PAHs analysis.

_20_



24 7171 %4

e

HET w59 AA A F 5 Nonaneol &350 U= AlEE

i

4
SHP-6890 il hxAa=ZwlE 23 (High  Resolution  gas
chromatography, HRGC: Huwlett Packard, USA))¢} JMS 700D &
s HFEA A (High resolution mass spectromrter, HRMS: Jeol,
Japan)& AF&3leo] 438k tk. PCDD/DFs9 7} & A2 2719

2 o

o
rfo

ol

1

Ao, arnEad ] v3 HAoRRE JUld WREE=Z

o

el A o] 27 & (Selected ion monitoring, SIM)el] ¢

I A A=m T PCDD/DFs¢te Adlut3&-74 <= (Relative response
factor, RRF)& 35l A &5} S},

PAHs &4 Agd 77l ZIA 20 E 289 /4 3w A A
(GC/MSD, Shimadzu GC/MS-QP2010)e]H, =2l & 18] Al&¥ =A
#2499 & HP-5MS (30 m x 0.32 mm * 0.25um)E Al-83} % o}

PCDD/DFs, DLPCBs® “PAHs® Ao A8d WiTsELS
Table 5, Table 6, Table 7o YEIU AL, 77|41 Table 8,
Table 90 YEtW At PAHs 7] 7] 24 =2 Table 100 e AT}

_21_



Table 5. Mass labeled compounds of internal standards solution (EDF-8999)

PCDDs

PCDFs

237.8-TeCDD (*C15,99%)
1,2.37.8-PeCDD (C1,99%)
1,2,34,78-HxCDD (*C12,99%)
1,2,36,78-HxCDD ("C12,99%)
1,2,3,4,6,7,8-HpCDD (*C12,99%)
OCDD (*C12,99%)

2,37.8-TeCDF (*C1599%)
1,2.37.8-PeCDF (*C12,99%)
2,34,78-PeCDF (*C15,99%)
1,2,34,78-HxCDF ("C15,99%)
1,2,36,7,8-HXCDF (*C12,99%)
1,2,3,7,89-HXCDF (*C12,99%)

2.3.46,78-HxCDF (**C1,99%)
1,2,3,4,6,7.8-HpCDF. (C1,,99%)
1,2,34.789-HpCDE (%C41,99%)

Table 6. Mass labeled compounds of internal standards solution (68A-LCS)

DLPCBs IUPAC No.
3,3',4,4'~TeCB ('’C15,99%) 77
3,4,4' 5-TeCB (**C15,99%) 81
2,3,3",4,4'-PeCB ("*C12,99%) 105
2,3,4,4' 5-PeCB (**C12,99%) 114
2,3' 4,4 5-PeCB (°C12,99%) 118
2',3,4,4' 5-PeCB (°C12,99%) 123
3,3' 4,4 5-PeCB (C15,99%) 126
2,3,3',4,4’ 5-HxCB (**C15,99%) 156
2,3,3',4,4’ 5" -HxCB (**C12,99%) 157
2,3',4,4' 55 -HxCB (**C12,99%) 167
3,3'4,4' 55 ~-HxCB (**C12,99%) 169
23,3 4,4' 55 -HpCB (**C12,99%) 189
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Table 7. Mass labeled compounds of internal standards solution (ES-4087)

PAHs(EPA 610)

Acenaphthene(**Cs,) Chrysene(**Cs,)
Acenaphthylene(**Cs,) Dibenzo(a,h)anthracene(**Cg,)
Anthracene(**Cs,) Fluoranthene(**Cs,)
Benzo(a)anthracene('’Cs,) Fluorene("'Cs,)
Benzo(b)fluoranthene(**Cs,) Indeno(1,2,3)Pyrene(*’Cs,)
Benzo(g,h,i)perylene(**Cs,) Naphthalene(**Cs,)
Benzo(k)fluoranthene(**C2,) Phenanthrene(**Cs,)
Benzo(a)pyrene(*°Cs,) Pyrene(**Cs,)

Table 8. Instrumental conditions of HRGC/HRMS for PCDD/DFs

Items 4-6 PCDDs/DFs 7-8 PCDDs/DFs
GC/MS HP6890 GC/JMS700D MS HP6890 GC/JMS700D MS
Column SP-2331 DB-5MS
(60 mx0.25 mm>0.2"m) (30 mx0.25 mmx0.25 um)
100C (1min)— 150C (1 min)—
Oven 20C/min —200C— 10C/min—250C—
2C/min—250C (29 min) 5C/min—300C (4 min)
Carrier gas Helium 1.2 mL/min Helium 1.2 mL/min
Injection mode Splitless Splitless
Tonization mode EI+ EI+
ITonization 38 oV 38 oV
energy
Injector temp. 2507C 280°C
Ion Source temp. 250C 280C
Resolution >10,000 >10,000
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Table 9. Instrumental conditions of HRGC/HRMS for DLPCBs

Items DLPCBs
GC/MS HP 6890 GC/JMS700D MS
Column HT-8

(50 mx0.22 mmx0.25 /m)
90C (1 min)—20C/min—170C (4 min)

Oven —35C/min—>290C (5 min)—5C/min—320C (0.71
min)

Carrier gas Helium 1 mL/min

Injection mode Splitless

Ionization mode El+

Ionization energy 40eV

Injector temp. 290C

Ton Source temp. 270C

Resolution =>10,000

Table 10. Instrumental conditions of GC/MS for PAHs

Item Conditions

GC/MS Shimadzu GC/MS-QP2010
HP-5MS

Column

(30 m x0.32 mm x 0.25 ym)
100C (2 min)—8C/min—250C (3 min)—10C/min

GC oven program
—300C (3 min) —10C/min—>350C (5.25 min)

Carrier gas Helium 1.75 mL/min
Injection mode Splitless
Ionization mode EIl+
Injector temp. 250C
Ion source temp. 200C
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Table 11. Composition rate of elements and metal concentration into

the briquet and ignition briquet constituents

Briquet Ignition Briquet
(N=5) (N=5)
Ultimate(% )

C 4991 5091

H 8.96 4.49

N 0.04 4413

S 1.35 1.93

Cl 0.02 0.27

Metal(mg/L)

As 1.04 0.21

Cd N.D. N.D.

Cr N.D. N.D.

Cu 1.26 5.49

Fe 77.12 34.04

Hg 0.12 0.14

Ni N.D. 0.05

Pb 0.33 0.33

Zn N.D. 39.83
TOC(%) 72.41 59.93

(N : Samples)

_25_



3.2 gdolZ w729 QA/QC

Alm AT HF

Ahe EE Bl 058

T 15709 Alsel et AT HAL
TR A= 50-120%° HH el

HAo e EAS gle Aoz WeA

2 dehel Ang Ao

FEAAGAA L HFES AT Hse
A3E Table 12, 13, 149 vHebui At

H, S AR A AR el A

&ebal, T3 70%0l e Ir&

Table 12. Recoveries of PCDD/DFs from the “analysis of the
standard mixture of 1613-LCS

PCDDs (N=15)

PCDFs (N=15)

2,3,7,8-TeCDD (71-90%)
1,2,3,7,8-PeCDD (88-100%
1,2,3,4,78-HxCDD (78-103%
1,2,3,6,7,8-HxCDD (80-105%)
1,2,3,4,6,7,8-HpCDD (83-101%)
OCDD (87-105%)

)
)

2,3,7,8-TeCDF (72-97%)
1,2,3,78-PeCDF (83-105%)
2,3,4,7.8-PeCDF (80-102%)
1,2,3/4,7,8-HxCDF (75-96%)
1,2,3,6,7,8-HXCDF (78-91%)

1,2,3,7,8, 9-HxCDF (80-101%)
2,3,4,6,78-HxCDF (83-101%)
1,2,3/4,6,7.8-HpCDF (85-104%)
1,2,34,78,9-HpCDF (87-105%)

(N : Samples)
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Table 13. Recoveries of DLPCBs from the analysis of the standard
mixture of 68A-LCS

DLPCBs(N=15) IUPAC No.
3,3',4,4'-TeCB (80-102%) 7
3,4,4" 5-TeCB (88-100%) 81
2,3,3"4,4'-PeCB (78-91%) 105
2,3,4,4' 5-PeCB (71-90%) 114
2,3",4,4"' 5-PeCB (81-103%) 118
2',3,4,4" 5-PeCB (85-104%) 123
3,3',4,4' 5-PeCB (83-105%) 126
2,3,3',44" 5-HxCB (83-101%) 156
2,3,3',44" 5'-HxCB (87-102%) 157
2,3',44' 55 -HxCB (80-99%) 167
3,3',4,4"5,5"-HxCB (83-101%) 169
2,3,3'44" 55 -HpCB: (85-104%) 189
(N @ Samples)

Table 14. Recoveries of PAHs from the analysis of the standard
mixture of ES-4087

16 PAHs(N=15)

Acenaphthene(65-88%) Chrysene(75-86%)
Acenaphthylene(69-90%) Dibenzo(a,h)anthracene(73-80%)
Anthracene(81-102%) Fluoranthene(75-86% )
Benzo(a)anthracene(84-98%) Fluorene(73-85%)

Benzo(b)fluoranthene(90-110%) Indeno(1,2,3)Pyrene(69-78%)

Benzo(g,h,i)perylene(96-106%) Naphthalene(50-60%)
Benzo(k)fluoranthene(95-108%) Phenanthrene(87-97%)
Benzo(a)pyrene(82-99%) Pyrene(90-110%)

(N : Samples)
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3.3.2 323 = (Sulfur Oxides, SOx)3, A A 23} & (Nitrogen
Oxides, NOx)

NOxv a9 Aartxgddelr dAre w79 Zx7F B4 d
FEoll A AN A (O)AFo] o] wEGol A A", 3}5HRkSof
2} Thermal NOx, Prompt NOx, Fuel NOxZ #+ /¥ W, 7 A7 T%
gebzink(o] 5., 1993).
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Table 15. Concentrations of 2,3,7,8-substituted PCDD/DFs in briquet
and ignition briquet(pg WHO-TEQ/g)

Ignition Ignition

briquetl briquet?  Driquetl  Briquet2

2378-T4CDD 12.716 14.286 0.253 0.313
12378-P5CDD 11.093 14.509 1.296 0.357
123478-H6 CDD 0.541 0.246 0.000 0.000
123678-H6 CDD 0.812 0.446 0.000 0.000
123789-H6CDD 0.000 0.402 0.000 0.000
1234678-H7CDD 0.379 0.424 0.047 0.092
08CDD 0.004 0.004 0.000 0.001
2378-T4CDF 0.703 0.871 0.019 0.039
12378-P5CDF 0.636 0.357 0.000 0.035
23478-P5CDF 3923 2.455 0.000 0.000
123478-H6 CDF 0.568 0.290 0.000 0.115
123678-H6 CDF 0.460 0.424 0.000 0.116
123789-H6 CDF 0.325 0.000 0.000 0.051
234678-H6 CDF 0.352 0.580 0.000 0.131
1234678-H7CDF 0.143 0.188 0.070 0.054
1234789-H7CDF 0.054 0.054 0.038 0.055
O8CDF 0.000 0.001 0.000 0.000
Pgllg)?;’jéf)i‘s 32.709 35.536 1.723 1.357
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Table 16. Concentration of total PCDD/DFs in ignition briquet and

briquet(pg/g)
Homolog g%ﬁ;ggﬁ I%qul?eot% Briquetl Briquet2
T4CDDs 202.922 245.536 1.011 0.952
P5CDDs 113.636 149.554 2.528 0.610
H6CDDs 154.221 160.714 0.000 2.232
H7CDDs 70.346 73.661 5.689 13.095
0O8CDDs 37.879 42.411 3.161 5.506
T4CDFs 181.277 183.036 0.190 0.387
P5CDFs 89.286 80.357 0.000 1.935
H6CDFs 43.290 42.411 0.000 4.167
H7CDFs 25.433 31.250 12.642 12.351
O8CDFs 3.517 6.250 2.686 3.571
Total PCDDs 568.182 669:643 12.326 22.321
Total PCDFs 351.732 334.821 15.487 22.321
Total

(PCDDs + PCDFs) 919913  1026.786 28.445 44.643
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342 94a3 #F3te F PAHs

Table 17014 #3tete] XPAHs F%=+ 717} 444789 ng/g, 536.078
ng/g Fom, v X5 HW PhAVl 7 ¥& FLEE Holil 9o
H Chr, FluA: £ %5 YEeE .

A F9 XPAHsY FX+ 15.838 ng/g, 18,761 ng/g &= #3}&t
of Hlgle] AoiHoez e EXE YEUYALH wlE patterno A =

ZAstet7t g Pyr o ¥ 27} A UdelUdE Aoz 2AE T

Table 17. Concentration of 16 PAHs in ignition briquet and briquet(ng/g)

Ignition Ignition

Briquetl Briquet?2 Briquetl Briquet2
Nap 46,503 46.612 0.013 0.018
AcPy 1.794 2.254 0.016 0.014
AcP 2727 3.319 0.022 0.093
Flu 93,031 25530 0.010 0.012
PhA 133510 167.8%5 3.142 3.090
AnT 1319 18.403 0.661 0.353
FluA 44171 55.016 1231 1.367
Pyr 40.188 49.957 6.997 9.080
BaA 18.009 21.168 0.570 0.743
Chr 73,691 92.983 1451 2.001
BbF 11.091 10589 0.316 0.300
BKF 12611 12.041 0.360 0.340
BaP 9.024 9.342 0.015 0.286
InP 11.038 2.241 0.254 0.054
DbA 0.440 2,570 0.496 0.552
BghiP 15.642 16.929 0.283 0.458
potal 444789 536.078 15.838 18761
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35 dd@aFAAA wWEEH<= 7t T PCDD/DFs$t

Avel A MEHE stz F dolLaRe] wEE AHEw 3
PCDD/DFs? %% 9= 34127-273.810 ng/Nm’o] v}, =4 =74 4
S Agste o419 FEE 0963-4.889 ng WHO-TEQ/Nm'E U}E}

W A et
12k, 3z, 4k, 52k Ad oA += 234,78 -PeCDF7} 7H =& % g
< Hola, 2378-TeCDE; 12378 PeCDD +0o 2 FE7} vwrolx o}

228 A9 A FE ol 7HF w2 "l isomer pattern©]
1,2,3,7,8-PeCDD7} 7} =3 234/78,-PeCDF, 23,78-TeCDF +o=
TEVF dolAE A Kol glv B, 23 HAY ANew v T
o] 7F& ko™ isomer patterno|A % 12378-PeCDD7} 7}M4 =1
2,3,4,78-PeCDF, 2378TeCDF o2 FLX7} Srolx+= AFS Ho
2 Ad 3= 59 profile patterns B S TF

ol st A= AL FodAE & AFEH & HolE Heli gl
[ A

A @dE Aor Hop da 9o Facld o Aow AbmH

o

%2

npe} o] TeCDF, PeCDFs, HXCDFs® % o2 AT {fALE
patterns 7FA &= Ao 2 ENT
>PCDDs¢ XPCDFs9 ®wl&7F~ F9 34 v &S Bd ZPCDFs

7boF 85-95% & AAFAY. EHEAFE AL 24 4G Ao
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£ PCDDs7} TEQ X0l o 50% 7]101&< Holx glom 12, 33,
421, 52 A% A& PCDFs7t ¢F 80-85%% a+A 8kl glt},

>DLPCBs® %% % 0.103-0.277 ng WHO-TEQ/Nm’¢] ®w9l = 3
915 91 th. DLPCBsE 33’44’ 5-PeCBe ©dZ 9] o] A A7t z+2+ 0.200
ng WHO-TEQ/Nm’, 0100 ng WHO-TEQ/Nm’, 0178 ng
WHO-TEQ/Nm®, 0.224 ng WHO-TEQ/Nm®, 0.269 ng WHO-TEQ/Nm”
2 YEY o 95%9 HlE&S AAGRow 334455 -HxCB,
34,4’ 5-TeCB ¢ ¥ % o2 et 9t}

A A4 A HAE = wE 7t& 5 PCDD/DFEs® DLPCBs? toxic
congener ¥ %% ¥(ng WHO-TEQ/Nm®) ¢ PCDD/DFs¢ homologue]
2RI E Fig. 12 ¢ Fig. 130 Z+zF vhebuy o).

9] = ¢ T FadEdes g8 dg&os g gl F

__O[_
2 Z4eS Agdta 9dow, U. ThuB(1997)S “salt”-briquet ¢ T E&

=

SPCDD/DFs7} 7.54ng/m’, I-TEQS &84 0.109ng I-TEQ/m’°]
“normal”’-briquet®] -~ 7 $-ol4=  2.250ng/m’, 0.015ng I[-TEQ/m’° =
"salt”-briquete] ¥ E 7k =Tt B 9tk o) AGe] ATE B
AT Fdge i FEFEH Hlusd g or FEo w4 ¥
Togho]l FAge A A TR PEHuUE e Zo® YUy
I8y "salt”-briquettes?}  “normal”’-briquet®] homologue pattern®©]
TeCDF, PeCDFs, HxCDFs¢9 %% Fo&2 # d+9 Fdd&

homologue pattern®} 93] FAFsHA YEFW
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Table 18. Concentrations of 2,3,7,8-substituted PCDD/DFs in briquet gas(ng WHO-TEQ/Nm”)

Briquet Briquet Briquet Briquet Briquet
Ist 2nd 3rd 4th 5th Mean*5D
2378-T4CDD 0.087 0.033 0.139 0.183 0.206 0.130£0.063
12378-P5CDD 0.127 0.437 0.298 0.397 0.437 0.339£0.117
123478-H6CDD 0.003 0.002 0.010 0.015 0.016 0.009£0.006
123678-H6 CDD 0.003 0.006 0.012 0.016 0.018 0.011£0.006
123789-H6CDD 0.044 0.019 0.013 0.018 0.021 0.023+0.011
1234678-H7CDD 0.000 0.000 0.003 0.004 0.005 0.002£0.002
0O8CDD 0.000 0.000 0.000 0.000 0.000 0.000£0.000
2378-T4CDF 0.194 0.071 0.306 0.329 0.437 0.267+0.125
12378-P5CDF 0.107 0.040 0.218 0.258 0.337 0.192+0.106
23478-P5CDF 0.635 0.258 1.468 1.687 2.381 1.285+0.758
123478-H6 CDF 0.091 0.038 0.250 0.298 0.397 0.215£0.132
123678-H6CDF 0.083 0.035 0.226 0.274 0.389 0.202+0.128
123789-H6CDF 0.006 0.002 0.025 0.015 0.023 0.012£0.008
234678-H6 CDF 0.044 0.019 0.123 0.135 0.214 0.107£0.070
1234678-H7CDF 0.000 0.000 0.027 0.031 0.004 0.012+£0.014
1234789-H7CDF 0.000 0.000 0.002 0.002 0.004 0.002£0.001
O8CDF 0.000 0.000 0.000 0.000 0.000 0.000£0.000
WHO-TEQ
PCDDs 0.264 0.498 0.474 0.632 0.704 0.513+0.151
WHO-TEQ
PCDFs 1.160 0.465 2.636 3.027 4.186 2.295+1.331
WHO-TEQ
PCDDs+ PCDFs 1.125 0.963 3.110 3.659 4.889 2.809+1.447
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Table 19. Concentration of total PCDD/DFs in briquet gas(ng/Nm®)

Brlzz;tet Brzzgzet Br;(:;let Br;?:et Br;;;:et Mean+SD
T4CDDs 2.222 1.905 3.016 4.762 4.762 3.333+1.221
P5CDDs 1.230 1.825 Ri222 3179 3.373 2.365%0.809
H6CDDs 0.437 €013 1.389 1.984 2.222 1.389+0.661
H7CDDs 0.002 0.004 0.556 0.794 0.476 0.366+0.314
OCDDs 0.001 0.001 0.179 0.218 0.001 0.080+0.098
T4CDFs 34.524 16.667 111.111 134.921 150.794 89.603+54.063
P5CDFs 22.619 9.921 51.587 63.492 83.333 46.190+26.755
H6CDFs 6.746 3.056 19.048 21.825 30.952 16.325+10.193
H7CDFs 0.017 0.010 8584 3.968 0.751 1.656+1.736
OCDFs 0.001 0.001 0.187 0.187 0.337 0.142+0.128
Total PCDDs 3.889 4.762 7.540 11.111 10.714 7.603+2.962
Total PCDFs 63.492 29.365 186.508 222.222 261.905 152.698+90.633
Total 67.460 34.127 194.048 233.333 273.810 160.794+93.849
PCDDs+PCDFs
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Table 20. Concentrations of 2,3,7,8-substituted PCDD/DFs in ignition briquet gas(ng WHO-TEQ/Nm”®)

ILB. Ist LB. 2nd LB. 3rd LB. 4th LB. 5th Mean+SD
2378-T4CDD 0.048 0.023 0.034 0.017 0.020 0.028+0.011
12378-P5CDD 0.127 0.069 0.107 0.022 0.053 0.076+0.038
123478-H6CDD 0.007 0.004 0.005 0.001 0.002 0.004+0.002
123678-H6 CDD 0.010 0.007 0.008 0.001 0.004 0.006+0.003
123789-H6CDD 0.028 0.026 0.029 0.006 0.004 0.018+0.011
1234678-H7CDD 0.000 0.000 0.000 0.000 0.003 0.001+0.001

08CDD 0.000 0.000 0.000 0.000 0.000 0.000£0.000
2378-T4CDF 0.058 0.044 0.065 0.024 0.026 0.043+0.016
12378-P5CDF 0.032 0.029 0.030 0.009 0.017 0.023+0.009
23478-P5CDF 0.259 0.228 0.258 0.071 0.147 0.192+0.073
123478-H6 CDF 0.035 0.030 0.032 0.008 0.019 0.025+0.010
123678-H6 CDF 0.034 0.030 0.034 0.008 0.019 0.025+0.010
123789-H6 CDF 0.004 0.002 0.003 0.000 0.002 0.003+0.001
234678-H6 CDF 0.028 0.0026 0.029 0.006 0.014 0.021+0.009
1234678-H7CDF 0.000 0.000 0.000 0.000 0.003 0.001+0.001
1234789-H7CDF 0.000 0.000 0.000 0.000 0.000 0.000£0.000
0O8CDF 0.000 0.000 0.000 0.000 0.000 0.000£0.000
WHO-TEQ
0.220 0.130 0.184 0.047 0.085 0.133+0.063
PCDDs
WHO-TEQ
0.450 0.389 0.451 0.126 0.247 0.333+0.127
PCDFs
WHO-TEQ
0.670 0.519 0.636 0.172 0.332 0.466+0.188
PCDDs+PCDFs
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Table 21. Concentration of total PCDD/DFs in ignition briquet gas(ng/Nm®)

LB. Ist LB. 2nd LB. 3rd  LB. 4th LB. 5th Mean+SD
T4CDDs 3.810 3.280 3.704 0.444 1.270 2.502+1.379
P5CDDs 3.069 1.905 2,513 0.317 0.873 1.735+1.016
H6CDDs 2.222 1.376 1.720 0.175 0.794 1.257+0.714
H7CDDs 0.016 0.011 0.013 0.002 0.532 0.115+0.209
OCDDs 0.012 0.009 0.011 0.001 0.611 0.129+0.241
T4CDFs 10.265 13.757 15.873 3.254 7.937 10.217+4.431
P5CDFs 6.984 6.984 8.069 1.825 4762 5.725+2.227
H6CDFs 3.280 2.646 3.042 0.611 1.667 2.249+0.987
H7CDFs 0.014 0.010 0.012 0.003 0.421 0.092+0.164
OCDFs 0.002 0.001 0.001 0.000 0.095 0.020+0.038
Total PCDDs 9.101 6.561 7.937 0.952 4.048 5.720+2.918
Total PCDFs 20.106 23.280 27.778 5.714 15.079 18.392+7.571
Total 29.630 29.630 35.714 6.667 19.048 24.138+10.252
PCDDs+PCDFs
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Table 22. Concentrations Qf 2,3,7,8-substituted PCDD/DFs in briquet gas and ignition briquet gas (ng
WHO-TEQ/Nm”)

Briquet+I1 B. Briquet+I1 B. Briquet+I B. Briquet+I B.

Ist 2nd 3rd 4th Mean+5D
2378-T4CDD 0.087 0.015 0111 0.098 0.07820.037
12378-P5CDD 0.140 0.025 0.210 0.143 0.003+0.002
123478 H6CDD 0.003 0.001 0.006 0.003 0.003+0.002
123678 H6CDD 0.004 0.001 0.007 0.003 0.004=0.002
123789- H6CDD 0.004 0.006 0.008 0.005 0.00620.002
1234678~ H7CDD 0.000 0.011 0.001 0.000 0.003+0.005
08CDD 0.000 0.000 0.000 0.000 0.000=0.000
2378-T4CDF 0.231 0.028 0.226 0.219 0.17620.085
12378- P5CDF 0.123 0.018 0.147 0.121 0.10220.050
23478-P5CDF 0.775 0.097 0.933 0.714 0.630+0.318
123478- H6CDF 0.091 0.015 0.147 0.103 0.089+0.047
123678 H6CDF 0.083 0.014 0.135 0.094 0.08120.044
123789~ H6CDF 0.013 0.001 0.009 0.006 0.007+0.004
234678~ H6 CDF 0.035 0.006 0.061 0.049 0.039+0.022
1234678~ H7CDF 0.000 0.011 0.012 0.000 0.00620.006
1234789~ H7CDF 0.000 0.001 0.001 0.000 0.00120.000
O8CDF 0.000 0.000 0.000 0.000 0.000=0.000
WHO-TEQ
DD 0.238 0.058 0.345 0.253 0.223+0.104
WHO-TEQ
postily 1.350 0.192 1677 1.306 1.131+0.561
WHO-TEQ
DD PCDFS 1588 0.250 2.022 1558 1.355+0.663
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Table 23. Concentration of total PCDD/DFs in briquet gas and ignition briquet gas (ng/NmS)

Briquet+I B. Briquet+I1 B. Briquet+I B. Briquet+I1 B.

Ist 2nd 3rd 4th Mean*5D
T4CDDs 2.910 0.397 2.183 2.500 0.959
P5CDDs 1.020 0.242 1.468 1.384 0.484
H6CDDs 0.491 0.091 0.873 0.491 0.276
H7CDDs 0.003 0.250 0.294 0.002 0.136
OCDDs 0.001 0.060 0.091 0.001 0.039
T4CDFs 94.482 11.508 35.317 38.839 30.422
P5CDFs 27.967 3.968 23.413 25.446 9.508
H6CDFs 7.181 1.151 10.317 7.358 3.347
H7CDFs 0.017 1.587 1.706 0.019 0.816
OCDFs 0.001 0.056 0.067 0.001 0.031
Total PCDDs 4535 1,071 4762 4375 1516
Total PCDFs 132.275 18.524 71.429 71.429 40.358
PCD DTS "f;lc DFs 136.810 19.325 76.190 77.032 41.242
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Table 24. Concentration of toxic 2,3,7,8, substituted DLPCBs in briquet gas(pg WHO-TEQ/Nm?)

Briquet Briquet Briquet Briquet Briquet

Ist 2nd 3rd 4th 5th Mean=5D
3.3',4,4’-TeCB 0.299 0.090 0.141 0.167 0.232 0.186+0.066
3.4,4’,5-TeCB 0.576 0.309 0.472 0.533 0.751 0.528+0.131
27 34.4" 5-PeCB 0.077 0.019 0.033 0.049 0.000 0.036+0.024
23" 44" 5-PeCB 0.147 0.093 0.142 0.164 0.183 0.1470.029
2344”5~ PeCB 0.138 0.081 0.128 0.167 0.179 0.138+0.031
23,3 4,4’ PeCB 0.155 0.087 0.135 0.157 0.187 0.144%0.030
3,3',.4,4’ 5- PeCB 200.088 99.564 177903 224440 268544  194.108+51.150
23'44°55-HxCB 0005 0.002 0.004 0.000 0.005 0.003+0.002
233 4,4" 5-Hx CB 0.237 0.183 0.246 0.321 0.348 0.267+0.055
233445 -HcCB 0.0l 0.077 0.132 0.158 0.181 0.1300.034
33.44'55-HcCB 6823 2,379 4.106 5.426 6.336 5.014+1.470
233 44°55-HpCB 0042 0.011 0.026 0.030 0.033 0.028+0.009
Total DLPCBs 208687  102.894 183465 231614 276984  200.729+52.760
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Table 26. Concentration of toxic 2,3,7,8, substituted DLPCBs in briquet gas and ignition briquet gas (pg
WHO-TEQ/Nm”)

Briquet+I. B. Briquet+l.B. Briquet+l B. Brigquet+l B.

Ist 2nd 3rd 4th Mean+5D
3,3 44'-TeCB 0.143 0214 0.271 0.312 0.23520.063
344" 5-TeCB 0.397 0.711 0.921 1121 0.785+0.267
27,344’ 5-PeCB 0.030 0.048 0.055 0.073 0.052£0.016
23’44’ 5-PeCB 0.108 0.171 0.246 0.349 0.218+0.090
2344’ 5-PeCB 0.105 0.174 0.215 0.321 0.204£0.078
233 44'-PeCB 0.098 0.159 0.209 0.302 0.192+0.075
3,3 4.4’ 5-PeCB 107.592 216.902 293.196 308265  253.989+106.255
2344’55~ HxCB 0.002 0.004 0.005 0.008 0.005+0.002
23,344’ 5-HxCB 0.149 0.281 0.378 0.701 0.377+0.204
23,3445 Hx CB 0.076 0.128 0.184 0.316 0.176+0.089
3,3 44" 55~ Hx CB 2309 4,149 6.249 9.765 5.616+2.771
2.3,3'44’ 5,5 HpCB 0.011 0.019 0.030 0.057 0.020+0.018
Total DLPCBs 111.021 922953 301.952 411591 261.879+109.878
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Table 25. Concentration of toxic 2,3,7,8, substituted DLPCBs in ignition briquet gas(pg WHO-TEQ/Nm®)

IB. Ist LB. 2nd ILB. 3rd ILB. 4th ILB. 5th Mean+SD

3,3',4,4'-TeCB 0.027 0.022 0.026 0.017 0.019 0.022+0.004
344'5-TeCB 0.166 0.161 0.172 0.071 0.125 0.139+0.038
2,344’ 5-PeCB 0.114 0.000 0.010 0.007 0.006 0.028+0.044
2,3',4,4’ 5-PeCB 0.126 0.086 0.090 0.055 0.105 0.093+0.023
2,34,4’,5-PeCB 0.694 0.000 0.067 0.308 0.000 0.214+0.266
2,3,3',4,4’-PeCB 0.067 0.048 0.051 0.027 0.057 0.051%0.013
3,344’ 5-PeCB 44.146 48.309 52.532 15.977 34975  28.682:18.155
2,3',4,4',5,5 ~Hx CB 0.002 0.000 0.001 0.000 0.000 0.001+0.001
2,3,3',4,4’,5- Hx CB 0.168 0.157 0.156 0.057 0.142 0.136+0.040
2,3,3',4,4’,5'~Hx CB 0.000 0.000 0.000 0.000 0.000 0.000+0.000
3,3',4,4',5,5 ~Hx CB 1.245 0.000 0.000 0.000 0.000 0.249+0.498
2,3,3',4,4’,55 -HpCB  0.000 0.032 0.000 0.042 0.000 0.015+0.018
Total DLPCBs 45.756 48.817 53.104 16.562 35428 20.628+18.492
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Fig. 22. Contribution rate of toxic 2,3,7,8, substituted DLPCBs in briquet combustion apparatus.
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Table 27. Concentration of 16 PAHs in briquet gas(ug/Nm®)

Briquet 1st Briquet 2nd Briquet 3rd Briquet 4th  Briquet 5th Mean+SD
NaP 0.003 0.005 0.007 0.006 0.006 0.005+0.001
AcPy 0.000 0.000 0.183 0.019 0.120 0.065+0.074
AcP 0.000 0.000 0.064 0.009 0.043 0.023+0.026
Flu 0.002 0.006 1.402 0.437 1.421 0.654+0.639
PhA 0.431 0.620 6.623 3.156 8.274 3.821+3.158
AnT 0.006 0.044 0.558 0.117 0.935 0.332+0.360
FluA 0.215 0.204 1.274 1.026 2.254 0.994+0.761
Pyr 0.119 0.074 0.971 0.683 1.832 0.736+0.645
BaA 0.013 0.004 0.229 0.117 0.314 0.135+0.121
Chr 0.317 0.194 1.268 0.718 1.706 0.841£0.573
BbF 0.045 0.025 0.087 0.042 0.108 0.061+0.031
BkF 0.029 0.028 0.098 0.051 0.117 0.065+0.036
BaP 0.044 0.018 0.086 0.034 0.105 0.057£0.033
InP 0.019 0.008 0.017 0.007 0.018 0.014+0.005
DbA 0.009 0.009 0.005 0.005 0.012 0.008+0.003
BghiP 0.025 0.010 0.027 0.010 0.027 0.020+0.008
Total
PAHs 1.278 1.250 12.900 6.437 17.293 7.832+6.379
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Table 28. Concentration of 16 PAHs in ignition briquet gas(ug/Nm®)

LB. Ist ILB. 2nd ILB. 3rd ILB. 4th LB. 5th Mean+SD

NaP 11.095 0.038 0.062 7.529 0.019 3.749+4.680
AcPy 2.247 1.330 1.310 3.250 0.719 1.771+0.886
AcP 0.692 0.464 0.434 0.376 0.259 0.445+0.142
Flu 3.325 2.764 2:852 2.324 2.049 2.66310.442

PhA 15.380 14.078 12.235 15.507 8.956 13.231+2.441
AnT 3.276 3.118 2.634 1.499 2.016 2.508+0.669
FluA 3.200 3.023 3.055 4.483 1.880 3.128+0.826
Pyr 2.718 2.609 2.697 2.436 1.786 2.449%0.346

BaA 1.235 1.197 1.208 0.580 0.726 0.989+0.279
Chr 6.045 5.706 5.766 3.168 3.740 4.885+1.188

BbF 0.455 0.550 0.620 08515 0.246 0.477+0.127
BkF 0.528 0.474 0.520 0.476 0.286 0.457+0.088
BaP 0.540 BBL7 0.588 0.295 0.343 0.456+0.116
InP 0.222 0.209 0.266 0.246 0.070 0.203+0.069

DbA 0.053 0.062 0.070 0.027 0.031 0.049+0.017
BghiP 0.378 0.325 0.437 0.027 0.129 0.299+0.110
;‘Zt}% 51.389 36.463 34.754 42.937 23.256 37.760+9.313
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Table 29. Concentration of 16 PAHs in briquet gas and ignition briquet gas (ug/Nm®)

Briquet+I B.

Briquet+I B.

Briquet+I B.

Briquet+I B.

Ist 2nd 3rd 4th Mean+5D

NaP 1373 0.013 0.007 0.066 0.365+0.582
AcPy 1616 0.223 0.060 3.988 14721573
AcP 0.277 0.057 0.025 0.461 0.205+0.177
Flu 1413 1.261 1.075 5.077 2.207+1.662
PhA 5.182 5.265 8503 10.790 7.435+2.355
AnT 0.647 0.481 0.419 1.349 0.724+0.370
FluA 1.036 1.239 2.066 3.422 1.941+0.938
Pyr 0.800 0.877 1473 2,686 1 459+0.755
BaA 0.114 0.232 0.235 0.991 0.393+0.349
Chr 0.445 1.255 1,579 4,556 1.959+1555
BbF 0.044 0.146 0.096 0.476 0.191£0.168
BKF 0.054 0.133 0.110 0.549 0.21240.197
BaP 0.037 0.134 0.089 0.389 0.162+0.135
InP 0.022 0.056 0.013 0.191 0.07120.071
DbA 0.005 0.014 0.010 0.041 0.017+0.014
BghiP 0.027 0.074 0.019 0.223 0.0860.082
Total PAHs 13.093 11.460 15.779 35255 18.897+9.570
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Table 30. Concentration of TOC(Total Organic Carbon) and PAHs

in briquet and ignition briquet

TOC(%) PAHs(ug/m”)
Briquetl 69.19 1.278
Briquet2 70.4 1.25
Briquet3 7751 12.9
Briquet4 66.27 6.44
Briquetb 78.68 17.29
Ignition Briquetl 73.31 51.389
Ignition Briquet2 50.48 36.463
Ignition Briquet3 59.65 34.754
Ignition Briquet4 69.44 42.753
Ignition Briqueth 46.79 23.26
60 90
. PAH

Concentration(ug/n)

1.B

1.B.2
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Fig. 32. Correlation of TOC(Total Organic Carbon) and PAHs in

briquet and ignition briquet.
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Table 31. Comparisons of Mean values and ranges(in brackets) of

selected  combustion  parameters and  emissions(T.
Launhardt et al., 2000)

Fuel type telr;n?qufta;re co roc PCDD/DFs  PAH
yp f} iy (mg/m®)  (mg/m®)  (ng/m®)  (ng/m’)
This
study - 7260 72.41%
(Briquet) 174(60-250) (180-20336) (66.27-78.68) 0.161 7832
Spruce 261
w ood 206(196-216) (62-591) 11(1.6-31) 52 6
Wheat 163
straw 239(214-267) (56-259) 4.0(1.7-8.5) 656 101
Hay
(set aside 280
land) 222(209-218) (199-359) 3.7(15-5.5) 891 66
Triticale 200
(whole  190(179-197) (55-521) 3.8(1.0-7.1) 52 41
crop)

Table 32. Comparisons of Chemical and ecotoxieological analyses of
sludge(l. Mantis-et al., 2005)

. a b
Moisture TOC(%) Bla]Py S PAHs Z9PAHs

(%) (ug/g dw) (ng/g dw) (ug/g dw)

This

study 0.057+0.037
(Briquet) 7241542 (ng/Nm?)

Urban

sludge 78+10 34+5 0.093+£0.005  7.52%0.39 2.55+0.23
Industrial

sludge 8312 27+3 0.037+£0.013 1.10£0.12 0.67+0.09

“*Sum of concentration of the 13 PAHs determined in this study.
> Sum of concentration of Py+F+FIl+Ph+B[b]Fl+B[k]Fl+B[alPy+BlghilPe+IPy.
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Approach W 3 wiE el 78 FAZ wiEE = Ao =2HS 9
% The Source Orientated Approach ¥ o2 AA EFT 4 ot
(Department for Environment UK, 2002).

2 AT MELA A" wiEdo] HFgsto wEY FAHY HI
WHE Vo2 MEdas A or, 49548, 454 (mass

balance method), ¥jZ 749 (emission factor method) ZolA wj=7
THE ol&adY. wE A HA A cBottom Up Approach ¢ TOP
Down Approach *F 7bA % F Age] i dFxA7t W &aA

5
23lo] EA 52 datags WlE=A5 = k= Top Down ApproachE %

$3ho] ME PS4 ek
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A(Activity)= &5 X2 A AZF AL F(HE/yr)

EFel tieh ARbA 2 va3 2
EF = Cx Vg / L

C= tho] &A1 7 9 Hl %% % (pg or ng-TEQ/Nm”®)

& 7}2 < (Nm’/hr)

<
0Q
I
2
i
=2
2
Lo
&
do
>
o
oft
T

_91_



3.8.3 M=AF

FAgke] tist wlEA ¢ 1759 PCDD/DFs¢t 12F ¢ DLPCBsE
WHO-TEQ A+E A&
PAHs 9 T

g Klimm(1999)¢] TEFE AF-&38F 3tk Klimm(1999) 2| TEF §t= Table
33 EFU 2 H
Aol Wi 539 HAES Ed = sto] HeHdpe okl wiE

_‘:r'_
A A4S A48 713 AR2 AFS st #a(dfE)d A=

ol¢} o] AsHApom HELF A FAGY wEAFE

WHOos~ TEQpioxins 7} “13.043-ng/kg, 16 PAHs(EPA 610)7F 26.105 n
g/kg, T4 PAHs7F 3.115 pg/kgel™, Klimm(1999)¢ TEF# < 4 &
@ TEQpans= 2497ng/kg o2 =55 Ao
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Table 33. TEF values of PAHs proposed in the literature

Klimm et al.

Compound

(1999)
Benzo(a)anthracene : B(a)A 0.00002
Benzo(b)fluoranthene : B(b)F 0.00038
Benzo(k)fluoranthene : B(k)F 0.00029
Benzo(a)pyrene : B(a)P 0.0003
Indeno(1,2,3-c,d)pyrene : InP 0.000086
Dibenzo(ah)anthracene :~-DbA 0.000078

384 5%
HA FARE FUdAdE glojAe F 2 d5 Fdoldon HE

N A5 Aol A% 3 GER AN ABR AR FA

F % PAHs® w232 a7 st 7
dol AAHo] Tk Rd@R e 2 se A Nsr. B ARl A
of W 19809t E slMoz skl Felwke] 4w ol

A% Zol5n Jee & 5 Avh FAawe xust Ad gd

tlo
Y

1980 el 't i or g dolSAlFe wMEFE Eok =N
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Fig. 35. Amount of domestic briquet supply and demand (1970-2005).
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Fig. 36. The change of consumption for briquet (1970-2005).
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dto g Qs wiEHEE tolSAlwe Az wiEEe 20168 ¢
WHO-TEQ/yr, 16% PAHs(EPA 610)% W& %2 52471 kg/yr, &%
4 PAHs9 dl& %2 6.261 kg/yr, TEQpansi= 50.190 kg/yr &2 4H4
H Ao, TEQpioxin-pans® #ol 50.201 kg/yr= =% AT}

7ht d]le] 4m MlEol d5s =okd 1970 i F-E 1990 o

-

Hir

ZRAA S dARY dddie] o3 edET =S AR FAH
294 PAHs¢ PAHs® 2 AHI S 43%= WEY A5 koA )

Z %+ PAHso 248 &(3 5. 2005) % gasoline¥} disel x5 H t}+=
=4 e, LPG A %€ 6.02% Bif= e H&ES B

_97_



Table 34. The result of early activity and emission amount of
Dioxins, PAHs(1970-2005)

Home. Activity Dioxigrsnofi‘lrrrlzgssion éfn_,fﬁgl
Commerce (unit: thousand ton) (gWHO-TEQ98/) amount(kg/y)
1970 9910 99.436 258.701
1971 10115 101.493 264.052
1972 10515 105.507 274.494
1973 13017 130.612 339.809
1974 13657 137.034 356.516
1975 13613 136.592 355.367
1976 14670 147.198 382.960
1977 16047 161.015 418.907
1978 16526 165.821 431.411
1979 16942 169.996 442271
1980 18037 180.983 470.856
1981 18543 186.060 484.065
1982 17887 179.478 466.940
1983 18985 190.495 495.603
1984 21418 214.908 559.117
1985 23567 236.471 615.217
1986 24712 247.960 645.107
1987 24103 241.849 629.209
1988 23616 236.962 616.496
1989 20749 208.195 541.653
1990 19217 192.823 501.660
1991 15184 152.356 396.378
1992 11189 112.270 292.089
1993 7837 73.636 204.585
1994 4684 46.999 122.276
1995 3005 30.152 78.446
1996 1961 19.676 51.192
1997 1389 13.937 36.260
1998 1229 12.331 32.083
1999 1117 11.207 29.159
2000 1192 11.960 31.117
2001 1230 12.341 32.109
2002 1175 11.789 30.673
2003 1191 11.950 31.091
2004 1385 13.897 36.155
2005 2010 20.168 52.471
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