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H24 & A9iE g2 AF Ay RS VIR aSeiEad s/ adds AR WHRGC,
HRMS)E ol 43l RAsiqc) vida) A8 BAF UA chel S %S 8.05ng/g, ke 475 ng/g
Azolgen 2,378-TCDD= 693 pg/ge]l A&HNUZT FLUA7F 6~770 225l cle] A} Fite] 713
weol A&se AL £+ Ak

ABSTRACT. Polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) are the most
concerned toxic organic pollutants to human. Because of their extremely high toxicity and uncertain
genotoxic potential, their determination in environmentat and biological samples is of great interest. Muni-
cipal solid waste incinerator facilities have been reported as the major contributors of dioxins and furans
to the environment, and their formation from combustion is a universal phenomenon, everywhere. In
this study dioxins and furans were analyzed from the bottom ash produced during combustion in an
municipal waste incinerator located in Seoul. The EPA method was modified for sample pretreatment:
the soxhlet method was used for extraction and clean-up procedures were performed by using silica
and basic alumina, excluding active-carbon. The extract was then analyzed by HRGC/HRMS, A general
trend of increase in the amounts of 6~7 chlorine-substituted dioxins and furans was observed. Total
dioxins, furans and 2,3,7,8-TCDD were determined as 8.05ng/g 4.75 ng/g, and 6.93 pg/g, respectively.
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2L Table 19) EA3}sich. Tetrachlorinated dibe-
nzo-p-dioxin(TCDD), pentachlorinated dibenzo-p-
dioxin(PeCDD) R hexachlorinated dibenzo-p-dio-
xin(HxCDD)3¢ tetrachlorinated dibenzofuran
(TCDF), pentachlorinated dibenzofuran(PeCDF) %)
hexachlorinated dibenzofuran(HxCDF)2] #-¢-
8 SP-2331 2AIT A7-& AH-MZ heptachlori-
nated dibenzo-p-dioxin(HpCDD), octachlorinated
dibenzo-p-dioxin(OCDD)3} heptachlorinated di-
benzofuran(HpCDF) ! octachlorinated dibenzofu-
ranf(OCDFye DB-1 ZAIF AYPE A48 24

Table 1. HRGC/HRMS SIM conditions for the analysis
of dioxins

HRGC/HRMS
Instrument HP-589011//JMS-SX102A
GC conditions
Column SP-2331 DB-1
capillary capillary
60 mX0.25 mm 30 mX0.32 mm
ID. 020pm LD. 025pum
Carrier gas He, He,
80 mL/min 70 mL/min
Type of injection  Splitless Splitless
Temperature program '
Start temperature 100 T, 100 ¢,
1min hold 1 min hold
Rate 20¢/min to  30°C/min to
2007, 200C,
3C/min to  5C/min to
250C 30t
Final temperature 250, 300 C,
10 min held 10 min hold
Injector temperature 250 C 30T
MS conditions '
Type of analyzer Magnetic .sector
Type of ionization EI positive
lon current 600 pA
Ion voltage 70eV
Source temperature 280°C
Resolution 10,000
Switching time 50
Target analytes Tetra, Penta, Hepta,

Hexa CDD/Fs Octa CDD/Fs
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3k ool Ao Hakat AL A8 selected
ion monitoring(SIM) 4] & monoisotopic °]-&
M3t M+2 o] =& M+29 M+4 oj&2 Ad
3t Pasglen] Table 29) AAH o)29] Az}
a3 4dA =218 Jepdsdck. M/M+22F M+2
M+4 o2 FHULL o)t + 10%W el
shojok 3t GCeiAe] ol F-F AlZPe] BC A4
EFEAz} LR gasixich

Alef A 7. BE Soi(EFA, B4, o)d 2ty
&, vlR-2)s 255 £44(B & G Chemical Co.,
Muskegon, U. 8. A)& AHE3}xie}. ¥WC2-TCDD,
8C-2,3,7,8-TCDD, “C-23,78-TCDF& g3 “C
22 Ay BRE oo 347 FYL Cambridge
Isotope Laboratories(Cambridge, U. S. A)ejs
I3} nonanesl] %o A7) yrEE Y4
R& AN F AH31%0c}. Ael7HA(70~230 mesh,
Merck, Germany)s} <9714 &Fo|vH100~200
mesh, Bio-Rad Laboratories, CA., U. S, Ay 2%
Y343t o] GuiintE Ab4sle] 124]7F $<F soxhlet
25 A3k} A £AE 200T o)A
AZA F 10T o|49) 2o nusiAA i}
34t

Al B AsE 9 F A49 uies Ay
HE So17b7] Al Avrle AAF Svo)ojel A
Yo HZE Bl Gob YA 4T
o|3t2 RH3dct. Fig. 1o AUHS A 2A
=9 3 Az A FARE FA )

F & FE ARAR AEF 5X5mm A
(sieve)oll 32|30} Az A& F P8 15g%
A3k 2N-HCI 150 mL& ‘$o1 147} o] 4 3-83)
Aok ETPAL Aatsle] Qa4 A5} w4
AlR2 47 e ok A4 B8 Z7 50
mL2] ¥iko g 28] Wk F&3)3 H3¢ Ro}
T4 IAqY AR AZRY F FAdIH @ oS
soxhlet =& #A|o] Y7 300 mLe) 5o 16
Azt §ot 3y AM4TH AN AR2YE
A A7 FERE oA e ¥ FUAAE 2
HE Ao AAFE G Yol A7 100
mL7} B2 g} 2k 599 10%9He A
&3] A3pa BCez AU tho] LA F3F iR
EFEHEET A 4ngd F7RREL AR4E 20
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Table 2. Number of isomers, exact masses and molecular data (m/z, relative abundances) of PCDDs and PCDFs

Number of isomers Molecular ion (m/z) Relative abundance {(theor.)
Compounds
Total  2,3,7,8-type exact M M+2 M+4 M M+2 M+4

TetraCDDs 22 1 319.897 321.8%4 77 100 49 .
BC-TCDD 331,937 333.934
PentaCDDs 14 1 353.358 355.855 357.852 62 100 65
BC-PeCDD 367.895 369.892
HexaCDDs 10 3 387.819 389.816 391.813 52 100 31
BC-HxCDD 401.856 403.353
HeptaCDDs 2 1 421.780 423.777 425.774 44 100 97
13C-HpCDD 435817 437814
OctaCDDs 1 1 455,741 457.738 458.735 35 89 100
BC-0CDD 469.778 471775
TetraCDFs 38 1 303.902 305.899 78 100 49
BC-TCDF 315.942 317.939
PentaCDFs 28 2 337.863 339.860 341.857 62 100 65
BC-PeCDF 351.900 353.897
HexaCDFs 16 4 371824 373.821 375.818 52 100 81
BC-HxCDF 383.864 385.861
HeptaCDFs 4 1 405.785 407.782 409.779 45 100 97
BC-HpCDF 417.825 419.822
OctaCDFs 1 1 439.746 441.743 443,740 35 89 100

). Waste bunker 6. Ash conveyer

2. Crane 7. Residue bunker

3, Charging hopper 8. Electrostatic precipitator

4. Combustion chamber 9. Flue gas fan

5. Boiler 10. Stack
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Fig. 1. Schematic diagram of municipal solid waste incinerator.
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[ EXTRACTION |
Sample (15.0g)-Sift with 5mn sieve

HC! treatment (withIZN HCt for 1-Zhrs)

[ | Filtrate
Aqueous Layer Solid (dry up and fine}
Extract, 50mL Hexane for 2 times Soxhlet Extraction, 300mL Toluene for 16hrs
Concentration (re:mv!e Toluene) to 100mL
1/10 of sample Fortify with 4ng each internal standard
BC-2378-TCDD,NC-12378-PeCDD
1%C-1.23,789-HxCDD,C-1.2346.78-HpCDD

BC-OCDD 2C-2,3.73-TCDF,“"C-2.34.78-PCDF
C-1,2367.8-HxCDF,C-1,23 45,7 8-HpCDF
Wash with c-Hz504

Rinse with Water
Drying (Na:S04)

Concentration (to 100uL)
Add 2ml. Hexane

[ CLEAN-UP | Y
Silica gel column (3g)
Elute with 150mL Hexane
Concentration (to lmL)

Alumina column {basic : 12g)
Wash with 30mL 2% DCM in Hexane
Elute with 70mL 50% DCM in Hexane
Concentration (immediately dry up)
Add 100uL 25ppb
¥C-1,234-TCDD,°C-1234789-HpCDF
GC-MS Analysis (IuL injection, splitless)-Column: $P-2331, DB-1
Fig. 2. Flow chart of analytical method for PCDDs/PCDFs in ash.

mL¥ 2.2 uicte] slejeke acid 20| Ae ) AAR). 2 F S22 2UPA2 Lo)E 27
W& WrkAl BkB3te ol ¥ /S S0mLE ¥ A4-E ArlEle 2mlE wrEch
i NaSO3 g7t 238 Ao E34A)1H 82 -8 M. AHAE 27l 32 1X15em FAPo
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EPAW ol e $EA17H 24417 QF3XIRE W)
FRFERE A8 ool Ay A 1647
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g AARE ARed FE29 A5 F
EER A olulF R dF=FY AL F
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& KOHE o]8¢ 971449 43 A=
A FRA2 A Qaxrt gol A
OCDDv} OCDF9] 74 AXAA =3 € +
e g® B Aygode Agsedoen 12%
W] A AR dsick

243 IRt HF 0|8y F3He AR
ZAERA ) A EE T F HIY {740
2 g o 2y Aado FEie oY 2AE
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e de HHSgES 2o s F7iER
# ol FAF-F £ 9T WE FLHUYE
& FEHL2RE Py 5 A et o] SAle
& o 2 4 P 924 YFEL e
o] Al AALU}H F2HLE t}o] LAl
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Fig. 3. GC chromatogram of cleaned extract of bot-
tom ash in scan mode (2} and mass spectrum of peak
P (b).

Agel A7 AR Mg Ao E 2L 3y
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Fig. 4 cjo] A% F3M5el ois) SIM-HRMS
Wyo g Azte] agelgagdojct. GC 2AH
Aol A BC-FFH WREFEAY T EALH
& ARFEA76A Rese £ ol2d
Agggto INE FF A859 tlo]| Al FRES
#g & ok Fig.49 @ TCDDH-E #HE:
7] 9% m/z 319.897 ¢) FABrlEIYolr}. E
2273%] TCDD el4ANE FAAM 9718 TCDD7}
HEEded ol F 1 B52oh 2 5
#33e 1.368-7 1,3,7,9-TCDD] o] 713 &
Rog et 6 55297} 2,3,78-TCDDel=
of-$ ZHE gl AEHUL 1368-3 1379
TCDDE 4, WF4 A7 256l 4 oA
el 1289-9% 1,267-TCDDE 713 3
£2 e}, GColl4) TCDDSol gk 4844+ Bu-
ser T 93] BAEAEA ol 4719 TCDD
gt g2leade oud 34 AP ALHE
o] givt. TCDFE A 4sh= m/z 303.902 o]
azotE2YPE B9 3874219 TCDF <)42AM F
o4 2278¢] TCDF7F #usdew] 25 184 %
217} 713 S40) 7k 2,3,7.8- TCDFel] 3 whgic},

0] 73 2378-N}AMES AP ¢4
EFEE U4Z e BC-2378-ABAEL AM-3lo
252 HAuE viazsidch AFHezRe v2
& AR E AAsks Rl 28] A9 2R
A7hH-E EAE TR st E3Y 99 BFEE
Aol s3td, Bl Adale]l Ao Rl B4
7oA 2 ZAEEE ehl)7]) dEe AMuE
Y vngesd po Hag FYgE 2 5
dct. o)2ig BC-X) A& WY-BEEAE AHE3lo
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Fig. 4. Continued
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OCDD(M/Z : 457.738)

]
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[} i 2 1" 14 ] 1 [}
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9C-0CDIXM/Z @ 450.T78)
»
BC-1,231487,89
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O T T T T O T
“ v 1l 1

(&)

Fig. 4. Selected ion GC chromatogram of native dio-
xins, furans and “*C-labeled internal standards from
cieaned extract of bottom ash (a) TCDD and TCDF,
(b) PeCDD and PeCDF, {c} HeCDD and HeCDF, (d)
HpCDD and HpCDF, (e} OCDD and OCDF.
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Table 3. Concentration of PCDDs and PCDFs in bot-
tom ash at municipal waste incinerator

., _Total Concentration 23,78 congener
Dioxins (ng/g) Concentration {(pg/@
Tetra-Cl 053 23,78-TCDD 6.93
Penta-Ci 117 123,78-PeCDD 416
Hexa-Cl 260 123789-HxCDD 141
Hepta-Cl 220 12734,6,78-HpCDD 1151
Octa~Cl 155 OCDD 1550

Total Concentration

Furans 2,3,7.8 congener

(ng/@ Concentration {pg/g)
Tetra-Cl 050 2,3,78-TCDF 15.07
Penta-C! 112 123,7.8-PeCDF 933
Hexa-Cl1 163 1236,78-HxCDF 188

Hepta-C1 116 1,2346,78-HpCDF 504
1,2,3,4,6,7.9-HpCDF 857

Octa-C1 034 OCDF 340
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