TRk 20 B ANIRERET ANy 7 HIBRBRBEATIE - B B B i 7 ity 2%

WIET —~
BEFEIBERNC L0 B D 2 A A% ¥ VHORBACICBE T D858 AP AR OB

AURBERRRE R ST
UK RENERE W

1. HEBLUEW

A FX ORI IER 2 B4 T HHBEA ORISR L0 3E L AT BEREMBER > b O e A
FIZ 80%LL L& HEH TS, BI/ETIL 800 CU EDOEIRTHAIL, S HIZ=y RAT /A T TORE/RE
DIV % EIRERIF CHfRT 5 Z LIZ X o TUREHICHEN &N D 4 A 4% 0 VORI IRV L~L2imz
LTS, LA L, @R CTOMGRIERITITR KRR RLF—E a2 SR | A ~OgE, FHERFC
BT EDY 27 b, b OB Z fRRT 5 72 DITITBERF O ORAEZ O L O EHIIRT 5 Z

ERRELE 72D,
PRI OBFNNET L A A% 3 VAR A T = XL OIS RAIR T 5o BEHIF D DX A FF 2 FHD
PEH NS S TLOR, BEANR K OV Ot O fiak I F6 1T 2 INEL « BEANEFR T O &2 A A3 o DO ERICE T2

RDPHZE AT T&E T, FRUEFRET = ) —VEIIFZ A X VEORBIE L B2 o TE D | IRE,
FRSRTRIE, MR & & & E 50 F CRAERM IO, £2, EEOBEHIF TR L 721 T
<, SEISERWEPIF L TVDTD, TNHOEBIZONTHMRFPMITON TS, ZIVE T BERIF

WNICFIET D@BI LU A 8, 872 E)RERLEY. WA Em & Vol EME DOFENHRE ST
o, TIHOWEIIS A A F 2 UBAERBOGIC B A KAF L, il E 7213 imis & UCTERT 2 2 &l
ENTVWD, ZRFETICEL DEBILAWICONWTH A 5% ¥ VARSI RIETIGFWE & L TOREN
RSN CTELD, AIEAMICET2HMEIRIF LA E2\0, BEAUFNICIZBEEYCBEL E W o 2B TEL D
AHEDPBREANS L, TORITERY LD GEEMICZ VY, ZE THBWIIS A 4% U HEORBMIGIRE W
IBEZFTELZLN TV, ZNOLAMIIIA A AX LV VHORTWE L LTREIT TR, XA AF v
HAERBNCE B E 52 5L B 2615,

FrlxznE iz ﬁm7l/_wﬁ@%ﬂ CREFETSESERPEICET MO, WEAED S L
T AN AT NVEERS SETEEAICEA X VHOAERBBEICHD T2 2R L, L,
Z O A F1 = X LBIZDNTY K%@E#§< FEENZIXEEM 72T — 2 BN L 70 D, & 2 TR TIE, ¥
A A HEOFEME & LT 2,4,6-trichlorophenol (2,4,6-TsCP), 17 H# M & LT 7 X VEE= AT VJH %
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Table 1. Optimized MS-MS parameters for the analysis of PCBzs, PCPs, PCDFs and PCDDs using the ion-trap mass

analyzer Saturn 2200 MS.

Category Name Abbreviation Chemical formula M.W. m.p.(°C) b.p.(°C)

dioxin precursor  2,4,6-trichlorophenol 2,4,6-T;CP  C4H;CL,0 197.45 68 244.5

phthalate ester ~ di(2-ethylhexyl) phthalate =~ DEHP C,4H330, 390.56 -55 386
phthalic anhy dride PAnh CH,0, 148.11 130.8 259
diphenyl phthalate DPhP CyH 404 318.31 73 405(759 mmHg)
dicy clohexy|l phthalate DcHxP CyoH,604 332.40 66 225
diethyl phthalate DEP C,H 4,0, 222.23 -40.5 295
di-n-butyl phthalate DBP CsH,0, 278.34 -35 340
di-n-hexy1 phthalate DHxP C,0H3,0, 334.46 -27.4 210(5 mmHg)
di-n-octyl phthalate DOP C,4H330, 390.56 -25  220(3.8 mmHg)

n-alkane n-pentadecane C15 C,sHjs, 21241 10 270.5
n-eicosane C20 CyoHy, 282.54 36.5 205(15 mmHg)
n-pentacosane C25 CysHs, 352.67 53.3  282-4(40 mmHg)
n-triacontane C30 CsoHg, 422.80 65.9 235(1 mmHg)

M.W.: Molecular Weight, m.p.: melting point, b.p.: boiling point
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(2,4,6-TsCP : 50 mmol 11, H:AFHEY : 0.25-5 mmol 1'D) IRETAIRZVERR LT, IBAWRIKZ Y 7R — M2
500 Wl &AL, 2 28 S E - ONE P8 & | BRI T 3 B R L, AT ZITHEE OK
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Fig. 1. Schematic diagram of experimental apparatus used for combustion of samples.
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MfRFIZ, 20 °C minl OB T 220 °C FTHIE L, S 5128 °C min! OEE T 300 CE THIEL 5 0k
FLESRMTEELZ, BBHEARIT 1 pL, HEAE—FREFAT Y v FLRE LT, v=Fh—/L K, FT XA
T 7 =4 KROMS A A ALEOIREIZZNZEI 80, 285 KN 200 °C & L7z, A A Ab&EWIL 300 pA.
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Table 2. Optimized MS-MS parameters for the analysis of PCBzs, PCPs, PCDFs and PCDDs using the ion-trap mass

analyzer Saturn 2200 MS.

Compounds Precursorions (m'z) Waveformtype Excitationstorage level (m/z) ~ CID (V) Produd ions (m/z) Microscans  LOQ (ng ml'l) LOD (ng ml'l)
DCBz 146 Non-Resonant 642 84 74 4 10 1
T,CBz 182 Non-Resonant 750 88 109 4 10 2
T,CBz 216 Non-Resonant 750 88 108 4 10 2
P;CBz 250 Non-Resonant 80.0 86 142 4 50 10
phenokTM'S 151 Non-Resonant 664 76 93 4 10 1
MCP-TMS 185 Non-Resonant 814 74 149 4 10 2
DCP-TMS 219 Non-Resonant 96.5 74 183 4 10 2
T,CP-TMS 255 Non-Resonant 1124 92 217 4 10 2
T,CP-TMS 289 Non-Resonant 110.0 80 251 4 20 5
DF 168 Resonant 739 09 139 4 10 2
MCDF 202 Resonant 89.0 08 139 4 10 5
DCDF 236 Resonant 104.0 16 173 4 10 5
T;CDF 272 Resonant 1199 2.1 209 4 10 5
T,CDF 306 Resonant 1350 12 243 4 10 5
P;CDF 340 Res onant 150.0 14 271 4 25 10
DD 184 Res onant 81.0 08 128 4 10 2
MCDD 218 Res onant 96.0 09 155 4 10 5
DCDD 252 Res onant 111.1 0.6 189 4 10 5
T,CDD 288 Res onant 1270 1.1 225 4 10 5
T,CDD 322 Res onant 142.0 16 249 4 10 5
PsCDD 356 Res onant 157.1 16 293 4 25 10
phenanthrene-d; 188 Non-Resonant 750 88 160 4 -

CID: Collision-induced dissociation, LOQ: Limit of quantification,
LOD: Limit of detection
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Fig. 2. Total ion chromatogram of the products formed during the combustion of 2,4,6-trichlorophenol alone (a) and
DEHP 10% mixture (b) at 650 °C. Numbered peaks were (1) 2,7-/2,8-DCDD, (2) 2,8-DCDF, (3) T;CDD, (4)
1,3,6,8-T4CDF, (5) 2,4,6,8-T,CDF, (6) 1,3,6,8-T,CDD, (7) 1,3,7,9-T,CDD, and (8) PsCDD.
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Fig. 3. Residual ratio of 2,4,6-T;CP (A) and the total yields of T,CDDs (B) formed during the combustion of 2,4,6-T;CP
in the presence or absence of DEHP, as a function of temperature.
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Fig. 4. Yields of PCDD/Fs obtained from the combustion of 2,4,6-T;CP in the presence or absence of DEHP at 650 °C, as
a function of the mixing ratio of DEHP.
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Fig. 5. Distribution of PCBzs (A), PCPs (B), PCDFs (C) and PCDDs (D) congeners during combustion of 2,4,6-T;CP
with or without DEHP at 650°C.

LEDZ &5, DEHP OIRAIZ XL D PCDD/Fs ARHNHI D A 1 =X L& LT OO NE 2 b
oo ZORIGKER A Fig. 6 12 LTz,

FHERENTIHEA D =X LO—2BET7 = ) X T VW MEOMHI T b, 7=/ — LD _BIFLIZL D F
AT XL EROERIL KEBENGKBFT CINABDIEXTNDZ LI ELD T 2 ) X T O HIIVDERNEH B
BECoH D EHE % BT 5 (Sidhu and Edwards, 2002), A#F5EIZ350 T, DEHP R4 L THREARIL 7254,
HEDE TH D 2,4,6-TsCP OEGFENIEIZ LR T 5 Z LM S N=(Fig. 3-A), ZHUE 7=/ Fv 7970
N DR — FRfl STl Th D B X biLlc, DEHP Z#8HIT 5 &, ET X7 LA OMA
DEZDZ ENRFEINTWS(Saido et al., 1977), F7=. RALKFEOEBDNETILT ¥ B VESHKGIZ L - T
FRIEHN G EI, TR T VI NNRKFET U h Ve ERERRT 5 (Kaiser et al., 1983; George and
Robert, 1984), 2,4,6-TsCP OFEANRHZ DEHP 274 2358 7 X VEHOBIMRIZ L - TERT 2 KkEZ
CHANRLT NFRIVT OHIVBKFEGERE LTHER L, 2,4,6-TsCP O 7 = ) %2 T UL HIH S b ]
REMERE 2 bz,

:oEOD%%E\?fnﬂ%IJx 73 = A LIS REDORETH 5, ABFSEICIB VT, DEHP ORAFEH IS T,
X 0 SR EHE DV 720y MCPs 2 UY phenol DA S iz, BMELFERONIZE W THEFBR 7137 U viE
PSS % Z TR0 K KFET U HART VX T D AIVISSBRAEH] & 7o TRICHIMEF(LIE = 5, PCPs
DREFNT X » TH R+ % PCDD/Fs BIEKIZHEME ORI L > ThHhOIBRERE->TBY  KiEF b7 =/
— B 1E T4CDDs 3R L7y, 2D Z &S DEHP OIRAS & » THMESRLSUE BN & 72 »  T4CDDs
DARREDD LT /[REMEDE 2 B vz, A28 Tl DEHP OIRAIZ L - T DCDF A& L0,
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Licbnz s,

1) Suppression of phenoxy radical formation

Hc/ﬁj /%)

S T (= ——— ————> Lower chlorinated DD/Fs

—> Mono-combustion of 2,4,6-T,CP
— — = Combustion with co-existent organic

2) Stimulating of dechlorination compounds

Fig. 6. Proposed pathways of the suppression of T,CDDs during combustion of 2,4,6-T;CP with co-existent organic
compounds.

3. 2. THANBTATIVIEIZ L D FA A% AR R KA E RIS S M ORI E o 8
2,4,6-TsCP O BEHIFIZ DEHP Z2{E49 5 Z £ 12X > C PCDD/Fs AERENBALT 52 L &2/RL, &5
Z O A F1 = X LD PRI 2~ Uz, #ifilzhi5Rix DEHP oK1l « 9fiflZ L > TKFETZ I T v
XTI ANANFEAL, 2,4,6-TsCP IZEHT 2720 TRELZ, ZANIELITFUX, JIBEOFEEIZ XL > T
N RIIRES B D B2 bND, £ T, B EDRR L 7 X NB AT NV EFREED E L THY,
Z OREEDFE OB IHINRIC G 2 5B A RF LT BRET 2 7 XN AT 1 & U TIBED fRFBEDY 6 THE
15N B 78 5 =% (Diphenyl phthalate; DPhP, Dicyclohexyl phthalate; DcHxP, Di-n-hexyl phthalate;
DHxP)Z o, £7., 7 X NVERE O OEE L .5 72012 /K 7 # L (Phthalic anhydride; PAnh) 4 3
A & L THWEZ, 2,4,6-TsCP H A 2,4,6-TsCP (3P AN 2 £ EE /LT 1%IRE L72#UkB

% 650°C TREHI L 7285 T4«CDDs O ARk E % Fig. 7T1x LT,

PAnh EAREIOBEAEITIZ 24.8 mmol mol! @ T4CDDs AL L. 2,4,6-TsCP % B CHEHEI L 72KFD
T4CDDs iR & LR THERZEITRDO ONR N ole, 2O ENDL, EOLX D BRYWEZIRA LIc%Ea THi
BV R SN D01 TlER< | FEDOHE L b OWEO LB N R Z RT Z LR INTz, £/o, 74
VIR E %S PCDD/Fs A zh RS F G849, Sl R MUNSHITER T2 & B2 bz, MO RELD 6
DT B NVET AT )V =FEIZOWT T4CDDs AL i+ 25 &, 7 == VEDPhP)K 7 o ~F L
(DcHxP) < / /L= /b~ o L SL(DHXP) DN 1T K & < 7o o7, AW DHxP 054, Bl
58% Tk b K& o7z, Z OMHIFRDE MO 3 ROE Z » L3 3 ié%@k%z%ﬂko%ﬂ%%&
HHEFEEM ORI L > TERT DKET VHNVEOT XTI NERINTH D alfEEEZ /R LI, 20
FERITZOTHRELILS —ETHbDOEEZ LN, DF VD, DHXP O X A A% ¥ FAOHIHI R0 e b R Z
STeDIX, SHEOMBAD O H ) L~ AT AFANESDHELLT, TVNVOREERNRZW-HEEZI LR
77

T Z NPT AT )V DIREC & D PCDD/Fs ARl RN 7 # Vg 27 /L OMEITER L, WA /L~
VT NH e DEGEITRBIMBIIRENRKE N & 2R Lz, ZOREEND, IHIZh RIS IR LAKE DO BN K
BT ENTHEND, T2T, ISR )V~ LTIV TRBEEN 2 005 8 DT X AR AT )L
ZHOWTHIBHEOFBIZOWTRET L7, 2,4,6-T3CP B & TN 2,4,6-TsCP I 7AW %2 = ZE /LT
1%IRA L=k %2 650°C TREAEI L 72FE D #%%ngmﬁbko

MR FEH 2 D DEP % 1%EA L= 5A 12133 T 0 T4CDDs AR &R 035880 v, ORI 35.4%
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Fig. 7. Total yields of T,CDDs and PCDD/Fs during combustion  Fig. 8. Total yields of T4,CDDs and PCDD/Fs during combustion of
of 2,4,6-T;CP with phthalate esters or phthalic acid 2,4,6-T;CP with straight-chain phthalate esters at 650°C.
anhydride at 650°C. Mixing ratio of phthalate esters was Mixing ratio of phthalate esters was 1% in molar ratio.

1% in molar ratio.
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TENBTZ AT VOIREIZ K > THA T IV VEHOERENBDT 52 8 EOMEWERIZT # Vi AT
DG NEED 5 BRISHIZRIK L 2 v~ VT vl o IS EF > 7 X V= AT VEE CTHIHIZh A K &
Tl SHITMBERREWVIEEMBIZIRENRENZ EZRE LT, 2O LB T HEENITRILKEH AR
EEWNIFER O R 2 FH T 5 ATREMENNE 2 LT, IRFEHZ 0 FREENIC S L EMITEZ < H DD, b o
&b Bl SR BALKFITEIMO TR TH Y, BEEFONL S BT IREHERF OB E LT REIZBERIF
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Fig. 9. Residual ratio of 2,4,6-T;CP (A) and total yields of T,CDDs (B) during combustion of 2,4,6-T;CP with or without
C25, as a function of temperature.
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