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JF CBz W 2 [0 B AR G 1. 45 5 W oR 76 17 A0 3 PCDD/Fs H1,2,3,4,7,8-P5CDF 2 i B3 AT SES [R] R
Yy FEREBET A B A E R Y (TEQ) Y 28.97%—49.42% F1 45.56%—56.23% A4 IHE L) — A%
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Emission characteristics and correlation between PCDD/Fs and
chlorobenzens in the municipal solid waste incierators

LIN Binbin LI Xiaodong ™" WANG Tianjiao CHEN Tong LIN Xiaoqing LU Shengyong
(Zhejiang University State Key Laboratory of Clean Energytilization, Hangzhou, 310027, China)

Abstract: This paper investigated the emission characteristics of PCDD/Fs and chlorobenzenes
(CBzs) from two fluidized bed incinerators ( A and B) to find the appropriate indicators of PCDD/
Fs. The correlations between PCDD/Fs ‘concentrations, toxic equivalent (TEQ) values and CBzs
were analyzed by a Statistical Package for the Social Science ( SPSS). The results showed that
2,3,4,7,8-PSCDF was the most important one of the 17 toxic congeners in the flue gas. It accounted
for 28. 97%—49. 42% . and 45. 56%—56. 23% of the TEQ in the incinerators A and B.
Dichlorobenzenes ( D€Bzs) and trichlorobenzenes (TrCBzs) were the major congeners for the CBzs
emission, the concentrations of which were several thousand times that of PCDD/Fs. Linear
regression analysis was performed using CBz as an indicator of PCDD/Fs and TEQ. It was found that
some of the indicators had a high coefficient of determination(R*) ,up to 0.8642.

Keywords : municipal solid waste incinerator, fluidized bed furnaces, PCDD/Fs, CBzs, indicatior,

satck sampling, correlation.
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BFSE% % Z WY (PCDD/Fs ) AR (CBas) IR (PCB2) NS (HCB2) H AT E B A
(IR IR EE N ) 458 B T HREAMEA HLTS Yoy 0] b MESE HE R IR B | SR AT HE BT Tk B v 3
T AANBEER AESLPRB RSB HE R R, K AN & B, 2R SRR Y S e Y
(TEQ) Z [MIAFAE RAFBOA ek , A C R B i 1T 3k 0.8 DL P Kaune P W58 K ML A K ANEKES
TREYE TEQ AU SCIBE  HISE R AL R23 94 0.84 F10.91 ; Kato 25 Giit 1 K [ R 5 b is £ i HE 8
Pt ALFE DU G | R N SR S TR TEQ $iuil , X S i A & A 2 S bedy VR VS I 35, BRI
TEQ SIUEA A ANARA BRI TN, HOCHORR B FH 5& 2250 R* 4391124 0.82.,0.85.0.81.

AR ] A G AR B () S B 2 T AR 25T, Aot LN BRI AT TR 22 Tt HLE ARG A R
KL =FARLL LR IUEAR  HEARSEAREIE, 50K = SUORMEERR D X5 —E0R = 40R
B ASIK ARG R T S R R B R A R R, ZEUR | = SEOR SRS T RO X BNV
FRTER GG " | B G T A5 B (4 SRR gh T L3 i /e 2 W T B H R ) SR
P4 P85 S 300 ) N i — W ) BB 32y 1 S AR 8 SR A B A A M T AR L Y T AR L ROR
AR T ARAT ZESCEAE ) A T LA T SR 5 R ) IR R L F R AR SR A Tenax-
Ta W SR A HLIE BRI 7 V5D 5 SRS, AT LA hnA 280 ) = 0 A0 Sl | = S0R IR
WS A MRS, B TAL B R O A | I A v ) AR

AR SCAT I PR A AR IR BT B R I AR R R e 1) S BRI T, Xof M A Y R R
SRS BRI, BT T PR I HEBCRE P R DG, N7 T SR AL PCGDD/Fs J H: TEQ (1) JCHRAR
WFFE R AR be b BEAR 16 B3 AR TS YL HR I g5 PCDD/ Fs i [B]4H2 A2 2 6 I DG 6 A2 780 4 L
BEEME L.

1 SZEG¥P4) ( Experimental section)

1.1 R T

ARG G R N B R PR AL R SR SR d 10 A B iR 5 4l 7E A (B PR BE 1 A
ASBRAER 25 R IRE i, BN BE R R S AR IC SRR RE R B AT S BT .

A ETE RSP RAL R 400 t-d ™ BB R 3.1 t-h ! A AR RS FITTE PE R AE 20 kg-h' | ALIR
TREE R 790—900 C , HHSH P2 58 R 42.38% M bk B SNCR+2FE AR R GEHE P R 5 +1
48 R PIE TOURXIRRE , 7 24 h IWERRUETTO0 T IELERIL S ARES, B MRS RAEERS (] R 120—180 min.

B AR I B R SEBR AL B D 400t d 7 RS 2.9 toh T A ASBRANERHTIE MR IR 18 kg-hT! U
A6 R AR BE Jy 750—900 °C Kl i E 2 & 48 0N 12.8% , /4 L2 Bl SNCR+2F T i i R 58+ M
T+ 4 R RUE T OUAH X Ao, 76 24 h PIARE 00 F SR B S ASFE &, B RE S SR AR ] R
120—180 min.

1.2 REEH

TBENERAE R 55 E KNJ Engineering 23 7] A MS BUAHSCRERL , G US EPA23 bR KAt 7 ik, 43
ASRHAERRESE 120—180 min, RAFKFN 2 m® 2247 @R RME T 2% B AR HI644—2013 J53k, >R A
Tenax-TA 45 & FAE  RAETL A 500 mL-min™" | B {R 5 5 T RESRAER [E) 40 T [F 45
1.3 WA

TRESE RN AR EPA23 J5 ik A T AL B A i o BEAOR (035/ = 2r BE TS (HRGC/HRMS) £
I, RIS JMS800D , FHEFEFF 150 CARFF 1 min, LA 25 Comin SEETHZE 190 CJ, LA 3 Comin " HJE T
% 280 °C, {15 20 min, BAKS: W SCHR'S . RESEEEVE 24 5B ] 1-TEQ BAAfy.

SRR SRRSO 5 | A HT AL #% . GC-ECD ( GC 6890N, 244846, 35 [ ) |, (4,3 4% 4 DB-5(30 mx
0.25 mmx0.25 pm) . FEFE R 240 C KRR 260 C AW IR A 90 CHP-EE 1.0 min, K5 L
10 °Cemin™ R TR ZE 140 °C, FFLL 20 Comin™ R THE R 200 CIHLARF 1.0 min fEGEXT AR 04T
D7 R W TR, B 2 o R B ZE bR BRI SR IR T R W B P SR S —
e, e HE X S AR ARG SR, ISR ME LR UE , A SCEEASR FH AN TR 2 8T, 7 13 DL SOk
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[9] . Tenax-TA 4825 IR, Bi— S A Z SN HAD RS E W) [ICRERLE 90% LA L 474 € 7 2
R, —FACARRAR, AT 73047
ARSCIG R ARTRI L 0, (0 BRI EON 1191 58 .

2 ZEHLHITIE (Results and discussion)

2.1 AR ZRERHE R

ARSI G BT 0 ZWESERE S 3 PR A3, 43 ) A U R P R B ) ORI E N XAD 11 i L0 B Y
S B 2 IR AT, A4S BR AR A 2 S5 A B RESE B A, B B 99% LA LR
SCHY B B R LR Y i 2 SR R R A 1 R AR Be kA R B AR Y 17 A #E PCDD/Fs [
FYUEE AN TEQ e BE WLIE 1. NIEL 1 AT DU Y, 40 A i) W il 4y 32 28 02 2 @ A 2 2R 0 vk iy
(PCDFs) , Hofr it — 2 2 &0 3 F % —ESE (PCDDs ) LS E] 10 £5. 55584 A f-PCDD/Fs HEHT 1
JEVEFY 0.5956—2.2167 ng-Nm™ , B4 4 5 ik 0 1k 0.0543—0.1074 ngl-TEQ -Nm ™, FFA T8 [ 4 i
A TR R ) B HE PR HE (0.1 ngl-TEQ-Nm™ ) ; 54847 B 1) PCDD/Fs HERUH Y 2740.6013—
114.0333 ng-Nm™ , FHE Y Ve BE Y [0 6.3557—22.5132 ngl-TEQ - Nm ™ HF5E IEBH LM G 3R i Ak R b
FE 7 3 o AR S s i Ak R G, W B T A R 3 R P, AR A 2 i v P AR A L R
BB A ) g 5 i A be b B HEBOR RS AT B 5% S Al b R G A Y s PR
[ AR .
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1 BEbel™ A Rl B AY WS4 2 v
Fig:1 Concentraitons and TEQ of PCDD/Fs from A and B

B2 4387 T gEs 17 Fd 3[R R0 A et B 2 nT U B 2,3,4,7,8-PSCDF S i R 2
TREGE[E R Y, TEAERE A B il T #EME 2 R  28.97%—49.42% 1 45.56%—56.23% , [F AT 2,3,
7,8-T4CDD 2,3,4,6,7,8-H6CDF \1,2,3,7,8-P5SCDD 45 [] R AEBEE 2 i oy 1T AR ) LU ). 9
PR T A iy B[R 24 2,3,7,8-T4CDD ZAb, Hoh [R R YTFEAS DAL Th Y o FEAS A AR KA
B B AR M G ] 28 0 7 TR 20 A . Gao 251 BSR4 R R RN R IE [ R ) 0 A ) B
PRI ZE R BE R 540 B3Ry AL R G A5, B T A SCRBE SO AP AL IR Y, W) Ak R GeAH
1o, B by AR A 2 AR I 3, 5% S5 e AHAT.

2.2 MR EARHECREE

S 2 Y BF oY R TR R U T LR B 950 °C |, T B 2 5 0 A 5 ank A b SRR A i EE B
T LI TR A B 3L 10 MEER AR S B, T Wang 251 BF5E R I SR R BA7E T IR
A FERURLY) S e T DL i AR SC AT SR T R SOR & i, BF R R LR LE R S Y
T BB KL T SRR O TR B A RS , A TS, AR L A = B £ Nganai
SRSV R B, SRR SRR R N T A R OK A, SR S 5 I PCDF, S B %5 5 A B PCDD.
E PRUA R A G B e TS 1T SER SR ) A B PCDF, it LAZEAS I Hh 2% IR < RS 5 12 L
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PCDF Ry F.A B WLt bR T —SRTE A Wi (1,2,4- =R 0HG) B & T B &Ez
A1, oAb SR 0 B A R R AR 8 U T B0 4 2, 2 SR MR B AR BT, AL 3 R &
A e FE R AN B 25 U T 3N, e B D, SR (DCB2) Al =& (TrCBz) 7 31 T &R
AW RER 3, B G SRR R TR b SEBAE SR A 4 (1L ] .

A _
100k I (> 346.7,.89-08CDF
100 H I 1> 347389-H7CDF
90T M | ) 34678HICDF
B . sof 234,67 8-H6CDF
S 80 s L I | >3 7389-H6CDF
g g 01 EEE 1236,78-H6CDF
E} s [ B )34 78H6CDF
2 60 2 o0r I 53347 8.PSCDF
g g 50 I |3 78-PSCDF
F |
o < 40l 2378-TACDF
& 40 | A I (>3 467.89-08CDD
~ ~ 30k 1234,6,78H7CDD
3 N | 3789-H6CDD
20 200 123,6,7.8-H6CDD
10k 1234,7.8-H6CDD
L B 3738 PSCDD
0 0 I 373 14CDD
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 1 Sample 2 Sample 3 Sample 4 Sample 5

2 SRR AR B Y 17 R RS R R Y B A
Fig.2 1-TEQ contributions of 17 PCDD/Fs from MSWIs A and B

R ETREIRAELY A FI B A& RE A R AR AR L (ND FOR AR IS FIAE IR )
Table 1 The concentrations of CBzs from stack gas of the.CEB A and B ( ND means not detected )

1,3-CBz 1,4-CBz 1,2-CBz 1,3,5-CBz 1,2,4-CBz 1,2,3-CBz
samplel 2.9115 0.9559 2.1875 7.8507 28.9776 1.2240
sample2 2.4162 1.6257 2:9088 13.0483 45.7165 1.8251
MSWIA/ (pg-Nm™) sample3 2.4664 2.0550 3.1847 12.0245 41.3415 1.7438
sampled 2.1292 0.0249 1.4712 9.8497 35.1891 1.4575
sample5 2.3514 0.8437 2.8161 13.2000 46.7360 1.9536
sample ] 4.9078 3.4621 2.0131 0.5904 2.1640 0.6770
sample2 0.6731 1.3530 0.4660 0.1956 0.6925 0.1868
MSWIB/ (pg-Nm™) sample3 2.8920 9.0609 0.6739 1.2392 2.5731 0.2138
sampled 1.7681 2.4734 1.1511 0.3019 0.8855 0.4517
samples 0.4592 4.6361 0.9478 1.3054 2.2835 0.2175
1,2,4,5-CBz 1,2,3,5-CBz 1,2,3,4CBz  1,2,3,4,5CBz 1,2,3,4,5,6-CBz
samplel 0.0798 0.0241 0.0183 0.0066 0.0495
sample2 0.0935 0.0250 0.0376 0.0135 0.1919
MSWIA/ ( g+ Nm™) sample3 0.0977 0.0315 0.0259 0.0130 0.2438
sample 0.0861 0.0243 0.0164 ND 0.1145
sampleS 0.1228 0.0355 0.0254 0.0028 0.1224
samplel 0.2639 0.1207 0.2212 0.1205 0.0320
sample2 0.0190 0.0310 0.0049 0.0024 0.0136
MSWIB/ ( g-Nm™) sample3 0.0111 0.0245 0.2289 0.1795 0.1389
sampled 0.3183 0.1543 0.2443 0.1414 0.0366
sample5 0.0212 0.0518 0.0238 0.0076 0.0288

2.3 MM
SR A B A A M R AT 2 — S TR A A — A H R UL [ N M ST A
FAE R STDS RGEAF LRSS & , W SRS R L 57 AR A AL & i RESE ML AT T R A ) S 4
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F8.FAE 1996 4, Ghorishi 257 PERBLILLAT St B R MR P S N 2 B, e 17 1, 2- 30K 2, 4- Bk
i PCDD/Fs BB, I T 1,2- 5 AT LIA B APY G4 C RIS S48 4 /9 PCDD/Fs 9 H., AR SEACE
SRR PCDD/Fs [/ 2P0 A tho AR TR], = S0 T A2 s 1 S SR B PCDF™ ik SE A 53 i 1 41
A RN E I IRAATEE MR,
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B3 SEkelt A F B PSR B Y A
Fig.3 Emission of CBzs in A and B

FIRAGETT AT A4 SPSS XA SCRIBIF R B HE 1 T T IRFAAH OC R EGT T RN 1k Rl VA 23, AH DG 53 By
SEHLLER 2 FIEk 3 AR AT LIE H, PCDD/Fs W BEFI TEQ f#7EAH G, KoL SR AL B Y 2 [t A 1R
SR A AH DG, B8 3 HHE DN AH DG M o S R 52 M X T A AR R A B 7 A 1 PR R LA B T S R RS
Wy 22 18] (AR S Lo, R 5T & PRAA PR A PCDD/ Fsof BE 5l TEQ 2[RI A7 ZEAR 3 A AH oMk ] 4 RFE %
A B I A M S e R ) 5 PCDD/Fs Wl TEQ — e ML G 25 51, R LG REL R
T T 1, UL B AR B T, 2 M QIR PR B T 5% & R — SR W [R] 70 S A 4R 5 PCDD/Fs ¥ B
I TEQ ML MEILA TR LS. B iy L SEURIRE 5 TEQ WA BT LA 45 5. A B P I E AR RS
Yy S B2 5 PCDD/Fs YREE RN TEQ Z [IERH 2 B MG 25 0 Ul SRS & Wik BE o 50 5 e
B Wk BE 2 A A 4G Bt M | A ORI IR ARE i AN 2 B B s K, (AU R R
N NS TR AN Wi € 7 a8= 2 S0 LR RN PSS 6

Xof TG B A L I AR S0 ) AT T R AT s ) RS (SO R AR o P ) = SR R A T A R
T ACER RTINS 5 S 5 S G ORR B 2 (B HL A R I 2R 6 Rl i i I R, AR ok T DAAE by 3 B e
W1 Lz B AR Tl i (e A 7E 2 I S AR 21k G W i ok B 3 e DG RS R Pl % Ak PCDD/Fs K
TEQ ¥R , v] LA T A S 3 B8 e bz 47 R — Wi ] 79 0 o 114) 5 L 285 4.

3 4512 ( Conclusion)

(D) ASCORFE T A 5 A 16 SR BRI A R BE B b i WL Is A7 00 WS i HECcRe P, th T B
PIBATAE A L R G Z i ZRESHE R B LB TR E L A S 2 ORI i) F 2
XS A A A T ARG A AR OR Bl 1 WSS HERCHEAR.

()40 T A B Wi B SR HE R, O B L RSk B LT 2L R T =R 24,
WA SR B W vk BE S BRI, SRR AL B W vk B A S8 R 15 fin i s 2

(3) KB T CBz 5 PCDD/Fs Y JEEH TEQ Y & Z [AI A TR RO I L MEAH OV, il ik — etk Il H , 25
T LA R P IR 2R MUl R R $5c 5 AT 3k 0.899. 4 SR SIS TR 1) e 37 T B4R AR it i F
G AR Z R #7508 R TEZA I SRR i e AR I S
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