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Patterns of PCDD/Fs, PCBs and PCNs Homologues in Fly Ash from Cement Kilns
ZHANG Jing, NI Yuwen, ZHANG Hai- jun, ZHANG Xue- ping, ZHANG Qing, CHEN Ji+ping
( Dalian Institute of Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China)

Abstract: The concentrations and toxic equivalent (TEQ) values of PCDIY Fs, PCBs and P(Ns in fly ash collected from three types of cement
kilns ( vertical shaft kiln, wet process wtary kiln and dry- process rotary kiln) and o types of waste incinerators were determined, and the
patterns of homologues and congeners were compared. The results showed that the total TEQ of PCDIYFs, PCBs and PCNs in cement kiln fly
ash,which were in the range of 4 062, 0.0693.9 and 0 472 8 ng*kg™ ' respectively, were much lower than that of fly ash from waste
incinerators. In cement kiln fly ash, the predominating PCDIY Fs homologues were TCDFs, and the chief 2, 3, 7, 8 PCDIJ Fs congeners were
OCDD, 2, 3, 7, & TCDF and 1, 2, 3, 4, 6, 7, &HpCDF. The pattems of PCBs homologues in cement kiln fly ash were similar to those of
waste incinerators in which T eCB were predominating homologues. PCB77, PCB105, PCB118 were at higher concentrations than other ce- polar
PCBs. Different types of cement kiln fly ash preseried similar PCNs homologue pattems. The predominant homologues were TeCN, whereas
OcCN were not detected. PCN 6§ 67 which has dioxin like toxity was the most abundant congener i all fly ash.
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Table 1 Running parameters of three types of cement kilns
/toh™ !
[eh ! e /c jc ¢
19.3 119.0 / / / / / / 100 110 200 160 1450
/ / 13.8 9.2 30 / / / 17 40 120 100 1300
3.7 / / / / 0.42 / 9.4 10 17 120 85 1 500
2 / 25.5 / / / 2.1 30 2.8 21 30 109 79 1 500
/ 23.7 / / / 2.0 28 2.6 18 28 120 109 1450
I~ 2 )
g, C PCDIYFs PCBs PCNs  ( , PCDD/Fs PCBs  PCNs
Cambridge ) 10 HL, o ,
24 h. R , 10 UL,
( :10 g ,09¢ 1.2
,4.5 g 44% ,09¢ ,3¢g (Agilent
,06¢g ), 200 mL , 680N, ) ( Autospec, Micromass,
AB2 | ( ) PCDIY Fs, PCBs
:5.4¢ ,10.25 ¢ ,11g PCNs, 2.
2 PCDDY Fs PCBs  PCNs
Table2 G MS analytical conditions of PCDD/ Fs, PCBs, PCNs
PCDDY Fs PCBs PCNs
/C 28 280 280
Roe2330 (00m x025mm ID X0 10Mm df) Rte5ms (60m X 025 mm ID x025Hm df) RiteS5Sms (0 m X 025 mmID X Q 25 Hm df)
90°C(5 min) ,25 Comir ' 180C, 0°C(2min),20 Crmin™!  180C(15miny,  90C(2min),20 Crmin™ ' T0°C,3Co min”!
3 Comin~!  20C(25min) 3Cemin~ ' 300°C(15 min) 20°C(Smin),20C*min" ' 300C
He He He
El EI EI
/C 260 260 260
210000 25 000 25 000
SIM SIM SIM
/eV 37 37 37
1.3 (QA/QC) 5
: 16 “C 21 PCDD/Fs
2, 3, 7, & PCDD/Fs 14 “c PCDD/
PCBs 6 "C  PNs Fs PCBs  PCNs 3,
39% ~ 139% 30% ~ 150%  22% ~ 138% , PCDD/Fs  PCBs (TEQ)
PCDD/Fs PCBs  PCNs, (TEF) . , PCNs
[7] REF
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Table 3 Total concentrations and TEQ values of PCDIY Fs, PCBs, PCNs
1 2 3
> PCDI Fy nge kg™ ! 7TUIxIG 440x 1 4 179x 10°  1250x10°  1.062x 16 2.990x 10° 3. 105% 10°
> PCBY ng* kg™ ! 4.813x 160 7.000x 18 3364x 10° 2 515x10*  4.944x 16 4.298x 10* 1.835x 10°
> PCNe ngrkg ! LOo2x 100 202x 100 8430x 100 3514x10°  5630x 1 2.02x 10°  3.679x 10*
PCDIFs /gt kg ! 62 6.4 4.0 13 Q5% 10° L 5% 10°
P(CBs /nge kg™ ! 3.9 691002 67x100"  9.6x100"  s52x10! 29x1¢° 4
PCNs /ng kg ! 2.8 7.6x 107! 90x 107! 5.9x 107! 4.7x 107! 32x 10 40
(W-TEQ)/ ng* kg™ ! 69 7.2 55 14 10. 1x 10 L 6x103
PCDDFs  TEQ /% 90.2 88 5 72.1 93 0 94 0 94 6
PCBs  TEQ /% 5.7 1.0 17.3 3.7 29 28
PCNs  TEQ / % 41 105 10.6 3.3 31 26
3PCDD/_Fls 4.490% 10° s 2w ==
~ 1.347 % }0 ng'{cgl , 5 g;g_ H_‘ =
3. 105_]>< 10 ngr ke ) (2. 90 x 10 g_,g_ﬁ . o
ng*kg ). ,
PCDDY Fs ,
s PCDD/Fs
1
PCDIY Fs . >
PCDD/Fs
TCDFs  PeCDFs,
1 PCDIY Fs
TCDFs,  PeCDFs . , Fig. 1 Homologue profiles of PCDDY Fs in fly ash from canert
PCDD/ Fs kilns and waste incinerators
, TCDFs HpCDF, DE NOVO . Karstensen'”
PeCDFs HxCDF  HpCDF. 2000 .
2, 3,7, & PCDD/Fs PCBs () ,
PCNs 4, P ( PCDD)
: 2,3,7,8 (PCDF)
0OCDD 2, 3, 7, 8 TCDF PCDIY Fs ,
1,2,3,4,6,7,8&HpCDF, Karstensen s
TCDF . 2,3,4,7, 8PeCDF 1, 2, , 200~ 400°C , PCDDY Fs
3,4,7,8HxCDF 1,2,3,4,6,7, HpCDF  OCDF.
i DE NOVO =
PCDF  PCDD > 1, 2.2 PCBs
59 Abad ™ 3 ,
, PCDF 2 PCBs
PCDD : TCDF , 2.515x 10" ng*kg ',
PeCDF. PCDIY Fs PCBs , PCBs
(8 PCDF ( THQ . )  0%ngks
PCOD, ., - PeCDF, HxCDF (45 ng*ke )
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-1
(3-9ng°kg ), 2 . ;
’ PCBS
PCBs s
2 > 40% .
PCBs s , R 1
PCBs " > 70%,
s . PCBs , 4
4 2,3,7,8PCDD Fs PCBs PCNs
Table4 Concentrations of 2, 3,7, 8 PCDD/ Fs, Co- PCBs, PCNs in fly ash from cement kilns and waste incinerat ors
1 2 3
TH) TEQ TH) TEQ TEQ TH) TEQ
o | -1 -1 ke ! -1 ke~ ! ke !

/ng*kg /% / ng kg /% / ng kg % /ng*kg 1% /ng kg /% [ ng kg /% I ng kg /%

2,3,7,8TCDD nd Q00 nd 0. 00 nd Q00 nd 0.00 nd 000 1584x10° 1669 75 82 4.98
1,2,3,7,8&Pe(D 10.84 876 1.82 14.20 nd Q00 nd 0.00 nd Q00 679 358 190.4 6. 26
1,2, 3,4,7, $ HixCDD 4.4 065 nd 0. 00 nd Q00 nd 0.00 nd Q00 794 5 a4 190. 1 1.25
1,2, 3,6,7, &HCDD 1579 255 3.39 5.29 nd Q00 nd 0.00 nd 000 1531x10° 16l 337.8 2.22
1,2, 3,7,8, $HCDD 13.73 222 2.44 3. 81 nd Q00 nd 0.00 nd Q00 5 664 Q01 412 0. 03
1,2, 3,4,6, 7,8HpCDD 9.2 149 1462 228 866 06 862 213 533 04 893%6x10° 09% 1225x10° 0.8l
oD 200. 4 032 43.56 0.68 178 83 .27 7769 1.92 24.73 019 1.8Mx 10" Q19 1 440x 10° 0. 09

2,3, 7,&TCDF

1,2, 3,7,8Pe(DF
2,3,4,7,8Pe(DF
1,2, 3,4,7, & HxCDF
1,2, 3,6,7, &HxCDF
1,2, 3,7,8, - HxCDF

140.9 2278 19.93 31.07 6L16 4353 1335 33.00 63.21 4913 | iux 10 1258 2612x 10 1717
61.24 495 618 4.8 863 307 nd  0.00 898 349 34g6x 107 L% 517 1.70
3.6 352 158 1232 1193 4244 479 59.17 10.2 396 6597x 10° 3476 L 196x 10> 39.32
49.12 79 485 7.5 1.26 80l nd 000 7.8 610 1 101x10* 1161 1 6l4x 10> 1061
3B.42 540 423 660 nd 000 nd 000 nd 000 482x1° 513 7871 5
437 071 nd 000 nd 000 nd 000 nd Q00 6126x10° 646 1039x10° 6. 83
3.2 504 479 7.47 nd 000 nd 000 nd Q00 L760x10® 18 3513 2

3

0

0

2,3,4,6,7, $HxCDF .31
1,2, 3,4,6, 7,8 HpCDF 1042 168 226 .52 1481 L05 152 3.76  12.86 100 1485x 10* 157 1562x10°  1.03
1.2, 34,7, 8, 9-HpCDF 1095 018 152 0.24 nd 000 nd 0.00 nd 000 2062x10° 022  263.8 0. 17
0MF 8.6 006 10.48 . 16 nd 000 nd 0.00 6.9 005 L2#x10" 013 690 0. 05
854. 6 142 2953 119.7 140 1. 067x 10° 1. 410x 10*
PCB77 238.6 061 889 1.29 2042 04 8483 8.85 66.07 127 3113x10° Q11 7018 0. 16
PCB 81 67.26 017 1.635 0.24 4675 007 7884 822 16.04 031 163x10° 006  216.1 0. 05
PCB 126 37.82 9657 0458 66.45 63 U3 6734 70.22 464 8947 2716x10° 9526  424.6 9. 98
PCB 169 5021 128 1755 25.43 2580 38 2234 233 1925 371 1112x10° 39  176.9 3.9
PCBI05 80.94 021 1.0l 160 1075 016 3024 315 48.83 094 135x10° Q05 3739 0. 08
PCB 114 13.63 017 0915 0.66 1179 009 3078 160 418 040 6765 012 87.4 0. 10
PCBI118 132.5 034 1688 2.45 1558 023 4019 419 12405 239 1570x10° 006  336.5 0. 08
PCBI23 25.02 006 1.127 0.16 000 000 221 0.23 1233 024 3844 001 893 0. 02
PCB 156 33.78 043 2661 1.93 223 017 1287 0.67 9.053 08 1493x10° 026  289.3 0.32
PCBI157 10.33 013 028 020 2117 0l6 382 020 299 028 716 013 188.7 0.21
PCB 167 20.97 001 20001 0.03 1.88 000 6401 001 3.266 001 4005 Q00 107.9 0. 00
PCBI189 8.775 002 132 0.19 1283 00 3.4 0.33  0.85 002 1288x10° 005  204.4 0. 05
674.7 48.94 71.9 2457 294. 16 L 643x 10* 3197x 103
PCN 48 155.7 Q11 1217 0.03 205 004 263 0.08 9.01 003 3257x10° 002  675.9 0. 03
PCN 54 nd 000 nd  0.00 nd 000 nd 0.00 nd 000 7.86 000 332 0. 00
PCN 63 3.24 251 2338 619 138 307 145 4.90 nd 000 LI21x10* 706 13%3x10° 6. 82
PCN 66 67 596 9589 116 61.38 1603 7118 8L48 55.05 69.43 588 5234x 10 658 6242x10° 6291
PCN 68 8.91 675 3269 865 29 509 23 754 4.4 611 1283x10* 807 2238x10° 11.28
PCN 69 34.79 28 2429 6.4 1551 34 1576 532 10.25 434 886x10° 555 157x10°  7.90
PCN71 nd Q00 1931 0.02 62 000 1211 0.0l nd 000 288x10° Q01  55.7 0. 01
PCN73 53.18 642 43.57 17.29 5L 1719 5333 27.03 48.23 3066 1423x 100 1343 14@x 100 11.05

954. 82 271.41 291. 06 225 8 151. 35 1. 055% 10° 1 410x 10*

1) nd:
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Fig. 2 Homologue profiles of PCBs in fly ash from cement PCNs PCNs
kilns and waste incinerators [5]
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PCNs 5.630 x
10~ 1.042x 10 ngrkg =, ( 3,
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2 2 27 3’ 7’ 8
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