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Patterns of PCDD/Fs, PCBs and PCNs Homologues in Fly Ash from Cement Kilns

ZHANG Jing> NI Yu-wen; ZHANG Hai-jun, ZHANG Xue-pings 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 PCDD/Fs, PCBs and PCNs in fly ash collected from three types of cement

kilns Cvertical shaft kiln, wet-process rotary kiln and dry-process rotary kiln) and two types of waste incinerators were determined, and the
patterns of homologues and congeners were compared. The results showed that the total TEQ of PCDD/Fs; PCBs and PCNs in cement kiln fly
ash, which were in the range of 4.0-62, 0.069-3.9 and 0.47-2.8 ng*kg™' respectively, were much lower than that of fly ash from waste
incinerators. In cement kiln fly ash; the predominating PCDD/Fs homologues were TCDFs; and the chief 2, 3, 7, 8-PCDD/Fs congeners were
OCDDs 2, 3, 7, 8-TCDF and 1, 2, 3, 4, 6, 7, 8-HpCDF . The patterns of PCBs homologues in cement kiln fly ash were similar to those of
waste incinerators in which TeCB were predominating homologues. PCB77, PCB105, PCB118 were at higher concentrations than other co-polar
PCBs. Different types of cement kiln fly ash presented similar PCNs homologue patterns. The predominant homologues were TeCN, whereas
OcCN were not detected. PCN 66/67 which has dioxin like toxity was the most abundant congener in all fly ash.
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Table 1  Running parameters of three types of cement kilns
KPers B RN /eh ! Bopb o ORI BRARESN BRbdst B
w0 W kA KREG e Mt w0 B Mt Baent! #Eaen! HEREE/C RERE/C EC
TR e 193 119.0 / / / / / / 100 11.0 200 160 1450
WETEs e / / 13.8 9.2 3.0 / / / 17 4.0 120 100 1300
1 5aa fife 3.7 / / / / 0.42 / 9.4 10 1.7 120 85 1 500
25 AR / 25.5 / / / 2.1 3.0 2.8 21 3.0 109 79 1500
3G E R / 23.7 / / / 2.0 2.8 2.6 18 2.8 120 109 1450
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J5E,4.5 ¢ 44% TRALTENR, 0.9 ¢ TEIR, 3 o A R 4R ik
12,6 ¢ To/KERIREH), H] 200 mL 1F CReibkvE, Wik
5y AVB 2 4, o i AR AT CNR B BRI
5.4 g TL/KMIREN, 10.25 g AL, 11 g /KM
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Table 2 GC/MS analytical conditions of PCDD/ Fs, PCBs, PCNs

ZH PCDD/Fs PCBs PCNs
HEFE R/ 280 280 280
SAEEAE Rx2330 (0 m x0.25 mm ID x0.10 pm df)  Rix-5 ms (0 m x0.25 mm ID x0.25 ym df)  Re5 ms (0 m x0.25 mm ID x0.25 ym dif)

90°C(5 min)»25 °C*min~' £ 180°C,

TR AR

3 °C*min "' F| 200°C(25 min)
WA He He
[N e El EI
BT IRIEE/C 260 260
Iy PR =10 000 =5 000
Rl syit] SIM SIM
T REmE/eV 37 37

90°C(2 min)»20 °C *min~" £ 180°C(15 min),
3%C*min~ ' £ 300°C(15 min)

90°C(2 min)»20 °C*min~" F 200°C,3°C *min !
F1] 280°C(5 min),20°C *min~ " ] 300°C

He

EI

260

=5000
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37
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Table 3 Total concentrations and TEQ values of PCDD/Fs, PCBs, PCNs

ZH Tk ke 1 SHUMOLE 2 SHLMGLAT 3 ShUMOLA BT R AT b 3 g
> PCDD/Fs/ngkg ™! 7.347x 100 4.490x 10> 4.179x10°  1.250% 10° 1.062x 10 2.990 x 10° 3.105x 10*
> PCBs/ng kg™ 4.813 x 10° 7.090 x 10 3.364 x 10° 2.515x 10" 4.944x10° 4.298 x 10* 1.835 x 10*
> PCNs/ng*kg™' 1.042x 10" 2.032x10°  8.430x10*>  3.514x10°  5.630x10*>  2.002x 10* 3.679 x 10*
PCDD/Fs & BEPE Y & /ngokg ™! 62 6.4 4.0 13 9.5x10° 1.5x10°
PCBs & #5124 5 /nge kg ! 3.9 6.9x 1072 6.7x107! 9.6x107! 5.2x107! 2.9 x 10? 45
PCNs S 2P 2 & /g kg ™! 2.8 7.6x107! 9.0x 10! 5.9%10°! 4.7x107! 3.2x 107 40
MEEME YR (W-TEQ)/ng kg~ 69 7.2 5.5 14 10.1x 10 1.6x10°
PCDD/Fs X & TEQ TTHk#/ % 90.2 88.5 72.1 93.0 94.0 94.6
PCBs ¥ &2 TEQ Tk %/ % 5.7 1.0 17.3 3.7 2.9 2.8
PCNs % &t TEQ TT#k#/ % 4.1 10.5 10.6 3.3 3.1 2.6
RASHEE K T PCDD/Fs IR IR FE VO I E 4.490 x 10° 50
NN - . £ 40 EE T

~7.347 x 10’ ngekg™' 2 1], % A& T 75 3% & 4% B0l = Wik
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Fig.1 Homologue profiles of PCDD/Fs in fly ash from cement

kilns and waste incinerators
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Table 4  Concentrations of 2, 3,7, 8-PCDD/Fs, Co-PCBs, PCNs in fly ash from cement kilns and waste incinerators
Tk WA VSR 2 ShbEE 3 SHOLE [Rigna/TE RSB

BESY e O e TEQ e TRQ g TEQ g TEQ e THQ g TEQ
grkg ! D g TURRR R TTEE gk TURR Jogrkg ! DS ngrke-! SO ngrke- ! TTHRR
1% 1% 1% 1% 1% 1% 1%
2,3,7,8-1CDD nd 000 nd 000 nd 000 nd 000 nd 0.00 1.584x10° 16.69  75.82 4.98
1,2,3,7,8-PeCDD 10.84 876 1.8 1420 nd 000 nod 000 nd 0.0 679 3.5 190.4 6.26
1,2,3,4,7,8-HxCDD 404 065 nd 000 nd 000 nd  0.00 nd 000 7945 0.8  19.1 1.25
1,2,3,6,7,8-HxCDD 1579 255 339 52 nd 000 nd 000 nd  0.00 1.531x10° 1.61  337.8 2.22
1,2,3,7,8,9-HxCDD 1373 22 24 38 nd 000 nd 000 nd 000 5664 0.0 412 0.03
1,2:3,4,6,7,8-HpCDD 92.2 149 1462 228 8.66 0.62 8.6 2.13 533 041 896x10° 0.9 1.25x10° 0.8l
0CDD 2004 032 43.56  0.68 178.83 127 T77.69  1.92 2473 0.19 1.84x10* 0.19 1.440x10°  0.09
2,3,7,8-TCDF 140.9 2278 19.93 31.07 61.16 43.53 1335 33.00 63.21 49.13 1.194x10* 12.58 2.612x10° 17.17
1,2,3,7,8-PeCDF 61.24 495 618 48 86 3.07 nd  0.00 898 3.49 3.48x10° 1.84 517 1.70
2,3,4,7,8-PeCDF 43.62 3526 1.58 1232 1193 L4 479 5917 102 39.02 6.597x10° 34.76 1.196x10° 39.32
1,2,3,4,7, 8-HxCDF 49.12 7.94 48 756 1126 801 nd  0.00 7.85 6.10 1.101x10* 11.61 1.614x10° 10.61
1,2,3,6,7, 8-HxCDF 342 540 423 660 nd 000 nd  0.00 nd  0.00 4.872x10° 5.13  787.1 5.17
1,2,3,7,8,9-HxCDF 437 071 nd 000 nd 000 nd  0.00 nd  0.00 6.126x10° 6.46 1.039x10°  6.83
2,3,4,6,7,8-HxCDF 312 5.4 479 74 nd 000 nd  0.00 nd  0.00 1.760x10° 1.85  351.3 2.31
1,2,3,4,6,7,8-HpCDF 1042  1.68 2.6 3.5 1481 1.05 152  3.76 12.86 1.00 1.485x10* 1.57 1.52x10° 1.03
1,2,3,4,7,8,9-HpCDF 1095 0.8 152 024 nd 000 nd 000 nd  0.00 2.02x10° 0.2  263.8 0.17
OCDF 38.62 006 1048 016 nd 000 nod 000 6.9  0.05 1.244x10* 0.13 690 0.05

ait 854.6 142 295.3 119.7 140 1.067 x 10° 1.410x 10*
PCB77 28.6 0.6 8.8 129 2942 044 8483 88 66.07 1.27 3.113x10° 0.1l  701.8 0.16
PCB 81 67.26  0.17  1.635 024 4675 0.07 788.4 822 16.04 031 1.63x10° 0.06  216.1 0.05
PCB 126 3782 96.57 0458 66.45 6.3 9473 6.73% 70.22  4.6M4 89.47 2.716x10° 9526  424.6  94.98
PCB 169 5020 128 1,755 25.43 2589 3.89 223 233 195 371 LI1RxI10*° 3.9  176.9 3.96
PCBI0S 80.94 021 11.01  1.60 10.75 0.16 302.4  3.15 48.83 0.94 [.325x10° 0.05  373.9 0.08
PCB 114 13.63  0.17 0915 0.66 1.179 0.09 3078 1.60 4.18 040 676.5  0.12 8.4 0.10
PCBI18 132.5 034 168 245 1558  0.23 401.9 419 124.05 239 1.570x10° 0.06  336.5 0.08
PCBI23 25.02  0.06 1.127 0.16 0.0 0.0 22.1 023 1233 024 384 001 893 0.02
PCB 156 3378 043 2661 1.93 223 0.7 12.87  0.67 9.053 0.87 1.493x10° 0.26  289.3 0.32
PCBIS7 1033 0.13  0.282 0.20 2.117 0.16 3.82 020 2.909 0.28 716 0.13  188.7 0.21
PCB 167 20.97 0.01 2.0 0.03 1.88 0.00 6.401 0.0l 3.266 0.0l  400.5  0.00  107.9 0.00
PCBI89 8775 0.2 132 0.19 1.8 0.2 314 033 0865 0.02 1.288x10° 0.05 204.4 0.05

At 674.7 48.94 77.96 2457 294.16 1.643 x 10* 3.197x 10°
PCN 48 155.7 0.1 12.17  0.03 20.55 0.04 263  0.08 9.01 0.03 3.257x10° 0.02  675.9 0.03
PCN 54 od 000 nod 000 nod 000 nod 000 nd 000 7.8 0.00 3.3 0.00
PCN 63 3.4 251 2338 6.19 13.83  3.07 145 49 nod  0.00 [.I21x10° 7.06 1.353x10° 6.82
PCN 66/67 56 95.89 116 6138 160.3 7118 81.48 55.05 69.43 58.84 5.234x10° 65.86 6.242x10° 62.91
PCN 68 8.91 675 32.69 8.65 2294 5.00 2232 7.5 1443 6.1 1.283x10° 8.07 2.238x10° 11.28
PCN 69 3479 280 2429 642 1551 3.4 1576 532 1025 434 8.86x10° 5.55 1.567x10° 7.9
PCN 71 nd 000 1931 0.2 629 0.00 1211 00l nd 000 2.88x10° 0.0l  556.7 0.01
PCN 73 53.18 6.4 43.57 17.29 51.64 1719 53.33 27.03 48.23 30.66 1.423x10° 13.43 1.462x10° 11.05

it 954.82 271.41 291.06 25.8 151.35 1.055 x 10° 1.410 x 10*

D nd: A
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Fig.2  Homologue profiles of PCBs in fly ash from cement

kilns and waste incinerators
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Fig.3 Homologue profiles of PCNs in fly ash from cement kilns

and waste incinerators
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