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INTRODUCTION 

I t has been found before t h a t Non-ortho PCBs and PCDDs/PCDFs can be analyzed 
s imul taneously by improving alumina column f r a c t i o n a t i o n of PCDDs/PCDFs 
analys is ; and t h a t t h e con t r ibu t ion of the t o x i c i t y of Non-or tho CBs, in the 
exhaus t gas of refuse inc inera t ion , t o t h e 2,3,7,8-TCDD tox i c equiva len t 
concen t r a t i on of PCDDs/PCDFs Is a few pe rcen t . This is no t as high as t h a t in 
f ish and hiunan t i s s u e s ' * ^ . The number of samples was small, however. The PCBs 
p rev ious ly s tudied were t h r e e species of Non-ortho CBs (IUPAC #77, 126, 169), 
which have no ch lo r ine subs t i t u t i on a t the o r t h o pos i t ions . Like Non-ortho CBs, 
Mono-ortho. cop lanar type PCBs (he rea f t e r r e f e r r e d to as Mono-ortho CBs), which 
have one ch lo r ine s u b s t i t u t i o n a t t h e i r o r t h o pos i t ions , have a similar mechanism 
of tox ic response t o t h a t of PCDDs/PCDFs. 2,3,7,8-TCDD t o x i c i t y equiva len t 
f a c t o r s for Mono-ortho CBs have been a l r e a d y p r o p o s e d * as 0.001. In addi t ion 
t o PCDDs/PCDFs and Non-ortho CBs, Mono-ortho CBs a r e a l s o p r e s e n t in exhaust 
gas and f ly ash from municipal waste inc inera t ion . Also, t h e mechanism of 
Non-ortho CBs formation was discussed. 

EXPERIMENTAL METHODS 

After acid t r ea tment and to luene ex t r ac t i on , t h e samples a r e c leaned up with a 
s i l i c a gel column, and then with an alumina column. At th i s poin t , t he column Is 
f r ac t i ona t ed in to : a PCBs f rac t ion (Including Mono-ortho CBs), a Non-prtho CBs 
f rac t ion , and a PCDDs/PCDFs f rac t ion . The alumina column has a 10 mm inside 
diameter and 300 mm length ; and 14 g of n e u t r a l a c t i va t ed alumina was packed In 
t h e tube , and 1 cm of sodium su l f a t e anhydride was loaded on to the alumina. The 
column was e lu t ed with 100 mL of n-hexane conta ining 2% dichloromethane, t o 
y ie ld a f i r s t f r ac t ion ; t h i s was followed by passage of 150 mL of n-hexane, 
conta in ing 5% dichloromethane, t o yield a second f rac t ion; t h i s was followed by 
passage of 150 mL of n-hextme conta ining 50% dichloromethane t o y ie ld a th i rd 
f r ac t ion . Each f r ac t ion was concen t r a t ed to a volume of 100 u L with dry 
n i t rogen gas, to y ie ld a GC/MS a n a l y t i c a l sample. The Mono-ortho CBs s tudied 
a r e the following Isomers: IUPAC #105, 114. 118, 123, 156. 157. 167, and 189, A 
hea t ing experiment on f ly ash vas ca r r i ed out accord ing t o t h e following 
procedure . Smaller ash than 2.8 mm (6.6 mesh) was ground to make i t f iner , and 
used as samples. A q u a r t z tube (1 n x 31.5 mm I.d.) and combustion boa t were 
placed in a t empera ture c o n t r o l l e d e l e c t r i c furnace (±2*C) . Air was supplied 
th rough an ac t iva t ed carbon column, and n i t rogen gas of p u r i t y A (more thiui 
99.999%) was passed th rough an a c t i v a t e d carbon column as well . The following 
experiments hea t ing 8 g of f ly ash from municipal waste inc ine ra t ion were ca r r i ed 
ou t : © 0.5, 2, and 4 hours hea t t r ea tment a t 300*C, with 667 ml/mln a i r flow, © 
0.5, 2, and 4 hours hea t t rea tment a t SOCC, with 667 ml/mln n i t rogen flow, and Q) 
2 hour hea t t rea tment a t 120^D and 500*0, with 667 ml/mln air flow, 
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RESULTS AND DISCUSSION 

Non-ortho CBs, Mono-ortho CBs and PCDDs/PCDFs In the gas and fly ash samples 
from municipal waste Incineration were analyzed quantitatively, and the results 
are shown In Table 1, The PCBs recovery percentage of exhaust gas and fly ash 
were 89,3 and 107,8 %. The results of this quantitative analysis show that the 
to ta l concentrations of Non-ortho CBs and Mono-ortho CBs are at the same level, 
but the toxicity equivalent concentration of Mono-ortho CBs is smaller thtm that 
of Non-ortho CBs. In recent years, Mono-ortho CBs In biological samples have 
been studied; It has been reported that the concentrations of Mono-ortho CBs are 
about two orders of magnitude higher than those of Non-ortho CBs. On the basis 
of these results, i t can be said that the amount of Non-ortho CBs and Mono-ortho 
CBs produced by municipal waste incineration is small compared with the PCB 
toxicity load In biological samples. The number of samples, however, is too 
small to generalized about PCB behavior In municipal waste incineration, and 
very l i t t l e of the PCB formation mechanism Is known. 
Vogg and Stiegiitz"*'"' observed de novo synthesis of dioxins In a heating test of 
fly ash In a municipal waste incinerator, in an oxidizing atmosphere at about 300 
IQ. A similar heating experiment was carried out here, and the results of the 
measurements of Non-ortho CBs and PCDDs/PCDFs are shown In Table 2. The 
remarkable Increase of PCDDs/PCDFs after the heat treatment In 300"C air, which 
s t iegi i tz and others had reported, was not observed. With nitrogen flow the 
decrease was greater than with air flow. The three kinds of Non-ortho CBs 
showed the same behavior as PCDDs/PCDFs. It Is of interest that In this study, 
the concentration of Non-ortho CBs in the 300°C air flow was higher than that in 
the nitrogen flow. In the competitive reaction system between the formation and 
decomposition, the high concentration In the air flow Implies the possibility of 
de novo synthesis, producing Non-ortho CBs as well. Ballschmiter and others 
carried out the identification of PCB Isomers in fly ash from municipal waste 
Incineration, and they clarified that the PCB Isomers are different from that of 
commercial product PCB". They reported that, for i ts formation mechanism, 
dlmerlzatlon of chlorobenzene Is the most acceptable possibility. Stiegiitz and 
others reported that PCDDs/PCDFs are produced in de novo synthesis, and la ter 
they confirmed experimentally that chlorobenzene, chloronaphthalenes and PCBs 
are produced In the same way. A model compound Mg-Al-Slllcate was used, 
activated carbon, KCI and CuCU are added, and through heat treatment In the 300 
•Q air flow, PCBs are produced"". Our results did not show sufficient evidence 
of formation, but they did Imply the possibility of synthesis. 
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Table 1 Non-ortho CBs, Mono-ortho CBs and 2,S,7,8-T4CDD TEQ Concentration 

2,3,7.8-T4CDD 
1, 2.3. 7. 8-P,CDD 
2,3,7.8-8ubstltuted H.CDD 
1,2. S.i. 6, 7,8-H,CDD 
O.CDD 

2,3.7.8-T4CDF 
1,2.S.7.8-P.CDF 
2.3,4.7.8-P,CDF 
2.3.7.8-subsltuted H>CDF 
2,3,7.8-8ubsituted H T C D F 
O.CDF 

PCDDs+FCDFs (TEQ) 
PCDDs+PCDFs(Total) 

Non-ortho CBs IUPAC « 
S.8*.4,4'-T4CB 77 
3.8',4,4',5-P.CB 126 
3.3'.4.4'.5.5'-H,CB 169 

Non-ortho CBs (Total) 
Non-ortho CBs (TEQ) 
Non-ortho CBs (TEQ X) 

Mono-ortho CBs IUPAC » 
2.S.3'.4.4"-P.CB 105 
2.3,4,4'.5-P,CB 114 
2.3'.4.4'.5-P.CB 118 
2', 3.4.4\5-P,CB 123 
2.8,3',4.4'.5-H,CB 186 
2.3.3".4.4'.5"-H.CB 157 
2,3'.4,4',5,5'-H,CB 187 
2.3.3" .4.4'.5.5"-H,CB 189 

Mono-ortho CBs (Total) 
Mono-ortho CBs (TEQ) 
Mono-ortho CBs (TEQ X) 

Other PCBs 
DiCBs 
T.CBs 
T^CBs 
P.CBs 
H.CBs 
H T C B S 
O.CBs 
N.CBs 

Total PCBs 
Non-ortho CBs (percentage) 
Mono-ortho CBs(percentage) 

I-TEF 

1 
0. S 
0. 1 
0,01 
0.001 

0, 1 
0.05 
0.5 
0. 1 
0.01 
0.001 

0,01 
0. 1 
0.05 

0.001 
0.001 
0.001 
0,001 
0.001 
0.001 
0.001 
0.001 

Concent! 

Exhaust gas 
[ng/Ni'l 

1.2 
7. 7 
13 
90 
ISO 

6.5 
17 
17 
55 
87 
38 

23 
itoo 

12 
7. 9 
1.8 

22 
1.0 
4X. 

0.52 
5.2 
0.79 
0.41 
1.6 
4.2 
2.1 
3. 5 

18 
0.018 
0.08X 

53 
102 
142 
59 
30 
29 
16 
13 

466 
SX 
4X 

-atlon 

Fly ash 
[ng/g] 

0.S9 
3.0 
9.6 
26 
26 

1.2 
3.1 
3.2 
10 
13 
5.2 

5.1 
eio 

1.6 
1.3 
0.34 

3.2 
0. 16 
3X 

0.042 
0.35 
0.099 
0.057 
0.24 
0.62 
0.S9 
0.81 

2.6 
0.0026 
0.05X 

S.t 
4,4 
4.7 
3,4 
2.4 
2.4 
2.2 
2,0 

28 
IIX 
9X 
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Table 2 Heat t r e a t n e n t of f ly 

S ,S ' , 4 ,4" -T .CB 
3 , 3 ' . 4 , 4 ' , 5 - P . C B 

3. 3 ' , 4 , 4 ' . 5 . 5'-H.CB 

T o t a l 

T . C D D 
P . C D D 
H , C D D 
H , C D D 
O . C D D 

T o t a l 

T . C D F 
P . C D F 
H . C D F 
H , C D F 
O . C D F 

T o t a l 

Fly Ash 

1.2 
1.3 
0.35 

3.0 

140 
240 
310 
110 

51 

850 

54 
92 

120 
49 
12 

330 

ash froB «un 

Air 300*C 
0.5 hr 

1.1 
1.1 
0,44 

2.6 

190 
240 
230 

82 
26 

770 

66 
81 
65 
24 

3.9 

240 

i c i p a l waste 

Air 300*C 
2.0 hr 

1.0 
0.73 
0.21 

1.9 

120 
140 

87 
21 

4 .1 

370 

57 
51 
26 

5.9 
0.52 

140 

i n c i n e r a t i 

Air 300'C 
4.0 hr 

1.0 
0.5 
0 ,11 

1.6 

83 
72 
35 

8.7 
2.2 

200 

70 
38 
13 

2.5 
0.27 

120 

on (ng/g) 

Air 120*C 
2.0 hr 

1.1 
1.3 
0.53 

2.9 

120 
220 
340 
100 

47 

830 

43 
85 

120 
45 
11 

. 300 

3 , 3 ' , 4 , 4 ' 
3,3 , 4 . 4 ' . 5 

3 , 3 " . 4 . 4 " . 5 , 5 ' 

-T.CB 
-P.CB 
-H.CB 

T o t a l 

T . C D D 
P . C D D 
H . C D D 
H , C D D 
0 , C D D 

T o t a l 

T . C D F 
P . C D F 
H . C D F 
H , C D F 

1 O . C D F 

[ T o t a l 

N, 300*C 
0.5 hr 

0.52 
0.30 
0.085 

0.91 

150 
96 
46 
11 

4.0 

310 

39 
30 
IS 

3.6 
0.67 

86 

N. 300*C 
2.0 hr 

0.30 
0.15 
0.050 

0.50 

94 
45 
19 

6.3 
3.2 

170 

26 
13 

5.4 
2.1 
0.51 

47 

Nl 300*C 
4.0 hr 

0.17 
0.071 
0.023 

0.26 

49 
21 

8.7 
2.5 
0.72 

82 

14 
6.5 
2.5 
0.81 
0. 19 

24 

Air 500*C 
2.0 hr 

< 0.005 
< 0.005 
< 0.005 

< 0.005 

1.5 
1.4 
1. 1 
0.33 
0.70 

5.0 

0.41 
0.39 
0.4$ 
0. 18 
0.11 

1.6 . 

Air 600*0 
gas phase 

< 0.005 
< 0.005 
< O.OOS 

< 0.005 

0.53 
0.37 
0.39 
0.068 
0.061 

1.4 

0.31 
0.18 
0. IS 
0.045 
0.024 

0.71 
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