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1. Introduction. 
Polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) 
can be formed during combustion processes, e.g. municipal solid waste (MSW) incineration. 
Recently, reports have appeared on the presence of non-ortho and mono-ortho substituted 
polychlorobiphenyls (PCBs) and polychloronaphthalenes (PCNs) during MSW 
incineration^'^'. 
Commercial mixtures of PCBs have been synthesised by the chlorination of biphenyl and 
used in a wide variety of applications. There are 209 possible congeners and more than 100 
have been found in commercial PCB preparations (e.g. Kanechlor, Aroclor). Japanese com
mercial PCB samples contain approximately 0.1-0.8% non-ort/ioPCBs, with commercial 
samples in the U.S.A. containing 0.3-0.6% non-orf/7oPCBs^'. 
Previously an all congener specific, HRGC/HRMS analytical method for PCBs with HPLC 
clean-up was established*'. This method has been used to monitor PCB levels and distri
butions in MSW samples (both gaseous and particulate phases). The results indicate that, in 
such samples, the relatively toxic non-or/ho and mono-ortrto PCBs predominate. 
Model experiments were also performed in the laboratory by heating biphenyl in the pres
ence of HCI and monitoring the formation of PCBs. This paper focuses on the characterisa
tion of PCBs formed during thermal processes. Data for environmental air is also shown, and 
the possible sources of PCB in the air samples are discussed. 

2. Materials and Methods. 
The HRGC/HRMS method, including sample clean-up, is as previously described"'' Assign
ment of PCB congeners was based upon previously published data^'. 
MSW incinerators were sampled using standard procedures for PCDD/PCDF analysis^'. 
Model experiments on the chlorination of biphenyl were performed on an Al203/Si02 support 
using a gas flow composition resembling that found during MSW incineration. 

3. Results and Discussion. 
Table 1 shows the major PCB congeners identified in samples from "thermal processes" 
(MSW incineration and model experiments) compared to those in a commercial PCB 
sample. Immediately noticeable is the tendency towards mefa- and para- substituted PCBs 
in the "thermal processes" data, in comparison to the ortho- and para- substitution pattern for 
the commercial PCB sample. 
Figure 1 shows the data for the relative abundances of non-ortho, and mono-ortho plus 
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Table 1. Predominant PCB Congeners Observed in Samples from Thermal Processes (MSW Incineration and 

Pyrolysis Experiments) and in Commercial PCB (Kanechlor). 

Chlorine 

No. 

Cl, 

Cb 

CI3 

CU 

CIs 

Cle 

CI7 

Cip 

Clg 

Thermal Processes 

3- 4- > 2-
(#2) (#3) (#1) 

3 4 - » 35- 33'- 44'-
(#12) (#14) (#11) (#15) 

233- /2 '34- 345- 33'4- 344'-
(#20) (#33) (#38) (#35) (#37) 

33'44'- 2344-/233'4'- 33-45- 33'45-- 344'5- 2346-
11)77) (#60) (#56) (S78) («I9) (181) (#64) 

33'44'5- 233'44'-/33'455'-
(Slifi) (#105) (#127) 

233'46- 2344'5- 2'33'45-
(#110) (#1141 (#122) 

23 '44 '5 -^ 233 '4 '5 - /233 '45 ' - ^ 

(tufi) Huflz) m m 
22'33'4-

(#82) 

33'44'55'- 233'44'5- 22'3445'- 2 3 3 4 4 6 - 233'44'5-
(#169) (#156) (#138) (#158) (#157) 

22'34'5'6- 23'44'55'-
(#149) (ftlfiZ) 

Commercial PCB (Kanechlor) 

2- 4- » 3-
(#1) (#3) (#2) 

2 4 - / 2 3 - » 2 2 - / 2 6 - 44'- 23'-
(#8) (#5) (#4) (#10) (#15) (#6) 

24'5. 244'- 225- 234 - > 22'3-/24'6- > 234'. 
(#31) (#28) (#18) (#33) (#16) (#32) (#22) 

22'55'- 23'4'5-2344- > 22-45'- 22'35- 234'6- 2445-
(#52) (#70) (#66) (#49) (#44) (#64) (#74) 

2344'-/233'4'-
(#60) (#56) 

2334'6- 22'455'- 22'35'6- 23'44'5-
(#110) (#101) (#95) (#1181 

233'44'55'- 22'33'44'5- 233'4456- > 233'44'5'6-
(#189) (#170) (#190) (#191) 

22'344'55'6-/22'33'44'5'6-
(#203) (#196) 

22'33'44'55'-
(#194) 

233'44'55'6-
(#205) 

22'33'44'55'6-
(#206) 

22'34-5'6- 22'44'55'- 22'344'5-
(#149) (#153) (#138) 

22'344'55'- 22'34'556- 2233456'- 22'33'566'- 2233'44'5-
(#180) (#187) (#174) (#179) (#170) 

22'33'45'66'- 22'344'55'6y22'33'44'5'6- 22'33'44'55'-
(#199) (#203) (#196) (#194) 

22'33'44'55'6-
(#206) 

> 

> 

IUPAC Number for 
each congener given 
in brackets below. 

" / " Indicates isomers 
unresolved under GC 
conditions used. 

Monoortho and non-
ortho congeners with 
>Cl3 highlighted. 
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Figure 1. Relative Abundances of Non-ortho and Mono-ortho 
PCBs in Air Samples, MSW Samples and a Commercial Sample. 
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Each congener identified by IUPAC number. 
* Indicates a co-planar PCB. 
Data is % relative abundance for each congener compared to total abundance for its congener group. 

Figure 2. Relative Abundances of Individual Non-ortho and Mono-ortho PCB 
Congeners in Air Samples, MSW Samples and a Commercial Sample. 
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non-ortho, expressed as a percentage of total PCBs, for various samples. Air samples were 
taken at a number of different city locations in Japan, and each MSW sample (either fly ash 
or flue gas) came from a different site. Thus, it is assumed that the data are "average" data, 
and reflect a general trend, rather than a specific case for one incinerator or one site. 
Both MSW sample types (flue gas and fly ash: averaged data from 10 and 20 samples, 
respectively) exhibit higher relative abundances of both non-ortho and mono-ortho PCBs 
when compared to the commercial PCB sample. Non-ortho and mono-ortho PCB relative 
abundances in air (both gas and particulate: averaged data from 5 samples) are interme
diate between the levels seen for the MSW samples and the commercial PCB mixture. 
Figure 2 is a more detailed analysis of the PCB composition for the same samples. Levels 
of individual non-ortho and mono-ortho PCBs are presented for tetra- through to hepta
chlorobiphenyls, encompassing the congeners having the highest toxicity. Apart from PCB 
isomers #118 and #105 (IUPAC numbers), levels of non-ortho and mono-ortho PCBs are 
relatively low in the commercial PCB sample. The levels of non-ortho and mono-ortho 
PCBs are relatively high in the MSW samples. Data from the laboratory experiment, in 
which biphenyl was subjected to conditions similar to those present during MSW incinera
tion, produced a profile similar to that seen for MSW samples. 

Although these data indicate that non-ortho and mono-ortho PCBs appear to be formed in 
higher proportions during "thermal processes" than seen in commercial PCB samples, past 
contamination by commercial PCBs possibly accounts for much of the non-ortho and 
mono-ortho PCBs now present in the environment. However, it is possible that, even as 
total PCB levels decrease, the proportion of non-ortho and mono-ortho PCBs in ambient air 
may actually increase due to contributions from "thermal processes", such as vehicle ex
hausts, MSW incineration and other combustion processes. 
Continued monitoring of environmental samples is required to further define the contribu
tion of combustion processes to the levels of non-ortho, mono-ortho, and total PCBs in the 
environment. 

4. References. 
1. Miyata, H., Aozasa, 0., Mase, Y., Ohta, S., Khono, S. Asada, S. Real Situation on Emission 
of PCDDs, PCDFs, and Non-ortho Chlorine Substituted Coplanar PCBs via Flue Gas from Ur
ban Incinerators in Japan. (1993). Dioxin '93 Extended Abstracts: Organohalogen 
Compounds, 11, 253 -256. 
2. Imagawa, T., Yamashita, N., Miyazaki, A. Isomer Specific Analysis of Tetra- and Pentachlo
ronaphthalenes in Fly Ash and Halowax (1993). Journal ot Environmental Chemistry, 3, 
221-230 
3. Kannan, N., Tanabe, S., Wakimoto, T., Tatsukama, K. A Simple Method tor Determiningg 
Non-ortho substituted PCBs in Kanechlors, Arachlors and Environmental Samples (1987). 
Chemosphere, 16, 1631-1634. 
4. Takasuga, T., Ohi, E., Inoue, T. Complete Isolation and Determination of Mono-ortho and 
Non-ortho Substituted PCBs and PCDDs/PCDFs by HPLC Porous Graphitic Carbon with 
HRGC/HRMS (1993). Dioxin '93 Extended Abstracts: Organohalogen Compounds, 11, 101 
-104. 
5. Schulz, D., Petrick, G., Duinker, J. Complete Characterisation ot Polychlorinated Biphenyl 
Congeners in Commercial Arachlor and Clophen Mixtures by Multidimensional Gas 
Chromatography-Electron Capture Detection (1989). Environ. Sd. TechnoL, 23, 852-859. 
6.Takasuga, T., Inoue, T., Ohi, E. Evaluation of a High-resolution GC/High-resolution MS 
Method for the Determination of Dioxin and Related Compounds (1992). Journal of Environ
mental Chemistry, 2, 599-613. 

ORGANOHALOGEN COMPOUNDS 
176 Vol.19 (1994) 


