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It has been reported by lany researchers that flyash effluents froa Incinerators 

contain polychlorinated dibenzo-p-dioxins (PCDDs), dlbenzofurans(PCDFs) and polychlo

rinated arontatio hydrocarbons (PCAHs), which display widely varying toxicities. 

A considerable voluie of Inforiation about quantitative relationships between 

structures and toxicities has been accunulated on those coipounids in the last two 

dacades. 

Recently, deteriinaticn of polycyclic aronatlc hydrocarbons and chlorinated ones 

In flyash sanples froi coal-burning burners of various gas works and froH chinnies of 

coal-burning steas-engines of loconotives, was performed with gas chroiiatography(GC) 

and gas-chroBatograph-iias-spectroiietry(GC-MS) and the toxicities of PAHs In petroleua 

pollutants were coaiunicated, 

Isoner specific analysis of chlorinated dioxins and other ooapounds by GC and GC 

-MS using polyneric liquid crystal stationary phases was published and a paper on 

nechanlsns of formation of PCDDs and PCDFs in petroleua refining process was read at 

the Third International Syaposiua on Envlronaental Research Topics, In Phenix. 

This paper deals with results of a co-operative research work on analysis of 

isoaers In PCDDs and PCDFs, and of hoaologues in PCAHs, of flyash saaples froa Incin

erators and coal-burners, with GC and GC-MS techniques, and deals with a shape selec-
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tive aspect to chroaatographic retention behaviors and to geoaetrical and positional 

structures of those isoaers. 

Flyash saaples were obtained froa the Hiroshima and MachIda Incinerators in 

Japan, and froa the coal-gas producing works and chimnies of the coal-burning steam-

engine locoaotives in China. 

GC and GC-MS analyses were perforaed with a Shiaadzu GC and Shiaadzu-Krato GC-MS 

in Hiroshiaa, with a Hewlett-Packard HP-5880A GC-FID, HP-5887A EI-Cl-MS, and HP-5890/ 

5970 MSD GC-EISIH-MS in Waterloo, and with a Varian 3700 GC-FlD and Finigan MAT 312 

MS in Dalian. 

The aaounts of polychlorobenzenes(PCBs), polychlorophenols(PCPs), PCDDs and 

PCDFs contained in flyash saaples froa the Machlda incinerators were determined to be 

that hexa-, hepta- and octa- chlorodlbenzo-p-dIoxIns(H6CDDs, H7CDDs and OCDD respec

tively) and dibenzofurans(H6CDFs, H7CDFs, and OCDF respectively) p r e s e n t e d in the all 

saaples. However, the aaounts of tetra- and penta- chlorinated Isomers(T4CDDs, 

T5CDDs. T4CDFS, and T5CDFs) were in the very low levels of 0.1 to 9 ng/g of flyash in 

aost of the Machlda saaples. 

It should be brought notice to us that the levels of the relatively more toxic 

tetra- and penta- chlorinated Isoaers as well as other PCDD and PCDF isomers in all 

these saaples are extreaely low, contrary to those of the flyash samples from the 

Onatrio Incinerators. 

The aaounts of PCDDs and PCDFs contained in flyash samples fron the Hiroshima 

incinerators were deteralned aore or less in all samples, and T4CDD, T4CDF, T5CDD, 

T5CDF isomers were in not so low levels in most of the Hiroshima flyash sanples. 

About 130 isoaeric coapounds of PCDDs and PCDFs from the Hiroshima and Machlda 

incinerators were analyzed and coapared to those found in the flyash samples from the 

Kyoto, Ontario, Paris and Oslo Incinerators. 

The garbage treataent prior to incineration in Hachida Is dlffernet froa the 

Ontario incinators. Only the conbustible materials were incinerated In the Machlda 

incinerators which are fluidized bed design with calcium-oxide injection into the 

bed. Mechanisms of foraation of PCDDs and PCDFs are discussed froa these results. 

Many chlorinated aliphatic and aromatic hydrocarbons in the flyash of the coal-

burning works in China were found in the all samples. About 130 PCAHs of the Dalian 

works were deterained. The results of the flyash samples from the gas works showed 

that H7CDDs, HTCDFs, OCDD and OCDF presented in the very low levels, as shown in 

Table I. 

However, tetra- to hexa- chlorinated isomers were either not observed or were in 

the negligibly detected levels. Isomer specific analyses of those flyash samples of 
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Table 1 Amounts of PCDDs and PCDFs In Flyash fron Gas Works In Dalian 

compound pg/g flyash 

H4CDDs-H6CDDs 

H4CDFs-HeCDFs 

total HTCDDs 

1,2.3,4,6,7,8-H7CDD 

total H7CDFS 

l,2,3,4,e,7,8-H7CDF 

1.2,3,4,7,8,9-H7CDF 

OCDD 

OCDF 

nd 

nd 

68.5 

29.9 

313,4 

58.2 

49.1 

69.3 

562.2 

«nd:not detected 

Table 11 Calculated L/B Ratios of Dioxins 

compound length(L)A breadth(B) A L/P ratio 
dlbenzo-p-dloxin 

1,2.3,4-T4CDD 

2.3.7.8-T4CDD 

OCDD 

11.511 

12.411 

13.621 

13.742 

7.403 

8.086 

7.367 

9.758 

1.555 

1.538 

1.849 

1.408 

D i o x i n 
dibenzo-p-dioxin 

2, 3, 7, 8-T4CDD 

C i ' ' ^ ' ^ = % / ^ n ' - ' ' ' ^ ^ ^ C i 

0 

1, 2, 3, 4-T4CDD 
.0 • ^ ' 

Octa-(OCDD) 
Cl _̂ c. 

75 
Organohalogen Compounds (1992) Volume 8



ANA 
Session 4 

the gas works showed the presence of 29.9pg of 1,2,3,4,6,7,8- H7CDD, 58.2 pg of 1.2, 

3,4,6,7,8-H7CDF, and 49.Ipg of 1,2,3,4,7,8,9-H7CDF. It was very interested in that 

no detection of 4,5,6,7,8-CDD and 4,5,6,7,8-CDF resulted in all flyash sanples from 

the coal-burning steaa-engines of locoaotives. 

Liquid crystal stationary phases have been observed to provide a shape selective 

aspect to chroaatographic separation such that geometrical and positional Isomers 

eluted in an order that approximately follows thier length-to-breadth ratio(L/B) and 

planarity. The L/B ratios of dIbenzo-p-dioxin, 1,2,3,4-T4CDD, 2,3,7,8-T4CDD and OCDD 

were calculated with a Sony-Tektronix coaputor, as shown in Table 11. 

The chroaatographic behaviors of the separation on columns using newly synthe

sized liquid crystals as a stationary phase, were discussed with the GC retention 

behaviors and graphical shapes in the following figures of the structures of the four 

coapounds. 
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