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Introduction 
In the official Japanese method, the toxic equivalent quantities (TEQs) of dioxins such as polychlorinated dibenzo-p-dioxins (PCDDs), 
polychlorinated dibenzofurans (PCDFs), and coplanar polychlorinated biphenyls (Co-PCBs) are evaluated by determining isomer 
concentrations with toxic equivalency factors (TEFs). The analysis of dioxins using high-resolution gas chromatography / high-
resolution mass spectrometry (HRGC/HRMS) is expensive, time-consuming, and requires highly trained instrument operators. For 
this reason, a quick, inexpensive, and simple method to analyze dioxins is in demand. Recently, statistical analyses have indicated that 
PCDD/DF congeners and some precursors show promising correlations with TEQ values, suggesting that these compounds can act 

as TEQ indicators. 1 - 4 TEQ indicators are useful for estimating TEQ values. In these studies, only the congener total values and/or 
concentrations of 2,3,7,8-substituted compounds were used. We have been investigating TEQ indicators of dioxins in ambient air and 

exhaust gas using all congeners, including non-2,3,7,8-substituted compounds seldom evaluated until now.5 In this work, common 
TEQ indicators of dioxins were investigated from all congeners, including the non -2,3,7,8-substituted compounds, in environmental 
mediums such as exhaust gas, ambient air, soil, sediment, and river water, in order to assess the applicability of these indicators to a 
simplified method of dioxin analysis. 

Materials and Methods 

Environmental medium samples, including exhaust gas, ambient air, soil, sediment and river water were collected in Fukuoka prefecture, 

Japan from 2000 to 2003. Dioxins in each medium sample were measured with the Japanese Industrial Standards (JIS)6 - 7 and the 
measurement manual of the Ministry of the Environment. PCDDs, PCDFs and Co-PCBs were analyzed by HRGC/HRMS (Agilent 

Technology, USA, 6890 series /Micromass, UK, Autospec-Ultima) above 10,000 resolution with a SP-2331 capillary column (Supelco, 

USA, 60m×0.25mm i.d. with 0.20μm film thickness) for a Tetra- to Penta- PCDDs/DFs, BPX-DXN capillary column (SGE, Australia, 

60m×0.25mm i.d.) for Hexa- to Octa- PCDDs/DFs and Non-ortho-Co-PCBs, and HT8-PCB (Kanto Chemical, Japan, 60m×0.25mm 

i.d.) for Mono-ortho-Co-PCBs. The correlation for the TEQ value was analyzed on isomers of the Tetra- to Octa- PCDDs/DFs that 

were separated by these columns and Non-/Mono-ortho-Co-PCBs. The data consisted of a total of 128 parameters, including isomer 

specific data (118 parameters) and congeners concentration (10 parameters). The samples of 38 exhaust gases, 144 ambient airs, 187 

soils, 105 sediments and 114 river waters were used. The TEQ value of dioxins of each medium sample used in this study are shown in 

Table 1. 
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Table 2 summarizes the results of the correlation analysis between the isomer concentration and the TEQ value for each medium. The 
results of the enumeration of the isomer with the highest correlation coefficient are shown in Table 3 for each medium. Using Factor A 
in Table 3, we estimated the TEQ value by multiplying the isomer concentration (WHO-TEQ = A x Isomer concentration). From 
Table 2 and Table 3, it was confirmed that some of the isomers correlate highly with TEQ value. In exhaust gas, ambient air, and soil, 
the correlation coefficient between the TEQ value and the isomer concentration was high for the isomers of HxCDFs and PeCDFs. In 
sediment, the correlation coefficient was high for almost all of the isomers of PCDFs.  In river water, the correlation coefficient was 
lower than in the other mediums, but it was high for almost all of the isomers of Hepta - to Octa-PCDDs/DFs. In various mediiums, 
good correlations between the TEQ value and the isomer concentration were observed in 1,2,4,6,9- / 1,2,6,7,8-PeCDF, 
1,2,3,4,6,8-HxCDF, 1,2,4,6,7,8-HxCDF, and 1,2,3,4,6,7-HxCDF in spite of the non-2,3,7,8-substituted compounds. Table 3 
shows that 1,2,3,6,7,8-HxCDF, 1,2,4,6,9- / 1,2,6,7,8-PeCDF, 1,2,3,4,6,8-HxCDF, 1,2,3,4,7,8- / 1,2,3,4,7,9-HxCDF, and 
2,3,4,7,8-PeCDF are common TEQ indicators of a simple dioxin analysis in most of the environmental medium samples. 
In all mediums, even the non-2,3,7,8-substituted compounds were demonstrated to indicate TEQ values. Generally, in 
our simple method for analyzing dioxins in environmental medium samples, 2,3,4,7,8-PeCDF is used as a predictor 
of TEQ values. It is concluded that the non-2,3,7,8-substituted compounds evaluated in this study were effective in 
calculating TEQ values more accurately. In our method, the non-2,3,7,8-substituted compounds are useful as internal 
standards because of their nontoxicity and safety. 
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