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Prediction of Pathway and Toxicity on Dechlorination of PCDDs by
Linear Free Energy Relationship

Ji-Hun Kim - Yoon-Seok Chang’

School of Environmental Science and Engineering, Pohang University of Science and Technology

ABSTRACT : Reductive dechlorination of polychlorinated dibenzo-p-dioxins (PCDDs) and its toxicity change were predicted by the linear
free energy relationship (LFER) model to assess the zero-valent iron (ZVI) and anaerobic dechlorinating bacteria (ADB) as electron donors
in PCDDs dechlorination. Reductive dechlorination of PCDDs involves 256 reactions linking 76 congeners with highly variable toxi-
cities, so is challenging to assess the overall effect of this process on the environmental impact of PCDD contamination. The Gibbs free
energies of PCDDs in aqueous solution were updated to density functional theory (DFT) calculation level from thermodynamic results of
literatures. All of dechlorination kinetics of PCDDs was evaluated from the linear correlation between the experimental dechlorination
kinetics of PCDDs and the calculated thermodynamics of PCDDs. As a result, it was predicted that over 100 years would be taken for
the complete dechlorination of octachlorinated dibenzo-p-dioxin (OCDD) to non-chlorinated compound (dibenzo-p-dioxin, DD), and the toxic
equivalent quantity (TEQ) of PCDDs could increase to 10 times larger from initial TEQ with the dechlorination process. The results
imply that the single reductive dechlorination using ZVI or ADB is not suitable for the treatment strategy of PCDDs contaminated soil,
sediment and fly ash. This LFER approach is applicable for the prediction of dechlorination process for organohalogen compounds and
for the assessment of electron donating system for treatment strategies.
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Fig. 1. Structure of a) polychlorinated dibenzo-p-dioxins (PCDDs),
b) poly-chlorinated dibenzofuran(PCDFs).
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Table 1. Maximum and minimum redox potential evaluated by
Kim and Huang & Dolfing

In this study (By Kim) By Huang & Dolfing”
Substrate  Product E°(mV) Substrate Product E°(mV)

OCDD 1234679 539.13 123469 123469 516.2
Maximum

UM 103469 12469 529.08 1234 124 4919
Potential

123478 12478 52611 OCDD 1234678 4732

N 18 1 35077 18 2 2981

Minimum 2 3475 12347 1234 2949
Potential

2-MCDD DD  340.88 12346 1234 2929

* Referenced from (9), (10)
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Fig. 5. Predicted homologue profiles of OCDD (initial conc.
= 1,000 ng) dechlorination a) by Kim’s model and b)
by Huang ‘s model.
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Fig. 6. Predicted TEQ change of OCDD (initial TEQ =
ng) dechlorination a) by Kim’s model and b) by
Huang’s model.
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