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Chlorination of Ethynyl Estradiol: A Kinetic and Mechanistic Study

WANG Bin-nan', LIU Guo-giang' , KONG De-yang”, LU Jun-he'

(1. College of Resource and Environmental Sciences, Nanjing Agricultural University, Nanjing 210095, China; 2. Nanjing Institute of
Environmental Sciences, Ministry of Environmental Protection, Nanjing 210042, China)

Abstract: The objective of this research is to explore the fundamentals of reactions bhetween chlorine and ethynyl estradiol (EE2),
which is expected to occur during the drinking water treatment. The first step of EE2 chlorination was shown to follow the second-order
kinetics with the first order to concentrations of both target compound and chlorine, respectively. Apparent rate constants of EE2
chlorination exhibit the pH-dependent profile which indicates that the phenolic ring is the preferred site of attack by Cl. The
transformation of EE2 is governed by 3 elementary reactions between different species of EE2 and HCIO. The deprotonated EE2 anion
is significantly more reactive than its neutral conjugate. HPLC/MS analysis revealed that several Cl atoms can be incorporated into this
site via complex multi-step pathways, resulting in the formation of mono and di-chlorine substituted EE2. The incorporation of the third
Cl is accompanied by immediate broken down of the ring via hydrolysis. The results of this study are helpful to fully understand the
behavior of EE2 in chlorinated drinking water disinfection, provide the basis for evaluating the potential exposure of this contaminant to
human. The data of this work also give insights to the formation of chlorinated drinking water disinfection by-products ( DBPs).
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Fig. 1 Fluorescence emission spectra of EE2 dosed with

various HCIO/EE2 molar ratios
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Fig. 2 Pseudo first-order kinetic plot of EE2 chlorination at pH 7. 0 with various total concentrations of chlorine,

and the correlation between pseudo-first-order kinetic constant and chlorine dose
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