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Ozonation of Representative Endocrine Disruptors (EDs) in Water

LIU Gui-fang, MA Jun, QIN Qing-dong, LI Xu-chun, LI Gui-bai
(School of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China)

Abstract: The effects of ozone dose, bicarbonate concentration and pH on endocrine disruptors(EDs) removal, such as E1-E2.EE2.DES and
4-n-NP, were investigated through batch experiment. The results indicated that the removal rates were enhanced by increasing ozone dose, and
0O exposures of only 63.6 pg/L were calculated to achieve =92.0% EDs removal efficiency. The presence of bicarbonate (0 ~ 100 mg/L)
inhibited EDs ozonation. Furthermore, the EDs removal rates increased significantly as pH increased. The five apparent rate constants (20°C
+0.5%C) of ozone with the five EDs were in the range of (1.67 ~3.89) x 10°L*Cmol*s) ™" at neutral pH (pH=7.0) and (0.93 ~ 1.75) x
10°LsCmol*s) ™" at basic pH (pH > 10.6). It was indicated that the five EDs were removed rapidly by O, in water. At the same time; the
elementary reaction ozone rate constants (20°C + 0.5%C) were calculated, and the reactivity of ozone with ionized EDs [i.e. 1.21 x 10’ ~
3.81 x 10°LeCmol*s) ™' ] was 10° ~ 10" times higher than with neutral EDs [i.e. 7.62x 10° ~2.55 x 10°L*(mol*s) "' ]. The comparative
test of EDs ozonation under different water quality conditions indicated that the removal rates of EDs in filtrated water and river water were
reduced 26.5% ~ 50.3% and 57.3% ~72.0% respectively compared with the case using ultrapurified water as the background. It showed
that organics in real water would compete with EDs for ozonation.
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Fig.1 Effect of ozone dose on EDs removal
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Fig.2  Effect of bicarbonate concentration on EDs removal
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Fig.4 Relation of apparent rate constant of EDs and phenol
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Table 2 Apparent ozone rate constants of EDs (20°C +0.5°C)

i o ™ g o
/L*Cmol*s) ! /L*Cmol*s) !
El 7.12 2.98x10° EE2 11.08 1.44%x10°
El 10.64 1.36 x 10° DES 7.15 2.47 x 10°
E2 7.00  3.89x10° DES 1073 0.93x 10°
E2 10.65  1.75x10° | 4n-NP  7.10 1.83x 10°
EE2 7.1 1.67x10° | 4n-NP  10.70 1.62 x 10°
kLH T+ by K,
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T TH ] 4 K,
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WA 3.
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TR 4 o AR EE TS
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Table 3 Acid and alkaline ionization constants of EDs

H k=4 pK, SCHR
El 10.4 [13]
F2 10.4 [13]
EE2 10.4 [13]
DES 10.2 [17]
4-n-NP 10.7 [18]
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[1.21x10° ~3.81 x 10°Le(mol*s) ' 2L 574
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1 10° ~ 10* £%, X MWL _FAESE T ik 5 FF EDs 5
0, SINVIF pH AR M, B % 2 25 R 14k () EDs
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(14 35 0 IV T8 4 G 5 SO R 13, 14 J400E (0 %
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Table 4 Rate constants of each elementary reaction of

ozone with the EDs (20°C +0.5°C)

Hbr4 ki /Lo Cmol*s) ! kp/Le Cmol*s) !
El 1.75x 10° 3.81x 10°
F2 2.55x10° 2.74 x 10°
EE2 7.62x 10° 1.74 % 10°
DES 1.49 x 10° 1.21x 10°
4-n-NP 9.84x 10° 3.35x 10°
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Table 5 Parameters of the experimental water (20°C +0.5°C)
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Fig.5 Ozonation of EDs under three background of water quality
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