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Characterization of Diethyl Phthalate(DEP) Removal using Ozone, UV, and Ozone/UV

Combined Processes

Yeon Jung Jung - Byung Soo Oh - Joon-Wun KangT

Department of Environmental Engineering, Yonsei University, YIEST

ABSTRACT : Three candidate processes(ozone alone, UV alone and ozone/UV combined processes) were evaluated for the removal of diethyl
phthalate(DEP). Of the candidates, the ozone/UV process showed the highest removal efficiency of DEP. To elucidate a major oxidant for
DEP oxidation in the ozone/UV process, the effects of pH and hydroxyl radical(OH®) scavenger were investigated. As a result, it was found
that OH" plays a important role for DEP elimination. Meanwhile, the direct reaction between ozone and DEP was negligible. Observing the
pseudo first-order rate of DEP removal in ozone alone and ozone/UV processes, the different pattern was obtained from two processes.
The ozone/UV process was well plotted following the pseudo first-order, but in the ozone alone process the rate was divided into fast
and slow phases. DEP degradation characteristics in ozone alone and ozone/UV was also investigated by observing the HPLC spectrum. We
detected unknown compounds that were guessed to DEP byproducts and observed the formation and disappearance of the unknown com-

pounds according to reaction time. Observing of high removal of TOC in ozone/UV combined process, it was found that DEP and DEP
byproducts are completely oxidized by ozone/UV combined process.
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Fig. 1. Schematic diagram of semi-batch reactor for ozone/UV process.
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Table 1. Analytical condition of DEP and pCBA with high
performance liquid chromatography

DEP pCBA

Column: Waters 5 um ODS2 | Column: Waters 5 pm ODS2
4.6x250 mm column 4.6x250 mm column

Eluent:  Acetonitrile/DW(40/60, | Eluent: 5 mM phosphoric acid/
viv) MeOH(40/60, v/v)

Flow rate: 1 mL/min Flow rate: 1 mL/min

Sample Volume: 500 pL Sample Volume: 500 uL

Detection: UV-VIS. A=275 nm | Detection: UV-VIS A= 235 nm
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Fig. 2. DEP removal by ozone, UV and ozone/UV processes
; [DEP), = 100 pM, applied ozone dose rate = 5.0 mg/
L-min, UV intensity = 0.4 W/L, pH = 7.
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Fig. 3. DEP removal by ozone and ozone/UV processes at
variable pH condition. [DEP], = 100 uM, ozone dose

rate = 5.0 mg/L-min, UV intensity = 0.4 W/L, pH
=4 and 7.
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Fig. 5. Pseudo-first order rate of DEP with diverse concen-

tration by ozone, ozone/UV processes ; (a) = ozone
alone, (b) = ozone/UV, applied ozone dose rate = 5.0
mg/L-min, UV intensity = 0.4 W/L, pH = 7.
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100 pM applied ozone dose rate = 5.0 mg/L-min, UV
intensity = 0.4 W/L, pH = 7.
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Table 2. Pscudo-first order rate constants of DEP and pCBA
removal by ozone, UV, ozone/UV processes

Kopcpa (min) Kopep (min™)
process pH 7 pH 7 pH 4 |pH 7 w/t-BuOH
uv - 0.0099 - -
ozone [0.1255% 0.0455°]0.1191%,0.0246" [< 0.001|  <0.001
ozone/UV|  0.2129 0.1641 0.1312 0.0052
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Fig. 8. (a) Chromatogram of DEP and DEP-BPs(reaction time
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Fig. 9. Disappearance of TOC during DEP removal by ozone
and ozone/UV processes; [DEP],=100 uM, TOC =
14.3 mg/L, ozone dose rate =21.0 mg/L-min, UV in-
tensity = 0.4 W/L.
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