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Removal of Diclofenac, Ibuprofen and Naproxen using Oxidation Processes
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ABSTRACT : In order to evaluate a removal characteristic of diclofenac, ibuprofen and naproxen by oxidizing agents, Cl,, O3 and
03/H,0, are used as oxidants in this study. In case of that Cl, is used for oxidizing pharmaceuticals, ibuprofen is not removed
entirely at Cl, dose range of 0.5~5.0 mg/L for 60 minutes, however, removal tendency of diclofenac and naproxen are so obviously
at Cly dose higher than 0.5 mg/L. In addition, as Cl, dose and contact time are increased, the removal rate of diclofenac and
naproxen is enhanced. When O3 is used as oxidizing agent, ibuprofen is not eliminated at Oz dose range of 0.2~5.0 mg/L. On the
contrary, 72~100% of diclofenac and 49~100% of naproxen are removed at O3 dose of 0.2~5.0 mg/L. From experiments using
03/H,0, as an oxidant, we can find that O3/H>0O; is much more effective than Oz only for removal of diclofenac and naproxen.
Moreover, the efficiency is raised according to increase of H,O, dose, however, experiments using O3/H,O, show that oxidation of
pharmaceuticals is less effective as HyO» to Oj ratio increased to above approximately 1.0. On reaction rate constant and half-life of
diclofenac, ibuprofen and naproxen depending on Cl, O3 and O3/H,0, dose, an oxidation of pharmaceuticals by Cl, and O3
particularly has a comparatively high reaction rate constant and short half-life comparing O3/H,0O,. From above results, we can fine

that diclofenac and naproxen can be easily eliminated in oxidation processes.
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Table 1. Characteristics of diclofenac, ibuprofen and
naproxen

Compound CAS—No.

Structure Formular M.W,

Diclofenac 15307-86-5 - Ci14H11CI2NO2 296.1

lbuprofen 15687-27-1

C13H1802 206.3

Naproxen 22204-53-1 . ! C14H1403 230.3

Table 2. Characteristics of influent waters

pH  Turbidity DOC Alkalinity Temp
(=) (NTU) (mg/L)  (mg/L CaCOs)  (C)
Sample water 7.2 0.1 1.46 35 21
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Fig. 1. Schematic diagram of O3 and O3/H202 contactor.
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Table 3. Analytical conditions of LC/MSD

Description Analytical condition
Mode API, negative
A: Water
Mobile B: 0.3% CH3COOH, 99.7% water, 10 mM TrBA
phase C: 50% Acetonitrile, 50% MeOH, 10 mM TrBA
D: MeOH
Time A B C D
0 0 100 0 0
10 0 50 50 0
12 0 50 50 0
Gradient 15 0 30 70 0
program 19 0 0 100 0
22 0 0 100 0
22.1 0 0 0 100
35 100 0 0 0
Flow 0.3 mL/min

- TrBA: tributylamine
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Fig. 2. Residual ratios of diclofenac, ibuprofen and naproxen
by Cl2 oxidation.
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Fig. 3. Residual ratios of diclofenac, ibuprofen and naproxen
by O3 oxidation.
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Fig. 4. Residual ratios of diclofenac, ibuprofen and naproxen
by O3/H202 oxidation.
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Fig. 5. Pseudo—first—order reaction plot of diclofenac for
various oxidation process.
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Table 4. Pseudo—first—order reaction rate constants (k), half—
lives (t1/2) for diclofenac and naproxen degradation
for various oxidation process

Oxidation Process Diclofenac Naproxen
oxidant dosage (mg/L) k (min-1)  ti/2 (min) k (min-1)  ti/2 (min)
Cl2 0.5 0.0070  99.00 0.0048 144.38
Cl 1.0 0.0179 38.72 0.0090 77.00
Cl2 2.0 0.0326  21.26 0.0303 22.87
Cl2 5.0 0.0945 7.33 0.0616 11.25
03 0.2 0.0598 11.59 0.0328 21.13
03 0.5 0.1409 4.92 0.1003 6.91
03 1.0 0.5023 1.38 0.1584 4.38
03 2.0 1.5041 0.46 0.4443 1.56
03 5.0 3.4441 0.20 1.1861 0.58
03 0.5+H202 0.1 0.1744 3.97 0.1030 6.73
03 0.5+H202 0.2 0.2602 2.66 0.1336  5.19
03 0.5+H202 0.5 1.3651 0.51 0.4919 1.41
03 0.5+H202 1.0 2.6610 0.26 0.6717 1.03
03 2.0+H202 2.0 4.6052 0.15 1.5043 0.46
03 2.0+H202 5.0 5.2983 0.13 1.8290 0.38
C/Co=exp(-k - t) (1)
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