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Recent progress in chemical water treatment has led to the development of advanced
oxidation processes (AOPs). AOPs are based on the generation of hydroxyl radicals that can
often achieve oxidative destruction of compounds refractory to the conventional ozonation
or H,0, oxidation. Therefore, industrial wastewaters from bulk drugs (diltiazem hydrochlo-
ride and ketoconazole) manufacturing processes were treated with UV/H,0,, UV/Fentons
reagent, UV/TiO, hetrogenous photo oxidation process as pretreatment step. Experiments
were conducted by combining the two wastewater streams of two different bulk drugs
manufacturing processes for determining the effectiveness of AOPs suited for the effective
degradation of p-anisaldehyde (initial concentrations 22,355 ppm, COD 2,08000 mg/L, BOD
34000 mg/L) and dimethylsulphoxide (initial concentration 27444 ppm, COD 70147 mg/L,
BOD 15150 mg/L). A UV/Fenton AOP was found to cost effectively treat the majority of
refractory toxic organics with upto 70% COD removal and 89% compound degradation.
This UV/Fenton treatment was affected by pH at 3. the UV/Fenton treatment process was

compared with the conventional biological treatment process to evaluate the cost effec-
tiveness.

KEYWORD et al., 1999; Esplugas et al.,, 2002). The

effectiveness of the UV/H,0O, system in the
treatment of aromatic compounds, such as
phenol and nitrobenzene has been widely
studied (Alton and Balcioglu, 2002). UV/
H,O, as pretreatment step in combination
with other advanced oxidation process in
the treatment of textile wastewater has
been 'studied by Alebeyah et a/. (2003) and

Refractory toxic organics, Advanced oxida-
tion processes,UV/H,0, , UV/Fenton, UV/
TiO, heterogeneous photo oxidation, Biologi-
cal treatment.

INTRODUCTION

Recent progress in chemical wastewater

treatment has led to the development of
advanced oxidation processes (AOPs). AOPs
are based on the generation of hydroxyl radi-
cals that can often achieve oxidative de-
struction of compounds refractory to the
conventional ozonation or H,0, oxidation.
AOPs can sometimes completely convert the
organic contaminant into carbon dioxide and
water (Ruppert and Gares, 1994; Anderozzi
et al., 2000). The UV/H,O, systems are in
practical use {Ligo and Guel, 1995; De Last
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Hung-Yee Shu Ming {2005b). A comprehen-
sive experimental investigation was done by
Mandel et al. (2004). On removal of catechol
from aqueous solution by advanced photo
oxidation with H,0,/UV light. The effective-
ness of photo Fenton process in the
mineralisation of aromatic organic com-
pounds in aqueous solutions is well known
(Lipozynsks-kochang,1992;Li and Comfort,
1996; Bauqg etal., 2003).Application of
photo- Fenton process for degradation of
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Figure 1. Photographic internal view of 16
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Figure 2. p-anisaldehyde and dimethy-
Isulphoxide percentage degradation trend in
combined wastewater by UV/H,0, advanced
oxidation process at varying H,O, dosages
and irradiation
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Figure 3. COD percentage reduction trend of
p-anisaldehyde and dimethylsulphoxide by
UV/H,0, oxidation in the combined wastewa-
ter with time and varying H,0O, dosages

phenol in industrial wastewater was stud-
ied by Chedeville (2005), Fallman (1999) and
Zheng-Zhan-Wang (2004).

Over the last few years, the tendency has
been to carryout chemical oxidation in the
presence of a catalyst that serves as a gen-
erator of hydroxyl radicals and therefore, the
addition of an oxidizer in the medium is not
necessary. Heterogeneous photo catalytic
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Figure 4. p-anisaldehyde and dimethylsul-
phoxide percentage degradation trend of
combined wastewater by Fenton oxidation
process at varying FeSO, dosages and opti-
mum 200 ppm H,0, dosages and time

»N
<

—o— 10mgFeS0,+200ppmH,0;

~
=3

25mgFeS04+200ppmH;0,
50mgFeS0,+200ppmH,0;
75mgFeS0,+200ppmH;0;

el 100mgFeS0,+200ppmH;0;

So~m0CcQa®~000:0
-
w»

Time{Hours)

Figure 5. COD percentage degradation trend of
combined wastewater containing p-
anisaldehyde and dimethylsulphoxide by at vary-
ing FeSO, and optimum 200 ppm H,O, dos-
ages and time by Fenton oxidation process
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Figure 6. p-anisaldehyde and dimethylsul-
phoxide percentage degradation trend of
combined wastewater by Fenton oxidation
process at varying H,0, dosages and time

process consists on utilizing the near UV
radiation to photo excite a semiconductor
catalyst (TiO,) in the presence of oxygen.
Under these circumstances oxidizing spe-
cies, either bound hydroxyl radical or free
holes are generated. TiO, in the anatase
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Figure 7. COD percentage degradation trend
of combined wastewater containing p-
anisaldehyde and dimethylsulphoxide by UV/
H,0, oxidation process at varying H,O, dos-
ages and time
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Figure 8. p-anisaldehyde and dimethylsul-
phoxide percentage degradation trend of
combined wastewater by UV/Fenton oxida-
tion process at varying FeSO,  and optimum
200 ppm H,O, dosages and time
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Figure 9. COD percentage reduction trend
of combined wastewater containing p-
anisaldehyde and dimethylsulphoxide at
varying pH and optimum 200 ppm H,0, and
Fe?*] dosages and time by UV/Fenton oxi-
dation process
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Figure 10. Percentage degradation trend of
p-anisaldehyde and dimethylsulphoxide in
combined wastewater by'UV/TiOZ advanced
oxidation process at varying TiO, dosage
and irradiation time
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Figure 11. COD percentage reduction trend

of p-anisaldehyde and dimethylesulphoxide
in the combined wastewater by UV/TiO, oxi-
dation process at varying TiO, dosages and
optimum pH

form seems to possess the most interest-
ing features, such as high stability, good
performance and low cost. A lot of work
has been done on UV/TiO, heterogeneous
photocatalysis for the treatment of highly
polluted industrial wastewater. Minero et al.
(1994) studied the photo catalytic degrada-
tion of nitrobenzene on TiO, and ZnO, re-
porting that complete mineralisation with
TiO, was achieved. Ding-Wang Chen et al.
(2001} verified the effect of optimal cata-
lyst layer thickness for the photo catalytic
process. Other author (Luane et al., 2002)
investigated the degradation of elemental
chlorine free bleaching effluents by using
two catalytic systems: O,/TiO,/UV and O,/
ZnO/UV at different periods of irradiation.
The degradation of 4-chloro-2-methylphenol
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Sample Information
Analysis Date & Time  : 5/2/2005 3:07:16 PM
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Figure 12. GC headspace chromatograms of p-anisaldehyde and dimethylsulphoxide in the
actual combined wastewater indicating eaks for p-anisaldehyde and dimethylsulphoxide
and peaks for other volatile organics
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Sample Information
Analysis Date & Time  :5/3/2005 1:44:12 PM
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Figure 13. GC headspace chromatogram of p-anisaldehyde and dimethylsulphoxide in the
combined wastewater treated with UV/H,0, (600 ppm) irradiated for 3 hr at pH 7 indicating
100% p-anisaldehyde and 99.54% dimethylsulphoxide degradation
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Sample Information
Analysis Date & Time  : 5/6/72005 10:38:58 AM
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Figure 14. GC headspace chromatogram of p-anisaldehyde and dimethylsulphoxide in com-
bined wastewater treated with UV/Fenton advanced oxidation process irradiated for 5 hr at
optimum 50 mg/L [Fe*?] and 200 ppm [H,0,] and at optimum pH 3 showing 99.92% degra-
dation of other volatile organics & 100% degradation of compounds
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Figure 15. GC headspace chromatogram of p-anisaldehyde and dimethylsulphoxide in com-
bined wastewater treated with UV/TiO, advanced oxidation process irradiated for 5 hr at

optimum 250 mg/L [TiO,] and at optimum pH of 7 showing 100% compounds, degradation
and 99.21% degradation of other volatile organics
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Figure 16. Proposed process flow diagram for photo Fenton and biological treatment

in aqueous solution by UV irradiation in the
presence of TiO, has been studied by Sibel
et al. (2004). Hugul et al. (2002) studied
the application of TiO, as a photo activated
catalyst under UV radiation emitted by an
immersion well type quartz photo reactor for
the degradation of chlorophenols in aque-
ous solutions.

The characteristics of wastewater of p-
anisa-ldehyde and dimethylsulphoxide
(Table1) indicates that p-anisaldehyde
wastewater stream has COD value 2,08,000
mg/L and pH is about 6.5 and that of dime-
thylsulphoxide is having COD value of 70147
mg/L and the pH of 12 and difficult to treat
by the conventional biological treatment.
About 60 KL/day of wastewater is gener-
ated from the manufacturing processes of
two bulk drugs, namely diltiazem hydrochlo-
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ride and ketoconazole. The objective of this
study was to treat industrial wastewater
cost effectively and determine the effective-
ness of UV/H,0,, UV/Fenton and UV/TiO,
heterogeneous photo oxidation processes.
Therefore, the experiments were conducted
by combining the two wastewater streams
of two different bulk drugs manufacturing
processes.

MATERIAL AND METHOD
Industrial wastewaters

Throughout this research the combined in-
dustrial wastewaters containing p-
anisaldehyde (initial concentration 22355
ppm, COD 208000 mg/L, BOD 34000 mg/L,
pH 6.5) and dimethylsulphoxide (initial con-
centration 27444 ppm, COD 70147 mg/L,
BOD 15100 mg/L, pH 12) produced from the
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Table 1:

Wastewater characterization, in mg/L

TEST

p-anisaldehyde
phenol waste-
water

2-aminothio
phenol waste-
water

Dimethylsul
foxide waste-
water

Physical characteristics

Total solids 39856 2836 370490
Total volatile solids 11084 1358 61140
Total fixed solids 28714 1478 309350
Total suspended solids 104 288 280

Total dissolved solids 39752 2548 370210
Volatile dissolved solids 11084 1196 60990
Fixed dissolved solids 28668 1352 309220
Turbidity 62 180 210

Colour Pale yellow Brownish Dark brown
Odour Objectionable Objectionable Objectionable
Temperature 27°C 27°C 27°C
Conductivity 44000 us/cm 1680 us/cm 38000 us/cm
Inorganic chemical characteristics

Organic nitrogen 1.4 2.8 14

Nitrites nil nil nil

Nitrates nil nil nil

Total nitrogen - - -

pH 6.35 5.6 Above 12
Alkalinity 65 nil 41250
Chlorides 12070 454 133
Sulphate 42 28 3702
Organic chemical characteristics

BOD/COD ratio 0.16 0.24 0.21
Biochemical oxygen demand 34000 1800 15150
Chemical oxygen demand 208000 7400 70147
p-anisaldehyde 22355ppm - -

2-Amino thiophenol (2-ATP) - 17030ppm -

Dimethy! sulphoxide {DMSO) - - 27444 ppm

Table 2. Optimization studies of p-anisaldehyde and dimethyisulphoxide degradation in the

combined wastewater at varying H,0, concentration by UV/H,0, oxidation process

Parameter

p-anisaldehyde and dimethylsulphoxide combined wastewater

Initial concentration

1:10000 dilution

Optimum pH 7

% COD reduction

% compound degradation

Time (hr) 3 5 8 3 5 8
H,0, dosages (ppm)

125 28.6 28.3 40 32 46 50.2
250 22.5 38.2 50 38 48 55.6
500 32.2 48.6 53.8 45 65.2 70.2
750 23 36.5 42 35 40.6 58
1000 22 32.5 40.3 30.8 38.2 50.3
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Table 3. Optimization studies of p-anisaldehyde and dimethylsulphoxide degradation in
the combined wastewater at optimum 200 ppm H,0, dosages and time and varying [Fe**]
by Fenton oxidation process

Parameter p-anisaldehyde& dimethylsulphoxide combined wastewater

Initial concentration 1:10000 dilution

Optimum H,0O, dosages{ppm) 200

% COD reduction % compound degradation
Time (Hours) 3 5 8 3 5 8
[Fe?*], mg/L
10 6.3 9.3 12 11.3 19.1 28
25 8 10.5 16 16.2 23.6 35
50 12 16.5 21.4 18.6 28 45
75 6 9.2 12 14.9 20 30
100 4.8 6.6 10 12 16.2 22.3

Table 4. Optimization studies of p-anisaldehyde and dimethylsulphoxide degradation in the
combined wastewater at varying H,O, dosages by Fenton oxidation process

Parameter p-anisaldehyde& dimethylsulfoxidecombined wastewater
Initial concentration 1:10000 dilution
Optimum pH 3

% COD reduction % compound degradation
Time (hr) 3 5 8 3 5 8
H,O, dosages (ppm)
100 12.7 23.6 30.2 11.2 19.1 29
150 18.4 25.2 39.3 16 23.6 16
200 20.4 31 43.5 18.6 28 43.5
250 15.4 23.2 32 14.9 20 30

Table 5. Percentage degradation trend of p-anisaldehyde and dimethylsulphoxide in com-
bined wastewater and COD removal at optimum H,0, and FeSO, dosages and time and
varying pH by Fenton oxidation process

Parameter p-anisaldehyde and dimethylsulphoxidecombined wastewater

Initial concentration 1:10000 dilution

Optimum Fenton dosages FeSO, :50 mg/L, H,0, : 200 ppm

% COD reduction % compound degradation
Time {(hr) 3 5 8 3 5 8
pH
3 38 52.8 70 41.6 63.3 89
4 32 40.6 60.2 14.4 21.2 34.4
5 25 40.6 50 10 17.3 24.5
manufacturing processes of diltiazem hydro- chloride (a bulk drug) and ketoconazole {a
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© 2007 - Kalpana Corporation



Table 6. Optimization studies of p-
anisaldehyde and dimethylsulphoxide deg-
radation in the combined wastewater at
optimum Fenton dosages and varying pH
and time by UV/Fenton oxidation process

Name of the
compound

p-anisaldehyde and dime-
thyisulphoxide combined
wastewater

Initial concentration [1 : 10000 dilutions]

Optimum pH 3

Optimum dosage [H,0,]:200 ppm, [Fe**]:
50 mg/L

Treatment time,hr 3 8

% Compound 16.4 40.2*

COD reduction 12 21.4*

*Optimum time and pH at optimum dosage
of 200ppm (H,0,) and FeSO, for maximum
p-anisaldehyde and dimethylsulfoxide deg-
radation and COD removal of combined
wastewater by Fenton oxidation process

bulk drug), respectively were used.

Chemicals

Hydrogen peroxide 30% volume solution
{(Merck), and ferrous sulphate heptahydrate
(FeSO,2H,0) (Merck), were used in the ex-
periments to generate hydroxyl radicals. Ti-
tanium dioxide particles of anatase form
{Aldrich) used in this study were purchased
from Aldrich. Its medium particle size was
approximately 1um, specific surface particle
area 8.9 m?/g and zero point charge or pH at
which the surface of an oxide is uncharged
for TiO, is approximately 3.8.Other analyti-
cal reagents used in chemical oxidation de-
mand estimation and buffer solutions of pH
4 and 7 were prepared by using double dis-
tilled water. The pH adjustment of effluents
was made with 0.1TM NaOH or 0.1 M H_SO,
solutions accordingly for various photo oxi-
dation processes for ascertaining the opti-
mum pH for attaining maximum percentage
compound degradation and COD reduction
after treatment with AOPs.

Experimental methodology

INDIAN J. ENVIRONMENTAL PROTECTION, VOL. 27, NO. 12, DECEMBER 2007

Oxidative degradation studies on laboratory
scale batch mode were conducted in a 1000
mL cylindrical photochemical reactor {Heber-
Chennai) made up of quartz having dimen-
sions 30x3 cm (height x diameter) with wa-
ter circulation arrangement to the jacket to
ensure a constant temperature of 20-25°C
inside the reactor. In each experiment, a 800
mL of the combined industrial wastewater
sample of p-anisaldehyde and dimethylsul-
phoxide (1:10000 dilutions)} was charged to
the reactor (Figure 1). The solutions were
subjected to irradiation time from 1 to 8 hr
using a 16 W low pressure mercury are lamp
built into a lamp housing with polished an-
odized aluminum reflectors and placed 6.5
cm away from the reactor. The lamp emits
predominantly UV radiation at a wavelength
of 2564 nm. The wastewaters were treated
with varying H,O, concentration from 100
ppm to 1000 ppm for H,0,/UV oxidation
process; Fentons reagent (H,O, concentra-
tion from 100 ppm to 250 ppm, Fe?* from
10 mg to 100 mg) for Fenton/UV oxidation
process and TiO, dosage (from 100 mg to
400 mg) for TiO,/UV heterogeneous photo
oxidation process. Wherever necessary, the
pH of solutions was adjusted to optimum
condition. The experiments were also con-
ducted at different pH in the range of 3 1o
6 for UV/Fenton oxidation process, 3 to b
for UV/H,0, process, and 5 to 8 for UV/
TiO, heterogeneous photo oxidation process
for determining the optimum pH condition
for achieving maximum percentage com-
pound degradation and COD reduction. Se-
lected samples (100 mL) of oxidized waste-
water were treated biologically in 560 mL
wide mouth round bottom flask, treated
with 10 mL of mixed liquor suspended solid.
The COD after every 8 hr of aeration and
biological process was noted.

Analysis

During the experiments, 10mL samples were
withdrawn regularly after every 60 min of
irradiation and treatment. The effect of H,0,
dosages/UV irradiation, on the Fenton dos-
ages/UV irradiation, TiO, dosages/UV irra-
diation, pH and irradiation time on the quan-
titative decrease in the concentration of p-
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Table 7. Optimization studies of p-anisaldehyde and dimethylsulphoxide degradation in the
combined wastewater at optimum [Fe?*] and time by UV/Fenton oxidation process

Parameter p-anisaldehyde and dimethylsulphoxide combined wastewater

1:10000 dilution

Initial concentration

Optimum pH 3
% COD reduction % compound degradation

Time (hr) 3 5 8 3 5 8
FeSO, dosages (mg/L)

10 20 34.5 48 20 30.3 50
25 30 38 56 28 40.6 60
50 35 56 68 32 50.6 70
75 30 40.2 50 30.2 39.6 55
100 15 25.8 35 15.3 28 40

Table 8. Comparison of relative performance of AOPs for percentage degradation of com-

pounds and COD reduction of combined wastewater

Parameter

Concentration

Combined wastewater

(1:10000 dilution)

AOP treatment method H,0,/UV Fenton/UV TiO,/UV
H,0,500 ppm H,0,200 ppm TiO,: 250 mg/L

Optimum pH 7 3 7

Optimum irradiation time 8 8 8

% Compound degradation 70.2 70 80

% COD reduction 53.8 68 77

anisaldehyde and dimethylsulphoxide was
evaluated by measuring the absorbance by
using UV-visible spectrophometer (ECIL,GS
5703 At,India). The COD reduction waste-
water was observed by analyzing COD be-
fore and after the irradiation and treatment
and at varying pH using Hach COD digester.
The concentration of compound p-
anisaldehyde and dimethylsulphoxide were
measured at 215 nm before and after the
treatment. The pH was measured using digi-
tal pH meter {(MKVI, Systronics). Before
analysis, a small quantity of Na,S,0, (Merck)
was added to sample solution to destroy
any residual H,0, . The samples of UV/TiO,
treated samples were analyzed after separa-
tion (Remi Research R 24 centrifuge) of TiO,
at 8000 RPM by a 0.2 um (Mdi, India) nylon
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66 membrane syringe filters.
GC analysis

The extent of decomposition of studied com-
pounds in wastewater after treatment was
determined by GC analysis using GC instru-
ment (Shimandzu, model GC-17A with head
space AOQC-5000, auto injector and GC so-
lution software version 2.10.005u3).

RESULT AND DISCUSSION

Effect of H,0, concentration and UV irra-
diation time exposure

The optimized conditions were established
for achieving higher degradation efficiency
by varying different parameters, like initial
concentrations of the compound, initial pH
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Table 9. Effect of optimum dosages of TiO,
and Jirradiation time on percentage p-
anisaldehyde and dimethylsulphoxide deg-
radation and COD removal in combined
wastewater (1: 10000 dilution)

Name of the p-anisaldehyde and dimethyl-

- compound sulphoxide combined waste-
water
Initial con- 1:10000 dilution
centration

Optimum pH 7

Optimum do- 250 mg/L

sage of TiO,

Irradiation 3 8
time (hr)

% compound 45 80*
degradation

% COD removal 32 77*

*Optimum dosage of TiO, for maximum per-
cent p-anisaldehyde and dimethylisulphoxide
degradation in combined wastewater and
COD reduction in wastewater by UV/TIO,
oxidation process

of combined wastewater and irradiation time.
The UV/H,0O, treatment produced substan-
tial decrease in the COD (53%) and degra-
dation of compound (70%) at optimum irra-
diation time 8 hr and pH, at 500 ppm of
H,0, dosage (Table 2, Figures 2 and 3).
When the H,O, dosages were increased to
1000 ppm, there was a decrease in com-
pound degradation efficiency from 70% to
50% and COD reduction from 53% to 40%
(Table 2, Figures 2 and 3).

This was attributed to the reaction of ex-
cess quantity of H,0, with the’OH radicals
to produce perhydroxyl radical HO", which
has low oxidation potential than "OH radi-
cals {equation 1 and 2) :

2H,0,——» 2H,0+0, (1)
OH+H,0,———+HO,+H,0 (2)

In addition, “OH radicals generated at high
local concentration would readily dimerise
to H,0, (equation 3) :

"OH+'OH—— % H,0, ...(3)
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Thus, if H,0, dosage is increased above the
limiting value of 500 ppm, competition for
“OH radicals could be anticipated.

Effect of Fe*? and H,0, dosages in Fenton
oxidation process

At optimum 50 mg/L Fe*? dosage, the per-
centage compound degradation was 45%
and COD reduction was 21%. Above 50 mg/
L of FeSO, dosage, a decrease in degrada-
tion efficiency was observed (Table 3, Fig-
ures 4 and 5). The H,0, concentration of
200 ppm was effective degrading 43.5%
compound and 43.5% COD reduction after
8 hr of irradiation at optimum pH of
3.(Table 4, Figures 6 and 7). Hydrogen per-
oxide is considered the limiting reagent in
UV/Fenton process. At a higher concentra-
tions (more than 200 ppm H,0,) led to satu-
ration in the compound removal rate. It sug-
gests that the compound degradation rate
becomes in sensitive to H,0, concentration
due to "OH radical decay.

Effect of pH in Fenton chemical oxidation
process and UV/Fenton advanced oxidation
processes

At optimum Fenton dosages in Fenton re-
action, 21.4% COD reduction and 40.2%
compound degradation was observed (Table
6). At optimum condition, about 89% com-
pound degradation and 70% COD reduction
(Table b) was observed at optimum pH of 3
by UV/Fenton oxidation process.The concen-
tration of Fe?* in solution in relation to pH
at 25°C was studied by some authors. It
was observed that the solubility of Fe?* is
very high for a pH lower than 2 and too
small for a pH higher than 3.2. Therefore, in
Fenton conditions (pH 2.4 to 3.2), the Fe?*
would be in solution , if pH is maintained
around 3.0. However, at higher pH, ferric
ions would begin to precipitate as hydrox-
ide and retard the degradation rate. These
results are in line with the results reported
by Miguel Rodriguez {2003) for the studies
on Fenton/UV based oxidation processes for
the treatment of nitroamines, phenols and
chlorinated ethers in wastewater treatment.
It has been also reported that for pH values
above 4, the degradation efficiency strongly
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Table 10. Optimization studies of p-anisaldehyde and dimethylsulphoxide degradation in
the combined wastewater at optimum TiO, dosages and varying pH and time by uv/Tio,
oxidation process

Parameter p-anisaldehyde& dimethylsulphoxidecombined wastewater

1:10000 dilution
Optimum TiO, dosages (mg/L) 250

Initial concentration

% COD reduction % compound degradation

Time (hr) 3 5 8 3 5 8
pH

5 21 25 50 32 62 70
6 25 42 60 38 67 75
7 31.2 56.4 76.4 60 76.4 98.5
8 22 42 60 40.2 60.8 78

Table 11. Details of GC headspace chromatograms for p-anisaldehyde and dimethylsulphoxide

in the combined wastewater

Chroma- Description of GC chromatograms of 2-aminothiophenol wastewater treated
tograph with advanced oxidation processes
figure no. Concen Peak at retention time in min  AOP Optimum Irradia
-tration p-anisal- dimethy- treatment Dosages pH -tion
dehyde Isulphoxide method time, hr
12 1:10000 13.589 5.830 — — — —
dilutions
13 1:10000 Absent 5.760 UV/H,0, 500 ppm 7 3
dilutions H,0,
14 1:10000 Absent Absent UV/Fenton 50 mg/L 3 3
dilutions FeS0,200
ppm H,0O,
15 1:10000 Absent Absent UV/Fenton 50 mg/L 3 5
dilutions FeS0,200
ppm H,0,
16 1:10000 Absent 5.684 UV/TiO, TiO, 250 7 3
dilutions mg/L
17 1:10000 Absent Absent UVv/Tio, TiO, 250 7 5
dilutions mg/L

decreases since iron precipitates as hydrox-
ide derivative, reducing the Fe2* availability
and the oxidation transmission {Karpel et
al., 1997; Alton et al., 2002).

Effect of Fe*? and H,0, dosages in UV/
Fenton advanced oxidation process

The key features of the Fenton reaction are
believed to be its reagent conditions, that
is Fe*? and H,0, concentration, and the re-
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action characteristics (pH and the quantity
of organic contaminants). At 50 mg/L Fenton
dosage, 70% compound degradation and
68% COD reduction was effected at opti-
mized conditions {irradiation time 8 hr and
pH 3) (Table 7, Figures 8 and 9).

At 200 ppm H,O, dosage, 70% compound
degradation and 68% COD reduction was
observed at optimized condition (Table 8).
The figures 8 and 9 have established the
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stiochiometric relationship between Fe?-,
H,0, and organic contaminant (p-anisal-
dehyde and dimethylsulphoxide) to maximize
the efficiency of degradation process. A high
ratio of Fe?* and H,0O, concentration was
needed for chain initiation (Regg et a/., 1954)
{equation 3)

Fe?* + H202—>Fe2+ + "OH + OH"
chain termination...(3)

k, ~ 70 m" S

At low H,O, concentration, the radical chain
reactions are quickly terminated. This is due
to the reason that the *OH radicals produced
mainly react with the ferrous ions & not with
hydrogen peroxide (Buxton and Greenstock,
1998) (equation 4) :

"OH + Fe?*

OH + Fe®* chain
termination ...(4)

k, ~3.2x 108 m"' S

Whereas excess of H,O, concentration re-
acts with *OH competing with organic con-
taminants and consequently reducing the
efficiency of the treatment (equation 5) due
to production of perhydroxyl radicals HO,*
which has less oxidation potential :

OH + H202 {excess) H,0+HO, ...(5)

Effect of TiO, dosages

The experiment results revealed that 80%
compound degradation and 77% COD reduc-
tion was effected with 250 mg/L of cata-
lyst TiO, at optimized conditions {pH7, irra-
diation time 8 hr). The degradation rate de-
creased beyond 250 mg/L TiO, dosage.
(Table 9, Figures 10 and 11). This may be
due to the aggregation of TiO, particles at
high concentration , causing a decrease in
the number of surface active sites. Sev-
eral authors relate this to the light scat-
tering and consequent reduction in light
penetration through the solution induced
by light proof suspended catalyst. The
optimal catalyst TiO, concentration that
ensures a total adsorption of efficient
photons range from 0.1 to 5.08 g/L
(Androcozzi et al., 1989; Bauer et al., 1999;
Yue and Legrini,1992).
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Effect of pH in UV/TiO, process

From table 10, it is evident that the zero
point charge or pH at which the surface of
an oxide is uncharged for TiO, is around 7;
where maximum compound degradation
{98%) and COD reduction [(76.4%) was ef-
fected. This could be explained by the fact
that the pH of aqueous solutions signifi-
cantly affects the particle size, the surface
charge and the band edge positions of the
TiO, due to its amphoteric character (Beltran-
Heredia et al., 2001).

G.C. evaluation of effectiveness of AOPs

The G.C. chromatograms suggested that
UV/Fenton process was effective in the deg-
radation of compounds as well as other vola-
tile organics in wastewater (Table 11, Fig-
ures 12,13, 14, 15). From the GC headspace
chromatograms (Figure 12), it was evident
from the presence of other peaks that there
are volatile organics other than p-
anisaldehyde and dimethylsulphoxide.
These other volatile organics also got de-
graded by UV/H,0,, UV/Fenton and UV/TiO,
advanced oxidation processes at the end of
5 hr, which was evident from the reduction
of number of peaks in chromotograms nos.
13, 14 and 15. Similarly, the degradation of
p-anisaldehyde and dimethylsulphoxide was
100% at the end of 5 hr of irradiation time
for UV/H,0,, UV/Fenton and UV/TiO, pro-
cesses.

Effects of biological pretreatment of oxidized
wastewater

The biological pretreatment of oxidized
wastewater samples produced a marked in-
crease in biodegradability. The BOD/COD
ratio was found to be between 0.6 to O.7.
This was then subjected to biological treat-
ment. The MLSS was found to be 3500 mg/
L when the photo Fenton oxidized waste-
water was treated biologically. Figure 16 in-
dicates a proposed process flow diagram for
combined UV/Fenton and biological treat-
ment process.

CONCLUSION
The degradation process by H,O,only or

1079

© 2007 - Kalpana Corporation



Fenton only is less effective since only about
50% compound degradation and 35% COD
reduction was effected after 8 hr of treat-
ment. With UV/H,0, oxidation process, 70%
compound degradation and 50% COD reduc-
tion was observed of 5600 ppm H,0, dosage
at optimized conditions. Whereas UV/Fenton
oxidation process resulted a degradation of
70% compound and 76% COD reduction at
optimum pH 3 after 8 hr of treatment. A
dose of 250 mg of TiO, degraded about 98%
compound and 76% COD reduction at opti-
mized conditions of pH 7 and 8 hr of treat-
ment by UV/TiO, heterogenous photo oxi-
dation process. Moreover, all the above pro-
cesses resulted in the degradation of other
volatile organics to the extent of about 99%.
The photo degradation rate of the studied
refractory toxic organics is affected by pH,
Fenton dosages and irradiation time. There-
fore, UV/Fenton oxidation process was
found to be cost effective treatment as pre-
treatment method for the treatment of se-
lected compounds in wastewater produced
by bulk drugs manufacturing processes. The
treatability of oxidized effluent improved to
0.6 to 0.7 post UV/Fenton treatment. There-
fore, UV/Fenton oxidation process coupled
with the biological treatment process is
most suitable and cost effective for the
treatment of the industrial wastewater in-
tended for reuse. The pH of solutions and
irradiation time also effect the extent of
degradation in all these systems of the op-
timum conditions.
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