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ABSTRACT

In order to meet the water demands of ever-increasing human population, wastewater treat-
ment is a challenging task. Advanced oxidation processes are promising technologies for
wastewater treatment. The current study employed waste H2O2 (40%) collected from a food
industry to treat municipal wastewater (MWW) of Abbottabad city in Pakistan. Various
H2O2 doses (1, 1.5, 2, and 2.5mL L−1) were applied to evaluate its influence on water quality
parameters like chemical oxygen demand (COD), biochemical oxygen demand (BOD5), pH,
conductivity, turbidity, and fecal coliforms. Using 2.5mL waste H2O2, the initial concentra-
tion of BOD5 200mg L−1 and COD 327mg L−1 were reduced to 70 and 93mg L−1, respec-
tively; in addition to 51.72 and 50% reduction of turbidity and coliform populations. An
increase in conductivity was noted after 30min and at 90min of peroxide dose application.
No significant change occurred in pH at lower H2O2 dosing but it increased to 8.5 when
higher dose of H2O2 was applied. The treatment strategy may effectively improve the qual-
ity of MWW rendering it suitable for its use in agricultural sector.

Keywords: Advance oxidation process; BOD5/COD; Waste hydrogen peroxide; Waste
minimization

1. Introduction

In view of scarce water supplies in Pakistan and
its location in arid to semi-arid regions, there is dire
need of wastewater collection and its treatment [1].
Available water resources are continuously depleting
with ever-increasing discharge of wastewaters. Recy-
cling of municipal wastewater (MWW) can be effec-
tively measured to cope with irrigation water scarcity.
In the coming decades, countries like Pakistan will
face difficulty to meet the water demands for agricul-
tural sector alone. It was reported that some farmers

were irrigating their crops directly from MWW drains.
There is significantly high risk of Giardiasis and other
water-borne microbial infections when compared to
regular (non-MWW) irrigation water [2]. In addition
to agriculture, MWW has profound effect on the envi-
ronmental quality, especially on the water bodies.
Hence, sustainable use of available water will not only
minimize adverse environmental impacts but will also
minimize the scarcity of available freshwater
resources.

To meet the demands of the ever-increasing
human population, sustainable agriculture, and
industrial development; wastewater treatment is a
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challenging task. There are several wastewater treat-
ment options and the treatment strategies employed
that largely depend on specific objectives of treated
water reuse [3]. To treat moderately polluted waters,
advanced physical treatment processes like chlorina-
tion and ozonation are handy techniques which guar-
antee better water quality [4,5], but they are
expensive.

Oxidation potential of very reactive and short-lived
hydroxyl radical has been utilized. The use of H2O2 is
one of the Advanced oxidation process techniques.
H2O2 can be used alone [5] or in the presence of some
catalyst like iron [6], UV light [7,8] or ozone [9], which
results in reduction of biological oxygen demand
(BOD) and chemical oxygen demand (COD), coli-
forms, and other pathogens of wastewater. Minimiza-
tion of wastewater by treating it with waste of another
industry is an innovation. H2O2 is used in many
industries for the disinfection of packaging materials.
The use of H2O2, in tetra pack aseptic packaging of
juices and milk is also accomplished to disinfect the
packaging material. Use of 35% H2O2 is recommended
for disinfection purpose [10]. After production period
of 100 h, the concentration of H2O2 is increased up to
40%. It is not recommended to use the same H2O2

after 100 h production in tetra brik aseptic (TBA)
machine. Therefore, it was drained into wastewater
lines. The waste H2O2 can be reused as autonomous
treatment of MWW. Being a suitable oxidizing agent
H2O2 was used to produce effluent for irrigation.
Hydrogen peroxide molecule has an extra oxygen
atom bonded with other oxygen molecule. The most
reactive components (hydroxyl radicals and perhydr-
oxyl) generated from H2O2 have lethal or sub-lethal
effects resulting in growth inhibition [5]. These radi-
cals are very reactive with other substances like
organic pollutants in municipal and domestic waste-
waters and consequently produce CO2, H2O, N2, and
metal oxides [11]. Direct oxidation with H2O2 pro-
ceeds with free radical chain reactions as shown in
reactions below [12].

RHþO2 ! R� þHO�
2 (1)

RH ! R� þH� (2)

H� þO2 ! HOO� (3)

H� þH2O ! HO� þH2 (4)

HO�
2 þ RH ! R� þH2O2 (5)

R� þO2 � ROO� (6)

H2O2 ! 2HO� (7)

Hydroxyl radicals are also produced due to the pres-
ence of aerobic and facultative aerobes, these organ-
isms possess catalase enzyme which converts
hydrogen peroxide into oxygen and water.

Statistics revealed that the cost of chemical treat-
ment of domestic or MWW is quite expensive [13];
however, such treatment is very efficient and time-
saving. The addition of H2O2 to treat domestic waste-
water has been demonstrated previously [5,14];
though the use of synthetic H2O2 can be very costly. It
was hypothesized that waste H2O2 generated from
food industry in Pakistan could be employed to treat
MWW which might be a cost-efficient and quite feasi-
ble idea.

The current research was conducted to check the
effectiveness of H2O2 as strong oxidizing agent in the
overall reduction of organic load of MWW from Abb-
ottabad, Pakistan. The specific objective of the present
research was to explore the effectiveness of used H2O2

(40%) to reduce the BOD, COD, and fecal coliform
load of MWW for irrigation.

2. Materials and methods

2.1. Wastewater sampling

MWW samples were collected from Shaikhulbandi
Abbottabad, Pakistan. For this purpose, a 50 L con-
tainer was thoroughly cleaned and rinsed thrice with
running MWW before taking the grab samples. After
sample collection, it was corked and taken to the
COMSATS lab for further analysis and treatment. The
characteristics of MWW are given in Table 1. About
40% of waste H2O2 was collected from drain of TBA
machine in a food factory located in Hattar Industrial
Estate, Hattar near Abbottabad.

2.2. Optimization of H2O2 dose

The wastewater comprised of effluents from
domestic, institutional, and small industrial sources. It
contained a large quantity of organic pollution with
0.9 biodegradable fractions. In order to evaluate the
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optimum quantity of 40% H2O2 for BOD, COD
removal, and fecal coliform reduction, a series of
experiments were conducted with various H2O2 con-
centrations (1, 1.5, 2, and 2.5mL L−1). The samples
were drawn at the intervals of 0, 30, 60, 90, and 120
min after the addition of waste H2O2 and analyzed for
water quality parameters.

2.3. Treatment system

All experiments were carried out in a batch reac-
tor. A mixer with variable rotational speed of 0–500
rotations per minute (rpm) was used to mix the sam-
ple thoroughly. Raw MWW (1 L) was treated in batch
mode and mixed at 500 rpm. Four different concentra-
tions of waste H2O2 i.e. 1, 1.5, 2, and 2.5mL L−1 were
applied to various samples of MWW. All the experi-
ments were conducted at an ambient temperature of
25 ± 2˚C.

2.4. Microbial count

Membrane filter technique was used for total and
fecal coliform analysis under aseptic conditions [15].
For this purpose, various dilutions (10−3–10−6) of
wastewater sample were made. Eosin methylene blue
agar was used for total coliform count. Diluted MWW
sample (100mL) was passed through filter paper
(0.45 μm porosity) and incubated at 35˚C for 24 h
[16,17]. The metallic sheen-colored colonies were
counted for fecal coliforms under the compound
microscope at a magnification power of 10–15×.

2.5. Analytical procedures

All the analytical procedures used were the stan-
dard methods for water and wastewater analysis [15].
Wastewater samples were analyzed prior to and after

the treatment with waste H2O2. BOD5 was measured
using the standard method [17], COD was determined
by closed reflux colorimetric method using digester
(HACH-LTG 082.99.40001) [17]. The wastewater sam-
ple, digestion solution, and sulfuric acid reagent were
digested in vials for two hours at 150˚C. After diges-
tion, absorbance was measured at a wavelength of
605 nm in a spectrophotometer (LOVIBOND tintome-
ter GMBH, 44287 DORTMUND). The pH meter
(HANNA, HI-991003) was used for pH determination.
Concentration of H2O2 was measured according to
Tetra Pak Technical data manual using hydrometer
and temperature. H2O2 value was obtained after con-
necting temperature and hydrometer reading on third
scale of H2O2 [18].

2.6. Graphical work

Using Sigma PlotTM v.10 was used to illustrate the
graphical work.

3. Results and discussion

3.1. BOD removal

The effects of various H2O2 concentrations on BOD
removal have been shown in Fig. 1. It was evident
that initial 200mg L−1 BOD significantly changed after
applications of waste H2O2 at different concentrations
at various intervals throughout the reaction period.

Treatment of 1mL L−1 waste H2O2 reduced BOD
by 10mg L−1, in first 30min. The highest decrease to
60mg L−1 BOD was observed after 2 h of the applica-
tion of 2.5 mL L−1 H2O2. With the increasing concen-
trations of waste H2O2 (1.5, 2, and 2.5mL L−1), BOD
values were reduced at a very rapid rate in first 30
min. The maximum BOD reduction was observed at

Table 1
Pre-experiment analysis of MWW

Parameter Value

pH 8.14
Total acidity (mg L−1) 80
Total alkalinity (mg L−1) 720
Conductivity 270
BOD (mg L−1) 200
COD (mg L−1) 327
Total nitrogen (mg L−1) 20
Total phosphate (mg L−1) 3
Microbial population Too numerous to

be counted (TNTC)
Total coliform (#)

Fig. 1. BOD5 reduction with increasing 40% H2O2 concen-
trations.
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highest concentration of waste H2O2 increment during
first 30min and subsequent BOD reduction rate
declined. It was speculated that most of the BOD reac-
tion occurred in the first phase, and mixing and
homogenization resulted in complete H2O2 consump-
tion in 120min (Fig. 1). The highest BOD reduction
(70%) was evident with 2.5 mL L−1 H2O2 and was low-
est with 1mL L−1 after 120min (Fig. 1).

3.2. COD removal

The results showed that the addition of H2O2 sig-
nificantly reduced COD of MWW. The COD reduction
had almost linear relationship with increasing doses of
waste H2O2. The effects of H2O2 addition on the COD
content of municipal MWW have been illustrated in
Fig. 2. The results suggested that COD removal was
strongly influenced by applied dose of H2O2. The
application of 1mL L−1 waste H2O2 reduced 36mg L−1

COD (11%), in first 30min. A dose of 1mL H2O2

seemed quite insufficient in reducing COD burden of
250mg L−1 (46%) after 2 h (Fig. 2). The maximum
COD reduction was observed with 2.5 mL L−1 H2O2,
where COD value reduced to 93mg L−1 after 2 h
which satisfied the National Environmental Quality
Standards (NEQS). With increasing doses of waste
H2O2 from 1 to 1.5, 2, and 2.5mL L−1, COD values
rapidly reduced in first 30min; however, subsequent
COD reduction proceeded at a slower rate in next 2 h,
revealing that mixing and homogenization may have
affected COD reduction in comparison to BOD5 of
MWW (Fig. 2). These results prove the waste stabiliza-
tion action of the waste H2O2 for the organic matter of
the wastewater.

3.3. BOD5/COD ratios and biodegradability of MWW

The MWW was treated under operational condi-
tions: initial pH 8.14 at room temperature (25˚C) using
various concentrations of H2O2. BOD5/COD ratios of
the effluents obtained after each treatment were mea-
sured and have been presented in Fig. 3. The initial
BOD5/COD ratio of raw wastewater was around 0.6
which indicated its promising biodegradability. When
effluent was treated with waste H2O2 2mL L−1 then
BOD5/COD ratios increased to 0.78 after 30min and
started to decrease continuously till 120min of mixing.
Same kind of rise in BOD5/COD ratio after 30min
was observed when treated with hydrogen peroxide 1,
1.5, and 2.5mL L−1 and after 30min it started to
decrease till 120min as indicated in Fig. 3. Therefore,
biodegradability of MWW was improved greatly in
first 30min and afterwards decreased as chemical
reaction proceeded during oxidation of organics. In
this reaction, oxidants were released from hydrogen
peroxide in the form of hydroxyl radical (OH•) and
per hydroxyl (HO2

•) resulting in decrease in the
BOD5/COD ratio after 30min [19].

The considerable increase of the BOD5/COD ratio
may also be attributed to the transformation by waste
H2O2 of the mineral substances existing in the effluent
such as sulfides, sulfites, and thiosulfate into sulfates
that do not contribute to BOD5/COD [5,13].

3.4. Turbidity removal

Fig. 4 shows the effect of various concentrations of
H2O2 on turbidity after oxidation of organic matter.
H2O2 is a weak acid and has strong oxidizing
properties and is therefore a powerful bleaching agent.

Fig. 2. COD removal with increasing concentrations of
40% H2O2.

Fig. 3. The variations of BOD5/COD during H2O2 per-oxi-
dation process.
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The rate of decomposition is dependent on the tem-
perature and concentration of H2O2. Using 1mL L−1

H2O2 treatment caused 74.13% reduction in turbidity
(43 NTU). At 1.5 mL H2O2 per liter, 67.24% turbidity
was reduced and only 51.72% (26 NTU) reduction was
observed at 2mL of H2O2. A sharp slope in Fig. 4
shows that the maximum effective dose in reducing
turbidity was 2.5 mL L−1. Turbidity decreased with
decrease in COD which was an evidence of the oxida-
tion of organics in wastewater. In Fig. 4, it shows that
as dose of H2O2 increased the turbidity and the COD
removal percentage was also increased.

Reduction of turbidity by waste H2O2 occurred at
same rate as COD removal as shown in Fig. 4. The
use of waste H2O2 efficiently reduced the COD and
turbidity. Treatment of MWW with 2.5mL hydrogen
peroxide resulted in greater turbidity reduction com-
pared with COD. Our preliminary experiments indi-
cated that further addition of peroxide was not
efficient to reduce the turbidity but was effective in
COD and fecal coliform reduction.

3.5. Inactivation of total and fecal coliforms

The reduction in colony-forming units (CFU) medi-
ated by the addition of increasing concentrations of
40% H2O2 is displayed in Fig. 5. It was in 2-log order,
with initial 3.5 CFU.

At 1, 1.5, and 2mL L−1 H2O2, the respective CFU
reductions were 3.3, 3.2, and 3; at the highest dose of
waste H2O2 (2.5 mg L−1), it reached to 1.5 CFU, which
was less than half of the initial value (Fig. 5). A rela-
tively high rate of fecal coliform inactivation was

observed with increasing dosage of H2O2. H2O2 exhib-
ited strong germicidal effects. The cell-killing power of
H2O2 is due to oxidation of intracellular constituents
[20]. Hydroxyl and perhydroxyl species can have both
lethal and sub-lethal effects on microbial genome and
other intracellular molecules resulting in growth
inhibition [21–23].

3.6. Effect on pH after addition of H2O2

The changes of pH after the addition of waste
H2O2 have been illustrated in Fig. 6. No significant
change in pH was observed after dosing with 1mL
L−1 H2O2 and during first 30min pH increased from
8.14 to 8.17 and reached up to 8.31 in 2 h. But at 1.5
mL L−1 pH increased from 8.14 to 8.37 in 2 h. Simi-
larly, doses of 2 and 2.5 mL L−1 caused an increase in
pH up to 8.46 (Fig. 6). Increase in pH at different
doses of H2O2 was due to the release of OH− radicals
contributing to rise in pH. H2O2 has an extra oxygen
atom which takes part in the oxidation of organics.
Higher dose of H2O2 (2.5 mL L−1) releases more OH−

Fig. 4. The effect of H2O2 on percent reduction of COD
and turbidity.

Fig. 5. Log10 reduction of fecal coliforms with increasing
dose of H2O2.

Fig. 6. Change in pH after the application of H2O2.
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which contributes to alkaline pH. A decrease in pH
that may be due to incomplete mixing and reaction
after 30min was observed when 1.5 mL L−1 peroxide
was added. In another study by Ksibi [5] pH increased
gradually when hydrogen peroxide was used during
domestic wastewater treatment. It resulted to basic by-
products like HCO�

3 during degradation. In the same
study, pH slightly decreased when hydrogen peroxide
was used with Fe2+.

3.7. Effect on conductivity during mixing with H2O2

Conductivity in water shows ability to flow the
currents. There was increase in conductivity after 30
min and at 90min of peroxide dose application. This
rise in conductivity may be due to the production of
some ionic species as a result of organic degradation
using waste H2O2; further, temperature may aggravate
the effect of H2O2 on the conductivity as temperature
increases the ionic movement. The temperature
increases due to oxidation reaction between organic
compounds in MWW (like fat, protein, grease, and oil)
and hydroxyl radical produced during mixing. The
exothermic reaction was observed when 1 and 2.5mL
L−1 of peroxide were added, where the maximum val-
ues of conductivity were 256 and 254 μS. H2O2 oxi-
dizes the organic-like oil and fat in wastewater.
Mixing of 120min with H2O2 resulted in conductivity
values of 242, 248, 241, and 235 μS with respective per-
oxide doses of 1, 1.5, 2, and 2.5mL L−1 (Fig. 7).

4. Conclusions

Waste H2O2 proved to be a powerful oxidant in
minimizing the organic load of MWW. The optimum
dose of waste H2O2 was found as 2.5 mL L−1 which
significantly reduced pollution load in 120min thus
meeting the discharging NEQS for MWW. The results

revealed that disinfection capacity of 40% waste H2O2

at 2.5 mL L−1 caused a significant reduction in the fecal
coliform population to less than half of the initial
value. Treating MWW with H2O2 can be a low cost
option for direct irrigation to croplands.

Acknowledgment

This research work was completely funded by
COMSATS research grant program, Islamabad.

Nomenclature

AOPs — advanced oxidation processes
H2O2 — hydrogen peroxide
MWW — municipal waste water
COD — chemical oxygen demand
BOD5 — biochemical oxygen demand
TBA — tetra brik aseptic
TNTC — too numerous to be counted
NEQS — national environmental quality standards
OH− — hydroxyl radical
HO�

2 — per hydroxyl
NTU — nephelometric turbidity units
CFU — colony-forming units
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