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ABSTRACT

respectively.

The various treatment processes are being used for the wastewater treatment, including the air induced method
for the decomposition of wastewater pollutants mainly the organic compounds and heavy metals. In this
content, lab scale experiments were conducted for the comparisons of the results by using a natural oxidation
process and the air induced method for the organic matter decomposition. The air was introduced into the
wastewater for 3 hours in an open container, and the other container containing wastewater was left open
for 1-3 days for the natural oxidation process. It is estimated that after treatment of induced air oxidation the
concentration of heavy metals was decreased while the concentration of nitrate and phosphate was increased.
The results of the wastewater samples revealed that the concentration of Iron (Fe), Zinc (Zn) and Manganese
(Mn) were decreased, as for Iron (Fe) was found about 42-54%, zinc (Zn) was found about 33-50%, and the
Manganese (Mn) was 63-75% in samples of air induced oxidation process after the of 24, 48 and 72 hours
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INTRODUCTION

Water is an important natural resource which is in limited
amount. About 70% of the earth’s surface covered by water in
which only 2.66% of the total global water resources are fresh
water and for drinking purpose only 0.6% of fresh water is usable
[1]. Water plays an important role not only in human’s life but it
is also important for agriculture, industrial purposes, for power
generation, for wildlife and also for recreation. Now a day’s water
shortage becomes the main issue because of rapid population
growth which cause increase in industries, agriculture and also
domestic waste and resulted in elevated level of water pollution
(about 85%) which is directly transported into fresh water
bodies and affects the quality of fresh water [2]. This wastewater
contributed to organic and inorganic materials, heavy metals,
salts, pathogens and other contaminations.

Heavy metals are naturally found in the earth and defined on the
basis of density, atomic number or their chemical properties [3].
They are concentrated as a result from industrial wastewater and
other human activities which are directly or indirectly released
into the environment. If the heavy metals are present in excessive

concentration, they may cause several toxic effects to expose
plants, animals and also human being. High levels of these metals
also affect the aquatic living organisms [4].Heavy metals are the
most dangerous pollutants in industrial and domestic wastewater.
In fact, they are the main causes of degradation when they are
directly transported in freshwater streams without any treatment.
Increase in industrializations and urban population have direct
impact on the environment. The resultant degradation and
contamination of ecosystem become a major threat toward all
living organisms worldwide; in particular, human beings [5].

Treatment process

Decomposition of wastewater pollutants (organic+inorganic)
is quite necessary before being discharged into the fresh
water bodies. Therefore it is a tough task for scientists and
environmental engineers to treatment the wastewater with cost
effective treatment techniques. There are various conventional
methods for the treatment of wastewater containing heavy
metals such as chemical precipitation, chemical oxidation, ion
exchange, membrane separation, reverse osmosis, electro dialysis
etc. in addition to this, for the removal of nutrients different
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groups of microorganisms like algae, fungi and bacteria are
able to convert these nutrients into organic matter. Apart from
this, induced air oxidation process also used for the removal of
various contaminants present in domestic wastewater. As per
work of aeration process was found to be an effective treatment
method in reducing the characteristics of wastewater including
pH, Biochemical Oxygen Demand (BOD), Chemical Oxygen
Demand (COD), Qil, phosphorus and nitrogen [6,7]. They
conclude that BOD, COD, Turbidity were found to be removed
by 95.88%, 95.71%, and 37.72% respectively at the flow rate of 4
L/min for a detention time of 72 hours. Another work was done
and stated that for the removal of nutrients and odor problems,
aeration can be an effective method for the treatment of domestic
wastewater without causing any environmental problem [8]. They
conducted experimental work on pig manure to study the effect
of continuous intermittent aeration at an airflow rate of 11 L/
min. Aeration process was effective for the removal of ammonia
and nitrate [9]. Kazuyoshi Suzuki, et al. have also done work on
the swine water to study the removal efficiency of PO,P, Mg
and Ca with the help of artificial crystallization by aeration [10].
They concluded that during 50 days of operation the removal
percentage of phosphate, magnesium and calcium was 65%, 51%
and 34% respectively. Another scientist has developed Induced
Air Flotation (IAF) with the aid of a rotating-flow micro-bubble
generator which produces micro fine bubbles having a diameter
in micrometer for the treatment of wastewater [11-13]. This
generator shows the best performance because air and water are
induced at the same time and mixed with a pump.

Air induced oxidation process

For the decomposition of wastewater pollutants it is essential to
increase the oxidation of organic and inorganic compounds. For
this purpose the air is induced into wastewater under pressure
which increases the oxidation of chemical compounds and due to
this oxidation process various organic and inorganic compounds
become reduce or decomposed. This process gives better results
than normal oxidation of the wastewater and also provides
the decomposition of the organic waste faster than the open
oxidation system.

MATERIALS AND METHODS
Sample collection

The domestic wastewater samples were collected from the junior
staff colony Mehran University Jamshoro, Sindh, Pakistan
(Figure 1). For the removal of large particles the waste water
sample was filtered through a plastic screen before transferring
into oxidation tanks. The wastewater sample was analyzed before
treatment and it was found that the wastewater was contaminated
with high level of organic and inorganic chemical compounds
such as trace metals, nitrate and phosphate. Directly disposal of
this wastewater into fresh water bodies leads to harmful effect on
environment.

Experimental setup
Induced air oxidation system was designed on lab scale to
decompose the wastewater pollutants. In this system two

oxidation tanks was used, one tank used for natural oxidation and
other used for induced air oxidation. The 10 liters of wastewater
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sample were filled below the 1/4™ part of the tanks. For the
natural oxidation the wastewater was left for the given period of
time (1-3 days), and for the induced air oxidation process the
air was pumped in the tank containing same wastewater at the
constant flow rate of 2 L/min with the help of controlled vale
of air pump with different aeration and detention time. The air
was introduced into wastewater oxidation tank for 1, 2 and 3
hours. The sampling and analyses were followed by taking natural
oxidation and oxidized wastewater. The results of natural and
induced air oxidation process were determined after detention
time of 24, 48 and 72 hours. The process flow diagram is shown
below Figure 2.

Figure 1: Collection of domestic wastewater.
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Figure 2: Flow process for domestic waste water.
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RESULTS AND DISCUSSION

In this study domestic wastewater was treated through air induced
oxidation and natural oxidation process. Table 1 shows the initial
readings of wastewater pollutants before treatment that shows the
elevated level of pollutants that may affect the environment when
directly disposed into fresh water streams (Table 1).

Table 1: Characteristics of raw domestic wastewater.

OPEN aACCESS Freely available online

4Fe,+30,~2Fe.0,
2Fe,0,+3H,0 — 2Fe(OH),
Mn™* oxidationMn*" precipitationMnO,

Similar to iron, after aeration process the manganese removal
by the oxidation of Mn*" in Mn*, which precipitates then in
manganese dioxide (MnO,). The precipitation is then separated
from water by filtration.

Parameters Initial value (mg/L)
Nitrate 33.27
Phosphate 0.057
Iron (Fe) 2.303
Manganese (Mn) 1.521
Zinc (Zn) 31.02

Effect of natural oxidation on heavy metals

In this process the wastewater was sediment in an iron tank. The
samples were analyzed after detention of 24, 48 and 72 hours.
The natural oxidation process has shown minimum reduction
in the concentration of trace metals. The results obtained from
natural oxidation treatment are shown in Figure 3.

Effect of natural oxidation on heavy metals

Removal %
2

Zine Iron Manganese

Figure 3: Effect of natural oxidation on Heavy Metals. Note: (s) Raw
waste water; (m) Natural 1 day; (m) Natural 2 days; () Natural 3 days.

Effect of induced air oxidation on heavy metals

In this treatment process the air was introduce in the wastewater
tank through air pump at a constant air flow rate of 2 L/min.
For the decomposition of wastewater pollutants the aeration time
was set as 1, 2 and 3 hours and detention time was 24, 48 and
72 hours. After treatment it was concluded that as the aeration
time was increased the concentration of iron, manganese and
zinc was decreased. The induced air oxidation process shows the
better removal of heavy metals as compared to natural oxidation.
Because due to aeration process iron and manganese converts
from solid to precipitate form and can be removed by filtration
or sedimentation. The results was obtained from this method are
shown in Figure 4. The comparison between natural oxidation
and induced air oxidation was shown in Table 2.

Mechanism of removal (Heavy metals)

In aeration process the ferrous iron is converted in ferric iron
which precipitates then in iron hydroxide Fe(OH), and then

removed by filtration or sedimentation.
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Effect of indued air oxidation on metals

Removal %

Zine Iron Manganese

Figure 4: Effect of Induced air oxidation on heavy metals. Note: (u)
Raw waste water; (m) Aerated 1 hour; (m) Aerated 2 hours; (m) Aerated
3 hours.

Table 1: Characteristics of raw domestic wastewater.

Maximum removal percentage

Metals Natural oxidation  Induced air oxidation
process process
Zinc (Zn) 30% 49%
Iron (Fe) 46% 51%
Manganese (Mn) 25% 40%

CONCLUSION

In this study domestic wastewater was treated through air induced
oxidation and natural oxidation process it was concluded that
induced air process gives faster decomposition of wastewater
pollutants (organict+inorganic). As compared to natural oxidation
process it also provides better results for the removal of heavy
metals from domestic wastewater. After treatment with air
induced process at the air flow rate of 2 L/min, it was concluded
that as the aeration and detention time increases the percentage
removal of metals also increases with the passage of time. The
removal percentage of zinc was 38-70%, iron was 42-%54% and
manganese was 63-75% respectively.
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