Keywords E uent; Ultrasonic waves; Waste water; Media; Bacteriasmall molecules to the surface. e high-frequency vibration reduces
) the thickness of this boundary layer, thus increasing the convection
Introduction transport.

Wastewater i; composgd Iargely of the supstances rgsponsiqu@oustic streaming e ect
for the pathogenic and toxic materials. Processing and disposal of o o
wastewater is one of the most complex environmental problems faced When ultrasound propagates in liquid media, it can create the
by the engineers as well as scientists in this eld. Today, biologid4fidirectional and constansound radiation pressure, which causes
treatment systems are widely used in wastewater treatment due to!ff§ !luid to ow in the direction of the sounfropagation. is i
high handling capacity and less cost. However, with the increasif enomegc_)n IS o_Ie ned ?s acoustic stream:cngl, and |td|n_creal_ses_dW|t
population and economic development, most existing biologicaltI trasound intensity. erefore, any amount of ultrasound in a liqui
treatment systems cannot e ciently handle the increasing an roduces additionatonvection transport from acoustic streaming.

complicated wastewater. erefore, numerous wastewater treatment ibration e ectand acoustic streaming ect both belong to mechanical
o e ects of ultrasound.ese two e ects can improve the mass transfer

plants have to be reconstructed or extended with high costs and man L - .

) . and uid mixing through the acceleration of convection transport.

control techniques to guarantee a constant e uent water quality. When

ultrasound is applied to e uent, water undergoes thermal dissociationermal e ect

to H atoms and OH radicals. OH is highly reactive and can oxidise h ful q ) h di bsorb th
almost all contaminants in water. is primary oxidation is the reason In the process of ultrasound propagation, the media can absorb the

for the degradation of contaminants in water [1-12]. Sono-chemicdf"€'9Y of ultrasound arzbnverse it into thermal energy. However, in

reactions are normally characterised by the simultaneous occurrencegPOSUre systems such as enzyme solutionseihsuspensions with
cient heat transfer and narrow temperature control, thermal e ect

pyrolysis and radical reactions, especially at high solute concentratioffs: ; oo . .
Volatile solutes undergo direct pyrolysis reactions within the gas pha‘;ﬂleOUId make only a marginal contribution to enhanced bio-reaction
of the collapsing bubbles or within the hot interfacial (cavity-liquid)mduceoI by ultrasound.

region. e bacteriocidal e ect of ultrasonic wave has been evaluatedC gvitation e ect

on E. coli ATCC 10536, Salmonella typhimurium ATCC 14028 and

Listeria monocytogenesis. Cavitation is a particular phenomenon of ultrasound in liquid

media. e molecule of purdiquid has a very high strength of extension.

Ultrasound is de ned as acoustic energy or sound waves witActually, some minute gas bubbles can enter timtopractical liquid
frequencies above 20 kHz. Low intensity ultrasound generally refersfisr various reasons, which produce the “weak link” of the liquid.
that whose intensity is less than 10 widiihen ultrasound propagates e cycles of low and high acoustic pressure causes the gas bubble
in sound bearing media, it usually can cause some e ects on this mediapifexpand and shrink, whicim turn creates shear ow around the
the sound bearing media is biological materials, such e ects induced bycillating bubbles. is process of expansion, shrinkagel collapse
ultrasound are called biological e ects of ultrasound. When ultrasoundf gas bubbles induced by ultrasound is called ultrasonic cavitation,
propagates in a biological media, rstly it causes mechanical stressasl theminute gas bubbles are called cavitation bubbles. Based on the
on microorganism, and then part of mechanical energy converses
into thermal energy. If the intensity of ultrasound is high enough, the
ultrasound can cause cavitation stresses. Consequently, the biologi€alresponding author: ~ Ashish Chauhan, National Institute of Pharmaceutical
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and cavitation e ect.
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E ects of Ultrasonic Waves
Vibration e ect

e vibration with high frequency induced by ultrasound causes
e ective agitation in liquid media, which increases the uid mixing,
di usion and mass transfer of substrate. e boundary layer of stagnant
uid adjacent to a solid surface creates a resistance to the transport of
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di erent behaviour ofcavitation bubbles, cavitation can be classi ed as
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Ultrasound treatment of waste water

Waste water sample of sewage was collected from Paper and Pulp
industry, Meerut (U.P). is is followed by ultrasonic treatment at four
di erent duration of time (5,10,20 and 30 min) using ELMA, multi
frequency ultrasonic bath (according to manufacture Instruction),
e Sonication of wastewater was performed in borosilicate glass
vessel (250 ml). During sonication, waste water temperature was
increasing gradually with time. pH and electric conductivity of sample
were measure by electrode based probe (Water and Soil analysis kit,
Electronics India, Model 161E), the rise in temperature of sample on
ultrasonic treatment was measure by mercury lled thermometer. In
order to characterize this sample pH, electric conductivity, total solid
content (gm/l), COD (mg/l), Total Nitrogen, Total Phosphorus, BOD
,Gram staining and Phosphatase activity test were measured.

Screening of isolates for Phosphatasactivity

e basic principle behind the determination of phosphatase
activity is to supply insoluble phosphorus source in agar based medium
for the growth of the bacteria. Use of yeast extract is avoided in the
medium.Phosphatase activity of all the isolates was tested a er growth
in Goldstein solid agar medium which is speci cally used for screening
phosphate solubilizers [18].

Coli form test of sewage sample

is technique is mainly use for the detection of presence or
absence of coliform bacteria in waste water by ultrasonic treatment.
A er 24-48 h. incubation, if colour changes of the medium from redish
purple to yellow, indicating the presence of coliform bacteria. But due
to the ultrasonic treatment no any population of E. coli was present in
the sample. It could be because no any colour changes in the medium.
If colour becomes light yellow than it shows positive test.

In the Table 2, all the solutions were made separately and
autoclaved. Solutions were cooled down to about 50°C. Solution-2 was
added to solution-1 and then solution-3 was added to this mixture.

e resulting solution was poured into petri plates and was allowed to
solidify. A er a day plates were inoculated with cultures by streaking.
Plates were incubated at 30°C for one week. Plates were observed for
the zone of solubilisation of insoluble phosphate (Halozone).

Procedure for E. colitest by lauryl media

100 ml sample was collected in ask and treated with ultrasonic
waves. Sample was transferred into zip lag bag and then in sterile
disposable bottle (100 ml capacity). Entire quantity of dehydrated
medium (Lauryl tryptose Broth) was added slowly to water sample
by swirling to dissolve the powder completely. A er dissolution the
sample was incubated at 30-35°C for 24-48 h.
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40 KHz and 140 KHz frequency for time 10, 20 and 30 min, respectively
including control (without ultrasonic treatment) 5 | of sample was
spread on LB plates aseptically and incubated at 32°C for overnight.
Bacterial colonies obtained were counted followed by Gram staining,
40 KHz: A, B, C and 140 KHz%L, A, C. It was observed that the
number of bacterial colonies decreased with increase of treatment time
and frequency (Figures 1, 2 and Table 4).

Phosphatase activity test: With a view to screen Phosphate-
sloubilization activity, simple plate test based, on the formation of
halo-zone around the colonies were conducted. Out of six isolates,
three isolates showed active phosphate-solubilizing character (Figure
3) [18].

Application of ultrasound in biological waste water treatment:
Microorganism is the key factor in the biological wastewater treatment,
so we can stimulate the activities of microorganisms to improve the
treatment e ciency by the application of low intensity ultrasound.
According to above analysis of biological e ects and enhancement
mechanisms of ultrasound, the proper intensity and irradiation
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