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ABSTRACT

Municipal sewage problems are more complex as tfheme of the wastewater is large and it requiregeharea
for treatment. The objective of this work is to ke a set of microbial consortium for domesticsteavater treatment.
Lab scale bioreactors using specific consortium wapplied for the domestic wastewater treatment. Thely was
conducted to test individual abilities of microbigénera and as consortia with an ultimate aim dfiexing safer
environmental standards. However, the key compooktite research study is to confirm the role otnwibial flora in

treatment of municipal sewage.
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INTRODUCTION

The shortage of water resources has become a lyidealous problem. Sewage after appropriate treatrand
the reuse of the recycled water have become thseosuos of all over the world (Qiet al., (2013). With growing
population, advanced agricultural practices, indais&ation, urbanization and multiple use of watexs increased the
demand for water. Due to daily human activity afgbavarious agricultural and industrial operationsgstewater is
produced in enormous quantity. Due to lack of prapanagement and treatment facilities most of ttam wastewater
generated in Indian cities is discharged into retaguatic systems without treatment. Accordingh® manual of the
Central Public Health and Environmental Engineefrganization (CPHEEOQ), Ministry of Urban Developrhen India
the per capita per day water requirement is 10@.|[pomestic wastewater treatment has become a kablaraquatic
environmental problem for all over the world. Dwerton availability of cheaper methods and highest @f treatment
plants, municipalities are releasing untreated duimevastewater in to aquatic bodies like ponds lakds, where it is
causing eutrophication (Patel and Kanungo 2012¢. fidatment of wastewater is accomplished by fasidomethods or
techniques i.e. physical, mechanical, biologicatl amemical. Most of the wastewater is treated idustrial scale
wastewater treatment plants (WWTPs) which may whelyphysical, chemical and biological treatment psses
(Narmada and Mary selvam kavitha (2012).

According to Pradipet al. (2012), Conventional wastewater treatment tectgie®osuch as Activated Sludge
Process (ASP), Up-flow Anaerobic Sludge Blanket ®@q@ASB) and other land based treatment techne®gire
presently used in India. Sarala (2012), reportet #iectrocoagulation method is promising in wastew treatment.
The objective of the sewage treatment is to prodmadisposable effluent without causing harm to skherounding
environment and also prevent pollution (KhopkaQ£0

According to Ottengraf (1983), the great advantafighe heterogeneous microbial population presenthée
biofilter is the excellent ability to survive lonmeriods (up to 2 months) without activity, providib@t periodic aeration is
ensured. Adamset al (1984), stated that the composition of activashdige treating municipal sewage comprises

Pseudomonas, Flavobacterium, Alcaligens, Acinettdvaend Zooglea spOther researchers have fouRdeudomonas,
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Acinetobacter s@nd Enterobacteriacea¢o be the dominant bacteria (Kappesseal, 1989). Under oxygen restriction
conditions, the dominant species are from the @enércinetobacter, Aeromonasand Flavobacterium
(Autheunisse and Koene, 198R)itrosomonasandNitrobacterare chemolithotrophic bacteria present in activateidge
process (Hughes and Stafford, 1976). According aonféda and Mary selvam kavitha (2012), the mairispenvolved
in effective waste water treatment include Lactiidabacteria -Lactobacillus plantarumL. casei, Streptoccus lacti,
Photosynthetic bacteria Rhodopseudomonas palustrus, Rhodobacter spa&ergighsts— Saccharomyces cerevisiae,
Candida utilis, Actinomycetes — Streptomyces albus, S. griseasd Fermenting fungi— Aspergillus oryzae,

Mucor hiemalisetc.,
MATERIALS AND METHODS

Sewage sample was collected according to standacggures from APHA (1998). Microorganisms withque
characteristics of degradation, Bio-remediation amhsformation were selected and obtained from NEune and
IMTECH, Chandigarh. In the present stud¥acillus megatherium(NCIM 2104), Nitrobacter sps.,(NCIM 5062),
Nitrosomonas sps.(NCIM 5071), Pseudomonas denitrificangNCIM 2038), Chromatium sps.,(NCIM 2336),
Bacillus mucilaginosus(NBDC), Lactobacillus acidophilus(NCIM 2285), Rhodococcus terrag(NCIM 5126),
Bacillus licheniformigMTCC 2450),Thiobacillus ferrooxidan§MTCC 2361) were used as candidates in the cdosart

Various physico chemical parameters were considfenrethe present study. They gukl, temperature, electrical
conductivity, total solids, total suspended solittgal dissolved solids, alkalinity, hardness, cides, oil and grease,
sludge volume index (SVI), chemical oxygen dema@@D), biological oxygen demand (BOD), Nitrogen tatmitrogen
(TN), nitrites (NQ), nitrates (N@ and ammonia (NgJ, phosphorus (as ‘P’), sulphides,&). The sewage sample was
analyzed for fifteen successive days to standartizevalues. Analysis was done according to Amariablic Health
Association methods (APHA, 1998). The physico-cloainparameters are vary day to day. Because, sefieage from
residential dwellings, commercial establishmentd ather facilities where individual water using igities create an
intermittent flow of wastewater that can vary wiget volume and degree of pollution. Standard désmewas calculated

for all the parameters and results were tabulated.

Bacterial adaptation studies were carried out udiagteria grown in respective media i.e., nutribnith,
Nitrobacter medium, Nitrosomonasmedium, MRS medium andhiobacillus medium in increasing concentration of
sterilized sewage. The various concentration ofligied sewage includes 5 %, 10 %, 20 %, 30 %, 8% 60%, 75%,
90% and 100%. The transfer of culture from one eatration to the next was made when the respebteéeria was in

the exponential phase of growth.
Cultures were screened for tolerance in steriligedage. The active cultures containing respectianties of

(0]
nutrient media and sterilized sewage were incubatedrlenmeyer flasks (250 ml) at &) 200 rpm for 12 hours.
The turbid sample (3 ml) was pipetted aseptically ®Dsoo measurements. When the culture has reached exjmnent

phase, the culture was transferred into erlenmiigeks (250 ml) containing sterilized sewage inr@ased concentration
(o]
at 30C, 200 rpm.

Bacterial survival rate was determined in sterdizewage by serial dilutions of the bacterial geluobtained

from sterilized sewage fed broths were made andnDdach of the respective cultures was plated natdent agar plates

(o)
using the spread plate technique. The plates vhere incubated at 3G for 24 hours before enumeration of the colonies

were formed.
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Sewage sample was collected and transferred tdaEliqpsystems (tub) of 7 litres capacity. Adaptedtures
were grown in sewage mixed nutrient broth. Cultuesch of 7ml was transferred to respective systentaining raw
sewage. One system containing was raw sewage wasooolated with any culture and kept it as blafike process was
allowed for 24 hours. Efficiency of microorganisior fpollutant removal was considered based on th® Bé&mnoval
efficiency. Based on the removal efficiency a cotism of individual microorganisms was preparedspecific ratio to

use as inoculums for further experimentation.

For optimization studies, four identical rectanguleactors were designed and fabricated with gé&eaniron
sheet. The size of the reactor was 66,600, dthe length, breadth and height were predetermimetithey are 60 cm,
30 cm and 37 cm respectively. Each reactor was tenand designed to accommodate the volume 6frg6 of sewage
sample and more than 16 litre of air. 50 litres@fvage sample was considered as working samplee lpresent study out
of four reactors one reactor was used as blank renthining three were used as triplicate for sewsagmple.
The experimental design was batch type and workcsased out one after the other for each varigi@ieameter of the

work.

Optimization studies were conducted for concerdratdf inoculum, hydraulic retention time for sewage
remediation. For determining the optimum culture imoculum concentration different concentration inbculums
(0.05%, 0.1%, 0.2%, 0.3%, 0.4% and 0.5%) were takwhadded to reactors containing raw sewage safplare was

not added to reactor which was kept as blank.

Reactors were filled with fresh sewage sample. Rutures of inoculum (consortium) were added toeeh
reactors and one reactor was kept as blank. 50rfiesh inoculum was prepared using sterilized sewad broth and
used for experimentation. In the present studyisgttank was not used hence, the volume of reactois equal to

volume of reactor Vr.

After 24 hours of incubation, sample was withdraawd analyzed for various physico-chemical pararadtgr
American Public Health Association (APHA, 1998) retard methods. The percentage of biological oxydemand

(BOD) removal was determined.

The Hydraulic retention time (HRT) also known asltaulic residence time or t (tau), is a measurthefaverage

length of time that a soluble compound remainsdorstructed bioreactor.
Hydraulic retention time is the volume of the aiemratank divided by the influent flow rate:

HRT = Volume of aeration tank

Influent flow rate
Mathematically it can be expressedasV,/ Q
V. = Volume of the reactor
Q = Influent flow rate

where using SI Units volume is in firand influent flow rate is in [fith]. HRT is usually expressed in hours (or)

sometimes in days.

Reactors were filled with fresh sewage sample. @igiéd concentration of inoculum was added to the

experimental reactor and one reactor was keptaatkbBSamples were withdrawn at every six hour vatsri.e., 6 hours,
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12 hours, 18 hours and 24 hours. Samples were zathlfor various physico-chemical parameters andlteesvere

tabulated.
RESULTS AND DISCUSSIONS

Sewage sample was collected and analyzed for 1€essiwe days. The mean and standard deviation were
calculated for all parameter values. The physicentibal parameters of the raw sewage are as follpttswas ranging
from 7.1 — 8.05 with mean of 7.48 and standard at®n of + 0.28. Electric conductivity was ranging from
2300 — 2900 MMhos/cfrwith mean of 2564 and standard deviation @0#.28. Temperature was ranging from 22 2C29
with mean of 25.7 and standard deviation &.82. Total suspended solids were ranging from-3430 mg/lit with mean
of 376.26 and standard deviation_df9t+65. Volatile suspended solids were ranging fidi® — 170 mg/lit with mean of
149.53 and standard deviation_ofl #.22. Chlorides were ranging from 125 — 201 rhgfih mean of 165.66 and standard
deviation of +21.76. Total hardness was ranging from 355 — 4gBitnwith mean of 386.33 and standard deviation of
+ 28.37. Alkalinity was ranging from 400 — 560 migilith mean of 494.2 and standard deviation d+80.

COD was ranging from 460 — 550 mg/lit with mean50#4.66 and standard deviation 0f25.88. BOD was
ranging from 110 — 220 mg/lit with mean of 173.datandard deviation of 37.62. Total Nitrogen was ranging from
39.4 — 56.1 mg/lit with mean of 46.84 and standdeViation of + 6.04. Total Phosphorus was ranging from
5.92 — 12.0 mg/lit with mean of 8.53 and standagdiation of +1.9. Qil and grease was ranging from 28 — 50.4limg/
with mean of 34.42 and standard deviation Gt85. Sludge volume index was ranging from 11@6- rhl/g SS with mean
of 127.13 and standard deviation o7 85.

For isolating the bacteria from adapted nutrierituce broth (fed with 90% sterilized sewage) thérient agar
plates were inoculated with 1ml inoculum from®dilution by pour plate method. The samples werseoked for growth
after 24 hours of incubation. Bacterial coloniemlifle count) were observed in nutrient agar platesNitrobacter sps.,
showed more colony forming units i.e. 45 X®1@hen compared to other microorganisms in the pteseudy.
It was followed by Nitrosomonas sps., Pseudomonasdenitrificans Bacillus mucilaginosus, Chromatiunsps.,
Bacillus licheniformis Bacillus megatherium, Rhodococcus terrae, Lactdheci acidophilus But
Thiobacillus ferrooxidandas not shown any colony on agar plateiobacillus ferrooxidangrows at pH 2.5 and it might

be the reason for absence of growth on nutrientumeglates of near to neutral pH.

The purpose of adaptation is to allow bacterial ecamity to rapidly adapt to their new environment
(Eva and Springaely, 2003). There are several nmésfmg, or combinations by which microbial commuesitcan adapt to
their environment. Firstly, there can be an inoegiaspopulation size of those organisms that tédeoa even degrade the
compound by induction of appropriate genes. Segoride cells can adapt through mutations of varikingls, such as
single nucleotide changes or DNA rearrangements#salt in resistance to or degradation of theound. Thirdly, they

may acquire genetic information from either reladeghhylogenetically distinct populations in thexaounity.
Performance of Individual Microbial Species

The studies on bioremediation capabilities eachraniganism in terms of BOD removal reveals that,[BO
reduced by 41.67% in the presenceBatillus megatherium46.34% in the presence Nitrosomonas sp41.43% in the
presence oNitrobacter sps.43.3% in the presence Bseudomonas denitrifican37.14% in the presence Ghromatium
sps., 43.10% in the presenceBafcillus mucilaginous33.79% in the presence béctobacillus acidophilus36.41%in the
presence ofBacillus licheniformi®8.26% in the presence dthodococcus terra@and 5.23% in the presence of

Thiobacillus ferrooxidans.
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Phosphorus is recognized as one of the major mtgrieequired by living organisms, involved in vital
physiological process. At the same time it can als@onsidered as a pollutant in the concentratierhigh under specific
environmental conditions. It contributes to inceeasutrophication process of lakes and natural water
(Usharaniet al, 2009). The possible entry of this ion into aguanvironment is through household sewage water.
Min jin et al (2005) reported 90% of COD removal efficiencyngsmicroorganisnBacillus megatheriunas candidate in
the consortium for bioremediation of sewage. Ushigzhal (2009), observed the phosphate removal efficieri@8-55%
by bacillus sps.from wastewater. Usharaat al (2009), further reported that there is a 92.5%udsphate removal by
using consortium which includacillus sps., Pseudomonassps., andEnterobacter sps., loanaet al (2010),
Bacillus megatheriunhas bio-accumulative properties of some heavy Ismxetach as lead, arsenic, cadmium are of
biosolubilization of phosphate, silica etc., Mim &t al, (2005), reported that the ammonical nitrogen vessoved with
the efficiency rate of 99% by using the organisNitrobacter europeaat the rate of 2.5 X £0and
Nitrobacter winogradskyat the rate of 4.5 X f0 In nitrification, nitrosofying-bacteria (e.d\itrosomonaj oxidize
ammonia to nitrite and nitrofying-bacteria (eNitrobactel) oxidise the nitrite to nitrate. Nitrifying bactarare slow
growing (under optimum conditions Td = 8 h féitrosomonas10 h forNitrobacter(Bocket al, 1986) and are therefore
easily washed out of conventional suspension ailgystems, such as activated sludge, where thaifingvconditions
often result in doubling times of 1-3 days. Henmeoperate a high rate nitrification process, sdoren of biomass
retention is required. Although biomass retent®thie chief operational characteristic of tradisibtnickling filters, a high
cell concentration cannot be achieved becauseeofatye, inactive volume occupied by the biomagspsett material.

If the Td (doubling time of microorganisms) is mdahan 4hours or 8 hours then the quality of thetevaater may not
change significantly in a stipulated time. Hencis iessential to add suitable external micro fkorghe reactor to achieve

parameters of desired levels.

The denitrifying microorganisms reduce nitrite anifrate to molecular nitrogen. Margaridd al, (2003)
achieved 72-84% of nitrogen removal from the treathreactor with the help of denitrifying microonjsms. Holm and
Vennes (1970), reported that 24.45 % decrease @f,B00% removal of k6 from 2mg/litre concentration to zero in the
sewage treatment using purple sulfur bacterial [ajom. According to Denget al, (2003) Bacillus mucilaginosus
produce heat stable polysachharide biofloculanti®& can utilize the nutrients in the culture fmedto synthesize high
molecular weight polymers internally within the Icahder the action of specific enzymes and thedgnpers can be
excreted and exist in the medium or on the surtddfe bacteria as capsule. Hence, the action cielia converts the
simple substances in their environment into comglelymers that can be used as flocculant. In wastEwireatment,
flocculation is an easy and effective method of aeimg suspended solids (SS). Since bioflocculaats lee nontoxic,

harmless and without secondary pollution, they Feageeat potential for use in those industries.

The removal efficiency of BOD from wastewater bgctobacillus acidophilusvas more than 33% and it was
clearly shown the formation of extracellular polgsharide (EPS). Asha and Sharma (2010), usedtobacillus
acidophilusfor the removal of As (Ill) from arsenic contaiginwastewater. In the present study, Lactobacilhss was
selected as a candidate of consortium for sewagegntient because of extensive formation of EPS wikigssential for
biofilm formation. According to Shitet al. (2001), Bacillus licheniformiscan be used as bioflocculafR. terraewere
transferred toGordona genera and named &Sordonia terrae (Collins et al, 1988; Stackebrandét al, 1988).
Nocentini et al. (2000), reported thaBordonia terraeshows a very appreciable capability of degradingtgne and
squalene, which, for their high degree of branchemg considered extremely recalcitrant to biodégian and often

remain in the environment as residual contaminaftés bioremediation.
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Ron and Rosenberg (2001), reported thatdoniasp. shows a complex change in cell surface prigseturing
growth on hydrocarbons. These strains can usecgudetive compounds to regulate their cell surfaroperties to attach
and detach from surfaces such as hydrocarbons. hByptesence of biosurfectant properties the migadsms
Rhodococcus terrawas selected for the study. But the results wetepnomising by using the strain. Even though the
strain is capable of degrading aromatic compouitdsfole is beyond the scope of present study. Eldhavas not
considered as candidate for the bioremediationovheaktic wastewater. Overall performance for remafabollutants
from sewage was also not acceptable mode. Henagast not considered as a candidate of the consortar the

bioremediation of sewage.
Significance of Bacterial Inoculation

Amit et al (2003), reported that the bacterial inoculatioonf external source is essential. Without a start u
culture, requires a long period of time and mayedfare cause significant losses and environmertahtdue to discharge
of nitrogen rich effluents. It is evident that thele of Nitrosomonas & Nitrobactesps in sewage degradation is more.
Moreover, the Td (doubling time) for these two ongans are also more than 8 hours. Hence the coatient of these
two microorganisms were doubled i.e., at the r&t2086 each and remaining six microorganisms ardlte of 10% each.

Experiments were conducted using this ratio.

The optimization studies revealed that the percgntd removal efficiency was more at a particulamaentration
of every parameter. For each parameter the condiib maximum removal efficiency obtained was taketo

consideration as optimized condition of that par@mfor further experiments.
Optimization of Concentration of Inoculum

The results of removal efficiency of pollutant ierms of BOD in the domestic wastewater at various
concentration of inoculum of consortium were tabeda The studies on bioremediation capabilitiescohsortium
inoculation in terms of BOD reduction was 56.12%tla concentration of 0.05% (or) 500 ppm, 61.55%that
concentration of 0.1%, 63.80 at the concentratibn0.@%, 64.44% at the concentration of 0.3%, 65.18%cthe
concentration of 0.4% and 66.16% at the concentratif 0.5%. Results of various other physico-champmarameters
were tabulated (Table 1).

As the quantity of wastewater is more, it is fouhdt using more than 0.5% inoculum is not feasiblence,
0.2% of inoculum is considered as optimized cormedioin. It is opined that instead of using high @amiration of
inoculum we have to screen, isolate and enumerate éfficiency strains of microorganisms. Nadirahal (2008),
reported that 61% removal of BOD, 97% COD, 86% resh@f ammonia, 71% removal of total suspendeddspb0%
removal of nitrate and 53% removal of oil and geeassing Pseudomonas putigaPseudomonas fluorescence,
Xanthobacter spsandRhodoccus spsfor treatment of domestic wastewater. Min étnal. (2005), reported that 91.7%
COD removal and 99% ammonical-nitrogen removatifficy usinghitrosomonas europea, nitrobacteria windogradskyi,
Bacillus licheniformis, Bacillus megatherium, Bagil sphaericudor the treatment of domestic sewage and membrane
bioreactors in 5 hours hydraulic retention timelaat al. (2005), reported that 71% of BOD removal using ¢ung as
the source of microorganisms with dosing of 3% aBtiours HRT during the experiments conducted featinent of
tannary industry wastewater. According to PrasatiManjunath (2010), lipid content removal and 999B6D removal
can be obtained using 1% of bacterial consortiuend2t al(2003), reported that 85.5% of TSS removal an8%3COD
removal using 0.01% oBacillus mucilaginosusas inoculant for biofloculating material for theedatment of starch

wastewater. Graphical representation is made foiowa physico-chemical parameters like total sudpdnsolids,
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chemical oxygen demand, biochemical oxygen demaitchgen, phosphorus and hydrogen sulphide. Becthese are

major pollution parameters in which decrease /gase is the index of treatment process (Figure 1).
Optimization of Hydraulic Retention Time (HRT)

The maximum removal efficiency of BOD was obtaingth 12 hours HRT. The results of removal efficigrod
BOD at different HRT were tabulated. The treatmehtvastewater by the addition of 0.2% inoculum fessin the
decrease of BOD by 32.11% for 4 hours HRT, 46.48#@fhours HRT, 60.87% for 12 hours HRT, 62.25%16rhours
HRT, 63.87% for 20 hours HRT and 63.9% for 24 hddiRT. Results of various other physico-chemicabpagters were
tabulated (Table 2).

Hashmi Imran (2007), achieved the mean removatieffcy of COD at the rate of 87% after 24 hours of
treatment using activated sludge. Chuaetgal (1997), reported that high HRT may helps in thedpction of
heterotrophic biomass and finally results in reaBibdegradable COD from the sewage. Abbkal (2008), proved the
denitrification ability of the bioreactor using inamilized methyl cellulose at a very low hydrauletention time i.e.,

3 hours. Dempsegt al (2005), studied the performance of pilot scalpagxied bed for removal of ammonia, suspended
solids and carbonaceous COD using activated slfinigd2 days operation with low loading rates. Tlabtained the
results of wastewater treatment i.e., 56% BOD reahand 62% of TSS removal. Shanabéthal (1997), stated that high
HRT helps the polyphosphate accumulating biomasdotminate the bioreactor system. Total nitrogenowah also
increased with increase of HRT. According to Shéetaét al (1997), when hydraulic retention time is highwgart 8 hours
total nitrogen removal efficiency will decreaseaétically wastewater treatment plants have to tmgded to meet a
number of conditions that are influenced by flowtesa wastewater characteristics and combinationbath.
The development and forecasting of average daily flates are necessary to determine the desigricapa well as the
hydraulic requirements of the treatment systenthénpresent study, 0.2% (2000 ppm) inoculum rate Ehhours HRT

were considered as optimized to use for furtheearentations (Figure 2).

Table 1: Effect of Consortium for Domestic Sewage rEatment

SNo. Physdco-Chemical % Femoval of Pollutant Compared to Un Inoculated Feactor
Parameters™ 0.050% 0.1% 0.2% 0.3%% 0.4% 0.5%%
1 H _ ~ ~ 01 1 013 [ 01 *
2 Eleckric conductivity 0.87 1- 3.25 # 0.47 * 112 J, 2ol ¥ | 1438 *
3 Tamparatuss - - 0.5 4, 10°0 1 1.0°C l, -
4 Toul wspendedsolics [ 3545 1588 | TeL17  Jle2ss  Jles7e 1edal )
; :’:[!’:f"b suspended 98 p15487 L lso1s Jsims Jssss Jleza
& Chlcgidasz 4361 J[482s ) [4885 14675 g[ 4754 ) [4663 |
= Hasdnass 3276 1 | 6476 # 40,24 J. 4183 l 3403 § 2550 )
Alkalinity 08 113534 4 1 a07s 1 3024 1 sess | [3822 L
g Chemical oxyzen 5625 gl se0T 1 | 6386 1 8522 i ss21 § | 6783 *
deemand
1o f:_f;ittalmﬂﬂ s612 | e1ss 4 | 638 I IR E R !
11 Totzl nitrozen 40.66 J, 41.17 * 5246 ][ 539 NEES o | 3664 J,
Ammomcal mtroEen 47.05 1504s + 51.87 4, 5408 5245 5480 ]
Witrie-nitrogen (N0,3 | 100.0 * - 1000 4| 1111 6667 1000
Nitrste nitromn(NO;) | 833 | 714 % | s00 + 111 %2333 ¥ | 3542
Kjeldhal nitrogan 130 | 2087 J| 3453 e }|ese ¥ | 587 +
12 Phosphors (= Ty 48.15 4, =104 )| 5833 B | sz 5122
13 Ol & graase .44 *, .63 L 404 J, 430 J, 313 538
14 zfaganlaulptiejﬁ 38.71 i 4483 i 12;3 i so34 |20 J[ 6782 ¥
5 sdgz volume i 21.74 2333 0. 1585 R s
L
*(All parameters are expressed in mg/litre (pprmjept pH, electric conductivity and temperature)
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Table 2: Effect of Hydraulic Retention Time for Domestic Sewage Treatment

= 7. Physico-Chemical U4 Femoval of Pollutant Compared to Un Incculated Feactor
o Parameters* 4bows | Shours | 17hours | 16 hours | 20hows | 24 hours
1 | tH R 0.1 $lo1 4 [ o1 1 0.1 f ol &
2 Elactric conductivity 1004 * 19.54 * BDS 4 1008 + 12.12 * 11.55 l’
3 Tamps ratuge - 0.5°C * - - 0.5°C 1‘ -
4 | Totalsuspendsd smolids | 3055 4 48.13 l' 5800 * 6003 * 61.81 * 6107 4
5 ':[L:ﬂ“ mependad 2450 J4201 }|soo 4 | 5575 }|sese f| e |
& Chioridaz 121 TEE I E } 5802 15816 { 5814 )
= | Hardne= 1872 [T} |00 4, 3502 )l4o0s 4| 408 L
g | Abkalinity 775 4, 1465 L | 4018 * 4458 l, 51.01 4 5021 L
Chemical oxyEen _ - N . .
o E:l;;: O 3503 * 4701 J, 624 4 6346 4_ 63.65 l, 5401 4
10 f:::i"""“l“}g:"" sa11 dl4s42 §|eoar f| 6225 d|ear Y ee )
11 | Totalnitromsn 2482 30.35 # 4713 l' 5206 3530 4 3564
Ammonical nitrogan 2551 i 3028 (4883 }| 5307 t 5611} 5687 t
Hitrite-nitroezn (0.7 - 33.33 -1t - b 67 - T333 f
Mitrae-nirogen (N0, | 000 4 7.60 1420 1 o000 73.33 1 1515 f
Ejzkthal nirozen 2481|3611 4922 ]| 5518 ] [59.86 ]| 5863 }
12 | Dhesphosus(zzD) 1035 l, 36.18 4, 5108 l, 3382 J, 508 §| 6101 4,
13 il & zea= ~ N 326 1|r 545 4_ 6.25 ‘|r TRD Jr
14 Hydrosen sulphide 25 {, 3118 | 3517 o 5667 JF 52.07 #4219 *
15 | Sheege volumeinden 2206 Jlaoo 2134 [ 2213 J[273 t 5231}

*(All parameters are expressed in mg/litre (pprmyept pH, electric conductivity and temperature)

n g

% of removal efficiency of pollutants
W
=)
1

0.05 0.1 0.2 0.3 0.4 0.

th

%o of inoculum

—s— Total suspended solids —#i— Chemical oxygen demand
—&— Biochemical oxygen demand —— Totalnitrogen
—#—Phosphorus (as P) —8— Hydrogen sulphide

Figure 1: Effect of Microbial Consortium Concentration on Pollutant Removal Efficiency
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CONCLUSIONS

In present study, domestic wastewater sample (sEwags tested and treated with a set of consortium.
After treatment, a reduction was observed in @lghysico-chemical parameters. The bacterial mgttneated wastewater
and showed a sharp reduction in BOD i.e. 56 -66%tha presence of 0.05 — 0.5ppm of microbial culture
The study concludes that the microbial consortiuas wffective in the reduction of pollutants. Thetbdal consortium
showed more reduction in the parameters in comparig single bacterial culture. Through the resplissented here it
was shown that if good stable and effective wastemteeatment is achieved, then waste water rebbsedme increasingly

safe.
REFERENCES

1. Abbas, R., Hatam, G. and Hossein, B., (2008). Milocellulose as support material for the immdataition of
denitrifying bacteria. J. Env. Engg and Mangt. y:89 — 594.

2. Adamse, A.D., Deinema, M.H. and Zehnder, A.J.B98d). Studies on bacterial activities in aerobid an

anaerobic waste water purification. Antoine vanuwenhoek J. Microbiol. Serol. 50:665-682.

3. Amit, G., Anna, N., Dina, Z., Anna, K., Asher, Eeyiatar, S., Zeev, R. and Ali, N., (2003). Soilrifyting

enrichments as biofilter starters in intensivenadating saline water aquaculture. Aquaculture3: 21— 62.

4. APHA -AWWA — WPCF (1998). Standard Method for Exaation of Water and wastewater. 20th-ed, American
Public Health Association, Washington, D.C, USA.

5. Asha, L.S. and Sarma, P.N., (2010). Removal of iics@ll) from waste water using Lactobacillus amdhilus.
Bioremediation Journal. Vol.14(2): 92-97.

6. Autheunisse, J. and Koene, J.I.A., (1987). Alteratf the aerobic and facultative anaerobic baaitéiora of the

A/B purification process caused by limited oxygep@y. Water Res, 21, 129-131.

7. Balaji, V., Datta, S. and Bhattacharjee, C., (20@gluation on Biological Treatment for Industi&astewater.
IE (1) Journal.CH. 85: 39-44.

8. Bock, E., Koops, H.P. and Harms, H., (1986). Calldgy of nitrifying bacteria. in: Nitrification.lJProsser (ed).
Oxford, UK, IRL Press. pp. 17-38.

9. Chuang, S.H., Ouyang, C.F. and Yuang, H.C., (19ffgct of SRT and DO on nutrient removal in a camh
as-biolfilm process. Wat.Sci.Tech. 36(12): 2019202

10. Collins, M.D., Smida, J., Dorsch, M. and StackedtanE., (1988) Tsukamurella gen. nov. harboring
Corynebacterium parometabolum and Rhodococcus #euwaninternational Journal of Systematic Baclegy.
38: 385—-391.

11. Dempsey, M.J., Lannigan, K.C. and Minall, R.J., Q20 Particulate-biofilm, expanded-bed technology f

high-rate, low-cost wastewater treatment: nitrifica. Water Research. 39: 965-974.

12. Deng, S. B., Bai, R. B. Hu, X. M.and Luo, Q., (2D0Gharacteristics of a bioflocculant produced ciBus

mucilaginosus and its use in starch wastewatetmezat. Appl. Microbiol. Biotechnol. 60:588—-593.

13. Eva, M.T. and Springaely, D., (2003). The role afhite genetic elements in bacterial adaptationenabiotic
organic compound€urrent Opinion in Biotechnology4. 262-269.



24

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

B Ravi Kumar, M Lakshmi Prasad, D Srinivasa Rao &K R S Sambasiva Rao

Hashmi Imran., (2007). Performance evaluation oimulator for treating domestic wastewater usicivated
sludge treatment system J. Appl. Sci. Environ. M@nd1 (2): 129 — 136.

Holm, H. W. and Vennes, J.W., (1970). Occurrenc®oiffple Sulfur Bacteria in a Sewage Treatment Lagoo
Applied Microbiology. 19(6): 988-996.

Hughes, D.E. and Stafford, D.A., (1976). The midotdgy of the activated-sludge process. CRC CrigvR
Environ. Contr. Sept. pp 233-257.

loana, A. S., Raluca, M. and Duncianu. M., (20Blpsolubilization capacity oBacillus megatheriunstrain of

some micronutrients from the polluted soil. Cerdetigronomice in moldova. Vol. XLIII ( 2): 142.

Kappesser, S., Rude, E. and Kutzner, H.J., (198%®robiological studies of selected bacterial crési for
aerobic treatment of waste water. Proc. Dechemt&e&imol. Conf3B, 855-858.

Khopkar, S. M., (2004). Environmental Pollution Mimning And Control. New Delhi: New Age Internatiain
pp. 299.

Margarida, M., Eloisa, P. G., José, R. C., Robe@oP. and Elizabeth de Mattos, M., (2003). Estiomabf
denitrifying microbiota in tertiary sewage treatrhemd kinetics of the denitrification process ustlifferent

sources of carbon. Brazilian Journal of Microbiglpg§4:104-110.

Min. J., Xin-Wei. W., Tai-Shi. G., Chang-Qui. G.jlBZ. and Zhi-Qiang. S (2005). A novel membranar&actor
anhanced by effective microorganisms for the treatnof domestic waste watere. Appl. Microbiol. Bictinol.
69:229-235.

Nadirah, I., Zaharah, I., Zaiton, A.M., Siti Harya€.K. and Fadhil, M. (2008): Application of Biogile in
Biofilter (Pl 2006 2119) for Wastewater Treatmehiternational Conference and Expo on Environmental
Management and Technologies, (ICEEMAT), 10-12 Dduem2008. Proceeding Booklet.

Narmadha, D. and Mary Selvam Kavitha, V. J., (20IReatment of domestic wastewater using natural
flocculants.nt. J. LifeSc. Bt & Pharm. Res. Vol. 1, No. 3: 2P83.

Nocentini, M., Pinelli, D. and Fava, F., (2000) Bimediation of a soil contaminated by hydrocarbaxtures:

the residual concentration problem. Chemosphera #15-1123.

Ottengraf, S.P.P., Van Den Oever, H.C., (1983).eKas of organic compound removal from waste gagds
biological filter. Biotechnol. Bioengg. 25: 3089

Patel, D. K. and Kanungo, V. K. (2012). Comparatde-physiological potential of a submerged andeg f

floating aquatic plant to treat domestic wastewateurnal of Ecobiotechnology. 4(1): 61-67.

Pradip, P. K., Subhankar, K. and Shyam, R. A., B0Estimation of Environmental Footprint of Murpei
Wastewater Treatment in India: Life Cycle Approatiternational Conference on Environmental Scieacd
Technology. IPCBEE. vol.30:30-34.

Prasad, M.P. and Manjunath, K., (2010). Comparagively on biodegradation of lipid-rich waste watising
lipase producing bacterial species. Indian jouafiddiotechnology. 10: 121-124.

Ron, E.Z. and Rosenberg, E., (2001). Natural rofdsosurfactants. Environ Microbiol.3: 229—-236.



Bioremediation of Sewage Using Specific Consortiumf Microorganisms 25

30.

31.

32.

33.

34.

35.

Sarala, C., (2012). Domestic Wastewater TreatmgrElbctrocoagulation with Fe-Fe Electrodes. Intéomel
Journal of Engineering Trends and Technology. Vaun4: 530- 533.

Shanableh, A., Abeysinghe, D. and Hijazi, A. (199Fjfect of cycle duration on phosphorus and nigrog
transformations in biofilters. Wat.Res., 31 (1)911¥53.

Shih, I.L., Van, Y.T., Yeh, L.C., Lin, H.G. and Qf@ Y.N., (2001). Production of a biopolymer flotamnt from

Bacillus licheniformis and its flocculation propies. Bioresour Technol. 78:267-272.

Stackebrandt, E., Smida, J. and Collins, M.D., 8)9&vidence of phylogenetic heterogeneity withie genus
Rhodococcus: revival of the genus Gordona (Tsukamnudournal of General and Applied Microbiology 341—
348.

Usharani Krishnaswamy., Muthukumar Muthusamy. aakshmanaperumalsamy Perumalsamy., (2009). Studies
on the efficiency of the removal of phosphate udiragterial consortium for the biotreatment of phwdp

wastewater. Euro j. appl. Scies. 1(1):06-15.

Qin Yuje, Wu Jiandong, Ouyang Hai (2013). The Apgiion of Organica Ecological Technology in Restdgn

Sewage Treatmeniournal of Environmental Protection, 4: 31-34.






