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ABSTRACT

The Melanoidin Pigment (MP) is hardly decolorized due to recalcitrant as
well astypical inhibitory effect of microbesavailable in treatment process.
Therefore any discharge of treated effluent (after secondary treatment) can
cause nuisance not only to natural surface water but also to ground water
quality. Because, the available technologies are highly energy intensive,
costly, land oriented and can not give any guarantee to full proof system,
the development of the low cost technology with some Return on Invest-
ment (ROI) isrealized, so that distilleries could be attracted and accept the
technology. Qualitative studies of color removal of distillery effluent were
carried out continuously in packed bed reactor to screen out the suitable
combination of artificial soil. The continuous reactor (voidage:0.39-0.4,
packed density:1.01-1.02kg/L ) studies enableto remove color and Chemical
Oxygen Demand (COD) degradation of the effluent (after secondary treat-
ment with COD 22000-23000mg/L ) to the tune of 97-99% and 96-97% re-
spectively for the period of more than 10 days. Formulations of artificial
soil, kinetic data, void age, space velocity wereimportant parameters useful
indesigning 10 KLPD pilot plant. © 2009 Trade SciencelInc. - INDIA
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INTRODUCTION

Thetreatment of distillery wasteisagigantic prob-
lemintermsof quality and quantity. InIndia, thereare
morethanthreehundred distillerieshavingingtdled ca-
pacity of 32x107L. They discharge huge volume of
wastewater at therate of 8-15L/L of rectified sprit. The
wastewater consisted of not only high COD and Bio-
chemicd Oxygen Demand (BOD) vduesbut dsohigh
color substancesasme anoidin.Withtheavail abletech-

nology of wastewater treatment, thetreated waste can
not meet the prescribed norms of 30 or 100mg/L set
by Central Pollution Control Board (CPCB) and Min-
istry of Environment and Forest (MOEF), India. More-
over, theMelanoidin Pigment (MP) ishardly decol -
orized dueto recalcitrant aswell astypical inhibitory
effect of microbesavailableintreatment procesd”.
InIndia, researcher have demonstrated the ability
of aquatic macrophytes (either single or two-three
aguatic plant system) inreducing theleve of toxic met-
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asof polluted water’>4. Inthe global scenario, scien-
tist havetackled the problem of decol orisation in labo-
ratory scale by chemical precipitation, chemical ad-
sorption or combined biological and chemical pro-
cess®8, Intheindustrial sector, virtually noinforma-
tionisavailable except the pil ot plant(10m?®/day) op-
erated for two yearsat M/sAshokaAlcho-Chem Ltd,
Maharastra, Indiawith natural soil capillary seepage
trench system, with technica guidance of M/s Somtech
Co.Ltd, Japan'®. The COD of seepage water from
the system was around 350-400mg/L with
decolorisation efficiency around 99%. Thiswater was
recycled back tothe bed for irrigation of variouscrops
(sunflower, mustard, cane etc) and do not need to
draw fresh water input. However in Indig, it is ob-
served that awidevariety of top soils, other than black
cotton isunsuitablefor thistechnology. So formula-
tion of artificial soil having adequate properties (high
water retention and base changing capacity) of
Maharastra, Indiasoil wasredized. Inadditionto that,
color removal efficiency by combined chemica and
biological processstill has disadvantages dueto the
high operating cost, high consumption of chemical
agentsand large volume of generated solid waste etc.
Under thiscontext the devel opment of anew technol -
ogy wasrealized onthe principleof wholecel immo-
bilization coupled with capillary seepagetrench sys-
temon artificial soil whichwould performidentically
in color removal comparableto natural soil and also
can give some guarantee for alow cost technology
with someReturn on Investment (ROI) from the culti-
vated crops. Objectivesof thispaper (first inthe se-
ries) areonformulation of artificia soil, cell immobili-
zationonit, reactor studieson suitability of color re-
mova and COD degradation and operational stability
of the system.

MATERIALSAND METHODS

Organismand medium

A mixed culture population was isolated (not
identified) from the soil of Maharastra and
Bundel khand region of Uttar Pradesh, India, hav-
ing high water retention capacity aswell as base
exchange capacity by acclimatization with effluent.
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For medium, 3.5% molasses solution was used for
the cultivation and maintance.

Artificial soil preparation

Artificial soil consists of five components and
traces of inorganic salts. The composition of artificial
soil for thestudy isnatura Balrampur soil (35%), river
sand (25%), compost of mixed culture on
lignocellulosics (15%), lignocel lulosic derivative-1
(15%), lignocellulosic derivative-2 (10%) and traces
of inorganic salts.

Cdl immobilization

Although mixed culture compost contains highly
densed population of microbesintheartificia soil but
prior tolaboratory studiesin columns, activeculture(in
stationary phase) i sol ateswas passed continuoudy for
2 daysto activatethe columnsto attain cell numbersin
therange of 2.5-3x10% per ml.

Continuousexperiments

A mildgted column (1.1m height, 5.25cminterna
diameter, havingfivedifferent portsat 30,50,70,90 and
110cm high) was employed for the studies. Effluent of
different COD vaues(9500-22000mg/L) after second-
ary treetment (removing suspended solids after passing
through 30cm deep sand bed) was pumped through
thetop of the column to maintain constant level inthe
column. Samplesweredrawnin every four hour inter-
val from the sampling portsto assesthe color removal
and COD degradation. Theresidencetimeinthe col-
umn was maintained at 12hours. A steady state was
assumed when the color remova and COD degrada
tionleveled off asevidenceby four successivesamples

assayed.
Batch experiments

Quialitative studies of suspended cellswerecarried
out in 500 ml conical flask containing 200 ml
effluent(COD ranging 9500-22000mg/L ) inocul ated
with 10% inoculumsandincubated at 30°Cfor Sx days.
After incubation, degradation of COD and
decol orisation of effluent were computed.

Analytical procedure

COD was measured as per the standard methods
for theexamination of water and wastewater (APHA,
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1995).Estimation of the color intensity of effluent was
carried out by diluting the samplewith 0.1M acetate
buffer solution, pH 6 after being centrifuged at 6000xg
for fifteen minutes. Theextent of color removal of the
diluted solution was measusered at 475nm. The per-
centage of color removal was cal culated asthe color
intensity of decol orized sample against that of origina
effluent. Theremoval yield was expressed asthe de-
gree of decrease in the absorbency at 475nm (pastel
yellow color) againgt theinitia absorbency (dark brown
color) at the samewave length. Thisisfurther quanti-
fied from the standard curve drawn against COD and
optical density of decolorized samples.

Cdl countswere computed by col ony counter &f -
ter developing the colonies of the properly diluted
samples spread on nutrient agar plates.

RESULTSAND DISCUSSION

Batch studies

Theextent of COD degradation and color removal
of suspended cellsarerepresented in TABLE 1. From
thetableitisclear that for lower strength of effluent
(COD 5000-5500mg/L) although COD degradation
ismargina (15-18%) but color removad isinthetune of
45-50%.But in case of high strength effluent (20000-
22000mg/L) the COD reduction and color removal
wereaslow as 8-10% and 20% respectively.

Continuousreactor studies

Point to point analysisof color removal and COD
degradation along theheight of column reactor

Point to point analysis of COD degradation and
color remova weremonitoredinthereactor employing
immobilized artificid soil with different strength of efflu-
ent (COD 10000-22000mg/L). The objective of this
work wasfor better understanding of thesystem at dif-
ferent sectionsof thereactor anditsthorough anaysis
to establish the kinetic pattern and to asses minimum
depth of the bed required for scaling up thedatain pilot
plant or commercial scale. Figure 1 and 2 show that
under the condition of operation (mentionedinthefig-
ure) around 77-79% of reactor volumewas sufficient
to attain COD degradation and color removal to the
extent of 82-92% and 92-96% respectively. Balance
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TABLE 1: COD reduction and color removal of distillery
effluent by suspended cells

COD of effluent Color removal COD reduction

(mg/L) (%) (%)
5000-5,500 50 15-18
10,000-12,000 40 15-18
20,000-22,000 20 8-10

120 - —e— initial COD of effluent (21000 - 22000 mg/)
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Figurel: COD removal of effluent at varioussectionsof the
reactor. Voidage : 0.39-0.4, Packed density (kg/L): 1.03, Linear
velocity(cm/h): 1.98-2.01, Temperature (°C):30
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Figure2: Color removal of effluent at varioussectionsof the
reactor. Voidage : 0.39-0.4, Packed density (kg/L): 1.03, Linear
velocity(cm/h): 1.98-2.1, Temperature (°C):30
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Figure3: Operational stability of immobilized cell reactor.
Residence time (h) : 12, Temperature (°C): 30, Initial COD of
effluent (mg/L): 21000- 22000

20-30% of reactor volumeisessentia aspolishingre-
actor to attainfinal COD of seepagewater intherange
of 300-500 mg/L and color removal of 97-99% de-

pending on the strength of the effluent.
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Operational stability

Thereactor performance was found to be steady
for more than 10 days and required no cell input.
Figure 3 showsthe pattern of color removal to the ex-
tent of 97-98% constantly for theinput effluent (COD
21000-22000mg/L ) fed to thereactor at 30°C. Con-
tinuousremova of color might be dueto combined ef-
fect of melanoidinase activity of cells(can beconfirmed
from suspended cdll data) and adsorbing effect of some
color substances on artificial soil. Microbial
decolorisation of melanoidinsisdueto successivede-
composition mechanisms, that isthe smaller molecular
weight melanoidinsarefirstly attacked and thelarger
molecular weight mdanoidinarefindly atacked issup-
ported from thework of Ohmomo™!.

CONCLUSIONS

In recent yearsconsiderableinterest inremoval of
melanoidin pigmentspresent in varioustypesof efflu-
entshasstipul ated severa kind of research onimprov-
ing clean environment and eco-system. Continuous
decolorisation of distillery effluent usingimmobilized
whole cellsisoneof them. Inthe present study it was
possibleto remove color and COD of effluent to the
extent of 97-99% and 95-97% respectively for ape-
riod of morethan ten daysthrough whole cell immobi-
lizationon artificid soil by capillary seepage system.
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