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ABSTRACT

Microorganisms possess a capacity to accumulate organic and inorganic
matter in their body, evoke the process of their enzymatic transformation
and adsorb them on the cell surface. Detailed batch studies with the se-
lected JH4 microbial biomass as a adsorbent, has been carried out to inves-
tigatethe effect of pH, contact time on the adsorption isothermfor TS, TDS
and Hardness. |solated bacterial strains JH4 posses the capacity to reduce
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TS, TDS and Hardness of water about 82+2 % at pH 7 with contact time of
85 minutes. The adsorption kinetic study satisfied the model Langergren
and Frendulich equilibrium constant. Adsorption capacity was found to be
47.2,27 and 26 mg/g of of adsorbent for TS, TDS and hardnessrespectively.
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INTRODUCTION

Water reservesof theworld arelimited. and only a
little amount of freshwater is accessible to humans.
Bioremediation, abiologica process using microorgan-
ismsasagentsfor remedid activitieshave been devel-
oped to degrade, detoxify or accumul ate contaminat-
ing chemicals. Microorganismsare cgpabl e of degrad-
ing avariety of pollutants. Biological processesplay a
magor roleintheremova of contaminantsand they take
advantage of the astonishing catabolic versatility of mi-
croorganismsto degrade/convert such compounds. In-
terestinthemicrobia biodegradation of pollutantshas
intensifiedin recent yearsasmankind strivesto find sus-
tai nable waysto cleanup contaminated environments.
Thesebioremediation and biotransformation methods
endeavor to harnessthe astonishing, naturally occur-

ring, microbid catabolic diversity to degrade, transform
or accumul ate ahuge range of compounds. The pur-
pose of treatment isto removethe contaminantsfrom
water so that the treated water can meet the accept-
ablequality standards. Domestic effluent isemerging
out from houses, townsand municipaitiesand contains
excessiveamountsof Total solid (TS), Total dossilved
solid (TDS) These solidsreducewater clarity, contrib-
uteto adecreasein photosynthes's, combinewith toxic
compoundsand heavy metals, and lead to anincrease
inwater temperature®. Hardnessis dueto the pres-
ence of calcium, magnesium or ferrous (iron salts) as
chloride, sulphate or bicarbonates. Hardness affectsthe
amount of sogpthat isneeded to producefoam or lather.
Hard water requires more soap, becausethe calcium
and magnesium ionsform complexeswith soap, pre-
venting the soap from sudsing. Hard water can also
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TABLE 1: Treatment of effluent with isolated micr oor ganisms

Effluents

% removal of various parameter with isolated microorganism

Parameter

JH1I JH, JH3 JH, JHs JHe JH; JHg JHo JHyp JHy JHg
pH 5.4 - - - - - - - - - - - -
TS 11800 ppm 57.8 42 281 682 653 481 542 357 580 402 625 36.7
TDS 5600 ppm 46.8 576 510 706 543 618 287 413 645 510 568 59.8
Hardness 650 ppm 63.1 376 652 689 436 589 50 414 565 302 283 494
Alkalinity 480 ppm 45.5 51.7 342 677 628 49 421 601 481 632 500 628
Conductivity 3.9 mS/cm 57.3 514 428 693 446 677 308 42 396 255 407 459
Turbidity 11NTU 47.6 635 389 712 38 528 457 503 361 320 654 610
BOD 220 ppm - - - - - - - - - - - -
COD 450 ppm - - - - - -

leaveafilm onhair, fabrics, and glassware. Hardness
of the water isvery important in industrial uses, be-
causeit forms scaein heat exchange equipment, boil-
ers, and pipelines. Some hardnessisneeded in plumb-
ing systemsto prevent corros on of pipesAspect of the
present study is aimed at selection of a microbial
bi asorbent, which can adsorb pollutant from thewaste-
water. Detailed batch studieswith the sel ected micro-
bial biomass as a adsorbent, has been carried out to
investigate the effect of pH, contact time on the
Langmuir and Freundlich adsorptionisothermfor TS,
TDSand Hardness.

MATERIALSAND METHOD

General char acterization of domestic effluent

Domedtic effluent was collected and parametersi.e.
total solids, total dissolved solids, dkalinity, hardness,
conductivity, turbidity, DO, BOD and COD was de-
termined by standard methods® with dight modifica-
tion.

| solation and screening of microor ganismsfor the
domestic effluentstreatment

Isol ation of microorganismswas carried with the
help of streek plate methodsfrom domestic effluent and
different colonieswereidentified based oncolor, size
and shape. Isolated microorganismwasinoculated in
sterilized liquid medium (gmvl) ; Yeast Extract, 2 ; Beef
Extract,1; Peptone,5; Sodium Chloride,5 and after in-
cubation (24 hoursat 37°C for) broth was centrifuged
(5000 rpm at 4°C and 20 minutes) for microbia biom-
ass separation. To study the adsorption potential 1 gm
microbial biomasswasadded inthe 100 ml of domes-
tic effluent and placed on therotary shaker at 30+2°C

and after 24 hrsfiltratewasanalsed for thefor the pa
rametersi.e. tota solids, tota dissolved solidsand Hard-
Ness.

Effect of pH and contact time on the adsor ption
potential of microorganism for the treatment of
domestic effluent

All the batch adsorption studieswascarried at pH
2,4, 7 and 9 using 100 ml of domestic effluent in 250
ml Erlenmeyer conical flask. Requisite quantity of mi-
crobia biomass was added and placed on rotatory
shaker at 30+2°C. Sampleswerewithdrawn after dif-
ferent timeintervasfor theandyssof resdud TS, TDS
and hardness.

RESULTSAND DISCUSSION

Different parameters of domestic effluenti.e. pH,
total solids, total dissolved solids, dkalinity, hardness
conductivity, turbidity, DO, BOD and COD werede-
termined by standards procedure and from theresults
iswasconcludedthat al the parametersare abovethe
mentionslimitsby the IDAPAR and EPA® standard.
For thetreatment of effluent i sol ated microorganism,
JH4 hashigher the adsorption potential for thevarious
parameterswith respect to the other (TABLE 1) be-
cause microorganismsexposed continuoudly to anen-
vironment for aprolonged period of time, acquirenew
genetic propertiesto livein dien environment by muta
tion, substitution and expression of new genes.

Effect of pH and contact timefor theremoval of
TSand TDSwith microbial biomass

Effect of pH
Effect of solution pH onremoval of tota solidsan
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Figurel: Effect of pH and contact timeon removal of TS(a)
and TDS (b) by microbial biomasswith pH 2, 4, 7, 9 at
30+2°C. Adsor bent dose 10gm/L

dissolved was studied using biomass as an adsorbent.
AspH of solution wasincreased from 2 to 7 the ad-
sorptionincreased from 31-82 and 45-81%for TSand
TDS respectively. When pH wasincreased from 7-9
the% of TSand TDSremoval decreased significantly
21 and 38 % respectively. Maximum removal of TS
and TDSwasachieved a pH 7. Thesr values ate com-
parabletofor theremova of suspended solidsfromthe
sewage?.

Effect of contact time

Figure 1 (a b) showstheeffect of contact timefor
theremoval of TSand TDS. Increasing contact time
from 5-85 minuteincreasesthe percentageremoval of
TSand TDS. Maximum remova waswithin45-85min.
contact time. Thekinetic datawasfitted tothe Lagergren
equation”,

Log(X-X)=log X -K_, 1/2.303

X=theamount of solute, total solids(mg/g of ad-

sorbent) removed at timet, X_= amount removed at
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Figure2: Langergren plot for theadsor ption of (@) TS(b)
TDSby microbial biomasswith pH 2, 4,7, 9 at 30+2°C.
Adsor bent dose 10gm/L

equilibriumand K _,_=therate constant of adsorption.
Theeffect of contact timewas studied for theremoval
of TS and TDS with different pH 2, 4, 7 and 9 at
30+2°C. For biomass, the contact time of morethan 1
hour was needed to establish equilibrium. Thekinetic
of effluent a different pH with biomassasan adsorbent
wasfound to befirst order rate. Figure 2(a, b) depict
Lagergren plot with regressions coefficient 0.9for TS
and TDS. Adsorption rate constant are given in
TABLES.

Adsorption isotherms

Adsorptionisotherms, which arethe presentation
of theamount of soluteadsorbed per unit of adsorbent,
asafunction of equilibrium concentrationin bulk solu-
tion at constant temperature, were studied. Severa
model s have been devel oped to describe adsorption
system behaviors. The Langmuir isotherm model has
been successfully gpplied to many pollutant adsorption
processes and it ismost commonly used adsorption
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TABLE 2: Effect of pH on theadsor ption 6rate (K, (min)
and Thermodynamic equilibrium constant (K°) for the TS
and TDS

Adsor ption rate Thermodynamic

T equilibrium
pH constantsK 4s(min™) for constant (K°)
TS TDS TS TDS
20 3.1x10%  3.5x107? 0.46 0.37
30 3.7x10%  3.9x10% 0.91 1.26
70  49x10°  4.9x10? 4.72 4.32
9.0 24x10°  2.9x10? 0.27 0.61
TABLE 3: Adsorption rateconstantsfor biomassat different
H
S. H Adsor ption rate Thermodynamic
no. P congtant K aal min™) equilibrium constant (K °,)
1 20 2.8x10? 0.55
2 30 3.1x10? 1.08
3 70 4.8x10 4.16
4 90 3.2x107 0.79
g
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Figure3: (a) Effect of pH and contact timeon removal of
har dnessby microbial biomasswith pH 2,4, 7, 9at 30+2°C.
Adsorbent dose 10gm/L ; (b) Langergren plot for thead-
sor ption of Total solidsby microbial biomasswith pH 2,4,
7,9at 30+2°C. Adsor bent dose 10gm/L
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isotherm for the adsorption of asolutefromaliquid
solution (Langmuir, 1916). Thelinear form of Langmuir
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isothermisgiven by thefollowing equation:

C/g9.=V(q Ka)+C/q,

Where g, is the amount adsorbed per unit mass of adsorbent
(mg/g), C, the equilibrium concentration of the adsorbate (mg/
), g,, the equilibrium sorption capacity for complete mono-
layer (mg/g) and Kathe sorption equilibrium constant (I/mg).

TheFreundlichisotherm® istheearliest knownre-
lationshi p describing the sorption equation. Thisfairly
satisfactory empirical isotherm can be used for non-
ided sorptionthat involvesheterogeneoussorption. The
linear form of Freundlich isothermisgiven by thefol-
lowing equation:

Log(g) =Unlog(C) +log(KF)

Thermodynamic equilibrium constant for effluent
using microbial biomass as adsorbent was obtained at
32°C,

K°C=C/C,

Here C_was concentration on adsorbent at equi-
libriuminmg/l and C_istheequilibrium concentretion of
solidsinsolutionin mg/l. Results(TABLE 2) depicts
the thermodynamic equilibrium constantsfor TSand
TDS.

Effect of pH and contact time on the adsor ption
potential of microorganism for the treatment of
hardness

Hardnessismeasure of polyvalent cationsinwater.
Hardnessgenerdly representsthe concentration of cal-
cium (Ca*) and magnesium (Mg?) ions, becausethese
arethe most common polyvalent cations. Other ions,
such asiron (Fe?*) and manganese (Mn?), may also
contribute to the hardness of water, but are generally
present inmuch lower concentrations. Waterswith high
hardnessvaluesarereferred to as“hard,” while those
withlow hardnessvaluesare“soft”.

Effect of solution pH onremoval of hardnesswas
studied using biomass as aadsorbent. AspH of solu-
tion wasincreased from 2-7 percentageremoval in-
creased from 35-80 %, whereaswhen the pH wasin-
creased from 7-9 percentage removal decreased sig-
nificantly from 80-44.17%. (Figure 3a). Increasing con-
tact time(5-85min.) increasestheremoval of hardness
with Maximumremova wasobsarved within45-85min.
For biomass, the contact time of morethan 1 hour was
needed to establish equilibrium. Thekinetic of effluent
at different pH with biomass as an adsorbent wasfound
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to befirst order rate. Figure 3b) depict Lagergren plot
with regressions coefficient 0.9 for hardness. Asthe
pH of solution wasincreased from pH 2-7 the adsorp-
tion rate constantsincreased. Adsorption rate constant
(TABLE 3) valuewas observed maximum 4.8x102at
pH 7 whileasthe pH increased from 7-9 the Adsorp-
tionrate constant decreased

CONCLUSION

Removal of TS, TDSand hardnesswaspossible
by using microbial based biosrbent. 1solated microor-
ganism JH4 wasmost effectivefor remova of TS, TDS
and hardness up to 82+2 percentageat pH 7. Contact
timeof 85 minuteswasoptimumto achievetheequilib-
rium. Kinetics of adsorption wasfound to thefollow
thefirst order mechanism. Adsorption rate constant was
4.9x10%for TSand TDS. Thermodynamic Equilibrium
Constant (K°c) was4.72 and 4.32for TSand TDS at
pH 7. For theremoval of hardnessfromthe water mi-
crobid biomasshasfirst order ratemechanism. Soform
theresultitisconcluded that biomass can be used for
theeffluent trestment
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