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ABSTRACT

Various methods which are commonly used for the wastewater treatment
for heavy metals, In the present work the free and immobilized cells of
Pseudomonas aeruginosa., Klebsiella pneumoniae, were studied as
biosorbent materials for the remova of Zn, Mg, and Ba from agqueous
solution. . The both free cell and immobilized cells of Pseudomonas
aeruginosa showed maximum sorption of heavy metals (Zn, Mg, and Ba)
compared with Klebsiella pneumoniae. In this study % of sorption
capability was calculated by using Gravimetric method. Pseudomonas
aeruginosa has high ability of heavy metal sorption such as Zn, Mg, and
Ba compared with Klebsiella pneumoniae sorption ability of Zn, Mg and
Ba. The reaction mixtures wereincubated with varied initial concentration
of biomass to verify the change on the sorption capacity of the bacterial
biomass. The biosorption concentration was increased simultaneously
heavy metal sorption ability also increased when the biomass
concentration increased. The different parameters like biomass
concentration, pH, contact time and temperature were al so analyzed. Hence
these organisms are used for the wastewater treatment, which is a cheapest
method, due to the biosorption capacity of the organisms. The biosorption
performance of Pseudomonas aeruginosa and Klebsiella pneumoniae can
beimplemented practically for the treatment of wastewater.
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INTRODUCTION

Natura watershave been found to be contaminated
with severad heavy metdss, arising mostly frommining
wasteandindustria discharges?. These contaminants
cause problemto the ecosystem. Although some heavy
metal sare necessary for the growth of plant after cer-
tain concentration, they become poisonous to both
plants and microorgani sms. Sometimes, these heavy

metasareheldin soil asaresult of adsorption, chemi-
cd reaction and ion exchange®. Heavy metals of con-
cernincludelead, chromium, mercury, uranium, sele-
nium, zinc, arsenic, cadmium, silver, gold and nickel 2,
Themetasincreasein concentration at every level of
food chain and are passed onto the next higher level of
phenomenon called bio-magnification(®l.

Exposureto heavy metal contamination hasbeen
found to cause kidney damage, liver damage and
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anaemiainlow dosesand in high concentrationsit can
be carcinogenic and teratogenic if not fata?. To avoid
hedlth hazardsitisessential to removethistoxic heavy
metd fromwastewater beforeitsdisgposd. Man source
of heavy metal contamination include urban industria
aerosols, solid wastesfrom anima mining activitiesin-
dustry and agricultura chemicas. Heavy metalsaso
enter thewater supply from acid rain which breakdown
soilsandrocks, releasing heavy metalsinto streams,
lakes, and ground water.

Various methodswhich arecommonly used for the
wastewater treatment for heavy metd's, includespre-
cipitation, ion exchange, adsorption, reverse 0SMos's,
detrodidydss, evgporation, liquid membranetechniques,
solvent extraction and crystdlization™. Immohbilized non
living biomassand metal binding compoundscan also
be used to remove heavy metals. Freely suspended
microbia biomass hasdisadvantagethat includesmal
particlesizeand|low mechanical strength. Immobilized
bioreactor using Bacillus coagul ans have been tested
for Cr (V1) reduction. Pseudomonas species, Srep-
tomyces species, and Citrobactor species, immobi-
lized on PV C have been reported to be very effective
inheavy metal removal, namely vandium, cadmium,
copper, lead with high efficiency?3.

Biosorptioninvolvestheremoval of metal or met-
alloid species, compounds and particul atesfrom the
solution by biologica material™. Biosorptionisaprop-
erty of certain typesof inactive, dead, activemicrobia
bi omassto bind and concentrate heavy metalsfromeven
very diluteaqueous solutions. In the present work the
free and immobilized cells of Pseudomonas
aeruginosa., Klebsiella pneumoniae, werestudied as
bi osorbent materid sfor theremova of Zn, Mg, and Ba
from agueous solution.

EXPERIMENTAL

Sudy materials

The samplewas collected from Kingschemicad in-
dustry at Vadaseri, Thanjavur, Tamilnadu. Thecollected
water samplewas stored on specific aseptic container.

| solation of bacterial'”
Serid dilutionwas performed by using thecollected
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water sampleto isolatethe organisms. From that 1m
of water samplewastaken and diluted in to the tube
containing 9ml of digtilledwater and mixed thoroughly,
to make a 1:10 dilution (10%). Then 1ml of diluted
samplewastransferred to the next tube and serially
diluted into the series of test tubeshaving 9ml of dis-
tilled water using sterilepipettes, up to 107 dilution.

Mediapreparation

Pseudomonas agar mediumwas prepared by using
peptone—20g, Glycerol- 10g, Dipottassium sulphate
—10g, Magnesium chloride — 3.5g, Agar- 15g were
takenin 1000ml conical flask containing 1000 ml of
distilled water and mixed thoroughly conicd flask was
plugged with cotton and sterilized in autoclave® The
diluted 0.1 ml of sample was taken from 10— 10~
dilutions and were spreaded over the prepared
Pseudomonas agar medium and nutrient agar medium
then the plates were incubated at 37°C for 24 to 48
hours. After incubation the colonieswere observed on
theplates.

I dentification of bacteria

Theorganismswereidentified by Gram staining,
Motility test? and Biochemical testg*3.

Microorganismsand culturecondition

The biomass used for the biosorption of Zn, Mg,
and Baare Pseudomonas aeruginosa and Klebsiella
pneumoniaewere grown in 250ml conical flaskseach
containing 100ml separately . It consists of NaCl —
500mg, MgSO4 — 100mg, KC1— 100mg, Peptone —
0.6g, Sodium citrate— 1g, at a constant pH of 7.4.

The conicd flaskswereinoculated withfreshly pre-
pared broth culture suspensionsand incubated at 37°C
for oneweek under room temperature. The bacteria
biomasswere harvested by centrifugation at 4,000 rpm
for 20 minutes, washed thoroughly with ditilled water
and then used for the biosorption studies.

Metal solution

Thegtock solution of Zinc, Magnesium, and Barium
wereprepared by dissolving 1g/L of ZnCl,, MgCl, and
BaCl, respectively in 15% NaCl solution preparedin
digtilled water. Theexact dilutionsof therespectivestock
solution were used for the bi osorption studies (Plate-3).
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M ethodsof immabilization

Pseudomonas aeruginosa and Klebsiella
pneumoniae cellswereim mobilized by sodium agi-
nate. Entrapment of cdllsinnon-toxic aginateisoneof
the simplest, cheapest and most frequently used for
immohilization®. Sodium aginateand Calcium Chlo-
ridewereused to preparethe aginate beads containing
thewholecells. Sodium alginate sol ution (6% waspre-
pared by dissolving 6gm of sodium alginatein 100ml
distilled water. The contentswerestirred vigoroudy for
10 minuteto obtain thick uniform durry without any
undisclosed lumps and then sterilized by autoclaving.
Both alginate slurry cell suspensionsweremixed and
stirred for 10 minutesto obtain uniform mixtures. The
durry wastakeninto asterile syringe, added dropwise
into 2% CaCl,, solutionsto get approximately 500im-
mobilized cell composites. Approximately 100 com-
positeswere used for the sorption studies.

Biomasscharacterization

The phosphatespresent onthecedll wall of biomass
weredetermined in order to study the nature and ca-
pacity of the biosorbent. The phosphate content was
estimated spectrophotometrically by using
Molybdenium blue method*?. 50ml of sample was
takeninclean conical flask. Onedrop of phenol phtha-
lein indicator was added to it. Then 5N H,So, was
added along with. 8ml of mixed reagent (the reagent
was prepared by mixing 50 ml of 5N H,SO, with Sm
of potassum antimonyl tartarate reagent (100mg/50ml
distilled water). To this 15ml of ammonium molybdate
solution (2g/50ml distilled water) and 30ml of ascorbic
acid solution (0.88g/50ml distilled water) wereadded
and mixed thoroughly). Theabovereagentsweremixed
well and incubated at aroom temperaturefor 10min.
The absorbance wasread at 680 nmin aspectropho-
tometer using distilled water with other reegent asblank.

Methodsfor biosorption studies

10ul of bacterial biomass was suspended in 10ml
of metd solutionis100ml of conicd flask and theflasks
wereincubated at 35°C. Samples withdrawn at defi-
niteinterval swere centrifuged at 4000 rpm for 20min
and the supernatant was analyzed for residual metal
content. Theresdua metd content wasdetermined by
using gravimetric method.
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Gravimetric estimation(

10ml of reaction sol ution was centrifuged at 4000
rpm for 20min. To 5ml of supernatant solution, 5ml of
10% preci pitating agentswere added. Theresultant so-
lutions were centrifuged at 4000 rpm for 20 minutes.
Thenthe precipitateswere collected, driedinahot air
ovenandweighedinanéeectronicbadancew,. Thesame
procedure was repeated with the standard metal (10
mg/ 10ml) solutionto get theinitia weight of metd, W

Calculation
(wy—w;) x 100
Wl

1. 10% solution of Na,HPo, and (NH,), SO, were
used as precipitating agent in the case of Mgand
Barespectively.

2. 10% Na2S solution was used to precipitate the
metal Zn.

Effect of biomassconcentration of biosor ption

Theeffect of biomassconcentration ontheremoval
of heavy metals, on different biomass concentrations,
2,4,6,8, and 10ul of bacterial biomass, were added to
10ml of meta stock solutiontakenin50ml conicd flasks.
Theresulting mixtureswerethen kept inaroom tem-
peraturefor 24hrsunder similar conditionsalong with
their corresponding reference sol ution.

% of sorption

Effect of pH on biosor ption

Theeffect of pH onthe biosorption of metalswere
examined by adding 10ml of each metal stock solution
to 10ul of the bacterial biomass taken in 50ml of coni-
cal flasksat different pH such as5,6,7,8,9and 10. The
resulting mixture was then kept in room temperature
for 24hrs. The studieswere carried out at room tem-
peratureand similar incubation period for al the met-
as

Effect of contact time of biosor ption

Theeffect of contact timeontheremova of heavy
metal swere established by 10ul of bacterial biomass
suspendedin 10ml of each metal solutionin 50ml coni-
ca flasksinanroomtemperatureat 35°C. The studies
were carried out at the corresponding optimal biomass
concentration, pH, and temperature in thereaction so-
lution for each metd at predeterminedintervasof time.
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Effect of temper atur e on biosor ption

Theéeffect of temperatureon theremoval of heavy
metal sby bacteria biomasswas examined by dissolv-
ing sand maintai ning the corresponding optimal biom-
assconcentration, pH and optimal timefor each metal.
Thereaction mixtureswerekept for 24hrsat different
temperatureslike25°C, 30°C, 35°C, 40°C and 45°C
to observethetemperature effect.

Satistical analysis

M ean and standard deviation were calcul ated to
facilitate the comparison of thedata

RESULTSAND DISCUSSION

| solation and identification of microor ganisms

Inthis present study two different bacterial colo-
nieswereobserved. Theisolated colonieswere named
as|BlandIB2. Isolated two colonieswereidentified
by morphol ogical and biochemical characteristicsand
theresultsare presentin TABLE 1. Themorphologica
and biochemical test results were compared with
Bergey’s Manual of Systematic Bacteriology and the
IB1 and IB2 are named as Pseudomonas aeruginosa
and Klebiella pneumoniae.

TABLE 1: | dentification of isolated bacterial colonies

Mor phological and

S-No. biochemical characterization 1Bl 182
1 Gram staining Gram - Gram -
2. Motility Motile ~ Non moatile
3. Shape Rod Rod
4, Indole test Negative  Negative
5. Methyl red Negative  Negative
6. Voges proskaeur test Positive Negative
7. Citrate utilization test Positive Positive
8. Triple sugar iron agar test AG Negative
9. Starch hydrolysis Negative  Negative
10. Urease hydrolysis Negative Positive
11. Oxidase Negative Positive
12. Catalase Positive Positive
13. Carbohydrate Negative AG

AG-Acid/Gas

Biomasscharacterization

Thebiosorption of Zn, Mg, and Baby Pseudomo-
nas aeruginosa and Klebsiella pneumoniae in free
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andimmobilized cellswereanaysed. Theboth freecdl
and immobilized cells of Pseudomonas aeruginosa
showed maximum sorption of heavy metals(Zn, Mg,
and Ba) compared with Klebsiella pneumoniae. Both
theorganism had high effect on Ba(42+0.79%), mod-
erately onMg(33+0.18%) and less on Zn (18+0.78%).
Amongthisstudy Barium heavy metd sol ution hasmaxi-
mum |eve of sorption by both organismscompared with
other heavy metals. The results were presented in
TABLE2and Figure 1.

TABLE 2: Biosor ption of heavy metalsby molybdeniumblue
method

% of sorption (M ean+SD)

S.No. Heavy Pseudolmonas Klebsiella Pneumoniae
Metal aeruginosa
Free Immobilized Free Immobilized
cell cell cell cell
1. Zinc 7+0.27 18+0.78 3+0.37 18+0.78
2. Megnesium  13+0.84 33+0.18 5+0.37 21+0.84
3. Barium 14+0.84 42+0.78 8+0.50 31+0.86

B Zinc

% of sorption

Megnesium

= Barium

8

Freecell

Immobilized cell Free cell Immobilized cell

Pseudomonas aeruginosa

Figure 1 : Biosorption of heavy metal by Pseudomonas
aeruginosa and Klebsiella pneumoniae

Inthe present study both thefreeand immobilized
cells of Pseudomonas aeruginosa and Klebsiella
pneumoniae maximum sorption of heavymetd Zn, Mg
and Bawere compared with free cell both the organ-
ismshad high effect on Baand moderately on Mgand
lesson Zn. Similar resultswerereported by Lopez et
al., 1997; Costaet al., 1991 both the freeand immo-
bilized cells of Hal obacteriumeutribumare capable
of removing the sel ected heavy metalsfrom the water
withinthedtipulated period, sorptionishighinimmobi-
lized condition.

Gravimetricmethod

The% of sorption capacity wascd culated by Gravi-
metric methods. The heavy metals sorption ability of
Pseudomonas aer uginosa was higher than Klebsiella

Klebsiella pneumoniae
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TABLE 3: Biosor ption of heavy metal gravimetric method

% of sorption (M ean+SD)

SNo. HeavyMetal  pseudomonas  Klebsiella
aeruginosa  pneumoniae

1. Zinc 7.80+0.97 3.54+0.54

2. Megnesium 9.16+0.76 2.37+0.63

3. Barium 10.39+0.78 1.53+0.87

B Zinc
Megnesium

H Barium

% of sorption

Pseudomonas aeruginosa

Figure2: Biosor ption of heavy metal gravimetric method

klebsiella pneumoniae

pneumoniae. Theresultswerepresented inTABLE 3
and Figure2.

In thisstudy % of sorption capability was cal cu-
lated by using Gravimetric method. Pseudomonas
aeruginosa hashighability of heavy metal sorptionsuch
as Zn, Mg, and Ba compared with Klebsiella
pneumoniae sorption ability of Zn, Mgand Ba. The
present results were compared with
Benzawadamanikumar and Suryanarayargu, 2008. The
gravimetric estimation of sorption ability of heavy meta
suchasCu, Cd, Ba, Mg, Zn and Pb.

Effect of biomassconcentration on biosor ption

Thereaction mixtureswereincubated with varied
initid concentration of biomassto verify thechangeon
the sorption capacity of the bacterial biomass. The
bi osorpti on concentration wasincreased smultaneoudy
heavy metal sorption ability also increased when the
bi omass concentrationincreased. Theresultswere pre-
sentedinTABLE 4 and Figure3 & 4.

Likewisebiosorption of metalsincreasegradually
withincreasein the concentration of biomasstill it get
itsequilibrium becauseof increasing adsorption surface
aread?l,

Effect of pH
Thebiosorption of heavy metal optimized by dif-
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ferent pH vaue. Both organismsinthedkainepH 10
the sorption capacity on metals was comparatively
higher than acidicand neutral pH. Theresultswerepre-
sentedintheTABLE 5and Figure5 & 6.

TABLE 4: Effect of initial biomassconcentr ation on sor ption
of heavy metal

Biomass % of sorption
S. Heavy : -
No. Metal concentration  Pseudomonas Klebsiella
(mg/ml) aeruginosa____ pneumoniae

2 28 24

4 45 36

1. Zinc 6 &3 44
8 70 52.5

10 72.5 60.5

12 73 70

2 37 23
4 42 34.5
. 6 535 425

2. Magnesium 8 60 a7
10 67 49
12 69 54.5
2 39 325
4 52 435

. 6 575 47
3. Barium 8 605 505
10 66 63
12 725 69.5

®
S

\%

—&—Zing

g
\

% of sorption
» «
S S

Magnesium

—&—Barium

N
S

-
)

Biomass Concentr ation (mg/ml)
Figure3: Effect of biomassconcentration on biosor ption of
heavy metal by Pseudomonasaeruginosa

80

o

70

——Zinc
Magnesium
—&— Barium

% of Sorption
IS
S

30 /

20
10 /
A

&
[] 2 4 6 8 10 12
Biomass concentration (mg/ml)

Figure4: Effect of biomassconcentration on biosor ption of
heavy metal by by Klebsiella pneumoniae
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TABLES5: Effect of pH on sor ption of heavy metals
% of sorption

S.No. pH Tﬂe;\g Pseudomonas  Klebsiella
aeruginosa  Pneumoniae
Zinc 7 55
1 5 Magnesium 8 6
Barium 11 9
Zinc 9 85
2. 6 Magnesium 115 10
Barium 20 17
Zinc 11 9.5
3. 7  Magnesium 21 175
Barium 34 26
Zinc 14.5 12
4. 8 Magnesium 23 21
Barium 42 345
Zinc 185 15
5. 9 Magnesium 29 27
Barium 475 42
Zinc 25 22
6 10 Magnesium 32 30
Barium 525 475

o
S

\

——Zinc

% of sorption
=
5

Magnesium
—A—Barium

N\

Q

0

pH
Figure5: Effect of pH on sor ption of heavy metal by Pseudomo-
nas aeruginosa

50

; //
Pt

—

5 6 7 8 9 10
pH

Figure6: Effect of pH on sor ption of heavy metal by Kleb-
siella pneumoniae

Inthisstudy both organismsinthedkalinepH 10
the sorption capacity on metals was comparatively

w
@

S

—4—Zinc

% of sorption
NN ow
5

S

Magnesium
—&— Barium

-
o

-
3

w

0
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higher than acidic and neutral pH. In the same manner
inhighly acidic conditions, the sorption wasvery low
for all themetal§9. Inthe pH 8, sorption studieswere
not conducted dueto preci pitation support that theini-
tial pH of the solution hasavita rolein metal sorption.
pH is key in most biological process and one of the
main variable factor affecting the biosorption pro-
Ces§8,9,12] .

Effect of contact timeon biosor ption

Theeffect of incubation period on the biosorption
of heavy metalswasverified. Theeffect of incubation
timeonthesorption of metalsispresentedin TABLE 6
and Figure 7 & 8. Among this study the biosorption

TABLE 6: Effect of incubation timeon biosor ption of heavy
metal

% of sorption

S. Heavy Incubation -
No. Metal time (min) Pseudomonas  Klebsiella
aeruginosa  pneumoniae
30 20 18
60 345 225
. 90 42 33
1 Zinc
120 48 375
150 56 425
180 64 56
30 24 20
60 39 27
. 90 45 37
2 Magnesium
120 57 395
150 61 425
180 63 47
30 15 13
60 22 17
) 90 34 26
3 Barium
120 42 345
150 48 37
180 54 42

« @ ~
S S =)

'S
S

% of sorption

——Zinc

Magnesium
—&—Barium

\
&\

-
)

0

30 60 90 120 150 180
Incubation time (min)

Figure 7 : Optimizing effectivetime for sorption of heavy
metals by Pseudomonas aeruginosa
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60

50

40

e
) =l
=

10

——Zinc
Magnesium
—&—Barium

% of sorption

0
30 60 90 120 150 180
Incubation time (min)

Figure 8: Optimizing effectivetimefor sorption of heavy
metals by Klebsiella pneumoniae

ability was maximum in 180min by Pseudomonas
aeruginosa compared with Klebsiella pneumoniae.
It isalso noted that the sorption ability increase with
increaseinincubation period. Thesimilar resultswere
obtained that the sorptionincreasewithincreaseinthe
incubation periodtill it reachestheequilibrium at 180
minutes afterwardsthereisno significant changein the
sorption™4,
Effect of temperature

Thebiosorption of heavy metd optimized by differ-
ent Temperature. Inorder to verity theinfluence of tem-
peraturein the sorption process, the studieswere con-
ducted at various reaction temperature 25°C, 30°C,
35°C, 40°C and 45°C by maintaining other factors un-
dtered. Thebiomassexhibited maximum sorption capa
bility inthetemperaturerange between 30°C-35°C. The
resultswerepresentedin TABLE 7 and Figure 9& 10.

TABLE 7 : Effect of temperature on biosor ption of heavy
metal

0 -
Heavy % of sorption

S.No. Temperature Metal Pseudomonas  Klebsiella
aeruginosa __ pneumoniae

Zinc 7 4

1 257TC Magnesium 85 75
Barium 14 10
Zinc 25 22

2. 307C Magnesium 325 325
Barium 425 39
Zinc 32 325

3. 35T Magnesium 34 30
Barium a7 425
Zinc 20.5 17

4. 407C Magnesium 23 195
Barium 30.5 225
Zinc 10 75

5. 457C Magnesium 20 115
Barium 26 20
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Figure9: Effect of temperatureon sor ption of heavy metal by
Pseudomonas aeruginosa
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5

® Magnesium
15 —A— Barium
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Figure10: Effect of temperatureon sorption of heavy metal
by Klebsiella pneumoniae

Thesimilar resultswerereported that higher tem-
perature could enhance bi osorption of heavy metdson
nonlivingbiomassof Chlordlla. Soany resdual heatin
industrid wastewater would not suppressed biosorption
and it anything might enhanceit. But temperature de-
pendence of adsorption iscomplex mixture?. Ther-
modynamic parameterslike heat of adsorption and the
energy of activation play onimportant rolein predicting
the adsorption behavior and both are shortly tempera-
ture dependent™,

CONCLUSON

Biosorption isaccumulation of metal ionson the
surface of biomassfrom dilute aqueous solutions. In
thisexperiment different metalswere used such asZn,
Mg, and Ba using free and immobilized cells of
Pseudomonas aeruginosa and Klebsiella
pneumoniae were conducted asfunction of operating
conditions. Thedifferent parameterslike biomasscon-
centration, pH, contact timeand temperaturewerea so
andyzed. Hencetheseorganismsare used for thewaste-
water treatment, which isacheapest method, dueto
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the biosorption capacity of the organisms. The
bi osorption performance of Pseudomonasaer uginosa
and Klebs ella pneumoniae can beimplemented prac-
ticaly for thetreatment of wastewater.
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