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In the present work, Staphylococcus gallinarum W-61 was studied for the
removal of Cd(II), Ni(II), Cr(VI), Cr(III) ions from aqueous solution. All experiments
were conducted with the dried and non growing biomasses of S. gallinarum W-61 under
varying conditions of pH, contact time, and initial concentration of the metal ion. The pH
of the solution considerably altered the biosorption capacity of metal ions by the test
isolate. Biosorption of Cd and Ni was maximum at pH 6.5, pH 4.5 was found optimum for
Cr(III) whereas S. gallinarum W-61 adsorbed Cr(VI) maximum at pH 2.5. The removal of
metal ions was conspicuously rapid; most of the total adsorption occurred within 30 min
of reaction time. The sorption data was analyzed with the Langmuir and Freundlich
isotherm models. The highest Q and K, value was found for the biosorption of Cd(II)
with 48.8 mg/g and 6.78 mg/g respectively when the experiment was conducted with the
non growing biomass of S. gallinarum W-61. Recovery of metal ions (Cr(VI), Cr(III) Cd(II)
and Ni(II)) through desorption was found better with the dried biomass compared with
the non growing biomass of the isolate. The isolate was further tested for its
bioaccumulation potential under actively growing conditions. .The results of
bioaccumulation shows that S. gallinarum W-61 has accumulated varying amount of
test metals intracellularly. The isolate could be employed for the removal of heavy
metals from spent industrial effluents before discharging it into the environment.
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The heavy metals are major cause of
environmental and health problemsdischargedinto
the environment by alarge number of industries. .
Several toxic heavy metals including chromium,
cadmium, and nickel are released into the
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environment due to different industrial processes
such as electroplating, metal finishing, porcelain
enameling, metallurgy, leather working,
photography etc. Chromium can exist in oxidation
statesranging from x2to +6 but Cr(V1) and Cr(l11)
are the most persistent form of chromium in the
environment®. Cadmium isexceptionally toxic and
to date no biological function has been credited to
it2. The health hazards associated with Ni(ll)
include allergic reactions, reproductive disorders
and birth defects. Ni(ll) is also considered as a
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possible human carcinogen and high levels may
lead to cancer of the bones, lungs and nose. The
heavy metals are not biodegradable and tend to
accumulatein living organisms, leading to various
diseases and disorders®. Thus metals, animportant
resource, can also cause serious environmental
pollution, threatening ecosystem and human health
through their extremetoxicity. There areanumber
of conventional methodsfor the removal of heavy
metal ions from wastewaters like ion-exchange,
membranefiltration, oxidation-reduction, chemical
precipitation, adsorption, evaporative recovery,
and reverse osmosis. All these methods are cost-
intensive. On the other hand, biosorption has
emerged as an alternative method suitable for the
heavy metal removal from wastewater. It is
characterized by low cost and high removal of
metals, particularly at low metal concentration in
solution*®.

Metal accumulative bioprocesses
generally fall into one of two categories,
biosorptive uptake by non-living and non-growing
biomass and bioaccumulation by living cells.
Progressive metal accumulation within the
microorganism produces significant toxic effects,
which can lead to microbial cell death or reduced
growth®. Thismakesthe use of microorganismsan
unsuitable strategy for the remediation of heavy
metal polluted environments. However, the problem
of metal toxicity to the microorganisms can be
circumvented by the use of metal-resistant
organisms, and hence a self-replenishing system
can be left to run for extended periods. The use of
microorganismsfor removal of heavy metals could
avoid the need for a separate biomass production
process such as cultivating, harvesting, drying,
etc., but requires having proper conditions to
maintain cell growth. Inactivated microbial
biomasses usually are able to sequester metals
through surface bonding only?. Sorption behavior
of inactivated biomassfor metallicionsisafunction
of the chemical composition of the microbial cells
forming the biomass. M echanismsresponsiblefor
biosorption may be one or a combination of ion
exchange, complexation, coordination, adsorption,
electrostatic interaction, chelation, and
microprecipitation®®. The aim of thiswork wasto
study the biosorption of metal ionsCr(VI), Cr(l11),
Cd(I1), Ni(I1) using biomass of both dead and living
Saphylococcus gallinarum W-61.
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MATERIALANDMETHODS

I solation and identification of bacterial isolate

The isolation and identification of the
bacterium isalready described™. Briefly, atotal of
198 bacteria were isolated from the tannery
effluents and contaminated soil near Kanpur
(Northern India). Bacterial isolateswereidentified
by morphological and biochemical characteristics
using standard methods™*2. Of these isolates, W-
61 was selected for the present study due to its
simultaneous high resistance toward multiple heavy
metals. Thisisolate was further identified by 16S
rDNA anaysisusingtheprimers27f (52-AGA GTT
TGATCCTGGCTCAG-32) and 1492r (52-GGT
TACCTT GTTACGACTT-32) asSaphylococcus
gallinarumand designated asW-61. The GenBank
accession number of the 16S rDNA sequence of
theisolateis EU706285.

Biosor ption of chromium, cadmium and nickel

S. gallinarum W-61 was cultured
overnight on Luriaagar (Hi Media, Mumbai, India)
platesat 28° C without metals. Confluent bacterial
lawns were collected with the help of a sterilized
spatula and suspended in deionized water for
further testing as follows:

a) Non growing biomass: Biosorption of
Cr(V1), Cr(111), Cd(11) and Ni(ll) by theliving but
non growing cells was carried out by dispensing
100 mg cells (dry weight) in 100 ml of deionized
water. The quantity of non growing biomass that
would weigh 100 mg after drying was determined
earlier. These non growing cells were termed as
the non growing biomass (NB).

b) Dried biomass. Biosorption by the
dead cells was conducted after drying the cells
overnight in an oven at 80°C and then crushing
them into a fine powder by a mortar and pestle.
This type of biomass was termed as the dried
biomass (DB). Here again 100 mg of DB was used
for the bi osorption experiment.

Biosorption of selected metal ions was
studied in batch experiments twice in duplicate.
Out of total four readings, best three were
considered in results. One hundred milligrams of
biomass (on dry weight basis) of the test isolate
was added to 100 ml deionized water in 250 ml
Erlenmeyer flasks containing desired metal
concentration and incubated at 28°C with shaking
at 100 rpm. At different time intervals, 1 ml
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suspension of biomass was separated by
centrifugation at 8000 g for 10 min. The supernatant
wasfiltered, and double distilled water was added
to make up the volumeof thefiltrateto 100 ml. The
metal content of the sampleswere then determined
by an Atomic Absorption Spectrophotometer
(AAS), (Model: GBC, 932 plus, Austraia).
Effect of pH, concentration and contact time

The effect of varying pH on biosorption
of Cr(VI), Cr(lll), Cd(Il) and Ni(ll) ions was
investigated at 100 mg/l metal concentration. The
pH of the deionized water was adjusted to the
desired valueusing 0.1 M NaOH or 0.1M HCI. The
effect of metal concentrations on biosorption of
Cr(VI), Cr(I11), Cd(ll) and Ni(ll) wasdetermined at
themost favorable pH for each metal ion. The effect
of contact time on biosorption was studied at the
most favorable pH value with 100 mg/l metal
concentration. All experimentswere conducted at
28°C.
Desor ption of adsor bed metal ions

Desorption of adsorbed Cr(V1) ions was
carried out using 100 ml of 0.1M NaOH whereas
0.1M HCI was used to desorb Cr(I11), Cd(Il) and
Ni(l1). Desorption of metal ions was investigated
at 100 mg/l metal concentration from the same
experiment used for the determination of the effect
of contact time on metal biosorption. On completion
of the bi osorption experiment at 120 min, biomass
was separated from solution by centrifugation at
8,000 g for 10 min and the supernatant was
discarded. The pellet was transferred to 25 ml of
desorbing solution (100 ml of 0.1M NaOH/HCl in
deionized water), mixed and vortexed for 5minand
again centrifuged at 8,000 g for 10 min. Theresulting
supernatant was collected in a flask. The above
process was further repeated with 25 and 50 ml
desorbing solution respectively. Finally, the
collected desorbing solution (100 ml) wasanalyzed
for metal recovery onAAS.
Bioaccumulation of chromium, cadmium and
nickel

Bioaccumulation of Cr(V1), Cr(I11), Cd(I1)
and Ni(ll) ions was performed by growing S.
gallinarum W-61 in 100 ml nutrient broth (Hi
Media, Mumbai, India) amended with different
concentrations of metals ranges from 25 to 200
mg/l for Cr(V1), Cr(l11) and Ni(ll)and 5and 20 mg/l
for Cd(Il), up to the late exponential phase of
growth. At the end of exponential growth, the
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culture was centrifuged at 8,000 g for 10 min to
collect the pellet. The pellet was washed twicewith
acidified water (100 ml of 0.1 M HCl indeionized
water) to remove any metal precipitated or
adsorbed onto the cell surface. Thepellet wasdried,
weighed, and then digested with HNO, and
perchloric acid for determination of metal contents
through AAS. A control blank (nutrient broth with
metal but without test bacterium S. gallinarumW-
61) was run simultaneously.
Calculation of biosor ption and bicaccumulation
Theamount of Cr(V1), Cr(I11), Cd(Il) and
Ni(I1) ions adsorbed at equilibrium, g, (mg/g),
which representsthe metal uptake, was calculated
from the difference in metal concentrationsin the
aqueous phase before and after biosorption, as
per the following equation:

Geg =V (Ci—Cog)/ W (1)

WhereV isthevolume of metal solution,
C, and C_ are the initial and equilibrium
concentrations of metal in solution (mg/l),
respectively, and W isthe mass of biosorbent (dry
weight). Amount of metal bioaccumulation (mg/g)
was calculated by dividing the amount of metal
accumulated by the dry weight of bacteria at the
end of the experiment.
Adsorptionisotherms

Data on biosorption of Cr(V1), Cr(l1l),
Cd(11) and Ni(ll) were analyzed using Langmuir
and Freundlich adsorption isotherm models. The
adsorption data were fitted to the Langmuir
equation

geg = Quzx bleq/ 14+ 5Ceg -2

Where q . is the amount adsorbed (mg/
0), Ceq the equilibrium concentration of the
adsorbate (mg/l), Q. the Langmuir constant
related to maximum monolayer adsorption capacity
(mg/g) and b is the constant related to the free
energy.

Thedatawerea sofitted to the Freundlich
equation. The logarithmic form of the Freundlich
equation is given as:

Inge=tn Kr+1/nln C: (3

The Freundlich isotherm constants K,

and n correspond to adsorption capacity and
intensity respectively.
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RESULTS

Effect of solution pH on biosor ption

Highest biosorption by Saphylococcus
gallinarumW-61 wasobserved at pH 2.5for Cr(V1),
pH 4.5for Cr(I11) and pH 6.5 for Cd(I1) and Ni(ll).
Biosorption of cadmium was highest (46.8 mg Cd/
g) at pH 6.5 with the non growing biomass of S.
gallinarumW-61 (Fig. 1). Thebiosorption of Ni(ll)
(15.6 mg/g dry weight) by the non growing biomass
was maximum at pH 6.5. The dried biomass of S.
gallinarum W-61 adsorbed most Cd (38.2 mg/g)
andNi (11.5mg/g) at pH 6.5. Hexavalent chromium
biosorption was found highest at pH 2.5 whereas
pH 4.5wasfound best for Cr(l11). The non growing
biomass of S. gallinarumW-61 adsorbed 22.2 mg/
g Cr(VI1) whereas 15.8 mg Cr(V1)/g by its dried
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biomass at pH 2.5. When pH of the solution was
raisedto 5.5, the adsorption of Cr(VI)ionsslumped
to 5.4 mg/g and 3.2 mg/g by its non growing and
dried biomasses respectively.
Effect of initial metal concentration

Biosorption of Cr(V1), Cr(l11), Cd(I1) and
Ni(ll) at different initial concentrations at most
favorable pH for each metal ion, isshowninFig. 2.
The amount of metal adsorption by both types of
biomasses increased rapidly when initial metal
concentration was increased from 25 to 100 mg/I
and then either become constant or increased
dlightly with further increase in concentration to
150 and 200 mg/l. Greater amount of metalswere
biosorbed by the non growing biomass compared
with the dried biomass. The non growing biomass
of S gallinarum W-61 exhibited biosorption of

Table 1. Langmuir and Freundlich isotherm parametersfor the biosorption of
metal ions by Saphylococcus gallinarum W-61

Metal ion Biosorbent Langmuir isother

m

Freundlich isotherm

Type Q,..(Mmg/g) b(l/mg) r? K,(mg/g) 1n n r?
Cr(VI) DB 212 0.069 09424 118 0661 1513 09749
NB 249 0233 0.9939 207 0632 1582 0.8014
Cr(ll) DB 83 0546 0.9802 136 0545 1835 0.8787
NB 103 0.355 0.9565 132 0618 1618 0.9027
Cd(n) DB 398 0490 09975 321 0651 1536 0.6791
NB 488 0535 0.9980 6.78 0478 2092 0.4786
Ni(l) DB 120 0599 0.9939 242 0453 2208 0.6345
NB 169 1027 0.9992 329 0494 3024 05731

Experiment was performed at pH 6.5 for Cd(Il) and Ni(Il), pH 4.5 for Cr(l1l); pH 2.5 for Cr(VI); biomass conc. 1 mg/
ml; contact time 120 min. DB = Dried biomass; NB = Non growing biomass, Qmax = maximum metal uptake; Kf =
adsorption capacity, b = constant related to free energy; n = adsorption intensity; r2 = correlation coefficient

Table 2. Desorption of adsorbed metal ions from the dried and non growing biomass of S. gallinarum W-61

Metal lon Dried biomass Non growing biomass
Biosorption  Metal recovered Desorption Biosorption Metal recovered  Desorption
(mg/g) on desorption (mg/l) (%) (mg/g)  ondesorption(mg/l) (%)
Cr(V1) 158+ 1.10 15.0 £ 0.69 95.8 22.2+1.60 157+ 197 70.7
Cr(I11) 8.80 + 0.58 850+ 1.22 97.1 10.3+ 0.49 8.70 + 2.98 84.8
Cd(1r) 38.2+1.70 35.9+1.38 93.9 46.8 £ 1.83 349+ 245 74.6
Ni(ll) 115+ 112 10.8 + 1.09 94.3 157+1.21 106+ 1.14 67.8

Desorption was carried out after completion of biosorption experiment with 100 mg/l metal concentration at pH 6.5

for Cd(I1) and Ni(ll);

pH 4.5 for Cr(I11); pH 2.5 for Cr(V1), Desorption of metal ions were carried out by separating

the biomass from solution trough centrifugation at 8000 g, dispensing the biomass (pellet) in 25 ml of desorbing
solution, mixed vortexed and centrifuged at 8000 g for 10 min. The resulting supernatant was collected in a flask. The
above process of desorption was repeated again with 25 and 50 ml desorbing solution respectively

J PURE APPL MICROBIO, 8(3), JUNE 2014.
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Table 3. Bioaccumulation of metal ions by

growing cellsof S. gallinarum W-61

Metal Conc. Bioaccumulation
ion (mg/h) (mg/g)
Cr(VI) 25 3.74+0.20
50 5.27 £ 0.23
100 6.37 £ 0.18
200 6.75+0.24
Cr(111) 25 0.68 + 0.02
50 0.93 +0.01
100 1.09 + 0.01
200 1.17 £ 0.02
Cd(n 5 2.4 +0.03
10 2.6 +£0.02
Ni(I1) 25 0.75+ 0.03
50 1.36 £ 0.04
100 1.51+0.05
200 1.68 + 0.09

Values are given as mean + SD of three replicates
Nutrient broth with metal but without test bacterium
(S. galinarum W-61) served as control.

18.9 mg Cd/g (dry weight) when the initial
concentration was 25 mg Cd/l, that increased to
46.8 mg Cd/g (dry weight) when the concentration
was raised to 100 mg/l. Biosorption of nickel also
increased in similar fashion. Thedried biomass of
S gallinarumW-61 adsorbed 15.8 mg Cr(V1)/g at
100 mg/l initial concentration. The non growing
biomass of test bacterium adsorbed 3.8 mg/g Cr(111)
ionsat 25 mg/l that rose to 10.3 mg/g at 100 mg/I
trivalent chromium concentration. The dried and
non growing biomasses of S. gallinarum W-61
were found to adsorb 11.5 and 15.6 mg/g Ni(ll)
respectively at 100 mg/l initial nickel concentration.
Effect of contact timeon biosor ption

Biosorption of Cr(VI), Cr(I11), Cd(l1) and
Ni(I1) by thedried biomass of S. GallinarumW-61
wasrapid during thefirst 15 min of reaction. Only
adlight increasein the amount of metal adsorption
wasobserved at 30 and 60 min, reaching equilibrium
at 120 min. Infew cases, asmall amount of adsorbed

[

5

o 4
= 1=
L 1

1 [ug'g)

=
=

WD)

1 [ng'g)

110

0 [wgfg

B Tl e e
T Moo gromng bicemas

0 [wg'g)

il

55 X7

Fig 1. Effect of pH on biosorption of metal ions by dried and non growing biomass of S. gallinarum W-61 (1mg/
ml), initial metal concentration of solution was 100 mg/l; contact time was 120 min.
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metal was lost to solution. With the non growing
biomass, biosorption wasrapid for thefirst 15min
of reaction time and then a steady increase in the
amount of metal biosorption was observed until
equilibrium wasattained at 120 min. Thedried and
non growing biomass of S. gallinarum W-61
adsorbed 29.5 and 19.5 mg/g Cd(l1) respectively
within 15 min of contact time (Fig. 3). The dried
biomass of S. gallinarum W-61 adsorbed 89.6%
(14.1 mg/g) out of the maximum adsorption of 15.8
mg/g hexavalent chromium at 120 min of contact
time. Ontheother hand, the non growing biomass
of thetest isolate adsorbed 63.9% (14.2 mg/g) Cr(V1)
infirst 15 min of contact time, 74.3% (16.5) at 30
min, 84.7% (18.8 mg/g) at 60 min and 100% (22.2
mg/g) at 120 min of contact time. A similar trend
was also observed for Ni(l1) and Cr(l11).
Langmuir and Freundlich adsor ption isotherms
The biosorption data of Cr(V1), Cr(Il1),
Cd(I1) and Ni(I1l) wereanalyzed for maximum metal
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uptake (Q, ) and adsorption capacity (K,) by
Langmuir and Freundlich isotherm models
respectively. Ineachcase, Q_ valueswerefound
higher for the non growing biomass as compared
with the dried biomass. Considering biosorption
of Cd(I1), Q,,, and K, values by the non growing
biomasswas found to be 48.8 mg/g and 6.78 mg/g
respectively. The value of b, which is a constant
related to the affinity of the metal ionto the binding
sites was found to be 0.535 I/mg for the non
growing biomass. In case of nickel, the non
growing biomass of S gallinarum W-61 had aK
value of 3.29 mg/g (Table 1).
Desor ption of adsor bed heavy metal ions
Adsorbed Cr(V1) ionswere desorbed from
the surface of S gallinarum W-61 by treating it
with 0.1 M NaOH. Desorption of Cr(I11), Cd(Il),
and Ni(Il) were carried out with 0.1 M HCI. Metal
desorption was better from the dried biomass as
compared to the non growing biomass. Metal
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Fig 2. Effect of varying concentrations of metal ions on biosorption by dried and non growing biomass of S.
gallinarumW-61 (1 mg/ml). Experiment was conducted at pH 6.5 for Cd(l1) and Ni(I1); at pH 4.5for Cr(I11); at pH

2.5for Cr(V1); contact time was 120 min
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Fig. 3. Effect of contact time on biosorption of metal ions by dried and non growing biomass of S. gallinarum W-
61 (1 mg/ml). Experiment was performed at pH 6.5 for Cd(11) and Ni(Il); at pH 4.5 for Cr(I11); at pH 2.5 for Cr(VI);

initial metal concentration of solution was 100 mg/I.

recovery through desorption from the dried and
non growing biomasses ranged from 97.1% for
Cr(I11) to 67.8% for Ni(Il). The non growing and
dried biomass of S. gallinarum W-61 had 70.7%
and 95.8% desorption for Cr(VI) (Table 2).
Bioaccumulation of heavy metal ions
Intracellular accumulation of Cr(VI),
Cr(111), Ni(11) and Cd(I1) wastested under growing
conditions. Thetest strain accumulated 6.37 mg/g
and 6.75 mg/g chromium when initial medium
contained 100 mg/l and 200 mg/l hexavalent
chromium concentration respectively. Trivalent
chromium was found to be least accumulated by
the test isolate (Table 3). S. gallinarum W-61
accumulated 2.6 mg Cd/g when the initial Cd(l1)
concentration inthe medium was 10 mg/l.

DISCUSSION

The sorption process heavily dependson
the pH of the solution because there is a
competition between the metallic ions and the
protons for the same active site occurs. Since the
pH of the solution can significantly influence the
removal of heavy metals, it is, therefore, an
important condition for biosorption of Cr(VI),
Cr(111), Cd(I1) and Ni(ll) ions. In the present
investigation, biosorption of Cr(VI1) was found
maximum at pH 2.5. At neutral pH, the bacterial
surface has negative charge. Chromate is also a
negatively charged ion. Hence, in aqueous
solutions it cannot bind to a negatively charged
bacterial surface. Atamoreacidic pH, metal cations
and protons (Hp) compete for sorption sites on

J PURE APPL MICROBIO, 8(3), JUNE 2014.
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the biomass, thus making the number of positively
charged (protonated) sites more abundant. This
creates a repulsive ionic environment, less
favorablefor binding. On the other hand, Cr(V1)p,
which occurs as an anionic metal complex, i.e.,
CrO,> or Cr,0,* besides the HCrO,* can bind
readily to the positively charged moieties of the
biomass at lower pH ranges®®. At alower pH such
as pH 2.5, the overall surface charge becomes
positive promoting adsorption of anionic chromate.
Zoubouliset al. 2004 observed pH 2.5 as optimum
for Cr(V1) biosorption by Bacillus laterosporous
and Bacillus licheniformist*. Higher chromate
biosorption at more acidic pH has been reported
by other investigators also'®*®. In the pH range
2.0-6.0,HCrO, and CrO-- % ionsareinequilibrium.
Atlower pH (pH < 2) values, Cr,O, * and Cr,O, ¥
species are formed®. A decrease was observed in
the biosorption with increase of pH, which may be
due to the decrease in electrostatic force of
attraction between the sorbent and sorbate ions.
The high electrostatic force of attraction at lower
pH ranges, the percentage of Cr(V1) removal isalso
high. At very low pH value, the surface of sorbent
would also be surrounded by the hydronium ions
which enhance the interaction of Cr(V1) with
binding sites of the biosorbents by greater
attractive forces. A sharp decrease in biosorption
above pH 4 may be due to occupation of the
biosorption sites by anionic species like HCrO,,
Cr,0,%,CrO,*, which retards the approach of such
ions further toward the sorbent surface'.

The present investigation has revealed
pH 4.5 as optimum for the Cr(l11)p biosorption.
Pseudomonas aeruginosa AT 18 adsorbed Cr(111)p
maximally at pH 6.0%°. Rabbani et al. 2005 studied
thebiosorption behavior of Cr(I11)p for abacterium
and found pH 4.0 as optimum?. In a study,
Spirogyra sp. was tested for the Cr(l11)p removal
from agueous solutions and a maximal Cr(l11)p
biosorption of 30.2 mg/g wasfound at pH 5.0%.

Wefound maximum biosorption at pH 6.5
for Cd(Il) and Ni(l1). Around pH 7.0 bacterial
surfaces are negatively charged and this favors
the adsorption of positively charged ions. At pH
morethan 9, cadmium precipitates asan insoluble
hydroxide onthecell surface. Ziagovaet al. (2007)
investigated theinfluence of solution pH on Cd(11)
biosorption by Staphylococcus xylosus and
Pseudomonas sp and found optimum pH as 6.0

J PURE APPL MICROBIO, 8(3), JUNE 2014.
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and 7.0, respectively?. In other study, pH above
5.5 is reported to be most favorable for Cd(ll)
biosorption by UlvalactucaZ. It has been reported
that at low pH, protonation of the cell wall
components decreases metal uptake by the
biomass, whereas with increasing pH values the
negative charge density increases due to
deprotonation of the metal binding sites. At pH
higher than 7.0 precipitation of metal can occur by
the formation of metal hydroxides®. Nickel
biosorption was aso found highest at pH 6.5. At
pH above 7.0, nickel precipitate asits hydroxides.
In a study, biosorption of nickel and zinc by
Bacillus brevisfound maximum at pH 6.0%". Nickel
removal by Yarrowia lipolytica has been reported
maximum at pH 7.5%.

The rate of biosorption by the dried
biomass was very rapid during the first 15 min of
contact and approached equilibrium during the next
15 min for each metal ion. Biosorption involves
several passive mechanisms. These mechanisms
are fast and reversible and associated with cell
surfaces. The principal mechanism of passive
biosorption is the exchange of heavy metals for
counter ionslike Ca(ll)p, Na(l)p, H(l) bound to the
weak acidic carboxyl, hydroxyl, or amino groups
present in cellular walls, cellular membranesor in
polysaccharides adhered to the cell wall%. Passive
biosorption is often followed by much slower,
irreversible, metal binding processes that include
covalent bonding, surface precipitation, redox
reactions, or crystallization on the cell surface”.
Biosorption with the non growing biomasses
initially wasvery fast and then the process slowed
down reaching equilibrium at longer times
compared to thedried biomasses. Here, biosorption
consisted of two phases: Firstly the passive
adsorption and then the active uptake
(metabalically driven) whichisusually slower and
longer. This mode of metal uptake is widely
reported to describe the metal uptake in living
cells®2, Inastudy it wasfound that the biosorption
of Ni(Il) ions by Y. lipolytica strains was rapid
during thetimeframe of 5—15min. Thebiosorption
processwas slower at later stages (15—2h). There
was no significant increment in the biosorption
after 2. Ozdemir et al. 2004 studied biosorption
of Cr(VI), Cd(Il), and Cu(ll) using Pantoea sp.
TEM18 and observed very rapid biosorption
which reached equilibrium within 5 min of contact
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time®. Reddy et al. 2012 reported asharp increase
in biosorption of Cd(I1) and Ni(ll) in the first 20
min of contact time and equilibrium biosorption
was established within 50 min®. As contact time
increased, metal uptakeincreasedinitially, and then
become almost stable, denoting attainment of
equilibrium. These changes in metal uptake may
be dueto thefact that, initially, all adsorbent sites
were vacant and the solute concentration was high.
After that period, only a very low increase in the
metal uptake was observed. A similar observation
of contact time effect on biosorption was also
reported by other investigators®3334,

In the present investigations, biosorption
of heavy metal ions by S. gallinarum W-61
increased when the concentration of metal ionsin
the solution was raised from 25 to 100 mg/I.
However, when the metal concentration wasfurther
increased to 150 and 200 mg/, no marked increase
in the amount of metal biosorption was observed
in most of the cases. The non growing biomass of
S. gallinarum W-61 performed better in terms of
metal biosorption compared to its dried biomass.
The living biomasses used in this study were not
growing but were metabolically active. Therefore,
it ispossiblethat some Cr(V1), Ni(Il) and Cd(I1)p
ions may be internalized by living cells
consequently they showed better biosorption
resultsthan dried biomass. We al so reported similar
observation previously®. However, the biosorption
of Cr(I11)p for non growing and dried biomasses
was identical. The bacterial membrane is usually
impermeableto Cr(l11)p*.

The present study shows that the
maximum specific metal uptake (Q,__) and
adsorption capacities (K,) were higher for the non
growing biomass of S. gallinarum W-61 as
compared with the dried biomass for each metal
ion tested. The non growing biomass used in this
study wasliving but not dividing asthe experiment
was conducted in deionized water containing the
desired metal concentration. The cell membrane
contains various transport systems. It is possible
that some metal ions crossed over the cell
membrane and accumulated in the cytoplasm. This
fact isalso supported by the datafrom desorption
experiment, where more metal ionswere desorbed
from dried biomass as compared to the non growing
biomass. In other words, metal ions, which gained
entry to the cells, cannot cross back through the
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cell membrane into the aqueous solution. Several
investigators have reported maximum specific metal
uptake and adsorption capacity for Cd(I1), Ni(ll),
Cr(111), and Cr(VI) using Langmuir and Freundlich
isotherm models. Qu et al. 2011 investigated
biosorption of Ni(Il) using Leucobacter sp. N-4
andfound Q__ valuefor Ni(ll)as19.6 mg/g. They
further reported K, valuefor Ni(l1) as6.953 mg/g®.
Alternanthera philoxeroides was reported to
adsorb Ni(ll) and Zn* with Q__ values at 20.16
mg/g and 18.23 mg/g respectivel y®. The maximum
biosorption capacity for Cd(l1) by Nostoc commune
calculated from Langmuir biosorptionisothermwas
126.32 mg/g™®. The specific adsorption of Ni(I1) by
Mucor hiemalisis reported to be 21.49 mg/g®. A
micro alga, Nannochloris oculata, has been
reported to have Q,_ as 31.7 mg/g and 37.7 mg/g
whereas the adsorption capacities (K ) werefound
tobe 1.95mg/gand 0.794 mg/g for Cr(l11) and Cr(VI)
respectively*. The Langmuir isotherm fit better to
thebiosorption of Cd(I1) by Bacillusjeotgali, while
the Freundlich model better represented Zn?
biosorption*2. The estimation of correlation
coefficients (r?) showsthat the dataon biosorption
of Cr(VI), Cr(I11), Cd(I1) and Ni(Il) were better
represented by Langmuir isotherms than the
Freundlich model.

Metal desorption isrequired when metal
recovery is targeted or when the cost of the
biosorbent limits the economy of the process®. In
this study, the use of 0.1 M HCI/0.1M NaOH was
efficient for desorption of adsorbed metal ions.
Thisisin accordancewith with (Chen et al., 2005)
4 and (Sprocati et al., 2006)** who reported
successful metal ion removal through desorption.
In another study, morethan 90% of Cd(I1) and Ni(Il)
were recovered through desorption*. More than
75% adsorbed Cr(V1) were desorbed from the
biomass of Oedogonium hatei using 0.1M NaOH
asdesorbing solution*. A similar observation was
also reported for the desorption of Cr(VI) from
Chlorella miniata®. In the present study,
desorption was higher with the dried biomass
compared with the non growing biomass of S.
gallinarum W-61 for each metal ion. The living
cells can accumulate metal ions intracellularly,
which are then practically impossible to recover
through a desorption process*“°.

In the present study, bioaccumulation of
Cr(V1), Cr(111), Cd(I1) and Ni(Il) by growing S.
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gallinarumW-61 in culture mediawas examined.
To date no biological function has been ascribed
to the cadmium, asit isextremely toxic. Cadmium
accumulation by bacteria and fungi has been
studied and reported by several researchersbutin
most of the cases, accumulation was examined in
metabolically active cells under non-growing
conditions over ashort time period. Most of these
studies were carried out in buffers or deionized
waters®sL, Therefore, comparison of the resultson
heavy meta bioaccumulation obtained in thisstudy
with other reportsisvery difficult. Deng et al. 2007
reported accumulation of Cd(Il) by genetically
engineered E. coli cells expressing the cadmium
transport system and metallothionien®. The
engineered cells accumulated 63.26 mg Cd/g dry
weight on incubation for 1 hin Cd(I1) amended,
deionized water. In a study accumulation of 92%
of Cr(VI)p and 55% of Ni(ll) at an initial
concentration of 100 mg/I by Micrococcus sp has
been demonstrated®. In other study, 10.54% of
total chromium accumulation is reported by
Paecilomyces lilacinus when initial hexavalent
chromium concentration was 200 mg/I**. In the
present study, the bioaccumulation experiments
were conducted at 5, 10, and 20 mg/I for Cd(Il)
whereasfor Cr(V1), Cr(I11) and Ni(Il) the experiment
was carried out at higher concentrations. Metal
accumulation increased with increasing
concentration of metal ions in the culture media.
Upon increasing the metal ion concentration, the
growth of bacteria was slightly reduced.
Consequently, the production of biomasswas also
reduced and therefore, on dividing the amount of
metal accumulated by the weight of biomass
produced, a higher value of metal accumulation
was obtained. It can be ‘falsely’ concluded that
increasing the concentration of metal ions would
increasethelevel of metal accumulation. Therefore,
inthe present study, biocaccumulation of metal ions
was tested at the concentration up to which no
major decline in the production of biomass was
observed when comparing it with the biomass at
the lowest concentration tested.

CONCLUSON
The conclusion of the present study is

that Saphylococcus gallinarum W-61 exhibited
efficient remova of Cr(V1), Cr(l11), Cd(I1) and Ni(I1)

J PURE APPL MICROBIO, 8(3), JUNE 2014.
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through biosorption. The non growing biomass
performed better metal biosorption capability
compared to the dried biomass. Themetal recovery
though desorption was, however, better with the
dried biomass and hence the adsorbent can be
used repeatedly. The bacterial strain studied was
also found to remove metal ions through
accumulation under in vitro growing conditions.
Theisolate could be used for theremoval of metal
ions from spent industrial effluents before
discharging it into the environment.
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