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Abstract

The biosorption process for the removal of nickel(ll) by loofa sponge-immobilized bioma3sloffella sorokiniana(LIBCS), a newly
developed immobilized biosorbent, was characterized. Effects of environmental factors on metal uptake capacity of LIBCS were studied and
compared with free biomass @f. sorokiniana(FBCS). Nickel(ll) removal by LIBCS was found to be influenced by pH of the solution,
initial metal concentration, and biomass concentration. The biosorption of nickel(ll) ions by both LIBCS and FBCS increased as the initial
concentration of nickel(ll) ions increased in the medium. No loss to biosorption capacity of LIBCS for nickel(ll) was found due to the
presence of loofa sponge, indeed as compared to FBCS an increase of 25.3% was noted in the biosorption capacity of LIBCS. Maximum
biosorption capacities for FBCS and LIBCS were found as 48.08 and 60.38 mg nickel(l1)/g, respectively, whereas the amount of nickel(ll) ions
adsorbed on the plain loofa sponge was 6.1 mg/g. During these biosorption studies, LIBCS exhibited excellent physical and chemical stability
without any significant release/loss of microalgal biomass from loofa sponge matrix. The kinetics of nickel(ll) removal was extremely fast
reaching at equilibrium in about 15 min for LIBCS and 20 min for FBCS. The biosorption equilibrium was well described by the Langmuir
and Freundlich adsorption isotherms. The biosorption capacities were found to be solution pH dependent and the maximum adsorption was
found at a solution pH 4-5. The LIBCS could be regenerated using 75 mM HCI, with up to 98% recovery. The LIBCS were shown to be robust
and stable with little decrease in the nickel(ll) uptake capacity when used in consecutive seven biosorption—desorption cycles. Continuous
removal of nickel(ll) from electroplating effluent by LIBCS packed in fixed bed column bioreactor confirm the possibility of developing a
biological treatment process for the removal of toxic metals from authentic wastewater.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction tional physico-chemical methods such as ion exchange and
precipitation are often ineffective and/or expensive, partic-
Wastewater discharge from electroplating, electronics, ularly when used for the removal of heavy metals at low
and metal cleaning industries often contains high concentra-concentrations<100 mg/l)[3]. Most of these, furthermore,
tions of nickel(ll) ions and causes serious water pollutions, are based on physical displacement or chemical replace-
unless removed from industrial effluents before discharge. ment, generating yet another problem in the form of toxic
The ingestion of nickel(ll) beyond the permissible levels sjudge[4,5], the disposal of which adds further burden on
causes various types of acute and chronic disorder in manithe techno-economic feasibility of the treatment process.
such as severe damage to lungs and kidney, gastrointestiEfficient and environment-friendly technologies are, thus,
nal distress (e.g. nausea, vomiting, diarrhea), pulmonaryneeded to be developed to reduce heavy metal content in

fibrosis and renal edema, and skin dermafii]. Tradi- wastewaters at discharge to acceptable level at affordable
cost.
* Corresponding author. Fax:92-42-9230705. The search for alternative and innovative wastewater
E-mail addressigbalmdr@brain.net.pk (M. Igbal). treatment techniques has focussed attention on the use of
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biological materials such as algae, fungi, yeast, and bacterialenmeyer flasks, shaken in an orbital shaker at 100 rpm at
for the metal removal and recovery technologies and has25 + 2°C under continuous illumination with cool white
gained importance during recent yed6s7]. Commercial light at an intensity of 5Qeinstein/(m's). Similarly pre-
application of these microbial biomass as a biosorbent, pared biomass was harvested, washed with deionized water,
however, has been hindered by problems associated withand freeze dried for free biomass (FBCS) nickel(ll) biosorp-
physical characteristics of these materials such as smalltion studies.
particle size with low density, poor mechanical strength and
rigidity, and solid-liquid separatiofB,9]. Immobilization 2.2. Immobilizing material and technique
of the biomass within a suitable matrix can overcome these
problems by offering ideal size, mechanical strength, rigid-  The reticulated loofa sponge was obtained on removing
ity, and porous characteristics to the biological matéti@]. hard pericarp tissue of the ripened dried fruitlofcylin-
Among the existing methods for immobilizing the potential drica. The sponge was cut into round pieces of approxi-
microorganisms, entrapment in a polymeric matrix was the mately 2.5cm diameter, 2-3 mm thick, soaked in boiling
most common method. However, immobilization matrices water for 30 min, thoroughly washed under tap water, and
based on polymeric metabolites result in restricted diffusion left for 24 h in distilled water, changed 3—4 times. The
due to closed embedding structures with low mechanical sponge pieces were oven dried at°@) autoclaved for
strength. These difficulties can be overcome by immobiliz- 20 min and soaked in Bold’s medium for 5—10 min under
ing the microbial biomass within the loofa sponge. Loofa aseptic conditions. Four pre-weighed loofa sponge pieces
sponge is a highly porous and strong biomatrix, made of an were transferred to 100 ml Bold’s medium contained in
open network of fibrous support from dry fruit biiffa cylin- 250 ml flasks. Each of these flasks was inoculated with
drica. While loofa sponge has been previously suggested as5 ml, 3—4-week-old stationary phase culture€oforokini-
an immobilization matrix for algal, fungal, and yeast cells ana and incubated under similar conditions as those for
[11-13] the use of loofa sponge-immobilized biomass for developing inoculum biomass. The loofa sponge pieces
metal biosorption has not been investigated. Thus, the ob-were removed from the culture flasks, washed thoroughly
jective of this study is to investigate the use of loofa immo- with fresh culture medium to remove any free algal cells,
bilized biomass as an alternative low cost biosorbent systemtransferred to 100 ml fresh medium and incubated under
for the removal of heavy metals from aqueous solution. the same cultural conditions. The immobilized biomass
Preliminary studies on this new biosorption system had (LIBCS) was harvested after 24 days, washed thoroughly
shown that loofa sponge-immobilized biomas<dilorella with deionized water and freeze dried for further studies
sorokiniana(LIBCS) could adsorb heavy metal efficiently on metal biosorption. Quantity of the LIBCS was deter-
[14]. In the present study, attempts were made to charac-mined as the difference between constant dry weights of
terize the various biosorption process parameters (i.e. pH,the loofa sponge, before and after immobilization. For
equilibrium time, initial metal ion and biosorbent concen- scanning electron microscopy, samples of loofa sponge,
tration, and adsorption isotherm modeling) influencing the free and loofa sponge-immobilized cells Gf sorokiniana
metal adsorption—desorption in anticipation of the potential cells were coated under vacuum with a thin layer of gold
use of this newly developed immobilized biosorption sys- and examined by scanning electron microscope (Philips
tem to large scale metal recovery systems in near future.PSEM 501B).
Physical and chemical stability and durability of LIBCS dur-
ing repeated and variable biosorption operational conditions 2.3. Biosorption studies
were considered. Furthermore, metal removal potential of
LIBCS from authentic wastewater (electroplating effluent)  Desired concentrations of nickel(ll) solution were
was investigated. Finally, a comparison between biosorption prepared by diluting standard nickel(ll) stock solution
efficiency of free biomass of. sorokiniana(FBCS) and (Ni(NO3)2, Merck) of concentration 100& 2 mg/l. pH of
LIBCS was made to highlight the importance of this newly the solution was adjusted to 5.0, unless otherwise stated
developed immobilized system. using 0.1 M NaOH. Fresh dilutions were used for each
biosorption study. The biosorption capacity of both FBCS
and LIBCS was determined by contacting various con-

2. Materials and methods centrations (2.5-200 mg/l) of 100 ml nickel(ll) solution in
250 ml flasks, with 106t 2.6 mg microalgal biomass. The
2.1. Organism and culture medium nickel(ll) solution, so incubated with algal biomass, was

shaken on an orbital shaker at 100 rpm in tightly stoppered
An indigenous strain of unicellular green microalGa flasks at 25+ 2°C. FBCS was removed from metal solu-
sorokinianaisolated from a wastewater body containing ef- tion by centrifugation at 5000 rpm for 5min, whereas the
fluents from electroplating and leather industries was usedLIBCS was separated from the solution by decantation.
in this study. Biomass for inoculum was grown to station- Residual concentration of nickel(ll) in the metal super-
ary phase in 100 ml Bold’s medium contained in 250 ml Er- natant solutions was determined using an atomic absorption
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spectrophotometer (UNICAM-969). For the determination 2.6. Biosorption—desorption cycles

of rate of metal biosorption by both FBCS and LIBCS, the

supernatant was analyzed for residual nickel(ll) after the The reusability of biosorbent is directly related to
contact period of 5, 10, 15, 20, 30, 45, 60, and 120 min. The the application potential of biosorption technology. The
effect of pH on nickel(ll) sorption by FBCS and LIBCS same LIBCS, therefore, was reused in seven biosorption—
was determined by equilibrating the sorption mixture at desorption cycles to determine its reusability. For this
different pH values of 2, 3, 4, 5, and 6. Metal-free solution purpose, 100 mg of LIBCS was contacted with 100 ml of
and microalgal biomass-free metal solution containing only 10 mg/l nickel(ll) solution for biosorption and 50 ml of

loofa sponge blanks were used as controls. 75 mM HCI for desorption in 250 ml flasks, shaken on or-
bital shaker at 100 rpm and 252 °C. Each biosorption and
2.4. Reproducibility and data analysis desorption cycle was allowed 30 min of LIBCS—nickel(ll)

solution or LIBCS—desorbent agent contact for achieving
Unless indicated, the data shown are the mean valuessorption or desorption equilibrium. The initial and final
from three separate experiments. Statistical analysis of thenickel(ll) concentration of the solution was recorded for
data was carried out using the Duncan’s new multiple range each cycle. On the completion of every cycle, LIBCS was
test[15]. The amount of metal ions adsorbed per unit free recovered by decantation, washed repeatedly with deion-
and immobilized biomass (mg metal/g dry biosorbent) was ized water and transferred to nickel(ll) solution for the next
determined using the following expression: biosorption cycle.

V(C; — O)
= IT (1) 2.7. Removal of nickel(ll) from electroplating effluent

whereq is the metal uptake (mg nickel(ll)/g dry weight of

algal biomass entrapped within loofa sponge)s the vol- 5 thentic wastewater was investigated in a continuous flow
ume of metal solution (mI)C; the initial concentration of  fiyed hed column bioreactors (2.7 cm column i.d., 30 cm col-
nickel(ll) in the solution (mg/l)C is the residual concentra- |, .1 length) packed with 57 + 0.063 g of LIBCS, pack-
tion of nickel(ll) in the solution at any time, arl is the jng hejght 28 cm. For nickel removal, authentic wastewater
dry weight of fungal biomass. o from electroplating industry was pumped upwards through
The Langmuir and Fruendlich equilibrium models were e cojumns at a flow rate of 5ml/min using peristaltic
_used for the evaluation of the adsorp_tlon data_. Langmuir pump (Cole Parmer). Effluent samples were collected for
isotherm assumes monolayer adsorption, and is presentedery 500 ml of nickel(ll) solution passed and analyzed for
by the following equation: nickel(ll) concentration. Biosorption saturation capacity of
_ gmaxdCeq 5 the column packed with LIBCS was considered reached at
deq = 1+ bCeq 2) the stage at which no nickel(ll) sorption occurred as indi-
_ . cated by the attainment of inlet—outlet nickel(Il) equilibrium.
wheredeq andgmax are the equilibrium and maximum up- The column bed was then rinsed by passing about 500 ml

take capacities (mg/g biosorben{zq is the equilibrium  yeignized water in an upward direction at the same speed
concentration (mg/l solution); artalis the equilibrium con- 54 ysed for nickel(I) biosorption from the metal solution.

LIBCS performance for the removal of nickel(ll) from

stant (/mg). . The nickel(ll) content was determined in all effluent frac-
The Freundlich model is presented By. (3) tions, including the deionized water rinse, collected from the
Geq = K,:Céé” A3) column. Desorption was carried out by passing 700 ml of

75 mM HCI through the column bed in an upward direction
whereK andn are Freundlich constants characteristic of the at the flow rate of 5 ml/min.
system.

2.5. Desorption studies 3. Results and discussion

For desorption studies analytical grade HCIl;S@;, 3.1. Preparation of LIBCS
NapCO3, EDTA, NaHCQ, NH4Cl, and CHCOOH were
used. For batch desorption experiments, a series of 250 ml Both visual and microscopic examination of loofa sponge
Erlenmeyer flasks containing 50 ml desorption solution of discs revealedC. sorokinianacells immobilization on the
known concentration was contacted with nickel(ll)-loaded sponge fibers in 5-7 days of incubation. The sponge pieces
biosorbent (100 mg) at room temperature 22 °C). The were, nevertheless, continued to be incubated in the cul-
mixtures were agitated on orbital shaker at 100rpm for ture medium for further 3 days to allow complete and stable
30min. The LIBCS was removed and the supernatant wasimmobilization. The immobilized microalgal biomass was,
analyzed for nickel(ll) released into the solution by atomic thereafter, subcultured in fresh culture medium and main-
absorption spectrophotometer. tained in batch culture for 24 days. The fibrous network of
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metal ions than the loofa sponge-immobilized cells. The
amount of immobilizedC. sorokinianain the loofa sponge
was 261+ 22 mg/g of dry sponge. It was determined at the
end of 24 days of growth and no increasednsorokiniana
biomass was noted after this period.

3.2. Chemical and physical stability of LIBCS

The chemical and physical stability of biosorbent are im-
portant considerations in determining their operational life
for wastewater treatment. Tests were, therefore, conducted to
determine chemical and physical stability of LIBCS biosor-
bent before their use as a biosorbent in continuous flow
wastewater treatment system. For the purpose, LIBCS were
T M 18 packed in columns and synthetic wastewater (pH 5.0) con-

Y : g taining 1 mg/l of Ni(ll), Pb(ll), Zn(Il), Cu(ll), Cd(ll), and
; \ A EE A Cr(Il1) was passed in an upward direction continuously for
. — 20 days at a flow rate of 10 ml/min. No physical swelling
BAU 016 02B0G BK or contraction, deterioratiqn or s_ignifigant weight loss of _the
- LIBCS were observed during this period. Similarly, soaking
of LIBCS in buffer of various pH (2.0-13.0 for 20 days) had
no noticeable affect on the physical properties of the LIBCS.
In contrast, alginate beads, the most widely used polymeric
matrix for microorganisms for metal biosorption, have been
reported to be stable only at pH 6f86]. The LIBCS was
also found to be stable in salt solutions. Thus, the LIBCS will
perform better than hydrogel biosorbents in terms of their
stability and reusability where a large amount of cell leak-
age has been reported during biosorption proced4ing

3.3. Biosorption characterization

3.3.1. Biosorption rate
The biosorption of nickel(ll) by both FBCS and LIBCS

Fig. 1. Immobilization of Chiorell Kini the loof . . an e
19 = Immobiization ot~hiorela soroximianaon me 100/ Sponge  —\yaq found to be extremely rapid reaching equilibrium in 20

of Luffa cylindrica (a) loofa sponge piece (naked); (b) sponge piece

covered with immobilized biomass dEhlorella sorokiniana(LIBCS); and 15min for FBCS and LIBCS, respectively. This rapid
scanning electron micrograph of (c) single thread of spongeCkihrella kinetics has significant practical importance as it will facil-
sorokinianacells immobilized along sponge fibers, (e) enlarged portion jtate smaller reactor volumes ensuring efficiency and econ-
of immobilized cells. omy. From theFig. 2, it is evident that loofa sponge without

C. sorokinianabiomass adsorbed the nickel(ll) far less than
the sponge was noted to be covered by immobilized microal- that of either FBCS or LIBCS, suggesting the role @f
gal cells during this periodHig. 1b. Representative scan- sorokinianabiomass in the biosorption of nickel(ll) from
ning electron micrographs for the loofa sponge single fiber the solution. In comparison, an increase of 25.3% in the
before and after the immobilization &. sorokinianaare biosorption capacity of LIBCS was noted than the FBCS.
presented ifFig. 1¢ and dThe SEM micrograph of LIBCS  The statistically significant lower uptake of nickel(ll) by
revealed a uniform algal growth along the surface of the FBCS may be attributed to their aggregation due to electro-
fibrous thread indicating that immobilized. sorokiniana static interaction between them, thus, reducing their three
cells are not localized at a single point. This uniform dis- dimensional surface area for sorption. Raw, non-living free
tribution is an important criterion for the proper biosorption algal cells, as were FBCS cells used in present studies, tend
of heavy metal ions on the entire surface area of the im- to clump togethef18]. Metal sorption efficiency of free
mobilized algal cells. Thus, immobilization of the cells on mass of yeast cells and fungal hyphae has been reported to
the surface of loofa sponge threads could also provide ad-decrease due to reduction in distance between them, result-
ditional advantages over the freely suspended algal cells. Ining in intracellular linkages between their reactive groups
free cultures, algal cells form individually distributed spher- [19,20] The structural microbarrier so created also limits
ical clumps. This tight packing of algal cells could also lead accessibility of metal ions to the binding sites for adsorp-
to diffusional restriction and less adsorptive sites for heavy tion through reduced diffusiori21]. Higher sorption of
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Fig. 2. Biosorption of nickel(ll) from 25mg/l solutions, pH 5.0, by
19/l microalgal cell biomass o€hlorella sorokinianafree (FBCS) or
immobilized on loofa sponge (LIBCS) as related to the time of contact
during orbital shaking at 100 rpm at 26.

nickel(Il) by LIBCS, on the other hand, is evidently due to
cell immobilization along the surface of the fibrous threads
(Fig. 19, little or no interaction with other immobilized
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Fig. 3. Biosorption of nickel(ll) from solutions of different pH, by 100 mg
FBCS or LIBCS mixed in 100 ml 25 mg/I nickel(ll) solution contained in
250ml flasks and incubated on orbital shaker at 100 rpm &C25

crease in solution pH has also been observed for free algal
biomass ofChlorella vulgaris Scenedesmus obliqyusnd
Synechocystisp. [24] and immobilized cells of bacteria
Enterobactersp. [27] According to Low et al.[28] little
sorption at pH 2 could be ascribed to the hydrogen ions

cells in the biomass, no clumping, and the reticulated open competing with metal ions for sorption sites. This means
network of immobilized matrix, together contributing to en- that at higher [H], the biosorbent surface becomes more
hanced surface area and free access of the metal to sorptiopositively charged, thus, reducing the attraction between
sites. In comparison with FBCS, the higher rate of nickel(ll) biomass and metal ions. In contrast, as the pH increases,
removal by LIBCS further indicates that no diffusional lim- more negatively charged surfaces become available, thus,
itations were presented as noted with immobilization of a facilitating greater metal uptaki@9]. It may be concluded
mixture of organisms from activated sludge in hydrogels in that for both FBCS and LIBCS, biosorption plateau for
which case significant decrease in the rate of metal sorptionnickel(ll) was attained at the pH range of 4-5, being in

occurred[21]. In another study, 40% reduction in the sorp-
tion of lead(ll), in comparison with free cells was noted
whenStichococcus bacillarisvas immobilized on silica gel
[22]. Lopez et al.[23] also noted about 60% decrease in
the rate of metal sorption byseudomonas fluoresceeells

immobilized in agar beads, as compared with free cells.

Surface immobilization ofC. sorokinianaon individual

general agreement with other reported in literature.

3.3.3. Effect of biosorbent concentration

One of the parameters that strongly affect the biosorp-
tion capacity is the concentration of the biosorbents. With
the fixed nickel(Il) concentration of 25 mg/I, the biosorption
of nickel(ll), in terms of percentage of metal adsorbed, in-

threads of loofa sponge providing direct contact of biomass creased with increasing quantity of FBCHd. 4) and the

to metal solution is, therefore, better suited for biosorption
than enclosed or beaded immobilization in polymeric gel
structure.

3.3.2. Effect of pH
Metal biosorption is critically linked with pH. Not only

different metals show different pH optima for their sorp-
tion but may also vary from one kind of biomass to others
[24—26] In order to establish the effect of pH on the biosorp-
tion of nickel(ll) ions on to FBCS and LIBCS, the batch
equilibrium studies at different pH values were carried out
in the range of 2.0-6.0F{g. 3). The maximum adsorption
of nickel(ll) ions on both FBCS and LIBCS were observed

highest nickel(ll) uptake was observed at 1.0 g/l. A signifi-

cant decrease in the uptake of nickel(ll) by FBCS was noted
after the biosorbent concentration was increased from 1 to
2.5g/l. Conversely, an opposite trend was noted for LIBCS
where an increase in nickel(ll) uptake was continued with

the increase of biosorbent concentratiéig( 4).

The reduction in the nickel uptake by FBCS may be at-
tributable to cell aggregation. Metal sorption efficiency of
free biomass of yeast cells and fungal hyphae has been re-
ported to decrease due to cell aggregation (where cells tend
to clump) and reduction in distance between them with in-
creasing free cell concentratid20,30] As far as higher
sorption of nickel(ll) by LIBCS is concerned, it is evidently

at pH 4-5 and significantly decreased by reducing the pH due to cell immobilization along the surface of the fibrous

values to 2.0. The increase in nickel(ll) removal with in-

threads which allowed little or no interaction with the rest
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Fig. 6. Linearized Langmuir adsorption isotherms for nickel(ll) sorption

. . . . . . by FBCS and LIBCS based on specific quantify,f sorbed and quantity
of the immobilized cells in the nickel(ll) solution and so did  of nickel(il) in solution at equilibrium Geq).

not permit cells to clump. Therefore, the binding sites on the
cell wall have maximum accessibility to nickel(ll) and this
attributed to increased uptake of nickel(ll) with increasing
immobilized cell concentration, as long as the latter is not
saturated.

amount of nickel(ll) ions adsorbed on plain loofa sponge
was 6.1 mg/g. Maximum biosorption capacity of nickel(ll)
for FBCS and LIBCS was found as 48.08 and 60.38 mg/qg,
respectively.

3.3.4. Effect of initial metal concentration

Nickel(ll) biosorption capacities of LIBCS and FBCS
were presented as a function of initial concentration of
metal ions within the aqueous biosorption solution in

3.3.5. Adsorption isotherms
In order to optimize the design of the sorption system it
is important to establish the most appropriate correlation for
. . . . the equilibrium curves. Two kinds of several isotherms equa-
Fig. 5. The initial concentration was changed in the range _. . : )
tions have been applied for this study, Langmuir and Fre-

of 2.5—-200mg/l. The amount of nickel(ll) ions adsorbed L . : : .
per unit massg,] of the biosorbent increaée)d with the initial _undllch isotherms. The linearized Langmuir and Freundlich

X . isotherms of nickel(ll) are shown figs. 6 and 7The Lang-
concentration of metal ions. In order to reach the plateau ~ . . .

. . . . muir and Freundlich adsorption constants evaluated from
values, which represent saturation of the active sites on the,, . ) . i~ . .
X . . : : the isotherms with the correlation coefficients are given in
biosorbent, in other terms, to obtain the maximum biosorp- . . . )
. ; o . . : Table 1 In view of the values of linear regression coeffi-
tion capacity, the initial concentration of nickel ions was

. . cients in the table, the Langmuir model exhibited a little
increased up to 200mg/l. As can be seen freig. 5 the better fit to the sorption data of both FBCS and LIBCS than

the Freundlich model in the studied concentration ranges.

70 _
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E
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Fig. 5. Effect of initial concentration of metal ions on biosorption of
nickel(ll) by loofa sponge, FBCS and LIBCS; 100 ml solution of nickel(Il)  Fig. 7. Linearized Freundlich adsorption isotherms for nickel(ll) sorption
(2.5-200 mg/l; pH 5.0) mixed with each biosorbent at 100 rpm &5 by FBCS and LIBCS.
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Table 1 Table 3
Isotherm model constants and correlation coefficients for biosorption of Reproducibilty and precision of experimentally determined nickel(ll) ca-
nickel(ll) from aqueous solution pacity for LIBCS produced in different cultivation batches and freeze
- - - drying lots
Biosorbents  Langmuir Freundlich
Lot to lot reproducibility Mean  S.D. R.S.D.
Omax (mg/g) b (Ilmg) R Kr n R and precision (%)
FBCS 45.87 0.135 0.991 428 191 0.968 Al A2 A3 Ad

LIBCS 59.58 0.546 0.993 10.08 2.35 0.964

Set-1 56.11 56.01 5494 57.08 56.03 0.87 156
Set-2 57.23 56.96 56.34 56.52 56.75 0.39 0.70

. Set-3 5570 56.49 57.41 5584 5637 076 1.36
However, the Freundlich model also seemed to agree well

with the experimental data of the nickel(Il) considering that Batch to batch reproducibility
obtained linear regression coefficients are greater than 0.96. and precision
The magnitude oKg andn; the Freundlich constants, con- A B c D

firmed the higher potential of nickel(ll) removal for LIBCS set-1 56.64 5812 5261 5548 5571 233 4.8
than FBCS. In the case of Langmuir isotherm model, the Set-2 5593 57.27 5452 5331 56.00 229 4.09
higher value ofjmaxandb of LIBCS further indicates the su- ~ Se€t3 ~ 58.27 57.56 5301 5362 5562 2.68 4.82
periority of this newly developed biosorbent over the FBCS.
Table 2shows a comparison between the results of this work
and others found in the literature. The values of nickel(ll) Uppercase letters were used to designate the algal batch
specific uptake found in this work were significantly higher, and associated number represent the drying lot. For exam-
with one exceptioi31], than reported elsewhere. The com- ple Al and A2 represent the same batch of LIBCS dried
parison of sorption capacities of LIBCS used in this study in different lots. Excellent precision and reproducibility
with those obtained in the literature shows that the LIBCS is in nickel(ll) removal capacity was noted between LIBCS
the most effective for the removal of nickel(ll) from aqueous produced in different drying lots and batches of cultivation

solution. with the greatest relative standard deviation (R.S.D.) rep-
resented as 1.6 and 4.8%, respectively. This suggests that

3.3.6. Precision and reproducibility of LIBCS LIBCS biosorbent produced in different batches/lots are

For continuous supply of LIBCS during this charac- relatively homogenous and the nickel(ll) removing capacity

terization study, micro algaC. sorokinianawas grown, of LIBCS under the conditions investigated is reproducible.

immobilized, and harvested in regular and carefully moni-

tored different batches. A batch of 48 flasks was cultivated 3.4. Desorption characterization

and collected monthly with each batch yielding 192 LIBCS

discs. The LIBCS so obtained were then freeze dried in 3.4.1. Recovery of adsorbed nickel(ll) from LIBCS
different lots. Therefore, it is important to assess the repro- A preliminary evaluation of the desorbing agents was car-
ducibility and precision between the LIBCS produced in ried out under batch experimental conditions and desorption
different lots and batches. For the purpose, different sets ofefficiencies were compared Fig. 8 The use of NaCOs,
biosorption experiments, using LIBCS from different lots NaHCQ;, and NH,Cl solutions resulted in only limited
and batches were designed and nickel(ll) removal capac-amount of nickel(ll) desorption, less than 30%. Acetic acid

ity of each set of experiment was determin&dlfle 3. showed a desorption efficiency of about 49.6%. Deionized
Table 2
Comparison between the nickel(ll) (mg/g LIBCS) removal by LIBCS [tw] and others found in the literature
Biosorbent Operational conditions Oeq (MQ/g) Ref.
pH T(O) C; (mgll) M (g/l)
Chlorella vulgaris 5.0 25 100 1.0 42.3 [24]
Scenedesmus obliquus 5.0 25 100 1.0 18.7 [24]
Synechocystisp. 5.0 25 100 1.0 15.8 [24]
Phormidium laminosum 5.0 30 100 1.0 22.23 [33]
Ascophyllum nodosum 6.0 25 200 n.a. 70 [31]
Focus vesiculosus 35 25 200 n.a. 17 [31]
Saccharomyces cerevisiae 5.0 25 10-200 1.0 46.3 [34]
Polyporous versicolor 5.0 25 50-500 n.a. 47.0 [35]
Rhizopus arrhizus 6-7 n.a. 10-600 3.0 18.7 [30]
Arthrobactersp. 55 30 150 1.4 13.0 [36]
Chlorella sorokiniana 5.0 25 200 1.0 60.57 [tw]

n.a.: not available.
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Fig. 8. Desorption efficiencies of nickel(ll) from LIBCS by using different desorbing agents (concentration of desorbing agents: 0.1 M, LIBCS: 1g/l)

water (control) showed insignificant nickel(ll) desorption was selected as the optimal eluting agent for the system
(0.81%). On the other hand, mineral acids, HCI, an&&y, studied. Sorption experiments were conducted to establish
resulted in high recovery efficiencies of about 99.96 and the optimum concentrations for the desorption agent HCI.
96.74%, respectively. In addition, complexing agent EDTA Biosorbents loaded with nickel(ll) were contacted with
also resulted in high recovery efficiency of 99.97%. The low HCI solutions with different concentrations. The amount of
desorption efficiencies of N&€O3;, NaHCG;, and NH,CI nickel(ll) released back into the solution was then deter-
can be attributed to the fact that divalent cations (e.g. mined and expressed as a desorption efficiency as shown in
nickel(Il)) have greater affinities for the negative-charged Fig. 9. The results show that increasing the concentrations
sites on the biosorbents than on monovalent cations (e.g.of HCl increased the desorption capacity. However, beyond
K+, Na™). EDTA had a similar regeneration efficiency to some optimum values, desorption efficiency plateau. From.
that of HCI. This can be attributed to its strong complexing Fig. 9, it can be seen that a concentration of 75 mM HCI or
ability to nickel(Il). However, it has the disadvantage of higher can remove more than 98.0% of adsorbed nickel(ll).
high cost when compared to HCI. It is also difficult to re- Therefore, the lower concentration of 75mM HCI was used
cover the metal ions from EDTA solution as the stability of for elution in subsequent studies.

metal-EDTA complex is very high. Ford$0,, a possible

precipitation reaction may take place within the biosor- 3.4.2. Adsorption—desorption cycles

bent particle between the calcium ion and the other heavy Reusability of a sorbent is of crucial importance in indus-
metal ions that may be present in the system. Overall, HCI trial practice for metal removal from wastewater. In order to

120 12
;\a OAdsorption H Desorption
100 A 0o 10 4
)
o
& 80 - S 8-
o E
T 60 - = 64
c ©
o ~
S 40 O 44
o z
?
a 20 2
()
00 T T T T . o H
0 0.1 0.2 0.3 0.4 0.5 0.6 1 2 3 4 5 6 7
HCI concentration (M) Cycle no

Fig. 9. Effect of HCI concentration on the desorption of nickel(ll) from  Fig. 10. Biosorption—desorption of nickel(ll) by LIBCS in seven consec-
LIBCS. utive cycles.
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Fig. 11. The performance of LIBCS in fixed bed column bioreactor for the treatment of authentic wastewater from electroplating discharge containing

nickel(ll) at the concentration of 5.25mg/l.

show the reusability of the LIBCS, adsorption—desorption
cycle of nickel(ll) was repeated for seven times using the
same preparatiorr{g. 10. The nickel(ll) ions adsorbed onto
LIBCS were desorbed with 75 mM HCl in batch system. Ap-
proximately 98% of the adsorbed nickel(ll) ions were des-
orbed from the LIBCS. It was observed that the nickel(ll)
uptake for cycles 2—7, although slightly lower than that for
cycle 1, were reasonably consistent irrespective of the num-
ber of cycles Fig. 10. The total decrease in biosorption ef-
ficiency of LIBCS after seven cycles was about 7.6% which
shows that the LIBCS has good potential to absorb metal
ions from aqueous solution.

3.5. Treatment of electroplating effluents

To evaluate the potential performance of LIBCS for the
removal of nickel(ll) from authentic wastewater, the LIBCS
were packed in bench scale columns with a diameter of
2.7cm and length of 30.0cm. For the test, the electroplat-
ing rinse effluent (nickel(ll) concentration 5.25mg/l, pH
6.7) from nickel(ll)-plating line of PECO bicycle indus-
tries, Lahore, Pakistan, characterized by high amounts of
Ne2t (115.39mg/l), Mg+ (73.27mg/l), and C& ions
(46.52 mg/l) was passed through the column in an upward
direction at a flow rate of 5ml/min. The nickel(ll) loading
curve Fig. 11) showed an excellent, clear (i.e. 100% re-
moval) zone before the breakthrough point. Approximately
5.51 of electroplating effluent was treated completely be-
fore breakthrough occurred. In the loading stage, a total
of 64.81 + 1.86 mg of nickel(ll) was accumulated in the
column. The number of 64.81 mg nickel(ll) was obtained
by numerical integration of the whole breakthrough curve.
Thus, the nickel(ll) biosorption capacity of the LIBCS in
the column operation is 4Bl + 1.55mg of nickel(ll)/g
LIBCS. The data presented kixig. 11clearly shows that the
nickel(Il) can be efficiently removed from the electroplating
effluent by the LIBCS packed column, although the pres-

ence of some divalent metal ions such agN&?*, C&™,

and some other components in the wastewater have inhib-
ited the nickel(ll) binding by the LIBCS as compared to
the nickel removal from aqueous solution containing nickel
as a single metal in batch studies. Similar reduction in the
removal of heavy metals was noted when other microbial
biomass were used to remove metal ions from industrial
effluents[17,32] Data from the corresponding regeneration
curve again showed promising (94%) nickel(ll) recovery
from the loaded column by 75 mM HCI.

4, Conclusions

1. Loofa sponge is an effective immobilization carrier for
the entrapment of micro alg@. sorokinianato produce
LIBCS.

2. LIBCS showed an excellent potential for the removal and
recovery of nickel(ll) from agueous solution containing
nickel(ll) and authentic wastewater.

3. No loss to biosorption capacity of LIBCS was found due
to the presence of loofa sponge, in addition as compared
to FBCS anincrease of 25.58% was noted in the nickel(ll)
biosorption capacity of LIBCS.

4. The sorption of nickel(Il) by the LIBCS was found to be
influenced by operational conditions particularly medium
pH and the concentration of biosorbent and metal ions in
the medium.

5. LIBCS showed an excellent physical and chemical sta-
bility as no significant leakage or breakage of immobi-
lized biomass was observed during their repeated use in
biosorption—desorption operations.

6. LIBCS could be regenerated and reused at least for seven
biosorption and desorption cycles of nickel(ll) with a
little decrease in the metal uptake capacity of the biomass.

7. Loofa sponge is an inexpensive, easily available bioma-
terial and LIBCS biosorbent can be easily produced by
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inoculating a growth medium containing the loofa sponge

pieces with an appropriate microbial inoculum, without
any prior chemical treatment. In contrast, production of
beads from polymeric matrices for commercial applica-

N. Akhtar et al./Journal of Hazardous Materials B108 (2004) 85-94

[9] B. Volesky, Z.R. Holan, Biotechnol. Prog. 11 (1995) 235.

[10] E.M. Trujillo, M. Sprinti, H. Zhuang, in: A.K. Senguptal (Ed.), lon
Exchange Technology: Advances in Pollution Control, Technomic
Publishing Company Inc., Pennsylvania, 1995, p. 225.

[11] M. Igbal, S.I. Zafar, Biotechnol. Tech. 7 (1993) 15.

tion is expensive, laborious and requires sophisticated [12] M. Igbal, S.I. Zafar, Lett. Appl. Microbiol. 18 (1994) 214.

equipment.

8. The data from the present study showed that LIBCS has

promising potential in remediation of nickel(ll) laden ef-
fluents.

Acknowledgements
Identification of the purified isolate by Dr. Georg Gért-

ner, Institute of Botany, University of Innsbruck, Sternwarte-
stral3e 15, A-6020 Innsbruck, Austria is acknowledged.

References

[1] US Environmental Protection Agency, Health assessment document

for nickel, EPA/600/8-83/012F, National Centre for Environmental

[13] J. Ogbonna, H. Mashima, H. Tanaka, Bioresource Technol. 76 (2001)
1.

[14] N. Akhtar, J. Igbal, M. Igbal, Lett. Appl. Microbiol. 37 (2003) 149.
[15] R.G.D. Steel, J.H. Torrie, Principles and Procedures of Statistics: a
Biometrical Approach, third ed., McGraw-Hill, New York, 1996.

[16] K.-M. Khoo, Y.-P. Ting, Biochem. Eng. J. 8 (2001) 51.

[17] M.Z.C. Hu, M. Reeves, Biotechnol. Prog. 13 (1997) 60.

[18] B. Greene, G.W. Bedell, in: I. Akatsuka (Ed.), Introduction to Applied
Phycology, SPB Academic Publishing Co, The Hague, 1990, p. 137.

[19] R. Aloysius, M.I.A. Karim, A.B. Ariff, World J. Microbiol. Biotech-
nol. 15 (1999) 571.

[20] L. de Rome, G.M. Gadd, Appl. Microbiol. Biotechnol. 26 (1987) 84.

[21] A.C.C. Plette, M.F. Benedetti, W.H. Riemsdjik, Environ. Sci. Technol.
30 (1996) 1902-1910.

[22] C.A. Mahan, J.A. Holcombe, Anal. Chem. 64 (1992) 1933.

[23] A. Lopez, N. Lazaro, S. Morales, A.M. Marques, Water Air Soil
Pollut. 135 (2002) 157.

[24] G.C. Donmez, Z. Aksu, A. Ozturk, T. Kutal, Process Biochem. 34
(1999) 885.

[25] P.R. Puranik, K.M. Paknikar, Biotechnol. Prog. 15 (1999) 228.

Assessment, Office of Research and Development, Washington, DC, [26] A. Saeed, M. Igbal, Water Res. 37 (2003) 3472.

1986.

[2] Agency for Toxic Substances and Disease Registry (ATSDR), Tox-
icological profile for nickel (updates), Public Health Services, US
Department of Health and Human Services, Atlanta, GA, 1997.

[3] E.W. Wilde, J.R. Benemann, Biotechnol. Adv. 11 (1993) 781.

[4] J.A. Brierley, C.L. Brierley, G.M. Goyak, in: R.W. Lawrence, R.M.R.
Branion, H.G. Ebner (Eds.), Fundamental and Applied Biohydromet-
allurgy, Elsevier, Amsterdam, 1986, p. 291.

[5] E. Sandau, P. Sandau, O. Pulz, Acta Biotechnol. 16 (1996) 227.

[6] F. Veglio, F. Beolchini, Hydrometallurgy 44 (1997) 301.

[7] B. Volesky, Hydrometallurgy 59 (2001) 203.

[8] A.P. McHale, S. McHale, Biotechnol. Adv. 12 (1994) 647.

[27] P.K. Wong, K.Y. Fung, Enzyme Microbiol. Technol. 20 (1997) 116.

[28] K.S. Low, C.K. Lee, K.P. Lee, Bioresource Technol. 44 (1993) 109.

[29] J. Chang, R. Law, C. Chang, Water Res. 31 (1997) 1651.

[30] E. Fourest, J.C. Roux, Appl. Microbiol. Biotechnol. 37 (1992) 399.

[31] Z.R. Holan, B. Volesky, |. Prasetyo, Biotechnol. Bioeng. 41 (1993)
819.

[32] M. Zhao, J.R. Duncan, R.P.V. Hille, Water Res. 33 (1999) 1516.

[33] A. Blanco, B. Sanz, M.J. Llama, J.L. Serra, J. Biotechnol. 69 (1999)
227.

[34] A. Ozer, D. Ozer, J. Hazard. Mater. 100 (2003) 219.

[35] F.B. Dilek, A. Erbay, U. Yetis, Process Biochem. 37 (2002) 723.

[36] F. Veglio, F. Beolchini, A. Gasbarro, Process Biochem. 32 (1997) 99.



	Removal and recovery of nickel(II) from aqueous solution by loofa sponge-immobilized biomass of Chlorella sorokiniana: characterization studies
	Introduction
	Materials and methods
	Organism and culture medium
	Immobilizing material and technique
	Biosorption studies
	Reproducibility and data analysis
	Desorption studies
	Biosorption-desorption cycles
	Removal of nickel(II) from electroplating effluent

	Results and discussion
	Preparation of LIBCS
	Chemical and physical stability of LIBCS
	Biosorption characterization
	Biosorption rate
	Effect of pH
	Effect of biosorbent concentration
	Effect of initial metal concentration
	Adsorption isotherms
	Precision and reproducibility of LIBCS

	Desorption characterization
	Recovery of adsorbed nickel(II) from LIBCS
	Adsorption-desorption cycles

	Treatment of electroplating effluents

	Conclusions
	Acknowledgements
	References


