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Abstract: In this study , the Cr(VI) rem oval potential of waste mycelium from
the industrial x ylanase-producing strain Aspergillus awamori was evaluated. It
was d etermined by FTIR analy sis that a mino groups fro m the major fungal
wall constituents, chitin and chitosan, played a key role in the metal binding
process. The effect of pH, initial ion ¢ oncentration, temperature and amount of
biomass on the re moval was also studied. The re moval efficiency increa sed
with decrea sing pH and increa sing te mperature and a mount of bio mass. The
mechanism of Cr(VI) removal by A. awamori can be explained by a two- stage
process involving an initial ad sorption stage followed by a reducing stage. The
removal process was described by a second-order poly nomial and the opti mal
process parameters for attaining R, 94.4 % in 48 h were predicted, i.e., pH
1.5 and t=40 °C. From both economic and ecological points of view, a pro-
mising possibility for the utilization of wa ste industrial mycelium of A. awa-
mori as a low-cost Cr(VI) removal agent was proposed.

Keywords: Aspergillus awamori; Cr(VI) removal; waste fungal mycelium.

INTRODUCTION

Due to the accel erated d evelopment of various industries, constantly — in-
creasing amounts of pollutants are annually discharged into ecosystems. Environ-
mental pollution with industrial wastewaters contaminated with heavy metals has
become one of the m ajor ecological probl ems. One such heavy metal is Cr( VI).
Due to its carcinogenic, mutagenic, teratogenic and tissue dam aging potential,
Cr(V]) is known to be very toxic to both plants and animals and has been clas-
sified in Gro up A of human carcinogens. 14 The high risk of Cr(VI) bioaccu-
mulation through t he food chain and t he disadvantages of traditional chem ical
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methods for metal removal have led scientific attention to be focused on non-
-conventional, biol ogical methods for Cr(VI) rem oval by vario us biom aterials,
such as bacteria, y east, algae, seaweed, filamentous fungi and agricultural wast e
biomass.5~20 On the one h and, compared to livi ng and resting cells, non-livi ng
cells poss ess higher metal removal capacities.!1-21-23 On the oth er hand, fro m
both economic and ecological points of view, it is v ery important to utilize in-
expensive and waste biomateri als as metal removal agents. Many of t he cited
studies for Cr(VI) removal were not rea lized with waste fungal biomasses, but
with especially cultivated fungal strains that were then killed. Fil amentous fungi
belonging to genera Aspergillus, Penicillium and Rhizopus are intensively used in
fermentation industries for producing enzymes, antibiotics and other bioproducts,
which means large am ounts of waste fungal m ycelium are produced annually.
Only Fourest and Roux24 and Gulati et al.25 have studied the bio sorption of Cu,
Ni, Zn,Cd and Pb by waste fungal m ycelium of A. terreusand R. arrhizus
obtained as by -products from industrial fer mentation processes. T o the best of
our knowledge, no articles considering Cr(VI) removal using waste fungal myce-
lium from industrial fermentations exist in the literature.

The aim of this study was to evaluate for the first time the potential of waste
mycelium of the industrial xylanase-producing strain A. awamori for Cr(VI) re-
moval from aqueous solutions. The cell su rface binding groups before and after
Cr(V]) removal were det ected. The effect s of pH, initial Cr(VI) concentration,
amount of bi omass and tem perature on me tal rem oval from aqueous solutions
were studied in a batch system. The activation energy of the proc ess was calcu-
lated and Cr(VI) removal was explained by a pseudo-first order kinetic model.

EXPERIMENTAL
Preparation of the biosorbent

Waste mycelium of the industrial strain A. awamori was harvested by filtration at the end
of the fer mentation proce ss for the industrial production of a complex enz yme preparation
with a leading xylanase activity.26-27 The waste mycelium was killed by autoclaving at 121 °C
for 20 min, washed thoroughly with deionize d water and dri ed in an oven at 80 °C for 10 h.
Then it w as powdered to particles of uniform size of about 100 um. This po wdered biomass
was used in the further biosorption experiments.

Chemical modification of the amino groups

Formaldehyde and sodium iodoacetate treatment were performed as described by Park et
al.28 Acetic anhydride treatment was performed as described by Bai et al.!! At the end of the
treatment procedures, biosorbent was separated, washed with deionized water and dried in an
oven at 80 °C for 10 h.

Preparation of the Cr(VI) solution

A stock solution (1000 mg L1) of Cr(VI) was prepared by dissolving the adequate amount
of K,Cr,07 (Merck, Dar mstadt, Germany) in deionized water. For m etal biosorption experi-
ments, Cr solutions of differe nt concentrati ons (25, 50 and 100 mg L-!) were prepared by
appropriate dilution of the stock solution with deionized water.
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Analysis of the Cr concentration

The residual Cr(VI) concentra tion after bioso rption was det ermined spectr ophotomet-
rically (Camspec, UK) at 540 nm using 1,5-diphenylcarbazide as the complexing agent in aci-
dic solution. 2 To esti mate the total chro mium con centration, Cr(II1) was first converted to
Cr(VI) at 130-140 °C by the addition of excess of KMnQOy prior to the 1,5-dipheny lcarbazide
reaction. The Cr(IIl) concentration was calculated from the difference between the total chro-
mium and the Cr(VI) concentration. The detection limit was 0.03 mg L.

Biosorption studies

In order to evaluate the effect of pH, init ial Cr(VI) concentration, a mount of biosorbent
and temperature, a serie s of bi osorbtion experiments were performed in a batch system. The
pH of the m etal solution was a djusted to values between 1.5 and 4.0 using 1.0 M HCl or 1.0
M NaOH. Biosorption of Cr was realized at temperatures ranging from 20 to 40 °C. The effect
of the quantity of biosorbent was studied at concentrations ranging from 1 to20 gL 1. A
known amount of biosorbent was added to 1 00 mL Cr(VI) solution of the desired concen-
tration and pH in 250 mL Erlenmeyer flasks. The flasks were placed on a rotary shaker at the
desired te mperature and 150 rpm for 48 h. At the end of t he bio sorption process, the bio-
sorbent was separated from the solution by filtration and re sidual Cr(VI) co ncentration was
measured as gi ven above. To eli minate the pr obable influence of glassware and filter papers
on the metal sorption capacity, the Cr(VI) con centration was measured under the same batch
experimental conditions (pH, temperature, duration and agitation) without using biosorbent.

All experiments were p erformed in triplicate. For all graphical representatio n, the mean
values of three independent ex periments were considered and standard d eviations within t he
triplicates were too small to be plotted as error bars (< 1 %).

Removal efficiency of Cr(VI)
The removal efficiency was calculated as:

C—C
R=100——+ (1)
G

where: C; and C; denote respectively the initial concentration of Cr(VI) and final residual con-
centration of Cr(VI) at the moment t, in mg L1,
Fourier transform infrared spectroscopy

The chemical characteristics of the biosorbent surface before and after Cr(VI) adsorption
were analy zed and interpreted by FTIR spect roscopy of the bio mass in KBr pellets using a
Perkin—Elmer Spectrum One, FT-IR spectrometer equipped with software Spectrum, v. 5.0.2,
for interactive interpretation of possible structure units.

RESULTS AND DISCUSSION

FTIR Analysis of the biosorbent

Biosorption is defined as the property of microorganisms to accumulate me-
tal ions by adsorption on the cell surface. The major constituents of fungal cell
wall are carb ohydrates chitin (3—39 %) and chitosan (5-33 %), polyuroni de and
polyphosphates (2—12 %), lipids (2—7 %) and proteins (0.5-2.5 %) and there are
marked variations in t he wall co mposition between different fun gal taxonomic
groups.23:24 For this reason, to study the mechanism of Cr(VI) removal by waste

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS




554 GOCHEV, VELKOVA and STOYTCHEVA

mycelium of xylanase-producing A. awamori, the active chem ical groups on th e
cell surface before and aft er Cr(VI) r emoval were evaluated by FTIR spectres-
copy. The obtained results are shown in Fig. 1.

N
“W\w g ﬁ ‘v///\\\\
92 \ [as

|
329122 2159.80 2024.19 \\&/ ’ /\

88

86 \K\N/\ W\ / \
’ ] N
82 164677 \4\\ / / \ \\

® || \ ¢
:: | // \
: o

70.0
4000.0 3000 2000 1500 1000 500.0

V/cm’
Fig. 1. FTIR Spectra of waste A. awamori biomass before (1) and after (2) Cr(IV) adsorption.
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The FTIR spectroscopic a nalysis indicated broad a bsorption bands at 3291
cm!, representing the — OH groups of glucose and the —~NH stretching of the
proteins and the acetamido group of ¢ hitin. T he absorption bands at 2159 and
2024 cm~! can be assigned to C=0 and C=N groups. The abs  orption band at
1646 cm ~! can be attributed to the amide bond in the N-acetyl glucosam ine
polymer of the protein peptide bon d. The strong absorption band at 1035 ¢ m™!
could be assigned to the —CN stretchi ng vibrations of the chitin—chitosan and
protein fractions. The spectral analy sis before and after Cr(VI) binding indicated
that -NH group were involved in th e binding process because the re were sub-
stantial changes in the absorption i ntensity of the ~NH bending (1646 cm~1) and
—NH stretching (329 1 cm 1) bands aft er Cr(VI) ad sorption. As chitin and chi-
tosan are the major constituents of the f ungal cell wall and m ajor donors of -NH
groups, their key role in the Cr(VI) removal process can be assumed. The results
obtained were in accordance with published FTIR sp ectra of untreated Rhizopus
nigricans biomass before and after Cr(VI) adsorption and the active groups in -
volved in the metal binding process and major fungal cell wall constituents.!1,23,24
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Chemical modification of amino groups

To elucidate the role of amino groups in Cr(VI) removal, they were modified
by chemical treatment with a mixture of formaldehyde and fo rmic acid, acetic
anhydride and sodium iodoacetate. The chromium removal capacity of the che-
mically treated biosorbent was compared to that of untreated biosorbent. The re-
sults are shown in Fig. 2.
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201 Fig. 2. Effect of chemical modi-
fication of th ¢ amino group s on

0 the C r(VI) rem oval capacity of

Untreated control Formaldehyde Acetic anhydride Sodium iodoacetate Wwaste A. awamori biomass.

Ri%

As shown, Cr(VI) rem oval from the aqueous solution was dependent on t he
chemical trea tment of the biosorbent. Formaldehyde treat ment caused methyl-
ation of the amino groups and reduced the number of positively charged sides on
the biosorbent surface, whi ch significantly reduced Cr(VI) re moval by about 42
% compared to untreated biosorbent. An about 21 % reduction in Cr(VI) removal
by the acetic anhy dride-treated biosorbe nt in com parison to the untreated wa s
determined. Acetic anhydride caused acetylation of the amino groups and in this
way also reduced the number of positively charged groups on t he surface of th e
biosorbent.!! Treatment of the biosor bent with sodium iodacetate caused a 12 %
reduction in Cr(VI) removal compared to that of t he native bios orbent. Sodium
iodacetate attaches to and neutralizes amino groups at low pH values by intro-
ducing carbo xyl gr oups.28 The obtaine d results confir med our assu mption that
positively charged amino groups play a key role in Cr(VI) removal from aqueous
solutions by waste mycelium of A. awamori. A mong the test ed t reatment pro-
cedures, replacement of amino groups w ith carboxy 1 groups dem onstrated the
smallest negative effect on the rem oval process, which means that carboxyl
groups may also participate in the Cr(V I) removal process. The results obtained
are in accordance with data published by other authors.!1.28
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Effect of pH

The pH of the metal solution is one of the major factors affecting the Cr(VI)
removal process.!0:22 The effect of the initial pH on Cr(VI) removal by waste A.
awamori biomass was evaluated in the range from 1.5 to 4. The results are shown
in Fig. 3.
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Fig. 3. Effect of pH on
Cr(VI) removal by waste A.
0 ' ' ' ' ' awamori biomass (¢, =25
15 20 25 30 35 40 ;oL V=100 mL, W=

pH =1gL",7=48).

Increasing the initial pH of the solu tion from 1.5 to 4 decreased Cr(VI )
removal by A. awamori from 89.26 to 27.50 % . The effect of pH canbe ex-
plained by its influence o n the pr otonation of the functional groups on t he cell
surface.!1:29 At the pH values 1.5 and 2, func tional groups such as amino groups
are protonated (NH3") and chromate ions are in the forms Cr,O7~ and HCrpO4".
The negatively charged dichromate ions are electrostatically attracted by the po-
sitively charged am ino groups but at these pH values, Cr(VI) is also rapidly re-
duce to Cr(I11).10:31-33 During and after the Cr(VI) removal process, the pH was
almost constant and varied in a ver y narrow interval between 2.0 0-2.12, which
means that th e removal mechanism is not ion exchange. The removal of Cr(VI)
from aqueous solution by waste mycelium of A. awamori is probably dueto a
combination of two processes: Cr(VI) adsorption by the biom ass and its reduc-
tion to the less toxic Cr(III). Park et al. published that the contact time for Cr(VI)
removal is a pH dependent process and at pH 2.0 and an initial concentration of
25 mg L1, Cr(VI) was rem oved completely by dead Aspergillus niger biomass
in about 30 h.31 In the present study, a Cr(VI) removal of 89.26 % was reached at
pH 2.0 after 48 h. Based on the performed experiments, pH 2.0 was selected as
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the most appropriate pH value for Cr(VI) removal by waste mycelium of A. awa-
mori and all of the following experiments were performed at pH 2.0.

Effect of theinitial Cr(VI) concentration and the amount of biomass

The effect of the initial Cr(VI) concentr ation on the effectiveness of the re-
moval process was studied at three con centrations: 25, 50 and 100 mg L-! and
the results are shown in Fig. 4.
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Fig. 4. Effect of initial Cr(VI)
concentration on the re moval
0 . .
efficiency of waste A. awamori
o 10 20 30 40 0 80 biomass V=100mL, W=1¢g

T /h L', z=48h).

As shown, after a 48-h contact tim e, 87.0, 82.4 and 78.6 % removal was
attained for initial Cr(VI) concentrations of 25, 50 and 100 m g L1, respectively.
Thus, lowering the initial Cr(VI) concen tration increased the % metal removed
for a 48-h contact tim e. According to Park et al., increasing the in itial metal ion
concentration prolonged the process for complete Cr(VI) removal.10.31

To evaluate the effect of the biom ass concentration, experiments were per-
formed in wh ich the biomass concentration was vari ed from 0.5t0 2 g/100 m L
and the results are shown in Fig. 5.

The obtained results indicate thatinc reasing the biomass concentration
increased the Cr(VI) removal. This fact may be attributed to the higher number of
active groups available for Cr(VI) adso rption and re duction because of thei n-
creased amount of A. awamori biomass.

Effect of temperature

Another major factor aff ecting both processe s the adsorption and reduction
processes is te mperature. The effect of te mperature on the Cr(VI) re moval pro-
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cess by waste biomass of A. awamori at three temperatures: 20, 30 and 40 °C was
studied and the results are shown in Fig. 6.

Increasing of te mperature increased the Cr(VI) re moval. According to Wit-
tbrodt and Pal mer, increa sed te mperature induces and accelerat es the rate of
redox reactions.34
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0 Fig. 6. Effect o f temperature on
' ' ' ' ' ' Cr(VI) rem oval by was te A.
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awamori biomass (C;=2 5 mg
t/h L', V=100 mL, r=48 h).

A pseudo-first order equation with resp ect to the Cr( VI) concentration was
used:
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log (¢, ¢ )= ——~—+1log G (2)

2.303

where C, Crand Cy are the concentration of Cr(VI) at the moment t, and the final
and the initial Cr(VI) concentrations, respectively, and K is the rate constant.

In order to determine the reaction rate constants, log (C; — Cf) was plotted Vvs.
time (Fig. 7). The calculated rate consta nts and the correlation coefficients ar e
shown in Table .

] + 20°C
12 4 = 30%C
i) i 40°C
08 |
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5 ]
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04 ] Fig. 7. Pseudo-first kinetic mo-
1 del for Cr(VI) removal by was-
06 ; . ; . . : : . ! v
te A. awamori biomass (¢, =25
0 5 10 15 W 25 a 35 40

. mgL”,V=100mL, W=1gL",
T /min =48 h).

TABLE I. Reaction rate constants and correlation coefficients for Cr(VI) removal at different
temperatures

t/°C k/h' R

20 0.0949 0.998
30 0.0956 0.992
370.1075 0.987

The activation energy for the Cr(VI) removal process was determined by the
Arrhenius Equation. The activation energy of Cr(VI) rem oval by waste biomass
of A. awamori was calculatedtobe 5.15kJm ol~l. Park et al. reported an
activation energy of 7 .8 kJ mol~! for the sa me te mperature interval for Cr(VI)
removal by dead biom ass of A. niger, which means that the rem oval process
realized with A. awamori will be faster.3!

Mechanism of Cr(VI) removal

In an attempt to explain the mechanism of Cr(VI) removal by waste biomass
of A. awamori, decreasing Cr(VI) concentrations and increasing Cr(III) concen-
trations in time were studied. The results are shown in Fig. 8.
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As can be seen, the Cr(VI ) concentration decreased with ti me. Cr(III) was
not observed in the solution at the beginning of the re moval process but it
appeared with time. Probably during the first stage, when Cr(III) was absent (first
8 hours), Cr(VI) adsorbed to protonated active groups on the biomas s surface.
Then, during the second stage, so me of th e Cr(VI) was easily or spontaneously
reduced to Cr(III), as reported by Lytle et al.31. After 48 h, t he concentration o f
Cr(IlI) reached 7.25 m g L. The results obtained dem onstrated that bot h pro-
cesses, adsorption and reduction, were involved in the removal process and were
described well by the two stage Cr (VI) removal mechanism proposed by Park et
al.10.31 Taking into consideration the previously obtained experimental data, a
model based on a second degree polynom ial was chosen to descr ibe the depen-
dences between R= f(pH) and R=f(T), i.e.:

z=a+ bx+cy +dy? (3)
where zist he re moval efficiency, Xisthe pH o fthe solutionand Vyist he

temperature.

30 4
e
25 4 —=— Cy(IlI)

20

B

15

ce/mgL

10

Fig. 8. Tim e curves of Cr(VI)

and Cr(IIT) concentrations (pH

0 10 20 2 0 020, 6=25m gL, V=100
T/h mL, W=1gL").

1] T T T T T T T T T T

The inputs of the model were the temperature and pH, and the output was the
removal efficiency. The coefficients a, b, cand d of the postulat ed pol ynomial
model were determined by means of the D-optim um co mposition plan. 35 The
independent factors were varied as follow: 1.5 <pH <4.0 and 20 °C <t <40 °C.
The experimental matrix of the DOE, ap plied for the modelling and optimisation
of the R of Cr(VI) by waste A. awamori biomass is shown in Table II.

The mathe matical analy sis of the r esults led to a suitable response  model
according to the following equation:

(2/ %) = 59.547 + 23.468pH2 + 0.461(t / °C) (6)
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The values of statistics % and r2djusted Were 0.989 1 and 0. 9874, respecti-
vely. The model is shown in graphical form in Fig. 9.

Maximization of the model allowed the optimal set of parameters for reach-
ing maximum removal to be predicted, i.€., Rnax = 94.4 %, pH 1.5 and t =40 °C.

TABLE II. Experimental matrix of DOE applied for the modelling and o ptimisation of t he
removal of Cr(VI) from aqueous solutions by waste A. awamori biomass (V =100 mL, ¢, = 25
mgL', t=48h, W=1gL")

No. pH t/°C R/% No. pH t/°C R/% No. pH t/°C R/%

1 1.5 20 84.79 11 35 25 49.68 21 2.5 35 85.84
2 2 20 83.64 12 4 25 3588 223 3572.04
3 2.5 20 79.72 13 1.5 30 89.2623 3.5 35 54.04
4 3 20 65.92 14 2 30 87 24 4 3540.24
5 35 20 47.92 15 2.5 30 83.10 25 1.5 40 94.38
6 4 20 34.12 16 3 30 66.26 262 4092.32
7 15 25  86.7617 3.5 30 51.2527 25 40 88.40
82 25 8540 18 430 3750 28 340 74.60
9 25 25 814819 15 35 91.8429 35 40 59.28
103 25 67.68 20 2 35 89.76 304 40 42.80
100
a0
g0
Ff% 70
60
50

40
30

Fig. 9. Re moval efficiency of Cr(VI) by waste
A. awamori biomass a s a fu nction of pH and
temperature (Co =25 mg L, 7=48 h).

Usually for ¢ omparing the biosorpti on potential of v arious biosorbents, the
sorption capacity of the biomaterial, expressed as mg or mol metal ion adsorbed
per gram of biomass, is used. The results obtained in the present st udy and those
published by Park et al.l03! and L ytle et al.32. unam biguously pr oved tha t
Cr(VI) rem oval from aqueous solutions is  not p ure biosorpti on, but rather a
combination of biosorptio n and reduction. For this reason, it was decidedt o
compare the studied biosorbent with other Cr(VI) biosorbents based on re moval
capacity not on specific sorption capacity (Table III). As can be seen, waste my-
celium of A. awamori is competitive with other fungal biosorbents, because using
an about fiv e tim es shorter contact time, relatively high Cr(VI) rem oval was
reached. For the sa me contact time, only the rem oval capacity of the biosorbent
from Rhizopus oryzae ex ceeded the removal capacity of waste mycelium of A.
awamori. The m ajor advantage of A. awamori mycelium over other funga |
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biosorbents is not onl y th e high Cr(VI) rem oval capacity and relatively sh ort
contact time, but also its low cost, because it is a waste product from enzy me
production. Most of the other published Cr(VI) fungal biosorbents were specially
cultivated and then killed for preparat ion of the biosorbent, which inevitabl y
increases the total costs o fthe rem oval process, especially if large am ounts of
polluted solutions are to be treated. R eal industrial wastewaters are multicompo-
nent systems containin g v arious organic and in organic compounds that can n e-
gatively influence the metal re moval process.3¢ According t o Gadd, one of th e
major disadvantages of the currently published research in the sp here of biosorp-
tion is the lack of infor mation concerning the appli cability of the results in real
industrial effluents and scale-up of the removal process to the industrial scale. 37
For these reasons, the pre sent results for the rem oval of Cr(VI) from aqueous
solutions by waste mycelium of A. awamori cannot be applied d irectly to real
wastewaters and additional experiments are a necessity.

TABLE III. Cr(VI) removal capacity of various fungal biosorbents (pH 2.0, W=5 g L")

Biosorbent C/mgL’ 7/h Cr(VI) Removal, % Reference
Aspergillus awamori 50 48 85.46 Current study
Rhizopus oryzae 5048 100 22
Aspergillus niger 50218 100 22
Penicillium chryzogenum 50218 100 22
Saccharomyces cerevisiae 50254 100 22
Aspergillus sp. 500 24 36 30
CONCLUSIONS

It was de monstrated by FTIR analy sis and chem ical treat ment of the bio-
sorbent that amino groups from the major fungal wall constituents, chitin a nd
chitosan, played a ke y role in the Cr(V I) removal process. The ef fectiveness of
the removal process depended mainly on pH followed by temperature, amount of
biomass and initial Cr(VI) concentration. Th e process can be explained by an in-
direct two-stage mechanism involving first an adsorption stage and then a reduc-
ing stage. The activation e nergy of Cr(VI) re moval by waste biomass of A. awa-
mori was low er than that of the sa me process based using dead biomas s from A.
niger. The rem oval process could be described by a second-degree polynom ial
and the optimal process parameters for attaining an Ryzx of 94.4 % in 48 h were
predicted (pH 1.5 and t =40 °C). Based on the performed experim ents and the
obtained results, it can be summarized that waste mycelium from the industrial
xylanase-producing strain A. awamori is a prospective, competitive and low-cost
biomaterial with possible application in Cr(VI) removal. Further experi ments for
application of the current results and w aste mycelium of A. awamori for Cr( VI)
removal from real industrial wastewaters and a study of the process in a column
bioreactor are in progress.
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Plovdiv 4000, 2Department of. Inorganic and Physical Chemistry, University of Food Technologies, Maritza
Boulevard 26, Plovdiv 4000, Bulgaria u 3University of Baja California, Mexicali, Mexico

VY oBoM pajy je npouemeH noteHuujan ykiamama Cr(VI) oTHagHuM MHLETHjyMOM HHIYC-
TpHjckor coja Aspergillus awamori koju ce koprcTH 3a npon3Boaky kcmitanase. FTIR AHanuzom
je ozmpeheHo ma cy aMHHO rpyne OCHOBHHX cacTojaka felijcKor 3uja ribuBe, IMTHHA U LIUTO3aHa,
Urpajie KJby4Hy yJIOry y MpoLecy Be3uBamwa Merana. Takolje je ucrutuBan u ytunaj pH, moderHe
KOHIIEHTpaIlHje joHa, TEMIIEpaType u KONW4YrHe OnoMace Ha Ipolec yKiIamama. MexaHn3aMm yKia-
wama Cr(VI) ribruBoM A, awamori Moske OUTH 00jalllFbeH POLIECOM Yy 1Ba CTYIba, KOjH Ce CACTOj!
0/]] TOYETHOT aJICOPIIIIMOHOT CTyNamba 3a KOjUM CJIe cTynam peaykuuje. [Iporec ykinamama onu-
caH je MOJMHOMOM APYTOr pefa, a YIBph)eHH Cy U ONTHMAJIHU HapaMeTpH 3a HOCTu3ame Ryax 01
94,4% 3a48h, 1j.pH 1,5 u t =40 °C. IIpemnoxena je obehasajyha moryhnoct ynorpebe ot-
aJIHOT MHAYCTPHjCKOT MULIEIHjyMa TJbiBe A. awamori kao jedruHor areHca 3a ykinamamme Cr(VI)
ca eKOHOMCKOT' ¥ €KOJIOILIKOT [JISHIITA.

(ITpumsbeno 31. mapta, peBuaupano 15. jyma 2009)

REFERENCES

M. Costa, Toxicol. Appl. Pharmacol. 188 (2003) 1
D. Park, Y. S. Yun, J. M. Park, Ind. Eng. Chem. Res. 45 (2006) 2405
C. Pellerin, S. M. Booker, Environ. Health Persp. 108 (2000) 402
M. V. Subbaia h, S. Kal yani, G. S. Reddy, V. M. Boddu, A. Krishnaiah, E.-J. Chem. 5
(2008) 499
K. Vijayaraghavan, Y. S. Yun, Biotechnol. Adv. 26 (2008) 266
J. Wang, C. Chen, Biotechnol. Adv. 24 (2006) 427
V. K. Gupta, A. K. Shrivastava, N. Jain, Water Res. 35 (2001) 4075
D. Park, Y. S. Yun, H. Y. Cho, J. M. Park, Ind. Eng. Chem. Res. 43 (2004) 8226
9. D.Park, Y. S. Yun, J. M. Park, Environ. Sci. Technol. 3 (2004) 4860
10. D. Park, Y. S. Yun, J. M. Park, J. Microbiol. Biotechnol. 15 (2005) 786
11. S.R.Bai, T. E. Abraham, Water Res. 36 (2002) 1224
12. K. K. Deepa, M. Sathishkumar, A. R. Binuprya, G. S. Murugesa, K. Sw aminathan, S. E.
Yun, Chemosphere (2006) 833
13. R. Kumar, N. R. Bishnoi, G. Bishnoi, K. Bishnoi, Chem. Eng. J. 135 (2008) 202
14. J.-G. S. Mala, B. U. Nair, R. Puvanakrishnan, J. Gen. Appl. Microbiol. 52 (2006) 179
15. D.Park, Y. S. Yun, J. H. Jo, J. M. Park, Ind. Eng. Chem. Res. 45 (2006) 5059
16. Y. Sag, Separ. Purif. Res. 30 (2001) 1
17. S. Srivastava, I. S. Thakur, Curr. Microbiol. 53 (2006) 232
18. J. M. Tobin, C. White, G. M. Gadd, J. Ind. Microbiol. 13(1994) 126
19. S. Tunal, 1. Kiran, T. Akar, Mineral Eng. 18 (2005) 681

Bl e

W

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS




564

20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.
31
32.

33.
34.
35.
36.

37.

GOCHEV, VELKOVA and STOYTCHEVA

L. Chung, C. Hongzhang, L. Zuohu, Process Biochem. 39 (2004) 1

Y. Khambhaty, K. Mody, S. Basha, B. Jha, Environ. Eng. Sci. 26 (2009) 1

D. Park, Y. S. Yun, J. M. Park, Proc. Biochem. 40 (2005) 2559

S. M. Siegel, M. Galun, B. Z. Siegel, Water Air Soil Pollut.53 (1990) 335

E. Fourest, J.-C. Roux, Appl. Microbiol. Biotechnol. 37(1992) 399

R. Gulati, R. K. Saxena, R. Gupta, World J. Microbiol. Biotechnol. 18 (2002) 397

A. Atev, S. Ilieva, BG Patent No. 94361 (1991)

S. Ilieva, N. Bakalova, S. Petrova, A. Atev, Biotechnol. Biotechnol. Eq. 16 (2002) 98

D. Park, Y. S. Yun, J. M. Park, Chemosphere 60 (2005) 1356

A. D, Eaton, L. S, Clesceri, A. E. Greenberg, Sandard methods for the examination of
water and waste water, American Health Association (APHA), AWWA, Washington DC,
1995, p. 4

M. Sen, M. G. Dastidar, Iran. J. Environ. Health Sci. Eng. 4 (2007) 9

D. Park, Y. S. Yun, J. H. Jo, J. M. Park, Water Res. 39 (2005) 533

C. M. Lytle, F. W. Lytle, N. Yang, J. H. Qian, D. Hansen, A. Zayed, N. Terry, Environ.
Sci. Technol. 32 (1998) 3087

L. Dupont, E. Guillon, Environ. Sci. Technol. 37 (2003) 4235.

P. R. Wittbrodt, C. D. Palmer, Environ. Sci. Technol. 30 (1996) 2470

V. V. Fedorov, Theory of optimal experiments, Academic Press, New York, 1972, p. 12
V. Prigione, M. Zerlottin, D.  Refosco, V. Tigini, A. Anast asi, G. C. Varese, Biores.
Technol. 100 (2009) 2770

G. M. Gadd, J. Chem. Technol. Biotechnol. 84 (2009) 13.

Available online at www.shd.org.rs/JSCS/

2010 Copyright (CC) SCS





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




