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Abstract

A white rot basidiomycete, Phanerochaete chrysosporium, was immobilized on loofa sponge (FBILS) discs.
It removed ca. 37 and 71 mg Cd (II) g”' from 50 and 200 mg 1™! aqueous solutions and up to 89% of
4-chloroanisole from a 10 mg 1™' aqueous solution. FBILS are physically strong and chemically re-
calcitrant, resisting temperature, mechanical agitation, and variations in pH without alteration to shape,

structure or texture.

Introduction

Pollution in water supplies and in waste-water
discharge is a cause of increasing legislative and
public concern. In many countries, industry is
required to meet ever higher quality standards
and has a need for improved, and environmen-
tally sound, waste treatment methodologies for
the removal of toxic chemicals from effluents.
The use of biomass as biosorbents for pollutants
offers an environmentally sound and potentially
low cost alternative to existing technologies. Fun-
gal biomasses have high affinities for toxic metals
(Kratochvil & Volesky 1998) and organic chemi-
cals (Perez et al. 1997, Reddy ef al. 1998) in
aqueous solution. Commercial application of
such biomass has been hindered by problems
associated mainly with physical manipulation
(McHale & McHale 1994). Low mechanical
strength and fragmentation of the biomass can
cause difficulties in the contacting and separation
of the effluent and biomass and this limits pro-
cess design.

Immobilization technologies have been sug-
gested to overcome these problems (Trujillo et al.
1995, Aloysius et al. 1999). Immobilization of
microbial biomass in polymeric gel matrices is
the most extensively studied method (Leenen
et al. 1996, Arica et al. 2001). However, produc-
tion of large amounts of gel beads needed for
commercial applications is expensive and requires
specialist equipment. Furthermore, the use of
such polymeric matrices results in closed struc-
tures with restrictive diffusion and low mechani-
cal strength (Hu & Reeves 1997).

The ideal immobilization matrix is strong and
resistant and has an open structure. The plant-
derived Loofa sponge is an inexpensive and eas-
ily available biological, and therefore renewable,
matrix produced in most tropical and subtropical
countries. The sponge is made up of intercon-
necting voids with an open network of fibrous
support giving the potential for rapid contact of
immobilized cells to the surrounding aqueous
medium. Merits of the loofa biomatrix system in-
clude freedom from materials that might be toxic
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to microbial cells, simple application and opera-
tion technique, and high stability during long-
term repeated use.

The white rot basidiomycete, Phanerochaete
chrysosporium, was chosen for this study as it has
a known affinity for metal ions but this is the
first report on the immobilization of P. chrysos-
porium on a biomatrix for the bioremediation of
both inorganic and organic pollutants from
aqueous solution. While the mechanisms for
inorganic and organic removal are likely to be
different, the inclusion of cadmium sorption
experiments ensures continuity with previous
work on biosorbents and to test the hypothesis
that this form of immobilization does not affect
metal uptake, and therefore surface reactivity of
the fungal hyphae.

Materials and methods
Microorganism and culture medium

The white-rot basidiomycete, Phanerochaete chry-
sosporium ATTC 24725, was grown on (g 17! dis-
tilled water); p-glucose, 10; KH,POy, 2; MgSOy, -
7H,0, 0.5; NH4Cl, 0.1; CaCl,-H,0, 0.1; thia-
mine, 0.001; at pH 4.5.

Immobilizing materials and production
of FBILS-discs

Loofa sponge for use as an immobilization matrix
was obtained from the ripened dried fruit of Luffa
cylindrica. The loofa was cut into discs of approx-
imately 2.5 cm diam. and 2-3 mm thick, soaked
in boiling water for 30 min, thoroughly washed
under tap water and left for 24 h in distilled wa-
ter, changed 3—4 times. The discs were then oven
dried at 70 °C and stored in a desiccator.

A mycelium suspension of P. chrysosporium,
0.5 ml, was inoculated in 100 ml of autoclaved
growth medium containing four pre-weighed loo-
fa sponge discs in 250 ml Erlenmeyer flasks.
Flasks, with no loofa sponge discs in the med-
ium, were inoculated to provide free fungal bio-
mass controls. The inoculated flasks were shaken
at 100 rpm at 34 °C. After 8 days, both free and
loofa immobilized biomass of P. chrysosporium
(hereafter called FBILS — Fungal biomass immo-
bilized loofa sponge) were harvested from the

medium, washed twice with distilled water and
stored at 4 °C until use. The dry weight of the
fungal biomass was determined by weighing oven
dried (70 °C overnight) sponge discs before and
after fungal growth.

Results and discussion
Properties of loofa sponge

The successful use of immobilized biosorbents
requires that the immobilization matrix provides
a high surface contact area and is stable to ad-
verse chemical and physical treatments. Neither
autoclaving (10 times for 20 min), nor pH
(2.0-12 for 24 days) produced any change in the
shape and structure of the sponge. Table 1 shows
the lowest and highest values of physical parame-
ters of loofa sponge discs. These results indicate
that loofa sponge discs can be repeatedly reused
in adverse conditions.

Production and properties of FBILS biosorbent

Microscopic examination shows hyphal growth
in the sponge matrix within 24 h of incubation.
Complete coverage of the sponge disc with the
hyphae of P. chrysosporium occurs within 5 days
(Figure la—) and growth continues until the
attainment of stationary phase at day 7. While
the immobilized hyphal biomass is packed tightly
within the sponge there remain large numbers of
micro-channels for free movement of solute dur-
ing the biosorption process (Figure 1c). In con-
trast, the free hyphal growth was compact and
pelleted. At day 8, immobilized P. chrysosporium
had a 21% increase in biomass over the freely
growing control with biomass levels reaching
1900 mg 1"'. Such an increase is unusual in
immobilized systems.

Table 1. Some physical characteristics of loofa (Luffa cylindri-
ca) sponge.

Physical properties

Structural nature Fibrous network

Porosity (%) 85-95
Density (g/cm’) 0.018-0.05
Specific pore volume (cm/g) 26-34




Fig. 1. Immobilization of Phanerochaete chrysosporium within
loofa sponge discs: (a) loofa sponge disc; (b) loofa sponge
disc covered with P. chrysosporium hyphal biomass; (c) scan-
ning electron micrographs of immobilized P. chrysosporium
showing micro-channel and void volume for free solute move-
ment. White scale bars at bottom of micrograph = 10 um.

No change in the shape, size or weight of
FBILS was observed during exposure to various
pH in the range 2-12 and were stable when
exposed to acid (HCI), alkali (NaOH) and salt
(NaCl) solutions for 5 days. FBILS retain 99%
of the immobilized biomass within the loofa
sponge when shaken for 7 days at 150 rpm in
distilled water. In contrast to the results for
FBILS, significant cell leakage has been re-
ported to occur during biosorption from systems
immobilized using polymer gel systems (Hu &
Reeves 1997). These results show that, in con-
trast to the polymer gel immobilization method
which requires more sophisticated equipment
involving high costs, the more robust FBILS
system can be made simply by adding the
microbial cell/hyphal/spore suspensions to a
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growth medium containing the inexpensive
sponge discs without any prior chemical
treatment.

Metal removal studies

Figure 2 shows the efficiency of the removal of
Cd (II) from solution by FBILS, free fungal bio-
mass and loofa sponge control. While other au-
thors have reported reductions in metal ion
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Fig. 2. Biosorption of Cd (II) from (a) 50 mg I"! and (b)
200 mg I™! solutions by free or immobilized Phanerochaete
chrysosporium. Cd (II) solutions were prepared from
Cd(NOs), and adjusted to pH 5 using 0.1 m NaOH. Fresh
dilutions were used for each experiment. Hundred milligram
of free or immobilized (FBILS-discs) fungal biomass was con-
tacted with 100 ml Cd (II) solution in 250 ml flasks shaken at
100 rpm at 20 + 2 °C. Free fungal biomass was separated by
centrifugation at 3500 x g for 5 min, whereas FBILS-discs
were separated by simple decantation. Residual concentra-
tions of Cd (II) in the supernatant were determined using an
atomic absorption spectrophotometer. Metal-free and fungal
biomass-free solutions were used as controls. Statistical analy-
sis of the data was carried out according to the Duncan’s new
multiple range test (Steel & Torrie 1996).
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uptake when biomass is immobilized, these re-
sults show that this form of immobilization does
not affect metal uptake capacity of the fungal hy-
phae. Mahan and Holcombe (1992) reported a
40% reduction in the sorption of Pb (II) when
Stichococcus bacillaris was immobilized on silica
gel and Lopez et al. (2002) report a 60% de-
crease in metal sorption by Pseudomonas fluores-
cens cells immobilized in agar beads, both in
comparison with free cells. The statistically sig-
nificant lower uptake of Cd (II) by free hyphal
biomass found in this work may be due to a
reduction in the surface area available for sorp-
tion due to hyphal aggregation and pelletization.
Such reductions due to aggregation have been
found for yeast cells as well as fungal hyphae (de
Rome & Gadd 1987, Plette et al. 1996, Aloysius
et al. 1999). The findings presented here indicate
no diffusional limitations and demonstrate that
FBILS are better suited for biosorption and
other reactions than either free hyphal biomass
or polymeric gel immobilization. From 50 mg 17!
metal solution uptake reached 36.8 + 0.7 mg g
fungal biomass for FBILS but only 29.7 +
0.9 mg g~ free fungal biomass. For 200 mg 17!
metal solution, uptake reached 71.3 + 1.3 mg g~
fungal biomass for FBILS but only 59.9 +
1.5 mg g~' free fungal biomass.

From isotherm studies the maximum uptake
levels are 759 + 1.7mg g™' for FBILS and
63.7 + 1.5mg g~' for free fungal biomass from
Cd (II) concentrations of 250 mg 1™ and above.

Chlorinated aromatic organic compound removal
studies

Chlorinated aromatic organic compounds pose se-
vere environmental and health hazards. In partic-
ular, methods for the removal of poly-chlorinated
dioxins and dibenzofurans are of widespread
interest. Because of the hazardous properties of
these materials, 4-chloroanisole in aqueous solu-
tion was chosen as a model compound as it can be
regarded as being structurally similar to half a
dichlorodioxin molecule (Figure 3).

After 7 days, contact at 34 °C, FBILS
removed 84%., 78% and 69% of 4-chloroanisole
from a 5, 10 and 20 mg 1! aqueous solutions
(Table 2). No removal was detected in the
4-chloroanisole control using untreated loofa
sponge. Hundred percent of 4-chloroanisole was
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Fig. 3. Structures of 4-chloroanisole (1) and dichlorodioxin
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Table 2. Removal of different concentrations of 4-chloroani-
sole by fungus biomass immobilized in loofa sponge (FBILS)
discs after 7 days.

4-chloroanisole removed
(mg g~! FBILS disc)

4-chloroanisole, initial

concentration (mg 1”")

5 14.1+£09
10 254 +1.2
20 458 £2.8
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Fig. 4. Effect of contact time on the removal of 4-chloroani-
sole from aqueous solution. FBILS-discs were shaken at
100 rpm for 10 days in an aqueous solution of 10 mg 1™ 4
chloroanisole at 35 °C. This concentration (and the others
used) is well below the maximum solubility of 4-chloroanisole
in water (237 mg 17", Lun er al. 1995). FBILS were removed
after different periods of contact by simple decantation. Hun-
dred millilitre of the decanted culture medium was mixed with
an equal volume of diethyl ether in a separating funnel. The
organic layer was removed, reduced to 10% volume and anal-
ysed for 4-chloroanisole by GC using a WCOT (Wall Coated
Open Tubular) fused silica capillary column, 30 m x 0.25 mm
ID. Concentrations of 4-chloroanisole were determined
against calibration standards using accurately obtained solu-
tions of the organic material in diethyl ether. Dry weight of
fungal biomass was determined after drying in an oven at
70 °C overnight.

removed from 250 ml of 10 mg solution in
8 days (Figure 4). There was no evidence in the
chromatograms for the presence of aromatic deg-



radation intermediates such as anisole or phe-
nols, however, the control studies show that this
removal does not occur by an adsorption pro-
cess. It is known that P. chrysosporium will de-
grade the aromatic ring structure of chlorinated
aromatic compounds to carboxylic acids and car-
bon dioxide (Valli et al. 1992), so this is the like-
ly pathway. Such compounds would not be
detected using the current experimental tech-
nique. These results clearly demonstrated the
ability of FBILS to remove the chlorinated
organic compound from aqueous solution. Fur-
thermore, the absence of aromatic degradation
products demonstrates added value in the pro-
cess, as degrading chlorodioxins simply to
dioxins would only lead to a small decrease in
toxicity. Degradation of the whole structure to
carboxylic acids represents a much cleaner over-
all remediation process.

Conclusions

Loofa sponge is an effective immobilization ma-
trix for the entrapment of fungal hyphae to pro-
duce the fungal biomass immobilized loofa
sponge (FBILS). FBILS have a high capacity to
remove both the toxic metal and chlorinated or-
ganic compounds from aqueous solution. High
bioremoval capacity, good mechanical strength,
ease of handling, high porosity and low cost
availability of the immobilization matrix are fea-
tures which lend this system to practical applica-
tions for the removal of metals and chlorinated
aromatic compounds from industrial effluents.
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