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ABSTRACT. Results of experiments to immobilize microorganisms on fibrous polymeric
materials for further biodegradation of aromatic hydrocarbons have been presented. The fibrous
carriers manufactured by melt-blowing technique are sources of stationary electric/magnetic
fields. Structural (fiber diameter, pore size and distributions), electric and magnetic
characteristics of the carriers have been determined. Stimulating effect of weak electric and
magnetic fields generated by carriers composed of polymeric electrets (surface charge density
Our= 0.7 — 7 nC cm?) and magnetoplastics (magnetic induction B,= 0.2 — 1 mT) on adsorptive
immobilization and microbial metabolism was established. Hypothesis of electric polarization
of bacterial cells in the carrier induced field and electrophysical interaction of polarized cells
with charged or magnetized fibers was postulated. High efficiency of air detoxification by
removing toluene fumes with lab trickling biofilters equipped with novel carriers operating in
continuous flow regime was achieved.

1. INTRODUCTION

Polymeric materials, especially fibrous (woven or not) meeting several technical-
economic criteria set for biomass carriers, find increased use in microbial
immobilization in biofilters (Lobova et al., 1991; Makarevich et al., 2000; Valeutis and
Lesavre, 1990).

Reliable technological basis for fabrication of fibrous polymeric carriers (FPC) is the
method for processing thermoplastics termed melt-blowing (Pinchuk et al., 2002).
Researchers from Metal-Polymer Research Institute, Belarus Academy of Sciences
patented several melt-blown FPC as stable non-woven constituents. Packed bed of such
components provides for highly effective operation of aerobic biofilters during
biorecovery of severely polluted wastewaters and simple maintenance (Makarevich et
al., 1999).

Process of manufacturing melt-blown FPC is radically distinguished from conventional
methods of converting plastics into fibrous materials. As a rule, it proceeds on the verge
of thermal-oxidative polymer decomposition when performance is determined by low
viscosity of polymer mass characterized by viscous liquid state. Shaped melt-blown
elements are made up by fibers bound by firm cohesive links in connection points. They
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possess high porosity and specific surface, enhanced physical-chemical activity of fiber
surface layers exposed to oxidation and display increased adhesive interaction with
microorganisms and contaminants of the media (Pinchuk et al., 2002).

Intensive thermal and mechanical stress applied to melted polymeric mass in the course
of FPC shaping results in autocharging of fibers and their transit into electret state
(Pinchuk et al., 1998, 2002). The carriers retaining a spontaneous bipolar electric charge
(stable in aqueous media) generate in the environment electric field that may effect
metabolism of microbial degraders.

Melt-blowing process is attractive for biotechnologists not merely for unique
opportunity to modify in broad range structure and physical-chemical features of FPC.
Improvement of the method allowed to combine in one cycle production and
modification of FPC leading to new functional properties aimed at increased microbial
compatibility and elevated activity of the latter (Pinchuk et al., 2002). For instance,
designed magnetic FPC contain fibers filled with particles of magneto-solid ferrites
(Makarevich, 2001). Such FPC generate a weak magnetic field inducing favorable
response in immobilized microorganisms which raises efficiency of wastewater
biorecovery.

The present paper discusses new experimental data testifying to high efficiency of
bioremediation of water and air contaminated with aromatic hydrocarbons using
microorganisms immobilized on electret and magnetic melt-blown FPC.

2 MATERIALS AND METHODS

2.1 Manufacture of FPC, analysis of structure, electric and magnetic characteristics
FPC were manufactured from polypropylene (PP) of CAPLEN® brand (Moscow Oil
Refinery Joint-Stock Company) and PP filled with disperse strontium ferrite (20% of
weight, particle size 1-2 pm) by melt-blowing technique (Pinchuk et al., 2002).

Volume density (p) of FPC was estimated by measuring and weighing samples
(dimensions 20x10x5 mm) cut out from tubes. Total porosity (P) was calculated
according to the formula: P = 1-p(X,/p,+X¢/py), where p — sample volume density;
pp and pr— density of PP and strontium ferrite; X, and Xr — their respective proportions.
Average values of fiber diameter d; in FPC and Feret diameter d of pore sections
(Nadler and Smith, 1993) were defined by analytical processing of electron microscopic
pictures of samples (microscope Cam Scan-4).

Effective surface charge density o.r of electret FPC (on the external surface of tubes)
was assessed according to Russian standard 2509-82 by compensatory method
(vibrating electrode technique). Residual magnetic induction on the surface of magnetic
carriers was evaluated by magnetic induction meter.

2.2 Microorganisms

Experiments were conducted with strain Rhodococcus ruber 2B degrading aromatic
compounds kindly provided by microbial culture collection, Institute of Microbiology,
Belarus Academy of Sciences (Lobanok, 1997). In addition, microorganisms actively
breaking down oil products were isolated from soil contaminated with diesel oil by
enrichment culture technique. These were strains Rhodococcus ruber 1IKR (IEJM AS 73)
and Rhodococcus opacus 31KR (IEJM AS 247) identified by chemotaxonomic and
genetic methods (Bell ez al., 1999). Non-identified microbial association able to degrade
mixture of benzene, toluene, ethylbenzene, ortho-, para-, meta-xylenes (BTEX mixture)
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was isolated from an activated sludge process treating domestic wastewater (Hu et al.,
2001).

2.3 Microorganisms hydrophobicity tests and kinetics of immobilization on the carriers
Hydrophobicity of Rhodococcus bacteria was estimated via relative weight of cells
adsorbed on hexane drops emulsified in aqueous suspension (Kovalenko et al., 1998).
Two series of experiments were carried out to immobilize microbial cultures on the
carriers.

The first experimental series was focused on adsorption immobilization of strains
Rhodococcus ruber 2B, Rhodococcus ruber 1KR and Rhodococcus opacus 31KR on PP
supports carrying different (in polarity and absolute magnitude) electret charge. For
biomass growth meat-wort agar and liquid mineral medium E-8 of the following
composition were used (g 1) — NaCl (0.5), MgSO,7H,0 (0.8), KH,PO, (0.7),
(NH4),HPO, (1.5), pH 7.3-7.4 and diesel oil (0.2% v v'). 5 day cultural liquid at
concentration 1.0-10” cells ml™' (2-4 g 1) was introduced in 50 ml aliquots into 250 ml
Erlenmeyer flasks and subsequently 3g support samples were supplied. 2 hours later
media were supplemented with 0.2% (v v') diesel oil as nutrient source and culture was
resumed at temperature 302 K on the shaker (180 rpm). Biofilm build-up on the carrier
was controlled gravimetrically. Measurements were carried out by 2, 48, 120 and 192
hours in triplicate.

In the second test series bacterial association degrading aromatic hydrocarbon BTEX
mixture was immobilized on samples of electret (PP) and magnetic (PP filled with
ferrite) supports. Biomass was grown on liquid mineral medium (mg ") — NaNOs
(1000), K>SO, (170), MgSO47H,0 (37), KoHPO4 (530), FeSO47H,O (22.3), H2SO4
(9.8), CaSO42H,0 (8.6), ZnSO47H,0 (0.6), CuSO45H,0 (0.5), MnSO4-H,0 (0.3), KI
(0.2), H;BOs3 (0.1). 100 ml of cultural liquid with initial microbial concentration 50-130
mg I was inoculated into 250 ml Erlenmeyer flasks where BTEX mixture was fed as
carbon source (200 mg I'"). The culture was performed at temperature 303 K on the
shaker (180 rpm). 3g supports either lacked in the media (control variant) or were added.
Gravimetric method (biomass build-up after drying at 343-353 K during 2 hours) was
used for evaluation of kinetics of biomass immobilization on the support (mg g
support) by periodic measurements at 2, 48, 72, 96 hours. Amount of residual
suspended microorganisms was traced by filtration through glass fiber microfilter
(WHATMAN, mesh size 1.2 um) and subsequent registration of increased filter weight
after desiccation (378-383 K, 2 hours). Overall specific weight (mg I'') of
microorganisms — suspended and fixed on the support was taken into account. In similar
way immobilization of pure culture Rhodococcus ruber 2B was investigated.

2.4 Biodecontamination tests

Degradation kinetics of BTEX mixture introduced into sealed Erlenmeyer flasks with
native or immobilized on FPC microbial cultures was examined via reduction in time of
BTEX components level. Total content of hydrocarbons in liquid and gaseous phases
was monitored by gas chromatography (Hewlett Packard-6890).

Scheme of lab trickling biofilter (volume 10 dm®) for disposal of toluene fumes from air
is presented in Figure 1. Volume of toluene tank, evaporating and mixing chambers —
20, 2 and 2 dm’ , respectively. Gas retention time — 1.25 and 2.5 min at volume of FPC
bed 2.5 and 5 dm’, respectively. Flow rates of air and toluene fumes — 1 1 min™' and 8 1
min', respectively. Rate of feeding mineral solution equaled 9 1 day .
Biodecontamination efficiency was assessed by gas chromatography as reduced toluene
concentration in air at trickling filter output.
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Figure 1. A diagram of bench scale trickling filter system, 1 — air blower, 2 — mineral solution, 3
— off gas, 4 — air intrusion, 5 — biofilter with FPC, 6 — water recirculation, 7 —toluene reservoir,
8 — vaporization chamber, 9 — mixing chamber.

3 RESULTS

3.1 Structural, electrical and magnetic characteristics of the carriers

The FPC are composed of chaotically spaced and cohesively bound in contact points
polymeric fibers with smooth surface. In between are voids, i.e. winding pores with
sections anisotropic in form. Ferrite particles in magnetic FPC are encapsulated in a
plastic binder.

Parameters characterizing composition, fibrous-porous structure, electret and magnetic
properties of FPC samples are provided in Table 1. Their advantages as microbial
supports are considerable porosity (P, Table 1) and specific surface 80-100 m® kg
(Pinchuk et al., 2002).

Table 1. Composition and structural parameters of FPC samples.

Sample  Sample composition Oef" Structural parameters
no. (Wt%) (K em™®)  p (kgm?) P d; ‘71
(pm) (um)
1 -0.7
2 -0
3 PP (100) +4.1 200-250 0.73-0.78  40+2 167£5
4 -7.1
5 PP (80) + SrO-6Fe,0; P 220-280  0.75-0.80 5543 -
(20)

#-on the external surface of tubular samples, °_undefined electret charge

FPC carry spontaneous electret charge o reaching 0.7 nC cm 2 (Table 1, sample 1). The
charge is removed by treatment of the carrier in hot ethanol vapor (sample 2). It was
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established that hydrophobicity of PP carrier is not changed after treatment. FPC
elements exposed to impact of positive or negative corona discharge are electrified to
ot values 4—7 nC cm * (samples 3, 4). Ferrite-filled magnetized FPC (sample 5) shows
residual surface magnetic induction B; = 0.2 mT.

3.2 Effect of electric and magnetic fields generated by the carriers on microorganisms
immobilization

Adsorption immobilization leads to significant accumulation of biomass, namely of
Rhodococcus (Table 2), on FPC samples based on PP.

Table 2. Kinetics of Rhodococcus bacteria accumulation on FPC samples.
Specific adsorption (mg g ') of different strains in time (h)
Sample  Rhodococcus ruber 2B Rhodococcus ruber 1IKR Rhodococcus op acus
no. 31KR

2 48 120 192 2 48 120 192 2 48 120 192
21 98 102 115 14 61 69 96 17 67 73 100
5 30 60 60 12 30 52 60 3 33 60 63
15 35 61 70 14 32 59 61 13 37 63 63
17 40 8 130 15 49 70 100 13 30 57 133

AW =

Electret FPC charge was found to cause significant effect on kinetics of biomass
accumulation. Rhodococcus cells are adsorbed best on FPC samples 1 and 4 carrying
prevalently negative surface charge. Sample 3 treated in the field of positive corona
discharge trails in this parameter. Zero-charged sample 2 is characterized by the lowest
values of specific biomass sorption in examined time span.

It was evident from the second series of experiments aimed at microbial immobilization
that presence of electret FPC in the tested system increases biomass accumulation in
time course as compared to the control, if bacterial cells adsorbed on the support and
suspended in cultural liquid are counted. Magnetic field generated by ferrite-containing
FPC sample promotes microbial growth more greater (Figure. 2). It causes beneficial
influence both on biomass growth and immobilization of tested bacterial cultures on
magnetic carrier.
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Figure 2. Kinetics of accumulation of total biomass (both immobilized on FPC and suspended in
cultural liquid). (a) Microbial association; (b) Rhodococcus ruber 2B strain.
Symbols: (0) control, (e) in presence of FPC sample 4, (m) in presence of sample 5.
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3.3 Parameters of removing volatile hydrocarbons from water and air by immobilized
microorganisms

It was found that immobilization of microorganisms on tested FPC drastically
accelerates biodegradation of BTEX mixture (Figure. 3). Effect of BTEX absorption by
the support material (PP) was negligible. High rate of xenobiotic decomposition is a
major advantage of bioreactors with immobilized microorganisms operating in
continuous flow regime. In particular, efficiency of air biorecovery from vapor toluene
contamination in lab biofilter packed with FPC on PP basis reached 75% and 99%,
respectively, with volume of support bed 2.5 and 5 dm’.
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Figure 3. Kinetics of BTEX biodegradation. (a) Microbial association; (b) Rhodococcus ruber
2B strain. Symbols: (o) control, (e) in presence of FPC sample 4, (m) in presence of sample 5.

4 DISCUSSION

High sorption capacity of Rhodococcus bacteria on PP carriers may be related to
substantial cell hydrophobic potential (Mozes et al., 1987). Evaluated via hexane
affinity, cell hydrophobicity of Rhodococcus ruber 2B and Rhodococcus opacus 31 KR
constitutes 96—97% and approximately 100% for cells of Rhodococcus ruber 1KR.
Favorable impact of FPC electret charge on sorption of Rhodococcus is probably
correlated with polarization of bacterial cells in electric field of the support and
enhanced interaction of polarized cells with surface of charged polymeric fibers
(Makarevich et al., 1998). Besides, support-induced field can exert stimulating effect on
growth of bacterial cultures.

Impact of weak electric and magnetic fields induced by the supports on growth and
immobilization of microorganisms could be explained by specific electrophysical
properties of the latter. Biochemical processes occurring in microbial cells are known to
be accompanied by electron transport and alteration of charge state in cellular structures
(Volkenshtein, 1980; Damjanovich et al., 1997). Such phenomena require more detailed
comprehensive studies.

Summing up, PP-based FPC manufactured by melt-blowing technology display elevated
sorption capacity towards bacteria-degraders of aromatic hydrocarbons. They meet
technological and economic criteria set for microorganism supports in aerobic biofilters
and possess many advantages in operation and maintenance over standard carriers.
Established earlier (Makarevich, 1999; Pinchuk et al., 2002) and confirmed by these
experimental findings effects of weak electric and magnetic fields of polymeric electrets
and magnetoplastics on vital functions and sorption potential of microbial cells may
find application prospects in bioremediation practice. Efficiency of biotechnological
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processes may be considerably raised by engineering active biomass carriers that
control microorganisms immobilization and biodegradation by means of self-generated
electromagnetic fields.
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