
FR0202863
1 A A V f a -

MICROBIAL TREATMENT OF ION EXCHANGE
RESINS

A. Kouznetsov, O. Kniazev

Biotechnology Department of the D. Mendeleyev University of Chemical
Technology of Russia, 9, Miusskaya sq. 125047 Moscow, RUSSIA

Abstract. A bioavailability of ion exchange resins to a microbial destruction as one of the alternative
methods of compacting used ionites from the nuclear fuel manufacturing cycle enterprises has been
investigated. The biodestruction was studied after a preliminary chemical treatment or without it. A
sensitivity of the ion exchange resins (including highly acidic cationite KU-2-8) to the microbial
destruction by heterotrophic and chemolithotrophic microorganisms under aerobic conditions was shown
in principle. The biodegradation of the original polymer is possible in the presence of the water soluble
fraction of the resin obtained after its treatment by Fenton reagent and accelerated in the presence of Mn-
ions in optimal concentration 1-2 g of Mn per liter of medium. Thus, the process of biodestruction of
ionite polymer by heterotrophic microorganisms can be compared with the biodestruction of lignin or
humic substances. The optimum parameters of biodestruction and microorganisms used must be different
for resins with different functional groups.

1. Introduction
The wastes contaminated with radio-active particles and heavy metal ions is well
known to be one of the most hazardous industrial pollutants. Ion pxchange resins
used up on atomic power stations form one of the main part of those wastes.
Traditional treatment methods are considered to be large extent expensive and
unsafe and the low compacting degree increases the cost of nuclear-waste disposal.
Biological (microbial, biotechnological) method for destruction of the polymer
matrix of ionites could be a possible decision to solve that problem but it has some
restrictions concerning ion exchange resins especially those ones used in
technologies for atomic power stations. It is caused by the structure and chemical
composition of the ionite polymer matrix which is usually to be a polymer with
cross-linked chains, for example copolymer styrene and divinylbenzene with
sulfonate or other groups. It is considered that the process of biodestruction, if that
took place, can proceed only on the surface of the ionite granules with an extremally
low rate. In combination with the chemical inertness of the polymer material such a
structure stipulates an extremally low bioavailability of the ionite and its resistance
to the chemical and biological agents.

Because of the resistance of the ionites among other decisions it could be
possible to enhance their bioavailability by pre-treatment of their by more
aggressive chemical or phisical factors. A well known method of such pre-treatment
is a use of Fenton reagent (H2O2 + Fe24) [1-3].

The aim of this work was to study a possibility, in principle, of aerobic
biodegradation of ion exchange resins either with preliminary chemical processing
or without it and to study the influence of some factors on the ionite biodegradation.



2. Biological destruction of ionites

2.1. Description of the ionites and methods of their pre-treatment
As a main object of the investigation in our work we used cation exchanger KU-2-8
(analog - amberlite IR-120) which is a copolymer of styrene and divinylbenzene
with sulfonate groups (figure 1). This is a highly acidic cationite forming a great part
of the used ionites on the russian atomic power stations.
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Figure 1. Structure of the polymer matrix of the cationite KU-2-8

Among others were used anionite AB-17-8 (highly basic anion exchanger -
copolymer of styrene and divinylbenzene with quaternary -N(CH3)3+ groups) as well
as cationite KB-4P, anionites EDE-10P and IA-1R.

The chemical pre-treatment of ion exchanger was realized by Fenton reagent
(H2O2 + Fe2+ ). As it was known this reagent permits to degrade ionites partly and
convert it into liquid phase. A preliminary investigation with cationite KU-2-8 has
shown that the following conditions of the destruction were optimal: volume
proportion of H2O2 (30%) to KU-2-8 (original Na+- form of the cationite) — up 1:1 to
1:2; concentration of Fe2+ - ions 6-8 mg per 1 g (dry weight) of the cationite grains
[4].

2.2. Microorganisms for destruction of ionites
Biodestruction of the ionites was tested by cultivation of the various microorganisms
in conic flasks on a rotary shaker at 32-36°C using mineral mediums with addition
of the original ionites and/or water soluble products obtained after chemical pre-
treatment of the ionites by Fenton reagent.

In general, two groups of microorganisms were tested for ionite biodestruction:
chemolithotrophic and heterotrophic. Among first ones there were Fe-oxidizing
bacteria Thiobacillus ferrooxidans (strain OChK 18S, a gift of the Institute of
Microbiology of the RAS) and Mn-oxidizing bacteria (nonidentified isolates). For
cultivation of chemolithotrophs and biodestruction of ionites by chemolithotrophs
the standard medium 9K containing FeSO4 or MnSO4 for Fe-oxidizing or Mn-
oxidizing bacteria was used. Among heterotrophic group of microorganisms and
their isolates used in the experiments there were bacteria obtained from various
sources. We used several biodestructors of phenols, n-alkane, toluene and aniline
oxidizing microorganisms, destructors of oil, etc. Also some active sludges from
waste water treatment plants as well as fungus Cladosporium resinae and
Acrimonium kiliense were tested (details see [4, 5]). Heterotrophic destructors were



cultivated using mineral medium containing biogenic elements: N, P, K, Mg as well
as one of the organic substrate for biodestructor: phenol, n-alkane, toluene, aniline
or the water soluble fraction of the chemically pre-treated ionites.

The process of biodestruction was controlled by microscopy analysis of the
morphology of the ionite grains and measuring chemical oxygen demand (CODcr)
when the water soluble fraction of chemically pre-treated resins was added into the
medium for cultivation. Optical density of biomass also is measured.

A general scheme of the experiments for cationite KU-2-8 is shown in figure 2.
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Figure 2. A general scheme of the experiments on ionites destruction

2.3 Investigation of microbial degradation without preliminary chemical treatment
of the cationite KU-2-8

2.3.1. Stability of cationite KU-2-8 to iron and manganese-oxidizing bacteria
These experiments were carried out with cationite KU-2-8 (Na+-form) without its
chemical pre-treatment. Originally it was running for 3 months and at the end of
cultivation a morphological analysis of cationite grains was performed. The results
are presented in table 1 and in figure 3.



Table 1. Biodestruction ofcationite KU-2-8 by Fe- and Mn-oxidizing bacteria

1.

2.

3.

4.

5.

Variant

Medium 9K. (FeSO4) with no bacteria as a
control
Medium 9K (FeSO4) + Thiobacillus
ferrooxidans
Medium 9K (FeSO4) + Thiobacillus
ferrooxidans + active sludge
Medium 9K(MnSO4) + Thiobacillus
ferrooxidans

Medium 9K (MnSO4) + Thiobacillus
ferrooxidans + active sludge

Grains morphology
under 1 month

No change

No change

No change

Light erosion

Light erosion

Grains morphology
under 3 month

No change

Very slight erosion

Very slight erosion

Strong erosion, the
surface of grains is

rifted, fractured
Strong erosion, the
surface of grains is

rifted, fractured

a b c
Figure 3. Erosion of grains of the cationite KU-2-8

a) control without microorganisms after 3 months, b) with Fe-oxidizing microorganisms after 3 months,
c) with Mn-oxidizing microorganism after 3 months. Magnification 5(f

Thus, the biodegradation of the KU-2-8 is possible, in principle, without its
chemical pre-treatment in aerobic conditions in the systems with Fe2+-oxidizing
(worse) and Mn2+-oxidizing (better) bacteria.

2.3.2. Stability of ionites to heterotrophic microbial destructors of organic
xenobiotics
The next approach was aimed on attempt to destruct ionites by heterotrophic
microorganisms, taken from different media. At the same time, additional substrates
which formula is similar to some of the groups of the ionite polymer matrix (phenol,
toluene, aniline, n-alkanes, and oil), were added to cultivation medium. Microbial
agents were adapted to destruction of compounds mentioned above in order to
induce enzyme activity.

The experiment has shown no any changes on the surface of the grains of ionites
like KU-2-8 or AB-17-8 after several months of cultivation, though the
microorganisms developed on additional substrates.

So, this set of investigations proved a high stability of ionites which are
copolymer of styrene and divinylbenzene to heterotrophic microorganisms.

2.4. Investigation of biodegradation with preliminary chemical treatment
2.4.1. Microbial destruction of the water soluble fraction of the chemically treated
cationite KU-2-8.



As it was mentioned above to enhance bioavailability of ionites to microorganisms
we used a chemical pre-treatment of the ionites by Fenton reagent. Thus, we
checked out a 2-stadium variant of destruction with preliminary chemical treatment.

At this stage we studied an ability of water soluble fraction of the cationite
obtained after its chemical treatment to induce biodestruction of the original ionite
grains. Cultivation proceeded with addition into the medium 5% (volume
proportion) of chemically treated water soluble fraction of the ionite. Different
heterotrophic microorganisms were used as microbial agents. The experiment
proceeded for several months. The results obtained with cationite KU-2-8 and
shown in table 2 and figure 4 testify that the water soluble fraction of chemically
treated cation exchanger can not only serve as a substrate for different types of
microorganisms, but act as an inductor of original grains biodestruction. So,
heterotrophic microorganisms, in principle, can destruct highly resistant cationite
but they need in an additional and more available substrate which chemical structure
is close to structure of the matrix of the ionite.

Table 2. Biodestruction of cationite KU-2-8 by heterotrophic microoganisms with
addition of water soluble fraction ofpretreated KU-2-8

Jfe

1.

2.
3.

4.
5.
6.

7.

8.

9.

Microbial agent

Sewage active sludge of a chemical plant

Oil destructors-1
Oil destructors-2

Soil suspension from a gasoline station
Toluene oxidizing m/o
Phenol oxidizing m/o

Aniline oxidizing m/o

Cladosporium resinae

Acrimonium kiliense

Result after one month of cultivation

No traces of erosion, but m/o grow on water
soluble fraction
Only light erosion
No traces of erosion, but m/o grow on water
soluble fraction

_ " _ » _

The surface of the grains is highly rifted,
fractured, m/o growth present
No traces of erosion, but m/o grow on water
soluble fraction
No traces of erosion, m/o weakly grow on
water soluble fraction
The surface of the grains is highly rifted,
fractured, m/o growth present

r

a b
Figure 4. Erosion of grains of the cationite KU-2-8 under action of heterotrophic

microorganisms
a)with unidentified phenol oxidizing microorganisms after 3 months, b) with fungus Acrimonium kiliense.

Magnification 5(P



The most active microorganisms (# 6, 9 from the previous table) were selected to
examine the dynamics of biodegradation of cationite water soluble fraction. Results
of the experiments showed a sort of correlation between an ability to oxidize the
chemically treated fraction and the degree of erosion of original grains.

The dynamics of the optical density and COD under biodestruction of the
chemically processed resin for two concentrations of soluble fraction are shown in
figure 5.
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Figure 5 Dynamics of the microbial growth and COD under biodestruction of the
chemically processed cationite KU-2-8

a) with initial COD 9000 mg O2/I, b) with initial COD 2500 mg O2/i
A - microorganisms #6, — microorganisms # 9from table 2

Corresponding calculations resulted in the fact that the absolute rate of
destruction is higher and the specific yield of biomass is lower in the variant with
initial COD-9000 mg O2/l.



2.4.2. Investigation of biodegradation of the KU-2-8 polymer by heterotrophic
microorganisms in presence of Mn2+ ions.
As it was spoken about, grain erosion occurs both in the systems with heterotrophic
microorganisms and in the systems with Mn2+ ions and manganese-oxidizing
bacteria.

By the other side it is known from literature that destruction of some natural
polymers such as lignin is provided by several enzymatic systems such as
manganese peroxidase, laccase, ligninase [6-9]. It was also shown that adding of
Mn2+ ions to cultivation medium stimulates lignin degradation. Since there is
something common in the structural formulas of lignin and ionite water soluble
fraction, it was decided to investigate cationite erosion in the system with
heterotrophic microorganisms and Mn2+ ions. In addition to phenol utilizing
microorganism (#6 from table 2) we also used biocenosis which had been known to
degrade successfully organic impurities of native solution from absorbing columns
of organic solvent in antibiotic production of benzylpenicillin and adapted to
excessive concentrations of manganese sulfate (native solution biocenosis-NSB).

The experiment was carried out for one month at a constant initial concentration
of the water soluble fraction equal to 5% (volume proportion to culture medium).
The result is shown in table 3.

Table 3. Influence of the Mn2+-ion concentration on bio destruction of cationite
KU-2-8 by heterotrophic microoganisms with addition of water soluble fraction of

pretreated KU-2-8

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Microbial
agent

NSB
NSB
NSB
NSB
NSB
Phenol utiliz.
Phenol utiliz.
Phenol utiliz.
Phenol utiliz.
Phenol utiliz.

MnSO4*H2O,
g/1
0.1
0.3
0.6
1.0

10.0
0.1
0.3
0.6
1.0
10.0

Final result

No changes
No changes
A very light erosion
Strong erosion in the shape of long narrow channels
Good erosion, but not so strong as in item 4
No changes
No changes
A very light erosion
Strong erosion in the shape of long narrow channels
No changes

These experiments showed that cationite polymer biodegradation is accelerated
(the rate and the depth of grains erosion is higher) in presence of manganese ions
and the optimal concentration is approximately 1 g/1 MnSO4*H2O (or 0.3 g/1 Mn2+).
We also optimized the initial concentration of the water soluble fraction and it
opened to be 1% that is less than in the case without addition of Mn2+ in
biodestruction by heterotrophic microorganisms (5%).

3. Conclusion
The results of this work have shown a principle possibility for some extremally
resistent polymeric ion exchanger to be biotechnologically destructed in aerobic
conditions using manganese-oxidizing bacteria.



In the case of heterotrophic microorganisms biodestruction of such ionite as
cationite KU-2-8 which polymer matrix is a copolymer of styrene and
divinylbenzene is possible after chemical pre-treatment of ionite, in particular, by
Fenton reagent. At the same time the water soluble fraction of chemically processed
cationite obtained after its pre-treatment may acts as an inductor of destruction
process of the original, not treated cationite grains. This process is accelerated by
addition of manganese ions.

The data obtained in this work provided us an initial information for developing
a laboratory installation for optimizing biodestruction of ion exchange resins.
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