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METHOD FOR CONTROLLING GROWTH OF MICROORGANISMS AND/OR
BIOFILMS IN AN INDUSTRIAL PROCESS

The present invention relates to a method for controlling growth of microorganisms
and/or biofilms in an industrial process according to the preamble of the enclosed
independent claim.

Microorganisms are present in most of the industrial processes. Their presence is
especially cumbersome in processes which are water intensive, such as
manufacture of pulp, paper, board or the like. Microorganisms thrive when the
process water contains biodegradable dissolved substances and the temperature
and pH of the process water are favourable for microbial life. Microorganisms may
enter the process through contamination from air, incoming raw water and/or non-
sterile raw materials. If no countermeasures are taken, microorganisms may cause
extensive problems in a process, such as papermaking. Problems related to
microorganisms include, for example, decomposition of chemical additives,
detrimental change in process pH, formation of malodorous or toxic compounds,

and/or biofilm formation on surfaces.

In manufacture of paper and board the problems may lead to defects, such as
spots and holes, in the formed web, or even to web breaks and machine stops, for
example when slime slumps are sloughing off. In a pulp, paper or board mill
uncontrolled microbial growth could thus cause problems and there is a need for
effective microbial control treatment. However, only limited number of antimicrobial
agents demonstrates good biocidal performance at the process conditions
prevailing in a paper or board manufacture, e.g. high content of cellulosic fibre
material, high temperature, high flow rates and high oxidizer demand.
Furthermore, in these processes the microorganisms, mainly bacteria, are
continuously present and may be introduced in the middle of the continuous
process. Due to the process conditions the conventional biocides, which are used
in pulp, paper and board industry are different from common antimicrobial agents
used in other industries, e.g. food industry or in agriculture. For example, in food
industry the environment is sterilized in the beginning whereafter the production
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continues under sterile conditions and sterile raw materials. These conditions are
very different from the non-sterile conditions prevailing in an open paper or board
production process. Especially important in processes comprising cellulosic fibre
material, such as pulp, paper and board manufacture, is the effective control of
biofilm on the process surfaces. Biofiim formation is still a frequent problem in
manufacture of paper and board, despite the regular use of common biocides in
the recirculating water flows. There is a need to improve efficacy of biofilm control
under conditions of pulp, paper and board making processes.

An object of this invention is to minimise or possibly even eliminate the
disadvantages existing in the prior art.

Another object of the present invention is to provide a method which makes it
possible to effectively control biofims with a low dosage in an industrial
manufacturing process comprising cellulosic fibre material, for example, in pulp,

paper or board manufacture.

An object of the present invention is to provide a method which makes it possible
to effectively prevent, inhibit and/or reduce biofilm growth with a low dosage in an
industrial manufacturing process comprising cellulosic fibre material, for example,

in pulp, paper or board manufacture.

An object of the present invention is to provide a method which makes it possible
to effectively control the growth of microorganisms in an industrial manufacturing
process comprising cellulosic fibre material, for example, in pulp, paper or board

manufacture.

Yet another object of the present invention is to provide simple and effective
method for industrial biofilm control at high temperatures, especially in agueous
process conditions with high cellulosic fibre content and/or at least locally high
shear forces and/or high flow rates.
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These objects are attained with the invention having the characteristics presented
below in the characterising parts of the independent claims.

Some preferred embodiments of the invention are presented in the dependent

claims.

The embodiments mentioned in this text relate, where applicable, to all aspects of
the invention, even if this is not always separately mentioned.

In a typical method according to the present invention for controlling biofilm and/or
for removing of a formed biofilm and/or for controlling a growth of microorganisms,
preferably bacteria, in an aqueous environment of an industrial manufacturing
process comprising cellulosic fibre material, by administering to the aqueous
environment of the process a composition comprising a compound selected from
group consisting of 3-[(4-methylphenyl)sulphonyl]-2-propenenitrile and 4-amino-N-
2-thiazolyl-benzenesulphonamide.

Now it has been found that the compounds selected from 3-[(4-methylphenyl)-
sulphonyl]-2-propenenitrile or 4-amino-N-2-thiazolyl-benzenesulphonamide are
highly effective in controlling the formation of biofiim and/or growth of
microorganisms, in an aqueous environment of an industrial manufacturing
process comprising cellulosic fibre material, especially in paper, board and pulp
manufacture. The obtained effect is good even at low dosage of the compound
and in aqueous environments having high flow rate and/or high temperature. It
was unexpected that the compounds would show antimicrobial performance that is
as good as or even better than the conventional antimicrobial agents used in pulp
and paper industry against biofilms. The compositions of the invention are useful
in providing an anti-bacterial effect and controlling the growth of biofiim and/or
bacteria.

In the present context of the term “controlling of biofilm growth” encompasses
control actions selected at least from preventing, inhibiting and/or reducing of
biofilm. These control actions may take place before, during or after biofilm
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formation and the control actions may take place separately or simultaneously, for
example compositions comprising said compounds may both prevent formation of
new biofilm and simultaneously reduce the existing biofilm. The compounds may
be useful in preventing of biofilm. This means that the compounds prevent
formation of biofilm on bio-film free process surfaces. The compounds may also be
useful in inhibiting of biofilm. This means that the compounds inhibit further growth
of existing biofilm and/or inhibit formation of biofilm on a biofilm free process
surface. The compounds may further be useful in reducing the biofilm. This means
that the compounds reduce the amount of existing biofilm on the process surfaces.
In general, control of biofilm growth may be achieved by controlling the amount of
microorganisms in the process and/or by controlling their growth in biofilm mode.
The composition comprising said compounds may be useful in controlling the
growth of microorganisms, either in biofilm and/or free in the aqueous environment
of an industrial manufacturing process comprising cellulosic fibre material,

preferably in biofilm.

In the present context the term “biofilm” is understood as a community of
microorganisms, typically bacteria, which adheres to a process surface and
usually grows surrounded by a complex matrix of extrapolymeric substances. The
biofilm protects the microorganisms, which makes the control of biofiim growth
more challenging than control of growth of free microorganisms. Ineffective biofilm
control may cause significant issues in industrial processes, for example in form of
increased cleaning need, production stops and/or deterioration of production
quality and/or quantity.

In the present context the term “controlling of the growth of the microorganisms”
refers to eliminating and/or reducing of the amount and/or activity of
microorganisms and the term is synonymous to any biostatic or biocidal effect,
such as killing, preventing, removing, or inhibiting the growth of microorganisms.
The microorganisms may be present in free form in the aqueous environment or in

a form of a biofilm, known also as biofilm mode of growth
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In the present context the term “aqueous environment” refers to an industrial water
system, containing aqueous solution. The present invention relates especially to
industrial processes having an aqueous environment comprising cellulosic fibre
material of natural origin. According to one embodiment of the invention the
temperature of the aqueous environment is at least 40 °C, preferably at least 50
°C.

Especially the composition of the present invention is suitable for administering or
use in industrial manufacturing processes comprising cellulosic fibre material, such
as manufacture of paper, board, pulp, tissue, moulded pulp, non-woven, viscose
or the like. The aqueous environment comprises preferably at least water,
cellulosic fibre material, fines and/or fibre fragments of natural origin. The aqueous
environment may also comprise starch. The cellulosic fibre material preferably
originates from softwood, hardwood or non-wood sources, such as bamboo or
kenaf, or any mixtures thereof. Preferably the cellulosic fibre material originates
from lignocellulosic fibre material. More preferably the cellulosic fibre material is
lignocellulosic fibres. The cellulosic fibre material may originate from any suitable
mechanical, chemi-mechanical or chemical pulping process or any of their
combinations or any other suitable pulping process known as such. The cellulosic
fibre material may also comprise fibre material which originates from recycled
board, paper or pulp. For example, the cellulosic fibre material may comprise
cellulosic fibres that originate from hardwood and have a length of 0.5 — 1.5 mm
and/or from softwood and have a length of 2.5 — 7.5 mm. The aqueous
environment may also comprise inorganic mineral particles, such as fillers and/or
coating minerals; hemicelluloses; lignin; and/or dissolved and colloidal substances.
The aqueous environment may also comprise papermaking additives, such as
starch, sizing agents, inorganic or organic coagulation or flocculation agents,
natural or synthetic polymers of different length and/or charge, dyes, optical
brighteners, or any combination thereof.

The composition may comprise the compound 3-[(4-methylphenyl)sulphonyl]-2-
propenenitrile in form of a Z- or E-isomer, or the composition may comprise a

mixture of both isomers. For example, the ratio of E to Z isomers in the
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composition may be from 70:30 to 100:0 or from 80:20 to 99:1. Alternatively the
ratio of E to Z isomers in the composition may be from 30:70 to 0:100 or from
20:80 to 1:99

According to one embodiment of the invention it is possible to administer to the
industrial manufacturing processes comprising cellulosic fibre material a
composition comprising one or both of the compounds selected from 3-[(4-methyl-
phenyl)sulphonyl]-2-propenenitrile  and 4-amino-N-2-thiazolyl-benzenesulphon-
amide. In case both compounds are administered to the aqueous environment,
they may be administered as one composition, i.e. a mixture, or they may be
administered as two different compositions successively after each other. In case
both compounds are administered, the individual dosages for both compounds
may be the same or different from each other. In this manner it is possible to

effectively control the biofilm and/or microorganisms in the aqueous environment.

The present invention is suitable for controlling the growth of microorganisms,
such as bacteria, belonging to genus of Meiothermus, Deinococcus and/or
Pseudoxanthomonas in the aqueous environment. According to one embodiment
of the invention the aqueous environment of the industrial manufacturing process
comprising cellulosic fibre material thus comprises bacteria belonging to genus of
Meiothermus, Deinococcus and/or Pseudoxanthomonas, either alone or in any
combination, or the aqueous environment is in contact with a biofiim at least
partially formed by any of the said bacteria. The microorganisms in the said
industrial processes are typically not photosynthetic microorganisms, i.e.
preferably the aqueous environment is almost or completely free of photosynthetic
microorganisms, e.g. algae. Addition of the compound selected from 3-[(4-
methylphenyl)sulphonyl]-2-propenenitrile or 4-amino-N-2-thiazolyl-benzene-
sulphonamide reduces the amount of the said microorganisms, either in free form
or as biofiim, or even eliminates their presence in the aqueous environment
completely. The elimination may be total or partial. The prevention refers here to
any preventive eliminating action which reduces or inhibits the growth of the
microorganisms in biofilm mode and thereby totally or partially prevents the
formation of the biofilm.
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In general the composition comprising the compound selected from 3-[(4-methyl-
phenyl)sulphonyl]-2-propenenitrile or 4-amino-N-2-thiazolyl-benzenesulphonamide
may be added to the aqueous environment in biostatic or biocidal amounts.
Biostatic amount refers to an amount sufficient to at least prevent and/or inhibit the
activity and/or growth of the microorganisms or the biofilm. Biocidal amount refers
to more effective activity, such as to an amount capable of reducing the activity
and/or growth of the microorganisms or the biofilm and/or killing most or all of the
microorganisms present in the aqueous environment. According to one
embodiment of the invention the compound may be added to the aqueous
environment in dosage amount of 0.01 — 100 ppm, preferably 0.01 — 10 ppm, more
preferably 0.01 — 2 ppm or 0.01 — 1 ppm, even more preferably 0.01 — 0.5 ppm or
0.01 — 0.3 ppm, calculated as active ingredient, i.e. 3-[(4-methylphenyl)sulphonyl]-
2-propenenitrile  and/or  4-amino-N-2-thiazolyl-benzenesulphonamide.  The
effectiveness of the compound enables the use of low dosages and low
concentrations while maintaining good control of micro-organisms growth and

biofilm formation and/or growth.

Compositions comprising compounds selected from 3-[(4-methylphenyl)-
sulphonyl]-2-propenenitrile or 4-amino-N-2-thiazolyl-benzenesulphonamide may
be added to the aqueous environment as a solid, such as dry powder, or more
preferably in a liquid form. Compounds may be dosed continuously or periodically.
According to one embodiment of the invention the compounds may be
administered periodically in the aqueous environment for 3 — 45 minutes for 6 — 24
times a day, preferably for 10 — 30 minutes for 12 — 24 times a day.

According to one embodiment of the invention the industrial manufacturing
process having an aqueous environment comprising cellulosic fibre material of
natural origin is pulp and/or paper and/or board manufacturing process, where the
aqueous environment shows high temperature and/or high flow rate. The
compound selected from 3-[(4-methylphenyl)sulphonyl]-2-propenenitrile or 4-
amino-N-2-thiazolyl-benzenesulphonamide is thus added or dosed to a pulp

and/or paper and/or board manufacturing system. The aqueous environments in
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these processes often show high flow and high shear rates, which may induce the
formation of biofilm on the process surfaces due to the stress of microorganisms.
For example, paper and board making environments the flow rates may typically
be higher than 1 m/s, even over 10 m/s, typically from 1 to 20 m/s or from 1 to 10
m/s. It has been observed that the compositions comprising the said compounds
are effective especially in these demanding conditions, and it may be generally
used throughout the whole process in order to reduce and/or to prevent the growth
of microorganisms and the formation of biofim on the process surfaces. In
principle, compositions comprising said compounds may be added at almost any
point in the process, especially into process with recirculated process water to
maintain the control of microorganisms and/ or biofilm formation throughout the
process. The compositions comprising the said compounds may also or
alternatively be added to the cellulosic fibre material, e.g. lignocellulosic fibre

material, which is used as a raw material in the process.

The industrial manufacturing process having an aqueous environment comprising
cellulosic fibre material of natural origin may be pulp and/or paper and/or board
manufacturing process, where the pH of the aqueous environment is in the range
5-09, preferably 7 — 8.5.

According to one preferable embodiment of the present invention the compound
selected from 3-[(4-methylphenyl)sulphonyl]-2-propenenitrile or 4-amino-N-2-
thiazolyl-benzenesulphonamide may be added in the industrial manufacturing
process having an aqueous environment comprising cellulosic fibre material,
which is paper and/or board manufacturing process, especially in a short loop of
the paper or board making process. In a typical paper and board making process,
pulp stock is passed into a headbox, which distributes the pulp stock onto a
moving wire in a forming section, on which the continuous paper web is formed.
The short loop or short circulation section of a paper/board machine is here
understood, as customary in the art, the part of the manufacturing system that re-
circulates and recycles at least a part of excess water from the pulp stock,
collected in a wire pit in the forming section, back to the headbox for re-use.
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Alternatively, or in addition, the compound selected from 3-[(4-methylphenyl)-
sulphonyl]-2-propenenitrile or 4-amino-N-2-thiazolyl-benzenesulphonamide may
be added in the industrial manufacturing process having an aqueous environment
comprising cellulosic fibre material, e.g. pulp and/or paper and/or board
manufacturing process, to process water storage towers, such as circulating water
towers and filtrate water towers; to clear or cloudy filtrate storage tanks; pulpers;
aqueous streams upstream/downstream of the pulpers; broke system and
aqueous process streams upstream/downstream of vessels therein; wire pit
process streams upstream/downstream of the pit; paper machine blend chest
process streams upstream/downstream of the chest; fresh water tank; warm water

tank and/or shower water tank.

Alternatively, or in addition, the compound selected from 3-[(4-methylphenyl)-
sulphonyl]-2-propenenitrile or 4-amino-N-2-thiazolyl-benzenesulphonamide may
be added in the industrial manufacturing process having an aqueous environment
comprising cellulosic fibre material, which is paper and/or board manufacturing
process, to any location in a long loop of the paper or board making process. The
long loop or long circulation section of a paper/board machine is here understood,
as customary in the art, the part of the manufacturing system that handles excess
water and broke. Major part of the recovered water exit the short loop and is
pumped to long loop, which includes: save-all for capturing useful fibres from the
recovered water for reuse, storage tanks for filtrate water used for example in
machine showers, and storage tanks for recirculated water used for example as
dilution water for importing pulp from pulp mill to paper/board machine. A part of
the long loop is the broke system for handling of wet and dry paper rejects from

the machine. This material is repulped and reused as a part of the pulp stock.

According to one embodiment the compound selected from 3-[(4-methylphenyl)-
sulphonyl]-2-propenenitrile  or 4-amino-N-2-thiazolyl-benzenesulphonamide is
added to aqueous environment, which comprises a residual of peroxide from

about 0.01 to about 100 ppm or from about 0.01 to about 50 ppm.

According to one embodiment of the invention the compound selected from 3-[(4-
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methylphenyl)sulphonyl]-2-propenenitrile or 4-amino-N-2-thiazolyl-benzene-
sulphonamide may be used in combination with other biocidal or antimicrobial
agents. Suitable other biocidal or antimicrobial agents can be non-oxidizing
biocidal or antimicrobial agents, or oxidizing biocidal or antimicrobial agents.
Suitable non-oxidizing biocidal or antimicrobial agents are, for example,
glutaraldehyde, 2,2-dibromo-3-nitrilopropionamide (DBNPA), 2-bromo-2-nitro-
propane-1,3-diol (Bronopol), quaternary ammonium compounds, carbamates, 5-
chloro-2-methyl-4-isothiazolin-3-one (CMIT), and 2-methyl-4-isothiazolin-3-one
(MIT). Suitable oxidizing biocidal or antimicrobial agents are, for example, chlorine,
salts of hypochlorite, hypochlorous acid, chlorinated isocyanurates, bromine, salts
of hypobromite, hypobromous acid, bromine chloride, chlorine dioxide, ozone,
hydrogen peroxide, and peroxy compounds, such as peracetic acid or performic
acid. Other suitable oxidizing biocidal agents are, for example, stabilized halogen
compounds wherein active halogen, such as chlorine or bromine is reacted with a
nitrogenous compound, such as dimethylhydantontoin, an ammonium salt, urea,
carbamate, or another nitrogen containing molecule capable of reacting with active
halogen. For example, in one embodiment the compound selected from 3-[(4-
methylphenyl)sulphonyl]-2-propenenitrile or 4-amino-N-2-thiazolyl-benzene-
sulphonamide is added to aqueous environment, which comprises a residual of
active halogen in the range from about 0.01 to about 20 ppm, given as active

chlorine.

EXPERIMENTAL

Some embodiments of the invention are described more closely in the following

non-limiting examples.

Materials and Methods used in the Examples

Pure cultures of Meiothermus silvanus, a microbe species commonly found in
paper machine biofiims (Ekman J, Journal of Industrial Microbiology &
Biotechnology 34:203-211) and Pseudoxanthomonas taiwanensis, another

species commonly found in paper machine environments (Desjardins, E &
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Beaulieu, C, Journal of Industrial Microbiology & Biotechnology 30:141-145) were
used to study the efficacy of various chemicals to prevent biofilm formation.

Biofilm tests were done in either synthetic commercial R2-broth (Lab M Ltd, UK) or
fibre-containing synthetic paper machine water, SPW (prepared according to
Peltola, et al., J. Ind. Microbiol. Biotechnol. 2011, 38: 1719-1727) using 96-
microwell plate wells with peg lids (Thermo Fischer Scientific Inc., USA). Plates
were incubated at 45 °C with a rotary shaking (150 rpm) providing high flow in
each well.

3-[(4-methylphenyl)sulfonyl]-2-propenenitrile, hereinafter called Compound A, was
obtained from EMD Biosciences Inc, USA; purity 298% E-isomer.

4-amino-N-2-thiazolyl-benzenesulphonamide, hereinafter called Compound B, was
obtained from Sigma Aldrich Finland Oy.

2,2-dibromo-3-nitrilopropionamide, hereinafter called DBNPA, was obtained from

Kemira Oyj (Fennosan R20, 20% active ingredient).

Test Method for Prevention of Biofilm Formation

For experiments of preventing biofilm formation wells of 96-microwell plates with
peg-lids were filled with R2-broth or SPW, inoculated with the pure bacterial
cultures and treated with different amounts of chemical compounds to be tested.
Peg-lid was put on. After 24 hours the wells were emptied and a fresh solution of
pure culture containing SPW or R2 broth with different amounts of test chemicals
were added to the wells and the original peg-lid was put back in place. After an
additional 24 hours, i.e. 48 hours after starting the test, the wells were emptied,

rinsed and the peg lid and wells were left to dry.

Test Method for Removal of Existing Biofilm

For experiments of removing already existing (preformed) biofilm wells of 96-
microwell plates with peg-lids were filled with SPW, inoculated with the pure
bacterial cultures. Biofilm was grown for 24 hours without addition of any chemical
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compound to be tested. In some experiments after 24 hours the procedure was
repeated by emptying the wells and by addition of a fresh solution of SPW
inoculated with pure bacterial culture, again without any test chemical compound.
The original peg-lid was put back in place and biofim was allowed to grow for
additional 24 h, i.e. in total 48 h.

After 24 or 48 hours after starting the test, the wells were emptied and a fresh
solution of SPW, inoculated with the pure bacterial cultures and with different
amounts of chemical compounds to be tested were added and the original peg-lid
was placed back in place. After an additional 2 or 24 hours the wells were
emptied, rinsed and the peg lid and wells were left to dry.

Quantification of Formed Biofilm

The amount of biofilm formed on the microwells and peg surfaces was quantified
with a staining solution by adding 200 ul of 1 % Crystal Violet (Merck Millipore
KGaA, Germany) in methanol to each well and placing the peg-lid back on. After 3
minutes the wells were emptied and the wells and pegs were rinsed 3 times with
tap water. The attached Crystal Violet was dissolved into ethanol and the
absorbance at 595 nm was measured. The values shown in the following tables
are average absorbance from 8 replicate wells and pegs.

All absorbance values in Examples 1 — 6 are given actual measured values. In
calculation for biofilm reduction percentages it was taken in account that the SPW
alone for 2 days without any bacterial inoculum gave a background value of 0.14.

Example 1

Tables 1 and 2 demonstrate the ability of Compound A to prevent biofilm formation
of Meiothermus silvanus and Pseudoxanthomonas taiwanensis. Test conditions
simulated paper or board making process conditions (synthetic paper machine
water, high temperature, fibres present, high flow) and Compound A was observed
to control biofilms at a very low concentration. Already a dosage of 0.13 mg/l
active Compound A gave over 90 % biofilm reduction effect. For comparison, the
conventional antimicrobial agent DBNPA required a dosage of 1 mg/l active
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compound to reach same biofilm reduction efficacy. The results for DBNPA are

given in Tables 3 and 4.

Table 1 shows the effect of Compound A dosing to Meiothermus silvanus biofilms

in SPW at 45 °C and 150 rpm (high mixing). Biofilm was stained and quantified by

absorbance measurement. Dosage given as active ingredient.

Table 1

Dosage of Biofilm quantity after 48h contact time
Compound A Abs. at 595 nm Biofilm reduction [%]
[mgll]

0 0.98 -

0.01 0.80 21.4

0.03 0.75 27.4

0.08 0.58 47.6

0.13 0.22 90.5

0.20 0.15 98.8

Table 2 shows

the effect of Compound A dosing to Pseudoxanthomonas

taiwanensis biofilms in SPW at 45 °C and 150 rpm (high mixing). Biofim was

stained and quantified by absorbance measurement. Dosage given as active

ingredient.

Table 2

Dosage of | Biofilm quantity after 48 h contact time
Compound A Abs. at 595 nm | Biofilm reduction [%]
[mgll]

0 1.48 -

0.01 1.42 4.5

0.03 1.26 16.4

0.08 0.88 448

0.13 0.55 69.4

0.20 0.39 81.3
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Table 3 shows the effect of DPNPA dosing to Meiothermus silvanus biofilms in
SPW at 45 °C and 150 rpm (high mixing). Biofilm was stained and quantified by

absorbance measurement. Dosage given as active ingredient.

Table 3

Dosage of DBNPA
[mg/l]

Biofilm quantity after 48 h contact time

Abs. at 595 nm

Biofilm reduction [%]

0 0.66

0.2 0.57 16.9
0.6 0.35 60.7
1 0.15 98.8

Table 4 shows the effect of DPNPA dosing to Pseudoxanthomonas taiwanensis
biofilms in SPW at 45 °C and 150 rpm (high mixing). Biofilm was stained and
quantified by absorbance measurement. Dosage given as active ingredient.

10

Table 4

Dosage of DBNPA

Biofilm quantity after 48 h contact time

[mgll] Abs. at 595 nm | Biofilm reduction, [%]
0 1.65

0.2 1.46 12.6

0.6 1.23 27.8

1 0.14 99.9

Results in Tables 1 — 4 demonstrate that Compound A is capable to prevent
biofilm formation of dominant industrial biofiim-formers under paper machine
conditions at a very low dosage when compared to conventional biocide used in

paper industry.

Example 2 (Reference)

Tables 5 and 6 show effect of a well-known antibiotic Gramicidin against biofilm
formation of Meiothermus silvanus and Pseudoxanthomonas taiwanensis. In a
synthetic growth medium R2-broth Gramicidin was capable to prevent biofilm

formation at clearly lower concentration than in conditions simulating paper or
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board making process (synthetic paper machine water, high temperature, fibres

present, high flow).

The results in Table 5 and 6 demonstrate expected behaviour of a clinical
antimicrobial compound with deteriorating performance when exposed to non-
clinical conditions. In contrary, Compound A was capable to control biofims in

paper machine water at a very low concentration as shown in Example 1.

Table 5 shows the effect of Gramicidin dosing to Meiothermus silvanus biofilms in
R2-broth and SPW. Biofilm was stained and quantified by absorbance

measurement. Dosage given as active ingredient.

Table 5
Dosage of | Biofilm quantity after 48 h | Biofilm quantity after 48 h contact
Gramicidin contact time in R2-broth time in SPW
[mg/l] Abs. at 595 | Biofilm Abs. at 595 nm | Biofilm reduction,
nm reduction, [%] [%]
1.60 - 1.36 -
0.2 1.40 13.7 1.33 2.5
0.66 64.4 1.41 -4.1
3 0.17 97.9 0.45 74.6
10 0.14 100.0 0.19 95.9

Table 6 shows the effect of Gramicidin dosing to Pseudoxanthomonas taiwanensis
biofilms in R2-broth and SPW. Biofilm was stained and quantified by absorbance

measurement. Dosage given as active ingredient.

Table 6

Dosage of | Biofilm quantity after 48 h | Biofilm quantity after 48 h contact

Gramicidin contact time in R2-broth time in SPW

[mg/l] Abs. at 595 | Biofilm Abs at 595 nm | Biofilm reduction,
nm reduction, [%] [%]

0 2.78 - 2.37 -

3 2.80 -0.8 2.25 54

10 2.55 8.7 2.41 -1.8

25 0.19 98.1 2.42 -2.2
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Example 3
Tables 7 and 8 demonstrate the ability of Compound B to prevent biofilm formation
of Meiothermus silvanus and Pseudoxanthomonas taiwanensis. Test conditions

are identical to test conditions of Example 1.

Table 7 shows the effect of Compound B dosing to Meiothermus silvanus biofilms
in SPW at 45 °C and 150 rpm (high mixing). Biofilm was stained and quantified by

absorbance measurement. Dosage given as active ingredient.

Table 7

Dosage of | Biofilm quantity after 48 h contact time
Compound B "Aps_at 595 nm | Biofilm reduction [%]
[mg/l]

0 0.88

0.1 0.62 34.4

0.25 0.18 94.0

1 0.15 99.1

3 0.16 97.9

10 0.18 94.0

Table 8 shows the effect of Compound B dosing to Pseudoxanthomonas
taiwanensis biofilms in SPW at 45 °C and 150 rpm (high mixing). Biofilm was
stained and quantified by absorbance measurement. Dosage given as active

ingredient.

Table 8

Dosage of | Biofilm quantity after 48 h contact time
Compound B "aps at 595 | Biofilm reduction [%]
[mg/I] nm

0 2.41

0.25 2.35 2.6

1 2.04 16.3

3 0.84 69.3

10 0.54 82.4
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Results in Tables 7 and 8 demonstrate that Compound B can prevent biofilm

formation of dominant industrial biofilm-formers under paper machine conditions.

Example 4

Tables 9 and 10 demonstrate the ability of Compound A to remove already formed
biofilm of Meiothermus silvanus and Pseudoxanthomonas taiwanensis. Test
conditions simulated paper making process conditions (synthetic paper machine
water, high temperature, fibres present, high flow). Compound A was observed to
remove already formed biofilms. A single dosage of 0.5 mg/l active compound
removed all of the biofilm formed during the 48-hour pre-growth time in 24 hours

after addition of Compound A.

Table 9 shows the effect of Compound A dosage to Pseudoxanthomonas
taiwanensis biofilms in SPW at 45 °C and 150 rpm (high mixing). Biofilm was pre-
grown for 48 h after which Compound A was added in given amount. After 24
hours the biofilm was stained and quantified by absorbance measurement.
Compound A dosage is given as active compound.

Table 9

Dosage of | Biofilm quantity after 48h pre-growth and 24h
Compound A contact time

[mg/l] Abs. at 595 nm Biofilm reduction [%]

0 2.48

0.2 1.73 32.2

0.5 0.13 100.2

Table 10 shows the effect of Compound A dosing to Meiothermus silvanus biofilms
in SPW at 45 °C and 150 rpm (high mixing). Biofilm was pre-grown for 48 h after
which Compound A was added in given amount. After 2 hours the biofiim was
stained and quantified by absorbance measurement. Compound A dosage is

given as active compound.
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Table 10
Dosage of | Biofilm quantity after 48h pre-growth and 2h contact
Compound A time
[mg/l] Abs. at 595 nm Biofilm reduction [%]
0 1.30
0.5 1.20 8.0
1 1.11 16.3
2 0.99 26.6
Example 5

Compound A was obtained and its E- and Z-isomers were separated from each
other. Tables 11 and 12 demonstrate the ability of E- and Z-isomers of Compound
A to prevent biofilm formation of Meiothermus silvanus and Pseudoxanthomonas
taiwanensis. Test conditions are identical to test conditions of Example 1. It is

seen that both isomers of Compound A prevent biofilm formation.

Table 11 shows the effect of E-and Z-isomers of Compound A to Meiothermus
silvanus biofilms in SPW at 45 °C and 150 rpm (high mixing). Biofilm was stained
and quantified by absorbance measurement. Compound A dosage is given as

active compound.

Table 11

Dosage of | Biofilm quantity after 48 h Biofilm quantity after 48 h

Compound A | contact time, E-isomer contact time Z-isomer

[mg/l] Abs. at | Biofilm reduction Abs. at Biofilm reduction
595 nm [%] 595 nm [%]

0 1.52 - 1.52 -

0.1 0.40 88.9 0.16 99.1

0.2 0.16 99.3 0.15 99.4

Table 12 shows the effect of E-

and Z-isomers of Compound A to

Pseudoxanthomonas taiwanensis biofilms in SPW at 45 °C and 150 rpm (high

mixing).

Compound A dosage is given as active compound.

Biofilm was stained and quantified by absorbance measurement.
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Table 12
Dosage of | Biofilm quantity after 48h contact | Biofilm quantity after 48h contact
Compound A time, E-isomer time, Z-isomer
[mg/l] Abs. at 595 | Biofilm reduction | Abs. at 595 | Biofilm reduction
nm [%] nm [%]
0 1.46 - 1.46 -
0.1 0.36 90.6 0.16 99.3
0.2 0.16 99.1 0.16 99.3
Example 6

Compound A was obtained and its E- and Z-isomers were separated from each
other. Table 13 demonstrates the ability E- and Z-isomers of Compound A to
remove already formed biofims of Meiothermus  silvanus  and
Pseudoxanthomonas taiwanensis. Test conditions simulated paper making
process conditions (synthetic paper machine water, high temperature, fibres
present, high flow). It is seen that both isomers of Compound A are effective in

removing of already formed biofilms.

Table 13 shows the effect of E- and Z-isomers of Compound A to Meiothermus
silvanus biofiims in SPW at 45 °C and 150 rpm (high mixing). Biofilm was pre-
grown for 24 h after E- or Z-isomer of Compound A was added in amount
indicated. After 24 hours the biofilm was stained and quantified by absorbance

measurement. Compound A dosage is given as active compound.

Table 13
Dosage of | Biofilm quantity after 24h pre- | Biofilm quantity after 24h pre-
Compound A growth and 24h contact time, | growth and 24h contact time,
[mg/l] E-isomer Z-isomer
Abs. at Biofilm Abs. at Biofilm
595 nm reduction [%] 595 nm reduction [%]
0 1.36 - - -
0.2 0.90 67.6 0.81 71.3
1 0.26 95.0 0.27 94.6
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Even if the invention was described with reference to what at present seems to be
the most practical and preferred embodiments, it is appreciated that the invention
shall not be limited to the embodiments described above, but the invention is
intended to cover also different modifications and equivalent technical solutions

within the scope of the enclosed claims.
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CLAIMS

1. Method for controlling of a biofilm, for removing of a formed biofilm and/or for
controlling a growth of microorganisms, preferably bacteria, in an aqueous
environment of an industrial manufacturing process comprising cellulosic fibre
material, by administering to the aqueous environment of the process a
composition comprising a compound selected from a group consisting of 3-[(4-
methylphenyl)sulphonyl]-2-propenenitrile and 4-amino-N-2-thiazolyl-

benzenesulphonamide.

2. Method according to claim 1, characterised in administering the composition to
the aqueous environment in amount of 0.01 — 100 ppm, preferably 0.01 — 10 ppm,
more preferably 0.01 — 2 ppm, calculated as active compound.

3. Method according to claim 1 or 2, characterised in administering the
composition to the aqueous environment in amount of 0.01 — 1 ppm, preferably
0.01 — 0.5 ppm, more preferably 0.01 — 0.3 ppm, calculated as active compound.

4. Method according to claim 1, 2 or 3, characterised in that the aqueous
environment comprises bacteria belonging to genus of Meiothermus, Deinococcus
and/or Pseudoxanthomonas, either alone or in any combination, or the aqueous
environment is in contact with a biofilm at least partially formed by any of the said

bacteria.

5. Method according to claim any of preceding claims 1 — 4, characterised in
administering the composition to an industrial manufacturing process comprising
cellulosic fibre material, which is selected from manufacture of paper, board, pulp,
tissue, moulded pulp, non-woven or viscose, preferably manufacture of pulp,

paper or board.

6. Method according to claim 5, characterised in administering the composition to
the aqueous environment, which comprises a residual of peroxide from about 0.01
to about 100 ppm.
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7. Method according to any of preceding claims 1 — 6, characterised in that the
aqueous environment comprises water; cellulosic fibres, preferably lignocellulosic
fibres; and further optionally starch; inorganic mineral particles, such as fillers
and/or coating minerals; hemicelluloses; lignin and/or dissolved and colloidal
substances.

8. Method according to any of preceding claims 1 — 7, characterised in that the
temperature of the aqueous environment is at least 40 °C, preferably at least 50
°C.

9. Method according to any of preceding claims 1 — 8, characterised in
administering the composition periodically in the aqueous environment for 3 — 45
minutes for 6 — 24 times a day, preferably for 10 — 30 minutes for 12 — 24 times a

day.

10. Method according to any of claims 1 — 9, characterised in using the

composition in addition of with other biocidal or antimicrobial agents.

11. Method according to claim 10, characterised in administering the composition
to the aqueous environment, which comprises a residual of active halogen in the

range from about 0.01 to about 20 ppm, given as active chlorine.
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