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TREATMENT FOR INHIBITING MICROBIAL
ADHESION ON SURFACES

TECHNICAL FIELD

The present invention deals with a chemical addition to an aque-
ous system which inhibits the microbial colonization of surfaces in contact
with the system. The treatment substantially prevents the adhesion of
microbes to the surfaces while preserving the viability of the microbes in
the system, allowing for the discharge of the microbes from the system.

BACKGROUND ART

Bacterial attachment to surfaces in virtually any non-sterile aquatic
environment is a well-established phenomenon. Industrial efforts to pre-
vent colonization or to clean fouled surfaces amount to costly expendi-
tures in a number of industrial sectors. Often, such expenditures are
made for cleaning programs that include the use of surfactants. Surfac-
tants are regularly employed in water treatment programs as agents be-
lieved to play a role in the removal of organic masses from surfaces, in
the enhancement of biocide efficacy or in the assistance in the water mis-
cibility of various biocidal agents. Surfactants are also regularly used in



WO 96/33951 PCT/US96/05526

10

15

20

25

the agrichemical business, particularly to enhance the action of herbi-
cides. This is accomplished by using the surfactants to alter the surface
behavior of the applied droplets, maximizing their interaction with the leaf

surface.

There are numerous examples of surfactants which are able to
inhibit the colonization of surfaces by inhibiting the overall growth of the
organisms in the target environment. Most surfactants, regardiess of
class, show some inhibition of surface colonization when used at concen-
trations high enough to impede bacterial growth. In the water treatment
industry, the most well known surfactants which impart a measure of
colonization resistance to submerged surfaces are the cationic quater-
nary amine surfactants, which also function as biocides. However, even
the relatively mild nonionic surfactants can exhibit toxic effects upon
microbes, e.g., bacteria or fungi; the concentration of nonionic surfactants
necessary to mediate toxicity is typically substantially higher than for

cationic surfactants, however.

Examples of nontoxic control of surface colonization typically re-
quire the use of high concentrations of surfactants not feasible in water
treatment industries where thousands or millions of gallons of water

would be treated.

The present invention relates to the use of surfactants which act
by inhibiting microbial adhesion to surfaces in contact with an aqueous
system. The materials of the present invention have been previously
used in areas such as fiber wetting in the textile industry. These materi-
als function to inhibit adhesion at concentrations below which toxicity has

been observed for the tested organisms.
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BRIEF DESCRIPTION OF DRAWINGS

Figure 1 illustrates the inhibition of P. aeruginosa colonization of
stainless steel by dinonyisulfosuccinate.

Figure 2 illustrates the dynamic surface tension reduction through
the addition of dinonylsulfosuccinate.

. Figure 3 illustrates surface colonization at an alkaline fine paper

mill. Biomass is in nanograms (ng)fcm2.
DISCL RE OF THE INVENTION

The present invention relates to a treatment for inhibiting the mi-
crobial colonization of surfaces in contact with an aqueous system, e.g., a
cooling water, pulping or papermaking system, which comprises adding
to the system an anionic alkylsulfosuccinate surfactant. The present in-
veption prevents the adhesion of microbes to the surfaces while preserv-
ing the viability of the microbes in the process stream of the system, al-
lowing for their discharge from the system.

In a particularly preferred embodiment, the present invention com-
prises adding to the system an anionic alkylsulfosuccinate surfactant or
amphoteric surfactant, in combination with a nonionic polyoxyethylene-
polyoxypropylene (EO-PO) block copolymer.

The present invention substantially inhibits the extent of bacterial
colonization of surfaces without exhibiting toxicity toward the target popu-
lation, thereby allowing for the discharge of the microbes from the system.

PCT/US96/05526
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it is expected that the treatment of the present invention will also yield a
waste stream that has markedly reduced mammalian toxicity, and is thus
more environmentally sensitive than current protocols that rely upon toxic
biocides.

Anionic sulfosuccinate surfactants with dialkyl chain lengths of from
about 7-10 carbons (i.e., each chain containing 7-10 carbons) will be the
most effective for purposes of the present invention. It is theorized that
best efficacy will be achieved when the alkyl chain is minimally branched,
with any occurring branching occurring at the distal end of the alkyl chain.

The method of the present invention demonstrates the ability of a
surfactant to inhibit colonization of surfaces at concentrations below those
that cause a reduction in the number of viable microbes, e.g., bacteria or
fungi. This "environmentally friendly” control methodology prevents bac-
terial attachment without reducing the number of viable microbes. Further-
more, the class of chemicals involved in this substantially hon-toxic treat-

ment of the present invention are biodegradable (alkyisulfosuccinates).

In order to demonstrate efficacy of the present invention, a method
was developed which allowed for the screening of surfactant ability to in-
hibit the initial colonization steps. This method involved the colonization
of commercially available stainless steel discs by bacteria in the pres-
ence/absence of surfactants. The number of bacteria on a set of discs

was then determined by standard methods.
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The bacterial species Pseudomonas aeruginosa, (P. aeruginosa)
was chosen as the organism for these studies because this species has
frequently been demonstrated to be among the primary colonizers of
submerged surfaces. These organisms are also nearly ubiquitous in
natural aquatic environments and could, therefore, be expected to be
found in the process water streams in a variety of industries; the strain

used was a paper mill isolate.

Products seen to be effective at minimizing initial colonization
were further examined for a dose response relationship to colonization
inhibition. Figure 1 shows the results of the dose-response assay, using
the preferred product of the present invention, a dinonylsulfosuccinate,

over a three hour colonization period.

As surfactants are, by definition and in practice, compounds which
reduce the surface tension of the media to which they are added, a corre-
lation between surface tension reduction and inhibition of colonization was
examined. As mentioned above, the stainless steel surface experiments
were used to generate dose-response curves reflecting the extent of colo-
nization inhibition using a variety of surfactants. Data were also generated
relative to the decrease in surface tension of the media caused by the
presence of the surfactants at concentrations used in the dose-response
curves. These data are presented in Figure 2. This figure demonstrates
substantial decrease in surface tension mediated by as little as 0.5 ppm of

the active product.
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The preferred material of the present invention, while showing an
immediate and sharp drop in surface tension at 0.5 ppm.active ingredient,
did not show a correspondingly sharp inhibition of colonization (Figure 1).
In addition, while the critical micelle concentration was about 2.8 ppm of
the preferred material, the most pronounced drop in surface colonization
was seen at concentrations between from about 10 to 12 ppm. There
was, however a continued, though more modest, increase in the imped-
ance of bacterial colonization, corresponding to increasing concentra-
tions of the surfactant in the media.

Experiments were also carried out in order to examine whether the
bacteria present in the stainless steel disc test system altered the surface
tension by virtue of the potential production of biosurfactants. There was
not any evidence of reduction in the surface tension of the media either
as a direct result of the addition of the bacteria to the test system, or as a
result of the growth of the bacteria during the course of the three hour ex-
periment. This confirmed that the results of the preceding surface ten-
sion experiments were dependent upon the addition of the chemical

surfactant.

In order to determine the effect of the addition of the surfactants on
the interfacial tension between the media and the steel surfaces, contact
angle experiments were conducted with the surfactant added to the

media and applied to the surface of the stainless steel discs.

Experiments were carried out with the preferred compound of the
present invention at a variety of concentrations, and the results indicated
that a minimum contact angle (and maximum surface "wettability") was

obtained with approximately 2.5 ppm of the surfactant. Therefore, these
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results lend further support to the contention that the observed decrease
in surface colonization, in the presence of the preferred material of the
present invention, is not strictly related to a physical interaction of the
surfactant with either the media or the steel surfaces.

Following a demonstration of the ability of selected surfactants to
impede colonization of stainless steel in a relatively static test system, the
surfactants were examined for similar efficacy over longer periods of time.
This was accomplished through the use of "long term" colonization as-
says in order to determine the efficacy of these products over a period of
approximately 24 or more hours. Colonization recirculation loops with
removable coupons were employed for this study. Cultures of bacteria,
supplemented with the preferred surfactant of the present invention, were
recirculated through the colonization devices and the extent of coloniza-
tion of the steel surfaces was compared, over time, to a concurrently run
control device; the overall systems operated under continuous culture

conditions.

The time of action of the preferred surfactant of the present inven-
tion was greatly modified relative to that observed in the static tests. In
these experiments, there was virtually no difference between the coloni-
zation of the two devices over the initial phase of colonization (first six
hours). By about eight hours of colonization, there was a small difference
in the extent of colonization. This difference was magnified by 30 hours
where there was a noticeable 0.77 logqg-order smaller population on the
surfaces taken from the device being treated with the preferred surfac-
tant. It is also important to note that the reduction in colonization is not
mediated by a significantly toxic effect on the bacteria (see Table I).
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TABLE |

Planktonic Planktonic

P. aeruginosa P. pickettii
Change Change
Surfactant Concen- LOG Relative LOG Relative

tration (ppm) CFU/mL to Control CFU/mL to Control

0 6.34 — 6.25 ——
5 6.30 -0.04 6.24 -0.01
12 6.30 -0.04 6.16 -0.09
24 6.43 0.09 6.09 -0.16
36 6.42 0.08 6.07 -0.18
48 6.51 0.17 6.13 -0.12

Note that the present invention may also be effective on surfaces
other than stainless steel, e.g., acrylic, ceramic or metal surfaces. Fur-
thermore, other aqueous systems, such as metal working and oil and gas

systems will also benefit from the present invention.

INDUSTRIAL APPLICABILITY

A preferred embodiment of the present invention (i.e., the dinonyl-
sulfosuccinate sodium salt) was tested in a side-stream device at an alka-
line fine paper mill. The test was conducted using a side-stream device
that allowed for the concurrent sampling of both control and treated sur-
faces and associated bulk-phase water. The treatment was continually
fed into the test system in order to maintain a constant concentration of
48 ppm (active) in the white water. Surface colonization was monitored
by chemically determining the amount of biomass on a given surface.
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As shown in Figure 3, there was a significant difference in the
amount of biomass and overall deposit formation on the control vs. test
devices. The surfaces exposed to treated water were essentially free of
any detectable deposit, while surfaces exposed to the control water had

very evident build-up.

The same protocol was repeated, using 12 ppm of the preferred
product, and similar results were obtained. Epifluorescent examination of
the surfaces (treated and control) demonstrated that the control surfaces
had a significantly greater degree of bacterial colonization than the treat-
ed surfaces. However, 12 ppm of the preferred product did, of course, al-
low more bacterial colonization to occur than the 48 ppm treatment regi-
men. A visual and tactile inspection of the test system demonstrated that
12 ppm of the preferred product continued to demonstrate efficacy at
keeping the surfaces visually free of deposit. It is expected that amounts
of the treatment of the present invention as low as from about .1 -5 ppm
may be effective, depending upon the characteristics of the treated
system, e.g., bacterial load.

Additional resulits of colonization inhibition experiments carried out
with various molecules encompassed by the present invention are found

in Table I, below.

TABLE Il
Concentration Colonization
Surfactant ma/L % of Control
DNSS : 0 100
5 100
15 286
25 26.4

50 10.2
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TABLE Il {cont’d

Concentration "~ Colonization
Surfactant mg/L % of Control
DOSS 0 100
5 100
15 61.1
25 15.1
50 13.5
DDSS 0 100
5 100
15 71.3
25 33.7
50 30

DNSS - Dinonylsulfosuccinate
DOSS - Dioctylsulfosuccinate
DDSS - Didecylsulfosuccinate

As noted above, various alkylsulfosuccinate surfactants show effi-
cacy in the control of microbial colonization. Depending on the particular
alkylsulfosuccinate surfactant chosen for treatment, the concentration of

material needed to achieve efficacy may vary.

Several block copolymer surfactants as exemplified by the
Pluronic® and Tetronic® classes of surfactants, available from BASF,
were tested in combination with the preferred anionic sulfosuccinate of
the present invention, a dinonylsulfosuccinate. Many of the block
copolymers, although exhibiting little or no colonization inhibition at
concentrations less than 100 mg/L when used alone, were seen to
increase the efficacy of dinonylsulfosuccinate. The majority of these
combinations resulted in control of surface colonization.
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The materials that demonstrate the best enhancement of efficacy
are the Pluronic surfactants that have between 10 and 50% polyoxyethyl-
ene, with molecular weights in the range of approximately 1,800 to 4,000.
The foliowing table demonstrates the efficacy of the present invention.
The values reflect the amount of nucleic acid recovered from the adher-
ent bacteria on discs exposed to the indicated treatment relative to ad-
herent bacteria recovered from untreated discs. The preferred EO/PO
block copolymer of the present invention, tested in the following Tables,
is a Pluronic L-101 surfactant with a molecular weight of about 3800 and
with 10% polyoxyethylene (Polymer A).

TABLE Il

Colonization Inhibition Efficacy as a Function of the Addition of
EO-PO Block Copolymer and/or Dinonylsulfosuccinate

Nucleic Acid Recovered
Dinonyisulfosuccinate (ma/L) Polymer A as Percentage of Control

(mg/L) (%)

20 0 100
5.0 0 100
12.0 0 55.1
48.0 0 26.4
0.5 1.0 100
2.0 4.0 36.1
5.0 10.0 13.3
120 240 127
48.0 96.0 15.4

The above results indicate that the block copolymer is able to sub-
stantially enhance the efficacy of low concentrations of dinonylsulfosucci-
nate. The block copolymer, alone, failed to demonstrate any colonization
inhibition at concentrations up to 200 mg/L. It is expected that treatment
levels of the combination of surfactants of from 1 ppm to 150 ppm would
be effective, depending on the characteristics of the treated system.

PCT/US96/05526
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An additional result of mixing the two surfactants is that they are
each minimally water soluble. Mixing the surfactants together allows for
a greater proportion of active ingredients to be mixed into a given volume
of water. A preferred range of mixtures of the surfactants is from a 4:1 to
1:10 ratio of dialkylsulfosuccinate:block copolymer, with a 1:2 ratio being
particularly preferred. These mixtures are generally water soluble (or dis-
persible) in any desired proportion.

The treatment of the present invention, i.e., of enhancing coloniza-
tion inhibition efficacy by mixing block copolymers with other surfactants
is not limited to dinonylsulfosuccinate. Other members of the alkyisulfo-
succinate family are aiso given much more significant colonization inhibi-
tion efficacy when mixed with an EO-PO polymer. Sulfosuccinates with
alkyl chain lengths of from about 5 to 13 carbons demonstrate enhanced
efficacy when mixed with block copolymers. Table IV demonstrates the
enhancement observed when mixing the preferred block copolymer of the
present invention (Polymer A) with two additional types of alkylsulfosucci-
nates, a diethylhexylsulfosuccinate and a diamylsulfosuccinate. The
experimental system is similar to that described in Table Ill, above.

JABLE IV

Colonization Inhibition Efficacy as a Function of Addition
of EO-PO Block Copolymer and/or Diethylhexyl- or
Diamyl-Sulfosuccinate

Alkylsulfosuccinate Polymer A Nucleic Acid Recovered
Concentration (ma/L)  Concentration (mg/L) as % of Control

Diamyi-2 0 g5

Diamyl-5 0 100

Diamyl-10 0 100

Diamyl-2 2.7 100

Diamyl-5 6.7 82.4

Diamyl-10 13.3 57.1

PCT/US96/05526
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TABLE IV (cont’d)

Colonization Inhibition Efficacy as a Function of Addition
of EO-PO Block Copolymer and/or Diethylhexyl- or
Diamyl-Sulfosuccinate

Alkylsulfosuccinate Polymer A Nucleic Acid Recovered
Concentration (mg/L)  Concentration (ma/L) as % of Control
Diethylhexyl-2 0 100
Diethylhexyl-5 0 100
Diethylhexyl-10 0 80
Diethylhexyl-2 3.1 71.2
Diethylhexyl-5 7.7 221
Diethylhexyl-10 15.4 13.7

Table V demonstrates the type of efficacy enhancement observed
with amphoteric surfactants, specifically, amphoteric surfactants derived
from dipropionic acid. One of the surfactants tested was a sodium Ci2.1s
alkoxypropyl iminodipropionate. This material was mixed with the pre-
ferred block copolymer surfactants (Polymer A) of the present invention.

TABLEV

Colonization Inhibition Efficacy as a Function of
Addition of EO-PO Block Copolymer and/or
Sodium C,...s Alkoxypropyl Iminodipropionate

Alkoxypropyl
iminodipropionate Polymer A Nucleic Acid Recovered
Concentration (mg/L)  Concentration (mg/L) as % of Control

5 0 100

15 0 100

25 0 100

35 0 100

50 0 100
5 14.3 100

15 429 17.1

25 715 19.8

35 100.1 16.3

S0 143.0 6.5
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CLAIMS

1. A method of inhibiting the microbial colonization of surfaces
in contact with an aqueous system which comprises adding to the system
an alkylsulfosuccinate surfactant, the method substantially preventing the
adhesion of microbes to the surfaces while preserving the viability of the

5 microbes in the system, allowing for the discharge of the microbes from
the system.

2. A method of inhibiting the microbial colonization of surfaces
in contact with an aqueous system which comprises adding to the system
(a) an alkylsulfosuccinate surfactant and (b) a polyoxyethylene-polyoxy-
propylene block copolymer surfactant, the method substantially prevent-
ing the adhesion of microbes to the surfaces while preserving the viability
of the microbes in the system, allowing for the discharge of the microbes

from the system.

3. A method according to claim 1 or 2, wherein the alkylsulfo-

succinate surfactant is a dialkylsulfosuccinate.

4. A method according to claim 3, wherein the dialkylsulfo-

succinate is a dinonylsulfosuccinate.

5. A method according to claim 2, wherein the weight ratio of

(a):(b) is from 4:1 to 1:10, respectively.
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6. A method according to any one of the preceding claims,
wherein the aqueous system comprises a cooling water system, a pulping
or papermaking system, a metal working system, or an oil and gas
system.

7. A method according to claim 2, wherein (a) and (b) are
added collectively to the aqueous system in an amount of from 1 to 150

parts based upon 1 million parts of the aqueous system.

8. A composition for inhibiting the microbial colonization of
surfaces in contact with an aqueous system which comprises (a) an
alkylsulfosuccinate surfactant and (b) a polyoxyethylene-polyoxypropyl-
ene block copolymer surfactant.

9. A composition according to claim 8, wherein the alkylsulfo-
succinate surfactant is a dialkylsulfosuccinate.

10. A composition according to claim 9, wherein the dialkyl-

sulfosuccinate is a dinonyisulfosuccinate.
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