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ABSTRACT
________________________________________________

An entirely new class of antimicrobial chemistry has been
registered with EPA for use in papermaking, based on the
biocidal molecule TetrakisHydroxymethylPhosphonium
Sulfate (THPS).  The most outstanding characteristic of THPS
is its ability to combine broad spectrum antimicrobial efficacy
with a relatively benign human and environmental toxicity
profile.  THPS biocides are classified by DOT as non-
hazardous, and they have very low acute toxicity in the
environment.  In addition, THPS degrades rapidly on
discharge to a molecule that is virtually non-toxic, thereby
minimizing the risk of pollution and/or harm to biological
effluent treatment (BET) plants.  THPS biocides are fast-
acting and offer excellent activity against slime forming
microorganisms, sulfate reducing bacteria, and biofilms.  The
non-foaming THPS molecule can be monitored on-site with a
simple and rapid titration procedure to ensure proper dosing
levels.

Mill trials conducted to date have shown that THPS based
biocides partition favorably to the water phase and are
compatible with paper process aids.  Two successful mill trials
are described, one where the primary concern was the control
of hydrogen sulfide levels and one where it was shown that
THPS would control process microbiological levels in
whitewater without adverse effects on the BET plant.
________________________________________________

INTRODUCTION

The discovery that TetrakisHydroxymethylPhosphonium
Sulfate (THPS) could be used as a microbiocide was first
made in 1983(1) when laboratory screening tests showed that
the product was a potent and rapid acting bactericide.  Further

laboratory tests confirmed general microbiological activity
with particular effectiveness against sulfate reducing bacteria
(SRB).

The product was initially trialled in cooling water systems
where its broad spectrum activity, coupled with its benign
environmental profile, soon earned it a reputation as an
invaluable replacement for other biocides, especially in
applications where environmental contraints are paramount.
Papers describing some case studies in this area have been
published(2, 3).

THPS has also been used, with great success, for the control of
SRB in oilfield systems.  SRB cause corrosion in oil
production vessels and pipework and can also generate vast
quantities of corrosive and toxic hydrogen sulfide (H2S)
underground which contaminates produced fluids.  THPS has
been very successful in both applications, and control of
underground H2S has provided significant operating and
economic benefits(4).

Initially, the use of THPS as a biocide was not possible in the
US because it was not registered with the US EPA.  However,
in December 1995, US EPA registration was achieved for the
use of THPS as a biocide in industrial water treatment,
oilfields and non-food paper applications.  THPS is also
registered for use as a preservative for solutions and emulsions
that include various paper additives.

This paper reports some experiences in Western Europe where
THPS has been used in paper plants for the control of
microorganisms and H2S.

CHEMISTRY

THPS is a quaternary phosphonium salt with the following
structure:

The surprising feature about this biocidal molecule is the short
length of the side chains.  Conventionally, it was well known
that quaternary ammonium or phosphonium salts with at least
one long side chain were biocidally active, but those with short
side chains would normally be considered to be inactive.  This
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means that quaternary ammonium biocides, whilst being quite
biocidally effective, suffer from the disadvantage that they
adsorb onto many types of solid surface which may cause
problems in paper manufacture.  Also, some quaternary
biocides cause foam.  THPS does not suffer from these
disadvantages.

The chemistry of THPS is therefore of great interest and the
product might be expected to have significantly different
properties to conventional quaternary biocides.

The expected differences were borne out in practice when it
was found, as a result of a bactericidal study, conducted by an
independent consultant, that THPS was a particularly fast
acting bactericide.  As an illustration, figure 1 shows a
time/kill profile for THPS.  Additional bactericidal data was
presented in a previous paper(5).

Figure 1 - Effect of THPS against Enterobacter Aerogenes

THPS
Concentration

Surviving bacteria per ml after stated
exposure time*

(ppm a.i.) 2 hours 6 hours 24 hours

0 (control) 2.3 x 105 1.3 x 105 1.9 x 106

15 4.0 x 104 1.0 x 100 0
37.5 1.0 x 100 1.0 x 100 0
75 0 0 0

150 0 0 0
 * The initial bacterial level was 1.8 x 106

THPS was also found to be unusually effective against sulfate
reducing bacteria (SRB), which are a particular worry due to
their tendency to produce rapid pitting corrosion.  It is for this
reason that THPS has found extensive application in the oil
industry(3).  Figure 2 shows data for the effect of THPS in
controlling planktonic SRB.

Figure 2 - Effect of THPS against SRB

THPS
Concentration

Surviving SRB per ml after stated
exposure time*

(ppm a.i.) 6  Hours 24 Hours

0 (control) 8.8 x 106 1.4 x 107

10 1.1 x 105 1.4 x 107

25 2.0 x 100 0
50 0 0

100 0 0
* The initial SRB level was 2.0 x 106

In addition, THPS could be easily analysed at use level, by an
on-site test method, facilitating control and optimization of
treatment programs.  The test method is based on a simple

iodimetric titration which takes only a few minutes to perform.
Using this method(6) it is possible to measure THPS levels
down to 10 ppm a.i.

ENVIRONMENTAL PROFILE

Biocides, by their very nature, are designed to kill living
organisms.  It therefore came as a pleasant surprise to find
that, relative to conventional biocides, THPS had an unusually
benign environmental profile.  As an example, the following
data apply to a 75% THPS solution:

Rainbow Trout, 96 hour LC50 : 119 mg/l
Bluegill Sunfish, 96 hour LC50 : 93 mg/l
Daphnia Magna, 48 hour EC50 : 19 mg/l
Juvenile Plaice, 96 hour LC50 : 86 mg/l
Sheepshead Minnow, 96 hour LC50 : 74 mg/l
Brown Shrimp, 48 hour LC50 : 340 mg/l
Bobwhite Quail, Dietary LC50 : 2414 mg/l

Also, THPS is classed as readily biodegradable and has no
potential to bioaccumulate.

A further environmental benefit is that THPS is rapidly
oxidized in the environment to THPO (trishydroxy-
methylphosphine oxide) which has a very low aquatic toxicity
and is not considered to present an environmental hazard.
THPO has the following chemical structure:

The following data illustrate the low toxicity of THPO:

Rainbow Trout, 96 hour LC50 : > 5000 mg/l
Daphnia Magna, 48 hour EC50 : > 1000 mg/l
Skeletonema Costatum EC50 :   2090 mg/l

Both THPS and THPO will also photodegrade in the
environment.

Based on these and other data, we believe that, relative to
conventional biocides, THPS offers real environmental
benefits.  This is further illustrated by the case histories
detailed below.
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CASE STUDIES

Case Study No 1 - Deinking Plant, located in the UK

History

The plant involved in this study is a tissue manufacturing mill
which uses recycled paper as feedstock for two paper
machines.  The paper recycling process employs a deinking
plant which removes color from the incoming waste paper and
includes the addition of peroxide and hydrosulfite to aid the
process and produce stock.  The stock is held in large buffer
storage tanks, at 10-15% consistency.  It is then diluted to
approximately 5%  with recycled water  before transfer to a
paper machine.

The Problem

The major plant problem was hydrogen sulfide generated by
SRB.  This caused significant problems in working areas due
to its toxic properties.  It also caused corrosion problems in the
storage tanks and paper machine.

The toxicity hazard is illustrated by the fact that, in the UK,
the 8 hour time weighted average occupational exposure limit
for hydrogen sulfide is 10 ppm, while that for short term
exposure (up to 15 minutes) is 15 ppm(7).  When the stock was
untreated, hydrogen sulfide levels in the storage tanks
regularly reached levels in the region of 25 ppm.  This
presented a toxic hazard to workers and generally led to an
unsafe and unpleasant working environment.

Corrosion damage was a constant worry, with severe pitting
attack observed in vessels and pipework and increased repair
and maintenance work required as a result.  Unscheduled
outages also resulted from corrosion damage.

Conventionally, an isothiazolinone-based biocide had been
dosed to the incoming stock in an attempt to control the
problem.  This enabled partial control of the hydrogen sulfide
levels to be achieved but H2S still remained in the region of 15
ppm, which was too high.

The problem was bad enough during normal plant running
conditions but, if the plant was offline for more than 6 hours
the extra hydrogen sulfide, produced in the storage tanks under
static conditions, rose to completely unacceptable levels and
created a severe toxic hazard in the area.

Plant Details

Figure 3 shows a schematic layout for the stock storage
facility.  The biocide was injected into the incoming stock just
before it enters the stock storage towers.

Atmospheric hydrogen sulfide levels were continuously
monitored by a probe installed at the top of Stock Storage
Tower No 1.

Figure 3 - Schematic Layout of Stock Storage Facility

Customer Requirements

Safety requirements dictated that hydrogen sulfide levels
needed to be adequately controlled in view of its inhalation
toxicity and the risk of excessive corrosion to the mechanical
system.  The operators wanted the option of shutting the
process in for periods of at least 24 hours without excessive
hydrogen sulfide levels being generated in the storage tanks.

Treatment Program

The isothiazolinone based biocide was replaced by a biocide
formulation containing 75% THPS (active ingredient) and
proportionally dosed into the deinked stock just prior to its
entry into the Stock Storage Towers.

The initial dose level, based on the stock flow, was 150 ppm,
as 75% active product, but this was later optimised to 80 ppm
following a significant reduction in hydrogen sulfide and
sulfate reducing bacteria.

Feed Pump

Excess Machine
Backwater

Stock From
De-inking
Plant 10-15%
Consistency

Intermediate
Stock Chest

PM Blend
Chest

Paper
Machine

Stock
Storage
Tower
No 1

Stock
Storage
Tower
No 2

Stock
Dilution
Water

75% THPS
Formulation



Figure 4 illustrates the hydrogen sulfide levels achieved.
While the plant was running untreated, levels were in the
region of 25 ppm.  Isothiazolinone treatment brought this
down to around 15 ppm, but the THPS treatment consistently
controlled levels at 1 ppm or less throughout the trial.  Indeed,
there were many times when the hydrogen sulfide level was
zero.

In addition, it was found that  even if the plant was shut in for
up to  48 hours, the hydrogen sulfide level remained less than
1 ppm.  This resulted in better plant flexibility and reduced
operating costs.

Figure 4 - Hydrogen Sulfide Levels Achieved
During Normal Running

Achievements

(a) Hydrogen sulfide levels were consistently controlled at
acceptable levels.

(b) The toxic hazard was eliminated and working conditions
significantly improved.

(c) The risk of corrosion damage was reduced.

(d) Improved plant flexibility and reduced operating costs as a
result of the ability to safely shut the plant in, when
required, for at least 48 hours.

Case History No 2 - Waste Paper Mill in Germany

History

This mill produced brown wrapping paper from recycled
paper.  The recycled paper feedstock was often severely
contaminated with microorganisms and this provided ideal
conditions for bioproliferation in the process.

The Problem

When untreated with biocides, microbiological growth would
cause severe slime buildup which caused outages in
production and adversely affected the quality of the wrapping
paper produced.

Also, emissions of SRB-generated hydrogen sulfide from the
process caused an inhalation toxicity problem and significantly
increased plant corrosion rates leading to outages for repairs
and consequent lost production.

Plant Details

The paper plant is conventional, with the effluent discharged
to a Biological Effluent Treatment (BET) plant.  One concern
was the effect of added biocides to the activated sludge in the
BET plant.

Customer Requirements

As with Case History No 1, safety requirements dictated that
hydrogen sulfide levels needed to be adequately controlled in
view of its inhalation toxicity and the risk of excessive
corrosion to the storage vessels and pipework.  In addition,
biocide treatment was required to prevent slime formation on
the wires, breaking paper and producing spots on the paper.

Treatment Program

Before progressing the trial, the customer needed confirmation
that the THPS biocide would not damage the activated sludge
in the BET plant.

Laboratory tests were therefore performed by dosing up to 300
ppm, of a THPS/surfactant formulation, containing 35% active
THPS, to activated sludge.  The treated samples were then
incubated at 31°C and the rate of oxygen uptake (indicating
microbiological activity) was measured.  Figure 5 shows the
results which demonstrate no significant change in
microbiological activity up to a dose rate of 200 ppm.  This
indicated that it would be safe to treat the paper machine with
up to 200 ppm of the THPS formulation without disrupting the
BET plant.

On the basis of these results, it was decided to conduct a full
scale, two day plant trial, dosing the THPS/surfactant
formulation (35% active THPS) to the thickstock in the
machine vat, prior to the pulp being diluted and transferred to
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Figure 5 - Activated Sludge Tests

THPS Formulation Dose
(ppm)

Oxygen Demand
(% O2/minute)

0 (control) 40
100 44
200 39
300 20

the Fourdrinier wires.  Secondary dosing was also provided to
the sludge tank external to the mill which contained recycled
water used for the dilution of the thickstock.  The THPS
formulation was dosed over a range of levels with the
maximum (based on the water volume) being  9.6 ppm as
active THPS (i.e. 27.4 ppm as 35% formulated product).  This
level, of course, provided a large safety margin as far as the
BET plant was concerned.

Microbial control was achieved during the trial as indicated by
a 25% decrease in oxygen depletion rates and the absence of
slime buildup.  No foaming occurred in the system, and
growth inhibition tests on the finished paper, using Bacillus
subtilis and Aspergillus niger, showed no detectable residues
of THPS in the paper.  There were no detrimental effects on
the BET plant.

Achievements

(a) Laboratory tests indicated up to 200 ppm of THPS
formulation could safely be dosed to the paper mill without
adversely affecting the BET plant.  This indication was
substantiated during the plant trial.

(b) The plant trial confirmed that microbial control could be
achieved in the process at a dose rate of only 9.6 ppm
THPS (as active ingredient).

(c) Hydrogen sulfide levels were controlled at acceptable
levels.

CONCLUSIONS

From the results of this study and the references cited, we
draw the following overall conclusions:

1. THPS based biocides are highly effective against a wide
range of nuisance microorganisms in a variety of
situations.

2. THPS based biocides have an extremely good
environmental profile permitting their use in
environmentally sensitive situations.

3. Field trials have proved that THPS based biocides are
directly applicable to paper production processes for the
control of bioproliferation.

4. THPS based biocides can control toxic gas emissions and
reduce corrosion by combatting microbially produced
hydrogen sulfide .
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