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Device and method for reducing the hydrogen peroxide and

peracetic acid content in a water flow

The invention relates to a device and a method for reducing
the content of hydrogen peroxide and peracetic acid in a
water stream, in particular in a water stream which is

a

a
withdrawn from balla water tanks of a ship.

Peracetic acid is a bioccide which has a number of
advantages compared with other biocides. Peracetic acid,
even at low concentrations of less than % ppm
troad biocidal activity against bacteria, phytoplan
zooplankton, without resistances occurring. In contrast to
most other biocides, peracetic acid in dilute aquesous
soclutions is rapidly degraded by hydrolysis and
decompusition to substances which are no longer biocidally
active. In contrast to ozone or chlorine dioxide, peracetic
acid can safely be trangported and stored-in the form of
equilibrium peracetic acid. A treatment of water streams
with peracetic acid, in contrast to chlorine ox
hypochlorite, does not lead, or leads only to a small
extent, to the formation of halogenated organic compounds
and therefore does not lead to an increase in the AOX
content . Peracetic acid is therefore suitable for the
biocidal treatment of water streams which are released into
the surroundings in a large amount after the treatment,

such as, for example, cooling water streams or sewage

treatment plant disgcharges and, in particular, ballast
water of ships. The treatment of ballast water with
peracetic acid in the SEDNA® method is approved by the
International Maritime Organization (IMG) for the removal

of phytoplankton end zooplankton.

although peracetic acid and the hydrogen peroxide that 1is

s

present in equilibrium peracetic acid due to the production
rocegs rapidly degrade in the treated water, 1t can be

necessary in sowme applications, in particular in the
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treatment of ballast water, to remove any residual amounts

of peracetic acid and hydrogen peroxide still present after
3

1
the treatment before the treated water 1g released to the

(L‘

surroundings.

For removing chloramines or bromamines from treated ballast
water, WO 02/072478 proposed to add a reducing agent such
as sodium thiosulphate or sodium sulphite in a molar sxcess

e
to the treated ballast water. In this method, however,
after reducing the chloramine or bromamine, oxygen must

further be introduced into the tresated water before it can

WO 2004/0549832 proposes to add a solution of sodium

ozulphate to the kallast water and control this metering
via the redox potential of the chlorine-containing ballast
water ror renmoving electrolytically generated chlorine from

treated ballast water.

WO 2006/05826% and WO 2008/153808 propose to add a solution
of sodium sulphite to the ballast water and control this
metering via a sulphite analyser, which releases 80, by

¢id addition and determines this with a sensor, in such
manner that the treated ballast watery contains excess
godium sulphite for rewmoving electrolytically generated

hypochlorite from treated ballast water.

US 2010/072144 proposes to add a solution of sodium
sulphite to the ballast water and control this metering via
measurement of the rsdox potential in the ballast water
after addition of the sodium sulphite solution in such a
manner that the redox potential is in the range from 200 to

5060 mV for removing hypochlorite from treated ballast

=

water.

Uus 7,776,224 propoges to measure the concentration of
hydrogen peroxide in the ballast water and add a reducing

agent on the basis of ths measured value for removing
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hydrogen peroxide from treated ballast water. It is further
proposed to check after addition of the reducing agent with
a hydrogen peroxide densitometer cor measurement of the
redox potentizl whether unreacted hydrogen peroxids is

praesent.

-

EP 1 6 proposes to add one of the substances iron(ilj

1 832

~1

sulphate, iocdide or catalase with the oxidizing agent for a
treatment of ballast water with hydrogen peroxide or
egquilibrium peracetic acid, in order to achieve

decomposition of hydrogen peroxide during the ballast water

treatment .

—

However, there 1s still a need for a device and a method
that allows to reduce the content of hydrogen peroxide and
peracetic acid in a water stream as reguired and with which
the water stream, after removal of hydrogen peroxide and

peracetic acid, contains no substances hazardous to water.

The inventors of the present invention have established
that the method known from US 2010/072144 for removing
hypochlorite is not suitable for removal of hydrogen
peroxide from a water stream, since, by measuring the redox
potential in the water after addition of a reducing agent,
it cannot be reliably established that the water does not
contain either unreacted hydrogen peroxide or excess
raducing agent. Also, the method known from WO 2004/054%32
for removing chlorine is not suitable for removing
peracetic acid and hydrogen peroxide from a water stream,
since the amount of reducing agent which would be reguired
for removing peracetic acid and hydrogen peroxide cannot be
calculated in advance from the redox potential of a water

stream containing peracetic acld and hydrogen peroxide.

The inventors of the present invention have therefore
developed a device and a method by means of which the
contents of hydrogen peroxide and peracetic acid can be

reliably reduced in a water siream.
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In a first aspect, there is provided a device for reducing the
content of hydrogen peroxide and peracetic acid in a water stream

(1), comprising a first measuring device (2) for

determining the flow rate of the water stream, a second
measuring device (3) for determining the concentration of
hydrogen peroxide in the water stream, a third measuring
device  {4) for determining the concentration of peracetic

acid in the water stream, an additional measuring device (7) for
determining the salinity in the water stream, a metering device (5)
for metering a reducing agent into the water stream downstream
of the second and third measuring devices and a control
device (6) which, from the flow rate of the water stream,
the concentration of hydrogen peroxide in the water stream,
the concentration of peracetic acid in the water
stream and the salinity, calculates an amount of reducing
agent for reducing the content of hydrogen peroxide and peracetic
acid to a desired value and actuates the metering device for

metering the reducing agent.

In a gecond aspect, there 1s provided a method for reducing the
content of hydrogen peroxide and peracetic acid in a water stream,
comprising metering a liquid reducing agent into the water stream
using a device according to the disclosure. The water stream is

preferably withdrawn from ballast water tanks (10) of a ship.

Fig. 1 shows a device according to the invention in an
embodiment having an additional measuring device (7) for
determining the salinity and an arrangement of the second

and the third measuring device in a side stream (9).

The device according to the invention comprises a @ first
measuring device (2) for determining the flow rate of the
water stream (1). For this purpose, measuring devices which
which determine a mass flow rate as well as measuring
devices which determine a volumetric flow rate are Dboth
guitable. For the device according to the invention, all
measuring devices known from the prior art for determining

the flow rate of a water stream may be used such as, for
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Preferably, a mass f£low meter is used for determining the

Lo determine the

o
]
)
ol
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=

filow rate of the water stream iy
flow rate of the water stream reliably even for water

gtreams having different salt contents.

The device according to the invention additionally
comprises a second measuring device (3} for determining the
concentration of hydrogen peroxide in the water stream (1).
Suitakle measgsuring devices are all those known from the
prior art with which the concentrati

may be determined in water and which do not exhibit, or
exhibit only to a slight extent, a cro

peracetic acid. Suitable measuring devices are, for
example, those which determine the concentration of
hydrogen peroxide colorimetrically and use a colour
reaction specific for hydrogen peroxide such asg, for
example, the reaction of hydrogen peroxide with titanyl
sulphate, fowrming a scluble titanium{IV} peroxo complex.
Preferably, an awmperometric sensor is used for determining
the concentration of hydrogen peroxide, particularly
preferably an amperometric sensor at which an oxidation of

the reachtion

Q

hydrogen peroxide proceeds according t
egquaticon

H05 9~ On + 2 HY + 2 &7,
Suitable amperometric sensors for hydrogen peroxide that do
not exhibit cross-sensitivity to peracetic acid are
commercially available, for example from ProMinent® under
the name DULCOTEST® PERCX. The response time of these
sensors can be adapted by the manufacturer by exchanging
the mewbrane which covers the senscr to the rate of changs
of the hydrogen peroxide concentration in the water gtream

that is to be trsated.

The device according to the invention further comprises a
t

third measuring device (4} for determining
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concentration of peracetic acid in the water stream (1)
Suitable measuring devices are all those known from the
prior art with which the concentration of peracetic acid
may be determined in water and which do not show, or show
cnly to a minor extent, a cross-sensitivity to hydrogen
peroxide. Suitable measuring devices are, for example
those which determine the concentration of pera
colorimetrically and use a colour reaction specific to
peracetic acid, such as, for example, the react
peracetic acid with 2,Z2-azincbisgi{3-ethylbenzothiazoline-
g~sulphonic acid) diammonium salt (ABTS), forming a soluble
dye. Preferably, an ampercmetric sensor 1s used for
determining the concentration of peracetic acid,
particularly preferably an amperometric sensor at which a

reduction of peracetic acid proceeds according to the
reaction equatiom

CH,COO0H + 2 H' + 2 & - CH;CGOH + HpO.

Suitable amperowetric sensors for peracetic acid which show
a sufficiently low cross-sensitivity to hydrogen peroxide
re commercially available, for example from ProMinent®
under the name DULCOTEST® PAA. The response time of these
sensors can be adapted by the manufacturer, by exchanging
the membrane which covers the sensor, to the rate of change
of peracetic acid concentration in the water stream that is
to be treated. Amperometric sensors that are likewise
suitable are commercially available amperometric sensors
for determining the total chlorine content, for example the
sensors marketed by ProMinent® under the name DULCOTEST®
CTE-1. 8ince, due to the rapid reaction of chlorine and
hypochlorite with hydrogen peroxide, a water stream

containing hydrogen peroxide can contain only small amounts

O
rh

chiorine and hypochlorite, and the amperometric sensors

iy
o
H

determining the total chlorine content also determine

racetic acid with low cross-sensitivity to hydrogen

el
m

peroxide, the content of peracetic acid can also be

reliably determined in the water stream using such sensors.
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The use of amperometric sensors for determining the
concentrations of hydrogen peroxide and peracetic acid
makes possible a substantially automated operation of the

device according to the invention by staff such as, for

1

‘s ¢crew, that ha

('5)
16}

631

ample,

@

no training in operating

shi
sguipment .

-

analytica

Instead of two separate measuring devices for determining
the concentrations of hydrogen peroxide and peracetic acid,
it is also possible to use one measuring device, which
determinea both the concentratcion of hydrogen peroxide and
d, i

according to the invention. One example of such a measuring

b=t

4

the concentration of peracetic a v the device

3
jode

g

ol

evice is an automated titration with sequential cerim
determination of the hydrogen pervoxide concentratio
iodometric determination of the peracetic acid

concentration.

The measuring devices for determining the concentrations of
hydrogen peroxide and peracetic acid are preferably

arranged in a side stream (%) of the water stream in ovder
to avoid damage to the measuring devices by solids carried

by the water stream. For the same purpose, preferably a

8]

rh

ilter is arranged in the side stream upstream of the

weasuring devices.

.

he device according to the invention additionally
comprises a metering device (5) for metering a reducing
agent into the water stream (1) downstream of the second

-
DL

and third measuring devices. Suitable metering devices are

those for continuous or intermittent metering of a reducing
agent, which reducing agent is preferably gaseous ovr
liquid, and particularly preferably ligquid. Prefervably, the
metering device comprises a storvage vessel (8 and a
controllable metering pump (5} for liguid reducing agent,

such that a continuous metering of the liguid reducing

}

agent ig possible with a variasble volumetric flow rate.
2

articularly preferably, the mstering device comprisss a
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positive-displacement metering pump such as, for exampls, a
diaphragm pump, gear pump or piston punp which makes
possible setting a calculated volumetric flow rate for

liguid reducing agent.

ceording toe the invention furthex

{6} which calculates an amount

reducing the content of hydrogen peroxide and

peracetic acid to a desired value from the flow rate of the
water stream (1}, the concentration of hydrogen peroxide in
the water stream and the concentration cof peracetic acid in
the water stream, and actuates the metering device (3) for

metering tne reducing agent. The control

Pl
(=3

degigned hard-wired controller or as a

as a
control program on a py
the
water streamn,
the

peracetic acid in the water stream can proceed

~ocegs control computer.

calculat;on of

rate of the the concentration of

peroxide in water stream and the concentra

empirical conversion factors determined by exp
preferably, using conversion factors calculate

stoichiometry of the reduction reaction. For
water streams and a reduction using an agueous
factors can be

{1} and

sodium sulphite, the conversion
on the basis of the
(7 Hy0p, + Na,S80; - H,0 +

{III) CH';COOOI"I + NaJSO, ek

reaction eguations
Na,S0;
CH;COOH + Na»S50.

For liguid reducing agents which are metered v
positive-displacement metering pump, the volum
rate £o be set at the metering pump can be cal

éirectly from the calculated amount of reducin

actuated accordingly.

e embodiment, the device accordin
on comprises an additional measuring de
n salinity in the water stream (

alinity here designates

the dimensi

device can be

leulation and
The

amount of reducing agent from the flow

hydrogen,
tion of
using
eriments or,

d from the

salc-free

solution of

calculated
{IT)

ia a

etric Flow

culated

g agent and

g to the
(7)

The

vice for

1)

onless
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galinity S on the Practical Salinity Scale 1978. The
salinity can be determined on the basis of density
measurements, and preferably on the basis of the slectrical

conductivity using a conductivity sensor. In this

v

embodiment, the amount of reducing agent is calculated by
the control device with the salinity. Preferably, here, the
amount of reducing agent calculated for a salt-free water
stream is corrected by a correction factor for the salinity
determined by experiments. For salt-containing water
streams and a reduction with an agueocus solution of sodium
sulphite, preferably the amount of reducing agent
calculated for a salt-free water gtream is increased by a
fraction proportional to the salinity. Taking into account
the salinity in metering the reducing agent makes possible
reliable reduction of the content of hydrogen peroxide and
peracetic acid to below predetermined limits even for a
variable salt content of the water stream, without

overdosing of reducing agent occurring.

In the method according to the invention for reducing the
content of hydrogen peroxide and peracetic acid in a water
stream, & ligquid reducing agent is metered into the water
stream (1) by a device according to the invention. The
water stream is preferably a water stream treated by adding
eguilibrium peracetic acid as biocide, in particular a
cooling water stream, oY a sewage treatment plant
discharge, and most preferably, a water stream which is

withdrawn from ballast water tanks (10) of a ship.

In the method according to the invention, preferably, an
agueous solution of sodium sulphite is used as liguid

reducing agent.

The method according to the invention makes possible a
reliable reduction of the content of hydrogen peroxide and
peracetic acid in a water stream below predetermined
limiting values, whereln, by using sodium sulphite as

t

ter stream after the treatment no
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longer has properties impairing the water guality. This
makes it possible to discharge a ballast water treated with
equilibrium peracetic acid for destroying phyt pi nkton and

zooplankton into bodies of w

=

ater such as, for ample
constricted port basins in which the bal

1 r
diluted only poorly, without Iimpairing the water guality of

e}

the body of water.

Examples:

For the working exemples embodiments, water which had been
taken from a drinking water supply network was treated with
80 ppm eguilibrium peracetic acid that contained 14.4% by
weight peracetic acid and 13.5% by weight hydrogen
peroxide. After the treatment with equilibrium peracetic
acid, the water contained 11.9 ppm peracetic acid and

13.3 ppm hydrogen peroxide on a weight basis.

To a stream of the water that had been treated with
eguilibrium peracetic acid, an agueous solution of sodium
sulphite was metered continucusly in a device according to
the invention as per Figure 1. The concentrations of
hydrogen peroxide and peracetic acld were determined here
sing amperometric sensors from ProMinent®. In Example 1,
1.03 times the stoichiometric amount of sodium sulphite,
calculated according to reaction eguations (I} and (II}
from the concentrations of hydrogen peroxide and peracetic
acid and the flow rate of water, was metered. In Example 2,
1.21 times the calculated stoichiometric amount of scodium

sulphite was metered.

In Example 1, the water contained 0.1 ppm peracstic acid
and 1.0 ppm hydrogen peroxide, on a weight basis, after
metering sodium sulphite. In Example 2, the water contained
0.2 ppm peracetic acid and 0.1 ppm hydrogen peroxide, on a

weight basls, after the metering of sodium sulphite.
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For the water treated with eguilibrium peracetic acid and

g
0]

the water strszams obtained in Examples 1 and

3

, €
inhibition of algal growth and the acute immobilization of
daphmia were determined in accordance with OECD guidelines

T
201 and 202 for the testing of chemicals.

The water treated with eguilibrium peracetic acid caused,
undiluted, complete inhibition of the algal growth of
Desmodesmus subspicatus with an ECs; value of 46% for the
inhibition of the growth rate and 25% for the inhibition of
the yield. In contrast, the water stream cbtained in
Example 1 caused, undiluted, only a statistically
insignificant inhibition of the growth rate of 5%. The
wateyr stream obtained in Example 2 caused, undiluted, an

inhibition of the growth rate of 13%,

The water treated with eguilibrium peracetic acid caused,

undiluted, complete immobilization of Daphnia magna with an

EC:y; value of 12%. In contrast, the water streams obtained
5 1 and 2 caused, even undiluted, no

immobllization and displayed no recognizable effect on

daphnia.

The examples show that, with the device according to the
invention and the method according to the invention, the
contents of hydrogen perocxide and peracetic acid may be
reliably reduced in a water stream containing hydrogen
peroxide and peracetic acid in such a manner that upon
introduction intc bodies of water the water stream has no

harmful effects on water organisms.

List of reference numerals:

(1) water stream

(2) measuring device for determining the flow rate
(3) measuring device for determining the ceoncentration of

hydrogen peroxide
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eracetic acid

easuring device for determining
storage vessel for liguid reducing agent

]

allast water tanks
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Claims:

1. Device for reducing the content of hydrogen peroxide and
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peracetic acid in a water stream (1), comprising

a first measuring device (2) for determining the flow rate
of the water stream,

a second measuring device (3) for determining the
concentration of hydrogen peroxide in the water streanm,

a third measuring device (4) for determining the
concentration of peracetic acid in the water streamn,

an additional measuring device (7) for determining the
salinity in the water stream,

a metering device (5) for metering a reducing agent into
the water stream downstream of the second and third
measuring devices and

a control device (6) which, from the flow rate of the water
stream, the concentration of hydrogen peroxide in the water
stream, the concentration of peracetic acid in the water
stream and the salinity, calculatesg an amount of reducing
agent for reducing the content of hydrogen peroxide and
peracetic acid to a desired value and actuates the metering

device for metering the reducing agent.

. Device according to Claim 1,

characterized in that
the measuring device for determining the concentration of

hydrogen peroxide in the water stream comprises an

amperometric gensor.

. Device according to Claim 1 or 2,

characterized in that
the measuring device for determining the concentration of
peracetic acid in the water stream comprises an

amperometric sensor.

. Device according to one of Claims 1 to 3,

characterized in that

the measuring device for determining the salinity comprises

a conductivity sensor.
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. Device according to any one of Claims 1 to 4,

characterized in that
the metering device for metering a reducing agent comprises
a storage vessel (8) and a controllable metering pump (5)

for ligquid reducing agent.

. Device according to any one of Claims 1 to 5,

characterized in that
the second and third measuring devices are arranged in a

side stream (9} of the water streamn.

. Method for reducing the content of hydrogen peroxide and

peracetic acid in a water stream, comprisgsing metering a
liguid reducing agent into the water stream using a device

according to any one of Claims 1 to 6.

. Method according to Claim 7, characterized in that the

water stream is withdrawn from ballast water tanks (10) of

a ship.

. Method according to Claim 7 or 8§,

characterized in that the liguid reducing agent 1s an

agqueous solution of sodium sulphite.
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Device and method for reducing the hydrogen peroxide and

eracetic acid content in a water flow
P

Abstract:

A device comprising a measuring device for determining the
flow rate of a water stream, a measuring device for
determining the concentration of hydrogen peroxide in the
water stream, a measuring device for determining the
concentration of peracetic acid in the water stream, a
metering device for metering a reducing agent into the
water stream downstream of the measuring devices for the
concentrations, and a controel device which, from the flow
rate of the water stream, the concentration of hydrogen
peroxide in the water stream and the concentration of
peracetic acid in the water stream, calculateg an amount of
reducing agent for reducing the content of hydrogen
peroxide and peracetic acid to a desired value and actuates
the metering device for metering the reducing agent, wmakes
possible reliable reducticn of the content of hydrogen
peroxide and peracetic acid in a water stream. The device
is suitable for reducing the content of hydrogen peroxide

n & waber stream which is withdrawn

-

and peracetic acid

from ballast water tanks of a ship.



