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(57) Abstract : The invention relates to a hydraulic conveyor of floating objects selected from the group formed of fruits and vege-
tables, of the type having recirculation of a composition, referred to as conveying composition, liquid for conveying the floating ob -
jects, said hydraulic conveyor being equipped with at least one device for sanitizing said conveying composition; characterized in
that at least one sanitizing device comprises: - at least one irradiation device positioned in order to be able to irradiate a composition,
referred to as composition to be sanitized, formed by mixing at least one portion of said conveying composition and an amount of a
composition, referred to as a photoreactive composition, comprising at least one photosensitive compound selected in order to be
able to form, under the effect of an irradiation by at least one irradiation device, at least one compound, referred to as active com -
pound, suitable for making it possible to convert, by chemical reaction, at least one pollutant
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compound ot said conveying composition into a non-pollutant compound, and; - at least two photolysis chambers mounted in se-
ries so that said composition to be sanitized can tlow successively through said at least two photolysis chambers, at least one irra -
diation device being positioned in an internal volume of each photolysis chamber.

(57) Abrégé : L'invention concerne un convoyeur hydraulique d'objets flottants choisis dans le groupe formé des fruits et des 1¢ -
gumes, du type a recirculation d'une composition, dite composition de convoyage, liquide de convoyage des objets flottants, ledit
convoyeur hydraulique étant équipé d'au moins un dispositif d'assainissement de ladite composition de convoyage; caractérisé en
ce qu'au moins un dispositif d'assainissement comprend : - au moins un dispositif d'irradiation disposé pour pouvoir irradier une
composition, dite composition a assainir, formée par mélange d'au moins une partie de ladite composition de convoyage et d'une
quantité d'une composition, dite composition photo-réactive, comprenant au moins un composé photosensible choisi pour pouvoir
former, sous l'eftet d'une irradiation par au moins un dispositif d'irradiation, au moins un composé, dit composé actit, apte a pou -
voir transtormer par réaction chimique au moins un composé polluant de ladite composition de convoyage en composé non pol -
luant, et; - au moins deux enceintes de photolyse montées en séries de sorte que ladite composition & assainir puisse s'écouler suc-
cessivement dans lesdites au moins deux enceintes de photolyse, au moins un dispositif d'irradiation étant disposé dans un volume
intérieur de chaque enceinte de photolyse.
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HYDRAULIC CONVEYOR FOR FLOATING OBJECTS PROVIDED WITH A
DEVICE FOR SANITISING CONVEYING COMPOSITION, PLANT
PROVIDED WITH SUCH A CONVEYOR AND SANITISING METHOD

The invention relates to a hydraulic conveyor for floating
objects such as fruit or vegetables, of the type having recirculation of conveying
composition - in particular an aqueous composition - comprising a device for
sanitising the conveying composition. The invention also relates to a sorting plant -
in particular a sorting and packaging plant - for such floating objects provided with
such a hydraulic conveyor, and to a method for sanitising such a conveying
composition.

Throughout the text:

- the expression "floating objects" denotes objects having
sufficient buoyancy in a stream of liquid in order to be able to be transported
thereby. This terminology covers not only the objects floating on the surface of the
stream of liquid but also the objects submerged in the liquid, but of which the
density is low enough to allow them to be transported in the stream of liquid, in
particular submerged between two bodies of water;

- the terms "upstream" and "downstream" are defined with
respect to the direction of flow of a conveying composition conveying the floating
objects such as fruit or vegetables;

- the term "decontamination" or "sanitisation" denotes the
total or partial elimination of undesirable compounds - in particular compounds
which are toxic to humans - present in a conveying composition of a hydraulic
conveyor of the type having recirculation of conveying composition, of a sorting
(and packaging) plant for floating objects such as fruit or vegetables;

- the term "recirculation" denotes, in the normal manner, the
movement of a fluid in a closed circuit; and

- the term "luminous" and its derivatives denotes any
electromagnetic radiation with a wavelength between 100 nm and 1 mm and thus

covers ultraviolet light, the visible range, and infrared light;
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- the expression "at least substantially" indicates, in a
conventional manner, that a structural or functional feature should not be
understood to be marking a sudden discontinuity, which would have no physical
meaning, but covers not only this structure or this function but also slight variations
in this structure or this function which, in the technical context in question, produce
an effect of the same nature, if not of the same degree.

- the term “comprising” as used in this specification and
claims means “consisting at least in part of”. When interpreting statements in this
specification and claims which include the term “comprising”, other features
besides the features prefaced by this term in each statement can also be present.
Related terms such as “comprise” and “comprises” are to be interpreted in similar
manner.

After harvesting, fruit and/or vegetables, such as e.g. apples,
can be conveyed - floating - into a plant for sorting these fruit and/or vegetables in
which they are sorted based on criteria such as their size and/or their shape and/or
their colour and/or their weight and/or their quality - internal or external - and
grouped into batches of fruit and/or vegetables having similar characteristics.

There is known from FR 2 956 595 a unit for automatically
sorting fruit and vegetables based on predetermined selection criteria allowing
products to be grouped into batches ready for packaging. In such a sorting and
packaging unit, the fruit and vegetables are conveyed, floating in hydraulic channels
such that the fruit and vegetables are in contact with the water flowing in the
hydraulic channels.

During these operations of conveying, sorting and preparing
batches ready to be packaged, at least some of the pesticides - e.g. fungicides and/or
insecticides - present on the surface of these fruit and/or these vegetables may be
dissolved in the water of the hydraulic channels. For example, in the case of sorting
and packaging apples, pesticides such as boscalid, fludioxonil, thiacloprid and
pyraclostrobin are identified in the water of the hydraulic channels.

Furthermore, during these operations of conveying, sorting

and preparing batches ready to be packaged, microorganisms and/or mycotoxins
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produced by fungi and/or mould on the surface of the fruit and/or vegetables may
also contaminate the water of the hydraulic channels.

In a sorting plant comprising a hydraulic conveyor of the type
having recirculation of the aqueous composition of hydraulic channels, this aqueous
composition is in contact with all the conveyed fruit and/or vegetables. It follows
from this that the concentration of pesticide and/or of microorganisms and/or of
mycotoxins in the aqueous composition increases as new fruit is introduced into the
hydraulic conveyor. It is thus desirable to sanitise the aqueous composition of the
hydraulic channels to package fruit having contents of pesticides which satisfy food
standards.

There is thus a need to provide a solution allowing the (total
or partial) elimination of such pesticides, microorganisms and/or mycotoxins in the
aqueous composition of the hydraulic channels and to allow the packaging of
floating objects which are clean and suitable for human consumption.

In the majority of cases, there is provided a member for
continuous filtration of the aqueous conveying composition flowing in the hydraulic
channels. This filtration can be ensured by a filter comprising activated carbon
allowing filtration of particles suspended in the water as well as trapping some
organic compounds by adsorption. However, the filtration of the water of hydraulic
channels on a filter of activated carbon poses numerous problems.

On the one hand, the activated carbon has a limited capacity
to adsorb organic chemical compounds such that after a quantity of adsorbed
organic compounds is exceeded, the activated carbon is saturated and filter becomes
ineffective. Furthermore, this loss of filtering efficiency cannot be anticipated and
requires the constant implementation of tests to analyse the amount of pollutants
exiting the filter. The loss of filtering efficiency is thus detected only at a late stage
and some packaged products may not satisfy official standards with respect to these
pollutants.

On the other hand, in the event of saturation of the activated
carbon in the activated carbon filter, the solution consists of replacing the activated

carbon in the activated carbon filter which requires filtering to be stopped and
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possibly requires a complete shutdown of the plant for processing fruit and/or
vegetables, which is undesirable in some applications for which the device must
preferably be able to operate continuously.

Furthermore, such continuous filtration of the flow of the
liquid flowing in the hydraulic channels is, in general, only a partial filtration,
taking into account the large volume of liquid supplying the hydraulic channels.
With such a partial filtration, impurities present in the flow of liquid are recycled
into the hydraulic channels and begin to contaminate these channels once again.

The invention aims to overcome all of these disadvantages. In
particular, the invention aims to overcome all of the disadvantages inherent in using
activated carbon filters in a hydraulic conveyor.

The invention also aims to propose a hydraulic conveyor, a
plant comprising such a hydraulic conveyor and a method for sanitising aqueous
conveying composition of such a hydraulic conveyor allowing official regulations
relating to the amount of pesticides associated with packaged fruit and vegetables
for human consumption to be satisfied.

The invention also aims to propose a hydraulic conveyor, a
plant comprising such a hydraulic conveyor and a method for sanitising aqueous
conveying composition of such a hydraulic conveyor allowing the amount of
pesticides such as, e.g., boscalid, fludioxonil, pyraclostrobin or thiacloprid,
microorganisms or mycotoxins such as patulin present on the surface of packaged
fruit and vegetables to be reduced.

The invention also aims to propose a hydraulic conveyor, a
plant comprising such a hydraulic conveyor and a method for sanitising aqueous
conveying composition of such a hydraulic conveyor which are highly efficient, in
particular with respect to the decontamination of an aqueous conveying composition
having a high level of boscalid, e.g. in the order of 200 g per litre.

The invention also aims to propose a hydraulic conveyor, a
plant comprising such a hydraulic conveyor and a method for sanitising aqueous
conveying composition of such a hydraulic conveyor which are efficient whatever

the value of the degree of hardness of the aqueous conveying composition, in
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particular for a high value of the degree of hardness (i.e. for "hard" water), e.g. for
water having a calcium bicarbonate level in the order of 350 mg/I.

The invention also aims to propose a hydraulic conveyor, a
plant comprising such a hydraulic conveyor and a method for sanitising aqueous
conveying composition of such a hydraulic conveyor allowing a reduction in the
toxicity by inducing permanent damage to the DNA (genotoxicity) - e.g. evaluated
on Xenopus laevis amphibians - of an aqueous conveying composition of a
hydraulic conveyor of the type having recirculation.

It is an object of the invention to go some way to meeting the
above need; and/or to achieve any one or more the abovementioned aims; and/or to
at least provide the public with a useful choice.

To do this, the invention relates to a hydraulic conveyor for
floating objects selected from the group formed of fruit and vegetables, of the type
having recirculation of a liquid composition, named conveying composition, for
conveying the floating objects, said hydraulic conveyor being provided with at least
one device for sanitising said conveying composition;
characterised in that at least one sanitising device comprises:

- at least one irradiation device arranged to be able to irradiate a
composition, named composition to be sanitised, formed by mixing at least some of
said conveying composition and an amount of a composition, named photoreactive
composition, comprising at least one photosensitive compound selected to be able
to form, under the effect of irradiation by at least one irradiation device, at least one
compound, named active compound, able to transform by chemical reaction at least
one pollutant compound of said conveying composition into a non-pollutant
compound; and

- at least two photolysis chambers mounted in series such that said
composition to be sanitised can flow successively into said at least two photolysis
chambers, at least one irradiation device being arranged in an inner volume of each
photolysis chamber.

More specifically, in a first aspect, the invention provides a

hydraulic conveyor for floating objects selected from the group consisting of fruit
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and vegetables, of the type having recirculation of a liquid composition, named
conveying composition, for conveying the floating objects, said hydraulic conveyor
being provided with at least one device for sanitising said conveying composition;
wherein at least one sanitising device comprises:

- at least one irradiation device arranged to be able to irradiate a
composition, named composition to be sanitised, formed by mixing at least some of
said conveying composition and an amount of a composition, named photoreactive
composition, comprising at least one photosensitive compound selected to be able
to form, under the effect of irradiation by at least one irradiation device, at least one
compound, named active compound, able to transform by chemical reaction at least
one pollutant compound of said conveying composition into a non-pollutant
compound; and

- at least two photolysis chambers mounted in series such that said
composition to be sanitised can flow successively into said at least two photolysis
chambers, at least one irradiation device being arranged in an inner volume of each
photolysis chamber.

In a second aspect, the invention provides a plant for sorting
floating objects comprising at least one hydraulic conveyor according to the first
aspect.

In a third aspect, the invention provides a method for
sanitising a liquid composition, named conveying composition, for conveying
floating objects selected from the group formed of fruit and vegetables, of a
hydraulic conveyor of the type having recirculation of said conveying composition,
wherein:

- at least some of said conveying composition is mixed with
an amount of composition, named photoreactive composition, comprising at least
one photosensitive compound selected to be able to form, under the effect of
irradiation by at least one irradiation device, at least one compound, named active
compound, able to transform by chemical reaction at least one pollutant compound

of said conveying composition into a non-pollutant compound; and
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- this mixture, named composition to be sanitised, is
subjected to this irradiation so as to form an at least partially sanitised composition;
characterised in that said composition to be sanitised is subjected to this irradiation
in a sanitising device which has a flow of said composition to be sanitised passing
through it, the sanitising device comprising at least two photolysis chambers
mounted in series such that said composition to be sanitised flows successively into
said at least two photolysis chambers, at least one irradiation device being arranged
in an inner volume of each photolysis chamber.

The inventors have observed in particular:

- that it 1s possible to sanitise a conveying composition of a hydraulic
conveyor for floating objects selected from the group formed of fruit and
vegetables, the hydraulic conveyor being of the type having recirculation of
conveying composition, by mixing said conveying composition with a
photoreactive composition and by subjecting the mixture to irradiation in a
sanitising device comprising a plurality of photolysis chambers, each photolysis
chamber comprising an irradiation device, and under conditions suitable to be able
to form in this mixture and under the effect of the irradiation at least one chemical
species which can react with at least one pollutant of said conveying composition;

- that it 1s possible to form in this mixture an amount of at least one
reactive chemical species, this amount being sufficient to allow transformation of
"undesirable" pollutant compounds of said conveying composition into compounds
which are not pollutants to form a conveying composition which is at least
substantially sanitised; and

- that such a sanitising treatment is effective to sanitise said conveying
composition but also allows the formation, upon exiting the sanitising device, of a
sanitised conveying composition having a reduced content of photosensitive
compound originating from the reactive chemical species, such a reduced content of
photosensitive compound being compatible with contacting the conveying
composition with fruit and/or vegetables intended for human consumption.

The inventors have observed in particular that such a

sanitising device and such a method allow effective decontamination - in particular
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with respect to undesirable organic colorant compounds, mycotoxins such as patulin
and pesticides such as, for example boscalid, fludioxonil, pyraclostrobin or
thiacloprid - of said conveying composition but also allow only a residual amount of
the photosensitive compound to remain in said conveying composition, said residual
amount of photosensitive compound of the sanitised composition being less than the
maximum amount of photosensitive compound in an aqueous composition able to
be contacted with food products and allowed by the regulations.

Without any explanation being given to this observation, it
has been noted that the flow of the composition to be sanitised into a plurality of
photolysis chambers mounted in series in accordance with the invention, each
photolysis chamber comprising a device for irradiating said composition to be
sanitised, in fact allows the sanitising efficiency to be increased and the residual
amount of photosensitive compound exiting the sanitising device to be reduced, said
residual amount of photosensitive compound of the sanitised composition being less
than the maximum amount of photosensitive compound in an aqueous composition
able to be contacted with food products and allowed by the regulations. It has also
been noted that a sanitising device comprising a plurality of photolysis chambers
mounted in series, at least one irradiation device being arranged in the inner volume
of each of the photolysis chambers, in fact allows the composition to be sanitised to
be more efficiently sanitised than would be the case with a sanitising device
comprising a single photolysis chamber sized with respect to the size of the
hydraulic conveyor and the volume of the composition to be sanitised.

Advantageously, at least one irradiation device is arranged in
an inner volume of each photolysis chamber so as to be able to be in contact with
said composition to be sanitised and to be able to irradiate said composition to be
sanitised flowing in each photolysis chamber.

Advantageously, in some embodiments in accordance with the
invention, the sanitising device comprises at least one irradiation device positioned
so as to allow irradiation of a flow of composition to be sanitised comprising at least
one photosensitive compound, to allow the formation, in said composition to be

sanitised, of at least one chemical species which can react with at least one pollutant
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of said conveying composition under the effect of the irradiation by the irradiation
device and to allow the sanitisation of said composition to be sanitised.

The invention can be applied to any liquid conveying
composition. Advantageously, in some embodiments in accordance with the
Invention, said conveying composition is an aqueous composition. Advantageously
and in some embodiments in accordance with the invention, said aqueous
conveying composition is mainly formed of water, in particular has a water volume
content greater than 95%, in particular greater than 99%.

At least one pollutant compound is a compound introduced
into the conveying composition by fruit or by vegetables. This may be pesticides
applied to the fruit or to the vegetables as they are being grown or harvested. This
may also be an intrinsic colorant of the fruit and/or vegetables released into the
conveying composition. This may also be microorganisms, mould or microscopic
fungi which may release mycotoxins on the surface of the fruit and/or vegetables.
At least one pollutant compound may be a compound released by the mould or by
the microscopic fungi on the surface of the fruit and/or vegetables. At least one
pollutant compound may thus be a mycotoxin such as, for example, patulin.

Advantageously and in some embodiments in accordance with
the invention, at least one sanitising device is adapted to have a flow of composition
to be sanitised pass through it and to allow the irradiation of the composition to be
sanitised by at least one irradiation device between an inlet for a flow of
composition to be sanitised (in the sanitising device) drawn into a hydraulic channel
of the conveyor, and an outlet for the flow of composition, named sanitised
composition, (outside of the sanitising device) directed towards a hydraulic channel
of the conveyor.

Advantageously, and in accordance with the invention, the
sanitising device comprises a plurality of irradiation devices, each irradiation device
being positioned in a photolysis chamber so as to allow irradiation of a flow of
composition to be sanitised flowing successively into each photolysis chamber and
comprising at least one photosensitive compound, to allow the formation, in said

composition to be sanitised, of at least one chemical species which can react with at
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least one pollutant of said conveying composition under the effect of the irradiation
and to allow the sanitisation of said composition to be sanitised.

Advantageously, each photolysis chamber of the sanitising
device comprises an irradiation device.

Advantageously and in some embodiments in accordance with
the invention, at least one irradiation device comprises at least one light source
adapted to emit ultraviolet light radiation, in particular at a wavelength between 100
nm and 315 nm, more particularly between 100 nm and 280 nm (UV-C),
substantially in the order of 254 nm. Advantageously, the sanitising device of a
hydraulic conveyor in accordance with the invention is adapted to allow adjustment
of the wavelength of irradiation depending upon the chemical nature and reactivity
of the photosensitive compound(s).

Advantageously and in some embodiments in accordance with
the invention, at least one photosensitive compound is hydrogen peroxide.
Advantageously, the composition to be sanitised comprises a mass amount of
hydrogen peroxide such that the ratio of this mass amount to the mass of said
composition to be sanitised is between 1 ppm and 15 ppm, in particular between 1
ppm and 5 ppm, preferably in the order of 3 ppm. However, any other
photosensitive compound which is able to ensure the above-mentioned technical
function in accordance with the invention can be used.

Advantageously and in some embodiments in accordance with
the invention, the hydraulic conveyor comprises at least one circulation pump for
composition to be sanitised formed from the conveying composition in the
sanitising device. Such a circulation pump is selected to be able to form a flow of
composition to be sanitised in the sanitising device, irradiate the composition to be
sanitised flowing in the sanitising device and produce a sanitised composition such
that this sanitised composition can be directed towards a hydraulic channel.
Advantageously and in accordance with the invention, the hydraulic conveyor
comprises a device for mixing the conveying composition and the photoreactive
composition and for forming the composition to be sanitised upstream of the

sanitising device.
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Advantageously and in some embodiments in accordance with
the invention, the hydraulic conveyor comprises a pump for distributing
photoreactive composition into said conveying composition. Advantageously, the
pump for distributing photoreactive composition, the circulation pump for the
conveying composition and the irradiation devices are adapted to be able to form, in
the composition to be sanitised, at least one active compound able to transform at
least one pollutant compound of said conveying composition into a non-pollutant
compound. Therefore, advantageously, the distribution pump is a pump metering
the amount of photoreactive composition introduced into said conveying
composition. Advantageously and in accordance with the invention, the sanitising
device comprises means for measuring the concentration of photosensitive
compound in the conveying composition exiting the sanitising device and means for
controlling the distribution pump adapted to allow adjustment of a flow of
photoreactive composition distributed into the conveying composition.

Advantageously and in accordance with the invention, the
sanitising device comprises a plurality of photolysis chambers mounted in series
such that said composition to be sanitised flows successively into the plurality of
photolysis chambers, at least one irradiation device being arranged in the inner
volume of each photolysis chamber and so as to be able to be in contact with said
composition to be sanitised and able to irradiate said composition to be sanitised
flowing in each photolysis chamber.

Each photolysis chamber can comprise a single irradiation
device. However, there i1s nothing to prevent each photolysis chamber from
comprising a plurality of irradiation devices.

In some particular embodiments in accordance with the
invention, at least one - in particular each - photolysis chamber is in the shape of a
cylinder of revolution and includes a plurality of light sources in the form of tubes,
each light source extending in parallel with the longitudinal axis of said photolysis
chamber and facing one another, the plurality of light sources being uniformly

distributed in said photolysis chamber.
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In some particular embodiments in accordance with the
invention, at least one - in particular each - photolysis chamber is in the shape of a
cylinder of revolution and includes a plurality of light sources in the form of tubes,
each light source extending in parallel with the longitudinal axis of said photolysis
chamber and facing one another, the plurality of light sources being distributed in
said photolysis chamber so as to be positioned at the points of a regular polygon, as
seen 1n any cross-section of said photolysis chamber.

Advantageously and in accordance with the invention, the
light sources of the plurality of light sources are uniformly distributed in the inner
volume of said photolysis chamber.

Advantageously and in a preferred embodiment in accordance
with the invention, at least one - in particular each - photolysis chamber is in the
shape of a cylinder of revolution and includes five light sources in the form of
tubes, each light source extending in parallel with the longitudinal axis of said
photolysis chamber and facing one another, the five light sources being distributed
in said photolysis chamber so as to be positioned at the points of a regular pentagon,
as seen in any cross-section of said photolysis chamber.

However, there is nothing to prevent the light sources from
being distributed in said photolysis chamber so as to be positioned at the points of a
regular hexagon, as seen in any cross-section of said photolysis chamber.

A hydraulic conveyor in accordance with the invention is
adapted to be able to form a flow of composition to be sanitised in the sanitising
device such that said composition to be sanitised flows into the sanitising device
between an inlet for said composition to be sanitised and an outlet for sanitised
composition and to be able to perform irradiation of said composition to be sanitised
by an irradiation device. The sanitising device is adapted to be able to control the
efficiency of the sanitising process of said composition to be sanitised by adjusting
at least one of the following parameters:

- the flow rate of said composition to be sanitised in the sanitising

device;
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- the light intensity emitted by the irradiation device and the light
intensity received by said composition to be sanitised in the sanitising device; and

- the concentration of photosensitive compound in said composition
to be sanitised.

Advantageously and in some particular embodiments in
accordance with the invention, the sanitising device comprises an inlet for
photoreactive composition located upstream of a first photolysis chamber of the
plurality of photolysis chambers. The expression "first chamber” i1s defined with
respect to the direction of flow of composition to be sanitised in the sanitising
device. There 1s nothing to prevent the sanitising device from comprising an inlet
for photoreactive composition in the first photolysis chamber of the plurality of
photolysis chambers. First photolysis chamber of the plurality of photolysis
chambers is understood to mean the photolysis chamber of the plurality of
photolysis chambers located furthest upstream in the sanitising device.

Advantageously, the sanitising device comprises a single inlet
for photoreactive composition located upstream of the first photolysis chamber of
the plurality of photolysis chambers. However, there is nothing to prevent the
sanitising device from comprising a plurality of inlets for photoreactive composition
distributed in the sanitising device.

The invention likewise relates to a sorting plant - in particular
a sorting and packaging plant - comprising at least one hydraulic conveyor in
accordance with the invention. A plant for sorting (and packaging) floating objects
such as fruit and/or vegetables in accordance with the invention thus comprises at
least one hydraulic conveyor in accordance with the invention provided with a
device for sanitising a composition for conveying floating objects selected from the
group formed of floating fruit and vegetables.

The invention likewise relates to a sanitising method
implemented in a conveyor in accordance with the invention. It thus relates to a
method for sanitising a liquid composition, named conveying composition, for

conveying floating objects selected from the group formed of fruit and vegetables,
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of a hydraulic conveyor of the type having recirculation of said conveying
composition, characterised in that:

- at least some of said conveying composition is mixed with
an amount of composition, named photoreactive composition, comprising at least
one photosensitive compound selected to be able to form, under the effect of
irradiation by at least one irradiation device, at least one compound, named active
compound, able to transform by chemical reaction - in particular by oxidation - at
least one pollutant compound of said conveying composition into a non-pollutant
compound; and

- this mixture, named composition to be sanitised, is
subjected to this irradiation so as to form an at least partially sanitised composition;
characterised in that said composition to be sanitised is subjected to this irradiation
in a sanitising device which has a flow of said composition to be sanitised passing
through it, the sanitising device comprising at least two photolysis chambers
mounted in series such that said composition to be sanitised flows successively into
said at least two photolysis chambers, at least one irradiation device being arranged
in an inner volume of each photolysis chamber.

Advantageously, in some embodiments in accordance with the
invention, sanitising treatment is performed on the conveying composition by
causing conveying composition to flow in a closed circuit in the sanitising device
and irradiating, in the sanitising device, a composition to be sanitised obtained by
mixing at least some of the conveying composition with a photoreactive
composition.

Advantageously and in accordance with the invention, the
amount of said photoreactive composition and irradiation conditions are adapted so
as to optimise the degradation of the pollutants and the reduction in the
concentration thereof in the conveying composition.

Advantageously, in some embodiments in accordance with the
invention, the amount of said photoreactive composition and irradiation conditions
are adapted such that the sanitised composition has a residual amount of

photosensitive compound which is less than a predetermined maximum amount
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allowed by regulations. Under these conditions, such a method is effective to
quickly sanitise a conveying composition but also allows only a residual amount of
hydrogen peroxide in the sanitised composition to remain in said conveying
composition, said amount being less than the maximum amount of hydrogen
peroxide allowed by the regulations for a liquid composition able to be in contact
with food products.

Advantageously, in some embodiments in accordance with the
invention, at least one photosensitive compound is hydrogen peroxide.

Advantageously and in some embodiments in accordance with
the invention, the irradiation is an illumination with ultraviolet light radiation - in
particular ultraviolet light radiation having a wavelength between 100 nm and 315
nm, more particularly between 100 nm and 280 nm (UV-C), substantially in the
order of 254 nm - allowing the photolysis of hydrogen peroxide.

The inventors have also observed that a method in accordance
with the invention allows a conveying composition formed of any type of water to
be sanitised. They observed that a method in accordance with the invention allows
the sanitisation of a conveying composition formed from water with a high hardness
value (e.g. water comprising calcium bicarbonate at a concentration in the order of
350 mg/l) or from water with a medium hardness value (e.g. water comprising
calcium bicarbonate at a concentration in the order of 200 mg/1).

Advantageously and in some embodiments in accordance with
the invention, said composition to be sanitised is irradiated at ambient temperature.
Such a method in accordance with the invention is thus simple to implement and
does not require the use of specific heating and/or cooling means for the
composition to be sanitised.

Advantageously, in some embodiments of a method in
accordance with the invention, a conveying composition comprising, as a pollutant,
at least one pesticide selected from the group formed of fungicides, bactericides and

insecticides is sanitised.
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The invention also relates to a device for sanitising a
conveying composition for implementing a method in accordance with the
invention.

The invention thus also relates to a device for sanitising a
liquid composition, named conveying composition, for conveying floating objects
selected from the group formed of fruit and vegetables, for a hydraulic conveyor of
the type having recirculation of said conveying composition, said sanitising device
comprising:

- at least one irradiation device;

- at least two photolysis chambers mounted in series so as to
be able to have a flow of a liquid composition, named composition to be sanitised,
pass through it, said composition being formed by mixing a liquid composition,
named conveying composition, flowing in a hydraulic channel of the hydraulic
conveyor, and a composition, named photoreactive composition, comprising at least
one photosensitive compound selected to be able to form, under the effect of
irradiation by at least one irradiation device, at least one compound, named active
compound, able to transform by chemical reaction at least one pollutant compound
of said conveying composition into a non-pollutant compound;
characterised in that at least one irradiation device 1s arranged in an inner volume of
each photolysis chamber.

The invention thus relates to a device for sanitising a
conveying composition, comprising an irradiation device arranged to be able to
irradiate a composition, named composition to be sanitised, formed by mixing at
least some of said conveying composition and an amount of a composition, named
photoreactive composition, comprising at least one photosensitive compound
selected to be able to form, under the effect of irradiation by an irradiation device, at
least one compound, named active compound, able to transform at least one
pollutant compound of said conveying composition into a non-pollutant compound
by chemical reaction between the active compound and the pollutant compound.

Therefore, advantageously and in accordance with the

invention, the sanitising device comprises an inlet for a flow of said composition to
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be sanitised into the sanitising device and an outlet for a flow of a sanitised
composition, the outlet for the flow of sanitised composition being separate from
the inlet for the flow of composition to be sanitised.

Advantageously and in accordance with the invention, the
sanitising device comprises a plurality of photolysis chambers mounted in series
such that said composition to be sanitised can flow successively into the plurality of
photolysis chambers, at least one irradiation device being arranged in an inner
volume of each photolysis chamber. Each irradiation device is arranged so as to be
able to be in contact with said composition to be sanitised and to be able to irradiate
said composition to be sanitised flowing in each photolysis chamber.
Advantageously, each photolysis chamber comprises at least one irradiation device.
Advantageously, the sanitising device comprises between two and ten photolysis
chambers mounted in series. Advantageously, the sanitising device comprises
between three and six photolysis chambers mounted in series. Advantageously, the
sanitising device comprises four photolysis chambers mounted in series.

Advantageously, in some embodiments in accordance with the
invention, at least one photolysis chamber is in the shape of a cylinder of revolution
and includes a plurality of light sources in the form of tubes, each tube extending in
parallel with the longitudinal axis of said at least one photolysis chamber and facing
the others, the light sources of the plurality of light sources being distributed in said
photolysis chamber so as to be positioned at the points of a regular polygon, as seen
n any cross-section of said photolysis chamber.

Advantageously, in some embodiments in accordance with the
invention, at least one photolysis chamber is in the shape of a cylinder of revolution
and includes five light sources in the form of tubes, each tube extending in parallel
with the longitudinal axis of said at least one photolysis chamber and facing the
others, the five light sources being distributed in said photolysis chamber so as to be
positioned at the points of a regular pentagon, as seen in any cross-section of said
photolysis chamber.

The invention likewise relates to a hydraulic conveyor, a plant

for sorting floating objects, a sanitising method and a sanitising device for a



25 May 2022

2017223021

10

15

20

25

30

18

conveying composition, which are characterised in combination by all or some of
the features mentioned above or below.

Other aims, features and advantages of the invention will
become apparent upon reading the following description given solely by way of
non-limiting example and which makes reference to the attached figures in which:

- figure 1 1s an overall view of a photolysis chamber of a
sanitising device in accordance with the invention;

- figure 2 1s a top view of a photolysis chamber of a
sanitising device in accordance with the invention;

- figure 3 is a schematic view of a sanitising device in
accordance with the invention;

- figure 4 is a schematic view of a sanitising device in
accordance with the invention;

- figure 5 is a graph of the neutralisation of boscalid by a
variant of a method in accordance with the invention;

- figure 6 is a graph of the neutralisation of four pesticides by
a method in accordance with the invention; and

- figure 7 is a graph of the neutralisation of boscalid by the
implementation of a variant of a method in accordance with the invention.

A photolysis chamber 1 of a device for sanitising a conveying
composition of a hydraulic conveyor in accordance with one embodiment of the
invention is shown in figure 1. This photolysis chamber 1 comprises a rigid
cylindrical body 2. The cylindrical body 2 is hollow and liquid-tight and is of the
type allowing circulation of an aqueous liquid composition within the cylindrical
body between an inlet 3 for composition to be sanitised and an outlet 4 for sanitised
composition, having a lesser amount of pollutant compounds than the composition
to be sanitised, in particular substantially free of pollutant compounds. The inlet 3
for composition to be sanitised is in fluid communication with a hydraulic channel
of a hydraulic conveyor for conveying floating objects such as fruit or vegetables of
a plant for sorting and packaging such products. The outlet 4 for sanitised

composition is in fluid communication with this same hydraulic channel such that
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the conveying composition can be indefinitely recycled in the hydraulic conveyor in
accordance with the invention. Said photolysis chamber 1 allows the conveying
composition of the hydraulic conveyor in accordance with the invention to be
recycled in a closed circuit. Said photolysis chamber 1 allows the conveying
composition of the plant to be sanitised by illuminating the conveying composition
flowing in said photolysis chamber 1. The photolysis chamber 1 comprises at least
one light source 5 arranged in an inner space of the cylindrical body 2 and in
contact with the composition to be sanitised flowing in said photolysis chamber 1.

The photolysis chamber 1 also shown in figure 2 has five light
sources formed from light tubes distributed in the inner space of the cylindrical
body 2, the five light tubes extending in parallel with each other in the inner space
and substantially in parallel with the longitudinal axis of the cylindrical body 2.
Advantageously, the five light tubes are distributed with respect to each other in the
inner space of the cylindrical body 2 such that each light tube is positioned at the
point of a regular pentagon, as seen in any cross-section of the cylindrical body 2. In
this particular configuration, the light tubes allow optimum illumination of the
composition to be sanitised passing through the photolysis chamber 1 in a flow
oriented in parallel with the longitudinal axis of the cylindrical body 2.

A device 13 for sanitising a composition for conveying
floating objects such as fruit or vegetables is shown schematically in figure 3,
coupled to a hydraulic conveyor in accordance with the invention. Such a conveyor
comprises a container 10 for conveying floating objects in which products such as
fruit or vegetables are conveyed whilst floating. The container 10 can be a hydraulic
channel for conveying floating objects extending in part upstream of a plant for
sorting and packaging fruit and vegetables or a hydraulic channel for conveying
sorted floating objects extending in part downstream of the plant for sorting and
packaging fruit and vegetables. It can also be a hydraulic conveyor for floating
objects such as floating fruit or vegetables to a plant for sorting and packaging said
products. The container 10 is sized in accordance with the size of the plant for
sorting and packaging floating objects such as fruit and vegetables, in accordance

with the number and dimensions of the hydraulic channels of the plant. Such a
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container 10 can contain, for example, a volume of conveying composition between
10 m? and 1000 m?, in particular in the order of 90 m? to 100 m?.

The container 10 has an orifice 11 for drawing a composition
to be sanitised and an orifice 12 for recycling a sanitised composition in the
container 10. The sanitising device 13 extends between the drawing orifice 11 and
the recycling orifice 12 of the container 10 and forms a circuit external to the
container 10. The sanitising device 13 comprises a pump 14 for circulating the
composition to be sanitised adapted to be able to draw said composition to be
sanitised from the drawing orifice 11 of the container 10, cause the composition to
be sanitised to flow in an external circuit to a photolysis chamber 1 and pump the
sanitised composition into the recycling orifice 12 of the container 10. The
circulation pump 14 is adapted to be able to control the flow rate of composition to
be sanitised to be a predetermined value. For example, the flow rate of the
circulation pump 14 can vary between several m*/h and 100 m*/h.

The sanitising device 13 comprises a plurality of photolysis
chambers (indicated by reference numeral 1) comprising at least one light source
able to illuminate the composition to be sanitised flowing in each photolysis
chamber. Each photolysis chamber has an inner volume in the order of 30 to 40
litres and five fluorescent tubes, 254 nm, with a power of 200 watts able to provide
an irradiation intensity to the composition to be sanitised of a value in the order of
500 mJ/cm? with a flow rate of the composition to be sanitised of a value in the
order of 6 m*/h in each photolysis chamber. Other values are possible.

The sanitising device 13 also comprises a path 16 for
introducing a photoreactive composition into the external circuit. The introduction
path 16 preferably issues into the external circuit via an inlet 17 for photoreactive
composition positioned upstream of the plurality of photolysis chambers such that
the introduction of the photoreactive composition into the conveying composition
forms the composition to be sanitised close to an inlet 18 for composition in the
plurality of photolysis chambers. The photoreactive composition comprises at least
one photosensitive compound able to form, in the composition to be sanitised, at

least one chemical species which can react with at least one pollutant present in the
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conveying composition under the effect of illumination by the light source(s). The
introduction path 16 comprises a pump 19 for distributing the photoreactive
composition in the external circuit and in the plurality of photolysis chambers.

The distribution pump 19 of the sanitising device 13 thus
allows the adjustment of the flow rate of photoreactive composition to be
introduced into the flow of conveying composition drawn from the container 10 so
as to form a flow of composition to be sanitised in the plurality of photolysis
chambers and to allow decontamination of the composition to be sanitised and the
formation of a sanitised composition exiting the plurality of photolysis chambers.

The sanitised composition is reintroduced into the container
10 under the effect of the circulation pump 14. The sanitised composition further
has a concentration of photosensitive compound - in particular of hydrogen
peroxide - lower than the maximum concentration allowed by regulations for the
use of the sanitised composition in contact with food products. The flow rate of the
recirculation pump 14 is adjusted with respect to the volume of the container 10 and
the flow rate of the pump 19 for distributing the photoreactive composition such
that the proportion of pollutant in the conveying composition is kept at a low value
which is acceptable for its use in contact with food products.

A hydraulic conveyor in accordance with the invention shown
schematically in figure 3 also has a drain valve 20 of the hydraulic conveyor. It also
has a drain valve 21 of the plurality of photolysis chambers allowing the
implementation of servicing and maintenance operations on the plurality of
photolysis chambers. A hydraulic conveyor in accordance with the invention shown
schematically in figure 3 also has valves 22, 23 for adjusting the flow rate of the
flow of conveying composition in the sanitising device 13.

Another embodiment of a device 131 for sanitising a
composition for conveying floating objects such as fruit or vegetables is shown
schematically in figure 4. In figure 4, the hydraulic conveyor in accordance with the
invention 1s not shown in its entirety.

The sanitising device 131 extends between an orifice 111 for

drawing conveying composition in a hydraulic channel for conveying floating
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objects of a hydraulic conveyor and an orifice 121 for recycling sanitised conveying
composition in a hydraulic channel of the hydraulic conveyor. The sanitising device
131 comprises a plurality of photolysis chambers 1 mounted in series and allowing
the composition to be sanitised to flow successively into each photolysis chamber 1
in which it is 1rradiated.

Each photolysis chamber 1 comprises at least one light source
able to illuminate the composition to be sanitised flowing in the sanitising device
131. Each photolysis chamber 1 can be of the type described in figure 1 and figure
2. Each photolysis chamber has for example an inner volume in the order of 30 to
40 litres and five fluorescent tubes, 254 nm, with a power of 200 watts able to
provide an irradiation intensity to the composition to be sanitised of a value in the
order of 500 mJ/cm? with a flow rate of the composition to be sanitised of a value in
the order of 6 m*/h in each photolysis chamber 1. Other values are possible.

The sanitising device 13 also comprises a path 161 for
introducing a photoreactive composition upstream of the sanitising device 131. The
introduction path 161 preferably issues into the sanitising device 131 via an inlet
171 for photoreactive composition positioned upstream of the first (upstream)
photolysis chamber 1 such that the mixing of the photoreactive composition in the
conveying composition forms the composition to be sanitised close to an inlet 181
for composition in the upstream photolysis chamber 1. The introduction path 161
comprises a pump 191 for metering (distributing) the photoreactive composition in
the sanitising device 131 and in the upstream photolysis chamber 1.

EXAMPLE 1

A flow rate of conveying composition of 6 m*/h is established
in the external circuit and a flow rate of photoreactive composition of 3 dm*/h is
established, the photoreactive composition being an aqueous solution of hydrogen
peroxide at an initial concentration of 4 g/1. The thereby obtained composition to be
sanitised thus has a hydrogen peroxide proportion in the order of 2 ppm and is
sufficient to allow the decontamination of the composition to be sanitised exiting
the photolysis tank formed of a single photolysis chamber comprising five

fluorescent tubes with an individual power of 200 W.
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EXAMPLE 2

A hydraulic conveyor of a plant for sorting and packaging
apples is selected containing a volume of 90 m® of a conveying composition
containing "BELLIS" at a concentration of 50 mg/l (and boscalid at a concentration
of 22 pg/l). A flow rate of the conveying composition of 36 m*/h is established in
the external circuit using the circulation pump 14 and a flow rate of photoreactive
composition of 270 c¢m’/h is established using the distribution pump 19, the
photoreactive composition being an aqueous solution of hydrogen peroxide at an
initial concentration of 400 g/l, i.e. 108 g or pure hydrogen peroxide. Under these
conveying composition flow conditions, all of the volume of the conveying
composition contained in the plant is theoretically treated within 2.5 hours. The
composition to be sanitised obtained at the inlet of the sanitising device thus has an
initial hydrogen peroxide proportion in the order of 3 ppm and is sufficient to allow
the decontamination of the composition to be sanitised at the outlet of the sanitising
device formed of 6 photolysis chambers mounted in series, each chamber
comprising five fluorescent tubes with an individual power of 200 W.

The results obtained are shown in Table 1 hereinafter in which
the concentration values of boscalid in the composition to be sanitised at the inlet of
the photolysis tank (EC), at the outlet of the third chamber (S3E) of the photolysis
tank and at the outlet of the sixth chamber (S6E) of the photolysis tank are given in
ug/l. The column S6E/EC represents the ratio multiplied by 100 of the boscalid
concentration at the outlet of the sixth chamber (S6E) of the photolysis tank to the
boscalid concentration at the inlet of the photolysis tank (EC). The column C/Co
represents the ratio of the boscalid concentration measured at the inlet of the

photolysis tank over time to the initial boscalid concentration (t = 0).

Boscalide, pg/l
Time, hours S6E/EC, % C/Co
EC S3E S6E
0 21.43 - - - -
1.25 16.64 - 1.28 92 0.79
2.5 15.68 3.96 0.99 94 0.73
3.75 15.56 3.38 0.91 94 0.73
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5 14.06 2.71 0.56 94 0.66
7.5 8.25 1.78 - - 0.38
Table 1

The rate of degradation of the boscalid between the inlet and
outlet of the photolysis tank is high and is greater than 90%. This treatment allows
the elimination of 62% of the boscolid of the conveying composition of the
hydraulic conveyor within 7.5 hours.

EXAMPLE 3

A hydraulic conveyor of a plant for sorting and packaging
apples is selected containing a volume of 90 m® of water as composition for
conveying Ariane, Rosy Glow and Pink Lady apples. A flow rate of conveying
composition of 36 m3/h is established in the external circuit and a flow rate of
photoreactive composition of 2.8 to 3.5 dm’/h is established, the photoreactive
composition being an aqueous solution of hydrogen peroxide at an initial
concentration of 400 g/l. Under these flow conditions, all of the volume of the
conveying composition of the hydraulic conveyor is theoretically treated within 2.5
hours. The composition at the inlet of the sanitising device has an initial hydrogen
peroxide proportion in the order of 3 ppm sufficient to allow the decontamination of
the composition at the outlet of the sanitising device formed of six photolysis
chambers mounted in series, each chamber comprising five fluorescent tubes with
an individual power of 200 W.

The results obtained are shown in Table 2 hereinafter in which
the concentration values of boscalid from the apples conveyed with the composition
to be sanitised at the inlet of the sanitising device (EC) and at the outlet of sanitising
device (SC) are given in pg/l. The column SE/EC represents the ratio multiplied by
100 of the boscalid concentration at the outlet of the sixth chamber of the photolysis
tank to the boscalid concentration at the inlet of the photolysis tank (EC). The
column C/Cy represents the ratio of the boscalid concentration measured at the inlet

of the sanitising device over time to the initial boscalid concentration (t = 0).




25 May 2022

2017223021

10

25

Time, hours Boscalide, g/l SC/EC, % C/Co
EC SC

0 2.83 - 100 -

4 4.76 0.065 98.6 -

7 2.84 0.206 92.8 -

7.1 4.19 - 100 1
10.5 1.73 0.062 96.4 0.41
12.5 1.35 - 100 0.32
14.75 1.71 0.058 96.6 0.41
17.25 1.18 0.040 96.6 0.28
19.25 1.88 - 100 0.45
22.75 1.07 0.064 94 0.25
24.75 0.64 0.057 91.2 0.15
28.75 0.66 0.039 94 0.16
29.75 0.93 - 100 0.22
32.25 0.79 0.040 95 0.19
34.75 0.73 0.043 94.1 0.17

Table 2

Between 90% and 100% of the boscalid of the conveying
composition 1s eliminated during this treatment.

EXAMPLE 4 - Semi-industrial pilot device

A semi-industrial pilot device in accordance with the
invention comprises a tank for recirculating water to be treated of a volume of 1000
1, a circulation pump ensuring a circulation flow of the water to be treated in a
sanitising device with a flow rate between 4 m> to 8 m’/h. The sanitising device
comprises a photolysis chamber comprising an inlet for water from the recirculation
tank and an outlet for sanitised water directed to the recirculation tank. The
photolysis chamber is formed of a rigid tubular envelope, of which the external wall
1s opaque to light and forming an inner space suitable for receiving five fluorescent

tubes with a longitudinal axis extending in parallel with the longitudinal axis of the
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rigid tubular envelope. The inner volume of the decontamination reactor is in the
order of 32 1.

The five fluorescent tubes are tubes of 200 W emitting light at
a wavelength of 254 nm and arranged longitudinally in the tubular envelope at the
five points of a regular pentagon and in contact with the water to be treated flowing
in the photolysis chamber. In this configuration of the sanitising device, the water to
be sanitised flowing in contact with the five fluorescent tubes is subjected to
substantially homogeneous illumination in the order of 500 mJ/cm? for a circulation
flow rate of water to be sanitised in the order of 6 m*/h. The semi-industrial pilot
device also comprises a tank for storing an aqueous solution of hydrogen peroxide
(H202) provided with a pump for distributing said solution in the circulation flow of
water to be sanitised issuing into the circuit of water to be sanitised upstream of and
in proximity to the photolysis chamber. The concentration of the hydrogen peroxide
in the aqueous solution of hydrogen peroxide is between 2 mg/l and 13 mg/l. The
set-point flow rate of the pump for distributing solution of H>O: is kept at 4 I/h.

Figure 5 shows the change in the ratio of the value of the
boscalid concentration in the recirculation tank to the value of the initial boscalid
concentration in the recirculation tank. The flow rate of the recycling pump is 6
m>/h and the initial boscalid concentration in the recirculation tank is 250 pg /1. The
5 lamps of the sanitising device are switched on. Under illumination and in the
absence of hydrogen peroxide (curve designated by the symbols M), the
degradation of the boscalid is limited and reaches 10% of the initial boscalid after
one hour of treatment. The initial addition (curve designated by the symbols %) of
hydrogen peroxide at a concentration of 13 mg/l, or the successive addition (curve
designated by the symbols @) of 3 doses of hydrogen peroxide at a concentration of
13 mg/l does not have a major difference on the final rate (95%) of degradation of
the boscalid. The continuous addition (curve designated by the symbols A) of
hydrogen peroxide at a concentration of 2 mg/] provides an initial degradation of the
boscalid equivalent to that obtained with the addition of hydrogen peroxide at the
concentration of 13 mg/l. The interruption of this addition (between 10 min and 25

min) results in the degradation of the boscalid stopping, showing the total and rapid
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consumption of the hydrogen peroxide in the conveying composition. Re-starting
the addition of hydrogen peroxide at the concentration of 2 mg/l results in the
degradation of the boscalid starting again in the conveying composition.

EXAMPLE 5 - Sanitisation with respect to different pesticides

A study was carried out in a semi-industrial pilot device as
described above on the degradation of boscalid, thiacloprid, fludioxonil and
pyraclostrobin. The flow rate of the conveying composition provided by the
recirculation pump is 6 m>/h. The initial boscalid concentration in the recirculation
tank is 250 pg/l. The initial thiacloprid concentration in the recirculation tank is 100
ug/l. The initial fludioxonil concentration in the recirculation tank 1s 100 pg/l. The
initial pyraclostrobin concentration in the recycling tank is 125 pg/l. The initial
hydrogen peroxide concentration in the composition to be sanitised is 2 pg/l. The
five lamps of the photolysis chamber are switched on. The results are shown in
figure 6 which shows that the boscalid (A ) is degraded to 70% within 1 hour, the
pyraclostrobin (@) is degraded to 85% within 1 hour, the fludioxonil (H) is
degraded to 90% within 1 hour and the thiacloprid (%) is degraded to more than
95% within 1 hour.

EXAMPLE 6 - Sanitisation with respect to different amounts
of boscalid

A study was carried out in a semi-industrial pilot device as
described above on the degradation of boscalid at concentrations of 25 pg/l, 80 pg/l
and 200 pg/l. The flow rate of the conveying composition provided by the recycling
pump is 6 m’/h. An aqueous solution of hydrogen peroxide is continuously added
upstream of the sanitising device such that the initial hydrogen peroxide
concentration in the composition to be sanitised is 2 mg/l. The results are shown in
figure 7 in which the dashed curve (---) represents a treatment by illumination, the
curve designated by () represents a treatment with just hydrogen peroxide, i.e.
without illumination at 254 nm, the curve (M) represents a treatment of a
composition to be sanitised comprising boscalid at a concentration of 25 ng/l, the
curve (O) represents a treatment of a composition to be sanitised comprising

boscalid at a concentration of 80 pg/l and the curve ( A) represents a treatment of a
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composition to be sanitised comprising boscalid at a concentration of 200 pg/l. A
residual amount of boscalid of less than 80% is obtained.

EXAMPLE 7 - Advantages provided by a method and a
device for decontamination in accordance with the invention

A comparative study of the impact provided by exposing the
Xenopus laevis amphibian model to a conveying composition comprising boscalid,
sanitised or not by a decontamination method in accordance with the invention has
been carried out. It was observed that a conveying composition initially comprising
boscalid and sanitised by a decontamination method in accordance with the
invention does not result in death (as measured in accordance with the standard
OCDE 203, 1992) on the larvae of the Xenopus laevis amphibian biological model
which were in contact with such a composition for 96 hours or for 12 days.
Furthermore, it has been observed that a conveying composition initially comprising
boscalid and sanitised by a decontamination method in accordance with the
invention does not cause permanent damage to the DNA of the Xenopus laevis
amphibian biological model in contact with such a composition for 12 days (in
accordance with the standard ISO 21427-1, 2006), contrary to a conveying
composition comprising boscalid and not sanitised by a decontamination method in
accordance with the invention which results in the formation of micronuclei in the
larvae of this amphibian.

EXAMPLE 8 - Comparative test

A comparative test performed with a semi-industrial pilot
device as decribed in Example 4 and a sanitising device in accordance with the
invention of a hydraulic conveyor of a plant for sorting and packaging apples as
described in Example 3 was carried out.

The semi-industrial pilot device comprises a tank for
composition to be treated of a volume of 1000 1, a circulation pump ensuring a flow
of composition to be treated in a sanitising device with a flow rate of 6 m*/h. The
sanitising device comprises a single photolysis chamber comprising an inlet for
water from the tank of composition to be treated and an outlet for sanitised water

directed to the tank of composition to be treated. The composition to be treated
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comprises boscalid at an initial concentration of 25 pg/l and an initial hydrogen
peroxide concentration of 2 mg/1.

The photolysis chamber is formed of a rigid tubular envelope,
of which the external wall is opaque to light and forming an inner space suitable for
receiving five fluorescent tubes with a longitudinal axis extending in parallel with
the longitudinal axis of the rigid tubular envelope. The inner volume of the
decontamination reactor is in the order of 32 1. The five fluorescent tubes are tubes
of 200 W emitting light at a wavelength of 254 nm and arranged longitudinally in
the tubular envelope at the five points of a regular pentagon and in contact with the
water to be treated flowing in the photolysis chamber.

After 10 minutes of operation of the semi-industrial pilot
device, almost all of the composition to be treated has been illuminated in the
photolysis chamber. The rate of degradation of the boscalid is 58% of the initial
boscalid after 10 minutes of operation of the semi-industrial pilot device.

A hydraulic conveyor of a plant for sorting and packaging
apples containing a volume of 90 m? of water as composition for conveying Ariane,
Rosy Glow and Pink Lady apples comprises a sanitising device in accordance with
the invention formed of six photolysis chambers mounted in series, each chamber
comprising five fluorescent tubes having an individual power of 200W. The flow
rate of the composition for conveying apples in the sanitising device is 36 m*/h. It
has been observed that the plurality of photolysis chambers mounted in series
allows a rate of degradation of 96% of the initial boscalid to be achieved with a
flow rate of the composition to be treated of 36 m’/h and for an average residence
time of the conveying composition in the sanitising device in the order of 19
seconds.

It goes without saying that the invention can cover numerous
embodiment variants and applications. In particular, a hydraulic conveyor, a
sanitising device and a sanitising method in accordance with the invention are
subject to an infinite number of variants in the implementation of such a hydraulic

conveyor and in its application to floating fruit and/or vegetables.
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In this specification where reference has been made to patent
specifications, other external documents, or other sources of information, this is
generally for the purpose of providing a context for discussing the features of the
invention. Unless specifically stated otherwise, reference to such external
documents 1s not to be construed as an admission that such documents, or such
sources of information, in any jurisdiction, are prior art, or form part of the common
general knowledge in the art.

In the description in this specification reference may be made
to subject matter which is not within the scope of the appended claims. That subject
matter should be readily identifiable by a person skilled in the art and may assist in

putting into practice the invention as defined in the appended claims.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1/- A hydraulic conveyor for floating objects selected from
the group consisting of fruit and vegetables, of the type having recirculation of a
liquid composition, named conveying composition, for conveying the floating
objects, said hydraulic conveyor being provided with at least one device for
sanitising said conveying composition;
wherein at least one sanitising device comprises:

- at least one irradiation device arranged to be able to irradiate a
composition, named composition to be sanitised, formed by mixing at least some of
said conveying composition and an amount of a composition, named photoreactive
composition, comprising at least one photosensitive compound selected to be able
to form, under the effect of irradiation by at least one irradiation device, at least one
compound, named active compound, able to transform by chemical reaction at least
one pollutant compound of said conveying composition into a non-pollutant
compound; and

- at least two photolysis chambers mounted in series such that said
composition to be sanitised can flow successively into said at least two photolysis
chambers, at least one irradiation device being arranged in an inner volume of each
photolysis chamber.

2/ - The conveyor according to claim 1, wherein at least one
sanitising device is adapted to have a flow of the composition to be sanitised pass
through it and to allow the irradiation of the composition to be sanitised by at least
one irradiation device between an inlet for a flow of composition to be sanitised
drawn into a hydraulic channel of the conveyor, and an outlet for the flow of
composition, named sanitised composition, directed towards a hydraulic channel of
the conveyor.

3/- The conveyor according to claim 1 or 2, comprising at
least one circulation pump for the composition to be sanitised formed from the

conveying composition in the sanitising device.
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4/ - The conveyor according to any one of claims 1 to 3,
comprising a device for mixing conveying composition and photoreactive
composition upstream of the sanitising device.

5/ - The conveyor according to any one of claims 1 to 4,
comprising a pump for distributing the photoreactive composition into said
conveying composition.

6/ - The conveyor according to any one of claims 1 to 5,
wherein at least one photolysis chamber is in the shape of a cylinder of revolution
and includes a plurality of light sources in the form of tubes, each light source
extending in parallel with the longitudinal axis of said photolysis chamber and
facing one another, the plurality of light sources being distributed in said photolysis
chamber so as to be positioned at the points of a regular polygon, as seen in any
cross-section of said photolysis chamber.

7/ - The conveyor according to claim 6, wherein each
photolysis chamber is in the shape of a cylinder of revolution and includes a
plurality of light sources in the form of tubes.

8/ - The conveyor according to claim 6 or 7, wherein the
light sources of the plurality of light sources are uniformly distributed in the inner
volume of said photolysis chamber.

9/ - The conveyor according to any one of claims 6 to 8,
wherein the sanitising device comprises an inlet for photoreactive composition
located upstream of a first chamber of the plurality of photolysis chambers.

10/ - A plant for sorting floating objects comprising at least
one hydraulic conveyor according to any one of claims 1 to 8.

11/- A method for sanitising a liquid composition, named
conveying composition, for conveying floating objects selected from the group
formed of fruit and vegetables, of a hydraulic conveyor of the type having
recirculation of said conveying composition, wherein:

- at least some of said conveying composition is mixed with
an amount of composition, named photoreactive composition, comprising at least

one photosensitive compound selected to be able to form, under the effect of
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irradiation by at least one irradiation device, at least one compound, named active
compound, able to transform by chemical reaction at least one pollutant compound
of said conveying composition into a non-pollutant compound; and

- this mixture, named composition to be sanitised, is
subjected to this irradiation so as to form an at least partially sanitised composition;
characterised in that said composition to be sanitised is subjected to this irradiation
in a sanitising device which has a flow of said composition to be sanitised passing
through it, the sanitising device comprising at least two photolysis chambers
mounted in series such that said composition to be sanitised flows successively into
said at least two photolysis chambers, at least one irradiation device being arranged
in an inner volume of each photolysis chamber.

12/ - The method according to claim 11, wherein at least one
photosensitive compound 1s hydrogen peroxide.

13/ - The method according to claim 11 or 12, wherein the
irradiation is illumination by ultraviolet light radiation.

14/ - The method according to any one of claims 11 to 13,
wherein the amount of said photoreactive composition and irradiation conditions are
adapted such that said sanitised conveying composition has a residual amount of
photosensitive compound which is less than a predetermined maximum amount
allowed by regulations.

15/ - The method according to any one of claims 11 to 14,
wherein at least one pollutant present in said conveying composition is a pesticide

selected from the group consisting of fungicides, bactericides and insecticides.
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