SPECIFICATION

METHOD OF PREVENTING SETTLEMENT OF SESSILE ORGANISMS

Technical field
[0001]
The present invention relates to methods of preventing settlement

of sessile organisms on a structure in water.

Background art
[0002]

In power plants, such as thermal or nuclear power plants which
use seawater as a coolant, various sessile organisms often settle on,
for example, intake structures. An increased amount of settled sessile
organisms may possibly cause a problem such as reduction in performance
of equipment.

[0003]

Accordingly, a chlorine-based substance such as a sodium
hypochlorite solution or chlorine dioxide has been conventionally
injected into the coolant (see, for example, Non-patent literatures 1

to 3).

Related art documents
Non-patent literature
[0004]

Non-patent literature 1: "Kaisei Seibutsu Oson Taisaku Manual
(Manual to control fouling by marine organisms)," Marine Biofouling
Control Committee, The Electrochemical Society of Japan ed., Gihodo
Shuppan Co., Ltd, 1991.

Non-patent literature 2: "Hatsudensho Kaisui Setsubi no Oson
Taisaku Handbook (Handbook to control fouling in or on seawater equipment
of power plants," Thermal and Nuclear Power Engineering Society ed.,
Kouseisha-kouseikaku Corporation, 2014.

Non-patent literature 3: Atsushi KAWABE, "Ogata fuchaku seibutsu
taisaku gijyutu souran (Comprehensive list of techniques to control

large sessile organisms)," Marine Biofouling Control Committee, The



Electrochemical Society of Japan, 1998.

Summary of the invention
Problems to be solved by the invention
[0005]
An object of the present invention is to provide methods of

preventing settlement of sessile organisms on a structure in water.

Means to solve the problems
[0006]

One aspect of the present invention is a method of preventing
settlement of a sessile organism on a structure in water, including
irradiating light comprising the spectrum of 409 to 412 nm to the
structure. The sessile organisms may include an alga, a mussel, a wing
oyster, a moss animal, a feather duster worm, a gammaridean amphipod,
a sponge, a sea squirt, a hydroid. The light can comprise the spectrum
of a part of 400 to 440 nm. The light can have a peak wavelength in
the range between 409 nm and 412 nm. It is preferable that the light
has a spectral irradiance of 1.4 pWem °nm™' or higher in the range between
409 nm and 412 nm at the structure. The light can comprise the spectrum
of 400 to 420 nm. It is preferable that an irradiance of the light is
3 Wm? or higher. It is preferable that the light is not a laser beam.

The light may be LED light. The water may be seawater.

Brief description of the drawings
[0007]

Fig. 1 is a graph showing a relationship between irradiance and
photon flux density measured in the air, in an Example of the present
invention;

Fig. 2 is a graph showing a spectral irradiance at each substrate
plate in an Example of the present invention;

Fig. 3 is a graph showing the attenuation of irradiance during
the propagation of LED 1light through seawater in an Example of the present
invention;

Fig. 4 shows photographs of a net made of CREMONA® yarns attached

to a substrate plate in an Example of the present invention;



Fig. 5 1is a figure illustrating the transition of sessile
organisms settled on substrate plates after the plate has been placed
in seawater in an Example of the present invention;

Fig. 6A shows photographs of sessile organisms which were settled
on substrate plates 3 weeks after they were placed in seawater in an
Example of the present invention. The upper row: experimental section
(with 1light irradiation) ; the lower row: control section (without light
irradiation) ;

Fig. 6B shows photographs of sessile organisms which were settled
on substrate plates 8 weeks after they were placed in seawater in an
Example of the present invention. The upper row: experimental section
(with light irradiation); the lower row: control section (without light
irradiation) ;

Fig. 6C shows photographs of sessile organisms which were settled
on substrate plates 16 weeks after they were placed in seawater in an
Example of the present invention. The upper row: experimental section
(with light irradiation); the lower row: control section (without light
irradiation) ;

Fig. 7A shows graphs of the total number of bivalves which were
settled on substrate plates 4 weeks after they were placed in seawater
in an Example of the present invention. The upper graph: experimental
section (with light irradiation); the lower graph: control section
(without light irradiation) ;

Fig. 7B shows graphs of the total number of bivalves which were
settled on substrate plates 6 weeks after they were placed in seawater
in an Example of the present invention. The upper graph: experimental
section (with light irradiation); the lower graph: control section
(without light irradiation) ;

Fig. 7C shows graphs of the total number of bivalves which were
settled on substrate plates 8 weeks after they were placed in seawater
in an Example of the present invention. The upper graph: experimental
section (with light irradiation); the lower graph: control section
(without light irradiation) ;

Fig. 7D shows graphs of the total number of bivalves which were
settled on substrate plates 10 weeks after they were placed in seawater

in an Example of the present invention. The upper graph: experimental



section (with light irradiation); the lower graph: control section
(without light irradiation) ;

Fig. 7E shows graphs of the total number of bivalves which were
settled on substrate plates 12 weeks after they were placed in seawater
in an Example of the present invention. The upper graph: experimental
section (with light irradiation); the lower graph: control section
(without light irradiation) ;

Fig. 7F shows graphs of the total number of bivalves which were
settled on substrate plates 14 weeks after they were placed in seawater
in an Example of the present invention. The upper graph: experimental
section (with light irradiation); the lower graph: control section
(without light irradiation) ;

Fig. 7G shows graphs of the total number of bivalves which were
settled on substrate plates 16 weeks after they were placed in seawater
in an Example of the present invention. The upper graph: experimental
section (with light irradiation); the lower graph: control section
(without light irradiation) ;

Fig. B8A shows graphs of the total number of Mytilus
galloprovincialis, Hiatella orientalis, Anomia chinensis, and Lima
vulgaris Link which were settled on substrate plates 4 weeks after they
were placed in seawater in an Example of the present invention. The
upper graph: experimental section (with light irradiation); the lower
graph: control section (without light irradiation) ;

Fig. 8B shows graphs of the total number of Mytilus
galloprovincialis, Hiatella orientalis, Anomia chinensis, and Lima
vulgaris Link which were settled on substrate plates 6 weeks after they
were placed in seawater in an Example of the present invention. The
upper graph: experimental section (with light irradiation); the lower
graph: control section (without light irradiation) ;

Fig. 8C shows graphs of the total number of Mytilus
galloprovincialis, Hiatella orientalis, Anomia chinensis, and Lima
vulgaris Link which were settled on substrate plates 8 weeks after they
were placed in seawater in an Example of the present invention. The
upper graph: experimental section (with light irradiation); the lower
graph: control section (without light irradiation) ;

Fig. 8D shows graphs of the total number of Mytilus



galloprovincialis, Hiatella orientalis, Anomia chinensis, and Lima
vulgaris Link which were settled on substrate plates 10 weeks after they
were placed in seawater in an Example of the present invention. The
upper graph: experimental section (with light irradiation); the lower
graph: control section (without light irradiation) ;

Fig. B8E shows graphs of the total number of Mytilus
galloprovincialis, Hiatella orientalis, Anomia chinensis, and Lima
vulgaris Link which were settled on substrate plates 12 weeks after they
were placed in seawater in an Example of the present invention. The
upper graph: experimental section (with light irradiation); the lower
graph: control section (without light irradiation) ;

Fig. 8F shows graphs of the total number of Mytilus
galloprovincialis, Hiatella orientalis, Anomia chinensis, and Lima
vulgaris Link which were settled on substrate plates 14 weeks after they
were placed in seawater in an Example of the present invention. The
upper graph: experimental section (with light irradiation); the lower
graph: control section (without light irradiation) ;

Fig. 9A shows graphs of the coverage, on substrate plates, of

hydroids, algae, Fusakokemushi (i.e., moss animals of Bugula spp.),

Itakokemushi (i.e., moss animals of Cauloramphus spp.), Edakokemushi
(i.e., moss animals of Cabereidae spp.), sea squirts, sponges,
Uzumakigokai (i.e., tube animals of Spirorbidae spp.), gammaridean

amphipods, and feather duster worms which were settled on the substrate
plates 6 weeks after they were placed in seawater in an Example of the
present invention. The upper graph: experimental section (with light
irradiation); the lower graph: control section (without 1light
irradiation) ;

Fig. 9B shows graphs of the coverage, on substrate plates, of
hydroids, algae, Fusakokemushi, Itakokemushi, Edakokemushi, sea
squirts, sponges, Uzumakigokai, gammaridean amphipods, and feather
duster worms which were settled on the substrate plates 8 weeks after
they were placed in seawater in an Example of the present invention.
The upper graph: experimental section (with light irradiation); the
lower graph: control section (without light irradiation);

Fig. 9C shows graphs of the coverage, on substrate plates, of

hydroids, algae, Fusakokemushi, Itakokemushi, Edakokemushi, sea



squirts, sponges, Uzumakigokai, gammaridean amphipods, and feather
duster worms which were settled on the substrate plates 10 weeks after
they were placed in seawater in an Example of the present invention.
The upper graph: experimental section (with light irradiation); the
lower graph: control section (without light irradiation);

Fig. 9D shows graphs of the coverage, on substrate plates, of
hydroids, algae, Fusakokemushi, Itakokemushi, Edakokemushi, sea
squirts, sponges, Uzumakigokai, gammaridean amphipods, and feather
duster worms which were settled on the substrate plates 12 weeks after
they were placed in seawater in an Example of the present invention.
The upper graph: experimental section (with light irradiation); the
lower graph: control section (without light irradiation) ;

Fig. 9E shows graphs of the coverage, on substrate plates, of
hydroids, algae, Fusakokemushi, Itakokemushi, Edakokemushi, sea
squirts, sponges, Uzumakigokai, gammaridean amphipods, and feather
duster worms which were settled on the substrate plates 14 weeks after
they were placed in seawater in an Example of the present invention.
The upper graph: experimental section (with light irradiation); the
lower graph: control section (without light irradiation);

Fig. 9F shows graphs of the coverage, on substrate plates, of
hydroids, algae, Fusakokemushi, Itakokemushi, Edakokemushi, sea
squirts, sponges, Uzumakigokai, gammaridean amphipods, and feather
duster worms which were settled on the substrate plates 16 weeks after
they were placed in seawater in an Example of the present invention.
The upper graph: experimental section (with light irradiation); the
lower graph: control section (without light irradiation); and

Fig. 10 shows graphs of the coverage, on substrate plates, of
Fusakokemushi, Itakokemushi, Edakokemushi, sea squirts, sponges,
ragworms, and other animals which were settled on the substrate plates
6—16 weeks after they were placed in seawater in an Example of the present
invention. (A) experimental section (with light irradiation); (B)

control section (without light irradiation).

Embodiment for carrying out the invention
[0008]

The objects, features, advantages, and ideas of the present



invention are apparent to those skilled in the art from the description
of the present specification. Furthermore, those skilled in the art
can easily reproduce the present invention from the description of the
present specification. The mode and the specific example described
below represent a preferable embodiment of the present invention, which
is given for the purpose of illustration or description. The present
invention is not limited thereto. It is obvious to those skilled in
the art that various changes and modifications may be made according
to the descriptions of the present specification without departing from
the spirit and scope of the present invention disclosed herein.
[0009]

A method of preventing settlement of sessile organisms on a
structure in water according to the present invention includes the step
of irradiating light comprising the spectrum of 409 to 412 nm to a
structure.

[0010]

As used herein, sessile organisms refer to organisms capable of
settling on a surface of a structure in water and examples include algae
belonging to the classes Bacillariophyceae, Chlorophyceae,
Phaeophyceae, and Rhodophyceae and animals belonging to the order
Mytiloida such as Mytilus galloprovincialis and Hiatella orientalis;
the order Pterioida such as Anomia chinensis and Lima vulgaris Link;
the class Bryozoa such as Bugula neritina, Watersipora suboboidea, and
Usuitakokemushi; the order Sabellida such as Janua foraminosa; the order
Amphipoda; sponges; the class Ascidiacea; and the class Hydrozoa. 1In
addition, also included in sessile organisms are viruses that reside
on surfaces of organisms, which can be wild or farm-raised, such as fishes,
oysters, and scallops; bacteria; fungi; and pathogenic worms and
parasitic worms, such as protozoan parasites, myxosporean parasites,
monogenean parasites, flukes, tapeworms, nematodes, spiny-headed worms,
and Kokakuchu (i.e., arthropods of Crustacean spp.).

[0011]

As used herein, the structure is not specifically limited as long
as it is located in water, and examples include water intake systems,
rotary screens, bar screens, drum screens, shellfishfiltration systems,

mussel filters, net screens, water intake pumps, circulating water pumps,



circulating water pipes, heat exchangers, condensers , bearing cooling
water coolers, lubricating oil coolers, LNG vaporizers, power generators,
sponge ball cleaning wunits, water discharge systems, seawater
temperature gauges, residual chlorine meters, water quality meters,
jellyfish protection nets, waterwheels, impellers, valves, rotation
shafts, water intake channels, filtration tanks, and membranes of
thermal power plants, nuclear power plants, tidal power plants, wave
power plants, ocean current power plants, ocean thermal energy
conversion plants, hydroelectric power plants, seawater pumped
hydroelectric energy storage plants, LNG plants, oil refinery plants,
or seawater desalination plants; dams; ships; hulls, screws, ballast
tanks, ballast water intake and discharge pipes, and pumps in shipyards;
water tanks, pipes, pumps, sand filter tanks, net bait wells, ropes,
and seaweed farming nets in aquaculture facilities, experimental
aquaculture facilities, fisheries facilities, aquariums, or fish and
shellfish farming tanks; buoys; floating piers; floats; and fixed
fishing nets.

[0012]

The light to be irradiated to sessile organisms comprises the
full spectrum of 409 to 412 nm. It can comprise the spectrum of a part
of 400 to 440 nm. It should be noted that the term "a part" is intended
not to include "full". It is preferable that the light comprise the
full spectrumof 400 to 412 nm and may comprise the spectrumof ultraviolet
radiation (having wavelengths shorter than 400 nm), visible radiation
(having wavelengths of 400 to 830 nm), or infrared radiation (having
wavelengths longer than 830 nm). Light with wavelengths in the range
between 400 nm and 420 nm can be transmitted better through seawater
than ultraviolet light. Accordingly, the present invention can exert
effects of light on a larger area compared with methods using light in
theultraviolet range only. Inaddition, as shown in Examples, the light
has preferably a peak wavelength in the range between 409 nm and 412
nm. This light may not be necessarily a laser beam.

[0013]

The irradiance of the light is not specifically limited and can

appropriately and easily be determined by those skilled in the art

depending on the environment to be irradiated (e.g., quality, depth,



and clarity of the water). It is preferable to irradiate light with
an irradiance of 3 Wm® or higher, and light with an irradiance of about
200 Wm? or higher is more preferable. The light with a spectral
irradiance of about 1.4 uWem °nm ' or higher at the sessile organisms
in the range between 409 nm and 412 nm is preferable and the light with
a spectral irradiance of about 500 pWem °nm ' or higher is more preferable.
The light irradiation time is also not specifically limited and can
appropriately and easily be determined by those skilled in the art
depending on the environment to be irradiated. The irradiation time
can be set at, for example, 3 seconds or longer, 10 seconds or longer,
30 seconds or longer, 100 seconds or longer, or 5 minutes or longer.
The irradiation can be continuous or intermittent. When the irradiation
is intermittent, the total light irradiation time is preferably as
described above.
[0014]

The irradiation method is not particularly limited, but devices
such as an LED emitter, a mercury lamp, and a fluorescent tube can be
used as the irradiator. An LED emitter is preferred and optical fibers

using LEDs are particularly preferable.

Examples
[0015]
<1l> Preparation of model channel

In this Example, a model channel of 7 m long, 10 cm wide, and
10 cm deep was disposed in a place on an offshore facility of Hiroshima
Prefectural Fisheries and Marine Technology Center, and seawater was
run through the channel at a flow rate of 0.1 m/sec. An LED light unit
(with SMD LEDs manufactured by CCS Inc.; LED panel model name:
ISL-150X150-VV-TPHI/BTFN; light-emitting surface: 15 cm x 15 cm; the
number of SMDs: 120 (i.e., 8 by 15); the size of SMD: 5 x 5 mm; peak
wavelength: 409 to 412 nm; viewing angle characteristics: half-power
angle of 58.6°, half width of 14 nm) was disposed on a sidewall of the
channel and light was emitted horizontally into the channel through a
diffuser and a silica glass (of 5 mm thick). A light shaping diffuser
(Optical Solutions Corp., LSD60x1PC1l0-F5, 1.25 mm thick, substrate;

polycarbonate) with which a beam is shaped in an elliptical pattern



(diffusion angle 60° x 1°) was mounted between the panel and the silica
glass. The LED light was diffused using this light shaping diffuser
and irradiated into the channel. The LED light was irradiated through
an opening of 10 cmx 10 cm (square) formed in the sidewall of the channel.
[0016]

Next, substrate plates (each having a width of 10 cm and a height
of 15 cm) were placed on the other sidewall of the channel. First, a
substrate plate (E) was placed right in front of the LED panel. Four
substrate plates were placed on either side of E every 25 cm (with a
gap of 15 cm between the adjacent substrate plates) (i.e., A to D and
F to I on the opposite sides of E from the upstream to the downstream),
and additional four plates (J to M) were placed on the downstream side
every 100 cm (with a gap of 90 cm between the adjacent substrate plates)
to eventually line up the substrate plates in the order of A to M from
the upstream to the downstream.

[0017]

During the experiments, light from outside to the channel was
blocked, and the LED light was adjusted so that the irradiance was about
200 Wm® at the center of the substrate plate E (base point) facing
opposite to the LED panel. Measurements of the beam at the start of
the experiment (March 6, 2014, 15:00) are given in Table 1. As a control,
a channel within which light from outside was blocked and no LED light

was irradiated was used (with substrate plates A’ to M').

[0018]
[Table 1]
Substrate Photon flux Irradiance Illuminance Peak Peak spectral
plate density wavelength irradiance
pmols 'm™? Wm? 1x nm pWem *nm™*
A 0.24 0.079 0.32 407 0.011
B 0.83 0.146 0.30 407 0.035
C 3.62 0.460 2.55 407 0.160
D 27.19 3.121 20.58 407 1.431
E 1768.5 199.687 970 406 506.238
F 27.13 3.114 20.29 407 1.394
G 3.54 0.451 2.23 407 0.155
H 0.84 0.147 0.57 407 0.031
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I 0.24 0.079 0.48 407 0.011
J 0.02 0.054 0.21 406 0.001
K 0.00 - 0.27 - -
L 0.00 - 0.00 - -
M 0.00 - 0.00 - -

* J to M: 0.4 >

The irradiance in seawater was calculated by measuring a photon
flux density in seawater and then using the following equation (I)
obtained from a relationship between the irradiance and the photon flux
density measured in the air in advance (Fig. 1).

Irradiance (Wm™?) = 0.112884 x photon flux density (umols 'cm?)
+ 0.051842 ... (I)

During the experimental period, the irradiance at the substrate
plate E was adjusted to 200 Wm? every observation day by setting the
photon flux density in seawater at 1768.5 pmols ‘cm™ .

[0019]

The following devices were used for the measurements.

(1) Photon flux density: Underwater quantum sensor LI-192SA (400
to 700 nm) manufactured by MEIWAFOSIS Co., Ltd.

(2) Spectral irradiance: Multi-purpose spectroradiometer
MSR-7000N (200 to 2500 nm) manufactured by Opto Research Corporation

(3) Illuminance: Illuminance meter T-10WL (spectral wavelength
range of 400 to 700 nm) manufactured by Konica Minolta Sensing Inc.

A relationship between the wavelength of the LED light and the
spectral irradiance at the substrate plates is shown in Fig. 2. The
peak was within the wavelength range of 409 to 412 nm at all substrate
plates.

[0020]

The irradiance of the LED light in seawater shown in Table 1 was
attenuated to 73.2% at a position 5 cm away from the panel and to 44.43%
at a position 10 cm away from the panel (Fig. 3). Accordingly, when

the irradiance at the substrate plate E is 200 Wm™?, the irradiance at

2

a position 0 cm away from the panel is 450 Wm ° and the irradiance at

the center of the channel (5 cm away) is 325 Wm 2.

[0021]
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Illumination of the LED light actually reached a 30-cm-wide range
over the substrate plates facing to the LED panel. Since the seawater
was run at a flow rate of 0.1 m/sec., larvae in the seawater pass through
the illuminated area over 1-3 seconds, during which they are irradiated
with light with the irradiance of 200 to 450 Wm* for at least 1 second.
[0022]

A net made of CREMONA® yarns (knotless net manufactured by NITTO
SEIMO Co., Ltd.; yarn diameter of 1 mm, and mesh size of 5 mm) was attached
to each substrate plate (Fig. 4). Each substrate plate is 10 cm wide
and immersed 10 cm into water within the channel. The sessile organisms,
however, settled up to 13 cm height, above the surface of the seawater.
Accordingly, the 13-cm span from the bottom of the water is subjected
to examination, that is, the substrate plate is examined on the area
of 130 cm®. This examined area has 16 warps and 20 wefts. The number
of mesh squares (5 mmx 5 mm) is 300 (15 squares in column and 20 squares
in row) per single examined area.
<2> Suppression of settlement of sessile organisms by irradiation of
LED light

Settlement of sessile organisms on the substrate plates thus
arranged was observed every 2 weeks. Various sessile organisms started
to settle after 4 weeks in a time specific manner. Transitions of their
settlement status are shown in Fig. 5.

[0023]

After the start of the examination on March 6, 2014, bivalves,
in particular, Mytilus galloprovincialis and Hiatella orientalis
settled from the middle of April and the number of settled animals of
these two species tended to increase until the late June. Hydroids had
grown thickly from the middle April to the middle May, which was
disappeared in the late May. Thereafter, especially Bugula neritina
as well as other moss animals such as Itakokemushi, Edakokemushi,
Watersipora suboboidea, and Usuitakokemushi and sea squirts had
dominated. Besides, settlement of organisms such as Uzumakigokai,
sponges, and gammaridean amphipods was observed. No organism was,
however, found to have settled for 16 weeks in the migration of the sessile
organisms on the substrate plate E where light had continuously

irradiated at the irradiance of 200 Wm?. Sufficient suppression of
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settlement of organisms was observed at the substrate plates D and F
after 8 weeks, where light with the irradiance of 3 Wm™® was continuously
irradiated. Appearances of the substrate plates after 3, 8 and 16 weeks
are shown in Fig. 6.

[0024]

As an example of the actual state of settlement, the total number
of settledbivalves was counted after 4 to 16 weeks. The results obtained
at 4 to 14 weeks were represented as graphs as shown in Fig. 7. It should
be noted that the result obtained after 16 weeks was almost identical
to the one obtained after 14 weeks. Furthermore, the number of settled
animals was counted for Mytilus galloprovincialis, Hiatella orientalis,
Anomia chinensis, and Lima vulgaris Link and is shown as graphs in Fig.
8. Coverages over the substrate plates were determined after 6 to 16
weeks for hydroids, algae, Fusakokemushi, Itakokemushi, Edakokemushi,
sea squirts, sponges, Uzumakigokai, gammaridean amphipods, and feather
duster worms and are shown as graphs in Fig. 9. The coverage was
calculated as a percentage of coverage relative to the examined area
of 130 cm®. 1In addition, using the substrate plates collected after the
completion of the experiment (after 16 weeks), wet weights of
Fusakokemushi, Itakokemushi, Edakokemushi, sea squirts, sponges,
ragworms, and other organisms were measured. The results are shown in
Fig. 10.

[0025]

No settlement of bivalves was observed even after 16 weeks on
the substrate plate E where the light comprising the spectrum of 409
to 412 nm was irradiated directly whereas settlement of bivalves was
observed on other places. Furthermore, more animals were settled on
the upstream of the substrate plate E and few animals were settled on
the downstream within the experimental zone irradiated with light as
compared with the control zone without irradiation of 1light. A possible
reason for this is that, when the sessile organisms reached a place
irradiated with light, they turned back in response to the light and
settled on, for example, the substrate A and B where less amount of light
was irradiated. As a result, the number of sessile organisms that passed
through the substrate plate E was decreased, resulting in the decrease

of animals settled on the downstream of the substrate plate E.
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[0026]

Since settlement of sessile organisms other than bivalves and
sea squirts was reduced on the substrate plates D and F, it can be
considered that death of organisms is promoted and addition and growth

of organisms are suppressed in the transition.

Industrial applicability
[0027]
The present invention made it possible to provide methods of

preventing settlement of sessile organisms on a structure in water.
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Claims
1. A method of preventing settlement of a sessile organism on a
structure inwater, comprising irradiating light comprising the spectrum

of 409 to 412 nm to the structure.

2. The method according to Claim 1, wherein the sessile organism
comprises an alga, a mussel, a wing oyster, a moss animal, a feather
duster worm, a gammaridean amphipod, a sponge, a sea squirt, and a

hydroid.

3. The method according to Claim 1 or 2, wherein the 1light comprises

the spectrum of a part of 400 to 440 nm.

4. The method according to any one of Claims 1 to 3, wherein the

light has a peak wavelength in the range between 409 nm and 412 nm.

5. The method according to any one of Claims 1 to 4, wherein the

1

light has a spectral irradiance of 1.4 pWem °nm™* or higher between 409

nm and 412 nm at the structure.

6. The method according to any one of Claims 1 to 5, wherein the

light comprises the spectrum of 400 to 420 nm.

7. The method according to any one of Claims 1 to 6, wherein an

irradiance of the light is 3 Wm? or higher.

8. The method according to any one of Claims 1 to 7, wherein the

light is not a laser beam.

9. The method according to any one of Claims 1 to 8, wherein the

light is LED light.

10. The method according to any one of Claims 1 to 9, wherein the

water i1s seawater.
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