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Abstruct

Photocatalytic is an effective disinfection method. In this study, TiO,
TiO,/Ag(nanoparticle), Si0s, Si0,/Ag(nanoparticle), Ti0,-Si0» and
Ti0O,-Si0,/Ag(nanoparticle) films were prepared by sol-gel method at various sintering
temperature and dip-coat speeds. The results indicated that the bactericidal efficiency of
TiO, plus Ag(nanoparticle) is much better than that of pure TiO,, pure SiO; or SiO; plus
Ag nanoparticle. For TiO,/Ag(nanoparticle) film, the inactivation of bacteria is highest
at low sintering temperature and high dip-coat speed of film. These results contract with
TiO; film, inactivation of bacteria is highest at high sintering temperature and high
dip-coat speed of film. The photocatalytic activity increased at increasing concentration
of Ag(nanoparticle) plus TiO, or SiO, increasing irradiation time and increasing
irradiation dose. These indicated that the presence of UV light was a significant factor
under conditions tested, presumably due to its role in generation of reactive oxygen
radical species.

1.Introduction

TiO, is the most suitable chemical for 2.Methods and Materials

photocatalytic disinfection of water (1). Bacterial strains. Bacillus atrophaeus
TiO, is widely used as a photocatalyst strain ATCC9372 was purchased from
because it is highly efficient, nontoxic, Shikoku Kakoki Co., Ltd (Japan), and
chemically and biologically inert and wused as a model microorganism for the
photostable, inexpensive and has good disinfection experiments.

mechanical ~ hardness (2). Silver Preparation of  Catalysts. TiO,,
nanoparticle dispersed in TiO, film TiO,/Ag(nanoparticle), Si0,,
enhances electron-hole separation, the SiO,/Ag(nanoparticle), and
visible light excitation of TiO, and, by SiO,-TiO,/Ag(nanoparticle) films were
extension, enhancement of  the prepared using fetra-isopropoxytitanium
photocatalytic inactivation of Ti(i-OC;H5)4 [Kantokagaku], silver paste

microorganisms (3). The aim of this (Ag(nanoparticle)) [Nihon Paint]. The
work was to produce TiO; and/or TiO,/Ag glass substrate were immersed in sol
(nanoparticle)-coated glass substrates for solution at rates between 0.75 and 2.25
surface sterilization by studying the effect mm/s and dried at room temperature for
of sintering temperature; ratios of TiO,, 10 min. The sol films were calcined at
SiO, and Ag(nanoparticle) in coating various temperatures between 250 - 600°C
films; and dip-coating speed on the for 60 min to achieve cohesion and
elimination of Bacillus atrophaeus. adhesion of the film to the substrate.



The Journal of Light Emitting and Life Innovation

Fifty microliters of bacterial suspension
was added drop-wise onto the surface of
each film and exposed to UVA-LED. After
irradiation, the sample was placed in a
petri dish with 5 ml of PBS, and shaken
for 10 min. Following the appropriate
dilutions, the sample was plated on LB
agar plates and incubated at 37°C for 24 h
to obtain a colony count.

3.Results and discussion

Effect of calcination temperature. The
survival of B. atrophaeus was investigated
as a function of sintering temperature.
Difterent dip-coating speeds, such as 0.75
mm/s, 1.50 mm/s, and 2.25 mm/s, were
used to coat the glass substrates. The
efficiency of the bactericidal activity of
TiO, increased with increasing sintering
temperature. However, the bactericidal
efficiency  of  TiO,/Ag(nanoparticle)
increased with  decreasing sintering
temperature.

Effect of dip coating speed. The use of
different dip-coating speeds showed that
the bactericidal activities of both pure
TiO, and TiO,/Ag(nanoparticle) -coated
glass sheets were maximal at the highest
dip-coating speed. Therefore, the optimal
conditions for the use of pure TiO, were
high dip-coating speed and high sintering
temperature, and the best conditions for
the production of
TiO,/Ag(nanoparticle)-coated samples
were low sintering temperature and high
dip-coating speed. These optimized
parameters were used for all subsequent

experiments.

Effect of irradiation time. In the absence
of UVA, neither TiO, nor
TiO,/Ag(nanoparticle)  film  exhibited
bactericidal activity. Bactericidal
efficiency = was  increased in a
time-dependent  manner by  UVA
irradiation of  both TiO,- and

TiO,/Ag(nanoparticle)-coated samples.

Effect of catalyst ratio and irradiation
dose. TiO,/Ag(nanoparticle) and
SiO,/Ag(nanoparticle), both present in
atomic ratio of 6:0 and 6:1 were used to
investigate the effect of a particular

VOL 2 March 2015

catalyst on photocatalytic disinfection.
Because the biological activity of SiO, is
very low, it served as the negative control
for TiO,. UVA irradiation of SiO, samples
induced little killing; the bactericidal
activity of SiO, was significantly lower
than that of TiO,. The addition of
Ag(nanoparticle) enhanced UVA
bactericidal activity in a dose-dependent
manner. Likewise, the coating composed
of Si0O,:TiO;:Ag(nanoparticle) required
UV exposure to activate photocatalytic
bacterial inhibition. The level of SiO,
affected antibacterial activity much less
than the presence of TiO,, asindicated by
the rise in activity with catalyst loading of
TiO,. The rate of disinfection 1is
remarkably enhanced in the presence of
TiO, as a result of not only increasing
TiO, content but also the presence and
increasing  Ag  content. When
Ag(nanoparticle) contacts TiO,, electrons
are transferred from TiO; to silver. Those
electrons are loaded on the surface of
silver and scavenged by an electron
acceptor, thereby decreasing electron-hole
recombination. Therefore, the presence of
Ag(nanoparticle) in TiO»/Ag or SiO./Ag
coatings can help more holes transport to
the surface and enhance photocatalytic
efficiency.

4.Conclusion

Inactivation of bacteria is highest at high
sintering temperature and high dip-coat
speed of film. The photocatalytic activity
increased at increasing concentration of
Ag(nanoparticle) plus TiO; or SiO;,
increasing irradiation time and increasing
irradiation dose.
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We present a novel In Situ monitoring technique for the growth of gallium nitride based materials and device struc-
tures. Using the bulk transmission characteristics of GaN, the temperature dependency of the band-edge is analyzed to
extract key parameters which can be used for quality control in Light Emitting Diode (LED) production. Results obtained
from a LED structure growth process demonstrate the potential of the technique for precise wafer temperature mea-
surement compared to traditional pyrometry systems, which measure the temperature of the substrate below the in-
frared-transparent wafer. Using a time-correlated single wavelength band-edge transmission approach, a highly repro-
ducible temperature measurement of the wafer surface was obtained. Further, precise determination of the surface
residual roughness during the initial phase of the growth, or pit density, was precisely monitored in a quantitative
fashion. Finally, effects of the Indium incorporation in multiple quantum well (MQW) structures used in optical emitting
devices was measured to unprecedented detail. Further analysis of this information should lead to real-time monitoring
of the Indium concentration, in turn bringing a new level of precision to the epitaxial deposition process of GaN based

materials.

1. Introduction

In manufacturing, obtaining real time feedback of the
process is important in order both to determine prob-
lems at early stages as well as to optimize the throughput
of production. In the case of LEDs as well as most semi-
conductor based device fabrication, the initial process
and the semiconductor wafer growth process can be con-
sidered most crucial. Maximizing the within-wafer (WIW)
uniformity, minimize wafer defect density, and control
the emission wavelength of the resulting LED, all depends
on the crystal growth quality control. In situ monitoring
tools providing real time measurements of the process
are more and more being seen as basic necessity for this
purpose. A particular important parameter to optimize is
the temperature at the wafer surface before performing
the active layer of the LED (MQW) in order to control the
final emission wavelength. Traditionally, In Situ tempera-
ture measurements are based on an optical pyrometry
system which measures the amount of black body emis-
sion. To further improve the accuracy of pyrometric mea-
surements, such system usually have to be corrected for
emissivity changes at the surface of the thin film."? How-
ever, a fundamental remaining problem is that such sys-
tems cannot distinguish between a lowering of the tem-
perature and an unrelated decrease in the measured
emission intensity such as due to a dirty window on the
growth chamber. Furthermore, in the common case of
GaN based LEDs grown on sapphire, where the material is
transparent in the near-infrared (NIR), most of the black
body emission seen by optical pyrometry comes from the

heated susceptor behind the actual wafer.® In order for
pyrometry to be effective in measuring the wafer tem-
perature of GaN on Sapphire, the measurement would
need to be made in the non-transparent region of the
spectrum, typically at wavelengths shorter than 400nm.°
This in turn has the disadvantage that black body emis-
sion decreases exponentially toward shorter wavelengths
and nearly no photons are emitted at temperatures near
the ones critical to the process. In this paper, we intro-
duce a novel method allowing absolute measurement of
the wafer surface temperature. This method is based on
the time-correlation of a single transmitted wavelength
near the band-edge of GaN, allows for rapid measure-
ment (usec sampling) even at low temperature, and is
emissivity independent. Furthermore, due to the nature
of this measurement not depending directly on emission
intensity®, traditional pyrometry may be calibrated by this

Figure 1: YGrowthMonitor (YGM) family product
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Figure 2: YGM-BandTime schematic diagram

method. Systems using only pyrometry for temperature
determination require frequent calibrations to compen-
sate for changes in the intervening optical components
(such as window of the port chamber, or any optics re-
quired to access the chamber).**® Exploiting the band-
edge characteristic has the big advantage of being able to
obtain a measurement of the temperature without any
required calibration procedure. This new technology has
been integrated in the latest generation of YGrowthMon-
itor(tm) tools, a family of In Situ monitoring products
built by YSystems. Figure 1 shows an example research
level system which includes the YGM-BandTime(tm)’®
module making use of the technology discussed in this
paper.
2. Method

Figure 2 shows the principle behind YGM-BandTime.
The incident light on the wafer is first transmitted through
the thin film, and then reflected by the rough back sur-
face of the substrate and/or the susceptor surface. The
diffused reflection is collected by a sensor placed at a dif-
ferent angle compared to the specular reflection. When
temperature of the GaN layer increases, its band-edge

2

0.8

0.6

Transmission

04

02

360 380 400 420 440 460 480 500 520
Wavelength
(nm)
Figure 3: Temperature dependence of the GaN
transmission spectrum

VOL 2 March 2015

Susceptor temperature

Oven temperature setting

Diffuse reflection 100%

(GaN Transmittance)

600
580 90%
560 80%

540 70%

(°C)

520 60%

500 50%
480 40%

460 30%

Diffuse Light Reflection

Temperature

440 20%

420 10%
400 =t L W 0%
2000 4000 6000 8000 10000 12000 14000 16000 18000 20000
Time (seconds)
Figure 4: Pyrometer temperature versus wafer

temperature for GaN on sapphire

transmission characteristic shifts to longer wavelength, as
shown in Figure 3. The band-edge transmission is directly
related to the bulk temperature of the GaN epitaxial
layer, and therefore it is possible to extract an absolute
temperature value of the wafer surface. An important
point is that the diffuse reflectance used is independent
from the emissivity changes of the substrate surface.’ Fur-
thermore, using single monochromatic laser light (single
wavelengths) allows for rapid monitoring, even at low
temperature, compared to full spectral acquisition, or
compared to long light integration times that would be
required to acquire black body emission signals at short
wavelengths.® As mentioned above, in order to detect py-
rometric information at the wafer surface, measurements
made in the near ultra-violet portion of the spectrum
have to be performed, since the GaN becomes transpar-
ent at longer wavelength. In spectral acquisition, white
light or broad band emission light sources are usually
used. Due to the large amount of data required to obtain
a spectrum, and due to the relatively weak signal as com-
pared to laser light, it is technically difficult to make such
a measurement in microsecond time scales. The method
presented here doesn’t suffer from these drawbacks.

Start of the low temperature buffer growth

Start of the bulk GaN growth
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Figure S: YGM-BandTime growth monitoring
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High power blue lasers are used, making the reflected sig-
nal easy to distinguish from the background radiation of
the heater. As each individual wavelength is specific to a
certain temperature range, multiple wavelengths (lasers)
are used to cover a wide range of temperatures.

3. Results

Measurements made of a GaN/Sapphire wafer in a
controlled radiative oven are shown in Figure 4. For this
experiment, the wafer was placed on a quartz susceptor.
Wafer surface temperature has been extracted using the
band-edge transmission of GaN to demonstrate how im-
portant can be the difference between the susceptor
temperature measured by a pyrometer and the wafer
temperature. Those measurements have also been made
at low temperature, illustrating the capacity of this
method to monitor low temperature processes. With the
collaboration of the university of Nagoya, In Situ monitor-
ing of a LED structure grown by metal-organic chemical
vapor epitaxy (MOCVD) had been measured using YGM-
BandTime. Results obtained are illustrated in Error: Ref-
erence source not found. The GaN transmission for two
different wavelengths are shown (405nm and 445nm). In
this process, the shortest wavelength is used to quantify
the surface roughness, as it will be explained in the next
section. The 445nm band-edge transmission is used to ob-
tained the absolute temperature at the wafer surface. An-
other interesting aspect is the result obtained while per-
forming the MQWs. Variations observed in the transmis-
sion signal are directly correlated with the deposition
process of indium, and will also be discussed further be-
low.

4. Discussion

For GaN layers above a certain thickness, wavelengths
below the transmission band-edge (called here “satu-
rated wavelength”) will result in technically 0% of the
source being reflected from the back of the wafer. The
only remaining signal is therefore a diffused reflection
from the wafer surface, as shown in Figure 2. By monitor-
ing the diffuse portion of this reflection, information
about the surface roughness can be obtained. In the ini-
tial phase of the growth, a high density of pits are present
at the wafer surface, resulting in a strong diffused reflec-
tion. As the growth progresses, pit density reduces, and
consequently the surface roughness induced signal grad-
ually disappears, as it can be seen in Error: Reference
source not found. The time at which the saturated wave-
length becomes flat is used to precisely quantify the sur-
face residual roughness, or the complete overgrowth of
pits. Knowing this precisely can be used to greatly im-
prove the efficiency of LED growth as most of the process
time is currently being used to guarantee a complete GaN
buffer layer. The thickness of this layer can be optimized

VOL 2 March 2015
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In Situ if the time required to form the complete epitaxial
layer is known.

Another important parameter for LED production is the
absolute temperature at the wafer surface when growing
the Indium containing active layer of the LED. The tem-
perature during this process is very important since it will
directly affect the indium incorporation during the depo-
sition process. The final indium composition of a LED in
turn determines its emission wavelength. Using tradi-
tional pyrometry system, it is impossible to get an abso-
lute temperature, since pyrometer measures the suscep-
tor temperature. As shown in Figure 4, there is a consid-
erable difference between the susceptor temperature
and the temperature at the wafer surface. Pyrometer
measurements are also affected by the transmission
changes of optical components in its field of view, and
therefore increase the difficulty of obtaining accurate and
reproducible information. With the BandTime technol-
ogy, there is no such problem since the band-edge char-
acteristic is independent of the light intensity. Highly re-
producible temperature measurement from one process
to another can be achieved. As the band-edge transmis-
sion of the GaN is directly related to temperature, the

048
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Figure 7: InGaN quantum wells growth
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LED emission wavelength can be said to be dictated by
the bulk band-edge transmission. The dependence of the
LED emission wavelength as function of bulk transmis-
sion, or BandTime temperature, has been observed and
the trend obtained is shown in Figure 6. From this trend,
a direct reading of the band-edge transmission just be-
fore the start of the MQW growth (as illustrated in Error:
Reference source not found) enables the prediction of
the final LED emission wavelength.

Finally, details of the growth monitoring during the
MQW structure warrant further discussion. Figure 7
shows a blow-up of this section taken from Error: Refer-
ence source not found, where the impact of the indium
deposition on the transmitted signal is clearly seen. Each
phase of the process can be observed, wherein for each
step of InGaN deposition the absorption is seen to in-
crease, while in each step of the GaN barrier the absorp-
tion remains constant, except for the optical interference
change due to the layer thickness changes. The degree of
absorption caused by the indium deposition gives un-
precedented information related to each quantum well.
Theoretical fitting has been performed and results ob-
tained so far show great potential for exploiting this infor-
mation

5. Conclusions

In the present paper, we have introduced YGM-Band-
Time, a new generation I/n Situ monitoring technology
based on time-correlated single wavelength band-edge
transmission. The temperature dependence of the band-
edge is used to infer the wafer temperature, promising
enhanced quality control for LED production. This tech-
nology enables rapid measurement of the absolute tem-
perature of the wafer, even at low temperature. As the
band-edge characteristic is independent of the light in-
tensity, no particular calibration process is required, as
opposed to traditional pyrometric system, which are af-
fected by the transmission changes of intervening optical
components. Highly reproducible temperature measure-
ment of the wafer surface was achieved. Furthermore,
use of saturated wavelengths was shown to provide infor-
mation on the surface residual roughness during the ini-
tial phase of the growth. Finally, results obtained during
the MQW process showed unprecedented detail, in which
we could distinguish each phase of the indium deposition
process. Those results demonstrate a great potential in a
new avenue of monitoring epitaxial deposition process of
GaN based materials.
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Abstract

Vibrio parahaemolyticus is a marine bacteria and causative food-poisoning associated with seafood

consumption. V. parahaemolyticus is irradiated by sun light including ultraviolet (UV) light constantly

therefore expected to have ultraviolet sensitivity but little is known about this. UV is classified by wavelength
into UVC (100-280 nm), UVB (280-320 nm), and UVA (320-400 nm). We irradiated 255, 290, 310, 340, 365 and

385 nm of UV light on V. parahaemolyticus to compare gene expression differences of UV effects by

microarray for the purpose of food hygiene technology improvement.

Introduction
V. parahaemolyticus is a gram negative, rod shape,
marine and halophilic bacteria. It 1is causative
food-poisoning associated with seafood consumption in
of the world (1,2).

parahaemolyticus is in the sea and it has been irradiated

many parts Range of V
by sun light including ultraviolet (UV) light constantly.
Therefore, V. parahaemolyticus is expected to have
ultraviolet resistant but little is known about this.
Previous analyses have demonstrated that SOS response
was induced by UVC irradiation but not by UVA
irradiation in V. parahaemolyticus (3). SOS response is
induced when bacteria receive severe DNA damage and
repairing DNA damage. We have reported disinfection
system using 365nm of UVA-LED (4, 5, 6). In this study,
variety of UV wavelengths were irradiated on V.
parahaemolyticus which has totally 4832 genes, to
compare gene expression level by microarray analysis
for the purpose of food hygiene technology
improvement.

Materials and Methods

Bacterial strain and culture condition

V. parahaemolyticus RIMD2210633 (GenBank ID:

BA000031.2 and BA000032.2) was used in this study. V.

parahaemolyticus was pre cultured 18 h at 37°C in
Luria-Bertani (LB) broth (3% NaCl, 1%Tryptone, 0.5%
East Extract) and it was inoculated on to fresh LB broth
and cultured 6 h at 37°C to the stationary phase. Then
cells were collected by centrifugation at 12000g, 3min
and washed three times by phosphate buffered saline
(PBS, 140 mM NaCl, 2.5 mM KCl, 1.6 mM KH,POy, 15
mM  Na,HPO,).
adjusted in OD 600nm = 0.5 (1.3x10* cfu/ml) by PBS
and 5 ml in 3 cm dish were irradiated by UV light. After

V. parahaemolyticus solution were

UV irradiation bacterial cells were collected by
centrifugation and pellets were resuspended by LB broth
then 30 min cultured for UV damage repair. Then
mRNA were extracted by RNeasy (QIAGEN) according
to the manufacture’s instruction. RNA Integrity Number
(RIN) were 8.2 to 10 by 2100 Bioanalyzer (Agilent
Technologies).

UV irradiation

255, 290, 310 and 340 nm light were irradiated by
Xenon UV light device (Asahi Spectra, Japan). 365 and
385 nm light were irradiated by UV-LED (365nm;
NCSUO033B, 385nm; NC4U134A, Nichia corp. Japan).

Distance from light source to bacterial solution was



The Journal of Light Emitting and Life Innovation

fixed at Scm by the dish stand which originally made.
UV intensities were adjusted respectively to achieve
same UV damage level, the survival ratios (log;g) were
-0.5.

Microarray

DNA microarray was customized by Agilent technology.
100ng of total RNA were put into cyanine 3 labele
treatment and labeled cRNA samples were hybridized
for 17 hours at 65 °C according to the manufacture’s
instruction (Agillent Technologies). Array slides were
scanned and image data were extracted by Agilent
Feature Extraction Software.

Results and Discussion

V.parahaemolyticus gene expression differences of UV
irradiation effects were shown (Figurel).

(A)

255n A 90nm
310nm
(B)
340nm 365nm
385nm

Figure.l Venn diagram of up or down regulated genes in
response to UV irradiation against control (no UV irradiated).
(A) 255nm of UVC irradiation, 290nm and 310nm of UVB
irradiation. (B) UVA irradiation. Vparahaemolyticus gene
expression differences were analyzed by GeneSpring
(Agillent technology), listed more than * 1.5 of fold
change.

All of wavelength effected on gene expression, the
12, 290nm; 13,
310nm; 15, 340nm; 75, 365nm; 148 and 385nm; 145.

UVA irradiation effected more gene expression numbers

numbers were as follows, 255nm;

than UVB or UVC. As common denominator among
UVC and UVB, 5 genes were up regulated (VP0648,
VPA0789, VP2342, VP2035, VP2034). In UVA
irradiation, 23 genes were changed. 17 genes were up
regulated, (VP0326, VP1119, VP1120, VP1121, VP1i22,
VPI1123, VPI124,VP1125,VP1126, VP2086, VPAIll59,
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VPA1470, VPA1471, VPA1472, VPA1473, fliH, fliR) and
6 genes were down regulated (VPI888, VPA0242,
VPA0243, VPA0318, VPA0319, VPA1527).

VP0648, one of up regulated genes by UVC or UVB
irradiation, encodes recN protein which has a significant
role in early phase of SOS response, recognizing DNA
damage and coordinating DNA Double Stranded Breaks
(7, 8). It was suggested that SOS response was induced
only by UVC but UVB also on V.
parahaemolyticus.

fliH (VP2247) and fliR (VP2237) were up regulated
by UVA irradiation and encode polar flagellar assembly

by not

protein FliH and FliR. 520nm of green light also up
regulated flagellar related genes and flagellar motility
was increased on Vparahaemolyticus (data not shown).
These flagellar proteins are related to the type III
secretion system which injects virulence factor directly
into the host cells (9). It is not well understand
relationship between light and bacterial virulence yet.
Further analysis will be needed for effective disinfection

system development and food hygiene improvement.
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ABSTRACT

The plant factory has been increasing every year in Japan. It can keep a constant quality to cultivate a lot of crops in
artificial environment. In general, hydroponics which circulates the nutrient solution is carried out in the plant factory. When
the pathogens contaminate hydroponic nutrient solution, it might propagate and spread immediately. Therefore, it is
important to disinfect hydroponic nutrient solution. We developed the disinfection device for hydroponic nutrient solution with
UVA-LED. The system did not use chemical and had low damage crops or nutrient solution. We suggest that it is possible for

disinfectant system with UVA-LED to disinfect pathogen in plant factory.

INTRODUCTION environment and the human body, (C) the disinfection
Japan relies 60% of foods consumed on the food that is system is simple build and easy for use. Disinfection of light
imported from other countries, and can no longer support its is excellent in not using a chemical substance [1~3]. In

people's diet without imported food. The problem that the addition, UVA irradiation has low damage to crops and
maintenance of farmland and radioactive contamination nutrient solution [4]. Therefore, we develop the disinfection
happened by the Great East Japan Earthquake that device with UVA-LED, and we tried to apply the system for
happened in 2011. Thus, it has been required for the stable disinfection of nutrient solution in plant factory.

food supply systems which guarantee the quality of the food.

For these reason, the plant factory is promoted MATERIALS AND METHODS

establishment. This factory can keep a constant quality to We developed a circulating disinfection device including a
cultivate a lot of crops in artificial environment. However, cylindrical disinfection tank of 1L volume (Figl).
hydroponics, which circulate through nutrient solution in FEscherichia coli strain ATCC25922 was used as model
general, are carried out in the plant factory. When microorganism  for the  disinfection  experiments.
hydroponic nutrient solution is contaminated by the Inactivation level was determined by a colony-forming assay
pathogen, the pathogens will propagate and spread. After UVA irradiation, bacterial suspensions were diluted
Therefore, it is important to disinfect hydroponic nutrient appropriately, plated on LB agar plates, and incubated at
solution. 37°C for 18h. After incubation, the number of colonies was

The consciousness of the society about safety and security counted, and log survival ratio or inactivation percentage
of food has increased, and it demanded the methods of was calculated using the following equation;

disinfection, which do not use chemical. In order to supply

food that safety, security, and high quality, it is necessary for Log survival ratio = log( jj\\[fr
o

)

(A) do not use chemical such as disinfectant, (B) kind to
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Ni the colony count of UVA irradiated sample

Nu the colony count of the sample before UVA irradiation

When we downsized a device, we used 96-well plate.

Aliquots (volume, 200uL) were placed into the wells of a

sterile UVA-penetrable 96-well plate and irradiated with
UVA-LED.

Figl. Test model for disinfection device. 560 millimeter long and 1200
millimeter wide. The cylindrical tank is 67millimeter inside diameter and 300

millimeter in total length. This device has eight LED.

RESULTS AND DISCUSSION

The effect of disinfection was not changed when the
volume of UVA irradiation tank was changed from 1L to 3L
in the test model for disinfection. Furthermore, when the
volume of circulating nutrient solution was changed from 5L
to 20L in the test model, 10L of circulating nutrient solution
has best disinfection efficiency. Next, we examined the
circulation speed dependency of the bactericidal effect.
4L/min of circulation speed of the nutrient solution indicated
the highest bactericidal effect.

For more detail examination about the kinetics of
bactericidal effect, we used the small scale model for the
disinfection model (data not shown). The small scale model
indicated good similarity about the kinetics of bactericidal
effect (data not shown). We found that the Log survival
ratio significantly related to fluence (Fig2).

As the experimental results in the small scale model, we
estimate kinetics equation which indicated the relation
between volume of the nutrient solution and log survival
ratio, as followed;

T(V)=2.22 x 10° XV?—2.28 x 10® XV +0.975
T (V); log survival ratio

V: volume of the nutrient solution
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Fig2. Correlation of Log survival ratio and fluence

Vertical axis indicated fluence to the bacterial solution and the horizontal
axle indicated Log survival ratio of the bacteria in the hydroponic nutrient
solution. Regression analysis was perform for estimation the relation between
fluence and Log survival ratio.

Ftest was applied and p < 0.05 was

onsidered siginificant.

Next, we modified the above equation followed by the

experimental results.

S2

o S
*Tw):

102 X——=+59.5

E(V)=-17.85 TW

S; log survival ration for the goal
E (V); the energy of fluence
If Log survival ratio of target is decided, it will be possible to

estimate the required fluence used by above equation.

CONCLUSION

In conclusion, it is possible for UVA irradiation to disinfect
hydroponic nutrient solution. If Log survival ratio of goal is
decided, it will be possible to estimate the required fluence.
In this study, we obtain the necessary condition that develop
disinfection device of hydroponic nutrient solution. We
suggest that it is possible to manufacture disinfection device

supposed plant factory.
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