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SUMMARY

The nutrient solution using in soilless culture system having a
high concentration of nitrogen and phosphorus compounds,
dischaging of waste nutrient solution bring about eutrophic rivers
and lakes. Consequently it is very important and urgent issue,
recycling a nutrient solution to prevent discharing the waste
nutrient solution. Besides, it is one of the solution to the problem of
deficient of irrigation water. For the recycling the nutrient water,
disinfection is needed without give any harmful effect to plant.
Disinfection of nutrient solution could prvent growth of bacteria,
virus, algae.

Though there is many kinds of disinfection methods, the UV
disinfection is most effective to nutrient solution. But UV is
absorbed rapidly through the nutrient solution, disinfection effect is
decrease along the axial direction away from the UV sources. To
overcome the shortage of UV disinfection we introduce photocatalyst
which increase the killing effect to microorganism by forming the
radical groups.

The experiments conducted with following categories and results.

First, choice of lamp type and photocatalyst. we compare the high
pressure mercury lamp and low pressure mercury lamp, the low
pressure UV lamp is more effective to disinfection and having a

longer life time and small energy consumption.

-7 -



In case of photocatalyst, we prepare to kinds of catalyst, one is
titania powder(Degusa P-25) solution and titania film made by
Chemical Vapor Deposition(CVD). The latter is very effective and
convince to disinfection by UV light. So we use a quartz tube
having a 7,000  film thickness of titania film.

From the experiment of disinfection rate in batch system which
equipped with UV lamp (39 watt) and titania coated quartz tube, we
obtained following results.

With the diminish of transmitance from 70 %, 50 %, 30 %, the
cell number (103 cells/mL) is decrease to within 3 min, 5 min, 10
min, repectively, when the initial cell number is changed 3.0x 103 to
1.15x 104 the complete disinfection is accomplished within 4 min.

Based on the rate of disinfection in the UV- photocatalyst system,
we calculate a rate constant as a function of UV intensity and light
bombardment time. Eventually we get the design equation and we
design the equipment for 300 m2 green house nutrient solution
supply.

For the real plant culture with UV-photocatalyst disinfected
recycling system, we prepare perlite granule media bed. The beds
separated by feeding system, first bed is with UV- photocatalytic
disinfection recycling second is with no disinfection system, third is
with UV- O3 disinfected system. In case of no disinfection recycling
system one bed is used perlite another bed is prepared by new

perlite.



Cucumber and tomato was cultured in the various bed system in
the green house. In case of cucumber, 10 % increase of harvesting
of cucumber in UV-TiO2 disinfected recycling system comparing to
no disinfected system. But there is no any blight occurred in the
various bed.

To find controlled reference, tomato was cultured in same kinds
of bed. Ralstonia solanacearum is cultured in the fermentor and put
into nutrient reservoir. From the counting of change of color in
branch of tomato plant, 40 % of color change is observed in no
disinfected recycling bed and 20 % of change is occurred in
UV-titania disinfected recycling system. In case of blight by
bacteria, 18.9 % of blight was revealed in no disinfected system and

2.7 % was revealed in UV-TiO2 disinfected system.
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TiO2

113

1131

UV-A (315 400 nm), UV-B
(280- 315 nm), UV-C (200- 280 nm), far UV (120- 200 nm),
extreme UV (10-120 nm)
uv-C
UVv-B , 200- 300 nm
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quartz  fused silica

96%

260 nm

10,000 microw att
30,000- 40,000 microw att

pH ] 1 ]

KNO3 NHANO3 CaCl2 2H2,
MgSO4 7HZ, KHZPO4
MnSO4 HZ, 2ZnS0O4 7HZD, HBO3 NaMoO4 2HZA, CoCl2
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CuS0O4 5H2D : vitamin FeSO4
7THZ, NaEDTA:- 2HZ
260 nm UV-C band
TiO2
hydroxy! radical(OH- )
Trojan Technologies Inc.(USA) Trojan System UV Series

(3000, 4000, 8000 Series) Agqua UV, PURA System :

clean tech INDUSTRY INC. (Canada) Jac- Pac Sterilization

system
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UV-A 315nm 400 nm
UV-B 280nm 315 nm
UV-C 100nm 280 nm

150 200 1849 nm , ,

200 280 253.7 nm

280 320 296.7 nm

392 380 365.0 nm

2.1.2.
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(Protozoa), (Fungi), (Virus)

. Bacteria 0.2 15
30
10
. Virus
Bacteria
260 nm
; peak
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(UV-0C)
(380 780 nm)
10,000 60,000

390 nm
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(UV-C)
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2.1.4.

1900 Henderson
TiO2
, Human baldder cell
TiO2
TiO2 rutile, anatase, brookite
anatase
. TiO2 TiO2
valence band conduction band valence
band h+
band gab 32 eV
390nm e-(B

(conduction band

positive hole) TiO2

) , h®MBvalence band

OH-
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H22 iron TiO2

1. Absorption of Light by TiO2 Semiconductor

TiO2 hv ----- > e-B h\/B

2. e-B h\B diffusion

3. Positive Hole Reaction

hB  OH- ----- > OH-

h+/B HXD ----- > OH- H+
OH- Organic ----- > Organic+
h+B  Organic ----- > Organic+

Electron Reaction

e 02----- > 02
1) 202 2HXD ----- > 20H- 20H-
2) 02 H+----- > HO2
02 HO2 ----- > HZ- 02
HO2 HO2 ----- > H2 02
HO2 H+----- > H22
HD2 e®----- > OH- OH-
H202 0o2----- > OH- OH- 02

02



OH OH- ----- > HZ2
OH- Organic ----- > Organic+
e-B Organic ----- > QOrganic-
TiO2
TiO2
TiO2
TiO2

- 45 -



1
40w att, 100w att 600
watt
()
100w att
250nm 10000
2-3
300nm
pyrex
1
stainlless steel 4
100 «( )
400 watt/hr
10,000 germicidal lamp(
253.7nm) 39w att( )
1
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(Aldrich)

3.2.1.

TiO2

TiO2

anatase TiO2 (Fluka), TiO2

Ti02 P25(Degusa)

Ti0z

acetyl acetone

TiO2
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3.2.2. TiO2

, TiOz
, UV
TiOz
TiOz acetyl acetone
Triton X- 100
TiO2

TiO2 (Degusa P25)
l
TiO2 Aggregate HzO  Acetyl acetone
l
TiO2
l
TiO2 HzO  Triton X-100
l
Spin Coating on Quartz plate
l
Sintering at 500
l
TiO2 Film
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3.2.3.

TiO2

. TiO2

: Ti0z

h+ e-

Ti(OCH(CH?%)24
l
Hydrolysis in HNO3
l
80
l
200- 250 ,34atm Autoclaving
l
30
l
30- 50% Carbow ax
l
TiO2
l
Spin Coating on Quartz plate
l
Sintering at 450
l
TiO2 Film
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3.2.4.

(40 x 300m/m  Phillips Ca.) TiO2 Tablet

(Merckd- 6160 Darm Stadt Co.; Density 4,260, Z- Ratic 0.4)

, TiIO2 Tablet  Electro beam(5kv) (Leybald Inffcon Inc.)
1800 2200 TiOz
310 , 25 40 /sec 20x
10-5 torr 1C0Crpm 7000
Miller & Boalef
1972 Lu Lewis Z- MATCH Resanating
Quartz
Tf= (—l—ll\(lj?lt:dgz— )arctan (Ztan|[ _(_F_g_;q_F_c_)_ )

Tf: Film Thickeness

Nat:: The frequency constant of at quartz ( =166100 Hz (m)
dg:  The density of single crystal quartz ( =(C.264Sgm/cm3)
cf: The density of the film

Fc:: Coated frequency

Fq:: Uncoated frequencies
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TR, S ——

I . !
| I A&, I ! I T
an =0 ] oo -
. 20 {oergresod
! i

It s

2. X-

- 52 -

uf



33.1L
Escherichia coli DH5- a :
Aspergillus oryzae var. oryzae (KCTC 6095)
(Difco, pH 7.0) 24 30
50 mM  potassiun phosphate buffer
(pH 7.0 : -
100
24
A. oryzae potato dextrose (Difco) (1.5 %, Junsei)
4 30 :
conidia Tween 80 (0.02 %, Junsei) 3
vortex conidia , conidia hemacytometer
107 conidia/
0.1 % oxgall PDA 100
254 nm 14 watt
( : 860 mm, Atlantic Ultraviolet
Co.) . TiOzZ anstase

(Degussa P25)
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TiOz 100 0.1

g :
TiOzZ 1 10
TiOz 7000
(Goldstar, PM- 015ND)
3000 /min ,
2000

TiO2 (10 [/ )
50 mM  potassium

phosphate buffer (pH 7.0)

1998 (Pharmacia Biotech, Ultraspec
2000) 600 nm 08 E.coli 2
10
100
24
TiOZ , 1978 potassium phosphate buffer
TiOz 20 2
2000
TiOzZ 10 / TiOZ
2 105 cells/
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100 24
332 TiODegusa P-25)
1998 potassium phosphate buffer 2 -
10 :
100
24
3 1 1.7
x 105 cells/ 7.6 x 103 cells/ 955 %
TiOz
1.7 x 105 cells/ 7.4 x 103 cells/
3

2.8x 102 cells/ 984 %
TiOz 15x 102

cells/ 99.1 %
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333 TiO2

Caliform
A. oryzae
107 conidia/ 1998 2
10
PDA plate 100 96
- Tio:
4
1 1.7x 105 cells/ 1.4x 104 cells/ 879 %
, b 200 cells/
TiOZ A. oryzae
5 1.7x 105 conidia/ 250 x 104 conidia/
85.3 % 30 A. oryzae
1.8 x 102 conidia/ 01 % . E. cali
TiOzZ 1 1.7 x
105 cells/ 58 x 104 cells/ 66.3 %
11 1.7 x 105 cells/ 1.2 x 1083 cells/ 9.3 %

- 56 -



3.3.4.

1. (Degusa P25)
1 1.7x 105 cells/ 1.4x 104 cells/ 879 %

, 5 200 cells/

2. TiOz E. coli
TiOzZ 1 1.7
x 105 cells/ 58 x 104 cells/ 66.3 %
11 1.7 x 105 cells/ 1.2 x 103 cells/
99.3 % : A. oryzae
5 1.7x 105 conidia/ 250 x 104
conidia/ 85.3 % 30

A. oryzae 1.8 x 102 conidia/ 01 %
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4.1.1.

Escherichia coli(AB1157), Pseudomonas
corrugata(KACC10141), Pseudomonas syringae (KACC10396)
Ralstonia solanacearum(KACC 10475)

Escherichia coli(AB1157), Pseudomonas
corrugata(KACC10141), Pseudomonas syringae (KACC10396)
Ralstonia solanacearum(KACC10475)

LB Medium (pH 7.0, 37 ),
King's B Medium (pH 7.2, 27 ) 24hr

3 4
3. Components of LB Medium

Components

Bacto- trypton 10 g/L
Bacto- Yeast extract 5 g/lL
NaCl 10 g/L
Bacto - Agar 15 g/L
Dist. HzO 10 L
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4. Components of King's B Medium

Components
proteose peptone 3 20.0g
K zHPO4 1.5¢
MgSO< 7HZO 1.59
glycerol 15.0mL
Agar 15.0g
D.W. 1L
4.1.2.
254nm 39w att
(HANKOOK ultra- violet co.,
850 mm) ( 1 ). TiOz
anstase (Degessa P25)
TiOz 7000
S 55mm
950mm  Pyrex 21mm 1000mm
(Phillps Co.) :
(HANIL, PH-80-D)
2500 /min ,

- 61 -
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4.1.3.

2500
7000
TiOZ
0.85 sodium chloride buffer (pH 7.0)
2490 (Pharmacia Biotech, Ultraspec
2000) 600 nm 08 E.coil 10
10

LB Medium 100

24
24 hr 5
uv cell image
analyzer cell (5 min(105))
6 hr
cell 8 (6 hr(109)
, 12 hr cell
cell UV
cell DNA T-T dimer
cell
TiO2
OH- cell
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0 min

10 min 6 hr
7 hr 9 hr
10 hr 12 hr

24 hr




0 min(10€)

5 min(105)

6 hr(109)

8. uv

4.1.31.

7000

Methylene Blue

- 67 -

12 hr(109)

image analyzer

Ti0z

254 nm



70%, 50%, 30%

. 2490 sodium chloride buffer (pH 7.0) 10
(Ralstonia Solanacearum) - 10
King's B Medium 100 24
5. E.coli
. . number of cells
Time (min)
70% 50% 30%
0 9,500 9,650 9,550
1 30 53 452
2 5 20 175
3 0 4 42
4 0 1 4
5 0 0 1
10 0 0 0
254 nm 70%, 50%, 30%
5 70 % 1 9.5x 103 cells/ 3.0x 101
cells/ 99.68 % , 50 % 1
9.65x 103 cells/ 5.3x 101 cells/ 9941 %
, 30 % 1 9.5x 103 cells/ 4.52x 102
cells/ 95.24 %

10
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4.1.3.2.

2490

sodium chloride buffer (pH 7.0)  3.0x 10; 1.05x 104 1.15x 105

cells/mL ((Ralstonia Solanacearum) 10 -
10 ,
King's B Medium 100
24
6 1 3.0x 103
cells/ 1.0x 101 cells/ 99.66 % :
1.05x 104 cells/ 2.0x 101 cells/ 99.80 %
, 1.15x 105 cells/ 1.4x 102 cells/ 99.87 %
5
6. E.coli
Time (min) number of cells
3.0x 103 1.05x 104 1.15x 104
0 3,000 10,500 115,000
1 10 20 140
2 4 3 67
3 0 0 2
4 0 0 0
5 0 0 0
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3.0x 10, 1.05x 104 1.15x 104

1 99%

4.1.3.3.

UV-TiO2 Pseudomonas corrugata (KACC 10141),
Pseudomonas syringae (KACC 10396), Ralstonia solanacearum
(KACC 10475)

. 2490
(Pharmacia Biotech, Ultrasec 2000) 600 nm 0.8
Pseudomonas corrugata (KACC 10141), Pseudomonas syringae
(KACC 10396), Ralstonia solanacearum (KACC 10475) 10

10 UVv-TiO2
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nunmber of cells Scientific Name
Time (i Psucomanas | Peeudomonss | R
0 25000 25000 25000
1 1500 250 190
2 145 78 70
3 67 30 42
4 55 16 13
5 38 2 5
10 10 0 0
15 0 0 0
UVv-TiO2
7 Pseudomonas corrugata 1 2.5x
104 cells/ 1.5x 103 cells/ 94 %
Pseudomonas syringae 2.5x 104 cells/ 2.5x 102 cells/

99

%

2.5x 104 cells/

1.9x 102 cells/

. Pseudomonas syringae

Ralstonia solanacearum

, Ralstonia solanacearum

5

99.24 %

5 cells/mL

2 cells/mL

, Pseudomonas corrugata

15

- 71 -
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4.1.34.

Escherichia
coli(AB1157) (Ralstonia solanacearum)
LB Medium (pH 7.0, 37 ), King's
B Medium (pH 7.2, 27 ) 24
0.85 sodium chloride buffer (pH 7.0)
LB Medium (pH 7.0, 37 ), King's B Medium
(pH 7.2, 27 ) 100 24

Ralstonia solanacearum
4.0x 10<cells/mL

50 cells/mL
2,000 cells/mL
600 cells/mL
8. 4.0x 104 cells/
400 L 24
2,000 cells/mL 600 cells/mL
, UV-TiO2
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50 cells/mL
200 cells/mL

. 24hr
UV-TiOz

41.35.
0.85% sodium chloride buffer
(pH7.0) King's B Medium
(pH 7.2, 27 ) 100 24
9.
()
0 4850 4750
1 360 49
2 42 21
3 18 6
4 8 2
5 1 0
10 0 0
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41.4. 1CCC

N = No exp(-k.D)

N UV
No

k

D

D( mW. sec/cm2)
intensity of UV dose ; mW/cm2)
D=1xt
I

99%

- 74 -

( average

(t, sec)

Beer Lambert

coliform bacteria



10 MPN/100ml
140 mW .sec/cmz
30%
30%

Required UV Dose = 140 mW.sec/cm2/ (0.7 x 0.7)
= 286 mW.sec/cm?2

Exposure time, sec = UV dose, mW.sec/cm2 / average
intensity, mW/cm2 40.4 sec
1000 15 ton/day
400

L/min 6.6 L/sec
Tctal Valume of reactar = (Expasure time, sec) X (design flow rate, L/sec)
= (40.4 sec) X 6.6 L/sec

= 24.2 Liter

) 23mm

1,470mm 7.66
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Number of lamp required for disinfection = total volumn, L /

volume per lamp, L/lamp

=242/ 766 = 3.16 = 4
25
150cm, 5cm
4 1
4.15. -
10 ton/min 9
39w att 4 )
7000 ( 30mm, 1.5mm )
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10

- 78 -



EE>
-

Relay
[Ma
uv AR <
X g m _|_ D/A
NI ¢ T
—()
] i e Sar
S R 4 Inuc_mm quﬂ_"._un.mz.___a..o. Printer
Feed 4
pump
Filter
AMP > A/D
Chec
valve
<z
= Ca2+ N <+ pH e
NO! Na+- Cond
Y Y Y rYrYYYY'Y
olsmz | T
ooy ew 5 20! ¥ IS

Fg. Schematic Diagram of UV - Photocatalytic disfection
and nutrient control system

g 10. X2

2 79 %

-

w0
Ho

ol

il

<l

[l
<H

<]

Al &

AzEX



, pH
+5V - -5V
(A/D conveter) data logger

11

A/D converter 12bit resolution

20

Nat, K4, Cat+

mV
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0- 10V

analog/dogotal conveter( A/D) data
logging : 12 A/D D/A(digital- analog
conveter), D/I(digital input), D/O(digital out put)
Data Translation DT-300 series

HP VEE(Hewlet Packard

Version 3.62 ) ; ,
A/D

13

D/A pump relay
( 12).

logging

HP HP VEE 40
14

60%

- 81 -



el
2
fat]
el
)
T
>
<&
e
i
2

i
lllllllllllllllllllllllll [ E:
“ 12-0r A/D AFD ) 0
rmwm\s_ + 3] 16~Channe! IE-Br | | (1o ! tH Ho
_sum_nomc T2 Multiplexer no%:mq §'| Sameles) " _._._._ =
< _ bl ol
._-.I ||||||||||||||| r ||||||| - .—O— mm
4 _ @l
Channel GainList ¢ ol <
(1024 Entries) il ALl
IA
A/D Trigger |_U o
ond s 3 a
Digital /O Bs,]  Bidiractonal Control Clack Clock and Trigger
PotA * 7 Latch Trigger Loglc [, 3! s
. EX A/D s
Clock Ir=._ =<
w_%:_.ﬂ_\o u 8z, Bldirectiona! wd ' <+
Latch . K o~ 0l
p—— o0 =
Dighal VO 7 e n_T_ N] . 5
9 = -
Port C >4 Gidroctonal 1} » ok o } =
= i Four 16-b User [ £, | clock <]
Courter/Timers “—Gate (1] oF
* 12-0r Double Out il
e 1681 [+ Data u) %]
Independent
Ansiog Ext Pof h%umﬁ Bufters O/A PCI Bus Interface e 0
Outputs Control (Bus Master) (o] ok
+ “mﬂmm 1 Doubls .
Data - =)
A PC Powsr —{p 45V 110.
eehel | O/ | | o $ s . = i
A 7 nd o

i
A PCiBus v =4

DT 300 Serles Block Diagram J

ANEEX: Aed 2



e G BRE 183188

12.

- 83 -



-84 -




[T P S AP PP

PG B T .
s AR W, THLE | COHNILE T
3

14.

-85 -



- 86 -

10%



pH
A/D converter

logger

microw att
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KNOZ NH</NOS, CaClz
2Hz0, MgSO¢s 7HZ0, KHzPO4
MnSO4 HZO, 2ZnSO4 7HzO, HBO: NaMoO<4 2HzO, CoClg,
CuSO4 5Hz0 : vitamin FeSO«

7HZO, NaiEDTA- 2HZ20

260 nm UV- C band

TiOZ
hydroxyl radical(OH- )

- 88 -



perlite

5.3.1.
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harvest

Ralstonia solanacearum

TTC medium

1liter

Glucose 10g
peptone 10g
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Cesamino acid (casein hydrolysate) 1.0 mg

Agar 18.0g
TTC medium autocave antimicrobial compound
Tripheny tetrazolium chloride 50mg

( as sterile 1% aqueous solution)

crystal violet 50mg
T himerosal 5mg
Polymyxin B sulfate 100mg
Tyrothicin 20mg
chloromycetin 5mg
cycloheximide 50mg

(optional if fungal growth coccurs)
chlorothalonil 80mg
(optional if fungal growth coccurs)

Ralstonia solanacearum

King's B medium

- protise peptone #3 20.0g

- KZHPO4 1.59
- MgSOL7HZO 7.59
- glycerol 15.0g
- agar 15.0g
- 1 liter

- 091 -
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5.3.2.

pHa H

. pH 55-6.5

5

10.

Conductivity
1 10 20.4 3.66 ms/cm
2 20 20.4 1.702 ms/cm
3 30 20.4 0.902 ms/cm
4 40 20.4 0.613 ms/cm
5 50 20.4 0.456 ms/cm
15( )
25¢C 2.90 ms/cm

2.73 ms/cm(21.5 C)
0.213 ms/cm

- 03 -



161

ms/cm ) 1.07 I/min
2 2
4
1
15( ) 15( )

54.1.

11
11.

1.62

'08.4.15 | 180 x 18cm

12
perlite

perlite

- 94 -



12.
u/v+
u/v
1 215x 6.4m =
137.6
13
13.
12 4 3 8.1 137.6 97.2 404
o) 180cm x 18cm
o) 25 288 )
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cm

16
17 3

130 40 160 40 160 40 130
100 A4 B5 Cl2
450 3 1.U/V
30 A3 B6 Cl1
450 2. 1.U/V
30 A2 B7 C10
450 4 2.
30 Al B8 C9
450 1.U/V 2.
70

16.

- 06 -
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54.1.
( )
14
1
pH,
14. perlite
UV-TiOz
UV + n
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harvest

Ralstonia solanacearum

TTC medium . 15
70
2 1997. 5. 27 1997 6. 2
15.
4. 15 180x 18cm 515 7.20
3

16
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16.

5 G4 8)|5 (522 25)|6 613 17)| 7 76 9
4|5|6| 8|22 23|24|25/13|15/16|17|6 |7 |89
302932 3336|3629 |33|29|35|32| 3739393940
14|14 |14 |14 | 15|17 | 14 | 16 | 19 | 18 | 18 | 17 | 23 | 24 | 26 | 26

17
6-7
17.
( 125 ( 15 ) ( 125 )
UV-TiOz
20 7 35 13 55
UV+ 6 24 7 35 13 59
7 20 7 35 14 55
6 18 7 35 13 53
54.2.
pH :
5 6 7 1 2
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18. pH
5 (54 9§ 5 (522 25 | 6 (6.13 17) 7 (76 9
4|56 |8 |28, 24,25|13|/15/16|17|6/|7|8|9
UVv-Tio2
63/68/63|62|62|62(62(61/62|67(71|72|/66|70|70|67
Uv+
63/6866|65/64|70(68|(65|/61|65(67|69|66|71|68|71
6364|6567 64|/65/67|65/63|68(69|74|/62|65|66|7.0
64646562 63|/65/66|65/63|68(68|71|/66|69|72|75
EC 5 6 ,
UV-TiO2 ,
01 05
19. ( EC)
5 b4 8 5 (.22 25 6 6.13 17) 7 (76 9
4 | 5168|228 |24 25| 13|15 |16[17|6]|7]8]29
UV-Tio2
205|201209/200| 247 | 250 |253| 244 | 189 | 178|191 | 202 | 183|192 | 1.94 | 200
uv+
207|2101210|2.14| 240 | 247 |2.34| 2.37| 206 | 205|222 | 231 | 186|209 | 223 | 2.36
196|192 |1.85|1.76| 243 | 236 |2.37| 226 | 209 | 202 | 214 | 226 | 1.82 | 1.78 | 1.88 | 1.91
197|191 |183|1.78| 250 | 246 |247| 234 | 196 | 1.94 | 205|212 | 194 | 198 | 2.08 | 2.22
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5.4.3.

1997

20 .2 1997 7 6 7 9

10 4 1 2 21

Fe-EDTA
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20. 1 (6.13 16 )
2
UV-TiOz 426 311 252 140
Uv+ 490 385 370 260
NO3
585 416 396 276
407 327 324 232
UV-TiOz 78 37 13 0
Uv+ 44 23 11 0
PO4
79 50 35 10
57 61 66 44
UV-TiOz 452 652 758 821
Uv+ 560 715 845 812
S04
345 561 651 632
418 613 747 665
UV-TiOz 150 100 100 50
K uUv+ 150 100 100 100
250 200 200 200
200 150 200 200
UV-TiOz 50 50 50 50
Uv+ 100 100 100 100
Ca
50 50 50 50
50 50 50 50
UV-TiOz 55 60 70 85
Uv+ 55 60 65 75
Mg
40 55 65 70
45 55 60 65
UV-TiOz 15 15 15 1.6
Uv+ 11 0.6 0.4 0.2
Fe
13 14 13 14
1.9 20 1.9 2.0
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21. 2 7.6 9 10 1 2 )
2 3 4

UV-TiOZ 637 | 632 | 633 | 651 | 649 | €54 | 690 | 669
uv+ 594 | 563 | 544 | 551 | 552 | 517 | 547 | 508
NO3 558 | 615 | 619 | 629 | 649 | €50 | 682 | 709
614 | 603 | 550 | 552 | 535 | 506 | 519 | 490

UV-TiOzZ 44 38 33 31| 3 4 38 34

Uv+ 42 36 26 29 24 23 20 14

Pos 37 43 46 49 44 40 41 37
42 41 36 33 28 26 25 13
UV-TiOzZ 116 | 158 | 182 | 195 | 194 | 190 | 199 | 207
Uv+ 177 | 232 | 414 | 393 | 462 | 518 | 597 | 891
=04 100 | 125 | 134 | 139 | 149 | 158 | 176 | 194
138 | 249 | 290 | 367 | 418 | 469 | 540 | 631
UV-TiOzZ 201 | 194 | 196 | 199 | 196 | 193 | 195 | 191
uv+ 190 | 181 | 169 | 169 | 165 | 158 | 159 | 150
< 173 | 185 | 188 | 199 | 192 | 188 | 188 | 197
188 | 187 | 185 | 178 | 175 | 167 | 172 | 168

UV-TiOzZ 12 0 05 | 15| 45 73 78 74
Uv+ 5 11 31 3 111 | 115 | 123 | 133

ca 0 0 0 26 74 76 79 80
0 5 7 13 90 91 | 105 | 113

UV-TiOzZ 19 23 27 28 28 27 25 22

uv+ 2 29 61 4 | 55 55 59 76

Mg 16 20 20 23 22 20 20 21
18 28 32 37 | 41 39 43 53

UV-TiOzZ 16 11 0 0 0 0 0 0
Uv+ 13 09 | 02 0 04 | 05 | 04 | 05
Fe 13 c4 | 07 |10| 10| 10| 10 | 11
13 4| 13 | 15| 13| 13| 14 | 16
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5.4.4.

2
, (5977kg/10a) UV-TiO2
10%
22.
(mm) (cm)
(cm) (cm) | 20
V-TiO2
UV-TIO 723 | 79 | 95 | 82 | 55 | 255 | 335
UVv+ 736 | 79 | 96 | 82 | 56 | 249 | 343
742 | 79 | 94 | 81 | 53 | 241 | 338
742 | 80 | 95 | 76 | 55 | 237 | 342
1 L/D
(@ | (cm) | (cm) (%Bx)
V-TiO2
UV-TIOZ | 06 | 255 | 33 | 77 3.4 165 | 86
UV+ 197 | 256 | 34 | 75 34 172 | 91
183 | 257 | 33 | 7.8 33 169 | 94
184 | 259 | 33 | 7.8 34 162 | 94
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23.

( /10a) (kg/10a)
(%)
UV-Tio2

52610 | 43,074 7,713 6,553 85.0 110

uv+ 46418 | 38495 6,563 5,658 86.2 95

48459 | 39527 7,064 5977 84.6 100

48838 | 40,700 7,304 6,252 85.6 105

24.
( kg/10a)
5 6
U/v-Tio2

6553 | 1,021 | 1,190 | 1,072 | 1544 | 886 353 493
uv+ 5,658 769 | 1,131 | 1,076 | 1,493 | 619 190 380
5977 946 | 1112 992 | 1574 | 775 178 370
6,252 728 | 1,127 | 1,134 | 1403 | 886 387 452
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5.5.5.

1). pH ,
5 6 7
1 2
2) EC 5 6
7 UV-TiOo2
01 05
3) ,
4)
5) H H
: (5,977kg/ 10a)
UV-TiOz 10%
6
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6.2.1
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25



25.

Uv-TiO2

Ralstonia solanacearum(KACC10475)
LB Medium (pH 7.0, 37 ),
King's B Medium (pH 7.2, 27 ) 24hr

26 1 2
27 1999 6
29 100
26.
1 7 31 )| 2 © 1)
C
(Ralstonia solanacearum)
27.
180x 18cm GA 40ppm
6 21 82 826 4
(3,000 /10a) 2-3

3
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6.3.1.
pH 55 65 6 pH
65 6.8 EC 1.2mS/
11 12
10a 1,580 1,674kg
28.
(cm)
cm | ()] m) (cm) | (cm)
(010 )| (910 ) %) (@10 )| (g/10 ) )
20| 44 | 50 | 37| 24|108| 32 | 306 30 | 02| 3R2 26 | 919
29.
(cm)
(20 /cm) (cm) (mm) | (9/ )
111 5.6 39.7 35.7 14.4 196
95 4.8 43.7 36.3 13.9 161
120 6.0 38.6 33.6 14.7 165
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30.

(mm) (mm) (9/10 ) (cm) (%BX)
31.9 32.7 98 188 0.6 6.7
315 33.8 93 195 0.6 6.7
31.3 32.7 96 180 0.6 6.8
() ) (%0) (kg/10a)
467 |339| 627 | 513 | 73 | 82 |1,930|1580| 94
463 |33.1| 627 | 516 | 71 | 82 |1,931|/1590| 95
496 | 359 | 661 | 543 | 72 | 82 |2,035|/1,674| 100
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6.3.2. pH EC
55 65
pH 5
31 pH
9.15 9.16 9.17 9.18 9.20
57 6.3 6.2 6.4 6.6
59 6.4 6.5 6.7 6.8
5.8 6.3 6.4 6.3 6.5
1.2
5
32.
9.15 9.16 9.17 9.18 9.20
1.2 1.2 1.1 1.1 1.2
1.2 1.2 1.1 1.1 1.1
1.2 1.2 1.1 1.1 1.2
6.3.3.
33. TiO2
9. 15 9. 16 .17 9. 18
K+ 22 16 13 27
Na+ 21 423 99 288
NO:z- 0.5 45 3.8 21.0
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6.3.4. Ralstonia solanacearum

Ralstonia solanacearum
18.9%
2.7% 2
40%
20%
Ralstonia solanacearum
2 24%
20%
28%
4%

Ralstonia solanacearum

148x 10-Yg
22x 10-f/g
190x 10-¢
18x 10-Y
34.
1 (9.1) 2 (9.21)
72 1 1.4 37 1 2.7
72 12 16.7 37 7 18.9
72 5 6.9 37 3 8.1
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35.

9.0) 2 (9.21)
0 | 09 0 | )
0 | 12 5 60 | 20
80 | 5 100 | 40
0 | 8 5 60 | 20
36.
1 ©. 1)
(%) (%)
1 20 4
3 60 16
0 0 0
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J% 31, Ralstonia solanacearum # MZEF PARR MuiEl EolE Z7|9f F7HE
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37.

Ralstonia solanacearum

1 (9.1) (9.21)
(%) (%) (%) (%)
5 2 40 16 60 20
5 5 100 44 80 24
5 4 80 4 40 12
38. Ralstonia solanacearum
1 (9.1) (9.21)
(%) (%) %) | (%)
5 1 20 4 - .
5 4 80 28 - -
5 2 40 16 - .
6.3.5. Ralstonia solanacearum
39.

(%)

(%)

5 2 40 2 40
5 4 80 4 80
5 0 0 0 0
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40. Ralstonia solanacearum

_C
(1C-Hg) (10-2/g)
(10-4 )
56 2 308 123 18
185 148 171 103 190
0 0 0 0 0
6.3.6. Ralstonia solanacearum
400 L 600 nm 0.8 Ralstonia

solanacearum (4.0x 107 cells/mL)

24

3.1x 101 cells/mL
2.8x 105 cells/mL

2.0x 102 cells/mL

6.0x 103 cells/mL

41]. Ralstonia solanacearum

Ralstonia solanacearum

4.0x 10<cells/mL

50 cells/mL

2,000 cells/mL

200 cells/mL
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10a 1,580 1,674kg
pH 55 65 6 pH
65 6.8 EC 12mS/
11 12
. Ralstonia solanacearum
18.9%
2.7% 2

40% 20%

Ralstonia solanacearum
2 24%
20%

28% 4%
Ralstonia solanacearum
148x
10-%g 22x 10-Yg

190x 10-Y 18x
10-4
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pH

(
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)

60

pHa

100



96

275ha[17]

10,000
33
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33.

- 134 -



. Muller, K. R., Ed. Chemical Waste. Handling and Treatment ;
Springer Verlag : Berlin, 1986.

. Glaze, W. H. Envir. Sci. Tech.. 1987, 21, 224.

. Kearney, P. C.;Muldoon, M. T.;Somich, C. J.;Ruth, J. M.;
Voaden, D. J. J. Agric. Food Chem. 1988, 36, 1301.

. Pelizzetti, E ; Maurino, V.; Minero, C.; Carlin, V.; Pramauro, E.
: Zebinati, O.; Tosato, M. L. Envir. Sci. Tech.. 1990, 24, 1559.

. Zika, K. G.; Cooper, W. J.,, Eds. Photochemistry ¢f Environmental
Aquatic Systems; ACS Symposium Series 327 ; Amer. Chem.
Soc. ; Washington DC, 1987.

. Marcus, R. A.; Sutin, N. Biochem. Bicplys. Acta 1985, 811, 265.

. Kormann, C.;Bahnemann, D. W.; Hoffmann, M. R. Envir. Sci.
Tech.. 1988, 22, 798.

. Hidaka, H.; Zhao, J.; Kitamura, K.; Nohara, K. J. Photochem.
Photobiol. A : Chem. 1992, 64, 103.

. Vinodgopal, K.; Stafford, U.; Gray, K. A.;Kamat, P. V. J.
Prys. Chem. 1994, 98, 6797.

10. Kim, D. H. ; Anderson, M. A. Envir. Sci. Tech.. 1994, 28, 479.

11. Lepore, G.; Langford, C. H. Water Pollut. Res. J. Can. 1989,

24, 537.

12. Mao, Y.; Schoneich, C.; Asmus, K. D. J. Phys. Chem. 1991,

95, 80.

- 135 -



13.

14.

15.

16.

17.

Sabin, F.; Turk, T.;Vogler, A. J. Photochem. Photobiol. A :
Chem. 1992, 63, 99.
Ireland, J. C.:; Klostermann, P.;Rice, E. W.;Clark, R. M.
Appl. Environ. Microbiol. 1993, 89, 1861.
Sjogren, J. C.; Sierka, R. A. Appl. Environ. Microbiol. 1994,
60, 344.
Suzuki, K. Photocatalytic Purification and Treatment cf
Water and Air; Ollis, D. F., Al-Ekabi, H., Eds.; Elsevier :
Amsterdam, 1993.

: , - , 1998

- 136 -



	자외선 광촉매 살균장치를 이용한 유리하우스 재배용수 재순환 장치개발

	요약문
	목차
	제 1 장 서론
	제 1 절 연구개발 목적과 범위
	1.1.1. 연구개발의 목적
	1.1.2. 연구배경
	1.1.3. 연구의 필요성

	제 2 절 연구개발 목표 및 내용
	1.2.1. 연구개발 목표
	1.2.2. 연구내용

	제 3 절 기대효과 및 활용
	1.3.1. 기대효과
	1.3.2. 연구결과의 발표


	제 2 장 이론적 고찰
	제 1 절 자외선과 살균
	2.1.1 자외선의 발견
	2.1.2. 자외선의 살균작용
	2.1.3. 자외선 살균램프
	2.1.4. 자외선살균램프의 응용


	제 3 장 광촉매의 제조 및 살균 효과
	제 1 절 자외선 램프의 선택
	제 2 절 티타니아 시약종류에 따른 광촉매 제조
	3.2.1. 콜로이드 분산법
	3.2.2 재배용액에 분산 시킨 T iO2
	3.2.3. 콜로이드 도포법
	3.2.4. 화학증착법

	제 3 절 자외선과 티타니아 입자, 티타니아 필름, 공기기포에 의한 살균효과
	3.3.1. 실험방법
	3.3.2. 자외선 조사시 TiO2(Degusa P- 25)의 첨가와 기포주입에의한 세균의 살균효과
	3.3.3. TiO2가 박막증착된 석영관과 기포를 넣어 주었을 때의 Coliform 박테리아 및 곰팡이에 대한 살균효과
	3.3.4. 결론


	제 4 장 화학증착 광촉매를 이용한 살균효과 및 설계 방정식 도출
	제 1 절 화학증착 광촉매에 의한 살균효과
	4.1.1 사용균주
	4.1.2. 실험장치 제작
	4.1.3. 살균실험
	4.1.4. 1000평 규모의 시설원예용 자외선 광촉매 살균장치의설계 방정식
	4.1.5. 광촉매 - 자외선 살균장치 제작


	제 5 장 오이재배실험
	제 1 절 연구목적과 결과 요약
	제 2 절 연구범위
	제 3 절 연구방법
	5.3.1. 오이 양액재배 병충해 유발균 및 배양
	5.3.2. 유입·출 유체내의 성분 분석 산출 

	제 4 절 양액재순환 시스템에 의한 오이재배
	5.4.1. 재배품종 및 방법

	제 5 절 오이재배결과
	5.4.1. 양액살균법에 따른 양액성분의 변화
	5.4.2. 생육기간중의 양액의 분석결과
	5.4.3. 생율기간중 양액의 이온별 분석

	5.4.4. 재배결과
	5.5.5. 결과요약

	제 6 절 연구성과 및 활용계획

	제 6 장 토마토 재배 실험
	제 1 절 연구목적
	제 2 절 재배방법
	6.2.1 재료 및 방법

	제 3 절 토마토 재배결과
	6.3.1. 생육상황
	6.3.2. pH 및 EC 변화
	6.3.3. 양액내 이온변화
	6.3.4. Ralstonia solanacearum균 접종후 변화
	6.3.5 Ralstonia solanacearum균의 분리 밀도조사
	6.3.6 토마토 Ralstonia solanacearum균 멸균효과

	제 4 절 결과 요약

	제 7 장 기술 보급화 방안 및 제언
	제 1 절 기술 보급화 방안

	제 2 절 애로사항 및 향후 해결과제

	참고문헌 




