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Purpose&
Contents

O Establishment of storage insect pest control condition by gaseous chlorine
dioxide treatment

O Physico-chemical change of stored grain by gaseous chlorine dioxide
treatment

O Investigation of the insecticidal mechanism of gaseous chlorine dioxide

O Verification of insecticidal effect on stored insect pests in a grain storage
facility using gaseous chlorine dioxide treatment

O Developed high concentration - large capacity chlorine dioxide gas device for
storage insect past

O Securing safety and gas control capability for control high concentration -
large capacity chlorine dioxide gas device

O Development and industrialization of stored insect pest control technology
using gaseous chlorine dioxide

Results

When chlorine dioxide gas treatment was carried out at a treatment
concentration of 100 ppm for more than 24 hours, effective lethal rates were
shown for the target insect pests. Depending on the type of storage grain, the
storage method, the size of the storage facility, and the type of pest, chlorine
dioxide concentration and treatment time may vary. When exposed to chlorine
dioxide at concentrations lower than the lethal concentration, the overall growth
rate, as well as the rate of eclosion, longevity, and pupation rate decrease. In

actual application, understanding the environmental conditions is important.

Chlorine dioxide (ClO;) fumigation has been reported to be effective in Killing
bedbugs inhabiting in public buildings and hospitals. ClO, is also effective in
killing aquatic insects such as chironomid larvae. In current studies, ClO.
treatment is useful for controlling insect pests infesting stored grains. Its
insecticidal activity is ascribed to its induction of reactive oxygen species (ROS)

production. It is well-known that ROS can attack various biomolecules, including

proteins, nucleic acids, and fatty acids. The multi-targeting activity of ROS will




result in various malfunctioning in target insect’s physiological processes. For
examples, in the red flour beetle, Tribolium castaneum, ClO, can interfere with
photo—taxis by altering acetylcholinesterase activity. ClO2 treatment also exhibits
potent cytotoxicity to hemocytes (insect blood cells), resulting in significant
impairment to cellular immune responses of the Indianmeal moth, Plodia
interpunctella. However, addition of vitamin E, an antioxidant, can abolish the
cytotoxicity of ClOs. In fact, intracellular ROS amounts are significantly increased
in insect cells treated with ClO,. ROS induced by ClO; also enhanced lipid
peroxidation in phospholipids, thus impairing cell membrane and causing
significant cytotoxicity. In the lipid peroxidation, a PLAs is a novel inhibitory
target of ClO,. These results indicate that a main insecticidal activity of ClO, is

its release of ROS, which alters various insect physiological processes.

The large scale capacity of Chlorine dioxide (ClO;) fumigation apparatus has
been requested for the purpose of eliminating insect pests infesting stored grains
including rices. Through the current study, large capacity Chlorine dioxide
equipment development was realized and disposable kit usable for various field
situations was also developed. The existing 6cm electrolysis cell was expanded
to that of 12cm cell and parallel operation with 2 or more cells became possible.
This enabled us to overcome the limitation of capacity problem related with ClOs
generation apparatus. Newly designed static current curcuit for control of
operational strength was developed for allowing digital command delivery. Thus
it became controllable through communication channel. The durability of
equipment was also required in parallel with high-concentration large capacity
demand increase. Instead of adopting solenoid type valve available in markets,
the teflon valve operated by pneumatic pressure was newly developed and
successfully adopted for durability. Instantaneous releasing kit of high
concentration ClO, was developed for the application in the situation where
stationary equipments are not appropriate. This opened ans suggested new way

of preventing the breeding and extermination of insects and pests in diverse




warehouse environments including grain storage.

O Provide a comprehensive management manual
maximize the effect of storage insect pest control.

O Increase the value of grain by safe pest management that increasing
consumer's preference and improve grain self-sufficiency rate and national
competitiveness.

that can be wused to

Expected . . .

Contliibution O Development of environment—friendly comprehensive pest management
system contributes to environmental conservation of the country and
promotion of national health welfare

O The development of environmentally comprehensive pest management
system will contribute to the preservation of the environment in the
country and the promotion of the national health welfare

Insect . . .
] ) Chlorine Stored grain Indian meal ) )

Keywords physiological o ) Maize weevil

) dioxide insect pest moth
alteration
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Boo} F3o] &4 (mycotoxin) BAS L3t} (Subramany & Hagstrum, 1995). 3
U (Plodia interpunctella)2 ‘F=5& A<t b2 & g5 X3 #4259
A4 dF o]t (Pedigo et al., 1982, hodges et al., 1985, Nault and Kennedy 1996, Ruesink
and Kogan 1982). st&=rtpbe] o3t A EFys+= 53] 59 450 @Wo] ¥Ast=d, o
g FHo TFAAS £ 597 = A (Reed et al, 1990), 5o B o] Aas B
Higtomx A AES TAA 8o Ag38s Hall AU LuAER stodw Jois
LA st 59 HHE THReed et al, 2003). AE A= A99Hoz =49 AH
Alolm, of A AejA ] Hla) HBHE =2F SAS JHY gdA A= AEHAE et
= AT & 5 Z8A A Aol dig HHA = oA EE sk AT
ol vldl Fol AT A wA= 2% T EYAA AR o] FuHor A
(Howe, 1965, Field, 1992; Mullen and Arbogast, 1979).

= TY=relH, mid 1,400
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AAHoZ dAA7A ol =
o= Ay I T 2
Folil, AAFxEAHYE & F
o] gtk (Carpenter and Potter, 1994; Neven and Drake, 2000). ®AFd ZAL= 8¢ DNA
o] #aAggS TN oRE AxFEHE L35t gk e 284 HgHoR 2EAEY
(Hollingsworth and Armstrong, 2005; Kells et al., 2001), v}o] =23} 2] (Ikediala et al.,
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1. Continuous ClO, generating system by Purdue university

Generator Chamber Monitor Humidifier

Cl, +2 NaClO, 2 ClO, + 2 NaCl
2. PureClO, generator model HP—20&—40 by Pureline
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14, o|asdae AZHF AAN2A HAs 2 TEY of
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b2k, R, AbA e wE Ao AARES, Abeke, A4 s 24K

el

Insect petri disholl s}&=rvpbd A3 C2070A) T o2& vk+-r] A Z(20714])S 3g 9] Hol(3?
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leak detector C16, Analytical technology, Collegeville, PA, USA)E o] &3lo FEE &Y
Be sttt o]xEd 4 7l FEE 50, 100, 200ppm o2 A e a, Ak 0, 1, 6, 12,
24, 36, 48 h A gl o, zt =7 39t o =z A st olitstd A 7t~ AHeE & 3
0C/70% =712 2 Incubating 3™, AFal 52 XALES AL AT A XA HHx2A
S gHs & HAAE 7\74011 o] AHeld s uyrtalA Abehd o] AgrE S xAbekaL
of g guttu] ol HAES 1397 AP 3T
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(1) A5 AL =31 g4
stefarubyt A5 AARES 7E7F A& S Y(29 1)
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Fig. 1. st&=h8 59 o]4ts) &% 50 100, 200 ppm A2l wE A|ARE.
9 AdE 4% Ay otk A F 3dA ArES AEsdTh (R 1)

Table 1. Mortality of P.Interpunctellaon(adult) 3 days after ClO; treatment at 50, 100, 200
ppm from 0-48hrs(25TC).

(%)
ClOg Oh 1h 6h 12h 24h 36h 48h
50ppm 3.3£3.5 520 13.3£3.5 18.3£10.6 36.6+10.6 90£10.6 100+0
100ppm 0+0 1.7+1.4 48.316.5 98.3+1.4 100+0 100+0 100+0
200ppm 3.3%5.7 31.6+18.2 100+0 100£0 100+0 100+0 100+0
st A2 ot AY =k AlRbel mel AANES- =7 2ol vt Ha &Sl 8
Att. 50 ppmell A= 48A17F ol A tofof ek AAbsS & & Ao, 100ppm
3} 200ppm ol A= 25A17EF 641%F o A Al 100%9] AAbES WERH A
gl dolE & olgate] WY 89 BAS o olistdaAd Bed Fa xde T
goske o Ay a9 29 2k

P.Interpunctellaon(adult)

P.Interpunctellacn(adult)

Motality(%)
Time(hour)

Concentration(ppm)

(#}: 3D Mesh Plot. -$-: Contour Plot)

Fig. 2. Sh2tbd 4% 320 AALgd dig 24 Aoz 248 vdd 39
IR R R
o2 vl JFe] AAES TUN BAAH(IY 3)
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Oje|#Ht0] g% 25°C 50ppm Ofe|#Ht3t0] 4% 25°C 100ppm of2|*&4H70] 4% 25°C 200ppm
100 100 - —» o _o = o m-—e—p o @ = » ® W
80 ——p=——a=_— —+—Cont 80 '“/ sl —+—Cont 80 / //‘ S —+—Cont
" - |2l / - || A ///7 ,-:';d___ —
E y o -’—jzh £ o4t / / ?E; E ol / // _Jj;
p S . —
R o=t L= R v 7 =
0 ﬁiﬁ ————— —%3h 0B =/. a3 0 w : —— —e=36h
0 1 2 3 4 5 & 7 ——amh 6 % 5 & A 5 B ¥ —dm 0o 1 2 3 4 5 8 7 4
days days days
Fig. 3. ofg]2&ul+v] AdZo] o]akstd 4 F% 50 100, 200 ppm A 2lol] w2 X ALE
A AdE FAT A o)ibstd A AE F 3Y9A XAME S AFES ST (R 2)

Table 2. Mortality of Sitophilus zeamais(adult) 3 days after ClO, treatment at 50, 100, 200

ppm from 0-48hrs(25TC). (%)
ClOy Oh 1h 6h 12h 24h 36h 48h
50ppm 10£5 11.6£10.4 21.6+24.4 15+5 26.6+15.2 56.6+12.5 45+17.3
100ppm 1.7+2.8 3.340 15+5 60+23.6 100£0 100£0 100£0
200ppm 31.6+11.5 51.6+2.8 86.6+2.8 81.6£7.6 100£0 10040 100£0

olgl vl rrl 4% oA olxtstda A wwsh Aol whet AxS s} o)t de o

¢l stk sty Aol vle) A om XA vESel dagk A ARto] AR &

gkol 3 4= QAT 53] 100 3 200ppmol A 24 AIZF o] A s ok 100% © AARES 4

g A

9ol HlolE & olgatel HAY 3T BAL do] ol gaALe Bad Fa 2AL T

o

5t o

W O A a9 49 2k
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Sitophilus zeamais(adult)

Sitophilus zeamais(adult)

® B NO
Sooo

9 0 g —
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= = 100 £ —
£ [ 120 g 80
3 = I 100
=
200
0 &
QQ
&
A%
30 é@@
T‘ * 10 60 © 60 80 100 120 140 160 180 U
I"Je(hOUr) 0

Concentration(ppm)

(#}: 3D Mesh Plot. $-: Contour Plot)
Fig. 4. ojg]&vl5tv] A5 394 X]/\}goﬂ st HA Az #2448 vA

- L-‘%
9 £ ALY/ F =

ool Az} BAlo] oa] =& A A7to] AolALrE FFe e FTHo] WolHL
7rorste] £ Ay AFE 24A7Fe 2 AT A9 200ppm A7t sEEubabal o gl aalt

n AEe HAAE Hor =% Hrl oo wel 200ppm 24A1ZH7EA Y] A B e &%
(30 ©) <9 H3 A s BH AU(E 3, 4)

Table 3. Mortality of P.Interpunctellaon(adult) 3days after ClO; treatment at 200
ppm from 0-48hrs(30 T). (%)

ClO2 Oh 6h 12h 24h

200ppm 6.6£7.6 100 100 100

Table 4. Mortality of Sitophilus zeamais(adult) 3days dafter ClO, treatment at

200 ppm from 0-48hrs(307C). (%)

ClOs Oh 6h 12h 24h

200ppm 26.61£15.2 78.3£7.6 91.7£7.6 100

ST stEEut A2 6 h ol A2l Al ofeldubgtul= 24 h ol A Alel
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10099 AAFSS VERQITE s o] g aupEule] A 12417F Ao sk x| AFgo] A
Aol vl3] 10% =l RS &l 3 = AT

100ppm 60min 100ppm 70min 100ppm 80min

Fig. 6. o]atstd 4 A Aztel] wa st fa3h of gl duyn] A5 AR F2




Sgby f53 o aul ] 4Fe) 49 oltadie wEH A9 AR YR 89
s e weth 7ol nheh AAkgo] @43 welde el selvh

Table.5. o]4F3}d A 100ppm 24A17F Ao WE Al 29 ol%d wE =1}
W 53 oAl 5o XA

2| AHE(%)
) o] ) 2w}
Ao A% 8 2
19 = 10 2

g1o] Astel el ulRolA ool Foldk 2o Ag o]l
o mE XAHEGo] A dojupA] kS gl stRew, 2%

$3le] 50ml conical tubel 20ml-40ml 7}A] Z=S A&

ewAel o8] ofel AT AEo] TEYw olFFL B
Al gl ol sl s wF 3

Table 6. Mortality of Sitophilus zeamais(adult) 3 days after ClO; treatment(200ppm) at

30, 35, 40 C from 0-48hrs, (%)
Temp. Oh 6h 12h
30 C 5x5 40+8.6 71.6%£2.8
35 T 3.31£2.8 45+5 95+8.6
40 T 6.61£2.8 85+5 98.3£2.8
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124178 A2 Al 70% Atk -, 35T 12413F Aol M= 39 whell 100% 7Mhe d3d=
B wEkA =l dig A Ay Al AE 2Ee o O]’&ﬁ}oﬂifq dsade Tt
2 A WAy dgle] 2EATeRr A4FanE g & F JdS o dAuyH
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Sitophilus zeamais(adult) 200ppm gas+heat

Sitophilus zeamais(adult) 200ppm gas+heat
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Fig. 12. olelaulpn] 4%l ol4kshed 4 200 ppm A2l Al7ko] whe AEE3 444,

g £E, BE, ABAY) BE §3¢ AL, HAE, wAGE 24
A)

Insect petri dishell st F(Q070A)E 3g o Hel(dv))ek § ¥ H o]itstd 4
7b2E o] &ate] 259 30%=A AP stsith olitstd A Tk s == 50, 100, 200ppm O &
Agsbela, A7 0, 1, 6, 12, 24, 36, 48 h Agstglon, 7+ =19 3wt oz Ag 3§49l

o} oxbstd A 7k AP § 30C/70% 27 2 Incubating 8, 59 AAES FAbsh
Ak, fFEe AN AHxAS UG ¥ AAA 240 od AR 75 48 24
shgen, wdzlse 357 B e
A A
(1) 59 AAHS =21 &9
sty 5o AAMES 7d3 #ESA T (™ 13)
SHEEFLE §5 25°C 50ppm sHt LY 85 25°C 100ppm sl2hoLy 9 25°C 200ppm
0o ﬁ/’,‘_.‘,__:_?__-——
ol e -
=6h :: “ L i —=12h
P | I Il
50 100, 200 ppm A&l w2 X|ALE
ojibstd A gl ok stRau FrEo AAES ATl v AR A YEW S
L 200ppm 24A13F A 2ol olal 95%c°l 1E§1E}. & olitstd A A § 33U AALE

36417 A elell Al 100%°] =2 A Th(E 7

Table 7. Mortality of P.Interpunctellaon(larvae) 3days after ClO, treatment at 50,

100, 200 ppm from 0-48hrs(25T). (%)
ClO, Oh 1h 6h 12h 24h 36h 48h
50ppm | 13.3+10.4 5+2.8 1.6£0 0£0 0£0 3.3£3.5 1.6£2.8

100ppm 0 0 0 30 64 - -
200ppm | 1.6£2.8 3.340 5+20.2 28.318.6 95+8.6 100£0 10040
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o] kst & 200ppm 2447k o] A gl ek 2=(30T) ¢ko] 5§ AHE mdE 4 stk

Table 8. Mortality of P Interpunctellaon(larvae) 3days after ClOs treatment at 200

ppm from 0-48hrs(30C). (%)
ClO, Oh 6h 12h 24h
200ppm 8.3+2.8 30+39 76.61£20 96.6%5

30°C ol A o]w}ogﬂ 20ppm A2l A GLESOU Ak Aol v goi oz
Btk weld f3o A9 A 2AL ol 23 A 200ppmel 24417 A

st FE5e A AYE A oM AP Aol sojEdas f5 A&l
stob o, ol met 27 A4 &= Aolrk ot 3d o F9 HAES 235y v
=4 HAH ol T4l 3= el wEe] W 2a9 o] TSl wel HY ¥ od
< "ololl da FAZE g FAL FavE dEhvA @2 Aow #F Hdv 71e
o2 Aas AAs=dH AV AAgT(TH 14)

u ——

o

z

:

g B0

= ettty \I\I—l =
o .

3 ~——_ \'*'\I et
i S

——, ==l

u u u u {] {] {] u u 1 TR T T = T T ——T ‘."‘- T T 1
0 3 4 5 6 7 & 8% B U n B ot 2 3 4 5 & 7 8 9§ W0 # L 1

Fig. 14. st=thd 52 olabahda 200 ppm A 2] Al kel whe AE&3 448
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SY 13 o WEW o dsghd] UE AFF by 3o Aol ko
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A Amme] ol st Mol A% S FFo §3
AT ol @ A FFo Sau: &
FE gtk

Table 9. Pupation rate of P.Interpunctellaon(larvae) after ClO; treatment at 50 ppm

treated time Ohr 6hr 12hr 24hr 48hr
rate of

pupation 49.44+10.15 | 48.89+14.91 | 46.19£19.93 | 39.15+28.21 | 28.82+17.62
(%)

% LE, FE AZA] BE o Pog, LIF 55 AL, ¥} F 439 W
q718& 24
1‘4 Hﬂd)

Insect petri dishel sh=rubd HGOZNANE 3g o =Hel(@rheh 97 ¥ 5 olibstdn
7bg ol 8ate] 259 30CAA Atk ol g g b FRE 50, 100, 200ppm o2
X%E]O]‘)%J‘ ]Zl‘o O 1 6 12 24 36 48 h Z%E]O]‘}}\»——Dﬂ 7]’ Zz74d SH]—EOE 2] 3] 3}%

th o]xksld A Jh A 3 30 C/70‘7 Z71 92 Incubating 39, &9 H3}&8 XA 33
o, & XA AH A0S g9 & HAA 1ol o8] AeE ol F3tE fF5o A4
&3 Wov)stE B s
EEIEED
(D) stg=upd o] AAbks =3 o9
st & F8es 255 393 BEEAT.(2| 15)
ShE LY & 25°C 50ppm ShE gL ¢ 25°C 100ppm iU Y 25°C 200ppm
100 100 100
80 - ==0h 80 80 =—+=0h
; 0 — = -a-1h ; “0 ——0h : 0 —=-1h
s — —i—th o L= —--1h 2 — —ath
il _ ——12h 5 -6h 7 ¥ ——1%h
R —_——————— Y Yo ——12h ¥ o ——2ah
5 —_— —=36h o £ m * m 3 e 241 0+, =®=3th
o} 1 2 480 o 1 2 o} I 2 48h
days days days
Fig. 15. st&=ubt <ol ojikstd 4 50 100, 200 ppm A el W& 25 F F3}
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Table 10. Hachability of P.Interpunctellaon(egg) 2weeks after ClOy treatment

at
50, 100, 200 ppm from 0-48hrs(25T). (%)
ClO, Oh 1h 6h 12h 24h 36h 48h
50ppm 55.3x2 63.314.1 54+9.8 33.3£2 16£6.1 6x5 3.3 £6.9
100ppm | 52.6+24.6 | 56.6+15.5 6 +4 0+0 0+0 0£0 0£0
200ppm 55.314.1 52.6x3 1.3+1.1 00 242 0x0 0+0
P.Interpunctellaon(egg)
P.Interpunctellaon(egg)
. 30
. 40
Il 50
_ = 70 5 —
= -} 2 70
z —-) z - 0
i 3 -

60 a0 100 120

140 160
Concentration(ppm)

(#}: 3D Mesh Plot. $-: Contour Plot)
A AHY A s wE shebarunt

o] A2 3 AA&
) e 8 2

Jr
ot
>
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Table 11. Hachability of P.Interpunctellaon(egg) after ClO, treatment at 200 ppm

from 0-48hr(30C). (%)

ClO2 Oh 6h 12h 24h

200ppm 60+9.1 0.6%+1.1

0.6x1.1

(2) -3t

O = e}
3o A&
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9 ppm o= Fqksto]l AL &

oAbzl A HH A B A2 200ppm 24417 Al 2@ H3tE JHAZF 1 fA L whet
A A9 dolHol= BA4 Aol 7F gl

(3) F3td 59 WH7|sE

¥ 99 w2 o]itstd Aol ek sttty o] XALEo] o 53] 100-200ppm 12
AZE o] de] Aol o Fsle JAZE 1 /MAIG L Hd 7|2 $-31% A X9 .

2. oAt AAA wWE FEME, 2E)Y FF WA vAE % ; A F AF
7|ZHE o)At E A JEFH A, 5, AR, A A B4

7F. olAtst A AP wWE JIEHF

AHHH)

olabstd A7 A7 2 2 g 7] " A3 ol e A 7| olAts A
200ppm 1AIZF A 2lgh & 22 S/TE ol &sto] 1xke] AAH F ARG dxz2TeF A
T(200ppm 48A]17H) o] =& 50g A SHF 500mlel ¥ ¥ sonicatordl] 20%7F A3
200ml1%) 2719 AT EElazme]  #58te #H|sY. AutoCAT  9000(HACH, Chlorine
Amperometric Titrator, USA)E ©]&3to] o]itstd A IEFS SAsY. SA4E 32 1kg

EREED
Table 12. %3 200ppm 48h ClO, Hg] & A%7]1714 ClO, A&,
T Cont 1 week 4 month
rice 1.5240.59 ppm a | 3.01%£2.80 ppm a | 2.14+0.73 ppm a
barley 1.95£0.51 ppm a | 1.00£0.94 ppm a | 1.91+1.09 ppm a

Duncan B34 40l oske] B4 @ A3 olstadns] EFe A7 BAH Feoli
itk olustdat 5ol FE FRFFe] R AP TR FrEs
Fol BA @ Aom etk mebd oldstga AY A FE £ Gl Folsor
g oz wudm, o2 A4 sl 233 AT BT AGolth TG o U
A3te F8 oW ALAY F FB FF AAA BA0E AH T & Ak

g, ol agds Aol BE A 24
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Table 13. Acid value of rough rice and barley after ClO, treatment for 48hr.

Sample . .
Sample Acid Value Significance
treatment
23 5 779 control 27.4 £ 0.9
NS
(2015d54) ClO2 200ppm 2981 + 1.2
rice 48hr
23 5 g9 control 86.21%x1.14
kkk
(20154174) €102 200ppm 110.55+0.55
48hr
+
- 23 5 11719 control 15.16+0.19 »
arley
(2015979) ClOZ2 200ppm 9940
48hr
A9 W)
Ao AHgE & 20149 109 83 Alsx FFolH, BEl= 2014 79 73k
9% wel2A 217 190 FYste] W wwste] APol Agsa
AE&FA = FAAY FHE Ho o, A7 2 59 olfrel s Sy AEH K
A Ao g FaEn Ate FAIAHE 715) 1 g Foll 78 FEASAS T3A7]
=4 23 #4345 (potassium hydroxide, KOH)9] mg & o|v|dty, 47F= fA %4
o Hxwolu] Adlge] FhIHo R o FHL.
oAzt & Ao WE FE A3t APAFLE dotr ] Y] AY T RIS 24
& T A ol gele] ol FESAT. 1o oil ARE AFF F oo Lol HZ ol TS
EFE0 50 mE ¥ol oil ARE SAANAT 1% AEZLAA A %ke 17208 Wojm
2 & Rel(burette)S ©]4340] 0.1 N KOHZ HAatglon], n]g o] 3070 Algk== o
= Wl7FA A A (titration)o] AFE¥E KOHS %S 7|53t £44S A5

e 2 4g ol gt AstE FHSA
(A— B) <X Nx56.1

A7HAY) =

w
Al Al59] KOH& 9 A7 =
B: 349 KOH&) 44%

W ARe AHE (g
N: KOH& 94 =4 5% (N)

T2 F E " vzl olakstd 4 200ppm EEE 4A8AIZE AR APt gzl
Hls Acid Value®l #to]l SAIAH o= Fof shx @gkov, 9 /id & WXz ofttstd 4l
o3 Acid Value @kol whz7toll wls) 724 Aoz} giolth g, =3t 5 1170€ ¥ He
A FEO o)isHEAE 4843 AT A FeAME dixzTol HlE fel A Aol 7t

2
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itk FA olabstga Aele] wE Aol FA4 ol MAE JFS HAF] 93]
A9e 7

3 s,

AY)
2% nelE o uFdAR AT F 5004 3B o Wl A4 F ] 0T o ma 2
zAbah g,

Table 14. The germination rate of stored rice after ClOs treatment from
0-200ppm for 1, 2days.

7 days germination rate of stored grains (%)
sample ClOg day
0 month 1 month 3month
Oppm Oday 96.33£2.33°Y | 95.67+0.67% 97.67+0.33%
lday 99+£2° 95452 97432
50ppm
2day 9742 97+1° 99+1°
rice 1day 9642 94+2° 9643
100ppm
2day 97432 99422 96422
lday 96422 95432 90+0P
200ppm
2day 93+3° 95+3° 92+3P

Table 15. The germination rate of stored barley after ClOs treatment from
0-200ppm for 1, 2days.

7 days germination rate of stored
sample ClOy day grains (%)
0 month 1 month
Oppm Oday 97+0.58V 96.33+1.45%
lday 99+1° 98+2°
50ppm
2day 95+1° ]7+4¢d
barl
arey 1day 87+3" 95+1%
100ppm 5 5
2day 8512 90+7"
lday 95442 89+ 2Pc
200
b 2day 874 82+31
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clakalg e el Al £ okl 200ppm 28 AT AAW Wobsel Holk g5t
e gk A Fole Aolsk gl Ao 2AEAL. FE MY AFE WM e AT
Wolgo] thh WolAt 22 A T & AN

wels 19 AgTolAs welge] Atelsh glglont 29 A oA 100ppm A el ol A
Wolgo] whAl EAET @ A 77kl whel wobgo] tha wrolA i Qo HA Y
o 9o A9E Bal FEe| Av AES wolatl WA &S FF T & Avk

. otz Aelol WE FEF 2A}

)

Zz3 B 20 AE 100ppme HEZ 24A7S HEEe Ae A3 z+ A= o Ay

o
A3 A 9 ﬂﬂ%ﬁ}% 3%——%3§ Z A}

A A9
Table 16. Weight change of grains after ClO; treatment with 100 ppm for 24 hr.
treatment F A 3H%) Significance
cont -0.75+0.05
rice %%
100ppm-24hr -0.58+£0.03
cont -0.12£0.03
barley NS
100ppm—-24hr -0.2+0.05

1) Not Significant

ol sl s haATel % Fage Wy A%
o g5t el B |
@ olaEtd s A @ 5

N

o

o ok
r—l%mm
2 e
oo
s r
=
X w

ol 0’1)‘1
ox

o &
i)Y

o

9,

P olgda A B A 2A

AHHH)

olakstd A& A g 2= AL WstE #AFsH] fete] v(x2)¢t HEE olitbstd A
2~ 200ppm & E=ol 48A17F A gk & 2w FE 5 727 21°C, 56% RH=Z 24A17F A A1
% texture analyzer (TA.TX2i, Texture Technologies Corp. Scarsdale, N.Y.)& ©]&3}]

A2 o) dxTe ARE 50 A4 SAagn
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Table 17. Hardness of rice and barley after ClOs treatment for 48hr.

©

Sample treatment Hardness(N) Significance
control 189.7£5.53
NS
200ppm/48hr 184.0+8.41
riee control 189.7+5.53
4 month after o
211.22+4.6
200ppm/48hr
control 165.91£2.65
barley %
200ppm 48hr 157.23%£2.28
H(Z3)] A% ol ustds A AFel wete] FmAelrt gglon MU e A%
o= Ael® vl FErl mobd Aom ARAL. #A meE A A% AR &
2 Aol EAth
o, A%
A9 )
ZFo o]2tstd A 7F~E ZF 50ppm, 100ppm, 200ppme] s%== 7 0, 24, 48 Al ZF A 2] &} o]
A A 17Y, 47, 1257 FF o2 AAA(KONICA MINOLTA CR-400)& ©o]l&3to] =
A Mgl

35




L
ey
i

B

S50ppm lday

Hcont

50ppm 1week

B0

Hcont

W 24hr H24hr
B 48hr B Aa8hr
#h
50ppm 4weeks 50ppm 12weeks
B0 80
Hcont Hcont
I B 2ghr H24hr
®48hr H48hr
#L #a ‘ #b #L #a #b
Fig. 17. o]Atstd 4 S50ppm A2 713t W& Z39] ME 4, #a, #b 4
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s
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200ppm 1day 200ppm 1week
80 80
cont Hcont
= 24hr ®24hr
= a48hr = aghr
) #L Ha ‘ #h #h
200ppm 4weeks 200ppm 12weeks
80 80
cont Hcont
= 24hr ®24hr
= 48hr = 48hr
) #L Ha ‘ &h #L #3 #h
Fig. 19. o]4tstd 4 200ppm A2 7]3F W& Z=79] ME 41, #a, #b
ot el wE =] L g2 A wImelk AlRtel wel Zpgke & @ 5 3%
(2% 17-19) I oz 3 2852 Agzie we} Ao warl dojupe, o]ksled
2ol oa] MEE UA Wsl Al F dS Zo® gkt ol Wk Akshzhgo] o3
A Aol FFL WAL Ao B & vk
lday #L 1week #L
7100 7100
70.00 7000
6E.00 68.00
66.00 £6.00 T
64.00 —- 654.00 -
6200 + 62.00
60.00 6000 +
58.00 58.00
56.00 + 56.00 -+
cont S50ppm 100ppm 200ppm cont S50ppm 100ppm 200ppm
dweeks #L 12weeks #L
7100 72.00
70.00 70.00
68.00 68.00
€6.00 T £6.00
64.00 64.00 I
T EH#L EHL
62.00 62.00
60.00 6000
58.00 58.00 -j
56.00 + T T T 56.00 T T
cont 50ppm 100ppm 200ppm cont 50ppm 100ppm 200ppm

Fig. 20. o]3Fsbed 4 48A12F A 2] Al A2l ek AR 7|3bel] whE == #Lgk
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B0 80
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Fig. 22. ©]4tstd 4 100ppm A2 713F wE B M 4L, #a, #b 3t
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=0 o cont 0 Hcont
40 1 5 24hr 40 7 H24hr
30 7 wa8hr iy o 4ghr
20 A 20 -
10 -+ 10
[+ T 0
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80 B0
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= mashr ®48hr
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lday #L lweek #L

70 70

68 B8

66

66
64 — &4
mHL m4L
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- Il : -:
58 : : ' 58 . : :

cont 50ppm 100ppm 200ppm cont S0ppm 100ppm 300ppm
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70 70

68 68

66 66
64 - — 64 T —
L E mHL
62 - — 62 - —
50 - — 50 - —
58 58 : . :

cont S0ppm 100ppm 200ppm cont S0ppm 100ppm 200ppm

Fig. 24. o]ata}d 4 48A13F A 2] Al A2l Fleok A% 7|t mE ®e] #Lgk

ojatstd gl mE ®eo L g2 A2 wimek Aztel meE WUl Qe Ao® 2AMH
Atk Hes wd ve] FdHor Evdd FH4S fFAGH AAAE o] &3 AME Wt
w0l &o] A Fes & T AT vt dF AP FelA gizgel v =2 =S
Hol= A% o] AT

e A okd AES AW st
52 AFel A AA el A Fumgony Azd Aed YALE} FES =
Adsta gon, olfd Ase] A e AgelAE 2ew dAY BAoR s A%
= glou, e F9 99 FESHI AZEon A5 A9sty o AA e AE
AL dAste]l T AZES WE hxw vk 2EHIA AZELS I Ao w
WelEst MRE, B (HEHY) A2, o2 A FEE b Ak duwe S2es
& AL T4 B wem W, Jn), W) e s 2Ee4 2 5 s AR
o ®3 @l AN oAl g Bw AL WaE dosl Hx, FER o
SRS o2 Wi A ol BFo] Tule WALE std ol Wee Ani &
A7) el AgHa, FHEA, A ekl AR, wle A, oA @ AR ol ol
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S9 28 o EHAE B00ppm 447 A F 2L HYIp 3 fele] o] Fof A
A e 71 ek,

Aedon olstgit MEEe Tx JFS MAY 2FOR FHoF AzEA Y
AAWMEE Ad s o BoE. A HPATN ol AsGre] wEH 2FE &
Felo] AsHE AL WF T & AEd oY@ AL ol WAL} 2F A2
G vAA e BF AASHe] WolAE A U £ y] o] I AF
7} a7

24, TB(E, RIET F 4F, £F, 29 ounds 3
4 APz A7

1. AL A&sE PE 244 FA(EY, vi)e] 42 oliAgds 712y 23
=9 A% AA&Te] #A 71

A)

Insect petri disholl 3bg=rvhd A Z=Q00A), 3tg=vbd F3Q00A) 3 o) &2 vpatr] A
Q070 A)S 3g o Hol(dn])et fé}vﬂ Yo o o)lasld s 7tAE ol 83te] Aystgrh A

23l Z0] A+ Insect petri disholl PEXHAE A7) A FEZsdch(1d 29.)

43




Fig 29. PE X744 538 43
oladHor E4 AZe UHH AW Y 7fAFEH A7) (Gas leak detector C16,
Analytical technology, Collegeville, PA, USA)E o] &3le] w2& ZUYHY 3t} o]4ks}
A b FEE 200ppm o2 A A, A 0, 12 24, 48 h APsR o, 7 =7
d 3RkR o g Ad st olikstdA 7h~ A7 F 30T/70% 722 Incubating 3HH,
Az 5o ARG 2A ST
stEILAE 200ppm (OHC| S 2H2) SEILERE 200ppm (OHH &o}2)
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z 20 I / ——DOtCh6 z 20 ——n}T12
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o{2|&Hf0| A= 200ppm (O E1HE)
Y A i o
g ' / / // " Fig 30. PEXHAE F23 Insect petri
x || J A T . dish® o&sle] o]aksela 200 ppm A
0 e o A SRR WY AF, £F 292 o
o 1oz o oa s s 7 T amam gz AE A4
days
Ad A}
¢] e ZolA Kol niet o] PEXAAE Insect petri disholl F&ate] g3t Ay =
Wuld] ¢l =Insect petrl dishell sty 73, d% 1gla ofg)dniatu & ol AHegh
A statauydt HA5e PEEAAZE B2E A & petri disholl A& BEAZF A 100% 9]
AALES B9, PEX ZP7<H7]- R25 petri dish 6h=]glo] A 1dayol A 90%¢] XAL&<S vhe}
Wi 3day™ 100%9] X AF&S LERWTH
5o += PEXFA7F 2R &S petri dish 12hA 2ol A= 90%2] X AMES YEFW A
W PEXAA7F F-2H9 petri disholl X AFE9] 65%9] a1, 24h A 2] A] 98%<°] X AFE-& UERY
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Fig 33. Zlgleo]y WF F%E 100 ppmo=2 AAI}ES 4H5 B9 YF stadaivpye] xw
SEf ek AL A H
Table 21. o]4tstd & 7k Aol wE std=ul f59 XA
outer (%) inner (%)
top 0O £0 0O £0
mid 0O £0 0O £0
bottom 0O x£0 0O x£0

Sy F3e F9s AFud ol sl U Aol ABZ A} o] FojAA
Fe AS FAT 5 A

7h2s A wg Aubtr] ] A A

outer (%) inner (%)
top 15 £ 15 15 =5
mid + 0 5 =5
bottom + 5 10 £ 10
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e IR

=
AAP7E o] FA A A e S FAeT F AT
9 A¥E Fe B2, B R Fx7l 100 ppmeZ SErbA e AEolA 9159
E=7F 100 ppm¥ A--oll= Wiel e 25 XA o] FojxA &= Ao dildn
AN e U] @A ofEs F vt HEE JhEehA ¢al B o] FREE E
WO o] 4kstd AV AFEHAL S-S F 5 AT olFA AFHE vEE 25
AAA 71 7)ol = F-5ek o] witgol 7Rt HE e e S &3 & A

2333 4= A" oy Wi HEE 500 ppmeE A st Wi H%7F 100 ppm ©] o]

=] At

Table 23. 0|13t 4 7k Ao wa s AF o] AAbe Eao] R

outer . inner
outer (%) , . inner (%) , .
discoloration discoloration
top 100 £ O + 100 £ 0 +
mid 100 £ 0 + 50 #£ 50 +
bottom 50 =+ 50 + 65 £ 35 +

R

MY 33} 4ol A AHoH R ol ABG L Th FEE 500 ppmO R WAL, FFFHL
g 7hEste] B yRel oshdh b FES 100 ppmos RFACh 1 A3 EW )
B ShEbg A ARelA Bale] Aol A o

%7k W AAeS Bl & & Q9T GE 23, 19 34),
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Fig 34 Aoy W% % R olabehel s s BE
£ 100 ppmo. =2 A& sk

outer (%) inner (%)

top 55 =+ 45 80 £ O
mid 50 £ 50 50 =+ 50
bottom 0O =0 10 = 10

Fupg 4Eol e ol 4kal

Fhy f3E s AoR Ak 49 12 9

Aste A HAd 5 Ao, Y ohdREA A
o

ARZE o] FA XA & Aom Hol EW Ao ojatsta FATE A HA = € Aow

Table 25. o]2tstd 4 7k Aglo] wE Anpytn] J 5o AAE

outer (%) inner (%)

top 40 £ 0 30 £ 10
mid 50 = 50 65 £ 35
bottom 20 = 20 15 £ 15

il dFel Axbgl AR Ha 15% Ad) 66%0] AL mom, Eul vy
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Ao kst Aelsie] HukTE] 4FS AAAIE Aol FeHdr)
9 7&?%%2 F3s) mw, Adeld Wiel olAstdA FEE 500 ppm OF FHHA,
K MEZE ABAA B Y o] 4sg A 5k 100 pomol HAE A, ¥ kel
A ool 52

3. TERAF oA L: A =AY EFAHY F dF T

=5 E53A g
AE59 62 AEolY Wi HEE 200 ppm o& Agde] Wi FE7F 100 ppm O 2
FAHJ o, o9 BA TS 2xE Ay ste] Hu %7 50CE gyl

Table 26. o]2bstd 4 72 A2lol e sh=pl A5 AAbEa 2ol

outer inner
outer (%) inner (%)
discoloration discoloration
top 100 £ O + 100 £ O +
mid 100 £ O + 100 £ 0O +
bottom 100 £ O + 100 £ O +

ol AFA= ZAHolY WHF FEE 200 ppmlZE A5t =1
o2 FA3Y AgS sttt AHoYe] 227 50TC7HA L2+

R NEFEL
of W 100 %] AAHES BAoM, AFIpY HFE BF o] o] g AL HUY
F AATHIY 35). ol £ Ast Bue]l W 4% o T ARE U F JE A%E B

Fal vk (32 26).

2
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Table 28. o]2tst 4 7k A glo] wE Anpytn] J 5o AAHE

outer (%) inner (%)
top 100 £ O 100 = O
mid 100 = O 100 £ O
bottom 100 £ O 100 £ O

A =2
vt Auakgtul o] g abAQl AAlE 9=, 100 pme]/}}Q] o] A3t & TFAE A
‘ AetE A e AollM e 2= A7t Felgts Bl gl

4. 919 13 oA g A AT o]F ZE AX 7| F FAHE = G4 mUHY
T 23 A 284 A7
_zEnaz ousds 49 F A2 w4 34

ttlo

oldstda A F AT LA F

i

5 uhﬂ)

= O

Insect petri dishol &&=y F35Q2070A)S 3g 9 Hol(an)et A ¥e F o3y

A& 72 E AYstdth ofmadwo g 5 A& wWiHE e ¥ JtAFE3 A 7] (Gas

leak detector C16, Analytical technology, Collegeville, PA, USA)E ©]&-3}4

e Atk olikstd A 7k T+ 50, 100, 200 ppm o2 AR L, Al F
A

12, 24, 48 h At en, 7 =714 3ukE oz A8 ) o)aksdh 7t~ AHeE & 3
0C/70% Z71 2 & Incubating 3tH, 3ty F59 AALE 2 838 385 ZAF 3

At
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Table 29. Mortality of larvae, pupation rate, and moth emergence rate of ZP.
interpunctella exposed different concentration of gaseous ClO; combined with different

treatment time at 25Con 5 th instar larvae stage.

Treated ClOs gas concentration
Time (h)

50 ppm 100 ppm 200 ppm
0h 0.0 £ 0.0 bA 1.7 £ 1.7 eA 1.7 £ 1.7 dA
1h 0.0 £ 0.0 bA 0.0 £ 0.0 eA 0.0 £ 0.0 dA

Mortality of 6 h 0.0 = 0.0 bC 10.0 £ 2.9 dB 18.3 + 1.7 cA
Larvae * (%) 12 h 0.0 £ 0.0 bC 28.3 + 4.4 ¢B 71.7 £ 1.7 bA
24 h 3.3 + 3.3 bB 95.0 £ 2.9 bA 100.0 + 0.0 aA
48 h 23.3 + 6.0 aB 100.0 + 0.0 aA 100.0 + 0.0 aA
0h 100.0 + 0.0 aA 98.3 + 1.7 aA 98.3 + 1.7 aA
1h 95.0 £ 2.9 abA 81.7 + 7.3 bA 31.7 + 3.3 bB
6 h 95.0 £ 2.9 abA 46.7 + 4.4 cB 5.0 £ 0.0 cC
Pupation” (%) [ 57 86.7 + 6.0 bA 6.7 + 4.4 dB 0.0 £ 0.0 dB
24 h 66.7 + 4.4 cA 0.0 £ 0.0 dB 0.0 = 0.0 dB
48 h 38.3 + 6.0 dA 0.0 £ 0.0 dB 0.0 + 0.0 dB
0h 100.0 + 0.0 aA 98.3 + 1.7 aA 98.3 + 1.7 aA
1h 95.0 + 2.9 aA 81.7 £ 7.3 bA 11.7 + 1.7 bB
Moth C 6 h 76.7 + 7.6 bA 16.7 £ 1.7 B 17+ 1.7 B |
emergence
%) 12 h 25.0 £ 5.0 cA 5.0 + 2.9 dB 0.0 £ 0.0 cB
24 h 6.7 + 3.3 dA 0.0 £ 0.0 dA 0.0 £ 0.0 cA
48 h 0.0 £ 0.0 eA 0.0 + 0.0 dA 0.0 £ 0.0 cA

Mortality of ClO:; gas treated larvae were measured at 5 days after treatment.

b Pupation from ClO, gas treated larvae were measured at 10 days after treatment.

¢ Moth emergence rate from ClO, gas treated larvae were measured at 15 days after
treatment.

4 Values are means of three replications. Means * standard error followed by the same
small or capital letters did not differ significantly between time at given concentration or

between treatments at given time according to the least significant different test at P <
0.05.
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HAdd

oo AALE, €318 283 9382 50 ppm &2 48h A Al HU 23%2] AAFES
Aem, 100 ppmell A= 24h A2 A 95%9] X|AF& 3 48h A 2] Al 100%9] A AL&S €<lst
ar, 200 ppm 24h, 48h A2 A] 100%2] *|AL&S FASATE o]F &3&2 =49 1h o
T volx S geld 4 AUk 50 ppm 1h,6h oA+ 95%, 12h 86%, 24h 66.7% 183l X
AbES 7Y =W 48holl A= 38.3%7HA] ol S #elskith 100 ppm 200 ppm ol A
T ovbolx S gIE Tl 100 ppm 1h 81%, 6h 46.7% 12h oAM= 6.7%7FA] Yol S &
AATE 200 ppm AlA = 6hol Al 5% &3t&S gdstAnt. 382 ¢ Yol 50 ppm
o = 12 h 25%, 24h 6.7% 48h oA+ 37F dojubA] 22 AS g1t 100ppm 6h
16.7%, 12h 5% = §-3}&o] o}z S g2lst ). 200 ppm oA+ 1h 11.7%, 6h 1.77}A]
b= leo]—;g}g/ﬂ\\:}. of A#}E FalA PFF=(50 ppm)el =EFH |k 24h o] A A ol =
oA Asom 37t 6.7%= 5438 Holds gttt w271 =5F5(200 ppm)
o A= 6h7ﬂﬂ°ﬂ/\1 1.7%°] $-3t&=

i;RHI

3 vroly g
FoAM AFozel West B4 gt A FAsd

%1

FE 3T WA A F AF 7} F FA ASFE A ALY F AFZ 7D
H FAWE ¢ 2YUH P (pilot AF)

o

oAt F a7t TA Holo HAE I

4G
3 5 AAEA G W nYE ousdan A F 19, 19, 319, 6719, 1214
Fol 50714 3980w Wbl A% F ¥ 30T sh el 25T EANA TAN Wobgd
zAbstslh
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Table 30. The germination rate of stored rice after ClOs treatment from 0-200ppm for

1,2 days.
7 days germination rate of stored grains (%)
sample ClOg day
0 month 1 month 3month 6month 12month
95.67x0.6 | 97.67%0.3
Oppm | Oday | 96+2.33"" 9467510 1 933507
7 32
lday 99+22 95+5% 97+32 97+1% 95+1°
50ppm
2day 97422 97+1? 99+1° 98+1% 94428
riee lday | 96£2® 94+2° 96+3° 97+1% 95+1°
100ppm
2day 97+3% 99+2? 96+2° 95+2:P 96+2?
lday 9642 95+3% 9040P 95412 96+1?
200ppm
2day 93+3P 95+3% 92+3P 93+2° 85+4°

Table 31. The germination rate of stored barley after ClO: treatment from 0-200ppm

for 1,2days.
7 days germination rate of stored grains (%)
sample ClOq day
0 month 1 month 3month 6month 12month
Oppm Oday 9740.58%Y | 96.33+1.45" | 95.78+0.59% | 98.22+0.442 96+1.02%
lday 99+1¢° 98+2¢ 84+4¢ 39454 18+1°¢
50ppm
2day 95+1? 87+4cd 85+2°¢ 85+1° 79+1°
barley lday | 873" 95+ 1 93+1% 912 | sax1®
100ppm 5 5 - 1
2day 85+2 90+7" 85+2¢ 70+3¢ 25+4
lday | 95+4? 89+2P¢ 87+2 86+2° 9142
200ppm b d be b b
2day 87x4 82+3 87x2 85%3 88%3
ojAbst A A Al B Wolgol= 200 ppm 29 A ol Awt Tobs o] Afolrh AL, A
gl = 370, 67, 193 A vo= A & dolgo] A "oA = ZE gl &
T dA
WeE AP AFERE Ao TolA wolgo] Wolx i AFS walrh AP Ani 48 F A4
AE A e AdEjolH, o]itstd Aol 9 FE3] ATHA &g ATEAANE A FE
982 JERIATH LY 36).
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lday #L 12weeks #L
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&8 &8
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cont S0ppm 100ppm 200ppm cont SOppm 100ppm 200ppm
6months #L 12months #L
74 74
72 72
70 70
&3 &8 T
(<) (=]
m#EL WHEL
(=%} =%
B2 B2
58 T T T 58 -
cont Soppm 100ppm 200ppm cont SOppm 100ppm 200ppm
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Zo wlgsle] Ao x7] MmrF Rzt A 7] 3k
2 ZAE AT 53] 50ppm ©]/de] A7 & 125 Foll= uix
of Hla] H& MEE Hgoy AT gt Aol7F Yle AR ZAFE UG

s ub)

B o) oAzt & 7FA~E 7+ 50 ppm, 100 ppm, 200 ppme] FEE ZF 0, 24, 48 A7+ A
skl b, 370, 6719 1271Y A= AAA(KONICA MINOLTA CR-400)& ©] 83}
=7 "l
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AR
Adeoly 59 okEdA Ay AT AHAIE A (F)FEagedAd  AF
(2000X2000X2300 mm), o & (2600X4500X2500 mm)AFol =2 HAH ol U E o]&3to] A3 A
o Adely e o= I dXste] 2k FAE & ¢ J=E AAeia, AFTFE F
3l o]hkstd A 7}’“ T & 7 A=F st FYE oAb d A vtae 40 ke H
2 (KBJ1-1500S,71 A AF 10220V, 60Hz)E ©]-&3ate] =8 Wi FdHdeh 718 Fxo+=
PVC #(AEF 9 mm 12 mm Atele] 98 FHS 100 mm HAS 2 Fo] Az2hHs &9 U
2 dZdstanh a8 YR S5 UF oisidA vE A SAFT AE JEE 93
PP A o] Eefutt)E o] &sto] = 5 kg® st AP E = Fobggal, Kvtr) A
ol A& A9 2o “X]Zﬂ ol HER =2 2 ol i o
A Bt 2T AEA L (F)F Aeloly W+
= 7heFdvlE ol 88kl E} T e ol 8st
o 7|ERUT wWe %o =42 Series
F12(Analytical Technology, Collegevﬂle PA, USA)E o] & ok (19 45)

GAS TRANSMITTER

esc| A | W | enter|
B Agde sy F2 10“%“4“‘ Insect
petri dishell Ho}, &= ZF Q1A Al At

01*1 Lt

PPEutrfo] E7d =
< Ao =20 S 29 5 171 #1%- Al S PP




sho) o] AASET, THA Sl EY Wie e $EE %8y 9% HOBOE
Aol Agl QA

EEEED

&3 AdelueM 1233 A4 9L HAvh FIF2aBAN A= Folm2E 157)
g olgstol B 9ol o UBRPLE AL F, NYREAE 1B 58 FARE WHo
2 B9 ol o EelaE FSleie] 24 h APt

Table 32. Insect mortality (%) after ClO; treatment for 24 h in warehouse with insect

inoculated stored rice

Insect mortality (%)
Treatment P. interpunctella (L)* | P. interpunctella (A) S. zeamais
DATO DATS DATO DATS DATO DATS
Control® 0 0 0 30 0 0
Inside 50 70 100 100 100 100
Topd
Outside 100 100 100 100 100 100
Inside 70 80 100 100 0 50
Middle
Outside 0 0 100 100 0 0
Inside 0 0 0 30 0 10
Bottom
Outside 0 10 0 0 0 0
* L means 5 instar larval stage, A means adult stage. _ _
Control means the insects not treated gaseous ClO, and incubated in normal
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environment.
¢ Top, middle, bottom and inside, outside is the insect tested place in ton bag.

12k A9 Ay ASFAM = sRaulTe 70% 452 100%, of 22 100% =
= AMANA AAbeS dERAL Jlon, S3F = TIFENARE AAE SAHAY. T
HPE ) Sl M= T FAFS vF e Qla AAbEol Ao yEuA @eS Flst
t(F 32)

32 o o

Table 33. Insect mortality (%) after ClO, treatment for 24 h in warehouse with insect

inoculated stored rice

Insect mortality (%)
Treatment P. interpunctella (L)' | P. interpunctella (A) S. zeamais
DATO DATS DATO DATS DATO DATS
Control” 0 0 0 10 0 0
Inside 100 100 100 100 100 100
Top*
Outside 0 0 100 100 40 100
Inside 0 10 100 100 0 10
Middle
Outside 0 0 100 100 0 0
Inside 0 0 100 100 10 60
Bottom
Outside 0 0 100 100 0 10

# L means 5 instar larval stage, A means adult stage.

Control means the insects not treated gaseous ClO; and incubated in normal
environment.
¢ Top, middle, bottom and inside, outside is the insect tested place in ton bag.

64




Table 34. Insect mortality (%) after ClO; treatment for 24 h in warehouse with insect

inoculated stored rice

Insect mortality (%)
Treatment P. interpunctella (L)* | P. interpunctella (A) S. zeamais
DATO DATS DATO DATS DATO DATS
Control® 0 0 0 20 0 0
Inside 0 50 100 100 10 30
Top*
Outside 0 0 100 100 10 90
Inside 0 10 100 100 0 30
Middle
Outside 0 0 100 100 0 20
Inside 0 0 100 100 10 20
Bottom
Outside 0 0 100 100 30 30

L means 5 instar larval stage, A means adult stage.

Control means the insects not treated gaseous ClO; and incubated in normal
environment.
¢ Top, middle, bottom and inside, outside is the insect tested place in ton bag.

g7 fiste] olAdE AGERN AL 58
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Table 35. Insect mortality (%) after 200 ppm of gaseous ClO; treatment for 24 h in
warehouse with insect inoculated stored rice

Insect mortality (%)
Treatment P. interpunctella (L)* | P. interpunctella (A) S. zeamais
DATO DATS DATO DATS DATO DATS
Control® 0 0 0 40 0 50
Outer space® 0 40 100 100 0 10
Inside 0 20 100 100 20 20
Top*

Outside 0 10 100 100 0 10
Inside 0 0 100 100 20 80

Middle
Outside 0 0 100 100 10 80
Inside 0 0 100 100 50 80

Bottom
Outside 0 0 100 100 60 80

L means 5 instar larval stage, A means adult stage.

Control means the insects not treated gaseous ClO; and incubated in normal
environment.
¢ Qutside of bag means the insects treated in warehouse but not placed inside of ton
bag.
4 Top, middle, bottom and inside, outside is the insect tested place in ton bag.

12 A9 23, SRl s s S AT, T35, oS e elA 100%9
AALES gelstdth ol dutatn o] Ag-ole 5do] AdFo] FFI stFolA = 80%9
AAES GEFUAIRE, FE A s 20%~10%9] AAES YEW = 3o s GlH ATt
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Table 36. Insect mortality (%) after 200 ppm of gaseous ClO, treatment for 24 h and

closeness time for 12 h in warehouse with insect inoculated stored rice

Insect mortality (%)
Treatment P. interpunctella (L)* | P. interpunctella (A) S. zeamais
DATO DATS DATO DATS DATO DATS

Control® 0 0 0 0 0 30
Outer space® 0 60 100 100 50 50
Inside 0 20 100 100 40 70

Top?
Outside 0 10 100 100 30 70
Inside 0 0 100 100 20 40

Middle
Outside 0 0 100 100 20 30
Inside 0 0 100 100 10 40

Bottom
Outside 0 10 100 100 20 30

L means 5 instar larval stage, A means adult stage.

Control means the insects not treated gaseous ClO; and incubated in normal
environment.

¢ Qutside of bag means the insects treated in warehouse but not placed inside of ton
bag.
4 Top, middle, bottom and inside, outside is the insect tested place in ton bag.

112 h A"y W
| RE QXA 100%2]
e Th o gl &utu = B fAdA AHE § 59 Hdl 70%~30%2] AAMES
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Table 37. Insect mortality (%) after 200 ppm of gaseous ClO, treatment for 24 h and

closeness time for 24 h in warehouse with insect inoculated stored rice

Insect mortality (%)
Treatment P. interpunctella (L)* | P. interpunctella (A) S. zeamais
DATO DATS DATO DATS DATO DATS
Control® 0 0 0 70 0 50
Outer space® 0 70 100 100 60 100
Inside 0 30 100 100 50 80
Top?
Outside 10 40 100 100 40 100
Inside 0 0 100 100 10 40
Middle
Outside 0 0 100 100 30 50
Inside 0 0 100 100 0 60
Bottom
Outside 0 0 100 100 0 20

L means 5 instar larval stage, A means adult stage.

Control means the insects not treated gaseous ClO; and incubated in normal
environment.
¢ Qutside of bag means the insects treated in warehouse but not placed inside of ton
bag.
4 Top, middle, bottom and inside, outside is the insect tested place in ton bag.

3 Aol M= 24 hat AE -, 24 h AHOlY W By § dZsidu. o 23 sy
WSS BE A 100%] AALES WERHSIT of g &utrul o] - 2] 5ol A

Y & 100%~20%9] AAMSES &2lE )
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Table 38. Insect mortality (%5) after 200 ppm of gaseous ClOs treatment with CO, for 24

h in warehouse with insect inoculated stored rice

Insect mortality (%)
Treatment P. interpunctella (L)* | P. interpunctella (A) S. zeamais
DATO DATS DATO DATS DATO DATS
Control® 0 0 0 0 0 40
Outer space® 0 0 100 100 50 100
Inside 10 20 100 100 70 100
Top?
Outside 10 30 100 100 30 100
Inside 0 10 30 100 70 50
Middle
Outside 0 10 100 100 30 90
Inside 0 0 100 100 40 40
Bottom
Outside 10 10 100 100 0 60

? L means 5 instar larval stage, A means adult stage. _ '
Control means the insects not treated gaseous ClO; and incubated in normal
environment.

¢ Qutside of bag means the insects treated in warehouse but not placed inside of ton
ba
Top, middle, bottom and inside, outside is the insect tested place in ton bag.

ARdAE AA Gpd =delsolag AR 4E s

ARG T 3% AU FUA 24 b A T, 2
23 & 100%2) AREE AT o
2% 70%~ 00/4 2 } -% @Ho}aiﬂ, 54 Fall 100%~50%7H4 5

FTEE %=
E] uM] 24 h
2] 2 nf 1|
7bebe= A=

Table 39. Insect mortality after gaseous ClO, treatment in warehouse

P. interpunctella (L) P. interpunctella (A) S. zeamais
Control 0.00 + 0.00 0.00 + 0.00 0.00 + 0.00
Outer space 66.67 + 3.33 100.00 = 0.00 100.00 = 0.00
Inner 11.67 £ 4.41 100.00 + 0.00 98.33 + 1.67
Top

Outer 20.00 + 5.77 100.00 = 0.00 95.00 + 2.89
Inner 5.00 + 2.89 100.00 + 0.00 66.67 £ 6.67

Middle
Outer 1.67 £ 1.67 100.00 + 0.00 55.00 + 29.30
Inner 5.00 £ 2.89 100.00 + 0.00 60.00 + 21.79

Bottom
Outer 3.33 + 1.67 100.00 + 0.00 28.33 + 8.82

? L means larva, A means adult of P. interpunctella.
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Table 40. Insect mortality after gaseous ClO: treatment in rice processing complex(RPC)

Insect mortality (%)
P. interpunctella (L) | P. interpunctella (A) S. zeamais
DATO DATS5 DATO DATS5 DATO DATS5
Control 1 3 0 84 42 100
Treatment 2 3 0 87 50 100
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Table 42. Residues from rice seeds after ClO; gas treatment in warehouse

Chlorine® ClO, Chlorite
Control 0.00 £ 0.00 0.00 = 0.00 0.00 £ 0.00
DATI 0.00 £ 0.00 1.72 + 0.05 0.61 = 0.16
DAT3 0.00 £+ 0.00 1.60 + 0.01 0.85 = 0.17
Top

DATS 0.00 £ 0.00 1.24 + 0.08 0.97 £ 0.04
DAT7 0.04 + 0.00 0.00 = 0.00 0.07 = 0.01
DATI1 0.00 £ 0.00 1.22 £ 0.11 1.01 £ 0.17
DAT3 0.40 £+ 0.01 0.00 = 0.00 0.76 £ 0.03

Middle
DATS 044 + 0.07 0.00 = 0.00 0.83 £ 0.14
DAT7 0.03 £ 0.00 0.00 £ 0.00 0.05 £ 0.00
DATI1 0.00 = 0.00 0.00 = 0.00 0.00 = 0.00
DAT3 0.00 £ 0.00 0.00 = 0.00 0.00 = 0.00

Bottom
DATS5 0.00 £ 0.00 0.00 = 0.00 0.00 = 0.00
DAT7 0.00 £ 0.00 0.00 = 0.00 0.00 £ 0.00

a

unit; mg/kg grain
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Table 43.

Seed testing result of rice and wheat after treatment with 50 ppm gaseous

ClO,
Treatment Normal Abnormal Fresh seed Dead seed Hard seed
time (h) seedling (%)* seedling (%) (%) (%) (%)
Rice
0 77.50 £ 1.50 a 9.50 £ 1.50 b 2.50 £ 0.50 a 0.50 £ 0.50 a 9.50 £ 0.50 a
6 76.67 £ 3.18 a | 11.33 £ 2.19 ab| 3.00 = 1.15 a 0.00 £ 0.00 a 9.00 + 0.58 a
12 7533 £ 2.96 a 933 £ 1.76 b 2.67 + 0.88 a 0.00 = 0.00 a 12.00 + 1.00 a
24 67.33 £ 3.84 a | 16.33 £ 0.67 a 4.00 =+ 0.58 a 0.00 £ 0.00 a 13.00 =+ 351 a
48 68.33 £ 233 a | 15.00 &£ 2.00 ab | 3.67 £ 1.20 a 033 £ 033 a 1233 £ 1.20 a
Wheat
0 83.50 £ 4.50 a | 8.00 £ 1.00 ab 8.50 + 3.50 ¢ 0.00 = 0.00 b 0.00 £ 0.00 a
6 84.33 + 0.88 a | 8.67 £ 0.67 ab 7.00 £ 1.53 ¢ 0.00 = 0.00 b 0.00 £ 0.00 a
12 51.00 £ 3.00 b | 1533 +£ 2.85 a | 35.00 £ 451 b 0.00 = 0.00 b 0.00 + 0.00 a
24 38.67 £ 3.18 ¢ | 12.33 £ 2.03 a | 49.00 £ 2.65 a 0.67 £ 033 a 0.00 £ 0.00 a
48 36.33 + 240 ¢ 533 £ 338 b 58.33 £+ 578 a 0.00 £ 0.00 b 0.00 £ 0.00 a
? Values are means + standard error (n = 3). Different lowercase letters indicate

significant differences, according to the least significant difference test at P < 0.05.
Arcsine square root-transformed data were used for statistical analysis of seed

germination; however, untransformed data are presented.

233k Wel olashgia S0ppm Ael F oMol AAsHArh 1 A%, 2IIAE o)z
94 6~48 h AP BFE BANOR Fol7h gl AL BASAUTh Bo P ol 12 hH
Fol% Aol 2 mou Wolgo] st AL FAHATh (E 43)
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Table 44. Seed testing result of rice and wheat after treatment with 100 ppm gaseous

ClO,
Treatment Normal Abnormal Fresh seed Dead seed Hard seed
time (h) seedling (%)* seedling (%) (%) (%) (%)
Rice
0 74.67 + 4.49ab 533 £ 108 b 9.67 £ 294 a 267 £1.78 a 7.33 £ 2.16 ab
6 81.67 + 2.73 a 633 £2.19 b 6.33 + 2.03 a 233 £ 088 a 3.67 £ 033 b
12 68.67 £ 1.33 b | 9.67 =233 ab | 11.33 £ 240 a 1.67 £ 033 a 8.67 £ 0.88 a
24 67.00 £ 3.79 b 14.00 £ 2.65 a 1033 £ 1.20 a 0.67 £ 0.67 a 8.00 £ 1.53 a
48 6733 £ 145 b 1333 £ 273 a 13.00 + 3.51 a 033 £ 033 a 5.67 £ 145 ab
Wheat
0 81.00 + 10.00 a 4.00 = 3.00 ¢ 1567 = 7.17 ¢ 0.33 £ 033 a 0.33 £ 0.33 a
6 77.67 £ 825 a 5.67 £ 2.40 be 16.67 = 6.23 ¢ 0.00 = 0.00 a 0.00 + 0.00 a
12 48.00 £ 231 b 16.67 £ 0.67 a | 35.00 £ 2.52 b 0.00 = 0.00 a 0.00 = 0.00 a
24 45.67 £ 2.19 b | 13.00 + 0.58 ab | 42.67 £ 145 b 0.00 + 0.00 a 0.00 £ 0.00 a
48 37.00 £ 451 b 133 £ 133 ¢ 61.67 £ 393 a 0.00 = 0.00 a 0.00 = 0.00 a
® Values are means + standard error (n = 3). Different lowercase letters indicate

significant differences, according to the least significant difference test at 2 < 0.05.
Arcsine square root-transformed data were used for statistical analysis of seed

germination; however, untransformed data are presented.

Table 45. Seed testing result of rice and wheat after treatment with 200 ppm gaseous

ClO;

Treatment Normal Abnormal Fresh seed Dead seed Hard seed
time (h) seedling (%) seedling (%) (%) (%) (%)
Rice
0 73.00 + 4.64 a | 20.67 + 497 a | 3.67 £ 041 a | 0.00 £ 0.00 b 3.67 £ 147 a
24 70.67 + 3.33 a | 14.00 + 3.51 a | 4.00 £ 0.58 a 567 £ 033 a 567 = 0.88 a
Wheat
0 9233 £ 356 a | 3.67 £ 178 a 1.67 £ 1.08 b | 2.33 + 1.08 b 0.00 = 0.00 a
24 46.00 = 1.00 b | 12.00 £ 3.21 a | 3433 + 371 a | 7.67 £ 145 a 0.00 £ 0.00 a

a

indicate

3).

significant differences, according to the least significant difference test at 2 < 0.05.

Values are means * standard error (n = Different lowercase letters

Arcsine square root-transformed data were used for statistical analysis of seed

germination; however, untransformed data are presented.
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Control

Rice

Fig 53. Tetrazolium staining of viable cell in rice and wheat seeds after ClO: gas
treatment or un-treatment. Viable cell in seed were stained by using 2,3,5-triphenyl
tetrazolium chloride (TTC) solution. Rice and wheat seeds were treated 50 ppm, 100 ppm
and 200 ppm of gaseous ClO, for 24 h. The experiment were conducted twice with three

replicates each.
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t=—4.62, P<0.05).
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Developmental stage

Fig. 34. The larval periods (meanztse) of P. interpunctella egg, L2, L3, L4
on sublethal dose of chlorine dioxide (ClOs, 50ppm) for 24hr treatment. L2:
2nd larva, L3: 3rd larva, L4: 4th larva. Same letters above the error bar
indicate non significant difference within the developmental stage at 72=0.05

based on t-test.
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Fig. 35. Pupation rate of P. interpunctella egg, 2nd, 3rd , 4th larvae on
ClOs gas (dose 50ppm) for 24hr treatment (2=0.05 based on LSD).
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Fig. 35. The larval periods (meantse) of P. interpunctella 3™ larvae on
sublethal dose of chlorine dioxide (ClO. 50ppm) for each treatment hour
(~=0.05, by LSD)
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Fig. 36. Pupation rate of P. interpunctella 3rd larvae on ClO, gas (dose
50ppm) for each treatment hour (2=0.05, by LSD).
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1 47, 914 RPColA 9] o|ttstda | A 2 AEE A A4

AA e A olitstd A AE F i dsAATEd WE A 54
AEes Tt &4 8 ")r of 7= Hste] == BS AR, Thysts AEEE oA
1528 RPO)F FHEE A v=A g gelA dideisel ek oitstds F5adE
AlEstAth B A7t S s 5, A, ofeldu A o gAY s
of T8 AFNTA AAREZAALY(Tribolium castaneum)= EIAA 43S [P35

th A& oA RPCe 4% oxtgda Agls=s 1, 28 AFYZd 300ppm 71E 17
100ppm 71E 270, 3 AL 2 300ppm 71 E 170, 100ppm71E 170E A3 o, Al 2 2
42 L(p 3400 x 9645cm) °F 80m’olw AL ® AR F 0}01 2A17F A —"? ]7P Hj
7] & 3|tk Adel AR E FAIFS sEaUE A, F5, olgdnkatn AE, A4
BESAADY 45 55 7 307y T3t ojikstd & 431 5 Jo‘"]?*e‘% eqﬂ_‘s
o AEA WE 7HA e ELHZ:J_(%E 257307C, 5% 50760%) A HstHE A 24A] 7F
7

==

Lo

19

_|_4

% 4860 24 RPCAIA 9] o abstda FAlel, Ae) 1k sl FEe] 4EE 2192s Uy

dok st AEel A9 A, A ¥ 1dAE e BF 100% Ao ol F A
PIFANA BEE) SUA 5% FARTS Bcurt 24 Rophon oF A% FA
Tk B AESS etk SRRl f50 A9 AT ta de ALES

Hlov AP Eok FA e Al oA e ﬂu}a& Aol & F7h gloATh o)
T ABE clustds ARt e RAUT AEFRD da A ebdout 94
Atk Aolg wolxi @itk ARAEEAAL ] B A TolA A F 194 AEE

QF
A
L

R

131




o

FAE el A 92%,

2~58%-/] IH‘?%-/] /\gLEE ‘/]'E]’/\AJ— ﬂ‘j/]:lLt

Aol A e AEES UETH

F. interpuncielia adult

£
=i
B
- &
g
=
E'n Frl
i)
(]
1 F] 3 4 5 & 7
Days after treatment
5. zeamais adult
108
—e— umtrastme nt
—o IO, trestmant
0
g
E -]
z
E': 4
mn
1]
1 F] 3 4 H 3 7
Days after treatment
13 48

Aol A 72% Aol &
62733%% AEES

Survlval rate

Survival rate

5 9]d RPCelA ] olitsted 4 A, A 1k IAFES

kel
T

How o]% ZALZITE

Ho] FA

F. interpunctelialarva

sk FAETE
2] -l H]sfo]

4 . A = A
P ———r—

—a— untrestmant
—o— CHD; Trsatmant

-

1 2 3 1 B &

Days after treatment

T. castaneum adult

_ I _
] l\f\

—a— unfraatmant
—o— CI0, raatmant

-~

a

3 4 5 I

Days after treatment

BE

-

& "l

132




¢

ko1,

AL &8

=
=

178

300ppm 71E

T
T

€]
(240x240x820cm) °F 36.78m” ¥ .ov o]

RETES

<, AABESAAE G, ofeldutr

e}
y T

W%

5

<
Ho

o} 24413 3F

133



P, iterpunctella adult P interpunc ielia larva

108 100 . &— & & o » & @
] =
2 2
1] 1]
e e
= e
s S
= -
5 a 5 4
m —a— untrestmant b
—oo 0, treaiment
] N
—a— untrestmant
—o— 00, eatmant
'] L]
2 4 & - il 12 14 z 4 [ £ 10
Days after treatment DE]FS after treatment
5. zeamais adult T. castaneum adult
100 - —8 & & & & 100

Survlval rate
g
Survival rate

—a— untreatment
—o O, treatment

—s— unirsatmant
—a— CHD, reatmant

z 4 ] L] 1 1z 14 18 z 4 & ] 1 1z 14 1%

Days after treatment Days after treatment

19 50. F5 A RPCoIA Y oxtstda FAg], AE 1+ FAFES AEE v

a9 500 FE A RPCOﬂH«] o Abstd & FAE, AT 1 AAFEY AEE 1HEE
el sEauy dFe] A9 194 AEENAFE FAHEF 100%, A2 oA 16.7%
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1. A75E

st AR ESAA L] T ARETE o R ot g avet 547
25 vrsle @

2. 47 A=

Fold ot e sk Aglel mE o el dFHSs A2AAdAY. 54 12 7
ARA oatstdart WAATE BAkne] o3 AstHAEY AT 5 f1jle 2 A ROS
ob #elw FAsta sl vA= oS AsAEE v

Wi AREESAAY 5ol e dFaaE HErd

=3 Hol7F AAA T 200 ppme] Z7 A 24 Al
1 AHEge T ATHTE AEE oAl AP F AAEA] o2& AIZE B3 24 AIgE
o olfg A w4 548 debdllth olygt AFavE o] Edo] 2% AU AAsE
A2 ad 71905t FANAE oAE= HENY EE AHEehd ojatad s AE5ES
AA A Z T I Y 2FLS FaEE A9l superoxide dismutase (SOD)9} thioredoxin
perxoidase (Tpx)9]

AR wde] Frhstg. ol de] Avhz ojasgdart 2% AulA
FH2ke g fstel Al o2/ s Aow WHH

}F3ue SOD¢ Trx #+AA 4. std=rude 23 FdAE NCBI AA<zlo=
2z 7)1Ee] EE SODSF Trx fAdAE Follvhdel A g 58kt ol & o]l &3ty &

ipge ODQ‘r Trx +A2E 242 45t SOD= wEH QEol= A A== 478 bp,
ofu .4k o 2= 155 AACITHZE 1). Trxe wEHEol= AEEE 603 bp, ofv] =it o =2
= 176 AA°Ith. ZH7he] FAAEL e F59 46 FdAEd 52 FAEE YERT
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5]
GIGITTGTASTCGGICACCCITITIGCIGTARAATATTARRRGCARACCARTIGCT &5 GQSOD
CRCRAARRACATATCARCCACTTATTART CAGCAGI TTGARATCCCOCAGCEIGTA 110 94 H
sSOD
AAATCTCCTTARMGECACTCTCT GT ICT CARCGEEEATGT TACCEGCACTCIGTR 165 vertebtate SOD
M 5 L K & ¥ € ¥ L ¥ &0 VT E TV YT 18 ) PpSQOD
TTTTGARCAGAGGGACCCCRAATCTCCAGTAGTCCTTACTGEGTGAACTCRAGSST 220 100

L T E & H & F H I b-1 E E s D N T X & 58
T TGCACETCAGCTEE0ECCCACTICARCCCECTERAGAECERCCACCEAGTRCE 330

T § 2 6 A H F 1 P L K B8 o a & & P o TE
GACGCCACTATCARACATETOE60GACCTOSG0RATATT GAT TSCTCCTACGAT 385 ~ LmSoD
A

P p o® O A XS E ¥ VL .LEE T EE 26 BmSOD
CTTACTARGEGRAAGCATGETTTCCATATRACATGAGT TOGGAGACRACACCRARCS 275
DpSOD Insect SOD
44

PiSOD

00

T V B B ¥V & 0D E = N I o C s 4 o K o1 -
GEGAGTCACCARGGTSTATETCCANGACAAACAGATATCTCTAGTSCO0GARE 440 BsSOD Bacterial SOD

€ vV T EV ¥V @D E QI 85 I ¥V P E H 108 MISOD
ACCCCRACAGCATACTEGGTCGLROGOTGGTCSTEIAL 47z
PN S I Ve R T L V¥ VE 122

(B)
AGRTACACGCGICCGCCAGRTACACGCETCCEATITIGTSACTTATITIAATCAC 55
TCGTITGATAAGTT TGW_TAWEBGTICRTBTHPEBT@TTP:I'PJ&TGTIBCT 110

M E F I F R 8 I ¥ L L 2z
s ApTrx

CICTTTAAGTAGATATICTICATICATCT TATTTTCARACTGACTCTTCTTATTCA 165 48

€ L 8 R Y C H 8 8 ¥ F E 8 D 8 C ¥ 8 zE 100 GgTrx Vertebrate Trx

TTTCGCAACTEETAATGIATI TCCTCGTCCTGCTCCAAARETTGATCATARGT TAC 220
MgTrx

F &3 & 8§ VEFEP GG 2 K KV DEEKZLQ 4 100
BATTTACARARGCTGTAATATCARARCCEECACCACAATGCERCRCTACCECTET 275 )
FTZ2AV I & EO®RZLG®PET®ERATELYV £ {[ PiTrx

TATCARTGEAGARTT TACTCAMCTATCT TIGTCCAGT T TTARGGEGARATATITE 330

I ¥'&'E F T g L E L 8 8 F K &F ¥ L 82 g BmTx Insect Trx
GITTTCTTCTTCTATCCTTTAGATT TCACATT TGIATGOCCT ACGGARATATTAG 385 2l DpT
¥ F P P Y P LT F T F ¥ & F T E I 1 A toZ
CATTTTCGEAAACAAT AGARGACTTTARGRARATARR TACAGRCSTAGTEGCTTE 440 SsTrx
B M LB S POEH LK E Y A A
CTCRSTAGACTCRCATITCACTCATTTGECATGEATCARCACTCCTCOCRAGERR 455 DaTrx Bacterial Trx
B ¥ D& WP T ELAVI ® TP REE 129

GGTGGACTGCEARAR A TTARCATTCCTCTCTTARGTEATT TATCACATTCARTAS 550 — MsTi

¢ 6 L 6K I ¥ T 8 L LB O L 8 H 8 T A i
CANAGGATTATGCTGTATACTTAGRAGACCT. ATARCATTARGAGGRCIR €03 | |
# D7 &% ¥ I EDLEETLREL 176 05

a8 1. 3ol @4kalEa el cDNA G7IMdE 2 4 ofmxd MY
superoxide dismutase (SOD)9} (B) thioredoxin peroxidase (Trx) % #2A AlTEFE+

tE FEO S fAAET Be fAEE e Qo

ojxtstdAE QT 7‘41} d W3
(Fig. 2B)ll 0, 2, 6, 12,
aksta s Ak mfﬂ
S Al A2 web vl
Q13 A HH(Fig. 2).
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FAA Td JA F AFH AE. SODSF Trxe F4x ¢d A E 747te] dsRNA 9
< F3l AASATHZE 3). A7t frHA #do] oAE = S RT-PCRE &3 &<ls)
JTHZE 3A). 2724 Al 95 A, dsRNA o5 28, £ o9 e 3}
Favbel] FEld AP 29E FA @tk 2y SODSF Trx Fdx Hds AR
S Al Adstds W A48 2 AALES EATHZE 3B).
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[C1O02 Gas Feeding Controller]

15 % ClO; GasE 38 4 9= Chamber7}F WA E o] i, ClO, Gas SensorE £3}1o]
A= L9 5 A0S Ao 5 = AHlolt)

[CA300(Gas Generator]
6cm =2 A v 2 AL&staz)t st FEo 9HA ClO, Gas WA FS 24T

AT,

[Temperature/Humidity Control Chamber]
Lrzd 9 HFrzxHo] 7153 A3-8 Chamber® W3tetd A= AZ ¥ At

[ CA300{GasGenerator)] [ TemperatureHumidity Control
Chamber]
2. 8T AF Az AE AT ojasgs BAFeRE YT F2e Ao
Selgoel Qo] mEwd ANGLE BAT = AL AT ATHAL,
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Specification Specification
Cell Size 112cr Cell Size 28.26¢m
Working Ampere 24A Working Ampere 6A
Throughput 200cc/hr Throughput 50cc/hr
ClOz2 Yield 320mg/min ClO2 Yield 8omg/min

- 117}¢] 714 % System Power SupplyS A &3+ &1 947147 2
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- AC_DC Converter9} Constant CurrentE 1:12 23t A7
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AC DC Converter

Constant Current Charger
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A4 7
15% ClO; GasE 1% 4 A& Cylinders o8 JH 2 A2ste] Bl ~ES Ay 714
Z8F3k CylinderE A zbsle] HAEES WPt}
Program Logic A ©AI& zZ}Zte] ~9AE 5o =2 Ao 33t
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« pem(uaci) AL HZ

+ 7.7LPVC Cylinder

« 24VAC DC ConvertersEA

* 0A~BA Constant Current Charger 4EA

* gL/min Gas Diaphragm Pump

* Teflon Solenoid Valve 5EA

* 6L/min Liquid Diaphragm Pump 2EA

* Chlorine Dioxide Gas Sensor
(Range: 200ppm-~1000ppm)

* Gas Detector (ATi-Fi2)

* Gas Sensor Circulation Pump (3L/min)

* Sodium Chlorite 25% 200cc

* Washing Water

+ 5.278m Test Chamber

- Chlorine Dioxide Gas Sensor 2] Range”’} 6cm =<2 5ppm 200ppm, 12cm A=<
200ppm~1000ppm 2.2 Sensor®] Gap©] <4 gt} 12cm A= H|2E AFE-H Sensor
9] Range”} 200ppm~1000ppm ©] 2 & 1 o]A+e] ke Alge 4 givh

¢

- 6cm A= AlulEte] 12cm A= o b2 WA B 7bA] Wste Qs
o] B4 Aol 4u7t obd L o]4te] b TS AT 4 Utk

- 12cm =9 7pAA w57 17827bA] S5 A & A2 6cm A= ¥ Sodium
Chlorite7} 4911 200cc®  ClO; 74 €& &efo] BajH WA Fspideel =] o=

Ao o=Ht},
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[ 5.278nf Chiamber]

PRMY

200

12cm =& Gom 3= Cl0:. 22 HEF HI W

185




24 3% A% 84 ¥E A2 A2d 74
49 2 ke 0% 3y 2y 43
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« O EX T HHOILH M= (W:2.0m x D:2.0m x H:2.3m)

« PTC(positive temperature coefficient) Film Heater £X|
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