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1. EA3) %] th3 Ethanedinitrile (EDN) &F &3 A Q
L EE AH, 21 CTollA d7v], 2uF-F, =g Aol o
EDN9] LC50= Z+2t 0.26, 0.64, 0.19 mg/Lolen, sno] o)
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H el A9 LC99 13.96 mg/LETE ¢F 3u] 222 EDNoOI| H] s}
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of gk RkEUFEF AL ®ulZvt 7bF How, EDN 299
mg/L, 6hr25 C) g o]l A (CTH 89.3 mg - h/L) ¥HUF-=2]
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Abstract

Methyl bromide fumigant which is widely used in most of the
countries for quarantine purpose, has been designated and under
control as ozone depleting substance. In the wurgent need for
developing alternative chemicals or treatment method for MB,
countries not only limited to advanced ones such as U.S.A. but also
developing countries have been intensifying their capacity on
developing alternative treatment methods.

Korea which spends 5% of the world consumption of
MB(approximately 1,000M/T) is in the situation that cannot choose
but to reduce the wusage. Especially, development of treatment
methods for woods and fruits is the first consideration because MB
has been mostly used for them. In this reason, alternative treatment

methods of MB for woods and fruits(orange) were investigated.

1. Efficacy of Ethandinitrile(EDN) for wood pests

LC50 of EDN for Reticulitermes speratus, Tomicus piniperda and
Hyphantria cunea adults at 21°C open status was 0.26, 0.64 and 0.19
mg/L, respectively. LD50 of MB for R. speratus was 4.83 mg/L
which means that toxicity of EDN for R. speratus is greater than that
of MB. LC9 of EDN for R. speratus at open status and closed
wooden cubes was 0.65, 0.62 mg/L respectively, which means that
EDN penetrates into wood very well because they were not
significantly different. In contrast, penetration of MB was less than
EDN because the LC99 of MB in wooden cubes(31.10 mg/L) was
three times greater than in open status(13.96 mg/L). In the
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susceptibility test for each developmental stage, mortality of EDN
20.3mg/L(6hr) at normal temperature(25C) for Cyrtogenius lutats was
90.3% in larvae, 58.6% in pupae and 89.5% in adults. Resistance of
C. lutats for EDN was greatest in pupae. All developmental stages
of C. lutats were killed with EDN at or more than 29.9mg/L 6hr 2
5C(CT product 89.3 mg - h/L). Mortality of Monochamus alternatus in
343 mg/L, 24hr was 100% in larvae and 25% in pupae, which
means that pupae were more resistant than larvae. All of them were
killed at 48.0 mg/L, 24hr treatment. Resistance was greatest in M.
alternatus>C. lutats>R. speratus. In sorption and application test, CT
product of 6hr (50 g/m’) treatment was 1572 g-hr/m’ in the
conditions of 21% wood moisture content with 25% loading, 171.0 in
54% wood moisture content with 25% loading and 158.4 in 54%
wood moisture content with 50% loading, respectively. EDN was
more sorptive when wood contained less moist and loading factor
was higher. In all treatments, adults of C. fulvus and R. speratus
were completely killed. Considering that the minimal CT product of
6hrs treatment(158.4 g - hr/m') was higher than CT product to kill
C. lutats(89.3 g -hr/m’), all developmental stages of temites and
wood beetles would be killed at 50g/m’, 6hrs treatment.

2. HCN treatment for oranges

Sorption and penetration of HCN in oranges were investigated.
90% of HCN was sorpted after 30 minutes from treatment(2 g/m’)
both in 21% loading and 32% loading. When loading factor was
higher than 11%, Tetranychus uriticae survived. Higher than 32%,

Pseudococcus cryptus and T. uriticae survived. Phytotoxicity of HCN
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for oranges was also investigated. Quality change of the treated
fruits after 10 days showed no significant difference from untreated
control. In treatment of HCN for oranges in a large scale fumigation
chamber (3 g/m’, 1hr) as in the same condition with actual
fumigation, all P. cryptus and Unaspis yanonensis were killed. Oranges
treated with HCN (3 g/m’, lhr) showed no phytotoxicity such as
changes in color and hardness until 7 days after the treatment.
However, when they were treated with MB 40 g/m’(2hrs) or HCN 6
g/ m'(1hr), phytotoxicity was found on some fruits such as change of
surface color. Residue of HCN was found safe because average
residue on oranges after 2 hrs from opening the chamber was 1.584

ppm, which was lower than the MRLs of Koera and Japan, 5 ppm.

As these results show, EDN for woods and HCN for oranges are

expected to be used as alternative chemicals for MB fumigant.
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Figure 1. MB production in 2005 by intended purpose as reported by
producers (MBTOC 2006).
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developing country during 1991~2007 (MBTOC 2006).




Table 1. Comsumption and reduction rate of ozone depleting

substances (ODSs) for all parties

(ODP tones ")

2 Reduction
ODSs Base 2005
rate(%o)
CFCs 1,054,351 44,165 95.8
Halons 208,881 4,325 979
other CFCs 3,378 18 99.5
Carbon
. 302,707 - 100
tetrachloride
1,1,1,-TCE 61,749 618 99.0
HCFCs 35,504 10,262 711
Methol bormid 42 807 12,568” 70.6
r
T pormiee : 8,289" :
total 1,709,377 71,956 95.8

1)

ODP = consumption(ton)*Ozone Depletion Fator(10~0.02)
2 CFCs, Halons :

Developed country - 1986 consumption,

Developing country - average of 1995~97
Other CFCs, carbon tetrachloride, 1,1,1-TCE :

Developed country - 1989 consumption ,

Developing country : average of 1998~2000
HCFCs :

Developed country - 1989 consumption+2.8% of 1989 consumption

Developing country : average of 2009~2010(desicion in 2007)

MB :
Developed country - 1991 consumption ,
Developing country - average of 1995~1998
Exception to QPS(Quarantine and preshipment)
QPS(Quarantine and preshipment)
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Table 2. Comsumption and reduction rate of ozone depleting

substances (ODSs) for Korea

(ODP tones )

Reduction
ODSs Base 2005
rate(%o)
CFCs 9,154 2,730 70.2
Halons 3,676 856 76.7
other CFCs 1 - 100
Carbon 638 100
tetrachloride
1,1,1,-TCE 513 355 30.8
HCEFECs - 1,822 increse rapidly
Methyl bormide”  575(2001) 566 stable
total 14,557 6,329 56.5

D Use of QPs




Table 3. MB consumption by commodities in Korea

2005 consumption

commodity

consumption Rate(%)
(ton)
woods 599 63.5
grains 157 16.7

others including fruits
- fruits, cut flowers, seed, bulbs, 187 19.8

propagativies etc

Total 944 100




2. Mg B2volE YA &5V &8 FF

T ME WEgHZulolErt FE EQL0E o]fHI on=,
EY F3AY tAARE dAq7t &8s o] Fo|x, Chloropicrin,
Dazomet, Dichloropropene, Metam sodium, Methyl isothiocyanate
5o aEuhge] AuEel YAAZ B8, HUAFTo] WYH ol

=9 A5S ol¥E & A HM

A Abgol olFolAck sha, AU kA, AAFHE S FA #
A T& WEAACE SRR A A=T dF7F o Aol A4
o] t{MBTOC 2006).

HedB2nto]=9] thA] = A2 A 257 Rt 4




2] 8] gt 18-S F3led(Barak et al. 2005, Kawakami et al.

2004) <ol AREHE FAEAAN WF FE A wWEHZriol=
AT E AR = HYLdol IAVIELE AA(IPPC,

20060055 59 Q9log 2dle] AYE wEdBZulol=o] Algako

=, dE, FF FolMiE  Ethanedinitrile(EDN),  Sulfuryl
fluoride(SF), PHs, Methyl iodide(Ml), Methyl isothiocyanate(MITC)—‘Z:
HeBZeiole gAAZ EEtuzA mgdHZulol=e AMES =
olaxt k¥skal Uty SFo| 9= AtHsTel & W3 dsad
7} "oz ™ (Soma et al. 1997, Naito et al. 2002), MITC= F2to] &
o} HFAo] Wolx AFaIr} AdtEH= @Ho] Jo(Naito et al.
1999, Naito et al. 2002), &3}7}2~(SF+MITC, SF+MB)E &-83}f ©
e st d7F deAT Jth(Naito et al. 2002, Soma et al.
2006). E3H, MIE ©]-&3 &= AEe Al FHL Ao
(Naito et al. 2003, Soma et al. 2005). PH;= Wg@HZvlol= 5 T
2 FS5AI9 2ol FFAIZI0] 2447 AER FA kol £ o)
2 A& FHo] Qs HI9E&o=Ze AV JtHOogita et al
1997).

EDN2 350X ZA7 thial &a=A= &83h7] fste] d+ 5
of lew, MedrgnelErng ¢ F4do] A3 Aoz dHA Ut
(Park et al. 2007, Ren and Lee 2008).

EAEEA sy T sl dAEe S 71EstE AAA
Aoz gy o]&Ha oy, A AHY o 94 &A=
EU =7bol M &85 gloy, Al a7]9] A7) glof, 95 5 &
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skalod 20009 F-8 €A eEl= o]&3sta Qlth

22. A i thA &5

e AYANOR 5L AEAY & JowA A7 A7t A
g Mgngviol=E AALoR tpe) Y4B fF £5H

Az FEHT oy, 0EZUNBANL AAF FRALE b
Uu, 2y BB o] 44 ERE ofslE walsa glon
2 oA F2A ALl AFE 27ET Ak

NE, 5% 5 HAATSE Wgnzriolse 2o FsfeAs} A

5 ol Aexg], €42, CA(controlled atmosphere)
A, AR A Feol dedl, T2 A HAge] ApES 9%
Aoz o] &5 gtk AHYge 1 2% B 7|gte] HA o
Asoll wet gk, RdaE] el tateds 1-2 ColA 16~21
A AT Atk CAME] 9Al FAd wet g Zolrt AN,
0.5~5%2] At Bl 2~15%9] o]itsted FEE A28 (MBTOC
2006), HZoNe 255 523t Agste CAxEREE 7fdEo] 3l
THUSDA 2009).
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vt ditzoz dAge Sl thske] 40~50 TellM 10
E~8A1ZFe. 2 A S (USDA 2009), ©l% 2%2 &84
ERANE WA= FEAY AHE AYAde F=E olgEH
(Obata 1998).

ek, AR, XS AL R ste AHIAEE S Y
Ho g v, 3F oA ol k. v=2 Aol thd
AHS AHE71ES 100 GyE Fstslon, HZ WAl Aol A&
R Hdy), A5 A9 2E S g X ES
400 GyZ T43FATHUSDA 2009). &5, FwRAMEE AEHGEH o
24 ARIAE AREe =t FEUdS 588 HH(Food
standards Austrailia New zealand 2003). <ol BgHd, 7, 1%,
A2, Fotzg7hEsta, BTold HAH ams #3 WAMIA

Aol AAHIAY, DA TL AR WA aFATIES AA

9= ol

Aog &8E7t HolA L e A o]thMBTOC 2006). Y& 79
© Aol g A AF7PHOE e-beam T EET WA 4
75 FY3ta Ytk (Dohino et al. 1996, Kumagai et al. 1995,
Tanabe et al. 1995, Donino and Hayashi 1995, Takano et al. 2004)
Hidol] fAlE ol&sh= B aswHdle AAAHSZ HCN,
PH; 5] o]&51 e, 422 A8E, FAEH, S T 74
d AdEE diste 7Y A5 F3Hod(Mizobuchi et al. 1997,
Kawakami et al. 1996, Matsuoka et al. 2002, Soma et al. 2002,
Soma et al. 2004) HCN, PH; =& &§7}(PH3+MB+CO)< ©|&
&t glom, FARN=AME HONS viv 5o, PHoF COo &

FAE TR T LAl o]&ska ATHRIRDC. 2000).
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SHAl = ATt
3.1. A5 3k EDN &5HH

A Fd=7R Ut AFod®E &%) 7hsdteiof &
=, MI, MITC, PH; 52 =9l SEHAU sttizte 78kxle] =
Au, FFAIRe] Aol AgtetA] ¥ith aHd T EFAM TF
2 Fo Y& Ethanedinitrile(EDN)7} W9 B &vnjo]=2 ¥3}3 o
& F5A Blete] 71sbi o] wrop A2olA AMETbsdtaL, WFA
2 zZAare] bdA SHAA 5 AS EA HATHRen et al
2006). EDN2 o}l=E 37|17} e F219] 7|2 24, Cyanogen® &
T gEd Jon, Addeze Addgd dAdEE ujdc
EDN¢] TLVE 10 ppm© & MB 1 ppm, PH; 0.3 ppm RU} o} <l
A=Al drke el doH, LEFHAEAL ofrth

olell, ¢ejutete] =7l et AdE EDNS A= st 2A

AEANZDL 27) A% OFF A o nas AY, 48
=]
=

d

2 g JEAY, A1 52 s
32. 23R 3 HCNA S
HegBZetol= FQ AU F5< vy gistde A5
=

71%0] ZjdEo] HONe] AHg 7hs38lu, Sl AE HONO| teh 2

A 7IEe] s QA ot oFE, o, JFFAD T HEF MY
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L

WAooz, 7

SEIFS VN ER ER R SECE PSS

=
A Cl
LAY, kA, BFAY, AENY 5 5

(]
=
AN, AF 5

3
3HAl =o] 2lo}(Obata 1998), EDN ¥ HCN%E $93F 34 = Az}
2 APS AAET grt, oln] &Axadel diste] Ay HASH

HCN®] 7-4-=(Monro 1984), THIE 7|2 APE TPsHA] Lt

—{m

—

o. Az % 44

1. A=) 3 EDN 87 A F

)33 52 Reticulitermes speratus(B7NV]) , Tomicus piniperda(4
WUT<5), Hyphantria cunea(JEWHE) AFS ol &3ttt AQr=
25 C, dUisE 70% APA 2ANM Ful AESd TS ol

o, =Wt F5< Afstd 45 +3AA ol&stien, a4

1.1.2. FA kA
e Zujol=x W y)o] ulBEAto|A AWAE $£% 98% ok

,15,




(Net weight 50 kg)& AH&3l3 2™, EDN2 &5 BOC AtollA A4k
St 98% 2FAl(Net weight 50 kg)& ©]&3tth Y WEH Zw}o]
= % EDN ARE-3}7] &o]3HAl 500 ml 2B A&~ 0o AA=2 &
& EAsg . FA kA= Obata(1998) 2 Monro(1984)7F | A1+ 7|

A4 olgste] ARRNE AR T

BT B o] B3] ZH)e) ¥u, A4E wYnzulol
= 2 EDN % S8 F g2doly u vy uE 1083 5

F ARANNER St SN0

A olgstd AFstA vlA A olE el F kAT

NrE s 7laA vk E 78 ) (HP-6890, FID) .2 243190
H, S 32712 Injector 200, Oven 200, Detector 250 CT= A3}
. GC= DB-5 ZH& ARgstler, 2Rb7|Ale da, #5452 30

ml/min® 2 3}t

4
% 98 F FAFS AWl ARAeIA 25 C, 70% o




%2 Probit analysisg ©|-&3}o] 23} th(Finney 1971).

12. MB ¥ EDN9 HEA 2L 744 H7}

SUTE) 5, W7l 4%, Monochamus alternatus(E A= 4
+%, HEH71E AMgsdTh BsivE 25 €, AdisE 70% Z

Qor, £5AFELE AFARE 25 C

~—"

o
L:D=16:8 X702 A}&3F F& o] &31¥ L, WESEUFFL ofilof A

D 7} HAEAS golr 7] 23l Su and Sheffran(1986)2
Fastel Yrzh Fol stel v HA3AH10 x 10 x 10 cm)gbel
S7HRE ¥l 1.1.33% LA At auF S48 = 2o
5 cm#Ae] 2x7to g o]FojH o, 7} £z Fo] 2 x 2 x 1 cm9]




@ 7t2%sE 7b23ZulE 28 3)(HP-6890, FID)O.2 24319
o, 42712 Injector 200, Oven 200, Detector 250 CT= A% 3}
At GC= DB-5 ZH& ARgstdlen, Ru7Adls 24, 52 30
ml/min® 2 3t o|FA FHE T AHAZT AA ALbst
o &AxAEY 7]Fe] He FEAIA(CTH, concentration x time

product)& 4H&E3FHHASEAN Food Handling Bureau 1989).

=
LC%t-2 Probit analysisE ©]-&3t 43} A th(Finney 1971).
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Figure 3. The desiccator and Figure 4. Termites in the

wooden case. wooden case.

Figure 5. The Monochamus alternatus in tested log

inside a dissicator.
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Figure 6. Tapaulin fumigation chamber (1 m’).
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211. TAIAE

FAFO 2= Tetranychus  uriticae(Z8Fo]-3-oN)  Pseudococcus
cryptus(ZF N 724 A ), Pseudococcus citri(B7FF2Z4AHH) AFS
AFEdqA APt F 4 F IAFAF 10 ecm, =°] 10 cm)
& 710 ¥ol A&ttt

IAA =L HFAE LAAE o] gt oen, FAF &7

A wpzs ol ARstel NGl AHgstan.

G|

i
to

i
9
P
e
oldk
r
o
i)
N
N
o
ofo

Mo NaCN-S 7}, HCN A A A

NaCN:HS0:HO = 1(F#):15(+3)2(29) =

A

4

:
Il

22¢/05 m' : 3.3 ml : 44 ml
% 2NaCN + H,SO; — 2HCN + NaySOq
98 g(3.6 g) 54g(2 g/m’)
3.6 gx100/90(NaCN¢] &5)+(3.6x0.1)(90% al)=4.4 g/m’
W72 oo FEEAA B4 5% 98% MB(Net weight
50 kg)E AH&-3tATh.




iyt
i)

—
o
AL
N 2

= A) S

2EESAVE o]&dt SAAT. HONS TS558 Fox 24
v v 7lEhAs F99 ZAAIAIFEE(10 ppm) ©)FE oA AT
& ZAFSHA

22. j§ A ¥

221. FAIAE
FAF O 2= Pseudococcus cryptus(ZN7HFZAHHE) |, Unaspis
yanonensis(SHZAAE ) AFS AFEAAAM  AAFst] ARESHAT

=o Al Fo= I e =wd A ¥
b

2.22. T A

A 58] UnipetrolAboll A A 2F =% 98%, HCN(Net weight 1.5
kg)S AHE3tgon, gz MBE #7)d wBEEA A3 A
£ °o]&3stdth
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;oT

2.23. HCN

g de o

155
<

siuld 57 02mm, 2 x 2 x 1.75m)ol

lox|
=1

;oT

B

%=(10 ppm) ©]

bl 2191 A

&l

243t HY 7]

Foll A AW .

F9em™, 05 m' Z=HR
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AL

=
=

%72 MB

iy

AFSA A 25 T, 70% S

k<3
T

FeA e £2 98

Njo

2] 5

il

At gA90] Ao gl FAAAYAE 29 7Y F

2 Couey & Chew(1986)7} A A|

bl rhatgn.

S

= °&

(17 + 1 )=

il

Dunkan X+ Turkey Ak
Wale Azl 7d oAz 1074, 3uE
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19 7. Stainless chamber and orange (0.5 m’).

Figure 8. Tarpaulin chamber and boxed orange (7 m’).
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231 & A A
A9 UnipetrolAtoll Al A2 &% 98%, HCN(Net weight 1.5
kg)S AH&-3Fath

232, FAAF
21004 FS5AH S LAAE AFHERZ A FHsE] o] &stH T

233. AleF 2 7+
DO Aok
o R Yol (Yakuri Pure Chemicals Co. : &, 55, 1 L)

o =3z F8&d : 2%(W/V)(Yakuri Pure Chemicals Co. :

© 0.1 N-Z4F28§H(Shinyo Pure Chemicals Co. : Y&, For
Volumetric Analysis, 5%, 500 ml, factor=1.000)

o EMMGEZ R -ZAAEGEY ¢ BRI EZ R 200 g(Yakuri
Pure Chemicals Co. : €&, 5%, 1 kg)# =AM 20 g(Katayama

~

Chemicals Co. : ¥d¥, 5+, 500 g A2 Pb(CH3;COO), - 3HO,
Lead Acetate)s 72} &l &8A1A o5 Ed8iA 1 L2 343
o AREAlO F EE0] THAIA ARE-Sh

o FAFSIYE 2] 2§ (Shinyo Pure Chemicals Co. : Y&,

=2
1

=4
=

F, 500 g) : 2.5%(w/v)
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H(Junsei Chemicals Co

o FANE
Tartaric acid, +&#4]COOHCH(OH)CH(OH)COOH)
(Junsei Chemicals Co. : ¥

o dshtE g

g
X
r

g
N

250 ml

28 HA 100 g
o ¥7rE

FIUES &9 100

Z a9
25% % X
o] stto] &Aoo AVEF St} FHRIHAAE 7

o &Euyols 10 mlst 82
= °]&ske] 0.02N

oy

A g
10ml1e] vjolz 2 H-2l

o}
olej o}
,27,
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(A-B)xN x54x£x106
A 8 5 A)(g)x1,000

)

(mg/kg

. Ao g nYAS

H= 0.2 mg/kg4.
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Figure 9. Equipment for soption of HCN.
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m. 2 3%

1. A=) 3 EDN 487 A F

11. AT FAFH A3

21 + 2 ColA Zrm, T, AE Y Aol tE EDNY
LC50E Z+7t 0.26, 0.64, 0.19 mg/LE, &2UF-Fo] 713 AdAo] &
Ao ® YEHTH(E 4).

21 + 2 ColA #shrle] EDN LC50°] 0.26 mg/LSIHl H8}ed,
4+1 ColXE 036 mg/LE YelY 2571 &2 oFar) 7

o
= € F AAH.

n&ﬂ

ol

=

37jvlo] th3 MBS LC50°0] 4.83 mg/LY AL 7ets) 2w

EDN©] MBel ®lato] 7Rl thgt =7do] Fde & + AU
Ren (2005 B7/HwY  LEFQA  Coptotemes  acinacifomis,

Coptotemes brevis, Mastotermes darwiniensis®] LC99E Z}Z} 1.61, 3.83,

230 mg/LZ R3S+ v, &2 AlFe] AFSE 3UNW|(R. speratus)=

LC997} 0.65 mg/LE el EDNel tigh 7HpAo] o =& 3oz

UERS T
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Table 4. Toxicity of EDN and MB to adult of wood related pest
for 6hr exposure in open cage

Tareet pest Temp. LC50 LC99 Slope DF X2
n
e R (C) (95% Cl) (95% CI) (+SE)a

0.26 0.65 5.97
EDN R.speratus 1,271 21+2 29 5.64
(0.23-0.29) (0.53-0.92) (+0.75)

0.36 0.57 8.04
EDN R.speratus 475  4%2 29 1.00
(0.34-0.38) (0.53-0.69) (+0.68)

3.56
MB  R.speratus 143 2142 4.83 13.96 14 173
(+2.17)

EDN Tpiniperda 115 25t  OOF 464 270 41 1.0
piniperaa x .
ity (0.38-0.89) (2.66-16.96) (+0.42)

0.19 0.63 2.70
EDN  Hcunea 40 25%2 11 1.02

(0.08-0.29) (0.46-0.84) (*0.65)

SE : Standard Error, Unit : mg/L
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12. AF4 R A48 AE 2%
121 YF3AY 840 &3 AE 2%

U2 W #siwlel g EDN 2 MBS LC99& 77 0.62,
38.10 mg/L=, open cage?] 7d-F-¢F vIZ7IA|Z EDNe] &7jw|o] of
st MBREG 453 o] HolRth (3 5).

UEA32 W Bsieel g EDNS LC99¢! 0.62 mg/Lot LEH
Aefol 49 LC992 0.65 mg/Le F9xH71 Qile=®, EDNe A%
AL g F2 4 5 Atk ¥kE MBE UFEAA W Sslvel o)
& MB9 LC99¢! 3110 mg/L7} Z® AeielAe LC99 13.96
mg/LE T} oF 3uje] 222, EDNo|| Hlsle HEAo] ¥gs & &

A AT,
122, 45y HFUEE, E595t=4 HE A4 AF
EDN 203 mg/L(6hr)®} 42(25 C) A& FelM S UFE
T+

%, WH7], 459 AF5E&S 44 903, 586, 89.5%= E, EDN

W7k b ke, £33 4%

lo
r]I,
of
T
-
oY
K-y
=
e
1:01:
_\::l
rr
23

= HISTEAT(GE 6).

A&(15 C) 203 mg/L A FolAE FF, Hul7], 859 &%
&o| 7247} 916, 256, 42.3%° AT ES B A2A Tl BTt
HAaEE & F AUAJTHE 7). o= AL(15 T) AP CTHo] 135,

203 mg/L AgFAAN Ztzt 268, 39.8 mg - hr/LE AFEH o], A&

,32,




(25 C)ollM el CT3, 343, 61.2 mg - hr/Lo| H3le] & Aol a9l
o2 HAY

HFEUF-Eol tiste] EDN
10, 28 118} 2o HEh2557F 42 6.8, 13.5, 203 mg/L =g
TFolA 19, 34, 72 mg/LAoy, Aol 19, 28, 61 mg/LE
Uetd, A2 TelA FFel e Ao g dEEth

EDN CTZ 89.3 mg - h/L(29.9 mg/L, 6hr, 25 C =]g])o]4} ul
FUFE BE HolA & AFHUT

EFgstELE 343 mg/L, 24hr X TN FF5E 100% A H)
Hlste], Wul 7] 25% BHst HU7I7 fEEG Aol & A

TS 9 7tewxe Wake Id

{0

HE 7o 2FEo] 25%° =38t

2
UEE ) 7]e AE8o] 58.6%, YA
o

O

N
)
p—
IS
(o)}
5

da

~
=
=
Q
O
\O

Lo
(2
n
n
FN
0%
&
2
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Table 5. Toxicity of EDN and MB to adult of R speratus with

enclosed wooden cube

Temp. LC 50 LC99 Slope

F X2
(c) T @95%Cl) (95%Cl) (:SE)a
0.38 0.62 7.77

EDN 212 213 29 200
(032-047)  (050-1.46)  (+1.50)
18.37 38.10 5.20

MB 212 374 17 712

(459-2539) (27.83-110.73) (+1.39)

SE : Standard Error, Unit : mg/L
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Table 6. Toxicity of EDN to larvae, pupae and adult of Cyrtogenius
lutats for 6 hr exposure in the logs at 25:2 C

Stage concentraion " Efficacy’ CT product’
(mg/ ) (mg hi/L)

14 80 16.3 54

34 54 204 8.3

6.8 80 72.5 17.7

Larvae 13.5 29 89.7 34.3
20.3 31 90.3 61.2

29.9 295 100.0 89.3
38.9 227 100.0 154.1

34 46 43.5 8.3

6.8 30 46.7 17.7

Pupae 20.3 29 58.6 61.2
299 126 100.0 89.3
38.9 196 100.0 154.1

14 5 0 5.4

34 11 0 8.3

6.8 6 33.3 17.7

Adult 13.5 21 714 34.3
20.3 38 89.5 61.2

299 72 100.0 89.3
38.9 75 100.0 154.1

total 1,451

! Corrective mortality=(mortality-control mortaliy)/(100-control mortality).

> CT product = (Tau-Tn)*1/C, X C,, , (T=time, C=concentraion).
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Table 7. Toxicity of EDN to larvae, pupae and adult of Cyrtogenius
lutats for 6 hr exposure in the logs at 15t2 C

Stage concentraion " Efficacy’ CTproduct’
(mg/ £) (mg hi/L)
6.8 87 334 -
Larvae 135 129 34.6 26.8
20.3 85 91.6 39.8
6.8 48 0 -
Pupae 13.5 31 0 26.8
20.3 26 25.6 39.8
6.8 111 155 -
Adult 13.5 160 159 26.8
20.3 159 423 39.8
total 836

! Corrective mortality=(mortality-control mortaliy)/(100-control mortality).

> CT product = (Tnu-Ta)*1/C, X C, . ,(T=time, C=concentraion).
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Table 8. Toxicity of EDN to larvae, pupaeof M. alternatus for 6 hr
or 24hr exposure in the logs at 25:2 C

St concentraion Effi ; CT product2
age n icacy
(mg/2), hr (mg hy/L)
34.3, 6hr 20 100 66.3
Larvae
34.3, 24hr 20 100 111.3
34.3, 6hr 20 25 66.3
Pupae 34.3, 24hr 20 25 111.3
48.0, 24hr 20 100 187.2

! Corrective mortality=(mortality-control mortaliy)/(100-control mortality).

2 CT product = (Tau-To)*\/C, X C, ., (T=time, C=concentraion).
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40

35 —e— 1 .4mg/L
30 r —m— 3.4mg/L
25 —— 6.8mg/L
20 i 13.5mg/L

15 | —x— 20.3mg/L
10 F L, |—*—29.9mg/L

5 L —— 38.9mg/L
o '—A\?E 3

(0] 2 4 6

Figure 10. The sorption of EDN during the exposure to different
dosage of fumigation to Cyrfogenius lutats at 25+2 C.

mg/L

15

o A\A\ _‘_6-8mg/|_
'\-\\A\ —=— 13.5mg/L
5 —— 20.3mg/L

hr

Figure 11. The sorption of EDN during the exposure to different
dosage of fumigation to Cyrfogenius lutats at 15+2 C.
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Figure 12. The sorption of EDN during the exposure to different
dosage of fumigation to M. alternatus at 25+2 C.
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13. 7t& 3 R A& AP

LA 25% 2D B F8 21%, &FHE 25% L A FE 54%,
E2& 50% B EAGFE 54% 6A1F AgFe CT3A2 2442 1572,
171.0, 1584 g-hr/m'Z VEbgo™, §48 25% 2L Ex) F8 21%
, 88 25% 2 BA FE 54%, 838 50% Z SAFE 54% 244

7 AT CTHS 27 1752, 2497, 1465 g-hr/m'Z Ve,

EDN9| =Ao] et 22 FE°] =55 54 F2WO°| 4=
42, 848 (Load factor)o] BS4E o] BolNS & 5 AU

e B =FURE AT EE A TdA 100% A=A
AR 82 &(50%) 6A1ZF AT CTA 1584 g -
hr/mo] e s wErsE: a2 CTZS 893 g- hr/mBET %4 U
By, dAutESol] &4 &0 v @A #E, 50 g/m', 6AlZo]|d 3
) 2 YREF AMES 7ted Ao waEHTh
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Table 9. CT product of EDN(50 g/m’, 213 C, 6hr)

Filling Ratio 25% Filling Ratio 50%
hr
WC 21% WC 54% WC 54%

0.5hr 46.1 443 49.7
2hr 36.1 35.4 35.7

4hr 25 275 227

6hr 16.7 21.9 16.2
((:;X}I]’rrf;f)t 157.2 171.0 158.4
Mortality" (%) 100 100 100
Mortality?(%) 100 100 100

Y Results of R.speratus

% Results of C.fulvus
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Table 10. CT product of EDN (50 g/m’, 21+3 C, 24hr)

Load factor 25% Load factor 50%
hr
WC 21% WC 54% WC 54%

0.5hr 37.2 59.1 52.9
2hr 241 38.7 245

4hr 15.6 235 11.0

6hr 11.9 18.0 7.2
24hr 1.1 1.0 0.8
((:;ngif)t 175.2 249.7 1465
Mortality" (%) 100 100 100
Mortality? (%) 100 100 100

Y Results of R.speratus

% Results of C.fulvus

,41,




L&A 247 g &0 I AAANTIE TtE FAPEE
O 139 2ok 217 32%9 §8& AHETQR g/m)E FF T 307

Tholl 90% HCNS| 42 = it}
SHEHE Futolgof, FertFAAdy, EB7HFZAAEH <
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1.0 +

08 | 4
. . |+ 0% fr.
80'6 I =" 32% fur.
S04t 21% f.r.
0:2 + . . 1% fr.
0.0 ' | . n ' y

0 10 20 30 40 50 60
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Figure 13. The sorption of HCN during the exposure to different
filling ratios (11, 21 and 32 w/v%) of oranges fumigation
at 15C.
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®
“’ BT urticae
é‘ 0 +
g BP citri
= OP . cryptus
80 L 1 1 I

HCN HCN HCN HCN MB
00/0 f_r_ 110/0 f_r_ 210/0 f_f_ 820/0 f_f_ 210/0 f_r.

Figure 14. Efficacy of HCN and MB with forced aeration to different
filling ratio (11, 21 and 32%) of oranges fumigation HCN
(2 g/m' and 1hr), MB (40.5 g/m' and 2hr) at 15C.
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Table 11. Concentration of HCN in fumigation chambers at different

filling ratio of orange after different period of aeration

HCN concentraion(nl/k{) after aeration

Filling
ratio(t/m’)
30min 60min 90min 120min
0.324 50 19 11 5
0.216 29 11 6 2.5
0.108 20 15 7.5 5
0 N.D N.D. N.D N.D
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Table 12. The effect of quality on oranges by treatments was

visually evaluated at 1 to 10 days after fumigation

Filling The rate of quality effect(%)*
Fumigant ratio

(/) 1day 3days 5days 7days 10days

control - 0 0 0 2.7 4.0

MB 0.216 0 0 0 27 53
HCN 1 0.324 0 0 0 0 1.3
HCN O 0.216 1.3 1.3 1.3 1.3 4.0
HCN I 0.108 0 1.3 1.3 1.3 4.0
HCN IV 0 - - - -

Visual evaluation(decay, discolor) was conducted to observe 75

oranges from upper layer of each box.
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22. & AY d3
221. SFaAF AT

21.9] HCN9| 3t 2 JAFEA PN 2 g/m'S AFsted] 7=
sitta sl 3 g/ mo 2 FEE A AT AlPS A
g 7tE 4R Ed 2 sz EE o] g HCN 3 g/m'(1A13h)
el A3, 100% AFEEJeH tHEFE ARESE MB 40 g/ m'(2A1%F)
% 100% AFEHATHE 13). 7I2% % WHate ¥ 149 2gton, 1
AIZF 7] o]F ZAAEAI71FE 10 ppm(nl/kl)oldtE HE=H At).

222, %A@ AT

HON 7123 A% edAE 79 5744 94 5
A ggrort, MB AT R HCN M@l dE 4% o7}t @
Fori(1Y 15), 9 FFoz oA Eue wWae] WH T
( 15). MYF 794 ZE7} FAH T vstel HON 7123, W,
MB AT fo4E PO, YRR fo% Fol7t AnF
A g AL gAsH B oW AR A AFOE A e
BoE A

ol HON %epA] A2o) s Btk 4eol M 543F 7t
o) Eee] ool #Y AER B LS HAstn Jgonw,

ool o HCN ufZollA L% ofsfizt T Aoz FH=H U

XY

23. 7 A E A9

A2 A 79 slo]=gAAof}o] =(HCN) 3582 82~91%°] 3
}71]% 0.216 ppm(mg/kg)°l ATHEE 16).

2] A58 ¥ HCON {32 1.584 ppm(mg/
758715 5 ppm(mg/kg) BTk WA 1
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Table 13. Toxicity of HCN, MB(HCN 1hr, MB 2hr, 17.5t15 C)

Pseudococcus cryptus

Treatment Mo(t(';a)llty EShEl;?:ed
n* No. Dead °
Control 300 0 0 -
HCN 3 g/m' 300 300 100 99.50
MB 40 g/m’ 300 300 100 99.50
Unaspis yanonensis Mortality Estimated
Treatment %) ED*
n* No. Dead
Control 300 0 0 -
HCN 3 g/m' 300 300 100 99.50
MB 40 g/m’ 300 300 100 99.50

*Total number of insects is used for this experiment.

** Reference : Couey & Chew 1986.
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Table 14. HCN concentration during fumigation

Concentration of elapsed duration(min)

15 30 45 60 9% 120 ;2“;’;

control - - - - - - -
MB' 40¢1 44 43 - 4 4 39 i
MB 40¢ T 43 42 - 4 39 38 ;
MB 40¢ T 46 45 - 44 42 41 i
HCN?3g 1 800 1000 1000 800 - i <10
HCN 3¢ I 400 700 1000 1000 - i <10
HCN 3¢ M 1000 1200 1200 1000 - i <10
HCN 6g 1 2800 2200 2000 1700 - i <10
HCN 6g I 1000 1200 1700 1800 - i <10
HCN 6g 1500 1500 1500 1500 - i <10

' The unit of MB concentration is used g/m'(mg/L)

> The unit of HCN concentration is used ml/k{
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Table 15. Phytotoxic effect of HCN to orange fumigated for 2hr

at 17515 C(storage at 17t1 T)

Treatment lday 3day S5day 7day
Control 0 0 0 0a”
MB 40g 0 0 0.1£0.31  0.17£0.53ab
iittsir];%) HCN 3g 0 0 0 0a
HCN 6g 0 0 0.17+£0.25  0.27+0.64b
Significance(P) - - 0.133 0.029
Control 11.83+0.12 1213+0.21 12.13+0.45a 11.60+0.53
Sugar MB 40g 12.20+£0.20 12.00+0.62 12.30+0.17a 11.80+0.36
C(i’n;;t HCN 3g 11632091 11.53:029 10.63:0.76b 11.43+0.12
(brix %) HCN 6g 12.07£0.51 11.63+0.58 11.43+0.23ab 11.90+1.22
Significance(P) 0598 0.382 0.009 0.843
Control 0.77+0.01a  0.80+0.01  0.72+0.08  0.75+0.02a
Firmness MB 40g 0.72+0.01b  0.73+0.07  0.80+0.01  0.79+0.01b
+ SD (kg HCN 3¢ 0.78+10.01a  0.77+0.01 0.79+0.01  0.78+0.02b
N HON g 077:002a  077:002 079001  0.79:001b
Significance(P) 0.003 0.287 0.176 0.0001
Y Damage score: O(none), 1(slight), 2(moderate), 3(severe).
? Means in a column followed by the same letter are not

significantly different at the 5% level.
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Figure 15. The injury of oranges.
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Table 16. Recovery and detection limit of the method

Commo-  Injection Recovery (%) Delt;rc;.rion
dity (mg/kg) Rep. 1 Rep. 2 Rep. 3 Aver- (ne/ke)
age
5 91 82 86 86
orange 0216
10 82 86 86 85

Table 17. Residue of HCN in oranges

Residue of HCN in oranges

Maxi
Time after (mg/kg) ax%znum
B residue
Treatment it )
Rep.l1 Rep. 2 Rep. 3 Ave. imit(mg/kg)
control - <0216 <0216 <0216 <0216 >(Korea, Japan)

50(USA, citrus)
2hr 1.728 1512 1512 1584 25(Canada, grains)

4hr 1296 1512 1.728 1.512
Treated 8hr 0864 0.648 0.648 0.720
24hr 0.432 0432 0.648 0.504

48hr 0432 0432 0432 0432
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