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B % 12T o F424 E37](Impact mill, Pulva o] 50+ 10 60U AT T fEAE e &
Corporation, USA)E Z224)383r}, ofale fdol] Zol 224) el e ES
3 ohy 44 BV oA el
FAAL] AA. =EAT FA ol YA EEE sslal 2ot % O
A2YEHE olgslo] TR AA TEe 30%0 sl
Tl Zegd A9 olwE 59 vk Al EE vt FAA AAG AL B4, AT 100°C oldolA dx
ste &3 whssln). EEkE FAPIG mig)e] 4 Fs g A9 Lwrt BoldeE sk Zhsiia el olel 4
2 EFES A & 45 o dofjdle] HA 14 A BB ol I2A A FrEle] dE #AT #
mm, Z°] 40mm®] Y Eokom HHrt. ¥ =S 80°C wala, AR Ao gyRo] dR3|se] Hrt AA7] 4
oA 3AIZE FF AZRF B FAAE AAETLH, & A Waly] mio s AZIEn® 2ot aneelM A
dichlorvos FAAE= 40°CoAM 617F B9t AzeIiT). &AA Z3he AL A wsle] gl dormg FAA ] A
= 77 2mER s 28 X)) Y% s Rst A8 9 R0PColM 24417 B9 9% ZAxsiih 2424
WAl AlE2 ARSI Bz 2828 9A e ﬁéﬂ%‘%% 305 umo] .2,
FAAY FERE FF 2. FTAE ] TR H olZollE= 12mm AL & AT A AR B 2
Aglo] B o] @3 Zol R T g §38% ¢ Ao AANE HAE xAo] UATh HfES chFR ko]
F 2o AMEEIT oRllE A B 0258 AES) At
oA LARZ TGO ms)el Wil WR-EFEAS 591 acetone FAAY AA. Boste FAA AEE v Wt 943
52 gcetonitrile 50 miE 76t o, dichlofluanid®] - o] A& wEtH o}F s EHEe] 2AlE ot 59
FE4ME tolueneS AME-3ISITE 8718 W8-Sk 3087 = BrksARE B)Eo] ZR AA UE AR s S8kl
w5} FEILL AalREE e 4 RS HPLC 3o GLC & w FAAe dAd SErh vk Bdsii 52 A%
2 FAAES AESHtHTable 1, 2). g Qlated EE7F 7hE WAISIgin) webA FrskAlE =
FaAe) A &kl A 259 &Y. BY U4 9F 2 o Hel EIE] FAFA FPANFL, L AR A FEE
gS Fslod AT e FAHEAA FEE H3ls AHE #dshA stk BEle] S WA & AT
Aol ge g2 EE B AMNHE 2F ;}Oiu}. 97 SES NEEle] BFoE JEEE wl ok 37t
Myclobuthanil ¥AIE ARE-SI] fE74% 20%, okl 15% 3 b 10% PledE Az A4 S gdol A7IAY e §
FaAES 1297 FA7H B3 ¥R @ 23 mm, 7101 50 olx At wlg oksle] gA FaeEARY, T1oolde] vt
mm)E AASLE, F4% Weoz A% 35mm, A°] 30mm vl o) wkel AA7E ot ofal 7 }HW ol
o] P B o Fyo] =AMl (Digital Pyrometer, A7} A well= wAY wEok AA ~ _‘T—_} FraA e,
3l Z7EE EAA9 wrt 718

Thermolyne PM 20700, USAYE A48t EA1S] vkl & A FAlE "7t
=4 = FHsle] BE AAel okuE 15% A7

of Hskak & d& .Z»]l w2 2439} Procymidone 3H st He

FAA AFE 50gS dFE SUR MaL T 2RAME 3, Aol FAAE Foke] FHeF FEAE gl dAglel
AEE TR WHiEe] H3ke XS At FEsk & 2% ORE sove Ryme)y] oHe UE ‘i‘r‘i‘ré}?ﬁq

s 2 A Al
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th(Fig. 1). Myclobutanil -3 E420%)E €Y 718 = 7] Fe] FHEG Frle] SRIAE AES BHlens 29
At 23 Axe 7 &g 8 2z Qo] B o FAle] 2ol Basiitt
BAE BEE A Wor ¥ AXY] AP HE =z
sksict. : o AF B¢ BYS W FAAE 71 Edol QlskEe A
A7) 4 AR acetone(dichlofluanid®] “3-F toluene)yS 2 A Mzl glon, B8 9oz Bo ¢ ZuE QUE
3oje] 7R EAA oF 1gS ASAAAM AVl TRR R Wty AFEeny. ARG sk Byt ARe A
AR 3gstdnt. A7) 2 IR W9 acetoneS SRETHS Tz FHA0) FIE AXE LS AR E& Eol7w
A1 el Bo, ¥ AR NE FE-S acetoneE Ao sl Al FAsA HEtEon, sk H7m7E A
A me The ﬂm Azt WREEEE &Y 100 mist slo] Fror Adshe A8 Adstae 3ol YAske
B AL FFSRER 3AFS AP Bolddle SREY A= As ik AsAl Frmprt e FdAe A A
239 et AgsAl A"El] fadeg FET v ¢ e ok, 94 ErE BFdsiels Buk ohel dA v
BE FHate fdalRasich dAdE #Hsted HPLC &2 ol A5 J—ﬁ}ﬂ‘”ﬂr ARl 93] Hskd & e FAe
GLCE FaAM2g A#ala. AbslA] A7plo] Wb dd ESErt Gk g FYd

FAA AAESE A, FAAE 2ubeAe] W 28t HFF ALESTH
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Table 1. Operating parameters of HPLC for the analysis of pesticides

Parameter Bifenthrin Chlorothalonil ~ Cypermethrin Deltamethrin =~ Dimethomorph  Fenitrothion
Instrument Waters 717, Autosampler, 2487 Detector, Model 510 Pump
Column uBondapak™C (3.9 mm i.d. X 300 mm L, Waters Co., USA)
Mobile phase (acetonitrile/water, v/v) 85/15 65/35 85/15 90/10 50/50. 65/35
Flow rate (ml/min) 1.5 1.5 15 1.5 1.5 1.5
Wavelength (nm) 220 230 230 230 243 245
Sample size (W) 3 2 3 3 10 5
Retention time, min (AT*) 6.8 5.0 5.1 58 6.0,6.4 55
Ish 3.7 (DNBP°) 6.2 (biphenyl) 3.3 (biphenyl) 3.4 (biphenyl) - 6.8 (biphenyl)
Al ratio to IS (mg/l) 1,000/2,000 1,000/480 1,000/1,000 1,000/900 1,000/0 1,000/100
“active ingredient, *internal standard, “Di-n-butyl phthalate
Parameter Flusilazole Metalaxyl Methomyl Myclobutanil Procymidone Profenofos
Instrument Waters 717, Autosampler, 2487 Detector, Model 510 Pump
Column pBondapak™C ; (3.9 mm i.d.>< 300 mm L, Waters Co., USA)
Mobile phase (acetonitrile/water, v/v) 70/30 50/50 40/60 50/50 70/30 75/25
Flow rate (ml/min) 15 1.5 1.5 1.5 1.5 1.5
Wavelength (nm) 228 228 229 220 229 274
Sample size (1) 5 10 2 6 2 20
Retention time, min (AI*) 4.5 50 53 8.7 4.1 47
(1S% 6.1 (biphenyl) 7.0 (2-phenylphenol) - 4.9 (metalaxyl) 5.1 (biphenyl) 8.3 (deltamethrin)
Al ratio to IS(mg/l) 1,000/500 1,000/250 1,000/0 1,000/1,200 1,000/1,000 1,000/400

*active ingredient, "internal standard

Aavt APHAN AZAe] FTAAE e AN A 7} GAE 71 FAR dhe EAI7E WUESRE A7l iR
AR BEAL, Al Fole EWolrt deol Itk 2 9A9 Ah FHAHolx AR AL & F Uk
Myclobutanil A= A4} g wWelr] 27} AR A& AAY FEAR I XS HEM 2dA Fe
A1 900°C W&I7HA] A3kawl whel] Al procymidone 3 FEAES FE2TD W B EIAE JUZ ABE ARES
FAlE Ad Hi 257t oF 255°Ce] EHslainh #EEA H 239 32 A7k webr fFEgRY] FE80] etk
Ale] 75 HPE Aleld] 498 2% AX7E 2AskE ew W] FAAE BAS o 58 F9 308 ool ulF
olEg AA A o] LxE olHy 8 RAow FAEUA| B FEFe Aoz veltkorn 50% acetonitrile Sl
T A EAARG 4 B Ao B B AT 2482 BHEEA fE4E0] 2R FEFU

TUE A7 %01 A} dahEE, oluthe AME Az 2T FAAe U AN FEAE g9S UE
glo] REE FAYE Aa] Be 97|E WSSt wetba WHT AA 24 Foll 2AEHE FEAES A9 itk 2

v} dichlorvos &A1l 79l 80°ColA 3A)17F ot Ax

3-8 2]-9- SN L FgAARO] AHul ylgko] LA Ao
Table 2. Operating parameters of GLC for the analysis of s W Asel 7R A A 7}0 | &4 A
pesticides 2 Ve, 40°CoA A 7E B9F AxSo g 4S8 A
: 5 2~ o)
Parameter Dichlofluanid Dichlorvos g AL 2l )
P — T aC o0 ARSI Sl AREAS) WY W BAT S
c 1‘ 18" SST 2 3 FaAs A719 Aol AR wglth wekx A
ouma 5%SE-30,2m  20% DC-550,2 m o] AZA] wiEks Q718 BT T8 ok FEARS 3
Detector FID ai7) Sish ofel Wil oMagE A4 HEHOE R 19
Temprature (°C) Column 250 250 e TR AANZ AXEUY. £ ARE A2l W), ¥
Tnlet 190 175 : Al o T A i 4 ool
Detector 270 270 %:ltg 1, 0:1;4—7], ix\j}ﬂg 2, —%L—é [¢] 37 > é © 4, T:T7] = %‘.
Flow rate (ml/min) N, 20 THZE Hsiint
air 300 A4S W7 37mm, 4ol 170mme] 21 3 & S
. H, 20 Fig. 13} Zo] 9% Refog 3, v & £ i ol&
Sample size (L) 15 2 sttt o] &R e Yzhyle| A, 7o) &
Retention time, min (A% 6.3 3.8 N
= © 1A [e] HOo —“.‘3-_% HEolE 7]
(IS 4.2 (octadecane) 6.9 (biphenyl) o}iﬁfﬁ]) 7};@ ﬂ?ﬂ 8 5 mmo T % - J;T Hle ]
Al ratio to IS (mg/]) 1,000/350 1,000/150 £ 7 s e W4e U7 smme] #2198 Fig
“active ingredient i 17 o] F+RHA #5& S zZg}olelo] =9} acetone®]
®internal standard 7 5= Duwar jard B7ch Al 1 TAHR0mEE)S ¥ ¢
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Fig. 1. Smoke-trapping apparatus.

o] frEldel R
joint Weoll Fe]A-H&
A% 2 Al 4 =Y 125
H7} BAE RS
Adstar o]ofA Z .
Ulolli= acetone2 87191 1/3 7F

ot

i 2 0 & omx o)
o o

. . 2 o

o) =

-

g ALlst @17k 4
ol ZFEeka v

ekaze] Ylvt 2

Lo rg oo 2

’ )
1o
He
jival
Sy
ol
re
2
N
)
o
rd
o
rlo
2

m my o ¥ I

o
L
N,
m[m

T
s
A, ofm

o I

otk WrRe Eaw
A7) ol Ffwlo) Y 8
sksle} olmloln AeEA, Al 1Yol

32
i
20
i)

=
r
i

ol 3 of
1z

oy

of i,

T

!

A
tllo
=)
£
fr
o
)
St

A
M

o
£

g
o
-
oL

o

_OL
)
1)
Z&;
_O‘L
2
£
k)
)
X
B
M
jir)
o
l
{c

1

-
)

N
-

i e

o
=

7

Agsfolobt Slgitt. o))

W el fasdEe] WAEeM ¥

e mfo

oo Y o
Jo rlo
)
o
Ho
2

(i)

o

—
S

B
2

Table 4. Physicochémical properties of oxidizing agents”

Table 3. Trapping of myclobutanil in smoke-trapping apparatus

Apparatus Trapped (%) Cumulative (%)
Combustion chamber 10.7 10.7
Condenser 12.0 22.7
Gas-washing bottle 1 16.4 39.1
Filtering module 29.9 69.0
Gas-washing bottle 2 30.6 99.6
Gas-washing bottle 3 04 100
Gas-washing bottle 4 0.0 100
St} ofu) S A AAH el FAPIE &viE &
Fol 4E2d FRAARS HAFeEZM 3719 558 dEsH)
g 5 Al

A7 H AHe) zh F5E myclobutanile] EXE =48}
7] 1ot 2 s Aloldl 842 7o SR-EE B
Tk floh 2 WoR fFRAW-S %% A3 Table 33
2%k

Myclobutanik& Al 2 ZRW7HA] i E=|oH, A 3
EAYIM = Fulgrte] AFHU o9k 22 49 A=
W 5 TRt WG] BE FEAES 3gehe v
= vhe] ZHWE HAske Zlo] H3e o W=t

A e FRet A7He e FAAL] di &xot FQ

[e]

=.

A2e HAL2A(NaClo,, KCIO,), H44H (NaClo,, KCIO,),

AotA At (NaClO,, KCIO) 3 ZAFA (NaNO;, KNO,) Sl

AHE Sl olelgh Al e 2wt 2o Uig &

=7} Table 49} 7Ho] 2z} ThEch? ZFRRCH EAbgo] &
2

< UEFYE FdA 88 257t A E HEMER
(130°C), BA&AMIEF(300°C) ¥ AAEF@E RS 2% v4h

e prage]
5 =

AlsiA g Aelarg]

A bifenthrin, cypermethrin, dichlofluanid, flusilazole
myclobutanil % 552] %S A|E2 sl §aAR T,
A 5 9 Ak A oe 2 FAAS 77 A4
Sl o]5o] 7t Feke] T mAE JS 2RI

W FPIAERE PR Baksl] Brksd.

R

9

FoF F84H-8 20% $3k= cypermethrin, dimethomorph

9 flusilazole &4 &5 ABEAZF 10% WA 1% ©)3k= &
7S wolle A%AQ] Aavt o] FolAA] Gt 1 ol
o] 2 AZE A7 NS e A "yt S1EeE o

Ex7t Z7FISthFg. 2). FAA9] A S Ak
uet ggtom, QAMERS ks EAAVE 9 e &

Eal

Oxidizing agent Decomposition temp. (°C) Water solubility (g/m/)
Sodium perchlorate (NaClO,) 130 very soluble
Sodium chlorite (NaCl0,) 180-200 0.34~0.55
Sodium chlorate (NaClO,) 300 1.0~2.0
Sodium nitrate (NaNO,) N/A 0.91~1.67
Potassium chlorate (KCIO,) 368 0.56
Potassium perchlorate (KCIO,) 400 0.15
Potassium nitrate (KNO,) 400 0.36~2.0
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Fig. 2. Effect of oxidizing agents of smoke rod formulation on burning rate and smoking rate of AL
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Fig. 3. Effect of sodium chlorate content of smoke rod on smoking
rate of AL
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ARIEF H7F AARD AARESE 7 AlAVE o =0T
2Bk "7y ol AR 7 wEi FHeE S
7VeIRAIRY, FAge] SR FAg0] Ut He AkA)
A7 vgL T FRH wWEA dEA Yehyth
Cypermethrin FA71$} flusilazole THAA= FANEF H7)
H7F 13%Y o EA80] ZFzt 772%9) 958%% 7P =t
HHHoY| dimethomorph &A= H4HIES H7H)7F 16%7F
Hojm FAgo] X&A oz F7ReYh. faihesS A
SRR AME3E cypermethrin Al 94 £ wE o o
4 Fo vlA A7IgEA] 23 A o] Fof dAAle] Y
Hol| Bh&2 da)= Figol FEHUG

Metalaxyl &34 (20%)9}+ dichlorvos &34 (20%)ye 212 &
2ANEFO] 2% 1% H7PARS W FAE°] 95.9%%}
554%% Alge AsiA] FopvlelA FHulzb = AR
chiorothalonil ¥340(20%), methomyl +34(10%) 2 profenofos
A (10%)y= ARIES H7W7L S71EeE $980]
7F W (Fig. 3). £3] methomyl ¥AA < Ao} 20% HE9

=
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Fig. 4. Effect of AI and sodium chlorate content of smoke rod on
burning rate and smoking rate of Al

Table 5. Burning rate of smoke rod formulations containing
sodium nitrate as an oxidizing agent

Composition of smoke generator (%)

Burning rate
Sodium nitrate Glue Rice chaff (g/min)
10 15 75 0.40
15 15 70 0.82
20 15 65 545
W FALES UERIARE Fofl BRIYE sofs 9AE 71
4 BAE S T o AR FAA A TFssltie
2% & etk Tet 2 ok 2AY, WIS 59 o
34k A $9E 7l 5718 e Rl 2dEA
23kt
Bifenthrin FAe FEAE o] 22 AAe 94 &%

2t myclobutanil F3A)
w2 AAFE FE5
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Fig. 5. Effect of oxidizing agent of smoke rod on smoking rate of
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Table 6. Changes in Al contents of smoke generator after 60 day
storage at 50°C

o Al content (%)
Pesticide Decomposed (%)
Before storage After storage
Cypermethrin 18.93 18.93 0.0
Deltamethrin 19.74 19.73 0.01
Fenitrothion 19.40 17.67 1.73
Flusilazole 20.30 20.13 0.17
Permethrin 19.39 19.21 0.18
Procymidone 19.33 19.12 0.21
o ApEE F1S Qg Sw0) wehAR, @ A9 A
A Wl A4 £Hert ufe EFdsiith R b A
B TR 4% da 27} US Lol @ye] Yepgon
= FAAe] AP Ak HEg Holsh] e Haw

20%2]

o)t

ARgEfof 3 Z1o 7 o SESUth(Table 5).
AR dethERO AU ERS AMS-E o
Hrp "R g3e oot

A= L}E T8 20% S8k dimethomorph FS3A]
(20%)9] FAEE 67.9%, dichlofluanid FIA) (FaAdE 20%)
o] AL 36 3%§ ALANYEFS 747 15%9) 129% &%
90.4%%} 48.4%K Tt B Slth(Fig. 5).
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Effect of Oxidizing Agents on the Burning Characteristics of Smoke Rod of Pesticides Using Rice Chaff as a
Combustible Carrier

Ju-Hyun Yu*, He-Kyoung Lim, Yong-Whan Kim' and Kwang-Yun Cho (Bio-organic Science Division, Korea
Research Institute of Chemical Technology, Daejeon 305-600, Korea; 'Syngenta Korea Limited, Seoul 110-702,
Korea)

Abstract: An investigation in search of the best oxidizing agent for smoke generators using rice chaff as a
combustible carrier was carried out. Smoke rods formulated with active ingredients (Als) such as inorganic oxidizing
agents, glue, and powdered rice chaff, showed constant and high burning rate and high smoking rate on 11 kinds of
pesticides. Sodium chlorate was the most suitable oxidizing agent for smoke rod. Even though the sodium chlorate
content of the formulation showing the highest smoking rate of AI was variable to pesticides, the smoking rate
appeared to increase as the burning rate increased. Active ingredients in smoke generator using rice chaff as a
combustible carrier were stable for 60 days when stored at 50°C. An apparatus designed for smoke trapping was
useful to collect smoked active ingredients.

Key words: pesticide, rice chaff, smoke generator, oxidizing agent, burning rate, smoking rate of active ingredient
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