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SUMMARY

* By pesticides?

It was known that carcinogenic potential for experimental animal, which
is Bs group. In this study, we examined a Keele Injector for sample
introduction for gas chromatographic analysis of captan, chinomethionate,
chlorothalonil, feroxycarb, folpet, daminozide, iprodione, procymidone and

propargite in vegetable samples.

e In an effort to develop less time-consuming and more economical
methods for pesticide analysis, Keele injector has been introduced as an
alternative method for sample preparation. In Keele injector method,
analytes are prepared with no extraction and purification, that is direct
sample introduction, in gas chromatographic analysis of B, pesticide in
vegetable and ginseng sample. Samples in milligram quantity were
introduced into a glass tube in a Keele injector at a gas chromatographic
injection port. Both ends of the tube were sealed in a Keele injector. The
tube was then placed in a Keele injector. After that, the glass tube was
crushed to allow the sample to carry onto a capillary column in a normal

manner.

¢ Examining

Availability of Keele GC injector for direct sample introduction in gas
chromatographic analysis of pesticides in vegetable samples. Using the
Keele injector allowed quantitative determination of chlorothalonil,

procymidone, iprodione, forpet in vegetable samples.

¢ Determining
For optimal condition of Keele GC injector for sample preparation and

GC operation, the vegetable samples were freeze drying and macerate into



a powder. The freeze dried samples were carefully weighed in milligram
quantity and introduced into a soft glass capillary tube (1 mm i.d. X 30
mm in length, Chase/ USA). The Keele injector method showed a
temperature—dependant response, giving higher loss of pesticides at higher
temperature.  This suggests that the loss would be much more significant
for more labile pesticides. Therefore, optimum pre—heating time and
temperature should be tested with the Keele injector for such pesticides.
As considered the temperature—dependent loss of pesticides with the Keele
injector, the samples should be injected immediately without the extracted
for 5 min to have better detection. It was considered the optimal injector
temperature 250 C for procymidone and chlorothalonil in ginseng samples.
We examined a Keele injector for direct sample introduction in GC-ECD in
vegetable samples. Also, we examined by applying a Keele injector for
direct sample introduction in GC-FID and GC-MSD in vegetable samples.
With the Keele injector we could anaylsis for direct sample introduction
pesticide analysis in head lettuces, pepper and ginseng samples. When
samples treated previously with procymidone and chlorothalonil were
determined by the Keele injector, procymidone and chlorothalonil were
found to be about 70% recovery of the spiked procymidone and
chlorothalonil by the Keele injector in sesame, head lettuce, pepper and
ginseng.

From these results, the Keele injector was suggested to be potential for
sample introduction in gas chromatographic analysis of procymidone in
ginseng samples. With the Keele injector, we could anaylsis for
determination of domestic or imported ginseng, by using direct sample

introduction procymidone or flavor analysis in ginseng.



CONTENTS

Chapter 1. Profile of the Research ~———----------"--""""""-""""-"—"-——~—~—~—————— 10
Section 1. Purpose and Requirement of the Research ~———----------------——~ 10
Section 2. Goal and Contents of the Research ~———---—----------"----—————- 13

Chapter 2. Native and Foreign Present Condition —————=—=—=——===——————————— 15

Chapter 3. Contents and Results for Research Process ~———------------—---—- 16
Section 1. By Pesticide ? ~——————----"""""""""""---— ——— 16
Section 2. The Structure of Keele GC Injector and Sample Preparation

Processes ---------——--——++"-—+—1+"-——1+"-"—+—"-———"——"——""""-"""—— 18
Section 3. Availability of Keele Injector by Pesticides and the

Establishment of Optimal Analysis Condition ——————=—===—====———— 20
Section 4. Combination with Keele Injector and Another Analytical Machine ——— 26
Section 5. Availability of Keele Injector with Crops and Ginseng ——————-—-———- 41
Section 6. Determination of Free—extraction Mehtod for residual analysis

of B2 pesticide in Field Sample ————------===----—————————————— 47
Section 7. Posibility of Distinguishing between Native and Foreign Ginsengs

by Analysis of B2 Pesticide and Perfume Materials ~——————-———-—-—- 60

Chapter 4. Achievement of Research and Contribution in a Concerned ————----- 68
Chapter 5. The Plan of Practical Use of Result ~—-------------------————~ 73
Chapter 6. Collected Foreign Scientific Informations in Process of Study ————--- 74
Chapter 7. Reference ———————————"""""—"—"""—"—"—"—~——————— 79



A1 A7NEHRAS] g 10
Al A AN 54 384 10
A2d AN 52 2 g 13

A2 =Y 7t 4% 15

A3 ATNEsEsd e 2 4% o 16
A1 A By o] 16
A 2 A Keele GC injector +% 2 AgzA44d ———— 18
Al 3 4 e Keele GC injector®] o4 7Hs4 @ HHz7 &8 —— 20
A 4 A Keele injector 2] t}& 77| o] & 7ted HAE 26
A5 A FAEH 715 AAA Akl tdk Keele GC injector?]

o] 87t HE 41
A6 d JAFANEST T35 dieeF A o5 By s HE —— 47
A7 A Y T B 24 AR EYl o Szt

=Ake] 9 b HE 60

A 47 B398 @ B9 7o - 68

A5G AFNEaHe] gAY 73

A6 AT NEHAAA =g i A eHH - 74

AT FIEd 79



o F7H iAo i

AR el A RE, Al 27k A

fsid
=

X}
o

A oF

o

Mo
bol o2

o

A shet

K

A
N

o]

@ A

7oA ke Aol Apdol,

Al

1
.

3 A

S

7] 9

o

pud

gt} ELISA Kit

5]

s
a

A E]
o A

L
L

149] Aol ¢

Gxol] 71k AT A% ool

&}

olgron} oA

o] &

rvze]
Al
el

7§ k8 of

tol Kits

S

Az

=
=

A

b, St Al

S

)% Baw

o

=

71 A A (ELISA Reder

A Ay

Al

ofe ol W
o} & ol

o
6

ool W&

7

o
o
il
ol
o]
‘__ﬂo
o
)

=3

!

o)
A
cl

°©

q ZA

o]
2] Z
2]

pin

2

==

R

R
=

ot

<]
=

i oF
Al

o5
i 5= 170,000

3k

=

[

=
] g

q

, 7171 =39 g =

[e]

o

34 (Be)

[
/\E] Zﬂy

_?4

1o

Aol

o

i

HA

o
™

N

}

HzAE Fozm Azl

& S GColA

injecor

o] Keele

]

A
=

procymidone2]

TS

=K
~

—_

0

<

Nfo

J—

o
wjr

k!

—~
o
mr

O

_10_



=
T

3f

o] WTO 7Fsiell ¢

==
3

3t

el
B

%

B
.Zfl

i

1. 7]

7h ElvEl soF AR RS AA 1976 17k =l A 20000 2wk

AFE-ZEE 19761 4.6 kgol A 20006 13.0 kgo &2 A

AL

==

[e)

|

Y 2ol 9

B

se] Aol A o}

2l
<)
N
Ho

A

go = AA

floF <.

9]

H

o] $-2 7k A

?l.

of o

ok
=L

Ho

%

).

}

<0

we (989 7l 29 %ol

# 7}

o] A, AiA AN Vee B

w

o]
A

etete At F

7}.

or

Ho
nF

X
o

oo

14 oke] she} Ab

3

1 gAE 9l

1% W9

oﬁ

No
vl

%

11



k

I T PR

3|
&

shar Al 2= o] F57F B

Bl

B o
T o

2 ARIIHR] FAHE A 26k 2

L
0
o

Ho

=24 AA

9,000=

1
fu

th 19989 & S-2uete) st &

7] 06%g=olH, AujH AL 8500haz ] Al FAES 04%HEZ 1 9

o))

s

99.6% ©|

o,
3

|7}

Aok e A7 o A

AEE durbs Aol nt

g

AAE £ SEUdFeIME frlvd=

&y

H71 1A=

S

] 3}
% .

2k =
=S|

fol sem)lel

UA

I~
T

el
o]

-
G
)
0
o7
] -#1“
Ho

v
o

on
of
il

—_—

X
ZO
e
o
;O#
™

=
=

v}, Keele injector

_12_



A2 AL BES e

1. Keele injector®] Bo¥ ofoll 3k o] &7154 S
7F Ao AAE Al F79 Keele injectorE 217 Aldlste] 44 mdlS MA
. A4 ¥ Keele injectorg ©] &gk 4] Al @A o s

t}. 9% 9] Byw kol th3t Keele injectord o] &71sA4S &9l

2. Keele injector #2412 3k Alg 24 Al HAZHES AA
7b BA® Aol AV|E AR
[e]

o BARW AR FANHS A

1) AA=
2) sA71=x
3) AAH=

4) Oven A%

. 717184 Al HAEAL

)

ot

1) Pre-heating time
2) Injector temperature
91 A3E ARzASeNN AEs Bokat B5E w7

uh 24 F 2o ool

3. GC-ECD9ll 9t &4 Al 339 FHS Hst7] ¥ Wete 2 Keele injector
o] 7712 FrjolgrtsAe HE

7}. GC-FID

1}, GC-MSD

4. A48 F9 FFEF 7l AAA Al e Keele injectore] ©]87ls4 S

o

HES ] B b A8e A

_13_



ﬁo

jo

A

Iy

ol

o
<

il
o
el
e
Nd
"
N
!

Foll A By 9F(procymidone) 2] #£41S 9

O])\
R

3 AAA

6. 715

ol
e
N
"
iy

jo

Ny

Wy

.

_14_



dl

1
RESL IS I

jut
3+ 7
5 p
N i
r_,AO ﬂ)MOﬂTﬂO.‘#O
e M X
N 1,| Br
Hmﬂ K H.# =0, = B o
OOF_ s s o
W r W 4 x 3 T
- HE]J XLE( F
ALHO EH]OI7U ,DI /.\:.L IZ..OL.
_TIJI ‘Llﬂ‘l 1]r7_Z_.* aL \m'& ]rHO]
o 1 ¥ 3 a ST o > S EX
b4 iy “u: & PyEEe
) EoTo < T Hga ﬂw«ﬂ%
7o — SE] ION = LL.iE
aal T T . w0 %Ezo
~ = o wjr m 4r = 5 Ho < o]
= o= o ﬂox o PEE rﬂ
J.;oL 1Foor —_— Eee .E]ﬂbou
KO ™~ O ﬂ;lq,Ll [ oLtA_l
1n_rm aﬂowa 1a€17| MA ATJIQM.%ﬂu
K = ]ﬂuo mﬁ % E_.Aau.m,k
= ﬁmﬁ ..ﬂ d-L ‘wlI }ﬁXloﬁl
N © Mﬂﬂgla ﬂbtlﬂ ﬂw& u],_mMﬁmio
N T S T T = L= V1@eev
- T & 4 F mﬁﬂi g __oooKﬂ
,JWI‘LF lrw_‘ﬂl‘._ OEU‘Wﬂ X‘u \Dr.._“x_.rn
o 0 o < X T =0 iy ~ ~ o L3 ﬁ N
Gl % o G an = q| & o G-y
ﬂuwﬁ oﬂﬂo#u n_uﬂlm _L.OAT \/LLCWHﬂmT
— _,ﬂ ~ 730 EoLluoﬂ]
5 W iy i L —_ _ ) ur Y c
Mﬁ T3 = < ,_Pmo N 1o_| 4 ol = mhy - ok L °
Aolwm ﬁlﬂii WLMﬂ _— Wqﬂmﬁogﬂ
Eowﬂﬁh ,ﬁc}ﬁ ME OﬁXo UZAﬂoi
TN gl = b 1T ) o NI ) {]
0 ;OLBJI] iy e yﬂAl,uli
ﬁi% E@w wr,%uxu Mo i T =9
a o5 | u.ﬁ o — o _ No od il ©° X o
e Hé@ﬁ _:urmﬂ < g ,ﬂnﬁ%ﬂ
JAQ.W_ ﬂ&ourmﬂm JIW NEO1 ALoﬂol7u
5 do T 3 W s S % Sslu_:_w
5 o wm;_ﬂ% ﬂywqﬁ 52@ UEU%]&
- X ~ =0 19 —~ 25) ~
o <V .mﬁma& :]ﬁoﬂvn .H,M__mE Qa@]éuﬁﬁ
UrﬁmiT nf_go 2% OQL%
e ol o =W Aoﬂu Maioxo@
o ey 3 s P o N @ L
ﬂlﬁu@% LﬂArmr 0T7_|dﬂu.:;.6
JZ:9 M N .._i\_il‘_‘l_lo%o
— .ﬂ_pvﬂ E177Nr
W mA_HOM W
g kﬂiﬂd
uﬂgzmu
,WH—EE.Aﬁ
el

- 15 -



HM3E dRpw £

ogt
L
0F0

o
N
H

A1 A By ol H?

"= SRS A (US/EPA)NA = Y 727 d sofol tsir = Table 1%
2]
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Classification Contents

A O A () AT EAB B Aol i
(human carcinogen)

B 02FFolde] AdsEolA T4 i (problable human
carcinogen)

B ooy AEHQl A Aol LA Euf Abghe] ot
TY FE TbeAol e Aval AAA= AT

B odATEAME TR TA Aot Al g
TAE BT B¢

C 01579 AFFEANA FY 2 (possible human carcinogen)

D OFTAEFTEORE AMg tg FEFTHoR B F Q&
(not classifiable as to human carcinogenicity)

E oAbghel] g WA T U=
(no evidence of carcinogenicity)
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Al 2 A Keele GC injector @ A& ZA #HA

1. Keele GC injector®] T+ %=

AplL vanl et purie

Figure 1. Design of Keele GC injector.

Figure 2. Packed Column. Figure 3. Capillary Column.
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2. Alg =A 373

Figure 4. Procedures of sample preparation.

A
B.
C.
D.
E
F

. Seal one side of capillary tube

Insert sample to capillary tube

Seal other side of capillary tube

Insert capillary tube to Keele injector and pre-heating for 5 min
. Crush capillary tube to GC

. GC operation
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3. gwkAQl B A a3 Keele injectorg o] €3 B o] ujw

— Classical Analysis — Keele injection
Extraction | GC-MSD
i With Keele injector
Partition |
Clean up |
Syringe injection I
GC-MSD | Analysis I

A 3 A Keele GC injectord o &71s4 AE

1. A 2 23

7F A&

BooAqe] ALg®E 9F 9 By,E9Fel Captan, Chinomethionate, Fenoxycarb,
folpet, Danminozide, Iprodione, Procymidone, Propargitex Sigma@H¥ T+
st ARESRITE Ml FFH(K1, K2, K3)9 injector® Han Jin Precision

co.(Gwangju, Korea) .2 X5 #|z}tsto] A5 2 A6k th.
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1) A Eo] AZA Al F7F9 Keele injectorE 2tz Al @ sto] 2 A 2 AA

A B C

Figure 4. Three kinds of Keele injector model.

AT Kl, B K2 C: K3

Figure 49} 7#+o] Kl, K2, K3 model®] Keele injectorE ©]-&3&to] AlRolA B,
Fokol BAT RS HESL H A9 modelS 43T
)KLt Heh@ ofel Riel TEe %ol AL
) K2 : crushing ¥ K2 injectorg A7 3HA S0 sealing & + =
TS 2ol A
thH K3 : vtgel A 1 em 9ol #W& %] crushing ¥ septumZ7hA] K35

2oleel ¥ ol Aurt 771 FAHA s A

X
Keele injectore] A&dAF AEE Hste] 5L A4 A5 procymidone ¥

A w5 gpikingdhe] 4uHE 07 ez A A3

3) 9% 9] Bos ool W3k Keele injectore] o]&7Fs4 &<l
2 Ao ARgE 9% woFe] 543 %+ Table 2, Figure 59 T}
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Table 2. General information of Bs pesticides in Korea

Chemical name Instrument M.W. b.p/m.p
Captan GC-ECD,FID 300.6 m.p : 178
Chinomethionate | GC-NPD 234.3 m.p : 170.2-171
Chlorothalonil GC-ECD,FID 265.9 b,p : 350
Danminozide GC-ECD 160.2 m.p : 157-164
Fenoxycarb HPLC 301.3 m.p: 53-54
Folpet GC-ECD,FID 296.6 m.p 177
Iprodione GC-ECD 330.2 m.p : 134
Procymidone GC-ECD 284.1 m.p : 134
Propargite HPLC 350.5

III!IIH
. :J- cl—Q"T—@_cl
3 COOCsHy
gk ary Chinomet hionate Femoowcark
b= H ) L= M (=i
.ﬁ ] I.-u =
1 .II .-.
Chlorothalonl Folpet Propargite
(&t 4 ) Caal = M) Gl ©] Hi)
Procymidone Iprodione
(&t ) (el Al

Figure 5. Structures of B2 pesticides.
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AT HE Bide A9 HAA ANRE = GA, S XA &
1. Keele GC injectord] F3sle] vz EAste=d o, A ¢z vatol A
AHT QE BGARYBD ke
danminozide, chinomethionate, fenoxycarb, folpet, iprodione, procymidone
123l propargiteZt UTh weEbA o] FokEol tis] Keele injectorg ARE-3}e]

B40] fsaAE ol @k,

9% 9% captan, chlorothalonil,

7F A= A2 Al F57F 9] Keele injectors ZFZF A

ot
ol

EIEEEIE

A B C

Figure 6. Analyzed chromatograms by three kinds of Keele injector.

A K1, B: K2, C: K3

1) K1

bR =gt Aol HUE wen EHQle] V7R FdEol w2 A=
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i
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A3} ol Mol Zen AR BAol Bad AR BAd 42
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(WA -syringe®  injection & syringes AASE AA™W crushing %
injectorg septumZ7}#A Eol&H = YAV FUME HQAdd FIFAHE T
B E2A Ao+ Kl injectors AFEsteE Al ¢ 283<
Figure 6914 B A Y Al 7}A| injectorE 7FA 1L By oks EAs 2 A
A2l K1 modeld] injector’} 713 & ZAEE B E A9 injectorZ2 Z
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L. A4 " Keele injectors ©] &3k &4 Aol AAA ofF HE

Figure 7oAt 7o) 49+ A3 Al 6 minZ ol procymidone®] HEH Ao,
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. 9% 9] Bos kol W3k Keele injectore] o]-&7HsA <l

it o2 bp 7F AU 7187 & v seFo] HEvMssty 2 AdS Fal
AE b.py mpol A#Aglo] AEH0o] Keele GC injector® o] &3k A=Al =
ok A 5 94

= 7S AEMNE 2ok ddd. webd 2eslad soF 9%

Z 2 ECDE A}83}e] Keele GC injectord] o]&7tsAS AESIF O,

o]Z 93lo] 1ppm T 1S EAT FYUd] 7FEH Keele GC injector®

wAe A7 Figure 11 oty ¥4 AEZAR 9T 5 F 47HA 59

chlorothalonil, folpet, procymidone, iprodione 5°] 1-10ppm =olA HA=E=7}
e AS Fskin

Al 4 A Keele injectord GCEA A AF %A &Y
OE 7]7]9 ol & 7t HE

o)

1. A 2 Wy

7} As

EATE WAE 05 mme 1.1-1.2 mmE Chase(US.A)ZHE FUsG 2, A&
ZA Al 271 Z7](model : SFDSM12, Samwon, Korea)®} oven AZ7]
(model : FO-450M, Jeio Tech®, Korea)E Al43t9th ZAl® Alge AL 9]
3|4 GC-ECDIP5890, Hewlett Packard, U.S.A), GC-FID(HP4890, Hewlett
Packard, U.S.A)2} GC-MSD(Agilent 6890N GC, 5973N MSD, Agilent
Technologies, U.S.A)S AF-&3} .

D EAl dolet A7) HE

A AolE 2, 3, 4 em® sk flo] AN 4 T AW ToFe &
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ol WE Y3t Keele GC injectorE ©] 83}

1 =3 A=
3 WAL 27 95k 05 mmet L1-12 mme] WAL 7hd BARS 795t
ke,

>
oot

2) EABY Alm FY A =AY

7h AANE-RBAANZ AAE THE EAF F 9

W) sAAX-FAAZT T AERE ARt FREIFS SAHT

) AAAz-AAA % F ARRE AREstH FREIFS SAHT

2h) Oven 1 Z-oven X3 ¥ AIR2 ARGSY FE2dEFS AT

3) 717184 A HAHx=A 29

7}) Pre-heating time

Keele injectorZ ©]&3F %< 7% A] pre-heating time< YA 3 oA 1,

3, 5, 10 mine2 FW¥3ate] Z+7zko] chromatogram’ el peak areas W uldlo] 7}

T @2 AHA pre-heating times H3

1}) Injector temperature
A7VA] moF F2g 0 a4 1ppm 1 wlES EA o ¥ il pre-heating time
min®! ZEl Oﬂ Al GC injector &%=5 175, 200, 250C = WA E435lo] &
=
O

5 GC-ECDel 9 &4 Al A9 TH& sl A Wte= Keele
injector®] T 77129 zﬂcﬂ% 7Fed= AEstala, e 71712 GC-FID
¢k GC-MSDE °]&ste] =33l
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2.4 ¥

7b mA#e] Hol 9 AV AE
BAFe] AelE 2 3 4 cmZ sl Zbzbe] Tk gl 1 wE F9)sh
Keele GC injectorZ ol-&3te] ZA3 A3 2 cmel EAWRS AgxzAAA F
TABE 2a o mABg By} zol A Fo Asjsb @i 4 cmo
A e A9 Keele GC injectore] F4% Zol7} 9om 2 crushing A7]7] o
A9t aene BB Zol: 3 cmE o] AT mE Ao L)
ol2#] AT =)o) ojAE 05 mm EABE WAool Be AR A mv}
Zolo] olH Y] wWie] AR mAFBoZA FAXNS &x 7] <& WA

1.1-1.2 mm(Chase/U.S.A) AZES AF&3te] 3 ecm=z 2k Al&8ty

i

A= BANEE 24 A=nEOfoR AgXAAS 7 #a 3kd 5k
T AR 80 %oldo] i AR GCo A dEgdS W ofy 4
AN F£2 &dth BE oven AFXARS AR E Lo HAx Al A&7}
EAE A, B 2R Ax A FEo] 3] AAHA ol AmvtE IO
EABTE & AT C= AAAdx A5 ARmEIHORE Fio] AAHT
7HA U e Alte]l A8 EE dilo] gldlen, DE 2% AEY A=
A TAAZEE o] &3l ARE AXT F AT + 1, 8 £33 4A3] A
AHAAY, Axste T¢ BELLT F7] A8 &2 4F9Y ExE0 AAH
of Aol HIHE Aol AT WA B AFPdAxes FEAIAZXE ANEX
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Figure 8. Analyzed GC chromatograms on the sample preparation.

A; Fresh, B; Oven drying, C; Drying(room temperature) D; Freeze drying

o 717184 A AA2 Y
1) Pre-heating time

Keele injectorg ©|&3t FoF #A&F A GC =4

o

HS fste] 2 e
A A7 7132 98] pre-heating timeS FolokalH, Hokmbtt 7]3be] A w9}
Z1st2 =7 gh27] wiite] 1o mE HA ] V|sAES ZF o= FH A9 peak

areas 95 4 At B AFo A= pre-heating timeS 200C 9 injector &%

oL
oX,

ko
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A 1, 3, 5 10 mineZ 3o EAstgon, 7+zhe] chromatogram’de] peak
areaZ B ste] ZF woF ¥z AHA pre-heating timeS FHsHTE 1 A=
Figure 99} 22, folpet®} procymidone< pre-heating time®] 1 min¥ W area
7b %8k, iprodione 10 min¥ W peak area’} 7HE =2 Zo® UEyton,

chlorothalonil 5 min¥ W peak area’} = 3ktth.
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Figure 9. Peak areas of pesticides at different pre—heating time using Keele GC

injector.
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baselineo] E<¢FA3E wHo] ¢, GC injector2EZ2 250C=E 3PS wE
|

pre-heating timeS 10 min ©°]% A =W FFsE9 Fa7E Ak wEhA
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2) GC injector temperature
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Figure 10. Peak areas of pesticides at various temperature using Keele GC

injector.

Tk B8 1lppm 1S AT ¥ GC injector <=5 175, 200, 250C
2 3}o] pre-heating time 5 ming T AES AFHZM folpet> GC injector?]
L5271 250CY W peak area’t & HAo® YERNE, procymidoned A-$- GC
injector?] %7} 175CY uwl peak area’} & Ao ®E et} Chlorothalonil,
folpet, iprodione?] 7% GC injector®] <=7} 175CY W& peak’} YEIYA] &
3, GC injector =%7} 250C<¥ W= chlorothalonil, iprodione & <Fe] 37}
ettt 919 A3 24 GC injectord X7} 250C ©] 4, pre-heating times
5% ol FA HW baseline AA 7t EQFASL FF AAY 37 AN
H #AFE GC injector 250Co A ST 27 FAF AAdA Hdes 3

_31_



A BEA3 FAES 93 signale] EolA EAE dod|2=2 Keele GC
injector® Al&38te] a3 B4 A GC injector?] HALEE 250TC ol3t=
A=

3 wobrh ¥rbedl ok TR

7}

olr

it}

2k A

Skl (Bo) s obel gt 24 AFEE 4 e GC =39 g&§ A

w2}t ID7F 1.0 mmS! EA#S 3 cm Zo]l® ZE 200 T injector =%z 71 0 A

X
o
o

pre-heating timeS 5 min & § Z'¥ & programmingsle] 100TCoA A 2s}lo
9 10T vl&=2 240 CT7HA &8 GC-ECDoA ZF FeF 1 wE FHsoq 4
2 A3} Figure 113 2 oW, folpet, iprodiones 1 ppm7tA AZE 7}5 35 Y
i, chlorotalonil®l 7% 05 ppm7tA AZE 715359 2™, procymidone
0.0125 ppm7tA] 7Hs3dted, 2 A@dA AA RS A4t dd £4 F=
7} €& chlorotalonil®} procymidoneo] W3] Al 33712 dJoh A o
E BBy weFEe td AE7Hs A Table 3o Wbt

Table 3. Detection of By Pesticides by Keele GC injector
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Figure 11. GC chromatograms of pesticides standard by Keele injector.

A. Chlorotalonil, B. Procymidone, C. Folpet, D. Iprodione.
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vl Keele injector®] tt& 7|7]Z 9] gujol&7tesd HE

1ol Aol A o] &7ts Aol AER Foke &4 A ZHY S Folu, &
cEIe] v FHS dsty] fa e 7R gdoldrtsdS AESH
2 column¥ HAE7IE sty EA5 Bkt Columne HP-5(15m, 30m)<t
RTX-5@0m)ell A 45 AAstslal, A&7 ECD, FIDSH MSDelA 47k
dS AENE G ECD 24 Al Oﬂ—t’ Arrh L Wk s Wzeta, FID #

Y A SRl @ st 4wk "eiAE vgel Asith

¢

_4

Table 4. Using the column and detector of GC

Instrument Column Detector

Procymidone HP-5 (30m,15m)

ECD, FID, MSD
HP-5890, HP-4890 RTX-5 (30 m)

Chlorothalonil HP-5 (30m,15m)
ECD, FID, MSD
HP-5890, HP-4890 RTX-5 (30 m)
Folpet
HP-5 (15m) ECD
HP-5890
Iprodione
HP-5 (15m) ECD
HP-5890

HP-5 (15m length X 0.53 mm I.LD X 1.5 xm thickness),
HP-5 (30m length X 0.32 mm 1.D X 0.25 ¢ m thickness),
HP-5 (30m length X 0.53 mm I.D X 1.5 z m thickness),
HP-5 MS (30m length X 0.25 mm I.D X 0.25 z m thickness),
RTX-5 (30m length X 0.25mm 1.D X 0.25 /£ m)

A

47VA T T M FAo] £o]3 F 2 chlorothalonil®} procymidonel &
ol A Keele injectorell 2%k #241 A] Figure 120]4] H ¢
13 min¥ 16 min® & Yyelgton F AEe 3=zt 4
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Table 5. The analysis conditions of GC-ECD

Instrument : HP 5890(Hewlett Packard, USA)
Injector : Keele injector

Column : HP-5(30 m length x 0.53 mm LD. x 1.5 um thickness)
Detector : ECD

Temperature : Inj. - 200 C

10C/min
Col. = 100C (5min) — 280°C (5min)
Det. - 300 C
Pre-heating time : 3 min
s
d

Figure 12. GC chromatograms of pesticides by Keele GC injector-ECD.
A. Chlorothalonil+Procymidone, B. Chlorothalonil, C. Procymidone.
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Table 6. The analysis conditions of GC-FID

Instrument : HP 4890(Hewlett Packard, USA)
Injector : Keele injector
Column : HP-5(30 m length X 0.32 mm LD. X 0.25 um thickness)
Detector : FID
Temperature : Inj. — 200 T

10C/min
Col. = 100C(5min) - 2807 (5min)

Det. - 300 C

Pre—heating time : 5 min

FIDol 93 #4332 Table 63 2ow, L423}= Figure 13224
chlorothalonil®] 16min, procymidone®] 18minol A&l th Figure 14 GCY
FIDE ©]&3] procymidones 2]+ AF=Z syringeE ©|&3] 10, 20, 50, 80,
100ppm< 1 A injectrion® A2} procymidones Z< TEE 1 wAS 3
EA#o] Y1 Keele injectorE ©]83l] YIS WE A2 v syringe
injectionel 2|3t Ldt A3 Keele injectore] o3k E4W RF ZAXAAS HO
3 9o syringeol H3| Keele injector® +U WS W7t 60-656 % o2 o
S & F A} FFEol =2 AL ofYAut syringedl 9|3k A Ao
AA T4 A A AA"S Ak stErR FAAold FAFA/IUE 1
i Keele injectore] 23t FA1Heo] RUEH I ~agdidia By Ho}
g84Y Ao Hrh
Table 7 Keele injectorg ©]-83lo] &A1& wfe} Ankg
A5t S wWeol AAAQ] WY g84S UEld Aoz durEy
o H 4L 17d] $=F 02 Keele B4 o] A Z::H]Q‘;’:i-‘luﬂ, =4se ©
o A e AL 15W9 Aolg EHAH. AR FE2H4 A g
of d&dAa, FFF HAAE 540 de &Y AIEE 9 F IoE
Aol yebsk

e

T, ‘m' ﬂ
P
i)

r
e

(
(o3
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Figure 13. GC chromatograms of pesticides by Keele GC injector-FID.
A; Chlorothalonil, B; Procymidone
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Figure 14. Comparison of calibration curve of procymidone using GC-FID

between syringe and Keele GC injector.
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Table 7. Comparison between general analysis method and simple method

using Keele GC injector

) Simple method using
General analysis method o
Keele GC injector

Analysis time ca. 15 hours ca. lhours
) extraction, purification ) )

Analysis method ] drying and analysis
and analysis

Analysis cost 170,000 won 10,000 won
consuming of organic without of organic

The others
solvents solvents

9712 Bo&F 5 Keele injector’} F2HE GC-MSDe| 93] #4¥H FFe
procymidone®} chlorothalonilZ%# GC-MSD2] ¥4 zZHdL Table 89 YEW L,
£ 23 += Figure 15°]t}. Procymidone®} chlorothalonil X5 MSD<9 Wiley

libraryoll Al search= s A3} 80%°| A9 AIF=S HFr].

Table 8. The analysis conditions of GC-MSD

Instrument : Agilent 5973 N Mass Selective Detector
Agilent 6890 N GC system(Hewlett Packard, USA)
Injector : Keele injector
Column : HP-5MS(30m length X 0.25mm LD. X 0.25 /m thickness)

Temperature - Inlet = 200TC - Interface - 200TC
10C/min

- Col. = 100C (4min) - 2807 (5min)

- MS source - 200C - MS quad. - 150T
Split ration (20 : 1)
Flow rate : 1 m{/min Start Weight @ 10
Solvent delay : 4 min End Weight : 550
Scans/sec : 3.15 Pre-heating time : 10 min
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Figure 15-1. Chromatogram of chlorothalonil by Keele GC injector-MSD.
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Figure 15-2. Chromatogram of procymidone by Keele GC injector—MSD.
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A 5 A FFREFH 7| AASL A4t gk Keele
GC injector? ol & 7l35A4 HAE

Bos ok 9Fo] ek A& ZELS Table 99F #Zon, o] 71&d izl &<l
FAFOLI, 2 B 7

I~
3
(33, oFAF(LE, S, 3, P, vk, EbE, BgF)e e Huse]

A8 AN A, o] B ®E MRLS Table 100 YeERH AT

Table 9. Applicated agricultural products of B2 pesticide

Pesticide Applicated agricultural products
Captan Aveh X BRE wg s wg] wg)
Chlorothalonil Ay g Bgol x5 7 Qo] EnE 13 7R}
@G, BT, &1, vk, 30
Daminozide ALk
Fenoxycarb A, ZE
Folpet AYeh X% "V, o], 7 1F, FE
Iprodione AR Wl XX 2 owbs, =], a1 F, 2o, Wgh &

Procymidone U, , A5
Propargite SX AN E, ¥
Quinomethionate Hd, 53} ok

_41_



Table 10. Registrated agricultural products and MRL of Procymidone and Chlorothalonil

Registrated agricultural products and MRL of Procymidone

FET %4E% |MRL| #E% |MRL| #%&% |MRL| #E% |MRL
AL ) 10
M7 &7 0.1
TAF ukekz1A | 2.0
°| 5 Abt 5.0
b R Heol 100 AE 50
HaF &5 @7 10.0 EA 5.0
e - Bl IR R 7.0
A F =29 100 | AF 50 FF 50
A7 A7 i 50
Axd| ZAF &t 0.2
FA5 7HA] 2.0 i 5.0 e 1.0 st 2.0
2.0l 20 | EvE | 50
718 HEF 1%k 01

Registrated agricultural products and MRL of Chlorothalonil

48T ZE% |MRL| Z#EH MRL| #E%W |MRL| #E% |MRL
=5 74 0.2 T 0.2 v 0.2 3 0.2
] 0.2 2 0.2 S5 0.2 B 0.1
N F A 0.1
57 o)+ 0.2 71 EH T 0.1
ARF 3T 0.3 o= 0.05
ol # 7 3 1.0 H 1.0 AL} 1.0
ZEF EF 5.0
HMF Came | meer | 10| A9 | 05
35 A 5.0
AAF vl 5= 5.0 RIS 5.0 A 5.0
AAAF| A= 10 | ot=stgbAs | 1.0
ANafF| SAF g 1.0 DE 1.0
A5 a1 1.0 W e 05 St 0.1 Qo] 1.0
zhe] 5.0 ErlE 1.0 Zut 2.0
71e A EF ALFE | 02 | A72LT | 0.05
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Figure 16. Analyzed GC chromatograms of agricultural products by Keele

injector.
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1. Az 2 9

7F A s
@12—1, %“J% DEE FoEREAA TSt A58 AT 2P AHesa
AER NRE AL BHS

B

.L

7h HaHAESFY A9 HE

Procymidone®] &<¢F EFE2 o]&3Fe] 100ppm9 stock solutione A Z3F L,
7}7F 025, 05, 1, 2, 5 ppme =2 A 3te] working solution©. 2 AF-8-3F T}, 3] 4
s HeEFads A

LR A

F working solution®. % procymidone?] ZA ol tf

W) dESA} 34
FAAZE FAEE A 1 mgs EAH #H3al procymidone 0.5 ppm3} 2

# & spikingste] 3585 AESS

EA B FYdsk] Keele

N
i
ol
A
o
)
K
X,
Y,
m
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Chlorothalonil®} procymidone?] &% EFES o] &3lo] FAIEHS ¢33 &%

0.1, 0.2 ppmo. 2 A 3te] EA 5T oA 34 ¥ &3 working solution& =

S
chlorothalonil® procymidone®] %AF3=ol thal HeHe 244 sS )

il

FAAZI FEAHE SAF 1 mgs EAT™O 3  chlorothalonild}
procymidone®] &£ FFES WS FxolA chlo; 4, proc; 0.1 ppmFF3 =&
1

ppmFE o= ZH2; 1ulE spikingstlom, 2hzbe] 3l

S|
Aete RS AR 1 mges FAste] EAel Fsto] Keele

3) 339 A chlorothalonil®} procymidone® 7%
7hH HadEswn dEad HE
Chlorothalonil®} procymidone®] &°¢F ¥+3%
€ 100 ppm® stock solutione A Z3F o™, chlorothalonile 0.5, 1, 2, 4,
ppml 2 3]43}le] working solution® 2 A}83}$1 31, procymidone< 0.01, 0.025,
0.05, 0.1, 02 ppmo= 3|Aste] EAMagrl. o2A FAEA &3 working

solution® & chlorothalonil®} procymidone®] 3ol thal HZFxHS ZHA Y

2 ol gste] FARMS A% EF
8

mgS EA#o]  FH3L  chlorothalonil ¥}

A
o
kl
¢ e
—

procymidone®] T EFES W2 FEolA chlo; 2, proc.; 0.05 ppmTd =2
2

%9 chlo; 8, proc.; 0.2 ppmF+o 2 Zt7t 1 wWE spikingstgd ow, zHzhe] 3
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Figure 17. Calibration curve of procymidone in sesame leaf.
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AR, F=EY HEFFHE Figure 1791 Yebd A3 7o) 025 05 1, 2, 5
ng? TFEL BAs FAstgoen, R® value’t 0991602 =& HAAHS B
o F=Ah

2) A& 38

Keele injectorol] <3+ 7oA procymidoned AZ71sAdL AESHZ] st
of FEAES AT s rrECdA skl FAlg o
procymidones 0.5, 2 ppm= AH#3}o] F4& AlFS 3HHE S
Table 113} Fom, 84~100 %°] 3F&S HSUL, HAHS
%s 2.0 ppmolA 89 %] FEoln], XFEHAE 4.6~6.4 BrrolATh HEE 3
Z3AE 0.25 ng/mgo® EX¥olHtl Figure 18< 79 FA A HE¢}
procymidone X3 18]3l spiking ® AYUA&E2] Keele injectore] o3 +=¢
o] GC-ECD=ZE 4% GC chromatogram®. = Keele injectorol] 2J3j4 7Zi2le

procymidone FA&°| 7FsdS HolTal ). .

Table 11. Recovery of procymidone in sesame leaf

Concentration Recovery MRL LOD
(ng/mg) (%) (ng/mg) (ng/mg)
0.5 95+4.6
10 0.25
2.0 89+6.4

*MRL; Maximum residue limit
*LLOD; Limit of Detection
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Figure 18. GC cromatograms of recovery analysis in sesame leaf.
A; control, B; procymidone standard(2 ng/mg), C; spiking sample
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Figure 19. Analyzed GC cromatogram in the sesame leaf of field.
(| ; procymidone peak )
L. &3 A chlorothalonil® procymidone® 7 &
D #Hard=<9 4
Ao A= ByweFel chlorothalonil® procymidoneo] EAle] A&E 3 glo]
T AR did A BAS AAsd o, oju 3ol A  chlorothalonil 2}
procymidone®] MRL2 =% 5 ppm9 XHFIEAE 7FA 3 ATt wehr] G4
= /\1 chlorothalonil®] HA#HE %S 05 ngo 2 A3 oW, procymidone?] 4
A== 00125 ngez ZAAsAn. 429 242 Figure 20, 21l
e ‘Rif’_fﬂl, chlorothalonil®} procymidone®] R® value™= 0.9902¢} 0.9976°.& wu}
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Figure 20. Calibration curve of chlorothalonil in head lettuce.
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Figure 21. Calibration curve of procymidone in head lettuce.
2) A=A I5+&
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Tdste]l FAesde]l lE FFol  chlorothalonils 4, 8 ppm< ﬂrﬂﬁ}‘ﬂ
S|l =g A¥S 819 AL, procymidones 0.05, 0.2ppm T2 2 A3 AIEE 3
HHE o0 22 AAgk A= Table 129F 22w, chlorothalonil 77~85 %< QZF
5 B, FdS 4 ppmollA 81 %5 8 ppmellA 77 %o FEolH, EEH
A= 0~3.5 %otk TE HAESAE 05 ng/mge® Ao

Procymidoned] 3|4+&2L 65~85 %9 3FE4S B, HAzkS 0.05 ppmol A
75 %E 0.2 ppmolA 70 %o 52 & chlorothalonilel] H]&] & 348 H

o, FEHAE 45~85 %= AAZF ¥ A3 Aoz yeyt. av dE
A= 0.0125 ng/mgl.® chlorothalonilel B3] © @& 7% Ao 7}%
39T}, Figure 22+ 9FAFEo] A glA] &9 chlorothalonil , procymidone &%
F¥ 293 o] 3t EFEo| spiking® WYFFA|=Z7F Keele injectorel] 2]3j
FUEo] GC-ECDZ E4% GC chromatograml @ A S A= Keele

injectorell 93l chlorothalonil® procymidone?d] 7AZo] 7Fsae HAFT} |

N K

Table 12. Recovery of chlorothalonil and procymidone in head lettuce

Concentration Recovery MRL LOD
(ng/mg) (%) (ng/mg) (ng/mg)
4.0 81£3.5
Chlorothalonil 5 0.5
8.0 7710.0
0.05 75+8.5
Procymidone 5 0.0125
0.2 70£4.5

*MRL; Maximum residue limit
*LLOD; Limit of Detection
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Figure 22. GC cromatograms of recovery analysis in head lettuce.
A; control, B; mixture standards(chlorothalonil; + procymidone),

C; spiking sample
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Figure 23. Analyzed GC cromatogram in the head lettuce of field.
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D #Hird=dd dEd34d HE
AFANAE FAFo} vl 7R 2 Bes k2l chlorothalonil® procymidone®] & A
of AREH AR g A BAS AAE e, ojwf I A
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oflth wetA nFol A HAHEFI AFHHLS FEFolAY B2 FEoR
AARSAY. LFo] ALV E 3 xEE FHFIALS Figure 20, 219 YERAS
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Keele injectordl 9]?_& 313204 chlorothalonil®} procymidone-‘ll HE71sA
= HES7] 95t I5EAES -
chlorothalonil® 2, 8 ppm< 4ﬂ3}°4 ﬁ—r% ]d% 5}95\1, procymidone&
0.05, 0.2ppm F=oZ A3 A|5E A= Table 133
t}. Chlorothalonile 64~81 %< 34&S BEAR, HAZS 2 ppmolA 68 %E
8 ppmellA 74 %] FEol, FEHAE 1.5~8.7 %ol I AEIA=
0.5 ng/mgo.2 FA = o]t} Procymidone?] 3]4&2 74~88 %2 34&S
Qi HAZE 0.05 ppm°ﬂ/\1 81 %= 0.2 ppmolA 87 %9 FEFo
chlorothalonilel] H]&] Z& 3488 HYow, TFAXNE 1.1~6.6 %= FA
oMol &t e AE¢S HFAUL Figure 24 1159 FA AR}
chlorothalonil , procymidone &% #%FF 183l o] gk EFFo] spikingd il
FA27} Keele injectorel] & =95 o] GC-ECDZ #21% GC chromatogram
o7 9AatZFoxel o] IFIJAME Keele injectoro] 93] chlorothalonil®}

procymidone®] FHA&o] 7}53S HoFUH.

U

k1

Table 13. Recovery of chlorothalonil and procymidone in pepper

Concentration Recovery MRL LOD
(ng/mg) (%) (ng/mg) (ng/mg)
2.0 68+1.5
Chlorothalonil 1 0.5
8.0 74+8.7
0.05 81+6.6
Procymidone 5 0.0125
0.2 87+1.1

*MRL; Maximum residue limit
*LLOD; Limit of Detection



Figure 24. GC cromatograms of recovery analysis in pepper.

A; control, B; mixture standards(chlorothalonil; + procymidone),
C; spiking sample
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Figure 25. Analyzed GC cromatogram in the pepper of field.
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Figure 26. Analyzed GC chromatograms on the sample preparation of ginseng.

A; Oven drying, B; Drying(room temperature), C; Freeze drying D; Fresh
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Figure 27. Calibration curve of procymidone in ginseng.
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%o Ho=m solgy olato] procymidoneS 1, 10 ppmS A @ 3ste] 34& A
S 3t o g ZAS A= Table 149 o, 83~92 %9 3|4&S HAaL
B3-S 1ppmollA 89 %= 10 ppmolA 86 %Y FFolH, FFHAE=

3.8~5.2% =0t} T3 AETHA= 0.5 ng/mglz FAF ot} Figure 28
S olxte] BRAEAFES procymidone ¥FE 183l spikingd  SIAEA E9

Keele injectorel] 93] FYEHo] GC-ECDE EAH GC chromatograml =
Keele injectorel]l oAl ==uj4ak ¢14ke] procymidone AZo] 7Fsahs BHolF1

ATt .

Figure 28. GC chromatograms of ginseng.

A; Control, B; Standard(procymidone), C; Spiked sample

_63_



Table 14. Recovery of procymidone in ginseng

Concentration Recovery MRL LOD
(ng/mg) (%) (ng/mg) (ng/mg)
1 89+3.8
0.1 0.5
10 86+5.2

*MRL; Maximum residue limit
*LLOD; Limit of Detection

3) AR E 4
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Figure 29. Analyzed GC cromatogram in Korean ginseng of field.

[

Figure 30. Analyzed GC cromatogram in Chinese ginseng of field.
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Figure 31. GC-MSD chromatograms of Korean(A) and Chinese(B) ginsengs.
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A6 & AP olA S5 B

H
A7l o] HARE ¥ ofyel v &%= @Wo] Ag¥H. ol 9 Figure:(SE,
SPME, DSI-ChromatoProbe, Keele injector) &vjF&H3 SPME®] thal] A7
gk Aola, =3 AlRE AR GCol Fddske= DSI = AHFdHel el ekl
o} DSIHol = £ oA A18% Keel injector®} ChromatoProbe® o] o™,
|uigle] #FE F v W ECITE ChromatoProbe 2 ¥ EZ ol u)
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Solvent Extraction

* Traditional approach for determination
of pesticides in agricultural sample
requires solvent extraction and cleanup

procedures
. - = A simple method
* They are tedious, time CONSUTIANg and is required for
expensive because of high cost of the % rapid determination
solvent of pesticides.

* Given that agricultural productivity
have been increased and large number
of samples should be examined routinely
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Solid Phase Micro Extraction (SPME)

@ SPME has been introduced in an effort to develop less
time-consuming and more economical methods for
pesticide analysis.

@ Analytes are sorbed into a liquid matrix coated onto a
fused-silica fiber.

Wl The sorbed analytes are then thermally desorbed in a
gas-liquid chromatograph(GC) injector port to carry
them into GC column.
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Direct Sample Introduction (DSI)

Another approach is to use a solid injector for
direct sample introduction instead of using a
conventional syringe-based sample injector.

&l ChromatoProbe®

4l Keele injector
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ChromatoProbe®

“ A new type of direct sample introduction (DSI)
device allowing extract-free dirty sample
introduction for gas chromatographic analysis
of pesticides.

@ This type of DSI device has become
commercially available from Varian as
the ChromatoProbe® .
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Keele Injector

“d In this study, we examined a Keele injector for direct
sample introduction in gas chromatographic analysis of
pesticides in sample.

“d Without solvent extraction, the samples in a small size
were directly introduced into GC by using the Keele
injector.

“d Using the Keele injector allowed qualitative and
quantitative determination of pesticides in the
samples.
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