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Development of Techniques for Origin Discrimination and Safety
Evaluation of the Agricultural Products and/or Foods in the Market
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ZIe o, 23 E 4 (near-infrared spectroscopy, NIR)¥ Az} 5 (electronic nose)¥
FUHoE 4o s dHEo] AM&dn AAHeRE £ £ gloeng BAY
7€ Jido]l 2183k, o] A AAB/EY] HFEE Folu HYAIF &4A wds
7] $1%te &R E datag AAIEFE o] &3t FAHLE BHL gFE AN2EE
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FUE oz AgET Qv 28N M FS5Y (solid-phase microextraction, SPME)

1992l AdEo] ARFIINA BAAE T B AdHoE ALHI e
Azg Lyold Hge HisgeuA AFst AAYs} sted MEZE FFFEH
o2A FAE T FFEAAY HEol JUHM, AFFokd Wty FLHHEAN
(enzyme-linked immunosorbent assay, ELISA)E A &84 thHFe AR H43
T Jeuz gAred AMEe] AFeh. I B Salmonella R Escherichia coli
O157:H79} 93 A FEo] AF WA n Yo UHE YEAE =AM Listeria
monocytogenes7t H o IR AAYF ¢kHAE A3 E A8 A Aol YYo=
2 oS EANERAHY Wz I AF WEHJ2ZEEH A& AEHE
THR2AH NS (polymerase chain reaction, PCR)S] MEF o= AFsn Art
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1. NIR R CEE °| 8% S8 44X 34344 M

- NIR % CEE &% &%, 39, T34, 4039 A iy Ag
- NIR R CEE °|&% 7], 2509), A3, TAEY 44X iy A%
- NIR % CEE o8& 9, 32, 429 44 sy At

2. PCRE o] &% &4& 4 273 £ 0 2R Listeria, Escherichia 2
- PCRE o] &% Z4HE 9 7134 E 5 L monocytogenes, E. coli O157:H7 %
S. enterica®l A&

- PCR A3l23 % template DNA &4 24
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1. NIR R CEE °]&% sA4E9 44 #ALy N
CEE °|8% T84 444 W84y /Medses 2y WA 1AdEe &7, 7
A, A R BAILR detd A¥E ZF &5 R AT A HH EHxAS

gHdA L, o8 FEAEA tatq HE A &FE o 82%, FTAE 6% #HELS
HJEtdch wE FEAE B4 FEigdod S 2 FU4E wdE £ Qs
peak?] EZFo] ojHorn YH7IEE B4 A A@A ] YA ol A7A CER
T B4l AEHE Aoz veud 2AdzdE 37, 227tE, A3 2 nAEd dis
o ddsted 7], AF, At dated HAe RNz F9E & AUt FEA

of thated A& A &7 oF 80%, HT oF 62%, AT oF 84% WE &S e
Atk WH DXIMRE o M 32 2 2Mdxde Hed 2god wadd waskA
2 @ARAME CEd A% 4] o8 Aoz vewd 3adEde ¢9, 32, ¢
ool Wated 43E 27 ¢ F2L HHo RH2AS FYHIAT. $9L oF 5%
o] YA WEES JeriAh

Ytk AA, FAE F2 FH dF EFANEE AP e o= ATYR F
Aol QoM 74 71zHolnx Fa& Algeltt. waty AR ETFENE FRE 99
T8 A R AN TS P oR 3t FEY LB E FEEle EEANEE F
At A2 NIR £4& 53 A 849 databaseZ A4 &, 8 FEY ¥
TNE £4& T3 database® As T olF ol gty FEW AFA Ao &Ll
Aot vtARe 2 HFAE HFHAEY o8 i FEEE FAYY 94 A8 A
Aol diEl MAANRE T daX AW FHYE AFetd GAA AEgFe] AHE
bedqig AE3Y.
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2. PCRE o] &% 48 9 A3 E o2 2¥ Listeria, Escherichia @
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O157:H7, Listeria monocytogenes, Salmonella enterica®) ™3 PCR A&A&H S st
ti o]E HAARY ZAIHEE (monitoring) 29 HEAL AEIFGT. gz B
fgrAdEe] ddte Ugsn 5olA HEANE £&87] YslAE PCR 2Z5 9
g primer®] A€ol Fadtt E Ao ME E coli OI5T:HTY e Eold A%
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3o rfb gene, uid A gene, sit1 gene, sitll gene % eae A gene F#9 primerE A
Ztste] o] &3tA o™ L monocytogenest= hly A genedt iap gene ¢ primerE A
g3t iL, S. entericaw stn geneg A @sle] ztzhe) primerd] ¥ RANE L A G
o} ¥ uk-g (false-positive) & #HA 33 Hth PCR FEukg-9 g S0l g gAbA7]7)
HA3tod = template®] ZA|7F FoET FQast. wela, AFo rFom 9dxle 9]

= YA ES FFsd 1¢EY PCR #EE template® Z A5y Yair AR
23 F ARG g At A8 E 2E PCR FE & template® o] &8 &

E 9He ggstgo. 28y, 28 4979 L monocytogenes? 7S A&
b o}l ol Ay st nBERAY cell disruptorE o] &3 Az DNA 283
A o] dARE EXEWeg PCR 5% A AEUZEI} 100 2744 A3 @
bR =¥, A2 THY AFANA Salmonella FFE 41 mEA AE3r] Y5t
Saimonella F=4 FAA(stn)E 712 A ZAE primer (STN1, STN2)E o]&3}4
PCRE& 3¢ Z3 617 bpe] 5|2 DNA ©#HE A& & AU PCR 9 EE
o MFTE dAAAN 353 template DNAE 1 pgZ7tA AZ ol 7H5std 1, A4 74
£ template® o] &8 ASoE 10° cellshA HZEo) 74534t} S enterica® QYA
08 HFAN AFAME AF 1g B 10°~10" cellsZHA] &2 & A ol 2
2He PCRE ol &3t Salmonellad] 298 2 FolA ol FFF ztdstz 23
HEd F UAFE RAEY o4 F¥e PCR WYY dAGH AT Az Hg
HEgde AnE da %A glo] ESAA L monocytogenesE & 4 gl
et & A7A FYYE PCR FFH4W S A &dAe, template 24, PCR $% 2
AFAGo] o2 7A] oF 8AE Lo AZSY VAEHESL d8 A&En
AFES HEWHLE 848 Adda Bas
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Aste] WA F40% 9 VAFE Tl BE fEiry BEAS 2

H) A 2F A8 9 cuvette assayE /N@sti Hg(ID), Cu(ll), PbDe] @ = 2o

FERSY WE AAELE FHYE 49, 528 AIHEE =4

HEE 5 d5e AT 2 F, dEYFo)e A9 A3L HErZ g3

719l urease® F2t€ Immobilon cellulose nitrate =& F#ste] 7¢AFT L A

o€ pH/mV metero]l dA3 nloloMA AA"E FTAHI}T 7] FF5]

THEHET. 21 AH, FF4 ASF vol2 A E cuvette assayol 23
< € F AN ofgH, ulo]o A Az I AFH HE

2¥19] hardware®d AL ¢88 1 JEA 269 £9 program FAFH $SIEAL =

AL8t e

TR AHFEA A U chloramphenicol (CAP) AL 35ty 3shursd
Y22 ZAFete By AHAA AN2ge A o 9istd WA FAA u)
& FAE FHsy HAHAFNSE AT analyte-HRP conjugate (tracer)E S48+
o A 2AZE g A membraned AP A} PallAte] Biodyne At B
membrane®] 7H¢ & AZHAIAE HAF) nlo] QA A2 FAL optic fiber
¢} Hamamatsu PhotonicsA} (Japan)®] R955 photomultiplier®t 2 socket® 72 3&3t
detectorE A}-83to] batch ¥ flowd o2 stgon AZxzA9 HAZE o2 F CAP
FTHA e A A dF 107 Mo H27AEFA (detection limit) S YFEF YL
. Penicillinase (B-lactamase)$}t flat-bottomed pH electrode® 2tz A2 & A9} w3y
2 89 penicillin 388 BHIAA ASE + Y& potentiometric ELAA A2
TASE A ALFE, oleFE ¥ pH, 7|AEHA ©OE wIEXNS 19T 2y
HEFAEZHAE 1 uMZAA o] & g0l #FHY} 33, AN
e FAEY PC FEAN2RE T8 AV)Y A5z waAH & AH PCY
HEsh4.

2 @A AdE BE wole A Aadge ¥ AZL PCH st B &
R dPo, £ FFE AF voloMA N2YY A2%E ureasert nAH}H
Chitopearl A2 ZHE " A columng TAWE7Z 39 Paln 7|AsE uAE
&%, #5 % 2E7Y Hold e A2y =48 FHAAG AR HaAA
€ ol dlA g 1&g wa A st Astgd. AxEd A2 dsty
A FEe FF4, CAP 2 penicillin 3g¢ES 2tz spikingsts EHNEE A2 F
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EIANE FY MY AAEE g Futgozr A A B A7 wolo
A hgE ZESA Hay F FHIdE 542 BdFgoen s|E9 Bawy
HPLCe] A&wd AZdAE A4 £ AUk Ariee BF - 84S 938 Tux
ATEHE T AFHRSAGEUINM THAAT FH, ALY wlol 2 MA A2
of ¥ TG4 softwareE TA3I bench scale vFo] L AX Al2elo] st A
FAE P3tA

4. e T AFHFF A& AR E4re AL

GCs HPLCOIA ZtZ AEHN I} 28 % 500028 Mdtsle 4~5/) Fozm BE
8t3 GCell4= ECD$} NPDE, HPLCOl A& UVDS FLDE o] &3] FAs gt Alg
25g% acetonitrile 50 mlo] Y3 5000 rpmell A 387+ F&3te] A=) 20 mild] NaCl
2g7% pH 8 A3 &< 10 mlE W2 &% F dAEFsg 429 3 ml (GO), 2
ml (HPLC)E %% ¥ 20% acetone/EF% 15 ml (GC), 20% acetonitrile/Z 52> 1 ml
(HPLO)Z €33t poly acrylated fiber2 108 3%, 308 g3ste 7]784 &9}
GC 3970 53 HPLC 547 £8& 4oz YD Wi Jstd 52288 F713
9 ANg# Z3#, GC (NPD)IA = 47~170%, HPLC (FL)S| A= 60~138%9] 3482
HEtHT Ty R3e] @8 FAEolyY A4 53 o] AExH AR tgos
il AE FAEAAE F5&9 Url Helgn BdetA SPMES o] 438 BAe
HE GdEE (W F)olut AT 52 o] a7HE §AFAE e AFENY @
€7t A2 ALHAY. HE4Y A}, SPME-GC EAdME QA ggN 71&
o 2 A% 842 A9 Zo| tolclofos-methylS HAEAE 4= 9. SPME-
HPLC 49 e Y&l carbendazimol HEHY oW 7]&e Baye Herds
¢k 3%9] Aol g vetdo] A @ Aol sHsetAth. SPMES GC &= HPLCE HE
F ZAYLE EHZAE AVIX 2417 vluto] 22 Ho] AHEA|m A HAYo]
W A718 AR 50 ml AE2A #7385 EAPez Bt SPME PA
fiber= e 503 A= dbEALge] shgele] BYu|EE s)E B4 18% 380009
(2003 @A)NA 143 100009 mlgto 2 AAAo]l e Ay el

@9, A7 AR EE AR @8 e ABES FF SPME 24 (F, 100
Um polymethylsiloxane fiber& AM&3le 508 F33 108 &, (270C for GO),
PH=7) A 240] o] FAAEE AT Awatdct. 1 Ao e sofse =

l
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H Af SPMEY 93 FE2HAT. 28 ¥ pyrethroid®t organophosphorus & %4 E
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#A = 0.01~1.0 ppm Atelel A 3]AF7E 0990 ooz £ Ay S B drisy
TFEY AEFAE 0001 ppm FEHC o] HHHE& SPME-GC-HPLCO] 98 E2o
7bed wFEdA AAATE 98 EE&HE & duh =3I AYHA 4
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2F %9 24-dichlorophenoxyacetic acid (24-D)9 dg WHEA7|& S ALy
th o] & 93ty WA BFEA FAE NLegE, 24-DE 24-D-hapten2 & Ho| A

N
R

13l °]&& BSA, OVA, KLH §3% Z¥AA $9 EE coating conjugated F43H¢
.25 HAAETFAE (p3x63Ag8.V653)et 24-D-KLH 2 24-D-BSA conjugateE
A A t23 BALB/c w529 BHZAEE §FAIA 24-Doll W3 GFE4 34
J 23k hybridoma cell line& #2321 hybridoma cell (24-D-121-57)& w2
A FAElY g GEFEA FAE o) &9 24-DE £74st7] A% indirect
competitive ELISAY & /WLt o] 44L& 01~100 ppb 59 24-DE A%
T ARG = AHE GEFEA FAE 24-D methyl esterol] Wt 15.6%< maput
&4 &, 4-chloro-o-tolyoxyacetic acid (MCPA)e| th3td 18.9%<] AIHSA S HP O
HoueA ojgAel disiNe ZAWSAYLE A9 JEhRA @¥krh. Immunoaffinity
columne APHoz XA AEANE F9 24-DE AAZ s 4 FAES
gel-(affi-gel 10)9] AFAAY. Columne WA 10 ml PBSE A1 ¢ ¥ AzLde
FAPoH a3 10 mle FH4S 10 mlY PBSE F4F A884L AL F 5ml
9] methanolZ columnel 2 5o] U 24-DE £ZAAh 24-D AL 918 23 H
ELISA kit ¥ MEdE thgd & Aol AT F, 24-D conjugate’} coating®
microtiter well®] 35 line (12 well/line), ¥ & 24-D&% (A 94: 0.1 ppm), ABTS& ¢
(B), 2,4-Del HE A (CH), 22 FA-HRP (DY: 10008 A A 5 ml), citrate
buffer 256 ml (E<Y), ¥r& AX Y 25 ml (FH)EA], well, A, B§E -20C, C, D, E, F¥
2 4T BaAY. A4, 2dA FA 2 T Azd ¥ 24-DE& 1, 10, 100
ppbel F=7t HA Y92 2 9AA indirect competitive ELISAE S o] &3} 3)4&
SAEATG. 1 A, A5 A9E 98~102%E 35 g0 A YEdow, odx =
2 89~100%, BeY F ¢+ 92~108% 2 e
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5. AAFE o] &% FAE AW

A% B}

HABEN, dF, 54, 44, 24, A4F 2 7E FAES ez Fod A4
T7F 98 AARE 8839 B4F F o8 gFA1 AFAAGL 4o 2]
=A% A3 HAAREeE STl 9275%, A4 92.31%, HFE ZUAL 89.16%, YA
A0%, e St 90.9%, U4t 89.2%, AXE ZUAb 93.3%, U4AF 90.0%, #
7l =Wt 96.30%, F4At 97.22%¢ FEE YAXE FRY 4 Uk B A
2001 =4k 20029 =4S A7 v mEA S A7 20029 TS YAk Fuyate] =
HetA HEE oY 20019 EA4E ;) Azko] AU FEARo] okstEo] wye] oH
w°] AT Chromatogram@ 2 Bwd Z3} AAd Agd wa} LR zlolr}
Aes& & F AT ARFTL A= #darst oe o 3719 A$ NIRo|Y CE
M FEHA @2 AN ABE BHT Ao vFo] Hol @A A2 dH

e F o2 2R BE ENgeEd B e S82 B39 £ 99
€ NIR%} ARAE ol &3t YJFgozy 2

1% NIRE o] 43 79 JAME 2

¢
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g 9% + Ag Aolvh

NIRSel o4& &7 A= 2 AF4 H7ME PA) ol & st WA A7
B4, 224 94, 394 2P 79 AME AR2 FEsEn AFAH A
X2 H7IMEE, biogenic amine, D-glucose, L-lactate, VBN, Kg o2 Fw3tgch
3, NIRSO] Aogthe ol §3te] 79 AME A% D AF4H ANF A254
o d8& Pt ol e V29T ARE Evz FAY G ARz
< o839 NIRSE °]8% &79 NAE A% AZRYY AZLY AE A2y L
723t NIRSS probe holder& #¢] Abgh oj@e] &g ZFolm, §F A=d 3
Fot=s dAGG s S/ AdE 2 AFE P 22 3HE Visual Cr+ 602
ol§ste] Ausgx, tHoled 4&Y 2 AFL Y8 =EE HAFHE AL

2

-13-



6. &8 g W9

2 Q7L A, S e AA, FIEE, AGALE 9, AU, 324
T % 369 AFH g84AS Aen FF 2dUez Adriey HFY LS
A ARG, 535S # 29, =F8AA T $8:xYE ALY dHolnh ofg, B
A7MEY HE T NIR, ARz 93 94x 4ur]$e TP AEFARLLAA
YA e A% FA F 71€2A olw] &4 Folx, SPME 7|£€%E HEA FAE
ofvt tiE 9UdE BAAAGA EEE b EAol &8 AFold. sE AR
ZNe® A7AT] W % A FFE0] $5% AR AAAER FH ATH S
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SUMMARY

I. Title

Development of Techniques for Origin Discrimination and Safety Evaluation of

the Agricultural Products and/or Foods in the Market

II. Objective and Significance

The aim of this study is to develop various techniques for origin discrimination

and safety evaluation on the agricultural products and/or foods.

It has been strongly required to develop the techniques which can discriminate
the habitat of the marketed agricultural products because of the increased needs for
the origin indication of the agricultural products and the optimum management of
their marketing. Through the development of these techniques, the intensification of
the competitive power of domestic agricultural products are expected. Near-infrared
spectroscopy (NIR) and electronic nose method which were developed for easy and
rapid discrimination of agricultural products have been required for the development
in data collection and stastical analyses including artificial neural network to increase
their correctness in the habitat discrimination. Also, the development of capillary
electrophoresis (CE) which makes a quantitative digital analysis possible has been
required for the decrease in analysis time compared to the conventional methods for
protein measurement such as electrophoresis and HPLC.

The nation-wide interest for the safety confirmation on marketed agricultural
products and foods have been increasing in recent years, resulting in the increased
inspection demands for the presence of hazardous compounds in them. Domestically,

the food-poisonings caused by Salmonella, Escherichia coli O157:H7 and Listeria
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monocytogenes have been taken place, resulting in the increased necessity for the
methods detecting them rapidly from various food matrices such as polymerase chain
reaction (PCR). On the other hand, the possibility of occurrence of heavy metals and
antibiotics in the agricultural products and foods has been increased recently possibly
owing to the pollution of agricultural water and the abuse of antibiotics, followed by
the increased necessity for the rapid screening methods of them. Solid-phase micro-
extraction (SPME) which was developed in 1992 and has been limitedly used for the
analysis of environmental samples in some countries is required to be applied for
pesticide analysis in agricultural products owing to its anti-pollution property and
easy automation in sample pre-treatment. The development of an enzyme-linked
immunosorbent assay (ELISA) is also strongly required for the rapid detection of a
specific pesticide residue in many samples in the agricultural sector.

In this study, some methods for habitat discrimination and safety evaluation of
agricultural products or foods were developed based on various principles and were

tried to be applied for real sample measurements.

III. Contents and Scope

1. Development of the discrimination methods for geographical origin of
agricultural products by NIR and CE
- Development of the discrimination methods for geographical origin of job’s—tears;

angelica gigantis radix, safflower seed and ginseng radix powder by NIR and
CE

- Development of the discrimination methods for geographical origin of astragalus
root, red pepper powder, cnidii rhizoma and bracken by NIR and CE

- Development of the discrimination methods for geographical origin of burdock,

carrot and lotus root by NIR and CE

2. Development of the rapid detection method for Listeria, Escherichia and

Salmonella from livestock products and foods by PCR

- 16 -



- Detection of L. monocytogenes, E. coli and S. enterica from livestock products
and foods by PCR

- Search for the PCR-inhibiting materials and extraction methods of template
DNA

- Application of various PCR methods, establishment of optimum PCR conditions

and field test

3. Development of the biosensor systems for the detection of heavy metals
and antibiotics in agricultural products
- Construction and characterization of the enzyme sensor sysetm with its
computer interfacing
~ Construction and characterization of the immunosensor system with its computer
interfacing
- Establishment of the PC-controlled biosensor systems, and their application and

control during measurement

4. Development of the new, rapid, environmentally sound and economical
multi-residue pesticide analysis technique of agricultural products

- Examination of extraction efficiency, establishment of GC method according to
pesticides and agricultural products, and development of hybridoma and basic
immunoassay study

- Analysis with GC according to pesticides and agricultural products, and
establishment of ELISA method

- Analysis with HPLC according to pesticides and agricultural products, and

development of ELISA kit for screening purpose

5. Habitat discrimination of agricutural products using electronic nose and
study on the evaluation for freshness and storage stability of meat using

NIR

- System set-up and collection of the electronic nose data on the samples such as

-17-



black rice and jujube, and elucidation of the indices for freshness and storage
status of meat

- Construction of multi-variate statistical analysis and artificial neural network on
the electronic nose data, and development of the evaluation models for freshness
and storage status of meat

- Habitat discrimination of the samples by the statistical method and artificial
neural network, and development of the evaluation system for freshness and

storage status of meat

IV. Results and Opinion for Future Use

1. Development of the discrimination methods for geographical origin of

agricultural products by NIR and CE

The price of agricultural products cultivated in Korea is much higher than that
imported from foreign countries. To prevent the forgery of geographical origin for
agricultural products, it is urgent to establish the database for discrimination of
geographical origin. Capillary electrophoresis (CE) is a recent technique and has
developed very fast. Such rapid development is due to several factors, but especially
to the speed and versatility of CE. Thus, it is possible that CE is a rapid and
accurate discrimination method for agricultural products. This study is to produce
faster and simpler protocols for agricultural products by CE and to investigate the
possibility of CE as a tool to discriminate the geographical origin. The optimal
analytical conditions for job’s~tears (Coix lachrymajobi var. mayuen) and angelicae
gigantis radix (Angelica gigas) were established using CE at the lst year of the
study. The average correct discrimination percentage of domestic or foreign job’s-
tears and angelicae gigantis radix were 82 and 86%, respectively. But safflower seed
(Carthamus tinctorius) and ginseng radix (Panax ginseng) powder were not analysed
using CE. At the 2nd year of the study, optimal analytical conditions for astragalus
roots (Astragalus membranaceus), cnidii rhizoma (Ligusticum wallichi) and bracken

(Pteridium aquilinum) were settled by CE. The mean values of accuracy for correct
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discrimination of geographical origin of astragaus roots, cnidii rhizoma and bracken
were 80, 62 and 84%, respectively. Red pepper (Capsicum anuum) powder was not
analysed using CE. Burdock (Aretrium lappa), carrot (Dancus carota) and lotus root
(Nelumbo nucifera) were analysed by CE at the 3rd year of the study. The optimal
analytic conditions were established and the average correct discrimination
percentage of domestic or foreign origin burdock was 55%. In conclusion, our results
raise the possibility that CE could be potential methods for discrimination of
geographical origin of agricultural products.

For the development of the discrimination methods for geographical origin of
agricultural products by NIR, the following works were undertaken. First, the
standard material preparation for main items of agricultural products was done
because this is the most important and fundamental point to secure standard
materials in this study. Hence, we prepared standard materials from samples
collected in main places of production and import harbors. Second, the database
construction of each item by NIR analysis was done by constructing the database on
each item by NIR analysis, followed by the preparation of the model (calibration
equation) of each item in the database. Finally, the validation of each calibration
equation was done by applying unknown samples to each calibration equation. We
checked the possibility of the discrimination of geographical origin. From now on, it
will be possible to accurately manage labeling geographical origins of the

agricultural products by applying this research on the spot.

2. Development of the rapid detection method for Listeria, Escherichia and
Salmonella from livestock products and foods by PCR
Recently, microbial food safety issues have been emerged as a major public
health concern worldwide. Developments for detection of food-borne pathogens such
as E. coli O157T:H7, L. monocytogenes and Salmonella spp. are highly required for
prevention and control. For decades, various molecular diagnostic techniques have
been developed to monitor the food-~borne pathogens for public health protection.

Despite the potential of false-positive, PCR-based detection method has been used as
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a powerful tool because of very high specificity and simplicity. Thus, we have put
great efforts to establish the multiplex conditions for both simplifying the sample
preparation and increasing the sensitivity and specificity in terms of saving time and
labor. In this study, we first tried to optimize a simple step for extraction-free PCR
template preparation and reliable PCR condition in model food, and then, tested
applicability of this process to the field samples for the purpose of monitoring the
microbial hazard in the market and industry.

Briefly, centrifugation at 16,000 xg for 5 min and partial heat treatment at 98°C
for 10 min were mainly used for the simple preparation of PCR templates. To
eliminate possibility of false positive, more than two primer sets were used for PCR
amplification. Both E. coli O157:H7 and L. monocytogenes were detected at the level
of 10° initial cell counts after enrichment without genomic DNA extraction in the
culture and the food sample, respectively. Compared to E. coli O157:H7, detection
sensitivity of L. monocytogenes was low at the level of 10° cells. Thus, to improve
the sensitivity of L. monocytogenes, we applied cell wall destabilizer to the sample
preparation step. As the result of PCR amplification treated with destabilizer, the
limit of detection was lowered 10° to 10' and 10% cells in the pure culture and the
food samples, respectively. Sensitivity of Salmonella detection with heat treatment
before PCR was 10° cells per g of food sample or 1 pg of DNA template.

Feasibility test for the field trial was carried out on the basis of empirically
optimized PCR method. Five representative samples such as raw chicken meat, raw
pork, zocbal, sundae, and raw beef were aseptically collected from the different local
markets, and treated to screen both E. coli O157:H7 and L monocytogenes.
According to the PCR amplified with species—specific primers, L. monocytogenes was
detected in two pork samples but E. coli O157:H7 was not detected in any sample.
Ten imported foods and 9 domestic foods were tested for the contamination of
Salmonella but none was contaminated with Salmonella. These results suggested
PCR method can be used for rapid, sensitive and species-specific detection to
monitor the food-borne pathogens in the market.

Based on these results, PCR-based method is a powerful tool for sensitive and
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specific detection of the food-borne pathogens, if time to results and the potential of
positive-false can be reduced. As explained above, DNA extraction-free PCR assay
for detection of E. coli O157:H7 and L. monocytogenes in meat and meat products
can meet these demands. As the results of these application with model foods, E.
coli O157T:H7 and L. monocytogenes were detectable as low as 100 initial CFU per
ml (g) after enrichment for 8 and 24 hr, respectively. Thus, the protocol developed in
this work seems to have a significant impact for the rapid and easy detection of E.
coli O157:H7 and L. monocytogenes in foods. Conclusively, this simple method can

help safety management to monitor the pathogen contaminated foods at low cost.

3. Development of the biosensor systems for the detection of heavy metals

and antibiotics in agricultural products

The development of biosensor system for heavy metal detection was done as
follows. Urease-based inhibition sensors which measure the inhibition of urease
activity by heavy metals were developed. First, the properties of the free urease
comprising the effects of enzyme amount and substrate concentration on enzyme
activity were examined, followed by the development of a cuvette assay based on
spectrophotometric principle. The inhibition characteristics of the free urease at
varying concentrations of the single and dual heavy metal ions including Hg(ID,
Cu(l) and Pb(I) were determined, which confirmed the possibility of detection on
heavy metals through the measurement of inhibition degree of urease. In the next
stage, the biosensor system which exploited an ammonium ion-selective electrode as
the transducer was developed by installing Immobilon cellulose nitrate membrane
immobilized with urease onto the electrode and connecting the resulting sensing
electrode to a PH/mV meter, followed by the measurements of its basic properties
and inhibition characteristics with heavy metal ions. As a whole, the biosensor
system showed the sensitivity as comparable as that of the cuvette assay. Also, the
set-up of hardware structure on a computer interfacing system for processing
biosensor signals was done and the operating software was devised, followed by the

examination of its operating characteristics.
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The development of biosensor system for antibiotics detection was done as
follows. Chemiluminescent immunosensor systems which measure chloramphenicol
(CAP) were prepared in batch and flow basis. First, an anti-CAP antibody and
analyte-HRP conjugate (tracer) for a direct competitive immune reaction were
secured or chemically synthesized. The antibody immobilization was done by soaking
various membranes into the antibody solution and the best performance in biosensor
response was found in case of Biodyne A and B membrane. A batch type biosensor
system using a fiber-optic probe and Radiance Spectrometer of Avantes Co., and a
flow type biosensor system using a home-made flow cell and R955 photomultiplier
of Hamamatsu Photonics were constructed. After the optimization of reaction
conditions, the responses of the immunosensors according to analytes were
determined, resulting in the detection limit around 1077 M. A potentiometric biosensor
system measuring penicillin compounds was developed using penicillinase (B~
lactamase) and a flat-bottomed pH electrode as the biological component and
transducer, followed by the elucidation of biosensor response concerning the amount
of enzyme for immobilization, ionic strength, pH and substrate types. The detection
limit of the penicillin sensor could be extented to 1 HM. Also, a computer interfacing
system for processing the optoelectronic signals from the immunosensors was also
developed.

The PC-controll for the biosensor systems was made possible and a flow type
urease inhibition sensor system was developed exploiting a micro-column enzyme
reactor packed with Chitopear]l beads, followed by the elucidation of biosensor
performance concerning the amount of enzyme for immobilization, flow rate and
length effect of the micro-column. The sample pre-treatments for the biosensors and
the conventional methods were done. To the analytical samples, heavy metals, CAP
or penicillin compounds were added at varying amount. The model samples were
analyzed for the corresponding contaminants by both methods and the analytical
results were compared. On the whole, the analytical results obtained with the
biosensor methods were matched well with those of the conventional methods. For

the dissemination of the research output, a part of our results was presented at IFT
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Annual Meeting. Also, the automation device and software for the developed
biosensors were constructed and the bench-scale controls for the measuring

procedures were done.

4. Development of the new, rapid, environmentally sound and economical
multi-residue pesticide analysis technique of agricultural products

The optimum SPME condition was selected with 8 nm poly acrylated fiber for
10 min of extraction and 30 min of desorption at 35°C by automated vibration mode
as agitation. SPME coupled with GC and HPLC procedures have been developed for
50 kinds of pesticides and were determined by ECD or NPD and UVD or FLD.
Sample (25g) was homogenized with 50 ml of acetonitrile and 20 ml of the upper
layer was blended with 2g of NaCl and distilled water or pH 8 phosphate buffer.
Three milliliters of the upper layer acetonitrile for GC or 2 ml of it for HPLC was
dried for 20 min at 50C under air stream. Dried extract was dissolved with 1.5 ml
of 20% acetone/DW for GC or with 1 ml of 20% acetonitrile for HPLC. After SPME,
the fiber was injected into GC or HPLC. Recoveries of SPME ranged 40~170% in
GC/NPD and 60~138% in HPLC/FL. Organophosphorus and carbamate pesticides
were ranged 70~130% in GC and HPLC, indicating SPME could typically be
applicable in pesticide residue monitoring. At in-situ test, tolclofos—methyl was
detected in ginseng with GC analysis with enough sensitivity and repeatability which
are same level of traditional residue analysis. Carbendazim was detected in sedum at
3% difference compared with traditional analysis by HPLC. Total analysis time of
SPME-GC/HPLC was less than 2 hr, which saved a lot of time compared with
traditional method of 6~8 hr. Solvent consumption was also reduced to 50.5 ml
compare with 500~1000 ml of traditional method.

Two same samples spiked with or without pesticides were simultaneously
analyzed by optimized SPME (ie, 100 um polymethylsiloxane fiber, 50 min
adsorption and 10 min desorption (270C for GC), pH=7). Most of pesticides were
extracted by SPME coating fiber, but a few pyrethroid and organophosphorus
pesticides were not detected by SPME-GC/ECD-NPD dual detection system. The

223 -



behaviour of the analytical responses of pesticides in agricultural products ranged
between 0.01 and 1.0 ppm, and showed good linearity with regression coefficient for
> 0.990). The detection limits for most pesticides were approximately 0.001 ppm.
This method can be employed for screening studies in which pesticides known to be
capable of analysis by SPME-GC-HPLC are involved. A typical example is the
monitoring of the residue level of particular compounds used in a treatment of a
given crop versus time, and their parents and decay.

An immunoassay method for a widely used herbicide 24-D, as described below,
was developed. Monoclonal antibody (MADb) against 2,4-D was produced by
hybridoma method. Myeloma cells were fused with spleen cells of BALB/c mice,
immunized with hapten conjugated via carboxyl group to keyhole limpet hemocyanin
(KLH). To evaluate the obtained MAb (MAb 24-D-121-57, 24-D-121-46),
competitive indirect ELISA procedure was developed. For the purpose of increasing
the sensitivity and selectivity of ELISA, several kinds coating antigens conjugated
with proteins such as bovine serum albumin, ovalbumin, corn albumin, and
thyroglobulin were employed. Among them, 24-D-OVA was the most sensitive
among other conjugates. MAb 2,4-D-121-57 was specially reacted with 24-D (ICs=
4.89 ng/ml) but much less with its analogs instead of methylester 24-D (15.6%).
When 2,4-D was spiked in tap water, orange juice and barley with different
concentration, recovery ratio was 98~102, 89~100 and 92~108%, respectively.
Experimental immunoaffinity column was made with coupling of antibody to affi-gel
10 for the purification of 2,4-D in samples. Column was initially washed with 10 ml
PBS, loaded with sample solution, and washed with 10 ml distilled water and 10 ml
PBS. Then, 2,4-D bound to antibody was eluted with 5 ml methanol. The best dose-
response curve presented in this study was almost linear in the concentration range
of 0.1~1000 ng/ml. In heterologous ELISA system using 3,4-D or 3,4-DPA for
coating Ag, the sensitivity increased more (IC50 2 ng/ml 2,4-D). This immunoassay
was potentially a valuable analytical tool for the rapid and sensitive determination of

2,4-D from various samples.
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5. Habitat discrimination of agricutural product using electronic nose and
study on the evaluation for freshness and storage stability of meat ﬁsing
NIR
It would be a reduction in the overload of analysis work due to expansion of

imported agricultural products as a usage of electronic nose. The discrimination of
origin on especially locally produced or imported agricultural products such as black
rice, jujube, sorghum, Ganoderma lucidum, sesame, Angelica gigas Nakai, Cnidium
officinale, Paeomia albiflora, black bean, and bokryoung was investigated by using
electronic nose. The electronic nose was composed of metal oxide sensors and the
other is GC based on SAW detector. Volatile compounds of raw materials were
described by the sensitivities (Rgas/Rar) of sensors. Principal component analysis
(PCA) was carried out using the data obtained from six metal oxide sensors. The
first principal component analysis was shown with well separating two different
origins.

The number of 57 from 69 species of black rices recognized as locally produced
one (83.3%) and 11 from 13 species one (i?nported black rice) was correctly
discriminated. Also commercial electronic nose (e-nose 5000) that was combined with
metal oxide sensor and conducting polymer sensor showed 92.75% (locally produced
black rice) and 92.31% (imported one) of discrimination. The origin of jujube
recognized as locally produced one (89.16%) and the importrd one was correctly
discriminated as 81.40%. The origin of sorghum recognized as locally produced one
(90.9%) and the imported one was correctly discriminated as 89.2%. That of
Ganoderma lucidum recognized as locally produced one (93.3%) and the importrd one
was correctly discriminated as 90.0%. That of sesame recognized as locally produced
one (96.30%) and the imported one was correctly discriminated as 97.22%. The origin
of black bean produced was not correctly discriminated. For GC based on SAW
detector, the obtained chromatogram was expressed using VaporPrint™ image
program. The results of pattern analysis of Angelica gigas Nakai, Cnidium officinale
and Paeomia albiflora showed a difference between two origin of samples.

As the research output for the development of an objective, non~destructive and
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fast measuring sensor of meat freshness, the following results were obtained.
Counting microorganisms, chemical methods and physical methods were selected for
indices of freshness, and electric conductivity, biogenic amine, D-glucose, L-lactate,
VBN and K value were selected for the indices of storage condition. Also, the
evaluation of possibility on measuring freshness indices and storage condition indices
with NIRS was processed. Statistical methods and neural network were used for
developing measuring models for each freshness and storage condition, followed by
the design of an NIRS probe holder to be worked properly during meat
measurement. Visual C++ 6.0 was used to develop program of the system and a

notebook computer was used for data input, output and storage. By the developed
system, calibration data and validation data were evaluated as #2°=0.989 with

SEC=1.78 and #°=0.963 with SEP=2.285, respectively.

6. Opinion for future use

Currently, we have 36 quantitative achievement including papers, presentation at
scientific meetings, application to patentship, seminars and workshops. In the future,
we will persue this activity further to disseminate our research output. Also, the NIR
and electronic nose technique have already been utilized by National Agricultural
Products Quality Management Service in habitat discrimination. The SPME technique
is also planned for a future safety analysis in large-scale planting area, etc. As the
contents and quality of the other research output seem to be good, they might be

exploited through the technical transfer when required by relevant institutions, etc.
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MM 7HEAEY 487 AdE AEHT JEAE JE F A B Ao
AP Holof Ak B AFME o] A8 FFHSAH 5& g 2AHS sws)
o 249 A& Az, BAvIEY Ad, 454 F71€MEEE 2AxY ARE 29
T HEWME AY BHLAL Aasltet=n soqdstnA Q.

U FAEF e FARY AFHE T H71 YN8 uHAD YR o]
AZ1H 3 lon ojg e HaHd FL3}r] 9j5td HAE FEAM 3ty T
T T U A AEE AR @age] Maslojol ot Zue) A9 ZE =
o Aol i Aol AHor ol AgHoR olFsty AL YA Holn
271HA 2AE He B BR Ar)Holm AAHeZ EAs HE AQIE oY)

B2 o9 AEE 9 =90 Wasn B A7E o9 2
2 A8 Y FeAdg FEANYEY 2A 798 ¢+ Qe AoeE AlsdT
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M2 & I Jla HE

T deE WYE 14z A
datgloy dF FE Yo HFde] bda BIAST BHLAT vmF A Q4R
BAEYF A A& A oE el leng RadTst Bestgnh WA u
SEHETE 592 FHERE g4 EANYVIELR dMste F0 @ug A4
W& AEstolop 3t EF NIR 4 Al F3oluix 9 ¢AHA 2L fatd w9 &
2%, N8 AMzAE HAHgsta CE, dA3 5 7ee 94x #BEdsde 9%
ARG FEPFH Bee] Rt
FHE, T2 FFoIU AAAE By Yt AV)9%, HPLC 249 3 2
< 71Ee] @NARAEE 8T F UAAT AR Azhol} ¥ go] Yo Aay
Hol glof AAY HEo] o] U FZ, 71EY BHPETG A7
o] &3 ¥ % (resolution)o] Eo} ¥Aeo] Wag At ¥ ANgLs Jas & 5 o
™, ¢H digital 40 7t5d A2E 7|He2A CE7F ¥&97) ANFZstn k. CE
YL A 72 F7, 53 4o FFd F2 493 Qo Y He F
T @EAEMNEATYE A7 ot FUA ¥ 23 FFo) AT FFudsd 3
ol Hgd vk o} ok AR AAA #@Ee) o] N&E
8758 ZLz 7IUHER ol 9% AR 3 L AP R7H At
FAE, 53 §79 FAEHL T2 o593 e 9o oy o H2
A 7bA] Wisty EHSHEA L AME ol &3ted WM AANE A 7)eNE
o] FAT e Aotk o]E vliuy BAYozE 2859 FAHAWoY NIR £44
ol Rusm e, FALYY FERA DR probe BAE o] Rt E3eH
e AgdS Fggem Astd A d7dgel FuHa g Aoy A &
oM AHEZ F d7ldE oA dA7st uEH DAt 53], 28 Nasdd A
Hel BAAHE 3 ANE 2 AF Y 9FS A dAY AAY FHH 2
dele] o]E357} obA wZd AFoltt
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@A, WTO A4St 54 A4S olste] 979 Fago] Bo £95x 3l
o} ojge Aol FUUG AAL 7t B WA JEHOR ANT Folt I
$7h we Aot o A% FuH B g% w¥e] 4x @e Aol F, ¥4
2o 4R FIHE Akl oY WAL g B Aol v §
931 Aol BE PAEE 80% WolB2 W74 NIR B3olvt H4z A
dol <Jste] olstshd e FAHE RosE A7 AEHD
FPFATEABADC] WA ANA B

& A% TEY P AT BRISA AAF 1 Aok

MU V4B g4F 4Fse 4ol

AFEd g8 AF5e BAsAHl AVHa o v Fe
o] x=¥olx EF3I Yersinia enterocolitica, Salmonella, Staphylococcus aureus,
Clostridium botulinum, C. perfringens, enterotoxigenic E. coli, Campylobacter jejuni
Y HFYE WdTel doE AFEL oA gx glon NEo odd uA
Y FHE Fd3te AL S o e = BFH Yo Y 4T ddo] A
I Pt FAED AEFAEY fidol AT de d AlHA

PCR 7I¥ 5& °] &% Bt A&stn A3 4357 74599 /Adoe] Hasin 3
A ED tEAES] FAAARC By dFEd, PCR /1HE AAZ £U4 B4
=% JEAE T 299 AFETE HEsted HE30 dAME AF MEgr
DY THH ¥ PCR 7199 =9 F 4o & o] Horpy #d AFAE
o] AIF3 aFHI i

Hlol 2 AIA &2 A dFdaddM AT wig 2ol BAEY HA B}
o 1ol A AT AEA SN $58n = ALY dFe Fd -
FANGER ol E4U WYE F e A
A, cholinesteraset} urease &4 o] ¥
FE A7H 5L FEF ANE EFeW olse W

on-lineste] olate] A&HA FAE Mot FFE FHL AT vholo AN Axd

¢] 9% L& microtiter plateE AM4§ urease inhibition assay2A, 2F<&o] 98 749
487t dAgsd ?J’ELV’}?J Aeko] FojE1 o]lE WAL ALgEo] 3EH
o2 ZAH3AY o7& A= (jon-sensitive electrode)S A}L3}o] Ay 3lstxgoz =
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AatA Ao YA T F%F FAEFY 24L& NFAX ES
linked immunosorbent assay, ELISA)ol} &3t F2 o|Fojx stov I %A
Mdst7] $8ked dipstick 713 W AA (immunosensor)®) 7juo] H o] F Nl
Ak ol WYL ALWAENY FAFAY 1 o] MEREE IS £ glow
A& Mool Eob AR AFF EHS AU Q)

SPME & 1992l AEse] vF, vt @ A8 ffdF7toA Ay 28
R ¥ T BABFES EMF LAXNFL, A¥, S, A= F UFEAY B4
of 4% o]&HI glon, HZole Fdolr} & Fo wHAY AA EXNn gL 9
A BAo® A7/ AFHR Ak AU A IR GACNN B BEF Ao
v Ay ek 29 718 E £40] SPME WHe HgdeEd #Ag sgoln
At THEAEFEAYLAME 2 TS U AR € FFY 549 A2 4
T B AEs HE7bedS g oy, VA dA e BARAEA
Bl " A nANE FAEE AEE SRS o dF vebgdel o Bmg
AAAel HeHel HAA S Z45y] 9T ATE FYPFoEN FeHo|m A
1o astA HAW. A, HF T I
A dFadA #AHE 27 ARG A2 ot FA YA, BIEA W )
3}, A% protocol®] A kit A L 1 && T AAH IdFE 3o
1€ EAWEY HAY BA, #4330 EA, 989 A9EY kit A ©E A4

A EA T HEFe2N FFie A2 HHdAFH aTd FEHoE dAE
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Ao & AV A Re2 AHH g HPLCE 24 28HE Algte
27 resolution®] Wy 5% EE Hr|9EH dASS AF L FF 5 FFH
2 Aol ol&Ho ot o] ¥HES AdFo2 AFA L5 dHot 2 o
Bl go] o et} 1980t Zo] @& A7 A &8t capillary electrophoresis (CE)E 712
of BANHEY v & Fexst wE speed, 282 YA digital £A o] 715y
2] g Alge ¥ HAAY § = 59 FHE M 2L BAyoez F
< B9 2 ol&x=7t F/sla Yvt (Cancalon %5, 1995; Campos$t Simpson, 1992;
Schwer®t Kenndler, 1990; Zeece, 1992). CEE® 7|95 Zo] 7|Ex o2 A7 F oA
9| differential migration®l] wel F2Jo] o]F o} A1} gelo] Y= free solution AE) A
TH%e Aoz, ARAoz AYYo wt analyte’t ©] 531 A (electrophoresis)
concentration-sensitive detector $12& A& o A7 AA A5/t HA ol HEIE
(HPLC) ®¥eltt (Dong, 1999; Wehr, 1997). o] w2 SDS-PAGEY HPLCZ %3
7ed 2AE BEF A8 & 9g B ofyd AAYI Atz e NBE 44
A 5 3le 59 FHES /M2 Uk (Chen, 1991). CEE ZHo EFwdd o] &
AL Bietz®} Schmalzried (1992; 1993)7} gliadin £A-¢ E3 Wo| EEWYS Alx

Ae NFez2 Azl & (Lookhart$t Bean, 1995; 1996), 244 (Righetti =, 1998;
1999), ®2] (Lookhart &, 1999) ¥ 44 (Bean %, 2000) So] 2H&=ol tm =3z
(Basha, 1997) & royal jelly (Jia 5, 1995) %< 4% o]gHAen, $8 YA
= 2 @78 o I 8o FFWE Rhyu 5, 1998) 2 2ol4d (Rhyu 5,
2001) Sl 8¢ ® Ayt

=
El
)

B
LN

EN A

+

A £ AFE CER o83t A2 Sl #3841 Yt FZL Aoz o9y

27 CE #4¢ 99 Ao 332 L BH=AL FYL o8 ol fale] 4%
AEE Woz 4K Wdd A§, HFelw 4% AHH A4X DAY AnE

AHE THe S AAE A s
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28 B3 AT WX 4

AE R AY EREF0R FFARY AN SE o FHate ALE3}
Aty FHAEE food mixer (FM-681, Hanil, Seoul)& o] &3dta] = 24 cyclone

&
z
sample mill (UDY-Co, USA)Z ®233se] 20 mesh A& EFAAA A3t}

Yo 9 FE

CE< Beckman P/ACE 5500 system (Beckman, Fullerton, CA, USA)& o] &3¢ 3
capillary== LD. (25, 50, 75 pm)$} Zol (37, 27 cm)’t & uncoated fused-silica
capillary & o} &ste] dulAY A, 50 pm LD, 27 cm (20 cm, inlet to detector) Z
°l9] capillary® Ad¥, EA2AE FYaArh. 4 Agd g FLv= £84
alcohol# ¢ buffers} §WE 7 Algsle] gEH =
THAHE BAT F A2AAT. 4 Agd vy ARY 22402 229 T 94
=883l 045 E 0.22 pm micro-filter2 £33 02 73l Algsigon BAM A7
A AL BBFAN FF F 15/ oludl BAHate AL d¥oz g

o BAxd 3y

HHel BAz7 29& 938 0.1 M phosphate buffer (pH 2.5, P-buffer)$+ 0.3 M
borate buffer (pH 8.3, B-buffer)& z}Zt 71& 24 buffer® 39 7] B4 & 7} A8
of theke} 7)1 buffers ZAsYh £ AAY BA buffero] organic modifier %
detergent® H7t ¥ EAdd ReEx AMEHE HESAT Organic modifiers
acetonitrile, ethylene glycol, methanol, 2-methoxy ethanol % 2-propanolZ,
zwitterionic  detergent®  CHAPS(3-[(3-cholamidopropyl)-dimethyl ~ ammonio]-1-
propanesulfate), lauryl sulfobetain(SB-12)(N-dodecyl-N, N-dimethyl-3-ammonio-1-
propanesulfonate) 3 octyl-sulfobetain(SB3~8)(N-octyl-N,N-dimethyl-3-ammonio-1-
propanesulfonate)-&, nonionic detergent2 Brij35 (propylethylene 23 lauryl ether)E A}
€321, hexane sulfonic acid (HSA)$+ iminodiacetic acid (IDA)E A}&3t¢lch 2+
buffers= Bio-Rad Laboratories (Hercules, CA, USA)Z ¥}, detergent= Sigma
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Chemicals (St. Louis, MO, USA)2Z8¥ FY43% 3, organic modifiers HPLC grade®
A+g-3l4 ).
24 protocol& rinse A1zt B AL&-&l, injection time, ¥4 Al capillary &%, 4

A% R detection H3 5o AL Ea) Axe BAzAS Ak
3. 4% 9 3
(1A E)

7k &5
D E28z4 gy
7hH ARELY &

CE 4% ¢ NEEF F5& 94 60% 1-propanol, 30% ethanol, 30% ethanol/
0.05 M phosphate buffer (pH 25)& #-&3te] ¥4 A7, 30% ethanol & A F%
2 % BI=7 MY & Rz yentth 30% ethanolg A2l 258%F (w/v) 7Hs}
of A& 1A & F 2087 9AEF (10,000 Xg)ste paper filtration, 0.45 tm
# 0.2 um micro-filter® ¢4 filtrationdte] A2} tglvh E% retention timee A&
B& A Y buffers] AHERFE 2432 d5 A

W) 2824 g9
(1) &4 buffer 24

CEE o] &3t =7 d¥d B4 A 714 A7 5 AL capillary W3 243
T 9EDY 2 FEFEOR, o9 AL Yt 2 skx] Hhgol Ak
9 2% vt Aoid ez A440] 43 organic modifierE B4 bufferd] H7bebed
254 AEZAEE AIANA FE ALE (Campos® Simpson, 1992), EA] bufferol
organic modifierq! acetonitrile, ethylene glycol, methanol, 2-methoxy ethanol 2 2-
propanole Z4Zt 20% HEE Hrbste] 4315t Acetonitrile, methanol, ethylene
glycol, 2-propanol, 2-methoxy ethanol®] 22 AA peak?] &FA|7to] Eojdomn
(Fig. 1), ©] ¥ acetonitrile® BAA7tE @& peake EIHE Aol A BEAAZ 10
T ool UElbe peak E°] HME Eo] A Easl ol Yl ethylene glycold
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baseline®] ¢+ &AL AellA A AFS YooY 5~108 A}ol 9 peak
€9 ®HUEJ €A X3 2-propanol baseline®d £&A]7F WolA, 2-methoxy
ethanol& &&FAIZFe] =o A EAAzEe] UF ZAXEe Aoz eyl uhghA
baseline®] ¢t =, peak®] £ % ¥ peake £&AF ZFE 128t methanols &
F 248 bufferd] A7F8I= organic modifier® A A 3t}

dH A capillary o] FEEE WINA Fr G2 $Pe SUE detergent
o e wwsvh 20% methanols H7HE buffersl 6% 9] detergent® 27 26
mM BE2 H7}ste] peak patterne] W3S #&3 A (Fig. 2), detergentE 713}
| Aol Hle] SB-12, SB3-8 ¥ HSAE H7} Al baselineo] %t oW peakd] &
MAEH}E JE AL 53] HSAE H/ME 49 peaksd £&A70] dEHM FAd|
= HMEARZ 7HE 3ok IDA, Brij-35 % CHAPSE baselineo] g3 olx @+
T &7 FHde FAFE Ao eyt

EFFE 2% capillary Wohe] 4328 Z2E 9% organic modifier2¥ methanol
detergentZ+ HSAE H7Iste] A AlZe] didh ou|dEde AAS 2, retention
time 5~10% Alo]o] peak EoA YAakxlo] wWE Aol & 7M5Aol UEY olF
peak®] #E %= NS A =3l Methanol F=7F 20, 30 2 40% = Z71842 AA|
peak?] &&Ao] =o1A 40%NAME peake FAr@AAol YElw I methanol?] ¥E
30%°1 M 5~108 7o &=HE peaks ¥=7F HAH3 AAHAT (Fig. 3).

N
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Fig. 1. Capillary electrophoresis patterns of 30% EtOH extracts of Job's-tears
separated with 0.1 M phosphate buffer, pH 2.5 plus an organic modifier; 20%
acetonitrile (A), 20% methanol (B), 20% ethylene glycol (C), 20% 2-propanol (D) or
20% 2-methoxy ethanol (E). Separations were carried out in 27 cm (20 cm

separation length) X 50 pm ID. capillaries at 15 kV and 45C. Samples were

pressure-injected (20 sec).
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Fig. 2. Capillary electrophoresis patterns of 30% ethanol extracts of Job’s-tears using
the following separation buffers: 0.1 M phosphate buffer, pH 2.5 plus 20% methanol
+ 26 mM laurylsulfobetain (A), 26 mM octyl-sulfobetain (B), 26 mM hexane sulfonic
acid (C), 26 mM iminodiacetic acid (D), 26 mM Brij-35 (E) or 26 mM CHAPS (F).
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Fig. 3. Capillary electrophoresis patterns of 30% EtOH extracts of Job’s—tears using
the following three buffer systems: 0.1 M phosphate buffer, pH 25 plus 26 mM
hexane sulfonic acid (P-HSA) + 20% methanol (A), P-HSA + 30 % MeOH (B) or
P-HSA + 40% MeOH (C).
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@ 718 £4 =71 9 4 protocol

A puffer®lo 71e}f £XzHd wE& &5 CE £4 patternd H3E #F317]
st 42 2= injection time 10~30%7x] W3AAH CE patterng Hl @3} th,
Injection time& 10%2 ¥ 7Z§ baselineo] ¢t BAAIHS dEEg oY 5~108
el BFEE peakE e AV|JF UF ol W &3] FRo| of2$ HHY injection timed
30274 A] F7HM 2 74 peak®l FatdEgol UEIY 202 AMzxros AP

CE peak patternolA peak®] &4dAAe doyls 9 F e detectordd
recorderol Al datag v £57F =8 AL E £ 9o olx 7lA9 detector rise
timeg WIANAFTLEZA o= A irt 715 Aoz 84 AT (Lucy 5,
1998). Detector rise time& detectorol Al L data HF gkol 10~90%7tx] Z7t3t=d)
Y AtE on sy Fol A E peakst sharpsl Ae AFS Vel z 7] A¢ upat
g2y 01~1%2 W3/t 7hssith whalA detector rise time2 0.1~1%7t2 E7FA A
H 318} 2™ peak resolutiono] 7FF Hold 01%E BEAd L3t =g vl @A
ABAQ current FE Yehl7] 5t &EE 40~45T, A 10~15 kV7h HAE
g Aoz JeElY HF BAzA0R 45T, 15 kVE Mesgd

CEE o] &3 #49 AAAHE HESY E4 protocols ZAT AT =, sample
injection Al FHFF B 01 M P-buffer® Zt7 583t rinsedt ¥ B4 puffer2 102
 HYP A7) 2053t pressure injectiondted 200 nmol A 3083 BA S et
EY Y FE F EY vEd E 28 Hidsn dg BAAEY 9FL 1
Al %% 1 M phosphoric acid® 1483} rinsedte] £ M= 6080 225U} ®
g NMEZE capillarye 1 M sodium hydroxide (NaOH)Z 5%3F rinse & 1 M
phosphoric acid¢} 0.1 M P-buffer® ZtZ} 60% 2 2087 cleaningdti 24 buffer=
603t FESAZ F EHol AMEEH R, 71AFA F OA AR Al 1 M phosphoric
acid® 0.1 M P-buffer2 27} 30¥ % 10% rinse ¥ A&t

2) AR A4A B dig 2HE

&7 BAERE 200087 20019 F4F 2 94 &5 A4d A, AFHY
patterne FAMS oW A e Aok gle Aoz vEwr a3y £59
peak& 67019 peak ¥+ peak group &, JTI~]JT62.2 ZEEFHYEL W retention time
o 11~1289 vetus JT59 €% patterno] 94zt FaolA F83 xpo]& g
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WA (Fig. 4). &, T4 &7 E £&55E peakd WAZE FH JT47F F8 peak
2 Yy JT5& e peak groupd 2 xo]E Ve &AW FUAL &FAAE
JT4& HIX$ JT1, JT2, JT3 ¥ JT62 FAEFAANG FLaA UedA JT57t
JT4Et o & F8 peak® Y} F3lo] FH U o] peak JTHel 93t F 240
de =4 2 FYA &7 HES FdH, 20003 A BAMNE FAke] F 47H T 393
(A& oF 83%), YA F 487 F 394 (FEE oF 81%), 2001 A EE I3 F
743 F 603 (¢F 81%), +UAL F T1H F 594 (F 83%)o] H¥3I WA AAH
o2 o 82%9 WHES YEMNUTH Peak JT50] 23] F3o] FEFHR &L ABES

& F43L #1443 AR89 peak patterndl], FYAS FAF Al8¢] peak patterno] 7}
ZA e
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Fig. 4. Capillary electrophoresis patterns of 30% EtOH extracts of Job's-tears with
domestic (A) and foreign (B) origin. Separation buffers were 0.1 M phosphate buffer,
pH 2.5, containing 26 mM hexane sulfonic acid, plus 30% MeOH.
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=
ARELY FE221& AAS7] sl 30% ethanol, 30% 2-propanol, 30%
ethanol/ 0.1 M P-buffer (pH 2.5) 9 30% ethanol/0.3 M B-buffer (pH 85)& A}-&3}4
FE F 7229 dE v& A, ethanold B-bufferg F74 A& A el =
FEEM Ao ARoH, FE&E A ] $5+ ethanolst B-bufferd =&
WBtAA £ 23 10% ethanol/0.3 M B-bufferg A &9 1003 (w/v)& 7hate] &
e Aol /M A Aoz ygwth

A

e

(1) 4 buffere] =4

€59 vR7IA2 01 M P-bufferst 0.3 M B-bufferg A83t9 AEEZ BAME&
A% A4¥e P FH, P-buffer’t BA E4o o A Aoz velY P-bufferel 5
Z7¢ organic modifier?} 6% <] detergentE H7lete H Ao BA buffers: 2R n
A 3t Organic modifier2% 2-methoxy ethanole] A3 Aoz #APHYD
detergenti= HSAY IDAZF A3 Aoz yeld o5 HA 2g¢S A H5td
organic modifiers} detergent®] FXx& @ st £43 3t 30% 2-methoxy ethanolol
26 mM HSAE #H7Fs RAF} 40% 2-methoxy ethanold] 40 mM IDAE H713k 7o) @&
A AR BEE AT AEEHD BN vng HAF Aoz AZHJoH, 53
40% 2-methoxy ethanol®] 40 mM IDAE &¥ale] 4 Al Y4kx] #H S 93 peak
o &2 =7t o gol (Fig. 5) ol& HF ¥4 buffer2 AR5

FAY CE 24 AFAHL =071 Y3ty 24 protocols AEZ A, A
injection Mo FH4 2 0.1 M P-buffer® ztz} 583t capillary & rinsedt® HZE 24
buffer2 @Al 1083+ YA & 527F pressure injectiondtd 3087F £4, 200 nm
ol 4 detection 3tAch ¥4 #& F A capillary® 1 M phosphoric acid® 14%3}
rinsedtd] F E4e] 60E0] 2aHAt ¥4 B¢ capillaryd 2EE 45T AU
current A3k % peak & A7 AL I 93 AL 15 kVE st

f
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Fig. 5. Capillary electrophoresis pattern of 10% ethanol in 0.3 M borate buffer (pH
85) extract of Angelica gigantis radix with domestic (A) or foreign (B) origin.
Separation buffer was 1 M phosphate buffer (pH 2.5) containing 26 mM HSA with
30% 2-methoxy ethanol (A) or 40 mM IDA with 40% 2-methoxy ethanol (B).
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2) FEANE WY A&

2" ENzAE T4 2 =9t B0 HEsd MRE A& BEgs] FEE
AE peak D-1 (retention time ¢f 7~8 min)E E23A T (Fig. 6). &, I4k A5
peak D-1°] A9 HEHA Fouh, Y4 ABoME peak D-1¢] F8 FA peak®E
UEsth ol& fFEHE 9239 I8 2 4 2 A A, 3L 493
413 (oF 84%)0], T2 4338 F 387" (< 83%)o] HEaHA #so] MAHo=
86%°] #E&g Jei

i
A

rlr

rir

ofy

2

*peak D-1

10000

*peak D-1

10000 -

Fig. 6. Capillary electrophoresis pattern of 10% ethanol in 0.3 M borate buffer (pH
85) extracts of Angelica gigantis radix with domestic (A) and foreign (B) origin.
Separation buffers were 0.1 M phosphate buffer (pH 25) containing 40 mM IDA
with 40% 2-methoxy ethanol.
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ok 3-5H4

) #4z4 gy

7H AREL F&

TN A AES AT AREZY FE2U - A UE ANEEC HEHY
ZZ &) (2-propanol : 0.1 M P-buffer =3 :7,4:6,5: 59 ©2& resolution® o)
7 & Aoz vt Fig. 7). ©l%F 50% 2-propanol/0.1 M P-buffer’} resolution©]
7HE F%em™ propanol® BEE U F7} Al FEE0] HolAE AL YEEh AR
FA bulFe] F&2 &g rtstd &5 FAA

71E Y buffer2E 01 M P-buffer® AFE39 3, organic modifier2% 2-
propanol®], detergent®=+ IDA7} A%t Ao ey olge FTEE 2T A
30% 2-propanol® 20 mM IDAE #7Is P-buffer/t 284 249 HAFgeSE 4 = ¢
At (Fig. 8).

(2) 71et ¥4 =1 9 4 protocol
¥4 protocol 2% Al F&A A$ v AgY Aozt YErY = EAAwiT
methanol2 capillary & clean-upste FAeo] AFAYE & F AT "M AR
2 01 M P-buffer2 ztz} 287 capillaryE rinsest #4

BN

injection Ao F
buffer® 4%%+ %
detection)o] &8 %® % 100% methanol® 12%7F rinsedti Al 1 M phosphoric acid
2 1423 rinsedto] ¥ 5280] 229 Y. 24 A capillary £EE 45T, AL 10
kVE 8o 33

ot Hu
b

Azl & 5%7F pressure injection 3tFTh 3027 4 (200 nm

) BAE BYZA0E FH L FYN FRAY BNS 598 F3, TR 59

&, W83 FEZL + UL peakE =T 7 %l AR = CEE o8 ¥
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Fig. 7. Capillary electrophoresis patterns of safflower seed separated with 0.1 M
phoaphate buffer (pH 2.5) containing 20 mM IDA with 30% 2-propanol. Extraction
solvents were 0.1 M phosphate buffer plus: 30% 2-propanol (A), 40% 2-propanol (B)
and 50% Z2-propanol.
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Fig. 8. Capillary electrophoresis patterns of 50% 2-propanol in 0.1 M phosphate
buffer (pH 2.5) extracts of safflower seed using the following three buffer systems:
0.1 M phosphate buffer (P) plus 20 mM IDA + 30% 2-propanol (A), P + 26 mM
IDA + 40% 2-propanol (B) and P + 30 mM IDA + 60% 2-propanol.
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hH ARERD FE21 4
A B 9% ANFEAY FE2L 93 30% ethanol, 30% 2-propanol, 30%
ethanol/0.1 M P-buffer (pH 25), 30% ethanol/0.3 M B-buffer (pH 85 % 10%
ethanol/0.3 M B-buffer& AH&3t Al&9 5wz (w/v)& 78t 53 23, 30%
ethanol/0.3 M B-buffer7} 7} &3 Aoz vehygr

W) BAza 2y

(1) ¥4 buffer =4

WA 249 718 buffer A9& 918 0.1 M P-bufferst 0.3 M B-bufferg o] &
Al F7kA buffer 2F &&FAIZF 584 E peak’t BAA UeUI peak £ E7t
Z HA &gt o] F 0.1 M P-bufferE ©]€3+e] organic modifier?t detergent 3 7}ol
e EYE MHARE ZAse B A} organic modifiertt detergente] A7}l
g #AQle] RE B 58& AF3t Z peak’t YEUI I 0] F9 peak Eo] FA
A v @del AAEA gutt (Fig. 9).

(2) 71e} EMzA 2 4 protocol
718t BAzALE 3AY FAdA U peakd 2HE M L HAHAQ current

T A8ty £4 A9 A9 10 kVE A
2) FEAEA N H&

24214 % $90 8H9 A=A gt BAstgoy 484 @dd A8 &
e A2Z AAXE peak® £ & U
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Fig. 9. Capillary electrophoresis patterns of 30% ethanol in 0.3 M borate buffer (pH
85) extracts of ginseng radix powder with 0.1 M phosphate buffer (pH 25)
containing 26 mM lauryl sulfobetain plus an organic modifier: 30% acetonitrile (A),
30% methanol (B), 309 2-methoxy ethanol (C), 30% 2-propanol (D) or 30% ethylene
glycol (E).
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30% 1-propanol, 30% ethanol, 30% methanol 2 30% methanol/0.3 M B-buffer
(pH 85), 30% ethanol/0.1 M P-buffer (pH 258 =Z39 X EE2d =% £ 59
A AAe] YA @ 28¢& HEsSS HFH o2 30% methanol/0.1 M P
FEEUE AAAAG. AR 5HF (wiv)e] SWE sEta ALoM 14 5, 4T
AA 1083 9AEE (10,000 xg)d T filterste] AFg3tg o),

ot

s
cr e

ufferE

W) BHzA gy
(1) &4 buffer 24

=4E& H% 71¥ buffer® 01 M P-buffer (pH 259 03 M B-buffer (pH 85)2
Bl A3}, P-buffer’} peakel ¥ % 2 AA A< peak patterno] @A HAow
LeEbsth £4 bufferol organic modifier 527 H7bste] ¥l@ A 2-methoxy ethanol
3 ethanol®] peak R TYE L SZAHENA HHEF AoZ Ugdn E3] ethanole
EEX dF oA, 2-methoxy ethanole E&lE 7jMdAA 714 H3gsde ¢ 4 94Q
% (Fig. 10). Acetonitrile® peakd] #2EE MAA 7)Y baselineo] 7} £¢As4 1,
ethylene glycol} methanol& peak ¥ %7} Ui o™ propanolE £3A7ko] %0]x
= BFE YEhdth @8 baselined 9HAE, peakel BYUE T LE2AT REE 3
28l ethanolel Hl3] §& AL A EAW 57} 23 baselineo] FFAQ 2-
methoxy ethanol& organic modifier® A ¥8 91 2-methoxy ethanol®] 5 E ¥}
A ENE A}, $ET 5E&5E peak §EAIZbo] HolAH, 20% HIF Al 10~158 7
EFHE peake] EE7L AFF Aoz vl HIEE organic modifierd EEs
0% AAFAT (Fig. 11). 6% detergent® 20% 2-methoxy ethanole H7}
P-bufferel] 2tz} 26 mM v =2 d7bste] A Ax HSAZ Rz £EA7hH
A 7P AgY Ao JEnd (Fig. 12). £ HSAe H/MsEE 15 26 € 40 mM
2 HEA st BT AW £2A0L HolFo] BEFE LAY (Fig. 13) 24
= R AA FHATAE & 9L vAA k3, detergente] o] HLEE zule

o
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=
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Fig. 10. Capillary electrophoresis patterns of 30% methanol in 0.1 M phosphate buffer
(pH 2.5) extracts of Astragalus root with 0.1 M phosphate buffer, pH 2.5, plus an

organic modifier: 20% acetonitrile (A), 20% ethanol (B), 20% ethylene glycol (C),
20% methanol (D), 20% 2-methoxy ethanol (E) and 20% 2-propanol(F).
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Fig. 11. Capillary electrophoresis patterns of 30% methanol in 0.1 M phosphate buffer
(pH 2.5) extracts of Astragalus root using the following three buffer systems: 0.1 M
phosphate buffer, pH 2.5, plus 26 mM hexane sulfonic acid + 20% 2-methoxy ethanol
(A), + 30% 2-methoxy ethanol (B) and + 40% 2-methoxy ethanol (C).
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Fig. 12. Capillary electrophoresis patterns of 30% methanol in 0.1 M P-buffer (pH
25) extracts of Astragalus root using the following separation buffers: 0.1 M P-
buffer, pH 2.5, plus 20% 2-methoxy ethanol plus 26 mM CHAPS (A), 26 mM lauryl
sulfobetain (B), 26 mM octyl sulfobetain (C), 26 mM Brij35 (D), 26 mM hexane

sulfonic acid (E) and 26 mM iminodiacetic acid (F).
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Fig. 13. Capillary electrophoresis patterns of 30% methanol in 0.1 M P-buffer (pH
2.5) extracts of Astragalus root using the following three buffer systems: 0.1 M
P-buffer, pH 2.5, plus 20% 2-methoxy ethanol + 15 mM hexane sulfonic acid (A), +
26 mM hexane sulfonic acid (B) and + 40 mM hexane sulfonic acid (C).
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Fig. 14. Capillary electrophoresis patterns of 30% methanol in 0.1 M P-buffer (pH
2.5) extracts of Astragalus root with domestic (A) and foreign (B) origin. Separation
buffer was 0.1 M P-buffer, pH 2.5, containing 40 mM hexane sulfonic acid plus 20%

2-methoxy ethanol.
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D #4214 g+
7H AREAY F2x7 Y

REIFFY FEHHAN FAEE 98ta] 30% ethanol, 30% methanol, acetonitrile, &
9 R 01 M P-buffer& ©] &, F&3ta] 2}7e) 448 vl2¥ 23}, acetonitriled A
o UmA ujdME FEE9 d¥o] dojy filtration 9 @A elst ojH YTt w
B Al 5 (w/v)S acetonitriled 7t8ld FEIFAT. EF 1] EAste
capsaicing AT EHZ &83}7] 959 acetonitrile® #Z F Sep pak Cis cartridgeS
ol&3dte] F2 ¢ H|FA R o2 Yy oy CE Ao o) & xo]8 Jehulx &
ket

(1) 4 buffer 24

0.1 M P-buffer (pH 25), 0.3 M B-buffer (pH 85), 0.1 M IDA/4 M urea buffer
(pH 29)F o}-&3t] &4 patterng Bl 2], P-buffere BAAIZHo] =8x 258 o|F
% peak’t BFHNUCH B-buffers BAALE Fobxu o Be peakst vehuth
(Fig. 15). @2tA 0.3 M B-buffero] acetonitrile, methanol, 2-propanol, ethylene glycol
R 2-methoxy ethanol& #H7Mete] E4& AEstdoy AdAol A etz o}
o] bufferel %% organic modifier® 24 4 AUt 01 M IDA/4 M urea buffer
A8 Al peak”ZF 200 nmZt obd 224 nmelA UElwtm H7FeE organic modifier® s
2-propanol®] HH& Aoz yeiyih
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Fig 15. Capillary electrophoresis patterns of 20% 2-propanol extracts of red pepper.

(2) 718 4278 2 24 protocol
ILD. 50 um, 27 cm Z°]¢] uncoated fused silica capillary® A}&3tQ 0.0, LA AQ
current® YERHZ] 93t 4 F capillary 2E¥& 40C, 10 kVE AH43go. 24
protocol A4 Al 1 M IDA/4 M urea buffers A83 739 rinse= &4 buffer2qt &
TE Aol 7ME F2 AR YE}OoH injection timeS HEF A 5~10 %
injection A= peak’t W ¥ &, 25% injection AlE 2 peak’t HAA UERY 340
oj#l gl AT

2) FEA R dIF H &
ol HE7bsd oJe F& 2 BMzAL nE/F Bad ¥4d mgtod dAAe
M= 13759 CEY 9@ £4& o3¢ Aoz yehwr



D #¥dza 2y
¥

FE8vid AEELY FE2H44H AEE 9359 30% ethanol, 30% ethanol/0.3 M
B-buffer (pH 85), 30% ethanol/0.1 M P-buffer (pH 2.5) 2 30% 2-propanolg &3t
A3}, 30% ethanol® 30% ethanol/0.1 M P-buffer7} 2 do] etz o}l 5ul e (w/v)
¢] 30% ethanol2 F&3t1 1083 YAE (7,800 xg)d F filtrationdtd EA o] A}
&3 Ath

A

0.1 M P-buffer (pH 25& 71& buffer® Al&3l9 methanol, 2-propanol, 2-
methoxy ethanol % ethylene glycol® Ztz}t 30% #7}ete] B4 Al methanolS #H7}g
B3 EEE A g BAAGAAM 7 £ 23%E Jehiglen (Fig. 16), ethylene
glycol® 2-propanol peakd ®#EE FA Fu BN UE Az, 2-
methoxy ethanol2 peak7t A9 YeElx AUt EIF 6F 79 detergentE Zrzt 26
mM FH7}ete] A Al SB-12, HSA ¥ IDA7F Bdx= A FAd <AAHA 2y
patterne WEM AT (Fig. 17). Organic modifier 559} detergent £F % ¥E% A
2 d#AE YEtlAd F, 30% methanoldlE IDA FE7F RolAFE  peak
resolution time®] EoiAl= FAld &7l /AAHJew (Fig. 18), IDA 15 mMo) A
+ organic modifier?] ¥%E7} &4 2 peak resolution timeo] Wt H Eelsx A
HeE o2 YElgtt (Fig. 19). Axtd oz HFE 2A pufferEE P-bufferd] 40%
methanolZ 15 mM IDAE 7tste] A&kl

(2) 718 £z ¢ 24 protocol
A Ao FFHFE 4587 rinsedt . BA buffer® 102 7F equilibrationdt ¥ ZALS
5%, ¥UL 227 pressure injection 3+ th #4155 capillary 25+ 40T, AL 10
kVZ 3a 3087 #£83ted 200 nmol A detection 3tth EAo] BY 3 1 M
phosphoric acid®} 1 N NaOH=Z Z}Z} 487t rinsedle] 3t /9] A8 B4 A] & 5789
2 F AT
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Fig. 16. Capillary electrophoresis patterns of 30% EtOH extracts of Cnidii rhizoma
0.1 M P-buffer (pH 25) + organic modifier.
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Fig. 17. Capillary electrophoresis patterns of 30% EtOH extracts of Cnidii rhizoma.
0.1 M P-buffer (pH 2.5) + 20% MeOH + detergent.
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Fig. 18. Effect of IDA concentration on resolution of capillary electrophoresis patterns
of 30% EtOH extracts of domestic (A, injection time, 5 sec) or foreign (B, injection

time, 2 sec) Cnidii rhizoma.
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Fig. 19. Effect of organic modifier on resolution of capillary electrophoresis patterns
of 30% EtOH extracts of domestic (A, injection time, 5 sec) or foreign (B, injection

time, 2 sec) Cnidii rhizoma.
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st ot A peakel W@ 7 peak FAH|&o] ME 2FolE Vel peak LW-13}
peak LW-5 (retention time ¢F 1083 138)7} A& FA44H] 89 o7t & w429
b2 F peak®] Aelrt FA JEbgth (Fig. 20). o8l A4S 2001d FuU4t 624 2
TYUM 51 e AP A wdd HEH A FTAL F 628 F 4040 wE2A w
B0l oF 65%9] #EES JehidE, FY4L & 518 F 3090 HEA #Eso
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Fig. 20. Capillary electrophoresis patterns of 30% ethanol extracts of Cnidii rhizoma
with domestic (A, injection time, 5 sec) and foreign (B, injection time, 2 sec) origin.
Separation buffer was 0.1 M P-buffer, pH 2.5, containing 15 mM IDA, plus 40%

methanol.
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At s T8 AR HlE FEE8ue] g we FE R HAol E HolE Y
e As9 10 81F (w/v)2 30% methanol, 30% ethanol, 30% 2-propanol 2
30% methanol/0.1 M P-buffer (pH 25 A 8E F%389 AR Al 2-propanolol Al 3
el 71 ¥k ve fvleMz ofzte] HdBo] TAFRGoU, 1F 30%
methanol F&°] 7b¢ 23 Aoz el

'}

=

H4zA 49

M

)
(1) ¥4 buffer =4

0.1 M P-buffer (pH 2.5)¢ 0.3 M B-buffer (pH 83) % 0.3 M B-buffero]l A peak?]
P E7 Y2 Ao YEY ol 712 B buffer2 AHESEA T Organic modifier®
methanol, 2-propanol, 2-methoxy ethanol 2 ethylene glycol& ztz} 20%4 A 7}slo
A4 Al 2-propanol®] 79 peak’} A9 YEUA 9%kl methanol® 2-methoxy
ethanolE X7} £X &o ™ ethylene glycold Hl@A Ba7t 7158 Rog 23
H ¥ peak E°] #AFHA oY (Fig. 21) AAAQ retention timeo] 108 o] W& peak &
o] #MXE B¥ol o H7IstE ethylene glycoldl ¥& F7HAFth 03 M B-buffer
o ethylene glycol& 20%°lA 50%7tA F7HA1A #2418 A3, ethylene glycols] <ol
BT F retention timeo] F713tn tlE] peak’t HAE AFE JeUdd (Fig.
22). 30% ethylene glycol/0.3 M B-bufferd] 6% 2] detergent® 26 mM ¥ %2 H7}8ld
4 A CHAPSE #71e A% 713 Besr Adds Aoz Yehgon (Fig. 23),
Al CHAPSS FX=% 26, 40, 50 mMZ H7tstel 4 Al ¥ =7 584 % retention
time®] ZOJX3L peak’t FAY 40 mME H7bste] £48 AAst A AFE A
EFst S (Fig. 24).

(2) 71e} 4 =4 2 ¥4 protocol
2% AEZE £V Y8l AR injection Aol FH+9 1 N NaOHE #
Zk 1023 584 rinsed ¥ B4 buffer2 8EIF B FA)F) 1, 5527 A EE pressure
injection 3t Th AL 4087 o EAdE Bt capillary €55 40T, A
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Fig. 21. Capillary electrophoresis patterns of 30% methanol extracts of bracken
separated with 0.3 M borate buffer (pH 85) plus an organic modifier: 30%

acetonitrile (A), 30% methanol (B), 30% 2-methoxy ethanol (C), 30% 2-propanol (D)
or 30% ethylene glycol (E).
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Fig. 22. Capillary electrophoresis patterns of 30% methanol extracts of bracken using
the following four buffer systems: 0.1 M phosphate buffer (P) + 20% ethylene glycol
(A), P + 30% ethylene glycol (B), P + 40 % ethylene glycol (C) or P + 50%
ethylene glycol (D). |
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Fig. 23. Capillary electrophoresis patterns of 30% methanol extracts of bracken using
the following separation buffer: 0.1 M phosphate buffer (pH 2.5) plus 30% ethylene
glycol (P-EG) + 26 mM lauryl sulfobetain (A), P-EG + 26 mM octyl-sulfobetain (B),
P-EG + 26 mM hexane sulfonic acid (C), P-EG + 26 mM iminodiacetic acid (D),
P-EG + 26 mM Brij35 (E) or P-EG + 26 mM CHAPS (F).
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Fig. 24. Capillary electrophoresis patterns of 30% methanol extracts of bracken using
the following three buffer systems: 0.1 M phosphate buffer (pH 25) plus 30%
ethylene glycol (P-EG) + 26 mM CHAPS (A), P-EG + 40 mM CHAPS (B) and
P-EG + 50 mM CHAPS (C).
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Fig. 25. Capillary electrophoresis patterns of 30% methanol extracts of bracken with
domestic (A) and foreign (B) origin. Separation buffer was 0.1 M phosphate buffer
(pH 2.5) containing 40 mM CHAPS, plus 30% ethylene glycol.
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FE4E ANEEAY FEHAHYYS HESY] Y8 30% ethanol, 30% methanol,
30% 2-propanol, 30% ethanol/0.3 M B-buffer (pH 8.5), 30% methanol/0.3 M B-buffer,
30% ethanol/0.1 M P-buffer (pH 2.5) % 30% methanol/0.1 M P-buffer® z}z} %3}
o A4S Hlug A, 30% ethanol/0.3 M B-bufferg A|¢d Umx SujME %
=°] g0l AAY (filtration)7t o2& & F AU o) FE&ujelA thA 0.
M B-buffere] pHE 85~10022 ®3l A pHE ZF7HNZ$E ZI=r}t AME7E 8
4 FEEY 398 £ YeEv AF FEF 892 30% ethanol/0.1 M borate buffer
(pH 9.8)F A A3t

(1) ®A buffer 24

€4 buffer 23 & 98] 0.1 P-buffer®} 03 M B-bufferg H|Z 2], 0.3 M B-buffer
7V 98N A Ro=Z bt Organic modifier® ethylene glycol, methanol,
2-methoxy ethanol ¥ 2-propanol® &% Z3} ethylene glycole] 8% /A 71%
F2 &3%E Yelddel Ethylene glycold %8 Z7MANZL$4E peak resolution
timeo] =oAL FEIt UF wod REmrt A3slxEo] 20% ethylene glycole] H71E
AR 2 A 6 7Y detergent £33 Hrlste BEAsigoy e A gEdgE
€2 detergent F7tel W R AHdEFHE YR gol B buffer2E 20%
ethylene glycol& %3+ 0.3 M B-buffer® 2 A5},

(2) 718k Mz 2 A4 protocol
B4 4 peakd MDA F71E Y8 AR injection Mo FFHFE 427 rinsed T
4 buffer2 67 equilibrationdt® 537t pressure injection 3+gth EA &= Eof
capillary®] £%F% 40C, HA¢L 8 kVE d1 2587 28s £ UV 214 nmolA
detection 3tHT. 4 &8 & oA capillary? clean-upe 93 0.1 N NaOH=Z 6%3H
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30000 * 30000 peak PA 1
*
20000 20000 4
10000 10000 -
0 R T T T T o T T T T T
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A) ®)

Fig. 26. Capillary electrophoresis patterns of 30% ethanol in 0.3 M borate buffer (pH
9.8) extracts of burdock with domestic (A) and foreign (B) origiﬁ. Separation buffer

was 0.3 M borate buffer (pH 85) plus 20% ethylene glycol.
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AZZH FZ2 HAAALE HES] Y89 30% ethanol, 30% methanol, 30% 2-
propanol, 30% ethanol/0.3 M B-buffer (pH 85), 30% methanol/0.3 M B-buffer, 30%
ethanol/0.1 M P-buffer (pH 2.5) ¥ 30% methanol/0.1 M P-buffer® Z+z} Z2%3ta A
4& HlaEg A 30% ethanol/0.3 M B-bufferg A &3 Uz fujejrs & Zo)
el AAY (filtration)7t A8 ¢ &892 30% ethanol/0.3 M B-buffer (pH 85)
£ ™5t

W) BHzAEY
(1) &4 buffer 24

Organic modifierd] 9TFES Udotxr] 39 03 M B-bufferdl ethylene glycol,
methanol, 2-methoxy ethanol % 2-propanold #H7}sle] #4138 A3} ethylene glycol©)
=AM P & ZdE JEdR, £ B A9 mlRslRZ ethylene
glycol®l FXx7t o}l A4 E retention timeo] %olA L FE7F Yold4E Rewst @
AANE BFE UYEAE 6 F9 detergent® I7bete] B4 A] SB3-8L HIME AS
= /M € SAHAQ peak patterng UERN o] B BAL 943 HF BA buffer
& 20% ethylene glycol/0.3 M B-buffer (pH 85)°l 26 mM SB3-8& #7718t A& AA
st T

(2) 718t E4z71 2 ¥4 protocol
=4 9 peak®] AEE F7FE 8 A& injection Ml FTH4 ¥ 1 N NaOH=E 7}
Z} 5 ¥ 727 rinse® ¥ B4 buffer® 7837 F A7) 557 pressure injection
sttt A48t 5 capillary?l 25E 40T, AYS 10 kVE 2587F g, UV 214
nmoll A detectiondte] 3 7|9 Alg B A & 4480 2aFHYTH

2) #EA8 BN A
448 BHzAe TU L £YN 92 H4® A% N2E SqHez TRy

T U peak pattern &, HA peakol] W FAEuH|E&o] M2 xolE YEMHE peak
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CA-13} peak CA-2& =Z3 4t} (Fig. 27). &, FNA 8% peak CA-1 : peak CA-29
H]-go] 1: 152 Y4 (1 @ 49 ula)] o} gl od peak CA-29] H| o] F&&
T Ao

e

Peak CA-2

Peak CA-1

Fig. 27. Capillary electrophoresis patterns of 30% methanol in 0.3 M borate buffer
(pH 85) extracts of carrot with domestic (A) and foreign (B) origin. Separation
buffer was 0.3 M borate buffer (pH 85) containing 25 mM octylsulfobetain, plus 20%

ethylene glycol.
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oAz
1) B840 g4

H AEed Fex1 &

FE28d AEEAY FEAPRE AESY] 93t 10839 30% methanol, 30%

ethanol, 30% 2-propanol® A8 & F&3%om, HX Al 30% methanol Z 30% 2-

propanol$ AH&& A& 7o EFAHE HIUrh wrHo] 30% ethanold] A& HA
Files

FE8u2 A8t

ok

712 &4 buffer 28& #3849 0.1 M P-buffer?} 0.3 M B-buffer& ©]-&3t £4
< 3% A3, T 7HA buffer EF $YAE peak7t GERGRA] ko Ik Aj7 9]
7% P-buffer AFE Al EE]|Z7F £of ol& 712 EY buffer2 ZA3 vl Organic
modifier?] 9L dolrw 7] 93] 01 M P-buffero] ethylene glycol, methanol, 2-
methoxy ethanol % 2-propanold #H7tete} #£43% A3 ethylene glycol H7F A
P-bufferst AM&3 790 w8 4zt 108 o)™ Uele peak 9 EIE7 A
A =0} organic modifier2 ethylene glycol& A3l 2™ detergent H 7ol W& ¥
o i &deE Ul ol AFAFoF 20% ethylene glycol in 0.1 M P-buffer®
4 buffer2 AA Ao}

<]

(2) 71et #49z271d 2 £4 protocol
4 % peak® AAXH F7HE A8 A& injection W FHF ® 1 N NaOH=Z 7
Zt 58 9 7EZF rinsed & BA buffer® 787 H33A7] 10%7F pressure
injection StATh A3 E F< capillaryd] X+ 40T, ¢S 10 kVE 2087 &4,
UV 214 nmol A detectiondls] 3 7l A8 #4 A] & 39%0°] 285
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R S A2 L3 A3 HAEE FERE £ 9 54
# peak pattern©] YElGTH & A A2 BEAAZE ¢ 3~138 Alold] EA A 57
9] peak (peak LR1~LR5)7} &g A 9]

r

< peak’} A8 YEIA] FU (Fig.
28). o1& AT fFEHE I 1008 ¢ U4 A2 8240 diated A& Al FakL 100

AT UHe SR wastd 96%9 BEES YT, FY4 £ 823 F 79
& FYLeRZ Bgdly 96%9 #d8S e
A B
10000 PeakLRzPea.kLth Peak LRS
Peak LR1
5000 | %eakLRB
Time (min) Time (min)

Fig. 28. Capillary electrophoresis patterns of 30% ethanol extracts of lotus root with

domestic (A) and foreign (B) origin. Separation buffer was 0.1 M phosphate buffer
(pH 2.5) plus 20% ethylene glycol.
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II. NIRE ©]&3% F4HE
HAHEETAYA - sHFAEFE YL NEATLE A H

1.4 A

WHO ®4 AZolF 48 #59 FA% Atg ol #9582 23
o A8 T Bgel AA BAL Wl I Egslwe] S ARzANT AT
ool whet T FYREE A FUFAT WAL £UAY 5oz AwsY 74
= ol @A RAH FAZ AR 4R A%E oA AY 277 Heiztn gk
ofFl Z FIA by, WFU £V ) FOB A 3L 9 ¥ F £5%
Bo] ol 2 AANE FAH stm glov], B g FUFAE] TABAEL 9

Favl e 5 AFAAL 2A BEHAD 9o oo u@ NG suFe we

37t FEnt. ool W A FEHE AL U FEY HRAFTOE FAE
o AAT FEEAASHS EEs ARG LAl A AHY e ARE ATaA

e A g FEAA Adny Ao gaAe] gFHAL.

A FAES AAA AEdEd #3% dFE AAZeZE 1 oyt ag BAE
@t dF AIFAME FYFAEY BAEA T WE ANFAHL EAZ FEHR
AT A7 AT G FAEY AARAE FHGE 7T FHYHRAE oS HA
7b 37 @ol #d AFAH] B A 2k wA I FAE] dig 4] Adw
Mol #3 ATHREE B, 8 FFATRA g x9d YA S BAF 4F
g ICP/MSE °l§% Fu1¥ Aapsel sste] AAsn dvke A=}
AME FABA EAZ FFH vhgdd did d4A dFE AL Jen ZFA F
LEF7bAA TEFo) g AAE dFdohe AE7 Aok FHANE BEY 2
F w7t 1989 SHYAEFEAY A T Al dAA #EAYE =2& BH
vt glen B & Wil o& FEdd AEAuF oA e datA A Ey
A77E e thE BAYMOE MEdd =8Fas (1997b)7F it Axwd S
A A= conducting polymer A9} metal oxide A2 o] go] #Haf ATARE
HEE A 3 20033 Eodle KT&GHA S@F A A7 44 AddTd o
sto] wrEF u Qo

2 ol FYFAEd did 8 FAEY s Fuge we FaAEe did



YA AEYY AT e BUE Holn 3l

2. 434y # 2%

b GAAAE A8 EFAE FA
1) Ag$H

o FEE ANETY AY F 34

om olo g A= FEEA AAH
el

s I A i
&+ 7 100 200
3 A 100 200
234 100 200
3 7] 100 200
A F 100 200
IALE 100 200
I 100 200
£ o 100 200
a2 100 200

Al 900 1,800

2) Ag#s

THE MEE AL AFAd 18T na
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3) A& AAe
7h AA g A
B #7] (Korea)
Azt 18 A (10 mesh)
23874 (Korea)
229532 (lsin, Korea)
FZAAZ7] (llsin, Korea)
Cyclone sample mill (UDY Co. USA)

Food mixer (Hanil, Korea)

4) NEd Ay
o &%, Z3H
- AZIBGAE o] &dte] AL AAR F
o]FH, o]FTAAY & AA
- BUFETE ol & NEE F8ed 5058 A3
o 7, &), A, 1AM
o4, dMY T& AA

Food mixerE o) &3t 1%7+ 2EH

e e

2e 289 52T 1B

o gz, 99 da
- NEE A%
- AFE AEE 3~4 mm FAZ A
- Add ANEE 2AL YFa (-500)% 4T T4
- 578 ARE SAAZY ] 23 B8 5% AZ
- 7129 A8 E Food mixerg o] &3ld 187 24
- 248 NEE FEUAS 99

7o xAQ 2612CH B
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Cyclone mill (UDY Co. USA)& ©] %3l 20 mesh ©]3t2 2xF 7] &4
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v AR BN 23 spectrum data 3
1) Ap-&7u]
- NIRS6500 (Foss NIRSystems, USA)

%, &3} X rectangular sample cup (57 X32x266 mm W XDXH)

3 AREAE 9% NIRS #4874 44

- A& 34 800~2500 nm, FA 35 B
#oHE BAYdes qgeR 3

- Scan: 3 A8 FAIHE &

- &% mode: reflectance, ZAAEQ BAR ZH LA F o wpE

FAEE A7)17 o)EY reflectance modeE A€
4) A 3E-A o] A}&3F software: Foss NIRSystems WinlISI (USA)
5) Al g &4

- Algd BNz wEl spectrum data 3
- Al A¥EY FAA9
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7 &7 %4 spectrum

1.338

0.996

x .
&
=  oes7 R
>
=]
P

0.318

-0.021
400 325 1448 1973 2438
Wavelengths

) FHEA spectrum

8.674
0.512 §
&
&
= 0.350
=
(=)
d
0.1839
0.027
408 925 1974 2498

1449
Wavelengths

o) 234 A spectrum

(TR

Log (1/R)}

1874 2488

408 325 1448
Wavelengths

-89 -



2h)

Log (1R}

o)

Log {1R)

uh)

Log (1/R}

37] ¥4 spectrum
0.646

0.486
0.326

B.167

0.007
400 925 1449 1874 2498
Wavelengths

a.810

0.411

0.211

0.011
400 925 1449 1974 2498
Waveiengths

3AE] ¥4 spectrum

u.Bbdu

0.643

0.437

0.230

0.023
400 925 1443 1874 2438
Wavelengths
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Log (1/R)

0.595

0.522

0.350

0.177

0.005
438 925 1448 1974 2498
Wavelengths

o}) ¢ A spectrum

Log {K}

0.001
400 925 1443 1974 249
Wavelengths

24 A2 B4 spectrum

Log {1/R)

08.732

400 925 1449 1974 2498
Wavelengths
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6) A% A4de AT Ag A

- AN zdo HE8Y EARE

2837 9%
- 72} F54¥ dojA A 8g¥ spectrum data
AA dold A 5E AYNA Bl F 47 o)t n

A u‘»g}

w2

[
i)
offl
I
Y

=

A
= -1

fe
ol

el = AlEuke At AR AL ANER TF

- cutoff by H or R value (3.0), neighborhood H (0.6)

te T8 A8 ZRdA

A= A&

AN AlgE Auate] oiejel e AFAE Agow HAHE A8

W e ¥ 3] Faa | 3] 43
NI
EMA R 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
HEAE 58 69 53 51 74 60 65 | 69 67 78
HAdEAlE | 42 | 31 | 47 | 49 | 26 | 40 | 35| 31 | 33 | 22
24 gE | 49 Az ~
T B — - : \ — 8] 3t
e b R ERI RO ERS ETE RS E
TAA R 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
HEA S 60 74 81 58 73 | 66 62 83
HAEAE | 35 31 19 42 27 34 38 17
D AR Ay
7h Ag gz

~ AR&-IEH 800~2500 nm (2 nm)

A E NS

- Segment: 8

- Math treatment: 1.44.1 or 2.10.10.1, A =4 24 %

-92.

A4g Eol

1

Scatter: SNV (standard normal variate) & Detrend, 7]1712 7 ¥ 3o w2

spectrum®] W& AA EE B89 spectrumel A



-
i3

tlo
N

o
P

W) A 244
MPLS (modified partial least square)ol] ¢& 72k =zpx

o 9 2L A4

S8

[+) ~ (O
zm Type of Bq (I-}) SEC()b)(K;} SEI(’C)(xS)
log(1/R) 0.7974 18.3307 20.2189

&5 1st derivative log(1/R) 0.8576 13.0908 16.5546
2nd derivative log(1/R) 0.8900 12.6516 14.8292

log(1/R) 0.9597 8.8688 9.6576

A 1st derivative log(1/R) 0.9773 5.6965 7.2336
2nd derivative log(1/R) 0.9738 55726 7.7745

log(1/R) 0.9149 13.1046 14.5068

23K 1st derivative log(1/R) 0.9416 10.9244 11.9374
2nd derivative log(1/R) 0.9439 9.7695 11.7758

log(1/R) 0.9048 14.3050 15.3264

7] 1st derivative log(1/R) 0.9399 11.1769 12.1865
2nd derivative log(1/R) 0.9169 13.1462 14.3024

log(1/R) 0.9533 9.3902 10.5582

qF 1st derivative log(1/R) 0.9559 3.3641 10.2713
2nd derivative log(1/R) 0.9473 9.6692 11.2332

log(1/R) 0.8731 16.0889 175120

SLAFY 1st derivative log(1/R) 0.9283 10.5688 13.2452
2nd derivative log(1/R) 0.8966 13.6174 15.9183

log(1/R) 0.8409 19.4150 23.0555

= 1st derivative log(1/R) 0.8778 16.9747 10.8447
2nd derivative log(1/R) 0.8979 155783 22.0348

log(1/R) 0.7555 24,1264 26.5440

T+ 1st derivative log(1/R) 0.8147 21.1455 26.2127
2nd derivative log(1/R) 0.8325 20.0287 25.0267

log(1/R) 0.9885 5.2949 7.1740

A Ist_derivative log(1/R) 0.9947 3.6088 5.3356
2nd derivative log(1/R) 0.9934 4.0008 5.5584

(a): correlation coefficient.

(b): standard error of calibration.

(c): standard error of prediction.
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- Modified PLS #4437}

EE T E = A F At A HHARE (%)
Al EAE 42 31 73
&5 gy | 3 Ak 40 5 66 90.4
a3 | Fqat 2 26 7
ALEA R 47 49 9%
FA gy |3 A 47 0 96 100.0
243 | F04 0 49 0
ALEA 8 26 40 66
TN | wy [ A 25 0 65 985
a3 | #4944 1 40 1
AL A E 35 31 66
37 gy |7 4 34 0 34 985
23 | £4a 1 31 32
ALEA R 33 22 55
HAF gy | F A 32 0 32 98.2
23 | F#9at 1 22 23
ALEAR 40 26 66
aAE | @y [ F 4 37 0 37 95.5
a3 | F9a 3 26 29
AHEA R 19 42 61
32 gy | = 4 18 0 18 98.4
a3 | 94t 1 42 43
ALEA B 27 34 61
94 gy [ F 4t 24 5 29 86.9
23 | =94 3 29 32
ALEA B 38 17 55
Az gy | = A 38 0 38 100.0
a3 | 904t 0 17 17
* 59 Lo AXE EAe] AR ol FAA Aol AR A B
UERAS e FEdAe vlayg dA857 A JeElY NIR 40 o3 g4
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A 23 PCRE °o]&% 28 9 474 Fog
Listeria, Escherichia 2 Salmonella® 247 &H

A (AI2A5-2A))

. PCRE o] £3 A2 9 &7 2A T 0 2 HE [Listeria U
Escherichia®l A &A&H M (FHAF71H)
AFATALA - A EFNEATE A 4 A

LA 4

e H FAHFeERH 7dE F e F8 WHAE Samonella spp.,
Escherichia coli 0O157:H7, Listeria monocytogenes, Campylobactér coli/jejuni,
Staphylococcus aureus, Clostridium perfringens S 2.2 QA2 AFd AZHe 93
7 Aua deA ok H2 A ESAL v Afeast FFRAY R4
BANE AAAM ez AHHT gt wiA, 455 F2 dfuAEed dF ¥
EAADANA oS AUEHA AEste BYALe] AF3A 27deh 4F FoM 9
AMAES ASsH7] AT 18- wyos ¥ 2L Mdulx wjgs FAA S o

o o]& FFE HEV] AT THe A7} olFoN 1 Yok FAAFFANY So
A%l HE  (species-specific)& H22o2 3& 7|golE real-time PCR, DNA
hybridization®, DNA microarray¥, polymerase chain reaction (PCR) S°] o9 o]
ol PCR W2 Aulgoz N&stn Hojd AEZEE Yz glo] Hd4 w4
HE FEAGA o] &5 QU
L. monocytogenesi= A3 FEANA LA GaHPolFY QTR =<
7o) ke BAAEL] A7 S EA vHE Aoz HAVIETL FolAta Yl o

At GramFd, HIEAEA ANFL2 L jvanovii, L innocua, L. seligeri, L.
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welshimeri, L. grayi 5% 374 EF&H o2 Listeria &) &3}k o5 HNF & L
monocytogenes®t 12t FEo Ui HYAH L AYUn dom L jvanoviis EEA
HE4ES Bolx yUrA e HyaAdFes BRI QA= L monocytogenese 2+
o2 sty 1g, 713 28 {4 5o F4o] Bojn duwbd oz 30-40%9 XAlg
& HJlth mEtA, old 2 XAl Y gaggold o8 2Po] AH|xbd o]

E. coli OI5TH7S WZ52A (verotoxin)E AAste FAZIHA
hemorrhagic E. coli) 2.2 E#F3}1, enterotoxing XA = ABEA9
toxigenic E. coli)¥ UlZd o] FNAELE HAYste] =3
4 WA (enteroinvasive E. coli)3} oA FAAFE S Yov= Aaydyd 44

EF WA YT ez EHIT 394 g3 we 3
Bieh Asteha gade] w AN dAE ) %8y Gram SA4 9 EFoln FRAY WX
7b el &840 AAY BRI A3 WeEREA AL ok iAo I AY
4 gr1dwtols FuAT 2HEulA)Q] MacConkey 3wl A lactoseS Ealate]
Aoz AfA 1 F E coli OI5THTS sorbitole E#18tx] Eake] Sorbitol
MacConkey agarolq 54 g P4sleg g P9y d3ad F2a0 o #
< 10~100070e] #FHoz2 B9 £ givla B uH ol Rew E coli O157:H7L 1982

d ool @A oF AFEADoZ NS wHH Bud o|F AA ZZoA
HAHI Gtk Fo oddLe A 2P ¥ Hur] B AWR 17, A=
A, A, ARFE FAA ZEAESE QT B8 3 A0 B398 1R o o
3 edd £ glon w718 BYdtE AAINE o9l 5 glome M3y Ry
HAY dols F83] zstool g}

2, AE AN E EUHTPsSE A2e 7124 AEEa 9= PCR $ye 4
Fo &A3} Eo]& (species-specific)o] I A &84 nAEE AE
g 7 Ae FHol Utk PCRE o] 4% WUA wAE A2 S B4 v4gZo] Uz ¢

T @7IMERREH 2od FEE vgoR AFstd nAERRE 223 DNAS 7|
ks

It (enteropathogenic E, coli)&

mlo

rlr
ok
rie,
o,
)
ox
it
tlo

1.4

T4E A3 o183t primer TS v4Ee] YA4o] BEY FA% F Sl FAN
% oo Ay AP 497, 165 (RNA 59 BF4949 A7 ALN

o3, ols AT AEHY] AMME AE Fo| EAsE HUH ATFSS F

¢
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e

wdelajor 8tm AF o] EAsE PCR A4S AAstE dA Pasid,
2578 PCR A ade AAs7] Hste] g whyo] ol g51 e 7H3
=2 YR d48Y, €49, 9% 2 immunocaptured So] Utk HZ AFE
of EAste 2% QAT ozRE AAHOE DNAEZ Bsl7] 989 paramagnetic
= &A3st o}£7 DNA
T 2Yste F /A AHE AYxn o @AAAE AE S WA nasy 4%
FEUYY A3 59 dF
CR Asiag AAAEA

AEZPEE AL F Qe 32Ad 428 44 Axd 6t g

o

g
2%}
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tilo
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o
o
N
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ok
e
=
s
rir
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Mo
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o
=
oZ
it
o
off
Hy
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biz)
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el
lo
i
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lo
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2. A7 w9 A5

S LR DEX

E. coli O157:H7 ATCC 43894, L. monocytogenes ATCC 191113 Staphylococcus
aureus ATCC 144582 ATCCAA FYsled A3l e E. coli KCTC 1039, E. coli
KCTC 10413 E. coli KCTC 1114%& KCTCoAAM Fhds ol&sde. =, S

enteritidis P12 3 AFAeA Esleg BHESD Y FFF ol&ddY. E coli
O157'H7 mEC broth’}oll A 37CellA 18417 E¢t d7lmjdst & CT-SMAC agar %
ANA E. coli O157:H79] tisle] Mexog Hete FAAAUY. L monocytogenests

Listeria Ta¥j ¥ (LEB)E ©l&3ted 37ColA 18413 vl Y3t LSAE #/ME S
HE H2Hop dguAoN deigoz P& YA E coli KCTC 1039, E.
coli KCTC 1041, E. coli KCTC 1114% LB broth2 o]&3le] 37ColA 18X F714
Mg T ol &3NOoH S enteritidis P13 Staphylococcus aureus® G Fuj A Ao A 3
7C, 18M3 S7IMF F o] &3ttt

Y. E. coli O57:H73} L. monocytogenes® template A
Tl Ao 2 RE E coli O57:H73 L. monocytogenesE& F&3t7] 93t 13,000
rpmell A 52 AR FF AL e FAES Aot FHES 1 ml9 2
A FRTFE AT 01 mlig FHSFE gAY o] gL 2 ul sy A
PCR template (whole celD)Z ©o]-&3 Attt T3 o]F 98TA 1087 GAg g cell
lysate, A&kit2Z &% genomic DNA (Aquapure genomic isolation kit, BioRad,
USA)E o] &3ttt
AEe 5XYE template RA Y WE matrix EFE A 989 E coli
O157H73} L. monocytogenes® EEAEd BE59ct E A8 A48 Az: A
HulE, SAAE AzddA 79

= o .o
FA -, B, A, E], S, F2L 5 4FH, A

5tod Ab-g-3t At
T Ae 4 FFE ATE 9ml o $HE Helo] EF tubed] WA A, B,
Az 39 nPEL 26 g4 At 47 2ERA FHP ¥ g 100 ml

enrichment broth & 0.1%9] peptone & Y. 2En7A (Circulator 400)& AF$-
3] 200 rpmo.2 183 2EvAES g 9 mlo] JFde AR v ztzte
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wHA mEC vz} LEB uiFdol A 37ClA 18A12F wi%§ E. coli O157:H7% L.
monocytogenesE AZ3 F wjgala ZF A8 1 ml B 273 27 10004 10°
CFUZL Hx=5 X35t o]5S 37T A LN FaHEA FFHRYE A4
0, 4 8 24 hnE WINEE H3Jt ZFNE Fo E coli O157HTH L.
monocytogenes® 4 ZA & $38le] CT-SMAC agar$t LSAE 7ztzt o]l &3t} 2zt
Al&e PCR template® AZx387] 9J8la] Aztde Zaugdeld e 1 mle Alg

13000 rpmell A 583t AAEE st} FF A4S HE FHEL £ASAYG. Foi
HHES 1 mle] FHFE AL 01 mle) FHSF) A0 F o] 98THA 108
At AT A s NB AN 47 2 pE st PCR 2E9 S 9%
7| A7 o] &3k

o

th. E. coli O157:H73} L. monocytogenes &4 Zeloln] A3}

E. coli O157TH7¥ L. monocytogenes® ZAZE3d7) 9389 E coli OI5THT7S
O-antigen ¥4+ AAE encodingdtE rfb gene, glucuronidase FAFA Y uid A gene,
FE2E FESE verotoxin FAF AR B9 sit1, I gene, o) BFgo] Q=
outer membrane WA intiming& HAISE ege A geneg AEdigon L
monocytogenes® Eol% HAEE 389 listeriolysin-O WEAHA Ky A gened FAut
AR p60 @A S AASHE iap gene A primer & A 43Tt (Table 1).
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Table 1. Oligonucleotides used in this study

PCR
Primer Sequences (5'—3') Target gene Reference
product
PF8 CGTGATGATGTTGAGTTG Maurer et al.,
b gene 420 bp
PR8 AGATTGGTTGGCATTACTG 1999
P12 GCGAAAACTGTGGAATTGGG Cebula et al.,
uid A gene 252 bp
PT3 TGATGCTCCATCACTTCCTG 1995
LP30 CAGTTAATGTGGTGGCGAAGG Cebula et al.,
sit1 gene 348 bp
LP31 CACCAGACAATGTAACCGCTG 1995
LP43 [ATCCTATTCCCGGGAGTTTACG Cebula et al.,
sitll gene 584 bp
LP44 IGCGTCATCGTATACACAGGAGC 1995
AE19 | CAGGTCGTCGTGTCTGCTAAA Gannon et al,,
eae A gene 1087 bp
AE20 | TCAGCGTGGTTGGATCAACCT 1993
Mengaud et
C(+) TTACGAATTAAAAAGGAGCG | down stream 61 b |
o) al.
D) TTAAATCAGCAGGGGTCTTT |of Aly A gene
1988, 1989
MonoA | CAAACTGCTAACACAGCTACT Bubert et al.
iap gene 660 bp
LislB | TTATACGCGACCGAAGCCAAC 1999

Zt. PCR &dx4

T FH e E coli O157:H73 L. monocytogenes H&2 9% PCR FEZw¢
€ PCR premix?] AccuPower ™ (Bioneer, Korea)Z ©]-&3% 2% premixe 24& o
=% Zoh 1U YWEA DNA polymerase, 250 tM dNTP, 50 mM Tri-HCl (pH 8.3), 40
mM KCl, 1.5 mM MgChol%vh. 28]y, PCR FZ9 Hxzd 84 4% A+ U4
4 Taq polymerase (Applied Biosystem, USA)S] ¥ %, MgCl: (Applied Biosystem,
USA), #7138lE template®] % 5& ZA-s¢cth. PCR Z %922 Bio-Rad Gene
Cycler (model No. 10167, USA)& o]&3te] 94Tl A 287t pre-denaturationd® % 9
4T A denaturation, 55C (H@F71e] wal, 48°C, 50T, 55T, 60CAAE =3l A
30&7t annealing, 72ColA 183F polymerization® 353 ¥bE38 t}g 72Col|A 587
extension ¥ FAAAT. PCR %% A annealing €%& 50T, 55C, 60C& 2434
HAG LS FYHT. FEAEL 15~2% agarose gelo]lA H7195 F ethidium
bromide®2 {43 thg AR #HE A
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vl A e primerE o] 4%+ E coli O157:H73} L. monocytogenes®] E 0] %

Table 1A AAIS 2ol primero] W3k Eol4d AAL 95t PCR

[oi )
m
B e

3 o] MA3FYrl Accupower ™ premix (Bioneer, Korea)ol 18]3} template® Al
whole cell (10° cells)¥} genomic DNA (50~100 ng)2 #7}8l1 antisense primere}
sense primer® 272 10 pmol 7}EF & Z} sample @ 20 plE PCRS +3sk¢ith.
PCR #&7-& Thermal cycler (Biometra Inc., Germany)Z AF&3Fo] pre-denaturation
94Tl A 287F #3353 denaturationS 94°Col A 30%, annealinge 48TColA 303,
extension& 72T A 184 F 3585 W& 33 § 72ColA 5%7F polymerization
T REE TR

2 Az Fig. 1949 #Zo] whole cell (Fig. 1A)3} genomic DNA (Fig. 1B)E
template® ©]-83% 9 E coli O157:H7 ATCC 43894 (lane 1~5)3} L. monocytogenes
ATCC 19111 (lane 6~7)= A3t primer®= PCR 2Z A ES shelst Ay Ag3 RE

=

primero|l A Eo]HQ FTZAES AEslg ot whole celld) A% L monocytogenes
ATCC 19111 #=8 C(+)-D(-) (161 bp, Fig. 1A, lane 7)ollA 3

genomic DNAE template® ©| &3t <& 49, whole cell& o] &g Ag-HT} 48

&

£ primerel Al HEF L7 =)

E

o
h
f
®
2
£
il
)
O
O

&3lo] thekst o] ek species—specificity H2AH S
T&3t7] 918ke] E. coli O157:H7 ATCC 43894, E. coli KCTC 1039, E. coli KCTC
1041, E. coli KCTC 1114, L. monocvtogenes ATCC 19111, S. enteritidis Pl,
Staphylococcus aureus®] Wg PCR W3 EolA S FAVSI T, 2 A3 Fig. 2¢ 39
AAgE vpe} o]l ME primer$l PF8-PR8 (420 bp), PT2-PT3 (252 bp), LP30-LP31
(348 bp), LP43-LP44 (584 bp), AEI9-AE20 (1087 bp)el W3t E coli O157:H7
ATCC 191117} BolH o a2 A& o} LP30-LP31 (348 bp)¥ AE19-AE20 (1087 bp)

) ]

TEARAAE v FolF jbEol FA HEEUTH ES, L monocytogenes o]
primer$! MonoA-LislB (660 bp)2} C(+)-D(-) (161 bp)E& o] &3dt] FZ A7l Ax F
F59 primerdl A L. monocytogenes ATCC 191110] Eo|H o2 AZHY LW E coli
O157:H7 ATCC 43894, E. coli KCTC 1039, E. coli KCTC 1041, E. coli KCTC 1114,

S. enteritidis P1, Staphylococcus aureus®l tah o)Al e nolx gk}
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1 234 567 M12 34 5871 M

Fig. 1. Specificity test of primer candidates in detecting E. coli O157:H7 ATCC
43894 and L. monocytogenes ATCC 19111. A, whole cell (10° cells); B, isolated DNA
(100 ng). 1, PF&-PRK (420 bp); 2, PT2-PT3 (252 bp); 3, LP30-LP31 (348 bp); 4,
LPA3-1.P44 (584 bp); 5, AE19-AE20 (1087 bp); 6, MonoA-LislB (660 bp); 7, C(+)-
D(-) (161 bp); 1~5 primer sets for E. coli Ol57:H7 and 6~7 primer sets for L.

monocytogenes.

A B
12 3 458 ¢ 8 M1 2 345¢48¢78

Fig. 2. Specificity test of primer candidates in detecting E. coli O157H7. A,
PF8-PR8 (420 bp); B, PT2-PT3 (252 bp): C, LP30-LP31 (348 bp); D, LP43-1LP44
(584 bp); E, AEI9-AE20 (1087 bp). 1, E coli O157:H7 ATCC 43894; 2, E. coli
KCTC 1039; 3, E. coli KCTC 1041; 4, E coli KCTC 1114; 5, L. monocytogenes
ATCC 19111; 6, S. enteritidis P1; 7, Staphviococcus aureus; 8, negative control (no
template).
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1_:2345;5?8

Fig. 3. Specificity test of primer candidates in detecting L. monocytogenes. A,
MonoA-Lis1B (660 bp); B, C(+)-D(-) (161 bp). 1, L. monocytogenes ATCC 19111; 2,
L. grayi KCTC 35815 3, L. innocua KCTC 3586; 4, E. coli O157:H7 ATCC 43894, b,
E coli KCTC 1039; 6, S. enteritidis P1. 7, Staphylococcus aureus; 8, negative control
(no template).

vl Annealing <=9 W& E coli O157TH73} L. monocytogenesd A&7 % vlxl

A8 primers o]&3ko] E. coli O157:H72} L. monocytogenesZ 7 Zgo] 21014 M

SolAe FEE Fola FolAE FHATZ] 959 annealing ¥+ 55 £43lof PCR
TEAMEY AxE vlwEdtt. PCR %93 % annealing %% =0l primers F

g DNAZF] mismatch7} ZHA5 o] "hg-Eo]Ao] oA 7% 3t mismatchE 7HA &
Fol F71% gtk wEpA 2 Al
A8 primere] thall HolHow HEW @59 E coli OI57H7 ATCC 438943 E. coli
KCTC 1039, L. monocytogenes ATCC 191113 L. innocua KCTC 35865 21 sho]
annealing +%<% 45T (Fig. 1, 2, 3), 55C (Fig. 5), 60T (Fig. 4)olA A A5Fe] FE4k
= AdE skl

Annealing £X%% 60T 55C9A PCR FHAE& g2l Ay, 4
primerdl Al E. coli O157:H7 ATCC 43894} L. monocytogenes ATCC 191119 o3k
o] ol FRl=Edon ALEH primer FAA E coli O157:H7¢] 79 verotoxin =&
AAF sit T 9] primerd] LP43-LP44 (5EA4FE 584bp)7t L. monocytogenesS! 73-%-

o i= listeriolysin-O &&d F21#< Aly A 219 primerel C(+)-D(-) (FZ4HE 161bp)
Q

primerg AHEStE A 37~4HTCE 2522

et
WL

o
o
ko
i

Jm

o

£ A &35 annealing 2% 55T A PCRE 83 < EE AE 5olAS HAth

- 103 -



Fig. 4. Specificity of selected primer in detecting E. coli O157H7 and L.
monocytogenes. The primer was annealed at 60C. A, PF8-PRR (420 bp); B,
PT2-PT3 (252 bp); C, LP30-LP31 (348 bp); D, LP43-LP44 (584 bp); E, AE19-AE20
(1087 bp); F, MonoA-LislB (660 bp); G, C(+)-D(-) (161 bp). 1, E coli O157:H7
ATCC 43894; 2, E. coli KCTC 1039; 3, L monocvtogenes ATCC 19111; 4, L.
imnocua KCTC 3586.

Fig. 5. Specificity of selected primer in detecting E. coli O157:H7 and L.
monocytogenes. The primer was annealed at 55C. A, PF8-PRR (420 bp); B,
PT2-PT3 (252 bp); C, LP30-LP31 (348 bp); D, LP43-LP44 (584 bp); E, AE19-AE20
(1087 bp); F, MonoA-LislB (660 bp); G, C(+)-D(-) (161 bp). 1, E. coli O157:H7
ATCC 43894; 2, E. coli KCTC 1039, 3, L. monocytogenes ATCC 19111; 4, L
innocua KCTC 35%6.

E. coli O157H7 ATCC 43894¢t L. monocytogenes ATCC 19111 714 HolH
primer$] verotoxin LHEFAAF sit T 522 primere! LP43-LP44 (FZAHE 584bp) 9t
listeriolysin-O 2 @744 Aly A 2] primerel  C(+)-D(-) (F%2HE 161bp)ol o
skl T2 reference TF9 EolAS 81357 938l9 annealing =2 55C =2 A s}
ol PCRE 339 th. PCR 23 Ael® primer set® 272} E coli O157:H7 ATCC
438949} L. monocvtogenes ATCC 191119 tialA 5 Eo] A band’} ZEHH9on &
reference ol A= A FZHHA XUt (Fig. 6). 28X E coli O157:H7
ATCC 438940 a4 = LP43-LP44 primer setZ, L. monocytogenes ATCC 191119
3 A= C(+)-D(-) primer setZ 7H4 E0]4 primer set® AElali & 23S 7 &
s Th
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A B
12 3 456 7 811121314 1516 17 18

Fig. 6. Specificity test of LP43-1.P44 and C(+)-D(-) primer set in detecting E. coli
O157:H7 and L. monocytogenes, respectively. A, LP43-LP44 (584 bp); B, C(+)-D(-)
(161 bp). 1, E. coli O157H7 ATCC 4389%4; 2, E coli KCTC 1039; 3, E. coli KCTC
1041; 4, E. coli KCTC 1114, 5, L. monocytogenes ATCC 19111; 6, S. enteritidis P1
7, Staphylococcus aureus, 8, negative control (no template); 11, L. monocvtogenes
ATCC 191115 12, L. grayi KCTC 3581; 13, L. innocua KCTC 3586; 14, E. coli
O157:H7 ATCC 43894; 15, E. coli KCTC 1039 16, S. enteritidis Pl; 17,
Staphylococcus aureus; 18, negative control (no template).

Ab. A" E primer set®] PCR #H & z71 25

E. coli O157:H7 ATCC 4389429} L. monocytogenes ATCC 191119 714 Eo] 3

rﬂh

£

primer?] verotoxin &K HAA}F slt 1 29 primere] LPA43-1P449} listeriolysin-O 2
AHAZA hly A Fd9 primer C(+)-D(-)ol s}le] primer &%=, annealing X,

PCR W& cycle & 59 &7 wE AU 4EE A

lﬂ

24, primer ¥%d W& AZPEE 8lwsly] 915 AccuPower ™ pre-mix

FMJ

(Bioneer, Korea)oll template®4] 10 nl2] whole cell (10° cells), Z7+e] primere] %%
5, 10, 20 pmolo] =% 7lste] % volumeo] 20 ul® PCRS F#3th PCR &
ZzxAL A7FA B4s9 o™ annealing 5= 55C = AA s8¢

Fig. 77} & AAIs nlek o]l E coli O157:H79 7%, primer® == 5 pmol&
A7t S W 107 cell FEAAL EZo] w=x kot 10 pmol ¥ %9 primer #

7} AellE 10" cell Al 7AEo] 78 primer %22 20 pmolZ &Fd 10°
e

(o]

o 7
cell +=7FA A& 7tedtdoy v8 HAEAr 2 v99 (Fig. 7). L. monocytogenes
I A% primerE 5 pmol FECE H7ISHE wde FFo] HA ot

primer %2 10 pmol® 20 pmol® 39 10" cell &M AE7H% 399 (Fig. 8).

a3y, L. monocytogenes® 7% primer ¥ 5% 0 pmol® Z/HNAE A&EFE7t &
A8 MAHAE kot 10" cell FFolA AEHEE ok G
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Fig. 7. Sensitivity of LP43-LP44 set in detecting E. coli O157:H7 according to primer
concentration. A, 5 pmoles; B, 10 pmoles; C, 20 pmoles. 1~3, E. coli O157:H7 ATCC
43894 1x10°~10" CFU; 4, negative control (no template).

Fig. 8. Sensitivity of C(+)-D(-) set in detecting L. monocytogenes according to
primer concentration. A, 5 pmoles; B, 10 pmoles; C, 20 pmoles. 1~3, L.
monocytogenes ATCC 19111 8x10°~10' CFU; 4, negative control (no template).

Fig. 99} 10& PCR % Al WH3 cycle ol M2 HEPEE vlwst Zolth. PCR
S% cycle® 30 cycle® 3191 S wo&= o= FEo A% target A7 FE R R &gk
o} 359 40 cycles TEHS A9 100 cell £Eo)A FZHHUG (Fig. 9, B-lane 2,
C-lane 2). 231}, 40 cycleS SEAR 49 Ae4=7t @48 F4d Aoz vers
o} (Fig. 9, C-lane 2). 28, L monocytogenes®] 7% (Fig. 10), E. coli O157:H7%
AR 30 eycledl e FEE A L wbd 35 cycled} 40 cycled] A E 107 cell %

o FEARCY FENE) AEAEI $T3 Bt
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Fig. 9. Sensitivity of LP43-LP44 set in detecting £ coli O157:H7 according to PCR
cycle number. A, 30 cycles; B, 35 cycles; C, 40 cycles. 1~3, E. coli O157:H7 ATCC
43894 1x10°~10° CFU, 4, negative control (no template).

Fig. 10. Sensitivity of C(+)-D(-) set in detecting L. monocytogenes according to
PCR cycle number. A, 30 cycles; B, 35 cycles; C, 40 cycles. 1~3, L. monocytogenes
ATCC 19111 8x10°~10" CFU; 4, negative control (no template).

i

gto 2

=,
Y
i
N
N
ki
il
=

E Addores PCR SZdAldl 9 annealing =& %
WA 39Tk E coli O157:H72) 7% annealing <=7} 50ColA] ¥-8-A1 2 S o 10°
CFU F&eA dEe] 7bFgatd ot 55T 100 CFU 0l 4 5ol el

al
2 A&5HY3 (Fig. 11, B-lane 2), 60CIAE 238 10° CFU FEdAE e =

>

701-

Fig. 11. Sensitivity of LP43-1LP44 set in detecting E. coli O157:-H7 according to PCR
annealing temperature. A, 50C; B, 55C; C, 60C. 1~3, E. coli O157:H7 ATCC 43894
1x10°~10° CFU; 4, negative control (no template).
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Fig. 12. Sensitivity of C(+)-D(-) set in detecting L. monocytogenes according to
PCR annealing temperature. A, 50C; B, 55C; C, 60C. 1~3, L monocvtogenes
ATCC 19111 8x10°~10" CFU; 4, negative control (no template).

&2 Tag polymerase (Bioneer, Korea)Z 05, 1, 2 unit® H7lstdon MgChs

A

o|X
A

_/}_ﬁ,O_ A

15, 3,5 mM% 7}t thg PCR %4b2< waaiddrh 2 o) PCR e 4
A% SdeAl FaAsAch. 1 A3k B coli OI5THTH L monocytogenes®] 7%

55 Taqg polymerase® 2 unit H7}et A $-ovt ZZ 2ol A&H AT} (Fig. 13, 14).

BE

Fig. 13. Sensitivity of LP43-LP44 set in detecting E. coli O157:H7 according to the
amount of Taqg polymerase. A, 0.5 unit; B, 1 unit; C, 2 unit. 1~3, E. coli O157:H7
ATCC 43894 1x10°~10° CFU; 4, negative control (no template).

Fig. 14. Sensitivity of C(+)-D(-) set in detecting L. monocytogenes according to the
amount of Tag polymerase. A, 0.5 unit; B, 1 unit; C, 2 unit. 1~3, L. monocytogenes
ATCC 19111 8x10°~10' CFU; 4, negative control (no template).

- 108 -



< MgChe FXko] u}

15 mM o]Ato] #H e AS 107 cell FFolA BHGAR 297 Z2ZF P00 E coli

ol
g
O
=
ol
&

e Alaskith 1 A, MgCle s =7}

O157:H73} L. monocytogenesel Al 55 A&7 =7F A493s] bt (Fig. 15, 16).

Fig. 15, Sensitivity of LP43-LP44 set in detecting E. coli O157:H7 according to
concentration of MgCl, A, 15 mM; B, 3 mM; C, 5 mM. 1~3, £ coli Ol57:H7
ATCC 43894 1x10°~10° CFU; 4, negative control (no template).

Fig. 16. Sensitivity of C(+)-D(-) set in detecting L. monocytogenes according to
concentration of MgCle, A, 1.5 mM; B, 3 mM,; C, 5 mM. 1~3, L monocytogenes
ATCC 19111 8x10°~10" CFU; 4, negative control (no template).

U 3FF9 Tag polymerase® AElsto] o]E F o] mE

g
G
=y
of\
i
ol

I3
=

“ﬁl
I

=
ol
L
3R
o
T

CR #71& primer ¥ %+= 10 pmol, Tag polymerase -&

, template ss whole cell& 10°~10' CFU #&o=

o] g3l tt. PCRE annealing %2 55CoA F=3sd 35 cycles ¥HE3le] 23}

Atk 1 A RE Z25H59 Tag polymerased Al 100 CFU 394 PCR ZEA2<%

#E&d = ddew TG FF ¥FE HESE AF E coli OI5THT7NA L.
i

=t (Fig. 17, 18).
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B

Fig. 17. Sensitivities of LP43-LP44 and C(+)-D(-) set in detecting E. coli O157:H7
and L. monocytogenes, respectively according to commercial Tag polymerase. A,
Bioneer; B, Intron; C, Takara; D, Roche. 1~2, E. coli O157:H7 1x10°~10" CFU; 3~4,
L. monocytogenes 8x10°~10° CFU.

Fig. 18. Sensitivities of LP43-1LP44 in detecting E. coli O157H7 according to
commercial Tag polymerase. A, Bioneer (Premix); B, Takara (Ex-); C, Intron (i-).
1~3, E. coli O157:H7 2x10°~10" CFU; 4, negative control (no template).

H\:

AL F)st7] fsted o8 7k PCR
factorell e WA =E ZALEATE &% factor 5 primer %, PCR cycle <,

Soldt. Primer =% 10

A HE primer set £& o]83% PCR HA=%

off
H

annealing %, 7Taq polymerase® unit, MgCl<]
pmoles, PCR cycle #% 35~40 cycles, annealing %% 55C, Tag polymerase: 2

w7 vnd %A Ugd oldd 20sg

i)

unit, MgCht 3 mMzZ d&d9S u 9

PCR 7] Abgele] Aoz HAuEE Tag polymerased &8 vlns 2

skl ot Bioneerel A% 2a "oAE AFol AT e

of & Ael7t glo] AgAE f3) ol & v AFEe A
&

dted pure cultured] ek X ¥ primere

=

)

L AnEoR g

Bioneer premix

ST v = —

H B
ol }o{n
o

# E coli OI5TH7L 10° cells! ¥V L. monocytogenes= 10°

cells oAt} (Fig. 19).

PN
>
o
mﬁ
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Fig. 19. Sensitivities of LP43-1.P44 and C(+)-D(-) primer set in detecting E. coli
OI57TH7 and L. monocytogenes, respectively. Whole cell was used as a PCR
template. 1~6, L monocvtogenes 1.4x10°~10" CFU; 7, negative control (no
template); M, 1 kb plus ladder; 11~16, E coli O157:H7 2.1x10°~10" CFU; 7,
negative control (no template).

o}, Food matrix &35 #4353} template 24 H Ay &2
T e B coli O15T:H73 L. monocyvtogenes©] thsle] A& s PCR £% 3

25 olEstd AdEIL dE 55 9 S57bEAEd 2de Hd4gsid fdE%

tlo

(detection efficacy)E ZA}sleltt.

AFARERE AAYS 71D g PCR SEWk3-9 78 zabsty] Ysto] Algt
31 9l PCR premix (AccuPower ™, Bioneer, Korea)o] anti-sense®} sense Z&ho]r]
£ 10 pmol, DNA template?l 7-¢- 50 ng, Mg Aoz HE 2% F13 whole cell¥ o
= A3 cell lysateE 717F @il (14, 10, 7, 5, 3, 1 1) PCR $&whe-& A A 3kait]
7t A5 EAo w2 matrix 23 2 A& E0] g3k PCR Z 24342 Fig. 200] A]
Fig. 317FA] Al Al s} AT,

Whole milk®] %% E. coli O157:H7< LP43-LP44 primer set® Z &8¢tk 2 4
o, AFE milkE TR 3 pet 1wy 2 AgddeE FEIdou, 5 ul ode

A A FERE A

ZH A Atk (Fig. 4-1 A). Z1of vla] QA8 F dojzl
whole cellol A= 10° CFU #&014 FZatgovt 20w gt oo us whole
cell& 98TolA 1087 A& cell lysates o] &3 F$ 1
EUEE FZ9P o, geomic DNAE template® o] &3 Aol 10° CFU 430 A

E agEE FEHAY (Fig. 20, B, C, D).
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Fig. 20. Matrix effect and sensitivities of LP43-1.P44 set in detecting E. coli O157:H7
from raw milk. A, matrix effect test (14-0 ul raw milk); B, whole cell; C,
heat-treated cell lysate; D, supernatant of the lysate; E, isolated DNA. 1~6, addition
of 14, 10, 5, 7, 3, 1 ul raw milk, respectively; 7, negative control; 8~10, E. coli
O157:H7 10°~10° CFU/ml; 11, negative control; M, 100 bp ladder.

Ol

st A7} whole milkel BE3% 222 PCR template® ©]-&39 S uf !

NI

5
17bet B SEFAMEo] HAEFHAY (Fig. 21, A). 181y}, whole cell& o8t

o

i

=
CFU ##elX #AZ590r Q488 ARl A2gsr $4594 49t (Fig.

21, B, C).

Fig. 21. Matrix effect and sensitivities of C(+)-D(-) set in detecting L.
monocytogenes from raw milk. A, matrix effect test (14—0 ul raw milk); B, whole
cell; C, heat—treated cell lysate; D, supernatant of the lysate; E, isolated DNA. 1~6,
addition of 14, 10, 7, 5, 3, 1 ul raw milk, respectively; 7, negative control; 8~10, L.
monocytogenes 10°~10° CFU/ml; 11, negative control; M, 100 bp ladder.
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BAAERA @& ol&d AS E coli O157H7S mEC broth Wl #} ham A&
= w39 homogenateE Z7F 5 ul FEolA H7FEERE W, PCR &0 WA
FHES BT (Fig. 22, A, B). 218t whole cellel M (Fig. 22, C) 10° CFU %
Fol A AEEgon A2 d cell lysatex 10" CFU, genomic DNAE template® ©]
43 Aol 100 CFU S3olA #&o] 7bealgldt (Fig. 22, D, F). 28, L
monocytogenes+ Listeria enrichment brotholl A &3k viddS T = templateZ 9]
S A5 5w ArteEdAs SEA L ¥ A= homogenate®: LHE A7 A4

yal

A7t 7 pll A E L monocytogeness= EE3l9th (Fig. 23, A, B). Z#u}
whole cell, cell lysate®}t genomic DNAE Z+7F PCR template® ©] &3 A5+ L
monocytgenes 5°1% Zglolul C(+)-D(-)9] <lAH¥§ FxiEo] AE=HZA ekt

(Fig. 23, C, D, F).

A B
123 45% 1TM 12 345 B1TM

c b E F
1.0 3401 2 3. 41 2 34 1. 2.3 4 M

Fig. 22. Matrix effect and sensitivities of LP43-1LP44 set in detecting E. coli O157:H7
from ham. A, matrix effect test (14~0 pl mEC broth); B, matrix effect test (14~0 pl
ham sample homogenate) C, whole cell; D, heat-treated cell lysate; E, supernatant of
the lysate; F, isolated DNA. 1~6, addition of 14, 10, 7, 5, 3, 1 ul mEC broth (or ham
sample homogenate), respectively; 7, negative control, 8~10, E. coli O157:H7 10°~10°
CFU/g; 11, negative control; M, 100 bp ladder.
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Fig. 23. Matrix effect and sensitivities of C(+)-D(-) set in detecting L.
monocytogenes from ham. A, matrix effect test (14~0 ul Listeria enrichment broth);
B, matrix effect test (14~0 ul ham sample homogenate); C, whole cell; D, heat-
treated cell lysate; E, supernatant of the lysate; F, isolated DNA. 1~6, addition of
14, 10, 5, 3, 1, 0 ul mEC broth (or ham sample homogenate), respectively; 7, negative

control, 8~10, L. monocytogenes 10°~10° CFU/g; 11, negative control; M, 100 bp
ladder.

12034 12 3 4 12 3 4

Fig. 24. Matrix effect and sensitivities of LP43-1.P44 set in detecting E. coli O157:H7
from chicken meat. A, matrix effect test (14~1 ul chicken meat sample homogenate);
B, matrix effect test (14~1 ul chicken meat sample homogenate for direct PCR) C,
whole cell; D, heat-treated cell lysate; E, supernatant of the lysate; F, isolated DNA.
1~6, addition of 14, 10, 7, 5, 3, 1 1l chicken meat sample homogenate (or chicken
meat sample homogenate for direct PCR), respectively; 7, negative control, 8~10, E.
coli O157:H7 10°~10" CFU/g; 11, negative control; M, 100 bp ladder.
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ERIANERA AELZE ol&dte] AP ZIE Fig. 249 AN E coli
O157H7ES Ay #Este] 7433 homogenateS template® ©] &3 A9 1 ul
£ H7Me A5-olwt PCR $3% &0 A%t (Fig. 24, A). HomogenateS 4112
3t dojx whole celld} o] 2 Ax2] 8 cell lysate® template® ©) €3 A3 L coli
OI57H7S ZZH A ¢kgkem genomic DNAE o] 48 Z9owt 10° CFU &4 4
o] 7bsstd Tt (Fig. 24, C, D, F). wtdol] A ii7le] L. monocvtogenesE 3}
°] & template® ©]l&3 23 3 ul FFNA H7E A Sl target bacteria’} & E 3}
ol T2 g sloe=w JEidth (Fig. 25, A, B). XEg

A T Hrre A
whole cell& H7Ig A9ode TFHFAES AET & glon 488 cell lysateE

B[
tlo
ol
:OL_’I

At

template® o] €3 A% 10° CFU, genomic DNAE template® #H7}3 A$d = 10"
CFU 5ol F%o] 71589ttt (Fig. 25 D, F). B2 E o2 s 078 o] §3}9]
target 2 &3 AINE Fig. 4-7 # 4-89) A|A &Lt E coli OI5THTS 24471

i kels T2 PCR template® ©] 83 A-$, 3 ul A7t A HEo) 7Mssg e
HA 7] Az HE:s ol wHEs ARE TUE H/E HAfel= 1w #Hs

=

FAARE FZo] 7bestAnt (Fig. 26, A, B). 1A 31719 4%, whole cell, cell lysateZ
PCR template® ©] &3 7% E coli O157H7°) A&HA &L%ot genomic DNAEZE
At (Fig. 26, C, D, F). 18]y}, L

monocytogeness 73&3L7] 98te] LEBolA =13t w8 PCRel &3 F% 3 ul
HA7brsd A AE2dHdey #xar)e) FHFEAA Z3T3% homogenateE & PCR
template®. ©] u @7 oA PCR %] 7Feaklth (Fig. 27, A,

3
B). A7l HF o] Stk § dojx whole cell# o] G ald cell lyasteE

o] &3 A 10° CFU #ZoA 7=z 7AZ

Olfo
onl
o
2
ol

1—4

template® ©]| &%t A9 L monocytogenes7} &5 A %% 2™ genomic DNAE o]-&

g 49 10° CFU 34 A&o] 7Hsaglnh
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Fig. 25. Matrix effect and sensitivities of C(+)-D(-) primer set in detecting L.
monocytogenes from chicken meat. A, matrix effect test (14~0 pl chicken meat
sample homogenate); B, matrix effect test (14~0 ul chicken meat sample homogenate
for direct PCR); C, whole cell; D, heat-treated cell lysate; E, supernatant of the
lysate; F, isolated DNA. 1~6, addition of 14, 10, 5, 3, 1, 0 ul chicken meat sample
homogenate (or chicken meat sample homogenate for direct PCR), respectively; 7,

negative control, 8~10, E. coli O157:H7 10°~10" CFU/g; 11, negative control; M, 100
bp ladder.
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Fig. 26. Matrix effect and sensitivities of LP43-LP44 set in detecting E. coli O157:17
from pork. A, matrix effect test (14~0 pl pork sample homogenate); B, matrix effect
test (14~0 ul pork sample homogenate for direct PCR); C, whole cell; D, heat-
treated cell lysate; E, supernatant of the lysate; F, isolated DNA. 1~6, addition of
14, 10, 5, 3, 1, 0 Wl pork sample homogenate (or pork sample homogenate for direct
PCR), respectively; 7, negative control; 8~10, E. coli O157:H7 10°~10" CFU/g; 11,
negative control; M, 100 bp ladder.
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Fig. 27. Matrix effect and sensitivities of C(+)-D(-) primer set in detecting L.
monocyvtogenes from pork. A, matrix effect test (14~0 ul pork sample homogenate);
B, matrix effect test (14~0 ul pork sample homogenate for direct PCR); C, whole
cell; D, heat-treated cell lysate; E, supernatant of the lysate; F, isolated DNA. 1~6,
addition of 14, 10, 5, 3, 1, 0 W pork sample homogenate (or pork homogenate for
direct PCR), respectively; 7, negative control; 8~10, L. monocytogenes 10°~10"
CFU/g; 11, negative control; M, 100 bp ladder.

SH7FEEAA FHAF FUE Az BeiEE AEFS S (steamed pork leg)S
matrix effect @ PCR A&7% Add L-g3k5ith Fig. 289
AAG o2 Sl E coli OI5THTS HFate] #4dstd A && “10i= PCRel 4
oS 5w FEAdA "I A 2UER Eo] 7HEstdth (Fig. 28, A, B). E
coli OI5TH7E A&Este olg ddELS thd dojzd whole cell& PCR template 2
ol g8 A% 10" CFU #Fo4 75z 71253 0n cell lysate: 10° CFU, genomic
DNAZ o83 A% 10° CFU &4 a=E2 A3t 2e, whole cellS -
W2 template® ©]-&3 71 Xt} genomic DNAS ©]| 43 AHo] A=pEr €538 34
Hd (Fig. 28, C, F). L monocvtogenesE d&35 A2 Fig. 290] A3t} LEB
iR A Fek A& I E template® ©]-§3 3} Fubo] HEs] ol & FH 3}
g tE A4 template® o] &3 A= 5wl FEAA HIbelol® PCR %S W3l

Al &3 L monocytogenes7t TEH PSS & AdAk (Fig. 29, A, B).
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Fig. 28, Matrix effect and sensitivities of LP43-1P44 set in detecting E. coli O157:H7
from zochal. A, matrix effect test (5~0 ul zochal sample homogenate); B, matrix
effect test (5~1 ul zocbal sample homogenate for direct PCR); C, whole cell; D,
heat-treated cell lysate; E, supernatant of the lysate; F, isolated DNA. 1~4, addition
of 5, 3, 1, 0 ul zochal sample homogenate (or zochbal sample homogenate for direct
PCR), respectively; 7, negative control; 5~7, E. coli O157:H7 10°~10" CFU/g; 8,
negative control; M, 100 bp ladder.

A B
1 234123 M

U NV ———

C ... 3
6 6 7868 7T 856 7.8568 7T8M

Fig. 29. Matrix effect and sensitivities of C(+)-D(-) primer set in detecting L.
monocytogenes from zocbal. A, matrix effect test (B~0 3l zochal sample
homogenate); B, matrix effect test (5~1 Ul zocbal sample homogenate for direct
PCR) C, whole cell; D, heat-treated cell lysate; E, supernatant of the lysate; F,
isolated DNA. 1~4, addition of 5, 3, 1, 0 ul zocbal sample homogenate (or zocbal
homogenate for direct PCR), respectively; 7, negative control; 5~7, L. monocytogenes
10°~10" CFU/g; 8, negative control; M, 100 bp ladder.

a2y, whole cell# o]E dA 23 cell lysateE template® ©]83F 74 $-ol & target
bacteria®] FZAEo] A&HA &¥gon 10° CFU %9 L monocytogenesdl| Al 2]

% genomic DNA¥WFo] ZF2at&eS #ast &= 99t (Fig. 29, C, D, F).
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o) Tyt o1 A3 #djol| E coli O157H7TS HEste =73 & o2

A3 PCRel 483 4% 5 u #7tg F5oA PCR T%e] 7Hsatger (Fig 4~11,

e
ek
o

B), whole cell¥} cell lysateZ template® o] 83 A% 10° CFU FFo]A] 730 715
stath. 18y, genomic DNAE template® o] &8 A4S A&=75= 34 €459 10°

CFU selM ngies &9 A (Fig. 30, C, D, F).

12 34 1 2 3 M

5 B 7856 T8 56T 856 78 M

Fig. 30. Matrix effect and sensitivities of LP43-1LP44 set in detecting E. coli O157:H7
from sundae. A, matrix effect test (5~0 ul sundae sample homogenate); B, matrix
effect test (5~1 ul sundae sample hcmogenate for direct PCR);, C, whole cell; D,
heat-treated cell lysate; E, supernatant of the lysate; F, isolated DNA. 1~4, addition
of 5, 3, 1, 0 ul sundae sample homogenate (or sundae sample homogenate for direct
PCR), respectively; 7, negative control; 5~7, E. coli O157:H7 10°~10" CFU/g; 8,
negative control; M, 100 bp ladder.

w3t L. monocytogenes®l W3t #HES AE3 A, A 89 homogenateE A A
PCR templateZ o]&3t A 5 ul 5o FZo] ¥l o whole cell, cell lysate ¥
genomic DNAZ 717} template® o] 43 7o = 10° CFU 5ol #AZo] 71534

 (Fig. 31, C, D, F).
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Fig. 31. Matrix effect and sensitivities of C(+)-D(-) primer set in detecting L.
monocytogenes from sundae. A, matrix effect test (5~0 pl sundae sample
homogenate); B, matrix effect test (5~1 ul sundae sample homogenate for direct
PCR); C, whole cell; D, heat-treated cell lysate; E, supernatant of the lysate; T,
isolated DNA. 1~4, addition of 5, 3, 1, 0 pl sundae sample homogenate (or sundae
homogenate for direct PCR), respectively; 7, negative control; 5~7, L. monocytogenes
10°~10" CFU/g; 8, negative control; M, 100 bp ladder.

L
o
£
Y
o
d\
Ay
o
I}
L

el 49 matrixe] GG vl G woy =5 A& Ag

W= Ao 2 UERgth T3 template typeel WE PCR Wz =& i8] AlFoA A
AE DNAZE 714 =4 vske™ E coli O157:H79] L. monocvtogenesoll W8] &7+
=7 otttk aev, gAEE 2 dHe To EBEld wHoR FAS template®] 7

$ algvbe wel mgwst A ggEd ol 4gedte AzEel et gol wa

Aoz FFEo, B AFoAE template typed] W2 PCR £E%4E A =Z vlnst
A matrx EIFE HAagE £ odE WES geolraux v 21 A# E coli
OI57H79 A%, $folrs ddRel2 343 whole cell® template® ©]-&3 49
10° CFU F#0A A% 7isstgott dag s cell lysater 10° CFU, 281 genomic

DNAE o] &3 7%= 10° CFU 3o 4% 71589 (Fig. 32, A, B, D).
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i) Milk

Fig. 32. A, whole cell; B, heat-treated cell lysate; C, supernatant of the lysate; D,
isolated DNA. 1~5, E coli OI57H7 2.1x10°~10% 6, no spiked milk; 7, negative
control (no template); M, 1 kb plus ladder.

a8y, L monocytogeness AZ7FE7F AEE] wolba] whole cell®

A% 10° CFU,
cell lysate= 10° CFU %A 4% 523 genomic DNAZ template® o] &3 7%

= 10° CFU #2404 A2 715890 (Fig. 33, A, B, D).
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Fig. 33. A, whole cell; B, heat-treated cell lysate; C, supernatant of the lysate; D,
isolated DNA. 1~5, L. monocytogenes 7.2x10°~10% 6, no spiked milk; 7, negative
control (no template); M, 1 kb plus ladder.

stol Age Ay AE AR A HoldEe & F AT (Fig. 34). E. coli

O157:H7¢1 79, whole cell& ZZ A7 &

= 10" CFU, genomic DNAZ ZZAZAS wi 10° CFU 4504 d&=90 (Fig. 32

A, B, D). ¥4, L. monocvtogenes= whole cell?] A% 10° CFU, cell lysate® 10°
CFU, genomic DNA+T

H

10" CFU %ol A #AEH o] E coli O157:H7 Bt A&7 wr)
ok} (Fig. 34, E, F, H).
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Fig. 34. A, E, heat-treated cell lysate; B, I, supernatant of the lysate; C, G, isolated
DNA (phenol:chloroform extraction); D, H, isolated DNA (genomic DNA isolation Kit,
Bio-Rad). 1~3, E  coli OI57H7 5x10°~10% 4, no spiked ham; 5~7, L.
monocytogenes 6x10°~10% 8, no spiked ham; M, 1 kb plus ladder.

Cheesedl] 2 9A7] HF2 3438 PCR =3
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2EMAS & A3, dEsE A E9 phasert EEHA &k wEbAd, E coli
O157H7S 2%, L. monocytogenes’®™ DNA template?to] Z¥%o] 7}ssg o A&7
Y= E. coli O157H73} L. monocytogenes 7+7} 10° CFUF 10° CFU F3d A 712
7bsskait} (Fig. 35, D, H).

i) Cheese
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Fig. 35. A, E, heat-treated cell lysate; B, F, supernatant of the lysate; C, G, isolated
DNA (phenol:chloroform extraction); D, H, isolated DNA (genomic DNA isolation Kkit,
Bio-Rad). 1~3, E. coli O157:H7 5x10°~10% 4, no spiked cheese sample; 5~7, L.
monocytogenes 6x10°~10% 8, no spiked cheese sample.
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Ao ZRE F23 whole cell, cell lysate @ genomic DNAZ template® ©] 83}

of PCR SZA1Z1 23, 98T A 1027 43 cell lysate?t genomic DNAOIA E

coli O157HT L. monocytogenes:= 10 CFU $&dA 7 &5 01} DNA template
%

g o]&% A, HAEH=r dA =3 (Fig. 36, C, F).

=

12 3 4 31 2 34 1 2 44 M.

- -
E BoF B Kb % BUK K TR

Fig. 36. A, D, whole cell; B, E, heat-treated cell lysate; C, F, isolated DNA. 1~4, E.
coli O157:H7 1.2x10°~10° CFU/g; 5~8, L. monocytogenes 7.5x10°~10" CFU/.

L
o
1o
(4
ek
i)
B
m{m
FJ

5 whole cell® PCR template® ©]&8S A E coli
OI57H7L 10" CFU 2714 dZE o] 7bsdl ot 98Tl A 1087 dxegozn A&
ot WA L monocytogeness 107 GFo) A 7ZEo] 71535l

AEZAZ=7 BlnA okl o]i= L monocytogenes7t LA
2 94" AEEE AU o] Axuie] DNA &0 &olstA| &7]
Basar gty dAEeste] AEoRRE odd e olg 345t
DNA &%$& &olstAl st v L monocytogenese] 7% ZLA 371 gl Aoz o
stk B cheese®t o] @dd] wAsgiEo] ARV oEHE AlEe FEEA
genomic DNAZ FZ3}o] PCR template® ©o]&3joF 3l Al8% vt g, RE
T AFEAECAAM odE AFETES TUA e 58t dA- S cell lysate

£ PCR template® o]g38 A% 10° &FolA AZo] 71539t (Table 2).
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Table 2. Detection limits of E. coli O157H7 and L. monocytogenes in artificially
inoculated food samples before (whole cell, heat-treated cell lysate, genomic DNA

isolate) and after (heat-treated cell lysate) enrichment.

Detection limit (initial CFU/ml or g) of E. coli O157:H7

Food sample
b (L. monocytogenes)

Before enrichment After enrichmet
Heat-treated cell | Genomic DNA | Heat-treated cell
Whole cell .
lysate isolate lysate

Raw milk >10" (10% >10" (10°) >10* (109 >10" (10°
Raw chicken ND* (ND) >10* (107 >10" (10") >10" (10%
meat
Ham >10" (10°) =>10° (10°) =107 (10" =10 (10"
Cheese ND (ND) ND (ND) =107 (10°) >10" (109

* No detection.

PCR was performed with 10 pmole primers using 2 Wl of each preparative template
in 20 uwl PCR mixture. E. coli O157:H7 and L. monocytogenes were enriched for 8 hr
at 37C and 24 hr at 37C, respectively. Each sample was artificially inoculated with
the following range. Raw milk, 10° to 10° CFU/ml of milk; raw chicken meat, 10° to
10° CFU/g of meat; ham, 10° to 10° CFU/g of ham; cheese, 10° to 10° CFU/g of
cheese sample.

2k Nested PCR #& =444 2 2% Ha4
Nested PCR2 38l HAFARY FZEAE o]9je] g oziy F3le v 5ol
- el

A s AAAY AEAEE FEAT7] Hste] o] &H )
=]

Ao A AFE3E primer setoll 4] forward primers Lt Z o] §3}il reverse primer &

AT Al A7) 9]

#1E& WA SH= semi-nested PCRE-S Attt E coli O157:HT72] 7% sit 1T 29
primer?] LP43-LP44 (584 bp) primer setZ 1%} PCR &%& 98lo] ol &3t 2%
PCR F%oll & reverse pimerz Y3t sit I 59 primer (ZZ4E 320 hbp)E ol &
EIEVAR

LA, 13 PCR Abed A719EdelA &detsle W E coli OISTH7H L



o,

BT 107 cell 704

e
=N

monocytogenes?] pure culture® PCR %3t A9 % H

HzEol 7Mestd oy 23 PCR #=Z 4% (semi-nested PCR A4), E coli O157TH7S
10" cell, L. monocytogenes= 10° cell FFoA 7AZ5 k. 18, semi-nested PCR

S A&e Ao HEUNEE SRy, SF4HE9) backgroundZt #EE GO
W oH ol Hel ME HEEHICL ol 2% PCR % cycle + 59 $EX24L =74

&
gdoay e 4 i ATFE T (Fig. 37).

E. coli O157:H7 L. monocytogenes
(A) 12 3 45 M 123 45

Fig. 37. Semi—nested PCR with pure culture of E. coli O157:H7 using LP43-1LP44
(684 bp), upper-left panel; LP43-sitI] R nested (320 bp), lower-left panel and L.
monocytogenes using C(+)-D(-) (161 bp), upper-right panel; C(+)-hly A R nested
(123 bp), lower-right panel. Lane 1~4, 10° to 10" cells in a 20 ul of PCR mixture;
lane 5, negative control. Panel A, 1% PCR; panel B, 2" PCR (semi-nested PCR).

U2 E. coli O15TH7S %ok siA 7ol e dA12l & PCR #E¢ A=A
10" cell 3ol AdEHAYo™, L monocytogenesSl A% zhzhe] Algol A 10
cell ol HEFH Ak 21}, semi—nested PCRE 4-&3}e] 23 PCR 5% § A&
S HES AW L coli OI57THTH L. monocytogenes™ -5l A= 10° cell, =] 317]

M E 10" cell FFolA HE st (Fig. 39).
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Fig. 38. Semi-nested PCR with pure culture of E. coli O157:H7 using LP43-1P44
(584 bp), A panel-a, b; LP43-sitIl R nested (320 bp), C panel-a, b and L.
monocytogenes using C(+)-D(-) (161 bp), B panel-a, b; C(+)-hly A R nested (123
bp), D panel-a, b. a, whole milk; b, raw pork. Lane 1~4, E. coli Ol57:H7 or L.
monocytogenes 10°~10" cells/ml (g); 5, negative control; M, 100 bp ladder (BioLabs).
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(applicability) & HAEsIACH Aol AegAzE= 1Y, 59, 7499 A WHel A3 43
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e FFTE W dE¥AZl 3 98T oA 1087 EXd sty dA g AlEE cell
lysate® &) 2 ul #3Fe] A% PCR template® o] &3ttt 2z o] 3k o okAd
RO AHge] dF seAe glels] fldte] E coli O167THTA Wigh 13} ~==2)
T2-3 Zg}olHE o]-&39 2™ L monocytogenest= C(+)-D(-) Zdlojn & o] &
SHATh 12k 2#gdgel A AEd Azl &8l E coli O157:H7S PF8-PRS, LP3-31,
1831 LP43-LP44 5o Sol# xetolnlE ol&dt3lom, L monocytogenest
MonoA-LisIBE ol-&3sto] &8 Ags a9

zrzko]l Wlitel et 12 ~=78]y PCR %438 ZAIE Fig 39904 Blws] H,
T vtEe] A (Fig. 39, AD# =9 (Fig. 39, A4), AHAF (D9 =5 (Fig. 39, B2)
IS (Fig. 39, B3), AAAE @A 943 A5 (Fig. 39, D3 &0 (Fig. 39,
DAl A E. coli O157:H70] Aoz 7A&¥ 0}t L monocvtogenes® LG RE A=
skl flste] 12 2Aaeld BEXow C(+)-D(-)e] ZgteolmE o &3t PCRE HA sk
o 1 A3} Fig. 40014 AATGE vk Zo] TrEESA FYdst =5 (Fig. 40, A2), LV E
o) £% (Fig. 40, A2), e8] AgAd @94 F+98 =& (Fig. 40, D2)lA L
monocytogenes?t FAZF Atk wabd, 12} AFo) dHdAEE A2 9dE fidoe=w
gA2d-s FPstAutt. Fig. 41 (panels A, B, C)ollA HoX &= npe} zro] zhzhe]
species—specific primerel €3k 22 AZWolx E coli OI57H7E 2% SA4¥8&
Hlow L monocytogenes 5013 HEE Zelol R FET 2 THY EFA L

monocytogenes?t ¥ o2 #AZE&E At (Fig. 41, D11, D12).
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Fig. 39. Detection of E. coli O157:H7 (PT2, 3 - 252 bp) fro meat products collected
in the markets. A, T mart; B, L supermarket; C, J market; D, Z market. 1, chicken

meat; 2, pork; 3, zocbal; 4, sundae; 5, beef; +, positive control (pure culture); -,
negative control (no template); M, 100 bp ladder (BioLabs).

A B c =D
1 234 6123 4512 3.4 M 1734

Fig. 40. Detection of L. monocytogenes (C(+), D(-) - 161 bp) from meat products
collected in the markets. A, T mart: B, L supermarket; C, J market; D, Z market. 1,
chicken meat; 2, pork; 3, zochal; 4, sundae; 5, beef; +, positive control (pure culture);
-, negative control (no template); M, 100 bp ladder (BiolLabs).

Fig. 41. Confirmation of E. coli 0152H7 and L. monocytogenes with species—specific
primers. A, PF8 PR8-420 bp; B, LP30 31-348 bp; C, LP43 44 584 bp. 1, Al; 2, A4,
3, C2; 4, C3; 5, D1; 6, D4 (upper panel); L. monocytogenes; D, MonoA Lis1B 660 bp;
11, A2; 12, B2; 13, D2 (upper panel); + positive control (pure culture); —, negative
control (no template); M, 100 bp ladder (BioLabs).
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Xabol Al =A% NBE AdAz A 10 o FEHor FHste] 0.1% peptone

00 mE Thetan ~EvA SEt 2Eug @ F flers 99 oS 1 mA 3

AN
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stel det Aol B SHulAE 9 ml H7Eske] 37°Col Al 2441 7F k&g th. ok

T Fdagel 1 mye Askel 16000 gl A 1087 AAEY F PR velm 3
ABe 334 R4 28 AF F pe 2oz Q4¥e F 4SS vd ¥ AR
© 33 FHF 100 Wl AYHAT. AGBL 8TAA 10 2k AT F 2 wE 3
she] PCR template AH&-3H2ch oAbl A5y ielr] S8l 14 ~3ed 4

o
o5 dAol U Algd diste] 2a glAds HAAsrh 22y A AR
primer 52 E. coli O15TH79 7% PT2-PT3 Zilolr Aol L. monocytogenese
35 C(+)-D(=) Zefel] oy, &l d ol AR&3 Zefolw 52 E coli O157:HT
o] 79 LP30-LP31, LP43-1LP44, AE19-AF20 Zg}o]n Aol L. monocytogenese
4% MonoA-LislB Xgle]lr #4o]git).

FAS AmnEe g F HYFe PCR ~3dyd Ay, A vtE9} D3 nlES Ag
(Fig. 42— 7, 11 lane)el Al E. coli O157:H79 5ol4<l band’} &% B #tE, C
nte D4 viE D3 vtEe e (Fig. 43- 8, 9, 10, 11 lane)ol Al L. monocytogenesdl
Sol4Ql band7l S35 A 12k A dAAA F ool tEl] FHdoz vErd A
He UE ZdolH &S o]gslA giAdgs sttt HAES Ax, 12 A E
coli O157TH7 ¥4 o= U F A5 B5F zhzhel xepoln] A& gk Eo]lA <l band
ol A

E. coli O157T:H7°] A&EHA &2 Aoz AEAYT. 1&eA L monocytogenes %43

il

7V FE A %ol (Fig. 42(B)- A7, All, B7, Bll, C7, C11 lane), 73 22 AlE

r

om U vl AlEe] digh gldy A B vtE AHe] A EolAQl 2719 band7t
FEstA YEW L (Fig. 43(B)- 8 lane) WA A Al Al5% band?b ¢Fst7vt (10, 11
lane) =L7]7} °F3F zpo}7k Qo] (lane 9) AR WA E A&3to] AN AHE TRt
SHPE v d ntES AWAEE L monocytogenes AB A (Chromagar
Chromagar microbiology, France)o] T@et ZAul B wlEo|x F£A3 AR 2] colonyRt
Y-S HEEAA YeAlE S o2 YEET (data not shown). FHEFX o2 el
Ao Al FdF g2 U2 colonyE Hl¥slel F kol AH(C(+)-D(-), MonoA-
LislB)& ©] &% PCRe st 7 23 dA4S yEd colony® 27 L

monocytogenes® 59°|% band’t FEX A2 (Fig. 44- A3, B3 lane) WA= 128 A
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Fig. 42. Detection of E. coli O157:H7 with different primer set. Upper panel, primer
set, PT2-3 (252 bp); lower panel, LP30-31 (348 bp), LP43-44 (584 bp), AE19-20
(1087 bp); M, 100 bp ladder. 1~6, pork (1, D1 mart; 2, D2 mart; 3, D3 mart; 4, C
mart; 5 B mart; 6, A mart); 7~11, chicken meat (7, A mart; 8 B mart; 9, C mart;
10, D4 mart; 11, D3 mart); 12~14, sundae (12, D5 mart; 13, C mart; 14, B mart); 1
5~16, zochal (15, C mart 16, B mart); 17~18, beef (17, A mart; 18, B mart); +,
positive control; -, negative control; A, LP30, 31-348 bp; B, LP43, 44-584 bp; C,
AE19, 20-1087 bp.

A) (B)

M 12 3 45 6 7 8 91011121314 1516

Fig. 43. Detection of L. monocytogenes using two-step PCR with species—specific
primers, C(+)-D(-) (161 bp) for first screening (panel A) and MonoA-LislB (660 bp)
for second screening (panel B). M, 100 bp ladder; 1~6, pork (1, D1 mart; 2, D2
mart; 3, D3 mart; 4, C mart; 5, B mart; 6, A mart); 7~11, chicken meat (7, A mart;
8, B mart; 9, C mart; 10, D4 mart; 11, D3 mart); 12~14, sundae (12, D5 mart; 13, C
mart; 14, C mart); 15~16, zochal (15, C mart; 16, C mart); 1718, beef (17, A mart;
18, B mart); +, positive control; -, negative control.
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A B
M12 3 456 7T 812 3 456 T8

Fig. 44. Confirmation on selection medium (Chromagar “-Listeria) of L.
monocytogenes with inoculation of positive colony into 5 ml BHI broth. Panel A,
C(+), D(-); panel B, MonoA, Lis1B; M, 100 bp ladder. 1, positive control 2, #8-1; 3,
#3-2 4, #8-3; 5, #9; 6, #10; 7, #11; 8, negative control.

3) 32 A s A8 Ay
dmA e 671kl AFvime HolAFHA £, A%, &
2 AAANE S 5] S5 % hEAEe F
o]

dA %], PCR template £¥] 2 PCR 27& 7]

, ground beef,

stedrh AR

Y
o
9,
>
bl
ll.p 1
% 4o

th 4, E coli OI5TH7E #AE3l7] 9lste] PT2-PT3 primer setE& ©]-&3te] 13
PCR %5 AAg 23 (Fig. 45(A)), =5 3&, 4K 1%, 5 15 2 IHAHAE 1
FAA E coli OI5THTLE AH = SFHaE] AEHATH o5 vlgoz LP30-
LP31 (348 bp), LP43-LP44 (584 bp)$} AE19-AE20 (1087 bp)2] primer setE o] &3}
27 PCR 3%& AAIs 23 (Fig. 45(B)), &5 3%, W AHNE 1Fo] 274 A&
o} o]tel Au= Feslr] €35le] semi-nested PCRE 2 A3 A3 HEHozm =&
1FM mart)ell M E coli OI5TH7S HEF < AT (Fig. 45(C). =T, L
monocytogeness FA=38F7] 5t C(+)-D(-) (161 bp) primer setZ o]&3o] 1A
PCR& Attt oL 23 &5 2F% AF 3T &= en (Fig. 46(A) &
#olsl7] Y3 MonoA-LisB1(660bp) primer setZ ©o]-&3sle] 2% PCRE A3kt
I A, B 1F, A% 124 L monocytogenes?t AZ&E AT (Fig. 46(B)). o] A3
E EWE CH+)-hly A R primer setZ o] &35+ nested PCRS AAg 23 K martel

A e gl =50l A L monocytogenes7t HEFH o2 AEEHAY (Fig. 46(C)).
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E. coli O157:H7

(A) 1st PCR: PT2-3 (252 bp)

M1 2 3 456 7 89 1011121314151

(B) 2" PCR: LP30-31 (348 bp), LP43-44 (584 bp), AE19-20 (1087 bp)

M +3 56 8 1416M+ 35 6 81416 M+ 3 56 8 1416

(C) Nested PCR (LP43-sltII R nested, 320 bp)
M + 3 15) 6 8 14 16

Fig. 45. PCR detection of E. coli O157:H7 contaminated in pork (1, K mart; 2, G
mart a; 3, L mart; 4, M mart a; 5, M mart b; 6, G mart b), chicken meat (7, K
mart; 8 M mart ¢; 9, M mart d), ground beef (10, K mart), beef (11, K mart; 12, G
mart ¢; 13, L mart; 14, G mart d) and hamburg patties (15, R mart; 16, B mart).
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L. monocytogenes

(A) 1st: C(+)-D(-) (161 bp) (B) 2nd: MonoA-Lis1B (660 bp)

M12 345 67 89 10 111213 41516 M + _1 4 7 8 9

(C) Nested PCR (C(+)-mpIR nested, 123 bp)
M 1 4 7 8 5

g

Fig. 46. PCR detection of L. monocytogenes contaminated in pork (1, K mart; 2, G
mart a; 3, L mart; 4, M mart a; 5, M mart b; 6, G mart b), chicken meat (7, K
mart; 8 M mart ¢; 9, M mart d), ground beef (10, K mart), beef (11, K mart; 12, G
mart ¢; 13, L mart; 14, G mart d) and hamburg patties (15, R mart; 16, B mart).
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II. PCRoll 938+ Salmonella enterica®l &A%Y Mt (YEA 7] 2)

AgaTAAA  Aesta § 4 4
1. A A

Salmonella -2 FAT o] £33l Gram 249 $EA40] g B4 A7t

2A e, st Jde LSk 1 @A ol 2,00001F o]l Ao o
—L
=

&
HirEo] la, vl s HR I E o]&s &4l s =
S. enteritidis, S. typhimurium, S.

thompson, S. postsdam, S. oranienburg, S. senftenberg, S. infantis, S. derby S°] Sl

omn 53 SHUY IFHEI g8 AFEo] vs] & v &2 Samonellad F8 290
3L v Salmonella7t AR AFA ol FFE HAEskes Wole Mdux g}
T REA TS ol&e Ay AYS ol Wy gt WHow FAE T
Sz WRie]l AREE I gtk e, ol WS BEMAnE ded B gy A
o] ZaHE Wol gtk HIdw BEAAEIA /UL ol&sle] olE HFE HE

Sk A E7F o] Folxa itk o] 3 7ol = real-time PCR, DNA hybridization 7]
H, DNA microarray®), PCR #¥ %So] glor o] = PCR WH¥eo] w21 H&34 7}
Hold A oz <ste] Wol o8 ). Salmonella®l stn FHAAE Salmonella
&2 (enterotoxin) 2ol ™ salmonellosis®] F 83 29108 g3t} o A
+ single polypeptide chain®. 2 o] Fojx]1 oF 29 kDae] Wl a-& HAFSE= 749 bp =
71l F4872 2 cholera toxin (CT)olv E. coli7} ¥4} heat-labile toxin (LTs)¥} H]
% Agety 248 wolvl I o] fHAE & WA T (Enterobacteriaceae)

M= HEHA ke WUA Samonella®) Eo] FAAEE 28A gth
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2. Aguy

7F A EFAA PCRE % Salmonella® A&dA 234

2 A8 dAFY A F ol A& o4 Salmonella7t EAE W PCR method
ol &3t LdAR] HEo HFUAE dolrE Aol EFo|t 18 HHlAM UA
Fo HEANRY A% HME Samonella® QYA o2 FJIT. o]E 93 overnight
T ¥ Salmonella cell®l 48 hemocytometerst WA & o] &3t H@PAoz
counting3lx 2% EdlZ ¥ lg 9 Salmonella7t 10° cells, 10° cells, 10* cells, 10°
cells, 10° cellso] =2 A5t JEo] H7tg F AEAN Samonellad detection
&+ 3le A2¥EE PCRE §3y A4 183 EZAF (99 € o
3, d8F9 Salmonella DNAY tha] 2EF¢o %<& WAz o] PCR inhibitory
effectol] M= A n gt}

s

. A F 9] &y

AANFE BF AES DNA extraction #AHE FIT 4 e 41 dbz 90s
71 A3 AF : FHF =159 HEE 4& F homogenizerE ©]€% mixingol 93
of A3 Pt 2 F& FY F 500 xXg2 58I YHEHE st Fo vl
FdHoz FAL AFAAES 715 AR AAG F 15000 xg2 1087 A%
e

13 HA27E FHTSG Hol TESE F o]E ALLAEY &d HA )9
Y dEd AFAAS AAL BEHOR o|FolxA g T EA UUT HE
o 500 xg9 A&LIHEHE ol&3td AN F AFIAAES Edsts ¥y 94
filtrationg & A F YA AALHE ngsaet 2 4F  FFEF =1:58 4 ¥
homogenizerg ©]8 3% mixing3li Whatman filter paper (No. 41)& <% & o7}
=< 15000 xgol A 1083 94Esld #& 353t

AR FS BSoe F de AL, ASAdAESE 58 2AAF YA
AAE dostA] &7 i & FUAT F 82 15000 xgolA 108z 488
o &g At

4
BN
Nlﬂl
P
|
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t}. DNA extraction method

1) Gene releaserg ©]& 3% genomic DNA F&4

BRI E E3lod 34H celll Gene releaser (Bioventures, Inc, USA) 20 ulg 4
2 F 65TCNA 30&, 8ColA 30%, 65ColA 90%, 97ClA 180%, 8CA 60, 65T
oA 180%, 97TA 60%, 80CTNA ¥&& v F o714 €& DNA templateE
PCRoll A A )&ttt

2) Phenol extraction method

Commercial plasmid mini prep kit®] resuspension buffer$} lysis bufferZ o]-83d}¢
cell& lysis Al7]3 phenol/chloroform/isoamylalcohol (25 : 24 : 1)& 53] ©@¥z g A
A3tA . 2831 ethanold #H718ld DNAE I AAlA PCRo) Al43 DNA templateE
88

3) QIAamp tissue kit

AMES 180 ne lysis buffer (20 mM Tris-HCl, pH 80, 2 mM EDTA, 1.2%
Triton, 4 mg lysozyme)®} & 4131, 37ColA 30&3F incubation 3FHth 27 & 25 pl
°| proteinase K& 43 70CelA 30%3F incubationdtil ©HA] 95CeA] 30%-3t
incubation 3tYth WH&o] ¥ F 210 wel ethanold 7w & 4L F QlAamp
spin columno] ©i 8000 xXgolA 183 YAED &dHuth dRELS H 78kl column
of 28 &3 & washing buffer® ©]-&3to] 2 Ao Wez vpxjtez 20 ple Tris-
EDTA (pH 80)Z elution 3. 18 A &jzl DNA sample ¥ 2 wE PCRY DNA
template 2 A} AR& 3} ),

4) Nal treatment

MES 500 pie) BEdS e A AFR F 200 WE R FR &ZTh 400 plel
lysis buffer (0.5% N-laurylsarcosine, 50 mM Tris-Cl, 25 mM EDTA, pH 80)& F%
81 vortexing BHTH ¥ F 10,000 xgolA 58I YA EE T, Aol pellets
glycogen (HFFTE 003 pg/mz £A)o) ¥£3H lysis buffer 200 uloll resuspension
akal 77l 4 ple] proteinase K (2 mg/mDE wst@dth 37ColA 1A incubationd
$ 300 pl9) Nal solution (6 M Nal in 50 mM Tris-Cl, 25 mM EDTA, pH 8.0)3 500
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nlel isopropanole ©&i 10000 Xg& 58 AR 4k dojA pellet2 35%

isopropanol® A1 20 ul®] BHFE resuspension 3¢t

5) Direct DNA extraction method using CTAB

o] W< cell pelletd ¥& Fart 9t FAAA ot AA NP Ras
i 2L AF Y 04 mlg}t DNA extraction buffer (100 mM Tris-Cl pH 8.0, 100 mM
sodium EDTA pH 8.0, 100 mM sodium phosphate pH 8.0, 1.5 M NaCl (pH 8.0), 1%
cetyltrimethylammonium bromide) 1.1 ml 12|32 2z} 9] proteinase K& M2 ¢ &
Holl &AX & o5tk 37C shaking incubator (225 rpm)olA 3087} incubation
g F 012 ml®] 20% SDSE H7bstdth 65C water batholl A 2417 %<} incubationS
stal 1087 A2dA 6000 xg2 FAEY gt A2dg A FH &7xw EY
#3¢] chloroform : isoamyl alcohol (24 : 1)& ©wisli thA] 9000 xXg, A&dA 158
At AAEY AT AENE AEE FEO &3 06 Ve isopropanolE dWati A
29X 1 At incubation &4 Th 1 AlZF £ 9000 Xg, A-&oA] 2087 YA S ¥
45 NE AASI 1 ml 70% ethanol® washing3t T &2 (20~40)9] distilled water

(or TE)& resuspension 8¢t}
6) PCR primer

Ayl A&®  primere STNL (5'-TTG-TCT-CGC-TAT-CAC-TGG-CAA-
CC-3)3} STN2 (5'-ATT-CGT-AAC-CCG-CTC-TCG-TCC-3")o) Yt}
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3. 2% % n#

AF LdE AFE dATY EAE A&sA HAEs7] AT WwHoez PCR
detection WH-& #HE37] YA AF Fo A= G4 PCR AR S @43}
o olE AAY + Y& DNA extraction WL 7fLsnzt sider. B AfoMe
Salmonellag® H2o2 o] 7tA 2/Fc] PCRE o4& A&EHEH vXe 4TS

e et

7t A EFAAM PCRE & Salmonella® A&3A AR

BHFe] A9 odE: 620 bpd one band® 10°7hA AT $ T EdE
phenol extraction WH < o] &8 AE 1g 3 10°9 Salmonella 5ENA Salmonella
detection limit2 2 gene releaser W'H < o] &3d AE 1g 2 10°9) Salmonella®
A & dAJoh ANS phenol extraction WEAAM AF 1g F 10* cells?
Salmonella detection limit& R I gene releaser Wl E 182 2e 10° cells9)
&2 2t AHEY 4 $ phenol extraction® gene releaser EA 25 A E 1g9)
10°9] Salmonella®= #A&8 4 YTt @z HA AL phenol extraction el A at
AE 1g F 10° cells X9 SalmonellaE 723 5 Qth

a8 SFY S F U 2T AE 3 10° cells 59 Salmonellad 3EE &
AU Ft2HEE AFAREE AR A8 A$ phenol extraction® gene releaser
dol N BE AE 1g F 10° cell®] Salmonella detection limite B Gth Fje] A
gene releaser W& ol&4d AN ot AA HE 1lg 7 10° celldlM=
Salmonellag 7&3tA £ A% phenol extraction FHAE AE 1 g@ 10° cell?
Salmonella detection limit& XYt vlARog HE ol43 AFdME phenol
extraction WHe H$ HE 1g 7 10° cellel Salmonella detection limite RGx
gene releaser W9 A9 AFE 1g 3 10° cell?] Salmonella detection limitS X QT
AE A8 A FNA template FHIHH O E gene releaser® A4 E W 2t} phenol
extraction W& o8 uf ¥e FE 9 Salmonellas detection® 4 YUt @7 (3
A &) B9 ¢33 620 bpY one bandE phenol extraction (°]3} PE) #¥& o]
&3t ¥ template® AFEE PCR A &AM AF 1g @ 10° oA & 4 gt

S g7 At gA #A g8 9z 22 ARE A ARG o8
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m i

Table 1. Phenol extraction® gene releaserg ©]-%

1Tk s ez W g
2% 1g 2 10° A PCR band&

ol = gene releaser (°]3} GR), PE method %%
12 Abgsk A3 A= PE methodd A 4% 1g

s}

B pandE 9A £
2 10° 4 PCR bandZ
A8 A" A= GR method® PE method %%

ghol 8 4 AW (Table 1, Fig. 1, Fig. 2).

8} w] o] detection &4 B}

Salmonella detection limit (number/g)

Phenol extraction

Gene releaser

Gl 10° -
KAl 10* 10°
&=l 10° >10°
244 A 10° >10°
A >10° >10°
G- 10° 10°

(I 10° 10°
2 10° >10°
) =} 10° 107

Table

2. Detection 3HA

H] I

Salmonella detection limit (number/g)

Phenol extraction

Gene releaser

CTAB method

o Zr 10° >10° >10°
e gz 10° >10° >10°
A 517] >10° >10° 10°
S 10° >10° -
B 10° 10° >10°
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Ot

_

all

Pheno! extraction Gererdessy Frerd edadion

L2 3 45M

Lere: Tand 7, 10 (celis/g of food); 2add8, 10 3
Lane: 1, 108 (cells/g of food): e, 1,04;431}:10’ 10% Send 11,107 6and 12
2,105 3, 10%; 4, 108 5, 107~ foaddiond Sroela

& A
Prerd edradion Gererdesseyr Cererdessy Phand edraction

£

T LI T T T TTY R Y YT

leres 1and 7, 16 (cdls/o o food) 2ad 8, 1P 3 1 and 7, 10 (el . .

Lere 1and/, gof food); 2and8 10P; 3
adg, 104,4erd10, 10158’1‘“1,102,63’1112 and9, 10 4and 10, 10%; 5and 11, 107 6and 12,
roeddiond Sanorela o addtion of Snorela
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I 7} SHAEl2

Fhencl extraction

Fhenol extraction Gene releaser

lsfy food); 2 and 11,107, Lane: 1 and 10, 10%{callsfy fosd); 2 and 11, 107,
3,105 5 and 14, 10% & Fand 12,108 4 and 13 10% 5 and 14, 10% B

and 15, 10% 7 and 16, 10%, 8 and 17, 10

Fhenol extraction  Fene releaser

Milk

M1 2 3 4 5 6 7T 8B 9 0
(M:marker, 1:10ul of milk, 2:1ui, 3:0.1ul
and 14 107 7 and 15,102 16 10 4:0.01ul, 5:0.001ui, 6:0.0001ul, 7:0.60001ui

Zand 11,108 4 and 12 SSand 13,104 5

8:0.000001ul, 9:0.000600101, G:no milk}

Fig. 1. 7% Aol A 2] Salmonella detection $HA] W] i,
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Raw Egyg

Genereleaser Phenal extraction

1 2 3 & 5 & 7 M g 9 18 11 12 13 14
{M:marker, 1,8:10° celllg of food, 2,9:107 3,10:10%, 411107
Well-done eqg

Genereleaser Phenol extraction

1 2 3 4 5 B 7 [} g 4 10 1t 12 43 14
Wmarker, 1,8:10° cellig of food, 290108 3,10:10%, 4,41 :108
§.12:107, 6,13:10 |, 7,14:n0 salmonella)

Butter Butter

Genereleaser Pheno! exiraction Pork meat

M 1 2 3 4 5 5 7 M 1 2 3 4 5 & 7 M 1 2 3 4 5 & T
{M:marker, 1:10" cellig of food, (M:marker, 1:10" cellig of food, {M:marker, 1:10" cellig of food,
2:10°, 3107, 41107, 5:10° 2107, 3107, 4:107, 5:10° 2:10°, 3:10°, 4197, 5:10°
6:10 , 7no salmonelfla ) §:10 | Tino salmoneila ) 6:10 , T:no salmonelfa }

Fig. 2. 2% 2FM 9 Salmonella detection 874 #]w 1L
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Fe FEAY ofFE 4V 98 A48 A

Egg

“refal AR el PCRo &l o

= obefet it

Milk
Phenol Extraction

M 1 2 3 4 5 6 7

M 1 2 3 4 5 87 8 8 0
(M:marker, 1: 10mg of egg. 2: Smg, 3: 1mg,
(2" 1’5‘3’*“‘1’ -1 149 ; ge“"g of foad, 4:0.1mg, 5:0.01mg, 6:0.001mg, 7:0.0001mg,
o0 f: n‘; sa!man;p 9} 8:0.60001mg, 9:0.600001mg, 8:no egg)

a

A EOCZEE AE pelletg 92 F 17 A DNA template® F&3:E W2
WA= ool AF A GA] pellete 2 HHEo] WeEde 28 spedol A7 o
ol 2 Ao AE pellets AA il extraction bufferS o]-&3% 2422 DNA F=
He AHE38le] Hodth CTABE 7l% 2 38 direct extraction methodE ©]43F4 DNA

ol

< §F PCRE #adle o A& AEF HEE A A5 7189

T AU Ax 7 AEEE 5o v DNA FE&He Jide] dashS g e
B OAARS = Aelet @ 4 A el wiE] Aozl AEY gE] gle] dojxl
DNA templated] A A8 dAZL H7e] PCRE el A3} PCR reactiond #
A F3 T & 5FE 15 AT e AYetas 93 bandE 4S5 AAh 9
i A¥o] =8 PCRY inhibitor2A] 28347k A9 DNA extraction®] =  3j

oo 43 ovad

o

il
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o] 43t S enterica®

e Tt Eo A S enterical)

2) Als E Hry
7} Samples

SYAFER  ABE

FAHEF
25 A A Azt
Sausage Nueske's Hillcrest Farm USA
Cherry berry fruitlings Sunsweet Co. USA
Pitted prunes Sunsweet Co. USA
Chicken broth Compbell Soup Co. USA
Baby meal Gerber Products Co. USA
Conagra Grocery Products
Hunt’s tomato paste USA
Co.
Cream of mushroom soup Compbell Soup Co. USA
Green Giant Pillsbury Co. USA
Chilli sauce hit Cerebos Foods Australia
Onion in vinegar Tramier France
) HEARS ]
A5 THSY HEE 158 4L 5 mixerE ©]-£3 blending & 500 xg& 5%



t}) Phenol extraction method

Commercial plasmid mini prep kit®] resuspension buffer$} lysis bufferg& ©]-& 3}
cell& lysis A]17]3L phenol/chloroformy/isoamyl alcohol (25 : 24 : 1)& ZE&f @#AE A
7wk, 283 ethanolS #H7Fste] DNAZ A A#H PCRol AM4E DNA templateE
FH A

Z}) PCR primer % 7

ALg-3F primers STNI1: 5'-TTG-TCT-CGC-TAT-CAC-TGG-CAA-CC-3'
STN2: 5'-ATT-CGT-AAC-CCG-CTC-TCG-TCC-3'] ™, thermal cycler
(PTC-100TM, M]J Research Inc., USA)E A§3ste] ofgjel & =70z Fastqith

Step Procedure Temp.(C)/Time
1 Pre-denaturation 95C/10 min
2 Denaturation 95T/30 s
3 Annealing 58T/30 s
4 Extension 72C/30 s
5 - 30 cycle
6 Post-extension 72°C/5 min
7 Cooling 4°C/10 min

nh) A Fo A PCRE &8 Salmonella®) HE$4 44

2o E28= Salmonella detection limitS A8t 2 ¥4 = hemocytometerE
23t cell countingdte] AE 1g 3 Salmonella’t 10° cells, 10° cells, 10* cells, 10°
cells, 10 “cellso] HE& 3 24se] A Ed Hrlst & AZA SalmonellaZ detection

@ % Q& A FES PCRE Bl S33g

Al Fl Wb EAE 92 FYAE 1022 7YY Salmonella EAAEE &
o]
AA

I=]
th =g n¥o 7l2AZANE Samonella?t A
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C, positive control; 1, =t (A); 2, = (B); 3, 5 4, 79k

5 7hzHet; 6, g A; 7, Al 8, 5 9, WEY A

o]
H

1>
R

.
T

1. Sausage (&A=, vj=F)

2. Sunsweet pitted prunes (A2}, 1))

3. Sunsweet cherry berry fruitlings (%%, 9] =)

4. Chicken broth (4 &&% 7}& %, ¥v|=)

5. Gerber (frob2], wah)

6. Hunt's paste (3] sloj~E w3t

7. Campbell’s cream of mushroom soup (A3, 1))
8. Green Giant (5§ 7}&3%, v3)

9. Chilli sauce hit (22, Z5)

10. Tramier (&3 A, =a~)

Fig. 4. =A% Fd2F2] Salmonella 2.9 ¥ 1L,
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4. 2 &

7}. Template DNA %ol & Salmonella 3% 3%

S. enterica® W %3 & genomic DNAS F58d AFEI & 1 fgie 1 pg7tA

5] gt template DNAS 7}A] 32 PCRS 839t Fig. 1olA BEulel zeo] PCRe
AEL GESUE 617 bpe DNA ©¥ol &4 o 1 pgZtA template DNAY %
AN #HEHATH o9t L WIZEE PCR WS ol &8to A Fo Exgtes 239 o

foie

t}. Template DNA F&WHol| @& Salmonella 4% V3=

Template DNA F&¥¥el W& Salmonella A%9 AEE »lmstr] ¢ S
enterica T M F AN A template DNAE U 22 W oz &34 #AE 3
H AFEE e WY, A2 boiling (95T, 10%7) ¥, phenol-chloroform &4,
genomic DNA kit % 2.2 template DNAE F%38to] A& SGAE vl st} Table 3
Xt Fo] EFulFRodA S entericat 474K WA 33 wEse T A 2
g AL AL 71ELR o 10° cellstA AET & AT 0BT AFPE RE
Holl A FAFS A3E dRov FAE boilingdte] PCRE AH&3§ Aol Agxoz 3

ZAEZ O & Aog2 Z2AHAY. o]RAL boilingd] & FA] EHZ PCR 3
o o] 8" A& template’t © BolA AOoZ FAH ] boiling &2 ALE3tE Ao
&3t FAAQ wyon wud

—|—‘

Nl}i'

>
D
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Table 3. Sensitivity” of PCR assay for detection of S. enterica from pure culture

Inoculation level (cells)

Template

preparation methods 10" 10" 10% 10° 10° 10° 10°
Whole cell 0/3 0/3 3/3 3/3 3/3 3/3 3/3
Boiling 0/3 1/3 3/3 3/3 3/3 3/3 3/3
Phenol extract 0/3 0/3 3/3 3/3 3/3 3/3 3/3
Genomic DNA kit 0/3 0/3 3/3 3/3 3/3 3/3 3/3

* Sensitivity was shown as the number of positive samples/number of triplicates.

U AF THE EA8E S enterica AEHA &4

ME g8 79 HE S entericd UYHoR FEEE HFan FAE Y5
# g lysozyme (10 mg/ml)® phenol-chloroform &4 2.2 |23 template DNA
€ °l&3%° PCRE 33Ut Table 49 o] YEHA, W%, &, &of, -+, A4,
Az 5 iR 4Fo 1 g3 10° cellsol #E @A nirh st=dad, 4%, @2
Ade A 1 g2 10° cellsol M AEE 5 AQAT) ols} o] 2 Fo) wet F=d Ao
7F e AL AEH EF F, & I5EE FAAA Y 358, template DNAS £
b= HA A F&F 3 AF ulol PCR #30) 31014 inhibitor7} ¥ 8L F& o=
FRdn. oldE AFE HEAL FFHFAFENRA (http/wwwkidagokr) B
o) s Salmonella®] 7% @ FHL Qe A$E AE 1 g7 10°~10", A
Aol ZEL AFE 1 g2 FA cello] 7] mWEo] utdd] hat HE e 2 Ao AL&o
PCR Yoz FEaY, Aok did 27 24L& B o Uz e Qs
ot 9g ez Algdr,
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Table 4. Sensitivity® of PCR assay for detection of S. enterica from artificially

inoculated Food samples.

Food samples

Inoculation level (cells/g or ml)

10" 10" 10° 10° 10* 100 10°
Raw chicken meat 0/3 0/3 0/3 0/3 3/3 3/3 3/3
Egg shell 0/3 0/3 0/3 0/3 3/3 3/3 3/3
Sponge cake 0/3 0/3 0/3 0/3 3/3 3/3 3/3
Milk 0/3 0/3 0/3 3/3 3/3 3/3 3/3
Cheese 0/3 0/3 0/3 3/3 3/3 3/3 3/3
Frozen pizza 0/3 0/3 0/3 3/3 3/3 3/3 3/3
Mandu 0/3 0/3 0/3 3/3 3/3 3/3 3/3
Ham 0/3 0/3 0/3 3/3 3/3 3/3 3/3
Sundae 0/3 0/3 0/3 3/3 3/3 3/3 3/3
Kimbap 0/3 0/3 0/3 3/3 3/3 3/3 3/3
? Sensitivity was shown as the number of positive samples/number of triplicates.
2k Al dF HEES Salmonella 59 A& R
AR Fd SUW7beAE 1033 FA4F 1038 FRlste AEF3dd #5494y
W= AR 25 g& A% F, DNAE %39 S enterica®l EAGRE PCR WY&

 AENA @,

2 AT oFudE S enterica TAE

A 587 boilingdte=

kitE o]&3}la] template DNAE

sz

' F=5

phenol-chloroform

==

TE W

, PCR&

a2 ol &
ada

£t FE W

[¢]

rr

AHE S agarose gelolA #Hesigth =AY 2¥Y FAE

W,

NA S, enterica

TAHE 100TC

439 genomic DNA

of g3 A E

ZAEA Y. & I E U 7kx] BFE o 10° cells7t A AEERE o 1A A&
st A HHLE boiling WHEIATH BT UHF o o gdA7
Tzt AF 1g B 10°~10" cells7hx] BET 5 YA olg 2L Wyoz A E

A Salmonella &F % ZHHes M= A 24328 4+ 98 Ao






LA A

19923 UN#737023 el (UNCED)el o3} 734 Rio Aol wa} gat2dcdtds
2339 (IPCS)A e &4, sstgde] 8, 3829 3¢5 S dstod 2l
A7 vAe Asd Brhs Z2ssn usiriz dolstAn. B8, FAAE A
QARG 2T AA7 e FAE F9 FHFGELdd gd #Aol HolwA
olgd HANA A& HAE F gt olHEY o] A AAHoZ o]Folq:
ATt o] AA 71 FAES tHA P}

AM $535k1 E ZQst dFete] - FA) BgwD

degoz AsiEE B4 o83 o Wel AW T Faix
& AN BE 0% B WS AET & AT A299 on-linestol 95kl
49 4% 7HsaA By,

A 874712 wad AN ARE sl BYEs 5 4E $49 F9

71 e FEE A3 A8 steAS AL B9 5 Ye 7o RAsY
ol 2193t urease Aol FF & 2t AHE AL o]f3ly FEFLEE A
2 gt 2

Z£3le A& uvlo] 244 (inhibition biosensor)E ©]
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ArE E o (Wittekindt %, 1996; Meier 5, 1992).

= R Y FAEY A HAE 9% Wt sdvzAM e FAA ol gt =
AA Bacillus megaterium disc assay, EAHAEAY =9 2A8F 4 goy) o] 4t
< HA ERsAL Ajzro] Bel A28 FE Ho] dEoR AHHIE Y 53] &
UGN B, heAS BAsE Yo 244X glojor s Y
o] Az A, wg celld) AFH, &Y -2 2 € AF, A7 A Aste o
A e Age AAk stug Exstn 4G FA7 ol ¢ (Keay9 McNeil,
1998). madeeqyel @FH84E M7 9ste dipstick 71gel Aot

i3

L
ok
ro

CJ
2

SAMGEA FHA wet HER= BN AP FHo| olel g @] &A%
A (Keayh McNeil, 1998). @ebA, R2WARAHY 2AY 12 o4 weing
AdE F JdoedME HoAe] B A2 sjdo] 7125 HWAAAM (immunosensor)

o AT 99 AL carbonic anhydrase 59 FAEA 0]
G

TEsol gt A= d4E ol&sta]l o]E microplate assayd s= AT, © Y
o

)
E)
J’,i
>
e
‘2
> -
9
>
rir
A
=
2
X

B8 Ao
&
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2. 2954 A= urease AsAMA A9 gt

7} Urease A&/ &4 cuvette assay 7Nt

1) Agwuy

FTad old g% A Hddo) ALE" urease (EC 35.1.5, from jack bean),
&ube9 7149 urea® Sigmarl (MO, USA)I A F<lstr).
Urease?] ¥&Z27% A4HE dEYoly EZFEA 2dta 630 nmolld A9 E
, o W EAAleFd A]eF A (phenol-nitroprussid solution)$} A1¢¥ B (alkaline
hypochlorite solution)¥& Z+2r thg-3 o] ZAstg} &, Ak AE 6 g9 phenole 70
mLe] pH 12 €589 (30 g trisodium phosphate + 124385, 30 g sodium citrate - 24
=3t 3 g EDTAS £%9 $H5d &34 F Z/H5E 7Mete] 1 L A48 A
Z)dl &3A1Z1 F 0.02 g9 sodium nitroprussid (Sigmarh)E 7tst: pH 12 349
S 100 mLE &3t¥rt. AleF BE 16 g sodium hydroxide, 150 g/L¢ sodium
hypochlorite 7 mLE /% 1 L2 H &35 At Urease A AN AP Algd FF
& o]2¢ Hg(I), Pb(ID), Cu(ll), Zn(Il) B Cd(I) °]&& Z7 EF9 sulfate 4&
AbEstslen Z1E e AR 539 AL AHEsd

1}) Cuvette assaydl] &3t ¢mjo} =4

Ureasedl] 9]¢t 712 &8 Al RAsl= g R UolE microtiter plate® AF23ME urease
inhibition assay& W ¥ ste] t53 o] FHrt F, 4RVt &4 2 mLY E&
urease &% 0.4 mL% urea £ 16 mLE AlF#Ao] Y1 7)o FFS 100 ulLet ¢
MM Az LA Ast BE 4 6003 900 uLA P& F 25ToA 1Az Fob 4t
€A1zl ¥ UV/VIS spectrophotometer (Jasco V-550, Japan)& AF&3te] 630 nmol| A 9

&
ol
il
IB
o
rlo
2,
1o
ok
o

@

%

o

Y
:oé
gk
oX
A
o

FaE& ol 98 urease AH|BAL & Zo] EAIAT. WA AP
1.1% urea €94 16 mLE Y& ¥ ZF59 534 o 898 7247 50 pLy 713819
5Col A 1587 WX
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urease?] A W& FEI}FL S} A9 BE 713 F 479 cuvette assayE 3}
At o] W urease AHBHL FFE ol L9 HreE A FFSF 100 UL st
F 2T 284S 1022 IS We JUBYoR TAHAYG #W, T 28
TEE ol2e FEAAE Lotry] e JFo] HE FFSE o]l &9 50 uLgt ot

£ R T34 o1& £ 50 ULE 71 ¥ 47]9 Wyoz AN D FREE =

flo

2) 2%+ 4 u&

7h) Cuvette assay &7 A3

HEYol £94E 01~30 mg/L BEE ZAs A|FHAo| Y3 cuvette assay s 3
AT BEFALE FPT A, TN GRYol S el FFEE 0070~
17950103 FR = GRYo} FEAtoldE 0998 ()9 ¥ %o 4BTAs Uy
o} (Fig. 1).

Absorbance (630nm)
> o o & m

w
T

00 I i 1 i 1 i
00 5 10 15 20 25 30

Ammonium (mg/L)

Fig. 1. Effect of ammonia concentrations for urease activity.

Cuvette assayll B8 urease®t 1 #+$7]AQ) urea®] FEE WHAF|HA WA
e EYotel ¥g Fig. 19 EFFHAA Adste] TAS A3 Fig. 29 2t @
A ureased] FEWsel wE Jao] el urease FEE 05 mg/LoAA £xHoz
S7HNFIEAM AFaA o o] o) uread) FEE 1% 3%t (Fig. 2, panel A). o] 7
T EAYE A FFEE 0041~140807 K 2718 urease FEO] WE o E Ao

Eed ¢ F AT RBVFEA ] 9 B A A8 IS g @AY F
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a3tetE Zo| utEASt EF Lambert-Beere W o wal A4S s 3%
= HHddA Agstodol e Ao sM5steg B AFdME o9 e HL w
ZFAA & & dE 04 mg/LY urease FEE o] Fo] Ao Al439 . Ureased %

il
i

04 mg/LZ A3 uread 0.2 M sodium acetate buffer (pH 5.0)o| Z+zt 1, 2
5 8 % 10% ¥52 £33l 7|2 4Y9e zAsHT 7129 wEdstd g2 4ny
ote] XHHPEE urease FEF7] WE A9 wws] RS o B Ay A
= ourea FEO @& EAHol 128 AX S & £ UAY (Fig. 2, panel B). o9
2 Ao e} o] Fo Aol AHEH ureadl FEE LI%E Yt

N
N

[N

(=
1
(2]

-
N
T
L)

o«
T
-
T

Ammonium (mg/L)
>
Ammonium (mg/L)
N

H
T

o
o

[=]
w

6 9 12 15 0 2 4 6 8 10
Urease (mg/L) Urea (%)

Fig. 2. Effects of the concentrations of urease (A) and urea (B) on ammonia

production.

W) FE&o 93 urease BA A&
(D) @Y FF% o] 93 urease & A3

Fig. 29 492334 44¥ urease ¥ urea] HEYU 04 me/Ls L1%E Mgt
o Hg(, PbD, CulD, Zn(D) % CAADS @Y 574 ol o] ¢ ureases] FHA
H=E FA3ATG (Fig. 3). 94 @Y FF% 0]22 cuvette assayd] 9s &2
A7bet A &L vz FREE FAT 2, A 4¥RAAAM 16638T e @S
HojFglom o)e} & FFE F£3& Fig. 194 AAAHE BdAFE Fu0d A3

%

22 94§ ARY J4A4S AN @3 54¢ BeelE T

-
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[en)

Hg(Il) o]l ]38 urease EAAHNE A7) 9ste] Hg(l) olL9 ¥EE 1.
x107° 50x10° 1.0x10° 50x10° 2 1.0x10* mM2 @alsle] Hrtstel B 43 F
BFET 1476004 HAZ FZH&3ste] 0161702 Do} A ureaser} 102%9 TAE S e
He FEHA AGES & 5 dAth Ph(II) o)< 97x107 1.9%x107 48x107% 7.7
x10% 2 97x10% mMel ZFete FEZ HAsietd FREE 0950014 03282 A
dto] o2 N FABA O AFHEI 71.2% o2 Cu(ll) °]2< 32x107° 63X
107, 16x10° 25%10" 2 32x10" mM9] 352 #A7e Fo FFEE 166304 &
A adte] 06069 o128 63.6%< EAaZAgol TABATE Zn(ll) o9 B¢ 31X
107, 61x107, 1.5, 25 2 31 mM ¥E2 H/edE FFEE 1514904 146974 1]
k3tA At 31 mM FE9 Zn(l) o] H7} Aol A& o] 97.0%0 o2 A
o2 yeitt ojst e AMde Hg(l) ol 5o] ureased] #ed AsfAz 243
AHEE FAANA F 9 Zn(l) ©)2L ureased] Ao Ao #BodxA UE RS B
AE CA(I) ol &9 79 18 36, 89, 142 2 178 mMol s123ts 2 A78Y
F3EE 115694 1018707 #astel Ea840l A 11.9% A3 At o4
o] AAZHE ureased] W FFE oL ASEE Hg(I)> Pb(I)) Cu(I)> Cd
(1)) Zn(O) ©]29 o2 Je5t o o]E Preininger®t Wolfbeis 5 (1996)°] urease
7t 2 stE AAFE AMESe] A AFdX e 234 o] oF ANHEAF SA}
F ARE BAFL

< 79 cuvette assay: urease’} Hg(ll) o} & S9 FF& o]0 o&d A x5
T 54% o8 AClER FA9 Ao mE dAHFEE ZHIY 4 T gF
TAE R IFEAES AANYE NN FFS ol EAE gy F4" £
A Re2 dAAY, Fig. 34 & 4 & AAY HedD ©23 PbAD) 2 Cudl) o
29 ZAZLeH AT A tEEg Alsd we He() o]eg Medor 48
€ del= A7 T oz AR o Z$ Hg(l olLel 10° mM W2 =43
A% urease BAAHNIF AR o] FEE e A FANTENA HeHEYD
HiHE $531 05~10 ppmBEth @ASA wol B A7 cuvette assayol] UoIA A
829 AXEYE P W FEAAG 2L Ao GAS AXA Polx B Aoz Alm
HAH

F l

é

[0
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120

Cadmium (1)
100 r ] “‘\Z&‘
< Zinc (1)
T~ 80t
£
2
© L
© 60 Lead (Il
= Copper ()
ﬁ‘ 40 +
[
11 o
207 Mercury (1)

0
107 10 10 10 10° 102 10! 10° 10" 102
Inhibitor concentration (mM)

Fig. 3. Inhibitions of free urease with Hg(Il), Pb{II), Cu(l), Zn(O) and CA(Il) ions.
(2) 5% 5% ol&d 93 urease &4 A 3

74 FESE ol BEE nAHL UL FFE o2& V] 0B FEE MU
S A ureased AWEE FAsYT. WA Hg(l) °l29 & 1.0x10° mM=
1A% F PpID, Cu(ll), Zn(O) B Cd(I) o} F=& g3t F7ts 23, B o
o] HAFEANA urease FAL Hg(ll) o] Ph(I) ¥ Cull) o2& H/AL A$
7Hg 9E Aoz YEEt (Table 1).

Pb(Il) ©]€9 ¥EF 97x10° mMZ IASIL T FF& oS 4x yrEa
A7k A He(l) ol d7h Al ureased] BAAs7 7bg @48t 10x10° mM
FTE9 HegdD °o]&g 78IS wWe 49 AuBAEL 69%2 W Sadh =3
Cul) o]29 = HJto] Mz L8] 47 FEo2 AHRE S & & o
At (Table 2).

Cu(Il) o] &9 FE7F 32x10° mMe] S5 i of7]o] 2 FF& o9 ¥
& WEAIe #Hote Fo] §A48A S Hg(ll) 2 PbAD o] H7t Al 7 2A JE
st} (Table 3).

Zn(1l) ol&9 F=& 306 mME 133 orle] b2 FF

4

o]_g.

o

Erda
7}3F A3 Hg(H), PbD) 2 Cull) o] H7boll 23 ureased] A7 dAsHA

et}
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Hg(D) °]&€ 10x10°* mM ¥=2 H71st9
(Table 4).
Cd(Il) °]£% 1780 mMe HE& A
A7t € "ol = Hg(D, Pb(I) ¥ Cudl) o] #7H8 A8 To)A urease B4 A 3
7b @ASHI o] 9 Hg(D) ©l2L 10xX10° mM 52 A7Msg e wWel Agange
8.1%° &3t ALV At 7HF Ekth (Table 5).
d719 A3 nFHRE gd FFE o)L ¥EE 1A
FTEEE 7S W urease FAANE HAZ AE FFE o
L2 YEgon F34 o] FEo @ AsdA A4 3 t
9] cuvette assay’t AlE F¢ &A8tE Hg(l) o]Lol tldh Melz Aoz #g
olvet EA7bed FFE )25 UF oA PorE F8¥oR

& BAgFrt

¢ Ad@Ao]l 146%= et}

mlo
__{

rlo
(-3
Y

Table 1. Inhibitions of urease activity according to the added other metal ions to Hg

(1) ion

Inhibitor Added other metal ion (mM) Enzyme activity (%)

WMo ze@D cA  PBAD  Cu@  Ze@D  CAAD  PhD

Control Control Control Control 100.0 100.0 100.0 100.0
0032 0306 178 00097 903 1006 972 869

Hean 0063 0612 356 00193 780 98.4 937 748
(00000 158 1530 890 00483 681 %.5 929 55.1
0252 2448 1424 00773 452 94.9 90.1 358

0.315 3.060 17.80 0.0966 35.2 91.4 89.6 314

* Percent ratio against the enzyme activity of the control containing Hg(II) only.
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Table 2. Inhibitions of urease activity according to the added other metal ions to Pb

(II) ion

Inhibitor Added other metal ion (mM) Enzyme activity (%)*

™M) ey cu)  zaGD  CAAD  Hg@D  CudD)  Za(D  CddD)

Control  Control  Control  Control 100.0 100.0 100.0 100.0
0000001 0032 0306 1.78 99.0 832 1002 99.7
ppap 0000005 0063 0612 356 976 705 98.6 983
00097 og0001 0158 1530 8.90 91.1 60.2 973 98.0
000006 0252 2448 1424 57.4 55.2 9%.9 97.8

0.0001 0.315 3.060 17.80 6.9 52.7 92.8 979

? Percent ratio against the enzyme activity of the control containing Pb(II) only.

Table 3. Inhibitions of urease activity according to the added other metal ions to Cu

(II) ion

Inhibitor Added other metal ion (mM) Enzyme activity (%)%

(mM) Hg(ID) Zn(ID) Cd{an Pb(ID) Hg(ID) Zn(ID Cdn  P(ID)

Control  Control Control  Control 100.0 100.0 100.0 100.0
0.000001  0.306 178 00097 979 1040 93 829
Cup 0000006 0612 356 00193 965 1006 939 791
0.032) 00001 1530 890 00483 939 9.8 930 675
000005 2448 1424 00773 754 9%.9 860 523

0.0001 3.060 17.80 0.0966 186 B.7 84.8 427

® Percent ratio against the enzyme activity of the control containing Cu(ID) only.
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Table 4. Inhibitions of urease activity according to the added other metal ions to Zn

(1) ion
Inhibitor Added other metal ion (mM) Enzyme activity (%)?
™M g cu®  CdID  PbAD  Hg@D  Cu  CdAD  Ph(ID
Control  Control  Control  Control 100.0 100.0 100.0 100.0
0.000001  0.032 1.78 0.0097 95.0 94.2 9.2 86.7
Zn(ID) 0.000006  0.063 3.56 0.0193 934 82.5 4.3 74.6
(B06) 000001 0158 890 00483 841 647 838 580
0.00005 0.252 14.24 0.0773 29.7 485 81.4 43.2
0.0001 0.315 17.80 0.0966 146 359 79.0 344

* Percent ratio against the enzyme activity of the control containing Zn{II) only.

Table 5. Inhibitions of urease activity according to the added other metal ions to Cd

(O) ion

Added other metal ion (mM) Enzyme activity (%)

Inhibitor

@M ggn  cul®  Zn(  PbAD  Hg(D)  Cu(D  Zn(D)  Pb(D
Control  Control  Control  Control 100.0 100.0 100.0 100.0
0000001 0032 0306 00097 98.0 8.7 1024 985

cany 0000005 0063 0612 00193 936 62 1017 939

(7800 0o0001 0158 1530  0.0483 89.0 57.0 98.1 725
000005 0252 2448 00773 57.2 4.0 96.7 51.7
00001 0315 3060 00966 8.1 28 97.0 17.9

* Percent ratio against the enzyme activity of the control containing Cd(II) only.
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A B
120
120
Cadmium (I1) Zinc(H)
100 +
~ A'\“}.‘ —~ 100}
< Zing (i) g
2 80r Z sof )
= = Cadmium(th)
hsd =
o 60 F 8 60 [
g g
Copper (Il
g 4o0r Lead (1) pper (10 X 4of ° Lead(ll)
a C
w w Mercury(ll)
20 + 20 .
Q L 1 I3 5 i3 il 1 1 1 0 i 1 1 1 1 1 i t 1
10710 10° 10410210210 10° 10 102 107 10 10 104 10 102 10! 10° 101 102

Inhibitor concentration (mM) Inhibitor concentration (mM)

C D
120 120
. Zlnc(ll)
100 b Cadmlum [{()] . 160}
> > 80}
2
3 Lead (1) ©
8 @ 60Ff
s 80 | o
€ E Copper (1)
> & 40t
No40r + copper (ll) N Lead (il)
& ° W
20 20}
Mercury (1) Mercury (n)
0 N . N 0 A 1 1 1 I n A I i
107105 10% 104 103 107 107 10° 107 107 10710%10°10410°10%10° 10° 10" 107
Inhibitor concentration (mM) Inhibitor concentration (mM)
E
120
Cadmium (I
100 +
g z
b inc (1l
> 8} a [¢)]
=
=
%]
G 60}
[+H]
E Copper (it}
& 40}
c
]
20+ Mercury (1)
L]

0
107106 105 104 10- 102 101 10° 10 102
Inhibitor concentration (mM)

Fig. 4. Inhibitions of free urease with added other metal ions. Other metal ion

solutions were added to A; Hg(Il), B; Cu(ll), C; Zn(II), D; Cd(M), and E; Pb(II).
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Y. Batch¥ 3% AZ urease AsfAA A" A
1) Ay
7}) Urease 3174 8}

Urease (EC 3515, from jack beans, SigmaA}) 0.5 unitZ 5 mM9] Tris &4%&
(pH 7.0) 1 mLel £3AA FEAL LA AZ3Yct Immobilon cellulose nitrate
membrane (Milipore, pore size 0.4 im)-& AZ9 HAZ R}t 3t 2& 8 mm=Z Fek &

gl B7F 24X FX 4T WA AR st A s}EA

) Batch® vlo] @ MA Al A€ FA
(1) whol2 AA Ajze] T4

Urease B4°] ZF%9 oote] A= @42 ol gats ARANE FEUE o
S HYAHH S (ion-selective electrode, ISE)S AM&3t] potentiometric 34 FAE
ok B AT e ureaseE FELAE ALEEE TAMAM AAES FAZG FFE
120 fste] AaEe A4S 7124 urea Ealo) wal APHE FrYE oS
mVE =33sto Hrlatgt (Fig. 5). o1& 989 Wirigs d2Ug A3
model 93 series, USA)& Ag3t3 ¥k3-ZA3}e] potential ¥3E Orion (model 920)
pH/mV meter® A Hrh obge], nlol AN Alzdd 9% AZxAAL 9

softwaredll 93l PC3} sl4 ).

—

¥2

o

(2) NE 24

AU oj2AYIE dARA FAEHY Y] RE ABG} $EEdd ionic
strength adjuster (ISA)E Yo FAU. &, X5 AI2€9 100 mLo ISA (NaCl 292
g/L) 2 mLE $oIFUth FFE HS A&y Aoy o g 3 A gste A4S
e 308 4 gRUot EEFA AT PIME F A& g
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a a' ion-selective electrode

b b: inner filling solution

c ¢ working electrode

d d: electroactive membrane

e el sensitive membrane
(immobilized enzyme membrane)

f f: test solution

Fig. 5. Chemical reaction occurring on the surface of ion-selective ammonium

electrode.

2) 25 % 1%
7}) Batch® ulo] QMM AlAsle] 7|REN

(D FEYol Fxd WE I3

EZE grUol ML 555x10°~555%107 M2 ZHz 559 E A & ojAL

>
X
e
R
=
olo
o
@,
2
vl
N
i
ol
=
2
o
i
flo
i)
B
olM
N
-k
i?.li
38
2
e,
=
2
lo
it
R
2
gL
lo
)
N
&3
S
{

=30 mVE YeEtdon I e ¢RUE FYHAL | ANt d AXNE A&
B, 108 w27t S/l whet A{AE (4mV)2 0994 61.7 mV7tA F7t
3ttt (Fig. 6). Fig. 7914 £ 4= 2= RAAY ¢2yol EF 899 ¥E 1x10° M7t
A 0998 (N9 FBA+FE JEhAA
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8

Response (rhV)
2

-250

0 10 20 a0 40 80 60

Timea (sar)
Fig. 6. Typical voltage response profiles of the batch type urease-based sensor. The
added ammonia concentrations were 555X 10° M (a), 555X10* M (b), 555%10° M
(c) and 555X10°% M (d), respectively.

50 +
1=0.998

-100 F

-150

Response (mV)

-200

-250

Ammonia (M)

Fig. 7. Effect of ammonia concentrations on biosensor response.
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(2) o247l A 43

gt BFE FEE [oll ofe PP wed BEE AFE 24
o AESEE A4 At MR oAl d%e olr A sk AE R4
A8 Tris ¢%89 pH 70)9 $EF 2, 5, 10, 20, 50 mM2 G¥siA Azxg F
AA%e 24k Bk 10 mMel wrea® 714G AR FJG T AP ol
A7l el tha AolE Bglow 5 mMe €F & FEAM AQXI A 2A Y
EhRt (Fig. 8). B3 574 A <HFd g7bx] Zele Azbxe 7b% #@eop o] 2oA A
o M= M T2 Ro2 UER

of

120

90

/\\/

60

30 +

Response difference &mV)

0 1 r 1 A I3 A A 1 x I
000 001 002 003 004 005

Buffer concentration (M)

Fig. 8. Effect of buffer concentrations on biosensor response.

(3) pHOl g Jg
< A7 Hho]eAlM Alxwlel] wlXE pHel WS dolry] $ste] AZEA
AHEE Tris €ZF8¢ pHE 6.09A 807k WaA 7w AMutee AHBYT F
23 e 9] ureaset pH 7.004 7HE #Ao] FL2 Aoz deA Jed 2L FE 7
HEAE FYUS d@ nAFE Fox pH 7.0 80914 Ao & AL BAF
At (Fig. 9).
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140

120 F

| ‘\—/\/

80

Response difference dmV)

60

55 60 65 70 75 80 85
pH

Fig. 9. pH dependence of biosensor response.

(4) 7145 = (urea)d] W3to W& 7
Bl 2 A ghg-o mX&= 1A urea FE] AL AW RUT} (Fig. 10). 2422
2SR E o deEue 271897LE -1765 mvAd ol R 1A L
o A% (-1938 mV) 2o ohh A Folth /1L 10°~107 M9 FEE 9o A
RS celllol F318t3e d 1A% Ert F713e] wat AYge Zrsigen 4993
#% 03~1217 mVE HA T8 BAFQY. ol 548 uFsex g dry
& AT BAFE AYAETG ga Holg Ui RAew 545 e A9
AAAZE BdHez o aA e 713z od AAees wAsd
10°~10% Mo TN WA QA4 AFTHAL HolRT o] AL

T 2

£

rr

o

h= s

urease AHAN ANzdd AEHE NASEE APeed FuAde @k =28, o
€ FYoE %5 FFE JF AHE nsA ¥oW B AF voloAME
AW AEES] A uread $EE AFHOZ ZAHTE wea ANZE 4
T & Rez Agdth A9 wea FETHAAMY ABAF ()= UL Table 63
Ze}
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Fig. 10. Effects of substrate concentrations on biosensor response.

Table 6. Detailed description of biosensor response according to urea concentrations

Response Urea linear Correlation
Response . ‘ .
Substrate (M) (mV) difference range coefficient
m
(4dmV) (M) (r)
Tris buffer, pH 7.0 -172.1 -
10° -171.8 0.3 10°~10"* 0.990
107 -161.2 10.6 10°~107° 0.996
10 -1234 48.7 10°~10* 0.970
107 -76.6 95.5
10°* -50.4 121.7
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) B0 o3 ulo) o AlAl w29l A
524 ol&o] 9% urease AMAM FHL dohur] ot WA sF e A
AAe AHE AT F 10 mMY urea SR ANFS ZAHAT. o T 7}
o BEE wolsd wg celldl HrAGEA naiMe ANEE AL

Hg(IDol 9% urease AHBAFE Lolry] 915t Hg(DS $EE 1.0x10° mMol
A 1x10° mME g8t #drtstad B A A9z (UmV)S FFLL ArbEA
1e 799 HuPL W 07~101.9 mV AR FAsHG o, 1x107 mMe] Hg(D)ol o
ted a8l 8% FE7HA AP S BRAFJ o) 2L Fx9 HgdDdl 93t
2 urease’t 102% FE&7HA MA@ vas] B o AHAHES FF R 5 S B
T RAoz2A ghe st 4% FFoz ARFHUTH
Cu(D®l 79 Hg(Del eiM et sba7px 2 32x10° mMelA 30 mM7HA 9] 5
HHelM A7 E o AYxg-e 1.0~1123 mVE Jegten 30 mMe] Cu(lol 9
3t A EEEo] 64.7% FAFATH 32x10" mMe Cu(IDE H7MRe we AAws
2 813%EA {1 urease?] TAEA ] 364%2 AT vlws] HgHS w At o
o urease® Cu(IDel th¥t zH-&Ado] <zt Rold e & 4 QU

Zn(D9 9 31x10" mMelA 20 mM7+A #7he A A9zhe 1.1~25 mVeol
Rer 20 mMe] Zn(ID) H7b A AATEL 985%E EA FAES ¢ 4 Ak 9
A, 8 ureased ZA$olE 31 mM Zn(ID) "7t Al AA¥EL0] 97%7+x] §-2] = QT
o] A& 8 ureaselt TAFE urease’} Hg(DY CulDe] o3 A L= gz
Zn(IDel S3id = A AEA &S HAFo ZndD/t E49 E&A43ld Ao 9
FE 7AA G HAFE,

Cd(IDel 7% 1.8 mMelA 180 mM7HA o #iFsls 52 H/ME A3 A9
1.1-530 mVE YExt o= 180 mM CAIDe 7% AAMur&o] 366%7tA Asg S
HAFJo ¥, #3) ureased ZA$- 178 mM9 Cd) A7} Al £48A40] 102% A
3 =] A}

Pb(DE 5X10° mMelA 5x107 mMel| si2sle »58 HA7He A, A9Age
02~1.0 mV °Jge™ 5x10° mM X9 F$ AAugo] 994%77 FAEPL BAF
Ack frel urease] A$ 9.7x10° mMel Ph(IDE /RS W BT o) 288%71%)

&

|

Of

N 2
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AsfE A vlas] & o Azl o] ¥lay 2 zolrt FE € F U
o] A3 urease AIMAAMY FF&o 93 AFEE HgdD) Cudl)) Cddn)
Pb(ID> Zn(D4 o2 YEson oJRE FXEE 54T ureased] AfAHE9 vl
a2 o PbDS A5 Aozt vebu dife B¢ dAste AFUS ¢+ AU
ARAo R FE|Eid AT FEE ANAERDG ELE DAY F FTFE A9
4

g

W

}n
il
B
>J

48 B9 B2l ¥y f @ol #X
RAE Table 741 EASUIL olE FTFE o] e vele MY HEEFS

Fig. 119} Z A8t % th

)
o
)

Table 7. Inhibitions of the urease-based sensor at varying concentrations of

individual heavy metal ion

Added metal ion (mM) Enzyme activity (%)*

Hg() Cu(d Zn(D CdI) Pb(I) HgdD) Cu() Zn() CdID PbUD

0 0 0 0 0 1000 1000 1000 1000 100.0
1x10°32x10% 3.1Xx10" 1.8 5x10° 995 99.4 994 994 99.9

5x10°32x10" 15 10 1x10° 982 81.3 993  99.1 99.2

1X10° 32 3.1 20 5x10° 972 577 989 987 993
5X10° 30 20 90 1x10% 381 35.3 985 8.4 991
1x10% - - 180 5%x107% 280 - - 63.4 99.4

? Percent ratio against the enzyme activity of the control containing 10 mM urea

only.
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Fig. 11. Inhibitions of the urease-based sensor by heavy metal ions. O, Hg(l); @,
Cu(ll), A, Zn(I); 4, CA(D); [, Pb(ID).

Urease A &jAAel S3&d dd 4848 AQAges &4 o, & A F3F5
o] =F" Ha IAHINYNY ureaset $EEAANE AZH8It o] FARA &
et AA el AAES 2 ¢ A Ao a3y, $3454 P ureased] B84
RSl AS stgutgolng HAG chelating agent X ao] 9stad ANE Qo 7+
e JEE + YA B0 2 dFAME o8 Y89 dRYL AT 100 mM
EDTA &) o 583t @7} stirring barZ EelFHA Aeste a4%S AHsA).

e M

ofe

°f ¥, THFG dF Aoz A AHT F Ao R BEAHL EHsW 128H
°f FF& ol TR we dFFor ABHAYY Cud) ojLs A4S 42 =

[.EL

100 mM EDTA A& ©E3EA dRUE 52039 FF&5d 93 AfP=s

7389t (Fig. 12). Fig. 12914 2 4 9% A3 100 mM EDTA A& Z 4371
REESCGE 10 mM urea &AM 27184 A AASA FAHQYDL Culll
o] & 93 APAELE A< H|&E 2 Yy AgAe] 45 Rez FHiEHY

=
o 718 o] 29 F4E HEAG e A@Ao] Cull) °] &9 F$HT we Ao

>,\1

HeElstEd ole ME FF45 3 urease A7) T FolAL AAlElE Aom A}
25
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Fig. 12. Reproducibility of the urease inhibition sensor against Cu(Il) ions. O,
response of the biosensor in the presence of urea; @, response of the biosensor in

the presence of urea and Cu(Il) ions.

2 AT urease AMAAME inductively coupled plasma (ICP)el 93 FZ&9 A
LEAe) A gro]l 2z gstd FFE 29 JtsAol e ANEE AEsied
O MLH urease AMBA FA cuvette assaydt 7 AHEE F A& HoE AZH
o], potentiometric Yo sl FF& EA A9 AYXAFE FAHEZ pH/mV
meter, FEUS AT 29 software TLZE AT = glo} ARFA FAE F 3
3 compactd FUlE Azrgozm FF HAAY £ Q& Aoz dqA4dT. ol A
A&y Aadom AJsE Ax g Weto] @ F JouZ off oA flowd F
4 AZ urease AM|AMA Al2glo] disted] AT

=
rlr

t}, Flowd 3% A2 urease AsjAA A== 7

7}) Urease I3 3}

Chitopearl bead (Fujibo, Japan) 4 mLE 5 mM Tris €58 (pH 7.0) 10 mLol ¢
1 AHsH AH 3 beadE 3|4 glutaraldehyde & (25%)el 7kt 30CAA 24
e mketE A S A of & RS YUY 4F Yo FEI HAE F
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ureaseE YA FFE Ao GAA FALEN (25 units/mL)E AHZFT 30CAA 24]
Zh, 4CAA 24AZF Awkats wkg Az 243 4 bead® 437 st DA 3
mm, #°] 7 cm® glass micro-columng A& Gch, #H, FHAHo] 9% urease

£ Immobilon cellulose nitrate membraned] A3 &t}

) Flowd ol AlA Alxd A

Flow®d utol AlA A28l F reactord Aade TAEE tea 7o (Fig. 13).
dAH FHo2 4389 9 JALAL dEHoz FeFy) 989 Gilsonrt
(France)®l Minipuls 3 pump, Rheodyne injector (Supelcorl, USA), A3 &2 bead?}
Z 449 micro-columng A2 AASAT} o8 G HAIFo] Adsn wL AT e
potential W 3E pH/mV meter2 FH38 ) o] o A& Axde] 7t REo dAL
#7408 mm<l capillary tubing (19-0041-01, Pharmacia, Sweden)ol ¢35t} #3tg o
M, batch® vtol AN Alx=glel Heo wlazixz AMaze AZE PC3 sy
software] ¢J3te] £ d 4= JYEE Y} (Fig. 13).

Fig. 13. Schematic diagram of the urease inhibition sensor with flow-through reactor.
a, buffer; b, peristaltic pump; ¢, injector; d, enzyme reactor; e, flow cell body; f,

ammonium ISE; g, waste solution; h, reference electrode; i, pH/mV meter; j, PC.
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2) 2% 2 1%
7}) Flowd nvlo]l Al A2aHe] 71EEA
(1) ¥k-8- profile
1xbd =] & Immobilon cellulose nitrate membrane®] E48 FAROLZ 314 518}
batch® Al2¥g A3 @A 3abdEolE Immobilion cellulose nitrate membraned)
og & 1A} olF AT BAF flow celld A= F urease’t LA FE

Chitopearl bead

it
of\
R
i
FO{I
B
e

27182 AFR3E reactord A 2"l F IR flowd
N2dg TSGR, of  o]&2 wg profiled Fig. 14} 2 Flow celld Al
o] A whgAIZho]l 208 ol A g Eojof uhgo]l AAFHUR HALE (steady-
state)ol] o)27174A B& Azto} 225tk A, reactord Al g WSS

20% olWZ ‘et

£ 50

A B
100 -100
150 150

-250
=00 300
ol . X . ; 5
0 1000 2000 3000 4000 500 0 300 600 900 1200
Tirre (sec) Time (sec)

Fig. 14. Responses of the flow type urease inhibition sensor systems. A, flow cell

type; B, reactor type.

Flow® ol o Al Alxslol o vixE &5 88 f&e gF S 100 uLef 714
& FstW A AH BT (Table 8). o] W, FE5& 0.155~0.255 mL/mino.2 H3}AZ
th 2 A, Ay A" 54 EYdA mtele Mg e & Zolt fdent
0.200 mL/min®] &&o)A MMzl 7bg & Aoz YEbRH
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Table 8. Effect of flow rates on the responses

of the flow type biosensor system

Flow rate Response

(mL/min) (mV)
0.155 271.2
0.188 28.2
0.200 39.1
0.229 334
0.255 275

Table 9% batch¥d ulol A A"} A f424 A AF5HE flowd vt
oo AN Az¥el MENTTH FLES wTF ZFolth Table 9H B £ Ut
A8 flowd wlo)e MM FdAE reactord Al2®lo] Hu} e ZFEEANS HAF

A,

P

o

Table 9. Comparison of reaction time and response among the batch and

flow type biosensor system

Reaction time  Sensitivity

System Sensing element (min) (V)

Batch type Urease membrane 20 944
Flow type Flow cell Urease membrane 60 1114
Reactor Urease reactor 20 1517
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(3) Reactor #old oj3 3
Flow#® upo] 2 AlA A" ZF reactord A" &4¥HE7]19 Hojo]l e HA
#E&E v AY wEE Gt vlusdnt (Fig. 15). o] ®, reactord] ZAol& 7
cm %2 10 cm& Z+zt g8sle) a47F 1439 Chitopearl beadE % A3} t}. Reactor
o] Zol7b 10 emgl A 71ZZAM 01 M urea® WH$A719E reactore] Zol7t 7 em¢)

AFEG #FEETE 40% AE 5 A2 vEEt wepA, of F9 4L reactor

150
120 |
£ w0
o
(%]
o
g
4
30+
0 saasf e L L i 1
103 102 101 10°
Urea (M)

Fig. 15. Effect of the reactor length on biosensor response.

@® 10cm O, 7 cm.

(4) 4EYol & urea ¥x9 I

B A7 flow celld 4 reactord vlo]MlA Alxwlo] R Yo}lo} urea FEo w
g vetle g5 A4S AR HEskth Flow celld Alade 2% ¢RYol ¥ 0~0.06
M7EA] &3t 0™ reactord Alawle] Z ol 0~0.003 M7 9H8-8to] reactor®
Alade B¢ Bo @2 vxe grYolet whgd £ it (Fig. 16). £ wg7132
E A, flow celld Al2"e] B¢
unitS LASEHEE @ 01 M urea F=7HA] A#BAE YEPRAY. &8, reactory
Azdel ZSot urea 06 MRS W3l 718 e 744 SEHA/T €S Ao

2 JeEst (Fig. 17).
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Fig. 16. Effects of ammonia concentrations

system; B, reactor type system.

180

Response (mV)

[¥] L 1 -t 1
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0.00 0.05 0.10 0.15 0.20
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Fig. 17. Effects of urea concentrations on biosensor response. A, flow cell type

system; B, reactor type system.

200
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(b)) B 13

do,
o
of
ot

Flowd ®lo]Q MM A28l F reactor® Al2"olA & 1AHIHS
unitZ 2t A 23 g2urgrld wE AMNEE AHBYS 9, FAFE 2
unit®] A 71 wgAol & Aoz Yyehyt (Fig. 18).

150

120 +

s
E
xs
2
3
T g}
30}
o 1 A b dibide Ak b ddd, " behnd o bd L
102 102 10 10°
Urea (M)

Fig. 18. Effect of immobilized enzyme loadings on biosensor response of the

reactor type system. A, 2 unit; @, 2.5 unit; O, 5 unit.

W) TaEel o vtoledA A#utg profile
Flowd %34 A& urease AsAA AlxdoMde] AZ=344 £ w2 profile ¥ 3}
g o] AYsd e 2o & 944 522 &
I ¥hgo]l A E ol2A HW FYFol uread FIAT. 7

1A 3tE reactorg FHA3HA AAREGo] dojuA "t} (Fig. 19, peak
T5 ol &9E Fdste HEAINE FEE o2 TxY FRHo =l
urease? AM|A = GAAA HEZ s YA Wt ¥g peakst FA
Byl "k (Fig. 19, peak 2). o1 E A gxe Az e 3% o9 &
g 4 Aok ¥kEe] EYR Chitopearl beadol 2=l e TFE oS

a7l st EDTA §4& F]late AAsdn o] o, 7]14& FU3te] Ao
B peake Z7)d 7]AE FI FSRT ZA JER oy (Fig. 19, peak 3), €%
A ALKAo=m Fe BUl AHsld WS peak’t YW FF HEE ol FHT

£ reactord AlAde 7

o
e

O

b1
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olo] o5 F71¢ B4 S AF + AU (Fig. 19, peak 4).

-150 +
-180 |

-210 4

Response (mV)
N

240 b

270

_300 1 1 1 1 1 1 1
0 500 1000 1500 2000 2500 3000

Time (sec)

Fig. 19. Response profiles of the reactor type urease inhibition sensor system. 1,

urea, 2, urea + heavy metal ion; 3, EDTA flushing; 4, urea.

2 A7 T3 flowd F8E AF urease AMAA Al st @oj

5% Ad FEITHY #ZS$EE batchd uwlo] oAl Alagle] AR Aubyoz
dojAle Aoz Yehgt} olx 248712l micro-columndl A ¥ beado] 1A IH

urease®] BHo) FFE ool st AaHE A W AMEA TRHEUA
59 g 40 st g Aoz ARy,

Z AAAE AF
D 234y
7h 71E8 R 4d A8 Alg dA e
&, 1A, FuE, 23k, Zolu A, Wy, SEje FAE 73S 4 10 g4 F
dte] AxEAM7IZ2 31§ Zol 30 mesh EEFAE 543 12 YAE AUk ol 3
g¥ st & oA dIAe e F 50T 247+ Fststn HerA Wzha g
o o7l FFS 10 HeS ol ¥ 01 N HNOs £ 3 mLE "Hoj=Hth ol &
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9 Aol Azt Aol FALHEE st A8Vt ¢ds] AnSESF STk 500
TolA 1A 83 & ta] Yzhstn 0.1 N HCl €9 10 mLE ¥l A& 433 &3
gt ol FFTE 18 50 mL Eaad AL ARF A& ICP B4 &
HA ot

o

HA=Z

1) wpoj e AA o] ofg AlE g

2718 M& 7FS 27 10 g4 Aste] AxYATVIEZ 17 Zol 300 mesh EEEA
E T4 mAYAE AU o) RAE Tris FFE R A A F83] 2k F 045
Um membrane filter& % 3FA1Z1 AL control A E A&t A, A g Hgdl 5
X10™* M, Cu(l) 5x10° M, Cd(I) 5x10° M, Pb(ID) 5x107° M, Zn(I) 5x10° M| %
T5& FAetd spiking® F Tris $FE AL 718t H9 2o Ao RLAANRE A
F3Ath g8 A Fo o] 2AVE dAGA FARI] st RE AEY SFFA

ionic strength adjuster (ISA)E ¥o] F}.

2) 2% % n@

7h AANE Fo FF& 4

AR Fo EAste 3459 FEE 7]1& E4YA ICP ¥ Hg analyzerg o]-&3t
o] A8t (Table 10). Al& % Hg, Cu, Pb, Zn, Cd ¥ =& 27 30~720, 1000~
29000, 0~800, 5000~56000, 0~300 ppb &2 EA3t Cust Zne FFo] Fujze
2 & Ao JENT o9 22 v & AT urease AAA Alxw
AETE 1 £ o (Fig. 3, Fig. 11) £ 79 vlo]o M Alagoz A8 F9

Hget Cud EAARE 2329 & F g Aoz AaHA

lo,
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Table 10. Analysis of heavy metals in the real samples by the conventional Hg

analyzer and ICP

Inhibitor Concentration Concentration
(ug/kg, ppb) (UM)

Hg 30~720 0.15~3.59

Cd 0~300 0~2.67

Cu 1000 ~ 29000 15.74~456.36

Pb 0~800 0~3.86

Zn 5000~ 56000 76.46 ~ 856.40

1} Urease AsfAlA] Al2A"o) 93 mdag EA
B A7 urease AFH AN A2wS o] g5l Z4zte] FFE o] o] spiking B K
IARE BEHEL REANEE /189 E o QoA urease Ado] tidt AdANER

A EASFE T (Table 11, 12).

Table. 11. Analysis of Hg(Il) ion in the model samples by the urease

inhibition sensor

L Spiked Relative inhibition
Inhibitor concentration Sample a
(%)
(M)

Rice 58

Bracken 99.7

Bean sprouts 98.9

Hg(II) 5x10™ Dried bracken 107.1
Jellyfungus 1045

Glycine max (baektae) 105.8

Glycine max (heugtae) 107.2

? Percent biosensor response on the spiked model sample against that of

the standard sample.
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Table 12. Analysis of other heavy metal ions in the model samples by

the urease inhibition sensor

Inhibitor confé);l:iiion Sample Relativeo inah ibition

) e

Rice 96.0

Bracken 110.6

Bean sprouts 109.6

Cu(D 5%10°  Dried bracken 116.1
Jellyfungus 114.4

Glycine max (baektae) 116.3

Glycine max (heugtae) 114.3

Rice 99.9

Bracken 95.9

Bean sprouts 101.0

CdID 5x107° Dried bracken 103.3
Jellyfungus 104.1

Glycine max (baektae) 107.1

Glycine max (heugtae) 107.0

Rice 101.0

Bracken 99.6

Bean sprouts 101.8

Pb(ID 5x10°  Dried bracken 106.0
Jellyfungus 103.4

Glycine max (baektae) 104.2

Glycine max (heugtae) 102.8

Rice 97.9

Bean sprouts 97.3

Dried bracken 97.1

Zn(1D) 5X10°  Dried bracken 104.0
Jellyfungus 103.4

Glycine max (baektae) 1025

Glycine max (heugtae) 103.8

? Percent biosensor response on the spiked model sample against that of

the standard sample.
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=

Table 11 R 12014 & = & AAY $AE A5 ©E /Hd FF& o2 9
Hhol 2 Al A Alx® e FUiA s =e Hel), Cu(ll), CAAD, PbdD, ZndD) o}&9l 7§
7 958~107.2, 96.0~1163, 9%5.9~107.1, 996~106.0, 97.1~104.0%=% Ye}Ed, o=
ol EdAR g FAX FFE ol2o] 4 urease A3 REFA w¢ 24

A +HHS GuSn obed B AT urese ANAN Axdel A BEAFHS

N

Hel ool 2x R FYEF T TANSE 34 ZUH

HojFErh
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3. A ASE AT BAA AAAN AN2Y A

e

7}. Electroluminescence Spectrometer® ©]-&3% 43

D 23y

7h) A e FH £ Ex B

¥ X &A%] horseradish peroxidase (HRP) type VISt VI-A, anti-chloramphenicol
(CAP) antibody, #8%3% (chemiluminescence) A& =23 luminol®d H:0, T
Sigmatt (MO, USA)® A &F& 41434tk HRP 2 anti-CAP antibody HRP9| A3}
of AF£# nitrocellulose membranes WatersAt (MI, USA)®] Z ol Biodyne nylon

B membrane %-& PallAl (NY, USA)oA 74st] Ao AL&3tio.

) Anti-CAP antibody-HRP conjugate #} %

slehkg e EA o] ol mA3F x|AA (immobilization support)22] A< A3t
ol&HQ A¥gArE AYsly] Yo anti-CAP antibody-HRP conjugate® modified
periodate methodel] 23t th &3} Zo] AZsATh F, 4 mge HRPE 1 mL $/FF
o &7 utx A =3 01 M sodium periodate £ 200 uLE 713 ¥ ol&
LoA 2087 EE0] F3 4CoAM 1 mM sodium acetate ¥E8 % (pH 44)02 35
v Eob BAEY T £4% Yol &9 0.1 M sodium carbonate &£ (pH 95)&
A% Hrrete pH7F 90~957F SA & F CAPY e ¥A (025 mg/mL)E #9
sodium carbonate ©%-& ol &3¢ F Hrlstd 24 T A4 7HEH EE
FMA conjugation 3J . o719 sodium borohydride (4 mg/mL)E ZHFd] £33}
o ZAF AL 100 gL 7 F 4T A 2AF< ¥k A H ) o] tHA] borate ¢
Z89 (01 M, pH 7491 B3 EA% F 60% glycerol A& H7bsto] 4TNM A%
st

_l

ikt

t}) Free HRP % anti-CAP antibody-HRP®| 1A 3}
4 2 Ao nAsE 9L Zol FFATE WA, free HRPS Z$ nitro-
cellulose membraneS 7+, Al2 8§ mmY ZAVIE Zd o] FEE BEd F4E94

S7F 243 FZAZ F PBST ¢4% €9 (0.1 M phosphate buffer, pH 80, 014 M
NaCl, 0.1% Tween 20)22 o}FAt}. Biodyne nylon B membraneg X #3t& Pall
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membraned] ZA$E £ VR AE2 I3 A% wHog MeAA FLAE 1AIEY
o}, E% anti-CAP antibody-HRP conjugate®] ZA$E ¢ FY3 wyozw 7tz
membraned] 1A &5ttt

2) 2%t 4 3
7 sEhdst o

Z

EE

G445 ANBAY DLE BHE A9 WAAN AP A, AZNEZA Hehu
J 2RE f8% AZTw % £ gonz WA 1 AYE A¥uY o 2ok

Luminol + H202 ———® 3-aminophthalate + Nz + hv (light)
HRP

ol W, H:0.& At3}A (oxidant)o}®] HRPE Z Al (catalyst)Z Z-&3A =
iodophenol & %% A (enhancer)2A Ab&3th 2 dAFoAE ehitd 248 ¢4
dAsaA Hen, 8 ¢3ste] Electroluminescence Spectrometer (Aminco-
Bowman Series 2, SpectronicAl, NY, USA)E A}&&t4ct. shahurg 292 AT e
EFEY 7992 25 mM luminol, 25 mM p-iodophenol, 50 mM H,0.$} HRP
(60 pg/mL)E 20 mM Tris-HCl ¢4%8&9 (pH 86)° £s|A1A 742t stock solution
Az or ME 29 stock solutiong quartz cuvette (Sigmarh)el 7+ 60 pLA @
2 HFHLoZ HRP 60 ULE 7t¢ & A4 237t 3 mLt HER 99 gxgdor
Z4 89}, Spectrometer?] %L 100~700 nm2e W oA scanning 34 emission
W3S AAQsa o] Fof FtdF AIg Pk Al AFolM cuvetted] luminol,
Hx0z, p-iodophenol, HRPE ¥ Hix 243 A 413~420 nmolA Hgd=
(maximum light intensity)® R 9%+ emission spectrum& 9& 4 AP A,
luminol A& T }AdGolA JUF=E debiy spehtd Ao wg &%

2ol BEF EoE ARt dASA Lo wzo] okt watA, luminold] 9 &
background & M R& W&ol ofF WFmz A As )

5
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) Free HRPE ©]-8% 43
(1) Luminol ¥ Hz0z0l o3+ ¥
AR T2 free HRPE o] &3t 7)o uvhg EFE F luminol? Hx0:9 stock

solutiong 98 HE2 343 working solutiong 7}éli stdge] AxE =As G
o}, BA luminol®] FEE 0003~0.04 mMZ ®W3gAN7H 2FEE 4% Ag:=
Fig. 203 Z2ow HAFEZE RAFE 002 mME AF27A02 AAsAY. HOE
0.166~20 mM T=E WAL @ 235~384 ¥ ¥F=E d& & ddey
(Fig. 2D, 8t 1.0 mM HO:0 A 3o AgS st o] 8§ A2 A}
25U

20

16 F

2r

Emission

0.00 0.01 0.02 0.03 0.04

Luminol (mM)

Fig. 20. Effect of lumincl concentrations on light emission.

50
® 002mM luminol
O Q05 mM iuminol
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Fig. 21. Effect of H20> concentrations on light emission.
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(2) Free HRP s=o°l o3 J%

Luminol % H0,9 ¥ =& AR3A A3 HRP ¥ X & 16.66~200 pg/100 mL
Z WAEANEN BB E 48P (Fig. 22). Luminol %7t 0.02 mM% 9 HRP9]
FEAG W 2FE s weh do ARAE AYe Ao vehd WE, 005
mM®] luminol& FU3%UE @ HRP Fwiste] met @3wrt F7hstth Zaste
ZEE Bt £ ATFME Fg 100 ng/100 mLe] HRP ¥=& HAzHo
2 dAsud.

40
O/Q/Q',‘_Q_—o\o\n
30F o

20 ¢

Emission

® 0.02mM lumnot
© 005mM luminol

0 o

[¢] 40 80 120 160 200

Peroxidase (ug/100mL)

Fig. 22. Effect of free HRP concentrations on light emission.

) A3 E anti-CAP antibody-HRPE o] 43 43
(D) 233 AAAE 51798 Ao g vH-gA
Anti-CAP antibody-HRP conjugate® nitrocellulose membrane™ Biodyne nylon B
membrane®] Ztzt FA Moz nAsE F B3 ERE stetn 9REE SAHAT
°f @, luminol® FEx¥& 002 mM& 3Arh Fig. 234 & & A& AAE nHg A
ol A gl wheh gehdgel wgAo]l FolH o 5N o FRHE 1A AZke]
doetolE HEEE A F71EA ekdth HuwF =] 50%e) HFEE
€ B2 A8 Eopd 308 oWz JYede ¥ & ANRNI °l& anti-CAP
antibody-HRP conjugate®] &2 itgo] ¥ %7 A9 ¢85 €-g 9udic} wegdr F
Fof AAAN Yol A A AEe] Hasd o gAY @Fo] e
Ao g AaEYY, %3 Fig. 2302 32H nA3 A FZE nitrocellulose membrane

Bt} Biodyne nylon B membraneo] o ¢33 AL ¢ 4+ A

s

%
o
>
~
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20

16 +

Emission

—e— Biodyne B
—0— Nitrocelulose

06 . 1 L .
0 5 10 15 20 25

Time (hr)

Fig. 23. Time-dependent binding of the anti-CAP antibody-HRP

onto immobilization supports.

(2) Luminol %= w
Anti-CAP antibody-HRPE 3|43t $=E 27 22 R A9 nAsHE 7
I luminol®] FEE @A WAL Ak} (Fig. 24). Luminol 5 %7F 7}
T SF=ge FUte AFE RYFdoy 0025 mM olF 9 luminol F XA

A F7H8HA] F%I o] free HRPE AHES A¥ Ao} nlmzd & Axst)

(o]
wt-3-A

i

e St

iy

25

20r

15¢

Emission

10+

® CAP-Ab-HRP conjugate 0.05 mg/mL
O CAP-Ab-HRP conjugate 0.25 mg/mlL.

0 I " | 1
0.00 0.01 0.02 0.03 0.04

Lumino! (mM)

Fig. 24. Emission caused by the anti-CAP antibody-HRP-immobilized

support according to luminol concentrations.
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U. CAP #&$ 9% batch¥ #83 Wdan Az A

D A3y

o8 H&Ede L& Z2HIYG. B dFAME nitrocellulose membrane®]Yt Biodyne B
membrane <& LA I AAAZ 32 7)o anti-CAP antibodyE 1A 3 & T o]
W el #Fete AR F9 analytedt HRPE Z3A70 labeled analyte (tracer)E
A g A7IE o5 9§ HHAE (direct competitive reaction)o] DojutA @
o ol& =83Y Fig. 259 2tk ©] ¥, 443 washing #8 L AX F 143
A Age] FA S AFE tracerd] odte] 71 N F luminolol] 3 FstFo] ¥
qU: o] Wo] BFFL ZHINA NE 9 analyte FES T Alo)o ARTA )
A analyted] F=& & 5 gk

it

-+ -+
Antibody Analyte Labeled analyte
immbilized in sample (tracer)
Ag-HRP

Antibody bound labeled analyte

Fig. 25. Schematic diagram of a direct competitive immunoreaction employed in this

study.
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2) A3 3 @

7}) Fiber-optic BGAA A 2®" FA4

B A7oA 493 AN L8 bach®d B A2 WEVI2AM optic-
fiberg& A3t Aladloltt & AQA Y] o w FAE nAZ} AAAA
Aestn o] uALE wFEgAoR AAA e AMARE HRET 5 mLof W&
cell ¢tol] ¥tk vk cell ¢to 2EFE 9 (20 mM Tris-HCI buffer, pH 86) 1200 pL,
H:0:9} p-iodophenold z}Zt 600 pl ¥ i free HRP €9 600 pLolyt &4 A&
Yol rggde] 3 mL7t ¥R RESF vt A3 FA Y WEdo] EodE WS
cell® fiber-optic probe (200 pm fiber with CC-3-UV, Avantes, Netherlands)& &4
o Y3 o]F wow A3 Radiance Spectrometer (AVS-S2000-IRRAD, Avantes)
9} computere] £XHoZ QAT F WS cell W FATE B3 714 luminol
600 uLE ¥ 3 3}Eukgo] AEeA YoAUEE stirer®: AFAHT (Fig. 26). 712 F
¢l & wFATE Avantes software (version 5.1)° 2l8te] lux2 #4FE o] computer
EUE FEAHA

=2 ]
T

-

Fig. 26. Schematic diagram of the batch-type fiber-optic immunosensor system. a,
spectrometer; b, computer (with Radiance S/W); ¢, dark room; d, cladding; e, uni-

directional optic fiber; f, reaction solution; g, antibody-immobilized membrane; h,

magnetic bar; i, stirrer.
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) Tracer (analyte-HRP conjugate) %
(1) Tracer A&

HHZEdEe WA dgel HWRF tracerdd CAP-HRPE activated ester
methodell &3t b3 o] &Yt WA, CAP succinate (1.6 mmol)E 50 mL<]
SHTFA &A1, 979 1-cyclohexyl-3-(2-morpholinoethylcarbodiimidemetho-p-
toluene sulfonate (1.5 mmol)%} N-hydroxysuccinimide (1.5 mmoD& Z4z} 10 mLe
Frol SAMAA A7 sk g EFES A4 1A wEHEY incubation AlA T
Potassium phoéphate #4389 (001 M, pH 7.4) 20 mLe] HRP (11 pmol, 0.5 mg/mL)
€38l F activated CAP succinate (630 umol) 20 mLE #rstetn w8 E§EL
ARBPAA 221 2HE < A2l A incubationdt & 4TolA overnight, incubation 3%t}
qF FRTFE FAR AT g EYELS 54 EAsdY. AxE tracerd)
HRP9}9| binding £&& %olR7] $189 trinitrobenzenesulfonic acid (TNBS)®H ol ¢
3t FA 3

iy

(2) TNBS®Hl o3 n43la s =4

dd £ (1.0 mg/mL, 2564 units/mL)o} 4% NaHCO; $% | mLE 23 01%
TNBS &4& H7ISIGIth ©]& 40ToIA 24753 #gA F 10% SDS (sodium
lauryl sulfate) 8 1 mL¢} 1 M HCl € 05 mLE Yo w247 ¥ 335 nmol|A]
UV Spectrophotometer (Jasco, Japan)Z E#EE ZA3ch. =3, potassium
thiocyanate (KSCN)E ©]€3% TNBSHL ©w@#adg&d 1 mlol, 4 M KSCNel 4%
NaHCOs% 0.19% TNBSE #Z £813 RS 1 mL¥ 718t 24175 40ToA e
AZT 47le] 156 mM9 Z/RFE ¥& F 335 nmollA FHEE 2Asgc Azd
analyte-HRP conjugate®] binding £&2 ¥¢ol2 312 free HRPE 71222 3t HRP
FTE ME FFEE TE F AFJINE 2R A3, TNBSHI KSCNHol <3 2
FAE 22 0938, 09989 ®& F@AA ()& UEhHUT (Fig. 27). ¥3, CAP #
A= TNBS Al oF# vhg-sle] S8t 2 (data not shown), CAP-HRP®] conjugation®]
L2AA AAHez FHEFol FteiA "k AAR KSCNHoz 2Hsde o,
conjugation ¥ HRP ¥ =& 0.1 mg/mLE 3A& 799 FBToAM control EFE
< WE 01439] FHAE gol Yeld wd 01 mg/mL free HRPS JFFE oA
control F¥% & w9 00078 FTFE FL Ae & YAk WA, 0136729 &

o

off
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3= kol conjugationd] s} FItEIs ol & HMEZ b 95%e] s Fakgct.

08

e TNBS
O KSCN
0.6}
S
[=
Yo
«
o3
®
Q 04}
o
c
©
ke
e
Q
)
0
< 021
DO L 1 1 d L

i
0.0 0.2 0.4 086 0.8 1.0

Peroxidase (mg/ mi)

Fig. 27. Absorbance of free HRP by TNBS and TNBS (KSCN) at 335 nm.

o) Free HRP9 9|3 fiber-optic B AA Al 2ol A3

Membraneo] #AE IA3eHA ku ¥HE celld] w38 A7 free HRPE 7M1 &
VIARE dHEGY. Yukdor J1d £ F g 55 oJUdA vz Jeon
ool FoE HEE P of 102 FAHUT WA AFAZ o] EHE H0d FE
s 47 2¥35te] MEAEE AME A3 133 mMZAA S E9dME 0.9 FE7}

ZHE5E e

o,

o] F7Fst Wt 1 ol BFRoME © o)A urgAo] ZslEx @
tt. HRP $X& 2000 pg/100 mL7+A] €& § A3, HRPY S EZ7Hd] wel vt 5

Z718t e T Aoy o FARAEE A 7F28Yvh £33, p-iodophenold 0.66
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Lux

Fig. 28. Effects of H20q, peroxidase, p-iodophenol and luminol concentrations on the
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responses of the fiber-optic immunosensor system.
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) &2 143} membraned ©] &3 fiber-optic AN Aol A3
(1) 3L - g2 SN 2 A nZSALe] 9F
Free HRP®] 799t tz2A 2 dA7¢9 9 off ¥H4dA (membrane-based
immunosensor)dll A& FA LGS o] &t L wkge] HAHHE st
Ao, o] u ALg"E A= anti-HRP antiody$t anti-CAP antibody-HRPo] 1 th.
WA, anti-HRP antibodyE 1000W] 2 2000812 31X 3% &N vy HFE =7)
(05%05 cm)Z Z# %2 Biodyne B membrane2 3087 I A a4t 2 & AFGAA
Az=de] ¢F-gel 20 mM Tris-HCI buffer (pH 86)2 o153 HRPE A7t we}
st AENES FET F A7)0 HyOp, luminol 59 7124 4L Hrletde. &
1AQss i 7] Al HRP7F 23522 HRPS A¥A =o) whet
&g ol HEuA En (Fig. 29). tihe] A% sehdyd wee 713 ¢ 5 o 20%
Av AlAHJAE, ol free HRPS A 991 vlud of Yo WEAzho] 433 xdg
S HAFH o} WBATNE free HRPO A9 Rt thi ZA
B e ANE FA 2@ g A2 dF N
Aoy 308 A Tz AP ¥ Aoz Yelw

Ho
2

,,4
o
e Ad

Fig. 3091& Biodyne A, B, C membrane® Biotrace, Ultrabind, nitrocellulose
membrane®] modified periodate method® #|Z3% anti-CAP antibody-HRP conjugate
€ 302, 1,2 36,9 243 A T fFgHoR HojFa ALEAE Hulsly
fiber-optic WHAA Ax"Hoz 3gadgdrdE A3 Aot} Biotrace, Ultrabind,
Biodyne A membrane®| A-$-olE 2~3AZ7tA] 9 A SEAIZE A ¥EgAo] FAAMFH o=
AA F7tetA % 718F membraned] 7%l 1A E I} o)
FolFE & F AUk o W, FA nHs NS AMSsA ¥& background S 1.0~
128 yeston 671219 ngstet 7 elA ghgAdol 7bg FA Jehd AL Biodyne
A membraneo} 1 t}.

(-'\l

e
—
>,
A
o
=
2
I
M
o
o
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18

15}
12} //_:
x
5 o9t
=
06}
03} —o— anti-HRP 1/ 1000
—O— anti-HRP 1/ 2000
0.0 1 — t ’
0.0 0.5 1.0 15 20

Time (hr)

Fig. 29. Effect of the binding time between anti-HRP antibody

and HRP on light emission.

25
20 ¢+
x
=S
-
15}
—&— Biodyne A 46— Biotrace
—O— Biodyne B —&— Ultrabind
—A— Biodyne C -O— Nitrocellulose
1‘0 1 e 1 i X ) S 1 1
0 2 4 6 8 10 2 4 6 8 10
Time (hr) Time (hr)

Fig. 30. Time-dependent binding of the anti-CAP antibody-HRP onto various

immobilization support.
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oM vl de Q] FEel ¥ AZAsNE LAEy] At A
g 1A F IAS} AAAY HwEEWEL bloking AsH, ©] H$ bovine
serum albumin (BSA)°] 2% Algdth BSAdl 23 blocking®] 93te] WAL A
Qe SHEAAT #EA 4 wE £ goeng B AFgME BSA ANz
HE®LA 3%k %, anti-CAP antibody-HRP conjugate® Biodyne A membraneo)
a2 F FA nA4RTLE 05 € 1.0% BSA &0 AAHoz AR A o] &
A ngste FFEAor HAoFa wg celld ¢ F s]1AEAL Al
fiber-optic A st st d=E 35 At (Fig. 31). Fig. 3104 &
A= AAH BSA NYADL et Frd A 4Fe FA %o 05% BSA A
2o B YA o 23 Est okt 7 E o 08 AYEE F

g Aoz YUY vE 1% BSA A7 A9 wgAHL 05% BSA Ml ASmg
EL Aoz Ygytt)

{o

mlo

2]
o
N
N
N,
B
ok
o
ki
i
.:!:’4

o{o

2

1.8

1.5t
c)—--————Og\o
12 ‘\‘\
% o9
So
06}
03} —8— BSA0.5%
—O— BSA 1.0%
0.0 . . ) A
0.0 05 1.0 15 2.0
Time (hr)

Fig. 31. Effect of the dipping time in BSA solution on light emission.
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u}) Fiber-optic CAP R A o] ZHgur¢-
(1) CAP Tx=%F7te & A guhs

Pall membrane % Biodyne A, B membrane®} nitrocellulose membrane®] anti-CAP
antibodyE €43 8&4E A&3te] 2ds] gAMg & uggetdct of W, A 1 vialdl
1000 ng olskel CAPel thd A7t EAstg e, viald] WEES 1 mLe] ¢80
S F olE 100W FAEe] Aol AL ATl. Anti-CAP antibodyE 99
membraned] A3 F gfAoz MoFu FFH nAFHL CAPY tracer
(CAP-HRP conjugate)2 ©]F% 7 #WHg mixtured) 7+ate] 3083 Ad$-& 33t
At Tracere] AH8¥EE AN &S FUddsr] sl A8 CAPY ¥k
et @48 =AY @A A 2AHIAY. B APAAM tracerd] FEE 0028
mg/mLE TSP I CAPE 10'~10° M7AA 2 thstA zA892m A% mixture
%9 tracerst 71d] FIH| &L 14 (total 1 mL)E &t AE9-S ¥ membrane
< ¢58H03 QYT washing® membraned 7]Eo] AYs 3893 mixtureol
7b3ti CAPY Fiko me stehddel =g =AUt (Fig. 32). o] o, CAPY &
E7h S7tEeE e FaY e, ot CAPY tracerd Zdub-ge wa}t CAPY
FEb ¥ A9ole FA nART FFHE tacers F7b 2L 1 ATHEA
luminol ®t&-o] ZAsted 7IsE Aoz AR} (Fig. 32). o w 37k 9 whof u}
249 23, Biodyne B membrane? 7 $-o) A##AZ 71 FA e
Sk (r=0.956).

ag

oX
o

il

° ® Biodyne A
O Biodyne B
A Nitrocellulose

15

Lux

05 . ! " . n
107 10% 10% 104 10%

Chlorampenicol (M)

Fig. 32. Standard curves for CAP in the direct competitive chemiluminescent

membrane immunoassay.
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(2) Tracer®] FEF7te w2 ZEeks
Anti-CAP antibody® membraned] ZA 33 F CAPY ¥EE 10° M2 nAstn
tracerd F=E WIAIIEA 9 celld FRet] BAEE AFAT. o] 4@ tracerd] F
=¥ 000224~0.112 mg/mL2 MstA AT 2 23, tracer®) F=7F TIhgel wE vt
$A4L FUEAE, ol FA ST tracer’t B A AR F U A
Ho] Yeld Zxz AZdd (Fig. 33). Biodyne B membraned] 433 3¢ 0951
ME 4 FaaA7 vee

(D

20

151

Lux

10}

054

® Biodyne A

O Biodyne B

4 Nitrocellulose

0.0 i Il 1 1 1
0.00 0.01 0.02 0.03 0.04 0.05 0.06

Peroxidase (mg/mL)

Fig. 33. Effect of tracer concentrations at a fixed CAP concentration

on light emission.

(3) CAP %o w& ukgA
Tracer$}e] ZEub-goA ZEste &Y nalytei/ﬂ CAP% CAP succinate 2%
g vyt (Fig. 34). o] wW, CAP9 CAP succinaterx Z+z} Tris-HCl €3£ 9 (pH
8.6)°) &l AAE Tracer? HE& A3 CAP9 CAP succinated HEE 93
o & A3, CAP succinated] 73 $-o] w$Adol o ¥ RS2 YEWIL analyte %
Skl wet wgAel Zade A& CAPY A9t Fdsigiew CAPY CAP
succinate®] 7 EEFA9 FHAAFE Zhz} 0956, 0.837%2 YERT
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25

20

Lux
P

10}

©  Chloramphenicol
® Chloramphenicol succinate

0.5 " sasat, L ! s
107 10 108 10* 10°

Chlorampenicol (M)

Fig. 34. Comparison of the responses of CAP and CAP succinate in the direct

competitive chemiluminescent membrane immunoassay.

o CAP H2g 9% flowd 333 AAM Axe A

D 34y

CAP A5< A% flowd AGAAM AN2e TANAG. €64, 93 B s}y
A FFA (16 emx16 cmx 20 cm)et FH AHABHLE 7= flow celle A A=
a3tk o] wl, flow cell W5E oF 20 uL Are] vteRys ge2 A9, Flow
cell& =X 2Fo 7HE Kol o479 flow cell 71¢T o] THAE flow cello] A 2
A& Fo] photomultiplier tube (PMT)¢] 43 o] TS EE GAbate] @ x| of]
AZANAT e R FRolE capillary tube (id. 0.4 mm)9] flow lineo] Sojg <=

=5 78E F FA% A 23RY% (4 10 mm)e flow cell Wl HFsm
Minipuls 3 pumpel €j8te] AR fH&o2 $589 (20 mM Tris buffer, pH 86)¢ &
H ZUFAch o) ¥ luminol, p-iodophenol, Hx0.2 &3 714 & injectore] FUs4
%713 F4 F 7)Aol flow celldl 2t 3 mAgstes} sheste] B o
Hamamatsu PhotonicsA} (Japan)¢] R955 PMTS $#@Ho s AsiAd Arjiza %=
At R955 PMTE AFZEgolx 160~900 nm® FFNA ZAEEH 400 nmoNA
Hel 288 Btk Model C6271 HV power supply socketS ZA3¥t3d detector A4 ¥
< TAFAL (Fig. 39).

i
2o

s
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Fig. 35. Schematic diagram of the flow type device for fiber-optic optoelectronic
immunosensor system. a, buffer solution; b, peristaltic pump; c, injector; d, black
box; e, flow cell; e;, O-ring and immobhilized antibody membrane; e;, flow guide; g,

R955 PMT; h, PC lab card; i, computer (with Radiance S/W).

2) 2% 4 uF
7}) Flowd CAP ¥

o_gl
D 712 F4Zd B2 9

F4& 0155 mL/minZ #8229 flow linee QA ote] w8 celldh Ad A u
SA F At AP BHFo) QIER Hadolz Ut v1E FIFL 50~

2 ASATIEA 715AS W 71 g o] whe celldl EgEle] whgo] Yojily)
ARz dele Al HEA7F (induction time)& 100~105% AEEZ & o7}
e Aoz vewrh @9, 714 F4Fo] BL4E W A7l (reaction time)e A

e om wbg-Alzke] AW W peakd] WolE broad A UEUA® 1 o] w3

e
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Hif

2& & & AU (Table 13). ©)43 2 AFHZRH o F 7128 FAFS
200 uL= A&ttt

Table 13. Effect of injection volume on the response profiles of the flow-type

optoelectronic immunosensor system

Injection volumn Light intensity Induction time Reaction time
(uL) V) (sec) (sec)
50 0.732 105 60
100 1.045 105 60
150 1.793 100 0
200 2480 100 110

(2) Luminol %] W& &
AR %9 anti-CAP antibody® 1A 33 22 flow celld] 71& ¥ o7]d &g
7149 luminol®] T=& WUEANIEA ool =g FHIAt ol& Astd o
A FAFEE 01 mg/mLE § 99 Biodyne B membranes 7}slo] A 143}t

& AZXT F 0§ celld] 719 volAM Al2E EYIHT or]d wHEr1AR
luminol®] ¥%=& 0.05~05 mMZ WA 7|EA slehdFre| Wstes AHHG o
BY 5E F9 flow cell W luminol?] HF¥EE 0.003~0.04 mMo] fFaE Ao
FAHAG. o] W, 7]A & Fg F whgo] dojur] AFEE Azt DR #

EAZE o 28 AR 2agon HEARS VA FAFolY A AR w 4

hu

& ¥ oz YEHWh. JYsEE USEA WAA E A, luminold FE/H
ESSE WSEE Fbsm 240 285E NRE Y FARE Ao ekt
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Light intensity (V)

0 L n L L L
0.0 0.1 0.2 0.3 0.4 0.5 0.6

Luminol (mM)

Fig. 36. Effect of luminol concentrations on the responses of the flow type

optoelectronic immunosensor system.
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———— 0.125mM
........... 0.167 mM
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Fig. 37. Time-dependent response profiles of the flow type optoelectronic

immunosensor system according to luminol concentrations.
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) Flowd CAP @AM A ~de] ul
(1) 2435 FA9 FEF7 wg &
Biodyne B membrane®] 173}t anti-CAP antibody®] ®%=& #7F 005 % 01
mg/mL2 23R WY luminol FE] wWE W4 AWE A (Fig. 38), 01
mg/mL X9 FALAE AL B4 Fe VFAFEAME & 84S YEUA
o SEgEst 145 VA B985 o2 B9 vlus] 29 005 mg/mLe A ERo
135 S luminol FE 025 mMolAM 4L 4 Ue ¥4 S 01 mg/mLe A&
Ho 2 uAHFH ALl luminol FE 0.1 mMolA AL F ol A3 FA 9o
e ee WA dREHY UeE ¢ 5 Ul

T.
olo
Jm
o,

oo
o

Light intensity (V)

0.0 0.1 0.2 0.3 04 4.5 0.6
Luminol (mM)

Fig. 38. Effect of anti~CAP antibody concentrations on the responses
of the flow type optoelectronic immunosensor system. O, 0.05 mg/mL

anti-CAP antibody; @, 0.1 mg/mL anti-CAP antibody.

(2) g4 FEF7t wE APt
FA o AFRA et tracerst 7 3= analyteZ CAPSF CAP succinateE H|
Wk o] @, CAP® CAP succinateE 20 mM Tris-HCl &4 (pH 86)°] &3
AlA analyte §9& FEHE A 23T tracerd] CAP-HRP conjugate ¥5= TAAZA
. CAP$} CAP succinate?] ¥52 wEldle #93 A, HxZd thd semi-
logarithmic scale® =Alste] 2ditel FARAE 48 + Jder 5744 713L ¥
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Eo et Ao Hl=d wgAdE H9FT} (Fig. 39).

25

201

1.0t

Light intensity (V)

05}

0.0

10¢ 107 10% 105 104
Chlorampenicol (M)

Fig. 39. Comparison of the responses of CAP and CAP succinate in the flow

type optoelectronic immunosensor system O, CAP; @, CAP succiante.

(3) Tracer ¥ =%7}e) W& Zgur
Anti~CAP antibodyE membraned] A 33 % CAPS} CAP succinate®] 52
10° M2 ZA3t2 CAP-HRP conjugate®] 552 A EAM flow cello] 9 3ho]
AgEo] dojuA st o w, tracers] FEE 000224~0.112 mg/mLE WA Z
ov 1 A3 tracere] ¥EZF7MY we weEE AN & 4 YA Fig. 40).

25

Light untensity (V)

0.0 . . ) . .
000 001 002 003 004 005 006
Peroxidase in CAP-HRP conjugate (mg/mL)

Fig. 40. Effect of tracer concentrations at a fixed analyte concentration on

light emission. O, CAP; @, CAP succinate.
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g dANE A

D A3y

HPLC ®A%E& 71&¥gez AM&stgth. AHE7]71€ Borwin chromatography
software (Rev. 1.2150, JascoA}l, Japan)Z Z%3t+= Jascortel HPLC Al2¥ (model
PV-980)el 1 column®Z Supelcosil LC-8-DB (4.6 mm id.X50 mm, GL Sciences,
Japan)E AM&EAT BA F column €58 35CE #3893 UV detector (model
UV-975, JascoADZ 254 nmollA 2] F3FEE ZAs Yttt HPLC Al&¥e] o]F/ &uf
+ acetonitrile : methanol : 20 mM H3zPO4 (5 : 17 : 78)°1% 2 #%2 1.0 mL/min &
O B4 AR AAYR Ay, Hur] 9 drips ol el AxdAT AE
30 g& AFad AA AFAF acryl net7b AXd AR cell] ¥o] Hanil MF-80
(Hanil*}, Korea) Hiol&4 HAHEZIZ 1,000 rpmellA S EH A 48 F
917l drip& 045 um syringe filter2 9 3}3te] Szelg A& HAZ 3tk

2) A% & 1%
7b) HPLCAl &1 dAAE %9 CAP g§%E <l
Fig. 419l& Z7t 2x10° M ¥%¢ CAP 2 CAP succinate ®&%¢ HPLC
chromatogram®] EA|H o] it o] ®f, HEE Azt 4 763 1848 0.3 YEH.
2 a7 AHgE ], A ur] F AAABANE CAP &0 A=A &i
(Fig. 42). @&, AA2 & P 484 AAd g5z CAP 3}3ES spikingsdtd

RAARE AZXFT T FANEF.

Se+d

g
&

Peak area (pA)
®
i

le+d

) 10 20 30 40
Retention time (min)

Fig. 41. HPLC chromatogram of CAP (1) and CAP succinate (2).
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Fig. 42. HPL.C chromatograms of samples. A, pork; B, beef; C, chicken.
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W) 3 dgMAd o RAAE Fo CAP AF

HA, dAAE Fo CAP &gEo]l &A% gRorz BAE AAJ CAPE
spiking®ted EdARE ARy o] weo] CAP F7I4EE 10° Mol EFAE
o] Sl vla RdAge] Beoe StdB st dAsA BA S AERL Y
EEHE T 9% matrix EH7F EATE & & AT F, tracertE FYUIXAE 9
(CAP ¥5%¥ zero) YEhE w3 %7t 1470 Vol tracerdt 10° Mo CAP ZF 4L
FYUHRES e wF=sE 1259 VI 9 tracerdt A4S AAE FYT ASolE
0317~1.000 V 9] #3EE JEPN AL tracerst EYAIRE FUSIAS wef T3
Ei 0237~0835 V 4tk 10° M CAP ¥&Fo] dehlie 23z g Jhzguls
379~1403%2 A 8o WE WolZo] vlmy =m AR FF] w
FH3A & AoZ JEY (Table 14), Al8dz A3 &4
o do3E & F Ao 53 o9 & Fage HJure A Mg & Ao
YEbR T 2u, B AT 383 WM Alade @A #3A4E nds 2 9
7159 & o g 2389 o AT RoZ AIRHAT

r FN

Table 14. Summary of the optoelectronic CAP immunosensor measurements on

the model samples spiked with CAP

Response (V)
Sample Relative ratio (%)
Analytical sample Model sample

Pork 0.603 0.400 96.2
Beef 0.317 0.237 379
Chicken 0.831 0.535 140.3
Shrimp 1.000 0.835 8.2
Milk 0.574 0.427 69.7

® Percent ratio of the response of the model sample against that of the standard

sample.
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o HPLC &4 &k CAP 3E A
CAP$} CAP succinate®] CAP 832¢ ztzt 2x10° M ¥ =2 spikingdted Az§
dAIEE HPLC Al2a"d FUsIHR-2 W dojxlE= chromatogram FFEF o A
71, A7), gnrle] B A AEA dXHAenm IEWH] A4
A& F YA (data not shown).

EdAgd diste] HPLC 24¢& A% Ad ZFANEE FYHAL o o
peak W2l ofgh AoizkgH| 7t 93.7~1192%2 UERG I (Table 15) EdAlg &

LA peak BH o] BEFMGA A BE& T (data not shown). o] AiE A
A2 A7 S A9 e $EZ AE CAP 3§80 EA3: Ros HPLC £4
237t detd-g ofr gt

:i

P M
13
o

.

X

o
Hr‘

2
ol
b

k%

Table 15. Summary of the HPLC measurements on the model samples spiked
with CAP

CAP CAP succinate
(2x10° M) 2x10° M)
Sample
Peak area Relat?;) ratio Peak area Relattz/f) ratio

Control 1578452.3 100.0 994761.0 100.0
Pork 1479528.0 93.7 1185392.0 119.2
Beef 1612854.5 102.2 1072332.0 107.8
Chicken 1624122.5 102.9 1079172.3 1085
Shrimp 1510695.5 95.7 1107259.8 111.3
Milk 1521587.8 96.4 1126562.5 1133

? Percent ratio of the peak area of the model sample against that of the standard

sample.
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4. FAA AZL 93 potentiometric T AAA] Al A& 7

pH/mV meter, penicillinase (B-lactamase) A 3}4o] R ZH flat-bottomed pH
A
T

electrode ¥ computer?to 2% ZFAJLA  FAE AE, AE FJ &A471E3
a

penicillin 3}E ZH&E potentiometric EAMA A|A2=& 7dstn EANS HES
=
7h AEyy

1) 84 2 Ao
AEL A2 penicillinase (EC 35.2.6, from Bacillus cereus), analyte®A] B-lactam
A FAAQ penicillin G (potassium salt), ampicillin, amoxicillin® SigmaAlel X T+

shon Vg NGES N 5T % 979 2e Agstart

2) "ol AA Al2d 4

Immobilion cellulose nitrate membrane (HAHY N6020, Wako, Japan)2 274 09
cm Z7]2 ZE o] & penicillinase 489 (2~200 unit/mL)o] ©7} %% overnight
AA & nAHIE PR A2 2AFHS flat-bottomed pH electrode (IstekAl,
Korea)ol H-2ste] 2 72+-&4FS Orion 920A pH/mV meter (OrionAl, MA, USA)
oAf A2 F computerd] F&T Al2® ZAE softwareE AASHT uwho] 2 MM
& &A% st #¢A 3L 18 mL sodium phosphate buffer® 97 beakerol
FAE L vro] e A AF7F AFH 2 mLe analyteE WS cello] 7Fstgch 7183
7hol wheb wAStE pH F& A9 (mV) ¥3tE AEH 22 PC monitor el EAE Y
3ovbe] 2 MM W& HAFH Y NBE Hate] Asgrh

3) ZEAEY Az

2 A¥el AgdE ANee WAFEHE duv), HAav], g3l A4, SFEA
BAGAA TUE Aotk vlol AN AZE st zHzte] A2F 30 g¥ AP
of A AZE acryl net7b AXE AAET celle o] &3t HojE4A QAR
1000 rpmoll A AR s g8 F Aol dripE 045 um syringe filter® &
Bt 4 AR de BAE FAAZ Ak AANYEY 759 B9E 479 micro-

M
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filtrationg st HA T A vt HPLC £4 ¢ A48 EA4E HAe AF5dd o
= e wet 53 2ol it F, AR 10 gofl vigE 26 mLE 7HE 183 T

Az5e F 3000 rpmez 20837 GAEH s A ES 250 mL % 239
# 3k Ale HZE 22E BHESe &3 F A4S Sg2Td Fado. dA
o] FA N p-HetE 2 € 20 mLE 7}8ta 40CAA #4Ans & JF
&% sodium potassium phosphate buffer (pH 6.0) 10 mLo] &8sttt o] £oo] of
g

JHZ 10 mLE 7I8siA 1083 J&d & 3000 rpme 2 10870 A8 Ystn 2

N
of
3
23

7 mLE 045 pm membrane filter2 o #ste] o de BAEL AAZ st npo) oAl
A " HPLC £4& HA penicillin G, ampicillin, amoxicilling& ztZ} Txd=
spikingst] RAAEE Azt

4) MlRdPE A HPLC 4 =2

Potentiometric penicillin AA o] 2]3 A& %9 penicillin 3t8E HEZ2 9o nlw
=402 HPLC ¥X¥WE ©&3 ol Adsith o 4 A8d 7[7I€ Borwin
chromatography softwared] ¢8te] ZEHE JascorAtel HPLC A12% (model PV-980)
o]t Columne Kromasil Cis (5 um, 46 mm id. X 250 mm)< A}&3gom o] 9
2EE 30CE KASFHL UV detector (model UV-975, Jascorb) ol 2}dte] 254 nmol)
Ao E3xE A8t HPLC A 2a"o 29 o)&4 gulel &% gradient elution
o fjate} Mer& : 0.1 M sodium acetate (20 : 80)8 10% F¢+ 1.0 mL/ming #%2
2 Z R 15874 methanol A& 40%2 €8 F A Qo A2 HEo}
7te WA o Pt HPLC 42 #1389 penicillin G 20 mM, ampicillin 20 mM,
amoxicillin 4 mM S22 @& £33l stock solutiong AFF}AUL oES FHF

3 sMeeq EEedoz s

U 2 2 1

D AL

Penicillin®] W} cephalosporin 59 B-lactam A& 28 spectrumo] Yow 3
MAE AEo] Fa A o 540 A¥ 54 A3 vk Penicillin 3 E
< FAR T2 E AYEe 4949 SEEEAM, B-lactam ringd] X &r]d wek HQ

penicillin (penicillin G ¥ penicillin V)3 %34 aminopenicillin (amoxicillin, ampicillin
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ol Rug 3 tl o]5& penicillinased] 93 H&BA si5eR o o3t B-lactam
ringo] /HE=o] v 53 €} o] uf penicilling penicilloic acidZ ¥3HHE=d FxFH o
2 carboxyl”|7} A HEE FHEvlel H o]2o] slgj= ol pHY #auy AY
2 (AmV) F74& op71d} (Fig. 43).

O G

COOH

Penlcﬂlmase ]—_'[
H,0
COOH

Fig. 43. Penicillinase-induced hydrolysis of the penicillin compounds. Penicillin G was

depicted as the example.

2) Potentiometric penicillin Al A2 "ol EA 3

7H) pH R o] 24719 4%

pH ¥3 2 AYPX(E =A 8= potentiometric Blo] L MA] A 2wl A% whg g oo
PH R o|2A7le #EEd 42 dFE nXug ojge JF& ANELT} vole
AA ggo] Had AFEde pH 6.8~759 sodium phosphate buffer® Ahg3td]
pHe| F%E& <dolrsith. #2348 penicillinase® HA pHE 7.00Q.2 Hho] 9 AlA
WHEE pH 7204 713 & Aow VEIYT o W gpHY dmVE Z+ZF -1567 92.0
mVo|3t} o]¢} e HAH pHel «zE HAol: hypoxanthine ¥ lactate AN AN E B
I Yo (Kim 5, 1996; Park 5, 2002). Sodium phosphate buffer®] ©]2 47| % u}
ol AN WEo AT FAFE 7H B FE7 50 mM o] AfelE pH 2 A
A7t A9 gl whd 2e o] 247 ME Hloje MM ZFgAol W S RO
YElst . 2843 AL zeldted 2 mM sodium phosphate buffer (pH 7.2)& b
& gF8Yez HAAU (Fig. 44).

bt
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100 1.0 150 05
- AnV
-0 ApH
120}
0} .//\’ 112 100
wl
80 4 05
= I
% 5 E &« Q
< < < <
70} 46 10
)
60 {18
—— Anv ol 15
—0— ApH
50 , A . . 20 * . . A A : 20
66 68 70 72 74 78 000 006 010 016 020 025
Sodium phosphate buffer (pH) Sodium phosphate buffer (M)

Fig. 44. Effects of pH and ionic strength of the buffer solutions on the biosensor

responses.

A5ere A2 W penicillinased] FE7F Z78W pH L W99l AHFE
2, 10, 50 units/mLe &A% % F 2E 71A¥ Eo A 50 units/mLY &
Z=7F 7Hg & dlol e AlA wre-E RFY (Fig. 45). ©] 9, 8 mM$] penicillin G
oA AmVet dpHE Zb7F -1.867 115 mVellth &¥, 2 2 10 units/mLe &4
FE Atolole utojo AN HEEe] glo] F Aol7t (AR EE EaFEAA
penicillin G¢ F%7F 45 mM ol Yol AXAE F75M e dAA ZAastHTh

th N AsEd g% 3%

2A%} AAFEZS 50 units/mLE 81 71EFEE AFAI7|AA penicillin A 9
HEAE& FA3A o ®, ampicillin® amoxicillin& Triton X-100 (0.05% v/v)& ut
S SF A4 Hrtete 943 FAATE Fig. 4600149k o] upo] Al ¥
amoxicillin® 7A$ 7t Zoew 2 &L penicillin G, ampicillin £ 0] X amoxicillin
o] A9 A9 % pHY HA3= 247t 1429 mV 2 -2422 YERY T Amoxicillin#}
penicillin G8 A% 71d%% 2 mM7IR] dtg¢A o] Bro&EFoZ F7kshy 1xY 1
FrAAE B9 Vdeed ZA8xt AR dasted A4 IRV FA 23hH

rlo
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e ¢ & AR A, ampicilling A $E 8 mMZHR X3 HA Fded o=
penicillinase®} 9] wH-&A o] iz oz Iokdldy 7|de A2 AR HUTL

150 05
—®— 2units/ ml —e— 2units/m!
—0— 10 units / mi —O— 10 units / m}
120 b —%— 50 units / mi ool —v— 50 units / mi
s} 05
2 T
£ e [CREER
< <
301 15}
of 20}
oy ) " . \ 25 . . A L A
o 2 4 6 8 10 0 2 4 6 8 10
Penicitlin G (mM) Penicitlin G (mM)

Fig. 45. Biosensor responses at different enzyme loadings for immobilization.

180 05
—O— Penicillin G
150} —®— Amoxiciliin 00F
T —a— Ampicillin ’
120 | 05}
90 b ol
> - 1.0
[S] a
<
60} < st
0 20}
o —O— Penicillin G
28 _e— Amoxicillin
—a Ampicillin
30 b1 . 1 ) " 3.0 . L s . L
0 2 4 6 8 0 2 4 6 8
Substrate (mM) Substrate (mM)

Fig. 46. Biosensor responses at different substrate concentrations. The enzyme

loading was 50 units/mL.
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2}) Penicillin 338 EFFA

&A% 5 50 units/mLo} A penicillin B¢ E9 EFFAHE AT (Fig. 47). 7]
Ao ZFo ZHAEA =L ABHA (penicillin G amoxicillin®] r*= z}z} 0.99537%

0.9913°] 31 ampicillin®] r& 0.9746)8 R FAA T ALHE3A (detection limit)E
100 pM o]3t2 ¥F7E Yl o] FEE EY = Z& Ao dF FAYAY &
A AAtelA FEBEY 7IFoR AAAE 04~13 ppmEuteE FASA Fo}
penicillin WA HALHEIAE FE doAo gFHIUL olE Y89 FLAFLEE
100 ¥ 200 units/mLZ Z7MAZ &), Table 16014 2 4 & AP vlo]e A wt
T2 10 R 20 uMe] we JAFEdAAME ZiwEe wek FrsAch wEA,

penicillinase ¥%% 100 units/mLE 3l A8 & 7AE TS HAA7)HA] ulo]e

A4 FEFHAE 48 5 YA (penicillin G, amoxicillin 2 ampicillin®] © 3 rzt
o] Zkz} 09985, 0.9999, 0.9878) 1 IM7FX) o] HAAZ A7 Uehgteh o A& $Ae
712E BEAL 4 Adx 7129 penicillin AAX A BiEE 001~3 mMET $43

Ao 2 Jebttt (Rusling %, 1976).

40t
Penicillin G

Amoxicillin
Ampicillin

Penicillin G
Amoxicillin
Ampicillin

160

»pe0 P
peoc w

30
120

20 1

AmV
AmV

80

40

L A i i L L 1 L n i 1
0 2 4 6 8 10 0 200 400 600 800 1000

Substrate (mM) Substrate (uM)

Fig. 47. Standard curves for the penicillin compounds according to the enzyme

loadings of 50 (panel A) and 100 units/mL {(panel B).
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Table 16. Effects of enzyme loadings for immobilization on the responses

of the penicillin sensor

Biosensor response (%)

Penicillin G (uUM) Enzyme loading (units/mL)

50 100 200

10 100.0 200.0 350.0

20 100.0 166.7 266.7

50 100.0 1188 118.8

100 100.0 126.5 130.2

200 100.0 1254 142.4

500 100.0 11356 127.0

1000 100.0 107.1 133.8

® The biosensor responses at the enzyme loading of 50 units/mL were

arbitrarily taken as 100%.

3) ANeEH
7H AAA® ¥ penicillin 33E9 HPLC &<

2 AT9 ¥-$713 <) amoxicillin, ampicillin % penicillin G& H 224 ¥3] gradient
HPLC ®xe &) B4 AFE Fig. 489 2x oj59 HEE Are z+z 77, 210
2 203F22 et Hur), HAnr] 5 FANZZRYH A2 BAL HA
penicillin 33HE0°] SAst=R 9 JF S HPLCE 9T A, 1T FFES peaks}
TAHA Gt (Fig. 49). 285t Ztzte] Agd dA5Ee] #8713L spiking®
E YA EE potentiometric penicillin A A ¢ HPLC Alx"o] z}zF 2915le] A5}

L) vl AlA Alxdlo Aol AEEY

Fig. 50& AN RS 244 HAE penicillin A A2do] F89L o dolx
= WHEFEE 1 mM penicillin G 7t 98 d2 B0 Yetd Ro|t. EAE A
AE FIE A= AN F718HE matrix effect’t Yoy RdAgg +
Yot HA%L B4E HAE FIE AT o Frretden wmabd Hdd A
o B get BME HA e wgAsFe] Folg analyted] o1 Aoz AN,

-214 -



Be+d

4e+4

3e+4

2e+4

Peak area (nA)

1e+4

i

|

10 20

30 40

Retention time (min)

Fig. 48. HPLC chromatograms of amoxicillin (1), ampicillin (2) and penicillin G (3).

The injection concentrations and retention time for peaks 1, 2 and 3 were 1 mM (7.7

min), 5 mM (21.0 min) and 5 mM (29.3 min), respectively.

o 0 2

Retention time (in)

X

il

[ 0

2
Retertion time (min)

2

] © o

Retention time (rrin)

20

Fig. 49. HPLC chromatograms of the analytical samples. A, pork; B, beef; C, chicken.
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Fig. 50. Response profiles of the analytical samples unspiked and spiked with

penicillin G. Panels A, B and C represent pork, beef and chicken, respectively. ...,

analytical samples without spiking, —; model samples.

Table 172 penicillin 3}ZE< 52 715t A28 RAAEE 29359L ug
vhol e AlA Whgg EERA] R O Fuiztsulz ¥AG Aolth. Zztel A7
tsted penicillin G& 05 ¥ 1 mMZ H7F A HiztgHlE 247 94.6~106.2%, 1009~
105.5%°]1 2L 3 ampicillin 49t 5 mMell thsjA & 86.0~101.9%, 84.7~106.1%, amoxicillin
0.5% 1 mMdl disiAE 933~101.0%, 90.5~99.2%= Ebstch Fig. 519 E&E3FM A
g ol ntol e MA A&7} A BEEZMNA FHad AP BSS ¢ 5 ATk
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Table 17. Summary of penicillin sensor measurements with the model

samples spiked with penicillin G, ampicillin and amoxicillin

Sample

Penicillin G (0.5 mM)

Penicillin G (1 mM)

Response  Relative ratio  Response  Relative ratio

(mV) (%) (mV) (%)
Control 12.9 100.0 219 100.0
Pork 13.7 106.2 229 1046
Beef 13.0 100.8 22.1 100.9
Chicken 12.8 99.2 23.0 105.0
Shrimp 12.8 99.2 222 1014
Milk 12.2 946 227 103.7
Squid 12.3 95.4 23.1 105.5
Sample Ampicillin (4 mM) Ampicillin (5 mM)
Control 10.7 100.0 13.1 100.0
Pork 10.1 944 11.1 84.7
Beef 9.2 86.0 13.3 1015
Chicken 10.3 96.3 13.0 99.2
Shrimp 10.1 94.4 139 106.1
Milk 10.0 935 126 96.2
Squid 10.9 101.9 124 94.7

Amoxicillin (0.5 mM) Amoxicillin (1 mM)
Control 19.3 100.0 37.0 100.00
Pork 18.0 93.3 36.5 98.7
Beef 18.1 93.8 36.0 97.3
Chicken 189 979 34.9 94.3
Shrimp 18.4 95.3 335 90.5
Milk 19.5 101.0 35.8 96.8
Squid 18.5 95.9 36.7 99.2
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Fig. 51. Comparison of the biosensor responses for the standard samples (@) and

model samples (O).

Response { mV)

-218-

200

160

120

80r

40

Amoxicillin (mM)




tH) HPLC Al2gle] X o] Alg &4

HPLC #4& 9§ 48 HAd z+7He] penicillin 33128 =¥ E spikingsty]
EAAIRE AFs3 o]ES gradient HPLC Al&dd] F¢lste BA &4t} Fig 52%
penicillin G, ampicillin, amoxicilling #7}% ZHAZE HPLC A2 F4st9S o
doJ A& chromatograme EF=F o] TR @3 Aot BE Ao o] mdAE
%9 penicillin 3329 peak®} FF LN AL FBaA YAy vERAYo
Aol B8l FAHAT

Serd A SeH) B
et 2 4ed 2
i e i o
§ 1 5 oy
1end n ted] i ﬂ
| i
0 L 3 B : . 0 LA
] n n * 4an 0 10 2 X 40
Retention time (rrin)
serd) ¢
dev4 2

g

Peakarea( pA)
¥

Retention tire (mmin)

Fig. 52. HPLC chromatograms of the model samples spiked with amoxicillin,
ampicillin and penicillin G. Panels A, B and C represent pork, beef and chicken,
respectively. —, standard sample; ........ , model sample. 1, amoxicillin (1 mM); 2,

ampicillin (6 mM); 3, penicillin G (56 mM).
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7t7}+e] penicillin B3FE S IAF FEZ spikingdtd AMEF ZLAEE HPLC Al
ol Fet] A2 peak VA FUdETY EFEE A0 UElHE peak WAL vl
o] AoizFEHIEA BEASAY (Table 18). 24z 5, 5 2 1 mM9 penicillin G,
ampicillin, amoxicilling 78t A3 ndA g7 e s Addeves 247 611
~93.4, 60.8~89.1, 65.8~97.3%°tt. Fig. 53& ZHAEE HPLC Al&de] F9Y&o

€ peak WAL HFLAY peak UHOoTHE TAG TEIAHI wlazd Rolt)
Penicillin A4 Al2=¥le] -9 nl3d7kx 2 HPLC 2437 5346 839 48

dol #5& ¢ 5 AA

Table. 18. Summary of HPLC measurements with the model samples spiked with

penicillin G, ampicillin and amoxicillin

Penicillin G Ampiciilin Amoxicillin
(5 mM) (5 mM) (1 mM)

S 1
amp'e Peak area Relative Peak area Relative Peak area Relative

ratio ratio ratio

(%) (%) (%)
Control  517763.3 100.0 515883.2 100.0 3742445 100.0
Pork 473564.0 915 453339.5 87.9 354436.0 94.7
Beef 423768.0 81.9 414616.5 80.4 327382.0 875
Chicken 316457.0 61.1 313639.5 60.8 246153.0 65.8
Shrimp 483321.5 934 459407.5 39.1 363963.5 97.3
Milk 470018.1 90.8 402593.5 78.0 312060.9 834
Squid 442440.0 855 418093.0 810 328410.0 878
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Fig. 53. Comparison of the HPLC peak area for the standard samples (@) and model

sample (O).
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Table 19= FINEZRH Az £48& A 479 penicillin &£ T2
g #Hotsle Az ZAANFEE B AT 9 potentiometric penicillin 414 2} gradient
HPLCell &gty £43ta 21 Zz-3HE vlug ol woledMZ ZA&AE o
penicillin G, amoxicillin 2 ampicillin®] =¥ g wat Jveld Addeue= 474
955~1035 821~962, 844~100.7%% ®WH HPLCE EA4¢ Afole Z7 840~
1014, 86.1~106.1, 795~99.1% 2 A, & AT vloj A Al2x"& HPLCH vl +
Ve #AEAA AEAEE A penicillin SFE] dF Bo]AE EEHY AR A}
2H3UY

Table 19. Comparison of the relative ratio for the penicillin compounds

obtained with the biosensor method and HPLC

Biosensor method HPLC
Substrate Spiked Relative Spiked Relative
concentration . concentration .
(M) ratio (%)* (D) ratio (%)
Penicillin G 0.2 98.6 25 924
05 99.2 4.0 1014
1.0 103.5 5.0 84.0
2.0 95.5
Amoxicillin 0.2 82.1 05 98.5
05 96.2 0.8 106.1
0.75 874 1.0 86.1
1.0 9.1
Ampicillin 20 844 25 91.2
3.0 100.7 4.0 99.1
4.0 944 50 795
50 97.1

 Percentage of the response (or peak area) of the model sample against

that of the standard sample.
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2. A7 w4y 2 A3

7 vl oMY AFE WA 2W T4

1) AFH H&EA 2" hardwared T4

o] MM e AFo 2 FL&H = ammonium AF 3 reference AT o] &3 FAE
o] 383 faes AA T B85 EE T AT FHAXANA dojAE
SARNZE AR A 9% AN2"ES 08 Fig. 19 2ol 7434

ADAM
4018
ax A9
2x
Mgz | |0 ADAM AOAM | RS-232 |, ..
AT 4018 4520

Fig. 1. Block diagram of the computer-aided data acquisition for the biosensor.

vel 2 Al dolxE mVel FHE AEE 84 HRNIE JPY F U=
ADAM-40189] dZate] T24M9 23 dol8s dFtAth Z4H analog VI E
ADAM-4018 el W€ 16bit A/D ¥g7|o o3
°oJH ¥ 7]% & 3= ADAM-45208 £33 & 3

digital A3 2 7}FF o] H
E Aol RS-2325 A2t o
olEl8] AFo] o]FAAA H&E&AXNE FAsP Al2" $9e AdvantechA9] Genie

3.0 programe N&e 54 2 AF AB8EAE 93 source program O 2 3 urease
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AR AN ol ArE HAFE A, EANE ¢ 9 programS ZAEEY. ®

, ADAM-40182 33 RAFZ7F gl 6FF9 thermocouple (T, J, E, K, R, S)&
A3 9ZE}A softwared o2 HEsle L8 AT 5 gtk B dFME Bex
o 2x&AL sl T type2l thermocoupled o] &3¢t}
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2) AFE HEA LY &9 program

dAM FET HEZRANE L3y AHAE o8 £9F programe] Hadoh
AdvantechAt9] Genie 3.0 programe F43std 259 &4 2 AFo] 7153 source
program 2. 2 AF23l . Genie 3.0 WindowE ©] 8% data &4 2 Ao}, data 4
2 data presentation & & 4 AT softwareo|t}.

Genie® AH&A7F &9 programe Mdsts AE F7] 8] B& graphic controld}
display icong A&t Ut} Screeno] A oJ9} display icone ZFojebA 7tAT) ¥
AN FRAARE 22 FAHY A7t stesiA Bd dREEY AEFy 2 Ao
system2 ©] Z- graphic design®} presentation system< £t o] &7}%5 3tk Genie
302 e FL¥EQ Script Designer, Task Designer, Display Designer, Report
Designer2 FA 5o} vk 2 A9 Task Designe Fig. 29 #o] A4t
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TMP1

£

Fig. 2. Task Design of the data acquisition for the urease sensor.
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Tool& AHEAI7F A BR3F displayE 28 AT % ¢t} DisplayE 9H57] 93
Ae Yel A sl itemE screencl A sw ®©Hrh Fig. 32 Genie 3.0 programol]
ejsto] ADAM-4018¢l1A digital A Z 2 A& 3, wpo]l 2 MM S W7t F W
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g SEE FASIL, Mol AMNA ZHE £ mVel Az 1xvin FFeel o

Fig. 3. Display Design of the data acquisition for the urease sensor
exploiting R955 photomultiplier of Hamamatsu Photonics Co.
3) Ammonium A9} FAF &<l
Ammonium electrode$} reference electrode® °©]27% 274 buffer& #H71e 0.005
M Tris-bufferdl A ®& ¢RUol F=o tidt $EHEA S batch Al&doA do] Fig,
49t Z& HAAQ AuAAY a9z E I

1.0

0.0+t

Response (mV)
&

1 10 100 1000
Ammonia standard (ppm)

Fig. 4. Standard curve of the ammonium electrode.
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Immobilon cellulose nitrate 9HS AF83t= E&Hol 2]l ureases

3
2tg ammonium S} FFst wpel o AME AFIHAT AT vl LMAE o]

N

d% Z7A buffer7t A7FE 0005 M Tris-buffere] Hlo]7d] W& F 587 R3S A7)
3l urea 0.01 Mg A7t urease EA4lA o] o8 ammonia® A3 A & Fig. 5

A B F gle AXNH FA3 Aol AFdtd 38 Ax=st Adstd HFPo o] &
HA - Adgde] "ojxle dHxe WsE FAso afizz AUtk FAHF 01 M

vpg} gol FE&el FTHS Fxod w MY A=rt vdE2A delgd $£2& ofF v
< FEAME AT ARE AL, FEE TR @ Asrt ofF F Holg BY
b obdoly g B FRAAE At & #EHA ¥R FEIF A AR o]
23 A7t detstt F2ou FE 2 g&oled dstd At ZA YEd o E
Y2gY HAEFFHE Ydsted FE44 ALY F dE Aoz ARHUY

time(sec.)

Fig.5. Typical metal inhibition curve of urase sensor at 0.001 M conc. cupper
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Table 1. Inhibition rate of the urease sensor for the metal concentration

Metal Conc. (M) Inhibition
rate (4mV)
10° ~0.02
- 10 -0.35
107 -1.22
107 -1.43
107 -0.51
Hg 10 -1.12
10° -1.62
10 -0.01
5x10™* -0.02
Zn 10° -0.02
5x10° -0.03
107 -0.30
10° -0.02
o 5x10° ~-0.04
10° -0.06
5X107 -0.25
v BN Alxglel dig AFE FEA2" A
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TEUT. AlFHAA BT Fo] PMT ()9 39 (g)d =LE3ted nAAd 3
o2 79 (1 eomX15 cm)E WEl FUH. 1A% LT ()= T4 % FA9
2A3E FFAH 9o tpgd o] Il Nitrocellulose membrane (Waters,
MI, USA)E 712, A2 10 mme] 7|2 &2} o]& 50 pg/ml §%9 free HRP £
of @7} 24A12 F2A 71 & PBST €% €9 (0.1 M phosphate buffer, pH 80, 0.14 M
NaCl, 0.1% Tween 20)2.2 #o}F3]t}t. Biodyne nylon B membrane (positively
charged, Pall Inc, NY, USA)E Z& AV|2 A& F T3 Wyoz WteA A F4AE
aREE 54 F AR AF LA EFEU] 918 magnetic bar ()& Wi
stirrer ()& 2 F3tAth

presMp

h 5182

:§

H ADAM

4018
i
ADAM RS232C | Computer
4520
e

a. photomultif lier(PMT)} f:test tube hoider

b: buffer solution 9 sensitive area

ctimmobi{ized menbrane  h:power supply

d:magnet ic bar socket assembly

eistirrer {:black box

Fig. 6. Schematic diagram of the computer-aided data acquisition for the photo-

multiplier sensor system.

2R3 &2 (c)dA EAF F-2 Hamamatsu Photonics (Japan)¢] R955 photo-
multiplier (a)9] 34 (g2 Yol M2 a2 HIAH} RBGLE AFEHEHF oo
160~900 nm<e] o)A ZAEFEs 400 nmolA HHe HE BAth Model C 6271
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HGAA Alzdel A A (V)9 244358 88 4 9E ADAM-4018% QA3
dAMe £4 doleg dFaAh 4 E analog AEE ADAM-4018 el W
9 16bit A/D W& oF WA digital NEE FHEHo| dHlolE WA s%5e F
T ADAM-45208 &3 ¥, e A9 RS-2322 AZste dolge] Hgo] o
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software .2 st 2x& 24T = Y. £ ATFAME Bz 2xxAL

A5t T typed thermocouples ©] &35t}

2) AFH H&EA 29 9 program

SAN THE HEAFANE BEE] AdME o2 £9F programel FL 3
AdvantechAt®] Genie 3.0 program$ Tdste] 59 =4 2 HFo] 7153 source
program2.2 A}§-3tth. Genie 3.0& WindowE ©] &% data =4 2 A9, data B4
3 data presentation & ¥ 4 1& software©]t}. Screend] Ao\9} display icone Z
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302 4709 F8 % ¥ Script Designer, Task Designer, Display Designer, Report
Designer® 74 o] Aot £ AP e Task Designe Fig. 7% o] FAsQTh

Fig. 7. Task Design of the data acquisition for the PMT sensor.
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Task Designere $Ald] T AL 388 & QA 8 Foh Zzte Ahe 7
Y Windowell X%} Q3L scan rate, A &/FA @y 53 2 gL ztzte] 14
“d€ 7FR . Display Designere £2zt2¢l 2819 display® ©E 4 QA #&th. Tool
= AR A 28 e display®E 28 AMEE % Atk Fig. 82 Genie 3.0
program ©]-§3}o] ADAM-401891 A digital A3 2 M&= 31, vlo]Q MM wrLr7H
e Wz 2xE A5, BAMM AxdoN EHE AL (V) NEst 1zvioh

AFE 99 A £ A=F 32, J¥Y A8 Display Designo@ 2ezz 2

Fig. 8. Display Design of the data acquisition for the PMT sensor.

3) Free HRPE o] &3 43
7}) Luminol ¥ H.Qz0l &8 gk
dAE} FE (1.66X10° ug/mDe free HRPE o] &3tz 7)o g THE =

luminol® Hz0:9] stock solutiong 2] ®E& #44t working solutiong 7}s}e] 3}3F

w3 HAEE =Asdth AA luminold ¥EE 0.003~0.12 mME WA 7|E A 2
FEE &A% A3+ Fig. 99 2t Luminold] 58 Zold di v Zj1s: oA
S B Fo4 004 mMolANAE 1 717 22X @gkc)
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Fig. 9. Effect of luminol concentrations.
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Fig. 10. Effect of H202 concentrations.
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) Free HRP Xl 23 o9&

Luminol (0.02 mM) ¥ H:0; (1.0 mM)9 =& dAsA #xl3til HRPY =&
166X10°~12x107° pg/ml2 WIA7AA wB=E ZA3Act (Fig. 11). HRPY %
Lo mat SaEe Wyt g FBAEE Bk HRP 5% 43 % A IS
HxE S40l® HRP $x7F vF Zod d3e] ol 2AEHE douA =7 4

oo

go] AR FEE A3 ol Fasth

Light intensiy (V)
o o
P >

bad
ES

bt
~

Q 0.0002 0.0804 0.0008 0.0008 0.001 0.0012 0.0014
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Fig. 11. Effect of free HRP concentrations.

iAstE HRPE ol &3 439

Nitrocellulose membranes 7}2, A& 10 mm9Y Z7|E Z& ©]& 50 pg/ml =9
HRP §do] g7} 24A7 F3A71 & PBST &589 (0.1 M phosphate buffer, pH
8.0, 0.14 M NaCl, 0.1% Tween 20022 A o]FA . Biodyne nylon B membrane® #
S AR A F TS WY R BeAA 545 AT

Aol jhg EFES 718la E498 PMTY sensitive aread] 3o] HEZ ¢
AANA LFE=E FH3}Ah o] W, luminold] FEE 002 mMZ ). Fig. 1214
g F A& v% 2] luminol =7t F/hEH 2R =V FrhsA R, R AAAR
+ nitrocellulose membrane®.t} Biodyne nylon B membranee] © 588 ¢ 4+ AU
o Fig. 132 1A% Z47F H0:9 s=dd g BodFe 433E SHE Ao
EF7 weh wHEEe] FuES & 5 AdTh
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Fig. 13. Light intensity caused by Biodyne nylon B immobilized membrane

according to H202 concentrations.

234 -



o e vpo] QA Al2®lg o] &7 AEA
1) Urease E2AM 9 AFZE AZAo] A" T4

7h HAFE A&A o A 2"el hardwared T+A4
Urease AA 9] AFoz LI E= ammonium A3} reference #
Y 35ty fgsjlaxed F55 AA 54 F8F IEE fud A

SAZEE AFEHA dH Aosty] A Al2EES vF Fig 149 2

Temp, ADAW
ansor

ADAM Computer
Jok 4520
RS-232C

ADAM
4050

Fig. 14. Schematic diagram of the computer-aided measurement of heavy

metals using urease sensor.
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Fig. 15. Task Design of the data acquisition for the urease sensor.

-236 -



Display Designer< 242 228 displayE @& 4 UA &tk Fig. 16&
Genie 3.0 programS ADAM-4018914 digital A& & A3 3, vlo] 2 MM e 1L 77k
T WEx g AFSEFEL Aot olUESE programe A, vl
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Fig. 16. Display Design of the data acquisition for the urease sensor.
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B4 FTH 50 @ AT G2 yegt $£22 10° MY ofF ve
EEJAE -051 mV A9 A3 AHS 24 107 MAA -125 mVe Agxes
2ol ureased] A7t ZA U e ¢ F Uk FEAE ¥Eo met 10° M9 %
A -0.02 mV, 10° MM & -143 mVe] AsjE Boj $Ed W} o}F & 2ol 1
At (Fig. 18).

Output voitage(mV)

Time

Fig. 17. Metal inhibition curve of the mercury in the bench scale.

Output Voltage(mV

Time(s)

Fig. 18. Metal inhibition curve of the copper in the bench scale.
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Fig. 19. Schematic diagram of the computer-aided measurement of the antibiotics

using continuous flow cell.
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Fig. 20. Task Design of the data acquisition for the continuous flow cell

IMMUunNoSensor.
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Toolg Al&x7F AH "Had displayd 28 AT % U Fig. 212 Genie 3.0
programol 9]3Fe] ADAM-401891 4 digital A& & #3lE 5 nlo]lAA e verzt &
ot Mg E 2EE HAs1, AN AladdA FHE AY (V) As7t 120t
FH 98 AFdE & AxF 3z, Y29 AF = Display Designe] ZZIHEE AAZE
FHME HAFa UA" ge AATeR E £ e $AE YEhdn Ao 7EFA
of) 94%’}@] buffer &7 Q9| samplec] flow cell2 FUHEH A)2dg 743

AELHE 22 + JEE 3

£

ol
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Fig. 21. Display Design of the data acquisition for the automatic continuous

immunosensor.

o 2AE 249 NAFES e 3 dsA

Biodyne nylon B membraneS 27 10 mme A7 =&, o|& 10~50 ug/ ml *
=9 free HRP &4 @7} 24X2F FAAZ ¥ PBST €589 (01 M phosphate
buffer, pH 8.0, 0.14 M NaCl, 0.1% Tween 20)28 #oFJt}. Flow celld] &4 13
gete 2AHA7)3 PBST €349 125 m/min $52 &8 2Udst 244 57t
e g EFE (luminol + HOz + iodophenol) 1 mlE &8 BulW 3ehdsdol o
HsEH F F 28 oluidl Auigkel ol=2 . wRIFAHL Fig. 244 B & JE v
o 23 54 FAFE ¥85F WBESF A3 Fig 239149 Zo] 7128 luminol
T2 S7ksbd 3= Fobskd

Light infersily (V)

1 £ 01 181 0 £ £
Tims {sac)

Fig. 22. Typical curve of the light intensity caused by the immobilized
membrane support (luminol 0.04 mM, H202 5mM and iodophenol 2.5 mM).
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Fig. 23. Light intensity caused by the immobilized membrane support

according to luminol concentrations.

2h) A& AZA o A5 FAE o] 43 CAP immunosensor 7 gHak-g
(1) Free CAP HE=% 7t we& Zgws

Biodyne B membrane®) anti-CAP antibodyE $%8& %2 Al43le HA3 34g

AR st o] W, A 1 vialol 1000 ug ©13t2] CAPel W3 A7 &Asae
o, vial®] WE&ES 1 mlo SF8de) &% & ol2 1008 Xt AP ALgs
At Anti-CAP antibodyZ 471 membraneo] A3 3 & pufferg NolF A 1
A 3etS free CAPS} tracer (CAP-HRP conjugate)® o] Fo]x A b mixtured] 7}
stod 30E7 BN WA Tracers AHS st AEuee 88 IFuizlsly)
st} sample?] CAPY FERHART dA3 =AY @2 A 23dd. & 434
A tracer®] FEE 0115 mg/ml2 AR free CAPS] $EE 10°~10° MAA =
gdetA 2ARHo B mixture 59 tracerst 7]1F9 EHH| &L 1 : 4 (total 1
mDZ, Z#TE F membraned F4F LN HolF 1A washing® membraned flow
cell ol 1A 7|5 PBST ¢4F 442 125 mi/min 52 dAZAL &8 Edg. 2
Fol 04 ml® 4F%¥ =9 luminol, iodophenol, H:O: £ & EEUE v AF Fo
AR A 4584 F8 Bulo] %5 A0 M5 en free CAPY FxZoj
e gtdde A=e SFAHNAYG (Fig. 24). ol #, CAP7} 9l A9t 18VY ¥
FFol B8t CAPY Tx7t S7ME4E FFo] Zadith
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Vottage(

Time(s)

Fig. 24. Light intensity curve for free CAP in the direct competitive

chemiluminescent membrane immunoassay.

(2) CAP-HRP conjugate 3=%7}0) @2 A gurg

Anti-CAP antibody& membraneo] A3 3 & free CAPY 552 107 M2 14
4

o
8taL tracer?] FEE WSAIIEA ¥ celldl FA3te AL AATh o] W, tracer

0.00115~0.115 mg/mlZ AZAA. 2 A3} tracerd] F=7F F7Hgl what

WSS FA e ol free CAPSFe] AgubgolA tracerd FE7F 718l w
gt A 28R tracer’t o AA 2EE 5 Y& o] Hol vEd AFega A
zZtd} (Fig. 25).

Lo

Fig. 25. Light intensity curve at varying tracer concentrations.
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LA A2 (solid-phase microextraction, SPME)< 1992 o] m| = sjur},
AR FHEIIPAA AdtFy FE, - dF Fo @28 FE A, 2dA F&, Ay,
e, A= Fo AFEHY EMd dF o5 oy, I A Fof wFHA
U x Fo A4 B F A 229 AHES fEd AF7r Ay g =
Woll = 45 gAleA Wad B4 $AHolY Agu Ass Fo U8 Ee &
A T F3] uH @ Rokdll T A& v]Eeln o

28y, & 78 F¥%1A s aUFNEFAAYLAME 1004 & w
o 309 sabEol Widte] SPMES AA GC £4% A=std A&7 e &
o, TAGHS sdEd HEGAS W 1A AH Fe] EA A YERUR

of

I BAZ QR debdel me 2v AARen AgHA HAAE BYGA gL
AR BAVNS Aol 348 Aeudn L Aogus FHoR B ATE
9

Tyt g EAola ANHT £ e BAMHEES AL - AR s, Sl A4
2o 7Y 4F A dF2dA BAE 2] AlZHS immunoassay WY
o 71& BAWe 71y E4, #4420 &4, %] immunoassay kit
Abgo] wWE AAY A 5 AT oEN FIE TAEY <HAA gr 9T
A=z kAo
AEHA ANgzA THE o f718ue EMET ALgo) tet &2 F 55
o dAd o A R AAA ¥ES I BAARY] 28 ZA Y, B
AR Ag Feld EAE ob7IAlFIT vk B opuet ket fU)1Ewe Al
o] AHEE HErje] TAFE FIHAIIAL ol Al & o2 AT FHeF FAM
A Fagdozn EAH e g FE FUAHoZA EAYEY AHe 9
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et

T =82 BFYgglel IAHT Y EF APFHojol ¥ IAHE JHAT U

53 f71&ue] AAEEAE £431e Rofo gL 7IHWEE FE31 glon, 2
o] A solvent-free extraction 7I¥o] #HAL 7 A3 AE BEA FAAY A%

&7 2 F4 K780 AHEE FolEe WA A HEol it

B d7oA H&ZA &= SPME WL ole @ a7AE S F3AE F e v

AE BH7IHozA BA35E BoldA v gd &g Mg

il

e

2. SPME £4zx79 gL Q3 Aazadd 558

BN

A

7h AEEy

D 2FAL 23

GC injectorell A 8l AR EH Azt HA387] 93t ECDI groupe 100 ppbE o] &
8kl 50, 30, 20, 10, 5, 3, 2, 1# 22 Ag E47iy gR4¥E Ygadd. FF 18
A F FHRFE WE2TE 3 208 FE32 /TP FFARE AP AG

2) FENL 2A

A &8¢} fiber7tol A HFAZHE 7383 GC runnig time (602)3 588 7<Het
o 7bg Z&AA FEANDE AASE 5 10, 20, 30, 45, 60%-9] hald 100 ppb
ECD1 groupe 2 A¥sts Jud 488 FHFL vlasty AN AAAch

3) A
D3 2) ¥l R Hyez ¢Ee] Wol&g 4&3te] BY screening ¥4
€ AESA

4) Fiber /¥ &% 449

Fiber coating 34 % F74 wt&} 3% 9 polydimethylsiloxane (°]&, PDMS) fiber
(7, 30, 100 um)$¢} PDMS/divinylbenzene (PDMS/DVB), polyacrylate (PA), carboxen/
PDMS (CAR/PDMS), carbowax/DVB (CW/DVB), DVB/CAR/PDMSE T%l3te ¥4
T 2U0E FAe X3 FAxHoR APsych
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5) 3% moded F&F A¥

A APHAAM L8753 WHHS AL o, stirring, vibration, shaking
MR MY ow F&58E HuAdy sty

6) pHE F3%F 43

Y FFH Agoer =AY BH9 buffer (0.2 M boric aicd, 0.05 M citric acid,
1 M trisodium orthophosphate)& A #®#3&te pH 2~129] 11%F bufferE

7vstd pHYE
FEes A4

7) Salte] TF 4 v5E 4Y

Sodium chloridet sodium sulfate® 0, 5, 10, 20% 2 ¥ 3 (NaCl=A

37%)
2 zAsd $2432 2AGH

+
AN
o

8) AEFol FHF WAL 9%

2 mlet 10 ml vialdl A& 1, 15, 2, 3, 5, 10 mlE &

1 7zt §HEe vaste
qge NgFe A48,

9) #28ud FHF 4y

Acetone, acetonitrile, methanol % 37}A &

e B

2 BRENE §UE e F7

o] 1, 10, 20, 30, 50, 75, 100%7} =& ZAsto] ztzte] B9 FEFFL o

259,

10) #2259 &%

A

of

)

3
AR (direct SPME)e] 7

oX,

eSS

i

2EE 20, 30, 40, 60, 80CE WIANAE WY FFF
o] ¥gE Al X9 9T RAeATH
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Yo 2% R 3

D 23A 4

10 ml 79 100 ppb X9 ECD1E AM&34 800 rpme 2 stirring3td FEA
Falgint o] W FEANE 0E2E 92 IASAY. 08-S SR cary-
overdo] ThS "o JFE HANBER GFALE Foln #7187 (methano)E
washingd g 3083t 23 sts WhH S ALEE S 9 carry-over 840 A% A
o o Ao A JFg vIAA @drh

AAFo2E 208 FHE F2AF Frbyt E3FHE AL wEtAs 1089 o)y
ZAaste Aoz Jewgtd (¥ 1), GC running time2 zalsdtd 10E& AAeA 1,
AN dF

e

3t 30%- 7} conditioning & & &35,

5.E+06 1
5E+06 X
4E+06 1
4E+H06
3.E+06
3.E+06
2E+06
2EH06 [ =
1EH06 - @ - A Py

5E+052ﬁ§§§$

0.E+00

&
>

o X |

1 min 3min B5min 10min 20min 30min  50min

O™ L ogFHAL 24,

2) A 2A

33 gk mebd, 2F A 108 IARE 308 o o] dAstelol & Holw PR
2

g Y E 208 A=Y F sty GC running time (60%)3% HAE3AS F714

)
X
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HER dYg5Hd b g9 48 + ok
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CVO/O)= 2 (1-0.510gC)
Hed3, JdAEAE 226%7F Huz 7 AR Eadldd £3ta 57 JEol ¥
el Sl woh AFRANE FYpHoz HEHE Aol B

R (F 1),

E 1. SPMEdA 2] ¥ol& (%)

é}gger(ﬁ?g) Compound name Sig ne(llAigZI))onse CV (%)
7 Metobromuron 178313 14.67
20 Metribuzin 1683900 29.26
36 Iprodion 1026679 11.65
38 Bifenthrin 1012271 42.12
41 Fenarimol 6418547 16.28
42 Acrinathin 1634821 2.05
43 Permethrin 280532 3.02
47 Cyfluthrin2 1204024 23.92
48 Cyfluthrin3 701779 26.70
43 Cyfluthring 1316887 1852
48 Fenvalerate 1191769 16.47
49 Fenvalerate 997189 25.97

4) Fiber 7 &% 4%

ECD group 2% o]&3}4 100 ppb/ZHFT zA st 8¢ fiberz F &}
A¥E sglen, gMe FE220 S AR 4R _2x wm S gt 7
fibero] F&He @0l M2 @xtou, AAH o2 PA, CAR/DVBY F&Fo] ¥
Fiber coating £d¢] otgA (HHEALE 34)e PA7L o Ssigo

o ARgstiTh (229 3).

o

b

M

S
o

o2 PAE HA3
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GDVB/CAR/PDMS

BPDMS 100
GPDMS/DVB

RPDMS 30/m
BPA

BPDMS 7 (i

BCAR/DVB stable

RICAR/PDMS

CEELELCEELALLALAALLCLELCLLLE LA LLCALLCALLCECLLCLCLLL LA ELLLLLCLELAEAES

TIELLIALTTIILLATATATLIAALALLILLRLLL LRI LR AR LR ALY

7TE+B

6.E+05

5.E+05 |

4E+05

,EB
)

I3 3. Fiber &9 o}

oH
2
o
N
_EH

()

Shaking, stirring, vibration % 3%&%

%t} Shaking

=]
him

stirring bar& 23 300 rpmoll A 10%3}, stirring< 800 rpmel Al 10

o
T

Abgste] 1083 47 &% Hln

=
=

Varian 8200 autosampler

K=
T

Z¥, vibration
(24 4).

A& 10 mlZ stirring gl e 71¥7F HAsIS fiberd] RIAPo2ZH

fiber2}

2 YvEyd. Manual ¢

Fadte 3o

]

=]

B

o BujASs} 2

HAoh a8,

ks

B

shaking

(o]
5

e

+ vibration

G
pad

A B

A Fu " VarianAtel

&

tofol ooz

S

g

}<t}t. Shaking® vibration

S

=
=

autosampler

= 43

ks

u] shaking°)A] dichlobenil2 A £}

[e]
R

H] a2 8}
vinclozolin,

LS.
=

, linuron, fthalide, fipronil,

probenazole

flufenoxuron, propanil,

ethalfluralin,

Aoz e

o FHgo] F7ts}

profenofos %

endosulfan, butachlor,

procymidone,
tH2g 5)

bromopropylate, fenpropathrin,

acetamiprid,

chlofentezin,

Oxadiazon,

=
(<]

deltamethrin

esfenvalerate,

cypermethrin,

pyrfidaben,
e

cyhalothrin,

tetradifon,

S

¥

3h

profenofos®} Z¢] vibrationo] <

o
.

profenofos ©) %o 7

o2 Yyt

9

K
e

bt

N
Ko

e
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B shaking

Ovibration M stirring

TEH®B -

-
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Shz 8 3 Vibration
N 3 100ppb
2500
2000 7 g § [v]
g P g
§
1500
1000 4 “
500 I
o L L},L . L’L\_I\:Jk L»«m
1] 1I0 30
s Shaking §§
o 100ppb i g
2500 § Q
= 2
- ;
1000 g
R N e T LN N
o 10 P 30

23 5. ECD2 groupl A9 F&%dl 93 chromatogram (vibration ()%}
shaking (3})).

pH 291N %¥ pH 12744 E2 EEE4 & AL&3l9 100 ppb &2 ZA|519 “—}
FE Hudy vt a9Y 63 Zo] THF AYTE HRTE do AFsgde o
buffere] 7t oste] dz79 FAHF Aolols & X7t fle Ao Yyt
propanil, vinclozolin€ pH 8914 714 Fa#o] ZA el o fthalide®t endosulfan

ANEe TR WE g xolE il & 242 BT Rl ge I
d FAM HFEEE A

et SPMEE A FE5o AFEAYE FHte A& olglg Ao wddHy,
REEQl 10 pm FAHF BHEG 510 AE AE A7} o} screening B4 O
Ee A€oz AEE 4 S AoE AU
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1LEHS -

-4 dw pH2-1 & pH2-2
OF01 1 £ piB X ph e pib
+ plB = pH7 e NHB
8.E+04 | & plo O pHIO @ pHl1
X pHI2
71404 |
6.E+04 |
55104
1B404
3EHH -
204 b
LE®4 = AQ
£
0.E+0 R agﬁa_.//'__;.\tg
S & . > &8 > &S Q & @ A N 5
& & s & CAC Sl SV e
V) & £ & &S
P J & b“‘\\

a9 6. pHY F&% vlu

7 Salte}l FF R ¥ AF

5ol th sodium chloride 0, 5, 10, 20% ¥ ¥ 3% % (37%)9 sodium sulfate® 0,
5 10, 20% &2 &AL ts TEE FAFE NZAY A 20% o) do
2o E AT FHFL 238 Fastdon, AAH o= 5% NaCl H+7t 744 &
Aol Boy NaCl FX ] pollM FFego] & T oz Ao ARF
Folx AFYAE EF387] st NaClE AgshA] ¥t A2 W$He Adgssidg
(2" 7.

—

3

tio

flo
e

aO
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2.E+04 1 ® Mewbromuron = Alachior ® Dichlofluanid * Dicofol A Capan
M Phenthoate g~ Chinomethionate @ Chlorfenson W Isoprothiolane = Prothiofos
2E+04 T = lprodione % Acnnathnn @ Permethm —e—Cyfluthrin
2.E+04 | A
LE+4 A
A A
1L.E+04 -
1.E+04
A o
8.E+03 |
6.E+03 | *
A
4E+03 | . -
a - *
25403 | — . .
=
v ] z .
0Ew0 — 8. . B ¥ e - S T
FRT 5% 10% 20% 5% 10% 20% X3}
Sodium sulfate Sodium chloride

I¥ 7 dAYCd g3 F2Fe dg

8) A& &719 @7 AMEFH

1 mist 3 ml A% A€ fiber7t 283 B71R Gol F&F0] Honm & Ao
7b 9l A2 YeEgoy, 15 ml-2 ml9 5 ml- 10 ml AEFAME oo 98 F
2 gFo] Apol7b YEbwT

1.5 ml®t 5 mi7t Z44Zb 2 mist 10 ml Boh F&Fo] @& AL stirring DA NA ¥
4% 800 rpme.2 2 migt 10 midl dEHo2 ALEE A9 FET agitationo] HA &
obAl fiberst N & AFH] AAN AARHA & F71%o] EAstA fiberell FFHE
FHEe AFdEAHol ZaHn g FHFo] Fo=y AoZ wdHUTY (29 8).
OB stirringo] FE3A ¥oW vibration®th 2.3 Fol] 4" 7t 3l
th. Pawliszyn 59 2@} std ANadFe] BSFE FHHE ¥ gokAER 10
ml vialg AFE3HE Aol 2 ml A7)1E AEEE AR ZEAGHE §88 Roz
AEU, AHGFHANN FEHE FfoF st A EAANESFI BE FfodE Al
Bol 28531 AFFY7|A FEHET + AT AEF/ HLEZE 2 ml viald] 1.5 ml A
5%3 AHEste Aol £838Y Ao AdEHIYD

ol
.
ot
_QL

O
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4.E+03 ¢ ¢ lmL =E~15mL

4.E+03

3.E+03 "
3.E+03 |
2E+03 r
2.E+03
LE+03 |

S.E+0Z2 |

0.E+00 S N P R " . " S
Chlorpropham  Fonofos Diazinon BP Toclofos-m Pirimiphos—m Chlorpynfos  Isofenphos  Triazophos EPN

19 8 AlmFo 9%

zloh

2ee] W

9) #&&ud F24F 43

Acetone, acetonitrile, methanol®) 0, 20, 30, 50, 75, 100%2 FAF oo NPD]
NPD2 group& A&t 100 ppb &0 8 Z A8t Varian autosamplerZ o] &38}d
30wt &3, B/ED 2AN FAFL vmgoen o o 15 mis] NEHs Hes
Ak (27 9).

109% AT M acetone™ acetonitrileol| A o] A& o] FZokatol ulLdigd o
methanol®] F& o] 7Hg £& o8 yehddt, A gAY A&
AlM e SMu¢E Zolz Aty BEsiol stmsE 20% AYTFE MASFYTL o
™ acetone #2]Fo] Z9- 10% acetone Aol wls) ZA Fa o] gashA %gko
2R 20% AYTE ddgstgr.

mlm
2
ofo
o
2
'l

N
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5.E+03

5 503 | o Demeton-s-methyl  OChloropropham Ophorate,dinethoate mFonofos
' mdiazinon mTolclophos BPirimiphos-n mChlorpyrifos
45403 + B Hecaban 0 Buprofenzin B Triazophos m EPN

4.B+03 |
3.E+03 |
3.E+03

2.5+03 |
2,803
1503 il
5B |

e 'e Mtﬂ.ﬂ

0.E+00

Acetone Methanol Acetonitrile

299 8l F7 Z uedE FEF Wsh

10) &L Fa% vu

20, 30, 40, 60, 80C=E A& viald] 2E& WH3A7|HEAN F2ASE HuAdY gS
FEHFS TN M4 B2 Aoz YEYD, 60T 80T A$e 23

o] FAde HeZ Yeyt o]& semi-volatile A #0] 325 o] headspace®

StATH) Hvhe 8o Agd 71X FHFo] F13Y fiberd HAEFAL HaA

Fol Zaste Ao BHEEHUYG (1Y 10).

GC9 SPME autosampler (Varian 8200)l A& 7}&o] = &7 w4 injector &
58 20CE FHULS 9 vial 2%+ 35T AL/ HoAM F5%e Y Aoz Ay
QﬁW:Mmaim%mmlOm%‘#ﬂﬂﬁ%fmEM:wﬂﬂH Ha 00w AEZR F
Hol Ho] A=FAE E& F U
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6.E+03 — —_— e it

* 20T

5.E+03

4.E+03

3.E+03

2.E+03

1E+03

39 10, 20 TAE 259 9.

3. GCol & FAlse, TAFAEE 24 44

IAd=dA FaAEL EU4Y 20% acetone AHTFE THEY] 9359 acetonel Z
stock solution® Z At DA 784 H 9 standard® A&7 E&F ALY wad
Lo BEF3Gon, ECDE EFEFEL 5 ppm $502, NPDE EZEEL 10
ppm FFE zA 4

, TFEAE 36FERL dAste Adstua syt #23
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FE FFL 71FoE Fueld AuHE SABIA Fo By

)
rUZ
H
ﬂ\l_‘
Hi
flo
o
do
o

t}) SPME A ¥ %4

NE 25g& FFste] W7, ECDL A2, ECD2 A8, NPD1 A2, NPD2 A€z
ol Zzbe] Aol 100 wl EEEE S AsAn. A4 0% AHt oS
acetonitrile 50 mlE F713t9 5000 rpmol A 3#7F blending 3t} Sodium chloride

20g< % ©l 3¥% shakingdtil 3000 rpmell A 387 AL At F2Fe #4494
EEEHE Aty shakerdlA 387 J@ste] A4EE g A4, T3 2o
sodium chloride® ¥ ©] blending 3¥ %7l dojyix] &= EFEZL blending ¥ ¢

AEF st ZFH 30 miE 50 ml YA EYHE APBe) F3 sodium chloride 5g& 7}

AHED StAT 4FFE ] FH acetonitrile ¥
3 188 &4 2 N8R Adx7) (turbo vap)oll A HLAZHT F&z9
TEE 40T, N2 HBEez nFsAct &dE dng FFE) acetone 300 ul
g F7tete} A @] £s oAl FFF 1,200 plE Frhetd AEFS A 2 ml vial
o gol 717184 34

2) 71¥ A& AAeE e v

7h 71EY AAYYHS bdSF 2o & A® 40gE acetonitrile 100 mlE FZ 3
o] NaCl 15g& 7Fate] &3t 3,000 rpmolA G423 F 40 mlE Held A%
71 A 7dFE8F NH. (lg, Varian) cartridge® 20% acetone/hexane 5 mlZ £&
g o} 10 mlE turbovapoll A #wdle] acetoneo 2 Bl 7171F Y gt}

) AFANEE ol &3td, D9 SPME dAAejwyael vlug Pt
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[ = B A 4
D EF5E 3¢g 49
7hH BEEEAE AA (5 656%) 4%F group (F 2)

(1) ECDI1: Ethoprophos, trifluralin, terbufos, alachlor, dichlofluanid, dicofol
chinomethionate, triflumizole, isoprothiolane, prothiofos, oxifluorfen,
chlorfenapyr, nuarimol, iprodione, bifenox, bifenthrin, fenarimol, acrinathrin,
permethrin, cyfluthrin, flucythrinate, fenvalerate, fluvalinate, tralomethrin
(24)

(2) ECD2: Dichlobenil, ethalfluralin, flufenoxuron, propanil, vinclozolin,
probenazole, linuron, fthalide, fipronil, procymidone, endosulfan, butachlor,
profenofos, oxadiazon, chlofentezin, acetamiprid, bromopropylate,
fenpropathrin, tetradifon, cyhalothrin, pyridaben, cypermethrin, esfenvalerate,
deltamethrin (24)

(3) NPD1: Phorate, fonofos, diazinon, tolclofos—m, pirimiphos-m, chlorpyrifos,
pendimethalin, triazophos, EPN (9)

{4) NPD2: Chlorpyrifos-m, fenitrothion, thiobencarb, fenthion, penconazole,

edifenphos, phosalone, amitraz (8)

(1) 25E: BAY, B4, A%, 3, 43, 49A, dee, AT, QY2

’

37
(@ A%E: F, DA, B, o, 6, 2, e A4, T, @
(@) RRE: @I, W, Rl A, WA, AF, B9, 719, AANE, ¥x

(4) 718 F: AT AAGFE QARF A EvEFA TEFA ofAFA

o) 47 EEEA groupd 35& 4

HLFERAE 241317 98t 001 ppm (10 ppb) FELE ZA st S/N> 10 ©]
2 UeldE AR didtel ZA}eQth. Dichlobenil, ethalfluralin,  flufenoxuron,
propanil, vinclozolin, probenazole, {fthalide, fipronil, procymidone, endosulfan,

clofentezin, acetamiprid, fenpropathrin, tetradifon, cyhalothrin, pyridaben, cypermethrin
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(4), esfenvalerate(2), deltamethrin(2), ethoprophos, trifluralin, terbufos, alachlor,
dichlofluanid, dicofol, triflumizole, chlorofenson, prothiofos, oxifluorfen, iprodione,
bifenthrin, fenarimol, acrinathrin, permethrin(2), cyfluthrin(4), flucynithrinate(2),
fenvalerate(2), fluvalinate(2), tralomethrin % 514%& ECDIA AT + UYL,
NPD| M= phorate, fonofos, diazinon, tolclofos-m, chlorpyrifos, pendimethalin,
triazophos, EPN, chlorpyrifos-m, fenitrothion, thiobencarb, fenthion, penconazole,
edifenphos, phosalone & 154 %°] AEH Y. NPDOAE vlw3 EF5E go] vl
st o] dAsA JEbg o ECDolME AlEgko] S Ag 231 58
o ApolZk At (¥ 11, 12, 13, 14).

ECD14l M & dichlofluanid, dicofol, chlorofenson, isoprothiolane, oxyfluorfen &< 3
T80l 70~130%NA ®E3QTh.  Bifenthrin, fenarimol, acrinathrin, permethrin,
cyfluthrin, flucythrinate, fenvalerate, fluvalinate, tralomethrin <& 3l$&°] 50% v| gt
OS2 Yoy F5 e AR ¥Uth 3d5Eo B4 YEld RS Ay, )
F TolMen FFgo] A UEd FELS AFA, B FUALY ERY, @
I3 So] EX3Ath. ECD2ol A+ dichlobenil, flufenoxuron, fthalide, procymidone,
F&o] 70~130% HAEZ EXI}AT.
Butachlor, profenofos, oxadiazonel2 3]&9°] 150% AE=Z UElgoy FE27 Axes
AATh NPD1%+ NPD2oAM & A, 3, A Fo| 3Fgo A EXagz v
&, A9 A JErskth. Phorate, dimethoate, fonofos, diazinon, tolclofos-methyl,

=9

endosulfan, acetamaprid, pyridaben % ©]

=

primiphos-methyl, pendimethalin, triazophos, thiobencarb, fenthion <& 34&9°] 70~
130% A= £X3t 3, chlorpyrifos, EPN & 50~100% I &2 E¥xsgol S8
L #"Hxe  dAsHA JERsth. Chlorpyrifos-methyl,  fenitrothion, penconazole,
phosalone, edifenphos & 3 4-&0°] 100% °©]4 oz JElytt}
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¥ 2 4% BEEHT

- 262 -

ECD 1 ECD 2 NPD 1
NO Rk - RT No e RT No e RT
1 Ethoprophos 14.7 1 Dichlobenil 7 1 Phorate 14.4
2 Trifluralin 16.2 2 Ethalfluralin 14.3 2 Fonofos 16.1
3 Terbufos 17.3 3 Flufenoxuron 15.8 3 Diazinon 16.8
4 Alachlor 19.3 4 Propanil 16.5 4 Tododfos-m 18.3
5 Dichlofluanid 19.9 5 Vinclozolin 17 5 Pirimiphos-m 19.5
6§ Dicofol 20.2 § Probenazole 17.4 § Chlorpyrifos 20.1
? Chinomethionate 21.7 ? Linuron 17.9 7 Pendimethalin 21.8
8 Triflumizole 22.4 8 Fthalide 19.9 8 Triazophos 26.4
9 Isoprothiolane 22.8 9 Figpronil 21.3 3 EPN 36.7
10 Prothiofos 23.7 10 procymidone 21.9
11 Oxifluorfen 24.6 11 Endosulfan 22.7
12 Chlorfenayyr 2b.2 12 Butachlor
13 Nuarimol 27.8 13 Profencfos 23.7 NPD 2
14Iprodione 30.4 14 Oxidiazinon 245 No Rk RT
15 Bifenox 31.7 15 Endosulfan 24.8 1 Chlorpyrifos-m 18.2
16 Bifenthrin 32.2 16 Clofentezin 25.6 2 Fenitrothion 19.1
17 Fenarimol 34.4 17 Acetamiprid 32.1 3 Thiobencarb 19.9
18 Acrinathin 37.4 18 Bromopropyl 34.4 4 Fenthion 20
19 Permethrin 38 19 Fenpropathrin 35 5 Penconazole 24.4
20 Permethrin 38.5 20 Tetradifon 35.7 6 Edifenphos 27
21 Cyfluthrin 1 40.5 21 Cyhalothrin 37.8 7 Phosalone 32.7
22 Cyfluthrin 2 40.9 22 Pyridaben 38.5 8 Amitraz 35.1
23 Cyfluthrin3 41.2 23 Cypermethrinl 41.6
24 Cyfluthrin 4 41.4 24 Cypermithrin 2 42,1
25 Flucynithrinate 1 42.6 25 Cypermithrin 3 42.3
26 Flucynithrinate 2 43.5 26 Cypermethrin4 42.5
27 Fenvalerate 1 45 27 Esfenvalerate 1 45
28 Fenvalerate 2 45.9 28 Esfenvalerate 1 45.9
29 Fluvalinate 1 48.5 29 Deltamethrin 1 47
30 Fluvalinate 2 46.9 30 Deltamethrin 2 47.8
31 Tralomethrin 47.8
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2) 71&9] AALY A v

2001 QIAHRAl B E7IEo] dAHE FY F GC BAMUYAME (BHC, quintozene,
endosulfan, tolclofos-methyl, procymidone, diazinon, DDT)E o] &3l 7]&=e] BAMA
e} vast At A AIEE saponin (ginsenosides) 53 & 4% 5 SPME &3 9
Fe PAE HEES] ®Wel AFREAL EiAesAr. a2y ARENE sy

tolclofos—methyl, procymidone 52 FAlo] 7Is3tgct (1¥ 23 A=),

3) SPME 7%l 93 Wajed o] ALY
A FAAE ol gt 1dx BMdon RFFe) FE2ELS Y A, A
e AAdglels AzvtEae] BeHx %}kn fiber F2Fo] T3

H
o] HAol o2l Y}, Autosampler?] A% 2% (35C)ol A headspace &S A3}

e

Tu9)

FE W VPHel ¥& XHEE quintozne, BHC, tolclofos-m £9] A&7ts stgon
FAEE EFEEAER calibration 7H54E AES A olgs} o] 5% Ao Y
Bttt (£ 3). 23y Mg EFEAL HEstd 438 A7, 7)ALTH A24He
Sl A7 G2t gAY Hgol oH g Bt ofyel 3580 0~T4%E H X3
AAA o] ol Aog #dyUG

=

¥ 3. Headspace FZ W ol Aol A4

A3

A AR FBAS =) W 1
Dimethoate Y=70.482X+147.28 0.9836
Terbufos Y=248.86X+243.57 0.9781
Chlorpyrifos Y=70.732X+16.025 0.9989
Fenitrothion Y=15.755X+1.5875 0.9963
Fenthion Y=184.37X+126.74 0.9836
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4) F2y L3
AEARe] 9Fe Zol7] ¢de pH 8 0.1 M potassium phosphate buffer
(potassium phosphate monobasic 0.64 g + potassium phosphate dibasic 13.44g)E& o] &
o pHE AAT o3, 193 A8 E4Y, WS 4%, 45 AEAE ddez E
d& F718td SHFT buffer AL 718l FE243
o2 Yyt (1§ 15).
Buffer& ©]8% B4 AAHAAHL & 49 2ok 28 A0L 139 HT 4HEoIYL
o, 268 & FAlY AT B 5Ao] 28Ho V|E9 RAYEYG 4Y
g o] Zhedtdth. =E F7180 AFEF ZSHAIAME acetonitrile 50 mltHE A
A

S2H B FAAolL #BASAA A Rz FHAT

of

op
o

g NS AAYYEF SPMEE o] 43 AAgyd vlusdS o SPMEY 7%
T ANE g gl A R Hego] A JeE Bufferg A&3t FE719)

29 FE AAAT EAAWIEA GFF FAZ ] JFRHLS oy A
o2 AGHATD (X 4) (¥ 15 16).

£ 4. Alg AXNYAA

Step Treatment Content
1 Sample 25g +1%
2 Fortify 0.1 ppm level ECD: 5 ppm, 500 ul
3 Buffer 50 ml
4 Acetonitirile 50 ml
5 Blending 5,000 rpm, 3 min
6 NaCl 20g Shaking, 1 min
7 Centrifuge 3,000 rpm, 3 min
8 Evaporation Air, 40C, 30 min
9 Acetone 300 I + DW 1,200 1l Test tube, vortex and

Transfer to 2 ml vial
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6) FE5E 3+8& AF (chromatogram 4 )

1ol A AAERE iz F5%9 HxE buffertozes AAY & fdfoH,
filter& ©] &% HAPAME A AAE d& F ¢t 282z F5% FFE 9
ste] BE ©AYG 17t A%, ARE FYsE HHE AT E Al UF 28
H1u b Helztn BaHEAT. 2 AP internal standard WS AP F
&34t REEF FoAN 79 RT &S @+ TFE4 diazinon9 signal (height)&
22 & 7+ HE9 signal® UFo] 508 T8 signal® processingdtd] I @A S
FEZ duAt (2" 17, 18). obH e a¥a go] @ed] signal o2 AFE 3
H Y-uniono] A&HE 71719 B¢+ 7171 AA (flow, split ratio 5)o] Wolx i1 NPD
9] 49T bead?d Aol AR o autosamplerd& AMEd EA A E wi¥ fiber
o BHE HAE & 7 Wi AFE ] A=Y 2y fiberd] FAHE HE
g9 BuMiAlsE = AR H%H7] @ MY Z2E WEoez AYH internal
standard& F7}8t] 43 o= A& AFFAS 71719 dAANES HAL F U7
HEo] LT & £4o) 7teau.

Raw data®] A& signal response? 27 Wol&L 51.74~7650%°] 1 o1t
processing¥ 4§ 21.00~7881%= thx MAHT ol SPMEZ @ HEFHol

w71, FEd FRFAEAAMY AP E83tE Rl A& RS Yo,

tjo

T

¢

2.E+03
@ Hgo}
LE#03 |
LEH3 e O ErE
oA o wl
LE+03 | P-¥
o AR 187~
8.E+02 T
o1 3z
6:E402 T o ae
© BaEfa
- - X2
4.E+02 oW oUS » B ® 2a%
© 7si @ Eg5a
°F O HOKE @ EEF
28402 | ox
© A
G.E+00

a9 17 F5E Ny BE (A A),

-268 -



LE+03

@EEFHA
LEH3 [
8.E+02 @ zygas
= @ RER2
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P A
2
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ey
A 2% F 495E 2Ysel NaCle 7loked 3 Relatd 44 19 & Aok 4
ol B, mAY ge AXAFL 5L Jlehel BY ¥ E4aA Hol gt NaCl
A

NEARE (5RATATA, 19962 242 +2F ¢ dAn I5es
o AAFY G AT 0~15% Ao|2A FHBE 2 I A Y
Ao veh} e 8¢ ool ¢ Aoz BRI,
M AFGANE VA, FrldaA 5 g0 FE WA He Aoz
o}

o8 A 2BoEAY SHotA &olint (™ 20).
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4 HPLCOl 98 A%, FA5AEY 24y 3

7t AR
1) HPLCe| o4& gAlFeF 244y A
T2 HEAES AFE st FAF Y 50F] st 100 ppm/acetonitrile A} &

EEEAE WE F 2 ppm FEAA EFEANF 2% HE7] (UV, FL)Z o439

SPMEZ °]&% AZFE #3t9 01, 05 1, 2, 5, 10 ppme] EFE2AL ZA 59

SPME #F&8til 7|7[E4 8t 3utEe] digd A% UYL A

Wb g4 2 4449
44 AYE BAYOR FUE 54T (AFE, AFE, LA, 1Y, AFE, 7134

F S) ol B S Pk HANEE EAs JE9 BAdAe was Qo)

Yo A% 2 1@

1) HPLCdl 8§ FA5%F 249y AH

HPLC thermo separation products 2 Agilent 1100 seriesE® o]-&3t ZEAIud
#39th. Columne Phenomenex C18 (150 mm X 2 mm, 3 um)< A&tk 2 ppm
TELE methanolZ &3AA 7]71 248 A0 o549 A3 2 AEE 2ENLL
F 59 Zor 5T SR UFo HEAEE ZAEAT (X 6). S/N> 3 oA HE
¥ 33E ZVEHn ¥BHEVAAMY #3e ¥HY AZIE e $71949

o=

g

o

. O

chlorpyrifos, chlorpyrifos—-methyl, phosmet, pyrazophos & 230 nmolA #=7F & A
o8 YEtsty. Carbaryl, carbofuran, benfuracarb 59 Flulojo]EA ¥ post
column reaction A §lol% FF7HE°] 715333 bitertanol, phosalone % ZAZ o)

go)sto] HPLC ¥ 24YE2 0% 59 & gt
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-+ lﬂ £
HPLC Thermo separation products
Column Phenomenex Luna C18 (150 mm X 2 mm, 3 um)
Iniector Injection volume 10 pl (direct injection)
njecto SPME interface (Supelco), 85 pm polyacrylated fiber
Detector UV: 230, 254, 260, 275, 280 nm
© FL: excitation 286 nm, emission: 316 nm
AlZE o fr&
(min) S e (ml/min)
Mobile
0~5 H>O : acetonitrile = 45 : 55 1.0
phase 5 ~10 HoO : acetonitrile = 30 : 70 1.3
10 ~25 H20 : acetonitrile = 30 : 70 13
¥ 6-1. HPLC ¥F& 34 group 1
=31 A3
FaNT 4 B dgt4 (m)
uv FL
8.83 Methomyl 230 *
1150 Thiophanate-methyl 230 254
13.06 Nuarimol 230 260 275 254 280
14.35 Diethofencarb 254 *k %

1594 Captan

16.32 Iprodion
1771  Alachlor
1792 Phosalone
1835 Isoprocarb
1875 Furathiocarb

254

254 230 260
230

230

230 254 260 275
230 275 280

%ok %k
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¥ 6-2. HPLC EF&3 group 2

iR A . i
uv FL

9.89  Carbendazim 230 *%
10.00  Imidacloprid 275 280 260 254 230
11.86  Propoxur 230 *%
12.00 E-dimethomorph 230 254 260
12.86  Z-dimethomorph 230 254 260 275 280
1429  Azinphos-methyl 230
1457  Pyrimethalin 275 280 260 254
1688  Vinclozolin 230
17.89  Teflubenzuron 230 254 260 275 280
1826  Dicofol 260 254 275 280 230

® 6-3. HPLC ¥F &3 group 3

P AR 9 dehs

UV FL

11.47  Thiodicarb 230 *
12.44 Metalaxyl 230
13.46  Triadimenol 230 *
1441  Dichlorbenil 230 -
1572  Diflubenzuron 260 254 230 275 280 *
16.94 Difenoconazole 230
17776 Thiobencarb 230 254
18.47 Lufenuron 230 254 260 275 280 -
19.07  Chlorpyrifos 230 *
1995  Acrinathrin 230 254 280 260 275
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¥ 6-4. HPLC ¥+ =4 group 4

FANZ A — Gk R —
9.056  Fluoromide 230
996  Folpet 230
1229  Carbary! 254 260 230 275 280 ook
1258  Carboxin 230 260
1412 Methiocarb 230
16.26  Diniconazole 254 260 230 275 280
1754  Pyrazophos 254 230 260 280 275
1791  Tolclofos—m 230
1869  Benfuracarb 230 280 275 *k
19.15  Ethion 230

¥ 6-5. HPLC #5323 group 5

A 4 ¥ dER3

uv FL

1143 DDVP 230

1196 Carbofuran 230 280 275 *%

1263  Thiram 230 254 260 275 280

1363 Fenarimol 230

1430 Phosmet 230

1562 Bitertanol 230 254 260 *okRR ARk K

1664 Tebuconazole 254 260 275 280 230

1767 Isofenfos 230 254 260 275

18.23  Chlorpyrifos-methyl 230 280

18.87  Flufenoxuron 230 275 280
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2) FA FAEE EAUY A

7hH B% s 2 BEA AE

SPMEE °l8% A%E f5td 50F EEEE 5 HAENE/N 532 F8 gAREY
Holl E3d AH¥ 10¥ (carbendazim, imidacloprid, thiophanate-methyl, carbofuran,
carbaryl, E, Z-dimethomorph, methiocarb, diflubenzuron, teflubenzuron)& A13}¢t},
01,05 1, 2, 10 ppm9 EFEAE ZAste SPME F&33 717124 3o 3utEq)

W A4 RYE A AT

—

1) A&84 £ 4494
UV 230 nmollM £4% 23}, diRge A2 59 #&d4 1LOD, S/N> 3 00

ppm FEANA YENE O methomyle ZHE7F ol 03 ppm ALY =& ASdA=
==

a1

# 01 ppm FAEE FX59 HBEHE AHEE 5+ U8 Aoz Fg
H At Imidaclopride carbendazim3} 79 Eg7t ¥R 9o} carbendazime 29 gt
Wade (8 7, 19 21).

¥ 7. SPMEE o83 #4% #x

Pryep. LOD (ppm) LOQ (ppm) CV (%)
Area Height Area Height Area Height
Methomyl 0.09 0.29 0.17 0.42 14.13 18.10
Carbendazim 0.10 0.04 0.18 0.06 12.93 1591
Thiophanate-m 0.05 0.02 0.10 0.02 9.12 26.31
Carbofuran 0.22 0.07 0.40 0.10 9.84 25.66
Carbaryl 0.07 0.02 0.12 0.04 3.19 20.83

E-dimethomorph 0.20 0.06 0.35 0.09 11.98 23.79
Z-dimethomorph 0.10 0.04 0.19 0.06 6.06 23.30

Methiocarb 0.08 0.04 0.15 0.06 1.68 18.76
Diflubenzuron 0.08 0.04 0.14 0.06 9.20 1251
Teflubenzuron 0.12 0.04 0.21 0.05 51.53 34.72
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(2) SPMEE ol4@ A44e Frldsne] JPd#e Fusgeh. hyreel 4
BE 099 o149 ¥ HU4L Ve

VWD1 A, Wavelength=275 nm, TT (SPME515\5PPM1.D)
mAU;

124

8.724
14.306

104

12.240

80
60,
40
20

¥ 21, 1071 AE9 chromatogram; methomyl (3.943), carbendazim (8.364),
imidacloprid (8.724), thiophanate-methyl (12.24), carbofuran (13.563), carbaryl (14.306),
E-dimethomorph (15.256), Z-dimethomorph (15.683), methiocarb (16.529), diflubenzuron
(18:936), teflubenzuron (22.012).

W) s Ay

Agilent HPLC injection program$ o}&3le] nF8 FAHEo|AE  carbendazim,
imidacloprid, thiophanate-methyl, carbofuran, carbaryl, E, Z-dimethomorph, methio-
carb, diflubenzuron, teflubenzurond] thste] 348 AHPS 3G

Carbendazim®| E@AIIMAE A8 F9 FAHEZH0] Bo] fFEHo EHo] o]EH
o 247t d UV a9ty HPLCE @382 7)9 #Hdstd ZRsUT. UV a3ws

< 275 nmoll A 1027 #2142 3 230 nmolA]

o 2

Aoy carbendazim® HFHE71E ol 4dte] BAMsE syt £2dw MyTs %
A AAGAHE AN BEEAZ AFHAT. AR T Ao e PpHE
71& ©] &% carbaryl, carbendazim, carbofuran® Z 3= SPMEC] F&ee & 4 9=
8 carbraryl® carbofuran®] 348 zZtzZ 87~96%9} 90~127% AEE R¥sle] =
54 ZE FHAFAE & Holst Qe Aoz ey asnag =) w3 23k
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M carbendazimo] ZHFE shsAdol Stk AH HEVIC] ¢ dAe 3HE
HEE T 275 nmollA A3 imidaclopriddl e F4&0] =T HAHA e
o} HAH &3 FoAE 230 nmelM 275 nmE HFo] WatE oA AR 9
ol Azl migde] dEbA PRy RMIARE FHo oYY
thiophanate-methyl, ¥3=o|A = dimethomorph7} ZHFde Aoz 2FFYY (a9
22).

ageE, FAYT AgdA AFIbeAe] dE A8l glemg I5e dPnig
EE F5 digted 3EEAT, FAHYF & X k=2

2] &
SRS AT Wi ojlE XEEFY FAYLE UFoA dg £

ro
~{d
2
n
o
11}1

golMe) 85e 4gat.
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£ 8174 B39 A4 BEE 08T A4
£29 % wd EA9 %) el g 9#

Carbendazim 13293 140.33 11050 12838 127.82 123.34 127.22+10.01
Imidacloprid 107.10 9558 69.81 15483 10574 131.18 110.71£29.34
Thiophanate-m 31.82 0 2990 -424 0 0 1029£159%
Carbofuran 119.78 156451 13213 14358 13699 143.86 138.48*+11.87
Carbaryl 127,76 14959 117.78 102.79 103.38 10158 117.15+18.99
E~dimethomorph 8320 -154 7761 95.89 0 104.03 59.86+47.88
Z-dimethomorph 9829 9249 7813 105.03 0 11353 81.25*t41.56
Methiocarb 112.73 0 919 76.60 0 10060 63.65+50.69
Diflubenzuron 65.02 0 5702 8767 0 102.04 51.96%43.31
Teflubenzuron 11739 17247 6824 8790 0 10679 92.13+57.25
Carbendazim 13385 133.85 13781 12517 13571 14027 134.44%517
Imidacloprid 1452 9720 14275 11027 12019 136.72 103.61%46.74
Thiophanate-m 0 4382 2293 4789 0 0 1911%2258
Carbofuran 14042 14542 14693 13512 117.10 140.87 137.65%=10.90
Carbaryl 12413 12714 12064 10602 12538 11091 119.04%=8.60
E-dimethomorph 0 8153 8201 8562 10143 12072 7855+41.33
Z-dimethomorph 0 9410 7575 8949 10799 119.09 81.07£42.45
Methiocarb 0 11284 9760 89.06 8779 106.16 82.24+t41.44
Diflubenzuron 0 8791 4807 7284 6611 11829 6554+39.84
Teflubenzuron 0 14136 6372 109.59 0 0 1136911367
Carbendazim 11594 13941 2040 121.01 4391 88.13£52.50
Imidacloprid 10740 13449 0 13480 77.93 90.92+55.97
Thiophanate-m 80.11 0 29.28 38.77 8.21 31.27+31.44
Carbofuran 14455 144.24 5419 13213 142.09 123.44+39.04
Carbaryl 11790 121.29 4606 12832 151.74 113.06+39.72
E-dimethomorph 6703 11452 15885 3642  105.85 96.53+46.85
Z-dimethomorph 67.72  120.79 0 10391 11756 81.99+50.44
Methiocarb 9080 11456 2967 11815 140.20 98.68£42.37
Diflubenzuron 5453 112.44 18.90 90.82 93.55 74.05+37.28
Teflubenzuron 94.21 0 10550  168.62 60.15 85.70+61.92
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FEL F4 g9 Wge SPMEY F& S xAMH7] $)81A carbendazim, carbaryl,
carbofurano. 2 w3ttt (X 8). FFAE7AAME BF, Z2AME AFAAM EA7
AE R et Hgo] oY oy o8 A iR FAEAAE FH oA
o] o]zt AA ERA ekgkoh “Jfﬁ}*i GC BEA A} o] WEEFEA S F7h5}
HEHA AFL 7Hest SPMES A& A7 ©7] wEo] LC/MSDY dZ83e o

5. 4=l A 9] SPME-GC/HPLC AX gy Ay

gAY 49 F3 FAE) HE£F 4 gl SPME-GC, SPME-HPLC #4
He AHFAT (F 9, 10).

¥ 9. SPME-GC/SPME-HPLC #4 A g4

T+ B AL A7 AUl
= = i) r & 25g A
T e 5T FHEVED 50 ml 22
H 89 a0 mi
i) p 80 ?_}1\_ ¥ m
2 A 5% ) 2g NaCl
A¥3: (50 ml) fAEE
GC HPLC
5 208 459 3ml £ 459 2 ml 2
50T 2087 5% 50T 15837 5=
Acetone 300 pl Acetonitirle 200 ul
8 A 5u SF 1200 W B3 800 ul
= Algd 3ty A #E &3std
vial B7] vial &7]
717154 I " I
v 603 PA fiber SPME & 7]7]%<]
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ol-&% B/ FEHE 3§

5% Carbendazim Carbaryl Carbofuran
& & 148.32+ 1652 102.34+18.10 104.11+11.49
HeF 116.07%+1553 98.00= 8.90 109.07+ 5.82
AR 86.49+12.88 95.24% 5.82 84.34+12.48
g 184.84£17.10 203.49+ 2552 75238+ 3.84
B uZ 86.491+12.88 9525+ 582 84.34+12.48
3 = 9392+ 951 91.91+10.63 101.24= 3.22
EYUE 130.36% 1.15 95.30% 7.39 97.08+ 3.23
g Z 439.49+64.33 1112.9+90.97 161.07+11.47
o 9 11245+ 750 8652+ 5.06 97.05+ 0.90
4 2 12276+ 7.77 94.10+ 8.83 106.47+ 1.06
5 124.78+11.03 10692+ 7.28 10821+ 1.91
v 95.84+10.03 11691+ 2.96 11.31+ 054
E5o} 259.10+ 057 99.72+12.65 89.5829.82
A} 3} 119.42+12.88 11055+ 9.28 107.60* 1.96
& F 11455+14.17 98.70* 5.34 107.21% 2.17
4 u 11021+ 468 10543+ 6.11 91.00%£17.10
T F 86.48+12.88 95.24+ 581 84.33+12.48
A% 133.03+15.02 84.80+16.71 103.6612.66
d v 118.40£20.89 9959+ 4.15 9524+ 519
off 5wt 95.84+10.47 11691+ 253 111.31+ 049
¥ T 75.35+12.37 129.68+ 757 98.36+15.54
T 95.83+10.47 11691+ 253 111.31% 0.49
LA F 126.76+17.00 96.06+12.85 120.38+ 3.92
e 11056+ 4.71 66.14+ 7.71 78.07+ 0.60
AUE 114.17+ 3.02 81.35+ 863 87.49+ 0.28
A 95.84+10.47 11691+ 253 11131+ 049
TYE 117.88* 6.61 10542+ 7.04 112,60+ 1.98
71991 117.88% 6.61 10542+ 7.04 11260+ 1.97
71912 77.77+12.09 10533+ 801 112.61+17.68
EvlE 120.90+12.88 92.86+ 5.82 91.08+12.48
EvtEF A 9162+ 813 88.02+11.19 10695+ 3.16
Rl F 82.86+ 7.87 132.14+ 5.36 10045+ 9.88
% 11256+ 550 16347+ 9.74 11855+ 3.29
¥ = 89.02+11.47 113.34* 659 94.20%11.76
EEF 125.18+ 8.27 89.85+ 8.89 12562+ 452
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6. = T AFFF 4o SPME ¥ &

39zt =g FedRE Folo BABAAM ALt o ge BAL
LA (AM263] =247t FA4 343, 2001d; 4th European Pesticide Residues
Workshop, 2002 5 64)

ey

2) SPME-GC #&43
TAE FE FAME AFE BFd AidAM d¥aHe W, NPDAA tolclofos-
methyle] AEHA 71E9 A4 FAEAT (29 23). A% Ag (A4 - 4
AAF-A el met BAA7E do] ALY Ao HEAR F9L et

NEGRE B G R Tk OU 153

eoo |

BIN- Tedsn

aca -

zoo -

zo) N 20 M ac

_NPD2 B, 708V E-14N.0)

Tolclofos-m

14.045

8 8 &8 & 8 g 8

8
®

T T
20 25

[=]
o
34
3

28 23. A4AIEAA tolcolfos-methyl & (91 SPME, o}dl: 7] &2 4 4),
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3) SPME-HPLC #&43¥

Mag2 AHg" EYECdA carbendazimo] AEHAUY. EFEEAE ANE9 2 AA
AAde A AL Agdon FAHHTFY A3gs BEFED AT gl
W F EFEHY VEHS ol FHAE A PBEXNE F3A 2 ppm FEY
EEEZE S AH83td AFEHAUS W 1.78 ppme 2 AHo AEEX YA 94 1.72

m3} & Aol7t Y Aoz vEwt (2 24).

b a7ds 2o

D AEHolm FAARHA A& FFHF EAY

#7149 A&l GO HPLC E£33t) 405 ml 7129 200~600 minth
Zadol A Bt ¢tdsn FANSE Wyel E & AT 13 Agsn ¥ S
Y ZAAYFZE (SPE) cartridge®] AH2e 3tA &3 503 o] wrEALgo] 7t
SPME fiberg ol &322 HA7 £AHE £33 dF ZaAZ § it B &
LHE AL 71E 6~8A oA 2412 B2 £ glo] AEHolm AAHI A
Hoz AU

2 AEYAT R BE & BAY

SPMEE 544 AALHoR BEa9e W ARE FHARS A7t 3
oF Aol o2& vl ANk 2 ol BABLE TAM FYRA BEHA
R REEAES Fohet st PEd R¥A FUTol} GFE BANE I
Aol FHY 4 B BB AEHOE AT 4 e Ao BRI
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FLD1 A, Ex=286, Em=316 (SPME306\ST2PPM3.D)

| T==—11.848

FLD1 A, Ex=286, Em=316 (SPME306\DODNMF1.D)

1204

20 mir

FLD1 A, Ex=286, Em=316 (SPME306\DODNMC2.D)
L ]
1204
1007
80+
e B E e
15 20 mir

I 24 EUEAY AE&AY EEED Qppm)o FFHEY] ZA=EIY (D), B
FEAE HAUtE EYEdAMY aZvEaY (F), FAHYT EUEY ARvEIY

(3h).
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rok
>
B
gh
X
it
=
e,

II. Solid Phase Microextraction & o]&
A" T71#)
AgATFALA  Adgn 2§ &

g Fe] BAH &7 Frjo] WE HopEA

of BE FuHm Yok, ol FAd ey ga FuHHE A2 B
] BAH 717 Aol ohd NEAAY BAHE FA

oF 3t 1 AoH2A BAulge] AYW A4S Aol T Aoz ArAY. WAd =)

oo
=
g
>
oo
e
e

o FE71E (HEFFTA, 20029)0) 2%E FAEL F£EAVE z2dsAY Hy EE

BERR T MY 2AE A 2HAE 9T GHF FAEL FEAVNE ALE

22 84 Fo RS E¥FgE gy A2 g 3F
matrix7} 53389 4 F& clean-up 2 29 o7 @A Az A=

A HFES] HAIBAAN st gl HANEAE 13 screening YO 2 A
GAE RS 2AHeR A JR 532 FA st} 9of ooz 94
g Aroe Aag AAGst ey g A Y £ ABEYS P &
Auigtel dAA HAZIBAAN Stz gE BAE F ZFEEFS O 1%
screening WP t?e] TARI (Taiwan Agricultural Research Institute)ol A 7j%s
rapid bioassay of pesticide residues W% ot} o] BEAH L we =AEL yAlos 3
JFsde] A4S WEHEYOE acetylcholinenased 2H4< Assts 704 2
FHatdl o] EA FopEo] wAAte] o8] BEMug 540 nmolH FRBEWOR =A%
of AsE (%B)ZHEH Foke ¥ Uopdrh o] WWe Zzte FFe HA, AFE)
A AAROl otyn {FVIAASG Jlupre|EA AAl Fofgto] B4 sy o i)
THAEAE 37 A dA9 BxH9 J9¥ne s .
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gt SHFAEELBRYDANME  Califonia  FDA  multi-residue  simul-
taneous screening test methodel] Wl sAME 9 EAN oo ZEFHEE AR ZF 2
FEdS AR Uk AR RS FAEE AR, FAANIHCZA nj 3o
T AOACH# FDAW o] U ¢yveels HEFFTH (FFAEFAYES, 2002d)0]
JeH, AFFTHAE Z4F FAES UES AF dis)] 263F9 S AFHENES
AAste] gtAsL glom FokEel £ - ety gl wit 9971219 dd Z g4
= Ao FAH . wEd 719 FRFoF EAWEE #7UA (organo-
phosphorus  pesticide), ®7]19474  (organochloride  pesticide), 7ol o] E A
(carbamates)® ZZt T8t F&, 5%, A4 9 AH L WHEHoZ F3 ok 37
o] HAge] AR AAYE sted gL A 2a93, NE AAHAAAAH &
& &4 od eArt BAst, v {80 AlEeR A% B 29 5o @

al
BoF AR e A} 7 BN £ wAZ Uirel B 4 ged), B2

AAMYUHOZ2E purge and trap (P&T), closed-loop stripping

tilo
e
oo
P‘L
k=
2
N
o
rr

analysis (CLSA), head space analysis (HSA), super—critical fluid extraction (SFE),
liquid-liquid extraction (LLE) 59 ¥yeo] &aA 3len, 7|7]1E49& GCH, HPLC
W, GC/MSH, LC/MSH Go| €84 gtk a8 thd {5 oF BAo Axewy
2 gutdoz HE&da Y EuiFEEY  (lquid-liquid extraction, LLE), FDA(US
Food and Drug Administration)t} KFDA (Korea Food and Drug Administration)ol] 4]
SAYORE AEtsl & solid-phase extraction cartridge®, SPME (solid-phase
micro—extraction)H, SFE (supercritical fluid extraction)d, ASE (accelerated solvent
extraction)y & UFe 4 A gPge] de 851 Ut

g
At Yt Waterloo thdte] Janusz Pawlisyznol] 93 AasE 1
(soli/d—phase microextraction, SPME)S T3 ttAE ok A EAY A7 2 2

of WY T ek, ;AN mMBFRZPL AR AR BEst BAYY 23 B,
A

Hr

[Fser B4 TAHE SHS7] A% Wde] o] Yoz AxH1
ks
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of W vl 7]EF EFE A (reference standard material, RSM)& 733t

FFEye o9 AFRFTF EMYY €34 E dFSAT 19989 Volante T
< ZA FoAA chlorpropham¥ # FolAl amitrazE& GC/MSD® SPMEE Ap&-ato] &
A g Hud v ok 19999 Simplicio® #4Y¥ HAFaodAM F71Q4 ¥ 8
& GC/FPD® SPMEE o] £3l9 B4atglt),

SAMPLING Several g Sample

!

Homogenization

!

Fractional sample

!

EXTRACTION General analysis | SPME '

Organic solvent

v

PARTITIONING Organic solvent
water

Adsorption
PUIFICATION GPC

SPE
_ )

!

DERTERMINATION GC, GCMS
HPLC

a9 1 Z3EEF #4449 A%
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I Frel % 1998 Bao-Huey Hwang %-& chaese herbal formulationsol A §7]9 4

A FFes TAY nFFEEL AMEst BAsig #8902 Hol gl AFEEL
e £2 %3 SPME fiberE AH Aggdd g0 BAEES &} FY97 )
aF T A% fU1E (oM ECY olHEUER)E A LA FAES FZ3m

a~

SPME +HAZ #2233t R & AF F dRFF B47)71e GCE AHEdge
B, dE718E da-d dE7] (NPD)S B ez d&7] (ECD), Z#EAA (MSD),

71 (FPD) 5& A48 1, 28 5 71x] oj4te] AZEVE FAo] A4

9]

o
XN,
i
o
R
£ N{N'

o4 NE AHAYHE #1808 A 23, AYzHe] quau, A
3 ug WA FAHol:, BB o] YA 227 k& M Bels} o] F

v, ¥FE 5 QT AR AAZLAA AR AAEs D 5 dolop @) malA
2 =AM AE AAYC d F& F71&0E AHESA ¥ A BAVIYNEn

g 7 BHES AR, B3 Y, AFLHS vYRAR FYIIHA 2AL 0
FEwol Be nFsnd et

718w E AR FAY, A AHEERA] G FE790] ojFAE AEEHo ¢
o 2 Eo EARVIEWY ALESE Zolal: WA Al wWEC] solvent-free
extraction 7]Ho] AL BV AZRAh o] J|YWE 7)A Fo] g7 F&FY, Yo g
2% (membrane extraction), &2 Ao] <& %9 (sorbent extraction)Z 895
& 4 gl

Z1A el 93 FEFWH O ZA static headspace &4, purge and trap &9 ¥ %
A FAH 5249 (supercritical fluid extraction, SFE)o] ¢lth. Headspace & 3 A
=29 B4 QA AHEHAEY, FEHOEZA IV AT AREHY 24707 (B
3 AzvtEadI s} AR A7FE )k @R AP ggon] Az} o
¥& o] 3lE headspace FH ] UXE Asted AHY GCol ¢, EA@. o] 7Y

2 71A e BHES A @3 vtE 245y g AEdA de BA



7t Bvh EE SEEY (F AR BuiAS)C o A% FAolA BB d&] »
Aol 9835ty #Be 7AAE 4 AL + v ©@™¥o] ok Purge and trap 7]
ML dynamic headspace A& AAFHWoz A BuHE ZAZ VOCsE HAIFHoz
FEA 24 4 Ut} Purge and trap AA ¢ ddE AAXNEB2EE VOCsE F3
71 A3 Al® &4 BEEAY IAE Bolued. BN /A Iy BHELS 9
2t ZF7] (cold trap) EE &3 E27] (sorbent trap)E Ab&3dte] FLAHES ELr)
ol ZIME AFe] AVE ANgEM EAZ Qn AmAE] Fo oS AEAz BHd
M AT QEEAZE dom Mg AFAFANME AGEA g 297 54 FF
AN 294A FAE 1A 2L wE EAAY E4Y dAY 2 S0 54 OF
of 2k AM&dth 22y o] Wiel o RE w8 ¢¥o] miAHs Bestn e
%= COx7k @ol "asty Fujo] A wio dF2Eo] oJfcte & & F gtk
ML F A FAAA #AAH oz Ho Yt AS2RE AR
TAGLZRE VA % BAEY FEYAU Y dEdoz
hollow fibere AAZ AWE £ Y3 EI & FWA o B39 #E 7x3 7]
il EHE JESEE AA 3 o &2 FFo] shedth ¢ FEYPe MSH
GCAl A A2 + AUtk Hol o FEHNM e ¢E 9 stripping gasE FFF
2.2 VOC 44 At&H1 & ¥ 9 stripping gas®] ARRL d 3y 23 24
of AME¥TH Zelu EAES Fxwsle wizslx Eem AYHer §8&3 IFA

—

T84 NRZHE e f7184S FE37] AW FAA} oA A¥H 712
A #2at o Agsel ok v #7842 FEA AANBZREY F2A
g e, ¥FT & Aok BE FFY FAAL G¥E A94e KD Qo] o

NEde FEsc F83Th FHAAN A% FEPor sbg Lol AHgHE 7Y

LAY FEPLS ATAQL &0 F2Y vastd g ol ok o wHe wHS$
desti Ao H, ANaAd dgolAe Ahgol Hedm, AFHHYE T F Yo
o, diAos A Fo] fr14vist AP Ty TAY 3P B
& cartridge WO 2 Y WY Ee A8 TR JF FHA

-288 -



of ga & EaHol rt.
A FEHY ol#d EAIH di dZFEL 8§ AR (fused-silica fiber)
b A4 AP 8 BANY 17 2oz 459

ool Ao @ BAG T FEAANE BAEY FE24 27 A dFgHLo)

‘jﬂ-l
N
_,,
i
oft
o
o}
2
2
ok
Ly
2,
]
b
i
>~

MEn gl f2 %y @Yol dojuA ¥u AFEAI RB4AA2Y ARF)
Aok 3AY NP 2EWe 2YE (§F5 AADE AR Aold BHZ BuHE 3
Yo G BAFel 24717 delA @7

of dojupe HAHoz Hof Y, A& A
(FE)t AE AL (BA vF), 28912 E49 SAZ GddAZ SFHA 7y
FZZE ARGl Algg&del] =EFH BHEC] ARZYH

AAY (FHAAD) o2 FE8 29 g BYES F58 FFAE GCY LCY
UTE FAA AL Doy f71&ud o8 2ES AT BA @AE a4
o] F7HAR A dAE A

U

-

aAG wF FEHL FAE pEEtn vl go] A@EY fibere] GC 9 AE 3}
Ak =¥ AR AHIZANA AF fiberd] s EH B FF0] Medtn fr2e 79
Gl F718u AR § AN FEYH vHel ok 58T 94 2ie 9% 2
FAAZE dadtA] @3 BAVZIE A2 ek o nAY vF &9 5718
& AMESHA] e FEAARH GC FYTAA EABESY g3 dRduHe nE 3
Aol ddeAR TdH Utk AR vF FE2YPE AH FEHAHo|Y] WE 1A
d FEEAY 299 ZhHe) EA HA &1 fibero]l FUSE e FAGY =
2439 EAE gvh £ 2AY vF F%59L headspaced| A FEFo] M5
A HZIEH 2L ds B FAEGE ANERYH EAERE F5T & Qi

IAG v FEHe FAE AHEE (29 2), £§ A7) fibere A& AHEIE
2 e 2edea Bo) WEHY QT T #E GCE microsyringed] v &o]
ZE A AEE F£387] 98 microsyringe ¥tE &9 U= fiberye 19 plunger®
2o vial e AEe] =EAZ zHE FAAYG NERRE BAEE FFde
AlrE BRI o] FAAEE WA} Vial Al microsyringeE ®old FAF G
FUTE ¥tk FATANA BHEL fiber FAARRE BEAEo) 9oz gx51
GCell of& EAMstA | nAA vF FE2HLS microsyringe?d &Y EE auto-
samplere] o8] s8I F ] A},

flo
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A vF FEHY fiber & WAUEL A8 matrix T e E4E]

AA g Alzto]l A#EH A matrix} fiber 7Hell &

oo

S48 7) fiberd] Yo o]lFdla,
AdFol Hyd =EdiA Hd. HPARE BEAEY EujdgFd Y&y, FELE,

24, pH 2 g9 Ao e g,

o

1

Plunger

Barrel
Plunger Retaining Screw

/ Z-slot
/ Hub-Viewing Wind

Adjustable Needle

Q==

Guide/Depth Gauge - -
—
Tensioning Spring -
-
Sealing Septum _ — -
- -
P - Septum Piercing Needle
—

Fiber Attachment Tubing

Coated Fused Silica fiber
{100um PDME)

19 2. SPME #A.

o FFA2A Yo BE nEA B YHoR A§HT Auste APelN =
9 ( Nge de okd HoA RolFE vish 2ol A=

Fe

Aol da FEFe] A
Hgo swsh WHABAS} At

Az

=
-3
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= (1

A7l M n& ZFGe o3 FHEA BMES AFolx, Vit Viv A4A 29 fibers)
Ao RHolm, KeEe AHEY g IZW fiber 5 BAE9 BujAlfolx, Cxr A&
T EYEY 2VF =0t

e A2 B3 A F fiber (Voo A& & (V) B F A% 53 EXE9 94
& FHAT Ke)olA Az gle BAEY 27155 Codt FRA o8] F3= 0
Ae 2HEY ¢ WA BAZ WHEdE A BAED nAY AF 22PN

%7 ol

2
A WF &

oo

oo e 2%9A ZAE @k Static headspace A Y I} 2ol
FXe HIAE AFYel7] Wl BT AFE T AEA Y B
HEe =7 A3 AFE & Atk A Ao BT AHY Vot We ad
(Vs>> KsVy) fiberdl 93] F& =01z #4189 F& A5 £I9 FRsAT (n =
KiViCo). o188 £3 L B A8g %A AFAsd BAste A 71584 sy
DAY vF FEFAE AR AH @A APez 717)d AF FYste EMFez

BYe vRoE BHEES FE34E /Moy WEd RHESS EANE2RY A
F 35 Bo] obunh SPMER #&3% W0 we} 2w Az (LANRE
), 87 (3E)S 2 3AL 3RA Dol FYBSo] otk AR A
ANE AAYAAE $89 ABst £5 FA4E, aPT FARA AR ARPAAE
£89 N} FARALE FUFAG £F FHP7ro] BFRWF o] dojurh

TR AR ANEY A%, TAY F 258004 BHES] FHHE Fe Q
WHoZ 3YRAL A B BALh FYo| o T YEANN FABEY B
zye vesd 2

C()V3= Cs Vs+ Cth+ Cfo 2
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A71AA Coe 5894 ANE F H2 BHEY ¥=y, Ve 25870 @A 4§
4 A89 FIoln, Cs, Gy, Cre 22 F&F A&, THFASG 544 (AN 2
Mg FFFEolR, Vi, Vie 47 799 £54 e Ryjojn

T84 AEAT £F AL E4ES ElH] (partition ratio), k'E TE 2T

. Gy

_ Vi ns
*TTCV -

Ve

=Ky - 3)

w

A7NNN Kp SHA 45k F894 J9 BHES PulATeID, n n AL £3

A g 8 FolM EHESL BE EFoltt Kxe Fold Algt 94 =AM A
7t i oole £ EA W A FRY oo wE dEAgel W e e %
A . Fiber A4 F7E & 19 Udehidth. SPME & AA 474 B4 8 7l
Agtgle] Bvp 39 E4E9 BEwAlee we & &S /KA Hi wdA ¥& 55

E9E VXA H1 E7F Fobdh

¥ 1. +% < SPME fiber

Fiber coating Tmax, Applicats Coating
type T pplication stability  Polarity
PDMS
100 um 280 A sE (MW 60-275) NB NP
30 Bm 280 34 7 A 8gE (MW 80-500) NB NP
7 um 340 F3F43 nEAH IYE B NP
PA
85 um 320 =4 FT AL gE CL P
PDMS/DVB
65 pm 270 volatile, amine, nitroaromatic 3 & C BP
(MW 80~300)
CAR/PDMS
75 im 320 gas, AEXRFE (MW 30~225) 3gH& C BP
CW/DVB
65 um 265 GEF, F4 IFFEE C P
DVB/CAR/
PDMS 270 flavors (C3~Cg), odors (MW 40~275)

PDMS: polydimethylsiloxane, PA: polyacrylate, DVB: divinylbenzene,
CW: carbowax, CAR: carboxen, NB: nonbonded, B: bonded, CL: cross-linked

NP: nonpolar, P: polar, BP: bipolar
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19983 Volante 52 A9} ¥ % 724z} chlorpropham™ amitraz& A 3stE Ao
A AlES} FEA o FAE AL 4 Jde= A ‘transfer medium & 2A FE &

et Als, agan A §A 3-4 (phase)ol A ZulAS+E ATsAch B opy
2 19989 Weigi Chen 5& 2-43 3-4 HEANN FI4 (D9} 2lAF (K2ZFH

Fobel 2232 ANT & Ae deW 2 BANE FEAR.

ns’ - f 1 Kyf+1

(4)

A71A ny'/nse SPMEC] &% ofe] B89 dFoln, Kne 4% 4EA8Z
of BujAlsoln, f& B/HEAR e Rujulojd)

E3 log Kow (octanol/E7He] M AF) o log Kww BANE #E3te] BEA72A
o8 22 AG vHE ANEY EX 2MAF Kuw)E octanol/E 9] EMASF (Kow)
2RE QA ALE F =S A

SPME7} Az o2 e 278 719ol7] e BEE 9% AAo] AFE
flol dastr} Jogez AR #4844 N7 (K1% #7188 48 59 854 ©
2 A% 2 T e Ao A% ZESWe] & olFold £ g, FEAHC 9

TE BHES HIlHlA SPME #4& & = gtk AAA g9 yEE AN
Odd JEoz @ A8 3 9F BEEEYEL matrix £ m&d & 23 go
HOEEE AU B WY REEWO] AHEEHooF AT YR EEFEYPAAE YR BF

=9 EuiAlert 48 @3t A9 Zolok ay] Wi E4E9 FdAL EA A

=tk F7ME BYE2 ANE F A4y §RE 2HEEY B8 45288S 8] g2
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RSD 5% A X=0°]3 autosamplerg AM&8 %ol 2 gol 1% olst7l € = doh.
LAY vl FEHA AT A2 HE FYste do] ¥eH AYAAES A
ER o3 2o A2 53 A4 FF5E Addol b 19 43 24
S GCZ 29T 49 ZAe He 20 8 B4 FH7 & FHA
o8 #2557 WEd R 7kx FZA7E SPMEAA AL&H 3 9t} o2 s thdd &
A7 AHREE 7L K718 44 wa “like-dissolves-like”e] 71E 7ldo] &gt}

3
=%
polyacrylate$} carbowax$} Z2 F4 ZRHEL ¥HEH, 71254485759 2 34

A

1
=
S W$ & FE3E o polydimethylsiloxane® 7L B4 7€ E2L B2 g
4

T 24 A FHEY E 1A HAFE vie} o] BN E9 FAd wi £7 A
g9 F4E Addgstd BAEY BulATrt AAN 2EsF Foldth EE £3 AX
Fol A& AAZ FAS Dojrt AANE FF FAge Rurt AN BHEY 7
=7 Fodnt. @E 19 FAZ AXNE Boh g& EAEo o & ANY By AF
FddBsted 2aHE FPAe] ARG A Zatd FoF FHxANM 7
< SFEY & SFESY BMiASFI ARG 2o gk FFAE ZolFn. w
B BHEY ZEI BF2YOE FEAR FE& AAF FAE A 7 A
& Aol g

EAZ EWASTE U 4EAAE 2257} gt I FAA AgLErhe

L
N,
Rul
L
A
=
];o{n
:__1‘
u
N
2
o)
¥
_IZ‘.
ol
E.
é
>
E
_L;.,
min
o, i
&
e
>,
™
rio
b
N
ot
1ok
i)
fo
>~

of Atk B FHWIM ARLES] Fre FRRel BHEES BES 247
T WE F2¢ 0% 4 Ao 2y Bo H9y BAZAA NBLEe Z7tE 1
9 BuiAS (KB Z2AA B2 Ane Ader

AAZ AE matrixZHE 42 JAFo2 RHESY o|EAzt o 54
Yt 7 g4 #He AL 194 NBAAE DYy EHES gay
$%7h 1 EAE gy AANES Fi RAREY oE2T7t Qo

F2 AAY Hol ENESS SAEEZ o] Folu. ol HAF U Tx o B
g0l NEAH 2ASA Bo d2d S5 AFYAs} U $9 F 2ANEEL

i
N

ﬁr
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w2 F&37] 9% Prandtl AW % (Prandt] boundary layer; 4% AX A3 A5 A}
ol9] &F)o] A HEE 37 (agitation)e] FE T Aol o]FoA}, HAY) W
He A4 371, 890 & AL A7, 289 Ay 55 AN B ¢ A
Agel garizk ik AAZ ANggde A4A7) dAY $3 ZAte AN
st FAE9 HHo] o)FAY] Y8 2aHE A FH AR AHW A7) vl
A 1B E wad T AR AHYPAME BYEE

]
gy Ao 3 AA R AF &R g

UAZ GCY HPLC #17 eld BNEse SHEAE 22vEadre 2o
53 3o Uz o 4oz Y79 £EE 3
AR =R AT A (WA +REE] BuASRst i)

SANAY 94 3EL $3Y PHESS 40 YANNL LX) e BHAYY

odk
fljo
S
i
@]
2
>
e
ne
M
g
_Q‘A_:‘
_V_.
0_1.4

K
!
ot

1 FelE F & (salt effect)td A189 pH 24 (Aolu d7] FFEE] )
T2 AL vFg FEHAA BulAFel 9% Fu AgoA ARl F 2AE
1o 2iAS7E B2 A BALo)9] A5G os] REHoZ AR fio A
5 matrix®] 4do] a2 FujAF dEE F & UEES WAFE F Uk 84 AR
NaClol4 Na:SOs 22 d& HA7Mgozy g9 oAr|7t Frtre] 88 &0z =
A R7ISFEE (o] Zo] ofd 29 EujAsrt FUtET FA4A BAEe] o FgEo
2 Hlo]24 nEA ZBEA F F2H7 WE £8 A8 pHE 429 o]
gH5 BA S A8 zHHo oF Ft,

o]
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3. a4

AR s P DAL

2 Ad¥d AH8" 7]71& Hewlett-Packard (HP) 5830 series II plus gas
chromatograph (GC)ol&lx HIZE FUTE AH&sAT HE7E AAEY A&7
(electron capture detector, ECD)9} AA-21 #HZ7) (nitrogen phosphorus detector,
NPD)E AH&3sich. BEMX(EE d7] 9 data systemo2E HP 5800, 6890
Chemstation System Software (Hewlett-Packard, U.S.A)E °] &3ttt 7959 ¥
=2 2 HES 7] Y3 A S BAS ¥ J&WAF (US.A)Y RezAM o] 30
m, W74 025 mm, FA4 F74 025 ym DB-5 (cross-linked 5% phenyl methyl
siloxane) ZHE& AH&EATh Inlet FEeo= 2 F 79 AR AYE SAd 42
stal, de7] FEdE 449 2A® ZYS ECDe NPDo| 28 one-port/dual
capillary system& o] €3 At 97 A9 make-up 71 A= 99.999%9 1eE AA V)
A (Union Gas Co. Korea)E Al&39 1, £8 NPDAAE 99.99%<] A9 27 7%
(Donga Co. Korea)& AH83tAH. GC #4zdozsn SrAze Z2E /4% 20
ml/min® £Hsted ALge s ECDSt NPDY 47149 Z+ §%2 05 mi/minZ 3}
Rt 2ZF 713 (make-up)x ECDOIA 60 ml/min, NPDA 10 ml/minZ ZAsQn
NPDe} d=7l1AE ¥717F 30 ml/min, 47 3 mi/min2 ZAs] A&
Splitless mode®l A purge delay A|7tS 15802 B2AET dde 25 AS 80T
2 28 #AANZ F 8C/minZ 180C7HA £&stgen, 180CHE 2T/minZ 235C
7HA &8 o 280C7HAl 15C/ming 433l 280Co =833 15873 &%

9 F BAANLLE 602202 gtk olf AR F T £EE 270T, ECDY &
= 300C, NPD9| £5+% 280CE AT o] de BM2AE E 20 29sgnh

i
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£ 2 HH VA A2vtEody =208

Column: DB-5 (cross-linked 5% Ph Me siloxane)
30 m x 0.25 mm x 0.25 im

Cairier gas flow: 1.0 ml/min

Make-up gas flow: ml/min

Injection port system: splitless mode

Injection port temp.: 270°C (one port with dual analytical columns)
Electron capture detector temp.: 300°C

Nitrogen phosphorus detector temp.: 280°C

Air & hydrogen flow rate:

Oven temp. program:

2 min at 80C, up to 180C at 8C/min, up to 235C at 2°C/min,
up to 2807C at 15C/min, and finally 15 min at 280C

Run time: 60 min
Solvent delay: 1.5 min

High performance liquid chromatography (HPLC)E Agilent 1100 series (US.A)E
automatic SPME7}F &= {th. & 7|+ variable UV detector$t fluorescence detector
£ A& A xxzdoza 244 #AYLS Phenomenex Cig (250X4.6 mm, 5
um)# Hypersil ODS (250X4.6 mm, 5 tm)& Al&3le] LS9 RAAFL nlzsg
o olE Y Bule A EYURALEMN acetonitrile-8 (55 : 45, v/v)E 583 S84z
pH=8% #< 1.0 mi/mindl A £218 thgo] 7187 §rojrlgoz 1087 2 gvje =
ol acetonitrile-= (85 : 15)7F HA stdth. EEF S TFEY (42 5ppm)F A 8F
A#FE 20 ploldeh UV d&7le A4S 254 nmollA EAstg e g3 A&7
EMFozA E594E 286 nmol i & 542 316 nmol U Th.

ARE 3317 98l A48 blender® Waring ProductsA} (U.S.A)9] 5011GE o] Q)
T ANEREH FFE FEIH7] A8 AR 2gu)7lE B3A4FA}A (Korea) o
Branson 3200¥ eIt Al&9 HHES Byl Y8 AT 94E2 7= Hanil
Science Industrial*t (Korea)®] Union 55R¥ ¥4 ¥27] =& Advantec MFS Inc.A}
(Japan)®] 0.2 um pore size PTFEEZ ¥ 859 AZAE Ap&3+4

ANgE —?5—;} 371 918l AFE3% SPME #A®A Supelcorlt (U.S.A)9 SPME manual
holder®t 100 um film F712] polydimethylsiloxane (PDMS)# polyacrylate (PA) fiber
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£ A}83t4 . SPME fiberdl 43A1717] 93t A 88 @< vial® SupelcoAt] 4 ml
screw top vial2A] capol PTFE/ silicon septa’} A& d vialg Al&3tgd. IAARE 9
3 A8¥E W71 E CorningAl (Korea)?l PL-351%80lxn 3 3 22 & dASA 3
71 HAdt AYegAL (Korea)el J-4318S AHg3 ot 294+ MilliporeAl (France)
o] ZMQ 5600Y3# water purification system$& A}&3te] A z3 At

ol

. BEFFI A%

BEEEE AEE 54 795024 F7124 F2o] acephate € 27%F, 7tuldo]E
Al &%Fo] chlorpropham 9] 3%, pyrethtoidZl ¥ %ol bifenox 2| 7%, azoleAl % ¢Fo]
triadimenol 9 9%, Z %19 ¥ o] alachlor ¢ 29% 2% Dr. Ehrenstorferdl 24 &%
99% olde FF BFEAS AHEEA 2001d FHFAEFARAAAN T & 5
ZALRE 560000439 Ul FAEA oid FRFY AN 2AAEAAE EUE AEUE
7t #2 FYES AdYstd gt $IEEL E 39 JdeEhdn EE ARG EA
o Al Z T4g AEolAHE (HPLC grade)ol ztZt je] 1000 ppmo] HEE
Azxst] YARE AT o] BEFAES oI ELR FXsd "W TR Az
o A&-3FA ).

T4 FEEuE AHEE o}HEL JTBakerAl (USA)Y ZFFF BA &L ALE
dHer H.08 BHFE Ao o &adE A7l 98ld Samchun Pure
Chemical A} (Korea)2] NaCl (99.5%)< AH&3t4th. ‘

THNBEAM E3F, G2, 7, 22, £ G Lzt TR, 1 &
T AWAGAN FYERAT FANGHG W@yl A AR BEe AMx,
YA AFAE FEFAEFIAHLD (B7IA2)AAM do| EAEG 4 Algd o
8tel 300gE blenderZ F3f3ti ol& WERY sFon, H4¥L ] Ao d2dA
AT oS, ANE 10g¥ 2HAs APl A4

P )
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E 3 GC 24% %9 434 2R

A. Organophosphorus Pesticides

acephate azinphos-methyl chlorpyrifos
demeton—-S-methyl diazinon dichlorvos
dimethoate edifenphos EPN
ethoprophos fenitrothion fenthion
fonofos isofenphos malathion
methidathion omethoate parathion
phenthoate phorate phosalone
profenofos prothiofos pyrazophos
pirimiphos-methyl tolclofos-methyl triazophos
quinalphos

B. Pyrethroids

bifenthrin cyfluthrin(a- B~ v-,6-) cyhalothrin(a-,-v-,6-)
cypermethrin(a-,8-,v-,6-)  deltamethrin(a-p-v-,6-) fenvalerate(a-,f-)
fenpropathrin tralomethrin(a~ - v-5-)

C. Carbamates

chlorpropham fenobucarb furathiocarb
thiobencarb

D. Azoles

bitertanol(a-,§-) difenoconazole(a--) flusilazole
hexaconazole myclobutanil oxadiazon
prochloraz terbuconazole triadimefon
triadimenol(a-,8-)

E. Others

alachlor amitraz bifenox
bromacil buprofezin butachlor
captan chinomethionat clofentezine
dicofol endosulfan(a-,§-) fenarimol
folpet flucythrinate(a-p-) fluvalinate
hexazinone iprodione mefenacet
napropamide nuarimol oxyfluorfen
pendimethalin procymidone simazine
tetradifon triclopyr tricyclazole
trifluralin vinclozolin
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HPLC £4<& #8) AH8d vF5E7 494 2F (A, B, C, DY B)& thd ® 4
¢} Za, GC2 #AE b A7 F9) ¢ N-methyl carbamate® S X34 54
T FUYER Ho QU

£ 4 HPLC 244 For9s A9e 27

A B C C D
Compound  Compound Compound Compound Compound
carbendarzim imidacloprid spinosad thiopanate—-methyl thiodicarb
DDVP metolcarb propoxur carbofuran carbaryl
metaraxyl carboxin thiram E-dimethonmorph nuarimol
isoprocarb methiocarb fenarimol Z~-dimethonmorph azimphos—-methy!
BPMC methidathion  posmet diethofencarb diflubenzuron
dithianone diniconazole tebufenozide captan alachlor
vinclozolin difenoconazole pyrazophos pyrimetalin tefluybenzuron
posalone thiobencarb chlorpytifos-methyl iprodione isophenphos
lufenuron dicofol benfuracarb furathiocarb flufenoxuron
ethion chlorpyrifos dieldrin biteranol

0. BEFEGES FEs AN

9% TAE 4 HFE MRS FAs) gete] G AR BFE AFLAES 7
Z obAlESl #3810 ppmo] HEF AzsYrh. 2z 79719 EFELAEL GC
7ol A2 microsyringe® 2 ul FU3te] 4wk oY AAEY PRE AS Feldt
Aot o] AFHE M oR 9% TS A (40F ¥P)s B (39% FH) 2 groupl
2 o] 28R (F 5. °) AYEAL 2YY wrl} YL F FEo EEEIL
Azsted AEHNT 18] £48 doict A2 FF$AL BEO] A9

2t SPME9] 37 3}

SPME°] & #FweF B4 A g H&s7] Aol SPME & $2z70]
AR olob gk Aldo] duddon FFEL dAF H D SASZRE SPME

TAA WG A FEZAERA fiber AAF BFH, 4347 AL gFeE o
2%, pH, 2=&# AR Fo| dAHolo} gt} o]2ld SPME HA FHzAsL
g, EY FUE T AFEYE EYEE do Hedu. #8559 244 ¢4 SPME
HAH +A2A¢ 3] e 58 294 F 01 ppm HELALS Ao A3
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Stk B AT BAUAL s RAlsre] 200~450 Mol W AwA U=

MFHWYol7] WO fiberE FEAN AW FA FARE PPL ol $ae] BAHG
#5 GC 24§ 359 4Y BF
A group B group
ME B o ME 5 % e e
1 dichlorvos 21  tricyclazole 1 triclopyr 91 butachlor
2 acephate 22 prothiofos o fenobucarb 99  hexaconazole
3 omethoate 23 profenofos 3  demeton S 23 oxadiazon
-methyl
4 chlorpropham 24 myclobutanil 4  ethoprophos 94 flusilazole
5 phorate 25  buprofezin 5 trifluralin o5 B-endosulfan
6 dimethoate 296 oxyfluorfen ¢  simazine 96  iprodione
7 diazinon o7  triazophos 7  fonofos 97  edifenphos
8 tolclofos-methyl 98 terbuconazole g  vinclozolin o8 hexazinone
9 alachlor 29  bifenox 9  pirimiphos 29  nuarimol
-methyl
10  fenitrothion 30 tetradifon 10 thiobencarb 30 EPN
11 bromacil 31  azinphos 11 fenthion 31 bifenthrin
-methyl

19 malathion 32 mefenacet 12  parathion 39  fenpropathrin
13  chiorpyrifos 33 amitarz 13 triadimefon 33 phosalone
14  dicofol 34  cyhalothrin 14 furathiocarb 34  cyflathrin
i5  pendimethalin 35 clofentezine 15 quinalphos 35 fenarimol
16  captan 36  bitertanol 16 folpet 36 Dyrazophos
17  isofenphos 37 prochloraz 17 phenthoate 37 fluvalinate
18 triadimenol 38 cypermethrin 18 procymidone 38 flucynithrinate
19  chinomethionat 39 fenvalerate 19  methidathion 39 deltamethrin
20  napropamide 40 difenoconazole 90 a-endosulfan 40 tralomethrin
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9% oSS EF HUE ¥ § T SPME fiber AAZE AEE) A
100 Um polydimethylsiloxane (PDMS) fiber, 85 um polyacrylate (PA) fiber, 65 Bim
polydimethylsiloxane/divinylbenzene (PDMS/DVB) fiber, ZZ#]3 65 um carbowax/
divinylbenzene (CW/DVB) fiberg A3t JoiA &R} =& H LA 4
T fibere TAALE 0E22 FYA sHod dd I 242 270Te GC
FATAA 1083 E2A A,

ARG nF & T2AIZE whet fiber FAYH A8 FERFo] PRt
uebA fibere] & FFAIRE ARGV Y Ad® HH fiberd AMEE ] 220
A 5, 10, 20, 30, 40, 50, 60, 90, 120% &<t £HAZ thg Ao WE FFEL F2
FS B

LAG wF FEHA oF FAPYPo] ojFolW RMFHYEL GC FYTY g
o3 EA< gFo] o]FojxA Hrh ojuf FEF G o] o]Fojx|A] R3W fiberd] F
A o]l A3 g o] o|FoAA gol FHFAQ ANE Ax E&A b £
=% d& JteFA XY A 299 AFEEY peak £ xE FF Aoy o
W3 Aol AAXM EEsel vymhad & ot wakd ol WA stmA HHe Azt
< AN GHAALL 508 S FFHA 3
Al 108E BFAIA carry-overs® BAHES g9le .

FAZ FFY FAE IFFIFES FEHUI JME EgEA fr14HE
AbEsliol ot md &9 140 g wE FEA9 £ fiber FX T
T ATE 2Edn. BEgA oM E FF wE oo £RAEAE A A9 1,
5 10% oHE F8A4E Azstd 45 FRAFL vusgrt £ olAES ¥
A d= w7 EAAM Ao F2 4009 A EFo) BE F258S v

TTE 2o salt7h &3Eo] QoW HPEEo FE Y0 2RE SPME AAFoE
FEHT AL FAAY At o)AS Zz YM & (salting-out effect)9t @
€37 (salting-in effect)®tit @k FoEvich ol 2A7I7F ME3d ma dd W@
FEERI 7] dE2d. A &5E gdsd Solsle NaCly @ g Ffs9
fiber2 o] 23 dotrr] 43t} NaClg 0, 5, 10, 20, 30%2 WAA B 5
Zrge Has o

°{N

Y
Fﬁ
ko)
o
)

N
°
Y
2
>
i
i)
Do
>
2y
o
o

SPME fiberg& °]&3tld £MEE FAAZ o matrixe] 257} ¥ssd BENEES
o % WYAUDH $AFE WA Bk diFez we LEiNE EAZo]
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SPME fiberel © ®o] &gt 28y £& EdA e £ E0o] SPME fiberel 42
Hol gl AET matrixol] EAstE Aol o A 7] W FEe SPME fiberdl +&5HE
Fol dRtH o ZAsA k. upeld SPMES 23 B4 Eo RujAleE 20 9
&k 2222, #3250 wal SPME fiber2 5% BXHEEY F£3FE Yolr
71 98 FEA9 25 F 25 40, 55 65T E WHAA EMsGTt dAT 52 4
AZ17] et §AS F22 of 308 T AAAA k9 HFPo] ojFAXA ¢
I HolA AAE FHALH SNz o8 EAsA

ANgEFH7) fiberd] &5 45 Fo €A IFL FEA golnr] Asty
vialel A1&29] 29 4, 6 mlE AN 7Y $2FL v FESGT)

Zt 599 ECD/NPD Z&ul & ZAMsHy] 913tel 21§92 | ppm EFEEAL A=
SR ©]& 100 pm PDMS fiberZ 50% #351 GC FY 7o 108 2&ste] B4
At

HPLC XA E 5459 529 fibers HPLC Well AAsiA 583 MolFol &
gEe A7l el EAE

vy e

al FAHE By
SPME A3 d3s nugoz Mz FiEd ALste APsdch AEAH A
FAEY FHd wEt FRFkY X0 Hol7h glong AFY FAE AHM UE
A As7t H7l A FS AAs o gk FAELS 9FFHog AEFTH (FFHEF
Ay 3, 200201 wet FHARE ANFRYE ANEAHE sk FnFE EXNE AAS
AL, T A, agn FELE B2 JPEA Mol £ AAsAeH JE fireM B
F, Adze RS AHAst Ao AHEIAT FAEY £ FHL 110TAA
BAIZE B QEANA 7tEd o FAY o) 23 wE ZAsg
FAEY TFFFE BV A 5, 2, A9 3x HAHL AXE R
of dwtHoly oY T HFE 1GAR @FA77] Y5t SPMEE AH&siddh 28y
FAERNEH EF02 FEHUI st 2% olAES HAUEHL 2
w3 AFstgdsd oleld Mg ANy -S 2000 Volante 52 /A€ SPME 44

I‘R

TAA Alg AABe G&3 Zo| Fadt FEFAF S FF37] 3 Al
300g-g& blender2 #olA TAZAHAL I F 10gg 7MEo] ANof A 100 ml HH
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ml vialdl &7 @okth o] 8A4& smubsbdM A2o)A 100 um PDMS fiberE A 24
ol AH 1ol 508 T FFEAY. Fo] BuW SPME fiber® GCol #9357
el SPME fiberdl €0 & F229 (chlorophyl)# A3 2& B&E2S 2757
AH3M EHol SPME fiber® =2A7|3 10% o2 7FHA E504

23l SPME fiberg needle W& Y1 needle 0] 2o Q9 278 wo} W =
C FATAA 108 &3tste] E4s¢dd).

4ol Y SPME fiber: 270°C ¢} injectorodl Al 108 %9t reconditioning A7) 3}
A& THste] d&d Y} SPME fibero] }Fste E4ES AASAY. He AHE
8t SPME fiber= 270ColA 2412 conditioning 34 AF83t9 o8, conditioning®
SPME fiberg GC/ECDZ ulgAd¥ste dastobd 270CoA 3083t reconditioning
Ale FAE FARAT oY & ¢ SPMES APHAL zrestA Qokstd o

HE WAL fiberE RIF] 9L AAAIY] Y8 TuERE gaosm YARg

ste] &3 2229g WRY O BEEES Byt £33 0.1 ppmel H

T AAER sgh

A7) A ® 8 WHoZ 02 um pore size®] PTFE membrane filter® AF4
st FE3 NBAAE st AYsta e Age wws R

FEHO2RY EM¥e AP o2 22¢ thg, SPME fiberel o] ¢l
2EN ARH 2 BEEES AARY 9N GC FIFAA g2 T2 Ao fiberS
ghTol AHeHt WEbA fiber A HAIZM] w Bk Fabue WS xAlegE
o, ddA SPME fiberg =&A713 10, 20, 30% 59 7HHA BS54 Holx o
&, SPME fiberg needle W32 Y1 needle FHo] B0 It 27|18 wo} Wl & GC

FQTM 108 Gatato] LA sk

e

rir

o
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Sample, 100g

i

Homogenization

[ Sample, 10g
Acetone 4mL add.

L Sonication, 10min

l Deionized water 90ml. add.

l Centrifuge forl Omin at 3500rpm

4mL vial
PDMS fiber adsorption for 50min at 25C
GC/ECD-NPD

fo
=2
>
do
)
e
(o
ook
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_I_4
o
2
0%0
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ol
ey
<
y...a
k=]
k|
3
fo
O
o)
(‘D
o
Q,
=
o+
o
=
o
=
[
.
o]
=)
=i
o
—+
=
o
[N
fru
A
\J
L

N A% 1 F el ARt ZEsels Arlex
i AdAYgstger v st AlEolE 25 ppm BEFE AZEY 40 nlE Hrleled ¢

O

AR A sk AE AAH AL 3y 39 FAo) wgt o] 2749 FZ
& 27 4 ml glass vialol 23 7)o fiber® A Fste s 508 2=xs)
i GC 7ol 1083 g3sdth. AAyd o3 EME ANZES HFE ARG
ECD/NPD #-3Hl & o]&3ld AHFFS A FA3dn 1E2 549 58 T3
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Rt

ol TAAA™ o3 EAAzee] vl
B d7oA AdE FFFY BAES ZHEAEETLAYYAN FYstE TAHA
Ay vwstgdet. FHAFHL California FDA multi-residue simultaneous screening

test method2 TLEE A2 A EQ AMze RE22 gaow 39

P
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4. 23

HE

aZ

7b s oEe 89 7§

D 714 azetEaegs (GO

9% FoE TA £ Y8 DB-5 RA® B & A48t GC/ECD-NPD&
A8} % 3L one-port/dual capillary systemell <& EE® el #euE Faad. Z
FA4EZ 10 ppm EFEENE AX3A syringe o2 BT AN 79F 9 Fod
o] % triadimenol, cyhalothrin, bitertanol, cypermethrin, fenvalerate, difenoconazole,
endosulfan, cyfluthrin, flucynithrinate, deltamethrin, tralomethrin® z} o] & A = F
F Al ZAEIAT o F4E ANFAS Yt 4 FE2)EE A grouwpd A
malathion® terbuconazole® 7122 2zt FEY Ad #EE AT (relative
retention time)& A4S 3, B group?] A%, triadimefon®} EPNE 71&o2 74 &9
o AU MFE NS AL Z Foke] vFE AIZEL 8429% (clofentezine) ~
49.796% (delta-deltamethrin, delta-tralomethrin)oll ZAHA Jeyoh, £, AAHL A
BE3l7] 98 33 =4 z+ Eoke WRE A7te] AYEEARE 027% (mefenacet)
olstRA 3 ECDS NPDeA 2+ Fofo] Ao mRE Azt 253 AA xejdA watst
et

e g9l 0.1 ppm EEEHS AZ3 100 pm PDMS fiber2 508 48
o GC/ECD-NPD& &A% magvEadS a9 49 Jehldch 28 4(1)& A group
°] ECD% NPD9 Z=zvulEa#olx 1Y 4(2)& B group? ECDS NPDe ZA=2wigl
Holth, 29 4o Yetd 24+ E 69 Yebd Z 5% No.oliL a~d7hA1 9 alphabet
S 1 54 o|HAAE dUehdt £3 a2wEIY YA & A4 Eehd Nost
27y 378 AL Foo] AAE g

¥ 419 A dichlorvos®} profenofos®] &3 &°] AZ X chlorpyrifos®t dicofol,
isofenphos®t alpha-triadimenol, beta-triadimenol® chinomethionat7} A2 R o
azinphos-methyl i3 o2 SPME £ #%0o] 2o} tetradifon® A ZH3oh o9
4(2)) A fenthion, parathion, triadimefone] ECDo|lA & #H3 o NPDAM &= 871 &
%132 quinalphos, folpet, phenthoate’} ECD$ NPDolA =% EI=HA &Lsick &
deltamethrin® tralomethrin® 747t} 47} oA A7 2F 5§ HFF At &
5 At
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Cyfluthrin®} cyhalothrin®] alpha-$} beta- o}AAA = Zzt 2 7Z-¢A7|7F Aud o
2 i A1 9E Ffe] dast FAAN AFE & 9T bitertanol: ECDA
alpha-9} beta- o] 4 AA7t N2 HF oy NPDAAME ZeH o] beta-olZAAM 7S
o] &&& ¢ F AU EF beta-flucythrinater 7Hgo] Fo} AEHA ¢gron
NPDel| M endosulfane HE =X ¢ksitd, 3 SPME fiberd] $3to] & H=x @& %
°fE2 dichlorvos(Al), acephate(A2), omethoate(A3), dimethoate(A6), bromacil(Al11),
malathion(A12), captan(A16), cyhalothrin(A34), cypermethrin(A38), fenvalerate(A39),
triclopyr(B1), simazine(B6), fenthion(B11), iprodione(B26), edifenphos(B27), nuarimol
(B29), fenarimol(B35)°]™ ©l& 5 Fol& z43o] o} Aol ojf$ AELZ YU}
100 pm PDMS fibere]l <o) Z <xHE o]2id FAdEe fRELS {V]AAY
pyrethroids 7l ¥ &0l om o] AL 2000 Volante 59 A+A79 v)&=a 4,
= % 01 ppm EFFF §9& A1§59 peak WA AN S AESY] 98 33
54T 2 % B peak VAH AU EFHAESE E 69 YeUAT. 1 Ao A
2t sk Ad EFEAE A groupdl A, ECDAIA 280 (prothiofos)~1.4%
(bromacil)®] o] NPDellA+ alpha-cypermethring #193}31 38.2 (prochloraz)~
0.8% (clofentezine)®] M 9je]™ B group® 7%, ECDIA 249 (edifenphos)~2.4%
(alpha-endosulfan)®] ®H$je]x NPDANAME  simazineg #1931 266 (gamma-
deltamethrin) ~35% (procymidone)®] % $] ]l t}. Alpha-cypermethring W] %3}9) peak
Ao Al EEHXIF 20% o1 FHEL Z FERA 1 o] ol A1)
2ab gEolgta Aztg
FAE T FAAEEY AAEALS Foid BATIZY x0A HEE Aztoz 3
TAHES AHENS = do By AP o)
T ECD/NPDO ZHgHlZ st e =93t%th. ECDSF NPDel 7Hgu)
o AP AR A8 338 A4S 4 Foko #SHE E 69 eI, 7-gH]
£ 5% 294 ECD/NPDE %o 2% z¢no] g E4272 SPME injection
3t ECD®| peak W4 & NPD9 peak WHoz uie gholth = Astol A ECD/NPD
o ZH&Hl= A groupd 7%, 0.3 (triazophos)~228 (bifenox) 8o 3, B groupd
4%, 1464 (fluvalinate)~04 (ethoprophos) M olQth. Z$H o AU FEHEIN=
alpha-cypermethrin® simazineS ) £3t 5717 % %g A9dln: 2T 20% o] st c).
ECD/NPD ZF§&H| 7} alpha-cypermethring W) £3t¢] peak WA Ad TZAX7 20%
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ol FHEL Z HEREAA I el o ' Aolztn AZEY. ECD/
NPD #-&4¥l+= endosulfan®] A9, & FFERYE R FHed IR EATFR
%49 chlorineo] EA3t7] wWEol NPDel thd ECDe #HE7F of$- 7] diolegtn
Eagii=s

ECD2B, (CH‘E—M\AW-O‘I.D) 7”5‘|m; 101314 15 718 - o 39\»4|o,
= o R
90000‘ o
80000 -|

31
/ &
70000- , |

5 |

] 32
40000 18 )

24
; ’ 20 -
h 12}
30000 -}
fing \4 il Al |

: i
ol || i

A ' ! T J T ™ T

10 20 30 40 50 _min

NPD1 A, (CHEMAW-01.D) 1314 e 2 2 360 37
counts | @ 35 als A el || s se Tl s 21 40a } 400

{ A BR RN A | . #

=

7 300]
9000 -

390
\
%
8000 / 2\‘ 366
] .
31 [ 34
7000 36e-¢
28
2329
6000 3 34
L}
il
j 8 L
V
000 ] I
- | WL
- T T A T T ¥
10 20 X 40 50 min

Z1¥ 4. 100 pm PDMS fiberell &3 & F 79714 FFE9 ARAETY.

-309 -



ECD2 B, (CHEM\BW-01.D)
counts ]

90000 -}
80000 -
70000 -}

]

60000

50000}

20000 -

10000
1]
M ¥

— o v
| NPDT A, (CHEMBW-01.0)
counts

9000 -1

8000

7000 1

19 4. A4, B group.

-310-



X 6. %€ ECDS NPD9| uhguie} sjzad s APA vz
ECD NPD
Peak RSD Peak RSD Response RSD
HE w9

area % area % ratio %

1  dichlorvos 0.380 104 0.022 237 180 18.3
2 acephate 0.216 5.0 0.202 117 1.1 76
3  omethoate 2138 35 0.056 6.4 38.2 3.2
4 chlorpropham 0.891 2.3 1.602 8.2 0.6 6.1
5  phorate 4.980 70 7.563 9.8 0.7 37
6  dimethoate - - - - - -
7  diazinon 6.834 5.8 7.902 79 09 2.3
8  tolclofos-methyl 32520 87 4.707 9.9 6.9 3.1
9  alachlor 4922 71 0265 115 186 51
10 fenitrothion 26822 79 4.874 9.2 55 2.7
11 bromacil 0698 14 0.037 8.6 188 9.0
12 malathion 3.072 151 1.057 263 3.0 11.1
13 chlorpyrifos 38.110 116 3.591 140 106 2.9
14  dicofol a - - - - -
15  pendimethalin 16836 104 1.504 149 11.2 48
16 captan 1.087 9.5 - - - -
17  isofenphos 4507 41 7.750 6.5 06 33
18  alpha-triadimenol a - a - - -
beta-triadimenol 55102 111 2446 167 22.7 53

19  chinomethionat a - a - - -
20 napropamide 0.556 47 0.526 125 1.1 7.3
21  tricyclazole 10.474 9.8 1.429 10.7 73 2.8
22  prothiofos 14184 280 1638 352 8.8 6.5
23 profenofos 0.881 59 0.050 7.0 175 1.1
24  myclobutanil 1903 71 0245 150 78 78

a! not determined.

-311 -



E 6. A%, A group

ECD NPD
Peak RSD Peak RSD Response RSD
WMz F 9%
area % area % ratio %
o5  buprofezin 1300 67 - - - -
26  oxyfluorfen 26915 74 2625 117 10.3 5.7
97  triazophos 0674 93 2.219 21.0 0.3 11.5
28 terbuconazole 0245 37 0183 193 1.4 152
29  bifenox 41394 72 0183 164 2280 9.0
30 tetradifon 35542 68 - - - -
3]  azinphos-methy! 1821 206 - - - -
32  mefenacet 097 117 0327 272 31 16.3
33 amitarz - - 0423 208 - -

34 alpha-cyhalothrin - - - - - -
beta-cyhalothrin - - - - - -
gamma-cyhalothrin 0284 188 - - - -

delta-cyhalothrin 0692 24.0 0015 200 45.8 5.8
35 clofentezine 6.044 38 1.551 0.8 39 32
3¢ alpha-bitertanol 07056 82 0.401 202 1.8 115
beta-bitertanol a - - - - -
37 prochloraz 7406 255 0502 382 15.3 14.0
38 alpha-cypermethrin 0594 145 0005 1035 199.3 7.9
beta-cypermethrin 0289 158 0.004 20.2 89.7 94
gamma-cypermethrin =~ 0.279 117 0.004 0.0 73.8 8.6
delta-cypermethrin 0549 119 0.004 0.0 144.8 9.8
39 alpha-fenvalerate 0345 180 0.003 28.3 149.3 10.1
beta-fenvalerate 0388 76 0.004 202 1133 10.0
40 alpha-difenoconazole 2365 203 0.204 335 12.0 15.6
beta-difenoconazole 4588 174 0.212 34.3 227 20.2

a' not determined.
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% 6. A%, B group

ECD NPD
Peak RSD Peak RSD Response RSD
HE F o

area % area % ratio %

1 triclopyr 0.153 19.3 - - - -
o fenobucarb 0489 79 0045 118 11.0 15.7
3  demeton S-methyl 0144 170 0.054 54 2.7 115
4  ethoprophos 3.627 106 5.566 8.3 0.7 147
5  trifluralin 44046 179 1.695 18.2 26.0 0.3
¢  simazine 0.232 87 0.004 56.8 78.1 55.7
7  fonofos 82.043 39 21.639 5.7 38 4.6
8  vinclozolin 58472 39 0.647 4.0 90.4 3.0
g  pirimiphos-methyl 2178 47 10.487 9.1 0.2 45
10 thiobencarb 1731 80 1.299 115 1.3 3.8
11 fenthion - - - - - -
12 parathion 43813 40 7.573 12.9 5.8 9.6
13 triadimefon 25785 31 12.091 8.8 2.1 6.8
14  furathiocarb a - 1.287 48 - -
15 quinalphos 34449 75 17.239 109 20 36
16  folpet a - a - - -
17  phenthoate a - a - - -
18 procymidone 10975 36 0.484 35 2.7 06
19  methidathion 4166 4.2 0.998 5.0 4.2 14
20 alpha-endosulfan 140.195 24 - - - -
21  butachlor 21986 6.6 0.962 8.8 229 24
29 hexaconazole 19183 47 0.523 49 36.7 11
23 oxadiazon 48522 17 1.450 10.6 335 3.1
24  flusilazole 11605 74 2.332 6.1 50 126
25  beta-endosulfan 52683 85 - - - -

a' not determined.
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E 6. A&, B group

ECD NPD
Peak RSD Peak RSD Response RSD
e 5
area % area % ratio %
o6 iprodione 6.057 4.0 0.098 8.3 62.2 54
97 edifenphos 2593 249 0276 321 9.6 9.3
o8 hexazinone - - - - - -
99 nuarimol 8645 49 0.215 5.0 40.2 6.0
30 EPN 73923 79 8546 123 8.7 49
31 Dbifenthrin 1104 49 0062 150 181 11.8
32  fenpropathrin 3.073 181 0.132 215 235 44
33 phosalone 25598 147 2485 6.8 84 74.8
34 alpha-cyfluthrin - - - - - -
beta-cyfluthrin ~ - - - - -
gamma-cyfluthrin 0169 138 0017 193 10.2 74
delta-cyfluthrin a - - - - -
35 fenarimol 21398 41 0.493 74 435 35
36 Dyrazophos 15997 72 4781 12.5 3.4 5.6
37 fluvalinate 1200 57 0.008 139 146.4 185

38 alpha-flucynithrinate 0166 79 - - - -

beta-flucynithrinate - - - - - -

39 alpha-deltamethrin 0.787 33 0072 114 11.0 11.2
beta-deltamethrin 0.125 156 - - - -
gamma-deltamethrin =~ 0362 12.1 0004 266 90.3 426
delta—-deltamethrin 0215 196 0.008 139 258 117

40 alpha-tralomethrin a - a - - -
beta-tralomethrin a - a - - -
gamma-tralomethrin a - a - - -
delta-tralomethrin a - a - - -

a! not determined.
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2) 2% dA A=vtEaRg (HPLC)
GCE £437] oz %% 53F S 94 HPLCE 4 ¢ AFdA & 5% (& ¥
=7F 50 ppm)9l MFE AFEF} UV 3FPE7)0 9 7ear] (858 HeDe

g4g E 74 BeREE uis} pu),

i

UV #&7] 3 HE7]
e A1z D=2 Alz7
WE 5 o TEEAR g T gen e
(min) (min)
1 methomyl 592 6.8x10° - -
2  carbendazin 8.44 # 9.46 *
3 imidaclopnid 8.44 # - -
4  spinosod 10.11 35x10° - -
5  thiopanate—methyl 10.12 35%10° - -
6 thiobencarb 10.17 5.2x10* - -
7  metolcarb 10.20 3.0x10° - -
8  propoxur 10.53 * 10.53 *
9  carbofuran 1058 25%x10 10.31 *
10 carbaryl 10.90 83x10° 1059 ¢
11  metaraxyl 11.09 2.9% 10’ - -
12 carboxin 11.25 1.3x10° - -
13 thiram 11.38 1.2%10° - -
14 E-~dimethomorph 11.41 9.9x10° - -
15 nuarimol 11.48 46%10° - -
16  isoprocarb 11.51 33x10* - -
17 Z~dimethomorph 11.63 2.0x10° - -
18 methiocarb 12.18 58x10* - -
19  fenarimol 12.31 7.0x10" - -
20 azimphos-methyl 12.38 1.0x10° - -
21 methidathion 12.48 7.8%10° - -
22 posmet 12,58 6.6x 10 - -
23 captan 12.62 6.1 x10* - -
24  diflubenzuron 12.93 2.2x10° - -
25 tebufenozide 13.64 1.0x10° - -
26 pyrimetalin 13.65 3.0x10° - -
27 alachlor 13.81 7.7%10* - -
28 vinclozolin 13.86 1.4x10° - -
29 pyrazophos 14.70 2.8%10° - -
30 iprodione 15.00 58x%10° - -

# 3587 AHA.

« ol AE
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E 7 A%

UV #&7] FAF HE7)
S HEE AL
ME % o 299 Hol 293 yol
(min) (min)
31 tefluybenzuron 15.05 9.9x10° - ~
32 posalone 15.16 2.1%10* 15.21 *
33 thiobencarb 15.37 2.0x 10 - -
34  chlorpytifos—-methyl 15.47 * 15.51 *
35 isophenphos 15.84 2.1%x10* - -
38  lufenuron 16.11 1.1x10° - -
39 dicofol 16.23 1.4%10° - -
40 benfuracarb 17.03 * 17.09 *
41  furathiocarb 17.18 * - -
42 flufenoxuron 17.22 9.5x10* - -
43  ethion 18.36 * - -
44  chlorpyrifos 18.47 * 18.48 *
45  dieldrin 1859 * - -
46  acephate - - - -
47  aldrin - - - -
48 DDT - - - -

49  deltamethrin - - - _
50 dithianon - - - -
51 endosulfan - - - -
52  fenpyoximate - - - _
53 oxamyl - - - _
54  thibendazole - - - _
55 tolclofos-methyl - - - -
56 triadimenol - - - -

# 27t 44,
o= Qe

flel Aol A 654F ToFES R GCRUT HPLCY REdE A%t £& 298

!

HAFA X ()2d 2T AstEAgg uug FAYL d239E) £ 5o
o AETA R HEAY HEEAN AU F, 54F BGE F UV #E7) (BA9F
254 nm)ell A 31F, ¥3 AZ7] (2% 44 286 nme W& 34 316 nm)olA 4% o

o] A& U}
wehA, FAES] FFEFe FA HPLC 2AHL /wsly] 98 % 54&F GC &
Aol FA7F == N-methyoarbambamate | 9 phenylurea”l %oF 10% (3322
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118)el wish HPLC ¥4 Al=3t3ith
10% =Fel HPLC 4 &7 #d¥e HdAs] A 94 Cis ZHLEA Hypersid
ODS ##H 3 Phenomenex Cig ZHS AHEA 42 chromatogram £ <HFE3-2>¢}
2oy, 3 A7 A Hypersil ODS A ¥ (carbendazim® imidaclopnidZ} A 3ol 1] 3]
Phenaminex Cis @H 9] £ Fol F-=rsdte] o Ads HdAste] Pt
ol &4 &viel pH & Briety] $& pH WstE AA E2 ZFdA pH 7R
HF8doz =AY pH 89 AFAANA F¢8 WY DA (methomyld} carbendazim )
o 11F FHEELS 7|EA BT S UL £FANE 4E ZAEJT wEpA o
T4 89iE pH 8 (8% &)= Ao AFRIVIE AT <FE3-3>.
10% FFE9 HPLC #-§ (UV AE7] 254 nm)3} X3} (0.01 0.20 050 1.0 4.0
50 ppm) FFES HEDA S diz] 3v)E &7 9 EAE ZAELS adsH
S #E 89 Zrh

(

# 8 HPLCo} 9% 10¥ &< H34H &4

Calibration Regression
ERE , gy LOD e/l

equation coefficient (R")
1 methomyl y=17.464x - 0.251 0.99998 0.033
2 carbendazim y=30.194x - 0.618 0.99996 0.028
3 imidacloprid y=39.241x - 3.538 0.99965 0.035
4 thiophanate-m v=48.285x - 0.785 0.99989 0.011
5 carbofura y=13.224x + 0.235 0.99988 0.038
6 carbaryl v=62.193x + 0.046 0.99997 0.008
7 E-dimethomorph  y=10.692x + 0.450 0.99954 0.026

Z-dimethomorph  y=21.741x + 0.301 0.99981 0.024

8 methiocarb y=21.868x + 0.625 0.99973 0.024
9 diflubenzuron y=29.341x - 0.521 0.99968 0.020
10 teflubenzuron y=20.810x - 0.724 0.99979 0.041

faisA

o AR #AYY 10F 45 e FRoA FAE zolrl 6] A= HYR d=
AEHAL (FAHAA 71&7]) =R} 0.10 ppmel A 5.0 ppme] 508 HH 9jol A
A% BA A9 regression coefficient ZH&o] 0999 o]A49l 2 AXMBAI YLs 9
g AT B 10F wFEY AE A7 0.008~0.041 (g/mD) HA A

)

T

)
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1. SPME®] ¥ # s}

1) 4% fibere] Ad

OFE T/ AFTFE A2 FE52E F YE fiber FHAAE A7) YA
65 pm PDMS/DVB fiber, 100 pm PDMS fiber, 85 im PA fiber, 65 im CW/DVB fiber
€ AHgste]l 44 ¥ SPME 2227 48t 2 2748 2 599 fiber 3 A
o FFo wWE FSAZIZ 29 59 YRS

2 AR A fiber FHAS FFHo) wet 7t FFEY F9Y HOE (£FHF)
R e F4E T 50% ol FAES 65 um PDMS/DVB fiberol Al 422 o]
78 315 [9 5(A)], EPNS] 14744 59%FE< 100 um PDMS fibero] A =23 7}
%ﬁq[lﬁam]“@Jmmmmﬂ¢mﬂ%%%&%UmCW@W3%a%H¢
zZeFo] 7bd Z ok [1¥ 5(C)]. Acephate, profenofos 53 7o) octanol/waterol A o] &
i Al log(Kow)] #tol 22 ¥ %E3} cyhalothrin, fenvalerate, cypermethrin =3 7o)
pyrethroid A &2 FE& PA fiberd] F2o] o #H: Rez Yedd [29 5(0)]

Valor$} Magdicol 933 diazinon# EPNS PDMS fiber’} PA fiberit} 4=2ako)
t %3, trazophos®t dichlovost PA fiber7} PDMS fiber®t} $&&Fo] of ®Hoii n
aRed & Addge 59 2948 2o

SPME®] #5& fiber +&A o 79 F7< Meo] wa} dQ@, diyow 3
5 4= 100 um PDMS fiber9} 85 um PA fiber® #2 Ap&-3tth. PDMS fiber
T T4 A71U0A &FAS 2ol B U St e B34 $GSS FFs
b Ab8-drt. utHo] PA fiber® polar ester side chainol hydrochain® A< 2t7] W
vl F4& 7HAEZ A48 F5E AXAS st F2 ALIAT 224 3
el g F2F2 Ao dz2ts 2g o S40AY o 7HH AFAHREZRE o
= AYYE I fiber $AA 279 F$ OE fiber $AAE AFS T 19989
Beltran 5ol 93td kst F49 CW/DVB fibers 4719474 %% AMEE 1 CW/
DVB fibert PDMS/DVB fibers #7104 Fo& BAsied F2 443tz s

HF-29] 4F T ARFSE B4 2R 471944 Bl $7104 S
a5 Fhubdlo] EA e A4 w 100 um PDMS fiberg& AM£3ch E& 1999
Simplicioo] 238 99 4714 fiber FHAE FoA 100 um PDMS fiber7t A& A 3}
Y FHAY "elA b v Aoz Yeinn mad 84 348 F 355 74
A1 0.1 ppme HE37] AF BAY AL 94§ 2 A7 EFa REHE fiber2

g

rie

a

-318-



A1 100 um PDMS fiber§ Al €&l

35 ¢
BPDMS (A1) _ 2
30 r M
HPA
o 25 OCcw/DvVB
© OPDMS/DVB
4
©
(]
Q
-
Q)
< ]
& &
& pesticide <
5 ¢
50 r B PDMS (A2) -
45 - HPA
. O Dowovs N[l
g 3 | [IPDMS/DvB
é 25
g 20
15
10
5
0
(X2
20 T mpoms A3) [‘
160 + NPA -
OCw/DvB
[5:]
g 120 r OPDMS/DVB
X
S 8
a
40
0 Jj
X
Q\\\(\ ¢ ; o 3
%/ ‘\a*r 0‘/
pesticide

7Y 5. Fiber #3400 e sobsel 423
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20 r BEPDMS (81)
9 B1
| SPA
OCcw/DvB
§ 12 | OPDMS/DVB
@
L
o8
o
4
0
A . 3 <
© o &# o & o o® &
2 & N * N <
b{*"‘\ S o & ° « & \\"\& &@a\‘\
&0 « @ e X9
\ &Q \0\0\0 A\ QQQ
pesticide
0 T mpoms
0 | §PA (B2) -
80 - OCw/DvB
9 50 OPDMS/DVB
©
< %
B
2
20
Q?$
pesticide
> [ mPoums
(o)
4 + BPA
© gcw/ove
¢ 3 I OPDMS/DVB
X
g2
Q
1
0
@ 2 & (4 & (] Y ) 4 N
‘06\ (\Os\o G\X\‘\ @\(8\ \\S\\\ o\é\ K\O 116\ (\o’b\ 6@
Q0 & & > N o R Ng S <
& © ot & @ < &Y (o <& &
) <& <@ A QN N (o) ]
) a{O Q‘(\
R h\: ,i><\
pesticide ?
a9 5 A
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2) HH a3 GHA
7} gopEo] Ystel Szl e 2% a9 6 derhAth 29 6(A), (B)

AH B W vinclozolin, endosulfan 53 #& BxlZo] & 2G5 FHA 7] 71
el 2 E s o] F7Metsith Wbl acephate, chlorpropham 59 Bx}ako| A3
o2 AL FHEL UFE FHA] WNF o|FRE Aol AdASAY U7+ TA
He 4%S BAth 19974 Al datd A2 dE 3y Zde e sdEL
SPMEC A th& 43& Bty 39ix 2 A3 PDMS fiberdl A log Pow?F 3.8 ©]4
A spgrE e Ago FPALe o o Addn g

HA FHAALE 2457 9T AGgAFgAN sFEvT SR e w2
T Aol A7) a2y WiEel BEAANH soke #AEE nHA FHALL
S0eold FRINCER HH FHADE 50802 AT
14 2738k peak B2 &4 Fdoh A HH FHFAL 508,

AL 108 0.2 &9t

adsorption time(rrin)

- @ amitarz —i#—acephate terbuconazole » ~dimethoate
—¥-—napropamide —&—flucynithrinate —~t—triazophos ——=— gy permethrin
== deltamethrin bromacil captan chlorpropham
-# -profenofos ¥ - buprofezin % malathion - bifenthrin
-~ omethoate ~n— deltamethrin g phorate x  ethoprophos
& clofentezine ~¥— diazinon ~¥-— methidathion —&-—nuarimol
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I
[=]
X
]
o
5]
4
K]
@
Q
140
adsorption time(min)
- & fenvalerate ~&—cyfluthrin fenvalerate w+o~ dichlorvos
—¥—mefenacet —&-—triclopyr —-demeton S-methy| —e—simazine
-~ gzinphos-methyl bitertanol cyhalothrin fenobucarb
«~#e~ ~thiobencarb 4 pirimiphos-methyt & myclobutanil difeconazole
- glachlor e prochloraz g iprodione ~s - prothiofos
g pendimethalin —¥-~edifenphos ~¥—triadimenol —@--chlorpyrifos
300 1
_. 250
F
2 200
X
3 150
@
= 100
@
o
50
0 : S
0 20 40 60 80 100 120 140
adsorption time(min)
« & flusilazole ~-3-tricyclazole hexaconazole -~ ‘procy midone
—¥-~fenarimol —&—fluvalinate ——t-—pyrazephos —ea— fenitrothion
- triadimefon oxyfluofen butachlor toiclofos—-methyl
s bifenox -~ tetradifon - quinalphos trifluralin
—w--parathion e B-gndosulfan e~ oxadiazon ¥ phosalone
-+ ~fonofos —¥—-vinclozolin —¥—EPN ~#g-endosulfan

a9 6. %529 SPME & &AL

3) &8s ¥ &%

FAEY FAHA e BRFSFE FEIH U AsAE BHEA #1808
Abgsof ot 718 ulE Bol ALEE A, wFEAAV AL fiber FHA N FolE
A A2 2% {7189 Agsor & 28y {7180 E UF &% A8 H
H O ARFY FAES FES AAA R AFH o2 vFEe FEHE & Ud #
A 718 HAAH AL FS AR doh B2 S EMEY &= Ao
s FAARY FEE] FrH87] WE K718 SFE 2AEH

2001'd Fernandez 59 ¢3lH o}HEL & F25 &7 323 2 AL 34 o
ol FEE8UEN PF Bol AHgETR o weEbA B A7 FI1EEE o}
AES AHgsHech
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o FeFEol #714ulY Tl 1%Y W FE8o| 713
FHES 71800 G 5%Y W FE8o Y BE Aoz uvyn (29
Mo sebel 8% %7180l HFol FAULET GREY B

FE5EE F718e A% el (28 7(D)]. 23 ethoprophos 5 8F 9] w¢F

=
e
t
rok
M

£ F718ME A/A @2 &5 gdFlAM FEL] M w99 (29 1A
ol A &ert Fe FAFES URE &5 dEdFAA F2 &0 M =doh

SPMEE f7]40E8 AL&3A &5 AHE 7IXT oy E793tA Algsor &
A 2 AEHE Hi3ed BEE oF dt} wEld B AFAAE vl o oA
B9 AMRFE 1%2 AR

80 (A)
~ 50
&
2 40
=
2 30
©
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% 20 %Z
©
® 10 t" . « oy
e NN P
I e 3 . sanpmres S
h v T T v T T » 4 s
0
0 2 4 6 8 10 12
acetone concentration(%)
- ® ethoprophos M- nuarnmol flusilazole ¥ prothiofos
—¥—fenarimot —®—~triadimefon —+—fenitrothion —w—~triadimenol
140
120
100
=
F 80
k4
5
s 60
3
2
a0 F
20 I 3
0
[ 8 10 12
acetone concentration{%)
- ® demoton S-methyl ~—#—dichlovos fenobucarb “ terbuconazole
—%—thiobencarb —®—myclobutani —+—omethoata —m—fenvalerate
o mathidatheon cyhalathrn alachlor bitertanol
=  clofentezine <% procymidane # prochlotaz - procymidone
e difg cONazO b8 e prochioraz <#--hexaconazole % pyrazomahos
% parathion ~it  yinclozohn ~—fonalos

aY 7. olAE ¥ o njE SPMEERE g23g FoTe dz W3F,
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120
100

e e o B i L © 2

peak area(10 %)
3

0 2 4 [} 8 10 12
) acetone concentration(%)
- ® acetpate ~#--napropamide chlorpropham captan
—¥—profenofos —&—triazophos -t mefenacet ~=—malathion
- gdifenphos buprofezin isofenphos phorate
-~ diazinon ~% -- phosalone ~g-~ nendimethalin toiclofos—methyi
~a0xy fluofen e chlorpyrifos ~~dpn By ifenox ¥ tetradifon
350
(D) o
“g o
E
5 N e ———— T R
% ¢ e
8 —
SA— RANnss srssmsnns saven ¥ € e wers wer -;; ««««««««««««««««««««««««««««« ﬁ)
4 6 8 10 12
acetone concentration{%)
- & triclopyr ~#— a-flucynithrinate simazine ~  cyfluthrin
—¥—bromacil —&—cypermethrin ~—+—deltamethrin —=— pirimiphos~methy|
s Bifenthrin fluvalinate iprodione tenpropathrin
tricyclazole ~¥ -~ butachlor ~&- quinalphos > - oxadiazon
-~ B-gndosulfan e trifluralin g EPN ~#  g-endosulfan

a9 7. A%

$oFE L fiber AXYNA AAAHRTE o] t@ SAEI} 27 GEo) o] LAYE
2487 9o 9 WHBORN FHEY o U SAEs #2¥TA (salting-

out) fiber Aol #HAHE Fol T8 Aotk Y Boll QG St B 5

g
fiberell &= o] Holx & (salting-in) £ APolME o] T 7k Z37t FAof
HERd S ditHo g g Hrkste o247t WMetd oke] Eo) i fEs F
old FAAZ F&go] Frrd
TrY ZEFol NaClg dAFE Arhste] 493 2948 19 8o Yehun.
Aol A 33F 9] Fol tiste] 5% Pol X SAGNY FFa g F FL A
L2 JERT [29 8(A)) oA diREe FdEd tslA NaCl d7F Al Bo] o

=29 A ETF A RR fiber® FEHE Fe AT £ o247 Zr1e

=

o
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F5 FEFE 7H4HAY. Terbuconazole®) 9%F9 EHU4EL g9 %o Z71E4
fiber2 FT&HE gol 78R3, triclopyre 9& F7eA &% 9 A% FFHE

o] Bkt [29 8(0)].

peak area

2 & o O & @ & & & & & & &
& 57 & S & 3 & S (@\0 v
©OF W ae

(\Q o\ eé

pesticide

e

peak area
o 888888

£10%

i A3

40 @ 5% (A3)
I 0%
20%

peak area

& pesticide

a29Y 8 NaCl &5 w2 %35 8.
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pesticide pesticide

peak area
8 &

ey
(=]

4) #FHLx] a7

THLEE SPME BHAMN AvHe 238 stAoED 22 fiber HEo] g
o7l WEd £FLEI Frkstd 2L s5ed £ JYANL Fasn
o Mg FFH/ANEY EMAsE Tty BAld fiber AAY/AE
TT Aagq. MM, SPMEA 9@ 2B REujAsE 2xd J&%
g 2ol fiber2 FEE E2AEY FE% £Fexo] WHsE golur] 98 25
40, 55, 65C9] 471 &=z A E3} fiber 7o) 2 L< v Pt 2 A ARE
2% 99 e

O AR fEEY FAEL YA R 22257} FESFE FE5F] Fas
Ad AY HYo) st FFS HAT, cypermethring H £33 1729 s =

F

FL27t 5¢4E o %ol 250 £ 9 A5 AHEE, chlorpropham 5¢

M

2
o
ox
ol
fo e
o,
HE

=
D,

¢
fu
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UEL 40T Ev 55TAA HAd £3FE BT, I oY 2xdAM e FaFo] A
gt Aoz veyoh E3 azinpos-methyld 22 FLEL 55TAA Hd +&3FS
Hol og 1 olFe 2xoME A HY¥eo =adtgdn [29 9(A), (B)]. Cyhalothrin,
deltamethrin 59 ¥%ELS F£HLE7 ZF71gd wa 1 ko] Frhete] 65T A
g Aol 2 [2E A0, ol $HES FF 2xg 6T oBer Frted

2

BEol st Aol 8 Age Aeg ®BAn [2¥ 9(A), B
AT AL et =7t FrHstH SHORRE fiberZ FEAHE F2 S

A et fiher $2E FFEE G ZAadr waly B AdABGgME AN

oo i

g 183ty ¥ $HLEE 5HCE dAsA.

=
%
%
@
o
4
[}
2
20 25 30 35 40 45 50 55 60 65 70
adsorption temperature(C)

- @ omethoate ~#~-profenofos mefenacet . my clobutanil
~¥—terbuconazole -®—triazophos -~ napropamide —= amitarz
- oxy fluorfen difeconazole chlorpropham bromacil

¥ captan ~# -prochloraz --%- alachlor prothiofos
~etriadimenol e yprofezin ~&-~diazinon % - isofenphos
-~ fgnobucarb ¥~ triclopyr ~¥—dichlovos -—&--acephate
—+—edifenphos - malathion —=—othoprophos —&— furathiocarb

——pirimiphos-methy! —&—methidathion

45
(B)

P 40 o
o 35 i e
% 30 S g
g 25 A S
® 20
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g 10
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[

20 25 30 35 40 45 50
adsorption temperature(C)

- ® thiobsncarb ~—gimazine iprodione <~ phorate
—¥—dicofol —@®—trifluralin ~-4-—guinalphos —e—flusilazole
e = utachlor procymidone vinclozoln parathion

#»  EPN % fonofos -#% oxadiazon B-endosulfan
e pendimethalin - - tolclofos —methyl —~# -~ g-endosulfan # clofentezine
<& fenitrothion =% tricyclazole —¥—bifenox —&—totradifon
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x 10 t
3 s
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3 4
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2
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adsorption temperature(C)
© & triadimefon -~ nuarmol demeton S—-methyl —¥—hexaconazole
-~+—cyhalothrin —=—cypermethrin - fenvalerate bitenthrin
fenpropathrin phosaione v cyfluthrin -3~ fenarimol
- %~ pyrazophos - fluvalinate - flucynithrinate ~wa deltamethrin
-~ bitertanol

299 254 #E FE2E8

) T=3&719 27
Fibero| &5 %L fiber AAFS] H, ZulASF, AR FE9 Rujo o&d
o wEA, B A6 Algiued we sRAgs AR ARE a7 100 JERA
th. 1 A3l A prothiofos, triflurarin, fonofos, pirimifos-methyl, quinalpos®] 13%<&
Aejstiie ANegFel me FAHE FF F& A HzdAY FrkEAY (29
A)~(C)]

T T sAEY duEdPE T FHY SPME FEAC] 93 FA2AEY A3
Fo2 dA Fibs F AhRed EAd F437] 98 A8 matrix e 99
=9 LS a7 st A8 E 22 s APsgct B FY v &l Y
T FoW fibero] THHE o} ESY do| TS ke FEEEo] Yopdrh 1
U 29 FY ulgel UF ad ke AESAAE Ty oldo wEd 2 Y
Me 29 FY vES 11002 o 29 £3 vl met Agaiy ¢34
g2 F&3817] 9% BE S0 B} 19993 Simplicio 59 ¢ 31¥ negative
matrix effect& FHEA717] Y& §71<AA 8Fol Wt 70% 149 A48 (¢5H &
X el gt HusfA)E Ay] AsiAE ARE 500 ol BE F3oF g, 100
&°] F7tgthn stk 1998 Jimenez 5& ¥ & f71UASY &

%S AFR7] A8 B2 5~50M2 F3F HPvol e JFS zAEG

off
i)
i
mio
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FHE F e FE7] QAL BAYSA #7188 Aol doh 4714
el Fe Jbs® @ AA s 10g9) FAEl F2E AMAES &Y A8 4 miE

AHEs71 2 AR s

gEE FFEF BAAA ALgE SPME #He s HHdAd 44E /HXx
o] F7F % (headspace extraction)2th 233 A& do) FaAAE AH F29]
F&3E A4 982 PEe] F2 AEHEE B AF9ME JH F8E e A4S
3t

ZnFE HES A A T8 FF
Al o 33 28 ¢AAM 10T
Ad. 21 AF#E 2urEEd EAHT FFPE FTaFIE 91.2%, Tl 883%, #HATE

2457 dld FAY AR 10g8 F

o
=2
N gds AEAZ ¥ SR FFe 345

ANE F EEE (FHAE e AASY fiberst GC HE71E BE37] A5t o
et AAEY dte THE 47 AYA &2 AF vz 2 T dAE o
g AAE E 99 b

a2 ARl Sy AR Age Aeo ue we $AS den ozl
fiber& 2 AL 4 A th £ AR AT ARE F4 AYsA &2
gt Hlus & u fFES FFEo dstq F&d %ol A HKHAL AFH=
2ot Blaste] v &HNA HBAHnE B HYPAME A7 T ETES AAS
e 43S 47 A dHEeE ddaad

dz):,
ot

!

2) &F fibere] A3

FEogRH £42& £AA fiberg MAATA Wt 24T A, fibere] A
HAZEE 102 o) ld FEIAT AAFE Akl 30&7AE AZFdte d o]l
At BN & AN FEdoeziy FAFSE FAAZ fiberE BFFl 102 F
g A FU

i)
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E9 FUE M EYSE A A & Ay ¥
WE % o Ratio® WE & o Ratio”
1 dichlorvos 0.75 25  buprofezin 1.07
2  acephate 0.63 26 oxyfluorfen 0.78
3  omethoate 0.78 27  triazophos 1.21
4 chlorpropham 0.76 28 terbuconazole 0.80
5  phorate 0.96 29  bifenox 0.95
6  dimethoate - 30 tetradifon 0.77
7  diazinon 0.93 31  azinphos-methyl 0.7
8  tolclofos-methyl 091 32  mefenacet 1.04
9  alachlor 1.01 33  amitarz -
10 fenitrothion 1.06 34 alpha-cyhalothrin -
11 bromacil 1.35 beta-cyhalothrin -
12 malathion 1.77 gamma-cyhalothrin 0.64
13 chlorpyrifos 0.47 delta-cyhalothrin 1.18
14 dicofol - 35 clofentezine 0.84
15 pendimethalin 0.87 36 alpha-bitertanol 1.03
16  captan 1.09 beta-bitertanol -
17  isofenphos 0.99 37  prochloraz 1.50
18  alpha-triadimenol - 38 alpha-cypermethrin 0.74
beta-triadimenol 1.28 beta-cypermethrin 1.12
19 chinomethionat - gamma—cypermethr 0.96
in
20 napropamide 1.18 delta-cypermethrin 1.25
21 tricyclazole 0.96 39 alpha-fenvalerate 0.68
22 prothiofos 1.70 beta-fenvalerate 0.39
93 profenofos - 0 leha—difenoconazol 1.23
24  myclobutanil 0.93 beta-difenoconazole 1.38

*. Centrifuge peak area/not centrifuge peak area.
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3) v*EY e YA

FAEE T4 matrix JESo] dgstm gdeld sk 29 £ - 583 43
°l B&7] B SPME fiberd] 9% 5o £33 (02 £3 48272 94T 4%
o] @& sho] wEdM ®FE
dodd vt Eo] Ze wEFEAES s BEE HUlyol $urHoor gk w
g FAEE wRAEY 7 Foke FE7F 001, 005 010 2 1.00 ppme] HEE %
A 5o GC/ECD-NPD9} SPMEZ #4134t}

9% F%Fd BF AAFME FAs] 9u
o 001 E& 005~1.00 ppme F=H YA B4
AAAS, 28 HERAES 1> YRS, 2 F giEder £3
0.01~1.00 ppm F=¥ IAZHREIPE <R 2 3> ek & 5

EEe AY HsAL FiE wE FdsiA gon
HolE g A7 f3) A H AT

T Al Azt matrixo] Wet AW v FFHE G2 BB o3 W gE
of ot dgtout 7 FHEL matrixel] Agle] 7
F9 7L ANEE HEE Aol o 10BE7A wEEAo]l Ro]l AZHs| wHo

dichlorvos®} acephate7} Wel& a9 HAM A Fax £tk o] Wo] 34
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SAE 549 F9 B, Aol fibero] FHBol Yoi HohEY AHAS A
2L F& HYYL AA oAtk E@ o5 AR o) RN e 8

zinc carboxylate?t A Hate=d] Alzto] o] 2= gdE A9 gt
o A2HE F o AA AvEd, 244 A4S A ARASF RHOE Fn
N 5% ke AT 09913~10000 WHIx, FEAM 5F Hore Aslelw
0.9909~1.0000 eI, oA 9% ok Al 9lati 0.9907~1.00008 1ol i, 7
A 8F& A 09908~1.000001 At} 71FAEQ FRE 8F Foke A9sn
0.9909~1.0000 B ol o™ F3 54 AW o3 fiber2o] FFHFo] Fas o]
FE AEAFI FA REAY F FAEd gt giRie] okl AuA 4t
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A M@ e NS Pt FHRH SEHo AAN B peak WAL
A 297 fRoletn AZEd
AETAE 4TEY B UGN 5o H8RAL $AEuY dEn o ¥gs
0.

0.01~50 ppmeltt. £ 2Agel Algd FFe
A88 4 doka A4E,
ANEo) 7 Fe AF£8d noised] UlE) 3u]9) signal 3 (S/N = 3ol 4 =39

HEdAE EFNA 694 ng (beta-flucynithrinate) ©]3F, F2& 532 ng (acephate)

01~1.00 ppme 2 A EE FFAE

olst, Al A 50 ng (amitraz) ©]8F, FollA 32.28 ng (terbuconazole) ©]3}, F3of A
1528 ng (delta-cyfluthrin) ©]&}, T4 28.67 ng (gamma-cyhalothrin) ©]3}, €440
A1 9.09 ng (gamma-cyhalothrin) ©]3}o] ]t}

4) BEFF A g Hrt

7h 714 A2uE a8y (GC)

BEEE A7PECl A BEFYY AW AHdAM EnFE vEG FRo] Bo
EdE M sAE dREY IRwd EAARAA APAH 2 AAHS FAsg
°] Ax5g wFeR B AFN AEE AAUS HLA7)7] 98 dolM AYge
2 wRY AdAo g8 1A FAEC X Aast FAY Agd gFsde
0.1 ppm H7tete] F BAA#AE wn, Hrlstgt,

Aol o EMAFNM 47kx] A EF EHoT FuFo 7eud BRF
H

o EE <FE Do YNy, 2 AZrEaRL <EE 3-1>o et <3
E3-1>8 7} AENEE ¥A49 Nge A2vtEads} 01 ppme EEES Hsbst

R

of @& F e ARvtEIYWS software FoA 3 e ABEIW] HEE Az
A etk w9 AL vFEE A7 ECD/NPD 73U E ulgtog ol&2ojx 1
el TAXQ 01 ppm ©ld FE o4S

iprodione”} &% it}

N

AAe Ay FEa3olA  prochloraz,

W) 1A% 941 azetEady (HPLC)

AR ATFUEY] FAELS 4T oy B ArAReME 7F $AE (L, F
FANE, XE, 4%, NY% EvE)E ¥z 10F YL H7MHA SPME
HPLC (UV HE719 3% A&7)H2 245 dh
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HEHoZ F AEE SPME-HPLC/UV A&7)/3% #AE72 EAF az2aEay

3-4>, A%} BAAA HAFE uiel 2o @ A8 XS 7F FAEC w9
EL H/MA AEE (4 N84 020 ppm) SPMEE #Z38 3 HPLC
24E 7 potse] IFEEL E 109 YehAyih

lo
c
<
o
o
s
!

# 10. FAE ¥ 7 5459 J+E (%)

3 o 1 2 3 4 5
e s o s 2.3 7)9] Evte RS
1 imidaclopril 117 - 83 116 60
2 carbofuran 92 112 126 - 162
3 carbaryl 206 237 114 103 102
4 E-dimethomorph 91 - 74 106 137
Z-dimethomoyth 61 61 74 38 74
5 methiocarb 189 152 75 83 91
6 diflubenzuron 126 129 139 125 138
7 teflubenzuron 102 560 243 - 690 377

A8 ZFAANA 5% FAE F 77HA FU4Y LS URE FgoA 80% ool
At ol § AFE FAEY FAAMEN % W] J3o] AE xo)rt YA T 713}
= Aoz dAggr,

5) SRAIEH g A AT Hlw
B A7NA AdE FAger 24 298 IYFAEEFABEY (VA D)NA
ANE Aot nlusgeh B FAEL Adx FF AFACUT. 2 F o
EHoR APz ARMEIRE <HE D> el

3 A3, HEHOE procymidoned FHAIEH Aol thste] AMZxoA 70%, B
FolA 80%, AFANA 70%7t FFHAT FEFoA methidathione 82%7F 35HS)
o}.

<}

r~1m
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7h B dAFNA GC B4 A7 o2AM DB-5 HHE (cross-linked 5% phenylmethyl
siloxane)& AF&3 A3 79%F Hoke tR o] EFHHJR GC/ECD-NPD one-port/
dual capillary systemoll ¢J&l ECD$ NPD9 diole & FAlol 3%t d& A5
5459 ECD/NPD #$% 7Z&ulE ol43ted F4E F #HF4E AAst=d o5
&tk

. 100 pm PDMS fiberel #32 22702 FFEe] FEHALLE 5EIINUN
GCAlN Y &AL 270TA 108 oIgith, HPLCAAME &£&AL 5EZIAM
E3 g pHE 7 AE9 L FHALET Aot & & HA &= %5
2 f719A Folv} pyrethroidA FFECIon, I o]l & captan®] 6F U

_t’:_

& 59 94 BRE EF Urhyo] 5% BAAE 92 #sA =S s
% BEEES AANDL AT S92 Q7] 9o AYEIE A £ FEeo
23H $HES 7 A2 fibers TIFE 102 T AHS 2AS AT

g 19%9 disty GCE 4% AFdA 001 =+ 005~
] AEE Fo AH#AS7E 09900 o] Fer F2 HHAALS ¢

Ak 2#Y Folu S 2L FAW FAEY BSodAE SPME FHAR F
G FEE&o S WAt AETAE 4 FAE HE 694~50 ng¥H ottt

mlo

ol B ARA AEE AR F AFFY FARNYE 9% EEFFLFES T
24 010 ppm I A H7/MANZ A& 2L matrix AES 474 B4 AdE (229
Ea95)e nzdA FFe FAX (010 ppm) ©13F Ex ojaL nwz #AAHT + 3l
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5 1 FAEY Fds=s AABVAY.AS)

XD FE-group A

Calibration Equation

Regression
Coefficient

y = 0.651x + 0.081
y = 5.491x + 0.275
y = 3.486x + 0.664

y = 9.184x + 0.532
y = 16.685x + 0.562
y=8.774x + 0.579
y = 20.698x + 1,369
y =24.708x + 0.775
y = 6.869x + 0.635
y = 2.256x — 0.072
y = 3.261x — 0.029
y=3.547x + 0.129
y = 0.639x + 0.151
y =4.813x + 0.790

y = 1.573x + 0.082
y = 1.483x + 0.077
y =25.908x + 1.359

y =14.280x + 0.721
y = 2.345x - 0.065
y = 8.122x - 0.202
y =7.445x - 0.185
y =0.683x + 0.146
y = 0.585x - 0.005
y = 25.562x + 0.436
y = 20.146x + 0.720
y = 3.398x + 0.032
y = 0.432x + 0.005

y = 0.492x + 0.022

y = 3.508x + 0.790
y = 2.350x + 0.165

=8.251x + 0.481
=0.446x + 0.150
=0.245x + 0.191
=1.100x + 0.101
= 0.326x + 0.667

y = 1.885x + 0.160

Detection
No Pesticide Mode Range
1 dichiovos - - -
2 acephate - - -
3 omethoate NPD 0.01-1.0
4 chlorpropham NPD 0.01-1.0
5 phorate ECD 0.01-1.0
6 dimethoate ECD <0.1 -
7 diazinon ECD 0.01-1.0
8 tolclofos~-methyl ECD 0.01-1.0
<] alachlor ECD 0.01-1.0
10 fenitrothion ECD 0.01-1.0
1 bromacil ECD 0.01-1.0
12 malathion ECD 0.01-1.0
13 chlorpyrifos NPD 0.01-1.0
14 dicofol NPD 0.01-1.0
15 pendimethalin ECD 0.01-1.0
16 captan ECD 0.01-1.0
17 isofenphos ECD 0.01-1.0
18 alpha-triadimenol ECD a -
beta-triadimenol ECD 0.01-1.0
19 chinomaethionat ECD 0.01-1.0
20 napropamide ECD 0.01-1.0
21 tricyclazole ECD <0.1 -
22 prothiofos ECD a -
23 profenofos ECD 0.01-1.0
24 myclobutanil ECD 0.01-1.0
25 buprofezin ECD 0.01-1.0
26 oxyfluorfen ECD 0.01-1.0
27 triazophos ECD 0.01-1.0
28 terbuconazole ECD 0.05-1.0
29 bifenox ECD 0.01-1.0
30 tetradifon ECD 0.01-1.0
31 azinphos—-methyl NPD 0.01-1.0
32 mefenacet NPD 0.01-1.0
33 amitarz NPD <0.1 -
34 alpha-cyhalothrin - - -
beta-cyhalothrin - - -
gamma-—cyhalothrin £CD 0.01-1.0
delta~cyhalothrin ECD <0.1 -
35 clofentezine ECD 0.01-1.0
36 alpha-bitertanol NPD 0.01-1.0
beta-bitertanol - - -
37 prochloraz ECD 0.01-1.0 y
38 alpha-cypermethrin ECD 0.05-1.0 y
beta—cypermethrin ECD 0.05-1.0 y
gamma~cypermethrin ECD 0.05-1.0 y
delta—cypermethrin ECD 0.05-1.0 y
39 alpha-fenvalerate ECD <0.1 -
beta-fenvalerate ECD <0.1 -
40 alpha-difeconazole ECD 0.01-1.0
beta—difeconazole ECD 0.01-1.0

y = 5.354x + 0.177

0.9640
0.9987
0.9984
0.9978
0.9986
0.9999
0.9976
0.9968
0.9992
0.9997
0.9963
0.9966
0.8362
0.9962
0.9990
0.9980
0.9990

0.9970
0.9997
0.9992
0.9992
0.9995
0.9996
0.9987
0.9966
0.9998
0.9998

0.9992

0.9841
0.9987

0.9989
0.9872
0.9400
0.9913
0.923&

0.9999
0.9994
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B DFE—group B

Detection Regression

No Pesticide Mode Range Calibration Equation Coefficient

1 triclopyr NPD 0.01-1.0 y =2.034x + 0.248 0.9878
2 fenobucarb NPD 0.06-1.0 y =0.828x + 0.226 0.9986
3 demeton S-methy! ECD <0.1 - -

4 ethoprophos ECD 0.01-1.0 y = 6.536x + 0.735 0.9991
5 trifluralin ECD 0.01-1.0 y=1.761x+ 0,121 0.9852
8 simazine NPD 0.05-1.0 y = 0.625x + 0.056 0.9985
7 fonofos ECD 0.01-1.0 y =28.674x + 1.917 0.9997
8 vinclozolin ECD 0.01-1.0 y = 32.388x + 1.675 0.9993
9 pirimiphos—methy! NPD 0.01-1.0 y=31.070x + 0.217 0.9983

10 thiobencarb ECD 0.05~1.0 y =0.670x + 0.843 0.9999

11 fenthion NPD 0.01-1.0 y=12.574x + 0.174 0.9997

12 parathion ECD 0.01-1.0 y =15.947x + 0.694 0.9994

13 triadimefon ECD 0.01-1.0 y = 15.209x + 0.254 0.9993

14 furathiocarb ECD a - -

15 quinalphos ECD 0.01-1.0 y = 5.839x + 0.200 0.9996

15 folpet ECD 0.01-1.0 y = 1.058x + 0.036 0.9986

17 phenthoate ECD 0.01-1.0 y=3.637x+0.121 0.9996

18 procymidone ECD 0.01-1.0 y=7.472x + 0.920 0.9914

19 methidathion ECD 0.01-1.0 y = 4,343x + 0.559 0.9996

20 alpha—-endosulfan ECD 0.01-1.0 y = 14.605x + 0.187 0.9999

21 butachlor ECD 0.01-1.0 y = 9.879x + 0.671 0.9996

22 hexaconazole ECD 0.01-1.0 y=10.163x + 0.342 0.9999

23 oxadiazon NPD 0.01-1.0 y = 3.452x + 0.056 0.9998

24 flusilazole NPD 0.01-1.0 y=3.478x + 0.099 0.9987

25 beta—endosulfan ECD 0.01-1.0 y=5.481x + 0.414 0.9985

26 iprodione ECD 0.01-1.0 y = 2.331x + 0.057 0.9962

27 edifenphos ECD 0.01-1.0 y=8.346x + 0.188 1.0000

28 hexazinon ECD 0.01-1.0 y = 0.454x + 0.027 0.9994

29 nuarimol ECD 0.01-1.0 y = 6.765x + 0.411 0.9994

30 EPN ECD 0.01-1.0 y =19.125x + 0.477 0.9996

31 bifenthrin ECD <1.0 - -

32 fenpropathrin ECD <0.1 - -

33 phosalone ECD 0.01-1.0 y=18.441x + 0.521 0.9994

34 alpha-cyfluthrin - - - -
beta—cyfluthrin - - - -
gamma-cyfluthrin ECD <0.1 - -
delta—cyfiuthrin ECD <0.1 - -

35 fenarimol ECD 0.01~1.0 y = 8.916x + 0.303 0.9994

36 pyrazophos ECD 0.01-1.0 y =13.104x + 0.834 0.9988

37 \ fiuvalinate ECD <1.0 - -

38 alpha~flucynithrinate ECD <1.0 - -
beta—flucynithrinate ECD <1.0 - -

39 ‘alpha—-deltamethrin ECD <0.1 - -
beta-deltamethrin ECD <0.1 - -
gamma-—deltamethrin ECD <0.1 - -
delta—deltamethrin ECD <0.1 - -

40 . alpha-tralomethrin ECD a - -
beta-tralomethrin ECD a - -
gamma-tralomethrin ECD a - -
delta—tralomethrin ECD a — —
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S2—group A

Regression
Coefficient

Detection
No Pesticide Mode Range Calibration Eguation
1 dichlovos ECD b -
2 acephate ECD <1.0
3 omethoate ECD 0.01-1.0 y = 3.045x + 2.106
4 chiorpropham NPD 0.01-1.0 y =19.785x -~ 0.210
5 phorate ECD 0.01-1.0 y = 5.934x + 0.760
6 dimethoate - - -
7 diazinon ECD 0.01-1.0 y=19.822x + 1,398
8 tolclofos—methyl ECD 0.01-1.0 y =41.193x + 0.271
9 alachlor ECD 0.01-1.0 y = 10.646x + 0.938
10 fenitrothion ECD 0.01-1.0 y = 64.699x% + 0.618
11 bromacil ECD 0.01-1.0 y = 0.375x + 0.003
12 malathion ECD 0.01-1.0 y = 9.052x + 1.419
13 chlorpyrifos NPD 0.01-1.0 y=3.014x - 0.074
14 dicofol NPD 0.01-1.0 y =6.441x — 0.234
16 pendimethalin ECD 0.01-1.0 y = 8,985x ~ 0.043
16 captan ECD 0.01-1.0 y=1.329x + 0.942
17 isofenphos ECD 0.01-1.0 y = 9.039x + 0.563
18 alpha-triadimenol ECD a - :
beta—triadimenol ECD 0.01-1.0 y=88.777x + 0.150
19 chinomethionat ECD 0.01-1.0 y = 83.697x + 0.141
20 napropamide NPD 0.01-1.0 y = 9.050x - 0.107
21 tricyclazole NPD 0.01-1.0 y=4.819x - 0.237
22 prothiofos ECD 0.05-1.0 y = 0.822x - 0.035
23 profenofos ECD 0.01-1.0 y = 36.093x + 0.239
24 myclobutanil NPD 0.05-1.0 y=2.301x - 0.081
25 buprofezin ECD 0.01-1.0 y=16.402x + 1,162
26 oxyfluorfen ECD 0.01-1.0 y = 5.843x + 0.429
27 triazophos ECD 0.05-1.0 y = 0.963x + 0.263
28 terbuconazote NPD 0.01-1.0 y=2.147x - 0.016
29 bifenox ECD 0.01-1.0 y = 66.237x ~ 1.955
30 tetradifon ECD <0.1 -
31 azinphos—methyl NPD 0.01-1.0 y =4.428x - 0.046
32 mefenacet NPD 0.01-1.0 y =5.819x - 0.033
33 amitarz NPD <1.0 -
34 alpha—cyhalothrin - - -
beta—cyhalothrin - - -
gamma-cyhalothrin ECD 0.01-1.0 y = 1.007x + 0.004
delta—cyhaiothrin ECD 0.01~1.0 y =3.120x - 0.052
35 clofentezine ECD 0.05~1.0 y = 5.704x + 1.379
36 alpha-bitertanot NPD 0.01-1.0 y = 3.555x + 0.001
beta—bitertanol NPD 0.01-1.0 y=0.821x + 0.117
ar prochloraz £CD 0.01-1.0 y=7.780x +0.136
38 alpha—cypermethrin ECD 0.01-1.0 y = 1.594x + 0.050
beta-cypermethrin ECD 0.01-1.0 y = 0.420x + 0.055
gamma-cypermethrin ECD 0.01-1.0 y = 0.629x + 0.375
delta—cypermethrin ECD 0.06-1.0 y=0.947x + 0.611
39 alpha-fenvalerate ECD 0.01-1.0 y=1.681x + 0.010
beta—fenvalerate ECD 0.01-1.0 y =0.8978x + 0.277
40 alpha-difeconazole NPD 0.01-1.0 y=2.151x - 0.015
beta—difeconazole NPD 0.01-1.0 y =2.524x ~ 0.011

0.9862
0.9993
0.9952

0.9999
1.0000
1.0000
0.9999
1.0000
0.9986
0.9990
0.9998
0.9986
0.9895
0.9986

0.9999
0.9999
0.9995
0.9982
0.9893
0.99897
0.9938
0.9996
0.9985
0.9969
1.0000
0.9969

0.9994
0.9998

0.9921
0.9972
1.0000
0.9999
0.9969
0.9976
0.9971
0.9195
0.9470
0.9402
£.9945
0.9785
1.0000
0.9999
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|éh’:‘j%—Group B
Datection Regression
No Pesticide Mode _Range Calibration Equation Coefficiant
1 triclopyr NPD 0.01-1.0 y =2.981x + 0.080 0.9954
2 fenobucarb NPD 0.05-1.0 y=1.158x + 0.162 0.9950
3 demaeton S—methyl NPD 0.01-1.0 y = 62.845x - 0.109 1.0000

4 ethoprophos ECD 0.01-1.0 y = 10.507x + 0.979 0.9888

5 trifluratin ECD 0.01-1.0 y =8.442x + 1.273 0.9809

6 simazine ECD 0.01-1.0 y =32.331x + 2.592 0.9954

7 fonofos ECD 0.01-1.0 y = 107.420x + 0.350 0.9998

8 vinclozolin ECD 0.01-1.0 y=116.110x + 1.421 (0.9999

9 pirimiphos~methyl NPD 0.01-1.0 y = 101,550x - 0.562 0.9999

10 thiobencarb NPD 0.01-1.0 y=16.019x - 0.264 0.9992

11 fenthion NPD 0.01-1.0 y = 50.734x — 0.670 0.9996

12 parathion ECD 0.01-1.0 y = 64.375x - 0.825 0.1000

13 triadimefon ECD 0.01-1.0 y = 41.010x - 0.162 0.9994

14 furathiocarb ECD 0.01-1.0 y=2.619x + 1.828 0.9650

15 quinalphos ECD 0.01-1.0 y = 11.085x + 0.269 0.9995

16 folpet ECD 0.01-1.0 y =9.437x + 0.229 0.9995

17 phenthoate ECD 0.01-1.0 y = 31.536x + 0.766 0.9995

18 procymidone ECD 0.01-1.0 y=21.102x + 1.889 0.9998

19 methidathion ECD 0.01-1.0 y=8.712x + 1.460 0.9977

20 alpha—-endosulfan ECD 0.01-1.0 y = 44.297x ~ 0.005 0.9999

21 butachlor ECD 0.01-1.0 y = 23.199x + 0.869 0.9992

22 hexaconazole NPD 0.01-1.0 y =4.321x - 0.039 0.9999

23 oxadiazon NPD 0.01-1.0 y = 11.008x — 0.081 0.9998

24 flusilazole NPD 0.01-1.0 y=12.794x — 0.195 0.9998

25 beta—endosulfan ECD 0.01-1.0 y =21.163x + 0.054 0.9996

26 iprodione ECD 0.01-1.0 y = 8.665x% + 2.645 0.9986

27 edifenphos ECD 0.01-1.0 y =24.314x + 0.376 0.9995

28 hexazinon ECD 0.01-1.0 y = 18.304x ~ 0.076 0.9909

29 nuarimol ECD 0.01-1.0 y=12.624x+0.217 0.9993

30 EPN ECD 0.01-1.0 y =72.526x + 0.212 0.9999

31 bifenthrin ECD 0.01-1.0 y =3.316x + 0.032 0.9966

32 tenpropathrin ECD 0.01-1.0 y=5.135x ~ 0.171 0.9964

33 phosalone ECD 0.01-1.0 y = 70.786x - 0.382 0.8998

34 alpha-cyfluthrin - - - -
beta—cyfluthrin - - - -
gamma-cyfluthrin ECD 0.05-1.0 y =0.927 x + 0.000 0.9949
delta—cyfluthrin ECD 0.05-1.0 y = 1.044x + 0.205 0.9412

35 fenarimol ECD 0.01-1.0 y =22.488x + 0.114 0.9997

36 pyrazophos ECD 0.01-1.0 y = 41.461x + 0.825 0.9998

37 fiuvalinate ECD 0.01-1.0 y = 2.843x + 0.032 0.9941

38 alpha~flucynithrinate ECD 0.06-1.0 y =2.078x +0.123 0.9989
beta~flucynithrinate - - - -

39 alpha-deltamethrin ECD 0.05~1.0 y=7.1056x - 0.019 0.9995
beta-deltamethrin ECD 0.05-1.0 y'=0.954x + 0,281 0.9347
gamma-deltamethrin ECD 0.05-1.0 y=3.529x - 0.119 0.9996
delta-deltamethrin ECD 0.05-1.0 y = 4.967x — 0.041 0.9998

40 alpha—-tralomethrin ECD a - -
beta-tralomethrin ECD a - -
gamma-tralomethrin ECD a - -
delta—tralomethrin ECD a - -~
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_E’Xl—group A

Regression
Coefficient

Detection
No Pesticide Mode Range Calibration Equation
1 dichlovos NFD 0.01-1.0 y=0,713x + 0.389
2 acephate NPD 0.05-1.0 y = 3.983x + 0.450
3 omethoate ECD 0.01-1.0 y = 4.513x + 0.333
4 chiorpropham NPD 0.01-1.0 y =39,622x + 0.310
5 phorate ECD 0.01-1.0 y = 10.806x + 0.232
[ dimethoate ECD 0.01-1.0 y=0.717x+ 0.350
7 diazinon ECD 0.01-1.0 y =18.117x + 0.867
8 tolclofos-methy! ECD 0.01-1.0 y = 83.803x + 0.551
e alachlor ECD 0.01-1.0 y = 9.810x + 0.496
10 fenitrothion ECD 0.01~1.0 y = 44 .867x + 1,906
11 bromacil ECD 0.01-1.0 y = 9.601x + 3.004
12 malathion ECD 0.01-1.0 y = 6.695x + 0.857
13 chlorpyrifos ECD 0.01-1.0 y = 27.929x + 0.026
14 dicofol ECD 0.01-1.0 y = 16.640x + 0.015
15 pendimethalin ECD 0.01-1.0 y = 25.000x + 1.883
16 captan ECD 0.01-1.0 y=1.801x+0.118
17 isofenphos ECD 0.01-1.0 y = 10.472x + 0.382
18 alpha-triadimenol ECD a -
beta—triadimenot ECD 0.01-1.0 y = 5.365x - 0.051
19 chinomethionat ECD 0.01-1.0 y = 5.068x — 0.048
20 napropamide NPD 0.01-1.0 y =14,088x + 0.034
21 tricyclazole ECD 0.01-1.0 y=25.971x + 1,1599
22 prothiofos ECD 0.01-1.0 y = 2,220x + 0.080
23 profenofos ECD 0.01-1.0 y = 33.552x - 0.016
24 myciobutanit ECD 0.01-1.0 y = 2,350x + 0.236
25 buprofezin ECD 0.01-1.0 y=3.218x + 0.210
26 oxyfluorfen ECD 0.01-1.0 y = 36.656x + 2.170
27 triazophos ECD 0.01-1.0 y =1.687x + 0.084
28 terbuconazole ECD 0.01-1.0 y = 0.624x + 0.084
29 bifenox ECD 0.01-1.0 y = 112.310x + 0.506
30 tetradifon ECD 0.01-1.0 y = 87.667x + 1.484
31 azinphos-methyi ECD 0.01-1.0 y =7.390x - 0.107
32 mefenacet ECD 0.01-1.0 y =1.575x - 0.054
33 amitarz ECD <0.1 -
34 alpha-cyhatothrin - - -
beta—cyhalothrin - - -~
gamma-~cyhalothrin ECD 0.01-1.0 y=1.216x - 0.024
deita—cyhalothrin ECD 0.01-1.0 y = 2,.405x - 0.057
35 clofentezine ECD 0.01-1.0 y=17.093x + 1,143
36 alpha-bitertanol NPD 0.01-1.0 y=1.719x + 0.004
beta—-bitertanol - - ’ -
37 prochloraz ECD 0.01-1.0 y=12.393x - 0.172
38 alpha-cypermsethrin ECD 0.01-1.0 y=1.327x + 0.617
beta—cypermethrin ECD 0.01-1.0 y=0.,711x + 0.080
gamma-cypermethrin ECD 0.01~1.0 y = 2.947x + 0.501
delta—cypermethrin - - -
39 alpha—-fenvalerate ECO 0.01-1.0 y=0.936x + 0.193
beta—fenvalerate ECD 0.01-1.0 y=0.858x+0.179
40 alpha—difeconazole ECD 0.01-1.0 y = 2.902x + 0.075
beta—difeconazole ECD 0.01-1.0 y = 7.218x — 0.066

0.8651
0.9972
0.9996
0.9997
0.9964
0.9881
0.9988
0.9979
0.9993
0.9991
0.9515
0.9923
0.9965
0.9965
0.9974
0.9976
0.9885
0.9970
0.9970
0.9999
0.8959
0.9960
0.9938
0.9988
0.9954
0.9972
0.9983
0.9985
0.9979
0.9985
0.9972
0.9953

0.9957
0.9954
0.9992
0.9097

0.9974
0.8291
0.9121
0.9191

0.9908
0.9913
0.96879
0.9974
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& X-groupB

Detaction Regression

No Pesticide Mode _ Range Calibration Equation Coefficient

1 triclopyr NPD 0.01-1.0 y = 3.793x + 0.306 0.9982

2 fenobucarb NPD 0.01-1.0 y=1.373x + 0.215 0.9952

3 demeton S—methyl NPD 0.01-1.0 y = 51.664x + 1.875 0.9983

4 ethoprophos ECD 0.01-1.0 y = 5.564x + 0.391 0.9997

5 trifluralin ECD 0.01-1.0 y=34.176x + 3.100 0.9886

8 simazine ECD <0.1 - -

7 fonofes ECD 0.01-1.0 y = 865.865x + 2.651 0.9997

8 vinclozolin ECD 0.01-1.0 y = 85.063x + 2.391 0.9997

9 pirimiphos—methyl ECD 0.05-1.0 y=1781x+ 0.675 1.0000

10 thiobencarb ECD 0.05-1.0 y =1.635x + 0.923 0.9972

13| fenthion NPD 0.01-1.0 y = 65.946x + 0.902 0.9997

12 parathion ECD 0.01-1.0 y = 44,934x + 0.353 0.9996

13 triadimefon ECD 0.01-1.0 y = 26.967x + 1.200 0.9999

14 furathiocarb ECD <0.1 - -

15 quinalphos ECD 0.01-1.0 y=6.913x + 0.234 0.9999

16 folpet ECD 0.01-1.0 y =1.253x + 0,042 0.9999

17 phenthoate ECD 0.01-1.0 y=4.187x+0.142 0.9989

18 procymidone ECD 0.01-1.0 y =14.752x + 1.267 0.9985

19 methidathion ECD 0.01-1.0 y = 5.658x + 0.655 0.9974

20 alpha~endosuifan ECD 0.01-1.0 y =81.010x + 4.325 0.9984

21 butachlor ECD 0.01-1.0 y =21.560x + 1.523 0.9993

22 hexaconazole ECD 0.01-1.0 y = 16.964x + 0.602 0.9987

23 oxadiazon ECD 0.01-1.0 y = 58.429x + 3.611 0.9995

24 flusitazole NPD 0.01-1.0 y=19.090x + 0.178 1.0000

25 beta~endosulfan ECD 0.01-1.0 y =26.314x + 1.258 0.9991

26 iprodione ECD 0.01-1.0 y = 8.285x + 0.763 0.9982

27 edifenphos ECD 0.01-1.0 y = 6.834x + 0.428 0.9992

28 hexazinon ECD 0.01-1,0 y = 0.599x + 0.009 0.9999

29 nuarimol ECD 0.01~1.0 y =9.520x + 0.165 0.9999

30 EPN ECD 0.01-1.0 y = 74,569x + 3.4089 0.9997

31 bifenthrin ECD 0.01-1.0 y=2.1908x + 0.1617 0.9893

32 fenpropathrin ECD 0.01-1.0 y =5.9841x + 0.4673 0.9958

33 phosalone ECD 0.01-1.0 y =52.74x + 0.5718 0.9998

34 alpha-cyfluthrin - - - -
beta—cyfluthrin - - - -
gamma-cyfiuthrin ECD <0.1 - -
deita—cyfluthrin ECD <0.1 - ot

35  fenarimol ECD 0.01-1.0 y=17.413x+0.385 0.9998

36 pyrazophos ECD 0.01-1.0 y = 24.336x + 0.743 0.9999

37 fluvalinate ECD 0.01-1.0 y =0.761x + 0.232 0.9672

38 alpha—flucynithrinate ECD 0.01-1 O y =3.249x - 0,137 0.9980
beta-flucynithrinate - - - -

39 alpha-deltamethrin ECD 0.01-1.0 y =0.431x + 0.1861 0.9286
beta—deitamethrin - - - -
pamma-—deltamethrin ECD <0.1 - -
delta~deltamethrin ECD <0.1 - -

40 alpha-tralomethrin ECD a - -
beta-tralomsthrin ECD a - -
gamma-tralomethrin ECD a - -
deita—tralomethrin ECD a - —
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F-group A

Detaction Regression

No Pesticide Mode Range _Calibration Equation Coefficient

1 dichlovos ECD 0.01-1.0 y = 58.476x + 2.594 0.9992

2 acephate NPD 0.01-1.0 y =7.822x + 20.135 0.9967

3 omethoate ECD 0.01-1.0 y =5.087x + 0.632 0.9990

4 chlorpropham ECD 0.01-1.0 y =2.314x + 0.804 0.9619

5 phorate ECD 0.01-1.0 y =13.941x + 0.800 0.9998

6 dimethoate ECD <0.1 - -

7 diazinon ECD 0.01-1.0 y =28.780x + 0.379 0.5993

8 tolclofos—-methy! ECD 0.01-1.0 y = 118.424x + 0.551 1.0000

9 alachlor ECD 0.01-1.0 y =12.242x + 0.503 0.9997

10 fenitrothion ECD 0.01-1.0 y = 83.661x + 0.667 1.0000

11 bromacil ECD 0.01-1.0 y =2.244x + 2.612 0.9227

12 malathion ECD 0.01-1.0 y=10.212x + 0.803 0.9994

13 chiorpyrifos ECD 0.01-1.0 y = 57.835x + 0.693 0.9899

14 dicofol ECD 0.01-1.0 y = 21,593x + 0.259 0.9999

15 pendimethalin ECD 0.01-1.0 y = 31.557x - 0.604 0.9996

16 captan ECD 0.05-1.0 y = 2.500x + 0.232 0.9994

17 isofenphos ECD 0.01-1.0 y=16.718x + 1.050 0.9975

18 alpha-triadimenol ECD a - -
beta-triadimenot ECD 0.01-1.0 y = 37.056x + 0.010 1.0000

19 chinomethionat ECD 0.01-1.0 y =17.982x + 0.005 1.0000

20 napropamide NPD 001-1.0 y = 16.483x - 0.064 1.0000

21 tricyclazole ECD 0.01-1.0 y = 4.524x + 0.359 0.9991

22 prothiofos ECD 0.01-1.0 y =0.409x + 0.028 0.9595

23 profenofos ECD 0.01-1.0 y = 76.238x - 1.399 0.9923

24 myclobutanil ECD 0.01-1.0 y=3.403x - 0.143 0.9995

25 buprofezin ECD 0.01-1.0 y=7.742x + 0.059 0.9997

26 oxyfluorfen ECD 0.01-1.1 y=90.337x + 1.150 0.3997

27 triazophos NPD 001-1.0 y = 4.449x ~ 0.071 0.9996

28 terbucoriazole ECD 0.05-1.0 y=1.349x + 0.501 0.0000

29 bifenox ECD 0.01-1.0 y = 199.831x ~ 0.882 0.9480

30 tetradifon ECD 0.01-1.0 y = 167.904x + 3.304 0.99¢3

Kl azinphos—methyl NPD 001-1.0 y = 2.964x - 0,059 0.9973

32 mefenacet NPD 0.01-1.0 y=1.038x - 0.017 (.9996

33 amitarz NPD <0.1 - -

34 alpha~cyhalothrin - - - -
beta—cyhalothrin - - - -
gamma-cyhalothrin ECD 0.01-1.0 y = 3.334x - 0.068 0.9993
delta-cyhalothrin ECD 0.01-1.0 y =3.001x + 0.021 0.9907

35 clofentezine ECD 0.01-1.0 y = 23.562x + 1.386 0.9957

36 alpha-bitertanol NPD 001-1.0 y=9.769x - 0.109 0.9999
beta-bitertanol - - - -

37 prochloraz - 0.01-1.0 y = 21.687x - 0.497 0.9976

38 alpha-cypermethrin ECD 0.05-1.0 y=2.206x +0.136 0.9936
beta~cypermethrin ECD 0.05-1.0 y=1.114x + 0.202 0.9991
gamma-cypermethrin ECD 0.05-1.0 y =0.875x + 0.167 0.9994
deita-cypermethrin ECD 0.05-1.0 y = 4.506x - 0.162 0.9986

39 alpha—fenvalerate ECD <0.1 - -
beta-fenvalerate ECD <0.1 - -

40 alpha-difeconazole ECD 0.05-1.0 y=6.287x - 0.131 0.9997
beta~difeconazole ECD 0.05-1.0 y=17.13x - 0.796 0.9992
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S-groupB

Detection Regression

No Pesticide Mode Range Calibration Equation Coefficient

1 triclopyr NPD 0.01-1,0 y = 3.433x + 0.360 0.9545

2 fenobucarb NPD 0.01-1.0 y =1.208x + 0.343 0.8984

3 demeton S-methyl NPD 0.01-1.0 y = 59.136x + 1.056 0.9989

4 ethoprophos ECD 0.01~1.0 y = 7.669x + 0.451 0.9967

5 trifluralin ECD 0.01-1.0 y = 5.821x + 0.308 0.9956

6 simazine NPD 0.05-1.0 y=0.577x + 0.571 0.9986

7 fonofos ECD 0.01-1.0 y = 151,560 + 1,448 0.9999

8 vinclozolin ECD 0.01-1.0 y =119.490x + 2.780 0.9996

9 pirimiphos-methyl ECD 0.01-1.0 y =3.461x + 0.713 0.9979

10 thiobencarb ECD 0.01-1.0 y = 4.024x + 0.946 0.9990

11 fenthion NPD 0.01-1.0 y =102.810x + 0.754 0.9998

12 parathion ECD 0.01-1.0 y = 85.238x + 0.573 0.9990

13 triadimefon ECD 0.01-1.0 y =85.238x + 0.573 0.9994

14 furathiocarb ECD 0.01-1.0 y = 2.296x + 0.382 0.9868

15 quinalphos ECD 0.01-1.0 y =14.148x + 2.551 0.9226

16 folpet ECD 0.01-1.0 y = 2.564x + 0.462 0.9226

17 phenthoate ECD 0.01-1.0 y=10.072x - 0.110 0.9989

18 procymidone ECD 0.01-1.0 y = 20.584x +1.354 0.9975

19 maethidathion ECD 0.01-1.0 y =6.935x + 0.735 0.9988

20 alpha-endosulfan ECD 0.01-1.0 y=78.116x + 2.024 0.9987

21 butachlor ECD 0.01-1.0 y = 41.027x + 1.540 0.9990

22 hexaconazole ECD 0.01-1.0 y =20.842x + 1.072 0.9916

23 oxadiazon ECD 0.01-1.0 y =127.160x + 3.509 0.9995

24 flusilazole ECD 0.01-1.0 y=3.122x + 0.516 0.9930

25 beta—endosulfan ECD 0.01-1.0 y = 32.420x + 0.909 0.9985

26 iprodione ECD 0.01~1.0 y =8.931x + 0.545 0.9969

27 edifenphos ECD 0.01-1.0 y =12,736x + 0.079 0.9993

28 hexazinon ECD 0.01-1.0 y =0.614x + 0.030 0.9915

29 nuarimol ECD 0.01-1.0 y =0.762x + 0.484 0.9915

30 EPN ECD 0.01-1.0 y =122.320x + 2.411 0.9997

31 bifenthrin ECD 0.01-1.0 y=1.074x + 0.078 0.9994

32 fenpropathrin ECD 0.01-1.0 y =2.880x +0.130 0.9954

33 phosalone ECD 0.01-1.0 y = 98.291x - 0.582 1.0000

34 alpha~-cyfluthrin - - - -
beta—cyfluthrin - - - -
gamma-cyfluthrin ECD 0.01-1.0 y =0.262x + 0.057 0.9246
delta—cyfluthrin - - - -

35 fenarimol ECD 0.01-1.0 y=21,838x + 0.819 0.9943

36 pyrazophos ECD 0.01-1.0 y = 53.534x + 0.440 0.9999

37 fluvalinate ECD 0.01-1.0 y =0.427x + 0.239 0.9714

38 alpha-flucynithrinate ECD 0.01-1.0 y = 3.969x - 0.002 0.9968
beta—flucynithrinate - - - -

39 alpha~deltamethrin ECD 0.05-1.0 y=0.857x + 0.083 0.9985
beta~deitamethrin - - - -
gamma-deltamethrin ECD 0.05-1.0 y = 0.594x + 0.065 0.9987
delta~deltamethrin ECD 0.06-1.0 y =0.296x + 0.067 0.9073

40 alpha-tralomethrin ECD a - -
beta-tralomethrin ECD a - -
gamma-tralomethrin ECD a - -
delta—tralomethrin ECD a - =
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F2 - A group
Detection Regression
No Pesticide Mode Range Calibration Equation Coefficient
1 dichiovos NPD 0.01-1.0 y = 0.018x + 0.004 0.8324
2 acephate NPD 0.01-1.0 y =0.145x + 0.002 0.9924
3 omethoate ECD 0.01-1.0 y=1.135x + 0.110 0.9980
4 chiorpropham NPD 0.01-1.0 y = 0.640x - 0.008 0.9982
5 phorate NPD 0.01-1.0 y=4.704x - 0.122 0.9979
[ dimethoate - - - -
7 diazinon NPD 0.01-1.0 y=6.108x ~ 0.145 0.9982
8 tolclofos~methyt ECD 0.01-1.0 y =20.143x + 0.047 0.9990
9 alachlor ECD 0.01-1.0 y =3.461x + 0.047 0.9990
10 fenitrothion ECD 0.01-1.0 y=13.687x +0.175 0.9992
11 bromacil ECD 0.01-1.0 y =0.169x + 0.751 0.6201
12 malathion ECD 0.01-1.0 y = 2.105x + 0.143 0.9988
13 chlorpyrifos NPD 0.01-1.0 y=0.725x + 0.003 0.9933
14 dicofol NPD 0.01-1.0 y=1.073x - 0.035 0.9984
15 pendimethalin ECD 0.01-1.0 y=10.373x + 0.175 0.9990
16 captan ECD 0.01-1.0 y = 0.582x + 0.042 0.9982
17 isotenphos NPD 0.01-1.0 y = 4.685x - 0.107 0.9984
18 alpha-triadimenol ECD 0.01-1.0 y=3.110x + 0.131 0.9991
beta-triadimenol ECD 0.01-1.0 y = 7.268x ~ 0.049 0.9992
19 chinomethionat ECD 0.01-1.0 y=17.696x - 0.119 0.9992
20 napropamide NPD 0.01-1.0 y=0.411x - 0.008 0.9979
21 tricyclazole ECD 0.01-1.0 y = 6.984x + 0.105 0.9980
22 prothiofos ECD 0.01-1.0 y=6.901x - 0,134 0.9988
23 profenotos NPD 0.01-1.0 y = 0.008x + 0.005 0.9959
24 myciobutanil NPD 0.01-1.0 y =0.109x + 0.001 0.9886
25 buprofezin NPD 0.01-1.0 y = 1.785x - 0.040 0.9984
26 oxyfluorfen NPD 0.01-1.0 y = 0.154x - 0.002 0.9983
27 triazophos NPD 0.01-1.0 y =1.051x - 0,010 0.9922
28 terbuconazole ECD 0.01-1.0 y = 0.106x + 0.007 0.9935
29 bifenox ECD 0.01-1.0 y =23.967x - 0.204 0.9989
30 tetradifon ECD 0.01~1.0 y = 26.450x + 0.279 0.9991
31 azinphos—methy! ECD 0.01-1.0 y = 2.422x - 0.096 0.9955
32 mefenacet ECD 0.01~1.0 y=0.719x - 0.025 0.9974
33 amitarz NPD 0.05-1.0 y =0.195x - 0.009 0.9986
34 alpha—cyhalothrin - - - -
beta—cyhalothrin - - - -
gamma-—cyhalothrin ECD 0.01-1.0 y =0.511x ~ 0.006 0.9973
delta—cyhalothrin ECD 0.01-1.0 y =0.805x - 0.012 0.9975
35 clofentezine ECD 0.01-1.0 y = 3.853x + 0.356 0.9985
36 alpha-bitertanol ECD 0.01-1.0 y = 0.646x + 0.004 0.9975
beta-bitertano} - - - -
37 prochioraz ECD 0.01-1.0 y =5.306x - 0.012 0.9987
38 alpha—cypermethrin ECD 0.01-1.0 y=0.668x +0.134 0.8889
beta-cypermethrin ECD 0.01-1.0 y =0.283x + 0.034 0.9978
gamma-—cypermethrin ECD 0.01-1.0 y =0.308x + 0.019 0.9996
delta~cypermethrin ECD 0.01-1.0 y =0.513x + 0.023 0.9990
39 alpha—fenvalerate ECD 0.01-1.0 y =0.665x ~ 0.030 0.9973
beta~fenvalerate ECD 0.01-1.0 y=0.373x - 0.013 0.9957
a0 alpha—difeconazoie ECD 0.01-1.0 y=1.421x - 0.030 0.9977
beta—difeconazole ECD 0.01-1.0 y = 2.976x ~ 0.080 0.9872
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55 - B group
Detection Regrassion
No Pesticide Mode Range Calibration Equation Coefticient
1 triclopyr ECD 0.01-1.0 y=0.094x + 0,112 0.9672
2 tenobucarb NPD 0.01-1.0 y =0,103x + 0.005 0.995t
3 demeton S—methyi NPD 0.01-1.0 y =0.101x + 0.001 0.9988
4 ethoprophos ECD 0.01-1.0 y =3.207x + 0.908 0.9561
5 trifluralin ECD 0.01-1.0 y = 7.866x + 0.567 0.9964
[ simazine - - - -
7 fonofos ECD 0.01-1.0 y =26.847x + 0.603 0.9999
8 vinclozolin ECD 0.01-1.0 y = 23.325x + 0.735 0.9991
9 pirimiphos—-methyl NPD 0.01-1.0 y = 4.426x + 0.001 1.0000

10 thiobencarb NPD 0.01-1.0 y = 0.644x - 0.003 1.0000

11 fenthion NPD 0.01-1.0 y = 3.184x + 0.011 0.9999

12 parathion ECD 0.01-1.0 y =14.615x + 0.708 0.9993

13 triadimefon ECD 0.01-1.0 y =9.694x + 0.436 0.9990

14 turathiocarb - - - -

15 quinalphos ECD 0.01-1.0 y=9.461x + 0.220 0.9985

16 folpet ECD 0.01-1.0 y=2.371x +0.074 0.9996

17 phenthoate ECD 0.01~1.0 y=1.356x+0.118 0.9848

18 procymidone ECD 0.01-1.0 y = 4.725x + 0.541 0.9977

19 methidathion - - - -

20 alpha-endosuifan ECD 0.01~1.0 y = 23.203x + 0.390 0.9992

21 butachlor ECD 0.01-1.0 y=6.727x + 0.287 0.9993

22 hexaconazole ECD 0.01-1.0 y = 6.639x + 0.284 0.9978

23 oxadiazon NPD 0.01-1.0 y = 0.520x - 0.001 1.0000

24 flusilazole NPD 0.01-1.0 y =0.513x + 0.011 0.9999

25 beta-endosultan ECD 0.01-1.0 y=9.563x + 0.218 0.9990

26 iprodione ECD 0.01-1.0 y =2.458x + 0.217 0.9969

27 edifenphos ECD 0.01-1.0 y=2.136x + 0.018 1.0000

28 hexazinon ECD 0.01-1.0 y = 0.082x + 0.021 0.9345

29 nuarimol ECD 0.01-1.0 y=4.107x + 0.099 0.9892

30 EPN ECD 0.01-1.0 y=23.677x +0.479 0.9993

31 bifenthrin ECD 0.01-1.0 y=0.617x +0.022 0.9981

32 fenpropathrin ECD 0.01-1.0 y =1.823x + 0.068 0.9979

a3 phosalone ECD 0.01-1.0 y =12.896x + 0,120 0.9997

34 alpha-cyfluthrin - - - -
beta-cyfiuthrin - - - -
gamma-cylluthrin - - - -
delta~cyfluthrin ECD 0.01-1.0 y=0.317x + 0.010 0.9986

35 fenarimol ECD 0.01-1.0 y=6.027x +0.186 0.9985

36 pyrazophos ECD 0.01-1.0 y = 8.455x + 0.331 0.9982

37 fluvalinate ECD 0.01-1.0 y=0.608x +0.176 0.9971

38 alpha—-flucynithrinate ECD 0.01-1.0 y =0.104x + 0.061 0.5155
beta—flucynithrinate - - . - -

39 alpha~deltamethrin ECD 0.01-1<0 y=0.712x + 0.420 0.8376
beta~deitamethrin ECD 0.01-1.0 y = 0.194x + 0.094 0.6382
gamma-—deitamethrin ECD 0.01-1.0 y =0.308x + 0.080 0.9571
delta~deltamethrin ECD 0.01-1.0 y = 0.348x + 0.037 0.9809

40 alpha—-tralomethrin ECD a - -
beta-tralomethrin ECD a - -
gamma-tralomethrin ECD a - -
delta~tralomethrin ECD g - -
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3 - A group

Deatection Regression
No Pesticide Mode Range Calibration Equation Coefficient
1 dichlovos NPD 0.01-1.0 y = 0.026x + 0.003 0.9625
2 acephate NPD 0.01-1.0 y = 0.044x + 0.009 0.9261
3 omethoate NPD 0.01~1.0 y = 0.003x + 0.002 0.8032
4 chlorpropham NPD 0.01-1.0 y = 0.134x + 0.01 0.9885
5 phorate NPD 0.01-1.0 y = 0.408x + 0.005 0.9997
6 dimethoate ECD 0.01-1.0 y=0.120x + 0.196 0.3969
7 diazinon NPD 0.01-1.0 y =2.202x + 0.027 0.9999
8 tolclofos—methyl NPD 0.01-1.0 y = 0.528x + 0.029 0.9992
9 alachlor ECD 0.01-1.0 y=2.697x + 0.339 0.9966
10 fenitrothion ECD 0.01-1.0 y=4,189x + 0.490 0.9988
1 bromacil - - - -
12 malathion ECD 0.01-1.0 y = 1.394x + 0.3093 0.9467
13 chlorpyrifos - - - -
14 dicotol NPD 0.01-1.0 y = 0.395x + 0.004 0.9993
15 pendimethalin ECD 0.01-1.0 y = 2.843x + 0.381 0.9998
16 captan ECD 0.01-1.0 y = 0.082x + 0.082 0.8966
17 isofenphos NPD 0.01-1.0 y = 1.605x + 0.024 0.8996
18 alpha-triadimenol ECD 0.01-1.0 y =1.425x + 0.346 0.9681
beta-triadimenol ECD 0.01-1.0 y = 1,168x + 0.098 0.9995
18 chinomethionat ECD 0.01-1.0 y = 2.844x + 0.240 0.9995
20 napropamide NPD 0.01-1.0 y = 0.293x + 0.006 1.0000
21 tricyclazole ECD 0.01-1.0 y =2.060x + 0.194 0.9994
22 prothiofos ECD 0.01-1.0 y =4.815x + 0.278 0.9994
23 profenofos ECD 0.01-1.0 y = 2.046x + 0.020 0.9981
24 myclobutanil ECD 0.01-1.0 y=1.041x + 0.149 0.9974
25 buprofezin NPD 0.01-1.0 y = 0.419x + 0.004 0.9985
26 oxyfluorten ECD 0.01-1.0 y=5.974x + 0.397 0.9901
27 triazophos NPD 0.01-1.0 y =0.561x + 0.022 0.9996
28 terbuconazole ECD 0.01-1.0 y=0.113x + 0.169 0.8908
29 bifenox ECD 0.01-1.0 y = 4.512x + 0.247 0.9982
30 tetradifon ECD 0.01-1.0 y=5.272x + 0.321 0.9992
3 azinphos~methyl NPD 0.01-1.0 y=0.061x + 0.003 0.9918
32 mefenacet ECD 0.01-1.0 y = (0.284x + 0.021 0.9999
33 amitarz NPD 0.05-1.0 y = 0.050x - 0.001 0.9978
34 alpha—cyhalothrin - - - -
beta-cyhalothrin - - - -
gamma-cyhalothrin ECD 0.01-1.0 y =0.232x + 0.047 0.8422
delta—cyhalothrin ECD 0.01~1.0 y = (0.369x + 0.040 0.9898
35 clofentezine ECD 0.01-1.0 y =0.1338x + 0.371 0.5847
36 alpha~bitertanol ECD 0.01-1.0 y=0.277x + 0.162 0.9105
beta-bitertanol - - - -
37 prochioraz ECD 0.01-1.0 y = 4.750x + 0.596 0.9989
38 alpha-cypermethrin ECD 0.01-1:0 y =0.388x + 0.135 0.9752
beta~cypermethrin ECD <0.1 - -
gamma-cypermethrin ECD 0.01-1.0 y=0.143x + 0.122 0.9328
delta~cypermethrin ECD 0.01-1.0 y = 0.328x + 0.309 0.6618
39 alpha—fenvalerate ECD 0.01-1.0 y =0.489x + 0.275 0.8968
beta—fenvalerate ECD <0.1 - -
40 alpha-difeconazole ECD 0.01-1.0 y=1.107x +0.148 0.9927
beta-difeconazole ECD 0.01-1.0 y =2.720x + 0.193 0.9973
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_% - B group

Detection Regression
No Pesticide Mods Range Calibration Equation Coefficient
1 triciopyr - - - -
2 fenobucarb NPD 0.01-1.0 y=0.108x + 0.018 0.9630
3 demeton S~methyl NPD 0.01-1.0 y =0.064x + 0.014 0.8065
4 ethoprophos NPD 0.01-1.0 y = 2.802x + 0.085 0.9788
5 trifluralin ECD 0.01-1.0 y = 2,763x + 0.636 0.9801
6 simazine ECD 0.01-1.0 y =0.026x + 0.184 0.8507
7 fonofos ECD 0.01-1.0 y = 5.696x + 0.949 0.9842
8 vinclozolin ECD 0.01-1.0 y=4.891x +0.808 0.9768
9 pirimiphos—-methyl NPD 0.01-1.0 y = 1.247x + 0.054 0.9917
10 thiobencarb NPD 0.01-1.0 y = 0.096x + 0.005 0.9900
1 fenthion NPD 0.01-1.0 y =0.176x + 0.015 0.9736
12 parathion ECD 0.01-1.0 y =2.987x + 0.679 0.9598
13 triadimefon ECD 0.01-1.0 y = 6.459x + 0.867 0.9841
14 furathiocarb ECD 0.01-1.0 y = 0.126x + 0.451 0.9202
16 quinalphos ECD 0.01-1.0 y =0.976x + 0.157 0.9696
16 folpet ECD 0.01-1.0 y =0.822x + 0.132 0.9696
17 phenthoate ECD 0.01-1.0 y = 2,774x + 0.447 0.9696
18 procymidone ECD 0.01-1.0 y = 1.514x + 0.462 0.9587
19 methidathion ECD 0.01-1.0 y =0.976x + 0.354 0.9070
20 alpha-endosulfan ECD 0.01-1.0 y =9.759x - 0.101 0.9890
21 butachlor ECD 0.01-1.0 y = 3.034x + 0.460 0.9855
22 hexaconazole ECD 0.01-1.0 y = 6.063x + 0.648 0.9961
23 oxadiazon NPD 0.01-1.0 y = 0,120x + 0.004 0.9928
24 flusilazole NPD 0.01-1.0 y = 0.404x + 0.015 0.9963
25 beta-endosulfan ECD 0.01-1.0 y =3.431x + 0.204 0.9986
26 iprodione ECD 0.01-1.0 y =0.682x + 0.278 0.9838
27 edifenphos ECD 0.01-1.0 y=2.437x +0.186 0.9915
28 hexazinon - - - -
29 nuarimol ECD 0.01-1.0 y = 3.574x + 0.357 0.9948
30 EPN ECD 0.01-1.0 y = 5.605x + 0.472 0.9836
31 bifenthrin ECD 0.01-1.0 y =0.213x + 0.009 0.9960
32 fenpropathrin ECD 0.01-1.0 y =0.731x + 0.052 0.9939
33 phosalone ECD 0.01-1.0 y = 3.475x + 0.2980 0.9812
34 alpha—cyfluthrin - - - -
beta—cyfluthrin - - - -
gamma-cyfiuthrin - - - -
delta—cyfluthrin - - - -
35 fenarimol ECD 0.01-1.0 y =5.342x + 0.307 0.9942
36 pyrazophos ECD 0.01-1.0 y = 3.073x + 0.452 0.8711
37 tluvalinate - - - -
38 alpha—flucynithrinate - - - -
beta-flucynithrinate - - - -
39 alpha—deltamethrin ECD 0.01-1.0 y=0.281x + 0.214 0.9699
beta~deltamethrin ECD 0.01-1.0
gamma-~deltamethrin ECD 0.01-1.0 y=0.317x +0.137 0.9841
delta—deltamethrin ECD 0.01-1.0
40 alpha-tralomethrin ECD 0.01-1.0 y =0.166x + 0.126 0.9699
beta-traiomethrin - - - -
gamma-tralomethrin ECD 0.01-1.0 y =0.117x + 0.050 0.9841

delta-tralomethrin




|55 ~ A group
Detaction Regression

No Pesticide Mode Range Calibration Equation Coefficient

1 dichlovos - - - -

2 acephate NPD 0.01-1.0 y = 0.046x + 0.044 0.9982

3 omethoate - - - -

4 chlorpropham NPD 0.01-1.0 y =0.427x + 0.040 0.9979

5 phorate - - - -

6 dimethoate - - - -

7 diazinon NPD 0.01-1.0 y =1.961x + 0.008 1.0000

8 tolclofos—methyl ECD 0.01-1.0 y = 4.880x + 0.289 0.9997

9 alachlor ECD 0.01-1.0 y=2,169x + 0.163 0.9896

10 fenitrothion ECD 0.01-1.0 y = 5,038x + 0.471 0.9946

11 bromacil ECD - -~ -

12 malathion ECD 0.01-1.0 y=1.797x + 0.276 1.0000

13 chlorpyrifos NPD 0.01-1.0 y = 0.184x - 0.002 0.9995

14 dicofol NPD 0.01-1.0 y = 0.262x - 0.002 0.9993

185 pendimethatin ECD 0.01-1.0 y = 2.626x + 0.249 0.9950

16 captan - - - -

17 isofenphos NPD 0.01-1.0 y = 1.181x ~ 0.004 0.8999

18 alpha-triadimenol - - - -
beta—-triadimenol - - - -

19 chinomethionat - - - -

20 napropamide NPD <0.1 - -

21 tricyclazole ECD 0.01-1.0 y = 2.615x + 0.628 0.9994

22 prothiofos ECD 0.01-1.0 y = 4.222x + 0,223 0.9996

23 profenofos ECD <0.1 - -

24 myclobutanil ECD <0.1 - -

25 buprofezin NPD 0.01-1.0 y =0.452x ~ 0.005 0.9991

26 oxyfluorfen - - - ~

27 triazophos NPD 0.01-1.0 y =0.900x + 0.002 0.9998

28 terbuconazole NRPD <0.1 - -

29 bifenox - - - -

30 tetradifon ECD 0.01-1.0 y=6.419x + 0.120 0.9999

31 azinphos—-methyl NPD <0.1 - -

32 mefenacet NPD 0.01-1.0 y = (0.335x + 0.003 0.9998

33 amitarz - - - -

34 alpha—cyhalothrin - - - -
beta—cyhalothrin - - - -
gamma-cyhaliothrin ECD 0.01-1.0 y = 0.281x + 0.001 0.9991
delta—cyhalothrin ECD 0.01-1.0 y = 0.803x + 0.028 0.9992

35 clofentezine ECD 0.01-1.0 y =1,153x + 0.264 0.9960

36 alpha-bitertanol ECD 0.01-1.0 y = 0.549x + 0.426 0.9995
beta-bitertanot - - - -

37 prochloraz ECD 0.01-1.0 y=2.719x + 0.230 0.9984

38  alpha-cypermethrin ECD <01 - -
beta—cypermethrin ECD <0.1 - -
gamma-—cypermethrin ECD <0.1 - -
delta~cypermethrin ECD <0.1 - -

39 alpha-fenvalerate ECD 0.01-1.0 y=0.888x +0.147 0.9977
beta—fenvalerate ECD 0.01-1.0 y=0.567x +0.171 0.9952

40 alpha-difeconazoie ECD 0.01-1.0 y =0.662x + 0.071 0.9982
beta—difeconazole ECD 0.01-1.0 y = 1.603x + 0.085 0.9997
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S35 - B group

Detection Regression
No Pesticide Mode Range gajbration Equation Coefficient
1 triclopyr - - - -
2 fenobucarb ECD 0.01~-1.0 y =0.250x + 0.100 0.9907
3 demeton S~-methyl - - - -
4 sthoprophos ECD 0.01-1.0 y = 1,335x + 0.282 0.9987
5 trifiuralin ECD 0.01-1.0 y = 0.955x + 0.382 0.9999
6 simazine - - - -
7 fonofos ECD 0.01-1.0 y = 3.250x + 0.639 0.9961
8 vinclozotin ECD 0.01-1.0 y =5.951x + 0.473 0.9977
9 pirimiphos—methyi - - - -

10 thiobencarb - - - -

11 fenthion - - - -

12 parathion ECD 0.01-1.0 y = 2.744x + 0.3688 0.9964

13 triadimefon ECD 0.01-1.0 y=4.187x + 0.317 0.9992

14 furathiocarb ECD 0.01-1.0 y =0.082x + 0.320 0.7074

16 quinalphos ECD 0.01-1.0 y = 0.494x + 0.082 1.0000

16 folpet ECD 0.01-1.0 y = 0.416x + 0.069 1.0000

17 phenthoate ECD 0.01-1.0 y = 1.406x + 0.233 1.0000

18 procymidone ECD 0.01-1.0 y=1.733x +0.188 0.9965

19 methidathion ECD 0.01-1.0 y=1.314x + 0.224 0.9971

20 alpha—-endosulfan ECD 0.01-1.0 y=2.858x +0.134 1.0000

21 butachlor ECD 0.01~1.0 y =2.061x + 0.208 0.9995

22 hexaconazole ECD 0.01-1.0 y =0.806x + 0.358 0.9497

23 oxadiazon NPD 0.01-1.0 y = 1.959x + 0.236 0.9962

24 flusilazole - - - -

25 beta—endosulfan ECD 0.01-1.0 y=1.374x + 2,745 0.5923

26 iprodione ECD 0.01-1.0 y=0.919x + 0.192 0.9941

27 edifenphos ECD 0.01-1.0 y = 1.245x + 0.063 1.0000

28 hexazinon - - - -

29 nuarimol ECD 0.01-1.0 y =2.253x + 0.105 0.9999

30 EPN ECD 0.01-1.0 y=2,783x +0.114 0.9998

3 bifenthrin ECD 0.01-1.0 y=0.377x + 0.012 1.0000

32 fenpropathrin ECD 0.01-1.0 y=0.417x + 0.026 1.0000

33 phosalone ECD 0.01-1.0 y =2.512x + 0.022 1.0000

34 alpha—cyfluthrin - - - -
beta~cyfluthrin - - - -
gamma—cyfluthrin -~ - - -
delta—cyfluthrin - - - -

35 fenarimol ECD 0.01-1.0 y = 2.694x + 0.063 1.0000

36 pyrazophos ECD 0.01-1.0 y=1.637x +0.163 0.9973

37 fluvalinate ECD 0.01-1.0 y=0.143x + 0.214 0.9618

38 alpha-flucynithrinate ECD 0.01-1.0 y =0.085x + 0.117 0.8089
beta~flucynithrinate - - - -

39 alpha~deltamethrin - - - -
beta—deltamethrin - - - -
gamma-deltamethrin ECD 0.01-1.0 y=0.171x +0.155 0.9055
delta-deltamethrin ECD 0.01-1.0 y =0.168x + 0.073 0.9647

40 alpha-traiomethrin - - - -
beta-traiomethrin - - - -
gamma-tralomethrin - - - -
delta-tralomethrin ECD 0.01-1.0 y = 0.099x + 0.043 0.9647




TE2 X1FF 5 54 AMAA 2HE azveEaR (45
A group; ECD

ECD2 B, (CHEMX-BLD)
counts ] Matrix
80000 -
60000
40000
20000
- A A, A l A, A AA,
SR S Ty i &
. !AO‘I [4))
oaunts ] 0.01ppm &}
80000
600003
40000
20000 -}
h A u AA y S
M o v T - g T d * M 0 v T
u 20 30 40 0 mn
. (GHEM\ Aaam
counts ] 0.1ppm &7
80000
80000}
40000}
E M
ﬂ' - * v T v “? v v é
. M\ A‘l D) T X q
counts 10 pom A3
80000
60000
40000
e L)
| T T v ¥ T S 1
0 10 20 30 40 ] 0
. E&ﬁi, (CHEM!MO.D)
courts ] 10 ppm &I}
80000
60000
40000 - |
20000 uJJ
{ 10 2 _®

- 353 -



A group; NPD

NPDT A, (CHEM\X-BL.D)

m1 Matrix
12000
10000
8000-
3
m: | X
4000 -] “-LL__._—-—-—-o—-——-
T T M T Al v ¥ T ¥ v T v Y Y v M 1 M M
0 10 _20 2 0 50 ___ mi
NPDT A, (CHENEADT.D) o N
3 0.01ppm &}
12000 3
10000
8000
6000 -
w-"*‘/\l' L‘J“LJl‘l‘-lelLL N L
v T v a T yr— 4 T v v T - 7 A
) 10 2
RPOT A CHENIERED) = - 2 8 _m
m_ 0.1ppm &}
12000 -]
10000
8000
0000 d L
w-' Llll i ILL A l A Ll—‘-‘-"""‘"‘"‘"""‘"‘"“""
—— ™ — 5~ — YR r e — T
NPDTA, (CHEMAXA1D) — E‘
counts ] 10 ppm A}
12000
10000
8000 -
=4 Al Dl
m?—# \Arabhsanllil 4 " h.lll .l; LLhL.:..LL A
! e g T %
NPDT A, (CHEMEATCD) 2 T B 2
counts 10 ppm &t
12000
10000
8000
4000 U, l-du
9 % » ® _© 0 m

-354 -



B group; ECD

ECD2B, (CREWX-BLD)

cun;' Matrix
80000}
0000
40000
20000
? ALA L_l e A POV WS
o 10 2 0 o ;o

ECD2 B, (CHEMXBO1.D) —
counts 0.0tppm At
80000
60000
40000
20000

= ,;m""m' éﬁ 'i""fo"*'&g
———— ECO7 B (CHENE, 0
m' 0.1ppm &I
80000 -
60000
40000}
o NETN Y
M ] L I v \J v v A A A ! M v L
( 10 )

C02 8, (CH 1.0 % 2 % ___m
counts ] 10 ppm AJ}
80000
60000
’°°°°~: \\WM

] h LU 1UL{L_LLJ |
: __J
v v v T T v T v v T v r T v
0 10 ) 40 50 mi
~ ECOZE, (CHEMXBI00)
counts | 10 ppm &3}
80000
60000}
oo L\Mnﬁ
0 10 2  » o __ X

-355-



B group; NPD

NPD1 A, (CREM\XBLD)
counts 1 Matrix
12000 3
10000
8000
ot 1 .
4000 "\-‘.L_.-—-—.——-——-—-—-‘
] Ad L4 Y T T T v 2 g T T v T T * ng T . L2 T A T
0 100) 2 % 0 0 ___mn
counts 0.01ppm & J}
12000-
10000
5000
8000 -}
a0 wdo 0L 4 R | I
3 ¥ Al Y T T T v -y T v e as T -y T 1 2 v v “T T v
0 10 2 X ) 0
[ NPOTA, (CHEMXBOED)
counts 0.1ppm &t
12000 -
10000 -
8000
8000 L J
4000 _—y VR - 8!
o 10 2 o 0
NPOTA (CHEWXBI ) T
counts 10 ppm &2}
10000 3
80003
4000 4 il '| " ,l, ML
" 10 2 N Y AT
NPDiA.( HE !BIO.D) - o m
counts | 10 ppm & J}
4
12000
10000
8000
6000
m-} R ——
v L T Y T T v v v Y T v r
0 2 % L] _% mir

- 356 -



ECD |

‘NPD

X
o]
n i}
g &
n ¥ o
B4
N ]
[ORUIRS—
[} [ —p
R 1
Q¥ s
0
. , g
) m oo, E%}..sﬁaaﬂzn TNy [,
(N et e —— S R | ]

ol azvtEIY A group.

=

==

Al &=
Al EZ

==

797 A 5k

TSI XY

==
)

-QO .

P

TR B3, (AR A )

EOTT B, (0 R

=

ol
N o Esie -8
x & [ g q
: R - (I
. N NN ] -
ol o s AT S D) N
® ponb £ z
- ¢ NTTTmIIII
b - - u "4
° z SR 0
Ry v —
L 4
) %
Pp——
o~%
-
£ Ypp—
b4 g
i
i .
b5 o/
g "
i -
e \,Mww
£8 =
a4
L R i

Mo, = A - D Al DX

TOR0OO

T T U T T T I N

- 357 -




=]
B

e |

10000

£3-1. 44, B group.

L AGHEMVE SN D3

FALTI A EE S A3
com & AT Al=

-\

B

<
LETRBAR B0 7

23

25

28x

27

Nuraaal?

30

LA

36

ECD

B8x

39.40a

B89.40¢
839.40d

ki b “ﬂ,/e;:j' .

Y

TUIEINE AL SCIHBEI AN D)

TR A CCHBEVRAY © DN 4. d

H
%
1
i

v e s s e S 8 & 4 e e 80

P
i
2

2
18 15117

-

: ;;“;:xiw' o B

2,

30

NPD !

- 358 -




—
L

oS

Hypersll ?

UY1000 254nm

BS750

BSTS0
Retention Time

Name

553-2. 7 Cis AHolA e HPLC ARvIEOAE.

L T TR R S -

ol

|

L8V IO
el |

;

1266 HAUomaN

I

VORRBYLEL - VI8 8 <<

cl8

R

]

H

!

|

o

-804 01 7l
WROORYSW - £4T'8 iﬁ,,;zinxih:s.w.\“

i

2

g

-7 - ¥6Z8 e
OIS « GE0E

o

IOGRD - 418 I
renirr®

589 ——

S ——
phenomenx
pH=7.0 O/ S&F 0

10

73 phenomenex Cigol Al HPLC A EviE 13

g

2 =3-3. pH

BT

12

16

- 359 -

minute



83 phenomenex Cigol 4] HPLC A ZvlE 13

"?‘% 3_3 . 7‘"{'—!’:7 pH

phenomenex C18

8.0 o3y 804

pH=

Hmcno - 0188

VomzuSIYS .ano?..n\.f\\!\l

BT

P - brLOL S cawanl

o

UGG Z - B186 st
aM.N

-506'8

—e]

ydowogeunp-3 - 8108

e

WRIGOAD - ST )

IR

TSHYL

bw

minute

9] HPLC ARvE1YRE,

=
=2

Y-53-4. T NEF 10F 9%

m.nm,ﬂm

g
25081 ,
nwu.mr;wm,

86z vt <
R
BELELL
S89'2H
LPE Ly
o¥6L

280 < -

3

p% 8

N
7 ¥

s 2

0

eroLs Lo

H

N e e

«

e e S

eele< |

1400 -

- 360 -



-
%

EGD

3-5. Z FA48YW F4 AZAE0.1ppm)et HAAFNA &L Az GC
AZMEITH (AF)
ZNE
(A group)
: f«w H’mwm °f9- NE
KA-0,1po R*M?' Ng

Fog 52 o
L g
L g(;:? o
RN
’ 0 el ¢
o s 5 e
', g 2 : v
mEm e fﬁ%ﬁmw“m * sy T 1a > :
(ST T S ‘ i
i .
WX
A
1O
PESEICHE. -
0 8
f‘ e
1
RIS
.
T
o i A
IR ¥
ot N :
| ,& Ho
SIS : s * . ?
* y & i B b
B A F Y, ; P ( 3 g(a
I»% mﬂ?"w ?‘m.%%* 3“1 i i 1 s A
¥
FOERICY
Py o P 34, i £ oo, E




K
Yy
HK

(B group)

F()

R NI KO R X
mamamens

R SR
Ehgin]

W :

ENFEI O S P TR BN a%ezg&xc%‘%\\&%a%g%i

By

miEy

e 21-]

T ————
. o e :
E e el i

FOOCHY:

- 362 -



=
v

(A group)

AEMHRD

OO

RERESE WS e €y
SRR {‘x}q e X T

S S Y

o ERT
HAITRE T FLF P X 1)

HA-BMNIAN X2 NE B
BA-0. oo BN N&E

B e e N0

-363 -

S

1%

i
M 17
[ T ¥
1
15
B £l
i y
3 ’ %
H .
ESRE T

@

R <P o pont ¢ B

ﬁfg) *%H{i é'&

25 5

P 2,




(8 group)

e B

:

st e

~

S

4 p— — "

— SR

- H
Wﬁi}%??;%%e < N w
L e R 3

PR e ansn v Semm om0 SSBROMWIYS Y

SR Sl SRR '
I
[ H
¢ ¢
e, . M
A i
N H
o :
g .
£ i
m o
i m
3
7 oA SRS AN NS S 1 :

& ... ol

J

-
}
s

AhEang ¥,

pr—

g

:

W A

w ’ :
y

]

3

YEL!

VR Rk
M
]
M
=

T 6,

S T T T

R
NI
BEIER
it
R
IR
NS
X

- 364 -



2 Al

(A group)

0.
N

a
[l

ot

286

o]
-

o

A=
Al =

W
g mﬁ
Za
GG _a
Zskh
fy =K
YN

oy
at
ii %0
4
w2 T

[P s s N
A
i O

ety S s o T S i B WG

A=

P

PEVTN

OO

HOOKY
FOCOG -
40000

21

“40a

N\, 2oe

JO T

.

O

1718a

o TESY

PSR RN AN

rR—

<o

20

T TRAERES ¥ AR GRS FTETRAR
FIPPOR :

esexwy

2O

- 365 -



2 A

(B group)

ECD

30

n
N

0

8

N

0

w

~

[T I

11
R
-
200
5287
92 %
%R,
3 m&
Wy
mm <a
gig2
st
[Sh
83
Gu AN

m

NPD

36

30

15 17

D KRSy

TRV AL
PSR A

- 366 -



Ct 2
o

L

(A group)

FCERD B LOSIFRARWRCCO 6 Ty

EICERITR €3, CCINHEIMASEE A KA 81013 18mo E C D
counts | & AN - A& DEALDIK W2 Al S z9:130
= oy — Z1 Al &=

O. 1oom & Dk Al

26

15

OO

o]
o
o)

WO - i

sl d

1000

Lo

-367 -



(B group)

—

0 0 m
Mm mw w
@
0
4
o]
0
4
N
<t
0=
0
¥
.
oo ;
L4
L1
i "
8 3
AW . Ia
iaaz g 02 2
wm & i mm
WWI . vrm
553 i
gh g
1738 b4
sk =
gaflo <€«
an ol e
Beqy 52
Y A&
Loar 32 o

ZOOO
100G

oS
B0
BOGOO
FERIY
OO
4O
MO
ROOOC
TOOO0
e aritm
000
BOOO
TN

- 368 -



—C o
T T

(A group)

ECD

A) =
Al &=

o=
Toom & It Al

€30

LAY N KDY

) A — B DO Al ) KL
*_ -0

Sx BB, (LR R A

R B

30 31

[ollg}

(NI s comsssmtnss b

M

o

TR ¢

TR A {GERMY A DY

EFATY TV

17 18a

Iy
ST

Sl

N

1
H

LY N
MJ*”""L’J’*"'!’”WN«.»'*J }wj.,» LTI N

syt

4O -

-369 -



FATOD €,

Mo,

TOOOQ

SO0O0

oo

S

10000

>

............... RIS
PREREDE A

courns

12000

1oe0n {

QEEFAE O W T

SRR £ § £y
-8 2 Al 21X

;B ot
o4 -0.1pom W oF

ab
Al

=
=1

Al =
Al =

kg

!

C
T T

(B group)

20

ARG WS 53
SEE G INT 631 K3

S —

13
14
L
18
10
19

-370 -

30

33

ECD




- CEIERATE BRI D5 A T

L CEIERERN DT AT ) I CD
DAL X B E A=

clmom B OFAIZ! AlS

BOOO

1000

; 3 29
\w 4 X
i a5 R a2

PRV N ST

BAPOHE ML R RE R R BB AL LI
NPT AL (TR BE AT £3%

ccmanzm [

H

[

¢
13000 I

i

i

H a
$0G :

: z
“+ 1000

;

-371-



CcD

E

— IW
a i
5 : 1
o $ b
K
o> W
o | ’ W
~ o T
24
¥ F
| N b e
! ﬂu@;&
. o
W A
: £
¥ _ g
2R 2z
a9 <
B % £2
ﬂwn :
Ry
Wy -8
By R
-0
38 ()
% ¥
ek B
£ .
o 44

-372 -



ECD

0
. A N
LY
.A_n o a
> o
< & :
le)] [@)]
or < o
# 0|
L R
$ow U
o 45
A Ll
A ¥ Ry
£, i,
fIse bxgd
_,,w«?.. mWWm
25 o i
b 77 5 5 -
i o i Lo

.
[-rela et
BOOOD
OO0
BOOOO
HOTOO
OO
IGO0
ROOOO
10000
ounte
VOO
OO0
T
VOGO
OIS
SO0
BOOC
MO
T O

-373 -



et AR R N B e e i e e
LSRR §%9«6§m§%&(§3

|BA-AINIAN 28 NE
24-0. ;0 BN NE

0]

* B S A RS

374 -



(B group)

T e A

i AR SRR e,

TR

P

B

N&

ANz

2]
[

o
H

|
o

RN
oo

2
49,

S
- :

3

. = NN

S il

-375-

o A S AR SR e SR

am.

N BRS T




AR

(A group)

ECD

NFE

L=%
=

HAGIA g

AT NS

A
2

ippm

- N T IR

8l

.& e
-
~
~
s

..
i ,, ,;., vl.

2

i)

v

N e

&




at)
\PD

>

Rt ;
i g
st

Eo
R il i AR o
s B R

¥

s 2

M Ha

A
o

M

LER

3

. {GRRE a en

R e
Ioom

HREON
e e

R
Y
el

e

- 377 -

A




"o

oo |

-378 -



<>
=3

Ot

(B group)

£

B e e
v - B

S ANB
72 NR

on 8 A

PRSI
-0.1ppm

A e S R TR

i

w‘.;;wqm;m,@,ﬁﬁwﬂm,‘u i

-379 -



0

;ﬂ(’,:ﬁ)!
s
-

R —

:;u

Ty

SO AP L

17

NE

5
NI A&

F4-EH9 o

{(:!'k&m*g' 4«:«' BB,y

L SESHALL eSS

ESRZENE KD,
TR B

g

PR 3R LR

}

)

PR

;Jw\x

s bt i e, 84

il

P

=== (HM-), 1ppa A

R
N PRIVERE .
Samenn.
AR
AR
O
a;"’g

|

i

s ot e R

m

- 380 -



A

i

(8 group)

it

Heyal. B

2"
A

26
v
3

&

e e cmme s+

s v v e ™o L

§ 7

>

1

-BJMAN &2 A
A2 Az

PR B, LR AT

ey,

RS

- S

BEEIHD
.
100083

B ssramem—

e o B

e >3

¥o

sy

R S G A I ¢SSR s it

LA, ST ek st G NSNS e | ot 3 1

r

S RE——

BRRIE A, ESHUIRA SN 80
(21 <2 B NEREIE T 2 X UL ag" RESY

a .

3

LRENNY

i

-381-



1l

(A group)

2=
=

ESHERANES XS
i oy e

;

m“
i
nw ,“
wmw
<4
i =

=== “.m
=
"o
=2

<
=r
O R

s

QY o b e

(4
E«

;i
2 Ng~

E Y ELEE

s

g T




{B group)

¢

e L el

T |AA-RHAR

L s

o]
g2

woce 11

_0.4 )

- 383 -



FHLU =

(A group)

SRR R

o eireR e e

NPD

et s
~ f e e e e

A L L L B N

e

i

¥y

AR Y

Lo
i
R

L e

i

T IBM-EN g2 4R
ST RA0. I BHAT AT

it
PRy ]

-384 -



FL=

(B group)

ErE R R R e el
PN :

T BN g2 e L]l e oA
woco \HA-). Tpon BAZ NG -

R R

w0

TR

3
2

&

&,

FRLRRRY:

ot SR N

AL
AR
L %‘”Mﬁ [
£
R 5 -
FEATHE gmkx@gmwwx'«mtﬁ e 4 - I TE it E2
cambh i 2 R .
.
L
et !
e
. L 5o
b .
1 g :
ey . 1 i

-385-



= Elt&

3

n0

(A group)

11y

o

rrv—

by

e

P o

S
~ &, o

-

e e i e e

10

B g

%

QESEELRIB) LI LY,
SEIAREBANGS 2 L5

Feaars S ey Y L S A a0

S R0 BT £ B

»

L

LRICE £B,
RLTEN 2R
P
3

R TR

]

P

|

NRSLILN

B

WISRRERAIRE A, 429

f o SR

TR

NE

4o
W Az

M-I
A-). 1 &

;@Ju‘

SR

JUE P & SO £ R

b 4

é :
3/ 3

fJSW<

H
L
ol

N

3

L vy
P

%,

i ;

o

i

-386 -



b (4]

Nttt

520 #3
L

i
Pagex
B

PSRN - W

i
J R .
Lo ;

aE E0IE
(B group)

Al

X2y

S
[
&

2
%
o
m
3
o
3%
5
5
&

kR

A

SN ERE LIRS,
2SR B

s
B4R 42 Ng

PR A
SRR A

A Ng

N
H H
H i
Z "s
¥ 1Mw

SR T NCYIE SR 3

L

Wi —-.
e

F

B o BT R

BOLRRE
TERRI
ook
ERFIERT i
4RI
CHEAY
20D
HORRORS

oo | HA-) ppp BN

Pror oy oot

- 387 -



EO &

(A group)

)

e 18 ]

P
#

a8

B ¢ v S 7 3 8 g e o

© g, e e

1 75 A o AR A

7NN RN M D A T A eSS T e it S AT

NE

BA-). oo BN &

¢ - olJ ¢
I —— DR - S 4 g

5

e L A R T

¥ Ak A
N
H
%,wa,fm

42N

N

S eSS LG

i

LaP bR, 5 SRR Sa £

EREES

I

ORI D

e .
Lo s e
o
AOD
OO
RO
rOrny

o

- 388 -



(D

[

‘
: Q
R :

H

E 0 &

(B group)

-389 -

R S

bty

M Az

A
o

AR 22 A

~0.1pom

-H
D

AH
-
N‘
=

[ AR M 34 T SR

T R AT AR 4

3
¥
;]

e B RIS ey s ¢
IR ﬁkﬁ ARPIRBAIG Eap A r

Plowivy
A 3
WY

R P N




b X

(A group)
S2Rag wemmsiontes g

FEpAR e Nz
(B4 top AT AR

%g THBIR

n
4

A

i "

-390 -



Jt A

(B group)

WGty e e
9 ;fuwmm S dEy ¥ £ 18 s

HABOMIN 22 Nz . . fECD*
R YR .

2O

4
Vo

L7

4 LR T -
m’g R mxmw?,@?wm o

: T
5 ek A S LA
: P, e i
o e

AR




g}
=

A
T

(A group)

Y

TIEIPUKLNY,

BN ear e d R
RIS B R e iy

nH nH
. = =
m ol ™.
52 o8 = .
= —
e = 3en ;
L. !
o= =5
4 RO <> |
ﬁm\ =r =r ;
%u o T2

-392 -



Hi
=1,
(B group)

A
e

L . i B !
(L 2 | i
5 ¢ 1

d:%ll.v\....t Hﬁu o { { N

X P ; IR

24 L P
] Ukﬁh}ﬂ w W ; ‘ 3
§ s e N xmm w : % L e s 3

T
: %

X B oo

Qg sos o SRS

-

18- r

!

5

Pt st o o e S o A AARE A e v oo
-

i
‘148

LRSI o A5 N T U B T v s o

drrgs 15

LB W JU
Mt B e R o S L WA R RGO S S SRS £ ooty ¥ R P N R T N b R AN Y e el © A Y T L M
H st -4
H H
ORI i B e s e o s 4 {
. D% - e I B S 5 5 A LS B A NG AN £ e N
. A4 nH i i
. i ] . ¥ -
‘ — = 3 pu i

mJ

Q
-

EHEY
For

S s e

I

st

1)

LI An AR
LRI DR

Y R
[ANIR] L g Y RS

e LEYYEN

socws | M0 1pon B

TR
TETERY B

AR R R R P g

-393 -



AFES

(A group)

TTHM-RIN %S N7
weos ‘HA-) om0 AN AT

§
i

oo

s B
&
rmM
<>

o

1314 H H
i 1 { H
e ; § |
3 o, i3
OO “of
¥ z
. Y
:
S 5
i
i

A A0n

Bul”

M e

AN [

- " AR T T

CHPIPE AL SECH RN A Ky % 77 . f

et e it S s SN et

T

5o BF Yo,
P Qo a0t
; M&m&%nmwﬂm‘i«\« mww%;

‘ ] i
o [ |

SFOOY

|
|

[ERRRONRY: - RN 7 - S e R, A S b

-394

RS - ST P



(8 group)

pEx

T !

N A R

B

o s A

wix
H
i
1
%

S A e e S SRR 1 ) R

@
H
:
¥
H

N G S A, VK $T

1ea?

Sl T s £

- o
& et
% S i P e :
I v A p—— s < o N
= A o e «

B e et b SN ORI, o P I A ST

stk Uiy
(22

HAR 22 A3

0.1oon B A&

a
R L TRO e e TR o

"B AL SR ABAA R DR (Y

i

3

§
H
H
<
§
i
S
+

e e e

{

ARV
I
BRI
SRR
EWRHEF
B
ARHNIS
AR
FERMH
FERIRE
emgein
SRNS
E
PR
P

-

S

-395 -

o,

‘QM:



H =
T T

(A group)

- . .

ECD
NPD

RS ————
S e s

29 30

27

S R A e 5 R P R e M

Al T
Al ZE

e
>

1y

s -
+ Al
10
Lol v i)

T RCHEANEL AL 1)

138 KDy

CEIEARE AN, W
FEE RN AL )
T
21X
¥

4

L

<

BN

PEELLI T A
IESEYE A
,-_é)\2

!
|

B2 6
BT &
-

-4

- 396 -



K
IF

(B group)

ECD

30

5 27

>

20 23

9. !

@ B

gy

H

o, \g

o

§ W

m?\;«
]

A=

2EALEd

1

A STAISUX B E A=

BOLY R, (PRI KO0 D)
FCDF FR, (PR BRI

8 i —O.

pPom

cournts ¥ oy .y

XN

DI A, (PGB T A L5

TR L

TR AR TGS

. 10

-397 -



M
2
Aci)
>,
fiu)
i

o

g

[o3
9
<
e
o
o2
2

ot Aol Eojzter E3] OECD 7Yooz diiie ¥
B FYUF FFo] AeE ok oleld Al sE H&ay] A AFS
FAAAE LEANA AF FY/MEe T5Ho2 dAr] HE =¥E st Yo
H3te oo AAAe AHHe & FFFF BF A=A 2
g4 dyses 22 SldAe AFATGE gdd vEsy A2 wdE T
3 Bt AAGAY ATA FAAM #AHE 27 AFET U
Ze FFHEY FEF FEE 2382 4% FAE BEH d@F
F7F Hol ¥FEY AFd B2 HE 72 8% oy} IS A=
o M AFE FAAU AEE o]H R = el 3o FRAAE A
3 AL LFS AT gfon, ol HASY) A A AEeng AAH ez B
AMEDL ERANE AzAY M =283 A A FFF AZAN AL £55 2
29 Zo] AzAY ofd & HHS ®vA HJd. 1 F 24-dichlorophenoxyacetic
g AzAZ phenoxyAlel &3¢t phenoxyAl Al ZxA| €]
A 549 S2AREe AU Jon, FAFz AHGHS AU oldA &
4R AEAHEAE Ak a1 F4oldE AMxARAM A28 T2EFE o
g AAA e 29 FEES A st3, BExAY X8 £ - HHY - &
AEGe] HFEUFTH T AE 7123 A ZIFAL
gstd AxAEL YeEdth ¥ A5 9 oW Fol U@ 54 ¥ gol AdEe F
oz st FidlMe odH, B, o) Aujo] Be] AHEEHT TE2EAHY FEE
doz d8 AFxd P A AV AFH 8 Fdo HxdE & F ¥
(post-harvest pesticide)el Wt old 2/ 3 WAE AfX = AHEHIL QU
A UM AFFS HAE T FAELE F3] AFH 1, 53 £U%
Ago] diE FAE Bo vFIER IFFFHUAE OF U gaye) Ao

obgd FUAFVEY A4 APY HHe AN +% F FHAAL S22 FEAFY

™

2
X
o

ne,

il

o
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A7E E S A ATFHE, SEFAE dsiMe FAH A AdAdA FEEAE
(Ava, wl, zHE, A B Auax A BAEE FAE] FoF ZRAHE A
A8 gQlstojol gk o) HalME A&t AGH Y JFFF BAYe] FHH
Qlofob &tm md 2 FEchde] tid FHAAN FUh TAUWG Tk £ S AAIFH
FgHFe ALHA As Foz2 A FHFY AEA AN AEA, FHA
Sol Hold EAge daAol &

YA FAE F AE FY BF AES FE A A=vEIAY (gas
chromatography, GC) &2 1A% o4 zZ=ZntEdd (high performance liquid
chromatography, HPLC) o] ¢&sli ot 283 A AAZHLZE 77|24 o]
BAsgE gla, obgE e TREFY FAEAW Fol MEH HEHn A

73 A3

»

lae)
.
@]
N
N
iz
9
=
2k
A
Kl
e
2
e
[—‘
@]
Jeo,
oM.

ofgtefo] & EX o] HE@dtE & uH @
gAY BRTE HA oA HoE A
E g ZvjA ol At FrteHxE
Fore] AFE LA 23 ARE 4/ #EF F e BHETY AL R HEo] Ha
g, 7171840 9de Bdstds B AR AVAJN BUEHIS & 4 de A
23 Y ko] astA HAY

ol $lste E Tt st AAEAQA FH o]& st diE B
2 goen 1 FAMNE HIEAYW (immunoassay) e HEo o3 F4AWY
(enzyme-linked immunoassay)9] 7H#e] #3 A7t 2 FaA A=A
o 2y, 71549 ny], A BAA, 2 £ kit FAAL A F
AR Boo ozl gol HWol BHy|Ee Ul AMAY] AFE sTHAAL &
o, 17 g Asg F9e A4 4T i FUFAES HIERT 4F dHA
gue W AEAEY BEd AA 719 & glegd Azdn od & dFdMe
ZUY A Fad AzxA F9 stuel 24-Dol tE ELHRIEHY J&& AEstnz &
Ak

tr

o,
off
>

Y
2 W
o A

22
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2. A3y

7h Aok 2 AEAs

Hapten-©@ ¥4 conjugate?] /o] "R3F Al2Fel N-hydroxysuccinimide (NHS),
N,N-dicyclohyxylcarbodiimide (DCC), dichloromethane, dimethylene formamide (DMF,
D-8654), bovine serum albumin (BSA: fatty acid free, fraction V, A-3059), KLH,
ovalbumin (OVA: crude, fraction VIDE SigmaA} (St. Louis, USA)A Td3Aq 1
dialysis membrane (MW cutoff 6,000~8000)2 Spectrum LaboratoriesA} (Rancho
Dominguez, USA)9 Spectra/Por A && A&3+g ),

Ao AE3F complete Freund’'s adjuvant®}t incomplete Freund’'s adjuvant®™
Aldrich*t (Milwaukee, USA)S] A Fo)Rqo™ fusiond] A& polyethyleneglycol (PEG
1500)2 Sigmartel Roldth 2 9] ZAUGEAH 28" A%l polyethylene
sorbitan monolaurate (Tween 20), 2,2’'-azino-bis(3-ethylbenzthiazoline) sulfonic acid
(ABTS), hydrogen peroxide < Sigmarl AEFL AMEstgoh. 2831 23 &2 AL
# antimouse-IgG-horseradish peroxidase conjugate® Jackson Immunol. Chem. (West
Grove, USA) AtellAl 7iate] AR&atct. Wedo] A4 & syringe® SigmaAl AEL,
T3 Al AN 3-way valve® 3} vtz AEFS AP 2@ cell cultured)
Abg8 T-25, T-75 flask, cryogenic vial® CorningA} (USA) AELS A48 3,
microculture plate (96 well, 24 well) 2 15 ml, 50 ml conical tube® NuncA} (Roskide,
Denmark) A|#F& AM&34th 283 ELISA9 AM£% polyethylene microtiter stripe
DynatechA} (Chantilly, USA)9] #AE & Ab&3t4 ) .

MEE FA e Holdg A fldto] A 7194 % FFEF 24-
dichlorophenoxyacetic acid (2,4-D), 2,45-trichlorophenoxyacetic acid (245-T), 24-
dichlorophenol, 2,4-methylester, 4-(2,4-dichlorophenoxy)butyric acid, 4-chloro-o-
tolyoxyacetic acid, 3,4-dichlorophenylacetic acid (34-DPA), 2,4-dichloropyrimidine,
2-(2,4-dichlorophenoxy)propionic acidt SigmaAl #1E& ARL3slY ).

L, AH-&7]7]
Cell cultured] AF&® CO: incubatort Integrarl (USA), centrifuge:™ HanilA}
(Korea), water batht ELIMA} (USA)e] A& A&3tr}. Plate shaker (Tritramax

- 400 -



100)= HeidolphAt (Germany) #|&F& AFE3l¥ 3 plate A3 7]+ NuncAl (Roskide,
Denmark) #&¢! Nunc-immuno TMWash (470175)& Al&39.20, ELISA reader:
Bio-RadAl (Hercules, USA)2] model 550 plate readerZ, softwaret MPM software
(Bio-Rad, version 4.0)& A}-&3}5ch.

Soh a2y o2 7hA] B4 We] 451 JormE HPLCY Wid #4HS Iy g

k!
olg sl AgoeRE 24-D EFE, KHPOs (A F 157), acetonitrile (HPLC %), &
¥ (HPLCE), EEEEY : DMP 1.25% (€81 = 0.1 M KH2PO4 400 + MeCN
400) (pH 2.60+0.02)& FH|3tg 1L, 717+ HPLC (UV), 25 ml syringe, 50 ml &34zt
flask, 10 ml volumetric pipette® 83l &3 2 23S AX AFS AAsia

SEE Atsadh

=, REFAY] 2AE XEF 01gS AFs] Zob FHAZ flaske] ¥ WP EES

0 miE AT HE T gas] A HEAT olge] AREAY AL T4
BozA 0lgdl sFshe NEE AR Gob FAAG flaske] ¥I WFEFEY

10mig %3 /Asa 43 5 dstetdrt. a2 oldel ALY 24D B
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e gew 2o,
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Chemical class: herbicide

Common name: 24-D

Chemical name: 2,4-dichlorophenoxyacetic acid

Molecular formula: CgHsCi2O3

Molecular weight: 221.0396

Water solubility: 0.0890g/100 ml, slightly soluble, decomposes
Melting point: 138°C

Boiling point: 160°C at 0.4 mmHg

Density: 1.563

LD50: 375 mg/kg in rats

24-D= AL 2R "WY%o] 7] WEe] dude ARANA BAFE TG
2N F94€ FA3Ah 24-Doll A FAE d7] Y8 HYdoez g ge W
Hoez dMdg AFAAY. F, ANFCZAM pyridine, carboxymethylamine, =&,
benzene-ethyl, acetate, anhydrous sodium sulfate, DMF, NHS, DCCE& u|slgt}. of
€2 25 ml V3 reactive vial, 10 ml 13] € FA}7], speed vacuum 59 7)7]& ZH|s}
e 282 A: 30 pmole 24-D-oxime conjugate in 100 nl DMF, B: 30 pmole DCC
+ 60 pmole NHS in 50 ul DMF (stir at least 5 min at room temp. before separation)
¢} C: 25 mg protein (BSA, ovalbumin, HRP) in 1 ml 0.1 N NaHCO; &H4& Zu|g
F oed 22 dyoz A WaYdY 2 B EAHE A% I"gdoe=
AL&-8H At

24-Dell & Solga AL 8 e immunogene 2,4-De) carboxyl group
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3} carrier protein® amino groupS A#EE Dean T WY (1971)& AMEEYHx 2
H}4L &3 #rh 24-D 100 mge 200 ple tri-n-butylamine®} 6.8 ml¢] dioxane®
Eola EFNE 10T ice bathol]lAd &%& ¥
wgkebax Ao EF AL 10TANA 3083 wutstel FA4FA 7L 10TE &%
& ¥& viald 018, 0.7, 35 mlI¥ 23 Z+Z+e] vialel protein solution (0.78g/20.55 ml)
1.7 mi®} 078 ml 1 M NaOH, 13.8 ml dioxanes ¥ i 4TolA s ¥§A 7D
B F g o2 FHTE 29 FAsAT 4 § Bradfordd (1989)22 34
D-protein conjugate?] ©@¥ A F& AHFsle FHAAZ At Conjugated ©
WAL AHde F5 KLHE Abgatgoen, 34 97154 2 Sol3A ReE A%
YA S BSA, OVAE A4t

& % 50 pl9 isobutyl chloroformateE

oot

uf, GE22A A A4S 4 hybridoma 72

D ¥y W FEA titration

AZEEE 98t AL&3 BALB/C vwh$-2v did SEASAHGA TH3S ALE
stk AF 657" BALB/C vF-2(hz)el 24-D-KLH, 24-D-BSA A3 A<t
Freund’s complete adjuvant®& 1 : 18 3 A viagl & 200 pg¥ 7oz #

A3tk Hx WY 35 F A titrationS HAEAIL 65 F thA] FFA titration
& At HF d9e A F AZFHE A

g9 97134 indirect ELISAYCZ AAd9n o2 #AHL gd 2o
Carbonate-bicarbonate €% €% (pH 96)°] 1 : 500 ¥E& 34§ 24-D-BSAE 96
well polystyrene microplated] welld 500 ug/100 wl® H7lstz 4CAA &% &<
coatingA] Z t}. Coating & A4t &&89 (0.05 M PBS, pH 7.3, 0.05% Tween 20)2.&
A Hsta 1% BSA £4-& 200 n/welly H7bsti 37ColA 1412F X Elste] blocking
stk 2 the A EFsdoz A ANE S 50 w/well¥ H7Fska 37C
A 1A B¢ vk AAT QA gEgAoR A H AMAsIa 1 100022 A
anti-mouse IgGE 100 ul/well® #H7pste] 1AZFES vEE-A1Zit 28 o8 A &5
gdoz AFstn 71AEY (ABTS)E 50 p¥ 2o &4wEE FEst. d2d0A
08T TANEE FAAND F gAY 50 pH S Hrlstd AnWEE T
4

05 nmoll A FA3A
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2) Cell fusion ¥ hybridoma 7§

AZE3te) ALES FAMNEET MEE P3X63Ag8V6s3 AXFEA AHAdstn o
et mABES WA BGrol Agigh Aot o] F 8-azaguananine (20 ng/ml),
10% $-Hlob8H, 109% NCTC-135 (Gibco), 1¥]3l gentamicin (50 ng/mlo] THFd
RPMI 1640 (Gibco)Z i ¥at™ 2~4Uo] ¥ M Az A2 A2 dolFd
A 37T, 6% COq incubatorol A ¥, Altisted AL&adth AZFF AHET FHA
EF AEXs A2 WA 18AF wj¥T § RPMIIG0S R 33 AlHsta AMEFE
1x107/ml2 Z4ste] MEF3He] Ab&stdch

#EFWY ¥ 39d°l Z#E BALB/c vw$-22RH BHAE 2E3Y Dulbecco’s
Modified Eagle's Medium (DMEM, Gibco) WolA Aoz H|AAEE EEsgdct. v
FAENE A2 A HFeA FAAA A1 d¥xA& 7heberd AAst DMEMS
2 AAAH sk v EAE fElol H o FEehe] 280 XgolA 5 AR
feen HAAEY W d4%e AASAT. DMEMe 2 dAAHZ g, 8%
AEHE Tris-NH,Cl £ (Tris 206 g/ml, NH(Cl 83 g/m)e 2 Hgsle HPFE
SEANA YT A8E EYsdth 2% b3 RPMIIG0o.2 33 AAste] HEFE
1x10%mle 24ste] A&tk A EFEE Kohlerst Milstein (1975), Z8lx
(1984)e] oz HASATE &, Aol Eud FANEE X} HIFAEE 1: 10
o HE&R EFste 23d AA AAAHATY. 37CE BHAR FF AEIAE
50% (w/v) polyethylene glycol 1,500 (PEG, SigmaAl) 1 mlE& 187 AA sl AEE
SHAAT. HH F FA] 37C9 DEME 1 mlE EEWUA 18 5o Huledzn A%
A DMEM 15 mlE 583t 2 drlste] AEgEe AAsHL §3o 8 £

oj

MEAL 400 xgoll A 5&3F A3 20% F-Elot¥ A, 10% NCTC, 183 gentamicin
(50 ng/mhe] H7Hd DMEMe| A1 thg 96-well W Fetol] welld 50 ngd &3}
of 37T, 6% COzll A vl %3t

8" NESE 937 98t Littlefield’t 198 HAT (50 UM hypoxanthine,
0.4 UM aminopterin, 16 UM thymidine) WiX|& €& % 1, 3, 5 2 7¥°] welld 50 ul¥
A7bsta 1096l 150 plY WA g wesie] 154713 §FAEY FARFFE Ad4A
#v|F oz JaEsA

% F 104 WA 159 Alelel §8E AME7 well vpEel 1/3014 AA89S o
g FedE A FA g YUARE Yol N & v B A2 ELISASE A A8
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A dAE yAsE welle] AEE 24 well plated] A WS F A 97t
7b A% #FAHIL carrier protein® ¥lEolF Aol glow AEo FHo] &g
hybrid® A €3l cloningS A8t}

Cloning Mckearn®] F&d gAgoz HASAT 24 welldlX AFste AXLE
DMEMO. 2 35|43t} HF 10~30 cel/ml®] =2 23t welld 100 pl¥ 2334
kst At o] Wl A}&3k WiAl = aminopterine] A /MH A ¥ WX E o] &3HUTH T~
109 Mg F G4 dAnFoz 1709 AEHGo] FAHD wellE Meistn A YA

& ELISAR A48tk PMol ti@d HolAdst wzAdel Hold monoclonal
hybridoma cell& #% Meste] Z2N7131, 10° cel/mlz ZHE WFHEE cryo
tubeol 1 ml¥ EF8t] -70CHA FEHEET F A2 BHASEA HFPo AR
atadch.

2 ¢ hybridoma cell £°] £H3te @28 A9 54& 2Ae7] &) B4 &
Ag =7l Aol Integra BioscienceAtel A 74erd INTEGRA CELLine CL 6-well&
o] &M WF FEAE 2 F AYE AANFAY. F, drH oz T-75 flask Aol A
Mg Mg AR A FHsEst ik MR A AEZSE FZeA §A
717 =22 o] F9 monoclonal cell line ¥& FY§ ¥ 84 Fro oz
wo] MET 2B F AEFsL FAH FA LI 4] HAE CELLine CL
6-welle °] &3 T g ASTAE 9L F IgG FE anti-mouse IgG (Jacsone
Immunochemical Co., 24 mg/ml)& o]&39 Bradforddg ©]-&3% Bio-RadAl9]
protein ® IgG % FBA o2 AMEXF o wel ¥gAZ & ELISA reader (595
nm filte) 2 F3FAE 8o F=& FAsAh

Ao WYor 42 FA F ELISA 7t A& FAE HEd F moused BF
of ojAdte HLfdg AMASAC. =, 159 A B4 pristane (2,4,10,14-tetra-
methylpentadecane)& 0.5 ml Y3 moused T-75 flaskollA] 3 F2]A]17] hybidoma
cell¢ FAs] AEF7H 1.0x107/0.2 ml HEE 2Hst mouse] B FYatArt,
°f 8~109 ¥ HFo=ZNH Egdg fHeo dAEHT F A5 AL ammonium

sulfate’ 22 A Azt FA wgA @ 54 A EH AHSddd. &, E5dS

i



rE

202 PBS &40z M8 ¥ % ¥3 ammonium sulfate €A 4ToHA =
stA & e d Jlate 3087 ¥heAIZl B 10000 Xg, 4TAA YA R s A
=& I, IAES AR A BFdy 59 299 PBS &4 Mg o
Al 45% ammonium sulfate 8948 FF 7hsto] 4ToA 3087 ¥HAl7I T 10,000 X
g, 4CAM A4t AL S F43Arh 9 o] 45% ammonium sulfate &0
2 RPN GBS PBS §902 3Y (28 AI/Y)FL FAL PPl F4o] B
€4 9¥d Fe AV IS AP A&y

2

dlo

2) FA 9 EAF xA}
2t hybridoma celle] #Hl8l= GF8A FA 9 isotypeS A GO, o] w
isotype®] 272 Boehriner MannheimAt$] mouse monoclonal antibody isotyping kitZ

AHEste] A e wat A gl

3) FAe uxureA HE
24-Dll g G2 EA FA 9 BolHe Dolry] 959 24-D9 FAFE T2 o]
dAEl 3 standard curveE FA st ICx o2 LA L AASY )

Ab ELISAR 9] &9

1) Coating buffere] A3

dutdgog I ALEHE carbonate buffer® Ueno 5& pH 969 carbonyl
buffer& AM&stglov 2 Aot 2% PBSS =¥ buffer® Al43le] 7]E9
buffers} ®]x 3t Indirect ELISA¥ 2 ZA5on o]g aokstd Fig. 13 2t}

2) Coating 2719 A7

Microtiter platee] €& 3®A17]7] 93] 9L carbonyl buffer2 343t 50
ng/well2 AWt ZHH plateE 40C dry ovend 4C WA TANA st59 =gt
¥ Y X=7} ELISAd A& 43S A
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Bidimensional cross-board check with II: Antigencoating  f—
Homologous or heterologous coating Ag

Washing (3%)

R EEEEYS
Y

N

Check the optima condition of reaction Sargle +
buffer condition including influence of ;{> Anthody ]
organic solvents and reaction time etc.

Washing (4x)

Extzyme labeled

b [

arti-irrroglo g)

Washing (6x)
2 S

Substrate atlition | [+3 P
>

Stopping sol. —

l I %olid phase ,l\ Primary antibody f Erzyme—iabelled anti-mmunoglobulin
& Anayte $+ Codting artigen 8 Subdrate P Product

Fig. 1. The main steps involved in indirect competitive ELISA.

24-Dol W& G284 FAEY 24 2"Fde U A58 2L APY 2AE 53
7HE FE7L fHold 2S¢ Agstna 2+ IHFYL 25, 50, 100 ng/well (100 ul)e|
0 2 1 ppm® 24-D 50 pl ¥ CL-691A4 {& @AY 34 48 50

Hl g0l 37CoA wgA] F UM Med IC-ELISAS AAs9 FFE (span)E
2% AR F 1o ARHQ 48L AN

Ao

o,
2{_1‘
£
<
ot
ot
24
e
Q?‘_Il
e
fo
ofN
EiH
L
off
of!

4) Blocking buffer”} indirect competitive ELISA (IC-ELISA)el| w©]Xj& <3

Blocking buffer®] %7} ELISAC] wjX& 4%&& 4B A blocking 24&
27] 913 BSA, skim milk, gelatin & caseing blocking A] AF&3tgon Zzte %)
A Egetd vlusirh Yuty oz BSAY skim milk7t AMSEAT gelatin F&
caseing blockingol AH&3lE o7t o] o]E BAL o] &3Y: EF ol EAL 7
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7} 270N ETeteted wlwstaar sk

5) HRP-conjugated anti-mouse IgG &% % AR

ZYIY3 A% FAE HE57] 938 HRP-conjugated anti-mouse IgGE 22+
FAZ ARSI AR, AT WAL g2 r e e AR A2 FA)
E 50008 #Aste] 37CAA 30%, A2 1A g AIZ 2 10,0008 &4 st} 37°C
oAl Al 1AZE, A2 A AR JEgA AT

6) $ZF A9 %7 IC-ELISA vX& o

A, B8, 5HETd 2L BAA R AR 24-Dof]l Wi HALE 2T
ocu® ol HEUGder ¥ AF AAHA glol HE ELISA systemo] 2|&38AY,
solid phase column (Sepack, C*® column £)& o439 %3 F #A&Y ALE 5
A4 AQ T AYS HAASE Aolmg {71808 AR FEHE A &€
g 5 A& Aol ARE FF, ¥F A §lo] vE ELISA systemd] &% 7§ ¢
o] FgMEE FAE FA Y adeg B A i F4rteAHE AHBuA
FAE gAste 4F A v=7t B4 U7z uXE FFg HHEYE oE 9
stod FAGA NN FAE &4sE PBS ¥EE 25, 50, 100, 200, 300 % 500 mM ¥
2 aen g2 21 44 71€% IC-ELISA 237 Fd3dth

7 713 wbSAIr AA
71A2E ABTSE AMESI9 3 714 H7F 3 108604 1A74A &4 58 g8z =
Aste] WSAE AASA

8 Fr71-&wfe] o FxAL

Alg F 29¥ 24-DE FEsted AMEHE #7140 E Addr] 938 acetone,
methanol, ethanol, acetonitrile 592 zZF &v& FsxW¥l=E A3t EF 24-D €48
At H7tE oS ELISAZ #sta f7]8viet #7147 =7 ELISAC RX &
FEE A
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9) IC-ELISA H#%#34 ¥

ol el AgoA AHAE o2 ELISAE HASAA 24-Dell dd AFAA S
AgeAnh o]& VIR Algd A& A AgFEEo wAe AT oigtd nlast
= 7lEoR AMREda E49 AFY 9 URAEE Eiste ARR o&sdd. M
Y% d#E Ro| hybridoma cell linedl A EFHoz oA AAg F oA 7]
%3t INC-ELISA % IC-ELISAH o= &9 et 92 Iy JAu5-E A4S T 4
FEAE FHAAY AFFHoZRTE T B4 WUAEE [Co #oE v st
ICso 32 Hd FHE=E 50% Asr7]e BAEZY & v, & A A%
B #2 MPN software (Ver. 4.0, Bio-Rad Co., USA)E 4t&E 5+ 4 parameterZ ol-&
& logistic equation°ll 9|&ta] ol Heojm 1 AL g Zgh

4

el

Y=(A-D)/[1+(X/C)®] +D

A71M A Hd F3E, Be #49 71€7], Ce ICx 283 DE & F4EE vE

10) Heterologous ELISA$} homologous ELISAS] H] &

2,4-D29] o] A2l 34-dichlorophenoxyacetic acid®} 34-dichlorophenylacetic acidZ
24-De} 22 oz OVAS ZIANA ZEFLS 41 ol ZBFYE o &
sted IC-ELISA°] A -&Al# v}t Hapten® @8 QAZAFIE bridged +3&, Zo) 28
A A T RAEHE g FA e AFuSed #Aste o|2AY, FAEY, LA
FEFAE T FFE Fo] FoldH gt AFE vide A2 AFAH} g
T HAAN FX7F B8 haptends ZAAEZ AHHARAES B 24 IR Fo
Ade Bad osld B =FidAds ZE8de WY thd heterogeneousd 7

AR AE3e] ELISAE 33 & 71 Z3E homologous ELISAS vl dtap & o).

o

K

°§-"—r"

o}, Immunoaffinity column A%

AR 23] HlFgog FHY YT 24-DE AHA, vF37]) A% EFHOZ affinity
columng A &3 At} Immunoaffinity columndl] 213 24-De}] AA Y& Fig. 29 2
=

- 409 -



{5~ '\-.'l
<4 %4

vy
™

- A

o
N e f b

'Ry

Fig. 2. Principle of developed immunoaffinity column chromatography.

A, monoclonal antibody; B, support bead; C, 2,4-D molecule.

A el SoldE gel 26 mgs YA/ BFHE 7@ funneld] &7
il gel 10¥4%F9] ice-cold water2A4 geld A A&Act AF A gelg 25 mle 71$
HEEE AV Eodde I mg F4 £ 5 mg #x/ml PBS) 50 ml 9A 5o
T P &0 FoHst gl EF Aol HA @ g 4ToA dRET HH] 2
AT o] W FA ot gelo] AFE AT F, 2% AFAE Hild FHFE
40} 34 F 280 nmol A OD.§ A3t vasgdet 538 2FEd H5E N-
hydroxysuccinimide®] W& & @ZAA717] &) AAZ 1/1009] 2= 1 M HCIS
d7bete] pHE W& tg OD.8 ZA4s A

FA e} gele] 2ol FAHA FA 9] 7 active sideE §1o17] 98 25 mie] 1 M
ethanolamine-HCl& 7} o3 wd& 1A% o AL ¢2E84 A9 289
gelZ glass filter7} 228 funnelol 7132 250 ml9] €3 500 mle] PBSE gel& 7t
A A AT, Aol B gel caket AFH frEldolt AlgTel ¥ 25~50 mle
PBSE AZME oh& Wolel7t A71A =5 F23 awAzith ol Ao 01% sodium
azide® H718t3 4To] RASEAM AP 143

g A8 24 F AAE &y go] Fysgdrt. F, AR 6gS 50 ml AR
gl @l ¥ 70% methanol 18 mlE 7}d ©g 1083 JA&71dA 100 rpme] £E2
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ZetAch Agol Y ARE 3000 pmelA 58 AAEGSHT 449 6 mE 3
o PBS 36 mlZ EXAA column AAEL AaE ALgstgo. FAzlo) %M oA
7t 2%¥ gel | mgg minicolumne] ¥ 3 10 mle} ZH4s PBSZ 247 AFstn &
et AFe 24-DE methanolZ &F A Z o}

x

2}, Immunoaffinity column-ELISA (IAC-ELISA) #¥

Agel =3 mEd 24-De] LAAEE FAHo T Hart s AE, I ANBRE
A8 st immunoaffinity column (IAC)S. 2 A8 9] 24-DE geld| F23 80
LA F HWEEE §EAA ELISAS A &2 AM83lE IAC-ELISA ®4z27& Z
Er

=, IACE AA"d AsT ELISAS} A3A# IAC-ELISA X A2d¥-g 33
o] W UL wellol 100 p¥ H7tetx 4ColA 334 coating 3FHTh Coating plate
+ PBS®} 3¥ o]A PBS-tween %02 washingdti A AAT AE 100 piek
24-D A AL 100 pl EFT AL 100 p¥ welldl FASFALG. wrgdo] E
platet WAl A2 A 1A ¥FEA1 7] b8 PBS-Tween® 2 33] washingsli 2%}

AE 2o 1A © ¥r3A71 & PBS-Tween® 2 33 washingd & 714 (ABTS) 3

ok

of

Aog 100 wY welld] Fste) 1087 A A ELISA reader® ¢lo] vwlg Fn8]&
FEFAI vluse As £ 24-D ¥ 73k IAC-ELISA systeme 3%
=3

Ap. Zkol AL kit N

24-D8] WYRAE 95t X F7RA & APAHAE ulg o2 indirect competitive
ELISA¥M S ©]&3% ELISA kite] 4%3 A& A=stach. 148538 A¥3d, indirect
ELISA kitd]l Egs|ojol = FaEFE o2+ 24-D-OVA conjugate’t ZHHo| Y&
wellZt Z+ 3ol FHEE&A 24-D-121-46, 2,4-D-121-57 hybridoma cell linedl A %€
el ZAE 12 A, 13 AT FolatA wgse Zart EXNFH e 234 F
A, 71A3 g FALY Tol Ao, REHORZ syringedt filter paperst 0.05 M
phosphate buffer saline (PBS, pH 7.4) F°] ¥ Hojof & Aoz Algdd. olg9 7
T TAEY AYd 4F AGE AN KEH EBTHES 33389 indirect
ELISA kit AlAIFS Al&sl4
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7 s4E 4 A5
D A
ELISAHY F9-34 %82 A& o adoly A4 5 7)g ga
Fae BA Gk gEpy A5 ® 7
U ¥ buffers o4& EEFMA vlmale] WA glo] 4o s AF A5t
gk EF Age] EF 24-DE 1, 10, 100 ppbE 2FAA HF g e =RAT.

ofy
23
=il
wL\)
0
w
o
o
1=

3
At mekA dAFY QWA FAE FHod
8000 rpmel M 5#z3 AHEHTF F FEAL 3Fata o] & dichloromethanes
Abgetod 11 582 g Asla 3R A FEI}AT FEFE K789 FE Fsty
A2sSH712 §Fsta 10% W@L/PBS €402 A £33t ELISAC] H&stoh.
9 HHE we 24-D7} 295
T 24-DE 29MA BEEFAHE 8

f o
30,
N
&
flo
to
r&
N
L
>
it
e
i
e
ot
s
®
=

3) 1y

2 2g& A W€ 10 miE P} FE3T 3,000 rpmol A 1027 AR T
2

35 1 mE g o] F2EE AaeE7dAM 2 F oA 10% o ¥2/PBS
84 1 mE Yol A 833t ELISAE AN 22 3k 9o 49e ue 24-D7F &
AE A 4L HYE FET F o] §9¢ ¥FE 24-DE SPAA EEIHNG Y

=
83l buffer2 A 3 TETM A v astgdc.
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2 WeRAYe By F AR Ag QolA NEY /EARe HwE
daAolty, B dAFolAe 24-D st HPLC #4278 Table 13} o] #gsigirt
19 71712 E ol gstel 3R] LW ol AAME M Bg sk

Table 1. HPLC condition used for 2,4-D analysis

Item Condition
Column ODS type column
Mobile phase MeCN 30/0.1 M-K2PO4 70, pH 2.6
Wavelength 230 nm
AUFS 1.0
Flow rate 2.0 ml/min
Injection volume 4 pi
Chart speed 0.25 cm/min

9ol AL o] &3ty HPLCE Adst A7 olgle Fig. 37 o] retention timeo] ¢
6~72NM 24-D £F& 2 ¥ peak’t YERETL
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EX2 ]

DETECTOR RESPONSE

Jver

0.00 2.00 4.00 6.000 8.00 10.00
TIME frmin)

Akt

Fig. 3. HPLC chromatogram of standard 2,4-D.

v 22848 A4 43 A% hybridoma 74
o % F¥A titration

d9s HAE ve2E Hx W9 3F 3 uexr mgEiyH YL AF F
indirect ELISAY & ©]-€3} titration® AXN3YL 6F T thA] FAHEL ANFHsd
titration& A A8t e8] A9 3A carbonate-bicarbonate $+%-£ 9 (pH 9.6)°) 1 :
5009 Tx2 A§ 24-D-OVA ZFAHE 96-well polystyrene microplatesl well%
500 ng/100 ¥ H7tets 4CTAlM 2% F<¢ coating AT coating & 94 &4
<} (0.05 M PBS, pH 7.3, 0.05% Tween 20)2.2 A HA3}t3 1% BSA 242 200 ul/well
A AF7hske] 37TAM 1AIZE H2sted blocking 3t¥Th 2 thg A gFgRoz A
ot Mg AL 50 wwelly HF7tskm 37CAA 1A B¢ ST A ¢
FEdes A W AHSD 1: 100022 34§ anti-mouse [gGE 100 nl/welld 37}
SIA 1AZE WEAZT oY g A g3 gdos AHET 21849 (ABTS)S 50
uy gol EAWES FEsATh A20A 3087 TANSS FAA F g Ax
A 50 WS Hrhste] AANEE FUAY T Yehd BAwge] FEE 405 nmol
M ZA3 At Indirect ELISA¥l o8] A48 483 titer 23 Table 29 Zgto
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™, 500,0008 3He|ME d7tE AxE= @oz et

Table 2. Titration of anti-2,4-D antiserum as determined by indirect ELISA

(Unit: 0.D.)

Dilution 10 100 1,000 5000 10,000 50,000 100,000 500,000 1,000,000

Nomal 002 0015 0010 0006 0.001 0.007 0.005 0.001 0.001
Mousel over over over over over 1.854 1.372 0.453 0.015
MouseZ over over over over over 1.156 0.937 0.321 0.013

2) Cell fusion ¥ hybridoma 7%t

24-D-KLH conjugateZ WY A7l BALB/c mouse 47}8]& Al&3ld NEgFS A
AlstAth 2 2% Table 3914 Ei& vhe} Zo] §3 F EF3 1,536 wellF 1,229 well
M &FE AE7 4R 80% §F&S 2

Table 3. Fusion and frequency of hybrids selected by HAT medium

(Unit: number)

Mice used in Mice wells Growth in HAT

ice titer fusion seeded medium

Fusion rate (%)

5,000 4 1,536 1,229 80
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[e) 2Kl

ojw, cell fusion®] AH-8-¥ spleen cell ()3 myeloma cell(V653) (b)e] A EF9 RFL
< o] &3t Fig. 49 Zo] #Z Ut}

i,
o
gl
=
o

(a) (b

Fig. 4. Spleen cell (a) and P3X63Ag. V653 (b).

SHE METS HeEr] st Littlefield”t 319t HAT (50 pM hypoxanthine,
0.4 pM aminopterin, 16 UM thymidine) ##]& §& % 1, 3, 5 2 794 welld 50 ul
A FH7heta 109ele 150 e wiAE m@ste] 1549744 §HALY FAFFEE 99
A3 dvjF ez #AH AE Fig 59 Zgth

Fig. 5. Photograms of fused cell with spleen cell and V653 myeloma cell (A) and

cloned cell (B).
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aa FA Aake] Hojwge]

SEHNEZTE 2-welld] ZHAA titerg =4
st A3 Table 4904 e v} zho) 24-D-13, 14, 17, 18, 19, 20, 38, 121, 127, 128,
=]

B\

2129 F 11%9 §%

AE WG gEAcA FA Arte FAF & Adlon, 1219
127 SR EF A YuHo] Hold R e

Table 4. Screen and selection of hybridoma cell which produces antibody against
2,4-D-KILLH antigen

Titration (O.D. at 405 nm)
Fused cell
Supernatant 10X 100X
Control 0.048 0.028 0.041
2,4-D-13 2.180 1.921 1.500
2,4-D-14 0.520 0.538 0.739
2,4-D-17 2.330 2.334 2.320
2,4-D-18 1.167 0.829 0.837
2,4-D-19 1.172 0.277 0.143
2,4-D-20 0.800 0.652 0.451
2,4-D-38 1.600 1.145 0.941

2,4-D-128

1.581 0.980 0.856
2,4-D-129 2.180 1.920 1.497
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S, 24-Doll dis] Sold FAE X&Ho g Aisl= hybridoma cell lineg 7]
A8 A7b7E Hold 24-D-121 2 24-D-1275 24 welll A S2 A A cloning& A A
A7 24-D-KLHE B¢ 23 ol §FAE T Fig. 694 Hevieh 22 42
2 el E monoclonal hybridoma cell line 24-D9} Meld we-8 s 121-46,
121-57 9 121-699}, 47t7b 4% 3% AEFZ Table 59 2o &RT + AL
I1F 121-57¢] b & AR YEHTH

Fig. 6. Photogram of cloned cell of 24-D-121-57.

Table 5. Titration of monoclonal hybrid cell culture medium supernatant of 121-46,

121-57 and 121-69

No. of Dilution times of cell culture medium supernatant
hybridoma
cell 1 10 20 40 80 120 320 640 1,280 2,560

121-46 2384 2131 1925 1840 1335 1.057 0678 038 0276 0.169
121-57 2386 2275 2305 2230 1984 1824 1519 1080 0555 0.334

121-69 2184 1831 1675 1503 1.250 0957 0609 0308 0.189 0.096

L2 A48 Bol 121-46% 121-579] hybridoma cell line2 ol 83 &4
HAEAY] 242 SYHEH olgy] FAUGENHE S8 FNHE T T

24-De] A&WES A WAL &3k
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ok @ EEA A YN 54
D Ao gk 2 A

SR E 2% 9 hybridoma celle] AAstE A EAHE A7 94, 4 F9
cell lineg T-250) w{%¥3 & Integra CL-6 well®] ZXE o) &39 Bt} H3dH A
g Xt v ATAE Ao A &gk BE T-B% e WIEH2aE
Fo] Aol FolstA] Fi, A Agstd A T
] T79 FAE o] &3 assay® ML & o, =
E ERY AEF it EFds v Ar A% gt ol EARES 3
B AgdlMe 2 2351 Qe Technomouse FA F 3+l CL-6
well ZRE AL&ste] AEF P4 8 FAxA 98 93 A& A4 CL-6
well FA 2 9ol MEALE ol fad] zyld AEZEFE z-de HETIW dBFEY
FAE dAF A& F Uk FAY 9rtE duk wF AFAFH vasgs o,
Table 63 o] 4wk viFAL 100u) M ujolA CL-6 siF A5 1,00080 34u]
FAE EFAE Holg RO Hol CL-69AME 108 X 977t £ FAE

Table 6. Dilution titer of anti-zearalenone ascites fluid as determined by indirect

ELISA (Unit: O.D.)

Dilution times of cell culture medium supernatant

10 100 1,000 5,000 10,000 50,000 100,000 500,000 1,000,000

Normal culture
2386 2275 2305 2230 1984 1824 1519 1080 0.555
medium

CL-6 culture
over 2377 2309 2209 2176 1976 1789 1548 1.124
medium
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0
it

of zto] AAlsti

B 349 isotypeg ZA3}7)

o

2 &A ¥ ELISAC 713 A¥e Fxg 49E § moused] 574
of o]4ste] Haods AAAstAL, ALE HFe
A F sAAxs ] -20TCAAM BN ALstgth BA

93t} Boehriner MannheimAt¢l mouse monoclonal

ammonium sulfate 3 A¥L o]-&3}

=Y

antibody isotyping kitE AME3tRow, O A Table 73 o] 121-46, 57 EF K
type® light chaing& 713 IgGi& A4teo

Table 7. Immunoglobulin classes of production of hybridoma cell

Cell No.

Class

Light chain

121-46
121-57

e
IgGy

Dichlorophenoxyacetic acid methyl

w2 ol g Aot
acetic acid methyl ester?]

AYe e Ttz A

A3}, 24-Dell o G2 A=

50142 Fotwy] Ustel 24D} fAR FRE 7

esterdj]

-4
BN
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ZAlstg o 1 A= Table 83 #Zth 24-
3ty 675,
4-chloro-o-tolyoxyacetic acid (MCPA)o| tated 165, 189% ¢ FA}gHe-4
718 UEr =
7} 24-D9 FZo methylZ]7} H7tg RS

15.6% 9]

&gkt 24-Dichlorophenoxy-

Aoz AZe B 23e



Table 8. Cross-reactivity of 2,4-D analogues in indirect competitive ELISA

(A: 121-46, B: 121-57)
Compound Structure 1C54(ppb) CR(%)
2,4-dichlorophenoxyacetic acid(2,4- C OCH,COOH A:13.71 A: 100
D) 1 B:4.895 B: 100
2,4-dichirophenoxyactic acid methyl c OCH,COOCH; A:20.32 A:675
ester B:31.36 B:15.6
1
Cl
A:510.2 A:260
A T / N
2,4-dichloropyrimidine /L B: 2303 5021
N
NT I
CHs
- A:8289 | A;16.54
4-Chloro-o-tolyoxyacetic acid(MCPA) O—Q—OCHZCOOH B: 2587 B 18.92
4~(2,4-dichlorophenoy) butyric C O(CH2)sCOOH |A: 4258 |A:3.22
acid B:176.1 |B:2.78
Cl
3,4~dichlorophenylacetic acid : ¢ OCHCOOH | A:2896 |A:0.48
3,4-DPA B:2448 |B:0.20
C
2-(2,4—dichlorophenoxy) propinic c OCHCH3COOH | A @ o A:Q
acid B:«x B:0
|
Cl cl
2,3,7,8-tetrachlorodiben zo-p- | ~ Ata A:0
dioxin (TCDD) - B:e B:O
Cl O Cl
G
2,4,5—trichlorophenoxy acetic c OCH,COOH A:378.7 |A:3.62
acid : 2,4,5~T B:132.1 |B:0.68
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2. ELISA¥ o] &3¢

1) Coating buffer?] 7

Mg A (24-D-121-57F o|8F ELISA =& #¥37] #3t] coating
buffer®} coating A& H]E3d 2 71x A¥E FPsAt WA FZHI AMLstE
buffer& Ueno $< WAZ pH 9691 carbonyl buffer® A& oy 2 AgdAes B
%9 PBSE =¥ Al Algste] 71&€9 3 buffersd wlastgich 2 23}, Table 9904
B dheh o] B Aol F3ld Aol e BolA FAAWN 2 FxolAe B

uk-2-A o] carbonyl buffer’t PBSZ YT ARt 4&d ZAE HAH

Table 9. Comparison of coating condition in indirect competitive ELISA for 2,4-D
(Unit: 0.D.)

2,4-Dichlorophenoxyacetic acid (ppb)

Coating buffer

0 1 10 100 1,000
Carbony! buffer (pH 9.6) 1.848 1747 1.262 0.367 0.106
PBS (pH 7.4) 1.815 1670 1.253 0.449 0.142

2) Coating =4 A#A

Microtiter plated] &9& Z®WAF17] Y& &YLE carbonyl buffer (pH 9.6)2 34
3l 50 ng/well2 ZH3A. ZHE plateE 40C dry ovend} 4T WA oA st
2R F ZYLE7F ELISA ¥h8o viX& F&g ZAlstdch 1 A7, Table 1094
B dis} o] 4TAA 329 Y A AR 40ToAA 28 AR W% OD.
grol = A el

Table 10. Comparison of coating temperature in indirect competitive ELISA for

2,4-D (Unit: O.D.)
2,4-Dichlorophenoxyacetic acid (ppb)
Temperature
0 1 10 100 1000
40C 1.682 1.501 0.985 0.376 0.106
4T 1.852 1.701 1.152 0.385 0.142
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3) GEEA A mEIA Uig oY ~=3d
AQE T AdAHAo] AW 24-D-46 L 24-D-57 hybridoma cell®& B2 o
A2rste] ELISA 7iee 943 2393 AAageoz 3€dd 55 2 34 =S
AR F A4S 9% A9 989 29 Z, 0 ppmP 1 ppm Abole] FHx] o]
2 B3t} e w 24-D-469 7 $- 24-D-OVA 100 ng/well#} 24-D-BSA 100 ng/well
o T2 AWT F FAE 180000 3Xse ALHUS BE T HgHL Ho)
aL

24-D-57¢] A ¢ 24-D-OVA 50 ng/well¥} 24-D-BSA 50

ng/well®l $E2 FYE F FAE 140008 4ste Ze] FHzAA Aoz e
st PR, IC-ELISA ¥4% Hste] 233 A7 ¢ A9 xd02 std 1
ﬁﬂzA{)@%%%ﬁiiﬁ%-é@?Ewedﬂ Fd3Ach Fig. 72 2539 29

24-D-BSA(24-D-121-46) 2,4-D-0V A(2,4-D~121-46)

50 r
1 i 50
45 | E125ng/well coation B25ng/well coating
w0 W 50ng/well coating 45 | W 50n0/wal i
r ng/well coatin
[O100ng/well coating 40 9 ¢
35 Q 100ng/well coatin
g 8 a5 [w] [ [
Y a0 e
£ € 30
8 25 s
o % 25
£ 2 § 20
<Y -
-~ 15 15
10 10
5 5
0 0
4000X  6000X  8000X 10000X 12000X 15000X 4000X  B000X 8000X 10000X 12000X 15000X
Ab Ab difution times Ab dilution times
2,4-D-0OV A(2,4-D~121-57)
2,4-D-BSA(2,4-D-121-57) ’ ’
50 [ 18
EI25ng/well coation
s i 61 .
45 B25ng/well coation 1 M 50ng/well coating
40 B 50ng/well coating 14 O100ng/well coating
o 35 [1100ng/well coating S 12
(=] —
= %
« 30 r b
£ g
8 25 5]
[s) = 8r
E 20 £
& a ef
—- 15
4
10
Py
5
o [}
4000X  6000X  B00OX 10000X 12000X 15000X
4000X  6000X  B0OOOX  10000X 12000X 15000
Ab Ab dilution times Ab Ab dilution times

Fig. 7. Chess titration of coating Ag concentration in homologous system.
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T 28e AEE] dste FU-FA 4TS 2 AN ARE =
zZt FA e Mg B2 FAH olg 2392 AM (chess screen) WHOZ A
Higkth 28jn IRFFd] 2 Qs dude FFo) wE 4PN ol
HHES, 0 A3 24-D-OVA°] 24-D-BSAXET o] £& AF}E Hole Roz Y
Ebsken], et 24-D-OVAS IR PP o2 Algslo] 488 +838%Y. Fig. 8& =

Y wxo FA FEE I 2AgA AP HFI Mo}

20—

—

£

c

n

o

<t

A

Q@

Q

c

1]

0

-

(o]

72] ‘ )
o) e 24-D-BSA | o "P:':;;f
0.0 ] T r — y —

0.0 0.1 1.0 10.0 100.0 1000.0 10000.0

2,4-D Concentration(ppb)

Fig. 8. 24-D standard curve with two kinds of coating antigen.

- 424 -



4) Blocking buffer”} indirect competitive ELISA (IC-ELISA)] wx]l+&= 43

Blocking solution®] ##

tlo

skim milk+gelatin, gelatin+casein &

e Rlad e sdsAY. shAT o 47k o tidk T Aol & gidln, e,

}

=%
T=E

St

278371 913 blocking Al Wol o]

=<1 BSA, skim milk, gelatin, casein® 47FA12 059 1%5E7F HA 3l &

o =
&

Aol blocking solution® 2 %33 o=

4T, 37C n#sle REAS AHE Axx Fig 99 #o] 2% Hl&=3st4roh

Table 11. Comparison of different blocking buffer

i
rir

&
.

ET#eted Argstdvh. 1 A3, Table 119419 o] skim milk, BSA+skim milk,

(Binding %)

B S G | C |B+S|B+G|B+C|S+G|S+C|G+C|NON
1 ppm/0 ppm*100|32.3| 8.4 |49.1(669(11.9/31.8{396| 7.7 | 7.8 | 408 | 820
B, BSA; S, skim milk; G, gelatin, C, casein.
120
100
o 80 r
2
5 60 r
£
D 49 | —e—SM
——CA
20 " —a—S+C
0 —*—-IS*—G . ] .
001 0.1 1 10 100 1000

2,4-D Concentration(ppb)

Fig. 9. Effect of blocking solution on ELISA for 2,4-D.
B, BSA; S, skim milk; G, gelatin; C, casein.
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5) HRP-conjugated anti-mouse IgG #g¢¥ % AA

2R LG A} FAE #AEs7] 91¥ HRP-conjugated anti-mouse IgGE 23}
FAz AT X FES HEAE @ WMol ks Ammtt o A
Fig. 10014 ¢} Zo] dAFE ol doAE W& Azt JFe wx] gk was o] &

o dEL EA9 AEAE A8 37TAA 308 e

rII.

SAANE 2R AMRE g

120 r

100 |

80

Binding %

40 F

—— 375 308 (5000%)
~— &2 1A]ZH5000x)

—&— 37% 1A|ZH10000x)
— &2 1A|ZH10000x)

2

1 10 100 1000
Concentration of 2,4-D (ppb)

Fig. 10. Effect of HRP-conjugated anti-mouse IgG concentrations (v/v%) and
temperatures of 2,4-D standard solution on 2,4-D ELISA.
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6) €4F 99 F=7F IC-ELISA] vx& Jg
FA et Fde] M Al ALg3E PBS bufferd BE5E 005~02 Mo H92 31
standard curve® ZHAJ3IAth Fig. 110149 o] bufferd] =7 oo wal Ao
SolAE A¥E HAL T ICon &5 Pttt 299 I4e FH/5
&5k, gAe) 4L 02 M PBSE ol &3de o 7 3 AEAY ICxo #S 7
A ALZ Yebgt 37T 308 w-&A71= AH 4T overnightAlZ Z$E w3
B3-S o 4T overnight B 97} ICso # % B2 ANFFEE 5L Aoz Yy o
Hole st d2eM 1AzE 93 A120 A= 4T overnightst TL3 23S vehy
AT A, £4 9 AEH g uested AL 1A whgo] HgsiE Algdr
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Fig. 11. Effect of temperature, buffer concentration and incubation

time on ELISA.
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8) fr71&ule] J&F =A}

Foe FEo Bol AEHE 281 ethanol, methanol, acetonitrile, acetone®
242t 10%2 Axdte] BEELE A9 522 7 471800 X9 233 A3} Fig. 12
A Ezubsh Zo] methanold AME3lY] IC-ELISA A8 797 74 w3d 9
LEbH AT

i3]
il

18 r

16

14 F —+—10% Methanol
—— 10% Ethandl

12 r —&— 10% Acetonitrile

—¥— 10% Aceton

Absorbance at 405nm
[
[e)] (0]

©
S
T

o
N
T

(@]

0 05 1 5 10 5 100 50 100
2.4-D standard Conc.(ppb)

Fig. 12. Influence of 10% organic solvents in PBS.
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2 AYoX e 7+ 2t E methanol?] FEW 3o W& 24-D standard curve?]

38 A¥E 23, Fig. 13014 2 vieh o] methanol®l ¥ =7F ol wet 24

)
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Fig. 13. Influence of methanol concentration in PBS (v/v%).
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9) IC-ELISA A#Z A9 +4

Aol e HAHZAL o] 4389 24-D ELISAY AZIHL Y3 Z3} Fig
1404 H=npe} o] ICs kol Z+zh 1371, 48952 el ELISAY HEIAE 3
WEFA 10% AfA71E BB 22 & of 2 2PA ALe ELISAY A
%A= 01 ppbZ YE} FAEIY &5l P E2A5te 24-DE HEsed &
T3 AH87tsE Aoz Alsd.

24D12146| \\
24D12157 | \\

0.0 Jf 124610111484 10067113
L | ass | 1m0 | oo | a

! LR R )1 e T T

0.001 0.01 0.1 1

2,4-D Concentration(ppb)

Fig. 14. Standard curve for 24-D by indirect competitive ELISA.
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10) Heterologous ELISA and homologous ELISA condition

2,4-D9] o] A 34-dichlorophenoxyacetic acid®} 3,4-dichlorophenylacetic acidol]
OVAS AdAA IHT Yoz o] &3 heterologous ELISAS 24-Dol OVAS AgA
A ZPYPYeR o]&3 homologous ELISAE HIwE A} Fig. 159149 o]
heterologous ELISA®] 78-%- IC509] ko]l Z+zb 1732, 1.063 A3 Folxth urebA
heterologous ELISA7} Bl w17+d ELISAY ol 2% = Ut}

20 = —
i ® 2,4-D-OVA coating

O 3,4-D-OVA coating
i S : , v 3,4-DPA-OVA coating |
1 5 R SRR e e PP 3 DT e oy P Y e L

104 - -

Absorbance(405nm)

. "C%oipbbi 1 e NG S P
T T TR e N B
34-D. . | 1732
34-DPA | 1063 | - o=
0.0 1 T ¥ 1 1
0.01 0.1 1 10 100 1000

2,4-D Concentration(ppb)

Fig. 15. Comparison of the standard curve of heterologous ELISA and homologous

ELISA condition.
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o}, Immunoaffinity column A&

ANgo] 2% 2495 Q¥ 24-DE Eojx oz AAsr] A *A AWE v
o] immunoaffinity columng Fig. 167 #& Yoz AyAz Ak gAY e
2 geld 24-Dol W3 3 (24-D-121-57)2 1 mg &A/mg gel ¥ 5 mg FA/mg
gel?l =2 FEZA 7)1 columndl packingdte] gelol @71 EdH o2 FAHU=A
o ARg AFsAt. WA gel 43 FA LA 27t 100 Wy HF F 1,900 i
PBSZ 108} 843 & 1 N HCI 20 ul€ 78tz pHE @53t

Fig. 16. Photogram of immunoaffinity column.

ESE o] £98 200~400 nmoll A spectrophotometer® scanningdt 23, 4§ IJH&
Bol et 280 nmAl M FFAE B9 £ Fof A ddo] EAFTE & F UM
A A EAE geldl FHAZ F F2 35 200 wE Ak} 1,800 nlel PBSS 20
plel 1 N HCIE &%3le olget e WHO® scanningd AASte] thiio] 3
G do] geld] aAH oz AFHALE FAsAt
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gH AE A Al column? geld] #&Ho] = F8 24-DE methanol® £33
% 2 9 AHE-E = methanol®] HFFE Z2AE] 9% A¥S AAEAT F, 10 ng
o 24-D& 5 mg A/l mg gel& AZE immunoaffinity columnd] F&HAz & A
of @2} 10 mle] PBSS FH+=2 MAS L o tubeol 1 ml¥ 10709 tubes] methanol
§EdE Eol ELISAZ Z4ste 3 §&59d9 42 AAs9Y. 2 43, Fig. 174
A Yebd upel Zo] tiREo] 4 tubeZtX £FHO Ugoy 5HA tubedl HE &

)=]
w
F FH5e A8 & 5 ANk

Absorbance at 405nm

0.0 L 1 1 1 L 1

Tube No.

Fig. 17. Effective volumn for elution of 10 pg 24-D in different immunoaffinity
column. M, control (non 2,4-D loaded); @, column packing of 1 mg gel bound 5 mg

antibody.
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u}, IC-ELISA

ZtE FAEY HAAHE A ASAHA FFEMHAA #Eto] oW HIZF HAE
A AFsn ANy oz B B gAZ ogd 22 3ad Mg £
Magoz gost 4 gty B AdAolA &3 immunoaffinity column®} ELISAH
oz AAANA AHAIWYPE FYIY immunoaffinity column-ELISAY S &3 Zth
(Fig. 18).

-L

10 ml of treated sample | ™ | Load sample on prewashed IC
= | Wash IC with 10 ml D.W. and PBS | = |Elute with 3 ml MeOH
- Dry with Nz gas = | Redissolve with 100 1l MeOH
- Dilute to 10% MeOH - Sample for ELISA

Fig. 18. Step for immunoaffinity column (IC)-ELISA for 2,4-D.

%, 7 Agie wet a3 A8 10 mlE v8 843 A7 immuoaffinity column
o loading3tx 10 ml /%% 10 ml PBSZ columng AUtk Al gelel &F28 3
A¢t binding® 2,4-DE 3 ml methanol® &&A7 th& AL gas 3lolA FFHA 7
100 pl methanolZ thA] %<l ©hg 10% methanol ¥ =2 3|43t} ELISAY AEE A}
&3t

ELISAT® A A93 ule} o] coating plate® WA PBS £d 22 38 washing
st AlEfT EEIAHEL ¥HF 24-D £9 100 pl¥ S Eppendorf tubed] ¥
PBS &40 sAAzl FAE&H 100 ¥ gol APH autrloly Esta 1 F
100 pIA & coating® welldl FYAA welldl coating® A} 127 ¥LA AT} e
¥ 94 washing buffer2 43 well& A 3sle] wgax 4L 24& AASY 273

i

FAE ¥ 1A o wE A7) washing buffer® 63 HH$ F peroxidaseS wH&
71491 ABTS #9% (2,2'-azino-di-3-ethylbenzthiazoline-6-sulfonate) 100 pl®-< A7}
sto] 1683 A A HEAHX A 100 p¥ S 71 F H MY S ELISA reader2 &%

= (405 nm)E FAst WA FEIZHE AAsI AR 24-D FFARLE vlu 2A
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stk oleld HRe Wad A= kit FHH Ak A¢ BE ARE GA
F&5) 24-D CYAES B 1Mo 48T & Joddn 43Uy,

pav

Ab ZEOl AL kit 7he

24-De] AHEME 98t 7R d& APAAE ule o F indirect competitive
ELISA¥ & o] &% ELISA kite] 493 A2S A=At F microtiter plated
2,4-D-OVA conjugate® 100 ng/welld 4ColA &% % coating*] 7132 0.5% skim milk
A0 2 blockingAlZ] o &4 &M AAsI ELISAS kitZ2 E3sch 49
of Ab&E A (24-D-121-57)% 50002 343 th-S 100 pd Hrlejol &7 wEol
10082 83t T4E AT dxe 49¢ ®Weol 388 4% FAS 01 mg
G2 EAste] FFse Aol ey IAHTT AAHUT. 24 FA-HRP
conjugatew 1,000812 3AAA L3l FF39, 4TANA BASFHA AL =S ¢
W ool AL EFFEo Hastez Folsjol & Aolrh

a9 AEel AHEEHE 713 (ABTS)E 92 30 mg ABTSE 90 ml H:0¢) %3 o
& A3 st XA o -20C HBEE dtxn 7|FEHE J4F citrate
buffer 3 WSAAAIF HA| 242} x5t Ao BAEE v 53] & AP A&
HE XF 24-D9 25 methanole] 5 TFEZS 3TN T 20T 23
Al 8t AAEE A PBS & A8 0, 01, 1, 10 ppbR FEEE YFo] EEE
Ag vE & AA EvlstAh

ol

Fig. 19. Comparison of the color differences of analytical indirect competitive

ELISA Kkit.
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=

=

1 A¥ Fig. 19904 Ee ukel o] Mzel Xolz 7hdsiA 24-DY QdAE
0 g —’EJ} ANeH, AA §Ao= 1 ppb FFANME control T BH/ME FFAX
R HS WA AT SARLE FAAIV AT ATE ALsa Atk F AR

307HE A ARE 1 kitZ A EZE Z9 1 kitd 357 22L& Rol das

AN

e

* Coating, blocking¥® microtiter well 35 line (8 well/line)

* XF 24-D (0.1 ppm/bottle: A)

ABTS €9 (B9), 24-Dol di& A (CH)

22+ A -HRP (D9Y: 1,000 ¥ 349 5 ml)

* Citrate buffer 25 ml (E%)

S AN 25 ml (FY)

(Coating € well, A, B, 942 -20To) 2%, C, D, EA3 FAL 4T B 3H)

*

*

*

A8 kit AHE9 AN AAES B3 298,

O 43 &8 AAYE ANs4d3 EF 24-D €9 £H (A2 100 pl MeOHdl| 59
¥ 0.1 N PBS9ll g4: Ad)

@ Coating, blocking¥d well& F#4 % washing X3

@ EE 24-D8Y (AY) & AEEY 50 ¥ & welle]l 242 @& thg 24-Do)
it A AN d (CH) 50 WA wellol H7b- 37C 2A13F whg- 23 A -HRP
conjugate 34§ (DY) 50 pl® & welldl F7}— 37T 387 incubation

@ 7148 ZA: BY 1 ml + EY 10 ml + H:O: 4 118 &%

® Well washing X6

® 71289 100 w4 wellel F#Y— 15% incubation

@ F 100 w¥ welle] FU4— w3 x|

® 23%E §<¢o2 A (W, ELISA reader’t 3¢ A% 410 nmoll A &3 6w,
Aol AHgstE Age BF 13802 & Aol BE ALLE 77U R

detoxification &%)
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o]

Ago] EF 24-DE 0~1,000 ppb2 Zzt L EANA EFEFHE FHstm, bufferd
o] &3 EF I vluwste] MAe glo] AEAHEo] e AE FAHsUG 2 A,
Fig. 20014 HE wvie} Zo) A9 TEIANY bufferd] EEFA] A9 FAG AL
2 yeygon, A glo]l M4 #ESAE 01 ppb A2 HEHEH = 0.1~1,000 ppbE
A4 F ouE AFE 24-DE AEY F e AR ARHAYG. EE IFEL

Table 126114 X=ube} zho] 98% o] 9 34g& HYrh

14 r

—@— Buffer
—h— A

12 r

0.8 r

06 1

Absorbance (405nm)

0 0.1 1 10 100 1000
2,4-D Concentration

Fig. 20. Determination of matrix effect from drinking water.

Table 12. Recovery ratio of the 2,4-D spiked on tap water

Spiked level (ppb) Detected level (ppb) Recovery (%)
1 0.99 99.0
10 10.21 102.1
100 98.50 98.5
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2) AR F2 9 FFY AE AXg Wy

24-D7F 2959 YA & dWA FAE Mcmorris®] WS o] &3l FZ3 3
olel 24-D EEEH & 0~1,000 ppb2 Ztzt 2PAA FEFAL FHE I, bufferd
o] &% REFHNH vindte AX FA F&E9 matrix effects ZAsQch 1 A7
Fig. 2194 X ule} o] buffere] TFIMFAE AZe Folst Y

25 1
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e
s 15+t
o
I
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@
f 1
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O 1 4

0 041 1 10 100 1000
2,4-D Concentration

Fig. 21. Determination of matrix effect from extracted orange juice.
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25 ¢

5 | —&— Orange juice
E
S 1.5
o
=
@
Q
C
3
o] Tr
v
Q
<

0.5 r
0 L 1 1 i1 1 1 J
0 0.1 1 10 100 1000

2,4-D Concentration

Fig. 22. Standard curve of 2,4-D for extracted orange juice by indirect ELISA.

Table 13. Recovery ratio of the 2,4-D spiked orange juice

Spiked level (ppb) Detected level (ppb) Recovery (%)
1 0.89 89.0
10 9.87 98.7
100 100.50 1005
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3) By

24-D7F 285 A @& HIE Newsomed ¥ o]fste] F&3 T ol
24-D €2 0~1,000 ppbE 47 LPAA EFIFML FHEAL, buffers o] &
T EEFAF vuEd Be FEE9 matrix effect® A4 L A Fig. 230
A Hi= ubeh o] bufferd) EFZATHE Age xolzh A

18 ¢

14 +
—&— Buffer

12 1 —&— Barley

08 t

06

Absorbance(405nm)

04 r

02

0 0.1 1 10 100 1000
2,4-D Concentration

Fig. 23. Determination of matrix effect from extracted barley.
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G, 725 HFOl s WF 24-DE ZAY 49 eAHA e A7e 2Fe
Newsome®l € Fte] &89 ol Z74e HE RFEAL olgdte] BF
D¢l sgol Wad Aoz ARFNAG. By FE20 G FEFINES FYS 2
Fig. 24145k o] H4 A2 @75 01 ppb, A5

gt 3]9&& Table 14914 B i=vle} o] 92% o4 108% A9 A

14 ¢

—— Barley

0 0.1 1 10 10 1000
2,40 Concentration

Fig. 24. Standard curve of 2,4-D for extracted barley by indirect ELISA.

Table 14. Recovery ratio of the 24-D spiked on barley

Spiked level (ppb) Detected level (ppb) Recovery (%)
1 0.92 92.0
10 10.80 108.0
100 97.00 97.0
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7h GEEA AAE ALy Y ¢4 24-DE 24-D-hapteno. 2 Ao|A| 7|3 o] &

H 53 ZAA 3¢ E& coating conjugateE T4 stAth

tjo
o)
n
»
O
<
»

5]

U FHAANEZTAE (p3X63Ag8.V653)¢t 24-D-KLH 2 24-D-BSA conjugateE
Al A BALB/c w29 HAHNEE FHAA 24-Dol| Uigd @A FA= A

5t hybridoma cell lineS R34}

i}/

2

Tt Hybridoma cell (24-D-121-57)& vl B7}o] Falste] AAe G284 a4
& 0839 24-DE &A37] el indirect competitive ELISAY-S 7lw& g}, o] &
AL 01~100 ppb FE 24-DE EAE £ YA =3 AANY T2EH FAE
2,4-dichlorophenoxyacetic acid methyl esterol tisle] 156%9] W x}ue-A S 4-chloro-
o-tolyoxyacetic acid (MCPA)°l thale] 189%<¢] mxputeA-S wgon] Uz o]Alx)
o WaiAe TANSAHS A YehlA @i

o

2t Immunoaffinity columng A@=H oz ZAste] A& Xg 9 24-DE A7
sl 4 FHE gel-(affi-gel 1009 ZFAAT}. Column® WA 10 ml PBSE A3
¢ H AsddS FARo am 10 mle £F59 10 mle] PBSE 228 Alg4
HE A2 ¥ 5 ml9 methanolZ columne] ZF= o] g 24-DE &2 A}

7k 24-D £4¢ A 48 ELISA kit & MEAE tew 2& Ro) xIYUTL
=, 24-D conjugate”} coating® microtiter well®] 35 line (12 well/line), £ 24-D &
9 (0.1 ppm: A%), ABTSE&9 (BY), 24-Do] tjg & (CH), 23 3#4-HRP (DA:
100080 34 < 5 ml), citrate buffer 25 ml (E9}), ¥+¢ Hxd 25 ml (FN)EA, well,
A, BYL -20C, C, D, E, FHL 4Ce RaAsg

vl A, 9/A F2 B ¥F 24-DE 1, 10, 100 ppb FER J8 o dAHA
indirect competitive ELISA¥-& o] &3} 348S A% A, 249 A% 98~102
%2 Zedo]l gon QWA FAE 89~100%, HElel A ¢E 92~108%= UEGTH
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Adf kB4 aFol T2 vhE, A4S FuUA FAos PEse AT (=BT,
1997a), F=4t7 F4F 914HE conducting polymer AlA ¢ metal oxide WA E o] 8319
BEsts AT (=B, 19970), A, 2, A 2& E4RES 94 € Fyaten
BEsts ATE sHen ol 90% o4 FFEE RAFIUY (=FF, 1998). A4t
AT olBF WAL T A4te] EysetE 245 QA4td Bo JdE EFS B4
of ol& A dHFREAE P B e BEYS BRI E Y

=9 B 4NFAM BAE ARG FH 8 saffrong AFA STl A4S AA

TEZ £ I (Alpha MOS, 1997a;b), £ U QoA E 2R IR Q)
AHE edible oil & HMAZ o3 77] g AXge #EE 5 AU (Alpha MOS,
1997asb). &, Bepd Avjel FEvolat 79 E conducting polymer M2 A4}
Fd H37} 9t} (Schaller 5, 1998). W% Z 2 et} U SE LS sea foodd ANEE
Blsts Weto R AXIE *}%5}31%31, NEog FHE FAEo] 10%E 43
9 whd FUEFACIY 88 AAL9e BAH glo] ARme] $go] Bad A
L2 AXAEE AHEE o A9 100%e Edste ZFEE Yehle RS Bz o
HE 7= FDAY $0g ¥EE 33 Fo At} (http//www. science-daily.com).

LG 23871499 297192 Fuig AAZE Misld B39 SHARE =3
T e A2dE 5HEY (WINF, 99-004163) & vl Qov Wme mHFA 2z
T ALF AAEE dFstd dxds F2g FAAsE Azd
Alpha MOS, Aromascan, Figaro 5 A A& £47]7] 3Ale} 7242 Batstes 3
APEE OYE Fde] 3R TAE Adns FFEoR Fehstan gk a8y, o
o e ARz A2de AEds 2 AF we 2] gE AME Ay

2 AR & AAY dYe 28 AMHA Azdd wE Atz Alxdge] Mol

rd

%

et

o
)
L
EL
bl
X0
K

8753 Jth BA metal oxide sensor$} conducting polymer sensor7b 7F& ®o] o
3 Jou HeAH Solyo] EAEA wa}l 2olrt e surface acoustic wave
(SAW) sensor& ©]&3te WtE AEHI Qith wFe EPAE thol2ae Bt
AL E ppb HE7HA] HEAH LS BoJFE SAW A9 GC-MS7F 37 W3 A
ALY ALEE AN E AT (Staples, 1999). TPEAZEARLYYL 93d®
of AiA #E FErI#e] HUm T AYATAI BAE QA BAHI|BoE A
B" ¥ NIRS, XAEFEA7], Ax=3, 4487 5 ol &3] 94X Adwdo

Wetel 478 Aasta e Aol
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E 1AM He vheh Zo] A5 hAbe o A S gEe] ¢ie YEsta gl
ooold @HES FHGuA b2 AaznEag s 2 77184 Py =Y E
3 dARE FEAVE Aok A8 Bl ANAY A $4 A B peak7t GC

BHA Uehe] o)E % 2MAFo] Foloht peak HEE RohdAAE AP

|
Zol o HAEe EAE ddsts Wooz A Ao A$ wolo ANz, s

o A9 AR 2L W 4R AAY ARl Ba fo] Wg A&AA EAg
& 7 A
ARG F5AA ado] 222 B de JuE AAMZE Fao] Ho| U4

A Ak AR e Aje] HSH AMEo] A& ARE AFNABoD My

AAE (electronic finger print)& AFFo2N BEHANY 7|&9 EAwwe s
A" = e Aolth o] |, ARzE FA}E T2 &

dtel 5old& BAFE vl AN ste gy MMt HER AR B oA 9
TS Bo E £ 9o

# 2= AHET Fulg AAIZ YR FAF MANET o]Bo] AT 5 g HB
a YEH Reln] drldle gaE, F34, B4, HLAE 5 02 A

o $F& Holt B4 Yut

o

tio

'
o o

¢
-

M

E 2. o8 AA=e] FXE metal oxide sensorst E4

A e (24) SHIA He EIAR
TGS880 Hydrocarbon volatile vapors
TGS825 Hydrogen sulfide
TGS824 Ammonia
TGS2620 Solvent vapor (alcohol)
TGS842 Methane
TGS2610 Combustible gas
TGS2600 Air contaminant

Az Bol AH4-HE MM EE conducting polymer 414, metal oxide AA, quartz
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crystal microbalance AA  Fo] Jom Ao wet HeHA (selectivity) T} HE
(sensitivity)7} 2}7] th2 822 ALE-E 2o ghe MM 7 9s 88 & Qo

d& B FEBYULLE AN AL A e 27199 4% metal oxide Al
MubE AHEE F dow, B Agstn FYE EMa AEEA E4o] Hojol &
4% quartz crystal microbalance WM 7F AFE A 2w S A}gEE Ao Hu} nlEz
& Aog AAZA N5 AAM AL A 2o AZEE EolV] st By g A
ME ZASA W o] A4 AR HoHE dHFEA, AFWIEN, FHAREN 5
% 2E FAMA Z2aYs 2439 ANEY $He Hdez 945
Aol AE (fingerprint) 3 £& FHR2 Aste] BdsA 99 HAEE FAGE
E4A od FHIRE g9

.,4
~>rJ-‘
V)

i

>,

P>

=3

Canonical Correlation - Sensory Scores

70

¢ e
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40 1

307

eNOSE Output

201
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0 1 2 3 4 5
Sensor Score

Fig. 1. Relationship between the electronic nose and sensory evaluation.
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EENE FHIL e T2
Fzobg A zRE A 9l
e AEEApe 9] gz

7F ARz AaY T

D Az AA

B Agd ArgE AzE (F)FY JA2EFUE (Seoul, Korea)ol X #Azd Ao
2 Z}7} 6709 metal oxide sensor7} AF&E U Th M E FigaroAl (Tokyo, Japan)®%-
H 75 metal oxide MA 9] B H 29 2ol

B B ZHE A% H4F FA e Fig 2904 BE vhel 2ol E7 Aol Hx
T S HAagsy] A HEsAE 9L {2l E (ar filten) S ALE3t R ZHE
FHEE 719 F28 ADAh. AR (25 mhe HEZE wlle vy d@AT A
Mol FFE F& A& TV A F RS FHA gE ¥l £44 6d (PE,

Yongjin, Korea)& AH-8tel HX& vhrjg EFate] ALgaaln,

2) Ax=2 &3

WA dAmel AolgA FHol ¥ AT £ At AAxPel NEs ddvh A
A el dlolE FAVAL dehiE dels +3AI (sampling time), A
o o] 29 ol2AL AAS7 9HH AANHY FFALGRTG 2L AGL I}

3} A%t (heater cleaning time), 3F =4 A] Wolgls 7122 waslm AN 27

ffu

24

F8E A3t (purging time), 449 AHFHE A A3 (tuning time), WA E A

g g7 =EqANAE A9 BEYAE (Rar measuring time), A7 A& @7 v A9
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A AIZt (Rgas measuring time), A4 o] A A Aol EZ#3L (cleaning voltage)

el A el B2Agt (normal voltage) $¢) glth.

M

o2

Air filter B

- | ‘— | AD Converter CPY
Airflter A g Toree way \_'_, RS232C

Rubber cock Sensor Amray —‘ ROM & RAM

cap
Glass bottle interface board l —[ EEPROﬂ
> Sus tube Gas out LCD
—> Sample
Z

Water bath

Apparatus for dynamic head space analysis by the
portable electronic nose

Fig. 2. Dynamic head space set-up with the electronic nose.
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AARR &3 A dolE FIHAE 01F, 7Idel 3] o]FoA e AMAd FAE
ol&d AAAMNLLE 10, AAF F7o A% FIALE 102, AN AHFHE AR
AZEE 600%& olHE dtar A olEA AA Al FHAMLL 6V, BN T2
A2 5V, AdE &7 AME =EAAE fo] XL 5022 st A AR
o F& BAS] A% FExdez AAEY Y &L 5g, 2HALL 5B, FEAMNTL
To g 33t tFe F& E43] AMAE dFe FE 1g, FE2EE LHT, 72

AzHe 58 BAAE 5022 3kt

&3] 7HE wte W] Atew A (Fig 3). A4z Agul &g 714
& Raool AE A5 FHEPEEY AFT Rew)®) 18, 5 Reas/RarZ EDFAT

Ratio of resistance = Rgas/Rair

AR 34 ¥ JEY #R3e Fo AAE 98l air pumpE AHE35o9 JFE F

Tk A En o Y4t AAANE ARRZE SAHY o HoJEHE o] &3td
Multivariate Statistical Analysis Program (MVSAP, version 3.1)22 FA4E 4% 3
Aok Azarze] " AlA 6700 ZAAE HEAH JE] AFHEE Rev/Ra)S ¥
& & MVSAPE ¢] &3t 7] & (proportion), A1FAE %, A2FHE &L T3t
(Fig. 4). ALFEE 79 714 &2 0.956891UL A2FHES 7194&2 00350 Ah. I+
Ao #E2 oy & Aejoly AwtHor £Yitd Fujite] Bl et

T 28FF FYA 16%9] dFE WAREZ FAHST oA HolHE o] &3tH
FAE BEME 89t Fig. 5ATE AIFAHE #&H A2FAHE %22, Fig. 5B AllF4
£ #F A3FAHE #og vusinh AIFHE #9 719&2 06240101, A2FHE

&2 0161, 01320140k AIFAHE @&} A3FHAE @& o8¢ 2

Z7b AIFAE & AR @ a2dzEct 243 £U948 438 o 2 7dd

kY
2,
w
-
ox
e
L
N
£
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X [ s Air Volatile gas

2 [ Rk -
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& 10F%

b - . e .
0 [ 9 Gas injection
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QJ S
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0 40 80 120 160 200 240
Time (s)

Fig. 3. Response patterns of metal oxide sensors for volatile compounds in the

electronic nose. @: sensor #1, O: sensor #2, A: sensor #3, A: sensor #4, B sensor

#5, [): sensor #6.
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2nd principal component score(proportion : 0. 035)
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Fig. 4. Principal component analysis from the data obtained with the electronic nose

(metal oxide sensor type) for Korean black rices and foreign ones.
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Fig. 5. Principal component analysis from the data obtained with the electronic

nose for Korean jujube and foreign jujube (PCl vs PC2, PCl vs PC3).
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Az A Asol 2EAHE &35
FAoz xIHAUDG. 2o 4¥ doge A 0A7A AHEE = ddey F
th 307kA1e e FHE £45te 288 5 AT AFNAELL 534 5 5
Be 2 7hg A A2g FEeEA ukE

iAol 4 dojele WA e §¢ A4 AAUZA st EAHAL, 9Y
Hlolele] o3 3dd WA FRE F A dAUSZA g8 713 ARANE we Fui}
A=At Lab Windows/CVI (National Instrument Co., USA)E o] &3t Ax}z0j
Wa" AA 678 A" A8 g HE AgugHes 929 F 4942 dUoh
Fig. 63 Zo] A3 3% =239 EAdA)A 8 #2472 (input numeric box)
T date A9 A dHolHE 4¥se AFAAGer BN £ JEE AR
HAYE 95t g2 Adddgz Ao 0472 QEE 5+ =S gt £33 &9
ZAF 2 (output numeric box)E 4E dlolE g vl A2 A 30/M7A 28 £

UEE IPL EHFL 0~1 Alole #ow dEA). QAEFANAG] FEHE B
2 xto} WslE error numeric boxol WElUYEH AFAARY &5 ue sgEE

HA L 2x7F Fago

THFEAEEFL DY AFAT A = e-nose 5000 (Neotronics Scientific Ltd.)&
ol&ate] FuUlAt HAEY ¢ FYa AAAN Y Ly §F HES SASYT ey
2o AL o2 ALg" AAME conducting polymer sensor 12709} metal oxide sensor

87N 2 A, type 401, 478, 459, 463, 460, 298, 462, 458, 461, 483, 297, 464, 20400, 20440,
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21360, 22400, 22350, 20420, 20460, 213807} AF&-HATh Al&887] Wl x=F" 2070

A head®] ZAAAFHE Ate] wet zhzk vt o] AAM FEEE YERAAUG.

New neural netwark 7

Yes

Loading of iearned neural network

Loading of input pattern

Input

3 Now Patiern, Soteng

Oata analysis

Store ieamned neural network?

— -

Neural Network Analysis Program for Electronic Nose

o sere foses

Momorized Pattern

St date

No, ot inputtow

latwork vad,
Neural Network Analysis is completed

)

1 Loading of target pattemn

i

Construction of neural network

|
|
|

1

| Determination of ieaming number l

)

l Learning I

| Storage of leamed neural network I

¥

Data input I

!

l Neural network Analysis ‘

i

End

Lesning number contrnl

. Messdge Bax
WNoural Network Analysis s started,
Inou pattom is Ioaded,

Targot patiam
Noural Network is cansinucled,
Neurai Network 18 initialized,

i lgauy

W~ iy —

=5
e

A

Fig. 6. Algorithms of artificial neural network program and graphic user interface of

artificial neural network program for analysis of data.
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Response = AR/R x 100 (%)
Ry MM {548 AR Ao Hdysgh
AA e EAHz2AL sampling volumee 5 ml, incubator %% 40T, incubation
1042, syringe & %5+& 40T, GC-run time< 22#°]¢ith. FUWA 69F 3 Y4k
13%F& 247 2814 S48t 24 AXERE #ZAd dolgs dud AR sy

¢l #FEA (discriminant analysis)S 33+ o

Al

L
rlo

) £
R
M
i
i
o
i,
&
e
&
0
-3
=
ml
e

t} conducting polymer sensor®} metal oxide sensor
5 TS AA=Y WAL © 24T (Table 4). webA] A dnle] A¢ o8 7

AA7F E8d dARa Alawg ARgdud dadA] BEe B AEEA 3 5

Table. 3. Classification of Korean black rices and the imported ones by using

artificial neural network program with ratio of resistance in the electronic nose

Predicted black rice

Actual ones Korean Foreign Probability (96)
Korean 60 9 86.9
Foreign 9 52 85.2

Table. 4. Classification of discriminant analysis with the electronic nose

for Korean black rices and the imported ones using e-nose 5000

Predicted black rice

Actual ones Korean Foreign Total
128 10
Korean (92.75%) (7.259%) 138
. 2 24
Foreign (7.69%) (92.31%) 26
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Fig. 7. Discriminant analysis on the electronic nose data for Korean black rices

and import ones using commercial e-nose 5000.

- 458 -



BHzdo] 7y

o7t Ak vF)

SER-EES

Ao AL&3% AAM: conducting polymer 414 12 7, metal oxide Al

AR} F: e-nose 4000 (NeotronicsA})

e delay Az 10% Mg =&AI3 10%
cleaning Al 7k 54 Incubation &% 40°C
AldA &5 40°C Incubation A]%+ 108
b 10 ml/min A& 4g

HEAEE AxEE BN 24E HF ¢
Zo (F 5, 6). 20008 45} 20013 B0 R 24
827MF 74747 FUAte R gdE e o= 8
BAZE FYder B 81.40% BETHE

WHEN ote B A=
sHen 20008 %4k 7
9.16%¢) &2 et
B3t

2

A& wd | Fua S
74 9
S
89.16% 10.84%
o 8 35
18.60% 81.40%

E6 49 % T gF QIEEDS BE

LR

A& | =ua St
F 044 i !
83.17% 16.83%
o 7 34
TR 17.07% 82.93%
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20013 =qkel A9 9170e] Fulad F 8477t HulAtd S wEte 83.17% < W

& BelFon £ FeE A FEF 34 FY49S B 82.93%2)
El TG ok AdTHY FFEr)t 80% 2 1 HA}EE Hojof & A
ojF olx WEZHL FTilo] Aol dHolH F EELY A8E AAsE Fgo] Ue

AAdVY 2 dell thgol adlstE ARdME MW & 4§ Qo] Algd wel %
go] golg 3] Am NE9 5 Az F7 Ao
A BAA Frelde grateded Aol I

AAEFALETE 8 A Fulite F9 2 EAU 92 gou Fate] AS A
AXZI i A g BAE lew agde 2ysan Eo wg Aozt A
Ak o] EF Mg mat 7y B2 Yeues 9 g e A3 2ol A
T, AR wet el FuHe FyARdE FAG Moyt 1@ o4 AF T &
5

H= A 3 AolE day] ol gE WA

284 23

_,_,
P
e
2
o
o
ol
jins
[

T AF AAAE olf3te] dAA WHES FAHRE BEXd & 3 A= 19
8% 2tk AR AgoAN EFFY oy Aoz 7ty dE FAAE veh
2t ©1& discriminant analysis 33 A7 89.2% o]4¢] ABws et} (Table 7).

Table. 7. Classification of discriminant analysis by electronic nose for Korean

sorghum and import ones using electronic nose

Predicted sorghum ($4=)

Actual ones Koroan Foreign Total
40 4
Korean (90.9%) (9.19) 4
. 6 50
Foreign (10.8%) (89.296) 6
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0.15

—_ O 0

Q . .
D ® impurted susurice
S 0.10 O 0 O korean susu rice
o

5

Q

5’ 0

£ 0.00

o

3

= 0.05 -

o)
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g

£ -0.10

8 °

g

£ o

o

f\c’l -0.20 ; ;

-1 0 1
1st principal component score (proportion: 0.9130)
Principal component score analysis of ratio of resistance
by the electronic nose of susu rice
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CB
GAMAL A (27 3070 AER) 307 U AWM AR F 2847 T
oz BRY WA AV AS 307 F 247t £9es BAY Ao Uit

(28 9, Table 8).

Table. 8. Classification of discriminant analysis by electronic nose for Korean

Ganoderma lucidum (%8 A]) and import ones using electronic nose (e-4000)

g7 of Abx B o5

Actual ones Total
Korean Foreign
28 2
Korean (93.3%) (6.7%) 30
. 3 27
Foreign (109) (90%) 30

F AMADRE EYE QEX¥Fo2 50003 FFAHLH o W errore
0.021601 3 3F¥9 AL EUWE posterior probabilityE 83 23 HE 98 AUt

Table 9. Posterior probability of artificial neural network analysis by electronic

nose for Ganoderma lucidum

From Classified Posterior probability
species into species Korea Foreign
1.0000 (30) 0.0000 (2)
Korea Korea 0.9917 (1)
0.0299 (1)
0.0000 (29)
0.0001 (1)
. . 0.0009 (1)
Foreign Foreign 0.0011 (1)
0.0018 (1)
0.0094 (1)

FYAL AR 3% 310 99% o4 BEE WESAL /1T 299%9 FREES
dehon 2l FUNeR AR BESAT FRue A A ARE 9% ol
2z 7EE & AT
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Fig. 9. Principal component analysis of the imported and the locally produced

Ganoderma lucidum by electronic nose.
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028 AT AW FUAL 96.3%, TALL 972%9] HHdTE
Hogo] wg £& f4x BEHE HAFIT (Table 10). °l= A8 REFEHIL
e G5 Rozw AT AF=ASAM mad A5 A ETAWI ATt 1

oFste] MlmA ke AU HAZ 5 YNTH

U}TI_I‘
S
lo,
o
o
P

5
Q

Table 10. Classification of discriminant analysis by electronic nose for Korean

sesame and import ones using electronic nose (e-4000)

S AAGEAE

Actual ones Korean Foreign Total
26 1
Korean (96.3%) (3.7%) 21
) 1 35
Foreign (2.78%) (97.229%) 36

4

ot
e

GC-SAW HA5 A2Eg o]l &
z-nose® ZA$ AHPSZE DB-5 capillaryE AMEstg i MM quartz crystal
microbalance (SAW)7F F&= At 40 mlel vialdl 2~25g9 A&E Y3 Teflon
coated septa® sealingdte] FA3AY, B Z7A-E injection port =% 130°C, A 2
= 30°C, valve 2% 110°C, ##-& 30°CelA 120°C7A 29 3°CH A5A719A 20~
B2 HARPES A3 EMsiRon, 59 AXg #A glol RAsAT

o & 21 4] u

Electronic Sensor TechnologyAtellAl 7§48t Vapot Print' " AF&3ted 30 o]ufel
2o hertz %<& BHOE & GC ZEREIYE nEso TAT %43 frequency
H&-& Vapor Print < ol &3 =¥3sle] vla B4sgr}

37

3 S z-noseZ TAG A, aY 103 2L IEvEIRL deH oF
derivative FE{¢} frequency HFEl2 Wt nualr] 44 =83 A5 13 11
2o 37 A&E frequency pattern® 2 vlud A3} Fuity F9)ake] Falg
HEEHAHSE ¢ UKD (¥ 12).
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29 10. FHAE GC-SAW (z-nose)Z A3 mazvgad,

- 465 -



I¥ 11 3 229 EaY (29 10)€ Vapor Print™& o] £3}o] derivative pattern
(&) 9 frequency pattern (31) 0.2 T3 3}
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¥ 13 AAF (z-nose)Z BAF 59

o>
g

dg () 2 WA AT (3H) 9 frequency
pattern Y| 2,
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A s 747 2070F frequency pattern. 2 ¥lwd A3, FuUady $=g4te] =g
A BEFHAFAE o F YT (2Y 13).

Zterel A9 z-nose ABWEIH S R FFo) Rk FolE Holm ot A
solvt FAANE FEHEA Ea F A9 retention timeS MH3tY ©]E F retention

times| peak area 8§l 43 Aol 9ee ¥ & Ao oF Evjz 59U e

o9 A9

g oolg EfE I, S04 ek A4S B2 4+ AQT (F 1),

E 1L s 2 Sk Aofel 9 #BEE A% z-nose AEVIE YA

T 719 retention timeoll A ¢] peak area H] &

S 2o} S o
Rt 1
Rig 55 Rtypss ng.st;ss Ris 55 Rty s gtfofs
1034 569 1.817 706 423 1.669
751 353 2.127 578 517 1.117
694 306 2.267 387 669 0578
705 316 2.231 662 558 1.186
1013 271 3.738 460 558 0.824
1200 326 3.680 257 383 0.671
719 312 2.304 350 732 0.478
1106 220 5.027 588 552 1.065
700 366 1912 386 639 0.604
793 344 2.305 340 425 0.800
1057 350 3.020 361 670 0538
1365 207 6.594 61 407 0.149
710 304 2.335 475 580 0.818
18833 495 3.804 356 370 0.962
1035 313 3.306 451 520 0.867
1197 276 4.336 254 870 0.291
527 326 1.616 647 421 1.536
316 262 3.114 247 409 0.603
1162 281 4135 584 500 1.168
232 550 0.421
Average
3.141+1.275 0.818+0.392
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A4T

T BNl T HAHS BAFAT. AL 50CY 25004 5
29| Rgas timeg ZtE ZolUrh Az AW 25 2T2 2A3AL FdsF=
= 50~60%04 &A4stArh
=4 HAT ARG A4t AT A8E ZH 30704z, s Algg 3wA &
A% AdFde b AT (3™ 14). F, FAE 24 A7 £9 AT g 2E
Hol EAgte 9E 44 HATE 2HE FoAM R B YL ¢ F U 2
U 34 ARER £Y94 AAFo) PCA 2HZ oA T4 depd 2 AATH 5
A BT A BEe Az gejME EsiA 9oz AZEn. oMY A
B @Etd ARIE o4 Ao ulE A %e& FSE JAH

|

20019 =4 FAF B £44F By ARme BAstd FAE 2L g% A
¥ 15914 R wpsh Zo] AR XNEE FEEo ddo] oz gyt old ulate 2002
AEd 5o Ag SAAsS $U4 A 87 FelsA FEHE RoE YEy (29
16) 20014 =4 Alg7F A7z § AR HALHAAY oA AAIUE
TAH R gr|grol FAo W E xeste o)F AT Frvt e AF Asd o
& 54e JHe 2t vehdA g ZEn. oA HdES A4 A Aad
Eole Aol 73T FIIHA FEY 4 U vEd Bye A$ 200249
S QA 2R wdo] sy 1de] FAE Az ASdE 28R E3A

A, metal oxide AN E g oz & Az A2¥HE Y2 GC-SAWA €O
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2nd principal component score

(proporion: 0.0858)
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E 12. GC-SAWE nlg oz 3 Axlzm Alx"oz BN fdix] $d&
% AZvlE2H A Z retention timed peakd hertz & ¥l

Retention time Hertz gk
( sec) A B FYit B9
0.1 325
0.15 124
06 105 61
1.8 132
2.25 1,536 61
3.30 9,667 269
41 10,515 972
49 131
6.0 194 228
7.3 2,418
755 527
8.60 1,050 593
120 132 51
15.8 170
24.8 52
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2. A7 Uy o Ay

7h A= D AL A FE 73

D =AY AdE AFE 79

7H Aata |y & RaE nAE 8 S4gdeEn AEE BAsE 3

HozA FAo 2~3Y0] 28 H3, FFo| By, Aue] A3d exst A7) 4
o @AM AHEEE] of 2@ o)t

o] B4 FFHelt ATP (adenosine triphosphate)?] =3& o]&sh= iy,
impedance$} conductance® ©]&3t= W, WA Ao AL olgstE why,
LAC (limulus amoebocyte lysate)9} catalase A2 o] &3t W, 3o WE g
of FAo ZE £ Wi, DNA/RNA probes& o|&3tE Wy So] gl
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Fig 1. Relation between microbial Fig 2. Relation between microbial

number and

beef at 0C

electric conductivity in

_47

number and electric conductivity in

beef at 4T

7 -



4 D & H
. .. e }3 v JE— et
{g % 3 @ i . }_,M—ﬂ"‘”
£, 7 £51
3
o L
28 37 23 418 517 A% £S5 A 7 vl &md - RE) den B3 63 £ Tz
Wicrobtis numbediogyior’ Mg rxt narvkest cgy o)
Fig 3. Relation between microbial Fig 4. Relation between microbial
number and electric conductivity in number and electric conductivity in
pork at 0C pork at 4T
b BEE AW A48 B4E%E 9 4 dE FWS AUBNE EF EE
AR Be AARol7t wot obx Awrs @ e Ao

o Betd BHY: AEE £4E XS ATHYY, FREE A4SE 9
A 24 FHF) QW Ro) HEAR] met Aol Frhse U AW

W, Bude] WM AEER st P, pH gl flskE P o) At

a9 5,6, 7, 8% H17]9 =X L7]9A biogenic amine

HEE e

Zrtel WE WA 7

lo

13
£
Kzi 18
Es
g e
£ e
% 2
* g - P, “ e
bl b} 18 80
Pulmanmmimgiig
8T M Pase s sl

= 9
Ea.
L.
= 6 -
2
32

1

o 19 ki) ) A 5
Chreneerne ryigl

T e Boeew of e T

Fig 5. Linear regression curves of
putrescine content and number of total
plate count, psychrotrophs in beef at

0T.

Fig 6. Linear regression curves of
cadaverine content and number of total
plate count, psychrotrophs in beef at

4°C.
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Fig 7. Linear regression curves of
cadaverine content and number of total
plate count, psychrotrophs in pork at
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Fig 8. Linear regression curves of
putrescine content and number of total
plate count, psychrotrophs in pork at

AC.
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Fig 9. Change of electric conductivity
of beef during storage at 0C and 4T

Fig 10. Change of electric conductivity
of pork during storage at 0C and 4T
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1}) Biogenic amines (polyamines)
a9 11, 12, 13, 145 07, 4C9 3714 ulv] AZZ7ANAM biogenic aminel & A

putrescine, histamine, cadaverine, tyramine® A& 7]z2t#¢] @A S Vel

Arng pomealimai
c B E B &R B

i &8 # LI S N U

e e G e

fo S I t‘”

? s B o M

Fig 11. Change of polyamine content in
beef during storage at 0C under

aercbic atmosphere

Fig 12. Change of polyamine content in
beef during storage at 4T under

aerobic atmosphere

2 E 8

A aip sovsieenle gl

Artiirn sopent{ngry
8

Fig 13. Change of polyamine content in

pork during storage at 0C under

aerobic atmosphere

Fig 14. Change of polyamine content in

pork during storage at 4C under

aerobic atmosphere
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t}) D-Glucose®} L-lactated] 3}

a9 15, 16, 17, 182 0T, 4T9 =714 7] AZz7ANA D-glucoses} L-lactate
o AT BAE e,

» 1200 w0 0
= o T i R o
g::\:\\, B fwo §: e N w §
» - .\\~ @ N ] = ™ . . ?

. [ ce e
g*"’ ‘ ~)\‘\\ . § g; N w3 g
e - . i 3 g
» - ! x :;;; “"'\\i e 00
& 0z 4 & B W 2 13 € B = kK 2 # & & o ©”
Doy Dys
o DGARORE . 2 Lokstatn _*mm e Lh:tmr

Fig 15. Changes
L-lactate

of D-glucose and

content in beef during

storage at 0T under  aerobic

atmosphere

Fig 16. Changes of D-glucose and

content in beef during

4T

L-lactate

storage at under aerobic

atmosphere

-——.»Dglucou - o Lisciate

Fig 17. Changes of D-glucose and
content in pork during

0T

L-lactate

storage at under aerobic

atmosphere

Fig 18. Change of D-glucose and
F ]
content in pork during

4T

L-lactate

storage at under aerobic

atmosphere
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a9 19, 20, 21, 22& 0T, 4C9 A
% cadaverine®] A37|tzte] #AE

A Z7Ad A D-glucose, L-lactate,
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Fig 19. Relations between D-glucose,
L-lactate and pH, putrescine in beef at

0T

Fig 20. Relations between D-glucose,
L-lactate and pH, cadaverine in beef at

4T
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Fig 21. Relations between D-glucose,
L-lactate and pH, cadaverine in pork at

0T

Fig 22. Relations between D-glucose,
L-lactate and pH, putrescine in pork at

4T

2}) VBN (volatile basic nitrogen, 324 d718 AA)

F37lE
g, VBN &334 o Fo 44
AdMe oA 7tA] ®Ae] A FEHE=H,
W 3lof =
oligopeptide®] 7}, T84 9
o wet AP srkE
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A9 PPl whep vy o
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42 AHAE ARY e HAstq HFAE AU AN L gH 2}
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mg% (mg/100g A 8)= %100 - (1)
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5 K4
gHe MEg AFsE 80e AVEe (Ar1am)sh Bae 2Hsk dvkn & %
itk @714 2sh ool MY NEREE o FHozA o %9 Arlaste H
& w7 A% AEZA Kol A Stk A THolE ATP (ohd=al 3814
Ba s ol FHEo] 93, 4del HE& ¥ ATP/F Rals) 258 547 A
z

AAol AZHEY, AARA Ayt AlRHEE ATPE A9 glold =2y 3% 2491
IMP (o]:=A12h+ HE 1, o2 IMP %o] Z+AH dwxA (HxR)ol&r £2ukg 4
s E7I4HE (Hx)ol T7Heh KAL oo Az Bddes 2559 ATP #4
A ES S S Aoz &g

K(%)z (HXR‘JFH?C) X].OO _ ( 9 )

(ATP+ ADP+ AMP+ IMP+ HxR+ Hx)

o] KA #8436 taixde dAAMA & d7dAel Yeiva vk 2™ A%
Fo A ZFel= ATP, ADP, AMP7t o}F A2 <dute] &A31A eketh o dio]
IMP, HxR% Hx& 243 2489 K4¢ 78 4 Ut o 4¢ K43 £& a9
A € & dhe 2ust gob (Mulchandani %5, 1989). £ o|F o]l9l& AMPAA
IMPE E&A7F Aold 7Hsde A7) didl AMP/F 39t ATP 2898 Z43)
o A= FHFE WL % oYddx 4 IurHd AEESA oy i
< fish & meat A4 E &3 & kitE ol &3 g4

£

(1) &A) AH84 fish & meat AHE & & kit
a9 232 AR FA kitd ZFoln, F-I A Y, A=AIA-M2 7AH] Atk
AEAFA-TE HxR3 HxE 548 Adx 9 AMPS IMPE ZAshs AEA 9 2%
& AHEel K@g 53T KA 9 BA30 9 HxR%} Hxe 3¢ 238 A8
o 2709l &4 (nucleoside phosphorylase, XOD)$} 4rs} QM a28 F& mAHA R,
O¥ 24% AEAIYA - Efolnh
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Fig 23. Fish & meat freshness kit

A

B

Fig 24. Freshness test paper (A = HxR, Hx B=AMP, IMP)
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Fig 25. Freshness measurement method using K value
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3) NIRS| AU E o] 48 AAE ARX AZ 7HeAd 371

gte] AFE EQE ZFSF0 SigmaitlAd AZF  putrescine (£X  98%),
cadaverine (£% 97%), histamine (£% 99%), tyramine (£% 99%), D-glucose (TE
959%), L-lactate (&% B%)E =¥ 5HAZ Mo Fxd W& NIR spectrum¥}

o gavAs BAsg Aeddn 4T EsI7IAE e 400~2500 nm F9

#Ae AAEE NIR 23247 (model 6500, NIRSystems, Inc., USA)E ©] &3ty F
FJre 2Asgon, A ALd AEgdE e ¥ 1 F 24

Table 1. Concentration of biogenic amines

Biogenic amine Concentration
L-Lactate 250, 500, 750, 1000, 1250 (mg/100g)
D-Glucose 20, 40, 60, 80, 100 (mg/100g)
Putrescine
Tyramine

15, 30, 45, 60, 75 (mg/kg)
Cadaverine
Histamine

Cadaverined A 93 ZE NIR spectrum< 1% 267 2 $t3, cadaverine®] spectrum<
a9 279 2k A4z @ AAENS Fgste] 29 28, 29, 30, 31, 32, 33 e
Wtk A Sddie] NIR 232479 A4S 9% Age 2384 23 & 24 4
ER AT

3.5 " j
3 -~ r
2.5 \
4 /
2 r 5 ’
@ \A‘\
8 1.5 [~ 5
5] ~
g Y
3 1 \
2 \
@ 0.5 S
0 . .
400 800 1200 1600 2000 2400
Wavelength{(nm)

Fig 26. NIR spectra of samples except cadaverine
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Fig 27. NIR spectra of cadaverine
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Fig 28. Correlation coefficient graph of putrescine
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Fig 29. Correlation coefficient graph of cadaverine
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Fig 30. Correlation coefficient graph of tyramine
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Fig 31. Correlation coefficient graph of histamine
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Fig 32. Correlation coefficient graph of D-glucose
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Fig 33. Correlation coefficient graph of L-lactate

£ 20049 Zo] 600, 1100 2 1250 nmel NIR 3L ol &sle] AHEE A2 Jl%

& 2o FUh

Table 2. Peak wavelength and correlation coefficients of samples

Al 8. Peak wavelength (nm) | Correlation coefficient
Cadaverine 1800 0.8
D-Glucose 600 0.9
Histamine 2400 0.6
L-Lactate 1100 0.7
Putrescine 2200 0.7
Tyramine 1250 1
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49 NIR¢] Asb3d§ o143 Ae AE A% V54 @7t

A9 71z 4ganel 2Ase Akl NRE o 43ted 4348 A% A% 7}
$4¢ F7keky] 98l VBN € K@t 339 datst 3uE gk Ag® ABE &
% F 29 478 A7) B4 15F0IH, Yl duAos AFYE 4T 2579
4 % VBNE ¥EUFY HA71eAF4d Jd5e BAsdgon, AHE kitE A}
S AAE 4¥e $3% W BHAYANA B4 VBN 2 Katel 542

Table 3. VBN by storage days Table 4. K value by storage days
SAFEIAZLA AR L AR 2] | 2492 1 AFAA| N8 1| AR 2
2¢ 6.19 6.62 24 11% 15%
44 6.26 6.90 49 11% 17%
VBN 7 6.79 7.07 K2t 74 25% | 271%
(mg%) | 99 | 698 | 7.08 od | 21% | 21%
114 7.82 7.86 11<d 29% 25%
13d 8.69 8.66 13¢ 45% 45%

7b NIR spectrum &3
7o) Al49 NIR spectrophotometers ¥ 34, 35, 36, 3734 #ow A% ¥ 5

Fig 34. Picture of Spectrograph Fig 35. Picture of light source
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Fig 36. Probe

Fig 37. Probe holder

Table 5. Specification of NIR spectrograph

Item Specification
Wavelength range 900~1700 nm (standard InGaAs)
Wavelength stability less than 0.05 nm over 48 hr
3.125 nm/pixel (standard InGaAs)
Spectral dispersion 5.0 nm/pixel (extended InGaAs)
custom dispersions available
Spectral bandwidth 6.0 nm, custom bandwidth available
Signal to noise typ. 32000 : 1

modular connector: trigger, two strobes, light source
Outputs

shutter control and two fiber optic switch controls

14) NIR spectrum¥ VBN, Kzt#el Adaatz 24

S79 A7l @& NIR spectrum® =23 387 390] Ueliglch =3 NIR
spectrum™ A A Te] A F2ZA A}45E VBN 2 Ko tsh Aas 8}

® 407 419 Jehiiith 2443 E 28 409 41o]H B ulsh o] AE

*E A K

g
Mg 4

o

i

a
|

a9

&
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Fig 38. NIR spectrum (sample 1)
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Fig 39. NIR spectrum (sample 2)
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Fig 40. Correlation with VBN
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Fig 43. 1st differential NIR spectrum (Sample 2)
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VBN ¥ Kz#e AaE4 dve 27 449 450 Jebda, VBN 34
1063 nmoll A 0.92~0.95, 1066~1070 nmell Al 0.90~0.92, 1551 nmellA 0949 &L A%
BAE BPorn Ko 2<% 1059~1063 nmell A 0.85~0.93, 1066~1070 nmelA 091~
0.94, 1551 nmoll A 0939 ¥ F#AAE B4}

VBN o & 2 A =

0.5
&
= 0 aEA L
<0 940

-0.5 F

wavelength

Fig 44. Correlation between 1st differential NIR spectrum and VBN

K& 2o & 2 A %

< o
L

wavelength

0z
=
X
4>

Fig 45. Correlation between 1st differential NIR spectrum and K value

AlE 13 29] 23 PlE3H spectrume Y 469 479 YEllen, VBN 2 Kg
BFEENES FRPAT. 2 AAE 29 487 49¢] YERAE, VBN A9 1061~1066
nmol A 0.94~0.97, 1327~1328 nmolA 099 ZF#AFE RYow Ko 4§ 1063~
1066 nmo Al 0.94, 1327~1328 nmol A 0979 E& HBAAE BYt.
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Fig 46. 2nd differential NIR spectrum (sample 1)
NIR spectrum
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Fig 47. 2nd differential NIR spectrum (sample 2)
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Fig 48. Correlation between 2nd differential NIR spectrum and VBN
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Fig 49. Correlation between 2nd differential NIR spectrum and K value
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Fig 50 . Correlation between VBN and reflectance
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Fig bl. Correlation between K value and reflectance

o) VBN Kzhol A4adA ¥4

VBNES 459 FAHPEE 4T + e BEYHoE 99 AEHn vt ol
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Wol 29 ¥% ofyet Fule) Ax 3 FAd Be ogge YEsn U g B
A7 78 A FH}A FHE F de K@S oj8std AHE 2L AFLHE 5
A stk ole 3 5270e) AEE tde® Kg¥ VBNY dudAg BHe A
7=09019] g€ JeriY (29 52). A B dA7elH VBNI Katel #As #9
dol o st
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Fig 52. Relation between VBN and K value
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X=TP+E -(3)

where X! spectrum matrix (mXn)
T: score matrix {mXxk)
P: Eigen value matrix (kXn)

E: residual spectrum matrix (mXxn)

(3) Ax2A53 ALY (partial least square regression, PLSR)
PLS 3|72 €& PCR Bddr e} zo] 2HEY dHolg FEE 51

o
E
v
by
>
H
M2

AHE s, PCR R234E €8 FEAHHRE o83l 1559 2FHEHLE Ay
o ZAEFHT 2 7IEAE A e 1Yoy, =Y AdEa FAd wRdolE s}

EUHER PCRET ¥ 443U A%S L33 dugEe g3 2o

X=TP+E - (4)
Y=UQ+F - (5)
U= TB+H -(6)

where Y: concentration
T score matrix of spectrum
U: score vector of concentration

P, Q! Eigen vector of spectrum and concentration, respectively

BN D E
BAY UL 048 AUEY AETH
LT

tlo

_?,]

rok

dagdEe ©vE 1Y 53% o
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: AcqureN e fuat
| OftheBeel .~

, Anlysis - PCRAmslysis - PISAmlyss
WEhVBN, ATP.  WHVEN,ATP _ Wih VEN,ATP
Calibeation’ Calbration and Validstion " Calibratio snd Validation

Fig 53. Algorithm of statistic analysis model
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ot
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-
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2y AsHrste Hsd odF AYsE AP EFLA (standard error of
calibration, SEC), AAgt 2 o3k 7t ABBAE Jelds= H#3AS (correlation
coefficient, 1), F @& Aol FAY HIHES Yellx ZAAS  (determination
coefficient, #%), bias, FIAAEE o] &% o=y HAgel AZEF0A (standard

error of prediction, SEP)& t}&-3 o] AAST}

> (3= ) > (=)
SEC=y{ —“——ounuw—— - (7), = -(8)
m—k—1

T So-w

gl(yi—ﬁ
m

=N -(9), bias = -(10)
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\/ 21[ (y;— ) — bias]
SEP = =

— - (1)

where m : No. of samples
k  No. of factors

y © actual value

-3; ¢ predicted value by model

A A48 ALY Z¥% MATLABS ©|4€% PCR, PLS 5AEY Z224S
7hEst Aot

(1) PCR 423
17 54 AR 122708 53t 49 & FASGTh 2 F 540 801 4F
& Abgstglon, AF o 4279 MEL gl 19 54& PCR B4 9 od540]
M, 2¥ 5% AFTHolth dFHeAN AAAR (At 094, EFeA (SEOE

2.804%°)9 o0, AZAME BAAST (A7) 0408, FF 23} (SEP)= 2.013%°) AT

100

NIR absorbance(%)
[4:]
o

o 20 40 60 80 100
Kel (%

Fig 54. PCR Calibration (K value and NIR reflectance)
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Fig 5b. PCR Validation (K value and NIR reflectance)

(2) PLSR ¥4 A3}
< d¥dA PLSR 71¥& 43t B3 Ax4E 1Y 56 (&2 29 57
AFED =AU 28 5604 & & gRel dF4 ARASE (AE 090,
SECE 3764%°luth. £3 43¢ AN Ax AAAST(AE 0297, SEPE 2518%0)
ok meA, & 4ol PLSRET PCRY @37} tha 958 45e nolFi,

[4,) [ ~ o]
o Q [a] o
T T T

(=)
T

NIR absorbance({%)
FS
o

n w
o
T

-
<
T

L

0 20 40 60 80 100
KA (%

Fig 56. PLSR Calibration (K value and NIR reflectance)
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Fig 57. PLSR Validation (K value and NIR reflectance)

2) AZBB2TE 0§ AAE 9 AANE AF A=Y A
Neural network model2 ¥i-¢- 5338 ¥4y 452848 &5 U7
Stoluf z2ady] = 22 A% Hdowges rdg Ae F
Blo] 2dg HA 75 & A3, 53] WAdste $FAA b wasA 182 9

U} Neural networke 7@ 2ZHE 43 715 AzF Fxo AAY 5L FuUulo
E S

=W

Aol ZhA HolH 2 RE @EAQ S5HAE AA Heg Folm o]E dwrgg
EH, FFE 9F (prediction)st A} & of AHEEE 2@s5} 7]y ol

AQGde F 714 F8 ggihio] AMgHEd, £2 d3HWS (target variable)ol
W& % (prediction)o] A3 FAE (supervised) &3 dlolEle] BEH-Wds)
(clustering)$} 7]% (description)o} ©]-&&}+ H]E ¥ (unsupervised) ¥¢5o] Aot}
HEAA StEdE e dE3ne Jled st ded B AFdAE 71E9 A%
el Hlaste A4% 2dE P AN AgAY dES 98 SAH oF

Ry

Wl MLP (multi-layer perceptron)®t RBF (radial basis function)E Ab-&3H¢itt.
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(1) MLP (multi-layer perceptron)
MLPE EZ& +2& 7Hd diol"HE Alolg #AY HHE ollle F4A% ujdg

A (excitatory)o] At A A (inhibitory) 47 7H-th 7 43 A
FolA e, ZtgAE A A Ee spEA (+) 2 ()9 @& A
Ao 718 Helasgl a9 (2B)e Fo2 dddedy, 3ty 24 e =% 08
dddn. a9 582 M AL MLPY Fxolth

Fig 58. Structure of MLP
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(2) RBF (radial basis function)
RBF 2173%& A 7o =&

P

€ HEY=AAY, EAFE 4R (VD di&d=
zt 8 =27 5 WA F (RY2)e RE wEo dAHT, 2492 (hidden layer)9
. 1¥ 59% RBF A3 %
e BFol)

inputiayer  hidden layer output layer

Fig 59. RBF Networks

& Atolo] dAZALE AA (static)el™, stEHAA oA AY
£ dedts AEAT] F AA 3o AFE T WA 2L A WA 5 Alole]

o = h S

Hi= exp ( _(xl—Cli)2+(x2_7;2i)2+_.,+(xk_ CH)Z) ( 1 )

RBFE ¥4 1A3%2 A% AdZe A4z QAH3
e A AAY edvtdY 7} FRaN @

329 dgxtzd ds W7s
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(3) EBF (elliptical basis function)
EBF AZ%& 2709 £49%°] A3 RBF 424 FAAHEL oJ-Ax ned &
Folth. AWA 2HFL deAdAT (F5EHFF), 4839 A g

Bde 71eE, FHA 29F5L RBFY 7I5& @k 19 602 EBFY REgolth

dg
S

Fig 60. EBF Networks

) AAHE 08T AZRY A
AYH o2 Y FAH data ol83te] AAFE o8¢ AZEIL ALHu

stk AZ%Ee FAY BRI WHFHT xol2r} Y PEE AANHeR

Was A2 & Aok FARAE Bew 2o

© SAF £4¢ B3 9YUS 58 B2 T ASAels BAE AAT,

@ A5 49 P4g FEw

O

o

19 61, 62 TACAY x4,
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Multilayer
Neural Network

yl
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y3
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y5
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©
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Input layer
D ODC

DCO0ODEOOO

OO O«

v
Cd pee™ y1o
O““\ % 7
Fig 61. Statistical method for linear Fig 62. Neural network algorithm for

analysis non-linear analysis

Back propagations # 83t A3 AAE oL 29 63, 649 HERAAY. AE G
ANE FBASF r& AHE3IAT. dEFA ABRAST (0E 09833010, AFAA A
AA T+ 0.6673°) 1k

=S

Fig 63. Calibration(back propagation) Fig 64. Validation(back propagation)
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Radial basis network® Alg3ted ®A8 AxE2 tg 29 65 6601 GERAT o
229 FBAF (E 09992010 0.9, BFd A9l FaRAFE 057362 HEREH.

Fig 65. Calibration(radial basis network) Fig 66. Validation(radial basis network)

™ BAE 8 ARz 71HE 483 £445
B d3dqMe 544 71 (PCR, PLSR)3 A7 3=
Aok 2 23E E 6o At

Table 5. Analysis results using statistical and neural network methods

42 () A% (A
PCR 0.944 0.408
BAX 714
PLSR 0.901 0.297
back propagation 0.967 0.445
AEEER
radial basis network 0.998 0.329

- 509 -



3) NIR Probe 274 2 A&
=89d (NIR) 2¥EHJS 437 93t AF8E spectroscopest FLAAE 1

¥ 34, 359% 2T probe holders WAEE #el 4@, w4 glo] Y557 Aa) 72
28 Aol ARAADG. B NBIA 29EGE Y5 o), 4Y0) B 292

o] Wzl digt S Foly] Y3t Az 2
A A probes] EFoli, 1Y 69 AA =wolt)

Fig 67. Separated probe holder Fig 68. Probe holder

10 is 1D,

T

Fig 69. Design of probe holder
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th NIRS ol &8 AAE 9 A34e Friaaq A

D Alsgl 74

NIRE o] &g A4
2 33BWe gza

E 2 A FIhA 28 28 709 vEhd Bke} o] FHho
WEZE  AFE3FE  Control Development AFe] NIR  Optical
Spectrograph, PC9} QIE#H o2& £33 DIO (digital input output) XX, probe, probe
holder, Z18]lx HolHE A% A ests PCE FAHYY. A&% NIR spectrograph®]
APge ¥ 5 ¢ T

Speactragraph w ith
light scurce
RSN R

CHO Card

Probe and
probe holder

Fig 70. Schematic of freshness measurement sensor

using NIR spectrograph

DAQ-DIO-24 PCMCIA cardg& A}-43t¢] NIR Optical Spectrograph CardZ %€ 373
HEALE g8 PC9 Visual C++ 6022 ZAAE Zzadg olgsted g5yt

2) N&" A

F 120709 Har) AgEe 4T v 2= 2 YREA v A8 AHE #S
537 8 AR &3 kitE ol&st 4 AR Kye d53d%en #4 Agd
3l NIR £FEA471E o83t AL 2dEYE Y53At J5d &¥EY F 7
24¥E Edz A= fad FF9HY 1100~1600 nme] #kAb HEY gho] A}
45Ut 5 9A 2HEPLE Zh4 Beer-Lambert YA o] o& &FF 2HEHOR
&S A '
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=g ALsr) A8 ANEe Katw F% 29239 fA¢ dste] Matlab 6.1
PCR-Toolbox (ver 2.0 Eigenvector research)& ©|&3te] PLS (partial least square)%}
PCR (principle component regression) ®A1& F#3tgt. 120709 dlojg F 607=
=E 7pgo] AMgERon, 6071E A AHEE AT AHE 3¢ (1100~1600 nm)el
# FR59 AME g (KgHde 2oaA 2423, 1200~129 nme] 427}
7B el

A FZYD (1200~1299 nm)olA PLS 24 Fad dxs 19 713 Zow,
% dolgle 42 =0988, SEC=188°9, #% wolele] %= 0958, SEP=2.345011th.
Bias= 0.497582 el

Prediction of freshness using NIR and PLS
100 T T T T T + T
0 o
w [+
a % go
k-1 »*
s 70
£ io
O
= B0 ]
& -
3 o « O
§ @ Calbration
2 y e
£ b Vahdation
]
©
i e
=
2 L
3 X *
10t
a . " L . L " L . L
0 0 20 3B 4L &£ 6 70 80 9 10
ATP freshness

Fig 71. Prediction of freshness using

NIR and PLS

PCR 2A& 488 AxgE 19 728 zon, a2 doleel #=0989, SEC=1.789|

] AZ dolEle #=0.963, SEP=2.285 ©]$1 1 bias: 0.313723°] %1t}
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Prediction of freshness using NIR and PCR
100 —r T T T v
ot e
o]
1] 8
<

c 8,
Z 70}
2 to
g el o
; ® k)
2 o
£ S0r A
]
2 o Calibration
3 At * Vahdation
ko] r. | 71
g %}
s »

20F

*
1a
0 — : L L L L s . A
a L .1] 30 40 58 80 78 80 90 10
ATP freshness

Fig 72. Prediction of freshness using

NIR and PCR

PCR #4j¢] og mdlo] PLS £4jd] g mdnt &3 AFqM ~ gl g1
AFE&E @7 g PCR 24RE g Al2dgd A&5n AEd M= gL 35
A F%F ~"9EY (1200~1299 nm)# PCR £4 & ¥

1299 nm)9| factor9te] FHoll biasE Wt AME g 53e A2dE AL
a9y 738zt A9 factor &, 1¥ e AHE

dot.

lo

ol

)

factor

o
<t
N
—

wave length

Fig 73. Factor values on each wavelength

acquired from PCR analysis

-513 -



ANR2RE WA} 29y §5
I
by Beer-
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!
Matlab v6.19]
EY_E“ 7H gl
PCR_Toolbox
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Factor 5
N
AAY F3 A2MEH(A) - Factor(X)
l
MEE(Y) 85, Y=A-X + B B : bias

Fig 74. Development process of freshness sensor
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Iig 75. Executed appearance of program for measuring

and calculating freshness
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2 A7AME &7 ddxE 9 ALY FrhE 9 ARE F953, NIRE 9
S §7] AR - A AS JbeAo dE ForE s A4 3y 2 A

AZEge AT on AA2 7S Yoz NAES 24T +

7h A, 2914, 334 #AHoR AHAE XEE A4S £ UAT oA A3
283 3 Heln AEV|&e] WasE Ho| gk MUIMEXE, biogenic amines,
D-glucose$t L-lactate, VBN, K&& ©l 489 479 AZLHE 34T F UL &
Stk & d7E VBN % K@t o839 &79 AAE g& #Fi NIRE o]&39 A
AR 2 AR AS A o B8 sad.

W HaAesARY (partial least square regression, PLSR)I FARI ARG
(principal component regression, PCR)2] %73 ¥, back propagation®} radial basis
network® AZFHELE o] & Wy FoM & AF4HL HQ) PCR EAEE 043
o AFRYE Nday

o HAY BR2HEY HEA 9@, A HA g e 9%L Zo)7] 98
H3] 12tE NIR probeS At A 23t

2 7Y AMEE AZsd Kg 71329 32 JehE AXE g A2de 7)
A3k AHEE NIR B339 9e §59 AMEe BANA 4 §23 ggos
UERE 1200~1299 nmE AFESATh AdE Ede 58 AZqA o2 HolHE A=

0989, SEC=1.78, % dlo|HE #=0.963, SEP=22850]%12.7 bias: 0.3137230] 1.
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B2 isteria, Esci if‘lc ia % NEws Bme) PCR 27 &9
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e - Tet PCR WY A2 field test 4 A
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3 MEHA . . . . L. 100
AEAS vpo] A Al |- FAA AZ potentiometric AN 7L
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O TAE 9 FIHFS |- GCol 9% FAwL FA 5485 249 Ay
1 §58AAlSG - OAR EM7E - HPLCY] & TN T, TA T2 £49 100
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AddY Frhrie g

- L. monocytogenes, E. coli O157H7, S. enterica
Aee AT N2AAY 24 2 AEAEY AL
2o 4 WHE AR FES L YA

s
AZ LM B R

-517 -




@ FR9 BAVYge] AuHRon o5 AFAYNe FAnesle B
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- Rapid detection of Salmonella sp. in foods by PCR. #F¥3}3}3x T3 ZF,

— Improvement of detection sensitivity of L. monocytogenes using cell membrane
disruptor by PCR. Food Science & Biotechnology T3 ZF,

- Optimization of rapid detection of E. coli O157:H7 and Listeria monocytogenes
by PCR and its application to field test. Journal of Food Protection ¥ i %,
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